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INTRODUCTICH

In 1917, Stockard and Papanicolaou (28) described a perdodic comi-
fication of the vagina in the gulnea pig and found that this eylic
varlation conld easily be recognized and followed by mieroscopic exam.
ination. This report was followed by a peper by Long and Evans ( 20)
which desceribed a2 similar vaginal cycle in the rat. These observations
provided the foundations for the vaginal smear technique which has become
the routine tool for following sexual cycles in most laboratory rodents.

In 1923, Allen snd Doisey (1 ) obtained a hormone from the folli.
cular fluid of sow's ovaries which induced cornification of the vaginal
epithelium in the mouse. This discovery, combined with the isolation of
pure crystalline estrone in 1929, provided the foundation for mich sub-
sequent research into the aections and interactions of various hormones
in the fesnle genital tract.

In the earlier days of hormone research, it was considered by some
that the cyelic rhythmicity of the vagina was regsulated solely by the
ovary {4 ). However, Del Castillo and Celatroni (7 ) demonstrated that
in ovariectomized female rats cycling of the wagina could be re-induced
with dally injections of estrogens. The cyeling consisted of an estrus
period separated by o diestrus period of several days length, and in
general, the length of the diestrus period was determined by the dose
of estrogen employed. The conclusion dravm from this work was that some
extra-ovarlsn factor was regulating the periodicity of vaginal estrus
by decreasing the vaginal sensitivity to estrogen stimulation during
the refractory periods. Zuckerman (37 ), repeated the above work with
rate and agreed with their conclugion, as did Bmen (1) with mice.

Observations of changes in water metabolism resulting from estrogenic
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stimlation led Zuckerman (38) to suggest that the adrenal gland may
be the extrawovarian factor which cyclically alters the estrogen threa
shold of the female reproductive organs in the rat, This hypothesis
was investigated further hy Zuckerman (39 ), and it was demomstrated that
ovardiectorized fenale rats who were cyeling normally with the sid of
expgenciis egtrogens exhibited abmormal waginal cycles when bilaterally
adrenalectomized. The conclusion was drawn that if an endocrine moche
anisn was involved in the cyclical changes of sensitivity of the rat
vaging to estrogenic stimmlation, that the adrenal cortex would be the
gland most likely to be involved. The reports of Del Castillo and Di
Paola (8} bpmviﬁgc:% further support for Zuckermen®s conclusion, These
investigators dbserved that overiectomized female rats, maintained on
a level of exogenous estrogen which was just below that required to pro=
duce vaginal estms (0.5 International Benzoic unit), went inte =
typical estrus perdod following bilateral adrenalectomy. After the
above experiment, these investigators increased the dose of estrogen

to one intermational benzoic unit. Prior to adrenslectomy, the animals
treated in this fashion had two periods of vaginal estmus separated by
o single diestrus period, but after adrenalectomy 21l of the animals
went into a prolonged eshrus peﬁaﬁ, demonstrating the absence of a
eyelic rednction in vaginael sensitivity to sstrogen.

The pituitary was also studied to find what role, if any, it
played in the maintoinence of the cyclical changes in the vagina epie
thelium of the rab. Zuckerman (39), investisating this facet of the
problen in hypephvsectomized, ovartectamized vats, ceronstrated that
the cyelic response continue’ despite the absence of the hypophysis.

Zuckerman concluded that the pituitary was not necessary for the naine
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talnence of the ecyelic alterstions of the vaginal epithelinm, This
work was confirmed by Del Castillo and D Paola { 8), and Courrier ( 5).

Shortly after the suggestion by Zuckerman that the adremal gland
was involved in maintaining the periodic variations in voginal sensi-
tivity to estrogens in the rat, investigators began to test the effects
of desoxycorticosterone acetate on the stimulatory action of estrogen in
the vaegina, Robson (24) reported that daily doses of 0.1 or 0.2 mg.
of desoxycorticosterone inhibited estmus in the nommal mouse. Del
Castillo and DA Paolo ( 8) confirmed this work nsing rats. In addition,
these investigators demonstrated that by varying the dosage of this
adrenal cortical stereid, they could alter the waginel evele at will,
from complete blockage of estrogen stimulstion to & partisl sntagonism
of the estrogen effsct. This work suggested that a relation exists be.
tuween the dosage of adrenal steroid empleyed and the degree of estrogen
antagoniem obtained. However, during this same period Salmon ( 2§ re.
ported that 5 to 10 mg. of dewyeorticosterone given three times in one
week to ten post-menstrual women whose veginoe exhibited typical estrogen
deficlency smears, induced full cornification in 2ll the wemen st the
end of 6 days.

The above seemingly discrepant results were reconciled by Courrier
(5)s vho cencluded from investigations conducted with rats that corni-
fication of the vagina caused by desoxycorticosterone is an early tren-
sitory effect which is followed by mmeification. In ovariectomized
rats, 3 mg. of desoxyoorticosterone acetabe coused vaginel cornification
on the third day, btut with contimuation of the treatment leucocytes
appeared in the mmears and mucification become established., Corni-

fication failed to appesr when the snimals were given 2.5 gama estrogen
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daily as long as the desoxycorticosterone wos contimied, With cessation
of the administration of the adrenal steriod, cornificotion imediately
appeared in response to the estrogen.

Although many suthors are convinced that adrenal glucowcorbicolds
also sntagonime the stimilatory effects of estrogen on the wvagina, the
results published in receni years heve not always supported this concept,
Koller (19) using nommal femole rats demonsirated that 5 mg. of ACTH
administered at 20.day intervale would produce suppression of the estms
cyele, indieating 2 decrsssed estrogen affect. Alloitean and Courveisier
(2 ) reported that constant estrus induced by hypothalsmic lesions was
suppressed by cortisone. Then Courrier ( 6} demongbrated that estrogens
induced veginal changes in monkeys were antagonized by desoxycortie-
costerone ccetate but not by cortisone, while on the other hand, Takewzkli
(32) employing spayed rats, noted that both DUA and cortisone antag.
onlzed estrone-induced vagingl estrus. BEdgren ( 9}, however, hag re-
ported that CA; in doses ranging fyom 100 gamma to 1000 garma, and
cortisone scetote in slnmdlar dose levels had no marked effect as anta.
gonists of vaginal chenges produced by 5 gamma of estrone, Pliske (23)
reported similar results from eperinents using cortisone locally applied
to the rat vegins. Also Martin snd Claringbold { 22 have observed that
cortiscl, in doses ronging from 5 gama X 10 " to 500 game X 10 _z;,#
fadled to anbegonize the estrogen induced inerease in mitotic activity
of the spayed mouse vagina.

As can be seen from the sbove review, very litile conclusive work
has been done concerming the intersctlon of adrenal gluco-corticolds
with estrogen in the vagina, The small amount of work whichlps been

deme, has emplusively delt with the morphologicel chenges occurring in
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the vaginal epithelium, This particular hormonal intersction, however,
has been extensively studied in the uterus using other parameters
(10,29,30,34,35,36 )» It is the purpose of this investigation to
exsmine the effects of hormonol interaction of some adrenal glucocorti-
coids and estrogens on rat vagina by grevimetric, biochemical, and
histologieal tm}mi.é;ues.
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METHODS AND MATERIALS

Degeribed in the following section are two sets of experiments.
The first, 2 pilot study, was performed to grossly eplore the effects
of the interaction of estrogen and adrenal glucocoriicoids en the genital
tract of intzet adult female rats., Recause the resulis of this experie
nent demongtrated that adrensl slucocorticoids altersd the nomal vo
ginal estus eyele and since this indicated the possibility of 2 gluco-
corticolid.estrogen ontogonign, 2 more definitive secend shudy, as oute
lined below, was undertoken. In order to facilitate presentation of
these evperiments, the methods and meterizls employed in each will be
presented separataly.
A. Pilot Study.

