
STEROID METABOLISM IN TESTIS TISSUE: 
THE METABOLrSM OF PRE~NENOLONE, 

PREGNENOLONE SULFATE, DEHYDROEPIANDROSTERONE 
AND DEHYDROEPIANDROSTERONE SULFATE IN 

HUMAN AND BOAR TESTES IN VITRO 

A. RUOKONEN 
Department of Clinical Chemistry. University of Oulu. SF-90220 Outu 22. Finland 

(Received 2 Decernher 1978) 

SUMMARY 

The metabolism of pregnenolone. dehydr~piandr~terone and their sulfate conjugates was studied 
in minced human and boar testis tissue in ciirro. Un~a~ikd steroids were usually used as substrates 
and the steroid metabolites were analyzed by gas-liquid chromatography (g.Lc.1 and gas chromato- 
graphy-mass spectrometry (g.c.-m.s), Both the unconjugated and sulfated steroids were me:abolized 
to testosterone. Human and boat testis tissue had a very high capacity to synthesize testosterone 
from dehydtoepiandrostetone. even from 1 mg of the substrate boat testis tissue (0.5 g) could metabolize 
over 500 pg to 5-androstene-38.17~diet androstenedione and testosterone. Testosterone synthesis from 
dehydtoepiandrosterone sulfate but not from pregnenolone sulfate seemed to be mainly dependent 
on the steroid suifatase activity in the testis. Human and boar testes also synthesized steroid sulfates 
and a direct conversion of one steroid sulfate to another took piace in both tissues. In boar testis 
Idandrostenes were formed both from pregnenolone and pregnenolone sulfate. The conclusion is that 
active metabolism of sulfated steroids occurs in human and boar testes. The sulfated steroids. which 
are known to be quantitatively important in the testes of the two specks studied are also used as 
precursors of testosterone in ritro. 

JNTRODUCnON 

There are many similarities in the steroid composition 
of human and boar testes. In addition to unconju- 
gated steroids. the testes of both species contain large 

amounts of sulfated steroid$1.2] and some of these 
compounds are secreted into the blood circulation[3- 
53. In the testes of different species many investigators 
have demonstrated the formation, hydrolysis and 

interconversions of several neutral steroid sulfates 

&lO]. 
In human testes unconju~~d testosterone, preg- 

nenolone sulfate and dchydr~piandrost~one sulfate 
are quantitatively the most important steroids[lJ. In 
boar testis. pregnenolone sulfate and dehydtoepian- 
drosterone sulfate are also present but their concen- 
trations are from ten to one hundred times higher 
than the concentration of unconjugated testoster- 
one[2]. Therefore we decided to investigate how these 
endogenous steroids are metabolized, and to deter- 
mine their contribution to testosterone biosynthesis 

The following trivial names have been used: dehydro. 
epiandtostetone: 3/?-hydroxy-S-androsten-lhone: andro- 
stenedione: rlandrostene-3.1 Fdione ; testosterone: 178_ 
hydroxy4~dr~ten-3~ne~ pr~eno~one: 3&hydroxy-S- 
pregnen-2%one: i 7z-hydrox ypregnenolone: 3/+,17r_dihy 
droxy-5-pregnen-Mane; progesterone: 4pregnene-3.20. 
dione; I7r-hydroxyprogesterone: 17x-hydroxy-4-preg- 
ncnc-3,20-dione; stigmastetol : (24SL-24ethyl-5.22thoiesta- 
diem3fl-01. 

in these two species in vim. As a comparison. the 
metabolism of unconjugated pregnenolone and 
dehydroepiandrosterone was also investigated. 

EXPERfMENTAL 

Tissue samples. Human testis tissue was obtained 
from patients undergoing orchiectomy because of 
prostatic carcinoma These patients did not receive 
any hormone therapy prior to surgery. Boar testis 
tissue was taken from fertile Finnish Landrace boars 
~e~tely after mustering Tissue samples were 
kept on crushed ice before incubations, which were 
started 3WS mm after orchiectomy. 

