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INTRODUCTION 

Since the important discoveries by Stockard and Papanico- 
laou ( '17)' correlating cyclic changes in tlie vagiiial epi- 
thelium with reproductive periodicity, there has been an  
increasing interest in the physiology of reproduction. The 
facility with which vaginal smears can be repeated and tlie 
multiplicity of ways in which the epithelial cycle can be 
affected without sacrifice of animals probably cxplains the 
preponderance of literature on this subject. Relatively few 
studies of other vaginal tissues have been made in a n  effort 
to co i~c la t e  chaiiges in the whole birth-canal with rcpi*oductive 
physiology. 

0bei.muller ( '00) reported connective tissue changes in the 
vaginal wall wl1ich were associated with pregnancy and age. 
Ruiige ( '24) verified these observations of connectiT-e tissue 
enlargement during pregnancy and mentioned epithelial 
proliferation in the human vagina. The results of his bio- 
physical studies of tissue samples from pregnant women 
established a cori.csponding iiicrease in the percentage of 
water. Stieve ('25) then made tlie most complcte study of 
liumaii vaginal histology yet undertaken. He reported hyper- 
plasia and enlargement (emphatically not simply smelling) 
of all tissue l a p r s  accompanied by a remarkable loosening of 
the connective tissue and muscular layers. St,ieve's work in- 
dicated that the whole vagina changes during pregnancy and 
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that. it should, therefore, be studied as a unit, a soggestioii 
little heeded. 

Hammond (’35) found an increase of 570% in the weight 
of the vagina of the pregnant rabbit. Korenchevsky and Hall 
(’37) reported a 93.5% increase in the rat’s vagina when they 
compared diestrous weights with those of “late pregnancy.” 
Other studies of vaginal growth have dealt specifically with 
the epitheliuni and have been made mostly on non-pregnant 
animals. For  example, Clauberg (’31) compared changes in 
the vaginal epithelium only, of the pregnant with the non- 
pregnant mouse. Discussion of these studies would, however, 
be too lengthy here. 

There seems to be no adequate description of changes in the 
whole vagina of the mouse throughout the reproductive cycle. 
This study has been undertaken in an attempt to correlate 
changes in vaginal weight and circumference during the 
estrous cycle, pseudopreg-nancy and pregnancy with histo- 
logical and physiological phenomena occurring a t  these times. 

MATERIALS AND METHODS 

An inbred strain of albino mice of adequate heritage and 
history was selected fo r  the present study. Laboratory care 
was uniform except for minor variations in diet and cleaning 
routine. The animals selected for study were sexed and segre- 
gated at  weaning. At 10-16 weeks the virgin females were 
sorted into uniform age-weight groups. Individuals in these 
groups varied no more than 1-2 gm. which is a smaller varia- 
tion than was found in sample litter-mate groups. 

Xatings for studies of pseudopregnancy and prcgnancv 
were achieved by placing 8-10 females in a box with one o r  
two males. When pseudopregnant animals were desired, the 
males were vasectomized. Examinations were made each 
morning for vaginal plugs which indicate a successful mating. 
If a plug was present, the mouse was numbered by ear-notches 
and segregated. 

Vaginal smears were made with a wire loop and were 
diagnosed at  once. To produce mitotic stasis in dividing cello 
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injections of colchicine were made 6 hours previous to sacri- 
fice (0.025 mg. per 20 gm. of body-weight). The possibility 
that colchicine may have a slight mitogenic effect is admitted 
(Worthington and Allen, '39) but if this factor is kept constant 
comparative data are still valid. 

Animals were killed by disarticulating two cervical verte- 
brae or by lethal doses of anaesthetics (chloroform or  ether). 
The exposed reproductive organs were first freed of excess 
fat and mesenteries, then ovaries, oviducts, uteri, and vagina 
were removed intact by cutting the vagina a t  its junction with 
the hair line (Snell, fig. 75, p. 147). The upper limit of the 
vagina is less well defined, so a recognizable constriction just 
above the cervix was chosen for convenience and consistency 
in dissection. After removing the bladder by cutting the 
urethra a t  its base, the vagina was placed in a small glass vial 
which was then stoppered and weighed. Dry weights were 
taken after desiccation (temperature 1O5"-11O0C.) until no 
further water-loss was detectable. Freshly excised Saginas 
were fixed immediately after weighing in Bouin's fluid. Em- 
bedding was in paraffin. Sections were cut from the center of 
the vagina at  10 micra. Mallory's triple stain was used to- 
gether with hematoxylin for histological differentiation as 
well as nuclear detail. Other sections were stained with 
Harris hematoxylin and eosin or with Verhoff's elastic tissue 
stain. 