1. /fAndmals

The animels used in thls study were intact adult female rats

of the Long-fyans shrain welghing between 150 to 220 gns. Vaglnal

amears wers Laken each day for 30 days to determine the repularity

of the estrus eycle, Thirty mimals exhibiting remular waginal

eyeles oceuring et predictable intervals, were selected Lo be used

in this experiment. All exdmals were maintained before and during

the experinental period on stendard leb chow and tap water.

2. Experimental Trestment

The animals were Jdivided into three grouvps consisbing of 10

andmals each; a control group snd 2 experimental groups. The con-

trol group received one siboubzneous injection of 0.2 md. 0.9%

sterile saline solntion in the flenk region sach day for 12 days,

(ne experimental group received 1 mg, and the other 5mp. of 2
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micro-crystalline suspension of hydrocortisone acetate in nommel
saline by subcutenecus injection in flank area. Vaginel smesrs
from these emimals wers obbained each doy follewing the infjection,
end the resulbt of the smear recorded. Also, o slide of eoch day's
amesr for a1l animals wes prepered =nd stained for a permenent
records
3. Preperation of Hydrocortisone Suspension
The hydrocortisone acetzstel employed in this experiment was
in a moro-crystalline form. The hormone was welghed on & Uhelstions
Beoker besnm balance ond a suspension prepared using 0.9% sterile
s2line 28 the vehicle and Tween 80 as the wetting agent to keep the
miero-crystals in suspension, Two concentrotions x:--ére prepayed:
one containing 1 mg. of hormone per 0.2 ml. of solubion and the
other 5 mg. of homone per 0.2 nl, of selution.
4, iutopsy Procelure
Tmmediately after taldng the final vaginal mmear, the animsls
were scorificed by an overdose of ether. The uteri were removed
through a ventral dncision and then welghed in toto on 2 torsion
palance. Both tlssues were preserved for future histologie examine
ation in Caynoy's fixative. (See Appendix.)
B, Adrenszl glucecorticold ~ Estrogen study

1. Animels

Immeture female rats of the Sﬁrague-aawley gtroin zeéigh‘mg bew
tween %0 ond 30 Gms. were used in this experiment znd were obbained
from 2 comercial mwliamz The decision to use mmtum animals

1. The NMutritionel Blochemdcal Supply Cos
2. Horthwest Rodent Cempony, FPullmen, Washington
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in this investigation was based vn the observation of Rubin et. al,
{25) who reported that the vegina of immature rats are more sen-
sitive to estrogen stimulation. In view of the high dosages of
adrenal glucocorticoids, reported by other investigstors, necessary
to alter the stimulatory effacts af sstrogens on the rat nterus (33),
4t seemed essential that in the following investigetion the amount
of estrogen employed should be kept as low as possible. It was
concluded, therefore, that the immature rat with its vaginal hyper
sengitivity to estrogen stimlation waw the obvious cholce as an
experimental animal,

In order to eliminate the production of natural steroids in
the test snim=l, the adrenals and ovaries were removed prior to
treatment with exogenous sterolds.

One to two days following the snimals arrival at this labor.
story a bilateral ovarlectomy and sdrenclectomy was parformed
employing intraperitoneal nembutal as the enesthesia (4 mg. per —
100 Oms. body weight). The adrenals and ovaries were removed
through & stab incision of the flonk muscles after these muscles
were exposed through o mid.line lumbar skin inelision. TFollowing
the conclusion of surgery, the skin wes closed using metal skin
clips. The animals were allowed 2 recovery period of seven days
before the experimental treatment started.

Prior to operation, the animals were maintained on standerd
1lsb chow and tap waber. Following the bilateral ovariectomy and
adrenalectony, the tap water was replaced with 0,99 saline solution,
2+ Experimental treztment

Seven days following thedr operation, the animels were injected
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subeutsaneously in oppesite flenks with: 1, 2 placebo, 2. an ese
trogen, or 3. astradiol 2nd one of the adrénal glicooorticeoids.
These injections were a%mm:l.s‘;t@rei ezch day for three days at
twentyfour hour intewélsg Seventy-twe hours following the
Indtial injection, the animals ware aubtopsied, The animel group
designations, the number of animals in each groap, snd the trest.
nent they recelved is compllel in the table below,

Number of 3 Subentaneons Injections in Each

Andmol Group  JAnimals Flank at 24 hour Interyals
A 19 0.2 nl. of physiclogle szaline in each flonk
B.05 1 0,05 gamma estradiol in saline
Bl 22 9.1 gomma éstmdiol in saline
B.2 7 0.2 gama egtradio}l in saline
Ba5 | 7 0.5 gorma estradiol in saline
B0.05 10 | 0405 gonma estradicl volerate in odl
BO.1 19 0.1 gma estradiol valerate in oil
80,2 i 0.2 gormz estradiol valerzts in oil
D0.5 6 0.5 gamma estradiol valerste in oil
C 14 10 mgrme l:ardmeortisem and 0.1 gamc estradiol
D 9 10 mgm ct;z“ﬁime and 0.1 gamme estracﬁ,ai
E 22 10 mgn preduisclone and 0.1 garmsa éstmdﬁ,ol

3« Preparction of stereid suspension and solutions

& commarelsl micro-orystelline suspension of l7-beta~estradiol
and 2 commercisl sesams oll solution of estradicl valerate were
dInted with 0,97 sterile saline solution and peamit cil respect.
ively to zﬁhtain. suspensions sndfor solutions conteining 0.05 gorma,

0«1l ganmsa, C.2 goaoma, and 0.5 gamo estrogen per 0.2 ml. of



Ty

volume. 1

Cortisone, hydrocortisone, ond prednisolone were the adrvencl
corticoids employed in this ama:dzuent.z Cortisone was adminls-
tered by subeutanscus injection in a 10 rxg. dose from zn wndiluted
commercial suspension, which contained 25 mg. of hormone per ml.
The hydrocortisone ond prednisoleone were obtained in dry micro-
crystalline form and the injection material was prepared with 0.99
sterile saline solubien, so that 0.2 ml, contalned 10 mg. of
steroid. Subcuteonecus 10 mg, dosages of the adrenal glucocorti-
coids were employed beceanse it has been reported elsevhere {16
that this smount of stereid and site of injection insured maximal
effect 28 measured by body weight loss and provided a residual
depot of the stercid st the site of injection. Such a depol was
dearied necegsary to insure meintenmmce of 2 high blood level over
the entire experimental period. The imporiance of thls aspect
of experimental trectment will be noted in the results of the
hydrocortisone trested animals, presented later, this sterold being
uged in & form that was rapldly abscrbe& and produced no residnel
dapot.

k. Autopsy Method

Seventy-two hours following the inltizl injection the ani.
mals were sacrificed by decapitotion. The vaginas were them re-
moved through a midline ventral inecision, cleansd of extreneous

cormective tissue and welghed on a torsion balance. The organs

1.

