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SUMMARY 

Our studies on the steroid composition and steroid secretion by human testis are summarized. Using 
gas-liquid chromatography and gas chromatography-mass spectrometry 24 neutral steroids were identi- 
fied and measured in human testis tissue obtained from cadavers or in connexion with orchiectomy 
due to prostatic cancer. The compounds were partly present in unconjugated form and partly as 
mono- and disulphates. The main compounds present were unconjugated testosterone, pregnenolone 
and its sulphate, dehydroepiandrosterone sulphate and 5-androstene-3fi,17/?-diol monosulphate. C,, 
steroid diol monosulphates with a 17~-hydroxyl carried their sulphate group at carbon 3, whereas 
those with a 17~-hydroxyl had the sulphate group at carbon 17. The main unconjugated compound 
secreted by human testis was testosterone followed by S-androstene-3/J, 17fl-diol, 17ff-hydrox~rogester- 
one, pregnenolone, S-androstene-3& 17x-diol, 17a-hydroxypregnenolone, androstenedione and dehydro- 
epiandrosterone. The monosulphates of pregnenolone, S-androstene-3/?, i-i/?-diol and testosterone were 
also secreted. The secretion of all these compounds was increased during the administration of human 
chorionic gonadotropin (HCG) and dehydroepiandrosterone sulphate secretion also became evident. 
These results, when considered in the light of the findings of other authors strongly suggest that 
the 5-ene pathway is the quantitatively more important one in the formation of testosterone in human 
testis. Further, it is possible that sulphated steroids also act as precursors and that testosterone biosyn- 
thesis could be regulated through regulation of testicular steroid sulphatase activity. 

In human testis, testosterone can be synthesized by 
one of two pathways, the It-ene pathway or the 
.S-ene pathway. In the former, the 3/Ghydroxy-5-ene 
structure of pregnenolone is first converted to a 3- 
keto-Gene structure (pregnenolone+progester- 
one--+ 17~hydroxyprogesterone--+ androstenedione- 
testosterone). In the 5-ene pathway, degradation of 
the side chain precedes the 3/Ghydroxysteroid dehyd- 
rogenase catalyzed reaction, which is the final step 
in the pathway {pregnenolon~ 17a-hydroxypreg- 
nenolone--r dehydroepian~osterone ---* 5-androstene- 
3fi, 17/?-dial--+ testosterone). 

venous blood were obtained from volunteers under- 
going operation for inguinal hernia. Heparin~ed 
blood samples were immediately centrifuged and the 
plasma separated. All the samples were stored at 
- 20°C until analyzed. 

Steroids in testis tissue as well as in testicular and 
peripheral venous blood were determined as de- 
scribed previously [4,5]. The identification of the 
compounds was performed by gas-liquid chromat- 
ography and gas chromatography-mass spectrometry. 
Quantitation was carried out by gas-liquid chromat- 
ography. The position of the sulphate group was 
determined as described by Cronholm[Gj. 

The operation of both of these pathways in human 
testis has been demonstrated in a number of in vitro 
investigations (for review articles. see [l-3]). Recent 
research, to be summarized in this report, stresses the 
importance of the S-ene pathway, previously consi- 
dered to be, quantitatively, the less important one. 
Further, the role of sulphate-conjugated 3/3-hydroxy- 
Sene steroids as potential precursors of testosterone 
has led to renewed thinking on some aspects of steroid- 
ogenesis in human testis, especially because sul- 
phateconjugated steroids have, in the past, been con- 
sidered mainly to be end products of steroid metabo- 
lism. 

RESULTS 

EXPERIMENTAL 

Human adult testes were obtained either from 
cadavers and were dissected out shortly after death 
or from patients undergoing orchiectomy due to pros- 
tatic cancer and not receiving any hormonal treat- 
ment before the operation. Samples of testicular 
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Table 1 summarizes the steroids present in human 
testis tissue and their concentrations. Both unconju- 
gated, monosulphated and disulphated steroids were 
found. As could be expected, the main free steroid 
was testosterone. Pregnenolone was present in similar 
concen~ations followed by 5~-androst-l~n-3~~1. In 
the material so far investigated [4,7,8], however, the 
main steroids detected were sulphateconjugated. Of 
the monosulphates, pregnenolone sulphate was the 
main compound found followed’ by dehydroepian- 
drosterone, 5-androstene-3p, 17#&diol and testosterone 
sulphates. In addition to monosulphates, certain di- 
sulphates were also detected. Altogether seven disul- 
phates were identified but all of them were present 
in concentrations less than 10% of the principal 
monosulphates (Table 1). 

The steroid diol monosulp~~s found in testis tis- 
sue were sulphated at either of the two hydroxyl 



354 R. VIHKO and A. RUOKONEN 

Table 1. Concentrations of neutral steroids in human testis tissue. The values are naa" 

concentrations (ug/lOO g tissue wet weight) and have been calculated from groups 

of 3-10 testes (4.7.8). 

