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Summary--Testosterone, 5a-dihydrotestosterone and cyproterone acetate (CPA) were esti- 
mated in samples of prostate tissue, obtained from benign prostatic hyperplasia (BPH) patients 
who were or were not pretreated with CPA. Furthermore, these steroids were estimated in 
various fractions of the BPH tissue, and the number of nuclear androgen-receptor sites was 
determined. CPA-treatment caused a 4-fold, significant suppression of 5~- dihydrotestosterone 
levels in total prostate tissue and its subfractions, without affecting testosterone levels or the 
androgen-receptor contents of the nuclear extracts. Nuclear concentrations of CPA were twice 
as high as those of 5~-dihydrotestosterone. It is concluded that effects of CPA may have been 
caused through a combination of the following mechanisms: (1) suppression of peripheral 
androgen levels; (2) competition with androgens for (nuclear) androgen-receptors; and (3) 
suppression of prostatic 5~-reductase. 

INTRODUCTION 

Cyproterone acetate (CPA) is a synthetic 
progestagen, which can suppress pituitary gon- 
adotrophin secretion [1]. In addition, this ster- 
oid has anti-androgenic properties, as evidenced 
by competitive inhibition of the formation 
of androgen-receptor complexes in androgen 
target tissues[2,3], resulting in decreased 
nuclear retention of 5~-dihydrotestosterone 
(DHT)-receptor complexes [4-6] and finally in 
reduced target organ weights [1]. 

Most of the above-mentioned studies were 
performed in in vitro systems. Studies on the 
effect of CPA on androgen levels in prostatic 
tissue are scarce, and it is difficult to extrapolate 
the results of these investigations in animal 
models to the human situation, e.g. because in 
animal studies care was usually taken to exclude 
the effect of the CPA-treatment on peripheral 
androgen levels by simultaneous administration 
of testosterone[7]. The aim of the present 
study was to obtain more information on the 
mechanism of action of CPA in men by measur- 
ing levels of androgens and androgen-receptors 
in prostate tissue, obtained by trans-urethral 
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resection of this tissue from patients with benign 
prostatic hyperplasia (BPH), who had or had 
not been treated with CPA before the operation. 

MATERIALS AND METHODS 

Patients 

All patients included in the study had BPH, 
as evidenced by the following parameters: (1) 
presence of symptoms typical for the disease; (2) 
enlarged prostate determined by rectal examin- 
ation; (3) a free flow rate of urine of < 10 ml/s 
at a voided volume of 100 ml or more; and (4) 
presence of residual urine in the bladder after 
voiding. All patients gave informed consent to 
participate in the study. 

The control group consisted of 11 untreated 
patients; 6 of these patients underwent trans- 
urethral resection (TUR) of the prostatic tissue 
by the cold punch technique. In addition, BPH 
tissue from 4 patients, who had been operated 
on earlier without pretreatment, was investi- 
gated. Twelve patients were treated with CPA 
(two doses of 100 mg daily) for a period of at 
least 6 weeks, 7 of these patients were operated. 

Treated patients were investigated on a two- 
weekly basis for evaluation of prostate size, 
volume of residual urine, free urinary flow rate 
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and plasma hormone levels, until operation by 
TUR took place. Because of decreased prostate 
size, not all treated patients were operated. This 
experimental protocol was part of a clinical 
study which was recently reported [8]. In the 
control patients, investigation of urodynamic 
functions and plasma hormone levels was only 
performed once. 

Estimation of plasma and tissue hormones 

Plasma testosterone and DHT were extracted, 
separated using silica columns [9] and estimated 
separately by radioimmunoassay, using the 
antiserum described earlier [10]. CPA was also 
estimated by radioimmunoassay, using an 
antiserum provided by Schering (Berlin). 
Cyproterone cross-reacts for 25% in this assay. 
Plasma LH was estimated by radioimmuno- 
assay[l l] and SHBG by binding of [3H]- 
DHT[12]. Part of the prostatic tissue was 
dissolved in 1 N NaOH (1 h, 60°C) for direct 
estimation of protein[13], DNA[14], testos- 
terone, DHT and when applicable, CPA. 
Testosterone and DHT were estimated after 
addition of 3H-labeUed recovery markers and 
extraction of the dissolved tissue, and chroma- 
tography on the above mentioned silica 
columns. CPA was estimated in separate 
volumes of the homogenates. 

