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Abstract—The effects of administration of buserelin, a synthetic agonist of lutenizing hormone-releasing
hormone (LH-RH), on the content of P-450-male, a male specific form of cytochrome P-450, and the
activities of drug and testosterone hydroxylases were examined in liver microsomes of male rats.
Administration of buserelin resulted in a decrease in the serum level of testosterone in a dose-dependent
manner. Similar decreases were seen in the activities of aminopyrine N-demethylase, 7-propoxycoumarin
O-depropylase and testosterone 2~ and 16a-hydroxylases, but not in the activity of aniline p-hydroxy-
lase. Thus, correlations were observed between the serum level of testosterone and the activities of drug
and testosterone hydroxylases except for aniline p-hydroxylase. These results indicate that the drug and
testosterone hydroxylases are affected sensitively and sequentially by the changes in the testosterone

levels in the body.

Cytochrome P-450 in liver microsomes plays central
roles in metabolizing a wide variety of exogenous as
well as endogenous substrates, including steroids and
drugs, and constitutes a superfamily of enzymes,
comprising some 20-30 families [1]. In view of the
pharmacological significance of cytochrome P-450,
forms of cytochrome P-450 have been purified and
characterized to clarify the functions of each form of
cytochrome P-450. Among forms of cytochrome P-
450 purified so far, P-450-malei was found to exist
specifically in liver microsomes of adult male rats [2-
4]. Since sex-related differences in pharmacological
and toxicological actions of drugs have been noted,
the presence of the sex specific form of cytochrome
P-450 has been considered one of the causes of such
differences [2-4, 7].

Immunochemical quantitation of P-450-male
showed that P-450-male appears in liver microsomes
of male rats with sexual maturation [8, 10]. Thus,
gonadectomy of newborn male rats completely pre-
vented the appearance of P-450-male in mature life.
The gonadectomy of four-week-old male rats clearly
reduced the amounts of P-450-male in liver micro-
somes [4]. These results suggest that the testosterone
level regulates the expression of P-450-male even in
adult rats, while no evidence supporting the idea that
there is a close correlation between the level of serum
testosterone and the content of P-450-male has been
reported.

Buserelin is a synthetic lutenizing hormone-releas-
ing hormone (LH-RH) agonist currently being devel-
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+ P-450-male is identical with the following isozymes
purified in other laboratories: UT-A [5], h [6], 2¢c [7], P-
4506, [8], and RLM; [9]. These isozymes belong to P-450
II family.
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oped for clinical use. Daily administration of this
drug produces a temporal sharp increase in the level
of serum testosterone around one day after the first
injection, then reduces the level remarkably [11].
Thus, this study was undertaken to know whether
the control of testosterone level by buserelin
administration reflects the content of P-450-male and
subsequently the activities of drug and testosterone
hydroxylases. We show herein that P-450-male and
sex-dependent drug hydroxylases are controlled in
close association with the serum level of testosterone.

MATERIALS AND METHODS

Materials. Testosterone was purchased from a
commercial source and used after purification by
recrystallization. The 68- and 16a~hydroxy-
testosterone were provided by Steraloid and Sigma,
respectively. The 2a-hydroxytestosterone was a
generous gift from Dr. Kirk, Queen Mary Col-
lege, University of London. NADP, glucose 6-
phosphate and glucose 6-phosphate dehydrogenase
were the products of Oriental Yeast (Tokyo, Japan).
Goat anti-rabbit immunoglobulin G (IgG) and
peroxidase-rabbit anti-peroxidase complex (PAP)
were obtained from Cappel Laboratories (West
Chester) and Daiichi Chemicals, respectively. Anti-
bodies to P-450-male were prepared by immu-
nization of female Japanese White rabbits according
to the method reported elsewhere [4]. The IgG frac-
tion from serum was partially purified by ammonium
sulfate precipitation. Other reagents were from com-
mercial sources but were of the highest grade
available.

