
The role of the uterus in sequential inhibition
of sexual behavior and on heat duration in rats.

Item Type Dissertation (Open Access)

Authors Ahdieh, Harry

DOI 10.7275/jdc1-sc59

Download date 2026-01-12 21:45:18

Link to Item https://hdl.handle.net/20.500.14394/11119

http://dx.doi.org/10.7275/jdc1-sc59
https://hdl.handle.net/20.500.14394/11119




THE ROLE OF THE UTERUS IN SEQUENTIAL INHIBITION

OF SEXUAL BEHAVIOR AND ON HEAT DURATION IN RATS

A dissertation Presented

By

HARRY B. AHDIEH

Submitted to the Graduate School of the
University of Massachusetts in partial fulfillment

of the requirement for the degree of

DOCTOR OF PHILOSOPHY

September 1984

Department of Psychology



ROLE OF THE UTERUS IN SEQUENTIAL INHIBITION

SEXUAL BEHAVIOR AND ON HEAT DURATION IN RATS

A Dissertation presented

By

HARRY B. AHDIEH

Approved as to style and content by:

George N/^ade, Chairperson of Committee

Qcvt&L^jdkL*^i.
Donald L. Black, Member

MLi^J^.
je^ffr^ey D. Blaustein, Member

Melinda A. Novak, Member

Seymour M. Berger, Department Head
Department of Psychology



ACKNOWLEDGEMENTS

I am grateful to the members of my dissertation commit-

tee whose critiques and suggestions made me more aware of

the importance of communicating concepts in a manner which

is clear to the reader.

Special thanks go to my colleagues and friends, Sue

Assimon, Ted Brown, Joan Hamilton and Hank Heller, whose

emotional supports as well as their assistance in doing the

assays were invaluable to me.

I thank Jay Alexander who helped me in every aspect of

my research, and whose stimulating intellectual discussions

enriched my mind.

I am particularly grateful to my advisor, George Wade,

who gave me the opportunity to learn from him those attri-

butes that contribute to being a good scientist. Directly,

he provided all the material and intellectual means by which

my research was facilitated. Indirectly, he contributed to

my education in the field of "hormones and behavior" through

his conceptual approach which is so evident in his research.



ABSTRACT

The Role of The Uterus in Sequential Inhibition

of Sexual Behavior and on Heat Duration in Rats

(September, 1984)

Harry B. Ahdieh, B.A., University of Bridgeport

M.S. and Ph.D., University of Massachusetts

Directed by: Professor George N. Wade

These studies examined the role of the uterus in

sequential inhibition of lordosis by progesterone (P) and on

the duration of estrus in estrous-cycling rats. One mg of P

significantly reduced lordosis quotients in response to

subsequent P treatment in estradiol benzoate (EB)-primed

ovariectomized (OV) animals, whereas 2 mg of P was required

to suppress lordosis in ovar iectomized-hysterectomized (OH)

rats. Treatment with 1.0 ug of EB permitted, and 6.0 ug of

EB prevented, sequential inhibition of lordosis by P in both

groups. The concentration of hypothalamic progestin recep-

tors was significantly lower in EB-primed OV animals given

1.0 or 2.0 mg of P than oil-treated controls, but only the

2.0 mg dose of P reduced the concentration of receptors in

OH animals. Hysterectomy did not affect the onset of estrus

but prolonged the duration of sexual receptivity in estrous-

cycling rats. Hysterectomized (H) animals given .5 mg of P

within 2 hr, or 4.0 mg of P 24 hr following the termination
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of natural heat showed significantly higher lordosis quo-

tients and solicitation scores than sham-hysterectomized

(SH) animals that were similarly-treated. Hysterectomized

rats had a higher concentration of hypothalamic cytosol

progestin receptors immediately after the termination of

heat and also 24 hr later. Serum estradiol levels declined

more slowly in H rats than in SH animals . Four weeks after

gonadectomy, uterine weights and cytoplasmic estrogen recep-

tor levels were significantly lower in OV animals treated

with oil relative to those that received weekly injections

of EB.

The results of these experiments suggest that in rats

the uterus may exert an inhibitory influence on the biphasic

effect of P on lordosis, abbreviate the duration of sexual

receptivity, and suppress a second period of heat by P. It

is possible that hysterectomy enhances estrogen priming of

responsiveness to P by decreasing the clearance rate of

circulating estradiol and that the capacity of the uterus to

exert its inhibitory influence may depend on the concentra-

tion of uterine estrogen receptors.
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CHAPTER I

INTRODUCTION

The uterus is a target organ for the actions of estro-

gens and progesterone. In addition to uterine growth (6,25),

many other physiological responses of the uterus have been

suggested to be due to the effects of steroid-receptor

interactions in the uterine cells. Steroid metabolic

activity (64), production of prostaglandins E and F2 (68),

and catecholamine content (84) of the uterus have been shown

to correspond with variations in the nuclear estrogen recep-

tor level observed during the estrous cycle and pregnancy or

brought about by experimental manipulations.

The role of the uterus in the regulation of reproduc-

tive behavior is not well understood. Removal of the uterus

does not alter cyclicity in rats (30), and rats will mate

despite the congenital absence of the ovaries, uterus and

vagina if treated with estradiol (11). Hysterectomy, on the

other hand, does affect the estrous cycle of other species.

Cessation of cyclicity follows hysterectomy in the guinea

pig (54), ewe (82) and cow (4). Hysterectomy also prolongs

pseudopregnancy in the rat (5).

Siegel and Rosenblatt (74) demonstrated the inhibitory

influence of the uterus on maternal behavior. Maternal beha-

vior can be induced in nulliparous rats following continuous

exposure to young pups for 4-7 days (71). The period of pup
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exposure before the display of maternal behavior is reduced

in ovariectomized rats injected at surgery with 100 ug/kg of

estradiol benzoate (EB) providing that the uterus is also

removed (74). Ovariectomized, sham-hysterectomized animals

given EB require periods of pup stimulation equal to those

found in oil-treated controls. Hysterectomy alone on days

13, 16 or 19 of pregnancy, when the plasma estradiol begins

to rise, also induces a rapid display of maternal care as

well as an accelerated onset of lordosis, ovulation and a

change in vaginal cytology (72,75). In an extension of these

findings to sexual behavior, Siegel e_t al. (76) found that

hysterectomy facilitates lordosis in ovariectomized rats

given either a high dose or a series of low doses of EB

provided that progesterone was also administered.

The effects of hysterectomy were further investigated

by Ahdieh and Wade (2,3) who found that removal of the

uterus not only enhances sexual receptivity and proceptivity

in ovariectomized rats treated with EB and progesterone, but

also augments EB-induced reductions in body weight and food

intake, and increases in voluntary running wheel activity in

castrated animals.

Behavioral responses to estradiol and progesterone are

mediated by binding with specific cytoplasmic receptors 1 and

translocation of steroid receptor complexes to hypothalamic

cell nuclei (39,63). Moreover, cytoplasmic progestin recep-

tors are induced by estradiol. The extent of the effects of
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these hormones depends on both cytoplasmic receptor concen-

tration and nuclear translocation (15,17,58). Ahdieh and

Wade (3) have also shown that hysterectomy increases nuclear

estrogen receptor levels in hypothalamic-preoptic area and

enhances the induction of cytoplasmic progestin receptors

after EB treatment, thus providing a model to demonstrate

that the facilitated behavioral response is accompanied with

corresponding increases in neural hormone binding.

In addition to its effects on the EB- and progesterone-

induced sexual behavior in gonadectomized rats, hysterectomy

may also influence the biphasic action of progesterone on

lordosis and affect the duration of sexual receptivity in

estrous-cycling rats.

The display of lordosis in female rodents is contin-

gent upon the sequential secretions and synergistic actions

of estradiol and progesterone (20,27). The necessity of

estrogen and progesterone to the onset of heat in the cyclic

animal is well established (10,35). However, some contro-

versy exists over the action of these two hormones in the

termination of naturally-occurring heat. Some investigators

hypothesize that declining levels of estrogen are respon-

sible for heat termination. Supplemental EB treatment has

been shown to prolong sexual receptivity in rats (66,77) and

in guinea pigs (27,47). Duration of sexual receptivity can

also be extended by increasing the estrogen priming dosage

(27) .
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Others suggest that progesterone exerts a biphasic

action, first triggering sexual behavior and later acting to

terminate it (8,53,85). The probability of the induction of

heat in guinea pigs by exogenous EB and progesterone varies

according to the day of the estrous cycle (41). This induc-

tion is least likely when the endogenous progesterone secre-

tion is high (35). In ovar iectomized guinea pigs, after an

EB-and-progesterone-induced sexual receptivity, a refractory

period ensues during which time a subsequent injection of

progesterone does not facilitate lordosis (19,40,85). Boling

and Blandau (20) have reported that rats becoming sexually

receptive following EB treatment alone are receptive for

about 19 hr. Estradiol benzoate- and progesterone-injected

animals, however, have heat durations averaging 11.5 hr,

suggesting that the presence of progesterone attenuates the

facilitatory effects of EB. Similar data have been obtained

in guinea pigs (19).

