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Description

Technical Field

[0001] The present invention relates to a pharmaceu-
tical composition for treating and/or preventing peripheral
neuropathy or spinal cord injury comprising zonisamide
as an active ingredient.

Background

[0002] Peripheral neuropathy, which is also referred to
as neuropathy, is a condition in which normal conduction
of peripheral nerve is affected. In peripheral neuropathy,
motor nerve, sensory nerve, or autonomic nerve could
be impaired. Peripheral neuropathy is clinically classified
into mononeuropathy (a disorder affecting a single
nerve), multiple mononeuropathy (a disorder affecting
two or more nerves in separate areas), or polyneuropathy
(an extensive bilateral neuropathy); and pathologically
classified into axonopathy, in which axons are mainly
damaged, or myelinopathy, in which myelin sheaths de-
generate and drop off. Peripheral neuropathy could
cause impairment in motor nerve, sensory nerve, and
autonomic nerve. This could, in turn, result in symptoms
such as pain, paresthesia, paralysis, numbness, muscle
weakness, abnormal sweating, or dysuria and will be ex-
acerbated over time. Leading causes of peripheral neu-
ropathy include injury due to a physical factor such as
deformation, compression, blood circulation disorder,
genetic factors, abnormal metabolism, intoxication, im-
mune-response, infectious disease, cancer, kidney fail-
ure, and liver disease. Peripheral neuropathies with un-
known causes include facial paralysis.
[0003] Methylvitamin B12 (methylcobalamin) is clini-
cally used as a therapeutic agent for peripheral neurop-
athy (Non Patent Literature 1), although it is rarely effec-
tive in clinical practice. Epalrestat, an aldose reductase
inhibitor, is used for diabetic peripheral neuropathy (Non
Patent Literature 2).
[0004] There is still no established method to effective-
ly treat motor paralysis associated with neuropathy, al-
though it seriously affects daily life. Neurotrophins includ-
ing NGF and BDNF, laminin, and cadherin-11 induce ax-
onal outgrowth of motor neurons and ameliorate move-
ment disorder in animal models (Non Patent Literatures
3-5), but have not been clinically used in human subjects
due to their extremely short half-life in a living body (Non
Patent Literature 6). Although cell transplantation has
been recently focused as a method for treating neurop-
athy, there remains safety concerns (Non Patent Litera-
tures 7, 8). In addition, although some agents such as
nonsteroidal anti-inflammatory agents have been report-
ed to ameliorate motor nerve injuries, there is still no
agent that is clinically used for treating motor neuropathy
(Non Patent Literature 9).
[0005] Spinal cord injury is a condition in which the
spinal cord is damaged mainly because the spine is de-

stroyed due to the strong external force applied to the
vertebral column. Spinal cord injury could impair motor
function, sensory function, or autonomic function. This
could, in turn, result in symptoms such as paralysis, pain,
paresthesia, phantom limb pain (phantom pain), convul-
sion, spasticity, contracture, abnormal sweating, abnor-
mal thermoregulation, impaired excretion, or erectile dys-
function. Spinal cord injury could also cause concomitant
diseases such as pressure sore, urinary tract infection,
and/or pneumonia. Leading causes of spinal cord injury
include trauma, injury due to a physical factor such as
deformation, compression, blood circulation disorder,
and infectious disease.
[0006] Once damaged, spinal cord is no longer re-
paired and regenerated. There is still no established de-
finitive method to recover from spinal cord injury. Al-
though steroids have been reported to suppress subse-
quent complications of spinal cord injury when adminis-
tered in a large amount within 48-72 hours after the injury,
this procedure is not credible enough and has not been
widely used. Also, although a P2X7 receptor antagonist
or hepatocyte growth factor (HGF) has been reported to
ameliorate spinal cord injury in rats, it has not been used
yet to treat spinal cord injury (Non Patent Literatures 10,
11).
[0007] Drug repositioning is a strategy to develop novel
pharmaceuticals by finding new pharmacological actions
of existing pharmaceuticals that have been widely used,
or of compounds that have been dropped from develop-
ment due to insufficient drug efficacy or other reasons.
Drug repositioning greatly reduces cost and time required
for drug development compared to conventional ways of
developing new medicines (Non Patent Literature 12).
[0008] Zonisamide (chemical name: 3-sulfamoylme-
thyl-1,2-benzisoxazole or 1,2-benzisoxazole-3-meth-
anesulfonamide) is a compound with high safety that has
been used for 20 years or more from its launching in
Japan in 1989. Zonisamide has been used to treat sei-
zures (partial seizure, generalized seizure, and mixed
seizure) in children or adults or to treat Parkinson’s dis-
ease. Zonisamide is useful as an antiepileptic agent or
to treat or prevent neurodegenerative diseases such as
primary or secondary Parkinson’s disease, Huntington’s
disease, choreatic syndrome, and dystonia syndrome in
mammals (including human) (Patent Literatures 1, 2). It
has also been reported that zonisamide shows reduction
in tardive dyskinesia, anti-obesity effect, and mood-sta-
bilizing effect on bipolar disorder (Non Patent Literatures
13-15) as new pharmacologic actions. In addition,
zonisamide has been reported to have neuroprotective
effects on dopaminergic neurons or in cerebral ischemia
(Non Patent Literatures 16, 17).
[0009] These Patent Literatures and Non Patent Liter-
atures, however, do not teach or suggest that zonisamide
is effective for peripheral neuropathy or spinal cord injury.
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Summary

[0012] The technical problem to be solved by the
present invention is to provide a novel use of zonisamide.
[0013] The present inventors have intensively studied
to solve the problem and found that zonisamide promotes
neurite outgrowth and neurite regeneration. It has also
been revealed that zonisamide protects neuronal cells
from oxidative stress induced by reactive oxygen and

increases mRNA expression of nerve growth factors.
Furthermore, the present inventors have found that
zonisamide administered to model animals with transect-
ed sciatic nerve induces nerve regeneration. In addition,
the present inventors have found that zonisamide admin-
istered to severely crushed spinal cord model animals
restores motor function. Then, the present invention has
been archieved.
[0014] Specifically, the present invention provides the
followings:

[1] A pharmaceutical composition for treating and/or
preventing peripheral neuropathy comprising
zonisamide or an alkali metal salt thereof as an active
ingredient.
[2] The pharmaceutical composition according to
Item 1, wherein the peripheral neuropathy comprises
at least one neuropathy selected from motor neu-
ropathy, sensory neuropathy, or autonomic neurop-
athy.
[3] The pharmaceutical composition according to
Item 2, wherein the peripheral neuropathy at least
comprises motor neuropathy.
[4] The pharmaceutical composition according to
Item 2 or 3, wherein the motor neuropathy is paral-
ysis, numbness, muscle weakness, hyposthenia,
muscle atrophy, disorder of skilled movement, wrist
dorsiflexion, ankle dorsiflexion, drop foot, hypore-
flexia, or vasomotor symptom.
[5] The pharmaceutical composition according to
any one of Items 2-4, wherein the motor neuropathy
is paralysis or numbness.
[6] The pharmaceutical composition according to
any one of Items 2-5, wherein the sensory neurop-
athy is pain, paresthesia, or abnormal vibratory sen-
sation.
[7] The pharmaceutical composition according to
any one of Items 2-6, wherein the autonomic neu-
ropathy is abnormal sweating, diarrhea, constipa-
tion, dizziness, shivering, palpitation, or abnormal
heart rate variability.
[8] Use of zonisamide or an alkali metal salt thereof
for the manufacture of a medicament for the treat-
ment and/or prevention of peripheral neuropathy.
[9] The use according to Item 8, wherein the periph-
eral neuropathy comprises at least one neuropathy
selected from motor neuropathy, sensory neuropa-
thy, or autonomic neuropathy.
[10] The use according to Item 9, wherein the pe-
ripheral neuropathy at least comprises motor neu-
ropathy.
[11] The use according to Item 8 or 9, wherein the
motor neuropathy is paralysis, numbness, muscle
weakness, hyposthenia, muscle atrophy, disorder of
skilled movement, wrist dorsiflexion, ankle dorsiflex-
ion, drop foot, hyporeflexia, or vasomotor symptom.
[12] The use according to any one of Items 9-11,
wherein the motor neuropathy is paralysis or numb-
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ness.
[13] The use according to any one of Items 9-12,
wherein the sensory neuropathy is pain, paresthe-
sia, or abnormal vibratory sensation.
[14] The use according to any one of Items 9-13,
wherein the autonomic neuropathy is abnormal
sweating, diarrhea, constipation, dizziness, shiver-
ing, palpitation, or abnormal heart rate variability.
[15] Zonisamide or an alkali metal salt thereof for
use in the treatment and/or prevention of peripheral
neuropathy.
[16] Zonisamide or an alkali metal salt thereof ac-
cording to Item 15, wherein the peripheral neuropa-
thy comprises at least one neuropathy selected from
motor neuropathy, sensory neuropathy, or autonom-
ic neuropathy.
[17] Zonisamide or an alkali metal salt thereof ac-
cording to Item 16, wherein the peripheral neuropa-
thy at least comprises motor neuropathy.
[18] Zonisamide or an alkali metal salt thereof ac-
cording to Item 16 or 17, wherein the motor neurop-
athy is paralysis, numbness, muscle weakness, hy-
posthenia, muscle atrophy, disorder of skilled move-
ment, wrist dorsiflexion, ankle dorsiflexion, drop foot,
hyporeflexia, or vasomotor symptom.
[19] Zonisamide or an alkali metal salt thereof ac-
cording to any one of Items 16-18, wherein the motor
neuropathy is paralysis or numbness.
[20] Zonisamide or an alkali metal salt thereof ac-
cording to any one of Items 16-19, wherein the sen-
sory neuropathy is pain, paresthesia, or abnormal
vibratory sensation.
[21] Zonisamide or an alkali metal salt thereof ac-
cording to any one of Items 16-20, wherein the au-
tonomic neuropathy is abnormal sweating, diarrhea,
constipation, dizziness, shivering, palpitation, or ab-
normal heart rate variability.
[22] A method for treating and/or preventing periph-
eral neuropathy, comprising administering zonisa-
mide or an alkali metal salt thereof to a patient in
need thereof.
[23] The method according to Item 22, wherein the
peripheral neuropathy comprises at least one neu-
ropathy selected from motor neuropathy, sensory
neuropathy, or autonomic neuropathy.
[24] The method according to Item 23, wherein the
peripheral neuropathy at least comprises motor neu-
ropathy.
[25] The method according to Item 23 or 24, wherein
the motor neuropathy is paralysis, numbness, mus-
cle weakness, hyposthenia, muscle atrophy, disor-
der of skilled movement, wrist dorsiflexion, ankle dor-
siflexion, drop foot, hyporeflexia, or vasomotor
symptom.
[26] The method according to any one of Items 23-25,
wherein the motor neuropathy is paralysis or numb-
ness.
[27] The method according to any one of Items 23-26,

