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SUMMARY 

Male and female Balb/C mice were treated for 12 weeks with a daily oral dose of 150 pg methyltestoster- 
one. or a weekly S.C. injection of 25 pg of Decadurabolin@ for up to 22 weeks. No discernible effects on 
the types or amounts of the gall-bladder bile acids were observed with either type of treatment. Bihary 
cholesterol concentration was not affected. After treatment with both types of anabohc androgen diffuse 
hepatocytic hyperplasia was seen, and male mice were more affected than were female mice. No signs of 
pehosis hepatis nor focal nodular hyperplasia were observed in any of the livers. 

INTRODUCIION 

Epidemiological and experimental investigations have 
clearly shown the natural and synthetic oestrogens 
influence the metabolism of biliary lipids. Thus 
women who use oral contraceptives or are treated 
with synthetic oestrogens exhibit an increased tend- 
ency to develop gallstones [l, 23. Other studies have 
shown that ingestion of oral contraceptives by women 
leads to the formation of a lithogenic bile, and bile 
acid metabolism is affected, but these effects are 
reversed when use of oral contraceptives is 
stopped [33. Work from this laboratory has shown 
that administration of as little as 3Opg of ethynyl 
oestradiol for seven days to normal male subjects also 
causes disturbances of biliary lipid composition [4]. 

Experimental studies with animals support the 
results obtained in investigations of human subjects. 
Ethynyl oestradiol alone or in combination with a 
progestin has been shown to affect biliary lipid com- 
position in rats [S], baboons [6] and cats [7]. 

However, no comparable studies of the effects of 
anabolic androgens on biliary lipid composition and 
bile acid metabolism appear to have been carried out. 

5 To whom al) correspondence and requests for reprints 
should be addressed. 

The trivial names of the bile acids mentioned in the 
text (and the abbreviations used in Tables 1 and 2) are: allo- 
chohc acid 3a,7a,12a-trihydroxy-Sa-cholanoic acid 
(5a-3a,7a,12a); a-muricholic acid, 3e_6/l,7a-trihydroxy-5/3- 
cholanoic acid (5/%3a,6&7a); cholic acid, 3a,7a,12a-trihyd- 
roxy+!?-cholanoic acid (5/&3a,70;12a); deoxycholic acid, 
3a,l2a-dihydroxy-5B-cholanoic acid (5B-3a.lZa); 3a,68- 
dihydroxyl5/?-cholanoic acid (5/3-301.68); &muricholic acid, 
3a,6/3,7/I-trihydroxy-5b-cholanoic acid (5fi-3a,6/?,7/Q; hyo- 
deoxycholic acid, 3a.6a-dihydroxy-5fi-cholanoic acid 
(5fi-3x,6a); chenodeoxycholic -acid 3a,7a-dihydroxy-5/?- 
cholanoic acid: w-murichohc acid. 3a.6a,7B-trihvdroxv-5B- 
cholanoic acid; hthocholic acid 3a-hydrdxy-5b-cholandic 
acid: all are -cholan-24-oic acids. 

In this paper we report attempts to affect biliary lipid 
composition and to induce hepatic lesions by rela- 
tively long-term administration of a 17a-alkyl 
androgen, methyltestosterone, and a commonly used 
anabolic androgen, 17B-hydroxy-19-nor4andros- 
ten-3-one-17/&decanoate (Decadurobolin@), which 
lacks a 17a-alkyl substituent, using male and female 
mice. 

METHODS 

Animals 

Age-matched male and female Balb/C mice, 3 
months old, were obtained from recognised dealers or 
reared from the breeding stock of this Animal Unit. 
They were acclimatised for 3 weeks in a room con- 
taining no other animals; temp. 20°C and with a 12 h 
light-dark cycle. They had free access to water and a 
diet of commercial rodent food (Fortified Rodent 
Food Pellets; British Petroleum Ltd.). The experimen- 
tal animals receiving steroid were kept in separate 
cages, since preliminary experiments had shown that 
the androgens used produced aggressive behaviour in, 
both male and female mice. Control animals receiving 
arachis oil only were kept in groups of 5 animals per 
cage. No disease or deaths were encountered. 

