
THE EFFECTS OF THE ESTROUS CYCLE AND ITS HORMONES 
ON DISCRIMINATIVE BEHAVIOR

IN THE ALBINO RA^’

Submitted in Partial Fulfillment of the Requirements for 
Graduation with Honors to the Department of Biology at

Carroll College, Helena, Montana

D. Joan Balcombe 
Robert A. Cure''
April 1, 1976

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601

CORETTE LIBRARY CARROLL COLLEGE

3 5962 00082 632



ft - 

"B I S']

This thesis for honors recognition has been 

approved for the Department of Biology by

April 1, 1976



ACKNOWLEDGEMENTS

We wish to thank the following people who helped make 

our honors thesis a reality: Father Thomas O'Donnell and 

Brother John Federowicz for invaluable information concerning 

technical form and deadlines; Dr. James Manion for being our 

thesis director, advising us in problem areas, and reading the 

thesis; Dr. John Ward for assistance in learning experimental 

design, statistics, and reading the thesis; Mr. Thomas Hamilton 

for statistical advice; Fr. Joseph Harrington for advice in 

procedure and help in obtaining materials; Mr. Len Jasinski who 

was an invaluable aid in our literature search; and to those 

students and members of our families who critically read our 

thesis and provided the encouragement (desperately) needed in 

our research. To all these people we give our most hearty 

thanks and appreciation.

i



ABSTRACT

Fifteen female Holtzman rats were used to make corre

lations between ability to perform a previously learned 

discrimination task and stage of the estrous cycle. The 

rats were then injected subcutaneously, eight with 10/(g of 

estradiol-17^, and seven with 3mg of progesterone. A com

parison was made of their performances of the discrimination 

task. No correlation was found between ability to discrimi

nate and stage of the estrous cycle. However, rats injected 

with estradiol-17^ scored significantly better than did rats 

injected with progesterone. The results indicate that estro 

gen and progesterone significantly affect the rat’s ability 

to successfully perform a discrimination task. Possible 

explanations for this relationship are discussed.
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INTRODUCTION

Studies of the estrous cycle and its associated phenom

ena in the female albino rat, and studies of the learning 

process in the same animal have been going on for years.

Few attempts have been made, however, to correlate the two.

It is our hypothesis that a definite correlation between dis

criminative ability and the specific stage of the estrous 

cycle can be found. We further believe such a correlation 

might be linked to hormones produced by the ovaries during 

the estrous cycle. Therefore, the purpose of our study is to 

discover if a relationship between learning and the estrous 

cycle does exist, and to see if such a correlation can be 

attributed to hormonal action. Through a review of the 

physiological mechanisms of learning and the mechanisms of 

action of ovarian hormones, a possible explanation of such a 

correlation will be presented.
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LITERATURE REVIEW

Theories of Learning

Essential to an appreciation of learning theories is the 

understanding of the learning process itself. Learning has 

been defined in numerous ways to emphasize the diverse proc

esses involved. A simple description of learning is the 

acquisition of a skill in the performance of a task (48).

The goal-oriented nature of learning is emphasized in the 

statement that whenever an animal is placed repeatedly in the 

same situation and stimulated, its later behavior is affected 

by what has happened before. That is, learning is the modifi

cation of behavior by previous experience (63),

Learning is defined by behavioral change through repeti

tion, provided the altered behavior cannot be explained 

through native response tendencies, maturation, or temporary 

states of the organism such as fatigue or drug influence (23).

If the subject is drugged, and performance of a learned act 

fails, this does not mean that learning did not occur originally, 

or that it has forgotten what was learned. When the normal 

state has been restored, performance may return to original 

levels without further training. Identifying the drug, ill

ness, or food satiation as a "performance reducer" rather 

than an "unlearning factor" depends upon the reversibility of 

effects of the factor involved (23). Hence, such factors seem
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to alter the ability to learn rather than the actual internal 

process of learning.

Visual discrimination is a type of stimulus-response 

learning through instrumental or operant conditioning.

Operant conditioning has the following characteristics:

1) It deals with emitted responses not correlated to any 

known stimuli. 2) Its strength is related to rate of re

sponse. 3) Response is correlated with reinforcement, and 

the reinforcement is contingent upon the response emitted.

4) Response is limited to skeletal behavior (23). In other 

words, in instrumental conditioning the stimuli are seen not 

as eliciting the organisms response, but rather it becomes a 

signal for the availability of reinforcement (58). Operant 

conditioning, in general, follows Thorndike's law of effect. 

This states that if the occurrence of an operant behavior is 

followed by the presentation of a reinforcing stimulus, the 

strength of the operant behavior is increased (23).

In contrast to operant conditioning is respondent or 

classical conditioning. The following is true of respondent 

conditioning: 1) the main concern is with responses elic

ited by known stimuli. For example, the pupil constriction 

in the presence of light or the knee-jerk in response to 

pressure. 2) The strength is correlated to reflex strength. 

3) Reinforcement is correlated with the stimuli. For 

example, a conditioned stimuli (a tone) is paired with an
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unconditioned stimulus (food) which produces an elicited re

sponse in the subject (salivation). 4) Application is limited 

to autonomic response. Although these seem clear-cut and 

separate types of behavior, an experiment using either operant 

or respondent conditioning alone can affect both operant and 

respondent behavior (23).

Stimulus-response learning is geared to presentation of 

a stimulus or change, and observing the organism's response to 

the stimulus or attempt to adapt to the change. Motivation is 

directly affected by successful adaptations or responses (63). 

Other characteristics of the stimulus-response theory include; 

1) The learner must be active, not passive, as the emphasis 

is on his responses. 2) Frequency of repetition of the 

stimulus is important. 3) Positive reinforcement is preferred 

to negative reinforcement. Positive reinforcement is a stimu

lus which, when removed after an operant response, strengthens 

the probability of that response. 4) The use of generaliza

tion and discrimination are used to suggest importance of 

practice. Generalization is the application of what is 

learned in one instance to another similar situation. 5) Drive 

conditions and motivations for action exist, 6) Sources of 

conflict or frustration are eliminated or accounted for. These 

may be due to a hard discrimination, uncontrolled environment, 

and/or irrelevant motives (23),

Diverse opinions concerning the importance and nature of 

these characteristics exist among experimental psychologists.
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Skinner (66) states that just as reinforcing an operant 

strengthens it, so non-reinforcement following the response
I

is alleged to weaken it. A prolonged series of non-reinforced 

responses results in a gradual lowering of the response rate 

in the process called "experimental extinction".

Hull (25) agrees with Skinner on this point, but goes 

further to state that all improvement depends upon reinforce

ment. The amount of reinforcement does not affect habit 

strength, provided a minimum amount is present, but rather 

the number of reinforcements is the basic variable in acquir

ing habit strength. Hull’s view of motivation embraces the 

idea that the basis of reinforcement is mediated by need re

duction. The reward of food reduces the experimental stimu

lating conditions associated with the drive, rather than 

satisfying the drive itself. Hence, drives provide differ

ential internal stimuli that guide behavior and therefore the 

ability to learn.

Guthrie (22) proposes that practices associate or alien

ate cues to specific movements until an entire group of 

stimulus combinations comes to evoke an entire group of re

sponses. These responses result in "successful" performance. 

Because skill represents many combined habits, learning 

appears to accumulate with repetition or practice, although 

basically each habit is learned at "full strength" in a single 

repetition.
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According to Guthrie, reinforcement affects learning 

indirectly by what it causes the individual to do. Reward is 

a secondary principle because it removes the subject from the 

stimulating situation in which the "correct" response has 

been made. Reinforcement doesn’t strengthen the correct re

sponse, but rather prevents its weakening because no new re

sponse can become attached to the events leading to the correct 

response. Thus, there is relative response strengthening due 

to alienation of other cues.

Guthrie presents three degrees of punishment, each having 

a different effect. 1) Mild punishment which can be merely 

exciting and enhance, rather than disrupt, ongoing behavior.

2) More intense punishment that may break up a habit by 

leading to incompatible behavior. 3) Continuous punishment 

which acts like a drive keeping the organism active until, relief 

is found. For example, anticipation or avoidance would be 

driving factors.

Many visual discrimination methods have been employed in 

order to assess visual learning capabilities while tightly 

controlling external experimental factors. Two widely used 

methods have been proposed by Yerkes (75) and by Lashley (34). 

The basis behind each is an initial determination of the sub

ject's ability to make differential responses to relatively 

isolated stimulus situations while all extraneous stimuli are 

controlled. The subject is required to make a positive



7

response to one stimulus and a negative, or avoidance, re

sponse to the other. The two stimuli are usually presented 

together and the subject is punished or rewarded according 

to the response made. It is assumed that the stimuli are 

within the subject’s sensory range and that it is possible 

for the subject to recognize a difference between the two 

stimuli and thus learn the discrimination problem presented.

The Yerkes apparatus is composed of a box containing two 

doors, each having a different geometric shape affixed. One 

shape is arbitrarily chosen as the positive stimulus, and 

choices of this shape by the subject are rewarded when it 

passes through the door to receive food. The other figure 

is the negative stimulus, and choices of this shape by the 

subject are punished by means of an electric shock, or some 

other form of negative reinforcement.

The Lashley apparatus is composed of a platform, upon 

which the subject is placed to make the discrimination, and 

two doors containing the positive and negative stimuli. The 

platform and doors are separated by a space with a net some 

distance below the platform. The subject is trained to jump 

from the platform at the door holding the positive stimulus. 

Correct responses are rewarded as the door opens to a food 

bin. Incorrect responses by the subject are punished as the 

animal hits the locked door and falls into the net below.



8

The Yerkes box has been criticized because it does not

control the distance at which the discrimination is made.

Also, there is no provision for a pause which helps in recog

nizing the stimuli. Lashley attempts to correct these faults 

by the platform-jumping method. He found it took significant

ly fewer trials for an animal to learn a discrimination task 

using his apparatus than was required using the Yerkes box. 

However, several drawbacks are introduced into his procedure 

also. An extended training period is required to teach the 

rat to jump from the platform to the doors. Secondly, some 

rats refuse to jump after a few falls into the net. Finally, 

electric shocks intended to force the rat to jump from the 

platform often cause undesired behavior (48).

Munn (47) has described an apparatus that he claims gives 

results as good as Lashley's, but which does away with the 

disadvantages of both the Yerkes box and the Lashley Jumping- 

platform. This apparatus was used in the present experiment 

and is described in detail under Methods and Materials.

The ability of rats to discriminate between shapes and 

especially between shades has been proven by Fields (18).

The experiments of Lashley (34), Yerkes (75), and Munn (47) 

have verified his work.

