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SUMMARY 

Fragments of rat ventral prostate were incubated in vitro with [7-3H]-testosterone and the effect of some 
compounds on testosterone metabolism in this system was studied. Progesterone, 17-hydroxyprogester- 
one and ethynylestradiol inhibited the formation of dihydrotesterone (DHT), 3a-androstanediol, SU- 
androstanedione and androsterone. There was a concomitant apparent stimulation of 17/&hydroxysteroid 
dehydrogenase activity. Medroxyprogesterone acetate (MPA) had no effect on formation of DHT but in- 
hibited formation of 3a-androstanediol. This inhibition of 3x-hydroxysteroid dehydrogenase activity was 
confirmed when [4-‘4C]-DHT was incubated with the prostatic tissue in the presence of MPA. Prosta- 
glandin E2 or the presumed absence of prostaglandins had no effect on Sa-reduction of testosterone in 
this system 

INTRODUmION 

It has recently been recognized that testosterone is 
metabolized in its target tissues. Thus, in the ventral 
prostate, dihydrotestosterone (DHT), 38 and 3a 
androstanediols, androstenedione, androsterone and 
Sa-androstanedione have been identified as testoster- 

one metabolites [l]. Of these, DHT and 3c+andros- 
tanediol (DIOL) which are formed by %-reduction of 

testosterone are the predominant ones while the rest 
which are formed via the 17-ketonic pathway are rela- 
tively minor ones. In other target organs like the 
human hair follicles metabolites formed via the 17- 
ketonic pathway are the principal testosterone meta- 
bolites [2]. Some of the testosterone metabolites may 
by themselves be biologically active and DHT is in- 

creasingly being considered as an active androgenic 

hormone at the tissue level in some target organs [l]. 
DIOL also has shown androgenic activity [3,4]. 
Therefore, compounds that may modify testosterone 
metabolism in target organs.have therapeutic implica- 
tions and will also be useful in further elucidation of 
the mechanism of testosterone action at the tissue 
level. Some steroidal compounds like progesterone 
and its derivatives have already been shown to signifi- 
cantly inhibit the formation of DHT and DIOL from 
exogenous labelled testosterone in the target 

* The abbreviations and trivial names used are: 3a- 
androstanediol (DIOL): 5x-androstane-3a, 17B-dial: 5a- ~ I 

androstanedione: 5a-androstane-3,17-dione; androstene- 
dione: 4-androstene-3,17-dione; androsterone: 3a-hydroxy- 
5a-androstan-17-one; Sa-dihydrotestosterone (DHT): 178- 
hydroxy-5a-androstan-3-one; ethynylestradiol: 17-ethynyl- 
1,3,5( lo)-estratriene-3,1 ‘Tfi-diol; 17-hydroxyprogesterone (17 
OHP): 17-hydroxy-4-pregnene-3,20-dione; medroxyproges- 
terone acetate (MPA): 6a-methyl-17-hydroxy-4-pregnene- 
3,20-dione acetate; progesterone: 4-pregnene-3,20-dione; 
testosterone: 17B-hydroxy-4-androsten-3-one. 

organs [S, 6). However, the effect of such inhibitors of 

testosterone See-reductase on the other testosterone 
metabolites that are formed via the 17-ketonic path- 
way in target organs is not known. 

Apart from compounds which inhibit the formation 

of all the Scr-reduced metabolites of testosterone it 
would be of interest to seek inhibitors that would selec- 

tively affect one of the Sa-reduced metabolites. 
Recently, Saenger et al.[7] have demonstrated that 
after incubating cultured human skin fibroblasts with 
[4-r4C]-testosterone in the presence of medroxypro- 
gesterone acetate (MPA) there was a marked reduction 
in the formation of DIOL with a concomitant increase 
in DHT as compared to control incubations. Such 
selective inhibition in the formation of DIOL from tes- 
tosterone by MPA has, however, not yet been demon- 
strated in the prostatic tissue. Although Massa and 
Martini[S] using fragments of rat ventral prostate 
have observed inhibition in the formation of Sc(- 
reduced metabolites from testosterone by MPA their 