Measurements of vaginal circumference were made on pro- 
jected images, magnified 160 X. A map-measurer was run 
around the external margin fo r  the perimeter, and around the 
basal layer of epithelial cells for a mucosal circumference. 
The circumference-value for any individual is the mean of at 
least three readings. Group-values represent averages of these 
mean readings. 

Mitotic counts were based on the number of metaphase fig- 
ures as compared to the number of interphasic nuclei in any 
one tissue-layer of a field chosen at  random. These were 
calculated as percentage of mitoses per tissue-layer per field, 
and the mean of at  least three fields f o r  each section was 
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determined. The percentage of mitotic figures for each vagina 
was then calculated by averaging the mean percentages of each 
section counted. To eliminate a possible diurnal variable in 
mitotic frequency, mice were sacrificed at approxiniately the 
same time of day (mid-afternoon). Nuclear measurements 
were made by means of a filar ocular micrometer. Only the 
contrasting groups of diestrus and late pregnancy were com- 
pared. Four of the largest recognizable nuclei of each vaginal 
tissue-layer were measured for six animals in each group as 
a preliminarj- study. Further analysis did not seem to be 
essential. 

GRAPH 1 
MOUSE VAGINA -NONPREGNANT 

FRESH WEIGHT 

' * O [  
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RESULTS 

Estrous chau2,ges in the  vagina 

Periodic growth in the vagina is associated with phases of 
the estrous cycle. There is an  increase in weight during pro- 
estrus reaching a maximum of 95% at estrus, a decline cor- 
responding to the metestrous sloughing of the superficial 
layers, and a diestrous minimum. Thus the mean-weight curve 
for  such a series of vaginas correlates with the vaginal smear 
history (graph I). Since proestrus and metestrus are  transi- 
tional stages in epithelial growth and degeneration little 
significance can be attached to the values for these stages 
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except that  they a re  intermediate between the estrous and 
diestrous extremes. 

The corresponding circumferential measurements indicate 
that epithelial proliferation and cornification are  also reflected 
in these values (graph 11). Circumference and weight- 
measurements a re  not always in proportion, as is shown by the 
three proestrous mucosal circumferences which were rela- 
tively higher than corresponding means of estrus, while the 
weights of tlie same vaginas were lower in proestrus than in 

C/RCUMf€RENC€ x /6 
oursroE .--- MUWSA x- 

- 

- 

3 
PROESTRUS ESTRUS METESTRm DtESTRUS 

estrus. Considering the estrous and diestrous means as more 
valid then, the increase in mucosal circumference is 46% and 
in perimeter 42% (graph VIII). 

The epithelium of late or prolonged diestrus and of pro- 
estrus undergoes a structural change which characterizes it 
as a true mucosa. The superficial mucification of prolonged 
diestrus (fig. 8) resembles more closely the development seen 
in pseudopregnancy and may be considered to result from 
tlie same cause : viz. progestin produced by functional corpora 
lutea. Korenchevsky and Hall (’37) found it “more especially 
during winter months” in rats, and regarded it as a “proges- 
tation-like feature. ” Proestrous mucification, however, cannot 
be so designated. The cells resemble mucous cells, but a re  
usually smaller, less hyaline and are accompanied by an under- 
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lying cornified layer. In  the rat, Korenchevsky and Hall (op. 
cit.) failed to secure a typical mucous reaction for the pro- 
estrous metaplasia, using Mayer ’s mucicarmine stain and, 
therefore, refer to it as “pseudomucous.” Otherwise, these 
types of secretory development have not been distinguished in 
the literature. 

