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SUMMARY 

During in vim infusion of [3H]-testosterone. the rat uterus accumulates the radioactivity in the form 
of testosterone (T) and the prostate in the form of Sr-dihydrotestosterone (DHT), as shown by a 
DHT/T ratio of 18.1 for the radioactivity extracted from the prostate and 0.014 for the uterus. 1r1 
vitro the binding of T in uterus cytosol appears to be stronger than the binding of DHT. as opposite 
to the prostate. Competition studies, involving a large number of steroids do not reveal major differences 
in specificity of the T-binding component in the uterus and the T- or DHT-binding component in 
the -prostate which have also-a similar concentration (66.5 vs 43.3 fmol/mg protein)-and affinity for 
T (K,, I.1 vs 1.2 nM). Evidence is presented that the apparently weaker binding of DHT in uterus 
cytosol is not due to the androgen-b&ding component itself, but tb indirect factorsrsuch as non-specific 
binding and metabolic conversion of the steroid. Indeed, uterus cytosol contains a 3r-hydroxysteroid 
dehydrogenase with high activity even at low temperature. The high affinity androgen binding com- 
ponents of uterus and prostate cytosol have thus almost the same specificity with intrinsically preferen- 
tial binding of DHT. and do not explain the difference in androgen retention observed in ho. 

INTRODUCTION 

The specific high-affinity steroid-binding proteins or 
“receptors”, found in the cytosol of hormone-respon- 
sive mammalian cells are considered to play an im- 
portant role in the mechanism of action of steroid 
hormones [l&3]. In androgen-dependent tissues, such 
as the rat prostate, the androgen receptor is charac- 
terized by a particularly strong binding of Sa-dihydro- 
testosterone, and this is found as well in studies in 

ciw as ir7 citro [4-6]. In other organs, however. pre- 
ferential uptake and binding of testosterone has been 
reported, for instance in the immature rat uterus 
[7-91, the mouse kidney [IO, 1 I] and the musculus 
levator ani [12]. These organs are not androgen-de- 
pendent but are androgen-responsive with regard to 
some parameters. These observations led to the 

opinion that the first group of organs contain a Sr-di- 
hydrotestosterone receptor, whereas the receptor of 
the second group is a testosterone-binding protein 
131. To check this hypothesis we performed a study 
of androgen accumulation and binding in the uterus 
of the adult rat and compared our results with similar 
data for the rat prostate. Our study suggests that the 
preferential retention and apparent preferential bind- 
ing of testosterone or %dihydrotestosterone is not 
due to a difference in the specificity of binding to 
androgen receptors in uterus or prostate, but to other 
factors. such as a difference in enzymatic conversion 
of the steroid. 

MATERIALS AND METHODS 

Animals. Unless stated otherwise, adult Wistar rats 
(weight 20@3OOg) were used in this study. Male rats 

were orchidectomized under ether anesthesia about 

17 h before death. Before removal of uterus or pro- 
state the animals were anesthetized by ether and then 
bled to death by section of the carotid artery. 

Clzcv~~icals. [I, 2.6. 7-3H]-Testosterone (87 Ci/ 
mmol) and [ 1, 2-3H]-5cc-dihydrotestosterone (48 Ci/ 
mmol) were obtained from New England Nuclear 
(Langen, Germany). Unlabelled steroids were sup- 

plied by Merck (Darmstadt, Germany) and by Ika- 
pharm (Ramat-Gan, Israel). Cyproterone and cypro- 
terone acetate were a gift from Schering A.G.; N-(3,5- 
dimethyl-4-isoxazolylmethyl)-phtalimide (DIMP) and 
6r-bromo-l7/I-hydroxy-l7r-methyl-4-oxa-5r-andro- 
stan-3-one (BOMT) were provided by Hoffman-La 
Roche. Medroxyprogesterone acetate and chlorma- 
dinone acetate were obtained from Upjohn and 

Ayerst Laboratories respectively. T.1.c. plates were 
supplied by Merck (Darmstadt, Germany) as were 
most analytical grade reagents and solvents, Dimi- 
lume by Packard Instrument, Sephadex G50 and 
Dextran T70 by Pharmacia (Up&a. Sweden). Prota- 
mine sulfate (from salmon milt) was supplied by BDH 
(Poole, England) and Norit A by Nutritional Bio- 
chemicals Corporation (Cleveland, Ohio, U.S.A.). Un- 
less stated otherwise, the buffer used in this study 
consisted of 50mM TrissHCl buffer (pH 7.4 at 4°C). 