Steroids and chemical& Non-radioactive reference 
steroids have been described previously[2]. The pur- 
ity of these compounds was certified by g.c.-m.s. The 
[7-3H]~ehydr~pi~~os~rone sulfate (S.A. l-5 Ci/ 
mmol) and ~hydr~pi~dro~erone E3_s?SI_sulfate 
(S.A. 2-5 mCi/mmol) were purchased from The 
Radiochemical Centre. Amersham. United Kingdom. 
The purity of the radioactive compounds was verified 
by thin layer chromatography (t.1.c.). When necessary. 
Lipidex-5000” column chromatography or t.1.c. was 
used for the pulsation of steroid standards. The 
doubly labelled steroid [7-3H]-dehydroepiandroster- 
one [35S]-sulfate was obtained by mixing the two 
former radioactive standards. ATP. NADP. glucose- 
(i-phosphate and glucose-o-phosphate dehydrogenase 
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were purchased from Sigma Chemical Company. 
Saint Louis. U.S.A. Lipidex-5000T” (hydroxyalkoxy- 
propyl Sephadex) and the scintillation liquid “lnsta- 
Gel” were purchased from Packard-Becker. B.V., 
Chemical Operations. Groningen. The Netherlands. 

fncuhation procedure. Minced testis tissue (0.5 g) 
was incubated in 10m: of Krebs-Ringer bicarbonate 
buffer. pH 7.4 containing 0.1 mmol glucose and 
22 pmol MgCl*. When the synthesis of steroid sulfates 
was studied the incubation flask also contained 
5 pmol additional ATP. After this addition the syn- 
thesis of steroid sulfates could be detected by the ana- 
lytical methods used. Incubations were performed at 
37°C in a Dubnoff metabolic incubator for 4 h using 
mixture of 950; O2 and 5”,, CO2 as the gas phase. 
Incubations were terminated by transferring the incu- 
bation medium into 50 ml ethanol. 

Usually 150 pg of non-radioactive steroid was used 
as the substrate. When the testosterone synthesizing 
capacity of boar testis tissue was further tested. 
incubations were also prformed with one mg of 
dehydroepiandrosterone and dehydroepiandrosterone 
sulfate. The conversion of dehydroepiandrosterone 
sulfate to 5-androstene-38.17/%diol sulfate was also 
studied using radioactive, doubly labelled [7-3H]- 
dehydroepiandrosterone [%J-sulfate as a marker 
substrate. 

No cofactors were usually used. However, in boar 
testis homogenates, two incubations were performed 
with unconjugated pregnenolone and dehydroepian- 
drosterone where the incubation flask also contained 
the following NADPH-generating system; glucose-6 
phosphate (50 ~01). NADP (10 pmol) and glucose-6- 
phosphate dehydrogenase (5 i.u.). 

Control incubations were performed with minced 
testis tissue but without added steroid substrates. and 
in the presence of substrates but with boiled testis 
tissue. 

Analytical procedure. The tissue and the medium 
were analyzed together. The incubation was ter- 
minated by the addition of 50 ml ethanol and the tis- 
sue sample was homogenized. After filtration. the resi- 
due was rehomogenized in chloroform-methanol (I : 1, 
v/v), filtered and the combined filtrates were evapor- 
ated. The residue was chromatographed on a 20-g 
Sephadex LH-20 column (1.5 x 60.5 cm), and the free 
and monosulfate steroid fractions were collected as 
described earlier[ll]. The analytical procedure for 
16-androstenes has been described earlier[12]. The 
analysis of other unconjugated and monosulfated 
steroids was performed essentially as published[l], 
but the final fractionation of steroids before g.c.-m.s. 
was achieved by Lipidex column (0.5 x 24cm) 
chromatography with petroleum ether:chloroform 
95/5 for elution. The following fractions were col- 
lected: Fraction 1 (O-30 ml) contained progesterone 
and androstenedione, Fraction 2 (30-70 ml) contained 
pregnenolone. dehydroepiandrosterone, testosterone 
and 17z-hydroxyprogesterone. The solvent was then 
changed to methanol and Fraction 3 (70-9Oml) was 

collected. This fraction contained 17a-hydroxypreg- 
nenolone and the C,,-and Cz,-dials. G.1.c. of the 
steroid trimethylsilyl (TMS) and 0-methyloxime tri- 
methylsilyl (MO-TM% derivatives on QF-1 and 
SE-30 columns was performed as described pre- 
viously[ 131. For quantitation, stigmasterol was used 
as an internal standard. G.c.-m.s. was carried out on 
a gas chromatograph (Carlo Erba 2300)-mass spec- 
trometer computer system (Jeol JMS D-100 Mass 
Data System) using the same steroid derivatives and 
g.1.c. columns. The identification of steroids was based 
on their properties identical with those of relevant 
reference compounds on g.1.c. and g.c.-m.s. The detec- 
tion limit of the method is about 0.05pg of steroid 
per incubation. 

