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SUMMARY

Studies in vitro of progesterone and testosterone metabolism in seven cases of human benign prostatic
hyperplasia (BPH) were carried out. Major progesterone metabolites identified before and after CrO;-
oxidation were Sx-pregnanedione, 3f-hydroxy-S«-pregnan-20-one and Sx-pregnane-3,6,20-trione respect-

ively.

Incubations of [ '*CJ-testosterone in the presence of 0-7, 3-6 and 71 M non-radioactive progesterone
resulted in a decrease of the total testosterone Sx-reduced metabolites and a decrease of the 5Sa-dihydro-

testosterone/5x-androstanediols ratios (3x + 38).

Incubations of ['*C]-progesterone in the presence of 0-7, 3-6 and 7-1 uM non-radioactive testosterone
led to similar results where the total progesterone 5x-reduced metabolites and the 5a-pregnanedione/3p-
hydroxy-5x-pregnan-20-one ratios decreased significantly.

These findings suggested that interactions of progesterone with testosterone metabolism pathways
are limited to a direct competition for the 4-en-3-oxo-steroid Sa-reductase.

INTRODUCTION

Both studies in vivo and in vitro have shown that tes-
tosterone metabolism in human prostates with benign
prostatic hyperplasia (BPH) is mainly reductive and
leads to 17f8-hydroxymetabolites [ 1-3].

Several investigators have proved these steroids to
have an important bearing on the growth main-
tenance and function of male target tissues to
androgens. Many lines of evidence indicate that
among the 5a-reduced-17f-hydroxymetabolites of tes-
tosterone, Sa-dihydrotestosterone is necessary for tes-
tosterone action at the target site [4, 5] and that BPH
is associated with a higher tissue content of this ster-
oid [6].

This evidence implies that extensive reduction of
testosterone or ineffective further metabolism of Sx-
dihydrotestosterone are processes leading to the ac-
cumulation of 5z-dihydrotestosterone in BPH.

On the other hand progesterone has been shown
to exert through its conversion to Sz-pregnanedione
an inhibition of the 5x-reduction of testosterone to
5y-dihydrotestosterone in human skin, a male target
tissue for androgens[7,8]. Progesterone has been
shown to compete with testosterone [9] as substrate
for the 5x-reductase of rat ventral prostate. More
recently [10] caproate of 17x-hydroxy-progesterone
or of progesterone has been shown both in vive and
in vitro to exert an inhibitory effect on the formation
and accumulation of Sx-reduced metabolites of testos-

The following trivial names were used in this paper: 5a-
dihydrotestosterone. 17f-hydroxy-5x-androstan-3-one; 52~
pregnanedione, Sx-pregnane-3,20-dione; S5x-reductase, 4-
en-3-oxosteroid: NADPH S5x-oxidoreductase.

terone in human BPH. Progesterone may therefore
prove to be a useful agent for the treatment of human
BPH.

Characterization and in most cases identification
of the principal metabolites of testosterone in human
BPH tissues have been accomplished both in
vitro[1, 11-14] by incubation experiments and in
vivo [2,3]. Thus the presence of prostatic Sx-reduc-
tase, 17f-hydroxysteroid oxidoreductase, 3a-hydroxy-
steroid oxidoreductase and 3f-hydroxysteroid oxi-
doreductase was demonstrated. More recently we
have published evidence for 6¢- and 7Z-hydroxylation
after incubation of labelled 5z-androstane-38,178-diol
for one hour with minced BPH tissue [15]. Acevedo
and Goldzieher[16] have studied the metabolism of
progesterone in BPH tissues, providing evidence for
Sz-reduction, 20x-oxidoreduction and 68-hydroxyl-
ation of the substrate.

In this paper we shall present results of our investi-
gation of testosterone and progesterone metabolism
in surgical specimen of human BPH. Preliminary data
on this work have been published [17].

EXPERIMENTAL

Steroids and solvents

Carbon-14-labelled testosterone (57-5 mCi/mmol)
and progesterone {29-3 mCi/mmol) were purchased
from New England Nuclear Corporation (Boston,
U.SA)) and CE.A. (France) respectively. Purification
of the labelled substrates was carried out by thin-layer
chromatography (t.l.c.) and purity checked by crystal-
lization to constant specific activity after addition of
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authentic carrier. Carrier steroids: testosterone, pro-
gesterone, Sx-dihydrotestosterone, Sx-pregnanedione,
Sax-androstane-3x,17f-diol, Sx-androstane-38,17p-diol,
3B-hydroxy-5«-pregnan-20-one, 3x-hydroxy-5S«-preg-
nan-20-one and So-pregnane-3,6,20-trione were com-
mercial samples. Purity of carrier steroids was
checked by tl.c. and gas-liquid chromatography. All
solvents were distilled before use and controlled by
gas-liquid chromatography.

