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THE EARLY DEVELOPMENT OF OVARIAN FOLLICLES IN THE ALBINO RAT 

IITTRODTJCT ION 

The marianalian ovary has been the subject of numerous 

and intensive invest1ations in pa3t decades.. H1sto1oica1 

and cjto1oica1 studies have been pioinent amon. them. 

Particularlj has thlz been true since the rise of endocrino- 

1oy to a position of iriportance. Studies on the physio- 

1oy of reproduction have emphasized the histo1oics1 pic- 

ture of the ovary under a wide variety of experimental con- 

dition$.. These studies have added much to our know1ede 

of ovarian physiology; yet they present a noticeable fault. 
Anyone familiar with the literature in this field cannot 

but be aware of the lack of uniformity in the terminolo-y 

of ovarian cell types.. This fault has its basis in a lack 

of complete knovlede concerning the detailed hictoloy 
and cytoloy of the normal ovar'j. One need not look far 

for the explanation of this condition As is the case in 

other vertebrate tissues and organs that have been the sub- 

ject of intensive research, biologists have habitually 

turned to such species as appear best to demonstrate the 

structure or phenomenon in question. 1or example, the 

interstitial tissue of the ovary is strongly developed in 
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the rabbit; hence there it has been studied.. The origin 

of oocytes from the germinal epithelium, however, is most 

prominently seen in the cat.. The practice of turning to 

such species as best demonstrate individual phenomena has 

led to a somewhat conglomerate picture of the entire organ 

which may not at all present completely the detailed facts 

for any one species. In no one animal has the picture 

been thoroughly and consistently worked out. And, since 

the large mass of maalian endocrine studies are carried 

out on one laboratory animal, the albino rat, this situa- 

tion is particularly deplorable and has resulted in much 

confusion and misunderstanding regarding interpretation. 

This thesis is an attempt to supply the initial step 

in a monographic treatment of the cytology and histology 

of the normal rat ovary. The projected plan is eventually 

to study out systematically the origin of every cell type, 

the rate at which each develops and becomes subsequently 

modified, the internal cytoloical changes accompanying 

such development, and the relation of these changes to 

cyclIc physiological conditions. 

The present study is concerned with the rate of 

growth of the ovary in terns of volume and with the ori- 

gin and differentiation of follicle cells from tl-ie time 

of birth until the animal is ten days of age. Two consid- 

eratIons bear on the selection of this particular period 

as the subject for intensive analysis: first, it is at the 



be:innin 01' this period or only slightly earlier that the 

follicle cell becomes sufficientlï differentiated to be 

recognizable as such, and secondij, the ovary at this peri- 

od presents the minimum of differentiated cell types; the 

cells have yet to realize their potentialities; the ovary 

is at the threshold of its cytogenesis.. 

ÌIIATERIALS AND LIETHODS 

Source and Care of Animals.. Two stocks of albino 

rats have been used as a source of material for the study 

herein described. The major stock of six males and ten 

females vias purchased from Sprague-Dawley, Inc.. of :Tadi- 

son, Vlisconsiri. These animals viere selected nature breed- 

ers. The other stock, consisting of a pair of adults and 

a litter of eight partly gro\vn young, was of unknown line- 
ae and will hereinafter be termed the accessory stock. 

They were presented by visitors to the laboratory. 

The animals have been housed in sanitary wire cages 

and have been cared for daily. They have been segregated 

according to sex and 'ouped two or three to a cage except 

during or after mati. The pregnant females were indi- 

vidually housed and provided with nest-making material.. 

At the beginning of the study,.the animals were provided 
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with the following specially mixed feed supplemented by 

lettuce once each week: 

Yellow whole corn meal ------ ---W-- 38.0% 
V/hole wheat flour ------------------- 32.0% 
Powdered skimmed milk --------------- 20.0% 
Whole around alfalfa meal ----------- 6.O 
Cod liver oil ----------------------- 2.Of 
Fleischmann's dry yeast, type 2019 -- 1.0% 
Calcium carbonate ------------------- 
Sodium chloride --------------------- 0.5, 

This diet, however, was not entirely satisfactory, for 

some difficulty was experienced with females of the col- 

ony not lactatin normally. In order to correct this 

fault, beef liver was fed the pregnant rats for a period 

of a week before parturition and thereafter until the lit- 

ter was weaned or otherwise disposed of in the invest±a- 

tion. Upon this addition of liver to the diet in small 

amounts each day, no further difficulty was experienced 

with poor lactation and the yoim3 were healthy and in all 

apparent respects norual. 

::ethod. of Breeding and Determination of bryo Ase. 

In preparation for breedin' of the animals, the oestrous 

cycle of the females was followed each day by the vaginal 

smear method. Those females exhibiting a normal cycle 

were individually caged with a male at the height of oes- 

trous. The caging was done at four or five in the after- 

noon, at feeding time, and the occurrence of insemination 

was determined by means of vaginal smears. The caged f e- 

males were smeared twice in the evening and once the 
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f o1lowin morning, so that the time of insemination was 

estimated in each case with a possible error of not more 

than four hours. In the greater number of cases, the pos- 

aible error was less than two hours.. The time of insemina- 

tion is very important in determining the age of the young 

animals used in this study, for the period of Cestation 

varies from twenty-one to twenty-three days. It is appar- 

ent, therefor, that, considering the very rapid rate of de- 

velopment that occurs in embryonic animals, post partum 

(PSP.) dating of specimens is not sufficiently accurate for 

statistical treatment. Post coitum (p.c.) dating is much 

more reliable, for the only variable then is the elapsed 

time between insemination and fertilization.. The variabil- 

it7 of this time cannot be readily determined, so that it 

must be assumed to be constant for the purposes of this 

study.. Hence, carefully recorded breeding records were 

kept so that p.c. ae could be readily determined for pur- 
poses of analysis and comparison. Post partum age, how- 

ever, was useful for routine dating prior to statistical 

treatment.. 

