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SUMMARY 

Metabolism of testosterone in the hypothalamus of the male adult rat was studied in vitro. The whole 
homogenate of the hypothalamus in the presence of NADPHZ generating system converted testosterone 
mainly to dihydrotestosterone and 5a-androstan-3x-17/I-diol. The reduction of testosterone to dihydro- 
testosterone was irreversible, while that of dihydrotestosterone to Sa-androstan-3a-17/I-diol was rever- 
sible. Michaelis constant for the 5x-reductase in the hypothalamus was 7.4 x lo-’ M. 

The administration of testosterone propionate caused no significant change of the Scl-reductase acti- 
vity in the hypothalamus, in contrast to the marked induction of Sa-reductase activity in the prostate. 
Furthermore, the Sa-reductase appeared to be widely distributed in the subcellular particulate com- 
ponents in the hypothalamus, being located mainly in the nuclear fraction in the prostate. 

These results suggest that there is some difference in the characteristics of the metabolism of testoster- 
one in the hypothalamus and in the prostate. 

INTRODUCHON 

The hypothalamus has been considered to be a target 
tissue of androgens Cl]. A steroid Sa-reductasc has 

been also reported in the hypothalamus of the rat 
[2-4]. In recent years, studies in vim have provided 
evidence that some %-reduced androgens are more 
potent than testosterone* with regard to the suppres- 
sion of LH secretion [5-61. These studies in uivo and 
in vitro suggest that Scr-reduction of testosterone in 
the hypothalamus has some physiological signifi- 
cance. 

However, biological characteristics of androgen 
metabolism in the hypothalamus have not been ade- 
quately studied. The present experiments study testos- 
terone metabolism in the hypothalamus of the male 
adult rat, in comparison with that in the prostate. 

EXPERIMENTAL. 

Animals and preparation of tissues 

Sprague-Dawley male rats weighing 2W3OOg 
were used. All rats were housed under controlled 
lighting (light on OSoCr2200). Animals were killed by 
decapitation between 1000 and 1100 h and the incuba- 
tion was begun within 60 min after death. The prep- 
aration of the tissue was carried out at 0°C. The tissue 
block containing the hypothalamus was bounded 

* Abbreviations: Androstenedione = 4-androstene-3,17- 
dione; Androstanedione = 5-androstane-3.17-dione; 
Dihydrotestosterone = 17@-hydroxy-5u-androstan-3-one: 
Testosterone = 17B-hydroxy-4-androsten-3-one. 

anteriorly by the optic chiasma, posteriorly by the 
mammillary bodies, laterally by the hypothalamic 
sulci, and horizontally 2-3mm under the basal sur- 
face. The block of hypothalamic tissue weighed ap- 
proximately 25mg. The rat ventral prostate was dis- 
sected free of capsules. 

