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Reoently, two equally provaoative, apparently unrelated 

observations were made on the oondition of the vaginal mu-

cosa of the female guinea pig. The first was that normal 

cornifioation of 'the vaginal epithelium and leucooyte with-

drawal. could not be obtained in the castrate female guinea 

pig by the use of estrogen alone. This was contrary to the 

opinion whioh has been generally held for the mouse,. rat 

and guinea pig since 1923, when Allen and Doisy announced 

that the vaginal ohanges characteristic of estrus can be in-

duced in the castrated female mouse by injection with fol-

licular fluid and various follicular extracts,. which they 

discovered contained large quantities of estrogenio sub-

stances.· The second observation had to do with the vaginal 

closure membrane during pregnancy, which has been assumed, 

since 1919 ( Stockard and Papanioolaou) , to rupture only at 

the time of estrus. It was found, contrary to this opinion, 

that an opening develops in most female guinea pigs about 

the beginning of the second trimester of pregnancy. 

The investigations whioh are described below were per-

formed in an effort to establish the validity of our ob-

servations and to ascertain what hormonal factors are in-

volved. As the work proceeded, evidence accumulated whioli 

indicated that both conditions of the vaginal mucosa were 

probably related to the action of progesterone, and, there-

fore, that basically we might be dealing with two aspects of 

the same problem. Inasmuch as the studies were performed 

independently, they· are being described separat.ely. The 



nature of the relationship between the two will be 1nd1oated 

in the concluding discussion. 

I. .2! Progesterone !!!, !h.!!, Production 2!_ Oyolio 
' 1 ' 

Vaginal Changes!,!!!!'!! Female Guinea Pig 

2 

The synergistio aotion of estrogen and progesterone in 

the production of growth changes in the uterus and mam:nary-

glands of the mouse, rat, rabbit and oat, and in the evoking 

of heat responses in the mouse, rat, guinea pig and hamster 

is well known (Hisaw, Me;yer and Weiohert, 1928; Weiohert, 

1928; Corner and Allen, 1929; Knaus, 19301 Turner and Sohultz, 

19 31; Turner and Prank, 19 32; Turner and deMoss, 19 34; Turner 

and Gomez, 1934J Freud and deJongh, 1935; Hisaw, 19351 
Dempsey, Hertz and Young, 19361 Boling and Blandau, 1939; 

Ring, 1944; Frank and Fraps, 1945). As far as the vagina is 

oonoerned, progesterone has been shown to participate 1n the 

changes leading to muoification (Hisaw, Meyer and Weiohert, 

1928; Klein, 1935; Jones and Astwood, 1942). 

The possibility that progesterone might have a part in 

producing the oornifioation seen during estrus does not seem 

to have. been suggested. The report of Hansel, Asdell and 

Roberts (1949), based on a study of ovarieotomized heifers, 

appears to be the onl;y one in which progesterone is stated to 

influence cornifioation of the vaginal epithelium. When 

1 Published in Endocrinology 49s795-804, 1951. 



35 mg. of progesterone were injected daily for 6 days, begin-

ning 2 days after the animal.had been brought into heat with 

diethylstilbestrol, there was an increase in the number of 

oornified cells which reached a peak late on the second day 

progesterone was injeoted. At another time, however; when 

only diethylstilbestrol was given, an increase in the number 

of oornified cells was observed about 4 days after the animal 

was in heat, but to a lesser degree. 

The failure of investigators (Ooward and Burns, 1927J 
Kahnt and Doisy, 1928; D1Amour and Gustavson, 1930) to produce 
complete oornif1oat1on consistently in 100% of the animals 
with a given dose of estrogen suggests that something else 

may be involved. A further indication that some other factor 

besides an estrogen is concerned in producing oyolio vaginal 
. 

changes was given by the inability to induce normal oornifi-

cation regularly in ovarieotomized.guinea pigs injected with 

o(-estradiol benzoate. This inability to produce oornifioa-

tion with predictable regularity by the use of an ~strogen 

was reminiscent of the experienoe of-Dempsey, Hertz and 

Young ( 1936) when the induction· of estrous behaVior was being 
attempted with estrogen alone. The success which they 

achieved when the estrogen injection was followed by proges-
terone suggested that the latter hormone might be the f'aotor 

needed to promote a normally developing oornifioation. 
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MATERIALS AND METHODS 

Ten intact female guinea pigs were used for determining 
'' the course of vaginal changes in normal estrous animals. 

Smears of. the vaginal contents were made by aspiration in 

saline with a glass pipette when the animals were first found 

in heat and every three hours thereafter for 24 hours, The 

smears from these animals were air dried on a warming table, 

stained with hematoxylin and eosin and permanently mounted. 

