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Abstract

Selective estrogen receptor modulators (SERMs) either mimic or block the 

effects of estrogen (Goldstein, 1998). Tamoxifen, a SERM, blocks the effects of 

estrogen in breast tissue (Walling, 2005), but its effects in other tissues, specifically in 

the brain, are poorly understood. Tamoxifen may reproduce the effect of estradiol in 

the brain (Le Saux et al., 2005) or it may inhibit memory (Jenkins et al., 2004). This 

study used ovariectomized rats injected with pharmacological doses of estrogen or 

tamoxifen. Cognitive learning and retention were evaluated based on performance in 

the Morris water maze. The hypothesis tested was that tamoxifen would simulate the 

effects of estrogen in the brain, resulting in cognitive learning and retention similar to 

estrogen-injected rats but different from the non-stressed control group. While no

statistically significant results were noted in the retention protocol, a statistically 

significant difference between the tamoxifen and the control groups on days four and

five in the learning protocol was observed. However, when comparing average 

learning times, the results suggested that tamoxifen does not mimic the effects of

estrogen in the brain.
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Introduction

Pan et al. (2000) demonstrated that ovariectomized rats receiving estrogen 

injections showed improvements in cognitive learning. Moreover, estrogen and estrogen 

with progesterone alleviated the negative effects of restraint stress on retention in 

ovariectomized rats (Hager, 2003). Learning and retention were improved when 

mammals were administered dosages of estrogen (Wickelgren, 1997). Sherman and 

Frederick (1979) suggested that estrogen antagonists, such as tamoxifen, may also play a 

role in learning and memory.

Tamoxifen is a selective estrogen receptor modulator (SERM) and a well-known 

breast cancer drug (Walling, 2005). SERMs either mimic or block the effects of estrogen 

(Goldstein, 1998). Tamoxifen blocks the effect of estrogen in breast tissue (Walling, 

2005). Its effects in other tissues, however, are poorly understood. It has been suggested 

that tamoxifen reproduces the effect of estradiol in the brain (Le Saux and Di Paolo, 

2005). However, it may potentially inhibit memory (Jenkins et al., 2002) and lead to 

cognitive dysfunction (Wefel, 2003). Conflicting reports suggest that tamoxifen may 

either enhance memory and brain function or it may lead to cognitive impairment (Ernst

et al., 2002). Ernst et al. (2002) found that tamoxifen may have a similar effect to

estrogen on the brain.

My research tested whether tamoxifen mimics or blocks the effects of estrogen on 

alleviating the negative effects of stress on learning and memory in ovariectomized 

female rats. I hypothesized that tamoxifen would simulate the effects of estrogen.
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Literature Review

Learning and Memory Retention

There are many definitions of learning, which vary depending on the context in 

which the definition is applied. In a broad sense, learning is simply a reaction to a 

stimulus (Montpellier et al., 1970). More specifically, the process of learning involves 

the acquisition of skills or knowledge as a consequence of experience, instruction, or both 

(Sherwood, 2004), which results in lasting changes in behavior (Thompson, 1986). Two 

identified types of learning - non-associative and associative - result from experience 

with a single type of event or the conjunction of two or more events, respectively 

(Thompson, 1986). These experiences can affect and change the nervous system and 

behavior; the changes are referred to as memories (Carlson, 1998).

Memory is defined as the storage of acquired knowledge for later recall 

(Sherwood, 2004). Behavior is adapted to external circumstances according to. learning 

and memory (Sherwood, 2004). Two types of memory have been distinguished: short

term and long-term.

Squire et al., (1993) defined short-term memory as a diverse collection of 

temporary capacities distributed across multiple, separate processing modules. Auditory- 

visual short-term memory is a temporary storage system only for phonologically or 

visually coded information (Squire et al., 1993). Short-term memory lasts for seconds or 

for hours and involves transient changes in pre-existing synapses; for example, short

lived modifications in the concentration of neurotransmitter released as a response to 

stimulation of affected nerve pathways can lead to short-term memory storage (Carlson, 

1998). Whereas short-term memory involves adaptations in pre-existing synapses, long
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term memory involves fairly permanent functional or structural changes between neurons 

in the brain (Sherwood, 2004).

