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The induction effect of rifampicin on activity of mephenytoin 4∞-hydroxylase
related to M1 mutation of CYP2C19 and gene dose
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Aims To determine the induction effect of rifampicin on the activity of
4∞-hydroxylase in poor metabolizers (PMs) with m1 mutation of S-mephenytoin
4∞-hydroxylation and the relationship of the effect with gene dose.
Methods Seven extensive metabolizers (EMs) of S-mephenytoin 4∞-hydroxylation
and five PMs with m1 mutation were chosen to take rifampicin 300 mg day−1

orally for 22 days. Prior to and after rifampicin treatment, each subject was given
racemic mephenytoin 100 mg. The 4∞-hydroxymephenytoin (4∞-OH-MP) excreted
in the 0–24 h urine and mephenytoin S/R ratio in the 0–8 h urine were determined
by h.p.l.c. and GC, respectively.
Results In all EMs, the excretion of 4∞-OH-MP in the 0–24 h urine was increased
by 146.4±17.9%, 0–8 h urinary mephenytoin S/R ratio was decreased by
77.3±8.8%, the percentage increase in the 0–24 h excretion of 4∞-OH-MP in those
CYP2C19 homozygous (wt/wt) was greater than that in those heterozygous (wt/m1

and wt/m2) (203.9±42.5% vs 69.6±4.1%). 0–8 h urinary mephenytoin S/R ratio
of those PMs with m1 mutation was decreased by 9.6%, the amount of 4∞-OH-MP
excreted in the 0–24 h urine was increased by 80.1±48.0%.
Conclusions The activity of 4∞-hydroxylase of PMs with m1 mutation of
S-mephenytoin 4∞-hydroxylation can be induced by rifampicin and the inducing
effect of rifampicin on 4∞-hydroxylase is gene dependent.
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as much as 8% of the dose as 4∞-OH-MP. In addition, the
Introduction

S/R mephenytoin ratio of those m1 mutation heterozygous
was lower than that of m2 mutation heterozygous [9]. TheseThe enzyme (CYP2C19) that 4∞-hydroxylates S-

mephenytoin (S-MP) is a genetically polymorphic data suggest that the activity of 4∞-hydroxylase of those
heterozygous with m1 mutation is different from that ofcytochrome P450. Based on the activity of CYP2C19,

individuals are phenotyped as extensive metabolizers (EM) heterozygous with m2 mutation. Moreover, the mepheny-
toin S/R ratio of the heterozygous (wt/m1 and wt/m2) isand poor metabolizers (PM) [1]. S-MP is extensively

metabolized in EMs; this results in a lower S/R ratio slightly higher than that of homozygous (wt/wt), indicating
that genetics affects the 4∞-hydroxylation of S-MP [10].measured in EMs than that in PMs. The PM phenotype is

inherited as a Mendelian autosomal recessive trait involving Therefore, we hypothesize that the activity of 4∞-hydroxylase
in PMs with m1 mutation may not be lost completely andtwo alleles at a single gene locus [2, 3]. Recently, two

genetic mutations (m1 and m2) have been found to result in consequently its activity in these PMs should be inducible
and the induction may be related to gene dose. The studyPM of S-MP [4, 5]. The m1 mutation, caused by a single

base pair (G�A) mutation in exon 5 corresponding to base was designed to test this hypothesis.
pair 681 of the cDNA, creates an aberrant splice site. This
defect accounts for 75–85% of Caucasian and Japanese PMs.
The m2 mutation consisting of a G�A transition at base Methods
636 has been found only in Oriental populations [6]. It is

Seven male Chinese EMs of S-MP and five PMs with m1well known that some of the enzymes in P4502C subfamily
mutation whose genotype was defined in previous studies,(including CYP2C19) can be induced in both animals and
aged 19 to 22 (21±1 years, mean±s.d.), weighing 54 tohumans; also, chronic use of mephenytoin causes autoinduc-
75 kg (58.9±6.2 kg) were enrolled in the study. No subjecttion [7]. Treating EMs and PMs of S-MP with rifampicin,
had had recent illness, and none had taken drugs for at leastusing mephenytoin as a probe, we previously reported that
2 weeks prior to or during the study. No subject had anyCYP2C19 activity was inducible in EMs but not in PMs
abnormalities on physical examination or any biochemical[8]. Recently we found that some of the PMs of S-MP
evidence of renal or hepatic disorders. Four of the EMs werewhose genotypes were defined as m1/m1 or m1/m2 excreted
genotyped as homozygous (wt/wt), three as heterozygous
(two as wt/m1 and one as wt/m2); four of the PMs wereCorrespondence: Professor Hong-Hao Zhou, Pharmacogenetics Research Institute,

Hunan Medical University, Changsha, Hunan 410078, China. genotyped as m1/m1, one as m1/m2. The study protocol was
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approved by the Ethics Committee of Hunan Medical by 146.4±17.9% (P<0.01) (Figure 1). Taking into account
of the genotype, the percentage increase in the 0–24 hUniversity and written consent was obtained from the subjects.

