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Abstract

Tamoxifen (TAM) and toremifene (TOR) are two antiestrogen agents frequently used in the treatment of breast cancer. They are
currently being assessed as the prophylactic for patients at high risk of developing tumors. However, the side effects of these drugs on
memory function have drawn attention in clinical usage. In the present study, it is demonstrated in mice that TAM and TOR significantly
shortened the escaping latency or increased the number of errors, respectively, by using the step-down and step-through passive avoidance
tests. By using an appetitively motivated task in T-maze, it is demonstrated that TAM and TOR significantly delayed the latency of
finding food in well-trained mice. TAM appeared to impair memory consolidation and retrieval processes, rather than acquisition of
memory, whereas TOR appeared to impair acquisition, consolidation, and retrieval processes. These results provide experimental support
for the clinical findings that have shown that these drugs impaired memory function in patients routinely taking the drugs and suggest that
caution should be taken for using these drugs as the prophylactics for those at risk of developing tumors. © 2002 Elsevier Science Inc. All

rights reserved.
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1. Introduction

The nonsteroidal antiestrogen drugs tamoxifen (TAM)
and toremifene (TOR) have been proved to be valuable
adjuncts in the treatment of breast cancer. Both drugs have
similar chemical structure (Haynes and Dowsett, 1999),
efficacy, and adverse effects (Cohen et al., 1997; Pyrhonen
et al., 1997; Mitlak and Cohen, 1999). Currently, TAM and
TOR are used as the choice of the endocrine treatment for
advanced breast cancer as well as for adjuvant therapy for
surgery, radiation, and chemotherapy in earlier disease stage
(van den Koedijk et al., 1994; Biegon et al., 1996). In the
adjuvant therapy of breast cancer, TAM is recommended
for use for at least 5 years (Early Breast Cancer Trialist
Collaborative Group, 1998). However, the drugs have
shown some side effects during clinical application, such
as increasing the risk of venous thromboembolism (Fisher
et al., 1998), causing vasomotor symptoms (i.e., hot flashes)
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(Love et al., 1991), as well as neurological side effects
such as depression, irritability, and memory problem
(Zhang et al., 1994). It is reported that patients treated
with adjuvant chemotherapy for operative primary breast
carcinoma have significant problems with concentration
and memory (van Dam et al., 1998; Brezden et al., 2000).
Cognitive impairment following such chemotherapy was
noticed in a broad domain of functioning, including
attention, mental flexibility, speed of information process-
ing, visual memory, and motor function (Schagen et al.,
1999). The adverse effects on memory function have
drawn attention of neuroscientists because of the possible
induction of senile dementia in the patients with long-term
administration of these drugs.

Alzheimer’s disease (AD) is the most common cause of
dementia. It is reported that AD affects 1.5-3 times more
women than men. Recognition that AD may affect women
more often than men and that cognitive deficits differ
between women and men with AD highlights the need
for research to unravel underlying genetic and envir-
onmental contributions to these associations (Henderson,
1997). After menopause, estrogen levels are very low, and
one important question is the extent to which observed
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differences in AD might be mediated by sex hormones
(Carr et al.,, 1997; Henderson, 1997). Clinical studies
indicate that estrogen and other sex hormones affect cog-
nitive skills. Most recent case-controlled and cohort studies
have suggested that prior and current estrogen replacement
therapy reduce the risk for AD or dementia. For example, it
has been reported that five of six women who had mild AD
and wore an estrogen patch for 2 months showed note-
worthy improvements in verbal memory and attention
(Brenner et al., 1994; Henderson et al., 1994; Mortel and
Meyer, 1995).

Thus, despite of the importance of using antiestrogen
drugs for preventing breast cancer, concurrent adverse
actions such as memory impairment induced by these drugs
may also threaten the quality of life of the patients. In order
to provide more experimental information for reasonable
use of these drugs, the characteristics of the memory
impairing properties of TAM and TOR were investigated
by using passive avoidance and appetitively motivated tasks
in mice.

2. Method
2.1. Animals

Female and male Swiss mice with body weight 20-22 g
were supplied by the Experimental Animal Center of
Shenyang Pharmaceutical University. The animals were
housed under standard conditions with food and water ad
libitum. The mice were used for the behavioral experi-
ments after they had adapted to laboratory conditions at
least for 5 days.