wherein the sensory neuropathy is pain, paresthe-
sia, or abnormal vibratory sensation.
[28] The method according to any one of Items 23-27,
wherein the autonomic neuropathy is abnormal
sweating, diarrhea, constipation, dizziness, shiver-
ing, palpitation, or abnormal heart rate variability.
[29] The pharmaceutical composition according to
any one of Items 1-7, wherein the peripheral neu-
ropathy is selected from the group consisting of
Charcot-Marie-Tooth disease, hereditary neuropa-
thy with liability to pressure palsy, hereditary neural-
gic amyotrophy, metachromatic leukodystrophy
(MLD), Krabbe disease, Fabry disease, adrenoleu-
kodystrophy (ALD), Refsum disease, Tangier dis-
ease, acute porphyria, familial amyloid polyneurop-
athy, Guillain-Barre syndrome, chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP), neu-
ropathy associated with AL amyloidosis, diabetic
neuropathy, hypothyroidism, neuropathy associated
with collagen disease (such as an auto-immune dis-
ease and systemic lupus erythematosus), uremic
neuropathy, neuropathy associated with chronic liv-
er disease, Crow-Fukase syndrome, Fisher syn-
drome, critical illness polyneuropathy, neuropathy
associated with human immunodeficiency virus,
neuropathy associated with varicella-zoster virus, fa-
cial paralysis, congenital myasthenic syndrome,
myasthenia gravis, sarcopenia, botulism, Eaton
Lambert syndrome, drug-induced neuromuscular
junction disorder, carpal tunnel syndrome, cubital
tunnel syndrome, Guyon tunnel syndrome, muscu-
lospiral paralysis, meralgia paresthetica, common
fibular nerve paralysis, thoracic outlet syndrome,
and tarsal tunnel syndrome.
[30] The pharmaceutical composition according to
Item 29, wherein the peripheral neuropathy is select-
ed from the group consisting of Charcot-Marie-Tooth
disease, chronic inflammatory demyelinating polyr-
adiculoneuropathy (CIDP), and carpal tunnel syn-
drome.
[31] The use according to any one of Items 8-14,
wherein the peripheral neuropathy is selected from
the group consisting of Charcot-Marie-Tooth dis-
ease, hereditary neuropathy with liability to pressure
palsy, hereditary neuralgic amyotrophy, metachro-
matic leukodystrophy (MLD), Krabbe disease, Fabry
disease, adrenoleukodystrophy (ALD), Refsum dis-
ease, Tangier disease, acute porphyria, familial
amyloid polyneuropathy, Guillain-Barre syndrome,
chronic inflammatory demyelinating polyradiculone-
uropathy (CIDP), neuropathy associated with AL
amyloidosis, diabetic neuropathy, hypothyroidism,
neuropathy associated with collagen disease (such
as an auto-immune disease and systemic lupus ery-
thematosus), uremic neuropathy, neuropathy asso-
ciated with chronic liver disease, Crow-Fukase syn-
drome, Fisher syndrome, critical illness polyneurop-
athy, neuropathy associated with human immuno-

5 6 



EP 3 357 494 A1

5

5

10

15

20

25

30

35

40

45

50

55

deficiency virus, neuropathy associated with varicel-
la-zoster virus, facial paralysis, congenital
myasthenic syndrome, myasthenia gravis, sarcope-
nia, botulism, Eaton Lambert syndrome, drug-in-
duced neuromuscular junction disorder, carpal tun-
nel syndrome, cubital tunnel syndrome, Guyon tun-
nel syndrome, musculospiral paralysis, meralgia
paresthetica, common fibular nerve paralysis, tho-
racic outlet syndrome, and tarsal tunnel syndrome.
[32] The use according to Item 31, wherein the pe-
ripheral neuropathy is selected from the group con-
sisting of Charcot-Marie-Tooth disease, chronic in-
flammatory demyelinating polyradiculoneuropathy
(CIDP), and carpal tunnel syndrome.
[33] Zonisamide or an alkali metal salt thereof ac-
cording to any one of Items 15-21, wherein the pe-
ripheral neuropathy is selected from the group con-
sisting of Charcot-Marie-Tooth disease, hereditary
neuropathy with liability to pressure palsy, hereditary
neuralgic amyotrophy, metachromatic leukodystro-
phy (MLD), Krabbe disease, Fabry disease, adreno-
leukodystrophy (ALD), Refsum disease, Tangier dis-
ease, acute porphyria, familial amyloid polyneurop-
athy, Guillain-Barre syndrome, chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP), neu-
ropathy associated with AL amyloidosis, diabetic
neuropathy, hypothyroidism, neuropathy associated
with collagen disease (such as an auto-immune dis-
ease and systemic lupus erythematosus), uremic
neuropathy, neuropathy associated with chronic liv-
er disease, Crow-Fukase syndrome, Fisher syn-
drome, critical illness polyneuropathy, neuropathy
associated with human immunodeficiency virus,
neuropathy associated with varicella-zoster virus, fa-
cial paralysis, congenital myasthenic syndrome,
myasthenia gravis, sarcopenia, botulism, Eaton
Lambert syndrome, drug-induced neuromuscular
junction disorder, carpal tunnel syndrome, cubital
tunnel syndrome, Guyon tunnel syndrome, muscu-
lospiral paralysis, meralgia paresthetica, common
fibular nerve paralysis, thoracic outlet syndrome,
and tarsal tunnel syndrome.
[34] Zonisamide or an alkali metal salt thereof ac-
cording to Item 33, wherein the peripheral neuropa-
thy is selected from the group consisting of Charcot-
Marie-Tooth disease, chronic inflammatory demyeli-
nating polyradiculoneuropathy (CIDP), and carpal
tunnel syndrome.
[35] The method according to any one of Items 22-28,
wherein the peripheral neuropathy is selected from
the group consisting of Charcot-Marie-Tooth dis-
ease, hereditary neuropathy with liability to pressure
palsy, hereditary neuralgic amyotrophy, metachro-
matic leukodystrophy (MLD), Krabbe disease, Fabry
disease, adrenoleukodystrophy (ALD), Refsum dis-
ease, Tangier disease, acute porphyria, familial
amyloid polyneuropathy, Guillain-Barre syndrome,
chronic inflammatory demyelinating polyradiculone-