Long-term memory lasts for days to years and involves a process in which short

term memories are converted into long-term memories that can be retrieved and used at a 

future date; this process is called consolidation (Carlson, 1998). Long-term memory is 

not a single entity, but is composed of several types of memory, each controlled by 

different parts of the brain (Squire et al., 1993). The major type of memory focused on in 

this study is declarative memory, which involves explicit memory and rational memory, 

and is controlled by the hippocampus and other hippocampal-related structures in the 

brain (Squire et al., 1993). (The hippocampus and other related structures are discussed 

shortly.) The hippocampus plays an important role in maintaining a durable record of 

everyday episodic events and facts. Extensive hippocampal damage is observed in 

Alzheimer’s patients (Carlson, 1998).

Anatomy Associated with Learning and Memory

An important part of the brain that plays crucial roles in learning and memory is 

the hippocampal formation. Located in the temporal lobe, the hippocampal formation 

consists of the entorhinal cortex, the subicular complex, the hippocampus, and the dentate

gyrus (Carlson, 1998).

The hippocampus has two major divisions, the CA1 and CA3 fields. Neurons in

the entorhinal cortex send signals to the dentate gyrus. The terminals of the dentate gyrus 

fibers form synapses with the dendritic spines of pyramidal cells in the CA3 region.

Pyramidal cells have an axon growing downward out of the base, and a thick dendritic
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trunk growing out of the top; the dendritic trunk has numerous branches with

approximately 30,000 spines. These spines are where structural and biochemical changes 

occur for long-term potentiation, which will be discussed shortly. Neurons of the CA3 

field project information to the CA1 field, which provides the primary output for the 

hippocampus (Carlson, 1998).

In humans, the hippocampus plays an important role in memory storage; in rats, 

the hippocampus is responsible for declarative memory and spatial memory (Squire, 

1992). The concept of spatial memory was developed from the observation that 

hippocampal cells in the brains of rats responded selectively when the rat was in a 

particular place (Ranck, 1973).

Long-term Potentiation

Long-term potentiation (LTP) is a mechanism by which specific long-term 

memories are created (Sherwood, 2004). LTP is defined as a prolonged increase in the 

strength of existing synaptic connections in activated pathways following brief periods of 

repetitive stimulations (Sherwood, 2004). The resulting increases in excitatory post- 

synaptic potentials (EPSPs) translate into more action potentials being sent along the 

postsynaptic cell to other neurons. Long-lasting modifications and signals can become 

stronger with repeated use. LTP can last for days or weeks and is prevalent in the

hippocampus.

One proposed mechanism for LTP involves the excitatory neurotransmitter, 

glutamate, and N-methyl-D-aspartate (NMDA) receptors. Glutamate is released from the 

pre-synaptic neuron and binds to the NMDA receptor on the post-synaptic neuron. When
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glutamate binds, the NMDA receptors act as calcium ion channels and open to allow 

entry of calcium ions. The calcium ions enter the post-synaptic neuron and can activate 

calcium-dependent second-messenger pathways which have long-lasting second- 

messenger properties (Hill et al., 2004). It is hypothesized that LTP is maintained 

through retrograde messenger. Increased calcium ions in the post-synaptic neuron can 

lead to the release of retrograde messenger - possibly, nitric oxide (NO) - which may 

convey a signal back to the pre-synaptic neuron to potentiate further release of glutamate 

(Hill et al., 2004). LTP is directly correlated with learning and memory in rats, 

specifically in terms of spatial memory. In rats with deletions of genes that produce 

NMDA protein receptors or other proteins crucial to LTP, the spatial learning and ability 

of the rat to negotiate a water maze is disrupted (Hill et al., 2004).

Estrogen

Estrogen is a sex hormone that is produced in and released from the ovaries; a 

small amount is produced by the adrenal cortex and in the adipose tissue in both males 

and females (Sherwood, 2004). Estrogen plays many roles in the female, including the 

promotion, maturation and maintenance of the female reproductive tract, establishment of 

female secondary sex characteristics, ova maturation and release, and breast development 

in anticipation of lactation (Sherwood, 2004). There are three physiological estrogens: 

estradiol, estrone, and estriol; estradiol is the main ovarian hormone (Sherwood, 2004).

