Uterus and embryo : I. Rabbit : Il. Man / by Charles-Sedgwick Minot.

Contributors

Minot, Charles Sedgwick, 1852-1914.
Francis A. Countway Library of Medicine

Publication/Creation
Boston : Ginn, 1889.

Persistent URL

https://wellcomecollection.org/works/gzqwk4bk

License and attribution

This material has been provided by This material has been provided by the
Francis A. Countway Library of Medicine, through the Medical Heritage
Library. The original may be consulted at the Francis A. Countway Library of
Medicine, Harvard Medical School. where the originals may be consulted.
This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/



















Folume I, April, 1889, Number 3.

JOURNAL

OF

MOREPIIOLOGY:

UTERUS AND EMBRYO:—I. RABBIT; II. MAN.

CHARLES-SEDGWICK MINOT,

Hamvarp MEDicaL ScHooL, Bostod, Mass.

TABLE OF CONTENTS.

INTRODUCTION . .« . + & « « + &« = = « » = = s s » » » PAGE 341
I. RaBBIT. IT. MAN.
PAGE PAGE
§ 1. Uterusatsixdays . . . . 343 | § 13. Allantois and umbilical cord . 380
§ 2. Uterusatsevendays . . . 343 | §14. Ampnion. . . . . . . . 385
§ 3. Uterusateightdays. . . . 345 | §15. Chorion . . . ., . . . . 380
§ 4. Uterus at minedays . . . . 348 | § 16. Uterus during menstruation . 413
§ 5. Embryo at nine days . . . 353 | § 15. Uterus one month pregnant . 416
§ 6. Uterus at nine days and seven- § 18. Uterus seven months pregnant 421
teenhowrs . . . . . . 357 | § 19. Uterus after abortion . . . 428
§ 7. Uterus atelevendays . . . 350 | § 20. Origin of decidual cells. . . 429
§ 8. Embryo at eleven days . . . 365 | § 21. General considerations - . . 43I
§ 9. Uterus at thirteen days . . . 360 | § 22. Summary . . . . . . . 435
§ 10. Uterus and embryo at fifteen —
days: . i v . s v v + 372 ] 5§27 Bibliopraphy . + . « « . 438
SIL.Sommary + « + « . . . 370
§ 12. Comparison with other rodents 378

THis paper arose not as the result of a special investigation,
but as the outcome of general studies undertaken in connection
with the preparation of a Treatise on Human Embryology. For
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such a work, knowledge of the fecetal envelopes seemed espe-
cially important. I was thus led to examine them, and found
in so doing that the structure of the parts differed in many re-
spects from what had been assumed. The rabbit's uterus was
examined in the hope of obtaining light as to some of the
changes in the human uterus, but the differences are so great
that little help was gotten ; but on the other hand I was brought
to a conception of the changes in the rabbit's uterus so funda-
mentally different from the views of previous writers that I was
induced to carry my observations far enough to make sure of
the essential alterations. The following communication is there-
fore in no sense monographic, but only supplementary to the
work of others. My own work has been accomplished by the
aid of a grant from the American Association for the Advance-
ment of Science, without which it could not have been carried
out. The recipient of such aid naturally wishes to publish what
he has accomplished, since such a publication is the most fitting
acknowledgment of the assistance enjoyed. I feel my obliga-
tions to the Association the more deeply because the grant is the
first made from its Research Fund. May I express the hope
that that fund will be largely increased, and the Association en-
abled to make numerous grants to other workers, for in so doing
it will do more for the promotion of science than, I believe, by
any other means whatsoever.

I. RAERIT.

The observations here recorded were made upon pregnant
uteri of the rabbit at various intervals from the sixth to the
fifteenth day of gestation, both inclusive. The uteri were cut
out carefully, stretched very slightly, and the ends of each uterus
tied to an iron rod; the specimens were then hardened in
Kleinenberg's picrosulphuric acid, according to the directions
given in Foster and Balfour’s Embryology, 2d ed. pp. 425, 426.
Although this reagent worked fairly well, and preserved the
histological elements of the uterus and of the older embryos
satisfactorily, it failed to preserve the blastodermic vesicles in
uteri of six and seven days; and in the older specimens, after
hardening, the extra-embryonic feetal membranes were somewhat
rumpled. Owing to the great difficulty of obtaining doe-rabbits
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in Boston, and their consequent high price, I have been unable
to experiment with other methods of hardening. The speci-
mens after hardening were for the most part stained #z fofo with
alum cochineal and eosine, imbedded in paraffine and cut into
serial sections with an automatic microtome, made by Herr G.
Baltzar of Leipzig.

§ 1. Uterus at six days and three hours. — The position of
the ova is recognizable externally, being marked by a very slight
protuberance on the free side of the tubular uterus. Transverse
sections show that there is a considerable dilatation of the uter-
ine cavity, corresponding to the swelling ; the walls are consid-
erably thinned out by stretching. The glands are much altered,
otherwise there is no striking change in the uterine structure.
The shape of the glands varies, but everywhere their cavities
are very much expanded, and the epithelial linings of adjacent
glands are separated only by very thin connective tissue parti-
tions; on the side of the mesentery the glands are distinctly
tubular, and grouped on folds of the mucosa; the relations of
these folds are described in the next section. On the opposite
side of the uterus, that is, away from the mesentery, the glands
are short, with wide cavities, constituting a series of irregular
ampullae with wide mouths. The epithelium is thickened every-
where ; it stains deeply, and has enlarged nuclei; it has many
intercellular vertical fissures, and therefore a good many of the
cells are separated from their neighbors; adjacent cells project
unequally, rendering the surface of the epithelium irregular.
The change in the epithelium is greatest opposite and least
near the mesentery, but is everywhere similar in kind, though
varying in degree.

I am unfortunately unable to state anything in regard to the
relations of the ovum, owing to the failure of its attempted
preservation in my specimens.

§ 2. Uterus of seven days and three hours. — The placental
swellings are well marked as smooth, rounded bulbs only a little |
larger in diameter than the unaltered uterus between the swell-
ings, and not projecting at all on the mesenterial side of the
uterus. Transverse sections show at once the changes which
have taken place. As is well known, the rabbit’s uterus has six
longitudinal folds, symmetrically disposed ; the line of insertion
of the mesentery (mesometrium or broad ligament) corresponds
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to the space between two folds, which alone participate in the
formation of the placenta; accordingly we may designate them
as the placental jfolds. In the region of the swellings the
placental folds are already hypertrophied, and form a marked
contrast to the opposite side, where the folds have completely
disappeared, and their glands have become shorter and some-
what contorted; the two lateral folds are intermediate in ap-
pearance. In the placental folds there is a great increase in
the connective tissue, which consists solely of anastomosing
cells, forming a loose meshwork of very granular protoplasm, of
which only a small amount is accumulated around each nucleus.
Described in other words, the cells are small, granular, with long
processes continuous with those of adjacent cells. The glands
extend only a short and nearly uniform distance down from the
surface of the folds; the glands themselves are somewhat
dilated ; their epithelium stains deeply ; its free surface is quite
irregular ; the nuclei are greatly increased in number, and lie
crowded throughout the whole thickness of the layer; the nu-
clei are round or oval in outline, with a well-marked reticulum
densest superficially. In many places the nuclei are grouped,
three, four, or five together, and sometimes one can distinguish
a distinct outline around the group. These appearances I in-
terpret as evidence that the nucleus of each cell proliferates,
rendering the cell multinucleate. The blood-vessels are like-
wise hypertrophied in the placental folds, and to a less extent
in the adjacent folds, but not at all in the folds opposite the
placenta. In the placental folds there are larger blood-vessels
running for the most part longitudinally, and all situated in the
zone next the muscularis ; between this zone and the glandular
layer, the blood-vessels are, on the contrary, all of small calibre,
most of them taking a more or less radial course, and lying ap-
proximately in the plane of the transverse sections. All the
blood-vessels of the mucosa have, so far as I have observed, the
character of capillaries, for they consist of merely an endothe-
lium without adventitial or muscular envelope, although some
of them are many times the diameter of ordinary capillaries.
The blood-vessels of the placenta of the Guinea pig are stated
by Creighton, 77a, p. 544, to have the same character. There
is a single layer of connective tissue cells condensed around the
vessels, and representing the commencement of the perivascu-
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lar decidual cells, though the cells themselves scarcely differ
yet from the ordinary connective tissue cells between the
vessels.

We find at this stage all the regions of the placental swell-
ings, to be found in later stages, already definitely marked out.

These regions are as follows : —

I, PLACENTAL: subdivided into

A, glandular zone.

B, sub-glandular vascular zone with (a), sub-glandular
zone with small vessels (#), outer zone with
large vessels.

2, PERI-PLACENTAL.
3, OB-PLACENTAL.

Each of these regions comprises two folds of the mucosa,
viz. : the placental, the two folds next the mesentery ;! the pesri-
placental, the two lateral folds; and the oé-placental region, the
two folds opposite the mesentery. The three zones of the
placental area persist and become much more marked in later
stages, owing to the great divergence of the processes of his-
tological differentiation in each zone. Of the two vascular
zones, the sub-glandular is characterized later by its very large
multinucleate cells, while the ouzer zone is characterized by its
crowded uninucleate decidual cells. All the regions and their
subdivisions will be perhaps better understood by the descrip-
tions and figures of the nine days’ uterus. (See below.)

In my specimens, although the uterus seemed to be very well
preserved, the blastodermic vesicles were completely shrivelled
up; hence I could make no observations as to the relations of
the embryo to the uterine wall.

§ 3. Uterus of eight days and three hours., — It is un-
necessary to describe the appearances at this age in detail,
as they have been described already with admirable clearness
and exactitude by Masquelin and Swaen, 114, 25-30. I have
therefore only to confirm their account and refer to certain
points on which my observations extend or differ from theirs ;
it is also necessary to describe the extra-placental structures,
which are left out of consideration by Masquelin and Swaen.

1 Although this use of the term mesentery is etymologically indefensible, it seems
permissible, and not likely to lead to misunderstanding any more than the etymologi-
cally indefensible terms cell, endothelium, terminology, etc., etc.
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The connective tissue is but little altered from the condition
at seven days ; it has the same adenoid character; the cells are
elongated in directions more or less parallel to one another, and
the appearance of the protoplasmic reticulum therefore varies
according as the section passes at right angles or parallel with
the long axes of the cells; in the former case the meshes are
smaller, in the latter larger and longer. The perivascular cells
have grown ; Masquelin and Swaen trace their origin to a meta-
morphosis of the conmective tissue cells, in doing which I en-
tirely agree with them ; these authors likewise describe fibrille
in the connective tissue, but in my preparation I can find none,
nor from what we know of the structure of the mammalian
uterus is it probable that any are present; in regard to this
point I think that Masquelin and Swaen’s account needs recti-
fication.

The placental blood-vessels have increased in size, and, I
think, in number; their epithelium, particularly in the larger
vessels, is decidedly thickened.

The uterine epithelium has entered upon its complex degen-
erative metamorphosis — most of the changes have been seen
and correctly described by Masquelin and Swaen for the pla-
cental area. They conclude that the changes lead to a new
formation of blood corpuscles out of the substance of the epi-
thelium. My own observations oblige me to regard the changes
as phases of a hyaline degeneration with hyperplasia of the
degenerating elements, and having nothing to do, therefore,
with blood formation. In all parts of the uterine dilatations the
epithelium is considerably thickened (Plate XXV, Fig. 1). The
thickening is due to the enlargement and fusion of the epithelial
cells, and this enlargement of the cells is due to the prolifera-
tion of the nuclei and to the growth of the protoplasm, which
begins later and continues longer (as later stages show) than
the multiplication of the nuclei. That the nuclei multiply
within each cell can be distinctly seen in my specimens of this
age ; the same fact has been observed by Masquelin and Swaen.
The growth of the protoplasm is more properly described as an
enlargement, due to degenerative metamorphosis. As to the
nature of this metamorphosis I am unable to speak with much
precision. The substance presents a very granular appearance,
and possesses a slightly greater affinity for coloring-matters
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than the unaltered protoplasm. Examination with an apochro-
matic oil immersion shows in some parts of the degenerated
epithelium a distinct network, the threads of which are rather
coarse and hyaline in appearance. In default of chemical and
further microscopic examination we may accept the hypothesis
that the degeneration consists in direct change of the pro-
toplasmic reticulum into hyaline substance, accompanied by
thickening of the reticular threads. The degeneration of the
epithelium has progressed much further over the non-placental
area than elsewhere, and much less over the placental area:
the peri-placental regions are in an intermediate stage.

It is also important to note that the deep portions of the
glands are nowhere degenerated. The glandular layer may be
divided accordingly into an upper degenerated zone and a lower
not degenerated zone.

In the placental area there is no stretching of the tissues, and
accordingly the glands retain their tubular character. The
nuclei fill up most of the epithelial layer; there are three, four,
or even five, in each cell in the upper part of the gland ; the cells
of the fundi are but slightly altered from their usual appearance.
The embryo is attached to the maternal placental surface only
by the ectoderm, without any participation of the other germ
layers, direct or indirect, so far as I can observe. That portion
of the ectoderm which is soldered to the uterus is very much
thickened, in marked contrast to all other parts of the layer. As
shown in Fig. 1., Pl. XXVI., the placental ectoderm runs over
the surface only of the placenta, and stretches straight across
the mouths of the glands, shutting them completely; it
does not dip down into the glands at all, and possesses no villi
whatsoever. On the surface, between the glandular orifices,
the uterine epithelium, already degenerated, is clearly distin-
guishable.

In the other regions the stretching of the walls stretches the
glands also, and of course proportionately to the extent of the
strain ; hence, in the non-placental area the glands become slits
running parallel to the surface, and in the peri-placental part
become wide cavities. The upper zone of the peri-placental
glandular layer has its epithelium changed into a very thick
layer, and beginning to undergo resorption, as evidenced by the
presence of cavities. As we follow round towards the non-pla-
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cental area, the evidences of resorption are greater, and over the
area itself a large part of the upper glandular zone has disap-
peared altogether. Similar relations are found in the uterus of
nine days, from which the drawings have been taken. For the
sake of greater clearness, and to avoid repetition, we pass at
once to the next stage. The fact that I have found the uterus
at eight days so much nearer in its stage of development to that
of nine than to that of seven days, may be attributed to acci-
dental variations.

§ 4. Uterus at nine days and three hours.— Fig. 2, PL
XXVI., represents a transverse section through a swelling. The
attenuation of the walls everywhere, except in the placenta, is
very marked, and affects both the outer and inner muscular
layers, /m, c¢m, and the mucosa, mxc. In the placental region,
P/, on the contrary, the walls are thickened ; the placenta itself
is formed chiefly by the hypertrophy of the connective tissue of
the two longitudinal folds nearest the mesentery, mzes: the
superficial glandular layer, g/, owing to its deeper staining, is
readily distinguished even by the naked eye; each lobe of the
placenta is imperfectly subdivided into two lobules; the em-
bryo, in the specimen figured, appears in transverse section over
the right-hand lobe, directly above the furrow separating its lob-
ules; the actual disposition is shown in Cut 1; in Fig. 2 the
embryonic structures are purposely omitted on account of the
small scale; to the consideration of the feetal membranes the
next section (§ 5) 1s devoted.

The connective tissue of the placenta is already far advanced
in its metamorphosis, which progresses as described by Masque-
lin and Swaen. It consists of a rich cellular network, Fig. 3,
conn, of which the cell bodies are much larger than in previous
stages ; these bodies are for the most part elongated, with very
irregular surfaces, and are, therefore, perhaps best characterized
as roughly spindle-shaped ; their long axes are more or less par-
allel with the blood-vessels; the nuclei are round, oval, or ellip-
tical, granular, but with a clearer cortical layer, as is usually
the case in young connective tissue cells: compare Rollett’s
Figs. 4 and 5 in Stricker’'s Handbuch der Lelve von den Gewe-
ben, 1., pp. 63 and 65. The processes of the cells are numerous
and very fine, forming a meshwork, between the cells, of such
delicacy that it can be followed out only with high powers



No. 3.] UTERUS AND EMBRYO. 349

(400-500 diams.). The observation of the threads of this net-
work has led certain investigators to assume the presence of
connective tissue fibrillae. Scattered about in the connective
tissue are a not inconsiderable number of leucocytes, / / /
easily recognized by their size and shape, their granular appear-
ance, deep staining and characteristic nuclei. Around the
blood-vessels is the perivascular layer of decidual cells, per o,
which have already been amply described by Masquelin and
Swaen, Ercolani, Godet, Creighton, and others. Ercolani's
descriptions, of which the most important to us is that of the
rabbit at fifteen days,! 89, p. 278, is far from sufficient. Go-
det’s paper I know only from an unsatisfactory abstract.
Creighton’s account of the perivascular layer in the Guinea pig,
774, 544, 15 also good, and he agrees with the Belgian authors
in tracing the origin of the cells to the metamorphosis of the
connective tissue. Ercolani opposed this view and maintained
that the uterine mucosa is completely destroyed, leaving the
whole placental tissue of the mother to arise as a new formation.
My preparations render it impossible to agree with Ercolani,
since they show all the phases of the metamorphosis. It is only
necessary to follow, in Fig. 3, the three series of cells numbered
1, 2, 3, 4, each, and to find in all parts of the placenta the same
. appearances; to see the perivascular layer at six and seven
days, before it is much differentiated; and finally to see the
perivascular accretions at later stages, to render inevitable the
conviction that the perivascular layer is modified connective
tissue. Neither at this stage nor at any earlier or later one
have I been able to detect any evidence whatsoever of the re-
sorption of the connective tissue affirmed by Ercolani, 89.
Masquelin and Swaen describe multinucleate cells, but I fail
to find them until later stages.

The blood-vessels have their endothelial lining considerably
thickened, each cell for itself, and to its individual degree, Fig. 3,
Endo; they are stained by alum-cochineal and eosine more
deeply than the adjacent decidual cells, from which they are
sharply distinguished. I am unable to recognize any cells which
might be interpreted as intermediate stages between the endo-
thelial and decidual cells, as we should anticipate, were Erco-

1 The specimen described by Ercolani I consider to have been probably really only
about thirteen days.
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lani’'s suggestion correct that the decidual cells arise from the
blood-vessels. The contents of the blood-vessels are blood cor-
puscles and coagulum ; the blood corpuscles resemble the ordi-
nary red globules of the rabbit, a point deserving notice in view
of the change occurring later. There are occasional leucocytes,
but they are nowhere numerous.

The two layers of the vascular zone are now distinguishable
not only by the size of the vessels (not well illustrated in the
section drawn as Fig. 2), but also by the much greater develop-
ment of the perivascular cells in the outer zone; in the sub-
glandular zone the cells are now not far from their maximum
development, forming a coat one or two cells thick around the
vessels; on the outer zone, on the contrary, the number of lay-
ers of cells has still to increase very much ; consequently as
development progresses, the difference between the subglandu-
lar and outer zone becomes more conspicuous.

The epithellum and glands repay careful study at this stage.
The degenerative processes are similar in certain essential re-
spects in all parts of the uterine swelling. The likeness con-
cerns five chief points: 1° the deep portions of the glands
show little change in the epithelium ; 2° the upper portions are
very far degenerated; 3°, the protoplasm of the degenerated
epithelial cells is fused into a continuous thick hyaline mass, the -
egrowth of which ultimately obliterates the cavity of the glands;
4°, the nuclei of the degenerated epithelium multiply enor-
mously ; 5°, the degenerated tissue is absorbed by progressive
vacuolization.

But although these resemblances are dominant, each of the
three principal regions, the placental, peri-placental, and ob-pla-
cental, presents now a very distinctive appearance, and has its
distinctive further history.

In the peri-placental region, with which we begin, because the
relations are more obvious there than elsewhere, we find the
appearances shown in Fig. 4. The line of demarcation from
the placenta, though not definite or sharp, can be approximately
determined, but the passage into the ob-placental region is very
oeradual. The most striking feature of the section is the de-
eenerated and enormously thickened epithelium, 4.ep, deeply
tinctured by the eosine, and remarkable for the crowded band
of nuclei. Within the area of the degeneration the former
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gland cavities are closed ; the diameter of the glands has enor-
mously increased, and in some places two adjacent glands have
swollen until they have come in contact and fused, the glands
then forming a network ; in the placental region the conversion
of the glands into a network goes very far. The distribution of
the nuclei as at ¢ and & preserves in some parts the original
grouping in opposite walls of the gland tube; at other points
they lie in jrregular patches. Secondary cavities, vae, appear
at various points; they are irregular in size, shape, and position,
and arise by the resorption of the degenerated tissue. There is
probably a certain amount of resorption carried on upon the
surface against the connective tissue, for that surface becomes
jagged and irregular, presenting a corroded appearance, as can
be seen at various parts of Fig. 4. The vacuolization is, how-
ever, the principal factor of destruction. As to the manner in
which the spaces are produced in the heart of the very compact
layer, my observations give no satisfactory information. There
are no accumulations of leucocytes either in the epithelial layer
nor even In the connective tissue (see Fig. 4), in which all the
cells are copied with approximately entire accuracy from the
preparation. The only material I have ever noticed in the vacu-
oles is broken-down fragments of the surrounding hyaline tissue
(epithelium) itself. The hypothesis may be suggested that the
resorption vacuoles are produced by liquefaction, but the sug-
gestion calls for no further discussion since thereare no direct
observations to test the validity of the hypothesis.

The deep portions of the peri-placental glands, Fig. 4, ¢/, are
dilated transversely to an extent which has converted them from
tubes into wide vesicles. Towards the ob-placental region the
transverse stretching gradually increases. The epithelium differs
but little from that of the resting utricular glands; it is com-
posed of cylinder cells with basally placed oval nuclei.

In the ob-placental region the mucosa is much thinner than
elsewhere. As we proceed from the edge of the peri-placental
region towards the pole furthest from the placenta we find that
the layer thins out and is more advanced in its degeneration.
Near the peri-placental thickening there is a wide superficial
layer of degenerated epithelium with the characteristic central
band of nuclei, but the prolongations corresponding to the
degenerated gland ducts are short; the deep portions of the
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glands are oval slits parallel with the muscularis, Fig. 5, /. A
little further along, the resorptive vacuolization begins, producing
a curious irregular layer, Fig. 5. The degeneration and vacuo-
lization is found still further along to have involved the inner
adjacent wall of the gland vesicles, thus producing the appear-
ances shown in the left-hand part of Fig. 5, where there are
shallow cups, g7, of epithelium, each entirely separate from its
fellows, and all overlaid by the hyaline stratum, Z.ep. There is
usually a dome-like hollow in the degenerated stratum above
each cup. Since the processes described vary in rapidity, there
is not a uniform, but only a general, progression of stages towards
the centre of the ob-placental region. Moreover, the variability
is great, and the images from different sections and different
parts of the same section are correspondingly multifarious, but
the general succession of changes is everywhere the same; hence
it would be profitless to expand the descriptions.

