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I. INTRODUCTION

The mechanism of action of a hormone necessarily involves a 

series of steps : 1) an interaction of the hormone with some pre

existing receptor molecule in or on the cell of the target tissue;

2) the interaction's influence of the receptor molecule's biological 

function (this is called the primary response to the hormone); and

3) the amplification of the primary response by modification of 

other metabolic machinery of the target tissue cells. At the present 

time, the primary action of any hormone is a subject of controversy.

It is not known whether hormones have more than one primary action

or whether one or more receptors are involved. Experiments to 

determine the primary action generally deal with studies concerning 

the amplification step of the hormone action; the primary action 

of the hormone is deduced or suggested by such studies.

Experiments dealing with the gonads and the adrenal glands have 

indicated that there is a close relationship between these two glands. 

This relationship is far closer that the relationship between any 

other two of the pituitary dependent endocrine targets (Parkes and 

Deanesly, 1966). The fact that estrogen, in particular, influences 

the adrenal glands will be attested by the literature review that 

follows. The correlation of these studies with the primary action 

of estrogen regarding its action on adrenal function has not been 

attained, due to the contradictory or incomplete evidence presented 

by a variety of experimental studies.
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A. Central and Peripheral Effects of Estrogen Regulating 

ACTH Release and Adrenal Secretion.

Central and peripheral effects or sites of action of 

estrogen are treated stimultaneously here, due to the fact that they 

are closely related.

1. Central Mechanisms for Estrogen's Effects on Adrenal Secretion.

Adrenocorticotropic hormone (ACTH) acts chiefly in two ways:

1) it controls the growth and differentiation of the adrenal glands 

(an action which takes from hours to days); and 2) it stimulates 

hormone production (an action which takes from seconds to minutes) 

(Gompertz, 1958). Stack, Dunne and Young (1951) suggested that there 

are two separate adrenocorticotropic hormones: an ascorbic acid 

factor and an adrenal weight factor. A single dose of ACTH rapidly 

reduces the ascorbic acid content of the adrenal gland, and it also 

produces an increase in the adrenal gland weight. Halkerston (1968) 

noted that different portions of a single molecule behave as different 

physiologically active centers. Gompertz (1958) stated that possibly 

the sex hormones have two effects upon the action of ACTH, synergizing 

with one and antagonizing the other. Three hypotheses offered by 

Gompertz for the relationship between the pituitary-adrenal-gonadal 

axis are the following:

1) The effect of the sex hormones and ACTH may be functionally 

unrelated, and the final effect is due to the sum of the individual 

effects. This seems improbably since in hypophysectomized animals
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estrogen has no effect on the size of the adrenal gland.

2) The sex hormones modify the release of ACTH by acting on 

the pituitary gland. This supposition implies that estrogen 

stimulates ACTH by direct action on the pituitary gland. Evidence 

for the direct action is provided by Gemzell's finding (1952) that 

administration of estrogen in male rats is followed by rapid 

release of ACTH. Bernstein (1964) demonstrated that the stimulatory 

effect of estrogen upon the pituitary gland is abolished in the 

hypophysectomized animal. The work of Skelton and Fortier (1949)

is contradictory to a pituitary ACTH-release action hypothesis and 

showed that estrogen enhances the response of the adrenal glands 

to injected ACTH in hypophysectomized animals.

3) The hypothesis which accounts for most observations is one 

which states that sex hormones act by influencing both hypophysial 

secretion of ACTH and adrenocortical sensitivity to ACTH.

With estrogen treatment, hypertrophy and hyperplasia of the 

adrenal cortex in the rat occur (Korenchewsky and Dennison, 1935;

Selye e_t al., 1935). The hypertrophy when produced by estradio 1-17^ 

appears to be due to an increase in circulating ACTH (Selye e_t al. , 

1935; Gemzell, 1952). According to Selye et al. (1935), the 

influence of estrogen can only be demonstrated in the presence of 

the pituitary gland. Gemzell (1952) showed that ACTH potency of 

the pituitary gland is increased in estrogen-treated rats, whether 

or not the adrenal glands were present. Similarly, Kitay (1963b and c)
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reported that gonadectomy practically blocked the rise in 

pituitary ACTH seen after adrenalectomy, whereas estrogen replace

ment increased pituitary ACTH content in adrenalectomized- 

gonadectomized rats. Richards (1966), following the above 

reasoning, studied the possibility that estrogen was not affecting 

the secretion of the metabolism of corticosterone. He added evidence 

for the direct action of estrogen on central nervous system 

mechanisms by conducting estrogen implantation experiments. When 

the location of the estrogenic implant was the anterior pituitary 

or arcuate nucleus, he found a significant increase in the adrenal 

corticosterone levels. This finding was also reported by Chowers 

and McCann (1963). Hughes and D'Angelo (1967) stated that the 

action of estrogen at the hypothalamic-pituitary level is primary, 

because it causes a discharge of corticotropic - re leasing - factor 

(CRF) or it directly enhances ACTH release from the pituitary 

glands (Richards, 1966). Critchlow e_t al. (1963) postulated that 

estrogen acting on the hypothalamic-hypophysial mechanism is 

primarily responsible for the female pattern of diurnal adrenocortical 

activity.

2. Adrenal Cortical Sites of Estrogen's Action.

Sexual dimorphism in the adrenal gland has been related to 

the presence of the estrogenic compounds (Bernstein, 1964: Hughes 

and D'Angelo, 1967; Parkes e_t a_l. , 1966). It has long been established 

that the adrenal gland in situ is larger in the female rat than in
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the male rat (D'Angelo, 1968). The same is true for man, but 

the reverse is true of the golden hamster (Swanson, 1967).

Following gonadectomy, a typical hypotrophy occurs in the female 

and hypertrophy occurs in the male. The concentration of ACTH 

following stress is significantly higher in the female rat than 

in similarly treated male rats (Kitay, 1963b). A greater amount 

of variation of ACTH concentration occurred within the female 

group. This could be correlated with the phase of the estrus cycle 

(Barrett, 1960). Results showed that in the conditions where 

there is a high level of estrogen secretion (pre-estrus, estrus, 

and late pregnancy) there is a marked release of ACTH in response 

to stress. When the estrogen secretion is low (metaestrus, diestrus, 

immaturity or oophorectomy), the secretion of ACTH in response to 

stress is also low. Along the same line, Gompertz and Mandl (1958) 

found that estrogen does not affect the adrenal gland size of 

females castrated before puberty; whereas in females castrated 

after puberty, estrogen caused the adrenal to enlarge. They concluded 

that some change at puberty occurs which conditions the adrenal glands 

to the action of estrogen.

3. Effects of Estrogen on Protein-binding of Glucocorticoids.

Each glucocorticoid exists in at least three forms in the blood: 

unbound (pative) hormone, albumin complex, and globulin-hormone complex. 

The binding of these hormones to proteins has been shown to diminish 

or abolish their biological activity in vivo (Slaunwhite, 1962; Kawai, 

1966) and in vitro (Matsui and Plager, 1966). The binding of
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corticosteroids to globulin can be increased in some species by 

estrogenic hormones, presumably through an increase in the rate 

of synthesis of the binding globulin (Sandberg and Slaunwhite,

1957; Wallace et al. 1957). During estrogenic treatment in 

humans and in rats, the concentration of both unbound and bound 

glucocorticoid forms increased (Keller, et al., 1966). Since 

the unbound moiety is believed to be effective as a negative 

feedback signal for the suppression of corticotropic hormone 

(ACTH) release (Daughaday, 1967; Vernikos-Danellis, 1965b), it 

would be expected that the concentration of unbound corticoids 

would be normal or slightly low, if the sole effect on the 

adrenocortical system by estrogenic hormones was stimulation of 

the synthesis of corticoid-binding-globulin (CBG). In humans, 

in spite of the fact that there is an increased concentration 

of cortisol in pregnancy or after the administration of large 

doses of estrogen, no signs of hyperadrenocorticism occur (Daughaday, 

1967; Yates, 1962; and Peterson et al., 1960). The paradox is 

interpreted by stating that possibly the protein-bound corticoid 

is causing the increase in total corticoid level, and that it is 

biologically inactive.

Doe et _al. , (1960), investigating the significance of the 

concentration of non-protein bound plasma corticoid _in vivo, found 

the following:

1) In Cushing syndrome the increased plasma hydrocortisone level 

was due to an increase in non-protein bound hydrocortisone fraction.
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2) In estrogen-treated males the elevated plasma total hydro

cortisone was due to an increase of the protein-bound hydrocortisone.

3) In women in the third trimester of pregnancy the levels 

of both bound and unbound cortisol were increased and the women 

showed signs of mild hyperfunction of the adrenal glands.

Another ramification of steroid-binding is protection from 

catabolism by the hepatic enzymes (Mills et al., 1960; Nalbandov,

1963). In the human, Peterson jet a_l. (1960) showed that urinary 

losses of cortisol and corticosterone are neglible and that steroid

binding may prevent hormones from being filtered through the renal 

glomeruli. A study of the steroid levels in plasma and urine 

indicated that there is a decrease in the excretion of adrenal steroids 

if estrogen is administered (Herrman et al., 1960). The decrease 

may be a result of 1) direct interference with biosynthesis of 

the steroid or its precursors, 2) a retarded catabolism, and/or 3) 

an increased protein-binding. Yates and Urquhart (1958) observed 

the greater capacity of the female rat to inactivate c4--3-keto steroids 

by ring A reduction as compared to the male. Because of the removal 

of circulating &^-3-keto steroids from the blood, a greater stimulation 

of ACTH release results and thus could lead to the larger size of 

the adrenal cortex. The liver of the female rats contains three to 

ten times more of the microsomal ^-S-keto steroid hydrogenase than 

that of the male in vitro. Yates (1958, 1962) stated that possibly 

the rate of ACTH release is determined by the rate at which the A-ring
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of circulating corticoids is reduced in the liver. It is 

interesting to note that studies concerned with hamsters, which 

have a reversed sexual dimorphism of the adrenal gland, demonstrated 

a reversed sex difference in hepatic steroid metabolism (Yates and 

Urquhart, 1958). Keller e_t a_l. (1969) supports the finding that 

estrogenic antagonism to glucocorticoids may be inactivated through 

liver metabolism. From a different enzymatic point of view, Troop 

(1959) showed that daily injections of estradiol-17?to gonadectomized 

adult rats decreases the capacity of rat liver to reduce 17, 21, 

dihydroxy-20-ketone side chains of cortisone.

In 1963, Smelik (in studies dealing with the relationship 

of blood levels of corticoids and their inhibiting effects on the 

pituitary response) concluded that inhibition of pituitary ACTH 

is dependent upon accumulation of hormone by some structure that 

controls pituitary-adrenal activity rather than by the physiological 

changes in the amount of circulating adrenocortical hormones. He 

could not correlate pituitary inhibition with the blood level of 

corticoids.