This method was used because it was simpler than the more re-

fined procedures of Shorr· (1940, 1941) and Papanioolaou (1942) 
and yet still aoourate enoll6h to enable .one to follow the 

oornifying changes during estrus. 

As a means of evaluating the smears for the construotion 

of curves that would show the development of the cyolio 

changes in intact and experimental animals, a scoring method 

was established based on the Young (1937) modification of the 

Stockard and Papanioolaou ( 1917) classifioation of smear 

stages. The various stages were rated numerically. One 

represents the proestrous condition, 2 early cornifioation 

with less than 25i of the cells oornified, 3 oornification 

of between 25% and 75% of the cells, 4 complete oornifioation, 

5 the appearance of pavement cells, and 6 the metestrous 

leuoocytio invasion. In oases where one field of a smear 

might be scored a 3 and another area as 2 or 4, the mean value 

of the two fields was used; so that the score might be 2.5 

or 3.5. In oonstruoting the curves, the average scores of 



the vaginal smears from all the animals Within a group were 

plotted against time. As the method worked out the average 

soore on the ninety-fifth hour, for example, might be 4 in-

dicating full oornifioation, but not all the animals would 

have reached this stage. Some wou1d have progressea,. to the 

pavement cell stage or to that seen during the metestrum. 

The experimental animals consisted of 60 adult s,.tinea 

pigs ovarieotomized when they were about 4 months old. 

Eighteen or 19 animals were used for eaoh series of injec-

tions, and 4 weeks were allowed to elapse before the animals 

were treated again. The estrogen used was c,(-estradiol 

benzoate. It was diluted in corn oil and injected subcuta-

neously in 3 doses, 24 hours apart. The amounts given were 

varied, and each injection was usually larger than the one 

preceding it (Table 1) • 
. 

5 

Seventy-one hours after the first injection of estrogen, 

half of the animals received 0.2 I.U. of progesterone in corn 

oil subcutaneousir• The other animals received no additional 

treatment. Vaginal. smears were made immediately prior to the 

injection of progesterone, and every 3 hours thereafter until 

the ninety-fifth hour, except the ninety-second hour. The 

first smears were made on the seventy-first 'hour because it 
was noted that rupture of the vaginal membrane occurred in 

most an1.mals about 70 hours after the initial injection, ex-

cept when the doses were extremely large (500, 600 and 700 I.U.). 

Frequently the diestrus condition was seen, but the vaginal 

epithelium was usually proestrous or in a stage of earl7 
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oornification with leucooytes still present; ,The last smears 

were made at the ninety-fifth hour, beoause the estrous vag-
inal.changes in intact animals usually are completed. within 

24 hours following the appearanoe of the heat response 

(Young, 1937). 

RESULTS 

The changes in the vaginal smears of animals whioh re-

oei ved only estradiol benzoate are shown in Figure l.. They 

are to be oompared with the changes observed in the. intaot 

animals, in which there was a fairly constant pro6I"ession to 

the metestrous smear. In most intact animals tho metestrous 
condition was attained by the.seventeenth hour following the 
detection of heat. fhe ourve then flattened out, shoWing 

little change in the next 7 hours •. 

In no group of spayed animals whioh reoeived estrogen 

alone were the changes similar to those in normal animals. A 

dose o!.175 I.U. of estradiol had variable eff'eots. Oornifi• 

cation was seen 1n only 25~ of the females which received 

this dose, and 8: more advanced phase was not seen in any of' 

these animals. It is noted, pa:renthetioall.y, that this dose 

of estrogen 1s approximately 11 to 13 times that whioh w111 

produce full oorn1f1oat1on in 50% of spayed rats (D•Amour and 

Gustavson, 1936) and 2 to 4 times the amount that will condi-

tion a female guinea pig for estru.s (Dempsey, Hertz and Young, 

1936). 
When 200 I.U~ of estradiol were given, oorn1ficat1on was 
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seen in 44% of the animals. When :,oo I.U. were 151ven oorni-

fioation occurred in BO% o:f' the animals and the metestrous 

condition in 20%. FolloWing the injeotion of 350 I.U. of 
estrogen, only 44% of the animals reaohed oornification, and 

none .progressod to ~he stage seen in the metestrum. Four 

hundred I.U. effeoted oornifioation 1n all the animals treated 

and the metestrous condition in 33%. Four hundred and fifty, 

500 and· 700 I.U. brought 66%, 77% and. 885' of' the animals 

respectively to the metestrum, but only 44% of the animals 

receiving 600 r.u. showed the metestrous condition. 

