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THE REPRODUCTIVE CYCLE OF XEW WORLD
MONKEYS

FIFMY AL AW, DEMPSEY *
Pepostient of dintemgp. Warcaed  Medical  Selaal

TWE TEXT FIURES AND FOUR FLATES {TWENTY-TWO 'E‘IJ.LL'HEE:I

The prescut study deals with the changes in the veprodne-
tive tracts of spider monkeys {Ateles geoffropi) and howler
monkevs { Alovatta palliata).  The matevial iz presented for
it ilerest to investigators of primate veproduction, for al-
thongh the menstrual evele i known i =ome detail in several
catarehine monkevs, for cxample, the rhesus monlkey [ Macaca
malatta) {(Corner, "23: Allen, 27 Havtman, '32) and the
ailon [DPapio porearin=}  (Eackerman amd Pavkes, '332),
comparativels little 3= known about the evelie changes in the
pcke pehmitive New Waorld nonkeys,

The neding behavior in beth Alouadta and Aleles Lz been
oliserved] B the fleld by Cavpenter (34, °33), whe believes
thal mating is fairly well vestrieted to an ocstrons period
L=ting for 2 or 3 davs, However, e points ont ihat epo-
radic mating may acenr af other innes, and believes that
oestrns jn tlese formes 3= a period during whiels sexnal moti-
virtion i= areudly reinfores]. Becouse of Hmitations: imposed
by the procedure volved s fielld <hwdy, wo data were ob-
tained on the lenzth of the repradoctive evele,  Gowdman
am] Wislocki (%), however, =tadied o single adolt Ateles
female very enrefully jneaptivity aml fomnd a definite vaginal
evele oeeurring every 24 to 27 davs, "This evele consisted of
=light Beeding, recognizable In ovagingd lovages but never
visible cxternally, lasting 3 or 4 davs at cach ocenrvence.

Patiomal Rescareh Cevnetl Fellow in the Natural Sciencea.
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The smwount and charneter of the sediment obtained from
vaginal lavawe lkewize wulerwent evelieal elanges, beioe
crogidest o amouet during the iotervals between  Bleod-
s, These fwvestizators were also alde to <how that ovaola-
tion, during at least two eveles, mnst have ocenrred during
the interval,

MATERLAL AND METHOLS

Tl natevial e which glis stm]_x' i bised was oldaiwed From
andmals killed in the Geld? 1 oaon deeply bdehted 1o De, G
B Wislocki for permission lo use the material ol for his
tterest and adviee leonzgloot the prepaeation of the prosent
article. Field notes were made concerning the beliavior of
sonpe of the Todividoal= pedor to death Tae e O WL Cavpendor,
Nototions were also made For the olher animals coneerning
the preseuee o abzeiee of varinnl plozs, These netes have
all proved of grest value io determining the sase of the
ciele v cortain individuals,

Doanedintely atter death the reprodpetive fracts wore dis.
seeted Pree and fixed in Boonim s flwid o 1077 formaling Later,
delovdration aml enmhediading b pavaftio weee effectol, Secial
sections of the ovaries, T6p o thickness, weee prepared ond
stained e either Fheliel®s or Heblenhain®s hematoxylin,
Nepresentitive sections of vazing, uterus and owoanney
glomd were al=o preparad aml stmilacly stained.

:"-1'5.'1'1:‘-'.1:'1.'1]“.'“1‘."'5 l'jl jlﬂllii_'l.]]f“' ﬁi:’.l' wWere ]ilﬂl.il_"' I}:t' ['E,'rl:‘['l"'“['L'
Lo e Vernier =cale of a mechanical stuge. The two laveest
dianwedcrs were taken ot vight angles and the average come
pufed,  This procedure, alllongh not sigorous, permits o
numerieal eethmate of folliculur =ize al varions stages of the