The inhibitory effects of progesterone on heat duration

are also inferred from the findings that a second period of

receptive behavior can be induced, on the day following the

spontaneous heat, by administering supplemental estradiol

and progesterone, provided that animals are deprived of the

endogenous progesterone surge by ovariectomy (8). The endo-

genous progesterone apparently acts to desensitize the

animals to subsequent hormone treatments. Others (67) have

indicated that progesterone may exert a minor sequential
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inhibitory influence on the induction of a subsequent

episode of sexual receptivity in cycling rats.

The balance between the facilitatory and inhibitory

actions of progesterone could also contribute to the mecha-

nisms that control the length of estrus. Goy and Young (40)

have demonstrated that in guinea pigs the lordosis posture

is held longest during the initial 3 hr of heat and there-

after the time that the lordosis posture is held becomes

shorter until estrus finally terminates. Multiple proges-

terone injections during the period of sexual receptivity

slightly increase the heat duration, but the terminating

effects of progesterone eventually override it (62). Like-

wise, in ovar iectomized rats implanted subcutaneously with

silastic capsules containing estradiol, introduction of

progesterone induces a period of receptivity lasting 24 hr,

after which heat terminates despite the continuous presence

of the hormones (53).

The inhibitory effects of progesterone on sexual beha-

vior have been questioned by some workers. There is evidence

that when est rous-cycl ing rats are ovar iectomized after a

short exposure to endogenous progesterone during the pro-

estrous stage of the estrous cycle, subsequent treatment

with EB and progesterone on the following day can induce

lordosis (67). Sodersten and Hansen (77) have shown that

when estrous-cycling rats are injected with 2 mg of proges-

terone at a time when endogenous progesterone peaks,
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although receptivity is induced earlier than in oil treated

animals, the duration of heat is essentially unaffected by

the supplemental progesterone treatment.

On a molecular level, the actions of these steroids

cannot be considered independently of each other. The induc-

tion of progestin receptors by estradiol has been proposed

to be a necessary step for the progesterone facilitation of

lordosis (16,60). Estradiol treatment causes an increase in

the concentration of cytoplasmic progestin receptors in the

hypothalamus and preoptic area of ovar iectomized rodents

(16,56,61). Subsequent progesterone treatment decreases, in

a dose-dependent fashion, the level of these receptors

(16,60) and results in the accumulation of progestin recep-

tors within cell nuclei (17,18,). It has been suggested

that the ability of progesterone to induce another period of

heat depends on the level of cytoplasmic progestin receptors

(16,17), and is affected by prior estrogen treatment

(13,14,18). Furthermore, it has been shown that in ovariec-

tomized guinea pigs treated with EB and progesterone, the

level of progestin receptors in the nuclei decreases as the

period of sexual receptivity terminates (18), suggesting

that the decline in nuclear progestin receptors could be

responsible for termination of heat.

The purpose of these experiments was to examine the

role of the uterus in the regulation of heat duration in

estrous-cycling rats. Specifically, these studies were
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designed to test whether hysterectomy affects: (1) the

sequential inhibition of lordosis induced by progesterone in

ovariectomized rats, (2) the duration of heat and the induc-

tion of a second period of sexual receptivity by proges-

terone in estrous-cycling rats, and (3) the clearance rate

of circulating estradiol in estrous-cycling rats as well as

in ovariectomized rats treated with EB. Finally the last

experiment examined the effects of long-term ovariectomy on

the uterine estrogen receptor level.



CHAPTER II

PROGESTERONE-INDUCED SEQUENTIAL INHIBITION OF COPULATORY

BEHAVIOR IN HYSTERECTOMIZED RATS

Progesterone either synergizes with estradiol to

enhance sexual receptivity (10,35) or inhibits lordosis by

desensitizing animals to the subsequent progesterone effects

(13,14,35). For example, in estrogen-primed rats, lordosis

is facilitated after the administration of a relatively high

dose of progesterone and is followed by a refractory period

during which subsequent progesterone treatment does not

enhance receptivity (14). On a molecular level, it has been

shown that a high dose of progesterone depletes neural

cytoplasmic progestin receptors and that the resulting low

levels of neural progestin receptors might be responsible

for the lack of lordotic responses to the second proges-

terone treatment (16,73).

Previous studies have demonstrated that hysterectomy

facilitates estrous behavior in ovar iectomi zed (OV) rats

treated with EB and progesterone (3,76) and that this

facilitation may be due to the enhanced induction of proges-

tin receptors (3). Since the higher level of progestin

receptors can prevent the progesterone-induced sequential

inhibition of sexual behavior (14), it was hypothesized that

higher doses of progesterone might be required to desensi-

tize hysterectomized animals to the subsequent effects of

progesterone on lordosis.

8
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The following experiments compared the progesterone-

induced inhibition of lordosis in OV and ovar iectomized-

hysterectomized (OH) rats using various doses of proges-

terone and EB, and examined the relationship between the

behavioral responses to progesterone administration and the

hypothalamic progestin receptor levels at a time when rats

are refractory to progesterone's facilitatory effects.

GENERAL METHODS

Subjects. Female CD-strain rats weighing 200-250 g (Charles

River Breeding Laboratories, Wilmington, MA) were housed

individually and maintained on a 12:12 hr light/dark cycle

(light on at 2400 hr). The animals were given Purina rodent

chow and tap water &d_ libitum .

Surgery . Ovariectomy and hysterectomy were done with a

single midventral incision under methoxyf lurane (Metofane;

Pitman Moore, Washington Crossing, NJ) anesthesia.

Lordosis testing . Experimental tests consisted of placing

sexually active male rats in a 75-cm-diameter X 25-cm-high

testing arena with a wood-chip-covered floor under dim illu-

mination provided by a 25-W red bulb during the dark phase

of the light/dark cycle (1400 hr). The males remained in the

arena for 1-2 hr prior to the introduction of the female.

Each female was tested with the males for 10 minutes or

until she received 10 vigorous mounts. Lordosis quotients

(LQ, lordosis per mount x 100) were computed.
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EXPERIMENT 1

Blaustein and Wade (14) showed that 24 hr after single

injections of 2 ug of EB to OV rats, various doses of

progesterone facilitated sexual receptivity when animals

were tested 6 hr later. A second progesterone injection 24

hr after the first dose, however, enhanced lordosis in

animals which had received initial progesterone doses of .5

mg or less, but not in those rats that had received 1.0 or

2.5 mg of progesterone. Thus in OV rats 1.0 mg of proges-

terone desensitizes the animals to a subsequent progesterone

stimulation. This experiment was designed to establish the

dose of progesterone that causes sequential inhibition of

sexual behavior in OH rats.

Procedure. Two weeks after surgery, OV and OH rats were

divided into 4 groups. All rats received 2 ug of EB followed

24 hr later by .1 (n = 7) , .5 (n=7) , 1.0 (n=8) or 2.0 (n = 8) mg

of progesterone and were tested for lordosis 6 hr after the

progesterone injection (30 hr). At 48 hr, all animals were

given .5 mg of progesterone and were retested 6 hr later (54

hr) .

Res ults .

In both the OV and OH animals that had received the

initial dose of .1 mg of progesterone, the lordosis quo-

tients were significantly higher in the second test (follo-

wing .5 mg progesterone) than in the first test, t(12)=2.33,

p_<.05 and t(12)=3.17, £<.01 respectively, whereas .5 mg of
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progesterone was equally effective in enhancing lordosis

responses when given in both tests (Fig. l). However, in OV

rats, 1.0 mg of progesterone significantly depressed lordo-

sis in response to the second progesterone injection ,

t(14)=2.68, p.<0.02, whereas in OH animals that had received

1.0 mg of progesterone, treatment with .5 mg of proges-

terone, 24 hr later, facilitated receptivity. The 2.0 mg

dose of progesterone caused subsequent inhibition of lordo-

sis responses in both OV and OH rats, t(14)=4.55, p_<0.01 and

t(14)=4.97, p_<0.01 respectively (Fig.l).

EXPERIMENT 2

It has been shown that desensitization to progesterone

is critically dependent on the dose of EB. Thus a higher

dose of EB seems to prevent concurrent and sequential inhi-

bition of sexual behavior by progesterone (13,14). In the

second experiment, I examined the possibility of preventing

the sequential inhibition by using a high dose of EB, or

causing suppression of receptivity in OH animals given 1.0

mg of progesterone, by decreasing the EB dose to 1.0 ug.

