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Fourteen 75-day-old female rats of the Long-Evans strain
were ovariectomized and divided into

two groups of seven.

Group I received daily injections of 2mg testosterone propionate (TP)
II,

and was tested for male sexual behavior.

in addition to daily injections of TP,

Group

also received in-

jections of lmg progesterone on five of the ten test days.
This group was tested for female sexual behavior.

TP was

found to exert a facilitory effect on both male and female
sexual behavior.

Female sexual behavior was enhanced

further when progesterone was administered 4 to 6 hours
prior to testing.

Progesterone, when injected alone, was

found to induce lordosis.

It was concluded that TP was

first being converted to estrogen and it was the estrogen
which was responsible for the increase in female sexual
behavior.

The fact

that progesterone, which enhances

estrogen-induced lordosis,

also enhances testosterone-induced

lordosis supports this position.
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The proposed study will investigate the effects of
testosterone propionate on both male and female sexual
behavior in the ovariectomized rat.

In addition,

the study

will investigate the effects of progesterone on female
sexual behavior in androgen primed, spayed female rats.
In most mammalian species the principal steroid
product of the testes is testosterone, 17 -hydroxyandrost-4en-3-one (McDonald, Beyer, Newton, Brien, Baker, Tan,
Sampsom, Kitching,

Greenhill,

and Pritchard, 1970).

Removal of the testes usually results in the gradual decline
and eventual disappearance of male sexual behavior in rats
(Davidson, 1966).

Systemic injections of testosterone

propionate have been used to restore the copulatory pattern
in these castrates
1949).

(Stone, 1939; Beach and Holz-Tucker,

More recently,

estradiol (a female sex steroid)

has been reported to stimulate mounting and mounting with
thrusts as much as testosterone in castrated male rats
(Pfaff, 1970).

Thus it appears that both male and female

sex steroids are effective in the restoration or partial
restoration of the copulatory pattern in the castrated male
rat.
Female-like sexual responses have been observed in the
intact male rat

(Beach, 1949) and mouse

(Engle, 1942)

following large doses of testosterone propionate.

Davidson

(1969) has reported that intact male rats will respond to
large doses of estrogen by displaying female-like sexual
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responses,

These results suggest that the intact male rat

has the neural mechanisms which are necessary in the mediation of female sexual behavior.
It is a well established fact
behavior in most mammals,

that female mating

including the rat,

upon the presence of ovarian hormones.

is dependent

Ovariectomy of the

adult female rat results in the elimination of mating
behavior with the concommittent cessation of cyclical changes
in the vaginal epithelium (Beach,

1942).

Administration of

female sex hormones to the female castrate induces vaginal
cornification,

increased general activity and sexual

receptivity (Boling and Blandau, 1939; Lisk, 1969).

The

administration of large doses of testosterone has also
been reported to restore female mating behavior in the ovariectomized rat

(Beach, 1942; Beyer and Komisaruk,

1971).

It

thus appears that female sexual behavior can be restored
in the ovariectomized animal by the administration of
either female sex steroids or large doses of male sex
steroids.
The appearance of sexually receptive reactions in the
castrated female rat following testosterone propionate
administration might be due to the fact

certain androgens

can be transformed into estrogen (Dorfman and Ungar, 1965).
This possibility has been tested,
injections of an androgen

and it was found that

which cannot be converted into

estrogen, namely dihydrotestosterone,

did not result in the
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appearance of mating behavior in ovariectomized rats
and Komisaruk, 1971)

1970).

and rabbits

(Beyer

(Beyer, McDonald and Vidal,

So it seems that female sexual behavior is stimulated

only by those androgens which can be converted to estrogen
by the organism.
in rats,

To further investigate this possibility

it is necessary to have a general idea of what

past investigations have revealed,

relative to how hormonal

and neural factors interact to stimulate both male and
female sexual behavior.

I.

Neural Control of Male Sexual Behavior
When a female rat is placed in a cage with a cage
adapted male,

the latter usually begins to copulate

immediately.

However,

it is not unusual for the male

to engage in pre-copulatory activities such as anogenital exploration and nibbling or nuzzling at the
female's head or body.
described by Stone

The copulatory act was

(1922) as coming with such

definiteness and orderly sequence of elements that
it can easily be distinguished from pre-copulatory
behavior.

Beach (1944)

described the different

components of the male copulatory pattern in the
following manner:

1.

Clasp-without-palpation -

The male mounts the

fema1e from che rear and c1asps h2s fore1egs
about her laterolumhar region.
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2.

Palpation-with-pelvic-thrust - While clasping
the female,

the male palpates her sides with

rapid forelimb movements.

The male then slips

off the female's back rather weakly, usually
indicating failure to achieve intromission
(incomplete copulation).
3.

Copulation or complete copulation clasps the female,

palpates her sides and

thrusts several times.

The final thrust in

this sequence is usually forceful.
final thrust,

The male

After this

the male lunges backwards

several inches.

The backward lunge is usually

indicative of an intromission.
Ferguson (1940)

Stone and

estimated from a cinemato-

graphic study that the duration of each
intromission was 1/3 to 2/3 of a second.