4. ACTH Secretion and Adrenal Cortical Sites for Estrogen's 

Action as Reviewed by J. I, Kitay.

Possibly the most extensive contribution to the study of the 

mechanism of action of estrogen upon the adrenal-pituitary-gonadal 

system is contained in the research of Kitay. He presents a dual 

mechanism--inhibitory and stimulatory--of estrogen (1963c) (Fig. 1).
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The smaller amounts of exogenous estrogen are stimulatory and the 

larger quantities are inhibitory. He observed a significant in

crease in the corticoid produced in response to estrogen therapy 

in intact male adrenal tissue and in oophorectomized female tissue.

A lack of change in adrenal secretion following estrogen treatment 

was intrepreted as evidence for maximum stimulation in the intact 

female rat. However, Vogt (1954) and McKerns (1964, 1968), who 

observed definite inhibition at high levels of estrogen treatment 

in intact females, disagree with Kitay's explanation.

In 1963, Kitay proposed a scheme (Fig. 2), demonstrating 

that both gonadal hormones, testosterone and estrogen, exert 

multiple effects on the pituitary-adrenal axis. A summary of his 

observations, coupled with other experiments, will serve to clarify 

the diagram (Fig. 2).

1) Estradiol stimulates both ACTII secretion and adrenal 

steroidogenesis in rats. When administered with corticoids, estradiol 

prevents the depressing effect of corticoids on both adrenal and 

pituitary glands (Kitay, 1964). However, he observed that estradiol 

can stimulate adrenal steroidogenesis without the mediation of

the pituitary gland.

2) An examination of the pituitary size and hormone content 

in male and female rats after a single injection of polyestradiol 

phosphate by Kitay (1963b) showed no significant change in pituitary
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ACTH but did show a marked increase in adrenal gland weight.

This observation also was noted by Halmi and Bogdanove (1951).

3) Results from adrenalectomized rats treated with estrogen 

indicated a modification of ACTH secretion without mediation of 

the adrenal gland (Kitay, 1968).

4) In vitro studies (Kitay, 1965b, 1966a) showed that 

estradiol's effect is directly on the adrenal gland. After oopho

rectomy the adrenal gland in vitro produced less steroid and when 

estrogen was added to adrenal slices, an increase of steroid 

occurred.

5) Increased ACTH release after gonadectomy in male rats 

results in adrenal hyperplasia. However, with testosterone replace

ment, ACTH secretion diminishes (Kitay, 1968). Testosterone acts

at multiple sites within the adrenal gland, including 11 p-hydroxylase 

and 5^.-reductase (Kitay, 1969).

6) Oophorectomy diminishes ACTH secretion (Kitay, 1963c) and 

corticoid production (1965a).

7) An examination of responsiveness of female adrenal glands 

to exogenous ACTH reveals that they are more sensitive than the

male adrenal glands. Also the female adrenal glands release a greater 

quantity of corticosterone in response to stress than male rats 

(Kitay, 1961a).

8) Oophorectomy has no effect on adrenal cholesterol, but 

increases adrenal glycogen. No change in the adrenal enzymes,



ESTROGEN LEVEL

Fig. 1

Dual effects of estrogen on the functional corticosterone 
(Compound B) level in rats. (Kitay, 1963c)

Vertical bars indicate the normal level of Compound B in male 
and female Qrats.
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HYPOTHALAMUS

stimulation— . iV ™

inhibition-------------------- >

Fig. 2.

Summary of the sites of action of the gonadal hormones on 
pituitary-adrenal function. (Kitay, 1963c).
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adrenal phosphorylase and phosphodiesterase, and 5-nucleotidase, 

but an increase in glucose-6-phosphate is seen in castrated 

females. Yet there is a concomitant decrease in steroid production 

that persists even after NADP (nicotinamide adenine diphosphate) 

and glucose-6-phosphate or NADPH (reduce nicotinamide adenine 

dinucleotide phosphate) are added exogenously to in. vitro incubating 

adrenal glands (Kitay, 1968).

B. Effect of Estrogen on Enzymatic Systems.

One interpretion of estrogen's action is that the hormone

accelerates enzymatic function, either by altering the activity
\of an existing enzyme system or by stimulating the d_e nova synthesis 

of critical enzymes. The key enzymes may be those involved in 

protein synthesis or in transhydrogenation.

In regard to transhydrogenation, possibly estrogen treatment 

alters the level of the coenzyme NADP or the level of NADPH. Also 

the treatment might alter the steroid dehydrogenase that is 

necessary for steroid biosynthesis (Pincus, 1962). McKern's in vitro 

studies (1964), using rat and cow adrenal homogenates and slices, 

led to the conclusion that high dosages of estrogenic compounds 

(and any dose of stilbestrol) reduce the ability of the adrenal 

gland to synthesize corticoids. The adrenal gland responds to this 

inhibition by a compensatory hypertrophy of the adrenal tissue.

He states that the adrenal hypertrophy is able to overcome the 

inhibition from low dosages of estrogen but not from high dosages.
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The administration of low dosages of estrogen reduces the subsequent 

metabolic activity of the adrenal gland slightly, but owing to 

the hypertrophy of the gland, total activity increases. In 1963, 

McKern stated that estrogen and certain other compounds with 

hydrogen-binding groups are competitive inhibitors of specific 

dehydrogenases of the adrenal cortex, namely, glucose-6-phosphate 

dehydrogenase. In the case of stilbestrol (a synthetic estrogenic 

compound) the inhibition is noncompetitive. The inhibition of 

NADP-binding leads to a decrease in the hexose-monophosphate shunt 

of the adrenal cortex. Following the above, a decrease in NADPH, 

a required constituent of steroidogenesis, occurs.

The fact that NADP is a limiting factor is disagreed with by 

Kitay (1965a and b) who found that supplementing adrenal glands 

in vitro with additional quantities of NADP and glucose-6-phosphate 

or NADPH alone did not alter the impairment of adrenal production 

found in oophorectomized animals.

Another enzymatic system is adrenal 5o(-reductase, which is 

inhibited under the influence of estrogen (Bransome, 1968; Kitay, 

1968). Gonadectomy increases its activity, and an increase in the 

inactive metabolite, 3^-5-allotetrahydrocortisone results. Estrogen 

inhibits the reduction of steroid to inactive metabolites and thus 

stimulates corticoid production. Kitay has postulated that this 

intra-adrenal transformation of glucocorticoids to an inactive 

metabolite may be an important means of controlling steroid output.
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It should be noted that estradiol- Ir has a dual mechanism in 

regard to the reductase enzyme, since it stimulates hepatic 

reductase and inhibits the adrenal reductase.

Within the biosynthetic pathway of steroidogenesis, 11-̂ 3- 

hydroxylase is an enzyme which increases in estrogen-treated 

animals. The increase in the enzyme results in a decrease in 

total steroid production. Although the site of action is not 

defined, Harding and Nelson (1966) propose that hydroxylase may 

be blocking the respiratory chain, resulting in a reduction in 

energy that is needed for the hydroxylation pathway. McKern 

(1968) also found (in regard to enzymatic effectiveness within the 

biosynthetic pathway) that low levels of estrogen stimulate the 

formation of progesterone from pregnenolone in the presence of 

pyruvate. Pyruvate's function might be to serve as additional 

substrate for the citric acid cycle. Estrogen might influence 

the entrance of it into the cycle and thus influence the amount 

of NADPH formed. NADPH, as stated above, is a necessary constituent 

for steroidogenesis.

Another ramification of estrogen's action is presented by 

McGuire and Fanning (1963), who state that the transfer of hydrogen 

from NADPH to NADP by porcine anterior pituitary is stimulated by 

estradiol-17^. They propose that ADP (adenosine diphosphate) 

induces structural changes in the hypophysial transhydrogenase.

Whether or not this is an actual part of the pituitary-adrenal-gonadal

axis is not known.
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C. Other Factors.

The use of synthetic estrogenic compounds introduces some of 

the controversial effects upon the adrenal gland. Thus, diethystil- 

bestrol, hexestrol, and p-oxyprophenone cause adrenal atrophy.

Ethinyl estradiol, hexestrol, and diethystilbestrol effect a reduction 

in the secretion of corticoid accompanying the atrophy (Deane, 1962). 

Thus Vogt's observation (1954) of hexestrol-treated rats consists 

of inhibition of steroid production. McKern (1957), too, used 

ethyinylestradiol in jin vitro studies and observed inhibition of

corticoid production.
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II. STATEMENT OF PROBLEM

The effect of estrogen and estrogen-like compounds on the 

hypothalamic-pituitary-adrenal system remains an unexplained 

problem. It is clear that sex hormones modify the response of 

the adrenal glands with the modification depending on many 

variables and interrelationships. It is unclear whether the 

effects of estrogen are upon the adrenal cortex, upon central 

nervous system mechanisms regulating adrenocorticotropic hormone 

(ACTH), upon protein-binding properties of glucocorticoids, or 

upon stimulation of enzymatic systems which degrade the circulating 

glucocorticoid levels and stimulate the synthesis of ACTH. Since 

most of the literature on the pituitary-adrenal-gonadal axis 

studies the relationship in the adult albino rat (Sherman strain), 

this study was initiated to determine whether the existence of 

estrogen-dependent corticosterone production exists in mice 

(Webster-Swiss strain) and to elucidate through the use of specific 

inhibitors possible sites of estrogen action.
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III. METHODS AND MATERIALS

A. Animal Maintenance.

Adult female mice (25-30 gm./animal) of the Swiss-Webster 

strain from the Arthur Sutter Incorporation were housed in groups 

of eight to ten in a room with a nearly constant temperature and 

were given Purina rat chow and water £d libitum. Male mice, 

caged separately from the females, were maintained under the same 

conditions.

B. Operation and Injection Techniques.

Oophorectomy was performed under ether anesthesia by midline 

abdominal incision and was completed with the use of Michels 

wound suture clips. After a minimum of fourteen days, the animals 

were subjected to a series of injection of ^-estradiol 3, 17 

dipropionate (a  1,3,5,(10) Estratriene-3,17 P-diol dipropionate). 

)P_Estradiol 3, 17 dipropionate was first dissolved in absolute 

ethyl alcohol at a concentration of 1 mg^nl. The dilutions in 

oil were kept from light exposure and were shaken before use. 

Dosages of 0 jugm. /ml. , 0.1 Mgm. /ml. , 1.0 jugm- /ml. , 10 >igm. /ml. ,

20 jugm./ml., 40 jugm./ml. , and 80 /igm./ml. were administered in 

0.1 ml quantities. Injections were given subcutaneously once 

daily for four days at approximately the same time of day (9:30 

A.M. to 10:30 A.M.). Control animals, both sham-operated and 

non-operated, received the same types of dose injections in oil.
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C. Treatment of Tissue and Analysis for Steroid.