Dividing cells are rarely found, even following colchicine 
treatment, in any layers of the non-pregnant vagina except 
those of the epithelium. Cells of the basal layers of the epi- 
thelium occasionally show mitotic figures, which are most 
abundant in proestrus sections and continue to be numerous 
until late estrus (fig. 7) when there is a wane in their fre- 
quency. The fact that mitotic figures are found underneath 
the firm stratum corneum of estrus is significant in explaining 
the estrous increment in vaginal circumferences. 

The nuclei of the active, growing cells of the epithelial layers 
are larger and more granular than those of the muscular and 
connective tissue layers (figs. 7 ,  10). Occasional large, gran- 
ular fibroblast nuclei are to be seen both in the lamina propria 
and in the adventitia. Leucocytes and phagocytes are 
numerous, especially just before and during diestrus, when 
they invade the epithelium in large numbers. 

Chamges of pseudopregnamcy m d  early pregnamcy 

Copulation occurs at estrus. It is followed by an interrup- 
tion of cyclic growth in the vaginal epithelium regardless of 
whether the male involved is sterile or fertile. Vaginal weight 
and circumference fall to a minimum 2 or 3 days after copula- 
tion, accompanying desquamation, then rise slowly with 
epithelial proliferation and the characteristic mucification. 
Vaginas taken from mice after a sterile copulation seem to 
have heavier mean weights than those of early pregnancy, but 
these pseudopregnancy-means approach early pregnancy- 
means in those groups for which larger numbers of animals 
were weighed (graphs I11 and V). The circumferential means 
for both groups are essentially the same (graphs IV and VI). 
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Changes in weight and circumference during these periods 
represent an increment of less than 30%, spread over 8-11 
days as a gradual rise, subject to considerable individual 
variation. 

The mucification of pseudopregnancy and early pregnancy, 
as already mentioned, resembles that of prolonged diestrus. 
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At the end of pseudopregnancy these epithelial layers disin- 
tegrate because of proliferation and cornification below. In 
true pregnancy the process of mucification continues, in the 
absence of cornification, as the circumference increases and 
the epithelium becomes more deeply folded. 

The incidence of mitotic figures is not significantly changed 
by copulation (graph IX). Since percentage counts remain 
relatively constant it is evident that the rate of cellular division 
keeps abreast of any increase in the number of cells. Only 
toward the end of pseudopregnancy o r  mid-pregnancy is an 
increased mitotic rate noticeable, and this occurs in all layers 
of the vagina (figs. 10, 11). 

Chaszges of late  pregnancy 

The first changes in the vagina which are the direct result 
of gestation appear 10-12 days after copulation. There is at  
this time a marked gain in weight and circumference which 
continues until parturition. Since parturition may occur a t  
any time between the eighteenth and twentieth days of gesta- 
tion, vaginas taken at  delivery and within a few hours of 
delivery were averaged together fo r  a parturition-mean. The 
values f o r  this stage are plotted on an arbitrary ordinate 
labeled “HRS” on the graphs. Other data from vaginas exam- 
ined on the first and fourth days following delivery were 
plotted and labeled accordingly. The increase in weight is 
apparently more constant than that in the mucosal circun- 
ference, reaching its peak at, or within a few hours of, delivery 
(graphs V, VI, VIII). The vaginal perimeter is also increased 
until delivery, but the mean mucosal circumference is lower 
at  delivery than before. This fact depreciates the possible 
effect of stretching on vaginal circumference and suggests the 
importance of tonus changes in the vaginal wall. 

Vaginas from another series of pregnant mice were desic- 
cated, to determine whether the increase in weight represented 
an increase in tissue-fluids, as Ruiige (’24) found to be true 
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in the human vagina. The mean curve for these data (graph 
VII) indicates a water content fluctuating near 7570 until 
mid-pregnancy. The small change in percentage of water is 
emphasized by graph VIII. Late pregnancy appears to bring 
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about a rather constant rise in tissue fluid. An 80% maximuiii 
occurs coincident with, or soon after, delivery. Of three ani- 
mals sacrificed in the act of parturition (tissue v-ater mean =-- 

81.8%), one had a vaginal water content equivalent to  early 
pregnancy while the other two had much higher values. All 
of these animals had very soft cervical canals in contrast with 
animals sacrificed much before or after delivery. Tissue water 
is lost rapidly after parturition, a fact which has been associ- 
ated in the uterus with the removal of placental tissue 
(Newton, '35; Brooksby and Newton, '38). 

