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Valproate causes metabolic disturbance in normal
man
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From the Departments ofNeurology (Muscular Dystrophy Research Laboratories),* Clinical Biochemistry and
Metabolic Medicinet and Pharmacological Sciences,t University ofNewcastle upon Tyne, Newcastle upon
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SUMMARY Valproate is an important anticonvulsant which is rarely associated with fatal hepa-
totoxicity. Previous experiments have shown that valproate inhibits several metabolic processes in
isolated rat hepatocytes and when administered to starved rats causes a fall in the blood concen-
trations of glucose and ketone bodies. Since these changes may be related to the hepatotoxicity, the
effect of valproate administration on intermediary metabolism in man was studied. One gram of
valproate given orally to fasted normal humans caused a 78% fall in the concentration of
3-hydroxybutyrate and a 60% fall in total ketones. Also the concentrations of lactate, pyruvate,
alanine and glycerol increased after valproate administration. Similar changes were observed after
intravenous administration of 400mg of valproate. Valproate clearly has a significant effect on
intermediary metabolism in the liver and this is probably related to the mechanism of the hepa-
totoxicity.

Valproate administered as the sodium salt or as 100
valproic acid, is a widely used and effective anti-
convulsant. Whilst serious adverse effects are uncom- 90
mon when valproate is administered as mono-
therapy,1 associated fatal hepatotoxicity has been 80
described. Hepatic failure is acute and has some simi-
larities with Reye's syndrome.2 Valproate (di-n- 70
propylacetate) is a branched-chain fatty acid which
inhibits fatty acid and pyruvate oxidation, fatty acid ~ 60
and urea synthesis, and gluconeogenesis in isolated E
rat hepatocytes.34 Administration of valproate to w 50
starved rats resulted in a fall in blood glucose and ,
ketone body concentrations,3 consistent with the a

inhibition of gluconeogenesis and of fatty acid o 40
oxidation observed in isolated rat hepatocytes. 3
Valproate is also hypoglycaemic and hypoketonaemic 30
in diabetic ketoacidotic rats.5
The only previous studies on the effect of valproate 20

on intermediary metabolism in humans were those of
Mortensen et a16 who found that patients on 10
valproate therapy excreted dicarboxylic acids sug-
gesting impaired fl-oxidation of fatty acids, and of 0
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Fig 2 Effect oforal administration of valproate (I g) on blood metabolite concentrations. Results are mean + SEMforfive
subjects.

Thurston et al7 who found decreased blood concen-

trations of 3-hydroxybutyrate in children on valpro-
ate therapy. This may suggest a mechanism for the
hepatotoxicity if similar changes in intermediary
metabolism to those observed in rats occur in
humans. We have therefore determined the effects of
valproate in normal man.

Methods

Five healthy male subjects within 10% of ideal body weight,
were fasted for 36 hours before intravenous administration
of valproate, and for 18 hours prior to oral administration.
An indwelling intravenous cannula was inserted at 07.30
hours and patency maintained by flushing with 0154 M/1

saline. Five basal samples were taken between 08.00 and
10.00 hours and sodium valproate was then administered
either as 400mg intravenously or as Ogm orally (non-
enteric coated tablets). Blood samples were then taken every
15 minutes for 2 hours and subsequently at intervals of
0 5-1-0 hour until 6 hours (oral) or 5 5 hours (intravenous)
(see figures). The subjects were static during this time. The
study was approved by the Newcastle University Ethical
Committee and all subjects gave informed oral consent.

Blood glucose, 3-hydroxybutyrate, lactate, pyruvate, ala-
nine and glycerol concentrations were determined by an

automated enzymatic fluorimetric method8 and blood ace-

toacetate concentration by a manual spectrophotometric
method.9 Plasma concentrations of non-esterified fatty acids
(NEFA) were measured by a radiocobalt technique.1o
Serum insulin concentrations were measured by radio-
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Fig 3 Effect oforal administration of valproate (1 g) on blood metabolite concentrations. Results are mean ± SEMforfive
subjects.

immunoassay.11 Plasma valproate concentrations were
determined by gas chromatography.12

Results

Oral administration
The mean peak serum valproate concentration, after
oral administration of 1 0 g of sodium valproate, was
80jug/ml which is within the suggested therapeutic

range of 50-100 pg/ml " (fig 1). Blood glucose con-
centration fell by 17% over the 8 hours of the study,
and the rate of fall did not appear to be affected by
valproate administration (fig 2). Concentrations of
lactate, pyruvate and alanine rose initially and then
declined (fig2). The concentration of glycerol was
markedly increased by administration of valproate.
Serum insulin remained at basal concentrations
throughout the study.
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Fig 4 Effect of intravenous administration of valproate (400mg) on blood metabolite concentrations. Results are mean
+ SEMfor five subjects.

