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Aims

 

To determine CYP2C19 and CYP2D6 activity in patients with multiple
sclerosis (MS) before and during interferon (IFN)-

 

b

 

 treatment.

 

Methods

 

CYP2C19 and CYP2D6 activities were assessed using the probe drugs
mephenytoin and debrisoquine, respectively. Urinary mephenytoin (S/R) and
debrisoquine (debrisoquine/hydroxy-debrisoquine) metabolic ratios (MR) were
determined in 10 otherwise healthy Caucasian multiple sclerosis (MS) patients in
the initial stage of the disease, prior to and 1 month after commencing treatment
with IFN-

 

b

 

 (Avonex, Rebif or Betaferon). In addition, 

 

CYP2C19

 

*

 

2

 

,

 

 CYP2C19

 

*

 

3

 

,

 

CYP2D6

 

*

 

3

 

,

 

 CYP2D6

 

*

 

4

 

, and 

 

CYP2D6

 

*

 

5

 

 genotyping was performed.

 

Results

 

There was no significant difference in the (S)/(R) mephenytoin ratio (mean
difference 0.04; 95% CI 

 

-

 

0.03, 0.11) or the debrisoquine MR (mean difference
0.29; 95% CI 

 

-

 

0.44, 1.02) before and during regular IFN-

 

b

 

 treatment in extensive
metabolizers (EM) (

 

P

 

 

 

=

 

 0.5 and 

 

P

 

 

 

=

 

 0.4 for the respective probe drugs; 

 

n

 

 

 

=

 

 9 sub-
jects). There were also no differences between the different IFN-

 

b

 

 treatments
(

 

P

 

 

 

=

 

 0.6 for the (S)/(R) mephenytoin ratio and 

 

P

 

 

 

=

 

 0.7 for the debrisoquine MR;

 

ANOVA

 

; 

 

n

 

 

 

=

 

 10).

 

Conclusions

 

IFN-

 

b

 

 treatment did not affect the activity of CYP2C19 or CYP2D6.
The results suggest that it is safe to administer CYP2C19 or CYP2D6 substrates,
without dose adjustment, to patients treated with IFN-

 

b

 

.
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Introduction

 

The urinary S/R mephenytoin and debrisoquine meta-
bolic ratios (MR), are used to characterize 

 

in vivo

 

 activity
of the polymorphic enzymes CYP2C19 [1] and
CYP2D6 [2], respectively. Subjects with markedly
impaired activity of these enzymes are termed poor
metabolizers (PM). The prevalence of CYP2C19 and
CYP2D6 PM phenotypes in Caucasian subjects is 3%
and 7%, respectively, but differs between ethnic groups.
Apart from genetic factors, the activity of these enzymes
is influenced by environmental factors (e.g. drug–drug
interactions) and disease states, for example infection and
inflammation [3]. Multiple sclerosis (MS) affects approx-
imately 1 in 1000 people. The inflammatory and demy-

elinating lesions of MS cause relapsing episodes of
neurological dysfunction. Interferon-

 

b

 

 (IFN-

 

b

 

) has
immunomodulatory properties that have been shown to
alter the course of MS by reducing clinical relapse rate
and delaying disability progression [4].

Many commonly used drugs, including antidepres-
sants, benzodiazepines, 

 

b

 

-adrenoceptor blockers, and pro-
ton pump inhibitors, are metabolized by CYP2C19 or
CYP2D6. Reports indicate that IFN could cause a clin-
ically significant interaction when given with drugs that
are CYP substrates. IFN-

 

a

 

 administration impairs the
clearance of antipyrine [5] and that of erythromycin [6]
in hepatitis B patients. In another study patients receiving
an optimal maintenance dose of warfarin needed a dose
reduction when IFN-

 

a

 

-2b or IFN-

 

b

 

 was given [7] and
potentiation of anticoagulation was described after giving
IFN-

 

a

 

-2b to a woman who had been medicated with
acenocoumarol for 20 years [8]. In another study the
elimination half-life of theophylline increased 1.5- to 6-
fold when given with IFN [9].
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The aim of the present study was to establish whether
the forms of interferon affect the activity of CYP2C19
or CYP2D6. This is an important issue, since the use of
IFN therapy in MS and other diseases, such as leukaemia,
myeloma and solid tumours, herpes simplex infections,
and hepatitis B and C, is expected to increase in the
future, and patients are often treated with one or more
CYP2C19 and CYP2D6 substrates.

 

Methods

 

Patients

 

Ten Caucasian subjects with MS (eight women and two
men aged 27–50 years) were studied. All patients were
newly diagnosed with relapsing-remitting MS and were
in the first stage of the disease. None had moderate or
severe disability. All patients were clinically stable
throughout the study. The majority had normal liver
function tests (alanine aminotransferase (ALT) normal
limits 

 

<

 

0.6 mkat l

 

-

 

1

 

 for females; 

 

<

 

 0.8 mkat l

 

-

 

1

 

 for
males), except for one female patient who had a mod-
estly raised ALT value after 4 weeks (0.7), and two other
female patients who had increased values initially (0.9
and 1.1, respectively). In these cases, values became nor-
mal after 4 weeks. The probe drugs; 100 mg racemic
mephenytoin (Mesantoin

 

®

 

; Sandoz AG, Basel, Switzer-
land) and 10 mg debrisoquine (Declinax

 

®

 

; Hoffmann-La
Roche AG, Basel, Switzerland) were taken before bed-
time and all urine was collected for the subsequent 8 h.
The following day the patients brought their urine sam-
ples to the Department of Neurology, where a 10 ml
blood sample for genotyping was drawn. At that visit
the patients were taught how to self administer IFN
intramuscularly (i.m.) or subcutaneously (s.c.). After
1 month of regular IFN-

 

b

 

 administration, the phenotyp-
ing procedure was repeated.