uropathy (CIDP), neuropathy associated with AL
amyloidosis, diabetic neuropathy, hypothyroidism,
neuropathy associated with collagen disease (such
as an auto-immune disease and systemic lupus ery-
thematosus), uremic neuropathy, neuropathy asso-
ciated with chronic liver disease, Crow-Fukase syn-
drome, Fisher syndrome, critical illness polyneurop-
athy, neuropathy associated with human immuno-
deficiency virus, neuropathy associated with varicel-
la-zoster virus, facial paralysis, congenital
myasthenic syndrome, myasthenia gravis, sarcope-
nia, botulism, Eaton Lambert syndrome, drug-in-
duced neuromuscular junction disorder, carpal tun-
nel syndrome, cubital tunnel syndrome, Guyon tun-
nel syndrome, musculospiral paralysis, meralgia
paresthetica, common fibular nerve paralysis, tho-
racic outlet syndrome, and tarsal tunnel syndrome.
[36] The method according to Item 35, wherein the
peripheral neuropathy is selected from the group
consisting of Charcot-Marie-Tooth disease, chronic
inflammatory demyelinating polyradiculoneuropathy
(CIDP), and carpal tunnel syndrome.
[37] A pharmaceutical composition for treating
and/or preventing spinal cord injury comprising
zonisamide or an alkali metal salt thereof as an active
ingredient.
[38] The pharmaceutical composition according to
Item 37, wherein the spinal cord injury is associated
with at least one dysfunction selected from motor
dysfunction, sensory dysfunction, and autonomic
dysfunction.
[39] The pharmaceutical composition according to
Item 38, wherein the spinal cord injury is at least
associated with motor dysfunction.
[40] The pharmaceutical composition according to
Item 37, wherein the pharmaceutical composition is
for treating and/or preventing motor dysfunction,
sensory dysfunction, or autonomic dysfunction as-
sociated with spinal cord injury.
[41] The pharmaceutical composition according to
Item 40, wherein the pharmaceutical composition is
for treating and/or preventing motor dysfunction as-
sociated with spinal cord injury.
[42] The pharmaceutical composition according to
any one of Items 38-41, wherein the motor dysfunc-
tion is paralysis, numbness, muscle weakness, hy-
posthenia, disorder of skilled movement, wrist dor-
siflexion, ankle dorsiflexion, drop foot, hyporeflexia,
vasomotor symptom, convulsion, spasticity, or con-
tracture.
[43] The pharmaceutical composition according to
any one of Items 38-42, wherein the motor dysfunc-
tion is paralysis or numbness.
[44] The pharmaceutical composition according to
any one of Items 38-43, wherein the sensory dys-
function is pain, paresthesia, or phantom limb pain.
[45] The pharmaceutical composition according to
any one of Items 38-44, wherein the autonomic dys-
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function is abnormal sweating, diarrhea, constipa-
tion, dizziness, shivering, palpitation, abnormal heart
rate variability, or impaired excretion.
[46] Use of zonisamide or an alkali metal salt thereof
for the manufacture of a medicament for the treat-
ment and/or prevention of spinal cord injury.
[47] The use according to Item 46, wherein the spinal
cord injury is associated with at least one dysfunction
selected from motor dysfunction, sensory dysfunc-
tion, -and autonomic dysfunction.
[48] The use according to Item 45, wherein the spinal
cord injury is at least associated with motor dysfunc-
tion.
[49] The use according to Item 46, wherein the med-
icament is for the treatment and/or prevention of mo-
tor dysfunction, sensory dysfunction, or autonomic
dysfunction associated with spinal cord injury.
[50] The use according to Item 46, wherein the med-
icament is for the treatment and/or prevention of mo-
tor dysfunction associated with spinal cord injury.
[51] The use according to any one of Items 47-50,
wherein the motor dysfunction is paralysis, numb-
ness, muscle weakness, hyposthenia, disorder of
skilled movement, wrist dorsiflexion, ankle dorsiflex-
ion, drop foot, hyporeflexia, vasomotor symptom,
convulsion, spasticity, or contracture.
[52] The use according to any one of Items 47-51,
wherein the motor dysfunction is paralysis or numb-
ness.
[53] The use according to any one of Items 47-52,
wherein the sensory dysfunction is pain, paresthe-
sia, or phantom limb pain.
[54] The use according to any one of Items 47-53,
wherein the autonomic dysfunction is abnormal
sweating, diarrhea, constipation, dizziness, shiver-
ing, palpitation, abnormal heart rate variability, or im-
paired excretion.
[55] Zonisamide or an alkali metal salt thereof for
use in the treatment and/or prevention of spinal cord
injury.
[56] Zonisamide or an alkali metal salt thereof ac-
cording to Item 55, wherein the spinal cord injury is
associated with at least one dysfunction selected
from motor dysfunction, sensory dysfunction, and
autonomic dysfunction.
[57] Zonisamide or an alkali metal salt thereof ac-
cording to Item 56, wherein the spinal cord injury is
at least associated with motor dysfunction.
[58] Zonisamide or an alkali metal salt thereof ac-
cording to Item 55, wherein zonisamide or an alkali
metal salt thereof is for use in the treatment and/or
prevention of motor dysfunction, sensory dysfunc-
tion, or autonomic dysfunction associated with spinal
cord injury.
[59] Zonisamide or an alkali metal salt thereof ac-
cording to Item 58, wherein zonisamide or an alkali
metal salt thereof is for use in the treatment and/or
prevention of motor dysfunction associated with spi-

nal cord injury.
[60] Zonisamide or an alkali metal salt thereof ac-
cording to any one of Items 56-59, wherein the motor
dysfunction is paralysis, numbness, muscle weak-
ness, hyposthenia, disorder of skilled movement,
wrist dorsiflexion, ankle dorsiflexion, drop foot, hy-
poreflexia, vasomotor symptom, convulsion, spas-
ticity, or contracture.
[61] Zonisamide or an alkali metal salt thereof ac-
cording to any one of Items 56-60, wherein the motor
dysfunction is paralysis or numbness.
[62] Zonisamide or an alkali metal salt thereof ac-
cording to any one of Items 556-61, wherein the sen-
sory dysfunction is pain, paresthesia, or phantom
limb pain.
[63] Zonisamide or an alkali metal salt thereof ac-
cording to any one of Items 56-62, wherein the au-
tonomic dysfunction is abnormal sweating, diarrhea,
constipation, dizziness, shivering, palpitation, ab-
normal heart rate variability, or impaired excretion.
[64] A method for treating and/or preventing spinal
cord injury, comprising administering zonisamide or
an alkali metal salt thereof to a patient in need there-
of.
[65] The method according to Item 64, wherein the
spinal cord injury is associated with at least one neu-
ropathy selected from motor dysfunction, sensory
dysfunction, and autonomic dysfunction.
[66] The method according to Item 65, wherein the
spinal cord injury is at least associated with motor
dysfunction.
[67] The method according to Item 64, wherein the
method is for treating and/or preventing motor dys-
function, sensory dysfunction, or autonomic dys-
function associated with spinal cord injury.
[68] The method according to Item 67, wherein the
method is for treating and/or preventing motor dys-
function associated with spinal cord injury.
[69] The method according to any one of Items 65-68,
wherein the motor dysfunction is paralysis, numb-
ness, muscle weakness, hyposthenia, disorder of
skilled movement, wrist dorsiflexion, ankle dorsiflex-
ion, drop foot, hyporeflexia, vasomotor symptom,
convulsion, spasticity, or contracture.
[70] The method according to any one of Items 65-69,
wherein the motor dysfunction is paralysis or numb-
ness.
[71] The method according to any one of Items 65-70,
wherein the sensory dysfunction is pain, paresthe-
sia, or phantom limb pain.
[72] The method according to any one of Items 65-71,
wherein the autonomic neuropathy is abnormal
sweating, diarrhea, constipation, dizziness, shiver-
ing, palpitation, abnormal heart rate variability, or im-
paired excretion.

[0015] Zonisamide or a pharmaceutically acceptable
salt thereof of the present invention is a compound with
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high safety and effective in the treatment and/or preven-
tion of peripheral neuropathy or spinal cord injury, in par-
ticular peripheral neuropathy or spinal cord injury caused
by trauma.

Brief Description of Drawings

[0016]

Figure 1 shows dose-dependent effects of zonisa-
mide on average neurite length of NSC34 cells or
primary motor neurons, the number of branch points
per neuron in primary motor neurons, and ratio of
neurite-bearing cells in primary motor neurons.
Figure 2A shows photographs for comparing neur-
ites treated with and without zonisamide in scratch
assay.
Figure 2B shows a dose-dependent effect of zonisa-
mide on sum of neurite lengths in scratch assay.
Figure 3 shows dose- and time-dependent effects of
zonisamide on neurite outgrowth of mouse primary
motor neurons, as measured by time-lapse imaging.
Figure 4 shows neuroprotective effect of zonisamide
on cell death caused by oxidative stress in primary
motor neurons.
Figure 5 shows mRNA expression levels of Bdnf,
Ngf, Ntf4, Ntrk1, Ntrk2, Map2, Mapt, and Gap43 in
primary motor neurons treated with zonisamide.
Figure 6 shows phosphorylation of Erk1/2 and
JNK1/2/3 measured in primary motor neurons treat-
ed with zonisamide.
Figure 7 shows photographs of toluidine blue
stained-cross sections that were transversally cut at
the position 0.7 mm distal to the distal transection
site one week after surgery in the mouse sciatic
nerve autologous transplantation model.
Figure 8 shows the total number and the area of ax-
ons per nerve fiber in the cross sections that were
transversally cut at the position 0.7 mm distal to the
distal transection site one week after surgery in the
mouse sciatic nerve autologous transplantation
model.
Figure 9 shows the effect of zonisamide to improve
motor function in the mouse sciatic nerve autologous
transplantation model.
Figure 10 shows photographs of hematoxylin and
eosin-stained cross sections of tibialis anterior mus-
cle 8 weeks after surgery in the mouse sciatic nerve
autologous transplantation model.
Figure 11 shows nerve regeneration with zonisa-
mide in cross-sectional area (CSA) of tibialis anterior
muscle fibers 8 weeks after surgery in the mouse
sciatic nerve autologous transplantation model.
Figure 12 shows mRNA expression levels of Chrne,
Colq, and Rapsn in gastrocnemius muscle 8 weeks
after surgery in the mouse sciatic nerve autologous
transplantation model. This figure shows the effects
of the treatment with zonisamide or neurectomy on

mRNA expression.
Figure 13 shows mRNA expression levels of Bdnf,
Ngf, Ntf4, Ntrk1, Ntrk2, Map2, Mapt, and Gap43 in
sciatic nerve 8 weeks after surgery in the mouse sci-
atic nerve autologous transplantation model. This
figure shows the effects of the treatment with zonisa-
mide or neurectomy on mRNA expression.
Figure 14 shows the effect of zonisamide to improve
motor function evaluated using BMS score in severe-
ly crushed spinal cord model mouse.
Figure 15 shows the effect of zonisamide to improve
motor function evaluated using rotarod test in se-
verely crushed spinal cord model mouse.
Figure 16 shows a technique of isolating spinal cord
for evaluating gene expression associated with neu-
rite outgrowth at and around the segment of the dam-
aged area in severely crushed spinal cord model
mouse.
Figure 17 shows mRNA expression level of Bdnf in
the segment of the damaged area or the segment
distal to the damaged area of spinal cord in severely
crushed spinal cord model mice 28 days after sur-
gery.
Figure 18 shows mRNA expression level of Ngf in
the segment of the damaged area or the segment
distal to the damaged area of spinal cord in severely
crushed spinal cord model mice 28 days after sur-
gery.
Figure 19 shows mRNA expression level of Ntf4 in
the segment of the damaged area or the segment
distal to the damaged area of spinal cord in severely
crushed spinal cord model mice 28 days after sur-
gery.
Figure 20 shows mRNA expression level of Ntrk1 in
the segment of the damaged area or the segment
distal to the damaged area of spinal cord in severely
crushed spinal cord model mice 28 days after sur-
gery.
Figure 21 shows mRNA expression level of Ntrk2 in
the segment of the damaged area or the segment
distal to the damaged area of spinal cord in severely
crushed spinal cord model mice 28 days after sur-
gery.
Figure 22 shows mRNA expression level of Map2 in
the segment of the damaged area or the segment
distal to the damaged area of spinal cord in severely
crushed spinal cord model mice 28 days after sur-
gery.
Figure 23 shows mRNA expression level of Mapt in
the segment of the damaged area or the segment
distal to the damaged area of spinal cord in severely
crushed spinal cord model mice 28 days after sur-
gery.
Figure 24 shows mRNA expression level of Gap43
in the segment of the damaged area or the segment
distal to the damaged area of spinal cord in severely
crushed spinal cord model mice 28 days after sur-
gery.