Thin layer chromatography (t.1.c.) was used for the 
separation of the sulfated metabolites when the direct 
conversion of one steroid sulfate to another was stud- 
ied. After LH-20 chromatography the steroid mono- 
sulfate fraction was desalted using Sephadex G-25 
chromatography as described by Jiinne and Vihko 
[ 143. The fraction of sulfated steroids was evaporated 
in c’ucuo and 0-methyloxime derivatives were formed 
from the residue. The sample was further extracted 
with 40 ml ethyl acetate:water (1 :l. v/v). The water 
fraction was re-extracted with lOm1 of ethyl acetate. 
Finally the water fraction was lyophilized and the 
residue was transferred with methanol to t1.c. plates. 
The separation of steroid sulfates was performed 
using 20 x 2Ocm precoated silica gel F2,4 layers 
(Merk AG. No 5715. 0.25 mm). The system was a 
modification of that described by CrCpy et aI.[15]. 
Five developments were carried out in the solvent 
system n-butylacetate-toluem+N/NH,OH-meth- 
anol (85:35:35:85, by vol.). The system gave a com- 
plete separation of dehydroepiandrosterone sulfate 
O-methyloxime and 5-androstene-3fl,17&diol mono- 
sulfate. The location of steroid sulfates on thin layer 
plates was performed using an automated two dimen- 
sional t.1.c. scanner (Philips PW 4007). The 3H/35S 
ratio was calculated from each band by the scintilla- 
tion counter (LKB-Wallac 81000). Identification of 
the steroids in each radioactive band was performed 
after solvolysis and trimethylsilylation by g.l.c. and 
g.c.-m.s. 

RESULTS 

Methodological losses during the analytical pro- 
cedure were determined for most steroids analyzed. 
The mean recovery percentages from three different 
analysis, carried out by steroid standards were as fol- 
lows: Pregnenolone 86. 17z-hydroxypregnenolone 91, 
dehydroepiandrosterone 86, 5-androstene-3~,17&diol 
86, progesterone 89. 17z-hydroxyprogesterone 87, 
androstenedione 92, testosterone 90, 5,16_androsta- 
dien-38-01 89. pregnenolone sulfate 84 and dehydro- 
epiandrosterone sulfate 79. The results given in tables 
and figures are not corrected for methodological 
losses. 
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Table 1. The metabolites of unconjugated pregnenolone (150 rg) after 4 h incubation 
in 1Oml of Krebs-Ringer bicarbonate buffer a1 37°C. with 0.5g of minced human 
and boar testis tissue. In boar No. 3 additional NADPH-generating system was also 
used in tissue homogenate (BBC). Values are expressed as micrograms per incubation 

Metabolize H, HI H, H, B, B2 B, B,C 

17x-Hydroxypregnenolone - 0.7 2.6 0.3 0.8 1.0 2.4 6.4 
Dehydroepiandrosteronc - - 0.8 1.2 1.1 0.8 7.2 10.1 
5-Androstene-3/3,17B-diol - - 0.5 0.4 0.5 0.2 2.8 2.0 
Progesterone 1.4 0.8 0.8 - 1.2 2.6 2.8 0.5 
17r-Hydroxyprogesterone - 0.3 0.4 - - 0.2 0.9 0.6 
Androstenedione - - - - _ _ 0,6 0.8 
Testosterone - - 1.1 0.4 0.3 1.7 3.0 3.1 
5-Pregnenc3/kZOz-dial 0.2 1.5 I.2 2.8 0.8 0.9 1.9 9.3 

H = Human testis. B = Boar testis. C = Additional cofactors. - = Not detected. 