Secreted from the follicular cells, estradiol is released during the first half - the 

follicular phase - of the menstrual cycle, and both progesterone and estrogen are released 

by the corpus luteum during the last half - the luteal phase - of the cycle. In the
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follicular phase, the anterior pituitary hormones, follicle-stimulating hormone (FSH) and 

luteinizing hormone (LH) cause estrogen levels to increase. Increasing levels of estrogen 

cause the endometrium to thicken. High levels of estrogen act as a feedback inhibitor 

causing FSH levels to decline toward the end of the follicular phase. When estrogen 

levels peak, a surge in LH production results in ovulation of the mature follicle. Estrogen 

levels decline briefly after ovulation (Sherwood, 2004).

In the second, or luteal, phase of the menstrual cycle, estrogen and progesterone 

are secreted from the corpus luteum. FSH and LH, inhibited by progesterone and 

estrogen secretion, decline during the luteal phase. If the ovum is not fertilized and 

implanted within two weeks, the corpus luteum degenerates and estrogen and 

progesterone levels rapidly decline, thus removing the inhibitory influences on FSH and 

LH. As FSH and LH production resumes, new follicles are generated and the cycle 

begins again (Sherwood, 2004).

Estrogen acts on many tissues in the body when the biological effects are 

mediated by a receptor protein (Jensen and Jacobsen, 1962). Two types of estrogen 

receptors (ER), a- and (3-, bind estrogen in different tissues (Greene et al., 1986; Kuiper 

et al., 1996). Both receptors are present in breast tissue (Saji et al., 2000). Estrogen is 

also found in non-reproductive structures and in males. In the urogenital tract, ERP is 

commonly found in the inner epithelial cell layer of the rat bladder, urethra, and prostate, 

while ERa is generally found in the stromal compartment of the prostate (Chang and

Prins, 1999)^ Bone osteoblasts and osteoclasts contain both ERa and ERP (Arts et al.,

1997).
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Estrogens also have a variety of effects on the central nervous system, including 

effects on learning and memory (McEwan and Alves, 1999). Both estrogen receptors can 

be found in varying concentrations in the hypothalamus and hippocampal regions 

(Shughrue et al., 1997). Estrogen acts as a neuroprotector by increasing the number of 

hippocampal dendritic spines (Gould et al., 1990). Depletion of estrogen in female rats 

has been found to cause a loss of dendritic spines in hippocampal cells, which may affect 

neuron function; conversely, the hippocampal cells of ovariectomized rats receiving 

estrogen injections contained nearly the same number of spines as rats containing their 

ovaries (Wickelgren, 1997).

Neurgaren and Kraines (1965) discovered cognitive changes in menopausal 

women. The neuroprotective effects of estrogen have been suggested to increase 

memory retention in post-menopausal women. In one study, verbal memory declined 

with the loss of estrogen but was restored to pre-menopausal levels when estrogen 

replacement therapy was administered immediately following menopause (Sherwin,

1988),

Tamoxifen

Approved by the Food and Drug Administration in 1977 for use in the treatment 

of breast cancer, tamoxifen is classified as a selective estrogen receptor modulator 

(SERM) (Osborne, 1998). SERMs have multiple activities (Horwitz et al., 1996). In

some tissues, SERMs have estrogenic effects, while in other tissues they display 

antiestrogenic effects (Jordan et al., 1987). For example, tamoxifen has been found to be

an antiestrogen in the treatment of breast cancer (Gajdos and Jordan, 2002), an agonist in
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the uterus (Goldstein, 2001), and estrogenic in the bone (Turner et al., 1988).

Tamoxifen’s effects in the brain, however, are less understood.

Silva and Mello (2000) found tamoxifen to increase hippocampal synaptic density

in ovariectomized rats and Wu and Glinn (1999) discovered that tamoxifen could 

promote activity of an enzyme that produces acetylcholine, choline acetyltransferase 

(ChAT), in the hippocampus of estrogen-depleted female rats. In normal, non- 

ovariectomized rats, estrogen can promote ChAT levels in the frontal cortex and 

hippocampus, thus influencing learning and memory (Fackelmann, 1995). Thus, 

tamoxifen may increase learning and memory and have an estrogenic effect in the brain. 

