;e3eQZN : 6TZ05 FEB 2003 Description REVED ES OR PREVENTIVES(§§E% 003
| NTRACTABLE EPI LEPSY Techni cal Field The present invention rel Bt% a

t herapeutic or preventive agent for, anong other epilepsies, intractable
epi | epsies, which are difficult to prevent or treat by existing

antiepil eptics. Background Art Epilepsy is a chronic brain disease in which
epil eptic seizures are the predom nant feature. Cenerally, nost epil epsies
and di seases associated therewith asesdifficdit to treat, since epilepsies
are not etiologically elucidated. Thus, adm nistration of an antiepileptic
agent is a common approach toward suppressing epileptic seizures or

i nhibiting propagation of focal seizures to other portions. At present,
nore than ten ty%@@EQFE§nP?eBFF%%WT%V%®é%R% HR iFe EFLAHRSY be
successfully suppressed by antiepileptic agents, including so-called
"resistant-to-therapy" seizures and cases in which drug conpliance cannot
be obtained due to side effects despite satisfactory suppression of

sei zures. Thusniidadr @iegddstill demand for an antiepileptic agent which is
nore effective than existing ones and which exhibits fewer 05 FEB
2003 F ~, Anti efiiHeepiresent ChiventhbdnPsyTates ryo Goutrisesspd\atiday aswm- Shot en,
aut hored by Akira TAKAZAWA, et' al,). Therefore, an object of the present

i nvention iprevenidoe dageatpharnageony catherf fewtieps fam, iimttracttadille
epi | epsies or a seizure associated therewith, for which existing

ant i epi | epterdsiapsviesnowhdghi sreedlfbiceltictorgrefancayy tmiagc/ysur e of the
I nvention The present inventors have conducted extensive studies, and have
found t hat eXiFFnG PRitA¢PALRDFLEF boxyl i ¢ acid anide derivative represented
by fornmula (I) serves as a pharmaceutical which is efficacious in the
treatnment or prevention of intractable epilepsies. The present invention
has been aggomplish%q b%sed on this finding. Accordingly, the present

i nvention proviges a Pﬁerapeutic or preventive agent for an intractable

epi | epsy or a sei zuyr ci,a rew i Si . ti Vv
ingredient a co%j o&r?gs?e%_rgeée%ﬁgaﬁg(g t?’\fgéeié]o ?%gv)ﬁ[éne; :'Tr}grv‘swiﬁ]cg{](%ilep%ic

RZ- CHz CONHRY Sarles) a¥BeRBENpRabmi Ra P SFVA t GEOUP cRHbEH1RY Rgug one or nore
Cl-C3 al kyl group and R2 is a 2-oxo0-1-pyrrolidinyl group: a salt thereof;

or a hydratepiQfepshesCcanpodngeftet hes Sidiatdd tHEX BRI AR aiffik@ 1 agent
invention also provides an inhibitor which limts a notor seizure

associ at ed tuieldt ,asiapel epiyepsies edins wdt dett Bd 1o caf 113N edidigiated .Sy npt on) ;
an inhibitor for propagation of an epileptic seizure; and a therapeutic or
preventive Tagent adoindpitiapignhofi ay antiewtliaptisf agendi ig @ common

sei zure-inductive threshold, each of the above three types of agents

conpri si ng aRPreRchctPvaringrparessing combrpiul ¢ aaiadwmese @by b iftdmeul a
(I'), a salt thereof, or a hydrate of the conpound or salt. The present

i nventi on PFOPEGES1G8e 6 FACRINPRLFI? B pFR M BRF &l9@Sf-0l | owi ng f or mul a
(1); a salt theregof; or hydrate of {he conpound or _salt, for producing a
t her apeutic or &r%e\;’éﬁﬁe\?g'aétgﬁ fe'B?na ex nﬁfﬁ% a%?dearb%qpelp]siptoirc f%eé}wz%r e
associ at ed erew.th he pr. t igwnention al royi y a conpound
r epr esent ec?&%'y a’[Q'\I'Qulleitl Bﬁgo%nnggﬁgﬁhul%vt('l )“!;a%g :aé%%e?ﬁ§¥eg$;%r8§%38%§dr ate of

Sei zure. asehArEael PRERTBr) Sneye fr AYPE ARl o BT s

sei zure assdci a an epi |l epsy rati 0

Synptom ; - UMY, 958h ubehgPEEPEgRE L@ fésfé"tfrgﬂ LRI AU AR A

therapeutic "or preventive agent for epilepsy ving a function of raising a
sei zure-i ndief ickelshiashalen dbegPESRET] ahde et D \WIARS R dTRIVROG S OF

treating an intractable epilepsy or a seizure associated therew th through
adm ni str atgige @fractenaedpdteepaesseriaetohy slspression of seizures.

Thus, there is still demand for an antiepileptic agent which

is more effective than existing ones and which exhibits fewer

and less severe side effects (see "Mechanismus of Action
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05 FEB 2003 following forrmula (I); a salt thereof; or a hydrate of t%%
conpound or salt. The present invention, also provides a net h&@ FielB 20
treatnment for inhibiting a notor seizure associated with an epilepsy (in
tegns of duration of a bpileptic synptom); a nethod for treatnent for
preventing propagation of an epileptic seizure; and a nethod for treating
epi l.epsy involving a function of raising a seizure-inductive threshold, by
the adm nistration of a conpound represented by the following formula (1);

a salt theragftiepilaphydsatecolntbgr COIPROMNS: BF é&.}ztsie.ﬁe?fald%&(-@hoten,

Carrying Qut the Invention The substituents in fornmula (I) will next be

descri bed. RButhepeasept AkarAheA¥AZINOURer Q42 @ substituted phenyl group. The
one or nore substituents for a phenyl group may be a Cl-C3 al kyl group. O
these, a methyl gmewefiosepr @hebbgdet FoF t Figs NBF&ser WO dRIIM oIS ar e
preferred, and the preferable positions of substitution are 2- and

6- posi ti ons pebovadehanphagnavgut 14T, e B e Bl NI VilmfieivtatdleOWpillepsies
particularly preferred. R2 is a 2-oxo-1-pyrrolidinyl group. 4 05 FEB 2003
A typical exanmpl eedkurbeassophanedrepsesented fnr fuarial @ax(is)t lingy

N- (2, 6-di net hyl phenyl ) - 2- (2- oxo-1pyrrolidinyl)acetam de (generic nane:
nefiracet ampntdepdlepthesebaye amolt aedlyibbteal ofattisf aodpyured fdicassdt . A
process for produci ng nefiracetam has al ready been disclosed in Japanese
Pat ent Application Laid-Open (kokai) Nos. 56-2960, 61-280470, and 6-65197.
Nefiracetam finds pharmaceutical use as, for exanple, a cerebovascul ar
derment i a- anBPLE6LaEPEE a§ehbe (Japamesen Pat ent Application Lai d- Open (koXai)
No. 56-163145), an aneliorating agent for denentia of Al zheinmer type
(Japanese Pat ent TRSpPregenrsnindeutepe e vauesydvgtes epsenafve @rt‘éioiesr
stabilizing_agept for th 1 tochondri al, menbrane (Japanese Patent

Appl i cat | onaRE. B8YEcEBYDT . THRE Soric TR HEUHGh SR e Rerri o gmide

tially di in_J t | i [ No. 9-249131. A
Bt epi | et PREARREaKerrBPERE Eod ThT ol (B b 8200 Meati gated
through & t BRR-REBLAYLB) Hln b A% s o0 SEP 0GR MlElentnd,potent

use as an antiepileptic agent 1s I ndicat venti on of Japanese

Neurosci encgreeh@iyn St 1AL83ctdite 2 aRGia Y TRE Peuteati eAGent 1883,
11; and the 26th Society for Neuroscience, Novenber 16, 1996, Washi ngton

D.C ). The pmadebeeh aptbepiyskesd| ey drl tHiGE fAigstigd.i n the above reports
is a nodel of epilepsy caused by a congenital genetic disposition forned

t hr ough nut ati onAc€&bedimgdalr, exhe bpt&s et chptd ont-ay gaedriseeordar y
generalization of a seizure and stupor after tonic or clonic convul sion. An
el ect r oenceppharageuhiof or heraveiet 1wh cvge rth dfcac taay iistimacdladrigeepilepsy
corresponding to the above states. In addition, the nodel of epilepsy is a
geneti c nodeF, at 6eiRBFebyssSeeiated therafith mmnrisdng meeshn gattilve

epil eptic states _induced b enetic disposition. However, no clinically
def i ned typé?gﬁ?d%ﬁweﬁs?%’g‘p 1 6h FRie 259 resk foh dheo fiodd oril ngo FoEMvd el |

al t hough eff&&gcy of a pharmaceutical to suppress epilepsy is easily
attained fo# L mce through adm nistration of a pharnmaceutical in a small
dose. Therefore, the pharmaceyki cal-4hs: ROt al ways {nically effective for
humans even though the efficagy ?@xf#%bgh for EL nf%t. Particularly, since
a clinical effect of a pharmaceutical on intractable epilepsy of humans

Still invol yes ag ugknawa basksy dNe.gRslcr §200hesUi4AbIE hgkeeualyating

t he prospects O I Ni I'n"view of t oregol ng, the present

i nventors ha onduct ed earpest studies, ;an d . the ound
6 05 FEB fé%gi QESPgséﬁ?eé'b&sfSr#ﬁpgg(F)p§5g§¥gggggfn%%g€%1yQasggggl

sei zure but  al so secondar eneralized seizure in nmpdel of focal

epi | epsy, wﬁ%@ﬁeﬁ $ BEef EV¥F$E%I?EH§P%rQﬁﬂPQﬂf & easégﬁVentional

t herapeutic agent. Accordingly, an object of the present invention is to
provi de a suppresser for focal epilepsies; a suppressor for secondary
generalization; and a therapeutic or preventive agent for intractable

epi l epsies. Thus, the present invention relates to a therapeutic or
preventive agent for intractable epilepsies. First, an explanation of
"intractable epilepsy” will be given below The characteristics of
intractable epilepsy include 1) high occurrence of partial seizure followed
by a generalized seizure (particularly tenporal |obe epilepsy); 2) high
occurrence of synptomatic epil epsy causedl by an organic lesion in the
brain; 3) long-term absence of treatnment fromthe onset to consultation of
a specialist and high occurrence of seizures; and 4) high occurrence of
status epilepticus in the anamesis. In other words, the tenporal |obe is
likely to be a portion of the brain responsible for intractable epilepsy.
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types, i.e., (a) localization-related epil epsies and syndrones, (b

general i zed epil epsies and syndrones, and (c) epil epsies and S)Pfﬁf Be2003
undet erm ned, whether focal or generalized. 7 05 FEB 2003 Exanpl es of
(a) ®l ocal'i zati on-rel at ed epil epsi es and syndrones include tenporal |obe
epi |l epsies, frontal |obe epilepsies, and nmulti-|obe epilepsies. Tenporal

| obe epilepsies and frontal |obe epilepsies are typical exanples of
intractable epilepsy. Miulti-Ilobe epil epsies are considered to be caused by
two or nore | obes. Exanples of (b) generalized epil epsies and syndrones

i ncl ude Lennox- Gastaut syndrone, West syndrone, and mnyocl onic epil epsy.
Exanpl es of (c) epilepsies and syndrones undeterm ned, whether: focal or
generalized, include severe nyoclonic epilepsy in infancy, which exhibits a
variety of seizure types. In particular, tonic-clonic seizures frequently

occur, to therebyrét 4 i S ilepticys. Thus, special treatnent
conducted by a specig%?%fgggﬂjggﬁ%ggéya?§°s§$8ﬁéa§sr%ﬁu+?¥%P%R%Ed%QiCh

WATANABE, etlhhits |Qakdiry: AdiPurel§3 ; 0] 1997). Sei zures associ at ed
with intractabl e epilepsy are cgfeego%?’%%%g?%t‘gi%hv%?i%ﬂ TISH s tearms |

toni c sei zures,dumtiolomian £piidHes L &R . absenge. sei zures, atonic
sei zures, myocl oni c sei zures, ?Ion?c ge?%x égﬁjéﬁﬁgl(ﬁﬁﬁi%%ﬁ %&ﬁzures,
conpl ex par tRrdpaggitdwnesf andepetopddE Vs SENG S i%.gf j es. t hese, for
tonic and atonic seizures, attention must be pai 5§§%%%ﬁaﬁgéé%ﬁFiing
from falls. OuevaddilvieongeatmpbexepBlépsy 1Sl AY &5 MELGSS R raising a
behavi or - caused acci dent during disturbance of consclousness. I'n g

i ntract abl e S&JiZUESsileductiygaptere pacld Alesti 2 ade Abov@d thEBe2@03es of
associ at ed mﬁthttenporal | obe epilepsies and frontal | obe epilepSies ocCcur
at rel ati vePyeHit§hCPPREhEhRY 2 arldatslvelliriyreghi esai & soimpBgg occur at | ow
frequency igeggggdr%n #he sei zures are also intractable as in the case of
adults (Progress gk Eﬂi Bptf ofREMNet (X)) .Har s 1AKIEMEESoandoFoshhea¥AVAUCH!
| wanam Gakyjeu an, 1991, 51-85). In the present description, the
term"int racjtﬁast:)ﬁg (ggé{?g%%@"o‘? eﬁ'ae]r“g t dRepPrepenbsinyentiqurmsoaisdaciwed
therewith cggr g§sponsi t fallow ng four epilepsies or seizures

associ at ed theremf@ﬂéﬁﬁi)f%éﬁgéﬁéﬁﬁi?gﬁ %PFCEP@lPUlPBeﬁPrmHl@h(Eh: a

suppr essi ons@it SehgLESS; a$Saogi t her.ewith cannot _be controlled through a
conventional pharmaceutical tr éﬁ%%ﬁt%fwgéngOVR?KNﬁBEF g8lht . forgaku- no
Ayum , 183(Adod@didd8 RO Apedtd)e SR ' rresponding to the foll owing
(a) to (c): (a) localization-related gg??égg%gg gg%ﬁga °Y efporal Lobe

epil epsis’ abttartdlls enilegnsi or Gbhegs8ASE iz Lyepsies, and syndrones
such as Lennox- Gastaut syndrome, West syndrone,gg%%p%%oc OhT'E il epsy; and
(c) epilepsies afte syreionesinvedationTaned, prbeiHgE §96al s 0L g&gﬁg@%&zedz
such as severe nyoclonic epilepsy in infancy, (3) seizures associafted with
t he above- dERTIH G bFadhebifeldpitegstsrmura udi Ng 4 WU L: SEAEES.: or

toni c-cl oni c .sej zures, atypical absence seizures, atonic seizures,’

myocl oni ¢ eitiFéde Afokie Semparad, oxi spli, pRot i mtodes Ziy %s,s‘%?aaseggr
parti al se%&Hk%§1 an secondary generalized seizures; and 9 FEB 2003
(4) epil epSiestsddfiias BpMPERE| E81rBre oo srpinted wlrgeny epinawsst i(Gn

epi | epsi es, rel epi Lepsies follow ng surgery for epilepsy. The
antiepiIepFF%q%gggt%ggggﬁggpPgsgn?p}+ﬁﬁﬁ&q(ﬁYWRiQmXKHﬁi&uPHMst@hefahove

four types I ahlke_epilepsies. O these, the antiepileptic agent of
t he presenPQ%€3 %??gh P% %gr?ng?%ff? ahRe v @b |thealpeattionorel at ed

epi | epsi espeRERS dj o] ) - seizures such as secondary generalized
sei zur es, gorrpl exﬁggr ?lagﬂ:sg?(’éuéé%lea‘?ﬁ? élaé’ij&? &ifusttilens oforpdspoagdiang to

