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PREFACE.

Many of these ﬁnges appeared in THE AMERICAN JOURNAL OF
OBSTETRICS AND GyNECcoLoGY under the title, “‘On the Etiology,
Histology, and Usual Course of Ectopie Gestation.”” Enough
has been added to make the processes antedating and aecompany-
ing uterine gestation fairly complete and up to date. The es-
sential features in this echannel, as regards the earliest stages, are
to be eredited to Spee. Attempt has been made to aid in the
decision coneerning several doubtful problems, particularly as
to the origin of the syneytium. Attention has been paid to the
decided probability that the placenta is a gland with potentials
of great importanee from the standpoint of secretion. Some
personal views concerning the formation of villi and the blood-
forming funection of the trophoblast have been brought forward
with a full realization that eriticism and further observations
are to prove them ecorrect or otherwise. In spite of the great
labors of gifted investigators, final decision is yet to be given on
many points, so changeable are the processes at various stages
and so probable is it that many ova are pathological.

To Minot, Mall, v. Spee, and others we are greatly indebte:l
for pioneer work on allied guestions. The subjeet of ehorioma,
or chorio-epithelioma, has been introduced, because in its micro-
seopieal character it so closely reproduces many normal condi-
tions,

I am under great personal obligation to Dr. A. Brothers for the
oross speeimens which furnished the material for Part IT and a
portion of Part ITI. He plaeed all of his large material and his-
tories at my disposal, for whieh kindnesses I here express my sin-
cerest thanks.

SAMUEL WryLnLis BANDLER.
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CHAPTER I.

THE PROCESSES ANTEDATING UTERINE
GESTATION.
A. THE TROPHIC INFLUENCE OF THE OVARY.

Halban transplanted the ovaries in newly born guinea-pigs
to see what effeet transplantation and castration would exert
upon the development of the genitalia and the breasts. The
comparisons with non-castrated animals are very interesting.
In the castrated guinea-pig the breasts were later found to be
one-fourth the normal size: the genitalia were small, the vulva
was one-third smaller than normal ; the uterus was as small as at
hirth, showing very slight development of musele and endo-
metrium, and containing no eciliated cells. The breasts showed
‘no glandular tissue, the mammillie were hypoplastic, the vaginal
mucons memhbrane showed hoth squamous and eylindrieal epithe-
limm—a novel econdition. When the ovaries werve transplanted
wnder the skin, the uterus was well developed, the tubes were
normal, the vulva was large, as were the mammille likewise. In
the transplantation of one ovary a part of the nterus and a piece
of the tube had likewise been taken, and these grew in a normal
manner, and inereased in size. The transplanted piece of uterus
contained well-developed musele and normally seereting slands.
The portion of tube showed musele, epithelinm, and eiliated cells.
Halban thus showed the influence of the ovary, as a secrefing
argan, upon the wferus, vagina, vulva, and mammae. He con-
siders it probable that the ovarian secretion acets upon the uterus;
the uterine secretion acting in turn upon the mammary gland.

Ribbert implanted the mamma of a young guinea-pig, with its
covering of skin, into a eut near the ear. The wound healed, and
five months after the operation, the animal having borne two
yvoung, this mamma secreted milk normally, a proof that the
connection between the breasts and the ovary and uterus is to be
fouwnd in no other channels than those of the circulation.

Hegar and Kehrer showed that in newly-born animals, after
castration, the uterus does not develop, but remains at the same
stage, or even undergoes atrophy.

il



2 THE FPROCESSES ANTEDATING UTERINE GESTATION.

Sokoloft eastrated rabbits and dogs and found that, a short
time after, they became fat and apathetie, and grew constantly
worse,  Subsequent examination of the uterus divulged museular
atrophy, especially of the circular layer: the vessels were fewer,
the walls thicker, the lnmen was small and even obliterated. The
mueosa, however, remained unchanged, When only one ovary
had heen removed, there was no elhange i the secual development
of these animals, the young ones evidencing a normal and con-
stant development of the genitalia.

Jentzer and Beuttner examined the organs of cows within one
vear to twenty-two months after castration, and found all the
layers of the wterus atrophied and substituted by connective tis-
sie.  The stratum vaseulare had greatly changed ; the atrophy of
the mucosa, while not constant, was in most cases acute. They
castrated rabbits, cave subsequently hypodermatie injections of
ovarin, and yet the uterns atrophied. The objections to con-
sidering this last proeedure conclusive are: 1. That the ovarin
of eows was used. 2. That it was given hypodermatieally.
3. That there was no sufficient increase in the amounts used.
The eastration of other rabbits showed that the eylindrical
epithelium became lower, the protoplasm degenerated, these
processes hecoming more defined the longer after castration the
animals were examined. The museularis was found to be atro-
phied: the larger vessels were gone. Although glands were
present, the mueosa showed decided atrophy. In dogs castration
produced atrophy of the musele. but only after three or four
months; the epithelinm of the uterus was lower, the protoplasma
clondyv, the elands were degenerated, and the vessel walls thiek-
ened.

K naner 'Il'ﬂ!l:-:!!]zl,]ltl‘ll the ovaries of rabbits and dogs between
the fasciae of the abdominal wall and into the mesometrium, be-
ing careful to remove absolutely every bit of ovarian strueture.
In the mesentery he fastened the ovary with two sutures between
iwo folds of peritonenm, the ovaries being then nourished
ithrough endosmosis or through plasmatic circulation. New ves-
sels orew into the ovarian tissue and furnished its subsequent
support : this ehange began as early as the fourth day. Examina-
tion at varions periods showed that a small part of each ovary
usually degenerated. and new eonnective tissue appeared in place
of the lost eslls,  Tw all cases in which a complete degeneration
of the ovaries was found, atvophy of the breasts and of the geni-
talia had occurred.  The muscle of the uterns was atrophied, the
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intermuseular connective tissue was inereased, the mucous mem-
brane was atrophied—changes like those which ocenrred after
double eastration. Retention of function on the part of the
transplanted ovaries was always evidenced by the growth of fol-
licles in a normal manner, by the ripening of the follicles,
and by the discharge of the ova. In all such cases the nor-
mal character of the breasts, of the uterus, and of the geni-
lalia was preserved, and in the younger animals all these organs
underwent a natural development. In one dog with well-devel-
oped breasts, thirteen months after transplantation an opening
of the abdomen showed the right ovary to be of normal size and
to contain three follicles. The left ovary was small. Two
months later coitus took place, and after two more months two
well-developed young were born. Three years after transplanta-
tion had been done, this animal on examination showed externally
a normal condition of development of the breasts and the geni-
talia. The right ovary was the size of a pea and contained fol-
licles : the left ovary was larger than on the previous examination.
The right ovary was covered with germinal epithelivm; many
follicles but no primary follicles being present. A like condi-
tion was found in the left ovary. The uterus was normal in
every way ; the mucous lining contained many glands and eiliated
epithelinm. The breasts were of normal charaeter, with normal

seeretion and glands.  Knauer’s results proved that the preser-
vation to the organism of the functionating ovaries preserves the
breasts, the genital organs, and the sexual instinet, a resulf pos-
sible only through the absorption inte the circulation of ovarian
secretion, and that the function which the ovary exerts upon the
body stands in closest relation fo its ability fo form ripe ova.
Owarian tissue which has ceased to develop ova has lost its other
funetion, that is, seeretion. Therefore the numerous nerves of
the ovary are in all probability only vessel nerves. Knauer
transplanted in sixteen cases the ovaries of animals into each
other, obtaining the above good results in only two cases, since in
the others the ovaries decenerated. This shows that a certain re-
lation exists between the cells of one and the same body. Al-
thoneh difficult, transplantation of ovaries from one animal to
another is possible,

Morris removed the adnexa in a human patient and sewed a
piece of one ovary into the stump of the right tube. One month
later the patient became gravid, aborting in the third month.
Into a twenty-year-old girl with uterus infantilis and rudimen-
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tary adnexa, with suppressio mensium, he transplanted a pieece
of the ovary of a thirty-year-old patient, fixing it in the fundus
of the uterus. Eight weeks later a profuse menstruation, lasting
ten davs, oeeurred ; after six weeks a normal one lasting five days:
the third one five days later. The fourth and fifth menstruations
were normal, at intervals of four weeks.

Gilass transplanted an ovary of a seventeen-year-old girl into
a twenty-nine-year-old patient from whom both ovaries had been
removed two vears before. The ovary was fixed in its normal
situation through an opening in the sac of Douglas, per vaginani.
Sixteen days later ocenrred a bleeding lasting two davs; six
months afterward a menstruation of three days: eight months
after operation the patient showed good color, was of good ap-
pearance, with a return to former mental and body eonditions,
after two years of artificial elimax.

Dudley implanted an ovary into the fundus of the uterus after
removal of a pyosalpinx duplex, and regular menstruation con-
tinued. :

An examination of the nterus after eastration in women shows
an atrophy of the cervix, an immediate atrophy of the corpus, a
selerosis of the vessels which show a growth of the intima, and
an endarteritis obliterans, especially in the larger vessels. Few
clands are present, and the conneetive tissue is increased.

Gottsehalk found an exeeptional condition in one ease, in which
the museularis was well preserved. although the mucous lining
had almost entively disappeared.

Cholmogoroff found the uteri at elimacterinm to eontain 2
larege amount of connective tissme, the wvessels being greatly
gelerosed. 1 have found the same condition in a high degree in
two cases of my own.

Novimal menstriation is absolute evidence of the prescies
of a normally functionating ovary. The absence of ovaries, a
poor development of these glands. an insufficient seeretion of
ovarian substanee, or a diversion of ovarian seeretion to other
organs of the body, always canses a failure of uterine develop-
ment or nterine atrophy. It is possible that, with partial or total
absenee or atrophy of the uterus or other genital organs, normal
ovaries may be present. It is likewise possible for poorly de-
veloped ovaries to be the result of a failure of development of the
body in general or to be simply a failure of development of the
ovary itself, throngh embryonal disturbances.

Wineckel has shown that, in the development of the uterus and
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tubes, the situation of the Wolffian body elose to the duets of
Miiller may influence, to a very great degree, their growth and
15 a frequent cause of malformation. The early completion of
the Wolffian bodies, their opening into the sinus urogenitalis,
the growth of the Miiller’s duects along the Wolffian, and their
crossing at that spot where the union of Miiller’s duets finds its
upper limit, are anatomieal embryologieal factorseasily recognized
as eanses of uterine maldevelopment and hypoplasia. Further.
the origin of the ligamentum ileo-genitale rotundum at this up-
per limit, its elose union with the duets of Miiller, the fact that
its line of development in a measure opposes the union of the
duets, in addition to tension, pressure, and forsion exerted by
the neighboring organs, such as the Wolffian bodies, the bladder.
the ureters, the vessels and nerves of the uterus and reetum, are
important factors influencing the development of the uterus. In
addition, Wineckel recognizes the occurrence of abnormal cells in
the septum between the duets of Miiller, and general hypoplasiaof
the vessel system, as additional causes of maldevelopment. Aside
from secondary atrophy, the result of constitutional diseases, the
embryological eanse here mentioned, and the forms associated
with general hypoplasia, we recoguize in the ovary and ils se-
crefion the factor which governs the development of the uterus,
the genitalia, and the breasts, and the factor which is concerned
i the presevvation of these organs and the regulation of men-
struation.

Eberlin' deseribes a patient with vaginal defeets, who, in her
eighteenth year, had viearious menstruation from the nose at
regular intervals for six months, after which no recurrence was
noted. Her mamma and external genitalia were small. She
suffered from molimina menstrualia every three weeks, at first
for periods of three to four days. Eventunally severe pain was
experienced constantly, associated with sickness at the stomach
and vomiting. Laparatomy divolged a uterus rudimentarius,
with absence of the adnexa of the left side. The richt tube and
ovary were almost normal. The uterns was 3.5 eentimetres in
length, differing microscopieally in nowise from the normal as re-
gards musecle, but possessing no cavity. The ovary showed a
thickening and a hyaline degeneration of the vessel walls. In
addition to the corpus lutenm, very few follicles but no Graafian
follicles were present. After castration all the annoying symp-
toms dizsappeared.,

Fritsech operated in a like case in whieh severe molimina men-

'Wineberg, AM. Jour. oF Orsrer., No, 4, 1898,
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strualia, sickness at the stomach, and reetal bleedings were the
indieations.

In all, Eberlin finds twenty-one cases of this sort associated
with vaginal defeet to have been operated npon. The ovary in
the above-cited case of Eberlin, though c¢ontaining few follicles,
nevertheless seereted sufficiently to caunse the severe symptoms.
Sinee no endometrium was present, and no exeretion by that
channel took place, the ovarian secretion, through eumulative
action, was responsible for the severity of the pain. Whatever
part the wterus took in these attacks must have been the result of
wlerine contraction, since eongestion alone is not responsible for
so much pain, as is evidenced by the absence of such suffering in
pure congestions of the uterus, associated with metritis, ete.

B. CONSTITUTIONAL CHANGES DEPENDENT ON THE OVARY.

Were we to consider the relation hetween the ovary and the
uterns, and between the genitalia and other organs to exist
through the medinm of the eerebro-spinal or sympathetic sys-
tems, why should we find the walls of the tubes thin and con-
taining more connective tissue in ecases of poorly developed
ovaries and at the menopause, when no primary follieles and no
Graafian follicles are present in the ovaries? The ulerus then
shrinks, the walls become thin and flabby, the mucous membrane
alrophies, the conneclive-tissue elemenis are more prominent, and
the ciliated epithelivm disappears. Is it not extraordinary to
make the ocenrrence of these decided changes dependent upon a
cessation of ovarian congestion? That these differences are not
due to the lack simply of reflex stimulation on the part of the
ovary is sufficiently evideneed by the constitutional changes oe-
curring at puberty, al menstruation, during pregnancy, and at
the menopause. The relation between the changes oeenrring at
puberty and at the menopause, before menstruation and after
menstruation, during pregnaney and after pregnancy, show a
decided resemblance.  Until shortly before each menstrual
period, temperature, pulse, museular activity, lung eapaeity, and
the exeretion of urea increase, and reach their maximum two to
three days before the appearance of blood. During this period
we find hyperemia, edema, inereased activity of the ovary,
changes in all the mucons membranes, and inereased funetion of
the glandular apparatus. The oceurrence of swelling of the
breasts, tenderness of the abdomen, even pain and the passage
from the vagina of inereased mucus, sometimes mixed with blood,
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prove at the beginning of each menstrual period a wave move-
ment and an inereased blood tension by no possibility due to
reflex causes. During and after menstruation regressive changes
are evident, and the exeretion of nitrogenons elements is dimin-
ished.

During pregnancy we have an inereased amount of the watery
elements of the blood, an inereased proportion of fibrin, a di-
minished amount of albumin, an inerease in the white blood cells,
a genuwine nerease in the number of red blood cells and in the
amount of hemoglobin.

Before labor the temperature is highest in the last three
months of pregnancy, and there is an increase in the elements
of the body, equal to one-thirteenth of the body weight. This
inerease is due to serous infiltration, and to the inereased ability
of the body to form organized tissue. Post partum, after a tem-
porarily short rise, the temperature is lower, the blood pressure
sinks, and beecomes normal on the ninth day. The loss in body
weight is equal to one-ninth of the weight of the pregnant per-
son. For labor and post partum together. there is a loss of
weight nearly equal to one-fifth of the body weight at full term.
After labor there is a diminution of tissue change and a diminu-
tion in the amount of urine.

Therefore as regards temperature, blood pressure, body weight,
the amount of urine secreted, ete., there is always a similar in-
erease before menstruation, and a like deerease in intensity dur-
ing and after menstruation, as during and after parturition. so
that Virchow has well characterized menstruation as being a
labor en mintalure.

Aceording to Loewenthal, who believes that every ovum is em-
bedded in the mueons membrane of the uterus, we may say that
labor is a menstruation in which a fully developed ovum is ex-
pelled.  The coincidence of labor with a menstrual period seems
therefore natural. The resemblance of the mechanical processes
concerned in menstruation and in labor is remarkable, and these
changes can be due only to the stimulative effect of the ovarian
secrefion, acting not alone upon the uterus and the genital organs,
but likewise upon the breasts, upon the blood elements, and upon
blood tension. This seeretion is a stimulus likewise to uterine
contractions, and is the probable canse of the contractions nor-
mally oceurring during pregnancy. The action of this aceumm-
iated seeretion npon the uterus at the end of pregnaney is prob-
ably the cause of labor pains.
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The action of the ovarian secretion upon pulse tension, and its
effect upon the mueons membranes of the body gcenerally, are
iikewise evidenced by the congestion of the vocal cords during
menstroation, so that during this time the singing voiee is poor.,
The secretion of intestinal muens is also greater, there is in-
ereased perspiration, the lower turbinated bones arve swollen, and
the eye suffers limitations in power. The best evidenece of the
constitutional elements involved in the process of menstruation
is the oeeurrence of viearious menstruation.  Under this designa-
tion we consider bleedings occurring al regular intervals in a
paticit suffering from amenorrhea.  The most frequent spot for
this bleeding is the nose, usually the lower turbinated bones.

Fleiss deseribed a two-year-old child with well-developed pubes
and breasts who had periodieal bleedings from the nose. In a
second case, a girl fourteen vears old, well developed, suffered
from regular bleedings from the nose, which stopped. however.
when real menstruation began. In another ease the regular nose
bleedings at intervals of twenty-nine days stopped during preg-
nancy, only to begin afterward, and after a continuation of eight
months ceased again on the oeeurrence of a second pregnancy.
Bleedings of the same kind have been deseribed as ocenrring
regularly from other mueous membranes, the trachea, the lungs,
and the stomach. In the latter instance the bleedings were not
alwavs associated with vomiting, the blood being usually found
in the feces. In other eases there were bleedings into the thyroid
eland. In cases with pmn'l}'-:!:-xl'u]npml uteri, these bleedings dis-
appeared only when the uterus began to funetionate properly.

The seceretion of the ovary exerts through the medinm of the
blood a stimulating effect upon the breasts, noticeable hefore
menstrnation, during pregnancy, and during the period of laeta-
tion.

Goltz et through the cord of a dog at the level of the first
lumbar vertebra, and later saw the signs of rut appear. After
coitus one dead and two living yvoung were born. The breasts
were well developed, and laetation and nursing followed the
normal eourse.  Sinee these changes, the sexual tendeney and the
process of labor eould not have been exeited through the cord, if
must be that a certain seeretion of the ovary, acting through the
mediwm of the circulation, gives the stimulus for the exercise of
those funetions.

Ovarian seeretion exerts a most decided effeet upon the de-
velopment of the uterus and the genitalia, as well as npon the
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breasts. It is absolutely necessary for the preservation of the
developed uterus, the other genitalia, and the breasts. An over-
production of ovarian seeretion or a disturbanee in the funetion
of the ovary causes pathological changes; an under-produetion of
ovarian seeretion is likewise the cause of pathologieal conditions.
The production of ovarian secretion and its action for a certain
period of time are the probable causes of the pains of labor.

2. MENSTRUUATION.

Menstruation is the periodieal loss of blood from the uterns or
from any mucous membrane, occurring for the reason that uo
fecundated ovum is present in uterus or tube, and may be divided
into three periods: the premenstrual, the menstrual, and the
postmenstrual. During the premenstrual period, the ten days
immediately preceding the appearanee of blood, the following
changes take place:

The superficial eapillaries become greatly dilated, and serous
infiltration of the endometrinm takes place, which separates the
meshes of the stroma, accompanied by a gradnal but decided
dilatation of all the blood vessels and lymph channels. There
oceur a growth of round eells in the interglandular tissue, and an
entrance of lencoeytes into the mucous membrane. The glands
hecome larger and wider, being often filled with seeretion.

This swelling of the mueous membrane, the dilatation of the
blood vessels, the produetion of round ecells, and the growth of
the superficial layer of the endometrium produce the so-called
decidua menstrualis.  Although in the eonnective tissue large
cells, not to be distineuished from young stages of deciduna cells.
are found, it is to be noted that typical decidua cells do not, as @
rule, develop at this time in the superficial layer. The endo-
metrinm is at this period from 6 to 7 millimetres in thickness.

The period during which blood is thrown out is the next, or
menstrual period. The superficial capillaries are greatly dilated,
and an exit of blood elements, not dependent on a bursting of the
eapillaries, goes on for several days. The bleeding occurs partly
throngh diapedesis, and, in strong bleedings, through rhexis,
There is little or no destruction of the muecosa, only a very slight
fatty degeneration of the epithelium of the uppermost layer, so
that in the exereted blood relatively few epithelial cells are
found.

After menstruation, the uterns shows an almost eontinuous
covering of epithelium, interrupted in spots, especially if patho-
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logical processes be present. Most of the eiliated epithelium
is preserved. The first stimulus to bleeding is due to eontraction
of the uterus, which at the height of congestion is possibly ae-
companied by eontractions of the tube. During menstruation
the uterus is larger and in the first few days following likewise
~soft and flabby. The flabhiness lasts longer than the bleeding.
A spontaneous dilatation of the eervix canal takes place, and
reaches its height on the third or fourth day. This dilatation
talkes place without regard to the amount of blood discharged.
whether the menstruation be painful or painless. The eervix is
hyvperemie, the glands showing an inereased seeretion of muecus.
The blood thrown off is mixed with the mueus of the uterus and
cervix, and later with the acid seeretion of the vagina. for this
reason coagulating less easily than other blood.

The secretion from the sebaceous glands of the external geni-
talia is responsible for the peculiar odor present in some ecases,
and in nowise differs from that observed in the axilla. On the
inverted uterus the blood has been observed to appear in single
drops from the region of the openings of the glands. The endo-
metrium is then eovered with white and bloody mucus, the open-
ings of the glands being clearly seen. There is no degeneration
or destruetion of the mucous membrane. The changes in the
tubes, if any, are slicht (Gusserow).

The next, or postmenstrual period eomprises fourteen days.
during which the mucous membrane returns to a thickness of 3
millimetres. During this time all eells not eapable of further
erowth are thrown off, and the epithelimm, only partially de-
nuded, is recenerated. The epithelial cells found singly or in
groups in the lumen of the glands disappear by resorption, and
partially by phagoeytosis. From the sixth day after the be-
cinning of menstruation, eell division is prominent. It is prob-
able that mitosis takes place, even during the exudation of blood.
The presence of mitosis in the lencocytes is an evidence of growth
of the interstitial tissue during menstruation.

Regeneration concerns the sfroma, the glands, and surface
epithelinm, reaching its height on the fourteenth or fifteenth day
after the beginning of menstruation. The mucons membrane be-
comes pale, the glands and vessels have returned to their normal
slate, the lost epithelium has been restored. From the middle of
the third week on there is a diminution in mitosis.

Menstruation is nol a process by which the mucous lining of
the uterus is thrown off, with subsequent regeneration previous
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to the next menstruation. It is simply the exeretion of blood
from the decidua menstrualis occurring for the simple and sole
reason that there is in the uterus no fecundated ovum.

Orvarian secretion is the direet eause of this periodical swelling
of the mucosa, and it eontinues, if feeundation has faken place,
to exert, not alone a loeal, but likewise a stimulating influence
on the general and sexual organs. This stimulation oceurs to a
heightened degree during pregnancy, and on removal of the
uterus, since the secretion is ordinarily exereted during men-
struation. On the occurrence of pregnancy, this secretion causes
a further development of the uterus and the decidua, and plays
an important part in the process of labor; it stimulates the func-
tions of the breasts, exerts a decided constitutional stimulation,
end 1s the cause of many of the pathological conditions eccurring
iefore and during labor.

The generally accepted view as to the relation between ovnla-
tion and menstruation is that of Pfliiger. The inerease of the
contents of the Graafian follicle, which results throngh the se-
ereting aectivity of the cells of the membrana granulosa, 1s said
to stimulate the nerves running in the stroma and ending in the
cells, The increasing tension reflexly irritates the vasomotor
centre, with resulting dilatation and congestion of the uterine
vessels. At the height of this eongestion the follicle is supposed
to burst, through pressure. As congestion and tension in the
ovary are supposedly the reflex eauses of the congestion of the
uterus and pelvie organs, menstrual bleeding is considered a
result of periodieal ovulation. This theory obtained support
throngh the experiments of Strassman, who showed that inereased
tension in the ovaries of animals, produced by the injeetion into
them of fluid, caunsed swelling of the muecous membrane of the
uterns. In answer it may be asked why the same condition does
not result in all eases of ovarian tumors and ovarian eysts, which
may develop entirely beneath the albuginea.

This theory of Pfliiger and the experiments of Strassman have
heen generally gquoted to prove the causal relation of ovulation to
menstruation. The eongestion in the ovary, and the swelling of
the Graafian follicle, must then, through the mnervous system,
stimulate the uterus to congestion, with a resulting periodiecal
bleeding. The ecessation of menstruation after ecastration has
likewise been cited as proof of the faet that without ovulation
there eould be no menstruation, since the periodical hyperemia
reflexly eaused by ovulation no longer takes place. By others it
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was considered that the distension of the ovary, ocenrring periodi-
cally, exerted an action npon the vasomotor system, then eausing
congestion, The atrophy of the uterus after castration was like-
wise pointed out as a proof of the resnlting diminished blood
supply, ordinarily furnished by this reflex action of the ovary.
On the other hand. it has been frequently stated that the result
of eastration was due to the tying off of the arterie spermaticae
internge, and that the resulting anemia was the cause of atrophy
of the uterus, and of the diminution in the size of the uterine
myomata.

Rein cut all the sympathetic and all the spinal nerves running
to the uterus in a dog, and yet the animal bore young. Inas-
much as the uterus, freed from the central nervous system, per-
formed its funetions as before, he concluded that a regnlating
nerve centre exists in the ovaries. All this was taken to prove
that menstruation was a result of retlex action originating in the
ovaries,

. THE ACTION OF OVARIAN BECRETION ON THE ENDOMETRITIAL.

The perviodical swelling of the mucous membrane is due to the
secretion given off by the ovary, and the experiment of Strass-
man proves that the foreing of an additional amount of this
secretion into the eirenlation only enhances this effeet. That
ovulation and menstruation, or at least the latter, ocenr with a
certain regularity is a faet which we are not able to explain any
more than we can say why in malaria the plasmodia are thrown
into the eireulation at regular intervals, or why the menopause
usually oecears at a certain period. At any rate, were men-
struation the diveet result of periodieal ovulation, we should
still be in need of a satisfactory explanation for the latter phe-
nomenon.  No other theory is satisfactory than that of secretion.
Ouvulation and menstriuation are cvidences of the funclional
capability of the ovary. Since ovulation may oceur withont
menstruation. but the latter never without the former, we have
here an evidence that a eertain functional activity of the ovary
is necessary to stimulate the mueous membrane to its periodical
chances. That after double castration reeular bleedings may
ocenr for a certain period is proof of the independent role which
the endometrinm, to a eertain degree, plays in the process of men-
struation, for sufficient of the seeretion of the ovaries may still
remain in the eirenlation to produece the normal processes after
removal of the ovaries. The part which the ovaries play in the
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development of the body, the effect of their presence upon the
Lreasts and the genital tract at puberty, before each menstrual
period, at the menopause, and after castration, are sufficient evi-
dence of their secreting power. The experiments of Knauer and
others prove that it is simply the presence of the ovaries, and the
preservation of their secretion, which are of importanee to the
hody, and that their action upon the uterus is in nowise reflex in
character, sinee when removed and implanted elsewhere, and in
this way loosened from their connection with nerve plexuses and
the nervous system, every sexual peculiarity is absolutely pre-
served,

Menstruation is simply an evidence that a feeundated ovum is
not present in the tube or in the uterns. Praetically no part of
the endometrinm is thrown off. Tt seems as if the blood thus los
simply eave an exit to the seeretion of the ovary, which, if re-
tained too long in the body. produeces in pregnaney certain nor-
mal changes, and in a large number of cases abnormal processes,
In pregnaney the ovarian secretion stimulates the nterus to en-
largement and growth, it stimulates the formation of blood, pro-
duees tension and congestion in the vaseular system, and stimu-
lates the function of the breasts.  After lahor, lactation is stimn-
lated by this seeretion, so that little or no effect is exerted upon
the nterus; therefore it rarvely undergoes the periodieal stimula-
tion and has a tendency to atrophy. The changes oceurrine in
the decidua menstrualis and the deeidua graviditatis are eer-
tainly evidenees of the action of a seereted substance. The
method in whieh the ovum is embedded in the decidua, and the
processes occurring in its immediate vicinity, as well as the fact
that in extrauterine gravidity a deeidua graviditatis is formed
in the nterns, with decided enlargement of this organ, are like-
wise proofs of this fact.

H. THE RELATION OF OVULATION AND MENSTRUATION.

As a matter of faet, ovulation and menstruation are related
only in that both are the result of the secreting function of the
ovary, and are in nowise connected as regards cause and effect.
Phe ovwm is the external secvetion, the inlernal seeretion enter-
tig the blood through the lymph channeis. The ripening and
expulsion of an ovam may oceur at any time. It is, however, a
fact that menstrualion occurs only after the ovary is capable of
producing ripe ova, and whether the ege be expelled, or ocea-
sionally degenerate in the follicle, is immaterial. The inde-
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pendenee of ovulation and menstruation is evidenced by the fact
that the former takes place before menstruation has appeared,
and likewise after the menopause, as is proven by cases, by no
means rare, of pregnaney in girls who have not yet menstruated,
as well as by the oceurrence of pregnaney at variable periods
after the amenorrhea of the e¢limaeterium. In children the pri-
mary follicles develop fully before puberty, and the same devel-
opment oceurs even in the fetus and in the newly born. Those
ova and follicles go throngh the same stages of development an
ripening as in the case of adults. That they are not capable of
fecundation is shown hy the faet that the ova are only one-half as
large as in adults. In those cases, however, of yvoung children
with well-developed breasts and genitalia, when menstruation be-
oins there is an unusually strong development of the body, and
the ova, as well as the follieles, differ in no way from those found
in menstruating adults,

Leopold found that in forty-two pairs of ovaries, thirty pairs
showed a corpus luteum belonging to the last menstruation. In
thirteen pairs no follieles were found which, on aceount of their
size or the swelling of the follicle, justified a beiief that a burst-
ing of any follicle would have oceurred at the next menstrua!
period.  In twelve eases no corpus Iutenm was found belonging
to the last menstruation. One ease showed a folliele whieh had
burst between menstrual epochs.