Collection of tissues

Surgical samples of human BPH obtained by the
transvesical approach were immediately put in a
beaker surrounded with crushed ice. Pathological
examination on pieces of the tissue confirmed the
diagnosis of benign prostatic hyperplasia. As soon as
obtained the tissues were brought in a cold room
(4°C) where all subsequent operations prior to incu-
bation were carried out.

Incubation procedure

Testosterone and progesterone substrates were
dried under nitrogen at the bottom of incubation
tubes. Tissues were cut with scissors and minced with
a Harvard tissue press through a sieve with | mm
dia holes. Minces were weighed in 200 mg lots on
a Mettler microbalance and positioned on the inner
side wall of incubation tubes. Immediately before in-
cubation Sml of 0-067 M phosphate buffer (pH 7-4)
with or without | mg of NADPH were poured in the
incubation tube and used to rinse down the tissue
minces which were further dispersed with a glass rod.

Incubations were carried out for 10min at 37°C.
The time was increased to 60 min for preparative in-
cubations. All incubations were stopped by addition
of chilled acetone (10 ml) and cooling of the tubes
at —20°C.

Progesterone Sa-pregnane
3,20~dione
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Fig. 1. Crystallization to constant specific activity
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Further extraction with ethyl acetate (10ml, 4
times) gave a crude extract which was concentrated
under nitrogen. Recoveries of the '*C-labelled ster-
oids (92-5-98%,) were computed after determination
of the radioactivity in portions of the crude extracts.

Thin-layer chromatography

Separation of radiometabolites contained in the
crude extract was achieved by tlc. on silica gel G.
Testosterone and progesterone metabolites were
separated after two developments in benzene/95%
ethanol -9:1, v/v) or one development in chloroform-
methanol (99:1, v/v). Separation of Sx-androstane-
3a,178-diol from the 38 epimer was achieved on alu-
mina with one development in benzene/95%, ethanol
(97:3, v/v). Metabolites were located on the chroma-
tograms by autoradiography, eluted from the gel and
identified by crystallization to constant S.A. after
addition of authentic carrier as previously described

[18].

RESULTS

Metabolism of progesterone

Preparative incubations contained 2 g of minces in
50ml of 0-5uM progesterone in buffer with 10 mg
NADPH and were incubated for 60 min. After tlc.
of the extract radioactive zones isopolar with proges-
terone, Sx-pregnanedione, 38-hydroxy-5a-pregnan-20-
one and 3o-hydroxy-5«-pregnan-20-one were re-
covered and authentic carriers added before crystalli-
zation to constant specific activity. In addition the
more polar metabolites were eluted and oxidized with
chromium trioxide. The resulting mixture contained
a major quantity of labelled derivative isopolar with
Sa-pregnane-3,6,20-trione.

Sa-pregnane Sa-pregnane Sa-pregnane
3Bol, 200ne

3,6, 20-1’rloneq 3aol,200ne

(S.A)) of progesterone radiometabolites obtained

from incubations with minces of human BPH. In each case the log S.A. of the crystals is expressed
from left to right for consecutive crystallizations of the initial solution containing authentic carrier.
In all cases the first, second, third and eventually fourth crystallization were carried out in ethyl
acetate/n-hexane, acetone/n-hexane, acetone/water and methanol/water respectively. Letters refer to
the prostates from which metabolites were derived. 3f-hydroxy-Sx-pregnan-20-one = Sx-pregnane-

3pol,20-one, 3a-hydroxy-5a-pregnan-20-one

Sa~-pregnane-3aol,20-one.
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Fig. 2. Yields of metabolism after incubation for 10 min

in 5 ml of [4-'*C]-labelled testosterone and progesterone

at different concentrations with 02 g minces of human

prostatic hyperplasia (case B) in the presence or without
exogenous NADPH.

Crystallization to constant specific activity in differ-
ent cases {Fig. 1) proved the radiochemical purity of
recovered progesterone and the identity of 5x-preg-
nanedione, 38-hydroxy-5a-pregnan-20-one and 52-
pregnane-3.6,20-trione.