(3) and st gbisuepligBtLELSe FﬂE%éﬁﬁﬁfpSies foll owi ng brain surgery,
traumati c epil epsies, and relapsed epil epsies foll ow ng surgery for

epi | epsy corresppadi ( lepi]eptic ent of the present

i nvention has a posg?gls%/Hiéxg%wgﬁforgﬁf@g@c{% &feepSle oz éregding an
local i zat i ontretedwre egh EAS t ral | obe epilepsies, and cortical

epi | epsi es. "Tenporalaﬁ%%e eﬁ?ﬁ%ﬁé@?ﬁﬁﬁhl8haF§°8ﬁ8tF§p§h8FeWhFFactabIe
epi | epsy, wH#dudiexddmlen OPSEL 4 Al .l qbe epile is an epil epsy
havi ng a seizur%wfocus in tHggﬁgﬁ%%%gpghggg?aaﬁﬁpggs85?%6OPYzEﬂeunder
synptomati c and | ocalization-rel ated epil epsies, which also include frontal
| obe epilepsies, parietal |obe epilepsies, and occipital | obe epilepsies,
based on the international classificatidn of epilepsy. The syndrones of
tenporal |obe epilepsy vary in accordance with a focus-localized site and
type of seizure propagation, in that the tenporal |obe has an anatonmically
10 05 FEB 2003 conplex structure including neocortex, allocortex, and
pal eocortex. Tenporal |obe epilepsy, as previously defined as a psychonot or

o o o, o o - o o -



When the focus is in the anygdala, there are caused aUtonO"iCo§%ﬁ$%9ﬁﬁ3SUCh
as dysphoria in the epigastrium phobia; and ol factory hall uci'fa n.
Lateral tenporal |obe seizures include auditory illusion, hallucination,
and a dreany state, and disturbance of speech when the focus is in the

dom nant hem sphere. .Tenporal |obe epilepsy exhibits a long-term
psychosis-like state in addition to other synptons and
recognition-and-nmenory di sorder nore frequently than do ot her epilepsies
(Medi cal Di €bilbowiyg farmahdo)I) ;Treaidmnttherebgipotrak hebieaepi bepsiei S
carried out through pharmacot herapy 11 05 FEB 2003 enploying a maxi num
dose of a coohbpoahdoorofabitugs, or through surgical treatnent. "Cortex
epi |l epsy,” which is one type of intractable epilepsy, will next be

descri bed. Cortefhepptrepsyti dnwenetod eptischationd desf acmethodt iercer ebr al
cortex, and is classified as synptomatic epil epsy belonging to

| ocal i zat i ohreatment (focalnhdpitapsisemodiodt sphdnepeassactiheednweéthathonal
classification of epilepsy. In the international classification, seizures
associ at ed abihepsyt ekn epeiepf ahwadliassiofi edeadlsphptespaptoml ; sei zur es,
whi ch are partial seizures w thout reduction of consciousness. Accordingly,
an el ect r oeRetypd| HQF afFeaieantd fidampreveatingepaspaghtied oft &ncort ex
epi | epsy (not always recorded on the scal p) exhibits | ocalized
contr al at er BP1keRELS | et uvardd & oyothre Eorr &spahdinagepdiersdl fiel d. The
rate of seizures associated wth cortex epilepsy to the entirety of

sei zures asSBEPRYERE f tHRpi i Qfesaisiggprosphaneeyindustivia sheashold.

t her eof are fogal t sei zures i cIudingﬂégcksonian sei zures (Wada et

or
al.). CorteX ept? P A HATHhIAF GaGoREOBY I EPREPSPRERROPY ER®aft eref f ect
of cephal ot Ce Ol d e _during eri.natal period (Medic
dictionary,f§ég§¥&§é)?aﬂégg%qgﬁqtﬁbsf%guggGESP%éxoﬁp?l%%éﬁaFé 2 agg?fied as
t enpor al Io@ghégﬁﬂ&xg%u ietal |obe epilepsy, or occipital |obe epilepsy.
"Traumatic epilepsy,” Ich is one type of intractable epilepsy, wlll next
be described. Traumatic epilepsy, in a broad sense, is divided into 12 05
FEB 2003 two epilepsies) i.e., "early epilepsy" and "late epilepsy." "Early
epi | epsy” iBesawsRIk tfyoOugHrSiinguloatti @Re0tniB8tPoAI N i nduced by convul sion
within a week after suffering a trauma, and is not a true epilepsy. In
contrast, "late epilepsy" is a true epilepsy that is caused one or nore
weeks after suffeFhagubatrifwents)apaiegmudduéds Widd, 0estled dee0réhRdi dat es
for traumatic epil epsy per year (Shinya MANAKA, Kyukyu Iryo, 17:1076-1077).
Most of the&'t rapnesectepi IBpsiWs gooarcansed dyb$otriedrhsnyd PeeUP-at a
traumatically damaged portion of the cortex, and they are considered to be
typi cal exard eaecobr partd alubepikepstestforThepkeény &, gtamammynbe th€debB i s
principally based on a pharnacot herapy which is generally enpl oyed for
treat nent oflieni lepsy.. HoRevieese siaae: indetgrang & sppeedssrefl.i ndi vi dual
synptons are diverse, in many cases the epil epsy becones intractable

t hrough adniyvigidraddre) elvcametAyilepirbepsi sragerdfemsed, epord athei n Ni hon

Sai gai | gakukai Kaishi, 32(6):453-460, 1984. Meanwhile, surgical treatnent
has been erplonatfier past abhy oIxXkebsAgtitiidraeable sypt posit tomhioch
control of a seizure is difficult (Yoshifum MATSUMOTO, Neurotraumatol ogy,
17: 101- 106, 5 A334d)y1 "g/i*o%ﬁﬁonﬂﬁﬁé’, gengs ¢ld #R4 rSAlpHENS) " g#iuphiks one of the
synptonms assocl ated wth intractable epilepsy, wll next be described. The

secondary generaliized Sea¢.e by one type of partial seizure, which exhibit
a clinical 'syndrome and an el ectrocephal ogram feature observed as

gxcitapipn of neu§@n§5%§ 2_5§%j¥%§j¥¥g%iggﬁgﬁsEgg@ [nitiation of a seizyre
inalimted portion of one cerebral hém sphere. Phe secondary generalized
seizure is initiated as a sinple partial seizure (wthout inpairnment of
consci ousness) or a conplex partial seizure (with inpairnent of

consci ousness), and devel ops to general convul sion induced through
secondary generalization. The main synptomthereof is convul sion such as a
tonic-clonic seizure, a tonic seizure, or a clonic seizure (Kazuyosh
WATANABE, the 22th Nou-no |gaku Sei but sugaku Kenkyuukai, 1997. 1. 18). "A
conpl ex .partial seizure,"” which is one of the synptons associated with
intractable epilepsy, will next be described. The conplex partial seizure
refers to a partial seizure with inpairnment of consciousness, and is
simlar to a seizure that has conventiomally been called a psycho-notor

sei zure or a seizure associated with tenporal | obe epilepsy. In the
international classification draft (1981), the conplex partial seizure is
defined as a seizure "with inpairnment of consciousness exhibiting an

el ectrocephal ogram during a seizure in which unilateral or bilateral
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The "kindling nodel" serving as a nodel for intractable epil eag*e@ bbose
descri bed. When weak electrical stinulation is applied to a certain portion
in the brain repeatedly at intervals, evolution of a partial seizure to a
geweral i zed seizure is observed. This phenonenon is called kindling.

Epil eptic originis fornmed in the brain while kindling lasts for a |ong
tinme after cessation of stinmulation and sonetines causes a spont aneous
epi l eptic seizure. Although kindling is a | ong-term phenonmenon) no

| ar ge- scal e nor phol ogi cal change of the brain is found. Thus, the kindling
nodel serves as a typical experinmental nodel for epilepsy in that
non-specific epileptic origin involving no tissue damage is acquired in the
brain and persists for a long tinme. By use of such a nodel, a potentiation
process, of acquired epileptic origin relating to intractable epilepsy can
be investigated, and research can be perfornmed for pathologically specific
stages such as onset, continuation, and cessation of seizures; a 16 05
FEB 2003 post-seizure stage; and a sei zure-absence stage (M tsunoto SATQO
the 22th | gaku Sei but sugaku Kenkyuukai, resunme of lectures, 1997. 1. 18). A
variety of nodels for epilepsy can be produced froma kindling nodel, in
that a stinmulation portion is selectable. The nost sensitive portion is the
anygdal a, which is repeatedly stinmulated at a afterdi scharge threshold
(mninmumstimulation intensity) (in general, once per day), to exhibit

sei zure stages as follows: Stage 1 (chewing); Stage 2 (head nodding); Stage
3 (forelinb clonus); Stage 4 (rearing); and Stage 5 (rearing and falling).
Stages 1 and 2 correspond to a conplex partial seizure of human tenpora

| obe epil epsy, and Stages 3 to 5 are considered to be stages of secondary
general i zed sei zurgpidAge-fanipd of @Fatdedcampausl ageppésestall bghment of
kindling. Once kindling is established, susceptibility to electrical

stimul ati onformuia NtIgi ned Nal(2gst-dimethiylphenyd nad + (B-dsosim | ar to hunman
epi l epsy not only in terns of seizure synptons but also in evaluation of an
effect of avmrdlighinydpicetagdde dodnehic| nimee : Theiraceiddmhg a ssakef ul
nmeans for understandi ng of epileptic phenonena. By use of a kindling nodel
havi ng a fddigraaf + Faqd ianbivdrayet efm shet Aempounr@xor ssqkb¥i ety of phenonena
can be assured; e.g., an effect on a partial seizure; an_effect on an

devel opnent st ade H5WRSE Fo% iPACdYSingr BefdracebaBniyas yaepadyl Poed

api | opt ogerEUTaL o e JPBRBEREPEERL] APPRLCA oM Jos FEE B3 Fgoat)
general i zaty 0 K I zyre e Linbic em; and an effect on
clinical sfﬁ% b%%a ﬁ%ghag%aggﬁﬁ?@ala@ﬁ?éc?g%géing a kindling devel opnent

process tovard qalabld SRt 10fs2 p88RRERELE B FLZYT &1 Se6R! LednppLevent i ve
effect,” which is eval uated by a-greventlve effect of a pharnaceutical on
acqui si ti ond¥ferRiidsRRNGGCARKHt 1A-BRBLIBESHI A§ A oA f eCiaftiid 8 Bakindl i NG
devel opment process involving repeated stimnmulation after establishnment of a
gener al | zedyeli iZ41Q oS 1edld-egent hebaREYt N6 . e$6 T314FIYNan AamdBl@rating

Mt sumot o SATO and Ki yoshi MORI MOTO, Neuroscientific Mechani sm of Epil epsy
St udi ed w tdgentKifiedd idemebttidel pfpA22he2ddr 1PO8) (Jdpasesa kavetht ng nodel is
known as an excellent animal nodel for the treatnment-resistent tenpola

| obe epi | epppMiddtipnc dapldeopear ( kakadei Har e5- b6 3ké¢bhdary gewballlizing

sei zure of human. The present inventors have studied the effects of

nef i r acet aragantarf afeidieopudechpndrdad vembhaneni dapare e kP aEeRE sei zures
and on establishment of kindling through a nethod described bel ow, and have
det er m ned ARRLIGFYICAC P 0f 8ndfiPP4Eat ant herer it meshanicee f of kindling
is tested by use of rats, in which electrodes are placed in the anygdal a
and ki ndl i MPEHARALEN dF PoFtARldynaifadased +ar fananesa BakeRl, once per
day) is applied at specjfic intervals for restoration. On the first day, an
af t er di schdtRR* Tat$Con %Br@SHd d i s determined without administration

of a pharmaceutical. From.the second da ki ndlLi st Lpul at i on havi ng
intensity of tPM?QﬁqQﬁ%ﬁ%ﬁﬁﬁﬁﬁfg-6F538Pa¥F9¥1BﬁFeEﬁOP8%?§a8ﬁ%FWegaFo rats
adm ni stered wt speci.ne t variety, k18 05. FEB 20 0

adni ni str at? e%g'sgg‘,vpetso 11*9?? regbffgirﬁ)\‘fg Fggflataﬁmglr?%g?gogétrﬁ%c%p%%i men on
the evol ution process of kindling. Use of nefiracetamas a speci nmen under
such conditions enabl ed investigation of the effect of nefiracetam on
paraneters such as a seizure stage and aPterdi scharge duration on a
stinul ated side of the anygdal a during sei zure propagati on of anygdal a
kindling. The results of such investigation revealed that a group of rats
to which nefiracetam had been adm ni stered in an anount of 180 ngy/kg

i nclude a nunber of rats which do not reach Stage 5 even though the

Y T o, . N . v



05 FEB 2003 particularly, as a nodel for status epilepticus ipggﬁgg]johgm
the linbic systemin an acute phase, and as a nodel for evol uti of "a

spont aneous | inbic seizure to a secondary generalized seizure in a chronic
phase. Thus, the kainate nodel is recognized as a nodel for intractable
epilepsy. In addition, the nodel is also enployed as a nodel for
intractabl e human tenporal | obe epilepsy in that the nodel satisfies the
foll owi ng conditions: gﬁéiexistence of a focus of _epilepsy in tissue

(anygdal a, T arfitts PR YLal, USRe a5 ABi BREYEPEHEPELT R¥SMGelFn ti ssue
equi val ent to_hardepi of .t he hi ppocampus;,. (c) repeated and, conti nual

dgvel oprrent}’b‘iicsap‘iﬁﬂ éﬁg%§7M°Q§%B§FEBanSé?éﬁP% ? I NPBFRSCYeREM sei zure) ;
and (d) no therapeutjc effect provided by, a, custonmar har maceut |

RS MG B e I B AL S Bl T e A R LA L SO
Japan W nt ey, Conf er.enc n ai,n . Research) Life-Science PublishLn he
caP oot o modkt T Ak SR I8R Rl rhtFantl “ SRk oDk POoa d1E,
of kainic a&é&hp dE FYy tex (sensorymotor field). Furthernore, since |ocal
bl ood flow 1Heredses u'rl'n)g' a epileptic seizure, the correl ati on between

gl ucose met abol if&n diddg o3 & ie‘[i)ggl t%ﬁ‘#ng‘égangf Ei.hxﬁidéé ”Pé&ﬁé&siﬁmcﬁ‘éd I ocal

brain bl ood fl ow can be I nvesti ga ut or adr ogr aphy by use of the

nodel , and f ts eni-lsent | i 0 €5 0 n al so
o T nveat | (ol ifiiaits UBE LRCAGL f 8B4 EHbEy Bads e ok e, P

kai nat e modgdnd 11 spUEIAR ¥ondel daredgnt RELAOLIOW ARG dTRENANI SM i S

pr oposed. at is, a proposed nechani sm 21 05 FEB 2003 conprises (a)

conti nuat i asxiofb ey |Rptded tilonFevatkiedn seadtaady bye feed Bl Ha6iGe couh at i on of
gl utamat e due to bonding of kainate to glutamate-receptors; (b) synergism
of kai nat e seitkgtaitearbtst upslreasedrf tomipr esyoaphic ¢@ivahaden. afcth ()

rel ease of a toxic anmount of glutamate or aspartate due to stinulation by
kai nat e- r eclrrasmepdialedrian pfesprapodsl (sddve dolyraet exi/sit TANAKA,
Frontier of Epileptic Research, pl8, 1994, 1st Japan Wnter Conference on
Brai n Resesthdngas faargEspeddingbltoshhagpbova sbabest i dn wad tdami ddie

epi l eptic synptons, the kinate nodel corresponds to a nodel for intractable

t emporal | it sRi lEPsvedsi 5n9eBethe BAYBHAl BO OFRIFHLCEPHYR) 23N to a
del f i nt t abl t il i nj ' to th t field

(Tat suya, TAGSG Bged et doVRreapatabgcens LoRhLs sxtafs S nta Qe FRpHY ept | c

action of nefli [aceta r.oven through injection thereof to rats of the

S
kai nat e noo%ﬁf?etolnce o]Tns}ptof'?e:L FAtract abl e epi | epsy nodels. A high dose of

nefiracetam clini S r LRat.e-Lpduse i zure
and a cortex fo(r:pfa{f“?é's\}eélS'Az'ulrﬁ([ab,D %ﬁ?ﬁﬁ?ﬁggf@??%%ﬁ%@ gﬁsg?gg%glg%gnéf

el ect r ocephalfAMortRR 2@ @8 heSHRPMERSE0R0AS1 StAPRUSEgh NefEL 84EPN0EO @
cortex focal seizure. The identical kainate nodel, proves that

adm ni st r atd @haimdtRfutianal ad suppresseephyepspeiabois 611 Attaendd afsr and
propagation of a seizure froma focus. The suppression effect is stronger

i n the cortEx.miSencthmefghr adatiahsteatidapefdanphyrsappuessall pnopagasldbn of
22 05 FEB 2003 sei zure rel ated-hypernmetaboli sm the seizure-suppression
mechani sm ofoseef | Fhereéinres bhsephanmacpprissl dis ofots e lnays prlopulgstllon.
Furthernore, the above action corresponds to a suppression action of brain
gl ucose neteffRd B rfedoAumams) ¢vier theugbr the, efhleaay hefPFavenaker
exhibits a sedative action to rats. Kainic acid, a strong neuroexitatory
am no aci d B igsd RaskAchdarkuceinceonved ek &EARSE tHr cigh system c
adm nistration or local admnistration in the brain. Injection_of kainic

acid in a rRRATNARAIHIIGAT) G IGtFactAPlRe eRAVEREY 0P BAMARS afiffdl such as a
cat or rat jnduces status epilepticus of |linbic,systemepjlepsy.in an acute
Dhase and AU BL SRR, 185 SEamtoe TRABL, ASAaCh, B EABhasER e o

t hereby real.l nodel. for_ epileps imlar.to h t epporal | obe

epi | epsy. ﬁ‘éazj‘s%‘}agctlunsé%&% %f):tolsgl?g%osf %éleg'}eng?'éP%aﬁgg%E%ﬁggal a seizure in an
acute prase | o VBN B Al W RREERNEA1KORnh L0k EM de
among known anti‘epileptic agents a “grovenTsuppression effect.
Nefiraceta qgm it r ' effac LN N e | a
sei zure inrgao osééldead:dehai%‘dﬂa as S%Slgili%/’kél hﬁg\ger@?bﬁhe@ég%p?ggsggﬁ%?ﬁgct was
tenporary and | asted for sonme minutes or sone hours, and a sei zure appeared
agai n. Meanwhil e, nefiracetam exhibited a remarkabl e suppression effect on
a kai nat e-i nduced cortex focal seizure f8 all tested rats t hr ough

adm nistration in an anount of 100 ngy/ kg, and seizure suppression was

mai ntai ned fromimediately after adm nistration of nefiracetam such that
sei zure never 23 05 FEB 2003 appeared again. Thus, nefiracetam was
reveal ed to exhibit a suppression effect on both a kainate-induced anygdal a

o o . Y L — o o



05 FEB 2003 Exanples of the formof formulation suitable for §§¥@ﬁ?5003
adm ni stration include tablets, capsules, powders, granules, Trquids, and
syrups. Exanples of the formof formulation suitable for parenteral

adm ni stration include subcutaneous, intravenous, and intranmuscul ar
injections; drips; inhalants; percutaneous or prenucosa absorption
formul ati ons; suppositories; and catapl asnas. Exanpl es of pharnmaceutically
accept abl e additives include excipients, disintegrators, disintegration
ai ds, bi nde¥ePresgniehmys faadadiandd) svPprancss et uemtys,a bbeeal
solubilizers or solubilization aids, isotonic_agents, pH adjusters

propel | ant sSehHETR tHEk1S0 PoSeSrRNBrY, IGRAFAREESE | 3R FYTactRpt appdel
additives may be incorporated into formulations suitable for peroral

