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Introduction. |

This study aims to be a preliminarf survey of the essential
features of the postnatsl growth and differentiation of the reproductive
$ract of the female albine rat, confined primarily to the period up to
establishment of sexusl maturity. The normal growth and variability of
the body and of the various Byetéms and organs in the slbino rat have
been cearefully investigated by Donaldson ('06, '08, '09),by Jackson
and Lowrey ('12), by Jackson ('13), and by Hatai ('13). 1In Jackson's
and Hatai's work the ovary has been included, but as fAr as the writer
is aware, no study of the growth of the tract as & whole, including the
uterine tubes, uterus snd vagina, has been made. Numerous researches
deal with the reproductive organs of the rat in.other ways. Among
such are those of Coe ('08), Kirkham ('10), Kirkham and Bux;r ('13),
Sobotta and Burckhard ('ll) on the maturation, ovulation and
fertilization of the ovum; Lane~Claypon ('07) on oYgenesis and the
interstitial cells; Belloy ('99) on the corpus luteum; Hatai ('13j,'15)
on results of gonasdectomy; Frank ('11l) and Corner and Warren ('1l7) om
the corpora lutes and the formation of deciduomata; Arei ('20) on the
number of ova; and the extensive series of studies by Long and Evans
('16-'21) on the oestrus cycle and allied problems.

It is hoped that such a preliminary survey of’the growth and
development of the entire tract will serve to give a sufficiently
useful agqueintance with the general trend of postantal processes to
permit a more intelligent formulation of investigations directed toward
more specific ends. It was therefore considered desirable to combine
& quantitative stu&y of the weight changes in the various parts of the
tract with s study of the general structural changes and to attempt to
determine the correlations between these phenomena. The structural

changes studied involve only the more general phases of histology. No
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specinl effort has been made to deal here with special oytOIOgio
questions, interesting though these may be. Such questions belong
rather to the more specific and rastrioted.problems growing out of
this genersl surveys Furthermore, the complexity of the postpubertal
period makes nacesaéry the employment of different methods for the
analysis of the later growth. This period is therefore deslt with only
incidently in the present Btﬁdy.

To Dr. C. M. Jackson the wéitar is deeply indebted for genereus
direction and'for much kindly advice and criticism, and to
Dr. R. E. Sesmmon, Dr. T. G. Lee and Dr. A. T. Rasmussen for many

hedpful suggestions.

Material and Methods.

This study is based on a series of 1560 female albino rats (Mus
norvegicus slbinus) supplied from the colony of the Department of
Anstomy, University of Minnesota. In 125 of these, organ weights as
well n=s body weights were availaﬂlo. These animale (Table 1) range
from birth to spproximstely 300 dayﬁ of age and from 2.7 grame %o
294 grams in body weight. Thirty of these had given birth o one
litter each and were aaofificed at different periods after partarttion,
vVarying from 12 hours to 3 months. The remsining 95 were all virgins
Which had been isolated furing pr&pubertal 1ife in sepsrate cages away
from mnles. The last two animals of the series (Nos. 124 and 125) were
put back with males for several weeks before they were finally
saerificed, failing, however, to become pregnant. In nearly all cases
the nges were known. Most of the animsls were in healthy condition and
Well nourished. A few distinctly undermourished animals were taken in
order to get aﬁma idea as to the effect of poor nutrition, but this
Phase will be made the subject of special study. The rats were fed
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Graham bread and whole milk, corn and water being kept in the cages
at 211 times. Green vegetables, usually cabbage, were also supplied
ouoaaion&lly;

The aniﬁala were sacrifieed at random when they reached a body
weight which fitted into the series without too much duplication.
Such rendom selection, of course, makes for great varinbility,
especially after the age of puberty, but since this variability was
one of the features to be noted, it was considered desirabdble, and
chance was relied upon to furnish examples of the various stages of

the sexual cyele.
The rats were chosen with reference to their body weights for it

was soon apperent that varistion in the reproductive organs was even
greater in snimals of the same age than in animals of the same weight.
Again, body weight has been chosen ag base reference in preference to.
body length because the state of nutrition se X profoundly affects the
reproductive organs. Older animals, espeeislly those under weight,
may display very smﬁll reproductive organs in spite of their elongated
bodies. However, in uniformly well nourished animals, especially
prior fo sexual maturity, body length may be even & better criterion
of sexusl development than is body weight. On the other hand, body
Wweight is mueh the more accurately determinod. The rats were not
$aken in the order given in Table 1. For the.sako of convenience and
ready reference they have been arranged in a series from the lightest
to the heaviest. In the column of individual rat numbers, the letter
indicates the series, the number preceding the decimal point designates
the litter, and the number following is for the individual.

The animals were killed with ether or chloroform. Aa'aoon as
dead they were weighed and measured for body (nose-anﬁs) and tail

length, The entire reproductive tract was then removed, note being
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made of the open or closed condition of the vagina (if the animaia
were approaching maturity) and of such features as congestion of the
orgens or distention of the uterus. The tubes and ovaries were
isolated by severing the tube closé to the tip of the uterine horn.
They were then carefully dissected apart and (so far as possible) it
the extraneous fat and connective tissue removed without injuring the
organs desired. The uterus and vagina were then similarly isolated.
While this waa-being done as much of the tract as possible was kept.
covered with masses of body fat in order to prevent drying. As
quickly as they were isolated and cleaned the organs were ﬁlaced in =
small glass=-stoppered moist chamber (weighing bottle). The uterus
and vagina were separated by transection of the lattef in a2 plane just
missing the tip of the cervix uteri. Posteriorly the vagina was freed
by similsr transeetion immediately éntarior to the vaginal orifice.
In the cases of the smallest animals some of the dissection was '
necessary under the binocular microscope. The separante organs were
then weighed to tenths of a milligram 1n.the glass-stoppered moist
chember. Each set of organs in turn was removed from the weighing
bottle Qnd put immedistely into the fixing solutions, the weight of
the part being obtained by subtraction. A very slight error was
unavoidably due to such slight avaporaﬁion of the moist chamber as
Occurred during the momentary 1lifting of the stopper for removal of
the orgens. Sueh error was, however, quite negligible when comsidered
in compariﬁon with the difficulties of uniform technique in dissection.
In 50 animals the hypophysis, epiphysis, thyroid (and perathyroid), '
thymus, ana suprarenals were a2lso taken and similarly weighed and
Preserved. These organs are not considered in the present atudy.

The rizntiveﬁ most commdnly employed was Zenker's fluid, although
Flemming's and Bouin's fluids snd formalin were also used. Embedding
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was uniformly in paraffin at 58eC and sections 6 to 7 miera thiék were
stained with haematoxylin and eosin or with iron-hasemstoxylin. The
entire ovaries and tubes were sectioned serially. Of the utefine
horns and vagina, only & hundred or more Bectioné of a representative
portion (sbout the middle) of each were made.

A volumetric study was also msde of 26 éeleoted ovaries using
Jackson's psper method. This consisted of projecting with the aid of
an Edinger projection épparatus every 6th, 8th, 10th or 12th section

of the orgsn, as the case might require, upon & special paper of
uniform weight, outlining the elements desired under uniform magnifi=
ecation, and then cutting out, segregating, and weighing the total
amounts of paper representing each of the elements. Thus the
percentage volumes of follicular tissue, liquor foilicnli, inter-
stitial tissuwe, corpora lutea, and ovarian stroms can be quite
accurately determined.

The organs were ﬁll weighed to tenths of & milligram; the body
weights of the smellest mats also to four decimal places, the largest
rats, however, only to grams or halves of s gram. Caleulations of
Percentage weights were made on basis of the nnmﬁera to the fourth
decimal plage, but in the table, these are expressed only to the
third decimsl place. From the field graph of each organ an approximate
ceurve has been aonséruoted through points corresponding to averages of
the data conveniently grouped. Beyond 160 grams body weight the data
are too heterogencous to permit such treatment. With the number of
Gases available no pFetense of accuracy can bo.mado for these curves
and mathematical formulas for them are herdly justified.

-Using the curves of the absolute weights as a banié, the

Percentage curves of chart 6 have been constructed.
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In the ecaleulation of percentage weights, a Keuffel and Eaéer
"Peerless" Rechemmachine was used. In Table 1 are arranged, in
serial order sccording to the boﬂé-waighta of the rats, the absolute
and percentage weights of the ovaries, uterine tubes, uterus and
vagins.

Iﬁ addition to these 1256 cases of known weights there were also
available for microscopic study the preparstions of 26 other sets of
organs from rats of lmown age, weight, ete., but in whom the organs
were fixed for the most part in situ and 1ﬁ which therefore the
weights of the organs were not determined.

1. Growth in Weight of the Ovaries.

The growth in weighé of the ovaries in the albino rat'throughout
postnatal 1ife has been previously described by Jackson ('l3) and by
Hatai ('13). These data sre also compiled by Donaldson ('l5). With
their resulfs the present study is in genersal agreement. It has been
repeated chiefly for the sake of correlation with the gfowth of the
other portions of the reproductive tract." Both ovaries are considered

el

together, since the work of others has shown nothing of significance

in the usually slight differences of the two. The ovaries of the

newborn rat have been found to weigh from .0606 to .0009 of & gramﬂ

The higher figure is perhaps more nearly ti norreoti During the

mnipulations of dissection and weighing some chance for evaporation

mst ocour, snd in such smell masses of tfissue this may result in

errors disproportionately large. In the younger stages the variability

due to technique may further anémnnt such errors, due, for instance,

to the variable smount of stroms retained st the hilus of the ovary.
Inspection of the field graph in Chart 1 reveals that there aré

three points in the 1ife of the rat when the growth of the ovaries

Wakes a decided change in rate. These occur at approximately 20 g.,
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60 g. end 120 g. body weight. The interval from birth %o the Bd gram
stagé, which corresponds to é period of 25 to 30 days, may be
designated as the first period or phase of ovarisn growth. During
this period there is (after a brief initial period of relﬁtive
retardstion) an increase in the weight of the ovaries at a rate
greater than that of the general body growth. The field graph and the
curve of relative (percentage) grogiﬂj;:;fg geem to indicate that the
growth during this initisl phase is slowest just after birth and
inereases in rate later in the perioed, slowing up again rather
suddenly toward the end. The growth just after birth appears to be
80 much slower than thaf of the body that the percentage growth curve
takes an sctusl dip during the first week. The growih curve of
absolute weights, as well as that of percéntaga weights, therefore
presents a convexity toward the abscissa.

Jackson's snd Hatai's data show quiée the reverse, indicating
that growth is most rapid just after birth (=s though 1t were
directly continuous with a rapid growth process in the foetal
ovaries), and that there is a gradusl retardstion toward the end of
this initial period. In the present field graph, therefore, my early
cases fall below Hafai's curve, but the later cases are considerably
above his curve. Whatever may be the cause of this discrepancy, it
can scarcely he-aseribed to technique, for reference to Charts 2, 3
and 4 on the absolute weights of the tubes, uterus end vagina, reveals
& oonsistent correspondence with this behavior of the ovary. The
abruptness with which the growth rate of the ovary here appears to
change is no doubt exaggerated and would perhaps be diminished in a

larger series of cases.
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A% birth the percentage weighta of the ovaries agrees well with
Jackson's ('13) data and equals about .0l7 per ecent of the body
weight. Variability is grest, howaver; In the succeeding three
weeks fhe relative weight generally rnila below that at birth,
individual cases reaching a low level of .067 per cent of the body
weight. During the fourth week the relative weight rises rapidly
reachiﬁg the high point in rats weighing 28 to 30 grams and 25 to 30
days o0ld. The average percentage weight for the group about 30 grams
in bvody ﬁeight is about .037 per cent. The percentage weight curve
(Chart 6) does not 1nd1o;te so high a'valuo. Even when grouped it is
found that here and there the aversge weighéa will fall sbove or
below the average curve. In order to fit the figures, a curve would
have to be construoted éiaplaﬁing much more abrupt change then does
that of Chart 1. Only & very large number of cases could furnish the
Proper evalﬁ%ioﬁ of the true curve at this point.