Study I$ in vivo retention during constant irlfusion 

of [3H]-testosterorw. Unspayed adult female rats or 
adult male rats, 17 h after gonadectomy, were infused 
with [3H]-testosterone by catheterization of the jugu- 
lar vein performed under ether anesthesia. Fifteen &i 
of [3H]-testosterone were given as priming dose, fol- 
lowed by 6 h of infusion at a rate of 3 $i (0.6 ml)/h. 
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The labcllcd steroid was dissolved in S”,, ethanol in 
saline. At the end of the infusion the rats were anes- 
thctiscd with ether and bled to death by section of 
the opposite carotid artery. The uterus or prostate 
was rcmovcd immediately. clcaned. weighed and 
homopenircd in 2 ml of buffer using the Ultraturrax. 

as descrihcd for the preparation of cytosol. The 
homogenate was extracted twice with 4 ml of ethyla- 

cct~ltc-cqclohcxalic. various unlabelled steroids were 
added and after evaporation of the solvent at 4O’C 
under a nitrogen stream the extracts were spotted 011 

silicagcl t.1.c. plates. The plates were run twice in the 
system dichloromethanc ether (X5: I5. v/v) and the 
marker steroids were localized by IJ.V. absorption or 
by primulin spra! [ 131 and fluorescence in L1.V. light. 

Thcrcafter the appropriate zones wcrc scraped off in 
counting vials. The radioactivity in these vials was 
measured by liquid scintillation counting after addi- 
tion of IOml of Dimilumc. A similar procedure was 
followed for rat plasma. Aliquots of the total homo- 
gcnatc. the total extract and the aqueous phase were 
counted as well. 

PI.(,/J(II.L~~~o/I of’ c~fosol. Three uteri were homo- 
geni/cd in 6 ml of buffer by means of an Ultraturrax 
(model TP lX/ZN; Ika Werk. Germany) using three 
times 15 seconds of homogenization at full speed with 

intermittent cooling in ice for 1 min. This homogenate 
\vas submitted to ultracentrifugation for 45 min at 
45.000 rc\. min (98.7009) using and M.S.E. Super- 
speed 65 centrifuge (England) equipped with an angle 
rotor (X x 25 ml aluminium). The supcrnatant of this 
ccntrifugation is the cytosol. The whole procedure 

uas performed at 0 to 4 C. 
S?/~~IIYIIiO/I “j’holr/ld and wlhourld steroid by yd j/t- 

/v/h. Columns of Scphadex G 50 were prepared in 
bu&r. The internal diameter was I. I cm. and the bed 
height 3 1 .S cm.. corresponding to a bed vol. of 30 ml. 
After application of the sample, consisting of 0.5 ml 

of cytosol incubated with labelled steroid, the column 
was cluted with the same buffer. Four fractions were 
collected; a first fraction of IOml. preceding the pro- 

tcin. a protein fraction of 4 ml. ;I second fraction of 
4 ml and finally a fraction of 25 ml containing the 
unbound steroids. The radioactivity in these fractions 
was mcasurcd by liquid scintillation counting. The 

hholc procedure was performed at 4 c‘ using jockctcd 
columns and a thermostatic circulator. 

So/~rrrrtio/~ of’ho~lnd cl& 1&01r/fr/ .src~oit/ hi, c,o~ll/~t’ri- 
ril.r, arl.sorprior~ ro Dc.\-tr.clr~-c,outc,tI clla~oal. To al iquota 
(0.5 ml) of the cytosol incubated L+,ith lab&d steroid. 
I ml of a magneticallq stirred Dextran-coated char- 

coal suspension was added. After 15 min of incuba- 
tion at 0 ‘C the tubes wcrc centrifuged for I5 min 
at XOOOrcv~min (7700~) in a Sorvall RC?B cooled 

centrifuge. Thereafter. the radioactivit) in the supcr- 
natant (bound fraction) was estimated. The unbound 

fraction was obtained hi subtracting the bound 
radioactivity from the total radioactivity in the cyto- 
sol. Unless stated otherwise. the composition of the 
Dextran-coated charcoal suspension was 1 g charcoal 

(Norit A) and 0.1 g Dextran T 70 for 100 ml of water. 
Ptwipiturion of’ hourd rudioacfirif~~ with pwtcrri~irw 

.strlfutr. To aliquots (0.5 ml) of cytosol incubated with 
labelled steroid I ml of a solution of protamine sulfate 
(0.2 mgjml) in buffer was added. After 15 min of incu- 
bation at 0’ C. the samples were centrifuged for 5 min 

at 8000 rev./min in the cooled centrifuge and the 
supernatant discarded. Thercaftcr. the pellets wcrc 
rinsed with 5 ml of buffer at O’C and centrifuged 
again under the same conditions. The radioactivity 
in the pellets was measured after incubation fol 
30 min at SO C with 0.5 ml of Solucnc and addition 
of 10ml of Dimilume. 

Other tc~cl~r~ic~ucs. Radioactivity due to [“HI-la- 
belled steroids was measured by liquid scintillation 
counting in a Packard Liquid Scintillation Counter 
Model 2425 after addition of 10 ml of Dimilumc to 
the samples. Quenching was corrected for by external 
standardisation, using a quench curve prepared in the 
same solvents. Protein was measured by the method 
of Hartree[l4] using BSA as standard. 

