REFLEX SEIZURES, MALFORMATIONS OF CORTICAL DEVELOPMENT

seven participating centers. Several other patients with
MCDs and putative reflex seizures were excluded be-
cause the latter were not reproduced during video-EEG
evaluation. Seizure onset ranged from 4 months to 11
years (mean, 4.6 years), and age at evaluation from 5
to 51 years (mean, 20.1 years). Chart review comple-
mented by recent clinical assessment allowed collection
of data regarding pregnarcy and perinatal period, devel-
opmental milestones, history of status epilepticus, reflex
and spontaneous seizure types, specific precipitants of re-
tlex seizures, occurrence of self-precipitation, seizure fre-
quency, and response to antiepileptic drugs (AEDs). De-
layed development was rated as severe when acquisition
of either walking independently or comprehensive lan-
guage occurred after age 3 years, and moderate when af-
ter age 2 years. Mild developmental delay included any
less significant delay in acquisition of motor or cognitive
milestones. Because of the ascertainment of patients from
six countries, their highly variable age range, and ability
to cooperate with formal neuropsychological testing, we
determined the presence and severity of intellectual dis-
ability according to schooling and independence in activ-
ities of daily living. Thus patients who were able to attend
normal schools but could not complete elementary edu-
cation were considered mildly impaired. Those who were
not able to attend regular school but were independent in
activities of daily living were considered moderately im-

paired, and those who could not function independently

were regarded as severely impaired.

Multiple sessions of 16- to 32-channel video-EEG mon-
itoring were performed for each patient, during which
reflex seizures were documented. Scalp/sphenoidal elec-
trodes were used for these recordings, except for one pa-
tient, who was studied with subdural grids and strips in the
left frontocentroparietal regions. All patients underwent
complete physical and neurologic examinations. High-
resolution 1.5-Tesla magnetic resonance imaging (MRI)
studies were available for all. Four patients underwent
surgery: two had callosotomies, and two others localized
cortical resections. Routine histopathology staining was
done in excised surgical specimens. Postoperative follow-
up ranged from 2.5 to 12 years.

RESULTS
IHustrative case reports

Patient |

This 15-year-old Australian adolescent was the first-
born twin at 34 weeks’ gestation. He was born in good
condition after emergency cesarean section for breech
presentation and premature labor. He had an episode of
afebrile status epilepticus at age 3 years. One year later,
self-induced drop attacks developed: staring at a white pa-
per or a shiny surface would induce a tonic seizure with

stiffening of the upper limbs and loss of awareness for
~10s, occasionally associated with jerking, and followed
by postictal confusion and drowsiness. These attacks in-
creased in frequency as he grew older, with > 10 per day.
He succeeded persistently in evoking a seizure because of
a sensation of well-being, “warm and fuzzy,” as he stares.
He has been instructed to sit down before provoking the
episodes to prevent injuries, but unfortunately he has still
sustained severe injuries because of drop attacks and pro-
longed generalized tonic—clonic seizures. He also has de-
scribed episodes of shooting pain in the forehead with,
sometimes, eye flickering for 10~15 s recurring every
5 min. Interestingly, he never had spontaneous myoclonic
jerks, atonic drop attacks, or partial motor seizures.
Developmental milestones were significantly delayed.
He has a moderate to severe intellectual handicap, no
cutaneous or dysmorphic stigmata, but a mild general-
ized spasticity, with a right-sided predominance. In ad-
dition, he has cerebellar features characterized by in-
tertion tremor, dysdiadochokinesis, and ataxia, He also
has tongue dyspraxia. Neurogenetic evaluation for frag-
ile X syndrome was negative, karyotype was normal, and
EEGs showed persistent focal epileptiform discharges in
the right centroparietal region. MRI revealed subependy-
mal heterotopia extending onto both temporal and occip-
ital horns of the lateral ventricle, a right mesial occipital
dysplasia, and a cerebellar hypoplasia (Fig. 1). An inter-
ictal fluorodeoxyglucose—positron emission tomography
(FDG-PET) study showed a relatively decreased glucose

FIG. 1. Coronal inversion-recovery magnetic resonance imaging
section of patient 1 shows a marked malformation in both posterior
quadrants, with a right-side predominance, Note subcortical and
periventricular heterotopic tissue (arrows), a right occipital dys-
plasia (arrowhead), dilatation of the posterior horns of the lateral
ventricle, and cerebellar hypoplasia.

Epilepsia, Vol. 46, No. 8, 2005

- 266 -



A. PALMINI ET AL.

metabolism in right temporal, parietal, and occipital re-
gions.

Patient 8

This 34-year-old woman had refractory seizures with
onset at 8 years, which began with paresthesia and tonic
extension of the right leg, and then dystonic posturing
of all limbs and a high-pitched vocalization resembling
a bird singing or loud laughter. Awareness was retained
throughout the attacks. Seizures were spontaneous or con-
sistently provoked by either rubbing the sole of the right
foot or excessive bladder distention. Video-EEG evalua-
tion showed interictal runs of pseudorhythmic sharp waves
in the left parasagittal frontocentral region (Fig. 2A), and
decremental fast activity in the same area during ictal
events (Fig. 2B). MRI was normal. Intracranial evaluation
with subdural strips covering the left dorsolateral supe-
rior and mesial frontocentral regions showed seizure on-
set in the mesial aspect of the postcentral gyrus (Fig. 2C).
Extra-operative electrical cortical stimulation reproduced
the seizures and confirmed that this region contained the
sensory cortical representation of the right leg and foot.
Resection of this region and the ipsilateral supplementary
motor area, complemented by subpial transection of the
mesial aspect of the motor cortex, has completely con-
trolled seizures in the 3 years since surgery. A postop-
erative transient contralateral hemiparesis and expressive
aphasia lasted for | week. A more prolonged weakness of
the right foot resotved after some months with vigorous
physical therapy. Postoperative MRI confirmed the extent
of resection (Fig. 2D), and histopathology showed dys-
plastic neurons and balloon cells (Fig. 2E), indicative of a
Taylor’s type focal cortical dysplasia (19,20).

Clinical series of eight patients

Two patients had histories suggestive of pre- or perinatal
distress, and one had status epilepticus. Five had develop-
mental delay, and six were intellectually handicapped. Pa-
tient 2, with a deletion of the long arm of chromosome 11,
had low-set ears. The other had normal physical examina-
tion. Only two patients, however, had a normal neurologic
examination, with the others sharing diffuse hypotonia or
spasticity, mild hemiparesis, and pseudobulbar signs. Fur-
ther details can be obtained from Table 1.

