Biochemical Pharmacology, Vol. 41, No. 6/7, pp. 861-865, 1991.
Printed in Great Britain.

0006-2952/91 $3.00 + 0.00
© 1991. Pergamon Press plc

IMPAIRMENT OF DEBRISOQUINE 4-HYDROXYLASE AND
RELATED MONOOXYGENASE ACTIVITIES IN THE RAT
FOLLOWING TREATMENT WITH PROPRANOLOL

YASUHIRO MASUBUCHI, SHOICHI FUJITA, MASATO CHIBA, NORIKO KAGIMOTO,
SHIN UMEDA and TOKUJI SUZUKI*

Department of Biopharmaceutics, Faculty of Pharmacuetical Sciences, Chiba University,
1-33 Yayoi-cho, Chiba, Japan

(Received 21 May 1990; accepted 16 October 1990)

Abstract—The effect of repetitive oral administration of propranolol on hepatic microsomal drug
metabolizing enzyme activities in the rat was investigated. Propranolol ring (4-, 5- and 7-)hydroxylase
activities were markedly decreased, but. interestingly, N-desisopropylase activity was increased after
propranolol administration. A marked decrease in enzyme activity after propranolol pretreatment was
also observed with debrisoquine 4-hydroxylation. In addition, a similar decrease was observed with
imipramine 2-hydroxylation which co-segregates with debrisoquine/sparteine type polymorphic drug
oxidation, but not with imipramine N-demethylation. These results suggest the selective impairment of
debrisoquine 4-hydroxylase by propranolol pretreatment.

Repetitive oral administration of propranolol to rats
caused a marked decrease of hepatic microsomal
propranolol 4-hydroxylase activity [1]. Covalent
binding of a metabolic intermediate of propranolol
with the molecular form of cytochrome P450 was
suggested as its cause. But metabolic activities for
ethylmorphine N-demethylase and aryl hydrocarbon
hydroxylase were not affected in these rats. The
total cytochrome P450 content in microsomal
preparations derived from propranolol-pretreated
rats was also reported to be unaffected [1]. It was
proposed, therefore, that selective covalent binding
of the reactive metabolic intermediate to cytochrome
P450 that ring hydroxylates propranolol would
account for the marked inhibition of propranolol
metabolism [1]. Shaw er al. [2] also observed that
a product(s) of propranolol oxidation bound
irreversibly but non-selectively to human liver
microsomal protein, and that the extent of binding
was decreasedto a considerable extent by the
addition of debrisoquine, antipyrine and phenacetin.

Genetic deficiency in oxidative metabolism is
known for several drugs such as debrisoquine and
mephenytoin in humans [3-6]. Propranolol 4-
hydroxylation was found to co-segregate with
debrisoquine/sparteine type polymorphic oxidation
in humans from in vivo observation [7-9]. In human
liver microsomes, antibodies prepared to a form of
cytochrome P450 responsible for debrisoquine 4-
hydroxylation in rats were found to inhibit
propranolol 4-hydroxylation [10]. Furthermore,
quinidine, a potent specific inhibitor of debrisoquine
4-hydroxylation was reported to markedly reduce
propranolol 4-hydroxylation [11]. From these results,
the species of cytochrome P450 impaired by
propranolol pretreatment can be presumed to be
cytochrome P450 ITD1 [12-14], the human analogue
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of which catalyses both debrisoquine 4-hydroxylation
and propranolol 4-hydroxylation. However, Shaw et
al. [2] observed the lack of any inhibitory effect of
debrisoquine on the rate of propranolol 4-
hydroxylation in human liver microsomes. Instead,
they observed very potent inhibitory action of
phenacetin. They concluded that the enzyme system
responsible for the irreversible binding and 4-
hydroxylation of propranolo] appears to be related
more closely to the cytochrome P450 system which
metabolizes phenacetin than to that metabolizing
debrisoquine. Their conclusion is at variance with
the clinical observations [7-9,11] and with the
immunological study [10] described above.

