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General introduction

Pathways and control of steroid biosynthesis

The hormones secreted by the testis, the androgens,
maintain and contrel the development of the male accessory
reproductive organs and secondary sexual characteristics.
There are twoe principal androgens, testcsterone and andros-
tenedicne and they are synthesized in the interstitial tis-
sue of the testis.

It is generally accepted that these steroids are deri-
ved from cholesterol and are formed along theras,BSthdroxy-
stercid pathway and the A4,3—oxosteroid pathwayl'2'3
(fig. 1}. The first steps in steroidogenesis are basically
the same in the mammalian testis, ovary and adrenél gland.
Androstenedione and testosterone are precurscrs for ovarian
cestrogen biosynthesis, while progesterone and l7e¢-hydroxy-
progesterone are utilized in the formation of cortico-
steroids in the adrenal cortex.

It has been shown that in the hog adrenal gland the
cheolesterol side-chain cleaving enzyme is localized in the
inner membrane of the mitochondria4. A major portion of the
pregnenclone is probably formed by an enzyme-mediated attack
of oxygen on cholesterol, resulting in the formation of
20a,22R-dihydroxycholesterol, which is subsequently oxica-
tively cleaved to pregnenolones. Pregnenclone leaves the
mitochondria and is converted to testosteroné by enzymes,
localized on the smooth-surfaced endoplasmatic reticulums.
Congiderable information is availakle on the properties of
the AS,BS—hydroxysteroid dehydrogenase and its mechanism
of acticn; it is a single, NAD+~dependent enzyme oxidizing
all four AS,36-hydroxysteroidsl’7. In contrast, the presence
cf several substrate-specific AS,AQ—isomerases has been
8’9. The
chelesterol side-chain cleaving enzyme and the Cl7'20-lyase

demonstrated in bovine adrenal gland preparations

show the same requirements as the steroid hydroxylation

reactions i.e. NADPH, cxygen and the presence of cytochrome
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P4506’10. The l17a=-dehydrogenation is reverxsible and NAD(H)/
NAD (P)H-dependent. The presence of steroid sulphokinase and
steroid sulphatase activities and cof enzymes which metabo-
lize sterold hormones is described later in this thesis. In
the rat testis the A4,3—oxosteroid pathway is the preferred
route for testosterone biosynthesis, while both pathways
are invelved in the testes of man, dog and rabbitl'2'3.
Testosterone preduction in the testis is regulated by
an interplay with the hypophysial hormone LH. Administra-
tion of LH {(or HCG} leads to an increased testosterone pro-
duction through the stimulation of the conversion of choles-
terol to pregnenoclone which is the rate-limiting step in
steroidogenesis. Androgens in turn regulate LH secretion
through the negative feedback effect of testosterone on the
hypothalamus and hypophysis. Decreased levels of circulating

androgens result in an increased LH secretion by the hypo-

physisll. The biochemical mechanism through which LH exerts
4 .
A 5,3 [ -hydroxysteroid A", 3-oxosteroid
pathway pathway
cholesterol
cholesterol side-
chain cleaving
enzyme
pregnenc|one # progesterone

17 0 -hydroxylase — — — ——

C

17, 20" yese— = ————
! dehydroepiandrosterone ———p androstenedione
17 B -hydroxy~- 4
steroid dehy- — — ———
drogenase

S-androstene-3 B 17 ﬂ—diol ——p testostarone

3 B -hydroxysteroid
dehydrogenase
and A2, A4 isomerase

Fig. 1 Pathways and enzymes involved in testosterone
biosynthesis
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its effect is largely unknown. In interstitial tissue of
rat testis LH stimulates the formation of 3',5'~cAMP and
testosterone and the increase in 3',5'-cAMP production
occurs before the increase in testosterone production12'13.
A long term effect of LH in testis is to increase the acti-
vities of A5,38~hydroxysteroid dehydrogenase, l7a-hydroxy-
lase and Cl7'20—lyasel’2.

Another possible control mechanism in regulating tes-
tostercne producticn is inhibition by stercids:-at the cellu-
lar level. It is known that several stercids can inhibit
the in vitro activity of enzymes reguired for stercid bio-
synthesis. In rat testis the C17'20—1yase can be inhibited
by 17a,20a~dlhydroxy-4-pregnen—-3-one, a metabolite of 17a-
hydroxyprogesteronel4

The first part of this thesis describes an investiga-
tion in which the role cf 17a,20c-dihydroxy-4-pregnen-3-one
in the in vivo testosterone prcduction is evaluated.

The second part of this thesis deals with.the role of
A5,38—hydroxysteroids as precursors and the relative impor-
tance of alternative pathways. The significance of the
AS,BB—hydroxysteroid pathway and androstenediol in testos-
terone biosynthesis in rabbit testis was measured. In addi-
tion, the existence cof precursors of dehydrcepiandrostercne
and androstenediol other than l7a-hydroxypregnenolcne was
investigated.
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1.1 Inhibition of steroid hormone biosynthesis

1.1.1 introduction

Under in vitro conditions a large number of steroids
can inhibit the enzymes involved in the biosynthesis of
steroid hormones. Such steroid inhikitors can be found for
almost every step in steroid hormone biosynthesis, possibly
as a consequence of the basic structural properties which
steroids have in ceommon. Some of these inhibitors are natu-
rally occurring stercids and therefore the presence of a
control of stercid hormone bicsynthesis at the cellular
level is often postulated.

The cccurrence of inhibition of steroid biosynthesis
by steroids under in vivg conditions is difficult to esta-~
blish. The description of inhibition has been restricted
thusfar to chservations of decreased conversions in vitro.
Enzyme kinetics and the characteristics of inhibition have
been studied in only a few cases and this has resulted in
informaticn on Km~ and Ki—values, which is necessary for
understanding the significance of inhibition as a regula-
ting factor. Constants were determined for the inhibition
of Cl7,20-lyase by 17a,gOa—dihydIOxy—4—pregnen—3—onel’2
for the inhibition of 47,33-hydroxysteroid dehydrogenase

by 7a—hydroxy—androstenedione3as well as the inhibiticon of
4-8

and

steroid sulfatase by various steroids
The best impression about the physiclogical signifi-
cance of such inhibitors may be derived from enzyme kinetic
studies combined with information on the availability of a
potential inhibitor at the site of stercid biosynthesis. On
the basis of such data, Wiener and Z—\lleng‘:{O have proposed
that inhibiticn of the 20w~hydroxysteroid dehydrogenase by
oestrogens is part of the control mechanism in placental

stercid biosynthesis of 20e~dihydroprogesterone. Jensen
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11,12

et al. used similar arguments when discussing the ef-

fect of dehydroepiandrosterone on the C -lyase activity

17,20
in the human adrenal gland.

The lack of information on endogencus tissue levels
and the cellular localization of potential inhibitors ham-
per the evaluation of the inhibitor for the in vivo situa-
tion. Some authors have described effects of steroids which
are present in relatively low or unknown concentrations, or
which are not present at all at the site of steroid bio-
synthesis. This includes the inhibitory effects reported

1,13 14

for 20e{and g}-dihydroprogesterone ; oestradiol and

deoxycorticesterone in the rat testis, and ll-deoxycortisol
and cortiscl in the rat adrenal glandls*la. Scme of the in-
vestigated inhibitors are, however, formed at their presu-
med cellular site of action. For instance, the effect of
corticostercone on mitochondrial NADH-oxidase may very well
be of importance for the rate of 1l1lpg-hydroxylaticn in the
rat adrenal, because low concentrations (10 uM) are reguired
for inhibition19 and because the concentration in adrenal
mitochondria is probably higher than at any other (sub)cel-
lular site in the rat.

A detailed description of inhibition of steroid bio—

synthesis by steroids is given in paragraph 1.1.3.

1.1.2 Scope of this -investigation

Most of the studies on the inhibition of stercid bic-
synthesis by steroids have been carried cut in vitro. There
have been few attempts to test the significance cf in vitro
results under in vivo conditions. It was decided therefore
to investigate cne potentially important inhibitor of ste-
roid biosynthesis, 17«,20a-dihydroxy-4-pregnen-3-one and
its effect on testis Cl7’20—lyase under in vivo conditions.

Inanc and co-workersl!r2 have suggested that 20a-hydro=-

xystercid dehydrogenase might regulate testosterone biosyn-

21



CH

I3 N

¢= % y C —OH
20 0-hydroxysteroid S~ CH

dehydrogenase
v, ; ;
o o7
17 & -hydroxyprogesterone MNADPH

y 17 A, 20 Q~dihydroxy-
- 4-pregnen-3-one
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Fig. 1. A hypothetical mechonism for regulation of C

-lyase activity and
androgen biosynthesis. 17,20

thesis in the rat testis (fig. i). This is a cytoplasmatic
enzyme which converts l7e-hydroxyprogesterone to 17a,20a-
dihydroxy-4-pregnen-~3-one. The substrate specificity of the
testicular enzyme differs from that cf the 20a~hydroxyste-
roid dehydrogenases from the ovary, adrenal, placenta and
liver, since progesterone is a poor substrate. The product
170,20a-dihydroxy-4-pregnen-3~one was shown to be an inhi-
bitor of the Cl7l2o—lyase. The Km-value of this enzyme for
17a-hydroxyprogesterone was 1.8 uM, whereas the Ki—value
for 170,20a-dihydroxy-4-pregnen-3-one was 9 uM. Competition

of the 20a-hydroxysteroid dehydrogenase with the C17 20"
’
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lvase for the substrate l7a-hydroxyprogesterone may also
result in a decreased androgen production. 17¢,20p-Dihydro-
xy—-4-pregnen-3-cne itself is not converted to androstene-
dione and testostercne. It is noteworthy that human testis
can form 17x,20a-dihydroxy-4~pregnen-3-one from pregnenclo-

ne and l7a—hydroxypregnenolone20'21,

although in human tes-

tis the a5,35—hydroxysteroid pathway is of more importance

than the A4,3~oxosteroid pathway.

All experiments that have been reported in the litera-
ture were carried out with subcellular fractions of total
testis tissue, and information on either the endogenous
levels of inhibitor, or on the intercellular localization
of the 20a-hydroxysteroid dehydrocgenase was not available.
Therefore, four different types of experiments were carried
out:

1. The metabolism of radicactively labelled progesterone
and l7a~hydroxyprogesterone and the formation of 17q,
20e~dihydroxy-4-pregnen-3-cone were studied in prepara-
tions cf rat and rabbit testis.

2. The effect of potential inhibitors on the C ~-lyase

activity was investigated in in wvitro incubéZigg experi-
ments and during rabbit testis perfusions.

3. A method for the estimation of 17¢,20a-dihydroxy-4-
pregnen-~3-one was developed and it was used to measure
the endogencus levels of the 174,20ac-dihydroxy-4-pregnen-
3-~one in testis and testicular venous blood.

4. The localization of 20p-hydroxysteroid dehydrogenase was
studied using isolated interstitial tissue and seminife-
rous tubules from dissected rat testis.

Selective inhibition of C17’20—lyase activity would
depress testostercne bicsynthesis without interfering with
the biosynthesis of corticostercids. This control of andro-
gen preduction might be of potential interest in the treat-
ment of benign prostatic hypertrophy, hirsutism and andro-
gen-dependent tumors. Therefore, the effect of a new svn-
thetic inhibitor of C ~=lyase, the 178-ureido-1,4-andros-

17,20
tanedien—-3-one”™ ", was characterized.
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1.1.3 A review

The enzymes involved in stercidogenesis and their ste-
roid inhibitors are listed in table 1 at the end of this
paragraph. This review is limited to the description of the
direct effects of steroids on steroid biosynthesis and does
not inciude observations which deal with indirect influences
on steroid bicsynthesis via feedback inhibition of gonado-

trophins or ACTH secretion by the hypophysis.

Inhibition of cholesterol biosynthesis

The results of Haksar et al.23’24

indicate that preg-
nencleone (400 uM)* inhibits stercl biosynthesis in bovine
corpus luteum homcgenates at a site before the formation of
mevalonic acid. The incorporation of 14C—acetate in proges-
terone by porcine corpora lutea in vitro can be decreased
by several steroids (64 uM), the precise site at which in-

hibition occurs has not been determined (Cock et al.zs).

None of these steroids, however, could influence the proges=-
terone synthesis from endogenous tissue scurces. The rela-
tively large tissue pools of cholesterol and cheolesterocl
esters in testis and the uptake of cholestercl from
bloodZG'27 make it unlikely that inhibiticon of chclestercl
bicsynthesis is of importance for the regulation of steroi-

dogenesis.

* N . . . .
When possible, the concentrations of inhibitors necessary

for 50% inhikition, are given.
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Inhibition of cholesteroi side-chain cleavage

Pregnenclone (30 uM) has been shown to inhibit the
side~chain cleavage of radioactive cholesterol in bovine

corpus luteumzs'zg, in bovine adrenal cortex30 and in rat

testis mitochondriazg. Koritz30’31

has proposed that ACTH
increases mitochondrial permeability for pregnenolone,
thereby lowering intramitochendrial pregnenolone concentra-
tions and relieving the inhibition of stercidogenesis. How-
ever accumulation of pregnenolone, as caused by inhibition
of A5,3s-hydroxysteroid dehydrogenase in rat adrenal sec-
tions by the addition of cyancketone does not result in in-
hibkition of endogencus pregnenolone synthesisBz’B% sugges-
ting that cholestercl side-chain cleavage is not signifi-
cantly affected by large intracellular pregnenolone concen-
trations.

Testosterone was also found to ke an inhibitor cf the
cholesterol side—chain ¢leaving activities in rat testis

mitochendria in vitrozg'34

and in the rat adrenal gland in
35

vive . Colby35 reported that the rat adrenal side-chain
cleaving activity was increased after orchiectomy and this
effect could be reversed by testosterone administratiocn.
This probably reflects the influences of testostercne on
mitochondrial cytochrome P450 levels36 and on NADH-oxidase
activity which will be described later.

The extent tc which exogencus radioactive cholesterol
enters the endogenous mitochondrial pool is unknown. There-
fore formation of radicactive isocaproic acid or radioac-
tive pregnenclone may not reflect changes in chclesterol
side-chain cleaving activities. In light of this and the
findings of Cook25 and Farese32, it may be concluded that
the occurrence of inhibition of cholesterol side-chain

28-30,34,35

cleavage needs verification by measuring steroid

production from endcocgenous sources.

25



Inhibition of 113-hydroxylation

. . . .37 .
Corticostercne, when administered in vivo™ ', or corti-
38

7

501 and decoxycorticostercne {10 uM}), when added in vitro
inhibited the endogenous production of corticosterone by
isclated rat adrenals. While studying this effect, Sauerlg
chserved that NADH-oxidase was markedly inhibited and he
suggested that interference with the electron transport
chain decreased the rate of succinate-supported steroid
lig~hydroxylation by interfering with the reversed electron
transport. NADH~oxidase inhibition by corticosterone (10 uM)
has also been repcorted for pig heart sarcosomes39’4o.
Investigations by Sharma g;ﬁg;.4l have drawn attention
to the inhibiting influence ¢f testosterone (10 uM}! and
androstenedicone (10 uM) on the llp-hydroxylation step in
vitro. Testosterone (10 uM) and other androgenic steroids
can also inhibit electron transfer at the site of NADE-
oxidase in pig heart sarcosomes4o. Treatment of rats with
pharmacclogical doses of testosterone reduces corticostero-
ne producticn and this is accompanied by a marked decrease
in 1llp~-hydroxylase activities and mitochondrial cytochrome

36,42,43

P450 levels in the adrenal gland (Colby and Brownie ).

Crchiecteomy results in an increased llg-hydroxylase activi-
ty, which can be reversed by & testosterone therapy35'44.
Burrow et al.l5 have shown that high concentrations of
cortisol (1 mM) decrease the aldostercone production, proba-
bly by inhibkiting adrenal protein synthesislS"l7. However,
Weinstein and Kliman18 demonstrated more recently that lower
doges (10 uM) of cortiscl and ll-deoxycortiscl had no effect
on the biosynthesis of deoxycorticosterone, corticostercone,
and aldosterone. The chservation that high concentrations
of testosterone {300 uM) biccked adrenal protein synthesis
and the sterocidogenic effect of ACTH is of some inte-
re5t16’17.

Therefore it may be concluded that low concentrations

0of certain steroids may interfere with electron transport



in the respiratory chain and very high concentrations with

protein synthesis

inhibition of 21-hydroxylation

8 that the addition

of 17s~hydroxyprogesterone or l7x~hydroxypregnenclcne

Weinstein and Kliman demonstratedl

(100 uM) to rat adrenal glomerulosa tissue decreases the
endogenous production of deoxycorticosterone and cortico-
sterone, resulting jin & reduced in vitro production of al-
dostercne. The reduced production could be explained by an
interference with the only hydroxylation step which the bio-
synthesis of all these steroids has in common, the 21-hydro-
xylation. Additional interference with 11g- or 18-hydroxy-
lation, however, cannct be excluded. The 2l1-hydroxylation

of pregnenclone and l7a-hydroxypregnenolone in the bovine
adrenal gland can be inhibited by androstenedione, testos-

terone and dehydroepiandrosterone (20 uM)45.

Inhibition of 17«-hydroxylation

The enzyme l7g-hydroxylase is inhibited by its product,

46

l17e¢~hydroxyprogesterone (60 uM) This enzyme can alsc be

inhikbited by 20a-dihydroprogestercne and 17q¢,20o-dihydroxy=

4-pregnen-3-one {(Inanc et al.i).

inhibition of C17‘20-‘|yase

Huseby et al.47 presented the first evidence indica-
ting that progesterone may have an inhibiting effect on the
C17 20-1yase of mouse testis. Mahajan and Samuels48 and

’

“others repcrted a similar effect in rat testis homogena-
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tes and more recently it was shown that diluticn of +the
labelled substrate l17c-hydroxyprogesterone with non-labelled
17¢-hydroxylated progesterone is not responsible for the

, S g 4
competitive inhibition observed 9.

Neher and Kahnt13 reported inhibition of the Cl7 20"
lyvase by a number of steroids, e.g. pregnenolone and éehyu
droepiandrostercne inhibit the side-chain cleavage of 17a-
hydroxypregnenclone and progesterone and 20¢ (and g)-dihy~
droprogesterone inhibit the side-chain cleavage of 17¢-
hydroxyprogestercone. The effects of 20c¢(and g)}-dihydropro-
gesterone has been confirmed by Inanc et al.l. In addition
deoxycorticosterone and 17¢,200~dihydroxy-4-pregnen-3-one
were found to be competitive inhibitors of this enzyme

(see 1.1.2). The kinetics of the Cl7'20-lyase in human
adrenal glands were investigated in more detail by Jensen
g;_gi.ll’lz. The side-chain cleavage of 17a—hydroxypregne-
nolone (Km = 0.4 uM) was noncompetitively inhibited by de-
hydrcepiandrosterone (Ki = 5 uM), the tissue concentratiggs
of the inhibitor were found to be in the order of 1.5 uM™".
They postulated that this inhibition might contribute to
the control of human adrenal dehydroepiandrostercne biosyn-

thesis.

inhibition of A5,36-hydroxysteroid dehydrogenase

The conversion of A5,36—hydroxysteroids toc A4,3—0x0m
steroids requires a AS,BB—hydroxysteroid dehydrogenase and
a AS,A4—isomerase. The overall rate of the reaction from
A5,35—hydroxysteroids to ﬂ4,3—oxosteroids estimates the
rate of dehydrogenase reaction kecause the A5,ﬂ4—isomerase

51. Much of the knowledge of AS,BB—

reaction is much faster
hydroxystercoid dehydrogenase has been derived from experi-

ments with the bacterial enzyme from Pseudomonas Tegtoste-~

roni. Many inhibitors have been found (table 1). Two models

for the regulation of A5,38—hydroxysteroid dehydrogenase
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activity in vivo were proposed:

studies of Wiener and Alleng'lo

have shown that the
placental dehydrogenase (Km for pregnenclone 2 uM} is non-
competitively inhibited by progesterone (Ki = 10 uM} and
20a-dihydreprogesterone (Ki = 3 uyM), that is at concentra-
tions comparable to those found in the placenta {(5-10 M
and 1 uM respectively).