Seizure characteristics

The findings are detailed in Table 2. All patients had re-
flex and spontaneous seizures, the latter always predom-
inating. Seizure frequency varied from one per week to
several per day. Two patients, both with severe mental
retardation, had self-induced attacks.

In two patients, the semiology was identical whether
attacks were spontaneous or provoked: one, with bilat-
eral perisylvian polymicrogyria, had perioral myoclonus
and drop attacks, and another, with focal cortical dyspla-
sia in the medial frontoparietal region, had partial motor
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seizures and occasional secondary generalization (Tables
1 and 2). In the other six patients, the repertoire of reflex
and spontaneous seizures differed in at least one seizure
type. Four had spontaneous partial motor seizures and
occasional secondary generalization, and recurrent drop
attacks only upon specific stimulation: two with startle-
induced drop attacks and two with seizures induced by
visual stimulation or eye movement. A fifth patient with
a centrotemporal focal dysplastic lesion had spontaneous
and reflex partial motor and complex partial seizures, but
perioral myoclonias only upon interoceptive stimulation
of a full meal, and the last patient, with bilateral asym-
metrical perisylvian polymicrogyria, had spontaneous and
reflex partial motor seizures secondarily generalized, but
myoclonus of the head and both arms on eating or eating-
related cognitive activation.

Two patients had a single seizure-precipitating stimulus
(patients | and 7). The others had reflex seizures induced
by different types of stimuli, which nevertheless produced
the same seizure manifestations. One had seizures precip-
itated by oculomotor and proprioceptive stimulation, two
by eating or talking, two others by startle produced by
sudden occurrence of a loud sound or a tactile stimulus
(e.g., an unexpected stroke on the back), and one through
sensory stimulation of the foot and by bladder fullness.

From clinical, interictal and ictal EEG, and imaging
findings, it was possible to suggest a putative epilepto-
genic zone responsible for the reflex seizures in each pa-
tient. These data are detailed in Table 2. Four patients with
diffuse or bilateral malformations had generalized, multi-
focal, or bilateral epileptiform interictal EEG spikes. All
had bilateral or generalized reflex seizure patterns. Pa-
tient 2, however, with bilateral malformations in the pos-
terior quadrants and a history of infantile spasms in the
first year of life, had seizures starting in the right ante-
rior quadrant. Three other patients had focal or unilateral
spikes and localized epileptogenic zones. Patient 1 had
focal EEG features associated with a gross malformation
in the right posterior quadrant, although he also had bilat-
eral periventricular nodular heterotopia. Finally, patient
7 had no interictal or unequivocal ictal epileptiform ab-
normalities on scalp EEGs. The autonomic features of his
reflex attacks, coupled with a periinsular lesion, suggested
a centroinsular epileptogenic zone.

Anatomic and histopathologic findings

MRI showed variable types of MCDs. Two patients
had bilateral perisylvian polymicrogyia (Fig. 3), which
was symmetrical in one and asymmetrical in the other.
Both had reflex seizures provoked by eating, and one
had recurrent reflex drop attacks, which were only par-
tially responsive to anterior callosotomy. Two had exten-
sive dysplastic features in the posterior quadrants, one
with bilateral subependymal nodular heterotopia and a
right occipital dysplastic cortex, and the other with grossly
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FIG. 2. EEG, magnetic resonance imaging (MRY), and histopathologic pictures of the evaluation and treatment findings of patient 8. A:
Rhythmic interictal epileptiform discharges involving the left frontocentral (parasagittal) region. B: Reflex-induced seizure on scalp EEG,
with onset in the same regions displaying rhythmic interictal discharges (arrows). C: Intracranial EEG with subdural electrodes (MRI
insert) show a spontanecus seizure arising from the mesial primary sensory cortex, which was resected, in conjunction with the left
supplementary motor area (D). E: The dysplastic histopathologic features of the resected tissue.
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FIG. 2. Continued.

abnormal gyration in both parietooccipital regions. These
patients had seizures precipitated by visual, oculomotor,
or proprioceptive stimuli. A localized dysplastic abnor-
mality was seen in two patients, in the centroinsular area
in one (Fig. 4), with seizures triggered by a full stom-
ach, and in the right frontal lobe in the other, who had
startle-induced seizures. At operation, electrocorticogra-
phy (ECoG) showed continuous spiking in the right frontal

Epilepsia, Vol. 46, No. 8, 2005
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lobe, and histopathology confirmed a Taylor-type focal
cortical dysplasia (19,20). Postoperatively, seizures were
fully controlled for 5 years, and he now has occasional
simple partial seizures. One male patient had diffuse band
heterotopia, or “double cortex,” with startle seizures and
frequent drop attacks, not helped by complete calloso-
tomy. Finally, one patient with a normal MRI, but an EEG
pattern suggestive of focal cortical dysplasia (patient §;
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FIG. 3. Axial T;-weighted magnetic resonance imaging section
of patient 6 shows grossly maiformed perisylvian regions bilater-
ally. Close analysis of the malformation suggests a polymicrogyric
pattern.

Fig. 2A) (12,15) had seizures provoked either by stimula-
tion of the sole of the right foot or by fullness of the blad-
der. Subdural electrodes showed an epileptogenic zone in
the right medial central cortex, and resection of this area
revealed a Taylor-type focal cortical dysplasia. Seizures
are fully controlled after 30 months.

DISCUSSION

Reflex seizures result from neuronal circuits that are
hyperexcitable to specific afferent stimuli (2,10,11). Ge-

= > RIS R £
FIG. 4. Coronal fluid-attenuated inversion recovery magnetic res-
onance imaging acquisition of patient 7. Note focal area of in-
creased corticosubcortical signal in the left anterior frontoinsular
region, compatible with a dysplastic lesion.

netic and lesional mechanisms facilitating the recruitment
and synchronization of larger neuronal pools by incoming
sensory volleys are likely to be involved in this process
(11,14,16).

We retained for inclusion in this report only those pa-
tients with MCDs who had reflex seizures reproduced dur-
ing video-EEG evaluation. Other patients whose putative
reflex attacks could not be verified were not included.
Some of these reported attacks that were suggestive of a
reflex mechanism, such as patients with rolandic MCD re-
porting clonic perioral movements associated with tooth-
brushing, Thus the very low prevalence of reflex seizures
in patients with MCD, as inferred by the limited num-
ber of patients included in this report, may represent an
underestimation.

All eight patients had both spontaneous and reflex
seizures. This has been the case with many of the patients
previously reported, irrespective of the underlying etiol-
ogy (9,21). In contrast with most other reports, however,
our patients had refractory seizures, and most had at least
one type of seizure that was provoked only by specific
stimulation and did not occur spontaneously.