When

intromission is terminated by ejaculation,
backward lunge is omitted.

Instead,

the

the male

continues to press against the female,

thus

prolonging intromission, and then releasing
his clasp,

slowly raises his forelegs as the

ejaculate is emitted and the penis withdrawn.
Ejaculation usually occurs after multiple
intromissions.
An ejaculation is always followed by a refractory
period during which the male remains unresponsive to
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sexual stimuli (Larsson, 1956).

The number of ejacula-

tory responses varies widely among individuals of a
species.
Local application of lidocane ointment to the
penis of the rat results in a temporary inability of
the animal to achieve intromission.

This inability

to achieve a normal intromission does not affect
mounting behavior (Adler and Bermant, 1966).
and Cooper (1968)

Aronson

report similar results in the cat.

Castrated male rats with complete midthoracic
spinal transections show intermittent clusters of
genital responses consisting of erections, quick
flips and long flips of the penis when gentle
pressure is constantly applied to its base (Hart,
1967).

The long flip responses resemble the ejacula-

tory pattern in both form and duration.

The number

of these genital responses increase with testosterone
injections and decrease with testosterone withdrawal.
Spinal implants of testosterone has similar effects
(Hart and Haugen, 1968).

The authors concluded from

these results that testosterone has a facilitory
influence on sexual reflexes by means of a direct
action on spinal neural tissue mediating these
sexual reflexes.
Beach (1940)

reports that male rats receiving

extensive cortical damage fail to initiate copulatory
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behavior.
1964)

More recent studies by Larsson (1962 and

suggest that this failure is a result of damage

to the motor-sensory areas or the overlapping sensorymotor areas.

Larsson came to this conclusion after

showing that relatively large amounts of cortical
damage to other areas are compatible with continued
sexual behavior.
Heimer and Larsson (1967)

reports the complete

abolition of mating behavior in male rats receiving
large lesions in the medial preoptic-anterior hypothalamic region.

Small lesions within this region

never completely eliminated sexual behavior, although
19 of 42 rats showed a temporary impairment.

This

sexual impairment was not related to a particular
location of the lesion.

Treatment with testosterone

propionate did not restore mating activity in any
male with extensive lesions.

However,

animals with

small lesions which had become sexually inactive
after the operation resumed mating after hormone
treatment.

These results suggest that the larger

lesions in the preoptic-anterior hypothalamus destroyed
hormone sensitive neural structures which are necessary
for the occurrance of copulatory behavior.
Lesions at the border of the diencephalon and
mesencephalon and in the area of the mammillary bodies
have been reported to increase the level of sexual
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behavior in the male rat
Lisk, 1966).

(Heimer and Larsson, 1964;

There exist incidences where apparently

normal, healthy, intact males will not copulate.
Treatment with exogenous androgens has no effect
relative to inducing copulatory behavior in these
animals

(Whalen, Beach, and Kuehn, 1961; Larsson,

1966).

However, copulatory performance increases

significantly in non-copulators following mammillary
body lesions (Lisk, 1969).
Intracranial implants of testosterone propionate
in the preoptic and anterior hypothalamic areas
reactivates the complete copulatory pattern in
castrated male rats

(Davidson, 1966; Lisk, 1967).

This might lead one to believe that the neural
mechanisms responsible for the mediation of male
sexual behavior are rather localized.
true,

If this is

it is possible that peripheral stimulation is

not of prime importance for the maintenance of the
copulatory pattern in male rats.

However, many

castrates receiving implants of testosterone never
show a sexual response level equal to that of normal,
intact animals.

This indicates that there may be

other hormone sensitive areas in other parts of the
nervous system which play a significant role in the
control of male sexual behavior.
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Thus from the data reported in this section,

it

appears that expression of male copulatory behavior
is dependent upon or is a function of (1)
of androgen and (2)

exteroceptive stimuli.

the level
These

factors affect the preoptic-anterior hypothalamic
area and other areas of the nervous system in such a
way as to facilitate the expression of male sexual
behavior; whereas the mammillary bodies seem to exert
an inhibitory influence on the expression of male
sexual behavior.
II.

Hormonal Control of Male Sexual Behavior
Castration of the male does not lead to immediate
disappearance of sexual activity.

Davidson (1966)

studied the decline of sexual behavior in male rats
following castration and found that the percentages
of animals showing the ejaculatory pattern decreased
rapidly but the rate of decline was quite variable.
In fact one animal displayed the ejaculatory pattern
more than 140 days after castration.

However,

it is

generally accepted that decline and eventual disappearance of sexual behavior follows castration in
the male rat.
Several investigators have employed testosterone
propionate to restore copulatory behavior in castrated
male animals (Shapiro, 1937; Moore and Price, 1938;
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Stone, 1939).

The majority of these studies have

used dosages of testosterone which vary from 100 to
1250 micrograms
doses of 50 to

~g)
7~g

per day.

However, smaller daily

have been found to be effective

in the restoration and maintenance of male sexual
behavior (Beach and Holz-Tucker, 1949).
In addition to male sexual behavior, Stone (1942)
reported the occurrance of female-like sexual responses
(presentation, squatting and lordosis)

in male rats.