However, Splete (2004) suggested that tamoxifen may have a negative effect on verbal 

memory and attention in women. In a study of 94 breast cancer patients receiving 

tamoxifen, anastrozole (a breast cancer drug), or a combination, the group receiving 

tamoxifen demonstrated decreased processing of speed tasks and decreased verbal 

memory (Jenkins et al., 2002).

Stress

Although the concepts of stress and homeostasis have been discussed for ages, 

only recently have they been integrated into scientific research and their association with 

physiologic responses and disease been investigated. Stress is defined as the generalized, 

nonspecific response of the body to any factor that threatens homeostasis (Sherwood, 

2004). Ramsey (1982) defines a stressor as any internal or external challenge that 

disrupts the internal environment. Two types of stress - “fight or flight” and chronic - 

are mediated by two different neuroendocrine systems: the sympathetic nervous system
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(SNS) and the hypothalamic-pituitary-adrenal (HPA) axis, respectively (Sheridan et al., 

1994).

Catecholamines

Psychological, environmental, and physiological stressors may induce a stress 

response known as the “fight-or-flight” response. The sympathetic nervous system 

initiates responses that prepare the body for physical activity in the case of an emergency 

or a stressful situation (Sherwood, 2004). Cells in the adrenal medulla produce and 

release catecholamines: epinephrine and norepinephrine. Catecholamines interact with a- 

and P-adrenergic receptors and mediate cardiovascular and metabolic effects (Sheridan et 

al., 1994). Glucose is produced and blood is redistributed (Cannon et al., 1927). Heart 

rate and blood pressure increase, respiratory airways open, glycogen and fat are broken

down and released into the bloodstream, and blood vessels dilate as a result of the stress

response (Sherwood, 2004).

Glucocorticoids

The adrenal cortex reacts to ACTH by producing and releasing corticosteroids, 

with glucocorticoids being the major steroids released. Cortisol and corticosterone are

two examples of glucocorticoids (Campbell and Reece, 2002).

Glucocorticoids are produced in response to long-term stress response, or in the 

case of my experiment, in response to inescapable stress (Munck et al., 1984). In 

response to chronic stress, corticosterone production increases three-fold (Kelley, 1985).

In response to stressful stimuli, the hypothalamus produces corticotrophin releasing
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hormone, which stimulates the anterior pituitary (adenohypophysis) to secrete 

adrenocorticotropic hormone (ACTH), a tropic hormone.

Glucocorticoids regulate.carbohydrate, fat, and protein metabolism (Long et al., 

1960). Hepatic gluconeogenesis is stimulated by cortisol. Gluconeogenesis is a process 

that converts non-carbohydrate sources such as amino acids into carbohydrate in the liver 

(Sherwood, 2004). Cortisol inhibits glucose uptake in body tissues so that glucose can be 

used primarily by the brain. Protein degradation and lipolysis (the breakdown of fat) 

occurs as a result of cortisol action (Sherwood, 2004).

Corticosteroid receptors in the hippocampus are targets for glucocorticoids 

(McEwan et al., 1986). Hippocampal neuron loss has been associated with high 

concentrations of glucocorticoids (Landfield et al., 1981). High glucocorticoid 

concentrations have also been implicated in the disruption of glucose utilization in the 

hippocampus, which may be associated with neuronal vulnerability and degradation

(Sapolsky et al., 1986).

Glucocorticoids have also been found to interact with estrogen. The stress

response involves stimulation of the hypothalamic-pituitary-adrenal (HPA) axis and is 

associated with suppression of reproductive function (Rabin et al., 1990). Corticotropin

releasing hormone (CRF) inhibits gonadotropin-releasing hormone (GnRH).

Glucocorticoids inhibit both GnRH and gonadotropin release and can block estrogen

production by the ovaries (Rabin et al., 1990). It is hypothesized that this effect is a

result of a glucocorticoid-induced decrease in estrogen-receptor concentration (Rabin et

al., 1990).
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Materials and Methods

Animals

Twenty-four female Wistar rats (160-180 grams) were purchased from Simonson 

Labs of California and were 47 days old at the time of arrival. The animals were kept in 

a secure room that had approximately 12 hours of light and 12 hours of dark and a nearly 

constant temperature (25° C). The rats were randomly placed three to a cage and had free 

access to tap water and food (Mazuri Rodent Chow). Their ears were punched and tails

marked for ease in identification.