Nissen (50) has shown that there exists in the white rat 

a general "exploratory drive" initiated by any strange situa

tion. Other research has further determined that exploratory
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behavior is as intense and persistent as feeding or sexual 

behavior, and at times can lead to rapid learning. Explora

tory behavior decreases as familiarity increases, but no 

matter how familiar an object is, it still is explored 

occasionally (41).

Shirley (65) has stated that "activity is conditioned 

chiefly by hunger and also to some extent by an internal 

daily rhythm". Deprivation of food, within limits, increases 

general activity also. Slonaker's research (67) revealed that 

the age of maximum activity is 48 - 192 days. This period is 

also the time of peak learning potential. The female rat has 

been found to be more active than the male rat at all ages.

Handedness preference has been studied in the rat by 

Yoshioka (77) with the results of 5 percent ambidexterity 

shown. Right and left-handed rats were equally distributed in 

frequency. He found that handedness preference in rats is 

anatomically related to length of long bones in the arm and 

curvature of the nasal bones.

Physiology of Learning

The center of vertebrate learning is the brain, and a 

basic understanding of its anatomy is essential to any dis

cussion of the phenomena of learning. The main areas of the 

mammalian brain involved in learning are the cortex of the 

cerebrum and various structures of the brain stem, namely, 

the limbic system, the hypothalamus, and the reticular
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formation (2,10,58). Mapping of the highly convoluted cere

bral cortex reveals specific regions of sensory input and motor 

output. The largest portion of the cortex, however, is com

posed of association areas where it is classically considered 

that learning occurs. The limbic system is composed of the 

hippocampus, the amygdala, and the septal area, which carries 

fibers that connect the hippocampus, amygdala, and hypothala

mus. Specific areas of the hypothalamus that are of concern 

in a discussion of learning are the lateral and ventromedial 

hypothalamus, preoptic area, ventromedial nucleus, paraven

tricular nucleus, dorsomedial nucleus, arcuate nucleus, supra

optic nucleus, and the infundibulum, which connects the pitui

tary gland to the hypothalamus. The reticular formation is a 

tangled mass of nuclei and fibers located anterior to the 

spinal cord. The importance of these structures of the brain, 

and their intimate connections in the learning process, will 

become clear as their functions are delineated.

The question of how these parts function in learning 

and memory has puzzled scientists for decades. It has been 

hypothesized that an engram or memory trace exists which is a 

permanent record of learning that can be consulted and recalled 

(23,40,55). These engrams are not stored in any particular 

region, but rather are spread over the entire cortex so that 

it becomes equipotential (40,56), This conclusion is supported 

by the fact that up to 90 percent of a rat’s primary visual
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cortex has been removed without interfering with memory or 

ability to perform complex tasks, Pribram (56) hypothesizes 

that engrams are stored as ^holograms in the brain -- meaning

less interference or diffraction patterns that, when illumi

nated, become meaningful. The idea of an engram ties in well 

with the theory of short-term and long-term memory (40). 

Information enters the short-term memory system where it 

remains for up to an hour. While in this system the infor

mation is transformed into long-term engrams. It is during 

this period of transformation or consolidation that the en

gram is liable to destruction. It has been proposed that 

short-term memory and consolidation rely on the continuous 

activity of neurons, while the long-term stored engram does 

not and is therefore less easily disturbed (40) , It has 

been proposed that the hippocampus is the site of short-term 

memory and engram formation while the cortex is the site of 

long-term engram storage (19,23),

The molecular mechanisms of engram formation are complex 

and not well understood. Pribram (56) proposes that patterns 

are established by arriving nerve impulses that set up a 

microstructure of wave forms which interact with other 

microstructures at overlapping neural junctions. Cross 

correlations produce new patterns which have lasting effects 

on protein and other macromolecules. The result is the for

mation of an engram which is stored as a neural hologram that
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will form an image (or memory) when there is appropriate input. 

The synthesis of proteins is indicated in the memory process 

(23,40,56). These proteins probably take the form of 

enzymes that facilitate the syntheses of transmitter substances 

(eg. acetylcholine), which allow impulses to travel across 

the synaptic junctions of neurons (23,40). RNA is most likely 

involved in the coding of these proteins. Transfer experi

ments using rats, mice, goldfish, and planaria tend to support 

this theory. In these experiments RNA from a trained animal 

is injected into a naive one with the result that the latter 

demonstrates knowledge of the learned task (23).

There are many hidden factors inherent in the learning 

process. Among these are perception, motivation, arousal, 

and motor execution. Each of these can be correlated with a 

specific brain region.

The hypothalamus, which acts as the internal homeostatic 

organ of the body by controlling heart rate, respiration, and 

temperature, also, serves as the primary emotional center of 

the organism. Stimulation of various areas of the hypothalamus 

can produce such diverse reactions as rage, fear, anxiety, and 

repose (2,10,59). Still another function of the hypothalamus 

is the regulation of basic drives: hunger, thirst, and sex. 

Such motivational drives are essential to any learning process 

where food, water, or sexual satisfaction is the reinforcing 

reward. Physiological needs produce tension within an organism
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and behavior which reduces tension is reinforcing. Thus, any 

behavior which serves to reduce these drives engages the organ 

isms memory mechanism (58).

The reticular activating system and the limbic system 

are the principle mediators of attention and arousal (2,23,40, 

55,56,72). Therefore, they are of primary importance because 

an organism must be both alert and attentive if it is to learn 

a new task or respond to a previously learned stimuli. The 

reticular activating system (RAS), of which the reticular 

formation is the functional part, is the main arousal system 

of the organism. It determines degree of sleep, wakefulness, 

and various gradations of attention. Signals travel from RAS 

through the nuclei of the thalamus to the cortex where they 

alert it to receive more specific stimuli (2,23). Experi

ments with human subjects have shown that stimulation of the 

amygdala, hippocampus, and caudate nucleus of the limbic sys

tem results in, among other things, increased alertness (72).

The orienting reaction of an organism to a stimulus is 

typically accompanied by changes in skin galvanic response, 

heart and respiration rate, and electroencephalogram (EEG) 

patterns. Pribram (56) noted that after removal of the 

amygdala, this physiological orienting response ceases. How

ever, other stimuli produce these changes indicating they are 

not totally eliminated. In addition, the organism does not 

undergo habituation, that is, it does not ignore repetitive

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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stimuli as is normally the case. Behavioral orientation 

continues, however, and there are no significant changes in 

EEG patterns. This indicates that although the information is 

perceived, it is not registered in the memory, and thus there 

is no habituation.

In another experiment, Pribram (55) taught monkeys to 

discriminate for the lighter of two shades of grey. Normally, 

when presented with still a lighter shade of grey, the monkeys 

would generalize their behavior and choose the lightest color. 

Amygdalized monkeys did not do so. He also taught monkeys to 

discriminate for the larger of two circles, and expected them 

to generalize their experience and choose the larger of two 

squares. Normal intact monkeys performed as expected, amygdal

ized animals treated the situation as a new one and were unable 

to make the correct choice. Pribram's work seems to clearly 

indicate that the amygdala is involved in the memory process.

The cortex has already been mentioned as the area of 

engram storage (19,23). The extent of a mammal's learning 

ability is nearly proportional to the extent of their cere

bral hemispheres (40). The more highly convoluted the cortex 

is, the greater the surface area and thus the greater the area 

for storage of memory traces.

When studying any learning phenomenon one must realize 

that an organism may have failed to give a conditioned response 

because 1) it did not see the stimulus, did not attend to it,
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or did not register is in its sensory system, 2) it forgot 

how to interpret its meaning, 3) it had never learned, 4) it 

was momentarily unable to execute the proper motor units,

5) it was no longer motivated, or 6) it was not in the mood 

(9). These six factors and their physiological mediators 

are important in analyzing and evaluating the learning 

process.

The Estrous Cycle in the Albino Rat

Long and Evans (38) have divided the estrous cycle of

the albino rat into five stages. Each stage is accompanied 

by characteristic changes in the vagina, uterus, ovary, and 

behavior of the animal (38,49,59,80). These changes are 

mediated by hormones, which will be discussed in the next 

section. It is possible to determine which of the five stages 

the animal is in by vaginal smears, which reveal the histo

logical changes of the vaginal epithelium. The vaginal 

epithelium differentiates into a surface layer, a subjacent 

stratum comeum, a small stratum granulosum, several layers 

of rete mucosum, and a stratum germinitivum (basal layer). 

These layers are sloughed off by successive dehiscence during 

the estrous cycle.

Proestrus, or stage I, is marked by a smear containing 

many small, round, nucleated epithelial cells of uniform
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shape and size. These may occasionally be found in sheets. 

Leucocytes are absent. By the end of this first stage the 

superficial layer of the epithelium, which has reached a 

thickness of 9 to 12 layers, will become completely detached 

and the uterus will become distended with fluid. In the 

ovary the ova containing follicles are enlarging and the 

corpora lutea of the previous stage is degenerating. The 

total length of proestrus is about 12 hr.

Stages II and III make up the period of estrus. Stage 

II, lasting about 12 hr, is characterized by a smear of 

large, flat, cornified cells which may or may not be nucle

ated. The stratum corneum, now at the surface of the vagina, 

is undergoing a massive splitting and shedding. The uterus 

reaches maximum distention during this stage, and in the 

ovary large Graafian follicles are present, which may reach 

full maturation. Signs of "heat” or behavioral estrus may 

appear at this time also. The animal will show frequent 

darting movements and a pronounced shaking of the ears. She 

may also be seen to adopt the arched-back position called 

lordosis, for acceptance of the male.

Stage III is not abruptly separated from stage II. The 

vaginal smear shows even more cornified cells, which often 

appear in large sheets, giving the smear a ’’cheesy” appear

ance. Complete detachment of the stratum corneum and stratum
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granulosum has occurred, and reconstruction of the epi the! tutu 

has begun. The epithelium of the uterus is undergoing degen

eration which correlates with that in the vagina. In the 

ovary, ovulation has occurred with the release of fluid into 

the periovarial space and distal folds of the oviduct. The 

animal will not be receptive to the male at this time. Stage 

III lasts about 15 hr, making estrus a total length of about 

27 hr.

Metestrus, or stage IV, is characterized by a smear con

taining epithelial cells, cornified cells, and many leucocytes 

The epithelium of the vagina continues regeneration, while 

the uterine epithelium reaches maximum disintegration. In 

the ovary a corpus luteum has been formed from the remaining 

cells of the Graffian follicle. Follicles are smallest at 

this time, and the recently released ova are in the oviducts. 

