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Abstract We report in this study a patient who devel-
oped repeated convulsions as a result of valproate
therapy. MELAS (mitochondrial myopathy, encepha-
lopathy, lactic acidosis and stroke-like episodes) was
subsequently diagnosed and a nucleotide 3243 A®G
mutation was detected in the mitochondrial DNA. This
mutation predisposes the patient to the detrimental ef-
fects of valproate on oxidative phosphorylation.

Conclusion We support the suggestion of Ponchaut
et al. [14] that valproate should not be given to patients
suspected of having mitochondrial diseases. In addi-
tion, for patients whose seizures worsen with valproate
therapy, an inborn error of mitochondrial metabolism
should be suspected. The underlying mitochondrial
DNA defects should be sought for family screening and
genetic counselling.
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Introduction

Recent studies indicated that valproate (2-propylpen-
tanoate) interferes with intermediary metabolism in both
healthy subjects and in patients with latent inborn errors
of metabolism [7, 10]. In rats, Rumbach et al. [16]
showed that valproate at therapeutic concentrations
modi®ed the structural organization of the mitochon-
drial membrane by changing the conformation of the
membrane proteins. It also a�ects the function of the
mitochondria by depleting cytochrome aa3, resulting in
a decrease in mitochondrial respiration [13]. In addition,
Chabrol et al. [1] observed in a patient that valproate
decreased cytochrome c oxidase activity. However,
whether there were underlying genetic defects in these
patients is unknown. Thus it is di�cult to determine
whether valproate per se causes mitochondrial disease or
if it merely augments a pre-existing condition [17]. The
di�erence between acquired and genetic causes is im-
portant for prognostic assessment and for genetic
counselling. In this report, we describe a patient who
had mitochondrial myopathy, encephalopathy, lactic
acidosis and stroke-like episodes (MELAS), conditions
which became aggravated by valproate therapy. Genetic
studies revealed a nucleotide 3243 A®G mutation in the
mitochondrial tRNALeu(UUR) gene of this patient, which
is familial in origin.

Case report

A 12-year-old boy with mild mental retardation presented with
headache, drowsiness, and right-sided focal convulsion. About
1 year later, he experienced a similar seizure and was then treated
with sodium valproate 200 mg thrice daily. Eight days after initi-
ation of valproate, the patient developed right hemiparesis, hypo-
tonia and had two seizures. The serum valproate concentration
measured at that time was 396 lmol/l (therapeutic range: 347±
693 lmol/l). Plasma ammonium and serum transaminases were
normal. Sodium valproate was increased to 300 mg thrice daily and
carbamazepine was also started. However, there was no clinical
improvement and the patient developed two more episodes of
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convulsions. Because of the idiosyncratic drug reactions, valproate
was quickly tapered. Vitamins B1 and B2 were also started. The
convulsions stopped and the patient's condition became stable.

Metabolic stroke and MELAS syndrome were suspected and
blood for lactate and pyruvate drawn. Deproteinized blood lactate
(L) was 2.8 mmol/L (reference range 0.5±1.3 mmol/L) and pyruv-
ate (P) was 207 nmol/L (reference range 57±114 nmol/L) with a
L/P ratio of 14 (reference range: 6±14). Brain CT scan showed the
presence of a left parieto-occipital infarct and bilateral basal gan-
glia calci®cation. Muscle biopsy showed presence of ragged-red
®bres on modi®ed Gomori-trichrome stain. Electron microscopy
showed increased numbers of mitochondria and atypical mito-
chondria in the subsarcolemmal region, some with inclusion bodies.
Since the clinical features and the muscle biopsy ®ndings strongly
suggested MELAS syndrome, molecular mutation analysis was
performed to con®rm the diagnosis.