2 ni st at SbrtATRL R CRRHTCoMIGH PERNTEERadARR FHLE 50 | BReaBRRpIes of
t he additives include excipients such asaglucose, D-mannitol, starch, and

crysl al | i ne®Ee? | TRHENtIA (OGRS 161 2HPRE nt AT HiYas &uAPIESt

cal ci um car boxynet hyl cel | ul ose; .bi nders such hydr oxypr opyl cel | u]l ose,
Pyl 03y bt orE Ry RREASILH OO0 ST5IR Ly By BT ER b, SORREGRTSE | FO7 I bant s
such as nmagnesj um st earat nd talc.. coatin uch as__. . .
hydroxyprop@? ??ﬁﬁ%ﬁﬂl%ﬂﬁ) ,re§58F658F 58?9%?%@ e %ﬁﬁfﬁ%% ?t%%%'t??%ﬁ?un1
oxi de; and §?¥¥E VAR i | i,qul aff] t col,
gelatin, ka@?‘?ﬁ?pg yce?jlsrn, p?re‘ln;%?'g& a tgg(ré Egﬁdiﬁg#]%c?%yg%{ﬁ%ﬁ%%% t he
formul ations mayrhes pragiGad ddouahc2810n05 [EB.2003 4 nERLPREELERD f
propel lants such as Fron, ‘diethyl ether, and conpressed gas; stickers such
as sodi Um pokyveh i g Yoriht2heehshe BBiDYpEELL Ul @8&st, an

pol yi sobut yl ene, and pol ybut ene; and base cl oths such as cotton cloth and
pl asti c sheetplafdilidn W "fiort raeramiat ephl1ap¥ybewi DT AHOGEFEE baldw .

formul ations suitable for injections and drips, e.g., solubilizers or

sol ubilizati on allts oWdardctearistias afcamiaeaenhbbé eépikepspnsnahudé hfe
aqueous or mnust be nmade sol ubl e before use. Exanpl es thereof include
distilled vatgr deguringrest iodh pagddiadnsehizoredéolibowed|lewta openemnal praxpyl ene
glycol. There may al so be added isotonic agents such as glucose, sodium
chloride, FewFire olpaxticvdiardar itempedapHiehal epdkeprsyich 4k hh@rgani c and

organi ¢ acids and inorgani c and organi ¢c_bases. Nefiracetam a typical
pharnaceuti%%ﬁu¥ﬁeQ%%‘%?éﬁ@WFOWﬁ¢éﬁtF8ﬁ}eﬁ5¥ SRUBRtRY t¥i ¥R EF 2, 005

ng/ kg (mal e, nouse,, peroral) ,and _therefore, is highly safe (Japanese Patent
Applicationliﬁﬂaléﬁgﬂjf1ig§ﬁﬁ’ fs 9n§:IS§T4ﬂb§engE%éhﬁT%ét %prﬁggnt

i nvention 1 ex escri-hed.in re detail . by, way. af. exanpl whi ch
should not ' B8° e d BTl BReS AR rbRY enda i O VbR SR S Y
prepari ng i j ! / (uei -1 200- ; K

B kken Dobuy U vy e loed At ash SEaPsrehre( 8D Ferke’ i apsti otna”

ket am ne ( S50h &0 ek KY 01§00 thbk dwdr 88T SLiis Sbrib ANeSdH 116 ageads, 27

05 FEB 2003 Each anesthetized rat was set in a stereotaxic apparatus (Type
SR-6, Nari st gfe |kakdididh 65 than®rkha seabbneibléersatiNesapegbed to

t her eby expose the cranial bone. A small hole was drilled in the cranial
bone by useemflewsiel edtrie dntltatddehaC &fHlleddyavimediotegy mdee. ) .
Subsequently, in accordance with the brain atlas of Paxinos, G, Watson, C
(The Rat Bramtractsily dt ohiangdogr difndhes nadvadehhersp£sand NevioYoikg 4986)
an el ectrode for chronic stinmulation and recordi ng (made of stainless steel
with Tef | oraewatred), soiruiesdiseer@peazigdut 250 Eun, N ppon Koku Denshi) was
inplanted in the anygdala (shown in the left side _of the brain atlas), and
was firmy fixedlRFra¢ieaRiampilansite 15y cadesoriaedt antectbreei Alarderlt o
prevent disconnectjon thereof. Subsequently, after a recovery period of 1-2
weeks, a ki hP¢Hg %t?rnﬂ@&ﬁ(%?Qﬁii4@§1PPaFééPtﬁ@kPHHFPH§i§?iﬁﬂﬂation was

performed for one secq&ﬂkper day at an intensity of 200 ~, Awth g Zige
wave of 50 FERAYIPSw atQs IRNEF edh EPiLEPELPEaR St FARPLYTOR pPBAUEEH Dy

Ni hon Kohden o, Co. ; t. . 8-6207A.) A rat i exhibits seizure
Stage b roroRifa e nd Runbomes v onasenioedonthathes BoRal %Ki ndl od
rat. GEneraIizeq%Egi%gre Threshol d (GST) where seizure stage 5 i s shown
constant | y 9&3%%btaT%ed fromeach of the fully kindled rats. Exanple 1 A
dose-response of nefiracetam (15-180 ng/kg) with respect to a kindling
sei zure induced GIS stinulation intensity was evaluated in terns of the
following paraneters: 28 05 FEB 2003 s¢€izure stage, and afterdischarge
duration at the sitinulated anygdal a and notor sei zuxe duration. The
results are shown in Tables 1 through 3. In accordance with the nethod of
Racine et al. (Modification of seizure activity by electrical stinulation:
Il notor seizure. Electroencephal ography Cin. Neurophysiol. 1972. 32:

NS A NN AN o o o .. o . . -



Change of stage (% : Percentage of a seizure stage after adm B?sﬁgétz'ogg of
nefiracetam w th a seizure stage before admnistration thereo aken as
100. Ampunt: The anount of adm nistered nefiracetam p value: T-tested
val.ue of the rate of change with respect to the val ue before adm nistration
of nefiracetam (paired t-test). * refers to p<0.05; ** refers to p<0.01.
Table 2 The effect of nefiracetamon notor seizure duration (MSD) in fully
amyadala ki ndl ed, ot Ao (™ eLe18098 R A0S SR Y AL SR SRL £ oL P! e
(%9 error15576. 420. 2. 307230596. 09. 4. 695560681, 717. 1. 332190578 019. 8. 32861206
0. 60. 6<. 000 MM .“é&g‘?. gﬁ@&”*‘%ﬁ%‘ﬂ@ee%#l%ﬁ?%: NN HYRE of MBD

f dm ni i f f i it h D bef dmi ni i

oL 20 WAHBID Ohee gL L AB bR AT Byl o0
lue: T-t d I f h it h te th

valve: 1SSl haole B 08nE0%, 0o ChaROBN AP LERRALL 48y DR

before adm ion 0 eriracetam ( ers <0. 01.

30 05 FE | ] f ! . _ 0 Po.
(ADD) i'n it g oAt PRarene e UG AR g AR T

| Ik f
(D error 16 AR €38, 1658159908548 35 Y. Y ifbsaoss2. 321. 0. 46521206

25. 012. 7. 0020 **SA08ALS1E. 010038nstalhanECenl1 AN {5)anPes At 4fs O ADD

after adm nistration of nef iracetam wth ADD before adm nistration

t her eof takgitiafiel @@nnorPEAELatbesPABEBhe Of wasHN gy sd e, nafd et o id

val ue: T-tested value of the rate gf change vm'thﬂ:espect to the val ue

bef ore admapisiemtyi.on of nefiracetam (paired t-test). ** refers to p<0.0L1l.
For nefiracetam adm nistered rats, a dose-dependent inhibition was

recogni zed i n alBxanples pdfr §ogt epslepeizsar endt spedxdiedd earddetemhibnedei zure
duration (Table 2), and afterdi scharge duration (Table 3). By the

| east - squamdeti@ithd@cad pagoessirahigedvelnpbuddtsgvrase Myopldrelef f ect of
nefiracetam oialsgﬁsei_zur_e}fstage) ggdat hgh_rgg%esshggdicuﬁryveqﬁwas used to obtain
114 ng/ kg &P Y BEXadplengy MBnhoed] eAREL+EE 2 %Y (9 FSBEMr e were of
the sane type in terns of the source of purchase, body wei ght, and age
(week) . Fort¥®5Sh r AR, PRRtIFRL et A fietlond G Fedfrusesnbrearentder o omire
e oo O SR B TSt o 8 B SSEL G20 BB 800,

ki ndl i ng stj_nul.atiqn s{.ne_wave or, non-admni stered rats d
nefiracet atr#}%nﬁ%‘rﬁng:t gﬁ)glgulrag (si P?Zﬁ ﬁﬁ?éb?fl?%e&;]f feepc]tle(ﬁs% he asdtnllronlll@}F ation
was eval ua e I i i ntengihty incr Yol ciof_ of
two (GST Z;r%g;r thrﬁegﬁ-{g&%%bgyb%%gggff%gtg%f' 19@ n%’ﬁig 30% n'e?%lsr%c{e?éfm&%n

ki ndl i ng saigair @gdnduced by one-fold, two-fold, and three-fold GIS
stinmulation was evaluated in terns of the follow ng paraneters: seizure
stage, notor seisdilzrds alsisoniated afithr dhsehetgplduspliepsy Taeeresults are
shown in Tables 4 through 6. Table 4 Effect of nefiracetamon seizure
stages in foadtegcaiyzgdaliatki adivedieaysoft topéserend. sttondatsaizurdéensi ti es
GSTNunber ChangeSt andar dp val uei ntensityof sanpl esof stage

(~)errorl- frondet@lphd c7 se@4bres2- abypsdd]l 7dds n QD66 k2 Brdnl dblEN DA 3. 6. 0240
Change of stage (~): Percentage of a seizure stage after adm nistration of
nefiracet ameifuresa J@oLdPBist AEZ2BELSF eChOd @i S¢F2HT O tHERBE Pakelahs
100. p value: T-tested value of the rate of change with respect to_the

val ue bef o€ 1ZHReSi-sCPTPLEN BRTRARLr BRLEURPE paR RS ECRARTY generalized
p<0.05; ** refers to ‘5<0 01. 32 05 FEB 2003 Table 5 Effect of .nefiracetam

on notor s&CAERFEFur aPf ohPERBD) I FARIS A G %iSedZMF Bar & B er ent

VED (- er ¢ QP BIBELL £ 1P0D0RoE SoPOTHOTS, B6OB Bober - o

* k Q_
3-Tol d543. 814'1(1"1' 0a 1tion, complex partial seilzures may cause a
behavior-caused accident during disturbance of consciousness.

In intractable epilepsies, “complex partial seizures”



Change of MSD (~): Percentage of MSD after adm nistration of nefiracetam
with MSD before administration thereof taken as 100. p val ue: PB5%EEBs003
value of the rate of change with respect to the val ue before adm nistration
of nefirdcetam (paired t-test). * refers to p<0.05; ** refers to p<0.01.
Table 6 Effect of nefiracetamon afterdi scharge duration (ADD) in fully
anygdal a kindled rats at different stinulation intensities GSTNunber Change

Standard p vakyetDLEES! Y- esof, ADD (~) errorl-fold624.9 19.4
.01182-fol d591.8 21.0 .@1%3‘%@%@35.16’%?. Gg.léSBSEﬁéneé%f fporal) 1tee cent age

of ADD afterefm&psisatd f I tamw.th ADD before,
adm ni strati ont hgﬂﬁ eof ta%hnlofs@?&&.ag&ggﬁxewlﬁlgt ELeQueRFYicinfadpkts ate of

change w t hr@siesigh osd e I e administration of nefiracetam (paired
t-test).* referst o p<0.105,§é\%hzilﬁ?€gi fﬁg?ggt gg‘ ?ﬂ‘ﬁt £’E?\%‘f’%%‘iﬁl’t33n Frelkdxgn fi cant .

I n the case die anerfitdls GFE Sfigiul at | I nsi.t significant and strong
i nhi bition was shown in all pzirsguné?g!rrggtégggu?% %‘?a@é‘? ‘?ﬂﬁ%ro%éw@

duration, andPBfreddb dfEBpAAQ3tafibgydi gghasg t] the case of
two-fold GST stinulation intensi ty,gg,a sﬁggnlﬁf ?%%%%gl%%ﬂcp&?%é’?%ﬂ in
sei zure st adAMMILHIDt dwanainiuGakdyn s Ofh a fect .an gfterdischarge
duration was reduced. In the case of thre%l%)%{l;r(lj' g’sﬁls't'cp 1ﬁq‘at‘o‘ie!.’(}n‘ intensity, a
si gni ficant inhibirt itdre waresehtwWilesBrspt Zomh € @06 30 sej.zure
duration, but the effect was reduced as conpared vvithitqﬁcter‘%lr tfagjce in the
case of onePIGPSH "t ROLPOFAtCHADLIépaL e i JeMANHL Yssbibiigcase of
two-fold GST.intensity and the case of three-fold GST stinulation
intensity, SOREC¥API Eerrasnending terthd dwlSeivawEe rHuedepi e pshawed no
behavi or al gei zures, althpughafter di scharge duration was al nost restored to
the val ue b&PSFE ERe25aRFHAEed atherewstitinefiracetam From the

above- descri bed r‘i?”' tsaAFt hf effect of nefiracetamon kindling seizure may
be related to t ho'f ofPd R e ol Helchbits e tite@ti ar eadenobuppi-esdiisghar ge
threshol d at¢t Bgiselgirezinduced site, and the inhibition of seizure
spreading to theléﬁitr%ge Vo iR fhstewithysanneti baceoahrohyedncneasght he
sei zure thrgs@g,ln(;le@@ig@ ' e focus site and inhibit the seizure
spreading) to thereby in issgrllafﬂ[%céauegﬁf‘&sarﬁﬁtﬁ‘f*né §¥psake. WARRNABDY eett he
drug of theapreseddku NWEMNHL | fhective for an intractable
secondary-general i zed sei zjure 'gzir?g'r(é égb;gr&hgt hgg?éﬂbor al | obe. Exanple 3

In this test, th&f@ﬁMmg@r@%%anm5§ g¥agﬁ§5§§?_£§%%P%FEB 2003

sei zure staqui &;he process of devel opnen b Bd

af t er di schal@e: dumrlatliceraldtzattienstimykag e - thod] Ml e Wstar
rats (5 to 6 weeks old, weight: 200-250 g,pg%gg#%i i‘i&%@ %)g%ﬁ"ﬁﬂr%re used.
For each rat°Pg rebd hedsisr agidncbatitalt 8pi1éPs EXANPS £ dend 1AM 6 NPT €
performed anestheti zation, setting of an el ectrode on _trhe anygdal a, and
fixation of° Rsilect Pade sandramesr auchal abohenn A L@ s e GOMRILRE! | 0d of
at least typ weeks kindling stinulation was initiated. Kindling '

stinul ation was “pEAFEPfed 2P 8r "BAelertonep bepstay and N ipie e Ofa50 Hz.
On the firgt ‘Eﬁlﬁ eghgn?fgﬁgrdlsc arge threshold was determ ned, and fromthe
second day. ki ndlhg SEPHEFALRSN. ke thaF ofaral air idemeinatidmeid,y soloH he

t hreshol d. embl y firacetamwas not admnistered, in order to
det er m ne f%}eﬁﬁrggh%?éfﬁgo‘?p¥ X jo‘hfs“ﬁﬁ"‘(ﬁﬁ?t he second day, a dose of

nefiracetam (45,390 was admi ni stered orally, and then
ki ndl'i ng stinul 6(1'[ ?oﬁe%géggr%éﬁg%abﬂfrﬁjn{ﬁ dherahavesdeissivstest i on. After

nefiracet aimpescegdpiai sHL{ r y. days,, kindling stinulation was
performed w thout adni n}it)st?%st%%nirg%ﬁp&éﬁ‘ga%nﬁcoﬁélizgé@én gapdc-gdonios FEB

