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MODIFICATION OF PHENYTOIN CLEARANCE
BY VALPROIC ACID IN NORMAL SUBJECTS

G.M. FRIGO, S. LECCHINI, G. GATTI, E. PERUCCA* & A. CREMA
Institute of Medical Pharmacology, Clinical Pharmacology Unit,
University of Pavia, Piazza Botta 10, 1-27100 Pavia, Italy

1 The effect of valproic acid on the distribution and elimination kinetics of intravenously
administered phenytoin has been investigated in eight normal volunteers.
2 In each of the subjects studied the volume of distribution of phenytoin increased significantly
during treatment with sodium valproate (1200 mg daily for 7 days).
3 Phenytoin clearance was markedly increased in presence of valproic acid as compared to control
values (0.52 +0.17 v 0.38 +0.11 ml min1l kg-1 respectively, P< 0.02).
4 It is suggested that the increase of the volume of distribution and of the serum clearance are
secondary to displacement of phenytoin from plasma protein binding sites by valproic acid.

Introduction

Valproic acid has been shown to displace phentoin
from plasma protein-binding sites and to increase the
unbound (free) fraction of phenytoin in vitro (Jordan,
Shillingford & Steed, 1976; Monks, Boobis,
Wadsworth & Richens, 1978; Patsalos & Lascelles,
1977). Since the pharmacological activity is propor-
tional to the plasma concentration of free drug, it has
been suggested that displacement from plasma
protein-binding sites might enhance the clinical
effects of phenytoin and precipitate phenytoin
intoxication in epileptic patients receiving sodium
valproate therapy (Patsalos & Lascelles, 1977).
Extrapolation of in vitro data to the in vivo situation,
however, has to be made cautiously because the
displaced drug is available not only to produce
pharmacological effects but also to be distrubuted in
tissues and to be eliminated (Levy & Yacobi, 1974;
Koch-Weser & Sellers, 1976; Shand, Mitchell &
Oates, 1975). As phenytoin is one of those drugs
which show flow-independent restrictive elimination
(Blaschke, Meffin, Melmon & Rowland, 1975), i.e.
only the unbound drug can be cleared, the increase in
plasma concentration of unbound phenytoin after
displacement by valproic acid would be expected to
be transient and rapidly offset by a compensatory
enhancement of the hepatic clearance of the drug
(Gugler & Azarnoff, 1976; Dahlqvist, Borga, Rane,
Walsh & Sj6qvist, 1979). In order to examine the
latter possibility the effect of valproic acid on the
distribution and elimination kinetics of intravenously

* Present address: Department of Clinical Pharmacology, St
Bartholomew's Hospital, London ECIA 7BE

0306-5251/79/110553-04 $01.00

administered phenytoin has been investigated in
normal volunteers.

Methods

Eight drug-free normal volunteers, (seven males, one
female) aged between 21-39 years and informed of
the nature of the study, were studied on two
occasions separated by an interval of approximately 3
weeks. On one occasion phenytoin sodium 250 mg
dissolved in the solvent of the commercial prepar-
ation (Epanutin®, Parke-Davis) were added to
200 ml 0.9% sodium chloride w/v and infused at a
constant rate into an antecubital vein over a period of
30 min. Frequent blood samples were taken for
up to 48 h following administration. On a second
occasion each subject received sodium valproate
(Depakine®, Sigma-Tau) 400 mg three times daily
orally for 7 days. On day 6 phenytoin was
administered intravenously according to the protocol
described above. The order of treatments was
randomized and the experimental conditions were
maintained unchanged in respect to the time of
dosing and to the time and composition of meals. No
side effects were observed. Serum samples were kept
frozen at -20°C until analysed for phenytoin and
valproic acid concentration after the completion of
the study. The concentration of phenytoin and
valproic acid was determined in duplicate serum
samples by gas-liquid chromatography according to
Berlin, Agurell, Borga, Lund & Sjoqvist (1972) and
Schultz & Toseland (1977) respectively. The analyst
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parameters are shown in Table 1. In all subjects the
volume of distribution of phenytoin increased during
treatment with sodium valproate. The terminal half-
life remained substantially unchanged while the total
body clearance increased by approximately 35% in
presence of valproic acid. The increase of the serum
clearance was observed in seven out of eight subjects
and was statistically significant for the group as a
whole.
Serum valproic acid levels (mean of two determi-

nations of samples collected 2 and 6 h after the
morning dose on day 6) ranged from 425 to
491 gmol/litre.
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Figure 1 Serum phenytoin concentration values
(mean ± s.d.) following intravenous administration of
phenytoin sodium (250 mg) in eight normal subjects.
0 control values, * values determined during
concurrent treatment with sodium valproate.

measuring the serum phenytoin concentration was
kept unaware of the sequence of treatments.

Following intravenous administration serum
phenytoin levels declined bi-exponentially in many of
the subjects studied. Pharmacokinetic analysis ac-
cording to a two-compartment open model, however,
could not be satisfactorily performed because of
slight irregularities during the early distributive phase
of the serum concentration curves. Four to six hours
after administration the decline of the log-concentra-
tion values with time appeared linear. The first-order
rate constant of the terminal slope (I) and the serum
half-life (T+) were calculated from the latter values
by linear regression. The area under the serum
concentration curve (AUC) was determined by the
trapezoidal rule and extrapolated to infinity. The
total serum clearance (Cl) was calculated according
to the model-independent relationship:
Cl = Dose/AUC (Wilkinson & Shand, 1975). The
volume of distribution (1Vd) was calculated as
Dose/(AUC x,B) (Odar-Cederlof & Borga, 1974).
Statistical analysis was performed by means of the
Student's t-test for paired data.