Aral ('20) has recently shomn that the greaéest decrease in the
number of ova in the rat's ovary occurs in the first 23 days of life,
after which time the rate of decrease becomes msrkedly leasi There is
& ecorrelation between this #m disappearance of ova and the growth of
the ovary. This will be considered in connection with the structural
changes oéourring at this time. It may further be interesting to
Speculate whether the fair agréemnnt in time between this esrly spurt
0f growth and the usuasl period of lactation is anything more than
¢oineidence. Roughly speaking, by the end of this initial growth
period the évarioa have grown relatively twice as much as the body.

Now follows a mecond period, from about 30 grams to 60 grams
body weight during which the rate of growth is much diminished.
Jackson deseribed this setual decresse in relative weight of tﬁs
Ovaries, his date indicating a drop from .080 per cent to .0l5 per cent.
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The slightly higher value (.017) from my data can probably be .
explained as due to chance *ariation in a small series of data.
Becasuse of this retardation, the body generally has outgrown tﬁe
ovaries, which at 60 grams body weight are of a relative size about
equal to that at birth. The values obtained for the absolute weights
of the ovaries during éhia second period are somewhat higher than
those of Jackson's records, consequently the cases distribute them=
selves generally above Hatai's curve (based upon these data), as
shomn in Chart 1.

When the animala reach a body welght of about 60 grams a third
period sets in--a second period of acceleration-—marking the pre-
pubertal and pubertsl growth aend extending through the establishment
of sexusl maturity or until a body weight of 120 or 130 grams is
attained. This slso corresponds fairly well with Jackson's and
Hatei's éindinga, although here also the values obtained average a
little higher then theirs. Sexmal maturity, as expressed by
ovulation, appesrs to fali usually about the middle of this period,
in rats of 90 to 100 grams in body weight. The variation in the
ovarian weights now increases markedly ao'that the field graph
(Chert 1) presents = conspicuous scatter. In the early part of the
period the inerease is slow, gathering 1ﬁpetna through the middle
three~fifths of the period and decreasing again toward the end of the
period. A ecurve to fit this graph must therefore be double; one of
aoeolo¥ation in the early pert of the period and one of retardation
in the latter part. At the end of the period the relative weight of
the ovary has reaoﬁad an approximete mean value of .035 per cent.
Beyond this point of 120 grams body weight, the absélute weight éf the
Ovaries continues to inoresse (variably) but reference to the relative

weights (Chart 6) indicates that this fourth period is again one of
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retardation. The scatter in the field graph becomes still morg
marked, due; of course, to the great variability induced by the
gtructural and funetional changes of the ovaries during the oestrus
cycles. A larger number of cases would be very desirable, especially
additl&n&l cases at the end of the series. But even with the present
limited data it is clear that the peroentége weight is rapidly
falling, resching in the last animal of the serles a value .0176

per cent.

2. Growth in Weight of the Uterine Tubes.

At birth the; ovary is partially enolos?%t 91:1 ?ngsitoneal fold,
43

an extension of the mesovarium and mesosalpinxz. , During further growth
this fold still more completely covers the ovaéy until finally & thin
peri-overian eapsule is developed, isolating the overy from the body
eavity., It is in this capsular fold that the uterine tube develops.
The noﬁplez coiled up form of the adult tube is not so apparent at '
birth, the tube presenting more the simple form of a letter Oﬁ The
lower end of this tube joins the upper extremity of the uterine
horn, the upper end of the tube opening within the capsule of the
overy cleose to the hilus. The early growth of the tube in length is
very marked and out of pfﬂportion to the distance between itas
extremities. Consequently a greantly convoluted tube is eventually
developed, foaohins approximately its complete form in a week or tem
days. By the time the animel reaches maturity the tube, instead of
partially eneireling the ovary, has beecome & compaet, coiled mass,
only = fraetion of the size of the ovary, and lying at the side of
the hilus. In the mouse Sobotta ('96) found that the periovariasn

capsule became distended with fluid during oestrus, an observation

Evans and Long have verified on the rat. In the present series it




Page 15.
gseems to be demonstrable that the closure of the capsule may at ieast
be considerably delayed snd perhaps in some instances there may be
some doubt as to an absolute closure.

Accurate weights of the tubes afa difficult to obtain by direct
means, especially in the early stages. The minute size, fragile
structure and the relation to the oapéule and mesentery mske it
extremely difficult to isolate the tubes satisfactorily. A large
amount of the mesosalpinx is unavoidably included, makiﬁg the weights
setually too high and in the youngest stages disproportionstely so.
Nevertheless the graphs of the weights of the tubes (Chart 2) reveél
& general correspondence with the type of growth observed in the ovary.
The same four periods are readily distinguished and the 20 g., 60 g. |
end 120 g. points in the series correspond to points in its growth
curve homﬁlogoua with those of the ovary. Moreover, if one looks for
correspondence in variasbility (especially in grouped cases) 1t is
frequently seen that a decided rise or fall in the values for the
tubes agrees with a similsr rise or fall in the values for the
ovaries. Bxceptions, which occur, sre probably due chiefly to
taohnioél error.

For the reiativa (percentage) growth of the tubes (Chart 6) the
following values are obtained as averages of groups at or near the
corresponding periods:

Percentage of body weight formed by the uterine tubes.

In the newborn, = .0166 per cent
At body weight of 30 g.,~ ;0158 " "
o = = g;,- ;0088 " "
o W ¢ s;,- ;0159 " n

LI n  npg0-R94 g.,~ .0070 " ™
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The value for the newborn is certainly much (perhaps twice) too |
large; .0080 per cent is probably nearer the correct figure. If such
a corre&tion be edmitted it is seen that the alternate periéds of
accelerstion and retardation characterize the growth of the tubes
quite as well as they do that of the ovary. Again making general
compsrison with the graphs for the ovarioa‘it may be noted that the
8ag in the curve of absolute weights during the first period is also
seen in the tubes, although less marked. The great inerease in
variability after puberty.emphasiges th& fluctuation of the weight
of the tubes in the sexual (oestrus) eycle. The average figures for
this period therefore have 1little signiticénoe.

B Growth in Weight of the Uterus.

The uterus, beiﬁg the largest of the divisions of the reproductive
traet, can be most asccurately dissected out and separated from its
fat-laden mesometrium. The uniformly accurate severing of the tube
from the extremity of‘the uterine horn is quite readily accomplished.
The transection of the vegina at the tip of the cervix is doubtless |
subjeet to somewhat greater variation, but it would seem & variation
far less serious than those encountered in the tubes and ovaries.

The data from the primiparous rats Nos. 66, 80, 85, 87, 88, 96, 100,
8nd 102 are exeluded since the weightalof these uteri indicate that the

Postpartum involution was not complete. When the percentage weights
0f the uteri of the primiparous rats afe plotted a curve is obtained
Which indicates that about the seventh day after parturition the

uterus has reached its lowest weight level. All cases under 7 days

have therefore been eliminated.
A glance at the graphs of uterine growth (Chart 3) reveals a
g%neral form in the curve and distribution of cases similar to those

of ovaries and tubes, with the same four phsses. In one respect,

— B
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however, there is a distinet divergence from the tubes and ova?iaa:
the prepubertal increase in the weight of the uterus begins at about
60 grams body weight instead of at 60 grams. Why this should be the
case is not clear snd it may be due to aocidental variations of no
significance. The utarua[ mist, of course, prepare by sufficient
growth for 1fa future function, but why the stimuli to this growth
should sct earlier upon the uterus than upon the closely related
tubes, or upon the ovaries, is difficult to understand. As the data
stand this point needs further investigation. Similariy the end of
the first period appears to come somewhat eaflier than in the tubes
and ovaries (Chart 5). The percentage curve (Chart b) indicates
that the average Valnés of the relative weight of the uterus (percentage
of body weight) are:

In the newborn, = «032 per cent
At the end of the lst period,~ ;0?8 wi =
n " ” " n ﬂ‘ " .‘ 0 50 " "
" ” " " " 3rd " .132 " n
" " " " " Ath n .' 0’ 5 " L

These values would indieste (by compsrison) that the amount of
retardation in the second period is less, but that growth during the
third period is mumeh grester than in the tubes or ovaries. Comparison
0f the percentage weight of the uterus at birtﬁ with thatlat the other
Points in the 1ife cycle seem to indicate also that the uterus is
relatively under-developed at birth as compared with the ovaries. Up
%0 the end of the second period the variability has not been grest.
When the prepubertsl growth sets in the varisbility increases rapidly
becoming greater and greater during sexusl life, due, of course, to the
Snormous fluctuations of the organ during the oestrous cycles. The

Present series would indicate that the greatest varisbility occurs in
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rats from 160 to 200 grams in body weight. It may be mentioned ’
incidently that the lower extremes of uteéine weight are found
agsociated with extreme involution after parturition, or with distinet
undernutrition, or both.

4. Growth in Weight of the Vagins.

In the 1aoiation of the vagina, as previousiy mentioned, there is
considerable difficulty in maintaining a technique sufficiently
uniform to give satisfactory weight values. Thus individual cases
frequently appesr excessively high or low,baa seen in Chart 4. In the
case of rat No. 28, the weight of the vagina is undoubtedly a.poaitive
error. In spite of this defect in the data, a general correspondence
in thé growth of the vagina with that of the other female organs 1s
obvious, the four phases of growth being quite as distinect.

The vagina likewise shows & correlation with the growfh of the
uterus, ete., in the depressed curve of the early growth. The first
decline in the relative growth rate(Chart 5) occurs, as in the uterus,
earlier then the 30 gram stage. The second period of rapid growth
2leo appears somewhet prooooioﬁn, as in the uterus, = distinet increase
in the rate ocourring in rats at about 50 grams body weight. Had the
vegina shown o compensatory drop in the values at this point it might
have been argued that technigue was responsible for the unexpectedly
high values obtained for the uterus. As the dats stand the values for
the vagine point to there being aom; factors other than technique
responsible for this precocious beginning of the second agceleration
Period.

Iﬁ the newborn rat there is no sign of an externsl vaginal orifice.
In the present series, rat No. 49 (77 grams in body weight) was the .
smallest to display an open vagina, slthough in several larger rats the
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vegina was atill closed., In all cases of closed vagina ovnlutioﬁ had
not ococurred, as shown ﬁy sections of the ovary.

