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SUMMARY 

The tissue specificity of the microsomal NAD: 3cc-hydroxysteroid oxidoreductase has been investigated. 
A striking correlation is observed between the responsiveness of the investigated tissues to 3a-andros- 
tanediol on the one hand and the activity of the NAD: 3a-hydroxysteroid oxidoreductase as well 
as their ability to convert 3a-androstanediol into Sor-dihydrotestosterone on the other hand. 

INTRODUCTION 

Steroid metabolism in target organs may serve a dual 
role. On the one hand it can inactivate a hormone 
and limit its effect, on the other hand it can transform 
a circulating hormone in a biologically more active 
compound. The steroid Sa-reductase catalyzing the 
interconversion between the circulating androgen 
testosterone and 17/I-hydroxy-5u-androstan-3-one 
(%dihydrotestosterone) serves as a protoype of an 
enzyme responsible for the formation of “active meta- 
bolites”[l]. The epithet “active metabolite”, however, 
has been assigned to several other androgen metabo- 
lites and particularly to 5cr-androstane-3a,17j%diol 
(3crandrostanediol) and 5cc-androstane-3,!?.17fl- 
diol[2]. The activity of 3a-androstanediol e.g. equals 
or surpasses that of testosterone in rat kidney [3,4], 
exorbital lacrimal gland[5], prostate and seminal 
vesicles[&9]. Since 3c+androstanediol itself binds 
poorly to androgen receptor proteins[lO] and since 
this compound is converted into Sa-dihydrotestoster- 
one in uivo[ll] we considered the possibility that a 
particular ability to convert the 3a-diol into Scr-dihyd- 
rotestosterone might explain the high activity of this 
diol in some androgen target tissues. 

Recently we described and partly identified three 
3u-hydroxysteroid oxidoreductases able to intercon- 
vert Sa-dihydrotestosterone and 3cr-androstanediol in 
rat kidney[12]. Only one of these enzymes-the mic- 
rosomal NAD: 3cr-hydroxysteroid oxidoreductase- 
displays favorable characteristics to catalyze the back- 
conversion between 3u-androstanediol and Su-dihyd- 
rotestosterone. The present paper demonstrates a 
striking relationship between the presence and ac- 
tivity of this microsomal enzyme in different rat tis- 
sues and the ability of slices of the same tissues to 
use 3a-androstanediol as a precursor for the forma- 
tion of Sa-dihydrotestosterone. 

EXPERIMENTAL 

Wistar rats were used in all experiments. 
5a-[1,2-3H]-Dihydrotestosterone (48 Ci/mmol) was 
purchased from New England Nuclear. 3~-[1,2-~H]- 
Androstanediol was prepared enzymatically from the 
preceding compound[12]. Subcellular fractionation 
procedures, routine incubation conditions and chro- 
matographic methods have been reported in 
detail[12]. For the selective measurement of the 
microsomal NAD: 3cc-hydroxysteroid oxidoreductase, 
advantage was taken from the fact that this enzyme 
requires NAD and has a remarkable stability at acidic 
pH. Measurements were performed in acetate buffer 
(I = 0.05) at pH 4.5 unless stated otherwise. The con- 
centration of NADH was 0.64mM. The incubation 
mixture contained 5.2 /.rM 5a-[1,2-3H]-dihydrotestos- 
terone. The final vol. was made up to 2ml. The 
amount of microsomes added corresponded to 0.4 mg 
of original tissue (wet weight) for liver, 4 mg for exor- 
bital lacrimal gland, 10 mg for kidney, 20 mg for pro- 
state and 40 mg for submaxillary gland, seminal vesi- 
cles, lung and muscle. The reaction was allowed to 
proceed for 15minutes at 37”. Extraction and thin 
layer chromatography were performed as described 
previously[l2]. The zones corresponding to the ori- 
gin, 3a-androstanediol and 5c+dihydrotestosterone 
were scraped off and transferred to counting vials. 
Ninety three (seminal vesicles) up to 100% (exorbital 
lacrimal gland, muscle) of the incubated radioactivity 
was recovered in these regions. Tissue slices weighing 
about 1OOmg were incubated in 1 ml of Eagle’s 
medium in the presence of 3a-[3H]-androstanediol, 
10nM for 1 h at 37”. The medium was supplemented 
with 3% NaHCO, and was gassed with 95% O2 and 
5% CO1. After incubation, tissue and medium were 
homogenized in an all glass homogenizer and 
extracted with chloroform-methanol (2: 1, v/v). The 
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Fig. 1. Subcellular localization of NADH: 3a-hydroxyster- 
oid oxidoreductase activity in rat prostate. Abbreviations: 
N, nuclei; WI, 800g nuclear washing fluid; Wt, discon- 
tinuous sucrose gradient overlaying the purified nuclei; M,, 
mitochondria; M,, microsomes: S, 108.000 g supernatant. 