2.2. Drugs

Tamoxifen citrate (Shanghai Hualian Pharmaceutical,
Shanghai, China) was dissolved in sterile saline and
TOR (Department of Organic Chemistry, Shenyang Phar-
maceutical University, Shenyang, China) was suspended in
5% hydroxypropyl-3—cyclodextrin solution. Scopolamine
hydrochloride (Sigma, St Louis, MO, USA) and NaNO,
(Shenyang Xincheng Chemicals, Shenyang, China) were
dissolved in sterile saline. TAM or TOR suspension was
intraperitoneally administered in volume of 0.2 ml per 10 g
body weight. Scopolamine was intraperitoneally adminis-
tered 10 min before training and NaNO, was subcutane-
ously administered immediately after the training. Ethanol
(30% in saline, w/v) was administered orally (10 ml/kg)
10 min before the test.

2.3. Locomotor activity
Thirty minutes after drug administration, each animal

was individually placed in a black circular chamber 25 cm
in diameter and 10 cm in height. Locomotor activity was

measured using an optical animal activity monitoring sys-
tem that employs a horizontal bank of photo beam sensors
to monitor animal movement with time. Locomotor activity
was monitored continuously for 30 min and the number of
movement was recorded every 5 min via a computer
connected to the monitor.

2.4. One-way step-down passive avoidance task

Mice were trained in an apparatus previously placed on a
platform (4.3 cm) in a lighted box (12 x 10 x 30 cm) with a
grid floor through which an electric shock of 36 V (55 Hz)
was delivered. When the mice stepped down the platform, a
constant and continuous electric shock was applied. The
normal reaction of the mice was to jump back onto the
platform. In the first day, the mice were placed in the box
for 3 min and then trained for 5 min. After 24 h each mouse
was placed once again on the platform and tested for step-
down escaping latency and the number of errors (stepped
down the platform) in 5 min. TAM or TOR was adminis-
tered intraperitoneally 30 min before the training for testing
acquisition of memory, or immediately after the training for
testing memory consolidation, or 30 min before the test for
memory retrieval (Chugh et al.,, 1991). Each group had
12—14 mice.

2.5. One-way step-through passive avoidance task

A one-trial step-through passive task was performed
as described previously (Li et al., 1999). The apparatus
consisted of two compartments, an illuminated box and a
dark box separated by a guillotine door. The size of both
boxes was 20 x 10 x 15 cm. During the training, the
mouse was placed in the illuminated compartment and
allowed to enter the dark compartment through the door.
Immediately after entry, a scrambled foot shock (36 V,
55 Hz) was delivered through the grid floor. The mouse
could escape from the shock only by stepping back into
the safe illuminated compartment. Twenty-four hours
after the training, the mouse was again placed in the
safe illuminated compartment. The response latency to
enter the dark compartment and numbers of errors (enter
the dark compartment) in 5 min were measured. The
latency of not entering the dark room during the 5-min
observation period was regarded as 300 s. TAM or TOR
was administered intraperitoneally 30 min before the
training for testing acquisition of memory, or immedi-
ately after the training for testing memory consolidation,
or 30 min before the test for memory retrieval. Each
group had 12—14 mice.

2.6. Appetitively motivated task in T-maze
The T-maze had a start arm and a left and right arm

(50 x 13 x 25 cm) and all painted black. At the extremity
of each arm, a food dish (5 cm in diameter, 0.5 cm in
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depth) was located on the floor. The T-maze was located
in a dimly illuminated room with a weak light (25 W).
The animals were familiarized with the maze, food, and
food containers for two consecutive days before the start
of the experiments. On these days, two trials were carried
out for each mouse. Then, the animals were deprived of
food for 20 h. At the start of the experimental session, 15
trials per mouse were carried out on the first day. On the
next day 10 consecutive trials were carried out for each
mouse and TAM or TOR was administered intraperito-
neally 30 min before the trial began in the second day.
Only one arm of the T-maze was baited with food. The
correct choice was the left arm for half of the mice, while
it was the right arm for the rest. The mouse was put into
the start arm. When the mouse reached one or the other
arm, it was removed from the maze and put into a
separate waiting box for 10 s and then returned to the
maze as before. A correct trial ended with the mouse
eating the food. An incorrect trial (error) ended with the
mouse reaching the empty food dish. The number of
errors and the average time taken for each correct trial
(latency) were recorded (Sudha et al., 1995). Ten mice
per group were used.

2.7. Statistics

Results of each group were calculated and were
expressed as mean+ S.E.M. Data were statistically analyzed
via general linear models followed by least significant
difference method using SAS statistical package. Statistical
significance was set at P<.05.

3. Results
3.1. Spontaneous locomotor activity

TAM, at the dose range of 1-10 mg/kg ip, and TOR, at
the dose of 3—30 mg/kg ip, showed no significant effect on
locomotor activities compared with that of the control

group (Fig. 1).