Arnold found that in fifty-four eases, only thirty-nine showed
the presence of fresh corpora lutea after the last menstrual
period.

Williams found this to be the case in twelve cases out of six-
teen. Therefore, ovulation, although in the majority of cases
occurring at or near the menstrual period, is not the cause of
the same.

Leopold has shown experimentally tiiat in the infer-menstrual
period follieles ready to burst are present, and that through cer-
tain eauses, such as coitus, the exit of an ovulum may result at
any time. That ovulation oeenrs during pregnancy is proved in
the case mentioned by Kroenig, in which conception oceurred as
a result of coitus four days post partum. The relatively fre-
gquent oeenrrence of pregnaney during the temporary amenor-
rhea of lactation 1s a proof of ovulation during this time.

Consentino finds that during pregnaney and lactation ovula-
tion continnes.  Although the ovum of a menstrual period may be
feeundated immediately thereafter, the ovum usunally fecundated
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is the one given off between four and eight days before men-
struation, the ege thus belonging to the period, so to say, first
omitted. The ovum retains its vitality for an average period of
twelve days, and yet out of a ecollection of two hundred and
fourteen pregnant eases, in sixty-five coitus had taken place after
the twelfth day following menstruation. Therefore, in these
pregnancies at least, the ovum must have belonged to what may
be ealled the next awaited menstrual period. Even if the ex-
pulsion of the ovum oeceur only a few days before that time, its
fecundation is not difficult to explain, nor are the cases puzzling
in which one coitus directly after menstruation produces preg-
naney, as the spermatozoa retain their vitality for a long time,
and have been preserved, in proper temperature, for a period of
eicht days. Diilirssen has found spermatozoa in the tube threo
and one-half weeks after the last coitus.

It is therefore evident that ovulation, as a rule. occurs from
four to eight days before menstruation, but it may ocenr at other
periods. as ripe ova. practically speaking, may be present at al-
most any time.

F. OVUOLATION.

The other of the functions of the normal ovaryisthe production
and expulsion of ova capable of being fecundated. It is probable
that after birth no new ova are formed from the germinal epithe-
linm. At and after puberty we judge the vitality of the ovary
by its ability to bring these ova to a stage which may be ealled
ripe.  For the expulsion of an oviimn from the Graafian folliele, o
oradual inerease in size of the follicles takes place, depending
partly on an increase in the amount of Liguor follieuli. The eells
of the folliele epithelinm undergo fatty degenervation. and the
mmternal layver, the tunica interna, shows an inerease in the size
of the eells, and a decided development of the blood vessels. The
protoplasm enlarges greatly, begins to take on a vellow color,
and these cells, now lutein cells, are arranged in several layers,
forming an irregular surface. As a result of the fatty degenera-
tion of the follicle epithelium, the ovum is freed from the enmu-
Ius odphorus. The most prominent point of the follicle is poor
in blood supply, and furnishes the so-called stigma folliculi. Tt
is here that the opening takes place which serves as an outlet
for the ovam. This opening is probably the result of the re-
action or chemieal effeet produced by the ripe ovum, sinee in the
newly born, and in children, follicles of the same size and even



16 THE FREOCESSES ANTEDATING UTERINE GESTATION.

larger ones exist without bursting—the so-called atresie follicles.
The facts that large follicle eysts oceur in the ovary without
opening, and also that in women in whom the unopened follicles
degenerate, disturbances of menstruation ocenr—so-called missed
ovulation—speak for a chemical reaction as probably one of the
funetions of the ripe ovam. That the orgasmus venereus does
play a part in hastening the expulsion of the ovum is not to be
gquestioned.  In most eases the opened folliele is then filled with
blood which likewise empties into the peritoneal eavity, and the
gso-called ecorpus lutenm spurium results. If pregnancy takes
place, this body develops decidedly, forming the corpus lutenm
vermm (Nagel ).

After ovulation, the ovam is thrown out into the abdominal
cavity, and then, influenced by the wave movement of the ciliated
epithelinum of the tubes, the fimbriz of the ampulla, and the
fimbriz ovariem, finds its way into the nterns. It is not neces-
sary that the tube should grasp or surround the ovary, since it
would embrace, even under favorable eireumstances, only part
of the ovary. This wave movement of the ciliated epitlelium
cawses a current in the pevitoneal plasma, which divects the ovum
into one or the other of the tubes,

Lode injected, with a needle pointed toward the diaphragm,
the ezes of asearides into the abdominal cavity of rabbits, in the
rezion of the umbiliens,  After ten hours, without the exeitement
of eoitus, he found these eggs in the tube.  An interesting proof
of the existence of this current is given by Knauner, who removed
the ovaries of dogs, and sewed them into the mesentery. In one
case, on opening the abdomen he saw in one of the ovaries three
ripe Graafian follicles. Shortly after, coitus took place, and in
due time two yvoung were born. A further proof is found in the
experiments of Leopold, who showed that an ovam given off by
one ovary may enter the tube of the other side. The eases are
not rare in which the tube of one side was elosed or absent, and
although the corpus luteum vernm was found in the ovary of the
same side, vet the ovim was found in the uterus. The same is
true of those eases in which the corpus lutenm verum is on one
sidle, and the ovum develops in the other tube, or in the horn of a
uterus unicornis of the opposite side. . Therefore it is eertain
that. normally, a wave eurrent exists on either side of the nterus,
and that the ovum is attracted by the stronger current, nusually
that of the side from which it eame, possibly, however, by the
current of the other side.






CHAPTER II.
THE EMBEDDING OF THE OVUM IN THE GUINEA-PIG.
A. UTERUS OF THE GUINEA-PIG,

The uterus of the guinea-pig is six eentimetres long and eon-
sists of two museular layers, an external longitudinal one closely
connected with the peritonemm, and an internal eirveular one.
Sometimes, within the latter, are found isolated bands of longi-
tudinal fibres.

Between the two museular layers is a broad zone of loose con-
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Fig. 1. —Half-zchematic section of the uterine horn of a guinea-pig.  (v. Spee.)

neetive tissue, and in this are found the continuations of the ves-
sels which enter throngh the longitudinal layvers at the mesome-
iral area. All the larger vessels are in the cireular layer. Their
walls lose the musenlaris and their eontinnations then enter the
specifie parenchyma of the uterus, where they appear as capil-
laries or simple endothelial channels,

The uterine lumen is lined with a single uninterrupted layer
of eyvlindrical epithelial cells: no eilia are clearly seen. This
epithelial laver deseends into the eonnective tissue at numerons
places, into glands lined with a low epithelium. The peripheral
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ends of the glands are twisted and extend up to the eirenlar layer.
An aetive inerease of epithelial eells through mitosis takes place
only in the end areas of the glands, so that here the regenerative
stations for the uterine epithelium are to be sourht. In other
areas of the uterine lining the epithelial eells have lost the power
to produce new cells. This is the case in animals in whom the
epithelivm plays no part in the formalion of the placenta,

The econnective tissue consists of two zones separated by a
transition zone. (1) A peripheral zone surrounding the twisted
gland ends and consisting of spindle or branching eells with in-
tervening spaces, resembling a loose reticular connective tissue.
(2) A ecentral compact zone situated between the straight ex-
eretory duects of the glands. [In the implantation of the ovim
anly this area is invaded.  Extremely numerous mitoses, and the
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Fig. 2— Cells of the compact zone with the epithelial lining of the uterine

Ilnmen of the guinea-pig. (v. Spee.)

varying appearance and thickness of their tissue, are proofs of
active changes and an inereased tissue change. Sinee at points
not important the strongest cell inerease may be found, the con-
elusion is justified that the life of the connective-tissue cells of
the uterns is short. There are no spindle-shaped or branching
cells here as are found in the peripheral zone.

The ecells of the eentral zone (Fig. 2) lie like the cells of stratifiec
epithelium. They are polyzonal, close together, generally sep-
arated by sharp contours, which are probably intercellular spaces.
The most firmly uniting basis is furnished by the capillary net-
work, for a real connecting factor among the elements of the con-
nective tissue, especially of the compaeta, is not present. The
normal relation is preserved by the firmly united epithelium and
the cirenlar muscular layer, between which lie the two layers of
connective tissue.
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B. THE EMBEDDING OF THE GUINEA-PIG’'S OVUM.

In 1883 Spee stated that on the sixth day post coitus the ovum
of the guinea-pig is an oval germinal vesicle one-tenth of a mil-
limetre in diameter, surrounded by a zona pellueida and lying
free in the uterine eavity (Fig. 3). The eell wall of the vesicle,
the germinal layer, consists, in the region of the ovum’s equator,
of a single layer of very flat cells. At the two poles thewall seems
thicker. At one pole the eell wall of the vesicle is stratified and
forms a prominence into the cavity of the vesicle, the Germinal
Prominence of Iensen or the Placental Pole (P. P.). At the
other pole (the Opposite Pole of Spee) the germinal layer con-
sists of a single layer of cubical cells, constituting the Implanta-
tion Pole (I. P.). It forms after implantation that summit of the
ovum into which the embryonal sphere enters and in which the
embryo develops.

Fona

Fic. 8.—0Ovum of guinea-pig free in the uterine cavity. Ovum with zona.
Note—The lettering of Fig. 3 iz reversed. (v. Spee.)

The zona is preserved up to the beginning of the seventh day
post eoitus and ean be readily seen on the free germinal vesicle.
The eubiecal cells of the Implantation Pole send prolongations of
their eell bodies through the zona and can enter into direct rela-
tion with the epithelial lining of the uterus before the zona is
lost finally to the ovum, and may so furnish the first connection
which leads to implantation. These prolongations have been
seen only in the region of the Implantation Pole. The short
period, during which the prolongations of the Implantation Pole
hold the ovum fixed to the uterine epithelinm, however, has not
been observed.

When the ovum is first attached to the uterine epithelium the
zona is present ( Fig. 3a), but disappears in a very short time, for
it is not seen in embedding ova. Probably the Implantation Pole
prolongations perforate it and cause its disappearance at these
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points. The rest is probably rubbed off. In irrigating a uterus
for ova, Spee onee found the cell body of an ovum and an empty
zona with a hole large enough to have permitted the former to
slip out. Acids dissolve the zona, and, as these were often used
in fixing the specimens, the fact that no zona was found in the
voungest ova which had entered the uterine wall does not prove
that the ova were embedded after removal of the zona. The ova
during implantation, however, are so eclosely surrounded by
uterine tissue that between them there is no room for a zona, and
so in all probability the ovum does not take the zona with it into
the uterine wall.

The Embedding or Implantation of an Ovum includes the
group of processes which result in the ovum entering from the

Zondg. Ut, epith.

Fi6. da.—0vum of guinea-pig in its first adhesion to the uterine epithelinm.
Ovum still possesses its zona. (v, Spee.)

uterine cavily into the connective tissue of the uterine wall.
T'he processes antedate the formation of the placenta and are dis-
tinet from the processes of placental formation, but the first evi-
dences of the latter follow immediately upon implantation. In
the guinea-pig, ova are never implanted at a point at which or
in whose neighborhood signs of eireculatory disturbaneces (execes-
sive eollection of tissue exudation in the interstices of the sub-
epithelial connective tissue, or a grouping of red blood cells in
these interstices), or evidences of a throwing off of tissue into the
uterine lumen, are noted. Only such areas are selected as are
normal and whose tension, dependent on tissue sap, is even,
which faet eoineides with the observation that the uterine lumen
at the selected point always shows a surprisingly smooth epithe-
lial lining without folds.
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The ovum is almost always embedded on the anti-mesometral
side, corresponding to the fundus uteri in the human being, and
beings about 6 days, 8 to 12 hours post coitus, seldom later at the
end of the seventh day. The time left for embedding 1s 4 to 3
hours. Its beginning is known with a possible variation of about
6 hours. The ovum does not inerease in size before its embed-
ding, and measures with the zona only 0.1 millimetre, without the
zona (.08 millimetre, while the uterns is 6 centimetres long. As
often only one or two ova are present and as their loeation is not
macroscopically evident, only series seetions divulge the various
points. If the ovum is already through the uterine epithelium,
it is seen with diffienlty beeause of its small size. One may
readily imagine the labor involved in obtaining the present un-

Fig. 4.—b, capillary ; ¢, vacuole; ¢, cavity in ovum. Ovum of guinea-pig par
tially embedded, showing disappearanee of the uterine epithelinm. (v, Spee.)

broken series illustrative of the various stages, a work on which
Spee has been engaged for the last ten years.

The cells of that pole which leads all other paris in ils entrance
into the wuterus (I. P.) send prolongations through the zona
shortly before the implantation period, and render contact and
cachange with the wterine epithelial cells possible, even before
the zona s gone. These prolongations cause the first adhesion of
the oviem to the uterine epithelivum (Fig. 3a).

The wterus plays a passive role in implantation of the ovim.
The ovum enters the wlerine wall and a correspondingly large
space of uterine tissue disappears.

The wterine epithelivm shows no sign of growth.

The uterine epithelivm of just that arex in conlact with the
ovum disappears (Fig. 4).
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In Fig. 4 the ovam is 6 days and 10 hours post eoitus, and
evidences no zona. A thin cell layver (a) surrounds for a dis-
tance the cavity (¢) of the ovum on one side, but is not distinet
on the other side. The solid portion of the ovum eonsists of large
round cells which are not surrounded by a eell covering. Only
at @ is there a flat cell which stands in continuity with the cell
membrane enelosing the eavity of the ovam (¢). The mem-
branous portion of the ovum contains two small vaeuoles (v).

Antimesometral aroc

T%‘Fe\

Nuclei in the
S plas

v, o

Clapillar iy

Nuclei in the
spimep oz

F1c. S.—TFurther stage In embedding of ovam, showing changes wrought in the
connective tissue compacta. (v, Spee) @& two cells of the ovum which are em-
bedded on the opposite side.

The eentral cavity is lined with a non-celled coagulation sub-
stanee, which has divided the cavity into two parts, probably a
postmortem change. The external surface of the solid area is
not covered by a specially differentiated layer of flat eells. The
solid group of cells represents the placental pole. The eavity
¢ represents the germinal cavity. The part of the ovam near the
connective tissue, at the Implantation Pole, is the eell wall of
the cavity, the germinal membrane. The space between the cells,
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and the thin layer near the conneetive tissue, later becomes filled
with eells, forming a solid ovum.

Decided changes oceur an the connective lissue which makes
room for the ovum. These changes for a long time are such as
may be considered a necrosis and a paralysis of the life processes
of the connective-tissue cells (Fig. 5).

Fig. 5 shows a double embedding at two points vis-i-vis, The
ovum evidenees no eavity. The ovum is already deep in the wall
and the uterine epithelinm is interrupted in the cirenmference of
the ovaum. The surrounding connective-tissue cells have ehanged

Nuclei S plasnie Boundary of conn. tizsue

Capillary

Hynepla s
Naueles
of
S an plas i i
Ly
Conn. tisspe — | Nuclei
baorder af
Sl a s

i ran |

Literine cpithelitn

Fig, 6. —Further stage of embedding of guinea-pig's ovum, showing the con-
nective tizgsue compacta about the ovum destroved by the bio-chemical influenee
of the ovom. (v. Spee.) o, centre of ovam ; G, embryonal spheve.

in that a half-moon arranged row of connective-tissue cells of a
stronger stain has been formed. The ecells of the ovum are
mueh larger than the conneetive-tissue cells. To the left at =
two eells of the ovum are united to the uterine epithelinm, and
two others, not distinetly seen, have perforated the uterine
epithelium. The single layer about the ovum at 7. P. is the ger-
minal layer plus the implantation pole. The cell group at the
placental pole has grown into, and filled out, the germinal vesicle,
but the ovum is not enlarged. Therefore the ovum now evi-
dences no cavity. The sharp contour at ¢ bounds the conneefive
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tissue sharply and is independent of the cell body of the ovam.
That the cells of the ovum dissolve the epithelinm with which
they come in contaet, is seen in its early stages at z, where four
cells are present. The connective-tissue cells about the ovam are
large and polygonal with sharp contours and of epithelioid form.
This form also 1s found in eertain areas away from the ovum,
and is there dependent on other influences than the ovum. This
change in the cells extends, and this area is called the Implanta-
tion Area. During this peripheral extension the eells nearest to
the ovum show other changes in the nuelei. They stain darker.
This is due to a process of dissolution, and as a matter of faet

Bowndary of connective tizsuwe

Capillary

',

FiG. 7.—A stage of embedding one-half hour later than Fig. 6 (v. Spee).
more highly magnified. , embryonal sphere. The ovum is surrounded by a
symplasmatic zone.

the nuelei nearest to the ovum are already smaller and mitosis has
ceased in the immediate circumference of the ovum.

The conneclive-tissue cells are flundified by a form of digestion.
The disappearance of mitosts for a considerable distance about
the ovum, the dissolving of the conneclive-tissue cells immediately
about the ovum, while af a distance normal cell division takes
place, show that the destruction of uterine tissue is due to a bio-
cliemical process dependent on {he ovum (Fig. 6).

Fig. 6 is still further embedded, and in four-fifths of its cir-
eumference is a single layer of cells, the germinal layer. This
is connected at the placental pole with a solid mass, the germinal
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prominence, which fills the spaee surrounded by the germinal
layer. The Implantation Pole is situated on either side of S.

In Fig. 7 the ovam is situated half in the epithelium and half
in the subepithelial eonneetive tissue.  The ovum is sharply
bounded from the eonnective tissne. It is surrounded by a sym-
plasmatic zone in which a histolytic proecss causes the eontours
and nuelei of the connective-tissue cells to disappear, as if the
ovum were a poison. The ovum consists of a covering layer and
2 contained mass () of large cells comtaining fat., A small

Gland
Carpil e

Nuelei
Sy plasme

Capillary

Fic. S-—Almost embedded ovam surronnded by fluid rvesulting from fuidified
connective tissue cells. (v, Spee.)

space separates the ovum, in part, from the connective tissue
B

The ova 6, 7, and 8. though differing only about half an hour
in age, produce great changes in the conneective tissue. Ovum
No. 6 is about three-fourths embedded. Ova 7 and 8 were found
in the same uterns. Only in 8 is a growth of the ovam, as ecom-
pared with 5, evident. Important are the connective-tissue
changes, first in the cells of the Implantation Area, and, second,
in the boundary line which faces the ovum. Owvum No. 8 is al-
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most embedded and several of its cells are on a line with the
uterine epithelinm. A comparison of ova 6 and 8 evideneces two
differences, which show the two varying funections in two differ-
ent parts of the ovum, (1) the part consisting of the external
layer, a derivative of the germinal layer, and the Implantation
Pole; (2) the cell mass at the Placental Pole. In the cirenmfer-
ence of the Implantation Pole the conneetive-tissue cells beneath
the epithelinum disappear or degenerate. The cells at the Placental
Pole do not destroy the uterine tissue, therefore the hole in the

Sy plas i

Vienoles

Hfne-
pld s

Assimilation #_ Nuclel

barder of the ~ooalidhte Cap.
implantadion ..'* i
(e L ik
L4 g -

v U TENINE ot e
R TR

Fig. 9. —0vyum entirely under the uterine epithelivm. .5, assimilation bor-
der of the lmplantation area: y, embryonal sphere; If, fluid space abont ovuam,
iv. Bpee.)

uterine epithelinm at the Placental Pole of ovum 8 is not en-
larged.

In the Implantation Area the conneetive-tissue cells and the
nuelei beeome large. The chromatin of the nuelei becomes
grouped on the inner surface of the nuclear membrane, but the
nuelear centre is pale. Peripheral to the implantation zone
numerous mitoses are observed and are also found in the wvessel
endothelia. A dense tissue results and the cell interstices disap-
pear, as may be seen in Fig, 9. This very peripheral area has no
meaning with regard to implantation or to placental formation.

In Fig. 5 the cells nearest the ovum stain darker and are
smaller. In Fig. 6 a contour divides the connective tissue near
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the ovum from the ovum, but instead of numerous cells and
nuelei we see a fibred, granular mass, a egroup of closely gathered
nuelei without eell contours. In Fie. 7 some nuelei are still well
stained, but lie in a fibred, granular mass in which no cell con-
tours are evident. A symplasma has been formed through the
dissolution of the connective-tissue cells of the implantation zone
which is sharply marked off from the ovum.

The ovum is then almost surrounded by fluid vesulting from
these changed cells (Figs. 8, 9, 10).

In Fig. 8 the symplasma is separated from the ovum by the

il

Capillarics

Symplasma
ET T

Fia. 10.—A further stage, showing demarkation of the svmplazsma, thus limit-
ing the assimilation of future arveas. #u, free nuclei in the symplasma. (v
Spee.)

space H, which is wider than in Fig. 7. In the periphery are
smaller, darker cells ready to join the symplasma. Here, then,
1s the assimilalion boundary of the symplasma. The space H is
filled with a fluid into which the edge of the symplasma passes
over gradually. This constitutes the dissolution boundary of
the symplasma. The contents of the space I are a thin emulsion
which is under pressure. causing the ecirenlar contour of the
symplasma in Fig. 9.

{apitiary
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The fluidifying of the symplasma oceurs not only at its edge
but in its substanee, and becomes porous and filled with vacuoles
whieh contain fluid (Figs. 8 and 9). In Fig. 9 the vacuoles are
present in large number. At the assimilation boundary at a. s
are seen darker, smaller cells. At f (Fig.10) is seen a sharp
demarkation of the symplasma of the implantation zone which
limits the assimilation of future areas. The nuclei of the last
assimilated ecells lie at this area of separation, inshortsimple rows,
They furnish almost -the same picture as the nuelei in the syn-
eytial or plasmodial formations in the placenta of other animals.
The symplasma degenerates and the original boundary of H
formed by it disappears.

SN

Spmpl. Nucle

[WERETET
Nuclei

Sumpl.

Nuclei

Fic. 11.—Ovum entirely embedded in connective tissue compacta, showing
spaces (M) i the fibred tissue about the ovam. The fibred tissue about the
ovum containg numeroons granules, This iz a middle stage between the normal
compacta and the final fluid symplonsma. (v, Spee.)

Along the epithelial lining the subepithelial cells become
smaller, and darker areas of separation appear between them
and the epithelium leading up to complete loosening of the latter.
The subepithelial cells, fluidifying, form lacun® in the sub-
epithelial connective tissue (Fig, 12).

This fluid, through diffusion or possible absorption by the
ovum, makes place for the ovum, which only now begins to grow
quickly. Later, at the boundary between necrotic and healthy
tissue, a real granulation tissue is formed as an active reaction fo
the entering ovum (Fig. 12).

In the transition zone appear granular eells, which increase
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from Fig. 9 on, and eventually forming a characteristic zone in
the far periphery, in which the cells also seem clouded. Soon
a separation of the implantation area from the conneective tissue
oeeurs at the transition zone through great growth of cells in the
peripheral areas, and through a stoppage of growth and degener-
ation in the implantation area. The capillaries pass through
this boundary and on their walls are grouped connective-tissue
cells,  'They are numerous at the point of separation, so that the
b. c. X

space bel, epith. and conn. tizssue

Fra, 12—, embryonal sphere; n, free nuclei of the symplasma; be, capil-
lavies. The ovum has grown. Owvom has a cavity, except at Implantation pole,
where the embryonal sphere ls In contact with the external layer of the ovum.
(v, Bpee. ) Completely embedded, growing ovam.
wall looks like a granulating wound surface of endothelial chan-
nels. The space about the ovum is gradually filled with granu-
lation tissue in the next twelve hours, Seven days post coitus
the ovum has grown considerably (Fig. 12). The Placental Pole
evidences a papillation of the germinal layer which gives this end
a half-evlindrical groove, due to two lateral folds. The ovam
now evidences a cavity, exeept at the Implantation Pole, where
the embryonal sphere is in elose contaet with the external mem-
brane of the ovum.
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Seven days thirteen and one-half hours post coitus the ovum
has grown large (Fig. 13). The space hetween the embryonal
sphere and the Placental Pole has grown decidedly, so that the
ovum is a long, eylindrieal vesiele, with its Placental Pole in con-
taet with the uterine epithelinm.

The investigations of Spee show that the ovum of the guinea-
g, not grown since its fecundation, destroys like an injurious
parasite the ulerine epithelivm and the subepithelial connective
lissue to make place for itself in the wterine wall in which it is
embedded, and that only after this does it enter into a symbiotic
connection with the uterus, which connection finds ils expression
m the formation of a placenta.  The same oceurs with the human
OV,



CHAPTER III.

THE EMBEDDING OF THE HUMAN OVUM.

A, THE UTERUS.

For many wvears it had been taught that the human ovum in
the uterus developed on the mucosa (decidua serotina) and was
enveloped by mucosa growing up about it (decidua reflexa).

Utcrine spaeey

. Embegponal gphere

CHo

I't. epithelivm

I'terine Twinen

Fig., 13.—Cavity in ovam between embryvonal sphere and placental pole has
Spee ) Rapidly growing, embedded

grown greatly. g, embryonal sphere. (v,

guinea-pig ovum.

In the examination of young human ova Spee was never able

to find uterine epithelium lining the bed in which the ovum

rested, and he doubted the theory that the nterine mueosa and its
epithelium grew up and surrounded the ovum. Hensen had

made the observation that the ovum of the guinea-pig, on the
seventh day post coitus, was no longer to be found free within
the uterus, and that on the eighth day it was loeated in the uter-
e wall wnderneath the epithelial lining (Fig. 13). Selenka, on
the other hand, supported the view that the ovam of the guinea-
pig entered into a uterine gland whose epithelinm was later de-

stroved.
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The relation between ovum and uterus varies in different ani-
mals. There are forms in whieh the uterine epithelinm is pre-
served at the point at which the ovum is attached. In all those
cases in which the ovum grows before ils altachment, it remains
during its entire development within the lnmen of the uterus or
in a portion of the same. The closer relation between ovom and
uterine wall develops later. In the ease of ova which do not
grow at that stage, the epithelium disappears. The smaller the
ovum, and the smaller the area of uterine wall necessary for its
attachment, the more intensely is the uterine tissue affected by
the ovum, so that the area affeeted at this point becomes rapidly
very large in proportion to the size of the ovum, and naturally
the development of elose econnection between ovam and uterus
oceurs earlier than in the first elass.  Early attachment and small
ovum are therefore favorable to the nourishment of the latter.
A most favorable feature for the ovum is the form in which the
feecundated germinal vesiele, without any increase in growth, is
completely embedded in the subepithelial conneetive tissue of the
uterns. Swuch is the case with ova of the rat, mouse, guinea-pig,
and human being.

Decidua Menstrualis.—In the menstrual decidua the supe--
ficial capillaries become greatly dilated, and serous infiltration
of the endometrium takes place, which separates the meshes of
the stroma, accompanied by a gradunal but decided dilatation of
all the blood vessels and lymph channels. There oceur a growth
of round ecells in the interglandular tissue and an entrance of
leucocytes into the mueous membrane. The glands become
larger and wider, being often filled with seeretion (Fig. 14).

This swelling of the mucous membrane, the dilatation of the
blood vessels, the production of round cells, and the growth of
the superficial layer of the endometrium produce the so-called
decidua menstrualis. Although in the connective tissue large
eells, not to be distinguished from young stages of deeidua cells,
are found, it is to be noted that typieal decidua cells do nof, as
a rule, develop at this time in the superficial layer. These
round cells are the beginnings of the deeidua cells. The endo-
metrium is at this period from 6 to 7 millimetres in thickness.

Decidua Graviditatis in the First Week.—On the occur-
rence of pregnancy, as will be noted below, the superfieial por-
tion of the mucosa is later composed mainly of cells and is called
the compacta. The deeper layer is composed mainly of glands
and is ealled spongiosa. In the first week, however, as may be

3
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seen from the description of Peters, there is a decided division
into compacta and spongiosa only near the ovum. There is at
this time no real deeidua elsewhere and no difference exists
between the eonnective-tissue ecells of the superficial and deep
layers. The tissue between the glands, however, is thicker

i, 14.—Menstrual decidua. o, section throngh vessels snrrounded by groujes
of round cellg: b interglandular tissue consisting of normal cells with scattered
round cells @ d. section of a gland somewhat dilated—its epithelia are somewhat
smaller than normal,  (Abel.)

toward the surface. We find spindle-shaped connective-tissne
eells mainly. The spaces between the cells are filled with a pale
homogeneous plasma, and the tissue looks like reticular embry-
onal connective tissue. The nuelei in the more superficial eells
are somewhat larger, and numerous small round ecells are pres-
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ent which represent the early stages of decidua cells. The
epithelinm of the superficial glands and of the uterine surface
is somewhat flattened. An hypertrophy of the glands, espe-
cially in the deeper layers, is present, and in transverse section
they arve lined with papillary projeclions on which are long,
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FiG, 1d4e.—Decidoua in intrauterine pregnancy {(abortion) at the s#cond month
{earetting). a, gection of a gland with fattened epithelia: b, interstitial tissuoe
congisting of the so-called decidua cells, between which at certain polnts irrego-
larly-seattered round cells are seen : o, section of a vessel—in the wall are endo-

thelia. (Abel.}

high, cylindrical cells, often looking like beaker cells. Numer-
ous epithelia are found free in the glands. These glandular
changes are marked mainly near the ovum.