Procedure . Ovariectomized and OH rats were divided into two

groups. The first group (n=8) received 1.0 ug of EB followed

24 hr later by 1.0 mg of progesterone and was tested for

sexual behavior 6 hr later. Forty-eight hr after EB, they

were given .5 mg of progesterone and were tested again at 54
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hr. The animals in the second group (n=8) received 6.0 ug of

EB and 2.0 mg of progesterone under the same schedule as the

first group.

Results .

Treatment with 1.0 ug of EB and 1.0 mg of progestgrone

resulted in the sequential inhibition of lordosis in both OV

and OH animals, t(14)=2.44, p_<0.05 and t(14)=2.68
f p_<.02

respectively. Furthermore, the 6.0 ug dose of EB was quite

effective in counteracting the inhibitory action of 2.0 mg

of progesterone on sexual receptivity in OV and OH animals

(Fig. 2).

EXPERIMENT 3

The inhibitory action of a high dose of progesterone on

the subsequent induction of sexual behavior seems to corre-

late well with its neural action on hypothalamic progestin

receptors. In estrogen-primed rats, the first (high) dose of

progesterone depletes neural cytoplasmic progestin recep-

tors, and these receptors are not immediately replenished

(60,73). It has been suggested that the hyporesponsiveness

to the second dose of progesterone could be due to a low

level of neural cytoplasmic progestin receptors, although

this speculation has been challenged (65).

In Experiments 1 and 2, I established the inhibitory

doses of progesterone for OV and OH animals and demonstrated

that the dose of EB could influence the effectiveness of
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progesterone in inducing sequential inhibition of copulatory

behavior. In Experiment 3, I measured the levels of hypotha-

lamic progestin receptors after the administration of high

doses of progesterone, at the time when the effectiveness of

the second dose of progesterone in the induction of lordosis

was determined in Experiments 1 and 2. Moreover, since data

showed that 1.0 mg of progesterone was able to cause supp-

ression of lordosis in OH animals treated with only 1.0 ug

of EB, the same treatments were also included in this

experiment

.

Procedure . Two weeks following the completion of the second

experiment, OV and OH rats used in the behavioral tests

were adrenalectomized (n=6 for each group). The animals were

given either 1.0 ug of EB followed 24 hr later by 1.0 mg of

progesterone (group 1) or oil (group 2), or 2.0 ug of EB

followed 24 hr later by 1.0 (group 3) or 2.0 mg of proges-

terone (group 4), or oil (group 5). Forty-eight hr after the

EB administration, all the animals were killed with an

overdose of sodium pentobarbital (Nembutal). Cytoplasmic

progestin receptors in pooled hypothalamus-preoptic area

were assayed according to the method of Blaustein and Feder

(15). Tissues were homogenized at the concentration of 100

mg/ml TEGM buffer (10 mM Tris-HCl, 1.5 mM EDTA, 10% glycerol

and 12 mM monothioglycerol, pH 7.4). After centrif ugation at

48,000 X g. for 1 hr, 250 ul aliquots of the supernatant were

incubated with .4 nM [3H]-R5020 (specific activity, 87
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Ci/mmol; New England Nuclear) with or without 4xl0~ 8 M

radioinert R5020 for 4 hr at 0°C. Bound and free [3H]-R5020

were separated by gel filtration on 5 x 60 mm Sephadex LH-20

columns. Supernatant protein concentrations were determined

by the method of Lowry fit aj^_ (55). Data are presented as

femtomoles [3H]-R5020 specifically bound per mg protein.

Results.

In the OV animals that were treated with 2.0 ug of EB r

both the 1.0 and 2.0 mg of progesterone reduced cytoplasmic

progestin receptor levels significantly below those of

EB+oil-treated controls, t(10)=3.27, p_<0.01 and t(10)=3.14,

p_<0.02 respectively. However, only 2.0 mg of progesterone

effectively depleted the concentration of progestin recep-

tors in OH animals treated with 2.0 ug of EB, t(10)=2.91,

p_<0.02 (Fig. 3). The receptor levels in OV and OH rats that

had received 1.0 ug of EB and 1.0 mg of progesterone were

significantly lower than EB+oil-treated controls,

t(10)=2.32, p_<0.05 and t(10)=2.44, p_<0.05 respectively.

There were no differences in receptor levels between OH

animals that received 2.0 ug EB+2.0 mg progesterone (beha-

vioral inhibition) and those rats that were given 1.0 ug

EB+oil (behavioral facilitation). Likewise, the hypothalamic

receptor concentration of OV rats which were given 1.0 or

2.0 mg doses of progesterone (behavioral inhibition) were

comparable to those that received 1.0 ug EB+oil (behavioral

facilitation). Between-group comparison revealed a signifi-
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cantly higher level of progestin receptor induction in res-

ponse to 2.0 ug of EB in OH than in OV rats, t(10)=2.62,

p_<0.05 (Fig. 3).
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CHAPTER III

DURATION OF SEXUAL RECEPTIVITY IN HYSTERECTOMIZED RATS

It has been suggested that the sequential inhibition of

sexual behavior by progesterone may influence the duration

of sexual receptivity in female rats (8). in the previous

experiments it was found that the inhibitory action of

progesterone on the subsequent induction of lordosis was

partially blocked by hysterectomy. That is, a higher dose of

progesterone was needed to inhibit sexual behavior in OH

rats. Moreover, it appears that in both OV and OH rats, the

inhibitory effect of progesterone depends on the dose of EB.

Since the supplemental EB treatment, given along with pro-

gesterone increases the duration of sexual receptivity

(18,47), it was reasoned that hysterectomy may prolong

sexual receptivity by enhancing the effectiveness of estro-

genic stimulation. Thus, Experiments 4 and 5 examined the

effects of hysterectomy on the duration of sexual recep-

tivity in estrous-cycling rats and in gonadectomized rats

given EB and progesterone treatments.

EXPERIMENT 4

Procedure . Female rats were either hysterectomized (H) or

sham-hysterectomized (SH) and maintained on a 12:12 light-

dark cycle (lights on at 2400 hr). Estrous cyclicity was

monitored by taking daily vaginal smears. Those animals that

showed three consecutive 4 day cycles were used in the

19
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experiment (n=8 for H and n=7 for SH rats). In order to

determine the onset and duration of estrous behavior,

animals were manually stimulated according to the method of

Blandau e_t al. (12). When stimulated manually in the ano-

genital region, receptive rats display the components of

female mating pattern (lordosis, ear wiggling, darting and

hopping). On the day of the expected behavioral estrus,

animals were tested 3 hours prior to the onset of darkness,

since Blandau e_£ al. (12) and Zucker (85) have shown that a

large proportion of cycling rats become receptive after the

onset of darkness. Animals were tested once every 4 hours

from the onset of heat, for the first 8 hours, and hourly

afterward. The time of estrus onset was recorded and the

length of heat was determined for two consecutive cycles.

Results .

None of the rats tested became receptive 3 hr prior to

the onset of darkness on the day of behavioral estrus (Table

1). A high proportion of females in both groups became

receptive 2 hr after the onset of darkness. There was no

difference between H and SH rats in the time of the onset of

estrus, but the duration of sexual receptivity was signifi-

cantly longer in H than SH animals. The average duration of

sexual receptivity for H and SH females across two cycles

were 18.2 hr and 13.0 hr respectively, F(l,13) =9.86, p_<0.01.
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EXPERIMENT 5

Procedure. A week after surgery, OV and OH rats were injec-

ted with 2.0 ug of EB followed 24 hr later by .5 mg of

progesterone (n=8 in each group). Starting 4 hr after the

progesterone administration, animals were tested for lordo-

sis responses with a vigorous male until sexual receptivity

terminated

.

The behavioral test was similar to that described in

the General Methods with following modifications. Vaginal

masks were used to prevent intromission, since it has been

shown that intromission abbreviates the duration of heat

(37,43). These masks were constructed by placing nylon fila-

ment tape around a rubber band such that a large and a small

loop were formed, and fitted around the flanks and tail

respectively. Males were frequently "primed" with unmasked

females to prevent the waning of sexual behavior observed by

Whalen (81) in males that were deprived of achieving intro-

mission .

Results.

Four hr after the injection of progesterone to EB-

primed OV and OH rats, both groups displayed high levels of

lordosis quotients which increased slightly up to 12 hr

after progesterone administration. Thereafter, the values

decreased sharply for both groups, reaching the baseline at

24 hr (Fig. 4). Although the overall ANOVA indicated a



4Hr 8Hr 12Hr 16Hr 20Hr 24Hr

TIME SINCE PROGESTERONE INJECTION

FIG. 4. Lordosis quotients (mean+SE) of OV and OH

rats given 2.0 ug of EB followed 24 hr later by .5

mg of progesterone. Rats were tested 4 hr after

progesterone and every 4 hr thereafter until 24 hr

post progesterone injection.
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significant effect for hysterectomy throughout the testing

periods, F(l,14)=5.01, p_<.05, the LQs of the OH animals were

significantly higher than OV females only at 4 hr,

t(14)=2.42, p_<.05, and at 20 hr, t(14)=2.18, p_<.05. By 20

hr, only 2 out of 8 OV rats displayed any lordosis whereas

the behavioral responses were still high for the OH group.