2003 Tabl esdithfes] &f a7 agsd 0 bl i shnent of a kindling seizure
YRS hr eshﬁecf) %ﬁ(}%&e EE &

(change in afterdischarge t er °of RifBer selzures,

of sanpl essmyptbsshovdapsined Ngstade increaseintermttent!lyin/total

sanpl esaft er di schar get hr eshol d/t ot al F%gr%p %ssTeégmﬁ?&&oH?F ta fedzuzes,
sanpl esO/ SOPGNE X rzeet i Hd i redd/ 6346 Test, ngr.ol

sanpl es0/ 50/ 5Nef i r acet am 45 ny/ kg0/ 40/ 4Ne?‘i Pégg?a%g%a%7%%57%%7'6r?§bl e 8
Ef f ect of &mhi nistration of nefiracetam (90 ng/ kg) on the devel opnent

of ansei zur est age( at ypi cal exanpl e) Day 12345678910Stinmul ation intensity (~, A
50505050505050505050Control sanp__les O ~ '01 .13444

9



~.5~~ .5 SO Stimulation intensity (~A) 505050505050505050%%%?
adm ni strati on 0000013445 Day 11 12 13 14 15 16 17 18 19 20 Sti t70

intensity (N.A) 50 50 50 50 50 50 50 50 50 50 Control sanp_les 555555
555 5. Stinmulation intensity ( ~,A) 150 .50 ~ 100 75 ~ 75 '75 50 ~ 50 100
125 Nefiracetamadmnnistration 4 4 0 4 4 4 4 4 5 0 Day21222324252627
28Stimul ation intensity (~A) 50505050505050 50Control sanp__les .5 ~55 " ~55
~5'5 5 ~~_ Stimulation intensity ( ~, A)10050~505050S050 50Nefi racet am
adni ni strations5~{4Lfephlepsief tch K 2Pide@s)eantohbeyiPadcbRdh®er refersto
the case where nefiracetamwvas nqtadm ni stered. Table_8 shows {he process of

sei zure devarbPent FREUMANAG ER1lepsifre BRdaTROAPSET REIREFat and a

nef i racet ampdpj ni stered rat (90 ng/, inthis test. As is apparent from
Tabl e 8, innP? ° %é% Lo -°é"d%3)r’ri‘ig%’§f¥ed control rat, a stage began to

progress on the third d r.eached st age. 36 05 FEB 2003.5 on _the ninth
day. Subsequentl@?eaaﬂgﬂg R ? %EFnPﬁFﬁSHEs%gﬁin Toht1F the 28th
day, the | ast_.day. e test_. Nonadm nistered_rat h no. es of
et eased attErarilnA0E TIF Rl 2P oee raprecs) T PRECEITtL e AT cace
of a nefir t m i St r.at LkQ) .- . ess on
the sixth d Bt eonti sty dessis Beh9) ool (L OBESBPET L AP REREK 25
nonadm ni stel £th &af a2 é@e}fﬁ St:39€ 138715081 bANED ($ep1dEd £58) . 1N
one case of% nef‘?_r%ce am adm niester eé _rcat,l a_?tér d%slc a_r%eéﬁv\g% p?l%t ?nd_uced
in spite ofcaftesslsehed a8 tdgeEhal degbubbaklen. abnsdbdsasppe, el ectrical
stinulation was increased in steps of 25 ~, A until afterdi scharge was
shown. On tdenet£veidd s@yzuald,ecdnptBar garvaslsbeyusds 1o —s¥faang sei zure
stage was 4. Subsequently, of terdischarge threshold had changed, and the
rise and fapiddptimid hreashaipbnddagr epeae¢danavetatus i dpsl ésetcdapl £nd@) .
Such a rise of afterdi scharge threshold was shown in the cases of nef
i racet am adephlepsias ofvofowdhgaaal80 snygkyy( stealmdt tc 74pilsps seappam@nt
fromTable 7, even in the case of no rise of afterdischarge threshold, in
one case stERfarFstheRhtenstias delllpwarpr susgdryAfor seplebepshed above, after
the conpletion of stage 5 a difference was apparent between
nonadni ni stEEPEIRACEMY tRef(daceTham auFd spsierElr ragant of thhe OTERFd tof
stage and in the threshold (see.Table 7 In this test, no difference was
observed betTEEhPR en"t‘)% FES Yn&f‘f’?ét?:@f’ﬁn?ﬁ&ﬁ?ﬁi £ ePRULFRE L ANTUCR
non- adm ni st ered trol rats in.the nunber of stinulatjons until the
conpl eti on Ot éﬁ%é;ggft %&ﬁé;%t%ngg}lSBﬁﬁﬁgfiBﬁmg?rifaggb%,epliePSles'
nefiracet ar@,ﬂdﬁ i t ibited "returning” of a seizure stage nore
t anéudfédféaepé l%%&s.s

frequently contro I'n the nornmal process of seizure

devel opnent, oncerémﬁ@f@yrfoﬁeemq@g%m@ewﬁichhﬁg §hageypaso£xpressed
constantly. Afterdischarge threshold i's known to decrease in accordance

Wi th the demetepieidlofemaiensye wilihaerer 6Bl apseeessa of seizure

devel opnment. However, as a result of adm nistration of nefiracetam

afterdi scharge tTemsdwoad Bpparepitlepsyodie dur epdlebeyekavessi anselzatrages 3
through 5; i.e., expression of a notor seizure. Such a phenonenon has not
been exhi bifewig nin hthe asapeiradddiobest ratli s chtkgowhzeld ugsdeAddi tional |y,
adm ni stration of nefiracetam prevented the expression of stage 5, even
when af t er cigezant thravhdiaradilgatdonrirsdatad dpitepvees abshechnetspacet am
conpri ses a new mechani sm which affects the process of kindling

devel opmentin@udp | ntpIiTHObM EPdgePSies - aberdatal hebererblielf RS st udi ed
by use of two_partial seizure nodels; i.e., mpdels fvr anygdal a seizures
and corti cftP3 REFLIRE & be sRidepsiffi chagee eRutRe by atiengéction of

t
kainic acid.. Specifically, effegcts on clinical seizure, on
el ect roenceﬂ#%‘gtlrjé?ﬁ Qfats P53nd on gl ucose netabolismin the brain
during a 38 The syndromes of temporal lobe epilepsy vary in

accordance with a focus-localized site and type of seizure

propagation, in that the temporal lobe has an anatomically
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05 FEB 2003 sei zure were studied. |I. Study of kainate-inducedéﬂﬁyggdéﬂa
sei zures: Seizure suppressing effects of nefiracetam on anygd i

and changes in el ectroencephal ogram observati ons were studied. [Method for
measuring an el ectrophysiol ogi cal effect] The foll owi ng operation was
performed by use of 19 Wstar male rats (Japan SLC Co.) each having a

wei ght of 250-350 g Each rat was anesthetized by pentobarbital and fixed

in a stereotaX| aratus. A sta | ess steel cann ia havi ng an_out er

di aneter of SOTBLAH SEEFHUES LU TGS REOCOFL ey | ALLPIPELRTqdaPd of the rat
so as to inject kaipic a el. | no, .A. S., Cushnan ergeot axi c
e of tnbSEaeCerEEE. "B &fﬁaﬂsriﬂé? RetleBet. i@ﬁe\{ﬂn%ﬁ%fep’fﬁmf o

+5.0; L, +5/0 D 0 Sub I ) . | 0
di amet er of 28. 2 %ﬁ¥€%?%othgé$$b %$t 'ﬂgtggggg s
3.2, D .+1
nggs(Aanqlab§%fc§8£

etge?togzs- ?%uggg Q%pgﬁqapgﬂ?'s§n§§? gFi; ront%regan)
L, +-2.5; D
g?.e O%é?ﬂ&'fr{éﬁzuxf O“ts%coﬁg'%ﬁzegéﬂgr?x?&’w{atE&?ﬁ %ro des an q

el ectrodes mer nect ed socC éts cannu he e

the socket s, gﬁggnﬁtfgﬁgcghéfgbﬁfanluntby use of dental cenent. Seven days
af ter operation, ESL of a solution of kainic acid dissolved in phosphoric

acid buffer (1 ngtﬂtteveértm;@cg@t%ﬂysoqghmhe %%QGHBﬁl(:réB@ menéai 0
m./mn) (n=12), so as to induce linbic system seizures. The el ectrodes were

connect ed t gyRpt&hecCin@ereeid} egimibmsakdcB9as B2£EEBi8R03ataet benavoer of
the rat in a cage was observed. An el ectroencephal ogram was recorded by use
of the el ecvisilen atsdriet fmentaincimikansewiithg sgipaoms nof f éepenieetest r ode
and the electrode at the occipital nedian serving as ground. The behavi or
and el ect r oencephs| dgyanvavearel siamdisamweousCymp bexorpleck v usei 0fres vi deo

el ect roencephal ogram recorder based on an el ectroencephal ograph (SYNAFI T
1000; NEC sefiten wsibiberrision Fhoppiadefrdlowedhbureabingrfuhetiopection
of kainic acid, when a |inbic systemseizure was in status epilepticus,

nefi r acet anPREQBRT LM, | 3pd AThivicedy ARty ﬂ&gggﬁéﬁrpiPﬁ?ﬁéTgﬂslnto a

caudal vein in an anp selected from.1 00, and 200 n=12).
The sane anﬁﬁhfuﬁ?ss%Ténﬁfgﬁﬁﬁt i SEEEFL] ﬁPBe s@i?HrSF ?3?8r6+ contrél

group (n= 7) ?E?&E‘f&'y %ta Vi reasg Iec{) %gnfoetphal 0. ra ({'%%Lgbr

wer e COﬂtInUOUS Yy recorde or a urs

recording aftery, 24 hopr s s4§r41q+1rp3,b oA uLZSgemes,agngﬁﬁlgﬂ 8!:1:9' cal

sei zure and eIectroencep al ng&ﬂ] servations j ust ter the |nject|on of

the nefiracgbamsoltdp Iaﬁ%om%tqsdccHhaeeieuatngeb%ures and
electroencephalogranto ervatlons after 24, 48, ‘and 72 hours were neasured,

and the resgbhsSci®licneyal amwd Qﬂ.td?j%sts*l&'eh@s'd%v@ﬁ.obﬁa €enpasusenin( Ravykis]
After injection of kainic acid in the anygdala during rest and during

wakef ul nesswaénresé , foaws ahplint ude palyydpilkes tappeaaed vetbhed 20tonmomies,
and the pol yspi kes contlnued to appear. Wthin a short tine, 40 05 FEB
2003 rhythnﬁEmht@msamm¢htaskﬁxaﬂhqaiaappeahedeﬂhghscrﬁnMCaPh991zuresd and
sei zure waves reached the hi ppocanpus on the sane side and the amygdal a and
t he hi ppocadpf@cErry mabivrinatiipn. Theterahi tempeedl ukdze \Re2usR% cal

| i mbi c system sei zures, exhibited synptons such as rotating the head toward
the right, aReErde APGEEPBNsE.luadotes hallsicapatinga, a&ﬂdapgﬁéé'ﬁﬁs§5§h’?
Subsequently, the seizures reappeared at 5- to 10-m nute intervals and

progr essed Ph s@%&tﬁ?Qﬁﬁqﬁxﬂﬁ(ﬁR?eQQaW@ePnFP§V§HSH§I9S|hPeEP%ddﬁPtHant
neflraceta an anmount_ of 10, 0 e status

elpl I 1eptl cus t) o attT gtp(?ﬁtal iagae‘sp%giﬁg? %%ﬂl&%%e?ta{}?rb‘i e

el ec roence an wever. rats ipnjec in an
anount of 1 %%?ifg # éﬁ%& c}n qﬁgitigye50093§35 Sgﬂag%ﬁgiggpinbs wer e
rel axed. At Q@%E ti a and
t he sedatlveégg§|on coﬁ%lnuegﬁégf %ggﬁthﬁ %ngg ggnpi ?%EEHL Bkggr

of 8 rats i t / IsZ4r e r from
Just after ?tffélﬁ%%fﬁlﬁt ! %‘%@f&%ﬁgf @f;ffd@;iﬂ%éiﬁwnd t )
sei zures re@gﬁg sphkesac8EhesRARdi ng
to the anygda dlsappearedg% gh gﬁéégfgengépﬁgﬁogﬁgn? Inﬁ?he rena?ging
rat, spi kes corresponding to the anygdal a on the other side and
correspondlng to the hi ppocanmpus on bot h, sides di sappeared, and spikes
correspondi ng to the anygdala on the |nje%ted si de remai ned. Although

sei zures of one rat disappeared just after the injection of nefiracetam
the rat died 25 mnutes later. In 2 rats, spikes corresponding to 41 05
FEB 2003 the anygdal a di sappeared after 24, 48, and 72 hours (Table 10). In
3 out of the 8 rats selzures were not suppressed |n terns of behaV|or and

. . -, N ~ NN

electr haV|ng a
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@}\lﬁg_. . . . .- .ND __ - N1 05-FEB 2009
+ - 2 h 33

mn__. . +N2200- ND+N3200- ND+N4200- ND+( di ed

af t er N5200+25 mi n) +N6200+5 mi n. +N7200+4 h 32 mi n+N8200+35

m n+N9100- ND+N10100- ND+N1150- ND- N1210- ND- C1-C7: control group, NI1-N10:
nefiracetam adm ni stered group, NS: saline, ND. no data, (+): effective,
(-): ineff &RBLPFING: ahBardmum 4ose o2 CAPIngL FERD SN 10 Eff ect s
of nefiracetam on change in el ectroencephal ogram observati ons of the
amygdal a cd?F@?ﬁSn&Pﬁ@gpélkéFﬁaFﬁgPﬁduced amygdal a sei zures

Rat Nef i racet anpj kes frontpi kes fro i kes fronBpi kes_ .

f r ondosaget het hetq?é%tﬁé‘aﬁfdgﬁpéé(wygﬂgfglén#@a%?%a A5 théttraé?rtaet?rla?f ter 24
hafter 48 hafiter <% Wi9h" BYSROHS sescribed; —Cortex—epilepsy is—ah) €CtION
e irepey WY 5 ER0NE T PN o o DD TS
MIKG_—> crassiTied assymplonatic—epitepsy betongd ot ion———

el OB R T RN o e
of anpl i t ude)NLEEG+-NPNBNL 22055 NDE: £1- GF 16N tikRler3ERYBnalL- NLO:

nefiracetam adm ni stered group, . saline, ND. no data, (+): effective,
(-): ineffestdsearibathour,ssbxaupbe 4s2odtLteStwithh dora@angpimeghcalre

cerebral glucose netabolismEffects of nefiracetamon | ocal cerebral

gl ucose netdlelsifmedunsngiaplanpgdal al ses vaunre e rvhisiiidired partial
seizures without reduction of consciousness. Accordingly, an
electroencephalogram taken during a selzure associated with
cortex epilepsy (not always recorded on the scalp) exhibits
localized contralateral electric discharge from the
corresponding cortical f£ield. The rate of seizures
associated with cortex epilepsy to the entirety of seizures
associated with epillepsies is approximately 15%, and about
2/3 thereof are focal motor selzures includihg Jacksonilian
seizures (Wada et al.). Cortex epllepsies are mainly caused
by cerebral tumor, an aftereffect of cephalotrauma, etc.; or
damage during a perinatal perliod (Medical dictionary,
Nanzando). Based on the focus, cortex epllepsy is classified
as temporal lobe epilepsy, parietal lobe epilepsy, or
occipital lobe epilepsy.

"Traumatic epllepsy," which is one type of intractable

epilepsy, will next be described.