Decidua Graviditatis.—These tvpical changes oceur, chrono-
logieally, at a later period in the entire uterus. Since, however,
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they are marked in the first two weeks immediately about the
ovunt, they are mentioned now. It is especially necessary to
consider the base in which the ovum develops, as it is difficult
at all times, even as early as the first week, to distinguish in
many areas between fetal and maternal cells. The mucosa of
the pregnant uterus, at its thickest, inereases to ten times its
original depth by the growth of all its elements. At the end of
the first month it is one eentimetre thick. Its surface is uneven,
deep grooves dividing into irregular fields. These changes are
oreatest at the fundus. In the region of the internal os the
changes are less marked, the lining of the cervix, except for a
high degree of hyperemia, having no part in these changes. The
inerease in the volume of the decidua depends greatly upon the
growth of round eells in the endometrium and upon their change
into decidua eells. The round ecells of the conneetive tissue, sit-

Frg, 145 —A gland in the decidua graviditatiz, showing the erronesusly named
“syneyiial change” of the lining epithelivm. Taken from the curetted mucosa
of a uterns two weeks gravid.

uated in a meshwork of spindle- and star-shaped cells forming
the stroma, enlarge. The protoplasm inereases greatly in
amount and the nucleus becomes larger. The cells are closely
grouped, pale and epithelial in appearance (Fig. 14a). They
are, like the connective-tissue cells of the normal uterns, infil-
trated by capillaries and larger vessels whose endothelinm bor-
ders immediately on the individual eells. The nuclei are round
and long, 8 to 10 g long and 10 to 12 p wide. They stain lightly
becanse their ehromatin network is very fine. There are nueleoli.
Mitosis is rarely observed, but two nuelei may be present. They
generally retain their spindle-shaped form or are round poly-
gonal. There is often a fine space between the individual cells,
filled with a homogencous intercellular substance. These eells
appear at first in the upper layver, and so prominently that this
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layver of the gravid decidna is ealled the ecompacta. Later, as a
result of pressure, the cells resemble squamons epithelinm.

The external layer near the musele contains so many gland
lumina that the interglandular tissue is in the background. This
interglandular tissue disappears more and more, so that finally
a tissue honeycombed by glands results. This layer, in contrast
to the superficial, is known as the spongiosa. The compacta is
thrown off with the ovum; the spongiosa remains to regenerate
the eglands.

The gland cells lose their cylindrical form and become eubical
and spherieal. The protoplasm grows and the nuelei are there-
fore further apart. Into the gland extend prominences cov-
ered with groups of epithelium (Fig. 145). Sometimes the cell
boundaries become indistinet, giving the so-called ‘‘syneytial
change,”” which has nothing {o do, however, with real syncytium.

LRI

Hlands

Fig. 15.—8chematic representation of the earliest stage in the embedding of
the human ovam. (I’eters.)

The epithelium of the surface is subjected to pressure and is
flattened, becoming later thin as endothelium.

B. THE EMBEDDING OF THE HUMAN OVIIM.

Spee and von Herff have shown that in the guinea-pig the
ovum forms an opening through the epithelial lining of the
uterus, and that, after havineg passed entirely through the
mucous membrane, it develops further in the region of the
subepithelial connective tissue. The opening thus formed is
elosed by lymph exudation, and there results about the ovum
a so-called lymph space, showing that an exchange between
the ovam and the surrounding tissue exerts upon the latter
a eertain reaction. That the same process of centrifugal descent
of the ovam into its bed oeccurs in the human being is to be
expected, for the following reasons: 1. By analogy with the
above process. 2. In human beings there is no epithelium, nor
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are there any gland openings on the surface of the so-called
reflexa, facing the ovum. 3. The voungest human ova found
in the uterus show no prominence into the uterine eavity, which
would be the ease if they developed npon the decidua vera and
were surrounded by a decidua reflexa.

Ovum in the Earliest Stages.—[Ieters examined a growing
ovum supposedly three days old. The uterus was slightly en-
larged and soft. The deeidua at the fundus and on the poesterior
wall was 8 millimetres thiek; on the anterior, 5 millimetres. The
lining of the eervix was hyperemic. On the posterior wall was
a slight prominence, which proved to be the ovum, whose largest
diameter was found to be 1.6 millimetres. The ovum was em-

bedded in the compact part of the deeidua, which portion, as

Chranplation
e fiticin plog

Frg. 16 —Schamatic representation of a centrifugally embedded human ovim.
{(Peters.) The summit of the capsularis is closed by a fibrin plug.

before stated, showed only a slight prominence. The summit
of the ovum was not covered by a capsule, but showed a spot of
blood granulation.

Only in the immediate cireumference of the ovum was there
a clear division into ecompaecta and spongiosa. The nearer to
the ovum, the more frequently were free red and white blood
cells found between the cells of the stroma and in the plasma.
Nowhere was there an evidence of fatty changes in the super-
fieial layers. The mucosa was everywhere extremely vaseular.
The venous channels showed, superficially, often only a simple
canal of thin endothelium, without adventitia. The arteries pre-
served their adventitia up to the covering epithelium. The
nearer to the ovum, the greater was the vascularization. In this
case feeundation took place shortly before the expected men-
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strual period. The fact that this ovum had made its way into
the decidua, wherein it was firmly embedded, proves, analogous
to the observation of Spee, that an ovum can develop only on a
spot free of epithelium, and that, through reaction npon the sur-
rounding tissue, an ovum sinks into the decidua, and that this
reaction causes a dilatation of the surrounding lymph spaces,
with a resulting localized edema (Fig, 20).

In the edees of the groove in which the ovam was embedded.
and also deeper down, a more decided hemorrhagic edema took
place and minute blood extravasations foreed their way up to
the epithelium and lifted it off. The resulting coagulation. eon-
taining likewise the remains of these ecells, serves fo close the
apening and to cover the ovum (Fig. 16).

Capsularis.—In place of the old view of a reflexa growing np
and above the ovum supposedly situated on the epithelium
lining the uterus, a centrifugal descent of the ovam must be
taken for eranted. In v. Spee’s young ovum the eapsularis had
not yet united at the summit. TIn Leopold’s ease (ovum seven to
eieht days) union had alveady oceurred. In Peters’ case the
summit was closed hy fibrin. Leopold and almost all investi-
gators find the structure at this point atypiecal. The same
changes are found as Singer remarked in the organization of
hematoeele eapsules, i.c., fibrin, eonnective tissue, and capillaries.
Keibel, Kollman, and Reichert say that at the summit of the
eapsule union results in the formation of what may be called
a eieatrix, to which is eiven the name eicatrix of Reichert.

As proof of the ready and carly connection belween maternal
blood and fetal fissues, it may be mentioned that the tissne which
separates the eapillaries from the uterine epithelium beeomes
extremely thin in the deeidua menstrualis. The eapillaries
which run a twisted course between the glands of the spongy
layer extend up to the epithelium under the mucosa. In the
ecompacta or superficial layer they often possess only an endo-
thelial wall. When the ovum sinks into the deeidna the decidua
basalis presents in addition a huge dilatation of the capillaries.
The zone which surrounds the ovum is formed by the compacia.
As the ovum descends, gradually more compacta surrounds it,
forming the so-called enveloping zone.

The Enveloping Zone is the layer of the compacta immediately
about the ovum. It furnishes the blood supply to the growing
blastoeyst. Through its edematous infiltration it renders the
centrifugal descent of the ovum easy.



CHAPTER 1V,

THE EARLY DEVELOPMENT OF THE HUMAN
OVIUM.

The early cell division taking place in an ovum is a more or
less even inerease, which later gives way to a development along
specific lines in certain and well-distinguished areas, so that
larger or smaller cell complexes pass through varyving phases
leading ultimately to the production of embryonal and extra-
embryonal struetures.  Preliminary to this stage the cells of the
ovum, which lie loosely together in the earliest period of cell
division, beecome more closely united, so that an epithelinm is
formed. The epithelial membranes yesulting from this early cell

Fie. 17. Fra, 17d.

Frc. 17.—Scheme of ovam at stage of simple chorion ectoderm and entoderm.
Frg, 17a.—A, amnion. Scheme of ovom with formation of amnion from the
ectoderm.

division are called germinal layers (Fig. 17). It iz in them that
the various specific areas of development subsequently appear.
On the two germinal layers (eetoderm and entoderm) lining the
germinal vesiele or ovum and on the subsequent complexes of
these layers, two surfaces are to be distinguished: (1) An inner
surface or base facing the cavity of the ovum, and (2) an ex-
ternal or free surface. The various cells of a germinal layer
may 1nerease or advance in either direction. If the ecells ad-
vance from the basal side this constitutes an invagination; if
from the free surface, an outgrowth or papillation.

The germinal vesicle inereases in size through an inerease of
fluid in its centre, and is composed of two original boundary
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layers lyving together: an outer, the chorion ectoderm, and an
mner, lining the cavity, the entoderm. This combination is called
the germinal vesicle and probably represents the stage im-
mediately after embedding. At a certain point is an owval
area, the area embryonalis, in which appears an additional
very small cavity, the amniolic cavily, in the wall of which the
embiyo first appears., The exact mode of this produetion cannot
he positively stated, but it follows one or two closely allied forms.
It may be formed through an invagination of the ectoderm (Fig.
17a), the folds in the area of invagination lying close together
and uniting quickly, thus leaving within the ectoderm a small
enclosed eavity. The very smallest amniotie cavities (flying-dog,
guinea-pig) are formed by a solid group of cells passing out from
the ectoderm and finally becoming separated from it. In the

Germinal plate

Frg. 17h LG, 17

Fi1G, 1Th—0vum with ectodermal amnion separated from the chorion ecto-
derm. A, amnion.

Fig, 17c.—0vum with ectoderm, entoderm, amnion, germinal plate, but no
mesoderm. (Schematic. )

eentre of this solid group the subsequent amniotie cavity de-
velops (Fig, 170).

The early amniotic eavity of the human ovum is extremely
small. In no animals where an amniotic eavity is formed
throngh the produetion of refleeted and approaching germinal
folds does such a small amniotie cavity result. Therefore the
amniotie eavity of the human ovam follows either of the tweo
aforementioned processes. By either of these two methods, then,
an amniotic eavity passes out from the ectoderm and pushes the
entoderm toward the central space of the germinal vesicle. (It
18 possible that the amnion develops in the embryonal sphere of
Fig. 13. We know little about the origin of the entodermal
space, and it is deseribed as the lining of the germinal vesicle,
althongh it is possible that it develops in a manner resembling
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the amniotic cavity.) In the human ovum, in all probability,
the early stage consists of small eetodermal amniotie ecavity
sunk into a depression in the closed yolk vesiele lined with
entoderm, these being surrounded by the single layered ecto-
blast vesicle, the later chorionie ectoderm (Fig. 17¢). At this
stage no mesoderm is present,

On a portion of the ectodermal lining of the amniotie eavity
appears an area, the primitive streak. The cells about it become
differentiated into the eetodermal germinal plate (the future
embryo). In the primitive streak is a furrow—the primilive
jurrait—which lies, therefore, in the middle of the later germinal
plate. By a growth of eells of the germinal plate on either side

tierninal plate

Ferminal plate

Fig. 15, F1G. 15aq.

Fis. 18.—0vum showing the beginning of a mesodermal growth at the caudal
end of the germinal plate.  (Schematie. )
Fis. 18a—0Ovum with completed growth of mesoderm. (Schematic.)

and over the primitive furrow (primitive medullary plates) a
canal results—the medullary canal (Fig. 30a).

There begins, with the appearance of the amniotic cavity and
the differentiation of a portion of its lining into the ectodermai
germinal plate, the development of mesoderm at the caudal end
of the latter (Fig. 18). This growth of mesoderm begins close
to the inner surface of the chorion ectoderm and forms (1) =
thick mesodermal mass, the caudal knot of the primitive streak,
extending about the eaudal side of the amnion up to the chorion
(Fig. 18); (2) thin mesodermal layers which grow between the
chorion ectoderm and the ectodermal amniotie cavity, and the
entodermal yolk wvesiele.
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In the sechematie drawings the entodermal yolk vesicle has been
drawn large to make the relations clear. Whatever its size may
have been at the beginning, and whether it originates as a very
small vesicle in an embryonal nodule or not, it is certain that on
growth of the mesoderm the amniotic and yolk eavities are
found in the embryonal area of the ovum and take up a rela-
tively small portion of it

Ohorio
cotodern Mesadern

Amnion

Al csoderi

EBeginning mesodermal slit

Endoderm Entodern

Fig. 19.—A part of the periphery of the ovam of Peters, showing actual con-
ditions pictured schematically In Fig. 182. Yolk sae is very small compared
with Fig. 18z, and naturally the amount of mesoderm below the germinal plate
and the volk sac is much larger than in Fig. 15¢. Fig. 19 is the E.F. of Fig. 20,

The ectoderm of the ovum develops hugely, forming the
chorionic ectodermal cover or trophoblast.

This stage is well represented in the embryonal formation of
Peters (Fig. 19). The ovum is surrounded by chorion ectoblast
formation. Cells are more plentiful in the mesoderm near the
chorion, but the mesoderm is thick only in the region of the
embryonal formation. The internal part of the oval eavity is
poor in cells, between which is a weakly staining, fibred, granular
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mass. The embryonal formation consists of two small epithelial
cavities, the ectodermal amniotic and the entoderm yolk wves-
icle surrounded by mesoderm and embedded in a thickening
of the mesoblast near the chorion. The amniotic cavity is en-
tively closed. Tts wall is differentiated into the very thin amni-
otic membrane and into the germinal plate, composed of high
evlindrical cells. Between these and the entoderm cells of the
yolk, the future umbilical vesicle, is a layer of mesoderm cells,
whieh are separated from the ectoblast area of the amnion by a
membrana prima which always develops at the border between
ectoderm and mesoderm.
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DIVISION INTO EMBRYONAL AND EXTRA-EMBRYONAL AREAS,

Throngh the appearance of a slit in the entire cirenmference
of the mesoderm beginning at the eaudal end of the germinal
plate, but not dividing the dense mass of mesoderm at the candal
end, the amnion with its germinal plate and the future umbilical
vesiele are separated from the chorion ectoderm up to the dense
mass of mesoderm, which then eonstitutes the point of union be-
tween the embryonal formation and the chorion ectoderm. This

(Gerneinal plate

dherent band

Eetra embryponal
LLE g R

Fic, 194 —O0vam, Fig. 18, after the development of the mesodermal perl-
embryonal slit.  (Schematic.) The adherent band of mesoderm connects the
embryonal and extra-embryonal divizions,

point of union contains the adherent band (future abdominal
pedicle) and the caundal knot of the primitive streak (Fig. 19a).

The amnion and embryo develop from a small area in the
germinal eovering, and with the umbilical vesicle are separated
from the EXTRA-EMBRYONAL AREA of the ovum, with which they
are connected throngh the adherent band of mesoderm alone.
The embryo develops from a portion of the eciodermal lining of
the amnion,

The cxtra-embryonal area of the ovum forms the trophoblasi,
villi, the chorionic membrane, and the placenta.



CHAPTER V.
THE TROPHOBLAST IN THE OVA OF ANIMALS.

THE EARLIEST DEVELOPMENT OF THE ECTODERMAL EXTRA-EMBRYONAL
AREA OF ANIMAL OVA.

Ix discussing the histology of gestation it is important to note
that in this field, as well as in that of embryology, many of
the most important and valuable points have been learned
through the study of like processes in animals. The results
obtained in investigations in the latter have been applied more
or less closely to the various developmental changes in the
human being. Though ofttimes erroneously applied, they have
been the source throngh which many vexed questions have been
settled. More recent investigations, however, prove that it is
not so much the erroneous applications of the results gained in
the study of animals as it 1s errors made in these observations
which have so long delayved a satisfactory conelusion conecerning
the various proeesses involved in human placentation. It is
necessary, for that reason, to consider first the more recent
studies coneerning animal placentation, as reviewed by Strahl.

Marchand examined the placents® of rabbits gravid from eight
to sixteen days. In the earliest specimens he finds on the ovum
a growth of ectoderm elements consisting of two layers: (1) a
deeper layer of separated cells and (2) a superficial plasmodial.
Sinee the latter is still covered in part by the zona, it is neees-
sarily of fetal origin. In addition he observes {ransitions from
the cell layer of the ecloderm inlo the plasmodial. The deeper
cells become larger and are arranged in groups. Their eell boun-
daries disappear, and, through a union of these cells, a plasmodial
layver is formed, covering the deeper ectoderm, but, as a rule,
distinetly outlined from it. This eetodermal plasmodium unites
with the syneytially-changed uterine epithelinum, forming the
first connection between the ovum and the uterine wall. In the
placenta of nine to ten days Marchand finds blood (1) in the
maternal vessels possessing an endothelial lining and (2) in ecto-
dermal spaces in the cell layer. Into these spaces, which pos-
<reg no endothelinm, the blood from the maternal vessels enters.
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In the placenta of eleven days few of these unlined ectodermal
spaces containing blood remain. Most of them are now lined
with a eontinuous layer of elements rich in protoplasm, which
Marchand considers originate from the maternal vessel endo-
thelinm ( ), which has undergone a ‘‘syneytial ehange.”

Maximow, in his investigations on rabbit placentz, denies, in
contrast to Marchand, the existence of a fetal ectodermal plas-
modium as early as the eighth day. He believes that, when the
ovum attaches itself to the uterine wall, the ectoderm consists
of only separated cells, which come in contact with the epithelium
of the wterus and cause it o degenerate. When the eetoderm,
after disappearance of the uterine epithelium, reaches the ma-
ternal vessels, the glyvecogen-containing cells of the uterine con-
nective tissue change to large polynuclear structures. In these
cells he finds elements resembling red blood ecells in form and
eolor. Only later, when the ectoderm enters into the decidua,
does it divide into two layers: (1) one with cell boundaries, the
eytoblast, and (2) one without cell boundaries, the plasmodi-
blast. The latter is found enly where the villi come in eontact
with the glycogen-containing cells, at the walls of the maternal
vesgels, It 1s not found where the villi grow info the eonnective
tissue between the vessels. From the tenth day on, spaces filled
with maternal bleod are found in the fetal plasmodium and
there develops an ecto-placenta, inle whose cctodermal villous
formations the mesodermal elements bringing the allantfoic ves-
sels enter.

Opitz finds in the rabbit a double ectodermal layer during the
process of attachment of the ovam in the uterine wall: (1) an
internal layer formed of separated cells, and (2) an external
plasmodial layer. The latter causes the wterine syncylium to
disappear and aids the attachment of the ovum to the uterine
wall freed of epithelium. In the plasmodinm spaces oceur into
which maternal blood empties from the eroded maternal vessels.
From the ovam, ectodermal eell groups enter into this eectodermal
plasmodium, are vascularized, and later become also plasmodial,

Those syneytial eells which Marchand eonsidersas resulting from
maternal endothelium, Maximow, however, views as ectodermal
plasmodinm when found in the fetal portion of the vessels, but
considers them in the maternal portion to be endothelial. Opitz
considers these cells to be entirely of cctodermal origin. It is
to be noted that Maximow and Opitz mention the destruction of
the nterine epithelium. TLater fetal mesoderm with the allantoie
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vessels enters into the placenta and on its external surface the
remnants of the ectoderm are found as flat covering cells. The
epithelium of the uterus plays no part in the development of
the placenta, but forms a syncyfium which is absorbed by the
ectoderm cells.

In Tarsius, Hubrecht finds that the uterine wall, through a
change of the eonnective fissue, forms a trophospongia, between
which the glands degencrate. On the growth of the embryonal
ectoderm or trophoblast, a mixture of trophoblast and tropho-
spongia oceurs, with a decided inerease in the volume of this
early placental formation. Then the development of the meso-
dermal wvillous elements takes place, and the mesoderm villi
surround themselves with a trophoblast covering. Between the
trophoblast cells lacun® form, into which maternal blood passes.
Finally, the trophospongia becomes a thin layer which represents
the boundary toward the deeper maternal tissue.

In Tupaja, when the ovum rests upon the uterine wall ufs
ectoderm causes the uterine epithelivm to disappear. The tro-
phoblast grows decidedly, with the formation of giant cells, and
oecasionally forms a eombined layer with the uterine epithelium
in which maternal and embryvonal nuelei lie in a common plas-
modinm. The maternal portions degenerate, but the ectodermal
tissue is divided into (1) a deeper layer, the eytotrophoblast, and

(2) a superficial syneytial layer, the plasmoditrophoblast, which
constitutes only a temporary differentiation. In the uterine wall,
in the meantime, the connective-tissue trophospongia is formed;
the border between ectoderm and maternal connective tissue dis-
appears, for these tissues infiltrate each other. In this resulting
union the trophospongia is overcome by the trophoblast and the
maternal blood passes from the maternal capillaries into the em-
bryonal trophoblast spaces. The mesodermal fetal eells then
enter with the allantoie vessels and receive on their external sur-
face a covering of trophoblast.

Although various investigations have shown that the 1.'311;111{:113
in the development of the placenta in different animals are quite
unexpected, and that among the individual mammalia, even
when elosely related, decided differences are found, yet the
trend 18 more toward the view that, as a rule, the syneytinm
originates from fetal ectoderm. According to Strahl and Se-
lenka, in quite a group of placents the uterine epithelium plays
no unimportant role. On the other hand, Friankel, as a result
of extensive investigations, eomes to the conclusion that the
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higher the organization of the placenta and the more firm the
conncetion befween maternal and felal tissues, so much the
less is the maternal epithelium preserved.

He finds that in the rodents and in the inseetivore, whose pla-
centae, of all the animals he examined, stand nearest to the human
placenta, the wterine epithelium ceases at the border of the
placenta. Only in the pig does it remain. In the cow and
sheep the epithelium in the cotyledo shows a tendeney to de-
eeneration. In the eat, rabbit, squirrel, guinea-pig, rat, mouse,
and mole the uterine epithelinm takes no part in the formation
of the placenta. A so-called syneytial formation, however, he
finds to oecur in the most varying tissues. The higher in the
animal plane the animal stands, the more does the chorionic epi-
theliwm grow tuto the maternal connective lissue robbed of ils
epithelivm.,

(Opitz finds that in the gninea-pig the foundation for the
placenta is the fetal ectodermal plasmodium vascularized by
maternal vessels. The placenta: of the rabbit, the gminea-pig,
and the human being agree in that earlier or later the ectodermal
surface of the ovum comes in contact with the connective tissue
of the uterine mucosa. Finally, between maternal blood and the
fetal vessels found in the mesoderm of the villi only one layer
of the eetodermal synevtinm is left. The apparently great dif-
ferences are fo be explained by the faet that in the rabbit and
guinea-pig the projections of ectoderm and mesoderm (the villi)
eome into nunion with each other, while in the human being they
are always separated.



CHAPTER VL
THE TROPHOBLAST OF THE HUMAN OVUM.

THE EARLY DEVELOFMENT OF THE ECTODERMAL EXTRA-EMBRYONAL
AREA.

Trophoblast.—The outer layer of the ovum consists of tropha-
blast. It is a product of the ectoderm and from it develop the
future syneytium and, according to most authors, the ecells of
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FiG. 20.—Low-power drawing of the trophoblast. enveloping zone, ete., of an
ovum three davs old. in transverse section. (DPeters.) Syp., syncytinm; F.F.,
plug of fibrin at the summit of the capsularis; BLL., blood lacuns; Tr., tropho-
blast ; M., megoderm; Cap., capillaries; &I, glands; E.Z., enveloping zone;
E.F.. embryo formation; Comp., compacta; I.F., uterine epithelivm ; i, =land.

Langhans. The ‘‘trophoblast,”” according to Hubrecht, ““is the
epiblast of the blastocyst, as far as it has a direct nutritive sig-
nificance as indieated by proliferating proecesses, by immediate
contact with maternal tissues, maternal blood, or seereted ma-
terial.”” It consists of small and large cells of various forms.

Shortly after the ovum deseends into the mucosa a conneection
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between the trophoblast and the maternal blood takes place. As
all the ecapillaries near the trophoblast consist of endothelium
and evidence many blood sinuses, the trophoblast is infiltrated
with blood lacung which are separated from each other by
these trophoblast cell groups. As a result of the growth of these
cells, of congestion and of pressure, the blood takes its exit
from the capillaries and bathes the cells. The lacuns, then,
represent a united system fed by peripheral capillaries and are
separated externally from the decidua by a thin layer of ecto-
dermal trophoblast cells, but the frophoblast af various points
may extend much further into the compacta.

The ectoblast cells are of varying form: 1. Cubiecal, with large,
strongly stained round or oval nueleus containing granules and

. Fig. 21.—8ection through the central portion of the trophoblast layer., The
trophoblast (¥r.) is covered with syneytiom (Sp.) at all points in contact with
the blood Tacunce (BI1L.). ERt., ectoderm. (Peters.)

nucleolus. 2. These become changed. The nucleus becomes
pale and swollen. Vacuoles appear in the eells and strongly
stained fragments of the nuecleus are evident. The cells are
irregular in form. 3. The nuclei are larger, especially in the
external layers, and more swollen. The chromatin network is
irregular and dark lumps appear in the nueleus. The nueclei
are of various forms, oval. spindle-shaped, and eontain vaenoles.
4. Swollen groups of nuclei in degeneration are found. These
nuclei eontain one or more nueleoli. 5. The protoplasm of these
cells unites, forming protoplasmic masses in the shape of bands
or irregular eroups with extensions.
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From the simple cubical eclls of the central layer of the tro-
plioblast we find, in going toward the periphery, gradual changes
from 1 to 5. The trophoblast cells grow through direet cell
division. These changes represent the results of the corrosive
action of the blood on these eells, whereby the future syneytinm
ig formed. The syneytinm then lines the lacuns (Fig. 22). The
endothelinum of the lacun® and of the capillaries degenerates
wherever it is not lined by syneytium. The syneytimm is found
also under the endothelinm of the most peripheral trophoblast
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Fic, 22.—A eapillavy (Cage ) in the sevotinal portion of the trophoblast in-
filtrated with blood lacunm (BILEL.). The peripheral wall of the capillary is
preserved and forms the serotinal wall of the intervillous space at this polnt.
The eapillary at many points communieates with the lacunsm (BLL.). In the
capillary iz 4 large mass of syneytivm (Sy.) contgining ehanged trophoblast
nuelei (a) and red blood cells (b). At ¢ changes in the trophoblast nuclel are
avident, (Peters.) Tr., trophoblast; EEf., ectoderm; M., mesoderm ; €.0., cen-
tral cavity of ovom : p.En., peripheral endothelinm.

masses, and proves that the endothelium plays no part in the
formation of the syncytivm.

It is to be noted that the opening of the maternal vessels occurs
at this early stage, before villi are formed. The endothelinm
of the capillaries decenerates and the blood malkes its exit from
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the capillaries. It ought to coagulate, but does not. It cireun-
lates against the fetal cells, which have the power to prevent
coagulation, and yet the blood exerts a deleterions influence on
these cells. Thus the resulting syneytium lines the lacunme, pre-
vents eoagulation in this primary intervillous spaee and later
about the villi, separating the blood at all times from the ecells of
the chorionie eentre. Free syneytial cells are present, even in
the vessels of the periphery in the compacta. At later periods
they are found free in the veins and arteries. It is thus seen
that the cells of the trophoblast of the ovum enfer the veins at an
early period.

The Primary Intervillous Space is intravaseular and is hounid-
ed by maternal and fetal struetures. That the developed inter-

LY.

Fra. 24, —Change of trophoblast to syneytiom (Sp)  The syneytially changed
trophoblast iz infiltrated with numerous vacuoles (vac.). o, red blood cells of
the capillary in which this syncytial mass was floating attached by a pedicle
(p). (Peters.)

villous space contains free blood has been granted by Virchow,
Killiker, Langhans, Waldeyer, ete. The drawings of Peters
indieate a slowing and probable stagnation of the blood current.
The maternal endothelium on the side toward the compacta is
at first intact and forms the serotinal wall of the space (Fig. 22).
In it arve found isolated eells and groups of trophoblast. Tropho-
blast cells are also present on the serotinal wall, so that this wall
consists of trophoblast, maternal endothelium, and decidual tis-
sue. Later the endothelium of the serotinal side is found only in
the areas eorresponding to the openings of the maternal vessels.
Where the trophoblast cells extend into the enveloping zone in
The form of bands, uniting with each other in a network, it is
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often diffieult to distinguish between maternal and fetal cells.
Merttens says the same. Thus the earliest ectoderm cells enter
actively info the maternal tissues.

The primary intervillous space is formed through the gradual
consumption of the trophoblast. Through its growth more and
more layvers of the ecompacta are included in the enveloping zone,
until the corrosive action of the blood has furnished the wvillous
mantle of the ovam. 1. The trophoblast is reduced to a single
layer. 2. The union of the lacuns at first separated by large
trophoblast eell masses takes place. The origin and growth of
the intervillous space thus goes hand in hand with the various
steps leading to the formation of villi. In the ovum of Peters
no villi are yet present. The inner surface of the trophoblast
shows irregular, finger-like depressions into which mesoderm is
beginning to enter. The lacun® have enlarged and the cell

FrG. 24.—Schematie reprezentation of the earliest stage of the development of
the placenta. (Peters.) Af., mesoderm ; 7., trophoblast; Bl.L., blood lacunge;
Sy., syncytiom ; B, endotheliom ; Cap, capillary ; E.2., enveloping zone; Sp.,
Bpongiosa.

masses between them have become smaller. Through the entrance
of the growing mesoderm into these divided cell masses, which
are finally redueced by the blood to the syneytial layer, villi are
formed and the primary intervillous space becomes larger. The
primary enveloping zone becomes the subsequent intervillous
space.

The maternal endothelinm breaks down and is found floating
in the lacuns. It is never seen in a proliferating stage. Syn-
eytium is found under it. It is impossible for the endothelium
to fill out all the spaces of the trophoblast, and, if it did do so,
we ought to see it somewhere in the process of growth. On the
contrary, it is always seen to degenerate. Therefore the syn-
eytivm does not oviginate from maternal endothelium.
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The syneytium is found over the surface of the ovum, in the
trophoblast, in the lacung, toward the enveloping zone, and also
in the periphery of the eetodermal trophoblast. At the summit
of the ovum syneytium is also present. In numerous points the
direet transition from trophoblast cells to syncytium is distinetly
seen. Therefore it does not originate from the wlerine epithe-
Liaemi.

The glands in the decidua about the ovum become filled with
blood. They are pushed aside by the growing ovum and are
broken into by the trophoblast and syneytium. Their epithe-
lium degenerates and disappears. The uferine epithelivm plays
nwo pait in the formation of the syncytivm.