Reflex seizures are often readily controlled with medi-
cation. This favorable response is to be expected in patients
with idiopathic epilepsies, such as primary generalized
epilepsies and reflex seizures related to photic stimuli, and
also is seen in patients with partial cryptogenic epilepsies
(1,3,5,6,8,22-24). Conversely, a few series and single-case
reports of patients with symptomatic partial epilepsies and
refractory reflex seizures have been published (9,25-28),
and the present series would support the view that reflex
seizures in the context of symptomatic epilepsies tend to
be medically refractory.

Six of our eight patients had some types of seizures that
occurred only upon specific stimulation, but not spon-
taneously. These were drop attacks or axial myoclonic
seizures and were seen in patients with localized or more
extensive MCDs. These seizure types usually result from
rapid synchronization of ictal activity over both cerebral
hemispheres, or from the activation of corticosubcortical
circuits involved in the maintenance of axial tonus (29,30).
It is possible that the enhanced epileptogenicity associ-
ated with MCDs may facilitate fast bilateral or subcorti-
cal propagation of ictal activity, leading to drop attacks
or axial myoclonus upon sensory stimulation. With the
exception of startle-induced seizures (26), severe seizures
exclusively induced by sensory stimulation are rare, and
it is thus possible that the dysplastic nature of the lesion
in our patients facilitated their occurrence. [Indeed, a de-
tailed report found that a significant number of patients
with startle-induced drop attacks had variable forms of
MCDs on evaluation with high-resolution imaging (26)].

A number of clinical and EEG findings suggest that
MCDs are highly and intrinsically epileptogenic. These
lesions often lead to medically refractory seizures (12,13),
give rise to epilepsia partialis continua and other types of
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status epilepticus (31-36), and produce continuous epilep-
togenic discharges recorded on the scalp EEG or directly
over the lesion, on short- or long-term ECoG (15,16,37.38)
(see Fig. 2A). Furthermore, these lesions are often local-
ized around the rolandic regions (12,31,39), thus having
the potential to lead to hyperexcitable sensorimotor synap-
tic loops.

The mechanisms associated with the intrinsic and en-
hanced epileptogenicity in MCDs are an active field of
research. Morphologic studies point to persistent “epilep-
togenic™ plasticity and abnormal connectivity, and it has
been suggested that dysplastic neurons and balloon cells
may escape programimed cell death through continuous
expression of neurotrophins and trk receptor proteins (40).
This would allow these cells to augment their synaptic
network through retained active neurite plasticity. Neuro-
physiologic evidence for increased and intrinsic epilepto-
genicity of dysplastic tissue was recently obtained from

.in vitro studies of slices of tissue resected from pa-
tients with focal cortical dysplasia. In the presence of 4-
aminopyridine, a K channel blocker that increases trans-
mitter release, spontaneous and prolonged epileptiform
discharges resembling EEG seizures were recorded (41).
These were blocked by the application of NMDA (V-
methyl-D-aspartate) and AMPA (D-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid) receptor antagonists,
suggesting the participation of excitatory amino acid re-
ceptors in the process. Furthermore, immunocytochemical
studies of malformed tissue have shown a reduced density
of inhibitory y-aminobutyric acid (GABA)ergic interneu-
rons and an increase in the number of abnormally oriented
pyramidal cells with immunostaining for excitatory amino
acid receptors (42—44).

The basic mechanisms of epileptogenicity associated
with other types of MCD—notably the heterotopias and
polymicrogyria—have received less attention. Notably,
however, it has been demonstrated that immature neu-
rons in heterotopic positions can make reciprocal connec-
tions with the neocortex and other heterotopic aggregates
(17,18), which could lead to networks of sustained hyper-
excitability. In addition, basic research on animal models
of polymicrogyria (45-48) has attested to the formation
of hyperexcitable intracortical networks. Further studies
on the neurochemical changes underlying both polymi-
crogyric and heterotopic malformations may clarify the
epileptogenic tendency in these lesions.

The role of the different forms of MCDs in the gen-
eration of reflex seizures in our patients is additionally
supported by functional anatomic correlation with the re-
flex seizure types (see Tables 1 and 2). Thus, patients
with perisylvian lesions had seizures induced by eating or
talking; those with posterior quadrant abnormalities had
reflex attacks precipitated by visual, oculomotor or pro-
prioceptive stimuli; one patient with a periinsular lesion
had seizures related to interoceptive stimuli; and one of
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the patients with startle-induced drop attacks had a dif-
fuse band heterotopia (the other had a diffuse frontal lobe
abnormality). Finally, one patient with seizures related to
somatosensory stimulation of the sole of the right foot and
to bladder fullness had a dysplastic lesion in the contralat-
eral sensorimotor cortex.

Interestingly, in many instances. these malformations
retain the usual function expressed by the region where
they are located or where heterotopic neurons were bound
to migrate. Although much is still to be learned in terms
of MCDs and cortical function, some evidence from func-
tional MRI suggests a gradient of functionality along the
spectrum of MCDs. Thus polymicrogyric lesions are most
often functional, followed by heterotopia. Focal cortical
dysplasia and hemimegalencephaly, conversely, are the
least functional (49,50). The potential inverse relation be-
tween functionality and degree of epileptogenicity is an
attractive speculation, inasmuch as converging data show
that epileptogenicity is highest in focal cortical dysplasias
(51).

In patients with refractory reflex seizures associated
with localized MCDs, resective surgery should be con-
sidered (27), and the favorable result achieved in patient
4 supports this approach. Likewise, if a dysplastic lesion
is suspected on the basis of clinical and electrographic
findings in patients with reflex seizures and normal MRI,
further evaluation and surgery also should be considered,
as shown by patient 8. The role of callosotomy to control
reflex drop attacks in these patients is less clear.

It is intriguing that in most of our patients, different
types of stimuli led to the same type of reflex seizures,
suggesting that different types of stimuli can be channeled
to the motor regions through the same sensory pathways.
The two patients with eating seizures also had the same
type of reflex seizures precipitated by talking. Seizures in-
duced by talking can involve the same perisylvian regions
responsible for eating-related attacks (9,25). Similarly, the
patient with seizures independently provoked both by eye
deviation to the left side and by blinking most likely has a
trigger related to the cortical projection of propricceptive
afferents from the ocular muscles, which could be acti-
vated by either action. In the patient with seizures induced
by rubbing the sole of the right foot and by urinary bladder
distention, both stimuli would project to the medial aspect
of the ceniral region, where a focal cortical dysplasia was
found at surgery. Finally, in two patients, sudden, unat-
tended, presentation of either auditory or tactile stimuh
led to startle-induced seizures (21,26,52).