These responses usually occur when the animal is in
the testing situation and is highly excited.

Beach

(1941) reported the presence of the lordosis response
in the male rat after large doses of testosterone
propionate.
elicit.

However, this response was difficult to

Large doses of testosterone have similar

effects in the male mouse

(Engle, 1942).

Castrated

male rats given large doses of estrogen will display
the lordosis response when mounted by a vigorous male
(Ball, 1939; Davidson, 1969).

Young (1961),

in his

chapter on hormones and mating behavior, sites

studi~s

where injections of estrogen facilitated the male
copulatory response pattern in the prepuberally
castrated rat.
Using dose levels of 32tg and

102~g

of testos-

terone propionate, Champlin, Blight, and McGill

(1963)

found no significant difference in sexual activity
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between the two groups of adult castrated male mice.
Both the

3~g

group (n=6) and the

102~

group (n=6)

Tests were run once every

copulated in every test.

two weeks with all subjects receiving intramuscular
injections of testosterone daily.

Each copulation was

scored in terms of 15 measures including mount
frequency, mount latency, intromission frequency,
Thus,

in the adult male,

etc.

testosterone appears to act

only as a sensitizer and once it has reached the
threshold level for the initiation of male sexual
behavior, any excess is of little or no behavioral
consequence.
Unlike neonatal injections of testosterone,
which have no effect on adult male sexual behavior,
estradiol benzoate given neonatally (5 to 7 days
postpartum)

to males suppresses the ejaculatory

response in most animals (Feder, 1967; Harris and
Levine, 1965; Levine and Mullins, 1964).

Neonatally

castrated male rats will show a high frequency of
female sexual behavior in adulthood if given estrogen
and progesterone (Feder and Whalen, 1965; Grady,
Phoenix, and Young, 1965).

Neonatal castration appears

to permanently alter the sensitivity of male to
female sex steroids making it more sensitive to
estrogen and progesterone in adulthood (Whalen and
Edwards, 1967).
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These data suggest that both male and female
response patterns are inherent in the genetic substrate irrespective of sex.
normal,

The failure of the

intact male to display the lordosis response

could possibly result from the presence of testosterone
during some critical period when neural differentiation and organization are taking place.
terone is present during this period,

If testos-

it not only

influences neural differentiation favoring male
sexual behavior patterns but it also appears to
permanently alter the sensitivity of the male to
female sex steroids (Young, 1961).
Resko,

Feder, and Goy (1968)

In a recent study,

showed that testosterone

is the specific androgen responsible for this
differentiation.

In this study,

injections of andros-

tinedione in male castrates from birth to day 20 did
not suppress these males'

responsiveness to the

estrogen-progesterone synergism.

When rats are

injected with cyproterone acetate (an anti-androgen)
during most of the gestation period and for the first
few weeks postnatally,

the genotypic males are born

with nipple lines and a vagina
Kramer, 1966).

(Neumann, Elger and

If these animals are castrated in

adulthood and implanted with ovaries,

they not only

show the cyclic appearance of female sexual behavior
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but cyclic

ch~nges

in the vagina are also evident

(Neumann, Elger, and Steinbeck, 1969).
The data in this section suggest that testosterone
is necessary for the organization of male sexual
behavior.

Further,

it points to a critical phase where

the presence of this androgen is most effective in
not only the organization and differentiation of male
sexual behavior but also in permanently altering the
sensitivity of the male to female sex steroids.

This

critical period begins sometime prior to birth and
extends to approximately one week after birth.

If

testosterone is absent or its action blocked during
the critical phase,

the genotypic male will display

both male and female sexual behavior when given the
appropriate hormonal treatment.

"Thus, maleness is

a developmental response of the organism to the
action of androgens on specific tissues during sensitive periods of development.

These tissues include

not only portions of the organ systems for the
reproductive tract, accessory and secondary sexual
characteristics, but also the central nervous system."
(Lisk, 1969).

III.

Neural Control of Female Sexual Behavior
When the female rat is in heat,

it remains rela-

tively stationary allowing the male to mount.

When a
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successful mount is made,

the female then assumes the

lordosis stance characterized by a rigid arching of
the back, moving the tail to one side giving the male
easy access to the vagina,
and ear wiggling.

tilting the head upward

If the female is unreceptive,

it

will actively avoid the male when mounting attempts
occur by moving back into a corner, kicking the male
with her hind quarters or,

if the male persists,

turning and engaging him in an aggressive physical
encounter.
The trained observer has little or no problem in
recognizing the components of the lordosis response.
It is not necessary that the female be mounted by a
male for the lordosis response to occur.
to mating with an active male,

In addition

the lordosis response

may be elicited through artificial stimulation of the
perineal region.

This particular method is commonly

called "fingering"
Ball (1937),

(Blandau, Boling and Young, 1941).

in her early studies, devised a scoring

system to measure sexual excitability in female rats.
She assigned numerical values to different components
of the female sexual response,

i.e.,

quivering of the

ears, darting and crouching and lordosis.
recently, however, Beach (1944)
of the copulatory quotient

(CQ).

