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The wide substrate specificity of the microsomal monooxygenase system, catalyzing oxidation of many xenobiotics and
endogenous compounds, is determined by the existence of multiple forms of cytochrome P-450 [13]. A modern approach to the
characterization and identification of the individual cytochrome P-450 isozymes is to study specific reactions catalyzed by these

“hemoproteins. There are substrates whose metabolism is more specific for a particular cytochrome P-450 isozyme. For example,
the O-de-cthylation of 7-ethoxyresorufin is catalyzed by cytochrome P-450, [3]. The steroid hormones testosterone,
androstenedione (AD), and progesterone are utilized as specific substrates by the microsomal monooxygenase of the liver, with
well-marked regional and stereospecificity of metabolism [16]. The rate of formation of hydroxylated metabolites gives information
on activity of different forms of cytochrome P-450. For example, the formation of 16a-OH-AD is catalyzed by cytochrome P-450,,
which is characterized only of male rats. The formation of 163-OH-AD is catalyzed by P-450,, that of 7a-OH-AD by cytochrome
P-450,, and that of 63-OH-AD by cytochrome P-450, [15).

Thus the specificity of the reaction of metabolism of certain substrates can serve as an important criterion for the identifi-
cation of many forms of cytochrome P-450. On the other hand, the immunochemical method using monospecific antibodies against
individual cytochrome P-450 isozymes makes it quantitative and qualitative determination in microsomes possibie. This combined
approach can be used in pharmacologic investigations, especially those in which the drug influences the microsomal monooxygenase
system.

The calcium antagonist nifedipine, widely used in cardiologic practice, is metabolized by cytochrome P-450, in rat liver
microsomes [6] or by P-450yg in human liver microsomes [14], which are induced by the synthetic steroid pregnenolone-16-
carbonitrile and steroids of the glucocorticoid class, such as dexamethasone and macrolide antibiotics [12].

Previously the writers described induction of a cytochrome P-450-dependent monooxygenase system after long-term
administration of nifedipine to rats [7]. The aim of the present investigation was to discover what forms of cytochrome P-450 can
be induced under these conditions.

EXPERIMENTAL METHOD

Nifedipine was injected intraperitoneally into 24 male Wistar rats in a dose of 10 mg/kg daily for 20 days. Nifedipine was
dissolved in water with a few drops of Tween-80. Control rats received the same volume of solvent. The animals were decapitated
on the 21st day (24 h after the last injection of nifedipine). The rats were given phenobarbital (80 mg/kg) intraperitoneally daily
for 4 days and their microsomes were used to obtain cytochrome P-450 and bs [9]; NADPH-cytochrome P-450 reductase activity
was estimated as the rate of reduction of cytochrome ¢ at 22°C [10]. Protein was determined by Lowry’s method.
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TABLE 1. Action of Nifedipine on Microsomal Monooxygenase

System of Rat Liver (M + m)

Parameters Control Expt.
Cytochrome P-450, nmoles/mg | 0.766-20,04 0,83140,05
h P-450

O omolesing . P/e 0,007-:0,002 0,036::0,008
Cytochrome bg, nmoles/mg 0,460+0,02 0,443+0,038
NADPH-cytochrome ¢ re-

ductase activity, 66,384:7,80 67,7743,98
Motig-oxygenase activity,

nmoles/min/mg protein

benzpyrene-hydroxylas 0,500+0,15 0,368+0,07

- £in-0-

Z,;‘;*g;’,;-‘{;‘;':“‘“ w 0,05-£0,010 0,0454-0,010

Ezréﬁgrfizzmlne_wde— 3,460,14 3,80+-0,33
Androstenedione hydroxyl-

A 2,0440,44 4,02-£0,58%

7a- 0,10740,03 0,2224-0,02*

I6a- 3,324-0,24 4,27+40,30

168- 0,154-0,02 0,580-+0,13*

Legend. *p < 0.05 compared with control.

