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Tamoxifen is widely used in breast cancer therapy and in the treatment
of all stages of breast cancer including chemoprevention in women at high
risk of the disease. The most important aspect of tamoxifen therapy concerns
its influence on bone tissue and lipid metabolism. The aim of the study was
to evaluate the effect of tamoxifen on bone metabolism and blood choles-
terol levels in ovariectomized rats. The study was performed on Wistar rats
treated with tamoxifen at 2 and 4 mg/kg/24 h. Total serum cholesterol and
low density cholesterol were significantly increased in ovariectomized rats
(3.24 mmol/l and 2.06 mmol/l) in comparison with sham operated control
(2.68 mmol/l and 1.44 mmol/l) (p < 0.05).

Total serum cholesterol and low density cholesterol in tamoxifen-treated
rats were significantly decreased in comparision with the values in both
sham-operated and ovariectomized control. Bone mineral content (BMC)
and bone mineral density (BMD) of femurs of ovariectomized rats (0.32 g
and 0.081 g/cm2) decreased significantly compared to sham-operated con-
trols (0.42 g and 0.098 g/cm2) (p < 0.05). Tamoxifen prevented the bone
mass reduction induced by ovariectomy. The treatment with tamoxifen at
doses of 2 mg/kg/24 h and 4 mg/kg/24 h significantly increased BMC and
BMD in comparison with ovariectomized control. The results suggest a be-
neficial influence of tamoxifen on bone tissue and lipid metabolism.
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INTRODUCTION

Sex steroids play an important role in maintain-
ing skeletal mass in humans and animals [4, 5, 24,
27]. Decreases in sex steroids induced by surgery
or aging lead to the loss of skeletal mass and osteo-
porotic fractures [4, 9, 22]. Postmenopausal osteo-
porosis is poorly treated disease with significant
mortality and morbidity which is increasing in inci-
dence in a progressively aging population [1, 3, 20,
21]. Postmenopausal osteoporosis is a function of
the decline in levels of circulating estrogens, which
produces an increased rate of bone loss, rendering
the skeleton more prone to bone fractures [4]. Es-
trogen replacement therapy has numerous side ef-
fects, including increased risk of breast and uterine
cancer [1].

Estrogen has long been regarded as a beneficial
factor in preventing cardiovascular diseases by
keeping plasma cholesterol levels low in premeno-
pausal women. Postmenopausal women lose this
protection because of decreases in estrogen levels
as a result of natural atrophy of the ovaries. Estrogen
replacement therapy in postmenopausal women re-
stores this protective effect. However, an increase in
side effects has accompanied this treatment [1, 17].

Research efforts have focused on identifying
tissue-specific estrogen antagonist/agonist that could
be expected to have estrogenic positive protective
effects on bones and cardiovascular system, but are
devoid of the side effects of estrogens [12]. Ta-
moxifen is a mixed estrogen antagonist/agonist and
has been approved for breast cancer therapy [11].

Also tamoxifen has been shown to inhibit bone
loss due to estrogen deficiency and, therefore, has
agonistic effect on bone in postmenopausal women
[2]. The aim of the study was to evaluate the effect
of tamoxifen on bone metabolism and blood cho-
lesterol levels in ovariectomized rats.

MATERIALS and METHODS

Female Wistar rats were used in this experi-
ment. They were allowed to acclimatize for a mini-
mum of 10 days prior the study. The rats were
housed in the room maintained at 21 ± 1°C with
12-h light-dark cycle with the light cycle beginning
at 6:00 a.m. At 3 months of age, 40 females (body
weight 238.3 ± 10.4 g) were anesthetized with
a combination of ketamine (Ketolar) and xylazin
(Rampun) and were ovariectomized (30 individu-

als) or sham-operated (10 individuals). After sur-
gery the rats were allowed a recovery period till the
beginning of the experiment.

The rats were divided into 4 groups (n = 10) as
follows: (1) ovariectomized control, (2) tamoxifen
2 mg/kg/24 h orally, (3) tamoxifen 4 mg/kg/24 h
orally, (4) sham-operated controls.

The second and third groups were administered
orally with tamoxifen at 2 mg/kg/24 h or 4 mg/kg/
24 h, respectively. Tamoxifen was administered orally
in balls once a day. The first and fourth groups re-
ceived the vehicle. Treatments started on the day of
ovariectomy and continued for 3 months.

After 3 months of treatment, the rats were killed
by cardiac puncture under ketamine anesthesia. At
the end of the experiment, body and uterine weight
were determined. The right and left femurs were
collected and used for dual energy X-ray – analysis
(DEXA).

