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PREFACE

* T mAVE first of all, at Professor Ziegler's request, to say
something with regard to the German original of the
text-book now offered to English students. His first
design was to bring out a new and revised edition of
Foerster's well-known manual of Pathological Anatomy.
But as the revision went on, it became clear that the
present state of our knowledge of Pathology could not be
fitly represented without recasting and almost rewriting
the whole work. It was therefore thought better that
he should undertake an entirely new text-book, in which
the subject should throughout be treated from a modern
point of view. The great success of the first edition in
Germany would seem to show that such a book was
needed, and that the author's mammer of treating the
subject was approved by teachers of Pathology.

Professor Ziegler explains that a great part of his text
is based upon observations made or verified by himself.
Where he has drawn upon other sources he has carefully
cited the needful authorities. “I am not blind to the
fact,” he adds, “that my statements and criticisms may
bear too strongly the mark of my own personal views,
and that these views may not be readily accepted by all
pathologists, But I have nevertheless held it wiser not
to introduce much matter of controversy into the text ©
a treatise intended mainly for students. Experience
leads me to believe that the learner gains a readier an
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surer grasp of his subject when it is first presented to
him as a uniform and coherent system of doctrine, even
though the teacher’s statement of it shonld border on
the dogmatic. Once this grasp is gained it is easy for
the more advanced student to master and to appreciate
other theories and doctrines. I have given in smaller
print full references to the literature of each subject
discussed, and I have added such indications of its
bearing as may prove useful to those who are engaged
in pathological research.”

The present English version was begun a, year ago, on
the basis of the first German edition. At that time
there seemed to be no near prospect of a second German
edition. In the first I found a considerable number of
details which needed amendment, or amplification in order
to fit the book for the use of English students. The
author very generously admitted my criticisms, and gave
me full leave to make such changes as I might think
useful. The work was well advanced, when a new
edition of the first part was called for in Germany, and
presently appeared. It embodied most of the improve-
ments we had agreed upon, together with valuable
additions. These I have now made full use of, so that
this volume corresponds throughout to the second Gepman
edition. The matter in small print has had my spécia]
care, and I have verified a very large number of the
references. The original contains few allusions to
English or French memoirs; I have therefore made it
my duty to add full notices of such as throw light on
the subjects treated in the text, choosing both original
contributions and papers serving as a clue to previous
work. This feature, and the careful revision of the main
text, will I trust help to make the text-book useful to
English workers in Pathology, even though they may be
familiar with German.
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The first part—on General Pathological Anatomy and
Pathogenesis—is now published. It is practically com-
plete in itself, and on some subjects such as Malforma-
tions, Inflammation, Aetiology of tumours, and Bacteria,
it gives a fuller account of modern teachings and dis-
coveries than has yet appeared in any English manual.
The second part—on Special Pathological Anatomy—is
in course of publication in Germany. It is hoped that
the English version of this part may be ready soon after
the German edition is completed.

I owe more than I can well express to the kindness
of Professor Klein ; he has read through the proof-sheets
of this volume, and has sent me many very useful
suggestions and criticisms. Without his encouragement,
and that of Professor Greenfield, I should not have
ventured to undertake the work. I would also gratefully
acknowledge the willing help I have received from my
friends Professor Cossar Ewart, Dr J. F. Payne, and Dr
S. H. Vines; and from one whose loss I shall never cease
to feel—Frank Maitland Balfour.

The beautiful drawing of tubercle-bacilli, somewhat
inadequately represented by Fig. 80, was kindly sent me
by Dr Heneage Gibbes, of King's College, London.

.In the multitude of references given I can hardly
hope to have escaped all error. Any corrections or
queries which may reach me shall therefore have my
grateful attention.

DONALD MAC ALISTER

St Joux's CoLLEGE, CAMBRIDGE,
December 1882,



CONTENTS

PACKE

INTRODUCTION . v . : e % ) R 3 v . A 1
SECTION 1
MALFORMATIONS.

CHAP. 1. GENERAL CONSIDERATIONS (Arts. 1—35) . . T

II. DMALFORMATIONS BY ARREST IN SINGLE INDIVIDUALS,

a. Arrested development of the embryo as a whole (Arxt. 6) . & e 25
b. Arrested development of parts of the body (Arts, 7—10) ) . 2
¢. Malformations and malpositions of the organs (Art, 11)

II1. DousLt MONSTROSITIES AND MALFORMATIONS.

a. Cleavage affecting the undifferentiated embryo "

a. Complete cleavage of the axial structures (Arts, 12—13) . ; 33
Partial cleavage of the axial structures (Arts. 14—15) . 3 37
. Multiple cleavage, and overgrowth of the entire body (Art. 16) 88

b. Cleavage affecting the rudiments of particular parts: congenital

hypertrophy (Arts. 17—18) . . . . . § e . 38
SECTION IL
ANOMALIES IN THE DISTRIBUTION OF THE BLOOD AND OF
THE LYMPH.

IV. ANOMALIES IN THE DISTRIBUTION OF THE BLOOD WITHIN THE
vessgrs. HYPERAEMIA AND ANAEMIA (Arts 19—22) 4

e

\
«



CONTENTS, xi

PAGE
V. ANOMALIES IN THE DISTRIBUTION OF THE LYMPH. OEDEMA

AND Droesy (Arts. 23—25) | é 3 . . . 48
VI. ESCAPE OF THE BLOOD FROM THE VESSELS. HAEMORRIAGE
(TuroMsosts, Exsovrisy, INFarcTiON) (Arts. 26—30) . 52
VIL. Lyypinorruacia (Art. 31) : 4 - ; : AP
SECTION IIIL
RETROGRESSIVE DISTURBANCES OF NUTRITION,
VIIL. Necrosis (Arts. 32—42) | 2 . . 2 . Bl

a. Coagulative (hyaline or fibrinous) necrosis (Arts, 35—83) . : 2 63
b, Caseation (Art. 39) . ‘ A . g 3 A : . . 68
Colliquative necrosis or Softening (Art. 40) s ‘ . 5 . 63
. Dry Gangrene or Mummification (Art. 41) . . . . . ’ 70
e. Moist Gangrene or Sphacelus (Art, 42) .

&0

IX, SIMPLE ATROPHY AND PIGMENTARY DEGENERATION (Arts.
43—47)

-1
w

X. Croupy SWELLING AND DROPSICAL DEGENERATION (Arts.

48—49) R S R T TR T RN

XI Farry pEGENERATION (Arts. 50—54) S : SR
o

XTII. Mucoip AND COLLOID DEGENERATION (Arts. 55—56) . st

XIII. AMYLOID DEGENERATION AND AMYLOID CONCRETIONS (Arts.
57—62) . - . 3 ; . ’ - 87

XIV. HYALINE DEGENERATION OF THE FIBROUS TISSUES (Art. 63) o4
XV. INFILTRATION OF THE TISSUES WITH SALTS (Arts. 64—66) 96
XVI. FORMATION OF PIGMENT IN THE Tissues (Arts. 67—70). 99

XVIL TaE FORMATION OF cvysts (Art. 71) ‘ . . 104
0

o



xil CONTENTS,

PAGE

SECTION 1IV.
PROGRESSIVE OR FORMATIVE DISTURBANCES OF NUTRITION.

XVIII. THE CELLULAR PROCESSES CONCERNED IN HyrErRTROPHY,
HYPERPLASIA, AND REGENERATION (Arts. 72—83) . 100

XIX. HYPERPLASIA AND REGENERATION IN PARTICULAR TISSUES
(Arts. 84—89) .

XX. Merarrasia (Arts, 90—92)

SECTION V.
INFLAMMATION AND INFLAMMATORY GROWTHS,

XXI. THE EARLY STAGES OF INFLAMMATION. EXupatioy (Arts.
93—103) . :

XXII. LATER STAGES OF INFLAMMATION. RECOVERY. REGENERA-
110N, GRANULATION. CicarrisarioN (Arts. 104—111) 147

XXTII. IMPERFECT RE-ABSORPTION. FOREIGN SUBSTANCES (Arts,

1H2—-118) . . . . . . . 18
XX1V. THE INFECTIVE GRANULOMATA. =

General characters (Art. 117) . s é 3 X = . . . 162
Tubercle and Tuberculosis (Arts. 118—127) | g 5 A ; . 163
Syphilis (Arts. 128—130) . « - > 5 s ‘ x . 178
Leprosy (Art. 181) . ¢ . ; . - . . ¢ ; . 183
Lupus (Art. 182) . . . . . v . e . . . 188
Glanders (Art. 133) . . ‘ - . . ' . - . lSé
Actinomycosis (Arts. 184—135) . . . . v = . 185

SECTION VL

TUMOURS,

XXYV. GENERAL CONSIDERATIONS (Arts. 136—141) . . - 190



CONTENTS. xiil

TAGE
XXVI. TUMOURS DEVELOPED IN MESOBLASTIC TISSUES, CONNEC-

4 TIVE-TISSUE TUMOURS,

A a, Fibroma (Art. 142) . . . . . 3 . . ; . 198
b. Myxoma (Art. 143) . . . ’ . . Z . . . 198

e, Lipoma (Art, 144) . 3 . . . . A . % . 2199

d. Glioma (Art, 145) . . . . . . . . . . 199

e. Chondroma (Art. 146) . . . . . . 5 . . M

f.  Osteoma (Art. 147) . . . . 5 . . . 4 . 202

g. Angioma (Arts. 148—152). . . . . . = 2 . 204

" DMyoma (Art. 153) . . . v 5 . . . . . 210

i. Neuroma (Art. 154) . . . . . 5 a ik

j.  Lymphoma and Ly Jmphosarcoma (Art lou) 5 . v . A

. ’ k. Sarcoma (Arts. 156—163). . . S !
I Mized tuwmours of the connective-tissue group (Arts 104—16.:) .« 32

XXVIL EprrueLiaL TumMours (Art. 166) - . . . 228
a. Adenoma (Arts. 167—169) . . . . . ‘ y . 229
b. Carcinoma (Arts. 170—176) . P 3 p : a s . 23

XXVIIL AEgrioLocy or Tumours (Arts. 177—181) . . 240

SECTION VIL

PARASITES.
}\ XXIX. GENERAL CONSIDERATIONS (Art. 182) . . . . 201

XXX, TuE SCHIZOMYCETES OR BACTERIA.
o Morphology, Development, and Classification (Arts. 183—187) . . 2062
Bcology of the Bacteria (Arts. 188—211) T % e e w e

XXXI. HypPHOMYCETES AND BLASTOMYCETES (MOULDS AND YEASTS)

(Arts. 212—-224) . . . . . . . 806
The Hyphomycetes or Moulds (Arts, 218—222) . . . . 307
The Blastomycetes or Yeasts (Arts. 228—224). . . .+ 318

XXXII. A~NivMAL PARASITES,

Arthropoda (Arts. 226—226)e. « o o o+ ¢t :‘;g
Scolecida, or Worms (Arts, 227—249) . . i . ¢ . . A
Protozoa (Art. 250) . . . . R oy e IR

~ o ISDEX OF AUTHORSCITED . . o+ o o & * ° 814

INDEX OF SUBJECTS . - ; % ’ > . . . 863



17.

26.
27.
28.
20.
30.
51.
32.
33.
34,
35.
36,

INDEX OF FIGURES

Croupous (false) membrane from the trachea . .
Waxy degeneration of musecle " :
Section through the uvula in Dxphthcﬂtm funuum .
Section through the epidermis and papillae after a burn

Section of an atrophied muscle . 3 . 3
Cloudy swelling of the renal epithelium . : . o
Section through a “ mucous pateh* . 5 4 %

Fatty degeneration of the muscles of the heart .,
Amyloid and fatty degeuemtiou of the kidney .

Fat-crystals . . . . . . .
Catarrhal secretions from varions mucous membranes .
Amyloid degeneration of liver capillaries . . .
Section of an amyloid kidney , 5 . . g .
Corpora amylacea . . . . ‘ TR
Calcified ganglion-cells . . H . .
Calcification of the tunica media of the norm . .
Chalky concretions . . 4 . : ‘ .
Blood-pigment . i ; p . . 5 R
Indirect cell-division i :
Development of blood-vessels by sprouta nnd oﬂ~shoots .
Metaplasia of cartilage into areolar tissue . S :

Inflamed omentum from the human subject .
Croupous membrane from the trachea | . . i

Section of uvula from a case of diphtheria - .
Granulation-cells in various stages 3 - . i
Pus-cells becoming fatty and shrinking . i 4 X

A degenerating patch from the brain . . ;
Lymphatic gland containing pigment-granule cells .
Tubercle from a fungating granuloma in bone . .
Fungating granuloma from the caleaneum . . .
Tuberculous ulceration of the large intestine . .

Tuberculosis of a lymphatic gland . - % . .
Miliary tuberculosis of the liver ., ., ., =,

Section of & syphilitic *hard sore’ | i : 3 .
Condyloma latom ani or * mucous patel ' . A .
Gumma of the liver undergoing caseation . ., .

PAGE
64
66
67
69
74
76
78

85
89
89

97
97
7

101
11
125
131
138
145
146
151
155
157
158
165
167
168
170
171
179
180
181



TiG.

37.

bb.

59,
60.
61.
62.
63.
64,
65.
66.
67,
68,
69,
70.
71.
72.
3.
7.
5.
76.
7.
78.
70.
80.
81,
82,

84,
85.
86.

‘Cylindroma carcinomatodes . . .

INDEX OF FIGURES,

Section of gkin through a lupus-patch . .
Fibroma molluscum of the skin . ¢
Cells from a periosteal myxoma of the tlngh
Glioma from the brain . . . . . . .
Dilated eapillaries from a simple angioma of the brain
Section of a simple hypertrophic angioma of the skin
Congenital cavernous angioma of the skin . .
Section from a cavernous angioma of the liver .
Subeutaneous cavernous lymphangioma * - .
Section through a leiomyomn . . . . .
Margin of a sarcomatons nodule from the mamma .
Sarcoma of the intermuscular connective tissue . ‘
Lymphosarcoma from the nasal mucons membrane .
Section from 2 fungating large-round-celled sarcoma .
Sarcoma of the mamma containing variously formed cells
Spindle-cells from a large-spindle-celled sarcoma .
Giant-celled sarcoma (* myelogenic’ sarcoma)

Melanotic alveolar sarcoma of the skin ’ ~ :
Sarcoma myxomatodes . . . . 3 .
Section of myxosarcoma (eylindroma) . s % :
Blood-vessels from a eylindroma . . » - :

Osteoid chondroma of the uterus . . s
Papillary growths inside a cyst . ‘ . i
Section from a papilliferous cystadenoma .
Margin of a destructive adenoma of the stomach .
Cutaneous cancer or epithelioma . 5 "
Cancer of the uterine glands . . ‘
Section through a mammary cancer . .
Bird's-nest body or ‘concentric globe” .
Glandular cancer of the uterus . .

Simple earcinoma of the mamma . . 2 :
Simple cancer of the mamma (scirrhous in pnrts) .
Colloid cancer of the mamma . ’ ' . .

Carcinoma myxomatodes of the stomach ., ' .

Cancerous embolus of a hepatic capillary .
Metastatic development of cancer . .

Various forms of bacteria . . . . »
Development of Bacillus anthracis e . 5 .
Colonies of mierococei from the vocal cord . A .
Micrococous septicus in hepatic capillaries . . .

Bacillus anthracis : liver cells unaffected . = .
Hepatic abscess: first stage . . 3 3 s .
Bacillus tuberculosis in phthisical sputum . . .
Fungi from a favus-patch . . . . . .
Development by conidia and zygospores . . .
Eurotium repens and Aspergillus glaucus . . .
Hair affected with favus . . , . . .
Saccharomyces cerevisiae . . . . .
Female Acarus scabiei . .

Xv

PAGE
183
197
198
200
205
206
207
207
209
210
213
215
216
217
217
218
218
219
222
222
223
226
230
231
232
234
235
286
237
239
240
241
242
243
244
245
245
265
267

284

285
207
307
809
310
317
318
320



XVl

FIG.
87.

89,
90.
g1,
92.
93.
94.
95.
96.
97.

99.
100,
101,
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112,
113.
114.
115.
116.
117.

INDEX OF FIGURES.

Acarus folliculorum . . . v
Head-end of Pentastoma deunculatum
Ascaris lnmbricoides
Egg of Ascaris lumbricoides
Oxyuris vermieularis . ‘
Trichocephalus dispar q $ . S
Egg of Trichocepbalus dispar . :
Head-end of Dochmius duodenalis
Mature Trichinae < ~ o .
Trichinae encysted in muscle p ¢
Filaria (Dracunculus) medinensis
Embryo of Filaria sanguinis hominis
Distoma hepaticum . '
Egg of Distoma hepaticum ,
Distoma lanceolatum . A
Eggs of Distoma lanceolatum
Distoma haematobium 3

Eggs of Distoma haematobium 3
Head of Taenia solium, and circlet of hooks
Immature and mature proglottides | .
Two proglottides showing the nterus |,
Eggs of Taenia solium .
Cysticercus eellulosgze . ., ,
Fragments of a Taenia saginata . X :
Head-end of Taenia saginata retracted
Segment of Taenin saginata X
Full-grown Taenia echinococcus
Brood-capsules of Echinococcus .
Fragments of a Bothriocephalus latus
Eggs of Bothriocephalus latus
Coceidia from the human liver .

?

. . .

. . a

- .

PAGE
821
822
325
325
824
826
826
326
328
329
881
831
835
333
834
834
835

336
837
837
338
888
340
340
340
841
341
344
844
346



INTRODUCTION.

Life is known to us only in the concrete. It is indissolubly
bound to a material substance. This substance, the basis of all
the vital processes, is fashioned out of cells and their derivatives.
All living organisms are made ur of cells and cell-derivatives.
The cell by itself appears originally as a microscopic mass of pale
slimy finely-granular matter, the so-called protoplasm, It usually
contains within it a nucleus, that is to say a structure like a tiny
vesicle, whose form may be round, oval, rod-like, or irregular, and
in whose interior we can make out by proper handling (1) small
definite bodies, the nucleus corpuscles, (2) a net-like framework
of nucleus substance, and (3) a clear fluid, the nucleus juice.
The young cell is at first naked. Only in its maturer stages does
it develope on its surface an optically distinct membrane or other
structure according to the special tissue of which it forms a part.

The vital activity of the cell is of a threefold kind. It is
directed in part toward its self-preservation, in part toward its
propagation, and in part toward the ordering of its outward
relations. VIrcHOW distinguishes these severally as the nutritive,
formative, and functional activities. Many of the functions of the
cell (including the chemical changes which always accompany
them) cannot be directly observed and are only to be made out by
their effects. Others again like motion, growth, and multiplication,
can Be observed in proper specimens under the microscope.

Every cell whether it be isolated or joined with others is
influenced by the nature of its environment., This may work
cither to further or to hinder some or all of the functions of the
cell. To a certain extent indeed the cell may exist unaffected by
this influence in virtue of its own inherent properties, but the
range of this independence is very limited. Let the extern:
conditions deviate from the normal by more than a certain sm
amount and disturbances of the cell-functions at once show them-
selves. These disturbances may amount to the complete arrest
- of all signs of cell-life or even to the utter destruction of the cell as

such.
M. ; 1
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An Amoeba observed in a suitable liquid under the microscope
manifests its vital activity by altering its form. It sends out
fine prolongations from its pale finely-granular body-protoplasm.
It fixes one or other of these to some object in its neighbourhood.
Then its main mass flows towards them and blends with them
again. If there be any fine particles suspended in the liquid and
these happen to come within reach of the amoeba as it moves
forward, the animal flows round about them as it were, and so
takes them up into its substance.

Let us now change the external conditions by raising the
temperature a few degrees. The result is that the movements,
hitherto perhaps slow and languid, at once become more lively—
the vital activity of the cell is increased. Raise the temperature
higher still—the movements gradually cease. At a certain degree’
of warmth thp cell becomes quite stiff and still, and only when the
temperature is allowed to sink to its former level do the original
movements gradually re-appear.

By cooling down the liquid we bring about a like result. The
cell gradually ceases to move and becomes a mere inert globule.
When the temperature is again raised it regains its power of
movement.

Now add to the liquid a concentrated solution of common
salt—the cell becomes turbid and shrivels up, its outline becomin
irregular. Or pass a constant galvanic current through the
liquid—the cell takes on a spherical form, becomes inflated, loses
its fine granulation, becomes a mere vesicle with clear contents,
and finally bursts.

These experiments show in clear and simple fashion how in
consequence of changes in the external conditions the mauifesta-
tions of life in the cell also change. The change may take the
form of temporary increase, or of temporary diminution and arrest,
or of permanent ces§ati0n. When the cell bursts we cannot
pretend to doubt that it has ceased to exist as a cell: it is in fact
dead. Even the shrunken salted cell, though its structure may be
less affected, must still be regarded as dead, for in no way can we
succeed in again obtaining from it any manifestation of life.

Permanent cessation of all the functions of the cell is what we
mean when we speak of its death; even though at first sight the
anatomical structure of the cell is not, destroyed.

But in the first experiments the case is very different. When
the temperature is raised or lowered in a moderate degree, only
one of the cell-functions is suspended, the function of movement.
The nutritive activity persists: heunce it is that on readjustment of
the temperature the motor activity is re:establish?d. his cannot
be spoken of as death. A condition in which there is not cessation of
all the functions but only a partial suspension, diminution, increase,
or alteration of any kind in some of them we distinguish as a mor-
bid or diseased condition. The notion of disease is thus at the
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outset a physiological notion. We infer it primarily from the
appearance of some abnormality among the accustomed manifesta-
tions of life. Disease is not an entity, capable of personification,
of being placed in antithesis to health. The term health merely
denotes that the vital functions are being performed in a manner
which experience has taught us to regard as normal. So by disease
we merely imply a phase of life whose manifestations deviate in
some way from the normal type.

Restoration of the functions to the normal type is recovery:
cessation of all function is death.

The causes of the diminution and extinction of a cell’s vital
activity may be internal as well as external. No cell is endowed
with the power of living on indefinitely. Certain cells or rather
“unicellular, organisms, it is true, have the power of producing a long
line of descendants merely by continual subdivision of their own
substance, and in this way their vital activity appears to persist
for an indefinite time. But life protracted after this fashion has
also its limits. In the first place, it is unlikely that all the cells
derived by subdivision from the mother-cell should receive at their
birth exactly the same share of vital energy. Granting then that
in the process of derivation an unequal transmission of the vital
properties of the mother-cell to the daughter-cells is possible, we
must also admit that the less-favoured descendants must sooner or
later fail in their power to overcome the normal agencies antago-
nistic to cell-life. But even if this be denied, the life of the cell
becomes at once finite so soon as we pass from the simplest unicellu-
lar organisms to higher multicellular forms. When division of
labour is set up within the organism, and the production of new
individuals is no longer a function shared in by all the parts of it,
then it follows of necessity that some of the parts, some of the

_ constituent cells, must be destined to perish.

How long a cell can live cannot in general be exactly determined.
It depends on the properties transmitted to it from the mother-cell.
We may say broadly that a cell’s life is shorter in proportion as it
stands higher in the scale of development, and as its properties are
more specialised. Thus for example the ganglion-cells and gland-
cells of one of the higher animals are always short-lived, and often
fail to produce any progeny at all. On the other hand the
number of cell-descendants of a vertebrate ovum, or of an amoeba,
1s indefinitely large.

The death of a cell depending thus on internal causes is a
physiological death. The gradual extinction of function which
ushers it in does not fall within the category of disease: it is &
phenomenon of age in the cell, a senile change, a senile retro-
gression,

Unlike this senile extinction of the vital processes a true disease

_isnot a consequence of the indwelling and inherited properties of

the cell. The efficient causes of a disease are always external.
1—2

{
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In the observations we made on the amoeba it was heat or cold, an
altered surrounding medium, or the galvanic current, which
brought about disease and death. All these noxious influences
are derived from without. And what we have here remarked in
a single instance experience shows us to be universal. Autonomous
as the cell may seem, it is yet unable withont external impulsion
to heighten its functions above the physiological standard, or on the
other hand to check or to suppress them. We can therefore give
a still more exact definition of the notion of disease. By the term
disease we are to understand a deviation of some of the
vital manifestations from the normal, the deviation being
conditioned by external influences.

But in considering disease as thus defined we must not limit
our attention to the case of a single individual, or we shall find
our dictum contradicted by everyday experience. If we could
observe under the microscope the successive generations of a
unicellular organism, and follow with certainty the life-history of
each, we should come upon individuals whose functions were
abnormally performed, and that although it might be impossible
to detect any injurious external influence at work. We should
then have to confess that the abnormal bel.mv.iour was here, as in
senile retrogression, conditioned by intrinsic properties. This
would in fact be true, yet it would not contradict the above
proposition—that disease can only arise through changes in the
external conditions. If we had had before us a complete series of
the cell’s ancestors, and had noted all the phases of their lives, we
should have found that the morbid phenomena of the last cell,
though not immediately traceable to external influences, had yet
already appeared in some of the foregoing generations. And there
we should have found that external conditions existed which
exercised a disturbing influence on the cell’s life.

The morbid condition of the last cell then had not its origin in
the cell's own lifetime. It was acqnired from the mother-cell
along with existence itself: the cell mnherited it. We must thus
distinguish inherited from acquired diseases.

What we have hitherto said of morbid life and death applies
primarily to the individual cell. But the organism with which
the physician and the surgeon have to deal is not unicellular.
The H)mman body is built up of millions of cells, and these cells
differ one from the other in their morphological as well as in their
physiological properties. Among unicellular organisms each single
cell must exercise all the functions of life: but in many-celled
organisms the principle of the division of labour is carried to a
high degree of completeness. Different cell-groups have built up
organs cTiﬂ'ering utterly in form and substance; even the component,
cells of the same organ are not all of the same nature. Notwith-
standing this, we have no reason to suppose that what is true of
the single cell is not also true of the various cell-groups.
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INTRODUCTION. 5

The life of the entire organism as well as of the several organs
is bound to the component cells: it is the activities of the latter
which we perceive and accept as the manifestation of life. As
disease of the unicellular organism is but abnormal action of the
single cell, so human disease is but abnormal action of a multi-
plicity of cells.

Naturally the question becomes now much more complex.
With the multiplication of the cellular elements, with their
differentiation into diverse organs, arises the possibility of local
disease. Nay it is all but inconceivable that, when the complex
human organism is invaded by disease, each and every cell should
thereupon simultaneously err from its normal function. As a
fact experience shows that every disease has its local seat or seats:
in other words it is not the entire organism which is diseased, but
only some of its organs, or only individual cell-groups forming
parts of organs. We speak therefore of organic and of local
diseases. Which cell-groups become affected in any special case
depends upon two factors: on the one side upon the external
causes in operation, on the other upon the physiological nature of

“the tissue affected. A given injury does not affect every cell in
the same degree. The vital properties of the cells of multicellular
organisms are highly diverse, and so also is their power of resisting
diverse influences. An injury that does not affect in the slightest
the functions of one cell-group or organ may produce grave
disturbances in those of another: a different injury may paralyse
the tissues in one region, and in another stimulate them to
increased activity. This difference in behaviour can depend only
upon causes inherent in the cell and arising from its specific

roperties. It is the evidence of a specific predisposition of
mdividual tissues to specific disorders.

On the other hand the influences which can injuriously affect
the organism as such are innumerable, and the manner as well as
the seat of their operation exceedingly various,

If then we duly regard the great variety of the causes of disease
on the one hand, and on the other the equally great diversity of
structure and therefore of predisposition among the tissues, we
shall not be likely to under-estimate the difficulty that in most
cases meets us when we try to determine the nature and the origin
of a disease in man.

Here also it is true that the ultimate cause of disease is
external ; but the place and time and manner of its operation are
far harder to determine than in the case of unicellular organisms.
Sometimes it may be quite impossible to fix the ultimate deter-
mining factor, especially when an organ is attacked only in some of
1ts elements and its functions are thus but slightly or imperceptibly
affected.

There is still another fact to be considered—the propagation
of disease from oune organ to another. It often happens that an
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injurious agency which at first produces a morbid disturbance in one
organ only, in its further progress invades another. This is brought
about either by direct transition from one organ to its neighbour, or
by actual transport of morbific matter through the bloodvessels and
lymphatics to remoter regions. For example, a poison introduced
into the intestine may be able to produce local disorder there ; but
if it be absorbed into the blood and so be carried to the various
organs, it may further have the power of exciting grave functional
disturbance in the brain: a different poison may leave the brain
alone and influence the kiduneys, and so on.

But this propagation of disturbance may take place in another
way. Defective performance of its function by one organ is not
always without influence upon other organs. A morbid condi-
tion of one very often involves the like in another. Thus disease
of the liver and bile-ducts may throw back the secreted bile
into the blood, and this impure blood will tend to inhibit the
action of the heart. Again discase of certain ganglion-cells in the
spinal cord is followed inevitably by the atrophy of certain muscles,
Failing action of the kidneys may bring on the general affection
called uraemia. Imperfect action of the lungs may bring on
serious changes in the action of the heart.

Next to external influences heredity plays an important part
in the genesis of disease. Unfortunately its influence is not easy
to estimate ; and it is often difficult, often impossible, to distinguish
the inherited from the acquired.

The human organism takes its rise in the maternal propagation-
cell, the egg; and its development dat_es from the instant when in
the act of impregnation the egg receives a specific stimulus from
the paternal spermatozoa. The impulse thereby communicated
manifests itself by cell-division and proliferation. According to
the laws of heredity, the properties of the paternal and waternal
organisms are transmitted to the child that is to be; and it is
hence probable « priori that morbid conditions of the parents ma
be likewise transmissible to the child. This as a matter of fact i{;
the case. The transmission shows itself in two ways. In the first
place there are actual diseases, such as syphilis, which are bequeathed
by the parent to the child. They are such that even in the womb or
shortly after birth, or later still in life, they make their appearance
in like fashion with the parental disease and without the inter-
currence of fresh injury from without. Such are inherited diseases
in the narrower sense of the term. They originate in a diée:;scé
condition of the ovum or spermatozoon which is transmitted to
their cell-progeny, or in a direct transference of some morbific
agent from the tissues of the father or mother into those of the
newly-generated organism. In the higher groups of animals the
Jatter mode of transmission is the most likely one, and it has been

actually demonstrated in certain special cases. They are not o

comiunon.
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More common than inheritance of a definite disease is in-
heritance of a morbid predisposition. By this is to be understood
a certain debility of an organ or a tissue, not easy to define more
exactly. This debility has arisen in the parents in consequence of
some primary or inherited disease in them. In such cases an
external cause is required to bring about the development of actual
disease, and it is by no means necessary that the disease when it
appears should be of exactly the parental type.

Inherited predisposition is oftenest observed in connexion with

nervous disease, and just in this region is best exemplified the fact
that the type of disorder ueed not e the same in the child as in
the parent. It is probable that the external or determining causes
have an influence 1n this modification of type.
" Distinet from inherited disorders are those which the foetus
acquires within the maternal organism after conception. It is
true that the foetus is protected by the sheltering womb against
manifold injuries to which in later life it becomes exposed. But
it must not be forgotten that in this season of development, and
especially in its earlier stages, its constitution is far frailer than in
the mature condition. Nor must we leave out of account that its
intimate relations with the maternal organism are in themselves a
source of danger. Local changes in the uterus or in the foetal
membranes, and disorders of the mother generally, must obviously
have an influence on the development and life of the foetus.
Experience proves indeed that the child in utero is subject to
many and various diseases, and often enough perishes unborn.
Certain diseases of the mother, such as small-pox, are directly
transmissible to the foetus. Others inevitably involve its death.

As above said, local changes in the uterus and in the foetal
membranes may also produce disturbances in the growing organism,
To the investigator these do not show themselves primarily as
disturbances of function: in the most favourable case he may
perhaps be able to distinguish an abnormality in the movement of
the heart or the action of a muscle. All that he finds on
examination is the anatomical effect of the disturbance.

The foetus is an organism whose function is to grow. If any
one part of the developing organism meet with an injury, or if by
any means a local disorder anywhere arise, the consequence is a
local disturbance of the process of growth. If in other respects
the foetus developes normally and ultimately comes to be born, we
shall find a corresponding abnormality in the conformation of the
affected part. This may consist either in a defect, an overgrowth,
an imperfect closure, or a misformation. A

When the form or structure of a member deviates in this Way
from the normal, we describe it as a congenital malformation.
It is the effect of a morbid process in the period of intra-uterine
development, and may concern the whole or a part of the organisi
or of any one of its organs. Inasmuch as it is the effect of ntra-

L
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uterine disturbance it is to be distinguished from acquired defect,
mutilation, malformation, or overgrowth. The latter conditions
arise in virtue of injuries sustained by the organism after it has
become independent of the mother.

The question now arises, What are the special questions which
fall to the lot of Pathological Anatomy in the investigation of
morbid processes? Disease is nothing but a phase of life, in
which one or more of the physiological processes is running an
abnormal course. Is it then possible that the problems of life in
disease can hopefully be attacked by anatomical methods? The
observations that can be made during life upon diseased tissues
such as the skin, the epithelia, the eye, show that these methods

are practicable; and the experience gained at the post-mortemn

table, from the microscope, or through actual experiment, confirms
after death the conclusions drawn from the living subject. All
these show that anatomical tissue-changes lie at the bottom of the
morbid phenomena observed during life: and that these tissue-
changes are for the most part still recognisable after death. In
other words they supply the justification for our previous postu-
late—that the diseases of man bave always a local seat in some
definite cell-group. Thus the primary and peculiar function of
Pathological Anatomy is—to investigate with all possible exact-
ness and detail the tissue-changes which are involved in the
various forms of disease. '

The information gathered in this field is already plenteous and
important. Formerly diseases were of necessity classified symptom-
atologically; their names connoted certain groups of outward
symptoms. Now, thauks to pathological anatomy, we are able to
arrange them according to anatomical characteristics. We find
this classification justified in practice by the constant recurrence of
well-marked and specifically distinct anatomical changes in diseases
whose whole course and character prove them to be in fact
specifically distinct.

It cannot be gainsaid that as yet Pathological Anatomy has not
succeeded in supplanting the clinical oy :ymptomatic yorder of
ideas. It is not yet possible in all cases to connect the morbid
action of this or that organ with definite anatomjcal changes, We
still must use the terms ‘epilepsy,’ ‘ diabetes, to distinguisﬁl (;pl'tain
disorders ; but that only implies that we are not yet able to replace
the clinical conception by an anatomical one.” Tt by no n?eans
implies that the several diseases are not dependent upon local
changes in some special tissue or cell-group.

From the fact that we are sometimes unable to discover the
seat of an affection we can only infer one of two things, Either
the difficulties in the way of discovery are so great that we can
only in certain favourable cases, not yet met with, succeed in
overcoming them : or, that the tissue-change we are seeking eludes
our optical appliances, inasmuch as it is not a change of gross
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structure, but one of chemical constitution and metabolism. This
latter must at any rate be true of a vast number of trifling
functional disturbances, whose transitory nature and slight in-
tensity almost exclude the idea of a recognisable physical alteration
of structure.

The various morbid tissue-changes which allow us in some
measure to infer from the dead body the functional disorders
experienced in life are either macroscopic or microscopic. A
skilled eye can gather a great deal by mere inspection: and in
this way a large number of diseases can be diagnosed on the
post-mortem table. Still it very often happens that naked-eye
inspection is insufficient : and it would in reality be much oftener
so, if in previous similar cases the microscope had not already
yielded us necessary information touching the minuter changes and
the processes they mvolve.

Morbid changes have their seat in the cells, and in their deriva-
tives the intercellular substances. It is therefore indispensable to a
right understanding of these changes to call in the help of the
microscope, and with it follow out the cellular and intercellular
processes.

As a fact the microscope has in countless cases thrown an
utterly unexpected light upon these processes, and the enormous
advance of pa.thological anatomy in the last quarter of a century or
so has been brought abo_ut simply by the exact attention bestowed
upon them. VIRCHOW it was who inaugurated this new method
and established it on a firm basis. Microscopic examination of
cellular and intercellular changes, in connexion with naked-eye
post-mortem examination, still remains the foundation on which
our knowledge of disease and its nature must be based.

The amoeba, which under changed conditions of life becomes
languid and finally dies, undergoes before the last event certain
visible changes. These enable the observer to follow the process
of dissolution if not completely at least through all its more im-
portant stages. 1t is plain that a simple experiment of this kind,
made on a single cell, can exhibit but a fraction of the normal and
pathological processes that take place among the cells, cell-colonies,
and cell-derivatives of complex organisms. The cellular processes
which underlie the various diseases are extremely manifold and
extremely diverse. He who tries for the first time to penetrate
deeper into their nature, and to_educe the significance of the
changes he observes, will hardly be able to accomplish at once
his designs and desires. He must first become familiar with the
essential facts of the subject, which have been gathered and sifted
out by the fundamental investigations of VircHOW and the labours
of FOERSTER, VON RECKLINGHAUSEN, KLEBS, CoHNHEDM, EBERTH,
RixprLEscH and many others. fall
_ The outcome of their labours is—that pathological processes &
into four great groups. 1If we follow the morbid processes it the
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order in which they attack the individual organism from its first
beginning to its end, we naturally direct our attention first to those
which affect its development.

The humau being originates from a single cell by a process of
continued cell-division. If for any reason a cell-group is not
formed which naturally should be formed, the member or organ
normally developed from this group will be lacking in the mature
organism. A malformation is the consequence ; and it is greater
or less according to the number of cells undeveloped, and more or
less obvious and striking according to the degree in which the
symmetry and harmony of the whole is disturbed. When a strue-
ture is thus lacking or incomplete it is described as a Hypo-
plasia or Aplasia.

The second kind of morbid change ends also in defect of struc-
ture ; not however through interference with growth, but through
the destruction or degeneration of parts already formed. This may
of course oceur in the embryonic stage, and result in aplasia, or it
may take place at a later stage as atrophy. These destructive or
degenerative processes are not always alike: they may be rapid, or
they may be slow and gradual ; they may sometimes be extensive
and obvious, sometimes strictly local and not at once perceptible.
Changes of this kind are included under the term Retrogression
or Regression.

In antithesis to these stand other processes distingnished as
Progression, Overgrowth or Hyperplasia. As the names in-
dicate, the characteristic of these changes is an abnormally active
growth, a too abundant cell-production. When they occur during
embryonic life we have produced the so-called Monstra per exces-
sum; in other words we have structures excessive in relative size
or duplicated. When they oceur at a later stage, in the growing,
stationary, or declining periods of life, they result in overgrowth of
the organism as a whole, or of single organs or their parts, or lastly
in so-called tumours. We may describe such changes as con-
structive or formative. Constructive and retrogressive disturb-
ances of nutrition are not to be regarded as wholly without
correlation. On the contrary, progressive processes not infrequentl
succeed to retrogressive ones, the object here being, if we may spea
teleologically, to replace parts which bave been lost. In this case
the process 1s described as Regeneration.

A fourth type of morbid tissue-change is that known as Meta-
plasia. Metaplastic processes are such as lead to the transforma-
tion of one species of tissue into another. Sometimes they are
retrogressive in character, sometimes rather constructive. The
most important and most striking instances of this form of tissue-
change are afforded .by‘ the cells. But the intercellular substances
may also, and not infrequently, undergo more or less complete
metamorphoses. Thus although we chiefly turn our attention to
the cellular processes as after all the most essential, we must not
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altogether leave out of account the behaviour of the intercellular
substances. It is needful to note this, for the nature and condition
of these substances have certainly some influence on the life of the
cells themselves.

In each of these processes, retrogressive, constructive, and meta-
plastic, the condition of the circulatory system is of special im-
portance. The regular and normal fulfilment of the function of
circulation is essential to the maintenance of a tissue in its normal
state. Disturbances of the circulation quickly bring about dis-
turbances of function and changes in the tissues. Disturbances
of the circulation play a distinet and highly important part in the
process known as Inflammation. Unless we desire to limit this
term to a single stage of the entire process, we may indeed say
that the characteristic phenomena of Inflammation are those con-
nected with the circulatory mechanism.

Pathological Anatomy has not fulfilled all its task when it has
investigated the morphology of morbid change in cells and
tissues. It must go on to determine the genesis, and the causa-
tion of morbid processes.

If we would obtain a satisfactory insight into the significance
of the special changes that come before us, we must make it a
first principle to compare these changes with each other, and with
the known facts of physiology bearing on tissue-formation and
degeneration. As our present ideas of the origin of specific forms
of life only became possible after we had subjected animals to
comparative examination and acquired an exact knowledge of
their embryology, so also must we study disease comparatively and
investigate with exactness the processes of histogenesis, if we are
to attain a satisfactory understanding of morbid phenomena. The
appropriate objects for investigation will in the first instance con-
sist of the morbidly altered tissues taken from the human subject :
but there will remain many questions for whose complete answer
we must needs have recourse to experiments upon animals. The
profound importance of these we may gather from the fact—that
our kunowledge of such diseases as can be artificially produced in
animals is far more complete and thorough, than in the cases where
the artificial methods have as yet failed us.

A knowledge of the aetiology of the several forms of disease is
of the very highest import. It 1s beyond dispute that a perfect
understanding of the causes of disease and their mode of action 18
the end and goal of all research in morbid anatomy; and it is the
clear duty of pathologists to devote their energies to its attainment.
If we could but define a disease, not according to its symptoms
or its morbid anatomy, but strictly by referring it to its causes, W€
should gain far more than a clear comprehension of the affection;
we should have done much to settle the therapeutic treatment.

It has long been known that certain diseases arise N ."ontf'
quence of the settlement of certain plants and animals 1n the
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human organism. Only of late years have we learned that the
domain of these parasitic disorders, as they are called, is of wide
and far-reaching extent. Formerly we were acquainted with such
vegetable and animal parasites only as are relatively large in size
and easy to detect: in the last twenty years our improved optical
instruments have made us aware of a great number of minute and
hitherto unperceived species of parasitic organisms. The Schizo-
mycetes, or Bacteria, especially have been recognised in recent
years as the causes of certain most grave diseases. The obser-
vations now before us make it probable that the ‘bacterial’
affections are very widely diffused. These investigations are of
deep interest, and have vastly increased our store of facts concern-
ing the diseases in question. It must not however be forgotten
that the study of parasitic fungi can only make real and well-
grounded additions to our knowledge of the associated diseases,
can only in any measure yield us a true theory of them, can only
lead us to a full understanding of the entire morbid process, when
it has succeeded in making out the manner in which the fungi
act, and the causal relation existing between fungus and disease.

Fungi have been detected in a large number of diseases, but
only in a few cases have we gained an insight into their mode of
affecting the organism. The mere presence of a fungus in the
system cannot be described as disease. Disease only begins when,
owing to the presence of the fungus, changes take place in the
tissues of the organism which induce disturbauces of their functions.
Here then a wide field lies open to research. The detection of
fungi in the diseased organism is but the first step towards dis-
covery of the cause of the disease and its mode of operation. It is
a long way from this first step to the full and complete explanation
of the entire process. This hiatus in our knowledge must not be
too little thought of. The smallest contribution to the filling up
of the gap is at least as welcome as the discovery of a new ful?gus
—perhaps even more welcome. The pathologist must keep his
attention well-fixed in this direction. Even though it may lie
beyond his present powers to follow the processes in which morpho-
logical change is no longer detectible, and molecular transformation
recognisable only by the chemist takes its place, there nevertheless
remains a vast region still accessible to his means of research.
In dealing with fungi we bave to do with formed clements, with
cells in fact. The changes they produce are changes in cells and their
derivatives: and in so much as relates to cellular processes and
changes in formed protoplasm we have matter within the scope of
anatomical investigation,

The path along which aetiological research has to proceed is
twofold—examination of the altered human organ on the one
hand, experiment on thq other. The former in this case cannot
lead us to much. Experiment is by far the more promising way,
If a given fungus-disease can be produced in animals, it becomes
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at once possible to follow its spread and operation step by step:
we are limited only by our instruments and modes of examination.
It is thus in our power, in comparatively short time, to acquire
information which not even centuries of post-mortem investigation
would suffice to educe. This method of research is confessedly of
somewhat limited reach. To say nothing of the technical difficulties
which meet the investigator, the number of microparasitic diseases
capable of transmission from man to the lower animals is small;
or they run a course so different that their identity is not easily
established. For such diseases therefore we are compelled to forgo
this valuable aid. If we will not decline the task altogether we
must adopt another method; we must endeavour to make out
experimentally the biological properties of the several fungi, as they
are found in the human <i)ody. f we are successful, we have made
it at least possible to form an idea of their mode of working
upon the system. Of recent years both methods have led to
brilliant results.

But there are sources of disease other than parasitic—such as
high temperature, cold, chemically active substances, &c. These
must not be overlooked. Though they are for the most part not
themselves amenable to anatomical methods, their effects upon
the tissues are.

Knowledge of the morphology, the genesis, the aetiology of
morbid changes is thus the aim and object of pathological anatomy.
Its methods are post-mortem examination, direct or microscopic, on
the one hand ; experiment on the other.

On comparing the domain of the pathological anatomist with
that of the clinical observer, it will not escape our notice that
there is a gulf betwixt them. One has to do with death, the other
with life: one with what has been, the other with what is and is
to be. To bridge this gulf is the task of pathological physiology :
hers it is to bind into one the scattered facts which pathological
anatomy has gleaned ; to discover and make sure the link that
connects the morbid change with the disordered function. Stand-
ing with firm foot on the ground of anatomical research, and leaning
on experiment as her staff, it is her part to explain to the physician
the phenomena he has observed at the bedside of his patient. She
analyses the complex of clinical phenomena into its elements, and
from them reconstructs the natural types and species of disease.
Through her mediation anatomical research joins hands again
with practical medicine.
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CHAPTER 1.

GENERAL CONSIDERATIONS.

1. By congenital malformation we mean an anomaly in
the form and make of the body as a whole, or of individual parts
of it, referable to a disturbance of normal intra-uterine develop-
ment. The degree of malformation may be very different m
different cases. When the deviation from the normal is slight,
affecting perhaps only a single part, we speak of it as a simple
anomaly. The term malformation is not usually employed unless
the misformed part or organ seriously disturbs the balance and
harmony of the bodily form as a whole, seeming in fact to be ill-
matched with the rest of the organisation. When the deviations
from the normal are very considerable the affected individuals are
spoken of as monsters.

Monsters fall into two great groups—the single and the double.
In single monsters we have malformation occurring in a single
individual. One or more parts of the organism may have been
arrested in growth, and are therefore incomplete or wanting : thus
we have monsters by defect (monstra per defectum). Or the struc-
ture and disposition of the parts may deviate from the normal,
and thus we get monsters by perversion (monstra per fabricam
alienam). )

. Double monsters are of several kinds. Two nearly similar
individnals may have one or more parts in common ; or a properly
formed individual may have attached to it the ill-developed body
of a second as an appendage ; or lastly particular members may
be doubled, or simply exaggerated in size (monstra per excessum).

. The literature of malformation is rich both in comprehensive treatises and
n accounts of individual cases. The following sketch is based on the works of
FoErsTER (Dic Misshildungen des Menschen Jena 1865); Gurrr (Article

Monstrum in the Encyclopitdisches Worterbuch der medicinisehen Wissenschaften,
vol. 24 and Virch. Areh. vol. 74); AHLYELD (Die Misshildungen des Menschen

Leipzig 1880) ; and Perts (Lehrbuch der allgemeinen Pathologie, Part 11, 1879).

. PERSTER, GURLT and AHLFELD give summaries of the ancient and modern

literature of the subject. The student may also consult VroLik’s article on
eratology in Todd's Cyelop. of Anatomy, and Lowse's Catalogue of Terato-

logical Specimens, Roy. Colf Surg. London 1872, 2

92—
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9. The human organism is developed from the ovum. This is
a cell of definite and regular structure, which is set into activity by
the impulse of impregnation. The rudiments of the several parts
are produced by continued segmentation of the primordial cell.
The morphological form of the embryo begins very early to appear,
and depends ultimately on certain regular evolutionary processes
which the several rudimentary organs undergo. These processes
are histologically recognisable as lateral or central proliferations of
the cell-complex, and the resulting outgrowths forthwith become
differentiated into specific forms. The factors determining the
special direction development is to take do not, in the first
instance at least, lie in the external relations of the ovum, in its
environment. They are rather to be sought in the inherent and
inherited properties of the segmentation-cells. But at the same
time the external relations are mnot without influence on the
subsequent course of development. If these are abnormal, the
process of embryonic growth may be thereby altered, arrested, or
perverted.

Theoretically speaking the origin of a malformation may be of
either of two kinds. On the one hand, the primary rudiment (in
other words, the ovum) may have inherited a tendency to abnormal
growth; on the other, a normal embryo may in the course of
development be affected by disturbing influences from without
which check its progress towards the perfectly developed form.
Experience indicates that both events occur.

The recurrence of hereditary malformations in a family (such
as excess of fingers or toes) can only be explained by the supposition
that the abnormal tendency exists from the first in the embryo,
having been transmitted to it from one or other parent. On the
other hand the absence of one or more limbs, deficiency of the
cranium, &c., observed only in isolated cases, are to be accounted
for in a satisfactory way only by assuming that external causes of
injury have affected the growing foetus.

Disturbing influences acting on the otherwise normal embryo pl

more important (Ym-t than heredity in the genesis of malformitig:l:.y ?I‘{::
might be inferred from the fact that the term malformation has come to
connote exclusively gross and obvious anatomical relations. These
anatomical anomalies arise generally from external causes. The pathological
eculiarities transmitted congenitally from parent to child manifest themselves
ess in anomalges of external form than in deficient or perverted function of
the tissues, or in morbid predispositions. Such anomalies are to be detected
only by minute anatomical examination, or they are incapable of anatomical
demonstration at all.

3. Monstrosities by defect, as they occur in man, are of
many kinds. Many of them affect most gravely the shape and fashion
of the human form: others, of trifling character and affecting none

but internal organs, can only be recognised by anatomical examin- -

ation. The configuration of the body is most prejudicially affected
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by defective closure, whether total or partial, of the lArger body-
cavities (pleural, peritoneal or cerebrospinal); or, on Ne other hand,-
by defective development of the extremities. ARG e

The causes of malformation in any given case canonly~be
approximatively determined, or referred to this or that hypothetical
injury: nevertheless we can generally indicate the direction in
which the cause of the defect 1s to be sought.

Monstrosities by defect are commonly malformations by arrest:
they owe their existence to a local hindrance to the development
of a normally constituted embryo. It is but seldom, and then
chiefly in cases where the entire body is affected (as in dwarfs), that
we can attribute the effect to heredity; even of such cases the
hereditary ones form by no means the majority.

The influences which check and hinder growth are to be songht
in alteration, injury, or disease of the uterus, or in disease of the
foetus itself. To the first class belong defective development or
disease of the membranes and placenta (uterine or foetal), adhesion
of the amnion to the foetus, abnormally small quantity of liquor
amnii, tumours of the uterus, concussions of the uterus with
separation of the membranes, hemorrhages in the membranes or in
their neighbourhood, &c. As concerns the foetus itself, its de-
velopment may be disturbed by inflammatory affections which it
acquires by transmission from the mother (Small-pox, Scarlatina,
Endocarditis), or by inherited disease such as Syphilis. In the
earlier stages of development abnormal twists or flexures of the
embryo may be enough to cause very serious hindrances to growth.

The influences we have cited may act in various ways. Many
arrest growth mechanically by simple pressure: others hinder the
circulation so that the foetus or some of its parts receive too scanty
a supply of blood, and thus the growth is retarded. Other affec-
tions, such as the inflammations, actually destroy parts already
formed and so render their further growth impossible. Not
infrequently several factors may act at the same time, or the
malformation of one organ, like the heart, may involve detriment
to the proper development of the others,

The point of time at which the disturbing influence makes
itself felt may of course vary greatly, and so by consequence will
vary the intensity of its effect. The earlier the injury the greater
is usually its effect. The loss of a few cells in the earlier stages of
growth may involve the absence of an entire organ or limb; while
layer on, after the general form is nearly complete, the same loss
might not be noticeable at all. Malformations, in the narrower
sense of the term, originate for the most part in the first three
months of foetal life. By the end of that time the general form o
the body and its members is well defined. Later disturbances g1V€
rise rather to changes that manifest themselves after birth as
congenital disorders: they are therefore more fitly regarded as the
anatomical basis of foetal diseases, than as true malformations.
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GeorrroY St Hivawre (Histoire géndrale et particuliére des anvmalies de
Vorganisation chez Uhomme et les anvmanz Paris 1832—7) rejects altogether
the doctrine of the primary perversion of the embryo (HarLLer and Winsrow)
and refers the ma&formntions by arrest entirely to mechanical influences.
Paxuvy (Untersuchungen iiber die Entstehung der Jliccbildunfcn Berlin 1860)
on the whole agrees with him, although he grants the possibility of a primary
perversion. He produced malformations in embryo chicks by varying the
temperature of the incubator, and by varnishing the egg-sheils. Danesre
(Recherches sur la production artificielle des monstruosités Paris 1877) made
like experiments, and produced malformations by arrest by placing the e!%s
vertically, varnishing the shells, raising the temperature above 45°C, and by
warming the eggs in an irregular manner. He has lately (Comp. Rend. 1882)
shown t%mt abnormalities may be produced by prolonging the interval between
the laying and the incubation of the egg. :

On the significance of adhesions of the amnion to the foetus see JENBEN,
Virch. Arch. vol. 42; Fuemst, Arch. fiir Gynikologie 1871; PerLs, Ally.
Pathol.; DARreste, Comptes Rend. 1882. If a malformation 1s to be
produced, the original injury must of course not be too grave, otherwise
the embryo wonl(% die outright. Above all ‘thmgs it is necessary that the
apparatus of circulation should be maintained in working order. If th.e
embryo dies, it is either expelled with its membranes from the uterus; or it
is absorbed, in which case the membranes undergo further changes before
they are finally expelled. A malformed foetus then can never sink below
a certain minimum of development without perishing prematurely ; unless
indeed it manages to prolong its existence by attaching itself as a kind of
parasite to a second simultancously developing foetus. Compare Art. 13.

4. The malformations of single individuals, which we with
FoEeRSTER have distinguished as monstra per fabricam alienam or
monstrosities by perversion, consist exclusively of abnormalitics
in the viscera of the thorax and abdomen. To this class belongs
the Situs transversus or right-and-left reversal of the position of
the thoracic or abdominal viscera, or both. In this case we
usually find, in addition to the change of position, other changes
in the forms and relations of the misplaced organs. Here also we
include the various malformations (mostly by defect) of the heart
and great vessels. Lastly, we must mention the numerous mal-
formations of the genital apparatus, especially those distinguished
as true and false hermaphroditism.

The genesis of these malformations is in general to be referred
to the factors cited in Art. 3. They are for the most part to be
reckoned among the malformations by arrest.

For further details on thi j i i
Speotal Pathelogion Anntom; .sub‘]ect see the chapters relating thereto in the

5. Double monstrosities, monstra duplicia, have the entire
body, or a part of it, duplicated. The duplicated parts are some-
times equally well developed, sometimes unequally. In the latter
case one part is stunted, and appears as a parasitic appendage
to a well-formed individual. We tgus distinguish between equal
and unequal double monstrosities.

Older theories had it that double monsters arose through the
adhesion of two originally distinet ova (MECKEL, GurLr, G. St,
HirAIRe). It was even assumed that the membranes of two

P
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separate ova might disappear at the point of contact, and then that
the two foetuses might become fused together, so to speak. This
view is no longer upheld.

All double monsters originate from a single ovuam and are
fashioned on a single blastodermic vesicle.

According to KOELLIKER, the first radiment of the embryo ap-
pears as a round opaque white spot on the wall of the blastodermic
vesicle. This is the embryonic area (area embryonalis), formerly
misnamed the germinal area. The embryonic area originates in a
thickening of the epiblast (ektoderm), produced by a proliferation
of the cells of this outer layer of the bilaminar blastodermic
vesicle. The embryonic area next becomes pear-shaped. At the
same time there appears at its posterior extremity a rounded thick-
ening, which is continued into a somewhat conical prolongation.
This thickening is the earliest rudiment of the primitive streak, in
other words it is the region of the epiblast or ektoderm from which
the mesoblastic layer is to begin to grow. From the primitive
streak the mesoblastic layer spreads between the epiblast and
hypoblast till it extends over the whole of the embryonic area, and
at length passes its boundaries. It thus forms a marginal zone,
called the vascular area (area vasculosa), around the embryonic area.
When the primitive streak has existed for some time, there appears
in front of it the medullary groove. Thereupon the embryonic area
becomes differentiated into a vertebral zone adjoining the medullary
groove, and an outer lateral or parietal zone. The various parts
and members of the embryo are produced by the progressive
development of both zones.

The genesis of a double monster may be accounted for in
various ways. In the first place it is conceivable that two em-
bryonic arcas may arise on the surface of a single blastodermic
vesicle. These as they grow may come into contact, and fuse with
each other to a greater or less extent. Another possibility is—that
in the same embryonic area two primitive streaks may appear and
subsequently two medullary grooves: these may remain distinet, or
may in part become blended. Thirdly, we may suppose the
primitive streak to be single, while the medullary groove 1s
developed in duplicate either throughout or in some part of it.
Finally, it may happen that in certain cases the duplication occurs
at a still later stage, affecting either single parts of the vertebral
or parietal zones, or the rudiments of the several organs as they
develope from these zones.

Each of these hypotheses assumes—that at some time or other
a duplication occurs in parts which normally are developed as
single. In the first, the date at which duplication appears 18 that
at which the embryonic area is first formed. In the others, the
duplication takes place within the embryonic area itself. 'ID the
first three cases, the duplication occurs in structures which are
axial: in the fourth, it may be limited to parts which are lateral.

I
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We are compelled to accept the hypothesis that a duplication of
some part or parts of the blastodermic vesicle or embryonic area can
take place, if we are to account for the genesis of double monsters,
The only question is—how far it is possible for a duplication which
has already taken place to disappear again, owing to subsequent
fusion. For example, it may be as}l)(ed—whether from two originally
distinct embryonic areas nothing but separate homologous twins
can ever develope; or whether the twin rudiments can unite again
at some later stage. This question cannot as yet be definitel
answered, so far at least as concerns embryos of the age at whic
the blastodermic layers have become completely differentiated. On
the other hand, it may readily be believed that two embryonic areas

which are actually in process of formation may encroach on each .

other and so unite. ere we have to do not with a fusion of two
formed and separate structures, but merely with a grouping or
arrangement of cells (due to identical processes) taking place round
two centres close to each other, insteaxy of round a single one. It is
perhaps best, in dealing with the genesis of the double malforma-
tions, to avoid assuming the occurrence of secondary fusion or re-
union of primarily distinct rudiments; and to refer them all to
incomplete cleavage or duplication. The ultimate causes of such
cleavage are unknown to us: it is likely that they are partly in-
ternal and partly external.

The views of different authors on this subject (the genesis of double
monstrosities) are very various. Some, like Fornrsrer, Vircaow, OELLACHER,
AnLFELD, and GERLACH, pronounce for the theory of cleavage. Others, such
as ScauLTzE, PANUM, and MarcHaND, think that rudiments already more oy
less completely distinct may reunite. According to RAUBER, two or more
primitive streaks may be formed on a single embryonic area ; and these may
meet at some point in their length and there fuse together, This is the
‘Radial’ theory. MARCHAND maintains that two rudimentary embryos are
formed, and then unite. The duplication of the embryo is, he thinks, referable
to causes anterior to the segmentation, inherent therefore in the ovum before
impregnation, or involved in the process of impregnation itself, In support
of this hypothesis he adduces some recent observations on invertebrates
which make it probable that the admission of two spermatozoa to the ovum,
may lead to the formation of two centres of segmentation. In other cases
it is said that two blastodermic vesicles may be formed, and give rise to a
double monstrosity. L. Geri.aci lately attempted to produce double monsters
experimentally. He varnished over a number of hen’s eggs before incubation
leaving nothing uncovered but a Y-shaped space over the region of the
primitive streak. Out of & number of trials he obtained on one occasion g,
duplicitas anterior (Art. 14), in addition fo various other malformations, He
infers that in chicks at least it is possible to produce double monstrosities
by artificial means.

See FOERSTER, e J[z'ssbildunﬂcn des Menschen Jena 1865 ; PANuM, Unter-
suchungen iber Entstehung der Misshildungen Berlin 1860 and Virch. Apch,
vol. 72; Doxirz Reicherls Archiv fiir Anat. w. Physiol. 1866 ; Drrmaeg,
Reicherts Archiv 1875; AHLFELD, drchiv fiir Gynikol. vol. 9 and Dy
Missbildungen des Menschen, Leipzig 1880; "Ravser, Virck. Areh. vol. 71;
MaArcHAND, Realencyclopiidie der gesammten Heillunde, Art. Missbildungen ;
L. GervLacH, Sitzungsberichte d. phys. med., Soc. zu Erlangen 1880 ; CLELAND,

Jouwrn. of Anat. 1874,
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CHAPTER IL

MALFORMATIONS BY ARREST IN SINGLE INDIVIDUALS.

a. Arrested development of the embryo as a whole.

6. If the development of the embryo as a whole be inter-
rupted, one of two results will follow. When the disturbance is ?!‘lwe
the further development of the embryo is rendered impossible ; it
cither ceases to live forthwith, or it dwindles away and ultimately
perishes unborn. A slighter disturbance may not exclude a certam
amount of development, and as a result there is born a foetus whose
general form is normal, though in size it is small and puny. <
dead foetus cannot remain for long unchanged: sooner or later it
undergoes certain retrograde alterations. In most cases, foetus and
membranes are expelled from the womb: and this constitutes
abortion. In other cases, that is to say, in the earlier stages of its
development, the embryo may be absorbed and so disappear, the
membranes undergoing a different fate. Most commonly they are
expelled at once; but at times they remain and pass through
further changes. In this latter way is generally formed the so-
called fleshy mole (mola carnosa; otherwise clot- or blood-
mole). This is a flesh-like mass consisting of membranes an
altered blood-clots. The clots form the greater part of the mass;
they are the result of hemorrhages from the maternal placenta, an
are not infrequently the efficient cause of the death of the foetus.

In other cases, the villi of the chorion undergo a peculiar
degeneration, increase in size, and at length form a mass of
club-shaped or spherical translucent cysts. These give the ovum
at first sight the appearance of a bunch of grapes (whence ghe
German name Traubenmole, or grape-mole.) The manner in whic
cyst grows out of cyst, and the absence of stems uniting the
pedicles, render this comparison somewhat inexact. In Englimd
this ¢ cystic degeneration’ of the membranes is often described as 2
hydatidiform mole.
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A still rarer product of completely arrested development is the
so-called lithopaedium. The foetus dries up into a kind of
mummy, while its superficial parts and the tissues inclosing it
become calcified. This effect is oftenest found when the situation
of the ovum is abnormal.

The second result of a general arrest of growth is dwarfing of
the entire body (Mikrosomia or Nanosomia). Sometimes in dwarfs
the proportion between the several parts is abnormal ; for example,

the head is often inordinately large.

b.  Arrested development of parts of the body.

7. Malformations depending on imperfect closure of the cerebro-
spinal cavity.

(1) Acrania (Hemicephalus, Cranioschisis) is a frequent
malformation : it consists in an entire absence of the bones and
integuments forming the vault of the skull. In most cases the
brain is also lacking (Anencephalia), and the base of the skull
is covered with a vascular mass of connective tissue, enclosing a
variable number of cyst-like structures. More rarely there is found
a pocket-like fold of dura mater, containing some brain-detritus,
The forehead being imperfectly formed the eyes project strongly,
and give these monsters a toadlike appearance. The parictal bones
are entirely absent. The tabular portions of the occipitals, tempo-
rals, and frontals, may be wanting in whole or in part. If the
supra-occipital be also wanting, while the upper cervical vertebrae
remain unclosed, the monstrosity is spoken of as Cranio-rachi-
schists. In such cases the upper part of the spinal cord is also
wanting or rudimentary. :

The production of Acrania is referred by G. St. Hinaire,
ForrsTER, and PANUM to the collection of fluid in the cerebral
vesicles prior to the fourth month of gestation (Hydrocephalus).
DaresTE and PERLs dispute this view, on the ground that in
Acrania the base of the skull is generally convex toward the brain
and cannot have been subjected to pressure tending outwards such
as hydrocephalus would produce. They therefore regard the cause
of Acrania to be some pressure exerted on the cranium from
without. PERLS maintains that this external pressure may be
exerted by the head-fold of the amnion: this may he thinks be
stretched too tightly over the ecranial flexure, and so arrest the
proper development of the cranial vault.

Quite recently LEBEDEFF has offered a new explanation of
Anencephalia and Acrania. He thinks these are due to the
roduction of an abnormally sharp cranial flexure in the embryo,
This occurs when the cephalic extremity grows at an unusual rate
in the longitudinal direction, or when the head-fold of the amnion
is retarded in its development. In consequence of the sharp
flexure the closure of the medullary plate to form the medullary
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canal is prevented; or else the medullary canal already formed is
obliterated. This explains very easily the subsequent absence of
the brain, and of its membranous and bony coverings. The cystic
structures found upon the base of the skull LEBEDEFF believes to
originate from the folds of the medullary plate, which sink into the
substance of the mesoblast, and are then constricted off from the
main mass,

(2) Hernia Cerebri and Spina bifida are terms used to
describe minor deficiencies in the walls of the skull or of the
vertebral column, through which the contents of their respective
cavities protrude. In the case of the skull, a sacculation appears
on the surface, which contains either fluid (Meningocele), or brain-

*substance (£ncephalocele), or both (Hydroencephalocele). The fluid

may lie either in the subarachnoid tissue, or in the dilated ?,nd
sacculated ventricle; in the latter case it is enclosed on all sides
by brain substance (Hydrocephalus externus and .internu‘?).

Hernia cerebri is oftenest found in the occipital region, and at
the root of the nose. The size of the sac, as also the size of the
opening in the skull-wall, are very various. s

The malformation known as Spina bifida is generalljy limited to
the sacral and lumbar regions of the vertebral column. .The
herniated sac is covered by the integuments, and contains either
fluid only (Hydrorachis externa or Spinal meningocele); or ﬁu.ld
with a thin layer of cord-substance (Hydrorachis interna or Hydro-
gzyelocele). In the latter case, the central canal is dilated by the

uid.

An interesting series of cases of Spina bifida will be found described in
Med. Times and Gaz. 2, 1858.

(3) Cyclopia or Synophthalmia is a malformation in which
the orbits form a single continuous cavity. This may be ext,hel:
very small, containing a mere rudiment of an eye or none at all, or
larger in size and containing one eye or two lying close together.
The nose is wanting, or represented by a snout-like projection just
beneath the common orbit. When the brain is examgmd, we ﬁnd
instead of the cerebral hemispheres an undivided pointed vesicle
running from behind forwards : the optic nerve 1s pftcn elt;her
absent or single, and the olfactory merve is hkc_:wlse wanting.
The other parts of the brain may also exhibit various malforma-
tions. The malformation as a whole depends on the defective
development of the primary cerebral vesicle, in consequence 0
which the optic vesicles remain either unevolved or in close
contact with each other (PERLS). DARESTE thinks the cause 18
arrested development of the head-fold of the amnion.

i thologie
References : FOERSTER, l.c.; DARESTE, Le¢. ; PERLS, Allgemeine Pa :
m, 1879; LEBEDEFF, Virch. Arch. vol. 8’6; MARCHAND, L¢3 ACKERMANN,
Die Schitdeldifformatiit bei der Encephalocele congenita Halle 1882.
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8. Fissural malformations depending on imperfect union of
the branchial arches,

(1) Cleft palate (Cheilo-gnatho-palatoschisis). In this de-
formity a fissure extends from the upper lip through the alveolar
process of the superior maxilla, the superior maxilla itself, and
the palate. The hard palate is cleft along its line of junction
with the vomer; in the soft palate the fissure passes along the
middle line; in the alveolar process it goes between the exterior
incisor and the canine tooth. If the fissure is bilateral, there ap-
pears a yawning aperture above the mouth, which is wider and
deeper according to the stage at which the development of the
vomer, intermaxilla, and lip was arrested. ) )

Very often the fissure affects only the upper lip (Labium
leporinum, hare-lip); less often the palate alone, or the palate
and superior maxilla. The slightest degree of fissure is probably
represented by a slight notch or scar in the upper lip, or in
another direction by a bifurcation of the uvula. Even slight
fissures of this kind may however be bilateral.

These varieties of fissure depend on an imperfect union of the
superior maxillary and palatal processes of the first branchial arch
with the nasal process of the frontal, the intermaxilla, and the
vomer., This unon should normally take place in the third month.
In some cases the cause of the cleft has been found to be a morbid
adhesion of the amnion to the face. The malformation may be
hereditary.

(2) Schistoprosopia and Aprosopia. If the development
of the first branchial arch, and of the nasal process of the frontal,
be still more seriously interfered with, we have instead of the
middle of the face a mere gaping cavity. Cleft-palate has become
cleft-face. In extreme cases, eyes and nose being also absent
there may be no face at all, ’

(3) Agnathia, or absence of the inferior maxilla, is due to
arrested development of the inferior maxillary process of the first
branchial arch. In consequence of this deficiency the lower half of
the face seems cut away, and the ears come almost into contact with
each other (Synotia). In special instances the superior maxillary
process is also rudimentary, and the malformation is accompanied
by Cyclopia, with imperfect cerebral development.

(4) In consequence of the partial persistence of a branchial
cleft, we sometimes meet with fissure of the neck, the so-called
Fistula colli congenita. This oftenest takes the form of an
opening a little above and external to the sterno-clavicular joint:
more rarely the opening is in the middle line, or higher up in the
neck. Generally there is but one opening; sometimes lllowevcr
there are two symmetrically placed. The fistular canal is for the
most part narrow and lined with mucous membrane; it passes

\
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upwards and inwards and as a rule ends caecally: now and then
it opens into the trachea or the pharynx. _
Sometimes such fistulae have dilatations: or these may take
& the form of closed cysts filled with fluid (Hydrocele colli congenita),
or of cavities containing epidermoid cells and cellular detritus
(Atheromata). Fistulae and cysts of this kind are usually formed
in the site of the third or fourth branchial cleft. Their hereditary
character has been established in numerous instances.

On cervical fistula see HEUSINGER, Virch. Arch. vols. 29 and 33, Deutsche
Zeitschrift fiir Thiermed. 1. 1875 ; Renx, Virch. Arch. vol. 62 ; NEUMANN and
BAUMGARTEN, Arch. fiir klin. Clirurgie XX ; VIRCHOW, Vireh. Arch, vol. 35 ;
SCHEDE, Arch. fiir kin. Chirurgie X1v.

« 9. TFissural malformations depending on imperfect closure of
the pleuro-peritoneal cavity. ¥
The abdominal surface of the embryo, which is that directed
towards the blastodermic vesicle, begins about the third or fourth
week to close in by converging marginal growth. This at first
takes place only from the anterior and posterior ends, but after-

wards at the lateral borders also. At the end of this stage the

only communication between the intestinal cavity and the vitelline
or umbilical vesicle is by means of the omphalomeseraic or vitel-
line duct. In the sixth week the duct becomes obht_erau:c.l, but it
happens not infrequently that the part next to the intestine per-
sists as Meckel’s diverticulum ; this takes the form of a cyln-
drical or club-shaped sacculation of the ileum.

Clefts of the abdominal wall The complete closure of the

body-cavity occurs in the eighth week, but this is liable t;())' si::e;:i

forms of interruption. The slightest degree of abnormality
L in which a peritgneal rotrusion, containing a coil of intestine, Eeri
Vs sists at the site of t,Ee umbilicus. This forms a hemispherica

bulging, from the apex of which the umbilical gond arises (Herna
S un%’;;g This ma.lforlr);ation is common ; the sac 1s usually s_mall; it
is less usual for the hiatus in the abdominal wall to be considerable.
Cases however occur in which a fissure extends for nearly the
entire length of the anterior belly-wall (Gastroschisis or Fissura
abdominalis); this may even extend to the thorax (Thoraco-gastro-
schists). In the latter case the development of the laminae late-
rales towards the umbilical vesicle must have been very early
arrested. It is even possible for the funis to be absent altogether,
and then the umbilical vessels pass direct to the placenta. Oc-
casionally the fissure is altogether unclosed : in other instances &
kind of hernial sac is formed by the peritoneum and the amnion
stretlglgfvd ::grtﬁén we find that the abdominal wall is duly closed
in the neighbourhood of the umbilicus, while a fissure persists
o either above it or below it. If below it, the .ﬁssure is usu hy
associated with imperfect closure of the allantois and so of the
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urinary bladder. The internal mucous surface of i
this case appears externally, and is pressed forwards :l;?l :‘]fﬁ? ll)n
the intestines behind. The genital groove remains uncl de d
the external genitals are ill-developed. This is known o;e e
Ectopia, or Ecstrophia vesicae. g
Clefts of the thoracic wall. If the i
merely affects the sternum, it is described as F?:::::: s]tirfa?'a‘l'lf _::n.d
wider, so that the heart is covered only by membrane and'irlm: =
ment and f{:rgtru(les, it is called Ectopia cordis. g
The efficient causes of these imperfections of development ar
seldm_n demonstrable. It may be that they depend in part 4
morbid adhesions of the borders of the laminae lateralesp‘to tgg

amnion. Very frequently they are found in individuals affected

with malformations in other parts, such as the genitals or anus

See ‘BuHL, Alintk der Geburtshunde von Hecl: g
Wiener med ,Jalxrbzwln 1863 ; AHLFELD, Arch. c;'er ;'?:‘thl %‘isnlx.é ‘Y:;DL
Pathologie 11, 1879. On intestinal diverticula see Locxwéon Brit ‘.
Journ. 1, 1882 ; Rors, Virch. drch. vol. 86. 7 AR N,

10. Aplasia of the extremities and of the hip- and shoulder-

girdles.

Defects in the development of the limbs are b
rare. Different classes are distinguished according toyt}?: (Iin o
of malformation. = e

(1) Amelus. Limbs entirely wanting o 1 s
stumps. Trunk generally well-formed. € oF replaced by wartlike

(2) Peromelus. All the limbs stunted.

(3) Phocomelus. Limbs consisting mere]

sessile upon the shoulders and pelvis. "¢ merely of hands and feet,
(4) Micromelus (Microbrachius, Micropus), 1;; .

form, but abnormally small. #us). - Limbs regular in

(5) Abrachius and Apus. Absence of : g
lower are well-formed ; and vice versd. upper limbs, while
(6) Perobrachius and Peropus. Arm .
forearms and hands, legs and feet malfolme(i and  thighs normal ;
(7) Monobrachius and Monopus. Abs .
or lower limb. ence of a single upper
(8) Sympus, or Siren-monster. Lower li .
first rotated backwards so that the extemaril l;ircf?azl:sscent, bein
contact. The pelvis is usually malformed, as also t;hcomf: into
genitals, bladder, urethra, and anus. Feet may be wh ell external
or represente):d by b‘s)u;]glft‘a toe(sS (Sympus apus): or there ntl)a ).z’ l;l:js’»ent
S. monopus) or both feet (S. dipus) at the end S T A
gxtremity. of the undivideq
(9) delirus and Perochirus. Absence or stunted

the entire hand or foot is seldom observed. More frquzg‘:ith of
Y we

P
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find absence of single fingers or to
of two or more (Sygndact.:)gl‘:ls or ¢ weesbl()l_;eg?gqctylua); T OGO

(10) Of the several bones th
the radius, fibula, patella, clavicle, :;fd ?::;uﬁg‘.nmonly wanting are

See FOERSTER, L¢3 GRUBE

: ; ) AR R, Ueber an, eborne Defect

{'si,-l:;'f”j 1‘,‘1‘ IIl’lc_y.s. {s803; Voiet, Ucher congcngalen Radr.'md:/lg:cr le{-(/md ity

by S5 e _Anbz, ympodia, Gaz. méd. de Paris 1869. Many cases rf“ o F i

of the limbs have been attributable to constriction and ;\'c:ontl:{:g:rgm.
g ation

by folds or bands of the foetal membranes, or by

Compare ABELIN and Brix, Jakresber. 2»- rgg)a;?:?f J(;gdt h‘igl}‘%’P"‘”' ok

Annal. d:s la Socidté de Meéd. de Gand 1861 ; BAKER Bn(;wv b(}sBMmEKE’

VIIL l?b’i. DARESTE cxlplains the formation of the si}ia s, SYans

supposing that the tail-fold of the amnion has pressed too fl,’i-glll:glr;‘s?; tll)y
e

.caudnl end of the embryo.

c. Malformations and Malpositions of the organs.

e scen that the form of the body as a whole is

_ 11. We hav
Jiable to manifold irrcgularities, resulting from disturbances in its

development. The several organs may likewise and from lik
causes, deviate in form and structure from the normal Esm 5 ue
caes, e case with the genitel 0 o with the heart, whi
very often exhibit anomalies depending on arrested develo bieae
But malformations affecting the alimentary canal, the ki dnep?etxllt'
lungs, or the brain, are by no means rare. These will more nat":u;‘aﬁer
with the pathological anatomy o)f

fall to be discussed in connexion

the respective organs.

Very frequently too We meet with malposition of the organs

This reaches its highest degree 1 the so-called Situs tm.nstff .

(or inpersus) Viscerunt; s is a right-and-left reversal of 'f}!:s
o thorax an abdomen being t.rausposeg

viscera, the contents of th
as if reflected in & mirror. 1t occurs in single as well as m

2 double monstexs.
iscera, malpositions also occur in connexion

But apart from the v
with the extremities. Under this head must specially be mentioned

congenital dislocations, oF displacements of the articular ends of

bones from their sockets: and also abnormal positi
the hands being less often misplaced. al positions of the feet,
According 10 the position of the foot we distinguish four

types—

Pes varus (commonly though less stri )
club-foot. The inner bogder of s:,l];lgtliyo:: u.ed dqj'alngg
apwards, the outer downwards; the heels inwards ; the:s i re;;tl
outwards; the scaphoid bone Ties benc:?}f t;lls
alleolus. The calf-muscles and tendo Achillis are ot 53

mner 11
(2) Pes valgus, or flat-foot. The .
dirvected upwards, the inner downwards(:u:ﬁ; 'iﬁfgeiu‘iiﬁf&fw%ﬁi

peronei and extensor muscles are shortened.
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(3) Pes equinus, or (as we might call it) ti -foot, The heel
is drawn upwards; the tendo Achillis shortened. ? =

(4) Talipes calcaneus, or hook-foot. The toes are drawn
up towards the front of the leg. The tibialis anticus, the peroneus
longus and brevis, and the extensors, are shortened.,

References on Situs transversus: — K. E. Vox Bagr, Entwickelus sge-
schichte 1 p. 51 ; VALSUANI, Annali univ. di med, Feb. 1869 ; GRUBER, Arck. £,
Anat. w. Phys. 1865 ; Braw, Mitthed. Mipchner pathol. Inst. 1878 ; Hickyax
Trans. Path. Soc. 1869 ; VALLIENNE, Ltude sur les transpositions viscérales
Paris 1881.

Transposition of the abdominal viscera alone is
than complete transposition ;)f ].';ll ltlw \'iscemiqI

References on Congenital Dislocation : HUETER, Gelentlranther
Edition ; Koy, .Lelugf’ der Clirurgie 11; Gnawrrza, Virch, Ar(f/f.m::)’]" ggd
KRroNLELN, Deutsche C/n'rulryatz 1320 ‘.1?(6, 1882. i 3 S

The ordinary surgical tex s give details concernin L
congenital deformities of the hands and feet. On the genesis o% ctll&?»flz??,-;f
Adams’s Jacksonian Essay, London 1873,

much more uncommon



_pelves (Zh. trzgnw).

CHAPTER IIL

DOUBLE MONSTROSITIES AND MALFORMATIONS.,

a. Cleavage affecting the undifferentiated embryo.
a. Complete cleavage of the axial structures.

12. Forms in which the development of the segments is
equal,

(1) Homologous twins; these are produced when the
development of the divided rudimental embryos goes on without
check or hindrance. Homologous twins are always of the same
sex. Rach twin is enclosed in its own amnion, though portions of
the membranes may disappear where the two are in contact. The
placenta is almost always single and common.

(2) Thoracopagi. If the two rudimental embryos lie near
or in contact with each other, a double monster may result. If

ortions of the trunk, that is of the thorax or abdomen, are
coalescent, the monster is described as Thoracopagus. As the
umbilicus and umbilical cord are single and common, the term
Omphalopagus is sometimes applied to it. The various forms of
this monstrosity are named from the extent to which coalescence
is carried. ! .

X{pkopagi are those n which the _ensiform processes are
united by a cartilaginous bridge. The peritoneum passes for some
distance into the co_nnectmg structure (the well-known Siamese
twins were xiphopagi). "

Sternopagi are xiphopagi with a common thoracic cavity. The
sternum may be double or single ; the heart also double or single, in
which latter case it 1 malformed ; the alimentary canal is in part
common ; the liver double, though the two organs are connected
by processes of gland-substance. Two of the upper limbs may be
coal%scent (Thoracopagts tribrachius), or two lower limbs and the
If the heads as well as the breasts and bellies
we have a Prosopo-thoracopagus, Cephalo-thoraco-

3

have coalesced,
M.
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pagus, or Syncephalus. 1f a face be formed on the posterior aspect
of the head as well as on the anterior, the monster is described as
Janus-headed or Janiceps. Generally one of the faces is a mere
rudiment (Janiceps asymmetros). The liver of the right-hand twin
is usually ‘ perverted’ in position ; more rarely this is the case with
the other viscera also. Thoracopagi are the commonest kind of
double monsters.

(3) Craniopagus is a pair of twins whose heads are adherent.
They are distinguished as frontal, parietal, or occipital according to
the locality of the adhesion. They are rare.

(4) Ischiopagus is a monstrosity in which the twins are
united only at the pelvis. The spinal column and pelvis is dupli-
cated, but the latter forms but a single wide girdle of bone, in,
which the two sacra are at opposite sides. 'l%\lis double pelvis
carries two or four limbs. The trunks arise distinct and bent
away from each other.

In preparing this systematic survey of the double monstrosities use has
been made chiefly of AHLrELD's work, Die Missbildungen des Menschen
Leipzig 1880, and of the chapter in Peris’s Allgemeine Pathologie. Both
treatises give references to the literature of the subject.

The genesis of all these double forms seems most easily explained by
supposing that two embryonic areas are formed on the surface of a single
blastodermic vesicle, and” that these as they grow come into contact and
coalesce at some part or other of their periphery.

18. Forms in which the development of the segments is
unequal.

These forms fall into two groups. In the first, the nutrition
of one twin is somehow cut off, and it dies without alteration
of its external form. In the second group, the nutriment of one
twin is derived from the other. As a result the form of the first
or parasitic twin is more or less affected. The parasite may
be more or less intimately incorporated with the ‘autosite’ or
host, as the foetus is termed which finds nutriment both for itself
and its neighbour. Or again, the parasite may be connected only
with the placenta of the autosite. The following varieties have
been distinguished.

(1) Foetus papyraceus. If the umbilical vessels at their
attachment to the common placenta come too close to each other,
arterial anastomoses are formed between them ; the blood-current
in one system may become more powerful than in the other, and
thus the main stream is diverted towards the more powerful. The
circulation in one of the foetuses is checked, and that foetus sooner
or later perishes. The secretion of its liquor amnii ceases at the
same time. The dead foetus becomes more and more compressed by
the growing one, and may ultimately become reduced to a thin
flattened remnant. In other cases, the death of one of the foetuses
is determined by ha.emorrhage into the villi of the chorion, or by,
torsion, knotting, or compression of the umbilical eord.

LN
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' (2) Acardiacus. This is a monster devoid of a heart; it is
always very imperfectly developed. The rudimentary foetus is
either free, and connected with the well-developed one only through
the placenta; or it is adherent to the well-developed one and
blended with it to a greater or less extent (cf. Teratoma). In
the first case the acardiac twin is in fact an allantoid or placental
parasite : its umbilical vessels are connected with those of its host,
and its blood is kept in circulation by the host’s heart. According
to CrAupius, FOERSTER, AHLFELD and others, the monstrosity
results from the later development of the allantois in one foetus
than in the other, The retarded allantois is prevented from reach-
ing the chorion, and is compelled to insert itself into-the expansion
~ of the other allantois. The course of the circulation in the parasite
being inverted, its heart is either wanting or rudimentary. The
lungs, trachea, pericardium, diaphragm, sternum, vertebral bodies,
and ribs, are absent or undeveloped ; as are also the liver and the
upper limbs. The only organs which are fairly developed are, at
most, those of the abdomen and pelvis. We frequently find in
such cases an over-development of the subcutaneous connective
tissue, giving rise to shapel%ss unorganised masses or tumours.

The different varieties of acardiac monsters are

(a) Acardiacus amorphus. This form is rare, and consists of
a shapeless lump covered over with skin and containing mere
rudiments of organs.

(b) A. acormus. Head developed; thorax and abdomen
absent or rudimentary. Very rare. :

: (¢) A.acephalus. Head absent; thorax rudimentary; p_elVlS
and attached members developed. This is the commonest variety.

(d) A. anceps. Trunk well developed ; head and limbs rudi-
mentary ; heart also rudimentary. Rare.

(3) 'Thoracopagus parasiticus. Should one of the foctuses
of a thoracopagous monster be imperfectly developed, it will hang
from the ot%er in the form of a mere stunted appendage. The
parasite is connected with the autosite by the ensiform cartilage,
and the abdominal wall as far as the umbilicus: it is therefore
often spoken of as Epigastrius. It is seldom completely developed,
%.e. provided with all its members. In the majority of the cases on
record, the parasite has been an Acardiacus acephalus or acormus,
and its vascular system a mere outlying region or extension of the
host’s. This monstrosity is very rare,

(4) Epignathus. This is an amorphous acardiac monster
connected with the mouth-cavity of the well-developed twin-foetus.
From this cavity protrudes a shapeless skin-covered mass, made
up of cartilage, connective tissue, gland-tissue, brain-substance,
teeth, bones, intestinal elements, muscles, skin, and foetal down.
In very rare instances the epignathus is attached to some other
region, such as the orbit.

3—2
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(5) Teratoma. Teratomata are tumour-like formations which
are made up of a great variety of very different tissues, and so are
distinguished from ordinary new-growths. Some of them contain
rudimentary skeletal elements, such as those of the spine, pelvis,
&e. ; as well as rudiments of various organs, like the brain, intes-
tine, different glands, kidneys, and muscles. Others contain
tissue-formations of various kinds, such as muscular tissue, carti-
lage, skin, bony substance, gland-tissue, cysts, &e.; but no defi-
nitely formed masses which can be regarded as representing any
special organ or member. The former tumours are undoubtedly
to be viewed as remnants of parasitic foetuses which have failed
altogether to develope ; the{' are in fact Acardiaci amorphi in very
close relation with the well-developed twin. With regard to the
latter class of tumours, this view 1s not so certain. It is more
likely that they depend in part for their origin on some disturbance
or arrest of the development of a single foetus, or on an aberration
in germine (cf. Aetiology of Tumours, Arts. 178, 179).

Regarded thus, the monstrosities Epigastrius and Epignathus
become teratomata whenever the degree to which they are
developed is less than a certain limit. Teratomata occur however
most commonly in the form of large tumours attached to the ex-
tremity of the coccyx: they are then spoken of as sacral teratomata,
or teratoid sacral tumours. If the outward shape suggests that of
a foetus or a part of one, it is not hayd to Ehggnpse the_ca.se as
an unequal form of double monstrosity. This is described as
Epipygus (see Art. 14). When the tumour is of no d_cﬁmte shgpe,
the diagnosis is not so obvious. In this case anatomical examina-
tion alone can settle the question, according to the principles just
laid down. It is not to be forgotten however that new-born infants
are liable to have tumours of the sacral region, which are not
unlike teratomata, but which are really of the ordinary fibroid (or
it may be the epithelial) kind.

(6) Inclusio foetalis. In the form of foetal parasitism
just described, it usually happens that the parasite 1s more or
less included and overgrown by some of the tissues of the autosite.
This inclusion may be carried to a still greater extent. Tgmtoul
tumours may be so completely enveloped by the body of their host,
that they may be scarcely or not at all perceptible upon the ex-
terior. This form of parasitism ls.spoke.n of par e:ccellcn_ce as
Inclusion. According to the region in which the teratoma is en-

closed we distinguish the varieties :—
(a) T nelusio abdominalis (or Engastrius)
&) I nelusto subcutanea
(¢) I nclusio mediastinalis
(d) Inclusio cerebralis (or Teratoma glandulae pinealis)
(e) Inclusio testiculi et ovarii.
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What has above been said of the teratomata applies also ‘to
these inclusions. In most cases so deseribed, we have to do not
with the enclosure of one foetus by another, but with a pathologi-
cal growth within the body of a single aberrant foetus.

PeRLs has brought together the literature of acardiac monstrosities in his
Allgemeine Pathologie Part 11, p. 319. The above theory concerning their on;gin,
put forward by Crauvoius (Die Entwickelung der herzlosen Missgeburten Kiel
1859), and accepted by Forrster and AHLFELD, is held by PErws to be inade-
quate. He thin’ks with Paxzuxt ( Vireh. drch. vol. 72) that one twin-foetus may be
seriously mutilated by constricting bands derived from the membranes, or by
the fums : that anastomoses may be formed between its umbilical vessels and
the placental circulation of the uninjured twin : and that thereupon the latter
may, as it were, undertake the nutrition of the mutilated twin, which thus
assumes the condition of a parasite. In support of this view he refers to an
observation of Orre’s (Virchk. Arch. vol. 54), who remarks that even a
decapitated foetus has in some such way continued to grow. See also HousToX,
Dub. Med. Journ. 1836, .

AHLFELD brings together the literature of Epignathus in the Archiv fiir
Gyniikologie vir.  Since then papers on the subject have been published 3
SONNENBURG (Zeiuduift f Chir. v); VErNEUIL (Jakresh. der ges. Med.
1875) ; WassertHAL (£pignathus, Inaug. Diss., Dorpat 1875) ; and others.

With respect to teratomata the following references may he given—
Vircuow, Virch. Arck. vol. 53 (Terat. of the mediastinum) ; AryoLp, Virch.
Arch. vol. 43 (Terat. of the cranial cavity); Wricert, Virck. Arch. vol. 65
(Terat. of the pineal gland); BRrAUNE, Doppelbildung wnd angeborne Ge-
schwiilste der Kreuzbeingegend 1862. With special reference to sacral teratomata
see Deravr, Jakvesh. der ges. Med. 1869 ; Rercuer, Virch. Arch. vol. 46;
LirkemOLLER, Oestreich, med. Jakrb. 1875 ; Bouy, Berlin, kin. Woch. 1872;
ARLFELD, Areh. f. Gyniik, viiI, X11.

B. Partial cleavage of the axial structures.

14. Duplicitas anferior. The later the cleavage of the
rudimental embryo is in appearing, the less extensive are its
consequences. It may thus happen that part at least of the axis
of the embryo remains undivided. Cleavages of the cephalic end
(Duplicitas anterior) are the most common ; those of the caudal end
are rare. The slightest degree of anterior cleavage is indicated by
duplication of the pituitary body. Next in degree come the clefts
of the face (Diprosopus), of which there are numerous varieties
gradually increasing in severity from mere duplication of the
mouth-cavity to the formation of two distinet aucY complete faces
(Diprosopus distomus, diophthalmus, triophthalmus, tetrophthalmaus,
triotus, tetrotus). .

Dicephalus is a monstrosity consisting in duplication of the
head and upper part of the vertebral column, and is either
dibrachius, tribrachius or tetrabrachius. The latter form has two
hearts and two pairs of lungs, and is capable of living.

Dicephalus parasiticus 1s very rare, The stunted foetus has
always a part of its vertebral column in common with the full-
grown one,

The highest degree of anterior cleavage is called Pygopagus.
The twins are then united solely by the sacrum and coccyx. e
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urinary and sexual organs may be either single or double. The
equal form of this monstrosity i1s somewhat uncommon: the twins
are capable of living. The unequal form is more common, if we
may re as pygopagi some of the monsters deseribed above
(Art. 13) as epipygi and sacral teratomata.

A pair of living pygopagous twins, born in South Carolina in 1851, has
been exhibited as “the two-headed nightingale” An anatomical description
will be found in the Brit. Med. Journal 1869, by Smrsox, and in the Berl.
klin. Woch. 1873, by Vircrow. The cavities of the pelves were completely
distinct, the sacral region alone being common.

15. Duplicitas posterior. A monster in which the pelvis
and lumbar portion of the spinal column are duFIicated is described
as Dipygus. The duplicated parts are very seldom equally devel-
oped; much more commonly one remains rudimentary (Dipygus
parasiticus). In the slighter cases of this malformation, only
individual parts of the pelvic bones or contents are duplicated.
The lower extremities are duplicated, or there are but three of them
(Polymelia). 1If the rudimentary pelvis is not visible externally, the
supernumerary limb looks as if it sprang from a normal pelvis. It
is usually very ill developed.

v. Multiple cleavage, and overgrowth of the entire body.

16. Homologous triplets are produced when the rudimental
embryo has undergone a complete threefold cleavage, and its subse-
uent development has been unchecked. They lie inside a single
chorion, and the amnion may also be single ; though cases occur
where each foetus has its own amnion. &requently one or two of
the triplets are malformed (Acardiacus). In consequence of a
second partial cleavage in an embryo already completely divided,
there may be formed a double monster together with a single
ordinary foetus—the whole being enclosed in a single chorion.
This combination is not infrequent. ) .

Tricephali, or three-headed monsters, anse from a second partial
cleavage of an embryo already partially cleft: they are extremely
rare. Of multiple cleavage occurring at both extremities of the
embryo only a single instance is on record. )

If the rudimentary embryo is of abnormal size, and undergoes
no form of cleavage, the entire body becomes e;:cesswely developed.
New-born infants weighing as much as ten kilogrammes (twenty-
two pounds) have been met with. In other instances, the
abnormally rapid or excessive growth has not begun until after

birth.

b, Cleavage affecting the rudiments of particular parts:
congenital hypertrophy.

17. Cleavages affecting the rudiments of separate organs, and
the m{ﬂtiplica.tion of these organs or their elements which ensues,
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vary in significance according to their mode of origin. Some of
them must be regarded as conditioned by mechanical influences.
Others are demonstrably due to heredity. Others still are refer-
able to atavism, or the tendency of a higiler type to revert to the
organisation of a lower.

(1) Duplication in the limbs. Cleavage of an entire limb,
without duplication in the limb-girdle, has not been observed in
the human species. Duplication of hands or feet is very rare. On
the other hand, the duplication of fingers or toes (polydactylism) is a
very common occurrence. The additional member is sometimes a
mere appendage of skin ; in other cases it contains bones, and has
the form of a perfect digit. The number of fingers on one hand
may be as high as ten. Cleavage affecting the carpal or tarsal
bones is rare.

(2) Duplication of the mammary glands (Polymastia).
This occurs not very infrequently, and in men as well as women.
The supernumerary mamma may lie close beside the normal one ;
or it may be remote, having its seat on the abdomen, groin, or
shoulder, at times even on the back. Double nipples are less often
met with than supernumerary mammae.

See LEICHTENSTERN (Virck. Arch. vol. 73), and MircHELL Bruck (Journ. of
Anat. 1879).

(3) Supernumerary bones and muscles. These are very
common., Extra vertebrae may occur in any region of the spinal
column. Connected with the coccyx they may give rise to a tail-
like appendage, though all so-called tails are not referable to
multiplication of vertebrae. 5

hﬁ)lltiplication of the ribs (by the formation of cervical or
lumbar ribs), and bifurcation of the ribs, are not infrequent.

Multiplication of the teeth is no rare occurrence.

On supernumerary vertebrae and ribs see WELCKER (dreh. f. Anat. 1881),
STRUTHERS (Journ. of Anat. 1875), and TursER (Journ. of Anat. 1870). On
so-called tails see ECKER (Arch. f. dathrop. x1), and LEo Gervacu (Morphl.
Jakrb. vi),

(4) Duplication (or multiplication) of the thoracic and
abdominal viscera. This is commonest in the cases of the spleen,
pancreas, ureter, and pelvis of the kidney. It is rare in the lungs,
ovaries, liver, kidneys, testes, and bladder.

18. Congenital hypertrophy, or excessive growth of indi-
vidual parts. Abnormal enlargement of one side only has more than
once been observed. Excessive size of the head without hydroce-
phalus is rare, whether symmetrical or unilateral. Undue enlarge-
ment of one limb or part of a limb is more common. A hand or
foot, a finger or toe, may thus grow to an excessive degree and so

" give rise to very serious deformity, The symptoms of excessive

growth' are generally apparent at birth, ‘Sometimes the effect



40 MALFORMATIONS, [SEC’I‘. I.

depends on a general hypertrophy of all the elements of the
member, sometimes on a mere over-development of adipose tissue.
Like the limbs, other organs also may reach abnormal dimen-
sions by augmentation of their normal elements, This is the case
with the thyroid gland, the tongue, the mammae, the kidneys, the
bladder, the uterus, the clitoris, the labia pudendi, and the penis.

Full references to the literature of congenital hypertrophy are given in
KessLer's Tnaugural-Dissertation iiber einen Fall von Macropodia lipomatosa
Halle 1869. Compare also Remn (Month. Journ. med. science 1843) ; CURLING
(Med. chir. Trans. xxvir) ; Trévar and Moxop (De Uhypertroplie unilatérale,
Avch. gén. de méd. 1869) ; Frieoreica (Congenital unilateral lypertrophy of the
head, Virch. Arck. vol. 28). Cases of congenital hypertrophy of the limbs are
reported by BuscH (drch. f. kin. Chir, vu); Frieonere (Virch. dArch. vol.

40) ; Lrrrie (7rans. Path. Soe. 1866) ; Fi1scHER (Der Riesenwuchs, Deutsche «

Zeitsch. f. Clar. 1880) ; ANDERSON (St Thom. Hosp. Rep. London 1882). A
wood instance of hereditary polydactylism is given by Lucas, Guy’s Hosp.
ftep. London 1881.
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CHAPTER 1IV.

ANOMALIES IN THE DISTRIBUTION OF THE BLOOD
WITHIN THE VESSELS. HYPERAEMIA AND ANAEMIA.

19. It is the office of the blood to convey nutriment to the
organs and tissues. The cells and cellular structures, of which
these are built up, cannot long continue to exist unless they are
kept supplied with fresh nutriment. For this reason most tissues
are furnished with blood-vessels, and those which are not so
furnished are in intimate relation with others which are.

The demand for blood on the part of a tissue is not at all times
equally great. Hence the supply may also undergo a corresponding
increase or diminution, and with the incoming supply varies

also the amount of blood actually present in the tissue. If a
vascular or happen thus to contain an unusually large amount
of blood it is called hyperaemic ; if it contains less than usual it
is anaemic.

The regulation of the amount of blood, which an organ receives
under physiological conditions, is effected by modifying the resist-
ances offered by the arterial system. This modification of the
resistances again is effected simply by means of changes in the
calibre of the arteries. The quantity of blood contained in the
entire body is insufficient to fill all the vessels at the same time.
It is thus possible to increase the supply to any one organ only by
diminishing the amount sent in other directions. The calibre of
the arteries is altered by help of the elasticity of their walls and
the contractility of their intrinsic non-striated muscles, and this
apart from the action of changes in the blood-pressure otherwise
conditioned. The intrinsic muscles of the arterial wall constitute
the active regulating element. Their activity is dependent partly
upon influences which directly affect them, and partly upon nervous
impulses. These latter are transmitted to them from centres some
of which are intravascular, and some situated in the mec!ulla

- oblongata. They may act so as to contract the vessels, or to dilate
them, as the case may be.
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If the amount of blood in an organ deviates beyond the physio-
logical limit from the mean or usual amount; or if there is a
deviation dependent on factors other than the physiological ones;
or if a deviation persists for an undue length of time, we have to
do with a hyperaemia or anaemia which is pathological. Such
pathological deviations are produced by agencies only in part
1dentical with those which regulate the normal blood-supply of the
organ.