The placental glands have preserved their tubular character;
they are less degenerated than the uterine glands of the non-
placental parts; their walls are less thickened and in most parts
the glandular cavity is still present. The deep portion of the
glands are tubes lined by columnar epithelium. For the rest, I
may refer to the satisfactory description of Masquelin and Swaen,
114, 30-31, except as to one point. As shown in Cut 1, p. 355, the
ectoderm of the embryo is firmly soldered to the placental surface
over certain dreas. The nature of this connection and the accom-
panying structural changes in the uterus are illustrated in Fig. 7,
which has been copied with great care from one of the sections.
For the sake of clearness, only the nuclei of the connective tissue
have been drawn in; the perivascular cells are represented by
their nuclei and outlines, and the nuclei and cells of the foetal
ectederm are given in outline; but there is nothing diagrammatic
in the drawing; of course in the figure the distinction between
the feetal and maternal tissues is more marked, though not more
real than in the section; in fact there is scarcely a cell even on
the line of junction of the ectoderm with the uterus about the
assignment of which one could have any doubt, so distinct is the
texture and the staining of the foetal and maternal tissues.
This is a matter of importance, as it renders it possible to ascer-
tain beyond question that there are no villi; nevertheless their
presence has been assumed not infrequently. To pass on:
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where the ectoderm, Fig. 7, Eefe, touches the placenta, the active
resorption of the degenerated glands is going on (see the part of
Fig. 7, above bracket C); whereas in other parts the glands pre-
sent the appearance shown in Fig. 7, A, g3, and described by
Masquelin and Swaen. There is also an intermediate zone
shown in Fig. 7, above bracket B, where the transition phases
between the two states are found; the zone of transition lies
immediately underneath the point where the ectoderm, Feso,
joins the uterine epithelium, /.g¢; here the glands are thick-
ened and hypertrophied ; the lumen is obliterated, but the cylin-
drical shape is irregularly preserved; where the distal end of the
ectoderm leaves the placenta, there is again a similar transi-
tion: in other words, the resorption is less advanced around
the periphery than in the centre of the area of ectodermal
attachment. The resorptive process is essentially the same
as outside the placenta, — superficial corrosion and internal
vacuolization, — but the vacuoles formed are relatively small
and consequently more numerous: moreover, the space left by
the disappearing epithelium is at once occupied by connective
tissue cells, so that there are no cavities. The resorption goes
on principally in the superficial layers of the placenta, where it
results, as later stages show, in the complete disappearance of the
glands immediately underneath the ectoderm; deeper down the
glands at the present age are hypertrophied and without lumina,
but even in the region of bracket C of Fig. 7 (P1. XXVII.) most
of the glands show very few or no vacuoles.

§ 5. Embryo at nine days and three hours. — It is not pro-
posed to consider here anything but a few points bearing on the
relations of the embryo to the uterine walls.

First, as to the position of the embryo: the dorsal surface of
the embryo is turned towards the placenta; the embryo may be
situated over one or the other lobe of the placenta or across
both; its long axis may be either parallel or oblique or at right
angles, to the long axis of the uterus. In the specimen repre-
sented in Cut 1, both the uterus and embryo appear in trans-
verse section. Similar variability appears in my specimens of
uteri of eight days, and of nine days and seventeen hours. The
statements of Van Beneden and Julin, 44, and other authors,!

! Compare Bischoff, Entwickelungsgesch. d. Kaninchens, p. 138, and von Baer,
Entwickelungsgesch. 11., 232.
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lead rather to the supposition that the embryo normally lies
across the uterus; but this is true in my experience only of the
later stages after the embryo is suspended more freely.

Next as to the extra-embryonic portions of the germ layers:
my observations compel me to differ as to the composition of the
walls of the blastodermic vesicle or yolk sack. Sections through
the middle region of the embryo, Cut 1, show an open medul-
lary groove, Jd, the thickened notochordal band, nck, of the
entoderm; the mesoderm of the Stammzone is undivided ; that
of the parietal zone is split to form the ccelom, Coe, which may
be followed a considerable distance from the axis of the embryo,
when the two leaves of the mesoderm again unite into a single
distal plate, ses, in which the two layers can be distinguished
for a certain distance; the distal edge of the mesoderm is
sharply marked; the mesoderm is thickened around its margin.
Beyond the margin the ectoderm and entoderm come into con-
tact, @; the former is the thicker layer, being composed of cubical
cells, while the entoderm consists of very thin broad cells; the
two layers continue outwards until, having passed over the peri-
placental thickening, they reach the region of transition from the
peri-placental to the ob-placental area, where the ectoderm chang-
ing to a thin flat-celled membrane is intimately conjoined to the
degenerated epithelium of the uterus. Where the concrescence
takes place, the union of the two layers becomes very intimate,
so that it is difficult to satisfy one’s self how much farther the
ectoderm extends, but apparently it goes completely around,
forming a closed vesicle, as is generally stated and as is found
later. Apparently the ectoderm is not involved in the resorption
of the uterine epithelium, which disappears — but further inves-
tigation is required. The entoderm of the other hand is readily
followed, and although somewhat crumpled and torn in the ob-
placental region of my specimens, there is to my mind very little
doubt that it forms a closed sack, corresponding to the ento-
dermic lining of the yolk sack of other mammals. From the
observations above recorded it is evident that two germ layers
are readily traced for some distance from the embryo, but that-
beyond a certain line only one layer, the entoderm, is readily
followed. Now this fact is carefully represented in van Bene-
den's and Julin's diagram, 44, Pl. XXIV., but the membrane
which stops is there given as entoderm, which, as seen in my
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Cut 1. — Transverse section of a rabbit embryo, #n site, of nine days and three hours. & wall of yolk-sack composed of ecto-
derm and endoderm only; z¢, vena terminalis; smes, mesoderm; spd, splanchnopleure; eoe, coelom; wek, notochord; A, medullary
groove; my, myotome; Swndo, endoderm; Feto, ectoderm; g/, glands; o, blood-vessel ; ke, hyaline uterine epithelium.
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specimens, is continued around. It is probable that when
embryos of nine days are removed, that a portion of the ecto-
derm remains attached to the uterine wall, and consequently the
inferior portion of the vesicle is without any ectoderm. Being
unaware of such a possibility, van Beneden and Julin have
perhaps represented the single layer left as ectoderm on
account of the theoretical necessity of an ectodermal cover-
ing on the external or apparently external surface of the ovum.
The question, therefore, is to be posed: Have not observers
found two layers up to a certain limit beyond the wvena termin-
alis, and only one layer over the remaining inferior portion of
the embryonic vesicle, and assumed the single layer to be ecto-
derm, whereas it is entoderm, and the true ectoderm is left upon
the uterus, to which it is indissolubly attached? The view I
advocate brings the further question whether a portion of the
embryonic ectoderm disappears by being involved in the resorp-
tion of the ob-placental uterine epithelium. This I think is not
the case. The intimate adherence of the extra-embryonic por-
tions of the germ layers to the uterine walls has been carefully
recorded by Bischoff, Entwickelungs gesch. Kaninchens, p. 131,
“Vom dem Umbkreise der Vena terminalis an ist das Ei [of ten
days] in die in dieser Lage, etc. .. . und von hier an sind auch alle
Eihdute so innig unter einander und durch den Uterus vereinigt,
dass es nicht gelingt sie zu losen.”

The attachment of the embryo takes place as described by
van Beneden and Julin, p. 402, 403, by an area of thickened ecto-
derm ; the general arrangement i1s well shown in Cut 1, while
the fitting together of the feetal and maternal surface is better
illustrated by Fig. 7, Pl. XXVII. The feetal mesoderm does not
participate even indirectly in this attachment, but runs along
free from the outer germ layer. The ectoderm, as it nears its
attachment (see Fig. 7), gradually thickens. Just where it joins
the uterine surface there are several large cells with very large
nuclei; appearances which are probably connected with the
growth of the layer, for beyond the line of the large cells the
ectoderm is very much thicker. Extremely distended nuclei
also occur very strikingly in the developing supra-renal capsules,
and are also there connected presumably with cell proliferation.
If these suppositions are correct, there is a modified form of cell
division characterized by dilatation of the nuclei and which
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deserves special study. Over the area of attachment the uterine
epithelium, Fig. 7, £.¢p, is degenerated as before described, its
surface is extremely irregular, but the ectoderm, fefo, 1s per-
fectly fitted to every irregularity, but the free surface (towards
the mesoderm) is comparatively smooth; the layer consists of
two, three, or four strata of cells. Beyond the area of attach-
ment the ectoderm again thins out.

As to how the tissues are held together, my observations
afford no explanation. It seems to me possible that the two
tissues actually grow together as a grafting unites with a bough ;
but for aught we know it may be by some other process, perhaps
simple agglutination. The thickening of the ectoderm I am in-
clined to regard as degenerative, and therefore somewhat com-
parable to the degenerative thickening of the uterine epithelium.
I am brought to this view by no conclusive observations, but
chiefly by two facts: 1° that in later stages the ectoderm seems
to have disappeared over the greater part of the placenta (see §
7. Uterus of eleven days); 2° hyperplasia is often the com-
mencement of degeneration, as is familiarly known to patholo-
gists. To this evidence may be added the appearance of the
ectoderm at nine days and seventeen hours, which I interpret
as indicative of degeneration.

§ 6. Uterus of nine days and seventeen hours.— In my
specimen there are not many changes from the previous stage
last described, but of these changes the following deserve special
mention : 1°, the commencing formation of perivascular decid-
ual cells in the peri-placenta ; 2° the reconstitution of the ob-pla-
cental epithelium; 3° the formation of the true chorion; 4°
changes in the extra-embryonic ectoderm; s5°, the contents of
the placental blood-vessels.

1°. The peri-placenta is still only a small bolster at the side of
the placenta; its glands are still recognizable and its blood-ves-
sels are more conspicuous ; the connective tissue cells are en-
larged and have begun to form more or less distinct coats around
the blood-vessels. I feel assured that the decidual cells arise
here in the same way as those of the outer zone of the placenta ;
the cells in the two parts appear to me identical in character as
soon as they attain their full development, and to differ only
in the period during which their development takes place ; later
on, Fig. 8, Pl. XXVIII,, the peri-placenta forms, together with
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the outer zone of the placenta, a continuous layer of uninucleate
decidual cells, extending over half the uterus.

2° In the ob-placental region the degenerated portion of the
uterine epithelium is almost completely resorbed around the
pole opposite the placenta, (compare Figs. 4, 5, and 6). Fig. 6,
taken from an older stage, in which the phase existing at nine
days and seventeen hours at the pole is found near the peri-pla-
centa, illustrates the manner in which the patches of unaltered
epithelium, g/, of Fig. 5, grew together by the union of their
edges into a continuous sheet of epithelium, Fig. 6, ¢/, forming
a series of shallow cups, widely open.

3°. The chorion of mammals, as I have defined it elsewhere, is
“the whole of that portion of the extra-embryonic somaioplenre
which is not concerned in the formation of the amnion.,”! The
term is not applicable until the mesoderm has united with the
ectoderm in the region outside the embryo to form a single mem-
brane: such a union has now taken place; the thickened pla-
cental ectoderm is coated by a thin layer of flat cells, epithelial
in character and with bulging nuclei. These cells represent the
lining of the body cavity, or, as this lining is conveniently called,
mesothelium. The mesothelium, and consequently the ccelom,
extend a slight distance beyond the edge of the placenta; the
mesothelium then bends over onto the yolk sack, of which it
becomes the vascular coat, and then runs fowards the embryo;
the vascular coat has a large vessel, szzus ferminalis, near the
end of the cecelomatic space, and the mesoderm stretches a short
distance beyond away from the embryo. The ectoderm, on the
contrary, extends beyond the end of the mesoderm away from
the embryo over the rest of the yolk sack. Thus the yolk
sack, as is well known, comprises two parts, one near the em-
bryo with walls composed of entoderm covered by mesoderm,
and away from or opposite the embryo, with walls composed of
entoderm covered by ectoderm ; compare the clearly expressed
summary of the relations in the rabbit given by Balfour in his
Comparative Embryology, 11., 199, 200.

4°. The ectoderm of the embryo presents the same general
arrangement as at nine days. The area of thickened entoderm,
however, which is attached to the placenta has changed in ap-
pearance ; at nine days and three hours each cell outline was

1 Wood's Reference fandbook of the Medical Sciences, 11., 143; article, Chorion.
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distinct, and the protoplasm around each nucleus dense and
finely granular; now the cell outlines are hard to follow and the
picture is confused by broader lines of hyaline matter, which is
colored by the eosine; the nuclei are enlarged, the protoplasm
is more coarsely and more irregularly granular, and somewhat
vacuolated. The characteristics enumerated concord with the
idea that degeneration is going on, —an idea suggested, also, as
before stated, by the failure to find this part of the ectoderm in
later stages.

5°. The blood-vessels show increased hypertrophy of their
epithelium, and the perivascular cells form two or three layers
around them ; they are especially remarkable for containing a
very large number of multinucleate leucocytes and comparatively
few red corpuscles. The excessive abundance of white globules
continues up to the oldest stage I have examined (sixteenth
day). The predominance of nucleated corpuscles causes the
contents of the maternal vessels to resemble feetal blood when
examined with a low power; with high magnifications the dif-
ference is evident. To the feetal blood in the placenta we shall
have to recur.

§ 7. Uterus at eleven days and three hours. — Very great
changes have taken place — so great that they cannot be under-
stood completely until some of the intermediate phases are
studied. Want of suitable material has hitherto prevented my
doing this. At the present stage —the beginning of the
twelfth day — the placenta is distinctly pedunculate, and there
is consequently a circular cleft between its sides and the closely
adjacent peri-placenta; in the middle of the placenta a deep
fissure corresponds, of course, to the space between the two
folds of the uterus, out of which the placenta is developed, and
therefore runs lengthwise of the uterus. The allantois has ac-
quired considerable size and is attached to the surface of the
placenta, from which the ectoderm has disappeared. The
‘glands of the placenta are very far degenerated and altered ; in
the sub-glandular zone the multinucleate cells have appeared,
and in the outer zone the perivascular cells have increased so as
to occupy nearly all the space between the vessels. In the peri-
placental and ob-placental regions, the modifications are equally
noteworthy. Such, in brief, are the more striking changes.
Let us consider them with greater detail.
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The diagram on Pl. XXIX, will enable the reader to follow the
ensuing descriptions. The general explanation of the diagram
is given in the next section.

The placenta is shaped somewhat like a mushroom: it has
a very thick stalk, with a somewhat broader top. The top is
bilobate, there being a deep fissure between the two lobes ; this
fissure persists at thirteen days (Fig. 8, f) ; its fundus is the sub-
placenta (Ercolani's cotyledonary organ). The sides of the
fissure are, of course, part of the surface of the placenta, mor-
phologically speaking, and bear glands. The three zones of the
placenta are well marked. In the outer zone the blood-vessels
are very wide, with thickened degenerated epithelium ; the peri-
vascular cells occupy the entire space between the vessels in all
that part of the zone towards the muscularis and most of the
space in the part towards the glands. Next to the sub-glandular
zone, therefore, we see the vessels surrounded, each by its sep-
arate thick perivascular coat, while the intervening tissue still
consists of anastomosing cells, like those which in earlier stages
occupied more of the space and which formed the only packing
between the vessels at six days. The blood-vessels convert the
layer, by their enlargement, into a spongy tissue, which has been
described not only in the rabbit, but in other rodents; the ves-
sels themselves have been generally described as glands, but
the study of their development renders doubt as to their true
character impossible, The vessels are partially empty in my
preparations, but they contain very numerous leucocytes, nearly
all of which have several nuclei apiece, which are conspicuous
from their dark staining : there are a few red globules and here
and there a little coagulum. As the corpuscles of the embryo
are large nucleated bodies, there is no difficulty in distinguishing
the feetal from the maternal blood, even in the upper part of
the placenta, where the two circulations are juxtaposed. The
middle or sub-glandular zone has undergone greater changes still.
In it, as likewise in the glandular zone, the perivascular cells have
almost entirely disappeared,! but they are, as it were, replaced

1 This statement is perhaps not correct. There are certain spaces surrounded by
epithelial or epithelioid cells to be seen in the upper part of the sub-glandular and in
the lower part of the glandular zone; these spaces I have interpreted as parts of the
glandular system, but they are perhaps maternal vessels with perivascular cells. The

uncertainty as to their character could be probably removed by the examination of
the ten days’ placenta, which presumably offers the intermediate stages.



No. 3.] UTERUS AND EMBRYO. 361

by multinucleate cells (compare Fig. 14, Pl. XXVIIL, of these
cells from an older placenta) ; their origin appears to be due to
the development of clusters of connective tissue cells, which lie
scattered about between the blood-vessels ; each cluster consists
of from three to six cells lying together and connected on the
one hand by short processes with one another, and on the other
by longer processes with the cells of adjacent clusters. The
larger clusters are separated by membranes from one another,
and thus every cluster becomes enclosed in a membrane and ap-
pears as a multinucleate cell. The development of these cells
would doubtless repay more accurate investigation. The multi-
nucleate cells do not yet form a continuous bed under the
placenta, but are divided into parts by masses of very loose
connective tissue. At the base of the fissure between the two
lobes of the placenta the glands have almost entirely disap-
peared, but we still find a few unresorbed fragments of their
degenerated epithelium; these fragments are conspicuous by
their very deep staining, both of the hyaline substance and of
the nuclei : the neighboring tissues are less colored. The fissure
itself is like an inverted .L; that is, it is transversely expanded
at the base; the floor of the expansion is thrown up into folds
and covered by a cylinder epithelium, which I feel some hesita-
tion in designating as the regenerated uterine epithelium, al-
though it resembles the epithelium on the peri-placenta, where
the glands are resorbed and the epithelium reconstituted from
its degenerated self. On the other hand, as shown in the next
section, there is some proof that the foetal ectoderm penetrates,
by villous growths, far into the placenta, It seems possible that
the fissure is filled by villous excrescence of feetal origin and
that the epithelium of the sub-placenta belongs to the villus.
This view does not commend itself to me. Neither upon the
upper wall of the expansion nor on the sides of the fissure have
I recognized any epithelium. The upper part of the fissure is
closed by an ingrowth of connective tissue. Hence the lower
part is changed into a shut cavity in the centre of the placenta,
and into this cavity the folds covered with epithelium project.

So far as I am informed, this curious structure has not been
described hitherto, but what appears to be clearly its homologue
has been observed by Ercolani, 89, pp. 290, 291, Tav. IV,, Fig.
I., O, and specially studied by Creighton, 77b. Both of these
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authors examined late stages when the fissure is completely
filled by connective tissue, so that there is no space —a condi-
tion found in the rabbit at thirteen days. It will be convenient
to designate the structure as the sub-placenta. Its occurrence is
confined to rodents so far as at present known. Finally, we
have to note that at the edge of the placenta, toward the peri-pla-
centa, the sub-glandular layer, which we are now considering, is
characterized by the presence of deeply stained fragments of
glandular epithelium irregularly scattered through the other
tissues and similar in appearance to the remnants of the glands
about the sub-placenta. These fragments appear to have been
seen by Ercolani, Creighton, Masquelin, Swaen, and others, and
variously interpreted, their true nature not being recognized.
The disappearance of the glands at the centre and at the
periphery of the placenta virtually increases the domain of
the sub-glandular layer. The greatest changes have occurred
in the glandular layer. Scarcely a trace of the perivascular cells
can be found; the space they formerly occupied is taken up by
a very loose embryonic tissue; the glands are completely altered ;
they have lost their special affinity for eosine and cochineal,
neither the hyaline substance of which they are composed nor
the nuclei they contain being more stained than other tissues
(compare Fig. 8); they are irregularly cylindrical in shape, very
much contorted, and united with one another at irregular inter-
vals, so as to constitute an actual network: they are very much
vacuolated ; their deep portions (fundi) are somewhat wider than
the upper parts; here and there one sees a remnant of the origi-
nal central lumen. The contorted masses, which I consider
glands, are apparently the same as have been seen by Mauthner
in the placenta at term, 115, p. 121. He describes these cords
as consisting of the fused epithelium of adjacent foetal villi, and
the spaces I have designated as vacuoles he describes as maternal
blood-channels; he states explicitly that he has injected them
from the maternal vessels, and in other cases found them gorged
with maternal blood. These statements are irreconcilable with
my own views, detailed in the present article. The uterine epi-
thelium has entirely disappeared both from the top and the sides
of the placenta. The top surface is covered by a very thin layer
of flat epithelium, Fig. 8, ms#k, which is found, when followed
out, to be continuous with the lining of the body cavity of the
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embryo; it is therefore mesothelium. Underneath this covering,
and above the glands, there is a layer of varying thickness con-
taining some large and a few small blood-vessels with embryonic
blood in them, and consisting otherwise only of scattered anasto-
mosing connective tissue cells,! which can be followed without
the slightest break on the one part until they pass directly into
the mesoderm of the superjacent embryo; on the other part,
down between the glands, Fig. 8, mes,; compare, also, later stages,
Figs. 10 and 11. Between the glands, also, are blood-vessels con-
taining embryonic blood. On the top surface of the placenta I
can find nothing recognizable as even a trace of the fcetal ecto-
derm, which formed a thick and conspicuous covering in the
latest previous stage examined (nine days and seventeen hours).
At the edge of the top of the placenta, Fig. 8, the relations
change: the mesothelium, »2s#/%, bends up and leaves the placenta,
and together with a few subjacent mesodermic cells joins a sheet
of cylinder epithelium, Eec#o, which is shown by its connections
to be feetal ectoderm. The ectoderm from the point where the
mesothelium, ss#%, bends on to the top of the placenta con-
tinues downward, Zcte, to clothe the side of the placenta which
faces the peri-placenta. Between the placenta and peri-placenta,
as shown in Fig. g, there is a fissure; the ectoderm can be fol-
lowed to the bottom of this, and from there extends,—not on to
the peri-placenta,— but turns abruptly back on to the side of the
placenta, up which it stretches a minute distance and thereupon
ends abruptly. The disappearance of the ectoderm is discussed
in the next section.

The peri-placenta is* now characterized by the enormous
increase of the perivascular decidual cells and the accompany-
ing expansion of the blood-vessels; by the disappearance of its
glands and by the reconstitution, in part, of its superficial epi-
thelium. The peri-placenta appears like the continuation of the
outer zone of the placenta, for it directly adjoins it, is of about
the same thickness, and is histologically similar. The blood-
vessels are wide with hypertrophied endothelium; the peri-
vascular cells are disposed as in the sub-glandular zone of the
placenta; that is, in the half towards the uterine muscularis they
completely fill the intervascular room, but in the half towards

1 A layer closely similar to this, and presumably homologous with it, exists in the
Guinea pig (Creighton, 77a, p. 558), in the rat ( Ercolani), and other rodents.
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the interior of the uterus they form a discrete envelope around
each vessel, the spaces between the perivascular coats being
occupied by simple connective tissue cells. The glands which
at nine days, Fig. 4, were so bulky and conspicuous, have almost
completely disappeared, being now represented only by remnants
of multinucleate hyaline matter scattered superficially, and easily
recognized by their distinctive and conspicuous coloration:
some of these remnants are still united with the surface. The
epithelium is in two forms: on the half of the peri-placental sur-
face towards the placenta it is entirely in the phase of degenera-
tion, while over the other half it is already reconstituted as irreg-
ular cylinder epithelium, the cells of which are more or less
separated from one another, and somewhat variable in height;
this epithelium stops abruptly near the middle of the peri-
placenta and 1s replaced towards the placenta by a hyaline
nucleated layer occasionally thickened into a lump, where the
nuclei are clustered; the cylinder epithelium is deeply stained
by the cochineal; the hyaline epithelium has a marked color from
the eosine, and its nuclei are dark with cochineal. The glands
are further resorbed under the cylinder epithelium than nearer
the placenta.