On the fifth day, after four days of injections, the female 

mice were instantaneously sacrificed (by cervical luxation).

Following this, the adrenal glands, uteri and pituitary glands 

were removed surgically and were given the following treatment:

1. Adrenal Glands.

The adrenal glands from each animal were incubated on a 

Dubanoff shaker bath at 37.5°C for two hours in 2.0 ml. of Puck's 

N-15 media. At the end of this time the adrenal glands were 

removed from the fluid, weighed on a Roller-Smith rapid weight 

tissue balance to the nearest 0.1 mg., placed in 2.0 ml. of saline, 

and frozen for future analysis of steroid content. The incubated 

media were transferred to 2,0 ml. low-radioactive scintillation 

vials using Pasteur pipettes and then frozen for steroid analysis.

Steroid analysis was performed on both media and adrenal 

glands. The frozen adrenal glands were allowed to thaw and were 

homogenized in a conical tissue grinder (Belgoglass). The homogenate 

was then transferred to centrifuge tubes. Likewise the frozen 

adrenal secretion media were thawed and transferred to centrifuge 

tubes. Both were treated with ethyl acetate to extract the 

steroids. The flow-chart (Fig. 3) is slightly modified from that 

described by R. V. Andrews (1968).

The media containing steroid products are first extracted with 

3.0 ml. of peroxide-free ethyl acetate by shaking for ten minutes 

on a Burnell Wrist-Action Shaker. This is followed by centrifuging
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for ten minutes. The supernatant is decanted using a clean 

Pasteur pipette, and the entire process is repeated for a total 

of three times. The supernatant is evaporated under a hood to 

dryness.

The adrenal homogenate from the gland follows pattern B in 

the flow chart (Fig. 3), whereas the adrenal secretion follows 

patterns B and A.

a. Treatment of the Homogenate from the Adrenal Gland (Fig. 3-B)

To the ethyl acetate residue, 50 A of absolute ethanol is 

added, with 25X being collected and spotted on silica-gel coated 

thin-layer chromatography (TLC) plates. Standards are spotted 

at the outside lanes of the plate. The plates are developed for 

two to three hours in ethyl acetate:methanol (99:1) solution in 

developing wells. After drying, the plates are viewed under the 

U-V Chromato-Vue lamp, and the particular standard spots (Cort

icosterone) are located and marked. Through the use of a vacuum 

source, spots are collected into scintillation vials containing 

absolute ethanol and allowed to dry. To the dry residue, 2.0 ml. 

of ethanol are added and 1.0 ml. is withdrawn and placed in a 

cuvette. To each cuvette are added 3.0 ml. of cold, concentrated 

^SO^. Fluorescence develops for one hour and values of fluorescence 

are read on the Turner Fluorometer (Model III). (Primary filters-- 

2A and 47B, with 2A closest to the lamp; secondary filters--2A and 12). 

Values for steroids quantities are read against standards and
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expressed as jigm. steroid/100 ml. adrenal tissue weight. The 

method of fluorescence is according to Silber et al. (1958).

b. Treatment of Incubated Secretion (Fig. 3 B and A).

The secretion media are treated exactly the same as the adrenal 

gland after it has been homogenized. However, the residue from the 

50Pk ethanol addition and the 25 A ethanol removal is further analyzes 

(Part A of Fig. 3). After the 25A is removed for TLC spots and the 

residue dried, 20 ml. of ethanol are added and 1.0 ml. is withdrawn 

and placed into cuvettes. To the cuvette 3.0ml of cold, concentrated 

are added and fluorescence method proceeds as stated above.

The data obtained without TLC are an indication of total steroid, 

whereas the data obtained with TLC indicate the amount of corticosterone.

2. Uteri.

The uteri are severed at the cervix, snipped of mesometrial 

adnexa, blotted to remove excess liquid, and weighed on a rapid- 

weight tissue balance to the nearest 0.1 mg. Oophorectomized 

animals are inspected for fragments of ovaries that might be present.

Data from animals thus found with traces of ovaries are discarded.

Uterine weight indicates that estrogen is present (Emmens, 1962;

Rubin, et al., 1951).

3. Pituitary Glands.

The pituitary glands from specific groups of estrogen-treated 

female mice; namely, mice treated with dosages of 0 /igm/ml. , 1.0 jugm. /ml. , 

10 pgm./ml., and 80/igm./ml. of estrogen, are placed in 2.0 ml. of 

saline in scintillation vials and are frozen at -10°C. For
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FIGURE 3. FLOW CHART FOR STEROID DETERMINATION

2 ml. of Steroid (either homogenized or secretion)43 ml. of Ethyl Acetate.—

Shake for 10 minutes x3

Centrifuge for 10 minutes
4'Collect supernatant «___
iEvaporate supernatant in hood 30° C

Resuspend Ethylacetate residue in 50 A ethanol (100%) and remove
25 A for■i

Allow residue to dry4
2 ml. of ethanol (100%)

withdraw 1 ml. and place 
in cuvette

-t
3 ml. (cold-concentrated)

1 hour development
iRead against standards and 

blank on Turner Fluorometer 
(Model III)

(Expression of Total Steroids)

I
Spot 25A on TLC Silica Gel Plate 
(Merck HF 254/366)4Chromatogram with reference standards 
in ethyl-acetate: methanol (99:1).

Air dry plate ancf locate spots with 
U.V. light (2537 A°)

Scrape, collect spots, and elute 
with ethanol. 4Allow residue to .dry

T
2 ml. of Ethanol 

Decant 1 ml. into cuvette

3 ml. of H SO^ (cold concentrated)2 * i
1 hr development

Read against Standards and blank 
on Turner Fluorometer. (Model III)

(Expression of Corticosterone, 
Compound B)
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adrenocortropic hormone (ACTH) analysis the glands are unfrozen 

and homogenized in a conical tissue grinder. Male white mice 

(Webster-Swiss strain--Madison Production Laboratories) were 

used for the assay. After instantaneous sacrifice, adrenals were 

removed, placed in 2.0 ml. of Puck's N-15 solution in a 25 ml.

Erlenmeyer flask, and incubated for one hour on a Dubanoff shaker 

bath. The fluid from the incubation was discarded. To the pair 

of adrenal glands were added 2.0 ml. of Puck's N-15 and the pituitary 

homogenate from a specific animal. A series of standards was 

set up containing serial dilutions of ACTH (10 milliunits, 50 

milliunits, 100 milliunits, 500 milliunits, and 1 unit) in 

2.0 ml. of Puck's N-15 and 2.0 ml. of saline. These dilutions 

were also added to previously incubated male adrenal glands.

Both standards and the pituitary-containing flasks were incubated 

for two hours. Adrenal content and secretion were analyzed.

D. Inhibitors.

Female adult mice of the control and oophorectomized groups 

were given in addition to the various dosages of ^-estradiol 3,17 

dipropionate, either methopyrapone (SU-4885) or dexamethasone.

The dexamethasone was injected in dosages of 3.0 mg./ml. or lOOmg./ 

kg. body weight; whereas methopyrapone was placed in aqueous 

solution with sodium tartarate in a 2:1 concentration ratio of 

acid to SU-4885. The actual dose administered was equivalent to 

100 /igm./kg. body weight or 3 /igm./ml. Injections were started
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after a minimum of fourteen days after the oophorectomy was 

performed and were maintained for four days. On the fifth 

day animals were sacrificed, and tissue and secretions were analyzed 

as previously stated.

E. Statistical Procedures.

Data was processed by a FORTRAN IV program using IBM 1130 

8K computer. Means, standard deviations, standard error of the 

means, t-values, and correlation coefficient values were obtained. 

Probabilities for the t-values were determined from an abridged 

version of Fisher and Yate's statistical tables found in Woolf's 

Principles of Biometry (1968).
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IV. RESULTS

Detailed analysis of the data and the results consists of an 

assessment of each of the various parameters (e.g., steriod pro

duction as influenced by surgical operation, inhibitor, or presence 

of the pituitary gland) studied independently and then jointly.

The major difficulty in presenting the results is that the material 

is complex. Points of interest and significant differences are 

succinctly represented in order to simplify.

A. Estrogen's Influence on Adrenal Gland Weight.

Mean adrenal weights and standard error of the mean were 

determined for each estradio1-17^ dosage group in either the oopho- 

rectomized, sham-operated, or intact-control groups (Fig. 4).

With an increase of estradiol-17^ there was an increase in the 

adrenal weight. However, in both the intact-control group and 

the oophorectomized group receiving 80 /ugm./ml. estradiol, the 

increase in weight was significantly different (p<0.02 and p<0.01 

respectively) from the mean of the group receiving no estradiol.

The adrenal weight values of the sham-operated group tended to be 

higher than the values of either group at the higher doses.

An inspection of the influence of the inhibitors, dexamethasone 

and methopyrapone, upon adrenal weight mean values indicated an 

increase in the weight of the methopyrapone-treated group, receiving 

0 ¿lgm./ml. estradiol dose, since it was significantly different 

from the following:



26

1) the dexamethasone-treated, 0 /igm./ml. estradiol-17® 

dose injected, oophorectomized group (p<0.02);

2) the dexamethasone-treated, 0 /igm/ml. estradio1-17® 

dose injected, intact-control group (p<0.01); and

3) the non-inhibited, 0 jugm./ml. estradio 1-17® d ose injected 

intact-control and oophorectomized groups (p<0.01 and 

p<0.05 respectively).

In the methopyrapone-treated animals there was a positive correlation 

of adrenal weight increase with increasing estradiol-17^ (rr+0.74 

for intact control group and re +0.68 for the oophorectomized group). 

Whereas in the dexamethasone-treated animals, there was almost no 

correlation as the estradiol-17? dose increased for the dexamethasone 

intact-control group ( re -0.17). It was interesting to note that 

the mean adrenal weight of the dexamethasone-treated animals 

receiving no estradiol was lower than the weight of all other groups 

receiving no estrogen, but not significantly lower than the non- 

inhibited groups' adrenal weight values (p>0.10) (See Appendix A-l).

B. Comparison of the Non-inhibited Oophorectomized, Sham- 

operated, and Intact-control Groups' Steroid Production.

For each group there were three separate data factors; namely, 

the amount of corticosterone (Compound B) from the adrenal content, 

the total steroid secretion, and the corticosterone secretion.

Both of the latter were secreted into the media during _in vitro

incubation. The mean and the standard error of the means for each
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dosage injection of estradiol-17^ inside each experimental 

group were determined. In addition the data may be expressed 

as jugm. /ml./gland pair (see Appendix A-3) or as jugm. /ml. /mg. 

adrenal weight (see Appendix A-2). The latter expression stand

ardized the steroid quantity.