Treatment of animals and preparation of liver
microsomes. Male Sprague-Dawley rats were div-
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ided into five groups, namely, control group, low
dose group, high dose group, recovery group and
castration group. The rats in low and high dose
groups received once-daily subcutaneous injection
of buserelin in isotonic saline solution (1 ug or 100 ug
per kg of body weight) for 2 weeks, starting at 10
weeks of age. The rats in the recovery group were
given buserelin solution (100 ug per kg of body
weight) for 2 weeks, starting at 8 weeks of age, then
housed for 2 weeks without treatment. The rats in
the castration group were castrated at 10 weeks of
age. All rats were killed at 12 weeks of age by a blow
on the head and decapitated. Livers were immedi-
ately removed and homogenized with 1.15% pot-
assium chloride, and the microsomes were prepared
at 4° by sequential centrifugations at 9000g for
20 min and 105,000 g for 60 min, respectively. Tes-
tosterone level in serum was determined by specific
radioimmunoassay [12]. The amount of microsomal
protein and the content of cytochrome P-450 were
measured by the methods of Lowry er a/. [13] and
Omura and Sato [14], respectively. Cytochrome bs
was determined according to the method of Omura
and Sato [15]. NADPH-cytochrome ¢ reductase
activity was measured by the method of Phillips
and Langdon [16] with cytochrome ¢ as an electron
acceptor. The activity of NADPH-cytochrome ¢
reductase was defined as a unit which reduced 1 ymol
of cytochrome ¢ per min.

Immunochemical quantification of P-450-male.
Peroxidase staining technique coupled with sodium
dodecy! sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was used to quantitate the amount of
P-450-male in liver microsomes [5, 17]. SDS-PAGE
was performed according to the method of Laemmli
[18]. Proteins in the gel were transferred to a nitro-
cellulose sheet. Rabbit anti-P-450-male IgG were
applied, and then goat anti-rabbit IgG and sub-
sequently  peroxidase—antiperoxidase  complex
added. Cytochrome P-450 was visualized with 3,3’
diaminobenzidine and hydrogen peroxide.

Assays of drug-metabolizing enzyme activities in
liver microsomes. The incubation mixture (1 ml) for
the assay of the activities of drug-metabolizing
enzymes consisted of 100 mM sodium, potassium
phosphate buffer (pH 7.4}, 0.05 mM EDTA, 1 mgof
microsomal protein, an NADPH-generating system
(0.5 mM NADP, 5 mM glucose 6-phosphate, 1 unit
of glucose 6-phosphate dehydrogenase and 5mM
magnesium chloride), and a substrate (5 mM amino-
pyrine, 5mM aniline or 0.5mM 7-propoxy-
coumarin). The reaction was initiated by addition
of the NADPH-generating system, and terminated
by addition of trichloroacetic acid after 15min
incubations at 37°. The activities of aminopyrine N-
demethylase, aniline p-hydroxylase and 7-propoxy-
coumarin O-depropylase were estimated by deter-
mination of formaldehyde [19], p-aminophenol [20]
and 7-hydroxycoumarin [21], respectively. Tes-
tosterone hydroxylase activities were measured
according to the method of Hayashi ef af. {22] with
slight modifications. Briefly, the reaction mixture
(0.5ml) consisted of 100 mM potassium, sodium
phosphate buffer (pH 7.4), 0.05 mM EDTA, 0.5 mg
of microsomal protein, the NADPH-generating sys-
tem and 300 nmol of testosterone dissolved in 10 ul

of methanol. The mixture was incubated for 15 min
at 37° and extracted with 3 ml of benzene. The ben-
zene layer was evaporated to dryness under reduced
pressure. The residue was dissolved in 100 ul of
methanol containing cortisone as an internal
standard. The metabolites were determined using
high-performance liquid chromatography.

RESULTS

Table 1 shows the effect of buserelin adminis-
tration on the serum level of testosterone. Daily
administration of buserelin for 2 weeks resulted in
the decrease in the serum level of testosterone in a
dose-dependent manner. A marked decrease in the
testosterone level was also observed by castration of
rats. Upon cessation of treatment of rats with the
high dose of buserelin for 2 weeks, the serum tes-
tosterone increased to a level higher than the control.