results are expressed as a sum of DHT and DIOL and 
they have not noted any selective inhibition in the for- 
mation of the latter. On the other hand, Albin et a1.[9] 
observed that administration of MPA to rats did not 
result in changes in the Sa-reductase activity of the 
ventral prostate or in the pattern of metabolites 
formed when prostate homogenates from the MPA 
treated animals were incubated in vitro with [“HI-tes- 
tosterone. Thus, there was some need to further study 
the effect of MPA on testosterone metabolism in the 
ventral prostate. 

In view of these considerations, using fragments of 

rat ventral prostate, we have studied in vitro: (1) the 
effect of MPA on [7-3H]-testosterone metabolism and 

on the formation of DIOL from [4-r4C]-DHT; (2) the 
effect of progesterone and 17-hydroxyprogesterone (17 
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OHP) on [7-“HJ-testosterone metabolism by isolating 
metabolites of the l7~-hydroxy and the I ?-ketonic 
pathways; and (3) the effect of presence or presumed 
absence of prostaglandins on %-reduction of [7-3H]- 

testosterone. We wish to report here the results of these 
experiments. 

MATERIALS AND METHODS 

[7-“HI-Testosterone (S.A. 25 Ci/mmol). [4-‘4C]- 
DHT (S.A. 50.6 mCi,/mmol) and [1,2-“FIN]-DIOL 
(S.A. 44 Ci/mmol) were obtained from New England 

Nuclear. Boston, U.S.A.. and purified before LLS by 

paper chromatography. Nonradioactive steroids were 

obtained from Sigma Chemical Co.. St. Louis. U.S.A., 
and from Ikapharm, Ramat-Can, Israel. 

Drfrcfiur~ rrrrd cou~~tiny of’radiocrcrit:it~. Radioactivity 
on paper chromatograms and thin-layer plates was 
detected with the aid of a radiochromatogram scanner 

(Model 7290, Packard Instrument Company, Dow- 
ner’s Grove. Ill.). Counting of 3H and 14C content of 
samples was done on a j-channel liquid scintiilatioll 

spectrometer (Tri-Garb, Model 3375. Packard). 
I~lclthotio~~s. Male Wistar rats (225 g) were sacrificed 

by decapitation and the ventral prostate was removed. 
The gland was cut into small pieces before incubation. 

In testing the effect of a compound on metabolism 
of [7-“HJ-testosterone roughly equal portions of the 
same gland were randomly selected, weighed and dis- 
tributed in two beakers. Each beaker contained ap- 
proximately 4.4 x 10’ d.p.m. of [7-3H]-testosterone 

dissolved in 0.2 ml of propylene glycol, 5 ml of Krebs- 
Ringer bicarbonate buffer, pH 7.4, and 10 mg glucose. 
One beaker served as control where no exogenous ster- 
oid other than the substrate was added while in the 
other beaker a particular concentration of an exo- 
genous steroid had been added. The beakers were then 
incubated in a Dubnoff metabolic shaking incubator at 
37’C with air as the gas phase for 3 h. The incubations 
were terminated by addition of acetone and the 
beakers were kept in deep freeze until processed. In 
some experiments [4-‘4C]-DI-fT. 5.5 x IO” d.p.m. was 

used as substrate, other conditions being the same as 
described above. 

Various such incubations were done, ventral pro- 
state gland from one animal being used for studying 
the effect of a compound at any one concentrations. 

From the testosterone incubates. DHT. DIOL, 
androsterone. androstenedione and Sr-androstane- 
dione were isolated. However. in some incubates (see 
Table 1) only DHT and DIOL were looked fbr. In ex- 
periments using [4-‘4C]-DHT as substrate DfOL was 

isolated. The experimental procedure followed for the 
isolation of these compounds is described below. 