1. Amount of Corticosterone from the Adrenal Content.

The adrenal content of the oophorectomized group expressed 

both as jugm./ml/mg. adrenal weight (Fig. 6) and as ¿igm./ml./gland 

pair showed a positive correlation of corticosterone increase 

with increasing estradiol dosages (r = +0.673 and r= +0.824 

respectively). Significant values from the 0 jugm./ml. estradiol 

dose group are the 0.1 jugm./ml. (p<0.02), the 20,ugm./ml. (p<0.01),

the 40 /igm. /ml. (p<0.01), and the 80 jugm./ml. (p<0.01) dosages 

groups for the data expressed as jugm./ml./gland pair (see Appendix A-3). 

Whereas the steroid secretion expressed as jugm./ml./mg. adrenal 

weight showed significant values from the 0 jugm./ml. estradiol group 

at the 20 lagm./ml. (p<0.02) and 40 jugm./ml. (p<0.01) groups (Fig. 6).

In the oophorectomized group there are two 0 jugm./ml. estradiol 

injection groups. One, designated with a superscript /, was the 

result of a preliminary time study. The other steroid value for 

the 0 «gm./ml. estradiol dose was obtained at the same time the 

other dosages were administered. For the content values the two 

items were not significantly different from each other (Fig. 6 and 

Appendix A-2).
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The adrenal steroid content of the intact-control group when 

expressed as /agm./ml./mg. adrenal weight demonstrated significant 

differences at the 10 jugm./ml. (p<0.05) and 20 «agra./ml. (p<0.02) 

estradiol dosages. The remaining dosages were not significantly 

different from the zero estradiol injection. The data from the 

intact-control group expressed as jugm./ml./gland pair parallels 

the variation found in the above except that the steroid value 

at the 80 jugm./ml. estradiol dose was significantly higher than 

the 0/igm./ml. estradiol doses steroid value (p<0.01).

The sham-operated group's steroid values were slightly higher 

than those of the intact-control group and possessed a negative 

correlation (r i -0.758). The mean values, although lower than 

the value of the 0 jugm./ml. estradiol dose, were not significantly 

lower in the corticosterone when expressed as jugm./ml./mg• adrenal 

weight. However, when expressed as jugm./ml./gland pair, the 

steroid value of the 80 /agm./ml. estradiol dose injected group 

was significantly lower than the steroid value at the 0 jugm./ml. 

estradiol dose (p<0.05), and correlation for that data was negative 

(r = -0.582) (Fig. 6). (See Appendix A-2 and A-3).

Observation of interrelationships between the three experimental 

groups demonstrated higher values of the intact-control and the 

sham-operated groups' steroid levels as compared to the steroid values 

of the oophorectomized at the 0 jugm./ml. estradiol dose.
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2. Amount of Corticosterone Secretion.

Points of interest in the oophorectomized corticosterone 

secretion values (Fig. 8) were the following:

1) The two 0 jugm./ml. estradiol-17^ steroid values were 

approximately the same.

2) These values were higher than the values obtained with 

estradiol injections. In fact, there were significant differences 

from the 0 jugm./ml. estradiol steroid value at values of the 0.1 

Ugm./ml. (p<0.02), the 20 jugm./ml. (p<0.01), the 40/igm./ml.

(p<0.01), and the 80 wgm./ml. (p<0.01) dosages when the steroid 

was expressed as fagm./ml./gland pair. There were significant 

differences from the 0 jugm./ml. steroid value at the values of the 

1.0 *igm./ml. (p<0.01), and 10.0 jugm./ml. (p<0.01), the 20 jugm./ml.

(p<0.01), and the 80 /ugm./ml. (p<0.01) dosages when the steroid 

is expressed as jugm./ml./mg. adrenal weight (See Appendix A-2).

3) The correlation of the mean steroid values when expressed 

as jjgm./ml./mg. and when the values started at the 0.1 jugm./ml. 

estradiol dose was positive (r=+ 0.54). However the correlation 

was very poor if the zero values were considered (r = -0.13).

The secretion of corticosterone found in the sham-operated 

group paralleled the secretion found in the intact-control group. 

When the data were standardized for adrenal weight, both the sham- 

operated group and the intact-control group demonstrated negative 

correlation (r i -0.76 for the control group and r i -0.88 for the
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sham-operated group). The 80 jagm./ml. estradiol steroid value 

was significantly lower (p<0.05) in both cases. The expression 

of steroid as Aigm./ml./gland pair was not as definite an indication 

of inhibition as the above data (See Appendix A-3).

The problem of interrelating the data led to confusion due to 

the high steroid values found in the 0 jugm./ml. estradiol-treated 

oophorectomized group. A one-to-one pairing of the steroid values 

from the oophorectomized group and the intact-control group 

demonstrated significantly higher values of the oophorectomized 

group at the 0.1 /igm. /ml. , the 10.0 jjgm. /ml. , the 20 yugm. /ml. , 

the 40 jigm./ml., and the 80;ugm./ml. estradiol dosages (p<0.05).

The values of steroid from the oophorectomized group were higher 

than the values from the sham-operated and the intact-control 

groups. The values from the oophorectomized group tended to in

crease while the values from the intact-control group either were 

not significantly different or were lower than the 0 /ugm./ml. 

estradiol steroid value.

3. The Amount of Total Steroid Secretion.

In the oophorectomized group, the differences that occurred 

between the steroid value from the preliminary time study of the 

0 pgm./ml. estradiol injection and the steroid value of the 0 

Hgm./ml. estradiol dose obtained at the same time as the steroid 

values for the other injections became evident. For some unknown 

reason the 0 ^gm./ml. estradio1-treated steroid value from the
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latter was significantly higher than all other values obtained 

during estradiol replacement therapy. If one assumed that the 

0 pgm./ml. estradiol steroid value from the preliminary time 

study was the value that would be typical of an oophorectomized 

group, then the trend that existed would be an increase in steroid 

with increasing estradiol up to the value of the higher estradiol 

dosages (namely, the 40/agm./ml. and the 80jugm./ml. doses).

This trend would be true for both expressions of steroid and it 

is such a trend which is predicted by Kitay (1965a). If one 

assumed that the other O/jgm./ml. estradiol steroid value was 

typical, then inhibition would appear to be present with increasing 

estradiol dosages. With this Oyugm./ml. estradiol steroid value, 

there were significant differences occuring at 0.1 jugm./ml., 

the 10.0 ¿igm. /ml. , the 20*igm./ml., the 40 /igm./ml. , and the 80 

ugm./ml. estradiol doses' steroid values (p<0.01). (See Table 1).

la the case of the sham-operated group both the steroid 

expressions revealed negative correlation of steroid production 

with increasing estradiol (r i -0.846 and r = -0.842); this indicated 

inhibition. A significant difference occurred in the sham-operated 

steroid values standardized for adrenal weight between the 0 yigm./ml. 

and the 40/jgm./ml. estradiol doses (p<0.05).

The intact-control group showed little correlation of steroid 

values with increasing estradiol injections. There was no significant 

difference between the 0 wgm./ml. estradiol dose steroid value and 

other steroid values.
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The steroid value obtained from the preliminary time study 

of the oophorectomized group receiving 0 /ugm./ml. estradiol was 

lower than the steroid values of the sham-operated and the intact- 

control groups. However, the opposite is true for the other 0 

jugm./ml. estradiol steroid value.

C. Comparison of the Inhibited Oophorectomized and the 

Intact-Control Groups' Steroid Production.

Methopyrapone, SU-4885, has been employed as an inhibitor 

of C-11-hydroxylation. It has been used to assess the pituitary- 

adrenal reserve, which is based upon adrenocortical stimulation 

by increased endogenous ACTH resulting from depressed production 

of steroid. Dominquez and Samuels (1963) have shown that it is 

a competitive inhibitor at the 11-^5-hydroxylase. It is thought 

that estrogen diminishes the affinity of the enzyme for the 

inhibitor (Bransome, 1968). Dexamethasone, a potent corticoid, 

diminishes adrenocortical secretion of corticosterone presumably 

by shutting off the release of ACTH.

The data that follow were grouped according to the corticosterone 

in the adrenal content, the total steroid secretion, and the 

corticosterone secretion. Only the oophorectomized group and the 

intact-control group under the influence of the inhibitors and 

estrogen were evaluated.

1. Amount of Corticosterone from the Adrenal Content.

Within the methopyrapone-treated intact-control group, the
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steroid values at no or low estrogen dosages were higher than 

those values where methopyrapone was administered with larger 

doses of estrogen (Fig. 7). In fact at the 80 /ugm./ml. estradiol 

dose, the steroid value was significantly different from the steroid 

value at the 0 jagm./ml. estradiol dose (p<0.05). This applied to 

the steroid expressed as jugm./ml./mg. adrenal weight (Fig. 7 and 

Appendix A-4), but the trend was true for the steroid expressed 

as pgm./ml./gland pair (Appendix A-5). Steroid values from the 

oophorectomized mice, treated with methopyrapone and estrogen, 

were markedly smaller than the values from the inhibited, intact- 

control group. Although they were not significantly smaller 

(p>0.10), the corticosterone quantities obtained with increasing 

estradiol-17^ doses within the oophorectomized group were not 

significantly different from each other.

A view at the dexamethasone-treated intact-control mice 

manifested little variation, i.e., there was almost no correlation 

of estradiol to steroid and no significant variation from the 

0 pgm./ml. estradiol dose. Although the negative correlation of 

the oophorectomized steroid values was better (r I -0.685), the 

values themselves were not significantly different from each other.

A difference which arose from one-to-one pairing of the oophorectomized 

group to the intact-control group was a significantly lower value 

of the oophorectomized, dexamethasone-treated group receiving 

80 jigm./ml. estradiol injections (p<0.01). All other comparisons
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of the values between the same dosage for the intact-control

group and the oophorectomized group showed no significant differences

(p>0.05).

2. Amount of Total Steroid Secretion.

The effect of the inhibitors upon total secretion appeared 

to be of little consequence. The total steroid values varied 

under the influence of the inhibitors but were not significantly 

different from the Ojugm./ml. estradiol's steroid value; there 

was very little correlation of increasing or decreasing steroid 

quantities with estradiol in the control and the oophorectomized 

groups (Table 1). (See Appendixes A-4 and A-5).

3. Amount of Corticosterone Secretion.

The mean steroid values derived from the methopyrapone-treated 

intact-control group were not significantly different from the 

values of the Ofigm./ml. estradiol-treated group (Fig. 9). However, 

the oophorectomized group was negatively correlated (r : -0.786 for 

the steroid as expressed as /igm./ml/mg. and r ; -0.927 for the 

steroid as expressed as ngm./ml./gland pair). So that when estradiol 

was increased there was a decrease in the steroid produced. Yet 

the steroid values in this group were not significantly different 

from the 0 jugm./ml. estradiol-treated steroid value. Both of the 

above statements apply to the steroid expressed as /igm./ml./mg.