,Inspection of the data reveal difforenoes between the 

intact estrous female and tha animal. given c:(-estradiol benzo-

ate alone. The vaginal reaotions in the latter group were 

variable and irregular. The var1ab1l1 t:r is revealed by the 

results obtained from the animals.given 350 and 600 I.U. 

Irregularities were seen in all groups. The smears of some 

animals showed an early cornifica.tion and remained in this 

condition throughout the remainder of the experiment. Others 
never became fully oornified, While others cornified for a 

short time, regressed, and then became cornified again. The 
progression of the smear phases 1n some animals was quite 
rapid at first and then slowed down or stopped al together. 

The reverse was true in others. 
Another difference between the smears from the animals 

given estrogen alone and those from intact females involved 

the leucooytes. A disappearance of leucocytes 1s associated 

with full cornifioation in 90% of intaot females, but was 



rarely seen in the spayed guinea pigs injeoted with ~-

estradiol benzoate. In animals of this latter tn>e oornifi-

oation of epithelial cells ooourred, but :frequentl;r·man;y 
leuoooytes were present • 
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. The admlllistration of progesterone 24 1hours after the 

last estrogen injeotion broue;ht about ohanges in the pro-

gression of the smear phases (Figure 2). Most animals, ex-

cept those whioh received only 175 I.U. of estrogen prior to 

the progesterone, went through a stage of complete oornif1oa-

tion, pavement cells and the reappearanoe of leuoooytes, in 

the order seen in intact animals, usuall7 before the ninety. 

fifth hour. Providea progesterone was preceded ·by as much as 

300 I.U. of estrogen, disappearance of leuoocytes at the time 

of full cornifioation was seen in 90% of the animals. . ihis 

compares favorably ,v1 th intaot animals in whioh l.euoooyte 

withdrawal ocourred in 90_;;:·ot ,the ah:imals., The acceleration 

eff eoted by progesterone was so rapid that the- .stage of full. 

oornification was occasionally missed. One smear. would· show 

50 to 60% oornifioation, and the next smear, 3 hours later, 

would be in the pavement cell. or metestrous stage. 

fhe optimal. conditioning quantity of estrogen appeared 

to be 350 to 400 I.U. When the progesterone was preceded by 

more than 450 1.u. of estrogen, irregularities associated with 

the action of estrogen were seen during the first half of the 

observation period. However, between the ninth and twelfth 

hour after the injection of progesterone, the smears tended 

to resemble those seen in intact animals. 
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As has been indicated, progesterone is concerned not 

only with cornification, but also with the Withdrawal. of 

leucocytes from the vaginal mucosa just prior·to full oorni• 

:f'ication (Figure 3). The solid bar represents the percentage 

of 1ntaot estrous females in whioh the stage of fu.liy oorni-
fied smears without leuoooytes was reaohed. In the case of 

spayed females which received less than-500 I.U. of estrogen, 
leucooyte Withdrawal never ooourred in-more than 50% of the 

animals showing full oornifioation. When 600 or 700 I. U. of 
estrogen were injected, the smears from 55% of the animals 

showing full-oornifioation were free from leuoooytes. 

When progesterone was administered 24 hours after the 

last injection of estrogen, leuoocyte withdrawal was observed 

in a consistently high percentage of the animals. The single 

fa1l.ure following progesterone treatment was in the group of 

animals receiving 175 units of estrogen. -In none·of these 

animals did the leuoooytes disa~pear. It is apparent that 

175 I.U. of ~-estradiol benzoate were not sufficient to con-
dition the animals for this action of progesterone~ 

The effect ot a single dose of 200 I.U. of ~-estradiol 
benzoate on the vaginal epithelium is compared with the ef:f'eot 

following the same amount of estrogen given in 3 injections 

(Figure 4). Half of the animals in each group received 0.2 

I.U. of progesterone 71 hours after the first injection of 

estrogen. In both instances, when the animal.a were given 
. 

only estrogen, the irregular type of curve described above 

resulted. When the 200 I.U. were given in one injection, 
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much of the effeot on the yaginal mucosa had already taken 

place by the seventy-f~st hour. However, when the same 

amount of estrogen was given in 3 smaller doses, the initial 
changes occurred more slowly, and, at the seventy-first hour, 
the curves lay- below those for the animals given the single 

injection. In both groups, progress bey-on~ the stage reached 

by estrogen alone depended on the presence of ,progesterone. 

It appears furthermore that the administration of 3 smaller 

doses of estrogen sensitizes the tissues more adequately than 

the single large dose for the action of progesterone. 