The syneytium consists of a shining, granular protoplasm con-
taining numerous nuclei. The nuclei are round, oval, or flat-
tened. There are also vacuoles in the protoplasm, which make
the latter appear like septa in which are flat and half-moon-
shaped nuelei (Fig, 23).

Van Siegenbeck finds syneytial giant cells especially near the
union between maternal and fetal tissues, in and about the
lagun®, between the ectoblast and the compaeta, covering the
free compacta, about the maternal ecapillaries, and even more
externally in the vessels. He finds a gradual transition from
trophoblast to syneytium. In one place he observed a synecy-
tial giant cell between the mesoblast, and the ectoblast of the
fetal sae, which he considers as a proof of the ability of these
cells to wander into surrounding tissues.

The processes, so far, are well represented in the schematie
drawing, Fig, 24,

Merttens found in the particles obtained by euretting sixteen
dayvs after the last menstruation a few sections of an ovum with
the enveloping deeidua. He describes (1) the chorion and the
villi; on the latter are cell groups, and between them are found
spaces constituting the intervillous space; (2) the spongiosa,
containing numerous glands, and (3) the compacta, a pale zone
lying between 1 and 2, and containing large pale ecells between
which are numerous darkly-stained nueclei.

In the compaecta he finds large cells and large spaces. Be-
tween the large eells syneytial masses are irregularly distributed.
The eell spaces are round, long, or irregular, and often empty
into the intervillous space. They contain blood and are all lined
with syneytial masses, which at some points are very thin, and
at other points quite thick. Where these spaces empty into the
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intervillous space the syneytial masses continue inte the syn-
evtium of the villi. Merttens does not know whether these spaces
arve glands, vessels, or lymph spaces. Tley are possibly, however,
the lacune of Hubrecht and Pelers.

The epithelia of the glands are like beaker cells, and on their
free tips is a half-moon of glyeogen. The glands evidence papil-
lary projections (comparve Fig. 146 ). Merttens believes that the
syneytium results through a change of the surface and gland
epithelinm (7). In his Fig. 8§ Merttens represents, in the upper
portion, the epithelium of such a gland, and the lower half repre-
sents syneytial masses. He believes that the latter results from
these epithelial eells, which lose their eylindrieal form and unite.
From his deseription and his drawings it is neither clear nor
probable that the epithelinm goes over into these syneytial masses.
Besides, this area is taken from decidua particles not conneected
with the ovum, and at no point can he find the epithelium of th-
elands eontributing in any way to the syneytium of the chorion.

On the contrary, this ovum is at the stage where the tropho-
hlast is almost consumed by the growth of the intervillous space,
and the eell groups at the end of the villi, which Merttens calls
points of union between the villi and the decidua, are really
the remains of the trophoblast (Fig. 31).



CHAPTER VII.
THE FURTHER DEVELOPMENT OF THE HUMAN OVTIM.
THE EARLY DEVELOPMENT OF THE EMBRYONAL AREA.

1. The ovum v. H., deseribed by Spee, was thrown off after five
weeks menopause. The ovum contains an oval germinal plate
entively in the stage of the primilive streak and situated in the
wall of the amniotie eavity. The entire embryonal formation is
(.4 millimetre long. The greatest diameter of the ovum in-
eluding the villi is 514 to 7 millimetres. Under the ehorion was
found a thin layer of connective tissue poor in eells and bounding
direetly the mesodermal slit. From this layver the chorion could
be lifted off. The inner part of the ovum contained a bubble of
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Frg., 25.—0vum ¢ H. (Spee), showing embryonal and extra-embryonal areas.
The extra-embryonal villi and membrana chorii are connected with the embryonal
formation by the adherent band of mesoderm.

air and a non-celled fibred coagulation substanee in which, on the
serotinal side, was seen the embryonal formation, which in-
cluded the amniotie eavity with the germinal plate and the
umbilieal vesicle (Fig, 25),

The primitive streak region is small, and yet the development
of mesoderm within the chorion, in the abdominal pedicle and
about the amniotie cavity and about the mmbilical vesicle, 1s so
oreat that considerable time must have been needed for its de-
velopment. At the time when the mesoderm began to develop,
the ovum was probably of a diameter of 0.5 millimetre. At the
first beginning of the mesoderm slit the ovum was probably of a
diameter of 1 millimetre. :

The embryonal formation is a long, thick projection conneeted
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at one end with the inner side of the ¢horion, but otherwise pro-
jecting free into the cavity of the vesicle, that is, the periem-
bryonal mesoderm slit (Fig, 25). A superficial transverse fur-
row divides it into two elliptical parts. The larger is at the free
end and contains the entoderm vesicle. The smaller part eon-
tains the ammiotic cavity lined with ectoderm and consists, in

Fic. 26.—Longitudinal section through Fig. 25, ovum v H. of Spee, V., the
futnre nmbilical vesicle. The adherent band of mesoderm connects the embryonal
formation with the extra-embryronal membrana chorii.

addition, of the compact band of mesoderm which covers three-
fourths of the amnion. from the mesodermal covering of the
entoderm vesicle up to the chorion (Fig. 26). This compact band
1s the adherent pedicle and eorresponds to the caudal end of the
primitive streak. The entoderm vesicle sends a blind duet, lined
with entoderm, into the adherent pediele. The entoderm vesicle

Germinal plate

Altantaie
dlred

I'16. 27.—Fiz. 26 enlarged, showing actual conditions in the ovum .0, pie-
tured schematically in Fig, 19 .V, the future nmbilical vesicle; ENT., ento.
derm ; MES., mesoderm,
lined with a single row of eubieal cells, and eovered with meso-
derm, is the wmbilical vesicle, The amniotic cavity is lined
with ectoderm and is likewise covered with mesoderm. The
single layer of flat eells lining the amniotie cavity begins to
thieken at a eertain point; the cells become high eylindrieal and
constitute the germinal plate. That part of the ectoderm of the
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amniotic cavity lying cn the umbilical vesicle enters, then, into
the formation of this thick germinal plate. The mesoderm which
covers the nmbilical vesicle and the amnion unites in the narrow
zone which separates the two. Here where the walls of the wm-
bilical wvesicle and amnion run pavallel, the germinal plate is
found on the inner surface of the amniotic cavity. From the
caudal knot up to the chorion extends the adherent pedicle, the
future abdominal pedicle, and here the mesoderm lining the
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Fiz. 28 —Transverse =ection through germinal plate of Plgs. 26 and 27
[Epee. )

chorion and that found in the embryonal formation unite (Figs
26, 27).

Posterior to the candal knot of the germinal plate, the um-
hilical vesicle sends a prolongation, the allantoie duet, into the
abdominal pedicle, which duet is separated from the eandal side
of the ammnion by mesoderm. It is relatively long and probably
formed early. It is through the adhervent band of mesoderm that
the vessels of the fetus pass to the chorionic membrane and inio
the villi.

The eaudal knot of the primitive streak region forms the ab-
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dominal pedicle. The germinal plate is only a portion of the
completed primitive streak region. There is as yet no differ-
entiation into medullary plates or chorda. The germinal plate
was its dorsal surface toward the point of union of the abdominal

GGerminal plate

7. showing ventral curve due to growith in lenzth

Fre, 29.—Change from Fig. 2
of germinal plate.  (Schematle. ) M, mesoderm,
pedicle to the chorion and its long axis runs radially to the
chorion. Tt iz of oval form and has a median furrow on its
dorsal surface. Its dorsal surface follows, in addition. the eurve
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Froe, 209g—Stage of still forther growth of cephalic snd of germinal plate.
Embryo Gle of Spee.

of the amniotie cavity and is therefore conecave. Its dorsal fur-
row lies in the same plane as the lnmen of the allantoic duet, and
its eaudal portion is at right angles to the duet. It consists of
high eylindrical eells, highest at the middle (Fig. 28). Laterally
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it extends on into the amniotie lining. Laterally, eetoderm and
mesoderm are separated by a membrana prima, whieh is always
present between parallel layers of mesoderm and eetoderm. In
the median line, however, is a fibred, eranular substance, and
here possibly a conneetion between ectoderm and mesoderm ex-
isted. A characteristic connection at the region of the primitive
streak is present in mammalia and in older human embryos.
There is probably no conneetion between mesoderm aml ento-
derm, and in the next embryo there is no layer continuity he-

Canalis newirentericns

Fotoadermn

P Nantoie duct

el i
Jrrcieetion

flooed ixlonds

Frg, 206 —Fmbrye Glc of Spee. 4. amnlon cavity, X, Dbetween ecto
derm and entoderm mesoderm comes.  All antervior to the canalis nenrentericis
is new as compared with embreyvo g 0., Fig, 27,

tween mesoderm and entoderm  posterior to the eanalis nen-
renferieus.

It is to be noted that in Fig. 27 the germinal plate has a
dorsal enrve. The next stage is represented by a ventral eurve
(Fiz, 29). As a result of this (1) the mesoderm between the
germinal plate and the entodermal vesicle, and (2) (hat part of
the enfadermal vesicle lying pavallel to the germinal plate be-
come tncluded tn the ventrum of the curved gevminal plate and
form the mesoderm and entoderm of the fefws, The aectual
chanee is seen in Fie. 29 g and b.
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2. The next older embryo ( ¢le ) shows that the new growth con-
cerns the addition of new elements to the germinal plale, plus an
imerease in the size of the amniotie eavity andthe umbilical vesicle
(Fig. 29b). The primitive streak region-in v. I, has erown a lit-
tle, but keeps its position approximately. The mesoderm of the
abdominal pedicle, the allantoie duet, and the candal part of the
primitive streak region remain about the same. [In their growth
a pause ensued, whieh panse eontinues until the embryo has seven
primary vertebre. Therefore the added growih concerns the
crantal end of the germinal plate, while the caudal end remains a
fixed point. The anterior part of the germinal plate has grown
to four times the size of that in v. H., with the result that it ex-
tends almost at right angles to the original germinal plate, be-
cause the caudal end remained a fixed point and thus cansed a
transposition of the eranial area of the germinal plate. Thus
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Fira. 30.—The three layers of a human embryo, still withont primary ver-
tebme.  Transverse section. (Keibel.) Showing growth of lateral walls. which
thns enclose the entoderm within them.

the umbilieal vesicle and amniotie cavity are pushed away from
their position near the chorion into the deeper part of the meso-
dermal slit. A confinuation of this process causes the embiryo
ceenfually to lie with its ventral surface turned teward the point
of adhesion of the abdominal pedicle. At the same time the
umhilical vesiele has grown, too, so that the embryonal formation
of Gl¢ has added a growth almost as large as v, H. itself. In
. H. all those areas of the germinal plate arve absent which in Gle
turn their dorsal side to the chorion, that is, all crantal fo a line
diawen transversely through the eanalis newrentericus (Fig, 296 ),

The germinal plate, as a result of the rapid growth of the
medullary plates, grows at right angles to the long axis of the
primitive streak region of v. Ff. The primitive furrow has an
S shape on the dorsal surface. The eranial end of the chorda
formation bends ventrieally and ends together with the anterior
end of the medullary plate. Anterior to the canalis neurenteri-
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eus the chorda entoderm and the medullary plate lie elose to-
gether. At the anterior boundary of the canalis neurenterieus

Ectoderm ==5imres e Meditllary  canal

Parictal mesoderm = Y B T Intestine

M . Celom

Vigceral mesmderne

Hutoderne . _ Umb.vesicie

Fira. 30g.—The forming of the intestine. Schematic, { Kollmann. ) The
mesoderm s divided into a pavietal and a visceral layver. The celom, or space
between these layers, i= the future peritonenm. Intestine and umbilical vesicle
are connected by a narrow duet.

the ectoderm bends into the area of the chorda entoderm and the
latter possesses elements of the ectoderm.
With the continuned growth of the eephalie end and the conse-
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Fig. 30b—Human embryo, 2-4 millimetres long, with heart and abdominal
vesicle removed and umbilical pediele cut.  (After His.) Showing connection be
tween intestine and nmbilical vesicle.

quently decided ventral eurve of the embryo, as well as through
the growth of the lateral walls, a portion of the entodermal sae
lies within the embryo. The ectodermal germinal plate has
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on its ventral surface then a strip of mesoderm and upon this
mesoderm a part of the very entoderm which lines the entodermal
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Fio, S0 —Caudal end of cmbryo, 3 mm. long. Reconztruction. (Keibel ) 0,
cloaca ; Md.. medullavy canal : Sefie.. tall; Sele, DL, candal intestine. Showling
relation of allanteic duet o the cloaca.

sbdominal vesiele (Fig. 30). Anterior to the canalis neuren-

tericns is found most of the embryo and the medullary furrow
and plates. The embryo consists here of three layers.

Alterstaie
fTETTa

o

Fic. S0d.—Fmbryo 206, with decided ventral curve, has turned so that the ab
dominal surface faces the adbervent band. X, omphalo-enteric duct, The heavy
black line abont A, paszing off from either end of the embryo, Is the amnion. fat.,
intestine. Umb. ves, nmbilical vesicle.  (#Schematic. )

The embryoe now hag 102
venptral surface turned toward the abdominal pedicle.

Posterior to the canalis neurentericus is the original primitive

furrow with the primitive lateral plates. The embryo here eon-
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sists, too, of three layers. The mesoderm of the posterior part goes
aver into the adherent mesodermal band, the future abdominal
pedicle. At the anterior and posterior ends the ectodermal layer
of the embryvo goes over into the single-lavered amunion.

The original cephalic and eaudal ends of the embryo (the
points where ectodermal germinal plate goes over into single-
layered amnion) develop decided ventral enrves. So do the lat-
eral walls or sides of the germinal plate. As a result, the ab-
dominal vesicle beecomes eomstricted more and more, and the wide
connection of the abdominal vesiele with the entodermal area of
the embryo is narrowed so that a constantly narrower portion con-
nects the abdominal vesicle with the interior of the embryo (Fig.
30a). The portion ¢n the embryo, the entoderm of the embryo,
forms the intestine and the clogce (Fig. 30 a and . The eloaca 1s

'! o .
Iesicle Meduliary plates

Nenrentoric candal
Petmitice furrow

Coawde or tail

Clogeal e lrane

Fra, d0e—External seheme of embryonal formation, candal end, with amnion
removed, showing relative sitnation of parts. A combination of Figs., 205 and
S0e.  (Waldeyer. )

a sac into which intestine and allantoie duet enter (Fig. 30c¢).
As a result the abdominal vesicle is eonnected with the intestine
by what has become a narrow duet, the omphalo-enteric duet,
while the allantoie duet sifwated in the adherent bund enters the
cloaca (Fig. 30d). It may be said, for the sake of a readier un-
derstanding, that the cloacal portion of the entoderm sends a
prolongation, the allantoie duet, into the adherent band. (On
the numbilieal vesicle develop vessels, the omphalo-mesenterie ves-
sels, which enter the mesentery of the intestines, while the om-
phalo-enterie duct enters the intestine near the future cecum.)
Later the eloaca becomes divided into a posterior part continuous
with the intestine, the rectum, and an anterior part, or bladder,
continuous with the allantoie duet, the fufure wrachus.

. B



CHAPTER VIIIL

THE CHORIONIC VILLI.
EARLY DEVELOPMENT,

The ectodermal cover of the ovum has the name chorion-ecto-
derm to distinguish it from the ectoderm in the amniotic cavity,
a part of which takes part in the embryonal formation.

This ectodermal cover evidences a great growth of cells in the
entire circumference of the ovam, forming what is ealled the
TrOPHOBLAST. These trophoblast cells invade the decidual com-
pacta. The ecapillaries of the compaeta dilate into lacune or
wide spaces. The blood breaks through the lacuna and now,
AT THIS EARLY TIME, maternal BLoOD comes in contact with fetal
ectodermal trophoblast eells. The maternal blood when it eomes
into contaet with the trophoblast cells changes them to large poly-
nuclear cells, consisting of the protoplasm of several cells in
which the trophoblast nuclei of these cells form a polynuclear
group. Such groups and likewise large mononuelear cells result
from the action of the blood on the trophoblast. Such resulting
cells are ecalled syncytial cells, mononueclear or polynuclear.
They line, too, the lacun® in the cirenmference of the tropho-
blast.

The trophoblast eells are eonstantly spreading in the periphery
of the ovum, entering further and further into the deeidua.
Thev have a destructive action on the decidual eells; they reach
capillaries and vessels and enter the latter. Wherever they open
lacunge or vessels the outpoured blood changes the trophoblast
cells with which it eomes in contact into syneytium. As a result
the trophoblast is divided and subdivided into small islands eon-
sisting of groups and masses of trophoblast eells. The cells on
the outside of these groups are changed by blood to syneytinm.
Such groups of trophoblast cells surrounded by syneytinm are
the future villi. Subsequently mesoderm develops in the interior
of these trophoblast islands or **cell groups’ and we have young
villi (Fig, 31). Later most of the trophoblast cells are displaced
and disappear with the exception of a single row situated imme-
diately beneath the syneytium. This single row, composed of
large distinet eells with pale protoplasm and large nuelei, iscalled
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the cell-layer of Langhans. In the centre of sueh groups is the
developed mesoderm, and the so-ealled villi are now formed, but
as yet no capillaries are present. Such extensions, composed of a
centre of mesoderm and a periphery of Langhans eells, with the
latter surrounded by syneytinm, are the final villi in whose con-
neetive-tissue centre ecapillaries finally develop which are con-
nected with the capillaries of the fetus.

When the trophoblast first develops and extends into the ma-
ternal eompacta its margin is irregular and serrated (Fig, 20).
As capillaries on the compacta are opened syneytium is formed
wherever blood touches the trophoblast cells. The points of tro-
phoblast furthest advanced extend continually into new eom-
pacta, destroy it, and open more ecapillaries. In this way the
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Fra. 31 —Schematic representation of a later stage of placental development
than Fig. 24, showing young villi. (Feters.)

process is earried on through a constantly inereasing periphery.
As a result long, irregular, branching, finger-like extensions of
trophoblast project out from the trophoblast layers situated im-
mecdiately on the external layer of mesoderm produced by the
mesoderm slit. These layers are, too, changed to syneytinm an:!
cell layer of Langhans. Under them the mesoderm also grows
and displaces most of the trophoblast eells. The resulting con-
tinuons outer wall of the ovum from which the finger-like ex-
tensions (villi) project is called the membrana chorii (Figs. 25,
27, 29, 290, 30d).

To the inner surface of the membrana chorii is attached the
adherent band, or abdominal pediele. It is a band of mesoderm
which has grown continually longer. In it is the allantoie duet.
Through it pass the vessels of the felus to enter the mesoderm of
the membrana chorii and the mesoderm of the villi.
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The eapillaries which develop in the villi unite with the vessels
of the fetus in the membrana chorii. Thus, through the medium
of the adherent band, fetal blood is brought into the villi, The
villi are surrounded by maternal blood and so an exehange be-
tween fetal and maternal blood is earried on through the two
iayvers of epithelinm covering the villi (Fig, 31).

In the Fourth Week of Uterine Gestation, when the original
trophoblast capsule is consumed, the ovum is loosely connected
with the decidua by only w few adherent wvilli. The following
remarks concern such an ovum, covered with chorionie wvilli,

Layer of Langhans,

Stroma and nucleatod
red blood cells,

Syaey il o,

Cell group or pillar
at tip of villus.

Fig, Sla.—5A well-developed villng ghowing cell layver of Langhans with *“'cell
group or pillar” at its tip. These cell groupz ave trophoblast cells. The villus
is covered with syneytinm which is very thin over the *“cell group."

aborted in the fourth week. Its attachment in the uterus must
have been exeeedingly loose, for the numerous and countless villi
connected with the covering of the ovum carried with them no
decidua cells. It was hardened in aleohol, eut in series seetions,
and stained with hematoxylin and eosin. Examination showed
a point of rupture in the wall through which the fetus had been
expelled.

The important points with regard to the villi are as follows:
In a well-developed villus ( Fig. 31a) we find a connective-tissue
centre made up of long, thin, and branching cells sitnated in a
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basis composed of a finely granular, frothy, and often red-stain-
ing substance like that found in the fetal sac. On this connec-
tive-tissue centre is a single layer of large, sharply outlined
mononuelear cells forming a econtinuous covering of the same.
This layer frequently forms groups at the tips of the willi
( Fig. 31a). This layer, the so-called layer of Lanchans, 15 com-
posed of large round or polygonal cells with a pale, almost water-
clear, protoplasm poor in granules. The nucleus is large, round,
and homogeneous and generally contains one nuecleolus. The
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Frg. 31h—An outgrowth on the membrana choril containing trophoblase cells
in the lower portion, and showing the various changes tn distinet Langhans
cells in the centre, and especially to syneytium and syoneytial masses on contact
with maternal blood in the periphery.

layer of Langhans is separated from the stroma of the villus by a
sharp outline. The side away from the mesoderm is smooth anid
covered by a distinet structureless membrane. The outer syney-
tial eovering is a thin layer of protoplasm containing a single
row of dark nuclei. In the stroma of these villi may be seen
round spheroidal trophoblast cells, and their change into nu-
cleated red blood cells can be readily observed.

The younger villi and the large ecell groups whieh repre-
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sent the early formative stages of villi possess the same strueture
and cells as the outgrowths found on the external surface of the
membrana ehorii (Fig. 31b). We find villi composed entirely of
spheroidal trophoblast cells surrounded by a covering of syney-

Fra. &2 —VYillus composed of trophoblast cells showing transitions to the
syncytial coverlng and to syneytial groups on the left.

tium. The gradual transition from these trophoblast cells into
syneytium, and the change of the trophoblast nuclei into the
nucler of the syncytium, can be distinetly observed (Figs. 31b and
32).  Other villi are composed of trophoblast eells with a distinet
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F1G. 320 —Villug composed of trophoblast cells with diztinct large proto-
plasm.

protoplasmatic body (Fig. 32a). The trophoblast nuelei pre-
serve their pronounced spheroidal form. The syneytial covering
is at numerous points possessed of more than a single layer of
nuclei and sends extensions into the trophoblast centre. Other
villi eomposed of trophoblast nuelel possess a beginning centre of
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mesoderm (Fig. 33). The syneytial covering contains vacuoles
in the wall of which are erescent nuclei. A further stage is rep-
resented in villi whose mesodermal stroma contains but few
trophoblast nueclei and where the syncytium, thin as endothelium,
rests on no layer of Langhans (Fig. 34). In numerous villi, at
one end is found the typical structure of a complete villus, the

o Earpn L.

Frg. 33.—Villus with berinning centre of mesoderm. The syneyxtial covering
contains vacuoles and crezcent-shaped nuclei.

syneytial covering evidencing sprouts of a polynuelear char-
acter (Fig. 35). The other end of the villus is of a younger
stage. The syneytinm is there at the period characterized by the
frothy, finely granular character of the protoplasm, while the
nuelei are irregular in form and do not stain deeply (Fig. 35).
Here, too, the change of trophoblast nuelei into syneytial ele-
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Fic. 34.—0lder villus with thin syoevtium and no layer of Lanzhans.

ments is evident. In the cell groups (Fig. 35a) we observe a cov-
ering of syneytium which at numerous points extends into the
substance of the cell group, forming protoplasmatiec masses of a
thin endothelial character or of a polynuclear nature, and which
divide the cell groups into irregular fields (Fig. 35h) wherein
may be recognized the various early stages of subsequent wvilli
(Fig. 35¢). This invasion of syneytial eells is not alone an active
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erowth, but is due to the infiltration of a cell group by blood,
which transforms the cells with which it comes into contact into
syncytium. Here most distinetly ean the gradual transition

Newly formed
spnepiune.

fMder spncytial 2. F

covering. i P ;i

Syneptiol e
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Fig. 85.—Villus showing an older stage in the left half and a younger stage
in the right half.

FiG. 35g.—Cell group with syneytial elements invading it at various points.

from trophoblast to syneytium be observed. The large, poly-
nuclear groups and knobs of syneytinm, the so-called giant cells,
are found at all points in the intervillous space. The nnelei
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Fic. 353b.—Further stage of Fig. 35a. Cell group divided by syncytial ele-
ments, with the formation of fields which represent future villi

Tr. A

F16. 33c—A further stage of Fig. 35h Cell group divided into syncytial
masses and villi. ¥, villus in whose stroma are nucleated red blood cells;
N, a syncytial mass; T, syneytial nuelei resulting from changes in the tropho-
blast cells; Tr., trophoblast cells with beginning change to syneytial nuclei;
¥,, villus with whose syncytial covering numercus bridges of syneytium are
connected,
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are round, flat, and crescent shape. They are very frequently
attached to the villi by larger or thinner pedicles. They are fre-
quently found at the tips of the villi, where they represent the
change of the small so-ealled cell groups, or pillars, to syneytium.
The villi are, then, in their various slages simply reproductions
of what is found in the membrana clhorii.



CHAPTER IX.
THE MEMBRANA CHORIL

The great growth of the ectodermal cover in the ova of ani-
mals has been made known to us by Van Beneden, Duval, Nolf,
and especially by Hubrecht, who gave it the name trophoblast.

In 1889 Hubrecht, in examining the placenta of the hedge-
hog, found a deecided resemblance in numerous points fo the
human placenta. He asked then that the following questions
with regard to the human ova should be studied :

1. Can, in the earliest stages of human ova, evidenees be found
of a trophospherical tissue between the villous covered ovum
and the inner surface of the decidua reflexa?

2. Are there in this tissue blood wvessels which receive their
supply from those blood vessels whieh run in the reflexa?

3. Can evidences of a trophospherical tissue be found in the
serotinal region?

The discussion of the histology of gestation in both uterus and
tube shows that the various processes in the development of the
human placenta resemble these observed in animal placentation.

It must be noted that these processes follow the steps observed
by Hubrecht, Maximow, Opitz, ete. Yet there are still many di-
verging views as to the origin of the synecytial eovering of the
villi, as has been also observed in this regard in the investigations
in animals.

Selenka and Strahl, in their examination of young human ova,
find their views, gained in the examination of animal placents,
sustained—namely, that the syneytial layer originates from the
uterine epithelium.  With this view Kossmann and Merttens
agree. Fcekardt finds that the syneytium originates from the
maternal endothelium. Spee states that the syneytium develops
from the conneective-tissue cells of the decidua. Langhans con-
siders the syneytial layer ectodermal, and the inner layer of
Langhans mesodermal. Leopold and Gaisser eonsider the layer of
Langhans to be of mesodermal orvigin because they find these cells
in the mesoderm of the villi. Friinkel is unecertain as to the ori-
gin of the syneytium in human ova, and finds transitions befween
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the cell of Langhans and cells situated in the mesoderm of the
villi. Kastschenko, Minot, Van Heukelom, and Ulesko-Stroga-
nowa consider both layers to be of fetal origin.

Eeckardt, who holds that the syneytinm originates from the
maternal endothelium (?), states that the capillaries of the de-
cidua whieh form lacun® under the surface have a varying char-
acter. Many possess a distinet growth of the wall elements,
which is often so great that he would consider these areas to be
sections of glands, were it not for the blood therein contained.
We know that, in the decidua menstrualis and graviditatis, blood
may enter the glands between the epithelial cells or may break
into the glands. The epithelinm, which, especially in the neigh-
borhood of the ovum, grows distinetly and shows an enlarged
clongated protoplasm, resembles to a cerlain degree the syneytivm.
These cells, however, degenerate through the action of the blood
and the glands are destroyed or pushed aside. From his de-
seription it is quite evident that Eekardt was deseribing such
areas, which he mistook for a growth of maternal endothelinm.
With these remarks the views of Eckardt may be dismissed.

Merttens found in the partieles obtained by euretting sixteen
days after the last menstruation a few sections of an ovum with
the enveloping decidua. He deseribes (1) the chorion and the
villi. On the latfer are eell groups, and between them are found
spaces constituting the intervillous space. (2) The spongiosa,
containing numerous glands, and (3) the compacta, a pale zone
lying between 1 and 2 and containing large pale cells, between
which are numerous darkly stained nuelei.

In the compacta he finds large cells and lavge spaces. Between
the large eells syneytial masses are irvegularly distributed. The
cell spaces are round, long, or irregular, and often empty into
the intervillous space. They contain blood and are lined with
syneytial masses, which at some points are very thin and at other
points guite thick. Where these spaces empty into the intervil-
lous space the syneytial masses eontinue into the syneytium of
the willi. Merttens does not know whether these spaces are
glands, vessels, or lymph spaces. They are possibly, however, the
lacune of Hubrecht, Peters, and Opitz.

The epithelia of the glands are like beaker eells, and on their
free tips is a half-moon of glyeogen. The glands show pa-
pillary projections (compare Fig. 146). Merttens believes that
the syneytinm results through a ehange of the surface and gland
epithelium ( ?). In his Fig. 8 Merttens represents, in the upper
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portion, the epithelinm of such a gland, and the lower half
represents syneytial masses. He believes that the latter result
from these epithelial eells, which lose their eylindrical form and
unite. From his deseriptions and his drawings it is neither
clear nor probable that the epithelinm changes into final syn-
cytial masses. Besides, this area is taken from deeidua parti-
eles not eonnected with the ovum, and at no point ean he find the
epitheliune of the glands contributing in any way to the syncy-
Liwm of the chorion.

On the contrary, this ovum is at the stage where the trophoblast
is almost consumed by the growth of the intervillous space,
and the cell groups at the end of the villi, which Merttens ecalls
points of union between the villi and the deeidua, are really the
remains of the trophoblast.