Long and Evans (38) reported this stage to last 6 hr, while 

Zarrow, Yochim, and McCarthy (80) have found it to last up 

to 24 hr.

Stage V, or diestrus, is the period of relative quies

cence in the animal. Smears reveal the presence of many 

irregularly shaped epithelial cells and numerous leucocytes. 

Mucous may also be present. The epithelium of the vagina 

and the uterus have regenerated and the uterus is still 

slender. In the ovary the corpora lutea are fully formed and 

functioning. The total length of diestrus is about 57 hr. A 

summary of these changes is found in Table 1,
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Table 1
Summary of Rat Estrous Cycle 

Adapted from Long and Evans (38)

STAGE LIVING ANIMAL VAGINAL
SMEAR

§

UTERUS OVARY LENGTH

I
Proestrus Lips slightly 

swollen.
Vagina dry.
In heat 
toward end.

Epithelial 
cells only.

Distended 
with fluid.

Follicles
large.

12 hr

II
Estrus Lips swollen. 

Vagina dry.
In heat.

Cornified 
cells only.

Maximum
distention,
then
regression.

Follicles 
largest. 
Maturation 
of egg.

12 hr

III
Estrus Lips still 

swollen, 
regressing. 
Cheesy mass 
in vagina.
Not in heat.

Cornified 
cells only.

Epithelium
degenerating.

Ovulation. 15-18 hr
•

IV
Metestrus No swelling. 

Mucosa moist.
Cornified,
epithelial,
and
leucocytes.

Begins
regeneration.

Eggs in 
Oviduct.

6-24 hr

V
Diestrus No swelling. 

Mucosa moist.
Leucocytes
and
epithelial 
cells only.

Epithelium
regenerating.

Corpora
Lu tea 
formed.

57-60 hr



19

Rats typically exhibit either a four or a five day cycle 

(38,49,59,80). Cycles as short as three days or longer than 

13 days have been observed, but their occurrence is rare (38). 

Cycles always run an even number of days, that is, never four 

and one-half or five and one-half days (61).

Wang (74) discovered an activity cycle that closely paral

lels the stages of the estrus cycle, with the peak of activity 

occurring in stage III. A daily activity cycle which reached 

a peak between 8:00 P.M. and 10:00 A.M. was also observed (48)

Removal of both ovaries results in a sudden and permanent 

cessation of the estrous cycle. Due to the lack of ovarian 

hormones the aforementioned changes in the reproductive tract 

no longer occur. Wang (74) reported that activity cycles also 

stop after ovariectomy.

Nature and Action of Estrogen and Progesterone

The changes described above that take place in the estrous 

cycle are regulated by hormones released from the ovaries and 

from the pituitary gland of the brain. The main hormones 

with which this study was concerned are the ovarian hormones, 

estrogen and progesterone.

Both estrogen and progesterone are steroid compounds pro

duced by the ovary. The three major forms of estrogen found 

among vertebrates are estradiol-17^, estrone, and estriole.
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Of these estradiol-17(9 is the most potent and is assumed to 

be the physiologically active substance (24). Estrogen is 

an aromatic C^-steroid possessing a benzoid ring A with a 

phenolic group at the third carbon (62). The structure of 

estradiol-17^ is shown in Fig. 1. Before ovulation estrogen 

is produced by the vascular theca interna cells of the mature

Graafian follicle. After ovulation it is produced by the 

granulosa and theca-lutein cells (57,80). After pregnancy both 

estrogen and progesterone are secreted by the placenta.

Progesterone has a structure somewhat similar to estrogen. 

It is a non-aromatic C2i~steroid possessing a 3-keto- group 

(62)(Fig. 2).

Fig. 2. Progesterone
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It is produced by the granulosa-lutein and theca lutein cells 

of the corpus luteum. Progesterone is also produced by the 

adrenal cortex.

Cholesterol is the parent molecule of steroid synthesis. 

From cholesterol is synthesized progesterone, which is needed 

to synthesize androgens, of which testosterone is the major 

link in the synthesis of estrogens (24,80). This synthesis 

is diagramed in Fig. 3.

Cholesterol
i

A5 _ pregnenolone
i

progesterone
I

17«< - hydroxyprogesterone 
1

Androstenedion- xtestosterone
I

estrone ~ estradiol

estriol

Fig. 3. Biosynthesis of estrogen 

and progesterone.

The mechanism of action of these two hormones is still 

under study. It is doubtful if one mechanism accounts for 

all the physiological consequences. It is believed that 

estrogen and progesterone activate the synthesis of a specific
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messenger RNA, which results in the synthesis of a specific 

protein (21,51,57, 70). These proteins may take the form of 

an enzyme to influence such diverse metabolic processes as 

glucose metabolism, lipid synthesis, and general RNA syn

thesis (21,73).

The action of estrogen and progesterone is diverse. 

Estrogen is responsible for development of female secondary 

sex characteristics, uterine endometrium growth, cornifica

tion of the vaginal epithelium, depression of the growth of 

long bones, and reduction of the activity of the sebaceous 

gland (57). Progesterone is responsible for modification of 

the vaginal mucosa, and, along with estrogen, activates the 

secretory phase of the endometrium and development of the 

mammary glands (57). Secretion of progesterone delays the 

onset of the next estrus by inhibiting vaginal cornification 

and repressing ovulation and sexual activity (80). Together 

they also control the onset of estrus behavior. In order to 

examine these actions in detail it is necessary to examine 

the relationships of progesterone and estrogen to the pitui

tary gland and hypothalamus and the hormones they produce.

The pituitary gland, through gonadotrophic hormones, 

links the neurosecretory centers of the brain to the endocrine 

tissues of the gonads (24). This forms a timing system for 

the regulation of the breeding cycle. The pituitary gland 

(hypophysis) is divided into two parts (7,80), The adeno

hypophysis, or anterior pituitary, is derived embryonically 

from Rathke's pouch -- an outpocketing of the stomatodeum,
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or buccal ectoderm, that will form the roof of the mouth.

The neurohypophysis, or posterior pituitary, is derived 

embryologically from the floor of the diencephalon in the 

region of the hypothalamus. Subdivisions of the adenohypo

physis include 1) the pars tuberalis, which is a thin layer 

of cells that remains in contact with either the median 

eminance or the hypothalamus, 2) the pars intermedia which 

is in contact with the pars nervosa, and 3) the pars distalis 

which comprises the remaining bulk of the adenohypophysis.

The neurohypophysis is comprised mainly of the pars nervosa. 

The median eminance, a highly vascular region of the brain 

adjacent to the infundibulum, is often considered to be part 

of the neurohypophysis. The infundibulum is a stalk which 

connects the pituitary gland to the hypothalamus.

The cells of the anterior pituitary produce two gonado

trophins, Luteotrophic Hormons (LH) and Follicle Stimulating 

Hormone (FSH), which are necessary for regulation of the 

estrous cycle. FSH causes the ovarian follicles to mature 

and increase in size. Together with LH it stimulates the 

follicles to secrete estrogen and stimulates ovulation. LH 

appears to act selectively on the theca interna cells of the 

follicle. During the follicular phase, when estrogen is 

secreted, these cells take on a noticably glandular appearance 

A sudden surge of LH is essential to ovulation, and it is
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responsible for the formation of the corpus luteum and its 

subsequent secretion of progesterone (9,17,24,59,60,61).

A feedback system exists between the pituitary gland and 

the gonads. FSH and LH cause estrogen to be produced by the 

developing follicle. This rising estrogen level inhibits 

FSH but stimulates a surge in LH level and ovulation occurs.

LH stimulates the corpus luteum to secrete progesterone which 

in turn inhibits the release of LH (8,24,43,61). There is 

evidence, however, that the gonadal steroids do not exert 

their influence directly on the pituitary, but rather their 

action is mediated by a "sex center" in the hypothalamus (9). 

The hypothalamus produces an LH release factor (LRF) and a 

FSH release factor (FRF) which travel down the hypothalamo- 

hypophyseal portal system to the adenohypophysis where they 

facilitate the release of LH and FSH (9,60). LRF has been 

found to run in a band from the medial preoptic region through 

the ventral hypothalamus to the median eminance where it is 

released into the portal vessels (42). Experiments have 

demonstrated that lesions in the paraventricular nucleus of 

the hypothalamus will prevent the pituitary from inhibiting 

estrogen. Lesions of the hypothalamus placed more rostrally 

and including the medial group of nuclei caused estrogen 

secretion to become continuous instead of cyclic, and the 

impetus for the release of LH was impaired (17), These same 

researchers also found that stimulation of the amygdala 

would cause ovulation. Schwartz (61) reported that stimulation
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of certain areas of the hypothalamus will block the release 

of LH, while stimulation of the preoptic area will elicit

ovulation. Thus, there is clearly a hypothalamo-hypophyseal-
I

gonadal system which as a whole regulates the estrous cycle.

A brief summary of the stages of the four-day cycle and

the hormonal activity in each will make this relationship 

clearer. Several studies indicate that a definite sequence 

of events takes place (11,17,35,61,62,76). The day of estrus 

is considered as day one. On this day a new set of follicles 

is growing, possibly under the influence of FSH that was 

released along with LH on the day before. Estrogen levels 

are at a minimum. On day two, metestrus, follicle growth 

continues. FSH and LH levels remain low. There is a small 

rise and fall of progesterone secretion around midday. On 

the morning of day three, diestrus, pituitary secretion of LH 

begins. Enough has been secreted by 3:00 P.M, of that day to 

stimulate the release of ovarian hormones responsible for the 

cyclic changes of proestrus and estrus. Estrogen secretion 

from the ovary will begin, with enough being released by 

9:00 P.M. to account for vaginal cornification several hours 

later. By 11:00 P.M. a sufficient amount of estrogen has been 

secreted to allow complete uterine growth. By 6:00 A.M. on 

the morning of proestrus, day four, enough estrogen will be 

secreted to produce behavioral estrus, and uterine distention 

will be present. Threshold levels of estrogen will have been
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reached the night before so that around 2:00 P.M., when
I

estrogen levels are at a peak, LRF and FRF release from the 

hypothalamus occurs, stimulating a subsequent burst of LH 

and FSH release from the pituitary. This period of gonado

trophin release has been called the "critical period". LH 

acts on the ovary causing the follicles to undergo rapid 

preovulatory swelling. Estrogen secretion stops, progester

one secretion starts, reaching a peak on the afternoon of 

proestrus, and mating behavior is elicited. The abrupt 

drop of FSH and LH levels on the afternoon of proestrus indi

cates that feedback mechanisms are functioning. Ovulation 

occurs sometime after midnight and by afternoon of the next 

day (estrus) vaginal cornification is apparent. Relative 

amounts of these hormones are indicated in Figure 4. In the 

five-day cycle rat there is a delay in these processes. How

ever, since the animal runs on a 24 hr clock, the total process 

is delayed a full day (61).