Throughout _the work, certain structural differences were 

noted between the cells from animals which received estrogen 

and from animals which were injected with estrogen and pro-

gesterone. Abnormally shaped and odd-staining cells were 
present in the smears from the animals treated with estrogen 
alone.. However,. as the fixing technique used caused dis-

tortion of the cells, it is difficult t_o determine whether 

these differences were artifacts of the method or if they 

were the expression of real structural differences. A 

further study of the point by more refined methods would be 

desirable. 
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DISOUSSION 

The data show that the original failure to obtain normal 

vaginal oornifioation in the spayed guinea pig with estrogen 

alone was caused by a iaok of progesterone. The administra-

tion of estrogen alone to the ovarieotomized females failed 

to duplicate the normal o1roumstanoes whioh prevail in the 

intact animal during estrus in that progesterone, which woul~ 

ordinarily be supplied by the ovaries (Dempsey, Hertz and 

Young, 1936J Boling and Blandau, 1939; Astwood, 1939}, was 
·-

not present. The demonstration of the need of progesterone 

brings the vagina into line with the rest of the female geni-

tal tract in being reaotive to progesterone following its 

priming or conditioning with estrogen. 

Whether this same relationship exists in other speoies 

remains to be seen.: Suggestive of the possibility for the 

rat is the diffioult1 with which oornifioation is produced 

cons1stentl1 with estrogen (Coward and Burns, 1927) and the 

demonstration that progesterone synergizes With estrogen in 

the uterus (Hisaw, Meyer and Weichert, 1928; Weichert, 1928}, 

JDamrnary glands (Turner and Schultz, 1931; Freud and deJongh, 

1935} and in tissues mediating estrous behaVior (Boling and 

Blandau, 19 ;9 } • 
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SUMMARY 
Vaginal changes commonly associated \\'1th estrus are not 

normal when spayed female guinea pigs are injected with 175 
to 700 I.U. of o(-estradiol benzoate alone. However, when 

0,.2 I.u. of progesterone is administered 24 hours after the 
last of 3 estrogen injections given 24 hours apart, the 
development of the smear phases is rapid and more regular, 

abnormal cells are uncommon, oorn1fioat1on is oompleto, 

leuoooytes tend to disappear and there is a progression to 

the metestrous smear within an interval or time comparable 

with that in the intact estrous female. The amount of estro-

gen needed to induce charaoteristio vaginal changes is greatly 

reduced... Optimal results were obtained when progesterone was 

preoe.ded by 350 or 400 I .u. of ac-estradiol. benzoate. 

Treatment of spayed guinea pigs with 200 units of estro-

gen, given in 3 injections, appears to have sensitized the 

vaginal mucosa more adequately to progesterone stimulus than 
did the administration of the same amount of estrogen in one 

dose. 
The vaginal epithelium of the guinea pig is less re-

sponsive to estrogen followed by progesterone than are the 

tissues mediating estrous behaVior, 2 to 4 times as much 

estrogen being required for the normal sequence of vaginal 

changes. 
The demonstration of this synergism between estrogen and 

progesterone in the production of the cyolio changes in the 

vaginal. epithelium during estrus beings the vagina of the 
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guinea pig into line With the rest o'! the genital traot in 

being reactive to progesterone following its priming or con-

ditiom.ng With estrogen. 

II. Rupture 2l, !!!!, Vagina1 Closure Membrane During Pregnancy 
!! !l!.2,. Guinea Pig. 2 

The generally held opinion that the vaginal olosure mem-

brane of the guinea pig 1s open only at the time of estrus and 

parturition has, as fer as oan be ascertained, not been ques-

tioned sinee its genesis from the observation of Stookard and 

Papanioolaou (1919), Kelly and Papanioolaou (1927) and older 

investigators whose work is re'Viewed by the latter authors. 

From time to time during ~arlier studies on pregnant guinea 

pigs in our laboratory, openings were seen, partioularly be-

tween the 20th and 35th da;ys of gestation. Often, however, a 

smal.l amount of blood was oozing through the opening and the 

rupture at this time was assumed to be assooiated with a 

threatened or actual resorption of one or more fetuses. It 

was not until recently when a large number of pregnant females 

were being examined daily for signs of resorption or early 

abortion that realization that a vaginal opening of variable 

duration during pregnancy is the rule rather than the e:x:oep-

tton in the guinea pig. Suoh being the oase, it was of in-

terest to ascertain the inoidenoe of the openings in a sizable 

2 Published in the Anatomioal Record 109s707-714, 1951. 
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group of animals, the time of its ooourrenoe, and any possible 

relationship to the oourse of gestation or to the size and 
condition of the litter. 