In a very early ovum deseribed by Spee the villi are covered
with two layers. The inner, the cell layer of Langhans, he at-
tributes to the ectoderm. The outer layer, {he syncytivm or
adventitia of the ovum, he deseribes as follows: ‘*This layer is
often lifted off from the chorion ectoderm. It appears as a
continuons thin streak of protoplasm with more or less closely
gronped nuclel arranged in a single row. In the layers of the
enveloping zone lying near the ovum are found cells whieh,
through a diffuse staining of the nuecleus and through the vacu-
olar character of the protoplasm, resemble the cell elements of
the syneytivm very much. In the spaee between the serotina
and the ovum (intervillous space) we find them often close to-
gether and not distinetly separated, so that here the early stages
of the polynuelear protoplasmatic groups arve present. Such
aroups are also found wnited to the membrana chorii.  Coneern-
ing their origin opinions differ. I have never ohserved a mitosis
or an amitosis in their nueclei. The idea that the chorion ecto-
derm furnishes these masses may be set aside becanse of the sharp
division between these two layers by a eunticula. These condi-
tions prove that the syneytial formation does not inerease through
a division of the nuecleus or the eell in the intervillous spaee.
Since, however, an increase in the amount of the syneytial sub-
stance occurs within the intervillous space, this can only be
explained through a wandering of alveady finished masses from
the connective tissuwe of the compueta into the ovum.*  Epithelial
cells eannot be considered as the source, sinee the maternal
eavity surrounding the ovum, even in the earliest stages, shows

'Symplasma.
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no epithelial lining, although in the later stages closely pressed
glands are present all about the ovum and their epithelium is
preserved at least up to the end of the first month.”” Tt may
be seen that Spee left ont of consideration any possible action of
the blood upon the ectoderm eells as an aid to the formation of
syneytium. His decidua cells, resembling syneytium, are pos-
sibly changed trophoblast eells'.  Cells from without probably
form the syneytial eovering of the villi and of the membrana
chorii, in his opinion. We think they are trophoblast eells of

.
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Fig, 36, —Transverse section through the fetal sac or membrana chorii of a

four- to five-weeks ovam.
fetal ectodermal origin, aeted on by the blood—a possibility
which he left out of consideration.

Fig. 36 represents a transverse section throueh the greatest
diameter of the ovum loosely connected with the deecidua in
the fourth or fifth week of uterine gestation. The eentre is a
space lined with a double parallel layer of cells arranged in
single file. This also loses its parallel arrangement at eertain
points, where cells of the same character are found in groups
several layers deep.

‘The resemblance of changed decidua cells to the future syneytium is
often striking. See foot note, p. 87.
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External to these cells, in the entire ciremmference of the sae,
is a substance staining a deeper red and composed of extremely
fine, granular, and thin-fibred, cotton-like material. In if, at
numerous points, are isolated and grouped cells which look like
nueleated red blood cells.

The next stratum is formed of round and oval cells, of the
same character as the lining of the eentral space, but arranged in
several somewhat parallel layers. Between these cells is a fine
fibre-like substanece, like the one just deseribed, but taking a
lichter red stain. The outer cells are rounder and more spher-
ieal than the inner, and the outermost eells, with a clear proto-
plasm and distinet nucleus, form a single layer of distinet cells
with distinet cell boundaries (36).

The extreme external eovering of the membrana chorii is of a

Vacuole
sl Traphobilast
cells

p, Ny

&

fl
ey .T_?
ot

Fig. 37.—Vacuolez representing body of trophoblast eellz, while the nueleus is
a crescent in the cirenmfefence. From the membrana chorii of Fig. 36,

plasmodial character, and contains nuelei of various forms and
evidences many vacuoles (Fig. 37). Each vacuole represents
the space filled by a trophoblast cell, the nucleus being com-
pressed at one point into a small erescent. At certain points
outgrowths are present which contain larger and smaller areas
of granular and plasmodial character, the aforementioned dis-
tinet cells, blood, and protoplasmatic groups containing small
pale ecells, small dark nuelei, and nueclel undergoing degenera-
tion. Attached to the membrana chorii and all about it are in-
aumerable villi in all stages of growth, young and old. The
older villi present the same structure and possess the same
cells, ineluding the nucleated red blood eells, as are found in the
chorioniec membrane.

The conclusion gained from a comparison of this specimen
with the structure of the villi is the following: The single
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layer of cells immediately under the plasmodium of the cho-
rionic membrane, the spheroidal cells under it, the distinet eells
found in the outgrowths, the spheroidal cells in the young wvilli
and in the cell groups which form the new wvilli, and the cell
layer of Langhans, arve identical and represent the ectoderma!l
trophoblast cells. The villi are simply excrescences of the mem-
brana chorii.

When the blood comes in contaet with the trophoblast cells it
does not coagulate. It does, however, exert a decided influence
on the nuelei, Strahl found, in examining the placenta of
(zalago, that the blood extravasated from the wvessels of the
uterus is made use of by the fetus, in that the degenerating
produets of the extravasated blood cells are taken up and ab-
sorbed. These produets are found in the form of larger and
smaller vellow granules in the gland epithelium, which the latter
uses in furnishing an iron-containing gland seeretion. In the
placenta of other animals the blood extravasated from the ves-
sels of the uterus is taken up and absorbed by the ectoderm
cells, and in certain animals the fetus obtains its nutrition be-
cause the ectoderm, covering the villus, takes up the substance
given off by the uterine epithelium. Merttens observes that
Lieberkithn in the placenta of the dog, and Strahl in the pla-
centa of the mole, find ectoderm cells taking up and absorbing red
blood eells. Peters states that Tafani, in the placenta of the
eat, found chorion ectoderm cells outside of the placenta taking
up red blood cells. We find mueh blood—that is, red blood
cells—in the syneytinm,. It is also found in the vacuoles. Peters
believes that the blood takes part in the changes of the tropho-
blast nuelei and that its elements contribute to the formation
of the protoplasmatic masses known as the syneytium. °'Not
only the blood plasma, but also the nueclei of red and white
blood eells, pass into the composition of these masses.”” It may
be seen in Fig. 315 that the red blood cells change into a detritus
and combine, so that finally small irregular areas containing small
nueclear remnants result. A gradual destruetion of red blood
cells takes place, and the presence of leucoeyte nuclei may be
observed. The plasma, when acting suddenly and in large
amounts, causes the trophoblast nuelei to shrink and take on a
dark stain. When acting slowly it disintecrates them, flattens
themn, so that in a resulting homogeneous protoplasm nuclei of all
forms may be found. It is evident, then, that the protoplasm
of the synevtium is the produet of the blood cells, the blood
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plasma, and the protoplasm of the trophoblast cells. The nuclei
of the syncytium are the changed trophoblast nucle.

Wherever blood comes in contaet with fetal cells syneytinm
results, whether in the decidua or in the intervillous space, so
that syncytivm really plays the part of an endotheliuwm and at
all periods, espeecially in the later stages, resembles endothelinm
so elosely that it was naturally mistaken for it in nearly all the
earlier investigations.

Many observers have noted a brush-like covering on the syn-
evtinm, though I have never found it. This striated surface on
the syneytial ecovering of the chorion, and often observed on the
isolated polynuelear protoplasmatie masses, appears to Spee to
be a sort of fibrillation on the ecell protoplasm. He believes
that it originates through the influence of a sap eurrent toward
the ovum, beeause such a brush-like fibrillation is found in those
places where a regulated transit of produets through cells oe-
eurs, as in parts of the exeretory duets of the salivary glands
and the kidneys on the side toward the connective tissue, and
also perhaps in the osteoblasts in the Howship lacuns of bone.

6



CHAPTER X.

THE BLOOD-FORMING FUNCTION OF THE
TROPHOBLAST.

In another particular, as I believe ean be shown, the resem-
blance between the processes of development in the human being
and those in animals is carried out still further—namely, the
formation of blood by the fetal placenta.

In sections through the umbilical vesiele of Tarsius and Tu-
paja, Hubrecht finds polynuclear eells which he considers to
be mother blood ecells. Their nueclei result through fragmen-
tation of a large nueleus. The individual nuelei within the
mother cell then become surrounded with a speeial ecirele of
plasma. When the original mantle of the protoplasm of the
large cell is lost, the ineluded cells are freed, forming embryonal
nuecleated red blood eells. During their eirculation in the em-
bryonal fetus the nuelear membrane disappears and the nueleus
changes to a drop in which the chromatin diminishes, while the
protoplasm begins to resemble the former nuecleus. The cells
become gradually smaller, and the final forms do not result
from the protoplasm but from the nuelei of the eells. The
blood cells originate, then, from the original nueleus of a mother
blood eell. Hubrecht finds the same steps in the placenta of
Tarsius as in the umbilical vesicle. He finds the same to oceur
in the trophoblast and in the maternal spongia, and even in the
vessels which lie between the glands. In the placenta of Tupaja
the same steps are noted, but, in addition, the epithelinm, as well
as the connective tissue of the decidua, is the seat of red blood
cells derived from nuclei.

[n his ovam ©. /., Spee deseribes the mesoderm layer as follows:
He finds two different eell forms ocenrring side by side and inter-
mingled: (1) Branched cells, extending into fine threads which
project in all directions and which may well be considered con-
nective-tissue fibres. Where these cells occur singly—for in-
stance, at eertain points in the abdominal pedicle and in the
villi—the mesoblast appears exceedingly poor in nuclei. Strong-
lv-stained specimens are neeessary to see the numerous fine,
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wavy, and sharply contoured fibres of the embryonal eonnective
iissue. (2) Between these structures are found larger, strongly
prominent spindle cells with oval nuclei, arranged sometimes
elosely together like bundles, and at other points separated
from each other by wide spaces without evident contents.
The course of these fibres follows, with noticeable constaney, the
eurves of the free mesoderm surface—that is, the surface covered
with epithelium.

In our opinion many of the second form of cells are possibly
ectodermal. In an ovum deseribed by Reichert, on the inner
sidde of the chorion is a substance which he considers to be a
mueoid-like deposit and which also extends into the villi. The
cavity of the ovum is likewise filled with this substance. Spee
considers this to be mesoderm tissue, although Reichert de-
seribes the contents of the ovum simply as a mucoid substance
without cells. Spee says that the contents of the amnion and
of the umbilical vesicle of ova hardened in aleohol never coagu-
late, but such a condition does take place in the wide mesoderm
slit of dead young human ova.

Thus the early embryonal mesoderm tissue of the membrana
chorii and of the villi is very poor in cells, and the deseription of
Reichert, characterized by Spee as mesoderm substance, serves
to characterize as mesoderm the non-celled material found be-
tween the central space and the external layers of cells seen in
Flig. 36 and also found in many of the younger villi.

I't has been mentioned that Langhans considers the eell layer to
‘be of mesodermal origin, and that Leopold holds the same view
becanse he finds transitions between the stroma cells and the
cell layer. Frinkel, who believes that the cell layer and the
syneytium are probably identical, finds the question difficult of
solution because of the numerous villi whose interior is com-
posed of ectodermal trophoblast cells. We have called atten-
tion to this occurrence as a frequent one, and have likewise oh-
served the resemblance between the cell layer of the membrana
choril and the several layers of cells under it which are embedded,
however, in mesoderm substanee {Fig. 36). The origin of the
villi, the fact that they are formed out of solid trophoblast
groups, the faet that only later does mesodermal tissue rednce
them to the generally single layer of Langhans, the fact that in
this reduction fo a single layer many trophoblast cells are left
embedded in the stroma of the villi and the membrana chorii.
and the numerous transitions between these cells and the cells of
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Langhans, prove that they are ectodermal cells situated in a basis
of mesoderm substance in which only later mesoderm nuelei
appear.

As the villi grow older, these ectoderm cells are erowded by
the growing mesoderm tissue, so that some degenerate, while
others take part in the following important changes—that is,
THEY FORM RED BLOOD CELLS.

In the same manner that the external trophoblast cells, which
come in eontact with the blood, obtain from it a protoplasmatie
envelope, while they themselves form the nuelei, in quite the
same manner these eells situated in mesoderm are seen to gradu-
ally ehange their form, become darker, become surrounded by a
red-staining granular protoplasm of the same character as the
mesodermal tissue.  They then represent nucleated red blood
eells. They are often seen in stages where the nucleus becomes
fragmented or divided into other cells. These larger and smaller
nucleated reds are found isolated or in groups, often lying in
spaces or slits of the mesoderm of the villi and membrana chorii.
These spaces are often surrounded by very long, very dark, and
spindle-like eells, evidently forming the endothelium of the fu-
ture capillaries.

We have observed the statement that in animals the mesoderm,
which enters the trophoblast egroups and forms the stroma of the
villi, earries with it the branches of the allantoic vessels. Ves-
sels, however, are not present in the villi of the human ovuam
until the third week, and the villi are then filled with mesoderm
or ectoderm cells, and it would be impossible for extensions of
the allantole vessels to enter into the innumerable extensions of
the membrana chorii constituting the villi. The process followed,
however, 1s probably the following :

Mesoderm does not enter as a distinet tissue into the tropho-
blast elements after they have been veduced by the maternal
blood to syncylivim, but is present between the trophoblast cells
from the very earvliest period, as may be seen in the deseription
of a tubal ovum. When, therefore, a trophoblast cell group
comes in econtaet with maternal blood, the outer eells are changed
to syneytium, underneath whieh results the cell layer of Lang-
hans, which in the still laler periods disappears. The mesoderm
substance, when inereasing in amount, dilates the villus and
forms the stroma. In the resulting stroma are left the remain-
ing more or less seattered trophoblast eells, From these, nu-
cleated red blood eells are formed, which lie in small slits or
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spaces, which spaces become lined with endothelinm, thus form-
ing capillaries. These capillaries gradually inerease and finally
become very numerous, having a tendenecy to lie elose under the
epithelial covering of the villi. Whether any of these tropho-
blast cells take part in the formation of the endothelinm, it is
impossible to say with eertainty. These same processes are ob-
served in the membrana chorii. These capillaries in the villi and
in the membrana chorii later unite with the umbilical vessels
which make their way through the abdominal pedicle.
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Fig. 38— Membrana choril of tubal ovam,

The nucleated red blood cells, in their subsequent eirculation
through the fetus, become changed, and from the third month
on ordinary red blood eells are found. In the membrana chorii
of our uterine ovum the same stages of capillary development
may be observed, but to a less extent than in some of the wvilli
which already possess numerous and distinet capillaries. In the
later stages this process is more marked in the membrana chorii
than in the villi, as may be seen from the following deseription
of a tubal gestation with well-preserved fetus !

'The possibility that these nucleated red blood cells came from the
fetus was not left ont of consideration.
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The fetus was lying in the central eavity of the ovam (Fig. 38)
attached by an wmbilical pediele which entered the placenta at
the site to be mentioned later. The fetus was one centimetre
long; the abdominal wall was not vet elosed, and the arm and
leg formations were just evident as small pinhead knobs. The
cavity of the ovum is lined by a membrane composed of flat-
tened cells with distinet nuclei. At various points in the eir-
cumference of the membrana chorii, and especially at the point
where the abdominal pedicle is attached, are numerous larger
or smaller spaces, separated, sometimes, from the maternal blood
by only a single or double layer of cells, which at many points
are of a distinetly plasmodial character. The membrana chorii
has at various points, and especially at the placental site, numer-
ous villi attached to it and numerous small projections of the
same structure as villi. These spaces, or sinuses, contain masses
of round, red-staining protoplasmatie masses with dark cen-
tral nuclei, many of which are undergoing division—nuecleated
red blood eells. It seems possible that many of these sinuses or
spaces represent dilatations of the parallel row of cells observed
in Fig. 36, wherein were noted, at various points, groups of cells
of a trophoblast charaeter. It is probable that those groups
too form the nueleated red blood eells observed in these sinuses.

The largest of these sinuses are present near the insertion of
the abdominal pedicle, and all of them are separated from the
maternal blood of the intervillous space, often by only a single
tayer. These sinuses may represent, then, areas in the membrana
chorii filled with nueleated red blood cells of placental tropho-
blast origin, which subsequently enter the fetal eireulation.

In the pedicle itself a echange to the subsequent non-nueleated
red blood cells may be observed, for in its substanee are fetal ves-
sels and sinuses filled with cells of a different character. They
are small. with a thin circumference of protoplasm and a dark
nueclens filling out almost the entire cell body. These represent.
then, the later stages of the red blood cells.

The resemblanee of this proeess to the one noted by Hubrecht
in Tupaja and Tarsius earries out still further the resemblance
of the various proeesses in the human placenta to those in the
placentae of animals. That this theory and explanation, whereby
red blood eells are formed of trophoblast ectodermal cells, is a
rational one and proven by the examination of our specimens
seems to me evident. In addition, it serves to explain the pres-
ence of trophoblast eclls on the interior of the villi—a faet which
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has led many, who have considered them mesodermal because
sitnated in the mesodermal stroma, to likewise eall the cells of
Langhans mesodermal. The formation of nuecleated red blood
cells from trophoblast eells, on the addition of a protoplasm of
mesodermal origin, would serve to make their resemblance to syn-
eytium very great; for the latter is composed of trophoblast
nuelei with a protoplasm largely composed of maternal blood
plasma. If, as many sections have suggested, the capillaries were
lined by endothelinm which is also formed of these trophoblast
nuelei, the resemblance of this process to the formation of syn-
eytium would be further inereased; for the syneytium simply
plays the part of endothelinm, separating the other fetal cells
at all times from the cireulating blood.

[Tterine (as well as tubal) ova furnish us with the following
positive econclusions:

1. The hiwvman ovim possesses an ectodermal growth of cells,
the trophoblast, consisting of closely-grouped cells.

2. When vascularvized by maternal blood, a sccond external
layer, consisting of plasmodial mononvelear and polynuclear ele-
ments, resulls.

3. Elewients of the material blood cireulating in the spaces
and lacune of the trophoblast contribute to the protoplasm of
the syncyfium, Among other elewments, the sceretion of fhe
uterine or tubal epithelivm may Ukewise contribute to the for-
mation of the syncytial protoplasm. At any rate, much of the
protoplasm (hut none of the nuelei) is of maternal origin.

4. On the villi and the membrana chorii the plasmodial cells
form the outer syncylial layer, while the closely-grouped cells
beneath it furnish the single layer of Langhans.

4. The stroma of the chorionie villi is formed of mesodermal
tissue in which are later found capillavies communicating with
the umbilical vessels and containing fetal blood. Clear in almost
every detail, then, a trophoblast formation, consisting of an tnner
layer of separated cells and an outer or plasmodial layer such
as 15 found in the placental development of animals, is present
in human placentation.

Note.—It is to be noted that the embedding of the gninea-pig’sovum re-
veals symplasmatic changes in the decidua which make Spee’s theory of
the maternal origin of the syneytinm very attractive. Certain it is that
the decidual cells undergo “synecytial changes.” Were we to go but one
step further and add to the maternal blood symplasmatic decidual
structures az an external factor in the production of syneytinm, then
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the theory of the exclusively fetal trophoblastic origin of this tissue
would fall to the ground. The distinction between fetal and maternal
cells is often decidedly difficult, and in that fact lies the crux of the
problem. If the view we have chosen be correct, it must still be
granted that the decidua undergoes primary or secondary changes which
make its resemblance to real syneytium striking. Though often and
in many specimens led to favor Spee’s view by microscopic appearances,
vet our choice of views (by no means surely execluding, in whole or in
part, the views of Spee) seems well founded.

“Structures not wisely called ‘syncytial’ may be formed from va-
rious forms of tissue, as nterine epithelium, uterine connective tissue,
fetal ectoblast, ete, Therefore, especially when we consider the vari-
ations in placental formation in various species of animals, it iz not
correct to spealk of ‘the syneytium' as if all syneytial formations were
alike. Therefore, in the guinea-pig, 1 did not nse thiz word, but chose
the term ‘symplasma’ to designate those structures (developed from
connective tissue) comparable to syneytium™ (v. Spee). Van Beneden
calls this tissune, developed from ectoblast in animals, plasmodinm.
Plasmodium is, then, in the human ovum “trophoblast.” We helieve
“synceyvtium” to be the “plasmodinm™ of animals. Decidual and other
uterine cells undergo the so-called “syneytial changes™ It would be
advizable to call these “symplasmiatic” cells. The question then is:
I= syneyvtinm of symplasmatic or plasmodial origin? We hold the latter
View.



CHAPTER XI.

THE FURTHER DEVELOPMENT OF THE UTERINE
PLACENTA.

Just as during the early weeks the trophoblast invades the tro-
phospongia or decidua, so after the formation of villi is the fur-
ther course of the cetodermal trophoblast and syncytial cells of o
destructive character, so far as the decidun is concerned. Fig.
39 presents a fetal sac in sitw in the sixth or seventh week of

Decid, vera y.

Junction of D, vera,
serating mmd reflera
I, wera, compresscd.

clrorion lacve
. reflera or
capsularis,

Decid. verg T

Serotinal area
Chorion [rondosiit

Decrd. vera.

Fig. 39.—T'terns and fetal sac in sita—7T weekg—two-thirds the size of the
gpecimen when mounted, and one-half the size of the specimen before hardening.
., decidoa vera with numerous glands, ie, well-marked spongiosa: @, decidua
vera with compacta compressed thromgh pressure of the sac, and evidencing few
flattened glands in the spongiosa.

nterine gestation. The specimen from which the drawing was
construeted was unfortunately distorted, yet the important rela-
tions are very clear.

The ecapsularis, to which willi are attached, is full of
darkly-staining trophoblast cells, between which and through
which are blood spaces and blood extravasations. Opposite it,
but not yet in contact, is the decidua vera, flattened by pressure
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of the growing sae, and composed of pure decidua divided into a
superficial layer, the compacta, and a deeper layer of flattened
olands, the spongiosa (Fig. 40). Where the deeidua vera is not
compressed, as at the areas where decidua vera, reflexa, and
serotina join (Fig, 39), the decidua retains in its deeper layer the
tvpical character of the spongiosa, evidencing numerons glands of
all sizes and lined by preserved epithelinm of a **syneytial’’ char-
acter (Fig. 1450).

i Teranal s,

F1G. 40.—High-power drawing of decldua vera (compressed) of Fig, 3

The deeidua serotina evidenees in the deeper layers few flat-
tened glands. The superficial layers are greatly changed.
Where the willi come in contact with decidua the syneytium
disappears and fhe cell groups enfer the maternal tissue and
mingle with it (Fig. 41). This proeess is carried on, then, by all
the attached villi also, so that the resulting ‘‘decidua’ is of the
same character as the eell groups. This resulting tissue resembles
the decidua, but its nuelei take a deeper stain and it evidenees no
small-celled infiltration. In it are found ecells composed of a
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structureless mass enclosing one or more cell nuclei or groups of
nuelei. They resemble syneytium and are simply changed fetal

Dark fetal
cells invading "G5
maternal
tissue.

Fig. 41.—Cell groups of villi entering maternal tissue, Taken from the sero-
tinal or placental area of Fig, 39,

Spneytium., (o

X 5 ,;; = =
Dark syneytial 28 syncytial cells.
cells. I

Frg. 42.—Dark syneytial cells Infiltrating decidua seroting of Fiz, 20,

cells, Without the aid of these syneytial cells, which infiltrate
the maternal tissue very thoroughly and in all directions and
quite deeply, it is diffienlt, with the exception of the darker
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staining, to mention characteristics which to the beginner would
differentiate fetal cells from the decidua. It is this fact which
has made the various questions depending on this differentiation
difficult of solution.

The boundary between fetal and decidua eells shows degenera-
tive changes; the superfieial glands are pushed aside and de-
stroyved, while the deeper glands grow, their epithelinm swells,
unites and forms so-called syneytial changes. These masses fall
off and finally degenerate. The fetal cells af all periods infiltrate
the decidua and bring if to destruclion. The advancing eeto-
blastie and syneytial eells have an erosive aetion on the vessels
which prepares them and the capillaries for bursting. In this
way new lacune and areas of degeneration result, and the blood
from these open vessels changes the fetal eells to syneytium and
to villi and constantly increases the extent of the intervillous
space,

The cell groups of the villi later diminish and disappear. The
villi inerease in number and are elosely grouped. Their stroma
consists of star-shaped cells, between which are cells resembling
those of Langhans. The rest of the stroma is filled out with
numerous eapillaries, and finally the syneytinm is reduced to a
thin snbstanee containing nuelei (Fig. 44).



CHAPTER XII.
THE PLACENTA.

That part of the decidua eovering the embedded ovam, plus
the scar of Reichert, forms the capsularis, or decidua reflexa.
That part of the decidua in which the ovam is embedded, and
on which the ovum rests in its early stages, is the serofina. IHere
the main ehanges between the ovum and villi on the one hand,
and the decidua and maternal blood on the other hand, take place.
The remainder of the decidua is the vera.

The villi in the entire periphery of the ovum depend for their
agrowth and development on connection with the maternal de-
¢idua and blood. At the end of the first month the villi are
evenly distributed over most of the periphery of the ovum. With
the growth of the ovuumn in the next two months there is a stretch-
ing of the eapsularis, which, however, grows likewise, so that it
iz not mueh thinned except at its summit. There is, however, in
these two months a constantly slighter conneetion of the vessels
of the capsularis with the maternal vessels of the vera and
serotina. In addition the fetal vessels which enter the membrana
chorii throngh the adherent band establish eloser and more im-
mediate relations with the villi at the serotina, for the abdominal
pediele is at this point.

As a result we distingnish tfwo divisions in the chorion: (1) that
in which new villi eease to develop and in whieh formed villi
gradually degenerate and atrophy—the chorion leve: and
(2) that in which the villi inerease hugely in number and size,
the area at the serotina—the chorian frondosiwm.

The clhorion frondesum forms the placenta. The growth of
the uterus in the first three months is independent of the growth
of the ovum, and the uterns undergoes eecentrie development.
Therefore the arvea of the serotina inereases in extent. The ovum
erows of its own accord. and as a result the area of the chorion
frondosum inercases in extent and keeps pace with the growth
in extent of the serotina. Septa of decidua extend between villi
and groups of villi, due to the irregular invasion of the serotina.

As the ovam grows in the first three months it is covered by
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capsularis (Fig, 39). Though the eapsularis at the end of the
third month covers an ovum as large as a goose egg, it is fairly
thick except at its summit, and is in eontaet with the deeidua vera
in its entire circnmference.  During the fourth month the cap-
sularis unites at all points to the vera and its nourishment ceases
except at its base.  The area where capsularis at its base joins the
serotina and vera is known as the Border Zone and constitutesthe
boundary of the *‘placental area’ in the first three months.  The
hase of the eapsularis unites last with the vera. . Septa of serotinal
decidua extend between villi and groups of wvilli, especially at
the point where eapsularis, serotina, and vera join, and there
lie close to the membrana chorii, forming a maternal border or
margin to the placenta—i.e., at the border zone the deeidua is
supposed to extend up to and touch the membrana chorii as
Winkler's Plate.

In the early three months, up to the formation of the placenta,
even though the nterus grows actively, the growing chorion fron-
dosum and the base of the chorion leve extend into vera and split
it into two layers ( ?). The lower layer becomes serotina and the
upper layer is added to the capsularis. From the end of the
third month on, the uterus enlarges passively through growth of
the ovam. It is searcely possible that the edge of the growing
placenta then likewise splits the vera into two layers to any ex-
tent, but in its growth it will extend, strietly speaking, not upon
vera, but upon the base of the capsularis whieh has united to
vera. The villi do not atrophy on every point of the capsularis.
They may persist on the part of the capsularis nearest to the vera
and serotina. When eapsularis unites to vera these villi may
grow through the united capsularis and vera. As a rule the
loosest union between capsularis and vera is at this point and so
the loosest union of villi and piacenta to deeidua is at this point.

Three groups are observed in mammalia, as rezards the char-
acter of the chorion.

(1) The chorion is smooth and is attached to the uterine mn-
cosa, which is rich in vessels. The chorion takes from the large
epithelial eells of the nterns nonrishment for the embryo.

(2) The chorion has projections or villi. An allantois ap-
proaches the chorion, and contained wmbilieal vessels enter the
villi. The chorion and the mucosa are closely connected. In the
pig, for instance, numerous projections, rich in vessels, fit into
smooth depressions in the mueosa, in which open the uterine
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Fic. 48 —Low-pressure drawing of unterus and placenta at full term, showing
the eloge but uneven attachment of the placenta, two-thirds of actual thickness.
Tao the right the villi are on the muzenlariz. To the left (marked Decidia) thers
iz zpongiosn.  In hardening a separation Tormed hetwesn eompacta and aponginsn
at this point.

I ;"‘;'1‘!; o
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Adherent
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Fig. d44.—Utero-placental junction at full term. & and the other spaces are
maternal vessels, Villi are projecting into maternal sinuses. U.W., uterine
wall infiltrated with fetal cells, especially with the very dark giant syncytial
masses. Of the four septa between the villi, the two outer are “adherent villl,"
the twao inner are decidual septa. Some of the sinunses are pozsibly glands with

lost eplthelinm.
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glands. In labor the villi and the uterine mueosa are separated
without loss of mucosa substance.

(3) At one or more parts of the chorion a plaeenta develops
composed of placenta fetalis and placenta uterina. In the sheep,
cow, and ruminants a subdivision exists. Numerous small pla-

Fetal syneytial

giant masscs. fFiroap of ©illi in

& e,

Mat. vein.

Mat. vein,

Fetal cells breaking
throwal tissue
between fivo veius.

Villus in a vein.

Fic, 45 —High-power drawing of an area in Fig. 44, showing the invaslon of
maternal tissue by fetal cells even at full term, and also the entrance of villi
into the uterine veins through the blood current.

cente or cotyledones are present. The villi are covered with flat
cells and the depressions of mueosa are lined by evlindrical eells.
The latter develop a so-called uterine milk for the nonrishment
of the fetus. All other mammalia with a placenta evidence a
very close connection between the maternal and fetal parts, and

Fra. 46 —High-power drawing of placental villi of Fig, 44, showing the fres
synceyvtial masses and the chorionic syneytinm to be identical with the syneytial
giant masses of Fig. 44,

in labor a deeidua is cast off. Here a synevtinm forms the sep-
aration between the villi and the maternal blood.

The invading trophoblast and syncytial cells have a decided
power of wandering. These wandering cells are often found
singly, entering between the musecle and the connective-tissue
bundles, in the lymph spaces and often in the blood wvessels.
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Through pressure they are often reduced to thin, long, spindle-
shaped forms, and, when found, the muscle fibres between appear
to be changed forms of the latter. In the earlier periods, round
or polyhedral cells with very large, round or irregular, long,
darkly-staining nuelei are found and have been generally mis-
taken for deeidua cells. Their nuelei are often very large and on
degeneration contain vacuoles.!