2

The estradiol valerate was obtained from E. R. Squibb and Sons, and
the 17-beta-estradiol was obtained from Schering Corp.

The water soluble hydrocortisone was obbained from the Upjohn Co.,
and the prednisolone and cortisone was obtained frem Schering Corp.
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were then split longitudinally, the lumens mopped dry by filter
poper and welghed agoein, Finally, a smoll portion of the waginc
was émxo?aﬂ for histological study, the remcinder of the vagine
again weighed, ond immediately frozen for later bets-glucorenicase
determinations.

. 5. Beta-Glucoronidese Determination,

§
i
{

Tithin twenty-four h&um‘ pf antopsy, the beta-glucuronidase
activity levels of the frogen vagina's was determined in the
following manner. The waginal tissue wos ploced in an ice-chilled

! glnss homogenizer and 5 ml, of cold distilled water was added.

The tissue was homogenized for l.2 mimtes at 2 rapid spezeﬂ_. The
homogenate was then centrifuged snd the supermatant dac;mﬁad off,
One ml. portions of the supernatant was sssayed in daplicate.

Inte soch of the test tubes 0.5 ml. of 0.1 ¥ scetate buffer
{pH 4.5) was pipetted. Following this, 0.5 ml. of 0.0015 ¥ phenol-
phthalein glucuronidate was aided te the two experimental tubes,
but not to the contrel tubes All of the test tubes were then
stoppered and placed in 2 waler bath at 38 degrees cenbtigrade till
they came to temperature. Then the tubes were removed from the
water bath and 1.0 ml. of the vaginal tissue extract wes add
to each tube ot timed intervsis. The contents of the tubes were
mixed by whirling, stoppered, ond allowed to ineubaste at 38 de
grees centisrade for one hour in 2 water bath., Following incue-
bation the tubes were cpened and § ml. of 0.4 M glycine buffer
(pH 10.45) was added to each tube including the control. This
material arrests the resebion and developes the color. Also, ot

this time 0.5 ml. of 0.0015 ¥ phenolphthalein glucuronidate solution
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was added to the control tube, If any precipitation of tissue
probéins occurred, the tubes were centrifuged for 15 minutes ab
a repdd rate. The contents of the test tubes wers then decanted
inte colorimster tubes and the optical density peéad in o Bansch and
Lorh colorimeber at 550 m: using the comtrol tube as reference.
(Ii‘qr’ somposition of selution See Appendix,)

Te prevare the vhenophtholein calibration curve, 0.5 nl, of
phemolphthalein aleohol standard (Img, phenolphthalein per wl.) of
varying dilntions was added to colorimeter tubes already conbtaining
1.5 ml. of 0.1 M acetabe buffer (ol 4.5) and 5.0 ml. of 0.4 M
glycine ffer, Then the optical density of the solutions were
read on & Bauseh and Lomb colorimeber at 540 mm using s waber blank
as the reference, The optical densities were then plotted ageinst
the amount of phenolphthelein contained in each tube,

6, Pistological Technioue

Follewing the removal of & central portion of the vagina, it
was fixed in Cearnoy's fixative. After adequate fixetion, the
tissues wore ambedded in paraffin and the resulting blocks were
cut ot 8.10 microns in thickness and sections mounted. The slides
were stained with the standard hematoxylin and eosin stadn,
Helanmus®s eleein<blne periodice.o0cid3chiff reaction and the
aleein.blue.miclear fast red stain, and exemined for histologic

alterations,



RESULLS

To ascertoin the relstive significance of the observed organ, body
welght changes, and other qrentitative neamures the meon value differ.

ences were tested for significance using the *t* yalue distribution

( method, Values of P (0.001 were considered highly significant, P(0.01
significant, P(0,02 probably significent, and P} 0,02 not significant.

The values in the following presentsztion are 211 significant ot levels
of P{0.02 unless stated to Lhe contrary,

”i’bﬁ experimental srimals of the estrogen~adrenal siem:i& study
rave been classified inte twelve groups, as described in the methods
and materials section, to facilitate the descripbion of the observed
results. As a brief review, animals injected with estradiol sre desli.
gnated by the copital lebter D, The nauber which follouws 3% refers
to the type and amount of estrogen recelved (D0.1=C,1 gama estradiol
valerate in oll, B.10,1 gomma 17-beta~estradiol in szling), The
letters C, D, and & represent the groups receiving adrenal glucocorticoids
in addition to 1l7-beta.estradiol in soline (see teble in nethods and

materials section for explonation of which letter represants which

glucecorticoid), Lelter A 4s used to designote the control £roup,

Pilot Study
&) Veginal Estrus Cyele
In the presentation of the followinz results the conventional
diestrus, prosstrus, estrus terminology has been employed to describe
the vaginal cycles. However, in the day to day veginal smesr recording,
&8s presented in the raw data, different teminology has been employed.
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In this mebhod, the diestrus sbage was characterized by leukocybes
and epithelisl cells (Le Stage), or lenkocytes, epithelial, and cor-
nifisd epithellal cells (Le C Stage). Proestrus was characterized by
e"pithalﬂ.s& and corified epithelial celis (EC stage), end estrus is
represented by the presence of only cornified @iﬁh&lﬁ&l cells in the
amear {C Stage).

In the control group mly one am.mal amﬁbitm variation from the
predicted vaginal cycles This variation consisted of 2 lengthening
by one day of one veginal eycle. However. as can be observed in figure
1, 2 positive correlation exists between the nmumber of animals exe
hibiting 2 ?mance in their vaginal cycles duz*ing' the experimental
period and the dose of hydrocortisone employed. Also dmmstmmﬂ by
the results plotted in figure 1, is that the change in the waginal
| eyeles began earlier in the é:qmrmmtal period with the ﬁighar dose
levels of hydrocortisone. | |

Exsmination of the »awr data in the appendix, reveals that two ani-
mals from both the 1 mg. and 5 mg. hydrocertisone groups went into
perglstant diestrus stages cbhout the eighth day of the experiment.
Another abmmﬂ.i“’ay of vaginal cyeling esthibited by the esperimentsl
groups was the lengthening of their cycles by 1-2 days. Three animals
in the 1 mg. group and elght animals in the 5 mg. group, in addition
to those animals who went into persistent diestrus, demonstrated this
abnormality.

B) Body Weight

The hydrocortisone treated animsls exhibited & morked reduction

in body welght during the treatment period. The reduction in body

welght was progressively grester as the dose of hydrocortisone was



FIGURE I

Total mmber of andmzls exhibibing
a vardation from the expected
vaginal cyvele during the

trentment perloed.
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- increecsed, whereas, no change was noted in average net body weichts

of the controls, This figure however, is deceptive being primarily
influenced by one animal i-:h:iah lost 34 Gms. of body weight during

the experimental period as the result of a respiratory infection., ith-
out this animal the eontmla would have a net average weight gain of

' b Gms. The avercge net body welght change during the 12 day trest.
ment perlod for the 3 groups were as follows: |

Andmal Group Average Hat Body |
WY, Chanea (Gms,) e dionge (Gma,)
Conbrol o 3% to + 15
1 mg. Hydvecortisone 17 -35 to «10
5 nge Bydvocortisons =30 <%l Lo ~20

C) Uherine Velght

Observation of the resulis sumparized in flgure 2 reveals highly
slgnificant uterine welsht reduetions in the 5 ng. hydrocortisone
group. Alsc it is noted that on dneresse in uberine welght ocourred in
the 1 mz. hydrocortisene group, however this rise was statistically
insignificant when eormored to the control ETOUD

It was obgerved in the preceding section thot hydrocortisone proe
dueed 2 marked decrease in gross body welght., Since tiﬂis drop in gross
body weight seemed to be due to 2 generslized cetobolic effect it is
pogsible that the drop in uterine welght in the 5 ng. hydeccortisone
group was not a selestive effect. In order to offset this general
catebolic effect of hydrocortisone a uberine-body weight ratio was e
ployed te study the uterine weight changes. Again, the data presemted

in figure 2 Jemonsiretes that a significent selective reduction in



FIGURE 2

Sumnary of the average organ weights and uterine-
body weight ratios in intact adult female rats
treated with hydrocortisone acetate.