It is obvious from the above description that time inter

vals for these events are quite specific. This is because 

animals follow a "biological clock" which seems to be set at 

an invariable 24 hr interval. This biological clock coordin

ates internal cycles with the external environment. Light and 

seasons are crucial factors in the operation of this clock 

(61). The length of the stages will vary with the amount of 

light present. Animals placed in constant light will enter a
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permanent diestrus or estrus stage, while animals placed in 

constant darkness enter a permanent metestrus stage (6).

Follicle volume.

Estrogen 
(secretion ra+e)

Progesterone 
Cin oiUr,'oj\ vein)

LfcF

LH
(solid, in pikitiry j 
dosted, in ptasnna.)

F<»H
(solid, im piki+ory ; 
dusked, in pk$»n« )

Fig, 4. Relative hormone amounts 
during the Estrous cycle,

From Schwartz (.61)

Estrogen and progesterone also exert a profound influence 

upon the behavior of the animal during the estrous cycle. As 

has been emphasized, sexual receptivity in the female rat 

reaches its peak during follicular development when estrogen
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levels are basically high. However, it has been demonstrated 

(6,15,46,78) that for a castrated animal to display normal 

sex behavior patterns it must be injected with high levels 

of estrogen followed immediately by high levels of progesterone. 

While some experiments have indicated that.estrogen alone can 

facilitate estrous behavior (e.g. lordosis), it is believed 

that progesterone from the adrenal cortex is acting to com

plete the process (15). It should be emphasized that behav

ioral estrus is due to the action of the ovarian hormones, 

not FSH and LH from the pituitary.

Hormones mediate their effect on behavior through action 

on the brain. Kow, Malsvury, and Pfaff (33) have evidence 

that progesterone facilitates lordosis by inhibiting activity 

in the raphe-septal loop which inhibits lordosis. Thus, pro

gesterone inhibits an inhibitor. Schwartz (61) believes that 

lordosis is facilitated by reception of estrogen and proges-- 

terone in the hypothalamus and reticular formation respectively. 

Estrogen implants into the hypothalamus of female cats have 

resulted in 60 days of continuous behavioral estrus although 

the animal was physiologically functioning normally (46). 

Manning (40) points out that hormones may effect more than 

one system, or they may act on the entire brain. For example, 

they may affect the animal’s attention to external stimuli and 

the degree to which he continues responding once the response
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is initiated. These are crucial factors in the learning pro

cess.

Effects of Hormones on the Central Nervous System

Gonadal steroids act upon the central nervous system, 

especially the brain, in subtle ways. These actions may 

exert significant effects upon the learning process. Exten

sive evidence shows that there are specific receptor sites 

for estrogen binding in the brain of mammals (45). The 

mechanism of action is probably similar to that in the uterus 

Hormones bind to macromolecules in the cytoplasmic fraction 

of the tissue and to salt-extractable macromolecules in the 

mucleus. These hormones stimulate the syntheses of RNA and 

specific proteins which leads to specific functional altera

tions (44) .

The sites of estrogen binding have been well established 

by many researchers (13,20,37,53,54,69). Pfaff (54) found 

estrogen to be most highly concentrated in certain regions 

of the hypothalamus and limbic system (Fig. 5). In the hypo

thalamus it is found in the medial preoptic area, medial 

anterior hypothalamus, ventromedial nucleus, arcuate nucleus, 

and ventral premammillary nucleus. In the limbic system it 

is in the medial cortical nuclei of the amygdala, lateral 

septum, bed nucleus of stria terminalis, diagonal band of 

Broca, olfactory tubercle, ventral hippocampus, prepiriform 

and entorhinal cortex. Labeled cells were also found in the
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Fig. Estradiol Concentrating Neurons in the Brain of 
the Female Rat. Locations of estradiol concentrating neurons are 
represented by black dots (•). Aha, anterior hypothalamic area; 
arc, arcuate nucleus; cbllm, cerebellum; cc, corpus callosum; 
eg, central gray; db, diaganol band of Broca; vm, ventromedial 
nucleus; vpm, ventropremammillary nucleus; h, hippocampus; lsep, 
lateral septum; mpoa, median preoptic area; nst, bed nucleus of 
stria terminalis; tub, olfactory tubercle. From Pfaff (5U).
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lateral and ventrolateral portions of the central mesencepha

lic (midbrain) grey area. These latter cells were located 

near the third ventricle in the junction between the 

diencephalon and mesencephalon. No labeled cells were found 

in the reticular formation. Labeled cells were mostly neurons 

and were scattered among unlabeled cells, Lisk and Ciaccio 

(37) have found that the amount of estradiol retention varies 

with the stage of the estrous cycle. Pfaff (53) reported 

that there is no correspondence between the amount stored and 

the magnitude of the physiological effects.

Correlations between specific estrogen receptor sites 

and estrogen action have been found (9,15,36,42,54,69). 

Estradiol implants in the medial preoptic area or medial 

anterior hypothalamus stimulate female sex behavior. Loco

motor activity and food intake in female rats can be affected 

by estrogen implantation in the preoptic region, arcuate 

nucleus, and near the ventromedial nucleus of the hypothala

mus. The crucial site for the stimulatory effect of estro

gen on LH release appears to be the median eminance where it 

is transferred by way of the hypothalamo-hypophyseal portal 

system to the anterior pituitary (52), Electrical stimulation 

of the preoptic region or the arcuate nucleus-median eminance 

region results in ovulation due to an increase in LH and FSH 

release. Electrical stimulation of the mesencepthalic central
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grey region inhibits ovulation, while stimulation of the 

ventrolateral region stimulates it. Taken together, this 

suggests that there is a limbic-hypothalamo system of estro

gen concentrating neurons that participate in the release of 

gonadotrophins from the pituitary (54,69),

Similar studies have been undertaken to locate sites of 

progesterone retention (37,64,79). In each case it was 

determined that progesterone was taken up by cells in most 

parts of the brain and that there was no selective absorp

tion by either the hypothalamus or the pituitary gland.

Neither was there any significant difference in uptake between 

stages of the estrous cycle,

Kawakami et al (27,28) reported interesting and signifi

cant changes in the multiple unit activity (MUA) and single 

unit activity (SUA) as a function of hormone treatment and 

stages of the estrus cycle. Single unit activity is a measure 

of the rate and amount of firing of a single neuron, whereas 

multiple unit activity is a similar measure for a group of 

neurons. They discovered that there was a slight daily 

circadian rhythm of MUA in the basal hypothalamus and fore

brain limbic area in which MUA was higher in the day and de

creased toward evening. They also discovered characteristic 

patterns of MUA that occurred at specific times throughout 

the estrous cycle. In the hypothalamus they observed the MUA 

to reach a peak on the afternoon of diestrus. There was also
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an elevated level during the critical period of proestrus and 

a change between 2:00 and 4:00 P.M. on the day of estrus. In 

the forebrain limbic area -- arcuate nucleus, ventromedial 

hypothalmic nucleus, medial preoptic area, septum, amygdala, 

and stria terminalis -- there were characteristic MUA episodes 

on the afternoon of diestrus which differed markedly from those 

observed in the hypothalamus. Episodes were also observed 

on the day of proestrus between 1:00 and 4:00 P.M. In the 

hippocampus, MUA reached a peak between proestrus and estrus, 

and in the reticular formation on the afternoon of proestrus. 

The timing of these patterns corresponds to critical times of 

gonadotrophin release.

Kawakami further discovered that injection of progesterone 

on the afternoon of diestrus caused marked inhibition of these 

patterns. The characteristic activity in the medial preoptic 

area and arcuate nucleus on the afternoon of diestrus was de

pressed and remained so throughout the morning and afternoon 

of proestrus. Komisaruk et al (32) observed that injection 

of progesterone caused SUA and MUA patterns to change from 

normal to sleeplike. They also observed that stimulation of 

the vaginal cervix during early diestrus produced an arousal 

pattern in the EEG, whereas stimulation during the transition 

from diestrus to proestrus produced a sleeplike pattern in the 

EEG (30).

Hormones have also been found to influence the general
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responsiveness of the animal. Progesterone seems to have an 

anesthetic effect. When small doses of progesterone are in

jected, rats show a decreased responsiveness in the lateral 

hypothalamus to cold and pain but not to cervical probing.

When larger doses are injected, there is decreased responsive

ness to all stimuli (79). Cervical probing, which causes pro

gesterone to be released, also blocks pain response and pro

duces a sleeplike EEG pattern (31). When ovariectomized cats 

are treated with estrogen, they show a significantly greater 

hypothalmic response to tactile, visual, auditory, and vaginal 

stimulation than do untreated ovariectomized cats (9), Sev

eral workers have demonstrated that estrogen increases the 

activity of ovariectomized rats and progesterone inhibits it 

(68). There is a decrease in activity associated with the 

elevated progesterone and reduced estrogen levels of pregnancy, 

pseudopregnancy, and lactation (30,68). Either electrical 

stimulation or estrogen treatment of the ventromedial hypo

thalamus will cause increased locomotion, whereas electrical 

stimulation of the ventromedial hypothalamus causes the animal 

to stand still or move backwards (30). The functional rela

tionships of these diverse hormonal actions are discussed 

below.

Previous Studies

Several attempts have been made to correlate features of
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the estrous cycle with learning. Ball (4) failed to corre

late learning ability with stages of the estrous cycle by 

comparing performance of 16 female rats and 16 controls in a 

simple circular maze with one cul-de-sac. However, the sim

plicity of his maze and the use of concentrated practice 

periods were not well adapted for discerning fine differences 

that may have existed (12) .

Johnson (26) tested the effect of the ’’periodic distur

bances" of the human menstrual cycle on learning to walk a 

tight-wire. He noticed a characteristic dropping of each 

learning curve that corresponded to respective times of 

periodicy. He concluded that at these times the female neuro 

muscular system and related organs controlling equilibrium 

and kinesthetic ability were distrubed. He also observed a 

rapid rise in the learning curve which peaked on the eleventh 

day after the period ended. He interpreted this to be indi

cative of a psychological and kinesthetic efficiency which 

was induced by the period of human estrus. At all other 

times the learning curve was normal,

Tuttle and Dykshorn (71) and Commins and Stone (12) have 

reported that castration of either male or female white rats 

before or after puberty has no effect on their learning 

ability. Macht and Seago (39), however, found that ovari- 

ectomized female rats showed a marked deficiency in learning

to run a circular maze. When a "lutein" solution from the
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corpus luteum of a sow was injected, there was an improvement 

in running time and a decrease in the number of errors. This 

was true for trials a short time after injection as well as 

trials the next day. The lutein injections had the same 

effect on both the ovariectomized females and the intact con

trols .

