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IRTRODUCTION

There is scarcely sn aspsot of early gonsdel development on which
investigators are unenisous, The relstion of ths gerainsl epithelius to the
strome, the continuity between priamordial germ cells sad oficytes, snd the
changes which take place in the overien cortex throughout the sasbryonic and
postnatel periods to the time of soxual wsturity eare still controversisl,

The purpose of this investigstion wes to study the embryological
and histochemical smspects of development of the overy in the goldsn hawster
(Cricetus suratus) with specisl eaphesis on the forzstion of the secondery
overien cortex, The factors considered wera the deterainstion of the sge at
which the secondery cortex begins to form, the structure of cells involved in
the formetion of the cortex, and the reletionship bstween the sow=called
primary snd escondsry cortex, 7The aim wes to contribute further inforsetion
to the salient pointe of cortex formetion in the overy snd to observe the
developunent of the sammelien ofcyte in & Eutherien masael.

Through tne use of selected sieine, thie investigetion settsupted to
follow the multiplicetion of embryonic overisn celle in order io determine
what definitive structurses they aight form, Usling Hesson's trichrome stain
it was possible to trace the dally incresse in connective tiasue growth, to

note the proliferstions of the gerainel epitielium, and to follow the changes




within the primery odcytes Employing the periodic ecid-Schiff tschnique,
sttanples were mmde to differentiate cells by the intensity of the steining,
Histochezicel reactions were tried to show the presence of slieline
phosphatase in the hemster's primordisl serm cells, ss it 18 seen in other
memselisn forams, Using the closaly releted egure B, metbylene blus, snd

toludine blue etsins, the binding cspacity of the vsrious cells wes coupsred,
REVIZW OF LITHERATURYE

¥hen attempting to study the formation of ths secondary cortex in
Butherien meanele, it is necescsry Lo conslder the origin of the odoytes ass
well e8 the formetion of the epithellsl (sex) cords, since both ere
intimstely invoived in its formetions While thers hes been & doncensus of
opinlon with regerd %o the origin of the nemmslisn eggs from the sex cords,
the origin of the oslls thet give rise to these cords hes been scontroversial
subjeot for azeny years,

gince the esrliest investigetors (Pfléger, 18&3), the nejority of
researchers tended to sssume thet the memuslien oSoytes are the direct
descendsnis of the sex corde, These cords have been found to originaste from
the germinsl eplthelium in e variety of snimels, e.g. in the lsaprey (Butcher,
1627)3 in the umouse (Lenge, 16§6), (Allen, 1505), (Brambell, 1927); in the
ret (Swezy, 1953)1 in the guinea pig (Schmidth and Hofimen, 1941); in the cet
(winiwerter snd Seinmont, 1509)s end in the humen (Gruenweld, 1942), (Forbes,
1942),

One school of thought believes thst the primordiel germ cells arise




during embryonic development through the proliferstion of the sowcelled
gerainel epitheliusm that covers the gonad, ss described in the lsmpray
(Butcher, 1%27); in the fish (Balfour, 1878), (Foulle, 1875}, (Wolf, 152%);
in tie bird (D'Hollander, 1504), (Semon, 1887), (waldeyer, 1870); in the
mouse (Allen, 1905, 1623), (Allen end Cresdick, 1537), (Allen, Smith and
Gerdner, 1957), (Brambell, 1%27), (&verett, 1942}, (Xingery, 1%17), (Lange,
1896), (Btein snd Allen, 1942), (Stein and Foremsn, 1949); in the ret (Arsi,
1920), (Demne, 15352}, (Evens end Swesy, 1931), (Firket, 1920), (Hergitt,
162%, 1630), (Hars, 1883), (Swezy, 1933), (Vincent end Dornfeld, 194&); in
the guines pig (Bookhsut,1943), (Pspsnicelqou, 1524), (Rubesehkin, 1509),
(Sohmidth end Hoffuen, 1941); in the ermadillo (Hamlett, 1939)3 in the cst
{Kingsbury, 1%13); in the dog (Barton, 19@5), {Pfldger, 1863); and in the
husan (Felix, 1912), (Forbes, 1542), (Geillerd, 1950}, (Gruenweld, 1942),
(Winiwerter, 1501), (vwiniwertsr and Zainmont, 150%).

However, tie opponents of the gerwinel epithelisl origin of
olcytes stete thet the gera cells become megregeted befors ths formation of
orgsn systems ln the exbryo, sc sppesrs o be ths cese in the emphibian
(Buaphrey, 1928), (Hegner, 19514), (Ruschakewitsch, 1510}, (witschi, 1529);
in the fish (Johnston, 1551)3 in ithe bird (Benoit, 163C), (BerenbergeGassler,
1513), (Dentschakeff, 1508, 1932), (Goldemith, 1528, 1935), (Nussbeum, 1£80),
(Pesrl and Schoppe, 1921), (Reagen, 191C), (Swift, 1614, 1915), (willier,
1937)3 in the mouse (Mints, 1957), (Rudkin end Grieoh, 1962)3 in the rat
(Cowperthwsite, 1625), (Mendl and 2uckerzen, 1551}, (Moors snd weng, 1947)3

in the oet (Kingsbury, 1938), in the ermadille (iEnders, 1%¢C); (Venneuan,




1917)3 end in the humen (Fuss, 1912), (Gillman, 1548),

waldeyor (1870) was the first to present the problem of the
ambryonic oerigin of the definitive gera cells in his work on the domestie
fowl, he surmised thet definitive gorm cells snd follicle cells srose from
the wodified peritonesl covering of the embryonic goned, However, he did net
cleim to bhave seen this transformation, 4 contemporary of hie, (Poulis, 1875)
shortly sfterverd desonstrsted the diificulties to be sncountered when
stienpiing to interpret the dyneuic development of the overy from sesctions by
steting thet saltbough the ovum scemed to be derived from the gerainel epitheliug
in the fish embryo the follicle cells were forusd from ordinery conneclive
tigsue stroma,