The low frequency of reflex seizures reported in patients
with MCDs might argue in favor of possible protective
effects secondary to the malformation. Indirect evidence
supporting this possibility is that in some patients operated
on for an MCD, postoperative seizures originate in regions
remote from the resection site or even in the contralateral
hemisphere (53-55). It is possible that parts of the MCD
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exerted tonic inhibitory effects on these regions, which
became active only after removal of the major MCD. This
hypothesis raises the issue of “distributed epileptogene-
sis” in MCDs (53). By this token, epileptogenicity asso-
ciated with MCD would be distributed over a network in-
terconnecting separate “foci” with variable epileptogenic
thresholds. These foci could all be within the limits of
the visible lesion or involve nonlesional adjacent or dis-
tant, synaptically interconnected regions. When outiside
the boundaries of the visible lesion, these foci could be
associated with microscopic dysplastic abnormalities or
simply represent Jow-threshold regions that developed as
such through mechanisms of secondary epileptogenesis,
particularly kindling (56). In such a netwark, ictal and
interictal activity generated within slightly distinct time-
frames at different “nodes” could have a net inhibitory
effect over the whole network. Recent data derived from
signal analysis of ictal stereo-EEG recordings in patients
with partial seizures do suggest that an epileptogenic net-
work, rather than a single focus, is operative immediately
preceding seizure onset (57-59). Interestingly, however,
this network conformation also can lead to scenarios in
which ictal activity locally generated at a single node of a
distributed network may be prevented from recruiting the
whole network (and thus lead to a clinical seizure) if other
nodes are displaying high-frequency, out-of-phase interic-
tal spiking. This has been shown to occur experimentally
(60) and is a theoretical model to suggest that out-of-phase
hyperexcitability within a distributed network may indeed
have a net inhibitory effect over the network. Such a model
of distributed epileptogenesis could provide a mechanism
through which a hyperexcitable response to an afferent
sensory volley may not lead to reflex seizures. The fact
that MCDs are highly epileptogenic and tend to generate
a large number of interictal spikes may very well fit this
model. As a corollary, clinical and basic science studies
of MCDs may provide an opportunity for exploring both
excitatory and inhibitory influences of high degrees of
epileptogenicity on epileptogenic networks.
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Abstract We report a 44-year-old Japanese woman with herpes simplex virus
(HSV) type Z recurrent meningitis (Mollaret’s meningitis). The diagnosis was
confirmed by nested polymerase chain reaction in her cerebrospinal fluid, but the
patient’s conventional HSV antibodies by complement fixation, neutralizing test or
enzyme tmmunoassay showed low titres with low lymphoproliferative response.
Several similar cases are discussed. Although the reason for the recurrent
pathogenesis is uncertain, our report suggests that the low immune response
including immune evasion may be involved in the pathogenesis of HSV type 2
recurrent meningitis. For this patient, long-term suppressive and patient-initiated
therapies were conducted to prevent the recurrence of meningitis.

© 2005 The British Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction lasting between 2 and 5 days, associated with

spontaneous recovery.“3 To date, approximately
Mollaret’s meningitis is defined as a benign recur- 50 cases of herpes simplex virus (HSV) type 2
rent aseptic meningitis characterized by three to 10 recurrent meningitis have been reported.*'" Poly-
episodes of fever and signs of meningeal irritation ~ merase chain reaction (PCR) from cerebrospinal
fluid (CSF) can confirm the diagnosis in most
patients, aiding further management of the
" Corresponding author. Fax: 81 942 31 7703, patients, whereas the antibody analysis is not
E-mail address: hshoji@med.kurume-u.ac.jp {H. Shoji). always useful. The pathogenesis of recurrence has
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not yet been clarified; frequently recurring menin-
gitis with or without genital herpes is probably due
to particular features of HSV type 2, or low host
defence including immune evasion. Previously we
reported a case of HSV type 2 Mollaret’s meningitis
with low antibody response.® We herein report an
additional case of HSV type 2 recurrent meningitis,
in which the serum complement fixation (CF),
neutralizing test (NT)} or enzyme immunoassay
(EIA) antibodies to HSV were all at a low level,
and in which there was a low lymphoproliferative
response at the third recurrence.

Case report

A 44-year-old Japanese woman had an unremark-
able past and familial histories. At the end of July
2001, the patient noticed vesicles and pain in the
genital region, and visited a nearby gynecologist.
She was diagnosed as having genital herpes and
given a vidarabin salve and a diclofenac perioral
drug. On August 5, she had severe headache, a fever
of 39°C, and vomiting, and was admitted to our
University Hospital. On admission, her temperature
was 37.4 °C, and pulse and respiration were normat.
She revealed nuchal stiffness and lower back pain
without Kernig's sign, and no abnormalities were
observed in her four extremities. The patient’s
erythrocyte sedimentation rate was 39 mm/h, a
syphilic test for syphilis was negative; a chest X-ray,
electrocardiogram, and brain CT and MRl were
normal. CSF contained 433/mm° cells, 144 mg/dl
protein, and 40 mg/dl glucose; blood glucose was
79 mg/dl. The CSF cytokine measurements were:
tumor necrosis factor {TNF)-c. 22.5 pg/ml (normal
range <4.4), interleukin (iL)-6 2030 {<3.1), inter-
feron (IFN)-vy 74.6 (<8.0), and IL-10 149 (<2.0).

Serologic testing and PCR studies: serum ElA igh
to HSY was 1.93 (positive >0.8), 1gG 6.3 (positive
>2.0), NT to HSVY type 1 and type 2 was <1:4,
respectively, and CF was < 1:4. CSF EIA igM to HSV
was 0.45, 1gG 1.55, and CF to HSV was <1:1. No
intrathecal antibody synthesis was observed. For
the conventional CF and EIA testing, HSV type 1
antigen was used. The CF and EIA showed rather
high values of varicella-zoster virus of 1:16 and
21.1, respectively. Meanwhile, serum antibody
titres by type-specific ELISA kit (Focus Technologies
inc) revealed HSV type 1:0.33, HSV type 2:0.30 at
the 6th illness day, HSV type 1:0.33, HSV type
2:0.30 at the 21th illness day and then 0.31 and
1.93, respectively, at the 40th illness days.

The HSV-specific 198-bp DNA band was amplified
by nested PCR from initial CSF, but not from the

serum. The PCR product was further digested with
the restriction enzyme Bam HJ, resulting in the
jdentification of HSV type 2. Real time HSVY PCR
shows 10 000 copies/ml, and serum 500 copies/ml.