KESL’LTS 

In vivo c~cumulatiorr of rudioucfivity dwing cmstut~f 

ir!firsim of [3H]-f~.s~o.stc,r.onc. As shown in Table I. 
the composition of radioactivity extracted from uterus 
or prostate after constant infusion of [3H]-testoster- 
one is diKerent for both organs. Indeed, in the pro- 
state this radioactivity consists for the largest part 

Table I. Composition of uncon,jugated radioactivit) m rat prostate. uterus or plasma after 6 h i.v. infusion of 
[“HI-testosterone 

Origin 

“<, of extracted radioactivity 
(mean + SD.) 

as polar metaholites as testosterone as Sr-dihydrotcstosterone 
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of Sa-dihydrotestosterone and contains only a small 

fraction of testosterone. In the uterus, on the other 

hand, the major radioactive component is testoster- 
one and almost no [3H]-_5a-dihydrotestosterone is 
detected. The unidentified polar metabolites are more 
important than in the prostate. The ratio of C3H]-5z- 
dihydrotestosterone to [3H]-testosterone is 18.1 for 
the prostate and 0.014 for the uterus. This shows 

clearly that during infusion of C3H]-testosterone there 
is a preferential retention of radioactivity under the 
form of ~3H]-S~-dihydrotestosterone by the prostate 
and under the form of [3H]-testosterone by the 
uterus. In addition. the accumulation of radioactivity 

is much lower for the uterus than for the prostate. 

Indeed. the tissue/plasma ratio of radioactivity pres- 
ent under the form of testosterone and Sr-dihydrotes- 
tosterone added together was 4.0 i 1.8 (mean f SD.; 
n = 5) for the uterus and 25.9 + ii.2 (n = 4) for the 

prostate. 
In vitro (~~l~~~~st~ut~~~ of ~i~h-a~nit~l testosteronr 

binding in the utms oft& adult rut. The accumulation 
of testosterone by the uterus of the immature rat has 
been explained by the presence of a saturable testo- 
sterone-binding protein [7,8]. Consequently, the find- 
ing of testosterone retention by the uterus of the adult 
rat suggested that a similar binding protein is present 
during adulthood. This was demonstrated by incuba- 
tion of uterus cytosol at 0°C with a constant amount 
of [3H]-testostcrone and various amounts of unla- 
belled testosterone. Thereafter. the binding of testo- 
sterone was measured by various techniques. which 
allow high atfinity (or slowly dissociating) binding to 
be distinguished from low affinity binding, such as 
gel filtration at 4°C charcoal adsorption or selective 
precipitation with protamjne sulfate (Fig. 1) and 

expressed according to Scatchard[lS]. These exper- 

l 

. 

~ 

, 

BOUND fnM 1 
Fig. 1. Binding of [3H]-testosterone in uterus cytosol at 
various concentrations of testosterone. Uterus cytosol 
(protein concentrations: 5 to 7.2 mg/ml) was incubated at 
0°C with 0.2 nM of [3H]-testosterone and various amounts 
of non-labelled testosterone. Thereafter, binding was 
measured (A) by gel filtration, (B) by precipitation with 
protamine sulfate or (C) by competitive adsorption to Dex- 
tran-coated charcoal (1 vol; 4 g charcoal and 0.2 g Dextran 
per lOOmI). The results are expressed according to Scat- 

chard[ f 65 without correction for non-specific binding. 

I 
0 0.1 0.2 0.3 

KCI concentration (M ) 

Fig. 2. Effect of KC1 on testosterone binding. After homo- 
genization of 4 uteri in 6 ml of Tris-buffer. aliquots of the 
homogenate were diluted with the same buffer, containing 
various amounts of KC1 and cytosoi was prepared as 
usual. The cytosol preparation were incubated for 3 h with 
0.2nM [3H]-testosterone and the binding of testosterone 
was measured by gel filtration. The whole procedure was 
performed at 0 to 4°C. The results are expressed as per- 
centage of the binding observed without addition of KC1 
and plotted as a function of the concentration of KCl. 

iments clearly show that cytosol from the uterus of 
adult rats contains a limited amount of a testoster- 

one-binding component with a high affinity for this 

steroid. 
Qcrantitatiw rwluation of trstosteronr binding in 

uterus cytosol. In order to obtain an idea of the con- 
centration of the testosterone binding component in 

uterus cytosol, the experiment shown in Fig. Ic was 

repeated several times on different preparations of 
cytosol. The results of these experiments were ana- 
lysed by means of Scatchard-plots [I .5] and corrected 
for non-specific binding [16]. This yielded an estimate 
of the concentration of the binding site, which was 
expressed as a function of the protein content of the 
sample and gave an estimate of the apparent equili- 
brium constant of dissociation. As shown in Table 
2, the concentration of the binding site for testoster- 
one is about 66 fmol per mg protein. and the apparent 
dissociation constant about 1.1 nM. These values are 

Table 2. Concentration and apparent equilibrium constant 
of dissociation (&?,) for testosterone of the androgen bind- 
ing component of uterus and prostate cytosol 

(mean + SD.) 

