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Abstract:

4-Hydroxyandrost-4-ene-3,17-dione (formestane) is a selective aromatase inhibitor. It is indicated for postmenopausal patients with

advanced breast cancer.

The aim of the present study was to investigate the effect of 4-hydroxyandrost-4-ene-3,17-dione on the bile secretion and

metabolism of 4-��C-cholesterol to bile acid.

The experiments were carried out in the ovariectomized and sham-operated female Wistar rats. Formestane (20 mg/kg, im, daily)

was administered to animals for 2 weeks. Twenty four hours after the last drug administration, rats were anesthetized with ethyl

urethane.

4-��C-cholesterol (740 kBq/kg, s.a. 2.28 GBq/mmol) was infused for 1 min by catheter inserted into the jugular vein. Bile samples

were assayed for total ��C radioactivity. ��C-bile acids were determined in bile (after thin-layer chromatographic separation) by the

use of isotopic technique with liquid scintillator.

Previous studies showed that systemic adverse effects occurred in about 12% of patients following intramuscular drug

administration. Many of them such as hot flushes, vaginal spotting and emotional lability were related to the mechanism of action of

formestane i.e. estrogen suppression. Lethargy, rash, nausea, dizziness, indigestion, ataxia, cramps and facial swelling have also

been reported.

The results of the present study have shown that formestane administered to the female ovariectomized rats decreased the bile

secretion and diminished conversion of 4-��C-cholesterol to trihydroxy bile acids. The decreased synthesis of trihydroxy bile acids

and increased concentrations of cholesterol and litocholic acid in bile may be associated with increased risk of gallstone formation.
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Introduction

Aromatase inhibitors are widely used hormonal agents

in the treatment of breast cancer. They are highly ef-

fective in postmenopausal women with advanced

breast cancer, including hormone-naive women and

women who experienced failure of tamoxifen alone or

tamoxifen plus other hormonal agents.

Emerging data also demonstrate efficacy of the drug

in postmenopausal women treated in the adjuvant and

neoadjuvant settings. It is postulated that similar results

also can be obtained with aromatase inhibitors in the

adjuvant therapy of premenopausal women with

endocrine-responsive breast cancer undergoing ovarian

suppression. In addition, aromatase inhibitors are being

evaluated for prevention and in combination with che-

motherapy and targeted therapies [3, 15].

The mechanisms of tamoxifen action suggest that

this drug has similar effect on plasma lipids as estro-

gens [7]. Previous studies have shown that aromatase

inhibitors may have neutral or positive effects on lipid

metabolism. Nevertheless, their influence on hepatic

lipid metabolism is not known. Approximately 50%

of cholesterol excretion is accompanied by conver-

sion of cholesterol to bile acids [20]. Conversion of

cholesterol into bile acids takes place exclusively in

the liver parenchymal cells and is the major pathway

for the elimination of cholesterol from the mammal-

ian body [4]. The initial step in bile acid synthesis is

catalyzed by microsomal cholesterol 7�-hydroxylase

[18, 21]. Cytochrome P450 cholesterol 7�-hydroxy-

lase is regulated at the protein and the mRNA level in

response to multiple physiological factors, including

the amount and/or nature of bile acids returning to the

liver via the portal vein, nutritional and hormonal fac-

tors, phosphorylation-dephosphorylation and cyto-

solic proteins [12, 13].

Female sex hormones are known to increase the in-

cidence of cholesterol gallstones, to inhibit bile flow

and to cause excessive biliary cholesterol secretion [19].

These disturbances might be related to alterations in bile

acid metabolism. The effect of aromatase inhibitors on

conversion of cholesterol to bile acids is not known.

4-Hydroxyandrost-4-ene-3,17-dione (formestane) is a se-

lective aromatase inhibitor. It is indicated for postmeno-

pausal patients with advanced breast cancer [15].

In premenopausal woman, aromatase is primarily

found in ovaries, but in postmenopausal woman, aro-

matase is largely distributed in muscle and adipose

tissues.

The aim of the present study was to investigate the

effect of 4-hydroxyandrost-4-ene-3,17-dione on the

bile secretion and metabolism of 4-14C-cholesterol to

bile acid.