L:icrotechnical Treatment. Female young from the lit- 

ters obtained by the above breeding methods were killed at 

known dates after birth, and the ovaries and pituitary were 

quickly removed and fixed in Goldsmith's fluid. This fluid 

of Goldsmith, which consists of fifteen parts of one per 



cent solution of chromic acid, four parts of two per cent 

solution of potassium bichromate, and one part of glacial 

acetic acid, was found to be far superior to Bouin's fluid 

for the fixation of these embryonic tissues. With Eouin's 

fluid the nuclear configuration was well preserved, but 

the cytoplasmic elements including the cell membranes were 

only distinguishable with difficulty. Consequently, in at- 

tempting to analyze the Bouin-fixed material for the devel- 

opment of follicles, much uncertainty as to interpretation 

was experienced. On the other hand, the O-oldsmith-fixed 

material presented a clearly intelligible picture of the 

relationships of the various cell types, and the develop- 

ment of the follicles could be statistically analyzed.. 

Hence, in all but the preliminary work, the ovaries and 

pituitary were fixed exclusively in Goldsmith's fluid. 

After fixation and washing, the material was embed- 

ded in high-melting-point paraffin (56-58 degrees C.) and 

sectioned at five microns. The ovaries from each animal 

were embedded side by side and sectioned together, the pi- 

tuitary was embedded and sectioned separately. The sec- 

tioning was facilitated by allowing a flow of carbon di- 

oxide from a box of dry ice to stream across the microtome 

knife and the paraffin block during the process. This 

melting carbon dioxide not only cooled the knife and block, 

but also the paraffin ribbon as it issued from the laufe's 
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ed:e, and perfectly smooth, uncompressed ribbons were ob- 

tamed. The ribbon of the paired ovaries from each speci- 

men was then affixed serially on slides, stained with 

1-leidenhain's hematoxylin, and covered in the usual manner 

using number zero glass cover slips. The pituitary rib- 

bons were affixed to slides, but the staining and mounting 

of them was not completed as they were to be reserved for 

a later study. 

:icroscopical Analysis. A total of seventy-seven fe- 

male young rangin in a:e from newly born to ten days were 

killed and prepared as above outlined. Of these sixty- 

eic'tht were the progeny of the Sprague-Dawley stock and nine 

were the progeny of the accessory stock. Twenty-eight of 

the total number of prepared serials have been statisti- 

cally analyzed to determine the volume of the entire ovary, 

the total number of oocytes and follicles present, and the 

percentaCe distribution of the several follicle types.. Ex- 

amples of each post partum age Croup were included, in the 

study. 

In analyzing the ovary serials, one of each pair was 

usually selected and sampled in the following manner.. Ev- 

cry sixth to twelfth section of the serial comprised the 

sampling. The interval was altered according to the de- 

grec of change between consecutive sections of the serial. 

The ovaries of zero, one, and two day animals are rel- 



tively hooeneous histo1o'ica11y and the sarnp1in Inter- 

val could in consequence be larCe. But in the ovaries o± 

older animals, the chance from section to section Is large 

and varIable, so that closer saii!pling was necessarr. Each 

selected section was 1ven a serial number in accordance 

vith its position in the entire serial when the first sec- 

tion shov;in: ovarian tissue was taken as number one.. Then 

the sample sections were analyzed in order; each was first 

accurately sketched in outline at a manification of 174 

diameters by the use of the camera lucida.. These sketches 

were used in the determination of volume of the ovary by a 

niethod to be described presently. o1lowin the sketching, 

which was accomplished by use of the low power objective, 

the follicles of that section were counted and classified 

under the hi:h power objective, makin: use of the connec-- 

tive tissue septa of the ovary as convenient mark1ns de- 

limiting the field. 

The follicles were classified according to the extent 

of development of their follicular epithelium.. In the de- 

velopr.ent of the follicle, four conditions of the epithe- 

hun are reconizable; these serve as convenient landmarks 

for classification.. The first well-defined stage in the 

growth of the follicle is the appearance of a simple squa- 

mous epithehiurn completely enve1opin the oocyte (Plate 

VIII, Fig. 13); then as the follicle grows, this sir;iple 



epithelium becomes cuboldal (Plate VI, Fie. 10). At the 

third stase, the epitheliurn has become two- or three-lay- 

cred (Plate VI, F1. 11). iinally as the follicle contin- 

ues to crow into a many-layered condition, an antrurn or 

space beins to develop between the first and second lay- 

ers of the follicular epitheliuxn (Plate VIII, aig. 14). 

This latter stage constitutes the maximum development 

attained by the follicles in the first ten days post par- 

turn. Stases in the development of tlie follicle beiore the 

establishment of a complete epitheliuii ïere arbitrarily 

grouped under the head1n of "cerni cells with no follicu- 

lar epithelium.t' Two croups of cells were placed in this 

cateory. 1'irst, the cells exhibiting prophase meiotic 

figures which pack the ovary at zero, one, and two days 

post partum (plate i, Fi:. 2); and secondly, the recogniz- 

able certi cells that are being proliferated from the cerm- 

mal epithelium (Plate III, Fis. 6). 

As the follicles of each sample section viere counted 

and classified, the numbers were recorded on a samplmn: 

sheet (Plate IX, Fi:. 15) together with the serial number 

of the section and tue position of that section in the set 

of slides. The serial number has been explained previ- 

ously; the position of the sections was recorded by the 

following scheme: ovary number, number of the slide in the 

set, number of the row on that slide, and the number of the 

section in that row, thus: 54t-2/I-l2. By knowing the 



exact position of every sample section, it was possible 

to check back to the material studied in cases of doubt, 

for photoraphic purposes, or any other desired reason 

Planirnetry. When the entire serial of the ovary had 

been sampled, the area of each sample section was measured 

by tracing the camera lucida outline with a planimeter. 

The planimeter is an instrument much used by cartographers 

and engineers, which will measure the area of any plane 

fi:ure by simply passing a tracer around the boundary line. 

The instrunent used in the present study gave readinCs in 

square inches and had a possible error of plus or minus 

one per cent. 

Suimnarization. ìeviewing thus far, each of the ova- 

ries analyzed was sampled at intervals of six to twelve 

sections; each of the selected samples was traced in out- 

line and measured as to area; and the germ cells of each 

were classified, counted, and recorded. The data so ob- 

tamed was summarized ¿raphically (Plates XI - XVI, Figs. 