Fussbsum (18B0) wes the first to formulete the theory thet “sexuel
cells do not come from eny cells thel heve given up thelr eubryonsl cheractsr
or have gone lnto building eny pert of the body, nor do sexwusl cells ever go
into body funotion,®

Swift (1514, 1915) reported thet the “entoderssl wendering cells"®
(Uentechekoff, 1508) which erise in the orescent aree of 16 to 24 hour chick
embryos ers prizordisl gerw cells. Ho traced these via the blood stirecam end
their own aeuwoesbolid movements o the root of the developing mesentery in the
region of ine gonsds He sileled List only the fullicle celle sre derived from
the coelomic epithelivm,

Rubsschkin (190%) end BerenbergeGasaler (1513) were eble to find
primordiel gera eells in the entoderm end splenchnic mesoders letersl to the

coelomic engle in the 20«25 somite ohick ewbryos [owever, it was only
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ralsed tiat tie prissry gers cells entered the goned, since nelther Hwift,
baschicin, nor Berenberg-Gassler havs potuslly seen thes anter it
Remgen (151&) and Goldsmith (19%5) both tried to detersine the effect
of excision of the crescent shaped ersa of the extrsesbryonic blesteders in
the chicks The embryos were entirely devoid of gera cells sfter the
operation even though there porsisted sonetizes e gerainel epithelium,
perfachakoft (1932) osuterized the cresceni ares and concluded thst migretory
entodernel cells were necesssry for norsel goned forsstion snd thet the
potential of the coelowuic cells to form germ cells is highly doubtful,
Belfour (1E78), on the other hend, ococsionelly saw specially lerge

cells in the outermoast leyer of geraminsl spithelium of the embryonic fish
whieh he believed psrhaps deserved the sppeletion prizitive ovume. HLe elso
noted the striking reseablence in size snd charscler of the cells of the
gorainel epithlium to the solid corde of epithelislelike cells which grow
from the periphery toward the center of the overy. In eddition Hars (1883)
obesrved in meny exnbryos celle prowing sround the enlerged epltbelliel cell
to fors follicles, snd these follicles being puthed deep .nlo the ovarys
Lenge (189G) in the nouse sabrye found that the follicular stiructure cen eleo
be produced by the epithelisl cords, but Gillman (1540) stetee thet at no
stege in humen gonsd development are typicel eex cells pressnt in the sative
coslomic epitheliume In the srmedillo Hemlett (1935) end inders (1%4C) report
thet there is no neoforastion of edeytes from the gersinel epitheliuam in the
developing or seture overy, becsuse of the sbsence of uitosie sad wore

specificelly the susence of meiosis in the gerainel epitheliwus,




Wolf (1629) in the fish, Semon (1887), end Allen (1505} in the
mouse, rebbit and pig sew trensitionel forss whiel: linked the peritonesl cells
with the primitive sex cells found in the sex cords of eabryonic overies.
However,; Allen thought thet the granulose cells srise only froa the medullary
corde, whieh sre the firet proiifgretion of the gersinel epithelium,

A similar origin wes sseumed in the leaprey (Butcher, 1%27), in the
wouse (Brambell, 1927), in the ret (Swezy end Evens, 195C), in the guines pig
(Booxheut, 1945), in the cet (Winiwerter snd Ssinmont, 150%) end in the
hunen (Deane, 1952), (Felix, 1512), (Firket, 192C), (Hargitt, 1925, 1930),
end (#iniwarter, 1501) meinly beceuse the suthors sew lerge cells in the
sabryonic gerainsl epithelium es well es in the inner sspecis of the overy.
These lerge cells were susumed to be prisordisl germ cells, The impression
‘wee thet the deughter cells of these lerge cells degenersted snd thet the
gerainel epithelivm leter yielded the definitive ovee

Allen (1922} showed evidence that there ere gerzinal epitheliel
proliferstions, in the edult mouse, which sre of & oyclie neturs correleted
with reproductions Allen end Oreedick (1937) end Allen, fnmith end Gardner
(1937) by using colohicine on sdult mice demonstrsted aitlosis in the gerainel
epithelium and the height of Ilts spperent cyeliec sotivity eppesred et esiruse
Stein end Allen (1942) succeeded in stismuleting the proliferstiion of the
goralnel epltiheliua by loesl injection of estrone into the ovarian cspsule of
adult mices Stein end Foresen (1949) found that thyroxine inhibite germinel
epitheliwn proliferation, but the eitrect of the entire thyroid stimuletas

proliferstion, This is in disegrescusent with Fapenicolesou (1924) who wose sble
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to sccelerste overisn proliferstion in the wmduli guines pig Ly irredistion of
the thyroid gland, ’

Vinesnt end Dornfeld (1948), using the possible relctionship between
the prescnce of hipgh euncentretions of nucleic scide, especielly ribonuclelie
acid, and the ropid proliferstiion of certein reglons nesr the hilus of the
gerninael eplthelium in prepubertsl rats, regard eny cell in the perainal
epithelium 28 e potentiel egg cell.