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 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 (Keto-

lar) and xylazin (Rompun) and were ovariectomized

(30 animals) as described by Wronski et al. [22] or

sham-operated (10 animals). After surgery the rats were

allowed a recovery period till the beginning of the ex-

periment (14 days). The rats were divided into 4 groups

(n = 10) as follows: (1) ovariectomized control, (2)

sham-operated control, (3) ovariectomized rats treated

with formestane 20 mg/kg/24 h im, (4) sham-operated

rats treated with formestane 20 mg/kg/24 h im.

The drugs were administered im once a day. The

treatment was continued for 14 days. Twenty-four

hours before experiment the animals were starved

with free access to water. Twenty four hours after the last

drug administration under anesthesia with ethyl urethane

(1.7 g/kg ip) the right external jugular vein and com-

mon bile duct were cannulated and polyethylene

catheter was introduced into the bile duct. Radioactive

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

was infused for 1 min through the 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-taurochenodeoxycholic

+ 14C-taurodeoxycholic acids, 14C-glycocholic acid,
14C-glycochenodeoxycholic + 14C-glycodeoxycholic

acids, 14C-cholic acid, 14C-litocholic acid and 4-14C-

cholesterol were analyzed in bile. 14C-bile acids were

determined in bile (after thin-layer chromatographic

separation) by the use of isotopic technique with Liq-

uid Scintillation Spectrometr – Pacard – Tri Carb

3385.
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Statistical analysis

The parameters were statistically evaluated using Stu-

dent’s t-test.

Results

The effect of formestane on transformation of choles-

terol to bile acids was examined in ovariectomized

and sham-operated rats.

In sham-operated rats treated with formestane, the

significant increase in excretion of cholesterol and li-

tocholic acid was observed (p < 0.05) (Tab. 1). The

excretion of taurocholic, glycocholic, and cholic ac-

ids, as well as taurochenodeoxycholic plus taurode-

oxycholic, glycochenodeoxycholic plus glycodeoxy-

cholic, and chenodeoxycholic plus deoxycholic was

decreased. Nevertheless, the changes did not reach

statistical significance as compared with sham-

operated control.

In ovariectomized rats treated with formestane, the

decrease in excretion of 14C-bile, taurocholic and gly-

cocholic acids, as well as taurochenodeoxycholic plus

taurodeoxycholic, and glycochenodeoxycholic plus

glycodeoxycholic acids was observed. The excretion

of litocholic acid was increased. These changes were

statistically significant in comparison with ovariecto-

mized control (p < 0.05), (Tab. 1).

Discussion

The results of the study have shown that formestane

administered to the female ovariectomized rats de-

creased the bile secretion and diminished conversion

of 4-14C-cholesterol to trihydroxy bile acids. Conver-

sion of cholesterol to these primary bile acids occurs

via either the classic or alternative bile acid biosyn-

thetic pathways.

CYP8b1 (12� hydroxylase), a microsomal cyto-

chrome P450 enzyme in the classic and alternative

pathway controls the ratio of dihydroxy to trihydroxy

bile acids synthesis and thereby regulates the bile salt

hydrophobicity index [8, 9]. Since cholesterol in bile

is solubilized in a complex mixture of bile salts and

phospholipids, the concentration of these factors plays

an important role in regulation of cholesterol satura-

tion. The increased cholesterol saturation observed in

patients with cholesterol gallstones may result from

increased biliary cholesterol secretion but may also be

caused by decreased bile salt secretion.
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Groups

Bile and its ��C-fractions sham-operated ovariectomized sham-operated + formestan ovariectomized + formestan

Total bile output 1.61 ± 0.16 1.43 ± 0.15 1.59 ± 0.16 1.31 ± 0.14*

Total bile ��C-radioactivity 39.4 ± 4.0 42.7 ± 4.24 38.3 ± 4.01 34.4 ± 3.51*

4-��C-cholesterol 0.26 ± 0.03 0.34 ± 0.04 0.34 ± 0.04** 0.36 ± 0.04

��C-taurocholic acid 7.54 ± 0.84 8.43 ± 0.79 7.52 ± 0.81 5.70 ± 0.56*

��C-taurochenodeoxycholic
+ ��C-taurodeoxycholic acid 7.14 ± 0.81 7.65 ± 0.69 7.04 ± 0.66 6.03 ± 0.61*