The rate of N-demethylation of benzphetamine was determined by measuring formaldehyde formation [8]. The rate of
hydroxylation of benzpyrene was measured fluorometrically, using 3-OH-benzpyrene as the standard [12], and the rate of O-de-
ethylation of 7-ethoxyresorufin was measured fluorometrically, using resorufin as the standard [3]. Androstenedione metabolism
was studied as described in [16], using corticosterone as the internal standard; the metabolites were analyzed by high-pressure liquid
chromatography [16].

Cytochrome P-450;, was obtained from liver microsomes of phenobarbital-induced rats by the method in [6], using
chromatographic sorbents 1,8-diamino-octyl-sepharose 4B and DEAE-sephacel. Preparations of cytochrome P-450, had a purity
of 16 nmoles/mg protein and were electrophoretically homogeneous. Antibodies against cytochrome P-450 were obtained as
described previously [1]. The quantity of ¢ytochrome P-450,, was determined by immunoclectrophoresis {11].

The results were subjected to statistical analysis by Student’s ¢ test.

EXPERIMENTAL RESULTS

The results given in Table 1 can be used to compare functional parameters of liver microsomes of the experimental and
control rats. Clearly there were no significant differences in the total cytochrome P-450 and cytochrome bs levels. Activity of
NADPH-cytochrome ¢ reductase, as well as-that of benzphetamine-N-demethylase and 7-cthoxyresorufin-O-de-ethylase, was
unchanged, whereas activity of benzpyrene hydroxylase was reduced, though not significantly, after 20-day administration of
nifedipine. The study of androstenedione metabolism revealed an increase in the rate of formation of its hydroxylated products
Ta-, 168-, and 63-OH-AD in the liver microsomes of nifedipine-treated rats compared with the controls. The concentration of
cytochrome P-450,,, in the microsomes of nifedipine-treated rats was determined by rocket immunoelectrophoresis, and was found
to be 2-5% of the total cytochrome P-450 content, whereas in the control rats the cytochrome P-450,,, content did not exceed
1.2%.

The increase in the rate of formation of 7a-, 168-, and 63-hydrolylated products of AD suggests induction of cytochromes
P-450,, P-450,, and P-450p, catalyzing hydroxylation of AD in 7a-, 168-, and 68-positions, respectively. The nifedipine-induced
increase in the cytochrome P-450,,, content, confirmed in our experiments by rocket immunoelectrophoresis, was smaller than
that induced by the classical P-450,,, inducer phenobarbital (in the latter case the P-450,,, content was not more than 50% of the
total cytochrome P-450 content [1]. Indirect proof of induction of cytochrome P-450 was obtained previously by the present
writers, who found a decrease in the duration of hexobarbital sleep, suggesting an increase in metabolism of hexobarbital the
substrate of cytochrome P-450, [7]. The 6B-hydroxylation of AD is catalyzed by cytochrome P-450p and by cytochrome P-450,
less effectively. In our view, the increase in the rate of hydroxylation of AD following administration of nifedipine takes place
through induction of cytochrome P-450p, and not of P-450,, for the rates of metabolism of benzpyrene and 7-ethoxyresorufin, cata-
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lyzed by P-450,, were not increased. Coordinated synthesis of cytochromes P-450, and P-450,, during repeated injections of
nifedipine is in agreement with data on the synchronous induction of these two isozymes during treatment by various inducers [4].
No marked increase in the total content of cytochrome P-450 was found after administration of nifedipine to the animals.
Induction of cytochromes P-450,, P-450,, and P-450p by nifedipine may therefore be connected with repression of other forms of
cytochrome P-450.

Nifedipine is thus not only a specific substrate of cytochrome P-450,,. Long-term administration of nifedipine to rats leads
to induction both of this cytochrome and also of cytochromes P-450, and P-450,,.

The authors are grateful to Professor D. N. Kirk (University of London Queen Mary College, London, England) for
providing the androstenedione metabolites.
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