In rat No. B0 (79 grams) the vagina was olased but the uterus was
considerably cdngaatad and distended with fluid. The sctusl weight of
the fluid in this case was not obtained, as it ias desired to fix the
uterus in the distended condition, but from measurements of relative
areas of the humen snd uterine wall in seetion, it was caloulated %o
equal approximetely 25 per cent of the totsal weight of the organ. The
presence of this fluid, which Long and Evans ('20) have noted aa'
characteristiec of the preoestreus snd oestrous phases of the ecycle,
was encountered in b sdditionsl cases, but in maturer snimsls. It
seems possible that this fluid may play & r61le in the opening of the
vagina. Long and Evans ('20) pointed out that this opening of the
'asina.ocoura at the time of the first ovulation and associsted with a
typieal oestrus. Holdeman ('21) hes carefully described the histologle
processes 1nvol;ed in this opening, but does not mention the condition
of uterine distention. Rat No. 50, however, was only 56 days o0ld,
which would seem nnnaﬁally youﬂg for immanent sexual maturity{ Arai
("20) noted 63 days as the age of his youngest rat at the first
ovulstion. Sixty-three days of age and a body weight of 85.9 grams are
&aaooiated in the present series with the earliest ovulation appearing

in sections of the ovaries.

5. Disoussion.

As appears from the foregoing acocount, except for minor or
doubtPul aifferences, the various parts of the reproductive tract in the
albino rat follow a similar type of postnatel growth. After = brief
initial period of retardation, growth to the end of fho fourth week is
very rapid; from the fourth to the seventh week it is dlstinetly

r°tardod; from the seventh to the eleventh or twelfth week again

B e




Page 18.
accelersted, with maturity or first ovulation occurring as early és
the middle of this period; and finally, after the twelfth week there 1is
a genersl retardation with individusl secondary fluctuations depending
chiefly upon the phase of the oestrus cycle.
If the average absolute weights be det;rminad for the ovaries,

tubes, uterus, and vsgina in the following groups:

I Rats Nos. 3, 4, 6, 6 (Newborn groups)

II L 'zs, 24, 26, 26 (30 gramp group)

1 4 m n 35 36, 37, 38 (60 " ")
Iv m n g8, 69, 70, 71 (120 " "= )
v " " 124, 126 (Terminal group)

the following values are obtained (taken from Table 1)

Ovaries Tubes Uterus Vagina
(grams) (grams) (grams) (grems)

I . 0008 « 0008 « 0013 0008 (too low)
I o072 .0046  .0198 0181
111 0122 .0086  .0B76  +0253
Iv ‘o426  .0167  .2636  +1079
v 0686  .0210 2148 .::.zzo

The percentage inecresse in growth (weight at the end as compared
with{ that at the beginning of each period) then becomes as follows:
Approximate percentage incresse in average weight of:

Body Ovaries Tubes Uterus Vagine

11 577 828 545 1423 2269 (too high)
III 96 71 23 90 40
Iv 100 247 197 573 326
v 130 37 25 -18 13




Page 19.

It 1s thus seen that during the first period the ovaries ha;e
grom (in average weight) at a rate roughly 1=1/2 times that of the
body, the tubes at spproximately the same rate, the uterus sbout 2-1/2
and the vagina nearly 4 times the body rate. This value for the
vagina is certainly far too high due probabiy to inaccuracy in deter~
mining the weight of the vagina at birth. The veginal rate of growth
should probably be less than that of thaluterns.

During the second period the ovaries appea£ to have grown at a
rate only about 3/4 that of the body, the tubes at 1/3. The uterus
has practically kept pace with the body (but only booaﬁae the
Precocious prepubertal growth has allowed the uterus to make up some
of the loss during retardation, as seen in Chart 6. The vagina in
%urn has grown at about half the body rate. ’

In the third period the ovaries 1nnreéae at about 2-1/2 times,
the tubes slightly less than twice, the uterus at nesrly & times, the
vagina at more than 3 times the body rate.

In the finsl period great retardatioﬁ apparently takes place, but
the data are hardly significant in view of the few terminal stages and
the fluctuations in the oestrous cycle.

Thus it is seen that while the vaéiona parts of the trgect grow in
& 8imilar manner, the growth is by no means proportionate in amount and
Perhaps not simultasneous in the various phases. It is therefore con=-
ceivable that factors, experimental or otherwiéo, capable of affecting
the growth of the reproductive organs, might have different influence
depending on the phase of growth of the organs, == and that the organs
hight not be similarly or proportionately affected.

The present study, as far as the weight ohang;a in the ovary are
Concerned, agrees in the main with the work of Jackson ('13) and of
Hatai ('13). Hatai using the data from Jackson's observations on 136




Page 20.
rats included in the first period all the growth up to about 60 gr;ms
body weight. The ourve which he plotted included therefore only three
phases, the'first and last of which he designated as logarithmic
curves, the second as a parsbolic curve. The principal difference in
the present study is therefore that the.first period of Hatal appears
to have two phases. With this, Jackson's observations are in accord
although he aerivod his curve of percentage growlth weights from
Hatai's formula. His percentage curve differs from that obtained in
this present aefies chiefly in that the end of the first growth period
seemed to come at sbout 156 grams of body weight, rather than at 30 grams.

In the poétna’al growth of the human uterus there occurs a very '
marked involution during the first two years, an involution with which
there appears to be nothing directly comperable in the rat. The
relative loss in the weight of the uterus in the rat is nof due to any
absolute loss as in the human uterus, but only to the greater growth of
the body, and the period of its duration is too short to offer satis-
factory correspondence.

While much remain; to be desired in the way of larger series of
Observations snd more acourate quantitative determinations, these facts
regarding the growth of the organs give a basis for coneideration of
8tructural changes, which basis otherwise might easily be overlooked.
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MORPHOGENESIS OF THE OVARY. |
In the consideration of the struetural dhangas which occur in
the postnatal ovary of the albino rat the plan will be followed to
group these changes according to the periods corresponding with the
gross weight changes previously deseribed.

Overisn changes in the first growth period.

The ovaries of the newborn rats show a rather uniforﬁly
charseteristiec structure in spite of much variation in size of the
animal at 'birt(h?:lf‘ﬂ‘;lfis seeming u.ni:f.'o_rm:lty is perhaps due to a
8lowing down of‘tha processes of differentiation during lste foetal
life, so that for a considerable period the structure of the ovary
remains very much the same. There may be distinguished at this
time: the germinal epitholinn, a subgerminal zone, the tunica
albuginea, & combined cortico-medullary region, and gt the hilus a
core of vascular connective tissue stroma.

The germinal epithelium is oharacteristically e single layer of
cells, varying in shape from more or less flattened to distinectly
columnar. Both nucleus and eytoplasm of these cells stain more
darkly tﬁgn do the cells of the subgerminal zone immediately beneath.
The nucleus is large for the size of the cell, sometimes nearly |
Spherical, often distinetly elongate, depending upon the degree of
compression of the cell, with distinet chromatin masses of small
8ize, packed at the periphery of the nucleus for the most part and
tonnected with each pther by fine strands of chromatin. A large
hucleolus, sometimes two, is also characteristic. Jnsf below the
gorminal epithelium one encounters 2 type of ooli, which by
Comparison is easily recognized as the indifferent type. The eell
body and nucleus of the indifferent cell may be slightlé or con=~

Siderably larger than those of the germinal epithelium, but they
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take the stain much less intensively. The nuclei of these 1nd1£fer‘
ent cells are fairly granular but th; granules are less columped and
£2i1 to take the stain strongly. The nucleolus also appears faded.
Between the cells of the garminﬁl epithelium and these 1ndiffarant‘
cells of the subgerminal zone one may recognize all gradations. One
does, however, get the impression that the transformation of
germinal epithelisl cells into indifferent cells is not particulsrly
aotive at this time. Here and there the germinsl epithelium appears
thicker snd in such.aituationa it is sometimes possible to make out
a group of cells in process of differentiation, with one cell
distinetly larger and centrally placed, the others forming &
surrounding group. This would indicate that the germina) epifthelium
is still oontribnfing both oocytes snd follicle cells to the under=
lying region. Similar groups in which no central oocyte can be
recognized, and therefore called indifferent cells, are common.
Thie subgerminal zone consisting of indifferent cells and of o#oytan
just betraying their differentiation, is irregular in thickness, in
some plages only one cell thick, in others, where grouping ocours,
even five or six cells thick.

The tunics albugines is at this time & more or less complete
layer of flattened or spindle-shaped cells distinetly smaller and
staining more darkly then the indifferent cells. It consists in
reality of the same stromal tissue as oOne sees penetrating the
entire ovary from its hilus and radiating outward toward the periphery
88 the sheaths of the epithelisl cords which make up the cortieco=
medullary portion of the organ. Here near the periphery this stromal
tissue is growing irregularly inngontial to the surface of the ovary

and forming the tuniea albuginea.
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The large bulk of the ovary comsists of irregular cords and |
messes of epithelial cells, more or less radially arranged and
sepsrated by thin layers of stromal cells whieh are continuous with
the core of similar tissue penetrating the hilus from the mesovarium.
One easily recognizes two main types of these epithelial cells: the ’
primitive ooecytes =nd the indifferent cells. The primitive oocytes
are large cells, two or three times the ﬂian;ater of those of the
germinal epithelium, with large round nuclei. These nuclel stand out
very priminently because of the nature and a::rangemt of their
chromatin. Most of them may be classified as in the pashytene or
diploutene ‘stagau of von Winiwarter end Sainmont ('08). Ocegsionally
a eell will exhibit something comparable with the syno'seain or
contraction stage, but for the most part this phage is8 nof very
elearly brought out.

If one oomparee; the cells of the periphersl intermediate, and
inner regions of this cortico-medullary portion of the ovary, one may
convince himsel? that at the periphery the oecytes are in the earlier
(leptotene) stsges of nuelear change and furthest in they exhibit the
charscters of the later (diectyate) stages. At the periphery ome
observes that the tunica albuginea fends f;o geparate off groups of
the ooeytes and indifferent cells into "nesta". A little further
from the surface it appesrs that the pmportiox; of oooytes is
greater, which means either that indifferent cells are differenticting
into primitive oocytes or that at the periphery & lower percentage of
coeytes is being produced from the germinal epitaelium. Perhaps both
processes obtain. At sny rate, it seems %o the writar.that one may
8till witness aon;o production of oocytes at the periphery. This is
more than likely the end of the foetsl proliferation whiol; is soon %o
cease snd to be replaced by a postnatal proliferation, the oocytes of
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which, as will be seen, do not exhibit these nuclear changes. I%
gseems likely salso that these two proliferative periods are mﬁra or
less continuous, for it is gquite impossible to demomstrate an
absolute gap between them.

At this time, then, 6&0 may see at the periphery more or less
isolated primitive oocytes surrounded by indifferent cells, in the
ihtermedinte region o preponderance of ooeytes, rather massed
together, and in the innermost region ooccytes distinetly surrounded by
a single=~layered follicle. No real division of the ovary into cortex
end medulla is possible af this time. Whatever many be the meaning of
these nuclear changes they are distinet enough, with exception of the
synezisis and synapsis. As has been found in other forms, it 1s
rather interesting thaé these complex nuclear changes should occur in
oocytes that are destined to degenerate. Some of this degeneration
is already under way. BEspeeially in th& inner regions of the cords
various phases of pyénosis are encountered. It therefore appears
that proliferstion of the primitive oooyte; hag practically come to a
standstill which mey a2ceount in part for the spparently slow increase
in weight of the ovary immediately after birth.

Mainly outside, but projeeting into the hilua of the ovary from
& eephalin direction, may be seen the tubular rete ovarii. The
cuboidal or low columar epithelium of these rete tubnles'=§I:§g§gg:gfiatioi
about 93332%%; stromal eells have become cireularly arranged to form a
sheath one or two cells thiuk.