The conversion of pregnenolcne to progestercone by rat

testis (Km = 67 uM) was inhibited by 7u-hydroxyandrostene-
dione (Ki = 57 uM)B. Testicular 7a-hydroxylase activity,

however, is low and is inhibited by 7a-hydroxyandrostene-
dicne itself and by 7a-hydroxytestosterone. Data on tissue

levels of 7a-hydroxyandrostenedione are not available,.

Inhibition of A§A4—steroid isomerase

Ewald57 presented evidence for the existence of two
distinct isomerases in bovine adrenal glands and demonstra-
ted that the iscomerization of 5-pregnene-3,20-dione, 17a=-
hydroxy-5~pregnene~3,20-dicne and S5-androstene-3,17-dione
can be inhibited by their corresponding A5,3B—hydroxyste—
roids at concentrations of 30 uMSS. Since the oxidation of
3g-hydroxysteroids is rate-limiting in the conversicn of
A5,3s~hydroxysteroids to A4,3-oxosteroid551, inhibition of
the isomerases is of little conseguence for steroid bicsyn-
thesis.

Inhibition of 178- hydroxysteroid dehydrogenase

The 17g-hydroxystercid dehydrcgenase, the enzyme in-—
volved in the last step in testosterone biosynthesis in the
rat, can be inhibited by oestradiol (6 uM)l4 and by 7u-
hvdroxyanrdrostenedione (500 pM) but is activated by 7o~
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hydroxytestosterone (500 uM)3.

inhibition of 20a-hydroxysteroid dehydrogenase

Oestradiol (Ki =5 uM)Gl, oestriol (Ki = 82 uM) and
oestrone (Ki = 12 uM) were found to inhibit the 20a-reduc-
tion of progesterone (Km = 470 pM) by the placental 200~
hydroxysteroid dehydrogenase and are thought to take part

in the regulation of this enzyme activityg'lo.

Inhibition of steroid sulfatase

It was demonstrated by Notation and Ungar4_6 and by

Payne et al.7'8

that a large number of stercid metabolites
inhibit the steroid sulfatase activity of human and rat
testis. However, it is not certain what role, if any, the
steroid sulfates play in sterocid hormone production - this
will be discussed later (see part II). It is suggested that
modulation of the sulfatase activity by free steroids may
regulate the release of essential free stercid precursors
of testosterone. The reported Ki—values are in the same
range as the Km—values for the different steroid sulfates
(1-10 uM). The concentrations of dehydroepiandrosterone and
its sulfate in human testis were recently estimated by
Ruokonen62 and are 0.03 uM and 1 uM respectively. It is
difficult to conclude whether the larger concentration of
the steroid sulfate is a result of inhibition cf the sul-
fatase or, more likely, of a low sulfatase level when com—
pared to 38{and 178)~hydroxysteroid dehydrogenase activi-
ties.
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Miscellaneous inhibitions of stercidogenesis

Two other compounds, which may influence sterocidogene-
8is through inhibition of the enzymes involved and which
may have physiological significance are 3',5'-cAMP and some
indoles.

The postulated intracellular mediator of trophic hor-
mone action, 3',5'-cAMP stimulates pregnenoclone formationGB.
In addition to this, 3',5'-cAMP at high concentrations can
inhibit the A5,33-hydroxysteroid dehydrogenase in rat adre-
n.51164_66 and ovarian tissueGT. The conclusion drawn from
these studies is that 3',5'-cAMP can compete with NAD+—
dependent steroid enzymes for the available NAD+ or that

, +
3',B'-cAMP stimulates reactions that compete for NAD 65’68.

The significance of this effect of 3',5'-cAMP in the control

of stercidogenesis requires further clarification66.

69 and Ellis70 observed that melatonin

Recently Kinscn
and serotonin (2 uM), when added in vitro, can inhibit se-
veral steps of rat testicular androgen bicsynthesis. These
findings will undoubtedly stimulate further research on the
significance of these indoles for the function of the tes-

tis.

Synthetic inhibitors cf steroid biosynthesis have proved to he a
useful tool for studying the effects of decreased steroid

biosynthesis. A stercidal cyvanoketone, for example, inhi-

bits the A5,3s-hydroxysteroid dehydrogenase and A5,A4-

71,72

isomerase and in high concentrations the cheolesterol

side=~chain cleavage73. Administration of this compound to
pregnant rats and mice can provide an eXperimental model
for congenital adrenal hyperplasia74 and other defect575'76,
due to a deficiency of A5,3B—hydroxysteroid dehydrogenase.
Experiments with isoxazol produce similar results75’77.
Ovulation in immature rats can be prevented by this cyano-

ketone, apparently alsc a result of inhibited progesterone
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78

biosynthesis ' ~.
Nonsteroidal inhibitors have been reviewed by Gaunt
et al.—"‘9 and by Dorfman and Ungargo. Further publications

concerning their effects on testicular stercid bicsynthesis

are from Tamacki and Shikita81

83

, Inano et al.82, Bloch et
23.76 and Goldman ~.
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table 1 INHIBITICON OF STEROID BIQSYNTHESIS BY STERCIDS IN VITRO

enzyme {and source) substrate inhibitor Ky (type of * References
inhibition™}
cholestercl side-chain
cleaving enzyme
bovine corpus luteum cholestercl {exogenous) pregnenolone 28,29
bovine adrenal cortex " " 30
rat adrenal gland o testosterone (in vivo) a5
rat testis " pregnenclone 29
" " testosterone 29,34
tlp-hydroxylase
rat adrenal gland endogenous precursors corticosterone 37
" " deoxycorticosterone 38
" deoxycorticosterone cortisol 15
o endogenous precursors " 38
o " " no inhibition 18
" deoxycorticosterone androstenedione Ki:18 uM (comp.} 41
u " testosterone 41
" " " {in vivo) 35,36,42,43
Zl-hydroxylase
rat adrenal {(glcmerulcsa) endogenous precursors 17a=hydroxyprogesterone 22

£E

" " 17a~hydroxypregnenolone 22
bovine adrenal cortex progesterone testostercone and 45
" pregnenolone dehydrocepiandroste-
" 17d-hydroxypregnenclone rone
17d-hydroxylase
rat testis progesterone 17w~hydroxyprogesterone 46
" " 20s-dihydroprogestercne 1
" " 174,20a-dihydroxy-4~- 1

pregnen-3-one



4%

table 1 (continued)
enzyme (and source) substrate inhibitor Ki (type of * References
inhibition™)
ClT’zo-lyase
mouse testis 17a-hydroxyprogesterone progesterone 47
rat testis " progestercne {comp.) 13,48,49
" " 20d{B)-dihydroproges— 1,13
terone
N " 17d,20a=-dihydroxy-4- ;= 9 pM(comp.} 1
pregnen-3-cne
o " deoxycorticosterone K.,= 3 pM(comp.) 1
human adrenal 17a-hydroxypregnenolone dehydroepiandroste- K;= 5 pM(comp.) 11,12
rone
A5,3B—hydroxysteroid
dehydrogenase
Pseudomonas Testosteroni dehydroepiandrosterone 17a-hydroxyprogeste=- K,=30 pM(comp.} 52
rone
" " androstenedione K,=30 uM(comp.) 52
" " oestradiel K= 2 uM{comp.) 52
bovine adrenal cortex pregnenolcne 17a-hydroxyprogeste~ 53
rone
" " progesterone 54
" " androstenedione {comp.} 54
" " l18-hydroxyandroste- 34
nedione
bovine corpus luteum dehydroepiandrosterone androstenedione 54
human placenta pregnenoclone progesterone K.=10 pM(non-c.) 9,10
" " 20a-dihydroprogeste- K= 3 uM(non-c.) 9,1C
rone
" " 20p~-dihydroprogeste- K.= 4 uM 10
. rone
rat testis dehydroepiandrosterone cestradiol 14
" pregnenclone 7d-hydroxyandroste- Ki=57 FM(comp.) 3
nedione
human testis androstenediocl oestradiol 55



gt

table 1 {(continued)
enzyme (and source} substrate inhibitor Ki (type of *. References
inhikition™)
DS,Ad—isomerase
povine adrenal cortex S5-pregnene=-3,20-dione progesterone 56
. S-androstene-3,17-dione " 56
guinea pig adrenal gland S-pregnene-3,20-dicne pregnenclone 57,58
" 1 7d-hydroxy-5-pregnene- 17d~hydroxypregnenc- 57,58
3,20-dicne lone
. 5-androstene=-3,17-dione dehydroepiandrosterone 57,58
17B-~hydroxysteroid
dehydrogenase
rat testis androstenedione oestradiol 14
" " Td-hydroxyandrostene-~ 3
dione
guinea pig liver testosterone androstenedione K.=70 gM(comp.) 59
" " dehydroepisulfate 1 59
Pseudocmonas Testosteroni " testosterone 60
200-hydroxysteroid
dehydrogenase
human placenta progesterone cestriol Ki=82 uM 9,10
N N cestrone K;=12 uM 9,10
" " cestradiol Klm 5 uM 61



9¢

table 1 (continued)
enzyme {and source) substrate inhibitor Ky (type of %* References
inhikition™)
stercid sulfatase
human testis pregnenolone sulfate pregnenclcne 8
N and dehydroepiandrog- 20a-dihydroprogeste- 8
tercne sulfate rone
N " 5-pregnene-3§,20e=diol Ki=15 uM(comp.) 8
" " 38,21-dihydroxy-5- 8
pregnen-3-one
" " S5a—androstane-3q,178- Ki=40 uM(comp.) 8
diol
rat testis pregnenclone sulfate testosterone 5,6
" " 5-pregnene-38,200-diol Ki: 3 pM(comp.) 5
" " 17a-hydroxypregnenclone K;=14 pM(comp.) 5
“ " pregnenolcone K= 8 KM 5
M dehydroepiandrosterone dehydroepiandrosterone Ki= 8 pM{comp.) 5,6
sulfate .
M " S5a~androstane~-3u,178- Ki= 3 pM 7
diol
" " Sp-andrestane~3g,178~ K.=i pM(comp.) 5,7
diol *
" " testosterone K.=12 uM{comp.) 5,6,7
" androstenediol sulfate androstenediol * 7
" M cestradiol 7
" cestradiol sulfate cestradiol K.=1l6 uM(comp.) 7
" " testostercne K1=13 pM 7

*'comp. = competitive

non-competitive



1.2 Materials and methods

1.2.1 Materials

Solvents and reagents were obtained from UCB, Brussels
and Merck, Darmstadt. Solvents were distilled before use.
Diethylether was treated with & concentrated ferrosulphate
solution prior to distillation and was used within a. week.
Toluene, when used for gas chromatography, was redistilled.
NADPH, glucose-b6-phosphate and the glucose-6-phosphate de—
hydrogenase were purchased from Boehringexr, Mannheim. Bo-
vine serum albumin was purchased from Povite Products,
Amsterdam.

Steroids were purchased from Steraloids Inc., 20a-dihydropro-
gesterone from Ikapharm and the 17a,20w-dihydroxy-4-pregnen—
3-one was a gift from the Steroid Reference Collection of
the Medical Research Council, Great Britain, this steroid

is ncw commercially available (Steralcids). 17g-Ureido-1,4-
androstadien-3-one was cbtained through the courtesy of

Dr. G.E. Arth, Merck Sharpe and Dchme Research Laboratory,
Rahway, U.S.A.. These stercoids were used without further

purification.

Radioactive steroids : 7u—3H—l7u-Hydroxyprogesterone (15 Ci/mM),
4—14C—l7a—hydr0xyprogesterone {37 mCi/mmM}, 4~14C—testoste-
rone (58 mCi/mM} ., 1,2—3H—testosterone {37 Ci/mM) and 4—14C—
androstenedione (60 mCi/mM) were obtained from Radiochemi-
cal Centre, Amersham and 1,2—3H—proge5terone (36 Ci/mM) and
4—l4c—progesterone (57 mCi/mM) from the New England Nuclear
Corperation, Boston.

7&—3H—and 4—14C—Labelled 17a,20a~dihydroxy-4-pregnen-
3~one were prepared from radiocactive l7a-hydroxyprogeste-—

rone using an enzymatic reduction with a soluble rat testis

37



preparation {80 mg protein) and a NADPH regenerating system
under nitrogen for 1 hour. After extraction the 17a,20u-
dihydroxy=-4-pregnen-3-cne was purified by chromatography on
paper in a Bush AII system for 16 hours, the yield exceeded
50%.

All radiocactive steroids were purified by paper chro-

matography and thin-~layer chromatography when necessary.

1.2.2 Techniques

Radioactivity was measured with a ligquid Scintillation counter
(Packard mocdel 3375 or Nuclear Chicago, Mark I} to an accu-
racy better than 1%. Quench corrections were usually cal-
culated from external standard ratios. The samples were
counted in a solution containing 4 g diphenyloxazole (PFPO)
and 40 mg 1,4-bis=-2-(5~-phenyloxazclyl)-benzene (POPCP) per
litre or a modified Bray's solution84. When 3H and 14C were
measured simultaneously, the 3H/ll‘z‘C ratio in the samples
was kept within 1 and 100.

Chromatographic technigues

Paper chromatography was carried out on Whatman No. 20
paperstrips in a Bush AIT system (petroleum ether:methanol:
water = 100:70:30, by vol.) or a Bush BI system (petroleum
ether:toluene:methanol:water = 25:25:35:15, by vol.)85.

Thin~layer chromatography (t.l.c.) was performed on
preccoated silicagel plates (Merck F254, 20x20 cm). Samples
for gas chromatography were purified on t.l.¢. plates which
had been prerun in toluene:methancl = 9:1 (by vol.).

Detection of radiocactive steroids on paper chromato-
grams was carried out with a Packard radiogramscanner (mo-
del 72C0) and on t.l.c. plates with a Panax thin-layer
scanner. Gas chromatography (g.l.c.) was carried out on a
Hewlett-Packard Biomedical analyser, equipped with a tri-

tium electrcon capture detector. The stationary phase con-
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sisted of 1% QF-1 coated on Gas-Chrom Q (80-100 mesh,
Applied Science) and argon (5% methane) was used as carrier

gas.

Acetylations were carried out overnight in an acetic anhydri-

de pyridine mixture (1:1).

Protein determinations were carried out as described by Lowry

et al.86.

1.2.3 Preparation of tissue fractions and incubations

Rats of the Wistar strain (weight 200-250 g) were kil-
led by cervical fracture and subsequent bleeding. Rabbits
{New Zealand White-strain, 2.5-3.5 kg) were anesthetized
with Hypnorm (Philips=Duphar) and the testes were removed.
After removal of the capsule the testes were homegenized in
0.25 M sucross using a Potter Elveihem hoﬁogenizer. For
fractional centrifugation a Sorvall centrifuge (RC~2B} and
a Beckmann ultracentrifuge (L2-65B, type 50 rotor) were
used. The following fractions were prepared: the 800xg su-
pernatant (15 min), the 800-105,000xg precipitate (60 min
combined microsomal and mitochondrial preparation} and the
105,000xg supernatant (60 min).

Incubations were carried out in Krebs-Ringer bicarbo-
nate buffer (pH 7.4). The substrate l7a-hydroxyprogesterone,
7a—3H-l7u~hydroxyprogesterone (1-3x106 dpm) and the steroid
inhibitor were dissolved in methancl together with 1 ug
Tween-20 in the incubation tube and the methanol was evapo-—
rated. The mixture was dissolved in a small volume of buf-
fer, containing NADPH {1 mM}, glucose-6-phosphate (10 mM)
and glucose-6-phosphate dehydrogenase., The reaction was
started by adding the tissue preparations. The final volume
was 1 to 1.5 ml. For some experiments the tissue was minced

with scissors, and then approximately 100 mg was weighed
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Fig. 2. Conversion of 17 -hydroxyprogesterone (3 pM) by a 800 x g supernafant of
rabbit testis, plotted against the time. Each value is the mean of ¢ duplicate
estimation.

and transferred to an incubation tube, containing the in-
cubation medium {plus.20 mM glucose). The incubaticn was
started by addition of the substrate mixture. Rabbit testes

were incubated at 37OC87 but rat testes were incubated at

33°C, because of the lower scrotal temperatureas. All incu-
bations were carried out in a 95% oxygen, 5% carbkondioxide
atmosphere. After preliminary experiments an incubation
time of 30 min was chosen for incubation experiments with
rabbit testis (fig. 2) and 60 min for rat testis prepara-

ticons.

1.2.4 Extractions and isolation of steroids

The incubation was stopped by the addition of 2-3 ml
ethyl acetate containing 17e-hydroxyprogesterone, andros-
tenedione, testosterone, 17q¢,20o-dihydroxy-4-pregnen-3-one
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(50 pg each) plus 4~14C—testosterone (lO4 dpm) , 4—140—

4 dpm) , 4—1QC~17u~hydroxyprogester0n@

androstenedicne {10
(5-103 dpm) and in some experiments 4~14C—l7a,20q—dihydroxy~
4-pregnen-3-one (5.103 dpm) . After extraction with 3x2 ml
of ethyl acetate, the combined extracts were washed once
with water and evapcorated to dryness. Separation with paper
chromatography ({(Bush AIY) gave four fractions containing:

1} 174,204~dihydroxy-4-pregnen-3-one, 2) testosterone, 17a-
hydroxyprogesterone and Sg-androstane-3a (g} ,17g-diol, 3)
andreostenedione and 34 (g)-hydroxy-5a-androstan-3-one. They
were located on the paperstrip under u.v. light (254 nm) or
by scanning for radiocactivity. The steroids were eluted with
10 ml methancol or 10 ml methancl-water {9:1). Fraction 1
was further purified with paper chromatography (Bush BI)}.
Fractions 2 and 3 were acetylated and subjected to respec-
tively t.l.c. (toluene:ethyl acetate 1:4, by vol.) and pa-
per chromatography {Bush AII). In some exXperiments a rela-
tively small amount of So—androstanedione was found, as
identified by its Rf-value in the Bush AII system and its
non-acetylatable character. The isclated steroids {as ace-
tates) were counted for 3H and 14C. The recovery from the
isolaticn procedure was calculated from the 14C content of
the sample. These data were subsequently used to calculate

the formation rate of the steroid product.