P weantorial oatilized o this atwdy owns ealleeted lee Thes, 0 R Carpenter,
Al Nl sebuiie, FoOPL Bneder, G B, WisToekd sl Me, 00 0, Heanl on wariens
triges L Uentend Awesicn,  Ackwewlhedgment b oo e Linton Fund,
in anemery aof e, Wdward B Lieton, o groelusate of e Jobins 1Bopking Aledical

antitluli=lied

Sehool, from which a prant was mede For oan expedifion 1o Xieorapun in 4L
fitionnl mront was eontribubed By e Carnegie Tnstitation of Washington.
Auleequent trips in e Bepablic of Pamamee were omnds ousder e sgapiees of
the Dareo Celeriols Tshood Laborators for Trogienl  Hezenrel sl the I:Iurll-.am
Mensogial Tostiute.  The stecess of these treips wiea msterially adue 1o the nid
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exvele. AN Follicles larger than 1 mm. diametor  were
mcasured in all ovarics and 1he largest normal folliele was
w=ed s an bdex of Tollicular size o correlations of the
orvarian stige with the development of the uterns and vagina.
The diameters of ova were measured diveethe with the ald
of & micrometer cvepicee ol a magnifieation of % 325, Ten
ovia wore messnred i ocach of five follienlar sizes and the
averiage compmted for porposes of comparizen of ovom to
follivalar =ize,

It all, 51 specimens of howler monkers and 43 specimens
of spider monkers were gepilable for <dadv®  Five howlers
mul three spiders wore innnature, 12 howlors and 17 spiders
were lactating and theee individuals of cach speeios weore
preguant. The remuinder were adult avimals in varions
stiges of e reproductive cvele. Por porpozes of roference,
these stawes have been classified as early and late follienlar
atnl luteal phases,

The ovaries of hoth species arve essentinlly similar in hoth
gros= amd wieroscapic appearinee. For this reas=on, ne at.
tempt has been wade to desceribe each species separately,
execpt for =uch minor differences as do ovcear.

OUESERVATIONS

The wrare. The ovaries of heth forms are lavge, ovoid
structures varving from 3 mm, in juveniles to 13 mm. or more
i greater dinmeter in adualis, This lavge stze is necounted for
i part hy the size of the follicles, as it is pot uneomnon to find
several Tollicles 2 to 4 mm. in diameter o a single ovary,
Mueh more hnporiant, however, in the attaloment of size is
the Lurse amount of iuterstitiol tissue which iz dispersed
throuzlowt the =t roma.

Ty juvenile and cectain adult animnls the interstitial tissne
iz cu]!'t{*chk-ﬂ of o ﬂlll"li.' e | tpme which HEELR iiu[irﬂinguis-]p

Tt has also Twem pessible te stady g limited ponber of specizzens of the
eapuehin monkey {Colma eapucizms), The reprodietive teacts of this species,
althegh wot canmerons suengh for detailed corgreisons, kave maey clarneteristios

i eopnmzon witle Slolis wal Alonatr, aml oecasiens] Fefereiees Bn sitoli imiilzribies
will be made in the text,
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able from the granulesa cells. This interstitial tissne is fre.
quently organized into wore or less sphoerieal hodies, with
or without 2 ecentral eavity, whose outlines suggest a folli-
cular orviein.  Unbroken stages may be Touwl from which
flie origin of these cells may be traced to atretie follicles.

These interstitinl eells, however, ave probably net of single
origin, as their appearaee in juvenile animals would sug-
gesl, but may be derived from botl the granulosa and from
the theen interna which hyperivophies markedly during
atresia. At the time of ovulation lutein changes oceur in
some of these interstitial eells. Those cells orenpying the
center of the spherical masses, and thercfore derived pre-
sumably from the granulosa clements, are transformed most
rapidly and completely.  Marked swelling of the peripherally
loeated theeal derivatives oceurs, but romplete Tnteinization
of these guter cells never takes place during the evele, M-
are 1 shows a Follicle fu an varly stage of atvesia in which
byvpertrophy of the theea inferna is clearly shown. Beneath
this follicle lies au ovoid mass whose conter is composed of
4 core of large, typieal Tutein cells surronding the reranant
of a collapsed central eavity.  The oufer layer surrounding
e Tatein core is made np ot smaller eclls which ave similar
in appearance to the hypertroplied theeal cells of the atretie
follicle,

Fight gpocimens are available in which it is koown that
copulation had ocenrred shortly before death. To seven of
these ovalation ad alveady taken place and recent corpora
Jutea whose dinmeters were 3 to 6 mm. were found in the
ovaries (fig. 4). The ovavies of {he ciehih animal contained
a large fellicle, G mm, in diameter, and ginee this is the diam-
eter of e largest norma) follicles observed in any gvaries,
it is thought that 6 moy, approximates the disneter of the fol-
liele at maturity.