.

In this book, which deals with pathology, we can only sketch in the
broadest outline the general physiology of the circulation. For further
details we refer the reader to the chapters on the subject in the classical work
of Conxuent (Vorlesungen iiber allyemeine Pathologie, 2d. edition, Berlin
1882). Many of the physiological remarks in the text are derived from these
chapters. A summary of the main facts will be found in Fosrer’s Zext-bools
of Physiology.

20. Hyperaemia of an organ shows itself to the eye as a
more or less intense reddening and turgescence. The redness will
be bright or dark (livid) nccordjng as the contained blood is rich or
poor in oxygen. In organs which are themselves strongly coloured,
the redness may be more or less masked, and its exact tint modified.

The reddening and turgescence are produced simply by the
dilatation of the blood-vessels of the part, and their repletion with
blood.

Hyperaemia is not easily observed in the dead body: what is
seen represents at best but partially the degree of hyperaemia
which may have been present during life; and that only in some
organs. At death the greater number of the vessels, and especially
the arteries and capillaries, empty themselves of their contents,
This is partly due to the contraction of their walls; partly to the
rigor mortis of the tissues in which they have their course. The
contraction of rigor presses out the blood contained in them much
as the pressure of the finger makes a reddened hyperaemic spot
become pale. s e

It may thus come to pass that a membrane, which during life
was hyperaemic and red, may after _dcath appear pale and colourless.
Or the only reminder of the pre-existing hyperaemia may consist of
engorged veins and venules, which, on mucous membranes at least,
yun in purple branching tree-like courses over the surface.

91. Hyperaemia may be ecither active (congestive) or passive
(mechanical). The first form depends on increased flow of blood
to the part, or congestion; the second on diminished flow from
the part, producing engorgement.

Active hyperaemia is either idiopathic or collateral. The
former is the more important, and depends on a relaxation of the
muscular fibres of the arteries, This relaxation is brought about
by paresis of the vasomotors; or by stimulation of the vasodilators ;.
or it may be by direct weakening or paralysis of the muscular
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fibres themselves (such for example as is produced by heat, con-
tusion, or atropia). Collateral hyperaemia is merely the conse-
l(%uence of dimmished blood-supply to some other part. It ensues

rst in the immediate neighbourhood of the anaemic part: but
afterwards the diverted blood may be conveyed to more remote
organs, which happen to stand in need of it.

The causes of passive hyperaemia are of a different kind. The
veins are normally devoid of tonus. The resistances offered to the
venous blood-current are chiefly due to gravitation. They are chiefly
overcome by means of the action of the muscles; in part also by
the aspiration towards the thorax which takes place during inspira-
tion. When the muscles are inactive and the respiration feeble,
these important forces are no longer available : the blood then tends
%o stagnate in the veins, and collects especially in those parts which
are most dependent. This condition is often misnamed hypostasis,
or gravitative hyperaemia. Enfecbled action of the heart favours
its appearance. Uncompensated valvular disease acts in the same
way : the blood is imperfectly propelled into the arteries, and so
tends more and more to accumulate in the heart itself and in the
venous system. v i

A further very common cause of passive hyperaemia is the
interposition of abnormal resistances in the course of the venous
current. Of this nature are obliteration of veins by compression,
ligature, coagulation of the contained blood, or thickening of the
walls. The forms of engorgement depending on narrowing or
obliteration of veins are very various. Often they are scarcely or
not at all perceptible, inasmuch as neighbouring veins may dilate

sufficiently to provide for the complete drainage of the part.
This has {Jowever its limits. When, for example, in the arm the

ater number of the great veins are occluded ; or when in the
o the femoral vein is stopped up at Poupart’s ligament; or agam

when the main renal vein is obliterated, it becomes impossible for
the blood to find adequate exit: the current becomes slower and
slower, and the blood goes on accumulating in the engorged region.
When the process is directly observed in the expanded tongue of
the frog, the red blood-cells are seen to become tightly packed
together, and to fill completely the lumen of the dilated veins and
capillaries. This appearance 1S due to the fact that, as a conse-
quence of the engorgement, an increased quantity of liquid plasma
transudes under pressure from the vessels.

In the systemic circulation the e::)%orgement is confined to the
veins and capillaries : the arterial blood-pressure remains unaffected
by it. In the pulmona vessels, on the other hand, where there 18
no very mm-ke(l tonus (COHNHEDN), the engorgement is propagated
through the arteries to the right heart, and there gives rise
increased blood-pressure. . {

Congested tissues are bright red in colour, engorged tissues on
the othor hand are dark purple or livid; though it must not be
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forgotten that if air be allowed access the livid colour may speedily
change to a brighter red.

Tru¢ hyperaemia must of course not be confounded with post-mortem
staining of the tissues. The arteries after death squeeze out by the contrac-
tion of their walls the greater part of the blood they contain. This passes into
the veins, and, being affected by gravity, most readily into the parts that
are lowest. Such a pseudo-hyperaemia is called a hypostasis. Reddened
patches on the skin due to such post-mortem movement of the blood are
called livores. They appear three hours or more after death, and commonly
upon the back and sides of the trunk and the posterior surfaces of the limbs
and neck. If there be already an ante-mortem engorgement of these parts,
it will appear more intensely after death.

In order to observe the process of engorgement which ensues when the
circulation is disturbed, we may conveniently make use of the tongue or
the foot-web of a frog which has been curarised (Conxment, Virch. Arch
vol. 40). The object must be spread out under the microscope on a

roper holder. Forexample, the tongue may very si_mply be arranged by turn-
ing it out over a cork ring glued to the stage of the instrument, and stretching
it with common pins stuck into the cork. When' the circulation is normaLi
the pulsating arterial stream, as well as the continuous venous stream, are
seen to be bordered by a zone of plasma. If now engorgement be induced by
ligature of the efferent vein of the tongue, the stream becomes slower—the
zone of plasma in the veins disappears—and both veins and capillaries become
tightly crammed and dilated with the red blood-cells as they accumulate,
After a time the tongue begins to swell up, as it becomes infiltrated with
the transuded liquid.

The frog's tongue and foot-web are also very well adapted for studying
the changes of the circulation in congestive hyperacmia, and in anaemia.

22, Pathological anaemia is dependent upon oligaemia, or
upon ischaemia. In oligaemia there is a general deficiency of
blood throughout the body: the anaemia of the several organs is
due less to defective distribution by the vessels than to the in-
adequate quantity of blood they contain. Ischaemia on the other
hand can give rise only to local anaemia: it always implies a
diminution of the blood-supply to the affected part. Ischaemia
may of course coexist with oligaemia.

Pathological diminution of the blood-supply to an organ is
often due simply to an abnormal ncrease of the normal resistance
offered by the arterial channels; in other words, to powerful
contraction of the circular muscular fibres of the arteries. In
other cases, the resistances are pathological in character: such
are, for example, compression, diminution of the lumen owing to
morbid changes in the vessel wall, deposits on the inner surface of
the vessel, &e. .

The result of diminishing the calibre of an artery is, in the first
instance, to slow and to weaken the blood-current behind the
constricted Eoint. If the artery be completely oceluded, the
circulation behind the obstacle comes at once to a standstill,
Yet the later consequences of such obstructions to the circulation

are by no mecans always identical. Everything depends on the,

(uestion whether the arteries behind the point of obstruction have
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anastomoses of fair size connecting them with other arteries;
whether in fact a collateral circulation is possible. If it be
possible, the disturbance of the circulation at first produced is
quickly compensated by an increased blood-supply through the
collateral arteries. The compensation will be the more rapid
and complete as the collaterals are larger and more dilatable.

The case is different however when the obstructed artery has
no arterial anastomoses beyond the obstruction, when it is
terminal, as it is called. The diminution of the current beyond
the obstruction cannot be compensated for, and the affected region
becomes in the first instance nearly or wholly deprived of blood.
This state of things may alter after a time, however. When the
movement and pressure of the blood beyond the obstruction have

“sunk to a minimum, the propelling forces become at length

insufficient to maintain the flow. The specifically heavier red

blood-cells become stationary, and accumulate in the capillaries
and veins. In this way the anaemic region becomes again filled
with blood, but with blood which is stagnating, not circulating.
The same thing happens when a terminal artery is completely
occluded. The blood from the anastomosing capillaries is slowly
urged backwards under slight pressure into the anaemic region.
Finally, there may be a reflux from the veins themselves sufficient
to give rise to an accumulation of blood in the vessels of the
anaemic region. This reflux will occur when in the latter vessels
the blood-pressure has sunk to zero, and the usual resistances to
reversed flow in the veins (such as gravity, or the presence of
valves) are not in action.

A further cause of anaemia in an organ may be the excessive
determination of blood to other organs. The entire amount of
blood available may thus be inadequate to supply the non-
congested organs. This is described as collateral anaemia.

All anaemic tissues are pale. At the same time they are
limp and non-turgescent, and any proper colour which they may
possess becomes well marked,



CHAPTER V.

ANOMALIES IN THE DISTRIBUTION OF THE LYMPH,
OEDEMA AND DROPSY.

93. The lymph which bathes the tissues is merely a
transudation from the blood, mingled with the products of
tissue-change. The transuded liquid is taken up by the lym-

hatics from the lymph-spaces of the tissues, and carried back
into the venous system through the thoracic duct. Every change
in the circulation, which determines an increased transudation of
liquid from the blood, leads by consequence to an increased satura-
tion of the tissues. This increased saturation is generally balanced
by an increased discharge: through the lymph-channels. But this
compensating action has its limits. If the transudation from the
blood-vessels still increases, there at last comes a time when the
saturation of the tissues with liquid can no longer be kept down,
and so it rises above the normal degree. The condition 1n which
fluid collects in the su_bstance of the tissues is called oedema.
When the fluid collects in the greater cavities of the body we have
hydrops or dropsy. The hquid transudation in oedema and
dropsy has never the same composition as blood-plasma: it is
always markedly poorer in albumen.
issues which are the seat of oedema swell up; but the degree
of swelling depends in great measure upon the structure of the
tissue. The skin and subcutaneous cellular tissue may in virtue of
their structure undergo extreme distension: an oedematous limh
may thus become enormously swollen. It looks pale, is doughy to
the touch, and ‘pits’ on pressure with the finger. It is customary
to describe oedema of the integumentary structures as anasarca,
If an anasarcous part be cut into, the fibrous bundles of the tissue
are seen to be separated from each other by clear liquid, which
trickles away from the cut surfaces.

Other structures, like the kidney, are much less capable of

containing large quantities of liquid than are the integuments, =

3]



CHAP. V.] OEDEMA AND DROPSY. 49

When an oedematous kidney, therefore, is cut into, very little
liquid flows from it; but the cut surface looks moist and
ghstening. - B

The l1ung can hold a very considerable quantity of liquid.
Owing to its narrow accommodation in the thorax, it cannot of
course become very greatly distended. But it has within it a
multitude of air-cavities, and these fill with liquid when oedema
invades it. From these the liquid, generally frothy with air-
bubbles, may be squeezed when t}ne lung is cut.

The amount of blood contained in oedematous tissues is
variable, and so therefore are their colour and appearance.

Cavities which are the seat of a dropsical effusion contain a
greater or less quantity of a clear, generally pale-yellowish, seldom
quite colourless, liquid. It has an alkaline reaction, and at times
curds of fibrin may be found in it (Art. 353;

Compressible organs situate in the dropsical cavity may be
flattened, and the cavity itself enlarged.

If the effusion of liquid be general throughout the body we
speak of it as general dropsy : if limited to the abdominal cavity
it, is" called ascites.

24. Three varieties of oedema may be distinguished, according
to their mode of origin: these are—the oedema of engorgement,
inflammatory oedema, and hydraemic oedema.

The oedema of engorgement, as the name implies, depends
upon a disturbance of the circulation. If from any cause the outflow
of blood from the veins is hindered, the blood tends to accumulate
in the capillaries and venules (Art. 21). If the degree of obstruction
exceeds a certain limit, the plasma seeks a lateral exit and escapes
from the vessels. The amount of liquid thus escaping is pro-
portionate to the discrepancy existing between the inflow and the
outflow.

The escaped liquid is always poor in albumen, poorer even than
the normal lymph. It contains however a certain proportion of
red blood-cells, depending on the intensity of the engorgement.

The immediate consequence of increased transudation is an
increased flow through the lymphatics. Often enough this may be
quite sufficient to convey away all the liquid which escapes. If it
is insufficient the liquid collects in the tissues and the result is
oedema or dropsy.

Obstruction to the outflow through the lymphatics does not
usually bring about oedema; direct experiments have demonstrated
this. In the first place, the lymﬁ)hat-ics of most parts of the body
possess ample anastomoses, so that it is not ecasy for a stagnation
of the lymph to occur. Even when the thoracic duct is occluded
collateral channels may be opened up and the circulation restored.
Furthermore, when in a limb, for example, the whole of the
lymphatic outlets have been closed, if no more than the normal

amount of transudation from the blood-vessels goes on, no oca;lema
M. :
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is produced. The blood-vessels themselves have the power of
taking up again the lymph they have produced. If the thoracic
duct be completely occluded and no collaterals are opened up, then
oedema is the result; it takes the form of ascites. At the same
time the larger lymphatics become greatly distended with accumu-
lated lymph.

Thouogl lymphatic engorgement alone is inadequate to produce
oedema, it may possibly increase an oedema which has already
been produced by increased transudation from the blood-vessels.

25. The quantity and the nature of the liquid which escapes
from the capillaries and veins depend not only on the intravascular
pressure and the resistances to the flow, but also to a great extent on

the character and condition of the vessel-wall. Alterations in the .

amount of transudation may thus be referable, not to disturbance
of the circulation, but to changes in the vessel-wall, and especially
in their endothelial lining. The vessel-wall may in fact be made
more permeable for the corpuscular as well as for the liquid con-
stituents of the blood by various causes. One of these is long-
standing engorgement, involving incomplete renewal of the blood-
su%ply to the vessel. More serious causes of injury are persistent
ischaemia, imperfect oxygenation, chemical changes in the blood,
very high or very low temperatures, and traumatic lesions.
What the exact injuries are which these bring about we are not
as yet able to say; {Jut. it may fairly be imagined that they amount
to a loosening of the connexions between the endothelial cells of the
intima (Arts. 96—98). It is in virtue of such alterations in the
vessels that inflammatory and hydraemic oedema are produced.
As regards inflammatory oedema no doubt can exist that it
' originates in some vascular change. It occurs as an independent
affection, in the form of a more or less local and circumseribed
swelling with dropsical effusion : but it may also, as a sccond-a.ry
phenomenon, accompany other processes, like severe inflammation.
In the latter case 1t is often characterised as collateral oedema.

Inflammatory oedema is distingnished from the oedema of engorge-

ment by the fact that in the former the exudation is very much
richer in albumen and white blood-cells: it is also common for
coagulation to take place in the dropsical tissues. J ot
Hydraemic or cachectic oedema is very near akin to inflam-
matory oedema. It was formerly believed that hydraemia, in
which the blood is impoverished of its solid constituents, _and
hydraemic plethora, or over-dilution of the blood with water, might
directly give rise to increased transudation from the vessels. It was

conceived that the vessel-wall acted like other animal membranes,

throngh which liquids poor in albumen filter more readily than
liquids rich in albumen. This is incon:ect. CoaNHEIM and his
pupils have shown that the vessel-wall is not to be regarded as a
dead membrane; it is a living organ. When hydracmia is arti-
ficially produced it is not followed by oedema. Even hydraemie

ooy
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plethora produced by over-filling the vessels with diluted blood,
though it does lead to increased transudation, does not do so till
the dilution has been carried to an extreme degree. Even then -
the oedema does not make its appearance at the parts which are
the usual seat of hydraemic oedema in man. We must therefore
look for another explanation of the oedema of cachexia and of
nephritis (in which disease the function of the kidneys is dis-
turbed). According to CoHNHEIM, they owe their origin, as we
have said, to a change in the vessel-wall. This change is due to
the watery character of the blood, or to some deleterious substance
circulating in it. i

Hydraemic oedema, we say, is near akin to inflammatory
oedema ; but it is not identical with it. This apFeam from the fact
already alluded to—that the liquid effused in the former is much

rer in albumen than that in the latter, and that it contains
considerably fewer of the corpuscular elements.

The doctrine of oedema in its present form is essentially due to the work of
Conuxuenr and his school. This is true as well of the theory of oedema from
engorgement as of the theory of hydraemic and inflammatory oedema. 1t
was he who made out the nature of the disturbances of the circulation involved
in passive hyperaemia, as well as the conditions which govern the morbid
alterations of the vessel-wall. (See ConnmEnM'S Vorles. ih. ally. Pathologic
2d edition 1882, and his Untersuchungen iber die embolischen Processe Berlin
1872.) The researches on the consequences of hydraemia and hydraemic
plethora were carried out by him in collaboration with Licuraent (Virch.
Arch. vol. 69). Solutions of common salt were injected into the vascular
szstcm of dogs, but no oedema was produced by this dilution of the blood.
When the blood-plasma is increased in amount, almost all the secretions
(urine, saliva, bile, intestinal juice, &e.) are forthwith increased. The current
of l{lmp.ll in the lymphatics is also increased, but not in all parts ; notably not
in the limbs, In extreme hydraemic plethora the abdominal organs become
oedematous, but never the limbs.

L%I;))inﬁa.mmntory transudation and oedema see also Lassar (Virch. Arch.
vo R
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CHAPTER VI

ESCAPE OF THE BLOOD FROM THE VESSELS.
HAEMORRHAGE. (THROMBOSIS, EMBOLIS),
INFARCTION.)

26. Haemorrhage or extravasation implies an escape of
blood (with all its constituent elements) out, of the vessels intg g,
tissue, or upon a free surface. It may be arterial, venous, capillary
or from all the vessels together, in which latter it i 1
‘ parenchymatous.” Such an extravasation into a tissue takes op
various appearances according to the quantity of bloogd which has
escaped ; and special names are given to some of these, .

en the %uantlty is small and formg more or less sharp]

defined red or brown spots, these are called petechj
moses: when larger and less defined they are ae or ecchy-

su 3
sanguineous suffusions. If the affected tissue gi u;tnilorllst (])1
infiltrated by the escaped blood, we speak of it as a haemg pletely
infarct. If the blood forms a tumour ¢y swellin Trhagic
haematoma or blood-tumouxl-. 8

Haemorrhage in quantity a Ways causes gori !
tissue invaded: not infrequently " (as ip thenl?:a?ngh?}?ges. I the
stretched, torn, and disintegrate ne tissue jg

If the bleeding take place from the fre
the blood flows away either altogether o il?t :“t;fgcgaof an o_ri;m,
bounded by the free surface. VIty which jq

Certain haemorrhages have received nay
in which they occur. Thus bleeding es from thg localitiog

d from
membrane constitutes epistaxis; \'Omiting Ofttfoo':l‘ls_al Mucoyg
temesis; bleeding from the lungs gives rise to ll; h&ema.
haemgq

haemoptysis; from the uterus to metrory : Ptog

organs to hae;nat?xl-)lla, s hagla, from the “l'inar;
A collection of blood in the utemys is eall

in the pleural cavity haemothorax iy, the ed haemag,

. h funi R o %
testicle haematocele, in the pericardiyy, haemc:p:;gé“ahs of the
ardiym

it is Cﬂlled a
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Fresh effusions of blood have the colour characteristic of
arterial or of venous blood, as the case may be.

In the course of time the extravasation undergoes certain well-
marked changes. Especially remarkable are the changes of colour
seen in ecchymoses and sugillations of the skin, which pass through
tints of brown, blue, green, and yellow. Ultimately the extravasa-
tion is absorbed (Arts. 68 and 112—116).

97. The escape of blood from the vessels occurs in two distinct
ways. A large and sudden haemorrhage always implies a solution
of continuity in the vessel-wall. This has been (Esuu inguished as
haemorrhage by rupture (per rhexin, per diabrosin) or, clinically,
as apoplexy. Such solutions of continuity are the only causes of
arterial bleeding: but from veins and capillaries bleeding may
occur in another way, namely by what is called diapedesis. In
this process the blood passes through a vessel-wall in which no
rent exists. The escape is not sudden but gradual. The b_100(_1-
cells slip through the vessel-wall one after. the other. qum.d
escapes at the same time; but it is not simply plasma, for it
contains less albumen (Arts. 24, 25). These haemorrhages often
vemain small and circumsecribed; but occasionally the process
continues for a longer time, and then the infiltration of the tissue
with blood-cells may go on to a serious extent. It must not be
supposed that haemorrhage by apoplexy (or rupture) is always
large, or haemorrhage by diapedesis always small. A rent in a
capillary or a small vein will give rise to no great loss of blood;
whileaxc haemorrhage from long-continued diapedesis may reach
an alarming m itude. In a %wen case it is often by no means
casy, often indeed quite impossible, to decide whether haemorrhage

has occurred by rupture or by diapedesis.

«s of diapedesis may be observed under the microscope. For
tbisﬁi:?rlmho mcseultery or they foot-web of a frog is used (ComxmEDM). If
the veins of outflow have first been !iiatured, the capillaries and veins of the

embrane are seen to be crammed with blood.  After a certain time the red
gio«l-coq)uscles begin to escape from the capillaries and veins (compare
ConxHEDM, Allgemeine Pa:hogrjgia 1, and Virch. Arch. vol. 41). The process
is to be re;garded as one of filtration (HeriNG, Sitzungsberichte der Wiener
lj[-adcmz'ﬂ 57, 1868). As a result of the arrested outflow the blood seeks to
e lateml,ly ; it is in fact squeezed through the vessel-wall.
g e owe to ARNOLD some very beautiful ?esearches upon the diapedesis of
red blood-corpuscles, as well as of other particulate substances introduced into
ressels (Virch. Arch. vols. 58, 62, 64). Arnold at first thought it must be
s !:ﬁ that at the points of escape of the particles holes or slits occur, which
aaul d stigmata and stomata : afterwards however he recognised the supposed
he calle to be merely aggre tions of the intercellular or cementing substance
gparees dothelial cells. Under 1pa.l:hologica.l conditions this substance be-
o tholen‘ and readily permits the corpuscular elements of the blood to pass
i looseéomc beautifu}) physical experiments in illustration of the processes
.““."“‘.5 :1 in diapedesis have been lately described by Hasurox (Proc. Koy
:S"]o\c? l};:iimmvol. x1). See also SCHRLAREWSKY, Dfliiger's Arch. vol. 1.
98, The cause of rupture of the vessel-wall is either traumatic
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injury, or disease of the wall itself. In all so-called spontaneous
haemorrhage we must take it for granted that the latter cause is
in action. Newly-formed vessels are likewise very easily torn.
Increased blood-pressure of course tends towards rupture of the
vessel-wall, but it never actually produces it if the vessel be per-
fectly sound. s X
Diapedesis comes into play when the pressure is raised in the
veins and capillaries, and also when, caeteris paribus, the vessel-
wall becomes more permeable. It is very rapidly set up by
obstructing the outflow of venous blood. The nature of the change
in the vessel-wall which results in greater permeability is not yet
completely understood ; but it is known at least that the exciting
cause of the change is a disturbance in tissue-nutrition (Art. 25)s
Thus it may be produced by temporarily checking the blood-supply
of the vessel, or by direct injury to the vessel-wall. Moreover
certain poisons introduced into the blood may lead to the change.
The vessel-wall must, in fact, be directly or indirectly dam_aged.
Sometimes the defective structure of the vessel-wall is conge-
nital. There are persons who show a great tendency to bleed
upon small occasion. These are called ‘ bleeders, and are said to
exhibit the haemorrhagic diathesis or haemophilia. Ao
What we may describe as an acquired haemorrhagic diathesis is
exhibited in the diseases known as morbus maculosus or purpura,
and scurvy; as well as in many of the infectious fevers and toxae-
mic affections, such as septicaemia, spotted typhus, small-pox, plague,
icterus gravis, yellow fever, nephritis, phosphorus poisoning, &e.
In some cases of haemophilia neonatorum and of epdocnrdltls, collee-
tions of bacteria have been found to be the originating cause of
haemorrhage. Such haemorrha:fes_ are sometimes slight, sometimes
very serious. They occur chiefly in the skin, mucous membranes,
and serous membranes. Similar haemorrhages also occur sometimes
in connexion with troubles of the central nervous system, chiefly in

the stomach and the lungs.
Full references to the literature of haemophilia are given by Lrca (Haemo-

philia London 1872, and St Bart. Hosp. ficp. 1881), and by IMMERMANN

(Ziemssen's Cyclop. vol. 17). ; ;
Haemorrhages occurring in connexion with brain affections have been

observed in the human subject and have also been experimentally produced in
animals (JeHN, Allg. Zeitschrift f. Psychiatrie 1874 ; CHARCOT, Z‘T;m sur les
maladies du systéme nervenx I, 1875 ; EBSTEIN, drch. f. exper. Path. 1),

ZiecLER has twice noted serious haemorrhages of this kind in epileptics.
Tn one case three-fourths of cach lung was completely filled with blood. He
has likewise met with extensive haemorrhage into the lung in a patient who
(Jied of traumatic softening of the brain.

29. The obstruction of arteries and veins plays the chief part
in the production of irregularities in the circulation, and of E:e_
morrhages. This obstruction may arise in various ways, from with-
out ‘by ligature or compression, from within not inifrequently by
thrombosis. By this term is meant the formation of a coagulum

/

b
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or blood-clot within the vessel during life (Arts. 35 and 252—255).
This coagulation occurs for the most part when the circulation
is already weakened or arrested, and the vessel-walls diseased.
The result is that the lumen of the vessel is first narrowed, and
then as coagulation proceeds is blocked altogether. In the former
stage the thrombosis is called concentric or incomplete ; in the
latter it is obstructive. Thrombi are formed oftenest in the
veins, but they occur also in the arteries and in the heart. If a
thrombus becomes loosened from the vessel-wall, and so gets into
the blood, it is carried on by the current. In this way it may pass
from the systemic veins into the pulmonary arteries, or from the
heart and greater arteries into the smaller ones. It becomes then
wedged in at the point where its size corresponds with the section
of the vessel : and then by adapting its form to that of the lumen,
or by setting up fresh coagulation on its own surface, it speedily
blocks the vessel altogether. A thrombus thus swept into the
vessel from a distance is called an embolus. It is generally
situated at the bifurcation of an artery.

The consequences of embolism are very various. Often
enough the tissue concerned is very slightly affected; in other
cases it may undergo anaemic necrosis (Art. 33); in others still
what is called embolic infarction.

30. The bleeding which sometimes ensues upon thrombosis of
a vein is, as we have seen in Arts. 27 and 28, the immediate result
of arrested outflow through the natural channels. The conse-
quences of the closure of an artery have already been touched upon
in Art. 22. The immediate consequences are these—First of all,
the circulation is brought to a standstill, and the region beyond
the block becomes anaemic. If the arterial twigs of this region
are connected directly with some other unobstructed artery, the
latter forthwith dilates and conveys a sufficient quantity of blood
to irrigate the starved region. The circulation is thus speedily
re-established. \

If however the vessels of the region possess no such collateral
connexions, the region itself is altogether deprived of fresh blood,
and sooner or later perishes (Art. 33).

If the embolised artery be, as ConnNmEM calls it, a terminal
artery, having no arterial anastomoses, a scanty influx of blood to
the tissues from the contiguous veins and capillaries may still be
possible. It is in this way that a haemorrhagic infarct is pro-
duced. The capillaries of the anaemic region become gradually filled
with blood, partly derived from the capillaries of neighbouring
regions, partly from slow reflux out of the veins, The blood oozing
in from the neighbouring capillaries is under a very low pressure.
This pressure is insufficient to propel the blood out of the obstructed
capillary system into the corres ponding veins again. The blood
therefore stagnates, and the capillaries become ever more and more
engorged. Of course whatever reflux takes place from the veins
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can only carry blood into the capillary system ; it cannot suffice to
drive the blood through the capillaries.

In consequence of this engorgement, due to lack of pro lling
power, diapedesis is soon estas?lished, just as in complete obstruc-
tions of the venous outflow. The escape of blood is further aided
by the disorganisation of the vessel-wall, set up by the cessation or
serious diminution of its supply of nutriment.  The ultimate result
of the diapedesis is the iné)ltration of the entire tissue with blood,
and the formation of a firm, generally conical, haemorrhagic patch,
Embolic infarets of this kinﬁ are found chiefly in the lungs, the
spleen, and the kidneys. As to their final fate see Art. 37.

The fundamental experiments on thrombosis and embelism were originally

made by VIrRcHOW (Gesummelte A bhandlungen Frankfurt a. M. 1856).

. Vircrow referred the production of the embolic infarct to increased flow
in the arteries of the contiguous regions, consequent on the ischacmia of the
region considered. This involved an increased lateral pressure within the
vessels, and so increased tendency for the blood to escape. Comyment (Unter-
suchungen iiber dic embolischen Processe Berlin 1872), examining directly the
results of embolism in the frog’s tongue, established the existence of the reflux
from the veins, the gradual refilling of the capillaries, and the escape of blood
by diapedesis. The efficient cause of the diapedesis he considered to be an
ischaemic disorganisation of the vessel-wall. Lrrtes (Untersuchungen itber den
hiimorrhagischen Infarct Berlin 18'3'9?l regards the reflux from the veins as non-
essential, and refers the refilling of the capillaries to the influx from contiguous
regions. Even disorganisation of the vessel-wall is, according to him,
unessential to the (Production of an infarct; inasmuch as diapedesis is
completely accounted for by the mere fact of engorgement (as is seen when the
veins are obstructed). Diapedesis is for this reason increased when it chances
that the blood coagulates in the vein of outflow from the embolised region,



CHAPTER VIL

LYMPHORRHAGIA.

31. Lymphorrhagia occurs when a lymphatic vessel is rup-
tured and the contained lymph is effused into the tissues around,
The pressure in the lymphatics is very low, scarcely higher, that is
to say, than that in the contiguous tissues. An escape of lymph
from the vessel can therefore occur only when a cavity already
exists at the place of rupture, or when one is made by the same
injury which rent the vessel. Thus in wounds, for exam le, we see
lymph and blood escaping together ; but the flow of the lymph can
be arrested by interposing a very slight resistance. If the opening
in the surface be not closed up after the rupture of a lymphatic, so
that lymph continues constantly to escape, as sometimes happens
in the case of ulcers, we have lymph-fistulae formed. Such fistulae
may lead to the loss of very consicferablc quantities of lymph. The
most important lesion of this kind, as well as the most likely to be
dangerous, is rupture of the thoracic duct. This has occasion-
ally been observed as a consequence of a wound; but more com-
monly of engorgement from closure of the lumen of the duct by in-
flammation or tumour. The lymph escaping into the thoracic or
abd;:nmal cavity gives rise to chylous hydrothorax or chylous
ascites,

References :—CURNO\V:, Lectures on the Lymphatic System, Lanc:t 1, 1879 ;
Day and Hiww, Trans. Clin. Soc. 1869 ; CavLEY, Trans. Path. Soc. 1866.



SECTION III

RETROGRESSIVE DISTURBANCES
NUTRITION.

OF



CHAPTER VIII.

NECROSIS.

32. Everything that lives comes sooner or later to an end—it
dies. Death makes its appearance so soon as the vital energy of
the organism, infused into it when it was first engendered, is
exhausted in antagonising external resistances.

Besides this death of the organism as a whole, or somatic death,
we recognise what we must regard as a localised death; a death, that
is to say, of individual cells or cell-groups, which we call necrosis.

The oceurrence of local death or necrosis in a cell-group or entire
organ is only in special cases associated with recognisable changes
in structure. The slight histological changes the cells undergo n
dying are not always enough to indicate with certainty the exact
factor which has caused life to cease. The naked-eye appearances
of the larger organs do not always betray the fact that some part of
them has become necrosed.

Even the cessation of the obvious functions of an organ may
leave us in doubt whether, as in necrgsis, the cessation is permanent,
or whether the functions are merely suppressed for a time.

Thus we can only subject necroses to anatomical examination,
when death of the tissue involves change in its structure either
consequent or antecedent. The latter oceurs only to a limited extent :
the former (i. e. change consequent on necrosis) on the other hand is
invariably found after a longer or shorter interval. The vanetics
of necrosis are in fact distinguished from each other according to
the nature of these consecutive tissue-changes.

33. The injuries which lead to local death are divisible mto
three groups. The first includes those which destroy the tissue by
their mechanical or chemical action. Thus external violence maﬁ
crush a finger; sulphuric acid may destroy a patch of skin; }?inh
fungous parasites may disorganise the structure of a glm}d inw %
they are permitted to grow. A second group of injuries may :31
classed as thermal. If the temperature of a tissue be maintaine
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at 54° C to 58° C for any time, the tissue is inevitably killed. Higher
temperatures act still more rapidly. The lower limit within which
life may be maintained is 16° C t0o 18° C. A third cause of necrosis
is arrest of nutrition. This produces ‘anaemic necrosis, and
occurs very frequently in the human subject. d

All causes which seriously interfere with the circulation of a
part, and bring about permanent arrest of its movement, or stasis,
may lead to the death of the affected tissue. Such causes are
thrombosis, embolism, closure of the vessels by disease or ligature,
pressure on the tissue, inflammation, haemorrhage, &c. The arrest of
the circulation need not however be permanent: it is enough if it
persists longer than a certain time—necrosis still ensues. It is
unimportant whether or not haemorrhage then takes place (Art. 30):
this will only affect the external appearance of the part. Hae- ©
morrhagic infarction is thus pathologically equivalent to anaemic
necrosis plus haemorrhage.

It is of course possible that mechanical, chemical, and thermal
agencies may act together. Not infrequently they come into play
successively in the same case.

The eftect of a given injury in roducing necrosis depends not
merely on the normal character am}7 strength of the tissue, but also
to an essential extent upon its condition for the time being. A
tissue whose nutrition has suffered in consequence of deficient or
vitiated blood-supply, general marasmus, or hydraemia, is much
more apt to necrose than when it is in its normal state. Thus in
old patients, and in those suffering from uncompensated valvular
disease of the heart, very slight injuries are enough to induce
necrosis of the limbs. In emaciated typhoid patients the slightest
pressure on the skin over the trochanter, el w, sacrum, or heel,
suffices to bring on gangrenous necrosis of the skin and subcutaneous
tissues. Such necroses are described as senile or marasmic gangrene,
and decubitus (bed-sores) or decubital necroses,

. .The time required to produce necrosis b interrupti

is different in didferent tissues. Brain-tissug, mnal?&&tﬁ&?%ﬁ?ﬁéﬁ&ﬁ%
epithelium, die within two hours (Conxmgng Allgem, Patholo ,"c) 8kin, bone
and connective tissue, continue to live over twelye hours Ig eneral it may
be laid down—that tissues which exercise special functions die much mor‘:a

quickly than those which, like whiia 42 3
self-preservation, so to speak. connective tissue, possess only the faculty of

34. The course of the necrosis (i. e. the character of the tissue-
changes it involves) 1s influenced by such circumstances as the
nature of the tissue, its locality, and the form and cause of the
necrosis. Not less important are the amount, of blood and proper
fluid or juice contained in the tissue, and the access or exclusion of
air and of putrefactive ferments,

: Moreover there may be antecedent tissue-changes which are not
without influence on the necrotic process ;. such, for example, as
fatty degeneration, mnflammation, and hacm’orrhaée. We thus ’soo

A
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th_at even if the necrotic process be in itself simple, 1. e. associated
with only slight histological change, the consecutive changes it
involves may yet be very manifold. ~“We proceed to discuss the chief
forms which have been observed.

A constant result of the death of a portion of a tissue is more
or less severe inflammation in the surrounding portions. This is
most severe when decomposition sets in in the dead portion. By
means of this inflammatory zone, the necrosed region is in a way
marked off and isolated from the rest. The inflammation is hence
described as definitive, and the zone as the line of demarcation.
The process is more fully treated in Arts. 112—116.

Among the various terminations of necrosis we may distinguish
four main types. We exclude special Gomplications, such as the
development 1 the necrosed tissue of specific irritant matters. In
the first class, the dead tissue is absorbed and replaced by newly-
formed normal tissue (regeneration, Arts. 72—80). In the
second, the dead tissue is likewise absorbed, but is not replaced by
normal tissue ; an inflammation 4n situ is followed by the formation
of fibrous tissue, which fills up the gap in whole or in part
(healing by scar or cicatrix, Arts. 112-—116). In the third, the
necrosed tissue is only partially absorbed, a part remaining as a
caseous mass; this later on becomes in general calcified and
enclosed in a capsule of connective tissue (caseation and calci-
fication, Arts. 112—116). The fourth issue is the formation of a
cyst. The dead tissue is absorbed, and in its place there is
developed a small amount of fibrous tissue, but only over the
boundary of the vacated space. In other cases, this space becomes
ﬁ}l\le(ll) with fluid, which is thus encysted. This happens oftenest in
the brain.

a. Coagulative (hyaline or fibrinous) necrosis.

85. Necrosis accompanied by coagulation occurs in two ways.
In certain of the vital fluids like the blood and 1_\-'1111)]1, and in
fluids which have escaped from the vessels, granular, fibrous, or
homogeneous coagula are formed : that is one kind of necrosis. In
the other, cells and cellular structures as they die become solid
and firm, and coalesce into peculiar homogeneous or hyaline
masses, 2

The granular, fibrous, and hyaline masses which ‘make their
appearance when blood coagulates are albuminoid bodies: and we
speak of them in general terms as fibrin. This fibrin takes the
form of flakes or curds, shreds, lumps, or membranes.  If red blood-
cells are enclosed in the meshes of the fibrin as it separates, the
clots are soft and dark red in colour. If coagulation does not take
place in the plasma till this has separated from the red blood-cells,
the clots produced are pale yellowish, soft, gelatinous, watery, t“:lns'
Iucent, and somewhat tenacious: after a tume they contract and S0
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become drier and tougher. In lymph, mere flakes only are formed.
According to current theories, coagulation of the blood, or of the
Iymph, occurs when the white corpuscles die and dissolve in the
plasma. ALEX. SCHMIDT affirms that the plasma contains fibrinogen
only. To bring about ooagulation, that 1s the formation of fibrin,
the presence of fibrinoplastin and of a ferment is necessary. Both
of these are supplied %y the white corpuscles as they dissolve in
the plasma. .

nflammatory effusions or exudations may coagulate as blood
does, and so yleld masses containinmgi a large amount of fibrin,
These may lie on the surface of the inflamed tissue in the form of
false membranes (Fig. 1). The fibrinous masses may be made

Fro. 1. Crourous (FALSE) MEMDRANE FROM THE TRACIEA. (x 250)

section through the false membrane

upper layer of the mucous membrane, infiltrated with pus-cells d,
fibres and granules of fibrin
pus-cells

u[!? of granules, of delicate fibres, of coarse-meshed trabeculae
(Fig. 1 ¢), or of homogeneous flakes,

ALEXANDER ScHMIDT'S researches on blood-coagulation are to be found in
his paper :—Die Lehre von den fermentativen g:rt'nuungcn, Dorpat 1876.
MoNTEGAZZA has Eursued similar investigations—(Morrscrorr's Untersuch-
ungen zur Naturlehre 1876). For other papers, see GAMGEE'S Physiological
Chemistry vol. 1, chap. 2. WooLbRIDGE (Proe. Roy. Soc. 214, 1881 and Du
Dois-Reymond’s Arch. 1881) has recently published the results of a research
conducted in Prof. Lupwie’s laboratory at Leipzig, in which he seeks to make
out that coagulation is mainly due fo the action of deleterious liquids on
the blood-cells. In shed blood the plasma ‘dies’ and becomes deleterious in
this sense: its action on the cells, especially the white cells, makes them
break up and coalesce into a coagulum. A ten per cent. salt solution would
have the same effect.

The factors of fibrin are said to be furnished by Havem's haematoblasts, and
by B1zzozERo’s “ Blutplittchen.” The latter have been recently described
(Centralb. f. d. med. Wiss. 2, 1882) as small, very transient, delicate, colourless
discs.  According to Brzzozero it is the breaking up of his “ Blutplittchen”
which alone determines coagulation. The true significance of these bodies is
not yet determined. They are perhaps mere deccﬁgrised red blood-cells,

Full discussions on the subject of fibrin and its origin are to be found in
VircHOW'S Gesammelte Abhandlungen 1856, The intra-vascular coagulation of
the blood is treated more adequately in Art. 252. It is possible that, in the

/|G oa
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coagulation of liquids contained in cellular tissues, the fibrinoplastic substance

18 yielded by the tissue-cells. These latter either dissolve altogether, or
they permit” their protoplasmic contents to escape in the shape of simple
omogeneous masses.

36. In the second form of necrosis with coagulation, the
knowledge of which we owe chiefly to WEIGERT, the circumstances
and the appearances presented are essentially different from those
of the first. Here as before we have to do with the death of tissue
occurring under special conditions, and resulting in the formation
of coagulated albuminoids: but the coagulation takes place not in
a liquid but in the substance of formed tissue-elements, in cells and
cellular or intercellular structures. "

If by reason of arrested nutrition, or by the action of chemical
or thermal agencies, a definite segment of an organ be caused to
die, and if then a moderate amount of lymph happen to flow
through the necrosed segment, we have the conditions which give
rise to coagulation within the tissue. The lymph contains fibrin-
ogen, the cells contain fibrinoplastin; between them fibrin is
produced. CoHNHEIM introduced the term ccagulative necrosis
to deseribe this special form of local death. Sometimes at least it
may be fitly spoken of as hyaline necrosis. In this process the cel!s
alter their appearance in various ways. The ultimate effect is
always the destruction of the cells as such. ,

The varieties of morphological change observed in coagulating
cells and tissues are dependent, partly on diversity of structure in
the tissues, })m'tly on the quantity of fibrinogen effused. The
manner in which necrosis has been brought about is indifferent;
but the dying of the tissue must not be too protracted, or degene-
rative processes, such as fatty change, may intervene and render
the cells non-coagulable.

The chief investigations on this subject of coagulative necrosis are those of
WEIGERT. A summary of his results is given in Virch. Arch. vol. 79. The proof
of the fact—that interfusion of lymph may cause the destruction of cells and
the disappearance of their nuclei—was effected by introducing hardened pieces
of tissue into the abdominal cavity of rabbits. These tissues were transformed
in the manner described.

Similar cell-changes to those produced in coagulative necrosis, and more
especially the disappearance of nuclei, may also result from mere putrefaction.
Congulative necrosis may also be found combined with other retrogressive
changes, such as fatty degeneration.

37. Among the numerous cases in which coagulative necrosis
takes place must be mentioned embolic infarction. A certain
time after the obstruction of an artery of the kidney or spleen,
there is found lying beneath t‘he_ capsule an opaque yel]o\VlSh-Whlte
conical patch. This patch consists of necrosed kidney- or spleen-
tissue, with perhaps ents of disorganised and completely
decolorised blood-clot. If the patch be microscopically examined
in unstained sections, its structure will be found almost normal,
though paler than the surrounding parts. The difference becomes

M. 5
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however sharply defined when the section is stained, for the necrosed

is 'mcapub{e of taking up colour. The cells are strikingly pale
and transparent, and their nuclei are either gone, or swollen up and
unstained. In later stages the outlines of the cells become blurred,
the nuclei vanish, and the cell-contents are metamorphosed into a
finely-granular fibrinous mass. Later still this mass disintegrates
and is absorbed (Art. 115). If the infarct was originally haemor-
rhagic, the effused blood, like the tissue-elements, is changed into a
colourless granular, or it may be homogeneous, mass.

Minute investigations into the nature of haemorrhagic infarction have
recently been made by Litrex (Untersuchungen iiber den haem. Infarct Berlin
1879) and GUILLEBEAU (Die Histologie d. haem. Infarctes, In. Diss. Berne
1880). According to LirreN, renal infarcts are nerally anaemic, 1. ¢. not
accompanied by haemorrhage. GUILLEBEAU on the contrary says that both
renal and splenic infarcts are generally haemorrhagic, but become very quickly
decolorised.  ZIEGLER inclines to the latter view, though he has examined
recent infarcts in which he was unable to demonstrate either haemorrhage or
its traces.

38. The so-called waxy degeneration of muscle (ZENKER) is
also an instance of coagulative necrosis. Muscle-fibre invariably
coagulates after death, but generally preserves its striation. Under
various influences however, as e.g. after bruising, forcible extension,
raising of the temperature, or febrile disease, the muscle substance is
here and there disintegrated, and the contractile myosin coagulates
into a lustrous homogeneous mass (Fig. 2 b). This mass breaks up

Fro. 2. WAXY DEGENERATION oF MUscLE. (From a case of typhoid fever: x 250)
a mnormal muscle-fibre
b degenerate muscle-fibre broken up into flaky lumps
¢ regenerative cells lying inside the sarcolemma
d connective tissue infiltrated with cells

into shining flaky lumps. To the naked eye mﬁscles so affected have
a dull semi-opaque lustre, and look not unlike the muscles of fish.

[
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Coagulative necrosis very often occurs in the course of inflam-
matory processes. It is hardly ever quite absent where there has
been copious exudation. In such, cases it may take one of two
forms. Either the effused fluid dissolves up the contained cells
and then coagulates (Art. 35 Fig. 1 and Art. 102); or the tissue-
cells themselves coagulate, forming homogeneous lumps or fibrous
reticulated masses. To give an example, the ordinary stratified

Fra. 3. BECTION THROUGH THE UVULA IN DIPHTHERITIS FAUCIUM.
(dniline staining: x 75)

a normal epithelinm

b mormal areolar tissue

¢ necrosed epithelium transformed into a coarse mesh-work
d arcolar tissue infiltrated with fibrin and leucocytes

¢ blood-vessels

J  haemorrhage g heaps of micrococei

epithelial cells (Fig. 8 @) of the pharynx and soft palate in diph-
tllz)eritis JSaucium (diphtheria) solidify into a peculiarly-formed
trabecular mesh-work (Fig. 3 ¢). Similar changes in the epithelium
are observed in various cutaneous inflammations, such as small-pox.
The aggregations of cells which accumulate in simple inflammation
may a%so solidify into pale hyaline flakes or granular masses. Such
solidifications occur, for example, in typhoid infiltration of Peyer’s
patches and of the lymphatic glands, and in the cellular exudations
which fill the pulmonary alveoli in caseous bronchopneumonia.
The formation of continuous l_lya.line masses out of cellular material
may be typically seen in diphtheritic desquamation of mucous
membranes (Arts. 103 and 425): the entire infiltrated tissue some-
times solidifies in this manner.

The ground-substance of connective tissue, hyaline membranes,
the walls of blood-vessels, &c. are all liable to be transfused with
coagulable liquid, and then to coagulate into homogeneous mz;,sses.
o-——
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b. Caseation.

39. Caseation (or tyrosis) is a pathological transformation of
tissue, whose product somewhat resembles in appearance firm new
Cheshire cheese on the one hand, or soft cream cheese on the other.
The name refers merely to the outward appearance of the product :
the process which leads to its formation is by no means always

the same. :
In the first form of caseation—in which the degenerated tissue

is firm, tough, yellowish-white, and somewhat translucent—the

rocess is one of coagulative necrosis. This occurs most frequently
in tissues which are rich in cells; for example, in the foci of
tuberculous disease, in cellular tumours, and in inflamed lung.
A tissue which has become completely caseous is always devoid of ®
nuclei, and is either homogeneous or finely granular. The trans-
formation of a tissue into a firm cheesy mass may occur in one of
three ways. The tissue may gradually assume as a whole a more
and more homogeneous appearance, losing its nuclei the while.
Or detached homogeneous masses may first be formed, which later
on fuse together into a continuous mass. Or lastly, the tissue-
cells ma t dissolve and be replaced by ules and granular
fibrils of fibrin; these last then close up and coalesce into a dense
uniform mass. The last process is chiegy observed in the caseation
of the cellular exudations of pneumonia ; the first chiefly in tissues
which, in consequence of chronic inflammation or tuberculosis, are
the seat of a fibro-cellular hyperplasia. It should be noted that
caseating masses originally homogeneous may, by subsequent trans-
formation, take on a more granular appearance.

The softer form of caseation changes the tissue to a dull
white. The chief part of the mass is made up of granular fatty
and albuminous detritus. Neither cells nor cellular structures are
any longer recognisable. This form of caseation is generally the
result of a fatty disintegration of cellular tissues or exudations
(Arts. 50—54), “’hlfﬁh }38\'0 lost water by absorption. The tissue
thereupon becomes inspissated, and its opaque appearance is due to
the formation in it of minute oil-globules.

The firmer and softer forms of caseous change are not very
sharply distinguished: At times both forms may be found
together in one organ. It is even possible for the firmer form to
be transformed, by processes physical or chemical, into the softer.
The ultimate fate of caseous foci is either softening and liquefaction
with absorption (Arts. 112—116), or calcification.

¢.  Colliquative necrosis or Softening.

40. cc.mquatlye necrosis, in which the affected tissue
becomes as it were liquefied, is closely akin to coagulative necrosis
In each case the necrosed parts become saturated with liquid:
Colliquation may thus ecither precede or follow upon coagulation,

~
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For example, the coagulation of the blood and formation of a clot;
is preceded by the liquefaction or solution of certain cells contained
in the blood. A similar process may be observed in the case of
blisters following upon burns.

.
Fi1c. 4. SECTION THROUGH THE EPIDERMIS AND PAPILLAE AFTER A BURN.

(The preparation (camu'nc-staiuc«? is from a cat’s paw which had been burned with
melted sealing-wax: x 250)

RG SR

horny layer

rete Malpighii

normal papilla

swollen epithelial cells (in some the
nucleus is still visible, in others
not)

interpapillary cells (those below are
uninjured, those near the surface
are swollen and stretched)

The first change perceived is an

fibrinous mesh-work (composed of
cells and exudation ; cell-structure
altogether lost)

gwollen cells without nuclei

interpapillary layer of cells stripped
off and destroyed

subepithelial exudation (congulated)

depressed papilla, infiltrated with
cells and disappearing

enormous swelling up of the

. 4 d); the cells being

epidermal cells overlying the papillae (Fi
wholly or in part killed by the action of the heat. This swelling
up depends on the absorption by the dead cells of the liquid which
transudes from the papillary vessels. It becomes at length so

extreme that the ecell-su

membrane itself disappears.

colliquation have reached :
distended to a mere vesicle,
granular fibril

The seve
liquid which is
absorbed, and the h

stance dissolves completely and the cell-
Not until the tumefaction and
a certain point—i.e. when the cell 1s
or has gone altogether—do the
s which indicate coagulation begin to appear (f:9) ]‘)é

In some tissues this coagulation after colliquation does 1o

occur. Thus in anaemic necrosis (softening) of
have simply disintegration and liquefaction of the brain-substance.
m{ constituents of the tissue break up, and dissolve in the

ured ont from the vessels. They
Y?quid becomes gradually clear agamn:

of the brain we

are then
but, there
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is no coagulation. The reason of this probably is—that brain-
substance contains but few coagulable matters, and on the other
hand that the effused lymph, not being the result of acute inflam-
mation, contains but little fibrinogen or fibrinoplastin. The same
thing is at times to be observed in other tissues, as for instance in
so-called softening of the heart,” when the muscle-substance has
already undergone fatty degeneration. Here the antecedent de-
generation has notably imi.uished the amount of coagulable matter
i the muscular tissue.

But colliquation of the tissues may follow upon coagulation as
well as precede it. It is a very frequent occurrence for coagulated
exudations (as in croupous pneumonia) or thrombi to break down
and liquefy. This liquefaction of coagulated masses is always,
accompanied by certain chemical changes, the efficient causes of
which are frequently of the nature of organised ferments (Art. 42).

d. Dry Gangrene or Mummification.

41. Dry gangrene is commonly the result of necrosis in
parts which are exposed to the air.

Typical examples are afforded by the so-called senile gangrene
of the extremities, especially of the toes and feet; and likewise b
the necroses of the same paits following upon frost-bite. In the
first case, the necrosis is determined by defective blood-su ply,
l)artly owing to general feebleness of the cireulation, and part{)y to
ocal changes in the blood-vessels,

The affected part is generally engorged with blood when
necrosis sets in, and thus exhibits a dark or livid coloration. The
engorgement is due to stagnation of the blood-current from mere
feebleness of proFulsion. After the death of the part, the colouring-
matter of the blood transudes and gives the tissues their dark-red
appearance. At the same time the tissues begin to dry up by
evaporation. This drying process is notably accelerated when the
epidermis separates, as happens when the engorgement, has been
extreme, and in frost-bite. The part becomes first leathery, and
then perfectly hard, brittle, and black. Under the microscope the
tissue-elements are seen to be shrunken and withered,

Dry gangrene or withering is a physiological process as it
affects the stump of the umbilical cord in infants. Between the
sound tissue and the gangrenous there is formed an inflammatory
line of demarcation (Art. 115). Dry gangrene may at times occur
as a later stage of moist gangrene,

e. Moist Gangrene or Sphacelus.

42. Moist gangrene is necrosis followed by decomposition
and putrefaction of the necrosed tissue. If septic organisms reach
a dead tissue which is rich in blood or other li%uid, 1t very soon
begins to decompose. The organisms may reach the part either

',
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directly from the’air (as in gangrene of the skin or lungs), or
through the channel of the circulation (as in gangrene of the testis,
or of the foot). Parts which are exposed and abound in blood-
vesselg, such as the foot, become lli)(\)n?d from diffusion of the
colouring-matter of the blood. The epidermis frequently rises in
blisters and bullae. Soon the putrefying tissue begins to stink,
and then to disintegrate. Slight mechanical causes readily give
rise to wounds, and in these the tissue is seen to be infiltrated with
discoloured blood, and it is brittle or even tinder-like. Correspond-
ing to the obvious naked-eye disintegration of the structure are the
profound chemical changes which take place (Arts. 191—192): and
the final result is the total destruction of the tissue as such. Not
infrequently gases are evolved during the process, giving rise to so-
called gangrenous emphysema jgangré)te gazeuse). The rapidity
of the destructive process depends greatly on the nature of the
affected tissue. Bone preserves its form for a long time in the midst
of a 'lgcmgreuous mass, while the soft parts perish very quickly.
he microscope shews that in this process of decay septic
organisms are always present (Arts. 192 et seq.). Blood-corpuscles
quickly cease to be distinguishable, inasmuch as they break up and
dissolve, or here and there become transformed into granular
Eigmented masses. Other cells become turbid, lose their nuclei,
reak up, and disappear. Fat-cells disintegrate, and the oil they
contain mingles in small globules with the gangrenous mass. The
fibres of the connective tissue swell up, grow turbid and ill-defined,
and finally dissolve. Elastic tissue, tendon, and cartilage hold out
for a long time, but ultimately perish in like manner. In general
terms we may put it—that gangrene involves the gradual solution of
the solid constituents of the tissue, and results in the formation pf
a dirty grey, greyish-black, or greyish-yellow, opaque, semi-fluid
mass, mixed with shreds and remnants of various structures. The
various normal elements of the tissue thus disappear in succession ;
while new crystalline products of chemical decomposition appear
instead, such as fatty needles of margarin, needles of tyrosin,
spherules of leucin, * sarcophagus-crystals” of triple phosphates, and
granules of black or brown pigment.
In the later stages of putrefaction, mould-fungi at times make
their appearance on parts exposed to the air (Art. 221).
Further details of the tissue-chnn%is in Gangrene may be found in DEMME,
Ueber die Verinderungen der Gewebe bei Brand Frankfort 1857 ; and in
RixpFLEISCH, Pathological Histology (Sydenham Society). See also CHAUVEAU,

Néerobiose et gangréne Paxis 1873 ; PAGEY, Surgical Pathology.

Putrid decomposition, and therefore also gangrene, can arise only through
the agency of micro-organisims. Furthermore, the presence of a certain propor-
tion of water in the tissue is essential. If the tissue dry up, the development

ms ceases, or is at least seriously retarded ; and with 1t also

of septic organis ngrenous

the process of decomposition. The chemical products of the oh
decomposition of the tissues are hydrocarbons, ammonium sulphide, Subl:, A
retted hydrogen, valerianic acid, butyric acid, &e. ; and ultimately carbonic

acid, ammonia, and water.



CHAPTER IX,
SIMPLE ATROPHY AND PIGMENTARY DEGENERATION.'

43. In treating of malformations, we showed that in conse-
quence of arrested development members, organs, or parts of organs
may be ill-grown, misformed, or altogether wanting. Or if the
plastic energy that determines growth be deficient, the entire
organism or some of its parts may be dwarfed and stunted.
Defective development of this kind, 1.e. aplasia or hypoplasia, may
occur after birth as well as before it go long as the organism
continues to grow, so long as new parts or organs continue to be
formed in it, so long is its growth Lable to be checked by external
or internal influences.

We may often observe this hypoplasia in the child. At birth
it may have been anything but puny, yet under the operation of
external causes, such as defective nutrition, various kinds of
disease, or others less easily recognised, it later on shows signs of
imperfect development in some of its systems or organs. The
consequence is a dwarfing of the entire frame or of its parts, very
often associated with faulty structure and function of the viscers,
This hypoplasia makes itself especially evident when the bones are
badly developed, as also when the f‘;eart and great vessels, the

nital organs, or the central nervous system are under-grown.
ﬁe association referred to is observed, for example, in cretins,
whose bones are generally ill-grown ; and in chlorotic females, where
with hypoplasia of the vascular system there is also some imper-
fection of the generative functions,

Now atrophy is not to be confounded with such hypoplasias or
aplasias. In atrophy we have to do not with defective develo
ment, but with retrogressive change in parts originally well-
formed and well-grown,

44, The life of an organ, like that of an individual, is limited
in its duration. The active cell-growth of the penod of develop-
ment is succeeded by a stage in which the formative activity is less
marked. In the latter stage the equilibrium between cell-growth
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and cell-deca is maintained with but slight oscillations to one
side or the other.

In old age this equilibrium is disturbed, and decay has the
upper hand. An involution (the reverse of evolution) of the
entire organism and of its parts takes place. Thus a man
ultimately dies, even when there is no question of disease, s0 soon
as the advancing involution of his vital organs reaches a stage at
which they can no longer efficiently perform their fanctions.

But besides this general retrogression, or senile decay, there is
a physiological retrogression of particular organs, which takes place
much earlier in life. The generative organs in woman lose their
functional power long before extreme old age. The thymus gland

_has undergone complete degeneration by the age of adolescence.
Various tissues, like the hyaline cartilage which is the first
rudiment of bone, are in thewr very nature temporary structures.
The several tissues then, like the organism itself, inherit but a
measured lease of life.

Considered anatomically, retrogression shows itself in an organ
b{ diminution of its size: microscopically, by diminution and
ultimate disappearance of its constituent elements, especially of
the elements which are special to it.

45. An organ, towards the close of its life, undergoes what we
have called a physiological retrogression. But analogous retrogres-
sive processes may oceur, as it were prematurely, under pathological
conditions. Their result we describe as simple atrophy.

This pathological atrophy is distinguished, like the other, by
shrinking of the organ affected, or by diminution in size and
number of its essential elements. ) !

In the case of dense parenchymatous organs like the liver,
kidney, heart, or brain, the shrinking is the first thing which is
likely to strike us. If the shrinking has been uniform the surface
remains smooth : if it has been irregular the surface looks uneven
and granular, and the external form of the organ may be altered.
On the other hand, atrophy of bone shows itself rather by thinning
of the trabeculac and widening of the medullary cavities, than by
any general diminution in size. So too in the lungs, we recognise
the occurrence of atrophy by the increased size of the air-spaces,
and the loss in part of the alveolar septa.

Compared with the shrinking and loss of substance, the pig-
mentary change so often associated with atrophy is of minor
importance. It is a secondary, non-essential phenomenon in the
process. 1t depends either on the fact that the normal pigmenta-
tion of the tissue becomes more pronounced as the essential
elements disappear; or on an actual deposition of pigment assocl-
ated with the atrophic process; or lastly on some a teration in the
amount of blood contained in the tissue.

46. The shrinking of an atrophied organ is due t0 the fact
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i ments dwindle and disappear. Here, as in the case of
ggzti;létgnfrloelution, it is the proper and speclﬁc_ elements of the
organ which suffer the most; ?nt_i the supporting framework of
connective tissue the least. It is in fact very frequently observed
that the connective structures remain perfectly intact or even
increase and grow, while the specific elgmcpts ave already (}15-
appeared. Thus in the illustration (Fig. 5) of a mugsclg undergoing
atrophy, the contractile substance (a) contained within .the sarco-
lemma has distinctly dwindled (b). But the connective tissue

separating the fibrillae remains undiminished; the nuclei of its
cells seem even to have multiplied.

Fie. 5. SECTION OF AN ATROPHIED Muscry,
(From a case of progressive muscular atrophy : Bismark-brown
a mnormal muscle-fibre ' b atrophied R
¢ péerimysiwn infermun, in which the nuelei as a ¢ 8re seen £0 b increaseq
in number
Similar appearances are readily observed in atrophied liver.
tissue. There every one of the gland-cells m

staining : x 300)

FORPET PR 75 ay have vanishe
yet there may be no dlnlm\{tlon in the amount of the Conlre%t?\::;(!
tissue framework. So too in preparations of brain and ¢ Stial
cord, the ganglion cells may haw_: altogether disap d, without
any visible change in the neuroglia. Trars

Adipose tissue is peculiar in its mode of atrophy. The fat ; o
B l:;f into small oil-globules which are absorbed : the em[f:; 1(;1, nih:e tells
to their first condition of ordinary connective-tissye cells,” At tim ":m
disappearance of the contained fat iz followed by Proliferatioy, of the e:u ;“?
(atrophic proliferation). If serum transude into the tissue aftey 4, Ofel
has gone, the tissue becomes gelatinous in al;ﬁe"-mnw (serous atroph e fat
lastly pigment be deposited in the atrophied fat-cells, gl Hikens bggo 1t

ellow or yellowish-brown (pigmentary atrophy). Su, Fresixg, gog s
} mikroskop. Anatomie Vi1, and Virch. Arch, vol, 59, ’

rehiy
47. Atrophy may result from various

ATIous causes. It b
been indicated (Art. 44) that the: tissues may themselv: alzeady
inherent properties which determine their 88

e retrogressi
The efficient cause of this form of atrophy (dgcﬁb‘e’g 2d a(.tet?y.
atrophy) is that the cells are no longer a.ble.t,o assimilate o \;e
the nutriment brought to them. Atrophy like this, de perly

internal conditions, seldom occurs as a pathologica] pmcp:sx:lm(g)

A
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the so-called atrophy of inaction and trophoneurotic at
perhaps be classeg a{v. pathological. ¢ o suoip e
! Atrophy of inaction occurs in organs that are subject to the
direct influence of the nervous system, and perform their specific
functions in obedience to mervous influence. Such are glands
nerves, and muscles., If a muscle or a gland be condemned to
inaction for any length of time, it is apt to undergo atrophy. It
is not unnatural to infer that the atrophy depends on the absence
of functional activity in the cells, and to frame the hypothesis that
nutrition and functional activity go hand in hand and fall off
together.
A ty(ipical instance of trophoneurotic atrophy is seen in
the rapid disappearance of the muscles in cases where their proper

° - . - . .
nerves have been injured, or where there is disease of the anterior

horns of grey matter in the cord. It appears that certain ganglion-
cells in the anterior horns have a powerful influence on the
nutrition of the muscles in connexion with them. The disappear-
ance of these cells, or the severance of their connexion with the
muscles, involves inevitably the atrophy of the latter.
Leaving these cases out of account, we may fairly refer all
other forms of premature atrophy to defective nutrition. The
rocess of the atro hy is the same whatever be the particular
factor underlying the deficiency. This factor may be general
anaemia, local change in the nutrient vessels, defective assimilation,
or any other disorder of the kind: but it can at most determine
the site and extent of the atrophy, not the process. Atrophy of
this kind, occasioned by diminished nutrition, is distinguishec{ as
assive atrophy. Atrophy consequent on pressure is brought
about, partly by mechanical hindrance of the cell-functions, partly
by direct injury to the tissue, partly by interference with the

cireulation.

CORNHEIM (Handbuch d. allgemeinen Pathologie) includes atrophy of
inaction among_the wassive atrophies, and maintains that it depends on
diminished blood-suk)*; y. It is not easy to bel_lc\'e that this explanation is in
all cases adequate. ithout u_uder\'alulng the importance of the blood-supply,

to he no objection to the theory that the assimilative power

there seems ) S
of an active working cell may be greater than that of one which is at rest.



CHAPTER X.

CLOUDY SWELLING AND DROPSICAL DEGENERATIONS

48. The term cloudy sweli or parenchymatous degene-
ration is due to Vircmow ( Virchx.‘slrch. vols. 4, 14). He describes
by it & certain swelling ‘wp of the'elements of & tissue by
imbibition or accretion: and defines it as a form of hypertrophy

Fre. 6. Crouny swenning oF
(Preparation treated with chyop

THE RENAL EPITHELIUM.

AR ic acid and ammonia: % 800)
a normal epithelium b cloudy swelling commencing
¢ advanced degeneration @ loose degenerate epithelium

with a tendency to degeneration. T, degenerative side of the .
process is the more Important one, Histological investigation
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shows that the process consists in the formation of free granules in
the substance of the affected cells, which may, for example, be those
of the renal epithelium, of the liver, or of the heart-muscle. These
free granules are to be regarded, from their microchemical reactions,
as albuminoid bodies: they are soluble in acetic acid and insoluble
in alkalies or ether. Their presence gives the cell a turbid or cloudy
appearance, and its normal form and structure quickly disappear.
Thus in cloudy swelling of the renal epithelium (Fig. 6), the cells
lose their loniitudinal markings and the processes which normally
Ero_]ect into the lumen of the tubule (a). The cell as it swells
ecomes rounder, and dark nules appear within it (b, ¢). The
process depends on a degeneration of the cell-protoplasm. The
cell becomes infiltrated with liquid, and a_partia separation of its
solid and liquid constituents takes place. The degenerative process
often ceases when it has reached a certain stage, and the cell returns
to its former normal condition. In other cases, the cell-substance
perishes and breaks up into granular detritus. Frequently the
process is associated with fatty ﬁ:agenemt.ion (Art. 50).
Cloudy or granular degeneration is of very common occurrence.
It is found in the parenchymatous organs, su(r:f’: as the liver, kidneys,
and heart, in most cases of infectious disease ; but chiefly in scarfet
fever, typhoid fever, small-pox, erysipelas, di »htheria, septicaemia,
&o. The affected organs have a cloudy, dull, often greyish look:
in the severer cases they look as if they had been boiled. They
contain an abnormally small quantity of blood, and are doughy in
consistence. The minuter structure of the organ is blurred or
altogether destroyed.
here is a certain morbid change in connective-tissue cells
which may be classed under this head. It is frequently observed
in oedematous or inflamed connective tissue. - The affected cells
swell up, and dark spherules form in the nucleus as well as in the
cell-protoplasm. These spherules, with which the cells are often
tightly crammed, are distinguished by their power of taking up an
intense colour when staincg, especially with aniline dyes; in this
they behave like micrococei. Their significance is not understoed,
though their formation may probably be regarded as evidence of a
retrogressive change.

49. The term dropsical degeneration fairly describes a
morbid change observed chiefly in epithelial cells. They imbibe
liquid and become sodden and swollen. The process is near akin
to cloudy swelling and' degeneration, though the changes in the
dropsical cells are of a somewhat peculiar nature. The imbibed
liquid causes the cell to appear translucent (Fig. 7 ¢). The granules
of the protoplasm are pushed asunder, and often crowded towards
the periphery; so that the cell comes to resemble somewhat a
vegetable ceﬁ (fand g» It becomes at the same time vacuolated,
the spherical vacuoles contaming clear liquid. The nucleus also
swells up, and at length appears as a distended vesicle with clear
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contents. Changes of this kind may be seen in the cells of dropsical
tissues and in inflammation. In inflammation it is chiefly the

F1e. 7. SECTION THROUGH A ‘Nucous paTcm’ (condyloma latum ani),
(Aniline-brown staining : x 100)

a horny layer of the epidermis g degenerate epithelial cells, into which
b rete Malpighii leucocytes have made their way
¢ corium ’ I granular coagula
d homyla,iyer swollen upand infiltrated  § swollen papilla, infiltrated with cells
with leucocytes k corium infiltrated with cells and
e swollen cells of the rete Malpighii fibrin
I 5‘"’“1‘;: epithelium infiltrated with Iymphatie vessel
ce

m  sweat-gland

epithelial cells that exhibit marked changes (Fig. 7 d, ¢, £, 7). In
stained preparations the dropsical cells remain righter than the
healthy ones. :
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CHAPTER XL

o FATTY DEGENERATION.

50. If parenchymatous degeneration (Art. 48) go beyond a
certain point, it often passes into fatty degeneration, that is to
say, fat-globules form in the disintegrating cells. This variety of
fatty degeneration is however of limited occurrence, compared with
the other varieties to which the organism is liable.

Fat, as we know, occurs in the body in considerable amount even
under normal conditions. Certain regions, and especially certain
tissues of the fibrous type, like the subcutaneous and subserous
structures, the marrow, &c., are always rich in fat. The fat is as it
were stored up in these special regions, being either derived from
without, or formed on the spot in the cells of the tissue itself.
Increase of the quantity in store, whether due to increased sprply
or diminished expenditure, does not, rightly come under the title of
fatty degeneration. We distinguish it as lipomatosis (obesity,
adiposity). Within limits it must be deemed physiological: when
excessive it may pass into the domain of pathology. In such extreme
cases, fat is found in cells which normally contain none. The
fatty deposit takes the form of oily drops, which soon coalesce into
larger spherules; until at length a single large fat-globule occupies
the entire cell. Fatty infiltration of this kind affects chiefly the
cells of the connective tissue in particular regions, and the liver-
cells.

True fatty degeneration must of course be distinguished from
lipomatosis or fatty infiltration. The fat which occurs in the former
is not fat in store, so to speak: it is fat resulting from the disin-
tegration of albumen in the affected cells. Inasmuch as fat 1s
normally formed from the albumen of the cells, and is consumed as
it is formed, we are driven to suppose that in fatty degeneration
either the disintegration of albumen is inereased, or the consumption
of the fat produced is impeded. Both these things may occur, but

- it is specially to be noticed that in fatty degeneration the lost

albumen is not replaced, so that the production of fat is associated
with atrophy. -
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51. A cell undergoing fatty degeneration always shows larger
or smaller oil-drops in 1its interior. These are
colourless, bright, dark contoured, insoluble in acetic
acid, soluble in aleohol and in ether. In perosmic
acid they stain black. The number and size of the
oil-drops in the interior of a cell vary greatly: the
size even of the largest is not usually great. Thus,
for example, in fatty degeneration of the muscle of
the heart, we find more or fewer according to the
degree of the degeneration (Fig. 8). But they are
all small and seldom coalesce into larger drops: they g
never form very large ones. In fatty degeneration pjarcpirmox oF
of the kidney (Fig. 9) the appearances are similar; zme wuscies or
but the size of the oil-globules is not so regular (¢, ¢). THE REART (% 350

F1o. 9. AMYLOID AND PATTY DRGEXERATION OF THE KIDNEY.
(Preparation treated with Miiller's fluid and perosntic acid: x 300)

a normal capillary loop ke fatty cast in section

b amyloid capillary loop (Art. 57) i amyloid artery

¢ fatty epithelium of the glomerulus % amyloid capillary.

¢, fatty epithelium of the eapsule I infiltration of connective tissue with
d oil-drops on the capillary walls leucocytes

¢ fatty epithelial cells in situ m round-cells (lencocytes) inside a urini-

7 loosened fatty epitheli.al cells ferous tubule
g hyaline coagula (forming ¢casts’)

When the degeneration becomes more advapced, the fatt
epithelial cells are shed and become disiutegrateap (f)- The oil-
g{)obules they contain are thus set free and accumulate in the
tubules (%).
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Fatty degeneration may occur in connective-tissue cells as well
as in epithelial cells. Ifit affect entire cell-groups or systems, it may
be recognised even by the unaided eye; and the more readily as
the degeneration is more advanced, the proper colour of the tissue
less marked, and the amount of blood present less considerable.
Colourless transparent structures, like the intima of the heart (endo-
cardium) and great vessels, take on an opaque white appearance;
the cortical tissue of the kidney becomes greyish white or, when the
fatty change is greater, opaque yellowish white; the heart-muscle
becomes yellowish ; and voluntary muscle pale yellowish brown.

If complete disintegration of the tissue follow upon fatty
degeneration, and if the mass of detritus lose water and become
condensed, the fatty change passes into caseation (Art. 39); and

_the tissue assumes a dull white cheesy appearance.

Like the cells of solid o , the cells of organic li((}uids such
as pus, and those of coagulateg exudations, very often undergo true
fatty degeneration ending in their complete destruction as cells.

In tissues undergoing fatty degeneration, as also in liquids whose cells are
degenerating, there are very frequently found cells crammed full of fat-
granules. They are referred to as * fat-granule cells.” Their origin is only in
part traceable to fatty degeneration of the cells themselves. They are rather
to be looked upon as migratory corpuscles which have taken up the fatty
products of disintegration, and so have become transformed into granule-
carriers (Art. 114).  See RErsuarpr, Virck. Adrch. vol. 1.

52. The cause of fatty degeneration is to be sought in an
alteration in the constitution of the blood, 7.e. of the nutriment
supplied to the cells. Deficient supply of oxygen plays a chief part
in it. To this must be aseribed, on the one hand, the disintegra-
tion of albumen and the formation of fat; on the other hand, the
fact that the fat produced is not straightway consumed.

If to the lack of oxygen there is added a deficiency of proper
nutriment, so that the albumen which is used up by transformation
into fat is not replaced, the amount of albumen in the affected
part must of course diminish,

Corresponding to the case just indicated, we find fatty degener-
ation taking place in conditions which are associated with general
or local anaemia. Fer example, if the blood becomes diseased in
such a way (anaemia, leukaemia) that its power of taking up
oxygen is diminished, and its nutritive value Jowered, fatty degen-
eration is found to occur in the most widely different organs.
The same thing comes to pass in particular organs which happen
to receive too little blood, either in’ consequence of disease in the
afferent vessels, or because the outflow of blood from them is
checked and its renewal hindered. Lastly, organs like the muscles
which for any reason are left unexercised, and so fail to undergo
an adequate amount of tissue-change, are very apt to become fatty.

Various poisons, such as phosphorus, arsenic, and the ferments
which produce fevers, may, like imperfect oxygenation, lead to disin-
tegration of the albumen of the tissues and so to fatty degeneration.

M.
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We still seem far distant from an exact understanding of the origin and
the ultimate fate of the fat which is formed in the body in physiological and
{)othologncal conditions. Horre-SEYLER (Physiolog. Chemie) inclines to think

hat fat cannot be formed directly from albumen. He regards it as not
unlikely that glycogen is first formed, and from the glycogen fat. Vorr
(Zeitschr. f. Biol. v, and Neues Rep. f. Pharmacie xx), on the other hand, thinks
it quite certain that fat may be formed at once from albumen: compare
QualN, Med. chir. Trans. vol. 33. According to HERMANN, it is probable that
certain products derived from the disintegration of albumen are normally
utilised in regenerative processes. If the oxygen needed for regeneration is
wanting, these products cannot be utilised and disintegrate still further : the
expenditure of fresh material is thus increased. Bixz and Scaurz (dreh. f.
exper. Path. vol. 14) hold that the cells, in their avidity for oxygen, take it
up from the blood so long as the blood continues to part with 1t : when it
ceases to do so the cells attack each other, and act as mutual reducing agents.
The lateral ‘chain’ of the albumen-molecule (the chain which includes the
nitrogen, on the theory of these chemists) is thus broken : the conseq‘llleuoe is
increased production of urea and of fat. They explain in this walc:‘ e fatty
changes observed in carbonic oxide poisoning. BENCE Joxges (Lectures on
Pathology d:c.) accounts for the proneness of the liver to become fatty in a
somewhat similar way. See also RANVIER (Sociétd anat. 1868%.

On the effect of phosphorus in inducing fatty change, see orr and BAUER

(Zeitschr. f. Biol.vix), LEWIN (Vi irch. Arch.vol.21), rER (Soc. de Biologie 1866).

53. It is generally, though not always, easy to decide whether
the fat present in the cells of an organ is a product of degeneration,
or simply a deposit by way of storage. It 1s commonly stated that
the fat of degencrative atrophy appears in the form of minute non-
coalescent drops; while deposited fat, occurs in large drops which
readily run together, This is true of most tissues, but not of all.
Tt is true, for example, of striated muscle, heart-muscle, non-striated
muscle, neuroglia, &c. But w.vhen the renal epithelium becomes
fatty, fat-globules of very considerable size are sometimes formed.
In the liver again, the fat of degeneration may form either small
or large drops (the latter in phosphorus—roisoning).
_ On the other hand, what we may call storage-fat is, in the first
instance, deposited in very minute globules: while the great
globules of fgtty depqs1ts, when about to undergo re-absorption,
break up again into minuter globules.
But if the distinction is not always clear from the histological
appearances, we may get more certain information by considering
e site in which the fat is found. The appearance of fat-globules
in tissue-qells normally free. frox}l fat, in circumstances which pre-
clude the idea of a determination of fat to the tissue, is evidence
that fat has been formed in loco from the cell-albumen, and there-
fore that the cells .have so far become disintegrated. Difficult
can thus arise only in the case of organs, such as the liver, whic
may normally be the seat of fatty deposit, and on the other hand
are prone to fatty degeneration. In such organs it is often hard to
say how much of the fat they contain has been produced in loco,
how much has been brought to them from \Vltl.lout-._ There is g
further complication, for the fat of degeneration 1s sometimes
carried away from its original seat, and deposited in other spots in

the form of a fatty infiltration, or of storage-fat.
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54. When fat is present in considerable quantity it happens
not infrequently that crystalline products separate out from it.
The so-called fat-crystals’ appear as feathery needles, grouped
together in tufted bunches (Fig. 10 b). They are often described
as needles of margaric acid. Whether they really contain mar-
garic acid is doubtful. It is known that equal parts of palmitic
and stearic acid would give a mixture having the same composition
as is ascribed to margaric acid: and further that palmitie, stearie,
and oleic acids in combination with glycerin (as tripalmitin,
tristearin, and triolein) form the chief components of ordinary
animal fat. It is therefore doubtful whether margaric acid or
trimargarin really exists as a distinct component of animal fat at
all. T%:cse fat-crystals may form in fatty products of disintegra-
tion as well as in normal fat-cells. In the latter case they are only
produced post mortem.

Fie. 10. Far-crysrans. (x 300)
a cholesterin-tablets b free tuft of margarin-necdles
¢ tuft inclosed in fat-cells d feathery needles of ¢ margaric acid’ or margarin

In masses of fatty detritus it is very common to find what is
called cholesterin (properly cholestearin). This forms thin trans-
parent rhombic tablets (Fig. 10 a), often notched at the angles.
If these tablets are present in quantity, they may often be recognised
by their lustre with the naked eye alone. They are soluble in
hot aleohol, ether, and ch}oroform, m oils, and in the sodium com-
pounds of the two bile-acids (glycocholic and taurocholic). Treated
with sulphuric acid the crystals become purplish red, rusty, or
violet, at their edges. The same coloration appears still better on
treatment with iogi.ue. Nothing is known of the mode in which
cholesterin is formed. It is said to exist as a normal constituent in
the brain (GAMGEE).

Scaurze and BarBIERI (Journ, f. prakt. Chem, 25, 1882) regard cholesterin
as an intermediate product of vegetable metabolism and a constant component
of vegetable cells. “Cholesterins of various composition are known, so that the
term seems to indicate rather a chemical genus than o definite suhstanc;

6—



CHAPTER XIL

MUCOID AND COLLOID DEGENERATION.

55. The mucoid degeneration of the tissues has its physio-
logical type in the mucus-secretion of the mucous membranes and
mucous glands.

As is well known, the epithelium of the mucous membranes
contains so-called goblet-cells (Emer). These look like goblets
filled to overflowing with a transparent substance. This latter is
mucus formed from the cell-protoplasm. The epithelial cells of
the mucous glands are similar. They swell up when about to
secrete mucus; the central guu’(s become transparent, and the
granules of the protoplasm become aggregated into groups or
strings. The so-called mucus-corpuscles m the salivary secretion,
with their gl:.xssy contents and tremulous granules, are merel
leucocytes which [w.ve undergone mucoid metamorphosis. The
mucous substance formed from the protoplasm of the cell may be
extruded, and the cell may recover : in other cases the cell perishes,

‘The same process of mucus-formation takes place under patho-
logical conditions. For example, in catarrh of the mucous
membrane we find that the increased secretion of mucus depends
on an increased mucus-forming power in the lining epithelial cells
as well as in the cells of the mucous glands. Investigation shows
that in cy_'lundnca-l epithelium the goblet-cells (Fig. 11, 6) are
increased in number. In the secretion also we may find cells
in a state of complete ml.xcoid degeneration ; they are transformed
into glassy masses containing a few scattered granules (3 and 5)
In other cells (7) the mucus may take the form of lumps oi'
various sizes, enclosed within the unchanged cell-protoplasm,

The epithelia of pathological tissues may like the normal
ones undergo mucoid change.  Typical goblet-cells are occasionall
found in the epithelial lining of ovarian and intestinal cysts, Ii
certain forms of cancer, the majority of the epithelial cells undergo
mucoid degeneration.
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The fibrous tissues, like the epithelia, are also liable to undergo
mucoid degeneration. Thus connective tissue, cartilage, bone,

Fia. 11. CATARRHAL SECRETIONS FROM VARIOUS MUCOUS MEMBRANES, (x 400)

A from eylindrical epithelium, B from the mouth, € from the bladder. 1, round-
cells (pus corpuscles). 2, large round-cells with clear nuclei from the nose.
8, mucoid cylindrical cells from the nose, 4, Spirillum from the nose,
5, mueoid ciliated cells from the nose. 6, goblet-cell from the frachea.
7, round-cells with mucus-masses from the nose. 8, epithelial cells containing
pus corpuscles from the nose. 9, fatty cells in chronic laryngeal and pharyn-
geal catarrh, 10, cells from sputum containing soot-pigment. 11 and 12,
squamous epithelium from the mouth. 13, mucus-corpuscles, 14, mierococei.
15, Bacterium termo. 16, Lt?;othriw buccalis. 17, Spirochacta denticola.
18, superficial cells from the bladder; 19, deeper layer. 20, pus corpuscles.
21, Schizomycetes or bacteria.

adipose tissue, marrow, sarcomatous tissue, may all become
mucoid, and so assume a felly—like translucent appearance.
these tissues it is usually the ground-substance which is
transformed. The fibrous constituents lose their structure and
become homogeneous. = The tissue-cells may persist, or become
fatty, or they may take part in the mucoid change. The final
product is a hyaline mass recalling the original tissue only by
virtue of a few stray fibrous shreds, or single cells, or groups of
cells, scattered through it.

Mucus swells up readily in water; acetic acid makes it co-
agulate ; aleohol makes it turbid, white and opaque.
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56. Colloid degeneration is closely akin to mucoid degene-
ration; for here too the essence of tie process is the meta-
morphosis of an albuminoid substance. The details of the chemical
changes which occur are not known. The material which consti-
tutes the colloid substance is derived from the epithelial cells. In
aged persons, a certain amount of colloid change in the thyroid
gland may be regarded as physiological. The parenchyma of the
gland is full of large and small spherules, which on section have a
translucent sago-like appearance. They are generally yellowish or
brownish in colour, and of the consistence of firm jelly. If the
colloid change has gone on to a pathological extent, this translu-
cent substance may form the T-eaber part of the mass of the gland.
It may even lead to a mar ced increase in its size, forming a
colloidal goitre. Microscopic examination shows that the colloid
mass is homogeneous. It encloses but few cellular elements, and
these for the most part at the periphery, where the colloid change
is in progress, Sometimes a large continuous patch of degenerate
tissue may be produced by the coalescence of smaller ones. The
formation of the colloid substance is indicated by the appearance
of minute homogeneous spherules in the cells of the acini. These

hernles escape from the cells, or become free when the cells
igemselves break up. When they come into contact, they coalesce
to form the homogeneous colloid substance.

Colloid spherules, exactly like those just described, are found
in the tubules of morbidly altered kidneys. At times lar,
masses of coalescent spherules occur in cystic degeneration of the
tubules. In the prostate gland similar formations also occur.

Colloid substance is distinguishable from mueus by the fact

‘that acetic acid does not induce coagulation, while aleohol and
‘chromic acid produce no turbidity.

In VircrOW's opinion, the homogeneous spherules, while contained in the
cells, are not actually composed of true colloid substance. The latter is formed
from them after they run together, in virtue of a special chemical transforma-
tion. Vircrow describes the spherules as modified protoplasm. Colloid

.substance is probably a resultant of several albuminoid bodies. See Vircrow

A Vireh. Areh. vol. 1)y, WAGNER (Arch. 1. ph (k. 185
%Va’rclx. Krbrginiy 21)‘, (dreh. f. phys. Heilk. 1856, 1866), EsEnrH



CHAPTER XIIL

AMYLOID DEGENERATION AND AMYLOID CONCRETIONS.

57. Amyloid degeneration is a peculiar degenerative process,
which is apt to affect the connective tissues, and is progressive in
character. It leads to the deposit of a special albummoid body
(the amyloid substance) in the affected tissues: these therefore
increase in bulk and assume under the microscope a peculiar
uniform semi-translucent appearance. The affection may occur
in any of the organs, but 1t is specially common in the spleen,
liver, kidneys, intestines, and lymphatic g{mds.

When sufficiently intense the morbid change is recognisable
with the naked eye; the part looks semi-translucent, so that it is
deseribed as ‘ waxy’ or ‘lardaceous’, 7.e. like the fat of fried bacon.
If the change is confined to scattered patches, as it often is in the
spleen, these look like grains of boiled sago or tapioca: hence the
name ‘ sago-spleen’. In other cases, the process affects the spleen-
tissue uniformly. The whole organ grows large and firm to the
touch; while the section presents the peculiar translucent lardaceous
appearance. Like appearances are found in the liver. The kidneys
too may undergo considerable increase in size, and present in patches
or throughout the lardaceous character, becoming at the same time
firmer in consistence. In other cases the translucent patches are
so small as not to be readily noticed ; the possible presence of
amyloid substance is however often indicated by changes of another
kind, such as fatty degeneration. In the intestine the degeneration
is seldom recognisable without optical or chemical examination.
The same is true of the organs that are less liable to the change,
such as the heart, the great vessels, the thyroid gland, &c.

58. The amyloid substance so deposited in the tissues in
uniform shiny patches exhibits a peculiar reaction with iodine,
and with some of the an_lhne colours. A solution of iodine 1n
water, or better in potassium jodide and water, when poured on
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the tissue to be tested, stains the amyloid substance a dark
brownish red or mahogany colour. If added to a section under
the microscope the staining is a bright brownish red, while the
unaffected tissue remains pale yellow. Where the degeneration is
extreme the tissue may become almost woody in consistence, and
then the staining may be violet or blue or greenish. If the
ordinary iodine-stained tissue be treated with very dilute sulphuric
acid, the amyloid patches take on a darker brown, or become violet,
blue, or greenish: but the reaction is generally imperfect. Methyl-
aniline or aniline-violet stain the amyloid substance bright ruby-
red, and the healthy tissue blue or dark indigo.

The peculiar iodine-reaction was first observed by VIRCHOW, the
discoverer of the amyloid substance. This reaction led him to
consider the amyloid substance as a non-nitrogenous body allied
to cellulose and starch. Cellulose, when treated with 19d1n_e and
strong sulphuric acid, is stained bright blue. Starch with iodine
alone gives an ultramarine tint. For this reason VIRCHOW called
the new body ‘amyloid’. It was not until some years later that
FriepreicH and KERULE proved the amyloid substance to be
nitrogenous, to be in fact an albuminoid body. The special
reaction of the amyloid substance enables us to detect its presence
in the tissues, even when to the eye it is not differentiated from
them, In examining fresh specimens in a cursory way, the only
precaution necessary 1s to see that the surface is washed free from
blood : the red colour of the blood blended with the yellow of the
iodine may simulate the characteristic brownish-red staining.

The amyloid substance is very slightly acted on by acids or
alkalies, Aleohol and chromic acid do not alter it at all: and it
has the power of withstanding putrid decomposition for a long
time. It is not dissolved by gastric juice at the temperature of
the body.

Amyloid degeneration was not altogether unknown before Vircmow’s
researches. Roxrraxsky had previously introduced the names bacon-liver
or lardaceous liver, waxy liver, bacon-spleen, sago-spleen. But it was
VircHow who first investigated the nature of the amyloid substance, first of
all in amyloid concretions (Art. 61), afterwards in degenerated tissues; and
he discovered the iodine reaction (Virch. drch. vols. 6, 8). TriepreicH and
KekuL# first showed that the substance was nitrogenous (Virch. Arch. vol,
16), which was confirmed by RupNerr and Kvenxe (Virch. Arch. vol. 33),
The literature of the subject is fully given by KynEr, who has also made
numerous additions to our knowled,ge regarding its occurrence (Die amylotde
Degeneration Dorpat 1871, and Virch. Arch. vol. 81). JURGENS first described
the colonr-reaction with iodised methyl-aniline ( Vireh. Arch. vol. 65); Corxy,
studied the reactions with other aniline colowrs (Arch. de physiol. 1874),
Dickixsox showed that a characteristic blue colour is imparted to the
amyloid substance by sulphate of indigo.

59. The amyloid substance is either formed or deposited in
the fibrous textures of the blood-vessels, and in the walls of the
smaller vessels especially.



y

V'

CHAP. XTIL] AMYLOID DEGENERATION AND CONCRETIONS. 89

If a microscopic section of an amy-
loid liver be so treated as to bring out
the minuter changes in its structure, it
is not hard to show that the seat of the
affection is in the capillary walls, that
is, in the periendothelial fibrous tissue.
The endothelium is thickly coated on
its outer aspect with a uniform glassy
layer, here and there broken up into
lumps (Fig. 12); this is the amyloid
deposit. TEe liver-cells may remain un- g, 12, ANYLOID DEGENERA-
changed between the amyloid masses, TION OF LIVER CAPILLARIES.
(or they may be misshapen and partly ~ (Section b S
a,tro]}:hied. They very often contain fat.

If the afferent vessels be examined, it will be found that they too
exhibit amyloid patches, especially in their middle coat. LS

The appearances in an amyloid kidney are exactly similar
(Fig. 13). A good section shows as before that the formation of
the homogeneous deposit occurs mainly in the vessel-walls. The

Fie. 13. Seerox or ax Axyrom KIDNey.
(Treated with Miiller’s fluid and perosmic acid: x 300)

a normal capillary loop I fatty cast in section

b amyloid capillary loop i amyloid artery

¢ fatty epithelium of the glomerulus % amyloid capillary L AT with
¢, fatty epithelium of the capsule ! infiltration of connective Hssue

d oil-drops on the capillary wall leucocytes Rt .
e fatty epithelial cell in situ m round-cells (leucocytes) inside &

7 loosened fatty epithelial cells ; niferous tubule

g hyaline coagula (forming ‘ casts )
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walls of the vascular loops in the glomeruli (b) are greatly swollen
and homogeneous in structure, and the arteries (7), veins, and
capillaries (&) of the parenchyma show traces of amyloid deposit.

In other parts, such as the intestinal mucous membrane, the
appearances are of the same kind. The vascular system however is
not invariably the chief seat of deposit; the connective tissue is
often chiefly and directly affected. In the lymphatic glands and
the spleen (EBERrTH), it is the fibrous trabecular network which
suffers most ; in striated muscles the perimysium internum and the
sarcolemma (ZIEGLER). In glandular organs with a tunica propria
(e.g. the mucous glands and kidneys), this latter may undergo
degeneration and become greatly thickened.

The above account of the common seat of nml{loid deposit differs essentially.
from that given in various text-books (eg. Rrsprreisca’s) and memoirs.
Most authors assert that in glandular orf;ans the chief seat of amyloid
formation is in the gland-cells, that is, in the epithelial elements. ZIEGLER
has not succeeded in convincing himself that this is the case. In no one of
seven specimens of amyloid liver could he find, on the carefullest examination,
that the liver-cells had undergone amyloid degeneration. The cells were
always recognisable, though at times greatly atrophied and compressed by the
interposed deposits. The examination of mucous glands and kidneys yielded
like results. He is therefore constrained to agree with WAGNER (Arch. d.
Heilkunde 11 1861), EBERTH (Virch. Arch. vol. 80), Hescan (Wiener Sitzungs-
berichte vol. 74), and others—who regard the connective tissue as the primary
seat of nmyloi(i formation, and deny that the epithelium is commonly con-
cerned in it. ZIEGLER does not go so far as to say that epithelial cells are
incapable of amyloid change; but he is sure that even in extreme cases of
amyloid disease they may remain unaffected. The notion that the liver-
cells are commonly affected is due to the fact that they have been over-
looked among the amyloid flakes and ?atohgﬂ which surround them. The
iodine method is probaﬁly to be blamed for this, for it fails to bring the liver-
cells distinetly into view. Ordinary staining-reagents and perosmic acid are
much more useful in this respect than iodine.

Ziecrer had recently an opportunity of examining a very interesting case
of amyloid disease. The patient was a woman of about fifty, who had died of
heart-failure. On post-mortem examination it was found that the heart, all the
mucous membranes, the peritoneum, tongue, and lungs were amyloid. The
pericardium and endocardium were everywhere thickened and beset with numer-
ous translucent gristly nodules as large as millet-seeds. Similar nodules
in vast numbers were found in the peritoneum, and in lesser number in
the heart-muscle, the muscularis mucosae of the intestine, the mucosa and
submucosa of many of the mucous membranes, and in the lungs. In addition
to these nodules the heart-wall (and especially that of the auricles) was
traversed by thick seemingly fibrous bands. The submucosa of the small
intestine was for the most part transformed into a firm bacon-like tissue. The
nodules and also the dense thickenings were composed of a uniform substance.
either structureless or showing traces of coalescent homogeneous blocks. This
was deposited in the walls of the vessels, and in the connective tissue. The
vessel-walls were in some places thickened ten- to twenty-fold. When the
mzugins of the affected patches were examined microscopically, it seemed as if
the homogeneous substance had been directly produced from the ground-
substance of the connective tissue, by a process of swelling and condensation,
Some of the homogeneous masses yielded the iodine reaction, others did not,

60. The consequences of amyloid degeneration, as regards the
functional efficiency and general condition of the affected organ,
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show themselves in two ways. On the one hand the structure is
profoundly altered, on the other the epithelial elements of the organ
become secondarily diseased. Amyloid change is essentially a
degeneration. The connective tissues are permanently altered, for
the amyloid substance being but slightly soluble does not. disappear
again when once deposited. It is obvious that a foreign element
of this kind must seriously interfere with the functions of the
affected organs, such as the kidney, or intestine.

The morbid change in the vessel-wall often leads to narrowing
and closure of the vessel, and so to permanent disturbance of the
circulation. These are not without effect on the epithelial ele-
ments : they speedily become fatty. And inasmuch as the fibrous
framework of the organ is at the same time increasing in size and
volume, the ?zmd-cells are compressed and so tend to disappear
altogether. In the liver such misshapen and atrophied cells, as
well as others in a state of fatty degeneration, are very often met
with. In the kidney the fatty changes in the epithelium (Fig.
13 ¢, f) form a striking and characteristic accompaniment of
amyloid degeneration.

In the spleen and lymphatic glands the lymphoid cells are like-
wise apt to perish, atrophied and fatty, under the pressure of the
swollen and altered trabecular network. In muscle the con-
tractile substance vanishes, as the amyloid masses in the connective
tissue increase and multiply.

61. Amyloid degeneration, as above described, is generally a
rocess affecting several organs at the same time; or when it
Eappens to affect only one, it takes the form of a change extending
throughout the entire organ. But in addition to this diffused form
we find a more local one, presenting the appearance either of
circumseribed foei of degeneration, or of amyloid concretions.
These localised amyloid formations occur, so far as we know,
only in tissues which have already undergone morbid change.
They are especially apt to follow in the wake of inflammations,
either early in the process of granulation, or later when cicatricial
tissue has been formed. They are also found in tumours which
are undergoing retrogressive change. Small single foci may
be formed m the affected tissue, or they may be confined to the -
walls of the vessels. In other cases the greater part of the
tissue degenerates togethier; nodular patches are formed, consisting
almost \wglolly of amyloid substance, and often assuming a woody
hardness of texture. Such formations have been observed in the
conjunctiva when altereq by .old inflammation, in syg:lilitic sears of
the tongue and larynx, in_diseased lymphatic glands, in ulcers of
the leg, In tumours of the larynx and stomach, and in cartilage 1n
the course of degeneration (VIRCHOW). .
In many cases homogeneous bodies exhibiting the am loid
reaction are obviously formed in the exudation-products of inflam-
mation or haemorrhage. For example, the so-called tube-casts of



92 RETROGRESSIVE DISTURBANCES OF NUTRITION. [SECT. IIL.

the kidney, formed in the tubules by a singular transformation of
transuded liquid and shed epithelium, show not infrequently the
amyloid reaction if they have lain long #n sitw. In the remains of
old haemorrhages amyloid bodies have often been found (Fig. 14 0).

Fic. 14, CORPORA AMYLACEA.

a stratified coneretion from the prostate
b corpus amylacewm from an old haemorrhagic infarct of the lung

¢ corpora amylacea from the spinal cord (x 400)

They often enclose a foreign substance, such as a crystal of
haematoidin, These bodies are called amyloid coneretions or
corpora amylacea. They are found under normal conditions in the
central nervous system, especially in the ependyma of the ventricles,
It was here that Vircmow first discovered them. They take the
form of small more or less clearly stratified spherules (Fig, 14 ¢).
At times they may be found abundantly in morbidly altered brain-
substance, and in cerebral tumours. Corpora amylacea are also
very common in the prostate flan_d. They lic in the lumen of
the acini and are of considerable size: often indeed they may be
recognised by the naked eye as brown grains upon the surface of a
section. They are distinctly stratified (Fig. 14 a), except towards
the centre. )

These localised amyloid formations, and especially those origi-
nating in tube-casts and old extravasations of blooci' (Fig. 14 %),
serve to prove that amyloid substance may arise from a direct meta-
morphosis of the albumen of blood and of epithelium. The prostatic
concretions, when they really are amyloid (and this is not, always
the case), are probably to be regarded as modified cell-products,

A large number of memoirs have dealt with the question of localised
amyloid change. Kvuenr (loc. eit.), LERER (drch. fiir Ophthalm. x1X, XxV),
Hieren (ibid. xxv), voN BECKER (dmyl. degen, tarsi Helsingfors 1876) vefer
to amyloid formations in the oi'cli(l. Frievrerca (Virch. Arch. vols. 9, 10)
and Zaux (ibid. vol. 72) found amyloid bodies in the lung ; LaNeuaNs in

cancer-nodules (ibid. vol. 38) ; Burow (Langenbeck’s Arch. XVIIL) in tumours
of the larynx, &. On prostatic concretions see PAvLizgy ( Virch. Arek. vol. 16),



CHAP. XI[I.] AMYLOID DEGENERATION AND CONCRETIONS, 93

ZieGLER discovered amyloid bodies in syphilitic scars (Vi rol. 65
in a haemorrhagic infm'cz of the lung \Vhi)t;lh had ht:mlcl;l&l .(u‘u'irfl’; : zfll:;:e‘ro})‘f (;.l)l)é
stomach. 2

62. As to the causes and the nature of amyloid degene-
ration, there is little to say that is quite definite or quite certain.
We know of course in what circumstances it is apt to occur,
namely in cachectic conditions of the system. On the other hand,
we do not know to what alterations in normal metabolism the
mo?bld process owes its special character. The forms of cachexia
which lead to extensive amyloid change are in particular tuber-
culosis, syphilis, chronic destructive ostitis or periostitis, chronic
dysentery (cocliac flux), and leukaemia; while the cancerous
cachexia seldom tends to favour it. Amyloid degeneration may
however occur without previous disease. Some of COHNHEIM'S
researches show (Virch. Arch. vol. 54) that the degeneration may
become developed in two to three months.