The content of cytochrome P-450 in liver micro-
somes was not affected by the administration of
buserelin, while it was decreased significantly by
castration (Table 1). The content of cytochrome bs
was slightly decreased by the low dose of buserelin
and castration. In addition, the activity of NADPH-
cytochrome ¢ (P-450) reductase tended to decrease
with an increasing dose of buserelin. Castration
decreased the activity of the reductase remarkably.
Such decrease in the reductase activity was restored
to the control level 2 weeks after cessation of the
administration of buserelin.

Aniline p-hydroxylase activity tended to increase
with an increase in dose of buserelin. The activity
had not returned to the control level 2 weeks after
cessation of administration. There was no significant
change in the activity by castration. On the other
hand, the activities of aminopyrine N-demethylase
and 7-propoxycoumarin O-depropylase decreased
significantly by castration and by the administration
of buserelin. Two weeks after the last injection of
buserelin, aminopyrine N-demethylase activity
returned to the control level, while 7-propoxy-
coumarin O-depropylase activity showed a higher
activity than the control. The correlation coefficients
between drug-metabolizing activities and serum tes-
tosterone level were determined to be —0.06, 0.65
and 0.72 for aniline p-hydroxylase, aminopyrine
N-demethylase and 7-propoxycoumarin O-depro-
pylase, respectively. These results suggest that buser-
elin treatment changed the population of forms of
cytochrome P-450, since the treatment changed the
activities of drug-metabolizing enzymes without
affecting the specific content of total cytochrome P-
450 spectrally determined in liver microsomes. The
content of P-450-male in liver microsomes from bus-
ereline-treated rats is shown in Table 2. A dose-
dependent decrease in the content was observed by
the administration of buserelin. Castration of rats
decreased the content significantly. The decrease of
the content of P-450-male correlated with serum
testosterone level {r = 0.69). The effects of buserelin
treatment on the activities of testosterone 2a- and
16a-hydroxylases, which are characteristics of P-450-
male [6-8, 23], were examined (Table 2). Both activi-
ties decreased dose-dependently by the adminis-
tration of buserelin, and were restored by cessation
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Table 1. Effects of buserelin on serum level of testosterone, content of cytochromes P-450 and b5, the activity of NADPH-
cytochrome ¢ reductase, and drug-metabolizing enzyme activities in liver microsomes of rats

Treatment
Control Low dose High dose Recovery Castration

Serum testosterone

level (ng/ml) 1.35+0.42 0.86 = 0.11 0.76 = 0.08 2.04 £0.50 0.55 = 0.04
Cytochrome P-450

(nmol/mg protein) 0.61+0.03 0.60 + 0.04 0.64 +0.04 0.64 = 0.02 0.36 + 0.08**
Cytochrome b

(nmol/mg protein) 0.41 £0.04 0.33 £ 0.06* 0.40 = 0.01 0.45+0.03 0.37 £ 0.04
NADPH-cytochrome

¢ reductase

(unit/mg protein) 0.21 £0.03 0.17 £0.01 0.15 £ 0.02** 0.19+0.02 0.09 +0.03**
Aniline p-hydroxylase

(nmol/min/mg protein)  0.41 = 0.08 0.54 +0.11 0.60 +0.21 0.69 = 0.07** 0.33 +0.17
Aminopyrine

N-demethylase

(nmol/min/mg protein)  7.83 £0.29 6.85 +0.45** 6.77 + 0.33** 7.74 £ 0.61 3.68 £ 1.54**
7-Propoxycoumarin

O-depropylase

(nmol/min/mg protein)  0.92 = 0.09 0.81 £0.10 0.62 + 0.07** 1.33 £ 0.08** 0.27 £ 0.15**

Each value is shown as the mean * SD of five animals. Experimental details are described in Materials and Methods.
*, ** significantly different from control group (*P < 0.05, **P < 0.01).