Gaillerd (1950) cultiveted fregasuts of the embryonic overisn
sortex noting thel lhe porminel epithelius encepsulsted the frigueats wiih
one layer of cuboidsl or columnsr cells. The primoruiel follicloes apposred
to be slive eiter ell parenchymsl elementis, including tie epg cells, had
degenarcted end diseppesred. After & few days tie epitheliusm begsn to
proliferste into the interior of the explents, end numerous young ove developed
within the cords. Thue s histogenetic reletionsiip wes indicsted bLestween the
gerainel epitheliwm, the folllele cells of the primordisl follicls snd the
egp oells,

Despite ihe appersntly widely demonstretsd velidity of these findingd,
importent papers heve eppesred which contredict these tenele., By counting
ove in different sge groups, Arsi (l%20) obssrvad & decresss in the odeyte
population in the sgeing rots Hendl snd Zuckeraan (1571) and toore end Weng
(1947) did not observe any decreess in the oficyte populatien followin; the
destruction of lhe gerzinsl epithelium in the sous:e

uitsehi (152%) in the embryos of frogs elso found thet & destingtive

cherscteristie of ihe prisordiel perm oslles 1S their lerg: slpe, He ls
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convinced tihst trenslocetion of tie geru celle wes effected by ective, innate
moveuente of the cells tienselves, From the sppecrsnce of the surrounding
tissue he oconcluded thet "the ponle smeke extensive use of ithelr epparent
cepecity for lytie destruciion of membrsnes, of intrecellulsr subslsnces, snd
even ¢f eniire ocells Lizt block their weye. 7The direction of moveusatis is
possibly influenced by the releess of some subsicnce {ros the psriloneum of
the gonedel mrese®

Homlett (1935) presente en interesting sbnormel piolure which hes
e deflnite beearing on this discuseion. In ithe sdult ersedillo overy he
found tissue projecting abnormelly frow the surfece of the ovarys it wes
composed of Prider's cords prolifersting outwerd insteed of inwerd from the
gerainel epiihelivams In celluler coamposition the proturbarence wes soen
be ldenticel with the prolifereting cortex of the overy, beving epithellel
cells, ofcytes snd odgonies The tunice wes nelther disruptad nor inveded in
the slightest degree by the growing messe., It could be concluded from this
observstion that cyclie odgenesis, such s hea been cleined for the ret, is
not possitle in memmele bheving & well developed tunies mlouginee.

Forbee (1942) also in the husen asbryo treces the prisery epithelisl
proliferetions into the aedullse he staled liet the leter epitnelisl
proliferstions, itne fulure cortex, develope rapidly, dwerf the primery sex
cords and crowd their reanents to & cenirsl position,

Minte (1957) raports thet phosphetassepositive cells ere prosent in
ihe oubryonlic mouse ovary, butl since no phosphatases;osilive celils ers

prolifersted from the gersinel epithelium efter birth, the tissue does not




sppesr to be & secondsry souree of gers celle, snd the pricery tells asy.
be regarded 68 tie definitive ove,

‘ Rudkin end Grieeh {1962) intrsperitoneslly injected labelied
thymidine into feumle mice aldwey through ihe gestetion period, it wes
dezonstrated by eutorsdlopraphie methods to be Incorporeted inio the nucled
of oloytes of femule aubryoss it wes elso found in the ofsyte nuclel of the
deughters of siallerly trested femulos st ssturity. The.e sbservations suppert
the theory thet the griwardisi gora elle sre lhe only source of ofoytes,

4 sherp division of opinien still exists on the fundementel issue
of the role of cuslomic epitheliua in goned developsent, Hither, navw ovs
ere formed throughout life, Irom the eabryonie period through the time of
pexuel asturity frum the germihal epiiheiium) or, ove sre formed in the
embryos in large numoers end stored in Lhe overy s & roserve to be drewn
on tivoughout lifes This paper serves to ocontribute to the cisrificeation of

this eontroversy,
HATERI AL Ado HBTHOLS

The Golden beuster (Cricetus euretus) wes chosen for this study
beceuse the hanater has & shorter gestetion period than suy other esauonly
ewmileble leborstory memmsl, snd as &8 consequence the hexster developes
fester then any other Hutherisn snimel on rscerd (Greves, 1945), heving
8 gestetion poriod of 15 deyss For exsauple the 15 dsy old hemster eubryo
is equivelent in development to the 1{ day old ret, the 24 dsy old pig, or
the ¢0 day old humen embryo (Mmgelhses end bBriggs, 1562
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¥ales end fexeles were kept in sn eir conditioned roow in stenderd
seperate cegess Due to the need of s high protein diest, the hemeters were
fed Dog Chow pellets, occssionslly green lettuce, end tep weter ad libitum,

In en effort to detersine ihe ssxusl oycle of our feansles, en
sttenpt wee mede to record the 4 dey estrus cycle of tha‘animala by oblaining
vaginel saerre with 2 fine cotton sweb, Thie method proved to be unsstisfect-
ory since the feusles beceme pseudopregnant for £ to 13 days es the result of
veginel irritation, OSubsequently the plipette method, In wikieh & drop of
galine is pleced in the wepine end removed with s fine glses pipetie, wes
tried end ultimetely found to eliminete the pseudopregnencies, but it still
did not contribute sufficiently to effectively truecing the cyelie veginel
chenges, In the heaster about one centimeter from the wulve, the vegine
forms two vanto=latersl pouches which s¢ # rule sre elsost conpletely filled
with layers of cornified epithelium, &ince thie is in & consisnt slute of
growth end sleughing, oyelic crienges rre difficult to observe (Deenesly,
1958 )

Satisfectory metings ware obteinad by sutting one nele into e
cege with two femsles, which hed prasviously besn tegged with eun esrpunch for
identifiention purposes, isch porning betwesn 7 A¥ end 10 24 veplinel smerrs
were teken with the pipette nethod, end stsined with hematoxylinesosin
gteine The veglinel smears were sxeained for ithe presence of sperms XKnowing
thet femzles ecoept the nele only when in esirus, if sperm wers prosent it
wes ascuned that fertilizetion had teken plsce the night befors, putting the

meting epproximately between 2 A end 4 A4 (Hervey, Yanegimechi snd Cheng,
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1661 Je

The sgs of thes enbryos wes couputed froa the dete of mseting, end
the specimens renged from & dsys post coftum vo 1% deye post pertums The
techniqus involveds subjecting the pregnsnt hensters to terainsl sther
sneethesis, regsoving the embryoes froam the uterus gnd freeing then from their
menbranes, Entire & end ¢ dey old enbryos were placed into fixetive., fhe
epparently indifferent ponsdal reglion of the 10, 11, end 12 dey old evbryoce
wap dissected out with Lhe aid of & diesecting zicroscope. After opening
tiie sbdonen of the 12 day old snbryoe, sex could be deteruined groealy, so
thereafter only Lthe overies were resoved snd properved.