In one case the radioactivity associated with minor
metabolites isopolar with 3xz-hydroxy-5x-pregnan-20-
one was not retained in the crystals after three con-
secutive crystallizations of the carrier.

Testosterone and progesterone metabolism in the same
tisstie

Incubations of minces (0-2g) from seven cases of
BPH were carried out with 0-5, 1-0. 20 and 40 M
progesterone or testosterone. Solubility of these ster-
oids at such concentrations in the medium were tested
in the absence of tissue minces; recovery of dissolved
testosterone and progesterone ranged from 995 to
98-5%. and from 97 to 95°, respectively.

Metabolites of testosterone and progesterone were
mainly 5z-reduced and their formation was favoured
by the presence of NADPH. In each case quantities
of testosterone transformed by the prostatic enzymes
closely matched those obtained from progesterone in
identical conditions. Since yields of metabolism dif-
fered from case to case. only one representative
example was selected for illustration (Fig. 2).

['4C]-testosterone metabolism in the presence of non-
radioactive progesterone

Incubations were carried out with minces from
seven cases of human BPH. The ['“C]-testosterone
substrate was (-5, 1-0, 2:0 and 40 uM in S ml of buffer.
Such incubations in presence of NADPH were carried

S 609 b

seven cases of human BPH
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out with or without 0-7, 3-6 or 7'1 uM non-radioactive
progesterone.

The testosterone metabolites were separated and
measured and data [rom the seven cases were
expressed in pmol and averaged. Thus testosterone
transformations in the presence of NADPH were con-
sistently decreased when progesterone was present in
the medium (Table 1).

Striking evidence of progesterone competition with
testosterone as a substrate for the prostatic Sx-reduc-
tase could be noticed when quantities of Sz-dihydro-
testosterone and 5x-androstanediols were computed.
Formation of unidentified polar metabolites of testos-
terone was less affected by increasing levels ol proges-
terone. The 5x-dihydrotestosterone/Sy-androstane-
diols ratios were computed to relate the progesterone-
induced decreases in Sz-dihydrotestosterone forma-
tion with its further metabolism (Table 1). This ratio
was lowered in all progesterone-supplemented incu-
bations thus involving both inhibition of the S5x-
reductase and maintenance of the 3¢-hydroxysteriod
dehydrogenases activities in the progesterone-induced
decrease of 5x-dihydrotestosterone levels.

In four cases Sx-androstane-3x,17f-diol was separ-
ated from the S5z-androstane-38.178-diol. Ratios of
the epimers (3%/3) were measured and averaged
(Table 1) and found not to be significantly changed
by the presence of non-radioactive progesterone in
the incubation media. Nevertheless amounts of incu-
bated testosterone were found to affect these ratios
which increased with the molarity of the substrate.

['*C]-progesterone metabolism in the presence of non-
radioactive testosterone

Incubations with 0-5, 1-0, 2:0 and 4-0 uM [**C]pro-
gesterone were carried out with tissue minces from
in Sml of buffer.
NADPH-supplemented digests were incubated in the
presence or without 0-7, 3-6 or 7-1 uM non-radioactive
progesterone.

The labelled progesterone metabolites were separ-
ated and measured and data from the seven cases
were expressed in pmoles and averaged (Table 2). In
all cases the progesterone substrate was transformed
mainly to Sx-reduced metabolites. This transforma-
tion was decreased to a large extent when non-
radioactive testosterone was present in the medium.
Thus quantities of major radiometabolites (Sx-preg-
nanedione and 3f-hydroxy-5z-pregnan-20-one) were
lowered by increasing amounts of testosterone. Levels
of polar metabolites which contained 3¢.6¢-dihyd-
roxy-5z-pregnan-20-one were affected to a lesser
extent.

The Sx-pregnanedion/3f-hydroxy-Sx-pregnan-20-
one ratios were computed to relate the testosterone-
induced decreases in Sx-pregnanedione formation
with its further metabolism (Table 2). This ratio was
lowered in most of the testosterone-supplemented in-
cubations thus involving-both inhibition of the 5ax-
reductase and maintenance of the 3f-hydroxy dehyd-
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Testosterone and progesterone in human BPH

rogenase activity in the testosterone-induced decrease
of Sa-pregnancdione levels.