More

introduced the idea
He designated the

CQ as the number of lordosis responses divided by the
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number of times the female is mounted by the male
multiplied by 100 (L/M x 100

=

CQ).

This particular

system for measuring female sexual excitability is
the one currently employed by most experimenters using
the rat and the mouse.
The estrus cycle of the female rat may vary
slightly from individual to individual but on the
average takes about 3 to 5 days.

The number of hours

an individual animal may be in heat also varies
slightly but usually ranges between 13 to 15 hours.
The duration of heat and the percentage of animals
showing heat vary widely depending on whether natural
mating or fingering is employed.
rat

(Gerrall and McCrady,

A study using the

1970) show that the assump-

tion of the lordotic posture does not mean that the
female will accept the male in mating.
this,

Because of

one's methodology used in measuring female

sexual behavior should be chosen with caution and
stipulated in all publications.
Removal of the uterus and the vagina does not
eliminate normal sexual behavior in the female rat
(Ball, 1934).

This finding indicates that afferent

nerve impulses, at least from the uterus and the
vagina, are not essential for mating activity in
female rats.
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Davis

(1939) reports the continued occurrance of

the lordosis response,

the estrous cycle and pregnancy

and delivery of young following extensive cortical
damage.

Application of potassium chloride to the

cortex of female rats previously treated with estrogen
increased sexual receptivity as indicated by the
lordosis response.

This facilitation of mating

behavior by a treatment known to cause functional
decortication suggests that mechanisms mediating
female mating behavior are under inhibition by a
system which involves the cerebral cortex (Clemens,
Wallen and Gorski, 1967).

This hypothesis is further

supported by Beach (1944) who found that the lordosis
response is exaggerated and is frequently held throughout the entire copulatory series following decortication.
Zouhar and de Groot

(1963)

reported that lesions

in the medial habenular nuclei produced acceptance of
the male rat by the female during both estrus and
diestrus.

Similar findings were reported earlier by

de Groot and Critchlow (1960)

following lesions in

other areas of the limbic system.
Anterior hypothalamic lesions result in cessation
of mating behavior in female rats
Singer, 1968).

(Clark, 1942;

Similar observations have been made

for the guinea pig (Boling and Blandau, 1939).

In
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the rabbit, anterior hypothalamic lesions are compatible with mating behavior.

However, lesions in the

area of the mammillary bodies result in complete
absence of mating behavior (Sawyer, 1959).
Posterior hypothalamic damage in the premammillary region resulted in females accepting the
male in diestrus

(Law and Meagher, 1958).

These

female rats had previously been spayed and brought
into heat once a week by treatment with diethylstilbestrol and progesterone.

Tests were conducted

daily with pre-selected vigorous male copulators.
The average response frequency of animals with
posterior hypothalamic damage exceeded unoperated
animals in estrus.

These results are suggestive of

an inhibitory system existing in the diencephalon
of the female rat.
Behavioral receptivity can be induced in spayed
female rats with the implantation of estradiol in
the medial-basal preoptic and anterior hypothalamic
regions

(Lisk, 1962).

Implants elsewhere in the

hypothalamus as well as blank tubing implants failed
to produce this effect.

Estrus behavior was

observed 3 to 5 days following the estradiol implants.
This estrus behavior can be facilitated with subcutaneous injections of progesterone (Lisk, 1969).
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Lisk (1962)

found that the latency between

hormone implant and the actual observance of estrus
behavior can range from 3 to 9 days in the female rat.
More recently,

Chambers and Howe (1968) reported that

estradiol implants in the conscious animal resulted
in estrus behavior 24 to 36 hours later.

This time

interval correlates with latencies found following
subcutaneous injections of estradiol.

Thus,

it is

important when studying the effects of hormones on
sexual behavior to consider the latency of effect of
the steroids under investigation.
Palka, Ramirez and Sawyer (1966)

found that a

labeled form of estrogen (3H-estradiol) ciiffuses up
to 2 millimeters away from the site of implantation.
This particular steroid implant may be a function of
the site of the implant and the rate of diffusion
of the steroid being used.

However, Michael

(1962)

found that animals receiving injections of labeled
steroids became receptive 72 hours later, a time when
no labeled steroids could be detected in the brain.
Considering Michael's results and the results of
the studies using subcutaneous injections of estrogen,
the latency between injection or implantation of
estrogen and its observed behavioral effect does not
appear to be a function of diffusion or problems with
the blood-brain barrier.

Rather,

the latency seems to
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reflect the time it takes for a sequence of events to
occur before estrus behavior is facilitated or
initiated.

The steroid acts to initiate this sequence

and is not detectable in the brain when estrus behavior
begins.

IV.

Hormonal Control of Female Sexual Behavior
Unlike castration in the male rat which yields a
gradual decline in sexual activity,

the female ceases

to show sexual behavior within 24 hours after ovariectomy.

However,

receptivity can be induced in the

ovariectomized animal through ovarian hormone replacement.