Arkharjelskii (3) reported that postpuberal castration of 

dogs weakened their conditioned response and decreased dis

criminative ability. Anderson (1) also reported that cas

tration of either male or female dogs led to a weaker condi

tioned response, but further stated it was no less efficient. 

He also demonstrated that hypophysectomy decreased the effi

ciency of a conditioned response in dogs, and that subsequent 

administration of pituitary extract would improve it.

Katharina Dalton (14) recently reported that studies made 

over a 20-yr period show that grades of female pupils were 

15 percent lower when exams were taken during days of "pre

menstrual tension". She concluded that the physical changes 

that occur during menstruation may affect judgement and slow 

reaction time.

Dr. David DeWied (16) made some startling discoveries 

concerning ACTH (adrenocorticotrophic hormone) and vasopressin, 

ACTH is secreted by the anterior pituitary in response to 

stress and acts on the adrenal cortex to stimulate secretion 

of adrenal hormones, DeWied has found that a small chain
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of four amino acids, ACTH^-?, seems to direct the brain to 

fix short-term memory for permanent storage. Furthermore, 

although electroconculsive shocks usually cause a memory 

loss in rats, when ACTH^"^^ is administered the memory loss 

is prevented. Other researchers (76) have found that the 

hypothalamus, amygdala, hippocampus, septum, and cerebral 

cortex all participate in the neural control of ACTH.

Vasopressin is manufactured by cells in the hypothalamus, 

stored in the neurohypophysis, and released to activate the 

reabsorption of water from the kidneys by the vasculature. 

DeWied discovered that vasopressin appears to permanently 

ingrave images in the memory. He hypothesizes that senility 

may be the result of the brain’s inability to synthesize cer- 

tain hormone s.
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removing the electric shock and by placing a 6 in divider be

tween the doors. The floor plan of our apparatus is shown in 

Fig.6. The box, constructed of 1/4 in plywood, was 12 in high. 

The floor and sides were varnished to facilitate easy clean

ing. The doors were 5 in high and 5 1/2 in wide. They were
I

fastened to the sides with nylon hinges to allow easy opening.
I

Esther door could be locked by means of a small aluminum turn
7

bytton. The doors closed tightly against two metal strips, 
w|th one strip between the doors and one on top of them. The 

partition above the doors was also varnished, A plastic food 

cjip was fastened to the floor in the extreme rear of the box 

at a point equidistant from both doors.

Fig. 6. Ground Plan For Discrimination Apparatus 
Adapted from Munn (47)

A, entrance; B, discrimination chamber; C, doors 
upon which stimuli to be discriminated appear. 
The doors open toward the rear of the apparatus 
as pictured by the dotted lines; D, food cup;
E, food chamber.
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MATERIALS AND METHODS

Animals

Fifteen adult female Holtzman rats, weighing approximately 

250 grams, were used as test animals, Six ovariectomized 

adult females of the same strain were used as controls. The 

animals were housed in separate cages and, for the purpose of 

maintaining constant and regular estrous cycles, all were 

exposed to 12 hr of light, from 8:00 A.M. to 8:00 P.M., and 

12 hr of dark. Experimental work began after the rats had 

been living under these conditions for a month, in order to be 

certain that regularity of cycles had been established.

Zaginal Smears

Estrous cycles were followed by taking vaginal smears 

According to the technique outlined by Nicholas (49). A cotton 

Lipped toothpick was moistened with saline, and used to swab

:he outer lips of the vagina. Scrapings were placed on a 

Llass slide and stained with Wright’s stain. Slides were 

interpreted according to the criterion established by Long 

and Evans (38). Smears were taken regularly for one month 

before training began so that individual cycles could be deter

mined.

Dijscrimination Apparatus

de

The discrimination apparatus was built according to the 

sign of Munn (47). We modified the apparatus slightly by
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The animals were required to discriminate between an 

equilateral triangle and an open circle with a diameter equal 

to the height of the triangle. These stimuli were carefully 

cut from light cardboard and painted black. They were fastened 

to the door by means of a thumbtack, glued to the back of each, 

which could be inserted into a small hole in the door. When 

attached, the tops of the stimuli were an equal distance from 

the floor. By fastening them in this manner we could easily 

switch them from door to door. A light was placed directly 

above the box so that both simuli were illuminated.

All animals were fed only three food pellets per day. This 

established the motivating drive, hunger. Water deprivation 

was never used. The reward received was a small piece of 

apple placed in the food cup. Failure to receive food upon 

an incorrect response was considered adequate punishment.

The animals were placed in the entrance chamber. They 

would then run to one door or the other. If they pushed 

against the door bearing the correct stimuli they were allowed 

to enter the food chamber, receive the food reward and remain 

there until they had finished eating. If they pushed against 

the door bearing the incorrect stimuli, which was locked, they 

were immediately removed, A response was considered incorrect 

once the animal had touched the wrong door. In both instances 

the animals were removed through the top of the box. Between 

trials, when stimuli were changed and food replenished, the
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animals were placed in a cardboard holding box, A cutaway 

view of the inside of the discrimination apparatus is pre

sented in Fig. 7.

The following controls were used: 1) The experimentor 

remained in a position in front of the box, behind the rat, 

until the response had been made. 2) Food was equidistant 

from both stimuli at a point directly behind them, 3) The 

box was cleaned regularly to remove odors. 4) New cards 

containing the same patterns were substituted to be certain 

the animal was not utilizing differential markings, such as 

nicks,on the cards themselves.

Fig, 7, Cutaway view of 
Discrimination Apparatus
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Training

The animals were given a preliminary training period 

similar to that described by Munn (47), to allow them to 

become familiar with the box. This consisted of four trials 

with both doors open, three trials with one door closed but 

unlocked, four trials with both doors closed but unlocked, 

and six trials with one door locked, The door that was 

closed or locked was altered randomly to prevent formation 

of a position preference,

A training series or run consisted of 26 trials in which 

the stimuli were presented in a predetermined chance order.
-k

Criterion for mastery of the discrimination task was set at 

19 correct responses out of 26, or 76 percent. This criterion 

allowed room for improvement, yet was too high to be explained 

by chance alone. Not more than fifty-two trials were given 

daily to any individual rat. The initial discrimination task 

was between a square and a triangle, both painted black. The 

triangle was the positive stimulus. After six training series 

(156 trials) the animals showed no evidence that they would 

master the discrimination. We therefore changed to a discrimi 

nation of a triangle versus an open circle, The triangle re

mained the positive stimulus, The animals mastered the dis

crimination in 104 to 260 trials. The controls were trained 

on the second discrimination only. They mastered it in 156 

to 260 trials. All animals were required to reach the crite

rion level twice before the testing period began.
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Testing

In the first or testing phase of the experiment each rat 

performed a single run (26 trials) in each stage of its 

estrous cycle. The period of each rat’s estrous cycle was 

determined from previous smears. In addition, smears were 

taken daily to be certain of the stage the animal was in. 

Midway through the testing phase 13 of the animals stopped 

cycling. This could possibly have been due to a pseudo

pregnancy induced by excess cervical stimulation resulting 

from our smear technique (17,49). Five rats eventually re

covered from this condition, and data for all five stages 

were obtained from seven animals. For consistency, all rats 

were run six times (156 trials) and in as many stages as 

possible. We assigned either two or three test animals to a 

control. The controls were run at times corresponding to the 

time the test rats to which they were assigned had run so 

that a variable due to time of day would be eliminated.

Inj ections

In the second or treatment phase the test animals and 

controls were divided into two groups. Eight test animals 

and three controls were injected subcutaneously with 10/(g 

of estradiol-17^? dissolved in vegetable oil to a total 

volume of O.lcc. Seven test animals and three controls were 

injected subcutaneously with 3 mg of progesterone dissolved



in vegetable oil to a volume of O.lcc. The test animals were 

injected in stage four, and all animals were injected at 

9:00 P.M. All were run through a complete series of 26 

trials 24 hr after injection. Smears were obtained before 

each run to determine whether or not the estrogen or proges

terone had taken effect. Criteria for determining estrogen- 

ation were: 1) the presence of smooth, nucleated, non- 

vacuolated epithelial cells, or 2) these plus cornified cells, 

or 3) almost exclusively cornified cells (30). The criterion 

for determining progesteronation was the presence of leucocytes

Statistical Tests

All statistical tests utilized results from the seven 

test animals for which complete data was obtained only. An 

Analysis of Variance Test (Fig. 8) was used to assess signifi

cant differences in discriminative behavior of test animals 

and controls during the estrous cycle. An F value derived 

from the test which equaled or exceeded the table value indi

cated a significant difference.

A Student t Test was used in a point-to-point comparison 

of test animals within each of the five stages in the estrous 

cycle. A 0.05 significance level was used and the critical t 

value from the table for all stages was 1,86. A further 

description of the t test is given in Fig. 9.
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N-k

k

K-l

Fig. 8. Analysis of Variance Test. K=number of 
experimental treatments or groups; nj., n2»...U4 = 
number of members in each of the K groups; N = total 
number of members in all groups; x-h = the measure
ment for the ith member of the jth group; xj = the 
mean of the jth column; x - the mean of the obser
vations taken together; Sw^ = within - group vari
ance estimate or mean square; S^ = between -groups 
variance estimate or mean square. F = ratio of 
variance or the statistic to test unity or disunity 
or two population means.

t = x -y(

(x - x)2
n(n - 1)

Fig; 9. Student t Test, x = sample mean;/] = popu
lation mean; n = sample size; x = variable sample 
value; t = the Student t distribution statistic.
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Comparisons among the groups of injected animals were

conducted by use of the Wilcoxon Rank Sum Test for Two Inde

pendent Samples. All comparison tests used the 0.05 level of 

significance and a critical U value of 1.64. The test is 

further explained in Fig. 10.

Rp = + N2 + 1)

2

<rRl2 = NiN2(NX + N2 + 1) 

12

Z = 1RL - Rx 1 - 1

N]_N2(N]_ + n2 + 1) 
12

Fig. 10. Wilcoxon Rank Sum Test for Two 
Independent Samples. R^ = sample mean; 
tf~Rl2 = sample variance; Z = Wilcoxon Rank 
test statistic; N]_,N2 = the two independ
ent samples to be compared; R^ = values in 
Np and N2 are arranged in order, smallest 
to largest, and then assigned rank, the 
smallest value receiving a rank of one. Rp 
is the sum of ranked values belonging to 
the smaller sample.

