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Prior i¢n vitro investigations demonstrated that the P450 suicide substrate, 1-aminobenzotriazole
(ABT), was a potent inhibitor of xenobiotic metabolism but had no effect on steroidogenic enzymes
in the guinea pig adrenal cortex. Studies were done to determine if ABT administration to guinea
pigs in vivo also selectively inhibited adrenal xenobiotic metabolism. At single doses of 25 or
50 mg/kg, ABT effected rapid decreases in spectrally detectable adrenal P450 concentrations. The
higher dose caused approx. 759%, decreases in microsomal and mitochondrial P450 levels within 2 h.
The decreases in P450 were sustained for 24 h but concentrations returned to control levels within
72 h. Accompanying the ABT-induced decreases in adrenal P450 content were proportionately
similar decreases in P450-mediated xenobiotic and steroid metabolism. Microsomal benzo(a)pyrene
hydroxylase, benzphetamine N-demethylase, 17a-hydroxylase and 21-hydroxylase activities were
decreased to 20-25%, of control values by the higher dose of ABT. Mitochondrial 118-hydroxylase
and cholesterol sidechain cleavage activities were similarly diminished by ABT treatment. Adrenal
3p-hydroxysteroid dehydrogenase activity, by contrast, was not affected by ABT, indicating specifi-
city for P450-catalyzed reactions. The results demonstrate that ABT in vivo is a non-selective
inhibitor of adrenal steroid- and xenobiotic-metabolizing P450 isozymes. The absence of ABT effects
on steroid metabolism #n vitro suggests that an extra-adrenal metabolite may mediate the in vivo
inhibition of steroidogenesis.
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INTRODUCTION greater in the zona reticularis (ZR) than in the outer
zones of the gland, and both are suppressed by ACTH
treatment [6, 8]. Regulation of this 52 kDa isozyme, in
general, seems to be independent of the microsomal
steroid hydroxylases, P450c17 and P450c21 [3, 6, 8].
However, since this isozyme has yet to be purified or
cloned, detailed information on its catalytic capabilities
and regulatory mechanisms are not yet available.

We recently reported that incubation of guinea pig
adrenal microsomal preparations with 1-aminobenzo-
triazole (ABT), a mechanism-based (suicide) P450
inhibitor [9, 10], caused almost complete loss of xeno-
biotic-metabolizing activity without any effect on ster-

The cytochrome P450 isozymes that are expressed
in the adrenal cortex are principally involved in the
biosynthesis of steroid hormones [1,2]. However, in
several species adrenal metabolism of foreign com-
pounds has also been demonstrated [3-5]. Most of the
xenobiotic-metabolizing activity in adrenal glands has
been attributed to different P450 isozymes than those
involved in steroidogenesis [6, 7}, but relatively little is
known about the enzymes involved.

In the guinea pig adrenal cortex, the metabolism
of foreign compounds is highly correlated with the

presence of a microsomal 450 having an apparent
mol. wt. of 52kDa [6]. The concentration of this
isozyme and xenobiotic-metabolizing activities are far
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oid hydroxylation reactions [11]. As expected for a
P450 suicide substrate, enzyme inactivation by ABT
was both NADPH- and time-dependent. These results
suggested that ABT might serve as a useful probe for
further studies on the P450 isozyme(s) involved in
adrenal xenobiotic metabolism. However, for greatest
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usefulness, the selectivity of ABT for xenobiotic
metabolism should be applicable in vivo as well as
in wvitro. Accordingly, the studies presented in this
report were done to investigate the effects of ABT
administration to guinea pigs on adrenal xenobiotic and
steroid metabolism.

MATERIALS AND METHODS

ABT was supplied by Hoffman-ILaRoche, Inc., Nut-
ley, NJ. A polyclonal antibody to P4501A1 and
P4501A2 that cross-reacts with a 52 kDa isozyme in
guinea pig adrenal microsomes was obtained from
Human Biologics, Inc. Phoenix, AZ. The 38-hydroxy-
steroid dehydrogenase inhibitor, 4,4-dimethyl-2«-
cyano-20-spirox-5-en-3-one, was provided by Merck,
Sharp & Dohme Research Laboratories, Rahway, NJ.
Organic solvents of the highest grades commercially
available were obtained from Fisher Scientific, Pitts-
burgh, PA. Other reagents were obtained from Sigma
Chemical Co., St Louis, MO.