A progressive thinning of the ovavian wall cecurs during
the enlargement of the follicles, resulling the formation
of a well-defined stigma at maturvity.  The position of the
cumulus and oy bears no constant velation to the location
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af the stiema, sinee Dhe 1wo have been obseorved 1o be opposite
in two eases and less than 907 apart in at least three other
instaneces,

The theea mterns of the matore folliele iz a well-defined
steneture, which, o the rewion mljneent to e cumulos, may
veach a thivkness of from five to ten cell lnvers (fie. 5). Its
thivkness dimims=lws witl distanese Trom the eumualns and may
be onlvy one eell Liyver in thickoess o coonpledely phsent at
= thinnest point opposite the ovam. '

For a eonsiderable period after ovulation, the corpus
toteum ix readily distingai=hable from the dispersed inter-
stitial fizsne,  Tndewd, in veey cecently ruptured follicles,
little Inteal transformation is woted before ingrowth of eapil-
laries into the wranalosa layver ocenrs, although consider-
able amounts of interstitial Iatein tissue may be found, Co-
meidentally with the ingrowth of the eapillaries, swelling and
fat depesition aceur in botly theen uternn and gronulesa eells,
the former andergoing transformation mere mapidly. Al
though luteinization of the gravulesa eloments oceurs more
slowly, these cells finally become larger aml eontain more
Fat than do the theeal devivatives, T'J!nrh!.;_-,- the whole of the
lifetime of the corpus Intenm it iz pessille to distingnish
between e theeal and sranulos=n elomends on grounds of
appearance aml position,

Soon after ovalation the rupture point becomes covered
by an epithelial outgrowth from the serosa and reunion of
the tuniea albiginen ceenrs (A 4}, The rupture pathway
Uiromeh the theea interoa snd granulosa lovers alzo becomoes
alliterated and the eorpus lofeum becomes o more or less
splierieal, thick-walled stractave containing a central eavity,
as is shown in figure 8. The pevied durcing whicl thiz central
cavily s present has been designated as the earvly luteal
phase, Al this slage, and daviong pregnancy, no large folli-
cles are found in the evaries. The large follicles which de
nel ruptare ot ovolation rapidly become ateetic and ondergo
Inteinization,  Many small follicles, ranging in size up to
1 mm. in (diameter, mav he found, bt the larger of
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these follicles invariably show signg of atresia while the eon-
tinmed presence of many small Inteinized masses of about this
size and ghape seattered throughont the ovary attests Lo their
ullimale fate

Later in the luteal phase the central cavity of the corpus
lntemin Leeomes infiltrated with conneetive ti=sue amd disap-
pears (fig, 0). The general owtlines of the corpus lutewm
breome less shavply defined antil finally the Inteal tissue be-
comes dispersed and indistingui=hable from the interstitial
lutein fissue (fiz 100, This phase, like the preceding one,
is charscterized by atresia of small follicles with the result
that no large follicles are Tound,

The lateal phases deseribed above are Tollowed by o period
of fellienlar development. At fivst, no change is evident in
the amount of inferslitial Tutein ti=sne, hut normal growing
tollicles whose diameters vange up to 4 mne may be found.
These ovaries have heen elazsifieal as carly follieulnr phases,
while ovaries whiel eontain Tollieles 4 mme or more in dinm-
cter have heen arhitearily elassed as late follicular phazes.
Sueh ovaries continge 1o show interstitial lutein tissae,
althousl theve appears Lo be a progressive decrease in size
and member of the Tutein eells as the tollicles beeome pro-
wressively laroer. Nevertheless, considerable numbers uf
lutein eolls may be fownd even in ovaries confaining mature
or very reeently rnpiaeed fallicles, and it s therefore helieved
et at no time T e evele I here o complete disappearance
of these ipterstitinl clements,