Estrogen,

injected 24 to 48 hours prior to

progesterone injection will usually result in estrous
behavior four hours later

(Boling and Blandau, 1939).

Receptivity can be induced with the administration of
estrogen alone (Lisk, 1969).

The response (lordosis)

is intensified if progesterone injections precede
testing by about four hours.
estrogen,

With low levels of

the female rat can be maintained in full

estrus indefinitely (Davidson, Smith, Rodgers and
Bloch, 1968).
Spayed females

treated with estrogen and proges-

terone beginning on day 20 postnatally became
receptive by day 30 (Wilson and Young, 1941).

Intact

female rats receiving gonadotrophins will develop
mature follicles and ovulate as early as 19 days after
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birth (Freed and Coppock, 1936; McCormack and Meyer,
1964).

Although follicle maturation and ovulation

can occur relatively early, maximum sensitivity to
gonadotrophins is not reached until about day 30
(Bodemer, Rumery, and Blandau, 1959; Zarrow and
Wilson, 1961).

So it seems that the ovulatory

mechanism is mature and capable of functioning before
the system for behavioral estrus.
Feder, Resko and Goy (1968) reported that the
progesterone levels in the rat are highest during
the pre-ovulatory period when the animals were displaying lordosis.

It is important to note that

ovarian progesterone is produced by the corpus lutea
which does not form until after ovulation.

Proges-

terone levels do drop after ovariectomy but do not
disappear.

However, within eight hours of adrena-

lectomy, progesterone is no longer detectable.

From

this it appears that the endogenous progesterone
responsible for the facilitation of the lordosis
response is produced by the adrenals and not by the
ovaries.

Adrenal progesterone is under pituitary

control and ovarian progesterone is not

(Resko, 1969).

Because adrenal output of progesterone is increased
under conditions of stress, it may have physiological
significance other than its effects on sexual behavior.
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Rodents'

ovaries also secrete substantial

quantities of

2~-hydroxypregn-4-en-3-one

(20~0H).

The effects of this particular steroid on mating
behavior has been investigated by Langford and
Hilliard (1967).
less

~ffective

It was found to be considerably

in facilitating the lordosis response

than progesterone in estrogen primed animals.
finding suggests that

20~0H

This

has little or no

influence on the induction of receptivity in the
female rat.
Injections of testosterone have been reported to
facilitate the lordosis response in both intact and
ovariectomized adult animals
Komisaruk, 1971).

(Young, 1961; Beyer and

Among the rodents,

the female

rabbit responds most consistently to testosterone
injections with high levels of lordotic responses
(Kawakami and Sawyer, 1959).

Dorfman and Ungar (1965)

and Knapstein, David, Wu, Archer, Flickenger and
Touchstone (1968)

report that most androgens,

including testosterone, can be partially metabolized
to form estrogen by many tissues of the body including
the brain.

So, it is possible that the facilitation

of female sexual behavior observed after testosterone
injections is not a direct effect of the androgen.
It could be that the testosterone is first converted
to estrogen and it is the estrogen which is facilitating
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the lordosis response.

This possibility has been

investigated by Beyer, McDonald and Vidal (1970)
using the rabbit and Beyer and Komisaruk (1971)
using the rat.

These studies employed testosterone

and 1~-hydroxy-SOfandrostan-3-one (dihydrotestosterone).

Dihydrotestosterone is a ring A saturated

steroid which, unlike testosterone,
converted to estrogen.

cannot be

Beyer,et. al.

(1970)

injected

one group of ovariectomized rabbits twice daily with
250 micrograms

~g)

of testosterone propionate.

Other

groups were injected with different dose levels of
dihydrotestosterone ranging from 1 to 10 milligrams
(mg)

on the same injection schedule.

100% of the

animals receiving the testosterone propionate mated
on the fifth day after injections started.

Dihydro-

testosterone failed to produce mating behavior at any
of the dose levels used.

These results suggest that it

is essential for androgens to be converted to estrogen
if the former are to have any facilitory effects on
mating behavior.

Mating behavior has been induced in

ovariectomized rats with large doses of testosterone
(Beach, 1942).

More recently, Beyer and Komisaruk

(1971) have found that dihydrotestosterone is ineffective in producing female sexual behavior in
ovariectomized rats.
Certain behaviors, such as mounting and thrusting,
which are characteristic of the male can be observed
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in the female

(Young, 1961).

Mounting behavior does

not increase or decrease with ovariectomy and is also
unaffected by neonatal injections of hormones.

Thus

it appears that the female rat is capable of displaying
components of the copulatory pattern characteristic
of the male (Whalen and Edwards, 1967).
Early injections of hormones (testosterone and
estrogen) are likely to decrease or completely
eliminate the female sexual response pattern in the
adult animal.

Testosterone injections given within

the first week after birth will completely eliminate
the occurrence of the lordosis response.

This effect

is relatively permanent and is changed little by the
introduction of exogenous estrogen and progesterone
(Barraclough and Gorski, 1962; Harris and Levine, 1965).
Gerall and Ward

(1966)

reported that daily injections

of testosterone propionate during the last third of
the gestation period produced masculinization of the
genetic female offspring.