Nuclear extracts were prepared from sep- 
arate aliquots of BPH tissue as described by 
Blankenstein et al.[15]. Briefly, tissue was 
thawed on ice and minced with scissors. Five 
hundred milligram portions of minced tissue 
were homogenized between two layers of stain- 
less steel grid in 50mmol/l Tris-HCl buffer, 
pH7.5, containing 2.5mmol/l KCI, 5mmol/1 
MgCI2 (TKM buffer), and 0.55 mol/l sucrose. 
The tissue residue was termed "stromal frac- 
tion" and stored at -80°C until steroid esti- 
mation after dissolving the tissue in 1 N NaOH. 
The crude nuclei were concentrated and par- 
tially purified by layering the suspension over 
TKM buffer containing 0.88 mol/1 sucrose and 
centrifugation for 10 min at 1000g. The sucrose 
containing supernatant was termed "buffer A" 
and stored for steroid estimation. The purified 
nuclear pellet was resuspended in 10mmol/1 
Tris-HCl buffer, pH 7.5 containing 1.5 mmol/l 
EDTA, 1.5 mmol/1 dithiothreitol (TED-buffer), 
and 50 mmol/1 NaCI. After counting the nuclei, 
the remainder of this suspension was centri- 
fuged for 10 min at 800g. The supernatant was 
termed "buffer B" and stored for steroid esti- 
mation. For extraction of androgen-receptor 

complexes, the pellet of purified nuclei was sus- 
pended in 2 mmol/l phosphate buffer, pH 8.5, 
containing 1 grn/l heparin at a concentration of 
1-2 x 107 nuclei/ml. After 1 h, the suspension 
was centrifuged for 30min at 100,000g. The 
supernatant was termed the nuclear extract. 
The androgen-receptors in this nuclear extract 
were estimated as described earlier[15,16]. 
Steroids were extracted from a separate portion 
of the purified nuclei after resuspension of the 
nuclei in 1 ml water, containing 0.1% Tween-80, 
[3H]testosterone and [3H]DHT. This extract was 
stored and extracted with acetone for steroid 
estimation as described above. 

Interassay variations for the estimations 
of DHT and testosterone amounted to 16.5 
and 17.7% (variation coefficients), respectively, 
Non-steroid containing samples yielded results 
of 0.18+__0.12 (SD, n = 8 )  and 0.24+ 
0.14pmol/sample. All reported values have 
been corrected for the blank value observed in 
the same assay. 

Statistical procedures 

The significance of differences between the 
results of various treatment groups was assessed 
using paired or non-paired Student's t-tests or, 
in case of absence of normal distribution of the 
data, by Wilcoxon's test. Differences were con- 
sidered significant when P < 0.05 (two-tailed). 

R E S U L T S  

Plasma concentrations of testosterone, DHT, 
SHBG and LH before and after various periods 
of treatment with CPA are shown in Fig. 1, 
together with plasma CPA concentrations 
measured in samples collected during the CPA- 
treatment. Peripheral levels of testosterone, 
DHT and LH were already significantly sup- 
pressed after 2 weeks of treatment with CPA 
(P < 0.01, P < 0.05 and P < 0.02, respectively). 
Differences for SHBG were only significant 
after 4 weeks (P <0.02). Finally, constant 
plasma levels of CPA were reached after 4 weeks 
of treatment. 

Table 1 summarizes plasma concentrations 
of testosterone, DHT and CPA at the time of 

Table 1. Concentrations of testosterone, DHT and CPA in plasma 
at the time of operation in control and CPA-treatcd BPH patients 

(means __. SEM) 

Controls (5) CPA-trcatcd (8) 

Testosterone (nmol/1) 15.5 __. 2.7 2.7 __. 0.4 
DHT (nmol/l) 2.46 + 0.23 0.38 + 0.05 
CPA (pmol/I) - -  1.26 + 0.10 
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Fig. I. Plasma concentrations of testosterone (open bars), DHT (hatched bars) and CPA (cross-hatched 
bars) (upper panel) and of LH (open bars) and SHBG (hatched bars) (lower panel) after various periods 

of treatment with CPA (means + SEM, n = 5). 

operation in control patients and in patients 
of the treated group. Here, too, treatment 
caused a significant (P < 0.001) suppression of 
peripheral androgen concentrations, when levels 
in the treated group are compared with those in 
the control group. 