1f the enimels were o be obteainsd for study efter birth, virgin
fensles 3 to % months old were mstsd, Young feneles wers usisd bsosuse it
wes found thet the older the mother, the nmore cennibulistic she wae towsrd
her young, as wes raported slso fur aice by Deckle, Atkinson mnd PFets
{1957)e The mother snd ber litter wore left undisturbed in breeding ceyes
until the young were of epyropriste eges Up to end including 7 deys post
partus enimels, both the melae end feseles wers teken froa lhe sother since
the extsrnel genitelie were not developed suffiociently in ordar to diffsrents
iste the two sexes, At & deys the fensle showed ammmery -lends slong the
ebdonen, and ihis served es & useful %tool in utilising only the fenels snimsls
thersafier, GSeveral cervicel vertebree were crushed with foreeps to kill
the younge During the post partum period the disseciing wicrosgops wee etill
needed to reacve the very sasll overies, which were found with the oviduet

6t the ends of the uterine hornse
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A totel of 40 edult, mated, femsle hamsters, wiich yleldsd 147
female Fetuses, were utilized iun this study.

The dissscted ponsdel region or ovary wes luwcdletely pleced in
Souins solutioneeif it wes o be studied with histological sieinas; or, in
cold ecstone, if histothesical teclniques wers to Do enployeds The tismsue
wes then dehpdrated, lmbelded in celloidinwparaffin, and serislly sectioned
st & ¥ in order to obtain & three dimensionsl picture.

Geetions were steined with hemstoxylin (larris®) end eoesin %o
obtein & gens=rsl histologiocal picturs of ilhe tissuse, #aseonts trichroms
(bavenport, 1960} stein wes used meinly to follow the infiltretion of
connective tissue into the ovaries, and also served well in showing the
trensformetions of the ovary from one stage to the nexti,

in order to deteruine the presence of wuucoproteine end poly=
seocharides the periodic scideSchif? resetion wes euployed (Pesrze, 1501)e

Gomori's culeium cobelt method for slkeline phosphatese end
Predrieson's wodified Cormori wethod for elkaline phosphatase were both
tried to show the sites of engyms sctiviiy (Pearsa, 1561,

The siziler steins of szure B, methylsnc blue, end toludine blus
wers used with the hope of revesling certein cells wiich have s stronger
effinity for one or mors of these steins due perheps to thelr conteining
a precter puount of ribonueleic ecid or deoxyribonucleic ecid ihan tueir

nelgbboring eells (Pesrse, 1501}
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BAPZRIMERTAL RuaULTE

Qur investigation was primarily designed to observe the worphology
of the developing hemster ovary, by studying in grest deteil ihe prolifere
atione of the germinal epithelium in the hope of deteruining exseily what
ecalls it forme, or dove not form,

10 dey easbryo, (9 specimens studied)s The primordis of the sex
glands sppesred es scoumulations of spithelliel cells foraing e very small,
{epproximstely 60 » in dieneter) indistinet genitai ridge, which wes
baginning to be separated by & shellow groove from the letersl mesonsphrie
fold (Fige 1)s The cells bounding the coelom in thie esrly siege forued a
continuous layer on the coelomic side only, Besally the cells sxhiblited
long processes like those of the underlying wmesenchyme c¢slls, snd thers wes
no besesent meabrene sepereting them Irom the deeper assenchymes The cells
all sppeered to be of the seme type, :mbryonic red blood cells weried in
gige end shepe, but thelr nuclesr and cyloplesaic cheractarietlics were oo
distinet thet they could not be confused with eny other cells They were
smpller end their nuclel were pycnotics

10 1/2 day embrye, (8 specimens studied)s The goned primordium
was aore advenced at thie sierpge, The genitsl ridge wes now distinot; its
division from the mesonephric fold wse merked by e deep sroove (Figs 2)e A
definite coelonic espithelium es menifested by the eppesrence of e bounding
bssel mepbrzne was established, The gonsd wus sore cospeetl then the

surrounding tissuej the cells of the cubolidel eplthslius were steining
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desper then the cells within.

Sex could nol be determined through the ulcroscople inspection of
the goned, sltihough on closer exuninetion uhe pregsence of two distinct derk
steining bodies in the nucleus of the majority of cells, one the nuclaolus
and one the Berr body (Berr, 1949), or feasle sex chrometin, revesled thet
the snimel wes to develope into & feasle (Fige §i)s Connective tissue wes
visible in tie surrounding sres, but none wee evident in the poned sltibough
the presence of cepilleries end plood cells wes obsorveds Ths nucleer
mecibrene and some of the nuclesr subgtence were strongly FAbepositive, while
the cytoplasam showed only & moderste PAD resetion. The nuelesr aentrene,
nuclesr orgenellas and the oytopless steined intense blue with methylone
blue stain et e pE of T

11 dey easbryo, (13 specimens studied), In dissecting the gonads
from the eabryo it wes still practicelly in;ossible to distinguish between
the pelos end fencles, but with the help of histoloploal sections the meles
¢o1ld be separsted from the fessles by the presence of cordelike structures
and the elongetion of cells below the geruinel epithelium mesuming the
shepe of tunies slbuginoes cells in the testis,

Despite the feet thét reletively fow mitotic fipures wers visible,
the overy increcsed in sige (spproximetely 540 & in lemgth and 120 v in
width) during the 24 hours snd appesred sepsrsted from the genitel ridge.