Cwpound Form of 
jugatiw 

$0"‘ Co"ce"tratlo" 
Cadaver testis Orchfectmy testis 

Androsterone 
Epiandmsterone 

Dehydroepiandrosterone 

Testosterone 

Androstenedione 

Epitestosterone 

!k~6-Alh%Wt~-h-o) 

6a-l6-&ndro~t~-36-01 

5.16-Androstadien-36-01 

Sa-Androstane-3a,l7&diol 

ScrAndrostane-36,l'iodioi 

5=AndrLta"e-36,17B_diol 

5-Androstene-36,17adiol 

S-Androstene-36,178-di"1 

36-Hydroxy-17a-5-preg"e"-2O-O"e 
(Isopregnenolone) 

17a-Nydroxypregnenolone 

Progesterone 

17=Hydroxyprogesterone 

20~Hydroxy-4-pregnen-3-cne 

5o-Pregnant-3aJOwdioi 

56-Pregnane-3a,20a_diol 
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3.6 
80 
6.6 

b 

3.0 
19 
6.7 

b 

:: 

3.5 

c 

M 0.8 
0 0.5 

H 0.6 
D 0.5 

i 

3.4 
24 
3.1 

t = u"co"Jugsted steroid M = mpnosulphste. D - di sulphate 
b" Impurities or other ster&df disturb exact qua"tifiCati0" 
c Nat deterarined 

groups. The position of the sulphate group was deter- 
mined for the monosulphates of SLu-androstane- 
3~,17~-dial, Sa-androstane-3P,17cr-dioI, Sa-andros- 
~ne-3~,17~-diol, 5-androstene-3~,17a-dial and S- 
androstene-3&17/R?-diol [SJ. All the compounds carry- 
ing a 17P-hydroxyl group were conjugated at C-3, 
whereas those with a 17cc-hydroxyl group were conju- 
gated at C-17. In addition, the sulphate group of 5- 
pre~ene-3~,2~-diol was exclusively esterSed at C-3. 

The extensive biosynthesis of steroids in human 
testis tissue is reflected in their secretion into sperma- 
tic venous blood. The excretion of a number of sul- 
phate conjugates has also been detected. In Fig. I 
the unconjugated steroids detected and the amounts 
secreted are summarized. Testosterone was by far the 
quanti~tively most important steroid secreted, its 
mean concentration being 74,ug/lOOml of spermatic 
venous blood in a group of five normal males. Inter- 
mediates in the 4-ene pathway, 17~hydroxyprogestec- 
one and androstenedione were also detected and their 
secretion was clearly increased during HCG (human 
chorionic gonado~opin) stimulation (Fig. 1). During 
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Fig. 1. Mean concentrations in three men of unconjugated 
neutral steroids in spermatic venous blood plasma during 
administration of HCG (91. The values are expressed in 
percentages being compared to corresponding values from 
five nontreated individuals (= 100%). The figures in the 
columns show the actual con~n~at!on values (&lo0 ml 
of blood plasma) in the subjects receiving HCG. 1 = 5- 
Androstene-3p,17a-dial, 2 = 5-androstene-3/?, 1 Ilr%diol, 3 = 
dehydroepiandrosterone, 4 = androstenedione, 5 = testos- 
terone, 6 = pregnenolone, 7 = 17a-hydroxypregnenolone, 
8 = 17a-hydroxyprogesterone. HCG (Pregnyl, Grganon, 
Oss, The Netherlands) was administered intravenously 

daily (5000 U) for 5 days. Sample taken on day 5. 
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Fig. 2. Secretion of steroid sulphates by human testis. The 
100% level represents steroid sulphate concentrations in 
peripheral blood plasma, the columns, corresponding con- 
centrations in spermatic venous blood plasma without 
(open columns) and during (black columns) HCG 
administration. The figures represent the actual con- 
centration values (ng/lOOml of blood plasma). 1 = Preg- 
nenolone sulphate, 2 = dehydroepiandrosterone sulphate, 
3 = S-androstene-3P,17/Gdiol monosulphate. In addition, 
testosterone sulphate was secreted by human testis in con- 
centrations of 1.8 and 3.3 ~g/lOOml of spermatic venous 
blood plasma under normal conditions and during HCG 
administration, respectively [9, lo]. HCG administration, 

see legend to Fig. 1. 

HCG stimulation, progesterone secretion, albeit in 
very small amounts, was also demonstrated. All the 
intermediates of the Sene pathway (pregnenolone, 
17a-hydroxypregnenolone, dehydroepiandrosterone 
and S-androstene-3/3,17/&diol) were secreted as un- 
conjugated compounds and the secretion of all these 
compounds was greatly increased during HCG treat- 
ment. 5-Androstene-3fi, 17n-diol was also secreted and 
in increased amounts during HCG treatment (Fig. 1). 