When minced human and boar testis tissue were 
incubated with non-radioactive pregnenolone or 
dehydroepiandrosterone both 3/?-hydroxy-S-ene and 
3-keto4ene metabolites were formed (Table 1. Figs- 
1 and 2). In human and boar testes the amounts of 
progesterone and other 3-keto4ene metabolites 
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Fig I. The metabolites of unconjugated dehydroeprandro- 
sterone (I SO pg) after 4 h incubation in 10 ml of Krebs- 
Ringer bicarbonate buffer a1 37°C. with 0.5g of minced 
human testis tissue. Values are expressed as micrograms 
per incubation. As = 5-androstene-3fi.17B-dioL A = an- 

drostenedione. T = testosterone, H = human testis. 

formed from pregnenolone were less than the 
amounts of androstenedione and testosterone formed 
from dehydroepiandrosterone, indicating the dimerent 
substrate specificity of the 3fl-hydroxysteroid dehyd- 

A=rr A'AT A'AT 

63 B3C &clmgofstwoid 
YB inwbomd) 

Fig. 2. The metabolites of unconjugated dehydroepiandro- 
stcrone (150 pg) after 4 h incubation in 10 ml of Krebs- 
Ringer bicarbonate buffer at 37°C. with 0.5g of minced 
boar testis tissue. In boar No. 3 additional NADPH-gener- 
ating system was used (B3C). In boar No. 4 1 mg of the 
substrate was incubated. Values are expressed as micro- 
grams per incubation. A” = 5-androstene-3j, 1 ‘Ib-diol. 
A = androstenedione, T = testosterone. B = boar testis, 

C = additional cofactors 

Table 2. The metabolites of pregnenolone sulfaate (150 rg) after 4 h incubation in 10 ml 
of Krebs-Ringer bicarbonate buffer at 37°C. with 0.5 g of minced human and boar 

testis tissue. Values are expressed as micrograms per incubation 

Metabolitc HI Hz H, H, B, Bz B3 

Pregmnolone 

; 85 0”: 
47 118 11.6 10.3 6.2 

17r-Hydroxypregnenolone - 
M - 1 

1.6 0.8 1.6 0.8 
0.3 0.8 0.4 0.2 0.6 

Dehydroepiandrosterone F - - 2.2 0.3 0.8 0.6 0.3 
M - - 0.8 0.3 0.7 0.2 0.4 

5-Androstene-3~.17/?diol : - - 2.6 0.4 0.3 2.1 02 
- - 0.5 03 

0.6 
1.1 0.5 0.3 

Progesterone F 0.8 - 0.3 0.6 0.3 0.3 
17r-Hydroxyprogesterone F - _ _ - - - - 
Androstenedione F - _ _ - - - _ 
Testosterone F - - 1.5 - 0.2 0.5 0.4 
5-Pregnene-3/3.2Ozdiol F - 2.3 0.4 0.4 0.9 2.0 1.1 

M 0.5 2.4 0.8 0.9 1.1 0.4 0.5 

F = Free steroid. M = Steroid monosulfate. H‘= Human testis. B = Boar testis. 
- = Not detected. 
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Fig. 3. The metabolites of dehydroepiandrosterone sulfate 
(150 pg) after 4 h incubation in 10 ml of Krebs-Ringer 
bicarbonate buffer at 37’C. with 0.5 g of minced human 
testis tissue. Values are expressed as micrograms per 
incubation. D = dehydroepiandrosterone. A5 = Sandra- 
stene-3/L17fi-diol, A = androstenedione. A’S = 5-andro- 

stene-38. I7@-dial sulfate. T = testosterone. 

rogenasc-isomerase enzyme complex. In the boar 
testis homogenate an additional NADPH-generating 
system modified the metabolism of pregnenolone. but 
did not markedly increase the production of testoster- 
one (Table I). When pregnenolone sulfate was used 
as a substrate there was an increase in the production 
of some unconjugated and sulfated stefoids. The main 
metabolite was the corresponding unconjugated com- 
pound (Table 2). The formation of the sulfated meta- 
bolites provides indirect evidence of the operation of 
the metabolic pathway, which involves only intact 
steroid sulfates, because in the incubation conditions 
used no steroid sulfates could be formed from uncon- 
jugated steroids. In both human and boar testis tissue 
pregnenolone and its sulfate conjugate were metabo- 
lized to testosterone. but testosterone synthesis from 
those precursors was much lower than from dehyd- 
roepiandrosterone and its sulfate conjugate (Tables 
1 and 2, Figs. l-4). 