Females are also sensitive

to hormones during the first few days of life.
According to Whalen and Nadler (1963) and Levine and
Mullins (1964)

a single injection of estradiol

benzoate (50 to

lOO~g)

or estradiol dipropionate

given within the first five days of birth drastically
inhibits or completely eliminates receptivity.
unlike the male,

Thus,

the female rat will develop normal
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mating behavior only if hormones are absent in early
life.
Studies reviewed in this section indicate that
testosterone propionate is effective in stimulating
female sexual behavior in the ovariectomized animal
(Beyer, McDonald and Vidal, 1970; Beyer and Komisaruk,
1971).

These studies have also demonstrated that

dihydrotestosterone fails to produce the same or
similar effects.
The present study investigated the effects of an
androgen,

testosterone propionate, on both the male

and female sexual behavior of the ovariectomized rat.
This study also investigated the effects of progesterone
on the female sexual behavior of the ovariectomized
rat following testosterone priming.

Progesterone

has been shown to facilitate the lordosis response
in estrogen primed rats

(Lisk, 1969).

If testosterone

is being converted into estrogen by the rat as
proposed earlier,

then progesterone should facilitate

female sexual behavior in spayed,
animals.

testosterone primed
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Method

Subjects:
Fourteen 75-day-old female rats of the Long-Evans
strain were individually housed and maintained on a 12-hour
reverse day-night cycle.
groups of seven.

These Ss were divided into two

Group I was tested for male sexual

behavior and Group II for female behavior.

Apparatus:
All tests were conducted in a 2-ft.

diameter cylindri-

cal Plexiglas chamber which was located in a dimly lit
room.

All behavior was recorded on an Esterline-Angus

event recorder.

Procedure:
All Ss were ovariectomized and allowed at least two
weeks to recover from the surgery.

Two pre-tests were

given to both groups to determine the amount of sexual
behavior present prior to the hormonal treatments.

All

hormones were dissolved in sesame oil.
Group I received daily intramuscular (IM)
of 2mg testosterone propionate (TP).

Tests for male

behavior began three days following the first
and continued once every two days for 20 days.
the tenth test, TP was withdrawn.

injections

injection
Following

Testing continued at

2-day intervals until male sexual behavior had reached the
pre-test level.
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In the tests for male sexual behavior each S was
placed in the observation chamber for approximately three
minutes before it was given access to a stimulus female.
Male sexual behavior was measured in terms of (1)
number of mounts,
thrusts,

(3)

behavior.

(2)

the

the number of mounts with pelvic

intromittive behavior and (4) ejaculatory

Each test session was 15 minutes, after which

Ss were returned to their respective home cages.
All stimulus females were brought into heat by a
subcutaneous injection of estradiol benzoate followed 48
hours later by a subcutaneous injection of progesterone.
Testing began 4 to 6 hours following the progesterone
injection.
Group II also received daily IM injections of 2mg TP.
This group was tested for female sexual behavior.
commenced seven days following the first

Testing

injection and

continued once every two days for 20 days.
In addition to the daily injections of testosterone
propionate, Group II received subcutaneous injections of
lmg progesterone on five of the 10 test days.

The first

injection of progesterone was given on the second test
day and continued to be administered at 4-day intervals.
All injections were given 4 to 6 hours prior to testing.
TP was withdrawn from Group II following the tenth test.
However, progesterone injections continued to be administered
to some of the Ss at 4-day intervals.

A total of eight

tests were conducted following the termination of TP.

On
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three of the tests no hormones were administered to any of
the Ss.
the !

The progesterone injections were given without

having knowledge of which Ss received the hormone.

In the tests for female sexual behavior,

each S was

mounted five times by a vigorous male copulator.
each mount,

Following

the! recorded the strength of the lordosis

response displayed by the experimental animal.
had been mounted the specific number of times,

When S
it was

removed from the test chamber and returned to its home cage.
Female sexual behavior was scored on a scale ranging
from 0 to 3.

This scale was based on the presence of

particular behavioral components of the lordosis response:
0 -

There was no observable response.

1 -

The female displayed a slight arching of the back
with little or no upward tilt of the head.

2 -

A more definite arching of the back was displayed.
There was also a greater upward tilt of the head
with some ear-wiggling being displayed.

3 -

The

~

displayed the complete lordotic posture.

This

included the complete upward tilt of the head and
arching of the back.

The tail also moved to one-

side allowing the male easy access to the vagina.
Many times this posture was maintained briefly
after the male dismounted.
In order to check the validity of this scoring system,
an independent observer scored the female behavior of the Ss
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in Group II on three different tests.

The mean correlation

between the scores of the independent observer and the E
on these three tests was .82.
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Results

The Ss in Group I

showed some components of the male

copulatory pattern prior to testosterone propionate injections.

The data summarized in Table 1 show that a

considerable amount of mounting behavior was displayed by
this group during the pre-tests.

Although no intromittive

behavior was observed prior to testosterone injections,
some mounts with thrusting did occur.