extract was washed twice with chloroform-meth- 

anol-water (3 :48:47, by vol.). The aqueous phase of 
the extract and the successive washings were com- 

bined and quantitated for radioactivity (conjugated 

metabolites). The chloroform phase was evaporated 
to dryness and steroid metabolites were separated by 

t.1.c. and quantitated by liquid scintillation counting. 
Results are expressed as the percentage of the re- 
covered radioactivity present in the combined watery 
extracts or the indicated regions of the chromato- 

gram. The recovery of radioactivity approximated 
100% for all tissues studied. 

RESULTS 

First we compared the subcellular localization and 
kinetic characteristics of the NADH:3c+hydroxyster- 
oid oxidoreductase activity in rat prostate with that 
described in kidney. A typical cell fractionation ex- 
periment is shown in Fig. 1. It can be concluded from 
this figure that the highest activity in prostate is loca- 
lized in the microsomal fraction exactly as in kid- 
ney[lZ]. Kinetic studies on prostate microsomes 
using Sa-dihydrotestosterone as substrate in an incu- 
bation mixture at pH 7.4 reveal an apparent KM of 

Table 1. Microsomal NADH-3a-hydroxysteroid oxidore- 
ductase activity in various rat tissues 

Origin of microsomes 
NADH:3c+hydroxysteroid 

n oxidoreductase activity 

prnol x g protein-’ x h-’ 
Male kidney 7 135 * 8 
Female kidney 9 53 f. 4 
Prostate 4 156 rt 1 

Seminal vesicles 5 3+1 
Submaxillary gland 5 8*3 
Exorbital lacrimal gland 5 137 + 13 
Lung 5 16 f 5 
Muscle 5 6+4 
Liver 5 1029 f 49 

Values represent the mean f S.E. of the indicated 
number of determinations (n). 

3.5pM, a value that is again very close to that 
reported for the analogous kidney enzyme (2.8 PM). 
A similar enzyme-able to catalyze the conversion 
of 56t-dihydrotestosterone into 3a-androstanediol at 
pH 4.5--was detected in liver and exorbital lacrimal 
gland. In all other tissues investigated microsomal 
NADH-linked activity was low (Table 1). 

In a next series of experiments we compared the 
ability of slices from the same tissues to convert 
3a-androstanediol into Sa-dihydrotestosterone or the 
corresponding 17-ketoderivative 3, 17-androstane- 
dione. The results are summarized in Table 2. It can 
be concluded from these data that the ability to 
dehydrogenate the 3a-hydroxy function of 3a-andros- 
tanediol is considerably higher in tissues endowed 
with high microsomal NAD:3a-hydroxysteroid de- 
hydrogenase activity (kidney, prostate, exorbital lacri- 
mal gland) than in the other tissues. Only in the liver 
an apparent discrepancy is observed. In this tissue, 
however, the majority of reaction products was either 
conjugated or very polar and the exact nature of these 
metabolites was not further investigated. 