Clinical course (Fig. 1): the patient was givena7
day-course of intravenous acyclovir 750 mg/day.
The genital herpes and meningeal signs were
resolved within a few days. One week later the
patient’s CSF pleocytosis decreased 13/mm?, and
she was discharged on August 22, however, she
experienced genital herpes and headache with
vomiting on September 26 and October 22. Her
CSF had showed a mild pleocytosis at the latter
episode. Beginning with the 2nd episode she began
to have an anxiety about repeated attacks of
genital herpes with meningitis, and acyclovir of
400 mg per day was periorally given as continuous
suppressive therapy. In spite of this, she experi-
enced a third attack of meningitis without skin
eruption in December 2003.

On the third admission, HSV type 2 by HSV PCR
and type-specific antibody analysis'? was confirmed
in the patient’s CSF. Real-time PCR showed
200 copies/mt. CF, NT and EIA were low titres as
observed in the first attack. Lymphocyte response
to phytohemagglutinin (PHA)} was 17 422 cpm
{normal 26 000-53 000 cpm); concanavalin A {Con
A) was 17737 cpm (normal 20 000-48 000 cpm);
CD4 was 37.7%; CD8 was 20.6%; the CD4/CD8 ratio
was 1.83. After acyclovir treatment, the meningitis
was resolved within a few days, and the patient
returned to job, at which point she changed
patient-oriented antiviral treatment; i.e. the
patient initiated herself perioral acyclovir treat-
ment as soon as she notices genital herpes or a
headache indicative of meningeal sign. Several
months after the third attack, PHA and Con A had
normalized to 40 239 cpm and Con A: 25216 cpm,
respectively.

Discussion

In our present case of HSV type 2 Mollaret’s
meningitis, HSY serum antibody titers by conven-
tional CF, NT, or ElIA were at a low level during three
time attacks, although type-specific HSV type 2
antibody was detected. Furthermore, a low lym-
phoproliferative response was found despite cyto-
kine increases in the CSF.

As regards the recurrent pathogenesis, it has not
been clarified whether HSV type 2 strain acquires a
neuro-affinity in the repeated reactivation from the
latent infection, or the recurrence is induced due to
low host defense. Related to the former, Venot
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2001 2003
3 9 10 1 y 12 ] 2
(L8
1000 mg /day 1000 mg /day
acyclovir 7wy WV mm ,. ne /y .
Genital herpes £, N .
Headache, fever
86 821 93 10/1 12/19 1/6
Serum

HSV EIA IgM 193 1.80 2.02 0.45 0.40

ElA 1gG 6.3 98 10.9 13.6

CF <4 <4 <4 <4 4
HSV type | NT <4 <4 <4
HSV type 2NT <4 <4

CSF

Cell { /mn ) 433 13 34
Protein (mg/di) 144 52 72
HSV IgM (E1A) 0.45 0.49

IgG(EIA) 155 1.3

CH <l <l

Real-time PCR 10,000 copies /ml 200 capies /ml
Nested PCR HSV-2(+) HSV-2(-)

Figure 1
neutralizing test.

et al.> demonstrated that the identical HSV type 2
strain caused both meningitis and recurrent genital
herpes by using PCR study with a restriction enzyme
technique. In terms of the latter pathogenesis, a
few of the reported cases probably showed a weak
antibody response; for example, Picard et at.® have
described one case that was merely positive for
both HSV type 1 and type 2, and Cohen et al.” have
described a case that was seronegitive. In our
previous case of HSV type 2 recurrent meningitis,
serum HSV antibody titers by conventional CF, CF,
NT, or EIA were clearly at a low level.? Segawa’
reported four cases of HSV type 2 Mollaret's,
meningids with low antibody response and lympho-
cyte proliferation to PHA or Con A. Nakata et al.
{unpublished data, 2000) described a case of
idiopathic CD4 T-lymphocytopenia in HSV Mollaret’s
meningtis. Strong anxiety about repeated meningi-
tis may be related to the low immune response, as
shown in our present case. In addition, Segawa has
mentioned a possibility of immune evasion to HSV
type 2 infection.®"® Thus, these reports including
our case strongly suggest that the low immune
responses may be involved in the pathogenesis of
recurrence in HSV type 2 Motlaret’s meningitis.
Our present patient experienced a recurrence
very soon after the initial onset. Recurrence
frequently occurs within 1 year after onset.
Suppressive therapy for genital herpes s becoming
popular.™*3 Prevention therapy may be necessary

Clinical course. HSV, herpes simplex virus; ElA, enzyme immunoassay; CF, complement fixation; NT,

in the cases of frequent recurrent meningitis as well
as recurrent genital herpes (Workshop 'suppressive
therapy to HSV infection’ Nagasaki, March 2002).
For the present case, long-term suppressive and
patient-oriented therapies were conducted. How-
ever, these trials were limited to a few cases.
Further cases are needed to evaluate whether these
therapies can prevent the recurrence of meningitis.
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Abstract The authors studied eight cases of Churg-
Strauss syndrome (CSS) associated with the use of pra-
nlukast, a common cysteinyl leukotriene receptor
antagonist (LTRA) in Japan. The patients who received
pranlukast showed significantly increased peripheral
blood eosinophil count, neurclogical disability scores,
and poor responses to corticosteroid in comparison with
those patients not receiving pranlukast. We suggest that
preceding administration of pranlukast aggravates clin-
ical presentations of CSS.

Keywords Churg-Strauss syndrome - Leukotriene
receptor antagonists - Pranlukast

Abbreviations BVAS: Birmingham Vasculitis Activity
Score - CSS: Churg-Strauss syndrome - LTRA:
Cysteinyl leukotriene receptor antagonist - FFS: Five-
factor score