In the specimens (Figs. 43, 44) on page 95 is seen a seetion
through a placenta and the uterine wall at full term. The villi
are very closely grouped. The uterine wall evidences large
sinuses and is thereughly infiltrated with fetal cells and many
giant syncylial masses' of the same character as the syncybial cou-
ering of the villi. In the drawing may be seen four extensions
between the uterine wall and the main mass of the placenta. Be-
tween the extensions loose and attached villi, as well as free syn-
cytial masses, are present. The two middle extensions belong to
the uterine wall, but they are thoroughly infiltrated with fetal
cells. Omn their sides and at their tips villi are attached, sending
at these points their eells in the uterine wall.

The two outer extensions are the so-called adherent villi firmly
embedded in the uterine wall, and their tips are outlined by more
closely grouped and more darkly stained ectodermal cells. It is
from points like these that the ectodermal cells and the giant
cells invade most deeply the uterine wall, as may he seen in Fig,
44. The spaces between these extensions represent the mouths
of the maternal sinuses which send their blood into the inter-
villous space.

In the case of normal nterine gestation villi do not projeet into
the arterial openings of the intervillous space. They do, how-
ever, project normally not only at the border sinuses, but at all
the serotinal points into the veins alone. The villi are of normal
strueture and often so numerous that they ocelude the vein
lumina. They are frequently very long and follow the course
of the veins for a considerable distance, so that in the uterus villi
may be found in direct contaet with the uterine musele or, better,
in the veins of the uterine muscle (Fig. 45).

From the very earliest period of trophoblastic development
trophoblast cells may be earried into the maternal cireulation
through the blood lacunz and the blood capillaries. In the latter
stages the trophoblast cells invading the decidua, eroding the

‘Many consider these placental giant cells to be of decidual origin
Zo does Spee.
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vessels, and destroying the decidua furnish still further op-
portunities for the entrance of fetal cells into the maternal eir-
culation. When the intervillous space is well defined and is
limited in its entire eiremmference by the point of union of the
decidua vera and the capsularis (decidua reflexa), a still further
opportunity is furnished to syneytial masses, cell groups, and
even villi to be carried through the veins into the maternal eir-
culation. In the still later periods and at full term, villi pro-
jecting into the maternal veins may be earried off, and the fetal
cells which have invaded the decidua and the uterine wall, and
which even up to the last days of gestation continue to enter the
maternal vessels, may readily enter the maternal blood eurrent.
In eclampsia such elements have so frequently been found in the
cireulation, and especially in the lungs, that they have been
considered the cause of this affection. They have, however, been
proved to be rather the result than the cause, for Schmorl and
others have found them in these locations in perfectly normal
cases,

The tmportant fact remains that from the very earliest mo-
ment, not only in the primary intervillous space but in the fully-
formed intervillous space, as well as through (he vessels of the
uterine decidua and wall, fetal cells are continually entering the
blood of the mother,



CHAPTER XIII.
THE UMBILICAL VESSELS AND CORD.

A. TMEBILICAL VESSELS.

The ovum possesses its fluid centre or yolk. It may possess
a covering of disens proligerus and albumin. On embedding
the trophoblast digests the decidual eells and is surrounded by
the so-called symplasmatic fluid. The ovam develops and the
trophoblast grows. During this time osmosis and the yolk are
sources of nourishment.

As the decidua is invaded ecapillaries are opened, and in the
first few davs trophoblast is acted on by blood of the mother.
1t changes trophoblast cells to syneytium and probably blood
elements enter into the ecomposition of the eells. (Osmosis again
serves to explain the growth of the ovum and its contents. On
the interior of the ovum we have the embryo, consisting of ecto-
derm, mesoderm, and a lining of entoderm, which entodermal lin-
ing is a part of the entoderm of the yolk sac and abdominal
vesicle. The ectoderm of the embryo, consisting of stratified
epithelium, is continued into the single-layered amnion reflected
over its dorsal aspeet. The contents of the yolk sae thus line the
entoderm of the embryvo. A branch of the entoderm extends into
the abdominal adherent band as the allantoie duet ( Figs. 304,465 ).

As the ventral and eaudal ends eurve anteriorly, and the lateral
walls also, they constriet the abdominal vesicle. The conneection
between extra-abdominal umbilical vesicle and intra-abdominal
is through a resulting narrow canal, the duetus omphalo-enterieus
(Fig. 46 ¢ and b). The duect is ealled omphalo-cntericus because
meanwhile mesoderm and entoderm have formed intestine and the
duet enters into intestine instead of into a flat entodermal lining
of the embryo. All this while arteries and veins have developed
on the abdominal vesiele, the arterize and venw omphalo-mesen-
tericse. The arteries pass from the aorta to the vesicle, the veins
{rom the vesicle to the venous end of the heart tube. In the first
month develop two umbilical arteries and two umbilical veins.
The arteries are branches of the aorta. They pass along the
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future lateral pelvie walls, along the later bladder, along the
later anterior abdominal wall to the adherent band of mesoderm.
Two umbilical veins develop, one of which atrophies. Their con-
tents at first enter through the duet of Cuvier into the heart.

The two vene omphalo-mesenteriee pass along the intestine
and anastomose at the duodenum. They send branches to the
budding liver, the future hepatic veins. These pass into the end
area of the venwe omphalo-mesentericae which empties into the
primitive heart. The liver grows and thus needs more blood.
Then develop the nmbilical veins, which pass through the duets
of Cuvier to the venous sinus of the heart, passing over the liver.
The right vein atrophies. Some branches of the left mmbilical
vein anastomose under the liver with the venw omphalo-mesen-
teries. This anastomosis under the liver soon becomes the 1m-
portant part and finally takes all the placental blood to the liver
and throngeh the hepatie veins. Thus the wmbilieal blood eir-
culates with the volk blood through the liver and then throngh
the volk veins to the heart, for the end piece of the yolk veins be-
comes the cardiae end of the future inferior vena cava. At
first the umbilical vessels are small, while the omphalo-mesen-
teric arve iarge. As the voke is sucked up the omphalo-mesen-
terie vessels atrophy and the umbilieal grow. The branches
of the latter extend on through the abdominal pedicle, through
the mesoderm of the membrana chorii into the villi, and join the
capillaries there. At the end of the first month the fetal heart
begins to beat, and in the first month eiveulation through the
vessels begins, and For THE FIRST TIME there is an exchange be-
tween maternal blood and the contents of the chorionie vessels
through the syneytinm and eells of Langhans. As the liver
orows the wyolk veins atrophy and the umbilical veins grow
larger. When the liver can no longer take care of all the placen-
tal blood the ductus venosus Aunrantii is formed, and so part
of the blood gcoes directly into the inferior vena eava. The
original yolk veins form the portal eirculation, which becomes
active in the latter part of the fetal nine months. After birth
the portal civenlation, earrying blood from the intestines, pan-
ereas, and spleen, supplies the liver. The portal eirculation, as
said before, develops from the yolk veins. These changes arve
due to the ehange in size and importance of the yolk, placenta,
and liver. After birth the nmbilical vein becomes the ligamentum
teres of the liver: the duetus venosus becomes the ligamentum
venosum [ Hertwig).
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B. THE UMBILICAL CORD.

The duetus omphalo-enteriens enters the future ilemmm at a
point lying subsequently near the eecum. It is obliterated in the
eichth week and disappears. Sometimes it is retained and s
known as the diverticulum of Meckel. Tt may be simply a
divertieulum of the ileum. It may extend up to the umbilicus as
a patent canal extending from the ilewm. It may remain as a
band extending between the ileum and the umbilicus.

The umbilical artery of each side forms from its first part the
common iliac. The remainder passing along the pelvie lateral
wall to the side of the bladder, along the anterior surface of the
abhdominal wall to the adherent band and umbilicus, becomes
the ligamentum vesico-umbilicale laterale. The intra-abdominal

F1i. 46a.—Embryoe with abdominal mesodermal pedicle and with nmbilical vesi-
vle, showing amnion still ¢lose to the embryo, a condition still found in the third
week o even later. (Ahlfeld.)

portion of the allantoie duct becomes a part of the bladder and
the urachus, which extends from the summit of the bladder along
the anterior abdominal wall to the navel.

(Of the umbilical veins, one atrophies. Early i its career
it joins the venm omphalo-mesenteriex, which, in their later
stages, are connected with the liver, and thus it enters the liver
and subsequently beeomes the licamentum teres. Coming out of
the abdomen of the fetus are:

1. The adherent band of mesoderm.

2. In it the allantoie duet.

3. In it the nmbilical vein and umbilical arteries.

4. The atrophied umbilical vesicle and its duet, the omphalo-
enterie duet.

5. On the latter the atrophied omphalo-mesenterie vessels.
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C. AMNION.

The amnion, even in the third week, may lie close upon the
fetns. In it fluid is seereted which constantly distends it. As
the cephalie and eaudal ends take on a ventral curve, and as the
lateral walls of the germinal plate eurve upward and gradually
approach, and as the points from which amnion begins thus ap-
proach, the amnion comes nearer and closer to the abdominal
pedicle and the omphalo-enterie duet. When the amnion is fin-
ally distended so that it is in contact with the inner lining of
the membrana chorii (6th-10th week), it must envelop the ab-
dominal pediele and the atrophied umbilical vesicle. The vesicle

Allantoic diyct
{ Lpaehus)

[ T £

Fig, 46h.—Ovum (zchematic), showing extra-embryongl chorvion connected with
the embryonal area by the mesoblastic nmbilical pedicle. In the umbilical pedicle
are the allantoic duct and the umbilical vessels, *asging from the umbilical
vesicle to the intestine are the omphalo-enterie duct and itz obliterated vessels.
When the amnion becomes large enough to line the membrana chorii (sixth week
or later), it presses these structures together and sarronnds the then-formed
umbilical cord.

15 longer than the abdominal pedicle, so that its tip lies for a dis-
tanee on the fetal surface of the membrana chorii. The point
of attachment of the original adherent band to the membrana
chorii is the point of attachment of the abdominal pediele to the
chorion frondosum and the point of attachment of the wmbilical
cord to the placenta. At the umbilicus the ammnion, which thus
covers the eord, zoes over into the abdominal epidermis. The
main substanee of the eord consists of Wharton's jelly. A long.
thin cord is characteristic of man.



CHAPTER XIV.
GROSS ANATOMY OF THE PLACENTA.

The placenta is a thickly spongy, fairly eireular mass measur-
ing 1520 centimetres in diameter and about 3-4 centimetres in
thickness. The surface toward the embryo has attached to it the
cord and is covered, or rather lined, with the amnion.

Placenta is the finally developed membrana chorii of the
chorion frondosum with its myriads of chorionie villi. Instead
of each villus being connected with the membrana chorii, we have
connected with the latter large stems on which are numberless
branches and sub-branches covered with chorionie villi.

The outer surface of the placenta is divided by furrows into
areas or islands ealled ecotvledones. A ecotvledo consists of a
stem passing out from the membrana chorii. From it pass villi
and large branches covered with villi, and from these still smaller
branches with villi. The uterine placental area has been invaded
by trophoblast cells and villi during a period of nine months, so
that compacta and almost all of the spongiosa have heen *‘eaten
up.”’ If, from a certain area, we remove compacta and spon-
oiosa, we pass from the region of capillaries toward the region of
vessels situated in the museularis. The uterus, however, has
grown actively in the first three months., The vessels of such an
area have hypertrophied during this time proportionately with
the enlargement and hypertrophy of all the uterine struetures.
In the next six months the uterus enlarges passively and a further
inflnence is exerted on the openings of the vessels on the uterine
surface—i.c., they are streteched and opened in trumpet fashion.
As a result, we find on the uterine placental surface larger and
smaller sinuses lined more or less with endothelinm, which endo-
thelimm may extend in trumpet fashion to various degrees.

Except at the margin, practically no glands are found beneath
the decidual projections. The remnant of decidua covering the
uterine placental area is very thin and is so infiltrated with fetal
irophoblast cells as to be practically fetal in character. The
same is true of the decidual projections.

The sinuses are situated in hollows or depressions, for the
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uterine surface is very irregular. As a result of irregular in-
vasion by trophoblast cells and villi, and as a result of the deeper
invasion by the *‘adherent villi,”” the uterine surface shows ir-
regular decidual projections, Between these projections and at
their base are the ‘‘sinuses.”” Numberless individual villi are
icosely attached to the tips and sides of the projections. Masses
of villi fill up the hollows or bays. To the bottom of these bays
are attached the adherent villi—i.e., the large stems which pass
oft from the membrana chorii.

The attachment of stems between decidual projections, and the
extension of decidual projections between masses of villi, serve
to divide off the uterine surface and the placenta into compart-
ments. These compartments ave filled solidly with villi, As a
result the blood eoming from the uterine arteries is limited more
or less to the compartment into which it enters. We have the so-
called intervillons spaces. The entire placental structure is not
washed or infiltrated by all the maternal blood making exit from
the uterine placental surface, but by the blood of its compart-
ment.

No space separates external placental surface from uterine
surface. The masses of villi ecomposing the placenta have the most
external groups close to the openings of the maternal sinuses.
Villi and masses of villi extend into the uterine veins. This ar-
rangement, whereby maternal blood passes ont between the
densely grouped villi and back again through the venons sinuses
of compartments, gives the greatest and most plentiful oppor-
tunity of surrounding the myriads of villi with maternal blood.
The fetal vessels passing through the cord, through the mem-
brana chorii, through the villous stems, through the villous
hranches into every villus, give a tremendous opportunity for
exchanee between maternal blood and fetal blood through the
synevtinm,

The placenta is thus well attached to the uterine wall. In ad-
dition the reflexa is attached to the vera at all parts of its per-
iphery. In addition the liquor ammii presses placenta and re-
flexa closely against serotinal area and vera.

At the edge of the placenta the amnion which lines it passes
cn and lines the membrana chorii which has not formed placenta,
the chorion leve,

From the edge of the placenta on, the membrana chorii or
chorion leve is attached by means of the reflexa to the deeidua
YEra.



106 GROSS ANATOMY OF THE PLACENTA.

At the edge of the placenta the attachment of reflexa and vera
is not very eclose. This area represents the point of junetion
of vera, serotina, and reflexa. After union of base of reflexa to
vera at this point, the edge of the placenta may extend on upon
the reflexa, now united to vera. Beyond this point the attach-
ment of ehorion to vera per the reflexa is the same as at other
points. The uterine wall at the edge of the placenta has at all
times the best-preserved growth of glands, for here the attach-
ment of reflexa and vera is last completed and the pressure is
least.

There remains of the decidua only a thin layer at best. In
some areas the villi are praetically on the museularis. At other
points spongiosa is preserved, but the glands have lost their
epithelia and look like vesszel sinuses. At other points compacta
and spongiosa are fairly well preserved. The invasion of the
decidua 18 very irrvegular in character (Fig. 43). Generally
speaking, little decidua separates the villi from the musecularis.
The layer of Nitabueh said to separate fetal and maternal
struetures, and probably derived from fetal ectoderm, is varving
in amount and regularity.

1









CHAPTER I
PROCESSES ANTEDATING TUBAL GESTATION.

Etiology.—In former years our views concerning the origin
of ectopie gestation depended mainly on the discovery of patho-
logical eonditions macroscopically evident. Cases were report-
ed with fibroma of the isthmus tubs or with polyps at the uterine
end of the tube. The growth of the ovum in a tubal diverticu-
lum or in an accessory tube was considered to furnish a satis-
factory etiology. In some cases the pressure of ovarian or
abdominal tumors was supposed to obstruet the onward move-
ment of the ovum. Abel and Freund found in a twisting of
the tube and in a failure of development a satisfactory theory
for the frequent oceurrence of ectopic gestation. Since, in a
majority of such ecases, peritoneal adhesions are present, these
were, and even yet are, considered fo so alter the course of the
tube’s lumen as to prevent the entrance of the ovum into the
uterus. Therefore visible inflammations were considered to be
the important etiological element.

During my labors a colleague gave me a specimen of extra-
uterine gestation combined with a multilocular serous ova-
rian eyst, with the request that I should find, if possible, a Graai-
jan follicle in the ovary, though he believed none to be pres-
ent. [ considered that this specimen would furnish a proof
of external migration of the ovum, and that this migration might
stand in an etiological relation to the ectopiec gestation. KEx-
amination of the ovarian cyst showed no Graafian follicle.
Therefore the ovum had eome by external migration from the
other ovary. In Case 3 the same absence of a Graafian follicle
was noted.

The experiments of Leopold have shown that the ovum given
off by one ovary may enter the tube of the other side. The cases
are not so rare in which the tube of one side was closed or ab-
sent, and although the corpus luteum verum was found in the
ovary of the same side, yet the ovum was found in the uterus.
Sehrider, Koblanek, and others have found a pregnancy in a
rudimentary horn between which and the uterus no epithelial
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connection existed. Manierre has collected 39 cases of preg-
naney in rudimentary horns. The same is true of those cases
in which the corpus lutenm verum is on one side and the ovum
has developed in the horn of a uterus unicornis of the opposite
side. Kiistner removed a right-sided extrauterine gestation sae

. sangd a left-sided ovarian eyst. Shortly after a uterine pregnaney
“took place.

'Eﬂﬂf.l'ﬂui migration oceurs frequently in tubal gestation.
Although Kiistner took note of the frequeney of this event in
‘only the last 25 of a series of 100 cases, he found it to have taken
place in seven. Prochownik found that external migration had
taken place in one case of eight which he had examined closely.
Martin found the corpus lutenum on the same side as the tubal
gestation in thirty-seven cases, on the opposite side in four, and
uncertain in thirty-six.

External migration of the ovam has been viewed by Sippel
and others as the etiological factor. They believe that the ovum
in its migration becomes too large to permit of its passage
through the tube lumen. The examinations of Peters, however,
show conclusively that no chorionie villi are present until the
ovim has been nourished for a considerable time by the decidua
in which it is embedded. In addition the Graafian follicle 1s
in the majority of instances found in the ovary of the affected
side, so that such an etiology would explain only the smaller
number of cases.

This migration, however, calls our attention to the presence
of a pathological condition in the mueous membrane of the
opposite tube. While it ealls our attention to the faet that the
other tube is affected, it only proves that it is more affected than
the tube in which the ovum is finally embedded, for some cilia
must be present in the latter to influence the external migration
of the ovum. Various experiments make it seem probable that in
the perfeetly normal tube no ovum ean develop.

Kiistner, in his experiments on rabbits, extirpated one ovary
and extirpated or tied off the uterine horn of the other side. In
these attempts no extrauterine gestation resulted. However,
since such a pathological point of development of the ovum does
occur in animals, a satisfactory explanation of the failure of
these attempts could not be found until the experiments of
Mandl and Schmit were published. In their work upon animals
they found the following to be the case: After coitus, and after
the lapse of time sufficient to permit union between the ovum
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and the spermatozoa at the abdominal end of the tube, they tied
off the tube at the uterine end. ~Their results were negative. No
tubal gestation resulted. When, however, the uterine horn was
tied off a pregnaney in this horn resulted, showing that the liga-
tion was not the disturbing factor and that in all probability
ova do not develop on a normal tubal mucosa.

In considering the history of those eases whiech have been
closely noted, it is found that ectopie gestation oecurs most fre-
quently in multipare and that a sterile period of varying length
precedes this pathological development. Martin found that 65
multipare were affected as compared with 20 nullipare. In a
series of 100 cases of Kiistner's, only 10 ectopic gestations oc-
curred in nullipare. The other 87 had borne children and 3
had aborted. In 24 cases it occurred five or more years after
the last labor; in 55 cases, from one to five years after; and in
8, in less than twelve months. Veit found that in 52 cases of
repeated ectopic gestation a sterile period of two to eleven years
preceded the oceurrence of this process. Between the two events
was a period of six weeks to six years. This sterile period repre-
sents the time in which inflammatory echanges in the mucosa may
oceur, either gonorrheal, puerperal, or tubercular. These
changes naturally involve the uterine end of the tube more than
the abdominal, and in the subsequent course of events, when
healing does result, the uterine end improves slowly. What
are, then, the pathological changes in the tubal muecosa which
stand in an etiological relation to ectopic gestation?

In a series of 8§ closely examined cases Prochownik found a
conorrheal history three times; in one of these eases there was
an acute gonorrheal affection of the pregnant tube. Moskowicz
found that of two cases tubereulosis was the etiological factor in
one, and that in the other gonococei and staphylocoeei were
present in the pyosalpinx of the non-pregnant tube. Median to
the ovum Veit found microscopical changes which represent the
results of pus inflammation. In two cases Diihrssen found eilia
abdominal to the ovum, but none toward the uterine end. Kiist-
ner observed very frequently a hemorrhagie tendency of the
non-affected tube, showing that tube at least to have been ab-
normal. I found in three cases distinet changes in the mucosa
median to the ovum.

Franz makes inflammatory changes in the tubes responsible for
the oceurrence of ectopie gestation. This is the more probable
since inflammatory processes are so frequently found in the
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other tube. Franz found such changes in eighty per cent of these
cases in which a sterile period of two to seventeen years was
noted. In eases where a sterile period of less than two years was
observed tubal changes of the other side were present in only
53 per cent. He comes to the conelusion that we must seek the
etiology in those affections of the tubes which have run their
eonurse, and which, having for a long time prevented the moving
of the ovum, have permitted a gradual and partial restoration to
normal eonditions.

While in a eertain number of eases no pathological mieroseopic
changes are found in the tubal mueosa, it may be explained by
the faet that so-called eatarrhal conditions frequently show little
microseopical change. Even during or after gonorrhiea the tube
may seem microscopically perfectly normal. Ahlfeld, in an ex-
pertence of many years at the University of Marburg, met with
so few cases of tubal gestation that he considers the relative free-
dom of his patients from gonorrhea, as compared with those in
the larger cities, to be the only explanation.

Various inflammatory influences are etiological factors in that
they destroy the cilia v whele or an part or dunosh their fune-
tional activity, Besides, from the experiments made on ani-
mals we know that absenee or early atrophy of the ovaries in-
fluences the museular development and the funectional activity
of the uterine wall and the structure of the mueous membrane
and the cilia. In eases of functional interference with the se-
cretion of the ovary, or in the atrophy subsequent to labor or
as the result of lactation or of constitutional disturbances or of
failures of development, the acltivity of the cilin is diminished.

Naturally there must be activity to a certain extent on the part
of the ecilia, especially at the abdominal end of the tube, for
extranterine gestation oeeurs most frequently in the isthmus
tub@e. Prochownik found an ampullar loeation in only 3 cases
out of 45. Mandl and Schmit found in 69 cases an ampullar
situation in only 15. Diihrssen found an isthmie location in
all of his 29 patients. In the 5 cases which T have examined
elosely the same is true. Although Mereier has collected 30
cases of interstitial gestation (with rupture), Leopold 10 cases of
ovarian gestation (?), and although the growth of an ovum on
the fimbrie, as well as tubo-ovarian pregnanecies, oceurs, yet the
vast majority are found near the uterine end of the tube.

A further proof may be found in the fact that reeurrences
of tubal gestation take place but rarely in the same tube.
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Patellani, in a tabulation of 36 cases, found that first one tube
and then the other was the seat of development. Veit in 52
eases found that it recurred only three times in the same side.
An additional point of importance is the oceurrence of tubal
gestation in either tube at the same time, of which Gebhardt
mentions 9 ecases. Further. Patellani has collected 37 instances
of combined uterine and extrauterine gestation—a practical
proof of an affeetion of one tube, and certainly excluding ex-
ternal migration.

I helieve that in the so-ealled sterile period gonorrheal,
puerperal, tubercular, and atrophic processes take place. The
interval of wyears between the last labor and the ectopie ges-
tation, the fact that the loeation is generally in the middle area
of the tube, the faect that repeated gestations are observed and
rarely in the same tube, the occurrence of an ectopic gestation on
both sides at the same time, and the frequency of external migra-
tion together with a ecombination of extra- and intrauterine ges-
tation, point certainly to an affection of one tube and probably,
but to a lesser degree, of the other tube. The frequency with
which, according to Kiistner, a hemorrhagic tendeney of the non-
affected side ocenrs, as well as the microscopie diseovery of catar-
rhal eonditions, together with the history and the microseopical
evidence of the presence of gonocecci, point distinetly to a tubal
affection. The observation of Diihrssen, who found eilia ab-
dominal to the placental site and none median fo it, and Veit’'s
observation of the presence of inflammation median to the ovum,
as well as the theory of congenital and aequired atrophy of the
tube, especially subsequent to labor, lead us at the present day
to seek in the mieroscopical changes of the tubal mucosa, the in-
jury to the cilia, the etiologieal factor in tubal zestation.

8



CHAPTER I1I.

VARYING VIEWS CONCERNING THE HISTOLOGY OF
TUBAL GESTATION.

The Decidua.—In the uterns the ovum descends by a centrif-
ngal process into a well-developed decidua, which is gradually
divided into a superficial ecompaect layer and a deeper spongy
glandular layer. Conecerning the existence of a tubal deecidna,
however, opinions differ. Webster’s view that a compacta and
spongiosa are formed receives no support. Wyder found, in one
case, decidua in the periphery of the region oeccupied by the
ovam. Mandl deseribes decidua eells in the placental area,
while Veit found deeidua cells not only at the placental site but
at a distance from it on the opposite wall. In his eight elosely
examined cases Prochownik deseribes decidua cells and in one a
well-developed decidua. Abel found a well-marked deeidua
about an ovum, especially in the region of the placenta. His
statement is positive, since he compared it microseopically with
the decidua cast out from the uterus.

On the other hand, Aschoff found none at the placental site.
Kiithne deseribes only a pseudo-decidua consisting of fibrin, con-
nective tissue, and tnvading ecloderm cells. Though slight de-
cidual ehanges may oceur at the placental area, the cells whicl
have been previously described as decidual are considered by
him to be the cells of Langhans, and the same view s shaved by
Aschoff and Ulesko-Stroganowa. In most ecases fibrin masses,
blood, villi, and cells which at least look like decidua cells, but
which many consider to be trophoblast cells, are to be found. It
is a faet, however, that at the area of greatest pressure the so-
called decidua is often thinned to a decided extent.

Veit in turn considers the so-called cells of Langhans to be,
in the peripheral areas, decidual eells. Though he finds cells of
the layer of Langhans in the maternal vessels, yet they are not
conneeted with like cells about the vessels. There is an absence
of like cells between the vessels and the serotinal surface. While
granting that the resemblanee is great, he considers those inter-
stitial eells present in the peripheral areas about the ovum to be
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decidual, and concludes that the eonnective tissue in the cireum-
ference of the intervillous space in tubal gestation undergoes
deeidual change, only that this layer is very much thinner than
in the uterus.

Embedding of the Ovum, and the Reflexa or Capsularis.—A
considerable difference of opinion exists as regards the reflexa.
Wryder found none in his ease and the ovum was only loosely at-
tached. Abel found no eapsularis and most of the villi were
free and only few were adherent. Werth described sections of
a tube in whieh the ovum had settled at the height of a tubal
fold. Werth deseribed, in another case, a capsule containing
muscle fibres passing out at the base from the muscular fibres of
the tube wall. The external covering of the capsule consisted of
epithelium. According to Kreisch, the capsule may consist of
unilted folds. He deseribed the presence of a reflexa in three
cases, however, which was not eomposed of tubal folds. In a
speeimen examined eight days after conception a reflexa was
found by him. The formation of a pseudo-reflexa readily takes
place if the ovum is embedded in a thick system of folds. Others
believe that in many eases a capsule consisting of longitudinal
muscle fibres and mucosa, with no epithelium on the inner side, is
of frequent oeceurrence.

Aschoff and Fiith make it evident that the ovum makes its
way down into the mucosa, as is the case in the uterus, and that
it extends even further deeply into the muscular wall. It is
then covered laterally by the inner layers of the muscularis and
by the mucosa, which are pushed over it, forming a capsularis
and bounding the intervillous space. In several closely exam-
ined cases the ovam has been found almost under the entire
thickness of the tubal wall, lying directly on the vessels of the
ligamentum latum. Musecle fibres are absent, however, at the
summit of this resulting eapsule. In another case the ovum was
nearly extratubal, lying between the museularis of the tube and
the muscle fibres of the licamentum latum. The ovum was, of
course, separated from the lumen by the mueosa and by musele
fibres. At the apex of this capsularis there was considerable
thinning, but the epithelium upon the mucosa was intact. Such
a development would explain the so-called pseudo-intraliga-
mentous cases of Kiistner. The capsule has been found in some
cases to be lined with the cells of Langhans.

Intervillous Space.—If the eapsule be composed of folds, ae-
cording to Kreisch, they may be so firmly united that an infer-
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villous space may exist. In Abel’s case the space between the
chorion frondosum and the decidua was larger than at any other
point ; adherent villi extended into the decidua, but most of the
villi were found free in the space. The vessels of the deeidna
opened direetly into these intervillous spaces, which contained
blood. Aeccording to Aschoff, the centrifugal descent of the
ovum makes the existence of an intervillous space easy. Veit,
in a well-preserved non-interrupted case, found a well-developed
intervillous space in which blood cirewlated, and traced a vein
econtaining villi into this common intervillous space. Kiihne, on
the other hand, considers the invasion of the blood vessels by the
villi to be pathologieal, and does not consider the existence of an
intervillous space probable, because in eight cases he found no
reflexa. Sinee Von Both collected 84 cases of ectopic gestation
with viable fetus, an intervillous space must have been present.

Villi.—Abel, as stated before, finds a decidua vera in the per-
ipheral areas of the ovum ; the villi, however, he found fo exfend
only up to the muscle. Leopold and others, on the contrary, find
the villi extending deeply info the muscular wall of the tube.
The villi are eovered with two layers. At their ends are pillar-
like groups of cells growing into the wall, between the musecle
fibres, and representing extensions of the trophoblast. The cells
of Langhans growing into the muscle and uniting with it form
the so-called Saugeplatte, It is with this layer that the villi unite
through the eell eroups found at the ends. These complexes of
cells of Langhans and syneytinm speak for the fetal nature of
the latter, and the pillar-like groups are simply groups of tro-
phoblast not vet reached by the mesoderm.