MATERIALS AND METHODS 

One hundred thirty-three pregnant females for whioh the 
time· of conception was known were used. Each was examined 

onoe daily beginning the 15th day after mating throughout the 

balance of pregnancy. It is on the 15th day that we routinel:, 

begin to exa1dne all females that have mated because rupture 

of the vaginal membrane nnd estrus can be expected about this 

time if the mating is sterile. When rupture and heat do not 

ocour between the 15th and 20th day the female is assumed to 
be pregnant. Rupture of the membrane however is not always 

diagnostic of a sterile mating. The vaginas of G of the 133 

pregnant females opened between the 15th and 18th day fol-

lowing conception. 

During the daily examination the condition of the vag-
inal membrane was recorded, whether it was intaot or rup-

tured and the extent of any opening._ These data yielded in• 

formation with respect to (l) the day of the first opening 

for each animal, (2) the day of closure• or, of the final 

closure when opening and closure ooourred several times during 

gestation, (3) the total days of opening for each animal, and 

(4) the per cent of animals haVing ruptured vaginal membranes 

on each day of the gestation period after the 15th day. At the 

end of gestation, the size and condition of the litter were 

recorded. 
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RESULTS 

Ob servati.orial 

In only 24 animals did the vaginal membrane remain closed 
throughout pregnancy. ·1n 109 females in whioh rupture was 

seen, the mean number of days of the opening was 9.64 0.484 
(P.E.)~ The opening was not always confined to a single suo-

oession of days, although this happened in 30 animals. In 

79 animals there was a period during whioh days of opening 

were interspersed With days of closure. In 10 of the 79, 
intermittent opening and closing ooourred throughout most of 

·the pregnancy after the 25th day. 

These observations suggest a grouping of' animals. In 

24 or appro:ximately 18% the vaginal membrane did not rupture 

during pregnanoy. In 30 or 22.5% it opened only once. In 

69 or 52% the membrane opened and closed intermittently during 

muoh of pregnancy, but eventually olosed until parturition. 

In 10 or 7. 5% of the animals the intermittent opening and 

closing was oharaoteristio of the terminal two thirds of the 

gestation period. 

Rupture of the membrane was not without prediotabili ty. 

!rhe first opening was confined for the most part to the end 

of the first trimester of pregnancy or to the first part of 

the second (Pigure 5). A peak in the number of openings was 

reached at the 26th or 27th day, after which the number of 

animals with openings tapered off. The time of closure was 

less sharply- localized, but in general it occurred toward the 
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end of the second trimester. A ruptured membrane during the 

third "trimester was of less frequent ooou:rrenoe than during 

the second trimester, · A zero-point was never reached, first, 

beoause there were 10 animals in which opening and closure 

were intermittent until the end of gestation, and second, 

because in nine animals rupture of membranes that had been 

closed during the third trimester or longer ooourred one to 

4 da:rs before parturition. 

The :torm of the opening is usuall;y not identical with 

that oharaoteristio of the period of estrus in the non-

pregnant female. In non-pregnant estrous animals the mem-

brane disappears from the entire vaginal orifioe. In some 

pregnant.females this ooours, but var., often the opening is 

oon:fined to the_posterior half or third of the orifice. It 

is, however, easily visible maorosoopioally • 

. Opening of the membrane during pregnano:r does not seem 

to be related to the number o:t fetuses or offspring. Mean 

litter-si"ze was 3.66 in the 24 females 1n which.no opening 

occurred~ 3.50 in the 30 females in whioh the vagina opened 

onl:r onoe, 3.26 in the 69 females in which opening and clos-

ing were intermittent during approximately all of the seoond 

trimester, and 3.20 in the 10 females in which opening and 

closing were intermittent during the seoond and _third tri-
mesters. The figures form a desoendinS series, but the dif-

ferences are not significant. 

There does not seem to be any relationship between re-

sorption, abortion or still-birth, and vaginal membrane 
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rupture·. Seven of the 10 females in which . opening and olosure 

were intermittent during the second and third trimesters gave 

birth to liVing litters of normal size. In the other three 

females living young were born, but in eaoh litter there was 

one still-born fetus. Of the 24 animals at the other extreme, 

that 1f3°1 those in whioh no opening had ooourred, during· preg-

nanoy, the litters were,. for the most part; oomposed of liv-

ing young ·w1 th an oooasional still-born individual. Two preg-

nanoies, however, terminated abnormally. One female delivered 

a litter of three dead and two al1 ve prematurely on the· 61st 

day. . A second female was found to be moribund on the 68th day 

and 5 fetuses were removed from the uterus. These facts sug-

gest that the ruptured membranes referred to earlier through 

which blood was seen to ooze, indicating the resorption of one 

or more embryos or preoeding abortion may have been no more 

than ooinoidenoe. An open orifice during pregnanoy is not 

necessarily indicative of impending resorption or abortion. 