Tissue concentrations of the androgens and 
CPA, expressed per gram wet wt of the hom- 
ogenized tissue portions, have been summarized 
in Fig. 2. DHT concentrations in all tissue 
fractions were significantly suppressed in the 
CPA-treated group (P always <0.05), whereas 
testosterone levels were not significantly 
influenced by the treatment. The sum of the 
concentrations of testosterone and DHT was 
25.3 + 3.8 (SEM) pmol/g tissue in the control 
group, and 8.6 + 0.9 pmol/g tissue in the treated 
group (P < 0.005). Total tissue levels, based 
on a calculation of the sum of levels in the 
various subfractions, were 92 + 9 (SEM)% of 

the amounts estimated in the non-fractionated 
tissue for DHT and 134 + 22% for testosterone; 
there was no difference between the control and 
CPA-treated group in this respect. For CPA, 
much higher levels were detected in the combi- 
nation of the separated tissue fractions, when 
compared with the level in the extract of the 
homogenized tissue. 

Ratios between the levels of DHT and testos- 
terone (DHT/T) in plasma, total tissue and 
tissue fractions have been summarized in Fig. 3. 
The non-affected DHT/T ratios in the plasma 
suggest that CPA has not influenced peripheral 
50t-reduction of testosterone. However, in the 
prostate tissue and its fractions, the DHT levels 
were strongly suppressed, when compared with 
the concentrations of testosterone, resulting in 
significantly decreased DHT/T ratios in the 
stroma and cytosol fractions (P < 0.05). The 
distribution of DHT over the various tissue 
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(fractions of) prostatic tissue from control and CPA-treated patients with BPH. Open bars show values 
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Fig. 3. D H T / T  ratios in plasma, total prostate tissue and fractions o f  prostate tissue from control (open 
bars) and CPA-treated patients (hatched bars) with BPH. For the sake of  clarity, ratios for plasma have 

been multiplied by 100 (means + SEM, n = 6-10). 

fractions was not influenced by CPA-treatment: 
in both the control and CPA-treated groups 
approx. 7% of the total amount of DHT 
was found in the nuclear fraction. For sake 
of clarity, nuclear steroid concentrations, 
expressed as fmol/106 nuclei on the basis of the 
assumption that 106 cells constitute 1 mg tissue, 
have been summarized in Table 2. 

Finally, the amounts of nuclear androgen- 
receptors have also been summarized in Table 2. 
No significant differences between amounts of 
receptor per nucleus from prostate tissue from 
control or CPA-treated patients could be de- 
tected. When expressed per mg DNA, no signifi- 
cant differences were detected either; mean 
levels were in the order of 0.60 pmol/mg DNA. 

DISCUSSION 

Peripheral plasma levels of testosterone and 
DHT were effectively suppressed after adminis- 
tration of CPA (Fig. 1). Since suppression of 
the androgen levels was stronger than that of 
SHBG, the concentration of free androgens in 
the circulation also decreased as a result of the 
CPA-treatment. 

Androgen levels in BPH tissue from untreated 
patients agree well with concentrations reported 
by other investigators[17-20]. Summation of 
the concentrations in the sub-fractions yielded 
the results obtained for total tissue, indicating 
the validity of the assay system for DHT and 
testosterone. However, CPA in total tissue was 
appreciably lower than that in the sum of the 
separate fractions. This may have been caused 
by hydrolysis of the CPA under the strongly 

alkaline conditions used for dissolving the 
tissue: the amount of immunoreactive CPA 
after this treatment agrees with the cross- 
reactivity of cyproterone in the CPA immuno- 
assay. It is unlikely that hydrolysis of CPA plays 
an important role in the normal metabolism of 
this compound [21, 22]. 