Biochemical analysis

Blood was obtained by cardiac puncture, allowed
to clot at 4°C and then centrifuged at 3000 × g for
10 min.

Total serum cholesterol was determined using
Monotest Cholesterol (Boehringer Mannheim GmbH,
Diagnostica, Germany). In this method following
reagents were used: Tris buffer 100 mmol/l, pH 7.7;
magnesium aspartate 50 mmol/l; 4-aminophenazo-
ne 1 mmol/l; sodium cholate 10 mmol/l; phenol
6 mmol/l; 3,4-dichlorophenol 4 mmol/l; hydroxy-
polyethoxy-n-alkanes 0.3%; cholesterol esterase
0.4 U/mol; cholesterol oxidase 0.25 U/mol; peroxi-
dase 0.2 U/ml.

Measurements were made using Perkin Elmer
Lambda 6 spectrophotometer (PE Corporation, USA)
at a wavelength of 546 nm.

LDL (low-density lipoprotein) serum choleste-
rol concentration was measured using LDL-cho-
lesterol test (Boehringer Mannheim GmbH, Diag-
nostica, Germany). LDL were precipitated by adding
polyvinyl sulfate to the sample. Their concentration
was calculated from the difference between the se-
rum total cholesterol and the cholesterol in the su-
pernatant after centrifugation. Measurement was
performed using Perkin Elmer Lambda-6 spectro-
photometer (PE Corporation, USA) at a wave-
length of 546 nm.

HDL (high-density lipoprotein) serum choles-
terol was determined using HDL cholesterol test
(Boehringer Mannheim GmbH, Diagnostica, Ger-
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many). In this method chylomicrons, VLDL (very
low-density lipoproteins), and LDL are precipitated
by adding phosphotungstic acid and magnesium
ions to the sample. Centrifugation leaves only the
HDL in the supernatant.

The determinations were made using Perkin El-
mer Lambda 6 spectrophotometer (PE Corporation,
USA) at a wavelenght of 546 nm.

Triglycerides serum concentration was meas-
ured using Peridochrom Triglycerides Test (Boe-
hringer Mannheim GmbH, Diagnostica, Germany)
– enzymatic hydrolysis of triglycerides with subse-
quent determination of liberated glycerol by colori-
metry.

Measurements were made using Perkin Elmer
Lambda-6 spectrophotometer (PE Corporation, USA)
at a wavelength of 546 nm.

Serum calcium concentration was measured us-
ing method of absorptive spectrophotometry on
Spectrophotometer PU 9100 X (Pye Unicam, GB)
at wavelength of 422.7 nm.

Phosphate serum concentration was determined
using Analco Test (Analco Medical Trade, Warsza-
wa, Poland) using Perkin Elmer Lambda-6 spectro-
photometer (PE Corporation, USA) at wavelength
of 350 nm.

AspAt, AlAT and GGTP serum activity, and to-
tal bilirubin and serum albumin contents were de-
termined using colorimetric bioMerieux tests (Bio-
Merieux, France). The enzymatic and colorimetric
determinations were performed using biochemistry
analizator Olympus AU 560 (Olympus, Japan).
AspAT was determined using kinetic method with
L-aspartate and �-ketoglutarate as substrats (temp.
37°C, Tris buffer pH 7.8). AlAT was determined
using kinetic method with L-alanine and �-keto-
glutarate as a substrates (temp. 37°C, Tris buffer
pH 7.5). GGTP was determined using kinetic
method with L-� glutamyl p-nitroanilide as a sub-
strate (temp. 37°C, Tris buffer pH 8.2). Bilirubin
was determined in the presence of dimethylsulf-
oxide (DMSO) by diazotized sulfanilic acid. Deter-
mination of serum albumin was performed using
bromocresol green (BCG) at pH 4.2.

The bone mineral measurements were perfor-
med by DEXA on Lunar DPX densitometer. This
system was equipped with a special software de-
veloped for small bone measurement. The femurs
were placed in a polyethylene container filled with
4 ml of water, and they were measured on their en-
tire length in order to obtain their total mineral con-

tent (BMC), and density (BMD).The sensitivity of
this method was 0.001 g.

Statistical analysis

The differences of parameters were statistically
evaluated using Mann-Whitney test.