The conditions for incubation in vitro 

The hypothalamic or prostatic tissues were homo- 
genized in 19 vol. of 0.25M sucrose containing 
OGOl M EDTA in an all glass Potter-Elvehjem homo- 
genizer at 0°C. One ml of the homogenate was added 
to a 25ml Erlenmeyer flask containing 1 ml of @3M 
potassium phosphate buffer, pH 7.4 supplemented 
with [1,2-3H]-testosterone at various concentrations, 
NADP (2.6 x lOA M), glucose (1 mg/ml), glucose 
6 phosphate (2mgml), and a crystal of glucose 6 
phosphate dehydrogenase. Incubation was carried out 
at 37°C in a Dubnoff shaking water bath under an 
atmosphere of 95% 02-5% COZ for various periods 
of time. The reaction was stopped by chilling on ice 
and by the addition of 5 vol. of chloroform-methanol 
(4: 1 v/v). The metabolites were separated by column 
chromatography on partially esterified Amberlite-IRC 
50 [7]. The mobile phase was ethanol-benzenecyclo- 
hexanewater (50: 350:200:2.8 by vol.) for the first 
chromatography, and ethanol-benzenecyclohexane 
water (25:50:225:1 by vol.) for the second chromat- 
ography. Identification of radioactive steroids was 
confirmed by recrystallization to constant specific 
radioactivity. 
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Approximately 150 mg aliquots of hypothalamic or 
prostatic tissues were homogenized in Sml of O@M 
sucrose containing l-5mM CaCl, in a Potter all glass 
homogenizer. The homogenate was sedimented in a 
refrigerated centrifuge at 8009 for 10 min. The pellet 
was rehomogenized in 1 ml of this homogenization 
buffer in a teflon glass homogenizer and layered over 
a discontinuous sucrose gradient consisting of 25ml 
of 2.2M sucrose containing 05mM CaCIZ and l.Oml 
of 1% M sucrose containing 05mM CaCl*. It was 
sedimented at 39,OQOg for 90 min in RP 40 A rotor 
of a Hitachi ultracentrifuge at O-XI, as described 
by Maggio, Siekevitz and Palade@]. The resulting 
sediment, which was designated as the nuclear frac- 
tion. was resuspended in 3 ml of 0.88 M sucrose con- 
taining l-5mM CaCf?. By light microscopy this nuc- 
lear preparation contained almost pure nuclei with 
a few cytoplasmic tags. For the preparation of cyto- 
plasmic components, the supernatant of the 800 g cen- 
trifugation was centrifuged at 10,OOOg for 10 min in 
a No 3 rotor in a Tominaga refrigerated centrifuge. 
The pellet designated as the mitochondrial fraction 
was washed twice with 2ml of the homogenization 
buffer. The supernatant fraction was centrifuged at 
105,000 g for 60 min in a PR-50-123 rotor in the Hitachi 
ultracentrifuge. The pellet was designated as the mic- 
rosomal fraction and the supernatant as the cytoso- 
ma1 fraction. respectively. Each fraction was incu- 
bated with [ 1,2-3H]-testosterone as described above. 

Audrogen treatment 

Fourteen adult male rats were castrated under 
ether anesthesia. and a second group received daily 
injection of 2mg of testosterone propionate subcu- 
taneously. They were killed on the seventh day after 
treatment. Control intact rats were killed on the same 
day. Tissue from two animals were used for each incu- 
bation. 

Assay.for protein. RNA. and DNA 

Protein was determined by the method of Lowry 
rt al., with BSA as standard [9], RNA was measured 
by the method of Munro ct al.. with yeast RNA as 
standard [lo]. DNA was determined by the method 
of Burton with calf thymus DNA as standard [ll]. 

Radioactivity was measured in a Packard Tricard 
Scintillation Spectrometer Model 3320 using a 
toluene based solution containing 4g PPO, 1OOmg 
POPOP in IOOOml toluene. 

[l.2-3H]-testosterone (.%A. 48 Ci/mmol) was 
obtained from the Radiochemical Centre, Amersham. 
[ 1,2-3H]-Dihydrotestosterone and [ 1.2-3H]-5a- 
androstan-3r-17fl-diol were obtained from the incu- 
bation of [ 1,2-3H]-testosterone with the homogenate 
of rat ventral prostate and by chromatographic purifi- 
cation. Non-radioactive steroids were obtained from 
Steraloids. Inc. (Paulig, New York). NADP, glucose 

6 phosphate, glucose 6 phosphate dehydrogenase. 
BSA, calf thymus DNA were purchased from Sigma 
(St. Louis, Missouri 63178, l-ISA.). All other chemi- 
cals were of analytical grade. 

RESULTS 

Analysis and ident$cation oj‘formrd steroids 

Figure 1 shows a typical elution pattern by column 
chromatography on partially esteritied Amberlite 
IRC-50. Good separation was obtained of metabolites 
of testosterone formed after incubation with the 
h~othalamus or the prostate preparation. Three 
prominent peaks of ~dioactivity were consistently 
identified in the areas ~rres~nding to dihydrotestos- 
terone, testosterone, and 5r-androstan-3a, 1 ‘I’/&diol on 
the first chromatography. The identity of these meta- 
bolites separated was confirmed by recrystallization 
experiments as shown in Table 1. The first chroma- 
tographic separation seemed to provide an adequate 
means of separation of dihydrotestosterone and 5~ 
androstan-3x-17P-dial. Furthermore, the elution 
volume of these 7 steroids in this chromatographic 
system was constant and the recovery of initial 
radioactivity averaged 837& (7&93%) after the first 