I n  the present study no quantitative relationship could be 
established between numbers of embryos (placentas) and per- 
centage of water in vaginal tissue. Of the three mice sacrificed 
during parturition, the one having the lowest percentage of 
tissue water had eleven embryos, while the other two, with 
more tissue water, had six and eight embryos respectively. 

The absolute dry weights of vaginas (graph VII,  VII I )  also 
indicate that the weight gained by the vagina during preg- 
nancy is indeed largely due to  the addition of new protoplasm, 
and that the change in tissue water is only a secondary factor. 
Histological studies of the prepared sections indicate a looscii- 
ing of the extra-epithelial tissues to accommodate excess tissue 
water (figs. 11, 12) .  There is also evidence of increased 
vascularization of the vagina. But histological studies give 
even greater credence to the contention that increased vaginal 
weight is predominantly due to hypertrophy and hyperplasia. 

An increased rate of cellular growth and multiplication is 
indicated by a slightly greater number of mitotic figures 
occurring simultaneously in all layers of the vagina during 
late pregnancy. This increase is exaggerated if one merely 
counts simultaneous mitotic figures around the vaginal sec- 
tion, not taking into account the increased number of cells 
actually present. That there is an actual increase is indicated 
by comparison of the percentage of cells in mitosis and those 
in interphase (graph IX-standard errors are shown as  
vertical lines through the means). 
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Stieve ('25) presented evidence that cells of all vaginal 
tissue layers in women undergo hypertrophy during pregnancy 
as indicated by an increment in nuclear dimensions. Studies 
of vaginal sections from contrasting groups of mice agree with 
his findings to this extent, that although the largest nuclei of 
late pregnancy are no larger than the largest ones of a virgin 
animal, there are certainly a greater number of large nuclei 
present in all tissues of the pregnant animal's vagina. This 
enlargement is particularly noticeable in fibroblast nuclei, 
which are much less compact and more granular in late preg- 
nancy than earlier. 

- GRAPH / X  

An increase in total body.weight during pregnancy is to be 
expected because of the increase in the size of the reproductive 
organs to accommodate the growing embryos as well as the 
weight of the embryos themselves. It seemed of interest to 
determine whether there is also an increment in somatic body- 
weight with embryos and reproductive organs removed. Such 
a gain might even be greater in primiparous animals. Under 
these circumstances changes in body weight during pregnancy 
are not very striking (graph X). There is an apparent initial 
tendency to rise with a fluctuation above and below 28-29 gm. 
for the duration of gestation. The greatest increase in weight 
indicated by any group is 29% on the twelfth day of pregnancy. 
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DISCUSSION 

Jlrchanical fac t  ors a f e c t i n g  estrous caginal  chaiages 
Estrous changes in vaginal weight and circumference can be 

explained on the basis of cyclic variations in the superficial 
epithelium. The increase in weight is due primarily to the 
proliferation and sloughing of many layers of cornified epi- 
tliclium supplemented by an  increase in tissue fluid due to 
congestion. Hyperemia of the genitals has long been recog- 
nized as a n  indication of heat in inaminals, although it is not 
particularly marlied in mice. Growth and stretching incidental 
to these factors are  sufficient to explain estrous changes in 
1-aginal circumference. 