11 12 



EP 3 357 494 A1

8

5

10

15

20

25

30

35

40

45

50

55

Description of Embodiments

[0017] Zonisamide (chemical name: 3-sulfamoylme-
thyl-1,2-benzisoxazole or 1,2-benzisoxazole-3-meth-
anesulfonamide) may be used in the form of an alkali
metal salt thereof in the present invention. Alkali metal
salts of zonisamide include sodium, potassium, and lith-
ium salts. Preferably, the alkali metal salt is sodium or
potassium salt. More preferably, the alkali metal salt is
sodium salt.
[0018] Zonisamide or an alkali metal salt thereof ob-
tained as a crystal may be one of its crystal polymorphs.
Zonisamide in the present invention includes all of its
crystal forms.
[0019] Zonisamide of the present invention may be
present as a hydrate and/or solvate and therefore the
hydrate and/or solvate of zonisamide or an alkali metal
salt thereof are also included in the compound of the
present invention.
[0020] Zonisamide or an alkali metal salt thereof as
used herein may be in the form of prodrug. The prodrug
is a functional derivative of the compound (zonisamide)
of the present invention that is able to be easily converted
to the desired compound (zonisamide) in a living body.
[0021] "Treatment" as used herein includes any treat-
ment for a disease (for example, amelioration of symp-
tom, alleviation of symptom, or suppression of progres-
sion of symptom). "Prevention" as used herein includes
any prevention for a disease (for example, inhibition of
symptom manifestation).
[0022] The terms Bdnf, Ngf, Ntf4, Ntrk1, Ntrk2, Map2,
Mapt, Gap43, Chrne, Colq, and Rapsn as used herein
mean the names of genes encoding BDNF, NGF, NT-
4/5, TrkA, TrkB, MAP2, Tau, GAP43, AChRε, ColQ, and
Rapsyn, respectively.
[0023] "Peripheral nerve" as used herein is composed
of "somatic nerve" and "autonomic nerve". "Somatic
nerve" as used herein is composed of "sensory nerve"
and "motor nerve". "Autonomic nerve" as used herein is
composed of "sympathetic nerve" and "parasympathetic
nerve".
[0024] "Peripheral neuropathy" as used herein is a
condition in which normal conduction of peripheral nerve
is affected. "Peripheral neuropathy" includes motor neu-
ropathy, sensory neuropathy, and autonomic neuropa-
thy.
[0025] Zonisamide or an alkali metal salt thereof in the
present invention treats and/or prevents "peripheral neu-
ropathy" by regenerating neuronal cells and thus treats
and/or prevents "sensory neuropathy", "motor neuropa-
thy", and "autonomic neuropathy".
[0026] "Sensory neuropathy" includes, for example,
pain, paresthesia, burning sensation, and abnormal vi-
bratory sensation.
[0027] "Motor neuropathy" includes, for example, pa-
ralysis, numbness, muscle weakness, hyposthenia,
muscle atrophy, disorder of skilled movement, wrist dor-
siflexion, ankle dorsiflexion, drop foot, hyporeflexia, and

vasomotor symptom.
[0028] "Autonomic neuropathy" includes abnormal
sweating, dysuria, erectile dysfunction, diarrhea, consti-
pation, dizziness, shivering, palpitation, susurrus aurium,
nausea, headache, slight fever, hyperpnea, malaise, in-
somnia, menstruation disturbance, taste disorder, and
abnormal heart rate variability.
[0029] Preferably, "peripheral neuropathy" is motor
neuropathy or sensory neuropathy. More preferably, "pe-
ripheral neuropathy" is motor neuropathy.
[0030] "Peripheral neuropathy" as used herein in-
cludes various peripheral neuropathies due to different
causes. The causes of peripheral neuropathy include
trauma, injury due to a physical factor such as deforma-
tion, compression, blood circulation disorder, genetic fac-
tors, abnormal metabolism, intoxication, immune-re-
sponse, infectious disease, cancer, kidney failure, and
liver disease. Preferably, "peripheral neuropathy" is
caused by trauma, injury due to a physical factor, or com-
pression. More preferably, "peripheral neuropathy" is
caused by trauma or injury due to a physical factor.
[0031] "Peripheral neuropathy" as used herein in-
cludes "peripheral neuropathy associated with spondy-
losis" because "peripheral neuropathy" may develop
when the spine is destroyed and the peripheral nerve
root is damaged. "Peripheral neuropathy associated with
spondylosis" is classified, based on the damaged area
of the spine, into "peripheral neuropathy associated with
cervical spondylosis", "peripheral neuropathy associated
with thoracic spondylosis", "peripheral neuropathy asso-
ciated with lumbar spondylosis", "peripheral neuropathy
associated with sacral spondylosis", or "peripheral neu-
ropathy associated with caudal spondylosis". "Peripheral
neuropathy" in the present invention may be caused by
injury in any area.
[0032] "Peripheral neuropathy" as used herein is clin-
ically classified into "mononeuropathy", "multiple monon-
europathy", or "polyneuropathy".
[0033] "Mononeuropathy" mainly results from damage
of a single peripheral nerve by trauma, compression, or
blood circulation disorder. "Mononeuropathy" includes
myeloma-associated neuropathy, mononeuropathy as-
sociated with collagen disease (for example, an auto-
immune disease or systemic lupus erythematosus),
mononeuropathy associated with AL amyloidosis, dia-
betic mononeuropathy, and mononeuropathy associated
with trauma. Preferably, "mononeuropathy" is monone-
uropathy associated with collagen disease, diabetic
mononeuropathy, or mononeuropathy associated with
trauma. More preferably, "mononeuropathy" is diabetic
mononeuropathy or mononeuropathy associated with
trauma. Even more preferably, "mononeuropathy" is
mononeuropathy associated with trauma.
[0034] "Multiple mononeuropathy" mainly results from
a plurality of mononeuropathies caused by trauma, com-
pression, or blood circulation disorder. Generally, multi-
ple mononeuropathy shows left-right asymmetric and
random distribution. "Multiple mononeuropathy" includes
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multiple mononeuropathy associated with systemic vas-
culitis, multiple mononeuropathy associated with sys-
temic granulomatous lesions (such as sarcoidosis), and
diabetic multiple mononeuropathy. Preferably, "multiple
mononeuropathy" is diabetic multiple mononeuropathy.
[0035] "Polyneuropathy" mainly results from diffuse
left-right symmetric mononeuropathy caused by genetic
factors, abnormal metabolism, intoxication, or immune-
response. In polyneuropathy, severe symptoms are ba-
sically developed in the distal portions of the extremities.
"Polyneuropathy" includes diabetic polyneuropathy,
Guillain-Barre syndrome, chronic inflammatory demyeli-
nating polyradiculoneuropathy, Charcot-Marie-Tooth
disease, and diphtheritic neuritis. Preferably, "polyneu-
ropathy" is Charcot-Marie-Tooth disease or diabetic
polyneuropathy. More preferably, "polyneuropathy" is
Charcot-Marie-Tooth disease.
[0036] "Peripheral neuropathy" as used herein is path-
ologically classified into "axonopathy" or "myelinopathy".
[0037] "Axonopathy" is peripheral neuropathy in which
axons are mainly damaged and includes, for example,
peripheral neuropathy caused by Wallerian degeneration
and peripheral neuropathy caused by retrograde degen-
eration.
[0038] "Myelinopathy" is peripheral neuropathy in
which myelin sheaths degenerate and drop off, and in-
cludes, for example, peripheral neuropathy caused by
primary segmental demyelination and peripheral neurop-
athy caused by secondary segmental demyelination.
[0039] Specific examples of "peripheral neuropathy"
include, for example, "hereditary neuropathy", "acquired
neuropathy," "malignancy-associated neuropathy", "tox-
ic neuropathy", "nutrient-deficiency neuropathy", "neu-
ropathy with unknown cause", "neuromuscular junction
disorder", and "compression neuropathy".
[0040] Preferably, "peripheral neuropathy" is "ac-
quired neuropathy", "malignancy-associated neuropa-
thy", "toxic neuropathy", "nutrient-deficiency neuropa-
thy", "neuropathy with unknown cause", "neuromuscular
junction disorder", or "compression neuropathy". More
preferably, "peripheral neuropathy" is "acquired neurop-
athy", "malignancy-associated neuropathy", "neuropa-
thy with unknown cause", "neuromuscular junction dis-
order", or "compression neuropathy". Even more prefer-
ably, "peripheral neuropathy" is "acquired neuropathy",
"neuropathy with unknown cause", "neuromuscular junc-
tion disorder", or "compression neuropathy". Most pref-
erably, "peripheral neuropathy" is "compression neurop-
athy".
[0041] "Hereditary neuropathy" includes, for example,
Charcot-Marie-Tooth disease, hereditary neuropathy
with liability to pressure palsy, hereditary neuralgic amyo-
trophy, metachromatic leukodystrophy (MLD), Krabbe
disease, Fabry disease, adrenoleukodystrophy (ALD),
Refsum disease, Tangier disease, acute porphyria, and
familial amyloid polyneuropathy. Preferably, "hereditary
neuropathy" is Charcot-Marie-Tooth disease.
[0042] "Acquired neuropathy" includes inflammatory