Treatment with CPA did not significantly 
affect tissue levels of testosterone (Fig. 2). The 
distribution over the various tissue fractions was 
not affected either. In contrast, tissue levels of 
DHT were significantly suppressed, resulting in 
a 3-fold decrease of concentrations of testos- 
terone-plus DHT. No change in the distribution 
of DHT over the various fractions was detected 
either. Comparable differences were obtained 
when the results were expressed on the basis of 
DNA rather than on wet weight (data not 
shown). 

The distribution of CPA over the various 
tissue fractions differs appreciably from that 
of testosterone or DHT (Fig. 2). A very high 
concentration of CPA was found in the wash 
buffer after the first centrifugation of the nuclei 
(buffer A). This observation suggests a rapid 
exchange between CPA and testosterone or 
DHT during the isolation of the nuclei, followed 

Table 2. Nuclear steroid levels and androgen-receptors (fmol/10 s 
nuclei) in prostate tissue from control and CPA-treated BPH patients 

(means + SEM) 

Parameter Control CPA-treated 

Testosterone 0.34 + 0.24 (10) 0.18 + 0.06 (7) 
DHT 2.52 + 0.98 (10) 0.40 + 0.08 (7)* 
CPA - -  0.72 + 0.27 (6) 
Androgen-receptors 10.6 -1- 2.9 (9) 9.3 + 2.6 (5) 

*Significantly different from data for control group (P < 0.05). 
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by nuclear retention of the newly formed 
androgen-receptor complexes. This indicates 
the presence of a major technical difficulty in 
obtaining a definite answer to the question of 
the distribution of the anti-androgen between 
the subcellular fractions of prostatic tissue 
in rico. The redistribution, however, is likely to 
have caused an underestimation, rather than an 
overestimation of nuclear CPA concentrations. 
Even after this redistribution the nuclear levels 
of CPA were twice as high as those of the most 
active androgen, DHT. A binding affinity for 
CPA to the androgen-receptor of 50% of that 
of DHT [23] would be enough to explain an 
appreciable suppression of the activity of the 
endogenous androgens which are still present in 
the prostatic tissue after CPA treatment. 

The changing ratio of DHT over testosterone 
concentrations in prostatic tissue after treat- 
ment with CPA (Fig. 3) might be explained by 
displacement of DHT rather than testosterone 
from the androgen-receptor, by increased pro- 
static metabolism of DHT or by decreased 
production of DHT under the influence of CPA. 
This first possibility is not likely, since the 
affinity of DHT for the receptor is higher than 
the affinity of testosterone. Increased prostatic 
metabolism of DHT cannot be excluded on the 
basis of the present data. However, decreased 
production of DHT appears to be the most 
likely explanation for the observation of the 
decreased DHT over testosterone ratio, since 
Andersson et al. [24] showed that expression 
of the 5ct-reductase gene in prostatic tissue is 
induced by testosterone; blocking of androgen 
action by CPA would therefore suppress 50t- 
reductase. Liver 5~-reductase mRNA was not 
affected by androgen treatment [24], in accord- 
ance with our observation that there is no 
general inhibition of 50t-reductase: the ratio 
between testosterone and DHT levels in 
peripheral plasma was not affected by the CPA- 
treatment. This is also in agreement with our 
observation[25] that peripheral DHT levels 
were not affected by radical prostatectomy 
in prostatic carcinoma patients or TUR of 
prostate tissue in patients with BPH. 

Finally, the number of nuclear androgen- 
receptors has not changed after treatment with 
CPA (Table 2). Receptor numbers, in the order 
of 10fmol/106 nuclei, exceed the amounts of 
anti-androgen present in the purified nuclei, 
again suggesting that redistribution of steroids 
occurred during the preparation of the nuclear 
pellets. 

Summarizing, it appears that the biological 
effect of CPA (i.e. decrease of prostate size, 
see [8]) may have been caused by a triple action 
on the concentration of the most active andro- 
gen, DHT, in the nucleus of the prostate cell. 
Firstly, CPA causes a suppression of peripheral 
androgen levels. Secondly, the conversion of 
testosterone to DHT in the prostate is sup- 
pressed. Thirdly, the levels of CPA in the 
purified nuclear preparations are higher than 
those of the endogenous androgens, indicating 
that the CPA can compete directly at the 
receptor level. 
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