Churg-Strauss syndrome (CSS) is a rare disorder char-
acterized by asthma, peripheral hypereosinophilia, and
systemic vasculitis. Its pathogenesis is not yet well
established. Several recent reports have suggested an
association between the use of cysteinyl leukotriene
receptor antagonists (LTRAs; zafirlukast, montelukast,
and pranlukast) and CSS [1-3]. Some authors hypoth-
esized that the withdrawal or reduction in corticosteroid
dose after the introduction of a LTRA leads to the
development of underlying CSS [3, 4]. In contrast, cases
of C8S associated with LTRAs have also been reported
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even for cases without corticosteroid withdrawal [5].
Since 1995, when pranlukast was introduced in Japan,
there have been only five case reports of CSS associated
with pranlukast {2, 6-9]. Despite these reports, the role
of LTRAs in the development of CSS remains to be
elucidated. To investigate the role of pranlukast in the
development of CSS, we herein compared the clinical
presentation and laboratory data between patients with
CSS receiving pranlukast and those not receiving it.
We retrospectively analyzed 20 CSS patients diag-
nosed according to the American College of Rheuma-
tology criteria [10] who were treated in our hospital
between 1995 and 2003. Eight patients developed CSS
after receiving pranlukast. In the same period, we also
encountered 12 patients with CSS who did not receive
pranlukast. The Birmingham Vasculitis Activity Score
(BVAS) {11] and five-factor score (FFS) [17] were used
to evaluate disease activity at the tirne of diagnosis.
Their neurological disabilities were assessed by the
modified Rankin scale [13] both at the time of diagnosis
and 2 months after the imtiation of treatment for CSS.
Fisher’s cxact test was used to verify the association of

- the variables of interest. The nonparametric Manp-

Whitney test was used to analyze continuous variables.
Differences were considered to be significant when the p
value was less than 0.05. :

In the eight patients who received pranlukast, the
onset of CSS occurred between 1 and 6 months after the
initiation of pranlukast administration. Low doses of
oral (prednisolone 5-10 mg/day) or inhaled corticoste-
roid (beclomethasone dipropionate 200-800 pg/day)
were administered to five patients without withdrawal
before the onset of CSS. The other three patients had
not received corticosteroids prior to the development of
CSS. The mean eosinophil count of these eight patients
was 18.2x10%/1 (fraction, 65.4%). In contrast, patients
who did not receive pranlukast had a mean eosinophil
count of 8.10x10%/1 (fraction, 44.3%). Both of these two
pararneters significantly differed between the two groups
[p=0.04 (count), p=0.01 (fraction)]. For the patients
receiving pranlukast, the neurological disability scores
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Table 1 Comparison of clinical features of CSS patients who either
received or did not receive pranlukast. B4 bronchial asthma, WEC
white blood cell, Eo eosinophil, ESR erythrocyte sedimentation
rate, MPO-ANCA4 antimyeloperoxidase antibody, PSL predniso-
lone, mPSL methylpredmsolone, NS not significant

Pranlukast patients Received Did not receive p value
(n=8& M=6, (n=12; M=4,
F=2) F=8)
CSS onset (age, years) 63.0 535 NS
BA onset (age, years) 61.0 50.0 NS
BA duration (years) 3.0 3.0 NS
Disease actiizity
BVAS 20.7 - 187 NS
FFS 0.43 0.33 NS
Laboratory findings
WBC (/1) 27.8x10° 18.3x10° NS
Eo (/) 18.2x10° - 8.10x10° p=0.04
(65.4%) (44.3%) {p=0.01)
ESR (mum/1 h) 65.0 78.9 NS
MPO-ANCA positive 75.0% 37.5% NS
Treatment
Total PSL (mg) 2938 2573 NS
Total mPSL (mg) 5357 900 p=0.04
Clinical outcome (mnodified Rankin scale)
Before treatment 4.0 . 2.8 p=0.03
After treatment 3.1 19 p=0.02

were higher than those for patients not receiving pra-
nlukast, before and after 2 months treatment (p=0.03,
0.02, respectively). These CSS patients were treated
mainly with oral corticosteroids (prednisolone- 30~
80 mg/day) with one or more courses of intravenous
methylprednisolone pulse therapy (1000 mg for 3 days).
Four of the patients recelving pranlukast responded
poorly to corticosteroids. Hence, the addition of cyclo-
phosphamide was necessary in three patients. The total
dose of methylprednisolone was significantly higher in
the patients receiving pranlukast than in those who did
not receive pranlukast (p=0.04) (Table 1).

The patients who received pranlukast showed signifi-
cantly increased peripheral blood eosinophil count,
neurological disability scores, and poor responses to
corticosteroid compared with those of patients not
receiving pranlukast. One possibility is that the under-
lying disease activity of CSS is high in the patients
receiving pranlukast. However, we could not find a sta-
tistically significant difference in disease activity scores

(BVAS and FFS) at the time of initial diagnosis between.

the patients receiving pranlukast and those not receiving
it. Therefore, the difference in clinical presentations and
laboratory data may not reflect the underlying disease
activity. These differences suggested that pranlukast
directly aggravates the clinical findings of CSS.

It has been pointed out that steroid withdrawal after
administration of LTRAs is one of the causal factors of
CSS associated with LTR As [3]. However, in our present
patients, none of them had the dose of oral corticoste-
roid reduced before developing CSS. Furthermore, three
of the eight patients had never received corticosteroid

before developing CSS. Another possibility is that pra-
nlukast directly precipitates CSS. LTR As have no effect
on the receptors of leukotriene B4 (LTB4), which is also
a chemoattractant of eosinophils and neutrophils {14,
15]. An imbalance in activity between the receptors of
LTB4 and cysteinyl leukotriene receptors may exist in
patients receiving LTRAs. This imbalance in activity
may precipitate CSS under similar conditions.

~ All of the patients developed CSS within 6 months
after receiving praniukast. Thus, we must pay particular
attention to asthmatic patients who are being treated
with pranlukast for at least 6 months, and also to those
whose corticosteroid dose has not been reduced. We also
need to further analyze additional data prospectively to
elucidate whether pranlukast aggravates or initiates the
development of CSS.
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Abstract

We have compared plasma redox status of coenzyme Q-10 in 20 sporadic amyotrophic lateral sclerosis (sALS) patients with those in 20
healthy age/sex-matched controls. A significant increase in the oxidized form of coenzyme Q-10 (SALS=109.3+95.2 nM: controls=23.3+7.5
oM, P=0.0002) and in the ratio of oxidized form of coenzyme Q-10 to total coenzyme Q-10 (%CoQ-10) (sALS=12.0+9.3%;
controls=3.2+0.9%, P<0.0001) were observed. Moreover, %CoQ-10 correlated significantly with the duration of illness (p=0.494,
P=0.03135), Our finding suggests systemic oxidative stress in the pathogenesis of sALS.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disorder caused by degeneration and
death of motor neurons in the brainstem, spinal cord and
motor cortex, leading to progressive muscle weakness
and atrophy. Oxidative stress has been suggested to
underlie pathogenesis of ALS inasmuch as missense point
mutations occur in the copper/zinc (Cu/Zn) superoxide
dismutase (SOD) gene of familial ALS patients [1.2].
Indeed, an increase in levels of protein carbonyl and
nuclear 8-hydroxy-deoxyguanosine (8-OHdG) in motor
cortex [3] and a decrease in gluiathione peroxidase
activity in precentral gyrus [4] were found in familial
and sporadic ALS (sALS) patients when compared with
controls. Moreover, levels of 4-hydroxynonenal [5] and
3-nitrotyrosine {6} in the cerebrospinal fluid (CSF) of