In all incubations the main metabolite of unconju- 
gated dehydroepiandrosterone was Sandrostene- 
3/?,17/?-dial. followed by testosterone. in human. and 
androstenedione in boar testis (Figs. I and 2). Of the 
150 /.q of unconjugated dehydroepiandrosterone incu- 
bated 0.5 g of testis tissue could metabolize 30-75:/ 
to Sandrostene-38.17/?-dial, androstenedione and 
testosterone. In the boar testis homogenate an ad- 
ditional NADPH-generating system did not markedly 

A’ ds A' I% d C?S A' 83 
OAT 0 A T 0 * T 0 1 T 

8, 82 83 B. (I mg of rtaoid 
was imuboiedl 

Fig. 4. The metabolites of dehvdroepiandrosterone sulfate 
(150 pg) after 4 h incubation m 10 ml of Krebs-Ringer 
bicarbonate buffer at 37’C with 0.5 g of minced boar testis 
tissue. In boar No. 4 I mg of the substrate was incubated. 
Values are expressed as micrograms per incubation. D = 
dehydroepiandrosterone. A5 = 5-androstene-3j?.17jl-diol. 
A = androstenedione. A% = 5-androstene-38.1 ‘Ifi-diol sul- 

fate. T = testosterone. 

increase the production of testosterone from unconju- 
gated dehydroepiandrosterone (Fig. 2). When one mg 
of dehydroepiandrosterone was incubated with 
minced boar testis tissue. the total amount of metabo- 
lites increased over 5OOpg per incubation (Fig. 2). 

In human testis the main metabolites of dehydro- 
epiandrosterone sulfate were the corresponding free 
steroid and 5-androstene-3&I 7/?-dial, followed by 
testosterone, 5-androstene-3/l,17/3-diol sulfate and 
androstenedione (Fig. 3). In boar testis the main 
metabolite was 5-androstene-3/%17/J-diol sulfate fol- 
lowed by unconjugated dehydroepiandrosterone. 
testosterone, 5-androstene-3/X17/?-diol and andro- 
stenedione (Fig. 4). Using one mg of dehydroepi- 
androsterone sulfate as substrate, minced boar testis 
tissue had the capacity to increase greatly the produc- 
tion of 5-androstene-3&17B-diol sulfate. but the high 
substrate concentration did not have any marked 
effect on the production of testosterone (Fig, 4). 

The possible direct conversion of dehydroepian- 
drosterone sulfate to 5-androstene-3/.%17/l-diol sulfate 
was studied with doubly labelled [7-3H]-dehydro- 
epiandrosterone C3S]-sulfate both in human and boar 
testes. The band having an RF value of 0.49 on thin 
layer plates (see “Experimental”) had identical g.1.c. 
properties and mass spectra with those of dehydro- 
epiandrosterone MO-TMS. Thus the compound was 

Table 3. c.p.m. Data of the steroid sulfates identified when [7-‘HI-dehydrcxpiandro- 
sterone [?S]-sulfate was incubated with human and boar testes 

Steroid 

Human testis 
5-Androstene-3fi.l7/&diol sulfate 
Dehydroepiandrosterone sulfate 

Boar testis 
5-Androstene-38. I7b-diol sulfate 
Dehydroepiandrosterone sulfate 

‘H c.p.m. “S c.p.m. ‘HP% 

1968 338 5.8 
75204 I2922 5.8 

2784 460 6. I 
35904 6088 5.9 
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Table 4. The unconjugated 16-unsaturated metabolites of pregnenolone (ISO~g) and 
pregnenolone sulfate (1501(g) after 4 h incubation in 1Oml of Krebs-Ringer bicar- 
bonate buffer at 3’?‘C. with 0.5 g of minced boar testis tissue. Values are expressed 

as micrograms per incubation. 