Traumatic epilepsy, in a broad sense, i1s divided into

12



[ Met hod for neasuring cerebral glucose netabolisn Cannul as foq)5 ngeféd:?n
of kainic acid were inserted in an 44 05 FEB 2003 assi gned posiTion o

the left side of the anygdala of 18 Wstar nale rats and fixed through the
same procedure as described in Exanple I-1. Seven days after operation,

pol yet hyl ene catheters were set and fixed to the fenoral artery and vein of
one si de under hal ot hane anest hesion, and the |ower half of the body of
each rat were put in plaster so as tq prevent renoval of the catheter. Upon
awakeni ng fFBﬂ1ﬁ%}%?R$iﬁﬁ't%m?senn?qa%yhﬁgléépaysoPH?ioﬁaég BRELPPHEd in |-1
(1 ~, L) was,j.njected fhrough the cannula so _as to i[nduce seizures. After

el apse of OBERF Hl SELIFRAN | n}AA A DIt HEARANG SECTHLARRER PENENE. BhatRm

seizures were_in status epi]epticus, 50, 100, or 200 nglkg.of nefiracetam
vas it avehbRePsEi BY okt G S pdoRk SERPECPBACFRLSS A EBRNE he
control grou fter, 60 mnutes,. 25 ~i C._of (], dey | ucose was, .

intr avenous?@ai % e%?teaa. fAIfoeereqjhléeqsryac&nv@%[[‘%ﬂ?;e%t egi,%%"f 0 SJV%PSSY LS

cont i nuousl L Le artery for 45 qmi S n ection was
Fini shod. haaEtherb el Ay & (Eiakerond ol BEE e dRE A B 0

| nstantly TEozeorify by Deape. (933Gh 5POhECeOYL s YodEoodfiRd rozen brain
was sliced In a cryostat (-20C) sO as'to produce coronary, serial-frozen
sections hayhpgiatdd ckiessrimAd ¢ dpl1epd ssgyegab»f, (5hen$QCHMARRRA ET €
dried and put on high-speed X-ray filmwith a ['(C] standard, followed by
seven- day- exparyh eI +yb A TASKEELd-€ 307 t.her eby obtain an autoradi ogram The

bl ood sanples collected fromthe artery were centrifuged so as to coll ect

pl asma, the [1' (Mosadbbathe vitayummsi dreaslepdiby vse ehuaeli gyi d
scintillation 45 05 FEB 2003 counter, and glucose concentration in plasm
was neasur efioriiheioptofta Tenss tat of tidaemanticatdyeBamhgsiir pottiienodf each
section was neasured fromthe autoradi ogram by use of a densitoneter, and a
gl ucose utiFhgatrpiex atandfthei Runtaoasddabedl tot bactvpicahsexsanpleatetl by
use of the fornula of Sokoloff (Sokoloff, L., Reivich, M, Kennedy, C., et
al ., J. NeuP®Ehddt stRilepmiesno7Thesefeoney) thealtpnh fhemgos akfi oactivity and
gl ucose concentration in plasma. The obtai ned data were conpared

quantitati VBH7H%W15f%tt?%§?‘££I} W O RATTAceL begAPY nBRLGRt 18 gg?%ﬁ%,“i’m ough

t he Mann-Witn est. [Result Tabl e 11 shows the | oc | ucos

met abol i sm T2y gg%?% eéoc]ﬁ tl[ﬂefai’ta{%eé}sgel?rfglep%tllegéy ar \éﬁ%‘?e‘f?ﬁ' c%ﬂ olorbsfegtuﬁnd
(nefiraceta - ' o] [Kg. Lrac 1 Nl red
group during1§%€a%%$3%§é§%ﬁ¢§%yﬁﬁhE§ﬂ§t%%%tgg g%gg%%ég|§%2@§gﬂL?%%% ismin
the occi pi t gparéef AlpSPEomd MR 1008 ¢RELEYN S8RSALLEPALIOAT 68 aRNd
caudat um put anen on the focal side; the linbic system such as,the anygdal a
and the hi ppResspLtepi bt dess @pdrite thahanya 8adgaubsyartkainigra in
the focal side are pronoted as conpared with glucose netabol i smof nornal
rats. VWen RQOswy/ k3e Of ) 1S3 14808t Apg4s adshmiisi B £ 0s uit 1e0S et reed kgl t sm
shows no change in the sensorinotor area, caudatum putanen, anygdal a, and
hi ppocanpushas béen fagaloyddicond manrlilysexishiagmbstrattablaesympyonoss,
where gl ucose netabolismshows a high rate in the non-dosage group,

pronoti on oingiutesecontizdhblitsm iseianne dss@dffTable (¥pshEGumher nore,

gl ucose netabolismis 46 05 FEB 2003 suppressed in all regions in the
cerebral co¥ABEXUMOTRA eI otspmaialaays, 1dndObraPh .st@8Rtdeticul ar formation
on the nonfocal side, where al nost no changes are observed even in the
control group, i.&. SePeRAPPTY IR HeRehAGIEMen "t WBdEDr é§i OR& P FBfer
than in normal rats. Such a %ﬂp ressi on of Cﬁrebral | ucose et aboljsm

caused by neYTPLERBE A5 th Pt estebleoGR L LGREX - B A/ REXbF P

nefiracetamis aqgl i stered, the anygdal a, hippocanpus, and cerebral cortex
on the non-f88&F%F%e i s suppressed slightly; when 100 ng/ kg of nefiracetam
is adm ni stered, ppression of glu e tabolism.is al bserved in the
hi ppocanpus and ?ﬁg %% %%é%ﬁycgﬁééaéiﬁ%%dn} SEEP g%dgpeaﬁgp%hég 200 ny/ kg

of nefirace i I ni.st erad, dal iLde iks_fhe only
regi on mherégfkgg}éggﬁéyééﬂnﬁﬁg%ﬁtgﬁﬁﬁggl %h%%?ﬁékgio%ggakﬁékiggge én1
suppresses r e S ki a
dose.  eaporil VL Fe SRR A B B iR S8 b B T Tuh TR, BPurbBel
was adm nistered to a rat, the sane sedative action as described in I-1 was
observed. 47 05 FEB 2003 Table 11 Local glucose netabolismrate in each
intracerebral structure during kainate-ih8luced anygdal a sei zures
(compari son of nefiracetam non-dosage group and adm ni stered group)

I ntracerebral Nefiracetam

non- dosageNef i racet am adm ni st er edst ruct ur e(100ng/ kg) Focal
si deNon- f ocal Focal si deNon-focal _. . . C




Frontal | obe_

_cor_t _ex ~109.3t 3.6 _

~ - . corte x

83.7 6 2.7 .108.810.672.14.9 . . ._ Qo cipi t

that shows initiation of a seizure in a limited portion of
one cerebral hemisphere.

The secondary generalized seizure is initiated as a
simple partial seizure (without impairment of consciousness)
or a complex partial seizure (with impairment of
consciousness), and develops to general convulsion induced
through secondary generalization. The maln symptom thereof
is convulsion such as a tonic-clonic seilzure, a tonic seizure,
or a clonic selzure (Kazuyoshi WATANABE, the 22th Nou-no
Igaku Selbutsugaku Kenkyuukai, 1997. 1. 18).

"A complex partial seizure," which is one of the
symptoms associated with intractable epilepsy, will next be
described.

The complex partial seizure refers to a partial seizure
with impairment of consciousness, and is similar to a seilzure
that has conventionally been called a psycho-motor seizure or
a seizure associated with temporal lobe epilepsy. In the
international classification draft (1981), tﬁe complex
partial seizure is defined as a selzure "with impairment of
consciocusness exhibiting an electrocephalogram during a
selzure in which unilateral or bilateral electric discharge
attributed to a focus in a diffuse or a temporal or front-
temporal portion."

Actually, the neuromechanism responsible for the above
type of seizures is considered to include the amygdala, the
hippocampus, the hypothalamus, the parolfactory cortex, etc.,

in addition to the frontal and temporal lobes. The seizures
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.lobe ¢ ortex -~165.220.2 . - 102.009. 8139. 25.678.65.8 .

Terrporal | obe~ .~ ~ L~ . 05—'.:EB_2003_.
e e e e e . .__cor te X . _~._121.711.0 o

... .84 .. 17T _ _ 54 . . _102.6 .~ . 6.2
...... 67 .-83 . . 5% . Sensorinot or

137.9 6.691.74.9139.19.073. 4~4. 7* area c ortex - ...~ _
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21 —anﬂSCessatlo% gf the seizures are not abrupt but gradual.

Examples of complex partial seizures include (1) seizures
with reduction of conscilousness (gradually evolving
impairment of consciousness, arrest of motion, speech, and
reaction, and amnesia); (2) cognitive selzures (deja-vu,
Jamais-vu, ldeo-seizures); (3) affective seizures (fear,
anger, emptiness, strangeness, delight, joy); (4) psycho-
sensory seizures (hallucinations; wvisual, auditory, gustatory,
olfactory, cenesthesia); and (5) psycho-motor seizures
(automatism, lip-licking, chewing, stereotypy). The onset of
the seizures can be observed, mailnly at the age of 10-25, but
at any age (Epilepsy, Nihon Bunkakagaku-sha, 49-51, 1996,
edited by Haruo AKIMOTO).

"Status epilepticus,” which is one type of intractable
epilepsy, will next be described.

In status epllepticus, consciousness is not restorable
during a selzure associated with epllepsy thét lasts for 30
minutes or longer or repeats. Any type of selzure may evolve
to status epilepicus. The most common case is a tonic-clonic
selzure, and status epilepticus thereof 1s fatal and must be
treated immediately. In many cases, cessation of an
antiepileptic agent induces status epilepticus. Thus, an
atilepitic agent is administered intravenously while the
central nervous system disorder and whole-body conditions are
monitored and controlled, and elucidation of the cause and

treatment thereof is progressing (Nanzando, Medical
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Dictionary). Since a status epilepticus convulsion is known
to cause intractable epilepsy, immediate and appropriate
action is required for the diagnosis of and first aid for a
status epilepticus convulsion. Suppression of a convulsive
seizure at the early stage is an important key to aftercare
(Teruyuki OGAWA, Clinical Pediatrics; 47(12):2673-2681. 1994),

Clinical models for intractable epilepsy of humans are
produced by use of animals. Example of such animal models
include a "kindling model" and a "Seizures induced by kainic
acid."

The "kindling model" serving as a model for intractable
epilepsy will be described. When weak electrical stimulation
is applied to a certain portion in the brain repeatedly at
intervals, evolution of a partial seizure to a generalized
selzure is observed. This phenomenon is calléd kindling.
Epileptlc origin is formed in the brain while kindling lasts
for a long time after cessation of stimulation and sometimes
causes a spontaneous epileptic selzure. Although kindling is
a long-term phenomenon, no large-scale morphological change
of the brain 1s found. Thus, the kindling model serves as a
typical experimental model for epilepsy 1n that non-specific
eplleptic origin involving no tissue damage is acgquired in
the brailn and persists for a long time. By use of such a
model, a potentiation process of acquired epileptic origin
relating to intractable epilepsy can be investigated, and
research can be performed for pathologically specific stages

such as onset, continuation, and cessation of seizures; a
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post-seizure stage; and a seizure-absence stage (Mitsumoto
SATO, the 22th Igaku Seibutsugaku Kenkyuukai, resume of
lectures, 1997. 1. 18).

A variety of models for epilepsy can be produced from a
kindling model, in that a stimulation portion is selectable.
The most sensitive portion is the amygdala, which is
repeatedly stimulated at a afterdischarge threshold (minimum
stimulation intensity) (in general, once per day), to exhibit
seizure stages as follows: Stage 1 (chewing); Stage 2 (head
nodding); Stage 3 (forelimb clonus); Stage 4 (rearing); and
Stage 5 (rearing and falling). Stages 1 and 2 correspond to
a complex partial seizure of human temporal lobe epilepsy,
and Stages 3 to 5 are considered to be stages of secondary
generalized seizure. Stage 5 is regarded as a stage of
establishment of kindling. Once kindling is established,
susceptibility to electrical stimulation is maintained almost
for life.

Kindling is similar to human epilepsy not only in terms
of selzure symptoms but also in evaluation of an effect of an
antiepileptic agent and the like. Thus, kindling is useful
means for understanding of epileptic phenomena. By use of a
kindling model having a focus in the limbic system or the
cortex, a variety of phenomena can be assured; e.g., an
effect on a partial seizure; an effect on an development
stage from a partial seizure to a secondary deneralized
selzure; action mechanisms thereof (such as action for

acguisition of epileptogenesis, and neuromechanism relating
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evaluated by a preventive effect of a pharmaceutical on
acquisition of epileptogenesis. A pharmaceutical effect
during a kindling development process involving repeated
stimulation after establishment of a generalized seizure is
called "therapeutic effect" (Juhn. A. Wada, Mitsumoto SATO,
and Kiyoshi MORIMOTO, Neuroscientific Mechanism of Epilepsy
Studied with a Kindling Model, p 225-241, 1993). Thus, a
kindling model is known as an excellent animal model for the
treatment-resistent tempolal lobe epilepsy with a complex
partial seizure, a secondary generalilzed seizure of human.
The present inventors have studied the effects of
nefiracetam on an development process of the amygdaloid
kindled seizures and on establishment of kindling through a
method described below, and have determined the efficacy of
nefiracetam. The evolution process of kindling 1s tested by
use of rats, in which electrodes are placed in the amygdala
and kindling stimulation (50 Hz sine wave, duration of 1
second, once per day) is applied at specific intervals for
restoration. On the first day, an afterdischarge-provocation
threshold is determined without administration of a
pharmaceutical. From the second day, kindling stimulation
having intensity of the afterdischarge-provocative threshold

is applied to rats administered with a specimen at a variety
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of administration doses, to thereby investigate an effect of

the specimen on the evolution process of kindling.

Use of nefiracetam as a specimen under such conditions
enabled investigation of the effect of nefiracetam on
parameters such as a seizure stage and afterdischarge
duration on a stimulated side of the amygdala during seizure
propagation of amygdala kindling.

The results of such investigation revealed that a group
of rats to which nefiracetam had been administered in an
amount of 180 mg/kg include a number of rats which do not
reach Stage 5 even though the afterdischarge duration is
extended, and that a group of rats to which nefiracetam had
been administered in an amount of 90 mg/kg exhibit inhibition
of stable induction of Stage 5. Although typically the
"afterdischarge threshold" is expected to decrease with
evolution of kindling, remarkably, approximately half of rats
to which nefiracetam had been administered in an amount of
90 mg/kg exhibited a sudden increase in afterdischarge
threshold in a process from Stage 3 to Stage 5.

Next, the effects of nefiracetam on a establishment of
the amygdala kindled seizures were investigated with regard
to the seizure stage, afterdischarge duration, and motor
seizure duration, as follows. In order to further clarify
the response to the pharmaceutical, the kindling stimulation
intensity was used as 1-3 times that of generalized seizure
threshold (GST) where Stage 5 is constantly developed.

The results of such investigation revealed that
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administration of nefiracetam (120 mg/kg) exhibits a strong
and significant suppression effect on all parameters under
the stimulation intensity equivalent to GST. In the case of
a group of rats stimulated at an intensity equivalent to 2-
times-GST, a parameter relating to the afterdischarge
duration was restored to a value of the non-administration
level, and tﬁe seizure stage and the motor seizure duration
were significantly suppressed. In the case of a group of
rats stimulated at an intensity equivalent to 3-times-GST,
the afterdischarge duration was restored, and a tendency
toward restoration of the seizure stage and the motor seizure
duration was proven.

As described above, the effects of nefiracetam depend
on the stimulation intensity. Therefore, the effect on
suppression of a kindling seizure is indicated to involve two
factors; i.e., lncrease of the afterdischarge threshold at a
seizure-inducing portion and suppression of seizure spreading
to the entirety of the brain.

An antiepileptic action of the compound represented by
formula (I) was investigated by use of another model, the
"Seizures induced by kainic acid (kainate model)," sexrving as
a model for intractable epilepsy. The kainate model is an
eplleptic model in which kainic acid, which is one of the
excitatory amino acids found in the brain, is injected to
nuclel (amygdala, hippocampus, etc.) in the limbic system in
an microamount to thereby induce focal epilepsy. The kainate

model serves as a model for an epileptic selzure; more
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HYPOtQﬁ&ﬁﬁ&ﬂﬁzed‘seliﬁre—Ia a chronic phase. Thus, the kainate

model is recognized as a model for intractable epilepsy. 1In
addition, the model is also employed as a model for
intractable human temporal lobe epilepsy in that the model
satisfies the following conditions: (a) existence of a focus
of epilepsy in tissue (amygdala, hippocampus, etc.) in the
limbic system; (b) change in tissue equivalent to hardening
of the hippocampus; (c¢) repeated and continual development of
spontaneous complex partial seizure (limbic system seizure):
and (d) no therapeutic effect provided by a customary
pharmaceutical (edited by Tatsuya TANAKA, Frontier of
Epileptic Research, p 14, 1994, 1lst Japan Winter Conference
on Brain Research, Life-Science Publishing). The kainate
model may also be used as a cortex epilepsy model through
injection of kainic acid to the cortex (sensérymotor field).
Furthermore, since local blood flow increases during a
epileptic seizure, the correlation between glucose metabolism
during status epilepticus of the limbic system and local
brain blood flow can be investigated through autoradiography
by use of the model, and an effect of the epileptic seizure
on a damage of cells can also be investigated.