*1 mg. Hydrocortisone P »>0.90

*5 mge Hydrocortisone P <0.05
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uterine weight did oecur in the 5 mg. hydrocortisone group and that the
rise in uterine weight in the 1 mg. hydrocortisone group was statisti-
cally not significant.

D) Thymic Weight

In this study a method for ascertaining the systemic activity of
the adrenal gluncocorticoids was needed to be sure the steroids were
active. Observation of the thymic welghts was selscted as the method
of choice, since Stephenson ( 27 has demonstrated that the amount of
involution is directly proportional to the dose of adrensl steroid
employed,

The average thymic weights for the 1 mg. and 5 :ng. hydrocortisone
groups were significantly reduced, demonstrating a good level of
systemic activity for this steroid (See figure 2 for thymic welghts).
Involution of the thymis was most pronounced in the animals receiving
the largest cmounts of hydrocortisone. ‘

Estrogen-Adrenal Steroid Study
A) Vaginal Welght Response to Estradiol

To initiste this study it wos deemed necessary to test two vehicles
and two forms of l7-beta~.estradiol to ascertain the most effective
estrogen treatment. The criteria of this test was the production of
a maximal vaginal weight gain within the experimental perdod at the
lowest possible dose.

£11 of the estradiol treated andmals in this ﬁtuéy demonstrated
statistically significant vaginal welght increases over control valnes.
Exzminetion of figure 3, however, reveals that a meximal vaginal weight
gain was cobtained with 0.1 ganma estradiol in saline and 0.2 garma



FIGIRE 3

Average vaginal weiphts produced by various doses
of estradiol in the immeture, adrenalectomized,

and evariectomized rats,
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egbradiol in eil. The vaginal weight gain obtained with 0.2 gamms

- esbradlol in oil was greaster than that obtained by the lower dosage in

saline, but this difference statistically is not significant. Sincs

0.1 gamma estradiol in soline wes the lowest dosage of estrogen which

' produced a maximel vaginal welght gain, this dose level was chosen for

the following experiments. The average vaginal welghts and stendard
errors for the various groups ore swmarized in figure 3.
B} Vaginal weight response to estradiol and adrenal glucocorticoids.

The average voginal weights fqr animals receiving the combined
treastment of adrenal steroids and estradiol (groups C, D, and E) were
below those obbeined from the animals treated with estradiol alone
(group B). Comparison of the figures compiled in figure 4 indicate
thet the reductions in vaginal welght in groups C, D, and F were sige
nificantly reduced when compared with those obtained frem group B, .As
stoted in the pilot study, however, adrenal glucocorticoids in the
dosages employed here also produce a reduction in body welght which is
believed to be an expression of a genersl catabolic effect. To adjust
for this general effect on the body weight the vaginal welghts are com-
pared on the basis of 2 vaginal-bedy weight ratio. This anolysis demon-
strated thot the reduction in vaginel weight in group C is not statis-
tically significant. On the other hand the reductions in vaginal weights
in groups D and E ere significant, It is importsent to note that the
andmals in group © were treated with hydrocortisone sodiumsuceinate, &
more soluble compound than the prednisolone acetate or cortisone acetats
administered to the animels in groups D and E. The greatest reduction
in voginal.body weight ratios ocourred in group D.

In addition the data presemted in figure 5 demonstrstes that each



FIGURE 4

Summary of average body welghts, vaginal welghts,
and vaginalebedy weight ratios in immeture, ade
renalectomized, and ovariectomized rats.

*Group C P <0.10

*Gréup D P <0.01

Group E P <0.01
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FIQURE 5

Average vaginel welight response to estradiol comne
bined with wardous adrenal cortical sterpids in
the Lmmature, adrenalectonmized, and ovarieclbow

mized rats.
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group, except group D, had sbout the same volume of fluid in the wegina

at entopsy. The increasse in flnid contained within the wagina®s of

group D is readily emplained by the observation that fewer animals in

this group had open veginel plates at the time of anﬁepéy, thus pre-

venting the escape of uterine and vaginal secrstions.

2} Response of veginal tissue beta-glucuronidase to estradiol-adrenal
glucocorticoid administration,

Data presented in figure 6 demonstrates that the vaginal beto.
gmwmnidam activity is significantly reduced below placebo levels
with estradiol trestment. Agein, as in the vaginal weight study, the
maximal response was first obtained with the 0.1 gemma estradiol dosage,
It should be noted, however, that the differences in beta-glucuronidase
activity in all the estradiol treated groups are not statistically
significant.

With the addition of an adrenal plucocerticoid to the treatnent
schedule the vaginal beta.glucurenidase activity did not deviate sig.
nificantly from the placebo level. These cbservations are presented
in figure 7 amd it will be noted that it ocourred with 21l of the
adrenal glucocortiecids employed. The vaginal beta-glucurenidase
activity obtained by trestment with the adrensl steroids used in these
experinents revealed no significant differences, although variations
in the average values are apparent.

By plotting individual vaginal beta.glucuronidase activity levels
against vaginal welghts regerdless of treatument, zn inverse relation.
ship is observed (figure 8). Although considerable varistion in beta-
glmuronidose activity levels ob any given vaginal weight is revealed
in this scatier graph, the inverse relationship is strildngly epparent.



FIGURE 6

Average veginel bebta-ginonronidase activity level
changes with estradiol trestment in the vaginas

of immature, adrenslectonized, and ovariectomiszed
vats, (Activity neasnred by gama of phenolphthalein
liberabed from 100 mg. of wet vazinal tissue in one

hour at 38 degrees centigrade,)
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Fioune 7

Average vaginal beta.plucuronidase activity level
responses Lo combined estradiocl, adrenal cortical
sterold treatment in immature, adrenalectomized,
and ovariectomized rats. (Activiity messured by
gamgma of phenolphthalein liberated from 100 mg. of
web vaginal tissue in one hour at 38 deursees centi.

grade.)
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FIGURE 8

Vaginal beta=glucurenidose zetivity levels and
its relationshin to vaginal welghts in individual
animals. (Activity measured by pamme of vhenol.
phthalein liberated frem 100 mg. of wet vaginal

tissue in en= hour at 38 degrees centiprade.)
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D) Histological Dxamination of Vaginal Tissue.

The microscopic preparstions of the vagina from the placebo group
exhibited a2 low lying epithelium, which was 3.3 cells thick. The sure
face cells waré micified, ond the basal cells of the epithelium were
avranged in o relatively even, flat line external to the basement mem.
brane, The submmicoss was predominently composed of stellate shaped
Tibroblasts widely separated by intervening spaces. Capillaries which
were observible were few in mumber {zee figure 9).