The most marked effect of valproate adminis-
tration was on the blood concentration of ketone
bodies (fig 3). There was a 78% fall in the concen-
tration of 3-hydroxybutyrate, a 38% fall in ace-
toacetate concentration and a 60% fall in total ketone
body concentrations. There was also a 65% fall in the
3-hydroxybutyrate/acetoacetate ratio. These effects
on blood ketones were greatest 90 minutes after the
administration of valproate but were still evident 6
hours later.

Intravenous administration
The subjects were fasted for longer (36 hours) prior to
the intravenous administration of valproate (400 mg).
The effect on blood metabolite concentrations were

similar to the effects of 0gm given orally, with a
slight fall in blood glucose, and increases in lactate,
pyruvate, alanine and glycerol (fig 4). The ketone
body concentrations were again most affected, with a
75% decrease in the concentration of
3-hydroxybutyrate, 40% decrease in acetoacetate
concentration and the 3-hydroxybutyrate/
acetoacetate ratio decreased by 63% (fig 5).

Discussion

Hepatotoxicity is the most serious adverse effect of
valproate therapy. It is extremely rare and in the cases
reported death was due to fulminant hepatic failure
or a Reye-like syndrome. Many of the patients
affected are children with severe epilepsy, who were or
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Fig 5 Effect ofintravenous administration of valproate (400mg) on blood metabolite concentrations. Results are mean

+ SEMfor five subjects.

had been taking other anticonvulsants in addition to
valproate. 14

Concentrations of valproate found in man during
therapy inhibit fatty acid oxidation, fatty acid syn-
thesis, pyruvate oxidation, urea synthesis and glu-
coneogenesis in isolated rat hepatocytes.34 All the
metabolic disturbances caused by valproate can be
explained by the increased acyl-CoA/CoASH ratio
within the mitochondrial matrix due to the formation
of valproyl-CoA by acyl-CoA synthetase in this com-
partment.3 These results prompted this investigation
into the effect of valproate on intermediary metabo-
lism in humans. Administration of valproate to nor-

mal fasted humans caused a marked lowering of
blood ketone body concentrations. Ketone bodies are
the major products of hepatic #-oxidation. Whilst
falls in ketone body concentration may be partly due
to increased utilisation in peripheral tissues, it is most
likely that this indicates inhibition of fatty acid
oxidation by valproate in human liver. Our results
agree with those recently published by Thurston
et al.7 These authors studied the effect of chronic
valproate administration on blood metabolite con-

centrations in epileptic children and found a 67%
decrease in the concentration of 3-hydroxybutyrate
after an overnight fast.
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The metabolic response to fasting in control sub-
jects has been extensively studied using the same labo-
ratory techniques."5 The changes in metabolite con-
centrations in blood during fasting are gradual and
not associated with marked fluctuations as seen after
valproate administration. Johnston et al15 found that
blood glucose concentrations fell by 18% and alanine
concentratiorns by 40% over a period of fasting from
12 to 60 hours although the concentrations of blood
lactate and pyruvate did not change. Blood glycerol
and ketone bodies and the plasma concentration of
NEFA rose steadily. The increased concentrations of
lactate, pyruvate and alanine following adminis-
tration of valproate suggests that there is partial
inhibition of gluconeogenesis or of pyruvate
oxidation or both. Changes in NEFA concentrations
could not be measured accurately as valproate reac-
ted variably with the radiocobalt assay. However, the
results indicated qualitatively that the NEFA concen-
trations increased further following administration of
valproate. These and the increases in glycerol concen-
trations suggest that lipolysis is increased.

Valproate clearly inhibits several metabolic path-
ways in humans. The partial inhibition of glu-
coneogenesis and of ketogenesis caused by valproate
may impair liver function significantly and cause the
toxicity when there is already an inborn error of
metabolism or if the patients are on multiple drug
therapy. Such a putative relationship with inborn
errors may account for the increased incidence of
valproate-induced toxicity in children. However,
since these inhibitions are only partial it must be
assumed that the majority of patients tolerate
valproate without any adverse effects. Further, the
metabolic effects of valproate are analogous to those
seen in some inborn errors of metabolism, for exam-
ple, isovaleric acidaemia and propionicacidaemia.

This investigation was supported by the Medical
Research Council (DMT), by a Competitive Award
for Research into Toxicological Mechanisms from
the Wellcome Trust (HSAS, LW & KGMMA), by
Abbott Laboratories, Chicago, USA (DMT &
HSAS), and by the Muscular Dystrophy Group of
Great Britain (DJD).
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