Patients received either IFN-

 

b

 

-1a as Avonex 30 

 

m

 

g
weekly i.m. (Biogen, Nanterre, France) or as Rebif 22
or 44 

 

m

 

g thrice weekly s.c. (Serono International AG,
Geneva, Switzerland), or IFN-

 

b

 

-1b as Betaferon 250 

 

m

 

g
every other day s.c. (Schering AG, Berlin, Germany). The
IFN-

 

b

 

 preparation was chosen by the treating neurologist
after discussion with the patient. Additional treatment,
including two subjects on hormone replacement therapy,
one taking the oral contraceptive, one taking propra-
nolol, one taking atenolol, two taking of levaxin and two
taking vitamins, remained the same throughout the study.

Alcohol and over-the-counter drugs were not allowed
during study days. The patients consented in writing to
participate after a full explanation of the procedures. The
study protocol was approved by the Human Ethics Com-
mittee at Karolinska Institutet, Huddinge University
Hospital in Stockholm, Sweden.

 

Genotyping and drug determination

 

Genotypes were determined by PCR analysis of the

 

CYP2C19

 

*

 

2 and

 

 *

 

3

 

 [10] and 

 

CYP2D6

 

*

 

3,

 

 *

 

4 and

 

 *

 

5

 

alleles [11]. (S) and (R) mephenytoin were measured by
gas chromatography [12]. Debrisoquine and hydroxyde-
brisoquine were quantified by HPLC [13]. Samples were
assayed in singlicate. The interassay coefficient of varia-
tion for (S) and (R) mephenytoin was less than 5%, for
debrisoquine 5.1% (3 

 

m

 

M

 

), 5.7% (30 

 

m

 

M

 

) and 6.4%
(80 

 

m

 

M

 

), and for hydroxydebrisoquine 8.5% (3 

 

m

 

M

 

), 5.8%
(30 

 

m

 

M

 

), and 12.1% (80 

 

m

 

M

 

). The antimodes for assigning
phenotypes were unity for the (S)/(R) mephenytoin ratio
and 12 for the debrisoquine MR. In white subjects,
genotypic extensive metabolizers (EM) carry either no
or one mutation(s), whereas poor metabolizers (PM) typ-
ically have two mutations of the 

 

CYP2D6

 

 or 

 

CYP2C19

 

gene.

 

Statistics

 

The power calculation was based on a study showing a
30% decrease of antipyrine oral clearance after chronic
treatment with IFN-

 

a

 

 [14]. We estimated that nine sub-
jects are needed to have 80% power to detect a 30%
increase in the metabolic ratio.

A paired 

 

t

 

-test was used for comparison of the (S)/(R)
mephenytoin ratio and the debrisoquine MR before and
during IFN-

 

b

 

 treatment. 

 

ANOVA was used to compare
the effect of the different IFN-b preparations. P < 0.05
was considered a significant difference.

Results

There was no significant difference in the (S)/(R)
mephenytoin ratio (P = 0.5, n = 9 subjects) (mean differ-
ence 0.04; 95% CI -0.03, 0.11) (Figure 1) or the
debrisoquine MR (P = 0.4, n = 9 subjects) (mean differ-
ence 0.29; 95% CI -0.44, 1.02) before and during reg-
ular IFN-b treatment in genotypic EM. In the single PM,
no difference in either ratio was observed.

There was no difference in CYP2C19 or CYP2D6
activity between patients who were treated with the
different forms of IFN-b (P = 0.6 for the (S)/(R)
mephenytoin and P = 0.7 for the debrisoquine MR,
n = 10 subjects).

There was complete concordance between geno- and
phenotypes for both CYP2C19 and CYP2D6.

Discussion

In the present work we found that IFN-b treatment has
no effect on CYP2C19 and CYP2D6 activity. In a pre-
vious study of seven cancer patients, IFN-a did not
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change the metabolism of hexobarbitone, but it did alter
that of theophylline and antipyrine. Thus IFN-a seems
to inhibit the hepatic metabolism of some but not all
drugs [14].

Several factors may have contributed to the lack of
detectable effects of IFN-b on CYP2C19 or CYP2D6
activity. However it is clear from Figure 1 that the two
indices of CYP activity are very stable within patients,
i.e. before and during IFN-b treatment. This is in agree-
ment with a study showing that both the S/R mepheny-
toin ratio and the debrisoquine MR do not change
significantly over time within individuals [16]. Thus, a
relatively small effect of IFN-b treatment would have
been detected in our study. It seems likely that different

CYP enzymes are affected differently by IFN, and it is
possible that enzymes other than CYP2D6 and
CYP2C19 are affected in MS patients receiving IFN-b.
It is also possible that CYP2C19 and CYP2D6 inhibition
by IFN does actually occur, but through a time course
not detectable by the present study design. Furthermore,
patients with MS may be more susceptible to inhibition
at later stages of their disease.

Since enzymatic activity of CYP2C19 and CYP2D6
in PM is markedly reduced, no difference in enzyme
capacity during treatment with IFN was expected or
noted in this study.

In conclusion, the major finding of this study was that
regular administration of IFN-b did not cause any change
in the (S)/(R) mephenytoin ratio or the debrisoquine
MR in MS patients. Thus the data suggest that dose
adjustments of drugs metabolized by CYP2C19 or
CYP2D6 are not indicated. However, further studies are
warranted to investigate the function of these and other
drug metabolizing enzymes in MS patients in later stages
of the disease, and after long-term regular administration
with IFN-b.
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