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Purpose. To investigate the effects of acute tamoxifen treatment on
hepatic cytochrome P450 (CYP) expression and circulating thyroid
and growth hormone (GH) levels in intact adult male rats.
Methods. Rats were injected subcutaneously with peanut oil (vehicle)
or tamoxifen at a dosage of 20 or 200 mg/kg for 2 consecutive days.
Blood for GH measurements was collected on day 34. Rats were
sacrificed at 37 days after treatment, trunk blood was collected, and
hepatic microsomes were prepared.
Results. Mean body weight of rats treated with tamoxifen at 200
mg/kg was decreased compared to vehicle-treated rats throughout the
5-week period after treatment. Hepatic CYP2A1-dependent testos-
terone 7�-hydroxylase activity and CYP2A1 protein content were
increased, whereas CYP2C11-mediated testosterone 2�- and 16�-
hydroxylase activities and CYP2C11 protein content were decreased
significantly following tamoxifen administration. Peak plasma GH
levels were 60% lower and nadir plasma GH levels were 30% higher
in tamoxifen-treated relative to vehicle-treated rats. In contrast, se-
rum triiodothyronine and thyroxine levels were not affected by
tamoxifen treatment.
Conclusions. Hepatic CYP enzyme expression was altered and body
weight was decreased in adult male rats 5 weeks after treatment with
tamoxifen. This alteration corresponded to changes in plasma GH
levels.
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INTRODUCTION

Tamoxifen (Nolvadex, Zeneca Pharmaceuticals, Wil-
mington, DE) is a nonsteroidal partial antagonist of the es-
trogen receptor that is used widely in the treatment of all
stages of breast cancer in both premenopausal and postmeno-
pausal women (1,2). Clinical and animal studies indicate that
chronic or short-term tamoxifen treatment can have diverse
pharmacological actions including disruption of endocrine ac-
tivity mediated by pituitary and thyroid hormones. For ex-
ample, blood levels of follicle stimulating hormone, luteiniz-
ing hormone, prolactin, testosterone (3,4) and insulin-like
growth factor-1 (5) were decreased, while triiodothyronine
(T3), thyroxine (T4), thyroid-binding globulin, sex hormone

binding globulin, and estradiol levels were increased (3,6,7) in
postmenopausal breast cancer patients on tamoxifen therapy
(10 mg twice daily). Tamoxifen administration at 10 mg twice
daily for 4 days reduced plasma growth hormone (GH) con-
centrations in teenaged boys 3 to 4 days after treatment (8).
Treatment of intact male and female rats with tamoxifen for
2 days was found to suppress GH secretion for up to seven
weeks following administration of the drug (9). Tamoxifen
also inhibited T3-dependent responses and increased mean
plasma GH concentration in ovariectomized-hypothyroid fe-
male rats (10–12) and decreased serum testosterone concen-
tration in adult male rats (13).

Thyroid hormones and the sexually dimorphic pattern of
GH secretion play a major regulatory role in maintaining the
sex- and age-dependent expression of hepatic drug- and ste-
roid-metabolizing cytochrome P450 (CYP) enzymes such as
CYP2A1, CYP2C11, and CYP2C12 in rat liver (14,15). Kawai
et al. (16) reported that hepatic CYP2A1, CYP2C11, and
CYP3A9 expression, testicular weight, and serum 17�-
estradiol concentration were altered in adult rats as a result of
neonatal tamoxifen administration. More recently, we dem-
onstrated that treatment of adult female rats with tamoxifen
for 2 days led to decreases in serum T3 concentration and
hepatic CYP2A1 protein levels 5 weeks after drug adminis-
tration (17).

In the present study, we set out to determine if acute
treatment of sexually mature intact male rats with tamoxifen
alters the expression of hormonally regulated hepatic CYP
enzymes. Circulating GH and thyroid hormone levels were
also measured to gain further insight into the mechanism by
which tamoxifen modulates CYP enzyme expression.

