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Cyproterone acetate (CPA) is a synthetic steroid which is used
in oral contraceptive and anti-androgen formulations. It has
previously been classified as a tumor promoter in rat liver.
Recent studies have shown that CPA induces DNA repair
synthesis in isolated hepatocytes, and this implies that CPA
is genotoxic. We studied the initiating activity of CPA in vivo
by means of a rat liver foci bioassay, using weanling female
Sprague —Dawley rats. The results show that CPA induces
adenosine-triphosphatase-deficient and --glutamyltrans-
peptidase-positive putative preneoplastic foci in a dose-
dependent manner. This indicates that CPA has not only
promoting but also initiating activity and may therefore act
as a complete carcinogen in rat liver.

Cyproterone acetate (CPA*) is a synthetic steroid which is used
in oral contraceptive and anti-androgen formulations. In a chronic
carcinogenicity study CPA has been shown to increase the liver
tumor rate in rats (1,2). The tumorigenicity of the steroid in rat
has been attributed to a tumor-promoting activity of this
compound (3). This assumption is confirmed by several findings.
CPA stimulates liver growth in rat (4), and DNA synthesis and
mitosis in primary cultures of rat hepatocytes (5). Moreover CPA
induces a higher proliferative activity in preneoplastic cells of
v-glutamyltranspeptidase (GGT)-positive foci than in unaltered
liver cells in vivo and in vitro (6,7).

Until recently there was no evidence that CPA had genotoxic
or tumor-initiating activities. The steroid was not mutagenic in
Salmonella typhimurium with and without metabolic activation
(8) and did not induce GGT-positive liver cell foci when tested
in a rat liver foci bioassay using the Solt—Farber protocol (9).
However, we have recently shown that CPA induces DNA repair
synthesis in isolated rat hepatocytes (7), which implies that CPA
is genotoxic. In view of this finding an initiating potential of CPA
in vivo should be taken into account. We therefore re-examined
whether the synthetic steroid has any initiating activity using our
protocol for the rat liver foci bioassay, which has been shown
to be more sensitive than other test protocols (10).

The rat liver foci bioassay was performed as described earlier
(11). Twenty-eight female Sprague —Dawley rats (inbred strain,
Neuherberg), 22 days old, were used. They were kept as
described previously (11). Food (Altromin, Lage) and drinking
water were given ad libitum.

CPA was a kind gift of Schering AG, Berlin. It was suspended
in olive oil immediately before use in concentrations of 12.5,
25 and 50 mg/ml. A concentration of 2 ml/kg body wt of the
suspensions was given to the animals by gavage between 9.00
and 10.00 a.m. In order to test the initiating potential of the
steroid, four groups of six animals each were treated with the

*Abbreviations: CPA, cyproterone acetate; GGT, y-glutamyltranspeptidase; PCB,
polychlorinated biphenyl; ATPase, adenosine-5’-triphosphatase.
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vehicle only, and 25, 50 and 100 mg CPA/kg body wt, on five
consecutive days. One week after the last application the animals
received 10 mg of Clophen AS0/kg in 2 ml of olive oil/kg body
wt p.o. twice weekly for 11 consecutive weeks as tumor
promoter. Clophen AS0 is a technical mixture of polychlorinated
biphenyls (PCBs) with a mean chlorine content of 50%. One
group of four animals remained untreated.

The animals were killed under ether anesthesia by decapltatmn
4 days after the last treatment with PCBs. Cryostat sections from
the median and left liver lobe were stained for
adenosine-5’-triphosphatase (ATPase) and GGT. The number and
area of ATPase-negative and GGT-positive foci with a size of
at least three cells were measured by means of a semi-automatic
picture analyzer (Videoplan, Kontron, Eching, Germany). The
single sections (1 cm?) were taken ~400 um apart from each
other. In total eight sections for ATPase, and four sections for
GGT were evaluated, corresponding to a total area of 8 and 4
cm? respectively.

Treatment of rats with CPA and PCBs resulted in a slight
(~4%) but significant reduction of the body weight compared
to the untreated and vehicle/PCB-treated rats (Table I). However,
this effect was not dose dependent. Liver weights and relative
liver weights were increased in all groups receiving PCBs.

In the untreated animals, few ATPase-deficient and GGT-
positive foci were observed (Table II). The repeated treatment
with Clophen AS50 (group 2) enhanced the number and area of
foci compared to the untreated animals (group 1). This may be
related to a weak initiating potential of the PCB mixture used,
which may lead to a syncarcinogenic effect. Earlier observations,
however, have shown that the number of foci observed after PCB
treatment is not dose dependent (12). Therefore, the increase in
the number of foci is most likely related to promotion of pre-
existing spontaneously initiated cells (3,13). The number and area
of ATPase-deficient and GGT-positive foci was significantly
enhanced in the animals treated with 50 and 100 mg CPA/kg
body wt compared to the PCB-treated controls. At the lower dose
of 25 mg/kg body wt the number of ATPase-deficient foci was
significantly higher than in the PCB-treated controls.