neuropathy, neuropathy associated with AL amyloidosis,
diabetic neuropathy, hypothyroidism, neuropathy asso-
ciated with collagen disease (such as an auto-immune
disease and systemic lupus erythematosus), uremic neu-
ropathy, neuropathy associated with chronic liver dis-
ease, Crow-Fukase syndrome, Fisher syndrome, critical
illness polyneuropathy, neuropathy associated with hu-
man immunodeficiency virus, and neuropathy associat-
ed with varicella-zoster virus.
[0043] Inflammatory neuropathy includes Guillain-
Barre syndrome and chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP).
[0044] Preferably, "acquired neuropathy" is inflamma-
tory neuropathy or diabetic neuropathy. More preferably,
"acquired neuropathy" is inflammatory neuropathy. Most
preferably, "acquired neuropathy" is Guillain-Barre syn-
drome or chronic inflammatory demyelinating polyradic-
uloneuropathy (CIDP).
[0045] "Malignancy-associated neuropathy" includes
paraneoplastic nerve syndrome.
[0046] "Toxic neuropathy" includes drug-induced toxic
neuropathy, organic material-induced neuropathy, and
metal-induced neuropathy.
[0047] Drug-induced toxic neuropathy may be caused
by isoniazid, vincristine, vinblastine, cisplatin, borte-
zomib, chloramphenicol, metronidazole, nitrofurantoin,
amiodarone, thalidomide, pyridoxine, phenytoin, di-
sulfiram, chloroquine, or pyridoxine (vitamin B6).
[0048] Organic material-induced neuropathy includes
neuropathy caused by n-hexane, alcohol, or styrene in-
toxication.
[0049] Metal-induced neuropathy includes neuropathy
caused by arsenic, mercury, or thallium.
[0050] "Neuropathy with unknown cause" includes
sensory neuropathy with unknown cause and sensory
and motor polyneuropathy with unknown cause. Specif-
ically, "Neuropathy with unknown cause" includes facial
paralysis.
[0051] "Neuromuscular junction disorder" includes
congenital myasthenic syndrome, myasthenia gravis,
sarcopenia, botulism, Eaton Lambert syndrome, and
drug-induced neuromuscular junction disorder.
[0052] Drug-induced neuromuscular junction disorder
may be caused by antibiotics, insecticidal agents, curare,
or nerve gases.
[0053] "Compression neuropathy" includes carpal tun-
nel syndrome, cubital tunnel syndrome, Guyon tunnel
syndrome, musculospiral paralysis, meralgia paresthet-
ica, common fibular nerve paralysis, thoracic outlet syn-
drome, and tarsal tunnel syndrome. Preferably, "com-
pression neuropathy" is carpal tunnel syndrome, thoracic
outlet syndrome, or tarsal tunnel syndrome.
[0054] More preferably, "compression neuropathy" is
carpal tunnel syndrome or tarsal tunnel syndrome. Most
preferably, "compression neuropathy" is carpal tunnel
syndrome.
[0055] Compression neuropathy may be caused by
trauma, compression (which may be associated with mi-
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crotrauma), and/or repetitive stress.
[0056] Other preferable specific examples of "periph-
eral neuropathy" include Charcot-Marie-Tooth disease,
hereditary neuropathy with liability to pressure palsy, he-
reditary neuralgic amyotrophy, metachromatic leukodys-
trophy (MLD), Krabbe disease, Fabry disease, adreno-
leukodystrophy (ALD), Refsum disease, Tangier dis-
ease, acute porphyria, familial amyloid polyneuropathy,
Guillain-Barre syndrome, chronic inflammatory demyeli-
nating polyradiculoneuropathy (CIDP), neuropathy asso-
ciated with AL amyloidosis, diabetic neuropathy, hy-
pothyroidism, neuropathy associated with collagen dis-
ease (such as an auto-immune disease and systemic
lupus erythematosus), uremic neuropathy, neuropathy
associated with chronic liver disease, Crow-Fukase syn-
drome, Fisher syndrome, critical illness polyneuropathy,
neuropathy associated with human immunodeficiency vi-
rus, neuropathy associated with varicella-zoster virus, fa-
cial paralysis, congenital myasthenic syndrome,
myasthenia gravis, sarcopenia, botulism, Eaton Lambert
syndrome, drug-induced neuromuscular junction disor-
der, carpal tunnel syndrome, cubital tunnel syndrome,
Guyon tunnel syndrome, musculospiral paralysis, mer-
algia paresthetica, common fibular nerve paralysis, tho-
racic outlet syndrome, and tarsal tunnel syndrome.
[0057] Preferably, "peripheral neuropathy" is Charcot-
Marie-Tooth disease, Guillain-Barre syndrome, chronic
inflammatory demyelinating polyradiculoneuropathy (CI-
DP), diabetic neuropathy, facial paralysis, congenital
myasthenic syndrome, myasthenia gravis, sarcopenia,
Eaton Lambert syndrome, drug-induced neuromuscular
junction disorder, carpal tunnel syndrome, cubital tunnel
syndrome, musculospiral paralysis, meralgia paresthet-
ica, common fibular nerve paralysis, thoracic outlet syn-
drome, or tarsal tunnel syndrome.
[0058] More preferably, "peripheral neuropathy" is
Charcot-Marie-Tooth disease, Guillain-Barre syndrome,
chronic inflammatory demyelinating polyradiculoneurop-
athy (CIDP), diabetic neuropathy, facial paralysis, con-
genital myasthenic syndrome, myasthenia gravis, sarco-
penia, Eaton Lambert syndrome, carpal tunnel syn-
drome, cubital tunnel syndrome, thoracic outlet syn-
drome, or tarsal tunnel syndrome.
[0059] Even more preferably, "peripheral neuropathy"
is Charcot-Marie-Tooth disease, Guillain-Barre syn-
drome, chronic inflammatory demyelinating polyradicu-
loneuropathy (CIDP), diabetic neuropathy, facial paraly-
sis, myasthenia gravis, or carpal tunnel syndrome.
[0060] Most preferably, "peripheral neuropathy" is
Charcot-Marie-Tooth disease, chronic inflammatory de-
myelinating polyradiculoneuropathy (CIDP), or carpal
tunnel syndrome.
[0061] "Spine" as used herein is composed of "cervical
vertebrae", "thoracic vertebrae", "lumbar vertebrae",
"sacral vertebrae", and "caudal vertebrae".
[0062] "Spinal cord" as used herein is composed of
"cervical spinal cord", "thoracic spinal cord", "lumbar spi-
nal cord", "sacral spinal cord", and "coccygeal spinal

cord".
[0063] "Spinal cord injury" as used herein is a condition
in which the spinal cord is damaged mainly because the
spine is destroyed due to the strong external force applied
to vertebral column. "Spinal cord injury" includes spinal
cord injury associated with "motor dysfunction", spinal
cord injury associated with "sensory dysfunction", and
spinal cord injury associated with "autonomic dysfunc-
tion".
[0064] Zonisamide or an alkali metal salt thereof in the
present invention treats and/or prevents "spinal cord in-
jury" and thus treats and/or prevents "motor dysfunction",
"sensory dysfunction", and "autonomic dysfunction" as-
sociated with spinal cord injury.
[0065] "Motor dysfunction" includes paralysis, numb-
ness, muscle weakness, hyposthenia, disorder of skilled
movement, wrist dorsiflexion, ankle dorsiflexion, drop
foot, hyporeflexia, vasomotor symptom, convulsion,
spasticity, and contracture.
[0066] Preferably, "motor dysfunction" is paralysis,
numbness, muscle weakness, hyposthenia, hyporeflex-
ia, convulsion, spasticity, or contracture. More prefera-
bly, "motor dysfunction" is paralysis, numbness, muscle
weakness, hyporeflexia, or convulsion. Even more pref-
erably, "motor dysfunction" is paralysis, numbness, mus-
cle weakness, or hyporeflexia.
[0067] Most preferably, "motor dysfunction" is paraly-
sis and numbness.
[0068] "Sensory neuropathy" includes pain, paresthe-
sia, and phantom limb pain.
[0069] "Autonomic dysfunction" includes abnormal
sweating, impaired excretion, erectile dysfunction, di-
arrhea, constipation, dizziness, shivering, palpitation, su-
surrus aurium, nausea, headache, slight fever, hyperp-
nea, malaise, insomnia, menstruation disturbance, taste
disorder, and abnormal heart rate variability.
[0070] Preferably, "spinal cord injury" includes spinal
cord injury associated with "motor dysfunction" and spi-
nal cord injury associated with "sensory dysfunction".
More preferably, "spinal cord injury" is spinal cord injury
associated with "motor dysfunction". Preferably, dys-
functions associated with "spinal cord injury" is "motor
dysfunction" or "sensory dysfunction". More preferably,
dysfunctions associated with "spinal cord injury" is "motor
dysfunction".
[0071] "Spinal cord injury" as used herein is classified
into "cervical spinal cord injury", "thoracic spinal cord in-
jury", "lumbar spinal cord injury", "sacral spinal cord in-
jury", or "coccygeal spinal cord injury" based on the dam-
aged area. "Spinal cord injury" in the present invention
may be injury in any area.
[0072] "Spinal cord injury" as used herein is classified
into "complete" or "incomplete" spinal cord injury based
on the severity of spinal cord injury. In "complete" spinal
cord injury the spinal cord is transected and completely
lacks neurotransmitting function, whereas in "incom-
plete" spinal cord injury the spinal cord is partially broken
or compressed and keeps some functions. "Spinal cord
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injury" in the present invention includes both "complete"
and "incomplete" spinal cord injuries.
[0073] "Spinal cord injury" as used herein includes "spi-
nal cord injury" caused by any of different causes. The
causes of "spinal cord injury" include trauma, injury due
to a physical factor such as deformation, compression,
blood circulation disorder, or infectious disease. Prefer-
ably, "spinal cord injury" is caused by trauma, injury due
to a physical factor, or compression. More preferably,
"spinal cord injury" is caused by trauma or injury due to
a physical factor.
[0074] "Spinal cord injury" as used herein includes "spi-
nal cord injury associated with spondylosis". "Spinal cord
injury associated with spondylosis" is classified into,
based on the damaged area of the spine, "spinal cord
injury associated with cervical spondylosis", "spinal cord
injury associated with thoracic spondylosis", "spinal cord
injury associated with lumbar spondylosis", "spinal cord
injury associated with sacral spondylosis", or "spinal in-
jury associated with caudal spondylosis". "Spinal cord
injury" in the present invention may be associated with
injury in any area.
[0075] The active ingredient of the present invention
(zonisamide or an alkali metal salt thereof) may be for-
mulated into a suitable dosage form and administered
by an oral or parenteral route. The dosage form includes,
but is not limited to, for example, a tablet, capsule, pow-
der, granule, liquid, suspension, injection, patch, and cat-
aplasm. The formulation is produced using a pharma-
ceutically acceptable additive by any known method.
[0076] The additive may be, depending on the pur-
pose, an excipient, disintegrating agent, bonding agent,
fluidizing agent, lubricating agent, coating agent, solubi-
lizing agent, dissolution aid, thickening agent, dispersing
agent, stabilizing agent, sweetening agent, or flavoring
agent. Specifically, the additive may be lactose, mannitol,
crystalline cellulose, low-substituted hydroxypropyl cel-
lulose, corn starch, partially pregelatinized starch, light
anhydrous silicic acid, croscarmellose calcium, croscar-
mellose sodium, hydroxypropyl cellulose, hydroxypropyl
methylcellulose, polyvinyl alcohol, ethyl cellulose, mag-
nesium stearate, sodium stearyl fumarate, polyetheylene
glycol, propylene glycol, aspartame, titanium oxide, or
talc.
[0077] The compound of the present invention may be
administered by any of oral, parenteral, and rectal routes.
The daily dosage may vary depending on the factors such
as the type of the compound, route of administration, and
symptom and age of the patient. For example, the daily
oral dosage that is expected to be effective for adults is
from 0.1 mg to 3000 mg, 1 mg to 2000 mg, 10 mg to 1000
mg, or 20 mg to 600 mg per day in a single dose or divided
doses, depending on the symptom.
[0078] For example, the daily intravenous dosage that
is expected to be effective for adults is 0.01 mg to 1000
mg, 0.1 mg to 500 mg, 1 mg to 200 mg, or 1 mg to 50
mg per day in a single dose or divided doses, depending
on the symptom.