Although the mechanism of the seizure development in
the kainate model i1s not completely elucidated, the following

mechanism is proposed. That 1s, a proposed mechanism
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49 glutamate released from presynaptic terminals; and (c)

release of a toxic amount of glutamate or aspartate due to
stimulation by kainate-receptors contained in presynapses
(edited by Tatsuya TANAKA, Frontier of Epileptic Research,
pl8, 1994, l1lst Japan Winter Conference on Brain Research,
Life-Science Publishing).

In connection with clinical epileptic symptoms, the
kinate model corresponds to a model for intractable temporal
lobe epilepsy (injection to the amygdala or hippocampus) and
to a model for intractable cortex epillepsy (injection to the
sensorymotor field (Tatsuya TANAKA, BIO Clinica, 11(9), 695-
697).

The excellent antiepileptic action of nefiracetam is
proven through injection thereof to rats of the kainate model,
one of the intractable epilepsy models. A high dose of
nefiracetam clinically suppressed both a kainate-induced
amygdala seizure and a cortex focal seizure, and the
suppression was observed in an electrocephalogram. The
degree of suppression is stronger in relation to a cortex
focal seizure. The identical kainate model, proves that
administration of nefiracetam suppresses hypermetabolism in
the brain and propagatlon of a seizure from a focus. The

suppression effect is stronger in the cortex. Since

nefiracetam dose-dependently suppressed propagation of
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05 FEB 2003 was inserted in the left sensorinotor area for injection, of
kai nic acid, and the cannul a was sinultaneously used as an el e@@rﬁ%@?oﬂ:;
bi pol ar depth el ectrode was set in the bilateral caudatum and screw

el ectrodes were set in the right sensorinotor area, frontal sinus, and
occi pital bone. Seven days after operation, 1 ~ L of kainic acid solution
(2 mg/ ML) was injected so as to induce cortical focal seizures. After

el apse of 1- 2. S e injection of kainic acid, the sane nefiracetam
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rat. As a rLRISFLigmetsdiaindes afilsagpear edcroamdintety and shaef oequeacy of
spi kes on el ect%oencephal ograns decreased remarkably. In one rat, spikes

cor r espondi MFIHERIHE (QigRN S8 $8ichr asr eacah eherat hiéndecde abatus
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control group, mnyoclonic E%i %ﬁrsg? corer'espon I negfutagrgséﬁ'%’less Oofﬁl aar]faainate'

el ect r oenceptihl gt aimywaae a0kserued A ARCakdte HHaSONM L ALy SEI S

di sappeared conpletely in two other rats. a51 © %Sa FEB ZOOSI%a%%&[l%’
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DClL ——1induced amygdala seizure 1in a dose as high as 200 mg/kg.

However, the suppression effect was temporary and lasted for
some minutes or some hours, and a seizure appeared again.
Meanwhile, nefiracetam exhibited a remarkable suppression
effect on a kainate-induced cortex focal seizure for all
tested rats through administration in an amount of 100 mg/kg,
and seizure suppression was maintained from immediately after

administration of nefiracetam such that seizure never
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cerebral glucose netabolismEffects of nefiracetamon | ocal cerebral

gl ucose netabolismduring a cortical focal seizure were studied. [Method] A
cannula was set in the left sensorinotor area of rats, and kinic acid was
injected so as to induce seizures through the same nmanner as desgribed in
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I ndustrial #ppdi cadidity othaRhaloiRERHa1Catigef Wien piieseidsd nyention are
effective for human I ntractable epilepsy, specifically for tenporal |obe
epi | epsy, oosfiExaeptarepincrdased,i zatdlutiosl affed Bppbepsyabokliapsadmephl epsy
follow ng surgery for epilepsy, epilepsy follow ng brain surgery, or
traumati ¢ epltlepssdzuire godigagatidnherashauppressedatissardepéhdentig. f ok

sei zures associated with epil epsy such as secondary generalized sei zures,
conpl ex parhyYpérmefiaholdsm duhadinamas ddimided etisa $acusO3nFERe20039GRARNS
1. Atherapeutic or preventive agent for an intractable epilepsy or a

sei zure assrFeudl adrbrehg taptdompatsi2®9 a9/%6-actieie ehipeEs e FL@eFDund

represented by the follown
metabolism during a seizure indicate that nefiracetam

suppresses propagation of a seilzure. In addition, strong
suppression of cerebral glucose metabolism and the basal
ganglia indicates that nefiracetam is more effective in

relation to a cortex focal seizure than in relation to a

limbic system seizure, as shown in the observation of an
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formula (1): RZ-CH2CONH-RL - ( I ) wherein R1 is a phenyl groutgﬁﬁebcg?(g%y
have one or nore C-C3 al kyl group and R2 is a 2-oxo0-1-pyrroli p;
a salt thereof; or a hydrate of the conpound or the salt. 2. A therapeutic
or preventive agent according to claiml, wherein the intractable epilepsy
is a localization-related epil epsy, a generalized epilepsy, or their
syndrones 3. A therapeutic or preventive agent according to claim2,

wh i h |i ion-rel d i i il

i opat hi ¢ SFSETRRPEMRRTE " & pRERLERE pELERT P HE R R A SRR g
to claim 3. cuhereip.the, | acaldaaliond gLabed eeLl gRsYa ! oo cOEALEAL, epi | epsy
or tenporal ‘Tobe €épilepsy.” 5. €rapeutic or preventive agen cordi ng

to claim 2, N englyal, zed epil epsy or a syndrone thereof is 55
05 FEB ZOOBt@QE%SEy%%?gﬁg, Lé%%%x syndronme, or a child synptomatic

syndrome. 6. A t!i‘ﬁéa:lRQHxB%P ¥ %ﬁﬁ%@rﬁ%ﬁ%&fgg %ﬁgoim'tﬂgpweﬁkf&m 4,

wherein the cortical epilepsy Is a fronta e epilepsy, parietal |obe

epi | epsy, Opg@RELEPELAl 1k PR QRIIERIM1epsiBst BET BREUDLESOF t PIRVERNEi ye Agent
according to claiml1l, wherein the sSeizure associated wth the intractable

epi | epsy i spatSgapnflan yaenerialiitedd SelaZ¢he AfeAtsONRY e PadhiRl s SeFgar e.
8. A therapeutic or preventive agent according to claim1l1l, wherein the

i ntract abl etephliesy PErdiel Seickuparantethdl¢d WHd ddie d -ddsantiatde

epil epsy is status epilepticus. 9. A therapeutic or preventive agent
accordi ng toompaumi lreptevagitred oy ifotrmadtaljlie , epnl epsive simgrepl éepsyt
follow ng brain surgery, a traumatic epilepsy, or a relapsed epil epsy
fol | owi ng stirgephatmaceuniticpdisaloife thgi Pepspntldnventher apea ilee or preventive
agent according to claim1, wherein the intractable epilepsy or the seizure
associ at ed atnhninkered rdidiomiily -eplPepseri sty ¢atvac@apharnaceutical

| ocal i zation-rel ated epilepsy, an intractable secondary generalized

sei zure, ancPRP?SEEEMR S RiSHD IS PFEParsr BEi REfe®f ofharCMmReURd abl e st at us

e
conpound repr&3EPLSTe Wad NG Vel iM0e £Lo0BY, Aabhd ns BEERE TR RN £y 10 56
parenterally.
The dose of the pharmaceutical of the present invention
is not particularly limited, and is appropriately selected in
accordance with the manner of administration, severity of a
symptom of epilepsy or seizures, fregquency of selzures,
object of administration, e.g., preventive or therapeutic,
and age or weight of the patient. For example, the daily
dose of the compound represented by formula (I) for an adult
is 200-2,000 mg, preferably about 300-900 mg, and the daily
dose may be divided. The timing of administration of the
pharmaceutical of the present invention may also be
appropriately selected. If the pharmaceutical is
administered before onset of epileptic symptoms or seizures,

it serves as an antiepileptic agent.
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05 FEB 2003 wherein Rl is a phenyl group which nay have one or
al kyl group and Rz is a 2-oxo-1-pyrrolidinyl group; a salt theorgggF,E g(go:gs
hydrate of the conmpound or the salt. 12. An inhibitor against propagation
of an epileptic seizure, which suppressor conprises as an active ingredient
a conpound represented by the followng fornula (1): RZ-CHZCO~1HR1L ( | )
wherein Rl is a phenyl group which may have one or nore Cl-C3 al kyl group

d RZis a 2-oxg:1- | idjnyl - .t thereof; hyd f th
compound or 1 he CARPDLE8 OR HRS EHEL: BrRIprAiIn GO tkaBhe FOF an

epil eptic seizure.whic n as a function.of raisin sej
provocativep?ﬁgggﬁo?%mgﬁggggn%gwéégmgéléht§%§%&g'iHSPE }gﬁt gggégrSOS FEB

2009 comeuplaReBLEsen Ay, s AL ol aRme (L) Br @RS (1)

wherein R1 ehy up’ nore CIl- al'’kyl group
and R2 is afg'fﬂtﬁ?a#tiBMrlﬁﬁiiA&%M'fcg{ Pirent 31t JdaRGhEQtrallof ggégahs of the

conpound or tﬁe sa n 1 nhibitor, a théerapeutic agent,

preventive aggnt+ansohdi Ngntla Qe ofa draidihubluidr YRSLELAChRE

epileptic selzure Is an intractable epileptic seizure. 157 A therapeutic

agent, a pr _e}é@Pgi; VenRAERhts O pAr SHIHHREOlor 3eeRdbRY hBs8Ryt@9g of clains
1-14, wherein the conpound represented by fornula (1) is

N- (2, 6di met hgtphieayiongd; (2uepes dediids0l isdidnYakapebanude, Ex&mpled hef eof, or
a hydrate of the conpound or the salt. 16. Use, in the production of a

t her apeut i cpharpaeretic¥blageddedtaiblan ddditdsieabliacepikepryipieatsei zure
associ ated therewith, of a conpound represented by the follow ng fornula
(1): Rz- CHZGOHEHnRegfatols 5841s Dbt deERIAGO3 ajidshebdndeRS, i $ubrphenyb, gr oup
whi ch may have one or nore Cl-C3 alkyl group and Rz is a

2- oxo0- 1- pyr ¢eftingyl gebepants saliludidissofdasess . .ashydbalézefrst A8 conpound or
the salt. 17. Use_according to claim 16, wherein the intractable epilepsy
is a localizatvBhlierbien 2b1f epiptonigefeeaitisze@ epliBpE§TSor their
syndrones 18. Lbi%accordin to, claim17) wherein the | ocalization-rel ated

epi | epsy anBFSPHLhRRES 1 28 P AEF -ar e

For example, pharmaceutically acceptable additives may
be incorporated into formulations suitable for peroral
administration and percutaneous or permucosa administration.
Examples of the additives include excipients such as glucose,
D-mannitol, starch, and cryslalline cellulose; disintegrators
or disintegration aids such as calcium
carboxymethylcellulose; binders such as
hydroxypropylcellulose, hydroxypropylmethylcellulose,
polyvinylpyrrolidone, and gelatin; lubricants such as
magnesium stearate and talc; coatings such as
hydroxypropylmethylcellulose, sucrose, polyethylene glycol,
and titanium oxide; and bases such as vaseline, liquid
paraffin, polyethylene glycol, gelatin, kaolin, glycerin,
purified water, and hard fat.

Furthermore, the formulations may be produced through
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i diopathic or synptomatic. 19. Use according to claim 17 or 18, wherein the
| ocalization-rel ated epilepsy is cortical epilepsy or tenporal 2003
epi | epsy. 20. Use according to claim 17, wherein the generalized epilepsy
or a syndrone thereof is West syndrone, Lennox syndrone, or a child
synptomati c syndronme. 21. Use according to claim 19, wherein the cortical
epilepsy is a frontal | obe epilepsy, parietal |obe epilepsy, or occipital
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epilepsy is an intractable |localization-re

secondary 9289@@ih€f@n§%&i‘f@olé"%drﬂ n%%tcac*i'oﬁscgﬁﬁ' ﬁélgé”éa sei zure, or
an intractable status epilepticus. , I'n uctron of a

suppresser wbigbilipdts @&”éﬁldﬁlﬂﬂzdﬂlo@phhaﬁtWBi%ﬁ'%HE@e(§s tor seizure),
of a conpound represented by the following formula (I): CONH-RL (I )

wherein Rl cempopémtiydf gioige o) wiay:-hhave aaaeaﬁsmafem@&t G3e ahkyh group
and Rz is a 2-oxo-1-pyrrolidinyl group; a salt thereof; or a hydrate of the

conpound orseohebtalbef@ie Wwse, Exambiepr oidecsdd il @i WD ESISNg agaidist
propagation of an epileptic seizure, of a conpound 60 05 FEB 2003 y ,,
.| represefPEdiBILTHON ol Saiiuny dhdomibe Eby: iRIeCHRGONHRL fropylaher ein
RlLis a phenX group whi ch may have one or nore Cl1-C3
glyco There may also be added isotonic agents such as
glucose, sodium chloride, D-mannitol, and glycerin and pH-
regulators such as inorganic and organic acids and inorganic
and organic bases.
Nefiracetam, a typical pharmaceutical of the present
invention, has an acute toxicity of 2,005 mg/kg (male mouse,

peroral) and therefore, is highly safe (Japanese Patent

Application Laid-Open (kokai) No. 5-163144).

Examples

The present invention will next be described in more
detail by way of examples, which should not be construed as
limiting the invention thereto.

[Method for preparing a kindling model] Male Wistar
rats (weight: 200-250 g, Tokyo Jikken Dobutsu) were used, and
pentobarbital (50 mg/kg, Dinabot) and ketamine (50 mg/kg,

Sankyo Co., Ltd.) were used as anesthetic agents.
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: % & ()- k& % & d FL 10% -1 109%& () -
é?l f?;s@l%.fg!(?135;%%-8/%‘%%%%&- (‘?*Eﬁ()loo &)~ % Shiezr )eofg?fowaa&' ()- 10"

1b"|!#$$$$$$$bﬁi@ﬁ&@ﬂﬁﬁﬁﬁﬂimﬁéiiﬁre:Hgiiuyi elec 1ca1 mulatj

1059<" 1096& ()- 93! 1096& ()-1110085& (). 10068 O) essesdd PFLOPERtE8 01

"109%PP& () - 11" BOYDE $¢tizure. Electroencephalogra Cli Neurophy31ol

FT10%v& ()-!110%5& ()-!110%q& ()-1109%& () - f(f}******

10! 9109%&' () 123} 199K Z§1-2DH), seizures were classified into the
following five stages: stage 1 (chewing); stage 2 (head
nodding); stage 3 (forelimb clonus); stage 4 (rearing); and
stage 5 (rearing and falling).

Motor selzure duration (seconds) was represented by the
total duration of stages 3 through 5. Stage 1 or Stage 2 is
a seizure symptom of the limbic system, and Stage 3, 4, or 5
is regarded a motor seizure (Ssato, M., Racine, R. J.,
McIntyre, D. C., Kindling: basic mechanisms and clinical
validity, Electroencephalography Clin. Neurophysiol. 1990,
76: 459-472).

Afterdischarge duration (seconds) was recorded by use
of an electrode for recording, and was represented by the
selzure-discharge duration shown in a electroencephalogram,
which is induced by a kindling stimulation. Nefiracetam was
dissolved into a solvent (0.5% carboxymethyl cellulose) and
the solution was administered orally 90 minutes before GST
stimulation, wherein the amount of administered nefiracetam

is classified into several stages within a range of 15-180

mg/kg.
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1059<10%6& %a}ble 110%Ehe) eSfeqbons ehesivacaammy OLlZAROWRISS i fully
104| 99<10%Hgyddald IOMMALA Yralts! 109644& ()-!110% & ()-!!s! 109%& () -

s! 1006| & ()Am&HECHI J] H M@ " 10%4@dnge  10%] 8t&hdara” 10BI4&10E-

1(%91;%91%02? @00 & ( )-ofl%inpl%l JKBb%/(sPe’h%WWM rg\ eri.@ﬂl $10% h& () 3

7MHPPPS' S#S$S%5} "SH= 104] 40 h 10 h 10 Mlsd 96 ha () -OL'g K%

.0000

h& ()-"1110%g()- 1110% & ()- !10% h& ()gq. g 16.3 .2752
90 5 76.0 4.0 0039 %%
120 6 13.3 9.9 0003 *%
180 5 36.0 22.3 0453 *

Change of stage (%): Percentage of a seizure stage
after administration of
nefiracetam, with a selzure
stage before administration
thereof taken as 100.

Amount: The amount of administered nefiracetam.

p value: T-tested value of the rate of change with
respect to the value before administration of
nefiracetam (palred t-test).

* refers to p<0.05; ** refers to p<0.01.

Table 2 The effect of nefiracetam on motor seizure duration
(MSD) in fully amygdala kindled rats

Amount Number Change Standard p value
(mg/kg) of samples of MSD (%) error

15 5 76.4 20.2 .3072

30 5 96.0 9.4 .6955

60 6 81.7 17.1 .3321

90 5 78.0 19.8 .3286
120 6 0.6 0.6 <.0001 **
180 5 21.3 14.3 .0054 *%*

Change of MSD (%): Percentage of MSD after
administration of nefiracetam,
with MSD before administration
thereof taken as 100.