During the two or threo)daya following birth the ovary imitiates
2
cortain definite changés. The nuelei of the primitive ooeytes lose the
prominent chromatin charaeter, the distinet chromstin threads which

previously f£illed the nuclel now bresking down into the generslly

granular charscter of the 'diotyate' stage. This change proceeds from
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the deeper regions of the ovary to the periphery. At three days oé
age only & few of the most peripheral ooecytes still show pachytene
nuclel and these are the youngeat of the primitive ova, the last o be
differenti sted from the germinal epithelium. It is a2lso noticeable
that the stromal tissue is beginning to break up the cortico-medullary
cords into smaller groups and that espeeislly in the inner regions
of the ovary individusl ova surrounded by groups of indifferent or
follicle cells are more numerous. Furthermore, mitoses in the
gernminal epithelium, in the aeepér lying follicle cells, s=nd in the
stromal cells indicate an inereasing activity of growth.

This inereased growth becomes still more marked duéing the latter
part of the first week. The cell cords become entirely broken up and

. the individusl primitiée ova completely isolated, each with its own

follicle. The ove just within the tunica albuginea sre but slightly
larger tﬁan a few deys before; those deep within the ovary mmeh larger,
e few of them twice their former dismeter sand nesrly one~third of the
diameter of the mature ovum. lMorked setivity is noted in the follicle
cells especially, but =lso in the germinal epithelium znd stroma.
Mitotic figures are numerous snd some of the central follicles aiready'
exhibit two layers of cells. The ovarisn stroms has plainly increased,
forming now a meshwork of sépta and trabeculse between the follicles,
its previous radizl arrsngement having become guite obscured. Near
the periphery it hos comtriduted to the distinetly thicker tﬁnioa
slbuginea. About the larger follicles distinet thecas of etromal
tissue ar; developing, slthough mo inner or outer portions sre yet to
be distinguished.

As 8 wholo,'the ovary now presents three distinet zones. Outside

the conspicuous tunies albuginea lie the germinal epithelium and a new
subgerminal layer making up the outer zone. This new subgerminsl
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layer is unequal in thiclkmess but stains feebly as did the égrllur
primitive subgerminal layer. The major part of the ovary within the
tunice albuginsa,constitutiﬁg o middle zone, presents a series of
primitive ova and their follicles, the smaller ones peripherally, the
others grading in sigze to the largest occupying the region near the
vaseulo=stromal zone of the hilus, which mey be considered the inner
zone. Growth in this sone is therefore centrifugsl. The majority
of tﬂe ove now accumulsting in the new subgerminal iayar can be
distinguished from the primitive ove found =2bout the time of birth and
it 18 now appsrent thet the tunics albugines at this time (about one
week efter birth, body weight of 10 grems) represente = fairly
distinct boundnry between the primitive ova, produced mainly by
prenatal proliferation and mow lying internal to the tunies, =nd the
new or definitive ove now being actively produced by a postnatal
Dr01iferation; 1ying externel to the tunics. However, an asbsolutely
sharp line between primitive and definitive ova csnnot be drawn. At
no subsequent time, however, is the distinction any easier. It ipg,
therefore, =lso aspperent that the future growth of the overy is %o
consist of a peripheral sddition to the mass of primitive oocytes as
well ss of sn egkpension of the letter. Up to this point there has
been some increcse in size of the ovaiy, but as will presently be
seen, subsequent growth far outstrips it. Some of the primitive ova
show signs of degenerstion by their shrinksge snd in intensity of
nuelenr ataining.

In apimals 6 to 10 days of age and 12 to 14 grems in body weight
One may note that the new subgerminal zone is no longer distinguishable
28 a lighter staining layer of mew definitive ove and their follicle
cells lying between the tuniee albuginea and the germinal epithéf?éuiz

The funica likewise no 10ngdr gserves 58 & boundary between the older
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and newer generations of oocytes. It hus been penetrated by tﬁe new
definitive oocytes, or rather had extended itself outward peripheral
to these, 80 that now an outer zome of definitive ova lies within the
tunics, between it end the mass of primitive ova. The distinction
between the new definitive ova which are yet of émall gige and the
primitive ova of relatively large size is etill quite realily made but
about = particular ovum one may occasionally be in doubt. The
germinnl epithelium is seen to be very active and nnmeroﬁs groups of
ova with the 1ndi£!ereﬁt or follicle cells may be easily recognized.
The expsngion of the moss of primitive ova and their follicles is t
consplcuous.

The 1a§ger of primitive ova have themselves increased 1n size
until they are nearly one=hal? the diameter of tha mature ovum. Their
follicles hove grown until the largest are 4 to 6 cells thiok,'viﬁh
definitely formed follicular eavities. In the formation of the
entrum follieuli, however, the proceaéea are considersbly short of
normel. The discus proligerous, which normally ghoulld enclose the
ovum, ﬁsra ?ails to do this. Maay of the cells of the coroma radista
appesr %o pull awsy from the ovam and leave fluid filled spaces
between the other corona cells next to the ovum. In some cases the
egg~cell almost floats free in an irregular space 80 formed though no
typieal sntrum follicull has been developed. Bven whem such an
antrum is formed, the cells of the eumulus ﬁay slough away leaving the
gurfasce of the ovum exposed to the antrum. The normal condition of
having the cells of the coronﬁ in aantaotlwith the surface of the ovum
is thus largely destroyed, and this may to some extent be responsible

for the degeneration of the larger ova whiech ocours.
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The rapldity of the degeneration hss reoentl?fgﬁown by Lr&il('ao)
through careful counts of the number of ove at various sges. Except
for the faet thaot the number of ove seen in s section dwindies 80
repidly with advancing age in this early period, ome gets little idea
of the amount of degeneration that aectually oecurs. Arai, howover,
showas that the loss in the first 10 days is approximately 20,000 ova
(from 35,000 to 15,000) or nesrly two=thirds the total number. As
this amounts to 2000 ova per day or 80 ova per hour, it is evident
thaet these changes take place fairly rapidly, for the demonstration of
eéven 80 positively degenerating ova in a single ovary in serial
section is by no means an easy task. Not only in the primitive ova
but also in the definitive ones oanldegeneration be shown. In spite
of thie new proliferntion of definitive ooeytes, the degeneration goes
on st & rate s0 great as to produce & continued f211 in the number of
ova present.

In spiéa of the inorease in the number of ove the ovary continues
%o grow in size and will soon do s0 &t & rate comsiderably greater
than that of the body &s a whole. Furthermore, examination of a
section of ovary of a 10 day rnt'reveala an abundance of mitotic
figures amongst the follicle cells and stroma cells. I% is to the
proliferation of these elements that the growth in Qeight of the
ovary must be due, for growth in size of the ova cannot compensate for
the loss in their number. One needs but a glance at a seetion of
ovary at this stage to ndte the large bulk of the organ oecupied by
the follicular tissue. In the thecae of the larger follicles the
intersftitial cells aré already becoming easily recognizable. Since
no speecial methods of technique have been employed to hring.out the
interstitial tissue the early eytologiec differentistion of theso cells
has been missed but from this point in the development omward their
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recognition by ordinary histologlc means becomes possible. It was not

the purpose of this study to deal with the problem of the origin of
these cells, but it may be stated that as far as present methods
avall, the evidence here obtained would tend to support the view that
at least those of later origin are of stromal or connective tissue
o=tain derivalion .

If is also discernible at this point (10 day rat, 14.5 grams
body weight), salthough it must have oceurred earlier as well, thatl
degeneration of ova produces also degeneration of the stratum
grenulosum of their follicles. The proliferation of the theea interma,
producing a mass of 1nterst1tia1 tissue replacing such degenerating
follicles and ova,is quite readily recognized 2 few days later.
Recognition of this process in the earlier stages when it goes.un on a
mch smaller scale is more difficult, although special methods would
no doubt simplify matters.

If one examines sections of ovaries of rats 15 to 17 days old
(body weight 16.9 to 19.5 grems) one finds some of the processes just
deseribed in tuil uwing; The germinel epithelium has stretched out
into & layer of flatter.oells. Although numerous ove may still be
found making their way througﬁ the tunica albuginea the proliferative
activity of the germinal epithelium impresses one &8 genersly somewhat
reduced. The younger ova found at the periphery of the sections are
aoatterdd considerably fapther apart. The cortical szonme of definitive
ova is consequently not so oonspienoﬁa especially since some of the
earlier generations of these definitive ova have grown so considerably
and have developed follicles so large as to make distinction between
them and the more belated primitive ova and follicles quite impossible.
Moreover, ome is impressed with the larger number of Tollicles |

%ccurring in a particulsr section as compared with the esrlier stages.
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This can searcely mean anything else than that the dofinitiva'folliclea
are now constituting & considersble part of the total folliecular
apparatus. In faet, the larger part of the primitive ococyte generation
must alreédy have undergone degeneration.

All stages of atresia follicull maylnaw be demonstrated.
Practically every one of the larger follicles gives evidenoo’of
atresia. They are considerably larger than the follokcles of the
provioué stege (sbout one-seventh the size of mature follicle) but they
congist of fewér layers of grennloss cells; frecuently only two layers
of cells limit the antrum. These follicles have apparently enlarged
chiefly by acoumlation of liquor folliculi and distention of the
follicle. The majority of the ova, now about six~tenths of the
diemeter of the mature ovum, lie free in the follieular cavity and
exhibit prominent vacuolization of their cytoplasm asg definite signs
of degeneration. All stages of nuclear and cytoplasmic degeneration
may be found =nd from some of the follicles the ovum has entirely
disappeared, the granulose has shrunken down about the remmant of
follicular cavity and the hyperplasia of the theoa internsa is
gradually replaeing the follicle with the 'ecorpus luteum atreticun’
of interstitial cells.

In the stromal interstices between the follicles masses of
interstitial cells are becoming more and more prominent. The cell
bodies of these célle have incressed in size and the eytoplesm is dis=
tinetly granular, due no doubt to the secretory products of the cells.
No special technique was however attempted relative to the secretory |
activity of the interstitial cells. At thie stage, therefore, the
ovary does not exhibit a single laigar follicle which promises to reach
maturity; on the contrary they all furnish positive signs of early

dissolution,
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In animals 17 to 18 days of age and 21 to 24 grams in body weight
a period of reconstruction is seen within the ovacr?;.‘.?:{:{{arger but
thicker-walled follicles have made their appenrance; follicles about
one-sixth to one~fourth the dismeter of a mature follicle, some of
them 6 to 7 cells thick. Not sll these exhibit the beginnings of
follicular cavities. Oﬁ the whole they appear mmch more robust than
earlier follicles aﬁd the ova they contain bear a similar character.
The follicles are not closely packed but rather widely scattered, '
though there may be 40 or more of nearly the same size in & single
sagittal # seotion of the ovary. Nearly every follicle is enclosed
in a mass of interstitial tiasuﬁ, 80 that the theca externa appears
to lie between an inner and thinner layer and an outer and thicker
layer of interstitial tissue. Trabeculae of stroms radiate from the
hilus outward carrying blood;veasela. Definitive ova are still being
produced from the germinal epitheliuﬁ.