The ob-placenta is now characterized by the disappearance of
its degenerated epithelium, by the fusion of the epithelium of
the deep portions of its glands into a new continuous layer, and
by the development of peculiar monster cells in its central area
facing the placenta. The resorption of the epithelium by vacu-
olization has already been described in the account of the nine
days' uterus, § 3. The epithelium, Fig. 6, g/, is everywhere
re-formed as a continuous layer; portions, Fig. 6, £.ep, of the
degenerated layer remain especially near the peri-placenta, but
for the most part the new epithelium is entirely uncovered, and
in the central region it has grown, so that the glands are already
deepened. But the most remarkable feature is the accumulation,
opposite the placenta, where the mucosa is much thickened, of
the curious bodies, to which I apply the term monster cells. They
are round or oval masses many times the size of any other histo-
logical element of the uterus or embryo, and possess huge nuclei.
They are shown in Fig. 17, which represents them at a later stage,
when they are further enlarged. I regard these bodies as de-
tached epithelial cells, undergoing degenerative hypertrophy. In
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spite of long searching for the phases representing their early
history, I have failed to ascertain positively their origin. In the
next section the question is recurred to. The monster cells vary
in size : the smallestoneslienear the epithelium; the larger ones,
for the most part, deeper down and even among the muscular
fibres, but a few large cells lie next the surface. The body of
the cell is evenly and coarsely granular and resembles the hya-
line degenerated protoplasm of the epithelium ; its external out-
line is distinct, well-rounded, and without processes; the nucleus,
which often has a slight space around it, as if it had shrunk a
little, has a clear regular outline, being apparently provided with
a membrane; it is well colored by cochineal, and contains an
indistinct network with imbedded granules of various sizes; in
the smaller cells the nuclei have one or two granules much larger
than the rest, and which may be spoken of as nucleoli; the size
of the nucleus increases with that of the cell, and at the same
time the granulation becomes coarser.

The description of the placenta at ten and eleven days given
by Masquelin and Swaen I have not been able to follow in all
respects. Owing to their conclusion that the epithelium of the
uterus gives rise to blood, they apply the term cavités lemato-
blastigues to apparently all the cavities of the placenta except
those of the maternal blood-vessels. I have compared their
description very carefully with my own preparations: so far as
this enables me to judge, their “cavités hamatoblastiques”
include the feetal blood-vessels, the vacuoles in the degenerated
glands, the spaces included within the epithelial U’s described in
the next section, and which are supposed to be the tips of feetal
villi, the multinucleate cells and perhaps also the sub-placenta.
Why the multinucleate cells are included among the blood-
forming organs the authors do not render clear. Their failure
to recognize the variety of constituents in the glandular layer
of the placenta must be ascribed to the want of the perfected
methods at present at our disposal. With the means now at
command there is no difficulty in obtaining preparations which
show indisputably that the glands though degenerated persist
intact, and do not give rise to blood cavities nor blood corpuscles
as Masquelin and Swaen have erroneously believed.

§ 8. Embryo at eleven to thirteen days.— As known already,
the embryo is completely separated from the yolk sack, and the
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allantois has grown forth and attached itself to the placenta.
The relations of the extra-embryonic structures have been repre-
sented by Bischoff in the diagrams of Pl. XVI. of his classical
memoir on the development of the rabbit. These diagrams have
since been reproduced again and again, sometimes with modifi-
cations as notably by Kélliker in his manual, and by Van Bene-
den and Julin. Guided by these and by my own preparations I
venture to construct a new diagram, Pl XXIX., which I hope
will approximate more nearly to the actual relations of the parts,
with which we are now concerned.

In the first place it is to be noted that most of the section is
occupled by uterine tissue :— compare Fig. g, Pl. XXVIIL
The largest space is occupied by the placenta, on the surface of
which is situated the embryo, lying upon its side. Opposite
(above in the figure) the embryo is the ob-placenta, ¢f-p/, with
its central area, containing the monster cells, #0 ¢/; the inferior
wall of the yolk sack is fitted upon, but not attached to, the ob-
placental surface. The peri-placenta, PP, appears as the con-
tinuation of the outer zone, oz, of the placenta; it has no
glands: its blood-vessels are enlarged, and all the space between
them is filled with uninucleate decidual cells. This description
of the peri-placental structure applies also to the outer zone, o3,
of the placenta. A narrow space separates the surface of the
peri-placenta from the side of the glandular zone, g/, of the pla-
centa: the letters @ and & lie in this space. The placenta con-
sists of three zones: 1° the upper glandular zone, g7, divided
by a fissure, £, into two lobes. This fissure is partly filled with
an ingrowth of embryonic mesoderm, mes; the transversely
expanded bottom of the fissure forms the sub-placenta, sé.p/;
the glandular zone as a whole constitutes a protuberant mass
with top and sides clearly distinguishable. Below the sub-pla-
centa is the sub-glandular zone, 5.-g/z, with dilated blood-vessels
and multinucleate decidual cells.

The embryo lies upon the surface of the placenta. From its
ventral side spring the allantois, @/, and the stalk of the yolk
sack ; for the sake of clearness the amnion and pro-amnion are
entirely omitted, since they have no direct relation to the
uterus.! The allantois expands upon the placenta; the yolk

1 For diagrams of the pro-amnion, etc., see Van Beneden et Julin. Copies of
their figures are given in Buck's Keference Handbook of the Medical Science, V1., 32.
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sack expands over the ob-placenta. The cavity of the allantois,
all, is of course lined by entoderm; it is, however, quite small,
and in my preparations by no means the spacious vesicle com-
monly represented, for instance, by Kélliker in his Grundriss
(2te Aufl, Fig. 88), or by Balfour (Comparative Embryology,
II., Fig. 148). The allantoic mesoderm, mzes, on the other
hand, spreads out, over the surface of the placenta, down its
sides, down into the fissure, f; between the two lobes, and pene-
trates between the glands, ¢/, of the placenta; wherever it goes,
the mesoderm carries fcetal blood-vessels. The free, 7., inner
or ccelomatic, surface of the mesoderm bears the mesothelium,
mstl; as the extra-embryonic ccelom does not extend beyond
the top of the placenta, there is, of course, no mesothelium
upon the sides of the glandular zone (between z and &), but at
the edge of the top of the placenta the mesothelium is re-
flected back, and after a short course joins the wall of the yolk
sack near the sinus terminalis, v.t.

The yolk sack, as has been long known, consists of two parts:!
1st, the area wasculosa bounded approximately by the sinus
terminalis, v¢; within this area the entoderm is united with
the mesoderm, which passes only a very short distance further
out ; 2d, the remaining portion without mesoderm, excepting
always the pro-amnion, which is included in the area vasculosa ;
over this second region the entoderm, ex, rests directly upon
the outer germ-layer, ecto.

If we follow the ectoderm around, we find that it leaves the
yolk sack, just before the simus ferminalis, vf, is reached, and
being joined by the mesodermic lining of the ccelom passes
down & on to the lateral surface between the peri-placenta, 2,
and the glandular placenta, g/, where, as already described, it
bends inwards, and turning back runs a minute distance up-
wards ; according to my hypothesis it continued earlier over the
surface of the placenta, as indicated by the broad dotted line, &
The layer of embryonic epithelium upon the side wall of the
rodent placenta has been seen by other observers, among whom
may be mentioned Ercolani and Creighton ; the latter, 77b, 560,
directs especial attention to it, in the Guinea pig, but refers it
to the entoderm. I consider it probable that it is really ecto-
dermal in the Guinea pig, as in the rabbit. Underneath the

1 Leaving the pro-amnion out of consideration.
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ectoderm, 4, to be seen at eleven to thirteen days at the sides on
the placenta, is a layer of mesoderm without any ccelom. Now, if
my suppositions are correct, then the ectoderm forms at first an
independent fold, #a, beyond the terminal vein, #¢; the meso-
derm, but not the mesothelium, extends into this fold, which
covers the sides of the placenta. The disappearance of the
feetal ectoderm from the surface of the placenta, and the pene-
tration of the feetal blood-vessels between the glands, are
changes which take place during the eleventh day. How those
changes occur, observations on the development at that age
must decide. Meanwhile let us make shift with two hypothe-
ses. The first is: The whole of the ectoderm attached to the
placenta degenerates and is resorbed. Since the uterine epithe-
lium, as observation indicates, has likewise disappeared from the
placenta, the mesoderm, sze¢s, of the allantois, 2/, is brought into
direct and free contact with the connective tissue and degener-
ated glands of the placenta, and is thus enabled to carry by its
own ingrowth the feetal blood-vessels into the very substance of
the placenta. The second hypothesis is that the ectoderm and
mesoderm have produced villi, which have grown into the pla-
centa. In favor of this latter hypothesis there is certain evi-
dence which I have not yet alluded to. In the deep portions of
the glandular layer of the placentas of both eleven and thirteen
one finds narrow loops of epithelium like a tuning-fork in shape ;
the open ends of the U-loops are towards the top of the pla-
centa ; the epithelium composing them is a cylinder epithelium,
which gradually thins out towards the upper end of the legs of
the U ; it differs altogether in appearance from the degenerate
gland epithelium, the interiors of the U’s contain vessels with
feetal blood ; so far, then, these structures might be longitudinal
sections of the ends of feetal villi. Towards the surface of the
placenta the epithelium of the loops thins out, and I have not
been able to follow them. If we have to do with villi, we must
assume that the ectoderm has become exceedingly thin over
their basal portions, but is preserved as a thicker layer over
their tips, and my failure to trace the villi would be attributable
to the imperfection of my preparations and observations., Bal-
ancing the pros and cons leads me to favor the second hypoth-
esis. Let me add that the mesoderm of the embryo is continu-
‘ous without a break with the interglandular connective tissue ;
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this statement is correct beyond any doubt, for I have several
sections, in each of which the direct passage is observable under
the microscope without even displacing the slide. By hypothe-
sis this mesoderm is, however, really separated by a very thin
covering of feetal ectoderm from the uterine tissue, and the
whole constitutes a system of villi which have grown down like
roots into the placental soil. -'

That there is no communication between the feetal and ma-
ternal circulations must be deduced from the fact that the two
bloods are never mingled in one vessel, although found side by
side in adjacent vessels. The separation of the feetal and ma-
ternal blood has already been insisted upon. The full elucida-
tion of the double placental circulation must be left for injec-
tions to bring,

In brief : The rabbit embryo is attached to the placenta by
the ectoderm, which disappears from the surface of the placenta
during the eleventh day; the vascular connective tissue of the
allantois grows probably by forming true villi into the placenta,
and so comes close to the maternal circulation.

In other rodents the placenta contains feetal vessels; its sur-
face is covered after a certain stage by a thin epithelium like the
mesothelial layer of the rabbit, and by a layer of vascular con-
nective tissue. Hence it seems probable that the structure in
the rabbit is typical of the class — compare § 12.

§ 9. Uterus at thirteen days and three hours.— The pla-
centa and embryo are considerably bigger than at eleven days,
but the structure of the parts is comparatively little changed.

A complete section is drawn in Fig. 9. The longitudinal
muscles, L., and the circular muscles ¢, form the external
covering. They differ in microscopical appearance from the mus-
cles of the resting uterus, but I have not investigated the
change in them.

The placenta is very bulky. Its two lobes have begun to
form separate protuberances, so that the top of the placenta is
no longer a nearly plane surface. The placental surface is cov-
ered by the mesothelium, which is a little thicker than in the
previous stage, the cells having a greater vertical diameter.
Between the mesothelium and the glandular layer, g/, is the
vascular mesoderm, several of the large vessels of which are
shown in Fig. 9. The central fissure, £, of the placenta is very
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deep; it is completely filled with the ingrowth of mesoderm and
its accompanying large vessels. At the bottom of the fissure
next the outer placental zone, 0., is situated the sub-placenta,
sb.-pl. The section drawn in Fig. g does not show the connec-
tion between the fissure and sub-placenta, which appears in sec-
tions 208-214 of the same series. The thickness of the meso-
dermic covering of the placenta has increased very considerably,
and the larger vessels are now provided with well-marked mus-
cular as well as endothelial walls. Many of the feetal vessels
run in spaces which stretch down nearly vertically from the
placental surface; in some cases the vascular columns can be
followed until they enter a cap of epithelium which forms a sort
of U. These relations suggest the presence of a series of feetal
villi covered in part by a very thin epithelium, and covered at
their tips by a relatively thick epithelium. This interpretation
has been discussed in the previous section. Beside the normal-
looking epithelium, we find the degenerated glands not much
changed from eleven days. The sub-glandular zone, sglz,
shows further enlargement of the blood-vessels, so that they are
now larger than those of the outer zone, 0.z, thus reversing the
earlier relative proportions; the multinucleate cells have in-
creased in number and size, and contain more nuclei than at
eleven days; they occupy all, or nearly all, the room between the
vessels. Towards the outer zone the vessels are surrounded by
the uninucleate perivascular cells, but the intervening tissue
consists of multinucleate cells, so that there is a boundary re-
gion which cannot be assigned strictly either to the subglandu-
lar or to the outer zone. The outer zone, 0.3, is solidly packed
with perivascular cells.

The sub-placenta, sb.p/, lies still deeper than before, being
now close to the outer zone. Its epithelium is undergoing
hyaline degeneration, and accordingly is irregularly thickened,
and its nuclei are multiplied : the substance of the layer stains
deeply with eosine.

The peri-placenta, P, differs from that at eleven days, princi-
pally in having the perivascular cells as a solid packing through-
out the whole of its extent, except just where it adjoins the
glandular layer of the placenta. As at eleven days, its covering
epithelium is reconstituted on the part towards the sub-placenta,
and is in the phase of degeneration towards the placenta.
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The ob-placenta, ¢b.p/, shows everywhere a marked growth of
its glands ; as illustrated by Fig. 10, the glands are follicular;
their cavities wide. The glands are not branched or pouched,
as the appearances in the sections suggest; they are broad
tubes closely packed, and are necessarily cut obliquely in most
cases. The rather ragged-looking epithelium is composed of
long cylinder cells (Fig. 10), with the nuclei at various heights,
and the protoplasm a good deal colored by the cochineal. The
connective tissue of the mucosa has also grown, and forms both
thin inter-glandular dissepiments and a thickened sub-glandular
stratum. In the centre of the ob-placenta the mucosa is still
further thickened to make room for the monster cells, which lie
for the most part below the glands, but are found also between
the glands and in the superficial portion of the muscularis. At
one point the ob-placenta is interrupted by a protuberant mass,
x, resembling the peri-placenta in structure; it consists of
crowded perivascular cells with dilated blood-vessels, and is cov-
ered by epithelium., As I have seen nothing analogous to this
mass in any other specimen of any age, it must be regarded as
a singular sporadic variation from the normal processes of devel-
opment.

The origin of the monster cells I am inclined to seek in the
uterine epithelium, as stated in § 7. The appearance of their
cell bodies, and of their nuclei at once suggest this origin on
account of the similarity with the appearance of the degenerated
epithelium elsewhere. We find, also, the smallest monster cells
near the epithelium. In Fig. 11 portions of the epithelium of
the peri-placenta are represented. The cells are all multinucleate,
as seen both in vertical section, A, and surface views, 5 ; occa-
sionally, but very rarely, there is a cell with the nuclei gathered
together in a central mass, with an indistinct line enclosing the
bunch, Fig. 11, ¢. These cells are larger than the rest, and their
protoplasm is somewhat degenerated. If such a cell were to de-
tach itself, and hypertrophy and the bunch of nuclei to break
down, it would resemble a monster cell. Yet I can find no evi-
dence that such a metamorphosis actually takes place in the
ob-placenta. In the ob-placenta itself there appear a few epithe-
lial cells with a single nucleus which are slightly enlarged, and
are possibly the initial stages of monster cells, but between
them and the youngest monster cells observed I have failed to
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discover any intermediate stages. The difficulty of finding the
first stages of the monster cells indicates that their develop-
ment must be extremely rapid, almost sudden,

§ 10, TUterus and embryo at fifteen days and four hours.
— The swelling of the uterus has considerably increased ; the
placenta is larger ; the cavity containing the embryo is very much
larger ; the peri-placenta has grown but little. We notice now
that of the six folds of the uterus, the two placental have ex-
panded both in width and thickness to a far greater extent than
the remaining four folds, except that the lateral expansion of the
two ob-placental folds, by attenuation of their walls, has enabled
the ob-placenta to occupy an extent of the circumference of the
uterus which is about equal to that taken up by the placenta
proper; only about one-sixth of the whole circumference is
allotted to the peri-placenta. With the naked eye one can see
that the fissure of the placenta has opened so that the surfaces
of the two lobes of the placenta now face each other like the
sides of a V ; the surface of each lobe, though somewhat irregu-
lar, is as a whole arched. The glandular zone is perhaps slightly
thicker than at thirteen days, but the diameter of the sub-glan-
dular zone is markedly lessened, owing apparently to the open-
ing of the interlobal fissure and the consequent flattening of
the surfaces of the lobes. With a hand-lens one easily recog-
nizes that the blood-vessels of the vascular zone of the placenta
are of much greater diameter than at thirteen days, while the
dissepiments between the vessels are not only relatively but ab-
solutely thinner than before : this observation does not necessa-
rily involve the conclusion that there has been an actual loss of
tissue, for the placenta as a whole has increase in bulk. Let us
turn now to the microscopical examination.

The placenta differs but little, except in the respects above
mentioned, from the stage last described. @ The mesodermic
covering of the placenta is well marked, Fig. 12, mes, and the
feetal mesothelium, ms#k, is perfectly distinct ; it leaves the pla-
centa at its edge to curl over on to the yolk sack, just as at an
earlier stage, Fig. 8, mstk. The side of the lobe next the peri-
placenta is clothed by ectoderm essentially as described at eleven
days and partially shown in Fig. 8, ecfo; but the ectoderm is
now more irregular than at earlier periods and is thrown into
small folds near the point where it is reflected back on the pla-
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centa ; similar appearances are clearly indicated in Ercolani’s
memoir, 89, Tav. IV, Fig. 1, 4, ¢, for the Guinea pig. It is quite
possible that the folds are more developed in the rabbit later.
The placental glands are very much contorted, Fig. 12, g/, g/;
very coarsely grandular, with numerous irregular vacuoles and
with the nuclei lying for the most part against or near the outer
surface of the gland, Fig. 13, ¢7: the nuclei no longer stain
deeply as they do during the first stage of the gland degenera-
tion, Fig. 7. In the upper part of the placenta the glands are
much narrower and more widely separated than in the deep part
of the layer, as can be seen in Fig. 12, which takes in about
half of the glandular layer from the surface down; towards the
surface the glands often form wide loops, Fig. 12, and join one
another, making a network with closed meshes. As regards
the supposed feetal villi, I find the columns of the feetal meso-
derm running down more distinctly than at thirteen days, but as
before, the only epithelium which I clearly distinguished, is
that in the deepest part of the glandular layer disposed as if
covering the tips of the villi. The blood-vessels are very num-
erous, and some of those above the glands in the feetal meso-
derm are very large, Fig. 12, #. It will be remembered that
these vessels belong to the feetal system and that the plexus of
vessels, which is so conspicuous upon the surface of a freshly
excised placenta, pertains therefore to the embryo. At certain
points there rise thin membranes from the surface of the pla-
centa, which carry good-sized vessels: whether these are acci-
dental or constant, I am unable to say. Examined with a still
higher power, Fig. 12, the glandular layer shows the peculiarities
of its structure still more clearly; the mesothelium, ms#k, upon
the surface, though composed of flat cells, has considerable
thickness; the mesodermic cells, #ees, are for the most part
spindle-shaped and their processes anastomose; the feetal blood-
vessels, 7, 7, come close against the glands, ¢/; if, therefore,
there is a layer of fcetal ectoderm separating the feetal mesoderm
from the uterine tissues, it must be very inconspicuous from
extreme thinness.

As to the relations of the sub-placenta, my preparations are
unsatisfactory.

The sub-glandular layer shows the vascular endothelium ad-
vanced in degeneration, the cells projecting far from the surface.
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Many parts of the vessels are filled with coagulum, suggesting
thrombi formed during life, as has been asserted to occur nor-
mally in the human placenta. For the most part, the vessels
contain normal blood, save that there 1s an excess of leucocytes ;
in some vessels, however, there are large clear refringent bodies
which look like vesicles. What these bodies are I am unable
to say — possibly they come from breaking down of the endo-
thelium. The multinucleate cells, Fig. 14, are large and very
much crowded ; they contain each a dozen nuclei, more or less.
I have nothing of importance to add to the previous descriptions.

In the outer zone we notice at once that the expansion of the
blood-vessels is far less active near the muscularis than further
in ; indeed, we might subdivide the zone into an outer compact
and an inner cavernous layer. The vascular epithelium is far
degenerated, Fig. 16; A is a surface view; B and C vertical
sections; each cell forms a more or less independent projection ;
the cells vary extremely in size; the nuclei are either single or
multiple ; in the former case they may be small and compara-
tively regular, or large and very irregular in shape; in the latter
case they are of unequal sizes. The perivascular cells are in-
numerable; their appearance is indicated by Fig. 15; but where
the blood-vessels are wider, or, in other words, towards the glan-
dular zone, they exhibit signs of breaking down; the signs in
question are indistinctness of outline, granular appearance of
the protoplasm, and the difficulty of staining the nuclei. As
the changes are slight, they are perhaps accidental. It must be
left for future examination of later stages to show whether they
do break down or not. I also think that there is a tendency for
the multinucleate cells to invade the territory of their uninu-
cleate neighbors.

The peri-placenta agrees with the outer zone of the placenta
in its parenchymal structure, except as to two points: 1° it is
now invaded to a slight extent by the multinucleate cells, at
the spot nearest the placental glands; I have no reason to sup-
pose that these cells actually migrate into the peri-placenta, but
presume that they arise ¢z sizu; 2° near the ob-placenta there
are in some parts young monster cells lying close under the
epithelium ; the evidence 1s better here than anywhere else I
have observed that the monster cells arise from the epithelium.

The ob-placenta now has monster cells throughout almost its
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entire extent, but the greatest accumulation is where they first
are developed, directly opposite the placenta. In this region
(Fig. 17) they occupy not only the connective tissue of the
mucosa, a, &, but also the territory of the circular muscular coat,
where they lie, ¢, between the bundles, muse, of muscular fibres,
which they have forced apart to make room for themselves.
The smallest monster cells, @, are found nearest the lining epi-
thelium, ¢ ; those at the base of the mucosa, 4, are bigger, but
the biggest of all are those which lie in the outer part of the
muscularis, ¢; if, therefore, the cells arise from the epithelium
and migrate outwards, they must grow while they move. My
preparations show in the nuclei of the monster cells certain
large, deeply stained fragments which are perhaps chromatine,
Fig. 18. Owing to the stretching of the uterine walls, the
regenerated glands of the ob-placenta are no longer follicular as
at thirteen days (Fig. 10), but are again stretched out, so as to
approximate a second time to the form of shallow, open cups,
which they had at eleven days (Fig. 6) ; but where the monster
cells have accumulated most (Fig. 17), the only distinct trace of
the glands is the irregularity of the free surface covered by
epithelium, ep.