Soiiie folding of tlie epithelium occurs as proliferation and 
keratinization progress. Toward the peak of cornification, 
wlieii the horny layer is several cells thick, lateral pressure is 
not relieved so readily by folding and the whole section retains 
its natural symmetry (cf. figs. 1, 2). Continued proliferation 
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from below, together with hyperemia, would result in a ten- 
dency to stretch the muscular and connective tissue layers. 
Mitosis is common beneath the heavily cornified epithelium of 
estrus - see figure 7 (also Allen, '22; Clauberg, '31; Snell, 
'41). The circular muscular layer responds to the increased 
tension by contraction, increasing tonus and somewhat reduc- 
ing the vaginal perimeter. In  opposition, proliferation tends 
to increase the vaginal perimeter. Tension is released by 
desquamation reducing both tonus and circumference, and 
resulting in the limp, flaccid organ of late diestrus and early 
proestrus (fig. 2). Except when accompanied o r  followed by 
an underlying cornified layer, as during late proestrus, muci- 
fication of the superficial epithelial layers allows free folding 
in response to growth pressure even though many of the 
superficial cells are turgid with secretion. The vaginal wall 
remains soft and flexible in pseudopregnancy and early preg- 
nancy, but there is little folding or change in mucosal circum- 
ference because proliferation is predominantly epithelial, and 
vertical or radial in direction (cf. fig. 3 and 4 with fig. 5). 

Division of pregmavzcy ivzto two natural stages 
Pregnancy changes in the vagina of the mouse may be con- 

veniently divided into two stages of approximately equal 
duration, early and late. Early gestational changes include 
those transformations in the tissues which occur before mi&- 
pregnancy, chiefly proliferation and mucification of the epi- 
thelium (figs. 9, 10). These involve little change in weight or  
circumference of the vagina (graphs V, VI), and are not 
really gestational at  all. They occur as a result of copulation 
and nervous stiniulation of the anterior pituitary gland, which 
then stimulates the formation of more active corpora lutea 
(Allen et al., '39). The interaction of progestin and estrogen 
maintains mucification and stimulates radial proliferation. 

Beyond mid-pregnancy, changes are more rapid, more pro- 
nounced. There is a definite gain in weight and circumference 
until parturition terminates gestation, then both drop off 
rapidly within 24 hours as the elaborate mucosa degenerates 
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and the blood vessels contract. These changes, occurring be- 
tween mid-pregnancy and parturition, may be referred to as 
late gestational changes. Continued mucification and prolif- 
eration of the vaginal epithelium is a conspicuous character- 
istic. The marked increase in mucosal circumference indicates 
a 90" change in the direction of predominant mitosis (to 
lateral o r  tangential). This interpretation is supported by a 
continued high rate of mitosis without any increase in the 
thickness of the epithelium. An increased folding of the 
mucosa results (figs. 5, 6). 

I n  late pregnancy there is also an increased rate of cellular 
division in the connective tissue and muscular layers of the 
vagina. Vascular elements and tissue spaces are more in evi- 
dence (figs. 11, 12) as in the human vagina (Stieve, '25), 
giving a loose, relaxed appearance to the vaginal wall. These 
changes in the outer layers contribute to an increased peri- 
meter, but the tissues themselves are still under enough tonus 
to encourage epithelial folding rather than a stretching of the 
extra-epithelial layers (fig. 5). 

Changes of late pregnancy are distinctly gestational 
changes, but still depend on the maintenance of functional 
corpora lutea (or the injection of a progestin-like substitute). 
Although some mammals can successfuly conclude pregnancy 
without ovarian progestin (primates, mares, guinea-pigs : cf. 
Allen et al., '39) apparently because of large amounts of 
placental hormone, mice cannot (Harris, '27 ; Parkes, '28). 
Further, the relative unimportance of the pituitary is empha- 
sized by the observation of Newton and Beck ('39), that in 
mice the ovaries are more essential to pregnancy than the 
pituitary, once placentas are established. 

Factors iuzflzcencivzg cagivzal growth indirectly 
Among the factors which might influence general body 

weight and, therefore, vaginal weight indirectly are (1) 
natural growth, and (2) growth concomitant with pregnancy, 
under the stimulation of reproductive or specific growth 
hormones. 
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Correlation between body weight and vaginal weight is higli 
in the non-pregnant mouse, as might be expected. Heavy ani- 
mals tend to have heavier vaginas, although individual varia- 
tion is considerable. After reaching puberty at 7-10 weeks, 
gains in body weight in mice are  relatively slow. A mouse 
of 16-20 weeks gains only a fraction of a gram in 2 weeks 
(Robertson, ’16). It has also been observed by careful meta- 
bolic determinations that mice may undergo as much as 6-12% 
rise in weight purely as a result of feeding (Brooksby and 
Newton, ’38). Individual differences in absolute body-weight 
gain plus individual differences in feeding and eliniination 
contribute a considerable discrepancy in body-weight deter- 
minations of mice, even though iveighings are  done consistently 
and systematically. 