A.n.zylmd change extending to several organs is a local disorder
conditioned by general causes. The amyloid substance does not

" exist in the blood, yet the material out of which it is developed is

derived from the blood. It would appear that reduced vital activity
of the tissues dependent on general cachexia favours the formation
of the substance. We may perha{))s provisionally picture to ourselves
the formation of this peculiar substance, as due to a combination of
an albuminoid body from the blood with certain components of the
tissues: or we may regard it as a modification of the albumen of
the blood, separating out from the latter in consequence of some
abnormal metabolism in the cachectic patient.

In local amyloid formations, the substances metamorphosed are
partly albumen from the blood (concretions formed in extrava-
sations), partly albumen derived from epithelial cells (tube-casts
and prostatic concretions). In the latter case the special meta-
morphosis is effected, without the co-operation of living tissue, in
albumen which has lain for a time in the tissues without being of
them. Here the conditions must be of a purely local nature.

VircHoW (Cellular Pathology) and Kyver (Virch. dArch. vol. 812 have
compared the amyloid degeneration of tissues to the process of chalky deposit,
and the comparison seems a good one. In both cases we probabl);' have a
tissue whose nutrition is somehow lowered ; a substance brought to the tissue
by the blood ; and an intimate combination between this substance and a
substance pre-existing @ loco. WaGNER (Handbuch d. allgem. Pathologie 1874
p. 417) considers the lardaceous material we have described to be due to a
retrogressive metalmorph_osxs of albuminoids, forming in fact an intermediate
stage between these bodies and fat. DickiNsox argues that it is of the nature
of fibrin (blood-albumen) ‘modified by loss of alkali or gain of acid’ (Trans.
Path. Soc. 1879). ) . .

A statistical analysis of the causes of amyloid degeneration is given by
HexNINGS (Inaug. Diss. Kiel 1880). He makes out that phthisis and suppura~
tion of bone hold the first rank among the aetiological conditions. The spleen
is oftenest diseased ; after that follow in order the kidneys, liver, intestine,
stomach, suprarvenal capsules, Fn,ncrens, lymphatic glands, t )l')roxd gland, aorta,
lungs, ovaries, uterus. Somewhat similar analyses are given by Facen (Trans.
Path. Soc. 1876) and TURNER (ibid. 1879).



CHAPTER XIV.

HYALINE DEGENERATION OF THE FIBROUS TISSUES.

63. Hyaline (or vitreous) degeneration of the fibrous tissues
resembles amyloid degeneration in its superficial appearance as
well as in its seat; but it does not give the special and peculiar
reactions of the amyloid substance. It occurs chiefly in the
adventitious tissue of the arteries. The adventitia becomes trans-
formed into a shining, translucent, strongly-refracting substance,
increasing at the same time in thickness. Water has no effect on
this substance; iodine stains it pale yellow; ether and chloroform
give no reaction. It thus resembles in many respects the colloid
substance. It is specially common in the vessels of the brain and
of the lymphatic glands (WIEGER). Apart from the blood-vessels
a hyaline thickening is also observed in the stroma of tumours, in
inflammatory hyperplasias, especially in those of heredita syphilis
(such as occur i the liver, for example), and in structure?ess mem-
branes like the hyaloid membrane of the eye. As to the nature
of the change nothing is known. Disturbances of the cireulation
(WIEGER), and inflammations of the affected regions, have been
mentioned as exciting causes,

WieGER under the guidance of vox RECKLINGHAUSEN has latel examined
and described the hyaline degeneration of the 1 mphatic glands (Vireh. Arch.
vol. 78). It seems to be very common in these organs. Memoirs on the
hyaline degeneration of the cerebral vessels have been published by Arxpr
( Virch. Arch. vol. 41), NEg1SEN (Arch. d. Heillunde xvir), EpriNgeR ( Viertel-
Jakrsschrift f. pract. Heilk. Prague 1875), LUBIMOFF (dreh. f. Psychiatrie 1874),
and others. The degeneration is found in the central nervous system in
* connexion with various disorders,

Perers has quite recently il’a‘rda. Areh, vol. 87) made a series of researches
in voN RECKLINGHAUSEN'S laboratory on hyaline degeneration, and he
manages to bring under this head all sorts of diverse changes and processes,
Thusie includes under it inflammatory coagulations within and without the
blood-vessels, coagulative necrosis of the epithelia in diphtheritic inflammation,
homogeneous coagulation in exuded fluids, the formation of false membranes,
the mucoid metamorphoses of the epithelial cells of mucous membrane, and

i
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thrombi in lymphatic vessels,—in brief everything that has a hyaline look.
This is a mere uncritical agglomeration of things that have nothing in common.
We may perhaps be unable to distinguish with certainty the exact chemical
and physical processes which lead to the formation of homogeneous masses in
the various tissues and liquids; but this does not justify us in affirming
that no distinction is at all possible.

The case referred to in Art. 59 has great interest, as bearing on the
diserimination of hyaline degeneration in fibrous tissues. It shows that hyaline
change is near akin to amyloid change ; and that in the former as in the
latter an albuminoid ma; deposited in the tissues in the form of solid
lustrous masses. Whether the hyaline degeneration of the vessel-walls,
observed in various conditions, has always the same significance—is as yet
an open question. ! 3

UL and Surrox (Med. chir. Trans. 1872) have described a ‘hyalin-
fibrous’ degeneration of the blood-vessels in connection with chronic renal
Jisease. KLEIN (7rans. Path. Soc. 1877) has described and figured hyaline
changes in the arterioles in typhoid fever and in scarlatina.



CHAPTER XV.

INFILTRATION OF THE TISSUES WITH SALTS

64. Petrification or incrustation is a pro
tion characterised by the deposit in a tissue oIt3 Vac:is:ugfmom'
ultimately from the blood. erived
In by far the greater number of cases the deposi -
carbonates and phosphates of calcium, with a Smaﬁ%sl:n&nsﬁts of
magnesmni salts: 1lt is in fact calcareous or chalk ¥ O e
‘As we know, calcareous deposition takes place ; s -
as a normal physiolo{lcal process. The fbnll)latiox:n 0?1’::;21 ‘l;eoglon_s
always preceded by the deposit of calcareous salts in the mtﬂe o
nous structures first laid down. This deposit takes th Cf agi-
minute granules, which on magnification look like grains zf 3;1; gf
r

irrecular crumbs, and they are seen to lie chiefly i ;
subglance and cell-capsules of the cartilage. Ifcgl):} s t."h(" ﬁnatr_lx-‘
together, they give the part a whitish colour and a hflr:ms e thick
In the same way as under normal conditions, but, i(:oll;lstcncc,
various regions of the body, we may have a bl ldt e most
‘or precipitation of calcarcous salts In the tissues Eepos.mon
shows that the tissues affected are either already Xperience
the case of caseous lymphatic glands, dead Pam,s]-{ese:}l;osed: as m
dead foetuses (lithopaedia)—or have been seriousl rombi, and
their nutrition. This latter is the case in fatty de); stinted in
the tunica media of the arteries, or in fatty degenemﬁognn(}muon of
such as uterine fibroids. The cause of calcareous deposito tumours
local one. The calcium-salts dissolved in the blood are xf ;s thus a
precipitated and retained by the tissue, but they PI‘OCeeg t'(S)Imply
solid compounds ‘E;tlh 1it1hc albuminoids, form
Commencing calcification is not recognisable
When the deposit becomes more dense tﬁ: tissue]g:,}::\med eye.
the same time it often becomes extremely hard and cannot, %e =
with the knife. In other cases it becomes in colour and copg; cut,
more like mortar. nsistence
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Lirrex affirms (Der haemorrhagische Infarct 1879) that calcification de-
pends on a necrotic modification of albumen, possessing a special chemical
affinity for lime-salts. Kyner asserts (Virck. Arch, vol. 81) that the lime-salts
combine with the fatty acids, as well as with the albuminoids.

65. Calcification invades the cells of a tissue as well as the
ground-substance. Thus ganglion-cells (Fig. 15) which have ceased
to live in consequence of some brain-affection may become impreg-
nated with lime-salts. Shining calcareous spherules are formed,
which fill out the contour of the cell and its prolongations.

Fie. 15.

Fi6. 15. CALCIFIED GANGLION-CELLS.
(From the brain of a hemiplegic idiot with unilateral fiydrocephalus)

Fio. 16. CALCIFICATION OF THE TUNICA MEDIA OF THE AORTA.

When an artery is affected, the cells as well as the ground-
substance become calcified. Small shining granules are deposited
in the latter, which at length thickly infiltrate the tissue (Fig. 16).
Simple calcification does not produce any alteration in the apparent
structure. The tissue is petrified as it stands, so to sFegk, without
destruction or transformation of its form and texture. 1t is thus easy
to distinguish histologically between calcification and ossification.

In tissues altered by inflamma-
tion, such as tuberculous lymphatic

lands, fibrous false membranes or
adhesions, as well as in certan tu-
mours of the brain (psammomata),
we find at times so-called chalky
concretions. They are stratified
bodies having an organic basis, in
which lime-saltshave eendeposited.
Fig. 17 represents some of these con-
cretions: @ comes from an omentum

thickened and deformed, and ad-

herent, in consequenoe of chronice Fre. 17. CHALKY CONCRETIONS.
inﬂam;nation' b from & tuberculous @ concretions from an inflamed
)

entum
lymphatic gland. The severallayers ¢ ) phatic gland altered
of t{,le stratified concretion have a by inflammation

uniform shining appearance.
M.

7
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66. In gout we find deposits of urates, chiefly of urate of
sodium, together with carbonates and phosphates. The deposition
is apt to oceur paroxysmally, especially in the metatarso-phalangeal
Joint_of the great toe, but not infrequently in other joints also.
Shining white masses (chalk-stones or tophi) are thus formed in the
ligaments and cartilages of the joints, and even in the bones.
T%ese may also occur in the arteries, endocardinm, skin, and
kidneys. The deposit is usually in the form of needle-like crystals
(RINDFLEISCH), or amorphous granules, It is said that the cells

are the first to exhibit the deposit, the ground-substance being
invaded secondarily (CorNIL and RANVIER).



CHAPTER XVI.

FORMATION OF PIGMENT IN THE TISSUES.

67. The fibrous as well as the epithelial tissues, in certain
regions, contain a normal pigment. It lies within the cells in the
form of yellow, brownish, or black granules; or the cells may seem
more or less uniformly impregnated and stained. Of the pigmented
epithelia the best examples are the deepest layer of the rete
Malpighii, and the retinal epithelium. In the former the granules
are mostly yellow or brown, in the latter they are black (melanin).
When the coloration of the skin is more marked, pigment is found
in the other cellular layers of the rete. Among fibrous tissues the

ia mater, the choroid, the sclerotic, and the cutis are the most
requently pigmented : and brown or yellow granules are likewise
found in the connective-tissue cells of the heart-muscle.

These pigmentations may become more marked under patho-
logical conditions. Thus in Addison’s disease, in the course of a

neral disorder leading to profound cachexia and associated as a
rule with changes in the supra-renal bodies, the normal pigment of
the skin increases and the consequent colour-changes are very
pronounced (cutis aenea or bronzing). So too in atrophic conditions
of the heart, the normal pigment is markedly increased.. In the
voluntary muscles also when they pass into atrophy, yellow pigment
is frequently discoverable.

The highest degree of pathological pigmentation is met with in
morbid new growths, such as tumours (naevi, melano-carcinomata,
melano-sarcomata). The amount of pigment may become so great
that the tissue looks uniformly and intensely black.

The pigment lies usually within the cells of the tissue, less
often in the intercellular substance. In either case, as above
remarked, it may take the form of yellow, brown, or even black
granules; or of diffuse staining of the protoplasm, Of its mode of
formation we know nothing. It is possible that the colouring-
matter is derived from the blood, but we are unable to determine
in what way the derivation is effected,

7—2
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Lavcock (Med. chir. Review 1, 1861) discusses and classifies the various

forms of morbid pigmentation : he gives full references to previous papers on
the subject.

GussexBaUER has lately attempted (Virch. Arch. vol. 632 to refer the
production of melanin in pigmented tumours to a modification of the colouring-
matter of the blood. ¢ thinks the blood-vessels of the tumour become
here and there thrombosed ; the colouring-matter of the blood escapes from
them by diffusion, saturates the tissue, and is ultimately precipitated in

ular form. LaNeHANS (Virch. Arch. vol. 49) had previously sought to

erive the pigment of tumours from cells' containing blood-corpuscles
(Art. 68). ¢

According to KuNkeL (Sitzungsh. der plys. med. Gesell. Wiirsburg 1881),
it is possible to isolate from melanotic tumours a pigment containing iron.
This argues that the pigment is derived from the Llood; but we cannot as

et say by what process it is produced. It is not related to haematin,
vilirubin, or hydrobilirubin, as the spectroscope shows, It seems doubtful
whether the escape of the colouring-matter from the blood-vessels always
occurs in the way described by Gussexsaver., The diffused staining of

individual cells may perhaps suggest that the colouring-matter first infiltrates
the cell, and then breaks up into granules.

6S. Haematogenous pigments are such as are demonstrably
derived from the colouring-matter of the blood. The{ generally
originate in blood which has escaped from the vessels. More rarely
the change to pigment occurs in blood which is still circulating. As
is well-known, the colour-changes recognisable by the eye take
place very quickly in small extravasations as well as large. In the
skin, such extravasations become first brown, then blue, then green,
then yellow. Where small haemorrhages have occurred in the
deeper tissues, such as the peritoneum, pleura, or lungs, we find even
long afterwards brown, or grey, or black spots and patches. Larger
haemorrhages (apoplexies) into the substance of the brain or lun
take on a(%er a time a rusty brown colour; and still later leave
only a dirty yellow or yellowish brown staining. All these colour-
changes correspond to definite chemical and physical transformations
of haemoglobin. . .

Wherever in the tissues or in a cavity of the body a haemorrhage
may have occurred, there ensues a series of changes in the escaped
blood of which the following are the most important.

One part of the blood, including red cells as well as plasma,
may be re-absorbed by the lymphatics and carried off unchanged.

Another portion of the corpuscles may become in a way dissolved ;
their haemoglobin diffuses from them into the surrounding tissues,
and the pale residual stroma breaks up and disappears. It is this
diffused and altered colouring-matter (or haematin) which gives
rise to the colour-changes in cutancous extravasations, as it passes
through various transformations. The transformed pigments (which
are similar to the biliary colouring-matters) are partially re-absorbed
and at length excreted in the urine (urobilinuria): another part
crystallises in the tissues, and forms the orange or ruby-red
rhombic tablets and needles known as haematoidin-crystals (Fig,
18 B). These are very frequently found as the residue of old

-
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haemorrhages, such as occur in the brain: they may remain a long
time in the tissues without change.

A third portion of the corpuscles shrink up or erumble down
into brown granular masses. This is especially the case in the large
extravasations forming so-called haematomata. These masses be-
come in part transformed into brown amorphous pigment. This
lies free in the tissues, and often becomes darker in colour with age.

o
- D

;.@x;fz

Fra. 18. (x 500).
4 CELLS CONTAINING RED BLOOD-CORPUSCLES: in a the fragments are few but large,
in b and ¢ they are numerous and minute
B RHOMBIC TADLETS AND NEEDLES OF HAEMATOIDIN

A fourth and that the greater portion of the corpuscles and the
products of their disintegration is taken up by leucocytes (Art.
114), which gather in large numbers round the seat of extrava-
sation and even penetrate into it. The cells become in this
way corpuscle- an piﬁment-carriers (Fig. 18 A a and b). The
transformation of the haematin into brown pigment is completed
within these cells, the corpuscles breaking up into minute granules
(Fig. 18 A b and ¢). The pigment may be set free again by the
disintegration of the carrier-cells. Probably the cells have also the
power of eliminating it, without themselves perishin%.

These various modes of transformation of the blood-corpuscles
very frequently go on at the same time in the same extravasation..
Their ultimate result is, in the first instance, a local discoloration,
due to pigment partly amorphous and partly erystalline in character.
Secondary pigmentation of remote organs such as the lymphatic
glands, the spleen, and the liver, may follow upon this, owing to
absorption of the pigment by the lymphatics.

The formation of i%:nent in blood which is actually circulatin
is not carried beyond the first stage (the breaking up of the re
corpuscles) within the vessels (Arts. 262 and 268): the completion
of the process is effected outside the vessels. The pigments just
described are only in part organic derivatives of the colouring-
matter of the blood (like haematin and haematoidin). A con-
siderable part is composed of an inorganic iron-compound ; namely,
the hydrated sesquioxide (KUNKEL). This is especially the case
in large extravasations, where the haemoglobin is decomposed on
the &pot. The contained iron being thereupon set free in the form
of oxide, remains where it is and forms yellow or brownish flakes.
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It may be of use to mention that kaemoglobin is the unchanged colouring-
matter of the blood as it exists in the living corpuscles. Haematin is the
coloured constituent obtained when haemoglobin is decomposed (e.g. by
boiling) ; the other constituent being a proteid body. Haematoidin is formed
when the decomposition is carried still further; it is identical with bilirubin
(see GaMGER, Physiol. Chen. 1, 2).

The first exact researches into the nature of the blood-pigments were
made by Vircuow (Virck. Arckh. vols. 1, 2, 4 and 6, and C'eIluyar Pathology).
He sought to show that haematoidin is to be regarded as the typical final
resultant of the transformations of haemoglobin within the human body. He
assumed that the haemoglobin escaped into the tissues unchanged, and was then
by a secondary process transformed into granules and crystals, either within
or without the cells. LaNcuaxs (Virch. Areh. vol. 49), on the other hand,
maintained that the transformation of the red corpuscles into pigment could
only take place inside the carrier-cells. Corpua (Ueber den Resorptionsmecha-
nismus von Blutergiissen Berlin 1877) has convinced himself by his investiga-
tions that the formation of pigment from haemoglobin may tai'e place partly
outside the carrier-cells, partly within them, ZiecLER’s Tesearches, carried
out upon specimens from dead bodies and upon extravasations experimentally
produced, lead him to agree with Vircaow and CorpuA. 3

PeRLS pointed out (Virch. Arch. vol. 39) that the haematogenous pigments
all yield %he reaction of ferric oxide when treated with ferrocyanide of
potassium and hydrochloric acid. Even when the pigment has become black
it still exhibits the reaction. Ku~NkEL was the first to show (Virch Arch.
vol. 81 and Zeitschr. f. phys. Chemie 1v, v) that the brownish red flakes
found in old extravasations are not always composed of haematoidin. Some-
times these flakes contain no organic colouring-matter at all, but consist
entirely of hydrated ferric oxide. The urobilin (hydrobilirubin), which
appears in the urine when free absorption of Jarge extravasations takes place,
is derived either directly from haemoglobin, or from haematoidin. Further
details on the disintegration of the blood under normal and tl))‘::t,holo[,ru:al
conditions, and the pigmentations connected therewith, are to found in
the Special Pathological Anatomy Arts. 262 and 268. )

A distinction must be made between the true slate-coloured igmentation
of the tissues dependent on certain blood-pigments, and the slaty discolorations
seen in corpses (pseudo-melanosis), chiefly in the intestinal canal and its
neighbourhood. These discolorations, usuu_.lly in the form of indefinite and
diffused grey patches, are due to the formation of ferrous sulphide : combina-
tion takes place between the iron of the haemoglobin present and the
sulphurethf hydrogen evolved in commencing decomposition.

69. Biliary pigmentations. If the excretion of bile be in
any way hindered, it passes over into the general circulation, and
biliary pigments are thus carried to the various organs. The
yellow staining of the tissues so brought about is called icterus
or jaundice. When jaundice persists for some time the tint
becomes olive-green or dirty greyish green. The bile in the tissues
is usually diffused through them indefinitely ; more rarely granules
and ruby-red crystals occur. ‘Crystals are chiefly found in the
tissues in the so-called icterus neonatorum, or jaundice appearing
within a few days of birth. These crystals take the form of ruby-
red rhombic tablets, and are composed of bilirubin; they are
identical with haematoidin-crystals, In the jaundice of adults
crystals are seldom found: generally the pigment is more granular,
and yellow or brown, This is especially the case when it occurs in
the cells of the liver, and in the uriniferous tubules. In addition

to the hepatogenous jaundice which depends on re-absorption of

o
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bile, there is said to occur also a_haematogenous form resulting
from a dlgmtegmtlon of blood within the blood-vessels: this is
however disputed by many observers.

The hypothesis of a haemntogenous Jaundice was based on certain experi-
mental phenomena by Kouse (Virch. Adrch. vol. 14). He injected dog’s blood,
in which the corpuscles had becomed dissolved, into the vessels and then
found bile-pigments in the urine. KUNKEL (Virck. drch. vol. 79) questions
the decisiveness of these experiments. Since bile-pigments are formed in the
liver by the disinte%mtion of red corpuscles, the process of pigment-formation
would be intensified by K¢uxe's injections, and the surplus bile produced
might in part pass into the blood again. ORrrH has a paper (Virch. Arch. vol.
63) on the deposition of bilirubin-crystals in the jaundice of infants,

The most various theories have been started from time to time to account
for icterus neonatorum. BIRcH-HIRSCHFELD has recently ( Virch. drch. vol. 87)
tzeated the question afresh. He maintains that the benign form of jaundice (7.e.
jaundice not depending on seestic infection or profound anatomical change in
the liver) is the result of cedema of the capsule of Glisson. This oedema
arises in consequence of venous engorgement in the region of the remnant of
the umbilical vein and vena portae. This explanation seems somewhat far-
fetched. May not the jaundice simply depend on an over-great resorption of
bile from the meconium?

70. Pigmentation of the tissues by extraneous substances.
Any substance optically distinguishable from a tissue, which be-
comes in any way incorporated with it and remains for a time
unchanged, may give rise to a special coloration of the tissue. The
number of such substances is of course large, and the manner of
their incorporation various. The commonest avenues of entrance
are surface-wounds, the air-passages, and the alimentary canal.

The most familiar instance of wound-staining is tatooing,
common among civilised peoples as well as among savages. The
way in which the coloured tatoo-marks are produced is this:—
the skin is first wounded by scratches or punctures, and then
insoluble granular colouring-matters such as charcoal, cinnabar, &e.
are well rubbed in. Where the skin is broken the coloured particles
penetrate and infiltrate the cutaneous tissues. One part remains
where it is, so that the skin continues permanently pigmented:
another part is carried off to the lymphatic glands, which also
become pigmented.

The lungs and their lymphatic glands may become very deeply
pigmented by the long-continued inhalation of foreign matters, such
as coal-dust, soot, particles of iron or rust, &. In consequence of
prolonged inhalation of coal-dust, for example, the lung-tissue may
become perfectly black (miner’s lung).

Among the pigmentations arising from matters taken up in the
alimentary canal, we must mention the so-called argyrism (ary yria).
This is a staining of the tissues consequent upon long-contmued
internal use of salts of silver. The skin in such cases may assume
an intense brownish grey colour; and the internal organs may
also be more or less discoloured. The silver is deposited as fine
granules in the ground-substance of the different tissues.



CHAPTER XVII .

THE FORMATION OF CYSTS.

71. A cyst is an excavation bounded by an envelope of fibrous
tissue or other more complex structure, and enclosing contents
distinguishable from the envelope. According to its mode of
origin the inner surface of the envelope may be lined with epithe-
lium or with endothelium. by _

Epithelial cysts arise by the dilatation of pre-existing epithelial
cavities, The commonest instance of this is the glandular cyst,
which ensues upon closure of the %land-duct. The secretion collects
behind the obstruction, and the gland dilates to a cyst filled with
altered secretion. Cysts of retention, as these are called, are
chiefly met with in the uterus, intestine, mamma, kidney, and skin.

In the case of ductless organs, like the Graafian follicles and
the thyroid, dilatation of the cavities ensues whenever the secretion
is morbidly increased. Cysts may also be formed in glandular
structures occurring in morbid new growths. Various canals more-
over, which are normally clothed with epithelium, may in con-
sequence of obstruction and local dilatation develope into epithelial
cysts. Such canals are, for example, the bile-duct, congenital
cervical fistulae, the vermiform appendix, and the ureter.

Endothelial cysts arise primarily by dilatation of re-existing
cavities in the connective tissues, such as bursae, tendon-sheaths,
obstructed lymphatics, &e. In other cases they are owing to the
collection of fluid in new-formed or false membranes. The contents
of these cysts vary with their mode of origin, but consist generally
of mere lymph. a%hese might also be described as cysts of retention,
in a special sense of the term ; they are really exudation-cysts,

The cavities which are formed in the substance of a solid organ
by softening and disintegration of a defined region are very fre-
quently described as cysts. Such eysts occur, fqr example, in the
brain, and they usually contain semi-liquid detritus of the brain-
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substance. Similar cavities arising in tumours by the same process
are also called cysts. In order to emphasise the difference between
such cysts and cysts of retention, the former may be spoken of as
cysts of disintegration.

Lastly, a species of cyst may be formed around a foreign body
which has become lodgcgE in the tissues; round a parasite like a
hydatid, for example (Art. 245). It is the result of a new tissue-
formation in the neighbourhood of the foreign body.

The student should consult the admirable lectures on Cysts in PacEer’s
Surgical Pathology ; they contain many references of value.

Mo the varietios in the text we might add—cysts of extravasation,
or blood-cysts, resulting from haemorrhage into closed cavities (e.g. haematoma,
haematocele): and dermoid cysts, which are congenital (Art. 178). The
Tarious ne?ﬁilastic cysts or cystoid tumours will be referred to under their

roper headings in Section VI.; and, so far as they affect particular organs,
in the Special Pathological Anatomy.



SECTION IV.

PROGRESSIVE OR FORMATIVE
DISTURBANCES OF NUTRITION.



CHAPTER XVIIL

THE CELLULAR PROCESSES CONCERNED IN HYPER-
TROPHY, HYPERPLASIA, AND REGENERATION.

72. In treating of the malformations, we had occasion to
speak of excessive development of the organism as a whole, and
of its constituent parts—of over-size and over-growth. When a

tissue manifests an abnormal tendency to overgrowth, it is said to
hypertrophy. This term tacitly implies that the structure of
to correspond with that of the

the overgrown tissue continues
normal. ; : .
The overgrowth first described implies an excessive develop-

in the embryonic stage of existence:

ment of the organism, or organ, i

Such forms ofgggergm\ﬁ.hr%::m however but a part of the class of

tissue-changes described as hypertrophies. In adult life, as

infancy, certain organs are VEIy apt to h);ﬁert.rophy, that is to

increase abnormally in size while preserving their normal structure.
ith in the voluntary muscles,

Such hypertrophies are to be met wi
the heart-muscle, the unstriped muscles of the alimentary canal,
bladder, and ureters, in the kidneys, thyroid gland, skin, &e.
The increased size of a hypertrophied organ depends on two
factors. The several elements of the organ may increase in size, Or
they may increase in number. With VIRCHOW we may distinguish
between simple hypertrophy, . e. clementary overgrowth in the
stricter sense of the term, and numerical hypertrophy Or
hyperplasia, 7. ¢. an increase in the number of constituent cells or
collular structures in the organ or tissue. Thus a muscle may very
eatly increase in bulk by mere increase in size of each fibre of it;
while the number of fibres remains the same. Of course hyper-
trophy and hyperplasia may go hand in hand in the same tissue;
indeed it is hard to conceive of a hyperplasia which has not been
preceded by a hypertrophy, at least of some of the cells.
When an increase in the number of cellular elements occurs ab
a part where tissue has already been destroyed by some retl‘oﬁcss“'e
process, we speak of it as regeneration. “ye assume thab the
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formation of new tissue does not go on beyond the normal limit,
but suffices merely to replace what has been lost,

73. Hypertrophy, hyperplasia, and regeneration are dependent
ultimately upon certain cellular processes. The formation of new
tissue can only take place through the agency of the cells. The
intercellular substance, unaided by the cells themselves, has no
power or potency to groducc new tissue. The cells which go to
form new tissue arise by subdivision from pre-existing cells, New
cells are never generated from plastic exudations, as was formerly
supposed. :

Hypertrophy, i. e. increased size of a cell, is in general consistent
with the maintenance of the properties of the cell. The formative
process which results in hypertrophy is confined to the addition of*
new constituents similar in kin(! to those already present; the cell
simply grows. 'We know but little of the structural changes which
this growth involves. It is however sometimes noticed that the
cell-protoplasm becomes more granular; or that the granulation
alters as its amount increases: the nucleus also changes more or
less its a.ppemiagce.

Our knowledge concerning the process of cell-multinlioat]
proliferation (as it is called, thougph the term is nolizl:t),1 )l;;a;;rogx’lg
1B Inare AN, Bes'earc}.les, most of them very recent, have
shown that multiplication is attended by peculiar changes in the
structure of the cell and of its nucleus, which affect the ﬁisposition
of their several constituents. Movements within the nucleus are
usually the first sign that cell-division is about to take place.
These issue in subdivision of the nuclens, Then sooner or later

the protoplasm as a whole is set in . A r
complete subdivision of the cell its,elf.motlon, and this ends in the

74. The fully-developed nucleus of a is
but possesses a very peculiar s;tructure.ce l}I‘i:isn Oig ]::(l)c‘zgglgentimll;
made out, by appropriate handling, under the higher owergr of the
microscope. A resting nucleus, i.e. one which is not gbout to sub
divide, consists of an external capsule or membrane (FLE\u?INc;
lfi;.-c{:.. Arch. vol. 77), and certain contents, The latter are
divisible into a denser hig}}ly-reﬁagtive nuclear substance, and a
rarer colourless nuclear juice, or intermediate substance. The
nuclear substance contains—first, certain nucleoli or nucleol;tr cor-
puscles, and secondly, scattered granules and filaments, Frequent]
the filameuts are aggregated into a framework or network (%‘ig. 15
a), which may be brought out very distinctly by proper reagents,

When the cell i§ about to subdivide the nuclear network under-
goes a series of typical changes of form, ending in the division of
the nucleus into two equal portions,

According to FLEMMING, the first stage of nucleus-division is
the solution and disappearance of the nucleoli; while the nuclear
substance takes the form of a ravelled coil of sinuous filaments

A
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(Fig. 19 b): this is the ‘coil-form’ of the mother-nucleus. The
nuclear membrane itself secems to break up and furnish filaments

o —
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Fro. 19. INpmEcT CELL-DIVISION (from FLEMMING: diagrammatic)
a cell with resting nucleus
i coil-form of mother-nucleus .
¢ wreath-form showing the central and peripheral loops, some of them broken
throngh . ay
d star-form with free rays, showing the filaments in the act of splitting
¢ fine-rayed star-form .
7 nucleus with equatorial plate; division into polar segments .
g half-barrel or half-spindle form; the points in the middle are STRASBURGER'S
h tequ;_;borinlf«:lell-plllnm el i wreath-form
star-form o -nueleus i -
k coil-form pass 1 resting nucleus with network

to the coil. From this stage onwards the nuclear fi alone
takes up the staining reagent (hence the nuclear substance 1s
sometimes spoken of as chromatin). ;
The filaments then become thicker and the coil looser; its
continuity is broken here and there, and at length it passes into
the ‘wreath-form’ (¢). In this the filaments are arranged in a
loose series of central and Ek:iriphera.l loopings, the centre of the
figure being unoccupied. m this is fashioned a ‘ star-form,’ or
aster (d), with free double rays, the peripheral loops of the wreath-
form dividing at their ends. The double rays next divide longi-
tudinally, and the whole star-form contracts. = The filaments of the
single-rayed star (¢) thus formed next gather into an e uatorial
oup, which soon divides into two equal polar segments ( jq). This
gi.vismn is effected by the development of a transparent equatorial
late (g) often studded with fine points (Strassurcrr’s cell-plate):
R‘he two segments, which are the rudiments of the daughter-nuclel,
move asunder towards opposite poles and form the hiﬁf'bam’l e
‘half-spindle’ figure (EBERTH'S and Ma1zgr/s ‘creel-form, or ‘basket-
form’). The half-spindle form of the daughter-nucleus passes into a
star-form (h), and this into & wreath-form (i) by the fusion of the
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ray-ends. The wreath-form shrinks and its filaments become more
ravelled, till at length it takes the coil-form (k). This becomes
looser and more regular, and so finally the daughter-nucleus fashions
itself a nuclear network (), and passes into the resting state
corresponding to the resting state of the mother-nucleus.

In the stage of the star-form and the wreath-form of the daughter-
nucleus, constriction of the cell-}}rotop]asm commences (i), and ends
with the completion of the coil-form (k). During the active stages
of the subdividing process the nuclear juice or intermediate
substance does not stain, though it stains in the resting state,
During subdivision the nucleus is surrounded by a clear areola;
The whole process takes place rapidly: it ends with the complete
constriction and severance of the cell-protoplasm. The above modg
of subdivision is called indirect or karyokinetic (xapvor, a kernel).

According to a recent communication of FLEMING'S (dreh. £ mikrosk. Anat.
xx), the intermediate substance of the nucleus contains (in stained prepara-
tions, and presumably also in the living state) a delicate prolog&.,r:gtmn or con-
tinuation of the nuclear network. The fine granulation observed in the inter-
mediate substance with lower magnifying powers is reall'gh but an optical
section of the meshes and filaments of the finer network. e nuclear mem-
brane is merely the peripheral expansion of the nuclear network.

Most important a.n& valuable researches on the changes in cells and
nuclei during subdivision have been made by Fresixe (dreh. f. milrosk,
Anat. xvi—xx) and STRASBURGER (Zellbildung und Zellthelung Jena 1880),
The former has worked upon animal cells, the latter upon vegetable cells,
STRASBURGER’S description of the process of nucleus-division is not quite the
same as Fueanuxa’s. He distin'guishes a nuclear substance (chromatin), and
a nuclear juice (achromatin). he capsule or nuclear membrane, as well as
the granules, network, and nucleoli which lie in the interior, belong to the
nuclear substance. When the nucleus sets about subdividing, its granulation
becomes coarser, and the granules run together into convoluted filaments ; the
nucleolar corpuscles and capsule also take part in forming the filaments. These
filaments have the power of stretching or streaming out into the cell-
Erotoplnsm. Then follows an elongation of the nuecleus and, at the same

ime, of the filaments, so that the whole assumes a spindle-like shape, and
two poles become distinguishable. The filaments shrink up towards the
equator, and so form the nuclear disc, the entire nuclear substance going to
make it. From this account it appears that the nuclear disc consists entirely
of shortened rodlets or filaments. On both sides of this equatorial disc appear
slender striae or filaments, the so-called spindle-filaments, and these together
with the nuclear disc make up a secondary spindle-form of which the disc
constitutes the equatorial zone. The spimlle—ﬁinments converge at the poles,
or end freely. The material of which they are made is furnished by the
cell-protoplasm. They are not taken up by the nuclear substance ; indeed
they are eliminated again as the subdivision proceeds. The daughter-nuclei
originate in the nuclear disc. This parts asunder at the equator, and the
two halves draw apart towards the poles. These halves become the daughter.
nuclei : they are still connected by a few fine spindle-filaments. A row of
granules now makes its appearance in the equatorial plane; this is the cell-
plate, and in this the new cell-wall is formed. Protoplasm appears on each
side of it, in which the spindle-filaments are merged—and thus the process of
division is completed. )

STRASBURGER’S account of cell-division in the vegetable kingdom woulq

seem to indicate that a certain difference exists between that and the anima]
kingdom. FLEMMING however has shown in a recent paper that the physica]
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processes involved in karyokinetic subdivision are in all cases essentially the
same, at least in so far as they are to be made out optically. He thinks the
apparent differences are not so great as STRASBURGER conceives them to be.

It is of great interest to note the fact established by Frearye—that in
the segmentation of the ovum the process of nucleus-division follows through-
out that which we have described as the karyokinetic mode (BALFOUR, Comp.
Em'li‘r ology 1, 3).

is mode of nucleus-division has often been observed and described as
occurring in pathological proliferations. The chief memoirs are by EBerrH
(Virck. Arch. vol. 67), Arxorp ( Virch. Arch. vols. 77, 78), FLexmInNG (loc. ¢it.),
MARTIN (Virch. Arch. vol. 86), Drascu ( Wiener Sitzungsber. 1881), KrLEIN
(Quart. Journ. Micr. Seience 1878 and 1879). PRIESTLEY gives a summary of
the early researches in Q. Journ. M. S. 1876 ; CUNNINGHAM reviews the more
recent ones in the same journal, Jan. 1882,

75. These structural changes in the nuclens point unmistake-
ably to the energetic internal motions which affect its molecules in
the process of growth. Our knowledge of the molecular changes
in the cell-protoplasm is unfortunately more meagre and incom-
plete. Here however it is also possible to make out by proper
means—that the protoplasm assumes a special structure, and that
various movements and transmutations of form occur amongst its
component elements. Thus in certain cases nucleus-division is
accompanied by lively rotary movements in the protoplasm. Such
transformations and transpositions explain certain phenomena which
are frequently observed —for example, the formation of a transparent
areola round the subdividing nucleus, of radiating lines of granules
making up the so-called ‘karyolytic’ figure, &. Such radiating
lines of granules have especially been seen in the process of impreg-
nation of the ovum. They occur in the neighbourhood of the male
and female pronuclei, and have been describe% as the aster (BALFOUR,
Comp. Embryology vol. 1, ch. 3). FLEMMING, as well as STRASBURGER,
assigns to the cell-protoplasm an essential part in the process of
subdivision. STRASBURGER even asserts that 1t is the penetration of
the protoplasm into the nucleus which calls forth a reciprocal activity
in the latter, and so gives it an impulse towards subdivision.
Whether this be true or not we cannot at present decide, inasmuch
as no penetration of the protoplasm into the nucleus has ever been
directly observed. The ordering of the granules into radiate figures,
like the other movements of the protoplasm hitherto observed, takes
place as a rule simultaneously with the process of nucleus-division. In
some cases however it may precede,in others it maysucceed, the latter.
Thus, according to GRUBER (Zool. Anzeiger 1880) the infusorian
Euglypha alveolata first gives rise to a daughter-cell, then the
nucleus becomes subdivided and migrates into the daughtqr-cell;
while at the same time active movements become visible in the
cell-protoplasm. S

A special form of cell-division is that which takes place after an
antecedent conjugation. It is common among the infusorians.

In order to make out the nuclear figures, the cell must be exnmi}led eftl_lel'
in the living state or after treatment while still living with a rap!dlysflxmg

M,
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solution. If this is not done the process of subdivision is completed as the
cell gradually dies. There is no general rule of proceeding which will apply
to the examination of all cells,

76. The indirect process of cell-division just described will
serve as a pattern of the processes which occur i pathological cell-
formation. No satisfactory demonstration has been given of the
theory that cell-division mn{ occur in another way, namely by
direct constriction of the cell without interior structural change.
Nor has it been certainly established that a nucleus or cell can
arise de novo out of an indifferent blastema (or homogeneous
matrix), at any rate within the domain of pathological cell-forma-
tion. VIrcHOW'S aphorism “ Omnis cellule e celluld” is, in this
domain at least, most fully and completely confirmed.

But though we maintain that, so far as we know, cell-divisicn
is always indirect, never direct, we do not imply that every cell-
division proceeds exactly according to the scheme we have indi-
cated. On the contrary, the examination of different specimens
shows that the form and construction of the nuclear figures are by
no means always the same: deviations within certain limits may
oceur.

But while the figures formed by the nuclear filaments may differ
considerably, the principle and plan of the process is fundamentally
the same. BEven the simultaneous formation and development of
three or four daughter-nuclei is but a modification of the general

roCess.
& The subdivision of the cell-protoplasm usually follows immedi-
ately upon the division of the nucleus; but the connexion of the
two processes is by no means inevitable. Not infrequently the
nucleus subdivides while the cell does not. The result is the
formation of binucleated, or finally of multinucleated cells, the so-
called giant-cells. These giant-cells may afterwards break up
into uninucleated cells, the protoplasm gathering itself around the
several nuclei and dividing along the boundaries of the regions so
defined. Sometimes this happens ina peculiar way. The protoplasm
of the daughter-cell separates from that of the mother-cell, but in
such wise that it remains surrounded by the latter on all sides:
the one cell includes the other. VIRcHOW has called such cells
brood-cells. They do not occur frequently. They have been
thought commoner than they really are—masmuch as leucocytes
which have penetrated into a large ordinary cell have been taken
for a brood of daughter-cells. The process of cell-division takes a
seculiar form also in the formation of cell-buds, or gemmation,
The mother-cell shoots out a longer or shorter process; this then
receives a nucleus ; and lastly divides off from tl}e parent (gce under
New Blood-vessels Art. 86). The peculiarity 1s chiefly in this—
that the movements of the protoplasm (c\(idenced by the protrusion
of the bud) precede the nucleus-division, The new nucleus,
derived as in all other cases by subdivision from the mother-
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nucleus, migrates into the bud after it is already marked off from
the parent.

Until quite lately the process of nucleus-division was described (after
REMAK) somewhat in this fashion :—The nucleus lengthens out, becomes
indented and constricted in the middle, and at last divides (compare RiNp-

FLEISCH, Pathological Histology, vol. 1, p. 71 ; Corxin and Raxvier, Manual
of Path. Ifist. vol. 1, pp. 9, 83). The constricted bean-shaped nuclei found in

some preparations were regarded as in the preliminary stages of subdivision ;
and the multiplication of the nucleoli was regarded as the first step in the
actual 5roccss. This view must now be given up. The various shapes of the
nuclei depend partly on actual contractions, partly on shrinkage during the
hardening process. Increased size of the nucleus may perhaps have a relation
to its imminent subdivision : the mere multiplication of its nucleoli has

certainly no such relation.
The older theories of direct nucleus-division have been discredited by the

latest researches ; so also have the still older views concerning the formation
de novo of cells and nuclei. (See STRASBURGER op. cit., where full references

to the literature of this subject are given.)
The question whether or not the white blood-cells subdivide is as yet

unsettled. Indirect nucleus-division has not been observed in them. See
K, Centralb, med. Wiss. 1869, Q. Journ. Mic. Sc. 1875 and Handb. of Plys.

Lab, ; RANVIER, Traitd technigue d'kistologie p. 161,
On ‘endogenous gemmation,” by which brood-cells are produced, see

Vircuow, Cellular Pathology; and KumiN, Wiener Sitzungsber. 1871 and
Anatomy of Lymphatic System vol. 1 London 1875,

77. The formation of new cells is the first step towards
hyperplasia as well as towards regemeration. They yield the
formative tissue out of which the definitive structures are (?eveloped.
As the processes of cell-division in pathological new-formations are
closely analogous with those of normal multiplication, so also do the
succeeding formative processes run parallel with those of normal
growth. If epithelium or fibrous tissue is to be fashioned out of
the indifferent tissue which results from cell-division, the process

of transformation is exactly the same as occurs in the normal
development of the organism from embryonic tissue.

So far as investigation in this region has yet extended, we find
the law of the specific nature of the tissues to be everywhere
obeyed. The cell-progeny of the embryonic cells which went to
form any given layer of the blastoderm can §o to build up such
tissues only as are normally derived from that layer. An epithelial
cell can in no possible circumstances form bone or cartilage: a
connective-tissue corpuscle cannot bring forth an epithelial cell or
a gland-cell. This law has frequently been called in question: the
specific distinction between the various tissues was formerly not
recognised or not accepted. Thus Virchow, to whom we owe
the fundamental princip]es qf ce!lular pathology as regards new-
formations, held that connective tissue might serve for the matrix
of the most various structures. This view is no longer tenable :
observed facts constrain us to believe that a tissue cannot give rise

t0 new tissue other than of its own kind or kindred.
Epithelial tissues are, generally speaking, built up by the
8—2
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cementing together of formative cells in a way which is character-
istic of epithelium everywhere: the cells are in juxtaposition, the
intercellular cementing substance is subordinate. In fibrous tissue
on the other hand, the intercellular material derived from the cells
is the chief constituent, and gives to the tissue its characteristic
properties.

78. A morbid growth is the product of various factors. If
a cell is to grow and multiply it must first be éndowed with the
faculties necessary to growth and reproduction. In other words it
must have the power to take up from the blood a greater quantity
of nutriment, to assimilate this, and apply it to the formation of
new protoplasm. This property of the cell ViRcHOW has called
the nutritive and formative excitability (Irritabilitdt): a terw
which implies that it is some stimulus or excitation from without
which stirs up the cell to increased assimilation.

We must therefore begin by enquiring of what kind the stimuli
must be that can thus excite the cell to intenser activity.

When, in embryonic development, a part or organ grows to
an abnormal size and thus becomes so to speak gigantic, we
may refer the phenomenon to several possible originating causes.
The primary rudiment of the part may have been unusuaﬁy large :
the embryonic cells may have been endowed with an abnormal
share of vital energy: they may have had specially favourable
chances of nutrition: the resistances to proliferation may have
been abnormally slight. It is not in general an easy task to
decide which of these factors has in a given case determined the
result. It is of course always possible that several factors have
been working together.

In the hypertrophies of later life (including the hyperplasias
and regenerations), which are demonstrably conditioned from
without, and so do not depend on pre-existing or embryonic factors,
the question of aetiology is so far simplified. We must direct our
attention to the other possible factors, namely increased vital
energy, increased supply of nutriment, or diminished resistance
to growth. It is however not to be forgotten—that the cause of the
increased activity of the cell may be of the nature of a stimulus
from without, which acting directly upon the cell excites it to more
intense productiveness, We may assert then in general terms
that, when the nutritive and formative activities of a cell are
morbidly increased, the effect is due to augmentation of the
physiological stimuli or diminution of the physiological resistances
to growth, or to the direct influence of external stimuli.

79. Experience has shown that many tissue-cells, even when
they seem, by t}'“?l.r plose connexion with their neighbours, to be as
it, were firmly built into the tissue of which they form a part, still
retain for a time the power of growth and subdivision, or in other
words, of multiplication. This is especially the case with cells whose
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protoplasm has not undergone a.niy serious metamorphosis. As to
the conditions governing such multiplication, experience alone can -
inform us.

Many observers (STRICKER, BOETTCHER, NEUMANN, &e.) assert
that extrinsic stimuli, that is to say physically or chemically active
substances, have the power of exciting the cell to proliferate.
Thus caustics and the actual cautery applied to tissues are said
to induce in them cell-multiplication by direct action. There seems
to be no certain observation which either establishes or confirms the
assertion. Researches made in this direction have shown that
the action of such external agencies is in the first instance
destructive: that in caustic corrosion, for example, not only does
the tissue which is directly attacked perish, but that in its
neighbourhood undergoes secondary degeneration as well. It has
furthermore been uniformly observed that formative changes do
not begin to appear until a certain time after the injury; it is
therefore very unlikely that they are directly brought about by it.
Lastly, they do not commence at the injured spot, but in its
neighbourhood. ;

rom these considerations it appears that the proposition, often
enunciated as if it were self-evident,—The stronger the external
stimulus, the greater the proliferation’—cannot be accepted as
true. We can at most admit that very slight stimuli, sufficient
merely to excite the cell without injuring it, may perhaps call into
play its power of multiplication: but nothing has been experi-
mentally established concerning the nature, the action, or the mode
of application, of such stimuli.

The researches on the reaction of cells to external stimuli have been
made chiefly with the view of determining the source of the migratory cells in
inflammation (Art. 99). StriCKER and his Rupils affirm that the stimulus of
- inflammation excites the affected cells to rapid multiplication. The tissue-cells

and their appendages swell up (it is said) under this excitation, and subdivide
into new cells and non-nucleated lumps of protoplasm (SrrRICKER'S Vorles.
iiber allg. Pathol. Vienna 1878 ; and Pathology of Inflam., Internat. Encyclop.
of Surgery vol. 1. 1882). CouxHEIM (Lekrb. d. allg. Pathol.), KEy, RETZIUS,
BERTH, and others have failed to make out any such consequence of

inflammatory irritation. "
Even if the meaning of the word stimulus be extended to include any

mechanical or chemical agency which can influence the cell, we cannot adduce
any undoubted observation serving to establish STrRickER'S view.

80. If then it be true that external injurious agencies are not
competent to induce multiplication in cells, we must have recourse
to t{:; normal vital stimuli if we are to explain the process of
pathological cell-growth. For the due growth and multiplication
of a cell certain external conditions must be fulfilled. Above all it
is necessary to provide for a certain degree of warmth, and a certain
modicum of proper nutritive material. In addition to this there
must be no obstacle in the way of multiplication. These are the
external requirements. The iternal condition is the inherent
faculty of the cell to assimilate the nutriment offered to it.
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In a tissue not undergoing transformation, the factors favouring
roliferation and those which inhibit it must be in a state of
alance. If this balance be disturbed toward the side of the

proliferous forces, the cells proceed to grow and to multiply. The
factors in question resolve themselves on analysis into three.

In the first place, it is conceivable that the capacity of the cell
to assimilate nutriment may be increased. Such increase can only
be conditioned by an increase in the normal stimuli required for
the preservation of the cell. Such stimuli are warmth, for many
cells light, for the muscles motor impulses, for glands special
excitations from the nervous system, &e. Increased stimulation of
this kind may as a fact lead not only to intensified functional
metabolism in the tissue concerned, but even to hypertrophy of
its elements. Such hypertrophies, which we may call functional
hypertrophies or hypertrophies of action, are specially common
and remarkable in muscles and glands (heart-muscles, bladder-
muscles, kidneys, &c.). As we have said, they are referable in
part at least to increased vital activity im the cells, consequent
upon increased physiclogical stimulation.

A second possible factor is increase in the supply of nutriment,
This plays a chief part in hyperplastic processes, at any rate.

A third is the removal of the normal checks to growth. Ttg
effect is most evident in the processes described as regenerative,

If we attempt in particular cases to make out to which of these
factors cell-multiplication is due, we are led to see that it is rare
for any one factor alone to be the efficient cause. The remarkable
regulating mechanism of the vessels is so adjusted, that when the
function of a tissue is increased its blood-supply is increased to
correspond. In like manner when the smallest, fra(%ment of tissue
is removed, the slight loosening of the surrounding texture is
enough to augment the stream of transudation from the vessels,
In consequence of these adjustments, increased supply of nutriment,
plays a great part in all the formative disturbances of nutrition.

CouxuEn, in his Allgemeine Pathologie, has insisted on the importance of
increased supply of nutriment even more strongly than we have done,
According to his view it is the sole influential factor, compared with which
the intrinsic activity of the cell is quite secondary. We are unwilling to
condemn the cell to play so passive a part, but rather agree with VircHow,
who (Cellular Pathology) lays it down that—‘the cell is not nourished, but
nourishes itself’ Functional hypertrophy is therefore not to be looked upon
as the mere consequence of the increased bkxxl-suppl{ to the active organ,
If the assimilative activity of the cells were not augmented, the mere presence
of a greater supply of nutriment would be valueless. See Sayuri's Alg,
Path. 1879 ; PAGET's Surgical Pathology Lect. 3.

81. Weshall more readily comprehend the activity of the tissue-
cells, 7.e. their behaviour under various conditions, q,nd the changes
they pass through—now at rest, and now manifesting intense
formative energy—if we consider first the vital manifestations
of an organism that is unicellular. In later chapters we shall have

e
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fre(;luent.ly to speak of unicellular micro-organisms, of bacteria
and yeast-plants, and their mode of life. If we reflect on the
conditions essential for the multiplication of such organisms, we
note that the nature of the nutrient fluid is (next after the
adjustment, of the temperature) the factor of highest importance.
In suitably-composed fluids the fungi develope much more luxu-
riantly than in those that are ill-suited. But we are not thereby
Jjustified in assuming that the cell plays a merely passive part, that
all it has to do is to take up the nutriment offered to it. The cell
is on the contrary active, and its activity has a special influence on
the liquid itself. It has the power to induce certain chemical
changes in the liquid, to decompose certain substances contained
in it, and to change their condition so as to adapt them for
assimilation by itself. The cell does not merely take in and give
out material : it acts ‘catalytically’ on its environment. This is
proof at least that the cell possesses a high degree of spontaneity—
that it has the power of making more available for its own
sustenance the various forms of nutriment that come in its way.

It is also of great interest to remark that the cell is ultimately
limited in its formative activity by its own products, When the
amount of nutriment present is abundant, the activity of the cell
comes to an end, not through the exhaustion of the supply, but
through its contamination with certain products of cell-metabolism.
Many of the substances engendered in fermenting liquids by the
action of fungi tend to check the growth and multiplication of
the fungi themselves: when present n (11uanti.ty they may put a
stop to multiplication altogether. The a coholic fern}entatlon, and
the multiplication of the yeast-plant which produces it, come to an
end when a certain proportion of aleohol .has been gcnel:ated in the
fermenting liquid. In septic putrefaction the bacteria generate
compounds, such as carbolic acid, which are destructive to them-
selves. If we may apply these facts of fungus-physiology to the
cell-physiology of higher organisms, we find that they illustrate
first of all this principle—that the quantity and quality of the
nutritive material at the disposal of the cell have a profound
influence upon its behaviour, And secondly, this other,—that the
cell has nevertheless an intrinsic power of utilising this material,
and of appropriating what is swmtable to itself out of various
combinations, - Lastly, the limits imposed on the multiplication of
fungi by the products of their own activity may help us to under-
stand how the formative actlnt%of the cells of complex organisms
may be temporarily checked. We cannot indeed regard the inter-
cellular substance of the conmective tissues as equivalent 1n
significance to the products of the chemical changes induced by
the bacteria. Yet the comparison may at least enable us to
conceive how cell-growth may tend to limit and to check itself,
without the interposition of extrinsic resistances, In the con-
nective tissues the formation of the intercellular substance is the
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limiting factor, in the epithelia it is the cohesion or cementation of
the individual cells into a firm and single whole; just as in yeast-
fermentation it is the formation of alcohol. When the aleohol is
withdrawn in the latter case the multiplication of the yeast-fungus
goes on again. So likewise if the intercellular substance be dis-
solved away from a connective tissue, or if the continuity of the
epithelial mosaic be loosened or interrupted, the faculty of multi-
plication is again awakened in the constituent cells; or if (as in
the epithelia) it has never been dormant, it is at once intensified.

., In the human organism temperature is not a factor of such importance as
it is in regard

1 X to unicellular organisms. In the former the temperature
1s approximately uniform : change of temperature cannot therefore play any
great part in promoting cell-growth. Even changes in the quality of the cell
nutriment can have but a small part of the significance here that it has in the
case of fungi living in a nutrient solution : such grave changes as may be
artificially produced in the character of the solution do not occur in the
body. Quantitative variations are thus of the greater importance.

82. It often ha pens in an organ which is the seat of hyper-
plastic proliferation that the different elements do not take an equal
sharg In the process, Thus an enlarged gland may in one case
owe 1ts increase in size entirely to additions of glan({substance, m
another to increase in the fibrous constituents. We may have a
glandular hyperl?lasia, or a fibrous hyperplasia. This may happen
o 20y organ which is composed of more than one kind of tissue.
The inequality In the relation of the two tissues may be so extreme,
that while one is highly hyperplastic the other may not merely fail
to Increase but may even undergo atrophy. In the latter case it

is generally the specific elements (ganglion-cells, nerves, gland-cells,
muscles, &e.) which atrophy, while the fibrous elements increase
and multiply,

g very frequent cause of such unsymmetrical
hyperplasia of the fibrons tiss?le is inflammation (whichygée)- In-

art in pathology ; onli too frequently its
rous hyperplasia of the affected organs,
: €1r essential elements.

What is true of hyperplasia, holds also for regeneration. When
part of a tissue has been destroyed, the regeneration which ensues
1s by no means always complete and perfect. In the human organ-
ism at least, the power of restoring or regenerating a lost part is
very limited. Parts of any appreciable size when once lost are never
replaced. Th“f 18 true for example of a limb, a finger, a piece of
liver, or of brain-substanee, A]P highly-specialised structures, and
their specific ele.mquts,.show but slight traces of regenerative power.
Thus in adults it is hxghly probable that ganglion-cells are never
reproduced, if once destroyed, Glandular epithelium is only restored
when the loss is very trifling. and when some of the essential cells
still remam intact within the gland-unit (acinus or tubule). When
a gland is wounded and its texture broken into ever so little, the
wound in healing fills up not with gland-substance but with fibrous

|- &
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tissue. Pathological vicarious tissue of this kind is described as
cicatricial or scar tissue. It is the result of an inflammatory
pri)lcess (Art. 108), or of multiplication among the connective-tissue
cells.

With nerves and muscles the case is much the same. Deficien-
cies of any size are filled up with scar-tissue.

The connective and epithelial tissues are more favourably
circumstanced. The latter especially have the power of reproduc-
ing wide areas of lost surface. Among the fibrous tissues, the

eriosteum is remarkable for its regenerative power; while carti-
age is replaced very imperfectly if at all.

83. When by a process of proliferation a new tissue is produced
avhose elements are normal in type, though the type is not that of
the matrix-tissue, we speak of the formation as a heteroplasia.
In one sense a cicatrix in an organ like the liver is a heteroplasia,
inasmuch as fibrous tissue replaces the proper liver-tissue. And
even when the fibrous tissue of the cicatrix is compared with
that of the liver, we must still regard the cicatrix as heteroplastic :
the characters of the two tissues are markedly different. This is
true of fibrous hyperplasias in general, and in particular of those
consequent on il)lrgzmmation. wing to the gemeric resemblance
of the normal and pathological tissues, however, it is not usual to
reckon these among the heteroplasias.

The special field of heteroplastic formations lies among the
tumours or morbid growths. tumour, in the limited sense of
the term, is a formation of new tissue. It may resemble more or
less the matrix-tissue from which it grows, but it always possesses

certain characteristics which distinguish it from the surrounding

structures, and which justify us in speaking of it as heteroplastic.



CHAPTER XIX.

HYPERPLASIA AND REGENERATION IN PARTICULAR
TISSUES.

84. The morphological changes which take place in the hyper-
plasia and regeneration of the epithelia are comparatively simple,

Epithelium can arise only from epithelium: the several var.
icties even do not usually pass into each other. EBERTH'S re.
searches (Virch. Arch. vol. 67) have shown that the nuclear trans-
formations in epithelial cells during their reproduction are quite
analogous to those figured in FLEMMING'S scheme. The disappear-
ance of the nucleoli and nuclear membrane, the formation of
filaments, of two semi-spindle forms (or as EBERTH calls them
“creel-forms’), of star-forms, &c., are all observed in the epithelial
cell, within a clear areola of cell-protoplasm, The star-forms
likewise, as they move asunder polewards, hecome transformed into
nuclear networks in the midst of the clear intermediate substance
of the daughter-nuclei. ARNOLD describes (Virch. Arch. vol. 78)
nuclear figures observed in tumour-cells, which in details seem
rather to correspond with STRASBURGER'S version of the pheno-
mena. The subdivision of the cell-protoplasm oceurs either durin
the later stages of nucleus-division, or after it is complete, In
other cases Froccsses are first thrown out by the subdiv.idin
epithelial cell, and into these daughter-nuclei then migrate, The
budded processes become independent, cells by separation from the
mot,her-cfalll. o

Small losses of lining epithelium are in eneral replaced qui
by means of re qncmtﬁvc multiplication, gGlandulz},)r epit.gZ]li‘ig]
ike that of the kidney, may also be quickly reproduced whey lost,
rovided only the structure of the basis-tissue (from which the cells
erive their sustenance) is not altered or destroyed. Hyperplastic
multiplication of epithelial cells is very common, especially in

tumours.
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Epithelial cells have also the power of remaining alive for a
time when separated from their proper matrix. They may in this
way be transferred from one basis-tissue to another. Thus epi-
thelial cells from the skin of one person may be transplanted to
the surface of a granulating wound in another, and there grow and
multiply (REVERDIN'S skin-grafting). This is a simple and ‘con-
vincing proof of the independence or autonomy of the cell, and of
the importance of its inherent powers in reference to its nutritive
and formative activity.

The regeneration of epithelium has of late years been made the subject of
numerous researches. Most obgervers gﬁme that eplthelin.un can arise on}y
from epithelium : only a small number like BurkHARD (Virch. Arek. vol. 17),
Conryin and RANVIER s.llan. Path. Hist. vol. 1), and RINDFLEISCH (Gewebelelre,

*4th ed. p. 128 ; Pathological Histology vol. 1, p. 106) assert that epxthchulm

may be formed from connective-tissue cells. No convincing proof of the
assertion is alleged; while the fact that cutaneous wounds begin to skin
over only at spots where epidermal cells still remain tells strongly against it.

AnrvoLp 'l'x'n:h. Arch. vol. 462 believes that in epithelial _rogenemtu;'n a
plasma is effused into which nuclei subsequently migr: te I\T‘Eli}\f S}Ar:'l . .’f-
eaper. Path. 1), vox Wyss (Virch. Arch. vol. 69), CORNHEIX xr:l % 1;{.;‘ e
vol. 61), and EperrH (loc. cit.) have failed to confirm thls:f bgt ?3" )'(;:rllneli':i
other hand that regeneration was effected by subdivision o the o o it
cells. Kress observed in the young cells phenomena SUgs tlmg 00;1 Tac l€hy
and the power of locomotion : - WALDEYER has made a like o . e
case of epithelial tumour-cells. The first oommumcntnox:g on 3p1t llzc' 1‘ x':mlls:;
plantation and skin-grafting was made by REVERDIN (5Soc. 2" ¢ IfI’:’ g tod
Dec. 1869 ; Brit. Med. Journ. 2, 1870 ; Arch. gén. de méd. 1872). Ki 15100
has since been extensively employed with a view to the speedier skinning over

of wounded surfaces (né. Ency. of Surgery Vol 1). ScHWENINGER has shown

~ p ich '1875) that the mere laying on of
%ﬁrwﬂﬁﬁw au\f::'b?;g gﬁﬁﬁ;’& ozlxl;l with cha outer root-sheath adhering,

itheli liferation on granulating surfaces. 50k
Buﬂi&.;vi;&;el:%u ch'z),'t?}f}z'ffa r:.) ll(g;“a(i) has shg(;\vn that, when ciliated cylindrical
0

epithelium is lost, it is first replaced by_ciliqtcd squamous epithelium : this is
t}lcn gradually transformed into the cylindrical variety.

85. New fibrous tissue is invariably developed from cells,
and the process is the same as that by which norma fibrous tissue
is formed. The formative cells have been named fibroblasts.
They are derived by proliferation either from ‘the stationary cells
of the commective tissue, or from migratory lencocytes, i.e. white
blood-cells which have escaped from the vessels. The develop-
ment of the latter will be treated when we discuss inflammatory
new-formations. :

Fibroblasts are cells with large vesicular nuclei and nucleoli,
and are capable of active subdivision and multiplication. By
proper handling it is possible to make out the nuclear ﬁguresl,
but the subject has mot been sufficiently investigated to atior
means for a detailed deseription of the process of sqbdlv}mtci:l.
The cell-protoplasm is pale and highly granular: the size 0 u:
cells varies, on the average it is about that of an ordinary S(}L“amlg v
epithelial cell. They are often described as epithelioid c;:ld‘k o
infrequently multinuclear cells are met with, the so-called g
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cells, The form of the fibroblasts is extremely variable, In the
earlier stages they are rounded, later on they become club-shaped,
indle-shaped, star-shaped: in short they assume every possible
shape and form.
en they have accumulated in any spot and begin to address
themselves to the formation of tissue, they become connected with
each other by means of their processes and projections ; or they
arrange themselves in a compact mass of densely-packed multi-
form cells.

The intercellular substance which gives the fibrous tissues
their characteristic texture is derived from the cell-protoplasm.
The ends and lateral borders of the cells become fibrillated ; or the
boundaries between the cells disappearing a homogeneous mass of,
protoplasm is formed, and in this fibrils are afterwards developed.
A great many of the formative cells are used up in this way: some
however retamn their nucleus and a part of their protoplasm, and
form the fixed connective-tissue corpuscles of the new tissue.
(Cf. Art. 108.)

According to the greater or less compactness with which the
formative cells are deposited and grouped, the new tissue is firm
and den§e, or loose and reticular. Fibrous tissue, rather than
areolar, is _tha.t most_commonly developed, especially as a conse-
quence of inflammation. It may become hyperplastic, either by
itself, or accompanied by hyperplasia of contiguous tissues such as
the epithelia. ‘n respect of the diffusion or extension of the hyper-
plastic process it Is of some importance to distinguish between
diffuse or indefinite hyperplasia, and that which is limited to
definite areas: the latter leads to tissue-formations which resemble
tumours.  (See under Tumours, Sect, VIL)

b %dip(fse tlsstge éis forme(}r0 from normal or pathologically
eveloped connective tissue, or from mucous ti s1-
tion o(P fat in the interior of the cells, e

Mucous tissue, characterised by the mucous consistence of its
ground-substance, is generally derived from an existing tissue by
g?ltsaplasm (Art. 90) : it may also be formed from new proliferating

o :.\Teuroglin. is developed by the multiplication of the neuroglia-

The structure and development of the connective tis al
and pathological, have been the subject of many researcggses’ Tbhoghoggi?anf
the ground-substance has given Tise to controversy., Some consider it to arise
outside the cells, others from within them, A third theory again, while
admitting its external origin, supposes that the fibrils are produced in it by
the formative power of the cell as if they were a kind of plastic secretion.
The view of the text only applies to the formation of fibrous tissue from new-
formed embryonic or indifferent tissue, It does not apply, for example, to
the formation of fibrous tissue by metamorphosis of the gnSis-substance of a
different tissue, such as bone (see under Metaplasia Arts. 90—92). For
further details the reader is referred to the following :—VIreroW ( Virch. Avch.
vol. 13), NEUMANN (Areh. fiir Heilk. 1869), Avrrecay ( Wiener med. Wochenschr.,

\
-
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1868), RINDFLEISCH (Pathological Histology vol. 1, p. 92), ZIEGLER Untersuch.
iiber path. Bindegewebs- ] 2
L xgtanxs v gd. : Ar:-‘h% g;'le:'ff‘{g'wubzlduny), Perws (Handbuch d.allg. Path. 1),
86. The formation of new blood-vessels plays a chief part
in hyperplasias of every kind. Wherever fibrous tissue, bone-tissue,
gland-tissue, or any other is produced in quantity, new blood-
vessels must of necessity be developed. In no other way is it
possible to keep the new-formed tissue adequately supplied with
nutriment. For this reason new blood-vessels begin to be formed
at a very early stage in all new growths, and they must be regarded
as the chief factors in the formative process. é
New blood-vessels are developed out of off-shoots which start
from the walls of existing blood-vessels.
e The first change observed is the formation of a conical sprout
or projection on the outer surface of some capillary vessel. From the
top of this runs off a fine filament of protoplasm, which gradually
lengthens. The granular mass forming the projection increases in
size, growing out nto an irre%ular process or off-shoot. This is at
first solid; but nuclei soon begin to appear among its granules.

( |
%
y /

Fig. 20. DEVELOPMENT ‘OF BLOOD-VESSELS BY SPROUTS AND OFF-SHOOTS.
(From preparations of inflammatory granulation-tissue.)
abed various forms of vascular off-shoots; some solid (b, ¢), others in process
of excavation (a, b, d); some single (a, d‘), others branched (&, c); B(Lme m‘:‘
nuclei (b, ¢), others without (a, d). Formative cells from without have i
tached themselves to the off-shoot d.
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vessel from which 16 starts, forming an areh of pmff)plua....(l.‘,g.
20 ¢). From the solid off-shoot other secondary off-shoots may
start (Fig. 20 b, ¢). Sometimes their extremities become club-
shaped (¢). The originally solid off-shoot becomes by and by
excavated, by liquefaction of its central parts. The excavation
quickly becomes continuous with the lumen of the vessel (@),
or the wall of the latter bulges into the excavation. In cither
case the blood from the parent vessel penetrates the new one, and
distends it. The excavation proceeds and extends onward to the
point of junction of the new vessel with another, so that at length
a new pervious capillary loop is formed.

The off-shoot as it starts from the wall of the parent vessel is®
in effect a sprouted bud from an endothelial cell : when it subse-
quently receives a nucleus it becomes an independent cell. The
new blood-vessels are therefore intracellular channels, produced by
the excavation of elongated or filamentous cells.

For a short time after the opening up of the new capill
channel the vessel-wall remains homogencous in structure. Soon
the protoplasm begins to gather round the nuclei of the wall, which
in the meantime hnv.e Dbeen multiplying by subdivision. Cells

solution of nitrate of silver,) By this time
reached a considerable thickness. This is in part owing to the fact
that ordinary formative cells attach themselves in numbers to the

vessel-wall ; they then dispose themse] long i
thus tend to give it ueedcdl:t)rength (i,eig“’.e;oa d(;flg its length, and

So far as we have been able to make out, the process of formin
new blood-vesse!s nearly always passes throu gh the stages described.

connected with the off-shoots from the capillary-walls, and develope

into new vessels by central excavation in the sar
shoots themselves develope, ne way as the off-

The subject of the formation of new vessels has a ial interest i
ence to the theory of cell-multiplication. We have in this case to :i‘g rlxx:)trzg%lin
symmetrical subdivision, but  with gemmation : and moreover the initial
movement s set up not as usual in the nucleus, but in the cell-protoplasm,
The protoplasm of the endothelial wall-cells throws out a non-nucleated process -
the subdivision and migration of the nucleus is subsequent to the movement,
in the protoplasm.

The author has verified the above account in the course of his researches
on granulation-tissue and on tumours (ZieGrer, Ueber path. Bindegewebs- und
Gefussneubildung Wiiriburg 1876). ' Steickyp ( Wiener Sitsengserichte 1865
1866), GOLUBEW (dArch. f. mikro. Anat, 1869), and ArNOLD (F(irdc. Areh. vols,
53, 54) have described the above mode of development of new vessels ng

-r”
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|z.\§l‘{.“m!t‘l\!mf Lff”'. TraYERS in the foot-web of the frog (On Inflam-
U &G, IF 15 35 Sy iae Sk cemvatids swaca 8 DRUIGIOER]
funun.t.invm: ok thin foso ::.‘g H‘R,b “”’l g‘z’g” ::13 B T e s S
"f’ the PEIALY, tsct}ondur)' und |Mrla]ut): ETTE T l:n‘n‘:c“:l;x‘tnnl ';.;A:%‘)'.“;‘.::,u
sbwgtcrsudc_. i, d. Entwick, @ Blutgef: Porlin 1856) and RINDFLEISOR (Patho-
ogical Histology vol. 1, p. 89). In the primary mode the embryonic cells
|)(X2()IllU (lll'cctly transformed into red bLlood-cells on one hand, and into the
parictal colls of n veasol on the other. The embryonic cells in fact arrange
themsaelves into cords : the axial ones becowme blood-cells, the peripheral ones
cohere as elements of the containing vessel-wall. This process takes place in
the mesoblast of the embryo, but not in pathological formations (Kimv,
lll’:‘cawrlSit;ungsbericlctc 1871, Q. Journ. M. Se. 1872 ; Bavvour, Comp. Lmbryo-
ogy vol. 11).

gIn the sccondary mode (Birirors, O. WEBER, RINDFLEISCH) spindle-
shaped cells cohere to form cylinders in such wise as to enclose a continuous
canal. This notion seems to rest on a mistake, occasioned by the fact that in
eranulation-tissue, for example, the vascular off-shoots are very quickly
surrounded and wrapped about with spindle-shaped formative cells: and
this gives the off:shoots the appearance of strings of cells.

The so-called tertiary mode is that given in the text. Compare the

description by Pacer (Surgical Path. Lect. 10).

87. Proliferation in cartilage may be either a regenerative
or a hyperplastic process. The reproduction of cartilage-cells at
the margin of a breach is effected b{ the cells first enlarging, and
then unﬁ.]:xl-going subdivision of nucleus and protoplasm. uclear
figures are observed. In this process many of the cells attain to

reat. dimensions and may contain as many as twelve nucl.a apiece
iEWETZKY). The cells are rounded or branched, stellate or spm.ml:s.
The capsular membranes disappear as the cells enlarge and maultiply.
Later on the cells or cell-groups become surrounded by the charac-
teristic hyaline matrix-substance. bl o 1

In hyperplastic proliferation the process 15 similar. The ce 3
multiply and stretch the ca]isules, or cause them to give way an
disappear: in like manner the intercellular matrix is distended or
destroyed. Subsequently the new-formed cells generate for them-
selves fresh capsules and matrix-substance. B,

When a breach in cartilage is not repaired by multiplication of
the cartilage-cells, fibrous tissue, developed from fibroblasts, usually
fills up the gap. In other cases bony tissue is developed as well.

_Cartilage may arise not only from cartilage, but from other
allied tissues, such as growing periosteum in rticular, perichon-
drium, marrow, bone, fibrous tissue, and epithelium. The meta-
morphosis is sometimes effected directly, as from perichondrium or
marrow, sometimes through the intermediate stage of anulation.
In the latter case an indifferent tissue is first formed, which is rich
in single cells: these then become transformed into hyaline matrix-
substance and cartilage-cells. Cartilaginous new growths are most
commonly found in connexion with the skeletal structures: in other
regions they are rare.

Memoirs on the formation and proliferation of cartilage have been
by Vircuow (Onkologie 1), GOODSIR (dnat. and Path. Obs. 1845),

ublished
EDFERN
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. science 1851), EWETZKY (Entsiindungs-versuche am Knorpel,
.‘l{a'ﬂ‘;‘;’gmz%;?tﬁ 1I1), WAn'n’lAX.‘{ (Recherches sur Cenchondrome Geneva
18%%) Kassowirz (Die normale Ossgﬁqaubn Vienna 1881). Further details
will be given in the section on the Special Pathological Anatomy of the Bones.

88. The bones haye a very marked power of regeneration
and of hyperplastic proliferation. The seat of this power is not so
much in ;EZ osseous tissue itself as in those tissues which normally
possess the power of bone-production ; these are the periosteum in
particular, and in a less degree the marrow. In very many cases the
periosteum alone performs the office of replacing a loss of bony sub-
stance. Many osseous hyperplasias are essentially the work of the
periosteum. Cartilage has also some power of reproducing bone.

Fibrous tissues unconnected with the skeleton very rarely give
rise to bony tissue. Such abnormal bone-formation is howeves
not unknown in certain cartilaginous and fibrous structures, such as
the dura mater, the laryngeal cartilages, the intermuscular septa,
and inflammatory fibrous tissues,

The formation of new bone may oceur in various ways, but it
follows in general the lines of the normal process of ossification.
The simplest mode is perhaps that in whicgl the periosteum (or
medullary tissue) gives rise to osteoblasts (%e. large multinuclear
formative cells resembhpg ﬁbroblasts), These. come into contact
and cohere, and then imbibing calcareous salts are transformed
}mrtly into homogeneous matrix-tissue, partly into bone-corpuscles.

n other cases the formation of bone is preceded or accompanied by
the formation of granulation-tissue, Owing to this the exP;xct mode
in which the bone-substance is generated may be somewhat
masked ; but close investigation shows that here also osteoblasts
are produced in the first instance, and that these are afterwards
transformed into bone. The ﬂrolif

th,

. . £ emtin erioSt
produces cartilage to begin wi Part, ofg thi c&rte;jlargevr?]rgy 3&%2:11

ass directly into bone by a peculiar t

gartilage may be replaced by x> medullaxmagﬁgﬁnd?: ﬁilx(:

cells; and from this, by the agency of osteoblasts, the bone-

substance may ultimately be pro ucec{Y ’ 3
Normal cartilage be}mves in the same wa

formed into medullary tissue and bone-trabeculge, We )l’mve thus

metaplastic mode, by which an already exist;
formed into bone. As we have said, this occurs most, :
cartilage ; but other fibrous and sarcomatous tissues, by takin
calcareous salts, may in like manner be changed into b); i up
basis-substance is transformed into bony matrix-tissue a;id their
cells into bone-corpuscles (Arts, 90—92). 3

Further discussion of the subject of pathological bone-formati 4
found in the Special Patholog_ical Anatomy, The recent memo?x: ‘z?lt{:g
following authors will serve to illustrate the main questions—KorLiker (Die

"
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normale Resorption des Knockengewebes Leipzig 1873), STEUDENER (Deitrige
sur Lehre von der Knochenentwickelung Halle 1875), Strerzory (Die Histo-
genese der Knochen Ziirich 1873), Maas (Ueber Wacksthum und Regeneration
der Rihrenknochen, Langenbeck’s Arch. XX), ZIEGLER (Virch. Arch. vol. 73),
Worrr (Unters. @b, d. Entwick. d. Knoch. Leipzig 1875), Busch (Deut. Zeitschr.
S Chir. vol. 8), Kassowrrz (Die Ossification Vienna 1881), MacEWEN (Proc.
Roy. Soc. vol. xxxii). >

89. In muscular fibre, striated and non-striated, regeneration
and hyperplasia start primarily from the existing muscle-cells.
Non-striated muscular fibres may possibly be developed from
connective-tissue cells also. New muscular cells are produced by
ordinary nucleus- and cell-division. In striated muscle, the so-
called muscle-corpuscles grow into large cells, losing meanwhile
their contractile substance, and multiplying their nuclei. They
become elongated and spindle-shaped, and then become converted
into striated fibres. It is highly probable that no other cells have
the power of gencrating striated muscle-cells, but on this point
opinions differ, Woungs in muscle are filled up by cicatricial
tissue, when the superficial muscle-corpuscles have been destroyed.

Nerves and nerve-cells have but slight power of reproduction.
It is very 11gucst._ionable whether ganglion-cells can be regenerated
at all in adult individuals. We have no knowledge of ganglionic
hyperplasia.

In the case of nerves themselves, both regeneration and
abnormal multiplication occur, though only to a slight extent.
In nerve-regeneration the axis-cylinder and sheath of Schwann
are the first to be formed, and then the medullary sheath. New
nerves are developed only from existing nerves: at any rate very
serious doubts attach to the statements which have been made in
the opposite sense. Opinions differ as to the part played by the
cells of the neurilemma and by the existing axis-cylinder.

The statement that non-striated muscular fibres may be developed from
connective-tissue cells has been made by more than one observer (J. ArNoLp,
Virch. Avch. vol. 39 ; E. NEUMANN, drch. d. Heilkunde x). It appears certain
that cells having at least the structure and appearance of non-striated muscle-
cells are so developed : but no proof has been given that they have correspond-
ing {)llysiological properties.

Vith regard to striated muscle and its regeneration, Krasks, the latest
writer on the subject, asserts positively that new muscle is produced onl
from existing muscle-clements. ZIRGLER'S observations ave in accordance wit!
this. An embryological argument may be brought against the possibility of
deriving voluntary muscle from connective tissue. According to the HERTWIGS
(Die Coelomtheorie Jena 1881) the striated muscle-fibres of vertebrates are of
epithelial origin: they arise from the tH)itheh'a of the body-cavities. They
are thus in their genesis and descent distinct from the connective tissues.
(Cf. BALFOUR, Comp. Embryology, vol. 11, ch. xxii.) On the striated musecle-
cells of tumours see Art. 153. On the repair of nerves see Pacer, Surg. Path.
Lect, 11 ; and RANVIER, Hist. d. Syst. nerv. 1878,

M.



CHAPTER XX.

METAPLASIA. -

~ 90. A tissue is said to undergo metaplasia when it is trans-
formed into another of a diverse kind; and that without passing
through an indifferent blastema stage, with the characters of
embryonic or formative tissue.

In the foregoing chapter we have more than once pointed out,
that, of the several tissues belonging to the connective group, one
may pass into another by simple modifications, partly affecting the
cellular elements, partly the ground-substance. Such modifications
are of the nature of metaplasias. They are confined to the con-
nective tissues :—fibrous tissue, cartilage, bone, mucous tissue, and
adipose tissue, are so to speak potentially convertible. No such
relation holds between fibrous tissue and eEit-helium or muscle.

The processes involved in metaplasia have their physiological
and embryological prototypes. Hyaline cartilage for example is
specially ‘prone to transtormation : its matrix-substance often
undergoes a mucoid softening on the one hand, or a change to
fibrous tissue on the other. Hyaline cartilage is in fact at best a
transitory structure in man : it disappears in ossification, partly by
retrogressive changes, partly by transformation into other tissues
such as medullary tissue and true bone. Simple areolar and
adipose tissue are likewise prone to change: the panniculus adiposus
or subcutaneous fat of the adult is in the foetus a mucoid tissue.

Pathological metaplasias are however still more common than
such physiological metamorphoses.

The term metaplasia is due to VIRCHOW, who has also fulcl);v investigated
the significance of the processes included under it ( Virch. dich. vols. 8, 79;
Gesammelte Abkandlungen 1856 pp. 500, 509 ; Cellular Pathology, and 4th
German ed., p. 70). The subject seems to have awakened but little attention :
it well deserves it, however, for metaplasia plays no small part in pathological

change.

91. One of the commonest metaplasias of a c(_mnc_active tissue
is that by which cartilage is transformed into mucoid tissue or into
areolar tissue.
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The first step in the process is the liquefaction or dissolution
of the matrix into a mucous or limpid mass (Fig. 21). The capsules

Fio, 21. METAPLASIA OF CARTILAGE INTO AREOLAR TISSUE.
(From a case of fungous arthritis; haematoxylin staining: x 400)

a hyaline cartilage b tissue made up of branching cells
¢ cartilage-cells, set free by dissolution of the matrix, becoming converted into
connective-tissue corpuscles

also dissolve away and the cartilage-cells are set free (¢). These
change their form (b), becoming spindle-shaped or branching ; and
they then cohere into a cellular reticulum such as is met with in
mucous tissue. The matrix-substance does not always become true
mucus ; it may pass into a liquid of different composition. Such
changes are met with in the cartilages of diseased joints. The
areolar tissue may subsequently become filled with marrow-cells or
with simple fat; in the last case the tissue is transformed into
mere adipose tissue (e.g. in rheumatic polyarthritis).
__ Cartilage also cha:fes very readily into osseous tissue. Part of
it becomes transformed into bony trabeculae, part into medullary
tissue. The latter is effected through the intermediate stage of
areolar tissue: the former by the deposition of ecalcareous salts in
the matrix, itself simultaneously undergoing change into gelatin ;
while the cartilage-cells pass into osteoblasts and bone-corpuscles.
It often happens that the cartilage-cells proliferate abundantly
during this process; 1t is not then strictly speaking a pure
metaplasia. . 3

Fibrous tissue, like ‘m’tﬂﬂ%e, may also be transformed into
mucoid tissue and bone. The changes in this case are similar to
those described in the other. The fﬁ)res and fibrillae disappear as
the tissue becomes mucoid tissue : when it becomes bone, calcareous
salts are deposited in the ground-substance. Here too cell-multi-
plication is not, uncommon.

9—2
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Conversely, osseous tissue may pass into fibrous ti
: ’, tis
cartilage, especially the former, as happens very frequently i:l::ni(l);
bpf;](iiaﬁ'%ctfli%l:filat (}119 ﬂunt{]-sub}?tance of the bone becomes decal-
cified an ed, while the bone-co 1
tissue cells. Fpascife baoosepctve-
The fibrous structures found in tumours are, lik
ones, liable to metamorphosis into others of the ’sam: (t:}xaessnor'rrnl?;
metaplastic processes resemble those in normal tissues, The
highly cellular sarcomatous tissue is very prone to transformations
and these are generally such as to show that it is allied to the
connective-tissue group.

92. Metaplasia is to be distinguished from i
generations as well as from the pmligf::rative processte};? ?[Tgle cge-
ration no new tissue is formed, and what exists perishesg Ie.
proli.ferat.ion new tissue is formed from a cellular matrix or blaséc i
B the result, of cell-multiplication.  Metaplasia stends in ¢
measure between these. New tissue is formed; but there isl 5
bell-multiplication, or if there is it is quite subordinate. e

From many points of view metaplasia seems related to the
retrogressive processes. The transformation of a tissue into mucoid
tissue is near akin to mucoid degeneration. The new or trans-
formed tissue is moreover not infrequently an unstable and perish-
able one. On the other hand, proliferation is no uncommon
accompaniment of metaplasia, which is thus brought into relation
with the progressive or formative disturbances of nutrition. The
factor of greatest importance, as regards the further development, of
the transformed tissue, is the behaviour of the blood-vessels. If
good vascularisation is effected, the tissue continues to live and
grow : if not, then retrogressive changes are apt to set in.

-‘\"_x—.-’
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INFLAMMATION AND INFLAMMATORY
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CHAPTER XXIL

THE EARLY STAGES OF INFLAMMATION, EXUDATION.

93. Inflammation is a term implying a whole series of
processes partly vascular and partly textural; and these pro-
cesses admit of a great variety of combinations. Inflammation
being thus a complex of many elements, we are unable to give a
definition of it that shall be brief and at the same time exact.
We might say indeed that one or other element (such as that
relating to the vessels) is characteristic of inflammation: but the
whole content of the term cannot be fully indicated without
describing the processes to which the term is applied.

From the time of CELSUS, 1. e. from the first century A. D., four
cardinal symptoms of inflammation have been recognised ; namely
‘ rubor, tumor, dolor, calor’—or redness, swelling, pain, and heat.
To these we may generally add a fifth, the functio laesa, we.
impairment or arrest of the function of the inflamed part.

These cardinal symptoms are, as a fact, very easily and very
frequently to be made out; especially in cases where the inflamma-
tion is sudden and intense. In other cases, and especially n
chronic inflammations, one or other of the symptoms is generally
absent, or beyond the reach of obsérvation. e constitution of
the inflamed tissue may also modify the symptoms: its texture
and composition may be such that the redness, for instance, or the
pain, or the swelling, may be absent.

94. GALEN rightly attributed the redness to an increased
afflux of blood, and the swelling to an increased exudation from
the vessels. The vascular changes, which thus take the form of
hyperaemia, have been the sub{ect of special attention during the
last twenty or thirty years. Many investigators indeed have re-
garded the vascular changes as constituting the essential feature of
the inflammatory process. ~

ANDRAL defined inflammation simply as hyperaemia. HENLE,
STILLING, VAccA, LUBBOCK, and others referred the dilatation of

the vessels, the accumulation of blood in them, and the resulting
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exudation, to paralysis of the vessel-walls from excitation of the
sensory nerves (the neuroparalytic theory) ; HOFFMANN, EISENMANN,
Jos. HEINE, BUDGE, BRUECKE, CULLEN, and others, to spasmodic
contraction of the vessels (the neurospastic theory). In the latter
_case, the contraction of the arteries and the consequent slowing of
the blood-current were supposed to lead to an aflux of blood
through the neighbouring vessels, but in an inverse direction. The
result of this vascular disturbance was engorgement and exudation.

In op%osition to these neuropathic theories, some authors, like
HALLER, VoGEL, KocH, EMMERT, SMON, PAGET, &e., explain the in-
flammatory disturbance of circulation and nutrition by supposing
that the normal attraction of the tissues for the blood is somehow
intensified. ViRcHOW has formulated this ‘theory of attraction’
with the greatest precision. In his view, the tissuv-cells are
excited by the ‘ inflammatory stimulus’ to increased activity : they
thereupon attract to themselves more nutriment, and so are impelled
to grow and multiply. The hyperaemia and vascular dilatation are
the result of this intenser attraction. The essential and efficient,
factor in inflammation is thus the application of a ¢ stimulus’ to the
cells, which excites them to increased activity.

Numerous experimental researches during the last twenty years
(amongst. which those by CoHNHEM are_];erhaps the most funda-
mentally important) have shown that neither the neuropathic nor
the attraction theory can be maintained. Mere dilatation or mere
contraction of the vessels does not bring about the disturbances of
the circulation characteristic of iuﬁam‘matiou. The changes ob-
gerved in the tissue-cells at the beginning of inflammation do not
bear the character of productive or formative d:sorders. of nutrition,
There is no evidence of any influence exerted by the tissues on the
vessels and the blood, which is at all of the nature of attraction. The
changes in the tissue-cells are partly concomitant with those in the
circulation, partly antecedent to them, and partly subse_qucl_m The
vascular disturbance is not glcpeudent on any peculiar u}ﬂuer}ce
exerted upon the vessels ; it is the result of injury or detenogntlou
(SamuEL) of the vessel-walls, with or without an actual lesion of
the tissues. To simplify the explanation of the entire process of
inflammation, it will therefore be well to consider separately the
vascular changes, and the textural changes.

ount of the contributions which English pathologists (notably
Hgfgxl;;:,m(,‘z%com Bowstax, Lister, and BurnoN SANDERSON) have made to
11" resent knowledge of Inflammation the student sh‘ould consn‘xlt Pager
°§.m.,p,-caz Pathology Lects, 13—18), SiMoN and BURDON bem:nso§ (Arts. on
(]‘nﬁc‘{mmatmh Holmes's Syst. of Surgery, vols. 1 and 5), and BurboN SANDERsON
Le&zcws Lancet 1, 1876 and Lumleian Lectures, Lancet 1, 1882). References
g.o the work of others will be found below.

95. The vascular changes. COHNHETM'S researcheg. were
the first to make us accurately acquainted with the vascular disturb-
ances connected with inflammation. He showed that these disturh-
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ances may be directly studied under the microscope. The object is
usually some transparent vascular membrane belonging to a living
animal. The most convenient is the frog’s mesentery, which from
its fineness is well adapted for microscopic examination. The frog,
paralysed with curare, is laid on its back on a large object-stage.
The abdominal cavity is opened by means of a cut along the left sige.
and a loop of intestine is carefully drawn out. This 1s then spread
over a thin circular cover-glass (10—12 mm. in diameter) surrounded
by a thin ring of cork stuck to the stage with Canada balsam. The
intestine is readil(f' fixed to the cork ring by means of fine pins.
If it is not desired to make a protracted examination, it is enough
to fasten a cork ring (4—6 mm. thick) to a large object-stage with
sealing-wax, and to spread out the intestine over that. The
preparation”need not be covered with a cover-glass. If no strain
1s thrown on the mesentery, and it as well as the frog is kept

properly moist, the vascular changes may be observed for hours
together.

Further details of the method are given by ComsmED! in his various
memoirs on inflammation and embolism (Virch. Arck. vol. 40; Neue Unter-
such. iib. Entsiind. Berlin 1873 ; Untersuch, 4ib. d. embol. Processe Bexlin 1872).
The foot-web and tongue of the frog are also very convenient objects. The
ltter is to be turned out, spread over a cork ring, and fastened down with

fine pins. Inflammation is then prod i by clippin
out a fragment with the scizsors, PR e dml-) oy By S

For the study of the inflammatory process on large seale the rabbit’s ear
is well adapted.  Inflammation may be set up by rubbing it with croton oil
(Saswwrt, Berl. Kin. Woch. 24,1866, and Der Entziindungsprocess Leipzig 18733'
The mesentery.or omentum of a warm-blooded animal may also be employed,
if proper precautions are taken to maintain the body-heat, &. = See STRICKER
and SANDERSON, Handbook for Phys. Lab. 1870 ; Tuoxa, Virch. Arch. vol. 74.

96. The exposure of the mesentery to atmospheric air quickly
sets up inflammation. The earliest vascular change is a genecral
dilatation of the vessels, first of the arteries, then of the capillaries
and veins. The flow of the blood through the widened channels at
first becomes more rapid ; but sooner or later the speed diminishes,
and at length the flow becomes slower than the normal. The indi-
vidual blood-cells, which at first were indistinctly seen as they hurried
yast, become recognisable, especially in the veins and capillaries.
}.n these latter the blood begins to accumulate more and more as
the current slows. In the veins the peripheral layer of the current,
usually containing plasma only, begins to be filled with white
blood-cells. These have left the axial stream, and float slowly on
with the slower Periphcral current; or, fastening themselves to the
wall, they remain immoveable or oscillate to and fro. This is
deseribed as the marginal or peripheral disposition of the white
blood-cells (Fig. 22 d). At t-his stage the red cells take the
place of the white in the capillaries. . 4t

Before long the peripheral disposition of the cells is associate
with another appearance. Here and there white blood-cells throw
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out processes which pass into the vessel-wall (e
processes appear outside the vessel (e), and t.heretspz;n ?h?:nwhtgig

Fre. 22. INFLAMED OMENTUM FROMN THE HUMAN SUBJECT.

normal fibrous trabecula ¢ white blood-cells migrated or mj

a

b nor;nﬁnl endothelium 7 dgmtmg

¢ small artery esquamated endotheli

d vein with white blood-cells peri- Ji multinuclear ¢e11° St
pherally disposed g migrated red blood-cells

cell passes through the wall. The white

protoplasmic mass of the cell
migrate, or extravasate from the vessel

cells in this way escape,
diapedesis.

(vein or capillary) b

The first white blood-cells which migrate are uickly followed
by others, and in six to eight hours the veins an3 capillaries ap,
surrounded by a multitude of white cells, or leucocytes, whj, §
srndually distribute themselves through the tissue by active looo

motion.
From the capillaries, in which the circulation becomes v,

irregular and often stops altogether, there escape red blood- o
as well as white. If the mesentery be s]ighﬂypstmine d(; B ‘t’ﬁl;z (ti{
circulation is brought to a stand-still (stasis) at some point, e
migration ceases there. Blood-cells do mot escape oy tt:ge
i e

arteries.
Associated with the escape of the formed element
there is always an escape of liquid. Thismiznnz :fixtahe blood,
gife‘?gly hl?eg"et;’lf‘ble'l but I:h e"i‘{;nced by the accumulagnnerﬁ}
uid whic es place in the s
m%sen e p ubstance and on the surface of the
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This escaped liquid is comparatively rich in albumen, and thus
differs essentially from the exudation which follows upon simple
vascular engorgement. Moreover it coagulates readily, especia
when it is effused on the surface of the mesentery.

This description of the inflammatory process as observed in the mesentery
applies also to that produced elsewhere, as in the frog’s tongue, by caustics.
In the latter case the process is not observed in the cnuteris«fu)iece (which is
in fact dead), but in its neighbourhood. TwmoMA (Virch. Arch. vol. 74) has

shown that the process in warm-blooded animals is identical with that in
cold-blooded animals.

W. Avnisox (7'ans. Prov. Med. Ass. 1842—5) observed the escape of the
white blood-cells from the vessels so early as 1842. 'Warrer (Phil. Mag. vol.
29) described the phenomenon more fully in 1846. The discovery was however
completely forgotten until Corxuent made it anew in 1867. g‘\'rox (Sourn.

Apat. Phys. 1871) showed that the white cells escape even from healthy vessels,
at least in the amphibia.

The peripheral disposition of the white blood-cells is a purely mechanical
shenomenon (WetGeRT, Article Entzitndung, Realencyclopidie der ges. Heil-
k-zmde). It was first observed by WinLias (Gulstonian Lect. 1841). ScHKLA-
REWSKY (Pfliig. drch. vol. 1) has shown that a similar effect is prodl.w.ed
when a slow stream of liquid, containing fine powders of various densities
in suspension, is made to pass through a narrow tube. When the stream
flows at a certain rate t}w lighter particles cling to the periphery, the
heavier ones are hurried on by the axial current. This is what happens in the
case of blood. When the current is slowed to a certain extent, the white cells
go to the li)eriphery : when it becomes still slower (as in engorgement) the red
cells go there also. (See also AvPERT, Virch. Arch. vol, 71; LTON, Proc.
Roy. Soc. kdin. vol. x).

The chemical composition of inflammatory exudations and inflammatory
Iymph has been investigated by Horpe-SEvLER (Virch. Avrch. vol. 9), REUSS
iDAeumle. Arch. f. kin, Med. xx1v), F. A. Horrmaxy ( Virch. Arch. vol. 78), and

8SAR ( Viveh. drch. vol. 69).

97. The effects of the process just described are easy to
follow. The influmed tissue becomes red, swollen, and hot: we
have th‘e mﬂammntory flush, and the inflammatory exudation or
infiltration. The pain felt is referable to pressure, tension, or
chemical irritation, acting on the sensory nerves in the tissue.
It is plain, too, that the function of the part must be injuriously
affected: the accumulation of exuded matter and the imperfect
and disordered nutrition of the part are enough to account for
that. The vascular disturbance is beyond doubt the most
important and most characteristic factor in the entire process
of inflammation. The other tissue-changes involved are not to
be overlooked or undervalued; but it is the disturbances in the
circulation which give inflammation its special character, and
determine its course. The question as to the essential nature of
inflammation is thus almost reduced to the question of the causa-
tion of these vascular disturbances,

The slowing of the blood-current, the dilatation of the vessels,
the peripheral disposition of the white blood-cells, the migration
of these from capillaries and veins, and the migration of the red
cells from the capillaries, are all of them referable to a molecular
alteration in the vessel-walls (Samugr). Mere paralytic
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dilatation does not give rise to slowing of the current, or to
peripheral disposition of the white cells: mere slowing of the
current is not followed by extravasation of the cellular elements
of the blood. Increased activity of the neifhbourin cells will not,
explain exudation, for white and red blood-cells wiﬁ escape from
the vessels into a tissue whose cells are already dead. ConNzEM
has shown that if the circulation through a vessel is interrupted
for a certain time (in frogs, from 36 to 60 hours), the vessel-wall
undergoes such changes that, when the blood is again allowed
to circulate, an exudation makes its appearance just as in
inflammation.

The alterations in the vessel which take place in inflammation
cannot be histologically demonstrated. We infer them from the
fact that the vessel-wall becomes more permeable. We must
suppose that the elements composing the vessel-wall are in some
way loosened: the cementing substance which unites the endo-
thelial cells seems partially to give way. ARNOLD'S rescarches
make it likely that the cells transude chiefly at places where the
intercellular cement is abundant. The slowing of the blood-
current itself may probably be due to endothelial changes, in
virtue of which the frictional adhesion between blood and vessel-
wall is increased (LisTER, RYNECK, COHNHEDI).

1t may be accepted as an established fact that in inflammation the vessel-
wall is affected (Samurs, Vireh. dirch. vol. 43, and CorNHEDM, loc. ¢it.). But
it is still questioned by some whether the affection is of the nature of a chemical
alteration, or a mere widening of Ere-existing intercellular apertures, ARNOLD,
who has worked much at the subject, formerly thought that small openings
(stigmata) normally existed between the endothelial cells, and that these
enlarged in inflammation into wider stomata. He based this theory mainly
upon injection-experiments, which seemed to show that the vessel-wall was
permeable, even to blood-cells. CoHNHEDM all along opposed the theory, and
Arxorp has now given it up. At the spots where stigmate were said to be
we find nothing but little masses of cementing substance. Convmrnt argued
against the existence of openings, from the fact that the exudation has not the
game composition as liquor sanguinis.  The fact that inflammatory exudation
is richer in albumen and in cells, and so coagulates more readily, than the
liguid which transudes in sim1|11e engorgement, speaks for a change in the
sermeability of the vessel-wall, Thix:s has indeed been demonstrated by
injection-experiments SWxleAm:u Wien. acad. Sitzungsber. LVIIL ; ARNOLD,
loc. ¢it.). ConxmE, like HurING ( Wien. acad. Sitzungsber. 1vix), regards the
escape of the elements of the blood as due to a process of filtration. He thinks
the altered quantity and quality of the transudation (in inflammation as com-
red with ‘Lealth) are referable simply to an alteration of the vessel-wall,
that is to say, to an alteration of the filter. TroMa maintains (Virch. Areh,
vol. 74), on the strength of certain experiments, that the white blood-cells
never escape from the vessels unless they retain the power of independent
movement. He would thus regard their migration as in some degree due
to an active effort on their part. When the white blood-cells are deprived of
the power of movement by irrigating the mesentery with 15 per cent. salt-
solution, the migration at once ceases.
On the causes of the slowing and stasis of the blood-current see Llsrsn,
Phil. Trans. 1858 ; RYNECK, Rollet’s Untersuch. Graz 1870 ; COHNHEDY, Op. cit,
1873 ; Grax and Kresessiewicz, Wien. acad. Sitzungsber. LXXXIY,
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. The increased temperature of an inflamed surface is due merely to the
inereased circulation of blood through the part ; the loss of heat not keeping
pace with the gain, Comxuem found by experiment that, in the same
time, nearly twice as much blood flowed through the inflamed paw of a
dog as through the non-inflamed one. This is quite enough to account for
the rise of temperature, :

98. The causes of the alteration in the vessels are thus the
causes of the inflammation. In other words, the alteration in
the vessels is the direct or indirect consequence of the injury
which excited the inflammation. Or still more accurately—any
injurious agency which is capable of altering the blood-vessels in
a particular way is capable of producing inflammation. It is clear
then that the number of agencies capable of exciting inflammation
i indefinitely great: they are beyond enumeration or separate
discussion. All we can say is that mechanical, thermal, and
chemical agencies (and especially the latter) may act so as to
alter the vessels and produce inflammation.

