
Abstract

We present a case report of a 27-year-old man with
MELAS, who presented with general convulsions and left
flaccid hemiparesis. Anticonvulsant drugs failed to
achieve complete control of his convulsions. A good re-
sponse to oral administration of succinate has been main-
tained for more than 30 months, with no recurrence of
any stroke-like episode. Succinate therapy may have po-
tential for treatment of uncontrolled convulsive MELAS
patients.
(Internal Medicine 43: 427–431, 2004)
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Introduction

MELAS (mitochondrial myopathy, encephalopathy, lactic
acidosis and stroke-like episodes) is characterized by
mitochondrial dysfunctions in multiple organs, resulting in
generalized convulsions and recurrent stroke-like manifesta-
tions (1). These symptoms are often intractable. Several ef-
fective drug therapies have been reported for the treatment of
mitochondrial encephalopathy. They include coenzyme Q,
cytochrome c, nicotinamide, dichloroacetate (2) and
succinate (3, 4). These therapeutic drugs, which are
mitochondrial respiratory chain enzymes or their substrates,
are thought to compensate for defects in the corresponding
pathways (5). Recently, trials of several new therapeutic
drugs have been reported. Among them, idebenone is a syn-
thetic analogue of coenzyme Q (6). L-arginine is a potent
donor of nitric oxide, reducing ischemic damage in brain
ischemia (7). Creatine enhances adenosine triphosphatase
synthesis and serves as an activator of glycolysis (8).
Taurine, which is absent in mutant mt tRNA of MELAS, can

be imported into mitochondria through a taurine transporter
(9). However, the long-term prognosis with these treatments
remains unknown. Here, we report a patient with MELAS, in
whom two-year administration of succinate at 6 g/day effec-
tively prevented relapse of the cardinal neurological symp-
toms.

Case Report

A 27-year-old man was diagnosed with secondary gener-
alized seizure and diabetes mellitus at the age of 18. Insulin
therapy was started two years later. At the age of 24, an
A3243G mutation in mitochondrial (mt) tRNA-Leu (UUR)
3243 allele 1 and wild-type in mt tRNA-Leu (UUR) 3243 al-
lele 2 or 3271 allele 1 were identified from peripheral whole
blood cells (by Athena Diagnostics Co. Mass.), which indi-
cated the diagnosis of MELAS. At the age of 26, he was hos-
pitalized with diabetic ketoacidosis and stroke-like episodes
(convulsion of the right side of the body, loss of conscious-
ness and aphasia). He recovered after administration of ATP,
cytochrome c and coenzyme Q, and was continuously treated
with sodium valproate. Sensorineural hearing loss was also
found by audiometry in May 2000. Because of the detrimen-
tal effects of valproate on oxidative phosphorylation, sodium
valproate was changed to phenytoin in August 2000 (10).

At the age of 27, he was admitted to our hospital because
of stroke-like episodes with myoclonus and drop attack of
the left upper limb in November 2000. These episodes pro-
gressed to general convulsions followed by left flaccid
hemiparesis in December 2000. Electro-encephalography
(EEG) showed a 2 Hz multiple spike and wave complex dur-
ing general convulsions (Fig. 1A). Furthermore, his con-
sciousness state was lethargic due to diabetic ketoacidosis.
The concentration of lactate in CSF was elevated to 46.2
mg/dl, and pyruvate concentration was also increased to 1.66
mg/dl with a high lactate/pyruvate ratio (range 19 to 25)
(11). Diffusion-weighted head MRI demonstrated a high sig-
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Figure 1. A) 2 Hz multiple spike and wave complex seen on EEG during general convulsions in December 2000.
B) Poly-spikes seen on EEG during intermittent myoclonic seizures in February 2001. C) A normal pattern with-
out any spike or sharp wave seen on EEG in February 2002. D) A normal pattern seen on EEG in June 2003.
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nal intensity region at the post central gyrus (Fig. 2A) and
fluid attenuated inversion recovery (FLAIR) images showed
multifocal cortical hyperintensities located bilaterally in the
temporo-occipital lobes (Fig. 3A). Tc-99m HMPAO brain
SPECT showed increased blood flow in the right front-
parietal lesion (Fig. 2B). Muscle biopsy of the quadriceps
femoris revealed a deficiency of cytochrome c oxidase in
muscle fibers (Fig. 4A) and strongly SDH-reactive blood
vessels (SSV) (Fig. 4B), but ragged-red fibers (RRF) were
not detected (Fig. 4C). Aggregates of enlarged mitochondria
or paracrystalline inclusion bodies characteristically detected
in RRF were not found by electron microscopy. The point
mutation of A3243G in mt DNA was also recognized in the
muscle sample.

Anticonvulsant drugs (clonazepam and zonisamide) were
partially effective, but failed to give complete control of con-
vulsions. Poly-spikes were seen on EEG during intermittent
myoclonic seizures in February 2001 (Fig. 1B). Then, we
started oral administration of succinate at 6 g per day. After
one week his consciousness level improved and abnormal
neurological signs, including myoclonus and hemiparesis,
disappeared. The same amount of succinate and the
anticonvulsants were continued for 30 months, during which
he showed no neurological abnormalities.