3.2. One-way step-down passive avoidance task in
female mice

Fig. 2 shows the effects of TAM and TOR on acquisition
of memory. The number of errors in the TOR-treated group,
at the doses of 3, 10, and 30 mg/kg ip, was significantly
increased and the latencies were significantly shortened
when compared with the control group. Neither the number
of errors nor the latency in the TAM-treated group had
significant difference compared with that of the control
(Fig. 2A and B).

Fig. 3 shows the effects of TAM and TOR on memory
consolidation. The number of errors in the TAM-treated
groups (1 and 10 mg/kg ip), rather than in the TOR-treated

groups, was significantly increased compared with that of
the control group. The latency in the TAM-treated group
(10 mg/kg ip) and in the TOR-treated group (30 mg/kg ip)
was significantly shorter than that of the control group
(Fig. 3A and B).

Fig. 4 shows the effects of TAM and TOR on memory
retrieval. The number of errors in the TAM-treated group,
at the dose of 10 mg/kg ip, was significantly increased and
the latency was significantly shortened when compared
with that of the control group. Neither the number of errors
nor the latency in the TOR-treated group showed signific-
ant difference compared with that of the control (Fig. 4A
and B).

3.3. One-way step-through passive avoidance task in
female mice

In the trials on acquisition of memory, the number of
errors in the TOR-treated group, at the dose of 30 mg/kg ip,
was significantly increased and the latency was significantly
shortened when compared with that of the control group.
Neither the number of errors nor the latency in the TAM-
treated group was significantly different compared with
those of the control (Fig. SA and B).

Fig. 6 shows the effect of TAM and TOR on memory
consolidation in step-through test in mice. The number of
errors in the TAM-treated group (10 mg/kg ip), rather than
the TOR-treated group, was significantly increased com-
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Fig. 1. Effects of TAM (A) and TOR (B) on locomotor activity in female
mice. The activity was measured after 30 min of administration. Each
column represents the mean+ S.E.M. of 10 animals (Cont= control).
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Fig. 2. Effects of TAM (A) and TOR (B) on acquisition of memory in step-
down test in female mice. TAM or TOR was administered intraperitoneally
30 min before the training. Each column represents the mean+ S.E.M. of
12—14 animals (Cont=control and Scop=scopolamine). * P<.05,
** P<.01 vs. the control group.
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Fig. 3. Effects of TAM (A) and TOR (B) on memory consolidation in step-
down test in female mice. TAM or TOR was administered immediately after
the training for testing memory consolidation. Each column represents the
mean+ S.E.M. of 12— 14 animals (Cont=control). * P<.05, ** P<.01 vs.
the control group.
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Fig. 4. Effects of TAM (A) and TOR (B) on memory retrieval in step-down
test in female mice. TAM or TOR was administered 30 min before test.
Each column represents the mean+ S.E.M. of 12—14 animals (Cont = con-
trol). * P<.05, ** P<.01 vs. the control group.

difference in latency compared with the control (Fig. 6A
and B).
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Fig. 5. Effects of TAM (A) and TOR (B) on acquisition of memory in step-
through test in female mice. TAM or TOR was administered intra-
peritoneally 30 min before the training. Each column represents the
mean + S.E.M. of 12— 14 animals (Cont = control and Scop = scopolamine).
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treated group nor the TOR-treated group showed signific-
ant difference in latency compared with the control
(Fig. 7A and B).

3.4. Appetitively motivated task in female mice

The performance of female mice on an appetitively
motivated task after TAM and TOR treatment was tested
in T-maze. Neither the TAM-treated nor the TOR-treated
animals showed significant difference in the number of
errors compared with the saline control. However, the
latency of finding food in the TAM-treated group (3 and
10 mg/kg ip) and in the TOR-treated group (30 mg/kg ip)
was significantly longer than that of the saline control group
(Fig. 8A and B).

3.5. Effects of TAM and TOR on the memory function in
male mice

Several groups of male mice were used to test the
possible actions of antiestrogens on memory functions in
male animals by using step-down and step-through passive
avoidance tasks. The results showed that TOR affected
memory acquisition in both experimental models (Fig. 9).
TOR impaired memory retrieval in step-through test
(Fig. 10B) and TAM impaired memory consolidation in
step-down test (Fig. 10A).
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Fig. 10. Effect of TAM on memory consolidation in step-down (A) and
effect of TOR on memory retrieval in step-through (B) in male mice. TAM
was administered immediately after the training for testing memory
consolidation and TOR was administered 30 min before test. Each column
represents the mean+S.E.M. of seven to eight animals (Cont= control).
*P<.05, **P<.01 vs. the control group.