The exciting cause of inflammation may operate in one of
three ways. It is in the first place conceivable that the injurious
a%fnt (noxa) may primarily attack the vessels. This will be the case
when it is brought to them in the blood itself. The surrounding
tissue suffers only by a secondary effect. In the next place, there
are cases in which the exciting injury affects both tissue and
vessels at the same time. In a third instance, the tissue alone 1s
injured : the alteration in the vessel-wall is secondary to alterations
in the surrounding tissue. Of course these cases are not always
completely independent. In the same case textural lesions and vas-
cular lesions may intercombine in various ways at different times.

To produce inflammation an injury must be of a certam
severity, and yet must not be too severe. Thus a slight wound of
the corneal epithelium does not excite inflammation : the defect 1s
simply filled up by regenerative proliferation. On the other hand, a

werful caustic applied to the skin produces at the cauterise
spot mot inflammation, but necrosis. ~Inflammation 18 indee
excited; but only in parts beyond the cauterised region. In
these the caustic has not acted fully, so as to kill the vessels :
it has merely altered or damaged them by chemical action. T
example shows that there are no noxae which can be dcscnlged
specihcally as exciters of inflammation. Between the injury which
is too slight to affect the vessels, and that which affects them too
gseverely or kills them outright, there is an endless number of
intermediate degrees.

The repair of the damaged vessel-wall is brought about
by the vis medicatriz of the blood itself. If, when the injuriis
influence has ceased, the blood brings to the injured vesscl t ﬁz
materials required for restoring it to its normal state, 2 rest;tl;h 2
ad inteqrum is effected. The inflammatory disturbance do tion ;
circulation thereupon comes to an end, and with 1t the exudati®its
and the process of healing is begun.
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99. The textural changes. Inflammatory change in the
vessels must of necessity be associated with tissue-change, antece-
dent, concomitant, or subsequent. An injury from without which
excites change in the vessel must always in the first instance affect
a certain number of tissue-cells. By what is said in Arts. 78—80
we see that all such an injury can do is to set up disorganising
and degenerative changes in the cells. If the injury be slight, the
cells may recover: if it be graver, a certain number of them
will perish. Multiplication is never induced by excitation of the
cells from without.

When the injurious agcnt affects the vessels primarily, being
brought to them by the blood, there are two events possible. If
the noxa be very powerful, it will attack (or even kill) not onl
the vessel-wall, but the surrounding tissue also. If it is of trifling
intensity, and its operation is thus confined to the vessel-wall, the
surrounding tissue escapes in the first instance. It will be affected
secondarily only when the injury to the vessel-wall is great enough
to lead to inflammatory disturbance of the circulation, and so to
disordered nutrition of the tissue.

Experiment and post-mortem observation have alike shown
that in severe inflammation a certain number of cells invariably
perish. The so-called ‘inflammatory stimulus’ does not induce
multiplication, but only degeneration and death, in the cells of
the tissue. The slighter the inflammatory stimulus the less is
the injury to the tissue. The degenerative and destructive effects
of the exciting injury are least in the mildest forms of inflammation.

ConxHENCs discovery of the migration of white blood-
ssible source of the extraneous ccﬁ.:afound in all inﬂmnegelziss:‘imzdi:
particular a possible source of pus. But the question has often o k.
whether all these extraneous ceils (round-cells or leucocytes) are derived from
the blood. Before the discovery of migration, it was assumed that thes
leucocytes were the product of the multiplication of tissue-cells, excited t:
proliferate by the ‘inflammatory stimulus”  But it was quickly seen this o
were well-founded objections to this hﬂpothcsis. ConyuED! himself ',,f’l,'c
Arch, vol. 40)had shown, and that before he made his discovery, that, Hon ireh.
- sible to suppose that all pus-corpuscles arose from fixed cells e i !mpa:;-
migratory connective-tissue cells of Vox RECKLINGHAUSEN were in el\en :ﬁ
to produce the enormous inultitudes of cells found in b \?m equa
investigations made since then have shown that pus-corpuscles ar “('l"e!"?“"
solely from the blood, and that cells of the lymphoid type (sucle erived
corpuscles) are never produced from fixed tissue-cells (Conxuprny Nc:w“g, pus-
iib. d. Entziind. Berhn 1873, Virch. Arch. vol 61 ; Key and Warus lf,‘f"’]‘:'r
Arch, vol. 55 ; EpertH, Unters. a. d. path. Inst. in Ziirich Parts 2 and 3 ‘r:\'
has been stated in the text, the tissue-cells either show signs of degene);-ati 8
or perish outright, and in this condition mingle with the exudations, -
This doctrine has not been without its opponents. Among the chief
BorrcHER ( Virck. Arch. vols, 58, 62) and STrICKER, with some of his ua'lie
Studien aus d. Inst..fiir exper. Path. in Wien 1870 ; various essays 4 Itt;:g
Wien, med, Jakrb. 1871—1880 ; Vorles, iih. allg. Path. Vienna 1877—1879
Internat. Encyclop. of Surgery vol. 1). BorrcHER'S objections have el
completely :mswgred by the painstaking experiments of the observers aboye
cited. STRICKER'S observations are admirably described by Burpon SaANprn.
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soN in Holmes's System vol. 5. Recent

tendcq to confirm %he re'i{ui"?:}r’(miih STRICKER'S om?‘:zl;gs a?o{‘v%ml;%.t
Experimental researches on the origin of pus-cor uscles have generally
been made on the cornea : as this has no blood-vessels it offers a favourable
opportunity for discerning the parts played by the blood and by the tissue-
cells respectively.

100. The forms of necrosis and degeneration which may
accompany inflammation are very various: they vary with the
nature of the exciting cause, and with the intensity of the
inflammation; with the character and extent of the vascular
disturbance, and with the nature of the tissue. Any one of
the forms of degeneration enumerated in Arts. 32—71 may
occur. There is no rule determining in what cases any particular
farm shall appear. It deserves however to be specially mentioned,
t.hn.t a very common issue is the disintegration, solution, and
hc%lefactnon of the entire tissue—of its cells as well as its basis-
substance. This is the case, for example, in all suppurations,
to a greater or less extent. Another common occurrence is the
coagulation of the exuded liquid, and also of the disorganised
or necrosed tissue-cells, Fatty degeneration is not infrequently
a secondary result of the vascular disturbance.

101. Varieties of Inflammation. Inflammation is a process
which may affect any tissue possessing vessels, or in connexion with
vessels. In other words, it may affect any tissue in the body, except
a few epidermoid structures. Its seat may vary greatly. It may he
within the parenchyma of an organ, or be confined to its surface:
that is to say, we may have parenchymatous inflammation, or
superficial inflammation. The former affects the interior parts of
solid organs, like the glands, muscles, or brain. The latter form
occurs on the exterior of the body, in mucous membranes, and in
the lining membranes of the great serous cavities. In the former
the exuded liquid saturates the tissues, and is spoken of as an
infiltration. In the latter it is deposited on the surface, and is
spoken of as an effusion, or an exudation in a narrowed sense of the
term. Parenchymatous inflammations are still further subdivided.
(3lands, muscles, and nerves possess a fibrous framework in addition
to their specific elements. Inflammation of the former must be
distinguished from that of the latter: we have thus interstitial
inflammation, as distingnished from parenchymatous inflammation
in a narrowed sense of the latter term. There is really no essen-
tial difference between the two. The only value of the distinction
is—that it allows us to indicate briefly the seat of inflammmation m
certain organs, whose fibrous framework is well defined from the

ecific parenchyma. Thus interstitial inflammation of the liver
implies that the chief inflammatory changes are to be found in the
eriportal fibrous tissue, the liver-cells being relatively less aﬁ'?Cte(_l-
ff it is mainly the lobules which are affected, the inflammation 18
described as parenchymatous. Mistakes are often made by referring
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simple degenerative changes in the liver-cells to parenchymatous
inflammation.

In speaking of the parenchymatous inflammation of a particu-
lar organ, it is customary to make use of a term compounded of the
Latin or Greek name of the organ and the affix -itis. Thus
hepatitis, nephritis, encephalitis, otphoritis, refer respectively to
the liver, kidney, brain, and ovary. In some cases old specific
names are used instead, as pneumonia (for pulmonitis), an inflam-
mation of the substance of the lung.

Histologists often indicate that an organ has undergone inflam-
mation by saying merely that it is infiltrated with small cells or
leucocytes. This accumulation of cells is in reality the feature by
which the fact of antecedent inflammation is most readily recog-
nised. ‘ ”

102. The histological characters of inflammation depend on
the one hand upon the nature of the exudation, on the other hand
upon the changes in the tissue. Both factors have been utilised
in classifying the forms of inflammation, according as one or the
other happens to be the more prominent.

With respect to varieties in the nature of the exudation,
the following types are distinguished.

(1) Serous and fibrino-serous exudation. When the in-
flammatory alteration in the vessels is not very marked, the exuded
fluid may be relatively poor in cells, and in its constitution ma
resemble the trqns_udat;on from vessels that are merely engorged,
It is however distinguishable from the latter by its greater per-
centaﬁe pf albumen and of white blood-cells, and by its greater
coagulability. Where it collects in quantity, therefore, it looks
more or less turbid, and contains flakes and threads of coagulated
fibrin.  Collections of this fluid in serous cavities are described as
fibrino-serous effusions.  When it infiltrates the parenchyma of an
inflamed solid organ, 1t gives rise to inflammatory ocedema.
When it is effused on the surface of the skin or of a mucous mem
brane, it is spoken of as serous catarrh. 3

(2) Fibrinous or croupous exudation. When th i
contains fibrinogenic and fibrinoplastic elements in t;xl:}ufl}((llal.:iizgmi?;
undergoes coagulation throughout. As explained in Art. 35 the
fibrinogenic substance is contained in the exuded liquid " the
blood-cells yielding the fibrinoplastin. The presence of a certain

ercentage of leucocytes in the exudation favours coagulation
The term fibrinous exudation is especially applied to effusions into
the various body-cavities. The coagulated masses form toughish
yellowish white, adherent films or coverings over the affected
organs. When tissues are mﬁltra_ted, or mucous membranes covered
over ‘gt‘h t{le coagulated exudation, the term croupous is generally
a lied to 1t

ppThe croupous false-membranes formed on mucous surfaces
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appear as yellowish white deposits, consisting chiefly of granular
ﬁﬁrinous trabeculae (Fig. 23 ¢) and filaments, interspersed with
pus-corpuscles in varying amount.

F1e. 28. Srorion OF A CROUPOUS MEMIRANE FROM THE TRACHEA. (x 250)

a false membrane ¢ fibrin
b surface layer of the mucous mem- d pus-corpuscles
brane infilirated with leucocytes (dy)

In other cases, the false membrane is chiefly made up of hyaline
flakes and lumps (Fig. 24 5).

(3) Purulent or fibrino-purulent exudation. When the
migration of white blood-cells from the vessels is very extensive,
and coagulation does not immediately ensue, the exudation as-
sumes a whitish milky or ereamy appearance. It consists simply
of a liquid plasma and small leucocytes containing from one to
three nuclei, and is called ‘matter’ or pus. It is commonly the
consequence of bacterial infection. The bacteria seem to act so as
to hinder coagulation. When the purulent liquid contains in
addition white flakes of fibrin infiltrated with pus-cells, the _exudg-
tion is described as fibrino-purulent. - It takes this form chiefly in
inflammations of the serous membranes. When purulent infiltra-
tion leads to liquefaction and dissolution of the tissues, so that a

us-containing cavity is formed, we have what is called an abscess.
{’f the loss of tissue is superficial, and a morbid surface is formed
which secretes pus, we have an ulcer. Secretion of pus from the
skin, mucous membrane, or synovial membrane, constitutes puru-
lent catarrh. An infiltration, partly purulent and partly serous,
is described as purulent oedema.

(4) Haemorrhagic exudation. Blood may be mingled with
serous, fibrinous, or purulent exudations, and is readily distinguished
by its colouring tﬁem red. Such mixed exudations are called
haemorrhagic.

(5) Putrid exudation. When from the presence of septic
bacteria the exudation undergoes putrefaction, it is described as
foul, putrid, or sanious.

M. 10
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103. We may likewise distinguish certain types of inflamma-
tion, according to the way in which the inflamed tissue is affected.

(1) Desquamative catarrh. In this form of inflammation,
which affects the skin and mucous membranes, the epithelial cells:
are shed in large numbers and mingle with the secretion. It is
also described as epithelial catarrh. Mucous catarrh is a variety of
this, distinguished by free mucus-secretion from the surface
epithelium, or mucous glands. y .

(2) Necrotic inflammation. This term is applied to
cases in which an inflamed tissue dies over an extent that is per-
ceptible with the naked eye. The form of necrosis may vary: it
may be simple necrosis, gangrene, mummification, caseation, or
coagulation (Arts. 32—42). ) . J

A special interest attaches to inflammatory coagulative necrosis
or diphtheritic inflammation (Art. 38). In this form, the tissue
which has been killed by the injury causing inflammation, or by
the inflammation itself, coagulates into large flakes and reticulated
masses. This happens, for example, in di htheritic inflammation
of the uvula, where the epithelium’ and infiltrated subepithelial

V5.5 v’“‘.
Lo ﬂ‘;,——-c
5 as’?f“'%o

F16. 24. SECTION OF UVULA FROM A CASE OF DIPHTHERIA.
(T'he epithelium has been shed : aniline-brown staining : x 100)

a miecrococei d fibrinous exudation
b sub-mucous tissue changed into ¢ blood-vessels

amorphous flakes f lymphatic vessel containing cells
¢ infiltrated lencocytes and fibrin

tissue are transformed into a coarse mesh-work interspersed with
amorphous lumps and flakes (Fig. 24 b). The granulating tissue
of a wound may in like manner become necrosed, and solidify into
diphtheritic denucleated flaky masses.

Necrotic inflammation is of course always grave. It implies
severe injury to the tissue, as well as serious alteration in the

vessel-walls.



CHAPTER XXII.

LATER STAGES OF INFLAMMATION. RECOVERY.
REGENERATION. GRANULATION. CICATRISATION.

104. Inflammation ceases to advance so soon as the blood

circula.ti‘x‘lﬁ1 through the vessels restores their walls to a healthy
state. en this happens recovery at once begins.
After a slight inflammation, . e. one in whig:n:he vessel-walls
are but slightly damaged, and the exudation trifling, the tissue
affected may recover in a remarkably short time. So soon as
the vessels perform their functions normally the exudation ceases
to be formed; what is already effused forthwith undergoes re-
absorption by the lymphatics or by the blood-vessels themselves.
Simple serous exudations are those most readily absorbed, but cor-
puscular elements in moderate amount present no great difficulty.
If any of the constituent cells of the tissue have been injured in
the course of the affection, they may now recover. Their normal
nutrition becomes possible as the circulation re-adjustsitself. Ina
short time nothing remains to show that inflammation has existed.
The affected %eoom% perfectly normal again.

If the inflammation has been more intense and the amount of
exudation greater, and if in addition tissue-clements have been
actually destroyed over a small extent, the process of recovery is
somewhat different. When the circulation becomes normal the
exudation is re-absorbed as before. Liquid and cells are alike
taken up by the lymphatics and blood-vessels, Even coagulated
exudations are gradually removed after undergoing liquefaction.
The necrosed tissues, like the more solid masses of exudation,
are ultimately disintegrated and l:;lueﬁed, and then removed by
absorption. If they lie on the surface they may be directly cast
off (Arts. 112—115). If the loss of tissue be not too great, and
the remaining parts are healthy and vigorous, regeneration or
repair is effected by multi lication of the tissue-cells. Epithelium
produces epithelium, muscle-cells form fresh contractile substance,

10—2
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Feriospeum generates new bone, &c. (Arts. 84—89). l}y and by the
ost tissue is replaced by new tissue after its kind. It may some-
times even happen that the amount of new tissue produced is in
excess of what is needed, and hyperplasia succeeds inflammation.
This will happen when the excessive nutrition of the tissue, which
usually follows upon inflammation, is kept up for a considerable
time.

The magnitude of the defect which can be filled up in this way,
and the fitness of the new tissue to replace the old, are matters
depending on the regenerative power of the affected structures.
As we know, this differs greatly in different tissues (Arts. 84—89).
The lining epithelia are able to cover over large denudations of
surface, and, as in catarrhal desquamation, may be reproduced
again and again. But it would seem that brain-tissue has *no
power to form a single fresh anglion-cell.

For the efficient causes which call forth regenerative or hyper-
plastic proliferation, we refer the reader to Arts. 78—82. ere
we have only to remind him once more that it is not the agency
or noxa which excited the inflammation which now excites the
cells to multiply, by some kind of direct stimulus. Multiplication
is completely independent of the original cause of the inflammation.
It is simply the result of changes in the vital conditions or
environment of the cells; and these changes are the result of
the inflammatory process itself.

105. If the inflammation continues for a time and is not too
intense, and if the circulatioq is not too seriously interfered with,
so that a good blood-supply is continuously kept up, we have all
that is needed for the production of inflammatory tissue. The
cells which build up the new tissue are the migrated white blood-
cells or lencocytes: the new tissue which they form is described as

ulation-tissue and cicatricial tissue. The most important
factor in this plastic process 1s the formation of new blood-vessels.
These alone make 1t posmb!e to keep the young formative tissue
supplied with adequate nutriment.

e factors which cause the inflammatory process to take on a
formative or constructive character are not always the same. We
must in general assume that some cause is acting which keeps up
the morbid alteration in the vessel-walls, and so gives the inflam-
mation in some degree a chronic character. In open wounds the
inflammation is kept up by contact with the air, with the floating
matters suspended in it, with the dressings, with the secretions from
the surface. This continues till the skin, growing over from the
margins of the wound, at length protects tﬁ? vascular tissue from
further irritation. I-u subcutaneous necroses following on acute
exudative inﬂa_mmfmon, the _dead t,issues_or de{xd exudations are
enough to maintain a certain irritation in their nei%)}::bourhood,
especially as they undergo certain chemical changes before they
are finally absorbed. In other cases, the original cause of injury

‘-
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persists and continues to excite ever fresh inflammation: or a
new injury may affect a part in which inflammation is declining or
overpast, and kindle it afresh. Which of all these possibilities
applies to a given case is often hard to determine. Very frequently
several such factors are in action, either at the same time, or at
different stages of the process.

Plastic inflammation is, moreover, always associated with some
form of degeneration. In parenchymatous organs, for instance, the
growth of new fibrous tissue involves the atrophy or destruction
of the proper and specific elements. Intrinsic sources of irritation
of this kind are thus seldom wanting, and they maintain the
inflammatory process, even when the original exciting cause has
ceased to act.

106. The new tissue produced as a result of inflammation often
fulfils the purpose of replacing tissue that has been lost. This
application of the process is apparent in the healing of wounds.
In an open skin-wound, for instance, there is formed first of all a
delicate greyish-red vascular formative layer, the so-called granu-
lating surface. This in a way unites the borders of the wound.
After a time it becomes covered over with skin, and is
transformed into fibrous tissue. The breach is thus filled up, the
separated parts united, and a scar is formed. The scar or cicatrix
is thus the result of an inflammatory plastic process. Scar-tissue
is formed in other organs in the same way, and with the same result
of replacing a loss of substance.

In many cases, however, the production of new tissue by in-
flammation does not serve so useful a purpose. It often takes the
form of a useless or injurious hyperplasia. This happens, for
example, when after inflammation t{z corium of the skin thickens,
or the papillae become enlarged; or when the fibrous tissue of
the kidney or the liver is morbidly increased, giving rise to dis-
turbances in the nutrition of the organ. Even the formation of
adhesions and adhesive membranes connecting the organs of the

eat serous cavities is often accompanied by impairment and
indrance of their functions.

107. As we have just stated (Art. 105), inflammatory tissues
are developed from extravasated leucocytes, in cases where the
circulation has not been very seriously interfered with. This
last ensures that the exuded corpuscles are speedily irrigated
with a sufficient but not too abundant stream of plasma. These
conditions are perfectly fulfilled in the aseptic healing of an
ordinary wound. &

If an open wound be observed twenty-four hours after it 18
inflicted, the bottom and edges will be found to be intensely red
and somewhat swollen. The elements of the tissue are still quite
distinguishable, though the tissue seems turgid, and here and there
small necrosed shreds are visible. On the second day, the tissues
have a more gelatinous appearance, the outlines of the tissue-
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elements (cells and fibres) are blurred, and the colour is a greyish
red. A reddish yellow liquid lies on the surface. After the second
day little red nodules or granules begin to appear over the entire
wound. These increase rapidly in size and number, and become at
length confluent. After two or three days there is thus formed
a continuous red granular layer—the granulating surface. It is
covered with a more or less abundant secretion, which changes to
a greyish gelatinous film, and .a&erw.ards becomes more yellowish
and creamy in consistence. This film is composed of an albuminous
coagulable exudation and numerous leucocytes, some of them with
one nucleus, but most of them with two or three small rounded
ones. These are pus-corpuscles. They are not capable of
further development, but are rather to be looked upon as cellsin
process of decay. The multiplication of the nuclei is evidence,
not of subdivision, but of disintegration.

The whole of the new tissue formed is derived from this delicate
red formative or embryonic tissue, the granulation-tissue. From

" this the cicatricial tissue is developed.

It seems beyond doubt that the multiple nuclei of pus-cells (Fig. 25 a,)
are simply the result of disintegration. Nothing has been observed to indicate
that the division of the nucleus is followed by a division of the cell, and
nothing is known of their further development. Besides, it is noted that the
combined size of the multiple nuclei is not greater than that of the single
nucleus. This shows that the partial nuclei have not the power, like true
daughter-nuclei, of growing by assimilation of substance from the protoplasm
of the cell (Kiiss, De la vaseularite et de Pinflammation Paris 1846; Pacer,
Surg. Path. Lect. 10).

108. The naked-eye appearances in the healing wound are
referable, partly to the accumulation of white blood-cells, partly to
dilatation and distention of the vessels, and partly to the formation
of new vessels. This latter takes place by means of off-shoots from
the capillaries, as described in Art. 86. No other mode of vascu-
larisation has been certainly made out.

The development of granulations and cicatricial tissue takes
place in the following "‘:ﬁ"

The injury sets up mflammation, which leads to an infiltration
of cells at the borders of the wound. Large numbers of migrated
cells (w1.th a certain quantity of fluid) are thus accumulated.
Meanwhile parts of the existing tissue disintegrate by softening
and liquefaction. A soft texture is in this way produced which is
made up almost entively of young round-cells, with very little
intercellular substance. Some of these cells, chiefly those contain-
ing several fragmentary nuclei (Fig. 25 a,), cease thereupon to live,
and form true pus-corpuscles. T hey are either thrown off with the
secretions from the wound, or are absorbed, or dissolved in situ and
utilised to feed the more vigorous living cells. On the other hand
another set of (uninuclear) cells (a) begin to grow. Their protoplusm
increases in amount and becomes more mmﬂdly granular (Fig. 25
b). At the same time the cloudy finely-granular rounded nucleus
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becomes clearer, oval, and vesicular (b). The nuclear juice and
nuclear substance become distinct, so that it becomes possible to
discern clearly a nuclear membrane, nucleoli, and nuclear granules

F16. 25. GRANULATION-CELLS IN VARIOUS STAGES.
(Picrocarmine staining : x 500)
uninuclear, a, multinuclear migrated white blood-corpuscles
various forms of uninuclear formative cells
binuelear, i.}’multinuclear formative cell

formative cells developing into connective tissue
developed connective tissne

and filaments. This differentiation of the elements of the nucleus
gives the cell an altogether different as and habit. It resembles
an epithelial cell, or as it is phrased—it becomes epithelioid.
he transformation of leucocytes into epithelioid cells is accom-
panied by cohesion of the protoplasm of separate cells. A growing
cell may apYropriate the substance of others which are decaying;
or two equal cells may coalesce to form a single one. )
The epithelioid cells are the formative cells of the granulation-
tissue: they alone have the power of producing new connective
tissue. They are best described as fibroblasts. They are usually
uninuclear, and their numbers increase partly by successive trans-
formations of round-cells, partly b{( subdivision. Very probably
the division of their nuclei 1s of the karyokinetic type. If the pro-
toplasm does not subdivide for some time after the nucleus has
divided, binuclear (c) cells are formed ; and even in some instances
large multinuclear cells, the so-called giant-cells (¢,). In healthy
granulations giant-cells are produced but sparingly. ‘
ZiecLer has endeavoured to prove experimentally that the migrated

hite blood-cells are capable of further development, and are the EABALY
source of cicatricial tissue (Exper. Untersuch, i, d. Hortunft d. Tuberkelele

S RaG SR
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mente Wiirzburg 1875, and Untersuch. ith. path. Bindegewebs- und Gefiissneu-
bildung Wiirzburg 1876). He made a small disc-shaped chamber by fastenin
together two thin cover-glasses a slight distance apart. This was inse
under the skin of a dog and left for a certain length of time. When it was
removed its contents could be examined microscopically. The thin interspace
was found to be filled with cells, which either perished and broke up or under-
went further development. In a single layer of cells obtained in this way,
there were always some undergoing progressive change, and they could be
observed with great ease. Thus not merely at the borders, but over the
whole field, cells were found in all stages of development from the lymphoid
to the epithelioid and giant-cell type. The actual formation of tissue from
them could be followed. When large cells are formed, a certain number of
the round-cells in their neifhbourhood disappear. It is as if their protoplasm
were appropriated by the larger growing cell. This is less surprising, as we
know that migratory cells frequently pick up molecular matters (such as
cinnabar) which they find in their way. The only difference is that the pro-
toplasm is assimilated and utilised for growth ; the cinnabar of course is not.

The various stages of nucleus-division cannot as yet be described in detail :
only some of them have been observed. So far as is known, they correspond
with the scheme of Arts. 74 and 75. Now and then a radial arrangement of
the granules of the protoplasm is observed near the poles of the nucleus.

IEGLER'S results have been called in question by various observers

(Ewerzxy, WEIss, BOTTcHER, BAUMGARTEN, and others). These observers
maintain that the migrated cells have no power of further development, and
attribute the formation of new tissue to the multiplication of the fixed tissue-
cells, especially in the case of the epithelia. eir experimental methods
have been so different from ZreGLER’S, and their criticisms rest so much more
on their own special theories of inflammation than on the facts adduced, that
it is difficult to find a common basis for the discussion of them. Those who
have used similar methods have in the main arrived at similar results.
SeNFTLEBEN ( Virch. Arch. vols. 72 and 77) introduced fragments of dead lun
or artery-wall into the peritoneal cavity of an animal. TiLIMANNS (Virch. Arcﬁg.
vol. 78) used bits of hardened organs with artificial cavities in them., Harirrox
(Sponge-grafting, Edin. Med. Journ. 1881) introduced bits of sponge. All of
these have found that the cells which migrate into the receptacles thus arti-
ficially provided undergo further development. HEIDENHAIN had already
discovered large cells in .rmmd' bits of elder-pith, which he had inserted into the
abdominal cavity of guinea-pigs (Usber d. Var;fe(tzmg Jremder Kérper in der
Bauchhihle Breslan 1872). ScHEDE (Arch. f L, Char. xv), AUFRECHT ( Virch.
Arch. vol. 44), BizzozERo (Annali universi di medicina 1868), and others had
already observed facts which were in favour of the notion that development
does take place in migrated cells,

109. The newly-formed fibroblasts are rounded cells (Fig. 25 b).
They soon change their form however by sending out processes
and becoming elongated. In this wa{ cells are produced which are
club-shaped, spindle-shaped, or branched (b); and these cohere and
coalesce in various ways. Meantime the larger formative cells are
multiplied till at length they outnumber the small round-cells.
Here and there they become tightly packed together. This is
especially noticed in the deeper layers of the granulation-tissue.

hen their number has reached a certain point, fibrous tissue
begins to be produced by the formation of a fibrillated intercellular
substance. This latter arises in part directly from the cell-proto-
plasm, and in g)art from a homogeneous ground-substance derived
from the fibroblasts. In the first case, from the ends and lateral

e

&

~r



. CHAP, XXIL] LATER STAGES OF INFLAMMATION. CICATRISATION. 153

borders of the formative cells () there grow out fine fibrillae, which
unite with those of the neighbouring cells. The direction and
extent of the fibrous strands thus roduced are independent of the
original form and disposition of the formative cells. The run of
the fibres is generally in the same direction for considerable
lengths. When the fibrillae have reached a certain degree of
deﬁm_tcness and st.renit.h the process of fibrillation ceases, and the
remaining cells with their nuclei remain as fixed connective-tissue
cells (¢). They lie along the surface of the fibrous bundles. The
process is thus completed : granulation-tissuc has become cicatri-
cial tissue.

The formation of new vessels starts as soon as the first forma-
tjve cells are developed. It proceeds rapidly, and even in a day or
two multitudes of vascular loops are already produced. They brigﬁ
the granulations the nutriment they need, and supply cells to
the vacancies occasioned by absogption of the first leucocytes. The
only part taken by the epithelioid cells in vascularisation is—that
they serve to strengthen the thin-walled new capillaries, by dis-

sing themselves along the outer surface of the vessels. It is
possible that fibroblasts may now and then take in the forma-
tion of mew vessels, This they may do by attaching themselves to
the budding off-shoots, and thus assuming the form of buds them-
selves. By excavation of their contents they are then converted
into permeable channels.

Giant-cells, when they are present, seem to q}ay no special part
in the transformation of the granulations. They form fibrous
tissue in the same manner as the other fibroblasts.

ZizeLER has observed the process of scar-formation from granulation-tissue,

Both in ordinary granulations and by the cover-glass method. The latter

yields preparations which ave better than any sections, inasmuch as all the

vells and cell-structures remain in situ : thereis no possibility of disintegration

or disturbance of the natural relations. Truimany's (loe. cit.) observations
with ZIEGLER'S.

The assertion is often made (BruiroTa’s Surgical Pathology, RINDFLEISCR'S
Pathological Histology) that granulation-tissue passes into spindle-celled tissue.
This is only partially the case. Spindle-cells are formed often enough, but the
cells are just as often of many diverse shapes.

The granulations, when they are first formed, are nourished by the plasma
which escapes from the existing vessels. TaiErscH has shown that the

ces in which this circulates among the granulations may be injected from
the blood-vessels. This mode of nutrition is however inadequate for the
comp}:dte formation of the embryonic tissue; new vessels are therefore
required. ’

ZigaLER (loc, cit.) and BRODOWSKI (Virch, Arch. vol. 63) have described
special relation of the gmnt—cclls to the process of vascularisation, but this 18
no longer maintained.

110, The constructive processes taking place in the wound are
completed when the cicatricial fibrous tissue is formed. The sub-
sequent changes are limited to a certain amount of shrinking or
contraction in the new tissue, and the suppression of some of the
new blood-vessels. The scar, which from its vascularity is at first
decidedly redder than its swroundings, begins to pale; and at
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length becomes paler and whiter than its surroundings. A depres-
sion frequently results from the shrinking of the cicatricial tissue.
The smaller the wound the smaller and less marked is the scar.

This form of healing, in which the wound is closed by means
of its own granulations, is called healing by second intention.
Healing by first intention occurs when two wounded surfaces
come into contact and grow together without the intervention of
visible granulations. In principle the process is the same as in the
first case. An inflammatory infiltration is produced, and in this
new vessels and new fibrous tissue are developed. The difference
is merely quantitative. In skin-wounds, for example, the exudation
and granulations are so insignificant in amount that they are
imperceptible ; they are very quickly bridged and covered over by
regenerative multiplication of the epidermal cells.

The chronic inflammatory processes leading to fibrous hyper-
lasia follow in general the same course as when new tissue is
eing formed. In different organs however there are special

peculiarities to be noted. They will be treated of in considering
the special pathology of the several organs.

111. 'While cicatricial tissue is forming in an organ by means
of granulations, it usually happens that the fixed tissue-cells also
begin to multiply by subdivision. The extent to which this multi-
plication goes on, and the share it contributes to the final result,
are by no means constant. But they are by no means negligible,
especially in long-continued inflammations. Hence the different im-

rtance assigned to such cell-multiplication by different observers.
g?)me ascribe all formation of new tissue to it, denying the existence
of the inflammatory process above described. Others allow it small
significance, or ignore it 9.1together. The truth is probably this—
that accompanying t,hc_a mﬂam_matog'y constructive process, there is
always some regenerative proliferation in the tissue, and that this
is in inverse relation to the severity of the inflammation. Epithe-
lium is a tissue which cannot be reproduced by means of granula-
tions; it can be reproduced on_ly by regenerative proliferation.
Other specially differentiated tissues, such as muscles, nerves,
bones, vessels, are in the same case. Tbese, if replaced at all, must
be replaced by regeneration starting in pre-existing homologous
tissues. Cicatricial tissue pure and simple is therefore devoid of
all such specialised structures, with the one exception of vessels.

If we were to define granulation-tissue according to its apparent
purpose we might say—that it is a structure fashioned out of the
cellular material gathered by the blood from the system in general,
and utilised to make good a defect whxch. the ﬁxgd tissue-cells of
the injured region are unable to repair. This final purpose,
unfortunately for teleology, only appears in the process by which
wounds are repaired. It is not apparent in the fibrous hyperplasias
of glandular organs, or in the formation of adhesions and false
membranes ; but the mechanism is the same.



CHAPTER XXIII

- IMPERFECT RE-ABSORPTION. FOREIGN SUBSTANCES.

112. The re-absorption of inflammatory exudations is not
always so complete as we have hitherto assumed (Art. 104).
Though it is true that in most cases even exudations containin
numerous corpuscular elements are sooner or later absorbed, sti
there are limitations to this; or it may be that circumstances
arise which directly check or hinder the process. If re-absorption
(or briefly resorption) does not ensue, further changes take place
in the exudation, whether it be an effusion into a cavity or
an infiltration of a tissue. The commonest result is condensation,
depending on loss of water and caseation. In purulent effusions, for
example, the pus-cells undergo fatty changes (Fig. 26 d, * GLUGE'S

®o 5%

Fio. 26. PUS-CELLS BECOMING FATTY AND SHRINKING (x 400)
pus-cell in solution of common salt
pus-cell treated with acetic acid b, so-called granulation-cell
shrunken pus-cells ¢, shrunken and fatty pus-cell
pus-cells that have become fatty and broken up (Gruce’s corpuscles)
corpuscles’). They then shrink and break up, so that presently all
that is left is a mass of small irregular lumps (¢ and ¢,), and granular
detritus (d,). The watery parts of the exudation being more or
less absorbed, these products of disintegration form a creamy Or
cheesy pulp. Fibrinous effusions may also be transformed into'a
mass of cheesy detritus. These not infrequently become calcified

as time goes on.

/D oR
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Condensed effusions of this kin ; g
often happens that they cannot Iin::,);cl,:g ﬁSli}:ﬁ:est‘)vrgtxo;. {lt
Infiltrated tissues which have necrosed may in like manger resq £
resorptaon, and so persist for an indefinjte ytime. Dead bone a:fd
fascia especially, which are hard to Jiquefy or disintegrate, ma
long be retained. But softer tissues may likewise become inc;xpablz
of resorption, when necrosis has resulted in thei eation
mummification. In their cas or

113. Tissues which have been I; ) 2L,
or by the subsequent inflammation, il:llllclle(ilnggm t"]:litg:’gl:ﬁ d;?i,:g
are no longer parts of the organism, They are forei ys bt ise
and they act as such. In other words they « : gna.nd AT e
inflammation in their neighbourhood. The Y ct lili:p S, Mt
thrust forcibly into the tissues from Withouty acNecr:s e(; g, b aes,
inflammatory, such as those resulting fronm, g gt d haemorn
rhagic effusions or extravasated blood which } !gm,o ud Jmam.
all act in the same way as foreign SUbStana:e . ecTo e
affected by them it matters nothing whether they once belon ged to
the organism or not. It is of more importx;mc)e to consider the
physico-chemical nature of the foreign substanee., This it is which
determines the intensity, the extent, the eneral charhcter of th
inflammation induced. e :

The great importance of the infla . :
dead or foreign substances makes it abgﬂ:?:;on:ssi‘;?iﬁdtob a?/‘;cg
clear conception of their nature. And we mu.Zt. in especial discover
the characteristics of the inflammation set 4 \vheI:z the foreign
substances are of corpuscular size, State(d gexf)emll we may put
it—that in such a case we have in addition to they ordinary phe-
nomena of inflammation other processes whose object 1’3 thie
removal of the foreign substance, The peculiarities of special
cases depend on the physico-chemical nature of the substance.

Foreign substances may be divided into two groups :—those
which have but a slight effect or none in altering the surrounding
tissue, and those which act destructively and exeite violent inflam-
mation. Among the first group are some substances easily absorbed,
and others which are absorbed with difficulty,

114. The easily-absorbed substances include liquids and small
solid matters which have no intense chemical action on the
surrounding tissue. Of this latter kind are, for example, cinnabar,
which is rubbed into the skin in tatooing ; the dust of coal, lime, or
iron, which is inhaled and gasses from the alveoli into the lung-

tissue ; and lastly fatty and disintegrated exudations, softened and

disintegrated tissues, and such like.

The effects produced in the organism by small corpuscular
bodies of the above kinds are not serious. Perceptible inflamma-
tory changes are brought about only when large quantities of them
are present together: their effects are thus integrated as it were.
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Most of the l§mlve&rulent or corpuscular matters referred to are
removed from the tissue containing them by resorption. If the
lie within a liquid exudation (as do fatty pus-cells or free oil-
globules) they may be taken up along with it into the lymphatics,
and so carried off. A large number of them would still however
remain, if another means were not at hand for disgosing of them.
The additional resource is brought into play by the mild inflam-
mation which the foreign substance excites. The agents are the
white blood-cells which thereupon migrate from the blood-vessels.
These migratory cells appropriate the foreign substances lying
in the tissue (Fig. 27 h h, h, k). They let their protoplasm flow

Fic. 27. SECTION THROUGH A DEGENERATING PATCH FROM THE BBAIN.
(Osmium preparation : x 200)

a blood-vessel filled with blood h round-cells

b tunica media h, round-cells containing single

¢ adventitia with its lymph-sheath oil-globules

d unaltered neqrogha,-oells h, fat-granule carriers

e fatty nenroglia-cells hy pigment-granule cells, some con-
f binuclear nenroglia-cells taining blood-cells

g sclerosed tissue

round them, and so take them up into their interior. By frequent
repetition of this process granule-carrying cells are produced. Ac-
cording to their contents, these have been variously described as
fat-granule carriers (h,), blood-cell carriers (h,), pigment- ule
cells (Fig. 28 o), dust-cells, cinnabar-carrying spgemles, c. In

cercbral degenerations, we constantly find cells containing granules



158 INFLAMMATION AND INFLAMMATORY GROWTHS. [SECT. V.

and minute drops (Fig. 27 &, /,): these are migratory cells, which
have taken up some of the products of disintegration of the brain-
substance.

The carrier-cells ultimately reach the lymphatics. Thus in the
brain they accumulate in the lymph-spaces surrounding the
adventitia of the arteries (Fig. 27 ¢). Hence they are carried on by
the lymph-current, and at length reach the lymphatic glands. Here
they are retained for a time, and ultimately filtered away—at least
in part. In Fig. 28 is represented a lymphatic gland infiltrated

Fig. 28. BECTION OF A LYMPHATIC GLAND WHOSE SINUSES AND ALVEOLI CONTAIN
PIGMENT-GRANULE CELLS, (Carmine staining: x 80)
a follicle b trabeculae ¢ pigment-granule cells

with pigment-carrying cells; these were derived from an extensive
haemorrhage which had undergone resorption. The pigment-
carriers for the most part remain within the lymph sinuses: only a
few have penetrated the follicles. The greater portion of the
foreign substance absorbed usually remains in the lymphatic gland :
but 1t may happen that a part filters through it and reaches the
next gland, or ultimately the blood-vessels. A considerable quantity
of corpuscular foreign matter can in this way be removed. Often
however the resorption is inadequate, and a portion of the substance
remains tn loco.

Foreign substances may be deposited along the walls of the
lymphatics as well as in the glands. The granules inclosed in the
carrier-cells are set free as the cells decay. Hence it often happens
that lymphatics, which have conveyed away quantities of pigmented
substance, show traces of pigmentation all along their course.
This happens likewise in the corresponding glands. The deposits
may even excite the respective tissues to inﬁammatory hyperplasia.

The above process is, of course, only carried out in its entirety
when the foreign substances are insoluble and indestructible,
Soluble and destructible matters like chalk, fat, myeline, are sooner
or later dissolved or attacked; the agency of the cells, of oxygen,
or of non-organised ferments completes their destruction.
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115. The process of resorption and the associated inflammation
are somewhat different in character when the foreign substance
forms a compact mass, offering more or less resistance to removal.
Such are, for example, ligatures, drainage-tubes, ivory pegs, leaden
pellets, necrosed bone, compact haemorrhagic patches, haematomata
and infarcts, thrombi, coagulated or condensed exudations, necrotic
cheesy masses, &c.

All of these excite in the surrounding tissue a certain amount
of inflammation, though its intensity is very various. If the forei
body is quite insoluble in the juices, as glass is, and if the
mtroduction of it is una.ocomgumed by any injury to the tissues
among which it lies (e.g. in the abdominal cavity), then the effect
may be almost nothing. Bodies which are soluble, and undergo
chemical changes in the tissues, usually irritate them much more,
and the inflammatory processes excited are generally intense.
This is also true of bodies (like bullets) which produce laceration
as they penetrate the tissue. ) )

The first stage is the formation of a zone of inflammatory
infiltration around the foreign body. This is followed by the
development of granulation-tissue, and at length of fibrous tissue.
If the foreign body is not meanwhile absorbed, it thus becomes
encapsuled. Only msoluble and compact bodies can remain quite
unaltered, for resorption is as it were p.ttempted, even though it be
in vain. Bodies \:'-ﬁich are at all assailable are sure sooner or later
to undergo changes. These ensue as follows:—the migratory
leucocytes, transformed into uninuclear or multinuclear formative
cells, attach themselves to the surface of the object. If this be
made up of smaller parts, or if icles of necrosed tissue be
mingled with it (such as decomposed blood in haemorrhagic patches),
these are taken up by the cells and carried off in the manner set
forth in Art. 114 If the body be compact and not to be broken
up, the cells cling to its surface. If there be accessible cavities or
clefts in it, they penetrate into these. If the cells be insufficiently
nourished, they become fatty and die. If new vessels are formed to
supply them, they develope as granulations. Very often indeed
multinuclear or giant-cells are found in such circumstances.
A dead piece of bone inserted under the sklp of an animal, apd
examined a few weeks after, will be found interpenetrated with
vascular granulations, and the trabeculae will be beset in many
places with giant-cells. The whole process is very similar fo
that of physiological bone-resorption. By means of the clinging
cells blood-clots, necrotic patches, inserted pieces of dead Jiver
or lung, ligatures, &c. are absorbed amid the granulations. They
are partly softened and dissolved, partly broken up and carried

away.
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This process is peculiarly modified when the foreign substance
is firmly connected with the surrounding tissue; when it is in fact
a necrosed fragment of the tissue itself, such as bone or kidney.
In this case the first step is the separation of the living tissue from
the dead. At the common boundary of the two an inflammatory
zone is formed, which by the softening and resorption of the
border-tissue leads to the loosening of dead from living. This zone
is called the zone of demarcation: the loosened piece is a

sequestrum. The sequestrum is by and by broken up and
absorbed. If it lies on the surface it is thrown off as a slough: it

leaves an ulcer behind it.

A further modification ensues when the foreign substance
simply lies on the surface of an organ. This occurs, for example,
in the fibrinous effusions which form on the surface of the pleurd.
The deposit is in this case invaded by granulations and cicatricial
tissue from one side only. If it lies between two separate organs
or lobes it may be invaded from both sides.

LANGHANS (Virch. Arch. vol. 49) was the first to describe minutely the
processes by which the larger foreign bodies are absorbed. He pursued the
subject experimentally by producing extravasations of blood in various animals,
He thus discovered the giant-cells. HemeNHAIN (In. Diss. Breslau 1872) also
found them in pieces of elder-pith, which he had inserted in the abdominal
cavity of animals. ZIEGLER wa{s met with them on the surface of his
cover-glasses (Art. 108). By introducing bits of boiled bone into the abdomen
of animals, he found that granulations always penetrated to the interior, and
that large osteoclasts or resorption-cells (with one or many nuclei) were
developed in contact with the bone. SENFILEBEN (Virck. Areh, vol. 77) and
TrLiymaxys ( Firch. Arch. vol. 78) have gone further into the matter, and find
that hardened aseptic animal tissues, such as bits of liver, kidney, or lung, are
sartly absorbed and partly adhere and heal in. Fresh tissues are absorbed
aster than hardened tissues. HEGAR (Klin. Vortrdge No. 109) and ROSENBER-
GER (Langmlgeck’a Arch. xxv) have shown that absorption is most speedy in
the case of tissues taken quite fresh from a living organ, and introduced into
the body. The inflammatory reaction is very sli ﬁt, and ends with the process
of resorption. The resorption of bone has (n:citedg special attention, KOLLIKER
(Die normale Resorption des Knochengewebes Leipzig 1873) and WEGNER ( Virch
Arch. vol. 56) have studied it minutely. They as well as others have made
out this process to be something quite peculiar. ZizerLEr (Virck. Arch. vol.
73) has sought to do away with the attempted isolation of the process, and to
put bone-resorption on a level with other resorptions. He thinks it possible to
view all processes of resorption from the same stand-point. In every case the
process 18 carried out with the purpose of removing from the organism a
substance which is foreign and useless to it. Giant-cells are very usuall
formed in such circumstances, and it is })ossible that they take up the solubl'g
rts gf a tissue “_'hcn it undergoes liguefaction. But resorption is not confined
to their agency : it goes on where they are absent. It remains a remarkable
fact that they should so frequently be found on the surface of solid objects
It is per_haps conceivable that the contact of the cell with a foreign body
hinders in some way the process of cell-division, without affecting th’;
subdivision of thz nuclle:gs. e
It has long been known that foreign bodies may ‘heal into’ a ti
Details of the histological process will be found in the memoirs quoted al;;:::'
Hanrwacas has lately published some observations on the subject (Lanqm.'

beek's Arch. XXIV).
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116. Many foreign substances, and especially certain altered
organic products, have a far more baneful eftect on the surrounding
tissues than any we have yet considered. Such, in a high degree,
is dead tissue which from contamination with septic matters has
passed into a state of putrid decomposition. $

In the course of this decomposition various chemical compounds
are formed which act harmfully on the tissue (Art. 42), and set up
in it progressive destructive changes, and violent haemorrhagic
or purulent inflammation. Under the action of the pus-cells,
which form in great quantity, and of the septic ferments, the
necrosed tissue becomes dissolved. If it is connected with living
tissue, a suppurative zone of demarcation is formed and sets it free:
the result 1s a cavity filled with pus—an abscess. The process
offen continues, the infiltration and dissolution of tissue go on,
and the abscess grows larger and larger.

If decomposing matter from the abscess reach the blood-vessels
or lymphatics, and is so conveyed to other regions, it may lead to

utrid decomposition and purulent inflammation at the spots where
1t lodges. In this way metastatic abscesses are formed.

If the inflamed region be near a frec surface and at length
breaks through it, we have a suppurating ulcer formed.

Should death not result from this destructive suppuration or
urulent necrosis, the injury done may be repaired by ?-he
ormation of granulation-tissue at the boundary of the living

tissue and the dead. In the course of time the pus secreted may
be absorbed, or solidified and encapsuled.

11



CHAPTER XXIV.

THE INFECTIVE GRANULOMATA.

General characters.

117. The granulative formations we are about to discuss are
all distinguished by similar characters. Their development usually
stops short at the fibroblast stage, and having reached it (or even
before that) the constructive process gives place to retrogressive
changes. Cicatricial development being arrested, the granulation-
tissue persists for a time unmodified, and often developes to a
considerable amount. For this reason VircHOW described the
formations as granulative growths or granulomata. All of these
growths have furthermore the clinical character of infectiveness.
Hence they have been termed infective wths by KLEss and
ConxzED, and specific inflammations by RINDFLEISCH.

Their infective character may be recognised by various signs.
Thus they are all locally invasive; .e. the granulation-tissue
spreads centrifugally from a centre into the surrounding structures.
At the same time the central (or oldest) part of the new formation
usually dies and disintegrates. In many cases the lymphatic
system becomes affected, so that secondary granulative foci are
formed in it. From the lymphatics the process is at times
transferred to the blood ; or it may invade the blood-vessels directly.
The final result is the spread of the disorder to various organs, or

throughout the system.
lomatous disorders we may have not merely

In most of the granu 0 t
a diffusion of the disease throughout the individual orgamsm, but
dividual to another: the

also a transference of it from one in othe
affection is inoculable, If one person be inoculatgd with the
inflammatory products derived from another, he acquires a disease
whose course is exactly similar to that of the original one, and
which yields identical inflammatory products. 'This latter character
of infectiveness is that by which it is most readily recognised.
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To this group of infective granulomata belong the neoplastic
formations found in tuberculosis, syphilis, leprosy, lupus, glanders, and
actinomycosis. All these affections are due to the invasion of the
body by a virus or poison derived from the outer world, or from the
body of another individual. This virus may probably be produced
by vegetable parasites. In leprosy (ARMAUER HANSEN, lg EISSER),
tuberculosis (Kocr), and syphilis (KLeBs) bacteria have been
found, and in actinomycosis a special fungus. These are declared
to be the originating causes of tﬂe respective diseases. Our ideas

as to the nature and character of these affections are as yet mainly

based upon their clinical course; but we have also derived some-
thing from inoculation-experiments. Tuberculosis and syphilis are
thus known to be communicable from one person to another;
tuberculosis is also communicable from man to lower animals.

It was Vircrow who invented the term ‘granulative growth’ or ‘granu-
loma’ for these formations, which he was the first to define accurately (Die
krankhaften Geschwiilste 11). He set it down as characteristic of them—that
they usually fail to develope beyond the stage of granulation-tissue ; that this
is unstable in character; and that the regular issue is in ulceration. He
laid stress on their near alliance to the products of inflammatory processes.
Kreps ( I’ra;zer Vierteljakreschr. vol. 126) called such growths ‘infective growths
or tumours,’ and the name has been adopted by CouxuEen. Neither deserip-
tion is exactly adequate, Vircmow’s takes no account of their infective
character : KLEps' bears no reference to their structure. As it iz by no means
certain that there are no other new formations of infective origin, some apter
designation seems called for, ITven Rinprreiscu’s term ‘specific inflamma-
tion” is too indefinite, for it might perfectly well apply to a number of other
processes, such as those of pyaemia, erysipelas, vnrnolln, &e. In this book the
term ‘infective granuloma’ will be used : this serves to keep in view _both
the structure and the clinical character of the morbid formations in question.

p Tubercle and Tuberculosis.

118. The structure characteristic of tuberculosis is the
tubercle, or tuberculous nodule. The notion of tuberculosis is
thus primarily an anatomical one—tuberculosis is a tubercular
(4. e. nodular) disease.

Of course it does not follow conversely—that every nodular

owth' found in the organism implies tuberculosis: the special
nodule of tuberculosis, tﬁaentubercle par excellence, is a structure
of definite and special constitution. Vircuow (Die krankhaften
Geschwiilste 11, 636) describes a freshly-formed tubercle as—a
small grey translucent nodule, not exceeding a millet-seed in size,
mainly composed of cells, and developed from connective tissue.
The cellular elements (he adds) are essentially similar to those of
lymphatic glands: t(l)l:({ are round cells of various sizes, some of
t{lem like white blood-cells, some larger, some smaller. Their
nuclei are homogeneous and bright, small and spherical or large and
oval, vesicular, and transparent; they contain nucleolar corpuscles.
The larger cells often contain two nuclei, and frequently more—to
the number of twelve or over. Between the cells are found fibrous

11—2
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filaments arranged in a network, and sometimes vessels also. The
latter are never new-formed : they existed before the tubercle was
developed, and lie within the tubercle only because the tubercle
has grown around them. The nodules occur either singly or in
numbers; or they may be grouped in confluent masses. In the
latter case, the internodular tissue does not remain unchanged: it
seems made up of imperfect granulation-tissue, or inflammatory
fibrous hyperplasia takes place. The appearance is then rather
that of a mass of compact uniformly diseased tissue, than of normal
tissue containing nodular deposits. e i

When the nodule becomes older, the centre of it is invariably
found to be caseated. It is then yellowish-white and opaque.
Under the microscope it appears as a granular friable mass, while
the periphery still shows its cellular constitution. The aggregations
of cells may stretch out in various directions through the tissue, as
if the nodule threw out pseudopodia. |

The nodular groups undergo caseation like the single nodules.
The internodular granulation-tissue also becomes cheesy, so that at
length large and continuous caseous patches are formed. Tt is
much rarer to find the nodules undergoing fibrous transformation.
Caseation is characteristic of the later stages of the tuberculous
nodule.

) was formerly applied to all varieties of nodu-
lar &m?n %ﬁ?ﬁﬂ; ((‘ {"?;;;ug]‘dl)lzmm (lSlo{wLxI’)e the first to direct attention
to the grey miliary nodules which we now call tubercles. Bavie however
applied the term to other growths in the lung. Laex~ec applied it mainly
to the cheesy masses found in phthisical lungs. Larger caseous foel and

caseous lobular infiltrations were also described as tuberculous. The caseous
nodes and masses were simply ‘tubercles,’ the diffused infiltration was

‘tuberculous infiltration,’ the grey nodules (or true granulative tubercles) were
‘miliary tubercles. Cheesy cmgu was thus made the main characteristic of

tuberculosis ; caseation was spoken of as ‘tuberculisation.' In opposition to
this view, VircHOW maintained that caseous masses _mig'ht arise in many
different ways, and hence had very various significance in different cases. He
laid it down that the anatomical basis of tuberculosis is the cellular tubercle
(VIRCHOW, loc. cit.; WALDENBURG, Die Tuberculose Berlin 1869 ; GRANCHER,
L Union méed. 1881).

119. We may define a tubercle, then, as a non-vascular éellular
nodule, which does not grow beyond a certain size, and at a certain
stage of its development becomes caseous. This definition includes
all that we can say, in general terms, of tubercle from the
histological point of view. The histological researches of the last
fifteen years (by LANGHANS, ScHUPPEL, KOSTER, RINDFLEISCH,
COHNHEM, ZIEGLER, KLEIN, SANDERSON and others) have added
only this—that the tubercle possesses in many casgs a special
structure, and that certain cell-forms frequently occur in it and
give it a characteristic appearance, The central part of the tuberele
usually contains giant-cells (Fig. 20 @). These possess numerous
nueclei, which are not uncoramonly arranged round the.penphery, or
gathered together at one pole of the cell. The uninuclear cells
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are partly lymphoid, partly larger and like swollen e itheliai or
endothelial cells—these are called epithelioid (Fig. 29 }i). Giant-
cells and epithelioid cells are marked by their coarsely granular

Fia. 29. TuUBERCLE PROM A PUNGATING GRANULOMA IN BONE.
(dniline-brown staining: x 250)
a giant.cell b epithelioid cells ¢ lymphoid cells

protoplasm, and large vesicular oval nuclei with clear nuclear juice
and nucleoli. The round or lymphoid cells (¢) are finely granular,
with a small round nucleus in which the nuclear juice and nuclear
substance are not clearly distingnished.

These cells lie in a stroma which in many cases exhibits a
reticular arrangement.

120. The epithelioid cells and giant-cells have been thought
by some to be characteristic of tuberculosis. Many writers have
thus come to speak of specific tubercle-cells, and have based the
diagnosis of tuberculosis merely on the presence of these larger
varieties of cells. This is certainly unjustifiable. Such cells,
indeed, are common enough in tuberculous affections, but they are
by no means exclusively confined to them.

All inflammatory tissue-formation is preceded by a stage in
which large cells are developed. It is very easy to generate
experimentally in such formations all the various elements found
in tuberclesand especially tl}@ glant-cells. The constituent cells of:
tubercle are precisely equivalent to the corresponding cells of
granulation-tissue. All the evidence points to the conclusion that
tubercles arise in the same way as granulations. The chief materials
are derived from the migrated white blood-cells ; and the et_xdothcha.l
cells and fixed connective-tissue cells supply only a minor part.
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So far as the cell-forms are concerned, the only difference between
tubercle and granulation is—that in tubercle the larger cells are
often found in relatively greater numbers.

The characteristic features of tubercle, therefore, do not lie in
the forms of its cellular elements. As has been already said, the
characteristic features are these,—that the cells form a definite
nodule, which does not exceed a certain size, contains no new-
formed vessels, and in consequence at a certain stage of its
development ceases to progress; that the nodule thereupon under-
goes retrogressive changes, and becomes fatty, necrotie, and caseous.

If this proposition be duly considered, it will be seen that the
diagnosis of tubercle cannot be made to depend on anatomical
structure and constitution alone. A cellular nodule made upgof
round-cells only without a single giant-cell, or a nodule whose
general texture is fibrous, may perfectly well be characterised as a
tubercle, if its life-history corresponds with what we have set down.
As an actual fact, in perfectly typical cases of tuberculosis we may
find such nodules close by others that contain giant-cells. We
may explain the occurrence of the former, by supposin% in the one
case that the aggregated round-cells have prematurely ceased to
develope or have not yet had time to reach their full develop-
ment ; in the other case the fibroblastic stage (that of epithelioid
cells and giant-cells) has been exceptionally transcended, and that
of fibrous-tissue formation has been reached. The physiological
analogue of the last is of course the transformation of granulations

into cicatricial tissue.

According to the recent investigations of Kocm (Art. 127) the definition of
tubercle just given must be amended. By tubercle we are it seems in future
to understand—a cellular nodule containing within it the specific tuberculous
virus, the Bacillus tuberculosis of KocH. ) '

The general doctrine of tuberculosis must be altered in many points in
consequence of Kocu's discovery. The text has been _al_lowed to remain as
representing the hitherto accepted doctrine, and as containing what is probably
the truth, though not the whole truth.

LANGHANS was the first to examine carefully the giant-cells ( Vireh. Areh.
vol. 42) and to describe their forms. ScrUPPEL (Untersuch. ib. d. Lymph-
driisentuberculose Tiibingen 1871) maintained that they were always present
in tuberculosis, and based the diagnosis of the affection upon them,
Koster (Virch. Arch. vol. 48), Bunn (Die Lungenentsindung Munich 1872),
and Rizorreisca (Pathological Histology 1, 136 and Ziemssen’s Cyclopasdia
vol. v), have also insisted on their importance in diagnosis. The latter hag
even declared that any large-celled infiltration of a tissue is to be regarded as
tuberculous or scrofulous in character. In opposition to this view Hrrixg
(Stud. iiber Tuberculose Berlin 1873) has disputed the specific significance of
giant-cells and epithelioid cells, and has demonsi}mted that they are often
absent in undoubted tubercles. The second constituent of the tubercle, the
fibrous reticulum, has been investigated by ScutepeL (loc. ait.), WAGNER (Das
tuberkeliilnliche Lymphadenom Leipzig 1871), KLEIN (Report of .Ved Officer of
Privy Council 1874). CORNIL and Raxvier (Man. of Path. Histology vol, 1,
1882) maintain that the reticulum is produced post mortem by the action of
hardening reagents on the intercellular substance. For further references to
the history of the quéstion the student may consult TREVES (Serofula and
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Tuberele London 1882), HAMILTON (Practitioner 1879—1881), KrLers (Placti-
tioner 1881), BURDON SANDERSON (Practitioner 1882), Gee (Article Twuberculosts,
Quain's Dict. of Medicine 1882),

Z1gGLER (Ueber die Herkunft des Tuberkelelemente Wiirzburg 1875, and
Ueber path. Bindegewebsneubildung 1876) has sought to show that neither
giant-cells nor epithelioid cells are exclusively confined to tubercle, but are
to be found in all granulations. Between the latter and tubercle the only
difference is—that in healthy granulations the multinuclear cells occur but
sparingly, while in tubercle they are in great numbers and highly developed.

n tubercle the formative material is abundantly provided and fibroblasts
produced, but they are not utilised for further development into fibrous tissue.

The giant-cells of granulation-tissue are to be distinguished from those
which arise from epithelial cells. When tubercles form in epithelial ducts,
such as those of the liver or testis, the affected epithelial cells seem to coalesce
and form structures much resembling the giant-cells of granulations (cf. Krerx,
Lynphatic System part 11 London 1875). They have properly nothing to do
with the formation of the granulomatous tubercle. They ave accidental conse-

uences of the locality in which the tubercle is developed. To draw conclusions
g’om them (as do GAULE, Virch. Arch. vol. 49, and Lieniow, Virch. Arch. vol.
75) with regard to the genesis of all tuberculous giant-cells is not permissible.

121. Diffusion of tubercle, When a tuberculous organ is
examined we do not usually find the tubercles in their earlier
stages; they have already undergone certain advanced chgnfe&
Parenchymatous OIE:I;S contain caseous nodulated patches or foci,
which are either and compact in texture or are already
softened and broken down towardps the centre. In surface-tissues,
ulcerations are produced by this softening process, and their edges
and base are caseous. The caseated tissue passes at its boundaries

a
b

-
b

Fig, 80. FUNGATING GRANULOMA WITH TUBERCLES FROM THE CALCANEUM.
(Haematoxylin staining : x 60)

a medullary tissne containing fat ¢ granulation-tissue .
b blood-vs:sysols J tubercles in tl.xe_gran_ulahou-twsue,
¢ bone trabeculae gome containing gisnt-ce

d_osteoclasts (Art. 115) g isolated tubercle
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into a zone of grey or greyish-red translucent tissue, reminding one

exactly of ulation-tissue. This grey or greyish-red tissue is

found in other parts of the affected organ in the form of larger or

smaller patches: these often quite visibly contain small grey or
ellowish-white and opaque nodules.

Lastly, the affected organ also contains small grey nodules lying
in apparently unaltered tissue; and sometimes surrounded by a
hyperaemic zone, sometimes not.

The grey or greyish-red translucent tissue, whether it surrounds
the caseous focus, or forms the base of an uleer (Fig. 31 A and 4,),
or occurs in isolated patches, is nothing else but tissue infiltrated
with cells; it is granulation-tissue. The grey and the yellow
nodules are fresh or ‘crude’ tubercles generally containing giayt-
cells (Fig. 30 f), and old already caseated tubercles (Fig. 31 1)),
respectively. The grey and yellow isolated or ag teg nodules
in the neighbourhood of the larger patches are of ﬁte same charac-
ter (Fig. 30 g and Fig. 31 7 and 1),

\

Fig. 31. SUBEPITHELIAL TURERCULOUS ORANULATIONS AND DISCRETE TUBERCLES ¥
TOE WALL OF THE LARGE INTESTINE. (Bismark-brown staining: x 30)

a mucosa g mucosa infiltrated with cells
bimnucosa

: ;:uculari: interna ;: }ﬁ:c:flzg;&t;? or tubere

d muscularis externa ' abseess R i

e serosa Jand i *crade’ or fresh tybercle

[ solitary € i, caseous tubercle

From these observations we may gather—that tubercles some-
times occur z.\ggregated or grouped within a tissue which is already
infiltrated with cells; .aud that the affection spreads by the forma-
tion of fresh nodules in the neighbourhood of the old. In other
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cases granulation-tissue and fibrous tissue may develope between
and around the aggregated tubercles. The process may thus begin
with an eruption of tubercles, or with a more diffused inflammatory
infiltration. These propositions practically include all that is
important concerning the diffusion of tubercle in the tissues.

It is not usually difficult to recognise tubercles in the substance of tubercu-
lons granulation-tissue. The giant-cells and epithelioid cells seen in micro-
scopical sections do not take colour nearly so well as the small round-cells
which form the main component of the tissue. Three zones are usually
distinguishable in a tubercle. In the centre lies the core of aggre ted giant-
cells of a dark or dull colour. Then comes the zone of faintly-stained epithelioid
cells, and finally at the periphery the zone of deeply-stained round-cells ; these
last are usually deeper in tint than the granulation-cells around them. When
the middle of the tubercle has already become caseous, giant-cells are generally
to be made out here and there over it.

It is not always correct to say that tuberculous patches take their rise
from single nodules. The formation of nodules may be preceded by a diffused
infiltration, or even the development of granulation-tissue; the nodules only
making their appearance as secondary growths.

122. The eruption of fresh tubercles in the neighbourhood of
an existing tuberculous focus is usually followed sooner or later by
the appearance of nodules in the lymphatic system. The nearest
lymphaties are of course the first.to be affected : they receive their
lymph from the region primarily affected. Thus in tuberculous
ulceration of the mucous and submucous coats of the intestine, first
the lymphatics of the muscular coats (Fig. 31 ¢ d) are infected, and
then those of the serous coat. In this way strings of tubercles
may be formed along the course of the vessels.

From the nearer lymphaties the eruption may pass in succession
to others, and at lengtl? approach the thoracic duct. More fre-
quently the affection is not uniformly diffused in this way, but
attacks certain parts of the lymphatic system rather than others,
especially those through which the lymph is as it were filtered,
namely the lymphatic glands.

It is in the glands that the tuberculous eruption is most intense.
Generally the process makes a kind of halt at these gland-stations:
but it sooner or later finds opportunity to spread onwards, and at
length reaches the main trunks and the thoracic duct itself.

Wherever the tuberculous process has become established, it is
distinguished b{ the development of tubercles, and this in the
lymphatic vessels as well as the glands (Fig. 32).

A more or less intense inflammation of the surrounding tissue
is always associatpd \}*1th t.hq tubercular eruption : it is manifested
by hyperaemia with infiltration and swelling. If the process last
for a certain time, it not infrequently happens that young connective
tissue is developed at the seat of the eruption. The usual_fate of
the tuberculous §1‘0Wth is caseous.necrosis and disintegration. It
rarely issues in the formation of fibrous tissue, and still more rarely
in complete resorption of the tubercle.
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F1c. 32. TUBERCULOSIS OF A LYMPHATIO GLAND.
(Haematozylin staining: x 150)

a large-celled tubercle with giant- d epithelioid eells lying outside the
cell (lc) tubercles in the adenoid retien-
a, tubercle with central caseation lum (2) of the gland
and giant-cells (¢,) e lymphoid cells

123. The virus which engenders tubercle may be carried out
of the lymphatic system into the blood, either from a tuberculous
focus in a gland or a tuberculous ulcer in the thoracic duct. It
may thus be conveyed to distant organs. This will also happen
when the virus passes directly from a tuberculous focus into an
artery or vein. The result is an eruption of new tubercles either
local or general.

When the infection of the blood results in a general eruption of
tubercles throughout all the organs or in most of them, the affection
is called acute miliary tuberculosis. The various organs are
beset more or less densely with minute (miliary) grey or translucent
nodules, or here and there with yellowish-white opaque nodules
with cheesy centres. This is the case whether the affection extend
to several organs or to one, or even to a single arterial territory
within an organ.

All these nodules are made up of cells. In their earliest stages
they are nothing but little heaps of small round-cells (Fig. 33 b),
unquestionably derived from the blood. Many foei maintain this
character until they are mature: all the cells do is to multiply. In
other cases giant-cells and epithelioid cells (Fig. 32 «) are deve oped.
In these cases as in the others the nodule ultimately becomes
caseous. Very seldom does fibrous transformation or resorption
occur.

\’},
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_ Diffused and wide-spread inflammatory disturbance of the
circulation is very often associated with the eruption of the nodules.

Fic. 83. Mmiuary TUBERCULOSIS OF THE LivER. (Carmine staining)
a mature tubercle in the portal sheath
v tubercle beginning to develope in a liver-cell

This is especially the case in the pia mater, the serous membranes,
and in the lungs, where the process is often accompanied by copious
and diffuse exudation. In the liver, kidney, thyroid gland, &c. on
the other hand, the changes elsewhere than in the immediate
neighbourhood of the nodules are usually but slight.

ZIEGLER has investigated the develo%mént of miliary tubercles ocourring in
very diverse structures, and maintains that their basis is always a collection of
white blood-cells which have migrated from the veins and capillaries, These
indeed often form the entire mass of the tubercle. In other cases the endo-
thelia contribute something. When the nodule has reached a certain size it
becomes difficult to make out certainly the hehaviour of the fixed cells of the
tissnes. He has not been able to confirm the often-made assertion that
miliary tubercle is specially apt to develope round the smaller arteries.

The direct penetration of the tuberculous virus into the blood-vessels may
be the result of tuberculous change in their walls. If a considerable number
of sections of phthisical lung be examined, there will here and there be found
vessels whose walls are the seat of tubercles, If these penetrate the intima,
they may then break into the blood-channel directly. WEIGERT has shown
that large venous trunks may be invaded in this way.

There are two reasons for the fact that all organs are not simultaneously
and equally attacked when the blood is infected with the tuberculous virus.
One is that the virus, though it is circulating in the blood, may not reach
all the organs alike. The other is that all the organs are not equally pre-
disposed to fnfection. The skin, for instance, scems to enjoy almost pe
immunity. & Y e

General miliary tuberculosis is not an inevitable result of tuberculosis
oceurring in an organ. The rule rather is that the tuberculous process does
not extend beyond the boundaries of the organ primaril affected, and the
lymphatic glands pertaining to it. What most commonly leads to general
infection of the blood is the disintegration of caseous tuberculous glands.
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124. Tubercle may be disseminated in other ways, and indepen-
dently of the lymphatics and blood-vessels. Consider, for example,
the mode in which it spreads on the surface of mucous membranes.
It is easy to verify' that solitary nodules, as well as tuberculous
ga,tches and ulcers of larger size developed in mucous membrane,

o not long remain isolated, but soon give rise to new foci. These
are situated not merely in the immediate neighbourhood of the
first, but often at a considerable distance from them. They may
even appear unconnected with the first lesions; while it is certain
that they are not at least in every case propagated through the
lymphatics. In pulmonary tuberculosis, for instance, which has
already passed into the ulcerative stage, it is not at all uncommon
for the mucous membrane of the air-tubes to become affected.
This is especially apt to occur in the la , epiglottis, and at times
in the pharynx: and the affection often extends to the lower
segments of the large and small intestines. When the kidneys
become tuberculous, and contain caseous ulcerations, the ureters,
bladder, seminal vesicles, and prostate may become consecutively
diseased. In other cases the process commences in the latter
organs and extends upwards.

From such instances it becomes plain that the infective virus
may actually be transported along the surface of the mucous
membrane. It attacks the spots at which it is allowed to linger,
and penetrates the mucous tissue. It there sets up the specific
inflammation manifested by the development of nodules, which
disintegrate and produce ulcerations.

Tubercle is in like manner disseminated on the surface of the
serous membranes lining the great body-cavities. In their case it
is obvious that the transport of the virus is favoured by the normal
movements and displacements of the contained organs.

It must be remembered, in connexion with this question, that all mucous
membranes are not equally susceptible with regard to the tuberculous virus,
The mucous membrane of the mouth, pharynx, and oesophagus is far less
susceptible than that of the larynx and trachea. The stomach, duodenum
and bile-ducts, as also the urethra, are vqr{ rarely attacked. This is explicable’
now that we know that the virus is a special micro-organism (Art. 127) : for the
secretions of thestomach, duodenum, and common bile-duct are prejudicial to the
development of bacteria. The oesophagus and urethra have this advantage—
that they are continually being swept clean, as it were. In the small and in the
1 intestine, where the process of absorption goes on most actively, the ingesta
and with them any tuberculous sputa which may happen to have been
swallowed, may lie a long time in contact with the mucous membrane. In the
neighbourhood of the larynx, the bronchial secretion continually accumulates
before it is coughed out, and the virus has thus abundant opportunity of
attacking its mucous membrane. The bladder, in like mauner, contains the
accumulating secretion of the kidneys, while the urethra is onfy *flushed’
with it from time to time, In addition to these factors, however, we must not
leave out of account the possibility of special predisposition in the various
structures and tissues,

125. 'The clinical significance of tubercle. The processes
just described (Arts. 118—124) are comprehended under the term

e =
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tuberculosis. Tuberculosis, so defined, is distinguished by two
chief characters. The one is anatomical, namely the development
of specific nodules: the other is clinical, namely the consecutive
Invasion of one or more parts of an organ or of the entire system.

As a disease, tuberculosis is distinguished by its pro ively
destructive tendency. It not only destroys gradually the organ
first attacked, but it seizes by various routes upon other organs, or
spreads throughout the organism.

In addition to this clinical characteristic of pro ive invasion,
we have the anatomical characteristic—the tubercle. Tuberculosis
is anatomically an inflammatory process; but its course does not
correspond with that of other ‘inflammations. It is sharply dis-
tinguished from them by the development of nodules both in its
original seat and in the parts that are secondarily attacked: and
these nodules have a definite type and structure—they are cellular
and non-vascular.

There is still another characteristic, but we owe our knowledge
of it not so much to observation at the bed-side or at the post-
mortem table, as to direct experiment. VILLEMIN and KLEBS
were the first to show— what many investigators (such as WALDEN-
BURG, CoRNHEDY, ORTH, BoLLINGER, StymoN, WirsoN Fox, KLEIN,
and BURDON SANDERSON) have since verified—that tuberculosis is
transmissible to animals. In other words, when animals are In-
oculated with matter from fresh or caseous tuberculous foci,.tl_ley
are forthwith attacked by a disease which, judging from its clinical
course and anatomical produets, is identical with human tuberculosis.

This character determines the genus of tuberculosis in the
classification of human diseases. It 1s an infective disease.

The proposition that tuberculosis is anatomically an inflammatory process
is disputed by many pathologists. There has always been a strong melina-
tion to reckon tubercle among the true tumour-formations, like cancer. Such
a view will hardly be maintained now. The genesis of tubercle, its qellular
constitution, its whole life-history, are all in favour of its kindred th.h th_e
inflammatory new-formations: they offer no fair grounds for comparing it
with the tumours. We may add—that the possibility of generating tubercles
by inoculation with caseous or necrotic tuberculous matter 1s a strong ag‘gument
for regarding tubercle not as a tumour but as a product of inflammation.

The fact of the transmissibility of tuberculosis to animals is now placed
beyond doubt. It is true that the experiment does not always succeed; for
though some animals are very susceptible, such as rabbits, guinea-pigs, and
ruminants generally, others like dogs enjoy a certain degree of fmmunity.
This only proves, not that tuberenlosis is not infective, but that the
tuberculous virus is not a universal poison, capable of attacking each and
every organisin. This is likewise the explanation of the fact that ph’\'m_cumﬂf
have observed comparatively few cases of quite indubitable transmission 08
the disease from man to man. Among human beings there are pmdmposxtwnp.
tuberculosis does not attack all with equal readiness. Nor must we forget in
criticising the clinical data—that it is scarcely possible to discern the exact txmqne
at which tuberculosis sets in. The clinical manifestations may not & Pwthat
long after the first infection, when it is impossible to make out anything ol
throws light on the origin of the disease (Igcm), Laneet 2,1867 ; WEBER, C,""
Soe. Trans. 1874; RINDFLEISCH, Virch. Arck. vol. 85 ; BURNEY Yeo, Con-
tagiousness of Pulm. Consumption London 1882).
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A short but very comprehensive summary of the evidence for the trans-
missibility of tuberculosis from man to man, and from man to lower animals,
is given by KLEIN (Practitioner Aug. 1881). The student who desives to
know the ‘state of the case’ for the specific nature of tuberculosis immediately
before Kocr’s discovery cannot do better than to consult this article.

Inoculation-experiments have been made in various ways. The tuber-
culous matter has been inserted under the skin, into the peritoneal cavity,
into the eye, and into the joints : it has been mixed with the food: it has
been pulverised and conveyed to the lungs with the ired air.

. References :—VILLEMIN, Gazette h 50, 1865; Comp. rend. 61, 1866;
Litudes sur la tuberculose 1868: LEBERT, Bullet. de Pacad. Xxx11; Gaz, méd. de
Paris, 25—29, 1867 : LEBERT and Wyss, Virch. Arch. vols. 40 and 41 : Rousrax,
L'inoculabilitd de la Phthisie Paris 1867 : FErurz, Gaz. méd. de Strasboury 1867 :
Wirsox Fox, The artificial production of Tubercle London 1868: CHAUVEAU,
Gaz. méd. de iycm 1868 : LANGHANS, Die Uebertr. der Tuberculose auf Kaninchen
1868 : WALDENBURG, Die Y'uberculose Berlin 1869 : Vircaow and HirscH,
Virch. Jakresber. 1868—1870 éoontaining full and very useful references to
previous research): Z'rans. Path. Soc. 1873 (an instructive discussion of
current views) : Kreps, Virch. Arch. vols. 44, 49; Arch. f. exp. Path. 1;
Nat-urjbmclwr-vcrsammlung in Miinchen 1877: ConxHet and FRAENKEL,
Virch. Arch. vol. 45; Die Tuberculose vom Standpunkte der Infectionslehre
Leipzig 1880 : KuriN, Lymphatic System 11 London 1875 : TAPPEINER, LIPPL,
SCHWENINGER, Naturf.-versamm. 1877 : TAPPEINER, Virch. Arch. vol. T4:
OrtH, Virch. Arch. vol. 76 : BOLLINGER, Arch. f. exp. Path. 1: H. MARTIN,
Ltecherches sur le tubercule Paris 1879 ; Arch. de Physiologie 1881; Revue de
méd. April 1882 : SANDERSON, Report to Med. Of. of Privy Council 1868—9
(republished in Practitioner Sept.—Dec. 1882 ; a critical summm'{; of preceding
researches is given in the latter of these reports) : KiexNer and others, £’ Union
méd. 1881,

126. Two important questions remain unanswered. Tuber-
culosis is an infective disease: and it bears the anatomical character
of a destructive nodular inflammation. It is important for dia-
gnostic purposes to know something more. Does the tuberculous
inflammatory process manifest itself by the formation of nodules
only ? Conversely, are all varieties of cellular nodules, exhibiting
the general structure of tubercles, to be regarded as evidence of
tuberculosis ? The second question is—What is the nature of the
tuberculous virus? In answer to the former question, clinical
observation and experiments on animals have shown that all
nodular eruptions are not tuberculous. Thus when small irritating

foreign bodies are introduced into the body of an animal, it

sometimes happens that a nodular affection is produced which
anatomically simulates tuberculosis. Yet these nodules have in
reality no l{indred with true tubercles. The exciting cause is
essentially different (Art. 127) from that which engenders true
tuberculosis; while neither the life-history of t'he nodules, nor the
course of the process as a whole, corresponds with what is observed
in human tuberculosis. X
Moreover, there occur ‘in man certain nodular inflammations
whose clinical course is radically different from that of tuberculosis;
though the nodules in some degree resemble tubercles. The best
known instance is lupus of the skin (Art. 132). In this affection
rfectly typical tubercles are frequently formed; but thex never
induce tuberculosis in other organs, or general tuberculosis, In

e
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the peritoneum, again, there are now and then found tuberculoid
nodules; but they have probably nothing whatever to do with
tuberculosis as a disease. '

While the domain of tubercular eruptions is on one hand
somewhat wider than that of tuberculosis, on the other hand
the domain of tuberculosis goes beyond that of tubercular eruptions.
In other words, there may be tuberculosis without isolated
tubercles. It not infrequently happens that in the course of
tuberculous disease inflammatory pn.tches are formed, consisting of
diffuse continuous granulations in which no tubercles can be
detected. These patches must nevertheless be acknowledged to be
tuberculous : the clinical course of the process, and the Iiﬁa-history
of the new inflammatory tissue, indicate this; while tubercles may
actually be developed in later stages of the same affection. In
such cases it may be hard to determine whether the process is
really tuberculous; especially in organs like the lungs where the
usual inflammatory changes are at all times apt to make the
recognition of tubercle a difficult matter. Experimental inoculation,
or the de_tect.lon of the specific virus (Art. 127), can alone settle
the question. As regards the latter test we may expect that the
near future will bring us much additional information. It is fortu-
nate that these ambiguous cases are not very numerous. Although
therefore the_anatomical notion of tubercle and the clinical notion
of tuberculosis do not precisely correspond throughout their full
extension, they do correspond in the vast majority of cases. It
is a rule almost without exception—that tuberculosis is distin-
guished microsco ically and on the post-mortem table by the
presence of tubercles,

Much confusion has arisen in the discussions on tuberculosis from the
:\ss:um})i_.xon that the production of a nodular or tubercular eruption in an
anipial 15 necessarily the same as the production of tuberculosis, The result
of the assumption .\ms been, that observers have fancied they have induced
tuberculosis in_animals by the introduction of all sorts of foreign bodies.
The dingnosis is not to ba based on the presence of nodules simply: the
life-history of the nodules and the general course of the whole process are also
of essential importance (H. Marrrx, ek, de Plys. 1881).

127. 'We are now able to give a definite answer to the second

question raised in the last article—What is the nature of the
tuberculous virus ?

At the meeting of the Berlin Physiological Society held on the

24th of March, 1882, Dy R. KocH communicated some result

of his researches on tuberculosis, which constituted a distinct
advance in our knowledge of its aetiology.

He announced that the tuberculous virus is a special bacillus
(Bacillus tuberculosis, Art. 206). [ts length is about a third
of the diameter of a red blood-cell, and its breadth one-fifth to
one-sixth of its length. Individual bacilli contain clear bright
spores. The bacilli are chiefly found in fresh tubercles, more
sparingly. in older ones. Some of them lie within the cells and
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especially within the giant-cells, others lie outside. They are
generally single and scattered ; at times they are found in prettily
grouped clusters. By treatment with methylene-blue and vesuvin,
they take up a different tint from that of the swrrounding tissues.
The tissues stained in the first instance with methylene-blue have
their colour discharged by vesuvin, while the tubercle-bacilli
retain it.

EnruicH, GieBEs and others (Brit. Med. Journ. Oct. 14, 1882) have devised
simpler and speedier methods than Koca’s for staining and so detecting the
bactlli. These methods arve readily applicable to the clinical examination of
phthisical sputa.

Kocr has shown that the bacilli may be cultivated in the
serum of ox-blood. The bacilli so bred may then be introduced
into the bodies of various animals, such as rabbits, rats, and dogs,
and tuberculosis is thereupon induced; in other words, they are
attacked by a disease characterised by a progressive formation of
cellular nodules. The nodules always contain the characteristic
bacilli. In guinea-pigs the first appearance of disease is mani-
fested ten days after inoculation.

It may therefore be accepted as an established fact that
tuberculosis is an infective disease, induced by the presence of a
specific l;lacillluz s %

In the light of this knowledge, the various theori i
have been advanced with recard t% the causation of e:uf:rc‘z{l;:il;
become in some respects irrelevant. It will be matter for further
experimental investigation to determine the vital properties of the
tubercle-bacillus. Among other points, it will have to be settled
whether the bacillus can develope only within the bodies of men
and other mammals, or whether it may not through some
stage of its existence outside the body: in other words whether
the disease is strictly contagious, i.e. transmissible direct] from
one subject to another; or whether it is due to somethin yof the
nature of a miasma—a poison which may develope outside tﬁe bod
According to KocH, the bacillus can only be bred between tﬁyc;
temperatures of 30°C and 41°C (86'F—1058'F). If this be so
it is hard to see how it can multiply outside the body. With regard
to the transmission of tuberculosis from animals to man. it is t,goa be
noted that KocH has found the specific bacillus in the nodular

wths which occur in the ‘ pearly disease’ of cattle (Perlsucht or

ovine tuberculosis).

Clinical experience would seem to indicate that the tubercle-
bacillus is no ordinary bacterium, such as may enter and affect an
organism without distinction. It would seem rather as if infection
occurred only where a definite predisposition exists, or where g
considerable quantity of the virus is introduced. This predisposition
may be local as well as general. The local predisposition may
perhaps de({{end mainly on antecedent inflammatory change, A

is

general pre position is attributed to scrofulous subjects especi-
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ally. These are persons whose tissues exhibit a certain frailty
or sugce}?tlblhty to injury, that makes them particularly liable to
chronic inflammatory disorders. It is however not at all un-
common for the term ¢scrofulous’ to be applied to individuals
actually affected with tuberculosis, as well as to those who are
only predisposed to it.

e may imagine the course of the infection to be this—
the bacilli settle in a tissue accessible from without, pass thence
into the deeper structures, and ultimately into the blood: or,
without any primary local settlement, they may be taken up
by the circulating juices directly, and carried to various parts;
wherever they settle they begin to develope, and so set up
inflammation and the formation of cellular nodules.

L]

Koo has found the bacillus not only in general miliary tuberculosis but
in caseous pneumonia, caseous bronchitis, intestinal and glandular tuberculosis,
¢ pearly disease,’ spontaneous and inoculated tuberculosis in various animals,
and in the so-called scrofulous hyperplasia_of lymphatic glands. ~All these
affections are thus to be incl_uded under the head of tubcrmﬁosis: they ave all
the result of the same bacterial infection. Tuberculosis from this point of view
is an infective disease not always manifested by the formation of tubercles.
It may even appear as a purely local affection, and yet be unaccompanied
by tubercles. .

Tt is of special interest to note that KocH has detected the bacillus in the
sputa of pht.hJsl_eal patients. As the bacillus produces spores within the
body, it is very likely that the virus exists and diffuses itself outside the body
mainly in the form of spores.

Kocx finds that the bacilli grow very slowly, and after inoculation proceed
to develope and multiply only when they reach a spot where they are not
subject %0 (imﬁoh m:cliz:‘mml dxsttl.]urtbance or displacemﬁnt. thm this :ive may
understand how I ppens that many ng, thoug in and agsin
ex to the invasion of tubercle-baci.lfimt remain uﬁ:!fected. Igt is
moreover conceivable that individuals, in whose tissues inflammatory
changes have already oceurred, are those who are most disposed to tuber-
culous infection. R

‘At the time when KocH was bringing his researches to an end, BAUMGARTEN
(C’mtmlblatt * d. med. Wiss. 15, 1881) succeeded in detecting bacilli in
tubercle b reating MiCroscopic sections with dilute solution of caustic
¢ did not however go on to cultivate and inoculate the bacilli,

mmh' ready described bacilli which he had found in tubercle

ECHT h&d al .
A["{:t}:. ‘Mitth. Magdeburg 1881); but his demonstration was likewise defective.

%e did not show that the bacilli were peculiar and specific as regards

is. .

t“b'{?hlﬂa?been a much@ebated uestion whether or not human tuberculosis
is identi with the bovine  pearty disease.’ Anatomically the pearly disease
S a mgressi_vel advancing affection in which nodes and nodules are formed.
is ap be single oF agglomerated into masses as big as a potato. They
are chiefly found 10 the serous membranes, as also in the lymphatic glands,
1 and liver. In the serous membranes, the nodular masses are often
ungs, o and ndulous. Caseation is not very common ; calcification
ped\gmu o, The nodules are essentially cellular in structure, often contain
n;uctr mﬁw(vincno“': Virch. Arch, vol. 14), look very like tubercles, and
g:n 1f e er in at numbers in the midst of a cellular stroma.

yA. ecwgét TACH ( T . d. k. Thierarsneischule in Hannover 1869) fed
and i c;lng abbits and goats with matter from such nodules, and on the
goct ino I 1 sriments maintains that the pearly disease 13 transmissible

8 12
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to other animals and is identical with human tuberculosis. ScrterrL ( Virch.
Arch. vol. 56), and CreiGaTON (Bovine Tuberculosis tn Man London 1881),
from microscopic oog:lf)a.rison of tubercles and the pearly nodules, declare
that they are identical. Orru (Virch, drck. vol. 76) arrived at the same
conviction throuﬂx experiments in which the animal was fed with the infective
matter; as did also Boruincer and KrEps (dreh. f. exp. Path. 1), CHAUVEAU
(Jakrb. der ges. Med. 1872), and BAUMGARTEN (Berl. ilin. Wockh. 49, 1880).
On the other hand Coriy (Compt. rend, 1876), GUNTHER, Harums, and MULLER
(Jahrb. der ges. Med. 1873—74) obtained only negative results. VIRCHOW
(Berl. klin. Woch. 1880 and Virch. drch. vol. 83) also made experiments by the
method of feeding, but his results were ambiguous, He thinks that so far
as experiments have hitherto gone the transmissibility of the pearly disease to
other animals (by feeding them with diseased milk or meat) is not yet certainly
established.

Kocn’s observation of the specific bacillus in the pearly nodules seems to
remove all doubt of their identity with tubercles. How far the bovine
disease may be transmitted to man is not yet made out. The transmission-is
at any rate possible, and that by various channels.

Syphilis.

128. Syphilis is an infective disease, originating in a fixed
contagium. It starts at a wounded or abraded spot, gives rise
there to certain local tissue-changes, and thence spreads through
the entire system. The poison of syphilis occurs in the human
organism only; it is nowhere reproduced but within the human
organism; and it is conveyed to other individuals only by direct
transference. When transplanted into a new organism, it excites
inflammatory processes of the most diverse intensity and extent—
from simple localised and transitory hyperaemia to the formation
of enormous exudations, or granulomatous growths, or extensive
fibrous hyperplasias. If a child be procreated while the infection
lasts, the disease may be transmitted to it from the mother’s side
as well as from the father’s.

The primary inflammatory focus is formed at the seat of infection
as an indurated chancre or ‘hard sore. It is an ulcer with an
hardened bacon-like or gristly base and margin. It generally
begins as an excoriation, 7.e. a slight and superficial loss of
substance, and over this a vesicle or pustule is formed. In other
cases it is developed from a node formed (for example) in the scar
of a former ulcer; this then breaks, giving rise to tge characteristic
ulcer with its hardened gristly base. In other cases again the
ulcer is first formed, and the induration follows later on.

The node or induration which forms the primary lelion.of
syphilis appears under the microscope at first as a glense in-
filtration of the connective tissue with small cells (Fig. 34 a).
The process may not advance beyond this: but in many cases
the infiltrating cells proceed to develope further. From the small
round-cells larger formative cells (Fig. 34 b), and not infrequently

iant-cells (¢), are formed. The development does not advance
%::yond this point: the greater part of the affected tissue breaks

A



i

CHAP. XXIV.] THE INFECTIVE GRANULOMATA. 179

down and ulcerates, or is re-absorbed. Some part of the cells go
to form a cicatrix.

Fia. 34. SECTION OF A SYPHILITIC HARD SORE.
(dlum-carmine preparation; x 850)
a infiltration with round-cells b large uninuclear, ¢ multinuclear, formative cells

Nothing certain is known concerning the nature of the syphilitic virus.
Kueps (drck. f. exp. Path. x) regards the disease as a parasitic bacterial
affection. Our histological knowledge of syphilitic growths is mainly due to
Vircuow (Krank. Geschwiilste 11), E. WAGNER (drch. d. Heilk. 1v, 1863),
Avseirz and UNNa (Vierteljakrsschr. f. Derm. und Syph. 1v, 1877). See also
BAUMLER, Ziemssen's Cyclopaedia vol. 111; VAN O0RDT, Des tumeurs {ommcum

L

In. Diss. Paris 1859 ; Corxin and RANVIER, Man. of Path. Hist. vo

129. After a certain time the ‘initial sclerosis’ or hard sore is
followed by inflammations of the lymphatic glands, skin, and
mucous membrane. These are the ‘ secondary symptoms.’ Still
later appear syphilitic inflanmations of the viscera and bones.
These are the ‘tertiary symptoms.’ The various inflammations
are for the most part similar to other, non-syphilitic, inflammations.
Certain special granulomatous formations are also developed which
are called syphilomata (WAGNER) or gummata, and condylomata.

The syphilitic condyloma (condyloma latum or mucous patch)
is a raised level patch on the skin or mucous membrane, due to
inflammatory change in the epidermis and corium, or in the epithe-
lium. The upper ?ayers of the corium, and especially the papillae,
swell up greatly owing to infiltrations of cells and liquid exudations.
The cutis appears as a loose sodden gelatinous tissue infiltrated
with cells (Fig. 35 ¢ and k). There is no true granulation-tissue as
a rule, for no organisation of the cellular material takes place, and
no new vessels are formed. In condylomata of the mucous
membranes, the tissue may take on something of the look of

nulations owing to ab_undant cell-production. The epithelium
1s usually swollen (Fig. 35 e f g) and infiltrated with cellular and
liquid exudations. & 4

The syphilitic gumma in its earlier stages is histologically very
similar to the condyloma. The gumma is a circumseribed patch of

12—2
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morbid tissue, not unlike granulation-tissue. It occurs chiefly in
the periosteum, muscles, brain-substance, and membranes, as well

Fi16, 85. CONDYLOMA LATUM ANI OR *MUCOUS PATCH.'
(Aniline-brown staining: x 100)

a horny layer b rete Malpighii it granular coagula
¢ corium ) i papills swollen and infiltrated
d loosened horny layer infiltrated with with cells and exuded liquid
leucocytes g k corium infiltrated with cells, ex-
e rete Malpighii swollen and (f) infil- uded lquid, and coagula
trated with cells ¥ ! lymphatic distended with congula
¢ degenerate epithelial cells containing m sweat-gland
leu

as in the parenchymatous organs of the abdomen, such as the liver,
spleen, and testis. The relative proportion of cells in the LA
varies with its site. Varieties which are poor in cells, such as are
found at times in bone, are soft and gummy in texture. On
section they have a gelatinous look, the liquid constituents exceed-
ing the cellular in quantity. The older surrounding tigsue under-

oes in part a mucoid change. Varieties rich in cells, met with
chiefly in the pia mater and arachnoid, and thmleen, form nodes or
patches which are translucent, grey or whitish or greyish red in
colour, and rounded (spleen) or irregular (brain-membranes) in
shape. They have in fact the exact appearance of granulations.
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In the affected organs or tissues there are usually found, in addition
to the gummata, more diffused and extensive inflammatory
changes.

130. These syphilitic granulomatous growths are generally of
a very perishable or unstable nature. Frequently there is no pro-
per granulation-tissue developed: that is to say, no vessels are
formed and no further development of the extravasated leucocytes
takes place. The leucocytes usually perish by fatty degenera-
tion. Small infiltrated patches may often disappear by re-ab-
sorption. In other cases, as in the bones, suppuration or fatty
necrosis and ulceration is the issue. In larger patches abounding
in cells, caseous nodes are not infrequently formed : they may be
either rounded and spherical, or irregular in shape. If the caseous
process is still in a comparatively early stage, these patches are
found surrounded by highly cellular granulations. After a time
these latter pass into dense fibrous tissue (Fig. 36), and contract
into a narrow zone surrounding the caseous patch. Lastly, this
zone may be further transformed into connective tissue of a more
ordinary type. Caseous nodes, thus imbedded in an irregular
puckered capsule of scar-tissue, are found most commonly in the
liver and testis.

It is these scar-surrounded caseous nodes which are chiefly
referred to when gummatous nodes are spoken of. They have
of course ceased to be strictly gummatous, for they contain merely
the caseous detritus of the original cellular gumma. The caseous
chan%? often involves not merely the cellular new-formation, but
also the normal tissue of the affected organ. The node comes thus

to contain more than the necrotic remains of the true gumma; it
includes all or most of the f]proper or specific tissue affected and
Itration.

destroyed by the original in

F16.86. GUMMA OF THE LIVER UNDERGOING CASEATION. (x 25)

a gumma enclosed in an irregular capsule of scar-tissue
b artery with thickened wall ¢ obliterated portal vein

This common issue of syphilitic inflammation in disintegration
and necrosis seems to depend chiefly on the nature of the virus



182 INFLAMMATION AND INFLAMMATORY GROWTHS. [SECT. Y.

which produces the disease. It is not however impossible that
another factor may lie in the aptness of the vessels and esglecially
the arteries to be attacked by the specific inflammation. Wherever
granulations are formed or hyperplasia set up in consequence of
s{philitic inflammation, the vessel walls and chiefly the intima are
observed to thicken. The lumen is thus narrowed, and often
entirely occluded (Fig. 36 b and ¢ and Art. 207).

On syphilitic disease of the arteries see GREENFIELD &c., Trans, Path. Soc.
vol. 28 ; HeuB~NER, Die luetische Erkrankung der Gehirnarterien Leipzig 1874 ;
LANCEREAUX, Gaz, des Hip. 21, 1876.

Leprosy.

181. Leprosy, lepra or elephantiasis graecorum, is a disease
distinguished anatomically by the formation of nodes and tubers in
the tissues. These when cutaneous are usually seated on the
surfaces exposed to the air—the face, hands, and feet. They may
at times occur elsewhere. The subcutaneous tissues, nerves
mucous membranes, and viscera may also be affected. T’he nodes;
may “x;iach the ;ize ofba walnut. '

en a node is about to form in the skin, the
red spot, which becomes bluish and then brownr:e f}ﬂpﬁgeﬁ{s'tng
tissue becomes meanwhile thickened and indurated. The swe ling
then increases, and the patch becomes gradually transformed to a
firm red protuberance, which later on becomes softer and paler

The basis of the node is made up of cellular granulatlon-ti'ssue
lying immediately beneath the epidermis, Tt is spread in a uniform
layer, or sends down cellular processes into the deeper structures.
In colour it is greyish-white and somewhat translucent. The cells
are of various sizes according to their stage of development. When
the nodes break down, leprous ulcers are formed though these
are more commonly the result of external injury.’ Fatty meta-
morphosis of the cells and resolution of the tumour thereby are
not unknown, but the process is very slow, The nodes of the
mucous membrane are more a(i)t to ulcerate than those of the skin:
this occurs, for example, inside the nose, and in the conjunctiva,
mouth, and larynx. :

Leprous growths in the nerve-sheaths may lead to disturbance
of the nerve-functions: we may thus have K)cal amyotrophy and
anaesthesia, as in Lepra anaesthetica. Viscora

1 leprosy is rare.
ArRMAUER HANSEN and NEISSER have discovgredythat leprosy

depends on the presence of a specific bacillus (Bacillus leprae
in the affected tissue. The bacillus is found(in all ,leprong foc)i
(NEISSER), generally enclosed in the larger cells. The heredi-
tariness of leprosy has not been proved. "It is but slightly con-
tagious; yet In certain regions if is endemie. It is nowadays rare
in Europe: Norway and Sweden, Finland, and the Baltic provinces
of Russia, are the regions where it is most prevalent. It occurs
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(but more rarely) in special districts of Greece and Italy. It is
pr((aivalent in Central and South America, and in Southern Africa
and Asia,

Vircuow’s Onkologie (vol. 1) contains a full account of leprosy, from
which the above details are chiefly drawn. Taomﬁ Virch. Arch. vol. 57) gives
a description of the histological characters of the di agreeing in essence
with Vircaow's, Ngrsser’s discovery of the Bacillus leprae was announced in
the Breslaw. drzt. Zeitschrift, 20 and 21, 1879 : ARMAUER HaNsEN's in Virch.
Arch. vol. 79.  See also NE1sser, Virch. drch, vol. 84.  The bacilli have been
found in the nodes of the skin, oral epithelium, and larynx—as well as in
diseased foci in the nerves, cartilages, testes, lymphatic glands, liver, and spleen.
NEersser has inoculated rabbits and dogs with leprous matter, and so pro-
duced inflammatory nodes co nding with those of human leprosy. He
supposes that the {)acilli enter the system as spores, and develope wherever
they find a suitable nidus, especially in the lymphatic glands. hence they
iffvade the entire body. )

K6BNER (Virch. Arch. vol. 88) found the bacilli in the blood. His
attempts to transmit the disease to monkeys did not succeed. He is thus
inclined to question Nersser’s demonstration of its transmissibility.