Ovariectomies

All animals were allowed at least six days to acclimate before surgeries began 

when the rats were 53-70 days old. Each rat underwent surgery to remove both ovaries 

(D’Amour et al, 1965). Three prophylactic doses of 0.2 mL of penicillin G procaine 

were administered: 1) under the skin behind the shoulder blades the day before surgery, 2) 

immediately following surgery, and 3) the day after surgery. Each rat was allowed at 

least ten days to recover before the learning protocol began.

Estrogen and Tamoxifen Injections

The animals were randomly divided into four groups with six rats per group. The

control animals received a sesame oil vehicle and were not stressed; this group will be

referred to as the non-stressed control group. All other groups underwent inescapable 

restraint stress. The second group of animals was also injected with vehicle; this group 

will be referenced as the stressed control group. The remaining two groups of rats were
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injected with estrogen and tamoxifen, and will be termed the estrogen and tamoxifen 

groups, respectively. Estrogen and tamoxifen were delivered in a sesame oil vehicle.

The estrogen and tamoxifen groups received 0.1 mL priming dose of estrogen (5 pg/100 

g wt) 48 hours before the pharmacological dose. Pharmacological doses of estrogen 

(100pg/100 g wt) and tamoxifen (1000 pg/100 g wt) were administered 48 hours before 

the learning protocol began (Dyer et al., 1980). Both pharmacological doses were given 

daily until the end of the experiment (Hager, 2003). Rats were placed in a restraint, and 

injections were administered subcutaneously behind the shoulder blades, alternating sides 

each day.

Restraints

Immediately following injections, the experimental groups - the stressed control, 

estrogen, and tamoxifen groups - were stressed in restraint tubes for one hour each day. 

The restraints were constructed from PVC pipe eight to nine inches in length and two

inches in diameter. Each restraint had five holes drilled in each side to allow for air flow

through the tube. Styrofoam balls (2 */2”) were secured over the ends of each pipe, using

duct tape.

Learning Protocol

After undergoing an hour of stress, the experimental animals were placed in a 

Morris water maze (Morris, 1981). The non-stressed control animals were also placed in 

the water maze. The maze consisted of a swimming pool 182 cm in diameter x 38 cm 

deep that was filled to a depth of approximately 17.5 cm. Nontoxic, water-soluble paint
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was added to the water to conceal the platform under the water. The platform, a 

transparent inverted fish bowl, was placed 23 cm from the edge of the pool, 

approximately 1.5 cm under the surface of the water, and directly across from the point 

where the rats were released. Wire mesh was placed over the top of the platform on day 

four to provide increased grip for the rats to climb onto the platform. Visual cues such as 

boxes and stools were placed around the edge of the pool and were kept constant, as was 

the place of release. A stopwatch was utilized to record the time it took for the rat to find 

the platform. Time was stopped when the rat placed her front paws on the platform 

(Hager, 2003). However, time was started again if the rat did not climb up on the 

platform. If, after two minutes, the animal did not climb onto the platform, she was 

placed onto the platform and remained there for 25 seconds. This procedure was 

repeated each day until every rat could complete the maze in ten seconds or less for four 

consecutive days.

Retention Protocol

After the learning protocol, all rats received their respective injections, and the

experimental groups were stressed for seven days but were not tested in the Morris water

maze (Hager, 2003). On day eight, the rats were again tested in the Morris water maze

until each rat could run the maze in ten seconds or less.

Statistical Analysis

Statistical analyses were performed using an overall ANOVA and a Tukey HSA

post hoc comparison to test for correlation and significance (Zar, 1994). Two tests were
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performed. The first test used the average number of trials it took for each individual rat 

to learn the maze. The first day of the four consecutive days under ten seconds was used 

as the day the rat learned the maze. The second test used the time for each individual 

rat’s trial each day and compared an individual rat to every other animal in the

experiment.
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Results

The first objective of this study was to assess the performance of each individual 

rat and then to compile the data into average learning times for each treatment group. 