17 - 22). The graphs then served as a basis for the cal- 

culation of the volume of the ovary, the total number of 

germ cells and follicles in the entire organ, and the to- 

tal number of each of the classified types composin, the 

latter. In the calculation, the area under each graph was 

measured by means of the planimeter, and from this reading 

the required total values were obtained by applying the 
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fo11owin formulae: 

N,n1,n2,n3,n41or n PXY, 

and V PtXY (2.131 z io) 

where: N c total nurfoer of germ cells and oocytes per 
ovary. 

nl total number of germ tel1s and oocjtes with- 
out follicular epitheliurn. 

n2 total number of oocjtes contained in flattened 
ep i th e i um. 

n3= total number of oocytes contained in cuboidal 
epitheliurn. 

n4 total number of oocjtes contained in 2- or 3- 
layered epithelium. 

n5 total number of oocytes contained in follicles 
with beginning antrur, 

p area in square inches (planimeter reading) un- 
der the respective curve. 

x= abscissa of the curve, sections per horizontal 
inch. 

Y = ordinate of the curve, numbers or square inches 
per vertical inch. 

V = volume of the ovary in min3. 

t thicirness f the sample sections in microns. 

The formula for the calculation of totals of numbers 

is simply an expression of graphical summation. lue area 

beneath the curve, P, expressed in units XY needs merely 

to be multiplied by the quantity represented by the unit 

XY to produce the dcsred suaation.. For example, if each 

linear inch of X represents twenty sectIons, and each 
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linear inch of Y represents one hundred of the objects to 

be summed; then the unit XY, a square inch, represents 

2000 objects. Therefore, since P has been measured in the 

units X( and since these units XY represent actual numbers 

of objects, it is clear that the sum of the objects defined 

by the raph is 2000P and that if P equals 15, the sum is 

30,000. 

The validity of this method of summation for the par- 

ticular problem in hand is solely dependent on the accuracy 

of the sarnplin,. The accuracy of the samplin is in turn 

determined by two considerations. 2irst, the samples se- 

lected should outline as closely as possible the actual 

trend of the chances from section to section throughout the 

ovary; this has been accomplished by close sampling where 

necessary. Second, the method of countin should be such 

as will assin to each sample section the actual fraction 

of the whole ovary which it represents. None of the sec- 

tions is an actual unit; each is a thin sheet of tissue 

sliced from the whole organ by the blade of the microtoine. 

Each contains a certain number of entire cells together 

with many fractions of cells the proportional quantities 

of which will vary with the thickness of the section. The 

relative proportion of whole cells will increase with in- 

creasing thickness; yet with increasin thickness it be- 

comes progressively more difficult to count the cells piled 
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one above the other. Consequently, in order to obtain the 

maximum accuracy in counting, oniy those cells were counted 

whose nuclei appeared to be mainly included in the section 

being analyzed. A further precaution was exercised in the 

case of the large oocytes of advanced follicles (with two- 

or more-layered epithelium); in these, only those nuclei 

containing nucleoli viere counted. By making use of these 

limitations, it was possible to use five-micron serials 

with a minimum of error, for the nuclei of the primary fol- 

licles average c.a. 8.5 microns in diameter, and the nucle- 

oli in the oocytes of the larger follicles are no more than 

2 microns in diameter and not more than two in number. 

The formula for volume is merely an extrapolation from 

the simplefied formula used in the summation of numbers. 

It is derived from the fact that the total volume of the 

ovary is equal to the sum of the volumes of the sections 

into vthich it has been subdivided. 110w, since the volume 

of a section is its area multiplied by its thickness, it 

follows that by plotting the areas of the camera lucida 

sketches and measuring the area of the curve defined by 

them, we are actually measuring the volume of the ovary in 

terms of a determinable magnification. But herein lies the 

extrapolation. The units XY of the volume curve are not 

actual units of the ovary. X is in terms of sections of the 

ovary, and Y is in terms of a known magnification of the - 



sectional area as measured in square inches. :urther, 

since the cubic millimeter ja a convenient and coinprehen- 

sible unit by which to compare structures of this inagni- 

tude, factors must be incorporated in the formula that will 

reduce the variables X and Y to units whose products will 

he cubic millimeters. Therefore, the areas of the cariera 

lucida sketches as measured by the plani2neter in square 

inches must first be divided by the square of the magnifi- 

cation used in their projection, that is, 174 x 174 or 

30,276; then they must be converted into square millime- 

ters by multiplying by the factor 645.16. The thickness 

of the sections as measured in microns need only be divid- 

ed by one thousand in order to express it in terms of 

millimeters. Combining these manipulations, the fol1owin 

formula results: 

Px645.16 t XxY 
- 30,273 

X 
1000 

which, when the constants are combined becomes: 

V PtX (2.131 x io) 

Then the total values were calculated for a particu- 

lar ovary, they were filled in on a summary card (Plate 

XVII, Fig. 23). Other pertinent data was also figured and 

recorded on the card. The completed card then served as a 

usable source of data for comparison and later for more 
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inclusive sunnnarizin as in the table (Plate XVII, Fia. 24) 

and the graphs (Plates XIX - O(I, 1is. 25 - 27). 

DATA 

The data obtained by the methods outlined in the fore- 
going pages is best considered rorn the standpoint of a day 

to day sunixnary of the conditions found throughout the peri- 
od studied, As indicated previously, post coitui ae is 
more accurate than post parturn ae for purposes of compari- 

son; consequently the specimens have been segregated into 
croups on a basis of the former.. Each such croup is dated 
from a colony-average gestation period of twenty-two days 

(528 hours p.c.). By this roupin, five of the ovaries 

analyzed although obtained after birth fall within a pre- 
partum, 21-day p.c. croup; the remainder can be grouped 

into post partum days. 

21-Days Post Coituri. The ovary at this age presents 
a very thick cortical layer tightly packed with egg nests 
containing but a few follicle cells (Plate I, Fig. 1). 
The nuclei of the oocytes in these nests are all in pro- 
phase stages of meiosis (Plate I, iig. 2). Many of these 
nuclei were observed to be in synizesis, while the major- 

ity were in pachytene; but these nuclear stages were not 

fully analyzed since oogenesis is outside the province of 



16 

this study. The medulla is made up of mesenchymal deriva- 

tives continuous with the hiluin and is well vascularized. 