With estrogen stimulation both the size and mumber of the vaginal
epithelial cells were ;pmgressivély increased with & nogitive camlation
to the dose employed. Deyond 0.1 gamme estradiol level very littles
additional ‘change was noted. ZXeratindzotion of the epithelium wes
evident inall the estradiol trested animals with dosuges in excess of
0.05 gunme estradiol. The basal cells of the epithelium formed an
irremlzr line when the dose levels of estradiol exceeded 0,05 gomma.
In the submmcosc the cellularity increased with dosage up to 0.1 gamma
sotradiol, eand the stellate appesronce of the cells became more apparent
as the result of an incressed staining of the cytonlaam, The mumber of
ceplllaries ohserved vwas slightly increased and in gemersl vessels
sppeared dlated, Also, in the hemsboxylin and eosin stained sectlons
there was noticed on inersssed basophlliz in the cytoplasm of the
fibreblasts. (See figure 9).

Vhen adrenal glucocorticoids were covbined with the C.1 gamme
estradiol trestnent ths size and number of epithelial cells were re-
duced. The basal loyer of epithelinl eells lost some of the irrepul.
arity exhibited in the estradiol treated groups. Also, in the groups
receiving adrenal glucocorticolids the msjority of the vagine’s deone



FIGURE 9

Veginal sections of estradiol treated immature,
adrenalectonined, ovari.ectemmeﬁ rots, stained
with muclear fast redealcian blue (220X).

1. placebo, 2. 0.05 gamme estradiol in saline,

3. Ool gamme estradicl in saline, 4. 0,2 gama

esbradiol in saline.
Camare height of epitheliun, its relative cele
inlarity, cornificabion of the surfece cells and
the configuration of the basel surface. The dark
staining substonce on the surface of the epitheliun
is slcian~blue positive mein. Also note increased

cellnlarity of submucoss.
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- strated meification of the surface epithelial cells, In the submmcosa

the mumber of cells was morkedly reduced in 211 but the hydrocortisone

. treated group. Prednisolone produced the most marked antiestrogenic

effect on the morpholopic festures of the vaginel tisemue, with cortisone

producing less effect, mmd the water soluble hydrocortisons producing

- the least, The lesser effects of the water soluble hydrocortisone is

probably the result of & failure of this steroid to form 2 residual
depot at the gite of injection. Alsgo noted in the veginal sections
of the px%eclmsolﬁm group was the presence of clumps of leukocytes in
the epithelium and an inerease in the muber of these cells in the

slmmeosa, (See fgure 10.)



Vaginal sections of estradiol.adrenal glucocorticoid
treated immature, admna}.@f;tmiﬁgi, overiectomized
- rats, a%aina:’i with naclear fast z*ad«slgian blue
(220?:};
1. 0.1 gama estradiol in saline, 2, 10 mge.
hydrocortisone sodium succinate, 3, 10 mgn,
cortlsone acetate, 4, 10 mgm. prednisolone
acetata. _
Conpare helght of epmhel:mm, its relative celln-
lority, mcinification of the surfoce cells and the
configuration of the basal surface, The dark
sbaining substance on the surface of gpithelium
is sleien-blue positive mucin., Also note Jeeressed
gellularity of submicosz and the clump of leukocytes
present in the veginel epithelium of the prednisolone

treated snimal.
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The observation that h@rémwrtisoné does produce slterstions
in the normal veginal estrus cycles of adult intact rats suggests that
adrenal glucocorticoids may inte:efi’ez: in some mamner with the estrogen
stimilation of the female reproductive tract in the rat. This obser-
vation is supported by the reports of Koller (19) and Gieger (15).
Both of which employed intact female rats, Koller (19) demonstrated
that adrenal hyperactivity, induced by daily subentansous injections
of adrenocorticotrophin, produced suppression of estrus, as evidenced
in vaginal smearg., OGleger (15), on the mtﬁar hand, employed hydro
cortisone scotate and with this hormone also demonstrated suppression
of estrusg, which was confimmed by microscople exwdnation of the
stained sections of the vaglna. Both of the shove athors concluded
from thelr studies that suppression of estrus was an expression of
ovarien dysregulation. The failure of Hdgren { 9), Pliske (23), and
Martin et, 2l. (22) to demonstrate inhibition of the estrogen induced
vei‘fectfz in the castrate rab and mouse vagina by the administrotion of
adrenal cortical steroids, has been cited zs evidence agoinst the con-
clusion thot adrenal cortical steroids inhibit estrogen stimlotion
of the vagina, It is posgible that the faillure encountersd by these
investigators was related to the low doses of steroids employed in
their studies. It is of importance to note that Szego {31) has esti-
mated that it takes 3,000 mleculss of an adrenal cortical steroid to
antagonize 1 molecule of estrogen.

There is an cbundance of evidencs in the litersture, that indi-
cates that adrenal cortical sterolds do entogonize estrogen stimilotion
of the uterus, In 1948, it was demonstrated by Szego and Reberts (30)
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that adrenal hyperactivity, induced by adrenocorticetrophin, had a
powerful Inhibitory influence on the water imbibition response of the
castrate rab uterus to estrogen. When hydrocortisone and cortisone
became available the above experimente were repeated, employing these
adrenal cortical steroids as the test hormones (29. Data frem these
eperiments was pressnted, which indicated that beth hydrocortisone
end cortisone posessed to a striking degree the ability to reprocuce
the inhibition of the uterine water response to estrogen, which had
been noted in the earlier cited experiments. This inhibition of og-
trogenic stinuletion was observed in castrate and castrate-hypophysecte-
mized rat uteri. The suthors suggested that the gbserved alterations
in the utemus could be secondary to changes in tissue eNZyme aetivity
produceﬁ’by the adrenal eortical stercids employed, It wes also men.
tioned that adrenal cortical Si@roiﬁs may acl as corpebitive inhibitors
of estregms. ALl of the hormones emploved by Szero and sssociates
were aamndsterel intravenously with the ulerine messuranents being
made four hours after the injections.

i ay et. al, (33) examined the uterine weishbs in castrate
raks following three days of treatment with 0.15.0,30 somma of diethyl.
stilbesterol ondfor 75 mge of cortisone scetete, The conclusions of
the author were that cortisone scetzte in the doses emloyed supnresses
the diethylstilbestercl stimulated uberine welght gain in what appears
to be a competitive manner. Contrary to the sbove work, Pmweett and
beane (12) in 1952 reported that 5.0 mg. of cortisone failed to inhibit
the uterine growth response to 0.3 pama estradiol., Similsr chser-

vations vere elso reported by Edgren (10)., The discrepancy between the
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findings of these authors and those of Talalay may again be the result
of dosoges of the steroids employed. In recemt years, Velardo {34,35,36)
+ has pablished several reports confirming the adrenal cortieal stereid
suppression of estradiol stimulated ubterine weight galn reported by

the earlier investigstors, This author employed six dfferent cor-
tisones znd hydrocortisones in his eperiments, It was also stated

by this suthor that the inhibition of estrogen effacts is probably a
competitive interaction of the steroids employed,

On the other hand, the suppression of estrogen induced vaginel
alterations, morphologically, biochemirally, or gravimetrically, by
adrenal glncocorticoids has not been reported prior to thls poper.

