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Short report

The effects of phenytoin on phenobarbitone
and primidone metabolism
D G LAMBIE AND R H JOHNSON

from the Wellington Clinical School of Medicine, Wellington, New Zealand

SUMMARY Serum concentrations of primidone and its metabolites-phenobarbitone and
phenylethylmalonamide-were measured in 40 epileptic patients receiving treatment with
primidone alone or primidone plus phenytoin. Serum phenobarbitone concentrations were also
measured in 100 patients receiving phenobarbitone, alone or with phenytoin. Patients receiving
either phenobarbitone or primidone in combination with phenytoin showed raised serum
phenobarbitone concentrations. Phenytoin also caused raised phenylethylmalonamide con-
centrations in patients on primidone.

Primidone is a desoxybarbiturate which is widely
used in the treatment of epilepsy. It is converted
in the body to two major metabolites-pheno-
barbitone and phenylethylmalonic acid (PEMA).
Primidone exerts its anticonvulsant effect at least
partly via oxidation to phenobarbitone. In ad-
dition, PEMA has been shown to have anti-
convulsant activity in rats.' Since primidone is
converted in vivo to these two active metabolites,
whose anticonvulsant properties may differ,
variations in the metabolism of the drug between
different individuals are likely to be of therapeutic
importance. Fincham et al2 found higher con-
centrations of phenobarbitone in patients receiv-
ing phenytoin and primidone, compared to
patients on primidone only, and suggested that
phenytoin induces primidone metabolism to
phenobarbitone. However, in a previous study3 we
found that an increase in the serum concentration
of phenytoin caused an increase in the serum
phenobarbitone concentration in patients receiving
either phenobarbitone or primidone. This suggests
that the action of phenytoin is directly on pheno-
barbitone rather than on metabolism of primidone.
To establish the nature of the interaction be-

tween phenytoin and primidone we have carried
out a study in epileptic patients of the effects of
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phenytoin on primidone metabolism, including
metabolism of primidone to PEMA, which has
not been studied previously. The effect of pheny-
toin on phenobarbitone serum concentrations in
patients receiving primidone has been compared
to the effect in patients receiving phenobarbitone.

Patients and methods

One hundred and forty epileptic patients receiving
anticonvulsant therapy, aged 16 to 66 years (mean
42 years), were studied. All patients were receiving
either phenobarbitone or primidone and 109 patients
were in addition receiving phenytoin. The drug
regimes that patients were receiving are summarised
in the table. Blood samples for anticonvulsant analysis

Table Anticonvulsants received by the patients in
this study

Phenobarbitone Primidone Total

Single therapy 22 9 31
With phenytoin 78 31 109
Total 100 40 140

were obtained from patients between two and four
hours after the last drug dose. Concentrations of
phenytoin, phenobarbitone and primidone were
measured in all patients by gas chromatography
(Goudie and Burnett).4 Also, in the patients receiving
primidone, serum PEMA concentrations were
measured by a gas chromatographic method.'
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JVJ Fig 1 (a) Serum phenobarbitone concentrations in
22 patients receiving phenobarbitone alone and
78 patients receiving combined therapy with phenytoin
and phenobarbitone. The regression line for patients
on phenytoin is shown as a solid line and the regression
line for patients on phenobarbitone alone is shown as
an interrupted line. The slope of the regression line is
significantly greater (t=2 19, p<O05) in patients
receiving phenytoin. (b) Serum phenobarbitone

receiving concentrations in 19 patients receiving primidone
oln alone and 52 patients receiving combined therapy

with phenytoin and primidone. (c) Serum
concentrations of phenylethylmalonamide (PEMA) in
relation to primidone concentrations, in 9 patients
receiving primidone alone and 31 patients receiving
primidone and phenytoin. The PEMA/primidone ratio
is significantly higher (p<0005) in patients on
phenytoin.