Connective tissue septa radiate from the medulla and cut 

the cortex, rorming the nests mentioned previously. 

These septa are continuous with the tunica a1bv:inea which 

coats the external r;iarins of the cortex and underlies the 

germinal epithelium. The germinal epithelium is actively 

proliferating at this stage as evidenced by an almost con- 

tinuous layer of germ cells between the tu.nica albuinea 

and the external layer of the epitheliurn. These germ cells 

are characterized by their sliht affinity for basic dyes 

as compared with the great affinity exhibited by the undif- 

ferentiated cells of the epithelium. The chemical evidence 

that validates this observed chance as a diagnostic fea- 

ture will be taken up later. 

The total number or oocytes and undifferentiated erm 

cells, N, for this ae croup, as obtained by the method of 

graphical sunimation previously de3cribed, varied from 

38,000 to 57,800. None of the oocytes at this stage are 

contained in follicles a1thouh follicle cells are to be 

seen in close proximity to some of the oocytes near the me- 

dulla, Two 01' the ovaries analyzed in this croup are from 

the same animal and thus serve as a check on the method if 

it is assumed that each should be developed to the same ex- 

tent. N for this pair is 95,000; one contains 48,200 and 
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the other 46,800. Their volumes were 0.044 imn3 and 0.048 

inni3 respectively. 

The volume range for the entire group was from 0.044 

mn3 to 0.064 nim3. The number, U, per one thousandth of a 

cubic millimeter of volume was also calculated for each 

ovary.. This N/V factor varied from 611 to 1095 for the 

21-days p.c. Group. 

0-Days Post Partum. At this aue, the day of birth, 

the ovary is little chan,:ed in its cross histology from 

the condition just described for the day before birth. 

However, it has beun upon a new phase in its cytoGenesis.. 

?ollicles with flattened epithelium have made their appear- 

ance. Increasing numbers of them are to be found through 

the period especially in the reGion nearest the medulla. 

Proliferation from the ermn1na1 epithelium is still marked, 

and oocytes in prophase of meiosis can be seen among the 

germ cells in these recently produced nests, In the region 

of the medulla where the follicles are forming, cells that 

appear to be transformation staGes between the oocytes and 

follicle cells are to be found.. These cells are as large 

as oocytes; yet they are attenuated, and their nuclei do 

not show clear meiotic configuations. 

The total number of germ cells for the specimens, of 

this group varied fron 38,200 to 51,900. The one with the 

lowest number was poorly fed; lt did not show the degree of 



follicle cell differentiation exhibited by the other three; 

and its volume was very small If we leave this question- 

able specimen out of consideration, we find throughout the 

period a gradual increase in the percentage of gerni cells 

with flattened epithelium. This rose from l.1 in the 

youngest ovary analyzed to 6.2, in the oldest one. 

The volume of the three normal ovaries ranges from 

0.064 mni3 to 0.076 mm3. The N/V factors for the three are 

613 to 708. 

1-Day Post Partum. Only two ovaries were analyzed 

from this group. Foth appear to be extreme. One is but 

six hours younrer than the other by post coitum dating; 

yet bistologically it is much younger. Its oocytes are 

still in the prophase of meiosis; yet most all have fol- 

udc cells in close proximity. Follicles with cuboidal 

epithelium are nowhere to be found in this younger of the 

two. Proliferation from the germinal epithelium is some- 

what reduced. l'be total number of term cells for this 

ovary is 57,400, and 8.9,o Of these have distinct flattened 

epitheliurn about them. The volume of the ovary is 0.074 

mm3; its N/V factor is 773. 

The older ovary, although showing a normal degree of 

differentiation, appears to be recovering from a period of 

stunted growth. The germinal epithelium is in marked pro- 

liferation; yet N is but 22,000. 0f this number, 1o.3, 
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are surrounded by flattened epithelium, and here for the 

first time follicles with cuboidal epitheliumn are seen, 

(cf. Plate II, FIC. 3). The oocytes of the few remaining 

nests and of the follicles have mainly passed into a nuc- 

lear restin staje. The volume of this ovary is 0.070 mm3; 

its i;/v factor is 314. 

2-Days Post Partum. Iwo ovaries from this roup were 

analyzed. One has the characteristIcs of the younger of 

the previous ;roup. It shows no follicle development be- 

yond the flattened-epithelium staCe. Its oocytes are in 

prophase of meiosis and still concentrated in e: nests. 

Follicle cells are everywhere present, but on1 7.2, of 

the :er cells have been enveloped by them. ìo prolifer- 

ation from the ermina1 epithelium i.s to be seen. The 

total number of cern cells for this ovary is 38,700. Its 

volume is 0.066 nm3, and the N/V factor is 582. 

The other ovary from this roup is advanced beyond 

the conditions found in the older of the 1-day ovaries. 

It is also slightly more developed than the ovary pic- 

tured in Plate II, Fig. 3 which is yet to be analyzed. All 

three, however, present a histoloical picture that is more 

or less typical of the period under consideration. 

At this stace the ovary is no longer packed with the 

egg nests that distinguish late pre-partum and partum ova- 

ries. The cortical layer of oocytes is much reduced; a 
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medulla of primary follicles has encroached upon it in the 

process Of development; yet the cortex has not been wholly 

supplanted, for the errninal epitheliurn has been continu- 

ously adding to it.. Nests of recently formed cern cells lie 

just beneath the germinal epitheliim.. The medulla is filled 

with follicles whose epithelia are cuboidal. The connective 

tissue elements have become strengthened; the hilus is 

broader and stouter and has stronger projections within the 

ovary. 

The tToical ovary of this group contains 22,600 germ 

celle and oocytes; 25.5 .of these have a flattened follic- 

ular epitheliurn about them, and 0.7 are enclosed in cubol- 

dal epithelium.. The volume of this specimen is 0.064 nmi3; 

the i/v factor is 353. 

3-Days Post Partuni. One ovary of this age was ama- 

lyzed. It presents a normal picture in all respects.. The 

processes that resulted in the conditions just described 

for the 2-day ovary have by their continuation produced an 

even more marked limitation of the cortex (Plate III, Fig. 