MATERIALS AND METHODS

Animal Treatment

Adult male Long Evans rats, approximately 65–80 days
of age (313–364 g), (Charles River Laboratories, Montreal,
Quebec, Canada) were housed in pairs on corn-cob bedding
in polycarbonate cages with free access to water and a com-
mercial rat diet (Rodent Laboratory Diet, No. 5001, PMI
Feeds Inc., Richmond, IN). Animal quarters were maintained
at a temperature of 20–23°C and had a 12-h photoperiod. The
research adhered to the principles and guidelines of the Ca-
nadian Council on Animal Care.

Rats were divided randomly into a control and a treat-
ment group, with 6 to 9 animals in each group, in two separate
experiments. After a 3-day acclimation period, rats were in-
jected s.c. with tamoxifen (Sigma Chemical Co., St Louis,
MO) in peanut oil at a dosage of 5 mg/rat (equivalent to 20
mg/kg) or 200 mg/kg on two consecutive days. A supra-
physiologic dosage of 200 mg/kg tamoxifen was selected for
testing to maximize potential effects observed with the lower
tamoxifen dosage. The control group received the vehicle
peanut oil alone at 2 ml/kg. Rats were weighed on each day of
treatment and at 11, 21, 31, and 37 days after the start of
treatment. Blood samples for the GH assay were collected
every 20 min for 8 h (starting at 9:00 a.m.) on day 34 from 3
rats treated with tamoxifen at a dosage of 200 mg/kg and from
3 control rats. Blood (250 �l) was drawn from the tip of the
tail into heparin coated glass capillary tubes (Natelson Blood
Collecting Tubes; Fisher Scientific, Vancouver, BC, Canada)
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and placed on ice. Rats were killed by decapitation 37 days
after the start of treatment and trunk blood was collected,
placed on ice and allowed to clot. Livers were excised imme-
diately, blotted dry, and weighed. Serum or plasma was sepa-
rated from blood by centrifugation at 13,000 × g for 15 min at
4°C and stored immediately at −75°C until analysis. Hepatic
microsomes were prepared from individual rats by differen-
tial ultracentrifugation (17). The final microsomal pellet was
suspended in 0.25 M sucrose and aliquots of the suspension
were stored at −75°C.

CYP Assays

Total protein concentrations were determined by using
the method of Lowry et al. (18). Total CYP concentrations
were determined by the sodium dithionite reduced carbon
monoxide difference spectrum, using a molar extinction co-
efficient of 91 cm−1 mm−1 (19). Microsomal testosterone hy-
droxylase activity was determined as reported elsewhere (20).
In brief, the reaction mixture contained 0.92 ml of 50 mM
potassium phosphate buffer with 3 mM MgCl2 at, pH 7.4, 50
�l of hepatic microsomes (at 6 nmol/ml), and 10 �l of 100 mM
NADPH. The reaction was initiated by the addition of 20 �l
of 12.5 mM testosterone and test tubes were incubated for 5
min at 37°C in a water bath with shaking. The reaction was
stopped with 6 ml of dichloromethane per test tube, and 50 �l
of 50 �M 11�-hydroxytestosterone was then added as the
internal standard. Testosterone metabolites were extracted,
dried under nitrogen, reconstituted in 200 ml of methanol,
and quantified by HPLC analysis using calibration curves of
authentic hydroxytestosterone standards.