1.2.5 Perfusions

The technique for in vitro perfusion of rabbit testis
is described in Materials and Methods of the second part of
this thesis {paragraph 2.3.2). The same technigue was used
for the perfusion experiments with inhibitocr. The substrate
1,2—3H—progesterone was dissolved in approximately 4 ml of
0.15 M NaCl solution {5% albumin, 4 ug Tween-20) and was
infused continuously into the testicular arterial blood at

a constant rate, the doses varied from 106 to 3x106 dpm 3H
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per 30 min. The inhibitor was introduced in the same way
over a 20 min period, starting at a suitable time (para-
graph 1.4.3}). The testicular venous blocod was collected in
30 min fractions. 4—14C-Steroids (see above) were added to
the plasma without carrier steroids. The steroids were isoc-
lated and counted as described for the incubation samples.
Testosterone acetate was hydrolized (80% methanol in water,
1 M NaOH), purified by t.l.c. (toluene:ethyl acetate 2:1,
by vol.), estimated by gas chromatography as the chloro-

acetate and counted for 3H and l4C.

1.2.6 Estimation of testosterone

Essentially the same method was used as described by
Brownie et al.sg, except that 20a~dihydroprogesterone chlo=-
roacetate was used as an internal standard during g.l.c.
analysis. Precoated t.l.c. plates were used and benzene was

replaced by toluene throughout the method.

1.2.7 Estimation of 17x-hydroxyprogesterone

The competitive protein binding assay for the estima-
tion ¢of l17a-hydroxyprogesterone was similar to the method
described by de Jong and van der Molen90 for progesterone,
replacing 3H*—prOgesteroma by 3H-17a—hydroxyprogesterone.
The binding of 3H-17m—hydroxyprogesterone decreased from 55
to 19% when 10 ng of unlabelled l7a~-hydroxyprogesterone was

added. Accuracy and precision are given in table 2.

42



Table 2 ACCURACY AND PRECISION OF 17a~HYDROXYPROGESTERONE

ESTIMATION
amount amount 5.D. (ng) n
added (ng) estimated (ng)

0 1.8 0.3 6
10 11.5 4
25 24.0 1.7 4
50 50 4

When analysing biclogical samples, three aliqguots of
different sizes were taken from the purified 17a¢-hydroxy-
progesterone containing fraction and were subjected to a
competitive protein binding assay. This fraction contains
testosterone, which competes with 3H-17u—hydroxyprogeste-
rone for the binding protein. However, cross—-reaction is
low (4%); addition of 10 ng of testosterone to 1 ng of 17u-
hydroxyprogesterone caused a decrease in binding from 48
to 43%, corresponding to 0.4 ng of 17g-hydroxyprogesterone.
Nevertheless the purification step on t.l.c. pricr to the
assay was repeated once in order to achieve a good separa-
tion from testostercone.

1.2.8 Estimation of 17x,20a«-dihydroxy-4-pregnen-3-one

The observation, that the 17a,20e—-dihydroxy-4-pregnen-
3-pone can be oxidized with periodic acid to androstenedio-
ne91’92, was used as a starting point for estimation. The
method is summarized in table 3. The high sensitivity of
electron capture detection allows accurate detection of the

testosterone chlorcacetate.
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Table 3 ESTIMATION OF 17a¢,20¢~DIHYDROXY-4-PREGNEN-3-ONE

1. Addition of 7a~3H-l7u,20a—dihydr0xy-4~pregnen—3—one to
plasma sample or acetone extract of tissue.

2, Defatting of the tissue extracts.

3. Alkaline ether extraction.

4, Paper chromatography (Bush BI), followed by t.l.c.

5. Oxidation with HIO4 to androstenedione, t.l.c.

6. Enzymatic reduction of the 17-o0xo dgroup and conversion
to testosterone chloroacetate, t.l.c.

7. - Sampling for counting of tritium
- Sampling for mass determination by gas chromatography

with electron capture detection.

Tissue extractions

Testes of rats and rabbits were ccllected as described
and were frozen in liquid nitrogen when not processed imme-
diately. Testes were homcgenized in 15 ml acetone (Ultra-
Turrax) and to each sample approximately 50,000 dpm of 74~
3H—l7u,ZOu—dihydroxy—4—pregnen—3—one (15 Ci/mM) {(and 5,000
dpm 7a—3H-l?a-hydroxyprogesterone) was added. The homogena-
tes were centrifuged and the pellets were resuspended in
10 ml ethanol-aceton (1:1, by vol.}) and recentrifuged. This
was repeated once and the combined extracts were concentra-
ted under reduced pressure in a rotating evaporator to a
volume of 2-3 ml. After transferring the extract tc a cen-
trifuge tube, warm methanol was added until a 70% methano-
lic solution was obtained. Defatting was achieved by free-
zing at minus 25%C followed by centrifugation. The solution
was again concentrated to the water phase and extracted
with diethylether {(4xi0 ml)}. The combined extracts were
washed twice with water (5 ml) and the ether was evapora=
ted.
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Plasma samples
After addition of the 7u—3H-l7a,20&-dihydroxy~4-preg-
nen-3-cone, the plasma samples were subjected to the alkaline

ether extraction procedure.

Estimation method

The extract was chromatographed on paper in a Bush BI
system. The steroid was located by scanning for radioacti-
vity and then eluted with 10 ml 90% methanol (the 17c¢-
hydroxyprogestercne containing fraction was also eluted and
estimated with the competitive protein binding assay). The
eluate was concentrated and further purified with t.l.c.
(tocluene:ethyl acetate 2:1). The 17q¢,20c~dihydroxy-4~-preg-
nen~3-one fraction, eluted by methanol was concentrated to
a volume of 1 ml. Oxidation was performed by addition of
0.5 ml acetic acid and 1.0 ml of 1% pericdic acid solution
(Riedel~Haen). After 1 h in the dark 8 ml of ethyl acetate
was added and after mixing the solution was washed with
1x2 ml water, 2x2 ml of a 8% socdium bicarbonate solution
and again with ix2 ml of water. The ethyl acetate was evapo-
rated tc dryness and the residue was purified with t.l.c.
(toluene:ethancl = 9:1, by wvecl.}). The androstenedione con-
taining region was scraped off and eluted with toluene.
This fraction was reduced to testosterone by 100 ug sodium
borohya}ide in 0.5 ml ethanol (2 h at 4OC). In later expe-
riments the reduction was carried out by incubation with a
hydroxysteroid dehydrogenase preparation (Worthington}93:
Androstenedione and 2 ug of Tween-20 were dissolved in 1 ml
Krebs—-Ringer bicarbonate buffer (pH 7.4} containing NADH
(50 mM) and 0.1 U of the enzyme was added. After five minu-
tes of incubation at room temperature, extraction by ethyl
acetate was carried cut. The extracts were concentrated to
dryness, chloroacetylated, estimated by gas chromatography
and counted for 3H-—radioactivity. The amount of 17a,200~
dihydroxy-4~pregnen-3-one was calculated with aid of the
reccovery of the 3H—label.
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1.2.9 Localization of the 20«-hydroxysteroid dehydrogenase

Dissection procedure

Interstitial tissue and seminiferous tubules of two rat
testes were separated using the wet dissection technigue of
Christensen and Mason94. The isolated tissues were washed
2-3 times in a small volume of Krebs-Ringer bicarbcnate
buffer (pH 7.4) in order to remove the soluble 20a~hydroxy-
steroid dehydrogenase activity which was leaked from broken
cells. Tissue fragments were recocllected through centrifu-
gation at approximately 300xg for 1 min. The tubular frac-
tion was homogenized by a Potter Elvejhem homogenizer in
10 m1 0.1 M phesphate buffer (pH 7.0) containing 5 mM EDTA.
The interstitial tissue was homogenized in 1 ml of phos-
phate buffer. Samples ¢f the total homogenates were removed
and used for protein determinaticns. Sonicated samples were
assayed for phenyl esterase activity by measuring the rate
of hydrolysis of p -nitrophenylacetate in 0.1 M Tris-HC1
buffer (pH 8.0)95.

The total homogenate was centrifuged at 10,000xg for
15 min, the supernatant was taken and centrifuged at
105,000xg for 60 min. The 105,000xg supernatant was assayed

for 20u~hydroxysteroid dehydrogenase activity and protein.

20a-Hydroxysteroid dehydrogenase

The preparations were incubated in 0.1 M phosphate
buffer (pH 7.0) containing I mM NADPH, 10 mM glucose-6—
phosphate and glucose-6-phosphate dehydrogenase. The tubu-
lar fraction (2.8 mg protein/incubaticn) was incubated in
2 mi of buffer and the interstitial tissue fraction (0.18
mg protein/incubation) in 0.5 ml volume. Incubation was
started by introduction cf the substrate 17a-hydroxyproges-
terone (approximately 40,000 dpm 4—14C~17a-hydroxyproges—
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terone, final concentration varied from 1-60 uM) and 30
regpectively 60 min later the reaction was stopped by addi-
ticon of ethyl acetate. Carrier steroids and 10,000 dpm
7a—3H—17a,20a—dihydroxy—4-pregnen—3—one were added and the
product was isolated as described in paragraph 1.2.2. The
net conversgion was calculated from the 3H and 14C content
of the purified product. The velocity was constant for

60 min and a linear relationship was found bhetween wvelocity
and substrate concentration in both preparations. Enzyme
activities were calculated on basis of the conversion at

60 uM substrate. The Km—valug of the partially purified
enzyme was reported ag 65 yM . Higher substrate concentra-
tions resulted in decreased percentages of 14C conversion

and inaccurate measurements of radicactivity.
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1.3 Metabolism of progesterone and 17«-hydroxyproges
terone and the formation of 17«,20«-dihydroxy-4-
pregnen-S-one '

1.3.1 Metabolism of progesterone and 17a~hydroxyprogesterone

It is well established that testicular tissue can con-
vert progesterone and l7a-hydroxyprogesterone to androste-
nedione and testosterone96’98'99. When using these substra-
tes, other products are formed in addition toc the steroids
known to belinVOlved in androgen biosynthesis. For example,
the formation of 5a-reduced steroids, 3a(g)-hydroxystercids
and 20a(g)-hydroxysteroids has been repo::tedloo’ml.

The possible pathways for the metabolism ©f 17a-hydre-
xyprogesterone are given in fig. 3. In order to cbtain a
correct estimate of the C17'20-lyase activities in rat and
rabbit testes, it was necessary to identify the main Cl7,20_
lyase products formed in cur incubation and perfusion experi-
ments. In addition, the formation of the potential inhibi-
tor 17aq,20a-dihydroxy-4-pregnen~3-one under several experi-~

mental conditions was investigated.

Identification of metabolites

Five different metabolites were isolated after incuba-
tion of homogenates of rat testes with 7u—3H—17a—hydr0xy-
progestercne. In addition to labelled androstenedione and
testosterone, the presence of labelled 3(aocrpg)~hydroxy-5a-
androstane-17-one, 5a-androstane-3(acrp),178~dicl and 17a,
20a-dihydroxy-4-pregnen-3-one was established.

The identification of these steroids was based on simi-
lar chromatographic behaviocur of the free stercids, their
acetates and their oxidatien products, and that of referen-—

ce compounds. The two 3-hydroxysterolds were expected as
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products because the formation of these metabolites has

been previously describedloo'loz. Recently this wecrk was

confirmed by otherle3-llo. When the incubation period was
limited to 30 or 60 minutes, the contribution of these two
metabolites to the total of Cl7‘20—lyase products was less
than 3% and could usually be neglected. Therefore the sum
of androstenedione and testosterone reflects Cl7’20—lyase
activity. The 17u,20a-dihydroxy-4~pregnen-3-one was also
isclated and identified,thus confirming previous
reportlel’lll. '

Incubation of rabbit testis homogenates with 7u-3H—
17e~-hydroxyprogestercne revealed the formation of labelled
3-hydroxystercids and 5ce-androstane-3,17-dione as by-pro-
ducts of androstenedione and testosterone. After isolation
of the labelled 3-hydroxystercids, samples were recrystal-
lized with eight different Clg—steroias and the presence of
3g~-hydroxy-5Se-androstane~17-one and Sc-androstane-38,17p~
diol was established (takles 4 and 5). The 5e-androstane-
3,17-dione fraction was not fully characterized. After a
shorter incubation period (30 min) only the 3g~hydroxy-5ua—
androstane-17-one contributed significantly tc the total of
Cl7’20-lyase products. Rabbit testis alsoc demonstrated 20c-

hydroxystercid dehydrogenase activity and the identity of

Table 4 RECRYSTALLIZATION OF 3g-HYDROXY=-S5c~ANDROSTAN-17-ONE,

isolated from incubations of rabbit testis with 7a—3H—
l7a—-hydroxyprogesterone. After isclation, the 3H-labelled meta~
bolite was recrystallized with 50 mg of carrier stercid

Specific activity as 10_3 x dpm/mg

Recrystallized from

expt. 1 expt. 2
crystals mother- crystals mother-
liguor ligucr
1. toluene/methylcyclohexane 32.4 55.1 30.5 45,0
2. dioxane/cyclohexane 32.3 3z2.4 30.2 30.3
3. methanol/water 31.2 31.4 29.7 -
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17¢,20a~dihydroxy-4-pregnen-3-one was confirmed by recrys-
tallization with the authentic¢ steroid (table 6). Table 7
summarizes the metabolic products of l17a-hydroxyprogeste-

rone.

Table 5 RECRYSTALLIZATION OF S5a-ANDROSTANE-38,178~-DIQL
(see legend table 4}

Specific activity as 10_3 X dpm/mg
Recrystallized from

crystals mother-liquor'
1. toluene/methylcyclohexane 9.16 9.92
2. dioxane/cyclohexane 9.39 -
3. methanol/water 9.50 -

Table 6 RECRYSTALLIZATION OF 170,20a~DIHYDROXY-4-PREGNEN-3-0ONE
(see legend table 4)

Specific activity as 10'3 X dpm/mg

Recrystallized from expt. 1 expt. 2

crystals mother-ligquor crystals

1. methanol/cyclohexane 6.66 7.66 7.06
2. toluene/cyclchexane 6.67 - 7.22
3. toluene 6.47 - 6.84

Table 7 STEROID METABOLITES isolated after incubaticns of 7a—3H—

17a~hydroxyprogesterone with total testis homogenates

RAT RABEIT

172,20a-dihydroxy-4-pregnen-3-one 17a,200-dihydroxy-4-pregnen—

3-one
androstenedione androstenedione
testosterone testosterone

3(a,B8)-hydroxy-5 —androstane-17-one 3f-hydroxy-Sa-androstane-l17-cne
Sa-androstane~3({«,8),178-diol S5a—-androstane-38,178-diol

S5a—androstane=-3,17-dione
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1.3.2 Formation of 174,204-dihydroxy-4-pregnen-3-one

During incubaticns of both rat and rabbit testes min-
ces and broken cell preparations 7a—35—17u—hydroxyprogeste~
rone was converted to labelled 17a,20a~dihydroxy-4-pregnen-
3-one. The guantities of this potential inhibitor isclated,
demonstrate that this is a major metabeclite (takle 8). It
was found that the largest amounts of 17«,20w~dihydroxy—4-
pregnen-3-one were in the soluble fraction, thus indicating
that the 20g-hydroxysteroid dehydrogenase from rabbit tes-
tis is a soluble enzyme, which is in agreement with previous
reports for the rat testisl’z. The activity present in the
combined microsomal/mitochondrial fractions (800-105,000xg

Table 8 FORMATION OF 3H~17u,2Oa—QIHYDR0XYv4—PREGNEN-3—ONE

(17,20-P). The conversion of 3H-17a-hydroxyprogeste~
rone (3 uM) to 17,20-P and lyase products during incubation
with several testis preparations is expressed as a percentage
of the total amount of tritium per incubation {(each tissue

fraction was eguivalent to 100 mg cf total testis tissue,
wet weight).

“not corrected for losses during the isolation preocedure

exp. animal preparation ] BH in % 3H in

17,20~-P lyase preoducts

1 rat 800xg supernatant 15" 58
800-105,000xg pellet 4. 54
105,000xg supernatant 23“ 0.3

2 rat 800xg supernatant i0 70
minced testis 9 64

3 rabbit B800xg supernatant 24“ 10
800-105,000xg pellet 2" 21
105,000xg supernatant 25* 0.2

4 rabbit 800xg supernatant 15 17
minced testis 6 14
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pellet) can at least in part be explained by a contamina-
ticon with the soluble fraction, because they were not was-
hed or recentrifuged.

In the rabbit testis incubations, the amounts of
Cl7’20~lyase products, formed by the 800xg supernatant is
half of that formed by the 800-105,000xg pellet. It is not
likely, that the 17a,200-dihydroxy-4-pregnen-3-one, formed
by the cytoscl, is regponsible for the decreased C17'20*
lyase activity, since the final concentration ¢f inhibitor
was only 0.7 uM, which is too low to cause considerable
inhibition (see paragraph 1.4.1).

When rabbit testis in vitrc was continucusly perfused
with 7a~3H—progesterone, labelled 17a,200-dihydroxy—4-
pregnen-3-one was detected in the venous effluent (table 9).
The figures shown for this metabolite, in contrast to those
shown for testosterone, have not been corrected for losses
during the isolation procedures, therefore the amounts pro-
duced were approximately twice as high as the figures sug-
gest. The amount of tritium incorporated into testosterone
was found to be five to ten times higher than that incorpo-

rated into androstenedione. Thus the values for testostero-

Table 4 SECRETION OF 3H~l7a,20u-DIHYDROXY-4—PREGNEN—3—ONE
{17,20-P} ARD 3H-TESTOS‘I‘ER0NE (T) BY RABBIT TESTES.
H-Steroids were isolated from the venous effluents after in
vitro perfusions of rabbit testes with 7a-3H-progesterone.
Results are expressed as percentage 3H of the total 7&—3H—
progesterone used. 3H-17,20-P-va1ues were not corrected for

losses during the isolation procedure

3 3

testis % "H-17,20~-P $§ “H-T
1 1 4.7
2 1.0 2.2
3 8.0
4 15
5 8.9
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ne alene reflect the activity of the C -lyase. The data

17,20
indicate that substantial amounts of "H-=17a,20c-dihydroxy-

4-pregnen=3-one were formed and secreted.

1.3.3 Kinetics of C17 2(—)Iyase from rabbit testis

’

‘ From the Lineweaver-Burk plot (fig. 4) it can be con=-
cluded that the apparent K —value of the rabbit C

17,20 1¥ase
for l7a-hydroxyprogesterone is 5 yM. This value is in
, 1
the same range as that for the rat testis enzyme (1.8 uM) .

At high substrate concentrations, when enzyme saturatiocn
should be cbktained, the percentage conversion of the added
radicactive l7e-hydroxyprogesterone decreased to such low
values that the estimations became inaccurate. Therefore,
the substrate concentrations were kept at 3-6 uM in most of
the experiments and incubations were not performed under

conditions cof enzyme saturation.

/v

Km=é IpM

T T T
0 G.i 0.2 0.3

-1
i/5( pM )
Fig. 4. Lineweaver-Burk plot of C1y7,20-tyase activity for the conversion of 170-
hydroxyprogesterone to androstenedione in a 800 - 105,000 x g pellet from

rabbit testis, Velocity {v) is expressed as nmoles of androstenedione and testosterone
formed per mg of protein per 30 minutes (2.0 mg of protein per incubation.)
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1.3.4 Discussion and conclusions

Androstenedicne and testosterone are the main metabo-
lites formed from l7o-hydroxyprogestercne metabolism in rat
and rabbit testes. The presence of Se-reductase activity in
rat testis was first described by Inano and Tamaoki100 and
by Nayfeh and Baggett101 and in 1972 by Folman et al.105.
One cof the products in rabbit testis, the 38-hydroxy-5a-
androstan-17-one has previously only been reported in rat

100'104. Payne and Jaffe109 obtained an indication

testis
for the formation of the 5Se-androstane=38,17g~-diol although
good evidence for its identification was not given.