In Lepra anaesthetica the skin is usually smooth and shining. This form
has therefore been distinguished as L. laeris or glabra. White or brown
stains appear on the skin at times, probably at the site of a former infiltration.
This variety is described as Lepra maculosa ; the patches as morphoeae nigrae
or albae (not to be confounded with the skin-disease Morphoea).

Lupus.
132. Lupus (or ‘noli me tangere’) is an affection of the skin
and contiguous mucous membranes, The surface becomes red,
and this is followed by the formation of large or small nodules

(Fig. 3? d) with more diffused swellings. ranulation-tissue is
formed in the corium and subcutaneous connective tissue.

1o, 87. SECTION OF SEIN THROUGH A LUPUS-PATCH.

a normal epidermis ¢ non-vascular nodule

b normal corium with sweat-gland (i) J strings of cells

¢ focus of lupns-tissue . g lupous ulecer :

d vascular nodule surrounded by dif- h proliferating epithelinm
fuse cellular infiltration
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The granulations are generally vascular, the cells small,
spherical, and lymphoid: but at times numerous epithelioid cells
and giant-cells may also be found. In the latter case, nodules
may also develope having the exact appearance of tubercles. Sur-
rounding the true granulomatous focus there are found nests and
strings of cells following the course of the lymphatics (Fig. 37 e f).
When the subepithelial granulations have reached a certain degree
of development, they begin to break down and ulcerate (Fig. 37 g).
It seldom happens thaf ulceration is averted by re-absorption or
cicatrisation.

The exciting cause of lupus is unknown. The general course of
the process, and especially its progressive character, seem to
indicate that it is due to some virus capable of reproduction.

SCHULLER (Centralb. f. Chir. 49, 1881) has found certain micrococei in

lupus-tissue, which he holds to be the cause of the affection. His observa-
tions are not however enough to establish the fact with certainty.

Glanders.

133. Glanders (or Equinia) is a contagious disease of the
horse, communicable to man by direct transmission. Glanders and
farcy are manifestations of one and the same infective disease :
the first affects chiefly the nasal mucous membranes, the second
the skin.

The initial lesion in the horse is usually situated in the nasal
mucous membrane, The submaxillary gland is then affected : and
then, by metastasis, various other organs. The first effect of the
infection is to give rise either to wide-spread cellular infiltration
of the mucous membrane, or to subepithelial nodules from the
size of a millet-seed to that of a pea, ang not unlike those of lupus.
In chronic farey larger nodes and nodules form in the skin, and
sometimes link themselves into vermiform cords (‘corded veins’).

The epithelial nodules are very unstable in structure. The
cellular elements of which they are built up maintain throughout
the characters of lymphoid cells or pus-corpuscles. Owing to fatty
change, disintegration, softening, or suppuration in the nodules,
ulcerations are soon formed which have a yellowish infiltrated
base. These grow by progressive nodular (or simply diffused)
infiltration of their borders, followed by gradual disintegration.
In this way contiguous ulcers may become confluent. In horses
that have died of glanders, the mucous membrane of the nasal
septum is beset with large irregular excavated ulcers with eroded
edges and greyish or yellowish bases. In addition to these, there
are other minute lenticular ulcerations, and grey or yellow nodular
patches on the ‘Pomt of breaking down, The whole process is near
akin to that of suppurative inflammation. The ulcers may heal
up by the formation of irregular puckered cicatrices.

The cervical glands are always inflamed and swollen. Among
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the viscera the lungs are the most liable to be affected. They
contain either nodes with caseous detritus in the centre and a
greyish cellular periphery; or on the other hand lobular pneumonic
patches of a light grey or blood-stained colour, or opaque and
yellow from fatty and caseous change. At times the alimentary
mucous membrane contains nodes of various sizes, composed either
of light grey cellular tissue, or of opaque yellowish-white caseous
or suppurative matters. In farcy, which is usually chronic, the
nodes (‘ buttons’ or ‘buds’) formed in the skin and muscles are made
up of small-celled granulation-tissue, which later on undergoes
retrogressive change, and becomes caseous or breaks down.

In man, as in the horse, infection with glanders-poison is
followed by the formation of nodes and nodules, especially in the
nésal cavities and frontal sinuses, and in the larynx and trachea.
At the same time vesicular and pustular eruptions appear on the
skin, followed by phlegmonous abscesses in the skin and muscles.
The viscera are also affected in like manner. The development
of the granulation-tissue is generally very imperfect: the inflam-
mation tends rather to take on a suppurative character. In chronic
farcy large nodes (‘farcy buds’) are formed in the skin and muscles.
When these break down they give rise to indolent and obstinate
ulcerations.

For a fuller description of equine glanders and farcy see YOUATT, On the
Horse London 1859 ; FremiNG, Man. of Veterin. Sanitary Seience vol. 1

London 1875: on the human affection see PoraND, Holmes's System of
Surgery vol. 1.

he nature of the glanders-poison is unknown. See VILLEMIN Etudes sur
la tuberculose Paris 1868), BoLLINGER (Ziemssew's Cyclopaedia vol. 1), and
Pirz (Die Seuchen und Herdelrankheiten Stuttgart 1882).

Actinomycosis.

134. Actinomycosis is a progressive inflammatory affection,
set up by a certain fungus, the Actinomyces. It results in the
formation of granulations and fibrous tissue, and in suppuration.
It attacks human beings, cattle, and swine ; and may be communi-
cated to cattle by inoculation.

The disorder was first recognised and described in man by
IsrAEL (1877), and in cattle by %%JLLINGER (1877).

The parasite which causes the disorder is a peculiar fungus.
It first a}:ipears as a tufted rosette of radiating pyriform or
club-shaped structures: these are either simple or divided by
dissepiments, and are of considerable bulk. They are ibly the
conidia (Art. 213). The funﬁus on reaching its full development
appears asea peculiar gland-like body, with the outward form of a
mulberry. Tt is produced by the aggregation of the club-shaped
conidia: these spring in all directions from the filaments of a
matted tuft which we may provisionally call the mycchum,_Qnd
are thus crowded into a compact mass. The true botanical position
of the fungus is as yet undetermined.
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When the actinomyces settles in a tissue, it at. once sets up
inflammation in its neighbourhood. While the spore is developing
its mycelium and its bunch (‘gland’ or ‘core’) of conidia, a nodular
inflammatory focus is formed around it, which in its structure
exactly resembles a tuberculous nodule. Recent nodules consist
chiefly of round-cells: in less recent ones the zone in contact with
the fungus-core contains epithelioid cells and giant-cells. The core is
yellowish in tint, and in later stages of the process it often becomes
calcified.

When the nodules increase greatly in number and become
confluent, the internodular inflammation also extending, large areas
of inflammatory swelling are formed. In many cases, and especially
in cattle, scar-like bands of fibrous tissue may be formed in the
spaces between the nodules. The nodules themselves usuafly
break down and suppurate. If the bendentily to further develop-
ment be strong enough, we may have, instead of suppuration, larie
nodular patches of new tissue formed. These may grow for weeks
or months and finally become as large as the fist, or larger. The
tumour is made up partly of coarse fibrous tissue, partly of granu-
lations, with the intermediate stages. It always contains small
pus-cavities and other excavations, in which the fungus-cores are
found as small white or yellow greasy-like masses lying among the
purulent detritus, 1y :

If on the other hand the tendency to disintegration and sup-
puration prove the stronger, we have formed large sacculated
cavities with branching intercommunicating fistulae. The walls
of these are lined with granulations and hyperplastic fibrous tissue,
containing here and there colonies of the fungus.

135. In the case of cattle the disorder attacks chiefly the
lower jaw ; then the upper jaw, tongue, pharynx, larynx, oesopha-
gus, stomach, and intestinal wall. The skin, the lungs, and the
subcutaneous and intermuscular connective tissue, are also liable
to invasion. In these sites it generally gives rise to nodular tumours
of various sizes, such as we have described. Till the true nature
of the disease was made out, these were described by a multitude
of names such as osteo-sarcoma, bone-canker, bone-tubercle, fibro-

lastic degeneration, woody-tongue, lingual tuberculosis, lymphoma,
fibroma, spina ventosa, &. In the cases observed in the human
subject, the disease has chiefly attacked the soft parts of the neck,
the thorax near the spine, the mediastinal tissue, and the lungs,
In one case the infective matter had entered the blood, and gave
rise to metastatic foci in the viscera (PONFICK). -

The inflammatory growths seldom reach any great size in map.
they are apt rather to break down early. In the cases referred to,
cavities and fistulae were formed, some of them subcutaneous and
some extending deeper. Among their purulent contents were found
the fungus-cores. Where the process invaded the bone, itled to de-
structive caries ; this was notably the case with regard to the verte-
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brae. In all the affected regions the destruction of tissue was very
considerable.

As regards the genesis of the disease, it seems very probable
that the mouth is the starting-point of the infection. ISRAEL,
JonNE, and PoNFICK affirm that in healthy individuals the specific
fungus is now and then found lying in the follicular crypts of the
tonsils. It has also been discovered in concretions from the
lacrimal duct, and in hollow teeth. The observations of the above
authors, with those of BOLLINGER, make it probable that infection
often follows upon wounds of the oral cavity (e.g. those left after
the extraction of teeth). ISRAEL believes that the spores or fungi
may be inhaled, and so give rise to the disease in the lungs. :

Clinically speaking, the disease is chiefly marked by its chronic
course and local malignancy. Metastasis is not common.

IsRAEL'S researches were published in Virch. drch. vols. 76, 78: Boi-
LINGER’S in the Centralb. f. med. Wiss. 27, 1877. Since then the affection
has more than once been observed in man. JouxE and Poxrick have been
the chief writers on the human affection. Jom~e demonstrated the inocula-
bility of the disease in animals (Deutsch. Zeitsch. f. Thiermed. viI, 1881).
PoxFICK has quite recently published a monograph (Die Actinomycose des
Menschen Berlin 1882), in which the publishcdgr:ﬁ’servations on the disease
are brought together ; light is thrown on its aetiology by new observations
and experiments; and the significance of the various morbid processes
is explained. GANNET gives a useful summary in Bost. med. surg. Journ.
Au%.) 31, 1882.

FLUG lately described a case of actinomycosis in a cow, which took the
form of miliary nodules disseminated through the lungs (Cent. f- med. Wiss. 14,
1882); Hink (ibid. 46, 1882) gives another case, in which the nodular affection
was confined to a part of one lung.
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TUMOURS.



CHAPTER XXV.

GENERAL CONSIDERATIONS,

136. In Arts. 79—92 under the heading of Hyperplasia and
Regeneration we discussed a series of progressive or formative
disturbances of nutrition. Some of these were the result of nor-
mal development carried to an excessive degree. Others seemed
due to the resumption or intensification o processes of growth
which had been interrupted or enfeebled. These processes led to
the formation of new tissue, which either resembled exactly the
matrix-tissue from which it arose, or at least was composed of the
same elements.

Another mode of tissue-formation was discussed in the last
section, under Inflammation. This process, as we saw, gave rise only
to a single form of new tissue: it resulted in the development of
granulations and fibrous tissue from them.

The mode of tissue-formation which leads to the development
of a tumour, neoplasm, or new growth in the restricted sense of
the term, is not comparable either with hyperplastic proliferation
or with inflammation. It differs from the former in t is, that the
new tissue is not similar to the matrix-tissue but specifically differ-
ent from it. A true tumour or neoplasm proper is always composed
of tissue differing in type from that out of which it grows. It is
distinguished from inflammatory tissue by the great variety of
forms it may assume, and by the mode of its genesis. g

The diversity existing between the neoplasm and the matrix is
manifested in two ways. First, the new-formed tissue appears as
a more or less sharply bounded and defined mass. Secondly, its
texture and structure differ from those of its matrix, and generally
to such an extent that the difference is recognmisable with the
unaided eye; it is of course still more plainly marked under the
microscope. These two marks are generally enough to determ1pe
the diagnosis of tumour, though not invariably. _In a whole series -
of new-formations, it is difficult or even impossible to distinguish
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anatomically between hyperplastic or inflammatory tissue and true
neoplasm. The distinction must in such cases be based on the
life-history of the tissue in question.

It should be noted—by way of distinction between inflammatory
tissue and a neoplasm—that the latter does not originate in ex-
travasated blood-cells, so far at least as its essential elements are
concerned. As distinguished from hyperplasia, the genesis of a
neoplasm is not dependent on exaggerated function or increased
activity in the affected organ: moreover it does not retrogress, but
continues to grow on without reaching any particular or typical
termination.

The term tumour or neoplasm has been very differently interpreted by
different writers. Vircrow, for example, includes all hyperplasias aud inflam-
matory or granulomatous formations among the tumours; while CORNHED(
definitely excludes them. Others take up a middle position. This difference
of view is closely connected with the different theories held concerning the
aetiology of tumours (Arts. 177—181). We think with ComxmEM that it is

better to narrow the meaning of the term tumour so as to exclude hyperplasias
and the infective granulomatous growths.

References :—VIrcHOW (Die krankhaften Geschuwiilste); LUckE (Handb. d.
Chir. v. Pitha w. Billroth vol. n1); R. MEter (Lekrb. d. allg. Path. 1871);
Conxurnt (Allg. Path.); Pacer (Surgical Patle.

137. Tumours have been distinguished by various names ac-
cording to their external form. Nodular tumours are made up of
circumseribed nodes or nodules, single or grouped. Nodules of: the
size of a millet-seed are called mi%iary; smaller ones submiliary.
If the neoplasm is imperfectly marked off from its matrix, and
extends into it by continuous or disconnected outgrowths, it is called
infiltrating. The terms nodular and infiltrating are not however
antithetical. A tumour may have nodes and mnodules, and yet
infiltrate the tissue in which it lies. This latter depends on the'
mode of growth. If the tumour increase interstitially (‘central
or ‘expansive’ growth), it merely compresses and t.h}'usts away
the surrounding tissue, but does not infiltrate it. If it grows at
the periphery by including ever fresh portions of the matrix-tissue
(‘ appositional” or ¢ excentric' growth), it will give rise to the ap-
pearance of infiltration.

A tumour seated on any of the surfaces of the body, and pro-
truding so as to form a segment of a spheroid, is said to be
tuberous. If the base be smaller than the body of the tumour,
it is fungous. If stalked, it is polypous or pedunculated. If
it consist of several small and close-set protuberances, like the
papillae of the skin, rising from a common stalk or base, the
tumour is called warty, verrucose, papillomatous, or briefly a
papillomar If the papillae are very long and branched, it 18
deseribed as a dendritic or ramifying growth.

188. The texture and structure of tumours are very various.
A large group consist of tissues resembling some of the adult
or embryonic connective tissues; they are thus made up solely of
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mesoblastic elements. Such are distinguished as histioid tumours,
or more simply as connective-tissue tumours. Some of them
are firm and of the texture of fibrous tissue, cartilage, or bone.
Others are soft and contain adipose tissue, mucous tissue, or em-
bryonic or indifferent tissue. Very soft varieties, resembling brain
on section and yielding a white creamy juice on being scraped, are
described as encephaloid or medullary. Not uncommonly a tumour
may have a different texture in different s of it; it is_then
spoken of as a mixed tumour. It arises when two distinct tissue-
forms are simultaneously developed, or when a single tissue has
undergone partial transformation into another. ‘

A second group of tumours are more complex in structure.
They consist not only of mesoblastic elements, but of epiblastic
and hypoblastic elements in addition ; in other words they contain
elements derived from epithelial cells. They are therefore de-
seribed as epithelial tumours, in contradistinetion to the connec-
tive-tissue group. Inasmuch as they exhibit a certain similarity
of structure with various organs of the body, they have also been
called organoid tumours. lB&eir structure may often be recqgmsed
with the naked eye. On section the general appearance is that
of a dense basis-substance, built up of reticulated bands and
trabeculae, and containing within its meshes a substance of different
colour and softer consistence. The latter often takes the form of a
milky or creamy juice. Medullary forms are also met with in this
group.

A tumour resembling its matrix-tissue in texture VircHOW calls
homoeoplastic : one which differs widely is heteroplastic. The latter term
implies—that in normal circumstances tissue like that of the tumour never
occurs at all at the spot in question; or at any rate not at the particular
stage of development reached at the time in question. A tumour may thus
be heteroplastic as regards its site (lletcmwpic), or as regards its date (hetero-
chronic?).o B{ eexcluding the mere l‘xlyperpl:usms from the category of tumours,
we are bound in strictness to regard all tumours as heteroplastic : they never
are of exactly the same structure as the matrix-tissue. A division of tumours
into homologous and heterologous growths has heen proposed. Homologous
growths are such as resemble some normal tissue of the body : heterologous
growths such as resemble no mature normal tissue. Unless a homologous

growth is heterotopic it is not distinguishable from a h lasia. A growth
which is strictly heterologous must be heteroplastic. G a3

139. Every tumour is developed from pre-existing tissue-
cells by proliferation : in some tumours new blgod-vessels are also
formed. The processes of cell-division and of vascularisation
are identical with those described in Arts. 74 and 86. Nuclear
subdivision is indirect: new vessels are formed by off-shoots from
existing ones. §

Tumours usually develope from small beginnings. It is rarely
that their site of origin extends over an entire organ. From this
it follows—that they do not usually lead to an enlargement of the
organ as a whole, but rather tend to form definite nodes or pro-
tuberances. Some grow with great rapidity; others slowly and

/
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intermittently. There is no limit to their growth; they often
reach enormous dimensions. They may cease to grow at all for
years togethgr, and then suddenly begin again.

Neoplastic or tumour tissue is very liable to retrogressive
changes; this is especially true of quickly-growing cellular tumours.
All the retrogressive changes which affect normal tissues are ob-
served in tumours—fatty degeneration, mucoid degeneration, ne-
crosis, caseation, disintegration, softening, liquefaction, gangrene,
infarction, calcification, pigmentation (as in melanoma), &c. In-
flammations are also very common in tumours.

Any of these processes may lead to partial destruction of a
tumour. Cavities or ulcers are often formed in consequence of
softening, and the new tissue may thus be disintegrated and
détroyed—slowly or rapidly as the case may be. It is unfortu-
nate that this process does not usually bring about the removal
and eradication of the tumour, especially in the so-called malignant
forms. The centre may break down, but the periphery continues
steadily to advance. It may even happen that the peripheral
advance is accelerated by the inflammatory disintegration of the
central parts.

It is higgjhly Froba,ble that, during the development of a neoplasm, the
walls of the blood-vessels are somehow damaged or impaired. In support of
this it may be mentioned—that in the neighbourhood of tumours we always
find aggregations of small extravasated leucocytes. The manner in which
this impairment of the vessel-walls is brought about remains unknown.

140. Most tumours are solitary. In other words there is
originally but a single primary tumour. It is less, frequent to
find two tumours growing in an organ simultaneously, or in quick
succession. In the latter case we must suppose that appropriate
conditions arise at the same time at the diferent sites. Now and
again it happens that several tumours, all of different structure,
appear simultaneously in the same person.

From such multiple primary neoplasms we must of course
distinguish what are called metastatic formations. Metastasis in
this case implies a secondary neoplastic eruption, resulting from
the transmission of elements of the original or parent tumour to
a remote part of the body, and the development of a daughter-
tumour from these germinal elements. !

The germ or other virus given off by the parent tumour 1s
conveyed to other regions through the lymphatics, or through the
blood-vessels. According to the channel of transport, we find
metastatic affections in the lymphatic vessels and glands which
receive the infected lymph; or m remote organs irrigated by the
infected blood, either directly or after passing throug’ the heart.
Thus in cancerous disease of the intestine we find secondary
nodules developed in the liver, through the medium of t-he'P"r"'al
system: from the liver some germs may even find their way
into the lungs. The germinal elements usually reach the blood

M. 13
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by the direct penetration of the tumour-tissue into the lumen of
a blood-vessel.

The development of the daughter-tumour starts unquestionably
from these transported germs. g.I.‘lus is probable @ priori from the
fact—that the metastatic or secondary tumour has always the
same structure as the primary. The germs are, furthermore,
essentially composed of cells in a condition of vital activity. The
share taken by the matrix-tissue in which the germs are deposited
is not always the same. In all cases it must furnish the nece
nutriment and blood-vessels, for without these no new growt
is possible. But it very often furnishes other elements, and
especially connective tissue. Proliferation is set up around the
transplanted germs, and tissue is thereby formed ; while migratory
leucocytes generally contribute something to the whole. The
secondary tumours developed may vary greatly in number. They
are usually marked off definitely from the surrounding tissue;
it is very uncommon for metastases of the kind to take the form of
diffuse infiltration. This happens (if at all) in the case of bone,
which may be transformed into tumour-tissue by secondary change
affecting almost the entire skeleton.

Metastases are not invariably produced by all tumours: many
of these never extend beyondy the limits of their primary seat.
The clinical character of benignancy or innocency is generally
correlated with this property of tumours: malignancy is a
character of the metastatic varieties. Other marks of malignancy
are—the tendency to infiltrate and so destroy the surrounding
tissue ; and the tendency to recur after apparent extirpation.

. Malignancy, or the tendency of a tumour to invade the neighbouring
tissue and to produce metastatic tumours, is usually regarded as an inherent
l'fg)erb) of the tumour. ConxHEM has recently expressed a different opinion

) Allg. Path. 1). He tries to explain malignancy by assuming that the physio-
logical resistances to invasion are somehow diminished. Germs transplanted
nto fresh tissue are sure, he thinks, to perish in consequence of the normal
chemical or metabolic changes which go on in the tissue. They can only
develope when these metabolic changes cease to be normal. ~His main
mm fo_r this view is derived from an experiment made by himself and
Maas (Virch. Arch. vol. 70). They introduced pieces of living periosteum
into the pulmonary vessels, and found that they grew for a time, but were
ultimately absorbed and disappeared. The diminished resisting power of
the tissues may be either congenital or acquired. The latter is especially the
case in advanced age, . .
ZIEGLER is unn%tl!e fully to agree with this view. Though the condition of
the tissue has undoubtedly a great influence on the deveﬁ)pment of a germ
transplanted into it, yet this alone cannot determine the malignity of the
parent tumour. It surely depends on the structure and texture of the tumour
whether its germs can be carried off at all, and transported by the stream of
lymph or blood. And the faculty of developing in proper circumstances must
be inherent in the germs themselves. ZAHN (Sur le sort des tissus emplantés
dans Uorganisme Geneva 1878) found that foetal tissues continued to grow
for a time, when introduced into the body of an animal. LEoPoLD has quite
recently confirmed this observation (Virch. Arch. vol. 85). Pieces of living
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tissue, taken from embryo rabbits and transplanted into other rabbits, are in
part absorbed, and in part continue to grow. The latter is especially true of
embryonic cartilage.

141. The formation of a tumour is always more or less fraught
with injm%' to the affected organ, and in many cases to the entire
system. The least harmful tumours are those which grow slowly and
by expansion, so that they merely compress the surrounding tissue.
If this is e:ﬁ)]ansible or yielding like the skin, the resulting changes
may be trifling. But 1t is not rave for the compressed tissue to
become atrophied or absorbed. If the neoplasm be an infiltrating
one, the surrounding tissue suffers much more seriously. It either
perishes outright, or begins to proliferate and so contributes
materials to the general growth. This is especially the fate of
tissues which have specific functions; the specific elements die,
while the fibrous or connective framework persists and becomes
hyperplastic.

A tumour requires to be fed if it is to grow: hence the organ
in which it is placed and the system generally are deprived of a
certain proportion of nutriment to supply the tumour. If growth
is slow the deprivation is unimportant, but it may become grave
in the case of rapidly increasing tumours.

The seat of the tumour is of serious import. It need hardly be
said, for instance, that a tumour growing in the brain or spinal
cord has an altogether different significance, so far as life is
concerned, from tEat. of one developed in the skin. So also a
tumour in the oesophagus obstructing the passage of food, or
one in the stomach mterfering with digestion, will lead to more
serious results than one, say, in the bone of the finger. In the one
case the function of an essential organ is impaired by the presence
of the tumour, in the other the effects are merely local.

Metastatic or secondary formations have always an unfavourable
significance. As the neoplastic foci become more numerous, so
also do the organs exposed to the risk of injury by pressure,
invasion, or abstraction of nutriment.

Disintegrative changes and ulcerations connected with tumours
are specially destructive. There is mnearly always an active se-
cretion and loss of substance from the surface of such ulcers, and
the body is reduced by the constant drain. Moreover it is not
uncommon for putrefactive changes to be set up in the products of
disintegration, and then the risk of blood-poisoning by absorption of
septic matters becomes considerable.

Tumours may thus impair the function of essential organs,
or give rise to a serious dl:am of matter from the body, or bring
about a kind of blood-poisoning through the absorption of deleterrous
products of decay; in any or all of these ways the general
nutrition may be profoundly disturbed, and the patient fall into

ve ill-health. This is spoken of as the cachexia of tumour.

t may become so profound that the patient dies of exhaustion.

13—2



CHAPTER XXVI.

o

TUMOURS DEVELOPED IN MESOBLASTIC TISSUES.
CONNECTIVE-TISSUE TUMOURS.

a. Fibroma.

142. A fibroma is a tumour made up of fibrous tissue. It
usually takes the form of a sharply defined node or lump, and
occupies a part only of the organ in which it is seated. More
rarely the organ (as eg. the ovary) becomes transformed throughout
into a fibrous mass. Fibromata oceurring on epithelial or mucous
surfaces often take a papillomatous form.

The fibroma is of very varying consistence, according to the
texture of its component tissue. It is often very firm and tough,
grating under the knife, and having a glistening gristly look on
section (desmoid fibroma). In other instances it may be soft and
flabby, with a %:‘ieylsh translucent section. Other specimens will
be found in which the scattered fibrous bands are dense and
white and glistening, but the general structure is loose and
incompact; so that the tumour as a whole is rendered limp
and flabby. All varieties of intermediate forms occur between
the firm and the soft, and even within the same tumour different

s may be'of different consistence. The firm varieties are seen
under the microscope to be made up chiefly of large coarse fibrous
bundleg, interspersed more or less tlilickly with cells whose proto-
plasm 1s scanty.

The softer fibromata, with their translucent greyish section,
are usually richer in cells. By teasing out a fragment it is easy
to isolate numbers of slender spindle-shaped or caudate cells.
The intervening substance is more scanty, the fibrils less coarse and

athered into smaller bundles. Su}ine’d sections of such fibromata
appear as if they were full of nuclei (Flg. 38).
In loose-textured fibromata a clear juice is contained between
the fibrous bundles, which are crossed and plaited and interwoven

in all directions.

<
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The fibroma is developed from proliferous connective-tissue
cells. Accordingly spots are often to be found in it where cells

I1e. 88. FInroMA MOLLUSCUM OF THE SKIN.
(Injected preparation stained with haematoxylin: x 25)
a fibroma b papilla thinned out by distension

are more abundant than in the tumour generally: in such spots
we find not only the slender spindle-shaped kind, but also round
and oval cells, and even stellate cells. The transformation of
the proliferated cellular tissue into fibrous tissue is effected by
the same steps as in fibrous hyperplasia (Art. 85).

Fibromata may occur in very various tissues; in any structure
indeed which contains any form of connective tissue. Thus they
are found in the skin, nerves, ovary, periosteum, fasciae, uterus,
and less often in the mamma, alimen canal, &e. Their appearance
is always manifestly different from that of the matrix in which
they are seated (Fig. 38).

Fibromata do not give rise to metastatic or secondary tumours,
though they are often enough multiple, especially in the skin,
nerves, and uterus. Within the same tumour we may often make
out several centres of growth: the fibroma is in fact composed of
several nodes sepn.mtegr by ordinary fibrous tissue. Such tumours
can only do injury in virtue of their size or of their site.

Now and then fibromata undergo degenerative changes. They
may become fatty, or may soften and break down, so that cavities
form within them. They may give way at the surface and so
ulcerate; sometimes they become partially calcified, as in the
case of uterine ‘fibroids” They may be highly vascular, or the
reverse (Fig. 38). .

In rare cases the blood-vessels become wide and dilated, so
that the tissue is pierced with capacious channels and cavities
containiuglblood. n other instances the lymphatics are similarly
dilated.

It is not always easy to distinguish between true fibroma and fibrous

hyperplasia. In general the fibroma is characterised by the difference between
its texture and that of the surrounding tissue, from which moreover it is for



198 TUMOURS. [sEeT. VI

the most part sharply defined. These characters are usually wanting in
h lasias, such for instance as those consequent on chronic inflammation.
ow and then however we meet with inflammatory hyperplasias which are
circumsecribed—such as venereal warts in the skin, and the nodes developed in
the lungs around inhaled dust-particles. Asin the last instance, their texture
may be different from that of the matrix. It is the life-history and mode of
esis to which we must appeal in such cases. Inflammatory hyperplasias,
ing t&ere products of inflammation, cannot properly be reckoned among the
true ours.

b. Myzoma.

143. When the ground-substance of a fibroma swells up by the
imbibition of fluid, it becomes gradually more and more translucent
and may even become transparent. The tumour at length resembles
a mass of jelly. A swollen fibrous tumour of this kind is best
described as an oedematous fibroma. The texture of many
oedematous fibromata much resembles that of the umbilical cord
in nearly mature foetuses; where the cells and fibrils are more or
less thrust asunder and interpenetrated by a transparent juice
(Wharton's jelly).

Adipose tissue, whether neoplastic (Art. 144) or normal, may
similarly become transformed into a gelatinous mass. The fat
disappears from the cells, and a dense saﬁxe liquid collects between
them. They ultimately assume a ramified or stellate form.

No sharp line can be drawn between jelly-like oedematous
fibromata a{xd lipomata, and true myxoma. Many writers do not
hesitate to include the former class among the myxomata. It is

Fi16. 39. CELLS FROM A PERIOSTEAL MYXOMA OF THE THIGH,
(Gold staining : x 400)

<
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perhaps more correct to reserve the name for tumours in which we
have not only a swollen and semi-liquid condition of the interfibrillar
substance (a substance normally containing mucin), but also an
actual solution of the fibrillae and replacement of them by dense
saline juice. Such a tissue is highly translucent, almost transparent
in fact. The cells it contains are generally much ramified, tlt):mgh
some remain rounded (Fig. 39). They here and there undergo
mucoid degeneration and so perish. Pure mucous tissue, such as
we have just described, is never uniformly present throughout the
tumour: there is no such thing as a perfectly pure myxoma. The
bulk of the tumour is generally made up of oedematous connective
tissue : some parts of 1t may even be coarsely fibrous. It is thus
best describedP as myxofibroma or myxolipoma as the case may be.

® Myxomata are most commonly found in the fibrous tissue of
the periosteum, skin, fasciae, and muscular septa, as also in the
subcutaneous and subserous fat, and in the marrow of bone. They
are innocent and rarely give rise to metastases. On the other
hand they may grow to an inordinate size, and may also be
multiple.

KOSTER (Sitzungsb. d. niederrhein. Ges. f. Natur- und Heilk. 17 Jan. 1881)
and his pupil Rusuer (In. Diss. Bonn) have investigated the relation between
myxoma and oedematous fibroma. Kosrter regards swollen and saturated
connective tissue as identical with mucous tissue. Myxomata arise merely

from the swelling up (by imbibition) of the ground-substance of the various
connective tissues.

c. Lipoma.

144. Lipomata are tumours composed of adipose tissue.
They form soft or firm lobular masses, often of considerable size.
Their structure is very much like that of the subcutaneous
panniculus adiposus ; it is made up of a series of fatty lobules
bound together by fibrous septa of varying thickness. The lobules
of the tumour are however rather larger tian the normal ones.

If, as is not uncommon, we have mucous tissue associated with
the adipose, the tumour is described as a lipomyxoma: if it
contains abundant fibrous tissue it is a lipofibroma.

Lipomata generally arise from normal adipose tissue, though
they may also be developed in connective tissues which normally
contain no fat, such as the submucous coat of the intestine, and the
dura mater. The larger lipomata not infrequently undergo either
calcification, necrosis, gangrene, or putrid decomposition. They do
not form metastases, though they are often multiple. The fat
they contain is never completely absorbed, even when the patient
becomes utterly emaciated.

d. Glioma.

145. Gliomata are tumours which develope from the neuroglia-
cells of the central nervous system, and when mature are largely
made up of neuroglia-cells. They are formed in the brain, and
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more rarely in the spinal cord. They appear as tumours which
are imperfectly marked off from the Eealthy brain- or cord-
substance ; the margin of the tumour gradually merges into the
healthy tissue. They have thus the look rather of localised
swellings than of tumours: but the difference in tint, and the
blurring of the normal distinetions between the various elements
of the brain-substance, serve to make good the diagnosis.

Their appearance varies. Some are light grey and translucent
like the cortical substance, and fairly firm in consistence. Others
are whiter, coarser, and firmer. Others again are greyish red or
even dark red, in which case they are traversed by large and
numerous blood-vessels. Vascular gliomata often enclose haemor-
rhagic patches. They are subject to fatty degeneration, caseation,
softening, and disintegration. .

A section of a mature glioma exhibits under the microscope a
kind of felted texture, made up of excessively fine lustrous fila-
ments (Fig. 40 B) interspersed with a multitude of slightly oval
nuclei. 'Iie nuclei are surrounded by a scanty hardly-visible pro-
toplasm. If however the preparation be examined when quite fresh
or after treatment with Miiller’s fluid, it is readily seefi that the
nuclei belong to cells which are furnished with numerous delicate
ramifying processes going off in various directions (Fig. 40 A).

F1c. 40. Guroaa ¥rox THE BRALN.
4, cells isolated by teasing and stained with carmine,

hardened in Miiller's flui ' )
:umhnl'npuerbrz:me? xR0 uid, mounted in Canada balsam, and stained witl

B, section of the same

These cells are very similar to neuroglia-cells, though they are
often decidedly larger and coarser, Some of them maygcontaig two
three, or more nuclel, »

Researches on the development of glioma have shown that the
neuroglia-cells are the parent cells of the tumour. The ganglion-
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cells take no part in the proliferous process. The proportion of
cells in the tumour varies greatly: sometimes the cells form the
bulk of it, and sometimes the fibrous framework. >

The vessels are often highly developed, and may be sacculated
or generally dilated.

Glioma is usually solitary, and as regards metastasis is inno-
cent : it is only locally malignant.

Certain cellular tumours of the retina have been described as
gliomatous: their elements resemble the cells of the granular
layer. As they grow they invade on the one hand the orbital
cavity behind the eye-ball, or on the other hand break through the
cornea and sclerotic, passing forwards. They recur after apparent
extirpation, and give rise to metastases. The cells of which the
afe made up are partly round and simple, and pa,rtl{ ramified.
It seems questionable whether we are justified in calling these
tumours gliomata. We are inclined to maintain that they are
really sarcomata.

Glioma was first defined and named by Vircuow (Die & Geschwiilste 1L ch.
18). Kuens has recently propounded the theory (Beitrige zur Geschwulstlelre 1,
1579) that the ganglion-cells play an active part in the formation of gliomata.
ZircrLer and CaristorH examined a large number of gliomata both fresh and
hardened, but failed altogether to find evidence for this view. The nuclei of
the ganglion-cells scemed never to subdivide. In the instances where this at
first sight appeared to occur, closer investigation showed that the suspected
gtmglion—ceﬁ had merely incorporated a neuroglia-cell.

e. Chondroma.

146. Chondromata (or enchondromata) are tumours which
consist essentially of cartilage. The slight amount of fibrous tissue
usually present in a chondroma is of altogether minor importance.
It either serves to cover the surface of the tumour, or penetrates
the interior carrying the nutrient blood-vessels. ,

Cartilaginous tumours are chiefly developed in regions which
normally contain cartilage; that is to say, in the osseous system
or in the cartilaginous parts of the respiratory system. They may
occur however in tissues which are normally devoid of cartilage,
such as the testis and parotid gland, and more rarely in other
organs. They are of very various size: the smaller ones are

enerally globular, the larger are lobed or nodular. The several
%obes are in the latter case separated by fibrous tissue. They are
often multiple, especially in the skeletal structures of the hands
and feet. !

The tumour-tissue has usually the structure of hyaline cartilage
though sometimes yellow cartilage or fibro-cartilage largely replaces
it. Kven in hyaline chondromata, however, there are always
patches in which the matrix-substance is beset with fibres. At
the periphery the cartilage passes gradually into fibrous tissue, which
forms a sort of perichondrium. The hyaline matrix often has a
dusty or ground-glass appearance.
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The number, size, shape, and grouping of the cartilage-cells
vary much in different cases, and even within the same tumour.
Many tumours abound in cells, in others they are sparse: in some
the cells are large, in others small. They may be surrounded by
capsules, or they may be naked; and crowded in groups within
single capsules, or more uniformly scattered. Every variety of
normal cartilage may occur also in chondromata. %he form of
the cells varies accordingly : they are usually spherical, but fusi-
form and stellate cells are not uncommon, especially in the neigh-
bourhood of the fibrous septa which divide or surround the lobules
of the tumour. So far as the development of the tissue is
concerned, all that was said in Art. 87 applies also here. The
matrix is derived either from pre-existing cartilage, or from marrow,
periosteum, bone, or other connective tissue. Cartilaginous tumotrs
which originate in cartilage have been called ecchondroses
(¢f. exostoses).

Chondromatous tissue is very apt to undergo retrogressive
change. Some of the cells generalll)y contain oil-globules, In
large tumours the matrix-substance frequently undergoes mucoid
softening and liquefaction, at points scattered here and there
through it. This results in the formation of mucous tissue (Arts,
90—92); or in complete liquefaction of the matrix and destruction
of the cells, and so in the formation of cysts containing liquid. In
other cases the cartilage becomes calcified, or true bone is geveloped
(Art. 165). Sarcomatous tissue may be produced when the
cartilage-cells multiply rapidliy.

Chondromata are generally speaking innocent, though meta-
stases are occasionally met with,

In reference to cartilaginous growths, we must istingui
hyperplasia from true neoplasm.%e li,ust not se(?e dgat::fualllu::aﬁ?ltxlxgng:;sug
formations as chondromata, even when they are extensive. We often find
considerable cartilaginous growths in connexion with bones (especially at the
articular endsg, which are quite certainly to be regarded as hyperplastic. Tt
is the general course of the ‘Frooess which must decide in each case, 'The
more completely a growth differs from its matrix, and developes as an
independent tissue, the more certain we are that it is a real tumour

morow (Monatsber. d. dcad. d. Wiss. Berlin 1875) has made it probablo
that many osseous enchondromata originate in remnants of cartilage which
have abnormally remained unossified. Such quiescent islands of cartilase
certainly exist and are not at all uncommon : it may well happen that t}?eg
suddenly resume the habit of growth and begin to proliferate. Vmcnox{
suggests (by way of accounting for parotid enchondromata) that outlying bits
of foetal cartilage may lodge in the rudimental tid gland, which prg rl
g;;glngcﬁtq th;v rudlmiaxslstgl pllllum of the ear. See Pacrr, Surg. Path, Lectpise)-'

. chir. Trans. : Raxvie 2 . i
Hitascer, Viroh, Jakresber, 1860, > o oot Anai. 1605 Vincmow aad

J.  Osteoma,

147. The osteomata are tumours composed of osseous tissye,
Their usual seat is in connexion with the bones, though they may

occur elsewhere.

o

o



CHAP. XXVI.] MESOBLASTIC TUMOURS. OSTEOMA. 203

__Osseous formations connected with the bones have received
different names according to their site and disposition. Hyper-
ostosis is diffused and extensive overgrowth in a bone. When the
new-formed tissue is seated upon a definite spot in the old bone it
is described as an osteophyte; or, if it be larger and more like a
tumour, as an exostosis. Circumscribed bony growths in the
interior of bones are called enostoses. Bony growths which are
not rigidly connected with the bone are divided into—mobile
periosteal exostoses, which are seated on the periosteum though
separate from the bone; parosteal osteomata placed near to the
bone, but not connected with it; independent osteomata remote
from the bone and seated in tendon or muscle; and finally, the
strictly heteroplastic osteomata, which may be seated in the
Ifngs, brain-membranes, diaphragm, skin (rarely), parotid gland, &c.

Toxcrescences also occur in connexion with the teeth. If they
consist of cement or erusta petrosa, they are called dental osteomata:
if they consist of dentine they are odontomata. The latter originate
in a hyperplasia of the pulp during the development of the tooth.

The texture of an osseous tumour may resemble that of ivory,
as in eburnated osteoma; or it may be soft and spongy, as
spongy or cancellous osteoma; the former varieties are built up
of dense and compact tissue with narrow nutrient canals, and
similar to the cortical layer of the long'bones. The latter are built
of thin and delicate trabeculae enclosing large medullary spaces;
they are allied in texture to cancellous bone.

The surface is sometimes uniform and smooth, so that the
entire tumour is conical, spherical, or pyriform : sometimes it is
irregular, rough, or tuberculated, without any definite figure.
Ivory-like tumours are generally of the first kind : they occur most
commonly as exostoses of the skull. Spongy exostoses are of the
second kind, as are also the independent and heteroplastic osteomata.

The development of the osseous tissue in tumours follows the
course described in Art. 88. It is effected partly by the agency of
osteoblasts, partly by metaplasia of the existing tissue. The ground-
substance is chiefly derived from the connective tissue of the peri-
osteum and of the structures in which the tumour is bedded ; as well
as from cartilage and bone-marrow. When cartilage is first

roduced by periosteal proliferation, and then transformed into

ne, the growth is described as a cartilaginous exostosis. When
bone is directly produced, by suppression of the cartilaginous stage,
we have a fibrous exostosis.

Many abnormal l?ony grmyths are not strictly speaking tumours,
but ra.therbhyperplasms resulting from excessive growth or inflamma-
tion. This is true not only of most hyperostoses, osteophytes, an
exostoses, but also of some parostoses and independent osteomata.
Of this nature are the bony growths produced in the adductors of
the thigh by constait riding, and in the deltoid by the.shoulden_ng
of the rifle in manual-exercise. In what way fibrous tissues WiiC
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never produce bone normally are excited to %oduce it by long-
continued irritation, is not easy to determine. We only know that
the occurrence is not by any means impossible. The diagnosis
between true and false osteoma is not always easy. If the new
growth is unaccompanied by signs of irritation or of inflammatory
change in its neighbourhood, it is probably a true osteoma.

References :—MULLER, Zeitsch. f. wiss. Zool. 1x ; PAGET, Surg. Path. Lect.
27 ; Vircrow, Diz k. Geschwiilste. ; S g

9. Angioma.

148. Angiomata are tumours principally made up of blood-
vessels. Some of these blood-vesse may be new-formed, others
are pre-existing vessels more or less altered. The alteration 18
chiefly in the direction of dilatation, or thickening of the walls.
Angiomata are not sharply marked off from the surrounding tissue.
According to our definition of tumour, which makes the formation
of new tissue an essential feature, we should exclude from the
angiomata-all vascular tumours which are produced merely by the
dilatation or overgrowth of pre-existing vessels,

General usage has however sanctioned a certain relaxation of
this strict rule ; inasmuch as simple vascular dilatations extending
over a definite region, and so giving rise to a definite tumour-like
swelling, are universally described as angiomata. According to its
structure the angioma 1s spoken of as simple or cavernous. Race-
mose aneurysms, and racemose varices, have also been included
among vascular tumours; and a fifth variety is furnished by
lymphatic angioma or lymphangioma,

149. Simple angioma (telangiectasis or simple erectile
tumour) is a_structure made up of some normal basis-tissue, con-
taining an abnormal number of distended and altered veins and
capillaries. )

Such formations are most frequently met with in the skin -
they are usually congenital, and after birth merely increase in size.
They are described as vascular naevi, and chiefly occur at places
where foetal clefts have become closed (fissural angiomata). They
can hardly be spoken of as tumours, for they do not raise the skin.
A simple naevus merely looks like a level patch of a different tissue
substituted for the normal skin. The colour is either bright red
(n. flammeus, strawberry mark), or livid (n. wnosus, port-wine
mark). It is not usually marked off very sharply from the
normal tissue. Small circumseribed red specks are often found
round the edges and in the neighbourhood of the clzief patch.
The red colour is due to the wide and distended blood-vessels,
which are seated in the corium or subcutaneous. fat. In "the latter
site they are often beset with minute sacculations. It is rare for
such naevoid angiomata to be found elsewhere than in tl]e skin ;
but they occur now and then in glands like the mamma, in bone,
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and in the brain. They occur also, and more frequ i i
t,enc‘);',ﬁf morbid growths, such as gliomata and sg.rczl;:la{&m 2
Sy en the vascular changes are more closely examined, by
isolating the vessels or by makmf sections of the tumour, it is seen
that they depend essentially on localised dilatations of new-formed
or pre-existing capillaries . 41). The dilatations are fusiform,
cylindrical, sacculated, or spherical ; and these varieties of form

Fro. 41, DILATED CAPILLABIES FROM A SDIPLE ANGIOMA OF THE BRAIN.
(Isolated by removal of the basis-tissue : x 200)

e ways. In naevi the dilatations are

even more exaggerated than those in the figure. They form wide

cavities connected together by normal or but slightly dilated capil-

laries. The walls of the capillaries are not peroe];tibly thicker

are combined in all possibl

than the normal: they have thus the appearance of being rather

thin than otherwise.

Another form of simple angioma, best described as the hyper-
trophic form, is made up of dilated capillaries whose walls are very
considerggy thickened. The dilatations are not usually so ex-
treme as in the former vareties; but the number of vessels 18 50
vast that on section they seem everywhere contiguous, the basis-
tissue being as it were thrust out of sight (%11 . 42). The
capillary-walls are abnormally thickened and beset with nueclei,
resembling somewhat the walls of the arterioles. When the
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blood is abstracted and the lumen of the vessels diminished as
much as possible, so that the nuclei are set radially, the section
looks very like one through the glomerulus of a sweat-gland.

Fi16. 42. Ssgeriox OF A SIMPLE HYPERTROPHIC ANGIOMA OF THE SKIN (x 200)
The duct of a sweat-gland has been cut across at the middle of the section.

This resemblance is further increased by the fact that the tumour
is made uﬁ of a number of lobules or nodules separated by fibrous
tissue, each composed of a convoluted knot of hypertrophied vessels.
Moreover, as these angiomata occur in the skin, and chiefly in the
deeper parts of the cutis and subcutaneous connective tissue, it
sometimes happens that the section includes actual sudoriferous
tubules (Fig. 42).

A third form of simple angioma is the venous or varicose
tumour: it likewise occurs chiefly in the skin and subentaneous
tissues. In the forms already described the smaller veins are
often dilated, but this feature is not marked in comparison with
the capillary changes. In the venous angiomata the dilatation is
almost entirely confined to the smaller veins, the anastomosing
capillaries remaining almost unchanged. The venous dilatations
or varices are cylindrical, ampullate, or saccular, with distinet and
somewhat thickened walls. Haemorrhoids or piles are of this
nature : they are tumours formed in the mucous membrane of the
rectum near the anus, and consist mainly of hyperplastic sub-
mucous tissue, and of blood-containing saccules, d}re]:fved from the
small veins by morbid dilatation.

References :—RORITANSKY, Lekrb. d. path. Anat. 1855; Viercuow, Die
Erankhaften Geschwiilste; Biunrors, Arch. f. Chir. x1; LUCKE, Chirurgie v,
Pitha v. Billroth 11; Moxop, Etude sur Uangiome simple Paris 1873 ; Pacen,
Surg. Path. Lect. 28 (containing further references). s

150. The cavernous angioma is distinguished from the
simple angioma by the fact that the tubular form of the vessels
is more or less lost. In its fully developed form, the tumour is
made up of a series of wide variously sﬁiped cavities, separated

—“
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from each other merely by fibrous septa (Fig. 43). In section
these cavities appear as sinuses of various size, separated by

Fic. 43. CONGENITAL CAVERNOUS ANGIOMA OF THE SKIN.
2 (Haematozylin staining: x 20)
a epidermis b corium ¢ cavernous blood-spaces

a trabecular network of nucleated fibrous or spindle-celled tissue.
The separation is not complete, as the Sﬁaces communicate with
each other. The mass resembles greatly the corpus cavernosum of
the penis, and is sometimes described as composed of ‘erectile
tissue. The walls of the cavities are lined with endothelium.
These tumours are commonly seated in the skin, and may be
congenital (Fig. 43). In other cases they are developed.fro:cl1
simple angiomata by continued dilatation of the already dilat
vessels. In the skin they form livid raised and somefimes un-
even patches (naevus prominens). Among the viscera the l;vc:.lr 112{3
by far the commonest seat. Here they take the form of dar
brown patches, not raised above the sux:fzwe, and not compressing
the liver-tissue, which indeed they simply replace. They :}:e
never congenital, but are developed in a vanced age when the

_liver is tending towards atrophy. It is easy to make out i

favourable specimens that the cavitie§ have arisen frolm t}h;e
varicose dilatation of individual capillaries within the lobules, the
liver-cells disappearing simultaneously (Fig. 44). XU Sthe TLiom

ous
Fio. 44, SpcrioN FHOM THE ADVANCING BORDER OF A VERY SMALL OATREN
' ANGIOMA OF THE LIVER. (x150)
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is no proliferation from the vessel-walls. Then several capillaries
coalesce by disappearance of the septa, and so form lar
cavities. en the cavernous metamorphosis reaches the border
of a lobule, the periportal fibrous tissue forms a capsule round
the transformed vascular mass, which at first has no definite
boundary. At this stage proliferation of the tissue not infrequently
sets in (¢f. RINDFLEISCH, Path. Hist. vol. 1 p. 163).

Angiomata are found, though very rarely, in the kidney, spleen
uterus, intestine, bladder, muscles, bones, &e. %

The above account of the development of cavernous tumours in the liver
is considerably at variance with that given by Vircwow (Die k. Geschwiilste
11). VIRCHOW supposes that th«_a ﬁrs_t step is not a dilatation of the vessels, buf',
the formation of new _gmnulqtnon—tmsue. In this the vessels and vascular
sinuses are formed. ZIEGLER is unal_)le to find any traces of such a modeof
genesis. He examined a liver which contained a multitude of angiomata
varying from a scarcely perceptible speck to a tumonr the size of a walnut.
All stages of development were represeuwd_, from the dilatation of a single
capillary up to the cavernous metamorphosis of an entire lobule. Yet in no
instance was there any sign of proliferation at starting: atrophy and dilata-
tion only were observed. PAYNE describes a remarkable case of a similar
kind in t{\e Tyans. Patk. Soc, 1869.

The term angioma qowndayu embmoes_ formations which are geneticall
very diverse. Some angiomata are congenital, and are therefore conditiones
by some disturbance of tle\'elopment.. Others arise from new-formed vessels,
Others again are the result of a kind of degenerative change ; vascular
dilatation following on abnormal relaxation of the vessel-wall, or on atrophy of
the intervascular parenchyma. Formations of this kind, produced mer, ely b
dilatation and cavernous degeneration, should be excludedl from the catego Y
of true tumours. Ty

i51. Aneurysm by anastomosis (am_zstqmotic or racemose
aneurysm) is not properly a neoplasm; it is rather 5 -
change affecting a vascular territory. The arteries of the terite
become dilated and convoluted, while the intervening e
atrophies. The pulsating growth feels to the finger like 5 i
writhing worms. Many of these growths originate ip b
faults, especially those which occur in the scalp, and lead af N
to erosion of tl}e bm}e. (_)thers are_acquired, and foll e, A es
mechanical injuries. The dilated arteries generally hay,, t-hickeneﬁ
walls. :

The racemose oOr apaatomotic varix is anlogous: 1 ¥
racemose aneurysm. It is a common affection of the veins in the
leg the labia pudendi, and t‘he spermatic cord (Val’icocele) 5

‘Further details concerning aneurysm and varix wil] be o
in the Special Pathological Anatomy under Vascular M%t»iomun

152, Lymphatic angloma or lymphangioma is, i yele;
to the lymphatic system, what angioma (as hitherto Consi’(lll;remdl)a.tmn
the haemic syster. The essential character of the Zrowth iy 18 to

i i i ? dilata-
2 the lymphatic vessels, aSSOCIat@d at times with
i}ozhzfve;elﬁ'a‘" and atrophy of the intervening t-iSSuel.lyp\ellft,roPhy

distinguish the various forms into simple lymphangiomg oy lymphl:gi

-r
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telangiectasis, and cavernous lymphangioma ; together with a third
form, the cystoid lymphangioma. As in the foregoing cases, the
magnitude and arrangement of the dilatations may vary greatly. In
the extreme stages actual cysts may be formed. The cavities contain
lymph, which is generally clear and limpid, though it is sometimes

milky.

The growth may be congenital  or acquired. Congenital
lymphatic dilatations take various forms according to their seat,
which may be the tongue (macroglossia), lips (macrocheilia), skin
(lymphatic naevus), labia, &c. Lymglllungiectasis of the skin is not
rare as an acquired affection; 1t c iefly occurs in the thigh and

thorax. Sometimes it gives rise to considerable tumours, which
fluctuate on palpation. The section represented in Fig. 45 was
taken from a tumour as large as the fist, which had formed in the
subcutaneous fat of the thigh. The dilated and sacculated
lymphatics have their walls more or less thickened, and they are

generally embedded in the adipose tissue.

Fio. 45, SUBCUTANEOUS CAVERNOUS LYMPHANGIOMA.
d in Canada balsam, and stained with alum-carmine : x 20)

(soctx'an mounte ;
a dilated Iymphatics d larger blood-vessels
p connective tissue e groups of small cells or lencocytes

¢ adipose tissue
ore superﬁcial cavities of a cutaneous lymphangioma
shogdtll']:pﬁre, a grave lymphorrhoea may ensue. The affection
is often complicated with fibrous hyperplasia of the skin (as in
is b ymphanglectodes), or of other organs.
r, Lelnd. d. allg. g_:d;. Anat. ; VIRCHOW, Op. cit. 5

«—DMAIE
An.\?:'rf:lx:?cﬁrdt- A""J",Wl' 54; ANGER, Tumeurs érectiles lymphatiques, In.
' 14

M.
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Dise. Paris 1867; GIORGEWIC, Arch. f. kin. Chir. x11; Reicuey, Virch. Arch.
vol. 46; WEGNER, Langenbeck’s Arch. 7. kin. Chir. XX ; PINNER, Centralb.
= Chir. 12, 1880; Pospevow, Vierteljakrs. f. Derm. w. Syph. 1879 ; HEBRA
and Karosi, Discases of the Skin (Syd. Soc.) vol. 1113 Niepex, Virch, Areh.
vol. 90.

h. Myoma.

153. Myoma is a tumour consisting essentially of new-
formed muscular fibres. It occurs only in certain parts of the
body. If the fibres are non-striated the tumour is described as a
leiomyoma, if striated as a rhabdomyoma.

Leiomyoma (or levicellular myoma) is of frequent occurrence
in the uterus, less frequent in the muscular coats of the intestine.
It takes the form of a spherical nodulated growth, not unlike a
fbroma. The smooth muscular fibres form bundles (Fig. 46), which
are plaited and interwoven. They are usually surrounded by abun-
dant fibrous tissue, which binds the fibres and the bundles to ether.
If the fibrous tissue form a considerable part of the buﬁ(, the
tumour is described as a fibromyoma. ost of the uterine
¢ fibroid’ tumours are of this nature. The fibrous bands are white
and lustrous, the muscular elements are pink, or reddish grey,
or white. It is often by no means easy to distinguish the
muscular elements from the purely fibrous. To make an exact

Fio. 46, SECTION THROUGH A LEIOMYOMA (from pERLS).
The nuclei are shown partly lengthwise, partly cut across.

determination, it i8 advisable to isolate the muscle-cells by
teasing while the preparation 18 fresh. The isolation is easier if
gmall fragments of the tumour have been steeped for twenty-four
hours in a 20 per cent. solution of nitric acid, or for twenty to thirty
inutes in & 34 per cent. solution of caustic potass. The nuclei of
the muscle-cells are it recognised. Under the microscope
he muscle-fibres are distinguished by their _rod-hke nuclei (Fig.
Zé) and by the regular structure of the tissue they form. ]§1

cross-section the muscle-spindle is seen as a small polygonal area

PR EESS  CNNR



CHAP. XXVL] MESOBLASTIC TUMOURS. NEUROMA. 211

enclosing the rounded section of the nucleus. Leiomyomata are
invariably innocent; though they may cause danger by their
tendency to bleed. They are liable to fatty change and to
softening, which may lead to their disintegration or putrefaction,
or to cystic excavgtions. (Calcification is not infrequent.

On the nature of so-called uterine ¢ fibroids’ see Brisrowe, Trans. Path.
Soc. 1853 ; OLDHAM, Guy’s Hosp. Rep. (2nd series) vols. 2, 8; WiLLrams, Lan-
cet 1,1880 ; Courry, Dis. of Uterus London 1882 (contains full references).

Rhabdomyomata are very rare. They are hardly ever
made up entirely of striated muscular fibres. In cellular
sarcomatous tumours, chiefly of the kidney and testis, spindle-
cells with more or less perfect striation are found associated
with smooth muscle-fibres (myosarcomata). It is probable
that such tumours (which are found only in children, and are
of ireat size) are due to foetal deposits of muscular elements
in the rudimental kidney and testis.

References to the literature of rhabdomyoma are given by Huser and
Bosrroy (drch. f. kin. Med, xxir). The name is due to ZENKER: VIRCHOW
uses the term striocellular myoma. See also EBERTH, Virch, dArch. vol. 55;

Conxueny, Virch. Arch. vol. 65; Marcuaxp, Virch Aveh. vol. 73; KoCHER
and LANGHANS, Dewd. Arch. f. Chir. 1X; BRODOWSKI, Virch., Arch. vol. 67.

3. Neuromda.

154. Neuroma isa term which in strictness should be applied
only to tumours composed essentiully of new-formed nerve-fibres.
What we are accustomed to describe as neuroma is a growth
oceurring indeed in a nerve, but due to multiplication of the cells
of its meurilemma and perineurium, not, to the formation of new
nerve fibres. It is generally a fusiform, oval, or cylindrical out-

wth, whose axis may coincide with that of the nerve, or deviate
Taterally. Such tumours are very often_mult.iple, and may affect
either single nerve-territories or the entire system. Neuromatous
nodes may also occur in the central nervous organs: they may be as
large as a hen’s egg, or (rarely) larger. If the nodular changes affect
an entire nerve-territory, & network of coarse bands and nodes may
be formed. This form has reo_eived the name of plexiform neuroma

ERNEUIL). Sometimes painful nc_;dulm‘ growths form at the
ends of divided nerves, as in amputation-stumps. They are spoken
of as amputational neuromata.

Almost all of these varieties are false neuromata: they are
really fibromata a,nd_ myxomata _of.the. connpctive tissue of the
nerve, unassociated with any multiplication of its nerve-fibres. The
latter indeed are compressed and atrophied. This is true of the
multiple yarieties as well as of the amputational neuromata. The
Jatter are in most cases due to inflammatory fibrous hyperplasia.

Tt is asserted however that, in some neuromatous fumOUS,

of mnerve-tissue may occur. Amputational

a true new-formation :
neuromata have furnished examples of this, as well as Nt

14—2
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of various sizes which develope in the continuity of a nerve without
any discoverable cause. These then would be instances of true
MU TOTE.

Nerve-fibres are said to multiply by subdivision and by off-
shoots. According as the new-formed fibres are medullated or not,
we have the varieties myeline neuroma and amyeline neuroma.
MNeuromata are entirely innocent: they never give rise to
metastases. It has been ghown that the multiple false neuromata
are apt to be inherited, or at least to depend on some congenital
fault. (See Special Pathological Anatomy of the Nerves.)

Roferences  VincEOW, op. cif. and Gesommelle Abhand. ; Barre, On
Neuroma,; PEnis, Handb. o . Path.; VERSEUIL, dreh. gén. de med. vol
18 (5th series) ; CZERNT, Arch. f. Min. Chir. xvir; Sovea, Prager Vierteljahrs.
35, 1877; PERIS, Arch. f. Ophthalm. x1x; P. Bruss, Virch, droh. v?:ﬁ’. 50;
Vo REckLINGHAUSEN, Ueber d. multiplen Fibrome d. Hout Berlin 1882,

j.  Lymphoma and Lymphosarcoma.

155. Lymphoma 15 a comprehensive term, and includes
formations which are not strictly tumours, but rather hyperplasi
of the tissue proper to lym hatic glands—lymphadenocid (or briefly
adenoid) tissue, as it is called. Lymphoma, as a neoplasm, would
imply the development and deposit of new lymphadenoid tissne
in the form of & tumour within a lymphatic gland, a follicle, or
some other structure of the connective-tissue group. In what is
usually called lymphoma, this does not happen. What does
happen ijs—that the tissue of the lymjnhatlc gland or follicle
increases in size because the lymphoid cells it contains are
multiplied, while the reticular tissue undergoes hyperplasia, The
process is often inflammatory n c]}aracter, and ‘should then ba
olassed with the inflammations: in other cases the lymphoid
hyparylasia seems to begin idiopathically, i.e. without any cause
hitherto discovered. It ma{ .:_;fr,en be doubtful whether the
increased growth of a lymphatic gland should be regarded as
neoplastic or as hyperplastic Many cases of lymphoma, especiall
the eukaemic kmds: seem referable tﬂh}'p?rplagia, The Taphatls

lands, lymphadenoid structures of the intestine, and ahad
%ollicles of the spleen, dll maintain their structure as they grow in
gize, or alter but slightly. Moreover the functions of the St
geem to be more actn{ely performed. ".‘:‘h'm Lo B s &
indicate that they are invaded by anything of the nature of
oplasm. )
> II]n addition to the l;mrptﬂst? lymphomata, there is a true gr
roplastic tumour whose structure agrees with thaf of | ;
];(?E:?miﬁ tissue. As the term lymphoma has been Perverimdp ]tln
deseribe the hyperplastic formations, we may do well to distinguish
the genuine tumour as lymphadenoma or lymphosarcoma, This
latter title corresponds with the fact—that the tumour agrees in
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its characters with the sarcomata. It will therefore be treated
in connexion with them (Art. 158).

The relations of lymphoma and lym hadenoma to Hodgkin’s disease and
to leukaemia are discussed in the Sp Patholosical Anatomy.

Recent researches have shown that yhadenoid tissue is in normal
conditions widely distributed throughout the y. The overgrowth of some
such normal deposit may simulate a heteroplastic formation.

k. Sarcoma.

156. The sarcomata are tumours constructed on the type of
the connective tissues, in which however the cellular constituents
redominate over the intercellular substance. In this respect they
resemble the immature connective tissues ; so that the comparison
of sarcoma to embryonic formative tissue is perfectly apt.

Sarcoma originates inyariably in a structure belonging to the
connective-tissue group ; i.e. in formed or unformed fibrous tissue,
in cartilaginous, bony, mucous, lymphoid, neurogliar, or adipose
tissue. o transformation of these into tumour-tissue is effected
by the growth and multiplication of the constituent cells.

In %:voumble circumstances it is possible to follow up this
mode of genesis histologically. At the advancing margin of a

winﬁ tumour we may find all kinds of transitional cell-forms,
go.om the small cells of the normal connective tissue to the large
cells of the tumour. Fig. 47 represents the advancing margin of a

Fro, 47, SBOTION FIROUGH THE ADVANCING MARGIN OF A SMALL SARCOMATOUS
; SODULE PROM THE Mawa. (x 300)
tissue ) d cells with hypertrophied nuclei
: m the sarcomatous tissue ¢ multinuclear cells :
¢ gxnluﬂ' cells

natous nodule from the mamma, and in it the various
oAl s:g‘iloqvelopment can be made out. Enlarged and swollen cells
i:’e beside the small cell_s of the fibrous tissue (a): others with
@ ous nuclel (d), or with several (¢), are also noticeable. At
e;:ormme time the pumber of the cells is vastly increased.
5 ef‘: bone and cartilage it is possible to demonstrate the sub-

division aﬂﬁ multiplication of the fixed cells even more clearly than
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in connective tissue. The multiplication sometimes occurs in the
substance of non-vascular cartilage or bone away from the me-
dullary spaces, and thus the part played by the individual cells
within their cavities is very readily followed (ZIEGLER, Virch.
Arch. vol. 73). In connective tissue it is less easy to exclude the
possibility of cell-infiltration from neighbouring parts. Vircmow
has thus shown that sarcoma-cells may arise by proliferous
multiplication from connective-tissue cells of perfectly normal
aspect. This is the process in a large number of cases; but it ma

vary to this extent—that the deve%opment begins in tissue whic

is already morbidly altered. Thus new-formed cartilage may pass
into sarcoma by over-intense proliferous growth of the cartilage-
cells, and disappearance of the matrix-substance. .

It is of great interest to note that cells, which form part of
what we might call congenital heteroplastic foci, may often serve
as the starting point of a sarcoma. Congenital warts and pigment-
spots are specially remarkable for this., The transformation into
sarcomatous tissue is effected by the growth and multiplication of
the nests of cells that are always found in such spots.

Summing up what we know of the development of sarcoma we
may say—that sarcomatous tissue may arise either from connective
tissues which up to then seem normal, or from tissues that are
to be regarded as already morbid.

References on the genesis of Sarcoma :—VircHow, Die &r. Geschwiilste 11;
R. Maier, Allg. l{alh. Anat.; PerLs, Allg. path. Anat.; Brzzozero, Med.
Jahrb. 1v, 1878; BILLROTH, Arch. f. kin. Chir. X1; STEUDENER, Virch. Arch.
vol, 59; Soxorow, Virch. Arch. vol. 57; Cornin and RANVIER, Man. Path,
Hist, vol. 1.

157. The form and mode of growth of the cells varies much
in different varieties of sarcoma. The intercellular substance is
sometimes scanty, soft, and stringy: in other cases its texture
approaches that of the mature ; normal tissue. ) Tl}e various
varieties are distinguished according to the constitution of the

und-substance as well as of the cells, but chiefly of the cells

hat constituent is taken as characteristic, which prevails in the
tumour in question. Seeing that a sarcoma is continually in
process of growth, it always contains some parts which are as yet
immature, and merely represent an earlier stage of development
of the tumour. In settling the classification of the tumour such
parts are not taken into account.

The texture of the sarcoma, as made out by the unaided eye,
varies much in the different forms. In its mature condition
it is generally more or less s.harpli marked off from its sugroundings,
It may occur in any locality where connective tissues are found,
but the frequency of its occurrence is different in different tissues,
Thus it is much commoner in the skm,. fasciae, intermuscular
fibrous tissue, bone, periosteum, lyfnphatlc glands, brain, and
ovary—than in the liver, lungs, intestine, or uterus,
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The amount of intercellular substance present chiefly determines
the consistence and the tint. Forms which are soft, marrowy, and
white or greyish-white on section, are rich in cells and poor in
intercellular substance. Firm and coarse-grained forms are

oorer in cells and abound more in fibrous intercellular tissue.
The latter kinds pass without any break into the fibromata.
Intermediate forms are described as fibrosarcomata. The
cut surface of a sarcomatous tumour has a uniform look through-
out; unless indeed it has undergone retrogressive changes,
or the amount of blood in it varies from part to part. It looks
evenly smooth, in medullary tumours milk-white, in firmer kinds
clear greyish-white and translucent, or greyish-red or brown. The
h g)mrms are white or yellowish-white, and lustrous on section.

The blood-vessels are variously developed: now and then th:gv
are exceptionally wide and numerous, or even irregularly dilated,
as in telangiectatic sarcoma. Lymphatics have not been shown to
emlt%e in sarcomatn.h - Sty el

trogressive changes are apt to pen, such as y change,
mucoid c}gx-range, liquefa%:ion, caseation, gisintegmt,ion, haemorrhage,
putrefaction, ulceration, &e.

158. Round-celled sarcoma. The small-round-celled sar-
comata are very soft rapidly-growing tumours. They chiefly occur
in the connective tissues of the locomotive and skeletal system ;
as also in the skin, testis, ovary, and lymphatic glands. They are
usually milky white on section, and mnot infrequently contamn
softened or cheesy patches. A milky juice can be got by scraping
the cut surface. l&tir structure is ver.;‘ simple : it consists almost
entirely of round-cells and vessels (Fig. 48). The former are

5 | THE MARGIN OF A SARCOMA AFFECTING THE INTER
THROUEG 300
Fio. 48, SeorioN NNECTIVE TISSUE. (Carmine staining: x 300)

MUSCULAR C0
rmal ¢ fully developed tum_our-tisgue :
3 ng'o hielt;l mﬁl’gmﬂ d round-cells resembling white blood
:) :Oulll)ﬂ-cells intruded between the corpuscles

muscle-fibres
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small and fragile, have but little protoplasm, and enclose a rounded
or slightly oval vesicular nucleus (Fig. 48 ¢). This nucleus seems
more highly developed than it is in ordinary lymphoid cells,

The intercellular substance is scanty, and fibro-granular in
texture. The vessels appear as thin-walled channels between the
groué)s of cells. In the case of an invaded muscle, such as that in
the figure (Fig. 48), the tumour seems to consist of an aggregation
of round-cells (Fig. 48 b c) seated in the intermuscular connective
tissue. Lymphoid elements are not infrequently found mingled
with the tumour-cells: their nuclei (Fig. 48 d) are casily dis-
tinguished by the fact that they take a deeper staining than the
other elements.

A second variety of small-round-celled sarcoma is the so-called
lymphosarcoma. It is a sarcoma whose structure somewhat
resembles that of a lymphatic gland. There is a kind of reticular
stroma (Fig. 49 «), made up in part of anastomosing ramifying
cells (Fig. 49 b); and this contains a multitude of round-cells
in its meshes. If a small piece of the tumour be first shaken up
in a test-tube with some liquid, so that the cells drop away, the
structure can then be easily made out under the microscope.

Fro. 49. SEcrioN oF LYMPHOSARCOMA FROM THE NASAL MUCOUS MEMBRANE.

a reticulum (the a to the left points to a b cells of the reticulum
blood-vessel with subdividing cells) ¢ round-cells

The tumour has the same general appearance as the commoner
small-round-celled variety. Both forms are highly malignant,
partly because of their rapid growth, partly from their tendency to
give rise to secondary growths, which may affect the entire body,

Lymphosarcoma most commonly originates in lymphatic glands,
and in S,e lymphadenoid tissue of the mucous membranes. Tt
may however arise elsewhere. When it attacks a lymphatic glang,
it may be distinguished from mere hyperplastic l{pghoma by
its rapid growth, and by its tendency to overpass the limits of tho
gland, and to form metastases.
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159. Large-round-celled sarcomata are made up of cells
considerably larger than those of the varieties just described. They
/ occur in the same localities. They are not quite so soft in texture.
\ Their cells are often uniformly large, and have an abundant proto-
y plasm and large oval vesicular nuclei (Fig. 50). Many of the cells
are binuclear, a few are multinuclear. Tﬁe intercelluf;r substance
is arranged in a kind of network, interspersed with fusiform and
ramified cells. Together they form an alveolar reticulum in whose
:Eaca lie the large epithelium-like round-cells. On account of
ese characters BILLROTH has described the tumour as a ‘large-
celled alveolar round-celled sarcoma.’” The vessels have usually very

thin walls,
, In the other varieties of large-round-celled sarcoma, the cells
are very unequal in size. Fig. 51 represents a section of a
mammary sarcoma in which the cells are for the most round ;

but their sizes vary tly, and there is a_partial admixture of

elongated cells, as well as of multinuclear giant-cells (¢). If this
last be taken as characteristic, the tumour may be called a giant-
celled or myeloid sarcoma (Art. 160). ; ;

The large-round-celled sarcomata are hienerally less malignant
than the small-celled kinds; but they likewise may form meta-
stases, The patient from whom the tumour represented in Fig. 50

was taken died from metastatic growths.

TF1a. 50. Fro. 51

Fig. 50. SECTION FROM A FUNGATING LARGE-ROUND-CELLED SARCOMA.
(From the skin of the leg: carmine staining: X 400)

SARCOMA OF THE MAMMA CONTAISING VARIOUSLY FORMED
o i ?::x.ts. (Bismark-brown staining : x 300)
@ cells with hypertrophied nuclei

: g:l::ﬁ?l:u;mm&wuﬁ tissue ¢ multinuclear cells
¢

S ith ramified
.celled sarcoma (including forms with ran

mul}?fg;’mggilgil:d fibrosarcoma). Sarcomata consisting of sputl’dﬁ-l
' ‘ colls are among the most common O

NS shaped or ramified
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tumours. They are usually much firmer in texture than the
round-celled forms. On section they look greyish or yellowish-
white, and translucent ; if the vessels are fuﬂrzf blood they may
accidentally be tinged with red. They are generally speaking
much less malignant than the round-celled sarcomata, but this
depends somewhat on where they are seated.

Sarcomata in which spindle-cells predominate are called briefly
spindle-celled sarcomata: they are divided into large-celled and
small-celled varieties. The cells may be more or less isolated by
teasing out fragments of the tumour-tissue, and in this way very
long spindle-cells may occasionally be found (Fig. 52). Tl{ey lie
side by side in the tumour, and group themselves into bundles.
In a section these bundles may be seen cut through lengthwise,
crosswise, or slantwise; which shows that they run in diverse
directions through the growth.

The grouping of the spindles into definite bundles is often very
striking ; but sometimes there is no such grouping, the spindles
all lying parallel to the same direction throughout a considerable
area. metimes also the arrangement of the spindles seems
to depend on the direction of the vessels, the bundles forming
a kind of sheathing to each vessel.

TFia. 52. F1e. 53.

Fi1c. 52. SPINDLE-CELLS FROM A LARGE-SPINDLE-CELLED SARCOMA OF THE CHEEK,
(Teased preparation: % 400)

Fia. 53. SECTION FROM A GIANT-CELLED SARCOMA ORIGINATING IN THE MEDULLA
or THE T1B1A (‘MYELOGENTC' sancoma). (Haematoxylin staining: x 400)
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The intercellular substance may be very scanty, or altogether
imperceptible in a section. In other cases it is abundant, and
shows a kind of fibrillated structure. The cells are then poorer in
protoplasm ; so much so in fact that there is often none to be seen
around the nucleus, and the cell-processes seem to start from the
nucleus itself (‘nuclear fibres’). Such tumours are firm and coarse-
grained, and approach the fibromata in texture. They are called
fibrosarcomata.

Sarcomata whose cells are of several diverse forms are equally
common. Their cells are spindle-shaped, pyramidal, prismatic,
stellate, or altogether irregular (Fig. 53). Each cell seems in fact
to take the form of the space which is left to it to fill. Sarcomata
of this kind, as also the spindle-celled kind, usually contain a
larger or smaller number of giant-cells (Fig. 53). These tumours
are perhaps more properly described as giant-celled or myeloid
sarcomata than those referred to in Art. 159. They chiefly affect
the osseous system.

. The vessels of a sarcoma have generally walls which are quite
distinguishable. In some cases however they have the appearance
of canals excavated in the substance of the tumour, the tumour-
cells themselves bounding the lumen of the vessel. Here it
would seem as if the tumour had in part arisen from multipli-
cation of the cells in the original vessel-wall.

161. Sarcomata of peculiar types. Sarcomata do not
usually exhibit any special structure, or any resemblance to a

Fio. 54. SEOTION FROM A MELANOTIC ALVEOLAR SARCOMA OF THE SKIN.
(Haematoxylin staining : x 300)
@ uninuelear, a, multinuclear epithelial-like tumour-cells

b pigment-cells
e gtroms enclosing blood-vessels and pigment
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glandular type. The cellular elements, even when they seem to
resemble epithelial cells, are dispersed uniformly throughout the
intercellular substance, as in the connective tissues. There are
however exceptions to this in special cases. There are sarco-
mata which have a structure resembling that of gland-tissue, or
of epithelial new growths. This appearance of structure is due in
part to the epithelial look of the cells, but chiefly to their aggre-
gated arrangement in groups separated by fibrous septa. guch
tumours are described as alveolar sarcomata, Fig. 54 repre-
sents a section from an alveolar sarcoma of the skin.

The cells @ exactly resemble epithelial cells: they are grouped
into masses, and sharply distinguished from the fibrous framework
(e) in which they are embedded. This latter contains the blogd-
vessels, or rather the framework is chiefly made up of a network
of blood-vessels; but no vessels enter the cell-groups. This is
another point of structure in common with the epithehal growths.

Tumours of this kind occur chiefly in the skin, but they are
also met with in the bones, lymphatic glands, and pia mater. In
the case of the skin they originate in warts and pigment-spots,
which generally contain such groups or nests of cells (Arts. 156
and 398).

The )way in which the alveolar structure is developed can often
be clearly made out, especially in tumours of the central nervous
system. The mnormal intervascular tissue is transformed into
masses of sarcoma-cells, while septa are formed between the cell-
masses by the fibrous tissues lying along the course of the vessels.
In other ‘cases it looks as if a plexus of pre-existing or new-formed
vessels took on as it were an investment of cells, and this grew
thicker and thicker till at length the intervascular spaces were
entirely filled up. Accordingly we find this form of growth
described as plexiform angiosarcoma. It has also been described,
and not infrequently, as endothelioma. On this view the cell-
nests arise by prol.i}('aration from endothelial cells, This certau}ly
happens when masses of cells are formed from the endothelial
covering of the subarachnoid mcs}lwork and pia mater: the
masses afterwards group themselves into ‘nests % Somctlmes.the
proliferous endothe%li.xl cells of the pia mater are aggregated into
small spherical nodules of a peculiar lustrous u;()ipearance. The
tumour into which the membrane is transformed then contains
small shining pearly bodies, made up of laminated layers of squa-
mous or tablﬁa.r cells. Such tumours have been called cholestea-

tomata or pearly tumours.

The expression ‘plexiform angiosarcoma’ is due to WALDEYER«( Virch. Arch.
vol. 55). The vessels of the brain, lymphatic glands, serous membranes, and
testis possess what is called a perithelium : that is, the adventitia is invested
with endothelial cells. Proliferation begins in the cells of this perithelium,
and the vessel is thus invested with a stratified covering. See Kornaczex,
Deutsche Zeitsch. f. Chir, 1X;' MAURER, Virch, Arch. vol. 77; NuuMaNN, Ak
d. Heilk, 1872; Kuups, Prager Vierteljakrsschr. 1876.

“
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It is still a matter of dispute whether the cholesteatomata are really
endotheliomata of the pia mater (EPPINGER, Prager Vierteljakrsschr. 1875).
They may possibly belong rather to the dermoid tumours (Art. 178).
Similar growths are met with in the middle ear (WeNDT, Arch. d. Heilk. 14,
1873; Lucar, Arek. f. Okrenheilk. (New Series) 1, 1874). Some regard them
as tumours, others (with WexDT) as inflammatory products.

162, Sarcomata which contain deposits of pigment are de-
seribed as melanosarcomata (Fig. 54). The pigment is black or
brown, and lies partly in the tumour-cells, partly in the fibrous
matrix and vessel-walls. It occurs chiefly in the form of amorphous
granules; but there are generally a number of diffusely stained
cells as well. Melanosarcomata are malignant.

When the pigmentation is not extreme the tumour has on
section a brownish grey look, or it may only show patches of
brown or black. In more marked cases the section is uniformly
black. Very often the secondary growths are more intensely pig-
mented than the primary tumour, and this is also the case m
ﬁ-rowt.hs that have recurred after resection. Tumours of this kind

evelope in tissues like the eye and pia mater, which normally

contain q:gment-cells, or in pigmented pathological formations.
The black pigment-spots (melanomata) of the skin are of this
latter class: it has already been mentioned that they contain
peculiar clusters or nests of cells (Fig. 54).

We do not, know in what way the pigment is formed (Art. 67).
It is not to be confounded with the brown pigment derived from
extravasated blood. Patches stained with this blood-pigment are
sometimes found here and there in a sarcomatous growth, but the
true melanotic pigment is something quite distinct. .

Psammomata, like melanosarcomata, are growths which arise
in certain definite tissues, and but rarely anywhere else. They are
sarcomatous, fibrous, or myxomatous tumours originating in the
brain and its membranes, more particularly in the choroid plexus
and pineal gland, and containing a multitude of chalky concretions.
These have the same structure as the grains of the normal brain-
sand (acervulus cerebri). They are made up of concentric calcareous
strata, and form spherical or dendritic aggregations. They may be
so abundant as to give the tumour a stony feel.

We may here just mention the variety of sarcoma called chloroma. It is
a cellular tumour, whose section has a light green or dirty brownish green
tint. The colour soon fades on exposure to the air. Nothing is known of the
nature of the colouring-matter. Chloromata occur chiefly in the periosteum
of the skull. See HuBer, Arch. d. Heilk, 1878,

163. Some very peculiar forms of tumour are produced when
sarcomatous tissue undergoes partial hyaline or mucoid degenera-
tion; or when sarcomatous and myxomatous formations combine.
They are generally included under the term cylindroma, though
this may also be applied to tumours of another species which
epitvheliél cells are involved (Art. 173 Fig. 72).

The ordinary soft cellular sarcomata have now and then a more
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translucent appearance than usual,
and yield on section a turbid slimy
Jjuice. These have already begun
to undergo mucoid change, as may
be recognised by the swollen ap-
pearance of the cells, and the for-
mation of drops of liquid within
them. When the tissue has been
hardened the change is not so easily
made out. The cells then seem
shrunken (Fig. 55 b), and separated
from the stroma (a) by a clear
zone. Sometimes a few distended
and transparent nuclei are observed,
their protoplasm having become
mucoid and so vanished.

This mucoid change mayat times
extend throughout gxe entire sub-
stance of the tumour; or it may be
confined to scattered patches, sepa-
rated by unchanged cells. Isolated
hyaline spherules are occasionally
noticed among the cells. Such par-

F1G. 55. SARCOMA MNYXOMATODES.
(Haematozylin staining : % 400)
mi 2
: ::rx:oma-oel.ls separated from the
stroma by & clear zone (in part
due to hardening in chromic acid
and aleohol) \ !
¢ swollen nucleus which has lost its
protoplasm

tially degenerate sarcomata we may describe as myxomatodes.
The tumours in which sarcomatous and mucous tissue are found
combined have on section either a hyaline or an opaque dirty
white appearance. The mucous tissue is partly composed of a net-
work of ramified and anastomosing cells (Fig. 56 a), in addition

Fia. 56. SECTION OF MYXOSARCOMA (mm»noxn). (Carmine staining : % 250)
a mucous tissue b strings and clumps of cells ¢ fibrous tissue
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to a mucoid basis-substance. Within this tissue lie also branching
clumps and strings (b) made up of closely compacted cells. These
strings are very irregular in form and anastomose in all directions;
they give the tumour a very peculiar texture. Its general structure

justifies the name of myxosarcoma, which has been applied to

it. It forms, as has been said, a subdivision of the class of cylin-
dromata. It is not clear, from a histological point of view, in what
way the clumps and strings of cells are formed. They seem to
have no relation to the ramifications of the vessels, for these are
seen to be unchanged, and run through parts where the fibrous
tissue has undergone no degeneration.
A third variety of cylindromatous tumour, also somewhat trans-
lucent and in part gelatinous, is characterised by the hyaline
dégeneration which affects the walls of its vessels and the tissue
around them. If one of these vessels be isolated, it is seen to be
invested with a more or less abundant deposit of hyaline substance
Fig. 57 a). To this sheath are attached similar hyaline appen-
ages not traversed by vessels. Outside the hyaline sheaths,
alternating with them in fact, are nests and strings of cells which
here and there seem fastened or anchored to the hyaline masses
(Fig. 57 b). The strings of cells have much the same look as

F16. 57. BLOOD-VESSELS WITH TYALINE SIEATH AND APPENDAGES FROM A CYLINDROMA.
(From sATTLERS * Cylindrome’ 1874: x 200)

a small vessel .
b patch of epithelial-like cells on one of the hyaline appendages

those shown in Fig. 56, and we infer that the tumour in question
is allied to the myxosarcomata just described. The homogeneous
appendages are the result of hyaline degeneration of the vessel-walls,

f the neighbouring tumour-cells; and this hyaline degeneration

or o
The

is either identical or connected with mucoid degeneration.
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fact that actual mucous tissue (like that in Fig. 56) is occasionally
found mingled with the hyaline masses tells in favour of this view.

This form of cylindroma may therefore be regarded as a peculiar
variety of myxosarcoma, in which the mucoid change is chiefly
confined to the vessels, and in which the formation of new vessels
is an essential feature. To emphasise the important part played
by the vessels in this neoplasm, we might it angiosarcoma
myxomatodes.

Such growths have been found principally in the lacrimal
glands, salivary glands, and in the brain. They occur however
elsewhere, as in the lip, placenta, adipose tissue, &e.

Cylindroma is a term due to Bruiror (Untersuch. diber die Entwick. d.
Blutgefiisse 1856). Such tumours, characterised by gelatinous masses and
reticula, have since then been very variously interpreted. Koster described
them as cancroids (Virch. Arch. vol. 40); SATTLER (Ueb. d. sogen. Cylindrome
Berlin 1874) as alveolar sarcomata, in which the cell-masses derived by

roliferation from the adventitia had been transformed into hyaline cylinders;

wezKY (Virch. Arch. vol. 69) as plexiform angiosarcomata with hyaline
degeneration of the fibrous stroma, or of the adventitia of the vessels, R.
Marer (Virch, Arch. vol. 14, and Lekrb. d. ally. path. Anat.) found cylindro-
mata in the placenta and dura mater: he regarded the presence of an
abundance of hyaline mucous tissue persisting for a long period unchanged
as characteristic of the tumour. This tissue may develope out of cells or out
of intercellular substance, fibrous tissue, an-txlngﬁ;]or tunica adventitia,

Various tumours have been described as cylindromata which certainly do
not all belong to the same species. A number of them belong to the sarcomata,
Within this group we may, as we have said, distinguish two main forms; first,
the combined sarcoma and mﬁoma, and secondly, the sarcoma with hyaline
or mucoid degeneration extending to the cells, but chiefly affecting the sheaths
of the vessels. Between these two, however, many transitional forms are found.

. Mixed tumours of the connective-tissue group.

164. We have already referred to various tumours in which
combinations of different tissues present themselves. In one sense
no tumour can be said to consist of a single kind of tissue al
In a new growth of any size we must always have new vessals
for instance. And tumours whose characteristic element is nof,
fibrous tissue—such as chondromatgz, osteomata, sarcomata, myo.
mata, and myxomata—always contain a very considerable qua,ngt
of fibrous tissue as an accessory. , y

We do not speak of such cases as examples of mixed tumours
because the accessory tissue is as it were put out of sight by the
characteristic element: it is entirely subordinate, %ut if the
second tissue comes into the foreground and affects the texture of
the growth in a perceptible way, we must indicate this ip our
terminology. This 1s done by applying to the name of one
neoplastic tissue the name of the other as a qllahf{ing term; or b
simply combiuiD% the two names into a eompoun Y

; word, Th
in gliomata and fibromata, the blood-vessels may be remamkablll:’ o

their abundance, size, and dilatations ; we then speak of the growlt’E
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as a glioma (or fibroma) telangiectodes or cavernosum. A morbid
combmation of adipose tissue with mucous tissue is called lipoma
myxomatodes or lipomyxoma; a combination of cartilage and sar-
coma—chondrosarcoma ; and so on. It is not rare for three or more
kinds of neoplastic tissue to be found within the same tumour. A
growth which starts in fascia or intermuscular fibrous tissue may
consist, for example, of fibrous, sarcomatous, mucous, and adipose
tissue ; there may even be vascular changes here and there wg(i)ch
give it a telangiectatic character. Such a combination is not
very surprising. The neoplastic proliferation may itself result in
the development of several diverse tissues—or, what is more
common, the tissues of the connective group become transformed
the one into the other. We shewed, for example, in Arts. 90—92,
that cartilage readily passes into mucous tissue, which is also
frequently produced from fibrous or adipose tissues. Sarcomatous
tissue may easily be the result of proliferation of the cartilage of a
chondroma, or the fibrous tissue of a fibroma; and conversely,
sarcomatous tissue may equally well be transformed partially into
osscous tissue. Tumours originating in bone are very apt to show
a tendency to bone-formation. There are two forms especially in
which this often occurs—namely, osteoid chondroma, a combination
of cartilage and bony tissue; and osteosarcoma, a combination
of sarcoma and bony tissue.

165. Osteoid chondroma (or osteochondroma) chiefly affects
the larger long bones. If no sarcomatous proliferation has modi-
fied it, it usually forms a hard tumour seated on the bone or
embracing it. It often reaches an enormous size; and cannot be
cut with the knife, unless a patch of unaltered cartilage be hit
upoi. When sawn through, the cut surface has the look of
dense white continuous bone: on closer examination this is seen
to be interspersed with streaks and islands of more translucent
cartilage. Fig. 58 shows well the general texture of the growth and
its matrix, and its relation to the bone. The section represented
is taken from a tumour of the humerus. The tumour was very
fim and bony, and summn.dgd' the bone so as to double its
diameter. It was found on dividing the bone longitudinally that
the medullary spaces were filled with firm tumour-tissue of the
same structure as the eriosteal growth. The original bone was
only recognisable In the region of its cortical layer. Fig. 58
represents a gection takel} at right angles to .the axis of the
bone, and including the chost.eal growth, the cortical layer, and a
part of the altered cancellous tissue, : -

We find Instead of periosteum a mass of cartilaginous tissue ()
interspersed thickly with bony tmbecu}ag (h). These run generally
at right angles to the surface of the original bone, but anastomose
freely. Small lacunae and canals are seen throughout the cartilage;
they contain a few blood-vessels and a small amount of fibrous

15
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tissue. The cortical layer (a) is still distinguished by the
concentric stratification of the lamellae. Many of its Haversian

Fio. 58. SECIION FROM AN OSTEOID CHONDEOMA OF THE HUMERUS.
(Magnified by means of a simple lens ; double-staining with haematoxylin and

5 carmine)

a cortical layer team, which at & contai \a-vony
v medullt::( spl;f:: or cancelli trabeculne ed
¢ periosteal growt i cartilage developed from medullary
d normal Haversian canals tissue, which at % contains bony.
¢ Haversian canals distended with trabeculae

cartilage, which at j contains a I original trabeculae

core of new bone m remnants of medullary tissue

g cartilage developed from perios-

canals are dilated and filled up (except for a small lumen in which
the blood-vessel runs) with masses of cartilage. These masses
sometimes contain trabecular cores of new-formed bone (f). In-
stead of the marrow, which should fill the interior of the bone (b),
we find vascularised cartilage also containing numbers of trabeculae.
The genesis and primary seat of the growth may thus be made out
at once from this preparation. Cartilaginous proliferation has
been set up in the periosteum and in the wedullary tissue, and the
product has subsequently been partially transformed into bone.
Osteosarcoma has an exactly analogous appearance. The
difference is merely that sarcomatous tissue fills the spaces between
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the trabeculae instead of cartilage. The trabeculae are at the

. same time more delicate and less numerous. The seat of the

tumour (as is the case too with osteoid chondroma) is often
confined to the periosteum. The bone is then more or . less
eroded,.

References :—MurLer, Miiler's Arch. 1843 ; VircHOW, Die br, Geschwiilste
t1; Rixorremscw, Path. Hist. 11; Wirks and Moxox, Path. anat. London
1875 ; Pager, Surg. Puath. Lect. 33. A summary of cases and some beautiful
drawings of sarcomatous tumours connected with bone will be found in
BurniN’s Sarcoma and Carcinoma London 1882.
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CHAPTER XXVII.

EPITHELIAL TUMOURS.

166. The tumours we have hitherto treated of have been de-
veloped out of tissues belonging to the connective-tissue group;
in other words, out of tissues derived from the mesoblast. The
tumours we have now to deal with contain in addition epithelial
elements, that is to say, structures derived from the epiblast and
hypoblast. These epithelial elements are in fact the structures
which give its special character to the class. The tumours of the
class are therefore very fitly comprehended under the one title of
epithelial neoplasms. ~ All of them consist of egithelial cells on the
one hand, and of vascular connective tissue on the other. The latter
tissue goes to form the framework or stroma in which the epithelial
elements are embedded. The t or plan of their construction
is that of the simple gland, and they maintain the resemblance
throughout many of the phases of their development. They thus
call to mind in many ways the various glands of the body; though
the degree of resemblance differs much in the different forms.

Some of them are built exactly on the plan of some particular
gland: the new-formed tissue corresponds to a definite glandular
type. Tumours of this kind we call adenomata. :

" Another group never reach this perfection of structure. They
exhibit as it were only the first stage of the gland-making process.
Epithelium and fibrous tissue interpenetrate each other in an
inchoate way. The process is never carried higher, but the erude
formation is repeated ‘and reproduced indefinitely. By multiplica-
tion of the epithelial cells we have produced nests and clusters
and strings of cells, and these are imbedded in connective tissue
whose elements are likewise multiplying, The result is a neoplasm
consisting of a fibrous network or framework, in the meshes of
which are lodged a multitude of variously-shaped epithelial cells.
But there is no orderly arrangement of these epithelial cells. In
the adenomata they tend to clothe the walls of the alveoli in a
regular way, leaving open a central lumen as in the acinus of a
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gla.nd_. In the tumours now considered the cells remain in com-
pact irregular masses, Epithelial tumours of this kind, in which
the glandular type is most imperfectly followed, are described as
carcinomata or true cancers.

Adenoma and carcinoma are generally malignant. They tend
to invade the surrounding tissues; and, by the channels of the
lyrmxh or of the blood, are apt to affect distant regions and

roduce metastases. But the degree of malignancy varies greatly ;
1t depends not only on the histological structure of the growth, but
to an even greater extent on its locality.

The definition we have given of adenoma and carcinoma is based partly on
their histology, partly on their mode of genesis. From the morbid anatomist’s
point of view this is the only correct mode of definition. Tumours containing
ndhe but mesoblastic cells may and do correspond in their general structure
with others, in which undoubted epithelial cells form the characteristic
elementi and for this reason a merely anatomical method of diagnosis would
be insufficient. If carcinoma be defined as an alveolar tumour composed of a
fibrous network containing nested cells, it is impossible to separate between
carcinoma and alveolar sarcoma. It is owing to this purely anatomical mode of
definition that we have had controversies as to whether carcinoma really depengls
upon epithelial proliferation, and whether cancers may not have their origin
in fibrous structures. Such controversies become irrelevant if we base the
distinction on histogenetic grounds. A tumour is to be ealled carcinomatous
only when the epithelial elements take an active part (as above described) in
its formation. A connective-tissue tumour which has ostensibly the same
structure, but whose mode of genesis is entirely different, is to be distinguished
as an alveolar sarcoma, ‘

a. Adenoma,

167. Adenoma is a tumour constructed after the type of a
secreting gland, The definition might at first sight tempt us to
term every glandular enlargement, in which the elements are abnor-
mally multiplied, an adenoma. This would however be incorrect.
Adenoma is a true neoplasm, characterised physiologically by its
impotence to produce the normal gland-secretion, and anatomically
by its want of relation to the tissue in which it is seated. A gland
enlarged by over-growth, or over-work, or chronic inflammation,
cannot be described as an adenoma. Tt is a hyperplasia : and if it
be the true gland-tissue and not merely the fibrous framework
which is excessively developed, the physiological activity of the
gland is thereupon increased.

We must regard in the same way the tumour-like growths
which occasionally develope in mucous membranes, chiefly as a result
of chronic inflammation. They are mere localised proliferations,
rising above the general surface as nodular, polypous, or. papillary
outerowths. The fibrous tissue is the first to increase, and this
leads to some increase of the epithelium, chiefly because the local
submucous swelling involves an increase of the mucous surface.
If any glands are present (as in the intestine or uterus), they also
undergo change. If their ducts become blocked, they may become
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distended with seeretion, and form larger or smaller cysts. Other
glands may enlarge by increase of their stroma; and lastly there

may be in some an active growth
ang increase of the specific
gland-tissue.

It is easy to demonstrate that
such new-formations of fibrous
and glandular tissue do take
place. The most suitable ob-
Jects for examination are per-
haps the papillary or villous
growths which form on the inner
surface of glands undergoing
cystic degeneration (Fig. 59 c).
These are sometimes so abun-
dant that the cyst seems quite
filled up with the new tissue.

Such an overgrowth of the
mucous membrane, in which the
local glands are simultaneously

F16. 59. PAPILLARY GROWTHS INSIDE
A CYST.
(From a gastric polypus ; haematoxylin
staining : x 300)
@ gland-tubules with cylindrical epi-
thelium
b stroma infiltrated with cells

enlarged, is best described as a ¢ Popillary growths into a cyst, covered

glandular hyperplasia.

168. True adenoma is generally distinguishable from
hyperplasia by obvious characteristics, Its consistence, co
structure all mark it off plainly from the sur

Adenomata are usually knot-

substance of glands, or in glandular epithelial or e

In the first case it is generall
transformed into tumour-tissue.

skin the tumour is likewise cireumseribed. When

growth, it is easy to make out by
hat it is an adenoma, and not the

: Adenomata are often pale soft and
marrowy : in other cases they are d

like the ovary is included in the
the alteration in the structure t

result of simple hypertrophy.

affected tissue, It

normal tissue ; but this is not the

lies. Adenoma of the

uced and arranged, and by the
The difference between nopy
perhaps most marked of all i,

intestine mga
convoluted tubules—not, of Licherk {

) is at once
%laml-nssue by the mode ip whie
(

with mucoid epithelium

ence, colour, and
rounding tissue,

like growths arising within the

idermic tissues,

Y a part only of the gland that is

In the mucous membranes and

ense and coarse,

type of some
type of the matrix in which it

be made up of ramified and
ithnian crypts.  Adenoma of the
ands instead of lobules.  Ade-
distinguished from the normal

h the epithelial cells are repro-
structure of the neoplastic acini,

nal and neoplastic gland-tissue is
the case of the ovary. Ovarian

>
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adenopm is apt to grow to an enormous size, and very often
imperils the life of the patient afflicted with it. It usually takes
the form of a multilocular cystoma or cystadenoma, as it is called ;
and is made up of a multitude of small and large cysts. These
contain a ropy, clear or turbid, and variously tinted liquid. Their
inner surface resembles that of-smooth mucous membrane. The
walls are chiefly of a fibrous texture: but here and there occur
masses of tissue with a soft marrow-like section and white or pink
in colour, which resemble parenchymatous gland-substance. These
masses exemplify the early stages of the tumour’s development :
they consist of a fibro-cellular stroma, containin landular tubules
lined with tall cylindrical epithelium (Fig. 60). Some of the

Fic. 60. SECTION FROM A PAPILLIFEROUS CYSTADENOMA.
(Haematoxylin staining: x40)

tubules are dilated. This dilatation is the first step towards the
formation of a cyst ; it is the result of an accumulation of secretion.
When small cysts are thus formed, the fibrous tissue round them
often proceeds to grow into the cavity in the form of papillary
protuberances (Fig. 60). These papillary growths, which often
develope in vast numbers, give to this variety its specific name of
papilliferous cystadenoma.