SDS-PAGE and Immunoblot Assay

Hepatic microsomal CYP2A1, CYP2A2, CYP2B1,
CYP2B2, CYP2C11, CYP2C12, and CYP3A enzymes were
separated by SDS-PAGE and protein levels were quantified
by immunoblot analysis as described previously (16,17,20).
Proteins resolved by SDS-PAGE were transferred electro-
phoretically onto nitrocellulose membranes. Membranes
were incubated for 2 h at 37°C with sheep anti-CYP2A1 IgG
at 10 �g IgG/ml, rabbit anti-CYP2B1 IgG at 2 �g IgG/ml,
rabbit anti-CYP2C11 monospecific IgG at 15 �g IgG/ml,
mouse anti-CYP2C12 monoclonal IgG at 2.5 �g IgG/ml, or
rabbit anti-CYP3A1 IgG at 50 �g IgG/ml. Membranes were
then washed and incubated for 2 h at 37°C with alkaline
phosphatase-linked rabbit F(ab�)2 anti-sheep IgG (Kirke-
gaard and Perry Laboratories, Inc. Gaithersburg, MD) at a
dilution of 1:1000, or with alkaline phosphatase-linked goat
F(ab�)2 anti-rabbit IgG or anti-mouse IgG (TAGO Immuno-
logicals Inc., Burlingame, CA) at a dilution of 1:3000. Assay
conditions were optimized to ensure that color development
did not proceed beyond the linear response range of the phos-
phatase reaction.

Rat CYP2A2 and CYP2C12, expressed in insect cell su-
persomes, were purchased from BD Biosciences (Bedford,
MA). Purified rat CYP2A1 was obtained from Dr. A. Par-
kinson (XENOTECH LLC, Kansas City, KS City). CYP2B1,
CYP2B2, CYP2C11, and CYP3A1 were purified as reported
previously (16,17,20). Dr. P. E. Thomas (Rutgers - The State
University of New Jersey, Piscataway, NJ) provided the anti-
CYP2A1 IgG and Dr. E. T. Morgan (Emory University, At-
lanta, GA) provided the anti-CYP2C12 IgG.

Hormone Assays

Plasma GH and serum T3 and T4 concentrations were
measured using commercial enzyme immunoassay kits for rat
GH (Amersham Biosciences, Baie d’Urfé, QC, Canada) and
solid phase RIA kits for thyroid hormones (ICN Biomedicals,
Costa Mesa, CA), as outlined (17).

Statistical Analysis

Mean values of the control and treatment group were
compared using the unpaired t test. Differences with a p value
< 0.05 were considered to be significantly different.

RESULTS

Body Weight

The effects of tamoxifen were investigated in intact adult
male rats using a treatment regimen that was previously as-
sociated with prolonged antineoplastic activity (21) and al-
tered hepatic CYP2A1 expression in adult female rats (17).
Administration of tamoxifen once daily for 2 days at a dosage
of 200 mg/kg resulted in a marked suppression of body weight
in adult male rats (Fig. 1), with a mean final body weight that
was approximately 20% less than that of the vehicle-treated
group. Body weight was decreased during the first ten days
after treatment, followed by attenuated weight gain, which
persisted up to 37 days after treatment. In a separate experi-
ment, tamoxifen administered at 20 mg/kg had a similar nega-
tive effect on body weight. The final body weight of rats that
received tamoxifen at the lower dosage (20 mg/kg s.c. once
daily for 2 days) was 26% lower than that of the correspond-

Fig. 1. Body weights of intact adult male rats at various times fol-
lowing treatment with tamoxifen at 200 mg/kg (�) or peanut oil (�).
Body weights are presented as the mean ± SEM of 6 rats per group.
Mean body weights of rats treated with tamoxifen were significant-
ly different (p < 0.05) from those of control rats on days 11, 21, 31,
and 37.
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ing control group. Liver weight was unaffected by the tamoxi-
fen treatment (data not shown).