Exoerimental 

The frequency with which the vaginal closure membrane 

ruptures during pregnano1 in the guinea pi_g and particularly 

the proportion of oases in which opening and subsequent clo-

sure are confined to the seoond trimester of pregnancy sug-

gest that it has some significanoe for the course of gesta-

tion. Any_ association with litter size, the premature termin-

ation of pregnancy or the condition of the offspring would 

seem to be excluded from the data summarized above. Two other 
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possib~lities remai_n to be considered. One is that an ovu.J.a-

tion taltes plaoe. early in the saoond trimester and that rup-

ture of the vaginal: membrane at this time is initiated by 

an ovarian action similar to that whioh initiates rupture of 

the membrane about_. the time of estrus in the . non-pregnant 

female •. · .Examination of three pairs of serially eeotioned 

ovaries removed from pregnant females immediately after tha 

vaginal·openingwas first detected, revealed no .endenoe of 

ovarian aotivity beyond that normally ~een during pregnanoy 

(Dempsey, 1937) • 
. The other·possibility is that the vaginal opening just 

described.is associated with the transition from the ovarian 

to the placental control of pregnanoy whioh ooours in this 

species (!lerriok, 1928; Nelson, 1934). It seems not unlikely 
that . this transition 18 made about the beginning of the 

second trimester and that the vaginal membrane ~pture at 

this-time might be an expression of a transitory defioienoy 

in available progesterone. Such a defioienoy might result 

from a lag in the produotion of progesterone by the pla-

centa or from an early cessation of the ovarian supply. 

Accordingly, progesterone therapy might be expected to cur-
tail the ooourrenoe of this opening, and it was found that 
administration of 0.2 and o.4 I.U. of progesterone daily 
from the 15th until the 68th day of pregnancy caused a re-

duction in the number of animals with openings from 80% to 

58.3% and 66.6% respectively. These results were so promis-

ing that this line of investigation was continued. 
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Before presenting the data on these further experiments, 

the method of analysis lmioh was used to determine the effec-

tiveness.of the injections must be explained. In the pre-

·11m1nary obse~ations, as it was noted, the openings were 

not like those ordinarily seen in estrous females. Instead, 
the openings were frequently dry, with torn edges, and tended 

to be restrioted to the posterior ¼ or ½ of the. vaginal ori-

fice. llany times the opening would be no more than a pin-

point at .the apex of the vaginal membrane. With these ob-

servations in mind, it seemed that some sort ot sooring 

system might be developed and an arbitrarily chosen value 

assigned to eaoh type of opening. Thus, oomplete closure 

was classed as o, a pin-point as 1, any opening from¼ to½ 
• of the vaginal orifice in any looation as 2, and complete 

opening as 3. The daily scores of eaoh female-were additive 

for the pregnancy period, while the scores of the various 

females vd.thin a group were averaged to give the mean score 

of the group. 

As the score for eaoh female is the sum of her daily 

scores, and as each soore represents the extent of opening 

on any given day, the mean score of' any·group may be oon-

sidered to be indicative of the extent and duration of open-

ings within that group. A high score in this system of 

classification indicates a high degree of openings within 

the group, while a low score reflects the relative rarity of 

openings. 
During the period in whioh pregnant animals were being 
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injected With progesterone, 34 additional untreated pregnant 

females were studied. !l.'he data obtained from them was in 

every way comparable to that obtained from the pregnant 

animals previously studied. Therefore, when the extent and 

duration of their openings were determined, the soores of all 

the untreated females ( 167) were. averaged together. Averaging 

this second group of untreated pregnant females to the 'first 

group also reduced the number of animals w1 th openings from 

82% to soi •. -. 
Table 2 sumrnarize s the various treatments whioh were 

given from the 20th until the 60th day of pregnancy and the 

data on the ooourrenoe of vaginal openings during pregnanoy. 

Comparison of the soore of the vaginal openings of the pro-

gesterone-treated animals With the controls shows that this 

hormone is effective in decreasing the extent and duration of 

these openings, as evidenced by the decrease in the scores 

of the treated animals•' Analysis of the scores by student 

ntn test showed that all levels of progesterone above and in-

cluding 0.-4 I,U. were significantly effective in this respect. 