169. All adenomata have not the same grave significance,
whether we regard the affected organ or the system- genemll_v.
Ovarian adenoma destroys the organ and jeopardises life by its
size ; but it forms no metastases and does not invade neighbouring
structures. Adenoma of a sweat-gland or sebaceous gland remains
as a local tumour, never reaching any great size. But the case 1S
different with the adenomata of the alimentary canal, namely those
of the stomach, large or small intestine, and rectum. Each of these
tends to invade and destroy the surrounding parts, and to form
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metastases. They are as malignant as the malignant carcinomata.
In order to indicate this fact in their distinctive name, they have
been called destructive adenomata, or adenocarcinomata. Their
malignancy is manifested even in their local behaviour., Fig. 61

Fio, 61. SECTION THROUGH THE ADVANCING MARGIN OF A Degrrucrive ADENOMA
OF THE STOMACH.

(Hacmatorylin staining : x 25)

‘a mucosa ¢ neoplasm which starting from the mucosa
bmucosa has invaded the othey | i
2\' ::uscularl" * infiltration hore ayers, Small-celled

P d th .
d serosa formation of the nmp&m%lzlpe:mes the

represekts a section through the, ad.va'ncing m&l'gin of a small
destructive adenoma of the stomach; it is remarkable for the great
size of its glandular tubules and of theﬁepithelial cells which line
them. o il
The figure (Fig. 61) shows. that the&oplastic tubules are first
developed in the mucosa, the normal constituents of the mucous
membrane simultaneously djsap%enring. Starting thence the
neoplasm invades the submucosa (b). It intrudes itself along the
intermuscular septa between the muscle-bundles of the muscularis
(¢): and ﬁnall{ extends along the serous layer (d). Here and there
through the fibrous tissue may be seen heaps of small cells: this
indicates that proliferation is going on in this tissue likewise.

This invasion of thc.neighbourin& tissues is the first step
towards the formation of metastases. Clearly the lymph-spaces of

~
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the tissue are certain to be encountered by the advancing growth
and when th.is happens the path of infective transport stands open:

Destructive adenoma is a soft marrowy tumour, taking the
form either of a papillary or fungous outgrowth, or more commonly
of a level and extensive thickening of the mucous membrane, The
new tissue frequently breaks down and ulcerates. The ulcers have
a soft infiltrated base and raised rampart-like edges, or the
surrounding tissue is beset with nodular growths.

b. Carcinoma.

170. If we define carcinoma as a growth characterised by
epithelial multiplication (Art. 166), and not agreeing with any
notmal glandular type, we must at the same time lay stress on the
fact that this epithelial multiplication is no merely accessory or sub-
ordinate feature. It is the essential and distinguishing character
of the neoplasm. 2 g o

Simple non-typical multiplications of epithelium are by no means
uncommon; but they are not necessarily to be interpreted as carcino-
matous. Subepidermic granulomatous tumours of the skin (Art.
132 Fig. 37) will often exhibit in their superficial layers clusters
and rolls and strings of epithelial cells altogether diverse from any
normal mode of grouping; and the same may be observed in skin-
wounds which are in process of repair by epidermic growth and
multiplication. ~ So too in glands altered by inflammation, and in

fibrous tumours occurring in glands, the glandular epithelium

may begin to multiply and lead to the formation of epithelial
masses that are altogether non-typical or atypical in appearance.
Formations of this kind are not to be classed with the carcinomata.
They lack the power of growing indefinitely and of infiltrating the
surrounding tissues. They are incapable of raising themselves to
the rank of the independent tumour, that is nourished like a

arasite at the expense of the organism, and invades the tissues
to their destruction. They can only extend where a free surface
is open fo them, due either to antecedent inflammation or to the
formation of a true tumour. In wounds or subepithelial granula-
tions, these proliferous growths have no more siiniﬁcanoe than the
covering of an abraded surface with new epithelium, The epithe-
lium forms only in places where the underlying tissue is so
arranged as to leave free surfaces or open fissures, and the process
amounts, in a word, merely to the ‘skinning-over’ of internal
surfaces. . '

The mode in which true carcinoma developes and extends is
uite diffefent. The epithelial new-formation is not limited to
vee or bared surfaces; it actively invades the contiguous con-

nective tissues. Thus we may have a cutaneous cancer or epithe-
lioma, which consists essentially of cellular prolongations of the

interpapillary promontories of the Malpighian layer, penetrating
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and ramifying in the fibrous tissue of the corium (Fig. 62 f).
These prolongations go on growing and multiplying, and ultimately

Fra, 62. SECTION FROM A CUTANEOUS CANCER OR EPITHELIOMA.
(Aniline-brown staining ; x 20)

a epidermis S cancerous ingrowths from the epi-
I corium dermis

¢ subentaneous areolar tissue q dceﬁset cancerous cell-groups

d sebaceous gland h proliferating fibrous tissue

¢ hair-follicle i (above) cell-nest or epidermic globe

i (below) sweat-gland

infiltrate_the corium over a more or less extensive area, taking the
form of detached strings and nests of cells (). In this case then,
we may regz.n'd ghe carcinoma as an epithelial infiltration of the
corium staxtm%fl_n the superficial epidermis. The share taken by
the corium itself is not always the same. At first we are generally
unable to detect in it any histological change whatsoever. The
fibrous stroma in which the epithelial cells are lodged is furnished
bf«: the unaltered corium alone. In other cases, and in later stages
(Fig. 62 1), a perceptible amount of cell-multiplication and oceasion-

ally of vascularisation takes place. It almost looks as if the fibrous

tissue were endeavouri.ng, Y compensatory growth on its own
part, to counteract the invasion of its borders by the epithelium.

In tumours formed in the way we have described, the intruded
masses of epithelial cells are spoken of as cancerous cell-nests,
and the separate cells as cancer-cells, The fibrous framework in
which they lie, made up partly of pre-existing and partly of new-
formed fibrous tissue, is called the cancerous stroma.

171. The development of cancer in glands is essentially similar
to that which starts i squamous epithelium or epidermis, Thus
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in the glands of the uterus, we have cancer commencing with
active growth and multiplication of the cylindrical epithelial cells.
The single layer of cylindrical cells is transformed into a series of
stratified or disorderly masses of epithelium (Fig. 63) piled upon

F1o. 63. SECTION FROM A CANCER OF THE UTERINE GLANDS.
(Haematoxylin staining: x 250)
u  stroma b cancerous ingrowths or loculi ¢ isolated cancer-cells

each other. The size of the gland (b) is thus considerably increased,
and soon its typical structure is overlaid and lost by the substitution
of great cell-masses and cancerous cell-nests or oculi. The cells
yetain their cylindrical form only at the borders of these groups.
This represents the first stage. In the second, the surrounding
tissue is invaded and infiltrated by cancerous cell-nests.

A section from the advancing margin of a mammary cancer
(Fig. 64) shows at one view _the various steps of the process;
a low magnification is all that is necessary. The first stages in the
formation of the mammary cancer are essentially the same a8
those observed in uterine cancer, though the peculiarities of the
matrix bring about certain minor variations. The primary aberra-
tion is an excessive multiplication of the glandular epithelium.
This is followed by general epithelial infiltration. The small and
scattered acini of the mamma are replaced by cancerous cell-nests
of various form and size (¢), imbedded in a scanty stroma. Starting
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from these as primary foci, the infiltration of the connective tissues
(g f) extends far and wide, beyond the region of the gland-tissue
itself. The fibrous bundles are thrust asunder by the multiplying
cells, which link themselves into fusiform or rounded masses, or into
long ramifying strings and bands. Spreading upwards these invade
the corium; single cell-nests may even %e found immediately
underlying the epidermis (g). Within the substance of the nipple
(a) also, we may discover numerous cancerous patches () in the
fibrous tissue between the galactophorous ducts (d). In the figure
we note that the only uninvaded part of the gland is near its edge.
Even here however the groups of round-cells scattered through the
connective tissue (k) show that the structures are not altogether in
their normal condition.

To sum up all that we learn from this preparation concerning
the extension of the cancer we may say—that the process consists
in infiltration of the connective tissue with epithelial cell-nests:
that this is accompanied or succeeded by inflammatory or pro-
liferous changes in the connective tissue: and that these ulti-
mately result in fibrous hyperplasia.

Fic. 64, SECTION THROUGH A MAMMARY CANCER.

(Magnified by means of a simple lens) ¢
a nipple b mammary tissue g cancerons skin
¢ skin d galactophorous ducts It eancerous cell-nests in the nipple
¢ cancer-tissue replacing the gland. i normal acini
tissue X I infiltration of fibrous tissue with
§ fat-lobules, normal or undergoing round-cells

eancerous change
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We are chiefly indebted to THIERsCH (Der Epitheliall:

Warpever (Virch. Arch. vols. 41, 55) for the( disoovepry thﬁ‘ﬁs m?iz)mswg
tumours (other than the adenomata) existed, in which epithelium formed an
essential constituent. THIERSCH demonstrated that cancer-cells are. derived
from epxthe[mm, dmwin%rhis arguments (})rincipally from cases of cutaneous
cancer or epithelioma. ALDEYER extended his researches to organs of every
kind. Many subseql\]xlent observations have proved—that a considerable
number of tumours which were believed by VircHOW and others to originate
as_oonnechve-t.issue growths do really origimate in epithelial growth and multi-
Jication. The class of connective-tissue tumours has thus been greatly

iminished. The great majority of the alveolar tumours included by -VircrOW
under the gerieral term carcinomata must now be ranked as epithelial tumours.
See BILLROTH'S Surg. Pathology 3d ed.; LUCKE, in Billroth . v. Pithas Hand-
buch vol, 11; ScHRON, Contrib. alle anat. della cute wmane 1865; and, for
criticism of the ‘epithelial theo:-i;:z of carcinoma, Pacer’s Surg. Path. Lect, 35.

Kgster's attempt (Die Entwickelung der Carcinome 1869) to disprove the

satticipation of the epithelium in a large class of alveolar tumours, and to
erive the cell-nests from the proliferous endothelium .of the lymphatics, has

not proved successf ;
his being the case, it will be best in future to designate the various

tumours not according to their structure merely, but also with respect to their
genesis, Carcinoma will then imply not only an alyveolar structure, but an
epithelial origin also. The mode of genesis iz the distinctive and definitive
cﬁm'twter: the alveolar structure is merely a result of contingent or non-

essential factors.

172. From the description we have given, it will be manifest
that the so-called cancer-cells are nothing other than proliferous
epithelial cells; and we may therefore expect them to exhibit
epithelial characteristics. Accordingly we find that they preserve
throughout the traces of their descent. They are comparatively
large, and have large vesicular nuclei containing nucleolar corpuscles:
and they have certain habits of grouping peculiar to the parent
structures. Cutaneous cancers (eplther'omat.a.) contain cells exactly
like those of the Malpighian layer, and they may undergo corni-
f{lmg processes analogous to those which are normal in the case of
the epidermis. Cancers starting in the intestinal mucous mem-
brane are provided with cylin-
drical epithelium. But this
maintenance of the ancestral
ceil-type has its limits.

When strings or wedges of
epithelial cells penetrate the
fibrous tissues, it invariably
happens that the tightly packed
elements affect each other mu-
tually, and chiefly as regards
their form, (Fig. 63). We may
see how this occurs by consider-
ing a section of one of these - 8
conical epithelial wedges—which 1‘"::;T LB ﬂfiv'séiﬁffm”é’:n& Lomm:
from their appearance have been (e 250)
called * bird’s-nest bodies’
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(concentric or epidermic globes). When the cells are isolated it
is found that there are scarcely two alike in shape. This multi-
formity of the cells of cancer has long been a familiar fact; it has
even been exalted into a characteristic feature. It obtains in
squamous epithelioma and in cylindrical carcinoma, starting in
the cylindrical epithelium of intestine or gland. The original
type 1s only in a few cases preserved pure and unmodified.

At the same time we must not look upon this multiformity as
anything peculiar to cancer. Multiform cells may occur in other
tumours—in the sarcomata, for instance. All we can say is—that
in virtue of the peculiar mode of cell-multiplication in the carcino-
mata, multiform cells are especially apt to be produced in them.
What is true of their alveolar structure is also true here. In
consequence of their mode of development we always find tiat
cancers are alveolar; but other tumours whose genesis is entirely
different may nevertheless exhibit the same structure.

173. Varieties of carcinoma have been distinguished
according to their site and place of origin, the form and texture
of the ccﬁls, the arrangement of the cells, and the mode of epithelial
infiltration dependent thereon, and finally the abundance and
texture of the fibrous stroma. Many of these distinctions have
now ceased to have any real sigmficance. The title given to
certain cancers of the skin or mucous 'membrane—nmnely,
epithelioma or epithelial cancer—is now useful only as indicating
conveniently their seat and histological structure.” Formerly the
title implied a contradistinction between cancer of the epithelia
and cancer of the connective tissues. Other terms like medullary,
simple, or scirrhous, applied to various structural varieties of
cancer chiefly originating in the glands, have also only a limited
application ; inasmuch as an individual cancer may not have
exactly the same structure throughout all its parts, or in all
its successive stages,

Generally speaking, the form of the cancer depends on the
structure of the matrix in which it is seated. A certain group
of forms are found to recur perpetually in each particular organ.
It would seem most natural ¢ priori to divide the carcinomata into
two groups—those, namely, which start in investing or surface
epithelium, and those which start in glandular epithelium. Such
a division might be preferable from a theoretical point of view;
but it is not always practicable, as it demands rather minute
histological investigation. An epithelioma starting in a sebaceous
land has genemﬁ; the very same appearance as ope starting
in a hair-follicle or In the epidermis, In cancer of the intestine, it
would often be a matter of very great difficulty to decide whether
the discase started in the simple lining epithelium, or in that
of the crypts of Licherkithn. For this reason it is advisable
to classify the carcinomata under a few main types, distinguished

1
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by sufficiently well-marked anatomical differences. The following
are the most important. &
(1) Squamous epithelial cancer. The chief representative
of this class is epithelioma or cutaneous cancroid (Fig. 62). This
gives rise to warty and nodular tumours, or to diffuse thickenings
of the skin. It is characterised by the occurrence in it of large
epithelial nests, made up large multiform squamous cells. Ulcers
are very often formed by the breaking down of the new tissue.
If the section of an epithelioma be scraped, a gritty mass 1s
obtained consisting mainly of nests and single cells. The nests
often take the form of globes, in which the cells are arranged
concentrically like the coats of an onion (Fig. 62 1). These at
times become horny, forming what are called epithelial pearls.
Epitheliomata in which these pearls are a distinct feature have
been called horny or corneous cancroids. The tu.mour-‘oells of
:I)ithelioma are descendants of the superficial epidermis, and
so of the epithelia of the hair-follicles and sebaceous glands.
Squamous epithelial cancers occur in all the mucous membranes
covered with squamous epithelium—in the mouth, pharynx,
oesophagus, bladder, vagina, &c. : .
(2) Cylindrical epithelial cancer. This has its seat 1
mucous membrane, chiefly that of the intestine, but also in that of

. 2ors . 2’)"
Fio. 66. GLANDULAR CANCER OF THE UTERUs. (Haematorylin staining: X )
a stroma b cancerous nests or loculi ¢ isolated cancer-cells
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the uterus. It forms soft nodulated tumours which start in the
columnar epithelium of the glands.

In consequence of active multiglication among the epithelial
cells the glands become distended into more or less globular
nests (Fig. 66). By mutual comlpr%sion the cells assume very
various forms, retaining their columnar character only at the
periphery. Sometimes an unoccupied e or lumen remains
at the centre. The cell-nests having thus the appearance of
gigantic gland-acini, the tumour has also been described as adeno-
carcinoma: we reserve this term for the destructive adenoma
described in Art. 169.

Glandular cancer of a like kind, with a coarse alveolar stroma,
occurs in glands like the kidney and mamma, as well as in
mucous membrane. In them it likewise starts in overgrowth and
multiplication of the glandular epithelium. The difference bettveen
this variety and the last consists simglly in the absence of tall
columnar epithelial cells among the other constituents. This is
due to the fact that the epithelium in which the growth originates
is spheroidal rather than columnar,

(3) Simple carcinoma is a term often a plied to a variety
usunally ori%inating in glands, and forming mtﬁer firm nodulated
tumours. In section these have ﬁenemlly a light greyish trans-
lucent look. The stroma and the cell-nests are often sharply

distinguished from each other by the difference of their colour;

Fra. 67. SECITION FROM A SIMPLE CARCINOMA OF THE SAMMA.
(Haematoxylin staining : x 200)
a stroms d blood-vessel

fibrous stroma infiltrated ith
nests or loculi $ "
: single cancer-cells enll onis

\"‘"\

w
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especially when the cells have already undergone partial fatt
chl::::ge, )nnd so look white or yellowishy:white ri%d (I))ar ue, B{r
scraping the section we can often obtain a fairly abundant milky
juice. The tumour has a somewhat coarse fibrous framewor
(Fig. 67 a), containing alveoli of various sizes and shapes filled
with masses of epithelial cells, It particularly affects the mamma,
and occurs also in the stomach, pancreas, and kidneys.

(4) Medullary (or encephaloid) cancer. When the cells are
very abundant and the stroma delicate and scanty, the consistence
of the tumour may become remarkably soft and semi-fluid. Such
forms occur chiefly in mucous membrane, but also in the ovary,
kidney, testis, &. They are described as medullary or encephaloid
cancers. They resemble very much the softer ademomata and
sarcomata. An abundant milky cancer-juice may be expressed
from the cut surface: it contains numerous cells and free nuclei,
with fatty detritus and free oil-globules.

(5) Scirrhus, or scirrhous cancer. In this the cell-groups are
small and scanty and the stroma coarse and demse. The tumour
feels firm or even hard, and looks very much like a dense fibroma.

Frg. 68, SMPLE CANCER OF THE MAMMA (S8CIRRHOUS 1N PARTS),
tMagnified by means of a simple lens : same as Fig. 64)

iople » mammary tissue g cancerous skin
% ;‘l’é’é’ d galactophorous ducts e cancerous infiltration of the nipple
¢ neer-tissue replacing the gland- i mnormal acini ¢ I
‘ cntis«ue k infiltration of fibrous tissue with
4 fat-lobules, normal or undergoing round-cells :

cancerons change

" 16
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There is no s line to be drawn between scirrhus and
simple cancer. Within one and the same growth we may find a
part having the texture of scirrhus, and another resembling simple
cancer (Fig. 68). The question is merely whether the stroma or
the cellular elements predominate. The characteristic hardness of
seirrhus is found at spots where the fibrous stroma is not so
much alveolated as interspersed with small fusiform cell-nests
(Fi%} 68 g ).

he cancer-cells often perish by fatty degeneration, and are
then absorbed. The coarse fibrous stroma is left, looking like
a deposit of firm scar-tissue. Cancers which have become hard
and fibrous in this way are found not only in the mamma but also
in the stomach, testis, ovary, and kidney. -

(6) Colloid (otherwise gelatinous or alveolar) cancer occurs
as a definite tumour or a diffuse infiltration. It is most frequently
found in the alimentary tract and in the mamma, more rarely

in the ovary or other organ. It is characterised by the translucency
of its substance. The stroma seems to contain masses of jelly
rather than the usual more or less opaque cell-nests. The
transparent glassy look may be apparent even on the outside
of the tumour. This is true, for instance, in the case of colloid

. cancer of the mucous membrane, which usually forms semi-trans-
parent papillary or fungous excrescences. In the mamma the colloid
character becomes apparent only on cutting through the tumour.
It often happens that the whole tumour is not alike; some parts
1l_)emg translucent, others greyish or reddish like the more ordinary
orms,

Fio. 69. CoLuLoiD CANCER OF THE MAMMA,

(Haematoxylin staining: x 250) °
a stroma d cells containing globules of colloid
b cancerous cell-nests substance

¢ empty alveoli

The colloid or gelatinous texture of the tumour is due to
mucoid or colloid change affecting the cancer-cells (Fig. 69).
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It begins with the formation of clear globules in their interior ().
The cells then perish, and the globules coalesce with each other
and with larger gelatinous lumps already formed. In this way
a large homogeneous colloid mass is ultimately built up. It is
not uncommon for all the cells over a wide area to perish in
this manner, so that the stroma is the only formed constituent
remn.ininf. In other spots, cell-g’rougs may still be found encircled
by colloid masses (Fig. 69 b): in others again there is no colloid
substance at all.

(7) Carcinoma myxomatodes. A cancerous tumour may
likewise assume a gelatinous texture in consequence of mucoid
change affecting the stroma (Fig. 70). With this metaplasia
ofe the fibrous tissue there may also be associated a mucoid
degeneration of the cancer-cells (Fig. 70 d): and this may increase
considerably the transparent and gelatinous appearance of the
growth. The connective-tissue cells of the stroma may also

Fro, 70. CACINOMA MYXOMATODES OF THI STOMACH,
(Haematoxylin staining : x 250)

¢; cancerous loculi ¢ mucoi.d stroma
b fibrous stromn d mucoid cancer-cells

perish, so that we are often unable to find any traces of cell-
structure. over wide areas. The favourite seats of this variety
are the same as those of colloid cancer,

(8) Cylindroma carcinomatodes is a very rare variety of
cancer, characterised by the formation of homogeneous spherules

within the cell-nests (Fig. 71). _

These spherules, which are possibly to be regarded as masses of
colloid substance, press asunder the other cells of the group (Fig.
71 b). If a considerable number of spherules form within the same

16—2
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loculus, the cells may be compressed into slender trabeculae (c), and
so come to form a kind of anastomosing network. This variety

Fio. 71. SECrioN FROM A CYLINDROMA CARCINOMATORES,
(Carmine staining : x 150)

a unaltered loculus or cell-nest ¢ cell-nests reduced to a honeycomb-
b cellmests with a few hyaline ed reticnlum by the formation of
spherules numerous hyaline spherules

has been described as a cylindroma (ZIEGLER has only once
met with it, aud then in the lacrimal gland). To distinguish
it from the sarcomatous kind (Art. 163), it has been called
carcinomatodes.

(9) Giant-celled (or myeloid) cancer is a form in which
some of the cancer-cells attain an inordinate size. All parts of
the cell—protoplasm, nucleus and nucleolar corpuscles—contribute
to this enlargement. They become at the same time remarkably
transparent, and the general aspect is much as if the cell had
imbibed a great quantity of water, and had in consequence swollen
out enormously.

(10) Melanocarcinoma is a sufficiently distinet variety to
deserve mention. It gives rise to grey, brown, or black tumours.
The pigment is contained partly in the cancer-cells, partly in
the stroma. It is seldom met with; being much rarer than
melanotic sarcoma.

References :—WALDEYER, Vireh, Arck. vol, 55; RixorrescH, Path. Histo-
lagy vol. 1; LUCKE, Art. Geschwillste in Hand. d. Chirurgie v. Pitha w. Billroth
1; PERLS ;l”y.'}’allz. 1877; Pacer, Surg., Path. Lects. 30--35; LEBERT,
Des maladies cancéreuses Paris 1851,

174. The extension of a cancerous growth is not at an
end when the organ originally attacked is infiltrated throughout.
Cancer pays small heed to the boundaries between the various

A
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tissues. Sooner or later (latest of all in encapsuled organs like the
kidney), the cancerous process invades the neighbouring tissues.
Some of these, chiefly the specific tissues like glandular epithelium,
muscle, bone, &e., disappear before the advancing growth. Fibrous
tissue on the other hand is usually excited to proliferation, and
new tissue and blood vessels may thus be formed and converted
into cancer-stroma. Now and then other proliferations are set
up in the neighbourhood of the tumour: and in this way, for
example, new bony growths may be formed. 3
In addition to this peculiar power of invasion, cancer has also in
a high degree the power of originating metastases or secondary
growths, The germs which give rise to these metastases are
the cancerous epithelial cells, which are carried off to remote
places by the blood or lymph. The first development of the
secondary nodules starts in these, when they have found a suitable
nidus. An epithelial germ may reach the liver, for instance, and
become wedged in one of the terminal radicles of the vena portae.
If it finds adequate nutriment there, it begins to grow. It
subdivides and multiplies, and thus a cell-nest 1s presently formed
(Fig. 72%‘ which distends the capillary vessel, and by compression
causes the liver-cells to dwindle and atrophy. By the aid of the

fibrous elements of the vessels, which proceed to multiply and so
furnish a fibrous stroma and accessory vessels, a secondary nodule

Fia. 72. SECTION PASSING THROUGH A CANCEROUS EMBOLUS OF A HEPATIC CAPILLARY.
(From a case of primary adenocarctnom% the stomach ; haematoxylin staining ;
X

The cancer germs have just begun to develope into a secondary nodule.

Fio. 73. METASTATIC DEVELOPMENT OF CANCEL IN A HEPATIC CAPILLARY.

(The primary focus was in the panereas: fibrous tissue as well as cell-nests have been
formed within the capitlary : x 250)
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is at length evolved, whose structure resembles in all points the
structure of the parent nodule. The \15:1):Ltic lobules are either
pushed aside and compressed, or they are interpenetrated by strings
of cancer-cells starting from the nodule. This is the result of the
mode of growth of the nodule. It grows chiefly at its periphery, and

extends along the open capillary channels (Fig. 78). In this way
the capillaries themselves are one after another replaced by cancer-
tissue. As this latter extends, the liver-cells gradually disappear.
The epithelial elements of the secondary nodules are to be
regarded as, without exception, the progeny of the original
cancer-cells transplanted from the parent growth. The fibrous
tissue in which they are imbedded is furnished by the connective-
tissue elements of the blood-vessels.
.
The origin of the cancer-cells in secondary nod i
as much discussion as the genesis of the pri;lyary gltl-loe;tll?s %?;:thl:g\: ‘:‘tbclzee::ai(:f
amount of d ment exists on the question. Rixprrescs Kies
GusSENBAUER, WEIL, and others, maintain that the connective-tissue ‘ll:'
and especially the endothelia of the blood-vessels and lymphatic tnkoe nl;
active share in forming the cancer-cells of the metastatic gnl)wths.s, Gu:gg\--
BAUER (Langenbeck's Avch. f, Clegr. x1v) and WernL ( Wien, med, Jahrb, 1873) .o
so far as to say that even striated and non-strinted muscle-fibres ma: %e
stirred up (in a manner infected) so as to produce cancer-cells, Stiox
CreiGHETON, MoxoN, and others in this country, have put forward like
tgeotms : tmm accustomed to speak of a ‘spermatic’ influence exerted b
:S'o: ;:ér;:s)o germs upon the tissue-elements of their new seat ( T'rans. Path.
ZieGLER is unable to find any satisfactory evi i
T e i Y evidence for such a view., He
;1:3: ‘g::l:zl;,si:’lgl B:tlgafilqns hearing on the question, and under his guidance
FRogak colond mttlxl titude of secondary growths in various organs; but
ol e efl?w ] ﬁ; e theory were ever discovered. Active ¢ anges in
e ere often very beautifully shown; but wherever it was possible

to trace the fate of these cells it was found that they merely went to form the

g&i{?&;&x &lzlch t-}:fs{em“lgu:i"l’mduoe in normal circumstances. The

; R Yy marrow form bone or fibrous tissue;
gﬁtm‘ﬁﬁ“ﬁnkg i;\lse produce only connective tissue. It is mot however
Whility of'a tdnbe Aoes lt""%tignhoqs absolutely and certainly exclude the
R rous transformation of the products of connective-tissue

: : dergone extensive proliferous changes,
P%}“,’&g ?’gﬂ’ m’l‘hbe made out from it regarding the o{-igin or the fate of
individual ceds. 1he cancerous embolus acts like a foreign body. Round it
are set up inflammatory infiltration of leucoc te %l :"l d, and
multiplication of the fixed cells on the other Bo{h Teoeensns resall:fa A

! 5558 . th processes result in fibrous
hﬁerplasm, which in many cases goes to form a new str for the growing
nodule. The same processes are thus repeated h A t]lcl B brous
structures of the primary focus, Ttis the':foro w ellietoai olflc%r :,'}: l(:ctriue of
Remak and GoopsiR—at least until it is cert.'\iSI di “:mv{l fl:':t as the
descendants of the different embryonic layers are m{\-cr i&nns?ox:x-ned‘ into each
other in normal circumstances, 5o also under pathological conditions no such
metaplasia can occur. Even the transformation of one epithetial formation
into another suggested by some (Rixpyieiscm, Path, Histology Art. 531;
Peris, Virch. Arch. yol. 56; &) has not been established. When carcinomata
of the liver are examined the liver-cells are seen to dwindle and perish, but not
to change to cancer-cells. Even in cases where mammary cancer penetrates the
coriuni and reaches the epithelial layers of the skin, it is always possible to
distinguish clearly between the cancer-cells and the true cutaneous epithelinm,
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175. Carcinoma is very prone to undergo retrogressive change.
In the {uice scraped from the cut surfa:;%oof a %rn?wer we mgay
nearly always find cells which are fatty or disintegrating. This 1s
especially the case in soft quickly-growing tumours. If the fatty
change is extensive the affected spots look white and opaque, and
by and by break down into a creamy pulp. The disintegrated
cells may also become condensed into cheesy masses. More
commonly, however, we find that a part of the cells become
absorbed. In tumours lying beneath the surface of an organ or
raised above its general level, a central depression or dimple may
thus be formed. The tumour is then said to be umbilicated. In
cancers with a dense stroma, in which the disappearance of the
cglls is accompanied by hyperplasia of the fibrous elements, we
may find the original growth replaced by a dense coarse deposit, of
fibrous tissue containing few 1f any cancerous cell-nests. This
transformation is specially frequent in the case of mammary and

gastric scirrhus.
Mucoid degeneration has alread,y]' been discussed (Art. 173).

as frequently been observed.

The necrotic disintegration of cancerous growths, and the
consequent formation of cancerous ulcers, deserve special
mention. Tumours of great size may in this way be wholly
destroyed. In intestinal cancer, for example, it is no rare thing to
find after a certain time nothing but an ulceration, replacing the
original tumour, and bearing hardly any resemblance to it. If the
ulcerative process is not far advanced, the remains of the tumour
may be rpco%nised as nodules or papillary excrescences rising from
the base or border of the ulcer. In later stages the base may be
smooth and clean, consisting simply of firm tﬁf:ous tissue ; while
the edges rise like ramparts, or are beset with pillary or nodular

wths. Now and then these may disappear in like manner, and
the ulcer appears as a non-cancerous sore with an indurated base.
Even on section it may not always be possible with the unaided
eye to decide whether the tissue still contains cell-nests or not.
We must in such cases have recourse to the microscope.

Cutaneous or epitheliomatous cancers, like those of mucous
membrane, may also ulcerate; and so too may cancers of the
mamma or other subcutaneous glands. The surface of these
breaks down, and great putrid or foetid uleers are the result.

The seat of an ulcer is always the seat of a more or less intense
inflammatory infiltration. Sometimes this results in vigorous
granulative proliferation, the granulations rising above the surface
as fungous excrescences. They are distinguished from ordinary
granulations by the cell-nests they contain. - From this granulation-
tissue ordinary cicatricial tissue may be elaborated. A sort of local
healing and recovery may thus result—from the destruction of the
tumour, and the formation of granulative and cicatricial tissue.
The growth may seem to have altogether disappeared. But this
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healing is only local and relative, and it does not last. Microscopic
examination shows that the cancerous invasion of the deeper
structures still persists. The formation of secondary growths, even
after the surface ulceration is scarred over, testifies to the fact
that the malignancy of the process is not removed with the removal
of the primary growth.

176. Adenoma and carcinoma may be combined with other
neoplastic formations; that is to say, the stroma may be composed
of other than fibrous tissue. In the first place it must be remem-
bered—that as cancer invades successive tissues, the most various
structures may in turn be utilised to form its stroma. Thus when a
uterine cancer reaches the muscular coats of the organ, we find that
the stroma of the tumour contains smooth muscular fibres,. When
secondary nodules form in the liver, we often see liver-cells,
atrophied no doubt but stil] recognisable, in the trabeculae of the
stroma. The new-formed tissues which actually originate in the
stroma are to be distinguished from such pre-existing formations.
In the former case we may find that not only fibrous tissue but even
cartilage or sarcomatous tissue has been developed. Such neoplasms
are described as complex or mixed tumours. They are most

common in the testis and parotid gland. They resemble the
simple carcinomata in their general relations,

A



CHAPTER XXVIIL
AETIOLOGY OF TUMOURS.

177. Our knowledge of the aetiology of tumours is still very
defective. What we have to say on the subject is, generally
speaking, largely hypothetical.

We might at first be inclined to regard a tumour as the result
of a local overgrowth of tissue, and to look for the conditions of its
development among those which determine ordinary hyperplasia.
But facts soon appear which tend to show that the processes are
not parallel. ere is, first, the histological diversity of the
tumour (Art. 136) from the matrix in which it grows. Secondly,
there is the associated impairment or extinction of the physiological
function of the matrix-tissue. These facts do not suggest a mere
over-active growth in situ. The anatomical facts are t%ms against
our regarding tumours as localised hyperplasias. It follows that we
cannot expect to discover the efficient causes of tumour-growth
among the factors which give rise to such hyperplasias.

Nor can we fairly compare the tumours with the inflammatory
new-formations. Tumours may indeed contain foci which are
infiltrated with leucocytes. But these are of secondary signifi-
cance. 'The entire process of neoplastic histogenesis shows that it
is something quite different from the formative processes which
originate in inflammation. We thus exclude at once the possibility
of attributing the g;rowth of a tumour to a traumatic lesion, ab
least in any immediate or direct way. Clinical experience bears
this out; for if now and then we have tumours developed in a
substratum of tissue which has been injured and has undergone
inflammatory change, it is on the whole a rare occurrence, and does
not prove that such injury would of itself suffice to set up
tumour-formation in previously healthy tissue. 3

This being the case, we are perforce constrained to adm}t
that other factors must be sought, if we are to explain the genesis

of tumours.
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If we did not know that tumours may develope at the most
various periods of life—nay, that many forms are wont to ap{)enr
only in advanced , it might perhaps suggest itself to look
for their aetiological factors in the embryo—to regard them in fact
as local malformations. But the peculiar modes of occurrence
referred to, and the observation that tumours originate in tissues
which before looked perfectly normal, would scarcely make us
regard such an embryonic theory as very probable beforehand.

CorNHEIM has very recently propounded an embryonic hypo-
thesis of another kind. We are not to refer the actual development
of the tumour itself to the embryonic period, but are to attribute
its appearance in later life to the persistence of germinal embryonic
tissues in the otherwise mature organism (ComNHENM, Allg.
Path. 1). A tumour takes its rise in what we might call a belated
rudiment—a focus of formative embryonic tissue, which hasnot been
utilised in elaborating the normal tissue of the part—and so has
lingered on unchanged. CoHNHEIM therefore defines a tumour
as—an dtypical new-formation starting in a latent embryonic
rudiment. The tumour-germs, consisting as they do of embryonic
cells, may be very small and so clude observation. It is even
conceivable, he thinks, that the germinal cells may be quite un-
recognisable among the ordinary physiological elements of the part.
They may linger on for a long time inactive. It is only when
they are favoured by the external conditions —such as the supply of
nutriment, and their relation to the surrounding tissues—that they
begin to multiply and to form a tumour. In this way it becomes
possible that a traumatic lesion may set up the active change. In
most cases however the awakening impulse is beyond our power to
discover.

We cannot deny that ConNHERM'S hypothesis would explain
satisfactorily many of the peculiarities of tumours. Those growths,
for example, whose structure reminds us so strongly of earlier
dev_elopmental stages of particular tissues, would be acquitted of
their (at present) nnaccountable heterology. It also tells in
favour. of the theory—that a class of tumours does actually exist,
of which we can say with certainty that they date their origin
from .the embryonic stage, At the same fime we may well
question whether our knowledge of the subject justifies us in
attributing an embryonic origin to all tumours, or whether we
should accept the theory only with considerable limitations.

CorNHEIM bases his view mainly on the arguments—that many tumours
have been shown to be hereditary; that nuflrg:l;' exist at Dbirth o)x'- at least
develope in infancy; that they show a preference for sites whére in earlier
developmental stages some complication of structure occurred, e.g. for the
places where diverse epithelial formations pass one into the other (lips, anus,
stomach, cervix uteri), or for parts where the entire process of development
is highly complex (genital apparatus). Finally, he holds that the atypical
structure of tumonrs generally is in favour of his account of them.,

It must be granteg that these arguments speak strongly for the hypothesis,

\'Ti‘. 7~
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They at least make it highly probable for certain classes of tumours. But
they do not suffice to prove its applicability to all.

The view that tumours arise in consequence of injury, especially of
frequently repeated irritation, is very widely accepted (Vircrow, Die drank-
haften Geschiwiilste; Knoxueis, Lang. Arch. f. kin. Chir. xx1; KoCcHER, Art.
Krankheiten des Hodens Handb. d. spec. Chdr. v. Pitha w. Billroth; BOGEROLD,
Virch, Arch. vol. 88), ConxsEDS has justly objected to this view—that the
number of cases of tumours in which antecedent injury has been demonstrated
does not reach more than 14 per cent, of the whole number, and is by some
given as 7 per cent (BoLi, Aas Princip des Wachsthums Berlin 1876; S.
Wourr, Zur Entstchung von Geschwiilsten nach trawm. Einwirk, In. Diss.
Berlin 1874; Vox WINIWARTER, DBeitriige z. Statistik d. Carcinome Stuttgart
1878). From this we may infer that an injury may perhaps give rise to a
tumour; but that neither injury nor inflammation is ab all a necessary
antecedent.

* 178. We are acquainted with a considerable number of forms
of congenital tumour, whose origin can be referred with more or
less certainty to the embryonic period. Of these it is however to
be remarked—that their structure and composition are only in
»art analogous to those of the post-embryonic growths hitherto
!liscussed. Many of them possess a structure entirely peculiar to
themselves, so that they cannot be classed with any of the
preceding tumours, They are therefore r%gn.rded by all authorities
as special and peculiar formations, and are distinguished as
teratomata. k

Teratomata or teratoid tumours (Art. 13) are con enital
growths, which are remarkable for the heterogeneity of their
constituent elements. They may be large even at birth, or they
may grow from small beginnings to a laric size after birth. They
may contain fibrous tissue, cartilage, bone, muscle, skin, " hair,
nerves, gland-tissue, and simple cellular or embryonic tissue. At
times they may have the look of com lex histioid tumours; but
the combinations they present are usually much more various and
heterogeneous than in any ordinary histioid growth. We even
meet in them with structures which recall the appearance of some-
normal organ—the differences lying chiefly in the rudimentary
nature of the outward shape or con iguration, and the abnorrpal
site. Sometimes the various tissues are grouped into something
like orderly disposition, giving one the impression of a more or less
organised foetus. 5

Teratomata, when externally visible, are usually placed at parts
of the trunk corresponding to those at which double monstrosities
cohere. These are chiefly—the lower end of the spine, the head,
and the neck. Internal teratomata are usually connected with the
genital apparatus. m

Such teratomata are some of them true double monstrosities.
One foetus has been surrounded and enclosed by another, and so

has become stunted_xmd ill-developed (Art. 13). The remainder

are due to some misdevelopment of the tissues within a single
foetus,
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Dermoid cysts form a special class of teratomata. They are
cysts whose inner surface has the same structure as the normal
skin; but they occur in places where no skin is ever found
normally. Their commonest seat is in the generative organs,
especially in the ovary. More rarely they are found in other parts,
such as the peritoneum, neck, and around the orbit. The smallest
examples form little cysts which, as in the ovar{, are distinguishable
from their contents. The contents are usually greasy, semi-solid,
yellowish-white, and interspersed with hairs. The wall is thicker,
firmer, and whiter, than that of the Graafian follicles, Under the
microscope it is seen to be composed of a corium and epidermis: it
may even contain hair-follicles and sebaceous glands, or more
rarely sweat-glands. Now and then an adipose layer, -like the
subcutaneous fat, is found beneath the corium. In rare cases, flat
or irregular [miments of bone or cartilage and even teeth are
~ found beneath the cutaneous layer. The teeth may also be found
free within the cyst. Very rarely the cyst-wall contains muscular
or nervous tissue. The larger dermoids, 1. e. those reaching from
the size of a walnut to that of the fist, are sharply marked off from
the surrounding tissues by a fibrous capsule. ’lyhey enclose large
quantities of oily or greasy detritus, interspersed with fair or
reddish hairs.

Dermoids are found in young individuals as well as old. Some
are found even in the new-born. They grow very slowly. Judging
by the special character of their lining membrane, these formations
would seem to be derived from the same rudimentary elements as
the external skin. They are probably due to aberrant germinal
cutaneous cells from the epiblast, which have somehow wandered
to an abnormal site, and there have at a later stage begun to
develope after their kind. v

References on the sub}'ect of teratomata and dermoid cysts —Art. 13;
KoRLRAUSCH, Miiller's Arch. 1843 ; LEBERT, Gaz, méd. de Paris 1852; REMAK,
Deutsche Klinik 16, 1856 ; Huscur, Prager Viertelj. 1860 ; Licke, Handb. d.
Chir. e. Pitha w. Billroth 11; HA¥r1ER, Arch. d. Heill. xvi, 187,5; Paxuvy,
Vireh. Ard;.. vol. 72; Kuess, Handb. d. path. Anat.; Daxzer and MARTINT,
Arch. f. Flin, Chir. xvit; WALDEYER, drch. f. Gyniik, 1; Wirsox Fox,
.{ou.:n. of Anat, 1865 ; GorooN, Med. chir. Trans, Xur; Pager, Surg. Path.
ect. 23,

179. Besides the teratomata there are other tumours more
nearly allied in structure to the ordinary forms, which are either
congenital or appear so soon after birth that their origin may with
more or less certainty be referred to the embryonic period. The
best-known examples are the congenital angiomata and pig-
ment-spots (beauty-spots, moles) in the skin. The former have
already been discussed (Arts, 148—150). Of the latter we have
merely to say—that they appear as brown or black slightly raised
patches in the skin, and are composed of tissue exactly resembling
alveolar sarcoma (Fig. 54) covered over with epidermis.

e



CHAP, XXVIIL] AETIOLOGY OF TUMOURS. 253

We may likewise mention in this connexion—certain cutaneous
fibromata ; enchonc}roma.ta. of the skull, spinal column, and fingers;
myxomata of the jaws; renal adenomata and cancers ; and cystic
adenomata seated on the sacrum and communicating with the
central canal of the spinal cord.

The number of really congenital tumours observed is- by no
means great. Cases of tumours appearing in the earlier years of
infancy and referable to embryonic conditions are more numerous.
Of this kind are the sarcomata of infancy ; especially the form of
myosarcoma of the kidney referred to in Art. 153. It is not
impossible that some of the ovarian adenomata may date back to
the embryonic period. If we consider carefully the scanty details
we possess of congenital tumours, taken in conjunction with the
familiar facts of post-embryonic tumour-formation, we must admit
that the support which ConNHEDY'S theory derives from this side
of the subject is not very great. " J

It must not however be forgotten that this theory requires the
existence—not of congenital turours—but only of congenital rudi-
ments of tumours. :{s to these latter our knowledge is unfortu-
nately very small. Itis almost entirely confined to the pigmenta;gv
and vascular naevi we have mentioned. They may be regarded,
and with equal justice, either as germinal rudiments of tumours, or
as develo qd growths. The former view is justified by the fact—
that in later life it is not uncommon for these structures to
develope into true malignant tumours.

Tumour-germs in bone were discovered some years ago by
Vircrow (Berlin. acad. Monatsbericht 1875). He show that
islands of cartilage, which remain untransformed in the general
ossifying process, may in later life become the starting points for
the formation of chondromata. B

Nothing certain is known of embryonic epithelial germs, such
as may subsequently develope into tumours. heir existence may
be surmised in the case of early epithelial tumours of the ovary,
kiduey, or intestine; but it has not been de_monstmtqd. The
frequently observed accessory glands occurring in connexion with
the pancreas, mamma, thyroid, &c. are not to be re arded as mere

erminal rudiments, ‘nasmuch as they contain fully developed
-tissue.

glmlent):flswhat we have said, then, it will be seen that the histolo-

ical evidence for the existence of embryonic germinal tissue in the

fully developed orgamism 18 VEry slender.
ZieGLER describes a tumour of some interest which he found in the small
iutestiixe seated in the submucosa; it was as Jarge as a ped, and was made up
of minute oysts. 1t should probably be regarded as a local misformation,
rather than 2 deposit of germinal tissue. Its cysts contained papillary
od with columnar epithelium; and small gland -tubules

syst-walls, 1t is conceivable that, from a misformation of

re f A . : i develope,
S rue tumour might at some time or other begin to EEO:
this kind, a ¢ ngenital tumonrs :—VIRCHOW, Die krank, Gescluiilste ;
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Duzax, Du cancer ches les enfants Paxis 1876; ARLYELD, Arch. f. Gynitk, XV1;
Rouger, Das primire Nierencarcinom Ziirich 1874; Maas, Berl, klin. Woch,
.47, 1880; C. Voor, Ueber angeb, Lipome In. Diss. Berlin 1876; CHiaRi,
Jahrb. d. Kinderheilk, x1v; WeIGeRT, Virch. Arch. vol. 67 (renal adenoma).
Many authorities are of oginion that CorNHEDM'S theory is strongly borne
- out by the experiments of Zaux (Sur le sort des tissus emplantés dans Uor-
ganisme, International Med. Congress, Geneva 1873) and Lrororp (Virch.
Areh. vol. 85). They took bits of cartilage from a living foetal rabbit, and
transplanted them into the peritoneal cavity and anterior chamber of the eye
of an adult rabbit. The cartilage continued to grow, while pieces of cartilage
taken from animals after birth were merely absorbed. This scarcely seems
sufficient ground for CoENHEDI'S ienerahsation. The faculty of growing after
tr:\nsplnntation is not manifested Y all foetal tissues: many or most of them
are dizssolved and absorbed by thedisintegrating action of the fixed and migratory
cells of the new matrix (LEoPOLD, Arch. f. Gynik, xvirt), These experiments
only show that foetal cartilage has the power of persisting nm\ even of
growing for a time—iu spite of defective nutrition, and the absorbent actibn
of the cells of the other tissues.

180. The inadequacy of the evidence for the existence of
germinal embr{onic rudiments in the adult tissues makes it appear
a somewhat bold step to aseribe an embryonic origin to all tumours
whatsoever. The observed and recorded cases do not justify us in
saying more than that some tumours arise in rudimental structures,
which were histologically distinguishable from the normal tissues
before the tumour began to grow. And even in saying so much
we must not interpret the term embryonic too literally. Embry-
onic formations are such as possess a structure resemb{in that of
undeveloped tissue—an indefinite structure preceding the defini-
tive or specialised structure. Tissues that are merely misdeveloped
pieces of tissue (such as epithelium or land-tissue) displaced lgom’
their proper seat and transplanted erewhere, as in the case of
accessory glands and dermoid cysts, are not, what we understand
by embryonic tissues. >

The class of tumours referable to embryonic rudiments will be
somewhat enlarged, if we enlarge the signification of the term em-
bryonic so as to include under it all tissues in process of active and
energetic growth.

So long as an organ continues to grow, so long are multitudes
of new cells formed in it. These formative cells may be called
embryonic, inasmuch as they continue to multiply actively and so
are nearer akin to the cells of the embryo than to those of mature
tissue. In this way osteoblasts and osteoclasts and the prolifera-
ting cartilage of growing bone, the cells of the enlarging uterus in
pregnancy, the tissue of the mamma Inre aring for lactation, all
might be described as embryonic. If t e hypothesis be thus
extended, a whole series of tumours will certainly be comprehended
under it. When, for instance, a tumour developes in the mamma
or utérus in connexion with parturition, or a sarcoma or enchon-
droma forms in bone, periosteum, or marrow during ossification, it is
not difficult to believe that t'he same cells which are building up
the normal tissue may also give rise to the tumonr,

S
.
¢
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But if we extend the meaning of the term embryoni
to include all this, where are we tg stop? Growth, . :.y r&ﬁ:ﬁﬁ
a:nd replacement of what is being used up, continues throughout
life. Surface epithelium is cast off and is regenerated ; glandular
epithelium is used up and replaced ; even bone, though it seems
io_statmnarﬁ, dis bexp%sed to c§mnges z(\it all stages of life-—it is
eing resorbe the osteoclasts and built up agai

ostegblasts. . PAREER, P48

_If all post-embryonic processes of growth are to be styled embry-
onic, we cannot refuse to give the same title to all the processes of
new cell-formation that occur during life. If this be granted, em-
bryonic tissue becomes exactly the same as that which VIRCHOW

called proliferous tissue, i.e. tissue capable of proliferation. We
gain nothing by the mere substitution of one name for another :
in the present case we lose something, for we are no longer able to
distinguish in expression between embryonic and post-embryonic
formation. For this reason it is better to confine the term em-
bryonic to tissues which actually originate in the embryonic
period.

The fact that we really know nothing of the Eersistence of true embryonic
tissue—or in other words, that it has not been histologically demonstrated—
is acknowledged by Conxurnt. He seeks to explain the fact by supposing
that the embryonic foci are very small and hard to distinguish; or even that
the germinal cells may be mingled with the normal clements and so not
distinguishable at all. It is not easy to iumiine how embryonic cellular
germs can possibly remain unchanged in the midst of mature tissue. Conx-
nens and Maas ( Virck. Arch. vol. 70) have shown that living tissue, such as
periosteum, when introduced into another tissue like the lung, may continue
to grow for a time; but afterwards it is absorbed and destroyed by the tissue
in which it Jies. An embryonic germ seems to have but three courses open
toit. It may remain embryonic: in this case it is as it were alien to the
tissue in which it lies, and will be absorbed like an organic foreign substance.
It may assimilate itself physiologically as well as anatomically with the
surrounding tissue, taking part in its physiological function and working with
it: in this case it loses its embryonic character. Or thirdly, it may develope
into an independent formation, interpolated as it were into the general gystem:
in this case it forms what we call a congenital tumour (naevus, adenoma,
SATCOINA).

Hasse has attempted to give CouxHEDRCs hypothesis a morphol ical
basis (Die Besichungen der J!o:ﬁhologic sur Heilkunde Leinig 1880). €
morphologist distinguishes two cinds of substances within the organism: one
kind undergoes & series of transformations, the other provides for the
formation of new tissue. The latter he describes as ‘embryonic substance’.
It is wpreseutcd by cells which have undergone little or no transformation,
and are the more apt to multiply the less their original character and
structure has been modified—the nearer they stand to the formative cells o
the embryo.  From these cells only can new tissue be formed. Tumowrs are
especially likely to be.dovelogd at spots where these ‘embryonic cells’ are
abundant and unmodified. Hassg’s distinction between proliferous and
non—pmlifemus tissue-elements 18 perfectly just (Arts. 34.—89): and uny one
may if he choases call the former embryonic (as do French writers especially).
In this case however the antithesis, on which CorNHED! lays so muchi stress,
hetween the cells of the embryo and the proliferous elements of the organism

after birth, simply ceases to exist.
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181. Tt is plain from the above that we do not think the
bypothesis tenable which refers all tumours whatsoever to pre-
existing embryonic germs. Anatomical investigation forces us
rather to the conclusion that tumours may arise in tissues that
are m very different states—embryonic, growing, mature, or retro-
gressive.

What is then the efficient cause of the formation of a tumour ?

It is as yet impossible to give any precise answer to this question.
It is highly probable that the causation of the various classes of
tumours is not subject to one law only, but to several.

The entire behaviour, anatomical and biological, of tumours
Justifies us in regarding them as formations more or less emanci-
pated from the matrix-tissue. It is true they draw their nutriment
from the organism, and cannot continue to grow without iis
support. In other respects, however, they behave like independent

wths isolated from the rest of the organism. It is in this
independence or quasi-isolation that the aetiological difficulty
really lies. How does the neoplasm thus assume properties dis-
tinet from those of its surroundings? We believe that the
phenomenon is ultimately due to some change affecting individual
elements of a tissue, whereby they are rendered dissimilar to their
neighbours. The change is manifested especially in this—that
the normal checks to the indefinite growth of the proliferous cells
(Arts, 78—83) are inoperative or inadequate; either because the
formative and productive energy is increased, or because the
restraining influence of the swrounding structures is diminished,
or from both causes together. .

In the case of tumours appearing in the organism during the
stage of development, it is most natural to suppose that the

 originating cause lies in an increased local growth due to intrinsic
conditions: or, it may be, in a disturbance and diversion of the
developmental process from its normal course, What the ultimate
factors determining these deviations may be we know as little as
we do the causes of gigantic overgrowth or local dwarfing of a limb
or organ. When the anatomical and physiological relations of the
affected tissue are altered to a certain extent y this local change,
it would seem as if the tissue had no ]011%01' the power to maintain
the normal direction in which its development should proceed.
The altered relations (such as misplacement, &) seem to involve
the withdrawal of the limiting and directing influence exerted
on the growing tissue by its environing structures, The result is
the development of a tissue of abnormal type, a local misformation
in the histological as well as the anatomical sense, The tumours
whose genesis is probably of this kind are chiefly the connective-
tissue-growths o childhood. Among epithelial ‘tumours we may
also perhaps include the few obsgr\'_cd cases of renal and intestinal
cancer, amll of ovarian adenoma, in infants,

It is thus not impossible that tumours of the developmental
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period may arise from causes similar to those which give rise
to local malformations in the stricter sense of the term. Arrest of
the process by which osteoblastic cells are transformed into bone
might thus, for example, give rise to an abnormal formation of
tissue such as cartilage, in other words, to enchondroma ; or by
encouraging an over-abundant cellular growth, to sarcoma.

Tumours arising in a mature tissue are to be explained only by
Supposing some antecedent alteration over a more or less extensive
region of the tissue. This alteration must be of such a kind as
to favour the emancipation of the subsequent neoplasm from its
matrix-tissue, without at the same time diminishing the neoplasm’s
own productive power, This last indeed must rather be increased.
In this way we may perhaps explain the operation of a traumatic
lesion in inducing’ the growth of a tumour. In special circum-
stances it is conceivable that such a lesion may fulfil both the
essential conditions we have named.

In the case of the connective-tissne growths of later life,
it would seem as if increased cell-activity were always a necessary
condition for their development. This must resumably always be
a condition of tumour-formation in tissues whose cells are replaced
but slowly or not at all. The primary impulse which excites
the cells to active growth may be derived from some change either
in the.cells themselves, or in the intercellular basis-substance.

With regard to epithelial tumours, anatomical investigation
show.s_tlmt mereased cell-production is not an indispensable pre--
requisite. In the carcinomata of later life, for instance, it would
appear that the origin of the neoplastic growth is to be looked
for, not 8o much in any increased activity on the part of the cells,
as in a change of mutual relation between the several constituents
of the tissue. THIERSCH has pointed out—that in old age this
latter effect may be due to certain retrogressive changes which
then make their appearance. In the corium, for instance, such
changes lead to a loosening of its texture, and so modify the
relations of the epithelial cells to the fibrous tissue. This modifica-
tion may make itself felt in one of two directions. In the first
place, the epithelium, always in process of decay and replacement,
may in the course of its physiological ﬁ;rowth and multiplication

netrate to regions which are normally devoid of epithelium.
ﬁosening and displacement affecting the fibrous basis of an organ
may give rise to something like fissures or spaces with free surfaces,
ancf into these the contiguous epithelium may readily penetrate
and grow. The first sproutings or outgrowths of glandu%ar or lining
epithelium may conceivably take place in this manner. We ‘nught
fairly expect that the fibrous structures would as it were rise up
against the intruder, and attempt to eliminate it as a foreign
substance. This may well happen in many cases, and then th_e
further advance of the process will be checked. In other cases it
does not happen, probably because the invaded tissue is no longer in

M. 17
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its normal or healthy state. We have indeed evidence of vascular
alteration, infiltration of leucocytes, and even of new-formation of
vessels and fibrous tissue; but this, the normal eliminating process,
is feeble and sluggish, and is inadequate to deal with the mtrusive

epithelium. The vascular changes and the increased afflux of

nutriment tend rather to react ?avourably upon the epithelium,

and to foster its reproduction. It becomes gradually more and
more active—and so the foundation of a carcinoma is laid.

Tt seems not improbable that the process of neoplastic develop-
ment does in fact occasionally pursue this general course. In other
instances, it may well be that the fibrous basis-substance has a
certain intrinsic predisposition favouring the formation of cancer,
while the primary impulse which brings this into play is afforded
only by some increase of formative activity on the part of the
epithelial cells. '

The instructive discussion on the nature of cancer reported in the 7Trans.
Path. Soe. 1874 should be consulted in this connexion, l!’)gr an exposition of
the constitutional theory, which makes cancer a specific l)locxl-({isun,sc, see
PaGET, Surg. Path. Lects. 34, 35.  See also PacET and Moore, Holmes's Syst.
of Surg. vol. 1; WiLKs, Guy's Hosp. llep. 1872,
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17—2



CHAPTER XXIX.
GENERAL CONSIDERATIONS.

182. A parasite is a living organism inhabiting another living
organism, and deriving its nutriment either from the tissues or from
the food-supply of its host. The parasites inhabiting man are
some of them animal, and some of them vegetable. If they
inhabit the superficial parts of the skin or mucous membrane they
are called ectozoa (or epizoa), if animal, and epiphytes, if vege-
table: if they inhabit the deeper structures they are entozoa and
entophytes, respectively. The parasitic animals occurring in man
belong to the classes of Arthropoda, Scolecida (embracing the
Plat.yplmiuthes and Nematoidea), and Protozoa. The vegetable
garqsxtes are all of them Fungi, and belong to the subdivisions

chizomycetes (bacteria), Blastomycetes (yeasts), and Hyphomycetes
(monlds). -

The various parasites are of very various importance. Many of
them produce no perceptible injury to the tissue in which they lie.
Others produce very serious locaiychanges;, but have no power to
extend their influence to remote tissues. Others invade the system,
so to sgeak_, and migrating in various directions produce multiple
local affections. Many are conveyed throughout the body by the
blood or lymph, in which case serious general affections and fre-
quently death itself are the result. The great majority of parasites,
and l;ezgecmlly the vegetable parasites, increase and multiply \Vl.thm
the /, often to an enormous extent. Others, chiefly the animal
forms, pass only a part of their existence within the body. The
local changes they produce are generally confined to the mechanical
compression and destruction of tissue, and to the setting up of
inflammation. They affect the system as a whole by abstracting
nutriment and oxygen from it, and by giving rise to multitudes
of centres of disturbance; while many of them generate actual
poisons. The Schizomycetes or Bacteria play the most important
part of all. It is they of all the parasites that have most power
of exciting general or systemic affections. The Blastomycetes and
Hyphomycetes, fungi akin to the yeast-fungus and mould-fungus
respectively, exert a merely local influence. The animal parasites
become dangerous in virtue of their size ‘or multitude, or by
penetrating into vital organs.

Parasitism is an extremely common mode of life throughout the organised
world. Innumerable plants and animals are parasitic either for a season or for
the whole course of their life. Accordingly there are few living orgamsms
that are not inhabited by parasites. A plant or animal which merely lyhablts
the body of an organism is not necessarily a parasite. The term 1s only
applicable to organisms nonrished at the expense of their host.



CHAPTER XXX.

THE SCHIZOMYCETES OR BACTERIA.

Morphology, Development, and Classification.

183. The Schizomycetes or Schistomycetes, frequ i
under the general term Bacteria, belon yto the leolf:;l]\);‘tzzli(:ﬁg
smallest and simplest of all plants. Mgnny of them are so small
that they approach the limit of visibility, even when the highest
powers of the microscope are used. When they occur in animal
tissues they are to be distinguished only with great difficulty, and
by special methods.. Special reagents or staining processes must
be employed ; sometimes certamty 1s only reached by experimental
cultivation of the products of disintegration of the tissue in

aestion. T hat they do oceur in animal tissues is now established
peyond all doubt. Their growth and multiplication have been
experi mentally .demonstmted.

The Bacteria are all of them unicellular organisms devoid of
chlorOph)'n’ _thcy are often howc'vcr aggregated into larger or
smaller volonies. ConN has classified them according to their
form into Sphaerobacteria. (globular cells), Microbacteria
(minute rod-}xko cells, Bacteria proper), Desmobacteria (larger
rod-like or filiform cells, Filobacteria), and Spirobacteria (twisted
or spiral cells). Movements are noticed in the three latter forms;
their protopli{sm is therefore contractile. Neither potash, ammonia,
nor dilute acids destroy them, so it is probable that they possess
a boundillF membrane. Bacteria grow longxtudinallyz new cells
are formec by transverse subdivision. These remain in connexion
with each other, or become detached.
von N ENCKI'S resea..rches (Journ. f. prakt. Chem. 1879, Beitrige
ologie der Spaltpilze 1880) go to show that the bacteria are

sur Bo i nsocid hods wh

i posed of a peculiar albuminoid body which hethas called
c1 oI n. They contamn only the minutest quantities of
g o)c’lies resembling cellulose.

The above classification of the Bacteria is taken from Conx (Deitrige zur .

Pllanzen vol. 13 Q. Jowrn. M. 8. 1873, 77, 79), and his work has

. s der
Bivlogie £ ¥ followed in the next four paragraphs. He makes the following

been mainly
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remarks on the general question of classification :—* I have come to the con-
clusion that the Bacteria are as capable of exact specific classification as other

lants. They lie at the limit of microscopic visibility. In the minuter forms
it is therefore impossible to make out either structure or organisation. The
size and shape of the cells, and the mode in which they are combined into
colonies, are then the only differentiae: of these however it is not always easy
to say whether they indicate original specific distinctions, or whether they
depend on external conditions and lie within the limits of variability of one
and the same species. Size is the easiest feature on which distinctions may
be based, though even this is by no means easy to determine in the minuter
forms. Differences in the mode of reproduction are only discoverable in
the higher forms, such as the Bacilli. The genera of Bacteria have not
the same significance as those of the higher plants. They are based chiefly on
the characters of the vegetative cell-forms, not on the reproductive features.
Every form distinguisheﬁ by prominent or obvious characters is provisionally
furnished with a generic name: smaller deviations serve to esignate the
species. It is thus not at all impossible that some of such species and genera
way really represent different developmental stages of one and the same
fungus.” Since this utterance of CoHN's a great number of researches
have been made into the growth and multiplication of the Bacteria. Kocn
especially has devoted himself to the subject (Mitthed. a. d. kaiserl. Glesundd-
heitsamte Berlin 1881).  After long-continued experiments on cultivation,
in which bacteria were bred in nutritive gelatine (‘the dry process ") he
has reached the conclusion—that each species of bacteria possesses character-
istic and easily recognisable peculiarities in respect of structure, form,
size, and quo of growth of its colonies on the gelatine.

The Schizomycetes have been very variously named by different authors.
PASTEUR speaks of them as vépdtaus eryptogames ow microscopiques, animal-
cules, clmmpupwn_.c, infusoires, torulacdes, bactérics, vibrioniens, monades,
myeoderma, In Germany the terms Monaden, Vibrionen, Mikvosyma and
(by Krens) Milrospora and Monadine have been used.  BILLROTH introduced
the term Coccobacterie. In England we have corresponding terms, with others
like monads, zymes, microzymes (SANDERSON), microphytes, &

184. The Sphaerobacteria are the smallest of all bacteria.
Under the microscope they appear as bright round or ovoid
spherules of scarcely measurable size. Two genera are distin-
guished : Micrococcus (Fig. 74,1) and Sarcina (l‘glg- 74, 15).

The spherules known as micrococci exhibit no perceptible
organisation, but it is highly probable that they are differentiated
into cell-membrane and cell-contents. They are found in liquids
and in tissues either isolated, or arranged like strings of beads or
¢ chaplets’ (Fig. T4, 15), or grouped in colonies (zoogloea, Fig. T4, 2).
On examination it is found that in these colonies or zoogloea
the separate spherules are united by a gelatinous intercellular
substance. CoHN affirms that this is nothing but the swollen and
thickened cell-membrane.  VoN NENCKI affirms that it consists of
mycoprotein. :

Withaegard to their growth and increase, it is made out that
the individual cells first elongate and then subdivide transyersely.
If the subdivided cells remain conjoined the result is a diplococcus
(BiLLrorn). If the process of subdivision goes on, the new cells
remaining attached and in line, chains or chaplets are pmgluced.
If large numbers of spherules remain after subdivision within the
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swollen and continually enlarging membrane, the result is a mass
of zoogloea.

The genus Micrococcus includes several species. These are
distin isgled ly by their morphological and partly by their
physiological characters. In the first place the micrococei are of
various sizes. When cultivated on a proper soil they form colonies
of various types. Many of them as they multipl produce yellow,
red, blue, green, or brown colouring matters. Last ¥, the effects pro-
duced in the soil or liquid in which they grow are various; nor do
they all flourish on the same kind of nutriment. It is still doubt-
ful whether the micrococel are motile. The oscillatory movements
observed in them are probably to be regarded as Brownian or
pedetic movements, KLEBS belicves that the zoogloea, are coy-
tractile. s

The genus Sarcina is very clearly marked. The globular cells
divide crosswise, and the daughter-cells usually remain combined
in tetrads (Fig. 74,15). Various species have been distinguished
according to the size of the cells.

Bintror and Kigps assert that micrococei may w into rodlets
or bacilli. It is not to be denied that some bacteri spherules become
transformed into rods (Art. 185), but Conx is probably right in maintaining
that Micrococcus is a definite genus of constant form. ZireLER has
cultivated Micrococens lutews, a bacterium which developes on boiled egys
exposed to the air and forms yellow zoogloea ; and though the experiments
were carefully made to that end, he could never obtain bacilli, but always
microcoeci.  Experiments on parasitic micrococei seem equally to indicate
that there is a genus of bacteria which forms globular cells only. It is not

yet certain whether or not the micrococei produce spores, KocH thinks it
unlikely. See also Ewanrt, Proe. ftoy. Soc. xxviL.

185. The Microbacteria are classed together as a single
enus Bacterium. The principal species are Buacterium termo
(Fig. 74, 3), and Bacterium {ineqla (Fiﬁ. 74,5). The first appears
in the form of minute cylmdncal rods, 0°5 to 1'5 micromm. in
length, and appearing bright or dark according to the mode of
illumination. Sometimes they remain at rest, sometimes move
about more or less actively, From their manner of subdivision
they are often found coupled in pairs; they do not usually form
chains or chaplets; but are often grouped as zoogloea (Fig. 74,4),
which are remarkable for the great abundance of the gelatinous
intercellular substance. B, termo is very generally found in putre-
fying matters, B. lineola resc mbles B, termo, but it is larger in
every way. It is found in water, n infusions, on potatoes, &e. The
cells, which are from 38 to 5 micromm. in length, contain a clear
bright substance interspersed with fine granules. In other respects
the bacterium resembles B. termo;; it swims about actively, moving
forwartls and backwx}rds In curves, rotating, or oscillating, At
{imes it remains motm_nl_ess.. It forms continuous pellicles on the
surface of liquids containing it. ,
When micrococei or microbacteria have exhausted the nutri-
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ment contained in the liquid in which they live, they fall to the
bottom as a powdery precipitate,
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1, Micrococcus septicus; a separate, b in chaplets. 2, Micrococcus diphtheriticus
forming a zoogloea-wass, 3, Bacterium termo. 4, Zoogloea of B. termo. 5, Bac-
terium lineola. 6, Bacillus subtilis. 7, Bacillus anthracis, with red blood-cells.
8, Flagellate bacillus from the mouth. 9, Bacillus leprae (ABMAUER Haxsex).
10, Bacillus with terminal and medial spores, from a putrefying liqnid. 11, Bacillus
malarive (Kueps), with spores. 12, Vibrio serpens (&ux). 13, Spirochaeta Ober-
meyeri (*spirillum” of relupsing fever). 14, Spiritlum volutans (Conx). 15, Sarcina
ventriculi. :

As has been indicated in Art. 184, Bruirors, HALLIER, and KLEBS maintain
that the microbacteria represent merely a developmental stage in the life-history
of the micrococci. BILLROTH (Unters. itber Coccobacteria septica Berlin 1874)
believes that all bacteria belong to a single species of plants, the members of
which are composed partly of round and partly of rod-like segments varying

tly in size. The round segments are the cocei, the rod-like segments

teria. Each form may pass into the other on occasion ; though they so far
breed truly that for some generations cocei produce only cocci, and bacteria
only bacteria. According to size we may distinguish them as micrococei,
mesococei, and megacoeci, and microbacteria, mesobacteria, and megabacteria.
Megacocci may break up into micrococei, The plant which through
all these stages BiLLrotn calls Coccobacterium septicum. In the process
of multiplication it developes a gelatinous envelope or gliacoccus.  When
this occurs at the surface of a liquid so that a pellicle is formed, he calls
it petalococous or petalobacterium.  Masses of coeci enclosed in a eylindrical
gheath of glincoccus are called ascococei (Vax Trecues, Bull. Soc. Botanique
1880). Coupled spherules are diplococei ; chains or chaplets of spherules,
streptococei : and in like manner he describes diplobacteria, and streptobacteria.
Ray LANKESTER (. Jowrn. M. 8. 1873) also inferred from certain experiments
of his that Conx's forms are not really distinct. HapErkorN (Bot. Centralb.
10, 1882) maintains that Cory’s four divisions merely represent diverse species
of a single genus. BriLrOTI'S view of the specific unity of all the bacterial
forms has been discredited by later researches (¢f. Tieev, Virch. Aréh. vol.
60; Lister, Trans, Roy. Soc. Edin, 1875).

Kurps (Areh. f. exp. Path. '1\') divides the globular and rod-like bacteria
into Microsporina and Monadina, He defines the Microsporina as small
micrococei which in the resting state form well-defined and compacted
balls ; the several spherules being regularly deposited in layers and surrounded
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by only a small quantity of gelatinous matter. The peripheral spherules
grow into minute motile bacteria, which tend to move away from the mass,
and thus further the diffusion of the organisms through the nutrient
liquid. The highest stage of their development is reached in the formation of
a matted tuft of unbranched filaments. The monadina form loose balls,
from which motile monads or vibrios break away. These grow into rodlets
which are relatively short and broad; and these again subdivide; they
probably increase also by conjugation. They then pass into a resting
state, and lie quietly alongside each other. Lastly they break up into
spherules; it is rare for them to form tufts or clusters. They require
oxygen, and thrive better on albumen than on gelatine.

t is not yet certainly known whether Bacterium termo produces spores
or not, It has been described as possessing _ﬂa%dla by DauniNcer and
Dryspare (Month. Mie. Journ. x1v), and by Kocu (Beitrige zur Biol. 1877).

186. The Desmobacteria (or Filobacteria) are cylindrical
rodlets of varying length; some of them are thick, and sofne
slender and delicate. CoHN deseribes a straight form which he
calls Bactllus, and a wavy or curved form which he calls Vibrio.
Bacillus increases by transverse subdivision, and frequently
forms a long string (Fig. 74,6) commonly referred to as a
leptothriz (HALLIER). It 1s not always easy to make out that the
string is made up of distinet rodlets. In other cases bacilli form
swarms. Many bacilli pass through both a resting state and a
swarming state. Many are provided with a flagellum or cilium,
which acts as an organ of locomotion (Fig. 74,8). The bgs_t
representatives of this genus at present known are B. subtilis
(Fig. 74, 6), B. anthracis (Fig. 74,7), B. tuberculosis (Fig, 80), and
B, leprae (Fig. T4, 9). The various specific forms are distinguished
by their general size, and by the relation of their length to their
breadth. Some of them are cut off square at the ends, others are
rounded off or pointed. Even more marked differences than these
become apparent when the various forms are cultivated in nutrient
liquids. ‘Cultures’ of this kind have been made by Cony, KocH,
Kreps, BREFELD, PRAZMOWSKI, LIsTER, NAEGELI, BUCHNER,
KLeIN, and many gthcrs, and we have thus come to know some-
thing of the life-history of many of the varieties. ComnN bred
the . subtilis in l_my-mfusxon.‘s; Kocu the B. anthraeis found
in the blood and tissues of animals suffering from splenic fever;
and also the 5. tu{)erculos'w (Art 200).

The life-histories of the different species differ in many details ;
but they usually agree in their main features. Features which
thus constantly recur are—the longitudinal growth of the rodlets,
their transverse subdivision and abstriction, and the formation of
gpores or gonidia. The life-history of B. anthracis is briefly as
follows. y R :

If the anthrax-bacillus be observed under proper conditions, it
is found in a short time to grow lengthwise to a very considerable
size (Fig. 75 b). Within twenty-four hours a string or filament
is formed (Fig. 75 ¢), which may be ten or twenty times as long
as the original rodlet. In ten or fifteen hours more the elear
contents of the filament become granular. Then appear at
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regular distances small darker bodies, which grow in a few
hours into larger highly refracting spores (Fig. 75 d). The

Tio. 75. DEVELOPMENT 0F BACILLUS ANTARACIS. (From KocH: x400)

: Haczglu:?llﬁ the blood @ for twenty-four hours; spores are

forming and the filaments ore
3" bacilli cultivated for three hours, breaking up
¢ for ten hours, ¢ germination of spores

filaments afterwards break up, and the spores are set free. In
favourable circumstances these spores may germinate and develope
into bacilli_exactly like those originally taken from the blood.

According to KocH, each spore consists of a bright body
surrounded by an envelope of clear protoplasm. As the spore
germinates the latter grows into a rodlet (Fig. 75 e). The
researches of KLEIN, BREFELD, PrAZMOWSKI, EWART, and others
do not corroborate this account. They make out that the spore
consists of grotoplasm enclosed in a membrane. The rudimentary
bacillus is developed not from the peripheral layer of the spore, but
from its protoplasmic centre,

In addition to this mode of increase by spore-formation
observed in cultivated bacilli, the rodlets multiply by transverse
subdivision. This is especially the case in the blood of living
animals. .

As we have said, all bacili have the power of forming
spores. It is mnot however essential to the process that long
filaments should be formed. Many bacilli produce spores without
having undergone any marked increase in their length. The
number of spores n each rqdlet varies from one to three. They
may occupy either a terminal or a medial position (Fig. 74
10 and 11).

Anth)rax-b:\cilli cultivated on gelatine are never motile (RocH):
they always form flakes or tufts made up of long wavy tress-like
or twined filaments. The bacilli of hay-infusion grow out mto
long filaments in very young colonies only. When they become
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more mature and cause the gelatine to liquefy, they are seen
in active movement at the centre of the colony, while round its
periphery they stand in regular array all perpendicular to the
surface and penetrating the firmer gelatine. The colony then
looks as if it were surrounded by an aurcole of rays. ~ Other
bacilli form colonies looking like tufted roots of trees: others
again spread out in one plane and form mosaic designs.

Conx’s and Koca’s researches are published in the Beitwige sur Biologie
d. Pplanzen vol. 11, and Mittheil. a. d. bais. Gesundheitsamte Berlin 1881 :
BrEFELD'S are in the Dotan. Zeitung 1878, and in Botan. Unters. iiber
Schimmelpilze 1881 : KLEIN'S, SANDERSON'S, and EWART'S, in the Quart, Journ,
Micros. Science 1878, PRAZMOWSKI asserts (Unters. iiber d. Entwick. einiger
Bacterien Leipzig 1880) that the germination of the spores of B. subtilis
follows a different course to that of B. anthracis. The mature spore .is
oval, highly refracting, sharply defined, and surrounded by a transparent
zone. On germination the spore becomes pale, and loses its lustre and
its sharp contour. At each pole a kind . of shading appears, the spore
meanwhile beginning to move in a tremulous manner. After a time the
contents escape laternll{ in the form of a minute cylindrical shoot, which
grows into a rodlet ; and this latter then proceeds to subdivide.

Prazarowski has also made out the life-history of the so-called (Zostridium

butyricum (PASTEUR'S vibrion butyrique, VAN TIEGHEN'S Bacillus amylobacter).
1t forms rodlets 9—10 micromm. long, which are seen alternately at rest
and in moving swarms. Before fructification they increase in thickness
and become more fusiform or pear-shaped. On germination the spore
swells and begins to jerk about. The membrane at one end is absorbed,
the germinal cylinder escapes, and as it grows proceeds to subdivide as
before, .
KEerN describes a bacillus under the name of Dispora Caucasica (Biolog.
Centralb. 5, vol. 1) much resembling B. anthracis ; it is however distinguished
from the latter by its always exhibiting terminal spores at each end of the
rodlets. When cultivated in milk this bacillus sets up a peculiar fermenta-
tion, which produces an agreeable drink much nsed in the Caucasus,

ﬁnsrxw distinguishes an external spore-membrane or exosporium which
is thrown off in germination, and an internal or endosporium which becomes
the envelope of tfne germinal cylinder.

With regard to the term leptothriz it is to be noted that all filaments
or strings so named do not necessarily represent developmental stages of a
bacillus. The filaments formed by algae, for example, are also spoken of as

leptotriches.

187. The Spirobacteria are divided into two genera—
Spirochaeta (Fig. T4,18) with long flexible close-wound spirals;
and Spirillum (Fig. 74, 14) with short stiff open spirals. For the
pathologist, Spirochaeta Obermeyeri (13) and Spirochaeta denticola
are the most nn{)ortant species of the first genus.  The former (often
referred to simply as “spirillum’) is constantly found in the blood
of patients suffering from relapsing fever, during the paroxysms,
The latter is found in the mouth and nose of persons who may
be quite healthy_ or suffering from nasal catarrh. The length of
the former is twice or thrice the diameter of a red blood-cell, Tt
moves with extraordinary agility through the blood, and is there-
fore hard to see unless it be somehow fastened down or restrained,
No structure has been made out in it,
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No details are known of the life-history of Spirochaeta. It
plainly increases very rapidly within the body. It probably
produces resting-spores.

.T'he largest of all bacteria, Spirillum volutans, belongs to the
Spirilla (Fig. 74,14). Apart from its size it is distinguished by its

ular protoplasm and its pair of flagella. It sometimes moves
about actively, sometimes lies quiescent. It is occasionally found
in drinking-water. Two smaller forms, Spirillum tenue and
Spirillum undula, also belong to this genus (Art. 207).

Biology of the Bacteria.

188. Conditions of life. All bacteria require to be supplied
with certain definite nutritive substances if they are to develope
normally. The requisite substances are partly inorganic, and
partly organic Scm:bohydmtes and albuminoids). The inorganic
components are derived from salts containing sulphur, phosphorus,
magnesium, and potassium. The requisite carbon and nitrogen
are mainly derived from animal and vegetable matters. ut,
bacteria have also the power of assimilatin nitrogen from
ammonia, urea, or even nitre, provided only the other mineral
substances needed are also present, and in addition some appro-
priate organic carbon-compound, such as sugar. '

These nutritive substances must be presented to the bacteria
associated with a certain amount of water. None of the bacteria
can develope without water, though many of them may be without
it for a time and still continue to live. This is especially the case
with bacterial spores. If the water contains no proper nutriment,
or if the nutriment is already used up, the bacteria cease to
develope, and after a time die outright. But here, as when
water is lacking altogether, it is possible for the bacteria to
maintain life for a time. The spores are still more tenacious
of life, and can hold out almost indefinitely. Free oxygen is
absolutely necessary to the development of many of the bacteria :
others can do without it if they are otherwise favourably placed,
and in circumstances where they can set up fermentation. The
former kind, e.g. Bacillus anthracis and B. malariae (KLEBS),
have been called by PASTEUR agérobious fungi. The latter, of
which Bacterium termo and Clostridium butyricum are the best-
known examples, are anagérobious. Pure oxygen is said to kill

bacteria outright.

NigEnr gives minuter details of the conditions of life of the various
bacteria ( Die niedsren Pilze Munich 1877, and Untersuch, iiber die nu':d. Pilze
1882). PASJEUR, JounerT and CHAMBERLAND have papers in the Gas. méd.
de Paris 1876 on the relations of bacteria to oxygen. PRAZMOWSKI asserts
that so far as concerns Clostridium oxygen is not merely unnecessary but
positivel harmful. B. anthracis on the other hand dies if deprived of
oxygen, breaking up into rounded fragments. PasTEUR agaln affirms that
the bacillus which gives rise to the ‘ Pasteurian’ septicacmia. in rabbits, dies
if exposed to the air. According to Kocn (Mittheil. a. d. k. Gesundheitsamte
Berlin 1881), the anthrax-bacillus perishes if it is allowed to become dry ;
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while the spores may be preserved for years in the dry state, They may even
be kept moist for a time without losing their power to germinate or to
produce the specific infection.

189. The temperature of the nutrient medium has great
influence upon the development of bacteria. If the temperature
be lowered, the effect is generally to slow and to weaken the
vital processes, and ultimately to put an end to them altogether.
As the temperature is raised on the other hand, these processes
become more and more active until a certain maximum is reached:
carried beyond this point they rapidly and suddenly cease, in most
instances not to revive again. The maximum temperature which
can be borne by fungi varies in the different species; a few are
capable of growth at 70° to 74°C (VAN TiecuEM). The devclop-
ment of all kinds is stayed at a temperature of 5°C. They
become stiff and immobile, but are not absolutely killed even
by very extreme degrees of cold. The rigor frigoris sets in at
different temperatures in different species; in the case of 2. termo
at 5°C, of B. anthracis at 15°C. For B. anthracis the temperature
most favourable to development is 30°—40°C; at 42°(C develop-
ment ceases. B. termo developes best between 30°C and 35" C.

All bacteria and all bacterial germs are killed by boiling-hot,
water or steam, after exposure for a certain time. The spores
are much more resistent than the bacteria. In dry air both may
endure much higher temperatures. Spores, for instance, are not
destroyed at a temperature of 140°C until after three hours
exposure. B, termo perishes at 65°C, if the temperature be
kept up for a considerable time.

Researches on the effect. of temperature on the bacterin and ir &
have been made chiefly by Etpast (Cokn’s Beitrige =. Babl‘;;il tdh.el;';l‘(ll):p)l-f:,
vol. 1), Kl(})CPl’.' “;g;f)'""‘fff‘zrc“"‘x\'v tllfm;l Lgl"”';:“ (Mitth. a. d. k. Gesund.-

tsamte Derlin ’ N VIEGHEM (Bull, Soc. B, Sy ot
:l\;‘::st(;lo chief results arrived at, ( s By fellowing
Dacteriwmn termo passes into rigor frigoris at 5% into ric o7
At 45° the ordixmrylputrid dccou.?lnmitio/n of nlbu'luinoidstwtl; ‘:;043:;
CipAM).
(Enl,)acc)'ltus anthracis multiplies the more slowly as the temperature is
Jower, within certain limits. Detween 30° and 40° growth and spore-formation
are completed in twenty-four hours, At 25° this time is increased to thirty-five
or forty hours. At 23° the spore-formation occupies forty-eight or fifty hours :
at 207 seventy-two hours: at 187 it takes five days, at 16 seven days
Below 159 growth and spore-formation cease (Koch). Spores are still formed
at a temperature of 42% See also Saxpersoy and Ewart, Q. Jowrn. Mie,
i 1878,
&"B}wteria without spores when exposed to hot air canmot endure a
temperature much over 100" for so long as an hour and a half. The spores of
bacilli are only destroyed after three hours’ exposure to a temperature of 1400,
In the case o objects exposed to heat with a view to dxsgn{ection, it is note-
worthy sthat the temperature penetrates very slowly. Objects of moderate
size such as bundles of clothing, pillows, &e. are not completely disinfected
even when exposed for three or four hours to a temperature of 1400
(WOLFFHEGEL). Anthrax-bacilli perish when exposed to boiling water for
two hours; when exposed to steam in a closed space ten minutes suffices,
On the other hand the peculiar bacillus found in garden-soil is not destroyed
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by this exposure. Superheated steam at 105° kills all bacterial germs. A jet
of steam 18 more powerful than steam in a closed chamber. It will kill all
kinds of germs in ten to fifteen minutes, and it readily penetrates the articles
to be disinfected (Kocn, Garrky, LorrLer). When using boiling water
for disinfecting purposes, care must be tdken that the heat is kept up
long enough, +.¢. until all the parts are warmed up to 100",

The effect of temperature in modifying the virulence of pathogenous
bacteria will be referred to later on.

190. Another factor of importance in regard to bacterial de-
velopment is the presence of foreign or non-nutritive substances
in the nutrient liquid. Many substances (like corrosive sublimate,
bromine, iodine, and some acids) have a very powerful effect even in
small quantity. They put an end to growth and fermentive action,
or kill the organisms outright. Other substances have no injurious
effect unless present in considerable quantity. . S

The fermentive action of the fungi leads to the formation in
the nutrient liquid of substances which, when they reach a certain
de%-ree of concentration, may ultimately put a stop to the growth
and multiplication of the fungi themselves. In alcoholic or lactic
fermentation, for instance, the gradually accumulating alcohol or
lactic acid ultimately brings the fermentive process to a standstill.

If nutritive matters be present in excess (or if, in other words,
the supply of water be inadequate), the growth and multiplication
of the fungi ceases in like manner. This is the reason why
conserves of fruit made with sugar do not ferment, why con-
densed milk does not turn sour, and why dried or salted meat
does not putrefy. By withdrawing water, or by adding snl?stanccs
which dissolve in tﬁc organic liquids, we are able to increaso
the proportion of solids to liquids in organic substances such as

provisions, and so preserve t(,Lem from decomposition by fungi.
he quantity of water necessary for the development of fungt like
bacteria and the yeast-plant is greater than m the case of the
mould-fungi.

HorwAT's and REINKE'S vesearches (Pfliiger’s Arch. Xvi,
xx1n) show that constant agitation of the liquid hinders the
development of bacteria, and may even check their multiplication
altogether.

A further factor of importance in bacterial development is the
presence of lower orders of fungi in the nutrient liquid. ~ As higher
plants often encroach on and interfere with each other, so 1t 1s
possible for bacteria, yeast-plants, and moulds to interfere ‘and
compete with cach other for nutriment (NAEGELI). A bacterium,
which is thriving and multiplying in a given liquid, may be checked
and ultimgtely killed merely by introducing another fungus which
is still more at home in the liquid. Thus if we introduce nto
a nutrient liquid containing sugar the germs of a numsber of
fungi of different classes, the bacteria alone will multiply and set
up lactic fermentation. Ifa half per cent. of tartaric acid be
now added, the yeast-fungi alone will proceed to multiply, and



272 PARASITES. [sECT. VIL

alcoholic fermentation will begin. Add now from four to five
per cent. of tartaric acid, and mouldy growths appear. The
tartaric acid does not kill the other fungi; it merely favours
one more than the others. Thus it is that in grape-must it is
only the yeast-fungi which flourish, though other germs are
certainly present. Only when the sugar is all used up have
the bacteria a chance to multiply, and then they set up acetous
fermentation. Mould-fungi may then develope in the presence
of the vinegar, and they consume the acetic acid. Lastly, when
this is done, the bacteria reappear and set up putrefaction.

Even among the Bacteria themselves a like mutual interference
and struggle for existence is observed. Micrococci may be thrust
aside by microbacteria. Bacilli may be killed by Bacterium termo,
when tj;e supply of oxygen is insufficient for both. s

It is also a point otg importance, when there are various kinds
of fungus-germs present, to know which kind i5 most abundant.
If the soil%)e equally well adapted for two or more forms, the form
represented by the majority of germs will have the advantage.

Kocn and WoLrFrCGEL have made very careful investigations into the
action of various substances on the life and multiplication of bacteria.
(Mittheilungen dee. 1881), The subject has also been treated by BucHHOLTZ
(drch, f. exp. Path, 1v), Schorte and GARTNER sDﬂmde Viertelj. f. off.
Gesund. X11 1880), NAGELI (Die nicderen Pilze Munich 1877 and 1883),
RoBeRTS (PAil. Trans. 1874), Hanver (Jown. Chem. Soc. 1881), and many
others. The following results of investigation are worthy of note,

Corrosive sublimate has the most powerful effect on bacteria : an aqueous
solution of 1 : 20,000 kills the spores of bacilli in ten minutes, A solution of
1:5,000 is thus a certain disinfectant, even when the time of exposure is very
short. Mercuric sulphate is somewhat less active. Kocu finds that an
aqueous sublimate-solution of 1: 300,000 puts a stop to the germination of
bacterial spores.

Sulphurous acid does not take a high place as a disinfectant. Bacteria
clinging to dry objects are killed by twenty to thirty minutes’ exposure
to an atmosphere containing 1 vol, per cent. of sulphurous acid. Spores
of B. subtilis and B. anthracis ave still capable of development after ninety-six
hours’ exposure fo an atmosphere containing 5 to ¢ vols, per cent. of
gulphurous acid. Even when moist they are very hard to kill with it. It is
thus an altogether untrustworthy disinfectant, and all the more becanse it
has little power of penetrating compact masses or bundles (WoLrFrntaEL,
Bucruorrz, ScHOTTE and GARTNER, Kocn, Brcuzer),

Carbolic acid in 5 per cent. solution will kill the spores of the anthrax-
bacillus in twenty-four hours. A 3 per cent. solution will not do so in the
same time. The bacilli however are killed in a few minutes even by a 1 per
cent. solution. A solution of 1:400 checks the development of bacterial
spores.  Vapour of carbolic acid at ordinary temperatures is without effect ;
at 55°C it kills spores in two or three hours (Koch, loe, at.; DE 1a Croix,
Arch. fo exp. Path. x1m). Chloride of zine in 5 per cent. solution has no
effect on anthrax-spores—even when they have lain in it for a mopth (Kocn).

Todine, bromine, and chlorine are far more active than snlpimrous acid.
Bacilli cease to grow in presence of iodine in the proportion of 1:5,000, and
of bromiine of 1 :1,500. Sten'm from bromine-water kills spores in twenty-four
hours, from chlorine-water in two days. JIodine-water and chlorine-water
kill spores in one day, a 5 per cent. solution of chloride of lime in ten days,
Benzoic acid, sodium benzoate, potassium chlorate, and quinine have little
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effect on spores. The following substances even in dilute solution have
a restraining influence on bacterial development—allylic alcohol; oils of
mustard, peppermint, turpentine, and cloves; thymiol: chromie, picric,
hydrochlorie, and salicylic acids; quinine. The effect is perceptible in
solutions of 1:300,000 for oil of peppermint, of 1 : 800 for quinine, of 1:75,000
for oil of turpentine.

All disinfecting agents should be used in aqueous solution. In alcohol
or oil they are either inactive or enfeebled. Bacillus-spores still retain their
power to germinate after lying for months in absolute alcohol. In water
and in glycerine they may lie for weeks undestroyed.

Bacterin become less able to resist heat in presence of small quantities
of acid. They are made more resistent by alkalies. For the efiect of light on
their development sce EXGELMANN, Ree, internat. Sci. biol. 1882,

191. Influence on the nutrient liquid. In the first place
the bacteria, as they grow and multiply, withdraw from the
nutrient liquid the elements they require for building up their
cells. These elements are chiefly mitrogen, carbon, hydrogen,
and oxygen, as also the mineral constituents mentioned in Art.
188. In the next place they set up marked chemical changes in
the nutrient liquié. It is bacteria which superinduce putrid
decomposition in albuminoid bodies; they transform sugar into
lactic acid (as in soured milk); lactic acid into butyric acid (as
when sourkrout ferments, or butter becomes rancid); sugar into
a gum-like slime (as in ‘slimy’ or ‘long’ wine); and alcohol into
acetic acid, Large quantities of material may in this way be very
rapidly transformed.

When  albuminoids undergo putrid decomposition, we have
formed peptones and similar bodl.;es; a certain putrid principle
or poison (PaNum), and bodies resembling ferments; sepsin
(BERGMANN and SCHMIEDEBERG) ; nitrogenous bases, like leucin
and tyrosin; amines like methylamine, ethylamine, propylamine;
fatty acids, like formic acid, acetic acid, propionic acid, butyric
acid, valerianic acid, palmitic and stearic acids, lactic acid, succinie
acid, &ec.; aromatic matters, indol, phenol, cressol, pyrocatechin,
hydroquinone, hydroparacuminic acid, and paroxyphenylacetic acid
(voN NENCKI, SALKOWSKI, BriGer); and lastly sulphuretted
hydrogen, ammonia, carbonic anhydride, and water. These pro-
ducts are the result partly of hy(imtion, partly of reduction, and
partly of oxidation.

The immediate cause of the process is unknown. NAEGELI
(Die niederen Pilze 1877), PAsTEUR, LISTER, and others regard the
decomposition as the direct result of the vegetation of the
bacteria. Decomposition and fungus are inseparable: the one
ceases when the other is removed. Processes of this nature,
set up by ebacterin, are best distinguished as fermentations.
Considered with respect to their property of setting up ferz_ncn:
tation, bacteria are often described as ‘ formed’ or ‘orgnmse(_l
ferments. Bacteria have also the power of setting free certain
substances which have a decomposing action like themselves, but
are capable of separation from them, and are known as ‘unor-

M. 18
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ganised’ ferments. Such unm%anised ferments can, for instance,
change lactose into fermentable sugar, transform starch and
cellulose into grape sugar, and render soluble coagulated albumen
and other insoluble albuminoids. In consequence of such changes
milk may undergo alcoholic fermentation, wood may become soft
and rotten, damp bread turn sour, and insoluble albuminous matters
be transformed into a putrid ammoniacal slime.

Under the influence of bacteria are also developed certain
bitter, acrid, and nauseous products of whose composition nothing
is known (as when milk turns bitter). Now and again colouring
matters are produced by them, red, yellow, green, blue, and violet.
So bread may become covered with a blood-red film of Micrococcus
prodigiosus (‘bleeding’ bread). Bandages and pus in wounds
become blue from the presence of Micrococcus cyaneus. Boiled
cggs exposed to moist air are often quickly covered over with
a yellow film of Micrococous luteus.

The hypotheses proposed to explain fermentation, especially the alcoholic
fermentation, have been very various, Some of them attempt to connect the
rocess intimately with the vital activity of the cells which give rise to
1t ; others seek to separate them. Liesic describes the process as a molecular
motion transmitted by matter (the unformed femxon:{ already in a state
of chemical motion (f.e. in the act of decomposing) to other matters composed
of elements in loose combination. Horre-SEYLER and TRavBe (Piigers
Areh, xn, 1875, and Physiologische Cltemt'c({ imagine that the cells secrete
certain unformed ferments, which produce decomposition by mere contact
{or catalytically), without themselves taking part in the chemical changes
they set up.

Pastevn (dnnal. de Chimie et de Phys. 68, 64; Comptes Rendus, 45, 46, 47,
36, BO; Studies on Fermentation London 1879 ; DucLaux’s Ferments et
Maladies Paris 1882) regards fermentation as immediately dependent on the
activity of the living cells, Fermentation begins only when the supply of
free oxygen to the cells is restricted. They then begin to abstract oxygen
from the compounds contained in the nutrient liquig, and so disturb their
molecular equilibrium, }

Nigerr's physical (or molecular) theory (Abkand. d. bayr. Abad, math.-
physie. Ol xi p. 76, 1879) supposes that the natural motions of the
molecules and atoms of the various constituents of the living cell-protoplasm
are transmitted mechanically to the fermenting matter, The protoplasmic
constituents remain chemically unchanged, but the molecular equilibrium
of the fermenting matter is disturbed, and disintegration results. NAcrur's
theory emphasises strongly the dependence of the fermentive process on the
life of the cells, and 15 thus in harmony with our general view that all
vital processes are ultimately cellular. Lo ) B L

The power of exciting fermentive decomposition in nutrient liquids is
very probably possessed not merely by bacteria and yeast-cells lmt’ also by
the cells of higm organisms, as of man. VoIr (P/ogswlogw des 55:0,»”:::-'.,-
sels Leipzig 1881) refers the disintegration of the soluble albumen circulatin
through the system to fermentive action of the tissue-cells. s PASTEUR has

shown that in proper conditions fruits and leaves may exhibit fermentive
ies. ; o

pmlf‘é;: chemical changes occurring in the putrid decomposition of the

albuminoids have been studied by NENCKI, SALKOWSKI, BRIEGER, and

Hiiier, See HILLER, Die Lehre von der F(iaglnm Berlin ; 1879'; NE‘.\‘CKI,

Zersetoung der Gelatine und des Eiweisses bei der Fuulniss mit Pancreas
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Berne 1874, and articles in the Journ. fiir prakt. Chemio, Journ. fiir plysiol.
Chemie, and Bericht. d. deutsch. chemisch. Gesell. 1876—82 ; LKOWSKI,
articles in the Bericht. d. d. chem. Ges. and Zeitsch. f. physiol. Chem. of
the last year or two; BRIEGER, Zeitsch. f. physiol. Chem. m, 1, 1v, and
Zeitsch. f, klin. Med. 111; Gavrier and Erar, Comptes Rendus 1882,

The guantity of oxygen present has an important influence on the
products formed in bacterial ‘decomposition. PasTEUR asserts that fungi
which grow in presence of oxygen se{'o\sx p chiefly oxidative changes. Those
which can multiply in the aﬁ:ence ofl oxygen give rise to non-oxidative
decompositions, I-form:-Sm'wn (Ueb. d. Binfluss des Sawerstoffes auf
Gihrungen Strasburg 1881) supports this view by his observation that when
oxygen is abundantly supplied to the yeast-plant the disintegration of sugar
into alcohol and carbonic anhydride 35 retarded, and volatile acid bodies
arve Eroduccd in abundance, l)t" bacteria_in an albuminous liquid be well
s 1;"«1 with oxygen, products like indol, hydroparacuminic  acid, and
su.ﬁ) uretted hydrogen (which are largely formed when oxygen is wnutmti),
entirely dii::})pear. The oxygen oxidises them as they are produced; the
primary products of the fermentation at once undergo further change. g

On pigment-producing bacteria see Cory and SCHROETER, Beitriige z. Biol.
d. Pflanzen vol. 1.

192. Fermentation and putrefaction can only take place in
the presence of the corresponding fungi, and the amount of
decomposition produced depends on the quantity of fungi present.
It does not however follow that each kmg of decomposition is due
to a single specific fungus, nor that one fungns may not give rise
to more than one kind of decomposition. We cannot as yet define
with certainty the kinds of decomposition which correspond to each
species of fungus, We know: however. that ordinary putrid
decomposition oceurs under the action of Bacterium terno ; while
Comx asserts that micrococei do not give rise to putrid change,
but to changes of another kind. The butyric fermentation is said
to be chiefly due to the presence of Clostridium butyricum. Anthrax-
bacilli generate ammonia in the nutrient liquid. most putrefying
substances we find bacteria of several species.

NAEGELI affirms that it is possible y cultivation so to alter the
properties of a bacterium that it no longer has the power to produce
the changes originally associated with it; while it assumes the
Eowcr of calling forth fermentations of a different kind. Thus the

acterium which produces the lactic acid fermentation may, he
says, be cultivated in saccharated extract of meat in such a way
that at first it produces in milk an ammoniacal decomposition only ;
and it does not resume its power of generating lactic acid until after
several generations. If this be so we may perhaps infer that within
certain limits the physiological properties of a bacterium may be
transmuted: or .at least that, by change of condition, one or
other of setveral potential functions may be called into activity.
The facts have not however been sufficiently confirmed. .

We have said that fermentation and putrefaction are always due to fungi ;
but we do not thereby deny that other kinds of decomposition may affect
organic substances in which fungi play no part. Such changes do in fact
oceur. They usually take the form of slow oxidation or combustion, in

15—2
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which carbonic anhydride, water, and (in nitrogenous substances) anunonia,
are formed. Such slow changes are set up when organic watters are in
contact with water and atmospheric air. They also of course occur in the
living organism. In dead organic matters the process corresponds in part
to what s called ¢ d?' rotting * or ‘wouldering”.