Wensurements of ovum dismelers were male o follicles
of different sizes for purposes of comparison of the growth
eurves of the ova in relation o the enlargement of the fol-
lieles, These measurements were made in primordial follicles
i which there i= a single layer of follicular cells, in follicles
comtaining two or three lavers of Tollieular eells, in the small-
eet antrum-containing follicles, in follicles of 1 to 2 mm.
dinmeter with well-formed antra and in mature follicles of
approximately 6 mm, diameter. Ten ova were meastred
in each case, the average compufed and the ovam Jdiameter
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pletted awin=t Follienlos dinpneter (i, 1), T will o seen
that the ovam atfains s maximum size =oon alfter tha
antrin appears in the folliele, o =iuation similar to that
toand i ather mammalian forms (Tarkes, 1), The size
of ova in relation to their follicles s approxinuitely the
s in both species during the early srowth of. e Fullicles,
Imt i the ohler, Lirgee follicles 1he ova in spider mendkers
are leger than those foml fn fowlers,
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Diamefer of follicles (mm}

Fie 1 T welitiomalyipe between v dizmeter and follionhir dissetee it
Aol waal Alouaitta,

A fwether difference Tetween the two spogies is the size of
e Tollicle whvn the antvmn forms. In bowlors U Targest
=elid Fulliclos live only two or theee lavers of Tollieular cells
Al nusy antreiecontaining follicles of only sliglily arentor
diameter way be fonml. Spider monliey ovaries, on e other
baoned, contain solid follicles of 0.3 to 004 nme dismeter amd no
andrunt-eantnining follicles smaller than this gre sver found.

Two almovaal comditions which have heen ohservl alse
teserve mention. Phe fiedd of these = evstie deseberation
of large follicles. These exsts apparently arize from failore
of Targe folliclos to rupliree, sinee in the fonr eases ohsorved
the other follicles sl inteesttial fi==ue in the svaries woere
i eonedition comparable 1o hat seen shovtly after ovala-
tion, These areatly cularzed follicles may lave o diqmeter
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of ns mach s 12 mm. awd ean veadily be vocognized as
follicles b the presence of wranulosa Bivers and ova. In
some of fhese follicles the granule=a Tayver appears degener-
ale o certain places, Tal i others, the cumulos ofiplhorns
particnlarly may appear guite normal. Inoall the observed
cases e ovim was detachod feeom its connections with the
enmulns eells and in two instanees dozenerating maturation
spinidles were ol=erved. ‘

The zecond patholosical condition, fomul o nine animals,
= o evstie colargement of the codientary vete o caril Tubules,
These evsts are laovze, Mnid-filled stractures which i ex-
treme cases may reach o dismeter of 15 mi. The epi-
thelium linine these cavities is of either # low enboidal
or stratifiod squanons mature, distineuishing these evets from
e follicular ey=ts mentioned above.  Frequently, what ap-
peairs Pronn the swrface to be a sinede Baree evet will he fonnd
in seetions to he compozal of =everal frecly compmuicating
evste, @ foet wlhivh suguest= their rete origin (fim 3. They
lave Been obseread i Almmatta, Ateles and Cobus, and they
are endirely eomparable 1o similay cvsts whieh lave been
olmerved do the ovaries of guinea pigs (Myers, Young and
Dempser, BG).

The wrary doving pregeaiey, e ovaries from the sx
provyant specimens were all Lurger than thase vemoved at
othier times. This relationship is shown quite clearly in
fienre 2 1wl be o seen that the ovaries corresponding to
early, middle sl Tate stages of pregnaney (B, Fand G) are
all con=iderably Tuvger than e non-pregoant speeimens of
e same s=pecies (O amd 13, Moreover, the ovaries appear
b aittain thelr greatest siwe Juring the fest half of pregonaney
and 1o =hrink =omewlat in velume during the Iater stages.
Histological exnmination shows thiat this enlavgement during
pregoaney s due to an inereasge in 1he amonnt of interstitial
Iutein fissue. Figores 11 and 12 e seetions through the
ovarics shown in fzores 28 and 26, and show the large
quanlitios of juterstitial lntein tisspe which are present at
these times,

TIE A as Jorisan oF X0y, vl G, .
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The funterstitial elements are compozed of two eell types
during the evele, as has been deseribed previeusly,  During
precuaney, however, the lavge lutein eells beeome more and
more nnmereus, antil during the nddle and labter stages
e intevstitinl tissne is composed exclusively of this eell
tvpe and the ovaries present a solidly luteinized appearance,
The formation of this interstitial luteal tis=ne has so obseurod
the true corpas lotenm thad #s wdentity has been completely
lost {fiz. 12),