Insert Table 1 about here

The male behavior of Group I

increased significantly

following daily injections of testosterone propionate.
This change was manifested through an increase in both the
number of mounts with thrusting (t=2.99,
incidence of intromittive behavior

~<.05)

and the

(t=4.19, E<.Ol).

was no significant increase in the number of mounts
~ < .05)

because, as can be noted in Table 1,

the

~s

There
(t=.48,
had

a greater tendency to mount and thrust following the testosterone propionate injections.

Thus,

although there was no

increase in the number of mounts following daily
testosterone injections, most

~s

displayed a qualitative

and quantitative increase in the other components of the
male copulatory pattern.
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No ejaculatory behavior was observed following testosterone injections.

However, all

~s

except one displayed

the intromittive pattern more than 20 times during the 10
test sessions.
All male behavior declined gradually after the daily
injections of testosterone were terminated.

The intro-

mittive pattern was the first behavioral component to drop
out.

The incidence of intromittive behavior and the number

of mounts with thrusting reached the pre-test level on the
fifth and sixth tests
tosterone injections

following the termination of tes(t=.39,

~>.01).

In regard to female sexual behavior, when compared to
the pre-tests results,

Group II showed a significant

increase in the strength of the lordosis response
following daily injections of testosterone propionate
(Table 2,

t=3.09, E<.OS).

On the days

~s

received

Insert Table 2 about here

testosterone and progesterone,

the strength of the lordosis

response was significantly greater than when Ss received
testosterone alone (t=4.67,
pre-tests data,

~<.01).

When compared to the

Group II also displayed significant female

behavior when progesterone injections were continued and
testosterone injections terminated (t=7.79, E<.Ol).

In
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fact,

the mean response strength was greater following the

injections of progesterone than the mean response strength
following testosterone injections

(t=8.99, E<.Ol).

With-

drawal of testosterone and progesterone resulted in the
immediate decline of female behavior to the pre-tests
level

(t=2.35, E>.OS).

There were no apparent increases in general activity
or any noticeable weight changes, although these dependent
variables were not systematically considered in this study.
Most Ss maintained satisfactory health throughout the
experiment.
eluded.

Only one !

This !

died before the study was con-

was in Group I and died just after the

testosterone propionate injections were terminated.

In

the opinion of the experimenter this death was not related
to any experimental factors because,
mentioned,

as was previously

the other !s in both Groups I and II maintained

normal health.

The individual data for the Ss in both

groups are graphically illustrated in the Appendices.
As reported above,

some male behavior was observed in

some of the Ss in Group II.

This behavior occurred very

infrequently and was usually observed when the experimental
animal was placed in the test chamber with a relatively
docile male.

Most of this behavior occurred during the

pre-tests, before any hormonal treatment was begun.
Following treatment with testosterone propionate some
aggressive behavior was noted for bbth groups.

Again,

the

incidence of aggressive behavior was very infrequent and
WR1':

111-':tl:=tllv

ni1=:nl,qvpn

hv

thP

1-':RmP.

animals.

31

Discussion

The results indicate that exogenous testosterone can
facilitate both male and female sexual behavior.

It is

well known that testosterone can restore the male copulatory pattern in male castrates (Shapiro, 1937, Beach and
Holz-Tucker, 1949; Champlin, et al., 1963).

However,

recent studies have shown that testosterone can also
facilitate male sexual behavior in the spayed and intact
female rat

(Singer, 1968 a,b;

Singer, 1972).

In the

present study, ovariectomized rats displayed an increase
in both the number of mounts with pelvic thrusting and
the incidence of intromittive behavior following testosterone injections.
It is not unusual for females of many species to display sexual behavior patterns characteristic of males
(Young,

1961).

In the present investigation, some

~s

displayed mounting behavior which was accompanied by
incidences of pelvic thrusting even before the hormonal
treatments commenced.

This suggests that the female rat

possesses the neural mechanisms necessary for the mediation
of both male and female sexual behavior.

Thus, by approp-

riate hormonal manipulation it is possible to elicit
either male or female sexual behavior from the female
organism.
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Dorner and Hinz (1968)

report that androgens can also

facilitate the lordosis response in neonatally castrated
male rats.

These investigators castrated newborn rats on

the first day after birth.

These gena- and phenotypically

male rats showed unambiguous feminine behavior following
androgen injections in adulthood.

These results indicate

that neonatal castration of male rats results in a predominantly female differentiation of the neural mating
centers due to a lack of testicular androgens during the
critical period (Dorner and Hinz, 1968).
Davidson (1968)

reports that it is possible to facil-

itate the lordosis response in both the intact and castrated
male rat by administering large doses of estradiol
benzoate.

The male rats used in this study were castrated

in adulthood.

Thus,

the testicular androgens were present

during the critical period of differentiation referred to
by Dorner and Hinz

(1968).

It appears then that it is

quite possible to stimulate female sexual behavior in the
intact and post-puberally castrated male rat with large
doses of estrogen.

Not unlike the female,

the male rat

also appears to possess the neural mechanisms necessary for
the mediation of both male and female sexual behavior.
As mentioned earlier,

testosterone exerts a facilitory

influence on the lordosis response in ovariectomized rats
(Beyer and Komisaruk, 1971; Pfaff, 1970).