Although the concentrations of lactate and pyruvate in
CSF were still high (61.4 mg/dl and 2.12 mg/dl, respec-
tively), EEG showed a normal pattern without any spike or
sharp wave in February 2002 (Fig. 1C) and June 2003 (Fig.
1D). Follow-up MRI demonstrated a mixture of remissive
and recurrent foci, and similar findings were seen in
February 2002 (Fig. 3B) and June 2003 (Fig. 3C). Diabetes

mellitus was also well controlled. After succinate therapy the
Hasegawa Dementia Rating Scale was improved from 21
points to 26 points. The mean hearing thresholds measured
by audiometry slightly worsened from 65.0 dB (rt) and 63.8
dB (lt) in May 2000, to 72.5 dB (rt) and 80.0 dB (lt) in May
2002. He showed a progression to deafness and needed an
audiphone in spite of succinate treatment. We advised him to
avoid the stresses of strong sunlight, sea bathing and alcohol
intake for two years (12). We used pure succinate free of so-
dium, because sodium succinate can cause hypernatremia,
and his serum sodium levels remained in the normal range
with no adverse effect for two years.

Discussion

To obtain good efficacy in the treatment of mitochondrial
encephalopathy, drugs need to be delivered to the
mitochondrial matrix through cell membranes. Succinate has
a low molecular weight of 162.06 and is small enough to be
transported into the mitochondrial matrix. There are distinct
electron transport systems in the mitochondria, i.e., com-
plexes I and II. Complex I receives electrons from NADH
originating from �-ketoglutarate, pyruvate and fatty acids,
whereas complex II receives electrons directly from
succinate in the TCA cycle. These two systems cooperatively
create an electrochemical gradient that is used for the pro-
duction of ATP. MELAS is a mitochodrial disorder due to a
deficiency of the subunits of complex I (3). Thus, despite the
defect in complex I, the respiratory capacity in a MELAS pa-
tient can be restored by succinate administration, through ac-
tivation of the complex II system. It has been reported that
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Figure 2. A) MR diffusion-weighted image showing an epileptogenic focus at the post central gyrus on ad-
mission in November 2000. B) Tc-99m HMPAO brain SPECT in January 2001.
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succinate increases electron flow from complex II to com-
plex III (CoQ-cytochrome c reductase) and complex IV
(cytochrome c oxidase), enabling these two energy coupling
sites to operate normally (3).

A MELAS patient treated with L-arginine showed signifi-
cant improvements in lactate and pyruvate levels, and symp-
toms of headache, nausea and clinical disability were
dramatically improved (7). In contrast, lactate and pyruvate
concentrations in CSF remained high even following the
succinate therapy in the present case. One out of two re-
ported cases successfully treated with succinate also showed

sustained elevation of pyruvate and lactate concentrations in
CSF (3, 4). The concentrations of these compounds were not
correlated with neurological symptoms, and may not be use-
ful indexes of the effectiveness of succinate therapy.

The present patient showed positive SSV but no RRF in
a muscle biopsy specimen. The intensity of histochemical
staining with SDH more specifically reflects the number and
activity of mitochondria, as compared with other stains (13).
Two MELAS cases with positive SSV and without RRF
were described in previous reports (13, 14), and they showed
no apparent muscle symptoms. The present case also showed
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Figure 3. MR FLAIR image shows a mixture of remissive and recurrent foci. A) January 2001, B) February 2002, C) June
2003.
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Figure 4. Muscle biopsy specimens (M. quadriceps femoris) ×400. A) Cytochrome c oxidase (CCO) stain: Several fibers show
loss of activity. B) SDH stain: Strongly SDH-reactive blood vessel (SSV) can be seen. C) Gomori trichrome stain: No ragged-
red fibers are seen.
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no muscle symptom. Absence of RRF in muscle biopsy does
not exclude mitochondrial disease (13–15). The diagnosis of
MELAS in this case was confirmed by the SDH staining of
muscle.

In the present patient also, the neuroimaging findings
were not characteristic. FLAIR images showed increased
signal intensities bilaterally in the temporo-occipital lobes
(Fig. 2B, C). The major pattern of neuroimaging changes in
MELAS is reported to be migrating infarct lesions and pro-
gressive focal and generalized atrophy in follow-up MRI
study, and during the course of the illness, new lesions pro-
gressively appear in other cerebral regions regardless of im-
proving clinical signs (16). Our patient showed migrating
lesions, but no atrophic changes. Consequently the correla-
tion between symptoms and imaging findings is unclear.

More than 60 percent of MELAS patients have bilateral
progressive sensorineural hearing loss (17), as seen in our
patient. Longitudinal audiometry tests did not show any im-
provement due to succinate therapy, and this is consistent
with a previous report showing no correlation between de-
grees of hearing loss and severity of neurological symptoms
in MELAS patients (18). Succinate therapy might not com-
pletely prevent the progressive symptoms of MELAS.

This is the first report of successful long-term treatment of
intractable neurological symptoms in a MELAS patient by
administration of succinate. A large-scale clinical trial of
succinate treatment for long-term control of MELAS syn-
drome would seem to be warranted.
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