4. Discussion

Learning and memory abilities include acquisition, con-
solidation, and retrieval processes. In the present study, the
characteristics of TAM and TOR on memory functions were
evaluated according to these three processes. The results
demonstrated that TAM and TOR impaired all these pro-
cesses of memory functions in experimental animals. How-
ever, the impairing potencies of these drugs are weaker
compared with scopolamine, NaNO,, and ethanol, which
are commonly used as positive drugs for impairing memory
acquisition, consolidation, and retrieval, respectively.

The memory impairing actions of TAM and TOR were
confirmed by using three experimental models with different
motivational characteristics, although step-down and step-
through models are similar passive avoidance tasks. In order
to devoid the possible effect of TAM and TOR on motor
abilities, a locomotor test was designed in the experiment.
The results clearly showed that both TAM and TOR did not
affect the locomotor activities of the mice at the doses used in
the present study. This suggests that the observed latencies in
the performance of mice in the different tasks were due to
TAM- and TOR-induced memory impairments.

TOR, at the doses used in the present study, impaired the
three processes of memory, i.e., acquisition, consolidation,
and retrieval, although the impairing extent showed mar-
ginal difference. TAM mainly impaired memory consolida-
tion and retrieval processes. However, this does not mean
that TAM has less efficacy than TOR in impairing memory
function since the memory consolidation impaired by TAM
was more significant than that induced by TOR at the same
dose. It is reported that TAM is 1.5-3 times more effective
than TOR as a chemotherapeutic agent in human breast
cancer (William et al., 1998). Therefore, it is possible that the
magnitude of adverse actions of TAM and TOR on memory
function is proportional to their therapeutic potencies.

The mechanism of action of TAM and TOR on impairing
learning and memory functions has not been clearly eval-
uated. Because both drugs are estrogen antagonists in the
central nervous system (Haynes and Dowsett, 1999), it could
be assumed that this activity is the main cause of their memory
impairing action. A close interaction between estrogen and
cholinergic function in the central nervous system has been
reported (Henderson et al., 1994; Henderson, 1997). It has
been inferred that estrogen affects learning memory behaviors
by modulation of basal cholinergic function (Luine et al.,
1980; Simpkins et al., 1997). For example, it is reported that
steroidal sexual hormones can affect acetylcholinetransferase
and acetylcholinesterase activities (Vazquez-Pereyra et al.,
1995). The long-term memory is facilitated with estradiol in
the test of one-trial passive avoidance conditioning in male
Wistar rats (Vazquez-Pereyra et al., 1995).

In ovariectomized rats, high-affinity choline uptake is
reduced in the hippocampus and in the frontal cortex by
24% and 34%, respectively. This decline in high-affinity
choline uptake is associated with a significant decrease in
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total avoidance in the tests of active avoidance. Estrogen
administration can reverse the effects of ovariectomy on
high-affinity choline uptake, active avoidance, and spatial
memory behavior (Rajakumar et al., 1995). These data
suggest that cholinergic neurons are estrogen-responsive
and that continuous exposure to ovarian steroid is needed
to maintain the normal memory function.

However, other mechanisms of action of TAM on mem-
ory function could not be excluded. It has been shown that
TAM has a wide variety of pharmacological activities, such
as the inhibition of protein kinase C (Grainger and Metcalfe,
1996; O’Brian et al., 1988), acting as a calmodulin ant-
agonist (Allen et al.,, 1998; Furr and Jordan, 1984; Lam,
1984), blocking various chloride channels (Zhang et al.,
1994), and acting as a histamine antagonist (Kroeger and
Brandes, 1985). All these actions of TAM may directly or
indirectly affect memory function.

The ovariectomized animals are often used in the phar-
macological studies of antiestrogenic drugs to prevent the
possible interference of estrous cycle of the animals on the
experimental results (Carthew et al., 1999; Qu et al., 2000).
However, in the present study, we demonstrated that in intact
mice TAM and TOR showed significant and repeatable
effects on memory function. In fact, patients who take such
drugs as adjuvant therapy after surgery on breast cancer are
not all postmenopausal women. Moreover, the similar kind
of compounds as TAM or TOR will be developed undoubt-
edly in an attempt to meet a multitude of medical needs in
both woman and man (Mitlak and Cohen, 1999). In the
present study, it is also shown that both TAM and TOR
affected memory function in male mice, suggesting that
TAM and TOR affect memory function regardless of sex
difference. Thus, the results of the present study may be
reasonable to explain the adverse effects of impairing
memory of TAM and TOR in clinical setting.

In summary, the results of the present study demonstrate
the impairment in memory after intraperitoneal administra-
tion of TAM or TOR in mice. It is likely that this impair-
ment is due to the estrogen antagonistic property of these
drugs. The results suggest that it is worthwhile to pay more
attention on memory function changes for the patient who
takes TAM or TOR as adjuvant therapy for breast cancer.
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