RESULTS

Three months after surgery, body weight gain in
ovariectomized rats was greater than in sham-
operated controls. Body weight gain in tamoxifen-
treated rats did not differ from control animals.
Uterine weight in ovariectomized rats (group 1) as
well as in tamoxifen-treated groups (groups 2 and
3) was lower than that in sham-operated controls.
The aforementioned differences were not statisti-
cally significant (Tab. 1).

Total serum cholesterol and low density choles-
terol were significantly increased in ovariecto-
mized rats (3.24 mmol/l and 2.06 mmol/l) in com-
parison with sham-operated control (2.68 mmol/l
and 1.44 mmol/l) p < 0.05.

Total serum cholesterol and low density choles-
terol in tamoxifen-treated rats were significantly
decreased in relation to the values in the ovariecto-
mized control (Tab. 1). No significant differences
between studied groups were found in high density
cholesterol and triglyceride levels. Moreover, the
values of lipid parameters did not differ signifi-
cantly between rats treated with the dose of 2
mg/kg/ 24 h and 4 mg/kg/24 h (Tab. 1).

No significant differences were found in serum
levels of albumin, GGTP, creatinine, alkaline phos-
phatase, as well as AspAT and AlAT activity (data
not shown). The values of serum phosphate con-
centrations were significantly increased in ovariec-
tomized rats (8.32 mg/l) in comparison with sham-
operated control (5.82 mg/l) (p < 0.05) and rats
treated with tamoxifen at both doses. The differ-
ences in calcium concentrations were not statisti-
cally significant (Tab. 1).

BMC and BMD of femurs of ovariectomized
rats (0.32 g and 0.081 g/cm2) decreased signifi-
cantly compared to sham-operated controls (0.42 g
and 0.098 g/cm2) (p < 0.05). Tamoxifen prevented
the bone mass reduction induced by ovariectomy.
The treatment with tamoxifen at 2 mg/kg/24 h and
4 mg/kg/24 h significantly increased BMC and
BMD (p < 0.05). The values of BMC and BMD in
rats treated with the drug at the dose of 2 mg/kg/
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24 h and 4 mg/kg/24 h were as follows: 0.48 g/cm2,
0.104 g/cm2, and 0.50 g/cm2, 0.109 g/cm2, respec-
tively (Tab. 1). No significant differences were ob-
served in BMC and BMD between tamoxifen-treated
groups receiving it at 2 or 4 mg/kg/24 h.

DISCUSSION

The ovariectomized rat model replicates many
aspects of postmenopausal bone loss and has been
used to test a variety of therapeutic agents. Follow-
ing ovariectomy, there is an increase in concellous
bone turnover rates in rats, with increases in bone
resorption which results in a net loss of cancellous
bone at some skeletal sites, particularly metaphyseal
regions of the long bones. Cancellous bone osteo-
penia is well-established 1–2 months after ovariec-
tomy with persistent long-term changes in cancel-
lous bone structure [26]. The loss of estrogen after
ovariectomy is also associated with the increased
endochondrial bone elongation with concomitant
increases in periostal growth resulting in long
bones with greater overall dimensions, but reduced
cancellous bone [6, 8, 15].

The results of this study demonstrate that ta-
moxifen prevented the decreases in femoral BMC
and BMD in ovatiectomized rats. DEXA is a well-
validated, noninvasive method to accurately meas-
ure regional and whole bone changes in humans
and in rats [19]. In the current study, we employed
DEXA to quantifity the changes in BMC and BMD
in ovariectomized rats treated with tamoxifen. Three

months after ovariectomy, the BMC and BMD in
ovariectomized rats were significantly decreased in
comparison with sham-operated controls.

Tamoxifen at doses of 2 mg/kg/24 h and 4 mg/
kg/24 h was able to prevent the loss in BMC and
BMD of femur in ovariectomized rats. Aforemen-
tioned dosage in rats reproduces the dosage in hu-
mans. These results are in agreement with those re-
ported by other investigators [11, 13].

No change in total serum calcium was detected
following ovariectomy despite the increase in bone
resorption. Kalu et al. [8] have reported decreased
serum calcium after ovariectomy, however, it does
not appear any evidence for a reductions in that
there is serum calcium prior to bone loss in ovariec-
tomized rats [20]. The results demonstrate that ta-
moxifen has no effect on serum calcium, despite
decreases in the bone loss in ovariectomized rats.

The ovariectomy-induced increase in serum phos-
phate is related to the increased renal phosphate re-
absorption and may reflect a direct effect of estro-
gen on specific receptors in the kidney [20, 23]. Se-
rum phosphate is additionally related to the level of
bone resorption, consequently, the release of phos-
phate from the extracellular matrix during the in-
creased resorption after ovariectomy may contrib-
ute to the increased level in serum [20, 23]. The de-
crease in serum phosphate in ovariectomized rats
treated with tamoxifen may be a result of the de-
creased bone resorption.