Significant amounts of 3a-hydroxysteroids could not ke
detected after incubation with rabbit testis. Hydroxylation
cf androgens at the 7a-positionll2 was not detectable be-
cause this eliminates the tritium label from the steroid
molecule. The rate of 7a-hydroxylaticn is in any case low3u

The results also seem to indicate that the 20a-hyvdroxy-
steroid dehydrogenase activity, relative to the Cl7'20"
lvase activity, is higher in rabbit than in rat testis, al-
though the lack of enzyme saturation with substrate prevents
drawing definite ccnclusions.

On basis 0of these experiments with labelled precursors
it is concluded that 17q,20c-dihydroxy-4~pregnen-3-one is

most probably formed under in vivo conditions.
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1.4 Inhibition of Cﬂ'zdlyase

1.4.1 Introduction

The enzyme C17,20-lyase has a key role in the conver=-
siocn of Czl-steroids to androgens. In rat testis this en-
zyme catalyses the rate-limiting stepr in the conversion of
133. The activity of this en-

zyme may be regulated by 17a,20a-dihydroxy-4-pregnen-3-one,
1,2
(

pregnenolone to testostercne

as postulated by Inano and coworkers see paragraph

1,13

1.1.2) and also by 20a{and B)-dihydroprogesterone T

vitro incubation experiments with subcellular fractions in-
dicate that 17u,20a-dihydroxy—4—pregnen—3~oné but not

200 (and 8)-dihydroprogesterone are formed in this tissue.
It was decided to investigate under several experimental
conditions the inhibition of C17'20—1yase. In addition to
the incubation experiments, rabbit testes were perfused in
order to study the possible effects of inhibitors on the
steroid biosynthesis in the intact testis under more phy-
siological conditions.

One of the inhibitors investigated was the new synthe-
tic steroid, 17g~ureido~l,4-androstadien-3~one, which was
selected by Arth et al.22 from a series of androstane deri-
vates as one of the best inhibitors for the Cl7'20—lyase.
These authors measured inhibition in terms of a decreased
production of 14C—acetate obtained by side~chain cleavage
of 21—l4C—l?a—hydroxyprogesterone. This inhibitor was fur-
ther characterized and also tested in rabbit testis. The
rabbit testis probably provides a better model for compari-
son with human testicular testostercne biosynthesis than
the rat testis because of the predominance of the AS,BB—

hydroxysteroid pathway (see paragraphs 2.1 and 2.3.3).
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% conversion
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control  6uM 17209 17,20 200-CH-P  20B-OH-P
15 WM

Fig. 5. Inhibition of Cy7 sg~lyose activity by 171,20 0 -dihydroxy-4-pregnen-3-one
(17,20-P;, 20 C(-c!ihydroprogesrerone {20 ®-OH=P) and 203 -dihydroprogesterone
(ZOB—OH-—P) in @ 800 - 105,000 x g fraction from rabbit testis (1.8 mg of protein
per incubation), 17 t-Hydroxyprogesterone (3 pM) was used as o substrate. The vertical
bars represent the sum of C, -lyase products, the percentages of inhibition ore
given in the top of the figure. %uch value is the mean of duplicate estimations. The
rate of conversion without inhibitors was 0.45 nmoles per mg of protein per 30 min,

k\\ 3ﬁ ~hydroxy~5( —androstane-3-one D testosterone -cndrosrenedione

1.4.2 Incubation experiments

A comparison was made between the effects of 20a(and
g)-dihydroprogesterone and 17a,20a-dihydroxy-4-pregnen-3-

ene in their ability to inhibkit C -lyase activity in

17,20
rabbit testis in vitro (fig. 5). The 2Z0-reduced metabolites

of progesterone were found to be the better inhibitors.
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When these compounds were added, the sum of C17 20—1yase
I

products decreased but the contribution of androstenedione
to the products increased relatively to that of testostero-
ne and 3g-hydroxy-5a-androstan—-17-one. The latter is in ac-
eordance with inhibition cf the 017'20—lyase.

From comparison of the results in fig. 5 with that of
table 8 (see paragraph 1.3.2) it can be concluded that the
concentration of 17¢,20a~dihydroxy—-4-pregnen~3-one, neces-
sary for inhibition (15 uM}, was much higher than the amount
formed during incubation (0.7 uM, from table 8} under compa-
rable experimental conditions.

Investigation of the kinetic properties of the inhibi-
tion revealed that 20e~dihydroprogestercne is a competitive
inhibitor with an apparent Kiﬂvalue of 2~5 uM (fig. 6). The
corresponding value for 17a,20a-dihydroxy-4-pregnen—-3-cne,

also a competitive inhibitor, was 9 le. On the basis of

17-0OH-P
/v

3 7 5]JM

I L T ] L]
0 20 40 :
K.=2-5 pM 20 Q~OH-P { pM)

Fig. 6. Inhibition of the Cy7 jp-lyose by 20 (-dihydroprogesterone (20 0-OH-P) in o
washed 960 - 105,000 x g fraction of rat testis (1.3 mg of prorein per
incubation), represented in a Dixon type plot?7, 17 A -Hydroxyprogesterone {17-OH~P)
was used as o substrate. The velocity is given os nmoles of androstenedione and

testosterone formed per mg of protein per h.

58



75 =

B B 17-UADO
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Fig. 7. The effect of preincubation with inhibitor on the inhibition of Cj5 pp-iyase in
minced rat testis. Decapsulated, minced testis tissue (9.3 mg of profein per
incubation) was preincubdted with 20 oL-dihydroprogesterone (20 (~OH-P) or with
17 B-ureido—],4—androsfcdien-3~0ne (17-UADO} for various time periods. In control
experiments the fissue was preincubated without inhibitor. The reactions were storted
by adding the substrate 70’.-3H—?7(1—hydroxyprogesterone {final concentration S5 pM).
The rate of conversion in the control incubations was 0.18 nmoles of androstenedione
and testosterone formed per mg of protein per h.

these similarities we have alsc used 20u-dihydroprogestero-
ne as an inhibitor in the perfusion experiments.

The next experiments were designed to find out if the
inhibitors can enter rapidly into the testicular cells
(fig. 7}. If the inhibitor penetrated slowly when compared
with the substrate l17u-hydroxyprogestercne, preincubation
with inhibitor shouid result in a better inhibition. From
fig. 7 it can be concluded that only for the 178-ureido-
i,4-androstadien~3-one the rate of penetration does influ-
ence the degree of inhibition.

Experiments were carried out to determine the influence
of albumin on enzyme activity and inhibition (table 10). In
solution albumin (4%) binds in the order of 90% cf the com-
men A4,3-oxosteroidsll3 and the (tenfold) decrease in free
substrate and inhibitcr concentraticons may explain the de-
creased conversion found,as well as the less efficient in-

hibition by 20e-dihydroprogestercne (table 10). Billiar and
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114,115

Little also observed that human albumin (2%) de-

creased the 20¢-hydroxysteroid dehydrogenase activity of a

placental enzyme preparation, but low concentrations (0.2%}
increased the activity, apparently due to inactivation of
a lipophilic,inhibiting substance. A recent paper from
Hamilton et al.116 demonstrated the diversity and species
differences in the action of several plasma proteins on
steroid 21-hydroxylase, A5,3B—hydroxysteroid dehydrogenase

and AS,A4~isomerase from adrenal origin.

Table 10 EFFECT OF ALBUMIN ON THE C17,20-LYASE ACTIVITY AND THE
INHIBITICON BY 20a-DIHYDROPROGESTERONE (20a-0H-P).

Incubation with the 800-105,000xg fraction of rabbit testis

(2.0 mg protein per incubation}. Conversion of 7&-3H~l7u—hydroxy—

progesterone {4 uM} is expressed as the total percentage 3H pre-

sent in the C17'20—1yase preducts. The contrel rate of conver-

sicon (without albumin) was 1.5 nmoles per mg of protein per
30 min

povine serum % 3H in C,q zo—lyase products % inhibition by
albumin added 20«~-0OH-P
control 20x-0QH-P (10 uM)
- 48 23 49
47 25
4% 31 25 17
30 25
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1.4.3 Perfusion experiments with rabbit testis

Continuous infusion with trag¢er amounts of 3H-labelled
progesterone was carried out and the incorporation of label
into the C17’20-1yase products was estimated. This in order
to determine whether or not an infused inhikitor had a spe-
cific effect on the Cl7’20—lyase activity when infused over
a certain period. As mentioned before (paragraph 1.3.2) the
amount of 3H—testosterone secreted was about five to ten
times more than that of the 3H—androstenedione, thus the
values for 3H—testosterone alone are given. The tritium
incorpcration is expressed as a percentage of the total
tritium in the wvenous bloocd sample, this in order to cor-
rect for possible small fluctuations in the flow rate and

the infusion rate of labelled progesterone.

During infusion through the testis labelled progestero-
ne was converted to l7c-hydroxyprogesterone, the latter

being the actual substrate for the C -lyase. An eguili-

bBrium with the endogencus steroid prégéigion was apparently
reached after two hours perfusion because the secreted tes-
tosterone had a constant specific activity after this time
{(fig. 8). Therefore, in subsequent experiments the potential
inhibitors were infused after two hours perfusion. The final
concentration of the inhibitor in the perfusion medium &u-
ring the period of infusion was in the order of 10 pM {ex-
cept for the third perfusion). Inhibition would result in
decreased 3H—testosterone secretion and might enhance the

3H~-17ct—hydroxyprogesterone secretion.
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Fig. 8. Specific radioactivity of testosterone isolated from the testicular venous blood
after in vitro perfusion of rabbit festis with 70 -"H-progesterone (2.3 x 108

dpm ond 30 pmol per h).

From fig. 9 it
4-pregnen-3-one did
testosterone at the

second perfusion 4-

can be concluded that 17a,20u~dihydroxy-
not influence the 3H—incorporation into

time of infusion or later. During the

14

C labelled inhikitor was infused and

the larger part of 1t appeared immediately into the venous

blocod, only 0.6% (uncorrected) of the inhibitcr could be

extracted from the testis tissue (fig. 10). In perfusion

number 3 the same amount 0f 17¢,20a~dihydroxy-4-pregnens=3-—

one was administered over a longer period, apparently also

without effect.
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Fig. 9. 3H—Tesfosferone, isclated from the testicular venous ?Iood ofter in vitro
perfusion of rabbit testis with 70~ H-progesterone. “H-Testosterone values are
expressed s percentage of the total ameount of tritium in the venous blood samples.
Perfusion 1: 90 nmoles of 171,20 Q. -dihydroxy-4-pregnen-3-one {17,20-P} were infused
over a 20 min period after perfusion for 25 h.
Perfusion 23 as 1, in this case 4~ '"C-lobeiled inhibitor has been used.
Perfusion 3: 90 nmoles of the inhibitor 17,20-P were infused over a two hour period,
starting at 23 h,
Fig. 10. 4-—]4(:-170‘.,20G.—Dihydroxy—4—pregnen—3-one, isolated from the testiculor venous
blood of ferfusion 2 {fig. 9). The values are expressed as percentage of the
total amount of 1#C-inhibitor which was infused and these values were not corrected for
losses incurred to the isolated procedure. At the end of the experiment, 0.6% of the
14C_inhibitor could be isolated from the testis.
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added
6 5

H-testosterone

%3

0 2 4 time (h)

Fig. 11. 3H—Encorporcrion into testosterone, isolated from the festicular venouws blood
after in vitro perfusion of rabbit testis with 170 -H-progesterone.
H-Testosterone values are given os percentage of the toral amount of tritium in the

venous blood somples.

Perfusion 4: control experiment, no inhibitor was infused.

Perfusion 5 and 6 65 nmoles of 20 QL-dihydroprogesterone (20 3-OH-P) were infused
over a 20 min period, starting ot 23 h and 2 h respectively
(indicated by arrow),

Perfusion experiments using the 2Z0a-dihydro-
prcgestercne, a better inhibitor in incubation experiments,
also had no effect on the 3H—testosterone secretion (fig.
11). From the perfusate collected at the time of inhibitor
infusion, sufficient 20e¢-dihydroprogesterone could be iso-
lated to cause an ultra-violet light absorbing zone on the
paper strip after Bush AII paper chromatography, an indica-
tion for at least a 30-40 nmoles of steroid. Thus,  absence
of inhibition cannot be explained by metabolism of the in-
hibitors.

The testosterone secretion, estimated in the same expe-

riments, did not change during the infusion of inhibitors.
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1.4.4 Inhibition of C.]-, z-olyase by 178-ureido-1,4-androstadien-3-one

r

178-Ureido-1,4-androstadien-3-cne was found to be a
competitive inhibitor with a high affinity for the rat tes-
tis C17,20*1yase (apparent Ki—value in the range of 0.1-0.3
uM, fig. 12) From fig. 13 it is not clear if this steroid
inhibited the conversion of labelled l7c—hydroxyprogeste-
rone to testostercne, when it was infused during rabbit
testis perfusions (final concentration in the perfusiocon

medium 2-3 uM).

17-OH-p
1/v L2 pM
4 "
3 -
2 10

-
K:=0.1-0.3 pM

T T

=

0 1 2 3
17-UADO ( pM)
Fig. 12, Inhibition of C -lyase activity by 17 B-ureido-1,4-androstadien-3-one

(17-UADO) in & “Boshed 900 - 105,000 x g fraction of rat testis (1.3 mg of
protein per incubation), represented in a Dixon type plot 7,
17 @ -Hydroxyprogesterone {17-OH-P) was used os o substrate. The velocity is given as
nmoles of androstenedione and testosterone formed per mg of protein per h
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17-UADO
added

207

IOT

3
% H-testosterone

Fig. 13. BH-Tesrosferone, isolated from the testicular vencus effluent after in vitro
perfusion of rabbit testis with 70 -YH~progesterone. The testis was perfused

with rabbit erythrocytes {30%, by vel.), suspended in Krebs-Ringer bicarboncte buffer

{pH 7.4), conioining 4% of bovine serum clbumine. “H-Testosterone values are given

as percentage of the total amount of tritium in the venous effluent samples.

Perfusion 7 end 8: 20 nmoles of ]7ﬁ—ureido—],4—cndrostudien—3—0ne (17-UADC) were
infused over a 20 min period, starting at 2 h as indicated by the
arrow.,

Goldman demonstrated'that administration of steroid
isoxazole, an inhibitor with a high affinity for the 38-
hydroxystercid dehydrogenase, leads to accumulation of
this inhibitor in the adrenal and ovary of female rats77.
The higher incorporation of progesterone label inte testos-
terone in this perfusion experiment (fig. 13), when compared
with previous experiments (fig. 9% and 11), was probably
caused by the absence of "corticosteroid binding globulin"

in the perfusion medium.
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Table 11 COMPARISON OF THE INHIBITION OF C17,20—LYASE ACTIVITY
BY 17B-UREIDO-1,4~ANDROSTADIEN-3-ONE {17-UADO) IN RAT
AND RABBIT TESTIS.

7a—3H-l?a—Hydroxyprogesterone (5 M) was incubated with the 9%00-

105,000xg fractions of rat and rabbit testis (1.3 and 2.1 mg of

protein respectively). Conversions are given as the total percen-

tage of 3H in the Cl7'20-lyase products. The control rates of con-

version were 1.4 and 0.9 nmoles per mg of protein per 30 min

. 3.
Exp. Species % "H in C17 20—lyase products % inhikition
’

contrel 17-UADO 17-UADQ
0.6 pM 9.0 pM

1 rat 47 18 - 61
49 21 -

2 rabbit 31 - 24 23
30 - 22

A comparison between the rat and rabbit testis revea-
led that a much higher concentration of the 178-ureido-1,4-
androstadien-3-one was necessary for inhibition of the rab-
bit testis lyase (table 11). This less efficlent inhibition
can be explained by species differences in the properties
of the C17’20~lyase but might also be indicative of the
presence of two lyases, one specific for 17e-hydroxyproges-
tercne and one for the l7a-hydroxypregnenolone (the latter
being found predominantly in rabbit testis)-

It ic therefore desirable that the screening procedure
for specific inhibitors of human testosterone production

should include various animal species.
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1.4 % Conclusions and discussion

It is concluded that during in vitro incubation 17«,
20g~dihydroxy~4-pregnen-3-one and 20e¢-dihydroprogesterone
can inhibit the Cl7'zo-lyase activity of both rat and rab-
bit testis. 20e~Dihydroprogestercne is a competitive inhi-
bitor of the rat testis enzyme {apparent R, = 2-5 uMl).
These potential inhibiters, added to the arterial blcod in

concentrations of 10 uM, do not inhibit the C -lyase

17,20

in perfused rabbit testis.

The presence of albumin can partially mask the inhibi-
tory effects. Therefore in vitro incubations with dilute
subcellular fractions in the absence of albumin may lead to
a high degree of inhibition. On the other hand, in total
tissue extracts or in the intact cell inhibitions might be
less effective because 0of the presence of relatively high
concentrations of cytosclic proteins.

The absence of inhibition during the perfusion experi-
ments might alsc result from a poor penetration of 20a-
dihydroprogesterone and 17a,20a~dihydroxyprogesterone into
the tissue. However the following arguments make this ex-
planation difficult to accept:

a. 20a-dihydroprogesterone apparently did enter rapidly into
minced rat testis tissue during incubation experiments
(fig. 7}.

b. the concentration of inhikitor in the perfusion medium
(approximately 10 uM) was much larger than the progeste-
rone concentraticn (1-3 nM), while only an inhibitor
concentration three times as high as the substrate con-
centration was necessary for inhibition during incuba-
tion experiments with homogenate fractions.

c. Also after perfusion of both 3H—progesterone and 14c-
17a,20u~dihydroxy-4-pregnen-3~-one (fig. 9), both isctopes
were present in the inhibitor isolated from the venous

blood and testis tissue.

€8



Calculations, according to Gurpide117

, of the uptake
of inhibitor by the tissue unfortunately cannot be applied
because this requires a continuous infusion of labelled
inhibitor and steady state conditions. Therefore the amount
of 17a,20a-dihydroxy-4-pregnen-3-one which had penetrated
into the tissue remained unknown. Finally it must be kept
in mind, that in the in vivo situation the 17«,20c—
dihydroxy-4-pregnen-3-one is synthesized at the subcellular
level, whereas in the perfusion experiments this compound
wag added to the arterial blood.

From the results of these perfusion experiments it
cannct be concluded if 17¢,20a-dihydroxy-4-pregnen-3-one
is of importance for the regulation of testosterone biosyn-
thesis in vivo.
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1.5 Estimation of 17«,20a«-dihydroxy-4-pregnen-3-one in
testis tissue

1.5.1 Introduction

The evaluation of the role of 17¢,20a-dihydroxy-4-
pregnen-3-one as inhibitor of C17'20-1yase made it necessa-~
ry to develop a method for its estimation and determination
in testis tissue. A comparison of the levels of 17a¢,20a-
dihydroxy-4-pregnen-3-one with those of l7a~hydroxyproges-
terone in testis tissue should reveal if enough inhibitor

is present to compete with the substrate for the C

17,20
lyase.

The estimation method has been described in detail in
paragraph 1.2.8. Table 12 gives the mean recoveries of

17a,206~dihydroxy-4-pregnen-3-one at several stages of the
estimation.

Table 12 RECOVERIES DURING ESTIMATICN OF 300 PMOLES
170,20a-DIHYDROXY-4~PREGNEN-3~0ONE

The recovery 1s expressed as per cent tritium of the added

internal standard. The mean of ten estimations and S5.D.

are given.