Metaboiite 

.5z-Androst- 16-en-32-01 
Sr-Androst-I6-en-3fl-01 
5.16-AndrostadienJfl-ol 

Boar 1 
Pregnenolone as 

a substrate 

2.9 
13.3 
5.4 

Boar 2 
Pregnenofone sulfate 

as a substrate 

0.1 
0.9 
2.5 

Table 5. The sulfated metabolires of unconjugated pregncnolone (ISOpg) and dehyd- 
roepiandrosterone (I 50 pg) after 4 h incubation in 10 ml of Krebs-Ringer bicarbonate 
buffer with additional ATP at 37% with O.Sg of minad human and boar testis 

tissue. Values are expressed as micrograms per incubation 

Substrate: Pregnenolone Dchydroepiandrosterone 
Metabofite Subject: H, H2 B, HI H2 B, 

Pregnenoione sulfate 0.2 
Dehydrocpiandrosterone sulfate E - z 0.4 & tG 
S-Androstene-3/Li7@-diol sulfate - - - 0.2 0.2 0.3 

H = Human testis. B = Boar testis. - = Not detected. 

identified as the precursor dehydroepiandrosterone 
sulfate. Using the same criteria the band having an 
RF value of 0.38 was identified as S-androstene- 
3/L17/34iiol sulfate. The c.p.m. values and the 3H/35S 
ratios of the identified compounds are given in Tabk 
3. The results indicate that the conversion of dehydro- 
epiandrosteroxte sulfate to ~~r~te~3~,17~diol 
sulfate took place without hydrolysis of the substrate. 
In boar testis the formation of lbandrostenes was 
demonstrated from pregnenolone and pregnenolone 
sulfate (Table 4). When dehydroepiandrosterone and 
its sulfate conjugate were incubated with boar testis 
tissue 16-androstenes were also measured, but no 
increase was noticed in their production. In the 
presence of additional ATP the formation of sulfated 
steroids from unconjugated pregnenolone and dehydro- 
epiandrosterone is presented in Tabk 5. The main 
metabolites are the corresponding sulfated steroids. 

DISCUSSION 

There are great species differences in the testicular 
composition of unconjugated and sulfated steroids& 
2,163. In addition to unconjugated steroids, sulfated 
steroids seem to play a central role in human and 
boar testis tissue in uiuofi, 23. Human and boar testes 
can also secrete sulfated steroids into the blood circu- 
lation[3-S] and in human testis this secretion is in- 
creased after RCG stimulation[lfl. In recent years 
data has accumulated indicating that these com- 
pounds can also be used as precursors of testosterone 
in testis[7-IO]. Among the sulfated steroids present 
in human and boar testes, pregnenolone sulfate and 
dehydroepiandrosterone sulfate were chosen for incu- 
bation studies because their concentrations are very 
high in these tissues. For comparison, the metabolism 

of uaconjugated pregnenolone and dehydroepiandro- 
sterone was investigated. Unlabelled steroids were 
used as substrates in rather high concentrations and 
the total amount of steroid metabolites was analyzed. 
Under the conditions used, all four substrates unwon- 
jugated and sulfated, were metabolixed to testosterone 
in human and boar testes in u&o. 

Both 3B_hydroxy-S-ene and 3-keto4ene metaba- 
lites were formed in human and boar testis tissue 
from pregnenolone and pregnenolone sulfate, but 
their conamtrations were considerably lower when 
compared to the metabolites of d~y~~~~~t~- 
one or its sulfate conjugate. Addition NADPH- 
generating system did not incru*le the production of 
testosterone in boar testis homogenate. It has been 
shown earlier that in the reaction chain from preg- 
nenolone to testosterone the intermediates 17a-hyd- 
roxypregnenoione and 17a-hydroxyprogesterone 
c~~titi~ly inhibit the 17~-hy~~y~ti~ of both 
pregnenolone and progesterone[l8], and in these 
reactions the saturation of the binding sites of cyto- 
chrome P-450 necessary for both 17n-hydrdxylase and 
C19-C21 lyase enzymes is an important inhibiting 
factor{19]. The inhibition of the metabolism of preg- 
nenolone sulfate by its metabolites has also been 
demonstrated in the human &&i&20]. In these incu- 
bations, where steroid metabolites are accumulating, 
a more effective product inhibition of pregnenolone 
metabolism may explain why testosterone production 
from pregnenolonc and pregnenolone sulfate is in 
some case negligibk or remarkably lower than from 
dehy~~i~~~t~o~ or dchydr~pi#~ost~~e 
sulfate. 