Tissue 
Concentration 

(fmol/mg protein) 

uterus 66.5 i 19.4 1.10 * 0.31 
(n = 7) 
prostate 43.3 f 5.1 1.22 + 0.83 
(n = 3) 

Cytosol was prepared from 3 uteri or from 2 prostates 
in 7.5ml of buffer and incubated for 3 h at 0°C with 
various amounts of testosterone. Thereafter, the bound 
fraction was estimated by means of the Dextran-coated 
charcoal technique. 
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Fig. 3. Binding of [“H]-5;1-dih?‘drotLstoStCTOIIC at wriow 
concentrations of 5z-dihq.drotesto.\tol.one. C!tcrus c!towl 
(protein concentration 6.3 m&/ml) was incuhatcd for 3 h at 
O’C with 0.1 nM of [“HI-5r-dihydrotcstoskronc and 
various amounts of unlnbelled 5r/-dih)drotestostel-enc. 
Thereafter. binding was measured by means of gel lilt- 
ration. The results arc plotted according to Scatchardl[lS]. 
The continuous lines represent high affinity hindin& (A: 
K,: 2 nM) and non-specific binding (B). derived by 1hc 

method of Roscnthal[lh] 
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a 17/Shydroxy and 3-0~0 group. Usually, these ster- 
oids have androgenic or anabolic activity. When the 

3-0~0 group is reduced, as in 5r-androstane-3z. 
17/Sdiol and 5x-androstane-3/L 17/?-diol the degree 
of competition diminishes markedly. In contrast to 

Sr-dihydrotestosterone, 5/j’-dihydrotestosterone is a 
poor competitor. This is not unexpected in view of 
its different steric configuration. Estradiol, on the 
other hand, is surprisingly competitive. Most 
C21-steroids have little or no competitive effect. An 
exception is formed by some derivatives of 17r-hyd- 
roxyprogesterone. This steroid itself is not very com- 
petitive, but acetylation of the 172-hydroxy group 

markedly enhances competition. The same effect is 
seen when comparing cyproterone and cyproterone 
acetate and probably explains the marked competitive 
effect of chlormadinone acetate and medroxyproges- 

terone acetate. Finally, the steroidal antiandrogen 
BOMT and the non-steroidal antiandrogen DIMP 
are only relatively weak competitors. 

In order to compare the specificity of androgen 

binding in uterus and prostate, some data are in- 
cluded in Table 4 on the competition of various com- 
pounds with the binding of [3H]-testosterone and 
[3H]-5r-dihydrotestosterone in prostate cytosol. The 
results on competition with [3H]-testosterone were 
obtained in this study by the charcoal technique: the 
data on competition with [3H]-5z-dihydrotestoster- 

one come from a previous study [1 11, wherein 
ammonium sulphate was used for the precipitation 
of the specifically bound steroid. In spite of numerous 
factors, which may affect the results, there is a marked 
similarity in the competition pattern for androgen 
binding in uterus and prostate cytosol. 

Sz-dih!,drotcstosrc~.~n~~ binding in uterus cytosol. In 
contrast to androgen-binding proteins found in some 
other organs (e.g. the prostate) which preferentially 
bind Sa-dihydrotestosterone, the androgen-binding 
protein described in the uterus of the immature rat 
is believed to be specific for testosterone [779]. In 
view of the selective uptake of testosterone, observed 
in cico this was expected to be also the case for the 
uterus of the adult rat. When. however. the exper- 
iment of Fig. 1 was repeated with [3H]-5r-dihydrotes- 

tosterone and unlabelled 5x-dihydrotestosterone. high 
affinity 5x-dihydrotestosterone binding was detected 
in uterus cytosol of adult rats (Fig. 3). This binding 
of 5x-dihydrotestosterone was weaker (apparent K, 
for 51-dihydrotestosterone 2nM) than the binding of 
testosterone and variable from experiment to exper- 
iment. Whereas 5x-dihydrotestosterone showed 
marked competition with the binding of [3H]-testo- 
sterone (see Table 3). testosterone was a strong com- 
petitor with the binding of [3H]-5x-dihydrotestoster- 
one. the Ki being appr. 2.1 nM. These data are in 
agreement with the hypothesis that the “high affinity” 
androgen-binding protein(s) of uterus cytosol bind 
both testosterone and 5z-dihydrotestosterone. but 
have a higher apparent affinity for testosterone. In 
the next section we will make a more detailed com- 

parison of the binding of these two androgens in rat 

uterus cytosol. 