Administration of steroids 

Methyltestosterone, in powder form (kindly 
donated by Organon Laboratories. Ltd.), was dis- 
solved in arachis oil to provide a solution containing 
1.5 mg steroid/ml. The experimental animals were 
given 0.1 ml of the solution daily between 
09O&lO.OOh by the oral route using a blunt-ended 
flanged stainless-steel tube (5 cm long) fitted to a 
1 .O ml syringe. Control animals received 0.1 ml ara- 
this oil only by the same method. 
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Decadurabolin@ (Organon Laboratories Ltd.) pro- 
vided in ampoules of 50mg/ml in arachis oil-benzyl 
alcohol (9: 1. V/V) was diluted with arachis oil to pro- 
vide a sterile solution containing 125pg/ml. The ex- 
perimental animals were given 0.2 ml of the solution 
at weekly intervals by S.C. injection. Control animals 
were injected with arachis oil only. 

The animals were weighed before the experiment 
and at weekly intervals thereafter. 

Collectiorl and analysis of gall-bladder bile and livers 

On the day preceding killing, the animals were 
fasted for 14 h but were allowed free access to water. 
The mice were killed by cervical dislocation. The gall 
-bladders were removed with fine forceps and pooled 
in groups according to sex and treatment. The bile 
was stored at -25°C until analysed. The livers were 
removed and placed in buffered formal-saline. 

Bile acids were determined in duplicate 50~1 
volumes of bile, using ethanolic-alkaline hydrolysis 
and gas-liquid chromatography on columns of 1% 
HiEff 8BP as described by Taylor[I]. Since mouse 
gall-bladder bile contains at least 10 bile acids a full 
assessment of the overall accuracy of the method can- 
not be given. However, analysis of a pool of mouse 
gall-bladder bile showed that the reproducibility of 
the within-batch analysis of the major bile acids was 
*3% and +5% for minor bile acids. The between- 
batch reproducibility was +5% for major bile acids 
and f7% for minor components. We have calculated 
that the overall accuracy of the method is approx. 
+50/b; for total bile acids. *7% for individual com- 
ponents and kS% for total bile acids. 

Cholesterol was determined in duplicate 504 bile 
samples by a g.1.c. method [S] except that 5/?-choles- 
tan-3a-ol was used as internal standard. and the tri- 
methylsilyl ethers of the sterols were separated on 
columns of 1% HiEff 8BP. The overall accuracy of 
this me’ihod was _+5%. 

Treatment qf animals 

Two experiments were carried out with each type of 
androgen. In Experiment 1, 6-8 animals of each sex 

were used in .each group. In Experiment 2, there were 
20 animals in each group. Half of the Decadurabolin- 
treated group were killed after 11 weeks, and half of 

the methyltestosterone group were killed after. 4 
weeks. Since no changes in bile acids nor in liver 
architecture were observed in these animals, the 
results are not recorded here. 

Liver tissue 

Sections of liver for histological examination were 
prepared by standard method+ and the results will be 
reported elsewhere [9]. 

RESULTS 

The weight (+ SD) of the male control animals was 
32 f 1 g at the start of the experiment, and 32 f 1 g 

S.B. I I’% , 

at the end. The corresponding weights of the female 
animals were 24 & 1 g and 24 f 1 g respectively. The 
weights of the male mice given methyltestosterone 
were 32 k 0.5 g before and 34 + 1 g after treatment; 
the corresponding weights of the female animals were 
24 + 0.5 g and 26 t_ 0.5 g respectively. The weight- 

gain occurred over the first 2-3 weeks of treatment 
and was maintained thereafter. No marked changes in 
weight occurred in the animals treated with Decadur- 
abolin@. This expected weight increase in methyltes- 
tosterone treatment contrasts with the loss in weight 
of rats treated with ethynyl oestradiol [S]. 

Gall-bladder bile acids and cholesterol 

The bile acid patterns of mouse bile shown in 
Tables 1 and 2 are very similar to those described by 
Eyssen et a/.[ IO] in that cholic and /I-muricholic acids 
are the predominant bile acids. with smaller amounts 
of other bile acids. Those authors also found appreci- 
able amounts of chenodeoxycholic and o-muricholic 
acids not found in the present investigation, but they 
used male C3H mice, prevented coprophagy, and 
maintained the animals under different conditions 
with a different diet from those used by us. These 
differences could account for the slightly different pat- 
terns of bile acids found in the bile. 