Amount: The amount of administered nefiracetam.

p value: T-tested value of the rate of change with
respect to the value before administration of
nefiracetam (paired t-test).

** refers to p<0.01.
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10G 9-' ! 10938 1(3) SvEEfegoed Pefimaredemgon) alfie@éi?ﬁ@)larg_@mﬂi@nl 1092Z&
() - WKZK[ k\ k[(RDR)ninbfull ¢ 0&hy §dd D8RR ()31 URiHs) -4 109%& ()-F 9$109%&' () - 10Z
10Z 10Z; 10%&&otiht: ngnnnHoe\MaaBRC 1 Change Standard p value

10G Y+! 10%& (/@) L0V 6% - Lak@HdHIPPL (bf#hbbo‘(/&)() "1 4P () -
910%& () - VQYQfg[q\qthVMD@%L 9_ 73997
10G ! ! 10%mm&' £9- 2! 10%m&' () 52! 10%m&' () -2 $§ O/g& 9923
10L<10%& () - wiapmwmyyz_@ 1 10G & 10% h& () g | 10%& () o h& ()3 ggsBm%
h& ()- 10m 10z 10N 10%m8: (- zzO}R}S}T}U}ag @1 10G Iﬂ)é ‘() -

4652
0 1
- $10%2& () - 120 6 25.0 12.7 .0020 *%*

180 5 24.8 16.0 .0094 *%*

Change of ADD (%): Percentage of ADD after

administration of nefiracetam,
with ADD before administration
thereof taken as 100.

Amount: The amount of administered nefiracetam.

p value: T-tested value of the rate of change with
respect to the value before administration of
nefiracetam (paired t-test).

** refers to p<0.0l1.

For nefiracetam-administered rats, a dose-dependent
inhibition was recognized in all three parameters: seizure
stage (Table 1), motor seizure duration (Table 2), and
afterdischarge duration (Table 3). By the least-sqguares
method, a regression curve was obtained from the effect of
nefiracetam on a seizure stage, and the regression curve was

used to obtain 114 mg/kg of ED50.

Example 2

[Method] The rats used in this Example were of the same
type in terms of the source of purchase, body weight, and age
(week). For each rat, in the same manner as in of Example 1,
there were performed anesthetization, setting of an electrode

on the amygdala, fixation of the electrode at the cranial
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rats (120 mg/kg), the effect of the administration was

evaluated when GST stimulation intensity was increased by a
factor of two (GST 2) or three (GST 3). The effect of 120
mg/kg of nefiracetam on kindling seizures induced by one-fold,
two-fold, and three-fold GTS stimulation was evaluated in
terms of the following parameters: seizure stage, motor
seilzure duration, and afterdischarge duration. The results

are shown in Tables 4 through 6.

Table 4 Effect of nefiracetam on seizure stages in fully
amygdala kindled rats at different stimulation intensities

GST Number Change Standard p value
intensity of samples of stage (%) error

1-fold 6 16.7 16.7 .0041 *%
2-fold 5 14.7 14.7 .0066 **
3-fold 5 52.0 13.6 .0240 *

Change of stage (%): Percentage of a seizure stage
after administration of
nefiracetam, with a seizure
stage before administration
thereof taken as 100.

p value: T-tested value of the rate of change with
respect to the value before administration of
nefiracetam (paired t-test).

* refers to p<0.05; ** refers to p<0.01.
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GST Number Change Standard p value
intensity of samples of MSD (%) error
1-fold 6 11.1 11.1 .0005 **
2-fold 5 15.2 9.5 .0009 **
3-fold 5 43.8 14.0 .0159 *

Change of MSD (%): Percentage of MSD after
administration of nefiracetam,
with MSD before administration
thereof taken as 100.

p value: T-tested value of the rate of change with
respect to the value before administration of
nefiracetam (paired t-test).

* refers to p<0.05; ** refers to p<0.01l.

Table 6 Effect of nefiracetam on afterdischarge duration
(ADD) in fully amygdala kindled rats at different stimulation

intensities

GST Number Change Standard P value
intensity of samples of ADD (%) error

1-fold 6 24.9 19.4 .0118 *
2-fold 5 91.8 21.0 L7171
3-fold 5 95.5 7.0 .5555

Change of ADD (%): Percentage of ADD after
administration of nefiracetam,
with ADD before administration
thereof taken as 100.

p value: T-tested value of the rate of change with
respect to the value before administration of
nefiracetam (paired t-test).

* refers to p<0.05, which indicates that the
results are significant.

In the case of one-fold GST stimulation intensity, a
significant and strong inhibition was shown in all

parameters: seizure stage, motor seizure duration, and
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+&109%.& () - +&109% &'%( F~#" 0%"&'}% ég’ﬁ(%j) 0%% % I/é
0 e & (FEFPEnTaoralastd ¢ PR O 6% of ThE- EBFPobE
1 O 1 f)

gf?)f’@? |1§)') Bha%% £a & L) edib) e 014008 F & dndiddvidl 10CE &) 178 e ! dafl 10%0 &
of two-fold GST intensity and the case of three-fold GST
stimulation intensity, some samples maintained very low
seizure stages or showed no behavioral seizures,
althoughafterdischarge duration was almost restored to the
value before the administration of nefiracetam.

From the above-described results, the effect of
nefiracetam on kindling seizure may be related to the
following two mechanisms: the increase of afterdischarge
threshold at the seizure-induced site, and the inhibition of
seizure spreading to the entirety of the brain.

Thus, nefiracetam may increase the seizure threshold at
the seizure .focus site and inhibit the seizure spreading, to
thereby inhibit the expression of a seizure. Therefore, the
drug of the present invention is effective for an intractable
secondary-generalized seizure generated from the temporal

lobe.

Example 3

In this test, the following parameters were evaluated:
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amygdala.
[Method] Male Wistar rats (5 to 6 weeks old, weight:
200-250 g, Tokyo Jikken Dobutsu) were used. For each rat, in
a manner similar to that in Example 1, there were performed
anesthetization, setting of an electrode on the amygdala, and
fixation of the electrode at the cranial bone. After a
recovery period of at least two weeks, kindling stimulation
was initiated.
Kindling stimulation was performed for one second per
day with a sine wave of 50 Hz. On the first day., the
afterdischarge threshold was determined, and from the second
day, kindling stimulation was performed at the intensity of
the threshold. On the first day, nefiracetam was not
administered, in order to determine the threshold. For
twenty days from the second day, a dose of nefiracetam (45,
90, or 180 mg/kg) was administered orally, ahd then kindling
stimulation was performed 90 minutes after administration.
After nefiracetam was administered for twenty days, kindling

stimulation was performed without administration for an

additional seven days.
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F109%0™" & () - $ehEhed {8hangd 041 1814041 s Hdr dDWHrE hloldvUs Y "109%&' () - @ ?&
F~"Y "10%& ()- @ "10%& ()-@ "10% ()- @ NdMbéxr (of @ - . SYR¥hber Yof
"10%& () - @ ?& samples samples
showing showing
stage 5 an increase
intermittently in
/total samples afterdischarge
threshold
/total samples
Test 1 Control samples 0/5 0/5
Nefiracetam 90 mg/kg 4/6 3/6
Test 2 Control samples 0/5 0/5
Nefiracetam 45 mg/kg 0/4 0/4
Nefiracetam 180 mg/kg 5/6 2/6
Table 8 Effect of administration of nefiracetam (90 mg/kg)
on the development of an seizure stage (a typical
example)
Day 1 2 3 4 5 6 7 8 9 10
Stimulation intensity (“’A) 50 50 50 50 50 50 650 &0 50 50
Control samples . . . ..o . .t 3. A 4 L. 5.5
Stimulation intensity (ua) 50 50 50 50 50 50 50 50 50 50
Nefiracetam administration 0 0 0 0 0 1 3 4 4 5
Day 11 12 13 14 15 16 17 18 19 20
Stimulation intensity (pa) 50 50 50 50 50 50 50 50 50 50
Control samples 5 5 5 5 5 S5 3 35 5 5
“Stimulation intensity (pA) 150 501067775 95 775 50507 100 128

Nefiracetam administration 4 4 0 4 4 4 4 4 5 0

Day 21 22 23 24 25 26 27 28
Stimulation intensity (pAa) 50 50 50 50 50 50 50 S50
Control samples . 5.5 .3 3. 3.5 3 s
Stimulation intensity (pA) 100 50 50 50 50 50 50 50

Nefiracetam administration 5 3 5 5 5 5 ] 5

On and after the 22nd day, an underlined number refers
to the case where nefiracetam was not administered.

Table 8 shows the process of seizure development in a
typical example of a non-administered rat and a nefiracetam-
administered rat (90 mg/kg) in this test. As is apparent
from Table 8, in the case of a non-administered control rat,

a stage began to progress on the third day and reached stage

36



F~"Y "10%& ()-@ "10%& ()-@ "10%& ()- @ "10%& ()- @7<AJKRU9VU8 N
"109& ()-@?& F~"Y "10%& ()-@ "10% ()- @ "109%& ()- @ 5 FEB 2003
"109%& ()- @RTY] fgnUOvUs Y "100& ()- @?& F~"Y "109%& ()- @ "10%& ()- @
"109& ()- @ "10%& ()- @puzU: vU5 Y "10%& ()- @?& F~"Y "109%& ()- @

"10%& ()- @ "10%& ()-@ "10%& ()- @/ 6|\<vl5 P""10%"& ()-P""10%"& ()-
PO 10%"& ()- 0 10%66& ()-@x0 109%{" (& ()-

10% ! | & () - 6NOYduv} eG+5P" " 109% " & () -

TP 109" & §) o O R )y 10" & () -
"P'"10% " & ()-}eE+5P""10% " g ()-P""10%"& ()-P""10%4"& ()-P""10% " & () -

"- P 109" & () - PSud&8Gudn iy hla IRn - M n&skbrBd” 8% m&iftained stage 5
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"P'" 1094 " & e PL 942 )ady," 1O 1&'sk) day”’ BE" R4 &5 () - 2BABKLNNOS'

n Pll n 100/é n &I () - Pll n 100/é n &I () - Pll n 100/é n &I () - 1

"P'"10% " & ddmP1id084e®R {atd shroMREPhol @¥angles- O " 106FE85€4- P' " 10% " &' () -
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n Pll n 100/é n &I () - Pll n 100/é n &I () - Pll n 100/é n &I () - 1 n Pll n 100./4 n &I ) - ) )

Up\ OB5P10{ " 10{ " 15¢ "cPYsaping 1@ (Sheg dagronf & ppfipgeatpmgagpiniptered
rat (90 mg/kg), a stage began to progress on the sixth day
and continued to progress as in the case of the non-
administered rat and reached stage 5 on the tenth day (see
Table 8).

In one case of a nefiracetam-administered rat,
afterdischarge was not induced in spite of afterdischarge
threshold stimulation. In this case, electrical stimulation
was increased in steps of 25 pA until afterdischarge was
shown. On the eleventh day, afterdischarge was shown at 150
puA and seizure stage was 4. Subsequently, afterdischarge
threshold had changed, and the rise and fall of the threshold
was repeated several times (see Table 8). Such a rise of
afterdischarge threshold was shown in the cases of
nefiracetam administration of 90 and 180 mg/kg (see Table 7).
As is apparent from Table 7, even in the case of no rise of
afterdischarge threshold, in one case stage 5 was
intermittently expressed. As i1s described above, after the
completion of stage 5, a difference was apparent between non-
administered rats and nefiracetam-administered rats, in the

change of stage and in the threshold (see Table 7).

In this test, no difference was observed between

37



4109%" & ()-P""10%" & ()-|[: OB5P10 P+ 10% & ()-@P )S10%& ()- or FEB 2003
P 110% & ()-° P 10%& ()- PL10% & ()-f P $y10% & ()- 367895} VAR
P: 10984 & ()- P$109%86 & ()-10"10"10" P s<10% & ()- P &910% & () -

PF710% & ()-},|[:vU4 P P 10986 & ()-P P@ 10996 & ()- P! 10986 & ()-" P
10986 & ()- PL10%6 & ()- PLO%E & ()-, b8vU4 Pe! 109%8&=& () -

P $109%&=& ()-10% 10% 109% P&s<10986& ()- P: 110986 & ()-1 P

@.0996 & () - 89CMNOW j J*4" 1096&=& ()-1 4"109%&=& ()-r 4"109%&=& ()-r

4" 10%82g (FAEREEE Wﬁ@%é%‘“‘reﬁ Fohede pep-gelyBatared foressE O
(Gt 100AE (" SR Lo SONEERRL g SN e

4" 10%&=& + " 4" 100
'U- 4" 10%&=&t hyar 4"]}%@%'6&‘ ()a‘fﬁ:e'i'Ncﬂ'r'nEQ%%&o& 61 - §tdyg 0yﬁgﬂ'é?f:(I)at:Eetam—

4"10%&=& ()-r '"4" 0%?&-&f()-r 4" 10% -r 4" 1009 @&r&f()
04hL, 4" 10%-&akiflsteded OPEssSexXhibited 4‘1&&%&—1& gl) of 4" &@%ﬁ&f& Exafe
4"109%F&=& ()-r -'"489INRVWreGH4" 10%=&=& () -r '"4"10%?&:&'()-r 4"109%=&=& () -r
4" 10%=&=& (hore' £AEQOEEERER {han diglivaneEeB1] GHE&=& 1) - B IDMRBAY )prd&cess
109%&R& () - 4"10%?&-&f()-r
of seizure development, once a seizure reached stage 5, this
stage was expressed constantly.

Afterdischarge threshold is known to decrease in
accordance with the development of seizure in the normal
process of seizure development. However, as a result of
administration of nefiracetam, afterdischarge threshold
apparently rose during the expression of stages 3 through 5;
i.e., expression of a motor seizure. Such a phenomenon has
not been exhibited in the case of administration of known
drugs. Additionally, administration of nefiracetam prevented
the expression of stage 5, even when afterdischarge threshold
did not rise.

As described above, nefiracetam comprises a new

mechanism which affects the process of kindling development.

Example 4-1

The antiepiletic action of nefiracetam was studied by
use of two partial seizure models; i.e., models for amygdala
seizures and cortical focal seizures, both of which are
caused by local injection of kainlc acid. Specifically,
effects on clinical seizure, on electroencephalogram

observations, and on glucose metabolism in the brain during a
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1 mg/ml) was injected through the cannula (rate: 0.8-1.0

mL/min) (n=12), so as to induce limblic system seizures. The

electrodes were connected to an electroencephalograph, and
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mMLO%% & () - elYOvtbseticSpdI@fah Was3 recorded by use of the electrode at
the frontal sinus serving as an indifferent electrode and the
electrode at the occipital median serving as ground. The
behavior and electroencephalogram were simultaneously
recorded by use of a video electroencephalogram recorder
based on an electroencephalograph (SYNAFIT 1000; NEC San-ei
Instruments, LTD.).

One to two hours after the injection of kainic acid,
when a limbic system seizure was in status epilepticus,
nefiracetam dissolved in saline (10 mg/mL) was slowly
injected into a caudal vein in an amount selected from 10, 50,
100, and 200 mg/kg (n=12). The same amount of saline was
injected into a vein of rats of the control group (n=7).
Subsequently, behavior and electroencephalograms of the rat
were continuously recorded for at least eight hours, followed
by two-hour recording after 24 hours, 48 hours, and 72 hours.
Changes in clinical seizure and electroencephalogram
observations just after the injection of the nefiracetam
solution or saline, and occurrence of seizures and
electroencephalogram observatlions after 24, 48, and 72 hours
were measured, and the results were evaluated on the basis of
the comparison.

[Results] After injection of kainic acid in the
amygdala during rest and during wakefulness at rest, low-

amplitude polyspikes appeared within 20 minutes, and the

polyspikes continued to appear. Within a short time,
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same side and the amygdala and the hippocampus on the other
side. The clinical seizures were typical limbic system
seizures, exhibited symptoms such as rotating the head toward
the right, attention response, akinesis, sialorrhea, and
prosopospasm. Subsequently, the seizures reappeared at 5- to
10-minute intervals and progressed in status epilepticus.
Rats intravenously injected with nefiracetam in an amount of
10, 50, or 100 mg/kg during the status epilepticus showed no
apparent changes in paroxysmal behavior or
electroencephalograms (Tables 9 and 10). However, rats
injected in an amount of 100 mg/kg were sedated, their eyes
closed, and their limbs were relaxed. At that time, the rats
showed no reaction to pain stimulation, and the sedative
action continued for 30-60 minutes after injection. In 5 out
of 8 rats injected in an amount of 200 mg/kg, seizures
disappeared from just after the injection to"5 minutes or 4
or more hours, and then seizures reappeared (Table 9).