BRIEGER (Zeitsch. { Kun, Med. 1) thinks that the various aromatic
roducts of the putrefaction of albumen are equally well obtained whether
it is set up by the addition of sewer-mud or of pancrens, The essentinl
factors are the duration of the \mtrefacti\'c process, the temperature, and the
amount of oxygen present. The albuminoids undergo the same changes in
the intestine as they do in artificial putrefaction brought about outside
the body. The same series of changes are also set up in putrid pleurisy
and bronchitis, and in pulmonary gangrene.

193. Bacteria without and v;vtth'in the body. If the facts
already cited be duly considered, it will appear very probable «

iori that the diffusion of the bacteria 1s enormously wide. Matters
prio ;
on which they can grow and thrive are found almost everywhere.
We might especially expect to t:'md them wherever dead organic
substances occur, either in so!utwu or at Iez.lst associated with a
certain amount of water. This expectation is fully confirmed by
experience. Bacteria are found in all waters whether flowing or
stagnant, iu all liquids that can ferment or putrefy, and in all
vegetable and animal tissues that are sufficiently moist.

KocH's researcl}cs have §hown that thg surface soil or mould is
extraordinarily rich in bacterial germs. It is surprising to learn that
these are chiefly thg erms of bacxlll;' but micrococei are also found,
In soils soaked wit m.ld.den-mnmngs‘the micrococel are more
numerous than the bacilli, If the soil become very dry, the
micrococei disappear while the bacilli persist. This is due to the
fact that the resting-spores of _ba.cllh are very tenacious of life,
The micro-organisms present diminish rapidly as we go deeper.
At the depth of a metre they seem entirely absent. Spring-water
coming from a depth contains hardly any.

But we have by no means exhausted the field of their dis-

tribution. When liquids containing fungi are violently shaken or
broken into spray, the. fungi pass into the air. This happens also
when such a liquid dries up, or when a solid nutritive substance is
broken up or disintegrates. If in the latter cases no substances are
present which agglutinate the bacteria into a compact mass, they
may pass into the air in immense numbers, g)wing to their
extreme spmllness u'nd lightness (NAERGELI estimates the weight of
small moist bacteria at one ten thousand millionth (10™) of a
miJligmmme) they are carried ahout by the faintest breath of air,
In this way they must of course very often reach and rest on bodies
which can offer them no nutriment. But they must alse often fall on
a fit,soil, and then proceed to grow and multiply afresh. Circum-
stances in gen‘erql are in fact so favourable to the bacteria that we
find them or their germs almost everywhere ; but chiefly where the
presence of organic matters, moisture, and warmth go to favour
their multiplication.
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NaGert (Dis niederen Pilze Munich 1877) asserts that fungi can only pass
into the air when their nutrient liquids dry up. Sovka (Miinck. acad.
Sc‘tzunchbcr.‘, math.-phys. C. 1871) has shown that bacteria may be swept
ont of liquids that contain them by gentle air-currents. Breoaxer (Ueb. d.
Beding. d. Ueberganges von Pilzen in d. Luft w. iib. d. Einathmung derselben,
Zur detiol. d. Infectionskrankh. Munich 1581) disputes Soyxa’s conclusions.
He maintains that even strong currents of air are insufficient to sweep
bacteria from a liquid: and that even in the case of dried-up masses
containing fungi, the fungi are not set free unless the surface is actually
broken. ZIkGLER agrees rather with BucHNER'S view.

Nigerr further thinks that very slight upward air-currents are enough
to prevent floating bacteria from settling (}m\-u. The condensed watery
vapour that surrounds them tends to maintain their buoyaney. Friction
also retards their fall. See Sovka, Ueh. Canalgase als Verbreiter ¢ .:dcm_.
Krankh. and Ueb. Richtung und Stiivie d. Luftzuges in Sielen, Deutsche § Tertel).
J. offent Gesundh. x1v, 1882 ; and Ueb. d. Natur und d. Verbreitung d. Infec-
tionserreqer, Zur Aetiol, d. Infectionskrankh, Munich 1881 ; NAaeLt, Untersuch.
ith. nied. Pilze. Munich 1882,

WERNICH (Coln's Beit. z. Biol. d. Pflanzen 1) has shown that air-currents
may sweep off’ bacteria from moist fungus-masses adhering to the surface
of solid bodies. Researches on the bacteria and bacterial germs found in
the air have been published by Coux (loe. cit.), Miquer (Des bactéries
atmosphérigues, Gaz, méd. de Paris 30, 1880), WenNicH (Virch. dArch. vol. 79),
TyNDALL (#loating-matter of the air London 1881) ; CusyiNaiad (Microscopic
exam. of air Calcutta 1874) gi\'es an excellent summary of previous observa-

* tions. On bacteria and their germs in the soil, see Kocu (foe. eit.), and Cret

(Areh. f. exp, Path. xv),

194, Consideration of the wide-spread occurrence of the
bacteria and their peculiar vital properties will already have raised
the question whether these micro-o isms may not have the
power of exciting more or less grave disturbances in the human
system, provided they obtain an entrance into it. We have seen
that almost all fluids contain bacteria or their germs, unless they
are actually poisonous or are ‘sterilised’ by appropriate means,
such as by boiling. Micro-organisms are also frequently found in
solid organic matters. In view of this it would seem that we
cannot avoid swallowing numbers of bacteriawith our food. Moreover
we frequently cat artic%es which ave in a state of partial putridity or
fermentation (such as cheese and milk) : in this state they of course
contain numerous bacteria. The alimentary tract must thus be
reached by enormous multitudes of bacteria together with the
products of decomposition which they set up.

This is however by no means the only way in which we come
into intimate relation with these organisms. The air always
contains a greater or lesser number of them. In breathing we
draw them into the lungs, and they settle in the bronchi or
alveoli. o : :

Lastly, all parts exposed to the air come into contact with
bacteria, the unwounded skin as well as the wounded or abraded
skin,

What becomes of all these organisms? The eater'number
undoubtedly pass out of the body again. It is hardly possible that
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any can penetrate into the deeper tissues through the uninjured
skin. Those which settle on the mucous membranes are certainly
for the most part not absorbed, but are thrown off after a longer or
shorter time. This is however not always the case. Experience
shows that, in special circumstances, bacterial invasion of the system
may actually start from the mucous membrane.

What is the exception in the case of mucous membranes is the
rule in the case of matters inhaled into the lungs. Experiment
shows that fine corpuscular or particulate matters are very quickly
taken up by the lymEhatic capillaries of the lungs, and are so
carried into the lymphatic glands, or it may be into the blood.
Wounded surfaces are in like manner quick to absorb such corpus-
cular bodies.

Resuming what we have said, we may put it generally that
bacteria of various forms may reach not only the surfaces of the
body which are directly accessible from without, but also at times
the deeper structures, if circumstances favour their penetration.

The question whether bacteria occur in the healthy body seems easily
answered from such general considerations, though it is one which has been
much disputed. Bacteria are perpetually entering the body with the
food we eat and the air we breathe. They must therefore be at times
found in the tissues, especially in places where access is direct. The fact
that they are not easy to demonstrate is readily explained. Tt must

be only a small number that can multiply in the tissues they have penetrated ;

the majority must quickly perish. See NExcky, Jowrn. f. pradt. Chemie

1879 ; WemsscErBER and PERLs, Areh. f. e.rg}.l Path. v1; Rosexpacw,
« LT

Deutsche Zeitsch. f. Chir. xu1; Leung, Zcim"la. in, Med, 111 S'rnn.\'nnm;,

Stud, Biol. Lab.” Baltimore 1881; Lister, Zrans. Roy. Soc. Edin. 1875,
Lrupg, Lister, Roperts, and others have been unable to find living bacteria
in heaithy urine. This would indicate that the greater part of the bacteria
which penetrate into the body are destroyed.

195. If the bacteria were inert corpuscular elements incapable
of multiplication, we should have ‘little more to say concerning their
significance to the human_ organism. We should merely have to
point out that they are in part taken into the body at certain

yints, are carried about hither or thither within it, are deposited

ere or there as innocuons substances, and sooner or later are
destroyed or cast out again through the liver, kidney, or other
secreting organ. As a fact this is what really huppens with regard
to some of the bacteria. Even when they pass through the
bronchial glands from the lungs into the bloo&, they have no more
significance th.an any qther like minute foreign matters, such as
occasionally circulate in the blood without causing disturbance.
These are simply deposited and destroyed, or excreted. Thus the
Micrococeus luteus may be introduced in considerable quantity
beneath the skin of a rabbit, without inducing any serious affection
either of the tissue or of the system generally. ﬁ’]e bacteria which
are thus innocuous may easily be indicated from previous considera-
tions. They are such as cannot find within the human body the
conditions favourable to their development.
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This is unfortunately not the case with all bacteria. There are
some which find their appropriate soil in the perfectly healthy
organism, and in it they grow and multiply. Others are unable to
settle in a perfectly healthy body; they can only develope when
the physico-chemical constitution of the tissues is morbidly altered
s0 as to correspond with their requirements.

The forms of bacteria that have the power of gravely affecting
the system, whether it be healthy or diseased, are described as
pathogenous bacteria.

It is manifest from the above that the determination of the vital properties
and conditions of the different bacteria is a matter of the greatest importance.
This knowledge would enable us to combat earlier the development of
bacterial diseaze, and the injury it produces. It would further give us
the necessary hints for preventing its invasion ; for we should know where
to seek the bacteria and how to destroy them or render them harmless,
Our knowledge in this respect is unfortunately still defective. There are
but few species of bacteria whose life-history we know with any exactness

of detail.

196. The factors which determine the invasion and the
course of development of bacteria within the human body are two.
On the one hand the bacteria must be endowed with certain vital
properties of a special kind: on the other hand there must be a
predisposition on the part of the system.

Our present knowledge does not yet allow us to specify
accurately the properties which an infective bacterium must
possess. We can only say in general—that it must find within
the body and in proper combination all the conditions necessary
for its growth and multiplication. Thus the temperature of the
body must be such as favours its development; it must be
able to abstract fit nutriment from the tissues in which it
settles; it must nowhere encounter substances which check or
injure it.

Investigations into the bacterial affections have shown that very
slight chemical changes in the constitution of a tissue are often
enough to determine whether a given bacterium can develope
in the tissue or not. In other words the significance of this factor
of predisposition is greater than it may have appeared at first sight.
Now and then of course the predisposition is due to very obvious
alterations in the tissues. For instance, we find that many cases
of bacterial invasion depend on the formation of a local necrosis or
wound, in which the fungus can settle and develope. In other
cases some grave disturbance of the circulation may lead to a
failure of resistance on the part of the tissue. These instances are
however matched by others in which the anatomical basis of the
predisposition is beyond our power to discover. We know, for
example, absolutely no reason why—of two individuals expdsed to
the infection of measles, scarlatina, small-pox, typhus, or tuber-
enlosis—the one should be taken with the disease and the other
left. The factors which decide the matter in such cases are plainly
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such as at present escape our notice, either from their apparent
slightness, or because they are not such as our tests can dgsoover.
Yet they doubtless consist in very real and very special differences
in the condition of the tissues. Many of the bacteria can only
come to development within the human body on rare occasions, as
their usual habitat is without it. Others only meet with fit
conditions for their existence and growth within the body, and do
not multiply at all without it.

The respective parts played by the inherent properties of the bacterium
and the predisposition the tissnes to invasion have been illustrated by
many observations both clinical and experimental. 1f a mass of bacteria
of different forms be introduced into an animal’s body, some of the forms
develope and lead to certain tissue-changes, others perish inert. If a
similar mass be injected into an animal of a different kind, the bactetia
which develope are not the same as in the first instance. Kocn (detiologie
dor  Wundinfectionskrankheiten Leipzig 1878, Trawmatic Infective Discases
London 1880) has shown that there is a fungus which brings certain death to
one species of mouse, while it is entumf‘ y inactive when introduced into
another species of mouse. Mice are highly susceptible to the infection of
anthrax ; rats enjoy an almost perfect immunity. The poison of ‘rabbit-
septicnemia’ kills rabbits and mice with unfailing certainty ; guinea-pi
and rats are unaffected by it; sparrows and pigeons again are higlﬁ;
susceptible. The spirifum of human relapsing fever will develope only
in monkeys among the lower animals. Animals pf. .the same species but
differing in age have different degrees of susceptibility. Young dogs are
easily infected with anthrax, old ones are not (Kocm). We cannot at all
tell on what circumstances immunity of this kind can possibly rest.  Simjlay
examples are easily obtained (Arts. 204, 206).  The majority of the infective
disor(‘ers are in fact lixpited each to a few gpecies of animals or to a single one,

Differences also exist in respect of the diffusion of the bacteria through
the hody. The fungus, which in one kind of animal brings about a fata]
general disease, may in others produce a merely local and non-fatal dis-
turbance. Even the point of entrance of the bacteria into the baody has its
importance. A rabbit inoculated with bacteria in the back of the neck may
die, while inoculation of the ear is followed by a simple local affection.

RosssacH has quite recently announced (Centralb. f. med. Wiss, 5 1882)
that injection of papayotin into the vessels is followed by a rapid dovelépment
of mierococei in the blr?od, s0 that in two hours the ﬁlood in the heart is
found to be swarming with them. If this observation be confirmed, it would
seem to show that the composition of the blood is 8o altered by the unorganised
vegetable ferment that germs can proceed to develope in it which before
were unable to do so. In other words, that the action of g chemical
substance has called forth a special predisposition.

RoSENBERGER (Centralb. f. med. Wiss. 4 and 41, 1882) observed a like
result after the injection of sterilised septic Llood. The animals died
of septicaemia, bacteria bgmg dc\'eloi)ed. f the injected liquid were really
sterilised, we can only mh:rl:mt the observation ns showing that the
septic matter so altered the blood and liquids of the animals as to make
them predisposed for the development of micro-organisms. The experiments
do not however seem quite free from objection. In 1869 SEMNER com-
municated similar results, which he obtained with the use of sepsin prepared
from yeast (l"ierlc{;)..f. wiss. Veterin. Xxx1r),

Boser maintains that the most essential condition for the settlement
of bacteria in the hody is thexr.m]nptation to the quantum of mineral
salts present in the blood and tissues. This can hardly be a sufficient
condition,



CHAP. XXX.] THE SCHIZOMYCETES OR BACTERIA. 281

197. The healthy organism is alway. i i
of nor;-pa.thogenonsy bacteria. They gosct}) e;e:h;vifl]tﬂr;? ﬁ:ﬁ‘tﬁg
accessible from without, and especially the alimentary canal
They feed on the substances lying in their neighbourhood whether
brought into the body or secreted by the tissues. Tn so doin
they set up chemical changes in these substances. £

] While the organs are acting normally, these fungi work no
mischief to the tissues in which they lie, or to the system
generally. The products of decomgositlon set up by such non-+
specific micro-organisms are either armless, or are conveyed out
of the body before they begin to be active.

Settlements of this kind may however become of importance,
if the bacteria proceed to develope to any unusual extent. This
hiippens when the contents of the matural cavities in question
remain unchanged for any great length of time, or when (as in
catarrh) the normal secretion undergoes some alteration. The
products of bacterial fermentation may then accumulate to an .
excessive amount, and products may also be formed which do not
normally oceur. Thus when the contents of the stomach are not
passed on, and become as it were stagnant, an abnormally acid

fermentation may be set up. If the chyme is retained over—long
in the small intestine, the aromatic products of albuminoi

putrefaction will gather in excessive quantity. So too we may
have decomposition in the stagnating secretions of the bronchi,

prepuce, &e. All these changes react harmfully on the tissues
and may set up inflammation, not unfrequently ending in
suppuration and necrosis, Moreover the system general may
suﬁgr by absorption into the blood of the soluble products of

decomposition. )
‘The latter contingency is not o be lightly regarded. Though
nting or decaying

we may partake wit impunity of many ferme
substances as food, we must not think that all the products
enerated by the non-pathogenous fungi are equally harmless.
ighly poisonous substances are formed in many of the bacterial
decompositions. One of the most speedily fatal of diseases,
septicaemia, is due to poisoning of the system with the products of
bacterial Rntrefaction, or sepsis. Cadaveric poison, the poison of
decaying fish, sausage, cheese, mussels, &e. are very probably the
chemical products of special forms of putrefaction. We unfortu-
nately know but little, in some cases we know nothing, of the
substances which have this poisonous character, BERGMANN an
SCHMIEDEBERG have, it is true, prepared their so-called ‘sepsin’
and PANGM his ¢ putrid poison,” from decaying substances ; but we
do mot know the composition of these bodies, and they are
certainly not the only poisons of the kind. A
Putrid or septic poison may be absorbed by wounds as well as
by mucous surfaces. Septicaemia, which has just been cited as an
instance of septic poisoning, is generally due to wound-infection.
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It is due to the absorption of products of bacterial decomposition
formed in a wound contaminated by bacteria (Art. 204). This is
especially apt to hap(i)en when necrosed tissue exists in the
wound, for this affords the bacteria a suitable soil for their
development.

The poisonous action of putrid matters is fully discusse
in Die Lehre von der F{luln}’u Berlin 1879. He y;;'i\*cs full dmlgrogé:;‘stz
the literature of the subject. Hinrer lays special stress on the fact that
_in the septic process it is not simply the bacteria themselves that do mischief,
it is the products of their action which act so as profoundly to alter or even
to destroy outright the tissues ex to them. If the infection become
generalised, it is almost always due to intoxication of the system with
unorganised chemical substances.
Paxuvars paper just alluded to is in Vireh. Arch. vol. 60 ; BErRGaMaNN'S is
a work called Das putride Gift und die putride Intoxication Dorpat 18
Wourre (Vireh. Arch. vol. 81) has lately taken up the question. On {fe
absorption of putrid matters by the alimentary canal see SALROWSKT Centralb,
f. med. Wiss. 46, 1876, and Berichte d. chem. Gesells. X, 1877 ; NENCKI and
BRIEGER, xbatclrmlr)ze > %?Iﬁgnn, Zeitsch, f. phys. (I,'Iacgn 11, mek'b’:} Kin. Med. 111 ;
BOLLINGER, Ueber Fleischvergiftuny, intestinale i3, und Abdominal-ty ;
Zur Aetiol. d. Infection. Munich 1881, i VPA,
It is possible that harmless colonies of bacteria may become dangerous if
they are removed from their normal seat to other regions. Thus the saliv.
when it contains bacteria, may excite violent inflammation if it reaches the
bronchi or alveoli of the Iungs.

198. Pathogenous bacteria have the power of settling, not,
merely in the ingesta and secretions or in dead tissue, but also in
living tissue. This happens chiefly in the mucous membranes and
in the lungs. ':l‘he u_m'njured skin is protected against invasion
by the horny epidermis.

Many of the bacteria can settle in perfectly healthy mucous
membranes. In the case of others we must imagine that they do
not find a proper soil for their development, unless the mucous
membrane is injured or altered. Of course injury or alteration of
this kind may serve to make the outer skin, or any other accessible
tissue, the starting-point of a bacterial invasion (wound-infection)
All that is necessary is that a bacterium should reach a spot that
affords the conditions for its development, If this .oI::(():ur it'
multiplies and forms colonies or swarms, These may according to
the species of the fungus and the nature of its soil, remain in
aggregation forming heaps or masses, or may spread through the
tissues. Such a settlement is never without effect on the aﬁected
tissues. The bacteria may force their way into the substance of
the constituent elements, and especially into the tissue-cells, which
are s?net#nets f})u}x:d to be crammed with bacteria, ’

The effect of the invasion is not always at or ;
under the microscope. 'Ijhe cells attaiked b_ylvcih?pf?irfg ':i}t’g::
arpear quite uninjured: in other instances they are seen to be
altered. The epithelial cells swell up (Fig. 76 ¢) and liquefy, or
degenerate into flaky homogeneous lumps, or turbid denucleated
masses. Often they break down into granular detritus. The

4
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nucleus is broken up, or swells and disappears (Fig. 76 ¢). The
fibrous elements of the connective tissue degenerate like the
epithelial cells. The ground-substance alters at the same time.
Tt becomes turbid, loses its structure, and ultimately dissolves.

Fi16. 76. SECTION CONTAINING COLONIES OF MICROCOCCI FROM THE VOCAL CORD
oF A cHILD. (3 200)

a epithelium d layer of micrococei ] ;
b cgnnect.ive tissue of the mucous & inflammatory small-celled infiltration
membrane of the degenerated epithelium and

¢ swollen degenerated and denucle- of the fibrous structures
ated epithelial cells

In general terms we may say—that local settlements of
bacteria will sooner or later bring about degeneration and necrosis
of the affected tissue. When this may occur, and how widely it
may spread, are circumstances depending on' the nature of the
bacteria and of the tissue.

The processes we have considered are not without their
influence on the circulation. The direct action of the bacteria,
and the influence of the chemical changes they set up, tell at
length on the vessel-walls within the affected region. The result
is to disturb the circulation in various ways, chiefly in the way of
inflammatory exudation and haemorrhage. In some instances the
circulation -1s sto‘)ped altogether, and the preservation of the
affected tissue is then impossible.

The inflammatory process set up by bacterial action (Fig. 76 €)
may be of very different ntensity and extent in different cases. It
may be Slight and u’a!'lSlent», or it may be severe and issue in
suppuration and necrosis. Not unfrequently a more or lesssperfect
granulation-tissue is formed as a result of the inflammation, as in
tuberculosis, The extravasated cells often take up the bacteria

into their substance.
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199. The inflammation excited by the presence of bacteria
often results in a great aggregation of living cells in the tissue
affected. These may so act as to repel the continued advance of
the fungi, which straightway perish, and the affection issues in
healing and cicatrisation. The fixed tissue-cells of the region
may likewise act so as to check the develoFment of the bacteria,
and may farther suffice to make up any loss of tissue by their
regenerative activity. If this does not happen the bacterial
invasion continues to advance.

The bacteria spread first into the surrounding tissues, passing
along the natural lines of division. Then they break into the
lymphatics, and often into the blood-vessels also. If they can
hive in lymph or blood they go on multiplying; if not they perish.
Many bacteria, like the micrococcus of erysipelas, flourish best in
the lymphatics. Others, like the anthrax-bacillus, are more at
home in the blood.

The extent to which the bacteria can spread within the
lymphatic system is subject to no general rule. Many of them
make a halt at the first Fa.nd they come to. Others pass beyond,
and finally reach the blood-vessels by way of the tmcic duct.
Their path is generally marked by degenerative and necrotic
changes, and by the mflimmatory reaction they excite. The
degree and amount of these changes are determined partly by
the nature of the bacteria, partly by their number,

They reach the blood either through the lymphatics or directly.
In the latter case the walls of the veins in the invaded region are
penetrated by the.fungi, or they pass into the veins from the
capillaries. Once in the current they are carried on by it to
remote parts. Many of them perish in the blood, others again
increase and multiply. Of the last some (anthrax-bacillus) thrive
best in blood that is flowing; others (tubercle-bacillus, pyaemie
micrococcus) prefer blood that is at rest, that is to say, they only

Fra. 77. MICROCOCCUS SEPTICUS 1IN HEPATIO CAPILLARIES : NECROSIS OF THE
LIVER-CELLS. ( x 850)

Fra. 78. BACILLUS ANTHRACIS: LIVER-CELLS UNAFFECTED, (x 850)
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grow when they have come to a standstill in some venule or
capillary. It depends on the properties of the fungus, which of
these events takes place; just as do the changes it calls forth
’,ﬁ in the course of its multiplication.
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* Fig. 79.

Fic. T0. HEPATIC ADSCESS: FIRST sTAGE. (Bismark-brown staining : x40)

normal lobules ¢ aggregation of small round-cells in a
necrosed lobules ) vein, into which opens an intra-
capillaries filled with micrococei lobular venule crammed with micro-
emall-celled infiltration of the peri- cocei ,

portal tissue .

The tissue-changes are the slightest in the case of bacteria
which cigeulate and multiply in the blood (Fig. 78). Bactena
which settle in the smaller vessels (Five rise on the other hand to
degenerations, necroses (Fig. 77 and Fig, 79 ¢), inflammations (Fig.
79 d ¢), and haemorrhages. .

, The spot where a lodgement takes place is mostly matter of
S/ chance; but it is to be noted that a bacterium may not be able to

anca



286 PARASITES. [SECT. VIL

settle in every spot indifferently. One part of the vascular system
may be more favourable to it than another. Many bacteria remain
an(g' multiply within the vessels. Others escape from them, and
when the surrounding tissue is suitable they may multiply in it,
and set up changes resembling those produced at the point of first
invasion (as in tuberculosis).

References: —FriscH, Lxp. Studien ither d. Verbreitung der Fiulnissorganis-
men in d. Geweben Erlangen 1874; KocH, Zrawmatic Infective Discases
(Syd. Soc.) London 1880 ; PERLs; Lekrb. d. ally. Path. 11.

We should mention with regard to the spread of bacterial infection
within the system, that the mode of invasion and the number of the
fungi present are'point_.s of importance. If mice or guine:u—&:igs be inoculated
beneath the skin with o few oedema-bacilli, the resulting affection is
merely local. If the bacilli be numerous the animals die of a general
disorder. The. bacilli of anthrax and those of ‘rabbit-septicaemin’ may
be injected in small quantity into the ear of a rabbit without causing
its death. In the quantity ordinarily used in inoculative experiments
they are always fatal.

200. The facts just given (Arts. 198, 199) regarding the
spread of bacterial infection within the system are derived from
observations on pyaemia, erysipelas, anthrax, and tuberculosis. The

eater number of the diseases now referred by many to the action of
%;cteria (such as typhoid, relapsing fever, diphtheria, the exanthe-
mata, croupous pneumonia, acute atrophy of the liver, cholera, ete.)
are as yet too little known to enable us to give the corresponding
details for them. We-do not exactly know how the poison fin
entrance, where it is multiplied, and in what manner it spreads.
We only know that in these affections we find at certain times in
the blood or tissugs' definite bacterial forms; and we believe that
they are the exciting cause of the disease. If this belief be
correct, we must admit that many kinds of bacteria have the
power to penetrate into the blood and other juices without leaving
any traces at the point of entrance. This supposition is confirmed
by the fact that in antl_lrgx we are often unable to detect the point
02' entrance of the bacilli. In the case of these diseases we must
likewise assume, as in the case of the others, that the bacteria find
access through the mucous membranes or lungs, or through open
wounds if any exist. Once the bacteria have entered the body
they muluJ)ly in the blood or in some tissue, spread through the
system, and call forth the special changes characterising the several
diseases. It is worthy of remark that each poison has a corre-
sponding special group of: tissues, in which its mischievous effects
are invariably and especially apparent. The anatomical changes
produced in these diseases as in the others are of the nature

artly of degeneration and necrosis, iartl.y of inflammation or
yaemorphage.  Proliferous changes in the tissues may also ensue

as secondary to the former.

201. We are not yet in a position to formulate a theory of
bacterial action that will apply to all cases. The rescarches of

'\7 y
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the last year or two have however enabled us to form some picture
at least of the way in which bacteria affect the several tissues and
the system in general.

The pathogenous bacteria are parasites which draw their
nourishment from man’s body. They withdraw this nourishment
only from the tissues among which they are growing and multi-
{)lymg. The effect of this withdrawal is in general not very grave.

t can only become dangerous to life, when the bacteria multiply
within the circulating blood and withdraw from it the indispen-
sable oxy%en it contains. The withdrawal of nutriment is not
however the only result; it is seldom even the most important.
Investigations show that the vital activity of the bacteria of
necessity sets up extensive chemical change in their own nutrient
wlaterials. These changes are partly due to their direct action
(Art. 191), partly to the action of the unorganised ferments which
they form. Lastly, in the course of these changes matters are
produced which act as poisons upon the system. This effect of the
bacteria on their nutrient fluids, and the production of poisonous
matters, have much more to do with the genesis of the symptoms
in most of the microparasitic affections, than has the mere with-
drawal of nutriment.

The influence of such factors is manifested in disturbances of
the functional, formative, and nutritive activities of the organism.
These activities are the expression of the cell-life of the tissues;
hence the statement that bacteria disturb the vital actions of the
tissue-cells. In Art. 81 we compared the life-history of the tissue-
cells with that of the bacteria. We may not inopportunely refer to
the comparison once more in this place. The nutritive activity of
the tissue-cells is not confined to the replacement of used material
by the absorption and assimilation of new material. Like the
bacteria the tissue-cells act catalytically on their surroundings,
partly by fermentive action (Art. 191), partly by the formation
of unorganised ferments. Many cells have in addition the power
of setting up synthetic processes.

When bacteria proceed to multiply within a tissue, a double
influence is brought to bear on the common nutrient medium ; the
bacteria enter into conflict with the tissue-cells. We do not of
course know in what exact way this conflict is carried on. But we
may believe that the bacteria do not communicate to the organic
compounds contained in the juices the same kinds of chemical
motion as the tissue-cells. They will not therefore give rise to the
same chemical changes as the latter. More or less serious disturb-
ance of the normal metabolism of the tissues must ensue.

This is the first effect, but not the only one. Different kinds
of fermentation cannot go on in presence of each other for any
length of time. One 1s more and more repressed, and at length
suppressed, as the othe_r gdvances. This cannot of course happen
without simultaneous injury to the corresponding ferment. Thus
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the prolonged presence of bacteria results in the suppression not
alone of the nutritive activity, but also of the other functions of
the tissue-cells; and at length their life itself is enfeebled or
extinguished.

The products of the decomposition set up by the bacteria, the
unorganised ferments and other poisons, also give rise to changes
in the tissue-cells. It is possible that in many cases they only
tend to modify the nutritive activity, 7.e. the metabolism of the
cells; but the other functions are doubtless often affected likewise.
These modifications of the normal cell-life in their totality are
manifested as disturbances of the functions of the organism, and
we sFeak of them as symptoms of disease.

The mode in which the several symptoms are produced we
cannot here stop to discuss.  All we need say is that a disturbanée
of cellular activity is always at the bottom of a morbid symptom :
mere alteration in an organic fluid is not enough to give rise to
symptoms. Thus the origin of fever cannot be ex lained otherwise
than by assuming the existence of some cellular disturbance. The
chief factor in producing the elevation of temperature may be a
change in the fermentive action of the cells, or it may be a dis-
turbance of the f}mct-ions of the central nervous system. That is
a question which is open to discussion; but it docs not touch the
question of the cellular nature of the febrile process,

Inflammation itself is only to be explained by cellular change.
In bacterial a.ffectvi.ons, inflammation appears as a specially benefi-
cent process. By it a number of living cells are thrown out at the
seat of danger, and they are the readiest instruments fop checking
the harmful influence of the fungi.

The issue of a bacterial affection is vither the death of the
patient, or the death and elnuinatipu of the bacteria. In the
former case the bacteria interfere with the functions of cells so
numerous or so essential to life, that life becomes impossible,

In the latter case the tissue-cells gain the upper hand in the

struggle for nourishment a.n(_l existenco_:, and the bacteria are at
length deprived of the conditions essential to their continued life.

Observations on the infective diseases of man and on experi-
mentally-produced bacterial diseases in animals have shown that a
disease of the kind successfully withstood leaves the tissues in a
peculiarly unsusceptible condition. This condition may endure for
months or ‘years, and it ensures an immunity almost or quite
complete against a fresh invasion of the same or kindred bacteria,
We do not know whether this singular effect is due to a modifica-
tion in the chemical constitution of the tissues, or to a change in
the vital activity of the cells.

References :—Vorr, Plysiologie des Stoffwechsels Leipzig 1881 ; NAcELL,
Die wniederen Pilze Munich 1877, and 1882; BucnNer, Die NitgelCsche
Theorie der Infectionskrankheiten Leipzig 1878 ; Kress, Article dnsteckende
Krankheiten, Realencylopidie der  gesammten Heilkunde con Eulenbury,
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and Cellular-Pathologie und Infectionskrankheiten, Tazeblatt der Natwr-
jormherveraammlun? in Kassel 1878 ; Vircuow, Krankheitswesen und Kranks
hettsursachen, Virch. Arch. vol. 79; HILLER, Die Lehre von der Fiulniss
Berlin 1879 ; WEeRrNIcH, Die Entwickelung der organisirten Arankheitsqifte
Berlin 1880; Kocm, Untersuchungen iiber Wundinfectionskrankheiten Leipzig
1878, Traumatic Infective Diseases London 1880 ; WoLrr, Zur Bacteri-nlehre
bei accidentellen Wundlrankkeiten, Virch. Arch. vol. 81 ; ToussAiNt, Comptes
Rendus nos. 2 and 5, vol. 91 ; CHAUVEATU, thidem, no. 16 ; DucrAavux, Ferments
et Maladies Paris 1882 ; BRIEGER, Linige Dezichungen der Fiulnissproducte
2w Krankheiten, Zeitseh. f. Fin. Med. 111; BUCHNER, Uecber d. Wirkung
d. Spaltpilze im lebend. Korper, Zur Actiol. d. Infectionskr. Munich 1881
CHEYNE, Antiseptic Surgery London 1882 ; Discussion, Zrans, [nternational
Med. Congr. vol. 1, 1881,

Of late years many experimenters have sought to furnish an experimental
basis for the doctrine that individuals who have 1 through an infective
disorder are ‘protected’ against the same or a kindred disorder (as in the
cale of vaccinia and variola). They have attempted to make out that this
holds for bacterial disease artificially communicated to animals.

PasTrUR was the first to make communications on this head (Gaz. med. de
Paris no. 18, 1880). ToussAINT refers the so-called fowl-cholera to the action
of a certain micrococous. Fowls die when inoculated with the bacteria culti-
vated in chicken-broth. If the poison be attenuated by letting it stay in the
culture-liquid exposed to the air for eight or ten months, it is no longer faml.
on inoculation : but the fowls become by one or more inoculations * protected
against the unattenuated poison. Pastevr further discovered that the ac-
tivity of the anthrax-bacillus may be diminished by cultivation at a tempera-
ture’ of 42° to 43°C. Animals inoculated with the cultivated bacillus do
not die, but are as it were ‘vaccinated’ against the unmitigated poison.
After repeated inoculations sheep become at last quite unaffected by inocula-
tion with the unaltered bacillus. 2 - ),

BovLey communicated to the Paris Academy o research of TOUSSAINTE,
in which he found that the authrax poison can be mitigated by warming
infected blood to 55°C for ten minutes with the addition of 1 per cent.
of carbolic acid. Young dogs, sheep, horses, and rabbits may be protected
by ihoculation with this blood. Corrs (Paris Academy, March 1, 1881) has
disputed the force of these experiments, as it is known that some individual
animals are specially *refractory’ with respect to the anthrax-poison, without
any protective inoculation. The Royal Hungarian Ministry of Agriculture
instituted at Buda-Pesth an extensive series of experiments supermtended by
one of PASTEUR'S assistants, and the results obtained confirmed on the whole
what Pasteur had announced (Részamecyi, Biolog. Centralb. 5, 1882 and
Practitioner Feb. and Mar. 1882). Similar successful experiments were made
in Berlin in April 1852 (Gaz méd. July 1882). OMLER (dArch, f. wiss. und
pract. 7'/:1'erlm'£()-. 1876—81) made similar inoculation-experiments without
reaching any positive results. Cravveav likewise experimented on sheep,
but was not able to draw any certain inferences: he thinks however that an
imperfect protection may be obtained by repeated inoculation. LOFFLER
(Mitth. a. d. k. Gesundheitsamte Berlin 1881) experimented on mice, rats,
guinea-pigs, and rabbits, but was not able.to verify PASTEUR'S mul_'l‘ocs-
saINT's statements. He did not succeed either in attenuating the poison or
in effectively ‘vaccinating' the animals. He therefore disputes the force of
their experiments, thinking that they must have lighted on shee already
immune agatnst the poison. The experiments on fowl-cholera he thinks
trustworthy. It was he who showed that when a mouse has lived tbrong
one attack of specific septicaemia it is protected against a further attack:

This specific septicaemia of the mouse is caused by a delicate baclll}ls.
which can be ‘purely’ cultivated in nutritive gelatine, weakly alkalised \y\tln
sodium phosphate and impregmltell \\:ith_l per cent. of peptone. The bacillus :
will infallibly kill a rabbit injected with it in from forty to seventy-two hours,

M. 19
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1f it be introduced into the tip of the ear it merely produces a l)lx\stic inflam-
mation of the skin, and the animal does not die. }iinbbits 20 inoculated are
then R:)tectod for three or four weeks against any further inoculation with the
‘same bacillus. -

There are therefore some bacterial diseases in which one attack protects
against a subsequent one, as in the case of small-pox, measles, and scarlatina.
But this does not hold true of all bacterial diseases. Koct and CarTeEr found
that a monkey inoculated with the spirilla of relapsing fever gained no immu-
nity against a second inoculation. SeMMER (Centralb. f. med. Wiss. 48, 1880
and Virch. Arch. vol. 83} asserts that rabbits may be protected ngainst septi-
cacmia by vaccination with bacteria heated to 55°C for fifteen minutes:
LorrLER repented the experiments and obtained opposite results. Experi-
ments with the Bacillus oedematis (Art. 206) were likewise negative.

BERGMANN has recently (Chirurgencongress 1882) made out that in all
infective disease, and in all intoxication with unorganised ferments, the
white blood-cells become dissolved in the blood. This produces greater
viscidit",' nn(! ooagulabl_hty'of the plasma. He refers to this cause the lotal
cnn;?estlons in the capillaries of the lungs and intestine, and the ecchymoses
of the serous membranes observed in the affections named.

202. The infective diseases form a group distinguished by
their markedly specific character and their special mode of origin.
The specific character is manifested in this—that the disease runs
a similar course in each individual attacked, conditioned solely by
the nature of the morbific virus. As to the genesis of the disease,
it is always referable to the passage into the organism of a poison
from without.

The infective diseases have been divided into miasmatic,
contagious, and miasmo-contagious. In miasmatic disease the
morbific virus is confined to certain localities, and developes
outside the human body. When it passes into the body it sets
up an affection which is not transmissible to other individuals.
The malarious or intermittent fevers are classed as miasmatic.

In contagious disease the seat of the virus is in the affected
organism. From this it is transmissible to others, either through
the air dircctl‘y, or by means of bodies acting as carriers (fomites),
or by actunal contact. Instances of contagious disease are
scarlatina, small-pox, measles, vaccinia, typhus, diphtheria, glanders,
syphilis, &c.

In miasmo-contagious disease the actual virus is derived
from without, but the germs from which the virus developes must
be furnished by a previous case of the disecase. Of this kind
are cholera, dysentery, yellow fever, and typhoid. In the case
of the last it is probable, or at least possible, that the virus may
be also derived from previously uninfected localities; in other
words, that it may originate as a pure miasm.

0
903. Some of these diseases, especially the epidemic pesti-
lences or plagues, l]ave from ancient times been sus w.ctefi to be
due to organised poisons. The suspicion has now and again been
re-expressed ; but 1t 1s only within the last twenty years that, in a
few instances at least, the fact has been demonstrated.
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The strongest point of evidence in favour of the organic nature
of the poisons that produce the infective diseases is their power of
unlimited reproduction and multiplication. Thus, starting with
the lymph from a single vaccine vesicle, we can vaccinate on
indefinitely, continually generating new vaccine matter. Infection
transmitted through the medium of the air (which certainly takes
place), is scarcely to be explained if it be not that the air has had
corpuscular particles suspended in it. Chemically active gases
would very quickly become diffused through the atmosphere, and
at short distances would become attenuated beyond the power of
doing mischief.

he small quantity of infective matter required to set up the
corpesponding  disease is another point in the evidence. The
extraordinary potency of the matter can only be explained by
the theory that the virus is reproduced and multiphed within
the organism.

The researches of the last ten years have shown (as we have
said in Arts. 198—201) that there are bacterial fungi which are
able, by virtue of their specific properties, to affect the animal
body and generate disease in it. On the other hand, we find such
fungi in the blood and tissues of persons affected with infective
disease. We must admit beforehand that the available observa-
tions on this head have not the extent or exactness which we
could desire. Only in the case of a few diseases is the bacterial
nature of the virus demonstrated by indefeasible histological and
experimental investigation. In others the presence of bacteria
has been demonstrated in single cases, but their causal relation
to the disease has not been proved. In many others, neither the
one point nor the other has hitherto been made out. As the
question at present stands then, we can only say—that among the
infective diseases there are certainly some which are due to the
invasion of a microphyte, and that it is highly probable the others
have a like origin.

If the microparasitic theory be correct, we must admit that
some of the pathogenous bacteria are accustomed to develope and

" multiply without the body, while others only do so within it.

The former kind we may describe as ectogenous, the latter as
endogenous. The distinetion must not however be over much
insisted on. Sometimes the ectogenous bacteria proceed to
multiply within the body, while the endogenous bacteria ma
meet with the necessary conditions for their growth (warmt
and nutriment) outside it.

J
The fact that bacteria have not been found in most of the infective
diseases, at least in number sufficient to account at all for the phenomena, is
no proof that the affections are non-bacterial. It must not be forgotten that
the demonstration of bacteria is often a very difficult matter, and the material
obtained from the post-mortem table is by no means well-fitted for this
purpose. The patients examined generally live on to a comparatively ad-

19—2
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ed s of the disease. We know indeed in the case of many bacterial
vggftions that, by the time the tissue-changes oceasioned by the invasion are
:un;plew, all trace of bacteria has long disappeared.

204. The micrococci are among the most important of the
pathogenous bacteria. They are the fungi most frequently found
in connexion with infective disease. In the first place they occur
in various wound-affections, such as pyaemia, and erysipelas simple
or phlegmonous ; and that not merely in the wound itser, but in its
neighbourhood and even in distant organs. In this last case they
are diffused through the lymphaties and blood-vessels. They also
occur in internal suppurations like metritis, puerperal peritonitis,
infective osteomyelitis and periostitis, and in strumous inflamma-
tions, meningitis, cerebral abscess, &e. 2

. Among infective diseases of another kind we have to mention
diphtheria, small-&)px, measles, vaccinia, scarlatina, endocarditis,
pyelitis, haemophilia neonatorum, acute atrophy of the liver,
croupous pneumonia, gonorrhoea, &c. In all of these micrococel
have been seen scattered through the tissues, partly as masses of
zoogloea, partly as chains or chaplets. It would seem as if in
some diseases zoogloea, in others chaplets or swarms, were chiefly
formed. The spherules are of various sizes: but, this character of
size is not enough to enable us to distinguish between specific
forms, We have as yet but few results of culture-experiments on
: bodies, so that their life-hi Y pe At
these at their Iife-history is little known. The micre-
cocci are therefore distinguished merely by the disease to which
they are related, and so we speak of Micrococous septicus, erysipelatis
variolae, diphtheritions, &e, P ) 6TYSIP: ’

The part played by these micrococci (which are not found in

every case) 1S by no means certainly determined Of some we can
only say that they are frequently or alwavs f some C
with the corresponding disease ° ays found in connexion

7 (small-pox, scarlatina, measles,
haemophilia neonatorum),  Of others (as in wound-infections) we

know, by c;_:perimental investigations, that y , >

attack the tissues when they find in the SJ'Stct!}:Ie{)o?srgng‘l:? :-l:(ll;ctt:
of tissue-necrosis, or of fermentive decomposition set up b I;mcten'a
like themselves. Of many (such as those found in si'l);ple and
phlegmonous erysipelas) we have every ground for believing that
they can develope in the system without any special auxiliary
conditions (other than slight traumatic injury), =

We shall here consider briefly the evidence for the bacterial nature of some
of the infe:tive diseases.

(1) Purulent inflammations ; cellulitis; purulent catarrh,

There can he no doubt that micrococei are the exciting causes in many
inflathmatory processes a:sﬂncmtml with the formation of Ru& This is true
2% Iy of purulent affections of the skin and mucous membranes, but also of
i )t’m}q in the deeper structures of the body. Many of these affections
Wl’lt’“.""“l,m;"ds, but in others it is impossible to make out any surface-injury,
iﬁ:{ \J:; are constrained to admit that the micrococci bave penetrated into the
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deeper tissues without entering through a wound. Purulent catarrh of the
mucous membranes, when due to fungi at all, is generally excited by micro-
cocei from without; but these may sometimes come from deeper orﬁgms
already affected, as when the urinary tract is infected from the kidney. This
also holds for phlegmonous or parenchymatous inflammations of the subcuta-
neous and submucous structures (cellulitis), associated with purulent, serous,
or fibrinous exudations. In the case of deep-seated organs, the micrococci
must be conveyed by the lymphatics or blood-vessels. If by the blood-vessels
the affection should %irhaps be described as pyaemic.

\thn the microedtci lie in the blood-vessels, they generally form colonies,
In liquid exudations within the body-cavitics they are found single or in
chains; in solid structures they form swarms. In all places they occur both
free and enclosed in cells,

It is a question whether in all the affections just cited the micrococens

met with is of the same species. Comparative examinations show that in the
ditferent cases the sphemfg vary in size. ZiecLer found that the lgrgest. of
all’occurred in a case of spontancous cellulitis of the face and neck, in which
suppurating and haemorrhagic patches were found in the lungs.
: eferences:—KrLens, MHandb. d. path. Anat. 1 (pyelitis), Beitriige zur path.
Anat. d. Schusswunden Leipzig 1872, and Arbeiten a. d. path. Inst. Berne 1872
(pyaemia); VON RECKLINGHAUSEN, Verk. d. Wiirzburger physic. Gesell. 1871
(pyaemic foci); RINpPLERCH, Lehrb. d. path. (lewclnﬁrc, 15t Ed. (pyaemia);
Bircs-Hirscaerin, Unters. iib. Pyimie ipzig 1873 ; Koch, Wundinfections-
Krankheiten Leipzig 1878, Trawmatic Inf. Discases (Sydenham Soc.) 1880;
Wourr, Virch. Arch. vol. 81; Lucke, Deutsche Zeitsch. f. Chir. 1v; BRAIDWGOD
and VacHeR, Brit. Med. Journ, 1, 1882, with a very full summary of the
contributions to this subject ; KocHER, drck. £ #in, Chir. xx11 (vsteomyelitis,
infective periostitis, strumous inflammation); GrerNFiELD &, Zrans. Path.
Soc. 1879; Haaw, Corresp, f. sclhiceiz. Aerzte 1851 (blennorrhoea gonorrhoica
neonatorum, gonorrhoea); Neisser, Centralb. 7. med. Wiss. 23, 1879 (gonor-
rhoea); CHEYNE, Brit. Med. Journ. 1880 (gonorrhoea); Peres, Lehrb. d. ally.
Path. 115 O6s10N, Brit. Med. Journ, 1, 1881 ; and under Art, 199,

(2) Erysipelus,

ZigGLER has satisfied himself by his own researches that erysipelas is due
to a micrococcus. It spreads chiefly by way of the Iymphatics, which are
sometimes seen to be crammed full of aggregated masses of spherules. Thence
it penetrates into the tissues and forms chains or swarms, It excites inflaw-
mation and leads to tissue-necrosis. It can be transmitted to the rabbit, and
spreads in it also by way of the lymphatics. The animal usually dies.

References :—NEpVEU, Gaz. méd. de Paris 1872; LUKKOMSRY, Virch,
Arch. vol. 60 ; OrtH, Arch. f. exp. Path. 1; Kuess, Arch. f. exp. Path. 1v;
TILLMANNS, Arck. f. Min. Chir. xx1u; FEnvEses, Deutsche Zeitsch. f. Chir.
xvi; KocH, Traum. Inf. Discases 1880,

(3) Septicaemia.

This is & term which includes various rapid and fatal affections of the
blood.  Septicaemia in the human subject implies blood-poisoning with vari-
ous chemical products of septic decomposition. It is a septic intoxication,
but actual bacteria are not found in the blood. It is not progressive, and
not infective in the strict seuse of the word (Burbox SaxpEersox, Brit. Med.
Journ. 1, 1877).  But the term is also applied by some to certain specific and
infective affections of animals, in which bacteria grow and multiply in the
blood itself.

Davaine’s septicaemia is an infective dizsease of rabbits, produced by sub-
cutaneous injection of septic matters (such as putrefying blood). 1t is
characterised by a definite incubation-period, and a rapid course; it is trans-
missible to other animals of the same species.  The blood is found to contain
numerous oval bacteria. ; [

Pasteur’s septicazmia has been called by Kocn malignant oedema (dead.
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de méd. Feb. 1 and 8, 1881). It is produced in rabbits by inserting garden-
mould under the skin of the abdomen. Death ensues in twenty-four to forty-
eight hours. Tho blood itself seems to contain no organisms; but subcutaneous
oedema results, and in the cedematous tissues a delicate motile bacillus is
found. GAFFKY has caltivated the bacillus on slices of potato. 2 :
Mouse-septicaemia (KocH) is a blood-affection generated in mice by in-
oculation with a certain delicate bacillus. The injection of human saliva
produces in rabbits a form of septicaemia not, as it seems, identical with that
of DAvaISe (Ravsaup, Pastiur). Garrky produced still another form of
septicasmia in rabbits by injecting river-water (from the river Panke). The
?Roltel:zlgb;'rhich developed and multiplied in the blood resembled Z. termo
L, .
References —Davaise, Acud, de méd, Sep. 17, 1872; Coze and Fenrz,
exp. sur la présence des infusoires dans les maladies infect. Strasburg
1866; SEMnter, Virch. Arch. vol. 83; Kocw, Wundinfectionstr, Leipzig 1878,
Trawm. Inf. Dis. (Sydenham Soc, 1880); Garrky, Mitth, a. d. k. Gesundheits-
amte Berlin 1881 ; Raxxaup, dcad. de méd. Feb. 8, 1881 ; Ewart, Proc. Koy.
Soc. xxxii ; T12z081, Arch. per le scienze 1880—81 ; SIERNBERG, ftep. of Nat.
Board of Health (U. §.) 1881; Brarowoop and VAcHER, Brit. Med. Journ. 1,
1882 §n full list of contributions to the subject of pyaemia and septicaemia is
given ),
(4) Diphtheria.
This is a specific infective disease,
first discerned in the pharynx and in t
They take the form of catarrhal, crou

The anatomical changes are nsually
he neighbo(lllriug mucous fri)embrx:pes.
ous, and diphtheritic inflummations
(Arts. 423—426). They are probably clause’d by a nllim'ococcus which settles
in the tissues of the parts named (rarely elsewhere—as in the eye, or in
wounds), and thence spreads through the system. This view is chiefly sup-
ported by the fact—that in and upon the aﬂ‘g:cted mucous membranes we find
microco-el scattered or aggre, as zoogloea, which do not ocenr under nor-
mal conditions, Oceasionally it is possible to demonstrate the presence of
micrococei in the swollen cervical glands or even in deeper organs. If these
micrococei be ex;‘)fn_meutally introduced into animals, they produce a disease
resembling diphtheria, The microcooci multiply mainly witLin the body, but
they may also find a suitable ojl for growth oufside it.

The theory of the genesis of diphtheria is still defective in spite of the
many investigations that have been

investi made. Even what we have stated above
regarding it is by no means beyond question,

References: —HUTER and Towyasy Centralb, f. med. Wiss. 12 and 34,
1868 OERT!:L, Aqu. Lo Min. Med, ‘."’,’ Zz‘e»mm'{ Cyclop(wd!'a» vol. 11, Die
Aetiol, d. Diphtherie, Zur Aetiol, d, Tufectionsky. Munich 1881 ; TRENDELEN-
BORG, Agch. f. in. Chir. X; Kugns, Arch, f. exp. Path. 1v, Avt. Diphtheritis,
Isqqu/dop. d. ges. Heilk.; Lerzenicn, Virch, Arch, vol. 68; N ASSILOFF,
Virch. Areh. vol. 50; ERErTH, Zur Kenntniss d. bacter. Mycosen 1872; WooD
and Foryap, Rep, «;f &at. Board of Health (U7, 5.) 1831—3.
(/N S

BRIEGER (Zexts f. Hlin, Med. T1r) has lately pointed out the fact that in
pyaemisx, erysipelas, lyhtheria,

the tissues nearly allied to those
the diseases in question putrefac

(5) Searlatina and measles.

L Redeg’ oz knowledge as to the causation of scarlatina. Cozr
and Feirz (Malad, infect. 1872) and Ripss (Reichert's Aveh. 1872) have seen
micrococei in the blood, and by noculation have generated a fever-like disease
in rabbits. CozE and FELrz also found microceeci in the blood of patients
affected with measles; KEa1NG (Pliladelphia Med, Times, Aug. 12, 1882)
recently found them in an epidemic of malignant measles: RaxsoMe, and
Bramwo)p and VACHER (Brit, Med. Journ, Jan, 21, 1882) found them in the
breath as well as in the fissues,

and scarlatina, certain processes take place in
in bacterial putrefaction. He therefore calls
tive diseases,

|

~
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(6)  Endocarditis.

In many forms of endocarditis the affected patches are covered with an
abundant layer of micrococci. These are also found in metastatic patches if
there be any. It is very probable that endocarditis may be set up bg various
causes, and as it would seem by various forms of micrococcus (Art. 282).

References :—R. Mater, Virch, Arch. vol. 62; EnertH, Virch. Arch. vol.
57; Kueps, Arch. f. exp. Path. x; Koster, Virch. Arch. vol. 72; KocH,
Mitth. a. d. k. Gesundh. Berlin 1883,

(7) Variola and waccinia.
In both affections micrococei have been found in the vesicles. As to their
real significance nothing certain is known. i
References :—KEBER, Virch, Arch. vol, 42; ZOLzER, Berl. Min. Wock. 51,
1872 ; WRIGERT, Anat. Beitr. z. Lekre v. d. Pocken 1874 ; KLEBS, Arch. f. exp.
Path. x.
» (8)  Haemophilia neonatoriin.

KrEps (Arch. f. exp. Path. 1v.) and EpPINGER (Beitrige zur path. Anat.
v, Klebs 1878) have described a micrococcus in this disease, and have given
it the name of Monas haemorrhagicum.

(9) Acute yellow atrophy of the liver.

Kreps, WaLvever, and Eveiscer (Prag. Viertelj. 1875) have published
papers on the micrococeus found in this disease,

(10) Croupous pnewmonia.

Kirss (Areh. f. exp. Path. 1v), Kocu (Mitth, a. d. k. Gesundh, Berlin
1881), and FRIEDEANDER (1%rch. Arch. vol. 87) have seen micrococci in cases
of this disease.

(11)  Acute eatarrhal pnevinonia.

Mi¢rococei are very often found in the alveoli and lung-tissue. They
probably reach the lungs with other bacteria from the month-cavity (pneu-
monia by aspiration).

(12) Sarcina.

The fungus so called oceurs chiefly in the stomach, lungs, pharyns, an_d
arine. In the lungs it has been found by NAUWERCK in various pneumonic
affections (Corresp. f. schweiz. Aerzte 1881). It is much swmaller than the
sarcina of the stomach. Nothing is known of its significance.

We may here refer to a disease of silkworms, which throws light on
the development of bacteria within the body. It is called pebrine, gattine, or
‘spotted disease’. It formerly produced enormous destruction among the silk-
worms in silk-producing districts. Investigations made in 1853—56 showed
that it was associated with the presence of & micrococcus. NAGELI called the
fungus Nosema bombyeis. Pasteur proved experimentally that these organ-
isms produced the disease, and also showed by what means it could be averted.
"I'he micrococeus is transmitted to the ezgs : the moths are therefore isolated
and after laying their eggs are microscopically examined. If the moths are
found to be diseased the eggs are destroyed. Another disease of the silkworm,
maladie de morts-blancs, which annually causes great losses to silk-growers, is
very probably a bacterial affection.

PovssaisT and PASTEUR have shown (Comptes Rendus nos. 6, 17, 18, 1880)
that fowl-cholera is ecaused by an invasion of micrococei. The organism cau
be cultivatéd in alkalised chicken-broth, which has previonsly been sterilised
by being raised to a tzmperature of 110" to 115° C.

905. The two representatives of the class of Microbacteria,
namely Bacterium termo and Bacterium lineola, can only develo
in dead tissues and liquids. B. termo is frequently found in the
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human body at places where necrosed tissue is accessible to the
air, Putrefaction is in fact conditioned by the presence of this
organism. It may become dangerous by setting free products
of decomposition which excite inflammation or gangrene around
the putrefactive focus, and when absorbed act poisonously on the
system generally or on remote organs,

GAFFEY recently discovered a specific microbacterium (Miuh. a. d. k.
Gesundh. Berlin 1881) which he was able to cultivate separately in sterilised
{;el:\tiue impregnated with blood-serum, and in a cold infusion of boiled
wef. He found the organism in river-water much polluted with sewage.
The same bacterium is occasionally found in meat-washings and blood,
as putrefaction sets in. It iz a short rodlet which takes up aniline dyes
at its poles only, the middle remaining clear. It is very like B. termno.
Its spores have not been observed. Rabbits inoculated with it remain
unaffected for ten or twelve hours, then high fever sets in, and (len_f.h
in twenty hours. The blood of the infected animals contains bacteria.
Guinea-pigs, white rats, cats, and dogs are not susceptible, but sparrows,
canaries, and chickens are. This bacterium does not set up putrefaction
when ‘purely’ cultivated ; it is therefore distinet from I, termo.

206. Of the Desmobacteria the typical example is the best
known of all microparasites, the Bacillus anthracis. It is found
in the blood of animals affected with anthrax or splenic fever, and
it is certain that it is the sole cause of the affection. The organism
can be cultivated outside the body eSAx't.. 186), and anthrax can be

roduced by means of the cultivat specimens, All that is need-
ul is to lntrod.u(.:e the bacillus or its spores into the blood. No
auxiliary conditions, such as the formation of septic products
or the presence of chemical poisons, are necessary.

The spores are the commonest medium of infection, as they are
hardier than the bacillus itself Such spores develope in the
blood of animals. dead of anthrax even after burial (Kocn), If they
are not deeply bn‘ned the spores may ultimately reach the surface
of the ground. Cattle are then infoctod through wounds (such as
scratches of the mouth caused by stubble or by insects), through
the alimentary canal, or through the lungs. Death seems to

I‘?S'llt c_hieﬁy from abstraction of oxygen, and disturbance of the
circulation, >

In man the disease is only roduced by transmissi f
: L ¢ : g smission of the
virus from infected animals | et ¥

) I iving or dead, In England the infection
is chiefly conveyed by means of the fleeces of diseased animals
to persons engaged in handling them (woolsorters’ disease).

Anthrax in man usually continues as a local affection for a longer

time than in the lower animals, Papules, vesicles, and pustules on

a red and swollen base are developed in the skin. Numerous dark-
red button-like nodules crammed full of bacilli then appear in the
intestifie. This haemorrhagic intestinal form also occurs in cattle.
In human anthrax the blood usually contains much fewer bacilli
than in the case of cattle.

ArMAUER HANSEN and NEISSER have lately succeeded in
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demonstrating the presence of a bacillus (B. leprae) in the nodes
and tubercles of leprosy. The constancy with which it occurs in
leprous patches would indicate that it is the exciting cause of the
disease (Art. 131).

Kress and Toayasi-CRuDELI have likewise found a bacil-
lus (B. malariae) in cases of malarious or intermittent fever, and
have experimentally investigated its properties. They assert that
it is to be met with in the soil and air of malarious districts,
and can be demonstrated in the blood of affected ]part-ients. The
significance of the bacillus has not however been fully made out.

In cases of typhoid fever KLEBS and EBERTH have discovered
a bacillus lodging in recent infiltrations of the mesenteric and
intestinal glands. KocH and FRIEDLAENDER have verified the

covery, but the life-history of the bacillus is as yet unknown.

KocH has recently made comprehensive researches into the
aetiology of tuberculosis. He finds that bacilli (B. tuberculosis)
are constantly present, not merely in tubereles, but in various
diffuse inflammatory infiltrations and granulomatous growths, and
in the sputa of phthisical patients (Fig. 80). He is also able to
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Fro. 80. BACILLUS TUBERCULOSIS 1IN PHTHISIOAL SPUTUM.
(Stained by GIBBESS method with magenta and methylene-blue: the pus-cells
appear blue, the bacilli crimson: x 800 circa)

cultivate the bacilli in gelatine impregnated with blood-serum, and
to produce tuberculosis with striking success by inoculation with
the cultivated bacilli (Art. 127). It is probable that the bacillus
is unable to develope outside the animal body ; and that it forms
spores within the body of its host (Art. 127).

(1) Anthrax (splenic fever, malignant pustule, charbon).

The Bacillus anthracis was first discovered by POLLENDER in 1849 (Casper's
Viertelj. vitt, 1855) aud Bravews (Virch, Areh, vol. 11, 1857). DAVAINE Was
the first to recognise it as the specific virus of splenic fever (Comptes Rendus
vols, 57 (1863) and 77 (1873); Archir. gin. Feb. 1868). Qinga then many
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investigators have examined the question of the significance of the bacillus (see
BOLLINGER, Splenic Fever, Ziemssen's Cyclopasdia vol. m1). Kocn has made
the most careful researches on the subject (Beitnige z. Biol. d. PRanzen von
Cohn 11, p. 277, and Mitth. a. d. k. Gesundh. Berlin 1881), and his experiments
have thrown much light on the biology of the bacillus. Toussaint also has
lately published some elaborate researches (Recherches expdrimentales sur
la maladiz charbonneuse Paris 1879). Spear and GREENFIELD have investi-
gated anthrax in man as it occurs in the form of ¢ Woolsorters' disease’ (Med.
Of. Report to Local Gov. Board for 1880).
The life-history of the anthrax-bacillus has already been given in Art. 186.
Tt can only develope at a temperature over 18°C and in presence of o free
'“'pl’ei' of oxygen. Hence no spores arve found in the Lodit:s of animals
buried more than a metre deep. Spores may however very readily be
Eroduced, if in burqug the apimal its blood or secretions (such as urine)
e allowed to contaminate the superficial soil : in summer the temperature
there may rise above 18°C (Kock),
_ Pasteur (Bulletin de Cacad. de méd, 28, 1880) thought that earthworms
might carry spores from buried beasts to the surface, and eject them with
their excreta. But Koce regards this hypothesis as unlikely and unnecessary
to explain the spread of the disease. The contamination of the surface-layers
in the process of burial is enough. Kocn's experiments show that the
transmission of the spores through the bodies of worms does not play the
lmrommt part assigned it hy Pastevk, but they do not exclude it altogether.
Other experiments prove that the bacilius may be cuitivated on potatoes,
in alkaline or neutral hay or pea-straw infusions, on crushed oats or barley,
on turnip-juice, maize, beans, lentils, and many varieties of dead vegetable
matter, if only sufficient water be provided. It is therefore probable that

they may normally grow and develope outside the body of an animal.

This takes place most readily in marshy spots and river-banks (KocH).

Spores are formed in summer, and persist through the winter. Inundations
then carry the gerws into the pasture-lands, If Kocn's views are correct,
the invasion of the animal body by the bacillus is as it were an accidental

incursion of an ectogenous organism. Pagtrvr h ’ i i
i i i : as showr 1s enjo
no immunity against anthrax, 3 shown that birds enjoy

(2) ‘Symptomatic’ anthrazx (Rauschbrand).
This disease is probahly due to i . 3 s
TVis ahcrtatand thx}::ker thix i a bacillus found in the affected animals.

% . 1 anthrax-bacillus, forms local ations in
the tlss(tlmi, and is zg:conilﬁmfed by the de\"-'IOpnlfént of gas. gggeewlg;c . (loe

(3) Malignant oedema.

Koct has occasionally found in witrefyin : —
produces in animals an affection mmlzmb]iﬁg in?l;‘;;';em ﬁebflg‘,'fbef,‘h{ﬁg
affection as malignant oedema, and the bacillus ns 71, oedemates. - Tt ie fotal to
ios And giindep g8, The site of inoculation becomes cedematous, and is
beset with bacilli. "These spread into the serous cavities, but except 'in mice
the blood remains:fies of them. If mice be inoculated at the tip of the
ear, they survive. The bacilli are somewh

) bac at narrower than anthrax-bacilli.
It is possible that the bacilli found in certain affecti i b
(He BIER, Areh. f. kin. Med. xxv) are oedemu-l':m?l:lil.om YL

(4) Intestinal mycosis. ”

Thisis a term which includes several bacterial affections. Sometimes the
affection is due to anthrax-bacilli, sometimes to oedema-bacilli, 1t is possible
that other bacilli and micrococei (Art. 477) ma give rise to similar disorders.

References :—E. WAGNER, Arch. d. Heilk, xv; Levpe and MELLER,
Arch. f. Min. Med. x11; BoluiNaeg, Beitriige sur vergl. Path. d. Hausthiere
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Munich 1872 ; Bunr, Zeitsch. f. Diol. vi; WaLDpEYER, Virch. Arch. vol. 52
Fiscur, Areh. f. exp. Path. xvL.

Many instances of so-called ‘meat-poisoning’ are to be reckoned as
cases of intestinal mycosis. They are very probably produced by various
micro-organisms and their products. In some cases the poisoning is simply
septic (Art. 204 (3)): in others it is apparently specific, and in some of these
latter bacilli are certainly concerned. Exact investigations on the subject
are still to be desired. z

References :—ZaNGGER, Arch. f. Thierheilk. xxiv (1871); ALBRECHT,
Wochensch. f. Thierheitk. 1578 ; Kussmavr, Adrch. f. Min, Med. 1v; HUBER,
Arch. d. Heilk. xi1x; WALDER, Berl. kin. Woch. 1878. Wxss, Corresp.

. schweiz. Aerzte 1881 ; BOLLINGER, Zur Aetiol. d. Infect. Munich 1881 ;
ALLARD and KLEIN, Report of Med. OF. of Local Goet. Board 1880.

(5) Suyphilis.

Kress has a paper on a bacillus connected with syphilis in the Arch. f.
érp. Path. x. He found microscopic rods and spherules in indurated chancres.
From these he obtained bacilli by cultivation. Inoculating a monkey with
these, he produced an inflammatory affection in some respects resembling
syphilis, in other respects resembling tuberculosis. ZIEGLER made mauy
similar experiments but was unable to corroborate KrEps' statements. In
1878 he and vox RINECKER attempted to cultivate the substance removed
with all care from indurated buboes, the attempt was repeated many times,
but always with negative results. Various nutritive substances were used in
the cultivation-experiments. See also AvrrecHT, Cent. . med. NWiss, 13,1881
PircH-HIRSCHFELD, thid. 44, 1882, F

(6) Malaria.

The Bacillus malarias was taken by Krens and Toyyas-CRUDELT from

the air over the Italian marshes by means of a special apparatus. Its
roperties were tested by culture and inoculation. They also found the fungus
in samples of soil taken from the same districts. They conclude—that
malarious disease can be reproduced in rabbits: that it is caused by an organism:
that this is present in the soil of the malarions district before it produces
fever in man: and that its passage into the air can be observed under
favourable conditions. MarcHIAFAVA found the bacillas in the blood,
marrow, and spleen of patients who had died of malarious fever.

The Bacillus malariae is an aérobious organism, which flourishes in
soils of various kinds and may occur in places that are not marshy. It forms
spores, and for its development requires a temperature of 20°C. LaAvERAN
found * filuments mobiles’ in the blood of agne-patients,

References :—Kuess and Tosmyasi-Crupkrr, Arch. f. exp. Path. X1,
Cecr, thidem xv; Tomymasti-Crupernt, Le Malaria de Rome Paris 1881,
Nuovi studj sulla natura della Malaria Rome 1881, Nalaria and the Ancient
Drainage of the Roman Iills, Practitioner 2, 1881, [stituzioni di anat. pat.
vol. 1 Turin 1882; Marcuiarava and CuBoNt, Nuowt' stwdj sulla natura della
Malaria, Acad. dei Lincet, Jan. 2, 1881 ; MarcHAND, Virch. Arsh. vol. 88;
LaveRAN, Nature parasitaire des accidents dimpaludisme Paris 1881;
RicHARD, Comptes Rendus 1881 ; STERNBERG, Rep. Nat. Board of Health
(C. 8.) 1881,

(7) Leprosy.

Bacillys lepraz was found in all the leprous nodules they examined by
AryaverR Havses (Vireh drch. vol. 79 and . Journ. Micro. Sei. 1880)
and NEIssER (Breslawer drat. Zeitsch, 1879 and Virch. Arch. vol. 84). The
bacilli are rather longer than the semi-dinmeter of a red blood-cell : tvhey lie
partly within and partly without the cells of the leprous nodules. NEISSER
cultivated them in blood-serum and extract of meat, and observed them
develope into filaments. They form spherical spores which are seated at
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the ends of the rodlets, or form bright vacuoles in the middle of them.
They spread through the system by way of the lymphatics, not of the
blood-vessels. They are surrounded by a gelatinous envelope and at times
seem to be motile., CorxiL and SucnarD (Annales de Dermat. 1881) have
confirmed the statements of the first observers.

(8) Typhoid fever.

Krees (drch. ’{ exp. Path. x11, X1, and Eserta (Virch. Arch. vol. 81)
have found bacilli in the diseased patches of the intestine, and in the
mesenteric glandu, in cases of typhoid fever. Kocu has confirmed the state-
ment (Mitth. a. d. k. Gesundh. 1881). In the sloughs from the intestinal
ulcers long and short bacilli have been seen, in the lymphatic glands only
the short ones. The latter are found also in the vessels of various organs,
especially the spleen, kidneys, and liver. They arc probably the exciting
cause of the disease. MARAGLIANO has found similar bacilli in the bload of
living typhoid patieuts (Cent. f. med. Wiss. 41, 1882).

The above results seem at first sight to disagree with those of Fiscmt,
and EPPINGER (Beitrige z. path. Anat. 11 Prague 1880), LutzEricn (Arch. f.
exp. Path. 1x), and Trzzoxi (.S'tuc{j di put. sperim, sulle gen. d. tifo abdom.
Milan 1880). These observers detected micrococei. It is possible that
micrococei may settle in the typhoid ulcers by way of a secondary invasion.

(9) Zuberculosis.

Kocw’s Bacidlus tuberculosis, mentioned already in Art. 127, WS in
gelatine impregnated with blood-serum Letween the temperatures of 309 and
40° C, but not beyond these limits. It cannot therefore complete its develop-
ment outside the body, at least in temperate climates. In most cases
tuberculosis starts in the lungs, which become infected from the inspired
air. The chief agent in contaminating the air is the sputum (Fig. 80) of
phthisical patients which invariably contains the specific acillus, either with
or without spores. The infective power of the sputum is not destroyed by
drying. Tt is highly i)_robable that the spores are likewise unaftected thereby.,
. The tubercle-bacilli grow very slowly and therefore do not readily succeed
in making o scttlement on the surface of mucous membranes, Healthy
tissues are besides at all times difficult to infect. The settlement is favoured
by wounds, loss of epithelium, stagnating secretions, &e.

The tuberculosis of domestic animals and the ¢ early-disease’ of cattle
;;re (l]gseat),o the sume bacillus as the human disease (Kocm, Berl, kin, Woch,

Jy -

The bacilli grow well in sterilised ox-serum but they ;
multiply very slowly. The colonies of fungi are ’only visible (tl.g\ :L%penn‘llcl:{
eye after ten days’ growth : they then appear as dry whitish scales. These
are made up of delicate rodlets.” Each patch attains in three to four weeks
the size of a poppy-sved, and then ceases to grow further until transplanted
to a fresh substratum. This is owing to the fuct that the bacilli have no
power of locomotion, and o cannot spread over the nutrient gelatine,

207. Of Spirobacte_riu two forms are known to oceur in man.
The one, apparently quite innocuous, is the Spirochaeta denticola :
it inhabits the mucous membrane of the mouth and nose. The
other, the Spirochaeta (or Spirillum) Obermeyeri is found in the
blood of patients suffering from relapsing fever, during thg attacks.
It is almost beyond doubt that the discase is caused by its invasion
and multiplication within the blood. Quite lately the disease has
been transmitted to monkeys by inoculation with the spirillum.
Nothing certain is known of the habitat of the spirillum outside
the body. It is easily detected by the microscope in the blood by

%
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reason of its lively movements: these sometimes cause the red
blood-cells to be driven and pushed about in the field of view.

The-spirillum of relapsing fever was discovered by OBERMEYER in 1873
(Centralb. f. med. Wiss. 10, 1873 and Berl. #in. Woch. 33, 1873). Since then
it has often Leen examined and desoribed. See WEIGERT, Deutsche med.
Wock. 1876 ; HEYDENREICH, Der Parasit des Riickfallstyphus Berlin 1877 ;
MoczuTROWSKY, Arch. f. Min. Med, xx1v; GEpDES and Ewart, Proc. Roy.
Soe. xxvil. The successful inoculation of the monkey was performed by
CARTER (Deutsche med. Woch. 16, 1879, Lancet 1, 1880, and Spirillum Fever
London 1882).

208. If we accept for a moment the hypothesis that all or
most infective diseases (other than those due to animal parasites)
are caused by the development of bacteria in some tissue or fluid
&f the body, we are met at once by .the question whether in that
case each s%eciﬁc form of disease has a corresponding specific
bacterium. From a clinical standpoint this question must be
answered in the affirmative. The most marked feature of the
infective diseases is just this, that they run a typical and special
course. Even though this may in individual cases be modified by
various influences, it is in general so characteristic, so patho-
gnomonic, that the disease can often be diagnosed by its course
alone. We should therefore have no hesitation in inferring from
the specific course of the discase that the virus which excites it is
also specific. .

Histological examination of the tissues of patients affected
with bacterial disease has shown that in some cases (relapsing
fever, anthrax, tuberculosis, leprosy) well-marked forms of fungt
are always detected : and further that these forms of fungi, or at
least forms belonging to one or other of their developmental stages,
are the only ones constantly found.

In other cases such histological distinetion has not yet been
possible. The micrococei ocenrring in various infective diseases do
not as yet afford us characters sufficiently well-marked to form a
basis for distinguishing them into species. It must not however
be assumed that these various microcoeci are identical, and that it
is merely the accidental association with them of this or that poison
which makes them seem to have different properties.

If the micrococcus that is found be in fact the exciting cause of
the disease, we must admit that it must be endowed ab initio with
distinet properties. From the pathological point of view as well
as from the clinical, we must regard it as belonging to a, distinct
species. AS we pomtc:d out in Art, 183, we are compelled to classify
tEe bactgria into species on other grounds than those that apply to
the higher plants. Our classification is based as yet on their
morphological and physiological peculiarities, In the cast of the
micrococel we are confined almost entirely to the latter. We are
compelled to set up physiological species. Thus as the chroma-
togenous microcoeei are classified according to the colour they
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produce, so the infective micrococei are classified into species
according to their pathogenous properties.

Koca has shown that in the case of nmng' bacterial affections it is
possible to discover in the fungi well-marked morphological differences
corresponding to the physiological differences (Z'raumatic Infective Diseases
1880). STRUCK'S papers also contain many valuable contributions of this
nature. See Arts. 204—207 for farther references.

209. Each specific microparasitic disease presupposes a specific
exciting cause, that is, a bacterium with special physiological
properties.

In affirming this proposition we do not imply that the specific
bacterium constitutes a distinct species in t{;e biological sense.
This is a question which cannot be answered by the physician: it
belongs to the biologist. He'will have to make out whether the
properties attributed to the bacterium are constant, and whether
these properties are the only ones possessed by the corresponding
biological species. X 2

On these points observers differ widely. KocH from his
culture-experiments has come to the conclusion that the patho-
genous.bactena, hke‘the non-pathogenous, do not alter in their
properties. If bacteria be cultivated for several generations the
same developr{xental forms continually recur, and their ph’vsio-
logical properties remain in every respect the same, Even when
the nutrient medium is altered from time to time no recognisable
differences are produced. KocH does not dispute that mugtr-)ﬂ;i]it
of species is possible among bacteria, but he holds tly 3 Y
ade%\i]a.te gvldelr:ce has yet been brought to prove it at no

1s view has now many adherents, especially among clinical
observers. Some go even further and ass g clinica
i impossibe, assert that mutability of
e most 1mportant opponents of Koc : :
NAEGELI, DAVAINE, BUf:H&r'g;’t, and WERNIcéll{{. °'ivi];§§,;{’f "t’}tl.“l’{c
that both the morphological and the physiological charactars f] rt‘hs
bacteria are mutable. A given bacillus does not inv 2 ble
roduce bacilli of the same structure, and does not variably
through the same develo ot always pass
gh ne elopmental stages. A bacterium® which
under given conditions gives rise to a definite kind of ferment t.'c
may lose this property when cultivated under different, ¢ J"t"mn
(Art. 192). Thus the same fungus can set up but ?9(110{13
fermentation or lactic acid fermentation according to Circue“(t: aci
NAEGELL regards the various species of bacteria above (;15 a'?lc)&‘:i
not as biological species, but as vegetative forms of g fo eseri ‘e
undetermined species. SEoW 84 yet

References :—.\'.ia_r:u, Die niederen Pilze Munich 1877 ot ’
Die Nigeli'sche Theorie Leipzig 1878; Brnow-H mscums-:;,;)“.gf.}i,ln?zlza’ ]B?,C:\j:';:
1875; \V;:u.‘ucn,_l)w accommodative Ziichtung der In f"c’ﬁomam,ﬂre . I(} :” n::) 4 3
1880; Die Entwickelung der or;;am)n'ﬂmz Krantheitsgifte Berlin 1880: Des.
infectionslelre 18505 PASTEUR, De Datténuation des virus et de lewr vetor a b
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virulence, Comptes Reivdus vol. 92; KuEBs, Areh. f. exp. Path, x111; BUCHNER,
Lzp. Erzeug. d. Milzbrandbacillen aus Heuhacillen Munich 1880, Minchener
Acad. d. Wiss, Jan. 12, 1882, and NAGuLrs Untersuch. &b, n. Pilze Munich
18825 Urttcns, Arch. f. Fin. Chir. xx1v; KocH, Traumatic Inf. Dis. 1880,
Mitth, a. d. L. Gesundh. Berlin 1881 ; GAFFRY, thidem; FOKKER, Firch. Arch.
vol. 88; Worrr, Vireh, Arch. vol. 81 ; SEmmer, Virck. Arch. vol. 83; DAVAINE,
Acad, de mdd. Paris 1872; GREENFIELD, Proc. Roy. Soc. Fdin. 1880, Jowrn.
Roy. Agric. Soc. 1880; KLEIN, Rep. Med. Of. Loc. Gor., Board 1881 ; MIQUEL,
Bull. Soc. Botan. 1881,

Worrr maintains that microcozei and short bacilli change into each other,
and seeks to support this by showing that transitional forms exist. What he
takes for transitionnl forms may very easily however be nothing more than
germinating spores, or even rodlets viewed obliquely. His statement—that he
obtained bacilli from a rabbit into whose peritoneal cavity he had injected
micrococci—is explicable by supposing the injected matter to be impure.
WERNICH also asserts that the various forms may be interchanged, and speaks
of* the circumstance as evidence of “unstable morphological equilibrium.” He

ives no other evidence in support of his idea, With regard to Kress and
inLroTH, and their views in this connexion, see Art. 185.

210. The defective state of our knowledge makes it for the
present impossible to give a definite answer to the question of the
mutability of the bacteria. It would however appear from the
researches of NAEGELI and others that we are not absolutely justified
in regarding all the various forms as representing distinet biological
species. “The idea of a species must {:e based on characters that
are constant, not on those which may alter with the surroundings.

The researches of Kocu and his pupils do not prove that the

roperties of the bacteria examined by them are perfectly constant.

hey only show that the morphological and physiological qualities
possessed by a bacterium at a given time are retained by it with
some tenacity, even when a certain amount of variation takes
place in its environment. On the other hand the researches of
NAEGELI, BucHNER, WERNICH, and others seem to afford evidence
that this constaney is not shown under all conditions: that changes
of the nutrient medium may have some effect on the form and size
of the cells, on their mode of multiplication, and on their physiologi-
cal or fermentive properties. Changes of this kind and extent do
not however indicate that one species is transformed into another.
We must rather conclude that one or other of the properties
possessed by a biological species of bacterium may be brought into
prominence by proper modifications of the external conditions.

The mutahility manifested by a given bacterium will thus
have definite limits. The bacterium cannot in any period of
time within the extent of our observation acquire properties
different from any of those possessed by the species to which it
belongs. ,As to the extent of the cycle of varieties through which
any one of the known bacteria may pass, we know indeed but
little. It is possible that the properties of many of theme admit
of only the slightest variations from those with which we are
aacquaiﬁted. It is moreover probable that many of the varieties
known to us constitute true biological species.
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2I1. 1If we accept the hypothesis that different vital proper-
ties of the bacteria may be brought out by different external
conditions, we have next to enquire whether the pathogenous
bacteria may not be peculiar varieties of non-pathogenous forms.
It is conceivable that in certain circumstances a bacterial virus
might be developed from an innocuous bacterium, and might
ultimately be transformed back to the innocuous form again.
This view has been maintained by several authors (NAEGELI,
BucaNer, WERNICH) and has been supported by various experi-
mental results. They have chiefly relied on the observation that
many bacterial poisons appear to become more virulent by trans-
mission from animal to animal (e. g. that of Davaine’s septicaemia),
in other words, that by continual inoculation the parasite learns to
accommodate itself more and more completely to the conditiohs
in which it is placed. The opponents of the theory of mutability
diminish the force of this argument by showing that the increase
of virulence con-cspon(ls with an increase in the ‘purity' (or
freedom from admixture with other bacteria) with which the
fungus is cultivated. If a mass of mixed bacteria be injzected
into an animal, there will be at first several forms which develope
simultaneously, and it is only after the virus has been trans-
mitted through the living body twice or thrice that one form gets
the upper hand, and dev_e!opcs to the exclusion of the others.

The theory of mutnbll_lt._v, and especially that of the transforma-
tion of non-pathogenous into pa}hogenous forms, receives stronger
support from an experiment of BUCHNER'S in which he seemed
to show that anthrax-bacilli can be bred from hay-bacilli ( B. subtilis)
and conversely. KocH, GA¥FKY, and KLEIN dispute the validity
of the experiment, but BUCHNER stands by it and claims to have
confirmed it by fresh results of a like kind. "The weight of evidence
is for the present against him.

At present we are unable to draw any certain conclusion
regarding the relation of nun-pa.thqgenous to pathogenous bac-
teria. Clinical experience would indicate that the activity of the
infective virus may vary within certain limits. And we must
apparently admit that the infective bacteria have not always
possessed their noxious qualities, but have acquired them somehow
in the course of ages. But this is not enough to convince us that
harmless bacteria can acquire mfect!ve Properties rapidly, that is
to say in the course of comparatively few generations. They
appear rather to hold byv_thou' properties with a certain tenacity.
We may therefore p;_-owswnally_ conclude that the transformation
of innocuous into noxious bacteria can oceur but rarely and under
special conditions, In other words. the Pathogenons bacteria, even
if they do not represent biological species, are wont to maintain
the pathogenous form for long periods of time,

Davarse, Coze, and FELTZ experimented on tle septic poison obtained
from putrefying blood. They at first asserted that its virulence increased

o
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with extrao: rapidity, go.t.hn.t in the twenty-fifth generation one-trillionth
of the amount of matter originally used in the inoculation was all that was
necessary to produce the same infective results. DavaINE became aft
convinced that the virus attained its full power in the second or third genera-
tion. Koce confirmed this, and explained it by showing that the original
matter used in the inoculation was impure, e contained other bacteria, and
that the repeated inoculations gradually eliminated the admixture. GAFFKY'S
experiments brought out the same result. ROSENBERGER (Centralb. f. med.
Wiss. 4, 1882) has lately found that the gradual increase of virulence is more
protracted in the case of the Bacilins oedematis.
.. WerxicH finds that the potency of the Micrococcus prodigiosus (that is,
its faculty of multiplying and producing red colouring-matter) can be in-
creased by modifying the mode of cultivation. GAFFEY regards this fact as
likewise due to the elimination of impurities.
_ BocayeR first announced in 1880 that hay-bacilli could be transformed
into anthrax-bacilli. If hay-bacilli are injected into the blood of animals they
do®not give rise to anthrax. If however they are bred for several generations
in meat-extract and then in the arterial blood of a rabbit, they acquire noxious
ualities and give rise to anthrax in mice after two to nine days’ incubation.
Conversely, if anthrax-bacilli are J)ropcrlv cultivated they can be transformed
into bacilli whose properties are identical with those of hu.‘y-bacilli.

Kocu (loc. cit.) disputes the correctness of BrcHNER'S observations, and
su,gsg.ests that he has been experimenting with the oedema-bacillus (Art. 206
(3})instead of the Bacillus anthracis. According to KocH the anthrax-bacillus
and the hay-bacillus do_qot resemble each other. Hay-bacilli are rounded at
the ends and possess cilia or fagella: anthrax-bacilli are as it were cut off
square. BUCHNER'S cultures were impure, they contained germs of other
bacilli and these by degrees suppressed the original forms. While the hay-
bacillus was supposed to be breeding in the blood the oedema-bacillus, or some
other of similar action, was developed; in the converse process the so-called
anthrax-bacilli were gradually suppressed by others.

In » later memoir (Adad. d. Wiss. Munich 1882) BucnNer maintains his
%oslt_,xon and mentions fresh experiments bearing on it. In hLis view CoHN'S

acillus aubt_rlw includes several varieties; namely (1) hay-bacilli, (2) Pas-
TEUR’S butyricacid ferment, (3) Firz's bacterinm (Ber. deutsch. chem, Gesellsch.
1x, 1878) which converts glycerine into ethylic alcohol, (4) anthrax-bacilli.
This fungus, which he regards as constituting a biological species, he calls
Bacterium subtile. The properties of the variety which produces anthrax may
be retained or withdrawn at pleasure by proper modes of cultivation. In the
process of transformation transitional varieties appear re‘%resenting inter-
mediate stages between anthrax-bacilli and hay-bacili. The middle forms
only produce anthrax when injected in very large quantities, The process of
transformation may be completed by cultivation in an alkaline solution of egg-
Kolk for twenty-four to forty-eight hours. The transformed bacillus (hay-

acillus) is distinguished by its energetic fermentive activity, and causes
albumen to coagulate. It is inert when injected into the blood.

NAGEL1, in his recent book entitled Untersuchungen iiber niedere Pilze
(Munich 1882), takes up the same position as BuorNER with regard to the muta-
bility of the bacteria. He believes that one and the same species may assume
different forms according to the nutriment it is supplied with. These forms
ma{ exhibit different physiological and even morphological characters. The
pathogenous bacteria are ‘nutrimental’ modifications of non-pathogenous
species. °

KLEry in an important report just published (Rep. Med. Of. to the Loc.
Gov. Board for 1881) communicates the results of a series of researches iunder-
taken to test BucHNER'S hypothesis. He points out the probable sources of
error in BUCHNER'S work, and concludes that the anthrax-bacillus retains its
full }!)ower to produce s(s:eciﬁc disease so long as it retains any power at all.

eferences : see under Arts. 209 and 219,
20
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CHAPTER XXXT,

HYPHOMYCETES AND BLASTOMYCETES
(MOULDS AND YEASTS).

212. Mould-fungi and yeast-fungi, with thei
belong like the bacteria to the acllg{:)mphyllous el'll-‘hacflggﬁ;::,
They appear to have no nearer affinity than this to the bacteria,
and they have no phylogenetic relation to them, The mould-fungi
and the yeast-fungi are however more nearly akin to each Oth(;gl‘
for it is probable that the yeast-fungi are the primitive forms from
which the higher fungi have developed (BREFELD)

Moulds and yeasts, like bacteria, can only draw their nutriment
from organic carbon-compounds, These they mostly find in dead
organic matters, and they are therefore classed as Saprophytes
Some of them however are able to abstract nutriment from liz/in .
tissues, and are therefore to be reckoned as Parasites, Both formg
are met with infwﬂflexl‘l’__’[‘ “'I‘th the human hod %

The mould-fungl or Hyphomycetes are we ! i
body. They form t_,he familiar flocculent, covelrlili{ ng}x:npg{lﬁ;:i;les:gg
on decaying organic substances, and variously inown as mould
mildew, mother, &c. They belong to several distinet genera and
even to distinct sul.)-.clusscs of the T hallophytes. i

The yeast-fungl Or Blastomycetes are also familiar organisims.
They set up alcoholic fermentation, and form the yeasty scum
which appears on the surface of aleoholic lique

’ rstematic classification of the Thalloph : 2
t\\'ol:hxed:r%gonc cnnsidex-a!»le modification. . Phytes has in the last year or
The earlier classification, based on certain obvious characters of form and
habit, was into Algae, Lichenes, and Fungi. This subdivision has been
modified since the discovery of the reproductive organs, and in many cases
of the entire life-history, of the various forms. No sharp line divides the
algae from the fungl. '““"-‘"f‘_‘“"l"es. of so-called algae and fungi are really
correlated, inasmuch 28 th;:,\ .-lg]!‘w in the characters of reproduction and
¢glternation’. 'The lichens have A 1’1‘30“ regarded as ascomycetous fungi which
are pirasitic on particular an:\C, : ‘e gonidia,
he absence of chlnrn};hy! ) ;tm { é:: .\'urlet ¥ of external forms (polymorphisum)
which oceurs, are secon atr)baco ;f“'“,CB ’{5; the latter especially being influenced
by parasitisim (SAC"S’.,T et 1 -[?j. I = any OXfoﬂl_1882 ; BREFELD, Botanische
Untersuchungent itber Schimmetprize LEIPEIg 1874—77).
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» ;
BrereLy’s classitication is—(1) £hycomycetes =algoid fangi ; (2) Mycomycetes
=true higher fungi; (3) Myxomycetes=gelatinons fungi ; (4) Blastomycetes =
yeast-fungi ; ‘5) Sclazomycetes=bacteria,
For pathologieal purposes it seems more convenient to retain, as we have
done, the older and well-marked classes of bacteria, moulds, and yeasts.

The Hyphomycetes or Moulds.

213. Morphology and physiology. The mould-fungi are
hyphomycetous, 7.e. they are fungi characterised by the formation
of a mycelium. As they occur in man they appear in the form
(1) of simple or branched jointed or unjointed filaments of various
thicknesses, and (2) of ovoid or sphe-
rical gells. These filaments are the
yphae (Fig. 81); the compact masses
or tufts which they form are mycelia;
the spherical, ovoi(g, or eylindrical cells,
often strung into a kind of chaplet,
are the spores or rather the comdia.
Spores are more commonly found
within the human body than any
other of the vegetative forms : fructi-
fication is rarely observed. These
fungi are classified according to the
place in which they are found, and
the affection which they produce.
Their names are derived from the
name of their discoverer, from the
name of the disease they produce, or
otherwise. Such a classification can
only of course be a temporary expedi- Fio. 8L
ent. The filaments and spores are not FUNGE ¥1oM A FAVUS-PATCH.
the plant, they represent merely a R .
deveﬁpmental stage of it, and by no means determine the species.
To settle this the plant must be purely cultivated on a proper
soil, and its various stages traced out,

In all cases the cell which we call the spore or conidium grows
into a germinal tube or cylinder, and from it spring a greater or
less number of ramifying unicellular or multicellular filaments or
hyphae. These form a mass which, taken as a whole, is called the
mycelium.  This again may ixve rise asexually to reproductive
cells, which develope into fres mycelia. In other cases sexual
organs are formed, qnd the product of the congress of the male qnd
female elements is either a single spore (zygospore) or a fructification
in which numerous spores (ascospores) ave developed. From the
zygospore, or from the ascospores, the new generation springs. The
former is the case in Mucor Mucedo ; tﬁz latter in Aspergillus
glaucus, and Penicillium glavcum—the commonest of the ordinary

moulds.

20—2
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214. The genus Oidium exhibits the processes of growth and
multiplication in their simplest form. It forms a white downy
covering on decaying organic substances, especially on animal
excreta, fruit, grapes (Oidium Tuckeri), and sour milk. According
to GrAwITz (Virch. Arch. vol. 70) Oidium lactis, which grows
upon the surface of milk, passes through the following stages of
development. The conidia or spores, which are ovoid celFs, lengthen
out into one or more germinal tubes, which very soon become
jointed and throw out lateral branches, These branches are at
first cylindrical, but later on they become rounded off, and then
appear as lengt}_)epgd ovoids. Sooner or later they break up by
transverse subdivision into. chains or chaplets of conidia. The
several conidia-cells then recommence the developmental cycle,
which proceeds as before. No true sporangia or spore-capsulds

are formed, and mno kind of sexual reproduction has been
observed.

215. Mucor Mucedo is a mould-fungus which grows on all kinds
of substances, but chiefly on excreta and on articles of food. It
forms the familiar white mouldy covering. When the spores are
numerous it takes on a brownish-yellow powdery look. If these
spores be sown on the surface of a decoction of horse-manure, for
instance, they proceed to germinate within a few hours. The long
ovoid spores become larger and more spherical. Then they throw
out their germinal tubes or hyphae in one or more directions. In
twenty-four hours a dense interlacing weft of mycelium is already
formed, made up of non-septate filaments (Fig. 82 B m), branching
3ndeﬁmte]y mto finer and finer expansions. gI'he entire mycelium
is thus one enormously branched cell.

When it regchcs a certain point this vegetative growth ceases.
The contents of the filaments become turbid, and draw towards the
m‘xddle, from which springs a stouter branch than the rest, the coni-
diophore or sporangiophore (7). ‘When this has grown somewhat, a
button-like protuberance appears at its apex ; this is the spor-
angium. It consists of an enclosing membrane and a protoplasmic
core. The protoplasm becomes segmented and thus are formed a
multitude of conidia (4). Septa then begin to develope in the
filaments of the mycelium.

These sporangia are non-sexual structures. When ripe they
consist of a membranous spherical envelope, containing a mass of
spores ag‘glutmaped by a sticky intercellular substance. In water
the membrane gives way, and the conidia are set free.

The mode of multiplication just described is the cammonest:
but there is also a sexual mode of propagation by means of what
are called zygospores. The process is this:—the tips of two fila-
ments risin%l from the mycelium are cach marked off by a septum
so that each ends in an apical cell (Fig. 82 D aa). These tips
meet and the cells coalesce, and by absorption of the separating

>,

-
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membranes the contents flow together. The single new cell thus
produced is the zygospore. Its membrane becomes thickened and
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Fia, 82, DEVELOPMENT BY CONIDIA AND ZYGOSPOREE.

+ 4 the conidiophore or conidia-bearing hypha of Mucor Mucedo in optical section
B mycelium of Phycomyces nitens ; g conidiophore ; m unicellular mycelinm
(three days old: grown in plum-decoction and gelatine : the finest
ramifications are left out in the drawing: from SACHS)

¢ germinating zygospore (z) of Mucor Mucedo; the germinal tube or hypha (k)
throws out a conidiophore (g

D free conjugating branches (bb) whose tips (aa) have not yet coalesced, but are
marked off by septa: the zygospore results from the coalescence of the
cells (aa).

4

it orows to a considerable size, The thickened membrane is
divisible into a blackish ezosporiwm and a colourless endosporium.

From this zygospore, which in the case of Mucor is also a rest.l.ng-

~ spore, there springs, after some weeks of cultivation, & gf:rmmal
Y hypha (C k), which then developes a hypha bearing a sporangium (g).
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‘We owe most of the details of our knowledge on this part of the subject to
BREFELD (Botan. Untersuch. ither Schimmelpilze Leipzig 1874—77): the fore-
going account is taken from him. The myecelium o}) I’gr.v/comyccs in the figure
taken from SacHs a generally with that of Mucor; in the latter however ﬂ
only a single conidia- ng hypha is developed. A

216. The life-l'_listory of Eurotium Aspergillus (Aspergillus
glaucus) and Eurotium repens is somewhat different. These two
fungi are found on various substances, but chiefly upon cooked fruit.
They form a finely filamentous jointed mycelium (Fig. 83 4),
from which rise a great number of agrial hyphae or conidiophores

(). These end in a spherical knob, from the upper part of which
sprout numerous densely-packed radial peg-shaped protuberances
or sterigmata (st). Each

sterigma gradually developes a long chai:x

Fio. 83. DEVELOPMENT OF EUROTIUA REPENS, AND OF ASPERGILLUS GLAUCUS.
(4fter DE BARY)
A emall part of mycelium with a eonidiophore (¢) and .
B the spiral carpogonium (as) and pollinodium( ) x)m FOUIE SNTpOgonigE (&)
¢ the same with commencing growth of filuments to form the wall of the
perithecium

D & matare perithecinm

E and F young peritheeia in optical eection 10 wall.cells
or pseudo-parcnchyma as nscogonium

G aseus  H ascospore

J *packing-cells’ ~
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of conidia so that the head of the conidiophore is at length covered
with a sheaf of such chains.

While the conidia are developin%,‘ the sexual organs are being
formed within the same mycelium. The end of a mycelial filament
becomes twisted like a corkscrew (4 as); and the spiral turns
come closer and closer to each other, till at last they touch.and
form a hollow spiral tube. This is the female organ or carpogonium
(as). From the lowermost turns of the carpogonium thin branches
sprout out, which grow up over the outside of the spiral. One of
tﬁese, growing more quickly than the rest, reaches the uppermost
turn and applies its point closely to it (B p). This is the male
part or pollinodium. Conjugation takes place between it and the
cqrpogonium ; the bounding membranes give way, and the contents
coalesce. Thereupon from the lower part of the pollinodium and
carpogonium spring new filaments, which increase rapidly in
number and cling closely to the spiral (C) so as at length to cover
it up completely. These tubular filaments subdivide transversely,
and so an envelope of polygonal cells (D) is finally formed. This
envelope is the perithecium, and it forms a hollow sphere (£ w) con-
taining the carpogonium. The cells multiply so as to fill up the
cavity (#). Meanwhile numerous septa are formed in the carpo-

onium, and from the joints spring lateral branches (ascogenous
*hyphae) which ramify and subdivide (¥ as) between the surround-
ing cells. Their terminal twigs form the asci (&) (whence the
fructifying carpogonium is named the ascogonium). The asci are
tubular, and in each of them eight spheres (ascospores) are developed.
As the ascogenous filaments develope the ¢ packing cells’ or Ese\ldo-
parenchyma of the perithecium disappear. Ultimately the asci
also vanish, and we are left with a hollow receptacle filled with
spores. When ripe these last are lenticular or biconvex (Hzl.
On germinating they again form a mycelium, which produces bot
conidia and perithecia. There is no true alternation of generations
between the sexual and asexual varieties.

217. The commonest of all mould-fungi, Penicillium glaucum,
developes in a similar way. It grows on the most meagre soils.
Until lately the mycelium with its conidia was the only form of
it which had been recognised. BREFELD showed hofvever that it
is an ascomycetous fungus allied to the Tuberaceae or truffles.

The mycelium consists of jointed, much branched, uniform
filaments. Some of these rise as conidiophores, which branch at
the apex into sterigmata, and produce rows or chains of greenish-
coloured cenidia. Penicillium may pass through several generations
all following this mode of propagation, N

But there is also a sexual mode, As in Eurotium a spiral
female carpogonium and a male pollinodium are developed. In the
former the germs of the new plants are produced. i

After fructification the carpogonium throws out thin sterile
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filaments which interlace to form an envelope for it; and also a
thicker filament lying in the centre and constituting the germinal
or sporiferous element, which takes the form of a branching tube.
The densely-packed enveloping filaments subdivide freely, so as
to produce a compact and coherent mass of cells. The cells
increase greatly in size, and their walls become firm and hard ; so
that the structure appears at last as a firm ball or tuber, looking
like a yellow grain of sand. This is called the sclerotium, and
may be preserved in the dry state for many months together.

On germinating ascogenous filaments ave developed within the
carpogonium and grow out into threads, some of wgich are stout,
while others are slender. The latter have to do with the absorption
of nutriment from the enveloping capsular tissue, the former with
the process of fructification. Clusters of asci are developed upon

. them, each containing eight spores. The whole of the envelopin
tissue is ultimately absorbed, with the exception of the brownis
outer layers. The asci and the filaments likewise vanish, and after
some months we have left merely a hollow capsule filled with a
multitude of bright yellow spores.” From these Spores or ascospores
an ordinary mycelium is again reproduced.