Mean recovery after % tritium

1. Periodic acid oxidation and t.l.c. 58 + 13

2. NaBH,-reduction of androstenedione 39 + 11
and t.l.c.

3. Chlorocacetylation of testosterone 20 + 8
and t.l.c.
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Table 13 ACCURACY AND PRECISION OF TEHE ESTIMATION OF
17a,20a-DIHYDROXY-4-PREGNEN-3~0ONE

Added Estimated 5.D. 5.D.
(pmoles) (pmoles) (pmoles) (%) n
300 322 51 16 12

75 90 17 19 6

The accuracy and reproducibility of the method were
calculated from a series of determinations of known amounts
of 170,200-dihydroxy~4-pregnen~3-one added to a 0.9% NaCl
solution, containing 1% of bovine serum albumin (table 13).

Estimations of "blank samples" without steroid gave
results in the order of 1 to 5 pmoles of testosterone chlo-
roacetate, After corrections for losses that occurred during
the isclation procedure, an averade blank wvalue in the order
of 15 pmoles was obtained. All the values given for 17¢,200-
dihydroxy-4-pregnen-3-one, have been corrected for the mean
blank value of the particular series of determinations. The

sensitivity of the method is approximately 15 pmoles.

1.5.2 Concentrations of 172-20a«-dihydroxy-4-pregnen-3-one

The concentrations were estimated in testes of six
rats and compared with the l17a¢-hydroxyprogesterone concen-
trations as measured by a competitive protein binding assay
(see paragraph 1.2.7). The amounts of 17a,20u~dihydroxy-4-
pregnen—-3-one in testis tissue were small and often below
the limits of detection.
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Table 14 CONCENTRATIONS OF 17a-HYDROXYPROGESTERONE
(170H-P) AND 17¢,200-DIHYDROXY~-4~PREGNEN-3~0NE
(17,20-P) IN RAT TESTIS

The testes of each rat were assaved together (2.5-3 g wet

weight), the values for 170H-P are the mean of triplicate

estimations.

rat 170H-P 17,20-P
(pmoles/g) (pmoles/g)
1 7 <5
p 24 <5
3 55 10
4 88 <5
5 140 20
6 33 13
mean + S.D. 51 + 38 (10}

It is evident from the results in takle 14, however,

that the levels of this potential inhibiter are at least a
five times lower than those of l7u~hydroxyprogesterone. The
concentrations of this steroid in rabbit testis (6-7 g each
pair) were egually low and almost undetectable. It was not
posgible to detect significant amounts 0f 17¢,20a-dihydroxy-
d-pregnen=3=-one in 20 minutes samples of testicular venous
bilood of rats and rabbits.

1.5.3 Discussion and conclusions

The specificity of the estimation of 17u,20a-dihydroxy-
4-pregnen-3-one is guaranteed by the combination of the
chemical conversions with chromatographic purifications.

Androstenedione and testosterone, both present in the sam-
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ples, were separated from the 17a,20c-dihydroxy-4-pregnen-~
3-one at the first chromatographic step. When 14C--labelled
testosterone was added to the samples, no 14C~—radioactivity
was detectable in the purified fractions. Pregnane metabo-
lites with a 178,20-dihydroxy structure, if present, might

have been converted to Su(5}-androstane—3.l7—dione118

and
subsequently to 178-hydroxy-5a(B)-androstane~3-cne chloro-
acetate, but the latter compound separates from testoste-

rone chloroacetate during gas chromatography on a QF-1

column. The 208-isomer of the inhibitor has a higher Rf—
value after paper chromatcgraphy than the 20a~isomer. More-
over, the 208-hydroxysteroid dehydrogenase activity is rela-

tively low119

and it is unlikely that the 20g-isomer can
interfere.

The low recovery obtained after the isolation and puri-
fication precedure is compensated by the high sensitivity
0of the electron capture detection. A possibility for a more
practical estimation method might be the gas chromatography
of 17a4,20c-dihydroxy-4-pregnen-3-one as the trimethylsgilyl-
ether. This latter possibility has been applied to the es~
timation of pregnanetriolszzo. This approach for our esti-
mation might have resulted in higher recoveries, but the
lower sensitivity of flame-ionization detection makes it
doubtful whether such a methcd would be more sensitive.

The amounts of 172,20c-dihydrexy-4-pregnen-3-cne in rat
testis tissue are low and only two or three times higher
than the blank wvalues. Moreover, one might expect that the
method will lack specificity at these low levels and there-
fore the actual levels may be even lower than the estimated
levels. Hence, it is concluded that the presence of endoge-
nous 1l7a,20e-dihydroxy~4-pregnen-3-one in testis tissue is
not certain and that, if present, its level is at least
five times Jlower than the level of l17a-hydroxyprogestercne.

Further conseguences are discussed in paragraph 1.7.1.
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1.6 Localization of 20d-hydroxysteroid dehydrogenase
in rat testis

1.6.1 Introduction

Testosterone is preoduced in the Leydig cells of the
interstitial tissu&ggFor the evaluation of the role of
17a,20u-dihydroxy-4-pregnen-3-one it is relevant to know if
the 20a-hydroxysteroid dehydrogenase is preferentially loca-
lized in interstitial tissue or seminiferous tubules.

Fevold and Eik—-Nesl21 determined the levels of several

enzymes in the testis tissue from Passer domesticus in 4dif-

ferent stages of their annual testicular cycle. The relati-
vely low Z0a-hydroxystercid dehydrogenase activity in tes-
tis with regressed spermatogenesis suggested that this en-
zyme was located in the germinal epithelium. Other observa-
tions indicate, however, that the situation in rat testis

is more complex. The specific activity of the 20a-hydroxy-
steroid dehydrogenase in immature rat testis is comparable

to the activity in adult ratsloe. Testes subjected to X-ray

treatment122 or experimental cryptorchidism123

showed high
activities and exposure of rats to a hot environment also
resulted in a small increase in the 17w,200-dihydroxy—4-

pregnen-3-one formation in vitr0124’125.

These treatments
result in a destruction of the germinal cells and therefore
localization of the enzyme in the germinal cells is not
likely. However, the Sertoli cells and the interstitium,
which are not affected by these treatments, may ke consi-
dered to contain 20u~hydroxysteroid dehydrogenase. The en-
zyme activity in rat testis was not increased by HCG treat-

126'127. Baillie128 cited unpublished work con-

ment in vivo
cerning the histochemical detection of 20a~hydroxysterocid

dehydrogenase activity in the human Leydig cells.
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Following the demonstration that interstitial tissue
and seminiferous tubules from rat testis can be separated
with a simple dissection technigue, it is now possible to
study directly the steroid biosynthesis and metabolism in
129'130. Lacy et al.131’132 des-

cribed the formation of 20u~dihydroprogesterone from pro-

these isolated structures

gestercne and pregnenolone by isoclated seminiferous tubu-
les of rat testis in vitro, although comparison on a guan-

titative basis with the interstitial tissue was nct made.

PHENYL ESTERASE 20 0-HYDROXYSTEROID
interstitial DEHYDROGENASE
4.0 7 tissue
Fa = seminiferous tubules
Z _ Z
*g 3.0 51.0
2 2
G2.0° 3 |
& & inter-
» ® - stitial
E 1.0 7 E tissue
o 2
b seminiferous tubules o —-|
0 T T ] 0 1 T T
0 50 100 0] 50 100
% protein % protein

Fig. 14. Localization of 20 0L -hydroxysteroid dehydrogenase in rat testis, Phenyl esterase

activity was determined in sonicated samples of total homogenates of the

tissues, using p-nitrophenylacetate as a substrate. The 20 -hydroxysteroid dehydrogenase

activity wos estimated in the 105,000 x g supernatants with 17 @ -hydroxyprogesterone
{30 pM) as a substrate, the specific octivities in seminiferous tubules and interstitial
tissue were respectively 39 and 8.4 pmoles per mg of protein per minute.
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1.6.2 Resulits and discussion

The activities of the 20¢-hydroxysteroid dehydrcgenase
were estimated in the soluble fractions from dissected se-
mipiferous tubules and interstitial tissue from rat testis,
using l7a~hydroxyprogesterone as a substrate (fig. 14). 2
non-specific phenyl esterase, localized in the interstitial
tissue was used as an enzyme markergs. The separation fac-
tor between tubules and interstitium was 50 or better.

From the results in fig. 14 it is evident that the
20a~hydroxystercid dehydrogenase is mainly localized in the
seminiferous tubules. Some conversion can occur in the in-
terstitium and it cannct be excluded that this enzyme acti-
vity reflected contamination with tubular material, because
a marker enzyme for seminiferocus tubules was not determined.
Calculation of enzyme activity per gram of total testis
shows that 97% of the enzyme is of tubular crigin. Hence,
if sufficient substrate is available, most of the 17«,20a-
dihydroxy-4-pregnen—-3-one will be produced in the tubules,
and not at the.site of testosterone formaticn in the Leydig
cells. The 20ce-hydroxysteroid dehydrogenase activity does
nect correlate with the development of the germinal
cellsloo’122_125 and therefore a localization in the Sertoli
cells may be pocstulated.
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1.7 Conclusions and general discussion

1.7.1 Conclusions

It appears from the results in paragraph 1.4, that the
presence of endogencus l1l7u0,20a-dihydroxy-4-pregnen-3-one in
testis tissue from rats and rabbits is doubtful. In rat tes-
tis the levels of 17u,20c¢-dihydroxy-4-pregnen—-3-one are at
least five times lower than levels of 17e~hydroxyprogeste-
rone. These low tissue levels rendexr the possibilities for
inhikition unfavourable, because it is known from the enzyme
kinetic studiesl, that the apparent Km-value of the C17,20—
lyase for l17e-hydroxyprodestercne is 2 uM, whereas the appa-
rent Ki—value for 17¢,200-dihydroxy-4-pregnen—-3~-one is 9 pM.
This reflects that the enzyme has a greater affinity for the
substrate than for the inhibitor. Thus, as found in the in-
cubation experiments (see paragraph 1.4.2), inhibitor con-
centrations higher than the substrate concentrations are
reguired for effective inhibition. The results of estima-
tions of 17¢,200-dihydroxy-4-pregnen—-3-one indicate, how-
ever, that the opposite situation is actually found in the
rat testis. Concentrations of 17a,20e-dihydroxy-4-pregnen-
3-one are lower than 0.01 uM, whereas the concentration of
l7o-hydroxyprogesterone is in the order of 0.05 uM. More—
cver, 97% of the 20w-hydroxysteroid dehydrogenase activity
of the rat testis is localized in the seminiferous tubules
and the endogencus 170,20c~dihydroxy-4-pregnen-3-one, if
any, may nct be preduced at the site of the testostercne
production.

It is concluded therefore that the 17¢,200~dihydroxy-
4-pregnen-~3-one has ne function in the regulation cof the
C17'20—lyase activity and testostercne production in the

Leydig cells in vivo.
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1.7.2 Subcellular distribution of steroids,

binding to the endoplasmatic reticulum

Matsumoto and Samuels49'l34’135

found that, during in-
cubation 6f progesterone and 17g-hydroxyprogesterone with a
microsomal preparation of mouse testis, the incorporation

cf the progestercne label into androstenedione and testoste-—
rone was approximately two times higher than the incorpora-
tion of the l17a-hydroxyprogesterone label. When they tried
to explain this result they observed that progesterone binds
better to the microsomal particle than l7q~hydroxyprogeste-—
rone and this difference in binding could account for the
isotope ratioc in the products. Similar results have been
obtained for rat and rabbit testesl36. Burstein and Gutl37
interpreted these results by proposing a specific spatial
arrangement of the enzymes on the micrcsomal surface, which
can cause a direct transfer of the newly formed 17¢-hydroxy-

progesterone tc the C ~lyase without release of this

intermediate into thel;éégum. As a result, a free exchange
between added and endogenously formed 17e-~hydroxyprogeste-
rone is hampered. If this theory is correct another argument
is obta&ined for the inability of 17a,20e~dihydroxy-4-pregnen-
3-one (elther added exogenously or transported endogencusly

from the seminiferous tubules) to compete with C -lyase

for the locally formed l7e¢-hydroxyprogesterone. L7020
When interpreting the mean tissue concentration (see
paragraph 1.7.1) an ever recurring point for discussion is
the poessibility for a locally high substrate concentration
on or in the subcellular corganella. ¥rom the foregoing dis-
cussion, it is clear that the formed 17a~hydroxyprogesterone,
.rather than the 17a,20ae~dihydroxy-4-pregnen—-3-one, 1s much

more likely to concentrate on the endoplasmatic reticulum.
This may support the conclusion from paragraph 1.7.1.
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1.7.3 Localization of 20x-hydroxysteroid dehydrogenase:

further consequences

3H—Labelled 174 ,20¢-dihydroxy~4-pregnen-3-cne was se-
¢reted during the perfusion experiments with 3H-progeste-
rone (see paragraph 1.3.2), but the rabbit testis in situ
did not secrete detectable amounts of endogenously formed
174q,20a-dihydroxy-4-pregnen-3-one (see paragraph 1.5.2).
This apparent discrepancy may be explained by the access of
the substrate toc the lyase and by the location of 20a-hydro-
xysteroid dehydrogenase activity. One can assume that during
the perfusion experiments 3H-progesterone also penetrates
the seminiferous tubules, as has been demonstrated for seve-~
ral steroid5138‘14l. In addition these tubules also contain
129,130 " o5 that 3§-17a,20a-

dihydroxy-4-pregnen=-3-one can be formed and secreted. The

17¢-hydroxylase activity

cheolestercl side-chain cleaving enzyme is not active in the

seminiferous tubuleslso’142

and in yivo the essential sub-
strates will primarily ke available in the Leydig cells.
Apparently the seminifercus tubules either do not utilize
17x-hydroxyprogesterone from the Leydig cells for 20a-
reduction or the product is rapidly metabolized. The testi-
cular 3oa-hydroxystercid dehydrogenase and S5a-reductase acti-
vities may be preferentially located in the seminiferous

108,132

tubules and at least this Sa-reductase can also re-

duce Czl-steroidsl43. Therefore, accumulation of 17u4,20a-
dihydroxy-4~pregnen~3-one may alsc be prevented by further

metaboclism.
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1.7.4 The possible function of 20a«-hydroxystercid dehydrogenase

A possible function cf the 20g-hydroxysteroid dehydro-
genase in testis may be the elimination of 17a-hydroxypro-
gesterone as a precursor for testosterone rather than the
production ¢f an inhibitor for the Cl7’20—lyase. A similar
function has been proposed for the testicular 5e-reduc-

taselO3’106.

Increasing covarian 20ce-hydroxysteroid dehydro-
genase activity is a sensitive index for luteclysis in rat
and rabbit ovaries and causes a fall in progestercone secre-
tion and a concomittant rise in the 20a~dihydroprogestercne
5ecretionl45. The cessation of progesterone secreticn by
the rat ovary, which precedes parturation and lactogenesis
at the end of the pregnancy, is primarily the consequence
of the sharp increase in 20a-hydroxysteroid dehydrogenase
activityl46’l47. Both examples illustrate the inactivation
of progesterone by conversion to a metabolite with hardly
any progestational activity. A possikle function of 17o-
hydroxyprogesterone metabolism in the seminiferous tubules

of testis, however, is unknown.
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2.7 Introduction

2.1.1 Alternative pathways for steroid biosynthesis

Steroid hormones ¢an be formed along the A5,33~hydroxy—
steroid and the A4,3—oxosteroid pathways (see GENERAIL INTRO-
DUCTION, fig. 1l). Possibilities for the existence of cther

pathways are, however, still being investigated.

4 .
A7, 3-oxosteroid pathway
Recently two reports were published concerning possible
alternative routes in the A4,3-oxosteroid pathway. Nakano

et al.l described that the micro-organism Cladosporicum

resinae can transform progesterone directly to testosterocone
acetate, by-passing l7g-hydroxyprogesterone and androstene-
dione. The testostercne acetate is subsequently hydrolized
by an esterase to testosterone. However, testosterone ace-
tate could not be detected in rat testis and addition of an
esterase inhibitor did not affect the rate of testostercne
formation in vitroz. Several other potential possible path-
ways from progesterone to Cl7—steroids have been explored
but the possibility of a rcoute by-passing l7g-hydroxypro=-
gesterone could nct bhe established3'4. Therefore, it is
generally accepted that the route along l7a~hydroxyproges-
terone and andrcstenedione is the predominant pathway from

progesterone to testosterone in mammalian testis.
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AS,SB—hydroxysteroid pathway

Recent investigations ¢on alternative pathways have
been concerned with the formation of AS,BB—hydroxysteroids
and the role of steroid sulfates in hormone production.

Thecretically, bicsynthesis of C,_ ~steroids could occur

through Cl7’20—cleavage of chole;ierol tc dehydroepiandros-
terone, excluding pregnenclone and l7oe-hydroxypregnenclcone
as intermediates. Burstein and Dorfman5 and Gual g;_gi.6
indicated this possibility in the discussion of theirx
results of an investigation in an adrenal adenoma. Jungmann
claimed the existence of this new pathway7’8, when he be-
lieved to have isclated radiocactivity in an eightcarbon
fragment, the é6-methylheptan-2-one, after incubation of
26-l4c—cholesterol with hcmogenates of rat ovaries, testes
and adrenal glands7 and with acetone-dried powders of calf
testesa. In a thorough reinvestigation of this problem
Burstein et al.9 and Hochberg et al.10 could not obtain
evidence for the formation cf the Ca*fragment and it was
concluded that Jungmann must have isclated an artefact.
Shimuzu1l reported the conversiocn of 17a,20a-dihydroxy-
cholestercl to dehydroepiandrcosterone by slices of normal
human adrenal tissue, but again Burstein g;_g;.lz found no
evidence for the formation of dehydroepiandrosterone from
either cholestercl or its 17q¢,20w-dihydroxyderivates by
acetone-dried powders of gulnea plg adrenals. In a review
on the bicsynthesis of pregnenolone, Burstein and Gut13
reiterated these conflicting observations and they presented
additional evidence for the cbligatcry role of C20’22—
cleavage of cholesterol for stercid biosynthesis.
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steroid sulfates

Cholesterol sulfate cccurs in a variety ¢f mammalian
tissues and has been shown to be converted to several ste-
roid sulfates in man in vivol4. Whether chelesterol sulfate
ocnly serves as a precursor of steroid sulfates, or whether
it also participates in the biosynthetic pathways which
lead to biclogically active, unconjugated steroids is not

13,14

entirely clear at present Moreover, a variety of tis-

sues is capable of sulfo-conjugation of steroids in vitrols.
The complexity of the role of stercid sulfates can be demon=-
strated by the findings of Telegdy gg_gl.l6 on steroid bio-
synthesis in the foetus at midgestation. They investigated
the incorporation of 3H—cholesterol and 14C—acetate into
steroids and found that pregnenclone and dehydroepiandros-
terone (free and conjugated} accounted for 95% of the ste-
roid products. The l4C/3H ratio in these steroids, isclated
from the conjugated fraction 0of the perfusates was much
higher than that of the unconjugated compounds. They sug-
gested therefore that in the foetus acetate is utilized pre-
dominantly via the conjugated pathway, whereas circulating
cholesterol is mainly converted via the unconjugated path-
way .