* Corresponding author. Tel.: +81 27 220 8061; fax: +81 27 220 8063.
E-mail address: sohmiyam@med gunma-w.ac,jp (M. Sohmiya).
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SALS patients were significantly greater than those in
controls. Elevated levels of thiobarbituric acid reactive
substances (TBARS) {7.8] and 8-OHdG [%] were found
in the plasma of sALS patients as compared with
controls. Nevertheless, plasma and serum levels of
antioxidants such as vitamin E [7.8,10], ascorbic acid
{11}, coenzyme Q-10 [7,12] and carotenoids [7.%,13]
were not different between SALS patients and healthy
controls. Conflicting results of antioxidant enzyme activ-
ities such as SOD and glutathione peroxidase were also
obtained in the plasma or serum of ALS patients
{8,14,15].

We therefore applied a sensitive and reliable method
[18] for the simultaneous detection of wubiquinol-10
(CoQH,-10, the reduced form of coenzyme Q-10) and
ubiquinone-10 (CoQ-10, the oxidized form of coenzyme
Q-10) in plasma samples from sALS patients and age/sex-
matched controls. Then, we calculated the ratio of CoQ-
10 to total coenzyme Q-10 (%CoQ-10) inasmuch as it is
a good indicator of oxidative stress. We have shown an
elevated oxidative stress in patients with hepatitis,
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Table 1

Plasma hydrophilic antioxidants, lipophilic antioxidants and total cholesterol in sALS patienis and controls

Hydrophilic antioxidants

Uric acid (gM) Ascorbic acid (M) Unconjugated bilirubin (pM)
Controls (n=20) 298+30 3174185 55£2.9
SALS (n=20) 266:+69 38.8+17.0 5.6:+3.5
ns. : ns. ns.
Lipophilic antioxidants
Vitamin E (uM) CoQ-10 (nM) CoQH,-10 (nM) Total CoQ-10 (nM) %CoQ-10 (%)
Controls (n=20) 27473 23.3x75 7344243 7574247 3.2109
SALS (n=20) 29.3+11.5 109.3195.2 791305 900:£327 120493
ns. 0.0002 ns. n.s. <0.0061
Lipophilic antioxidantsftotal cholesterol
CoQ-10/TC (nM/mM) CoQH,~10/TC (nM/mM) Total CoQ-10/TC (nM/mM) TC (mM)
Controls (n=20) 5211 167£52 172153 45+1.1
SALS (n=20) 26.61£24.6 185165 211173 4.34£0.8
<0,0001 n.s. n.s. .,

Each variable is expressed as mean+S.D. Number in italic and bold show P values and significant differences compared with controls, respectively, as
determined by Mann-Whitney U test. n.s.——net significant, TC—total cholesterol, %CoQ-10-—CoQ-10/(CoQ-10+CoQH;-10).

cirthosis and hepatoma {17}, in newborn babies [18] and
in patients with Parkinson disease [19].

2. Subjects and methods
2.1. Human plasma

‘We recruited patients with sALS from the outpatient
department of our hospital and healthy controls from
community volunteers, with both groups providing written
consent. The following exclusion criteria were applied to all
subjects: (1) regular intake of acetylsalicylic acid, statins
and antioxidants such as ascorbic acid, vitamin E and
coenzyme Q-10; (2) severe obesity and malnutrition; (3)
previous or present history of high alcohol intake; (4) other
systemic diseases such as diabetes mellitus; and (5) hepatic
diseases. Plasma samples were collected from 20 sALS
patients and 20 controls. The sALS patient group consisted
of 13 men and 7 women between the ages of 46 to 83 years;
clinical diagnosis of sALS was based on revised El Escorial
criteria {20]. The control group consisted of 13 men and 7
women between the ages of 42 to 84 years. Average ages
(+8.D.) in sALS and controls were 61.2+9.5 and
62.1+12.4, respectively. There was no significant difference
in age distribution between sALS patients and control
volunteers. The sALS patients were evaluated with respect
to the site of onset of symptoms, the duration of illness and
ALS score |21}, Thirteen patients had limb onset symptoms,
and seven patients had bulbar onset symptoms. Average
duration of illness was 46.9+43.1 months (mean+S.D.),
and average ALS score was 17.74+10.8 (meantS.D.). The
sALS patients in the present study had no abnormal findings
on blood gas analyses and spirometry. They also had no

findings suggesting infection on physical examination and
routine blood test. Eleven of sALS patients were treated
with riluzole 100 mg per day. None of ALS patients were
given neurotrophic factors. Blood was drawn from fasted
patients or controls between 9 and i1 a.m. using sodium
heparin as an anticoagulant. Plasma was separated by
cenirifugation at 1500 g for 10 min and was stored at
80 °C until analysis.

2.2. Analytical procedure

Plasma levels of ascorbic acid, uric acid and uncon-
jugated bilirubin were determined as previously described
{22}, In brief, plasma (50 pl) was mixed vigorously with
200 ul of cold methanol in a 1.5-ml polypropylene tube.
After centrifugation at 10,000 g for 3 min at 4 °C, 50 pl
of the methanol layer (corresponding to 10 pl of plasma)
was injected immediately onto high-performance liquid
chromatography (HPLC) equipped with an aminopropyl-
silyl column (Type Supelcosil LC-NH,, 5 pm, 250 4.6
mm 1.d., Supelco Japan, Tokyo) and a UV detector (260
and 460 nm). The mobile phase consisted of methanol/40
mM sodium monobasic phosphate (9/1, v/v) delivered at
1.0 m¥/min.

Plasma levels of CoQH,-10, CoQ-10, vitamin E (mixture
of o~ and +y-tocopherols) and total cholesterol were
determined by a published method [16] with modifications.
In brief, plasma treated with 2-propanol were analyzed with
HPLC equipped with a guard column (Type Supelguard LC-
ABZ, 5 um, 33 4.6 mm 1.d., Supelco Japan), an analytical
column (Type Supelcosil LC-8, 5 pm, 250 4.6 mm id,
Supelco Japan), a reduction column (Type RC-10-1, Trica,
Japan, Kyoto), a UV detector (210 nm), and an ampero-
metric electrochemical detector (ECD; Model 2,985, Irica).
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Fig. 1. (A) CoQ-10 (oxidized form of coenzyme Q-10) and (B) %CoQ-10 (the ratio of CoQ-10 to total coenzyme Q-10) in plasma from sALS patients and
controls. Numbers show mean+8.D. Numbers in italic and bold show P values and significant differences compared with controls as determined by Mann—

Whitney U test.