Fig. 1. Separation of metaboiites of [3H]-testosterone by 
column chromatography on partially esterified Amberhte 
IRC-50. The whoie homogenate of the rat prostate was 
incubated with C3H]-testosterone (5 x to-’ h%) for 30 min 
in the presence of NADPH, generating system. First chro- 
matography : Fluent-EtOH-benzenecyclohexane-Ha0 
(50:350:200:2.8 v/v). Second chromatography: Eluent-E- 
tOH-benzene-cyclohexane-H,O (25:50:225:1 v/v). As- 
DION: Androstanedione. A’-DION: Androstenedione. 
3a-A-diol: 5a-androstan-35(,17b-diol. 3/I-A-diol: Sa-andros- 

tan-3&17/Gdiol. 
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Table 1. Recrystallization of ‘H-labelled steroids identified 
by first chromatography as dihydrotestosterone. testoster- 

one and 5a-androstan-3a-17j-diol 

5a-Androstan- 

Dihydrotestosterone 3a-I ‘Ij%diol TWOSterOne 

S.A. d.p.m./fig S.A. d.p.m./pg S.A. d.p.m./pg 

mother mother mother 

liquid Crystal liquid crystal liquid crystal 

Starting 

material 29.1 436 154 

Methanol- 

HZ0 29.4 27.9 4.81 44s 153 157 

Ethanol- 

HID 29.7 32.7 4.23 4.52 I50 148 

Acetone- 

HID 27.0 269 468 4.36 I44 I50 

Materials tentatively identified by first chromatography 
as dihydrotestosterone. testosterone, and 5aandrostan3a- 
17/Gdiol were obtained from the incubation of the ,whole 
homogenate of hypothalamus and added to the appro- 
priate carrier steroids for recrystallization. 

chromatographic separation. These results imply that 
our chromatographic procedures are suitable for the 
studies in androgen metabolism in the target tissues. 

Metabolites identified after 120 min incubation of whole 
homogenate of the hypothalamus with testosterone 

Radioactivity present in the products of incubation 
after 120 min incubation of the rat hypothalamus in 
the presence or absence of the NADPH, generating 
system is shown in Table 2 in terms of the percentage 
of the substrate radioactivity. In addition to dihydro- 
testosterone and 5aandrostan-3a-17/3-dial as major 
products, a small amount of radioactivity was incor- 
porated into androsterone and androst-4-ene-3,17- 
dione in the presence of the NADPHr generating sys- 
tem. Some formation of the k-reduced steroids was 
observed during the incubation in the absence of the 
NADPH2 generating system. Boiled tissue of hypoth- 
alamus in the presence of the NADPHl generating 
system could not metabolize testosterone to other 
steroids. These results showed that the See-reductase 
in the hypothalamus is dependent on NADPH2, as 
in the other target tissues previously described by 
several authors [ 12,133. 

25 50 75 w 

Tissue Wei@tt 

Fig. 2. Formation of Sa-reduced steroids from [3H]-testos- 
terone (5 x lo-* M) by the rat hypothalamus as a function 
of tissue weight. Varying amounts of the hypothalamus 
homogenate were incubated for 2 h in the presence of 
NADPHz generating system. Dihydrotestosterone: 

--Q--, 5a-androstan-3a,l7/Ldiol: b. 

Formation of dihydrotestosterone and k-androstan-3a- 
17/Cdiol fom incubation of the hypothalamus with tes- 
tosterone as a function of tissue weight and incubation 
time 

The rate of formation of the sum of dihydrotestos- 
terone and 5a-androstan-3a- 17/3diol was nearly pro- 
portional to the tissue weight within the range of 25 
to 75mg as shown in Fig. 2. Time course study of 
the formation of dihydrotestosterone and Scr-andros- 
tan-3cc-17/3-diol from testosterone using 50 mg of 
whole homogenate of hypothalamus revealed that the 
total formation of Sa-reduced steroids was propor- 
tional to time up to 120 min, and formed dihydrotes- 
tosterone was reduced to 5aandrostan-3a- 17fi-diol 
(Fig. 3). A comparative study of time course using 
50mg of whole homogenate of the prostate was also 
performed (Fig. 3). A rapid increase in labelled dihyd- 
rotestosterone occurred early in the incubation with 
the prostate preparation. However, the total forma- 
tion of Sa-reduced steroids was proportional to time 
only up to 60 min under the incubation conditions 
although 5a-androstan-3a-17pdiol was steadily 
formed. 