In rats 22 to 24 days old and Bﬁ'to 28 grams in body weight the
ovaries have grown very markedly. The follicles have in some cases
doubled their diameter so that tﬁey measure about half that of a
mature follicle. The follicle wall is frequently 8 to 10 cells in
thickness. Larga follicular cavities have developed. The ova have
reached tﬁree-fonrtha to seven-eighths the diameter 6f the ripe ovum.
The variation in size of the follicles, however, is greater than was
apparent in the stages just previous. Furthermore the number of
follicles per mid-sagittal section is distinetly less. The rather
normal appearasnce of the ove and follicles provioualy'desoribed, is
in this 22 to 24 day group distinetly lost. Although the follicles are
larger than ever before, almost 1nVar1ab1y‘thoy exhibit some defect in
8fructure which marks them as déstined to degeneration. %Fhere is s
certain looseness of structure which shades 1mpercoptiﬁly into the

&;
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phases of distinet disintegration, and stands in decided oontrast‘ %o
the compactness characteristie (especially later) of the follicles capable
of more extended growth. In some cases the ovum is shrunken, the
nueleus disappeared or n'early so, the cell becoming gradually a
homogeneous mass staining unusually pink with eosin. In other cases
the cumulus is dbreaking down and the ovum being 11b§ratod into the
follicular cavity. The numerous remains of = few granulosa cells
surrounding a npat;e, which may or may not still harbor the degenerating
ovum, and around which we now see a large compsasct mass of inter-
8titial tissue, give abundant testimony ea to the reason for the
apparent reduction in the number of follicles. The amount of inter-
stitial tissue has evidently been eonaidara.bly‘ sugmented, for the
amount of ovarian stroma not ocoupied by compact masses of interstitial
cells is relatively slight. Some of the degenerating ova underge
fragmentation, even with nu'olaar inclusions in the several fragments,
which condition is similar to that described by Kingery ('l4) in the
mouse as the attempted but abnormal first maturation divisiom.

The final chapter of this first conspicuous attempt on tl;e part
of the follicles to ;_?a?slgj maturity may bef seen in Ret No. 25 (30.7
grams in body weight )., Here one seeks almost in vain for even smaller
follicles that may nhc;w normal structure. The degeneration is most
8triking extending throughout the organ. ‘ However, at the periphery
0f the ovary one still sees ova and foliiolen penetrating the ftunica
albuginea from the germinal epithelium. One prominent feature of
these later stages is that the larger :l.olliclu which have so far been
Produced have not beenhltogether confined to the corticsl regions, but
many hsve been locsted deeply below the surface of the ovary. It is
8t this junoture evidently that the first growth perioed paas&s over
into the second and the ovary suffers & decided reterdstion in growth.
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Ovarisn changes in the second growth peried.
It is now evident that during the first four weeks, while the

first period of accelersted growth of the reproduetive traect obtains,
the amjor part of ovarian differentiation has been accomplished. All
the prepubertal elements of the ovary have been established. E;an in
this young ovary the development of ova has come near enougﬁ to
maturity to reveal abortive attempts at the first maturation divisiom.
It is further interesting that, while the ovary has been growing at a‘
rate which 1t will never again duplicate, its 2ll important elements,
the ove, have been undergoing great, indeed, their greatest, redustion
in number. The decided change in growth rate at the end of the first
period Aréi (*20) has shown to be associated alse witg:equally change
in gxmwkk the rate of reduction of the ova. Arai's data indicate that
during this second period the number of ov# is reduced (to take his
setual figures) from 10,746 to 10,186, = reduction which is practieally
insignificant. This mmst mean, of course, that the production of new
oocytes praotioally keeps pace with the disappearance of older ones.
In the ovaries of rats beyond 30 grams in body weight (33.5, |
37.8, 38.7 grams) ome still finds numerous young oocytes in the tunica
alﬁngineé although the germinel epithelium has thinned out markedly
and the changes inoident to differentiastion of new oocytes are much
less evident. The ovaries now sssume a more distinet differentiation
inte = oorti&al region, in which Graafiasn follicles are rapidly
enlarging, =nd into a2 medullary region, characterized by presence of
smaller follicles in all stages of atresia, of their associated
interstitial tissue and of young normal follicles. The large Graafian
follicles are distinetly larger than those pravioésly met with, some
0f them of more than half the diameter of mature folliecles. As they

grow in sigze the follieular wall may thin down to 6 or 8 layers of
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cells while the younger stages may show walls nearly twice as thick.
Their theea interns has become very conspicuous, as mmch as 6 to 8 |
cells thiock. BSome of these larger follicles appear perfectly normal,
others ahow‘the beginnings of involution. This menifests itsell early
by the desquamation of the imner cells of the stratum granulosum so
that they come to float free in the liguor folliculi along with
remeants of chromutin from other degemerated follicle cells. 1In some
cages the desquamation onticipates visible degenerctive ehaﬁgas in
the ovum; in other cases the egg=-eell exhibits marked degemeration,
frequently the eonspicuous fragmentation previously described. As the
animel grows, some of the ove and their follicles aspprosch neéror and
nearer the moture ocondition, but degeneration continues to be their
terminal fate. Involution iz seen as well in the smaller follicles,even
in some of th&aa not yet pessessing o follieular antrum. This fills
the medullary region of the ovary with round or oval ma;aas of inter~-
stitial tissue. In the centers of such masses there sre usually found
cavities with éhe remains of the degenerated eggs or granulosa cells
and leucocytes. When some of the largest follicles degenerate, o
large fluid-fiilod space nearly the size of the original follicle may
be left, the margin of which is bounded by the interstitial cell
filled theea.

When th; series of ovaries of this second growth period are
ecompared, & general similarity is aaoﬁ?wgéﬁe ovaries have growan
merkedly in absolute size if not in roiativo gize by the end of the
period, and this increese has been mainly in sccumulstion of inter~
stitial tissue and stromn and in some enlargement of the follicles.
The largest of these by the end of the period have attained a aize'
nearly equal to that ot meturity. Different ovaries exhibit

differences in number =nd size of the conspicuous folliecles and
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different degrees of intensity of etretic processes. It is qu.it‘o
evident that slternately processes of development an:d of degeneration
hold forth, but the processes are complicated by such factors es
inequality in sige and age of the follicles, by their different
positions in the ovary, and no doubt by extraneous influences such &8
the stote of nutrition, sctivity of endocrine complex, ete. The
interstitisl tissue likewise exhibits both progreseive and .negrossrre
changes, s0 that while the follicular granulosa 1s growing and later
is degenerating its sumounding theon interns undergoes hyperplasie and
hypertrophy; but when the degenerative processes have run their
course, regressive changes in the interstiticl tissue follow, with
reversion of the interstitisl cells into stroms cells. Ome thus
observes a complex xy rhythm of morphologic chemges 1n the ovary which
on the one hand bring the ove and their follicles successively nearer
maturity but still fall somewhat short of this goel, and on the other
hand meintein o balanece whiech, it would appear, is both internal,
between the overien tissues themeselves, end externsl, between the
overies snd the rest of the body. The frequency 0f this rhythm 1%
would be interesting even to astimte, but for such & purpose the
present data are wholly insdequate both in nature snd quantity. With
this rhythm of morphologic changes there are no doubt related weight
changes, which are seen in such dats as previously presented, forming
varistions sbove end below = @ertain mesn. It is, therefore, not
diffioult to understand why this variahin-ty inerensee as growth
proceeds. Barring individual variation, the upper end lower weight
extremes ‘MG bear definite relations to the maximum and minimum
pheses of structural differentintion.
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in spite of their large number of follicles, suggest strongly that
greet reduetion in the follicular apperstus is under wey. Search for
a third proliferation of new cocytes from the germinal eﬁitholium just
before maturity, such ss described by von Winiwarter end Ssinmont in
the cat, has failed to revesl even & suggestion of such & process. Om
the contrary, it is difficult in the present material-——though it be
confessedly not prepared with a view to the study of finer cytologie
questions=~to convince oneself that the eapacity of the germinal
epithelium for the production of new oosytes is not about &t an end.
Young ove in their primary follicles are, however, demonstrable in
the tuniea albugines especislly about the margin of the ovarian stalki
Rat No. 60 (66 days of age, body welight 79 9{'&19!] is the first
of the series to exhibit the process of maturatioé?i\i;gaoma of the
largest follieles the ovum displays the mitotie figure of the first
maturation division. Other follicles of =bout the same sisze, on the
other hand, show dogeneration processes under way. This is the ra%
in which the uterus wes distended with fluid Ihilg the vagina was
8til1l closed.

After ovulation oeccurs, thﬁ;pise of the ovary is sugmented by the
(Fiq.%8)
development of the corpora lutea. ,? ]_:t geems clear enough, within the

limits of the methods here employed, that the development of the
corpus luteum is at least mainly from the stratum granulosum ag far as
the lutein cells are concerned. The vascularigation of the corpus
luteum ocours no doubt with thﬁ participation of the thees eells which
mst migrate inward teo form the trabeculap framework of the organ.

As to the possible participation of some of the theea interna oelia

in the development of the luteal cells, no attempt can here be made to

@ifferentinte.
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By the end of this third period ovulation may in some cases 'have
cecvrred o second time, in which esse distinction may be possible
between the persistent older corpora lutea and the younger omes. In
the present series, this mst be done on the basis of vaacularizlation
and the amount of retrogression which the gland exhibits, but Long and
Evans ('20) have reported the use of vital dyes in the more certain
estgblishment of different generatioms of corpora lutea. It is not
possible to state here how many generations of corpora iutoa mey be
found in an overy at the same time, certainly several may be
oomo:ldant. As Sobotta ('95) has reported in the mouse and robbit
and van deér Stricht in the bat (Marshall, 1910 ), the ovum may not
eseape from the folliele during ovulation and has therefore been fouand
(in degenerating condition) within the eavity of the developing corpus

luteum.
The advent c;f the oegtrous cyele introduces into the structure of

the ovary complexities which furnish ample evidence as to the cause

0f the great variability in welight of the organ. Atresia continues
both in largerand smsller follicles in oha.raoterl'iatia f£aghion.
Indications that mechsnieal pressure becomes & mOre prominent factor
are seen in the not infrequent folded econdition of large maturing
fonicl&s. Some of these show definite signs of degeneration=-whether
due to tha pressure or not being questionable=--others appesring quite
normal. The retardation in growth rate of the ovary, at 120 to 130
rons c;f body weight, is evidently due to its reaching the 1init in
the mumber of corpors lutea and follicles which the organ can maintain
in proper balance. The interaction of the progressive and regressive
changes which tako' place is too complex for guch general methods as

here employed to offer any adequate snalysis.



Page 39.
Ovarian changes in the fourth growth period.
S0 far as the present data show, the ovaries continue to grow

although on the whole at a2 constantly decreasing rate. The largest
ovaries found ocour in a rat of 195 grams. The organé vary in the
proportions of their constituent elemanta'acoording to the phase of
the oestrous cyecle. In general it may be said that there is a
progressive rednotion in the relative amount of interstitial tissue,
in contrast with the prepubertal periods, where there is a progressive
production of this tissue. The amount of follicular degeneration met
with in the rat's ovary 15 rather surprising, and not least so during
this fourth period. Occasional animals exhibit ovaries with
abnormally large aégunerattng (cystie ?) follicles. Rat No. 94 showed
this condition to an extreme degree, although othefn apyroa&h it. It
is at least interesting to speculate whether this condition poinfa to
something abnormasl in the animal's environment. A further interesting
feature of this condition is its occurrence 1n.11rgin females and
apparently associated with very large uteri. Hespe ('06) in his work
on the rabbit thought that incressed atroai;, which might apparently
lead to sterility, was noticeable in the does which were kept isolated
from the males over seversl oestrous cycles. In fact the ofaries of
such femsles ag Rat No. 94 do appear unduly-orowaad with both corpora
lutea and large tollicion as compared with those of the primipsrous
rats. However, even the latter seem to approach this condition if
kept'rron the males for some months. A quantitative analysis of this
econdition should be possible althouéh the present data are insufficient
to warrant any definite conclusions. The complexity and variasbility
in sige =and structure of the ovary ﬁeint to an intricate interplay of

to
the factors involved, but bear witness also,.the decidedly effective

response by the organ to these factors.
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Morphogenesis of the Uterine Tubes.

