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Abstract

The selective estrogen receptor modulators tamoxifen and raloxifene represent a major therapeutic advance for clinical practice.

Unlike estrogens, which are uniformly agonists, tamoxifen and raloxifene exert selective agonistic or antagonistic effects on various

estrogen target tissues. The aim of the study was to evaluate the influence of tamoxifen and raloxifene on the conversion of

cholesterol to bile acids in estrogen deficiency in rats. The study included 40 female Wistar rats. The animals were divided into four

groups: sham operated control, ovariectomized control, ovariectomized rats treated with tamoxifen ovariectomized rats treated with

raloxifene. After 42 days of drug administration, bile was collected under anesthesia after administration of radioactive 4-��C

cholesterol. Bile was assayed for concentration of ��C bile acids conjugated with taurine and glycine after thin-layer chromatography

separation by the use of isotopic technique. In rats treated with tamoxifen and raloxifene, the statistically significant increase in

concentration of bile acids conjugated with glycine was observed as compared to ovariectomized animals from control group.

Moreover, in rats treated with tamoxifen the concentration of bile acids conjugated with taurine significantly increased. The results

of the present study suggest that tamoxifen and raloxifene increase the concentrations of conjugated bile acids in bile.
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Introduction

Tamoxifen is widely used in breast cancer therapy in

women [12]. Raloxifen is used to prevent osteoporo-

sis and is currently being tested as a preventive for

breast cancer. The most important aspect of this ther-

apy concerns its influence on bone and lipid metabo-

lism. Several studies reported the effect of tamoxifen

and raloxifene on plasma lipids [2]. Approximately

40% of total cholesterol removal occurs by its conver-

sion to bile acids, a process that takes place in the

liver. Cholesterol in the liver is present in free and es-

terified forms and is an obligatory precursor of bile

acids. Bile acid synthesis from cholesterol plays an

important role in liver and total body cholesterol ho-

meostasis [15]. Cholesterol input to the body takes

place either through intestinal absorption of exoge-

nous cholesterol or by de novo synthesis of choles-

terol from acetyl coenzyme A (CoA). Dietary choles-

terol is absorbed from the small intestine after solubi-

�����������	��� 
������ ����� ��� ������� 435

�����������	��� 
�����

����� ��� �������

	

� ��������

��������� � ����

�� 	�������� �� �� �! "�#���

��#��� $" %�!� �� 
"���"��



lization in the bile salt-containing micelles. These

processes may be important in determining the overall

hydrophobic-hydrophilic balance of the bile acid pool

and may be instrumental in governing biliary lipid se-

cretion and cholesterol solubility in bile. Supersatura-

tion and rapid nucleation of cholesterol in bile are of

key importance in the pathogenesis of cholesterol

gallstones [9]. Physiologically occurring bile acids are

conjugated with taurine and glycine. The conjugation

of bile acids with taurine and glycine leads to in-

creased solubility of cholesterol and bile acids in bile

and decreased nucleation of cholesterol in bile. The

aim of the study was to examine the effect of ta-

moxifen and raloxifene on the conjugation of bile ac-

ids with taurine and glycine in ovariectomized rats.

Materials and Methods

Female Wistar rats were used in this experiment.

They were allowed to acclimatize for a minimum of

10 days prior to the study. The rats were housed in the

room maintained at 21 ± 1°C with 12-h light-dark cy-

cle 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 (Rompun) and were ovariecto-

mized (30 individuals) or sham-operated (10 indi-

viduals). After surgery the rats were allowed a recov-

ery period till the beginning of the experiment. The

rats were divided into 4 groups (n = 10) as follows:

(1) ovariectomized control, (2) sham-operated con-

trols, (3) tamoxifen 5 mg/kg/24 h orally, (4) raloxifene

10 mg/kg/24 h orally.

The drugs were administered orally once a day.

The first and second groups received the vehicle. The

treatment was continued for 42 days. Twenty-four

hours before experiment the animals were starved

with free access to water. Under anesthesia with ethyl

urethane (1.7 g/kg ip) the right external jugular vein

and common bile duct were cannulated and polyethyl-

ene catheter was introduced into the bile duct. Radioac-

tive 4-14C cholesterol (740 kBq /kg, s.a. 2.28 GBq/mmol)

was infused for 1 min by catheter inserted into the

jugular vein. Bile collection was started after 5 min

equilibration period. Bile was collected for 6 h. Bile

samples were assayed for total 14C radioactivity. The
14C-taurocholic acid, 14C-taurochenodeoksycholic +
14C-taurodeoksycholic acids, 14C-glycocholic acid,
14C-glycochenodeoxycholic + 14C-glycodeoxycholic ac-

ids, 14C-cholic and 14C-litocholic acids were analyzed

in bile. 14C-bile acids were determined in bile (after

thin-layer chromatography separation) by the use of

isotopic technique with Liquid Scintillation Spec-

trometer – Pacard – Tri Carb 3385 [3].