Table 2. Metabolites isolated from incubation of rat hypothalamus for 2 h under various conditions 

Metabolites 

Dihydrotestosterone 
5a-Androstan3a- 17b-diol 
Sa-Androstan-3/&17p-diol 
Androstenedione 
Androsterone 
Androstanedione 
Testosterone (unmetabolized) 

‘A Conversion of testosterone in 
intact homogenate 

NADPH* generating 
system (+) 

2.77 
14.70 
0.01 
0.72 
001 
0.01 

6100 

NADPH, generating 
system (-) 

I.60 
n.d. 
n.d. 
0.3 
n.d. 
nd. 

70.0 

‘A Conversion of 
testosterone in boiled 

homogenate 

NADPH, generating 
system (+) 

0.01 
001 
n.d. 
n.d. 
n.d. 
n.d. 

81.10 

[‘HI-testosterone (2.5 x lo-* M) was incubated with the whole homogenate of the hypothalamus in the presence 
or absence of a NADPH2 generating system. Roiled homogenate was also used for experiment in the presence of 
a NADPHl generating system. 
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Fig. 3. Time course of metabolism of C3H]-testosterone by the whole homogenate of the hypothalamus 
and prostate. Fifty mg of the homogenate of hypothalamus and the prostate were incubated with 
[3H]-testosterone (6.8 x lo-* M) for various time. Testosterone: --x --, Dihydrotestosterone: 
---o_--. _5a-androstan-3a,l7/?-dial: _t_. The sum of the formed See-reduced steroids: 

HO---. 

Effect of testosterone concentration in the hypotha- 
lamus incubation 

Figure 4 shows the effect of testosterone conccn- 
tration on the formation of Sa-reduced steroids 

between 2.5 x 1Om8 M and 1.25 x 10m6 M. 
Michaelis constant for 5x-reductase in the hypotha- 
lamus derived from Lineweaver-Burk plot was 7.4 x 
10e7 M. This value is similar to that in other 
androgen dependent tissues, such as rat prostate [ 141 
and human skin [13]. 

Metaholites identzjied after incubation of whole homo- 
genate of the hypothalamus with dihydrotestosterone or 
5cc-androstan-3%- 17/I-diol as a substrate 

To ascertain whether reduction of testosterone to 
See-reduced steroids was reversible or not, experiments 
using dihydrotestosterone or 5a-androstan-b-17& 
diol as a substrate were performed (Table 3). Neither 

250‘ 
t 

of these Sa-reduced steroids were converted to testos- 
terone. 5a-androstan-3x-17/Sdiol was converted to 
dihydrotestosterone to some extent. These results in- 
dicate that Sa-reduction is irreversible, while reduc- 
tion at C-3 is reversible. 

Subcellular distributions of5x-reductase in the Il~~/~otlla- 
lamus or the prostate 

The results of subcellular localization of the 5a- 
reductase of the hypothalamus and the prostate are 
shown in Table 4. In the hypothalamus the value of 
the Sa-reductase activity, expressed as the amount of 
the 5x-reduced steroids formed per mg protein/h, was 
highest in the microsomal fraction. The nuclear frac- 
tion also possessed a higher enzyme activity than 
whole homogenate. Furthermore, the Sa-reductase 
activity relative to mg protein increased during purifi- 
cation of the nuclear fraction. 

200 .. 

‘Testosterone Concentration 

Fig. 4. Effect of concentration of testosterone on the formation of 5x-reduced steroids by the hypotha- 
lamus homogenate. Fifty mg of the homogenate of the hypothalamus was incubated as described 
under “Materials and Methods” with varying amounts of [3H]-testosterone. The estimated K, value 

derived from Lineweaver-Burk Plot was 7.4 x lo-’ M. 



Me~bolism of testosterone 126.5 

Table 3. Metabolites formed after incubation of the whole 
homogenate of the hypothalamus with dihydrotestosterone 

or 5a-androstan-3a-17fi-diol as a substrate 

Dihydrotestosterone 

51-Androstan-3ol-173-diol 
Sa-Androsian-3e-178.dial 
Androstanedione 

Androsterone 
Androstenedione 
Undetermined steroid+ 

Di~y~~~stostero~ 

n.d.* 
17.3 

79,3 

n.d. 
0.1 
0.1 

n.d. 