In the present work, we studied the effect of
propranolol pretreatment on propranolol, debris-
oquine and imipramine metabolism in rat liver
microsomes to present the evidence that propranolol
pretreament selectively inhibits the cytochrome P450
isozyme(s) that catalyse(s) the polymorphic oxidation
of debrisoquine and other drugs.

MATERIALS AND METHODS

Chemicals. Propranolol hydrochloride and imi-
pramine hydrochloride was purchased from the
Sigma Chemical Co. (St Louis, MO, U.S.A.). 4-
Hydroxypropranolol and N-desisopropylpropranolol
were provided by ICI Pharmaceuticals Co. (Mac-
clesfield, U.K.). 5- and 7-Hydroxypropranolol were
synthesized according to the method of Oatis et al.
[15]. 2-Hydroxyimipramine and N-desmethyl-
imipramine hydrochloride were provided by Geigy
(Basel, Switzerland) and nortriptyline was supplied
by the Dainippon Pharmaceutical Co., Ltd (Osaka,
Japan). 4-Hydroxybunitrolol was supplied by Nippon
C.H. Boehringer Sohn Co., Ltd (Osaka, Japan).
Debrisoquine hemisulfate and 4-hydroxydebris-
oquine hemisulfate were supplied by Hofmann-La
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Roche Co. (Basel, Switzerland). Other chemicals
and cofactors used were of analytical or biochemical
grade.

Pretreatment of animals and preparation of hepatic
microsomes. Male Wistar rats weighing 250-300 g
were treated with propranolol (100 mg/kg/day p.o.
for 5 days) according to the treatment regimen
employed by Schneck and Pritchard [1]. These rats
were killed by decapitation along with non-treated
rats 30 hr after the final administration, instead of
18 hr employed by Schneck and Pritchard to avoid
residual propranolol in hepatic microsomes prepared
from pretreated rats. Hepatic microsomal fractions
were prepared according to the method of
Omura and Sato [16]. Protein concentrations were
determined by the method of Lowry et al. {17].

Assay methods of enzymatic activities. Propranolol
4-,5-, 7-hydroxylase and N-desisopropylase activities
were assayed by the high-performance liquid
chromatographic (HPLC) method [18] with modi-
fications which enabled the simultaneous deter-
mination of propranolol and its four major
metabolites described below. The rates of oxidation
of propranolol were measured in a 1-mL incubation
mixture containing 5 M or 1 mM of propranolol,
10 mM glucose-6-phosphate (G-6-P), 2 units glucose-
6-phosphate dehydrogenase (G-6-PDH), 0.5mM
NADPH, 8 mM MgCl, and 0.5mg microsomal
protein in 1mL of 0.15M potassium phosphate
buffer (pH 7.4). After 5 min preincubation under
air at 37°, reaction was started by the addition of
propranolol and incubation was performed for 30 sec.
The reaction was stopped by the addition of 1 mL
of 1N NaOH containing 25 mg of sodium bisulfite
as an antioxidant to the assay mixture. 4-
Hydroxybunitrolol was then added as internal
standard. After extraction with ethyl acetate, the
organic phase was evaporated to dryness and the
residue was dissolved in HPLC mobile phase
(CH;CN :CH;0H : H,0 : CH;COOH =22 : 22:
56:1). The sample was applied to a reversed-phase
column (Inertsil ODS, Gasukuro Kogyo Ltd, Tokyo,
Japan). The fluorescent intensity of propranolot and
its metabolites was continuously monitored with an
excitation wavelength at 310nm and an emission
wavelength at 380 nm.

Imipramine 2-hydroxylase and N-demethylase
activities were also assayed by an HPLC method
[19] after 30 sec incubation of 5 uM of imipramine
with the microsomal assay mixture. The extracted
samples were applied to a reversed-phase column
(Inertsil ODS) using the pH 7.4 mobile phase
(CH;CN : CH;0H : H,0 : di-n-butylamine =
48:50:53:2). The UV absorption intensity was
monitored at 254 nm.