Hepatic Microsomal CYP Activities and Content

The effect of tamoxifen on CYP expression was investi-
gated by measuring CYP-mediated catalytic activities and
protein levels in hepatic microsomes. Total CYP content, ex-
pressed per mg total protein, was not significantly different
between vehicle-treated and tamoxifen-treated (20 or 200 mg/
kg) rats (Table I). However, testosterone 7�-hydroxylase ac-
tivity, which is a selective marker for CYP2A1, was increased
by approximately 60% following treatment with tamoxifen at
20 or 200 mg/kg. In contrast, testosterone 2�- and 16�-
hydroxylase activities, which serve as catalytic markers for
CYP2C11 expression, were decreased by approximately 40%
following treatment with tamoxifen at 200 mg/kg (Table I).
The rates of formation of 6�- and 16�-hydroxytestosterone
and androstenedione, which reflect the activities of CYP2B
and CYP3A enzymes, were not affected by tamoxifen treat-
ment. Testosterone 2�-hydroxylase, a CYP3A-catalyzed ac-
tivity, was decreased following treatment with tamoxifen at 20
mg/kg.

CYP protein levels were measured in hepatic micro-
somes of tamoxifen-treated rats (200 mg/kg) by densitometric
quantification of immunoblots probed with specific antibod-
ies. Immunoblot analysis confirmed that tamoxifen treatment
increased CYP2A1 and decreased hepatic CYP2C11 protein
levels by approximately 30% in each case, relative to the
control group (Fig. 2A). The hepatic level of CYP2A2, which
is a male-specific enzyme like CYP2C11, was determined to
be approximately 1 pmol/nmol total CYP and was not signifi-
cantly different between tamoxifen- and vehicle-treated rats.
CYP2C12, a female-specific enzyme, was not detectable in
hepatic microsomes from either tamoxifen-treated or control
male rats. Hepatic CYP2B1, CYP2B2, and CYP3A protein
levels were not affected by tamoxifen treatment (data for
CYP2B1 + CYP2B2 and CYP3A shown in Fig. 2B).

GH and Thyroid Hormone Levels

To determine if changes in body weight and hepatic CYP
enzyme expression were associated with altered GH secretion
by tamoxifen, plasma GH concentrations were determined
for 3 vehicle-treated and 3 tamoxifen-treated (200 mg/kg) rats
during an 8-h period 3 days before rats were killed (Fig. 3).
Individual representative 8-h plasma GH profiles are pre-
sented in Fig. 3. The plasma GH profile of the tamoxifen-
treated rat was characterized by fewer peaks and troughs
compared to that of the vehicle-treated rat. Mean plasma GH

levels were the same but peak plasma GH levels were ap-
proximately 60% lower (p < 0.05) and nadir plasma GH levels
were approximately 30% higher (p < 0.05) in tamoxifen-
treated rats compared to the control rats (Table II). Serum T3
and T4 concentrations measured 37 days after the start of
treatment were not significantly different between vehicle-
treated rats and rats treated with tamoxifen at 200 mg/kg
(Fig. 4).

DISCUSSION

Tamoxifen is a selective estrogen receptor modulator
that is capable of acting as a full estrogen agonist, partial
agonist, or antagonist depending on the species and tissue (1).
Previous studies have shown that brief or chronic exposure to
tamoxifen during development produced long-lasting changes
including altered expression of hepatic CYP enzymes in rats
(13,16). The present study demonstrates that hepatic
CYP2A1 and CYP2C11 expression and somatic growth were
affected in sexually mature male rats following treatment with
tamoxifen for 2 days.

The reduction in body weight associated with tamoxifen
treatment of male rats (20–26% decrease relative to the ve-
hicle-treated group) did not appear to be dosage-dependent.
Comparable reductions in body weight (decrease of 12–18%)
were reported recently for female rats treated for 2 days at
dosages of 0.5 to 200 mg/kg (17). Decreases in body weight
were also observed for intact male and female rats that were
treated with tamoxifen daily for 2 years at dosages that
ranged from 5 to 35 mg/kg/day (22). In that study, male rats
exhibited greater weight gain suppression than female rats, an
effect that was attributed to lower food consumption (22).
Decreased food intake and somatic growth have been as-
cribed to the weak estrogenic activity of tamoxifen (23). For
female rats that were exposed to tamoxifen using the same
regimen as that used herein, food intake was reduced for only
the first 2 weeks following treatment but body weight re-
mained depressed for up to 5 weeks (17), suggesting that food
intake alone is unlikely to account for the persistent suppres-
sion in weight gain noted previously (17) and in the current
study.