It ®9ngisted basically of sn extension of the indifferent goned (Fige 3)e

The surface spitheliun wes coupozed of flat to cuboidel sheped

cells, from one to four cells thiek end frequently presented sn irreguler
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outlines, Throughout the entire overy no cell meabrenes were slesrly defined,
sost of the cells comprising the genitel ridge sppesred saell (5«7 ¥) with
the exception of some lerger ones (8«10 ) which conteined wmore PAbepositive
meteriel and possessed e grester sffinity for toludine blue, azurs B, and
methylene blue stein when bufferad in solutions of pH 4 to pk 7. The lerger
cells (possibly primordiel germ cells) hed lerge, vesicular nuclei, No
similer cell type was observed in the gerainel epitheliums In the inner pert
of the genitel ridge (the blamteme) they were observed in cluups of 2 to 4,
poseibly indiesting e re-cent mitotlc division. COonnective tiseus wes present
throughout ss fine 8ingle fibers.

12 end 13 dey sutrye, (1% speclmens studied)s In tide phese of
development ihe anbryo's sex could be deteramined by inmspecting the genitel
ridges Although there sre sisiler histologicel cherecteristics between ihs
two sexes the distinotive seperetion of the testis tubules served es e
resdy disgnostic sid,

The overy (spproximately 4CC » in length end 170 ¥ in width)
consisted of & centrel nmedulla composed of indistinetly delinested islends
snd cords of lerpe vesioulsr (Primordixi germ) cells which wers individuslly
surrounded by e loose connsctive tiseus cepsule, wWithout, the overy wuss
coversd by & flat to gubolidel gerzinel epithelium which in places e poered
to be continuous with cell corde tist sepersted the islends of primery
(primoriial) germ cells from one snoiher (Fige 4)s The nuclei of the
gerainel epithelisl cells were reletively lerge (thoupl sueller then those

of the priamsry gera ¢ells) snd woderstely dense; their cyloplesa wes so
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soenty thet the epitheliel cords seamoed to consist of @ zess of nuelel in a
synoytium,

Although there wes little mesenchyse or connective tissue bstwesn
them, soxme small blood vessels were rsedily observeds Likewise no tunica
slbugines sepereted the epitheliel cords from the coelomic epithelium,
slthough in some disoontiinuous aress an unnistskeable, wavy, PiSe positive
busenent membrene wes observed, Some of the primery geru cells rotesined the
staining properties of 1l dsy developuent, the oyloplsam contelned Ppiw
positive meterial snd hes shown an effinity for agure B, toludine blue, end
methylene blue stain.

The primary odgonia were usually situsted well below the cortex,
but ocossionally some wers observed betwsen the epithelial sords. Primery
odgonia were cherascterised by lerge vesioulsr nuclei (only & few mitotis
figures were in evidence) with comparatively sosanty, deeply siteining eyto=
plsam around it, Such cells were not encountered in the coelomic epithellium,

14 and 15 dey enbryo, (20 embryos studied)s The closely pesoked
cells of the epithelisl or soex cords were now sore cleerly defined, their
bounderies stending out sherply (Figﬁ; % end 6)s They wers pressed egainst
the germinel epithellum, which wes found to very fron u thin leyer of
cuboidal or squamous vells to ssversl cells in thiockness, with only = partisl
tunice slbugines sspersting thes from the epitheliume

The most atriking choractaristic of this sge wes Lhe ocourance
of nesta of large lightly steined germ cells beiween the cords, Delwsen

soma of the cords only & feow soritered pers cells were ssen, wharess between
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othars meny clusters of primery gerun cells were ascoupanied by e few
indiffersnt cellas. 7he primery oSgonia were equally sbundent in sll regions
of the overy, in the medulla sose of thea wers in the leptotene strge of
meiotic prophese, whersss those in the cortex eppesred o be in interphuses
HMitotic figures were lese common than in the previous stage, but still
oecurred.

The epithelisl (sex) cords originated st undefined intervels fron
the proximal lsyer of the germinsl epithelium, end soaetlines fused to form
relatively thick cords. Close exeminetion showed that these cords wers wavy
in their course towerd the hilus of the gonad. In the outer leyers they
were clenrly separsted and retsined their continully with the germinsl
epithelium covering the overye Growlh wes epperently meinteined through
the activity of the coeslomic gerainel epithelium, In the ecortsx the sords
ware closer together snd were less sseily recognized, owing to the reduction
of the mesenchyme end tio sbsence of the very lerge primary X cellas The
eells in the periphery of ihe overy wers sasller becsuse they were sultiplye
ings In the center of the ovary where the sex cords met, thay sppeered to
form tubules,

The mesenchymsl connective tissus cells eppeered emsll, round and
lightly steined, They were formlng e shesth around ths eex sords. 1n sone
sections it eesumed thet the sex cords were sepercied from ths spithelial
gone by & leyer of connective tissus, but in exsaining serisl sections it
beosse evident thet thims connestive tissue did not form e continuous d&yer

in the ovary. The ovary (approximetely 540 v in length snd 400 # in width)
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et this stage wae covered by & woll forzed cepsules

1 =nd 2 deys post pertum, (11 spocimens studisd)s The oviries
(approxisetely (7C & in length snd 400 w in width) reseubled those of the two
previcus stegee, except that welosis wes wore sdvsnceds The mejorily of the
prioary germ celle in the medulle (Fige §; were now in the &ygotenc stsge
snd the mmjority of the ones in the cortex (Figs. 7 end 8) wure in the
leptotene stegas In the medulls nests of primery germ cells wore found
surrounded by the innermost cords from the germinsl epithelium, Tho overy
wes now peneirsied by thick bundles of comnective tissue redisting frow the
hiluss

3 end 4 days post pertus, (12 epecimens studied), The germinal
epithelium wee not sharply demsrceted from the underlying leyer, in which
were found lerge primary sex cells end susller cells derived from sand
resenbling the epitholiwm (Figs, 10 and 12)s In the medulls those elongsied
epithelial cells encepsulated groups of primary gera cells, snd could be
celled pregronulosa cells (Figse 11 end 15)e Intarspersed bolwsen tha
primery gera colls end the epithelisl cells, =zall round mesenchymel cells
could be sesn. In looking &t the whole overy (780 # in length and 540
in width), the impression was recelved thet the gerainsl epithelius prolife
ereted cells which algrated through to ihe center of the ovarye There was
no sharp demsrc¢stion between ihe cortex snd the medulla, snd the gerainal
spithelium wes in & etets of continuous proliferation.