Debrisoquine 4-hydroxylase assay will be described
elsewhere, but briefly, 50 uM of debrisoquine was
incubated for 5min with a 0.5-mL assay mixture
containing 10 mM G-6-P, 1 unit G-6-PDH, 0.5 mM

NADPH, 10mM MgCl, and 0.5 mg microsomal

protein in 0.15 M potassium phosphate buffer (pH
7.4) at 37°. Reaction was stopped with 0.5 mL of
12N NaOH. After extraction of debrisoquine and
its metabolites with ethyl acetate, glycinexylidide as
internal standard and 0.01 N H,SO, were added.
After vortex mixing and centrifugation, the upper
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layer was removed. It was neutralized by 0.01 N
NaOH, evaporated to dryness and was dissolved in
HPLC mobile phase (CH3;CN:0.1M potassium
phosphate buffer pH 3.0 = 15:85). The sample was
applied to a reversed-phase HPLC column (Inertsil
ODS). The UV absorption intensity was monitored
at 210 nm. The limit of detection of the assay was
0.025 nmol/mL.

RESULTS AND DISCUSSION

As shown in Fig. 1, propranolol 4-hydroxylase
activity at a propranolol concentration of 5 uM was
markedly decreased in rat liver microsomes by
propranolol pretreatment. On the other hand,
propranolol N-desisopropylase activity was markedly
increased by propranolol pretreatment. These data
agree with the data of Schneck and Pritchard. {1].
Furthermore, propranolol 5- and 7-hydroxylase
activities were also significantly decreased. These
data indicate that propranolol pretreatment selec-
tively inhibits naphthalene ring oxidation but not N-
desisopropylation of the side-chain. Similar position
selective impairment and enhancement of pro-
pranolol metabolism were obtained at a propranolol
concentration of 1 mM (Fig. 1). N-Desisopropylase
activity was increased by propranolol pretreatment
even at a propranolol concentration of 1 mM which
is well above its K, value of 137 uM [1], suggesting
that this increase is due to the induction of
propranolol N-desisopropylase.

Debrisoquine 4-hydroxylase activity in the micro-
somes used in the experiments of Fig. 1 was also
investigated to confirm whether itis indeed decreased
by propranolo! pretreatment. Michaelis-Menten
analysis of microsomal debrisoquine 4-hydroxylase
activity in the rat has been reported to be
biphasic [20]. Debrisoquine 4-hydroxylase by liver
microsomes from female DA rats was found to be
substantially lower than by microsomes from other
strain rats, and a major difference between DA and
other strain rats was observed in V,,, of a high-
affinity and low-capacity component whose K,, was
about 10 uM [20]. Therefore, we employed 50 uM
as substrate concentration, because at this con-
centration the contribution of low-affinity and high-
capacity component (K,, = 1 mM [20]) is negligible
and debrisoquine 4-hydroxylase activity determined
corresponds to be more than 80% of the V,,, of the
high-affinity component. As shown in Fig. 2, mean
debrisoquine 4-hydroxylase activity was decreased
to 40% of the mean value of the non-treated control
by propranolol pretreatment. This result is similar
to the case of propranolol ring hydroxylation.

Figure 3 shows imipramine 2-hydroxylase and N-
demethylase activities in liver microsomal fractions
obtained from propranolol-pretreated and non-
treated rats when incubated at low imipramine
concentration (5 uM). Imipramine 2-hydroxylase
activity was markedly decreased by propranolol
pretreatment, whereas the decrease of imipramine
N-demethylation was not statistically significant
(P < 0.05). The effect of propranolol pretreatment
on imipramine metabolism was pathway selective
similarly to the case of propranolol.

A recent human study indicated that propranolol
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Fig. 1. Effect of propranolol pretreatment on propranolol 4-, 5-, 7-hydroxylase and N-desisopropylase

activities in rat liver microsomes. Microsomes were obtained from non-treated (O) and propranolol

pretreated (100 mg/kg/day p.o. 5 days, E), rats. Activity was assayed at a propranolol concentration

of 5 uM or 1 mM. Data represent the means + SE from three determinations. * P <0.05, ** P < 0.01,
compared with non-treated rats by Student’s t-test.
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Fig. 2. Effect of propranolol pretreatment on debrisoquine

4-hydroxylase activities in rat liver microsomes. Shading

patterns of columns correspond to those in Fig. 1. Activity

was assayed at a debrisoquine concentration of 50 uM.