Male English Short-Hair guinea pigs weighing ap-
prox. 800-1000 g were obtained from Camm Research
Institute, Wayne, NJ. Animals were maintained under
standardized conditions of light (6:00 a.m.—6:00 p.m.)
and temperature (22°C) and received food and water ad
libizum. For most investigations, ABT was adminis-
tered between 4:00 and 5:00p.m. as a single i.p.
injection at a dose of 25 or 50 mg/kg body wt. in 0.9,
saline; controls received the vehicle only. Guinea pigs
were Kkilled the following day between 8:00 and
9:00 a.m. by CO, inhalation. For the time-course study
(Table 1), ABT was given between 8:00 and 9:00 a.m.
and animals were killed 1, 2, 4, 24, 48 or 72 h later. At
the time of killing, adrenal glands were quickly re-
moved and placed in cold 0.25 M sucrose containing
0.05M Tris—HCI (pH 7.4) on ice. Tissues were then
trimmed free of fat and connective tissue, weighed, and
homogenized in sucrose-Tris buffer. Washed mito-
chondrial and microsomal fractions were prepared by
differential centrifugation [12,13] and used for the
assays described below.

Adrenal mitochondrial 11f8-hydroxylase activity
was assayed as the rate of conversion of 11-deoxycorti-
sol to cortisol as described previously [12]. Cortisol
was measured fluorometrically [14]. Cholesterol
sidechain cleavage activity was determined as the
rate of pregnenolone production by isolated adrenal
mitochondria, with endogenous cholesterol as the sub-
strate [12]. Cholesterol metabolism was initiated by the
addition of 10mM sodium isocitrate, and 4,4-
dimethyl-2%-cyano-20-spirox-5-en-3-one (50 uM), a
3f-hydroxysteroid dehydrogenase inhibitor, was in-
cluded in each flask to prevent the conversion of
pregnenolone to progesterone [15]. Pregnenolone was
extracted from the incubation flasks with methylene
dichloride and measured with a highly specific radio-
immunoassay [12].
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Microsomal steroid 21-hydroxylase activity was de-
termined from the rate of conversion of 17x-hydroxy-
progesterone to 11-deoxycortisol, and 17x-hydroxylase
activity from the rate of conversion of progesterone to
17a-hydroxyprogesterone plus 11-deoxycortisol. Incu-
bation conditions and HPLC analyses of metabolites
were previously described in detail [16]. 38-Hydroxy-
steroid dehydrogenase-isomerase activity in adrenal
microsomes was measured as the rate of conversion of
pregnenolone to progesterone utilizing HPLC for
metabolite separation and UV absorbance at 254 nm for
quantitation [16]. Benzo[alpyrene hydroxylation was
determined by the fluorometric method of Nebert and
Gelboin [17]. Quinine sulfate was calibrated against
authentic 3-hydroxy-benzo[a]pyrene and routinely
used as the fluorescence standard. Benzphetamine N-
demethylation was assayed as the amount of formal-
dehyde formed using the method of Nash [18], as
previously described [19]. For all enzyme assays, con-
ditions were established to ensure linearity of product
formation with respect to protein concentrations and
incubation times.

Cytochrome P450 was measured as the dithionite-
reduced CO complex as described by Omura and Sato
[20]. Substrate-induced type I difference spectra were
recorded with an Aminco DW-2a recording spectro-
photometer in the split-beam mode. For Western blot
analyses, the anti-P450c17 and anti-P450c21 antisera
were prepared as described previously [21]. These
antisera recognize adrenal microsomal proteins having
mol. wt. of 54 and 50 kDa, respectively. A polyclonal
antibody to P4501A1 and P4501A2 was used to moni-
tor the 52 kDa P450 isozyme in adrenal microsomes
[3,4]. This antibody reacts with the microsomal pro-
tein having a mol. wt. of 52kDa but not with the
54 kDa (P450c17) or 50 kDa (P450c21) protein. Simi-
lar observations have been made by Black er al. 3, 4]
using a different polyclonal antibody raised against
P4501A1 and P4501A2. SDS-PAGE was done by the
method of Laemmli [22] and Western blots of micro-
somal proteins by the method of Towbin et al. [23].
Immunoreactive proteins were visualized by peroxi-
dase immunostaining. Microsomal and mitochondrial
protein concentrations were determined by the method
of Lowry et al. [24]. Statistical analyses of differences
between group means were done with the Students
¢-test or Newman—Keuls multiple-range test. Data are
presented as means + SEM.