DISCUSSION

We have identified the major prostatic metabolites
of progesterone as Sa-pregnanedione and 3f-hyd-
roxy-5x-pregnan-20-one. Such identifications confirm
previous evidence for a 4-en-3-oxosteroid-5z-reduc-
tase active on progesterone [ 16] and imply the pres-
ence of a very active 3f-hydroxy-C,, steroid dehydro-
genase. The 6S-hydroxylation suggested by the identi-
fication of Sx-pregnanc-3,6.20-trione is in good agree-
ment with the determination of progesterone 6§-hyd-
roxylation [16]. Such enzymic activities are identical
with those which were demonstrated with testoster-
one in human BPH tissue [1. 13. 15]. Nevertheless it
was noticeable that 3y-hydroxysteroid dehydrogenase
activities were extensive in testosterone metabolism
and could not be demonstrated with the progesterone
substrate.

In identical conditions, human BPH preparations
produced quantities of testosteronc metabolites which
were similar to those obtained with progesterone. In
both cases metabolites were mainly Sx-reduced.

We have proved that Sz-reduction of testosterone
was significantly decreased when progesterone was
present in the incubation medium. Such a decrease
has been recently established by Orestano et al[10]
with concentrations of progesterone ranging from 0-2
to 200 uM.

We  have tried to investigate further the
mechanisms involved in the decrease of 5x-reductase
activity by carrying out cross experiments where we
showed that the Sz-reduction of progesteronc was sig-
nificantly decreased when testosteronc was present in
the incubation medium. This type of inhibition
pointed toward a direct competition between proges-
teronc and testosterone as substrates for the Sxz-reduc-
tasc. Further metabolism of Sx-reduced progesterone
and testosterone led to 3fi-hydroxy-5x-pregnan-20-
one and Sx-androstanc-3f.17f-diol respectively. and
suggest the involvement of a 3f-hydroxysteroid
dehydrogenase. In that case 3f-hydroxy-5x-pregnan-
20-one should interfere with the transformation of 5x«-
dihydrotestosteronc into Sz-androstane-3,17f-diol.
Findings that such interference did not take place are
the following: (i) The epimeric Sx-androstanediols
ratios (3z/3f)) were not significantly modified when
increasing quantities of progesterone were present in
incubations media {Table 1); (ii} The S5x-dihydrotes-
tosterone/Sz-androstanediols ratios were decreased
when progesterone quantities were increased in incu-
bations media (Table 1); (iii) The 5x-pregnanedione/
IB-hydroxy-5z-pregnan-20-one ratios were decreased
when increasing quantities of testosterone were added
in incubations media (Table 2).

Furthermore we have used the described condi-
tions to carry out in one case incubations of ['*C]-
Sx-dihydrotestosterone in the presence of increasing
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quantities of progesterone. Epimeric Sx-androstane-
diols ratios (32/3f) were found constant and the lar-
gest decrease of the transformation to Sx-androstane-
diols was only of 159, in incubations with 7-1 uyM
progesterone.

An explanation of these findings could be that the
enzyme involved in the formation of 3f-hydroxy-5x-
pregnan-20-one is not active on 5x-dihydrotestoster-
onc. In summary. progesterone actively competes
with testosterone at the level of the prostatic S5x-
reductase but does not significantly interfere with the
transformations of 5x-dihydrotestosterone.

The resulting effect is to lower the content in 5x-
dihydrotestosterone in the prostatic cells, since both
5x-dihydrotestosterone and Sx-pregnanedione are eli-
minated by enzymes involved in different pathways.

These findings may be of importance in the treat-
ment of human BPH since such tissues have been
shown to contain higher levels of 5x-dihydrotestoster-
one than normal [6] and that Sx-dihydrotestosterone
plays an important role in the determination of pros-
tatic cells growth [ 19]. Neverthcless it is not possible
yet to ascertain that 5x-dihydrotestosterone alone is
involved in the triggering of human BPH [20] nor
to prove that progesterone would systemically only
compete with the Sz-reductase.

For the study of competing substrates. this work
has been carried out with relatively large quantitics
of testosterone when compared to thosc which are
involved at the physiological level or in the
mechanism of action of androgenic steroids at the
target site [6.21].

Even if the preferential uptake of progesterone by
the human discased tissue in rivo [10] is taken into
account, treatment of BPH in man by progesterone
would certainly involve much lower quantities of
these hormones. Further investigations on the usc of
progesterone for treatment of human BPH taking
these problems into account are in progress.
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