No abnormalities were observed in the types or 
amounts of gall-bladder bile acids in male and female 
mice treated with Decadurabolin@ for 22 weeks 
(Table 1). nor in animals treated with methyltqstoster- 
one for 12 weeks (Table 2). 

The identity of the bile acids listed in Tables 1 and 
2 was established by retention time relative to that of 
the derivative of cholic acid, and by fragment-ion gas 
chromatography-mass spectrometry with the cooper- 
ation of Professor J. Sjijvall. The substances marked 
with an asterisk in the Tables did not give clear mass 
spectra: the peak corresponding to 3a,6,6B-dihydroxy- 
5/?-cholanoic acid contained a small amount of che- 
nodeoxychoiic acid. The /S-muricholic acid, a major 
component of mouse bile. contained small amounts of 
closely related bile acids, probably with a double 
bond in the side chain and/or the ring system (cf. 
Kern et al. [S]). 

Morphological changes in the liver 

After a few’ weeks animals treated with either 
steroid showed nuclear pleimorphism with enlarged 
hepatocytes. After 22 weeks treatment with Decadura- 
bolin@ and 12 weeks with methyltestosterone, most 
livers showed diffuse hepatocytic hyperplasia. These 
changes were more marked in male than in female 
animals. No changes were observed in the control 
groups. 

DISCUSSION 

Apart from the present investigation no systematic 
studies of the effects of anabolic androgens on biliary 
bile acid composition, and of cholesterol concen- 
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tration. related to changes in liver architecture have 
been carried out. It is apparent from Table 1 that 
administration of Decadurabolin@, a steroid with no 
17z-alkyl substituent, at a dose level approximating to 
that used in man, has no effect on the bile acid and 
cholesterol concentrations of gall-bladder bile of mice 
treated for up to 22 weeks. More surprisingly. treat- 
ment of mice for up to I2 weeks with relatively large 
doses of the I7z-alkylated steroid. methyltestosterone. 
also had no effect on gall-bladder bile acid and cho- 
lesterol concentrations (Table 2). These findings are in 
marked contrast to the effects on biliary lipid compo- 
sition induced by female sex hormones in man and 
animals. Such effects occur within a few days of ad- 
ministration of the steroids [4. 5.71. 

A further point of contrast between the actions of 
these anabolic androgens and female sex hormones is 
that no histopathological changes were observed in 
the livers of rats treated with relatively large doses of 
ethynyl oestradiol for a few days, even though intra- 
hepatic cholestasis and disturbance of biliary lipid 
occurred [S]. Even though the types of experimental 
techniques and doses of steroids used have been dif- 
ferent, the tentative conclusion may be drawn that the 
female and male sex hormones act at different levels 
in the hepatobiliary system. Kern et d.[5] have sug- 
gested that the action of oestrogens is on the bile 
salt-independent bile flow. 

Oestrogens and androgens differ in their action on 
the hepatic microsomal enzymes involved in drug 
metabolism. Oestrogens cause a reduction in micro- 
somal enzyme activity, whereas testosterone greatly 
increases this enzyme activity [I I]. Since cholesterol 
and bile acids are hydroxylated by these microsomal 
enzymes [ 121, an effect on the amounts of hydroxy- 
lated bile acids present in mouse bile could have been 
expected after long-term androgen administration. 
However, no such effect was observed in the present 
work. 

There were differences in the response of mice to 
the androgens in terms of changes in liver architec- 
ture. After I I weeks all mice treated with Decadura- 
bolin@ showed nuclear pleimorphism and enlarged 
hepatocytes. but after 22 weeks treatment all male 
mouse livers showed diffuse hepatocytic hyperplasia. 
whereas female mice were only mildly affected. Simi- 
lar changes were also seen in the methyltestosterone 
treated group, and again the effects were more 
marked in the male mice. No reason for this sex dif- 
ference in response to androgen treatment can be 
given at this stage. 