Data represent the means + SE from three determinations.

* P <0.05, compared with non-treated rats by Student’s ¢-
test.

4-hydroxylation and N-desisopropylation co-seg-
regated separately with polymorphic debrisoquine
4-hydroxylation and mephenytoin 4-hydroxylation,
respectively [9]. Imipramine 2-hydroxylation was
shown to co-segregate with debrisoquine/sparteine
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Fig. 3. Effect of propranolol pretreatment on imipramine
2-hydroxylase and N-demethylase activities in rat liver
microsomes. Shading patterns of columns correspond to
those in Fig. 1. Activity was assayed at an imipramine
concentration of 5uM. Data represent the means = SE
from three determinations. ** P <0.01, compared with
non-treated rats by Student’s ¢-test.

type polymorphic oxidation in humans [21-23]. We
found that a male specific P450 isozyme was
predominantly responsible for imipramine N-
demethylation in male rats [24]. In the present study,
we found that not only propranolol 4-hydroxylase
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activity, but debrisoquine 4-hydroxylase and imi-
pramine 2-hydroxylase activities were markedly
decreased. In addition, the inhibitory effect of
propranolol pretreatment on its own metabolism and
imipramine metabolism showed pathway selectivity.
These data suggest that the species of cytochrome
P450 impaired by propranolol pretreatment is
cytochrome P450 IID1, the human analogue of
which catalyses the polymorphic oxidation of
debrisoquine and other drugs. It is also suggested
that the possibility of the impairment of propranolol
5- and 7-hydroxylation is related to debrisoquine 4-
hydroxylase.

Shaw et al. [2] observed that debrisoquine at 10-
fold the concentration of propranolol did not inhibit
propranolol 4-hydroxylase activity. They concluded
from these data that the cytochrome P450 isozyme
involved in the irreversible binding of propranolol
to human liver microsomes appears to be other than
debrisoquine 4-hydroxylase, despite the fact that
propranolol 4-hydroxylation is closely linked to
debrisoquine 4-hydroxylation in humans [7-10]. This
lack of inhibition is probably due to an insufficient
concentration of the inhibitor caused by a large
difference between the K, values of these two
reactions. Indeed the K,, value (0.2uM) of
propranolol 4-hydroxylation was observed to be
much lower [25] than that of debrisoquine 4-
hydroxylation [20].

Oxidation of sparteine and debrisoquine was
practically abolished in quinidine-treated patients
[26, 27]. This was presumed to be due to an inhibition
of sparteine and debrisoquine hydroxylation by
quinidine. It is possible that a similar drug-
drug interaction may occur after propranolol
administration due to residual propranolol in liver
microsomes. In the present study, however, residual
propranolol carried over from the pretreated doses
was not detected in liver microsomes (detection limit
of 3 pmol/mL) from propranolol-pretreated rats. So
the inhibition of metabolism is likely to be due to
irreversible binding of a propranolol metabolite(s)
to a cytochrome P450 isozyme(s) [1] or to the
destruction of a cytochrome P450 isozyme(s) by a
propranolol metabolite(s).

In summary, propranolol and imipramine ring
hydroxylase and debrisoquine 4-hydroxylase activi-
ties in rat liver microsomes were selectively inhibited
by propranolol pretreatment. Irreversible binding of
isotope labeled propranolol similar to that observed
in rats [1] was reported also in human liver
microsomes [2]. Furthermore, when propranolol was
given chronically, an enhancement of oral availability
and propranolol accumulation were observed in
humans [28]. These reports seem to suggest
the possibility that cytochrome P450 isozymes
responsible for debrisoquine 4-hydroxylation may
be inhibited after chronic use of propranolol in
humans also. One should cautiously pay attention
to the drug history of a patient in discriminating
debrisoquine extensive and poor metabolizer pheno-

types.
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