The embryo and its appendages do not show much alteration
in the parts concerning us in the present articlee We may,
however, note especially two changes in the outer germ layer.
1°. On the strip of ectoderm between the vena terminalis of the
yolk sack and the points where the ectoderm joins the placenta,
there are a number of thickenings, which form small papille
upon the outer surface of the layer. These outgrowths are
solid ectoderm, and like the buds of the villi of the human cho-
rion contain no mesoderm. Whether these structures do
become actual villi in later stages, I am unable to say. 2°. Over
the yolk sack the ectoderm has become a cylinder epithelium, of
which the outer surface is irregular, each cell projecting a little
more or less than its neighbors. A similar modification occurs
in the opossum according to H. F. Osborn, 61 A, 378-379,
Pl. XVII,, Fig. 4, and Selenka (Ewtwickelungsges. d. Thiere,
Taf. XXVIIL, Fig. 5). It is probable that the ectoderm
assumes this modification in other mammals, where it remains
attached to the yolk sack owing to failure to form a complete
chorion.
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§ 11. Summary.! —In the resting uterus of the rabbit there
are six longitudinal folds. The ovum attaches itself on or
between the two folds nearest the mesentery, and the placenta
is there developed ; the two adjacent lateral folds form a cushion
(the peri-placenta) about the placenta, but the two folds oppo-
site the mesentery are flattened out by the stretching of the
walls to form the swelling to contain the embryo; they consti-
tute the ob-placenta. In the region of the placenta the mucosa
undergoes an enormous hypertrophy: there is likewise an
enlargement, but much slighter, of the peri-placenta.

The entire epithelium lining the uterine swelling degener-
ates; its nuclel proliferate, and its protoplasm hypertrophies,
becoming at the same time hyaline and granular. The degen-
eration affects the glands also. The degenerated epithelium
becomes vacuolated and in large part resorbed. The process
goes on with distinctive features in each of the three primary
divisions of the swellings.

The connective tissue increases by hyperplasia in the peri-pla-
centa and to a still greater degree in the placenta, and is trans-
formed for the most part into uninucleate perivascular decidual
cells, but also in part, — namely, immediately below the glandular
layer of the placenta, —into large multinucleate cells. In the
placenta, and to a less extent in the peri-placenta, there is a new
formation of blood-vessels, which subsequently enlarge to great
size, although their only walls are an endothelium which under-
goes rapid hypertrophic degeneration.

In the placental region the uterine epithelium degenerates
and disappears, but the glands are preserved as irregular anasto-
mosing rows of coarse granular matter, with numerous vacuoles
and scattered nuclei, but without central lumina. Below the
glands is a zone containing wide vessels and large multinucleate
cells. The outer layer has wide blood-vessels, with numerous
uninucleate decidual cells, which arise from the connective tissue
cells and arrange themselves in successive coats around the
blood-vessels until they occupy the entire room between the
vessels,

The embryo is attached at first to the surface of the placenta

1 It will be remembered that the observations cover the period of from six to fif-
teen days ondy, and do not include the eleventh day, when several important develop-
ments occur.
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only by the ectoderm, to which the mesoderm soon joins itself.
As soon as the ccelomatic fissure appears, we can speak of a
foetal chorion adhering to the placenta. When the allantois
grows out, it forms the stalk of connection between the embryo
and the placental chorion. After the development of the cho-
rion, the free surface of the placenta is, of course, covered by
mesothelium (the epithelium of the ccelom). Outgrowths of
the chorion penetrate the glandular layer of the placenta;
whether these outgrowths are in the form of villi in the sense
that they preserve a covering of feetal ectoderm was not ascer-
tained, although the tips of the outgrowths appear to have such
a covering, and there is no mingling of the feetal with the ma-
ternal circulation. The ccelom of the embryo does not extend
to the edge of the placenta next the peri-placenta, but the meso-
derm does, and is covered by ectoderm.

In the peri-placenta, the glands degenerate and disappear com-
pletely, but the covering epithelium is reconstituted except on
the part near the placenta. The blood-vessels and connective
tissue change as in the outer zone of the placenta, though later.
At the fifteenth day a few young monster cells were found near
the surface.

In the ob-placenta the degeneration and resorption affect only
the surface epithelium and the upper part of the glands; the
deep portions remain as a series of shallow cups, having been
stretched transversely by the expansion of the ob-placenta; the
epithelium of the cups unites into a new continuous layer;
the glands grow up into follicles and are again stretched out by
the expansion of the walls. Meanwhile there appear monster
cells, which probably arise by the hypertrophy and migration of
single cells of the epithelium; they are characterized by the
granular hyaline appearance of their bodies, by the coarse gran-
ulation and large scattered fragments of chromatine of their
nuclei, and by their hugeness. The monster cells continue to
enlarge and subsequently invade the whole thickness of the
annular muscularis. They appear first and are always most
numerous directly opposite the placenta, but they are ultimately
present throughout the ob-placenta.

The relations of the embryo having been outlined in § 8, with
the aid of Plate XXIX,, it is not necessary to recapitulate them
again,
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§ 12. Comparison with other rodents.— The history of the
rabbit's placenta elucidates also that of the Guinea pig, of which
we possess descriptions by Bischoff, Ercolani, 89, Creighton,
77a, 7T7b, Tafani, 134, and others. These authors being un-
aware of the nature of the metamorphoses of the uterine glands,
and not knowing the disappearance of the feetal ectoderm over
the placenta, but, on the contrary, seeking for feetal placental
villi, lacked the necessary basis for a correct interpretation.
Ercolani was further misled by his erroneous belief that the pla-
cental tissues of the mother arise as new formations, not as
metamorphosed constituents of the uterine mucosa, but coming
after the assumed but non-occurrent complete destruction of
the mucosa. Tafani’'s work betrays gross inaccuracy, for he
based his figures and descriptions upon schematic notions, based
in their turn upon very superficial, and often entirely false, ob-
servations. To justify a judgment so severely unfavorable, it is
necessary only to direct examination to some of Tafani's plates.
His drawings of the human placenta, for instance, Ze. Tav.
VII, leave a great deal to be desired ; in Fig. 1 the sections of
the villi are altogether too large and too few; the separate
triangle of tissue at the edge of the placenta does not exist ; the
decidua is represented without any compact layer, and its gland
cavities are made into blood-vessels. The section of the rabbit’s
placenta (Fig. 2, Tav. IV.) is even more open to criticism, since
it is impossible to determine the foundation of observation.
Ercolani, on the other hand, was an observer of considerable
ability, and his numerous memoirs on the placenta are valuable,
although his hypothesis of neaformazione led him to adopt an
unfortunate terminology which makes it difficult to follow him.
Creighton observed with more impartial objectivity, That Bis-
choff was a first-class observer every one knows; he never
leaves any confusion between what he saw and what he in-
ferred ; for us he has the disadvantage of having written before
the developments of recent histology. On the whole, we prob-
ably do best to turn to Ercolani, who figures 89, Tav. IV, Fig. 1.,
a section of a placenta of a Guinea pig near full term. Let us
compare it with the rabbit’s placenta.

It is discoidal, pedunculate, and bilobed. The upper surface is
covered by a thin epithelium beneath which is a layer of vascu-
lar connective tissue, 2, extending over the sides of the pla-
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centa, g, f, /i and down between the lobes, ¢: the epithelium
therefore corresponds entirely with the placental mesothelium
of the rabbit. The upper portion of the placenta, g, corresponds
to the meshwork of degenerated glands in the rabbit's placenta.
The layer of epithelium, z, 7, s, covering the side of the placenta,
corresponds to the feetal ectoderm in a similar position in the
rabbit ; at an earlier stage it resembles very closely in appear-
ance what I find in the rabbit (Creighton, 77a, p. 560, Pl. XIX,,
Fig. 4, ¢, ¢, ¢,). Deep down under the space between the lobes of
the placenta comes the sub-placenta, Ercolani’s cotyledonary
organ, O, which was compared above with the sub-placenta of
the rabbit ; the thick pedicle of the placenta, ¢, », #, corresponds
to the sub-glandular layers of multinucleate decidual cells, which
has encroached upon and apparently replaced the outer zone
of uninucleate decidual cells, which is present earlier, as it is in
the rabbit. At the side of the placenta is the peri-placental
thickening, ¢.4, and springing from it the so-called reflexa, ¢,
which is probably only the peri-placenta hypertrophied. The
reflexa is entirely absent in the rabbit. In regard to what I
suppose to be the glands, 2, neither the descriptions nor the
figures of Ercolani suffice to indicate their character.

The interpretation offered differs in nearly every respect from
Ercolani's own ; and yet though I have no preparations of the
Guinea pig's placenta, and am acquainted with the organ only
through the publications of others, I think the homologies drawn
may be accepted with considerable security; but let me add
that I am well aware that their actual justification can come
only from the specimens.

Sections of the rat’s placenta near full term show that the
structure in that species is strictly comparable to what exists in
the rabbit. The surface is covered by a thin epithelium over-
laying a vascular connective tissue layer; the vacuolated tubular
glands, very much degenerated, occupy the greater part of the
placenta, leaving only a thin vascular zone from which the outer
zone is lost, and which is therefore occupied solely by the much
altered sub-glandular zone of multinucleate cells. There are
many differences in details of structure from the rabbit, but the
fundamental likeness is self-evident.

As the similarity of the placenta of various rodents has been
noted by previous authors, it is probable that the type of
placental organization is the same throughout the class.
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II. MAN.

The following observations are of a fragmentary character,
but may serve to round out our information in certain respects.
Some of the facts have already been recorded in the series of
numerous embryological articles contributed to Dr. Buck’s Ref-
erence Handbook of the Medical Sciences,; but as that work is
for consultation rather than the publication of original observa-
tions, it will hardly seem a mistaken repetition if I include here
some things already published there.

§ 13. Allantois and umbilical cord.— Prof. W. His has
shown that the entodermal cavity of the allantois is the termi-
nal stretch of the entodermal canal; the posterior end of the
body is prolonged into a mass to which he gives the name of
“ Bauchstiel ” (Anatomie menschlicher Embryonen, 111., 222-
226), and which develops in the same general manner as the

Cut 2, — Diagrammatic section of the Bauchstiel of a human embryo, modified
from W. His. Am, amnion; md, medullary groove; v, v, veins; A, 4, umbilical
arteries; A, allantois; coe, cozlom.

body proper, having a rudimentary medullary groove, a somato-
pleure and splanchnopleure, Cut 2. It is morphologically the
hind portion of the body. After its closure and separation from
the amnion it appears as the umbilical cord. Its development
requires that the umbilical cord should be covered, not by the
amnion, as it is almost universally stated, but by an extension
of the feetal epidermis. Histological examination shows that
this is the case. The amnion is characterized by the ectoderm
remaining a single layer of cuboidal or low cylinder cells, and by
the matrix of mesoderm being distinct, owing to its high refran-
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gibility. The feetal skin is characterized by the ectoderm be-
coming many layered, while the cutis remains for a long time
undifferentiated from the mesoderm below, and the matrix is of
low refrangibility. In comparing the ectoderm of the umbilical
cord with the skin, therefore, we do not expect to find any differ-
entiated cutis. The epithelium of the cord is at first, of course,
single layered, the condition which is permanent over the am-
nion. In the cord of a three-months embryo, Cut 3, I find the
two-layer stage. The outer layer is granular, and in some parts
each cell protrudes like a dome. Dome cells also appear on the
young epidermis, and as I learn from Dr. J. T. Bowen, who has

Cret 3. — Epithelial covering of the umbilical cord of an embryo of three months.
¥ 545 diams.

been investigating the subject in my laboratory, are probably
the precursors of the epitrichium. The cells of the inner layer
are larger and clearer than those putside. By the fifth month
the epithelium is distinctly stratified, and the superficial layers
consist of flattened cells similar to those of the horny layer of
the skin at an early stage. The ectoderm of the cord agrees
therefore entirely with that of the embryo proper in its general
development, but the differentiation proceeds more slowly, so
that at any given age the ectoderm of the cord is at a less
advanced stage than that of the embryo.

The appearance of the cord in cross-sections is instructive.
Cut 4, 4, is a section through a cord of sixty days; the right
umbilical vein is already aborted; the ccelom, coe, is a large
cavity, and contains the yolk stalk, }.5, with its two vessels,
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Crt g.—Two sections of umbilical cord. A, at sixty days; B, at three months;
V, vein; Ar, artery; A4, allantois cavity; Coe, celom; V, yolk sack ; X 22 diams.

and its entodermic cavity entirely obliterated. Near the em-
bryo the ceelom may become much enlarged, and is often found
during the second month and even later to contain a few coils
of the intestine, as has been long known. Above the body cav-

Cut 5.— Connective tissue of the umbilical cord of an embryo of 21™m; % c4o0
diams., stained with alum-cochineal, and eosine.



No. 3.] UTERUS AND EMEBRYO. 183

ity is the duct of the allantois, 4/ lined by entodermal epithe-
lium ; and in this region are situated the two arteries and single
vein ; the section is bounded by ectoderm.! The further devel-
opment of the cord depends upon three factors: 1° the growth
of the connective tissue and blood-vessels; 2° the abortion of
the ccelom, yolk stalk, and allantoic duct in the order named ; 3°,
differentiation of the connective tissue and of the ectoderm.

S
e

e ca
A TR

Cut 6. — Connective tissue of the umbilical cord of a human embryo of about
three months, ¥ s11 diams. Stained with alum-cochineal, and eosine.

The growth and differentiation of the mesoderm proceeds rap-
idly, encroaching upon the ccelom, which is obliterated (early in
the fourth month). At first the connective tissue, Cut §, is com-
posed merely of numerous cells embedded in a clear substance ;
the cells form a complex network, of which the filaments and
meshes are extremely variable in size; the nuclei are oval, gran-
ular, and do not have always accumulations of protoplasm about

1 The ectoderm is often wanting, owing to its frequent destruction post morfem.
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them, forming main cell bodies. I notice, also, a few cells which
I suppose to be leucocytes, but see no other structures. By the
end of the third month the cells have assumed nearly their defi-
nite form ; the protoplasm has increased in amount, and forms a
large cell body around each nucleus, Cut 6. The network has
become simpler and coarser, the meshes bigger, and the fila-
ments fewer and thicker; in the matrix are numerous connec-
tive tissue fibrils, not yet disposed in bundles, except here and
there ; as they curl in all directions many of them are cut trans-
versely, and therefore appear as dots. In older cords there is an
obvious Increase in the number of fibrils, and they form many
bundles. In the cord at term the matrix contains mucin, and
may be stained by alum hzematoxylin; at what period this re-

Cut 7.— Section of the allantois from the umbilical cord of an embryo of three
months; end, entoderm; smes, mesoderm. ¥ 340 diams.

action is first developed I have not ascertained. I have ob-
served nothing to indicate the presence of special lymph chan-
nels in the cord at any period, but I have not investigated the
point. Tait's lymph channels are merely the intercellular spaces.

The tube of allantoic entoderm increases very little in diame-
ter after the second month; compare A and B, Cut 4. Itis
very persistent, appearing usually even in the cord at full term,
at least in the proximal end, according to Kolliker (Entwick-
lungsges. 2te Aufl, p. 34). After the second month it is a small
group of epithelioid cells, with distinct walls, irregularly granu-
lar contents, and round nuclei; around the cells, ens, which may
or may not show a remnant of the central cavity, there is a
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slight condensation, ses, of the connective tissue to form, as it
were, an envelope. This structure has been regarded by Ahl-
feld and others as the persistent yolk sack. I think the correct
interpretation was first suggested by Kolliker.

§ 14. Amnion.— The tissues of the amnion do not progress
beyond an early embryonic stage; the ectoderm remaining at
the one-layered stage, the mesoderm preserving much of the
primitive matrix. Emery (Arek. ftal. Biol., 111., 37) has directed
attention to the primitive homogeneous matrix of the vertebrate
mesoderm, and especially to the separate sub-epidermal layer of
the embryo, which contains no cells at first. In the human

Cut 8. — Two sections of the placental amnion: A, from an embryo of the eighth
month; B, at term; ecf, ectoderm; mees, mesoderm; a, layer of mesodermic cells.

340

amnion there is a non-cellular layer under the epithelium, as is
well shown in Cut 8, A and B. Sometimes this layer is in-
vaded to a certain extent by connective tissue cells, B ; in other
cases the portion of the matrix towards the chorion acquires a
fibrillar character, A, as if partially resorbed, but in no case
have I seen the matrix entirely altered from its primitive char-
acter. The cells of the mesoderm lie in lacunze ; they are flat-
tened in the plane parallel to the surface, and hence in vertical
sections, Cut 8, appear more or less fusiform. They present no
special features, so far as I have observed, to distinguish them
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from other embryonic connective tissue cells. Their bodies
have little affinity for coloring-matters, hence it is difficult to
follow the processes by which the cells are united. Their
nuclei are at first round or oval. After the third month they
often show a great variety of alterations in shape and size, Cuts
g, 10; some of the nuclei are then very large, with a distinct
net-work, &, others are smaller and differ but slightly from the
normal ; some are very irregular, 4, and others again strangely
elongated, #; many other forms beside those represented in
Cut g are to be found. The changes indicated I consider of
a degenerative character, and in fact many of the nuclei are

Cut 9. — A natural group of nuclei from the mesoderm of the amnion of a feetus
of the fifth month. X 1225 diams.

breaking down, for one finds in some specimens every stage be-
tween a nucleus and scattered granules, — nuclei, nuclei with in-
distinct membranes, nuclel without membranes, masses of gran-
ular matter, clusters of granules crowded together, and finally
other clusters more or less scattered. This degenerative pro-
cess may be compared with that described by Phisalix (Areck
Zool. Expt., Sér. 11., T. 111, 382) as occurring in the blood cells
of the spleen of teleosts. Compare also the chromatine degen-
eration observed by Flemming to occur in ova of the vertebrate
ovary (His and Braune's Archiv. 1885, 221-244). In the human
amnion the nuclear degeneration described is not always to be
recognized so clearly, although the nuclei in all amnia older
than three months, which I have observed, are more or less
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irregular and distorted. Finally it is to be added that not in-
frequently the cells form a distinct epithelioid layer upon the
surface of the amnion next the chorion, as represented in Cut §,
B, a.

Caet ro.— Mesodermic nuclei of the amnion of an embryo of about four months.

® 713 diam.

The epithelium of the amnion varies in appearance, as seen in
transverse sections. Usually the cells are cuboidal or low cyl-

Cut rr. — Surface view of the amniotic epithelium of an embryo of 144 days;
stained with alum — hematoxyline, and ecsine. 2/, protoplasm; pr, intercelludar pro-
cesses; au, nuclens. ¥ 1225 diams.
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inders, Cut 8, A, each one with a rounded top, in which is sit-
uated the more or less nearly spherical nucleus; sometimes,
however, the nuclei lie deeper down. Less frequently the
epithelium is thin, Cut §, B, and its nuclei, which are trans-
versely elongated, lie further apart. It is probable that these
differences are not structural, but conditional upon the greater
or less degree to which the amnion is stretched. I have ob-
served no constant differences between the placental and the
remaining amnion. The most interesting peculiarity of the
epithelium is best seen in surface views; namely, the inter-
cellular bridges. They display themselves with a clearness
which I have never seen in other epithelia; see Cut 11.

The nuclei, ##, are relatively large, rounded with distinct out-
lines ; they have a more or less well marked intra-nuclear net-
work, with thickened nodes, and a small number of deeply
stained granules, which are probably chromatine. Each nucleus
is surrounded by a cell body, p/; and the adjacent cell bodies
are separated from one another by clear spaces. With high
powers, as represented in the cut, one sees that these spaces are
separated from one another by threads of material, g7, stretch-
ing across as bridges, connecting neighboring cells. Examined
attentively, the protoplasm of the cells exhibits a vacuolated
appearance. One is thus led to view the epithelium as a sponge
work of protoplasm somewhat condensed around each nucleus;
according to this interpretation the intercellular spaces are large
meshes of the sponge work, and the intercellular bridges are
protoplasmic. A recent paper! by M. Manille Ide, which I owe
to the kindness of the author, brings a series of interesting ob-
servations to show that the intercellular bridges of the Rete
Malpighi of the mammalian epidermis are not protoplasmic, but
processes of the cell membranes. This paper has led me to re-
examine my preparations of the amniotic epithelium, but I have
been unable to find in them any indications of membranes
around the cells or reasons for considering the intercellular
bridges as other than protoplasmatic in constitution. Whether
this result is due to the imperfection of my preparations, or is
in accordance with the truth, must be decided by further inves-
tigation.

1 Manille Ide, La membrane des cellules du corps muqueux de Malpighi. Za
Cellvede, TV., 2me fasc., 1388
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Meola, 59, ascribes a much more complex structure to the
amnion than his predecessors, in which he is followed by Viti,
21, Both of these authors subdivide the mesodermic stratum
into three layers: a Jamina connetivale, next the ectoderm, a
sostanza infermedia, and a membrana limitante. As to the his-
tological details, Viti differs somewhat from Meola, but agrees
with him in finding a histological distinction between the three
layers enumerated. The extent to which I can distinguish three
layers is indicated by the description of the mesoderm given
above : I have been unable to find the marked structural dif-
ferences affirmed by Viti. Viti's paper is to be commended for
its excellent historical reviews, particularly for his summary of
the various theories as to the origin of the amniotic fluid.

§ 15. Chorion.— The human chorion has been the object of
greater misconception than perhaps any other organ of the
body. Even at the present time there prevail numerous false
conceptions concerning it, nor do I know of any text-book which
gives a satisfactory or even tolerably correct account of its
structure. This singular confusion is not due to deficiency of
observations, for from the vast literature of the subject (by
trusting the accurate observers, such as Coste, Farre, Kélliker,
Turner, Langhans, Waldeyer, etc.), we may cull a fairly com-
plete and exact history of the development of the chorion. But
the literature of the chorion consists chiefly of papers of little
value, and often remarkable for the gross crudeness of the ob-
servations they record, and for the proofs they are of their
author’s ignorance of other and better investigations. It ap-
pears that the anatomists and physiologists, by a species of
tacit understanding much to be regretted, have regarded the
uterus and placenta outside of their province, and have left the
investigation of the anatomy and functions of these organs to
gynacologists and others, whose capacities have lain rather in
the direction of medical practice than of original research, al-
though among them are some notable exceptions. The major-
ity of the practitioners who have written on the uterus and
feetal appendages have done at least as much harm as good. It
would be a sheer waste of time to subject this mass of literature
to a critical revision in order to extract from it what little there
may be of value. I have, however, read a large number of the
articles, and studied those which seemed worthy of it. Upon
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this course of reading and a study of my own extensive mate-
rial I have based the following history of the chorion, which
passes briefly over what is known, and dwells upon what is
founded on my own observations.