It is frequently stated that synthetic sex hormones. 
particularly those with a 17z-alkyl or -ally1 substi- 
tuent. have deleterious effects on the liver. These 
effects range from an impaired ability of the liver to 
clear bromosulphophthalein to severe intrahepatic 
cholestatic jaundice. and are usually reversible when 
steroid hormone treatment is withdrawn [l3. 141. 
Many authors have assumed that, because of their 
similarity in structure. the anabolic androgens and the 

steroidal components of oral contraceptives might be 
expected to produce the same types of liver dysfunc- 
tion or histopathological lesions. Thus, Ockner and 
Davidson[lS] suggested that in some women oral 
contraceptives produced reversible, non-inflammatory 
intrahepatic cholestasis resembling that produced by 
certain anabolic androgens. Groos et a/.[161 put for- 
ward the hypothesis that the side effects of oral con- 
traceptives could be due to the 17a-alkylated-19-nor- 
androstane component rather than to the oestrogen 
component. However, this hypothesis is not tenable in 
view of epidemiological and experimental evidence 
from human [2,4] and animal [S] studies. Kalra et 
a/.[ 171 also suggested that the close chemical relation- 
ship between anabolic androgens and oral contracep- 
tive steroids might account for the liver lesions 
observed in patients receiving these steroids. These 
statements are quoted at length to emphasize the con- 
fusion which can arise by supposing that steroids 
might necessarily have the same effects on target 
organs or on the liver. 

Strong evidence has been provided for a direct rela- 
tionship between long-term treatment of human 
patients with anabolic androgens and a characteristic 
liver lesion. peliosis hepatis [IS]. The cases of andro- 
gen-induced peliosis hepatis reported between 1952 
and 1976 have been recorded by Paradinas et cll.[l9]. 
Those authors have suggested that methyltestosterone 
exerts its hepatotoxic effects by an action on the hepa- 

tic veins, whereas oestrogens are thought to act on 
bile-salt independent bile flow. Peliosis hepatis is 
rarely, if ever, found in patients treated with oral 
contraceptives. 

We observed only minor histopathological changes 
in the livers of the treated mice, and no lesions resem- 
bling peliosis hepatis were seen. It may be that the 
steroid treatment was not continued for a sufficiently 
long period, but I2 and 22 weeks represent a con- 
siderable proportion of the 1.5-3 y life-span of the 
mouse. 

The lack of effect of the two anabolic androgens on 
the cholesterol concentration may appear to be some- 
what unexpected. Administration of similar steroids 
to human subjects causes marked changes in endo- 
crine secretions. For example, Zumoff and his colla- 
borators found that Norethandrolone@ ( l9-nor- 172- 
ethyltestosterone) produced abnormal changes in cor- 
tisol [ZO]. and that CalusteroneO (78. I7z-dimethyltes- 
tosterone) has a pronounced effect on testosterone 
metabolism [Zl]. Also. the non-steroidal antian- 
drogen Flutamide @ (4’~nitro-3’-trifluoromethylbutyr- 
anilide) caused a definite increase in the conversion of 
testosterone to androsterone [22]. The latter steroid 
produces a significant decrease in plasma choles- 
terol [23], and chronic administratron of synthetic 
androgens and oestrogens produces changes in gona- 
dotrophin secretion in man [24]. Such effects on the 
endocrine system could have a profound effect on the 
metabolism of cholesterol and other sterols in man 
and animals. The absence of any change in biliary 
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cholesterol in the present study may he due to differ- 
ent effects on the various cholesterol pools in the 

body. We have observed that treatment of normal 
men with 30 pg of ethynyl oestradiol for 7 days causes 
a rise in biliary cholesterol. and a decrease in plasma 
testosterone. but plasma cholesterol concentrations 
remain unchanged [4]. The relationship between the 
plasma and biliary cholesterol pools is not well un- 
derstood, and no explanation can be given at this 
time for the failure of the two anabolic androgens to 
alter the biliary cholesterol concentration in mice. 

It is concluded from our results that the actions of 
anabolic androgens on the hepatobiliary system differ 
in many respects from the effects of female sex hor- 
mones. The androgens produced detectable hepatocy- 
tic hyperplasia with no discernible changes in biliary 
lipids. However female sex hormones. at least in the 

rat. produced no detectable liver lesions but caused 
marked changes in the metabolism of biliary 
lipids [S]. 
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