Throughout pregnaney no lavge follicles are formed. Many
smiall antrume-containiog follicles mav be found, on=ually iu
clusters or i=lamds at the poles of the ovaries. The lurgest
of theze follicles slwave show abretie fransformation aod
lutein ehunzes which are, on o lesser seale, cutively com-
paeable to the ehanges deseribed during the luteal phase of
the evele,

The wrary dering Tactative. Coarpenter (T34} observed
that sexual beluvior does not ocenr by howler females which
are carrving small infants, althoungh mating behavior does
oeenr lony before weaning,  rom these facts he infers that
there is a suppression of primary sex activity daring the
carly part of lactation and that several oestrous poeriods may
prenr before a fertile nmudting takes place, I this were troe,
one would cxpect sucl a situation to be vetlected in the con-
dition of the ovaries during lactation. The ovavies from
three of the twelve lactoling howler females which were
exinined eonlained ne large follicles aml greater amonuts
of interstitial lutein tissue than-was ever seen ot any stage
in the eyele.  The ovaries from seven unimals contained
growing folliclez of 2 to 4 mm. diameter, and in twe ani-
mals indubifable corpora lutea were present.  Tu all of
these eases abundant interstitial latein tissne was found
Unfortunately, no record exists concerning the size of the
infants earrvied by these budividuals, so a corvelation of the
ovirian condition with the early and late phases of the lac-
tafion pericd esunot be mwade, For the present, therefore,
we can only arvive at the fentative conelusion that follicular



LREPLROLUCTIVE CYCLE 11X PLATYHRIIIXES 391

wrowih and ovulation appear to be suppressed in the ovaries
of certain luctufing howler females,

The evidence in favor of suppression of ovulation during
lactation iz considerably stronger for Ateles, None of the
ovaries Trom seventeen Taetating animals contained a corpus
tnteum.  Tntevstitind Iolein tissue was preseat in nine in-
stanees, 1 seven of whieh only sinall follicles were present,
while in two stances growing follicles of 2 to 3 mm. diameter
were found.

The ovaries from fhe vemainivg cight lactating spider
movkeys contained no lutein tissue of any kind, The inter-
stitial fis=ne contained only one coll type which cesemlled the
griulosi cells of atretic follivles, Medium to Llirge sized
follicles, ranging from 2 fo 4 mon diameter were found in
all of these caszes (figs, 6 and 7). Theee of the animalas
in thi= latter group were carryving lurge voung when Killed
pnd  therefore were approsching the ewl o the laeta-
tion period. Sinee no evidenee of ovalation was found in
the evaries of these anmimals, i 15 belicved that ovalation does
not ocenr at any dime during lactation in this speeles,

The vagina. The epitlhelial lining of the vaginal lunen in
Jovenile Ateles i= o conventional, low stratified laver,  Adult
aninnls, however, show an exteemely well-developml vaginal
linine, The thick, strufificd basal laver i: surmounted by
iy coll Tavers of kerwtinized eells. Docinge the follieular
phase 1his ovnter, cornifind Javer iz thrown into vidges, resuli-
ing i the Formation of numerons denticles which projeet into
the vaginal lmnen (fie. 153). These denticles and the surface
Lavers of cornificd cells are slouglied off into the lnmen dor-
ing the Tate follicnlar phase aud for a ghort thme alter ovala-
tion.  The desquaniiion of these zneface lovers is thonght
to b the ovigin of the sediment whicly Goodman aod Wislockl
(a0} observed in vaginal lavages from an adult spider
monkey,  Since these anthors found the greatest amounts of
sediment to oceur al the mid-interval belween Wleedings, and
sinee the greatest amaonnt of desguamation aceurs at near the
time of ovalation, it is thougzhl that this s further evidence
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Yar 1he beliel that ovulation ocenrs during the interval i
this speeies.