Abel found most of the villi free and only some adherent to
the deeidua. As they did not enter into the musele, the econnee-
tion was not a close one. Wyder removed an ovalum in its en-
tirety from a tube and later examination showed no villy extend-
ing through the decidua to the muscle, Kiihne, Ulesko-Stro-
ganowa, and others find that the cells of Langhans extend active-
ly info the submucous tissue and info the muscle bundles, and
believe that these are the cells which are often mistaken for de-
cidual eells. Tt is upon them, as upon the compacta of the
uterus, that the villi grow. At the same time, they may extend
entirely up to the serosa of the tube.

As just mentioned, the villi may extend up to the serosa, and
perforations of the wall covered by thrombi have been frequently
found. Kiihne deseribes cells which have entered the serotinal
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veins. In the vessel spaces under the pseudo-decidua he finds
free cells whose character proves them to be pseudo-decidual
elements. He considers these cells to have entered through the
vessel walls. Mandl found deecidual cells in the vessels and be-
lieves that they have passed out of the surrounding tissue into
the lumen. Other cells in the same location he views as prolif-
erated endothelinm. Cornil found syneytial elements in the ves-
sels and considers them decidual eells which have entered through
the vessel walls. Other investigators hold that the cells of Lang-
hans grow directly into the submuecous tissue and into the musele
bundles, and that these cells may penetrate the vessels and open
them as in the uterine compacta. They deseribe the villi as foi-
lowing the course of these cells of Langhans into the museunlaris,
up to the serosa and through the serosa, which latter perfora-
tions are usunally eovered by thrombi. Aschoff, Ulesko-Strogan-
owa, Leopold, and others have desceribed villi as perforating the
vessel walls.

Deportation.—By Veit a quite different theory is given. how-
ever, to explain the presence of fetal cells and wvilli in the musen-
Iar wall of the tube. In disenssing the relation of the ovum to
the uterus, Heinz considers that the fetal tissues grow into the
maternal struectures and sayvs that the mafernal glands, vessel
walls, and tissues are eaten up by the villi. Cornil considers that
the ovaum in an extrauterine gestation not only does the same,
but follows a course resembling that of a uferine chorioma.
While Veit may erant the correctness of such a view in patho-
logieal conditions, he does not believe it justifiable to consider it
the usual course.

In the case of a normal uterine gestation, villi do not project
into the arterial openings of the intervillons space. They do,
however, project normally, not only in the border sinuses but at
all the serotinal points, into the veins alone. The wvilli are of
normal structure and often so numerous that they oecclude the
vein lumina. They are frequently very long and follow the
conrse of the veins fo a considerable distance. In the uterus,
villi are thus found in direct contaet with the uterine muscle,
or, better, in the veins of the nterine muscle. The same is true in
tubal gestation. Whether this oceurs in all eases or not eannot
be positively stated (Veit).

Veit believes that cells in the periphery of the ovam enter
at an early period into the peripheral veins. In normal gesta-
tion the uterus grows as much as the ovum needs, and the ovam
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as much as the nterus permits. Later, as soon as the ovumn in
the uterus has attained a certain size and the edge of the placenta
extends laterally, another proeess is added to that of generai
growth. This process is brought about by the villi which pro-
ject into the serotinal veins. If a villus enters a vein it generally
remains in eontaet with the periphery of the ovum and grows
further in its length as well as in its eireumference, In its
growth it dilates the lumen of the vein so decidedly that its
serotinal portion is everted and taken up into the general inter-
villous space. On either side endothelium then extends for a
short distance upon the serotinal surface. In the uferus, nor-
mally, only cells of the ovam or of the villi are loosened and
pass on into the veins, but the villi themselves, as a rule, remain
in contact with the ovum. In uterine gestation the entire endo-
metrinm becomes deciduons, and, therefore, decidua cells are
found in the periphery of these vessels which contain willi.
In the peripheral region of the well-preserved tubal sae Veit
found free villi in a vein. Series sections showed this vein to en-
ter into the intervillous space. Therefore the villi were no longer
connected with the ovaum. This oceurrence, whereby syneytinm
and villi, loosened from all eonnection with the ovum, are found
in the veins, is given by Veit the name deportation.

Veit, then, explains the deseriptions of Aschoft, Fiith, Cornil,
and Ulesko-Stroganowa, who find a destruetion of the tube wall
and an invasion of vessels by the villi, on the theory of deporta-
tion through the veins.

Veit does not believe that the fetal cells possess the power of
wandering, because he finds the ecells of Langhans in a vessel
but no such eells about it. Therefore, in his opinion, the ecells
have not perforated the vessel becanse none are present in the
connective tissue. Veit, however, forgets that, in addition to de-
portation, a wandering of ecells and a perforation of the vessels
does oeenr.

Veit denies that the eells of the ovam wander into the connee-
tive tissue. We know that cell groups go gradually over into
the cells of Langhans on the villi, while on the other side they are
either separated from the deeidua by fibrin, or else the cells pass
gradually into the decidua with such a resemblance to the latter
eells that it is difficult to differentiate them.

Veit does not believe that the eells of Langhans in the per-
iphery of the tube look different from those which are near the
villi. He found at the area of the tubal vera a few changed
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connective-tissue cells and considers them to be a beginning
stage of a decidua vera. In the periphery he saw cells about the
vessels differing somewhat in appearance and stain from the
cells of Langhans, and, sinee they are like the above-mentioned
vera ecells, he considers them decidual. In this connection he
overlooks the power of the trophoblast.

Where the eell groups enter the decidua he sees a certain form
of cells. At other points where, in series sections, no villi enter
the serotina he finds the same cells. Therefore either the cells
of Langhans can wander in all directions or else a decidual
change is present, and he believes the latter to be the ease and
states that a decidua exists, but muech less than in the uterus.

Concrusions.—In the uterus there takes place a centrifugal
descent of the ovum on a spot free of epithelium. The compact
layer of the decidua forms the enveloping zone. There is an
early connection between the maternal blood and the fetal cells in
the form of a trophoblast which is a product of the ectoderm.
The trophoblast, at poinits, extends far into the compacta and
the cells have a decided power of wandering. The trophoblast
18 changed fo syncytivm through the corrvosive aclion of the
blood. The opening of the maternal vessels occurs even before
villi are formed, and al {his and at all subsequent stages fetal
cells enter the maternal circulation. The primary enveloping
zone becomes the subsequent intervillous space. Neither fhe
uterine epithelivm nor the maternal endothelium play any part
i the formation of the syncytiuvm. No reflexa is formed, but
through the descent of the ovum a capsularis results. The ovum,
through its trophoeblast cells and villi, invades and destroys the
maternal decidua. The fibrin layer of Nitabuch and the thick-
ness of the decidua prevent the extension of the villi too deeply
innto the wall.

In the tube we find no division into two layers, as is the normal
in the uterus. In fact, no decidua is formed. There is an ab-
sence of the thin-walled deecidual vessels, and the muscularis, if
at all, is only slightly hypertrophied. We are only anticipating
the results of our investigations when we say that, with the ex-
ception of the absence of the decidua and an enveloping zone
composed of compacta, the processes of gestation in the tube are
the same as those in the wterus, modified only, as we would
naturally expect, by the absence of the decidua and the thin-
ness of the tube wall.

The varying differences of opinion are due to five canses:



120 HISTOLOGY OF TUBAL GESTATION,

1. Ova of different states of preservation have given, quite
naturally, different pictures.

2. Ova of very different ages have been described and com-
pared without taking this fact into consideration.

3. As in the uterus, but even more so, the differentiation be-
tween fetal and maternal eells has been almost overlooked, so
that trophoblast cells have been viewed as decidual. The ability
of the fetal eells to wander, to invade the tube wall, and to per-
forate the vessels has been granted by only a few investigators.

4. The fact that there are several forms which the ovam fol-
lows in its embedding in the tube has almost entirely escaped
attention.

5. While Veit’s deportation is an accepted fact, he leaves ont
of consideration the proeesses of ‘‘cell wandering’” and “*vessel
invasion.”’

How nearly and how closely in all important details the his-
tology of tubal gestation may resemble the course of uterine ges-
tation, will be seen in the following pages.



CHAPTER III.

"_'___'DING OF THE OVUM AND DEVELOPMENT OF
EXTRA-EMBRYONAL STRUCTURES.

‘the cases examined in series sections, these three are taken
ypes representing the important forms and stages.

I. THE COLUMNAR TYPE OF TUEAL GESTATION,
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of a blood eoagulum, and a larger half composed of closely
gronped ecells, of protoplasmatie eells and masses containing one
or more nuelei, and of villi. Villi are also found, but sparsely,
about the coaculum (Fig., 48).

Sections through the smaller diameters show the coagulum
diminishing in size and extent, with an actual and relative in-
erease in the extent and area composed of closely grouped cells

- -'_-:'-Eu"? A

B E Bl i

1. 47a.—0vum of Fig, 47, showing division Into two halves and an intimats
connection with the tubal mucesa on the right. [(Section through the greatest
dlameter.)

and villi, furnishing, then, a centre composed of cells and a
periphery in which arve villi (Fig, 49).

The more external seetions are continually smaller (Fig. 507,
and the central cell area diminishes in size, so that the small and
most external sections present only villi (Fig. 51). In all the
sections the villi are in the periphery of the eentrally situated
closely grouped cells,

By reconstruetion, then, we obtain a solid, oval-shaped body
possessing a covering composed of protoplasmatie cells and willi.
Within this eovering are closely grouped cells, and in the in-
terior, although eccentrieally situated, is the coagulum. We are
dealing with an ovam ( ?) in which the amnion, umbilieal vesiele,
and the eentral cavity are obliterated by blood, while the tro-
phoblast and villi arve preserved. This ovum, as we may view it,
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is adherent on one side to folds of mucosa which evidence a
proliferation of their epithelial covering, On the epithelial

Frg. 48 —Another section through ovum of Fig 47, showing in one half tro-
phoblast ecells, willl, and very dark syneytinl masses.

covering, and between the folds, are rows of round, structure-
less bodies densely grouped, and the same are found at numer-
ous points covering the ovum, except at the end opposite to the

Fig. 40.—A more peripheral section, showing trophoblast cells and villi and
very little of the blood coagulum,

eoagnlum. In other words, on and between the mucosa folds in
contact with the ovum is seen a plasmatic substance distinetly
exereted by the epithelinm, and in it are also red blood cells and
lencoeyte nuelei.
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The tube wall facing the other end of the ovum presents
mueosa folds, whose epithelinm is interrupted at various points,
while at other points arve proliferations of epithelinm and round
cells. The stroma of many of the folds is absent, while others
possess dilated capillaries and vessels, and still others are filled
with blood extravasations. The tube wall itself is covered with
epithelinm, and in the wall are extravasations of blood, and
dilated arteries and veins. A{ wno point in the tube wall or in
the mucosa is there any decidual change or any condilion repre-
senting an entrance of trophoblast cells or of wvilli. The ovam
is surrounded by a plasmatic substance which I have observed
cn uterine and eervieal polyps eovered with epithelimm and in
active growth. It is not a deposit from the blood, as such, but
one actively seereted or produced. This same element is found
on the mucosa folds in immediate contact with the ovum. The

Fra, 30.—A still morve peripheral section, showing only villi

adhesion of the ovum at these points is a firm one. It is well
preserved and therefore in active contact with some nutrition-
produeing tissue. The shape and character of the oval body,
together with its other characteristics. prove it beyond doubt to
be an ovom. If not entirely surrounded by the tips of. the
mucosa folds, it was probably sitnated among them near the
tube wall, but not on or in the wall.

The n:nther end, with the numerous tmphublast cells, plasmodial
elements, and villi, was probably surrounded, too, by mucosa folds,
and here, too, an intervillons space, containing blood eoming from
the capillaries of the mucosa, was probably present. Although we
shall see that this end was infiltrated by maternal blood, I cannot
forbear, in this connection, to mention the possibility that the
ovum obtained nutrition from the epithelinm of the mmueosa at
the point of adhesion, which represents to me the reflexa or
capsularis composed of tubal folds.
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(In the placente of many animals it is found that the blood
extravasated from the uterine vessels is made use of by the fetus,
in that the degenerating produets of the extravasated blood cells
are taken up and absorbed by the ectoderm cells. Aceording to
Strahl, in Galago, a Madagasear lemuride, numerons extravasa-
tions are found in the uterine mueous membrane, and their
produets lie in the connective tissue in the form of larger and
smaller yellow granules. The epithelia of the glands near this
extravasated blood are more or less filled with granules re-
sembling these. He considers them to be rests of the blood ecells
which are taken up by the gland epithelium and made use of by
the latter in furnishing an iron-containing seeretion. The gland
epithelia here perform a function which in other placentz 18 per-
formed by the fetal ectoderm. In Galago fetal villi are always

1. 51.—NMo=t '|'p|3|"|1:|'|u_r|'_'|| :ﬁil"l_'lii:lu. .l;hﬂ'l.'l.'i.llg a villns {!]F-

in eontact with the uterine epithelium and obtain nourishment
from it. Between the nterine epithelium and the epithelinm of
the villi are seen strands which represent the uterine milk taken
up by the villi. Thus the fetus gains the greatest portion of its
nourishment through the chorionie epithelinm.)

The main cell body is composed of cells, without distinet cell
boundaries, containing nuelei of varying form and staining
darkly. At various points are found paler cells with a distinet
nuclear membrane which unite in groups of three or more. More
external, in the region of the villi, the cells are more distinet and
the nuelear membrane is more elear and nueleoli ean be distinetly
seen (Fig. 52). The more external these cells are found the
larger and the more swollen and the paler do they become, and a
homogeneous intercellular substance is present. In the centre
of those seetions where the cells are so densely grouped (Fig. 49
are minute, darkly-staining granules whose identity at first was
not distinet. In the more peripheral areas, however, their char-
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acter is evident ; for they are only found where red blood cells are
present and they are therefore lencoeyte nuelei. The nearer we
approach the cirenmference the more do we find blood in the in-
terstices between the cells, at first as isolated cells or groups, and
later in larger spaces containing red blood eells. Wherever blood
in small amount is present, the cell nuelei become dark and
change their form, becoming long spindle-shaped, arranged in
single strands or in longer parallel groups. Where, however,
blood in larger amounts is present, protoplasmaticmassescontain-
ing numerous round or spindle nuelei may be observed. Near the

gt e T
Fira, 52 —An area from Fig, 45, showing trophoblast cells, their transition to

the chorionic epithelivm in the upper part, and to synceytial groups in the lower
part.

eircumference the number and extent of the round protoplas-
matie groups and the number of the darker or longer spindle-
shaped nueclei increase, and the latter seem to invade the sections
described from the exterior toward the interior. In the ex-
terior of the sections are villi covered with a double layer of
thin syneytium with flat nuelei, The centre is composed of em-
bryonal conneetive tissue staining blue and eontaining branching
cells (Fig. 52).  Other villi, some of which are quite long, have a
centre composed of round nuelei with nueleoli which are very
closely grouped, and transitions from these cells to syneytinmmay
be distinetly observed, as in Fig. 52. These villi, as well as the
others, are found only in the external area or near the coagulum.
Knobs of syneytium and so-called syneytial giant cells are pres-
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ent about these villi, conneeted by a pediele or lying apart. In
the central areas no eonnective tissue ean be observed. In the ex-
ternal layers, however, as said before, it is evident in the form of
a structureless substanee between the cells, giving these areas a
pale appearance (Fig. 52). It is not present in the younger villi
and is only evident in the fully formed ones.

Rlood and filrin at aree Dilated veszels of the
of seroting tuelee toall
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Fia. 53.—Section of tube, showing normal mucosa in the lower and left area,
while above and to the right 1= the area of attachment of the ovum, giving a
typieal picture of the tube after tubal abortion.

II. THE INTERCOLUMNAR TYPE OF TUBAL GESTATION.

A further stage of development of a tubal ovum is well rep-
resented in Fig. 533. The examination, in series sections, of this
specimen, known eclinically as tubal abortion, divulges numerouns
interesting features. Omne half of the eireumference of the tube
lnmen is of a normal character; the other half is in a torn, in-
filtrated condition which invelves not only the mucosa folds but
also the submueosa up to the muscularis. Close examination
evidences the faet that the ovum was situated on the tube wall,
compressing and destroying the mucosa folds at the situation
known as the serotina. On either side of this point the mucosa
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folds were evidently united about the ovum, forming a psendo-
reflexa. The capillaries and large vessels at the serotinal point
are filled with blood (Fig. 53), and many evidence larger or

.Zlfusc'r.'m:' filires of tube wall

Blood elat
and filivin

Fia, 54.—Iortion of serotinal arvea of IPig. 53, showing pale trophoblast cells
and cell groups and the darker synceytial cells.

smaller injuries and invasions of the wall. At the serotinal por-
tion and for some distance on either side is observed in the sub-
mueosa a tissue resembling at first sicht decidua.

On close examination we find oval, very closely grouped ecells,

Fi1c. G4 —Typical aren in Fig. 54, commonly mistaken for decidua, showing
pale trophoblast cells and dark syneytial cells.

consisting mainly of nuelei and possessing each a nueleolus (Fig.
54). They are extremely closely grouped and between them are
found no capillaries or spaces. This tissue rests not only on the
free surface of the tube wall, but invades it at many points to a
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eonsiderable depth (Fig. 55). The invasion of the tube wall is
not an even one, for at some points it forms a continuous deep
layer like the decidua, at other points it enters the submucous
tissue in irregular branches and projections, and at other points,
through lateral infiltration, is separated from the free surface of
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Frc. 55.—Section through tube wall at serotinal area, showing the paler char
acter of the advanced trophoblast cells apd the darker character of the densely
gronped trophoblast cells near the ovum. Typical field formerly mistaken for
decidua, but differentiated by the dark spindle-shaped syneytial cells. This draw-
ing shows that in tubal abortion the “rests” are of the same nature as in uterine
abortion.

the tube wall by a considerable space of normal submucous tis-
sne.

These cells are found about the smaller and the larger vessels,
invading and infiltrating their muscular walls up to and into the
lnmen of the vessel.

The character, arrangement, and structure of these cell masses

9



130} EMEBEDDING OF THE OVUM.

leave no doubt that they are trophoblast cells. In addition they
may be identified by the faet that at almost all points, especially
those points near the inner surface of the tube, they are aec-
companied by isolated, long, spindle-shaped protoplasmatic cells,
by groups of polynuclear protoplasmatiec masses, and by long,
often parallel bands of the same character (Figs. 54a and 55a).
These are the syneytial cells, absolutely identieal with the same
elements observed in all the previous specimens, especially those
seen in the first tubal ovuom.

These cells may be further identified as trophoblast cells by
the fact that they are found, at the tip of some adherent willi,

F1a. Sod.—Another area from Fig. 53, showing the “advance goard'” of infil-
trating trophoblast and syneytial celis.

extending divectly into the tube wall. These trophoblast cells
enter into the submmuecosa and museunlaris, forming the tissue
which so many investigators have called decidua. These com-
plexes of trophoblast and syncytial cells, especially the groups
found at the tips of the villi, are not yet filled out with meso-
derm, but are to form future villi.

At no point do the connective-tissue cells of the tubal folds or
of the submiucosa evidence any change vesembling, in the slightest
degree, those changes oceurring in the uwterine mucosa which re-
sult in the formation of decidua cells.

At no point do the epithelial eclls of the mucosa evidence any
ciange of a so-called syncytial character.
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III, THE CENTRIFUGAL TYPE OF TUBAL GESTATION.

Figure 56 represents a tubal gestation, containing a fetus, in
the sixth or seventh week. The tube wall is preserved in its entire
circumference, with the exception of fwo minute areas where the
chorionie villi have actively perforated if. Projecting into the
dilated lumen of the tube, and almost touching the mucous lining,
is the outer covering of the fetal sac, the capsularis. One half of
the cireumference of the tube is invaded, infiltrated, and
Beginning of
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Fic. $6.—Tuobal gestation with fetus attached by umbilical cord, showing a
perforation by the growing villi elosed by a thrombus.

stretehed by the other half of the fetal sae wall, that is, the pla-
centa. On both sides, at the junction between the infiltrated tube
wall and the preserved but decidedly stretched tube wall which
surrounds that half of the fetal sac which projects into the tube
lumen, the mucosa of the latter passes over upon the fetal sae
and can be followed upon it as a covering of the latter for a
certain distance. The summit of the sac is covered by a tissue
composed of fibrin, trophoblast cells, leucocytes, ete. The ovum
possesses, then, a capsularis eomposed in part of fetal folds and
submucosa. This eapsularis is, strietly speaking, no reflexa. It
must be ealled a psendo-reflexa or capsularis.

The area of the tube circumference entirvely filled by villi is
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the true placental site, and here is found a real intervillous space
bounded on all sides by the point of union of the tube wall with
the base of the capsularis. The remainder of the eireumference
of the fetal sae evidences villi, but the space between the cap-
sularis and the inner lining of the sac is mainly filled with blood
and blood erystals. At the real placental site almost no rem-
nants of the tube wall can be found. At this half of the tube
wall there are nothing but villi, trophoblast eells, syneytial cells,
and a sea of maternal blood (Fig, 56a).

The process involved in this invasion of the tube wall and the
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Fra., aie.—Tubal ovaom with perfectly developed capsularvis. Tubal wall pazses
on both sides over into the capsulariz. Major portion of placenta is at the lower
border, where tubal tizsue is eroded and perforated by the villl. This area is the
intervillong space. Between the tube lumen and the central cavity of the ovum
is the capsularis filled with blood and blood crystals.

process involved in the formation of the villi ecan, in each
section, be extremely well judged on either side at the point of
junction of the capsularis with the tube wall (Fig. 57). IHere,
on either side, there extend into the gradually thinning fissue
of the tube villi, cell groups, and syneytial cells which invade the
musenlaris in what may be called a concentric path. We ob-
serve, at the tips of fully formed villi, the typieal trophoblast
cell groups. We see them extending into and between the
muscular fibres, changing into and accompanied by syneytial
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cells and masses of every kind and form yet described (Fig. 58).
At no point is there the slightest evidence of any decidua or of
“any decidual reaction. The trophoblast cells invade the vessels
of the tube wall, and the villi themselves enter the tube wall
and, with the trophoblast groups at their tips, enter the vessel
lumina.

At the main placental siie are found trophoblast cells with
the clearest and most distinet change into various forms of inde-
pendent syneytial groups and into the syncytial covering of the
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Fia. 3T.—Area YX of Fig 568a magnified, showing the reflexa or capsularis and
the infiltration and invasion of the tube wall by the trophoblast and villl.

villi (Fie. 58). They are likewise seen to pass over gradually
into the layer of Langhans, which at all points resembles the
syneytial layer to such an extent that it might be said that the
covering of the villi consists of a double layer of syncytial cells
(Fig. 59). The villi have actively perforated the tube wall indi-
vidually and in groups, so that the intervillous space commini-
cated with the abdominal cavity at these points.

This stage is the exact macroscopic and microscopic counter-
part of the stage seen in Fig. 39.
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If no interruplion take place, the capsularis unites with the
mucosa of the enveloping tube wall in the same way that this
process 18 exemplified in the uterus.

The various steps in the sueceeding months of development of
a tubal gestation may, so far as the development of the placenta,
the fetal sae. and the fetus 1s coneerned, be considered as
identical with the same processes in the uterus; for over ninety
cases of full-term ectopic gestation with viable fetus are re-
corded.

The various steps in the development of the tubal placenta,
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Fig, &5 —Area of advancing trophoblast cells of Fig, 57, showing transition of

trophoblast cells to syneytial groups and to the syncytial covering of the villl

depending as they do mainly on the cells of the ovum itself, the
trophoblast eells, are the same as in the uterus. The differ-
ence 18 mainly in the different character of the base or tropho-
spongia. We may draw the following conelusions:

(1) In tubal gestation no decidua or frophospongia develops.
The mucous lintng of the wterus is veally a lymph tissue; the sub-
mucosa of the tube is not.

(2) Fetal cells, in tubal gestation, may at any time enter the
maternal circulation.

(3) As regarvds the trophoblast, the syncytium, the villi, the
formation of blood by the trophoblast cells, and all other par-
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ticulars, the processes depending on and originating wn the ovum
are the same in both wterus and tube.

(Clertain investigators have described ova embedded in the tube
wall, where a capsularis was present containing muscle fibres
passing out from the tube wall into the base of the capsularis.
The ovaum was found entirely under the entire thickness of the
tube wall, lying on the vessels of the ligamentum latum—the so-
called pseudo-intraligamentous form.

CON CLITSION 8.

In the tube, the embedding of the ovum and the development
of the placenta, then, is found fo follow three fairly distinct
forms: (1) the colwmnar, (2) the intercoliwmnar, (3) the centri-
fugal.
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Fi1c, 59.—Drawing from serotinal arvea of Fig. 564, showing trophoblast cells
going over into lsolated syneytial cells and into syneytial masses,

1. In the eolummar type of development (Fig. 47) the ovam is
surrounded by mucosa folds only. Here an invasion of the capil-
laries of the tubal mucosa oceurs. Such a columnar situation
makes abortion easy and of little danger. Very soon after the
entrance of the ovum tubal bleeding may result; the ovum dies
and further hemorrhage expels it. The tube may return to a
normal state without any evidence of the previous condition, or
else a hematosalpinx may be formed if the abdominal end of the
tube is closed. The ovum may, theoretically, develop to a muech
further degree and press the folds against the tubal wall. If de-
velopment continues the villi may extend into it, and the con-
nection of the ovum and the villi with the surrounding tissue is
a loose one, as in the case of Abel and of Wyder and in the
specimen Fig. 47.
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2. In the intercolumnar form (Fig. 53) the ovum may rest on
the wall of the tube. Any tubal fold beneath it will be com-
pressed, but epithelium may be present in a depression. Other
folds may form a eapsularis, which eonsists then of mucosa alone;
if such a capsularis be firm an intervillous space may develop.
The villi at the placental site enter into the wall ; here a hemor-
rhage may result through this invasion of the wall and of the ves-
sels and through an invasion of the capsularis by fetal cells; or,
since the eapsularis does not underzo deeidual change and is
therefore less yielding, the capsularis may rupture. If it be
torn, or if it be not closely adherent, the intervillous space is
opened. Abortion, complete or incomplete—usually inecomplete
—is the peneral rule, but rupture might oceur. If the abdominal
end be closed a hematosalpinx or a tubal mole may represent the
final outcome.

3. In the eentrifugal form (Fig. 56a) the ovum sinks into the
wall of the tube and an invasion of the wall and vessels by the
villi may take place even up to the serosa. The capsularis is
formed by muscularis and muecosa. It may rupture at its sum-
mit. The invasion of the vessels entering the intervillous space
may cause hemorrhage. The villi which extend up to the serosa
may cause bleeding, though their penetration is so gradual that
these points are usually covered with thrombi. Finally a rupture
may take place at the placental site through multiple perfor-
ations producing an arrosion. The ovum praetically eats up the
wall. Even though the tubal diameter be large enough to give
sufficient room, this oecurs. It is not the result of pressure, as
may be seen in gestation at the fimbrian end, where rupture also
can result. Villi which perforate the serosa may cause a very
decided hemorrhage into the peritoneal eavity. When no rupture
has oceurred and the abdominal end of the tube is eclosed,
only the microscope may divulge the souree of such an in-
traperitoneal bleeding. Such minute perforations may eause
collapse through hemorrhage, even though the opening be no
larger than the head of a pin. Even after the death of the ovum
the villi ean grow, and an aective tubal mole is found with eon-
tinued bleeding. If they do not grow, hemorrhage continues,
sinee no contraction can take place, as is the case in the uterus.
The eentrifugal form furnishes the majority of tubal ruptures.
But the vast majority of these so-called tubal ruptures are either
erosions or due to erosion by the perforating wvilli.



CHAPTER IV.
THE USUAL COURSE OF ECTOPIC GESTATION.

The theory that the tube ruptures because the ovum is too big
is, as a rule, wrong for cases in the first three months. The
various interruptions of ectopie gestation are all the result of
hemorrhages primarily minute. The usual ending, elinieally, of
the gestation begins with bleeding in the tube. The invasion of
the vessels of the mueosa and the tube wall and the invasion of
the serosa furnish the causes for hemorrhage., The death of the
fetus, as in the case of the uterus, brings about changes which
result in bleeding. The primary eause is a lack of decidua. In
a mucosa previously affected, when many large vessels are
changed by the fetal cells and invaded by wvilli, an inerease in
tension through contraction of the tube walls furnishes an easy
explanation of this hemorrhage. In the uterus the vessels are
firmly embedded in the thick decidua and take a twisted course;
in the tube the vessels are straight and embedded in loose con-
nective or fetal tissue. Bleeding on the part of the capsule is
possible and of freguent oecurrence, since it does not undergo
decidual change and may be invaded by fetal cells. The con-
traction of the muscle fibres on either side of the eapsularis ren-
ders the rupture of this psendo-reflexa easy because of the ab-
sence of decidunal changes, and the point of rupture is usually at
the summit of the capsularis. If the capsularis be composed of
tubal folds the intervillous space is easily involved. If the ecap-
sularis be ecomposed of museularis and mucosa a decided bleeding
may result if only the summit of the capsularis be torn.