Tlie significance of vaginal growth is emphasized above by 
the demonstration that it is not merely a reflection of increased 
body weight during pregnancy. The increase in general body 
weight at this time was not found to be as  striking as one 
might be led to believe from some reports. Cole and Hart 
( ’38) state that  pregnancy causes a general growth of tissue 
in the rat, accompanied by, and presumably dependent on, 
an increased consumption of food from the second day of con- 
ception. Later, Hart and Cole ( ’39) announced similar gains 
in response to pseudopregnancy, ‘‘less pronounced, however, 
on account of the absence of embryos.” Brooksby and Newton 
(’38) found no difference in metabolic rate per gram of body 
weight in mice during pregnancy, but noted a gain in weight 
which could not be accounted for by the weight of the uterine 
contents. They concluded the extra weight was due to an 
excess of water since it was lost at delivery. 

Finally, there is some evidence that ovarian hormones 
affect general body growth, and thus might affect vaginal 
growth indirectly as well as directly. Freudenberger and 
Clausen (’37) found that the continued injection of theelin 
(200 I.U./2 days) suppressed general body growth of 3-week- 
old rats in 9 weeks. Ovaries and uteri were considerably 
larger. The effect on other organs was variable. Billeter ( ’37) ,  
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using tlieelin in sesame oil at  varying dosages and intervals, 
noted an increased body weight in rats, chiefly due to fat. 

It seems unlikely, from the evidence examined, that general 
body growth in the mouse during pregnancy affects vaginal 
growth to a very appreciable extent. Further, the selection of 
age-weight groups of mice on the basis of a differelice in age 
of not over 4-5 weeks and a difference in  weight of 2-3 gni. is 
probably accurate enough to give fairly comparable results in  
this study. 

Factors  in$ueirci*zg vaginal growth di rect ly  

Factors which might influence vaginal weight directly may 
be summarized under two general headings, (1) factors lead- 
ing to an increase in dry weight, and (2) factors leading to  a 
disproportionate increase in water. 

Increased dry weight involves an increase in protoplasm, 
either through an enlargement or an increase in the number 
of cells. Stieve ('2s) presents data indicating larger nuclei 
in cells of all layers of the human vagina during pregnancy. 
He also measured epithelial cells directly and found them to 
be larger in pregnancy. Cellular hypertrophy is admittedly 
less well demonstrated in the present study than are other 
features. The fact that selected, large nuclei of late preg- 
nancy were no larger than the largest nuclei of any tissue 
layer of the non-pregnant (diestrous) vagina would indicate 
that hypertrophy does not occur beyond certain limits in any 
case (figs. 8, 12). It seemed undesirable to spend the requisite 
time in measuring all nuclei of each layer f o r  a more exact 
mean when it was so obvious that relative numbers of en- 
larged nuclei in vaginal sections increased in late pregnancy. 
Also, inasmuch as many nuclei would not be cut in their 
largest diameters, the ranges and deviations of a more coin- 
plete determination would be highly unreliable, as Stieve must 
have realized. 

An increase in the number of cells does not necessarily imply 
an increased rate of division. Numbers of cells would he in- 
creased if  the mortality rate were decreased, or an increased 
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cellular life-span might also result in more offspring by an 
extended reproductive period without ally change in the rate 
of division. A change in the direction of proliferation from 
radial to tangential could increase cellular number effectively 
without pushing overlying layers away from their metabolic 
resources. 