Cmnparisorl of j,-dihydrotestosterone and testoster- 
one binding. Some indirect arguments favour the 
hypothesis that the binding of Sr-dihydrotestosterone 
in uterus cytosol is only apparently weaker than the 
binding of testosterone. A first argument is the obser- 
vation that 5z-dihydrotestosterone binding prevails 

during experiments. such as ultracentrifugation. 
wherein the steroid--protein complex is subjected for 
a prolonged time to conditions favouring dissociation. 
This is confirmed by measurements of the dissociation 
rutc under chase conditions (Fig. 4). Indeed, at 0°C 
very little dissociation of bound [3H]-5y-dihydrotes- 
tosterone was observed even after 120 min of incuba- 
tion, whereas 8072 of the bound [3H]-testosterone 
remained in the bound fraction at that time. At 25°C 
the dissociation rate constant was 0.0288 min-’ for 
[3H]-testosterone and only 0.0024 min- 1 for 
[3H]-5x-dihydrotesterone. Incidentally, the dissocia- 
tion rate constant for [3H]-testosterone bound in 
prostate cytosol was 0.023 min-’ at 25”C, a value 
close to the one found for testosterone binding in 
uterus cytosol. 

A more direct proof that the binding of Sr-dihydro- 
testosterone in uterus cytosol is intrinsically stronger 
than the binding of testosterone is found in the effect 
of charcoal pretreatment of the cytosol. Indeed, this 

procedure results in a moderate rise of the binding 
of testosterone, and in a marked increase of the bind- 
ing of SrA-dihydrotestosterone (Fig. 5). Consequently, 

the binding of Sr-dihydrotestosterone becomes 
stronger than the binding of testosterone, at about 
the same number of binding sites. In fact, the flattened 
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Fig. 4. Dissociation of [3H]-testosterone (0) or [3H]-5c(- 
dihydrotestosterone (+) bound in uterus cytosol at 25°C 
or at 0°C (circled symbols). For each curve uterus cytosol 
(protein concentration approx. 5 mg/ml) was prepared 
from 2 uteri in 4ml of buffer and incubated for 3 h at 
0°C with 0.2 nM of [3H]-testosterone or of [3H]-5r-dihyd- 
rotestosterone. Thereafter, unlabelled steroid was added in 
0.3 vol. of buffer, resulting in a steroid concentration of 
3.5,uM. the tubes were incubated for various amounts of 
time at 25°C (or at 0°C) and the bound radioactivity 
measured by gel filtration at 4°C. The results are expressed 
as percentage binding with respect to time 0 on a In scale. 
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Fig. 5. Effect of charcoal pretreatment on the binding of 
[3H]-testosterone (A) and of [3H]-5z-dihydrotestosterone 
(B). Cytosol (protein concentration X.1 mg/ml for A and 
6.6 mg ml for B) was prepared from 6 uteri in IOml of 
bull’~~r. 1-o one half of the cytosol 0.4 vol. of water (0) or 
0.4 \ol. of Dextrali-coated charcoal (+ ); (4 g charcoal and 
0.2g Dcxtran per IOOml) were added, the samples were 
incubated for 30min at O-C and centrifuged for IOmin 
at 8OOOc.p.m. Thereafter. the binding of either steroid in 
the supernatant was measured and expressed as in Fig. IC. 
For testosterone the apparent K, was 0.9 nM for the 
dduted (0) and 0.X nM for the charcoal-treated (+) cytosol. 
For Sr-dihydrotestostcronc these values were respectively 
2.1 nM and 0.3X nM. The experiments of Fig. 5a and 

Fig. 5b were performed on two different days. 

shape of the Scatchard plot obtained for Sx-dihydro- 
testosterone after charcoal treatment suggest that the 
binding of this steroid was still underestimated. That 
this is the case, is shown by the effect of prolongation 
of the incubation time (Fig. 6). which results in a 
further increase of 5r-dihydrotestosteronc binding. 

Two factors may explain. at least in part. why the 
binding of 5z-dihydrotestosterone is underestimated 
in uterus cytosol. A first factor is the higher non- 

specific binding observed with [“HI-Sr-dihydrotesto- 
stcronc. Indeed. where equilibrium dialysis was 
performed at O’C on cytosol (protein concentration 

7.3 mg/ml) with [JH]-5r-dihydrotestosterone 01 
[“HI-testosterone and unlabelled steroid at a total 

concentration of 3.5 x IO-“M the ratio of bound to 
unbound radioactivity was 5.7 for 5x-dihydrotesto- 
sterone and 1.2 for testosterone. The extensive mcta- 
bolism of 5z-dihydrotestosterone in uterus cytosol 
during incubation at O-C forms the second f&tor. 