Most of the primery gurm cells of the medulls wers in the pechytene

mtege of seiosis, snd the primery gsra cells in the cortex were in the
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gygotene stiges A fow of the medullery gsrs dells were degsnereting end
appsared sg deeply stsining bodiess

The vesculer snd conneciive tissue growth took the peth of the
corde which sepsreted the nests of prissry germ cells,

5y € 7 8nd 8 days post pertun, (24 esbryos studied)s The overy
is now spproximetely 800 ¥ in length snd S4C » in widths The perainel
epithelium wag flet end one cell thick in moet reglons (Fige. 14 and 17).
In pleces whare sex cords #mra ptill being prolifesreted from the gersinsl
epitholium there were sbout four leyars of Ilattened cells end ons outer
layer of cuboidal cells (Fige 14)s

The cords snd the “egg tuboe" (mccumuletions of odcytes) between
the cords wers ihick in the dortex and nerrower in the aedulles The innere
moet mees of apithelisl corde, oceasionally conteined & primery gera oell,
but &8 & rule ithe gera ¢ells of this repion hed degenersted by thie time, end
the surrounding cells persisted es the epithsalicl tubulee {Fig; 15)e

Ko follicle, or primery gers cell wae surrounded by epithelisl
colls in the cortex (Fige 14 end 17), wheress in the medulls grsnulose cells
appeered to be insufficient to provide a capsule for somo odeytes, and
groups of gera celle were sncspsulated by sex cordse

Primary ofdcytes in arrected meiotic prophuse beceme inerzesingly
wore numerous in the medulls of the overy, wheress those in pechytene and
diplotene steges becane prograssively restricted to the outer cortex, A
groet number of the primery pera cells in this region were slresdy in the

disctyets stege., FPrinsry follicles were beginning to develope in the
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medullery repion,

Sephs now extendsd throughout the cortex end spresd out below
the investing opithelium with the epitheliel cords, but did no. form s
continuous tunice slbugines (Fige 16)e If this connective tissus could be
considered e tunies, L% is & very imperfect ones

94 10, 11 end 12 days post pertum, (24 specinens studied)s The

gorninel epithelium was only & single flat layer, one cell thiek (Fige, 16
snd 20)e The mccumulstion of epitheliel cells into cords wes no lonper
present, nor were the “egy tubes", Throughout the ovary nsste oi follicles
were formed (Figss 18, 19 end 20)s Tho overy was now couposed oif & mssse
of primitive follicles seperated by stromm, The follicles in the 11 end 12
dey overy were lsrger end the follicle cells were less flet then in the 9
end 10 dsy overye Thare wes still no definite continﬁouﬁ tunice slbuginee,
but 3¢ might conesivebly be the cess that the hamster overy never devsloges
g well formed tunice albugin-a, The primary geram cells wers slmosil entirely
in the dietyals stege.

For all practicsl purposes the ovary hse sttained the procursoy
form of the edult overy, It now hes & “secondery cortex® conposed of
unilaainer follieles with ofponie in the re:ting silsye before the secocond
melotic division,

13 deys post partum, (7 speciaens studied)e Follicles two snd
thrse osll leyers thick surrounded soae of the resting gers cells in both
the cortex (Fige 21) snd in the wodulle (Fige 22)e Other then thet there

ware no chenges since the previous slsgoes.
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Juring toe development of the overy, esbryos of different ages
wore tested for zlieline phosphetese sotivitys ve were unuble to raveel
significent slksline phosphetless sites in ihe developing ovarys There was
e generelized, nonesnocific estersse activity over ithe entire overy, the
primery gera cells nol differing in eny weye

The gersin:l epithslium, the sex cords, the fallicles, and the
overisn connective tiscue wers rich in eytoplsscic ribonucleic meld and
steined much desper with eogin stein then the prisery gera cells, which
epysrently contsined only woderste muounts of ribonucleic¢ seld in compsrison
to their sits,

#inute esounts of FaSepositive weterisl]l wes found tirovghout
the overien strose snd perticulsrly in the conncotive tissue Ilibers, The
cell structure were felntly outlined in PiS-positive meterlal--chronosomos
s sined desper thean the nuclesr end eyloplsmsic meanbrenas,

Connective tissue could be susily identified when ithe overies
were Bieined with agure B, methylene blue, or toludine blue slein, The
cell membrenes, nucleoll ond Berr bodlss also steinsd kntensely with these

sieing,

DDEOUBSION

For the identificetion of cell types, evon in edultl orgsne,
velid snd generally scoepted criteris are nocessery, otherwise, the porsonsel
factor interfeores with interpretstion, Hany oriteris have been proposed for

identif§ing cubryonic gerz celle, bui ihelr large size sppeers to be the aost
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relisble, Despits the objesction thet ell cells round off end become lerge
pafore mitosis (Hergitt, 1925), obviously o8cytes tend o be especislly large
end better defined then somatic cells (Allen, 19043 Felix, 1912)s The
gtructurs of the altochondrie snd the Golgl epparstus verles too mueoh
sccording to the physiologicsl activity of the cell to be considered sg en
jdentificstion charecteristic,