The scores show that as the progesterone dosage increased, 

there was a tendency toward a rather constant decrease in the 

extent and durati~n of openings until a dosage of' 0.6 I.U. 

was given.J this is well demonstrated by the "t" values, 

which show a definite tendency for an increase in the sig-

nifioance. of the difference between the controls and the 

experimental animals as the dosage of progesterone increased, 

up to a level of o.a I.U., 
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The reduction of the score of the vaginal ·openings 
effected by a dose of from o.6 too.a I.U. of progesterone 

appears to be about the maximum which can be achieved, be-

cause an increase in dosage to as much as 2.0 I.U. did not 
cause a greater·reduotion in the score. The implication is 
that the doses of 0~6 or o.a units have more nearly- raised 
the blood progesterone to a physiological level than any 

other dosage., Inoreases above these amounts have, apparentl1, 
no more.effect. 

While the work just reViewed was performed on the assump-
tion -that the vaginal openings resulted from a direct de-

crease in progesterone level at the time of transition from· 

the ovarian to the placental control of pregnancy, it may be 
that the def eot is relative rather than actual. This oould 
be effected bJ a higher than normal output of estrogenio sub-
stances by the ·.ovaries or by- some defeot in the ~epatio or 
renal metabolism of estrogens (Heller, Heller and Sevringhaus, 

1939; Heller, 1940; Schiller and Pincus, 1943; Pearlman, 
Pasohkis, ·Rakoff, Oantarow, Walkling, and Hansen, 1945). In 
either case, the end result would be an upset in the normal 
estrogen-progesterone ratio; so that while the quantitative 

amount of progesterone might be normal, its effectiveness 
might be diminished by- the above normal estrogen level. 

To test this hypothesis, 30 adult females were injeoted 

with 0.6 I.U. of progesterone and 25· I.U. of «-estradiol 
benzoate in corn oil from the 20th until the 60th daJ of 

pregnancy. It mar be reasoned that if these openings can 
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result from such a relative deficiency of progesterone due to 

an above normal estrogen lev~l, the treat~ent given here 

should cause the number of f emaies w1 th open vaginal mem-

branes to increase above. the number which ooourred when this . . . 

same amount of progesterone was given alone. Therefore, one 

would expect an ino~eaee 1~ the soore of the vaginal openings 

in this estrogen-progesterone treated group. 

!fhe addition of 25 I. U. of estradiol to the O. 6 I.• U. of 

progesterone caused a marked increase in the extent and dura-

tion of openings in this group (Table 2). When these estrogen-

progesterone treated animals are compared With animals whioh 

received only o.6 I.U. of progesterone the sharp inoreaae 

in the extent and duration of openings oaused by the addition 

of estrogens is quite apparent, as the 8.4 dif_ferenoe between 

their scores indicates. This difference is significant at 

the 6% level by the "t" test. The increase in the soore of 
the openings of the estrogen-progesterone treated group 

seems even greater when it is oompared _with the eoore ot 
the control group, as it is observed that the two· scores 

are practically- identioal. From these data it appears that 

the openings during pregnancy could be due to a relative 

rather than to an actual deficiency of progesterone. 



DISCUSSION 

· The hypothesis that the rup~ure of the vaginal closure 

membr~e during :pregnancy in 80% of the animals observed is 

due to a deficiency of progesterone at the time of trans-
;·,. 

i tion from the. ovarian to the placental control of preg-
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nancy :t.s supported by the data obtained from the proges-

terone-treated pregnant animals. The reduction in the extent 

and duration of these openings achieved with progesterone 

injections show that the maintenance of this membrane is 
dependent, in part at least, on the presenoe of this hormone. 
However, the failure to effect complete closure with any 

.,• ' I 

progesterone treatment and the demonstration that the extent 
and duration of openings is increased by- the addition of 
estrogens to the treatments indicate that the entire explana-

tion of the homonal factors involved in the maintenance of 

the vaginal closure membrane during pregnancy 1s still un-

known. 

SUMMARY 

In 133 of 167 pregnant guinea pigs, the vaginal mem-

brane opened and closed during pregnancy. The time of 
opening was largely confined to the second trimester, the 
peak being on the 26th and 27th days of the 68 to 69 day 
gestation period. Rupture of the membrane could not be 

associated with 8.D7 abnormality of pregnancy or with the 

number of fetuses. 
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The dail.7 injection of from O.l to 2.0 I.u. of proges-
terone from the 20t~.until the 60th day of pregnancy was 

effective in reducing the extent and duration of the vaginal. 