5). The medulla is filled with turgid primary follicles 

(plate III, Fig. 6). The germinal epithelium is still pro- 

liferating germ cells, and the connective tissue elements 

are in greater abundance throughout the ovary (Plate III, 

ig.. 6). This ovary contains 25,400 germ cells of which 

23.2, are surrounded by a flattened epithelluin and l.2, by 
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cuboidal epit'neliurn. Its volume is 0.073 nmi3; its i;/v 

factor, 348. 

4-Days Post Partuiu. Two ovaries of this ace viere 

analyzed.. Both exhibit a normal deCree of differentiation, 

but one is only s1iht1y fiore than half as lar'e as the 

other in point of volume. This discrepancy in volume is 

almost entire1r due to a lack of proliferation from the 

ermina1 epithe1iu. The smaller of the two ovaries has a 

total erm cell count of l,1OO of which 43. are oocytes 

with flattened follicular epitheliurn; 4.4, are ova within 

a cuboidal epitheliumn; and 0.1» are contained in follicles 

entering upon the third stage oi growth, the 2-layered con- 

dition. The volume of this ovary is 0.065 irrn; its iT/V 

factor is 294. 

The larger of the 4-day ovaries analyzed is normal: in 

all respects.. In ross apearance it is very similar to 

the 3-day ovary (cf. Plate III, Fis. 5). On closer o'oser- 

vation, however, it is seen to contain 2-layered follicles 

which were not present in the 3-day ovary. It has advanced 

also in point of size. Its total count of germ cells is 

25,000 of which 27.2 are contained within follicles with 

squamous epithelium, and 2» are surrounded by a cuboidal 

epithelium. Ova within 2-layered follicles comprise O.l, 

of the total. The volume of 0.117 mm3 cives an N/V factor 

of 214. 
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5-Days Post Partuni. One typical ovary of this group 

has been analyzed. It presents a marked change from the 

conditions observed at three days. The cortex has again 

become thick from contiñuous proliferation of the germinal 

epithelluin and the growth of the primary follicles derived 

therefrom. The medulla has not as yet received appreciable 

increments from this proliferation; it has been engaged in 

transforming egg nests of partum age to 2-layered folli- 

cles. Atresia has undoubtedly also occurred, so that with- 

out additions from the cortex, it has not increased propor- 

tionately in volume. The ovary analyzed for this period 

contains 3,000 germ cells, of which 33.6; are in follicles 

of the flattened ty-oe while 3; have cuboidal epithelium 

about then; O.2, are within 2-layered follicles. The vol- 

ume of the ovary is 0.117 nrni3. The N/V factor is 290. 

6-Days Post Partum. Two ovaries of this day were ana- 

lyzed. They are of the same age by both p.c. and actual 

p.p. dating, and they compare favorably in most re3pects. 

Both show a wide cortical layer of primary follicles and 

recently proliferated germ cells (Plate IV, Fig. 7), but 

the one pictured has a much more active germinal epithelium. 

The medulla at this age is relatively larger than that 

found at five days, but not yet of the proportions to be 

seen at later days. 

The ovary pictured is somewhat the younger histologi- 
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cally. It contains 29,500 germ cells of which 63.4' are 

without f ollicular epithelium. Of the remainder, 29.5, 

have a flattened epithelivan about them, have a cuboid- 

al epitheliii'n, and O.3. are surrounded by a 2- or 3-layered 

follicle. The volume of the ovary is 0.135 mm3, and its 

N/V factor is 219. 

The other ovary contains 18,300 cerm cells, of which 

44.1 are enclosed by flattened epithelium, .3» have a 

cuboidal epithelium, and 1.2, are in 2- or 3-layered folli- 

cles. The volume of this ovary is 0.155, ivin: an N/V 

ratio of 118. 

7-Days Post Partum. Here again two similar ovaries 

have been analyzed. Both show a greatly reduced prolifer- 

ation from the germinal epithelium with a consequent redue- 

tion of the cortical layer. The medulla is large in corn- 

parion and is filled with many-layered follicles, some of 

which are be1nning to show signs of antrum development. 

The cortex is packed with primary follicles except near the 

hilus where some proliferation of germ cells is to be seen. 

The younger of the two, both actually and histoloi- 

cally, appears grossly similar to the pictured 6-day ovary 

(cf. Plate IV, Fig. 7). It has a total germ cell count of 

10,150, 48.5 of which are within follicles of the squamous 

type, l2.1 in follicles with cuboidal epithelium, and l.0; 

within many layered follicles. The volume of this younger 
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one is 0.193 rrwi, and it has an N/V ratio of 94. 

The older one is histoloCically similar to the 8-day 

ovary (cf. Plate V, Fi:. 9), and contains 17,000 :erm cells. 

Oocytes wIth flattened epithelium comprise 54.l, of the 

total, while those with cuboidal epitheliurn make up 7.0,a. 

Oocytes in many-layered follicles have increased to 2.4, 

with some showing indications of a beGinnin: antrur. The 

volume of the ovary is 0.231 mm3; its 11/V factor is 74. 

8-Days Post ?artum. Two ovaries of this age were 

analyzed. One received poor lactation and is therefore 

abnormally developed. The other fits very nicely into the 

picture and is normal in all respects. 

The normal ovary has a large medulla filled with many- 

layered follicles (Plate V, Fig. 9). The follicles at the 

center of the medulla have well-developed antra and many of 

them are atretic as is evident from the lipoid droplets in 

the oocyte (Plate VI, ?i. 11). Around this central core 

of de:enerate follicles is a layer of large follicles with- 

out antra; in the region of the hilum there is a thick cor- 

tical layer of primary follicles (Plate VI, I'i:. 10). Pro- 

liferated germ cell nests are few in number, and as the 

germinal epithelium spreads away from the hilus it becomes 

progressively thinner until soon it is only one layer thick 

(Plate VI, Fig. 11). The connective tissue elements of 

this 8-day ovary are very well developed (Plate V, Fig. 9). 
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i-eavy septa cut between the 1are follicles of the medulla, 

contribute to their thecae, then continue on to fuse with 

the tunica albu:inea (Plate VI, Fig. 11). The ovary is 

exceedingly well vascularized; capillaries are everywhere 

present within the septa (Plate VI, Fie. 10). 