We had suspected previously that T3 suppression played
a role in suppressing somatic growth (17). In the present
study, serum T3 levels were not affected by tamoxifen. In
contrast, plasma GH peak levels were decreased and GH
nadir levels were elevated five weeks after tamoxifen admin-
istration. Tannenbaum et al. (9) also found that peak GH
levels were decreased following treatment with tamoxifen for
2 days, but they reported a more profound attenuation of GH
secretion than was seen in this study. The reduced weight gain

Table I. Effect of Tamoxifen Treatment on Hepatic Microsomal CYP Content and Testosterone Hydroxylase Activities

Dosage
(mg/kg)

Total CYP
content

(nmol/mg)*

Testosterone metabolite (pmol formed�min−1�nmol−1 total CYP)

2� 2� 6� 7� 16� 16� Androstenedione

0 1.28 ± 0.24 1580 ± 135 185 ± 48 1180 ± 178 154 ± 25 2450 ± 196 44 ± 5 3160 ± 390
20 1.26 ± 0.17 1256 ± 132 124 ± 20† 1180 ± 122 243 ± 46† 2020 ± 211 41 ± 2 2980 ± 193

0 1.07 ± 0.06 1540 ± 104 179 ± 9 1780 ± 168 238 ± 33 2650 ± 284 77 ± 15 1600 ± 183
200 0.95 ± 0.05 872 ± 84† 172 ± 22 1840 ± 212 387 ± 47† 1570 ± 150† 78 ± 8 1480 ± 108

* Total CYP content and enzyme activities are expressed as mean the ± SEM for 6–9 rats per treatment group.
† Significantly different (p < 0.05) from the corresponding vehicle-treated (0 mg/kg) group.

Effect of Tamoxifen on CYP Enzymes in Male Rats 1633



observed in our study could be explained by changes in
plasma GH levels because decreased GH pulse height is as-
sociated with decreased body weight in rats (24,25).

The increase in hepatic CYP2A1 expression and de-
crease in CYP2C11 expression noted in the present study are
consistent with results from Kawai et al. (16), in which hepatic
CYP2A1 protein content was increased and CYP2C11 pro-
tein content was decreased in adult male rats that had been
treated with tamoxifen during the neonatal period. In con-

trast, administration of tamoxifen to intact adult female rats,
at dosages of 20 to 200 mg/kg, decreased CYP2A1 expression
but had no effect on CYP2C11 expression (17). The mecha-
nism by which tamoxifen alters CYP enzyme expression is
unclear. Experimental data from our laboratory indicates that
direct effects of tamoxifen on CYP expression are unlikely
because neither tamoxifen nor 4-hydroxytamoxifen was de-
tectable in plasma of adult female rats by 24 days after treat-
ment with tamoxifen at a dosage of 50 mg/kg (17). Although
it is possible that tamoxifen might be detected following treat-
ment with the higher dosage used in the present study, we did
not observe induction of CYP2B or CYP3A enzymes, which
has been reported to be a direct effect of tamoxifen on CYP
enzymes (26). In addition, tamoxifen does not appear to be
acting as an estrogen receptor agonist in the liver because

Table II. Mean, Nadir, and Peak Plasma GH Concentrations Follow-
ing Tamoxifen Treatment

Plasma GH concentrations (ng/ml)

Treatment

Peanut oil Tamoxifen

Mean GH concentration 123 ± 14 124 ± 16
Nadir GH concentration 64 ± 13 93 ± 10*
Peak GH concentration 451 ± 71 178 ± 23*

Intact adult male rats were treated once daily for 2 consecutive days
with tamoxifen at 200 mg/kg or peanut oil and blood samples (250 �l)
were taken every 20 min for 8 h at 34 days after the start of treatment
from 3 rats per treatment group.
* Significantly different from the vehicle-treated group (p < 0.05).