Complete desquamation of the cornifisd Juver, howoever,
does not ocenr al the time of ovulation.  Figure 16 shows a
section taken through the vazina during the luieal phase,
[t will be noled that the cornified denticles are no longer
present, althongh there is still a well-developed luver of
cornified cells which lines the vaginal lumen,

The early stages of lactation are chavaeterized by a low,
stratified vaginal cepithelium, comparable fo that seen in -
juvenile animals,  This low epithelium gradually grows high-
or as follicular zrowth ecenrs in the evaries, Cornification
of the outer lavers of cells hegins when follicles of 2.5 to
4 . diameter are present,  The corpificd layer grows
thivker and the spinous denticles hecome move marked as
the follicles grow larger until, during late lawelation, the
vaginal epithelium is indistinguizhable from that seen during
the late follicular phase,

The presence of a low, basal vaginal epithelinm during the
wreater pavt of the Jaetation period presunably ilicates the
absenee of large, matuving follicles in the ovaries. Like-
wise, the spinous denticles, which are always fonnd together
witl large Lollicles, appear unly during late lactution,  For
these veasons, it is thonght that the appearance of the varinal
epithelium supports the helief that there is a suppression of
follicutar growth and ovulation during lactation.

The varinal cpitheliom of Alouatia g much simpler in
chnrneter and shows few elanges which can he corvelated
with the ovarian evele (figs, 13 and 14).  Oceasional females
chow an outer Leratinized, non-onucleated laver of cells
which, when it is feund, veeurs during the late follicular
phase.  This eornification, however, does not oceur in all
animals and it is never so marked as is the case of Ateles.
[udeed, the vaginal epithelium in both juvenile and adult
howler monkeys =hows a marked resemblanee to that ob-
cerved in jovenile spider monkeys,
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Field notes made ot the time of antopsy mention that the
viginie of several =pecimens from both howler and spider
monkeys contained a plag of soft, transparent celatinous
material which formed a east of the vaginal lumen, The
Mugs were qnite friable and casily broken uwp.  This vaginal
plug was similav in consisteney to the azonal ejaculate which
wits observed seensdonally ol the cxternal weethral orifice 1M
avtopsying males. Tn dwo spider monkeys Doetor Wislacki
reports having abserved spermatozon in the fresh plug, while
in others no sperm could be found en microseopical examina-
fion. Sections of these pluge were not prepared hecause
upon fixation they beeame entively broken up into amarphous
preeipitate,

The wtevive cudomelvivm, The wteri of both speeies show
marked changes during the reproductive evele whieh are
qualitatively «imilar to, but do not approximate in degree,
Ehﬂ-u: whiell have heen deseribed for the macaque (Corner,

‘23) and lwmmwan (Bartelmez, '23). Duving the fallicular
pliase the eells lining the lmuc*n are low colnmnar with hasally
located, devsely staining mwnelei.  The uwierine glands are
straight and penetrate into the mucosa for only a short dis-
tance. The lumina of the slands are only slightly dilated
amul numerons mitatie fisnres can he ohserved (fizs, 1T and
193.

During the Tuteal phase the surface epitholium inereases
in hmfr]lf, while the nuclel enlrge and beeome vesicnlar.
Marked =pival eoils appear in the glands, aml mitotic firnres
are shill scen frequently in both the surface and wlaudular
epithelinm.  Seeretion produets anid eellular debrls may he
observed in the glandular loming, resulting in morked dis-
tension, and the glands peneteate deeper info the hasal lavers
than ocenrs during the follieular phase (figs, 18 and 04,

Later in the Tuteal phase, cmmwlm*uhn" to stages in which
the central cavity of the corpus Intemn is Becoming filled or
in which growing follieles are first encountered, aveas of de-
generation and desquamation may be seen in the surface
epithelinm. The glandular laming bovome Glled with glonglied
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off collz and leneoevtes which may be seen migrating through
the glandular epithelivm.  Red blood cellz ave found in the
lumen of the glands, and eceasional lacunae or pockels of
pxtravasated ervihroevtes may be found just under the sur-
face epithelium.  Frethroevies may be seen entering the
lumen of the nterns from the necks of the glands and from
the lwenone when tissne breakdown ccenrs {(fgs, 21 and 22).
Such Llesding has been observed in twe speciinens of Ateles,
ane specimen of Aouatta and in twe specimens of Cebus.
This is thought 1o be the source of the slight, evelieal lileed-
ing whieli was observed in Aleles by Goodman and Wislocki
(*A5).