��C-glycocholic acid 2.91 ± 0.31 3.20 ± 0.35 2.67 ± 0.29 2.20 ± 0.24*

��C-glycochenodeoxycholic
+ ��C-glycodeoxycholic acid 4.23 ± 0.41 4.36 ± 0.50 3.97 ± 0.41 3.96 ± 0.40*

��C-cholic acid 1.82 ± 0.24 2.10 ± 0.20 1.69 ± 0.21 2.02 ± 0.21

��C-chenodeoxycholic
+ ��C-deoxycholic acid 4.36 ± 0.49 4.41 ± 0.48 4.02 ± 0.39 3.87 ± 0.40

��C-litocholic acid 0.67 ± 0.07 0.86 ± 0.09 0.93 ± 0.10** 1.15 ± 0.10*

8 � 9 !/!: vs/ �����������%�� �������� 88 � 9 !/!: vs/ ����"�������� �������



The trihydroxy bile acids in contrast to dihydroxy

bile acids may reduce the degree of cholesterol satura-

tion in bile. The overall bile acid hydrophobicity in-

dex is important for cholesterol and bile acid synthe-

sis, intestinal cholesterol absorption, biliary cholesterol

secretion and gallstone formation [16]. The increased

synthesis of litocholic acid and decreased synthesis of

trihydroxy bile acids in rats treated with formestane

may be associated with increased cholesterol saturation

in bile and enhanced risk of gallstone formations.

CYP8b1 (12� hydroxylase), appears to be under

hormonal control [2]. Knowledge of the effects of es-

trogen on CYP8b1 is incomplete. Koopen et al.

showed estrogen administration to have no significant

effect on CYP8b1 mRNA levels in rats with intact en-

terohepatic circulation. Interestingly, when estrogen

was administered to rats with biliary diversion,

CYP8b1 mRNA levels were down-regulated [14].

Moreover, the reports on the effects of sex hor-

mones on bile acid synthesis are contradictory. It has

been found in in vivo studies that pharmacological

doses of the synthetic estrogen 17�-ethinylestradiol

decrease bile acid synthesis and 7�-hydroxylase ac-

tivity, and that physiological doses of 17�-estradiol

and progesterone inhibit cholesterol 7�-hydroxylase

activity in rats with high levels of enzyme due to in-

clusion of cholestyramine in the diet [5]. However, in

one study with hepatocyte suspensions, it has been

found that 17�-estradiol and progesterone increased

bile acid synthesis and output, and this was particularly

apparent when bile acid synthesis occurred at a low

rate [1]. This was interpreted as indicating that female

sex hormones activate bile acid synthesis through a di-

rect effect on the hepatocyte that could be masked by

other effects of the hormones on the whole organism.

The effect of formestane on bile acids synthesis

may be both direct and indirect. The direct effect may

be associated with the inhibition of enzymes involved

in bile acids biosynthetic pathways. The indirect ef-

fect may be caused by changes in estrogen synthesis.

The results of the present study suggest that the de-

creased synthesis of trihydroxy bile acids and in-

creased concentrations of cholesterol and litocholic

acid in bile may be associated with increased risk of

gallstone formations.

Formestane is an injectable steroidal aromatase in-

hibitor with significant activity against metastatic

breast cancer. In the clinical trials, formestane has

been generally well tolerated following intramuscular

administration at doses of up to 500 mg weekly [10].

Systemic adverse effects occurred in about 12% of

patients following intramuscular administration [6].

Many of these such as hot flushes, vaginal spotting

and emotional lability were related to the mechanism

of action of formestane i.e. estrogen suppression.

Lethargy, rash, nausea, dizziness, indigestion, ataxia,

cramps and facial swelling have also been reported

with an incidence of < 7% [11]. Anaphylactic reac-

tions following injection of formestane have been re-

ported but are rare occurring in about 2% of patients

within few minutes of administration of the drug [17].

The results of our study suggest that formestane

treatment is also associated with changes in bile com-

position which may predispose to gallstone formation.
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