By 24 hr after the progesterone administration, the LQs of

the OH animals had declined to a level comparable to OV

animals (Fig. 4).



CHAPTER IV

INDUCTION OF LORDOSIS BY PROGESTERONE AFTER THE

TERMINATION OF SPONTANEOUS HEAT IN HYSTERECTOMIZED RATS

Under physiological conditions, the Diphasic role of

progesterone in termination of heat and the reinduction of a

second period of sexual receptivity has been questioned by

some investigators. Barfield and Lisk (8) report that in

female rats allowed to complete endogenous progesterone

secretion, sexual receptivity could not be induced on the

night of estrus by estradiol and progesterone. Powers and

Moreines (67), on the other hand, observed lordosis in

response to progesterone administration in those rats that

were ovar iectomized after the endogenous progesterone peak.

These workers, however, did not allow for the complete

progesterone secretion. Treatment of female rats with pro-

gesterone after the cessation of spontaneous heat has also

been shown to induce a second period of estrous depending on

the dose of progesterone and the time of its administration

(29) .

Since hysterectomy partially blocked the progesterone-

induced inhibition of lordosis (Experiment 1) and prolonged

the duration of sexual receptivity (Experiments 4 and 5), it

was reasoned that the uterus could also exert an inhibitory

effect on the behavioral responses of rats to progesterone

treatment following the termination of spontaneous heat in

est rous-cycl ing rats. Experiment 6 examined this paradigm

25
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and Experiment 7 tested the possible mediation of the effect
of hysterectomy on the reinduction of estrus by neural
progestin receptors.

EXPERIMENT 6

Procedure . The general procedure in this experiment is the

same as in Experiment 4. After the determination of the

length of spontaneous heat in hysterectomized and control

rats, animals were divided into 2 groups. In order to test

whether hysterectomy can augment the effect of progesterone

treatment on the reinduction of sexual behavior , the first

group (n = 9 for H and n = 7 for SH rats) was injected with 0.5

mg of progesterone within 2 hr following the termination of

receptivity (animals no longer responded to manual stimula-

tion), and the second group received 4.0 mg of progesterone

24 hr following estrus. Both groups were tested for sexual

receptivity and proceptivity 6 hr after progesterone treat-

ment .

During a 5-minute test, each female was masked, as

described in Experiment 5, and exposed to a vigorous male .

Lordosis quotients, hopping, darting and ear wiggling were

recorded using the classification of Madlafousek and Hlinak

(57), and the scores of each component of proceptive beha-

vior were pooled and expressed as solicitations per minute.
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Results.

Both the SH and H groups that had received .5 mg of
progesterone after the termination of natural estrus had a

significantly higher lordosis quotient, f(1, 28) =17.24,

p_<.001, and solicitation score, F(l, 28) =25.83, p_<.00i, than

animals that were given 4.0 mg of progesterone 24 hr after

heat termination (Fig. 5). Furthermore, both at 2 hr and 24

hr after heat termination in estrous-cycling rats, hysterec-

tomy significantly enhanced lordosis (t(14)=2.57, p_<.05 and

t(14)=3.05, p_<.01 respectively) and the display of procep-

tive behavior (t(14)=2.18, p_<.05 and t(14)=2.79, p_<.02

respectively) in response to progesterone injections

(Fig. 5) .

EXPERIMENT 7

Procedure. After the completion of Experiment 6, H and SH

animals were monitored for regular estrous cyclicity. Zucker

(85) has shown that progesterone injections could prolong 4

day cycles in rats by one day depending on the amount of

progesterone injected and the day of its administration.

Four hysterectomized rats and 1 sham-operated animal that

had received 4.0 mg of progesterone did not show 4-day

cycles and therefore were not included in this experiment.

In order to test whether the differences in behavioral

response between the two groups could be explained by dif-

ferential levels of neural cytoplasmic progestin receptors
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rats given .5 mg of progesterone within 2 hr or 4.0
mg of progesterone 24 hr after termination of natural
heat. Animals were tested 4 hr after progesterone
administration.
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prior to progesterone injection, experimental and control
animals were killed either within 2 hr (n=7 for each group),
or 24 hr (n=7 for H and n = 6 for SH rats) after the termina-
tion of natural heat. Cytoplasmic progestin receptors in the
pooled hypothalamus and preoptic area were assayed according

to the method outlined in Experiment 3.

Results.

Similar to the pattern observed for lordosis and pro-

ceptive behavior, the level of cytoplasmic progestin recep-

tors in the hypothalamus-preoptic area of H and SH rats were

significantly higher immediately after heat termination than

24 hr following the cessation of sexual receptivity,

F(l,23)=10.76, p_<.01. Moreover, progestin receptor concen-

trations were significantly higher in hysterectomized rats

than sham/operated animals at both times (t(12)=1.94, p_<.05,

one tail, and t(ll)=2.67, p_<.05 respectively) (Fig.6)

.
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CHAPTER V

CIRCULATING ESTRADIOL LEVELS

IN HYSTERECTOMIZED RATS

It is not clear how the uterus inhibits the estrogen-

dependent behaviors. Among other possibilities, the uterus

could enhance the clearance rate of estradiol either direc-

tly by taking up and/or metabolizing significant amounts of

the hormone, or indirectly by facilitating the hepatic clea-

rance of estradiol. Approximately 36 hr prior to the occur-

rence of the maximal sexual receptivity in the 4-day cycling

rats, estradiol (E2) secretion begins to increase, reaching

a peak 24 hr later. Blood estradiol level then declines

rapidly and attains a basal level prior to the onset of

estrus (45). Coincident with the decline in E2 is a rapid

rise in peripheral plasma progesterone concentration prior

to ovulation (9,21) and sexual receptivity follows 4 hr

after the progesterone peak.

If the uterus acts to enhance the clearance rate of

estradiol, then hysterectomy should result in higher levels

of circulating E2. Ahdieh (1) has shown that up to 6 hr

after an intracardiac injection of tritiated estradiol to OV

and OH rats, significantly higher levels of radioactivity

were detected in the plasma of OH animals. However, it was

not known whether the source of radioactivity was estradiol

or its metabolites. Therefore, Experiment 8 was designed to

determine whether hysterectomy could affect serum estradiol

31
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levels in 1) estrous-cycling rats, 2) ovariectomized rats
treated with EB.

EXPERIMENT 8

Pact I

Pcocedui^. To determine the serum estradiol levels in

cycling rats, a mixed-design experiment was conducted.

Regular 4-day cycling H and SH rats were randomly divided

into 2 groups. Animals were lightly anesthesized with Meto-

fane and 1.5 ml of blood was rapidly drawn from the heart

every 6 hr, within a 24 hr period, from 1800 hr (end of

diestrus) to 1800 hr proestrus. Blood samples were taken

from the first group on 1800 hr (diestrus), 0600 hr and 1800

hr proestrus (n = 8 for H and n=7 for SH rats), and from the

second group on 2400 hr and 1200 hr proestrus (n = 7 in each

group)

.

Pa ct 1

Pcoceduce. Ovariectomized and OH (n = 5 for each group) rats

were given injections of 2 ug of EB a week after surgery.

Blood was drawn as in Part 1, just prior to EB administra-

tion (baseline) and at 12 hr intervals up to 48 hr post EB

injection. Blood samples obtained from the animals in Parts

1 and 2 were allowed to clot at 4° C for 4 hr, then centri-

fuged at 1,000 X g for 20 minutes at 4° C and the sera were

stored at -20° C. The samples were then sent to the Insti-
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tute of Animal Behavior, Rutgers University, for estradiol
assay.

Estradiol assay

Isolation and radioimmunoassay estimation of estradiol

were done by the method of Kalra and Kalra (48). Briefly,

500 ul of serum was extracted 3 times with 2 volumes of

anhydrous diethyl ether. Approximately 1000 cpm of [3H]-E2

were added, as tracer isotope, to the serum prior to extrac-

tion. Estradiol was isolated from the ether extract by

column chromatography using Sephadex LH-20. The collected

samples were dried and 100 ul of 10% solution bovine gamma

globulin were added to them. One hundred ul of 1:10,000

estradiol antiserum (ant iest radiol 6 BSA serum #244,

provided by Dr. Gordon Niswender, Colorado State University)

to estradiol was added to each tube and incubated for 16-20

hr at 4° C. Bound and free estradiol were separated by the

charchoal-dext ran absorption procedure of Hotchkiss e_L

31^.(46) .

RESULTS

Part 1.