We also found that tamoxifen doses of 2 and
4 mg/kg/24 h reduced total serum cholesterol and
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Table 1. The bone mineral and lipid measurements in ovariectomized sham-operated and tamoxifen-treated rats (mean values ± SD)

Groups
Body

weight (g)
Uterine

weight (mg)
TG

(mmol/l)
TChol

(mmol/l)
HDL-C

(mmol/l)
LDL-C

(mmol/l)
Ca

(mg/l)
P

(mg/l)
BMC

(g)
BMD

(g/cm2)

Ovariectomized 321.0 291.0 0.43 3.24a 1.16 2.06a 245.0 8.32a 0.32a 0.081a

Control ± 33.7 ± 32.0 ± 0.07 ± 0.19 ± 0.21 ± 0.18 ± 35.0 ± 0.53 ± 0.03 ± 0.010

Tamoxifen 275.0 310.0 0.41 2.64b 1.12 1.51b 256.0 6.05b 0.48b 0.104b

2 mg/kg/h ± 17.1 ± 35.0 ± 0.07 ± 0.31 ± 0.15 ± 0.30 ± 47.0 ± 0.50 ± 0.07 ± 0.020

Tamoxifen 276.0 300.0 0.37 2.58b 1.18 1.45b 242.0 5.43b 0.50b 0.109b

4 mg/kg/24 h ± 27.6 ± 41.0 ± 0.07 ± 0.25 ± 0.23 ± 0.18 ± 15.0 ± 0.40 ± 0.07 ± 0.010

Sham-operated 281.0 320.0 0.39 2.68 1.24 1.44 264.0 5.82 0.42 0.098

Control ± 25.6 ± 40.0 ± 0.06 ± 0.35 ± 0.16 ± 0.24 ± 38.0 ± 0.62 ± 0.04 ± 0.010

a p < 0.05 vs. sham-operated control, b p < 0.05 vs. ovariectomized control



low density cholesterol in ovariectomized rats, al-
though the mechanism of the lipid-lowering effects
of tamoxifen remains not fully elucidated. The re-
sults of this study suggest that the lipid-lowering
effects of tamoxifen are largely mediated trough es-
trogen receptors [21, 25]. The lipid-lowering effect
correlated with increase in BMD and BMC. The
presence of estrogen receptors in bones and rapid
responses to estrogens suggest the key role of es-
trogen receptors in bone metabolism [23, 24]. Ka-
bayashi et al. [10] have shown that BMD of meno-
pausal women is strongly associated with the poly-
morphism of the estrogen receptor gene. Therefore,
the estrogen deficiency in postmenopausal women
is associated with an increase in bone turnover and
acceleration of bone loss, and is accompanied by
lipid disorders. It seems also that bone protective
properties of tamoxifen as well as the lipid lower-
ing effects are largely mediated through estrogen
receptors.

Tamoxifen has become a universal drug in breast
cancer therapy, used in the treatment of all stages of
breast cancer including chemoprevention in women
at high risk of the disease [14, 16]. The most excit-
ing aspect of tamoxifen therapy concerns its role as
a chemopreventive agent in breast cancer since pre-
vention is the best approach to control the disease.
The decreased incidence of contralateral breast can-
cer in women undergoing adjuvant tamoxifen ther-
apy has been the catalyst for a major intervention
trial with this antiestrogen in women at high risk of
the disease. Nevertheless, despite the potential
benefits, concerns remain about administering ta-
moxifen to healthy women apparently free of ma-
lignant disease. Specific apprehension surrounds
the use of tamoxifen in premenopausal patients be-
cause of the documented endocrine consequences
and other unknown effects which long-term tamo-
xifen treatment may exert on the ovaries [3, 7, 18].

The mechanism of action proposed for tamo-
xifen and results of the present work suggest that
tamoxifen has similar bone protective effects as
estrogens, but without the estrogen effect on the
uterus. The effects on lipid metabolism suggest that
tamoxifen therapy may influence the morbidity and
mortality associated with cardiovascular diseases.
Although, in general, tamoxifen therapy is well tol-
erated, this does not preclude the possibility of det-
rimental side effects as a consequence of its pro-
longed use. Many important questions regarding

the optimal use of tamoxifen as a therapeutic drug
and as a chemosuppressive agent still remain unan-
swered.
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