After an overnight fast, all the subjects took 100 mg excretion of 4∞-OH-MP in CYP2C19 homozygous for wt
(203.9±42.5%) was significantly greater than that inracemic mephenytoin (MesantoinA, Sandoz Pharmaceuticals,

Inc.). 0–8 h and 8–24 h urine were collected and the heterozygous for either one m1 or one m2 (69.6±4.1%,
P<0.05) (Table 1).volume was measured. Urine samples were stored at −15° C

until assayed. From the second day on, every subject After treatment with rifampicin, 0–8 h urinary mepheny-
toin S/R ratio in PMs with m1 mutation was decreased byreceived 300 mg rifampicin (Rifampicin Capsule,

150 mg/capsule, pitch number: 950106, Xinyang 9.6±5.7% (P<0.05), and the amount of 4∞-OH-MP
excreted in the 0–24 h urine was increased by 80.1±48.0%Pharmaceuticals of Henan Province, PRC) daily for 22 days

and racemic mephenytoin was again administered along (P<0.05).
The 0–8 h urinary S/R-MP ratio in EMs was lower thanwith the final dose of rifampicin, urine samples were

collected and stored in the same way as mentioned above. that in PMs and the 0–24 h excretion of 4∞-OH-MP was
higher in EMs than that in PMs whether rifampicin wasThe 0–8 h urinary mephenytoin S/R ratio was measured

by gas chromatography [11]. The amount of 4∞-OH-MP treated or not.
excreted in the 0–8 h and 8–24 h urine was determined by
high performance liquid chromatography [12]. Discussion

The data were analyzed by paired t-test and rank sum test
Rifampicin is a potent unspecific inducer of hepatic P450with P<0.05 as the minimal level of statistical significance.
oxidative enzymes. When 300–600 mg rifampicin was given
daily for 2–4 weeks, the half-life of most drugs was reduced

Results [3]. In the study of rifampicin interacting with propranolol,
Branch et al. [14] found that after 3 weeks medication ofTreatment with rifampicin decreased the 0–8 h urinary
rifampicin and propranolol, further increases in the dose ofS/R-MP ratio and increased the excretion of 4∞-OH-MP in
rifampicin did not cause a further increase in enzymaticthe 0–24 h urine in all EMs. The 0–8 h urinary S/R-MP
induction. Therefore, we dosed subjects with rifampicin forratio was decreased by 77.3±8.8% (P<0.01) and the
22 days to obtain the maximal inducing effect.excretion of 4∞-OH-MP in the 0–24 h urine was increased

The fact that gene dose has an effect on drug metabolism
has been reported previously. Broly et al. [15] described that
MR of heterozygous EMs of CYP2D6 is higher than that
of homozygous EMs. We also found that gene dose slightly
affects the metabolism of S-MP [9, 10]. In this study, we
demonstrated that 0–24 h urinary excretion of 4∞-OH-MP
in the homozygous was significantly more than that in the
heterozygous, showing a gene dose effect on the metabolism
of S-MP. The present study indicates that the amount of
4∞-OH-MP excreted in the 0–24 h urine in homozygous
for wt was increased by 203.9±42.5%, while that of
heterozygous for one either m1 or m2 was only increased
by 69.6±4.1%. These data suggest for the first time that
the induction of rifampicin on 4∞-hydroxylase is gene dose
dependent.

In this study, we also found that 0–8 h urinary S/R-MP
ratio in PMs with m1 mutation was decreased by 9.6±5.7%,
the amount of 4∞-OH-MP excreted in the 0–24 h urineHomozygous Heterozygous

4-
hy

dr
ox

ym
ep

he
ny

to
in

 in
 u

rin
e 

(m
g)

50

40

30

20

10

0

was increased by 80.1±48.0%. This shows that the activityFigure 1 Comparison of changes in the 0–24 h urinary excretion
of 4∞-hydroxylase in PMs with m1 mutation can be inducedof 4∞-OH-MP between homozygous (wt/wt) and heterozygous
by rifampicin. Since m1 mutation results in functionally(wt/m1 and wt/m2) EMs (P<0.05, homo- vs hetero-). Mean

data, vertical bars s.d. % pre-rifampicin, f post-rifampicin. inactive CYP2C19 in PMs, the induced 4∞-hydroxylase

Table 1 The effect of rifampicin on the 0–8 h urinary mephenytoin S/R ratio and 0–24 h urinary excretion of 4∞-OH-MP in the
homo- and heterozygous of EMs and PMs with m1 mutation. Results are expressed as mean±s.d.

S/R 4∞-OH-MP (mg )
Genotype n Pre Post Decrease (%) Pre Post Increase (%)

m1/m1+m1/m2 5 1.03±0.09 0.93±0.05a 9.6±5.7 5.3±2.3 9.1±2.9a 80.1±48.0
wt/wt+wt/m 7 0.20±0.09 0.04±0.01b 77.3±8.8 13.0±1.6 32.9±12.8b 146.4±77.9
wt/wt 4 0.16±0.06 0.04±0.01 76.0±9.8 14.2±0.8 42.8±4.5 203.9±42.5
wt/m1+wt/m2 3 0.25±0.11 0.05±0.01 79.1±8.9 11.6±0.9* 19.6±1.2 69.6±4.1*

aP<0.05 compared with pre-rifampicin. bP<0.01 compared with pre-rifampicin. *P<0.05 compared with wt/wt.
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