J
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RESULTS

Phase I: Performance vs. Stage

The data of phase one for the test animals and their 

controls are found in Table 2. Fig, 11-17 show the results 

in graphic form of the seven test animals for which complete 

data was obtained. The F value obtained from the Analysis 

of Variance Test was 1.54 compared to the table value of 

2.69. Therefore, there was no significant difference in 

discriminative ability due to a given stage of the estrous 

cycle (Fig. 18).

The Analysis of Variance Test was also conducted for the 

discriminative performance of control rats (Fig, 18), The 

F value obtained was 0.813 compared to the table value of 

2.69 indicating an insignificant degree of variance within 

the control group. The variance of the control rats (8,13) 

was less than the variance for test animals (1.54),

In stage I the student t test value for t was 0,14. This 

indicates no significant difference in discriminative behavior 

between control rats and test rats in stage I,

For stage II the test value of t obtained was 1.74, This 

score approaches the accepted level of significance but does 

not show a definite difference in discriminative behavior 

between control rats and test animals in stage III,

For stage III the test value of t obtained was .72. This 

indicates an insignificant level of difference in discrimina

tive behavior between control rats and test animals in stage III,
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In stage IV and V the test value of t obtained was 2,17.

This demonstrates a significant difference in discriminative 

performance between control rats and test animals in stages 

IV and V.

In the overall performance of uninjected controls versus 

test animals an Analysis of Variance yielded an F value of 

2.19 which exceeds the table value of 2.04. There is a signi

ficant level of difference in discriminative performance be

tween control and test animals.

Phase II: Injection of Estradiol-17(9 and Progesterone

The data of runs for test animals and controls in phase 

two is found in Table 3. A z-value of 1.84 was obtained in 

comparison tests of test animals and controls injected with 

estradiol-17^ (Fig. 19). This demonstrates a significant 

difference in discriminative task performance between control 

and test animals injected with estradiol-17^.

Tests between controls and test animals injected with 

progesterone yielded a z value of 1.49. This shows an insig

nificant level of difference between discriminative behavior of 

test animals and controls.

Comparison tests between test animals injected with pro-
t . ■

gesterone and those injected with estradiol-17^ yielded a z 

value of 3.13. This demonstrates a highly significant level 

of difference in discriminative behavior between test animals 

injected with estradiol-17^9 and those injected with progesterone
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Table 2

Raw data for test animals and controls 
in phase one.

i

Test Rat 
Number as bE cC S E C s E C S E C S E C s E C

2 II 9 8 II 11 8 II] 8 8 III 12 7 IV 9 8 7 9 11

3 II 9 8 IV 8 7 IV 10 8 IV 10 8 V 9 11 V U 8
d* U I 6 8 II 8 11 III 6 11 IV 10 11 V 9 8 7 7 7

5 II 7 11 IV 7 11 IV 9 10 IV 9 10 V 12 10 V 10 10
* 6 I 9 7 II 10 8 III 10 9 IV 11 7 V 13 9 7 ]0 8

8 IV 7 8 IV 8 5 V 8 5 V 9 10 V 9 5 V 10 10

9 I 8 10 I 9 10 IV 11 10 IV lh 10 IV 13 10 V 11 11
11 I 9 11 IV 11 n IV 12 10 IV 1U 10 IV 9 10 V 10 10

* 14 I 11 8 I* 9 8 III 13 8 IV 8 8 IV 9 8 7 13 8
* 15 I U 7 II 10 8 III 8 8 IV 10 9 V 9 7 7 9 9
* 16 I . 7 8 II 8 9 II 13 8 III 9 8 IV 11 8 V 10 8
* 17 I 10 7 II 12 7 III 11 11 IV 9 7 V 5 7 V 15 7
* 18 I 7 10 I 8 5 II 8 8 II] 11 8 IV 5 10 V 13 16

19 IV 11 11 IV 11 11 V 7 7 V 12 7 V 8 11 V 7 7

20 IV 11 11 IV 8 11 IV 6 7 V 8 7 V 11 7 V 11 7

as = Stage of the estrous cycle.

^E - Number of errors per 26 trials by test rat.

cC ■ Number of errors per 26 trials by corresponding control rat.

d* = Test animal went through complete cycle of five stages.
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Fig. 18
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Fig. 18. Average number of errors for the seven test 
animals (d3) and controls (f23) in phase I. Each 
animal was run through a complete series of 26 trials 
in each stage of Its estrous cycle. The control rats 
were run through a complete series at times corres
ponding to the time the test animals to which they 
were assigned had run. Scores for test animals and 
controls were averaged separately.
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Table 3

Raw data for test animals and controls injected 
with estradiol-17^ or progesterone (phase two).

aInjection Test rat 
number

^Number of errors,
Test rat

Number of errors, 
Control ratc

10/1 g
Estradiol-17^

2 9 11
3 6 11

h 6 11

8 9 11

17 10 9
18 7 11
19 9 9
20 5 9

3 ng
Progesterone

5 13 10

6 10 11

9 13 10
11 10 10

Hi 13 10
15 11 11

16 13 10

aAll test rats were injected, in stage IV.
All rats were injected at 9:00 P.M.

^All animals were run through a complete series of 
26 trials 2l| hr after injection.

cControl rat assigned to test animal
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Fig. 19
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Fig. 19. Average number of errors for test animals and 
controls injected with estradiol-17^ or progesterone. 
(□), estradiol-17^ test animals; (S3), estradiol-17^ 
controls; O) , progesterone test animals; (1330, 
progesterone controls. All test animals were injected 
in stage IV and all animals were injected at 9:00 P.M. 
All animals were run through a complete series of 26 
trials 2h hr after injection. Scores for test animals 
and controls were averaged separately.
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DISCUSSION AND CONCLUSIONS

We encountered several problems that must be considered in 

order to properly analyze our results. The number of test 

animals was substantially reduced when thirteen of them stopped 

cycling. Although data was eventually obtained for seven ani

mals, a larger sample would have increased the probability 

of observing a greater number of behavioral differences.

The variability of the vaginal smears did not allow us to 

establish to the exact hour when a stage was going to begin or 

end. Therefore, while it was possible to determine what stage 

the animal was in, we did not know if it was the early or late 

part of the stage. This knowledge is particularly crucial 

for stage I, since estrogen is high at the beginning and pro

gesterone low, but at the end progesterone is high and estro

gen low. Thus, stage I results are difficult to interpret.

Our results from a comparison between ability to discrimi

nate and stage of the estrous cycle indicate that there is no 

positive correlation between them. We believe, however, that 

such a correlation does exist but, due to the problems men

tioned, we were not able to detect it. It is also possible 

that the discrimination apparatus we used was not adequate 

to detect fine discrimination abilities that may have existed. 

The difference in variance between controls and test animals 

substantiates this hypothesis. The test animals were much
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less consistent than were the controls.indicating that a 

difference in performance ability exists; but, because of 

our small sample, it was not statistically significant.

The results obtained from injected animals give definite 

support to our hypothesis. Test animals injected with 

estradiol-17^ scored significantly better than did test 

animals injected with progesterone. Test animals injected 

with estradiol-17(9 scored significantly better than did con

trols injected with estradiol-17<9. The only difference in 

the latter groups was the amount of estradiol-17^ present in 

the intact test animal that was not present in the control. 

These results indicate that estradiol-17^ facilitates per

formance of a discriminative task while progesterone inhibits 

it. This should cause a detectable difference in performance 

of the rats in the five stages of the estrous cycle, The 

most prominant differences should occur within stage I, 

However, this is precisely the stage we found difficult to 

determine and interpret. Also, the amounts of hormones 

naturally present are much lower than the amounts we injected, 

and differences would therefore be more subtle and more

difficult to detect.;

• How are estrogen and progesterone acting to produce these

differences in discriminative ability? A reexamination of the 

physiological basis of learning and the nature of hormone up

take and action will reveal what we believe to be possible
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explanations for these results. The reasons for failure at 

a learning task presented earlier should be kept in mind, 

particularly motivational and arousal factors. If motivation 

and alertness increase, so should learning and discrimina

tive behavior. If they decrease, performance should also.

Estrogen is actively taken up by most of the structures 

of the limbic system. The amygdala and hippocampus have both 

been implicated as sites where stimulation leads to increased 

arousal and alertness. Estrogen could provide such a stimulus 

to these sites, Removal of the amygdala has resulted in de

creased discrimination generalization and a decreased ori

enting response. Perhaps stimulation of the amygdala by estro

gen could improve these behaviors and facilitate learning or 

discrimination.

Increased MUA is indicative of an aroused state, while 

decreased MUA corresponds to a sleeplike state. MUA peaks 

correspond to times of gonadotrophin release, and, on the day 

of proestrus, this is when estrogen levels are also at a 

peak. Estrogen levels might be affecting the MUA of the or

ganism and thus its arousal level.

The hypothalamus is known to be the motivational center of 

the organism. In any discrimination process in which food is 

the reward or reinforcer, an increased desire for food should 

result in an increase in correct responses. Uptake of estro

gen by the hypothalamus could result in such a heightened
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motivation. The medial preoptic area, arcuate nucleus, and 

ventromedial nucleus of the hypothalamus all take up estro

gen, and all have been implicated in locomotion activity and 

food intake.

It is possible that estrogen does not act directly to 

promote discriminative performance, but rather indirectly.

For example, MUA peaks are associated with gonadotrophin 

release as well as high estrogen levels, LH, rather than 

estrogen, might be functioning to increase discriminative per 

formance by increasing alertness. Estrogen administration 

could, therefore, effect performance by initiating LH release 

Stimulation of the median preoptic area and arcuate nucleus 

is known to promote LH secretion. Estrogen could again be 

the necessary stimulus. Estrogen could effect memory through 

a connection with ACTH release, The amygdala, hippocampus, 

hypothalamus, and septum participate in the neural control 

of ACTH release, and all actively take up estrogen.

The known effects of progesterone support its apparent 

role as a discrimination or learning inhibitor. Progesterone 

has anesthetic effects on the brain which tend to decrease 

the animal’s general activity and its responsiveness to 

specific stimuli. These effects would tend to decrease the 

animals performance in a discrimination task similar to our 

experiment where both visual and locomotor responses are re

quired.
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Progesterone causes a decrease in the MUA of the animal 

and induces a sleeplike EEG pattern (32), Both of these are 

indicative, of decreased alertness and arousal.