BOUND (nM 1 

Fig. 6. E&t of prolonged incubation with [ZH]-5r-dihyd- 
rotestosterone on its binding, I’tcrus cqtosol was prepared 
and charcoal-treated ah in Fig. 5. The binding of [3H]-51- 
dihydrotcstosterone was mcasurcd bq means of charcoal 
adsorption after 3 h (A) or 5 hrs (B) of incubation at 0 C 
with the labelled and unlabelled stcrold. The K,, for 57.di- 

hydrotestosterone m Fig. 6b was 0.096 nM. 

After 3 h of incubation of [‘HI-Sz-dihydrotestostcr- 
one in uterus cytosol at 0 C the radioactivity in the 
total cytosol and in the unbound fraction consists for 
the largest part of 5z-androstane-32. 17/Gdiol. a com- 
ponent which does not bind strongly to the cytosolic 

binding protein. whereas the specifically bound frac- 
tion contains mainly untransformed 5z-dihydrotestos- 
terone (Table 5). The non-specifically bound fraction 
also consists mainly of 5x-androstane-3x. 17/&diol 
(Table 6). Under the same conditions testosterone is 
metabolized only to a limited extent. Because of this 
conversion of 5x-dihydrotcstostcronc during the incu- 
bation of cytosol our calculations. which involve the 
use of total radioactivity. overestimate the unbound 

concentration of this steroid and hence underestimate 
the association constant. The increase of binding 
observed after charcoal pretreatment may be due to 
a similar mechanism. Indeed. this procedure results 

in a marked reduction of this metabolism, since 66.X”,, 
of the [3H]-5x-dihydrotestosterone remained un- 
changed after 3 h of incubation in charcoal-pretreated 
cytosol at 0 C. 

.1x-h~dro.\-),.stc,~oid ~lf~h~.il~o~Jf~tzu.~~, actiritJ’ in ut0rU.s 

cyrosol. As already shown in Table 5 [3H]-5x-dihyd- 
rotestosterone is metabolized extensively in rat uterus 

cytosol. L.ndcr these conditions 57.androstane-3x- 

Table 5. Metabolism and binding of [“HI-testosterone and [JH]-5r-dihydrotestosterone after 3 h of incubation in uterus 
cytosol at O’C 

‘I,, Unchanged steroid I’,, Bindmg 
in total in bound In terms 01 in terms of 

Incubated Steroid cytosol fraction total radioacticitl unchanged compound 

[‘HI-testosterone X5.7 92.2 15.9 16.9 
[‘HI-5r-dihydrotcstosterone IO.0 x9.0 5.X 51.3 

For each steroid cytosol was prepared from 2 uteri m 4 ml buffer and incubated for 3 h with 1.15 nM of [“H]-testoster- 
one or 1.92 nM of [3H]-5r-dihydrotestosterone. The binding was measured by means of gel filtration and the composition 
of the radioactivity by use of extraction. t.1.c. and liquid scintillation counting. 
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Table 6. Non-specific binding and metaboiism of Sa-dihydrotestosterone in uterus cytosol as measured by equilibrium 
dialysis (mean + SD.) 

bound/unbound total radioactivity 6.4 & 0.8 
as 5~-dihydrotestosterone 4.5 t_ 0.7 
as 5a-androstane-3ct. 17jGdioI 7.5 + 0.8 

%androstane-3x, 17m inside 22.4 I: 1.6 
5x-dihydrotestosterone outside 14.5 + 0.7 

Uterus cytosol (5.7 mg protein per ml) was incubated for 3 h at 0°C with 31.1M of uniabellcd ~~-dihydrotestosteronc 
and 2 nM of [3H]-5a-dihydrotestosterone. Thereafter, 0.5 ml aliquots were placed into dialysis bags and after 48 h 
of dialysis at 4°C against 2 ml of buffer the total radioactivity inside and outside and its composition was measured. 

17/3-diol is the only quantitatively important metabo- 
lite, as demonstrated by thin-layer chromatography 
and by paper chromatography in the Bush B, system 
[17]. In Fig. 7 the reaction is followed as a function 
of time: the conversion of 5~“dihydrotestosterone pro- 
ceeds graduaHy and after 3 h the largest part of this 
steroid is converted into 5lw-androstane-3ir, 17j-diol. 
The speed of this reaction is increased markedly by 
the addition of the coenzyme NADPH. Indeed, in 
the presence of NADPH a similar degree of conver- 
sion is obtained after 15min of incubation at 0°C 
and this in 10 times more diluted cytosol (Fig. 8). Inci- 
dentally, the addition of NADP+, which is not 
expected to promote the conversion in this direction 
resulted also in a marked increase in the formation 
of 5~-androstane-3~, 17~-dial, probably because the 
coenzyme is rapidly reduced by other reactions which 
occur in the cytosol. The effect of substrate concen- 
tration on the speed of the reaction is shown in Fig. 9, 
which allows to estimate the K, and V,,,. At 0°C 
the K, was 6.5 x 10-‘M and the V,,, 10.9 nmol/g 
protein/min. The corresponding values at 37°C were 
1.9 x 10-‘M and 222nmol/g protein/min. The sub- 
strate specificity of the enzyme was not studied but 
marked competition was observed with Sr-preg- 
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Fig. 7. Metabolism of [3H]-5a-dihydrotestosteronc in 
uterus cytosol at 0°C as a function of time. Cytosol from 
3 uteri in 6 ml of buffer was incubated at 0°C with 1.9 nM 
of [‘HI-5r-dihydrotestosterone. At the indicated times 
1 ml of cytosol was extracted with 5 ml cyclohexane-ethyl- 
acetate (1.1 v/v) and the composition of the radioactivity 
in the extracts was measured by t.1.c. and liquid scintilla- 
tion counting. 5%dihydrotestosterone: f ; Sol-androstane- 