The question whether some synthetic estrogens and progestins
have not only a tumor-promoting but also a tumor-initiating
potential has previously been the matter of some controversy
(14—16). Nearly 10 years ago Schuppler et al. (9) studied the
tumor-initiating activity of CPA, ethinyl estradiol and other sex
steroids in the liver using the initiation — selection protocol of Solt
and Farber (17). In this study male rats were treated i.p. with
a single dose of 100 mg CPA/kg body wt, 18 h after two-thirds
hepatectomy. Since the synthetic steroids did not induce GGT-
positive foci, the authors concluded that the compounds tested
are not initiating carcinogens. In contrast, Ghia and Mereto (18)
reported that ethinyl estradiol initiated GGT-positive foci in the
livers of female rats when given in the diet at a concentration
of 10 p.p.m. for 6 weeks. The total dose of the estrogen
administered was lower than in the study of Schuppler et al. (9).

In the present study treatment with CPA significantly increased
the number and the area of ATPase-deficient and GGT-positive
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Table 1. Liver and body weight of female Sprague —Dawley rats treated with CPA and PCB mixture Clophen A50

Body weight Liver weight Liver wt/
Group Treatment ® ® body wt (%)
1 —/— @» 2715 + 2.4° 9.3 + 0.6* 3.5 + 0.2*
2 olive oil/PCB (6) 2735 + 1.5 109 +.04 4.0 = 0.1
3 5x 25 mg CPA/PCB (6) 260.2 + 10.0* 103 = 0.5 40 + 03
4 5x 50 mg CPA/PCB (6) 262.2 + 5.3* 11.1 £ 04 4.2 = 0.1*
5 5% 100 mg CPA/PCB (6) 260.0 + 3.3* 11.1 = 0.5 43 = 0.2

*Numbers of animals in parenthesis.
"Mean + SD.
*Significantly different from group 2; Student’s r-test, P < 0.025.

Table II. Dose-dependent incidence of enzyme-altered foci in livers of female Sprague —Dawley rats treated with CPA and PCB mixwre Clophen AS0

ATPase-deficient foci GGT positive foci

Number Area Number Area
Group Treatment (no./cm?) (mm?/cm?) (no./cm?) (mm?/cm?)
1 —/= @2 0.02 = 0.05° 0.005 + 0.004 0.6 + 0.5 0.005 + 0.004
2 olive 0il/PCB (6) 1.6 = 0.5* 0.027 + 0.016 1.2 + 0.6* 0.013 = 0.0103
3 5% 25 mg CPA/PCB (6) 3.6 £ 0.9** 0.049 + 0.011 1.7 + 0.8 0.055 = 0.052
4 5% 50 mg CPA/PCB (6) 5.1 x 10" 0.098 + 0.022"* 3.9 % 09" 0.123 & 0.05"
5 5% 100 mg CPA/PCB (6) 9.6 + 29" 0.122 = 0.033™ 6.7 + 24" 0.150 + 0.059

*Numbers of animals in parenthesis.

®Mean + SD.

*Significantly diffcrent from group 1, r-test, P < 0.025.
**Significandy different from group 2, r-test, P < 0.001.

foci compared to treatment with PCBs only. The dose-dependent
induction of preneoplastic foci by CPA indicates an initiating
potential of the steroid. The discrepancy between the results of
the study of Schuppler er al. (9) and those of the present
investigation may be due to several reasons.

CPA was administered five times in the present study, whereas
a single dose was given in the earlier study. The
initiation — promotion protocol for the rat liver foci bioassay using
weanling female Sprague—Dawley rats and Clophen A50 as
tumor promotor has proven to be more sensitive than the protocol
of Tatematsu et al. (19), with respect to the number of foci
induced by genotoxic carcinogens (10). The protocol according
to Tatematsu et al. (19) represents a modification of the
Solt—Farber system that was used by Schuppler et al. (9). In
both protocols, adult male rats are used. The use of female rats
in the present study appears to be especially important, since the
tumorigenic activity of CPA has been shown to be higher in
female rats compared to males (1,2). In contrast, another 2 year
tumorigenicity study did not confirm these results, since
proliferative changes in the liver were more frequent in males
than in females (P.Giinzel, personal communication).

Recent results indicate that the genotoxic activity of CPA differs
significantly in the two genders. The level of hepatic DNA
adducts induced by CPA treatment in rats is at least 50-fold higher
in females compared to males, and the induction of DNA repair
synthesis could be detected in female rats only (20).

The present study shows that CPA has not only promoting but
also initiating activity in rat liver. This finding is in accordance
with other observations indicating genotoxic activity of CPA in
vitro and tumorigenicity in vivo. Taken together, the results
indicate that CPA acts as a complete carcinogen in female rats.
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