A number of sulfate conjugated steroids are present in
high concentrations in human testisl7. The normal human
testis secretes the (mono)-sulfates of testosterone, preg-
nenolone and possibly androstenediolla. After administraticn
of HCG a considerable increase in the secreticn of the
mono-sulfates of dehydrcoepiandrosterone, androstenediol and
pregnenclone was observed but no increase in the secretion

of testosterone sulfate was foundlg. In vitro incubation

20,21 and rat??72% testes preparations

studies with human
demonstrated that steroid sulfates can be hydrolyzed to

precursors cf testosterone. In human testis this sulfatase
activity correlates with serum testosterone levels and the

w2l

"Leydig cell activity index although it has been shown
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that steroid sulfatase activity is present in rat testis,
the latter is not controlled by gonadotrophins27. The pre-
sence ¢f stercid sulfates in rat testis has not been demon-
strated.

Apart from being synthesized in testis tissue, steroid
sulfates may alsc be supplied by the arterial blood. In per-
fusion experiments with dog testis it was demenstrated that
after infusion of radicactive dehydroepiandrosterone sulfate
a small conversion to testosterone occurredzg. In similar
experiments with human testis hardly any labelled testoste-

rone could be detectedzg’BO,

but this may be explained by
the relatively short perfusion pericd (several minutes),

and dilution of the radicactive substrate with dehydroepian-
drostercne sulfate in human plasma.

It is apparent that the relative importance of indivi-
dual intermediates or bicsynthetic pathways may be different
in the various species and in different endocrine glands.
Furthermore the type of tissue preparation and the technique
used to study the pathways will be of importance in this
respect.

2.1.2 Scope of this study

Van der Molen and Eik—Nes31, who perfused dog testes

with blood containing 31-1 or 14C labelled pregnenclone ob-
served that the specific radiocactivity of the dehydrcepian-
drosterone was much lower than that of 17e~hydroxypregneno-
lone, particularly during administration of HCG or 3',5'-
cAMP. This suggests that only a small fraction (5-10%) of
the dehydroepiandrosterone originated from l7e-hydroxypreg—
nenolone and that precursors, other than pregnenclone,
might bhe involved. Alternatively, inccmplete mixing of the
various labelled steroids with the tissue steroid pocols
might alsc explain their results.

These results raise the guestion whether or not the
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synthesis via AS,BB—hydroxysteroid sulfates contributes to
the dehydroepiandrostercne formation or whether Cl7’20—
side-chain cleavage of cholesterol is possible under these
conditions. In this respect it is noteworthy that the work
of Burstein et al.g’lz'13 on the side~chain cleavage of
cholesterol was almost solely carried cut with acetone-~dried
mitochondrial preparaticns.

In the present study the role of AS,SB—hydroxysteroids
in testostercne proeduction was investigated in detail. Tes-
tes from rabbits were used for this study because incuba-
tion experiments32 and preliminary perfusion experiments
suggested that the A5,38~hydroxysteroid pathway is invelved
in testosteronse biosynthesis in this species, like in the
human testis33’34. The following aspects were investigated:
1. The relative importance of the A4,3~oxosteroid pathway

and the A5,38—hydroxysteroid pathway for testosterone
production. Special attention was given to the role of
androstenediol as an intermediate.

2. The existence of precursors of dehydroepiandrostercne
and androstenediol other than pregnenclcne and 17¢-
hydroxypregnenoleone. For this purpose rabbit testes were
perfused in vitro with 3H—pregnenolone and the relation-
ship between the specific radicactivities of the secreted
steroids was determined. During these perfusion experi-
ments the presence of steady-state conditions were main-
tained. A specific and sensitive technique was applied
for the determination of A5,3B—hydroxysteroids, which
had previously been developed for the determinatibn of
dehydrcepiandrosterone35.

3. The presence of steroid sulfates and sulfatase activity
in rabbit testis, because specific radiocactivities of
the stercid intermediates only give an indirect estimate

of alternative bicsynthetic pathways.
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2.2 Materials and methods

2.2.1 Methods for investigating pathways in steroid biosynthesis

Many different technigues have been used to study the
relative importance of pathways for steroid hormone biosyn-
thesis. Recent methods generally invelve incubation or per-
fusion of endocrine tissue with two lakelled precursors,
with subsequent analysis cf the labelled products. Occasio-
nally the production of steroids from endogenous sources is
measured in addition to the conversion of labelled precur-—
sor and this technigue has been used in this study. Some of

these methods are discussed below.

Experiments with two labelied precursors

Much information has been obtained from double label
incubation experiments, with separately labelled 3H and 14C
substrates. For example, when using 3H~pregnenolone and

4C—progesterone with steroid-forming tissues, the finding

cf a high 3H/14C ratio in androstenedione may indicate the

dominance of the A5,3B—hydroxysteroid pathway. This has

been observed for the normal human ovary36’37

icsa cell tumorBB. The same principle was applied in incu-

and a dgranu-

bation experiments with horse testing. Incubation with 3H-—
dehydrcepiandrostercne and 14C---l7u~hydroxyproge5ter0ne was
carried out for determining the importance of androstene-~

dicl as intermediate in testeosterone biosynthesis in human

testis33’40

and rabhit testis.
In order to obtain correct guantitative information on
the relative importance of the various pathways, many ana-

lyses at various time intervals must be carried ocut and the

95



preferred pathway can then be derived from the seguential
maxima in isotope incorporation of the different pro-
ducts4l’42. From the results of incubations with 3H—pregne—
nolone and 14C~progesterone as substrates it was concluded
that only the A4,3—0xosteroid pathway is of importance for
the rat testis interstitial tissue43 and that in human tes-
tis the A5,35—hydroxysteroid pathway dominates33. In the
same way it was demonstrated that transformation through
170-hydroxypregnenclone was the major pathway for cortico-
steroid biosynthesis in an adrenal tumor75.

Extrapolation of these results tc the in vivo situa-
tion is difficult because the rate of penetration of added
steroids intec the tissue or differences in the binding of
these substrates to the subcellular organella can influence
the results3'39’44. The same disadvantages alsc hold for
perfusion experiments which were performed with the human
adrenal gland45 and dog testis46 with 3H~dehydroepiandroste—
rone and 14C—l7a—hydroxyproge5terone.

A major disadvantage of all these experiments is, how-
ever, that no direct information is obtained on the sterocid
production from endogenous sources and that alternative
biosynthetic pathways from other precursors might be over-
locked. If tracer amounts of radiocactive precursor are added
to the incubation system, a homogeneous pool with the tissue
endogenous precursers may not be formed47_49. Addition of
large amounts of precursor (either radiocactive or non-radio-
active) decreases the relative contributicn from endogenous
sources and the bicsynthetic pathway may then be biassed
towards the contribution of the precursor; inhibition of

the various steps of the pathway may also occur.

Steroid producticn and conversion of labelled precursor

One of the most important presumptions in the use of

labelled compounds requires that the tissues endogenous
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TISSUE BLOOD

production of A from continuous infusion
endogenous sources of radicactive A

[ "
»
C > 1600 dpm/pmin 5. A(8)=160 dpm
ep 10 pmoles/min pmol
100 pmoles/min ]6000M
° min

DECED™

2000 dpm/min
300 pmoles P 5.A{C)=40 dp_'"l
/ min 50 pmoles/min pmo

350 pmoles 14000 dpm
/ min min

C 1600 dpm/min 5. A(D) =40 dpm
d 40 pmoles/min pmol

Fig. 15 Specific activities (5.A. dpm/pmel) of steroids A, B, C and D in a biosynthefic

pethway when steady state conditions haove been achieved during continuous
infusion of radioactive steroid A, The open arrows represent the transfer rates or
conversion rates of radioactive steroids {dpm/min), while the dark arrows represent these
rates of the endogenous steroids {pmocles/min). The width of the arrows is proportional
to the rate of transfer or of conversion. A second biosynthetic pathwey to C, or a
second, unlobelled tissue pool of C, causes a decreased specific activity of C, and
subsequently of D,
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precursors are metabolized along the same bigsynthetic path-
ways as the added radiocactive precursor. Zilversmit50 showed
on thecoretical grounds that under certain steady state con-
ditions the specific radiocactivities of the products bore a
definite relationship to one another. Assuming that steady
state conditions are achieved through continuous perfusion
with a trace amount of radiocactive precursor A (fig. 15},

it can be deduced that the specific radiocactivity in the
product B, C and D should be eqgual to each other and this

is reflected by the specific activity in the fractions which
are secreted. If, however, the specific activity in C is
lower than that of B, another biosynthetic pathway or a
second tissue poocl contributes to unlabelled CSG'Sl. The
ratio R of the specific activities gives the fraction of

the product originating from the known precursor, 1-R re-
presents the fraction coming from unknown sdurces.

R = specific radiocactivity of product C
specific radioactivity of precurscr B

Puise labelling technique

Steady state conditions are usually not achieved in
normal incubaticn experiments or after a single injection
of radioactive precurscr in vivo. Nevertheless such experi-
ments can, if correct mathematical analysis is applied, lead
to an understanding of the behavicur of stercids towards
the individual tissue compartments and steroid pools in
terms of transfer rates, conversion rates and tissue concen-
trations 130052 14 the interpretation of these data it
may appear that simplified models of metabclic processes
often contain so many unknown parameters that agreement with
experimental data lcooses its significance. It is even possi-
ble to design different models which all egually satisfy

the experimental resultsBB.
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Constant infusion of radioactivity and the presence of a
steady condition simplify the interpretation of the results
and the estimaticon of unknown parameters, like transfer rates
and conversion rates,K becomes unnecessary.

Steady state conditions can also be achieved by incu-
bation of tissue slices with frequent withdrawal of samples
from the medium and addition of radioactive substrate cr by

applying the superfusion technigue to tissue slices42'54.

2.2.2 Materials

Some of the materials and basic techniques have alrea-
dy been described in paragraph 1.2.

16—3H—Pregnenolone (S.A. 21 Ci/mM) was purchased from
C.E.N., Mol (Belgium). The manufacturer specified that more
than 98% of the tritium was attached to carbon 16, although
its steric location was not known. 4-14C-Pregnenolone
(S.A. 55.7 mCi/mM) was obtained from Radiochemical Centre,
Amersham and the ammonium salt of 4~14C—dehydroepiandrostew
rone sulfate (58.8 mCi/mM) from New England Nuclear Corpora-
tion (Boston).

Androstenetrione was prepared as described by De Jong
and Van der Molen35 and was recrystallized successively
from 1. methanol-water, 2. acetone-water and 3. cyclohexane-
ethylacetate. Yellow crystals were obtained {m.p. 214-217°¢) .
This stercid is now commercially available (Steralcids Ing.}.
Pregnenetrione was obtained from Steralcids Inc.. HCG
(Pregnyl, 3500 I.U./mg) and heparin were obtained from
Organcn (Oss).
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2.2.3 Perfusion of rabbit testis in vitro

Rabbits of the New Zealand White strain, weighing
2.5-3.5 kg were used. The mean weight of a testis was
3.3 + 0.6 g (8.D., n=12). The perfusion medium was obtained
as follows: A rabbit was killed by an intravenous injection
of pentcbarbital (200 mg), the chest cavity was opened,
heart and lungs were removed and approximately 100 ml of
blood was collected and heparinized {1500 I.U. per 100 ml).
The blood was diluted with an equal volume of Krebs-Ringer
bicarbonate buffer (pH 7.4), containing bovine serum albumin
(4 mg per 100 ml}) and glucose (5 mM).

For perfusion of the testis a rabbit was heparinized
and anaesthetized with Hypnorm (Philips Duphar, 5-10 mg
Fluanison/kg bodyweight). Cne testis was removed and freed
from the caput epididymis and surrounding fat tissue. An
incision of approximately 5 mm was made intc the testis
capsule, parallel with the main artery. This artery was
dissected free from the tissue and was cannulated with a
nr. 27 needle (Becton-Dickinson) with the aid of a binocu-
lar dissecting microscope. The testis was perfused for one
minute with Krebs-Ringer bicarbonate buffer (pH 7.4). Sub-
seguently the cauda epididymis was tied to the needle in
such a way that the testis could hang unsupported on the
needle. The testis was brought into the perfusion chamber
and the perfusion was started {within £-~10 minutes after
removal from the rabbit).

The perfusion apparatus was essentially the same as
described by Ewing and EikuNes55 and a mecdification from
that of VanDemark and Ewing56 (fig. 16). The temperature
of the perfusion chamber and oxygenator was maintained at
37‘OC57 by means of water circulating through the surroun-
ding jacket. The blood was oxygenated with humidified oxy-
gen (5% carbon dioxide) and was filtered through nylon
gauze and circulated by a peristaltic pump (Buchler Instru-

ments). Before entering the perfusion chamber, the blocd

100



1 reservoir with 6 bubble trap

magnetic stirrer 7 organ chamber
2 oxygenator 8 distant thermometer
3 filter 9 manometer
4 peristaltic pump 10 infusion pump

5 pressure valve

Fig. 16 Apparatus for perfusion of rabbit testis in vitro.
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wag filtered again and passed through a bubble trap. The

temperature wag measured by a NTC resistor prcke placed near

the testis. The pressure was regulated with a pressure valve
in a by-pass tube. During the perfusion experiments it was
necegsary to increase the pressure gradually from 60 mm to

90 or 100 mm of mercury in order to oktain a constant flow

rate, The testicular venous blood was collected for pericds

of 30 minutes in a calibrated cylinder placed in an ice-
bath. The range of blood flow,achieved in several experi-
ments was 15 to 30 ml per 30 minutes. A non-pulsative blcooed
flow was maintained because this presumably is also found

in vivo. Waites and Moule reported that in the ram a pulse-

pressure reduction cccurs in the arterial coils in the

spermatic cord so that the testis receives a relatively
pulseless f10w58. The glucose level in the blood was main-
tained by addition of a glucose soluticn intb the reservoir
every hour at a rate of 1 umol per ml of blood per hour56.

HCG, which was dissolved in 0.%% NaCl sclution was added in

amounts varying from 150 teo 500 I.U. (0.€é3 ml) per 30 minu-

tes. Radioactive substrates, e.qg. 16*3H—pregnenolone

(l.3xlO6 dpm per 0.63 ml per 30 minutes) were dissclved in

0.9% NaCl sclution, containing 4% bovine serum albumin in

order to decrease absorption to the polyethylene tubingsg.

These substances were introduced into the circulation with

an infusion pump. At the end of the experiment the testis

was immediately frozen in liguid nitrogen.
The following radiocactive substrates have been used.

1. A mixture of 16—3H~ and 4—14C~pregnenolone in crder toc
check the stability of the 16—3H—label in the steroid
molecule.

2. 7u—3H~l7u—Hydroxyprogesterone with and without additicn
of HCG in order to establish the significance of the
A5,3B—hydroxysteroid pathway.

3. 16~3H~Pregnenolone, and addition of HCG was started
after two hours of perfusion.

4. 16—3H-Pregnenolone, with continuous addition of HCG.
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2.2 4 isolation and estimation of steroids

Specific radiocactivities of the stercids in plasma and
tissue samples were measured after isolaticon and purifica-
ticn. For estimation of the amount of stercid, the purified
compounds were converted to derivatives with a high electron
capturing ability, which permitted sensitive estimation after
gas~ligquid chromatography. Quantitative estimations of tes-
tosterone and dehydroepiandrosterone were performed in the
same samples after the addition of tracer amounts of 14C~
labelled steroids for reccvery determinations.

The testicular venous blood samples were separated into
plasma and erythrocytes by centrifugation. The erythrocytes
were washed twice with 10 ml of a 0.9% WNaCl soluticn con—
taining 0.5% bovine serum albumin and were centrifuged.
Plasma and the wash fractions were combined and 4~14Cw
testostercne (20,000 dpm) and 4~14C~dehydroepiandrosterone
(10,000 dpm} were added. Extraction was carried out with
ethyl acetate (4x20 ml). Alkaline-ether extraction was not
applied because of the possible 3H—elimination from 17-oxo-
steroids (see paragraph 2.3.1). The combined extracts were
washed twice with 5 ml of water and evaporated to dryness
under reduced presgsure.

Frozen testis tissue was homogenized, extracted and
defatted as described in paragraph 1.2.8, after addition of

4
l'C—steroids (see above).

Fig. 17 giwves an cutline of the isolation and purification
procedure. Details of the methods for acetylation, enzymic
reduction of androstenedicne and chloroacetylation of tes-—
tosterone are given in paragraphs 1.2.4 and 1.2.5. Hydro-
lysis of stercid acetates was performed in 1.0 ml of metha-
nol containing 0.2 ml of a 0.5M NaCH-sclution, for 45 minu-
tes at 50°C. The solution was then concentrated by evapora-
tion to a volume of approximately 0.3 ml and extracted with
ethyl acetate {3x2 ml). The ethyl acetate fracticn was
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Fig.17 Separation of steroids from extracts of spermatic vein blood and defatted testis

tissue extracts,

t.l.c. 1 = tl.c. in solvent system toluene-methanol = 9:1 (by veol.}
t.l.e. 2 = tl.c. in solvent system toluene-ethyl acetate = 9:1 (by vol.}
td.c. 3 = tl.c. in solvent system toluene-ethyl acetate = 8:2 (by vol.)



washed with water and evaporated to dryness. The l7a-
hyvdroxypregnencione fraction was reduced for %0 minutes by

5 mg of scdium borohydride dissolved in 0.5 mi of metha-
nolBl. The reaction was stopped with the addition of a drop
of acetic acid and 2 ml of water. This mixture was extracted
by 4x2 mi of ethyl acetate. Oxidation of stercids to andros-—
tenetrione was carried cut for 10 minutes with 0.5 mg of
chromiumtrioxide, dissolved in 0.1 ml of 90% acetic acid35.
Estimation of known amounts of l7a~-hydroxypregnenoclone
showed that the recovery of steroid with this procedure was
in the range of 10 tc 15%. With this procedure in the order
cf 10 tec 30 pmeles of 17e-hydroxypregnenclone could still

be detected in spermatic venous blood samples (fig. 18). The
recovery of the androstenediol through the purification
steps was in the order of 20%.

2.56x10°'0 A

T T T
0 5 10
time (min)
Fig.18 Tracings obtained ofter gas liquid chromatography of androstenetrione (A),
obtained frem 17 ({-hydroxypregnenolone, which was isolated from a 30 minutes
sample of testiculor venous blood of HCG stimulated rabbit testis, Pregnenetrione

(P, 33 pmoles) was odded os internal standard and two-thirds of the sample was
analysed,
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Specific activities of the purified stercids were measured
as follows. After addition of an appropriate amount of in-
ternal standard (2Qc-dihydroprogesterone chloroacetate or
pregnenetrione35), a sample of the mixture was taken for
measurement of 3H— and 14C—radioactivity and the mass of
stercid was estimated in a second sample by gas chromato-
graphy with electron capture detection (paragraph 1.2.2 and
reference 35). The specific activity was calculated as the
ratio of the radicactivity (3H dpm) and the mass cof the
steroid (pmoles). The amounts of testostercne and dehydro-
epiandrosterone in testicular venous bklood and in testis
tissue were calculated from the mass, estimated by gas
chromatography, and the recovery of the added 14C-—labelled
internal standard. The radiochemical purity of the dehydro-
epiandrostercne and l7e-hydroxypregnenolcne fraction was
checked by taking a sample of the corresponding androstene-
trione fractions after gas chromatography.