A few investipgetors, however, (o8 inddecated in the introduction) have
concermned thenselves with this general problem, emloying morphologic
pammeteré; It is of interest to compare the resulis reported here
with the previcusly mentioned investigalions and others indirectly
related to this problem, To fecilitate this part of the diseussion, it
will be presented in three general sectionsy gravimetrie, morphologie,
and biochanicel observations,

Vaginal weight has proven Lo be 2 sensitive indleator of estrogen
affect in this investisstion., Adrenzlesctomized, ovariectomized,
dmmature rats treated with 0.1 gama estradiel in saline exhibited on
increase in vaginel weight which was 1084 sbove plaocebo levels, Using
0.1 gamma estradiol in oil, the resuliing vaginal weight inerease
was 909 grester than placebo valunes, Velarde (34}, however, employing
adnlt ovariectomized rats treated with 0.1 gamz estradiol in oil ob.
served approximetely 2 45% inerease in wet uterine weight and approxe

imately o 60¢ incresse in dry uterine weight, Comparison of these
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figures demonstrete that the wvaging is 2 more sensitive inddcator of

- estrogen stimlation then the uterus st dose levels of estrogen from

0.1 gamma down. Vaginal weights, in addition, reach 2 meximal res-

ponse at relatively low dosages of estrogen (0.1 ganma estracdiol in

. saline, 0.2 gama estradiel in oil), whereas in Velardoe's { 3 inves-

tigation the uterine welght did not reach 2 maxdmal level until a

dose of 50 gamma estradiol in oil was employed, It appears, therefore,
that the vagina of the immature, adrenslectomized, ovariectomized rat
would be more sensitive Lo small changes in estrogen dosage than the
uterus of adult ovariectomized rat, as employed by Velardo (34),

I‘h mus‘b be noted, however, tha‘f:- the vagina exhibits no further sige
nificant weight goin when the ééc;sag;;@s‘ of estradicl fm saline exceed
0.1 gamma,

It was noted in the results that the adrenal glncocorticolds eme
ployed in this study produced a decrease in total bedy weight, which
was interpreted as representing a general catabolic effect of these
sterolds. Therefore, in order to offset this generalized loss in body
weight, it was necessary to employ 2 vaginal-body weight ratic in
eveluating the vaginal weight changes. When this wes accomplished, it
was noted thot only prednisolone acetate and cortisone acetate produced
significont selective reductions in vaginal weight, thereby indicating
estrogen inhibition. The inability of hydrocortisone sodiun suceinate
to inhiblt the estrogen induced vaginal weight gain is probably re-
lated to the inability of this steroid to form a resiiual desot in
the tissue.

Martin et. al. (35} employed morphological changes produced in the

ovariectomized mouse vagine by estrogen treatment a2s an asssy method
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for this sterold., The morphologic alterations which these abthors
examined were the nurder of mitoses present in the vaginal epitheliunm
aﬁd the thiciness of this tissue, Estrogen prodices sn inerease in
both of these epithelizl responses. Imploying the sbove measurements,
these investigators reported thaot hydrocorbisone acetate given sub-
entoanecusly in doses ranging from 5«500 microgram X 104 failed to
antagonize the stimlatory effect of estrone which was also glven .
subontaneously. The dosage of essﬁmne smployed varied from 0.,04-.1,0
niorvogren X 10«4, Tt 4s probable that the doses of hydrocortiszone
acetate employed in larbin and cowwerkers ( 29 investigations, according
to Szego {31) as previously cibed, were mich too low to antagonize
the estrone stimlation of the ovariectomized, mouse vagina,

On the obher hand, in this study, it will be recslled that vaginas
of snimols recelving adrenal glucocorticodds in addition to estradiol
evhibited & reluction in epithelial height, meification of the surfoce
cells, a2 reduction in the irremlarity of the basement nembrane, and
similarity in the oppearance of the sulzmcosa to that observed in the
placebo treabed animals, ALl these changes are indicotions thet the
estrogen effect in the voaging was belng inhibited.

Examinstion of the stained slldes of wvaginel tissue from animals
in this study revealed the scbove described alterations. These more
phological changes were present in varying degrees depeniing on the
ability of the adrenal glucocorticeid employed to antagonize the ese
trogen stirmlation of the immature adrenalsctomized, ovariectomisze:
rab. Prednisolone acebate exhibited the greatest ochility to antagonize
the estrogen stimmlation, cortisone acelate had less effect, and

hydrocortisone sodium sucecinate had the leasst effect.
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In 1944 Fighmon and Fishmen (13) published the first report which
demongtrated that a relationship exdsted betiween estrogen and bete-

glucuronidase. These investigators observed thaot uterine beta.gin.

- curonidase could be reduced in mice by ovariectomy,. It was also ob-

R

served that exogenous estrogen administered to these castrote sninmals

- would re-slevate the ulerine beta.glucuronidagse bock to nommal levels.

' This work has been confimed and extended by other investipators (18,29,

‘ Szego and Beylor (3 ) observed that hydrocortisone ascetate would

antagonize the eapacity of estrogen to augment the beta-glnecuronidese
acitivity.in the uterus of 2 castrate adult rat.

The observations in this paper indicate that the veginal tissue
betamglucurenidose reacts in 2 monner opposite té that of the uterus
and other tissues., That is, with estrogen treatment the vaginal beba-
glucuronidase activity levels were markedly reduced below plocebo levels.
Also, 2ll of the adrenal glucocorticoids employed in this study come
pletely inhibited the estradiol suppression of vaginol beta-glucuron.
idase in the adrenalectomized, overiectomized, ismature rat. Supvort
of the sbove observations is presented by Fishmen (14), who observed
in histochemically stained sections of vaginal biopsies obtained from
pre. md post-menopausal females that bela-glucurenidese activity is
greater in the voginal epitheliunm of the post-menopausal women, Alse,
Kasdon {17) reports that beta.glucuronidase cetivity in the waginal
fivid, teken from 20 pest-menononsal women, ig markedly reduced by 2
single 2 mg. dose of estradiocl. Despite the numerous investigotions
concerned with beta-glueuronidase its excct relationship to estrogen and

the effect of estrogen on the female remductive tract is unknenm,
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Summazry

I, Dsto was presented that indicated that hydrocortisone acetate

will produnce, in the adult intact female rat, alterations in the

normal veginal estrus cycles and a reduction in uterine welrht.

11, Estrogen azv:%/m** prednisolons acetate, cortisons acetate, hydro-

cortisone sodium suceinate were administered to adrenalectomized,

ovariectomized immature rats, Hesulis are surmerized helow.

A) CGravimetric Studies

{1) The stimlstory effects of 17.bebawestradiol in oil

and in saline were compaved. It was found that 0.1
gama estradiol in saline was the minimel dose of o
trogen capable of indncing 2 maximal wedght gain in
the vwogina.