Finally, progesterone inhibits the secretion of LH. If 

LH were to have a positive effect on learning, any inhibition 

of it would necessarily lead to a decrease in performance.

It is also possible that estrogen and progesterone could 

act directly on the formation of a memory engram. The mech

anism of formation of an engram and the mechanism of action 

of these gonadal hormones both involve syntheses of specific 

RNA and protein molecules. Any action of one which affects 

the action of the other could cause a modification of behavior 

At certain times and in certain places such modifying actions 

could occur.

Our results indicate that estrogen and progesterone have, 

respectively, a positive and negative effect on discrimination 

performance. It is our hypothesis that this effect is due to 

action of these hormones on the brain which results, either 

directly or indirectly, in changes in motivation, alertness, 

and ability to recall within the organism.

Suggestions for Further Research

A few technical suggestions might be helpful to future 

researchers. When determining stages of the estrous cycle 

it would be well to depend on more than vaginal smears. 

Activity counters give some indication of the time of estrus.
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Placing a castrated male with the females and watching for 

lordosis response is also a good time marker. It is best to 

begin with an easy task, e.g. black vs. white, and progress 

gradually to more difficult ones when teaching animals a 

discrimination task. This can sometimes avoid handedness.

In the course of this study many related topics have been 

discovered which are worthy of research. One of the first 

problems encountered in habituation and training of the rats 

was handedness or right and left preference in the rats. 

Yoshika (77) found only 5 percent ambidexterity in rats he 

researched. Perhaps a study such as ours using all ambidex

terous rats would yield different results.

The present experiment involved only the Holtzman strain 

of white laboratory rats. Conflict between our results and 

other literature lead us to suspect significant differences 

in learning ability among different strains of rats.

All rats in the present study were between 48 and 92 days 

of age and well within the accepted limits of peak learning 

ability. We did not compare rats younger than 48 days or 

older than 192 days to determine their relative performance 

of a visual discrimination. Variation in muscle, visual, and 

olfactory coordination and development could be studied.

Rats in the present study were isolated to provide ample 

living space. A related study could focus on the effects of 

overcrowding on visual discrimination abilities.
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Studies (48) have shown evidence of a four-day cycle of 

activity in female rats which is associated with the estrous 

cycle. It would be interesting to determine whether male rats 

could be made to conform to such a cycle through hormone 

inj ections.

The present study dealt principally with the effects of 

two hormones. Other hormones that could be researched in 

this manner include prolactin, LH, FSH, testosterone, ACTH, 

vasopressin, and other forms of estrogen.

Work with worms (48) has shown that those fed on Planaria 

which had been trained in a learning situation learned faster 

than worms which had been fed on untrained Planaria. Applying 

this principal to rats, research could be done to test 

learning variations in untrained rats given blood transfusions 

from trained or non-trained rats.



63

REFERENCES

1. Anderson, E.E., 1941, "Sex differences in timidity in
normal and gonadectomital rats," J. Genet. Psychol 
59:139-153. Cited in Beach, Frank A. 1948. Hormones 
and Behavior. New York and London, Paul B. Hoeber,
Inc.

2. Arnheim, R, et al 1972. Psychology Today: An Introduction,
p. 309-320, Del Mar, California: CRM Books.

3. Arkhangelskii, V.M. "Conditioned reflexes in castrated
dogs" from Psychol, Abstracts 7:3732. Cited in 
Beach, Frank A. 1948, Hormones and Behavior. New 
York and London: Paul B. Hoeber, Inc.

4. Ball, J.1926, "The female sex cycle as a factor in learn
ing in the rat." Am.J.Psysiol.78:533-539. Cited in 
Beach, Frank A. Hormones and Behavior, New York 
and London: Paul B. Hoeber, Inc.

5. Barr, C. 1958. The Neural Basis of Human Behavior: An
Introduction to Neuroanatomy. London, Ontario:
Watt Letter Service.

6. Beach, F.A. 1948. Hormones and Behavior. New York and
London: Paul B. Hoeber, Inc.

7. Bern, H.A., and Gorban, A., 1962. A Textbook of Compara
tive Endocrinology, p.17. New York and London:
John Wiley and Sons, Inc.

8. Beyer, C., "Effect of estrogen on brain stem neuronal
responsibility in the cat." 1971, in Sawyer, C.H. 
and Gorski, R.A., eds., Steroid Hormones & Brain 
Function, pp. 121-125, Los Angeles, London, and 
Berkeley: University of California Press.

9. Bogdanove, E.M. 1972, "Hypothalamic-hypophyseal interre
lationships: basic aspects." in Balin, Howard, & 
Glasser, Stanley, eds., 1972, Reproductive Biology, 
Amsterdam: Excerpta Medica.

10. Brady, J.V. , 1958, "The paleocortex and behavioral moti
vation" in Harlow, Harry F, and Woolsey, Clinton N. 
Biological and Biochemical Bases of Behavior, pp. 
193-235, Madison, Wisconsin; The University of 
Wisconsin Press.



64

11. Brown, G.K. 1971. "The role of steroid hormones in the
control of gonadol secretion in adult female 
mammals." in Sawyer, Charles H. and Gorski, Roger
A. , eds. Steroid Hormones & Brain Function
pp. 269-288. Los Angeles, London, and Berkeley:
U. of California Press.

12. Commins, W.D. and Stone, C.P. 1932. "Effects of castra
tion on the behavior of mammals." Psychological 
Bulletin 29:493-508.

13. Cross, B.A. and Dyer, R.G. 1971. "Cyclic changes in
neurons of the anterior hypothalamus during the rat 
estrous cycle and the effects of anesthesia." in 
Sawyer, Charles H. and Gorski, Roger A., eds., Steroid 
Hormones & Brain Function pp. 95-101. Los Angeles, 
London, and Berkeley: University of California Press.

14. Dalton, Katharina 1976. Time. February 23, 1976.

15. Davidson, J.M. 1972. "Hormones and reproductive behav
ior." in Balin, Howard, and Glusser, Stanley, eds., 
Reproductive Biology pp. 877-909, Amsterdam:
Excerpta Medica.

16. DeWied, D. 1975. in Pines, M. , "Speak, memory: The riddle
of recall and forgetfulness." Saturday Review,
August 9, 1975, pp.16-20.

17. Everett, J.W. 1961. "The mammalian female reproductive
cycle and its controlling mechanisms." in Young,
W.C., ed., Sex and Internal Secretion, Vol I. pp. 497- 
555. Baltimore: Williams and Wilkins Co.

18. Fields, P.E. 1928. "Form discrimination in the white
rat." cited in Munn, N.L. 1933. An Introduction 
to Animal Psychology: The Behavior of the Rat.
Boston and New York: Houghton-Mifflin Co.

19. Flexner, L.B., Flexner, Josifa B., and Roberts, Richard
B. "Memory in mice analyzed with antibiotics."
Science 155:1377-1383.

20. Gorski, R.A. 1971. "Steriod hormones and brain function:
Progress, principles, and problems." in Sawyer, 
Charles H. and Gorski, Roger A., eds., Steroid Hor
mones and Brain Function, pp. 1-26, Los Angeles, Lon
don, and Berkeley: University of California Press.



65

21. Gorski, J., DeAngelo, A.B., and Barnea, A.Y. 1971.
"Estrogen action: The role of specific RNA and 
protein synthesis." in McKerns, Kenneth W., ed., 
The Sex Steroids Molecular Mechanisnjs. pp. 181- 
195. New York: Appleton-Century-Crofts.

22. Guthrie, E.R. 1935. The Psychology of Learning, cited 
in Hilgard, E.R. and Bower, G.H. 1975. Theories of 
Learning (4th ed). Englewood Cliffs, N.J.: Prentice 
Hall, Inc.

23. Hilgard, E.R. and Bower, G.H. 1975. Theories of
Learning (4th ed). Englewood Cliffs, N.J.: Prentice 
Hall, Inc.

24. Hoar, W.S. 1966 
p. 695-717. 
Hall, Inc.

General and Comparative Physiology 
Englewood Cliffs, N.J.: Prentice-

25. Hull, C.L. 1943. Principals of Behavior. Cited in 
Marler, P. and Hamilton II, Wm. 1968, Mechanisms 
of Animal Behavior, p. 114-115, New York, London, 
and Sydney: John Wiley and Sons, Inc.

26. Johnson, G.B. 1932. "The effects of periodicity on
learning to walk a tightwire." Journal of Compara
tive and Physiological Psychology 13:133-141.

27. Kawakami, M., Terasawa, E. and Ibuki, T. 1970. "Changes
in MUA of the brain during the estrous cycle." 
Neuroendocrinology 6:30-48.

28. , , __ _________ , and Manaka, M. 1971.
"Effects of sex hormones and ovulation-blocking 
steroids and drugs on electrical activity of the 
rat brain." in Sawyer, C.H. and Gorski, R.A., eds., 
Steroid Hormones and Brain Function, pp. 79-93 Los 
Angeles, London, and Berkeley: University of 
California Press.

29. Keezer, G.L. 1949. "Technics for investigation of
behavioral phenomena in the rat." in Farris, E.J. 
and Griffith, J.Q. The Rat in Laboratory Investi
gation pp. 203-277. Philadelphia, London, and 
Montreal: J.B. Lippincott Co.

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601



66

30. Komisaruk, B.R. 1971. "Induction of lordosis in
ovariectomized rats by stimulation of the vaginal 
cervix: hormonal and neural interrelationships." 
in Sawyer, C.H. and Gorski, R.A. Steroid Hormones 
and Brain Function pp. 127-135. Los Angeles, Lon
don, and Berkeley: University of California Press

31. ____________ . 1974. "Neural and hormonal interactions
in the reproductive behavior of female rats." in 
Montagna, W-and Sadler, W.A., Reproductive Behav
ior pp. 97-129. New York and London: Plenum Press.

32. ___________McDonald, P.G., Whitemoyer, D.I., and Sawyer,
C.H. T967. "Effects of progesterone and sensory 
stimulation on EEG and neuronal activity in the rat." 
Experimental Neurology 19:494-507.

33. Kow, L, Malsbury, C.W. , and Pfaff, D.W. 1974. "Effects
of progesterone on female reproductive behavior in 
rats: Possible modes of action and role in behav
ioral sex differences." in Montagna, W., and Sadler, 
W.A., Reproductive Biology pp. 179-210, New York 
and London: Plenum Press.

34. Lashley, K.S. 1929. "The mechanism of vision: I. A
method for rapid analysis of pattern-vision in the 
rat." cited in Farris, E.J. and Griffith, J.Q.,
1949. The Rat in Laboratory Investigation (2nd ed.) 
pp. 210, Philadelphia, London, and Montreal: J.B. 
Lippincott Co.