In a kinetic study, Yanaihara and Troen have com- 
pared .the 3&hydroxy&ene and 3-keto4ene meta- 
bolic pathways in human testis in ui@o[Zl]. They con- 
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eluded that in human adult testis tissue the 3&hyd- 
roxy-5-ene pathway is favored in the biosynthesis of 
testosterone. In the present investigation the forma- 
tion of 3/?-hydroxy-S-ene compounds was more evi- 
dent both in human and boar testes. The major 
steroids produced by the human testis are known to 
be effective inhibitors of 3/I-hydroxysteroid dehydro- 
genase for pregnenolone[22]. In this investigation less 
progesterone and other 3-keto-4-ene metabolites were 
formed from pregnenoione than androstenedione and 
testosterone from dehydroepiandrosterone. Therefore 
dehydr~piandrosterone is a better substrate than 
pregnenolone for the 3/I-hydroxysteroid dehydrogen- 
ase-isomerase enzyme complex in both human and 
boar testes. This difference in substrate specificity may 
also explain why pregnenolone is more readily meta- 
bolized through the 3/I-hydroxy-S-ene pathway to 
testosterone. 

The main metabolite of pregnenolone sulfate both 
in human and boar testes was the corresponding free 
compound, but sulfated metabolites were also 
detected. Under the same incubation conditions no 
noticeable amount of sulfated steroids were formed 
from unconjugated pregnenolone or dehydroepi- 
androsterone. This provides indirect evidence of the 
operation of the sulfated pathway from pregnenolone 
sulfate through 1%.hydroxypregnenolone sulfate and 
dehydroepiandrosterone sulfate to 5_androstene- 
3&17/Gdial sulfate. Recently the direct conversion of 
pregnenolone sulfate through 1 “Ir-hydroxypregneno- 
lone sulfate to dehydroepiandrosterone sulfate was 
demonstrated in boar testis in uitro[23]. In the 
present work. the direct conversion of dehydroepian- 
drosterone sulfate to 5-androstene-3&17/I-diol sulfate 
is demonstrated both in human and boar testes in 
cirro. Thus the sulfated pathway from pregnenolone 
sulfate as far as 5-androstene-3~,17~-dio1 sulfate has 
been demonstrated to operate in boar testis. It has 
been shown earlier that the adrenals and human fetal 
testis can also biosynthesize sulfated steroids by a 
pathway involving intact steroid sulfates[24-261. 

Unconjugated dehydroepiandrosterone was meta- 
bolized very activefy to 5-androstene-3&i 7@-dial 
androstenedione and testosterone by both human and 
boar testes in t&o. When the substrate concentration 
was changed from 150 pg to 1 mg per incubation 
flask. minced boar testis tissue still had the capacity 
to increase greatly the production of Sandrostene- 
3&17S-dial androstenedione and testosterone. The 
total amount of the metabotites was over 500 ,ug after 
4 h incubation. It was not further investigated how 
much testosterone can be synthesized from dehydro- 
epiandrosterone by a small piece of testis tissue. On 
the basis of these results dehydroepiandrosterone 
metabolism to testosterone is poorly inhibited in 
testis. 

The following explanation for this high conversion 
of dehydr~pi~drosterone to testosterone is given. 
Dehydroepiandrosterone can be metabolized to testo- 
sterone cia two pathways (Fig. 5). One goes through 

I t NAOfP1H NAO(P) 

NAOt Pk,NADt P)H 

S-Andrortena-3~,17~-diol M Tcrioskrane 
2 

I 17&Hydmxysterord dehydmgeMX9 

2 3@-Hydroxysiem~d dehydrapsno~c-rrwosror4 

Fig. 5. The two metabolic pathw;tvs from dehydtoepi- 
androsterone to testosterone. Reutlhzation of pydridine 
nucleotides may explain the high conversion of dehydro- 
epiandrosterone to testosterone in the reactions. which 

seem to be poorly inhibited in testis. 

androstenedione and another through !Landrostene- 
3&l 7/3-dial., In both pathways there is one oxidation 
and one reduction reaction catalyzed by 3@-hydroxy- 
steroid dehydrogenase-isomerase and 17LShydroxy- 
steroid dehydrogenase enzymes and if these enzymes 
can use the same coenzymes there is no consumption 
of reduced or oxidized formes of pyridine nucleotides 
and these nudeotides can be continuously reutilized 
for the metabotism of dehydroepiandrostetone. 