218. The life-history of a few of the most common of the
filamentous fungi, some of them oceurrin

- in the human body,"
exemplifies the fact that the various forms%} i i :

! ave various modes of
development and reproduction. In some the process of reproduc-
tion is very simple. The my

P celium gives rise by subdivision and
abstriction to separate cells or conidia, which have the faculty of
existing independently, and of develo ing a fresh mycelium. In
others a second more complex but still asexual mode obtains: the
mycelium shoots out sgecmlly constructed conidiophores or sporan-
giophores, and these bear sporangia, or sterigmata. In or upon
thes?e.receptacles are developed reproductive cells, which we term
conidia or spores,

But there is a third or se

; xual mode of propagation. In this
two equivalent cells unite to Sl

) form a new cell—the zygospore (as in
Mucor) or true resting-spore: or a female organ developes—the
car{?ogor'unm;—\vhlch, fructified by the agency of a male organ or
pollinodium, developes a germinal or ascogenous organ; and this
- again by a process of branching and subdivision produces asei or

spore-tubes containing the true spores or ascospores. From these
the cycle of development, may begin once more,

This sexual reproduction may either go on simultaneously with
the asexual modes, or an alternation of generations may take place.
That is to say, from a conidium a mycelium is developed which
possesses sexual organs, and from these is sexually generated an
asexual plant. This bears ascospores, and they again form a
mycelium which produces conidia. It is not to be forgotten,
however, that strict alternation of this kind rarely occurs,  Without

%
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prejudice to the plant the alternation may be pretermitted for
many successive generations, as is the case with Penicillium
In any case, indeed, the pumber of asexual generations is much
greater than the mumber of sexual ones.

Such an alternation of sexual with asexual generations is not
peculiar to the fungi; it occurs in a much more definite manner
among higher plants. No peculiar polymorphism is exhibited by
the fungi. The idea of olymorphiSm has arisen from the fact
that the asexual mode of reproduction is very common among
fungi, while the sporan iophores or conidia-bearing organs assume
very various forms. Mgolreover in all of the fungi there is more
than one mode of asexual reproduction. The statement of various
authors (like HALLIER)—to the effect that fungl possess a special
and peculiar habit of polymorphism or ¢ pleomorphism "—rests
mainly on error. They have either failed to cultivate ‘purely’
the plants studied, or they have been ignorant of the diverse modes
in which they may be propagated.

The account just given by no means exhausts the various modes of sexual
and asexual reproduction among the fungi. We have, for example, said nothing
of the formation of cospores. Here & female cell or oosphere developes in an
oogonium, and is fructified by @ male cell or spermatozoid developed in an

antheridium. From this is bred a plant like the parent i)lnnt., or else a
multitude of germs which go to produce a new generation. For such details
and others we must refer the student to Sacns’ Text-book of Botany, or to
BREFELD'S papers above cited. All we have here attempted is—to give such
an account as would make clear the general modes of growth and reproduc-
tion of the mould-fungi, and enable the student to understand the allusions to
them that are constantly occurring in articles on the fungous parasites of man.

210. The form and texture of the mycelium and the mode of
multiplication depend greatly on the nature of the nutrient
substratum. Thus the filaments of. Oidium lactis may be short or
long, thin or thick, according to the proportion of sugar present
and the reaction of the solution. If thereis a dearth of nutriment,
the formation of conidia is generally favoured. The free access of
oxygen isalso of import. According to BRrEFELD sexual reproduction
can be induced in Penicillium if’ the access of air and light is
prevented after the mycelium is formed. .

If spores of Mucor be sown in a saccharine liquid with access of
air, the mycelium developed on the surface is made up of branched
non-septate hyphae, and the liquid absorbs oxygen (%m:ss, Botan.
Untersuch. iber Alkokolgihrungspilze 1870; and Firz, Ber. d.
deutsch. chem. Gesell. Berlin 1873). If the mycelium be immersed,
or oxygen withdrawn, the hyphae develope septa and break up
into longer and shorter segments; these then multiply by budding
like the yeast-plant, and form a kind of 1a.rge-cclled yeast{; seum.
This yeast has the power of decomposing sugar into aledhol a:nd
carbonic acid, but the fermentation ceases when a gmall proportion
of aleohol is formed. The same is true of Mucor racemosus, but

not of Penicillium glavcum.
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If the composition of the nutrient substratum be gradually
altered, the fungi may be got to grow on substances which they
do not usually affect. Thus Furotium and Penicillium may be
transplanted from bread to solution of peptone, and can ultimately
be made to grow on the surface of bl GRAWITZ).

The limits of temperature, within which the mould-fungi can
flourish, vary with the different forms. Some species of dspergillus
(4. flavescens, fumigatus, nigrescens) and some of Mucor grow very
well at temperatures between 35" and 40°C; while 4. glaucus and
Penicillium only thrive below 34° C. The spores bear high degrees
of heat: to kill them out.ri%ht they must be kept at a temperature
of 110° C to 115°C for an hour. 3

References :—GROHE, Berl. kin. Wock. 1, 1871; LoFrLER, Mitth. a. d. .
Gesundh. Berlin 1881 ; GRAwrrz, Virch. Arch. vol. 81; Licnraeny, Berl. Min.
Woch. 9, 1882; LEBER, Grife's Arch. xxv, and Berl. kin. Woch. 19, 1882;
Ducravx, Ferments et Malacies Paris 1882 ; Kocn, Berl. Min. Woch, 53, 1881 |
KAUEMANYN, Lyon médicale 1882,

220. The action of the mould-fungi pn the nutrient soil on
which they grow is slow, and limited in extent. Thus the mouldy
covering which forms on preserved f_nut extends only to a slight
depth below the surface. Mouldy articles of food acquire a peculiar
unpleasant ‘musty’ taste. If the mycelium of a fungus gains
access to an apple, for instance, the apple becomes rotten; 7.e. a
process of change and decay sets in, accompanied by purely
chemical decompositions. Timber in which mould-fungi develope
becomes soft and brittle and breaks down into a dry “mouldering’
dust. Fungi which are specifically distinct may give rise to similar
or identical decompositions in articles of food, timber, &. The
mycelinm of Merulius lacrimans (dry-rot) destroys the wood-work
of houses. : A

Moulds may likewise attack living plants, i.e. they may thrust
their myecelia into living vegetable tissue. The c{anges they
occasion are various. Sometimes they seem to exert no disturbing
influence on the normal development of the tissue, In others
they induce abnormal growths, The so-called * witches’ brooms’ of
the silver fir are produced by the settlement in the tree of the
Aecidium elatinum. Often the cell-contents become altered: thus
starch and cellulose may be converted into turpentine. HARTIG
thinks the moulds may also act as organised ferments,

Not infrequently the fungi destroy altogether the plants they
attack. Thus the Oidium Tuckeri (vine-mildew) seizes on the
green parts of the vine, and destroys it. If the spores of
Peronospora infestans reach the tubers of the potato-plant, they
drive théir germngml hyphae into their substance, form a mycelium
there, and so ruin the potato (DE BARy): this constitutes the
¢ potato-disease. The ‘leaf-rust” which destroys fruit-trees is like-
wise due to a fungus (Roestelia cancellata).

-
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References :—SACHS, Text-bool: of Botany 1882; Di ¢y Di it
/aerrsc]acndo Kartoffellrankheit Lcip{ig 186'11, Journ. Z}‘Bb\:t‘a’nlr/)wlg%mggzg
‘)Zlciltx;‘i,::‘% 1188%l1’ Harrre, Ueber die durch Pilze bedingten Pﬂa?uenl-ra,nl-hei(en

22]1. Pathological significance. The mould-fungi do not
act as producers of disease to anything like the same extent as the
bacteria. The fact that they require abundance of oxygen and
flourish best at temperatures below that of the body hinders their
development within it. Moreover their growth and reproduction
are much slower than in the case of the bacteria, and this also is a
hindrance to the invasion of living tissues by them. Lastly, they
do not usually find in living tissues their proper nutriment. At
the same time the products of the decompositions set up by them
are by no means so poisonous as those which result from the
development of bacteria. For these reasons the effect of mould-
fungi or their germs on the system is either ml, or very limited.

Multitudes of fungus-germs are received into the accessible
cavities of the body with the air, water, and food. Most of these

erms fail of development and perish, or are removed from the

ody. It is only now and then that they produce hyphae, and
that only when they reach spots accessible to the air and containing
necrotic tissues or other like matters. Such spots are the mouth,
nostrils, and pharynx, and the external auditory meatus, the
cornea, trachea, bronchi, and lungs. In the ‘fur’ of the tongue of
patients whose mouths are not kept clean we often find not only
bacteria but also the Sﬁcl)res and hyphae of various filamentous
fungi. In cases of bronchiectasis, vomicae, and pulmonary gangrene
various forms of mycelial growths, such as Mucor, Eurotium, and
Aspergillus, have been frequently described. They produce
hyphae and conidia, and (rarely) the more complex conidiophores.

These fungi are not however to be regarded as the specific
causes of the diseases in question. They are merely secondary
growths developing on the dead tissues produced by antecedent
morbid processes. They have merely sprung up on a soil which
they found already prepared. They are not parasites, they are
merely saprophytes. But their development in the necrotic
matters, and the further decay they set up, may nevertheless tend
to excite inflammatory action in the neighbouring tissues.

The fungi found occasionally in the stomach are in like manner
to be regarded as secondary formations. They are not causally
connected with the disease which they accompany. They are
sometimes observed in cases where the gastric functions are gravely
impaired, as in carcmoma and in dilatation of the stomach. The
form of vegetative growth then met with is not the ordinary one :
the fungi multiply by subdivision into short cells resembling those
of the yeast-plant. This phenomenon we have already seen
exemplified in the case of Mucor when grown under the surface of

the nutrient liquid.
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On mycoses (or fungus-affections) of the lungs see Vircmow, Virch. drch.
vol. 9; KUCHENMEISTER, Die in dem und an dem Korper des Menschen vorkom-
menden Parasiten; FRIEDREICH, Virch. Arch. vol. 10; PAGENSTECHER, Virch.
Arch. vol. 11; ConNurM, Virch. Arch. vol. 33; FORBRINGER, Virch. Arch.
vol. 66; LicaTHEDY, Berl, klin. Woch. 9, 1882 ; BOLLINGER, Zur Aetiol. d. Infect.
Munich 1881; Krrr, Deutsche Zeitsch. f. Thiermed. vir.

The Aspergillus which is found in the lungs is according to LicaraEnt the
A. fumigatus. 1t was formerly believed that A. glawcus occurred within the

N7 his cannot be the case however, for the body-temperature is too
high. 4. glaucus forms rounded conidia-spores 12—13 micromm. in diameter,
with a thick warty yellowish envelol;e. Those of A.Afumigatu: are only 3—4
micromm, across, and are smooth. Invasions of the dspergillus are very often
observed in birds.

In the external meatus and middle ear the following are found—Aspergitlus
Sfumigatus, nigricans, flavescens, and Trichothecium rosewm. They excite in-
flammation. The instillation of oil fayours their development (BezoLp, Ueber
Otomycosis, Zur Aetiol. d. Infect, Munich 1881). ° ’

Aspergillus may grow on the injured surface of the cornea and lead to
suppurative inflammation. LEBER (G'rife’s Arch. xxv) has eultivated it on the
cornea and in the anterior chamber of rabbits. Aspergilius also oceurs in the
pelvis of the kidney.

222. Filamentous fungi are the exciting causes of certain
skin-diseases. In Favus, Tinea tonsurans, Tinea versicolor, Tinea
sycosis, and Onychomycosis deposits of hyphae and conidia are
found in the epithelial layers of the skin.

In Favus, for example, the root and root-sheath of the affected
hair (Fig. 84 a b) are beset with jointed filaments and spores.
The other parts of the hair and skin are also interpenetrated with
filaments and spores, and these tend to separate the constituent
epidermoid cells by loosening their cementing substance. Inflam-
mation is set up and scales and crusts are formed on the surface.
GRAWITZ asserts that the hyphae and conidia, which are met with
in the above-named mycoses of the skin, all belong to the same
species of fungus, which is identical with the Oidium lactis ; the
differences observed in the various diseases being simply due to
differences in the nutrient substratum. Most authors however
maintain that they belong to different species. The fungus of
Favus is called Achorion Schénleinii, that of Tinea tonsurans (or
ringworm) is P'richophyton tonsurans, and that of Tinea or Pityriasis
versicolor is Microsporon furffur.

Most of the parasitic filamentous fungi infesting man seldom
penefrate beyond the snperﬁci_al layers of the tissues affected.
They can only do so undcr.specml and uncommon conditions, as in
deep wounds. Some few, like Asfmr_q{llus Jumigatus and flavescens,
can germinate and throw out filaments into the blood, if they
succeed in entering the vessels; but they do not multiply, As

they grow they excite inflammation and necrotic changes. Only two
fungi referred to this class are k{lown to multiply in the substance
of the tissues, and they cause wide-spread and highly destructive
inflammations. One of thcse; 18 the so-called Actinomyces or  ray-
fungus’ which causes the disease known as Actinomycosis (Arts.

e/
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134—135). Its botanical position is not yet determined ; if it is a
mycelial fungus at all, it differs in many respects from its congeners.

N7,

Fic. 84. Ham aprzcrep wite Faves (after KAPOSI).

a hair bulb and shaft
b root-sheath beset with hyphae and conidia

Some pat‘:ologists go so far as to question whether it is a vegetable.
The other is the Chionyphe Cartert, which is found in stissues
affected with the Indian disease known as “ madura-foot’ or
Mycetoma. Its mycelium penetrates the skin and subcutaneous
tissue, and suppuration and ulceration are set up.

Y
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The earliest observation of filamentous fungi in the deeper organs was
made by ZESKER (Jakresh. d. Gesell. f. Natur- und Heilk. Dresden 1861—32),
He found them in cerebral abscesses,

GroHE (Berl. Hin. Woch. 1, 1870) and Brock (Ueber Pilzbildung in thier.
Greweb. In. Diss, Stettin 1871) made the first experimental researches on the
behaviour of mould-spores introduced into the blood. They affirmed that
the spores of dspergilius glavcus and Penicillium glaveum germinate when
injected into the blood, so that the tissues become penetrated with their
filaments, Their experiments were again and again repeated, but their results
were not confirmed until Grawirz took up the subject ( Virch. Arch. vol. 81).

He found that to obtain positive results the fungi must first be adapted to the
conditions of the human body by cultivation in an incubator. Kocw, Lorrren,
and LicHTHED( (Art. 210), however, showed that this is not always necessary,
for the conidia of various moulds, such as dsp. fumigatus, A. flaveseens, and
several of the Mucorind, have the power of developing within the body. Ex-
periments made with a view to acclimatise other varieties to the conditions of
the body were unsuccessful. GRrRAWITZ'S results ave vitiated by the fact tlnt
his cultures were probnblz"impure z

On Madura-foot see VANDYRE CARTER, On Mycetoma London 1874, and
Lewis and CoxyiseuAM, The Fungus-Disease of India Calcutta 1875, and
Quain’s Dict. of Med, 1882. - y y

The affections induced by the mould-fungi have a totally different signifi-
cance from those induced by the bacteria, No transmissible infective disease
has yet been produced by the former class of organisms, for they do not
multiply within the body. In all the experiments referred to what was
obtained was at most the germination of conidia—never their fructification.

Among invertebrate animals diseases due to n;gcclml fungi are by no
means rave. JBotrytis bassiana sets up the so-called muscardine-disease in
silkworms. Cordyceps militaris destroys the noxious pine-spider (Gastropacha
pint). Tarichium megaspermum, a black fungus, is fatal to the noxious cater-
pillar Agrotis wg:t:um. The genus Empusa 18 well-known: one of its species
(£. radicans) attacks the caterpillar of the white cabbage-butterfly, another
(E. muscac) the ordinary house-fly. These are often found completely beset
and permeated with mycelial filaments.

The Blastomycetes or Yeasts.

223. The yeast-fungi consist of round or ovoid cells of various
sizes (Fig. 85). The cell-protoplasm is granular, and often
vacuolated. It is contained within a cell--wu,lfr

Multiplication takes place by gemmation and
abstriction. An outgrowth springs from some
point of the surface of the parent-cell; this
grows till it is about the size of the parent,
and then it is abstricted. In some conditions
(CrENKOWSKY, GRAWITZ) the cells grow out into
filaments, but .tzl}ese do not become jointed or 2
subdivided. If jointed threndg seem to be formed, slrc'cs;j}cg'zfrcw
it is by a process of gemmation, like that which upppre AE ( x 400)

roduces the ro_uuder cells.  Dilution of the
nutrient liquid favours the development of filaments : abundance
of sugat favours the development of spherical cells. REESS asserts
that new cells may also be formed endogenously, by means of so-

called brood-c{:lls. _
The orgamsm which sets up alcoholic fermentation is a yeast-

L



CHAP. XXXL] BLASTOMYCETES OR YEASTS, 319

fungus (Zorula). When it multiplies in a liquid containing sugar,
alcohol and carbonic acid are generated. It has therefore been
described as Saccharomyces. The scum which forms on the
surface of alcoholic liquors and leads to their transformation into
vinegar also contains a yeast-fungus: it is distinguished as
Mycoderma vint or ‘mother of vinegar” NAEGELI maintains that
Torula and Mycoderma are not distinct species.

Sacus classes the yeasts with the bacteriaas Protophyta. BREFELD regards
them as probably mere low forms of the moulds or ({l,amcntous fungi. CIex-
KOWSKY'S paper on Mycoderma is in the Melanges biologiques...de Uacad. de
St Pétersbourg vol. vir; GRAWITZ'S in Virch. Arch. vol. 70. On Saccharomyces
and aleoholic fermentation see RuEss, Bot. Untersuch. ih. d. Alkoholgihrungs-

ilze Leipzig 1870 ; Pasteur, Op. cit. (Art. 191), Studies on Fermentation
ondon 1879 ; MAYER, Lekrbuch d. Gihrungschemie 1876 ; SCHUTZENBERGER,
Fermentation London 1876; BREFELD, Phys. med. Gesellsch, zu Wiirzburg v,
1873; Hiuier, Die Lekre von der Fiulniss Berlin 1879. On the various
theories of fermentation see Art. 191.

Yeast-cells not only set up fermentation directly, but they yield an
unorganised ferment which changes cane-sugar into grape-sugar.

224. The yeast-fungi have but little pathological importance.
They have no power of invading living tissue, and therefore they
are only to be found in parts that are accessible from without.
Even there it is only under specially favourable conditions that
they are able to grow freely. ~There is usually no great supply
of fermentable saccharine matter available for them. It is in
the stomach that they are oftenest found, and there they may set
up fermentation ; the presence of the gastric acids does not check
their development. If fermenting ‘wort’ or ‘must’ be drunk,
the fermentation goes on in the stomach.

According to GrAWITZ the white patches known as ‘thrush’
(or aphthae) which form in the mouth, pharynx, and oesophagus of
weakly children and debilitated patients are due to the presence of
Mywj;rma vini. The mycelial filaments and spores found in these

tches have usually been regarded as belonging to an Oidium
istinguished as 0. albicans. GRAWITZ has shown that on cultiva-
tion g:;m filaments gemmate like Zorula and Mycoderma. He
has further proved experimentally that the latter can be grown
in the epithelium of the mucous membrane. The subepithelial
fbrous tissue is mot usually invaded, and then only when by
antecedent changes, constitutional or other, the resisting power of
the tissues has been considerably diminished.



CHAPTER XXXII.
ANIMAL PARASITES.
Arthropoda.
225. Arachnida.  The arachnoid parasites are mostly ectd®

zoa : they inhabit the skin for a shorter or longer time. Only a

single species Pentastoma is found (in the larval form) within the
substance of the deeper tissnes,

Fio. 86. FEMALE ACARUS SCABIE!, DONSAL SURFACE.
(From HEBRA'S Atlas of Skin-Diseases: x 200)

S,
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(1) Acarus scabiei (Sarcoptes hominis), or itch-insect. This
mite is about the size of a small pin-head, and somewhat turtle-
sh:tped. It has four pairs of legs springing from the ventral
surface, each being furnished with bristly %iairs (Fig. 86). The
anterior pairs are prolonged into stalked suckers, as are also the
posterior pairs in the male. The foremost of the two posterior
Fmrs in the male and both posterior pairs in the female end in a
ong bristle. The border of the body behind is likewise furnished
with bristles, and the dorsal surface is beset with tooth-like hooks and
spines. The head is blunt and rounded, and beset with bristles.

he female is about twice the size of the male.

The mite lodges in the epidermal layer of the skin, in which it
excavates burrows or cuniculi that may run to 10 mm. in length.
In‘these burrows the female lays her eggs. From the eg%s the young
acari are hatched in loco : they proceed to burrow further into the
cpidermis, and after changing their skin several times become
sexually mature. The irritation caused by their pre-
sence produces inflammation of the skin. This ag&in
is greatly intensified by the scratching induced by
the intolerable itching of the affected parts.

 (2) Leptus avtumnalis, or harvest-mite. This
likewise infests the epidermis. It is red in colour,
and thus is readily seen in spite of its smallness.
It gives rise to the formation of papules and wheals.
Two allied American species are the Leptus Ameri-
canus and L. drritans.

(3) Acarus (Demodex) folliculorum (Fig. 87).
A third mite, which is found solitary or in small
numbers in the sebaceous matter of the follicles in
perfectly healthy skin. It is about 0'2 mm. long,
and bears four pairs of short stumpy feet on the
thorax. The head bears a proboseis and a fEmir of
short antennae. It has no pathological significance.

(4) Twodes vicinus (hominis), or wood-tick, is
also an occasional parasite of the skin. It buries

o7 . p . Fra. 87.
its proboscis in the tissues and sucks its fill of youve” rornicu.

blood. It belongs to the Acarina, as do also the — ronvw. (From

American I. unipunctata and I. bovis. PERLS: % 300)

(5) Pentastoma denticulatum (Fig. 88). This is an arachnoid,
which in its larval state lodges in the internal organs. Its body is
4—5mm. long, 1'5 mm. broad, squat and rounded, and possessing
some ninety annular segments which are beset with spines at their
mal. 2 - ., .
’%’hmeS mouth is surrounded by four large hooks in chitinous
sheaths. The larva chiefly inhabits the liver, more rarely the
spleen, intestine, lung, or kidney. When looked for post mortem the

M, 21
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animal has generally been dead for some time: it then appears as
“a nodule as big as a pea made up of a mortar-like chalky mass with

a fibrous capsule, The mass often containg hooklets, but -seldom
the whole animal. , but seldo Q

. HEAD-END OF PENTAST
Fia. 88. S OMA DEx TICULATU.
(From PERLS: x 40)

According to LEUCKARY, Pentasto, . :
larva of Pengtastoma taenioides, a lanceol':t‘ dent;lculgéu:mh 1; the
the frontal sinuses of Various animals, chieﬁe ;gac HOLL I IAIDg
T Tong, vip Al i Wie HOE S Tt fetple
about 3mm. The mature animal resgmi)’lgsh,‘(’hbrfadth bOf te?‘f}il =

he larva, but it has
no hooklets.

Pentastoma constrictum has nl.?o been met wit : o
in the lungs (VON SIEBOLD ; AITKEN, Science andhlefa‘:llao?";!::;i:};; lllf‘&g;)nnd

The parasi w5 i

226. Insecta. pa ites belonging to this class are
nearly all epizoa. Some settle on the skin for g brief time only
in order to extract nutriment from it: others are station o )d
make use of the el)iderullliillhstrucgures for the deposit of &e??e s
?{l the many insects which afflict man we yeed name only the
ollowing. > !

(1) Pediculus capitis, or head-louse. ~ This inhabits the hairy
scalp, and extracts from 1t by means of its proboscis the blood on
which it feeds. It fastelfs 1ts eggs to the hairs by means of a
chitinous coverig. T}?el mts  are easily seen as small greyish
oval bodies, tightly affixed to the hair. The young louse emerges
in about eight days, or less. The irritation induces scratching,
which may set up somc.what severe inflammation or eczema.

2 Pediculus pulns, or crab-louse, inhabits the hairy parts of
the body and extremities, more especially about the genitals, Its
mode of life is much like that of the head-louse, but if is smaller,
and often more difficult to detect.

v Pediculus ve-stimentlorum, or body-louse, infests the under-

. s its eggs there. It passes to the surface of the
clothing, and lays 1ts €ggs Japsce S
body n%erely in order to feed. It is somewhat larger than 7. ﬂ

capitis.

-
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(%) Cimew lectuarius, or bed-bug, infests bedding, bedsteads,
old floors and walls, cupboards, &c. and betakes itself to its human
victim at night in order to suck blood from him. It produces
wheals on the skin.

(5) Pulex irritans, or common flea, also draws blood from the
skin. At the point attacked is found a small punctiform haemor-
rhage surrounded by a reddened areola. More marked swellings or
wheals are sometimes formed. The eggs arc laid in the crevices
and cracks of flooring-boards, in saw-dust, &e.

(6) Pulex penetrans, or sand-flea, (chigoe or chigger) is found
in the sands of South Africa. The female buries itsgf and lays its
eggs beneath the skin, and so produces intense inflammation.

o(7) Culicida and Tipulida (midges and mosquitoes), Tabanida
(gad-flies), and Stomoxys calcitrans aﬁso take blood from the skin
and excite transient exudative inflammations. Some flies (Oestrida)
lay their eggs occasionally in accessible body-cavities or in wounds.
This occurs oftener among the lower animals than among men.
Oestrus hominis (a doubtful species) lays its eggs beneath the human
skin, and the larvae (maggots or bots) set up violent inflammation.
Haematopota, pluvialis is the Scotch ‘clegg’: it attacks men and
beasts indifferently,

The above account has been chiefly taken from Levckary, Die menschlichen
Parasiten Leipzig 1863—76, and 2nd ¥§d vol. 1, 1879—81 ; HELLER, Ziemssen's
Cyclopaedia vols. ux, vir; Kuess, M. d. path. Anat.; PERLS, Lekrb. d. allg.

ath, 1 Stuttgart 1879. Other comprehensive works are—KUCHENMEISTER
and ZOrN, Die Parasiten d, Menschen Lei zig 1882 ; Davaixe, Zraitd des
Entozoaires Paris 1877 ; MULLER, Statistif (Ip menschlichen Parasiten Erlangen
1874 ; S1EIN, Die parasitiven Krandheiten d. Menschen vol. 1 Lahr 1882 ;

PerRrONCITO, Parasiti d. womo e d. animali wtili Milan 1882; CoBpoLD,
Parasites London 1879.

Scolecida, or Worms.

227. Nematoda. The parasitic round-worms and thread-
worms are all nematoids. They have slender cylindrical elongated
(sometimes filiform) bodies, without segments or appendages.  The
cuticle is thick and elastic. The mouth is ll)lace at the anterior
extremity, and is provided with soft or horny lips according to the
species. The intestine is straight and, with the pharyngeal and
gastric portions, extends from eugl to end of the body-cavity,
terminating on the ventral surface just in front of the acuminate
tail. The genital organs and their orifices are on the ventral
side. The female genital orifice is usually placed at about the
middle-point of the length ; more rarely it is anterior or posterior
to this. The male orifice coincides with that of the anus: it is
provided with a chitinous investment, which serves also as a
prehensile organ during copulatlon: The males are usually smallgr
than the females. Development is direct, and the metamorphic
variations slight. The nematoids parasitic on man are some of
them harmless inhabitants of the intestine, while others are highly
dangerous when they invade the deeper organs.

21—2
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228, Ascaris lumbricoides, the common round-worm or maw-
worm (Fig. 89, p. 325), is a eylindrical worm with pointed ends: it is
light, brown or red in colour. The female (4) is 25—40 cm. long ;
the male (B) is considerably smaller, and its tail-end is bent into
a hook provided with two spicula (c) or chitinous spines. The
mouth is surrounded by three muscular lips bearing very delicate
teeth, The female genital orifice (@) is anterior to the middle of
the len%:h. The eggs, which the female bears in enormous numbers,
have when mature a double shell (Fig. 90) surrounded by an
albuminous coating. It is about 50—60 micromm. in diameter.
The worm is found in all parts of the alimentary canal, but chiefly
in the small intestine. When the females are mature great
numbers of eggs are shed and are found in the facces. They are
very tenacious of life, and are not killed by drying or freezing.
The life-history of the worm is not fully known. %t. is possib%c
that the eggs after ejection from the intestine require to pass
through the body of an intermediate host before they can take up
their abode in another human body. Their presence in the
intestine does not usually give rise to any serious trouble. Onl
when they are very numerous do they cause intestinal catarrh,
vomiting, and nervous irritation, chiefly in children, At times
they pass through normal or morbid openings in the intestinal
wall, and give rise to more serious disturbances. Thus an ascaris
in the common bile-duct may obstruct the outflow of bile and so
induce jaundice. Or if it pass through an ulcerated opening into
a hernial sac, or into the peritoneal cavity, it may excite inflamma-
tion in the corresponding tissues. According to LEUCKART it may
even penetrate the wall of the intestine where thereis no {)re-cxist-

ing wound. Tt is often voided per anum, and occasional y per os
during vomiting.

Ascaris mystaz, or round-worm of the cat, is a very rare inhabitant of the
human mbcspuc. It is considerably smaller than the common round-worm
(CoBnoLp, Lntozoa, 1864—69).

229. Oayuris vermicularis,
the thread-worm, seat-worm, or
maggot-worm (Fig. 91), is a
small round-worm. The female
(4) is 10 mm. long, and acumi-
nate at the tail: the male (B)
is 4 mm. long and blunt at the
tail, which is furnished with g
single spiculum at the anus, =

The eggs (0), often seen in
gredt multitudeswithin the body

ppoie 4
ymale, are 50 micromm,
;)f th(;g‘;l" 9 4' e e s oo ¥ia, 91. OXYURIS VERMICULARIS,
on y 1
Ong side is flat and the other (Prom LEUCKART)

4 female and B male, magnified fivefold

rounded. The shell is covered C egg magnified 350-fold

g
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~ AL

Fic. 90.

Eaac oOF ASCARIS LUMBRI-
COIDES WITH 178 SHELL AND
ALBUMINOUS COATING.

{From LEUCKART: x 300)

Fro. 89, ASCARIS LUMBRICOIDES.
(From PERLS: natural size)
A4 female B male

a female genital orifice

b hcﬁ»ndl-cndwith the three lips, magni-
el

¢ male orifice with spicula
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with a thin albuminous coating. The thread-worm inhabits ghe
upper part of the colon and lower part of the ileum. According
to ZENKER and HELLER the mature egg-bearing females affect =

the colon and caecum, the younger ones and the males affect )‘
the ileum. They are of ver common oceurrence and are often
found in vast numbers, hey are apt to migrate from the
rectum into neighbouring parts, and may so enter the vagina.
The irritation lt%mey cause induces violent scratchin , and this

again brings about inflammation of the skin and other disagrecable
consequences, ;

When the egﬁ have been ejected from the body with the
faeces, they must be taken up into the stomach of an animal before.
they can develope. T is not improbable that the individual host
may re-infect himself; for €ggs may stick under his finger-ndils
after he has been scratehing himself, and may thus be inadvertently
carried to the month,

The eggs are not destroyed by being dried, and in this condition
they may be carried from place to place,

230. Trichocephalus dispar, or whip-worm (Fig. 92), is a
common but innocuous parasite inhabiting the caecum and e
neighbouring parts of the intestine. DAVAINE says that half the
inhabitants of Paris are infested with it. Both male anq female
are 4—5 cm. long, The anterior part of the body is very fine and
thread-like. The posterior part, which contains the genital organs,

Fic. 92 4.

Fie, 92 p,
Fra. 92. TRICHOCEPIT A,

(Frowt LEUCKART: somewhat Mmagy
membrane by means of his

US DISPAR. A male B female

iied: the male is anchored in the mucous

whip-like anterior part) ‘{
DISPAR. (From meirer: x 850) N
DUODEX 4115,

Fre. 98. Eaa or TRICHOCEPI A1y

Fro. 94, Hzan-esp or pocmurs (From LEvexant: magnified)
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is much thicker; in the female (B) it is straight and cylindrical,
in the male () it is rolled into a flat spiral and furnished with a
spiculum.,

The eggs (Fig. 93) are prolate spheroids, 50 micromm. in length.
They have a thick brown shell, with a peg-shaped glassy-looking
projection at each pole.

The first stage of devclogment is passed in water or moist
earth. It is very protracted, lasting even in the warm season for
four or five months; and in cold weather for a longer time still.
The eggs resist cold and drying extremely well.

231. Anchylostoma or Sclerostoma duodenale (Dochmius or

" Strongylus duodenalis) is a small worm infesting the upper part of

the small intestine. The female is cylindrical and 6—18 mm.
long, the male 6—10 mm.

gI‘he head-end (Fig. 94) is bent towards the dorsal surface and
is furnished with a bulging oral capsule. This is cleft almost
throughout on the dorsal surface, the cleft being covered by two
chitinous lamellae. On the ventral lip are four curved teeth,
on the dorsal lip are two straight ones. These are all held
together by chitinous clasp-like structures. Beneath the dorsal
cleft a conical projection rises from the interior of the capsule.

The male at its posterior end has a three-lobed bursa, and two
thin spicula looking like slender fish-bones, The posterior part of
the female becomes gradually thinner and ends in an awl-shaped
spine. The vulva lies behind the middle point. The oval eggs
are 44—67 micromm. long and 23—40 broas.o They pass through
their first developmental stages in the human intestine; in the
next stages they inhabit dirty or muddy waters; thence they

ain obtain access to the alimentary tract, and there grow to
maturity. Their presence in the small intestine is not free from
danger. The worm gnaws into the mucous membrane with its
teeth until it reaches the submucous coat, and thence it sucks its
fill of blood. The point attacked is recognisable as a small
ecchymosis, in the middle of which is a white spot with a central
unctate aperture,  This aperture has contained the head.
Bccasionally small blood-filled ecavities are found in the mucous
membrane, each containing a coiled-up worm. When present in
number these parasites give rise to serious haemorrhages, which
roduce intense anaemia in the patient (the Egyptian chlorosis).
The parasite is common In t-he_ tropics, According to GRIESINGER
and BILHARZ a great proportion (something like 25 per cent.) of
the natives of Egypt suffer from it. WUCHERER says it is also
common in Brazil. MCCONNELL has met with it in India (Lancet
1, 1882). Within the last few years it has been very frequently
ol’)served among the workmen engaged in the St. Gothard tunnel.

ces to Anchylostoma :—GRIESINGER, Arch, f. phys. Heilk, 1854 ;

He o0 Arch. 1. Kin. Med. x11, 1872 ; Brumarz, Zeitsch. f. wiss. Zool, 1v ;

WUCHERER,
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LEUCKART, op. cit. ; GRrASsI and PAroNA, dnnali
untv. di med. 1878 ; Bozzoro and PAGLIANT, Giorn.
d. Soc. ital. d igiene 11, Milan 1880 ; SONDEREGGER,
Corresp. f. schweis, Acrste 1880 ; Broxtox, Anchy-
lostome duodénal et anémie du St.-Gothard, Rev.
méd. de la Suisse rom. 1, 1881 ; PerroxcIro, Arch.
p- L scien, med. v, Turin 1881 ; Loxe, rans. Int.
Med. Congress 1, 1881 ; MeeNN, Soo. de Biologie
March 1882; ComsoLp, Human Parasites 1882,
Art. Sclerostoma, Quaii’s Dict. of Med, 1882,
Among the rarer nematoid parasites are the
following. Eustrongylus gigas or palisade-worm ;
the female attains a Jength of 1 metre, the male of
35 om. ; the colour is blood-red. Tt has been found
a few times in the pelvis of the human kidney ;
but it is commoner in the seal, marten, wolf, an
dog. The immature worms dwell chiefly in fresh-
water fishes. Strongylus longevaginatus (bronehi-
alis), a thread-like worm 26 mm, long. It has
once been found in the hing of a boy. Anguiliula
(Rhabditis) stercoralis, a minute round-worm 1 mm.
long, indigenous in Cochin-China. 1t infests the
entire alimentary tract, bile-ducts:L and pancreatic
duct, and lgwes rise to chronic diarrhoea, Prg-
RoXOI10 (loc. eit. and Mier. Soe. Journ. 1882)
found it in the tunnel-workmen at St. Gothard.
See PERLS, Allg. Path. 11; DAVAINE, Traitd des
Lntozoaires 1877 ; LIEBERMANN, Dysenterie chro-
nique de Cochin-chine, Gaz. des Hip, 1877 ; Nog.
MAXND, Arch. de Méd. Navale, 1877, o>

232. Trichina_ spiralis, or flesh-worm
of Po::k, appears 1 two forms accordin
as 1t inhabits the intestine or the muscles,
The intestinal form (Fig. 95) is the sexually
mature worm. It is a minute filiform
creature, scarcely visible with the naked
eye, and white in colour. The fornale (4) is
3 mm, long; the male is considerably smaller,

In both sexes the hinder part of the
body is straight: the male (B) has on the
dorsal side of its tail two mammillary pro-
tuberances which are turned toward the ven-
tral aspect and include between them four
wart-like nodules. There is no spiculum :
in copulation the muscular cloaca is everted
and protruded,

ﬁle alimentary canal beging with a
muscular pharynx which widens as it passes
into the oesophagus. This latter is sur-
rounded throughout its length with g series
of large cellular masses. The stomach passes
without notable change of structure into
the intestine. In the male this terminates,

[sECT. VIL

Fia. 95.

Mature TRICHINAE.
(From LECCKART :
magnified)

4 female B male
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with the seminal duets, in the cloaca. The testis consists of a
tube which commences caecally at the tail-end, extends forward to
the cellular bodies round the oesophagus, and then bends back to
be joined by the seminal ducts. The genital organs of the female
(A) consist of a simple ovary, uterus, and vaﬁina: the latter opens
at a quarter of the whole length from the head-end. The ovary,
like Exe testis, is a tube commencing posteriorly and passing
forwards to join the tubular uterus.

The eggs develope into embryos in the uterus, and these are
born in the free state. ‘

The trichina of muscle (Fig. 96) is a small worm 07 to 1:0 mm.
in length : it inhabits the fleshy muscles. It is usually coiled up
into a spiral, and lies in a fibrous capsule or cyst, which sometimes
also contains calcarcous matter, A finely granular substance
surrounds the coils of the worm. One capsule may enclose two to
five trichinae.

Fro. 96, TRiCHINAE ENCYSTED IN MUSCLE, SHOWING THE CAPSULE AXD IT8
coNTENTS. (From LEUCKART: magnified)

233. The following is the life-history of the trichina. When
a piece of muscle containing live encysted trichinae reaches the
stomach of a host, human or other, the capsule is dissolved and the
trichinae set free, They come to maturity in the intestine in
about 2% days; when they proceed to pair. The birth of embryos
begins on the 7th day and continues for some time, it may be for
weeks. A single worm may bring forth 1000 to 1300 young.
These then mifmte from the intestine in search of striated
muscle.  They do so in various ways, Most of them seem to pass
directly through the wall of the intestine, the peritoneal cavity,
and the subperitoneal connective tissues, Others gain gecess to
the lymph and blood, and are thus conveyed to remote organs.
Once in the muscle they penetrate the primitive bundles, reduce
the contents to mere detritus, and in 14 cE;ys or so become mature
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muscle-trichinae. At first they are only enclosed by the evacuated
sarcolemma. Afterwards a cyst is formed, consistin partly of a
chitinous secretion of the animal, partly of hyperplastic fibrous
tissue.

The intestinal trichinae live but a short time (5 to 8 weeks).
The muscle-trichinae on the other hand may live for a very long
time, perhaps indeed for a time limited only by the death of their
host. ~ After a while caleareous salts are generally deposited within
the cyst; this gives the cyst a lustrous white appearance by
reflected light, and a dark or turbid appearance by transmitted
light. If for any reason the trichina dies, the contents of the
capsule become calcified.

Trichinae are met with in man, in the pig, cat, rat, mouse,
hamster, pole-cat, fox, marten, badger, hedgehog, and racoon. By
feeding on_trichinous flesh, muscle-trichinae may be acquired by
rabbits, guinea-pigs, sheep, dogs, &. Human beings are infected
by eating uncooked pork. Trichinosis in man is attended swith
very various symptoms. Intestinal catarrh follows upon the
introduction of the trichinous flesh into the alimentary tract.
The invasion of the musecles is marked b swelling, oedema, partial

aralyses, and not uncommonly fever, ’.lyhe symptoms are at their
Eeight' in the fourth or fifth week. Death not unfrequently ensues,
The violence and gravity of the symptoms depend generally on the
number of trichinae which have entered the musecles.

The trichinae are found most abundantly in the diaphragm,
intercostal, cervical, and laryngeal muscles ; they are least abundant
in the muscles of the limbs, They are usually crowded together
at the points of attachment of the muscle to its tendon,

The worm was first discovered by Pacer at St. Bartholomew" Hosnital
: 1?34; see Lancet 1, 1866, OWEN named and described it :;:voitlyozlf)'tlamr-
wards.,

The literature of trichinosis iz ve
of the chief works on the subject.

OwEN, Zool. Soc. T'rans. 1835; ZrNker Virch, Arch ' G
Min. Med. viii; VIRCHOW, Die Lehre von den Triclu"nc‘;;Ol.Bclz?-l’jnA?:éGJ:
LevckARY, Die Parasiten des Menschen ; HELLER, Ziemssen's C '

\ . clopaedia
vol. 11 ; CoBBOLD, Enfozoa 1869 ; Graziem, Report ; Yot
1881; Wrspt, Chronic Affect. following Trich, New ",":og’t‘,’f;d.“’;“‘,:zl"l%*;;{

For further references see (oBnoLD, Human Parasites 1882,

ry abundant : we can only refer to a few

234. Filaria (Dracunculus) medinensis, (Fig. 97) or Guinea-
worm, is a fine thread-like worm from 60 to 100 cm., in length.
Only the female 1s_kn0wn_. The anterior end is rounded ; the
posterior terminates in a pointed tail curved over ventrally, The
outer covering consists of a firm cuticle thickened at the head-end

into a kind of shield. The intestine is narrow, and there is no

anus. The gravid uterus occupies nearly the whole of the body-
cavity. The gmbryos .h&\'e no envelope; they have a stout cuticle
and an acuminate tail. The{ use as intermediate hosts certain
small crustaceans (Cyclops) that ‘inhabit drinking-water, and so
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Fra. 97.
Fia, 07. FILARIA (DRACUNCULUS) MEDINENSIS.

(From LEUCKART; natural size)
Fio. U8. Eanryo oF FILARIA SANGUINIS moMiNis. (From LEWIS: x 400)
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they ultimately reach the human stomach. In Africa and Asia
they are very common. They develope to maturity under the
skin, giving rise to cutaneous abscesses. They are most commonly
found in the legs and feef, especially in the neighbourhood of the
heel.

See LEUCKART, op. cit.; DAVAINE, Entozoaires &c.; CoBBorLp, Enfozoa
1864. The Guinea-worm disease has been identified with the dracontiasis of
Prurarc, and with the endemic disorder attributed to *fiery serpents’ in the
book of Numbers.

235. Filaria sanguinis hominis (LEWIS) or sanguinolenta in its
sexually mature form is a filiform worm 8 to 10 cm. long.
According to MANSON it inhabits the lymphatics, es cially those

of the scrotum and lower limbs. It gives rise to obstructions of

the lymph-current and to peculiar inflammations, which end in®
clephantiasis of the tissues with oedema and lymphangiectasis.
Suppurative inflammations, lymEhatic abscesses, buboes, chylous
hydrocele, and chylous ascites have all been observed as conse-
quences of its presence.

The embryos, which ‘are about 0'35 mm. long (Fig. 98), pass
from the lymphatics into the blood and induce haematuria and
chyluria. %ot.h conditions result from the lodgement of the
embryos in number within the kidneys. The embryos may be
ejected with the urine. MANsoN finds that they are spread by the
agency of mosquitoes, who take up the filariae with the blood they
suck. The filariae pass through an intermediate developmental
stage in the body of the mosquito; thence they .pass into water,
anf thence again into the human body. It is thus probable that
they reach the vessels and tissues from the intestine.

The Filaria sanguinis appears to be indx;gcnous only within
the tropics (Brazil, Egypt, India, Guadaloupe, &c)

See LEwIs, On a hasmatozoon inhabiting human blood: its relation to chyluria
and other diseases Caleutta 1872, Lancet 2, 1877, Quart. Journ, Mic, Sei. 1879,
Art. Chyluria, Quain’s Dict. of Med. 1882 ; BANCROFT, Trans. Path. Soo, 1878;
MaxsoN, Lancet 1, 1878 and T'vans. Path. Soc. 1881 ; CosnoLp, Parasites
1870 and Human Parasites 1882 ; Journ. Quekett Micros. Club 1880 ; Barr,
Annales de Derm. et Syph. 1881,

Several other rare species of Filaria are known. References to them will
be tA:‘gund in the standard works of LEvckart, DAavaing, and ConBoLp, already
cl .

236. Trematoda. The flukes, or suctorial worms, are
flattened or tongue-shaped worms. They possess suctorial pores
by which they can adhere to surfaces, and in some cases they have
also hook-like processes. The intestine is usually bifurcated, and

terminates caecally. The development is direct or by alternate®

generations. In the latter case an intermediate host is necessary.
This is usually a mollusc ; }vhilc the mature worms almost all find
lodgement in vertebrate animals. The intermediate larval stage is
usually preceded by a period of active locomotion. The trematode
larvae are furnished with a propelling tail, and swim abont, freely as
cercaria, :
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9387. Distoma hepaticum, the liver-fluke (Fig. 99), is a leaf-
shaped trematode 28 mm. long and 12 mm. broad. The head-end
projects like a beak, and bears a small suctorial disc in which the

Fio. 9. DISTOMA HEPATICUM WITH MALE AND FEMALE GENITAL ORGANS.
(From LEUCKART: x2%)

orifice of the mouth is visible. Immediately behind this on the
ventral surface is another suctorial disc. The genital orifice lies
between the two discs. e

The uterus is a convoluted tube lying behind the posterior disc.
The ovaries lie on each side of the hinder part of the body, and
between them lie the deeply bifurcated testes. The Intestinal canal
is also bifurcated and much branched.

The eggs (Fig. 100) are oval, 0013 mm. long and 008 mm.
broad. hen placed in water a globular embryo is developed,

Fio, 100. Ecc oF DISTOMA HEPATICUM. (From LEUCKART: x 200)

which swims freely by means of its ciliated envelope. The details
of its life-history are not certainly known. The adult animal
infests the biliary ducts: more mrcfy it is found in the intestine
or in the vena cava. - It is rare in man, but very common among
the ruminants : it causes the ‘rot’ in sheep. The consequences of
its invasion, especially in great numbers, are obstruction of the
biliary duets, accumulation of bile, dilatation and inerustation of the
_ ducts with biliary matters, inflammation around them and hyper-
plasia of the hepatic connective tissues, with associated atrophy of

the liver-cells. :
938, Distoma lanceolatum is only 8 or 9 mm. long and 2 to

] _broad. It is lancet-shaped, and the head-end does. not
?nirll;:(xllly project. The integument is naked. The two lobulated
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testes lie close behind the posterior disc and in front of the ovary
and uterus: the coils of the latter are seen through the transparent

a -

|

Fig. 101, DISTOMA LANCEOLATUM WITH ITS INTERNAL ORGANS,
(From LEUCKART : x 100)

body-walls. The more anterior coils which are filled with eggs -

look black, the remaining coils are russet-coloured. The yellowisﬁf

white ovaries lie about the middle of the lateral margin, o
The eggs (Fig. 102) are 004 mm. long. The emﬁ:-yo is visible

in them before they have left the uterus, but it only escapes some

¥ic. 102, IGGS 0¥ DISTOMA LANCEOLATUM SHORYLY AFTER THE SHELL
18 ¥ORNED. (From LEUCKART: x400)
weeks after they are deposited, Tts metamorphoses are unknown. :
This fluke like the other infests the biliary ducts, but it is rarely ﬁ
found in man. _lt 18 commonest in sheep and cattle, but as it is
usually present m small numbers, it rarely gives rise to any grave
disturbances of health.

239, Distoma h.uenmt‘obium or Bilharzia haematobia (Fig. 103)
is a species of fluke in which the sexes are distinct. The oral and .
ventral discs are close to each other, and the fore-end of the body
is slender. The sexual‘ orifice in each sex lies just behind the
ventral disc. The male is 12—14 mm. long. The body is flattened,
put its posterior part is rolled Jaterally into a km'd of tube
or gynaccophomc canal (Fig. 103) into which the fgmal'e 1s received.

The female is 16—19 mmn. long and almost cylindrical in form.
The eggs are prolate (Fig. 104) and 012 mm. long. They are
furnished with a spine which may be cither terminal or lateral,

These worms are found in the branches and main stem of the
portal vein, in the splenic vein, in thc' mesenteric veins, and in the
vessels of the rectum and bladder. They feed on the blood, and .
infest man and the monkey. They are very common in Egypt and
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Abyssinia, the Cape, and Natal, where the

' ; ive rise to the
disease known as ‘endemic haematyria’ 5

The cercaria abound
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Fre. 108,

Fic. 103, DISTOMA [HAEMATOBIUM Mayye aNp FEMALE, THE LATYER WITHIN
» THE GYNAECOPHORIC CQANAL OF THE FORMER. (me LEUCKART: % lo)

Fia, 104, E.Gcm OF. DISTOMA HAEMATORIuM. (From LEUCKART: %150)
a with terminal spine U with lateral spine

in canals and rivers, and gain access to the body in drinking-
water. The embryos mature quickly and permeate the mucous
and submucous coats of the ureters, bladder, and rectum, and
occasionally the substance of the liver, They set up inflammation
of the bladder and ureters, associated with ulcerations, incrusta-
tions, and concretions. Haematuria is always produced. Cylindrical
ciliated embryos may develope within the urinary tract.

References :—GRriggiNceRr, Adrek. £ phys. Hedll. xm, 1854; BiLHARZ
Wien. med, Woch. 4 and 5, 1856, oty zfﬁf{ For. Med. Cliir. Ree, 1856—58 ;
SoxsiNe, Areh. gén, de med. 1876 ; Copporp, Parasites 1879 ; GUILLEMARD,

Lindemic Haematuria London 1882.

240. Cestoda. The cestoids, or tape-worms, are flat com-
pound ‘ worms, destitute of a mouth or alimentary canal. They
multiply by gemmation from a pyriform ‘head’ or ‘nurse” The
budded individuals or segments remain for a long time connected
with the head, forming a jointed chain. The several members
(proglottides) of this colony are hermaphrodite. The older segments
increase in size as they are gradually pushed away from the place
at which they were formed by the constant development of new
segments, In other respects they resemble each other exactly:
while the head is distinguished by possessing two or four suckers
or oscula, and generally a circlet of claw-like hooks, By means of
these the tape-worm fastens itself to the intestinal wall of its
host, which is probably always a vertebrate. The head developes
from a rounded embryo having four to six hooklets. These
embl'yos (])7'03001('068, h;l/d(ft!.(l-‘)') ‘are found in the various pnrenchy-
matous organs of the intermediate host; and thence by what we
may call passive migration they reach the intestine of their final
host. s o

The cestoids parasitic on man belong to the families of
Taeniada and Bothriocephalida. The former infest man both as
liydatids and as tape-worms; the latter only as tape-worms.
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The development of the Cestoda is exhaustively treated in the handsome
work of HEIN, Die parasitiven Krankheiten des Menschen 1882 ; see also
Davaixe, Les Cestoides, Dict, ency. sciences med, 1874 ; CopnoLy, Zapeworms
1874, .

241. Taenia solium when fully developed is 2 to 3 metres long.
The head (Fig. 105 A4) is the size of a small pin-head ; it 1s
globular and the suckers project somewhat. The vertex is not
uncommonly pigmented and is surrounded with a pretty large
rostellum or circlet of some 26 hooks (Fig. 105 B). The hooks are

Tie, 105. 4 Heap o¥ TAENIA SOLIUN WITH ROSTELLUM PROTRUDED.
(Carmine staining ; mounted in Canada balsam : x 50)

B CmcLer or 100KS MAGNIFIED (LEUCKA RT).

ghort, broad, and appressed, with a small projection at the root.
The head is followed by a filiform neck an inch or so in length.
At a certain distance from the head the Jjoints begin to be traceable.
The first joints are very short, the more advanced ones are longer
(Fig. 106): they then become square, and finally the length is
greater than the breadth. About 130 em. beyond the head the
mature segments begin, though the sexual _organs have begn
fully developed in earlier segments. The ripe_segments (Fig.
107) are 9—10 mm. long au§m6—7 mm. broad: their corners
are rounded off. The genital opening lies at the side, somewhat
behind the middle. The ovary has seven to ten lateral l'ara.nches
separated by considerable intervals; each branch breaks up into a
series of dendritic ramifications. The ovary is filled with eggs.
The parenchyma of the body both in ripe and unn%q‘z segments
is divisible into ‘a peripheral and a central layer, The central
I;xycr contains the generative organs and the water-vascular system.

1?,

5
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The latter is an excretory apparatus; it takes the form of two
lateral canals running along.the margins of the entire chain of
segments and connected by cross-canals at both ends of each
segment. Fine ramifications pass from these into the parenchyma.

Fio. 106.

F1c. 107.

Fro, 106. IMMATURE AND MATURE PROGLOTTIDES,
(F'rom LEUCKART: natural size)
F16. 107. Two PrROGLOTTIDES SHOWING THE UTERUS,
(From LEUCKART : x2)

The male and female sexual organs lie close to each other.
The tcstiih is a clear or whitish convolu&cd tube \Yitth :16:81030:;
lying in the fore- of the segment. It ses into the va
d):fl‘;gen& and tlﬁsl?lzlt—f) a cirrus <§'1 retractile 1;};ircmit'-y, which is
rolled up within a muscular pouch or cloaca at the middle of the
Jateral margin. The cirrus can be everted and prot‘rudcd_t-hrough
the genital orifice. The opening of the female organ lies close
behind the male opening in the same genital cloaca. From this
the vagina passes backwards towards the hinder border of the
segment. Before reaching the border it communicates with a
copulative sac or receptaculum seminis, and receives the duct of
the germ-bearing organ or true ovary. Then turning forwards 1t

os into an oviduet, into which opens the duct of the so-called
vitelligenous organs. The entire ovigenous organ (which must be
studied in unripe segments) is thus made up of an unpaire
germ-bearing portion or true ovary and a pair of yolk-bearing otr
vitelligenous glands, all lying in the hinder part of the segment.
The oviduét having received the ducts of these glands Hmsses then
into the dilated matrix or uterus, which in sexua ly mature
segments forms a simple straight tube. The egg-germs lea.vnllg
the true ovary become impregnated by spermatozoa from the
seminal receptacle, and passing onwards are invested with yolk-

22
M.
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substance from the vitelligenous glands. Being then complete ova
they pass into the uterus, which as it gradually fills throws out the
numerous lateral caeca characteristic of the ripe segment. As this
happens the other generative organs gradually disappear.

e peripheral layer is essentially muscular, but it contains a
greater or less number of calcareous granules. These indeed are
not entirely absent in the central layer. The muscular tissue is
made up of non-striated fibres; in the neighbourhood of the
sucking-dises of the head they form peculiar bunches or groups.
The surface of the tape-worm 1s covered with a transparent cuticle,
from which the hooklets of the head are developed.

242, The egg-germs as they leave the ovary are pale thin-walled |
spherical cells. In the oviduct they are transformed into yellowish
globules, which become covered over with a somewhat opaque
envelope or shell thickly beset with minute spicula (Fig. 108 a). It
is frequently found to be invested by a second covering (b) made up of
an albuminous layer with granules, and enclosed in a fine membrane
(primitive vitelline membrane).  Without this envelope the egg is
0:03 mm. in diameter. With the second envelope the egg already
contains the partly developed embryo, whose six hooklets can be
distinguished. Thus the embryonic development begins within the
uterus; the ripe segments are in fact viviparous animals.

The further development of these
embryos, which are now enclosed in a
brownish envelope, does not take place
within the body of the original host: they
must pass into a new one. When they
reach the stomach of a pig, the envelope
is dissolved, and the hberated embryo b
bores its way into the wall of stomach F16. 108,
or intestine. Thence it migrates, cit.her BOfls OF TAENIA SOLIUM.
by way of the vessels or directly, into (From LEUCKART: % 300)
one or other of the organs. When at ¢ ;;;‘“:‘0“' the primitive vitel-

> . R membrane
last it settles, it passes through various (o,
metamorphoses, and at the end of two or :
three months is trapsformcd into a vesicle filled _with serum
(Fig. 109), from the inner surface of the wall of which springs a
new head or scolex, enveloped in a second s
membrane or recnptagul um scolics.

This cyst or vesicle containing the lgead
of the tape-worm 1s called a ‘measle’ or
cysticercus cellulosae. The scolices have already
tﬂ{eil’ circlet of hooks, sucking-discs, water-
vascular system, and calcareous granules. If
the scblex' veaches the stomach of a man, the Fie. 109. eysmcERcys

A 3 1 e from the CELLULOSAE WITH THE
cyst-mcmb]l' ane is dissolved, e % HEAD AND ITS MENBRANE.
gcolex 18 deve

Joped a chain of proglottides, (From LECCRART: na-
forming a new tape-worn.

tural size)
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243. Taenia soliwm inhabits the small intestine of man, and
is acquired by eating ill-cooked pork. The corresponding measle
is found in man and in the pig exclusively, or nearly so. In the
intestine the worm is generally solitary, but cases in which two or
more have coexisted are not very rare. In some instances from
thirty to forty have been found in one person. The tape-worm
gives rise to irritation of the mucous membrane, colic, and reflex
nervous disturbances. '

The measle or cysticercus also occurs in man, as we have
already indicated. It is found in the most various tissues, in the
muscles, brain, eye, skin, &e. Its pathological significance depends

. on its seat; but it is usually slight. Even in the brain it does not
always give rise to serious consequences. It excites a local in-
flimmation, which induces a fibrous thickening of the tissues round
the cyst. It maintains its vitality for years. After the death of
the scolex the cyst shrinks, and chalky masses are deposited within
its cavity. The hooklets may be found long afterwards. Cpystic
infection depends necessarily on the introduction of eggs or pro-
glottides into the stomach.

Cysticertus racemosus is o measle of the brain. It is distinguished by the
fact that it remains sterile and forms grape-like bunches of vesicles (HELLER,

Ziemssen’s C:a/c:lopacdn'a vol. 111 ; ZENKER, Henle's Beitriige Bonn 1882).
Abnormalities of development are very often observed in individual tape-

worms.

2:1--1. Taenia mediocanellata or saginata exceeds 7' solium not
only in length (it may reach 4 metres) but in width and thickness,
as well as in the size of the separate proglottides (Fig. 110 p. 340).

The head (Fig. 111) has neither hooklets nor rostellum. Its
vertex is smooth and furnished with four large sucking-discs,
usually surrounded with a dark pigmented border. )

The eggs are like those of 7. solium. The uterus (Fig. 112)
has a large number of lateral diverticula, running close to each
other and branching dichotomously, not like 7. solium in dendritic
ramifications. The genital opening lies below the middle of the
lateral margin. The segments which break loose are generally

. empty of eggs.
Th

e corresponding cysticerci infest the muscles and organs of
cattle. The development follows the same course as in the case of
7. solium. Malformations of the worm are very frequently observed.

Man acquires this tape-worm by eating uncooked beef. It is
more widely diffused than 7' solium.

Taenia cucumering or elliptica is 15 to 20 em. long : its head has a circlet
of hooks and a rostellum. It is often found in cats and dogs, rarely in man.
Its c;‘stiocrcus infests the dog-louse.

Taenia nana is a small tape-worm 15 mwm. in length : its head bas four
sucking-dises and a circlet of hooks. It has been found in Egypt.

The frequent malformations to which 7wenia is subject have led to the
multiplication of species, or rather of specific names. Many of these refer to

what are at best mere varieties,
22—2



340 PARASITES. [sE

"1””:!!

IR

Fre. 110. Fro. 112,

T'16. 110. FRAOMENTS OF A TAENIA SAGINATA.

(From LEUCKART: natural size)

Fie. 111, HEAD OF TAENIA SAGINATA RETBACTED; WITH DARK @IGMENT
IN AND_BETWEEN THE SUCKING-DISCS. (Unstained glycerine preparation : X 80)
.

Fig. 112, SEGMENT OF TAENLA SAGINATA. (From LEUCKART: x 13)
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245. Taenia echinococcus inhabits the intestine of the dog.
It is 4 mm. long, and possesses only four segments, of which the
-~ last is larger than all the rest of the body (Fig. 113).
% The hooklets have a blunt process at the
3 base, and are seated on a somewhat prominent
rostellum. There are some thirty or forty
of them.
Only the cystic form or hydatid is known to
occur in man; he acquires it by the introduc-
tion of the eggs into the alimentary canal.
When the embryo migrates from the in-
» testine to some other organ, it is transformed
into a cyst incapable of active motion. The
Rydatid cyst consists of an external lamellar
highly-elastic cuticle, and an internal lining of
body-parenchyma consisting of granular matter,
cells, musecle-fibres, and a vagenlar system.
When the cyst reaches the size of a walnut
(or in some cases sooner) it begins to develope g
from the parenchymatous layey a series of Fro. 118. FuLi-arows
smaller vesicles (brood-capsy es). The wall TAENIARCHINOCOCGER
of these is likewise two-fold; b the cuticular 7" FEUCK4R1: X 12)
layer is within and the Parenchymatous layer without. On these
brood-capsules develope Numbers of heads or scolices (Fig. 114).
According to LEUCKART the e fbnea ontyof sacculated out-
i

gmwg}ii;‘m m the external wal] of the capsules (s¢¢ the left side of
g :

When the rudimentary }, Jly developed into a
scolex (sometimes eve??oo,fgg h?ts ?:cfgfnftecf within the cyst
which it thereby invaginateg (E,‘ig 114) What Wwas before the

o«

Fio. 114, BRrooDp-cAPSULES gy ECHINOCOCCUS 15 OSNEXION WITH THE
PARENCINMATOUS LaygR or THE CYST-

(From LEUCKART: some of the

burst
A 3 oa o " me have been
open in makin ¢ Psules are elosed, $0

he preparation: x 50 cired) o

internal or cuticular surface of the head now becomes the outer
101 o s o
surface. The original outer surfaces, which are parenchy qlat?hs,
4, come now into contact and adhere to each other. The head is then

A
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about 03 mm. long, and has a rostellum with tiny blunt hooklets,
four sucking—fliscs, a water-vascular system, and numerous calcareous

nules in its parenchyma. The fore-part of the body is often
mvaginated within the hind-part. 3

In many cases these echinococcus-cysts remain single. The
only change they undergo is that they grow larger as fresh capsules
anc{ scolices are formed, so that they at length reach the size of a
big orange, or of the closed fist. The surrounding tissues form, by
condensation and thickening, a pseudo-cyst round the cutienlar
membrane. The cavity of the cyst is filled with clear liquid
which is not coagulable by heat or acid. The brood-capsules are
always seated on the inner surface, unless they are shaken loose
mechanically. They appear as small white points lying in the
transparent parenchyma. Occasionally the cyst may remain al-
together sterile.

246. In many cases ‘daughter-cysts’ are formed. They de-
velope in the thickness of the cuticle independently of the proper
arenchymatous layer. Between two lamellae of the cuticle is
ormed an aggregation of granules which becomes surrounded
with a secongn.ry cuticle. This forms the starting-point of a new
series of layers. ~As the layers multiply the innex cavity increases
in size and its contents at length become clear and liquid. As the
daughter-cyst grows it forces out the wall of the parent cyst like a
hernial sac, until it at length gives way and sets the (Iaughtez-.
cyst free. Escaping thus into the tissues round the parent cyst it
receives from them an external fibrous envelope, and proceeds to
develope brood-capsules in the same way as the primary cyst
derived from the six-hooked embryo. '

An echinococeus which is thus reproduced exogenously is called
Eechinococcus granulosus or scolecipariens (KUCHENMEISTER). y,
is also described as E. veterinorum, as 1t often occurs in domestic

imals.

mmf; second compound echinococcus is the E. hydatidosus. Tt is
characterised by the formation of internal daughter-cysts. NAUNYN
(Dorpat. med. Zeitsch. 1870) asserts, and LEUCKART agrees with
him, that the scolices and brood-capsules may undergo a cystic
transformation, and so become daughter-cysts, N@UNYN goes: on
to say that these endogenous daughter-cysts may migrate from the

arent cyst and so produce the Z. granu S ;5 but this LEUCKART
gisputes. The internal daughter-cysts sometimes develope daughters

of their own or granddaughter-cysts” Each of the eystic forms of

which mention has been made may reach to a very copsiderable
size.

947. The third form, or Fehinococcus multilocularis, only forms
sinall eysts, from the size of a millet-seed to that of a pea. They

are always present in very large numbers,

%
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_ The E. multilocularis appears as a hard tumour seated in the
liver. It is built up of a multitude of alveoli separated by dense
scar-like fibrous tissue. The contents are transparent and jelly-like
or semi-fluid. The alveoli are spherical or irregular in form. Here
and there the tissues may have softened and broken down, and
thus ulcerated cavities are formed. In other places the vesicles
are shrunken and calcified, or the tissues are }{)ile-stained. The
distinct alveolar texture of the growth led to its being regarded as
a tumour, and it was described as alveolar colloid of the liver.
Vircuow (Verh. d. phys. med. Ges. zu Wiirzburg V1, 1855) was the
first to make out its real nature, and he showed that the colloid
masses were made up of echinococcus-cysts. The smallest vesicles
merely contain granular matter, the larger contain liquid. The
granular pseudo-parenchymatous covering of the cuticle seldom
contains scolices, most of the cysts being sterile.

. multilocularis is possibly an abnormal variety or ‘sport ” from
the exogenous form.

References :—VIrcHow, Virch. Arek. vol. 6; LEUCKART, Parasiten vol. 1;
Kress, Handb. d. path. Anat.; BOLLINGER, Deutsche Zeitsch. f. Thiermed. 15,
1875 ; PROUJEANSKY, Die multiloculitre Eehinococeusgesehwulst In. Diss. Zurich
1873 ; Moniy, Deuw cas de tumewrs a chinocoques In. Diss. Berne 1875
HusEer, Areh. f. kin. Med. 1, 1V, V, XXIX. Warngrers (Virch. drch. vol. 83,
with beautiful illustrations) brings forward evidence to show that the dis-
semination of the echinococcus may be effected through the lymphatics of the
liver. He gives full references to previous memoirs. 4

948, The occurrence of hydatids in man implies that the eggs
of the corresponding canine tape-worm have somehow gained
access to his body. The liver is the commonest seat, but hydatids
are found in all organs. Apart from the local inflammation and
fibrous hyperplasia they induce, they often cause no trouble to the

atient. en a hvdatid reaches a certain size, it sometimes dies
and the cyst shrivefs up. Its contents are changed to a fatty or
cheesy mass, often becoming mortar-like as it calcifies. The hooks
remain for a long time unchanged.

In other cases the hydatid becomes larger, especially when it
forms exogenous or endogenous daughter-cysts. It may then
become dangerous by its mere size. Sometimes if the cyst is
wounded or bursts, its contents pass into one or other of the
body-cavities and set up severe inflammation. It may even
break into a blood-vessel. In the most favourable case it breaks
into the intestine or upon the exterior of the body.

The Echinococei arve widely diffused, but not very frequent :
they are commonest in Iceland, where the inhabitants are in
constant eontact with their dogs. It is somewhat surprisin% that
the multilocular variety is chiefly observed in Qwitzerland and

Southern Germany. ’

NEIssER gives a summary of the various cases of hydatids that have heen
published (Die Echinococcus-krankheit Berlin 1877). See also PERLS, Handlh,

d. allg. Path. 11.
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249. Bothriocephalus latus is the largest of human tape-worms.
It measures 5 to 8 metres in
length, and consists of three to
four thousand short wide seg-
ments (Fig. 115). The largest
segment is about 35 mm. long
and 10 to 12 mm. broad. To-
wards the ‘tail’ the breadth
diminishes and the length in-
creases. The body is thin and
flattened like a ribbon. The
central part of each segment pro-
jects somewhat ; it is here that
the uterus lies, in the form of a
simple tube coiled into numerous
convolutions. When this is full
of eggs the coils lie in contiguous
loops, forming a kind of rosette.
The genital openings are in the
mesial line of the ventral surface,
somewhat anteriorly ; the female
opening being close behind the
male.

The testis consists of a series
of sacculations lying along the i
lateral margins of the central §
layer of the body. The general g
structure of the body resembles ?

1
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that of the Taeniada.
Anteriorly the worm becomes
dually more and more slender
and at length thread-like. The
head, which is 25 mm. long and
1 mm. broad, is club-shaped or
oval in outline, and somewhat

flattened. A]op ?ach lateral Fi16. 115. Fracaesrs m:' A
margin is a chink-like suctorial BOTHRIOCEPHALUS LATUS.
ove. (From LECCKART : natural size)
The eggs (Fig. 116) are oval; they measure 0-07 mm, by 0:045 mm.
They have a thin brown shell furnished at the anterior pole with a

(HiR

lid or cap, which is in general easily seen.

B. latus occurs chiefly in Switzerland and
in the north-east of Europe: it is occasionally
met with in Ireland. It lives like the Taeniada
in the small inﬁestil;e. The first development Mo e 'Bn

f the eggs takes place in water. After some X0 0. loaes or Do-
g’.otnths ﬁgenlbr)'o is hatched, which is pro- T"ﬁ*}?gz;z;n:;)uws. P

vided with six hooklets and a ciliated cuticle,  One is emptied of its
contents and shows thelid,
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This enters the body of the pike, the trout, or the ecl-pout (Lota
vulgaris) (BRAUN, Virch. Arch. vol. 88), and developes in the muscles
or viscera into an asexual tape-worm. If it thence reach the
alimentary canal of man, it proceeds to develope further and
becomes sexually mature.

It has been maintained that B. latus represents
cestoid of the trout, known as Ligula nodosa. Seotligu?;f\l;:g, fz:-‘?l?(fqﬂ];

Paris 1876 ; Kiessuine, Troschel’s Arch. 1882.
In Greenland another form, B. cordatus, occurs, It is only 1 metre long

and has a heart-shaped head.
B. eristatus, 2 to 3 metres long, with a crest-like rostellum, has been found

in France.
Protozoa.

950. Protozoa are not rarely found in the cavities of the
body accessible from without, such as the month, lungs, intestine,

vagina, &c.: they are most common in patients suffering from
chronic disease, The forms observed belong to the Rhizopoda,
Infusoria, and Psorospermia ox Sporozoa, respectively.

Of parasitic ‘Amoebae one species only has been described, the
Amoeba coli. It occurs in the intestine, and is simply a motile

cell with a granular protoplasm containing a nucleus and several

vacuoles.

Lioscr and Soxsixo found the Amoeba col
suffering from dysentery.

Among Infusoria the Ciliata and the Flagellata are repre-
sented. ramoecium (or Balantidium) coli is a large ciliated

organism occasionally met with in the large intestine and in the
facces. Cercomonas intestinalis (DAVAINE) 1S &

yriform infusorian,
with a spine-like process at its smaller end and a Aagellum at its
larger end. It is found in the intestine in cases of catarrh, of
typhoid, and of cholera. KANNENBERG discovered Cercomonas m
tgxe sputa from a tient affected with gangrene of the lungs. In
the same sputa Eg also found Monas lens, a spherical flagellate
infusovian.  7richomonas is another flagellate infusorian ; 1t 18 oval
in shape and provided with a comb-like row of cilia. One species
(T. vaginalis) is found in the vagina, another (T. intestinalis)
in the intestine.

These protozoa are not to be regarded as the exciting cause of
the affections with which they are associated. They may possibly
however maintain or intensify the morbid processes, when present
in considerable numbers.

Of parasitic Psorospermia we have here to mention the
Coceidia. According to LEUCKART, they are when young simple
non-capsulated inhabitants of the epitixe]ial cells. When they
reach maturity they become invested with a kind of mem-
branous capsule. In this condition they leave their first lodging,
and generally their host at the same time. Their contents are

¢ in the dejections of a patient
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then transformed into ‘spores’ containing granular masses and
peculiar rod-like embryonic forms. The spores are round or ovoid.
Coccidium oviforme (Fig. 117) is a parasite of the intestine and
bile-ducts, especially those of the rabbit. In a few cases it has
heen found in the human subject.. 1t leads in the liver of the
rabbit to the formation of whitish nodules, which may be as large
as a hazel-nut. The nodules consist of a puriform or cheesy mass,
containing multitudes of coccidia. The granular contents of the
coccidium are uniformly spread throughont its body, or rolled into
a ball in the middle offit.h The changes produced in the human
liver by the presence of the

site in {he fe\}v)r cases observed ﬁave
been similar to those met with in

bbit.
B O Euonlsige oiiille copan o

isms known as ‘Miescher’s cylinders’
or - Rainey’s corpuscles’ is still ve

defective. They are cylindrical or {
tube-like bodies found not infre- %
quently in the muscles of the pig, o

ox, sheep, and mouse. They con-
tain an innumerable multitude of B 17 coceis

» 17 v :
small oval or reniform corpuscles. wosx Lrven, (From w”,;,",‘,’:nm'
Nothing is known of their effect 4 is magnified 800-fold,
on the human system. band ¢ 1000-fold

References to memoirs on Coceidia and Psorospermia ally i—
Levckart, Die Parasiten des Menschen, 2nd Ed. ; Llnuxmx, Agr?llf}'.ﬂ.li)n.a!.
w. Phys. 1854; EMER, Ueber dic ci- oder 1~ugz-l[drma’gcn Lsorospermien der
Wirbelthiere Wiirzburg 1870 ; Kriees, Virch, Areh. vol. 32; Stiepa, Ueh. die
Psorospermien d. lxamz_wl:enldgcf, lm-le: Arch. vol. 32; WALDENBURG, fhidem
vol. 40; Revours, Dei parasié eopeal; Turin 1873 ’

According to our present information the parasitic protozo S
important sﬁnre in the production of human dlll:ease. I'l. is ho{t\':\t'lel;e nl‘.‘)(t):
impossible that further research way considerably alter our yviews in this
regard. This is perhaps suggested by the fact that animal parasites are every
now and then detected in the blood of vertebrate animals, Thus Rirre (In,
Diss. Berlin 1875) describes a ciliated infusorian in frog's blood. + KrLEns
(Eulenburg’s Realencyclop. Avt. Flagellata) has found in the blood of scurvy-
patients very minute organisms, which he refers to the Tifusoria and names
Cercomonas globulus and . navicula, LIEBERKGHN (I7h, Bewegung. d.
Zellen Marburg 1870) found an amoeba (4, rotatoria) in frog's blood. LEwrs
(Quart. Journ. mmms._‘.&cwna: XIx, 1879) found in rat's blood, and Wirrice
(Centralb. f. med. Wiss. 4, 1881) in hamster's blood, a mobile organism
resembling the spermatozoon of the frog. Kocu (Mitth, a. d. k. Gesundh.
Berlin 1881) describes a fusiform Eranular-looking structure with one or two
flagella found in hamster’s blood. ~He regards it as a flagellate infusorian.

P
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anthracis lgg, 186, 188, 190, 199,
6

———— transmutation of 211

leprae 131, 1835, 186, 206

malariae 185, 206

oedematis 200

of typhoid 206

subtilis 185, 186, 211

tuberculosis 120, 127, 186, 206

Fig. 80)
detection of 127
bacon-liver 57
bacteria ch. xxx
biology of 188 sqq

claseification of 183
diffusion of 193
effect of agitation on 190
effect of heat on 189
effect of light on 190
effect of poisons on 190
effect on nutrient liquid 191
in air, soil &e. 193
inflainmation excited by 198, 199
in health 194
mutability of 192, 208, 209, 211
non-pathogenous 147
pathogenous 195, 196, 108
specific natare of 208, 200
textural changes caused by 200
bacterial action, theories of 210
bacterium lineola 185, 205
subtile 211

——— termo 185, 189, 192, 205
balantidium coli 250 f
bed-bug 226
hed-sores 53
bile-pigments 69
itharzia haematobia 259
birds'-nest body 172
blastomycetes 223 sqq
bleeders 28
blood-pigments 63
blood-vessels, growth of new 86
Blut-plittchen 35
bones, growth of 88

—— mgtaplasia of 91

—— regeneration of 88
bothriocephalus cordatus 24 )
cristatus 2449
latus 249
botrytis bassiana 222
‘bots ' 2206
bovine tubercnlosis 127, 206
bronzing 67 -
brood-capsules (echinococeus) 245
brood-cells 76

[T

e

cachexia of tumour 141
cadaveric poison 147
calcaneus (talipes) 11
caleareons deposits 04, 65
calgification, after necrosis 34
cancellous osteoma 147

M.

cancer-cells 170
cancer-stroma 170
canker in cattle 135
capillaries, growth of 86
carcinoma 166, 170 sqq
———— aetiology of 181
growth of 171
—— — metastases in 174
varieties of 173
carpogonium 216
cnrrier-cells 114
cartilage, growth of 87
— —— metaplasia of, 01
caseation 89
after necrosis 54
in tobercle 118
catarrh 55
desquamative 103
puralent 102
———— serous 102
cavernous angioma 150
metamorphosis 150
cells, division of 74, 5
— multiplication of 80, 81
cell-nests 170, 172
cellulitis, microcoeei in 204
cercaria 236, 230
cercomonas 250
cestoda 240 sqq
chalky concretions 65
T M
cheilognathopalatoschus
chigoe or chigger 226
chionyphe Carteri 222
chloroma 162
chlorosis, Bgyptian 231
cholesteatoma 161
cholez:erin g—i(
hondroma 146
& thorax 81, 235
——— . ascites 81
olnyluris,l!rom ﬁlg;mf 0?585
icatricial tissue ]
cicatricia” VI growth of 108, 109
cicatrix, after necrosis 34
ciliata 250
cimex lectuariug 226
cleft palate 8
‘clegg’ 226 d
clostridium butyricum 186, 188, 102
cloudy swelling 48
club-foot 11 :
ative necrosis 35, 36
coceidinm 250
coccobacteria 185
Cohnheim’s embryonic theory of fumours
177 sqq /
colliquative necrosis 40
colloid degeneration 56
concentric globes 172
condyloma 129
congenital lypertrophy 18
tumours 178 3

congestion 21

23
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conidia 213
conidiophore 215 4 AAS
connective tissue, rezeneration of 85
metaplasia of 91
connestive-tizsue tamonr 138
contagious discase 202

—_  cvidence of organic

;;tmof virus in 203

cordyeceps militaris 222
comin,lx,:xould-rungl on 221
crab-louse 22?2
craniopagus
cranigraehischisis 7
cranioschisis 7
croupous exudation 102
culicida 226
cultivation of bacterin 186, 211
cunicnli in scabies 225
eyclopia 7 5
cyclops, host of Guinea-worm 234
cylindrical epithelinl cancer 173
cylindroma 61%.3173
cystadenoma
cgr‘sticercnu cellulosae 242, 244
———  racemosus 243
cystoma 168
cysts 71
—— dermoid 178
—— following necrosis 34

danghter-cysts (echinococeus) 246
Davaine’s septiciemia 204
decubitus 33 y
definitive inﬂnmm&tgon_s-l
degeneration, amyloid 57
———— colloid 56
—— dropsical 49

—_—— fatty 50
- hyAline 69
———— *hyalin-fibrous”’ 63
— ——— lardaceous 57
— e mucoid 55
—— parenchymatous 43
yitreons 63
waxy 33 -
demarcation, line of 34, 41, 115
demodex 225
dermoid cysts 71, 178
desmobact)erin lﬁ' 11*2'03 206

squamative catarrh :
giv&lopmeut of blood-vessels 86
diapedesis 217;i 06
:il;cfxl;l}::LP:: coagulative necrosis in 38
,._p__———— microcoeel in ;
diphtheritic inflammation 38, 103
diplobacteris 185 z
diplococcus 184,
diprosopiu_i 1

ipygus 19 .

glr)gcﬁ. cell-division 76
disinfectants 100 S
disgnfection by heat 156
disintegration, oysts of 71

—
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dislocation, congenital 11

dispora Caucasica 186

distoma haematobium 230

hepaticum 237

lanceolatum 238 q
dochmins duodenalis 231 .
dracontiasis 234

dracunculus medinensis 234
dropsical degeneration 49

dropsy 23

dry-rot 220

duplicitas anterior 14

——— posterior 15

duplication of limbs 17
———————— muammary glands 17
—————— viscera 17

dwarfs 6, 43

ear, mould-fungi in the 221 >
cburnated osteoma 147
ecchondroses 146
ecchymoses 26
echinococeus cysts 245
e rranitlosus 246
—— hydatidosus 240
— multilocularis 247
scolecipariens 246

— taenin 245

e e veterinorum 246
ectogenous virus 203

cctophytes 182

ectopia cordis

(ecstrophia) vesicae 9

ectozoa 182

effusions 26
Egyptian chlorosis 231

elephantiasis graecorum 131
embolic infarction 57
em'I:oh'sm 21? &
embryonic hypothesis 177 :
— tigs0e 180 " 1 R,
empusa 222

encephalocele 7

encephaloid cancer 173

enchondroma 146

endocarditis, micrococei in 204

endogenous gemmation 76 %

virus 203 =

endosgporium 215

endothelioma 161

engastrius 13

engorgement 21

enostosis 147

entophytes 182

cntozoa 152

epidermic globes 172

epigastrius 15

cpignathos 13 .

epipygus 13, 14

epistaxis 26

epithelial tumours 138, ch, xxvir

epithelioid cells in granulations 108
—— in tubercle 119

epithelioma 170, 172
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epithelivm, growth of 84
————— regeneration of 84

epizon 182

equinns (pes) 11

ercetile tumours 150

erysipelas, micrococci in 204

eurotinm aspergillus 216, 221
eustrongylus gigas 231

excitnbiﬂy of cells 78

exosporium 215

exostosis 147

extravasation 26

— eysta of T1
exndation-corpuscles 112

exudations, inflammatory 96
re-absorption

of 112
* varieties of 102
false membrane 35, 102
farcy 1583
fatty degeneration ch. xr
—— e canse of 52
—— infiltration 50, 53
favus 222

fermentation (see bacteria) 191, 223, 224
fibrin 35
fibrinous exudation 102
- necrosis 35, 30
fibroblasts 85
in granulations 108, 109
fibroid, uterine 142, 153 =
fibroma 142
fibromyoma 153
fibroplastic degeneration 135
fibrosarcoma 157, 160
fibrous tissue, growth of 85
o —— regeneration of 85
filaria medinensis 234
—— sanguinis hominis 235
filobacterin 186 .
fissura abdominalis 9
fistula colli congenita 8
tixed tissue-cells in cicatrisation 111
flagellata 250
flea 226
flukes 230
foetus papyraceus 13
fomites 202
foreign snbstances, re-absorption of 113,
114, 115
fowl-cholera 201, 204
fungi, classifieation of 212
fungous tumour 137
fungus-disease of India 222
fur of the tongue 221
L
gad-flies ‘?.2(13y o
angrene,
s
gangrenous emphysema 42
gastroschisis 9
gattine 204

gemmation in cells 76
——————— in yeasts 223
genesis of tumours ch, xxvir
germ-theory, cvidence for 203
giant-celled cancer 173
giant-cells 76
in granulations 108
in tubercle 119

———— in syphilis 128
glanders 133

glincocens 185 -
glioma 145

Gluge's corpuseles 112
gonorrhoea 204
gout, deposits in 66
granulation-tissue 103
— —————growth of 108
granule-carrying cells 51
grapnloma 117
granulomata, infective ch. xx1v
Guinea-worm 234
gumma 129
gummatous node 130
gynaecophorie canal 239

haematemesis 206
haematin 63
haematoblasts 35
haematocele 26
haematoidin 68
haematoma 26
haematometra 26
haematopota pluvialis 226
haematuria 26
endemie 239
from filariae 235
haemoglobin 68
haemopericardinm 26
haemophilia 28
—— neonatoram 28, 204
baemoptoé or haemoptysis 26
haemorrhage 26
————— by rupture (apoplexy) 27
haemorrhagic diathesis 28
—— exudation 102
infaret 26
heemorrhoids 149
haemothorax 26
‘hard sore' 128
hare-lip 8
hay-bacilli, transmutation of (see bacillus
subtiliz) 211
head of tape-worm 249
hemicephalus 7
hernia cerebri 7
— funis 9
heterologous tumounr 133
heteroplasia 83
heteroplastic tumour 188
histioid tumonr 138
homoeoplastic tumour 138
homologous tumonr 138
hyaline degeneration 65 s
necrosis 85, 36
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¢ hyalin-fibrous * degeneration 63 inflammatory tissue 105
hydatid cyst 245, 243 infusoria 250
hydatids 240, 245 inoculation in anthrax 201
hydruemic lethora 25 e fowl-cholern 201
hydrobilirnbin 68 e pepticaemia 196, 201
hydrocele colli 8 insecta 226
hydrocepbalus (causlng acrania) 7 intention, first 110
hydroencephaloeele e gocond 110
hydrops interstitial inflammation 101
bydramchls 7 intestinal diverticula 9
hydrothorax, chylous 81 - mycosis 206
hyperaemia 19 inversio vesicae 9
of 20 iron in morbid pigmentation 68
collateral 21 Trritabilitiit 78
idiopathic 21 ischaemia 21
passive 21 ischiopagus 12
hyperostosis 147 itch-insect 225
hyperplasia, cell-processes in, ch. xvit ixodes ricinus 225 .
hypertrophy, congemtal 18 3
e cell-processes in, ch. xvix janiceps 12
numerical 72 jaundiee 69
————— gimple 72
hyphae 213 karyokinetic cell-division 74
hyphomyeetes ch. xxx1 karyolytic figores 75
hypostasis 21
lardaceous degenemtion 57
e 69 h }wn? ?ma 153
ne €10
inclusio 'otztn:{.&nll;;n lepros’;r (see bacillus leprae) 181, 206
incrustation (4 leptothrix 186
indirect cell-division 74 leptus autumnalis 225
infarct 26, 30 . leucocytes, dinpodesm of 96
infarction, embolic 37 ————— dissolve in infective disenses
infective diseases, classification of 202 201
organisms in 208 ———— in granulations 108
infective granulomata ch. xxiv ———— migration of 96, 99, 108
infectiveness, marks of 117 ———— peripheral duponllon of 96
infiltrating tumom’ 137 lenkaemia 52
infiltration with salts 64 lice 226
inflammation chs. xx1, xx11 % lichenes 212
altered blood-current in 96 ligula nodosa 249
attraction theory 94 lipofibroma 144
iy causes of 98 lipoma 144
== definition of 93 lipomatosis 50
—— diapedesis in 06 hpom) xoma 144
——— dilated vessels in 96 &efﬂctmn. after neeromu 40
exudation in 96 opacdium 6, § "
=—————— later stages of ch. xxrr lu-ex acute atrophy of 204
~—— migration of blood-cells in —— eavernous tumour of 150
96 o liver-fluke 237
pr—; necrosis after 100 livores 21
nenropathic theories of 04  lupus 132
——— recovery afler 104 lymph, travsadation of 23
=——— repair after 98 lymphadenoma 155
——=———— sgtasis in 96 Iymphangioma 152
— &ymptoms of 93 Iymphatie glands, tubercle in 122
_— temperatare in 07 lymphatics in cedema 24
terminology of 101 lymphoma 155 °
textural changes in 99,103 Iymphorrhagia 31
—_— varieties of 101 lymphorrhoea 152

vascular changes in 95, 96  lymphosarcoma 153, 158
inflammatory infiltration 101

H - o0edema 102 madura-foot 222
stimulus 99 maggots 226
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maggot-worm 229
malaria (see baeillus malariae) 206
malformations, artificially produced 3, 5
congenital Sect, 1
— — fissural 7, 8, 9
of the organs 11

e — origin of 2, 8, 12
malignant oedema 188, 204, 206
malposition of the organs 11
margaric acid 54
margarin-crystals 54
matter or pus 102, 103
maw-worm 223

measle of pork 242, 243
meat-poisoning 206

Meckel’s diverticulum 9
medullary cancer 173
elanin 67

melanoearcinoma 173

melanoma 162

melanosarcoma 162
meningitis 204

meningocele 7

merulius lacrimans 220
mesoblastic tumour 138, ch. xxvt
metamorphosis (ses degeneration)
metaplasia ch. xx

metastases in cancer 174
metritis 204

metrorrhagin 26

miasmatic disense 202
minsmo-contagious disease 202
microbacterin 188, 185, 205
microbrachius 10

micrococei in lupus 132
——— pathogenous 204
micrococcus 184

cyanens 191
diphtheriticus 185
erysipelatis 204
lutens 184, 191, 105
_prodigiosus 191, 211
septicus 185, 199, 204
variolae 204
micromelus 10
microparasitic theory of contaginum 203
micropus 10
microsporina 185

microsporon furfur 222
Miescher's cylinders 250
migration of leucocytes 96, 99, 108
mikrosomia 6

mildew (vine) 220

miliary tubercle 118

—— tumours 137

miner’s lang 70

mixed conneetive-tissue tumonrs 164 sqq

——— canterous tumonrs 176
mole, congenital 179

—— fleshy 6

—— hydatidiform 6

molluscum, fibroma 142
monadina 185

monas haemorrhagicum 204

1l

monobrachius 10

monopus 10

monsters, double 1, 5, ch. 11t

origin of 5, 12

—— single 1, ch, 11

monstrosities by defect 3
————— by perversion 4

mortification (see gangrene)

mosquitoes 226 \
———— hosts of filaria 235

mounld-fungi ch. xxx1

in invertebrates 222

in moist gangrene 42

————— mutability of 219
————pathology of 221
—— reproduction of 213

mucoid degeneration 55

mucor racemosus 219

—— mucedo 215, 221

mutability of 219

mucous membranes, tubercle of 124

patch 129

tissne, growth of 85

multiplication of cells, causes of 80, 81

mumimifieation 41

muecle, growth of 89

regeneration of 89

mutability of bacteria 208 sqq

mycelinm 218

mycetoma 222

mycoderma 223

mycomyocetes 212

mycoprotein 183, 184

mycosis, intestinal 206

of lungs 221

myeloid cancer 173

sarcoms 139

myoma 158

myosarcoma 158

myxosarcoma 163

myxoma 145

myxofibroma 143

myxolipoma 143

myxomycetes 212

naevi 149

nanosomia 6

neerosis ch. vine

after inflammation 100
anaemic 83, 40

coagulative 85, 86

eolliquative 40

neerotic inflammation 103

nematoda 227 sqq 5
nerve-tissue, growth of 89

s regeneration of 89
neuroglia, growth of 83

nearoma 154

nenropathic theories of inflammation $4
new blood-vessels, growth of 86

— in granulations 109
‘nightingale’ (two-headed) 14

node, syphilitic 130 °
nodular tumour 137

—
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non-pathogenous bacteria 107

nosema bombyeis 204

nuelear figures 74, 75 '

nucleolus (nuclear or nucleolar corpuscle)
4

nucleuns-division 74
nucleus, structure of 74

obesity 50 ”
oedema 23

cachectic 23

hydracmic 25

— e inflammatory 25, 102
———— malignant 206

purulent 102

varieties of 24
oedema-baeilli 206
———————— transmutation of 211
oestrida 226

oidiunm 214, 220, 222
——— identical with mycoderma 224
oil-drops in fatty degeneration 51
olignemia 21
omphalopagi 12
on(.{m!oma 147
onychomycosis 222
oogoninm 218
oosphere 218
opspore 218
+ organisation ' 86
organoid tumonr 138
osteoblasts 88
osteoclasts 115
osteoid chondroma 165
osteoma 147
osteophyte 147
osteosarcoma 165
ovigenous organ in taenia 241
oxyuris vermicularis 220

packing-cells 216
papilloma 137
paramoecium coli 250
parasites Sect. VII
——— animal ¢ch, xxx11
vegetable chs. XXX, xxx1
parasitic twin 18
parenchymatons inflammation 101
parostoses 147
Pasteur’s septicaemia 188, 204, 2006
pathogenous bacterin 195, 196, 168,
210sqq
pearlys(?xsease 127, 206
—— tumour 161
pebrine 204
pediculi 226
penicillium glancum 217
pentastoma constrictum 225
—— denticulatum 225
—— = taeniodes 225
perodget;lus 10, 18
periostitis, infective 204
peripheral disposition of lencoeytes 96
perithecium 216

INDEX OF SUBJECTS.

perobrachins 10

perochirus 10

peromelus 10

peronospora infestans 220 .

peta’obacterium 185

petalococens 185

petechiae 26

petrification 64

phocomelus 10

phosphorus, causing fatty change 52

phthisis, bacilli in sputnm of 206

phycomyees 215

phycomycetes 212

pigmentary atrophy 45

pigments, haématogenons 63

- ~ normal 67

pigment-spots, congenital 179

piles 149 .

pityriasis 222

plagues 203

pleomorphism in fungi 218

pneumonia, catarrhal 204
~——— croupous 204

pollinodium 216

polymelia 15

polymorphism in fungi 212, 218

polypous tamonr 137

post-mortem staining 21

potsto-disease 220

proglottis 240

proliferation, cell-processes in 73

factors of 80, 81

proscolices 240

prostatic concretions 61

protection by inoculation 201

protophyta 223

protozoa 250

psammoma 162

pseudo-parenchyma 216

psorospermia 250

puerperal peritcnitis 204

pulex irtitans 220

~— penetrans 226

parilent eatarrh 102, 204

exudation 102

oedema 102

pus, origin of 99, 102, 107, 108,-112

putrefaction in moist gangrene 42

putrefactive diseases 204

putrid decomposition 191, 192, 197
—— exudation 102

praemia 204

pyelitis, micrococei in 204

pygopagus 14

Rainey’s corpuscles 250
re-absorption 104
e imperfect ch, xxirn
recovery after inflammation 104
regeneration after inflammation 104
necrosis 34
cell-processes in, ch. xviir
relapeing fever, spirillum of (see spiro- ’
chaetn Obermeyeri) 207
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resting-spore 215

retention, cysts of 71
Reverdin’s skin-grafting 84
rhabdomyoma 153
rhizopoda 230

rigor caloris in bacteria 189 .
—— frigoris in bacteria 180
ringworm 222

roestelia cancellata 220
rostellum of taenia 241
‘rot’ in sheep 237
round-celled sarcoma 153
round-worm 228 .

saccharomyces 223
sago-spleen 57

saliva, cansing septicaemia 204
sgnious exudation 102
suprophytes 221

sarcina 184, 185, 204
sarcoma 156 sqq

alveolar 161
myeloid 159
myxomatodes 168
peculiar 161
round-celled 158
spindle-celled 160
varieties of 157
sarcoptes 225

scarlatina, micrococei in 204
schistomycetes ch, xxx
schistoprosopin 8
schizomycetes ch, xxx, 212
scirrhous cancer 173

]

sclerosis (fibrous hyperplasin) 82, 111,

120
sclerotium 217

scrofula 127

seat-worm 220

senile retrogression 43 .

sepsin 191, 197

septicaemia, Davaine’s 204

————— from saliva 204
micrococei in 204

—————— of mice 201, 204

— Pasteur's 188, 204, 2006

septic poison 191, 197

sequestrum 115

serous catarrh 102

exudation 102

Sinmese twing 12

silkworm-diseases 204

silver-staining 70

simple eancer 175

siren-monster 10

situs transversus (inversus) 11

skin-dizeases, fungi in 222

skin-grafting $4

slongh 115 e

small-pox, micrococei in 204

softening 40 !

s0il, anthrax-gpores in, 206

goil, bacteria in 103

somatic death 32

¢ specific inflammations ' 117
specific nature of tissues 77 v
spermatozoid 218

sphacelus 42

sphaerobacteria 184

spina bifida 7

" gpina ventosa 135
spirillum of relapsing fever (see spiro-

chneta Obermeyeri) 207
tenue 187
undula 187
volutans 185, 187
spirobacteria 184, 187, 207
spirochacta denticola 187
Obermeyeri 185, 187, 207
gporangia 214, 215
sporangiophore 215
spores of mould-fungi 218
sporozoa 250
squamons epithelial cancer 173
staining, post-mortem 21
stasis (as a cause of necrosis) 53
sterigma 216
sternopagi 12

359

St Gothard tunnel, anchylostoma in 231

stigmata 27, 97

stimuli, action of, on cells 79
stomach, fungi in the 221
stomata 27, 97

stomoxys calcitrans 226
storage-fat 53
streptobacteria 185
streptococei 185

strongylus duodenalis 231

strumons inflammations 204
suctorial worms 286
sugillations 26
supernumerary bones and musclés 16
——————— mammae 16
suppuration (see pus) 112
symptomatic anthrax 206
sympus 10 _
syncephalus 12

syndactylus 10

synophthalmia 7

synotia 8

syphilis 128 gqq

micrococei in 200

tabanila 226

taenia cucumerina 244
echinococens 245
elliption 244
malformations of 243, 244
mediocanellata 244

nana 244 i
saginata 244

solium 241

tupe-worms 240 sqq

tarichinm megaspermum 222

T

—— longevaginatus (bronchialis)
1
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tatooing 70
telangiectasis 152
temperature, effect on bacteria 189

moulds 219
teratoms 13, 178, 179 =

textural changes in inflammation 99
; varieties of 103
thamphyten 212

thoracie duet, rupture of 31
thoracogastroschisis 9
thoracopagus 12
—————— parasiticus 13
thread-worm 229
thrombosis 29

* thrush * 224

tinea 222

tipulida 226

torula 223

trematoda 236

tricephali 16

trichina spiralis 282, 233
trichocephalus dispar 239
trichomonas 250
trichophyton tonsurans 222
triplets, homologous 16
tuberaceae 216

tubercle 118 a(ﬂ

clinical characters of 125
crude 121
definition of 118
inoculability of 125
miliary 118

tuberculosis (see bacillus tuberculosis)

18 sqq
acnte miliary 123

——— bacillus of 120, 127, 186, 206

diffusion of 121, 122, 124
—— of lymphatic glands 122
transmissibility of 125

tuberous tumour 137
tumonrs Sect, VI

- aetiology of, ch. xxvi1
cachexia of 141
Cohnheim's theory of 177
congenital 178
definition of 130
growth of 139
malignancy of 110
metastasis of 140

[
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tumours, varieties of form in 137
twing, homologous 12

typhoid fever, bacilli in 206
tyrosis 39

ulcer102, 115, 116

—— cancerous 175

—— tuberculouns 121 sqq
umbilical cord, withering of 41
umbilication in ecancer 175
urobilnuria 63

uterine fibroid 142, 153

vaccination 201

: in anthrax 201
vaceinia, micrococei in 204
valgus (pes) 11
varicocele 151
variola, micrococei in 204
varix, anastomotic 151
varus (pes) 11
vibrio 186
serpens 185
vibriow butyrique 186
vessels, dilated in inflammation 96
vessel-walls in inflammation 97, 98
virus, attenuation of 201, 211
—— of tubercle 126, 127
viscera, transposition of 11
vitellizenous organ in taenia 241
vitreons degeneration 63

warts, congenital 156, 170
waxy degeneration 88
liver 57

whip-worm 230
witches'-brooms 220
wood-tick 225

woolsorters’ disease 2006
worms 227 sqq
wound-infection 204
wounds, healing of 107

xiphopagi 12
yeast.-fungi 228, 224

zoogloea 134
zygospore 213, 215
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