Results of these analyses are shown in Figure 1.

A statistically significant difference between groups can be noted during trial 4 

and trial 5 (corresponding to day 4 and day 5 of research). On day 4, the non-stressed 

control group was significantly different than the stressed control group (Table 1). This 

suggests the non-stressed control rats were learning more quickly (Figure 1). On day 5, 

there is a significant difference between the non-stressed control rats and the stressed 

control rats (p=0.03); additionally, a significant difference can be noted between the non- 

stressed control rats and the tamoxifen-treated rats (p=0.02). No statistically significant

difference was found between the non-stressed control and estrogen groups, nor was 

there a statistically significant difference between the stressed control and tamoxifen 

groups. However, there is a statistically significant difference between the stressed 

control and estrogen group. Moreover, a statistically significant difference is seen 

between the estrogen and tamoxifen groups.

The data for the average number of trials for the rats to learn the maze were 

compiled to further compare learning of each experimental group (Figure 2). Graphically, 

the separation of error bars suggest that there was a significant difference between 

estrogen treated rats and those in both the non-stressed control group and in the stressed 

control group receiving vehicle injections. No significant difference occurred between 

the tamoxifen group and the estrogen group, nor was there a significant difference



16

between the tamoxifen group and the non-stressed control and stressed control groups, 

respectively.

No statistically significant differences were found in the overall average retention 

times (Figure 3; Table 2) or average number of retention trials (Figure 4) for each 

individual treatment group. The average number of retention trials for each individual 

treatment group was defined as the average number of trials that it took until the rats 

could complete the maze in ten seconds or less.
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Table 1. ANOVA post hoc comparison test of average learning times, showing the 
significance between all groups for days four and five of the Morris 
water maze test. The mean difference is significant at the 0.05 level for 
the bold faced numbers.

Day Four
Control Stress Estrogen Tamoxifen

Control 0.010 0.241 0.100
Stress 0.010 0.390 0.680

Estrogen 0.241 0.390 0.959
Tamoxifen 0.100 0.680 0.959

Day Five
Control Stress Estrogen Tamoxifen

Control 0.034 0.997 0.023
Stress 0.034 0.025 0.995

Estrogen 0.997 0.025 0.017
Tamoxifen 0.023 0.995 0.017
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Number of Trials to Learn the Morris Water Maze

T reatment

Figure 2. Comparison of the average number of learning trials to learn the 
Morris water maze for rats given estrogen and stressed, rats given 
tamoxifen and stressed, rats given vehicle and stressed, and control rats. A 
significant difference is observed between the estrogen-injected group and 
the stress and control groups, with the bars representing standard error. 
N=6 for each group.
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Average Retention Times for Daily Trials in the Morris Water Maze

Figure 3. Comparison of the average retention times for rats given estrogen 
and stressed, rats given tamoxifen and stressed, rats given vehicle and 
stressed, and control rats. No significant difference between groups was 
observed. N=6 for each group.
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TABLE 2. ANOVA post hoc comparison results of average retention times 
for days three and four of the Morris water maze test.

Day Three
Control Stress Estrogen Tamoxifen

Control 0.994 0.652 0.305
Stress 0.994 0.495 0.202

Estrogen 0.652 0.495 0.924
Tamoxifen 0.305 0.202 0.924

Day Four
Control Stress Estrogen Tamoxifen

Control 0.512 0.953 0.979
Stress 0.512 0.250 0.743

Estrogen 0.953 0.250 0.800
Tamoxifen 0.979 0.743 0.800
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Number of Trials in the Morris Water Maze Indicating Retention

Treatment

Figure 4. A comparison of the average number of trials indicating retention 
in rats given estrogen and stressed, rats given tamoxifen and stressed, rats 
given vehicle and stressed, and control rats. No significant difference 
between groups was observed. N=6 for each group.
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Discussion

Several studies explain the link between neural tissue and estrogen. Fackelmann 

(1995) found estrogen to increase the amount of choline acetyltransferase (ChAT), an 

enzyme that produces acetylcholine. In response to estrogen, increased activity of ChAT 

was observed in the frontal cortex and the CA1 of the dorsal hippocampus (Li et al., 

2004). The hippocampus and frontal cortex are closely associated with memory and 

learning, respectively (Campbell and Reece, 2002). Estrogen affects learning and 

memory by maintaining and building neuronal synapses (Yankova et al., 2001). 