RESULTS AND DISCUSSION

Administration of ABT to guinea pigs at a dose
of 50mg/kg body wt. caused rapid decreases in
adrenal mitochondrial and microsomal cytochrome
P450 concentrations (Table 1), Within 1h after an
i.p. injection of ABT, P450 levels in both sub-
cellular fractions decreased significantly. The maximal
declines (70-809%,) occurred within approx. 2h and
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Table 1. Adrenal cytochrome P450 concentrations at vartous times after ABT admunistration to guinea pigs*

ABT-treated

Controls lh 2h 4h

24 h 48 h 72h
Mzitochondria
P450 (nmol/mg protein) 1.0+02 06401+ 03+01+ 044£01% 03+4011% 06+£0.1% 1.14+0.2
Microsomes
P450 (nmol/mg protein) 1.8+0.2 1.0+02+ 04401t 034011t 041011 0940.2¢% 1.6 +0.3

*ABT was administered at a dose of 50 mg/kg and P450 assays were done as described in Methods. Values are expressed
as means + SEM of 4-5 animals per group. Because control values were similar at all time points, they were combined.
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1P < 0.05 (vs control value).

were sustained for at least 24 h. After 48 h, some
recovery of P450 levels was observed, and within 72 h
after ABT administration, mitochondrial and micro-
somal P450 concentrations returned to control values
(Table 1).

We previously found that ABT ix virro had no effect
on mitochondrial P450 concentrations and decreased
microsomal levels maximally by about 35°, [11]. The
far greater losses of P450 that occurred after ABT
treatment i vivo suggested that ABT had less selectiv-
ity n vivo than in vitro. This hypothesis was confirmed
by determination of adrenal xenobiotic- and steroid-
metabolizing activities. As shown in Fig. 1, ABT
administration at doses of 25 or 50 mg/kg body wt.
caused marked decreases in microsomal ben-
zo(a)pyrene (BP) hydroxylase and benzphetamine (BZ)
N -demethylase activities, effects like those produced
i vitro [11]. However, in contrast to its selectivity for
xenobiotic metabolism in vitro, ABT administration
in vivo also decreased steroid hydroxylase activities
(Fig. 2). Microsomal 17x-hydroxyvlase and 21-hy-
droxylase activities were decreased to a proportionately
similar extent as xenobiotic metabolism. The non-se-
lectivity of ABT actions n vivo extended to mitochon-
drial as well as microsomal PP450-mediated steroid
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Fig. 1. Effects of ABT administration on adrenal microsomal
benzo(a)pyrene hydroxylase (BP-OHase) and benz-
phetamine (BZ) demethylase activities. Animals were pre-
treated for approx. 16 h and enzyme activities determined as
described in Methods. Data are expressed as percent of
control values and are the means + SEM of 5-6 animals
in each group. 100% equivalent to: 435 — 38 pmol/min/mg
protein, BP-OHase; 8.6 + 1.2 nmol/min/mg protcin, BZ-
demethylase. *P < 0.05 (vs controls).