[0079] When zonisamide or an alkali metal salt thereof,
which is an active compound of the present invention, is
formulated (into a pharmaceutical formulation or phar-
maceutical composition) with or without another drug,
the active ingredient (s) may be comprised in total, for
example, without limitation, 0.1 to 70% by weight relative
to the total constituents in the formulation. Preferably,
the active ingredient(s) is comprised in total 5 to 60% by
weight relative to the total constituents in the formulation.
More preferably, the active ingredient(s) is comprised in
total 10 to 55% by weight relative to the total constituents
in the formulation.

Examples

[0080] The present invention will be described in detail
in Examples below but is not limited thereto.

Example 1

Screening in NSC34 cells and primary spinal cord motor 
neurons

Method of screening in NSC34 cells

[0081] NSC34 cells (mouse neuroblastoma-spinal
cord hybrid cells displaying a multipolar motor neuron-
like phenotype; a cell line in which GFP was stably in-
duced by doxycycline (NSC34-pTetR12-TO/GFP), Dev
Dyn 1992, 194, 209-221) were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM, Invitrogen) supple-
mented with 10% fetal bovine serum (FBS, Thermo Sci-
entific) in a humidity of 95% under an atmosphere of 5%
carbon dioxide at 37°C. The cells were seeded in
DMEM/F12 differentiation medium (Invitrogen) supple-
mented with 1% FBS and 2 mg/mL doxycycline in a 96-
well plate at 1.6 3 103 cells/cm2 to induce the expression
of GFP. At day 1, the differentiation medium was ex-
changed to DMEM/F12 medium supplemented with 1%
NEAA (Non-Essential Amino Acid, MP Biomedicals) and
2 mg/mL doxycycline and the cells were incubated in the
presence of 10 mmol/L of each of test compounds (1186
FDA-approved drugs) for 48 hours. Subsequently, cell
nuclei were stained with Hoechst 33342 (1:100,000, Sig-
ma Aldrich). Sixteen images per well were acquired on
ArrayScan VTI HCS Reader (Thermo Scientific Cel-
lomics). The average of neurite length in each well was
automatically determined using Neuronal Profiling v4.0
BioApplication (Thermo Scientific Cellomics).

Method of screening in primary spinal cord motor neu-
rons

[0082] Primary cultured mouse embryonic spinal cord
motor neurons were isolated from spinal cord embryo of
C57BL/6J mouse on 13.5th day of embryonic stage
(E13.5). Solutions of zonisamide in DMSO were pre-
pared at concentrations from 200 mmol/L to 2 mmol/L
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and then added to the culture medium to obtain the final
concentration of zonisamide from 1 mmol/L to 20 mmol/L.
The culture medium contained 0.5% DMSO whether or
not it contained zonisamide. The cells were seeded at
4.0 3 103 cells/cm2 in a 96-well plate (Asahi Techno
Glass) coated with poly-L-lysine and laminin and main-
tained in Sumilon neuron culture medium (Sumitomo
Bakelite). After incubation for 2 days, the cells were fixed
in PBS with 4% formamide at ordinary temperature for
15 minutes. The cells were washed with PBS once,
blocked with PBS containing 2% goat serum and 0.1%
Triton-X, and immunostained with mouse anti-tau-1 mon-
oclonal antibody (1:500, MAB3420, Millipore) and Alexa
Fluor 555-conjugated goat anti-mouse secondary anti-
body (1:1000, Life Technologies). Neurites were auto-
matically analyzed on ArrayScan VTI HCS Reader. The
neurite length and the number of nerve branch points
were quantified by evaluating the longer 200 neurites.
The ratio of neurite-bearing cells was determined by
counting cells having a neurite length of 25 micron or
more in each well.

Results of screening in NSC34 cells

[0083] Amoung 1186 test compounds, about 100 com-
pounds increased the average neurite length of NSC34
cells. From the 100 compounds, 20 compounds were
eliminated because of inability of systemic administration
or their toxicity. The rest 80 compounds were screened
by repeating a similar assay 16 times, and 16 drugs were
selected.

Results of screening in primary spinal cord motor neu-
rons

[0084] The 16 drugs were added to primary motor neu-
rons isolated from spinal cord of C57/BL6J mouse at
E13.5. After culture for 48 hours, axons were immunoflu-
orescently stained with tau and neurite lengths were then
automatically measured on ArrayScan VTI HCS Reader.
Consequently, it was found that zonisamide was able to
extend neurites of primary motor neurons.

Results of evaluation of dose dependency

[0085] Zonisamide was examined for its neurite out-
growth effect on spinal cord motor neurons in a dose-
dependent manner (Figure 1). Zonisamide induced a
dose-dependent axonal growth in NSC34 cells and pri-
mary motor neurons. Zonisamide further showed a dose-
dependent increase in the number of branch points in
axons of primary motor neurons. However, the ratio of
neurite-bearing cells in primary motor neurons was not
increased by zonisamide administration.

Example 2

Evaluation of neurite regeneration effect by using scratch 
assay

Method of scratch assay

[0086] Primary cultured motor neurons were seeded
in a Nun Lab-Tek Chamber Slide (Thermo Scientific)
coated with poly-L-lysine at 8.0 3 104 cells/cm2 3 0.7
cm2/well and then cultured in Sumilon neuron culture me-
dium for 48 hours. Neurites of primary motor neurons
were linearly scratched off with a 200 mL sterile pipette
tip. The cells were immediately rinsed with PBS and cul-
tured in Sumilon neuron culture medium containing 0, 1,
10, or 20 mmol/L zonisamide for 48 hours. The cells were
fixed in 4% paraformaldehyde and immunostained with
neuron-specific β-III tubulin monoclonal antibody
(1:1000, MAB1195, R&D systems) and Alexa Fluor 488-
conjugated goat anti-mouse secondary antibody (Life
Technologies). Images of the scratched areas were ac-
quired on a microscope (Olympus LX71). The neurite
lengths of primary motor neurons in the scratched areas
were automatically measured with MetaMorph software
(Universal Imaging).

Results of scratch assay

[0087] Zonisamide induced a dose-dependent in-
crease in neurite length in the scratch assay (Figures 2A
and 2B). Zonisamide was shown to promote neurite re-
generation of primary motor neurons.

Example 3

Time-lapse imaging of axonal growth of primary motor 
neurons

Method of imaging

[0088] Primary cultured motor neurons were seeded
in a 96-well plate at 6.0 3 103 cells/well in Sumilon neuron
culture medium to induce neurite outgrowth. Phase-con-
trast images were taken every 8 hours for 3 days on In-
cuCyte ZOOM Live Cell Imaging System (Essen Bio-
science). The neurite length was automatically analyzed
with NeuroTrack software (IncuCyte).

Results

[0089] Forty hours after zonisamide administration,
neurite outgrowth effect was observed in mouse primary
motor neurons (Figure 3). The outgrowth effect was high-
er in the 10 mmol/L zonisamide administration group than
in the 1 mmol/L zonisamide administration group through-
out the observation period. Zonisamide was shown to
enhance neurite outgrowth rather than to initiate neurite
outgrowth.
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Example 4

Evaluation of effects on oxidative stress by using MTS 
assay

Method of MTS assay

[0090] Cell survival rate was assessed by MTS assay
(CellTiter 96 Aqueous One Solution Cell Proliferation As-
say, Promega), which measured the activity of mitochon-
drial reductase. Primary cultured motor neurons were
cultured in Sumilon neuron culture medium for 24 hours,
and the medium was then exchanged to DMEM/F12 sup-
plemented with 0.5% FBS and cultured for 24 hours.
Zonisamide was added at various concentrations for 1
hour and 100 mmol/L hydrogen peroxide was then added
for 24 hours. The cells were incubated with MTS reagent
for 2 hours. MTS signal was quantified on a microplate
reader (PowerScan HT, DS PharmaBiomedical). The
group of cells treated without hydrogen peroxide was
used as a control for evaluating MTS signal.