Table 2. Effects of buserelin on the specific content of P-450-male and testosterone hydroxylase activities in liver
microsomes of rats

Treatment
Control Low dose High dose Recovery Castration
P-450 male
(nmol/mg protein) 0.58x0.11 0.45 £ 0.08 0.41 = 0.04* 0.66 £ 0.06 0.39 = 0.04*>
Testosterone hydroxylase
(nmol/min/mg protein)
Androstenedione 0.80 £ 0.08 0.63 = 0.02%* 0.59 + 0.05** 0.74 £ 0.05 0.37 £ 0.12**
2a- 0.74 £ 0.09 0.54 £ 0.09** 0.41 + 0.05** 0.76 = 0.12 0.14 = 0.10**
(J:3 0.10+0.14 0.93+0.19 0.77 £ 0.11** 1.15+0.16 0.23 £ 0.16**
16a- 1.49 £ 0.13 0.99 = 0.06** 0.79 £ 0.10** 1.21 = 0.20* 0.33 = 0.20**

Each value is as the mean = SD of five animals.

*, ** Significantly different from control group (*P < 0.03, **P < 0.01).

of administration. In addition, the activity of tes-
tosterone 6f-hydroxylase, which was not catalyzed
by P-450-male [6,7,24] but shows sex-related dif-
ferences, was also decreased by buserelin
administration. The correlation coefficients between
the activities and serum testosterone level were 0.75,
0.81, 0.67 and 0.77 for androstenedione formation,
2a-hydroxylase, 6f-hydroxylase and 16a-hydroxy-
lase, respectively.

DISCUSSION

In this study, we employed a new LH-RH agonist,
buserelin, to control the serum level of testosterone.
The mechanism of feed-back inhibition of pituitary
and testis functions by the LH-RH agonist is not
clear as yet, but it is assumed that buserelin dim-
inishes the binding ability of LH-RH to the pituitary
receptor [11]. The activities of testosterone hydroxy-

lases and drug-metabolizing enzymes except for ani-
line p-hydroxylase were decreased by the
administration of buserelin in a dose-dependent
manner, suggesting that these enzyme activities
respond well with the steady level of testosterone in
serum but not with the tentative sharp increase in
the level seen after the first injection. Thus, buserelin
may be a useful tool when one wants to detect a
possible involvement of testosterone in a certain
mechanism of drug actions.

As shown in Tables 1 and 2, buserelin treatment
caused appreciable decrease in the activities of drug
and steroid hydroxylases without affecting the con-
tent of total cytochrome P-450 measurable by the
carbon monoxide binding spectra. This result indi-
cates that the population of cytochrome P-450 in
liver microsomes is changed by buserelin. In accord-
ance with that idea, we found that buserelin
decreases the amount of P-450-male, a male specific
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form of cytochrome P-450. The hydroxylation of
testosterone at 6S-position is known to be catalyzed
by the distinct form of cytochrome P-450 [7,25}.
The activity of the 6f-hydroxylase was decreased
concomitantly with the activities of 2a~ and 164~
hydroxylases, which are catalyzed by P-450-male.
These results also imply that a form(s) of cytochrome
P-450 other than these forms of cytochrome P-450
was increased by buserelin treatment, since the
activity of aniline p-hydroxylase tended to increase
by buserelin treatment. The form of cytochrome P-
450 induced by buserelin treatment is not known at
present.

Buserelin treatment caused the decrease in the
activity of NADPH-cytochrome ¢ reductase and the
content of cytochrome bs. The reductase and the
hemoprotein are capable of being rate-limiting fac-
tors in the cytochrome P-450-mediated drug oxi-
dations [26]. In this study, however, the decrease in
the activities of drug-metabolizing enzymes is
assumed to be caused by the decrease in the amount
of certain forms of cytochrome P-450, since aniline
p-hydroxylase activity was not decreased by the
buserelin treatment.

Testosterone induces P-450-male by changing the
secretion pattern of growth hormone from the pitu-
itary gland [8, 24, 25, 27]. Buserelin decreased the
serum testosterone level and the content of P-450-
male. These results probably suggest that buserelin
affects the secretion pattern of growth hormone.
This possibility has not been examined yet.
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