The total number of germ cells in this ovary is 19,400. 

Oocytes within follicles of the first stage comprise 55.7 

of the total; those within cuboidal pithe1ium make up 

16.5, and l.8 are in 2- or 3-layered follicles. Folli- 

cies with beginnin antrum enclose an additional l.3, of 

the oocytes. Oocytes of the latter roup are almost 

entirely atretic. 

9-Days Post Parturn. The one ovary analyzed for this 

ae received poor lactation. Its histolo:ical picture 

shows evidence of recovery from a period of sub-normal 

growth.. The large medullary follicles comprise nearly the 

whole of the ovary; the cortical zone of primary follicles 

is reduced to a small group near the hilus and a few scat- 

tered ones at other points. The germinal epithelium is 

actively proliferating, but the snail number of primary 

follicles indicates that it has just begun to do so. The 

medulla, although small in volume, Is very similar to that 

pictured for the B-day ovary (cf. Plate V, FIg. 9). 

10-Days Post Partun. One normal ovary was analyzed 

for this ace. It shows a histoloicai advance over the 
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8-day ovary. The many-layered fo11i1es are 1arer and 

more numerous than at the former ase. Antra are also 

larger and more abundant (cf. Plate V, Fig. 9, Plate VII, 

Fis. 12, and Plate VIII, Fis. 14). The septa are thicker 

and more compact than at eight days, and the thecae are 

more harpl7 delimited (Plate VIII, Fig. 14). The corti- 

ca. layer is reduced even more than in the 3-day ovary, 

but a new proliferation from the germinal epitheliurn seems 

to be in proress, for young germ cells are to be seen 

under most of the surface.. The atresia noted at eight days 

is still contïnUin, for nearly all of the oocytes of the 

more advanced follicles contc.in fat droplets (Plate VIII, 

Fig. 13). 

This 10-day ovary contains 21,200 c:erm cells; 44.8 

of these are without follicular epithelium. The remainder 

are contained in follicles; 40.1, are in flattened primary 

follicles, l0.3, are in cuboidal type follicles, 2.4, have 

2- or 3-layered follicles about them, and l.9; are in fol- 

lides with beinning antrum. The volume of the ovary is 

0.466 mm3, and the N/V ratio is 45. 

Summnary of the Calculated Data. A summary table in- - 

c1udin the data for all of the ovaries analyzed has been 

appended (Plate XVIII, 1'1. 23). From this table special 

graphs have been prepared illustrating the trends in num- 

bers and volume throughout the period (Plates XIX XXI, 
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.?igs. 25 - 27). These will be referred to pre3ently. 

To facilitate the comprehension of the table and 

graphs, conversions of post coitum hours to standardized 

days follow: 

P.C. Hours Standard Days 

504 to 527 21 p.c. 
528 " 551 0 p.p. 

Ti 552 ' 575 
576 " 599 2 " 

600 623 S ' ' 

624 ' 647 4 " ' 

648 " 671 5 U U 

672 "695 6"" 
696 " 719 7 " 

720 " 743 8 " 

744 !' 767 9 VI lt 

768 791 10 " " 

DISC USS I 0J 

Previous uantitative Studies. Estimates of the total 

number of ova contained in the ovaries of varIous animals 

are not numerous in the literature. Arai (2) appears to be 

the only one to have based his estimates upon anything ap- 

proachin a quantitative basis. i-re cites the methods of 

earlier workers. Thus Henle calculated the number of fol- 

lides fl the ovary of an eihteen-year-o1d woman by simply 

counting the follicles in one-sixth of one section and then 

mu1tip1yin the fiure so obtained by the nurber of sec- 

fions in the ovary serial. Hansemann figured the number of 
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ova in man at various ases by counting the number In every 

fifth section of a complete serial and then mu1tip1yin 

the nirnber counted by five. Arai himself has counted the 

oocyte nuclei of every section in the ovary serial. Ile 

has done this for thirty-nine pairs of ovaries from albino 

rats varyin in a:e from one day p.p. to 947 days. His 

results are interestin, but they do not bear upon the prob- 

len of the early development of follicles. Within the pe- 

nod defined by the present study he has counted oocytes 

in only five pairs of ovaries. His counts in nearly every 

case are about half the figure obtained by the methods 

here used. Part of the discrepancy is undoubtedly due to 

his having counted only those nuclei that were "most dis- 

tinctly stained by hematoxylin." Also, the specimens he 

counted v:ere of necessity not accurately dated, for he 

cives no evidence of havin considered the two-day varia- 

tion in gestation period, the variation possible within one 

day's range, individual differences, or the differences due 

to nutrition. The necessity of considering these factors 

is pointedly brought out by comparing the ae of specimens 

in terms of p.c. hours with their age n terms of actual 

post partu days (Plate XVIII, Fig. 24). His microtechni- 

cal treatment is likewise at fault. He fixed his material 

in Bouin's fluid which has been found to be very unsatis- 

factory for embryonic tissues. Also he sectioned the 
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ovaries at ten microns which can hardly have been thin 

enouh for counting young oocytes. The latter is especial- 

ly true in view of his having stained them with hematoxylin 

followed by eosin. The eosin counterstain only detracts 

from the sharp differentiation given by hematoxylin, and in 

this instance makes the counting more di2ficult. 

Lastly, he used the weight of the ovaries as a i:easure 

of their size, but was unable to apply his method to ovaries 

below seven days of age. In these young animals, the weight 

of the ovary exclusive of the capsule would be almost impos- 

sible to deteriine; the weight of the ovary including the 

capsule would obviously be something like twice that of the 

ovary alone (cf. Plate I, Fig. 1). 

To sum up, then, the few extant studies in the litera- 

ture of the tyoe herein described have been inaccurate or 

faulty in one or nore respects. lone of them have traced 

carefully the developmental changes that occur in the ovary 

during the first ten days after birth. That this period is 

all-important has been emphasized in the introduction to 

the present thesis. 

Origin of ollicle Cells. Three considcrations bear 

upon the interpretation of the origin of follicle cells. 