At no simge in the development of the hemeter's overy wero typicel
eex cells present in tue setive gorminel epithellum, es in the chick where
they enter it secondarily (8wift, 1514)e At the genitel ridge stsge cells
of the thickened spithelius ere cytologically indistinguishsble, o cslls
ere present in the genitel ridge which can be regarded ss priumsry sex cells,
a8 gasus to be the cmse in the ret (Hergitt, 1925), but even st this early
stege » fow large cells cen be singled oul from the compaet layer of
mesenchyne, These few primery sex c¢slls multiply repidly end ers the
charsoteristic feature of the overy of older sabryos, Hor sre thers any
trensitionsl foras between ths epithelinl type cells end tie prizery sex
celle present el any time during development se wes reported for aice
(#1len, 1905)e If the primitive sex cells were derived fros the ecoslomie
epithelivmy it would be ressonsble to axpect trsnsitlionel forus, or atlsest
some oslls in the surfece epithelium frow which the primery sex cells could
heve beoen derived; but the primery sex cells es we heve seen, eppver in the
mepanchyus even before the ovelomic epithelium has osrolifersted to eny
grest extent, Qur obserwations did noti revesl en; similarity to thst of

the humen (Felix, 1912} neaely thet the primery sex cells wers observed to
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etrophy end to disappesr,

The primsry sex cells of the indiffersnt poned of the fensle wars
tragced until they becmme oncircled by & unileainer lever of cells, whieh
bhed been formed from the coaelomic epithelium,

Although in memmele the svidencs for the extragonsdal origin e
not ms positive as in the bird, Swift (1914) reported dete which indicetes
that the primery gers colls do not originete in the coelowic epithelium,
put migrete into the gonedel primordium fron sone extrsgonedsl sourcs,

It ie obvious that the soelosic epitheliuz is not insctive., Its
cells invede the underlying structure in the form of gerainsl corde. Ghort
et firast, the corde leter ere long end snsstomose fresly, still reteining
their connection with the multileyered gone of calls derived from the
tizmple coelonic epitheliume The eells of the cords snd of the geruinel
spitheliun are indistingulshablej thers can mcercely be eny doubt thet the
cells of these cords came fros surface epitheliumes In the hemster there
sopoeers 10 be m ocontinuous proliferetion of the epitheliszl cords snd one
esonol observs g gpetiel, nor & teaporsl saquence between successive waves,
consequently ihe deseription of primery end sscondary sox cords, or cortex,
could not be nede.

The overian stroms iz derived fros mesenchymes It is foreshsdowed
es & locel condensstion eround blood vessels, madullary cords, end coriicel
eorde, afierward it sproeds periphsrelly end finelly occuples the whols
ovarys If the stirome were foraed fron the coelomic eplthalium, such s

sequence would probebly be roversad.
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We were unsble to revesl significent slkeline phosphetese activity
in the prizordisl germ cells within the developing ovarys Thoese findings ere
in agreensnt with the work of Knipggs snd Leathen (1§56} in tie adulti hamster,
¥e ware lesd ito the concluslion thet slthough the geru cells probebly did
possass gose sngyme activity, the prassent techniques did not perail the

selective staining of such sites in the hsmster,
SUIMARY ARD CORCLUBIOHNS

1+ The development ol the overy in the humster begins with the
formation of & genitel ridge st 10 deys efter nsting.

2+ The primery gera cells appear in tho gonad befors the germinsl
epitheliun hss proliferated Lo any grect extente

%, The germinel epitheliua proliferstes cells identicel with
itself, which move toward the center of the overy, while the primery germ
¢olle sre incrsssing repldly ln numbare

4, Germ cells are observed in the meiotlc prophase fros the dey
of birth until the lith dey post pertus, whean ihe msjority of thom are found
in the dictysts sisge of melosis,

%« The oleytes in ths medulle ere generelly wore sdvanced in
development then the ofcytes in ibe cortex of the overy.

6e The proliferations of the germinsl eplthelium first grow
betwaen lsrge srees of ofcytes, then the lerge rsglons bresk up into nests
of & few sells esch, end finally foram the félllcle cells sround esch

individusl olcyte.




7 By ths 13th dey of development the overy is completely
oocupied by vaileminer follicless

8. No evidence wes found to interpret the odeytes as originating
froan the gerainel epitheliumeswno primsry geru cells were observed in the
germinel epitheliwm, no trensitionsl forus were seen, eni liere wes no nass
dagenerstion of ofcyiess

9s The prolifsretions of ihe germuinel epitheliua sppesred o be
continuous begeuse liere was n; conplete well formed tunice slbugines
and aleo beceuse thers ware regions of the eplthelisl cords which were

continuous with tue gerainsl eplihelluie
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in both cortex end aedulla
15 L B ] . 10
1 day post Majority of primery gern cells of medulls 6
partum in mygotene stegej majordly of primery
gera cells of cortex in leptotene stags,
2 » » »
3 . Majority of primary germ cells of zedulls 6
in pashytens stags} mejority of primery
gera cells of cortex in gygotene stege.
F . ) ® ¢
5 » Majority of primary germ celle of medulla é
in arrested prophase} msjority of primery
garm cells of cortex in pachytene end
gygotons Bleges
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Figure le Genitel ridge of & 1C dey ombryo, steined with
periodic seidmiohif! ent (G084 X).

Sross section of the penitel ridpge showing the ihickened
coclomie epitheliun (errow)j the wesenchyme between the
genitel ridse end the sesonephros is levs celluler ihen
n the yoned regions

-

Figure 2 Cenitel ridge of & 10 1/2 day eubryo, viuined witl
hens toxylin snd eosin (S84 X).

Hdesenchyael tissue concentreted below the coclonle
epitheliun; the coelomic spitieliua is foruing
short buds into the underlying mesenchyme (errow)e
Hote thel woet celle conlein a nucleolus end &
Baer bodye




Figure 3.

Figure 4,

PLATE 11

Gerainel epithelium of the ovary of s 11 day esbryo,
stoined with Mmeson's trichrome (984 X)e

The gerainal spitheliuam forme en irregular boundsry,
snd short corde penetrete into the medullej there ie
& greet increase in the nusber of large prisery germ
cells (arrow) in the medulla,

Gerainsel epithelium of the overy of e 12 1/ day
eabrye, sieined with Hesson's trichrome (584 X)e

The coelomie epithelium is less irreguler than In

Figure 3 and is continuous with the inner pert of

the cortexs The overy eppesrs denser than in Figure

3 due to the sultiplicetion of primery gera caells (errow)s
Hote tiwe sbesence of e tunica elbugines,




Figure 5.