The human chorion as I have defined it! is “the whole of
that portion of the extra-embryonic somatopleure, which is not
concerned in the formation of the amnion.” The human cho-
rion is remarkable for its very early complete separation from
the yolk sack, and for its precocious development of villi. Both
of these developments had already taken place in His" youngest
embryo, and in Reichert's ovum, which is supposed to be nor-
mal and the youngest known, there were chorionic villi, though
no embryo was distinguished. Reichert’s description is not
satisfactory, his long memoir * being principally concerned with
speculations.

The villi of the chorion, as shown long ago by the obser-
vations of Coste, are formed at first only
by the ectoderm. I reproduce here Fig,
6, of Pl. II, referring to the human
species from Coste’'s great work. The
hollowness of the villi and their clumsy
shape are to be especially noted. The
mesoderm grows into the wvilli subse-
quently. The branches of the villi grow
out in a similar manner, the process
being led, as it were, by the ectoderm.
Orth, in a special paper, 118, has used
these facts to argue against Boll's Prin-

c : cip des Wacksthums. Kollman’s obser-

wt 12.— Portions of the : e ;
e e vations® on the growth of villi during

posed to be ahout eighteen the fourth week are particularly instruc-
days; mes, mesoderm; e,  tiye, The outgrowth of the branches

Eﬁifg;;e_m’ holomemlli: & s very rapid and occurs with every de-

gree of participation of the connective
tissue. The two extremes are: 1°, a bud consisting wholly
of epithelium, which may become a process with a long, thin
pedicle, and a thickened free end remaining entirely with-

I Buck's Reference Handbook, Medical Seiences, — Art. Chorion.
2 Reichert, Berlin Akad. Abkandlungen, 1873.
3 Kollman; drck. Anat. Physiol. Anat. Abth., 1879, 297.



No. 3.] UTERUS AND EMBRYO. 301

out mesoderm ; 2° a thick bud with a well-developed core of
connective tissue, and having a nearly cylindrical form. Between
these extremes every intermediate state can be found. Other
observers have noted this peculiar manner of growth, which I
have found still going on in the placental chorion during
the fourth month. Robin, 125, appears also to have crudely
observed both the young hollow villi, and the solid epithelial
buds. The blood-vessels he traces to the division of the cavity
of the villi into an artery and a vein ; from the nature of things
he offers no observations in support of this assertion.

Only the tips of the villi touch _
the surface of the decidua, -, /
either at first or subsequently,
except of course, over the cho-
rion leeve during the abortion of
the villi. The tips of the villi
are attached to the uterine sur-
face ; they penetrate the decidua
for a short distance, but even in
the placental area at the close
of gestation, the penetration is
slight, and the villi make their
way only into the surface stratum
of the decidua serotina. There
is no evidence of any sort that S
the wvilli penetrate the glands s
at any p[":I‘iDd. The relation of CM'..!' r3.—Isolated teu_'miua.l branch
ihe vl te the decidun has niow of a villus from the chorion of an em-

bryo of twelve weeks,
been so accurately ascertained,
that there can be, I think, no longer any question whatso-
ever on this point. The best discussion is by Langhans, 110,
p. 231 ff.

The shape of the villi varies according to the part of the
chorion and the age of the embryo. They gradually abort over
the chorion leve, and gradually grow over the chorion frondo-
sum. Let us begin with the placental villi: At first they are
short, thick-set bodies of irregular shape, as shown in Cut 12; at
twelve weeks their form is extremely characteristic, Cut 13; the
main stem gives off numerous branches at more or less acute
angles, and these again, other branches, until at last the termi-
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nal twigs are reached; the whole of the space between the
chorion and decidua is occupied by these ramifications; the

Cut rg.— Villous stem from a
placenta of the fifth month. X g
diams.

branches and twigs, as the illus-
tration shows, are extremely irregu-
lar and variable, although in gen-
eral they may be described as
club-shaped, being more or less
constricted at their bases. The
branches may be bigger than the
trunk which bears them, or of any
less size ; some of the smallest are
merely slender outgrowths of the
epithelial covering of the villus,
such as have already been alluded
to. Gradually there is a change.
During the fifth month we find
the irregularity, though still very
marked, decidedly less exaggerated,
Cut 14; the branches tend to go
off at more nearly right angles,
one finds very numerous free ends,
as of course only a small proportion

of the branches touch the decidual surface; the branches, too,
are less out of proportion to the stems, less constricted at
their bases, or, in other words, less remote from the cylin-
drical form; the awkward cucumber shapes of the twelfth
week are no longer found except here and there. The
change continues in the same direction; that is, is towards

Cut 15.— Terminal villi of a placenta at full term. The little spots represent the
proliferation islands of the covering epithelium.
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greater regularity of configuration. It is hardly necessary
to describe the intermediate phases that have been exam-
ined, but it will suffice to describe the form at full term, Cut 15,
when the branches are long, slender, and less closely set, as well
as less subdivided, than at earlier stages; they have nodular
projections, like branches arrested at the beginning of their de-
velopment ; there are numerous spots upon the surfaces of the
villi; microscopical examination shows that these spots are
proliferation islands, as we may call them, or little thickenings
of the ectoderm with crowded nuclei. It appears that not all
the villi change to the slender form ; for some villi, having still
the earlier, thicker form, are found even in the mature placenta,
a fact already noticed by Jassinsky, 105, 346. These thick villi

Cuet 16. — Section of the chorion at three weeks., 4, layer of coagulum; & meso-
derm of chorion; ZE#, epithelium, also extending over the villi; F7 and F7'; the meso-
derm, &, contains a number of blood-vessels, nearly all in transverse section. X 05.

¥

usually show also a distinct “ cellular layer” in their ectoderm,
a peculiarity to be considered below again. Seiler, 131a,
has given figures of the villi at various ages, but fails to show
the characteristic forms. Langhans has observed the altera-
tion in the villi, 110, 199, and even justly remarks that many
of the villi in so-called “moulds™ are not pathological, as they
have been frequently considered, but normal young villi. The
differences in the villi, according to age, are very conspicuous
in sections. The sections should of course be made so that the
fragments of the villi will remain 2 sizx ; imbedding in celloi-
dine is convenient for this purpose ; if this end be attained, one
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finds below the chorionic membrane numerous sections of villi ;
if the specimen be a young chorion, —first to third month, —
the villi are large, with a good deal of room between them ; their
outlines are very irregular, and there are relatively few small
branches (Cut 16). The older the specimen, the larger the
proportion of small branches.
In an old chorion—seventh to
ninth month—the number of
small villi of nearly uniform size
is very striking (see the figure
of a section through a placenta
i1 sttu, given in Cut 35).

The abortion of the wvilli of
the chorion leve takes place by
an arrest of development and
a subsequent slow degeneration
of the tissues, which lose all recognizable organization in the pro-
toplasm, and to a large extent of the nuclei; at the same time
they alter their shape (Cut 17), becoming more and more filamen-
tous; by the fourth month only a few tapering threads, with
very few branches, remain. The villi disappear almost com-
pletely from the leve, except near the edge of the placenta,
where they are to be found, even in the after-birth, imbedded in

Cat r7. — Aborting villus from a
chorion of the second month.

Cut 18.— Section of the chorionic membrane of an embryo of three weeks;
stained with osmic acid; mees, mesoderm; ecf, ectoderm; a, outer, 4, inner layer of
ectoderm. From a section prepared by Prof. Theodor Langhans. < 445 diams.
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the degenerated epithelium of the chorion and the upper layers
of the decidua, as shown in Cut 25, z7, the epithelium and
decidua being so fused at this point that it is impossible to
determine any line of demarcation between them,.

The chorion, being a portion of the somatopleure, consists, of
course, of two primary layers, the mesoderm and ectoderm.
During the second half of the first month, the earliest period
concerning which we have any accurate knowledge, the meso-
derm is already a vascular layer of considerable thickness
(Cuts 16 and 18, mes), and the epithelium (ectoderm) has two
layers of cells (Cut 18, 2z and #) ; of which the outer is the darker
in specimens stained with osmic acid, carmine, cochineal, or
hamatoxyline, and has also smaller and more granular nuclei.
The same distinction exists in the two-layered stage of the ecto-
derm of the umbilical cord (Cut 3), and of the feetal skin.
Hitherto most authors have entirely overlooked the inner layer
at early stages. It was first clearly recognized by Langhans,
who directed attention to it in a special memoir, 111, he having
already described its later history, 110. In some earlier writers
are allusions to the layer. Kastschenko, in his paper on the
chorionic epithelium, has also described it, although he has not
followed its history very far. The interpretation to be offered
seems to me clearly to be, that the chorionic epithelium advan-
ces in its differentiation to a stage equivalent to the two-layered
stage of the epidermis and there stops; whatever further change
occurs is degenerative.

The two primitive layers of the chorionic epithelium have
been more or less clearly observed at later stages by several
anatomists, and have been variously interpreted. Ercolani and
Turner regard them as absolutely distinct, assigning the deep
layer to the chorion as its true and only epithelium, and the
outer layer to the uterus, thus enabling themselves to conceive
the villi as covered by a maternal as well as a feetal epithelium,
so that maternal blood found between the villi is still within the
maternal tissue. After accepting the outer layer as maternal,
the question as to its origin still remained. Some authors
affirmed it to be the uterine epithelium, others to be the lining
of expanded uterine blood sinuses. So far as I am aware, no
one has made observations to show by the developmental history
of the layer, that one or the other of the last mentioned hy-
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potheses is correct. When we consider the precision and exacti-
tude of Kastschenko's observations, which actual specimens
enable one to verify, there 1s in my judgment no reason left for
differing from the conclusion that both layers are parts of the
foetal ectoderm.

Governed by the difficulty of accounting for the presence of
maternal blood in the intervillous spaces, and therefore appar-
ently outside the maternal tissues, several investigators have
been led to seek for at least an endothelium outside the chori-
onic epithelium. Some authors, as for instance Winkler, have
asserted the existence of such an endothelium, but after a pro-
longed and careful search, I fail to find anything of the kind,
and in this result it seems to me the best observers are agreed.

The conclusion, I think, may now be safely formulated that
the chorion is covered externally by the feetal ectoderm, and
has no other covering in any part except, of course, where the
chorion lzve rests upon the surface of the decidua, and where
the tips of the villi touch the serotina; but the morphological
distinction holds, and the decidua is no more the covering of
the chorion, than are clothes morphologically the covering of the
body. I believe further, on grounds stated below, that the con-
clusion just formulated holds true of the chorion at all periods.

The further history of the chorionic mesoderm is so fully
given by Langhans in his invaluable memoir, 110, and Kast-
schenko, 107, that there is little to be added. In the earliest
stage I have been able to examine, an ovum of the third week,
the matrix of the chorionic connective tissue, in a preparation
stained with cochineal or haematoxyline, and imbedded in paraf-
fine for cutting, appeared hyaline and glistening, owing to its
refrangibility (Cut 19); it has lacunz in which the cells lie; the
cell bodies are either shrunken or colorless, so that lacuna,
except for the staining of their contained nuclei, are clear and
light. This appearance I find again in specimens a little older.
The image is entirely distinct from that of the same layer later,
for then the cells are stained darker than the matrix, which at
the same time has lost its homogeneous character, and acquired
a fibrillated look. Very different from my own sections are
several which I owe to the kindness of Professor Langhans of
Bern, and which that distinguished investigator informs me are
from a three-weeks ovum, which had been preserved in osmic
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acid (see ante, Cut 18). In Professor Langhans' preparations
the cells are all stained much deeper than the matrix; they have
an elongated form, and run in various directions more or less par-
allel to the epithelium ecfo; hence many of them are cut trans-
versely or obliquely. Whether the differences noted are due to
the methods of preparation must be decided by preserving the
same chorion in part with osmic acid, in part with Miiller's fluid
or picrosulphuric acid, the latter being the reagents I have used.
In specimens of the tenth week, the matrix of the chorionic meso-
derm has quite altered in character, being no longer homo-

Cut rg. — Section of tne chorionic membrane of an ovum supposed to belong to
the third week; e, ectoderm; mtes, mesoderm; a, outer, &, inner layer of ectoderm ;
stained with alum-cochineal. X 445 diams.

geneous, and at the same time it has increased in thickness.
For the most part the matrix stains lightly, and where it is
lighter it contains fibrils of extreme fineness, and running curly
courses ; there are also streaks of lightly stained matrix, giving
the impression of fibres resulting from portions of the primitive
colorable matrix being left. In other parts of the layer the
primitive matrix is still present, and we find a homogeneous
well-colored basal substance, the cell lacuna of which appear
light by contrast, as in Cut 19. One can distinguish also the
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commencement of the perivascular coats, at least of the larger
vessels, the matrix being quite dense around them, and the cells
elongated almost into fibres, and possessing a slightly increased
affinity for coloring-matters. The larger blood-vessels and
unmetamorphosed part of the layer occupy a middle portion be-
tween the two surfaces, but the smaller blood-vessels lie near
the ectoderm (compare Cut 19, ), thus presaging the formation
of Langhans’ vascular layer (Gefdsssciizc/it). The development
of the mesoderm of the chorion leve stops at about this stage,
or at the stage when the matrix has completely changed from
its first state; in the region of the frondosum, however, develop-

Cut 20.— Section of the amnion and placental chorion of the fifth month. Zp,
amniotic epithelium; ., amnion; Sfr, stroma; Fif, fibrille layer; jfér, fibrine
layer; ¢, cellular layer; F%, villi. (From a section cut in celloidine, and stained
with Weigert's Hxmatoxyline. The drawing is only approximately correct as to
details. X 71 diams.).

ment proceeds much further by the production of fibres throug

out the whole of the layer; usually, but not invariably, the fibres
become much more numerous near the ectoderm than in the
inner part of the mesoderm, thus differentiating a well-marked
sub-epithelial fibrillar layer, Cut 20, fi4, from the deeper and
wider stroma, S#». The fibrillar layer is that commonly spoken
of as the connective tissue layer of the chorion: for details of
its structure, including the * Gefidssschicht,” see Langhans and
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Kastschenko. The inner layer, S#, is called the Gallertschicht
by many German writers, and seems to be what Kolliker (Ene-
wickelungsgeschickte, 2te Aufl, p. 322) designates as “ Gallert-
gewebe zwischen Chorion und Amnion”; it usually contains a
considerable number of large granular wandering cells. Jung-
bluth, 106a, describes a network of capillaries, which exist
during the first half of pregnancy, apparently in the upper part of
the stroma, —7.. next the amnion — but I fail to find any. Where
the amnion comes into contact with the chorion the adjacent parts
of the two membranes are more or less loosened, forming a net-
work of strands by which the membranes are united: most of
the uniting strands appear to belong rather to the chorion than
to the amnion. This loose tissue is perhaps that which Kolliker
designates as a Gaclertgewebe distinct from the chorion.

Although the chorion bounds the ceelom, I have observed no
mesothelium upon its mesodermic surface; but I have not made
search for it by any special methods. In the rabbit, it will be
remembered, the mesothelium is very evident over the placenta,
but the rabbit differs from man by the absence of union between
the amnion and chorion. Nor have I been able to find any base-
ment membrane, properly so called, under the chorionic ecto-
derm. As to the appearance which suggests it, I accept Kast-
schenko's explanation, 107, 455.

The mesoderm in the villi is differentiated otherwise than
that of the membrane of the chorion. In the youngest stage
I have examined there is some of the primitive matrix present
in the villi; and I presume that earlier the whole mesoderm has
the same character. In my specimen (three weeks) the change
is progressing. I have not succeeded in satisfying myself as to
the process of change which takes place, but I think it probably
essentially as follows: The cells gradually develop large bodies
and acquire a more decided affinity for coloring-matters; mean-
while vacuoles appear in the matrix, presumably by its modifica-
tion into a new substance; the vacuoles increase in size and
number, transforming the matrix into a network and ultimately
causing its total disappearance, leaving the intercellular spaces
filled entirely with the new substance, which has come from a
metamorphosis of the original matrix; probably this new sub-
stance is more or less fluid, since wandering cells are scattered
freely through it. Leaving this half-hypothetical history, let us
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pass on to direct observations. In the placental villi of embryos
of four months and older, the mesoderm exists in two principal
forms, —adenoid tissue and fibre-cell tissue around the blood-
vessels. The adenoid tissue, Cut 21, is that of which the sup-
posed development has just been sketched ; it may be considered
as the proper tissue of the villus. It consists of a network of
protoplasmic threads, which start from nucleated masses (cells).
There are many large meshes, which are partly occupied by the
coarsely granular wandering cells, /, /, which are scattered about,
and are usually present in large numbers. About the capilla-

Cut zr.— Adenocid tissue of a villus from a placenta of four months. 4 /Z 4
wandering cells; @, v, capillary blood-vessels; &, finer meshwork from near a
capillary. X 352 diams.

ries the network is much more finely spun. Kastschenko, 107,
454, found the wandering cells most abundant near the epithe-
lium, but I have noticed no such peculiarity, except that they do
not often enter the dense perivascular tissue; and as the blood-
vessels are centrally situated, the adenoid tissue and the wander-
ing cells in it are of course more peripheral. It seems to me
that the leucocytes are distributed more or less evenly through-
out the adenoid tissue. I fail to recognize any intercellular sub-
stance. The abundance of nuclei deserves special mention.
Around all the non-capillary vessels the mesoderm is very dif-
ferent, for it exhibits distinct intercellular substance, with a ten-
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dency to fibrillar differentiation in quite a wide zone around the
blood-vessels ; in this zone the cells become elongated and
irregularly fusiform; around the larger vessels the cells are
grouped in lamina, making the structure similar to that already
described in the walls of the vessels of the umbilical cord ; after
the perivascular coats acquire a certain thickness, the cells of
the inner layers are more elongated, more regularly fusiform,
and more closely packed than those of the outer layer; the
transition from the denser to the looser tissue is gradual. We
are perhaps entitled to recognize in the denser inner layer the
media, in the outer looser layer the adwventitia, although neither
of the layers has by any means the full histological differentia-
tion characteristic of the like-named layers of the blood-vessels
of the adult.

The epithelium of the chorion becomes differentiated in three
different ways: 1°, upon the chorion frondosum; 2° upon the
chorion lave; 3° upon the villi. For a correct knowledge of
the remarkable changes which the epithelium undergoes, partic-
ularly in the placenta, we are indebted to the remarkably exact
investigations of Langhans, 110 and 111. This author left two
points of importance unsettled; namely, the origin of his
& Zellschickt,' and of the “canalisivtes Fibrin.” Kastschenko
has traced the cellular layer (Zellschicht) to the epithelium, as
already stated : compare pp. 463-469 of his memoir, 107. My
own observations show, I think conclusively, that the canalized
fibrine arises through a degenerative metamorphosis of the epi-
thelium, which begins in the outer layer and may invade the
inner layer (Langhans’ Zellschicht). Let us consider separately
the three series of modifications of the chorionic ectoderm.

In the region of the chorion frondosum the inner layer of the
ectoderm (the cellular layer of Langhans) becomes irregularly
thickened in patches, which present every possible degree of
variation as to number and as to their breadth and thickness.
Although at first the cellular layer is more or less continuous
and composed of uniform cells, this is not the case in later
stages. We must assume that with the growth of the mem-
brane the epithelium increases in area, but remains in many
places single layered, developing no * Zellschickt.” The patches
of cells have been well described by Langhans, 110, and Kast-
schenko, 107, 466, and are represented with lower power in
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Cut 20, ¢, and with a higher power in Cut 22, ¢. They vary
much in appearance: the cells are more distinct in the small
patches, but are less individual in the large patches, owing to
the spread of the process of degeneration into the layer, Cut 22, c.
The cell bodies are lightly stained, and the granular nuclei are
not very sharply defined and vary in size and shape. The cellu-

mes
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Cu¢ 22. — Placental chorion of an embryo of seven months; wvertical section
through the ectoderm and portion of the adjacent stroma. mes, mesodermic stroma;
¢, cell layer; f%, fibrine layer; ¢#, remnant of epithelium. X 445 diams.

lar layer is always sharply defined against the stroma, although
there i1s no true basement membrane, but towards the outer
layer of the ectoderm its boundary is sometimes distinct, some-
times lost in a gradual transition. .

The outer layer of the ectoderm of the frondosum is even
more variable. As stated by Kastschenko, it is primitively a
dense protoplasmic reticulum, with nuclei in a single layer and
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without any cell boundaries. In the chorion frondosum at four
months and after I find spots where this structure still prevails,
either with or without an underlying cellular layer; in other
spots the layer is thickened and contains an increased number
of nuclei, which are sometimes crowded in a bunch ; elsewhere
the layer is thinned out and has no nuclei; in still other spots
the thickening has gone on much further, and usually, but not
always, where the outer layer 1s much thickened the cellular
layer under it is also thickened; wherever it is thickened, and
occasionally where it is thin, the outer layer of the ectoderm
shows a marked tendency to degenerate into canalized fibrine,
Cut 20, fér, and Cut 22, f&. It is not difficult to assure one’s
self that the fibrine arises by direct metamorphosis of the ecto-
derm. I now think that its formation begins in the outer layer
and thence spreads into the cellular layer; for, in fact, when
both layers are distinguishable, as in Cut 22, the fibrine layer,
&, is always external, and the external layer of nucleated proto-
plasm has either totally disappeared or is represented by mere
remnants, as in Cut 22, ¢p. The fibrine layer consists of a
hyaline, very refringent substance permeated by numerous
channels, Cut 22, f&; the substance has a violent affinity for
carmine and hzematoxyline, and is always the most deeply
colored part of a stained section; the channels tend to run
more or less parallel to the surface of the chorion and are con-
nected by numerous cross-channels ; some of the channels con-
tain cells or nuclei. This complex system of canals is by no
means of uniform appearance in all parts of the placenta, both
the spaces and dissepiments varying in size and shape. The
fibrine often sends, as shown in Cut 22, long outshoots into the
cellular layers upon which it seems to encroach. The frequency
of these images in my preparations led me to the opinion?! that
the fibrine arises from the cellular layer only, and I concluded
that the ectoderm was first transformed into the so-called cel-
lular layer, which was then transformed into fibrine. It still
appears to me that much of the degeneration goes by these
stages; but, on the other hand, it seems clear that the degenera-
tion begins, as above stated, in the outer layer. Another appear-
ance is presented by the ectoderm where it is thickened and
wholly transformed into the cellular layer. In brief: the ecto-

L Anatorm. Anzeiger,ii. 23.
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derm of the placental chorionic mesoderm undergoes patchwise
manifold changes; it exists in three chief forms: 1°, the nucleated
protoplasm ; 2° the cellular layer; 3°, canalized fibrine. A patch
of the ectoderm may consist of any one of these modifications,
of any two or of all three, but they have fixed relative positions,
for when the nucleated protoplasm is present, it always covers
the free surface of the chorion; when the cellular layer is
present, it always lies next the mesoderm ; and when all three
forms are present over the same part, the fibrine is always the
middle stratum. In general terms it may be said that the
amount of canalized fibrine increases with the age of the
placenta, but it is very variable in its degree of development.
The peculiar layer into which the ectoderm is transformed has
long puzzled anatomists. E. H. Weber recognized the fibrine
layer and described its appearance correctly; it has probably
been often seen, but generally regarded as either pathological
or a blood coagulum. Robin, for instance, may be cited, 125,
70-71, as one who saw, without observing correctly and under-
standingly, the tissue in question. An important gain was
made when Winkler recognized the modified ectoderm as a
constant layer, and in 1872 directed especial attention to it
under the name of “ Schlussplatte,” 152. Kolliker (Entwicke-
lungsgeschichte, 2te Aufl., 337) added essentially to our knowl-
edge of its structure, but it is to Langhans that we owe the first
clear light. Meanwhile, other writers, following the lead of
Ercolani and Turner, 146, 551-553, have been influenced chiefly
by the presence of the cellular layer, in the large size of the ele-
ments of which they found a resemblance to the decidual cells,
which has guided them to the conclusion that the cellular layer
i1s derived from the wall of the uterus. This error has been
definitely corrected by Kastschenko, as already stated. In
further support of the conclusion that the chorionic cellular
layer is not decidual, may be brought forward the fact that
there is a certain immigration of decidual cells into the placenta
at its margin; but they remain entirely distinct from the cells
of the cellular layer. This is readily seen in radial sections
through the margin of a placenta from a normal after-birth —
compare below, the account of the ectoderm of the chorion
leeve. The origin of the canalized fibrine from blood, which
Langhans left in his first paper as an open possibility, and which
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even so recent a writer as Ruge, 129a, 123 and 130, has advo-
cated, cannot be maintained. Of course, there may be a deposit
of blood fibrine (coagulum), but it would be pathological, and
therefore to be distinguished from the normal fibrine of ecto-
dermal origin. Moreover, the microscopic appearance of a blood
clot or thrombus is so extremely characteristic that one can
readily distinguish it from the placental canalized fibrine.