Jz-Androstan- 
3r-17@-dial 

n.d. 
3.5 

44.2 

n.d. 
72 

IO.6 
n.d. 

15.3 

[3X]-Dihydrotestosterone (i-3 x foe8 M) and [‘HI-5a- 
androstan-3a-17fl-diol were each incubated with 5Omg of 
homogenated hypothalamus tissue in the presence of 
NADPH* generating system. Each value was expressed in 
term of per cent conversion from substrate into metabolites. 

* n.d.: not detected. 
i This metabolite had a mobility on column chromat- 

ography identical with that of 5~-androstan-3a-i7~~iol. 
but did not reveal constant radioactivity on recrystalliza- 
tion. 

It was concluded that the %reductase in the 
hypothalamus was localized not only in the microso- 
ma1 fraction but also in the nuclear fraction. c”on- 
siderable amounts of the Scr-reductase were recovered 
in the mitochondrial fraction. However, in this frac- 
tion, RNA to protein ratio as a characteristic para- 
meter for contamination of the ribosome pellets was 
fairly high. Furthermore, the specific activity of the 

enzyme in this fraction was lower than that in the 
whole homogenate. Therefore, it can not be con- 
cluded that the 5x-reductase is present in the mito- 
chondria itself. On the other hand, in the case of the 
prostate, nearly half the SC+reductase is localized in 
the purified nuclear fraction, which possessed the 
highest relative specific activity. These results were 
in agreement with the observation by Shimazaki[lS] 
and Wilson[14]. 

E#ect of testosterone propionate on the Scr-reduc- 
tuse of the hypot~l~~s and of the prostate. The 
effect of p~r~~logi~l dose of testosterone pro- 
pionate on the activity of the SE-reductase of the 
hypothalamus and of the prostate was investigated. 
The results are summarized in Table 5. The activity 
of the 5cr-reductase of the male rat hypothalamus did 
not significantly change by castration or testosterone 
replacement. In the prostate, the castration at 7 days 
resulted in a decrease in the Sac-reductase activity 
expressed in terms of formed Sz-reduced steroids/g 
of the prostate. However, the Sa-reductase activity 
relative per mg protein did not significantly change 
because of concomitant decrease in tissue weight. 
After testosterone repla~ment, the activity of the .5rr- 
reductase was increased to a markedly greater level 
than the control value. These comparative studies 
suggest that there is some difference between the 
hypothalamus and the prostate in the regulation of 
the Sa-reductase activity by androgen. 

Table 4. Intm~lluIar distribution of Sa-reductase in the hypothalamus and prostate 

Whole 

homogenate 
8009 
Pellet 

2.2 M SUCFOse 

pellet 
IO.oM)g 
Pellet 

1os.OrJog 

Pellet 
I os.cwJ g 

Supernatant 

Hypothalamus 
Sa-reductase 

pmokmg pm-‘.hr“ 
DNA 

pg.mg prot-’ 
RNA 

/lg.mg pror 

Prostate 
Sa-reductw 

pmolmgprot-‘.hr-’ 
DNA 

(Ig.mg prot-’ 
RNA 

#g.nIg prot-’ 

13.6 137(17.3X) 

il.2 l~~(4~0~~) 

9.3 3>0(14.301,) 

32.5 863(8@4%) 

10.3 32.9(76.1x) 

5.1 10.1(42.2%) 

19.2 (9.6?;,) 

24~2(1~5%) 

92.3 (36Y) D 

190.5(28.1%) 

214~9(%+0%) 

9.4(46%) 

12.3(21~0) 

7.2 (11.0%) 

7.6(21.4’?<) 

67.6(1.2%) 

4.3 (3,3”1.) 

16,9(250%) 

28,9(22.4:J 

I 1.4(9,OY,) 

33.3(36.2X n 

161(0.9%) 

nil 

4.1(1 .T,$“,) 

iI11 

2~2(25:*) 

i0~0(19~2*,) L1 

1,2(1.25’) 0 

nil 

@Y(S~O”~‘J 

The subcellular fractions prepared as described under ‘*Materials and Methods” were incubated with testosterone 
(5 x lo-’ M). The values in parentheses indicate percent recovery of subcellular fraction. Procedural loss of Sa-reductase 
during subcellular fractionation was not corrected except for the values in 8OOg pellet and 2*2M sucrose pellet, which 
were corrected by recovery of DNA. 