Before extraction. 100 lig of nonradioacti~~e steroids 
(that were to be looked for) were added to the incubate 
to obtain a measure oflosscs incurred during the isola- 
tion procedure. In some experiments this was done by 
adding appropriate amounts of radioactive steroids 
bearing isotope label different than the one in the sub- 

strate. Four volumes of~thanol acetone ( I : I L ,v) mix- 
ture were then added to the incubate. After ~ltr~it~~~l~ 
of the supernatant through paper (Whatmat~ no. I ) the 
paper and the beaker were washed with additional 
amounts of the solvent mixture. The tissue was then 

extracted with an identical mixture of cthanol~ acetone 
in a glass homogenizer and the extract after filtering 
through the filter paper \+as comb&d with the first 
supernatant. Ethanol and acetone were removed in a 

rotary flash evaporator and the a_pcxx~s residue was 
extracted with methylenc chloridtt i-3 x 3Oml). The 
separation and isolation of metabolifcs from the meth- 

ylene chloride extract was done by serial paper parti- 
tion (PPC) and silica gel thin-layer chromatography 
(t.1.c.. for systems A and C. prccoatcd silica gel sheets 
with inorganic fluorescent indicator Type K 301 R. 
Eastman, and for system B, precouted silica gel sheets 
of 0.25 mm thickness, Merck). The following PPC sys- 

tems were used: (I) Bush A. (It) hcxane propylene giy- 
col. and (III) hexane-benzene (1: 1 vv),‘propylenc gly- 
col. The t.1.c. systems used were: (A) chloroform-ace- 
tone (9X::! v,‘v). (B) chloroform methanol (9X.15: 1.75 

v: v) and (c’) cyclohcsanc ethyl acctatc (ho:40 v. v). 
The methylcnc chloride extract was chromato- 

graphed in PPC system I and three areax correspond- 

ing to (I) DIOL •t tcstostcronc. (7) DHT + andr-os- 

tenedione + androsterone and (7) ~~-androstalledioI~c 

were &ted. 

Awa I. DIOL and testosterone were separated by 
PPC in system 111 for 7 h. Both the compounds were 
further purified by t.1.c. A. 

.4trtr 2. Androstenedione was separated from DHT 
and androsterone by t.1.c. B. It was then chromato- 
graphed in PPC 11 for 16 h. DHT and androsterone 
were isolated as separate fractions following rechroma- 
tography in PPC‘ I. 

,Arrir 3. Sz-Androstanedione in this area was isolated 
by t.1.c. C. 

