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Summary—Studies were done to determine the role of the 17a-hydroxylase in the conversion
of 7a-thiospironolactone (7x-thio-SL) to a reactive metabolite causing the degradation of
testicular cytochrome P-450. Incubation of guinea pig testicular microsomes with 7a-thio-SL
plus NADPH resulted in an approx. 70% decline in cytochrome P-450 content and
even greater loss of 17x-hydroxylase activity. Addition of the 17a-hydroxylase inhibitor,
SU-10'603, to the incubation medium prevented the degradation of P-450 by 7a-thio-SL.
Similarly, preincubation of testicular microsomes with anti-P-450,,,,. 1gG to inhibit
17a-hydroxylation, diminished the subsequent loss of P-450 caused by 7x-thio-SL. The results
indicate that the 17x-hydroxylase catalyzes the conversion of 7«-thio-SL to the reactive
metabolite responsible for P-450 destruction. The accompanying loss of 17a-hydroxylase
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activity supports the hypothesis that suicide inhibition is the mechanism involved.

INTRODUCTION

Prior investigations have demonstrated that the
mineralocorticoid antagonist, spironolactone
(SL), causes degradation of cytochrome(s) P-
450 in the adrenal cortex and testis, resulting
in decreases in steroid hydroxylase activi-
ties [I-11]. As a result, adrenal corticosteroid
production and testicular androgen secretion
are decreased in SL-treated animals [1, 2]. Simi-
larly, a number of clinical reports indicate that
adrenocortical and testicular steroidogenesis are
comprised in some patients receiving SL [7-11).
In vitro studies have demonstrated that the
degradation of adrenal or testicular P-450 by
SL requires microsomal metabolism of the drug
to a reactive metabolite that has yet to be
identified [5, 6, 12]. However, it has been estab-
lished that the first step in the activation
pathway is the deacetylation of SL to 7ua-
thiospironolactone (7a-thio-SL)([12]. The sub-
sequent oxidation of 7a-thio-SL generates the
metabolite responsible for P-450 degradation.

A number of observations have provided
indirect evidence that the 17a-hydroxylase is
involved in the activation of 7a«-thio-SL by
adrenal and testicular microsomes [13, 14]. In
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addition, since a rapid decline in 17a-hydroxy-
lase activity follows 7a-thio-SL activation, it has
been proposed that 7a-thio-SL is a suicide
inhibitor of the 17a-hydroxylase[S, 6, 13]. We
have recently demonstrated that metabolism of
Ta-thio-SL by a purified and reconstituted 17a-
hydroxylase preparation causes inactivation of
the enzyme([15], supporting the suicide inhi-
bition hypothesis. The studies described in this
communication were done to directly assess the
role of the 17a-hydroxylase in the activation of
To-thio-SL by testicular microsomes.

METHODS

Adult male English Short Hair guinea pigs
(800-1000 g) were obtained from Camm Re-
search Institute (Wayne, NJ), and maintained
under standardized conditions of light
(6a.m.—6 p.m.) and temperature (22°C) on a
diet of Purina laboratory chow and water ad
libitum. All animals were allowed at least 7 days
to become acclimated to the housing conditions
prior to use in experiments. Animals were sac-
rificed by CO, inhalation and testes were quickly
removed and placed in cold 1.15% KCI-0.05M
Tris-HCl1 (pH 7.4) on ice. All steps in the
preparation of subcellular fractions were carried
out at 0-4°C. Tissues were homogenized with a
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motor-driven glass-Teflon homogenizer in
KCI-Tris buffer. The homogenates were first
centrifuged at 900g for 10 min followed by
9000 g for 20 min. The 9000 g pellet was washed
once and recentrifuged at 9000 g for 20 min. The
supernatants of the 9000 g spins were further
centrifuged at 105,000 g for 75 min in a Beck-
man L8-60M ultracentrifuge to obtain the
microsomal pellets.