First, in partum ovaries transition stages are observed 

between clearly defined oocytes and follicle cells which 

cives evidence of a direct transformation of nany first- 
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formed oocytes into follicle cells. And at all ases the 

undifferentiated term cells that are proliferated from the 

erminal epithelium are observed to cive r±se both to 

oocytes and to follicle cells. The latter observation 

cives direct proof that follicle cells arise from prolif- 

erations of the cerminal epithelium, and Brambell (3) and 

Goldsmith (10) have shown that the only certain origin of 

the earliest serra cells is from the cpithelium of the seni- 

tal anlace. 

Secondly, the marked drop in the total number of germ 

cells throughout the period vihen follicles are first form- 

ing gives indirect confirmation of their transformation to 

other cell types (Plate XIX, Fig. 25). This indirect evi- 

dence is further substantiated by the fact that there is no 

noticeable atresia during thïs time and that proliferation 

from the germinal epitheliun has been continuous. 

Thirdly, the position of the oldest follicles is al- 

ways nearest the medulla where they would logically be con- 

sidering that the germ cells are proliferated inward from 

the germinal epithelium. No primitive germ cells are ever 

seen in the mesenchymal derivatives of the medulla, hence 

cannot be said to arise there. 

Lrom these considerations it may be concluded with rea- 

sonable certainty that follicle cells arise by transforma- 

tion of oocytes and directly from cells of the germinal 
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epithelîun. 

Rate of Differentiation of Follicle Cells. o11ic1e 

cells be1n to appear just before birth as scattered cells 

ainon: the oocytes in the eg nests. They are easilï reco- 

nized by their nuclei which although spherical and posses- 

sing deep-stainin: nucleòli (characteristics of oocyte 

nuclei of later sta:es), never contain the prophase i'eio- 

tic figures that distinuish the oocytes at this a:e. 

further, their very lht-stainin nucleus stands in con- 

trast to the nuclei of mesenchymal and endothelial cells; 

endothelial cells have very dark, lon3, narrow nuclei, 

while mesenchjmal cells have e1onate or oval nuclei of 

intermediate chro]uaticity. 

It ha been mentioned on pace 16 that the lack of 

stronC basoph±ly is characteristIc of germ cells as they 

appear below the ermina1 epithelium. Follicle cells are 

not noticeably differentiated from them. Caspersson in 

his ultra-violet absorption studies has shown that rapidly 

rowin tissues have a high concentration of pentoe nucleo- 

tides which accounts for their enera1ly noted basoohily 

(6). 11e finds, further, that 'EIn contrast, the hornoloous 

mature tissues exhibit a different absorption similar to 

that of proteins." Thus is iven chemical confirmation for 

a dlaCnostic character (loss of basophuly) that accompanies 

follicle cell dIfferentiation. 
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Shortly after their first appearance the follicle 

cells are seen with their cytoplasm spreadin over the 

surface of the oocyte. Soon their nuclei also become 

flattened, and by the ti!e the 0-day period is reached, 

countable numbers of first-stage follicles are to be seen 

in the nests near the hilus (Plate XX, Fia. 26). The sub- 

sequent staes in the ¿rowth of the follicle follow in 

rapid succession. By 1-day post partum the cells of the 

follicle have become cuboidal. This cuboidal condition 

has come about possibly by subsequent additions to the 

follicle of cells that have recently differentiated, or 

by mitosis of the cells already present, but certainly 

also by simple increase in size. Continued growth and 

mitosis results in the appearance of 2-layered follicles 

by four days p.p. 3y seven days some of the follicles 

have become many-layered and have beun to develop antra. 

Thus it is seen that the development of the follicle up to 

the be:innin: antrunl sta3e has required but little more 

than seven dais. The conplete account of the cytoenes±s 

of the follicle cell must await other types of cytological 

stud:; such as this thesis does not pretend to include. 

3inificance of Early 'ollic1es. That the pre-puber- 

tal follicles herein analyzed have no direct function in 

reproduction is evident fri the fact that they become 

atretic upon reaching the stase of beinnin antrurri (Plate 
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VI, i'i. 11). Further, it is evident froìii the literature 

as well as from material on hand that wholesale atresia of 

all follicles occurs at twenty to twenty-five days of ace 

(8). 

That these early follicles may, however, have some 

possible function is a view advanced by Ende (8). lie 

attributes the mass atresia in pre-ubertal ovaries to an 

insufficiency of the follicle-stimulatinc hoione produced 

by the anterior pituitary. He believes, further, that a 

hormone is produced by these early follicles which is ac- 

tive in brincin about the maturation of the uterus and 

other reproductive structures. 

Correlation öl' Volume and Count Changes. The volume 

of the ovary increases ten-fold in the eleven-day period 

in which analysis has been made (Plate JOEl, Fig. 27). 

This increase has occurred despite a constant drop in the 

total number of germ cells, so that when the number of 

germ cells per one-thousandth of a 

age, a sharp drop in this ratio is 

27). This fall in N/V ratio might 

the great size increase occurring 

throughout the period. 

inm is plotted against 

evident.(Plate XXI, Fig. 

in part be explained by 

tri individual follicles 

Individual Differences. Several apparent discrepan- 

cies are to be found in the results öl' the analysis as tab- 

ulated in the summary chart (Plate XVIII, Fig. 24). Some 
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of these are to be exlained as due to poor nutrition, 

others to lick of accurate breedin records, but for the 

most part they are undoubtedly due to differences in 

parenta3e. Thus within the 21-days pre-partum ;:roup, the 

total number of :erm cells ranges from 38,000 to 57,000 

with no apparent reason other than that different in±ierent 

tendencies exist. The broad band of the enetical fluctu- 

ations is evident froni the total-number graph (Plate XIX, 

F15. 25). Variations attributable to other causes fall 

outside this band and these specimens are evidently faulty. 

Differences in volume of the ovary are not so marked as are 

the differences in numbers of erm cells, but in the instan- 

ces where the animals received poor lactation, the volume 

is in every case reduced below normal. 