metabolism. ABT administration decreased both 118-
hydroxylase and cholesterol sidechain cleavage activi-
ties in adrenal mitochondria (Fig. 3). Neither of these
reactions was affected by mitochondrial incubations
with ABT in vitre [11]. ABT treatment had no effect
on microsomal 3f-hydroxysteroid dehydrogenase-
isomerase activity (data not shown), a non-P450 de-
pendent reaction involved in steroid hormone
biosynthesis [1, 2]. The latter suggests some degree of
specificity for P450-catalyzed reactions by ABT.
The effects of ABT treatment on the binding of
steroid and xenobiotic substrates to microsomal P450
isozymes, as indicated by type I spectral changes
(Fig. 4), were also indicative of non-selectivity iz vivo.
At both doses administered, ABT caused quantitatively
similar declines in the magnitudes of the BZ- and
progesterone-induced spectra, demonstrating equipo-
tent effects on the binding of both substrates to their
respective P450 isozymes. PAGE and Western blot
analyses revealed that ABT treatment had no apparent
effect (data not shown) on microsomal concentrations
of the apoproteins corresponding to P450cl7,
P450¢21, or the 52 kDa isozyme highly correlated with
xenobiotic metabolism [6, 8]. This is not necessarily
surprising since it is the prosthetic heme group
of cytochrome P450 that is alkylated by the ABT
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Fig. 2. Effects of ABT administration on adrenal microsomal
17a-hydroxylase (17a-OHase) and 21-hydroxylase (21-
OHase) activities. Animals were pretreated for approx. 16 h
and enzyme activities determined as described in Methods.
Data are expressed as percent of control values and are the
means + SEM of 5-6 animals in each group. 1009, equivalent
to: 9.4+ 0.8 nmol/min/mg protein, 17a-OHase; 3.9+
0.5 nmol/min/mg protein, 21-OHas¢. *P < 0.05 (vs controls).
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Fig. 3. Effects of ABT administration on adrenal mitochon-
drial 118 -hydroxylase (118-OHase) and cholesterol sidechain
cleavage (CSCC) activities. Animals were pretreated for
approx. 16 h and enzyme activities determined as described
in Methods. Data are expressed as percent of control values
and are the means + SEM of 5-6 animals in each group. 1009,
equivalent to: 1.6 + 0.3 nmol/min/mg protein, 118-OHase;
0.17 + 0.03 nmol/min/mg protein, CSCC. *P <0.05 (vs
controls).

derivative, benzyne, causing loss of activity [9, 10].
However, we cannot exclude the possibility that ABT
caused some modification of apoproteins, but without
loss of immunoreactivity. ABT administration did
cause quantitatively similar decreases in heme and in
spectrally detectable P450 concentrations in micro-
somes (Fig. 5) and mitochondria (not shown). We
previously obtained similar results in vitro after incu-
bation of adrenal microsomes with ABT [11].

The results presented in this report indicate that
ABT is a potent in vivo inhibitor of both steroid and
xenobiotic metabolism in the adrenal cortex. These
observations may offer an explanation for the findings
of Meschter ez al. who reported an increase in adrenal
weight [25] but decrease in plasma corticosterone con-
centrations (personal communication) in ABT-treated
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Fig. 4. Effects of ABT administration on the adrenal micro-
somal benzphetamine (BZ)- and progesterone (Prog.)-
induced type I spectra. Animals were pretreated for approx.
16 h and assays done as described in Methods. Data are
expressed as means + SEM of 5-6 animals in each group.
1009% equivalent to: 0.08 + 0.02 (AA ), BZ Type 1 Spec-
trum; 0.26 + 0.04 (AA;g 45), Prog. Type I Spectrum. *P < 0.05
(vs controls).
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Fig. 5. Effects of ABT administration on adrenal microsomal
cytochrome P450 and heme concentrations. Animals were
pretreated for approx. 16 h and assays done as described
in Methods. Data are expressed as percent of control values
and are the means + SEM of 5-6 animals in each group.
1009% equivalent to 1.8+ 0.1nmol/mg protein, P450;
3.7 + 0.3 nmol/mg protein, heme. *P < 0.05 (vs controls).

Heme

rats. It is possible that inactivation of steroidogenic
P450 isozymes by ABT leads to a decline in adrenal
corticosteroid synthesis and elicits a compensatory
increase in pituitary ACTH secretion. The elevated
levels of ACTH could account for the adrenal enlarge-
ment noted by Meschter er al. [25] but would not
necessarily restore corticosterone secretion to normal
because of the enzyme inactivation caused by ABT.

Further studies are now needed to determine the
mechanism of action of ABT on adrenal steroid
hydroxylases. In other organs it has been clearly
established that ABT is a suicide substrate for various
P450 isozymes [9, 10, 26—29]. Our prior iz vitro inves-
tigations [11] suggest that the same mechanism is
applicable to ABT inactivation of adrenal xenobiotic-
metabolizing enzymes. However, the absence of effects
on steroid hydroxylases in vitrro under the same con-
ditions that cause almost complete loss of xenobiotic
metabolism [11], suggests that a mechanism other than
suicide inhibition may account for the in vivo actions of
ABT on adrenal steroid metabolism. It is also possible
that an extra-adrenal metabolite of ABT, and not the
parent compound, is responsible for the inactivation of
steroidogenic P450 isozymes. Investigations to con-
sider these as well as other possible mechanisms are
currently in progress.
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