35. Lawton, Irene E. and Sawyer, C.A. 1968. "Timing of
gonadotrophin and ovarian steriod secretion at 
diestrus in the rat." Endocrinology 82:831-836.

36. Lisk, R.D. 1966, "Hormonal implants in the CNS and 
behavioral receptivity in the female rat." in 
Gorski, R.A. and Whalen, R.E. Brain and Gonadal 
Function. Vol III of Brain and Behavior. pp 98- 
116. UCLA Forum in Medical Sciences #3. Proceedings 
of the third conference, 1963. Berkeley, Los Angeles 
University of California Press.

37. ____ _______  and Ciaccio, L.A. 1971. "The physiology of
hormone receptors: patterns of uptake and retention 
of estradiol and progesterone in relation to repro
ductive capacity." in Sawyer, C.H. and Gorski, R.A. 
eds. Steroid Hormones and Brain Function pp. 227- 
335, Los Angeles, Berkeley, and London: University 
of California Press.



67

38. Long, J.A. and Evans, H.M. 1922. The Oestrous Cycle
in the Rat and its Associated Phenomena. Memoirs 
University of California, 6, 1922. Berkeley, Cali
fornia: University of California Press.

39. Macht, D.I. and Seago, Dorothy W. 1924. "Effect of
ovariectomy and lutein injections on the behavior 
of rats." Journal of Comparative and Physiological 
Psychology 4:151-162.

40. Manning, A. 1972. An Introduction to Animal Behavior
pp. 124-142, 175-232. Reading, Mass., Menlo Park, 
California, London, Don Mills, Ontario: Addison- 
Wesley Publishing Co.

41. Marler, P. and Hamilton, W II. 1968. Mechanisms of
Animal Behavior., New York, London, and Sydney: John 
Wiley and Sons, Inc.

42. McCann, S.M. 1974. "Neural control of gonadotrophin
secretion." in Montagna, Wtand Sadler, W.A., 
Reproductive Behavior, pp. 1-21, New York and Lon
don: Plenum Press.

43. ____________ , Kalra, P.S., Schneider, P.G., Watson, J.T.,
Wakabayshi, K., Fawcett, C.P., and Krulich, L. 1971. 
"Studies on the feedback actions of gonadal steroids 
on gonadotrophin and prolactin secretion: effects, 
sites, and mechanism of action." in Sawyer, C.H. 
and Gorski, R.A., eds., Steroid Hormones and Brain 
Function, pp. 311-323, Los Angeles, Berkeley, and 
London: University of California Press.

44. McEwen, B.S., Magnus, C, and Wallach, G. 1971. "Bio
chemical studies of cortisone binding to cell nuclei 
and cytoplasmic macramolecules in specific regions 
of the rat brain." in Sawyer, C.H. and Gorski, R.A. 
eds., Steroid Hormones and Brain Function, pp. 247- 
258, Los Angeles, Berkeley and London: University 
of California Press.

45. Meyerson, B.J. 1971. "Optical isomers of estrogen-inhi
bitors as tools in the investigation of estrogen action 
on the brain." in Sawyer, C.H. and Gorski, R.A., 
eds. Steroid Hormones and Brain Function, pp. 237- 
245, Los Angeles, Berkeley, and London: University 
of California Press.



68

46. Moss, R.L. 1974. "Relationship between the central
regulation of gonadotrophins and mating behavior 
of female rats." in Montagna, W and Sadler, W.A., 
Reproductive Behavior, p. 55-76, New York and Lon
don: Plenum Press.

47. Munn, N.L. 1931 "An. apparatus for testing visual
discrimination in animals." Journal of Genetic 
Psychology 39:342-358.

48. ______. 1933. An Introduction to Animal Psychology:
The Behavior of the Rat. Boston, New York, Chicago, 
Dallas and San Francisco: Houghton Mifflin Co.

49. Nicholas, J.S. 1949. "Experimental methods and rat
embryos." in Farris, E.J. and Griffith, J.Q. The 
Rat in Laboratory Investigation pp. 51-67, Phila
delphia, London, and Montreal: J.B. Lippincott Cot

50. Nissen, H.W. 1951. "Phylogenetic comparison." Cited in
Munn, N.L. 1933. An Introduction to Animal Psychology 
The Behavior of the Rat. Boston and New York:
Houghton Mifflin Co.

51. O'Malley, B.W. and Means, A.R. 1971. "Mechanism of action
of progesterone: regulation of gene transcription." 
in McKerns, K.W., ed. The Sex Steroids Molecular 
Mechanisms pp. 315-343, New York: Appleton-Century- 
Crof ts.

52. Palka, Yvonne S., Ramirez, V.D. and Sawyer, C.H. 1966.
"Distribution and biological effects of tritiated 
estradiol implanted in the hypothalamo-hypophysial 
region of female rats." Endocrinology 78:487-99.

53. Pfaff, D.W. 1971. "Steroid hormones in the rat brain:
specificity of uptake and physiological effects." 
in Sawyer, C.H. and Gorski, R.A., eds. Steroid 
Hormones and Brain Function. pp.103-111, Los Angeles, 
Berkeley, London: University of California Press.

54. ____________ and Keiner, Meloyn, 1973. "Atlas of estradiol
concentrating cells in the CNS of the female rat." 
Journal of Comparative Neurology 151(2): 121-157.

55. Pribram, K.H. 1971. Languages of the brain, experimental
paradoxes and principles in neuropsychology. Engle
wood Cliffs, N.J.: Prentice-Hall Inc.



69

56. _______ , 1969. "The neurophysiology of remembering."
Scientific American, January, 1969.

57. Prosser, C.L., 1973. Comparative Animal Physiology
Vol. Ill pp. 857-883. Philadelphia, London, and 
Toronto: W.B. Saunders Co.

58. Ruch, F. and Zimbardo, P.G., 1971. Psychology and Life.
pp. 92-108. London, Glenview, Illinois: Scott, 
Foresman and Co.

59. Sadlier, R.M.F.S., 1973. The Reproduction of Vertebrates.
pp. 127-130, New York and London: Academic Press.

60. Sawyer, C.H., 1971. "The brain and feedback control of
pituitary gonad function." in Sawyer, C.H. and 
Gorski, R.A., eds., Steroid Hormones and Brain 
Function pp. 13-23, Los Angeles, London, and Berke
ley: University of California Press.

61. Schwartz, Neena B. 1969. "A model for the regulation of
ovulation in the rat." in Astwood, E.B., ed. Recent 
Progress in Hormone Research pp. 1-56, Proceedings 
of the 1968 Laurention Hormone Conference. New York 
and London: Academic Press.

62. ____________ and Hoffmann, Joan C. , 1972. "Ovulation: basic
aspects." in Balin, Howard, and Glusser, S. eds. 
Reproductive Biology, pp. 438-476. Amsterdam: 
Excerpta Medica.

63. Scott, J.P. , 1972. Animal Behavior (2nd ed) Chicago
and London: University of Chicago Press.

64. Seiki, K., Miyamoto, M., Yamashita, A., and Kotano, M.
1969. "Further studies on the uptake of labeled 
progesterone by the hypothalamus and pituitary of 
rats." Journal of Endocrinology 43:129-130.

65. Shirley, M. Cited in Munn, Norman L. 1933. An Intro
duction to Animal Psychology: The Behavior of the 
Rat. Boston and New York: Houghton-Mifflin Co.

66. Skinner, B.F., Cited in Hilgard, E.R. and Bower, G.H.
1975. Theories of Learning. Englewood Cliffs, N.J. 
Prentice-Hall Inc.



70

67. Slonaker, J.R. Cited in Munn, M.L., 1933. An intro
duction to Animal Psychology: The Behavior of the 
Rat. Boston and New York: Houghton-Mifflin Co.

68. Stern, J.J. and Zwick, G., 1972. "Hormonal control of
spontaneous activity during the estrous cycle of 
the rat." Psychological Reports 30:983-988.

69. Stumpf, W.E., 1971. "Hypophysiotropic neurons in the
periventricular brain: Topography of estradiol 
concentrating neurons," in Sawyer, C.H. and Gorski 
R.A., eds. Steroid Hormones and Brain Function 
pp. 215-226, Los Angeles, London, and Berkeley: 
University of California Press.

70. Talwa, G.P. and Segal, S.J., 1971. "Studies on
mechanism of action of estrogens." in McKerns, K.W. 
ed. The Sex Steroids Molecular Mechanisms. New 
York: Appleton-Century-Crofts.

71. Tuttle, W.W. and Dykshorn, S., 1928. "Castration and
ovariectomy on spontaneous activity and ability to 
learn." Proceedings of the Society for Experimental 
Biology and Medicine, 25:469-470.

72. Valenstein, E.S., 1969. "Behavior elicited by hypothala
mic stimulation." Brain Behavior Evol. 2:295-316.

73. Villee, C.A., 1968. "Molecular action of estrogens."
in Diamond, M., Perspectives in Reproduction and 
Sexual Behavior, Bloomington and London: Indiana 
University Press.

74. Wang, G.H., 1932. "The relation between spontaneous
activity and estrous cycle in the white rat."
Comp. Psychol. Mono. 2(6): 1-25.

75. Yerkes, R.M. and Watson, J.B. 1911. "Methods of
studying vision in animals," cited in Farris, E.J. 
and Griffith, J., The Rat in Laboratory Investigation 
pp. 208-209. Philadelphia, London, and Montreal:
J.B. Lippincott Co.

76. Yoshinuga, K., Hawkins, R.A., and Stocker, J.F., 1969.
"Estrogen secretion by the rat ovary in vivo during 
estrous cycle and pregnancy." Endocrinology 85:103- 
112.



71

77.

78.

79.

80.

Yoshioka, J.G., cited in Munn, N.L. , 1933. An Intro
duction to Animal Psychology: The Behavior of the 
Rat. Boston and New York: Houghton-Mifflin Co.

Young, W.C., 1961. "The hormones and mating behavior." 
in Young, W.C., ed. Sex and Internal Secretions. 
Vol. I. (3rd ed.) Baltimore: The Williams and 
Wilkins Co.

Zarrow, M.X., Brody, P.N., and Denenberg, V.H., 1968. 
"The role of progesterone in behavior." in Diamond,

M. , ed. Perspectives in Reproduction and Sexual 
Behavior. Bloomington and London: Indiana Univer
sity Press.

____________ , Yochim, J.M., and McCarthy, J.L., 1964.
Experimental.Endocrinology: A Source Book of Basic 
Techniques. pp. 17-102. New York and London: 
Academic Press.