The ectoderm of the villi of the placenta differs from that of
the chorionic membrane in several respects: 1° the cellular
layer after the first month becomes less and less conspicuous,
and after the fourth month
is present only in a few iso-
lated patches, known as the
Zellknoten, and carefully de-
scribed by Langhans and
Kastschenko ; both of these
authors were impressed by
the resemblance of the cells
to those of the decidua
serotina; Langhans con-
cludes that the Zellknoten
arise from the serotina, but
Kastschenko, having traced
their development from the Cut 23. — Cross-section of a villus from a
chorionic epithclium, denies placenta of seven months; three blood-vessels
his prdECESED]"E conclu- are shown; a,a, thickenings of the ectoderm;
sion, but still clinging to the A a thickening ‘tmnsfarmed into canalized
. - : fibrine. X 222 diams.
idea of a genetic connection
between the Zellfnoten and the decidua, reverses the reasoning,
and concludes that the decidual cells arise in part at least from
the Knofen. Neither of these authors have found the intermedi-
ate forms between the two types of cells, and when we examine
their descriptions critically we find that they have really no
evidence except the likeness of the cells to offer in favor of
their genetic relationship, and accordingly Langhans expresses
himself with characteristic caution. To me the resemblance
appears altogether superficial; hence my conclusion that the
Zellknoten are remnants of the cellular layer. 2° For the most
part the villi remain covered by the nucleated protoplasm, which
in many places is thickened. In the later stages these thicken-
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ings are small and numerous, constituting the so-called * Profif~
erations-inse/n” : compare Cut 15. Many of the little thicken-
ings appear in sections of the villi, Cut 23, a, @, and here and
there are converted into fibrine, . 1 have interpreted them
(Wood's Reference Handbook of the Medical Sciences, V., 695)
as commencing buds, and consider that in earlier stages they
grow into branches, but in later stages are in part at least
arrested in their development. 3°, The proliferation islands are
converted into canalized fibrine, and at the same time grow and
fuse, forming larger patches, particularly on the larger stems: in
this manner are produced the large areas and columns of fibrine
found in the placenta at four months and after ; they have been
well described by Langhans, and form a striking feature in sec-
tions of placentze. Some of the columns, as stated by Lang-
hans, stretch along the villi from the chorionic membrane to the
surface of the serotina as if to act as supports. Ercolani appears,
if I understand his account, to have seen the fibrine columns,
without, however, ascertaining either their structure or their
origin. 4° Over the tips of the villi, which are bent considera-
bly where they are imbedded in the decidua serotina, the rela-
tions are not clear ; the epithelium is certainly not present in its
original form over the imbedded ends of the villi, which are,
however, surrounded by a hyaline tissue of the character of the
canalized fibrine, except that the canals are often indistinct or
even wanting ; the hyaline tissue forms an almost continuous
coat over the decidual surface; in earlier stages the ectoderm of
the terminal villi is often considerably expanded. The natural
interpretation of these facts is that the ectoderm of the villi ex-
pands over the decidua serotina and degenerates. In this
manner we account for both the absence of any cellular ecto-
derm over the ends of the villi and the presence of canalized
fibrine upon the serotinal surface —but the hypothesis must
await the final test by observation.

The ectoderm of the chorion lzve loses by the seventh month
all traces of the protoplasmic layer, and is without any canalized
fibrine, except near the placenta; ¢f énfra. It is transformed
into a Zellschicht. In a section of the leve inz sifu at seven
months, Cut 33, the chorionic ectoderm, ¢, rests directly upon
the decidua, which has no epithelium of its own. The ecto-
dermal cells lie two or three deep; they are described by Kolli-
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ker and Langhans, the former designating them as the chorionic
epithelium, while the latter doubtfully traces their origin to
the uterus. That Kolliker (Entwickelungsgeschichte, 2te Aufl,,
p. 322) is right, I am confident. It is easy to follow the layer
of cells in question at the edge of the placenta, and see that it
is directly continuous with the cellular layer of the frondosum,
which it resembles in character. On the other hand, the ecto-

Caut 24. — Placenta at full term. A, vertical radial section through the margin;
D, decidua; zi, aborted villi outside the placenta; Chko, chorion; Si, circular sinus;
Fi, placental villi; Fi¥, canalized fibrine. B, portion of A more magnified to show
the decidual tissue near #; z, blood-vessel; &2/, decidual cells; &, with one, &',
with several nuclei.

dermal cells of the lzeve are distinct in character from the decid-
ual cells next to them, Cut 34, having smaller and more darkly
stained nuclei, and much more coarsely granular protoplasm j
the ectodermal cells are much smaller than the decidual. The
ectoderm is sharply marked off from the decidua, but its surface
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is often corrugated, and then the line of separation between the
tissues is irregular, and in sections it may even appear that
there is a true interpenetration and mingling of the decidual and
ectodermal cells; but it 1s only apparent, and the demarcation is
always preserved.

At the edge of the placenta, as shown by examination of after-
births, the relations of the layers are somewhat different. I
reproduce with a few additions the descriptions given in my
article on the Placenta® of a radial section through the
margin of a normal placenta discharged at full term, Cut 24,
A, from which the amnion had been removed. The chorion,
Cho, and decidua, D, are in immediate contact at the left of

Cut 25. — After-birth at full term; vertical section of the amnion, chorion, and
decidua in their matural relations near the placenta. e, amnion; ¢4s, chorion;
¢, cellular layer or ectoderm; f, fibrine and decidual tissue, degenerated; J', decid-
ual tissue. X} 125 diams. i

the figure; that is, outside of the placenta, though remnants of
the aborted villi, o7, are still plainly recognizable ; but, as stated
previously, they occur only in the immediate neighborhood of
the placenta. These villi are surrounded by hyaline matter which
resembles and can be followed into continuity with the canalized
fibrine layer, Fi6, covering the surface of the decidua serotina
and the fibrine layer of the chorion frondosum. Below the
aborted villi, 27, of the chorion lave, the fibrine layer is broken
down and penetrated by the decidual tissue, so that the demar-

1 Wood's Reference Handbook Medical Science, V., 694, 695,
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cation between the feetal and maternal tissues is here lost, and
in fact, at the edge of the placenta the decidual cells make their
way into the chorionic tissue, and for a certain distance towards
the centre of the placenta they are found lying chiefly in the
ectoderm. In other placentz the fibrine layer and the decidual
tissue around the margin of the placenta have not only inter-
grown, but also undergone a common degeneration, Cut 25, in
consequence of which all distinct structure is obliterated, and we
find the willi, 27, imbedded in a stratum, f, of more or less
colored substance, without definite organization except irregu-
larly scattered nuclei. Attentive examination shows that this
layer, £, has unmistakable remains, ¢, of the cellular layer next
the mesoderm of the chorion, and that 1t passes into an outer
layer, /', in which the traces of decidual structure are unmistak-
able ; the dark line at the lower edge of the decidua, 2, is merely
detritus and coagulum, as is often found on after-births. If we
follow the layers in this, or a similar specimen, in the direction
away from the placenta, the layers gradually alter, losing their
degenerated character, until we reach a point where the
chorionic ectoderm and the uterine decidua both exhibit their
normal features. Returning now to the placenta we were pre-
viously considering, Cut 24: The placental chorion begins to
exhibit its characteristic stratification a short distance within
the margin. I have found, however, that the distinctness of
that stratification varies considerably, not only in different
placentze, but also in different parts of the same placenta. The
decidua, D, outside the placenta is very thick, but at the edge
of the placenta it begins to thin out, and as it passes over the
under side of the placenta, rapidly becomes so much reduced as
to be even less in thickness than the chorion, czo. The decidua
is everywhere crowded with an immense number of decidual
cells, but in some other specimens they are less crowded. The
surface of the decidua serotina is covered by a layer of fibrine,
easily recognized by its deep staining; this coat of degenerated
material has not yet received the attention it deserves, as a fea-
ture of the human placenta, which is quite constant, so far as
my observations go; as stated previously, I consider its origin
to be the epithelium of the ends of the villi imbedded 1n mucosa.
Up to the edge of the placenta the chorion leeve and decidua
are united; at the edge they separate, to make room for the
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villi, 17, 1%, of the frondosum. In the angle, S7, where the two
membranes first separate there are very few villi, so that there
is a comparatively clear space left, which is known as the cir-
cular sinus. It is not, as some of the older writers have believed,
a distinct vessel, nor does it extend as a clear space completely

vl el

Cut 26, — Placenta at full term, doubly injected by Dr. H. P. Quincy, to show
the distribution of blood-vessels upon the surface; the arteries are drawn light; the
veins dark. X 0.7 diams.
around the placenta ; but, on the contrary, it is interrupted here
and there by an ingrowth of villi. In the cut, the spaces oc-
cupied of maternal blood are left white ; the feetal blood-vessels
are drawn black. ]

The chorionic circulation is complete in itself. The single
vein and the two arteries of the umbilical cord spread out over
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the surface of the chorion, marking their course by projecting
ridges. The insertion of the cord is always, so far as I have
observed, obviously eccentric; the degree of eccentricity varies
from a nearly central position to the so-called velamentous in-
sertion,—compare B. 5. Schultze, 159 ; the degree of eccen-
tricity is easily seen to be related to the distribution of the
vessels, —a point not mentioned in current text-books. The
arteries come down together from the cord, and are usually
connected, but not invariably, by a short transverse vessel,
situated about half an inch above the surface of the placenta,
and which has been noted by many observers. I have never
noticed any arterial or venous anastomoses on the surface of the
placenta. The two kinds of vessels do not run together; the
arteries lie nearer the surface, the wveins deeper, Cut 26;
the arteries fork separately until they are represented only by
small branches and fine vessels; some of the small branches
disappear by dipping down suddenly into the villi below; the
veins are considerably larger than the arteries, and some of the
larger branches disappear from the surface in the same abrupt
manner as do the smaller arteries. There is the greatest possi-
ble variability in the vessels of the placenta; I have never seen
two placentz with the vessels alike. The more eccentric the
insertion of the cord, the more do the vessels tend to distribute
themselves symmetrically ; the more central the position of the
cord, the less can any vascular symmetry be made out.

The two following paragraphs are copied without change
from my article on the placenta (Buck's Reference Handbook of
the Medical Sciences, V., 696, 697) : —

“To follow the course of the feetal blood-vessels within the
placenta, the best method is by corrosion injections. These
may be made either with fusible metal, wax, or celloidine. The
first is specially suited for the study of the large trunks; the
latter, for that of the smaller vessels also. I have a very beauti-
ful celloidine injection by Dr. 5. J. Mixter, which, with others of
wax and metals, has served as the basis of the following descrip-
tion : The veins leave the surface somewhat more abruptly than
do the arteries, which gives off more small branches to the sur-
face than do the veins, Cut 26. Both kinds of vessels leave
the surface by curving downward for a short distance into the
trunk of a villus; the vessels then divide, and their branches
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again take a more horizontal course; the branches then curl
over downward, and, after a second short descent toward the
decidua, again send out horizontal branches. The result of this
arrangement is a terrace-like appearance in the course of the
vessels ; they approach the uterine side of the placenta in this
very characteristic manner. The number of terraces is variable ;
usually there are two or three, but sometimes there is only one,
or they may number four or even five. Arrived at the end of
its terraces, the main vessel takes a more nearly perpendicular
course, and rapidly subdi-
vides. Immediately after
entering the villi, the ar-
teries and veins give off
but few capillaries, but
after a short course in the
main stalk of the wvillus,
the vessels give rise to
many branchlets, and grad-
ually the character of the
circulation changes, until
in the smallest villous
twigs there are capilla-
ries only, Cut 27. The

: vascular trunks have
Cut 27.— Portion of an injected willus

from a placenta of about five months; magni- a marked tE{l(l_cflc}' to _dl'
fied 210 diams. chotomous division, which

is maintained within the
villi to a certain extent; the arterioles and veinlets in the
mature placenta go from their trunks at wide angles for the
most part, and subdivide in the same manner, so that they
spread out through the whole substance of the placenta. The
vessels next the decidua take a more horizontal trend, like the
top branches of a wind-swept tree. As the vessels run in the
villi, of course the way in which the latter branch out deter-
mines the paths of the former; hence by following the distri-
bution of the vessels we inform ourselves as to the ramifica-
tions of the wvillii Thus the horizontal course of the vessels
on the uterine side of the placenta corresponds to the well-
known fact that the ends of the wvilli attached to the uterus
become bent and adhere by their sides to the decidual surface.”
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“The capillaries of the villi are remarkable for their large
size, and on this account have been described as arteries or
veins by E. H. Weber, Goodsir, and other writers. Their calibre
is often sufficient for from four to six blood-disks abreast. They
are very variable in diameter, and also peculiar in exhibiting
sudden restrictions and dilatations, Cut
27. In the short bud-like branches
there is often only a single capillary
loop, but as the branch becomes larger,
the number of loops increases, and
they form anastomoses. In branches
large enough to serve as a stem, some
one or two of the vessels may be en-
larged, as may be seen in Cut 27; in
the branches large enough to admit of
it, there are two (or sometimes only
one) longitudinal central vessels, an ar-
tery and vein, and a superficial network
of capillaries, Cut 27e. Goodsir and
other early writers laid great stress on
the formation of the capillary loops, but
this feature is a common one in the de-
velopment of the feetal vascular system,
as is also the width of the capillaries.
In my opinion these peculiarities are J
characteristic rather of the feetus than
specifically of the placenta. In some of

Cut 27 a. Placenta of about
: ;i five months; portion of a small
the older writers (Goodsir, Farre, ef al.) villus, to show the central ves-

it is asserted that the true capillary sys- sels and superficial capillaries,

tem disappears toward the end of ges- < '% diams.

tation. I am unable to confirm this, but find instead that in
the slender terminal villi of the placenta at term there is often
only a single, sometimes long, capillary loop; the capillary is
very wide, and its width is probably the reason of its having
been held formerly to be a vein or an artery.”

§ 16. Uterus during menstruation. — I have little to add to
the descriptions of previous authors, particularly those of
Leopold, 36, and Kolliker.! It is, however, worth while to pre-
sent the accompanying illustration, Cut 28, since there is a lack

1 Kélliker's Handbuch der Gewebelehre, ste Aufl,, p. 563.
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of figures. The cut represents a transverse section of the
corpus uteri of a fine specimen, for which I am indebted to Dr.
W. W. Gannett. The woman died from acute miliary tuber-
culosis ; the autopsy was made almost immediately after death,
and within four hours from death the complete genitalia were
placed in Miiller's fluid, the uterus having been first carefully
opened by a single median ventral incision. Death is said to
have occurred on the day of the regular period. The hymen
was intact. There was no sign of pathological change in any
of the genitalia. In one ovary, the right, there was a fresh
corpus haemorriiagicum. These data afford a sufficient basis for
the belief that the uterus was well preserved in a perfectly
normal condition.

The mucous membrane is from 1.1-1.3 mm. thick; its sur-
face is irregularly tumefied ; the gland openings lie for the most
part in the depressions. In the cavity of the uterus there was
a small blood-clot. The mucosa is sharply limited against the
muscularis, Cut 28. In transverse sections one sees that the
upper fourth of the mucosa is very much broken down and dis-
integrated, Cut 28, &; the cells stain less than those of the
deep portions of the membrane ; as represented in the cut the
tissue is divided into numerous more or less separate small
masses ; some of the blood-vessels appear torn through, but it
is difficult to make sure observation: Overlach, 39, considers
it probable that the infiltration of blood takes place by diapede-
sin, not by rupture of the capillaries. The superficial epithe-
lium, ¢p, is loosened everywhere ; in places fragments of it have
fallen off, and in some parts it is gone altogether; it stains
readily with cochineal and its nuclei color well, the epithelium
differing in this respect from the underlying connective tissue,
which does not stain well ; the blood-vessels in the disintegrated
layer are for the most part small.

The deeper layer of the mucosa is dense with crowded well-
stained cells, which lie in groups separated by clearer lines; in
the cut this grouping shows less plainly than in the preparation ;
the lighter channels are perhaps lymph-vessels, a suggestion
which occurs to me, because in so-called “moulds™ one some-
times finds similar channels crowded with leucocytes. The cells
appear to be the proliferated interglandular tissue; there are
very few leucocytes, so far as I can distinguish ; the cells have
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small, oval, or elongated, darkly stained nuclei, with a very small
granular protoplasmatic body each ; there is certainly no noticea-
ble enlargement of the cells, but only a remarkable multiplica-
tion. The point is important; I see nothing to suggest the
presence of decidual cells, nothing even like definite enlarge-
ment of any of the cells. The image of the tissue is compara-
ble to that of the connective tissue of the rabbit's placenta at
six days, except that there the cells are widely separated, here
closely crowded, but in each case the cells are small, with little
protoplasm, and connected by their processes. In another
specimen in my possession of a normal uterus at the close of
menstruation, the condition of the mucous membrane agrees
with that of the specimen we have considered, except, of course,
that the disintegrated superficial layer is lost, and that the super-
ficial layers stain poorly. In this second specimen, also, the
interglandular cells are small and very crowded ; there are few
leucocytes and no decidual cells. The two specimens further
agree in having the glands distended and contorted ; each gland
is surrounded by a distinct basement membrane or layer of con-
nective tissue cells closely investing the epithelium, as has been
observed by Leopold, 36. In my article on the decidua in the
Reference Handbook, 11., p. 390, 1s a summary of the changes
occurring during menstruation, and stress 1s there laid upon two
points emphasized by previous writers ; namely, the increase in
the number of leucocytes and the presence of decidual cells.
Since my own observations have failed to confirm these state-
ments, I can no longer accept them. The proliferated connec-
tive tissue cells are those, probably, which become decidual cells
when the decidua menstrualis is changed into the decidua gravi-
ditatis — compare the account of the one month’s uterus in the
next section.

§ 17. Uterus one month pregnant. — The specimen to be
described came from a woman who committed suicide by vio-
lence, not by poison, and I was informed that she was known to
be about one month pregnant. Further information was not
obtained, and I was requested not to seek it. The specimen
was received in very fresh condition, but it had been opened,
the reflexa was torn and pretty much gone; the embryo had
been removed, and I was therefore unable to verify the age, or
investigate the attachment of the villi of the chorion to the
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uterus. There was a beautiful corpas /utensm in one ovary, quite
similar to that figured by Dalton in his Report on the corpus
lutewsm in the transactions of the American Gynecological
Society for 1877, Fig. 9. The surface of the uterus seemed
uninjured. The specimen was hardened in Miiller's fluid, and
found subsequently to be well preserved. It may be considered,
I think, perfectly normal.

N g res
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Cut 29. — Uterus one month pregnant ; cutlines of the glands from a vertical sec-
tion: to show the division of the mucosa into an upper compact layer, 2V, and a
lower cavernous layer, D"; o, o', glands; ar¢, spiral artery; muwse, musculans.

My specimen enables me to confirm in most respects Turner’s
accurate description of two uteri of about the same age, 146,
546-548. The inner surface shows the hillocks (/useln) de-
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scribed by Reichert in the uterus of two weeks, studied by him,
which have been figured by Coste in slightly older specimens,
and found by Turner also, 146, 540.

The three illustrations given herewith are all from sections
through what I suppose to be the placental region.