(See Appendix A-4) and /igm./ml./gland pair (Appendix A-5). When 

the data were not standardized for adrenal weight, the variation
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between the oophorectomized and the intact-control groups and, 

also, the variation between the presence of dexamethasone and of 

methopyrapone were neglible.

In contrast to the methopyrapone-treated oophorectomized 

group, the dexamethasone-treated oophorectomized group demonstrated 

poor negative correlation of estradiol to corticosterone. Secondly, 

the steroid values for the dexamethasone-treated oophorectomized 

group were larger than the values of the methopyrapone-treated 

group.

D. Inter-comparisons of the Inhibited and the Non-Inhibited

Oophorectomized and Intact-control Groups' Steroid Production.

1. Amount of Corticosterone in the Adrenal Content.

In spite of the differences that were found within groups, 

a study of the variation of the adrenal content yielded the results 

that the oophorectomized, non-inhibited, group had no significantly 

different values when compared by one-to-one pairing of doses the 

values of the inhibited group with the non-inhibited group. This 

was true for the comparison of the control group except between 

the methopyrapone and the non-inhibited groups at the 80 jngm./ml. 

estradiol dose (See Fig. 6 and 7).

2. Amount of Total Secretion.

Total secretion of non-inhibited and the inhibited control 

groups and the non-inhibited and the inhibited oophorectomized 

groups demonstrated very few significant differences after one-to-one 

pairing of estradiol doses.
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3. Amount of Corticosterone Secretion.

The estrogen-treated, non-inhibited, intact-control groups' 

steroid value, which was shown within its own group to decrease 

with increasing estrogen, was significantly lower than the steroid 

values obtained in the following:

1) the 0 |igm./ml. estradiol dose injected, methopyrapone- 

treated, intact-control group (p<0.05);

2) the O/ugm./ml. estradiol dose injected, dexamethasone- 

treated, intact-control group (p<0.01);

3) the 10 jugm./ml. estradiol dose injected, methopyrapone 

and dexamethasone-treated, control group (p<0.01).

However, the estrogen-treated, non-inhibited oophorectomized group's 

steroid values were significantly higher than in the following:

1) the 0 ¿igm./ml. estradiol dose injected, methopyrapone- 

treated oophorectomized group. This applies to both the preliminary 

time study and the actual study at the O/ugm./ml. estradiol dose 

(p<0.01) .

2) the 80 jugm./ml. estradiol dose of both the methopyrapone 

and the dexamethasone-treated oophorectomized groups (p<0.01).

It would seem that Kitay's dual action of estrogen was applicable 

here. However, the high value of the O/ugm./ml. estradiol treated, 

oophorectomized group was again difficult to interpret.

E. Comparison of j[n Vitro Steroid Production of Adrenal Glands 

Incubated with Pituitary Glands from the Oophorectomized 

and the Intact-control Groups.
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Kitay (1963b and c) indicated that with an estrogen increase 

there was an increase of output of ACTH by the pituitary gland.

The pituitary glands in this study differed in two ways: 1) the 

experimental group from which they were taken, either intact- 

control or oophorectomized, and 2) the dosage of estradiol- 17/5 

that was administered to the experimental animal. In vitro 

incubations were used to determine if the pituitary glands from 

the different experimental groups which received the different 

amounts of estradiol would influence the secretion and the content 

of corticosterone.

Adrenocorticotropic hormone (ACTH) values for the pituitary 

glands were estimated by establishing a standard graph (Fig. 10 

and Appendix A-6) with the parameters of known ACTH quantities 

varying with steroid.

Points of interest obtained from the study (Table 2) are the 

following:

1) The mean corticosterone secretion values elicited by 

the pituitary glands of the intact-control group had little var

iation as the dose of estradiol increased (r=+0.188).

2) The pituitary glands from the oophorectomized group 

influenced the adrenal glands by effecting an increase of steroid 

secretion at the 10 /ugm./ml. estradiol dose and a decrease at the 

80 ¿igm./ml. estradiol dose.



3) In the intact-control group the higher estrogen dose 

seemed to inhibit steroid production and in all four experimental 

groups the values at the 80 jugm./ml. estradiol dose were lower.

4) In the oophorectomized adrenal content results, there 

appeared to be no difference in the amount of corticosterone 

found and thus in the quantity of ACTH.

F. Influence of Time after Oophorectomy on the Adrenal 

Corticosterone Production.

The amount of time after the oophorectomy operation was an 

important factor to consider. Mice operated on were sacrificed 

on different days following the operation. The results indicated 

that after fourteen days the corticosterone secretion decreased 

(Table 3). This decrease was typical of animals that had been 

oophorectomized and had not received estradiol-17^ replacement 

therapy (Kitay, 1965b).

38



F I G U R E  4.

Adrenal Weight Distribution of Non-Inhibited, Estradiol-17#*
Treated Female Mice

Figure 4 represents the mean adrenal weight (mg.) plus or 

minus the standard error of the mean as influenced by operation 

and estradiol-17^ treatment.

Legend

N = Number of animals in each experimental group varies from 
6-12. (See Appendix A-l).

X - Mean.

+S.E. - Plus or minus the standard error of the mean, 

/ugm./ml. - Microgram per milliliter.

mg. = Milligram
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Adrenal Weight Distribution of the Inhibited Estradiol-17?
Treated Female Mice

Figure 5 represents the mean adrenal weight (mg.) plus 

or minus the standard error of the mean as influenced by 

operation, estradiol-17^, and inhibitor treatment.

Legend

N i Number of animals in each experimental group varies from 
6 to 9 (See Appendix A-l).

X I Mean.

+_ S.E. I plus or minus the standard error of the mean, 

fjgm./ml. z Microgram per milliliter 

mg. 1 Milligram

F I G U R E  5.
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F I G U R E  6.

Figure 6 represents the mean corticosterone (jugm.of the adrenal

content) produced per adrenal weight (mg.) as influenced by operatioi

and estradiol-17^ treatment.

A d r e n a l  C o n t e n t  of the N o n - I n h i b i t e d  Groups. (Steroid is Expressed
as jugm./ml./mg. A d r e n a l  Weight).

Legend

N I Number of animals in each experimental group varies from 6 to 
14. (See Appendix A-2).

X I Mean.

+ S.E. I Plus or minus the standard error of the mean, 

ugm./ml./mg. I Microgram per milliliter per milligram, 

mg. I Milligram.

Q r I Preliminary time study data of the O/ugm./ml. estradiol- 17P 
dose. (See Table 3 and Appendix A-2).
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F I G U R E  7.

Figure 7 represents the mean corticosterone of the adrenal

content (jjgm./ml.) produced per adrenal weight as influenced by

operation, estradiol- 17?, and inhibitor.

Legend

N I Number of animals in each experimental.group varies from 6 to 
9. (See Appendix A-4).

X I Mean

+S.E. I Plus or minus the standard error of the mean, 

jjgm./ml./mg. I Microgram per milliliter per milligram.

A d r e n a l  C o n t e n t  of Inh i b i t e d  Groups. (Steroid is ex p r e s s e d  as
#igm. /ml. /mg. a d r e n a l  weight.)
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FIGURE 6.

Adrenal Content of the Non-Inhibited Groups. (Steroid is Expressed 
as jugm. /ml. /mg. Adrenal Weight).

Figure 6 represents the mean corticosterone (jugm. of the adrenal

content) produced per adrenal weight (mg.) as influenced by operation

and estradiol-17^ treatment.

Legend

N I Number of animals in each experimental group varies from 6 to 
14. (See Appendix A-2).

X - Mean.

+ S.E. I Plus or minus the standard error of the mean. 

iigm./ml./mg. I Microgram per milliliter per milligram, 

mg. I Milligram.

0 ' I Preliminary time study data of the 0 >ugm./ml. estradiol-17P 
dose. (See Table 3 and Appendix A-2).
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F I G U R E  9.

Figure 9 represents the corticosterone secretion (ugm./ml.)

produced per adrenal weight (mg.) as influenced by operation,

estradiol- 17$ treatment, and inhibitors.

A d r e n a l  C o r t i c o s t e r o n e  S e c r e t i o n  of the I n h ibited Groups. (Steroi
is e x p r e s s e d  as ¿ugm./ml./mg. a d r e n a l  weight.)

Legend

N - Number of animals in each experimental group varies from 6 
to 9 (See Appendix A-4).

X : Mean.

+S.E. = Plus or minus the standard error of the mean.

^gm./ml./mg. = Microgram per milliliter per milligram, 

mg. = Milligram
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F I G U R E  10.

Mean Steroid Production Varying With Standard Amounts of ACTH 
(adrenocorticotropic hormone).

Figure 10 represents corticosterone secretion and content

Oigm./ml.) produced per adrenal weight (mg.) as influenced by

known amounts of ACTH.

Legend

N = Number of animals in each experimental group varies from 7 to 
8. (See Appendix A-6).

X = Mean.

Milliunits/ml. = Milliunits per milliliter.

A = Adrenal Content.

B = Adrenal Secretion.

mg. = M i l l i g r a m
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TABLE 1. SUMMARY DATA OF THE TOTAL STEROID SECRETION FROM THE OOPHORECTOMIZED, 
NON-OPERATED CONTROL, AND SHAM-OPERATED CONTROL GROUPS (INHIBITED

53

AND NON-INHIBITED).