(2) Exogenous prednisolone acetate and cortisens acetate,

administered in 10 mg, doses, antagonized the stimml.

ating effects of 0.1 pamme estradiol in saline,

B} HMorpholopic studies

(1) Bstradiol in 0.1 gamme dose produced vaginal enithelial

(2)

keratinization, epithelial hyperplasis, end an increased
irregulerity of the basement membrene., Also the cellne
larity of the submucoss was markedly incmé.&eci and the
capillaries present zppsared dilated,

“hen 0.1 gonma estradiol treatment was combined with hye
drocortisone socium suceinate, prednisolons acetate, or
cortisone acetate in 10 mg, doses there was produced sure

face mwelfication and decresse in the thickness in the

voginal epithelimm, The cellularity of the submicosa
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approached that of the placebo treated animal and the
irregularity of the basement menbrane of the vaginal
epitheliun was reduced,
2) Blochemical studies
(1) Estradiol in 0.1 ganma doge prodneced a decrsase in the
vaginal tissue baba.-glucumﬁic{asa astivity.
(2) When 10 mg. of hydrocortisone sodium suceinate, pred.
nisolone scetate, o» cortisene sestate were added to the
0,1 gamma estradiol trestment the vaginel tisasue belo.
glucuronidase activily was mainteined ot placebo levels.
I1I. Nesults of this iunvestigetion were compared and correlated with
the current reports in the literature pertaining to the study of

the estrogen-adrenal corbical steroid antagonlen.
concluglon

It may be concluded thet in the lrmature, adrenalectomized,
ovariectomized rat that the adrenal gluceocorticolds employed in this
investigation in the doses stated do inhibit partizlly or completely

the vaginel respense to estrogen stimlstion.
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Table X
Meien Blue-Periodic Acid Schiff Reaction

1. Bring paraffin sections to water,

2. Stain in Alcion blue stain for 30 minutes,

3. Wash in running t2p water 2 minutes and rinse in distilled water.
4, Place in 0.5% periodic acid (HIO,) 10 mimutes,

5, Wash in running tep water 5 minutes and rinse in distilled water,
6, FPlace in Schiff's reagent 10 minutes, |

7. Wash in running tap water 5 minutes,

8, Dehydrate in graded alscohols, clear, and mount,

Schiff's Solution:
Dissclve 1 gm. basic fuchsin in 200 ml, bolling water; filter, cool
and add 2 gm. potossinm mebtabisulfite (5{23205) and 10 m1, of 1 ¥ HC1.
Let bleach for 24 hours and then add 0.5 gma. activeted carbon. Shake
for about 1 mimnte and filter throuch coarse filter paper. If filtmte
is not ecdlorless, 2dd FC1l 2 drop ab 2 time, agitabting the solntion with
each drop of 20id added, until the solution is I:atér ¢clear,
Meion blue stoing
Mesolve 1.0 Gms, of aleien blue in 100 ml. of 3% solution of glseial
acetic 2cid,
0.5¢ neriodic 2eids

Mesolve 0,5 Gm. periodie acid (FIO,) in 100 nl. of distilled water.
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Table 2

Aleian Hlue-Maclear Fast Red Stain
1) Bring paraffin sections teo water.
2) Stain in aleian blue stain for 30 mimutes,
3} Wash in rumning tap water for 2 mimtes.
) Counter-gtain in Muclear fast red solution for 5 minutes,
5) Wash briefly in mmﬂ.ng tap water, |

6) Dehydrete in graded alcohols, clear, and mount,

Alcion Hive:

Ses table 1 for preparation.

fuclear Fast Red:
DMssclve 0.1 (m. of muclear fast red in 100 ml, 5% solution of
alominum sulfate with the 2id of heab, Cool, filter, and add crystal

of thymol.
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. TABIE 3
| Carnoy®s Fluid
1) Absolute alcohol 60 mi.

2) Chloroform 30 ml.,
3) Glacial scetic acid : 10 ml,

0«1 M acetate Buffer {pH 4.5)
1) 5.8 gn. of ¢.p. sodium scetate
2) 3.3. ml. of glacial acetic scid
3} 700 ml. of distilled water
4) adjust to pH4.5 with 104 WaOH or acetic acid.
5) Dilnte to 1 liter with distilled water.

0.2 M Glyeine Buffer {(pH 10.4)
1) 15.0 gn. Aminoscetic Aeid (Glycine)
2) 11.7 gn. NaCl
3) 700 ml, distilled water
4) Adjust to pH 10.4 with 109 HaOH
5) Dilute to 1 liter with distﬁled}zater.

0.,0015 ¥ Phenolphthalein Glucuronidate (pH 7,0)
1) 5.0 ml Phenolphthalein mono-beta-glucuronidate solution {Sigma
Chemical Co,), 0.01M, pH. 7.0.
2) 28.3 ml, distilled water
(sufficient for approximately 65 determinations)
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Teble &
Control e s
tYherine wt,
Bid? wt. (ﬂma..) unabsorbed Thymic wt.
No
Sy iz 56 gl > e
B.Has 14 265 265 550 218
B, 18 263 274 420 175
Ge 22 215 289 340 K7
B.H. 26 235 245 356 140
‘Bs 29 255 265 614 172
B. 31 2850 250 850 16k
B, H.34 235 247 Dial 187
BH. 37 275 2h1 251 63
Bl 86 230 220 e XT3 A8
Table &
1 mg, Hydrocortisone
Bl 2 230 210 304 56
G, 3 260 240 536 71
B,H. 9 293 260 856 51
B.H. 19 236 225 27 72
B.FH. 23 200 180 366 ay
B,H. 204 254 280 580 138
B.H, 25 254 240 507 73
B.H, 28 280 220 589 35
Bs 35 250 235 299 S
BJH, 38 212 205 362 5
Table &
5 mg. Hydrocortisone
B.H, & 270 250 283 k%)
BJHe 7 225 192 283 28
B.H., 10 245 210 429 26
B.H. 13 230 206 298 28
B.H. 21 275 235 249 20
B.He 27 270 250 248 35
B. 30 245 204 303 23
G.H. 41 235 211 357 21
G. 44 270 235 268 36
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Section O

Mtopsy welghts for Estrogen
Adrensl Steroid Study.
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Table 6
Group A
“Vaginal wt, Uberine vE. Chicuronicase

Body Wt. absorbed absorbed Thymic wt. aobivity
Aningl No, (Gmg.) S, (ng,) (g gy /100ng,
43 - 1oy 34 34 49
Al 20 45 37 12
45 8 37 33 356
16 86 5 33 313
u7 ") 39 36 Lt
80 86 L5 38 925
81 86 36 42 279
82 8¢ by 54 255
83 85 50 &3 338
84 76 iy H 255
85 83 Ly L5 291
157 80 40 22 385 258
158 80 38 30 388 241
159 70 32 23 301 228
160 80 46 u6 252 209
223 98 49 35 458 178
228 93 68 80 42 250
229 85 9 50 329 236

03
o)
%
b
ol
£
3
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Table 7
Vag%%teﬂne wt, T T glucuronidase
Body wt, absorbed ebsorbed  Thymic Wt. activity
- Animal Mo, (Gms.) fmze) {nz.) (ng.)  (pomma/l
138 98 60 86 8 186
139 87 6 110 372 198
140 85 80 128 8L 192
f 141 60 €1 104 268 1%
12 66 76 15 350 121
143 68 73 137 317 178
iy 79 9 o1 578 203
145 91 8 sy 138 123
146 83 76 99 #18 o
17 76 84 129 323 173
18 80 65 85 301 199
150 68 7 W2 267 120
151 68 76 152 330 119
152 66 79 1h7 317 121
153 79 8t i 329 108
15y 83 85 128 237 160
156 a 83 150 313 151
162 93 104 172 370 106
163 97 68 73 401 157
164 88 By 123 9 125
165 100 o 140 52 - 128
166 78 81 114 357 129