The secretion of certain sulphate conjugates was 
also demonstrated (Fig. 2). Under basal conditions, 
the secretion of pregnenolone, S-androstene-3/I,17P- 
diol and testosterone sulphates was evident and their 
secretion was clearly increased during HCG 
administration (Fig. 2). Under these conditions, the 
secretion of dehydroepiandrosterone sulphate was 
also demonstrable. 

DISCUSSION 

The presence and secretion of intermediates of the 
S-ene pathway, from pregnenolone to testosterone, in 
human adult testis tissue strongly suggest that these 
compounds are utilized in testosterone production in 

vim Studies in vitro had already demonstrated the 
existence of the 5-ene pathway together with the 4ene 
pathway but the latter one has been considered to 
be quantitatively more important [l, 21. Together 
with testosterone, the 3/J-hydroxy-5-ene steroids are 
the main compounds present in testis tissue and se- 
creted into spermatic venous blood. Alone, this does 
not provide adequate proof of the S-ene pathway 
being quantitatively the more important one. How- 
ever, when considered together with the results of in- 
cubation studies with adult human testis [ 111 which 
demonstrate that testosterone is formed more readily 

from pregnenolone than from progesterone, from 17~ 
hydroxypregnenolone more readily than from preg- 
nenolone, progesterone or 17a-hydroxyprogesterone 
and from dehydroepiandrosterone more readily than 
from 17cc-hydroxyprogesterone or 17cr-hydroxypreg- 
nenolone, it can be concluded that in human adult 
testis tissue the 5-ene pathway is favoured in the bio- 
synthesis of testosterone. 

A remarkable feature of the steroid composition 
of testis tissue and spermatic venous blood is the pres- 
ence of a number of sulphate-conjugated neutral ster- 
oids. To date, altogether 20 monosulphates and 7 di- 
sulphates have been identified in human adult testis 
tissue. Together with testosterone, the monosulphates 
of pregnenolone, dehydroepiandrosterone and 5- 
androstene-3/?,17P-diol are the main endogenous 
compounds in human testis [4,8]. In addition, preg- 
nenolone, 5-androstene-3/I, 17/&diol and testosterone 
sulphates are secreted by normal testis tissue [lo]. 
This is indirect evidence that sulphates play a role 
in the testicular biosynthesis of testosterone, which 
is further supported by the finding that the secretion 
of the eventual precursor sulphate conjugates is 
clearly increased during HCG administration [9]. In 
a number of in vitro studies both with human and 
animal tissue the conversion of certain sulphated 38- 
hydroxy-5ene precursors to testosterone has been 
amply demonstrated [12-151. 

The immediate precursor of testosterone in the pos- 
tulated sulphated pathway would be 5-androstene- 
3/I,l7b-diol, present, preferably as a monosulphate, in 
human testis. The sulphate group in this compound 
is exclusively conjugated at carbon 3, whereas the 
17a-hydroxy diols are conjugated at carbon 17 [8]. 
Thus, the formation of testosterone and its sulphate, 
which is also found in testis tissue, from the 3/I-sul- 
phated diol would necessitate hydrolysis of the pre- 
cursor. This sulphatase reaction could efficiently regu- 
late the formation of testosterone. Following this line 
of argument, Jaffe, Payne and coworkers have shown 
that in man, there exists an excellent correlation 
between testicular steroid sulphatase and 3/&hydroxy- 
steroid dehydrogenase-isomerase activities and 
serum testosterone levels [16]. Further, the cleavage 
of pregnenolone, dehydroepiandrosterone and 5- 
androstene-3/$17/l-diol 3/J-yl sulphates seems to be 
effected by the same testicular sulphatase [ 171, which 
is effectively inhibited by unconjugated 5-pregnene- 
3/I,20c(-diol and 5a-androstane-3n, 17p-diol, both of 
which are found in human testis tissue [17]. Thus, 
the regulation of human testicular sulphatase activity 
could be effected through endogenous unconjugated 
steroids. It must be considered, however, that using 
minced human testicular tissue, Yanaihara and Troen 
[ 181 came to the conclusion that 5-androstene-3/I, 17/J- 
diol 3/J-yl sulphate may not function as a significant 
precursor of testosterone. Thus, it is clear that no 
definite conclusions can be drawn as yet concerning 
the possible importance of sulphated neutral steroids 
as precursors of testosterone in human testis tissue. 
However, the question assumes even greater interest 
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because sulphate-conjugated neutral steroids have not 
been shown to have any major physiological impor- 
tance in the adult human organism and these conju- 
gates have been mostly considered to be end products 
of metabolism (see 19). The only biological role so 
far found for a suiphated steroid has been the 
demonstration that dehydroepiandrosterone suiphate 
has slight androgenic as well as estrogenic effects in 
man [20]. Therefore, the exploration of the potential 
importance of sulphated steroid conjugates in steroid- 
producing tissues is very attractive. 
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