Since methods of judging mitotic rate by counting mitotic 
figures in fixed tissue is subject to considerable error, it was 
decided that calculations on a percentage basis would be a 
better index to a change in rate of mitosis in vaginal tissues. 
I n  counting interphasic nuclei, all recognizable nuclei of a 
particular tissue were considered, regardless of size. I n  the 
epithelium this would still lead to some error because only 
the lower Tayers (S. germinativum) divide (figs. 7, 10, 11). 
Varying pressures of overlying layers might also influence the 
direction of division. These factors would tend to lower the 
actual mitotic rate, even though there were a very real increase 
as cells accumulate in both directions. Although little increase 
in the rate of mitosis was determined in the epithelium during 
pregnancy by this method, actually there is probably more of 
an increase. Mitotic figures are  numerous in the basal layers 
(figs. 10, 11, 12) .  Percentage-counts for the lamina propria 
and muscularis, although the figures are  more difficult to recog- 
nize, show a certain increase in division-rate and smaller 
deviations (graph IX). 

There a re  several observations sufficient to accommodate 
a 5-10% increase in tissue fluid in the vagina of the mouse 
during late gestation. First, the engorged mucosal cells are  
evidence of an  increase and storage of fluid. There is a dis- 
tinct and decided loosening of the tissue of the lamina propria, 
with clear interstices (fig. 12). This loosening also extends 
through the muscular layer, occasionally emphasizing the in- 
dividual fibers of the M. longitudinalis. An increased number 
of blood vessels is apparent, although one could not be certain 
whether this mas due to a n  enlargement of vessels already 
in  the tissues or to new vascularization. These subjective ob- 
servations are  difficult to qualify at first, but can be recognized 
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more certainly with repeated comparisons. The continued rise 
in fresh vaginal weight a few hours after parturition, followed 
by a very rapid loss of weight, is evidence in favor of a change 
in water-content during pregnaiicy and at its conclusion. This 
evidence is supported by graphic data (graphs VIII, IX).  

Runge’s observations on human vagiiial tissue ( ’24, ’25) and 
those of Newton ( ’ 3 5 ) ,  Brooksby and Newton (’38) on the 
“water of uterine contents” in the mouse, significantly favor 
osmotic changes and increased tissue water in late pregnancy. 
The supplementary observations of Bstwood ( ’38) coiicerning 
increased percentage of water in the immature rat’s uterus in 
response to estrogens, support the less well controlled obser- 
vations of Khayyal and Scott (’34) on the mouse’s uterus 
during estrus - David ( ’31) and Frank ( ’29) to the contrary. 
Since atropine inhibits the cornifying effect of estrogens on 
the vagina, and since yohimbine simulates these effects 
(Hechter, Lev, and Soskin, ’40) then the estrogenic effect may 
be due to hyperemia, and tissue water may be controlled by 
estrogens indirectly in the same way. 

The same factors which influence vaginal weight directly 
would also influence the perimeter and mucosal circumference. 
Growth, either through an  enlargement of, or an increase in 
the number of, cells is reflected by the circumference, as is a 
swelling o r  shrinkage of the cells or  tissues. Changes in 
turgidity or  tonus involving a majority of the cells would be 
indicated in adjustments of circumference, at least tempo- 
rarily. 

Finally, it is to be emphasized that although the chaiiges in 
ths  vaginal epithelium are  the more spectacular and have been 
more extensively studied, the changes in the underlying layers 
a re  equally important. No matter how elaborate and well 
lubricated the epithelium, if the muscular and connective tissue 
layers a re  not sufficiently stimulated and prepared for delivery 
the vaginal lunien is still small even though somewhat elastic. 
In  such a case an elaborate epithelium would be an impedi- 
ment to parturition. Stimulated proliferation of the muscular 
and connective tissue offers decided@- more facilitation in the 
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absence of epithelial proliferation than would be offered by a 
stimulated epithelium in the reversed instance. Even though 
relatively less elaborate, changes in the outer layers of the 
vagina are of great significance in its function as a birth-caiial. 

SUMMARY 

1. Clianges in the pregnant vagina of the white niouse may 
be conveniently divided into (1) early gestational changes and 
(2)  late gestational changes. These stages are of approxi- 
mately equal duration. 

2. Early gestational changes are provoked by copulation, 
whether fertile or sterile. They occur in pseudopregnancy and 
true pregmancy alike. 