Such dehydroepiandrosterone-androstenetrione fractions were
then purified by chromatcography in a Bush AIT system toge-
ther with 50 ug of carrier androstenetrione. Androstene-
trione has a remarkable low Rf—value in this system when
compared to steroids with approximately the same polarity,
possibly due tco enclisation of the A4,3,6—di—ox0group in
the stationary methanol-water phase. This property facili-
tated the purification procedure. After elution from the
paper,a sample of the androstenetrione was counted for 3H—
and 14C—-radioactivity. Specific activities were corrected
with a factor calculated either from the shift in 3H/14C
ratios or from the absolute 3H—radioactivity, corrected for
losses after estimation of the recovery of the carrier
androstenetrione by gas chromatography. The mean drop in
specific activity of androstenetriocne after purification
was 12% (25 samples).

The radiochemical purity of the VAx-hydroxypregnenolone
fraction was evaluated by recrystallization of pocled 3Hﬂ
androstenetrione samples with carrier steroid (see paragraph

2.3.4). When the androstenediol fracticn was purified in the
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same way as described for the dehydroepiandrostercne, no
decrease in specific activity was observed and therefore
this fraction was regarded as radiochemically pure. The
testosterone fractions were known to be pure from prelimi-
nary experiments in which an extra purificaticn step via
testosterone acetate was employed (as in paragraphs 1.2.4
and 1.2.6). The 3H/l4c ratio of the testosterone acetate
and of the final product testosterone chloroacetate did not
significantly differ from each other:

3H/14C in testosterone chlorcacetate _

0.96 + 0.04 (S.D.,

3H/HC in testosterone acetate
13 samples)

An assessment of reproducibility of the method for
estimation of specific activities was made by dividing a
purified androstenetrione sample {obtained from plasma
dehydroepiandrosterone) into ten fractions, each containing
approximately 60 pmoles of the stercid. The mean specific
activity was found to be 98.4 + 2.1 dpm 3H per pmol (8.D.,
10 estimations).

The accuracy and precision of the steroid estimations
were evaluated by determination cof known amount of steroids

simultaneously with biological samples (table 15).

Table 15 ESTIMATION OF KNOWN AMOUNTS CF STEROIDS

Steroid added found number of
{ng) {ng + 5.D.) estimations
testosterone 1000 ng (3.4 nmoles) 1050 + 80 ng 6
100 ng 107 + 14 ng 18
dehydroepian- 100 ng (0.34 nmoles) 103 + 13 ng 24
drosterone
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2.2.5 Estimation of steroid sulfatase activity and steroid sulfates

Rat testes (2.5 g} and rabbit testis (2.9 g) were
homogenized in 15 ml of 0.05M TRIS buffer (pH 7.4} using a
Potter Elvejhem homogenizer. The microsomal fraction was
isolated by differential centrifugation (10,000-105,000xqg).
Steroid sulfatase activity was determined according to
Payne20 using dehydroepiandrosterone sulfate as a substrate.
Time-product relationships are given in fig. 19. Enzyme
activity in rabbit testis was calculated on the basis of
the conversion during 15 minutes of incubation.

Testes of rats and rabbits were washed with 0.9% NaCl
solution via injection into the spermatic artery in order
to remove plasma stercid sulfates (if present) from the
tissue. Steroid sulfates were isolated from testis tissue
and plasma by the method of Ruokonenl7, using 4~14C—
dehydroepiandrosterone sulfate (6,000 dpm) as internal

standard. Steroid sulfates were separated from free stercids

RAT SULFATASE

RABBIT SULFATASE

S M ) M)
nmales tp ) nmaoles Cp
35
0.5 4 35
12 [
0.2 7 B 12
3.5 0.1 e_ 3.5
1.2 1.2
G T T 0 T T
0 15 30 0 15 30
time (min) time {min)

Fig.19 Relotionship between amount of product {pmoles) and incubation time (min) for
the hydrolysis of '“"C-dehydroepiandrosterene sulfate during incubation with the

10,000 - 105,000 x g fraction of rat and rabbit testes (0.49 and 0.55 mg of protein

respectively per incubation). The substrate concentrations (5} are given in the figures.
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on Sephadex LH-20 columnsl7. Selvelysis was performed accor-
ding to Burstein and Liebermanﬁo. The free dehydroepian-
drosterone and androstensdiol were separated by t.l.c.,
oxidized by chromiumtricoxide and estimated as androstene-
trione, dccording to the method of De Jong and Van der

35

Molen™ ™. The androstenediol concentrations in the original

samples were calculated with aid of the mean recovery for
l4C—dehydroepiandrosterone sulfate. The sensitivity of the
method was in the order of 20 pmoles of dehydrcepiandroste-
rone sulfate. After analysis of 230 pmoles of dehydroepian-
drosterone sulfate, simultaneously with the biological
samples, 182 and 185 pmoles were found. After estimation of
the sulfates of dehydroepiandrosterone and androstenediol
in peripheral male plasma, the concentrations found were in

the same order as reported previously35’61.

The statistical significance of apparent differences

between results were calculated using Student t-test.
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2.3 Results

3

2.3.1 Elimination of tritium from metabolites of 16-~ H-pregnenolone®

Radicactive substrates with high specific activities
were reguired for the perfusion experiments since these
cause minimal disturbance of the endogenous steroid pools.
Pregnenolone, labelled with tritium in the 7a-position could
not be used, because the 7a—3H—label is lost when AS,BB—
hydroxystercids are oxidized to the corresponding A4,3,6-

35’62. 16—3H—Pregne—

dioxosteroids before g.l.c. estimation
nolone had the regquired high specific activity, but during
the first series of experiments it appeared that the tritium
label was eliminated from some of the stercid products. This
loss of 3H-label must have occurred either during metabolism
or during the isclation procedures. Because it was important
to know whether the loss cof 16—3H occurred during a metabo-
lic conversion or was due to an artefact during the isola-
tion, a mixture of 16—3H— and 4~l4c—pregnenolone was infused
into the testicular arterial blood. Elimination of tritium
would then result in a decrease of the 3H/14C ratic in the
secreted steroids, as compared to the 3H/14C ratio in the
original pregnenclone.

The H/14C ratios of the isolated sterocids, as given
in table 16, are similar in the precursor pregnenolone and
its metabolites. This proves that tritium was not elimina-
ted during the metabclism of pregnenolone and that 16—3H—

and 4“14C~pregnenolone were metabolized in the same way.

*de Bruijn, H.W.A. and van der Molen, H.J. (1973}
J.S5tercid Bicchem. 4,85-87
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Table 16 3H/14C RATIOS IN STEROIDS isclated from the testicular

venous bloocd after simultanecus infusion of 16—3H~ and

4—14C—pregnenolone (21.5x}06 dpm 3H and 0.67x106

dpm 3‘4(2, corres-
ponding with 5.6 nmoles of pregnenolcne per 30 minutes). Mean

values and $.D. of six estimations are given.

Steroid isclated estimated as B/TTC

pregnenolone pregnenclone acetate 31.9 + 0.9

testosterone testosterocne chioro- 31.7 + 0.1
acetate

androstenedione testostercne chloro- 30.4 + 0.6
acetate

Se-androstane-38, Sa-androstane-38,178- 33.9 + 1.0

178-diol dicl di-chloroacetate

androstenediol 4-androstene-3,6,17- 33.9 + 2.9
trione

l17a-hydroxypregnenolone 4-androstene=3,6,17- 34.5 + 3.3
trione

However, after alkaline hydrolysis of isolated dehy-
droepiandrosterone acetate the 3H/MC ratic was 2.2 + 0.1,
thus 23% of the 16—3H-label was eliminated. When in a sepa-
rate experiment dehydroepiandrosterone was isolated and
purified without acetylation and alkaline hydrolysis, no
elimination of tritium was found (3H/14C in dehydroepian-
drosterone was 29.2 + 0.2, in pregnenolcne 27.5 + 2.5, 4
estimations). When the androstenetrione obtained from an-
drostenediol was further purified by ether-alkalil parti-
tion63, the ratic dropped from 32.9 to 3.3, indicating a
90% loss of tritium. More than 80% of this tritium was pre-

sent in the acidified water phase. In a control experiment
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the isolated and purified androstenedione was exposed to
the methanolic alkali solution as used for hydrolysis. This
resulted in a tritium loss of 90.4 + 4.1% (7 estimations).
Acetates of 17p-hydroxystercids could be subjected to alka=-
line hydrolysis without loss of the 16—3H—label. The acetic
acid, used in the oxidations, did not promote the loss of
the tritium at carbon atom 16.

Base-catalysed enolisation of the l17-oxogroup offers
a suitable explanation for these observations. These results
are in agreement with those of Fishman64, who demonstrated
that both the 16a—3H— and 168—3H—label are removed from
estrone benzoate by enclisation of the 17-oxogroup.

From these results it can be ccncluded that 16~3H-
pregnenolone can successfully be used in investigating
steroid metabolism only if alkaline treatment of the meta-
bolites with a 17-oxogroup is avoided.

2.3.2 Secretion of steroids by the perfused rabbit testis

Besides testosterone, the following steroids have been
detected in the testicular venous blood of the perfused
rabbit testis: 17a-hydroxypregnenclone, dehydroepiandroste-
rone, androstenediol and androstenedione. The secretion cf
these steroids is the result of de novg synthesis and not
of a passive leakage of stored steroid from the testis

(table 17). Secretion of dehydroepiandrosterone, androstene-~
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Table 17 LEVELS OF STERQIDS IN RABBIT TESTIS (nmoles/testis) AFTER CONTINUOUS PERFUSIUN
WITH HCG {150-500 I.U./min} FOR 2 HOURS AND RATES QF SECRETION (nmoles/30 min,

randges are diven).

testis
Exp. weight testosterone dehydroepiandrosterone androstenediol”
g level secretion level secretion level secretion
1 3.9 10.0 16 - 30 0.86 1.2 - 2.5 0.30 0.49 - 0.78
2 3.5 3.8 6.4 - 7.9 0.38 1.1 - 1.7 0.13 0.30 - 0.50
3 3.7 6.1 12 - 16 1,06 1.5 - 2.3 0.19 0.41 -~ 0.54
4 3.1 4.9 8.4 - 16 0.61 1.1 - 1.8 0.05 0.05 - 0.12
5 3.5 7.9 9.8 - 17 0.42 0.6 - 1.7 0.18 0.13 - 0.43

*Androstenediol values were not corrected for losses, caused by the isolation procedure.

The recovery of known amounts of androstenedicl was in the order of 20%.
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Fig,20 and 21 Time course relationship of testosterone {fig. 20) and

dehydroepiandrosterone secrefion rotes (fig.21) by the perfused rabbit
testis., Meon values and S.E.M. are given (4 to 8 observations).
—————————— continuous HCG infusion (150-50C |U/30 min)

HCG infusion started after 2 h of perfusion
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dicl and other intermediates also occurs in the human tes-
19,65 66,31

tis and dog testis in vivo and is therefore not
regarded as an artefact of in vitrc perfusion experiments.
The steroid secreticn rate and the ability of HCG to promote
stercid secretion have been used as parameters for the
functioning of testes during the experiments. The secretion
of testosterone and dehydroepiandrosterone with and without
addition of HCG are represented in fig. 20 and 21. If addi-
tion of HCG was omitted, the secretion of these steroids
decreased during the experiment, as has been observed ear-
lier for rabbit67 and dog testis perfusionﬁs. The testoste-
rone secretion (without administration of HCG) by rabbit
testis in vivo was estimated as 4.3 + 1.1 nmeles per 30 min
{$.E.M., 4 estimations) and this is significantly lower

(P <« 0.01) than the secretion during the first 30 minutes
of perfusion, but comparable to the secretion during the
second hour. HCG infusion, starting after two hours of per-
fusion, increased the steroid secretion to the same values
as obtained for continuously stimulated testes. Secreticn
of 17¢-hydroxypregnenclone and androstenedicne was also
increased by HCG. The administered doses of HCG caused a
maximally stimulated testis since increasing the infusion
rate from 150 to 500 I.U. per 30 min did not result in
higher testosterone secretion. In this series of experiments
no correlation could be found between testis welght and
steroid secretion.

From the results in fig. 20 it can be seen that tes-—
tosterone secretion was constant during continucus HCG in-
fusion and it can be expected that under these condtions a
steady state incorpeoration of infused radioactive steroid

precursor may be cbtained.
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2.3.3 The importance of the A5,3B—hydroxysteroid pathway

It was tried to determine the relative importance of
the AS,sthydroxysteroid pathway in the intact perfused
rabbit testis by infusion of tracer amounts of 7a—3H—17a—
hydroxyprogesterone and subsequent estimation of the speci-
fic activities of the secreted androstenedicne and testos-
terone {(table 18). The specific activities of the secreted
androstenedione and testosterone indicate that a steady state
condition was only achieved in the first experiment. In the
other experiments the ratic of specific activities continued
to decrease with the duration of the experiment and it was
concluded that only a fracticon of the endogenously synthe-
sized testostercone originated from androstenedione. It was
calculated that in experiment 1 about 70% and in experiment
2 more than 90% of the testosterone was synthesized from
androstenedicl. During HCG stimulation more than 97% of the
testosterone was derived from androstenediol.

In later experiments 16-BH—pregnenolone was infused,
so that both AS,BBthdroxysteroids and A4,3—oxosteroids
were labelled. The ratio of specific activities of andros-
tenedione over testosterone was, as might be expected, not
significantly different from unity, 0.8% + 0.12 (S.E.M.,

4 perfusions).

Although the exact contribution of the A5,36-hyéroxy—
steroid pathway could not be calculated, it is evident from
these results that this route with androstenediol is the
main pathway for testosterone production in rabbit testis.
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Table 18 SPECIFIC ACTIVITIES (dpm/pmol) OF TESTOSTERONE AND ANDROSTENEDIONE secreted by rabbit
testis during continuous infusion with 7u-3H—l7a~hydroxyprogesterone {1.3x106 dpm and
0.06 pmoles per 30 min). In experiments 3 and 4 HCG was infused (200 I.U. per 30 min}. The ratiocs

of the specific activities of testosterone to androstenedione have been calculated.

testosterocne specific activities
Exp. pericd secretion ratio
(min) {nmoles/30 min) testosterone androstenedione

1 control 0 - 30 2.4 46.5 61.5 0.76
30 - 60 5.3 22.1 56.9 0.39

60 - 90 4.8 22.4 54.9 0.41

90 - 120 3.5 26.1 101 0.26

12¢ - 150 4.4 27.7 79.2 0.35

2 control 0 - 30 3.8 28.3 63 0.45
30 - 60 6.1 20.1 143 G.14

60 - 90 3.6 18.4 264 ¢.07

3 HCG 0 - 3¢ 12.4 8.9 262 0.03
30 - 60 11.3 10.4 337 0.03

60 - 90 6.7 12.4 753 0.02

4 HCG 0 - 30 5.5 il.5 523 0.02
30 - 60 5.4 22.3 2290 0.01

60 - 90 3.6 36.7 5870 0.01




2.3.4 The relationship between specific radioactivities in

A5,35-hydroxysteroids and testosterone

Rabbit testes were continuocusly perfused with 16—3H—

pregnenclcne and HCG. The difference in specific activities
of infused pregnenolone and secreted testosterone shows that
more than 9%9% of the mass of testosterone was derived from
endogenous sources (fig. 22). The constant secretion rate
of dehydroepiandrestercne and testostercne in this series
of experiments was already shown in fig. 20 and fig. 21.
The specific activities of these steroids in the testicular
venous blcod alsc remained constant throughout the experi-
ments (fig. 22). Thus, a steady state situation with res-
pect to steroid secretion was obtained. The equilibrium be-
tween endogenous steroid production and conversion of 3H—
pregnenolone is also demonstrated by compariscn of the spe-
cific activities of steroids in the last blood samples with
those of the testis tissue (table 19). The ratios of these

800 4 dehydroepiandrosterone

il I S S

testosterone

specific activity (dpmaH/pmoi)

1 2 time (h)

Fig.22 Specific activities of testosterone and dehydroepiandrosterone secreted by

rabbit testis in vitro, during continucus infusion of 16-3H-pregnenclone
{specific activity 46x103 dpm per pmol). Mean volues and S.E.M, are given (5 or &
ebservations). Continuous administration of HCG ({150-500 U per 30 min) has been
opplied (same series of experiments as in fig.20 and 21).
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Table 19 SPECIFIC ACTIVITIES OF STERQIDS IN SPERMATIC VEIN BLOOD

AND IN TESTIS TISSUE. The mean ratios of the specific
activity in the last blood sample over the specific activity in
the testis tissue are given, together with S.E.M. and number of
observations {n).

Steroid ratio S.E.M. n
testostercne 1.16 + 0.08 6
androstenedione 0.93 + 0.15 4
androstenadiol 1.54 + 0.41 6
dehydroepiandrosterone 1.55 + 0.42 5

specific activities did not significantly differ from unity.
The achievement of a steady state situation in a relatively
short time is apparently favcoured by the short "turn-over
time" (10~20 min) of steroids in the testis, as can be con-
cluded from the results in table 17.

The ratio of specific activities in product and pre-
curscr was calculated. Specific activities of a particular
steroid, isolated from different perfusions after the same
time period, showed a relatively large variation and there-
fore this ratic was not calculated from the mean values of
specific activities. Hence, the ratioc was calculated from
the specific activities in product and precursor in each
sample. Mean ratios and their standard errors were plotted
against the time (fig. 23).
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ratio of specific activities

1 I T L

[ 2 3 time (h)

Fig. 23 Time course relctionship of raties of specific activities of steroids in resticular
venous blood {same series of experiments as in fig. 22).

specific _activity of testosterone

specific activity of androstenediol

Mean values and S.E.M. are given {4 to 6 observations, except at 31 and 4 h.).

ratio =

During perfusicon with 3H—pregnenolone both androstene-
diol and androstenedicne were labelled. These two sterocids
are considered as the only direct precursors of testoste-
rone and since androstenediol is by far the most important
precursor during HCG administration (see paragraph 2.3.3),
the specific activities of this precursor and testosterone
should equal each other. After 30 to 60 min of perfusion
the ratio of these specific activities did not differ sig-
nificantly from unity (fig. 23), thus the technigues used
appeared to be reliable and another procf for the presence
of steady state conditions was obtained.

Surprisingly after 30 minutes of perfusion the speci-
fic activity of androstenedicl in the vencus blood was sig-
nificantly lower (P < 0.025} than that of dshvdroepiandros-
tercne (fig. 24).The ratio of specific activity of product
over precursor was in the order of 0.6. Because the speci-

fic activities ©f stercids in spermatic vencus blood were
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Fig. 24 Time course relationship of ratios of specific activities of steroids in
testicular venous blood (same series of experiments as in fig.22).
ratio = specific activity of androstenediol
specific activity of dehydroepiandrosterone
Mean values and S.E.M. are given (4 observations).

not significantly different from the specific activities of
the same steroids in testis tissue (table 19) these results
indicate that approximately 40% of the androstenedicl might
have originated from other sources than dehydrcepiandroste-
rone. Since the testostercne secretion rate exceeded

10 nmoles/30 min {(fig. 20), this unknown source of andros-
tenedicl may account for approximately 4 nmoles/30 min. It
is evident that the tissue poel of unlabelled andrcostene-—
diol was too small to deliver this amount (table 17} and
therefore this ratio cannot be explained by the absence of
steady state conditions. These data can only suggest that a
second, yet unknown pathway results in de novgo synthesis

of androstenediol. This pathway should also by-pass 17o-
hydroxypregnenolone, because the specific radicactivity of
dehydroepiandrosterone nearly eguals that of 17a-hydroxy-

pregnenoclone (see below).
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Table 20 RECRYSTALLIZATION QF THE 3H-ANDROSTENETRIONE, QRIGINATING FROM 3H-l?u-HYDROXYPREGNENO-

LONE. Fractions, isolated from the testicular venous blood of one perfusion experiment
were pooled. After addition of 30 mg of androstenetrione, recrystallization was performed from the
following solvent mixtures: 1. methanol-water. 2. acetone-water. 3. cyclohexane-ethyl acetate. The
radicactivity in the samples was estimated with a counting error of 6% or less. The purity was

calculated from the change in specific activities.