Serum estradiol levels increased rapidly in both groups

from low levels at 1800 hr diestrus to peak values at 2400

hr proestrus and remained high until 0600 hr. Between 0600

hr and 1200 hr, there was a sharp decline in estradiol

levels for sham-operated animals, whereas the levels

remained relatively high for hysterectomized rats (Fig. 7).



Sham- hysterectomized
o Hysterectomized

1800hr 2400hr 0600hr 1200hr 1800hr

PROE5TRUS

FIG. 7. Mean serum concentrations (±SE) of
estradiol in hysterectomized and sham-
hysterectomized rats from the end of diestrus
to the end of proestrus. Animals were divided
into 2 groups. Blood was extracted from the
first group at 1800 hr (diestrus), 0600 hr
and 1800 hr proestrus, and from the second
group at 2400 hr and 1200 hr proestrus.
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Thus at 1200 hr proestrus, serum E2 levels were signifi-
cantly higher in H animals than SH animals, t(12)=3.79

f

£><.01. Although there was a rapid decline from 1200 hr to

1800 hr for both groups, serum E2 was significantly higher
in H rats than SH rats at 1800 hr, t(13)=2.89, p_<.02 (Fig.

7) .

Pact 2.

Serum estradiol levels increased rapidly in both groups

reaching peak values at 12 hr, after which there was a

gradual decline in serum estradiol levels for both groups.

Although the ANOVA revealed a significant effect for hys-

terectomy, F(l,8)=15.79, p_<.01, only at 12 hr, t(8)=3.19,

E<.02, and at 36 hr t(8)=4.7, p_<.01, post EB injection did

the differences become statistically significant (Fig. 8).

By 48 hr, serum E2 levels were down to near baseline values

for both groups.
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FIG. 8. Mean serum concentrations (+SE) of
estradiol in OV and OH rats given 2.0 ug of EB.
Blood was drawn just prior to EB administration
(0 hr) and every 12 hr until 48 hr post EB.



CHAPTER VI

UTERINE CYTOPLASMIC ESTROGEN RECEPTOR CONCENTRATION AND

THE CAPACITY OF THE UTERUS TO EXERT ITS INHIBITORY EFFECTS

Considering the physiological responses of the uterus

to ovarian hormones, the same steroid-binding mechanisms

that mediate these responses may be involved with uterine

suppression of hormone-dependent behaviors. For example, if

the uterus acts to lower circulating estradiol levels,

either through direct uptake and metabolism, or indirectly

through the secretion of an inhibitory factor, then the

extent of its inhibitory function may be related to the

level of uterine cytoplasmic estrogen receptors. Studies

show that long-term ovariectomy decreases the level of

estrogen binding sites in the uterus (33). The possible

correlation between the decreased receptor level and the

lack of the uterine influence on behavior is evidenced by

the findings that: 1) Hysterectomy enhances the onset of

maternal behavior in rats when it is followed immediately by

a period of E2 treatment, but not when the hormone is given

8 weeks after ovariectomy (74). 2) One month after surgery,

hysterectomy is effective in enhancing sexual receptivity

only when weekly injections of EB or EB and progesterone are

given to animals (3). Thus it seems that as with maternal

behavior, the effects of hysterectomy on lordosis diminish

with time if periodic estradiol stimulation is absent. In

the final experiment, I examined whether the lack of an

37
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inhibitory action by the uterus on lordosis, a month after
gonadectomy, could be due to alterations in the uterine
cytoplasmic estrogen receptors.

EXPERIMENT 9

Procedur e.. A week after ovariectomy, female rats were

divided into two groups. The first group (n=8) received 2 ug

of EB once a week for 4 weeks. The second group (n = 8) was

given sesame oil on the same schedule. During the fifth

week, EB- and oil-injected animals were killed. Their uteri

were removed, stripped of adhering fat and connective

tissue, weighed and assayed for cytoplasmic estrogen recep-

tors by a modification of the technique of Ginsburg e_t al^

(36). In order to test the effect of a single EB treatment,

a month after gonadectomy, on the uterine estrogen receptor

level, a group of OV rats (n = 7) , that was treated with oil

for a month, was given 2 ug of EB and killed a week later.

The uterine wet weights and estrogen receptor concentrations

were also determined in this group.

Fifty mg tissue samples were homogenized in 1 ml of

TEGM (10 mM Tris-HCl, 1.5 mM EDTA, 10% glycerol and 12 mM

monothioglycerol, pH 7.4). After centr if ugation at 48,000 X

g for 1 hr, 200 ul aliquots of supernatant were incubated

with 1 nM [3H]-E2 (specific activity, 115 Ci/mmol; New

England Nuclear) with or without 200-fold excess of un-

labeled E2 for 1 hr at 24° C. Bound and free [3H]-E2 were
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separated on 5 X 60 mm Sephadex LH-20 columns. Supernatant

protein concentrations were determined by the method of

Lowry ej; a^L. (55). Data are presented as femtomoles [3H]-E2

specifically bound per mg protein.

Results .

The uterine wet weights and the cytoplasmic estrogen

receptor levels were significantly higher in animals that

received periodic EB treatments than in those treated with

oil for a month after gonadectomy (t(14)=2.85, p_<.02 and

t(14)=3.19, p_<.01 respectively) (Fig. 9). In those ovariec-

tomized rats that had received oil treatments for a month, a

single injection of 2 ug of EB effectively increased the

uterine weights and receptor concentrations to the level

observed in animals which received weekly injections of EB.

That is, the uterine weights and E2 receptor levels were

significantly higher in the group treated with a single EB

injection than in oil-treated controls (t(ll)=2.38, p_<.05

and t(13)=2.65, p_<.02 respectively) (Fig. 9).
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FIG. 9. Uterine cytoplasmic estrogen receptors and
uterine wet weights of OV rats treated for a month
with weekly injections of 2.0 ug of EB, oil or a
single EB injection after a month of oil treat-
ments. All animals were killed a week after the
last injection.



CHAPTER VII

GENERAL DISCUSSION

As with a number of other hormone-dependent behaviors,

the duration of sexual receptivity and the reinduction of

heat by progesterone in est rous-cycl ing rats seem to be

under a partial inhibitory control of the uterus.

The results of the experiments which tested the sequen-

tial inhibition of sexual behavior showed a partial concor-

dance between the progesterone-induced inhibition of lordo-

sis and the neural progestin receptor-depleting action of

progesterone in both OV and OH rats. Experiment 1 showed

that in OV animals, both 1.0 and 2.0 mg of progesterone

diminished responsiveness to a second progesterone treatment

whereas in OH rats, only the 2.0 mg dose of progesterone

effectively inhibited behavior. Parallel to these behavioral

data, it was found that the level of neural cytoplasmic

progestin receptors was significantly lower in estrogen-

primed OV rats 24 hr after treatment with 1.0 and 2.0 mg of

progesterone than in EB+oil-treated controls. However, with

the OH animals, only the 2.0 mg dose of progesterone was

able to reduce receptor levels (Experiment 3).

This concordance is not only a function of the proges-

terone dose, but also of EB priming. Thus, in both OV and OH

animals, 6.0 ug of EB prevented inhibition of lordosis

brought about by 2.0 mg of progesterone, and 1.0 ug of EB

permitted sequential inhibition when animals were treated

41
.



42

with 1.0 mg of progesterone (Experiment 2). The data from

Experiment 3 similarly indicated that in OV and OH animals

treated with 1.0 ug of EB and 1.0 mg of progesterone, the

neural cytoplasmic progestin receptor levels were signifi-

cantly reduced compared to EB+oil-treated controns. However,

in both OV and OH rats, although treatment with 1.0 ug

EB+oil, when followed by progesterone facilitated behavior,

the hypothalamic progestin receptor levels did not differ

from those levels in rats treated with 2 ug EB and 1.0 or

2.0 mg progesterone. This inconsistency may suggest that in

addition to enhancing sexual receptivity through the induc-

tion of hypothalamic progestin receptors, estradiol could

also act through other mechanisms to facilitate lordosis.

Studies show that treatment of OV animals with estradiol

alone is sufficient to enhance receptivity (42), although

when progesterone is administered 24-48 hr after the estro-

gen, lordosis response is further facilitated (20,22,70).

It would appear then, that the effectiveness of a

particular dose of progesterone to facilitate or inhibit

receptivity following a subsequent progesterone treatment,

depends on the EB priming dose. Thus a higher dose of EB

prevents sequential inhibition of lordosis in animals that

received a high dose of progesterone, presumably through an

enhanced replenishment of cytoplasmic progestin receptors.

The results of these experiments seem to suggest that

hysterectomy mimics the effects of treatment with a high
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dose of EB in OV rats. It has been demonstrated here

(Experiment 3) and elsewhere (3) that hysterectomy signifi-

cantly enhances the induction of progestin receptors by EB.

The higher level of progestin receptors in OH rats could

account for the ineffectiveness of 1.0 mg of progesterone to

inhibit lordosis in response to a second progesterone injec-

tion.