EXPERIMENTAL ESTRADIOL-17^ N TOTAL STEROID TOTAL STEROID
CONDITION DOSE SECRETION SECRETION

(ligm. /ml. ) jigm. /ml./gland pair jjgm. /ml. /mg.adrenal 
weight

Oophorectomized 0 . 0  ' 14 25.3 + 6.333 2.8+ 0.632
Non-inhibited 0 . 0 10 82.0 +  8.510 9.2+ 1.137

0 . 1 10 51.0 + 17.145a 5.1+ 1.728
1.0 12 33.5 +  5.933a 3.5+ 0.658a

10.0 10 38.2 + 11.260a 3.7+ 1.027a
2 0 .0 10 13.7 + 2.307a 1.3+ 0.225
40.0 10 30.3 +  11.790a 2.7+ 0.687a
80.0 10 1 8 . 1  +  2 .6 6 2 a 1.5+ 0.227a

Intact-
Control 0 . 0 8 35.9 + 8.664 4.2+ 1. 189
Non-inhibited 0 . 1 7 46.5 + 11.367 5.3+ 1.416

1.0 8 30.3 +  6.521 3.3+ 0.847
10 .0 10 74.0 +  13.027 7.5+ 1.354
2 0 .0 8 82.6 + 12.286 9.3+ 1.394a
40.0 8 74.1+ 18.455 7.6+ 1.866
80.0 8 59.8 +  13.020 5.5+ 1.292

Sham-operated 0 . 0 6 112.8 + 24.639 11.6 + 2.899
Control 1.0 5 91.6 + 17.485 9.3+ 1.482
Non-inhibited 10 .0 7 97.0 + 17.485 10.7+2.510

2 0 .0 10 89.4 +  15.755 7.6+ 1.541
40.0 10 51.0 + 9.655a 4.6 + 0.898a
80.0 9 56.2 + 14.221 4.9+ 1.311

0 . 0 9 36.0 + 5.217 3.7+ 0.577
Methopryapone 1.0 8 54.2 +  14.00 5.2+ 1.396
Intact-control 10.0 8 75.4 + 16.341a 7.3+ 1.542a

80.0 7 53.6 + 13.171 4.9 + 1.298

0 . 0 7 55.0 + 12.090 5.1+ 1.243
1.0 8 48.8 + 8.611 5.5+ 1.085

Methopyrapone 10 .0 8 68.3 +  14.610 6.5+ 1.330
Oophorectomized 80.0 8 69.2 + 12.007 5.9 +  0.914
Dexamethasone 0 . 0 9 33.2 + 7.669 4.1+ 0.965Non-opera ted Control 1.0 9 56.0 + 13.268 5.9+1.512

10 .0 8 93.4 + 13.442a 11. 1+ 1.991a
80.0 9 65.3 +  19.146 7.7+ 2.430

Dexamethasone 0 . 0 6 40.1 ±  8.276 5.0+1.216
Oophorectomized 1.0 8 29.8 ± 6.541 3.7 + 0.930

10.0 9 63.7 _f 16.829 7.2+2.358
80.0 8 52.4 +  7.156 5.4+0.722

a = value is significantly different from* of 0 jugm./ml. estradiol-17^ doses 
in its particular group (p<0.05)

' ; Data from preliminary time study



TABLE 2. SUMMARY OF DATA FROM PITUITARIES FROM ESTROGEN-TREATED ANIMALS
vs. STEROID PRODUCTION.

EXPERIMENTAL
CONDITION

ESTRADIOL 
lT^dose 
administered 
to animal

N SECRETION

X± S.E. of Cpd. B 
Ougm./ml./mg.) x 100

Derived 
ACTH in 

mU

CONTENT

X ± S.E. of Cpd. B 
Ougm./ml./mg.) x 100

Derived 
ACTH in 
mU

Non-operated 0.0 7 2.5+ 0.360 0 1.6 + 0.196 66.0Controls 1.0 7 2.5+ 0.211 0 1.9 + 0.203 580.010.0 6 2.8+ 0.701 394 1.2 + 0.082 0 0
80.0 6 2.6+ 0.297 0 1.3 +0.137 0.0

Oophorecto- 0.0 7 2.8 + 0.268 394 1.5 + 0.096 0.0mized 1.0 6 2.8 + 0.247 394 1.3 + 0.084 0.0
10.0 6 3.7 + 0.930 1000+ 1.4 + 0.122 0.0
80.0 6 2.4 + 0.259 0 1.3 + 0.108 0.0

/V The pituitaries from the animals receiving these various doses were incubated in vitro 
with male adrenals to obtain the steroid values.
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TABLE 3. PRELIMINARY TIME STUDY OF CORTICOSTERONE SECRETION OF
OOPHORECTOMIZED MICE.
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V. DISCUSSION AND CONCLUSION

Evaluation of the effects of estrogen upon the adrenal secretion 

and the adrenal gland steroid content is complicated because the 

multiple effects of estradiol on the pituitary-adrenal axis are not 

readily explainable by a simple unitary hypothesis. The use of 

inhibitors in order to elucidate the site of action makes the 

material more complex. The results of this study will be assessed 

independently and then jointly.

A. Estrogen's Influence on the Adrenal Weight.

The effect of estrogen or its lack has a definite influence 

upon adrenal weight. Oophorectomy has been shown to reduce adrenal 

weight while replacement therapy with estradio1-17^ has been shown 

to enhance adrenal weight in the rat (Deane, 1962; Holzbauer, 1957: 

Kitay, 1968). Replacement of estrogenic activity with estradiol-17^ 

in the oophorectomized group of mice in this study did result in 

a significant increase in adrenal weight up to the 80/igm./ml. 

estradiol dosage level. The fluctuation of weight change in the 

intact control group receiving estradiol demonstrated no significant 

change in the adrenal weight with increasing estradiol doses. This 

finding is in agreement with Kitay's (1963b) observation that there 

was no change in adrenal weight in his intact control group of rats.

The large size of the adrenals from the methopyrapone-treated 

mice may be interpreted as due to the release of endogenous ACTH.

The results showed that not only is there an increase in adrenal



weight with increasing estradiol doses, but also a positive 

correlation of weight increase with estradiol increase in the 

methopyrapone-treated animals. Since the dose of methopyrapone 

was constant in all groups, possibly estrogen is amplifying the 

release of ACTH.

Accordingly, dexamethasone, which is an inhibitor of ACTH 

release, did not cause an increase in the adrenal size. The 

adrenal weight data seemed to indicate that both dexamethasone 

and methopyrapone inhibitors were influencing the adrenal weight 

as predicted by Hodges et a_l.(1968) and Holfmann and Sobel, (1964).

In summary, the adrenal weight increased with high doses of 

estrogen. In the intact animals, there seemed to be no change in 

adrenal weight except at the high estrogen dose. In the metho

pyrapone-treated animals, an increase in adrenal weight occurred 

and it appeared to be correlated with estrogenic quantity. 

Dexamethasone-treated animals did not undergo an increase in 

adrenal weight with increasing estradiol.

B. Estrogen's Influence on the Adrenal Content.

An independent look at the corticosterone found in the adrenal 

content of the oophorectomized group demonstrated stimulation of 

steroidogenesis with estradiol treatment, whereas a view of the 

corticosterone level in the intact-control groups and the sham- 

operated group demonstrated a trend toward inhibition or no significant 

change of adrenal content with increasing estradiol. This trend

57
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agreed with the work of Kitay (1968). The comparison of the 

three experimental groups supported the fact that oophorectomy 

and no estradiol replacement resulted in a diminished steroid 

content, since the steroid quantity of the Ojugm./ml. estradiol- 

treated oophorectomy was lower than the level of steroid in the 

intact-control and the sham-operated groups, receiving no estradiol.

The introduction of methapyrapone was observed by Mestman and 

Nelson (1963); their studies showed that methopyrapone with no 

exogenous estrogen treatment of the intact-control group resulted 

in stimulation of steroid production and that exogenous estrogen 

depressed the methopyrapone stimulation. However, this trend 

was not present in the methopyrapone-treated oophorectomized 

group. In fact, an overview of the relationship between the 

methopyrapone-treated intact-control group and the non-inhibited 

intact-control group, and between the methopyrapone-treated 

oophorectomized group and the non-inhibited oophorectomized group 

demonstrated that methopyrapone was not influencing adrenal content. 

This observation was true for the dexamethasone-treated animals 

since their adrenal steroid content was not significantly different 

from the non-inhibited groups of either the oophorectomized or 

the intact-control animals.

C. Estrogen's Influence on Corticosterone Secretion.

The results of in vitro incubation of adrenal gland followed 

by analysis for corticosterone secretion were not consistent with
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the literature. Kitay (1965a and b) found that oophorectomy 

consistently lowered the adrenal corticosterone production.

The high value of corticosterone for the non-inhibited, vehicle- 

injected oophorectomized group in this study was the chief point 

of disagreement. Replacement with estradiol in vivo reversed the 

effects of oophorectomy by increasing the steroid production 

in vitro (Kitay, et al. , 1965). This enhancement of steroid 

production could best be observed by noting the estradiol-treated, 

non-inhibited oophorectomized group (minus the questionable 0 jigm./ml. 

estradiol, non-inhibited oophorectomized members). When the high 

steroid value for the Ojugm./ml. estradiol-treated, oophorectomized 

group was omitted, the remaining steroid values for the group 

increased with increasing estradiol doses.

The results of the intact control and the sham-operated groups 

corresponded more nearly to the inhibition observed by McKerns 

(1968). These groups appeared to show decreasing steroid secretory 

activity with increasing estrogen. At the high doses (80 ngm./ml. 

estradiol injection) the corticosterone production was significantly 

lower (p<0.05). Possibly the trends of inhibition and stimulation 

coincided with the dual estrogen action concept proposed by Kitay 

(Fig. 2).

In general, the steroid secretory values of adrenal glands 

from animals with increasing doses of estrogen and from non-inhibited 

oophorectomized animals were higher than the steroid values of the
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intact controls; the oophorectomized group's steroid production 

tended to increase (again, the high 0 jigm./ml. value is omitted). 

The values for steroid secretion of the adrenal glands from the 

intact control group demonstrated inhibition or no increase of 

steroid with increasing estradiol.

The methopyrapone-treated oophorectomized group demonstrated 

a trend toward negative correlation of steroid production with 

increasing estradiol (although not a significantly different 

one). One of the difficulties in using methopyrapone as an 

inhibitor is that its use is based on certain assumptions. One 

of theke is that the presence of corticosterone regulates ACTH 

secretion. The extent to which this is true is not known 

(Vernikos-Dane 1lis, 1965a). Another problem results from the 

lli5-hydroxylase inhibitor action of SU-4885 in the adrenal gland. 

When one administers the same amount of inhibitor to different 

animals and analyzes the results, an assumption about the same 

degree of efficiency of inhibitor is made. Yet Hodges et al.,

(1968) have found that its efficiency is variable. However,

Liddle et al., (1958) confirmed the fact that methopyrapone could 

be used to evaluate the ability of the pituitary gland to release 

ACTH in response to decreased adrenal output.

In the methopyrapone-oophorectomized group there was a tendency 

to decrease steroid production with increasing estrogen dosages. 

Nelson et al., (1968) showed that estrogen inhibited methopyrapone



61

response. Mestman and Nelson (1963) and Fonzo et al., (1967) 

demonstrated that estrogen apparently stimulated llP-hydroxylase 

at the same time that it inhibited methopyrapone response. This 

observation would have been more applicable to the present study 

if the steroid production of the 0 pgm./ml. estradiol, methopyrapone- 

treated group were higher than the steroid values of the meth- 

opyrapone-treated, oophorectomized group receiving estradiol.

However this is not the case, since the 0 ¿igm./ml. estradiol 

injected methopyrapone-treated oophorectomized group's steroid 

values were lower (Fig. 9 and Appendix A-4) .

The dexamethasone-treated intact control group's adrenal 

secretory rates were consistently higher than those displayed 

by glands from the non-inhibited intact-control group. Since 

dexamethasone is an inhibitor of ACTH release, it is difficult 

to interpret the higher steroid values in the intact control 

group. In the dexamethasone-treated oophorectomized group the 

steroid values were lower than the steroid values of the non- 

inhibited oophorectomized group. Whether estrogen was interfering 

with dexamethasone's influence has not been determined.