3a-17&diol: 0. 
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Fig. 8. Influence of the dilution of cytosol on the conver- 
sion of So-dihydrotestosterone into Sa-androstane-3sc-l7/$ 
dial at 0°C in the presence of NADPH. Cytosol (protein 
concentration ~.Omg/m~) was diluted 10 to 400-fold with 
buffer and incubated for 15 min at 0°C with 0.1 $Y/rnl of 
[3H]-5a-dihydrotestosterone and 1 mg/ml of NADPH, 
Thereafter the conversion into 5a-androstane-3a, 17/$diol 

was measured as in Fig. 7. 

nane3, 20-dione: in the presence of 6 x lo-“M of 
this steroid the conversion of Sa-dihydrotestosterone. 
measured at 0°C in diluted cytosol (protein concen- 
tration: 0.026 mg/ml) with added NADPH was 22.1% 
of the conversion observed without 5cc-pregane-3,20- 
dione. This observation suggests that this enzyme 
may play a role in the conversion of progesterone 
metabolites. 

High affinity androgen binding has been described 
in uterus cytosol of immature rats by Gianno- 
poulos[7,8]. This finding was confirmed by Rochefort 
and Lignon[Y], who demonstrated that this androgen 
“receptor” was different from the estradiol receptor 
of uterus cytosol although high concentrations of 
androgens could transfer the latter to the nucleus. In 
calf uterus also. the simultaneous presence of 
androgen and estradiol receptors has been shown 
E181. 

In the present study we report on high affinity 
androgen binding in uterus cytosol of adult rats. Since 
such activity could not be detected in rat blood 
plasma, it is improbable that this binding is due to 
plasma contamination. As in immature rats [7-91. the 
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Fig. 9. InAuence of substrate concentration on the conver- 
sion of 5x-dihydrotestosterone by uterus cytosol. Diluted 
cytosol (protein concentration 0.035 mg,‘ml) was incubated 
for 15 min at 0 C with 2 nM of [3H]-5x-dihydrotcstoster- 
one and various concentrations of unlabelled steroid. 
Thcrpaftcr. the formation of 51-androstanc-37. 17/I-dial 
was measured b! extraction. t.1.c. and liquid scintillation 
counting and expressed pcrg protcin and pcl- min (AI. B 

shows a Michaelis-Mcnten plot of the same data. 

binding of testosterone in uterus cytosol appeared to 
be stronger than the binding of 5z-dihydrotestoster- 
one. This finding. which concurs well with the prefer- 
ential accumulation of radioactivit\ in the form of 
testosterone during irk riro infusion of this [“HI-ster- 
oid. seems to distinguish the androgen receptor in 
uterus cytosol from the one described in the prostate. 
Indeed. in the prostate. bvhich accumulates [“HI-5~ 
dihydrotestosterone during infusion of [3H]-testoster- 
one (Table 1). there is preferential binding of 5z-di- 
hydrotestosterone [46]. On the other hand. the con- 
centration of the high affinity binding site in both 
organs was vrr! similar. a remarkable finding in view 

of the marked difference in androgcn responsiveness. 
It was reasonable to expect that this difference in 
specificity of the androgen binding in uterus and pro- 
state should be reflected also in competition studies. 
These experiments (Table 4), however. revealed a high 
degree of similarity. rather than striking differences. 
an obscr\ation. \+hich could bc extended to androgcn 
binding in other organs [19]. In general. the compcti- 

tion p;ittcrn cot-responds ~\rll I\ ith the biological pro- 
tilt of most ztcroids. In this rcspcct the t-cmarkahle 
binding of I7r-acctox! progcstcronc and various cleri- 
\ativc$. such as c!protcrone acctatc and ~mc s!n- 
thetic progestational steroids should hc mcntioncd. 

lndccd. this finding agwcs \\ctl pith the observation 
of androgcnic. synandrogcnic and antiandrogenic 
properties of these component\ on II~USC hidnq and 

submaxillar! gland [N 21 J. 
The remar~ablc similarit) of the compctltlon data 

led us to the h)pothcsiz that the specificity of the 

androgcn binding in uterus and prostate was essen- 
tialt) idcntlcal and that the preferential binding of 
testosterone by uterus qtosol M~S only apparent. 