Experiment 4 showed that in estrous-cycling female

rats, hysterectomy did not interfere with regular cyclicity

or affect the time of the onset of estrous behavior. The

majority of females in both groups became receptive within

3 hr after the onset mf darkness. Similar observations have

been reported by Zucker (85) and Blandau e_£ aj^. (12) for

intact cycling rats. Hysterectomy, however, prolonged the

duration of estrus in 2 consecutive cycles.

In the Experiment 5, a more quantitative assessment of

sexual receptivity during the estrous period was made in OV

and OH rats given 2 ug of EB and .5 mg of progesterone.

Lordotic responses waned more rapidly in OV animals than OH

animals. By 20 hr after progesterone administration, OH rats

were displaying high levels of lordosis quotients whereas

sexual receptivity was virtually absent in OV group.

Experiment 6 examined the behavioral responses of H and

SH females to exogenous progesterone following the cessation

of spontaneous heat. It was found, as also reported by

Dudley e_t (29), that injections of progesterone to
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estrous-cycling rats shortly after heat termination induced

higher lordosis scores than when the progesterone adminis-

tration was delayed. That is r both H and SH rats displayed

higher lordosis quotients and solicitation responses when

progesterone was given within 2 hr following the termination

of heat than when it was administered 24 hr later, despite

the higher dose. Furthermore, both immediately after and 24

hr following the heat termination, H rats displayed signifi-

cantly more lordoses and solicitation responses than SH

animals in response to exogenous progesterone.

Studies by Sodersten and Hansen (78) have demonstrated

that 4 mg but not .5 mg of progesterone induces behavioral

estrus in cycling rats if given on days 1 and 3 of the

cycle, corresponding to metestrus and proestrus. Proges-

terone treatment on day 2 (diestrus) was ineffective in

facilitating lordosis (78). Dudley e_i al. (29) injected

estrous-cycling rats with 2.5 mg of progesterone at various

times immediately after the termination of spontaneous heat.

A high rate of lordosis responses was reported in those

animals that were treated with progesterone within few hours

after natural heat termination. This effect waned when pro-

gesterone administration was delayed. It was thus suggested

that estrogen conditioning of the neural substrate could be

long lasting and capable of responding to additional proges-

terone after endogenous progesterone effects have ended.

Data from Experiment 7 showed that as with sexual
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behavior, the levels of hypothalamic progestin receptors
were significantly higher 2 hr after the heat termination
compared to those observed a day following the natural
estrus. Moreover, the receptor levels were higher in H rats

than in SH rats at both times. Thus the behavioral differen-

ces between H and SH animals or between 2 and 24 hr after

the heat termination could be attributed to differential

levels of hypothalamic progestin receptors.

Increasing the dose of EB offsets both the behavioral

hyporesponsiveness to (13,14), and the receptor-depleting

action of (16,18) a large dose of progesterone. It was shown

(Experiments 1,2 and 3) that hysterectomy mimics the action

of a high EB dose on sexual behavior and on neural cyto-

plasmic progestin receptors. Therefore, it appears that

hysterectomy may enhance the priming effect of estradiol

treatment on lordosis and that this action may be mediated

through increased induction of progestin receptors.

The elevated levels of serum estradiol in hysterecto-

mized rats suggest that the most likely mechanism by which

the uterus inhibits estrogen-dependent behaviors involves

lowering the circulating estradiol levels and presumably

decreasing the availability of the hormone to neural target

tissues

.

Experiment 8 showed that serum E2 levels were higher in

hysterectomized animals than in the control group. In Part

1, data indicated that blood E2 increased equally for H and
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SH estrous-cycling rats from the end of diestrus to mid-
proestrus after which the decline in E2 level was signifi-
cantly slower for H than SH rats. In OV and OH rats treated
with EB

, the largest difference in serum estradiol level
was detected 12 hr after hormone administration. The lack of

a difference in peak serum E2 concentration at 2400 or 0600

hr proestrus between the H and SH rats could be due to a

negative feedback effect of a high circulating E2 level on

the subsequent release of estradiol by the ovaries of H

rats. Thus it is possible that a high E2 level prior to 2400

hr caused a subsequent reduction in the rate of ovarian

estradiol release in H rats. Data indicate that estrogens

can inhibit the production of ovarian estrogen either direc-

tly by influencing the ovaries (69), or indirectly through

the release of luteinizing hormone (44,49). The indication

that hysterectomy may affect the clearance of circulating

estradiol also comes from the findings that after intra-

cardiac injections of tritiated E2, radioactivity levels

were significantly higher, for up to 6 hr, in the plasma of

OH rats than OV controls (1). In addition, hysterectomized,

EB-treated monkeys have higher serum levels of estradiol and

estrone than non-hysterectomized monkeys (51).

Taken together, these findings strongly suggest that

the behatioral effects of the uterus could be mediated

through its ability to enhance the clearance of estradiol.

Studies with in vivo and in vitro binding of tritiated
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estradiol have shown that the concentration of specific
binding of estradiol in the uterus is many times greater
than in other target tissues (31), suggesting that a subs-

tantial amount of the steroid could be taken up by the

uterus. Goodman (38) measured the tissue concentrations of

estradiol throughout the estrous cycle and found that the

concentration of E2 in the uterus was approximately 70 times

the level observed in the serum. In late proestrus, when the

serum estradiol levels declined to baseline values, the

uterine estradiol concentration remained high (38). This

pattern is consistent with the findings that in late pro-

estrus, serum E2 levels are higher in hysterectomized rats.

It is not known how the uterus lowers the circulating

estradiol levels. As an active site for the metabolism of

steroids, the uterine enzymatic activities have been shown

to convert estradiol to other compounds (28,83) which are

presumably less potent than estradiol inthe activation of

sexual behavior. Alternatively, estradiol could be removed

from the circulation through accumulation and long term

retention of the steroid by intracellular or extracellular

binding sites. For example, two types of estrogen binding

sites have been reported in the uterine cytosol (32). Type

I, representing the classical estrogen receptor, can be

depleted from the cytosol after an estrogen injection, has a

dissociation constant of .8 nM and constitutes approximately

1.0 pmole of the sites present in an immature rat uterus.
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The affinity of the type II site is considerably lower than
the type I site (kd, 30 nM), however, its binding capacity
is several times greater. Pretreatment of ovar iectomized
rats with E2 greatly enhances the quantity of cytosol type
II sites (32). Thus it appears that unlike type I sites,

type II components do not undergo depletion from the cyto-

sol .

It is suggested that type II sites may be extracellular

binding proteins which facilitate the accumulation of estro-

gens (26). In this capacity, therefore, they could act as

effective concentrating agents, thereby maintaining the

uterine level of free estrogens at high concentrations rela-

tive to the blood. This suggestion is supported by the

findings that approximately half of the [3H]-E2 that is

retained by the uterine cells is bound to type I estrogen

receptors in the uterus after in vivo injection or in vitro

incubation (7,24). The other half may be retained by type II

binding sites.

The results of Experiment 9 confirmed and extended the

study by Eriksson (33) suggesting that long-term withdrawal

of ovarian steroids decreases the uterine cytoplasmic

estrogen receptor concentration. In those animals that were

ovar iectomized for a month, I found a 44% reduction in the

uterine cytoplasmic estrogen receptor level and a corres-

ponding 35.1% decrease in uterine weights compared to the

aontrol group which received weekly injections of EB. A
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single injection of EB was effective in restoring these

parameters in oil-treated rats.

These findings are not unexpected in view of the evi-

dence which suggests that dj> novo synthesis and/or repleni-

shment of the cytosol estrogen receptor is enhanced by

estrogen conditioning (23,52). The deficit in the estrogen

receptor level may be directly or indirectly responsible for

the lack of uterine inhibitory effects on lordosis (3) and

maternal behavior (74) of rats that are given hormone treat-

ment over a month after gonadectomy. Whether the uterus acts

directly on the circulating estradiol, or through an inhibi-

tory factor to suppress hormone-dependent behaviors, it

appears that its effects are mediated through its estrogen

receptors

.
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FOOTNOTES

Recent studies (50,80) point to the possibility that
steroid receptors may reside in the cell nucleus instead of

the cytoplasm and that the binding of steroid hormones to

these receptors may cause them to become tightly associated

with nuclear components. Therefore, receptors measured in

the cytosol fraction could represent loosely associated

binding sites which are released from the cell nucleus

during tissue homogenization.



51

REFERENCES

1. Ahdieh, H.B. The role of the uterus in reproductive

behavior: a review. Physiol. Behav . 1984. in press.

2. Ahdieh, H.B. and G.N. Wade. Hysterectomy facilitates

proceptive behavior in rats. Harm. Behav. 17. 134-137,

1983.