Theories of the Control of ollicle Development. Jo 

theory has been advanced to account for the initiation of 

follicle develorr:ient. It is known that a folliclo-stimu- 

latin2 horrione is elaborated by the anterior pituitary, 

but this substance is thought only to brin5 about a ripen- 

in of the follicle in preparation for ovulation. En-le 

believes to have shown that insufficiency of follicle- stirn- 

u1atin principle is the direct cause of atresia. Ovulation 

is thus prevented, but by administration of this principle 

he was able to brins it about. This premature ovulation 

was Df necessity abortive, for the uterus was not prepared 

for implantation. 
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SIflARY 

1. This study was undertaken to determine the char- 

acter and rate of development of ovarian follicles in the 

albino rat.from the time of their inception to the appear- 

ance of an antrum. This takes place in the first ten days 

after birth. 

2. Seventy-seven female young were killed and pre- 

pared for microscopical study. From these, twenty-eight 

ovarics were statistically analyzed for their volume, and 

the oocrtes and follicles were counted and classified into 

types. 

3. A described the 

determination of volume and of total cell numbers for whole 

ovaries. 

4. In the a.e rance studied post coitum datin. is 

more reliable than post partum for purposes of comparing 

specimens from a larße number Of litters. 

5. The total volume of the ovarj increases from 0.044 

irin3 at 516 hours p.c. (12 hours before birth) to 0.466 i3 

at 775 hours p.c. (10 days after birth), at a rate which 

has been determined and expressed graphically. The total 

number of berm cells per unit volume decreases correspond- 

ingly. 

6. Growth of the follicles proceeds at the following 

rate: Recognizable follicle cells lie scattered between 
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oocTtes before birth. At birth countable numbers of pri- 

mary follicles with flattened epithelium are seen; these 

reach their maxirntim quantity around ei:ht days. Cuboidal 

follicular cells appear at one day; this type reaches a 

rnaxinun at nine days. By four days 2-layered follicles 

appear, and antra are developed at seven days. The quan- 

titative relation between the different types of follicles 

was deterniined and is expressed in a raph. 

7. Direct microscopic observation and statistical 

data indicate that follicle cells are derived both from 

early oocytes an.d directly from the errninal epithelium. 

8. Oocytes which do not transform into follicle cells 

eventually undergo atresia; apparently none of the germ 

cells formed dunn: the first ten days have reproductive 

function. 
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EXPLANATION OF PLATES 

Plates I to VIII are photornicroraphs of deve1opin 

rat ovaries at low and high magnifications. All low mas- 

nifications are approximately x 140; high magnifications 
approximately x 700. Abbreviations used in these plates 

are as follovzs: 

a. - antru 
at.f. - atretic follicle 
b.f. - be,inning follicle 
c.f. - follicle wtth cuboidal epitheliun 
c.t. - connective tissue 
cap. - capillary 
caps. - capsule 
cort. - cortex 
e.n. - eg nest 
f.c. - follicle cell 
f.f. - follicle with flattened epithelium 
g.c. - ner;ly proliferated germ cell 
g.e. - germinal epitheliurn 
h. - hilus 
1.d. - lipoid droplets 
m.c. - mesenchymal cell 
med. - medulla 
s. - septum 
t.alb. - tunica albuginea 
th. - theca 
2-l. - 2-layered follicle 

Plate I. 
Figure 1. Ovary of 527 hrs. p.c. (21-days p.c. group); 

122t-3/I-13; low mag. 
I'igure 2. Same; high mag. 

Plate II. 
Figure 3. Ovary of 580 hrs. p.c. (2-days p.p. group); 

#A22t-2/I-4; low mag. 
Figure 4. Same; high mag. 

Plate III. 
1igure 5. Ovary of 613 hrs p.c. (3-days p.p. group); 

#20b-2/II-1O; low mag. 
Figure 6. Same; high nag. 

Plate IV. 
Figure 7. Ovary of 680 hrs. p.c. (6days p.p. group); 

#58t-2/III-14; low mag. 
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Explanation of Plates Continued 

Iigure 3. Same; high mag. 

Plate V. 

'igure 9. Ovary of 727 hrs. p.c. (8-days p.p. group); 
127t-3/III-11; low niag. 

Plate VI. 
Figure 10. Same as figure 9; high mag. 
Figure 11. Same, another region; high mag. 

Plate VII. 
Figure 12. Ovary o1 775 lira. p.c. (10-days p.p. 

group); #29t-3/III-9; lovi mag. 

Plate VIII. 
Figure 13. Same as figure 12; high mag. 
FIgure 14. Same, another region; high mag. 

Plate IX.. Figure 15. Sample countIng sheet for analysis 
of serial sections. 

Plate X. Figure 16. Sample camera lucida sketchings for 
planimetric determinatIon of areas. Plain figures 
within outlines represent serial numbers of sections; 
encircled figures represent area in square inches as 
determined by planimetry. 

Plate XI. Figure 17. Graphic analysis of ovary #22t (527 
lirs. p.c.). Compare figures 1 and 2. 

Plate XII. Figure 18. Graphic analysis of ovary #2 (569 
hrs. p.c.). 

Plate XIII. Figure 19. Graphic analysis of ovary #20b 
(613 hi's. p.c.). Compare figures 5 and 6. 

Plate XIV. Figure 20. Graphic analysis of ovary #58t 
(680 lars. p.c.). Compare fIgures 7 and 3. 

Plate XV. Figure 21. Graphic analysis of ovary #27t (727 
hi's. p.c.). Compare figures 9, lO, and 11. 

Plate XVI. Figure 22. Graphic analysis of ovary 129t 
(775 hrs. p.c.). Compare figures 12, 13, and 14. 

C 
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Explanation of Plates Continued 

Plate XVII. Figure 23. Sample sunmary card for accumu- 
lated data on individual ovaries. 

Plate XVIII. Figure 24. Surnnary of stati3tics on all 
ovaries analyzed. 

Plate XIX. Figure 25. Graph showing change in total num- 
ber of oocytes per ovary during ten days following 
birth. 

Plate XX. Figure 26. Graph showing change in quantitative 
relation between types of follicles during ten days 
following bïrth. 

Plate XXI. Figure 27. Graph showing change in ovary 
volume and in N/V ratio during ten days following 
birth. 
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