DISCUSSION 

The data presented stress the importance of target 
cell metabolism for the biological activity of 

Table 2. Metabolism of [3H]-3a-androstanediol by rat tissue slices 

Tissue Conjugated 

Metabolites 
3a-androst- (epi) Sa-dihydro 3,17_androstane 

Polar anediol androsterone testosterone dione 

% f SE 
Male kidney 9.3 + 2.8 5.6 + 0.7 23.5 + 1.3 20.6 + 1.9 25.3 k 1.6 
Female kidney 7.6 f 0.5 2.7 + 0.3 16.7 f 3.9 28.7 + 2.9 16.0 + 2.3 
Prostate 3.9 f 0.6 5.4 * 0.7 11.8 + 2.4 3.8 f 1.2 68.7 + 2.3 
Seminal vesicles 4.0 + 0.5 1.6 + 0.3 74.0 f 8.0 2.4 & 0.9 17.1 * 6.8 
Submaxillary gland 3.3 f 0.4 1.6 f 0.1 57.7 + 1.1 18.3 k 1.4 16.1 f 0.9 
Exorbital lacrimal gland 4.1 f 1.0 3.2 + 0.3 28.1 + 3.6 8.1 + 0.7 47.9 + 6.4 
Lung 3.9 + 0.6 5.8 f 0.5 84.1 + 1.2 1.5 * 0.0 4.0 + 0.3 
Muscle 2.4 + 0.2 0.8 f 0.0 94.0 + 0.2 0.7 f 0.1 1.6 + 0.1 
Liver 31.0 f 5.1 55.2 f 4.4 7.2 k 0.7 3.9 f 1.0 1.8 f 0.5 

Values represent the mean ) S.E. of 4 determinations. 

15.0 * 1.2 
27.3 i 3.1 

5.1 k 0.6 
0.5 f 0.5 
2.3 + 9.6 
8.0 + 2.1 
0.1 + 0.0 
0.1 + 0.0 
0.5 * 0.1 
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3cr-androstanediol. The latter compound is an active 

androgen in the rat[4-91, the mouse[13] and 
the dog[14]. This high biological activity contrasts 
sharply with the low affinity of 3a-androstanediol for 
the classical dihydrotestosterone receptor protein[lO]. 
Since no specific 3cc-androstanediol receptor has been 
detected up to now the possibility has to be con- 
sidered that conversion into Sa-dihydrotestosterone 
accounts for the high activity of 3a-androstanediol. 
Several authors demonstrated that after in uivo ad- 
ministration of 3a-androstanediol Scr-dihydrotestos- 
terone is the major metabolite in various androgen 

target tissues[ll, 15, 161. Our tissue slice experiments 
support the contention that this conversion takes 
place in the target tissues themselves. Several 3a-hy- 

droxysteroid oxidoreductases can be identified in 
androgen target tissues[12]: a soluble NADPH- 

dependent oxidoreductase present in all tissues inves- 

tigated, a microsomal NADPH-dependent oxidore- 

ductase present in liver and male rat kidney and a 
microsomal NADH-dependent oxidoreductase. The 
relative concentration of Sa-dihydrotestosterone and 

3a-androstanediol in the steady state will be the result 
not only of the presence and relative activity of all 

these oxidoreductases but also of the concentration 
of the appropriate cofactors. In oitro studies of the 
kinetic characteristics of three 3cr-hydroxysteroid de- 
hydrogenases in rat kidney suggest that only one of 
these enzymes-the microsomal NAD : 3a-hydroxy- 
steroid oxidoreductase-has favorable kinetic charac- 
teristics and cofactor requirement to catalyse the 
dehydrogenation of k-androstanediol. The striking 
correlation between the ability of a series of tissues 
to convert the 3cr-diol into See-dihydrotestosterone 
and the activity of the microsomal-NAD-linked de- 
hydrogenase in the same tissues adds further support 

to the contention that it is the latter enzyme that 
enables these tissues to use 3a-androstanediol as a 
precursor for the formation of Sa-dihydrotestosterone. 
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