Fig. 3. Representative 8-h plasma GH concentrations following treat-
ment with tamoxifen at 200 mg/kg (�) or peanut oil (�). Intact adult
male rats were treated once daily for 2 consecutive days and blood
samples (250 �l) were taken every 20 min for 8 h at 34 days after the
start of treatment. Data from one rat in each treatment group are
shown in the figure.

Fig. 2. Hepatic microsomal levels of CYP proteins in intact adult male rats following treatment with tamoxifen at 200 mg/kg. Hepatic
microsomes were prepared 37 days after the start of treatment and CYP protein levels were measured by densitometric analysis of immu-
noblots probed with polyclonal antibodies as described in “Materials and Methods.” (A) CYP2A1 (left vertical axis and solid bars) and
CYP2C11 (right vertical axis and open bars), (B) CYP2B (left vertical axis and solid bars) and CYP3A (right vertical axis and open bars). The
CYP2B1 and CYP2B2 bands were quantified individually by densitometry and the data for both are presented. Values for CYP3A are
expressed as relative optical density units/nmol total CYP because anti-rat CYP3A1 IgG cross-reacts with CYP3A2 and may also recognize
other CYP3A enzymes that are unresolved from CYP3A1 on SDS-PAGE gels. Results are presented as the mean ± SEM of 6 rats per
treatment group. *Significantly different from the vehicle-treated group (p < 0.05).
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treatment of intact male rats with estradiol benzoate did not
increase testosterone 7�-hydroxylase activity, regardless of
the dosage used (27).

Numerous studies have shown that hepatic expression of
CYP2A1 and CYP2C11 is developmentally regulated and un-
der the influence of gonadal steroids and the sexually dimor-
phic pattern of GH secretion. Gonadectomy, which reduces
steroid hormone levels and alters GH secretion patterns,
leads to increased CYP2A1 and decreased CYP2C11 expres-
sion in male rats and decreased CYP2A1 expression in female
rats (28–30). Similar changes in CYP2A1 and CYP2C11 ex-
pression are produced in male rats by hypophysectomy
(28,29). Moreover, alteration of the male specific GH secre-
tion pattern by continuous infusion of exogenous GH, which
elevates GH plasma nadir levels and suppresses GH peak
levels, was found to induce CYP2A1 (28) and suppress
CYP2C11 (29) expression in intact rats. Taken together, these
studies indicate that CYP2A1 and CYP2C11 are sensitive to
changes in the GH concentration profile. The reduction of
peak plasma GH levels and the elevation of nadir GH levels
observed after tamoxifen treatment could have had a partial
feminizing effect on the sexually dimorphic expression of he-
patic CYP2A1 and CYP2C11 levels in intact male rats. The
absence of an effect on CYP2A2 and CYP2C12 expression,
however, suggests that the feminization effect, if it occurred,
was not large.

In summary, results from the present and recent studies
establish that tamoxifen alters the hepatic CYP2A1 and
CYP2C11 enzyme profile in male rats and hepatic CYP2A1
expression in female rats, regardless of whether the drug is
administered during the neonatal or adult period. Moreover,
the effect of a relatively brief exposure to tamoxifen is mea-
surable for several weeks after treatment. The mechanism by

which tamoxifen alters hepatic CYP expression remains un-
clear but the results are suggestive of an indirect hormonal
effect. We speculate that different mediators are involved in
male and female rats. In male rats, alterations of CYP enzyme
expression are consistent with the conclusion that a reduction
in peak plasma GH levels and an elevation in nadir plasma
GH levels mediated the effects of tamoxifen. The relevance of
our findings in relation to the therapeutic use of tamoxifen is
unknown.
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