Some other observations also point in this direction. 
Indeed. 5x-dihydrotestosterone. once bound to the 
nndrogcn rcccptor scemcd to be bound more tightt) 

than tcstostcronc. since 5,-dihqdrotcstostcronc bind- 
ing prcvaited in experiments of long duration and 
since the dissociation rate constant for this steroid. 
bound to the androgcn receptor L\\;IS about ten times 
smaller than for tcstostcrc>ne. This sccmcd to indicate 
that the binding of 5Aih!drotcstostcronc ~vab intrin- 
sicatl! stronger than the binding of tcstostcronc but 
that the association of 5Aihydrotcstostcronc \+;I+ in- 
pcdcd in uterus c! tosol. In fact. as in IIIOUSC kidnq 
[I 91 wx found two factors which might produce this 
apparent decrease of 5x-dihydrotcstosterone binding. 
Firsttl. the prcsrncc of non-specific binding, which 
results in an o\.crcstimation of the unbound steroid. 
since :I targc part of the nnn-spccificatl\ bound steroid 
is included in the “unbound” fraction and. sccondtk 
the particulart! $tronp metabolic con\,crsion of 51. 
dih!di-otestostcrone into 5r-andro~t~uic-Ir. 17/Ldiol 
ohservcd in uterus qtosol c\cn during incubation at 
tow temperature. The e&t of charcoal protreatment 
provides :I more direct proof of stronger 5x-dihydro- 

testosterone binding in uterus cytosol. Indeed. after 
this procedure. which diminishes the conversion of 
5r-dihqdrotcstostcrone. probabl) bq absorption of 
coenrymc and of rclatcd reducing substances. the 
binding of 51-dihqdrotcstostcrone clearly exceeds the 
binding of tcstostcrone. It is possible that the conver- 
sion of 5,-dihydrotcstostcronc into Sr-xndros- 
tanc-.iz. 17/&diol also lead< to an underestimation of 
5z-dihqdrotestosterone binding in uterus cytosol of 

immature rats. since we found about the same 3x-hyd- 
roxysteroid dehydrogenase activity in adult and im- 
mature animals (results not shown). 

During infusion of [‘HI-testostcronc the prostate 
accumulates [“HI-5x-dihydrotcstosterone and the 
uterus [3H]-testosteronc (Table Il. and this at a 
markedly lower level than the prostate. Since the con- 
centration (Table2) and specificity of the androgen 
“receptors” (Table 4) wcrc found to be similar in both 
organs. it is improbable that this difference in rcten- 
tion is due to these proteins. Furthermore. the com- 
position of the circulating radioactivity (Table I) does 
not provide an explanation for this difference. For 
this reason intracellular conversions of the steroid in 
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uterus and prostate probably play a major role in 
the specificity of androgen retention. The high See-re- 
ductase activity in the prostate [22> will then favour 
the accumulation in the form of 5~-dihydrotestoster- 
one, with respect to other organs 1231, whereas the 
high 3c+hydroxysteroid dehydrogenase activity in the 
uterus will preclude any 5z-dihydrotestosterone enter- 
ing the cell or formed intra~ellularly from binding 
to the receptor. The intrinsically stronger binding of 
Sr-dihydrotestosterone as compared to testosterone 
may then lead to a higher level of androgen retention 
in the prostate. 

2. 

The significance of androgen binding in the uterus 
is ditKcult to assess. Indeed, this organ is no typical 
target organ for androgens, aItho~lgh it is in~uen~ed 
by these hormones. Furthermore, testosterone and 
Set-dihydrotestosterone seem to have different effects 
on the uterus [24]. This leads to the question whether 
the testosterone receptor complex has the same signi- 
ficance as the 5x-dihydrotestosterone receptor com- 
plex. In view of the lower stability of the testosterone 
receptor compiex it is conceivable that this complex 
will have a quantitatively weaker effect; it is possible 
also that the nature of the bound steroid affects the 
following steps of the mechanism of action of the hor- 
mone such as the activation of the hormone-receptor 
complex. the transfer to the nucleus and the inter- 
action with the nuclear acceptor [25]. In addition. 
the heterogen~o~~s composition of the uterus may re- 
flect itself in the distribution of the androgen receptor 
and of the 3x-hydroxysteroid dehydrogenase and lead 
to a preferential uptake of testosterone in some cells 
and of 5~-dihydrotestostero~e in other cells explain- 
ing the difference in response observed with both ster- 

oids, Finally, other mctabolites [e.g. 5r-andsos- 
tane-3%. 17~-~01) formed in the uterus or elsewhere 
may also be of some impor~~ce [26, 27;). 
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