Material and methods

Mitochondrial DNA analysis

Genomic DNA was extracted from peripheral blood samples and
formalin-®xed para�n-embedded sections of the muscle biopsy
tissue were performed as described [9]. The primers used for PCR
were 5¢ CCTCCCTGTACGAAAGGAC3¢ and 3¢ CGCTAATCT-
TACCCATGTTAC5¢, which were homologous to heavy chain
nucleotide position 3116±3134 and light chain nucleotide position
3353±3333 of mitochondrial DNA sequence, respectively. The size
of the PCR product was 238 bp. Digestion of the PCR product
with 10 units of restriction enzymeHaeIII at 37°C for 2 h produced
DNA fragments of 169, 37, and 32 bp. The presence of the nt 3243
A®G mutation generates an additional HaeIII restriction site
splitting the 169 bp fragment into a 97 and a 72 bp fragment. The
DNA fragments were separated by 12% polyacrylamide gel elec-
trophoresis and the nt3243 A®G heteroplasmy was quantitated
according to the procedure of Ciafaloni et al. [2].

Results

A point mutation at nucleotide position 3243 of mito-
chondrial DNA in the patient was present in 27% of
peripheral blood leucocytes and in 84% muscle tissue.
Family members of the patient were also examined for
this mutation. The results are summarized in Fig. 1.

Discussion

Mitochondrial myopathy, encephalopathy, lactic acido-
sis and stroke-like episodes (MELAS) is a maternally
inherited disease. The clinical features of MELAS syn-
drome were ®rst described by Pavlakis et al. [11]. It was
found to be associated with respiratory chain disorders,
particularly complex I (NADH coenzyme Q reductase)
[8]. The genetic defect was subsequently found to be a
nt3243 A®G mutation in the mitochondrial
tRNALeu(UUR) gene [5]. This mutation accounts for 80%
of MELAS patients [4].

Our patient presented with a focal convulsion and
was treated with sodium valproate. This treatment,
contrary to expectation, enhanced the frequency of
convulsions. In addition, valproate administration ap-
parently triggered the development of the right hemi-

paresis. Indeed, when valproate was tapered, the
convulsions stopped and his clinical condition became
stable. Although the dramatic improvement in our pa-
tient's condition may be attributed to the vitamins given
in the treatment regime [12], no controlled study has
clearly proven the bene®t of such treatment [18]. Di-
chloroacetate which was proved to be e�ective in im-

Fig. 1. A Pedigree of the family with MELAS. The solid symbol
denotes the patient with MELAS. The numbers below the symbol
represent the amount of mutant mitochondrial DNA in blood.
B Restriction enzyme analysis of the PCR products from theMELAS
patient and his family members. Digestion of normal mitochondrial
DNA with restriction enzyme HaeIII generates three fragments of
169, 37, and 32 bp, as shown in lane C (control); the presence of the
nt3243 A®G mutation creates an additional HaeIII site that causes
the 169 bp fragment to be cut into 97 and 72 bp fragments.U uncut
PCR products; C normal control
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proving mitochondrial function was not used in our
patient [3]. Thus, it is evident that valproate directly
triggered the mitochondrial myopathy in our patient.

While Rumbach et al. [15] showed that valproate
inhibits oxidative phosphorylation in hepatic and cere-
bral mitochondria, Ponchaut et al. [13] demonstrated
that valproate impaired the proton pumping activity of
complex IV (cytochrome c oxidase) in the respiratory
chain. This was observed in a patient who subsequently
developed hepatic failure [1]. In this patient, while cy-
tochrome oxidase activity was markedly decreased in the
circulating lymphocytes, liver, and cultured skin ®bro-
blasts, no gross alteration of mitochondrial DNA was
detected by Southern blot. However, point mutations in
the mitochondrial DNA were not investigated. Given
the crucial role of complex IV in the respiratory chain, it
is not surprising that valproate can precipitate severe
symptomatology of MELAS by further suppressing the
constitutively de®cient complex IV activity, which oc-
curs in 50% of MELAS patients [4]. In addition, this
valproate-induced enzyme suppression can exceed the
metabolic threshold for phenotypic expression in tissues
having a lower amount of heteroplasmy. Since valproate
normally inhibits oxidative phosphorylation [6], de-
creased mitochondrial enzymic activity determined
during valproate therapy is not su�cient for a de®nitive
diagnosis of mitochondrial diseases. In this situation,
molecular genetic techniques should be used to con®rm
the diagnosis.
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