Statistical analysis

The parameters were statistically evaluated using

Cochran-Cox test.

Results

As shown in Table 1, the ovariectomy significantly

decreased the concentrations of 14C-glycocholic acid

in bile. In rats treated with tamoxifen, we observed

the statistically significant increase in concentrations

of 14C-glycocholic acid and 14C-taurochenode-
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Tab. 1. ������������� �	 ������� ��� �������#���)������
��
�#-��� ����� �������� �� -��� ������ . � ����� /012�3 /���� ������ 4 ��3

Groups ��C-bile acids (kBq/g)

��C-taurocholic acid ��C-taurochenodeoxycholic
+ ��C-taurodeoxycholic acid

��C-glycocholic acid ��C-glycochenodeoxycholic
+ ��C-glycodeoxycholic acid

sham-operated control 3.994 ± 0.605 3.285 ± 0.344 1.476 ± 0.163 1.789 ± 0.221

ovariectomized control 4.113 ± 0.548 2.947 ± 0.312 1.103 ± 0.137* 1.937 ± 0.235

tamoxifen 5 mg/kg/24 h 4.591 ± 0.529 4.232 ± 0.455* * 1.561 ± 0.183* * 1.871 ± 0.211

raloxifene 10 mg/kg/24 h 4.276 ± 0.590 3.144 ± 0.376 1.156 ± 0.154 2.419 ± 0.263* *

5 � 6 %,%7 vs, ����#�������� �������8 55 � 66 %,%7 vs, �����������(�� �������



oksycholic + 14C-taurodeoksycholic acids. In rats

treated with raloxifene, concentrations of 14C--

glycochenodeoxycholic + 14C-glycodeoxycholic acids

increased (Tab. 1).

Discussion

The aim of this study was to examine the effect of ta-

moxifen and raloxifene on the conjugation of bile ac-

ids with glycine and taurine, factor which may be as-

sociated with the pathogenesis of gallstones. The ther-

apy with tamoxifen and raloxifene significantly

increased the concentration of conjugated bile acids in

bile probably leading to increased solubility of bile

acids and cholesterol in bile. From theoretical view

point these changes might be associated with de-

creased supersaturation of bile with cholesterol and

bile salts. These properties might suggest the benefi-

cial effect of tamoxifen and raloxifene on gallstone

generation. Nevertheless the results from clinical

studies did not confirm these observations.

Fisher and coworkers examined the women treated

with tamoxifen after 7 years of follow-up [6]. These

authors did not mention the decreased frequency of

gallstone diagnosis in this group. The report of Akin

et al. demonstrated that at the end of 5 years ta-

moxifen therapy, the incidence of gallstone formation

was 37.4%, whereas it was 2% in patients who did not

receive tamoxifen [1].

Most gallstones are composed of cholesterol and

bile salts, and three factors are required for their for-

mation: supersaturation of bile with cholesterol, bile

stasis and destabilization of bile [4]. Gallstones are

formed when bile that is supersaturated with choles-

terol and bile salts becomes destabilized. Risk factors

associated with gallbladder disease include older age,

female sex, white ethnicity/race, obesity, rapid weight

loss, and among women greater parity, use of oral

estrogen-containing contraceptives, and postmeno-

pausal estrogen therapy [5, 11]. Some follow-up stud-

ies suggest that estrogens increase the risk for gall-

bladder disease by as much as twofold to fourfold [8,

10]. By decreasing biliary acid synthesis and secre-

tion, oral estrogen therapy alters the composition of

bile, resulting in increased concentrations of biliary

cholesterol. Whether progestins affect the risk for

clinical gallbladder disease is less clear; progestins

may inhibit gallbladder motility [13, 14] and decrease

cholesterol 7�-hydroxylase activity, which, in turn,

may affect the rate of cholesterol catabolism to bile

acids [7].

The results of the present study suggest that ta-

moxifen and raloxifene increase the concentrations of

conjugated bile acids in bile, leading probably to the

increased solubility of bile acids and cholesterol in

bile. These properties might lead to decreased forma-

tion of gallstones; nevertheless, this hypothesis did

not find the confirmation in previous studies. The in-

fluence of tamoxifen and raloxifene on bile composition

and gallstone formation requires further investigations.
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