There is an upper compact layer, Cut 29, D', and a lower
cavernous layer, D"; the caverns, being gland cavities, which
appear as rounded areole lined with epithelium, are filled with
broken-down epithelial cells. The drawing, reproduced in Cut
20, was obtained by drawing the outlines very carefully, stip-
pling the areas occupied by the connective tissue, representing
the blood-vessels by double outlines, and omitting the glandular

Cuf 30. — Uterus one month pregnant; portion of the compact layer of the de-
cidua seen in vertical section; roagd, coagulum upon the surface; o, &', decidual
cells. X 445 diams.

epithelium altogether. It will be noticed that about three-
fourths of the diameter of the mucosa is occupied by the
cavernous layer, D",

The upper or compact layer is shown in Cut 30. The surface
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is without any trace of epithelium, but is covered only by a thin
fibrous and granular coagulum, coag/; the tissue itself consists
almost exclusively of young decidual cells, &, &', with a clear
homogeneous matrix; here and there are leucocytes, but they
are nowhere numerous; the decidual cells are all quite large,
with their bodies deeply stained by the eosine; the nuclei are
round, oval, or slightly irregular in shape, coarsely granular, and
sharp in outline; the cells themselves, though irregular and
variable in shape, are all more or less rounded with processes
running off in various directions ; scattered between the cells
are many sections of their processes; occasionally it can be
seen that two cells are connected; in fact, we have in this
tissue evidently a modified embryonic or so-called anastomosing
connective tissue. Now, as we know through the observations
of Leopold, 36, which I have verified, the connective tissue of
the uterine mucosa consists of anastomosing cells, and as stated
in the previous section, the cells are found proliferated in the
menstruating uterus ; we have therefore only to imagine the
cells enlarged with certain accompanying modifications, to obtain
the tissue figured in Cut 30. There is no special formation of
cells around the blood-vessels, where, according to Ercolani, the
decidual tissue arises by new formation. In Turner's specimens
the upper part of the compact layer was imperfectly preserved,
but according to his description there appears to have been a
coagulum similar to that which I have found, but thicker. In
the deep part of the layer the cells are less enlarged, and when
the cavernous layer is reached, there occurs a rapid transition
in the character of the cells, which become smaller and more
fusiform, and their nuclei more elongate, smaller, and deeper
stained by alum-cochineal. The gland openings upon the sur-
face of the uterus lead into tubes, Cut 30, ¢/, which run slightly
obliquely through the compact layer, taking a more or less
nearly straight course and joining the contorted gland tubes,
Cut 30, g2, of the cavernous layer. The gland ducts are com-
pletely devoid of lining epithelium, which has disappeared
except for a very few loose cells, occasionally found lying free
in the ducts; the cells have not fallen out from the sections,
but were lost before the tissue was imbedded.! The ducts then

1 The blocks to be cut were stained #m fode with alum-cochineal and eosine, im-

bedded in paraffine, etc. The sections were fastened on the slide with celloidine, to
keep the parts in place.
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are wide tubes running nearly straight through the upper part
of the decidua and bounded directly by the decidual tissue ;
they communicate below with a contorted cavity. Similar tubes
appear in later stages and have been described as blood-vessels
— see the next section,

The cavernous layer contains numerous spaces, the areole of
Turner, 146, 5.;1.;?, who was uncertain as to their character,
though he ascertained
that many of them be-
longed to the glandular
system, In my specimen
it is perfectly clear that
all the larger areola be-
long to the glands, which
must be extremely dis-
torted and distended to
give the shapes shown
in Cut 29. The thin dis-

sepiments between the

Cwt 3:.— Uterus one month pregnant; sec- ] et
tion of gland from cavernous layer, with the epi- arcole ':':IE'E Cﬂ!I‘l[JCIEL 0
thelium partly adherent to the walls. X 445 connective tissue, the

diams. long dark nucle1 of which,
Cut 31, are strikingly different from those of the cells of the
compact layer, Cut 30. The areola present two extreme modifi-
cations and all intermediate phases between these two. The
smaller areolae are lined by a well-preserved cylinder epithe-
lium, or by one in which the cells are separated by small fis-
sures ; in other areolee the cells are a little larger, Cut 31, each
for the most part cleft from its fellows, and some of them loos-
ened from the wall and lying free in the cavity. The other
extreme is represented in Cut 32; the size of the areole is
much increased,—compare Cuts 31 and 32,—both drawn on
the same scale; the epithelium is entirely loosened from the
wall, and the cells lie separately in the cavity which they fill;
the cells are greatly enlarged, their bodies having three or four
times the diameter of the cells in the small areolae; they have
not the cylinder shape, but are irregular in outline : their proto-
plasm is finely granular and stains rather lightly ; the nuclei are
large, rounded, glandular, and with sharp outlines ; they are less
darkly stained than the nuclei of the epithelium of Cut 3I.
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The obvious interpretation of the appearances described is,
that the glandular epithelium is breaking down, that it is lost
altogether from the ducts, but is still present in the deep por-
tions of the glands; in breaking down the cells separate from

Cut 32, — Uterus one month pregnant; section of gland from cavernous layer,
with the epithelium loosened from the walls; X 445 diams.

one another, and then from the wall, and falling into the gland
cavity, there enlarge, the cavity enlarging also. Similar appear-
ances are also found in “moulds™ of the second month; very
likely they have been often observed and mistaken for patholog-
ical changes.

The blood-vessels of course lie in the dissepiments between
the glands. T observed nothing to correspond with the * colos-
sal capillaries dilated into small sinuses,” mentioned by Turner
146, 548. Were not these supposed capillaries gland cavities,
from which the epithelium had fallen out? Occasionally the
sections pass through a spiral artery, Cut 29, a»#, which is cut
again and again as it twists around in its characteristic separate
column of connective tissue.

§ 18. Uterus seven months pregnant, with the foetal mem-
branes in place. — The specimen to be described was obtained
for me through the kindness of Dr. W. W. Gannett. It is an
apparently normal uterus, which contained a normal embryo
weighing 1150 grammes and having an umbilical cord 58 centi-
metres long, — probably about seven months old, or a lttle
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more : there were no data as to the duration of gestation.
The uterus was opened, and preserved in Miiller's fluid without
disturbing the membranes.

A section through the amnion, chorion leve, and uterine

X 40

Awe, amnion ; Che, chorion; ¢, epithelium (cellular layer of chorion); #, blood-ves-

Cut 77.— Uterus about seven months pregnant; vertical section through the decidua vera, with the chorion

leve and amnion fre sée,

sel; g/, spaces supposed to be gland cavities; mise, muscularis: the blood-vessels are represented dark.

diams.

mucosa, stained with hematoxyline, and viewed with a low
power, is represented in Cut 33; the dark spots are maternal
blood-vessels, which have been shaded for the sake of clearness.
The amnion, am, and chorion, ¢ke, present the characteristics



previously described, §§ 14, 15; the chorion is bounded against
the decidua by an epithelium ¢, which I interpret as the chori-
onic ectoderm ; there is no trace of a second layer of epithe-
lium ; so that the uterine epithelium must be considered lost, a
conclusion agreeing with the observations of Kélliker, Turner,
and myself upon earlier stages, and the statements of Ercolani.
The decidua has eight or nine times the thickness of the cho-
rion ; it has an upper compact and a lower cavernous layer ; the
former contains numerous decidual cells, most of which are a
little larger than those nearer the muscularis; the compact
layer contains a few blood-vessels of moderate calibre, and occa-
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Cut 74.— Uterus about seven months pregnant; upper portion of decidua vera,
with the chorion leve iw sifs.  snes, mesodermic laver of chorion; e#, epithelial
layer of chorion; [V, decidua. X 340 diams.

sionally a large vessel, #, surrounded by connective tissue contain-
ing no decidual cells. Examined with a higher power, the decid-
ual cells —compare Cut 34, 1'—are found to resemble quite
closely those at one month, Cut 30, but they are much more
numerous and closer together, and their processes are fewer;
they vary also more in size ; some of the larger ones are multi-
nucleate ; it is probable that the cells are multiplying by divis-
ion ; the matrix presents a fibrous look, but whether it contains
actual fibres, I am not sure; between the decidual cells are a
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Cut 35.— Section through a normal placenta of seven months, in sifwe. A,
amnion: Cho, chorion; F3, villus trunk; o7, sections of villi in the substance of the
placenta; [, decidua; Me, muscularis; D', compact layer of decidua; Fe, uterine
blood-vessel (or gland?) opening into the placenta. The feetal blood-vessels are
drawn black: the maternal blood spaces are left white; the chorionic tissue 18
stippled, except the canalized fibrine, which is shaded by lines; the remnants of the
gland cavities in D' are stippled dark. (Drawn from nature by J. H. Emerton. )
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certain number of nuclei, some of which belong to leucocytes,
others to blood capillaries, and still others, which I am uncer-
tain about, which are few in number, and possibly belong to
connective tissue corpuscles, The cavernous layer resembles
now, in contrast to the first month, the upper layer of the de-
cidua in histological constitution, but the decidual cells are
smaller and at little wider intervals from one another; the cav-
ernous layer is especially characterized by the slit-like spaces in
it ; some of these spaces, as indicated by the drawing, Cut 33,
are undoubtedly blood-vessels or sinuses, but still others contain
no blood, or at most three or four isolated corpuscles, although
close to them are capillaries gorged with blood ; once in a while
a few epithelioid cells can be seen adhering to the walls of the
spaces. These spaces can hardly be assigned to the vascular
system ; they have been held by Kundrat and Engelmann, 180,
and various subsequent writers, to be the gland cavities; we
have not sufficient observations to establish the actual meta-
morphosis of the areolee of the one month’s uterus into the
slits, ¢/, of Cuts 33 and 35, 2, but there is no ground to ques-
tion the occurrence of the change, which appears to be a neces-
sary consequence of the stretching of the decidua due to the
expansion of the uterus during pregnancy.

A complete section through the placenta zz siz# and uterus is
represented in Cut 35, which has already appeared in my arti-
cle, ““ Placenta ” (Buck’s Handbook, V., 696), and been sufficiently
described. The chorion is separated by a dense forest of villi
from the decidua, 27; the ends of some of the villi touch and
are imbedded in the decidual tissue; these imbedded ends are
without epithelium, but their connective tissue is immediately
surrounded by hyaline substance. The decidua is plainly
divided into two strata —¢f. #nfra. The section passes through
a wide tube, I, which opens directly into the interior of the
placenta and contains blood; in my article, Z¢., this opening is
referred to as that of a vein, the identification being in accord-
ance with my understanding of the descriptions of Waldeyer,?
149. Professor Langhans has since informed me, that accord-
ing to his own observations the opening of the arteries are char-
acterized by the absence of villi projecting into their openings.

1 T am under much obligation to Professor Waldeyer for an -:appm-lunit}f-tn examine

some of the injected specimens upon which his very important researches were con-
ducted.
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His pupil, Raissa Nitabuch, has since published a dissertation,
117, confirming this opinion, according to which the vessel
shown in Cut 35, Iz, is not venous, but arterial. Another pos-
sibility has occurred to me, viz.: that it is a gland duct; in
fact, it resembles very closely the undoubted gland ducts of the
one month’'s decidua: there is no reason apparent why the gland
ducts, which pass nearly vertically through the compact layer,
should be obliterated; on the contrary, one might expect to
find them widened by the stretching of the uterus; as there is

R gt
e

Cut 36, — Uterus of seven months, vertical section of the decidua serotina from
near the margin of the placenta. e, muscularis; 2, D', decidua serotina; 2V,
cavernous or spongy layer; [, compact layer; F%, scattered chorionic villi. The
intervillous spaces were filled with blood, which # not represented in the figure,
* 5o diams.

blood in the intervillous spaces, it could easily make its way
into the distended glands, and its presence there would not
prove the glands to be blood-vessels. While, therefore, I ac-
cept Waldeyer's researches, 149, as well as those of Langhans
and Nitabuch, 117, as verifying Farre’s neglected account,
172, 722, of the placental circulation, I venture to express a
note of caution as to the danger of mistaking glandular for vas-
cular openings.
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The following additional points deserve notice : The serotina
is about 1.5 mm. thick, and contains an enormous number of
decidual cells, Cut 36. The cavernous, 2', and compact layers,
D", are very clearly separated; the mucosa is sharply marked
off from the muscularis, ¢, although scattered decidual cells
have penetrated between the muscular fibres. The muscularis
is about 10 mm. thick, and 1s characterized by the presence
of quite large and numerous venous thrombi, especially in the
part towards the decidua. The decidua contains few blood-
vessels. Upon the surface of the decidua can be distinguished
a special layer of mingled hyaline and decidual tissue, which in
many places is interrupted by the ends of the chorionic villi, as
is well shown in Cut 36. The supposed gland cavities of the
spongy layer, [, are long and slit-like; they are filled for the
most part with fine granular matter, which colors light blue
with hamatoxyline ; they also contain a little blood, sometimes
a few decidual cells.
I have seen in them
also a few oval bod-
ies several times
larger than any of
the decidual cells,
and presenting a
vacuolated appear-
ance ; what these
bodies are, I have
not ascertained. In
places the glandu-
lar epithelium is
distinct ; its cells

e great]y LS Cut 37. — Decidual cells from the section represented

pearance, neighbﬂr- in part in Cut 36. a, &, &, f, various forms of cells from

ing cells bei ng serotina; ¢, giant cell from the margin of the placenta;

often quite dissimi- % clear cells from chorion; at a, seven blood globules
have been drawn in to scale. X 545 diams.

lar; nearly all are
cuboidal, but some are flattened out; of the former there are
some with darkly stained nuclei, but the majority of the cells are
enlarged, with greatly enlarged hyaline, very refringent nuclei.
The decidual cells are smaller and more crowded in the cav-
ernous layer, and mostly larger in the compact layer — compare
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Cut 36. The largest cells are scattered through the compact
layer, but are most numerous towards the surface. The decid-
ual cells exhibit great variety in their features, Cut 37 ; they are
nearly all oval disks, so that their outlines vary according as they
happen to lie in the tissue; they vary greatly in size; the larger
they are, the more nuclei they contain; but I observe no cells
with more than ten nuclei. The nuclei are usually more or less
elongated ; the contents of the cells granular, Some of the
cells present another type ; these are more nearly round, clear,
and transparent, ¢; the nucleus is round, stained lightly, and
contains relatively few and small granules ; such cells are most
numerous about the placental margin.!

§ 19. Uterus twelve hours after abortion at six months. —
For this specimen, also, I am indebted to Dr. W. W. Gannett.
The woman was brought into the Boston City Hospital in a
comatose condition ; the feetus, estimated to be about six months,
was removed by the forceps ; the mother died twelve hours later ;
the autopsy by Dr. Gannett showed death to have been caused
by tubercular meningitis. The uterus is apparently normal; I
received it in a fresh state, and hardened it in Miiller's fluid. It
was already very much contracted; the mucosa measured about
2 mm. in thickness ; its surface was ragged and more or less cov-
ered with clotted blood, presenting very much the appearance
so superbly figured by Coste (Développement des Corps organisés,
Pl. X., Espéce humaine).

Vertical sections, Cut 38, show that the surfaces of the mu-
cosa are very uneven ; on the free surface there is a thin layer
of clotted blood, coag/; the upper or compact layer of the
decidua has entirely disappeared, leaving only the deep portion,
D, permeated by numerous large empty spaces, which I take to
be in part gland cavities, in part blood sinuses, both changed
from their slit-like form by the contraction of the uterus during
and since the delivery of the child. Between the spaces are the
brownish and hyaline cells, and a great many blood-corpuscles,
which lie throughout the tissue itself as well as in the blood-ves-
sels. In short, the conditions found agree with those described
by Leopold as present in the uterus a short time after normal
delivery at full term, 86, and accordingly, further details con-
cerning my specimen may be omitted.

1This and the preceding paragraph are taken with sundry alterations from my
article on the placenta, Z.5.c.
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§ 20. Origin of decidual cells. — Besides the erroneous hy-
pothesis of Ercolani, there are three views as to the origin of
the decidual cells known to me, to wit: 1° they are modified
leucocytes (Hennig, Langhans, ez a/) ; 2° they arise from the
connective tissue cells of the mucosa (Leopold, 86) ; 3°, they
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are produced by the epithelium (Overlach, 39). The first view
is not supported by observation, even by its advocates, and may
be dismissed. Overlach’s observations certainly favor the third
view, but inasmuch as he has studied only eone uterus with
pseudo-menstruation from acute phosphorus poisoning, his the-
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ory cannot be accepted definitely until verified by further obser-
vations on normal uteri.  Overlach found in the cervix of the
uterus in question, the lining epithelial cells to contain an en-
dogenous brood of small cells, one to fifteen in each parent-cell ;
the daughter-cells begin as nuclei, around which there gatheré
a protoplasmatic body for each. The cells are like the young
decidual cells just below, so that the latter may be assumed to
have wandered forth from the epithelium. I may recall that in
the normal menstruating uterus I find no true decidual cells,
and consequently I must regard Overlach’s find as pathological.

The observations of Creighton, of Masquelin and Swaen, and
of myself may be fairly considered to establish the fact that in
rodents, at least, the decidual cells arise from the connective
tissue cells of the mucosa. That they arise from the same cells
in man 1s rendered extremely probable by the investigations of
Leopold, which have been confirmed and extended by the obser-
vations recorded in §§ 16, 17, and 18, of the present article.
Accordingly I assent to the second of the views above enumer-
ated.

Ercolani erroneously regarded the decidual tissue as a new
formation, arising after the total destruction of the mucosa. He
observed the degenerative processes of the uterine epithelium,
and the arrangement of the decidual cells around the vessels of
the placenta in rodents and other mammals; he inferred that
the whole mucosa was degenerated and lost, but he never estab-
lished the inference by observation; he also inferred that the
perivascular cells, being different from the surrounding tissues,
were a new formation, but he never traced the actual genesis of
the cells. In spite, however, of the absence of the observations
necessary to establish his double thesis of the total destruction
of the mucosa and the new formation of the decidua, he advo-
cated his doctrine with the greatest earnestness, even to the
last—see 91, 92. The failure of his hypothesis to find accept-
ance has been due not to any unreadiness to bestow merited
acknowledgment upon his researches, but to the incompatibil-
ity of the hypothesis itself with the ascertained facts of the
structure and development of the placenta. While, therefore,
we utilize Ercolani's numerous and valuable observations, it will
be a distinct gain for science to set aside his theory of the new
formation of the decidua.
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§ 21. General considerations. — We are now in a position to
compare the changes in the uterus during menstruation and
gestation.  In both cases the processes begin with tumefaction
and hyperemia of the mucosa; they continue with hyperplasia
of the connective tissue (the decidual cells being regarded as
modified connective tissue corpuscles) and with hypertrophy,
accompanied by distention and contortion of the glands; they
both close with casting off the superficial layers of the mucosa,
after which follows the regeneration of the membrane. The
essential steps, then, are the same in both cases. The difference
is, that during the long life of the decidua graviditatis, changes
supervene in the tissues which do not take place during the
rapid menstrual cycle; the mucosa of gestation is distinguished
by the loss of both its surface and glandular epithelium, and by
the enlargement of its connective tissue cells into so-called de-
cidual cells. We must accordingly view the changes in the
uterus during gestation as a prolonged and modified menstrual
cycle. The relation in time between menstruation and the com-
mencement of pregnancy is attributable to the menstrual pro-
cess rendering the uterus receptive; that is to say, capable of
receiving and retaining the ovum. We must conceive that the
ovum has no power of initiating the development of a decidua,
but only of modifying the menstrual process; hence pregnancy
can begin only at a menstrual period. The ovum, too, exercises
this influence at a distance, for in all mammals, the earliest de-
velopment of which is known, the ovum passes through its seg-
mentation in the oviduct (Fallopian tube), and takes from three
to eight days to reach the uterus; but during this period the
change in the womb is going on. The most plausible explana-
tion of this action of the ovum at a distance is a reflex stimulus
passing from the oviduct to the central nervous system of the
mother, and thence back to the uterus; the validity of this hy-
pothesis must be tested by physiological experiment. That the
nerves are able to effect morphological changes is already
abundantly proven, not only by the influence of the secretory
nerves upon gland cells, by the degeneration of muscular and
other tissues, when their nerves are severed, but also by certain
embryological observations tending to show that histological
differentiation does not progress very far until the tissues are
joined by the outgrowing nerves.
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When the ovum reaches the uterus, it appears to exert a
more direct influence, for one set of changes occurs in the
placental area, where there is concrescence of feetal and mater-
nal parts; another in the region around the placenta (peri-pla-
centa, decidua reflexa), and still another in the rest of the uterus
(decidua vera, ob-placenta). Whether the three zones enumer-
ated can be distinguished in the pregnant uteri of all placental
mammals, and whether they have more features in common than
appear from a direct comparison between man and the rabbit,
are questions to be decided by increased knowledge. However,
it already seems very probable that the decidua reflexa and
peri-placenta are homologous at least in rodents.

Concerning the evolution of the amnion nothing definite is
known, nor do the speculations of Balfour (Comparative Em-
bryology, 11., 256) nor of van Beneden and Julin, 44, 425, seem
satisfactory, although the view of the latter is suggestive.
They say : —

“‘ Dans notre opinion, la cause determinante de la formation de
I'envellope amniotique réside dans la descente de I'embryon, déter-
minée elle méme par le pois du corps. Clest par une accélération du
développement que la cavité amniotique en est venu a se former quand
I’embryon ne posséde encore qu'un pois insignifiant.’ The chief ob-
jection to this theory is that it really gives no cause for the expansion of
the somatopleure and chorion ; there is no proof that a mere strain of
weight can cause the cells of a membrane to proliferate, and since such
proliferation is the immediate cause of the growth of the amnion, van
Beneden and Julin must assume for their theory that the strain of weight
does cause proliferation ; but this assumption lacks support. Moreover,
they give no evidence to show that the embryo iz ufere is situated in
the primitive amniota upon the upper side of the ovum, although it is
probable such is the case.” !

Ryder’s theory, 19, of the origin of the amnion, like that of
van Beneden and Julin, to which he does not refer, is purely
mechanical ; but Ryder seeks the cause in a rigid sona radiata,
forcing the embryo down into the yolk. See his summary, /¢,
p. 184. So far as we know, however, the embryo of the Sau-
ropsida cannot be said to sink into the yolk, and so lead to the
development of an amnion ; but, on the contrary, the amniotic

1 Quoted from Buck’s Reference Handbook, 1., 140.
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folds rise up clear above the yolk. Moreover, the formation of
the amnion is really a very complex process, part arising from
the pro-amnion, part by a dilation of the pericardial cavity
(Parictalliohle), and part as the extra-embryonic tail folds.
These facts speak, in my judgment, unequivocally against the
amnion having arisen by the sinking of the embryo into the
yolk sack. Nor is there any justification, I think, for seeking
these simple mechanical explanations, which are worthy of
Herbert Spencer, since the formation of the amnion depends
upon inequalities in the growth power of the germ layers, and
only such explanation can be valid as explains that inequality —
which Ryder's hypothesis fails to do, so far as I can see.

As regards the evolution of the placenta, we are in the dark.
Contrary to prevalent opinion, it is not an organ of the allantois,
nor is it an organ of the yolk sack. On the contrary, it is
always, so far as we know, an organ of the chorion, and begins
its development by a differentiation of that membrane. The
allantois is a secondary and later structure. Its primitive réle
is apparently only that of a stalk of connection between the
chorion and embryo. There is no evidence to show that the
tissue of the allantois spreads out over the chorion to form the
mesodermic layer thereof, but the mesoderm of the chorion is
proper to it as much as to any part of the somatopleure the
mesoderm thereof. When the allantois becomes a large sack,
we have a subsidiary change, so that we are brought squarely to
the conclusion that the foetal placenta is chorionic. From this
premise phylogenetic speculation must start. Further, we know
through the discovery of fundamental importance by His that
the allantois cavity is at first a small entodermal tube lying in a
posterior prolongation of the body (Baweckstiel), and that at this
time the so-called allantoic vessels run to and branch out upon
the chorion; the placental differentiation of the chorion has
already begun, without participation of the allantois, the en-
largement .of which, when it occurs at all, occurs at a later
stage. To speak, therefore, of an allantoic chorion as do Bal-
four and Selenka (Studien iiber Entwichelungsges., p. 135) is
unjustifiable. Nor can we trace the origin of the placenta to
the yolk sack, since in most mammals the mesoderm does not
spread over the yolk until quite late, so that the yolk sack
consists, as in the rabbit and opossum, in large part of ectoderm
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and entoderm only, and is without vessels, and therefore unable
to form a placenta, which, however, is developing meanwhile
from the chorion.

We seek nowadays, following the lead of Professor Cope, to
deduce mammalia from the reptilia. Since the reptilia have a
free allantois, it is a temptation for embryologists to seek to
trace the placenta to a modification of the allantois; but the
placenta of mammals appears in the embryo before the allantois
becomes free, and the great size of the allantoic vessels is con-
nected primitively not with the allantois, but with the already
important chorionic circulation. The placenta is interpolated
in the ontogeny of mammals before the specialization of the
allantois, which functions as the vascular pathway between the
embryo and the chorion, both primitively and permanently.
The enlargement of the allantois, which takes place in certain
mammals, is a supervening change, probably a survival of rep-
tilian ontogeny. The question is, not how is the connection of
the allantois with the placenta (chorion) established in mammals,
for it exists from the start,! but what becomes of it in reptiles
and birds.