Discwssion,  The securvence of Javge muobers of lutein
cells in the interstitial tissue of the oviry threughont the
eutire reproductive cyele raises immediate questions concern-
ing their origine The presenee of trausition stuges between
atretie follicles ol the spheviea]l masses of inter=1itial tissoe
whose coves ave composed of luteal eells indieates that this
luteal tissue does not represent the remains of Jdegenerating
corpora latea but that it is formed during the evele in com-
plete independenes of the corpns luteunm of ovalation,

Both theen interos and wrmundosa apparently contribute
to the nterstitinl tissue. Marked theeal Tvpertrophy oceurs
in atretie follicles (g 3) and in early corpors Jutea, Daring
the evele these peripherally located theeal cloments retain
their histedosienl eharaeteri=ties and are diztinguizshable from
the central Jutein tissue in both the corpus baleam aod the
stnatler msses formed from atretie follicles.  Luoteinization
of the outer, theeal dedivatives apparently can ocenr if there
is suficient stimubs, sinee during thee wddle and ntter stages
of preguaney only one cell type can e recognized, resulting
in ovaries which are composed of solidly Inteinized masses
which are indistiuguizhable from the true corpas lufeum,

Theeal cnlargement and Tuteinization after experimental
procedures and during pregnaney bave been noeted in other
forms  Zuekerman {931) has deseribed lutein changes in
suzall afretie follicles during carly pregnaney in Maeaea irus,

n
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and  Anekerman sl Parkes (52) have reported similar
structures o the ovary of the pregnant haboon.  Oecasional
Bodies are found in this latter speeies which eontain a contral
core of laree lutein eolls. These authors belleve tlese large,
centrally placed eells are derived {rom the grannlesa while
the onter, =maller elemients max e theeal in orvigine These
boalies are strikingly #hwilar to the Tateinbeed atretie follicles
whicly are Found fn Ateles and Aouatta, In these New World
mionkeys, however, thi=s Gvpe of luteinization ocenrs regularly
during the evele while during presnaney still more marked
Intem elanges veselt in the complete transformation of all
interstitial cells,

These luicinized inteestitial eells were ohserved in the
ovaries of Ateles aml Aloosita by Sovder ('28), who dis-
cuzseildl lweir significanee o relation fo ovalation. T the
proesent stody =pebh eolls have beon Found o Ateles, Alouatia
and Cebas, Moreover, Wislockt {735) has deseribed a similar
condition in the ovaries of the mocmoset, Oolipomidas
weoffrovie  Appavently, therefore, inferstitial letein tissne
vocurs quite senerally in plidreebine monkeys,

The tnuetional significance of this extrome lateinization is
unkunown,  Lutein tissae 1= the genevally aecopted anatomical
Bdicator of fle action of Toteinizing hormone, and is the
gite of production of progestevone,  Cyclie changes in the
uteris, however, indicate that vaviation in the progesterona
ontput oeenes despite the continmed preseuee of loree quonti-
ties of morphologically anehaneed Tutein fizsue,  Similady,
larvge amounts of luiein tissoe are present at the time of
ovilation altheugh ovalation is inhibiled by progesterone in
vodents (Aakepeace, Welnstein and Friedman, "37; Demp-
sex, A7), It seems clear, therelore, that the physiclowieal
activity of the Inteal fissue cannot he corvelated too clozely
with its anatemiecal presence. Whether or not the large
amaunt of luleal tissne iz, o Fuet, an indicator of equally
lnrge amonnt of luteinizing hormone and progesterone must
remniin o question for experimental procedures to answer.
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The observation of evstie degeneration of lavge follicles
in four eazes of the presont series indicates the possibility
that anovnlatory eveles may ocear v lese species s well
as in the macague (ITartman, "32) and buman (Barielmes,
A). The continned formation of interstitind lutein {issne
from atretie follicles wakes 1t Impossible to estimate whether
or not ovulation ol oceareed dovionge the preceding evele,
However, the conversion of atretie follicles info interstifial
tizsne oceurs =0 wenerallye during the Tnteal plise of the eyele
that it offers =upport to the belicf that evelic vhanges were
oceurring In these ovarvies, vegardless of e failure of
ovulation,