Whike the ovary is an organ of grent struoturai differentintion
showing a considerably different morphology at the different growth
periods, the ssme cannot be said for the other parts of the reproductive
traet. Except for such changes as oeccur relative to the oestrous cyecle,
the gfowth of the tubes, uterus, and vagina are more characteristically
quantitative then qualitative.

At birth, as previously ﬁantioned, the uterine tube lies rather
simply eoiled for the greater part, in the periovarian cspsule, no
thicker than the tissues of the latter, so consequently quite ineon=~
spicuous. Its structure is practically uniform throughout its length.
A Bimple.001umnar epithelium forms the lining of its lumen, which
scareely exceeds in dismeter the height of the epitheliuge The o¥al
nuclei of the cells asccommodate themselves to different levels,
appearing elosely crowded, but an inner zone of cytoplasm is distinetly
evident. No eilia ean be made out. This epithelial lining extends to
the uppﬁr end of the tube, whiech opens upon & papilla like extension
within the ovarian eapsule, and is here reflected back over the entire
outside of this papilla. The papilla, lying near the lower end of the
intra=-gapsuler aspace atlthe sike of the mesovarium, is in close
proximity to the ovary, and this refleoted epithelial eovering is seem
to become continuous with the germinsl epithelium on one side and with
the flattened peritoneal lining of the capsule on the other{ The
height of the epithelium is about the same as in the adulti

Around this epithelial tube, & thieck layer (about equal to the
outside diameter of the lining) of circularly disposed cells is seen.

A very slight differentiation may be noticed into submucosal and |
musculer elements, the latter cells being arranged in & eirecular

direction. As growth proceeds, the tubes elongate markedly and become

R
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more and more comvoluted. The differentiation into submucosa aﬁd
miscular wall becomes mofe distinet and in two respects the tubes
become differenticted into approximately upper and lower halves. The
epithelial lining grows into longitudinal folds that become mnnﬁ more
prominent in the upper ('ampullary’) half of the tube. In the lower
helf the museular wall thickens markedly. These diafinntiona as well
as the complex coiling of the tube are v;ry evident in rats 10 daye
of agngZ;;L pepillery upper end of the tube within the periovarisn
capunlé becomes similarly fluted, not only inside but also on the
outside. While this open end of the tube in preserved specimens
appeara.papillary in form, it seems quite likely that, especially in
the living sdult, it mey assume the sharacter of a fumnel. The
longitudinal folds mentioned become relatively taller and.thinner as
the tubes enlarge in diameter, finally in transverse section sssuming
villus=like sppearasnces. They become more numerous inm the upper
(ampullary') part of the tube, so0 that a dosen or more are seen in a
cross section. In the lower end of the tube, which grows much less in
diameter, thaf remain lower end ususlly only about hslf a dozen in
number sre seen in cross section. The folds also come to have & spiral
rather than a longitudinel airection. (Z(gs. to, Ll (2).

While the growth in length has ieon very considerable, growth in
diameter from birth to adult is only about 4 to 6 times in the upper
half and 2 to 3 times in the lower hsalf of the tube. The pepillary
upper end may become quite the largest part of the tube, with the most
numerocus foldings of the epithelium. The more projecting convolutions
$ome to have only a thin oonnootive‘tiaaua externa with its super-
imposed peritoneum, but the coils deep in the mesosalpinx get & very
thick exferna. The muscular coat, relatively thin walled in the upper

part and thick welled in the lower part of the tube, gradually
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differentiates into sn inner more or lese longitudinal snd an outer
more or less ecircular layer. Lxcept when oestrous congestion appears,
the submuoous layer is rath;r thin 2nd holds the epithelium rather
tightly to the muscular wall. The spithelial lining of the tubes in
the resting condition may belno teller than thst of a newborn, but after
meturity the mmeesa of the tube apparently responds with thet of the
wterus to oestrous phases a2nd a prominent precestrous secretory
condition with hypertrophy of the epithelium will be noted. Under
these conditions the lining cells may be twice their tormeé size.

Sinee the differentistion of the tubes is & gradusl process, it is
not possible to differentiaste the growth into structural phases as
well defined a8 in the ovary. It is therefore possible, as much
experimentsl work seems to bgar witness, that the ovary is responsible

for the gquantitative character of the growth of the tube and likewise

0f uterus snd vagins.
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Morphogenesis of the Uterus.

In the newborn albino rat the uterus is very small and comparatively

(#(g.13)
unﬂifferantlated@,?ﬂha endometrial epithelium is similar to that of the

uterine tubes, forming a simple colummar layer with round to oval
nuclei less closely packed than in the tubes, and in height quite equal
to that of the adult epithelium in the resting condition. The lumen
is relatively large. The epithelium is surrounded by & fathar thick
wall of mnsanohamnljtissua, limited externally by a characteristically
flattened peritoneal mesothelium. The mesenchymal tissue is most
cellular in the inner hslf or two'-thirds of the wall. It is just
possible at this time to perceive that this inner, n&ru eellular
portion is the precursor of the stromsl elements of the endometrium,
external to which the differentistion has proceeded just far enough to
disclose a few young muscle eells circularly arranged.

As differentiation proceeds, accompsnied in all éhe tissues by
very aotive mitosis, the lining epithelium later doubles in thickness,
the cells becoming tall snd slender with more elongsted and clesely
erowded nuclei. The growth of the wall is such as to flatten the
lumen from aidé to side and give it a more elongated form in transverse
section. In & week's time the main layers of the uterine wall have
been dofinitoly established. 0f these the endometrium remains
relatively very thick, and ita subepithelisl stroma markedly cellular.
The endometrial epithelium soon outgrows the other elements so as o |
form relatively large diverticula projecting outward into the surround-
ing celluler stroma. These appear in rats about ten days o0ld and
represent the firut.tnndamnﬁts of the glsnds. The muscular layers
occupy approximately the outer half of the wéll. The inner circulsrly
disposed musele layer is eight to ten cells in thickness, the outer
longitudinal layer only about two cells thick. Before the animals are

I
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two weeks old the more slender simple tubular glands have developed
as extensions of the parent diverticula. These glands soon become
coiled enough to give transverse asotioﬁa of their outer portions in
sections across the uterine horns, and they extend out nearly to the
mscularis. More prominent intermusculsr blood-vessels also appear.
By thé 18th day (24.8 grams in body weight) the uterine horn |
possesses a wall in thickness slightly exceeding that of the entire

organ at birth. As many as 6 or 8 glands sppear in a section, where
at 14 days only about half thaet number is usually displayed. By the
end of the first growth period (four weeks; body weight 30 grams) the

( Feq.t1d)
structure of the uterus is well oatabliahed.s The muscularis has

A

perhaps reached its greatest relative development, slthough the

difference is not great.
During the second growth period (up to bedy weight of about

60 grams at ¥ weeks) the changes sre not very msrked. Longitudinal
sections of the uterine cornus would indiecate a slight increase in
the number of glands, but these sre still simple. The mucosa perhsps

is relatively a 1ittle greater, the musculsris a 1little smeller than
at the beginning of the peried. (Fig./5)

In the third period (up to body weight of about 120 grams at about
11 weeks) the marked incresse in sise of the uterus is very notice~

able, but during the early part of the period this consists of general
Srowﬂ{l:f:‘ :!::)tho first oestrus is approached, the mmcosa ss a whole

mﬂorgolu a decided thickening. This is at first a distinet hyper=

plasia with some hypertrophy, l;ut later augmented by congestion. The
epithelium of the mucosa and (to a lesser degree) of the glands

inerenses markedly in thickness, the cells changing in their staining
reasction and revealing the approach of greast secretory sectivity.

Finally (as in Rat No. B0) the cells become enlarged to ®wice tﬁair

former height or even ln-ro, the nuclei become more vesioular and more
e e T —
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oval and the eytoplasm stains characteristically blue (with |
hematoxylin) as in mucous secretion. As secretion progresses, the
uterus distends with the fluid, the epithelial eells increasing in
width with the streteching of the lining, the stromal portion of the
mucose and the musculsris being reduced ..u thicknon..

With cessation of the secretion and evacuation of the fluid from
the uterus, degenerative changes appear in the epithelial ocells,
accompanied by imkigration of leucocytes. Cytoplasmie and nuclear
disintegration with liberation of fragmet;ts of chromatin and general
desquamation finally take place, the lumen of the orgzan becoming filled
with a8bris from the epithelial cells and leucocytes. Along with these
processes there is no hemorrhage such as ocours in mm and in some
other mammals. The regeneration of the lost epithelium proceeds from
the epithelin:i of the remsining glands. During these processes, the
hyperplasia is especially marked in th§ micosa. The hypertrophy of
the muscular layers and the general congestion .aln econtribute in
sausing the greatly incressed weights of the uteri dwring the latter
part of this period. The graphs of these weight differences are more
impressive than are .tho microscopic pictures and show more clesrly

and seourately the quantitative relstions involved. These changes
taking place during the oestrous eycle of the rat b:ave been reported
briefly by Long and Bvens ('20). Stockard and Papanicolaou ('17)
described the oestrous changes 1n the ovary, uterus and vagina in
the guinea pig. According to Alleam ('21), similsr changes occur in
the mouse. |

M.g the fourth period of growth (up %o adult) cyeles of the
changes above mentioned recur in succession. As a result, the
general growth of the uteri is so con.pnoatd that it is socarcely
advisable to venture sn estimate as to what ought to be considered
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the normal structure even of the resting uterus. One fact stands out
clenrly, however: after any oestrous cycle the ﬁteri of the virgin
femnles d0 not asppear to return to & size or structure wholly com=
parsble with that before the oestrus. At least for the esrlier part
of this period there seems to be a characteristic summation in weight
end structure of the uterus. The uterine changes appear %o have

reached & climax in Rat No. 94 (160 grams in body weight) of the

present series. This animal had a uterus of relatively immense size
(possibly abnormal?). The mmcosa exhibited the desquamatory stage
with congestion, leuéooytoaia, etc. Compsred with the uteri of
younger animsls or with post partnﬁ uteri after involution Aff mnimals
of about the same age, there seem to be several striking differences.
First the mucose is unusually thick=—at least four times that of tho'
museularis=~-being greatly hyperplastic. The number of glands is
markedly incressed. The muscularis 1s.raduaed at least to half its

normal thickneasf When the ovaries sre sonsulted ome discovers that
they are filled ﬁith 0ld, small, involuting corpora lutea and huge
degenersting follicles. Not one follicle is to be found to suggest
possibility of recent 6r immanent ovulation. Rat Hoi 94 is not the
only case of uterine hypertrophy aaaooiatad‘with overian follicular
degeneration, though it is the extreme one. Others exhibit inter=
medinte conditions. The question arises, éro these phenomens common
to all female rats'dnring their sexusl life or are they expressions of
a response to something sbnormal in the 1ife of the snimal? Is it
possible that a succession of active oestrous cycles indudes in the
organs of these virgin asnimals a struetural condition inconsistent
with proper reproductive funection? In this connection, one may recall
Heape's ('06) suggestion that withholding the male (rabbit) from the
female during several successive heat periods induces degeneration

of the follicular apparatus, making the femsle liable to sterility.