Ryder's theory, 128a, of the origin of the discoidal pla-
centa ? by constriction of the villous area of the zonary placenta,
is difficult to accept. The placenta, being chorionic, cannot of
course develop, except so far as the chorion is differentiated ;
that is to say, so far as the ectoderm (exochorion) is underlaid
by mesoderm. Now, in mammals, the chorion, as mentioned
above, does not go at first but part way over the yolk sack, even
at the period when the development of the placenta has begun.
Accordingly, so far as our present knowledge enables us to
judge, the discoidal is probably the primitive placental type.
If the chorion is completed by the further extension of the
mesoderm around the yolk sack, then the placental formation
also may spread, and a diffuse type arise. At present, the
whole subject is very obscure, but there is certainly no suffi-
cient evidence to prove that the diffuse placenta is the primi-
tive type.

In conclusion, let me point out that we have no satisfactory

1 This is beautifully shown by Selenka’s investigations on the opossum, cited in the

text,
2 The human placenta 15 nof discoidal, but metadiscoidal.
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knowledge of the nutrition of the embryo. We know positively
scarcely more than that the maternal and feetal circulations are
brought very close together in the placenta. We infer that
there must be a transfer of nutritive material from one blood to
the other. As to ww/fa? material is transferred and /o, we have
only theories, but of them an abundance. Under these circum-
stances, the best beginning is undoubtedly a frank acknowledg-
ment of our ignorance.

§ 22. Summary.— The following paragraphs attempt to give
the more important of the conclusions reached in the second
part of this paper.

§ 13." The umbilical cord is not covered by the amnion, but
by an extension of the feetal epidermis. Its ccelomatic cavity
is completely obliterated during the third month, and a little
later the stalk of the yolk sack is resorbed. The allantoic epi-
thelium persists as a tube or cord of cells for a long period.
The blood-vessels have specialized walls derived from the sur-
rounding mesoderm, but have no true adventitia. Connective
tissue fibres begin to develop during the third month.

§ 14. The amnion is covered by a single layer of ectodermal
cells, which are connected by conspicuous intercellular bridges.
It has no true stomata. Its mesoderm consists of anastomosing
cells, with a dense matrix; it is imperfectly divided into three
strata, of which that next the ectoderm is without cells, that
furthest from the ectoderm is often of a loose texture.

§ 15. The chorion consists of two layers, mesoderm and ecto-
derm, both of which are present over all parts of the chorion
throughout the entire period of pregnancy. The mesoderm has
at first a dense colorable matrix, with cells, which color very
slightly. During the second month the matrix loses its coloring
property, and subsequently the cells acquire a greater affinity
for coloring-matters ; the matrix assumes a fibrous appearance,
and ultimately in the region of the chorion frondosum connec-
tive tissue fibrils appear in it, most numerously next the ecto-
derm, so that the mesoderm is differentiated there into an outer
fibrillar layer and an inner and thicker stroma layer. The ecto-
derm during the first month divides into two strata, an outer
dense protoplasmic layer and an inner less dense cellular layer.
In the latter part of pregnancy the whole ectoderm of the chorion
lzeve has acquired the character of the cellular layer, except close
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to the margin of the placenta; at the same period the cellular
layer forms a number of irregular patches over the chorion leve,
while the protoplasmic layer remains over the entire surface,
both where the cellular is ‘present and where it is absent; the
protoplasmic layer may undergo complete or partial degenera-
tion into canalized fibrine, which is developed in irregular
patches. The cellular layer remains on the villi only in a few
patches (Zellknoter) and over the tips of certain villi; the pro-
toplasmic layer of the villi remains everywhere and develops
numerous nodular thickenings; it changes partially into canal-
ized fibrine. It is probable that the fibrine covering the surface
of the decidua serotina is derived from the ectoderm of the ends
of the villi imbedded in the decidua. The villi are at first of
awkward and irregular forms, but their branching gradually
becomes more regular, and the twigs acquire a slender and
more uniform shape.

§ 16. The menstruating uterus is characterized by hyperamia,
by hyperplasia of the connective tissue of the mucosa, and by
hypertrophy of the uterine glands; the upper fourth of the
mucosa is loosened and breaks off : there are no decidual cells.

§ 17. The uterus one month pregnant has lost its epithelium
from its surface, and from the ducts of its glands; owing to the
dilatation and contortion of the deep parts of the glands, it is
divided into a lower cavernous or spongy layer and an upper
compact layer; the connective tissue of the upper layer is
transformed into decidual cells; in sections the glands of the
lower layer appear as crowded areolae, which are lined by a
cylinder epithelium more or less disintegrated, or else filled
with isolated enlarged epithelial cells.

§ 18. The uterus seven months pregnant is without epithe-
lium either on its surface or in the glands, except a few isolated
patches in the deep parts of the latter; there is no trace of the
decidua reflexa; the decidua vera is covered by the epithelium
of the adherent chorion lve ; the decidual serotina is covered
for the most part by a layer of fibrine, which is probably derived
from the degeneration of the chorionic ectoderm covering the
imbedded ends of the willi; the decidua 1s divisible into an
upper compact and a lower cavernous layer, in which latter the
gland cavities are reduced to slits; the decidual cells are very
numerous and crowded ; the larger ones lie near the chorion ;
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the multinucleate decidual cells are found chiefly in the serotina;
at the edge of the placenta decidual cells are found in the
chorion.

§ 20. The decidual cells arise by direct enlargement of the
connective tissue cells of the mucosa. All parts of the decidua
and placenta arise in place by metamorphosis of the tissue; the
mucosa is preserved, and there is no production of placental
tissues by new formation.

§ 21. The changes of the uterus during menstruation and
gestation are homologous, the menstrual cycle being prolonged
and modified by pregnancy; hence it is that conception takes
place only at the menstrual period, for the ovum can only
modify the menstrual change, not initiate the formation of a
decidua. No satisfactory explanation of the origin of the am-
nion has yet been offered. The placenta is an organ of the
chorion; its evolution cannot be traced to modifications of
either the allantois or the yolk sack; the allantois is originally
the intestinal canal of the Bauc/stie/, which serves as the means
of vascular communication between the chorion and embryo;
the enlargement of the allantois is secondary. We possess no
positive information as to how the placenta performs its nutri-
tive functions.

Boston, Aug. 3, 1888.
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Sur L’Anatomie Physiologique
and la Pathologie du Flacenta.

Placenta of Macacus cynomolgus.
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On the formation of the placenta
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Further observations on the for-
mation of the placenta in the
Guinea Pig.
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Sér. IX., VI, Art. 3,
pp- 2.

Edinburgh Obstr.
Soc., IIL, 116-121.

443

1828,

1881.

1882,

1885.

1871.

1380,

1881,

1586.

1378,

1879.

1876.

1874

1380,

1875.



<44
82. Edwards,
A. Milne.
83. Ercolani, G.
Bi
34_ 11 i
85 « «
Sﬂ‘ ¥E £d
ET. ir il
88. (1 [ 1]
Bﬂ. 13 [
Bu_‘ 11 11
911 L] [
92.- B (13
93, Fleischmann,
Albert.
94. Garrod, A.
H., and

Turner, Wm.

MINOT.

cells or blood caverns of the
placenta, in the same and in
different cotyledons.
Observations sur la conformation
du placenta chez le Tamandua.

Sul processo formativo della por-
zione glandulare o© materna
della placenta.

Delle malattie della placenta.

De la portion maternelle du pla-
centa chez les mammiféres.

Sulla parti che hanno le glandule
otricolari dell’ utero nella forma-
zione della porzione materna
della placenta.

Della struttura anatomica della
caduca uterina nei casi di gravi-
danza extrauterina n=lla donna.

Della placenta nei mostri per in-
clusione e nei casi di gravidanza
extrauterina nella donna e in
alcuni animale.

Sulla unitdh del tipo anatomico
della placenta nei mammiferi e
nella umana specie e sull’ unith
fisiologica della nutrizione dei
fete in tutti vertebrate.

Nuove Ricerche sulla placenta
nei pesci cartilaginosi e nei
mammiferi e delle sue applica-
zioni alla tassonomia zoologica
e all'antropogenia.

Nuove Ricerche di anatomia nor-
male e patologica sulla placenta
dei mammiferi e della donna
(Tre Lettere al chiarissimo sig-
nore Prof. Alberto Killiker).

Resumé frangais par l'auteur de
91.

Ueber die erste Anlage der Pla-
centa bei den Raubtieren.

The gravid uterus and placenta of
Hyomoschus aquaticus.
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4. PL V.

Mem. Accad. Sci. Ist,,
Bolonga, 4to, Sér.
IL.,, IX. (fasc. 3),
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Recherches sur la structure in-
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Structure of the human placenta.

Die Placenta materna am Ende
der Schwangerschaft.

Studien ueber den Bau der
menschlichen Placenta und iiber
ihr Erkranken.

Some remarks on the anatomy of
the human placenta.

On the ovum and placenta of the
Dugong (Abstract by Prof.
Turner).

Ueber die Blutgefisse der
menschlichen Nachgeburt.

Die nachtrigliche Diagnose der
Lagerung des Eies im Uterus
aus den ausgestossenen Nach-
gehurtstheilen.

Die Blutgefisse der menschlichen
Nachgeburt in normalen und
abnormen Verhiiltnissen.

Zur Lehre weber die Structur der
Flacenta.

Etudes sur la placenta de I'Ai
(Bradypus tridactylus, Linn.).
Place que cet animale occupe
dans la série des Mammiféres.

Beitriige zur Lehre von Frucht-
wasser und seiner iibermdssigen
Vermehrung.

Das menschliche Chorion epithel
und dessen Rolle bei der Pla-
centa.

Ueber die Placenta der Gattung
Tragulus.
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Inaug. Diss,, Bonn.

His. Arch., 451-480.
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kow, pp- 33- Pl
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Verh.Wiirzhurg Phys.-
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IV.-V.

445

1872

1874,

1845.

1867.

1872,

1872.

15879.

1881,

1885.

1870,

1867.

1878.

1869.

188s.

1879.



109.
110.

111.

112.

113.

114,

115.

116.
117.

118.

119.

120.

121,

132,

Langhans,

i i

Ll i

Laulanié.

Marcy, H.
0.

Masquelin,
H., et

Swaen, A.

Mauthner,

T

Meyer, L.

Nitabuch,
Faissa.

Orth, T.

Pyle, J. P.

Reid, John.

Reitz.

i (1)

MINOT.

Zur Kenntniss der menschlichen
Placenta.

Untersuchungen ueber die mensch-
liche Placenta.

Ueber die Zellschicht des mensch-
lichen Chorion.

Sur la nature de la néoformation
placentaire et l'unité de com-
position du placenta.

The placental development in
mammals. A unity of anatomi-
cal and physiological modality
in all vertebrates.

Premiéres phases du develop-
ment du placenta maternal chez
le lapin.

Ueber den miitterlichen Kreis-
lauf in der Kaninchenplacenta
mit Riicksicht auf die in der
Menschenplacenta bis jetzt vor-
gefundenen anatomischen Ver-
hiltnisse.

Ueber die Blutmenge der Placenta.

Beitriige zur Kenntniss der
menschlichen Placenta.

Das Wachsthum der Flacenta
feetalis und Boll's Prinzip des
Wachsthums.

An experimental research on the
utero-placental circulation.

On the anatomical relations of
the blood-vessels of the mother
to those of the feetus in the
human species (also Appendix
to Dr. J. Reid’s paper on the
anatomical relations of the blood
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Beitriige zur Kenntniss des Baues
der Placenta des Weibes.
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Recherches sur les modifications
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rion et du placenta.

On the placental structures of the
Tenrec (Centeles ecaudatus) and
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malia, with remarks on the
value of the placental system of
classification.

Placenta (Anatomia descriptiva e
struttura).

The placentation of the two-toed
Anteater (Cycloturus didactylus).

A theory of the origin of placental
types, and on certain vestigiary
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Die  Gefissverbindungen der
Placentakreislanfe eineiger
Zwillinge, ihre Entwicklung und
ibre Folgen.

Forfsezung.
Fortsefzung.

Der schwangere und kreissende
Uterus.

Waarnenungen over het maaksel
van de menschelijke Placenta en
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Fretus.

Die Gebirmutter, etc.
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from a premature birth at the
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Leipzig u. Stuttgart,
pp- 78. Tain. L-II1.,
fol.

Mém. Soc. Biol., Sér.
2, L, 63-75.

Trans. Zool. Soc., 4to,
V., 285-316. Fl L

Encicl. Med. Ttal,
Ser. 2, II1., Part 3.
Proc. Acad. N. g,
Philadelphia, 115-
120.

American Naturalist,
XXI., 780-784.

Arch. f. Gynic.,

XXIV., 337-399.
Taf. I.-V.

Arch. f. Gyndc,,
XXVIL, 1-72. Tafn.
L-IV.

Arch. f. Gynic.,

XXTX., 410-443.
Bvo, Bonn.

Verhand. eerste Klas-
se K. nederl. In-
stitut.,, Amsterdam.
Derde Reeks, 4to,
4 deel., 69-130.
Tafn. I-VI.

Jena. Zeitschr. f. Med.
n. Naturu,, IV, 541-
552.

Fo., pp. 38. XII. Pls.

Edinburgh Medical
Journal, XXXIIL,
102-109.

447

1887.

1835.

1854.

1866.

1887.

1887.

1887.

1884.

1887.
1886.

1851.

1868.

1832.
1887.



448

138. Tafani, A.

134.

135

136.

137.

138.

139.

140,

141.

142,

143.

144.

145.

. Turner,

Wm.

146.

147.

aif

(13

MINOT.

Sulle condizione uteroplacentari
della vita fetale,

La circulation dans le Placenta
de quelques mammiféres (Trans-
lated from Lo Sperimentale,
Agosta, 1885).

De la placentation des Cétacés
comparée i celle des autres
mammiféres.

Observations on the structure of
the human placenta.

On the placentation of the Sloths
(Choleopus Huffmani).

On the placentation of Seals (Ha-
lichcerus gryphus).

Lectures on the Comparative
Anatomy of the Placenta. First
series.

Note on the placentatien of Hy-
Tax.

On the placentation of the Le-

murs (see No. 144).

On the placentation of the Cape
Ant-eater (Orcetropus capensis).
Some general observations on the
placenta, with especial refer-
ence to the theory of evolution.

On the placentation of the Le-
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A further contribution to the pla-
centation of Cetacea (Monodon
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On the placentation of the Apes,
with a comparison of the struc-
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On the placenta of the hog-deer | Journ.

(Cervus porcinus). |

Ueber den Placentarkreislanf des |
Menschen.

On the female organs and placen-
tation of the Racoon (Procyon
lotor).

Absiract.

Note on the placentation of Tetra-
ceros quadricornis.
Zur Kenntniss der menschlichen

Placenta.

Anat. and
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Proc. Zool. Soc. Lon-
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Arch. f. Gynik., IV,,
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UMEILICAL CORD.

(See also ALLANTOIS.)

Ueber die feinere Structur der
menschlichen Nabelschnur.

Morphologie der menschlichen
Mabelschnur.

Du tissu muqueux et du cordon
ombilical.

Ueber die Gebilde
strang.

Untersuchungen iiber den Dotter-
gang und iber die Capillaren
im Nabelstrang.

Die Controverse ueber die Nerven
des Nabelstranges und seine
Gefasse,

Die genetische Bedeutung der ve-
lamentiisen Insertion des Nabel-
stranges.

Ueber velamentale und placentale
Insertion der Nabelschnur.

Der Nabelstrang und dessen Ab-
sterbe-process.

Preliminary note on the anatomy
of the umbilical cord.
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Abstrace.
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Proc. Roy. Soc., Lon-
don, 417-440. Pls.
XI-XIV.

Proc. Roy. Soc., Lon-
don, XXIII., 498-
5oI.

449
1879.
1887.

1881,

1884.

1872.

1868,
1858.
1872,
1377.

1377.

1336.

1867.

1887.
1878.

1876.

1875.



450

163. Bonnet, E.

164. Cadiat, O.

165. Coblenz, H.

166. Delaunay,
G.

167. Dohrn, H.

lﬂﬁ. i (13

1“9- £ 143

1 b=
171. Elisher, J.
172. Farre, A.
173. Friedlander,

Carl.
174, Gasser.

175, Gottschallk.

176. Hofmeier,
M.

177. Imbert,
Gaston.

MINOT.

UTERUS.
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(See also DECIDUA and PLACENTA.)

Die Uterinmilch und ihre Beden-
tung fiir die Frucht.

Mémaoire sur P'uterus et les
Trompes.

Zur Entwicklungsgeschichte der
inneren weiblichen Sexual-or-
gane beim Menschen im Zu-
sammenhange mit pathologischen
Vorgingen.

La Fecondité.

Ueber die Miiller’schen Gange
und die Entwicklung des Uterus.

Zur Kenntniss der Miillerschen
Giinge und ihrer Verschmelzung,

Ueber des Entwickelung des Hy-
mens.

Ueber die Girtnerschen Kanile
beim Weibe,

Beitriige zur feineren Anatomie
der Muskelfasern des Uterus.

Article “ Uterus and its append-
ages.”

Ueber die Innenfliche des Uterus
post partum.

Ueber Entwicklung der Miiller'-
schen Ginge.

Ein Uterus gravidus aus der fiinf-
ten Woche der Lebenden ent-
nommen.

Das untere Uterinsegment in an-
atomischer und physiologischer
Beziehung.

Le Col du Segment intérieur de
I'uterus 2 la fin de la grossesse;
documents anatomiques.

Beitrige zur Biologie
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gabe, Stuttgart),
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UTERUS AND EMERFO.

On the Menstruation Organ. Dis-
CUussion.

Das untere Uterinsegment und
die Decidua cervicalis.

Untersuchungen ueber die Ute-
ruschleimhaut. (Translation, see
Engelmann, 28 ).

Die Lymphgefisse des normalen
nicht schwangeren Uterus (111.
Die Lymphlamen der Schleim-
haut, 30-48). ;

Eine neue Deutung des Men-
strual-processes.

Beschreibung eines graviden Uter-
us aus dem fiinften Monat der
Schwangerschaft.

Uhber die Nervenendigungen in der
Uteruschleimhaut des Menschen
{Vorlinfige Mittheilung).

Sur [I'histologie normale de la
cavité utérine quelques heures
aprés I'accouchment.

Etude histologique sur la cavité
utérine apres la parturition.

Mémoire sur le developpement de
l'uterus et du vagin envisagé
principalment chez le fcetus hu-
main.

Note on the uterine mucous mem-
brane of a woman who died im-
mediately after menstruation.

Medianschmitt einer Hochschwan-
geren bei Steisslage des Foetus
nebst Bemerkungen iiber die
Lage wund Formverhiltnisse
des Uterus gravidus nach Lings-
und Querschmitten.

On the structure of the mucous
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EXPLANATION OF PLATES.

Nearly all the figures were drawn by Mr. E. Stanley Abbot under my supervision.
The outlines were drawn with the camera lucida, and the details added free-hand.
The drawings are all accurate representations of the preparations, and though of
course not phﬁtcgrnphicali}r exact, are not diagrammatic, except in the case of a few

figures expressly specified below.

I owe much to Mr. Abbot’s patient skill.

Reference Lellers.

all, allantois.
e, circular museles.
conn, connective tissue.
ecto, foetal ectoderm,
emd, embryo.
e, entoderm.
endo, endothelinm.
e, epithelium.
/+ placental fissure.
Jfo, fretal blood-vessel.

&), gland ; glandular layer.

&.ep, hyaline epithelium.
Z, leucocytes.
Ir1, longitudinal muscles.

mes, mesoderm.
mo.cf, monster cells,
misth, mesothelium.
MEREC, TICOSA.
#ese, muscularis.
eb.pl, ob-placenta.
0.z, outer zone of placenta.
£, periplacenta.
per.z, perivascular cells.
sp.pf, sub-placenta.
Sgd.z, subglandular zone.
V, bload-vessel.
e, vacuole,
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EXPLANATION OF FLATE XXVI.

Fi1G. 1. Placenta of rabbit at eight days, with dilated glands, g/, and superjacent
feetal ectoderm, ecfo (X 125 diams.).

Fi1G. 2. Rabbit’s uterus at nine days, transverse section of a swelling (X 7 diams. ).

F1G. 3. FPortion of the placenta of Fig. 2 (X 445 diams.), to show the connective
tissue, cona, the perivascular cells, per.z, and the thickened endothelium, endo, of the
blood capillaries.

Fi6. 4. Portion of the periplacenta of Fig. 2 ( X 175 diams.), to show the degen-
eration of the epithelium, Z.e8.
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458 MINOT.

EXPLANATION OF PLATE XXVIL

FiG. 5. Portion of the ob-placenta of Fig. 2 (X 175 diams.), to show the degen-
erated epithelium, /.2#, and the saucer-shaped glands, g/, g7.

Fi1G. 6. Rabbit’s uterus of eleven days; portion of the ob-placenta to show the
degenerated epithelium, %.¢p, and the regenerated glands, ¢/ ( X 175 diams.).

FiG. 7. Portion of the placenta of Fig. 2 ( X 175 diams.), to show the degenera-
tion of the uterine tissue and the relations of the foetal ectoderm to the piacental
surface.

F1G. 10. Rabbit’s uterus of thirteen days; portion of the ob-placenta ( X 175
diams. ), to show the regenerated glands.

Fi1G. 11. Portions of the epithelium of the periplacenta at thirteen days. A, ver-
tical section ( X 175 diams.). B, surface view (X 175 diams.). C, single cell
( X 445 diams.).
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460 MINOT.,

EXPLANATION OF PLATE XXVIIIL

FiG. 8. FPortion of a vertical section of the placenta at eleven days of a rabbit, to
show the relations of the mesothelium, sk, to the top, and of the ectoderm, ecfo,
to the side of the placenta (X 175 diams.).

FiG. g. Complete transverse section of a rabbit’s uterus at thirteen days, with the
embryo, emb, in place (X 7 diams.) ; the details are only approximately accurate ;
x, mass of perivascular decidual cells, developed in the region of the ob-placenta.

F1G. 12.  Rabbit’s uterus at fifteen days; portion of a section through the placenta
(> go diams.), to show the degenerated glands, g7, and the mesoderm, »zes, and meso-
thelium, ws#k, covering the surface of the placenta; the blood-vessels are drawn
dark.

Fic. 13. Portion of upper part of a rabbit’s placenta at fifteen days (X 340
diams.), to show the histological structure of the glandular layer of the placenta.

F16. 14. Multinucleate decidual cells from the subglandular zone of a rabbit's
placenta at fifteen days ( X 540 diams.).

F1c. 15. Uninucleate perivascular decidual cells from the outer zone of a rabbit’s
placenta at fifteen days ( X 540 diams.).

FiG. 16. Endothelium from the blood-vessels of the periplacenta of a rabbit at
fifteen days ( X 240 diams.). A, surface view; B, C, in section.

FiG. 17. Ob-placenta of a rabbit at fifteen days ( X 125 diams.), to show the
monster cells, @, & ¢, and the uterine epithelium, #2.

Fi1c. 18. Nucleus of a monster cell from the ob-placenta of a rabbit at fifteen

days ( X 445 diams.).
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