In the present

experiment, a significant increase in the strength of the
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lordosis response was observed following daily injections
of testosterone propionate.

Furthermore,

testosterone-

induced lordosis was enhanced when progesterone was
administered 4 to 6 hours prior to testing.

Pfaff

(1970)

also reports the facilitation of testosterone-induced
lordosis following progesterone injections.

It is possible

that testosterone, because of its structural similarity to
estrogen,

is directly responsible for the observed increase

in female sexual behavior.

Even though the particular

neural centers which are responsible for the mediation of
female sexual behavior are primarily sensitive to estrogen,
it may be that androgens can also stimulate these centers
to a lesser degree.

However,

support this hypothesis.

recent

fi~dings

do not

Beyer and Komisaruk (1971)

employed various androgens and found that some androgens
did not facilitate the female sexual behavior in ovariectomized rats.

More specifically,

testosterone facilitated

the lordosis response whereas dihydrotestosterone had no
facilitory effect.
It has been reported that injections of testosterone
result in an increase in urinary excretion of estrogen in
normal and castrated male rats

(Steinach and Kun, 1937).

More recently, Dorfman and Ungar

(1965)

report that tes-

tosterone can be converted to estrogen by certain tissues
of the body including the brain.

In the present study,

progesterone which is known to facilitate estrogen-induced
lordosis, facilitated testosterone-induced lordosis.

This
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particular finding suggests that the exogenous testosterone
is first being converted to estrogen and it is the estrogen
which is responsible for the facilitation of the lordosis
response.

A recent investigation by Whalen, Battie and

Luttge (1972)

supports this position.

These experimenters

found that testosterone-induced lordosis was blocked when
an anti-estrogen (CI-628) was administered to androgen
primed spayed rats.

This anti-estrogen had no effect on

the ability of testosterone to restore male behavior in
male castrates.

More support is given to the conversion

hypothesis by results reported by Beyer and Komisaruk
(1971)

and Beyer, McDonald and Vidal

employed dihydrotestosterone,

(1970).

These studies

an androgen which cannot be

converted to estrogen, and found no facilitation of the
lordosis response in ovariectomized rodents.
It is also quite possible that dihydrotestosterone
(an unaromitizable androgen)

is not an active androgen.

It has been reported that dihydrotestosterone is not
effective in restoring sexual behavior in castrated male
rats

(McDonald, et al., 1970).

This might indicate that

dihydrotestosterone is not an active androgen,
the dose levels used.

If this is true,

at least in

then the observed

failure of dihydrotestosterone to facilitate both male and
female sexual behavior could be attributed to the inactivity
of the androgen and not the inability of the dihydrotesterone
to be aromitized to estrogen by body tissues.

It is also
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possible that larger doses of dihydrotestosterone will have
a facilitory effect on both male and female sexual behavior.
Additional investigations will have to be undertaken in
order to determine the effect,

if any,

of larger doses of

unaromitizable androgens on male and female sexual behavior.
As reported in the results, progesterone alone was
responsible for a facilitory effect on the lordosis response.
Progesterone has been reported to facilitate both androgeninduced and estrogen-induced lordosis

(Pfaff, 1970).

However, after a review of the vast literature, progesteroneinduced lordosis is a rarity.

In the present investigation,

progesterone injections followed a long period in which Ss
received daily injections of testosterone.

It is possible

that the observed progesterone-induced lordosis was actually
the result of a residual effect of testosterone.

However,

before any definite conclusions can be made relative to
progesterone-induced lordosis,

it is necessary to conduct

further research in this particular area.
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Appendix A

Treatment

Mean No.
of
Mounts

Mean No.
of Mounts
& Thrusting

Mean No.
of
Intromissions

Pre-Test

6.29

1. 43

.00

TP

5.26

4.31

1. 06

Post-Test

1. 50

1. 17

.00

Table 1.

Mean male sexual behavior

(Group I).
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Appendix B

Treatment

Pre-Test

.13

TP

.44

TP + p

1. 39

p

1. 53

Post-Test

Table 2.

Mean
Lordosis
Strength

.37

Mean lordosis strength (Group II).

49

Appendix C

Mean Lordosis Strength

+

p

Post-Test

1.8

2.0

. 70

. 56

1.5

2.2

.68

.10

.36

1.3

1.6

. 36

4

.10

. 68

.7

1.5

• 04

5

.00

.20

1.0

1.5

.24

6

.20

. 12

1.2

.8

• 00

7

.10

. 76

2. 2

1.1

• 60

Subject

Pre-Test

1

.10

.40

2

.30

3

Table 3.

TP

TP

p

Mean lordosis strength for individual Ss
(Group II).

0
ll"\

Pre-test
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D

TP-test

4

5

8
Mounts 6
with
Thrusts 4

2
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Fig. I. Mean number of mounts-with-pelvic-thrusting(Groupi)
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Intromissions
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2
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Pre-test

c=J
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Fig.2. Mean number of intromissions .(Groupi)
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