R R R
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Without going into detail it may be stated that there ia much in
the structure of both ovaries snd uterus in the postpartum femsles to
suggest that pregnancy with its subsequent involution restores these
organs to a certain balance in structure more like that of younger
animals. There is, however, a similar uterine overgrowth in those

postpartum animals kept isolgted for s longer time from the males.

Morphogenesis of the Vagina.

In the newborn, the epithelium of the vﬁginal mucosa consists of
two layers of cuboidal or low colummar cells, the superfieisal cells
containing large clesr vacuoles, resembling those of unruptured
goblet oellé?ﬂz;gg highly cellular tissue surrounding may be
dirferentiath into a thicker inner zome, the submucous layer, snd a
thin outer layer of poorly differentiated muscle cells. In about 10
days the lining epithelium has become three or four 1a§arad, the
baeal layer columnar the surface layer still cuboidal. The epithelium
hes also been thrown up inteo longitudinad folds, but,’ainoa these are
least pronounced in the vaginae fixed in situ, are probably due in
part to contraction of cirecular muscle fibers. At this time there is
8 fairly distinet demarcation between the vorﬁ cellular stromes of the
mgeosa and the more sparsely cellular and more fibrous submucosa.

This distinetion is shortly obliterated, to reappear later when Q zone
of looser vascular tissue develops between the two layers. The stroma
of the vagina rather early becomes markedly fibrillar and rather
sparse in cells. The epithelium remains throughout the first growth
period in the tﬁroo‘layerod condition. The musecularis also remains
thin, consisting of only a few layers of ocells. (Fig:-(%)

By the end of the second period, the apitﬂalium possesses four or
five layar:tL'“Q ags the third period of rapid growth sets in sand the

opening of the vagina approaches, the epithelium thickens rapidly to
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seven or eight layers of cells, assuming o atratified squamous
atructurst“é;Zh the advent of destrus, the surface layer becomes tall
columnar,.deciaadly different in staining reaction from the other cells,
taking on the 1ight blue tint of mucous secreting cells. ILeucocytes
agoumulate in the stroma and commence migrating.ﬁhrOﬂSh‘th°
epitheliume. The tall superiecial eolumnsr cells finally begin to
degenarﬂte‘and a general desquamation takes place which with the the
leucocytio emigration give rise to the cellular elements of the
vaginal smesrs. Along with the columsr cells, some of the flat, more
cornified cells of the underlying epithelium also slough away, leaving
a typleal stratified squamous epithelium. The process of desquamation
in the vagina seems to be completed a 11ft10 earlier than that in the
uterus, although the two processes ovidently overlsp. The vagina thus
undergoes cyelie changes se well as the uterus. In faot the lesuco~
eytosis in the vagins appears much the more se;ere, begins esrlier and
lasts longer. It is therefore clear why the fluotuations of the
weights of tﬁa vagina folleow those of the uterus. It is alse clear
thy they are not of equal intensity, the hyparplﬁaia seen in the
uterus being so much more extensive. When the sections of vagina are
examined it is observed that the thin museularis has not been
uniformly retsined, being so scattered as to be seen only with
diffieulty Auring dissection. In the oldest rate merked fibrosis of

the vaginal stroms tskes place.
The eyelic changes during oestrus in the vagina of the rat are

thus very similar to those first deseribed by Stockard and
Papanicolaou ('17) in the guinea pig, and deseribed briefly by Long
and Bvans ('20) in the rat.
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6. Discussion.

From the foregoing'aooount of tﬁo grosser histologic changes of
the reproductive tract of the rat during the four growth periods, it
is apperent that i1t is the ovary which exhibits the more specifiec 2nd
intrinsie structural changes. It differs from the other organs in no
small degree in this reapeot: While the growth of the tubes, the
uterus, and the vagina is nof merely an inecrease in mass but must to
some degree be a matter of self differentiation, yet one cannot in
these organs, 28 in the ovary, point to intrinsic processes of
differentistion which exert 2 comparable influence over their own
growth or that of other organs. As has been seen, the differentiation
of the uterus, tubes, and vagina is more gemeral. The weights reveal
periodic changes in the rate of growth of these 6rgans but there is
1little in the orgsns themaelvoiﬂwhioh one might asoribe the ohange:
They follow the type of growth of the ovary, but without the ovary
(a8 numerous extirpstion experiments have shown) they would no doubt
grow very differently. That they so follow the growth plan of the
ovary is perhaps but fho morphologic expression of the dominsance of
the ovary. It is true that the data seem to show certain differences
in time r;lntiona in the various growth periods, which might aggue
against the oVaryié having & dominating influence over the other
reproductive organs. It is probable, however, that in gpite of such
diserepancies, whioﬁ may be in psrt due to acoidental variations, that
the correlation between the organs is astually closer than the data
indioate.

!ho.oogenoaia in the albino rat appears to be very similar, as
might be expected, to that of the mouse, deseribed by Kingery ('l7).
Aral ('20) verified Kingery's observations and similarly came to thg
conclusion that the postnatal proliferation in the rat furnishes the
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definitive ova and that the oocytes of the prenatal proliferation
undergo complete degeneration. No third or prepubertal proliferation
such as desoribed by von Winiﬁarter and Sainmont ('07) in the cat hes
been found. The present study confirms Arai's observations on these
points. mﬁe sharp demarcation between the primitive and definitive
prolif;ration series the writer has been unable to demonstrate.
Allen ('21) has observed in the mouse that the preduetion of ﬁéfinitive
oocytes may extend into sexusl maturity where their proliferation is
noted especislly during the preocestrous phases of the sexusal eyecle.
The present material indicates that the definitive oocytes oontian to
be found up t1l1l) puberty at least; beyond this point, the evidence
aveilable is not so convineing.

0f special interest is th; great amount of follicular atresic at
various ages, with the parallel production of the interstitial tissue.
Whatever functions may be aseribed to these interstitial cells, the
relationship that exists between the degeneration of the ova and their
follicles and this renction of thé surrounding interstitisl tissue
mst be of fundsmental significance. It must represent some form of
reaction between the two elements aﬁd Kingabury ('l4) suggested that
it is "an expression of an nlteréd metabolism'. Evans ('16) has also
shown thet scid ago dyes are selectively taken'up in the living cells
of the granuloss destined to undergo atresis, and changes are thus
revialed in these granunlosa oollslhorers they give any other signe of
degeneration. It seems perfectly evident that the interstitial cells
are only temﬁorary gtructures. They are constantly being differentiated
and dedifferentiated. They céno and go as necessity demands, and it

would seem that one of their functions may be the maintenance of a

balance of some sort within the ovary itself.,
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The relation of the interstitial tissue to the blood-veaseia is
not such in the rat as to suggest in any comparable meammer that it
constitutes an endoerine glsnd. The faet that such animals as the
ret contain such large amounta'of interstitial tissuwe, while others
have so 1little or none, as has been shown exhaustively by Fraenkel
('06) and Schaeffer ('ll), would seem to argue against s universal
function of the tissue and to point rather to its specific necessity
in the particular species where it oooura. After !IF’ eareful con~
sideration of the subject, Kingsbury oonaidors that the evidence for
the theory of its endoerine nsture is too indireect and inconclusive,
but the question ie still unsettled.

The great amount of ﬂoganeratién exhibited in the rst's ovary is
very atriking, sometimes becoming astonishingly extensive. The
significsnce of sll these retrogressive processes and their relation
to the progressive processes is still one of the large fundamental
problems econeerning the ovary. That these processes seem to bear
fairly definite relationshipa‘to the life eyele, thet at times they
are increasing st other decreasing should offer some encouragement to
the view thet their r8le mey be subjected to emalysis. If they ere
concerned with meintaining some form of balance in thé ovary,
quentitative methods mey yield further evidence upon the question.

In general, for instance, we can state that it is probably ta the
degeneration of ove and the concomitant great inecrease of interstitial
tiscue thet the accelersted growth of the first period is mainly due.
These processes are then apparently held in chéck for a period-—how |
or why is etill uneertain. What releases this check or prompte the
return in the third poriod it would likewise be interesting to know.
That one should consider these processes apart from the body as a '
wWhole or apart from the organs which we know #m exert positive
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influence on the reproductive traet, would, therefore, appear |
irrational.

vqlbaég ('15) in a volumetrie study of the rabbif§ ovary,
including ecounts of follicles, observed that the interstitial tissue
reaches its relative maximum growth at sexmal maturity.

One of the striking vhenomena in the rat's ovary is the apparent
attempt=-if it may be so put--of so many ova and follicles to reach
meturity and their failure to do so. The faect that suceeeding
generations of ova come nearer and ﬁearar attaining the goal would
indieste either thet the repressive factors are constantly lessening
or that the ova themselves are gaining in influence. Robinson ('18),
from hie study of the development of the follicles in the ferret,
suggests thet the follicles themselves form a secretion which is
responsible for the phenomena of the prooestrum end oestrus, and which
in the earlier atoges facilitates growth of the follicles themselves
by cummlative effect of the seeretion, carryihg successive generations
of follicles nearer and nearer meturity until finslly some follicles
do not degenerate but msture. HExhaunstion of this secretion by
maturation of one set of foliiclea produces, he suggests, the
ancestrous period with its recurrence of degemeratiomn. There i® muech
in the behavior of the rat's ovary to f£it this concepfion. Accurate
quantitative estimation by volumetrie methods, cell eounts, ete.,
might afford further evidence on this point. Valbery ('15) in the
enumeration and classification of follicles-in the rabbit's ovary drew
the conclusion that sccelersted growth of the follieles oceupies o
short early prepubertal period snd a long postpubertal period whidh
between these two comes = second or retaerdation perioed during which
the follicles produced in the early period are greatly reduced in

number through atresia.

———
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With the intricete relationships of the reproductive organs
during postpubertal sexual life, this study obviously cammot deal
except in & very general way. Stockard and Papanicolaou ('l7) Paved
the way for more accurate atﬁdy of reproductive phenomena in their
elucidation of the oestrous eycle in the guinea pig. More recently
Long and Evens ('20) and Allen ('21) have worked ouf details in the
rat and mouse, which are similar in genersl prineciples to the
findings of Stockard snd Papanicolaou. In the rat therefore there
are definite eyelic changes in the utérus with processes analogous
to those in the humsn eycle except for the hemorrhage. Very inter=
esting and significant are, however, the cyeliec ohangéa in the vagina,
which afford means of identification of stages of the oestrous cycle,
reveal the reaction of the vagina to the condition of the ovary and
furnish an index as to the latter. Of special interest is the report
by Long and Evans ('21) of the rapid maturation of the youthful ovary
when transplanted to the body of the adult, indicating the resection of
the ovary to external conditions.

In the growth of the tract fefore end after puberty there is
mach to suggest that the changes in size and structure of the uterus
and vagins are associated in different manner on the one hand with
follicular development or degeneration and on the other hand with
that of the corpus luteum. The comparison and evalufion of these
factors, however, are boyﬁnd the scope of the present psaper.
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Summarye. |

The results of this study may'he sumarized briefly as follows:

1. In the postnatal growth of weight in the ovary, uterine %tubes,
nterus‘and vagina, four phases in genergl may be recognized: the first
in animals from birth to approximately four weeks of sge and thirty
grams in body weight; the second %o seven weeks of age and sixty grams
in body weight; the third, to eleven or twelve weeks of age and
one hundred twenty to one hundred thirty grams in body weight; and the
fourth, to the adubt condition.