Rupture of the tube almost always takes place at the placental
site, which is the seat of old and new hemorrhages. The hemor-
rhage and loosening of the ovum which represent the clinical end-
ing of these cases is not the first bleeding, for older ones are
usually present. The various processes depend upon the ovum,
the condition of the tube before pregnanecy, the character of the
union of the ovam with the tube, the place of union, and trauma.
The reaction of the tube iz limited to the area of the ovum; and
in this we find the main difference between tubal and uterine
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gestation. The uterus undergoes early independent growth, the
tube does not. With the development of the ovum the uterus
erows hand in hand, while in the tube the ovam makes room for
itself and obtains its nourishment by the invasion of the tube
walls. It may streteh the cireunmference of the tube so that its
wall, as in the case of Abel, may be reduced to a layer of con-
nective tissue so thin that rupture may result at any point.
Ampullar eases usnally end in abortion, generally with hem-
atoeele, There is no obstruetion, unless decided adhesions are
present, and the blood is generally poured out quickly into the
pelvie peritoneum or into the sac of Douglas. Such an abortion
may be eomplete or incomplete. Rupture in this situation oe-
ears, but very rarely. The majority of tubal gestations are
situated in the isthmus tuba nearer the uterine end. In those
cases we have (1) abortion without rupture, complete or incom-
plete, with bleeding from the abdominal end of the tube. Gen-
erally a hematocele is found at the abdominal end. The tubes
are often so eurved that it is diffieult for the blood to make its
way to the fimbrize, and the oozing is of a slow character. The
blood extends rarely more than a very short distance toward the
uterine end, because of the numerous short eurves present here.
(2) We may have single or multiple mieroseopie perforations of
the tube wall by villi, causing even decided hemorrhage without
apparent eause. (3) We may have macroscopic perforations or
““erosions’’ of the tube wall, covered or not covered by thromba,
and causing ereat hemorrhage. (4) We may have abortion with
rupture either into the free abdominal eavity with no hematocele
at the abdominal end of the tube, or with partial encapsulation,
in which event there may be hematocele at the abdominal end if
the tube is open. (5) We may have an intraligamentous tear
with hematocele at the abdominal end. In these latter cases the
placental site is always on the inferior surface of the tube and
the ovum has descended centrifugally to the vessels of the lig-
amentum latum. These are by far the most difficult cases surgi-
cally, and may require hysterectomy to remove the mass in foto.
Case 1. (Fig. 47).—Twenty-eight vears of age, married thir-
teen years. One labor eleven years ago. Divorced ten years
ago, and operated vaginally at Mt. Sinai for pelvie abscess, since
which time periodical attacks of pain on the right side every
three months. Married again twenty months ago. One year ago,
pain, feinting spells.  Three months before admission, pain. Two
months before, only stains instead of menstruation. ONE WEEK
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BEFORE, SEVERE CRAMPS, FAINTING SPELLS, following a metror-
rhagia of several weeks. Operation showed plenty of old blood in
the pelvie cavity. Tube distended, elot at fimbrian end. Other
tube normal. Mieroscope, columnar type, with evidences of a
previous old ectopic gestation.

Case II. (Fig. 53).—Twenty-seven years old; four children,
last nine months ago. Nursing. Four weeks of abdominal
eramps and uterine hemorrhage. Well for one week and then
symptoms returned up to admission, on which day she fainted
three times on account of pain.

Operation.—Mueh blood; right tube distended and clot at
fimbrian end. Ovarian eyst. Incomplete tubal abortion. In-
terenlumnar type, villi and cells of Langhans and syneytium in
the wall. Reflexa consisted probably of folds involving one half
the eircumference of the tube. The other half of the lumen
normal,

Case IIT. (Fig. 56).—0Ild blood clots in the abdominal cavity
showed the cause of the inereasing attacks of pain with intervals
of relief to be due to bleedings from perforations of the tube
wall which were closed at times by the formation of thrombi.

Cage IV.—Patient 32 years old; two children, last three years
ago. Skipped two menstrual periods. Two weeks later ex-
amined beeause of abdominal pain. Examination showed left-
sided tumor, elastic, with pulsating vessels on the left side of the
vagina. Uterus enlarged. Next day signs of hemorrhage, pale,
pulse 120,

Operation showed much blood, dark eclots and bleeding from
the tubal end. Incomplete tubal abortion, placental mole, slight
involvement of the wall. No Graafian follicle in the ovary.

Case V.—Twenty-five years old; three children, last fifteen
months ago. Three months ago first menstruation (probably
nursing). Two months ago skipped menstrual period. For
four weeks metrorrhagia and cramps lasting fifteen to twenty
minutes and recurring as often as three to four times a day.

Operation.—Vaginal celiotomy. Little free blood. Miero-
scope. Ovum, disintegrated by blood and surrounded by wvilli
and tubal folds, found in the tube. Folds also present in the
wall at many points. Organized clot adherent at one point.
Intercolumnar and partly eentrifugal, for museularis and mueosa
extend on either side partly over the mole. Organized tubal
mole. No fresh bleeding,

Case VI.—Thirty-seven years old; married eighteen years; six
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children, last three years ago. Last menstruation four months
ago. Operated beeause of abdominal pains. No blood in the
peritonenm. Tube and ovary free. Continued bleeding into
the tube, whieh was full of fresh blood. Probably would have
broken through the elosed abdominal end. Inecomplete tubal abor-
tion of the type of hematosalpinx. Placental mole. Decided in-
volvement of tubal wall. Large vessel in the periphery going
over gradually into the intervillous space.

These cases point to the decided danger from continued bleed-
ings involved in tubal abortion. The general view is that tubal
rupture gives mueh more pronounced symptoms and a much
more decided hemorrhage than tubal abortion. When we eon-
sider that incomplete abortion means that villi are left in the
tubal wall and that so-called eomplete tubal abortion means the
retention of trophoblast cells, we may readily understand that
bleeding may continue for an indefinitely long period. It is a
fact, however, that even complete abortion may caunse decided
svmptoms. Mandl reports two cases from the clinic of Sehauta,
accompanied by pronounced collapse and decided hemorrhage.
In the first ecase no villi were found in the tube wall (see
Fig, 53). In the second ease, although villi were found in the
blood elot in the tube, none were found in the tube wall. Like
cases of tubal abortion, with symptoms as severe as are frequently
the rule with tubal rupture, have been reported by Klein, Zedel,
Piering, and others. It seems to me these histologieal and eclini-
cal evidences are of sufficient weight to destroy the view, prevail-
ing in many minds, that tubal rupture should be treated by ex-
tirpation of the tube and that tubal abortion demands only con-
servative treatment. The proportion of tubal abortion to tubal
rupture is probably 8 or 10 to 1. In this eonnection it is guite
sufficient to mention the dangers arising from hematocele. The
injury to the peritoneum, the adhesions which take place, and
above all the by no means infrequent ocenrrence of subsequent
purulent degeneration of such an acenmulation of blood, are only
some of the injurious results avoided by prompt removal.

The possibilities are represented by the processes of abortion,
microscopie perforation, maceroscopic perforation, rupture, hema-
tosalpinx, and tubal mole. In 99 ecases of interrupted tubal
gestation in the eliniec of Sehauta, a hematocele was found 60
times—55 after abortion, 5 times after rupture. If the bleeding
be very slow, the blood forms a capsule (due to peritoneal ad-
hesions) into which the subsequent hemorrhages enter, the so-















THE RELATION OF THE CHORIONIC EPITHELIUM TO
CHORTO-EPITHELIOMA.

There have been observed and reported over 150 eases of a
uterine crowth of exceedingly malignant charaeter oeceurring
after abortion and labor, or even after tubal abortion. The
clinical symptoms are: (1) Pronounced uterine hemorrhage,
recurring even after repeated eurettage; (2) very early metas-
tases, espeecially in the lungs and vagina; and (3) early death
throngh hemorrhage, eachexia, or septie infection.

Macroseopieally, these tmmors are more or less localized, ul-
cerating, degenerating, hemorrhagic growths, frequently passing
deeply into the uterine wall, or through it with invelvement of the
peritoneun.

Microscopically, these tumors are characterized by hemorrhagie
areas, areas of degeneration, the presence of fibrin, and the
involvement and invasion of capillaries and large vessels. They
are especially characterized by the presence of (1) pale round
and polygonal cells with pale protoplasm and pale nucleus, and
(2) of large round and spindle-shaped ecells with large dark
nuelei and also (3) of large, irregular branches composed of poly-
nuclear protoplasmatic masses.

These atypieal growths have been variously deseribed as sar-
¢oma, earcinoma, carcinoma after abortion and labor, and as
sarcoma and earcinoma causing abortion.

Singer, in reviewing these cases, found a deecided resemblance
in their characteristic elements, and eame to the conelusion that
the decidua cells were the cause of the growth, giving it then
the name of deciduo-sarecom or deciduoma malignum.

As a result of the investigations of Friinkel, and later of Mar-
chand, attention was called to the faet that those cells whieh
s0 closely resembled decidua eells were really of fetal origin
and were, in fact, the cells of Langhans, while the spindle-shaped
and grouped masses of polynuelear protoplasm were of syneyfial
arigin.

10
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From all sides, especially in England and Germany, this view
was attacked. It was polnted out how baseless was the view
that fetal eells could produce a growth of this malignant char-
acter, differing from carcinoma only in the faet that metastases
resulted through the blood channels instead of the lymph paths.

This controversy is to-day by no means settled, many holding
the view that these tumors are sarecomatons, originaling from the
decidiea cells,  The giant eells and the protoplasmatic masses
are referred, likewise, to changes in the decidua. Others hold
that these growths result from the epithelial eovering of the vilii.
That these cells, if they are of fetal origin, should be mistaken
for deeidua cells is a natural error, for we know that even in
the normal processes a positive distinction is often very difficull,
It is to be noted that many investigators have ealled the typical
trophoblast eells in tubal placentation, too, decidua ecells. Still
others lean to the view that the stroma of the villi plays its part.

On the other hand, among those who hold that these growths
originate from the chorionie covering a division of sentiment ex-
ists ; for those who consider the syneytium and cells of Langhans
to be of uterine origin elass these growths as eareinoma and sar-
coma of a somewhat atypical character. Those who believe, as we
have shown, that the epithelial covering of the villi is of fetal
ectodermal origin, and who therefore also elass these tumors
under the eategory of earcinoma, are introducing into pathology
a new element.

A faetor which has served to elear our views on these various
disputed points is the knowledge that fifty per cent of these
malignant uterine growths, commonly known as deeiduoma, fol-
low the presence of hydatid mole,

In hydatid mole we find the same elements as in normal pla-
centation, only that these elements are excessive in number and
size. Hydatid mole represents a hypertrophic growth of the
chorionie covering, accompanied by dropsical swelling of the
chorionie stroma. As is well known, the covering of the willi
consists of two layers, an outer syneytium, an inner, the cell layer
of Langhans. The growth concerns both the syneytium and the
enll layer of Langhans. The abnormal element is the oceurrence
of very large eells with immense nuelei in large number, and a
decided growth of the synevtinm, aceompanied by the forma-
tion in the latter of large vacuoles.

Leaving out of consideration those cases malignant because of
the diffuse and deep infiltration of the uterine wall by the eystie
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villi, by no means are all hydatid moles of a malignant character.
An attempt to distingnish between the benign and malignant
cases was proposed by Neumann. He observed, in three cases
subsequently resulting in the so-called deciduoma, large cell ele-
ments in the stroma of numerous villi which he considered to be
infiltrating elements of the syneytium. He observed, further, an
abnormal infiltration of cell gronps through such syneytial ele-
ments. Investication of subsequent cases shows that malignant
forms are not always preceded by such changes in the hydatid
mole, while others have found these ehanges and yet no malg-
nant growth oceurred.

Even the oceurrence of metastases is no proof of malignaney,
for Pick reported a case with a metastasis of villi in the vagina
and yet the patient recovered. We know that fetal eells are
given off from the normal placenta into the maternal circulation.
Even the normal placenta, as Piek believes, may give metastases
of villi, and these may (1) degenerate or (2) grow slightly or
(3) produce the same syneytial growth as is observed in benign
hydatid mole. (4) Primary malignant growths may originate,
and have originated, from such metastases.

Malignaney, in the case of hydatid mole, is not then to he
judged alone by the oeeurrence of metastases. Those cases which
subsequently develop into the so-called deciduoma evidence their
malignant charvacter by the ability of thewr cells 1o grow in an
unlimited manner, aided by the character of the tissue which per-
mits or also aids this growth. WVarious theories have been pro-
pounded in explanation of this phenomenon. 1. Through the
syneytinm there is a constant exchange of produets, and after
hydatid mole, or on the oeeurrence of abortion or labor or any
process eausing the removal or death of the fetus, this exchange
ceases. The fetal cells then, if in a favorable surrounding, are
supposed to use this nutrition for themselves and increase until
an unlimited growth results (theory of Marchand). 2. Ribbert
considers the unlimited ability of eerfain malignant tissues to
crow to be due to the separation of their mother cells from their
normal connections. 3. As is well known, Cohnheim considered
displaced embryonal cells to be the future source of many benign
and malignant tumors.

An interesting power or potential retained by displaced cells
is that of differentiation. We know that displaced cells, cells re-
moved from their normai relations, are able, after an interval of
many years, to grow and produce struetures of varying form.
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This is best exemplified in the case of dermoid cysts, for their
character distinguishes them from all other tumors. The later
in the stage of embryonal development these cells are displaced
the more simple is the structure of the resulting dermoid; the
earlier in the period of embryonal developmenttheirdisplacement
ocenrs the less differentiated are these cells. For that reason
embryonal cells displaced in the early weeks produce tumors of
complicated character, for their potential as regards differentia-
tion is great. Cells displaced at a later period possess a lesser
potential as regards differentiation, while those epithelial and
eomnective-tissue cells displaced very late, as at points where the
skin only remains to be united. and at the branchial elefts, pro-
duee only the simplest form of dermoid growth. They produce
only cells of the same character and strueture as the parent eell
if the stage of complete differentiation had been already reached.
If the displacement oceurs before this period, such elements are
found in the subsequent growth as the parent cells would have
produeaed had they remained in their normal situation. Such
early cells, however, reproduce far greater growths and far more
extensive tissues than would have resulted had they not been dis-
placed. This 1s evidenced by the faet that no loss of any normal
tissue or structure results. In dermoid eysts of the ovary, for
instance, very large and complieated tumors are found, resulting
from the displacement of ectodermal and mesodermal eells by the
Wolffian body, and vet the maternal body is otherwise normally
developed. |

In the genital tract, especially, we find numerous evidences of
another eell potential, that is, the ability to first display ae-
celerated growth after a lapse of many vears. We find in the
uterine wall, under the peritoneum, in the broad ligament, and
in the ovary, generally after puberty, epithelial and glandular
erowths, sometimes of considerable size, resulting from the dis-
placement of cells of the Wolffian body. In the fetus and in the
newly-horn, hundreds of nteri and appendages have bheen ex-
amined and vet relatively few sueh displacements of Wolffian-
body eells ean be found. This means that the displacement con-
cerns simply embryvonal cells of this organ, which even at a much
later period possess the power to develop the same struetures as
the parent organ. This growth takes place, as a rule, at and
after puberty, and the same is true in the case of dermoid cysts.

We find, then, that the general stimulation of tissue and eell
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erowth oceurring after puberty may influenee some embryvogically
displaced ecells in the same manner,

We find, on close investigation, that almost all ovarian and
parovarian cysts result from the eontinued growth of structures
which in the embryo were functionating organs, but which in the
fetus and in the adult are supposed to wundergo regressive
changes, namely, the epoiphoron and the parodphoron, con-
stituting the two divisions of the Wolffian body. Papillomata of
the ovary, in all probability, also develop from eells of these sup-
posedly regressive structures, Ovwarian eysts also freguently
show papillomatous changes.  These are, strietly speaking,
only huge increases of the characteristies of the primary embry-
onal organ.

Not infrequently these papillomatous growths are macroscopi-
cally of a malignant charaecter, in that they break throungh the
covering of the eyst or through the ovary, grow without restrie-
tion, invade the peritoneum. infiltrate the surrounding orgaus,
and produce eachexia.

Such ehanees may also display the microscopie characteristies
which we attribute to earcinoma—that is, a continued growth of
the epithelium, a breaking throungh of the membrana propria,
and an infiltration, mieroseopieally, of the tissue surrounding the
epithelial eells. In other words, we find a continued unlimited
orowth of eells, reproducing, even though in a changed relation,
the character of the mother cell.

These smaller and larger reproductions of the Wolffian body,
these eystic growths originating from the Wolffian-body eells,
these papillary and malignant growths originating from the same
sonree, as well as dermoid eysts, furnish us with evidence of the
ability of regressive cells and organs, and cells removed from
their normal relations, to undergo a more or less unlimited
erowth, even after lyine dormant for many years. These cells,
however, arve cells of the patient and are open to the same in-
fluenees as normally situated ecells.

In the ease of chorio-epithelioma, however, we find fetal
eells, often only a few weeks old, possessing naturally no
ereat potential as regards differentiation, but an exceedingly
high potential as regards their ability to grow. The energy and
potential of these cells may be appreciated from the fact that the
earliest ease occurred two weeks after the interruption of preg-
naney, while the latest occurred nearly four years after hydatid
mole.
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The most prominent point of a ripening Graafian follicle is
poor in blood supply and is ealled the stigma follieuli. It is
here that the opening takes place which furnishes an ontlet for
the ovum. This opening is probably the result of the reaction or
chemieal effeet produced by the ripe ovaum, for, in the newly-born
and in children, follicles of the same size and even larger ones
exist without bursting —the so-called atresie follicles,

After ovulation the ovum is thrown out into the abdominal
cavity, and then, influenced by the wave movement of the ciliated
epithelinm of the tube, the fimbrize of the ampulla, and the fim-
brie ovaries, finds its way into the uterus. The wave movement
of the ciliated epithelinm ecauses a current in the peritoneal
plasma whieh directs the ovem into one or other of the tubes.

A feeundated ovum embeds itself in the lining of the uterus
through eentrifugal descent. The ovum then causes a reaction in
the surrounding tissue and a dilatation of the surrounding lymph
spaces, so that a resulting localized edema takes place. In addi-
tion a dilatation of the capillaries is produced.

The outer layer of the ovum develops into what is known as the
trophoblast, which is a product of the ectoderm, and from it
develop the cells of Langhans and the syneytium.

Shortly after the ovum is embedded in the mucosa a connection
between the trophoblast and the maternal blood takes place
through a rupture of the capillaries. The maternal blood then
hathes the eetodermal trophoblast. This opening of the maternal
vessels oeeurs, however, before the formation of vili; and the
cells of the trophoblast may therefore enter the maternal veins
at the very earliest period.

The compact layer of the decidua is the zone which envelops
the ovum. The trophoblast at points may extend far into the
compacta, for fthe cells have a decided power of wandering. The
trophobiast, therefore, invades the maternal tissnes even at the
earliest period.

A gradual transition of trophoblast cells into syneytial eells,
and a gradual ehange of trophoblast nuclei to syneytial nuelei,
take place throngh the corrosive action of the maternal blood,
and elements of the maternal blood aid in forming the syneytial
protoplasm. The syneytium does not originate from the ma-
ternal endothelinm, nor from the uterine epithelium. nor from
the decidua cells.

Just as, in the early stages, the trophoblast invades the de-
cidna, so, after the formation of villi, is the future course of the
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eetodermal trophoblast and of the syneytial cells of a destruetive
character so far as the deeidua is concerned. The trophoblast and
syneytinm invade the maternal tissue and mingle with it. They
infiltrate the decidua and bring it to destruction. The tropho-
blast and syneytial eells erode the eapillaries and blood vessels,
the blood in turn changing fetal cells to syneytium.

The invading trophoblast and syneytial cells have at all times
a great power of wandering. They enter, between bundles of
musenlar and eonnective tissue, into the lymph spaces and into
the blood vessels. At full term the uterine wall is infiltrated with
fetal cells of a syneytial eharacter,

From the very earliest moment fefal cells are continually enter-
ing the blood of the mother, not only in the primary intervillous
space but in the fully formed intervillous space, as well as
through the vessels of the uterine deeidua and wall.

CHORIO-EPITHELIOMA.

Under chorio-epithelioma we distinguish two forms, the typieal
and atypical. In the typieal form (Fig. 60) we find large, roun:l,
polvhedral cells with strikingly large, very irregular, lobulated
nuelei which stain very deeply and often degenerate, forming
vacuoles. The protoplasm is relatively seanty. These cells are
capable of great wandering and are found more or less isolated
between the musecle and the connective-tissue bundles (Fig. 63,
in the lymph spaces and in the vessels. They form the advance
eguard in the way of infiltration. There are, further, irregular
bridges of protoplasm containing seattered or grouped nuelei of
various sizes (Fig. 61). Many of these groups of nuelei are the
same large, irregular, lobulated nuelei as were observed in the
form just mentioned. In addition are found irregular masses of
protoplasm containing many small nueclei. The character of the
latter is identical with normal syneytinm.

The irregular groups of protoplasm eontaining grouped nuelei
of various sizes are undoubtedly of syneytial character, for they
result through the blood surrounding and infiltrating the cells
of Langhans, and it is very evident that these cells form the afore-
mentioned grape-like nuelei (Fig. 63). The isolated large eells
are likewise of syneytial eharacter. They have generally been
mistaken for deecidua eells. They may be distinguished from the
cells of Langhans, for the latter are pale, polyhedral groups of
distinetly epithelial character. They are rich in glyeozen and
therefore often eontain vacuoles. The nuelei are large but pale.
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The cells of Langhans are better illustrated in the atypical
form (Fig. 64) where the syneytial elements are relatively in the
background. In fact, no more and no different syneytial cells are
present here than in normal gestation. The trophoblast cells lie
closely grouped and are surrounded by syneytial elements in
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quite the same manner as in normal gestation, or especially in
tubal gestation. They are polygonal eells, concerning which
different views have been held. They have been called deciduna
cells. No vessels of their own, however, are present in these
epithelial-like groups, and their character, their structure, and
their arrangement so closely resemble the trophoblast cells ob-
served in normal gestation that any other view is not to be con-
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sidered. These epithelial-like cells and the syneytial masses of
various forms all originate from the trophoblast cells.

In these growths newly formed villi have not yet been found—
a proof of the limited power of differentiation possessed by the
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Fiz. 61.—Upper left-hand corner of Fig. G0 highly magnified, showing the
character of the polynuclear synceytial masses. Along the right and lower bor-
ders are larger isolated mononuclear synevtial cells.

trophoblast cells alone. It may be said, therefore, that two forms
of this tumor exist, the first typieal, the second atypical. The for-
mer eases are so characteristic that they eannot be mistaken. The
latter have been so frequently called carcinoma by eminent au-
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thorities that our belief that many of these are overlooked and
incorreetly diagnosed is certainly true.

A study of the histology of so-called deciduomata, and a com-
parison of their strueture with the structure of normal placental
elements, prove these tumors to be of fetal origin. The cells
from which they develop are the cells which cover the chorionie
villi. Since these are epithelial in character, these tumors, be-
longing as they do to the most malignant forms, should be called
chorio-epithelioma.

We have, then, in the chorio-epitheliomata a reproduction of
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Fra. 62—MHighly magnified area of Fig. 61, showing finer characteristics of
o gynextinl masses. Change of trophoblast cells en masse into polynuclear, vac-
nolar structures.

the same constituent elements as are found in normal placentation
and as are observed in benign andmalignant casesof hydatid mole.
These cells exert the same influence and effect on the maternal
tissues as do the fetal eells in a normal uninterrupted pregnaney.
They invade, as do the normal trophoblast cells, the maternal de-
cidua and destroy it. They infiltrate and erode the walls of the
vessels, They invade and infiltrate deeply, too. the uterine wall.
They advanece cither as distinet Langhans or trophoblast cells or

ecella
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as syneytial eells, or else they undergo in their advanee a change
from the former to the latter, especially when in eontact with
maternal blood, as in the ease of placentation either uterine or
tubal. Their invasion of the maternal vessels and ecapillaries
eives them, from their earliest existence as malignant cells, the
opportunity of invading the maternal eireulation with a resulting
early formation of metastases. Their ability to erode the vessels
causes profuse and constant bleeding. Their ability to destroy
the maternal tissue as they advance produces larger and smaller
areas of degeneration and necrosis accompanied by the presence
of much fibrin. These cells preserve their ability to grow when
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Fig. G3.—Highly magnified area of Fiz. 60, showing character of isolated
mononuclear giant synevtial cells and the infiltration by them of the uterine tis-
sue and lymph spaces.

they reach their new locations, with the result that they produce
in the various organs, but most frequently in the vagina, malig-
nant nodules of the same character as the parent growth. In
fact, these secondary nodules have in some cases been observed
before the eharacter of the uterine symptoms called attention to
the presence of malignant conditions in the uterns.

The fetal cells producing a chorioma are situated in the most
favorable surrounding. They have been performing practieally
malignant funections in that thev have destroyed, even during
normal placentation, maternal fissues, and have invaded maternal
vessels, and have been carried off into the maternal cirenlation.
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When conneeted as part and pareel of an ovam, when feeding
and nourishing the fetus with the products of the maternal blood
which have passed through them, they are, so to speak, under
control of the parent organism the ovum, vet when released from
this eonnection they continue an independent growth of their
own. It is quite probable that in hydatid mole the edematous
swelling of the chorionie stroma is due to interference with the
proper exchange hetween the fetus and the mother, due to a more
or less inereased and independent growth on the part of those
cells whose funetion it is, normally, to aid and permit of this
exchange. It is likewise probable that the growth of the chorionie
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IF1G. Gd.—High-power drawing of atypical chorio-epithelioma greatly resembling
rarcinoma,

cells in chorio-epithelioma takes place during the pregnaney and
15 rather the cause than the result of abortion.

We have observed in the development and change of tropho-
blast cells to syneytium that the elosely grouped ecells, when
vascularized, change to plasmodial or syneytial cells. That the
blood of the mother furnishes the greater portion of the proto-
plasm of these syneytial cells has been clearly shown. Therefore
their production and growth, even in normal conditions, depends
upon their taking up from the mother essential elements, while
the trophoblast cells themselves furnish the nuelei. Therefore
the growth of so pathological a tumor as a chorio-epithelioma is
not absolutely a reproduction of fetal cells, but is in a more or
less direct manner a maternal produetion also.
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The invasion and destruction of maternal tissues in normal
gestation oeeurs within certain fixed limits, and the fetal ecells
entering the maternal eireulation undergo no future growth.
What preserves this balance? What limits and controls the
potential of the parasitic fetal cells? In hydatid mole, and
especially in chorio-epithelioma, the fefal cells are no longer held
in check and they possess the power of unlimited growth. What
has upset the normal balance?

When the fecundated ovum enters the uterus, it destroys the
surface epithelinm under it and descends actively into the de-
ecidua. It produces a deeided reaction in its immediate eircum-
ference, so that even in its earliest stages it evidences a chemieal
power. When the maternal blood makes its exit from the capil-
laries it ought to coagulate, but does not. It eireulates against
the fetal cells which have the power to prevent coagulation.
The trophoblast and syneytial cells are bathed by maternal blood
and enter the ecirculation; therefore the ovum has a certain
enzyme action and the fetal cells may be said to furnish or repre-
sent a placental secretion.

On the other hand, the blood contains elements which exert a
corrosive action on the trophoblast eells, changing them to syney-
tinm. The resulting syneytial cells then cover the villi; they
play the part of endothelium (which they then greatly resemble)
and proteet the cells of Lanchans and the stroma from the corro-
sive influenee of the blood. That the individual cells in chorio-
epithelioma have the power to grow without limit, and that the
cells entering the cireulation have the energy to produce malig-
nant metastases, shows that the decidua and the blood no longer
have the power to limit and control their growlh.

In reviewing the anatomical and physiologieal eharacteristies
of the female sex before and during pregnaney, and bearing in
mind the normal changes of pregnaney (such as the eessation of
menstruation, the aet of labor, ete.), but especially the pathologi-
cal states occurring almost entirely or exelusively in conneetion
with pregnancy (such as osteomalacia, eelampsia, and chorio-
epithelioma ), we are forced to the conclusion which, while partly
theoretical, is nevertheless logieal,

Ovarian seeretion has a great trophie influence upon the uterus.
It stimulates the growth of the round cells of the stroma into
decidua cells. The lining of the uterus is truly a lymphoid tissue,
and it is the great development of the decidua and its seeretion
which prevents the involvement and macroscopical perforation of
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the uterine wall by the placental villi. Although it may be said
that ovarian secretion stimulates the growth of the fetal eells
and that eertain elements in the blood hold their growth in cheek,
it is probably the ovarian seeretion in the maternal blood which
aids the deeidua in holding the placental development within
normal limits, and which renders the trophoblast cells and the
syneytial eells entering the eirculation innocuous.

In normal placentation the human organism furnishes us with
a process parallel to that occurring in eertain bacterial infeetions,
that is, the production of two opposing toxins or ferments: (1) a
blood element, probably the ovarian seeretion, and (2) the pla-
cental secretion.

In the normal woman the ovary is responsible for the periodi-
cal loss of blood known as menstruation. This process is due to a
secretion furnished by the ovaries, for on their removal this pro-
cess ceases and the reduction of oxygen exchange amounts to
twenty per cent, This secretion stimulates various funetions of
the body, and at regular periods an outlet for this secretion oe-
eurs. Every menstruation represents, in addition, the birth of a
non-feecundated ovum, that is, a labor en miniafure.

When, however, feenndation and development of the ovum
take place, the ovum and its enzymes nullify the menstrual
stimulation of the ovarian secretion. The trophoblast cells in-
vade the maternal deeidua which is stimulated by the ovarian
seeretion, and likewise enter the blood of the mother. A normal
gestation is accompanied by the stimulating effects of the retained
ovarian seeretion and these two enzymes are then opposed in their
action. No menstruation oecurs, for the placental seeretion has
nullified the action of the usual forees.

At the end of nine months, when the ovarian seerefion is suf-
ficient in amount or charvacter to overcome the neutralizing action
of the enzymes of the ovum, labor oceurs, that is, the same pro-
cess as is observed in a minuter degree in menstruation, for
menstruation, as said before, is a labor en miniature.

Remembering the constitutional action of ovarian secretion, it
may be said that if, shortly before, during, or after labor, there
is an overwhelming superiority of the ovarian seeretion over the
placental or an opposite mal-relation between ovarian and pla-
cental seeretion, the econstitutional involvement known as eclamp-
sia results.

Following the analogy further, it may be said that chorio-
epithelioma is due to the fact that the resistance to the fetal en-
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zymes and fetal cells offered by the blood and the ovarian secre-
Hion is insufficient to hold the growth of the fetal cells in check.
Chorio-epithelioma ocenrring generally after abortion or hydatid
mole is certainly the cause rather than the result of the abortion.
Chorio-epithelioma represents a more advanced stage than that
of hydatid mole, but both of these conditions follow the normal
processes in their course and growth. The only difference is the
power of unlimited growth possessed by the chorionic cells in
these pathological eonditions. The difference in the resistance
offered by the patient points to a constitutional element as an
important factor in the etiology of chorio-epithelioma.
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