Depleting adult female rats of estrogen causes a loss of spines from hippocampal cells 

(Wickelgren, 1997).

The estrogen-induced neuronal changes are linked to an important membrane 

protein, the NMDA receptor, which detects incoming glutamate signals (Wickelgren, 

1997). In a study of ovariectomized female rats, estrogen-treated rats had 30% more 

NMDA receptors in hippocampal neurons than untreated rats (Wickelgren, 1997). The 

estrogen-induced increase in NMDA protein is associated with an increase in neuronal

signaling, which is associated with enhanced learning and memory (Wickelgren, 1997).

In my study, there was a statistically significant difference between the non- 

stressed control and the stressed control groups on day four. Based on the literature, it 

would be expected that inescapable stress would negatively impact learning. There was

also a statistically significant difference between the estrogen group and the stressed 

control group and between the estrogen group and the tamoxifen group on day five when

comparing the average learning trial times. This data supports the reviewed literature.

However, when comparing the average number of trials to learn the maze, the estrogen
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group demonstrated a statistically significant difference from the non-stressed control and 

stressed control groups, respectively. The estrogen group should not have been 

statistically different from the non-stressed control group because estrogen should have 

alleviated the negative effects of stress. This curious result is most likely due to a small

sample size the effect of outliers in the data (Appendix A).

Although the effects of estrogen on neuronal tissue are well-documented, the 

effects and mechanisms of SERMs are less well-known. SERMs are estrogenic or

antiestrogenic, depending on the target tissue; an estrogenic function occurs in the 

cardiovascular and skeletal systems, but an antiestrogenic effect occurs in the breast and

uterus (Gajdos and Jordan, 2002; Goldstein, 2001). Little is known about the effect of

SERMs in the brain. Ernst (2002) looked at the changes in brain metabolism in women 

receiving estrogen therapy, tamoxifen therapy, and neither therapy (control group). Myo

inositol (MI) was used as an indicator of neuronal activity. MI concentration in the brain 

was similar in the estrogen-treated and tamoxifen-treated groups, indicating that 

tamoxifen has a similar effect of estrogen in the brain (Ernst, 2002). A study by Splete 

(2004) tested cognitive function in breast cancer patients. In contrast to previous studies, 

tamoxifen had a detrimental effect on speed tasks and verbal memory (Splete, 2004). In 

my study, no statistically significant difference between estrogen and tamoxifen groups 

was observed in the learning or the retention protocol. Although this suggests that 

tamoxifen does not mimic estrogen in the brain, the lack of statistically significant results 

could be due to a limited number of test subjects or outliers.

Traumatic stress causes atrophy of the hippocampus (Bremner et al., 1995), and 

prolonged psychosocial stress is associated with loss of hippocampal neurons (Uno et al.,
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1989). Specifically, prolonged psychosocial or restraint stress promotes a glucocorticoid- 

mediated stress response, causing destruction of apical dendrites in CA3 pyramidal 

neurons in the hippocampus, which is associated with spatial learning and memory 

deficits (Magarinos et al., 1997). Three experimental groups in my study underwent 

inescapable stress. The literature indicates that the estrogen-injected rats would learn the 

maze and retain the information in a similar manner as the control group. The stressed 

control group was expected to learn the slowest and retain the least; it was hypothesized 

that the results of the tamoxifen group would mimic the results of the estrogen group.

My results, in fact, did not support these predictions. While no significant results were 

noted in the retention protocol, there was some support on day five of the learning 

protocol in which the tamoxifen group behaved similarly to the stressed control group 

and the estrogen group mimicked the non-stressed control group. However, this result

did not extend past days four and five.

I hypothesized that tamoxifen would alleviate the effects of stress and have an 

estrogenic effect in the brain. My results do not support my hypothesis. Instead, there 

seems to be limited support for an antiestrogenic effect of tamoxifen in the brain. The 

lack of statistically significant results other than on days four and five may be attributed 

to small sample size and variability in animals. Outliers had an adverse effect on results 

by significantly skewing data (Appendix A; Appendix B). It is apparent that more

research needs to be conducted with a larger sample size. We are only beginning to 

discover the effects of tamoxifen and other SERMs on learning and memory.
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Appendix A:

Learning trial curves for each experimental rat in the Morris water maze.
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A. Learning trial graph for rat A (stressed control group) in the Morris water maze.