Perfusion nr. specific activities (dpm 3H/mg) rean radiochemical purity
nr. crystallization crystals mother 1liquor of androstenetrione
1 0 519
1 438 872
2 373 574
3 327 - € 63%
2 [ 432
1 284 551
2 245 245
3 246 - 56%
3 0 281
1 164 5954
2 119 . 259
3 110 131 39%
4 0 199
1 178 375
2 168 194
3 176 - 87%




Table 21 RELATIONSHIP BETWEEN THE SPECIFIC ACTIVITIES OF l7a-

HYDROXYPREGNENOLONE AND DEHYDROEPIANDROSTERONE,
secreted by the rabbit testis after infusion with 3H-pregneno—
lone. The values for l7e-hydroxypregnenclone are corrected for
the radiochemical impurities, as shown by the recrystallizations
cf the pooled fractions (table 20}.

specific activity of dehydroepiandrosterone
specitic activity of l/a-hydroxypregnenolone

The ratios =

are given.

Perfusion time specific activity (dpm/pmol)
experiment period 17a~-hydroxypreg- dehydroepian- ratio
min nencolone (corrected) drosterone
1 0 - 30 1042 928 0.89
30 - a0 1044 819 0.78
60 - 9¢C 1238 779 0.63
90 - 120 921 969 1.05
2 0 - 30 - 462 --
30 - &0 1000 511 0.51
60 - 30 592 353 0.59
20 - 120 447 403 0.%0
3 0 - 30 628 513 0.82
30 - 60 317 453 1.42
60 - 90 681 520 0.76
4 ¢ - 30 982 854 0.97
30 - 60 608 437 0.72
60 - 90 779 610 0.78

mean ratio
0.84 + 0.07
(S.E.M.,

4 perfusions)
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A preliminary experiment showed that the specific acti-
vity of l7a-hydroxypregnenolone was higher than that of
dehydroepiandrostercne, however, the 3H—androstenetrione,
coming from l7a-hydroxypregnenclone, was radiochemically
impure. Because of the small amcunt of radicactivity
(1500 to 4000 dpm 3H) in these fracticns it was not possible
to perform repeated recrystallizations with added androste=
netrione. Therefore androstenetrione samples from cone per-
fusion experiment were pcooled after mass determination with
g.l.c.. These combined samples were subsequently recrystal-
lized with authentic androstenetrione (table 20). The found
mean radiochemical purity of the combined sample was used
to correct the specific activities of 17w-hydroxypregnenc-
lone and these values were compared with the specific acti-
vities of dehydrcepiandrostercne {table 21).

Although the mean value for the ratio of specific acti-
vities 0.84 + 0.07 (S.E.M.} differs from unity (0.025 < P <
0.05), it is guestionable if during ECG administration any
dehydroepiandrcestercne comes from other sources than 17a-
hydroxypregnenclone. This small difference in specific ac-
tivities may be caused by an error in estimating the average
specific activity because complete radiochemical purity was

probably not obtained in all the recrystallized fractions.

2.3.5 Steroid sulfatase and steroid sulfates

In order to explain a possible contribution to andros-
tenediol synthesis from a steroid sulfate source, the pre-
sence of steroid sulfatase and steroid suifates in the rab-
bit testis was investigated. The rabbit testis was found to
have steroid sulfatase activity (fig. 25} with an apparent
Km—valgg 22 the same range as had been measured for rat
testis™ 7’ . The maximal cconversion rate, as measured for
dehydroepiandrosterone sulfate, was 1 nmcl per 3¢ minutes

per mg of micresomal protein.
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RAT TESTIS SULFATASE RABBIT TESTIS SULFATASE
: ®

1/v

-7

T T 1
G 0.3 0.6 0.9 G 0.4 0.8

. -1 _ -1
K =30 pM /5 ( pM™) K =20 pM /5 ( pM )

Fig.25 Steroid sulfatase activity in the 10,000-105,000 x g fraction of rat and rabbit
testis, represented in o Lineweaver-Burk plot. Velocity is expressed as nmoles
dehydroepiandrostercne sulfate hydrolysed during 30 minutes per mg of protein,

The testes and peripheral plasma from rabbits were
analysed for the sulifates of androstenediol and dehydrc-
epiandrostercone. The sensitivity of the method used was
20 pmcles. In the tissue both stercid sulfates were not
detectable. In plasma the concentration of dehydroepiandros-
terone sulfate was too low to be estimated but the level of
androstenediol mcnosulfate was found to be 1.7 + 0.8 nmoles/

100 ml plasma (S.E.M., 4 estimations).
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2.4 Discussion and conclusions

The relative importance of the As,Ba-hydroxystero'ld pathway and
androstenediol for steroid biosynthesis when compared with the

A4,3—oxosteroid pathway

Rosner et al.32 have reported that androstenediol con-
tributes significantly to the testosterone production in
rabbit testis. They came to this conclusicn after incubating
rabbit testis homogenates with 3Hvdehydfoepiandrosterone
and l4C*l7a—hydroxyprogesterone. From their data it can be
derived that about one third of the labelled testosterone
was synthesized via androstenediol. The results of the pre=
sent perfusion experiments with tracer amounts of 3H-l7a~
hydroxyprogesterone indicated that 70% or more of the tes-
tosterone was derived from androstenediol. These latter
results may well give a better guantitative impression of
the role of androstenediol in vivo because the conditions
used are more physiological. It is likely that the role of
androstenediol in the human testis has also been underesti-
mated because the data were also cobtained from ipn vitro

incubation33’40.

Possible alternative pathways in the biosynthesis of
A?ap-hydroxysteroids in rabbit testis

In HCG stimuiated rabbit testis dehydroepiandrosterone
was almost exclusively derived from l7a-hydroxypregnenolone
(see paragraph 2.3.4). This observaticn is consistent with
the conclusion cobtained by Burstein and Gut13 for adrenal
tissue. Extensive purification of the l7a~hydroxypregneno-

lone fraction appeared to be necessary before radiochemical
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purity was obtained. The large difference in specific acti-

vities of l7a-hydroxypregnenclone and dehydrcepiandrosterone
found in perfusion experiments with dog test1531 may thus be
explained by impurities in the l7¢-hydroxypregnenolone frac-
tions.

The difference between the specific activities of de-
hyvdroepiandrosterone and androstenediol during HCG adminis-
tration may indicate the presence of a second, yet unknown
biosynthetic route for androstenediol, which by-passes 17a-
hydroxypregnenolone and possibly also pregnenolone. Because
of the limited number of perfusion experiments in which
andrcstenediol has been measured, these results need veri-~
fication before further conclusicns are drawn. Furthermore,
the method used is an indirect method for demonstrating the
existence of precursors other than pregnenolone and the
second direct precurscr ©of androstenediol should be found.
Nevertheless, this result gave rise to some speculation.

If cholesterol hydroperoxide is involved in the side-chain
cleavage reaction69’70, unexpected rearrangements may result
in a direct degration of cholesterol tc androstenediol,
although the formation of a Cavfragment during the choleste-—
rol side-chain cleavage reaction has never been shown to
occur13.

An isotope effect of the tritium on reaction rates is
possible during stercid metabolism71, but can be excluded
for the metabolism of 16-3H~pregnenolone, because the per-

fusion experiments with 16—3H— and 4*14C—pregnenolone demon-

3.,14

strated a constant "H/ 'C ratioc in the products.

Steroid sulfates as possible precursors

. 14,
Precurscr steroids 4,65

in the peripheral bhleocd can,
when present, be converted to testosterone in the testis.
Peripheral blood plasma of rabbits was shown to contain

some androstenediocl monosulfate (1.6 nmoles,/100 ml),
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although only minute quantities of free steroids were found
(see paragraph 2.3.5). As demonstrated, rabbit testes con-
tain steroid sulfatase activity. However, steroid sulfates
penetrate only slowly into intact cells72, and the guantity
of androstenediol monosulfate which passes through the tes-
tis (about 0.3 nmoles/30 min) is insufficient to serve as a
quantitatively important scurce for the androstenediol.
Rabbit testes, at least unstimulated testes, virtually
lack the presence of androstenediol sulfate and dehydro-
epiandrosterone sulfate and therefore stercid biosynthesis
via the AS,BE—hydroxysteroid sulfate pathway is insignifi-
cant. In this respect there is a marked difference with the
human testis, which contains much higher levels of A5,3S—
hydreoxystercid sulfates than the free A5,36—hydrOXy-
steroidsl7. More recent evidence indicates, however, that
stercid sulfates are preferentially synthesized from the

73,74

corresponding free steroids and can merely be regarded

as side-products of androgen bicsynthesis.

It is concluded that during perfusion of rabkit testis
with HCG:

- the major part of testosterone was synthesized via the
AS,BB"hydroxysteroid pathway and androstenedicl.

~ dehydroepiandrosterone was almost exclusively derived
from l17e~hydroxypregnenclone.

- the ratio of specific activities of androstenedicl to
dehydroepiandrosterone was 0.6 and this may indicate the
presence of an unknown source of androstenediol. Andros-
tenediol sulfate did not contribute significantly to

testostercone biosynthesis.
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Summary

Testosterone formation in the testis is regulated in
vivce by the hypophysial hormone LH and indirectly by the
negative feedback effect of androcgens on the hypothalamus
and hypophysis. Several steroids can inhibit the in vitro
activity of enzymes reguired for steroidogenesis and it is
often suggested that inhibition by stercids is of importance
for the control of steroidogenesis at the cellular level
in vivo.

The first part of this thesis describes a study of the
inhibition of testicular C17'20~lyase by 17¢,20a-dihydroxy-
4-pregnen-3-one, a metabolite of l7e-hydroxyprogesterone.
The significance of this inhibition was evaluated for the
testosterone biosynthesis in rat and rabbit testes in wvivo.
The following results were obtained.

1. Radivcactively labelled progesterone and l7oe-hydroxy-
progesterone were metabolized to 17a,20a-dihydroxy-4-
pregnen—-3~one during incubation and perfusion experiments.

2. 17a,200-Dihydroxy-4-pregnen-3-one (Ki = 9 uyM) and 20a-
dihydroprogesterone (Ki = 2-5 yM) inhibited C -lyase

17,20
activity for the conversion of 17wu-hydroxyprogestercne

(Km = 2 uM) during incubation of various rat (and rab-
bit) testis preparations. However, infusion of these
steroids intc the arterial blood (10 uM) during perfu-
sion cf rabbit testes did not inhikit Cl7’20-lyase.

3. With a newly developed, sensitive method for the estima-
tion of 17u4,20a-dihydroxy-4-pregnen-3-one it was not
possible to conclude if any 17¢,20w-dihydroxy-4-pregnen-
3~-one was present in rat and rabbit testis tissue and in
testicular venous blcod. If present, the levels cf this
petential inhibitor in testis tissue were at least five
times lower than the levels of l7a~-hydroxyprogesterone,

the substrate for the Cl7'20-lyase.
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4., The 20a-hydroxysteroid dehydrogenase activity of rat
testis was mainly localized (97%) in the seminiferous
tubules and not at the site of testosterone formaticn in
the interstitial tissue.

5. It has therefore been concluded that 17a,20a-dihydroxy-
4-pregnen~3-one has no function in the regulation of
Cl7'20-lyase activity and testosterone production in the
testis under physiological conditions.

6. The Cl7’20—lyase activity from rat testis can be compe-
titively inhibited by 17g-ureido-1l,4~androstadien-3-one
(Ki is approximately 0.2 uM).

It is generally accepted that steroids are derived
from cholestercl and are formed along the A5,35-hydroxy—
stercid pathway and the A4,3—oxosteroid pathway. In the rat
testis the A7,3-oxosteroid pathway is the guantitatively
important route for testosterone bicsynthesis, while both
pathways are involved in the testes of man, dog and rabbit.
The role of steroid sulfates in the formation of A5,3B—
hydroxysteroids is unclear at present.

The second part of this thesis deals with the role of
AS,BB—hydroxysteroids in testosterone formation. In rabbit
testis the relative importance of the A4,3—oxosteroid
pathway and the A5,38~hydroxysteroid pathway for testoste-~
rone production was determined and the existence of precur-
sors of dehydroepiandrosterone and androstenediol other
than pregnenolone and l7a-hydroxypregnenolone was investi-
gated. For this purpose rabbit testes were perfused in vitro
with radioactively labelled substrates and the specific
radioactivities of the formed stercids in testis tissue and
spermatic venous blood were measured. It was observed that:
7. alkaline treatment eliminated the tritium iabel from

metabolites of 16—3H—preqnenolone, which contained a
l7-oxegroup. This elimination was prevented by modifica-

tion of the isolation procedure.
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10.

the larger part of the testosterone was synthesized via
the A5,3B~hydroxysteroid pathway and was derived from
androstenedicl.

during HCG administration dehydroepiandrosterone in rab-
bit testis was almost exclusively derived from 17a-
hydroxypregnenolone.

after perfusicon of 16—3H-pregnenolone the ratio of spe-
cific radiocactivities of androstenediol to dehydroepian-
drosterone in testicular venous blood was 0.6, which
might reflect the presence of an unknown source of an-
drostenedicl. It is unlikely that androstenediol mono-
sulfate contributed significantly to testosterone bio-
synthesis.
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Samenvatting

De bicsynthese van het hormoon testosteron in de tes-
tis wordt in vivo gereguleerd door het hypofysaire hormoon
LH, terwijl testosteron in de perifere circulatie de sekre-
tie van LH kan beinvlceden. Onder in vitro kondities kunnen
diverse steroiden een remmende invlced uitocefenen cp de ak-
tiviteit van enzymen, betrokken bij de steroid bicsynthese.
Het is niet bekend of dergelijke mogelijkheden voor inhibki-
tie van belanyg zijn voor de regulatie van deze steroid bio-
synthese onder in vivo omstandigheden. In dit verband werd

de remming van het enzym C -lyase bestudeerd.

17,20
In het eerste deel van dit proefschrift wordt een on-

derzoek keschreven over de remming van C -lyase aktivi-

teit door 17&,20a-dihydroxy—4—pregneen~3ig£2?17,20—OH—P) in
de testis. Het enzym 20c-hydroxysteroid dehydrogenase, dat
nodig is voor de vorming van 17,20-0H-P uit l7a-hydroxy-
progesteron, is aanwezlg in testis en daarom is onderzocht

of een mogelijke remming van de C -lyase aktiviteit wvan

belang is voeor de regulatie wvan dé7é§gtostexon synthese in

de testes van ratten en konijnen in vivo., De resultaten

kunnen als volgt worden samengevat:

1. Radiocaktief gemerkt progestercn en l7a-hydroxyprogeste-
ron worden tijdens inkubatie-en perfusie-experimenten
omgezet in ondermeer 17a,20a-dihydroxy-4-pregneen-3—on.

2. 17a,20e~Dihydroxy-4-pregneen—3-on (Ki = 9 uM} en 20a-
dihvdroprogesteron (Ki = 2-5 uM) remmen de C17'20—1yase
aktiviteit (Km = 2 uM) in inkubatie-experimenten met
diverse preparaten van ratte- {en konijne-)testis. Er
kon geen remming van de Cl7’2o-lyase aktiviteit aange-
toond worden, indien deze verbindingen tijdens perfusie-
preoeven van konijnetestes werden toegevoegd aan het
arteriéle bloed (10 uM).
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3. Er werd een methode contwikkeld om kleine hoeveelheden
170,20a-dihydroxy-4-pregneen-3-on te meten. Echter, de
aanwezigheid van deze potentiéle remmer in testis wvan
ratten en konijnen en in testikulair veneus blced kon
niet met zekerheid aangetoond worden. Indien 17q¢,20a-di-
hydroxy-4-pregneen-3-on in testisweefsel aanwezig is,
dan is de konc¢entratie tenminste vijfmaal lager dan die
van l17s¢-hydroxyprogesteron.

4. De 20a-hydroxysteroid dehydrogenase aktiviteit in ratte-
testis is hoofdzakelijk {(97% wvan de aktiviteit in tes-
tis) aanwezig in de seminifere tubuli en niet in het
interstitiéle weefsel, waar het testosteron geproduceerd
wordt,

5. Uit bovenstaande resultaten werd de konklusie getrokken
dat onder fysiclogische omstandigheden 17a,20c-dihydroxy-
4-pregneen-3-on geen funktie kan vervullen bij de regu-
latie van de testostercon produktie in de testis.

6. De C17'20—lyase uit rattetestis wordt kompetitief geremd
door 17g-ureido-l,4-androstadieen-3-on (Ki is ongeveer
2 pM).

Er wordt algemeen aangenomen dat testosteron gevormd
kan worden uit cholestercl via de A4,3—oxosteroid route en
de A5,33—hydroxysteroid route. Beide route's zijn betrokken
bij de testostercon synthese in de testes wvan mannen, honden
en Xxonijnen, terwijl in rattetestis alleen de A4,3—oxo~
steroid wvan belang is. Over de rol van steroldsulfaten bij
de vorming wvan A5,3thydroxysteroiden bestaat geen duide-—
lijke indruk.

In het tweede deel van dit proefschrift wordt een on-
derzoek beschreven naar de bijdrage wvan A5,38—hydroxy—
sterciden tot de testosteron synthese in konijnetestis. De

bijdrage via de AS

;3~hydroxysteroid route is kwantitatief
bepaald en de mogelijke aanwezigheid van precursors vVoor
dehydroepiandrosteron en androsteendiol naast pregnenolon
en l7e-hvdroxypregnenclon is onderzocht. Konijnetestes wer=

den geperfuseerd met radioaktief gemerkte substraten en de
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specifieke radicaktiviteit van de gevormde steroiden werd

bepaald. De resultaten zijn als volgt samengevat:

7. Metabolieten wvan 16~3H-pregnenolon met een l7-oxogroep
verliezen de tritium in alkalisch milieu. De methoden
voor de isclatie en de bepaling van steroiden werden
daarcm gewijzigd.

8. Het kwantitatief belangrijkste gedeelte van het testos-
teron werd gesynthetiseerd via de A5,3B—hydroxysteroid
route en werd rechtstreeks gevormd uit androsteendiol.
Onder invlced van HCG vormde deze bijdrage 97% wan het
totaal gevormde testosteron.

9. Tijdens HCG toediening werd praktisch alle dehydroepian-
drostercon in konijnetestis gevormd uit l7e~hyvdroxypreg-
nenoleon.

10. Na perfusie met 16—3H—pregnenolon was de verhouding van
de specifieke radiocaktiviteit van androsteendiol en
dehydroepiandrosteron 0,6. Dit kan wijzen op een onbeken-
de synthese route voor androsteendicl. Het is onwaar-
schijnlijk dat via het androsteendiol monosulfaat een
kwantitatief belangrijke bijdrage tot de testosteron
produktie wordt geleverd.
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