Results of MTS assay

[0091] Zonisamide significantly increased the number
of living cells in primary motor neurons in a dose-depend-
ent manner (Figure 4). Zonisamide was shown to have
neuroprotective effect on cell death caused by oxidative
stress in primary motor neurons.

Example 5

Evaluation of gene expression associated with neurite 
outgrowth

Methods of total RNA extraction and real-time RT-PCR 
analysis

[0092] Total RNA was isolated, using Trizol (Thermo
Fisher Scientific), from primary motor neurons cultured
with 0, 1, or 10 mmol/L zonisamide. Similarly, total RNA
was isolated from sciatic nerve segments with a length
of 3 mm or from tibialis anterior muscle. Single-stranded
cDNA was synthesized using ReverTra Ace (Toyobo).
The mRNA expression levels of Bdnf, Ngf, Ntf4, Ntrk1,
Ntrk2, Map2, Mapt, and Gap43 were quantified using
LightCycler 480 Real-Time PCR (Roche) and SYBR
Green (Takara). The mRNA levels were normalized with
the expression level of Gapdh.

Results

[0093] It was shown that the mRNA levels of BDNF,
NGF, and NTF4 (neurotrophins) were increased 2 and 3
days after zonisamide addition (Figure 5). The mRNA
levels of their receptors, NTRK1 (receptor for NGF) and
NTRK2 (receptor for BDNF and NT4-4/5) were also in-
creased by zonisamide administration. The mRNA levels

of structural proteins, MAP2 (abundant in dendrites),
MAPT (abundant in axon), and GAP43 (abundant in
growth cone), were not increased until day 3. Zonisamide
elevated the expression levels of neurotrophins and their
receptors.

Example 6

Determination of phosphorylation level of ERK1/2 and 
JNK1/2/3

Method of Western blot

[0094] Zonisamide (0, 10, or 20 mmol/L) was added to
primary motor neurons 4 hours after the beginning of
culture. The cells were rinsed with a buffer (50 mmol/L
HEPES pH 7.0, 150 mmol/L NaCl, 1% glycerol, 1% Tri-
tonX-100, 1.5 mmol/L MgCl2, 1 mmol/L EGTA, 100
mmol/L NaF, 10 mmol/L sodium pyrophosphate, 1
mg/mL aprotinin, 1 mg/mL leupeptin, 1 mg/mL pepstatin
A, 1 mmol/L PMSF, and 1 mmol/L sodium orthovanadate
(V)) at days 2 and 3. Total protein was dissolved in 1 3
Laemmli buffer, separated on a 10% SDS polyacrylamide
gel, and transferred to a polyvinylidene fluoride mem-
brane (Immobilon-P, Millipore). The membrane was
washed with Tris-buffered physiological saline with
0.05% Tween 20 (TBS-T) and blocked with TBS-T con-
taining 3% skim milk at room temperature for 1 hour. The
membrane was incubated with any of anti-Erk1/2 (#4696,
Cell Signaling), anti-phosphorylated Erk1/2 (#4370, Cell
Signaling), or anti-phosphorylated JNK1/2/3 (#4668, Cell
Signaling) antibody (diluted at 1:1000) at 4°C overnight.
The membrane was washed with TBS-T for 10 minutes
three times and incubated with mouse anti-mouse IgG
secondary antibody conjugated to horseradish peroxi-
dase (HRP, GE Healthcare, 1:6000) at room temperature
for 1 hour. The blot was detected with Amersham ECL
Western blotting detection reagent (GE Healthcare) and
quantified with ImageJ program (http://im-
agej.nih.gov/ij/index.html).

Results

[0095] Zonisamide was shown to suppress Erk1/2
phosphorylation when the phosphorylation levels of
Erk1/2 and JNK1/2/3 were measured in primary motor
neurons (Figure 6). In contrast, zonisamide slightly in-
creased the phosphorylation level of JNK1/2/3 in NSC34
cells and did not affect that level in primary motor neu-
rons.
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Example 7

Evaluation in mouse sciatic nerve autologous transplan-
tation model

Method of evaluation

[0096] Adult male C57BL/6J mice (8 weeks old;
19.5-22.0 g) were purchased from Charles River. The
mice were anesthetized with isoflurane and underwent
gluteal muscle incision under a sterile condition to expose
the sciatic nerve in the left leg. The sciatic nerve was cut
at the following two sites (1) and (2):

(1) the site 3 mm distal to the first bifurcation of biceps
femoris (hereinafter referred to as proximal transec-
tion site)
(2) the site 3 mm distal to the proximal transection
site (hereinafter referred to as distal transection site)

[0097] The excised nerve segment with a length of 3
mm was confirmed to be completely cut at the two sites.
The perineurium was sutured with nylon thread (10-0
black) at the proximal transection site and the distal
transection site under a microscope. The remaining
thread was used as a marker for finding the nerve
transection site in the sacrifice of the mice. In order to
reduce DMSO toxicity, a solution of 60 mg/mL zonisa-
mide in 100% DMSO was prepared and the solution was
diluted in olive oil to give a solution of 3 mg/mL zonisa-
mide in 5% DMSO. The control solution (5% DMSO) or
zonisamide (3 mg/mL 3 about 0.2 mL) at 30 mg/kg/day
was administered to the stomach using a disposable
probe needle (flexible type, Fuchigami) once a day for 1
to 8 weeks from the end of surgery until sacrifice. Myelin
sheath formation in the sciatic nerve was analyzed in six
mice in each group. One week after the sciatic nerve
autologous transplantation, the sciatic nerve was
transected at "the proximal transection site" and "the site
3 mm distal to the distal transection site" to excise a nerve
segment with a length of 6 mm. Subsequently, the nerve
segment was fixed in 2% paraformaldehyde/2.5% glu-
taraldehyde in 0.2 mol/L sodium cacodylate buffer pH
7.3 overnight, treated with 2% osmium tetroxide for 3
hours, and dehydrated in ethanol. After epon embedding,
a semithin section (with a thickness of 1 mm) was cut at
the position 0.7 mm distal to the distal transection site,
stained with alkaline Toluidine blue (Sigma), and exam-
ined under a microscope (FSX100, Olympus). The
number and area of myelinated axons in the sciatic nerve
were manually measured using ImageJ software in a
blinded fashion.
[0098] Motor function was assessed every week in
three mice in each group using the walking track analysis.
In the walking track analysis, footprints of both hindlimbs
were recorded when mice were allowed to walk freely on
a runway. Sciatic function index (SFI; Bain et al. Plast
Reconstr Surg 83: 129-138 (1989)) was calculated by

measuring the width and length of footprints of both legs
in a blinded fashion. The SFI was set to 0 when there
was no difference between the hindlimb with transected
sciatic nerve and the hindlimb without transected sciatic
nerve. On the other hand, the SFI was set to -100 when
the hindlimb with transected sciatic nerve became com-
pletely paralyzed. Prior to recording footprints, mice were
allowed to practice walking on the runway several times.
Footprints were recorded on six to eight thin boards.
[0099] Eight weeks after sciatic nerve autologous
transplantation, the entire gastrocnemius muscle and a
sciatic nerve segment between the distal transection site
and the site 3 mm distal to the distal transection site were
isolated for total RNA extraction. Similar sciatic nerve
segment was also isolated from the hindlimb without
transected sciatic nerve. The mRNA expression levels
of Bdnf, Ngf, Ntf4, Ntrk1, Ntrk2, Map2, Mapt, Gap43,
Chrne, Colq, and Rapsn were quantified in a manner
similar to Example 5.
[0100] Eight weeks after sciatic nerve autologous
transplantation, the tibialis anterior muscle was isolated
and fixed in cold 100% methanol for hematoxylin and
eosin staining.

Results

[0101] In vivo nerve regeneration effect of zonisamide
was assessed in the sciatic nerve autologous transplan-
tation model. Zonisamide was administered to the stom-
ach at 30 mg/kg/day every day after surgery. The section
at the position 0.7 mm distal to the distal transection site
was observed one week after surgery. It was revealed
that the number of axons was unchanged but the area
of axons was increased 3.9 fold compared to the zonisa-
mide non-administration group (Figure 7).
[0102] Effects of chronic administration of zonisamide
on motor function and muscles (tibialis anterior muscle
and gastrocnemius muscle) were examined. It was re-
vealed that SFI, a marker of motor function of hindlimbs
after sciatic nerve autologous transplantation, was dra-
matically improved in the group of mice given zonisamide
at 6 to 8 weeks after surgery (Figure 9).
[0103] The cross sections of tibialis anterior muscle
were histologically and morphologically analyzed and it
was revealed that zonisamide promoted recovery from
denervation atrophy (Figure 10, Figure 11).
[0104] It was demonstrated that the expression levels
of genes specifically expressed in the neuromuscular
junction, including Chrne (Jones et al. Proc Natl Acad
Sci U S A 93: 5985-5990 (1996)), Colq (Trinkaus et al. J
Neurochem 105: 2535-2544 (2008)), and Rapsn (Brock-
hausen et al. Dev Neurobiol 68: 1153-1169 (2008)), were
increased in the zonisamide administration group (Figure
12) .
[0105] The gene expression levels were analyzed in
the sciatic nerve segment distal to the distal transection
site, and it was revealed that the expression level of Bdnf
was unchanged but the gene expression levels of Ngf
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and Ntf4 were increased at 8 weeks after surgery in mice
given zonisamide (Figure 13). Moreover, it was demon-
strated that mRNA levels of their receptors, Ntrk1 and
Ntrk2, were also increased by zonisamide. Also, mRNA
levels of structural proteins, Map2, Mapt, and Gap43,
were elevated in the zonisamide administration group.
[0106] These results demonstrate that zonisamide in-
duces axon outgrowth and recovery of sciatic nerve func-
tion.