3. Early gestational changes in vaginal histology involve 
(a )  proliferation of epithelial cells, predominantly in a vertical 
(radial) plane, and (b) mucification of the epithelium. 

4. Late pregnancy changes iii the whole vagina include (a)  a 
238% increase in fresh weight, (b) a 158% increase in dry 
weight, (c)  a 5 1 0 %  increase in water, (d)  a 172% increase 
in mucosal circumference, and (e )  a30% increase in perimeter. 

5. There is a n  average gain of only 17.4% in general body- 
weight of the mouse during pregnancy, when the weights of 
the reproductive organs and embryos are  not included. 

6. Late pregnancy changes in vaginal histology involve 
(a )  maintenance of mucification, (b)  increased proliferation of 
epithelial cells, predominantly in a horizontal (tangential) 
plane, (c) an increased rate of division in connective tissue 
(lainina propria) and smooth muscle cells, (d)  an increase in 
inter-cellular spaces providing a loosened appearance in coii- 
nective tissue and muscular layers, and (e)  an increased 
vascularization of the vaginal wall. 

7. Late pregnancy changes in the vagina as a whole can 
be satisfactorily explained oii the basis of concomitant histo- 
logical changes. 
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PLATE 1 

EXPLANATION O F  FIGURES 

Photomicrographs of cross sections of vaginas taken from mice which were 
All are mag- s:icrificed during the respective stages of the reproductive cpcle. 

nified 20 X. 

1 Estrus. Note how thick, coriiified epithelium arches margin and widens 
lnuien. This firm mall presents effective resistance t o  inward (radial) prolifera- 
tion. Mouse no. 269. 

9 Diestrus. LGmen contains cliaracteristic secretion and leucoeytes ; wall lacks 
snpport and syinmetry; is soft and flabby. Mousr no. 336. 

3 Eiglit days pregnaut. Section somewliat larger than average for this stage. 
Kate absence of secondary folds in epithelium (compare with fig. 5 ) .  Mouse 
no. 24. 
4 Twelve days pregnant. Similar to %day stage. Both a r e  typical of pseudo- 

preguancy and early pregnancy in absence of secondary epithelial folds. Mouse 
no. 64. 

3 Eighteen days pregnnnt. Somewhat sm:iller thau average. Xote marked, 
secondary folds in epithelium. Extra-epithelial wall is adapted to folded murosa 
wit11 little change in perimeter, suggesting tonus. Mouse no. 36 .  

Post partuni. Delivered seven emhryos 20 days after ohserved copulation. 
Sacrificed a t  o n w  thereafter. Ver. flabby; secondary folds relaxed ; absence of 
tonus marked (compare with fig. 5).  Kote vascularity and tissue spaces even a t  
low magnification. Mouse no. 396. 

6 
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PLATE 2 

EXPLAKATION OF FIGURES 

Photomicrographs of section detail of vaginas taken from mice which were 
sacrificed during respective stages of the reproductive cycle. 811 magnified 200 X .  

7 Estrus. Mitotic activity beneath a heavily cornified stratum corneum is 
common a t  this stage. Mitosis is rare in  compact, extra-epithelial tissue. Mouse 
no. 74. 

8 Diestrus. Secretory metaplasia is well deinoiistrated in the marginal epi- 
thelial cells. Compare mucification here with that in figure 10. Extra-epithelial 
tissues also compact here. Mouse no. 336. 

Four days pregnant. Secretory metaplasia as seen in pseudopregnancy or 
early pregnancy. Mitotic figures not abundant even in epithelium. Mouse no. 375. 

Eight days pregnant. Mucification is well advanced here. Mitotic figures are 
frequent although not as numerous as later. Lamina propria and muscularis (oh- 
scure) apparently somewhat. loosened. Mouse no. 24. 

11 Twelve days pregnant. Epithelium no thicker than earlier. Extra-epithelial 
layers somewhat more loosened. Mouse no. 64. 

12 Eighteen days pregnant. Epithelium still no thicker than earlier due to  
lateral proliferation (note mitotic figures). Lamina propria and muscularis ob- 
viously loosened ; adventitia compact. Mouse no. 36. 

9 

10 
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