Table 5. Effect of testosterone propionate on Sa-reductase activity of the h~thalamus and prostate 

Hypothalamus Prostate 

Sa-Reductase 5%.Reductase 
NO. mg Protem mg Protein 
of R tissue pmol g tissue pmol mg wt g tissue 

wtr’ wt“ h-’ proteinwl h-l 
pmol g tissue pmol mg 

Group studies ml? ++I-* wt-’ h-’ protern- ’ h- ’ 

NOrI& 4 98.i f 5.7 1748 4 206 18.2 + 3.0 342 a 36 103.1 f 4.4 2230 + 257 214* 2.1 
Castration 4 103.5 f I.3 1665 * 199 16.2 + 2.2 45.4 f 8.9t 67.5 _C l@ 960 i 255’ t&0‘* 6.4 
Castration 

PIUS 4 101.0* 2.0 1785 * 12s 17.84 I.1 2020 * 70* 86.0 i 68 48480t 5130: 5550 f 67Te 
testrJsterone 
treatment 

Animal treatment and incubation methods were as described under “Materials and Methods”. Each value represents 
the mean + S.E. of 4 separate studies. Tissues from two animals were used for each flask. 

* P < @05. t P < 0.01. $ P < 6001: significance from normal value. 
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DISCUSSION 

Several authors have observed that testosterone 
was converted to some S-reduced steroids in the rat 
hypothalamus C2-43. However, quantitative analysis 
of this testosterone metabolism seems incomplete. 

Although Jaffe reported that linear increase in the 
formation of dihydrotestosterone was observed for 
120 min during incubation with mince of the rat 
hypothalamus, our time course study showed that the 
dihydrotestosterone formed was rapidly converted to 
_5a-androstan-3a- 17/I-diol and that the rate of the for- 
mation of dihydrotestosterone was levelled off by 30 
min. These different results may be caused by the differ- 
ence in the tissue preparation. Our results indicate that 
the quantitative analysis of the S-reduction in the 
hypothalamus should be on the basis of the formation 
of the %-reduced steroids (the sum of dihydrotestos- 
terone and 5x-androstan-3x- 17/I-diol) as previously 
reported for the prostate [ 163. 

Subcellular distribution of the Scr-reductase in the 
rat hypothalamus was in accord with the data 
reported by Rommerts and van der Molen[3]. How- 
ever, they stated that the Ssc-reductase activity in the 
nuclear fraction was due to contamination of the mic- 
rosome fraction because of the diminution of the 
enzyme activity relative to DNA during purification 
of the nuclei. However. in an enzyme distributed both 
in nuclear fraction and in a cytoplasmic fraction, the 
enzyme activity relative to DNA in the nuclear frac- 
tion, is diminished during purification of nuclei 
because of removal of the enzyme in the cytoplasmic 
components. The diminution in the Sa-reductase acti- 
vity relative to DNA during purification of nuclei was 
also shown with prostate tissue which was considered 
to have most of the 5a-reductase in the nuclei. There- 
fore. the Sa-reductase in the nuclear fraction of the 
hypothalamus seems to be associated with nuclei 
itself. 

The Sr-reductase in the hypothalamus was not sig- 
nificantly changed by testosterone treatment in con- 
trast to the prostate. Massa et al.[2] also reported 
that, in the rat hypothalamus. the effect of castration 
and treatment with testosterone on the Sa-reductase 
activity was not so large and not constant at all times. 

Recent findings in oioo on the rat [S] and the 
human [17] have shown that some 5z-reduced 

androgens have a more potent effect on the LH sup- 
pression than testosterone. These observations and 
studies in vitro suggest that Sa-reduction of testoster- 
one in the hypothalamus may have some biological 
significance with regard to LH feedback. Sr-andros- 
tan-3’2-1 7p-diol. which is considered to be an inactive 
metabolite in the prostate [18]. has been shown to 
be more potent on LH suppression than the other 
androgens [S]. The biological significance of 5~ 
androstan-3a- 17/Gdiol. however. remains to be deter- 
mined since. as shown in the present paper. 5~ 
androstan-3a- 17/Sdiol is convertible to dihydrotestos- 
terone in the hypothalamus. 
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