The ECD oxidation potential was +600 mV (vs. Ag/AgCl)
on a glassy carbon electrode. The mobile phase consisted of
50 mM sodium perchlorate in methanol/2-propanol (9/1, v/
v) delivered at 0.8 ml/min. All samples were assayed and
decoded by a blinded investigator. The detection limits of

%CoQ-10

40

|

uric acid, ascorbic acid, unconjugated bilirubin, vitamin E,
CoQH,-10, CoQ-10 and total cholesterol are 16 pmol, 2
pmol, 13 pmol, 10 fmol, 2 finol, 2 fmol and 30 pmol,
respectively. Their intraday coefficients of variation (%CV,
n=4) are 1.1, 0.9, 9.1, 2.7, 2.4, 7.0 and 2.4, respectively.

p=0454

P=040315

®
@s
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Fig. 2. Correlation between %CoQ-190 (the ratio of CeQ-10 to total coenzyme Q-10) and the duration of illness in sALS patients. Numbers in italic and bold
show P values and significant correlation as determined by Spearman rank—order correlation coefficient. The broken lines show the 95% confidence interval.
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Their interday coefficients of variation (%CV, n=4) are 2.2,
2.3, 6.0, 5.4, 3.5, 6.7 and 4.1, respectively.

2.3. Statistical analysis

The data were analyzed using StatView-J 5.0 sofiware
(SAS Institute, Cary, NC). Significant differences compared
with controls were determined by Mann-Whitney U test.
Spearman rank--order correlation coefficient was used to
evaluate correlations between variables. The level of
statistical significance was defined as P value<0.05,

3. Results

Table 1 summarizes plasma hydrophilic and lipophilic
antioxidants in sALS patients and controls, The ratios of
CoQ-10 and CoQH,-10 to total cholesterol were deter-
mined. We found no significant differences in plasma levels
of uric acid, ascorbic acid, unconjugated bilirubin, vitamin
E, CoQH,-10, total CoQ-10 and CoQH,-10/total cholesterol
between sALS patients and control volunteers, However,
plasma levels of CoQ-10 (P=0.0002) and CoQ-10 /total
cholesterol (P<0.0001) were significantly higher in sALS
patients than those in controls. In addition, %CoQ-10 values
were significantly higher (P<0.0001) in SALS patients than
in controls (Fig. 1). Values of %CoQ-10 showed a fourfold
increase in SALS patients as compared to controls, while no
difference in %Co0Q-10 value was observed between bulbar
onset and limb onset { P=0.4509). A significant correlation
was observed between %CoQ-10 values and the duration of
illness (p=0.494, P=0.0315) (Fig. 2). However, there was
no correlation found between %CoQ-10 values and the ALS
score (p=0.390, P=0.0902).

4. Discussion

In the present study, we have examined the levels of
several antioxidants and the redox status of coenzyme Q-10
in plasmas from sALS patients and healthy controls. No
significant difference in plasma levels of hydrophilic
antioxidants and vitamin E was observed between the two
groups. Although the plasma level of ascorbic acid is
usually a good marker of oxidative stress [22}, no significant
decrease in plasma level of ascorbic acid was observed in
sALS patients, which is consistent with previous report {11].
Reason for this is not clear, but this may be due to the fact
that the plasma level of ascorbic acid is dependent on its oral
administration or that the lysis of tissue cells such as
nervous and muscular cells can offset a decline in plasma
level of ascorbic acid {21},

Coenzyme Q-10 has an important function as a carrier of
clectrons and protons in mitochondrial respiration, and
reduced coenzyme Q-10 exerts strong antioxidant properties
in plasma and cellular membranes. Vitamin E level did not

decrease, but CoQH,-10 was oxidized to CoQ-10 at an early
stage in the oxidation of human plasma [23].

We are the first to examine the redox status of plasma
coenzyme Q-10 in sALS patients and have observed a
significant increase in plasma %CoQ-10 (Fig. 1). We
applied a sensitive and reliable method for the simultaneous
detection of CoQH,-10 and CoQ-10 [16] in plasma samples
from SALS patients and age/sex-matched controls in the
present study. Our method has been already published and
validated {16]. However, there has been no study that
applied this method in plasma samples from sALS patients.
Our data also showed a positive correlation between %CoQ-
10 and duration of iliness. In addition, %CoQ-10 was prone
to increase with disease progression scaled by the ALS
score, but the data is without statistical significance, We
suggest that the plasma redox status of coenzyme Q-10
provides a measure of systemic oxidative stress in central
nervous system and muscles in sALS patients,

Total CoQ-10 concentration in sALS patients was prone
to be higher than that in controls, but the difference was not
statistically significant (P=0.1850). However, this conjec-
ture requires further examination. It is noteworthy that the
previous studies showed no difference in total CoQ-10
concentration between the two groups {7,132},

We focused the aniioxidants concentrations, especially
coenzyme Q-10 and the redox status. Some investigators
have already reported elevated oxidation products such as
TBARS {781 and 8-OHAG [9] in the plasma of sALS
patients as compared with controls. The redox status of the
other antioxidants and the oxidation products in each sample
need to be measured for the further investigation.

It is possible that medication affects plasma %CoQ-10
values. Riluzole could modify %CoQ-10 values by decreas-
ing excitotoxicity and consequently oxidative stress in sALS
patients. However, we found that patients treated with
riluzole showed significantly higher %CoQ-10 values than
did nontreated group (P=0.0016, Mann-Whitney U test).
This may be due to the fact that riluzole group had longer
duration of illness than nontreated group because a
significant positive correlation was observed between
%Co0Q-10 and the duration of illness. However, it is
difficult to recruit patients who are not undergoing riluzole
therapy to examine the various severities and duration of
illness as riluzole is important in the treatment of sALS
patients.

Several patients in the present study were slowly
progressive type of SALS and had long duration of illness.
At early stage, they had the clinical features as primary
lateral sclerosis or spinal progressive muscular atrophy.
However, it should be noted that their clinical features were
satisfied with the ALS criteria.

The present study is a small-scale comparison, and we
aim to examine plasma samples from larger patient group in
the future. The study focuses on the redox status of
coenzyme Q-10 in human plasma due to difficulties in
obtaining samples from other living tissues. In the future,
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