3. Ahdieh, H.B. and G.N. Wade. Effects of hysterectomy on

sexual receptivity, food intake, running wheel activi-

ty and hypothalamic estrogen and progestin receptors in

rats. Camp^ Physiol. Psychol. 96: 886-892, 1982.

4. Anderson, L.L., F.C. Neal and R.M. Melampy.

Hysterectomy and ovarian function in beef heifers. Am.

Vet. Res. 23:7 94-801,196 2.

5. Anderson, L.L., A.M. Bowerman and R.M. Melampy. Neuro-

utero-ovarian relationships. In: Advances in Neuro-

endocri nology . A.V. Nalbandov, Ed. Univ. Illinois,

Press, Urbana, 111., 1963.

6. Anderson, J.N., J.H. Clark and E.J. Peck. The relation-

ship between nuclear estrogen receptor binding and

uterotrophic responses. Biochem. Biophys. Res. Comm.

48: 1460-1468, 1972.

7. Anderson, J.N., J.H. Clark and E.J. Peck. Oestrogen and

nuclear binding sites: determination of specific sites

by 3H-oestradiol exchange. Biochem. J^ 126 : 561-567,

1972.

8. Barfield, M.A. and R.D. Lisk. Relative contributions of



52

ovarian and adrenal progesterone to the timing of heat

in the 4-day cyclic rat. Endocrinology M: 571-575,

1974.

9. Barraclough, C.A. R. Collu, R. Massa and L. Martini.

Temporal interrelationship between plasma LH, ovarian

secretion rates and peripheral plasma progestin concen-

trations in the rat: effects of Nembutal and exogenous

gonadotropins. Endocrinology 88: 1437-1447, 1971.

10. Beach, F.A. Importance of progesterone to induction of

sexual receptivity in spayed female rats. Proc. Soc.

Exp t Bi ol. M ed. 5_1: 369-371, 1942.

11. Beach, F.A. Hormonal induction of mating responses in a

rat with congenital absence of gonadal tissue. Anat.

Rec. 12:289-292,1945.

12. Blandau, R.J., J.L. Boling and W.C. Young. The length

of heat in albino rats as determined by the copulatory

response. Anat. Rec. 79 : 453-463, 1941.

13. Blaustein, J.D. and G.N. Wade. Concurrent inhibition of

sexual behavior, but not brain [3H] estradiol uptake, by

progesterone in female rats, Comp. Physiol. Psycol.

21: 472-475, 1977.

14. Blaustein, J.D. and G.N. Wade. Sequential inhibition of

sexual behavior by progesterone in female rats:

comparison with a synthetic ant iest rogen. Jj. £o_m.p_j_

Physiol. Psychol. 21: 752-760, 1977.

15. Blaustein, J.D. and H.H. Feder. Cytoplasmic progestin



53

receptors in guinea pig brain: characteristics and

relationships to the induction of sexual behavior.

Brain Res. 169_: 481-497, 1979.

16. Blaustein, J.D. and H.H. Feder. Cytoplasmic progestin

receptors in female guinea pig brain and their rela-

tionship to refractoriness in expression of female

sexual behavior. Brain Res. 177 ; 489-498, 1979.

17. Blaustein, J.D. and H.H. Feder. Nuclear progestin

receptors in guinea pig brain measured by an in vitro

exchange assay after hormonal treatments that affect

lordosis. Endocrinology 106 ; 1061-1069, 1980.

18. Blaustein, J.D. Alteration of sensitivity to

progesterone facilitation of lordosis in guinea pigs by

modulation of hypothalamic progestin receptors. Brain

Res. 243; 287-300, 1982.

19. Boling, J.L., W.C. Young and E.W. Dempsey. Miscella-

neous experiments on the estrogen-progesterone induc-

tion of heat in the spayed guinea pigs. Endocrinology

23: 182-187, 1938.

20. Boling, J.L. and R.J. Blandau. The estrogen-

progesterone induction of mating responses in the

spayed female rats. Endocrinology 25_: 359-364, 1939.

21. Butcher, R.L., W.E. Collins and N.W. Fugo. Plasma

concentration of LH, FSH, prolactin, progesterone and

estradiol throughout the 4-day estrous cycle of the

rat. Endocrinology 9_£: 1704-1708,1974.



54

22. Carter, C.S., S.J. Michael and A.H. Morris. Hormonal
induction of female sexual behavior in male and female

hamsters. Hprm. Behav. £: 129-141, 1973.

23. Cidlowski, J.H. and T.G. Muldoon. Estrogenic regulation

of cytoplasmic receptor populations in estrogen-

responsive tissues of the rat. Endocrinology 162 i-

1627, 1974.

24. Clark, J.H. and J. Gorski. Estrogen receptors: an

evaluation of cytoplasmic-nuclear interaction in a

cell-free system and a method for assay. Biochem.

Biophys. Acat. 19_2: 508-515, 1969.

25. Clark, J.H., J.N. Anderson and E.J. Peck. Estrogen

receptor-antiestrogen complex: atypical binding by

uterine nuclei and effects on uterine growth. Steroids

22: 707-718, 1973.

26. Clark, J.H., E.J. Peck, j.w. Hardin and H. Eriksson.

Biology and pharmacology of estrogen receptors: rela-

tion to physiological response. In: Hor mone Action:

Steroid Hormone Receptors. Edited by 0,Malley and

Birnbaumer. Academic Press, 1978.

27. Collins, V.J., J.L. Boling, E.W. Dempsey and W.C.

Young. Quantitative studies of experimentally induced

sexual receptivity in the spayed guinea pig. Endocrino-

logy 23: 188-196, 1938.

28. Crocker, J.M. and G.H. Thomas. Uptake and interconver-

sion of tritiated oestrone and oestradiol in the



55

intact rabbit in vivo. ^ Endoc r i no]

n

ay 5^. 213-218,
1973.

29. Dudley, C.A., K.J. Cooper and R.L. Moss. Progesterone-
induced mating behavior in rats on the day following

spontaneous heat. Physiol. Behav. 25_: 759-762, 1980.

30. Durrant, E.P. The effect of hysterectomy on estrous

cycle of the white rat. Am, J. Physiol. 7^. 234, 1926.

31. Eisenfeld, A.J. [ 3H] est radiol : in vivo binding to

macromolecules from rat hypothalamus, anterior

pituitary and uterus. Endocrinology 150 : 469-475, 1970.

32. Eriksson, H., S. Upchurch, J.w. Hardin, E.J. Peck and

J.H. Clark. Heterogeneity of estrogen receptors in the

cytosol and nuclear fraction of the rat uterus. Bio-

ch.e.iru Biophys. Res. C_o.ro. mun^. 81 : 1-7 , 1978.

33. Eriksson, H. Different regulation of concentration of

estrogen receptors in the rat liver and uterus

following ovariectomy. FEBS Letters 149 : 91-95, 1982.

34. Feder, H.H., H.I. Siegel and G.N. Wade. Uptake of

[3H] estradiol in ovariectomized rats, guinea pigs and

hamsters: correlation with species differences in beha-

vioral responses to estradiol. Brain Res. 71 : 93-103,

1974.

35. Feder, H.H. and B.L. marrone. Progesterone: its role in

the central nervous system as a facilitator and inhibi-

tor of sexual behavior and gonadotropin release. Ann.

N.Y. Acad. Sci. 286: 331-354, 1977.



56

36. Ginsburg, M., b.D. Greenstein, N.J. Maclusky, i.d.

Morris and P.J. Thomas. An improved method for the
study of high affinity steroid binding: estradiol
binding in brain and pituitary. Steroid* r*. 773-792,

1974.

37. Goldfoot, D.A. and R.w. Goy. Abbreviation of behavioral

estrus in guinea pigs by coital and vagino-cervical

stimulation. Cj^mp^ Physiol^. Psvchol. 7_2: 426-434,

1970.

38. Goodman, R.L. The site of the positive feedback action

of estradiol in the rat. Endocrinol ogy 102 : 151-159,

1978.

39. Gorski, G. and F. Gannon. Current models of steroid

hormone action: a critique. Ann. Rev. Physiol. 3£: 425-

450, 1976.

40. Goy, R.W. and W.C. Young. Strain differences in the

behavioral responses of female guinea pigs to alpha-

estradiol benzoate and progesterone. Behaviour 10 : 340-

354, 1957.

41. Goy, R.W., C.H. Phoenix and W.C. Young. Inhibitory

action of the corpus luteum on the hormonal induction

of estrous behavior in the guinea pig. Gen. Comp.

Endoc. 6: 267-275, 1966.

42. Green, R, W.G. Luttage and R.E. Whalen. Induction of

receptivity in ovariectomized female rats by a single

intravenous injection of estradiol 17-B. Physiol.



57

Pehav. 5_:137-141
f 1970.

43. Hardy, D.F. and J.F. DeBold. Effects of coital stimula-

tion upon behavior of the female rat. ^ Comp. Physiol.