Incubation conditions for studies on the
degradation of microsomal cytochrome(s) P-
450 by 7a-thio-SL were essentially the same as
described previously [12], except that the tem-
perature was maintained at 4°C. The lower
temperature was employed in order to decrease
the rate of cytochrome P-450 degradation,
thereby allowing for better control of exper-
imental conditions. Microsomal suspensions
(0.5mg prot/ml) in 1.15% KC0.05M
Tris~HCI containing 3 mM MgCl, were incu-
bated with 7a-thio-SL (0.1 mM) and/or an
NADPH generating system (0.4 mM NADP™,
10 mM sodium isocitrate, 0.3 U/ml isocitrate
dehydrogenase) under air with shaking for
30 min. Some incubations were done in the
presence of the 17a-hydroxylase inhibitor,
SU-10"603 [21]. For each of the incubation con-
ditions employed, one set of flasks served as
unincubated or 0-time controls. After incu-
bation, microsomes were recentrifuged and
washed twice prior to measurement of cyto-
chrome P-450 concentrations or 17x-hydroxy-
lase activities. The washings were necessary to
remove residual SU-10"603 and thereby elimin-
ate its inhibitory effect on 17x-hydroxylation.

Anti-P-450,4, ., I8G was prepared from rab-
bit serum and elicited with purified P-450,7, )4
from guinea pig adrenal microsomes, as de-
scribed previously [16]. Preparation included
ammonium sulfate precipitation, DE-52-
column chromatography, and gel-filtration with
G-200. Samples were dissolved in 0.9% NaCl
containing 20 mM Tris—HCI (pH 8.0). Control
IgG was similarly prepared from preimmune
serum. For inhibition of microsomal 17«-
hydroxylase activity, aliquots of microsomal
suspensions were preincubated with anti-P-
450,7,1yes (Or control IgG) at a ratio of 2 mg IgG
per mg microsomal protein for 2h at 4°C as
described previously [17]. The preincubations
had no effects on cytochrome P-450 concen-
trations, and preincubations in the absence of
anti-P-450,7, .., did not affect steroid hydroxy-
lase activities. After the preincubations, aliquots
of the microsomal suspensions were taken for
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incubations with 7a-thio-SL and/or NADPH,
as described above.

Steroid 17x-hydroxylase activity was assayed
as the rate of conversion of progesterone to
17a-hydroxyprogesterone. After incubation of
testicular microsomes with steroid and/or
NADPH, aliquots of the incubation mixtures
were diluted 1:2 with enzyme assay buffer [18].
Enzyme assays were done essentially as de-
scribed previously [18], but were scaled down to
accommodate smaller amounts of protein.
Microsomal assays were done with 0.025 mg
protein in a total volume of 0.625 ml and were
incubated for 45 min. In all cases, incubation
conditions were employed which ensured linear-
ity of product formation with respect to incu-
bation time and protein concentration. After
incubation, steroids were extracted with ethyl
acetate and metabolites separated by reverse
phase HPLC as described previously[18];
metabolites were quantified by u.v. absorbance
at 254 nm.

Cytochrome P450 was measured as the
dithionite-reduced CO complex by the method
of Omura and Sato[19]. Microsomal protein
concentrations were determined by the method
of Lowry et al. [20] with bovine serum albumin
as the standard. Data are presented as
means + standard errors. Statistical analyses of
differences between group means were done
with the Student’s z-test or the Newman-Keuls
multiple range test, as appropriate.

RESULTS AND DISCUSSION

As reported previously, incubation of testicu-
lar microsomes with 7a-thio-SL plus NADPH
caused large declines in cytochrome P-450 con-
centration and 17a-hydroxylase activity. These
effects were fully demonstrable even after exten-
sive washing of the microsomal preparations
(Table 1), illustrating that the inactivation of the
enzyme by 7a-thio-SL is irreversible. In the
absence of NADPH, 7a-thio-SL did not affect
P-450 content or enzyme activity, demonstra-
ting the need for metabolic activation. To deter-
mine the role of the 17x-hydroxylase in the
activation of 7a-thio-SL, the effects of the 17a-
hydroxylase inhibitor, SU-10'603, on the 7ua-
thio-SL-mediated degradation of P-450 were
examined (Table 1). The three concentrations of
SU-10'603 employed, 0.5, 0.1 and 0.05 mM,
inhibited 17a-hydroxylase activity by 76, 32 and
15%, respectively, during the incubation period
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(data not shown). However, washing the micro-
somes after the incubation removed sufficient
amounts of the SU-10'603 to restore 17a-
hydroxylase activity to control levels (Table 1).

The presence of SU-10'603 during the incu-
bation period decreased the degradation of P-
450 by 7a-thio-SL in a concentration-dependent
manner (Table 1). The 7a-thio-SL-mediated de-
cline in 17x-hydroxylase activity was similarly
diminished by including SU-10"603 in the incu-
bation medium. The highest concentration of
SU-10"603 prevented any significant decrease in
P-450 content or in enzyme activity, and the
protective effects generally paralleled the degree
of inhibition of 17a-hydroxylase by SU-10"603
(Table 1).