Example 8

Evaluation of motor function in severely crushed spinal 
cord model mice

Method of producing severely crushed spinal cord model 
mice

[0107] Female C57BL/6J mice (8 weeks old; 19.5-22.0
g) were purchased from Charles River. The female
C57BL/6J mice were anesthetized by intraperitoneally
administering pentobarbital sodium and underwent back
incision under a sterile condition to perform laminectomy
at the 10th thoracic vertebra. The spinal cord was
crushed at 100 kdyn using a tip with a diameter of 1.35
mm on IH Spinal Cord Impactor. After the occurrence of
hematoma in the spinal cord was confirmed under a mi-
croscope, the wound was closed and 1 ml of physiological
saline was subcutaneously injected into the posterior
neck region to prevent dehydration. The mice with spinal
cord injury were separated into two groups in a blinded
fashion. Zonisamide was diluted with olive oil (solvent)
to 3 mg/mL and intragastrically administered to mice in
one group at 30 mg/kg/day using a disposable probe nee-
dle (flexible type, Fuchigami) for consecutive days from
the day of surgery. Mice in the other group received only
the solvent using a similar procedure for consecutive
days. One day after surgery, motor function of mice in
both groups was assessed using BMS score (Basso
mouse scale; Li et.al. J Neurosurg Spine 4: 165-173
(2006)) in a blinded fashion to select the mice with BMS
score of 1 or lower and consider them as severely
crushed spinal cord model mice. The mice received 200
mL of water containing trimethoprim (16 mg) /sulfameth-
oxazole (80 mg) from a feeder to prevent infection for 3
days after surgery.
[0108] Thus, "the group of severely crushed spinal
cord model mice that received zonisamide (zonisamide
administration group)" and "the control group of severely
crushed spinal cord model mice that received only the
solvent (control group)" were produced.

BMS score

[0109] BMS score is scored by rating ankle movement,
weight support, stepping, coordinated motion of fore-
limbs and hindlimbs (coordination), hindlimb position in
walking, trunk stability, and tail position, and ranges from

0 to 9; score 0 corresponds to complete paralysis of hind-
limb and score 9 corresponds to normal motion; more
specifically, BMS score is described as follows:

0: No ankle movement.
1: Slight ankle movement (less than 50% of the range
of motion).
2: Extensive ankle movement (equal to and greater
than 50% of the range of motion).
3: Plantar placing of the paw or occasional dorsal
stepping.
4: Occasional planter stepping with weight support
(equal to and less than 50% of forward movement).
5: Frequent or consistent planter stepping (equal to
and greater than 50% of forward movement), no co-
ordination of limbs;
or frequent or consistent planter stepping, some co-
ordination of limbs, hindlimb paws rotated at initial
contact and lift off.
6: Some coordination of limbs, hindlimb paws paral-
lel at initial contact and rotated at lift off; or mostly
coordinated, hindlimb paws rotated at initial contact
and lift off.
7: Mostly coordinated, hindlimb paws parallel at ini-
tial contact; or mostly coordinated, hindlimb paws
parallel at initial contact and lift off, and severe trunk
instability.
8: Hindlimb paws parallel at initial contact and lift off,
and mild trunk instability; or hindlimb paws parallel
at initial contact and lift off, and normal trunk stability
and the tail down or up and down.
9: Normal trunk stability and tail always up.

Results

Evaluation of motor function with BMS score

[0110] "Ten mice in the zonisamide administration
group", "ten mice in the control group", and "three mice
in the Sham group, which underwent only laminectomy
without spinal cord crush and received only the solvent
(the Sham group)" were used to assess their motor func-
tion. A solution of zonisamide diluted in the solvent was
administered to "the zonisamide administration group"
and the solvent was administered to "the control group"
and "the Sham group" according to the procedure de-
scribed in "Method of producing severely crushed spinal
cord model mice" for consecutive days from the day of
injury. BMS scores were measured at days 1, 3, 7, 14,
21, and 28 after surgery in a blinded fashion (Figure 14).
[0111] BMS score in the Sham group, which underwent
only laminectomy, was the maximum score 9 since day
3 after surgery. BMS score in the zonisamide group was
significantly higher than that in the control group since
day 14 after surgery. BMS scores at day 14 after surgery
in the zonisamide administration group and the control
group were 3.2 6 0.3 and 1.4 6 0.5, respectively
(p=0.014). BMS scores at day 21 after surgery in the
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zonisamide administration group and the control group
were 3.2 6 0.4 and 1.2 6 0.5, respectively (p=0.008).
BMS scores at day 28 after surgery in the zonisamide
administration group and the control group were 3.7 6
0.4 and 1.5 6 0.5, respectively (p=0.005).

Evaluation of motor function in rotarod test

[0112] "Four mice in the zonisamide administration
group", "four mice in the control group", and "three mice
in the Sham group" were used to assess their motor func-
tion using a rotarod (from UGO BASILE) at the day of
surgery, days 1, 7, 14, 21, and 28 after surgery by ad-
ministering the drug for consecutive days from the day
of injury in a fashion similar to the "Evaluation of motor
function with BMS score". The latency until a mouse fell
off the rotarod (holding time, in seconds; a maximum la-
tency of 300 seconds) was measured in the accelerating
rotation mode with an initial speed of 2 rpm, an acceler-
ated speed of 5 rpm/min, and a maximum speed of 40
rpm. The latency was measured 3 times at an interval of
10 minutes and the three measurements were averaged
for assessment (Figure 15) .
[0113] The holding time in the Sham group was 250
seconds or more since the day following the surgery. The
holding time in the zonisamide administration group was
shown to be longer than that in the control group at days
21 and 28 after surgery. At day 28 after surgery, the hold-
ing time was 135.3 6 16.4 seconds in the zonisamide
administration group while the holding time was 76.6 6
18.9 seconds in the control group (p=0.088).
[0114] The results of evaluation of motor function with
BMS score and the rotarod test revealed that the motor
function was improved by zonisamide administration in
the severely crushed spinal cord model mice.

Example 9

Evaluation of gene expression associated with neurite 
outgrowth at and around the segment of the damaged 
area in severely crushed spinal cord model mice

Methods

[0115] Severely crushed spinal cord model mice were
produced according to the "Method of producing severely
crushed spinal cord model mice" as described in Exam-
ple 8. Spinal cords were isolated from four mice in the
zonisamide administration group and four mice in the
control group 28 days after surgery and the segment of
the damaged area with a length of 5 mm and the segment
with a length of 5 mm distal to the damaged area were
collected (Figure 16). Total RNA was isolated using Trizol
(Thermo Fisher Scientific) from each spinal cord segment
with a length of 5 mm. Single-stranded cDNA was syn-
thesized using ReverTra Ace (Toyobo). The mRNA ex-
pression levels of neurotrophic factors, Bdnf, Ngf, Ntf4,
Ntrk1, Ntrk2, Map2, Mapt, and Gap43 were quantified

using LightCycler 480 Real-Time PCR (Roche) and
SYBR Green (Takara) (Figures 17, 18, 19, 20, 21, 22,
23, and 24). The mRNA levels were normalized with the
expression level of GAPDH.

Results

[0116] The expression levels of MAP2 and Tau genes
were significantly increased in the segment distal to the
damaged area of the zonisamide administration group
compared to those of the control group (Figure 22,
p=0.029; Figure 23, p=0.008). It was suggested that ad-
ministration of zonisamide not only induced axon elon-
gation but also increase in dendrites in the spinal cord
segment distal to the damaged area because MAP2 and
Tau are highly expressed in dendrites and axons of neu-
ronal cells, respectively. The expression level of NGF
was also seemed to be increased in the segment distal
to the damaged area as observed in MAP2 and Tau (Fig-
ure 18, p=0.053).
[0117] These results demonstrated that the expression
levels of genes associated with neurite outgrowth were
increased in the segment distal to the damaged area.

Industrial Applicability

[0118] Zonisamide or an alkali metal salt thereof ac-
cording to the present invention is extremely useful for
peripheral neuropathy and spinal cord injury. Zonisamide
or an alkali metal salt thereof according to the present
invention treats "peripheral neuropathy" by regenerating
neuronal cells and thus is useful for treating motor dys-
function, sensory dysfunction, and/or autonomic dys-
function associated with "peripheral neuropathy". More-
over, zonisamide or an alkali metal salt thereof according
to the present invention treats "spinal cord injury" and is
therefore useful for treating motor dysfunction, sensory
dysfunction, and/or autonomic dysfunction associated
with "spinal cord injury".

Claims

1. A pharmaceutical composition for treating and/or
preventing peripheral neuropathy comprising
zonisamide or an alkali metal salt thereof as an active
ingredient.

2. The pharmaceutical composition according to claim
1, wherein the peripheral neuropathy comprises at
least one neuropathy selected from motor neuropa-
thy, sensory neuropathy, or autonomic neuropathy.

3. The pharmaceutical composition according to claim
2, wherein the peripheral neuropathy at least com-
prises motor neuropathy.

4. The pharmaceutical composition according to claim
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2 or 3, wherein the motor neuropathy is paralysis,
numbness, muscle weakness, hyposthenia, muscle
atrophy, disorder of skilled movement, wrist dorsi-
flexion, ankle dorsiflexion, drop foot, hyporeflexia, or
vasomotor symptom.

5. The pharmaceutical composition according to any
one of claims 2-4, wherein the motor neuropathy is
paralysis or numbness.

6. The pharmaceutical composition according to any
one of claims 2-5, wherein the sensory neuropathy
is pain, paresthesia, or abnormal vibratory sensa-
tion.

7. The pharmaceutical composition according to any
one of claims 2-6, wherein the autonomic neuropathy
is abnormal sweating, diarrhea, constipation, dizzi-
ness, shivering, palpitation, or abnormal heart rate
variability.
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