Added NADPH-generating system did not seem to 
have any great effect on the 3/I-hydroxysteroid dehyd- 
rogenase-isomerase or 17/I-hydroxysteroid dehydro- 
genase enzyme reactions when unconjugated dehyd- 
roepiandrosterone was used as a substrate in the boar 
testis homogenate. It remains to be elucidated 
whether these enzyme reactions take place only in 
the interstitial cells or whether the tubules. as a major 
compartment, participate in this high conversion of 
dehydroepiandrosterone to testosterone. On the basis 
of results published pre~ously[27], the latter is very 
possible because in the human testis the enzymes 
necessary for the conversion of dehydr~pi~~oster- 
one to testosterone are located both in the interstitial 
and tubular tissues. In the rat testis the 3~-hy~oxy- 
steroid dehydrogenase-isomerase activity has been 
reported to be mainly located in the interstitial cells 

WQ 
Testosterone production from dehydr~pi~dr~ 

sterone sulfate, but not from pregnenolone sulfate. 
seems to be mostly dependent on the steroid sulfatase 
activity in human and boar testes. Both tissues have 
much higher capacity to convert unconjugated dehyd- 
roepiandrosterone to testosterone than is liberated 
from its sulfate conjugate by testicular steroid sulfa- 
tase, but more pregnenolone can be liberated from 
its sulfate conjugate by this enzyme than can be im- 
mediately metabolized to testosterone. When the 
dehydroepiandrosterone sulfate concentration was in- 
creased to one mg per incubation flask there was no 
effect on the steroid sulfatase activity, or on the pro- 
duction of testosterone in minced boar testis tissue. 
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‘The only marked change was the very high produc- 
tion of S-androstene-3fl.17fl-diol sulfate. Generally 
boar testis tissue metabolized the incubated steroids 
to testosterone more efhciently than the human testis. 
A clear difference is seen in the metabolism of dehyd- 
roepiandrosterone sulfate. This steroid conjugate is 
mainly metabolized to 5-androstene-38.1 ‘I/?-diol sul- 
fate by boar testis tissue, but in the human testes 
obtained from old men, this metabolite is quantita- 
tively of minor importance in uirro. In these incuba- 
tions unconjugated dehydroepiandrosterone was the 
best immediate precursor of testosterone, followed by 
dehydroepiandrosterone sulfate. pregnenolone and 
pregnenolone sulfate. 

In human and boar testes unconjugated and sul- 
fated ldandrostenes are present in ciuo and in the 
boar they are quantitatively the most important 
steroid@ 121. Some 1 bandrostenes. also called 
“boar-taint” steroids. have pheromonal action and 
are physiologically important for the animal[29]. In 
human testes these steroids are quantitatively of 
minor importance and their physiological role is 
unknown. Therefore, in this investigation the syn- 
thesis of unconjugated 5.16androstadien-3/I-01, 
5x-androst- 16-cn-3/I-01 and 5z-androst- 16-en-3a-al 
was investigated in boar testis. All the three 
lbandrostenes were synthesized from pregnenolone 
and pregnenolone sulfate. In support of the earlier 
f%rdings[29] the ldandrostenes were not formed from 
dehydroepiandrosterone or its sulfate conjugate. 
Recently a new metabolic pathway involving intact 
steroid sulfates from pregnenolone sulfate to 
5.16-androstadien-3/3-o] sulfate was demonstrated in 
boar testis in uino[23]. 

In human and boar testes many of the potential 
precursor steroids of testosterone are present in sul- 
fate conjugated form and their tissue concentrations 
are very high. It has been shown that human and 
boar testes have the ability to actively synthesize, di- 
rectly metabolize and hydrolyze these sulfated 
steroids and use them also as precursors of testoster- 
one in uirro. The mechanisms in the testis which regu- 
late the synthesis and hydrolysis of steroid sulfates 
in vim remain to be studied. 
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