Possible action of dexamethasone as influenced by estrogen are 

the following:

1) Dexamethasone could be so potent an inhibitor of ACTH release 

that the presence of estrogen would not make any difference no 

matter what site of action estrogen possessed.
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2) Dexamethasone acting at the pituitary gland and estrogen 

action at the adrenal gland might result in an inhibition or stim

ulation of corticoid production. If estrogen stimulates the 

adrenal gland and if dexamethasone were present, then possibly 

there would be no difference in steroid secretion as influenced

by estrogen and by dexamethasone. If estrogen inhibits the adrenal 

gland then the end result upon steroid production might be greater 

inhibition.

3) Dexamethasone acting at the pituitary gland to inhibit ACTH 

release and estrogen acting at ithe pituitary gland (with a stim

ulating effect of ACTH release) might cause a positive correlation 

of corticoid production with increase of estrogen. The steroid 

produced would probably be at a lower level than the non-inhibited 

intact control group's steroid value.

4) If estrogen is an inhibitor at the adrenal level, then less 

corticoid would be produced, which in turn would stimulate ACTH 

release and stimulation of corticoid production. If the estrogen 

dose were increased, then the inhibition at the adrenal level 

would increase, the release of ACTH would increase, and the result 

would be greater compensatory steroid production. If dexamethasone 

were used, turning off ACTH release, then estrogen's inhibition

at the adrenal level would not make any difference because ACTH 

release is shut off by the exogenous factor (Dexamethasone).

5) Conversely, if estrogen is a stimulatory factor at the adrenal
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level, then more corticoid would be produced, which in turn 

would shut off ACTH release and inhibit overall corticoid production. 

Through the increase of the estrogen dose a greater stimulation 

of immediate steroid production would occur, more ACTH release 

would be shut off. By adding dexamethasone to such a system, 

possibly greater compensatory inhibition of steroid would result 

with the increase of estrogen. So the end result would be a 

negative correlation of estrogen to corticoid production.

6) If estrogen is acting to stimulate ACTH release at the pituitary 

level, then more corticoid would be produced with increase of 

estrogen. By adding dexamethasone, which shuts off ACTH release, 

possibly there could be competitive inhibition between the two.

As the increase of estrogen occurs, in the presence of dexamethasone, 

then corticoid production would increase or decrease depending 

on the strength of the concentration of the two.

Methopyrapone is an inhibitor of 1115 -hydroxylase activity in 

the adrenal gland. Because llP -hydroxylase is inhibited, corticoid 

production is decreased and ACTH is released. Stimulation of a 

higher level of steroid production occurs. Possible interplay 

between estrogen and methopyrapone are the following:

1) If estrogen acts at the adrenal level and stimulates corticoid 

production there, then in the presence of methopyrapone, estrogen 

might be a competitive inhibitor of methopyrapone. This means that 

the rise in steroid, normally found with methopyrapone, would not
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result due to the fact that the inhibitor (methopyrapone) is 

being inhibited by estrogen.

2) If estrogen acts at the pituitary level and stimulates ACTH 

release, then in the presence of methopyrapone, a larger increase 

of steroid production might result due to the additive effect.

This possibility is contrary to the work of Nelson (1968), who 

found that estrogen apparently stimulated 11^-hydroxylation at 

the same time that it inhibited corticosterone synthesis by the 

adrenal gland.

3) If estrogen were an inhibitor at the pituitary level, then

in the presence of methopyrapone inhibition of steroid production 

might also occur.

D. Comparison of In Vitro Steroid Production of Adrenal

Glands Incubated with Pituitary Glands from Oophorectomized 

and Intact-Control Groups.

Conclusions about ACTH must be qualified in the light of the 

indirect way of measuring it; quantities of pituitary ACTH were 

derived from a bioassay (Fig. 10). The steroid values for the 

linear relationship were obtained by incubating male adrenal glands 

with known amounts of ACTH. The standard graph demonstrated two 

parallel lines, one being obtained from the amount of corticosterone 

secreted into the media and the other from the homogenized adrenal 

gland content. Pituitary glands from the oophorectomized and the 

intact-control group incubated with the adrenal glands yielded
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results that indicated that estrogen stimulated a greater steroid 

production at lower levels of estrogen and inhibited it at higher 

levels of estrogen. The presence of the pituitary glands from the 

non-inhibited oophorectomized group did not influence the adrenal 

gland content. However, the pituitary glands from the intact 

control group, receiving 80 jugm./ml. estradiol, seemed to inhibit 

the steroid production. The presence of estrogen at low doses 

increased the steroid secretion of the oophorectomized group. A 

fact which is difficult to interpret is that the steroid values 

from the adrenal gland secretion and adrenal gland content under 

the influence of ACTH increased (Fig. 10); whereas steroid values 

under the influence of the pituitary glands increased for the 

secretion of the oophorectomized group but did not vary for the 

adrenal content of the same group (Table 3). An unresolved question 

of the influence of estrogen on the release of steroid from the 

adrenal gland remains and is beyond the scope of this thesis.

It is possible that estradiol may affect the secretion of 

ACTH by means of direct action on the pituitary gland, or on 

appropriate parts of the brain (hypothalamus), or on the adrenal 

cortex. In the latter case, changes in ACTH secretion would be 

secondary to steroid feedback changes. In this study it is not 

known whether the pituitary glands were influenced directly by 

estrogen or by secondary feedback changes. It is known that the 

pituitary glands from the oophorectomized group, receiving low est

radiol doses, did display higher ACTH content (measured as an
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increased corticosterone secretion), whereas the pituitary 

glands from the SOfigm./ml. estradiol dose injected, oopho- 

rectomized group did not cause an increase of steroid secretion. 

A limitation in the interpretation of this study is the fact 

that the inhibited pituitary glands were not assayed. Further 

studies along this line might clarify the site of estrogen's

action.



67

VI. SUMMARY

Studies of the influence of exogenous estradiol-llP 

injections upon adrenal steroidogenesis and steroid adrenal 

content were conducted in mice of the Swiss-Webster strain. 

Animals were pretreated by oophorectomy, injection of inhibitors 

(methopyrapone and dexamethasone), and/or estrogen injection. 

Steroid levels were measured after jin vitro incubations by chro

matographic and acid-fluorometric techniques. Pituitary glands 

from the treated mice were indirectedly assayed for ACTH by 

their incubation with male adrenal glands followed by analysis 

for steroid levels.

Adrenal weight increased with high doses of estrogen in the 

oophorectomized group. Methopyrapone-treatment, coupled with 

estrogen treatment, revealed a positive correlation of weight 

increase with increasing estrogen. Dexamethasone treatment did 

not cause an increase in adrenal gland weight.

In the adrenal content results, the oophorectomized, non- 

inhibited group of mice demonstrated a stimulation of steroid 

levels with estradiol treatment. In the non-inhibited intact- 

control group of mice there were trends of inhibition. Studies 

of the inhibitor groups, both methopyrapone and dexamethasone 

treated, showed no influence of the inhibitors upon the adrenal

gland content.
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Estradiol replacement enhanced steroid production in the 

oophorectomized group's adrenal corticosterone secretion, but 

inhibited steroid secretion in the intact-control group. Meth- 

opyrapone-treated, oophorectomized animals demonstrated a trend 

toward negative correlation of steroid production with increased 

estrogen. Dexamethasone's part as influenced by estrogen remained 

an unanswered question.

Pituitary glands from the oophorectomized and the intact- 

control groups incubated with male adrenal glands yielded results 

that estrogen stimulated greater steroid secretion at lower levels 

and inhibited at higher levels of estrogen. The adrenal content 

studies of both the oophorectomized and the intact-control groups 

did not vary with increasing estrogen levels (Table 2).
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APPENDIX-A-1 VARIATION IN MEAN ADRENAL WEIGHTS

EXPERIMENTAL ESTRADIOL-17^ N X ADRENAL WEIGHT
dose ¿ugm. /ml. mg.± S. E.

Sham- 0.0 6 9.9 + 0.950
operated 1.0 5 9.6 + 0.553
Control Group 10.0 7 9.5 + 0.748

20.0 10 12.1 + 0.513
40.0 10 11.3 + 0.754
80.0 9 11.5 + 0.407

Intact- 0.0 8 8.8 + 0.362
Control Group 0.1 7 8.9 ± 0.455

1.0 8 10.0 ± 0.627
10.0 10 9.9 ± 0.500
20.0 8 8.8 ± 0.317
40.0 8 9.4 ± 0.583
80.0 8 10.9 + 0.430a

Oophorectomized 0.0 10 9.1 ± 0.501
Group 0.1 10 10.2 ± 0.719

1.0 12 9.4 ± 0.361
10.0 10 9.9 ± 0.651
20.0 10 9.9 ± 0.493
40.0 10 9.6 ± 0.830
80.0 10 11.7 + 0.7 75a

Methopyrapone 0.0 9 9.5 + 0.333
Intact-Control Group 1.0 8 10.5 ± 0.475

10.0 8 10.5 + 0.590
80.0 9 11.3 + 0.7 3la

Methopyrapone 0.0 7 10.7 + 0.464
Oophorectomized Group 1.0 8 9.0 ± 0.313

10.0 8 10.3 ± 0.420
80.0 8 11.3 + 0.73la

Dexame thas one 0.0 9 8.1+ 0.341
Intact-Control Group 1.0 8 9.5 + 0.423a

10.0 8 8.9 ± 0.656
80.0 8 8.6 + 0.660

Dexamethasone 0.0 6 8.3 + 0.743
Oophorectomized Group 1.0 8 8.2 ± 0.374a

10.0 9 9.5 ± 0.630
80.0 8 9.6+ 0.662

a - value in significantly different from -x of 0/igm./ml. dose
in its particular group.

N - number of animals in each experimental group 
X + S.E. r mean plus or minus the standard error



(STEROID IS EXPRESSED AS jigm./ml./mg. adrenal weight).

A P P E N D I X  A - 2. C O M P A R I S O N  OF O O P H O R E C T O M I Z E D , INTACT-CONTROL, A N D  S H A M - O P E R A T E D  C O N T R O L  GROUPS,
STEROID P R O D U C T I O N  W I T H  I N C R E A S I N G  E S T R A D I O L - 17^.

EXPERIMENTAL
CONDITION

ESTRADIOL- 
17$ dose 
/igm./ml.