A

B. Learning trial graph for rat B (stressed control group) in the Morris water maze. 

B
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C. Learning trial graph for rat C (stressed control group) in the Morris water maze. 

C

D. Learning trial graph for rat D (stressed control group) in the Morris water maze. 

D
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E. Learning trial graph for rat E (stressed control group) in the Morris water maze.

E

F. Learning trial graph for rat F (stressed control group) in the Morris water maze.

F
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G. Learning trial graph for rat G (non-stressed control group) in the Morris water
maze.

G

H. Learning trial graph for rat H (non-stressed control group) in the Morris water 
maze.

H
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I. Learning trial graph for rat I (non-stressed control group) in the Morris water

J. Learning trial graph for rat J (non-stressed control group) in the Morris water 
maze.

J
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K. Learning trial graph for rat K (non-stressed control group) in the Morris water

L. Learning trial graph for rat L (non-stressed control group) in the Morris water 
maze.

L
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N. Learning trial graph for rat N (estrogen group) in the Morris water maze.
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O. Learning trial graph for rat O (estrogen group) in the Morris water maze. 

O
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P. Learning trial graph for rat P (estrogen group) in the Morris water maze. 

P
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Q. Learning trial graph for rat Q (estrogen group) in the Morris water maze. 

Q
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R. Learning trial graph for rat R (estrogen group) in the Morris water maze. 

R

0 5 10 15 20 25



41

S. Learning trial graph for rat S (tamoxifen group) in the Morris water maze. 

S

T. Learning trial graph for rat T (tamoxifen group) in the Morris water maze.

T
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U. Learning trial graph for rat U (tamoxifen group) in the Morris water maze. 

U

V. Learning trial graph for rat V (tamoxifen group) in the Morris water maze. 

V
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W. Learning trial graph for rat W (tamoxifen group) in the Morris water maze. 

W

X. Learning trial graph for rat X (tamoxifen group) in the Morris water maze. 

X
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Appendix B:

Retention trial curves for each experimental rat in the Morris water maze.
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A. Retention trial graph for rat A (stressed control group) in the Morris water maze.

A

B. Retention trial graph for rat B (stressed control group) in the Morris water maze.
B
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C. Retention trial graph for rat C (stressed control group) in the Morris water maze.
c

D. Retention trial graph for rat D (stressed control group) in the Morris water maze. 

D
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G. Retention trial graph for rat G (non-stressed control group) in the Morris water
maze.

H. Retention trial graph for rat H (non-stressed control group) in the Morris water 
maze.
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I. Retention trial graph for rat I (non-stressed control group) in the Morris water
maze.

J. Retention trial graph for rat J (non-stressed control group) in the Morris water 
maze.



50

K. Retention trial graph for rat K (non-stressed control group) in the Morris water
maze.

K

L. Retention trial graph for rat L (non-stressed control group) in the Morris water
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M. Retention trial graph for rat M (estrogen group) in the Morris water maze.
M
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N. Retention trial graph for rat N (estrogen group) in the Morris water maze.
N
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O. Retention trial graph for rat O (estrogen group) in the Morris water maze.
o
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P. Retention trial graph for rat P (estrogen group) in the Morris water maze.

p
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Q. Retention trial graph for rat Q (estrogen group) in the Morris water maze.
Q
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R. Retention trial graph for rat R (estrogen group) in the Morris water maze.
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S. Retention trial graph for rat S (tamoxifen group) in the Morris water maze.
s

T. Retention trial graph for rat T (tamoxifen group) in the Morris water maze.
T
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U. Retention trial graph for rat U (tamoxifen group) in the Morris water maze.
u

V. Retention trial graph for rat V (tamoxifen group) in the Morris water maze.
V
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W. Retention trial graph for rat W (tamoxifen group) in the Morris water maze.
w

X. Retention trial graph for rat X (tamoxifen group) in the Morris water maze.
X