openings. ill dosages above and including 0.4 I.U. were 

significantly effeotive in this respect, When 25 I.U. of 

o<-estradiol benzoate was given With 0,6 ·I.U. of progesterone, 

the extent and duration of openings was increased signifi-

cantly, being almost the same as that observed in the un-

treated animals. These results would seem to indicate the 
validity of the hypothesis that vaginal opening during preg-

nanoy results from a defioienoy of progesterone at the time 

of transition from the ovarian to the placental control of 
pregnancy. The defioienoy of progesterone could be relative 

or actual, relative if it is brought about by an increase 

in the blood level of estrogen. 
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OONOLUDING DISOUSSION 

The data from the experiments desoribed in Part I show 

that progesterone is involved in normal vaginal oornifioa-

tion and leuoocyte w11ihdrawal in the guinea pig. In Part II 

data are . presented whioh support the suggestion that a de-

ficiency of progesterone, however it is aohieved, is prob-

abl1 responsible for changes in the vaginal epithelium lead-

ing to an opening during pregnano1. Clearly, both changes 

,nthin the vagina involve the epithelium. Oonoeivabl1, 

therefore, the hormones which have been shown to effeot the 

vaginal epithelium in the non-pregnant animal may also aot 

on the ~pi thelium during pregnancy. If this possibility is 

granted, it follows that the two investigations may perhaps 

bave.d.eelt .Vd.~h;the same fundamental problem, i:speoifioall:,, 

a defioieno7 of. progesterone at a time when this hormone 

wou1d seem to be working synergistioall:,, or in some other 

relationship, with estrogen. !his possibility will natur-

ally be kept in mind in continued studies of the two prob-

lems. 



TABLE l. .AMOUNT AND TIME OF c<-ESTRADIOL BENZOATE 
INJECTIONS 

Amount of injected oC•estradiol benzoate 
n • • an e me a w 0 was g ven 1 I U d th ti :t hi h 1 t 1 

Number 
females 0 Hr.· 24th Hr. 48th Hr. 

'37 25 50 100 

18 50 50 100 

19 50 100 150 

18 50 100 200 

'37 50 150 200 

19 100 150 200 

18 100 200 200 

19 100 200 300 

18 100 200 400 
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TABLE 2. VAGINAL OPENING IN PREGNANT GUINEA PIGS 
TREATED WITH PROGESTERONE OR ~-ESTRADIOL 

BENZOAfE AND PROGESTERONE 

score of 
No. of Vaginal "t" of 

Treatment Females Oneniruts Score 

Untreated 167 11.2 :i- 0.9 
0.1 I.U. Progesterone 12 9.0 ±. 4.2 0.51 
0.2 I.U. Progesterone 12 a.a-± 2.9 0.78 

0.4 I.U. Progesterone 9 5.9 ± 1.7* 2.12 
0.6 I.U. Progesterone 12 4.2 ±. 2.9* 2.19 
o.e 1.u. Progesterone 15 5.2 ±. 1.1 ... 4.32 

1.0 I.U. Progesterone 15 4.7 ±. 0.8* 2.42 

2.0 I.U .• Progesterone 12 5.8 ± 1.4* ·3.14 

25 I.U. Estrogen plus 
0.6 I.U. Progesterone 30 12.6 ±. :,.4 1.es 

* Significant 
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Figure l. Response of the vaginal epithelium in spayed 

guinea piss given o-•estradiol benzoate compared with 

that in intact estrous females. The time on the 

abscissa for the exporimental animals starts. at the 

seventy-first hour af'ter the first estrogen-injootion~ 

Time· for the intact animals starts at the zero hour 

when the animals were first observed in heat. The 

various soores of the types of vaginal smear olassi-

fioation explained on the ordinate, as 1n the text. 
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l!'i~e 2. Response of the vaginal epithelium in spayed 

guinea pigs given ~-estradiol benzoate followed by pro .. 

gesterone oompar.ed with that in intact estrous females. 

The arrow indicates the time progesterone was .ad.minis-

tered. to the e_xperimental animals. The time on the 

abscissa for the e:xpP,rimental animals starts at, the 

s_eventy'.""1'1rst hour after the first estrogen injection·. 

~1me for the intact animals starts at the zero hour 

when the animals were first observed in heat. 
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Figure 3. The perce11tage o:f' experimentally treated 

epayed guinea pigs With fully oornified·vag1na1 smears 

and the disappearance of leuoooytes .• 
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Figure 1•: Effect of a single priming dose 01! oi,,-estradiol 

benzoate on the vaginal epithelium ot spayed guinea pigs . ' 

compared with the effect of giving the same amount in 

3 injections. the time on the absoissa for the experi-

mental animals starts with ~he seventy-first hour after 

the first estrogen-injection. Time for ~he intact 

animals starts at the zero hour when the an1mais were 

first observed in heat. 
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Figure 5 •. fhe per cent of females having vaginal open-

ings on each day of the pregnancy period. 
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