It has already been mentioned that the ovarian condition
supports Carpenter's Lelief that there 35 o femporary sterile
peried during lactation i Alouatta. Tn Ateles, morcover,
thi= peried of <tevility apparvently Tasts thronglont the entive
perisd of Lectition and mu=d therefore operate to lioit the
peber of voune proeduced by g civen female durving her life-
time, This lactation stevility may well acconnt, at least in
part, for the low bivth rate which has been observed in this
species Wislocki, 300,

CONCLUBTIONE

L Dving the reproductive evele amd  pregosney large
guantities of interstitial tissue are formeml in the ovaries as
a result of Inteal transformation of atrvetie follicles,  This
inters=iitial tizsne is of two codl tvpes, o lwge cell, appavently
dorived Trom the gravalosa aml iodistingui=hable Trom the
cells of the corpus luteum, and o =maller coll whose appear-
anee and position sogoest e devivation from the theea in-
terna. Daving pregnaney, eomplefe luteinization of all inter-
stitlid clements oeenes, resnlting in complete loss of identity
of the true corpus ITulenm.

2. Follienlar growtl docs ot ocewr during the Tuteal phase
of the evele, Some time after degencrative changes appear
i the corpus lulewm, however, enlurgement of the follicles
Lewins,  Likewisze, during pregoaney there is o suppression
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of follicular growth. During laetation, ovulation appears to
be completely suppressed in Ateles, while in Alouatta rees-
tablishent of the evele and of ovulation oceurs before the
end of Jactation.

3, Cyelie desguamation of the extremely thick, cornified
vaginal epithelium ocenrs in Ateles.  Alouatta, on the other
hand, has a less well-developed vaginal lining in which evelie
changes are quile inconspicuous.

4. Cyelie changes occur in the uterine endometrium which
are comparable to these described for otler primates. De-
generation and desquamation of the uterine epithelium ocour
at the time of the breakdown of the corpus luteum, and loss
of blood into the uterine lumen has been observed.
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LETLANATION OF FIGURES

A Atretic follicle from  Areles  showing Leghnining  of  theral  hiypeetrophy,
amd adjacent intesstitial ledy with coce of Targe tulein cella aurcounded by
saller, prosumably theeal, eolls, % 55,

4 Heetien of revently uptured Follicle from Alomaita, showing ruplure puint
wmd begrinning of latvinimtion of granuless, % 55

& Reetion of Gorwm. matore folliele of Ateles showing granulosa wwd 1hees
interme. S35,

4 Ohary from '|-:|v|".:|.'!5:|lj__§ Adielea, ::||l.l1.'\.'i||;'_;' chlargaed rete avarii cyat and enedium-
sieed Fallicles, 2 34,

T Ovary frem Lietating Aeles, showing many medinm to large stzed follicles
and very Htle interstitind tissee. 3¢ 34,
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BARLANATION OF FlEvERS

13 Vagieel epnbelivn of Alouatia during Tale Dallivalar phiase. = o

14 Vaginal epitheliom of Alouatta sbuving midduteal phase, 1%,

t5 0 Vaimal hebng oef Meles daring Tate Pellivalae plise, sl ing demtietes
ta enter Tover sl slesquamat v deto the vaginal Towen, 3 i,

L Vaging] Bming of Meles duciag the wisbluteal plase, 065,
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PLATE 4
EXPLANATION OF FHGURES

15 Uernz of Alwuatta duving Tate Colbicular phasse, = 140,

1% Trerus of Alouatia dueing wisk-luteal plases 2= 140,

I [ierns of Stele durimgg Inge Fellicnlar pliast, X 14,

a0 Uerms of Ateles deebng wid buical plase. % 1-4db,

a1 Uterus ot Ateles duriog late Tetead phaee, =loupled off  cpithelinm
iy eoseen in gshe fone, Frothyuestes aipd letaoes tes wre prosent in the
taming wf e dereseratiog el W 140,

au eros pf Ateles during lite lotea] phases M depenerating pland  opens
iern a0 demded surtaer arck. laucesyies may Ty svem anigenting through
the glandular vpitheliom. 140,
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