167 95 NP - S - S - 256




=50

Table 8

Group B.1

il Vaginal wt. Uterine w. T glnenreomidase
Body ¥Wt. absorbed abgorbed Thynic wh. activily

Anjnad Jo,  (Gms.) (.. (ng.) (ng.) (gomma/100 mg,)
o 8 88 Vil 318 i
27 65 ; 77 125 177 e,
28 €6 80 143 166 -
29 72 77 132 266 e
30 bl 102 185 226 e
1 8 95 198 107 -
3= &y 87 139 266 ——
20 85 86 181 265 i
91 90 98 - 313 —
158 05 160 150 L3 | 104
200 99 103 148 52 253
201 T4 8 154 284 ob
202 77 87 1y 306 114
203 71 79 Wl 290 150
204 85 89 s 3ub 105
205 75 79 152 364 100
206 75 ot w3 Wl 81
208 80 91 153 380 89
209 90 84 iz 365 99

24 22 20 L S — T
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Table 9
s Group B,2 et
Vaginal wt.Uterine wt. glucuronidase
Body wi. cheorbed . absorbed Thymle wk, acbivily
é:n_érl&l N&o (MS: 2 ;Lﬂiﬁ_i } _{EE'J (ﬁl{;i) Eﬂ-...—u-‘am }ng%l
178 77 67 146 343 119
81 68 7 40 311 o
17 88 100 198 295 i3k
52 98 8g 17z G 140
183 108 118 205 41p 129
185 gl g1 156 405 200
186 66 aa 179 341 150
187 106 103 159 383 14
199 105 12 153 Lt 1258
207 69 78 150 318 x5
211 73 80 155 357 -
21% 99 105 162 ko9 128
215 e — 69 370 117
180 76 76 LA 256 2308
189 75 73 177 375 173
1ok 90 101 241, 33 i53
195 107 103 231 4§17 W3
210 68 62 102 233 10
a2 Bh 65 114 269 109
216 80 87 157 329 116
217 7% 70 130 250 103
219 91 76 ng 368 128
220 98 g6 170 1o i
Group BO.05
128 iz2 6l 58 625
125 115 67 77 515
126 130 66 T 588
128 102 55 5 ey
130 100 54 63 532
11 120 65 65 610
132 125 65 57 513
i34 108 62 it 831
135 102 67 72 430
136 g 68 63 577

S S
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Table 10
Group BO.1
P Voginal wt. Ttevine 17t -
RO - R s~ I~ wl e
108 103 63 105 i
109 nz 117 191 ;%9?
110 80 ' 6o o "
) | 101 85 139 i
o > = 23 410
- ” o 97 333
1 8 63 » v
i35 2 60 5 oy
216 79 86 120 s
117 an 86 - -
> " 65 85 11
119 —— 7% - i
120 103 80 i o
- N . s 9
122 83 87 1 &
L3 93 61 92 -
iz7 107 - o .
o —~ & 110 628

137 136 7 102 515




Teble 11

Group 0.2

R SN ST

{Gris.) vﬁ;}azim' %ﬁ?&?' Thymie wt.

fyinal No. _ Body whe (. (o) o)
92 72 82 188 33
23 ?GV v 168 299
ol 100 91 180 405
25 79 94 216 351
96 98 93 17 1506
97 80 101 183 1
98 76 106 217 362
99 80 96 17 16
100 95 105 ez Byl
101 85 83 174 319
102 93 96 190 342
103 86 89 191 298
104 108 9% 166 364
173 9L 105 190 —

Group 50.5

Toc TR 67 155 297
g1 79 86 163 917
192 111 105 223 135
193 id 69 176 290
196 9% 86 168 364
197 76 84 182 322
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Table 12
Group ©
Vaginal wt. Uterine wt. gineuroniJase
Body w%‘ am!}oed absorb?d Thymic wt. wfi.zifgmﬁl
Amdmal Mo, (? " 4 Ry armaf l00ne .,
[ 3 o 1&%5 %
5 75 - 98 k3
5 73 g2 122 68
34 65 6l 83 u6
35 &8 a5 g &6
36 5z 71 105 46
37 66 e 130 60
9 v 81 i3 o a7
i1 85 83 125 93
42 77 33 97 90
168 — 30 152 149 135
1% 86 30 165 138 r
- 172 78 ] 75 96 227
173 3i &0 93 126 32h
172 86 0 B 10 327
Group D
1% % & 1 25 357
in 69 69 118 2 171
178 80 59 97 35 231
- 178 67 61 , a8 24 227
176 75 &ty 98 Bl 290
23 79 uy 60 36 228
218 79 61 81 u6 206

221 70 55 90 32 208
247 N 82_ a5 9 182




fable 13
Group B
= Veginel wt. Uterine wt. glucuronidase
Body whs abgorbed absorbed Thymie wt. selivity
Animol Wo. (Gms,) _ _(mwe) . (emed)  (mge) _(gomna/lOOmg.)
63 69 70 in 36
6k 78 73 122 39
65 71 57 88 22
66 - 70 113 3
68 71 &6 1ok b1
69 76 6h 128 35
i 5 70 110 H
71 53 o 121 28
72 5l 67 126 20
73 55 ug 1o 30
2 58 67 132 21
75 57 &0 121 25
76 57 54 115 25
77 62 57 101 28
78 57 57 0n , 21
79 52 52 gl 19
7L 77 138 28
87 65 65 120 30
83 64 53 120 30
£ 70 61 158 22
222 y 64 152 29 128
225 8 80 150 28 121
226 70 63 109 26 255
230 71 50 68 30 230
232 73 53 78 31 204
233 80 60 115 28 198
235 63 7 35 23 104
236 69 58 11? 35 183

238 83 ¥ 132 43 233

¢ mm— G T ORI KR, T ————
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STATISTICAL DATA
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FILOT sTuUnyY
) - W tio Stu
Greup Yean Sae Sakis F Values
Centrol 1.85 0.65 0e22
1 g 2.10 Qnsé ﬁ‘l >va
5 B 1t33 0.32 Oell <Qaa5

i Stuc
P Yalnes
gm___ S!_Du Seks i.ﬁi !.Eua_gﬁhgr mml
A ﬁ 5.6 ) ,
B.05 76 12.1 3e3 < 0,001
B 87 8.2 2.3 < 0.001
B.2 87 10,7 b5 < 0.001
B.5 87 a8 5.3 < 0,001
B0.05 63 5.7 1.5 < 0,001
BO.1 76 13.1 3.1 < 0,001
20,2 on 2,0 25 < 0,001
0.5 83 12.6 5.7 < 0,001
V DA = 1 tr 5
. {B.1 vs. other groups)
Bl T 0.15 0.0k s
a- 1,01 023 0.07 < 0,10
) 0.87 0.1% 0405 < 0.01
E 0.96 0.1k 0402 < 0.01
Beba - Glucuromidase Study
_ (4 vs. other groups)
x e g:zg 2543 3.3.3 |
B.0 55 38.5 ok < 0,001
Bl 131 2 19 < 0,01
B.5 43 377 12.6 < 0.001
(Bs1 vss other groups)
B.,1 131 60 19
1 198 13,3 15,7 < 0.01

E 230 6346 2245 < 0.02
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