N SECRETION Qjgm./ml./mg.) xlOO CONTENT Ougm. /ml. /mg)xl00
x + S.E. of 

steroid
total x + S.E. of cpd. B x + S. E. of Cpd. B

Dophorectomized 0 .0 ' 14 2 8 + 0 632 2 4 + 0 .332 1 0 + 0 059
Group 0 . 0 10 9 2 + 1 137 2 3 + 0 179 0 9 + 0 040

0 . 1 10 5 1 + 1 728 1 3 + 0 124a 1 0 + 0 059
1 . 0 12 3 5 + 0 658f 1 9 + 0 238 0 9 + 0 046

10. 0 10 3 7 + 1 027 1 5 + 0 164a 1 0 + 0 086
20 . 0 10 1 3 + 0 225a 1 6 + 0 16 6a 1 2 + 0 095a
40.0 10 2 7 + 0 687a 1 7 + 0 136a 1 6 + 0 . 195a
80.0 10 1 5 + 0 227a 1 9 + 0 114 1 3 + 0 . 204

Mon-operated 0.0 8 4 2 + 1 189 1 0 + 0 064 1 1 + 0 . 114
Gontrol Group 0.1 7 5 3 + 1 416 1 0 + 0 060 0 9 + 0 . 124

1.0 8 3 3 + 0 847 1 1 + 0 100 1. 0 + 0 . 108
1 0. 0 10 7 5 + 1 354 0 9 + 0 057 0 . 8 + 0 .063a
20 . 0 8 9 3 + 1 394a 1 0 + 0 048 0 . 8 + 0 .067a
40.0 8 7.6 + 1 866 1 . 0 + 0 068 1. 0 + 0 . 127
80.0 8 5. 5 -H 1 292 0 . 8 + 0 05 la 1 .3 + 0 .069

Sham-operated 0.0 6 11 6 + 2 899 1 . 0 + 0 131 1 .5 + 0 . 210
Control Group 1.0 5 9 3 + 1 482 0 . 9 + 0 057 1 .5 + 0 . 201

10.0 7 10. 7 + 2 510 1.0 + 0 063 1 .3 + 0 . 143
20.0 10 7.6 + 1 541 0 .8 + 0 035 1 . 1 + 0 .096
40.0 10 4.6 + 0 898a 0 . 7 + 0 .047 1 . 1 + 0 . 135
80.0 9 4. 9 + 1 311 0 .6 + 0 055a 1 . 1 + 0 .077

■ z preliminary time study data of 0 /igm./ml. estradiol -17» dose
a - value is significantly different from x of O/igm./ml. dose in its particular group (p<0.05) 
N = number of animals in each experimental group 
X+ S.E. - mean plus or minus the standard error.



(Steroid is expressed as jugm./ml./mg. adrenal weight).

A P P E N D I X  A - 3. C O M P A R I S O N  OF O O P H O R E C T O M I Z E D , INTACT-CONTROL, A N D  S H A M - O P E R A T E D  C O N T R O L  GROUPS,
S T EROID P R O D U C T I O N  W I T H  I N C R E A S I N G  E S T R A D I O L - 17^.

EXPERIMENTAL
CONDITION

ESTRADIOL- 
17^ dose 
jjgm. /ml.

N SECRETION (jjgm./ml./mg.) CONTENT Gugm./ml./mg)xl00
x + S.E. of total 

steroid
x+ S.E. of cpd. B x+ S.E. of Cpd.B

Dophorectomized 0.0 ' 14 25.3 + 6.333 21.0 + 3.024 9.2 + 0.523
Group 0.0 10 82.0 + 8.510 20.4 + 0.648 8.5 + 0.311

0.1 10 51.0 +17.145a 13.7 + 0.615a 11.0 + 0.786a
1.0 12 33.5 + 5.933a 18.2 + 1.891 8.9 + 0.300
10.0 10 38.3 +11.260a 14.7 + 0.8823 9.6 + 0.591
20.0 10 13.7 + 2.307a 16.3 + 1.044a 12.0 + 1.054a
40.0 10 30.3 +11.7903 16.2 + 1.022a 15.2 + 1.650a
80.0 10 18.1 + 2.662a 22.8 + 1.197 14.3 + 1.282a

Non-operated 0.0 8 35.9 + 8.664 9.3 + 0.352 10.1+ 0.827
Control Group 0.1 7 46.5 +11.367 9.2 + 0.406 8.5 ± 1.017

1.0 8 30.3 + 6.521 10.6 + 0.558 9.8 + 0.705
10.0 10 74.0 +13.027a 8.9 + 0.256 8.4 ± 0.311
20.0 8 82.6 + 12.286a 9.5 + 0.447 7.0 + 0.405a
40.0 8 74.1 +18.455 9.3 + 0.205 9.9 ± 0.752
80.0 8 59.8 +12.020 8.8 + 0.365 14.6 + 0.760a

Sham-operated 0.0 6 112.8 +24.639 9.7 + 1.006 14.9 ± 0.650
Control Group 1.0 5 91.6 +17.485 9.3 + 0.339 14.8 ± 1.827

10.0 7 97.0 +18.440 9.9 + 0.254 12.2 + 0.575
20.0 10 89.4 +15.755 10.3 ± 0.483 13.6 ± 1.206
40.0 10 51.0 + 9.655a 8.1 ± 0.262 12.7 ± 1.470
80.0 9 56.2 ±14.221 7.9 ± 0.559 12.7 ± 0.687a

- Preliminary study data of 0 jigm./ml. es_tradiol-17^ dose, 
a = Value is significantly different from x of Opgm./ml. dose in its particular group (p<0.05) 
N = Number of animals in experimental group 
X+S.E. = mean plus or minus the standard error



CM
00 APPENDIX A-4. SUMMARY OF DATA FROM INHIBITOR STUDY WITH PARAMETERS ESTRADIOL-17^ vs. STEROID 

PRODUCTION, EXPRESSED AS (>igm./ml./mg. adrenal weight) xlOO.

EXPERIMENTAL
CONDITION

ESTRADIOL- 
17^ dose 
j-igm. /ml.

N SECRETION (iigm./ml./mg.)
x + S.E. of total 

steroid
x + S.E. of cpd. B

CONTENT Qugm. /ml. /mg. )xlOO
x + S.E. of Cpd. B

Methopyrapone
Intact-Control
Group

0.0
1.0

10.0
80.0

Methopyrapone
Oophorectomized
Group

0.0
1.0

10.0
80.0

3.7 + 0.557
5.2 + 1.396
7.3 + 1.542a 
4.9 + 1.298

1.3 + 0.101 
1.1 + 0.061 
1.2 + 0.088 
1.2 + 0.081

7
8 

8 
8

5.1+ 1.243
5.5 + 1.085
6.5 + 1.330 
5.9 + 0.914

1.1 ± 0.048 
1.4 + 0.066a
1.2 ± 0.053 
1.0 ± 0.064

1.3 + 0.095 
1.2 + 0.172
1.0 + 0.196
1.0 + 0.077a

0.9 ± 0.100 
1.0 + 0.092 
0.8 ± 0.034 
0.9 + 0.045

Dexamethasone 
Intact-Control Group

0.0
1.0

10.0
80.0

4.1 + 0.965 
5.9 + 1.512 
11.1 + 1.991a 
1.7 + 2,430

1.6 ± 0.125 
1.4 + 0.109
1.3 + 0.126
1.4 + 0.093

1.4 ± 0.130 
1.0 + 0.043a 
1.2 + 0.141
1.4 + 0.058

Dexamethasone 
Oophorectomized Group

0 . 0
1.0

10.0
80.0

6

8
9
8

5.0 + 1.216 
3.7 + 0.930 
7.2 + 2.358 
5.4 + 0.722

1.8 + 0.176 
1.5 + 0.074
1.2 + 0.095a
1.2 + 0.089a

1.0 + 0.150
1.0 + 0.057 
0.9 + 0.079 
0.9 + 0.071

a : value is significantly different from* of 0 ngm./ml. estradiol-17^ dose in its particular group (p<0.05). 
N = number of animals in experimental group 
X +S.E. = mean plus or minus the standard error



APPENDIX A-5. SUMMARY OF DATA FROM INHIBITOR STUDY WITH PARAMETERS ESTRADIOL-17^ vs. STEROID
PRODUCTION, EXPRESSED AS (jugm./ml./gland pair) xlOO

EXPERIMENTAL
CONDITION

ESTRADIOL- 
17^ Dose 
jugm. /ml.

N ______SECRETION fugm. /ml. gland') CONTENT (limn. /ml/p1 and nai+Winn
x + S.E. of Total 

Steroid
x + S.E. of Cpd. B. x + S.E. of Cpd. B

Methopyrapone 0.0 9 36.0+ 5.217 13.0 + 0.906 12.4 + 0.555
Non-operated 1.0 8 54.2 + 14.00 12.1 + 0.375 13.3 + 2.082
Control Group 10.0 8 75.4+ 16.341a 12.6 + 0.365 10.5 + 1.423

80.0 7 53.6+ 13.171 13.3 + 0.273 11.4 + 0.805
Methopyrapone 0.0 7 55.0+ 12.090 12.5 + 0.229 9.8 + 0.729
Oophorectomized 1.0 8 48.8+ 8.611 12.7 + 0.298 9.2 + 0.719
Group 10.0 8 68.3 + 14.610 13.0 + 0.188 8.5 + 0.313

80.0 8 69.2 + 12.007 11.5 + 0.400a 10.1 + 0.386

Dexamethasone 0.0 9 33.2 + 7.669 13.5 + 0.993 12.0 + 1.130
Intact-Control 1.0 8 56.0 +13.268 13.5 + 0.761 9.6 + 0.226
Group 10.0 8 93.4 + 13.442a 11.8 + 0.488 10.4 + 0.394

80.0 9 65.3 +19.146 12.5 +0.408 12.0 + 0.759

Dexamethasone 0.0 6 40.1 + 8.276 14.7 + 1.595 8.0 + 0.500
Oophorectomized 1.0 8 29.8 + 6.541 12.5 + 0.274 8.5 + 0.333Group 10.0 9 63.7 +16.829 11.8 + 0.447 8.6 + 0.408

80.0 8 52.4 + 7.156 12.1 + 0.377 8.8 + 0.460

a - value is significantly different from x of 0 ¿igm./ml. estradiol- 17? dose in its particular group (p<0.05). 
N = number of animals in experimental group
x + S„E. - mean plus or minus the standard error of the mean.
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APPENDIX A-6 SUMMARY OF MEAN STEROID PRODUCTION VARYING WITH STANDARD
AMOUNTS OF ACTH.

ACTH IN 
mUnits/ml.

N SECRETION
x + S.E. of Cpd. B.

/ml./mg. adrenal 
weight) xlOO

CONTENT
x + S.E. of Cpd. B. 
(jagm. /ml. /mg)x 100

0 8 2.5483 + 0.167 1.4011 + 0.086
10 7 2.4759 + 0.287 1.7043 + 0.202
50 8 2.5717 + 0.295 1.6504 + 0.143
100 8 2.5692 + 0.130 1.4893 + 0.093
500 8 2.5969 + 0.218 2.002 + 0.327
1000 8 3.1589 + 0.295 1.8775 ± 0.229
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