An alternative approach used to assess the
role of the 17a-hydroxylase in the activation of
Ta-thio-SL was to determine the effects of anti-
P-450, 7450 18G on the degradation of P-450 by
Ta-thio-SL (Fig. 1). The inhibitory effects of the
anti-P-450,5, ., ON testicular 17a-hydroxylase
activity were concentration dependent, but lim-
ited supplies of the antibody precluded doing
complete dose-response studies. In microsomes
preincubated without anti-P-450,5,,,,. or with
control IgG, 7a-thio-SL effected a >50% de-
cline in cytochrome P-450 content (Fig. 1).
Preincubation of testicular microsomes with
anti-P-450,5,,,,,c at a concentration of 2mg
IgG/mg microsomal protein caused an approx.
60% decline in 17a-hydroxylase activity (0.33 vs
0.86 nmol/min x mg prot). The amount of P-
450 degradation caused by 7a-thio-SL was de-
creased, but not completely prevented, by

Table 1. Effects of incubating testicular microsomes with 7a-thio-SL
in the presence and absence of SU-10'603 on cytochrome P-450
concentration and 17x-hydroxylase activity*

17a-Hydroxylase

Incubation P-450 activity
conditions (% of control) (% of control)
Control 100° 100°
7a-Thio-SL 96+ 8 105 + 10
Ta-Thio-SL + NADPH 31 +5 15+3¢
SU-10'603 (0.5 mM) 9548 96+ 7
SU-10603 (0.1 mM) 102+ 6 9+8
SU-10603 (0.05 mM) 96 + 8 105+9
7e-Thio-SL + NADPH

+8SU-10'603 (0.5 mM) 87+7 82+7
7«-Thio-SL + NADPH

+SU-10°603 (0.1 mM) 62158 53+ 6
7a-Thio-SL + NADPH

+8SU-10°603 (0.05 mM) 43¢ & 27 + 4¢

*Microsomes were washed twice after the incubation period and
prior to determining P-450 content and 17x-hydroxylase activi-
ties; values are expressed as mean percent of control values + SE
of 4—6 experiments.

®100% equivalent to 0.17 nmol/mg prot.

°100% equivalent to 0.93 nmol/min x mg prot.

4P < 0.05 (vs corresponding control value).
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Fig. 1. Effects of anti-P-450,4,,,,. I8§G on the 7a-thio-SL-
mediated degradation of cytochrome P-450 in testicular
microsomes. Microsomal suspensions were preincubated
with or without anti-P-450,,,,.,,. IgG and then incubated
with 7a-thio-SL in the presence or absence of NADPH as
described in Methods. Values are means 1 SE of 3 exper-
iments and are expressed as % of the corresponding un-
incubated (0-time) values. 100% equivalent to 0.15 nmol/mg
prot. *P <0.05 (vs corresponding -NADPH value);
bP < 0.05 (vs corresponding control value).

preincubation of microsomes with the anti-
P-450,7, 50 (Fig. 1). The extent of P-450 protec-
tion by the anti-P-450,5,,,, Was proportionally
similar to its inhibition of 17x-hydroxylation
(~60%).

These observations provide direct evidence
that the 17a-hydroxylase is responsible for the
activation of 7a-thio-SL by testicular micro-
somes. Thus, the activation mechanism is simi-
lar to that in the adrenal cortex [15]. Since the
17a-hydroxylase is inactivated as a consequence
of 7a-thio-SL activation in both organs, the
data lend additional support to the hypothesis
that suicide inhibition of the P-450,;,,, is the
mechanism involved. However, 7a-thio-SL also
catalyzes the degradation of P-450 in rat liver
microsomes [22, 23], a preparation that does
have 17a-hydroxylase activity.  Decker
et al.[22,23] have implicated P-450p in the
activation of 7a-thio-SL by hepatic microsomes,
and have proposed that oxidation of the thiol
moiety generates the reactive thiyl radical or
sulfenic acid derivative which causes P-450
degradation. Further studies are now needed to
determine if a similar reactive metabolite of
Ta-thio-SL is produced by the 17x-hydroxylase
and to investigate the role of still other P-450
isozymes in the activation of 7a-thio-SL. Such
studies should contribute to a fuller understand-
ing of the mechanisms involved in some of the
adverse effects of SL.
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