Psychol. 28: 400-408, 1972.

44. Hillelsjo,T., S. Bauminger and K. Ahren. Effect of

luteinizing hormone on the pattern of steroid produc-

tion Dy preovulatory follicles of pregnant mare's serum

gonadotropin-injected immature rat. Endocrinol ogy

29_:996-1005, 1976.

45. Hori, T., M. Ide and T. Miyake. Ovarian estrogen secre-

tion during the estrous cycle and under the influence

of exogenous gondotropins in rats. Endocr. Jap. 15 :

215-222, 1968.

46. Hotchkiss, J., L.E. Atkinson and E. Knobil. Time course

of serum estrogen and luteinizing hormone (LH) concen-

trations during the menstrual cycle of the Rhesus

monkey. Endocrinology 81:177-183,1971.

47. Joslyn, W.D., H.H. Feder and R.W. Goy. Estrogen con-

ditioning and progesterone facilitation of lordosis in

guinea pigs. Physiol. Behav . 2: 477-482, 1971.

48. Kalra, S.P. and P.S. Kalra. Temporal interrelationships

among circulating levels of estradiol, progesterone and

LH during the rat estrous cycle: effects of exogenous

progesterone. Endocrinology j£5_: 1711-1718, 1974.

49. Katz, Y. and D.T. Armstrong. Inhibition of ovarian

estradiol secretion by luteinizing hormone in pre-



pubertal, pregnaant mare serum-treated rats. Endocrino-

logy 1442-1449, 1976.

50. King, W.J. and G.L. Greene. Monoclonal antibodies loca-

lize oestrogen receptor in the nuclei of target cells.

Nature 301:745-747, 1984.

51. Kuo, E.Y.H., W.R. Cobb, H.J. Esber and A.E . Bogden.

Effects of hysterectomy on milk secretion and serum

levels of prolactin, growth hormone, estrogen and pro-

gesterone in rhesus monkeys with hormone-induced

uterine hypertrophy. Auu. J.,. Qbstet. Gynechol. 120 ; 368-

371, 1974.

52. Little, M . , P. Szendro, A. Hughes and R.W. Jungblut.

Biosynthesis and transformation of microsomal and cyto-

sol estradiol receptors. J_«. Steroid B ioche m. 6_: 493-

500, 1975.

53. Lisk, R.D. Progesterone: biphasic effects on the lordo-

sis response in adult or neonatally gonadectomized

rats. Neuroendocrinology 5_: 149-160, 1969.

54. Loeb, L. The effect of extirpation of the uterus on the

life and function of the corpus luteum in the guinea

pigs. Proc. Soc. Exp. Biol. Med. 20: 441-464, 1923.

55. Lowry, O.H., J.N. Rosenbrough, A.L. Farr and J.R.

Randall. Protein measurement with the Folin phenol

reagent. J^. Biol. Chem. 19.1:265-275, 1951.

56. Maclusky, N.J. and B.S. McEwen. Progestin receptors in

rat brain: distribution and properties of cytoplasmic



59

57

progestin binding sites. Bndocr innnn 0y jjfi, i 92 -202,
1980.

Madlafousek, J. and Z. Hlinak. Sexual behavior of the
female laboratory rat: inventory, patterning and
measurement. Behaviour £3: 129-173, 1978.

58. McEwen, B.S., P.G . Davis, B. Parson and D.w. Pfaff. The

brain as a target for steroid hormone action. In: M.

Cowan (Ed.), Annual Reyjew Ql NeuroS ci Pn.p
r pp . 65-112,

1979.

59. McEwen, B.S., D.w. Pfaff, c. Chaptal and V. Luine.

Brain cell nuclear retention of 3H-estradiol doses able

to promot lordosis: temporal and regional aspects,

ktajji fie_s_^ 86_: 155-161, 1975.

60. Moguilewsky, M. and J. Raynaud. The relevance of hypo-

thalamic and hypophyseal progestin receptor in the

induction and inhibition of sexual behavior in the

female rat. Endocrinology 105_ : 516-522, 1979.

61. Moguilewsky, M. and J. P. Raynaud. Estrogen-sensitive

progestin-binding sites in the female rat brain and

pituitary. Brain Res. 16_4: 165-175, 1979.

62. Morin, L.P. and H.H. Feder. Multiple progesterone

injections and the duration of estrus in ovariectomized

guinea pigs. Physiol. Behav. 11: 861-865, 1973.

63. O'Malley, B.W. and A.R. Means. Female steroid hormones

and target cell nuclei. Science 183 : 610-420, 1974.

64. Pack, B.A. and S.C. Brooks. Cyclic activity of estrogen



60

sulfotransferase in the gilt uterus. Endocrinol^, ^
1680-1690,1974.

Parsons, B. and B.S. McEwen. Sequential inhibition of
sexual receptivity by progesterone is prevented by a

protein synthesis inhibitor and is not causally related

to decreased levels of hypothalamic progestin recep-

tors. iL. Neurpscj^ 1; 527-531, 1981.

Powers, J.B. Hormonal control of sexual receptivity

during the estrous cycle of the rat. PJiyjiloJ^ Behav. 5_:

831-835, 1970.

Powers J.B. and J. Moreines. Progesterone: examination

of its postulated inhibitory actions on lordosis during

the rat estrous cycle. PhysjoJ^. Behav. 12: 493-498,

1976.

Poyser, N.L. Effects of actinomycin D on uterine pros-

taglandin production and oestrous cycle lengths in

guinea pigs. J. Rep. Fert. 56: 559-567, 1979.

Richards, J.S. Estradiol receptor content in rat granu-

losa cells during follicular development: modifications

by estradiol and gonadotropins. Endocrinology 97 : 1174-

1179, 1975.

Ring, J.R. The estrogen-progesterone induction of

sexual receptivity in the spayed female mouse. Endocri-

nology M: 269-275, 1944.

Rosenblatt, J.S. Nonhormonal basis of maternal behavior

in the rat. Science 156 : 1512-1514, 1967.



61

72. Rosenblatt, J.s. and H.I. Siegel. Hysterectomy-induced

maternal behavior during pregnancy in the rat. Comp .

Physj.P l . Psvchol
, 89_: 685-700, 1975.

73. Schwartz, S.M., j.d. Blaustein and G.N. Wade. Inhibi-

tion of estrous behavior by progesterone in rats: role

of neural estrogen and progestin receptors. Endocrino-

logy 115_: 1078-1082, 1979.

74. Siegel, H.I. and J.S. Rosenblatt. Estrogen-induced

maternal behavior in hysterectomized-ovariectomized

virgin rats. Physiol. Behav. 14_ : 465-471, 1975.

75. Siegel, H.I. and J.S. Rosenblatt. Effects of pregncncy

termination on maternal behavior, lordosis, ovulation

and progesterone levels in the rat. Poster presented at

East. Conf . Reprod. Behav. 1977.

76. Siegel, H.I. H.B. Ahdieh and J.S. Rosenblatt.

Hysterectomy-induced facilitation of lordosis behavior

in the rat. Hor m. Behav. 11: 273-278, 1978.

77. Sodersten, P. and S. Hansen. Effects of oestradiol and

progesterone on the induction and duration of sexual

receptivity in cyclic female rats. J_j_ Endocrinology 74 :

477-485, 1977.

78. Sodersten, P. and S. Hansen. Induction of sexual recep-

tivity by oestradiol benzoate in cyclic female rats:

influence of ovarian secretions before injection of

oestradiol benzoate. Endocr inonogy 8£: 389-395,

1979.



62

79. Wallen, K., r.w. Goy and C.H Phoenix, inhibitory
actions of progesterone on hormonal induction of estrus
in female guinea pigs. Hpcm. Behav. 6_: 127-138, 1975.

80. Welshon, W.V., M.E. Lieberman and J. Gorski. Nuclear

localization of unoccupied oestrogen receptors. Nature

Ml: 747-749, 1984.

81. Whalen, R.E., w.G. Luttge and B.B. Gorzalka. Neonatal

androgenization and the development of estrogen respon-

sivity in male and female rats. Ho_r.nu B__h_a___ 2: 83-90,

1971.

82. Wiltbank, J.N. and L.N. Casida. Alteration of ovarian

activity by hysterectomy. J__ Animal Sci. 15_: 134-140,

1956.

83. Wise, T., N. Ackland, I.R. Fleet, R.B. Heap and D.E.

Walters. Oestrogen metabolism in the endometrium and

ovarian residual tissue of the rabbit. J__. Endocrinology

9_6_: 201-213, 1983.

84. Wurtman, R.J., E. Chuw and J. Axelrod. Relation between

the oestrous cycle and binding of catecholamines in the

rat uterus. Nature 198 : 547-548, 1963.

85. Zucker, I. Progesterone in the experimental control of

the behavioral sex cycle in the female rat. J__ Endo-

crin. 38; 269-277, 1967.