~~,~~~f~?;tz~~~j~~i of’rc~c,ovt~rit,.s. At the end of the isola- 
tion procedures. the recovery of each of the added car- 
rier steroid and the radioactivity isolated along with it 
were determined. For the determination of mass of dif- 
ferent steroids gas-liquid chromatography was used. 
The stationary phase was XE-60. other conditions 
were as described by Lehouv it tr/.[ IO]. The recover) 
of added steroids although variable was usually more 
than 40”,,. 

~~~~~f~~i(,u~i~~~~ c$’ ~.so~~/f~~~~ ~~~~~fj~/?,s. To the isolated 
fractions from each incubate additional amounts of the 
respective nonradioactive steroid were added and the 
fractions were crystallized to constant S.A. Radioche- 
mica1 purity ofa fraction was admitted when the speci- 

fic activity of three consecutive crystal crops did not 
differ from their mean by more than S”,,. Fractions 
containing a labelled steroid added after incubation 
were identified on the basis of constancy of isotope 
ratios on crystallization. 
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Table 1, Effect of exogenous compounds on the in vitro metabolism of [7-3H]-testosterone (app~oxi~te~y 4.4 X 106 d.p.m, 
S.A. 25 Ci/mmol) by rat ventral prostate. Each value is expressed as a percentage of the corresponding Control* 

Expt. 
no. 

Compound added in 
S ml incubation 

medium DHT DIOL 

Metabolite 

Androsterone Androstenedione Sa-Androstanedione 

None 100.0 100.0 1000 1000 100.0 
1 Progesterone (5 pg) 38.2 20.9 46 1 256.0 30.4 
2 Progesterone (10 pg) 5.9 4.9 8.0 381.0 14.9 
3 l%Hydroxypro- 

gesterone (5 pg) 46.3 29.0 104.7 1045 1106 
4 1’7-Hydroxypro- 

gesterone (10 ag) 37.2 18.7 2&O 315.0 46.7 
5 17-Hydroxypro- 

gesterone (15 pg) 206 62 8.4 513.0 50.2 
6 MPA (5 pggl 95.8 33.8 38.9 121.0 79.6 
7 MPA (lOggig) 91.0 26.1 260 103.0 81.3 
8 MPA (15 pg8) 90.1 20.6 28.0 616 63.8 
9 Ethynylestradiol 

(15 lcgf 22.8 51.5 44.2 2540 44.9 
10 Cortisol (I 5 pg) 95.7 103.2 102.9 103.2 108.5 
11 Prostaglandin E2 

(25 !Jg) 101.3 100.6 - - - 
12 Indomethacin (100 pg) 96.2 99.5 - - 

* Percentage of conversion of the substrate to metabolites in control samples in the different experiments was variable 
and was of the following order: DHT, 2@-30%; DIOL, 48%; androsterone, androstenedione and Sa-androstanedione, each 
l-3%. 

(pool) and after crystallization (mean of crystals). This, 
together with appropriate correction for losses esti- 
mated to have occurred during the experimental pro- 
cedure, gave the actual amount (in terms of radioacti- 
vity) of the compound present at the end of the incuba- 
tion. The d.p.m. value thus arrived at was then 
expressed per 1OOmg of tissue. As mentioned earlier, 
in a set of two incubation beakers that were utilized 
per gland one served as control. The d.p.m./l~mg 
value in each metabolite fraction of the control beaker 
was considered as 100 and the d.p.m./lOO mg value in 
the corresponding fractions of the experimental beaker 
was then expressed as per cent of this control value. 

RESULTS AND DISCUSSION 

Results of a series of 12 experiments in which the 
effect of exogenous compounds on the in vitro [7-3H]- 
testosterone metabolism by rat ventral prostate was 
studied are shown in Table 1. Each value in the table 
is the result of a single experiment and is in compari- 
son of its individual control. Steroids were tested at 
concentrations of 5-15 klg/5 ml of the incubation 
medium and prostaglandin Ez and indomethacin at 
concentrations known to elicit their effects in vitro, In 

view of the experimental work involved in isolating 
multiple testosterone metabolites from both the con- 
trol and experimental samples in each incubation, ex- 
periments were not done in duplicate. However, when 
a compound showed a significant effect on testosterone 
metabolism it was tested at different concentrations in 
further experiments. This not only provided confirma- 
tion of the effect of that compound but also showed 
that the changes from control were related to the con- 
centration of that compound in the incubation 
medium (Table 1). Crystallization data for metabolites 

isolated in one experiment (Experiment 2, 1Opg pro- 