Figure G,

FLATE 111

Gerainel epithelium of the overy of & 14 dsy embrye,
stained with hesstoxylin and eoein (584 X)e

The germinel opitheliun forams e suwooth outline.
Corde of epithslial celle ssen to ponetrste from
the germinalepitielium, grouping the underlying
primery gera cells, which ers in the iaterphass,
into neste (errow)e

Geruinel epithelium of the ovary of s 15 dey eabrye,
steined with hemetoxylin end eosin (984 X).

Area of the germinel epithelium neersr Lo hilus then
in Figure 53 & greater snount of coinectlve tissue
(arrow) is present under the epithelium, ead lerge
capillaries ere seen penetreting the stroues

o9
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Figure Te

FLATE 1V

Cortex of the overy of e 1 dey post pertua esubryo,
steined with hemetoxylin end sosin (584 X)e

This stege shows the sems cheracteristioes se in
Fgure 5 with the exception thet most odcytes

ere in ihe beginning of the melotic prophese (tie
mejority of the ofeytes in the leptotene stuge)s
The overien capsule slso is visible (errow)s

40
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Figure 8,

Figure e

PLATE ¥

Cortex of the overy of e 2 days post partusm embryo,
steined with hometoxylin end eosin (584 L)

O8cytes in the leptotene snd gygotene stuge of
meiosise

Medulle of the ovary of e 2 deys pet pertusn eabryo,
steined with hemetoxylin and eosin (S84 X)e

The proliferetions of the germinal epithalium heve
rosched the center of the ovary where they form
tubuler strucutpes (errow); they slso surround
nests of ofcytes, which ere in ths gypotens end
pechytene steges of nelosis,
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Figure 1Cs

Fipure 1l.

FLATE VI

Oottex of the overy of & 7 deys post partun asbryo,
gizined with Mmsson's trichrome (%84 X).

Gersinal epitheliua cells spperently etill prolifereting

end forsing epithaliel cords (srrow)s The mejority of
ofcytes sre in ths zygotene stege of meioeiss

Medulls of the overy of & 7 deys post pertusm szbryo,
stained with iasson's trichrome (584 X)a

Epithelicl cells sre beginning to eccumulste within
the nedulle,

FIGURE 10
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The sberply demerceted geruinel epilhieliun as e

rule is one cell lsyer thick excgd in sreus where
proliferetion occurss fThe nesis ol sypolene stage .
odcytes, resembling the clessiocal Ffllger's eyg

400 >4 s P T &L sk & Tat a 9
tubes, ere deasrceted by the epithelial celis,

¥ Figure 15« Between the cortex end the uedulle of o 4 dsye
post pertus esbryo, stsined with idasson's trichrome (964 K)o

i

! Growth of the epithelial celle towerd the center of
the overy c¢en be seen hsre in one plenes Bstwesn
the epithelisl corde, ofcytoe in the pachytene stuge

. of meiosis snd degenersiing o¢=l1ls ere seens

*

FIGURE 15




Figurs 14,

Figure 15,

PLATE V111

Cortex of the overy of a % days post pertum
enbryo, steined with hssetoxylin end eosin (§84 X),

The prolifersting epithelium has en outer cuboidel (errow)
snd inner flattened cell leyers. Hany of the oleytes
ere in the pachytene stege of melosis,

Hedulle of the ovary of a 5 days post partum sabrye,
steined with hemetoxylin snd sosin (584 X),

The imnermost aspoct of the overy possesses nothing
more then epitheliel cells et this stege. Surrounding
this the ofcytes {arrow) are in the dictyste stege of
wsiosls,
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Figure 16e

Figure 174

rhate IX

Qvery of & € dey- post pertun embryo, stsined with
P48 rosgent (246 X)e

Septe extend throughout the overy end sproed out
below the investing epitheliuwa, but do not form 8
continuous tunice elbuginess The path of the
connective tissue iv between the epithelivl cells end
not within the "egp nests,”

Oortex of the overy of & € deys post partus eabryo,
steined with dmecon's trichrome (984 X)e

Aluost everywhere the germinel epithelium ie e flat one
cell layer thicke Almost all or the ofoyles are in
the diplotens stuge of melosis,

4




Figure 18,

Fiiurm 15’.

PLATE X
& hadi A

lortex of the overy of & 10 deye post nartum embryo,
steined with hemstoxylin end sosin (984 X)e

W

The cord=-like sppearsnce of epithelisl end gera cells
ie ne longor visibles Irrsguler follicles are formeds
cytes ere in the dictyete stepge of welonis.

dedulle of the overy of & 1U deys pesdt partun eabryo,
toined with hematoxylin end cosin (S84 X)e

Sene struoture: a8 in the cortex (Fipure 18), but
priserdiel follicles ere better arrangeds Ho
deganarating cells vieibles




Figure 20,

FLATE X1

Cortex of the ovary of & 10 deys poet pertum embrye,
steined with toludine blue (584 X)e

The gerainel epitheliuz is one ¢ell leyer thiocks
Gonngotive tdseue fibers sre seen betwesen Lie
folliclaes,

o ey

FIGURE 20
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Flgure 22,

PLATE A1

Cortex of the ovary of 4 11 days post partus esbryo,
steined with Hesson's trichrome (984 X)e

Deepite the fectl thet no tunice elbugines ie seon

the avery hes now eticined the fors it will posses

at pubertys The olcytes sre in the dictyete stage
surrounded by follicle cellsj the germinsl epitheliua
no longer appears to be prolifersting.

Hedulle of the overy of 2 11 day post partuan szbryo,
stoined with Hasson'e trichrome (584 X).

Bame a8 Figure 21, but in the medullss

FIGURE 21
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FIGURE 22
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