Results
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Serum concentrations of phenobarbitone in
patients receiving phenobarbitone alone and
patients receiving combined therapy with pheny-
toin are shown in fig la. Patients receiving
phenytoin showed higher serum concentrations of
phenobarbitone-the slope of the regression line

100 1500 for serum concentrations against dose was signifi-

cantly greater (t=2d19, p<005) in patients re-

ceiving phenytoin. As shown in fig lb, patients
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receiving primidone alone had generally lower
serum concentrations of phenobarbitone than
patients on combined therapy, but in this case
there was no significant difference between the
slopes of the regression lines for serum con-
centrations against dose. The phenobarbitone/
primidone ratio was, however, significantly higher
(p<0 05) in patients on phenytoin-mean of
4*5+f-2-3 SD in patients on phentoin compared
with 2-7-111 SD in patients on primidone alone.
In 22 patients who were receiving a standard dose
of 300 mg phenytoin daily there was a trend to-
wards a higher phenobarbitone/primidone ratio
with increasing phenytoin concentration, and this
just failed to reach significance (r=0.399,
p<0.l).
Serum concentrations of PEMA were measured

in patients receiving primidone. The relationship
between serum concentrations of primidone and
PEMA is shown in fig ic. The PEMA/primidone
ratio was significantly increased in patients on
phenytoin (t=3 04, p<0 005)-patients on pheny-
toin showed a mean ratio of 1.0540-51 compared
with a mean ratio of 0-59-4-0.21 SD for patients
on primidone alone. There was also some evi-
dence for an effect of primidone itself in increas-
ing the PEMA/primidone ratio. Multiple
regression analysis showed that the PEMA/
primidone ratio=0*295+(0*400Xprimidone dose)
+(1P3OXphenytoin dose) where drug doses are
total grams received daily; however, although the
partial correlation coefficient was significant for
the plenytoin dose (p<0'05) it did not reach
significance for the primidone dose (p<0 1).

Discusion

Many patients receive combined therapy of pheny-
toin with primidone or phenobarbitone and inter-
actions between these drugs may be of therapeutic
significance. This study shows that phenytoin
causes raised serum concentrations of pheno-
barbitone. This effect may be related to the
phenytoin concentration since, in a previous
study,3 we found that increasing the phenytoin
concentration produced an increase in pheno-
barbitone concentrations in patients on combined
therapy. An increase in phenobarbitone serum
concentrations after addition of phenytoin has
previously been documented in children.5
Other workers have shown an increase in the

phenobarbitone/primidone ratio in patients on
phenytoin2 6 and have suggested that phenytoin
induces the liver enzyme system responsible for

the oxidation of primidone to phenobarbitone.
Reynolds,7 however, proposed that the action of
phenytoin was on phenobarbitone metabolism; our
finding that the effect of phenytoin on pheno-
barbitone concentrations was at least as great in
patients receiving phenobarbitone to that in
patients receiving primidone supports a mechan-
ism involving a direct action on phenobarbitone.
Enzyme induction might nonetheless have an
effect on primidone metabolism. Phenytoin and
possibly also primidone increase PEMA levels-
this may be via induction of primidone meta-
bolism to PEMA, although other mechanisms are
possible including inhibition of excretion or dis-
placement from tissue binding sites.
The effect of phenytoin in increasing serum

concentrations of phenobarbitone would be
expected to increase the therapeutic effect, and
this may at least partly account for the apparent
synergistic effect when these drugs are given
simultaneously. The clinical importance of the
interaction of phenytoin with primidone will
depend on the relative therapeutic importance of
primidone and its metabolites. If primidone itself
has important anticonvulsant activity, it would be
expected that administration of phenytoin may
lower the therapeutic effect of the drug. However,
Olesen and Dam8 found no difference between
the clinical effectiveness of phenobarbitone and
primidone and suggested that the anticonvulsant
activity of primidone is simply due to derived
phenobarbitone. It might therefore be expected
that combined therapy (phenytoin with primidone)
would produce a synergistic effect due to increase
in serum concentrations of phenobarbitone. It
remains possible, however, that primidone exerts
an important anticonvulsant effect of its own-
a recent study9 found primidone to be a superior
anticonvulsant to phenobarbitone in the control
of major seizures-and in that case a reduction
in primidone levels due to interaction with
phenytoin could reduce effectiveness.

D G Lambie was supported by Reckitt and Colman
(NZ) Ltd.
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