gesterone) are given in Table 3. Isolated metabolites in 
other experiments were of similar radiochemical pur- 
ity. Of the isolated [7-3H]-testosterone metabolites, in 
control incubates DHT was the predominant one and 
accounted for 20-30x of the substrate. About 4-8% of 
testosterone was converted to DIOL. Androstene- 
dione, 5~-an~os~nedione and an~os~rone were 
formed in lesser amounts (each about l-3% of the sub- 
strate). Unutilized substrate was found in all of the in- 
cubates. 3j?-Androstanediol was looked for but could 
not be isolated in any significant amounts. 

As seen in Table 1, addition of MPA to the incubates 
did not result in any significant changes in the forma- 
tion of DHT from [3H]-testosterone. However, further 

Table 2. Effect of exogenous compounds on the formation 
of b-androstanediol by rat ventral prostate after in vitro in- 
cubation with [4-i4C]-dihydrotestosterone (5.5 x 10s 
d.p.m., S.A. 50.6 mCi/mmol). Each value is expressed as a 

percentage of corresponding control* 

Expt. Compound added in 5 ml 3cc-Androstanediol 
no. incubation medium formed 

None loo.0 
13 Medrox~rogestero~e 

acetate (10 pg) 31.0 
14 Medroxyprogesterone 

acetate (10 pg) 28.5 
15 Medroxyprogesterone 

acetate ( 15 l(g) 23.2 
16 Medroxyprogesterone 

acetate (15 fig) 21.0 
17 Ethynylestradiol 

(15 pgtp) 97.6 

* Percentage of conversion of the substrate to DIOL in 
control samples in the different experiments was variable 
and was of the order of 10-12x. 
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Table 3. Crystallization data for radioactive metabolites isolated after incubation of rat ventral prostate with [7-“HI- 
testosterone (appropriate amounts of carrier steroids were added before crystallization) 

Compound 
identified 

Crystals S.A. 
[‘HI-d.p.m./mg 

Pool S.A. 
Beaker no.’ [3H]-d.p.m.,‘mg C-3 (‘-4 c-5 

Dihydrotestosterone 

3n-Androstanediol 

Androsterone 

Androstenedione 

5%-Androstanedione 

I 48.148 
2 3288 
I Il.375 
2 2327 
1 1755 
7 123 
; I720 
1 
; 

3114 
4950 

2 540 

46,373 45.30 I 
2843 2821 

13.508 14.064 
1192 1247 
I’60 I277 

x0 x4 
x04 X28 

206 1 ‘13-I 
4053 3X.56 

420 339 

45.458 
‘X16 

13.843 
1235 
I’32 

XI 
x24 

1992 
4034 

42x 

* Beaker no. I&control; beaker no. F-containing 1Opg progesterone. 

metabolism of DHT to DIOL was inhibited by MPA. 

There was also an inhibition in the formation of 
androsterone as compared to that of Sa-androstane- 
dione through which it is derived. Thus, the inhibition 
in the formation of DIOL and androsterone shows 
that MPA inhibited testosterone metabolism at the 3a- 

hydroxysteroid dehydrogenase step without showing 
significant effect at the %-reduction step especially in 
the formation of DHT. There was, however, a slight in- 
hibition in the formation of Sr-androstanedione. This 
inhibition of 3a-hydroxysteroid dehydrogenase by 
MPA was confirmed by incubating the prostate tissue 
with [4-14C]-DHT in the absence and presence of 
added MPA (Table 2). Thus our observations and 
those of Saenger et al.[7] with cultured human skin 
fibroblasts show that in in vitro systems in the presence 
of adequate amounts of MPA there is a change from 
normal in the pattern of testosterone metabolism in 
target organs. Such selective inhibition of certain tes- 
tosterone metabolites could be exploited in studying 
the mechanism of androgen action in in vitro systems. 

We may add that in the experiments of Albin et al.[9]. 
referred to earlier, where no change in the pattern of 
prostatic testosterone metabolism was observed after 
administration of MPA to rats it is possible that the 
compound did not reach the prostate in amounts suffi- 
cient to elicit such changes. 

From the studies of Briggs and Briggs[l l] it 
appeared that another compound which may alter the 
pattern of testosterone metabolism in the prostate 
could be ethynylestradiol. They observed that infusion 
of this compound together with [3H]-testosterone into 
human prostate gland reduced the amount of DHT 
formed but resulted in increased DIOL formation. In 
our experiment, however, addition of ethynylestradiol 
to prostate tissue incubates resulted in reduced conver- 