Results

As illustrated in Figure 1 sodium valproate had a

marked influence on the serum concentration profile
of intravenousy administered phenytoin. At all
sampling times serum phenytoin levels were con-

siderably lower in presence of valproic acid as

compared to control values. Calculated kinetic

As phenytoin is almost exclusively eliminated by
biotransformation (Hvidberg & Dam, 1976) the
increase of the phenytoin clearance in presence of
valproic acid is most likely to be due to enhancement
of its metabolism. It is extremely unlikely that
enzyme-induction is responsible for the observed
interaction because sodium valproate is virtually
devoid of enzyme-inducing properties in man
(Perucca, Hedges, Makki, Hebdige, Wadsworth &
Richens, 1979). The fact that the phenytoin half-life
was not shortened during treatment with sodium
valproate provides further evidence against induction
of phenytoin metabolism. On the contrary, all
available evidence supports our hypothesis that the
increased phenytoin clearance is secondary to a
plasma protein binding interaction. Several authors
have previously shown that valproic acid at serum
concentrations similar to those observed in the
present study significantly displaces phenytoin from
protein binding sites (Monks et al., 1978; Patsalos &
Lascelles, 1977) and increases by 30-100% its
unbound fraction in vitro (Lecchini, Gatti, De
Bernardi, Caravaggi, Frigo, Calzetti & Visintini,
1978; Monks, 1978) and in vivo (Dahlqvist et al.,
1979; Mattson, Cramer, Williamson & Novelly,
1978; Monks & Richens, 1979). Although the
concentration of unbound drug could not be
measured in the present study (due to accidental loss
of the samples stored for this purpose), indirect
evidence of displacement in our subjects is provided
by the marked increase of the volume of distribution
of phenytoin in presence of valproic acid. If the null
hypothesis set up in our study that changes in
distribution volume and clearance were solely caused
by changes in protein binding is correct, then
AUC(frec drug) should remain constant in absence (1)
and in presence (2) of valproic acid. Thus:

(1) AUC1 x =AUC2 X 02 = AUC(free drug)

or by rearrangement:
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a2 AUC1 697 135
(2)- = =ac AUC2 516 100

where a represents the free fraction of phenytoin in
serum. Thus, according to the null hypothesis, the
experimental results could be explained by an
approximate 35% rise in the free fraction, which is
well within the range of results reported in the
literature.
According to pharmacokinetic theory displace-

ment results in increase concentration of free drug in
plasma. However, for a drug like phenytoin which
has a relatively large volume of distribution and is
subject to restrictive elimination such an effect should
only be transient because the increased free drug
concentration also increases the rate of elimination
and of diffusion into tissues: this should result in
reduced plasma concentration of total (free+ bound)
drug whereas the concentration of free drug should
gradually revert to its initial value (Koch-Weser &
Sellers, 1976; Shand et al., 1975). Indeed an inverse
relationship between degree of plasma protein
binding and metabolic drug clearance in man has
been demonstrated previously for warfarin (Yacobi,
Udall & Levy, 1976) and phenytoin itself (Gugler &
Azamoff, 1976; Hayes, Langman & Short, 1975).
The very marked increase of phenytoin clearance
following single intravenous administration in elderly
(Hayes et al., 1975) and uraemic patients (Odar-
Cederlof & Borga, 1974) with hypoalbuminaemia is
likely to be due at least in part to reduced plasma
protein binding of phenytoin in these conditions.
Moreover, increased clearance of total phenytoin has
been recently demonstrated in normal subjects
following displacement of the drug from plasma
proteins by salicylic acid (Fraser, Ludden, Evens &
Sutherland, 1979). In this study, neither the AUC nor
the total body clearance of free phenytoin were
affected by the displacing agent. The results obtained
in the present study suggest that a similar effect takes
place in presence of valproic acid.
The interpretation that the enhancement of

phenytoin clearance was related to a plasma protein
binding interaction has received strong experimental
support in a recent study by Mattson and coworkers
(1978). In 21 epileptic patients the latter authors
described a marked fall of the total serum phenytoin
concentration a few days after starting valproic acid
therapy: the effect was associated with a 60-100%
increase of the unbound fraction of phenytoin in
serum, whereas the concentration of free drug showed
little or no change. In one patient who was more
extensively investigated, initiation of valproic acid
therapy resulted in an immediate and transient
increase of the rate of excretion of the major
phenytoin metabolite, 5,p-hydroxyphenyl-5-phenyl-
hydantoin (p-HPPH), in urine. Conversely, a reduc-
tion of the urinary excretion of the metabolite was
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observed in the same subject when valproic acid was
discontinued. These findings provide further evidence
of increased phenytoin elimination at the onset of
sodium valproate therapy. As expected the effect was
only transient: once the concentration of free drug
has returned to baseline levels the cause for increased
elimination is removed and the amount of drug
metabolized per unit of time also reverts to its initial
value. Although the interaction could be complicated
in presence of saturation kinetics, it is unlikely that
this occurred at the low serum phenytoin concentra-
tion values observed in our study.
Apart from their interest in terms of a pharmaco-

kinetic model the findings discussed above may have
important clinical implications. The relative stability
of the serum concentration of unbound phenytoin in

presence of valproic acid, to which the increase in
clearance observed in this study is likely to
contribute, indicates that displacement is unlikely to
produce any sustained change in the pharmacological
activity of the former drug. The resulting marked
increase of the volume of distribution of phenytoin in
presence of valproic acid, however, must be kept in
mind when interpreting serum phenytoin levels in
clinical practice: despite the lower total drug
concentration in serum, the amount of drug in tissues
may not be reduced and dosage may not need to be
increased.

We wish to thank Dr Alan Richens for his valuable
comments on the manuscript.
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