2. The first and third afo period of nccelerated growth, the
aocondland iaat are periods of retarded growth.

3. These growth phases are approximately.oorrolatod in time in
the vaéioun reproductive organs, the growth of the ovary probably
determining the nature of growth in the other organs.

4. Relatively the uterus exhibits the most inténsive growth
in woiéht, the vagina the next greatest, the ovary next and the tubes
the least. '

5. fho ovary exhibits fairly definite gtructural changes
oharaoéoriatio of each period. In the other organs the struetural
changes, during the sesond pofiod especinlly, are less striking emd
more general in charseter. Histologie differentiation and sise,
however, distinguish the élrat and last periods more definitely.

6. OCorrelated with the weight changes of the ovary betoro'
matnriéy are the growth of the follicles, their degensration, and
the development of the interstitial tissue. After maturity the
ripening or degeneration of follicles and ého development and re=
gression of corpors lutea apparently interact.

7. To these various factors thw utorun.'tnbou, and vagina

probably respond in definite manner and to a definite degree.
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8. Virginity and parity also probably exert gpecific effect
on bctﬁ sige and structure of the reproductive tract. Environmental
factors, such as nutrition, likewise markedly affect the developnent

of the reproductive organs.
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Explanation of Fignres.

Pig. 1. Ovsry, tube, and periovasrian capsule. Rat HOo‘
(Not in ieriea of Table I.) Age: Newborn. Body wnlight .6 grams.
Bouin, Iron Hsemntoxylin. ‘ X 44. '
Ovary shown 1oﬁg1tud3.nlally sectioned; uterine tube in
periovarian cspsule, which is open.

Fig. 2. Overy, tube, and periovarian capsule. Rat Noo' N —_—
(Not in aeries of Table I.) Age: 3 dayn. Body wei:ght 5.6 groms.
Bouin, Iron Haemntoxylin. X 44. |
Cortico=medullary oorda ghown breaking up into smaller g'cmplol
Mouth of tube opens inside periovarian capsule at the right of the

mesovarium.

Pig. 3. Overy, tube and espsule. Rat No.__  (Net in series of
Table I.)l a’soz 10 days. Body weight '13.! gran;m. Bouin,
Haemtox'ylin-aolin. X 4&- |

Transverse seotion of ovary. Shows the grest growth of the
tube upper ('ampullar') end to the right lower end ebove and, %he
left. Terminal papillary portion shown within capsnlo..

Fig. 4. Ovary, longitudihal nootion. Rat No. 38 (020.1)
Age: 17 day;. Body weight 21.2 grams. onkor, naamtomm-ooain. X 44.
Sht;w- large number t;f priniﬁvo follicles, some satretie,
surrounded by masses of interstitial tissue. Peripherally next to the
gorminal epithelium is seen the narrow llshior staining gone of
definitive oocytes.

Pig. B. Overy, longitudinsl seetion. Rat No. 26 (0 41.1).
Age: 25 days. Body weight 1.9 grams. Zenker, Haematoxylin-eosin. X 44.
Shows extreme degeneration of follicles at end of first

growth period.
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Fig. 6. Overy, lengitudinel section. Rat Fo. 41 (0 B!fl).
Age: 66 &ayi;. Body weight 68.5 grams. zénker, Hae‘matorylin-aoa.in.
X 44. . ‘ |
| Typical ovaery of the beginning of the third growth period.
Note the large follicles and large amount of interstitial tiasuei |

Observe the various stages of atresia. Three-fourths of ovary shown.

Fig. 7. Ovary, longitudinal seetion. Rat Ho. 57 (0 911)(
Age: 62 éeyﬁ. Body weight 86.9 grams. Zenker. Hﬁem&toxyiin-eoeint
X 44. | ' | b

| Overy in which first maturation spindles =re present,
therefore, just before cvulation near the middle of the third growth

period. About one~haelf of ovary shown.

Fig. 8. Ovary, longitudinal section. Rat No. 70 (0 8.1).
Ages: 71 dayé. Body weight 122.0 grams. Zeﬁker. Haeu.mtoxyun-oosin.'
Ovﬁry mature, oantaining at least two generstions of
corpora lutea. Note the masses of interstitial tissue about the

degenerate remains of atretic follicles. About one~half of ovary shown.

ureters at the side
Pig. 9. Body of uterus (mid line below, bladder above). Rat No.

(Not in series of Table I.) Age: newborn. Body weight 5.0 grams.
Zenker. Heematoxylin-eosin. X &4.
Shows transverse seection through middle of the 'body' of the

uterus with its double lumen.

Pig. 10. Uterine tube. Rat No. 26 (0 4l.1). 3Belonge with ovary
Pig. B. Zenker. Haemstoxylin-eosin. X 44. Ampullary end below, uterine

end above.
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]ri.g. 11. Uterine tnbe. Rat Ho. 41 (O 21.1). Belonge with

ovary E'ig- 5. Zenker. Haemtomin-aonin. X “. .Pertion of the
upper papiuary' end of tube within the periovarian ecapsule shown in

the center.

Pig. 12. Uterine tube. Rat No. 70 (0 8.1). Belongs with
ovary Fig. 8. Hrematoxylin-eosin. X &44. Nearly the whole tube
showmn. Typical of sexunlly mature rat.

Flg- 15- Uterine cornu, transverse section. Hewborn.‘ Belongs
with ovary Pig. 1. X4 '

1!15. 14. Utorine oornu, transverse soot:lon. Rat No. 26 (O 41..1)._
Belonge with ovary ng. 5. At the end of the ﬂrat growth poriod.'

Fig. 16. Uterine cornu, transverse section. Rat FNo. 41 (O ”',1)'.
Belongs ﬁth 'ovary Fdg. 6. At the beginning of the third growth
periode ‘ oy

l‘ig. 16. Uterine coranu, transverse section. Rat H°'. 70 (O B.ol).‘
Belongs with ovary ng. s. Uterus of sexually mature rst at end of
the third growth period.

Fig. 17. Vagina, t'ra.nsvorae section (urethra above to the 1“”'.
Newborn. | Bol.onga with overy Fig. 1. Haematoxylin-eosin.

Fig. 18. Vagina, transverse aaotion. Rat no. 26. Belongs with
ovary !':lg.. 5-‘ Haemstoxylin-eosin. At the end of :l'irst growth POHOG- "

Pig. '10.' Vagina, transverse ‘aaotion. Rat No. 41. Belongs with
ovary rté- 6.. Haematoxylin-eosin. A% the hem ot. the third
growth pox;iod'. |

l'ts- 80. Vagina, transverse section. Rat No. 70. Belongs with
ovary r.‘.g. 8. Haematoxylin-eosin. At the end of the t'h:l.rd growth

peried, rat nexnally mature.
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Dats on the individusl rats, with absolute and relative weights of the ovary,
tubes, uterus and vagina.

Serial Rat Age Body Body Absolute weight of Peroentage of body weight formed by
No. Ho. days Weight Length Ovaries Tubes Uterus Vagina Ovaries Tubes Ufterus Vagina
' ' grams  mm. grams grams grams grams % % % %
1 046.1 1 2.7 45 .0007 .0008 .0012 .0006 .026 .030 .045 .022
2 046.2 2 3.3 & .0008 .0009 .0011 .0007 .026 .027 .034 .02l
5 0661 K 3.4 46 .0006 .0008 .0010 .0006 016 .020 .025 .06
4 0641 N 4.2 48 .0008 .0008 .0012 .0008  .Ol19 .019 .028 .09
5 064.2 N 4.6 49 0008 .0007 .0016 .000Y 017 016 .033 .016
6 0661 § 5.1 49 .0009 .0008 +0016 .0010 018 016 .030 .020
Y 0643 1 57 50 .0009 .0007 .0016 .0009 016 .0l2 .027 .06
8 0251 1 6.3 52 .0010 .0008 .0025 .0012 016 .013 .040 .O19
9 025.8 1 6.5 63 0006 .0007 .0011 .0009  .009 .011 .017 .0l4
10 064t 5 7.2 56 0010 .0008 .0022 .0011  .014 .011 .081 .06
11 0651 6 7.9 69 ,0011 .0008 .0028 +0006 015 .017 .036 .O19
12 0281 7 8.1 61 .0009 .0009 .0041 .0016 .0I11 .01l .O6L .020
13 0211 7 10.7 66 .0009 .0009 .0041 .0021  .008 .008 .038  .020
14 0241 8 12.2 76 .0007 0016 40068 .0034  .006 .012 .04  .027
15 0621 9 12.3 75 0020 .0019 .0077 .0044  .016 .OL6 .065 .06
16 019.1 10 14.5 74 0019 .0021 .0066 .0028  .015 .04 .O45 .019
17 062.2 16 19.0 78 0034 .0025 .0111 .0076 020 {015 065  .045
18 0351 17 19.5 81 .0026 .0028 .0L79 .0080  .013 .014 {092 {041
19 © 19.2 16 20.2 86 .17 .0030 .0132 .0080 008 015 .065 040
20 0 20.1 17 21.2 86 0050 .0041 .0M71 0125  .024 .019 .08l  .0BO
. : . : : : : ; . . -
.}




21 96 «0046 .0041 .0208 .0148

22 060.1 22 26.0 96 Qoovg .0028 .0212 .0182  .029 .015 .083 .o71
25 06l.1 24 28.2 98 .0095 .0051 .0256 .0187  .035 .018 .091 086
24 062.3 26 29.8 99 .0098 .0046 .0238 .0178 .08 .015 .080 .060
25 033.1 34 30.9y 101 L0131 .0060 .0143 .0174  .045 .016 .07  .08%
26 041.1 25 51.7 108 .0064 .003Y .0169 .0284  .020 .012 .0BO  .oBe
27 014.1 36 %5.5 110 .0047 .0029 .0135 .0170  .0l4 .009 .040 . OBL
28 017.1 28 37.6 107 .0098 .0082 .0211 .0408  .026 .008 .06 .110
29 033.2 48  38.4 112 .0128 .0083 .0183 .0208  .035 .014 .088 . o5&
30 0341 24 42.2 113 .0108 .0043 .0225 .0234  .086 .00 .0B5  .OBS
51 040.1 36 45.0 117 .0088 .0041 .0176 .0165  .020 .009 .039 .04
32 059.1 38 48.0 119 .0114 .0056 .0240 .0201  .024 .012 .61 .ok
35 017.2 39 B5l.4 220 .0104 .0068 .0290 .0325  .020 .011 .0B6 .063
B4 0 58.1 45 B4.1 126 L0112 .0061 .0296 .0210  .021 .009 .OBS  .039
35 0 58.2 46 bB4.4 125 .0083 .0046 .0336 .0238 .06 .009 .06l . 043
36 018.1 39 57.6 128 .0121 .0085 .0370 .0286  .021 .009 .064 .08
37 0 67.1 48 62.0 151 .0095 .0029 .0800 .0185  .OL6 .006 .065 .030
38 0 36.1 60 61.8 132 .0185 .0067 .0422 .0307  .080 .01 .068  .050
59 0 24.2 39 65.6 151 .0161 .0066 .0414 .0365  .025 .009 .063 .0B4
40 0 57.2 49 68.0 133 .0155 .0078 .0612 .0451  .025 .011 .091 .06V
41 027.1 66 68.6 130 .0112 .0066 .0294 .0406  .016 .009 .043  .088
42 0 26.1 82 69.1 134 .0122 .0067 .0328 .0808  .019 .010 .08 .okf
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