sion of [3H]-testosterone to both DHT and DIOL 
(Table 1). Similarly after incubating [4-‘4C]-DHT in 
the presence of ethynylestradiol there was no change 
in the formation of DIOL as compared to the control 
(Table 2). The reasons for our not observing stimu- 
lation of DIOL formation by ethynylestradiol are not 
clear. However, it may be that we tested the compound 

in in oitro conditions while Briggs and Briggs[ 1 1] had 
infused it into human prostate along with [3H]-testo- 
sterone before excising the tissue. 

As observed by earlier investigators [S, 61 addition 
of progesterone and I7 OHP to the incubates inhibited 

Sr-reduction of [“HI-testosterone by the prostate as 
indicated by reduced formation of DHT and DIOL 
(Table 1). Similarly formation of Sr-androstanedione 
and androsterone was also inhibited in these samples. 
There was, however, an apparent stimulation of t7fi- 
hydroxysteroid dehydrogenase activity in these incu- 
bates and androstenedione was found in larger 
amounts as compared to control incubates. This 
stimulation was also observed when a different type of 
compound, ethynylestradiol, inhibited %-reduction of 
testosterone (Table 1). Thus it appears that under con- 
ditions where 5a-reduction of testosterone is inhibited 

there would be a concomitant stimulation of 17/&hyd- 
roxysteroid dehydrogenase. This may be of more sig- 
nificance in target organs such as human hair follicles 
where androstenedione is the major testosterone meta- 
bolite [2]. Although this stimulation in androstene- 

dione formation could be partly explained on the basis 
of inhibition in its further metabolism by Sa-reduction 
(Table 1) it is difficult to determine from the present ex- 
periments the exact mechanism of this stimulation. 
This is because the experiments were done with frag- 
ments of whole tissue, without addition of “cofactors” 
and in the presence of high concentrations of inhibi- 
tors. 

The lack of effect of cortisol on the formation of any 
of the testosterone metabolites indicates that the ex- 
perimental system used in our studies can be selective. 

In view of the ubiquitous presence of prostaglandins 
we tested the effect of addition of one of the prosta- 
glandins, PGE,, on the in vitro metabolism of testoster- 
one by rat ventral prostate. Essentially no change from 
control was detected in the See-reduction of C3H]-tes- 
tosterone (Table I). Similarly, indomethacin in con- 
centrations known to inhibit prostaglandin biosyn- 
thesis irl vitro [12] had no effect. In another exper- 
iment. indomethacin (twice. 20 mg/kg [ 131) was 
administered to two male rats. The ventral prostate tis- 
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sues from these animals were incubated in vitro with REFERENCES 

[3H]-testosterone and the incubates were extracted as 1. Williams-Ashman H. G. and Reddi A. H.: Ann. Review 
described before. Scanning of the initial paper chroma- Physiol. 33 (1971) 31-82. 
tograms after PPC in system I did not reveal any 2. Fazekas A. G. and Lanthier A.: Steroids 18 (1971) 367- 

changes from the control samples and hence the exper- 379. 

iment was not followed further. It may be added that 
3. Dorfman R. I.: In Methods in Hormone Research 

in all the cases reported in Table 1 where any signifi- 
(Edited by R. I. Dorfman). Academic Press, New York, 
Vol. 5 (1966), p. 235. 

cant changes in [3H]-testosterone metabolism were 4. Harper M. B., Pierrepoint C. G., Fahmy A. R. and Grif- 

observed scanning of chromatograms at the stage of fiths K.: Biochem. J. 119 (1970) 785-786. 

the above-mentioned PPC reflected these changes. 5. Fredrickson D. W. and Wilson J. D.: J. hiol. Chem. 246 
(1971) 25862593. 

Thus, using whole rat ventral prostate tissue we have 
demonstrated thatMPA changed the normal pattern of 

in vitro testosterone metabolism in that tissue. Further, 
it was observed that steroidal inhibitors of testosterone 
See-reductase caused an apparent stimulation of 17fi- 
hydroxysteroid dehydrogenase. Prostaglandin E, or 
the presumed absence of prostaglandins did not have 

any effect on %-reduction of testosterone in this sys- 
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