In 4 out of the 5 rats, spilkes corresponding to the
amygdala disappeared from an electroencephalogram. In the
remaining rat, spikes corresponding to the amygdala on the
other side and corresponding to the hippocampus on both sides
disappeared, and spikes corresponding to the amygdala on the
injected side remained. Although seizures of one rat

disappeared just after the injection of nefiracetam, the rat

died 25 minutes later. In 2 rats, spikes corresponding to
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mL0%8E & () - pFvUSs<1 ))?)?> 3 ml0%s & ()-3 mLO%A & ()-3 mloves & ()-3
mL0%86 & ()-3 MLO%A & ()- 5vUbs<l )?>j 3 mLO%A & ()-3 mlo%es & ()-3
mOYes & ()-3 MO%A & ()-3 MLO%WE & ()-$& d: vUSS<1 ))?>j 3 mLO%WE & () -3

(
mLO%es & () - ORA B N 5 G rd i 3
mL0%S & () - Il Ot 41 SURUALA)a Bl OB G ) agln G AN FhohA?)

mLO%A & () - TAFCNPEY: yl@@floﬁ)ﬁ?é ?a f@a&"@é %e(:)zu§el§fl9é%&h6); SuppPLREEa (in3
MLO%s & () -3 NMLOY%E & ()- QTXz] " d: vUss<1 )) 2> 3

terms of behavior and an electroencephalogram, even though
the rats were injected with 200 mg/kg of nefiracetam. In the
3 rats, spikes corresponding to the amygdala remained after
24, 48, and 72 hours. The 8 rats injected in an amount of
200 mg/kg and rats injected in an amount of 100 mg/kg were
sedated for approximately 60-90 minutes from just after the
injection, and awoke after seizure waves reappeared on the
electroencephalogram. Such a sedative action was not
observed in the case of injection of nefiracetam in an amount

of 10 or 50 mg/kg.
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109%& () - 8 s "10%& () 109%& () -, " 10%& () - Woa '10 ° Tome ()- G
A) d, ~z" 0%3& () Ns 109%& () - "10%& ()- 74 "10 "10%& ()- "10%h& ()-
"109h& ()- "10¥h& () " 109M& () - +" 10%M& ()-+24 "10 "109M& ()- "109%M& ()-
"10%& ()- "10%h& (Ns "10%hM& ()-+"10%M& ()-+?4 "10 "109%h& ()- "10%h& ()-
"10%& ()- "108Mm& (§S "10%M& ()-+"10%h& ()-+#)_?4 "10 + '10%& () - " 10%& () -
"109%0& () - "16%n& (NS " 100M& () -t 10M& () =)= 0 22MA 24 210 " 10%& ()= Gl A)
d, ~z" 10%1&g aft%r&g/@ 10%1&() M\IPQSUYhH4 '10 "10% " 10%1&()
"109%& ()- "1 m& L "109%h& ()-+"10%& ()-- "109%m& ()-Y\abdeggGs 710 "10

"10%h& ()- "1 [Jn& - 10%h& ()-* "10%& () - t ' 10%h& ()

'10%& () - ghi §z| "10 10%1&() 10%1&() " 1090 () - 10%1 "()-F A
d, 2"z~ 24 "1 100488 () - "109%&7 () - "109%& ()- "10%& ()- "10%& ()-

" 1090 & () |\<a4 "18h¢ 10%0& () - "10%& ()- "10%& ()- "A10%m& ()-G- A d, "z"
_?4 "10 "10% &5 () -260l0%& () - "10%M& ()- "10%M& ()- "#BM& ()- "HOUM& ()-
/ 89 : ; {_c4 '1090& () - " (€8s (JrsdbpOasesl G)e "10%& ()-G A) d, z"
"10%M& ()-; < = > 2 @A tX4 "10%&E¢Ial HADWIL " 109N () "109%& () -
"10%& () - 16%1& {gQ "10%h& () -*+"109%& () - A B ND gg

(decllne of
amplitude)
N1l 50 + + ND ND
N12 10 + + ND ND
C1-C7: control group, N1-N10: nefiracetam administered group,

NS: saline, ND:
h: hours

no data, (+): effective, (-): ineffective,

Example 4-2
I-2. Study of change in local cerebral glucose metabolism
Effects of nefiracetam on local cerebral glucose
metabolism during an amygdala seizure were studied.

[Method for measuring cerebral glucose metabolism]

Cannulas for injection of kainic acid were inserted in an
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N Z d k xX8X4 "10% "109%h& ()- "109%& ()- "10%M& ()- "109M& ()-GE:EQ)Z AZ"K
prvi{} _?4"10% "109%h& ()- "10%& ()- "109%h& ()- "10%& (92 ()-

"109M& () - _24 "10% "10%& ()- "10%M& ()- "10%& ()- "10%M& ()-
"109M& ()- "10%M& ()- 24 "10% "10%hé& ()- "10%& ()- "10%hé& ()-
"10%h& ()- "10%h& ()- "10%M& ()- 74 "10% "10%h& ()- "10%hé& () -
"109M& ()- "109M& ()- "109h& ()- "10%h& ()- |\ <?4 "10% "10%h& () -

"10%& ()- "10%& ()- "10%& ()-¢ A d,"z"
assigned position of the left side of the amygdala of 18

Wistar male rats and fixed through the same procedure as
described in Example I-1. Seven days after operation,
polyethylene catheters were set and fixed to the femoral
artery and vein of one side under halothane anesthesion, and
the lower half of the body of each rat were put in plaster so
as to prevent removal of the catheter. Upon awakening from
narcotism, the same kainic acid solution as described in I-1
(1 pL) was injected through the cannula so as to induce
seizures. After elapse of 90 minutes from injection of
kainic acid, when limbic system seizures were in status
epilepticus, 50, 100, or 200 mg/kg of nefiracetam was
intravenously injected, whereas saline was injected into rats
of the control group. After 60 minutes, 25 uCi of ['C]
deoxyglucose was intravenously injected. After the tracer
was injected, blood was continuously collected from the
artery for 45 minutes. When collection was finished, heads
were cut off. Brains were extirpated immediately and
instantly frozen in by hexane (-25°C) cooled by dry ice. The
frozen brain was sliced in a cryostat (-20°C) so as to
produce coronary, serlal-frozen sections having a thickness
of 20 um. Subsequently, the sections were dried and put on
high-speed X-ray film with a ['*C] standard, followed by
seven-day-exposure in a cassette to thereby obtain an
autoradiogram. The blood samples collected from the artery
were centrifuged so as to collect plasma, the ['C]

radioactivity was measured by use of a liquid scintillation
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"109%& ()- "109%& ()-_C4 "10% "109%& ()- "10%& ()- "10%& ()-
U109MEropaemiQuaIk; (38 7 @O TITNE 177, Teiseulovh & (OF " 10%& () -
10%& ()-dD4 "10%5 A) d "10%h& ()- "10%h& ()- "10%h& ()-
r?é%ﬁ&C%}Vltzm giucaome AW LTEGARE (In- plE6URE (The" 109 () -
IH& 10%& ()- 74 "10% "10%& ()- "10%& ()- "109%h& ()-
%8%@9 )da“%o%%? (%Ompafﬁni "PPRGL tetdosed v pnd' seotE stically

IR A A48 0 oy o 1O
'10%& ()-G A) d, "z "10%E& () -
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[(Results] Table 11 shows the local glucose metabolism
rate of each intracerebral structure of the control group
(nefiracetam non-dosage group) and the 100 mg/kg nefiracetam-
administered group during amygdala seizures. In the control
group, glucose metabolism in the occipitoparietal cortex,
temporal lobe cortex, sensorimotor area, and caudatum-putamen
on the focal side; the limbic system such as-the amygdala and
the hippocampus on both sides; and the thalamus and
substantia nigra in the focal side are promoted as compared
with glucose metabolism of normal rats. When 100 mg/kg of
nefiracetam is administered, glucose metabolism shows no
change in the sensorimotor area, caudatum-putamen, amygdala,

and hippocampus on the focal side. in almost

In contrast,
all other regions, where glucose metabolism shows a high rate
in the non-dosage group, promotion of glucose metabolism is

suppressed (Table 12).

Furthermore, glucose metabolism is
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T109M& ()-1 p s v x{ _?4 "10%G "10%& ()- "10%h& ()- "109%h& Q5 FEB 2003

"109h& ()- "109h& ()- "10%h& ()- 24 "1096G "10%h& ()- "10%Mé& () -
"10Uh& ()- "109M& ()- "109%h& ()- "10%h& ()- 7?4 "10% A) d, ~z"
"109M& ()- "10%M& ()- "10%h& ()- "10%h& ()- dD4 "10% A) d

"109M& ()- "109M& ()- "109h& ()- "109h& ()- "109h& ()- "10%h& ()- 24

"10%5 "10%& ()- "10%& ()- "10%& ()- "10%& ()- "10%& () - "10%h&f()77?4
"10%5 A) GUresddh&n all' HeYsnE) in" tRENEELebrad 1084t 4y ; tha s 10%F
A d "10%& ()- "10%& ()- "10%& ()- "109%& ()- "109%& ()-
"10%& () - -‘Ipothdanub)%EhdAbrdinzsteh 0ol ¢nlat 1084nta{Jon "D UtEe (jon-
"10%& () - ?ELci p~dD4 " 10%
focal side, where almost no changes are observed even in the
control group, i.e., local glucose metabolism in these
regions is lower than in normal rats. Such a suppression of
cerebral glucose metabolism caused by nefiracetam can be
described as follows; when 50 mg/kg of nefiracetam is
administered, the amygdala, hippocampus, and cerebral cortex
on the non-focal side is suppressed slightly; when 100 mg/kg
of nefiracetam is administered, suppression of glucose
metabolism is also observed in the hippocampus and the
cerebral cortex on the focal side; and when 200 mg/kg of
nefiracetam is administered, the amygdala on the focal side
is the only region where the metabolism is prompted. In
other words, nefiracetam suppresses extension of the area
where glucose metabolism is high, in a dose-responsive manner.
In addition, when 100 or 200 mg/kg of nefiracetam was

administered to a rat, the same sedative action as described

in I-1 was observed.
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"100& ()-Y .cortex 2 S .

e M 1207283 s3.622.7  losssloe T2deas
oo cortex _ 165:2:20.2 102.0s 9.8 139.2x 5.6 78.6:5.8
cotben 0 121.711.0 84.7= 5.4 10262 6.2 67.8:3.5%
22?23’;‘;;? (137.92 6.6 91.7= 4.9 139.1x 9.0 73.4=4.7%
cattosum _ 210x2.0 215519 21wl 2ldeld
Candatum- 195.8+17.2  9.3% 5.6 206.7x16.5 73.1+2.5%%

_putamen

_Amygdala  212.3= 4.3 92.3% 3.5 __ 200.8x 4.5 66,2x3,8%%
_hippocampus 202.8+10.7 145.0+19.4 ~~ 184.1x 7.1 87.2%8.9%
Septal area  143.4s11.4 87.0= 4.5  117.1%22.7  56.9%3.3%%
_Thalamus = 121.9#12.6 92.2% 2.9  90.5% 3.8% 72.3x2,8%
Hypothalamaus  91.5s 6.3 71,9 3.1 _70.6% 4.7% 58.5%4.5%
Substantia

nigra 121.8% 6.7 61.8% 4.3 77.6x 6.8% 45.9x2,7%
"Brain stem T ToooTTm mmemmmmmmm oo
reticular 61.5x 1.9 60.1+ 1.8 52.9x 3.5 49 ,6£3 ., 3%%*
Bormation e
ggiizzllar 51.0% 1.9 52.3% 1.6 47.2% 2.5  46.1%2.1%

nefiracetam administered (100 mg/kg; 1 group 7 heads)
nefiracetam non-administered (1 group 7 heads)

data: average * standard error (p mol/min/g)
¥: P < 0.05, *¥*: P < 0,01 (Mann-Whitney U-test)
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glucose metabolism rate during
kainate-induced amygdala seizures

Nefiracetam dosage (mg/kg)

50 100 200
Intracerebral Focal Non- Focal Non- Focal Non-
structure side f9cal side f?cal side focal
............................................... side ... ..........side ... .side
Frontal lobe cortex —-» - 4 b Al ..
Parietal lobe
_cortex - - - = ' |
ggztz;tal "lobe - . - | - | i !
omponet tobe -~ - ~ 4 Voo
“Sensorimotor area - - ::' im“*_"“mnﬂ-lu~"_ Im -
cortex
_ESER“S Callo?&@ = i e T
_Candatum-putamen =~ | - L} 4 b
Amygdala = = o b4 4
_hippocampus _“__"w“mﬁ_::nLﬂ_mim_“_m_”_w_J_*_ o ___“__Q_Juu EIR
Septal area = = 4 b b
_Thalamus - Yoo b v
_Hypothalamaus > o T T T
_Substantia nlgra e ____; I D
Brain stem
_reticular formation S lh,,__ﬂ I
Cerebellar cortex — — — I — —

—: no change

—|: decreased in a low degree

{: decreased in a moderate degree
{{: decreased in a high degree

Example 5-1
II. Study of kainate-induced cortical focal seizures:
Seizure suppression effects of nefiracetam on cortical
focal seizures and changes in electroencephalogram
observations were studied.
[Method for measuring an electrophysiological effect] A
stereotaxic operation was performed through the same manner

as described in I-1 by use of Wistar male rats. A cannula
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was inserted in the left sensorimotor area for injection of
kainic acid, and the cannula was simultaneously used as an
electrode. A bipolar depth electrode was set in the
bilateral caudatum, and screw electrodes were set in the
right sensorimotor area, frontal sinus, and occipital bone.
Seven days after operation, 1 uL of kainic acid solution (2
mg/mL) was injected so as to induce cortical focal seizures.
After elapse of 1-2 hours from the injection of kainic acid,
the same nefiracetam solution as described in I-1 (100 mg/kg)
was intravenously injected, and behavior and
electroencephalograms were recorded by use of a video
electroencephalogram recorder. Suppression of seizures just
after the administration of nefiracetam, changes in
electroencephalograms, occurrence of seizures thereafter, and
electroencephalogram observations were compared with those of
the control group.
[Results] After injection of kainic acid into the
cortex of the left sensorimotor area during rest and during
wakefulness at rest, low-amplitude polyspikes appeared within
20 minutes in the left sensorimotor area and the caudatum-
putamen, and the polyspikes continued to appear. Within a
short time, rhythmic high-amplitude spikes appeared, and
simultaneously, clonic seizures started to occur on the right
upper extremity and the face. Selzure waves instantaneously
reached the sensorimotor area and the caudatum-putamen on the

other side. Subsequently, the seizures reappeared at 5- to

10-minute intervals, and tonic seizures on the right upper
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extremity and secondary generalized seizures were also
observed. When such partial seizures were in status
epilepticus, nefiracetam (100 mg/kg) was intravenously
injected into the rat. As a result, the seizures disappeared
immediately and the frequency of spikes on
electroencephalograms decreased remarkably. In one rat,
splkes corresponding to the right sensorimotor area on the
other side and corresponding to the right caudatum-putamen
almost disappeared (Table 13).

In addition, just after the intravenous injection of
nefiracetam, the rats were sedated, closed their eyes, and
their limbs were relaxed, and then awoke within 60 minutes,
in the same manner as in the experiment of I. However,
seizures did not appear after awakening. Also, only
interictal discharges appeared in the electroencephalogram,
and the frequency of the discharges decreased gradually.
After 24 hours, similar to the case of the control group,
myoclonic seizures corresponding to spikes on an

electroencephalogram were observed in one rat. In contrast,

seizures disappeared completely in two other rats.
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Table 13 Suppressing effect of nefiracetam on kainate-induced

cortical focal seizures

Rats Disappear Reappear Decrease Spikes Sedative
of of of after 24 action
............. selzures  seizures Spikes _ hours |
ccl - - + - '
CC2 - - + -
CC3 - - + -
DC1 + - + - +
DC2 + - + + +
DC3 + - + + +

CCl-CC3: control group
DC1-DC3: nefiracetam administered group
(+): effective, (-): ineffective

Example 5-2

II-2. Study of change in cerebral glucose metabolism

Effects of nefiracetam on local cerebral glucose

metabolism during a cortical focal seizure were studied.

[Method]l] A cannula was set in the left sensorimotor

area of rats, and kinic acid was injected so as to

induce

seizures through the same manner as described in the

experiment of I-1. Subseqgquently, a nefiracetam solution (100

mg/kg) was intravenously injected into each rat. After 60

minutes, ['C] deoxyglucose was intravenously injected, and

autoradiograms were produced through the same procedure as

described in the experiment of I-2. A glucose utilization

rate of each intracerabral structure was compared with that

of the control group.

[Results] During kainate-induced cortical focal

seizures, local glucose metabolism is promoted in the

52



)-Y "10%& ()-Y "10%&' ()-;c < o0e)"Y "10%k ()-cC Y "10%&J&¥F%%£%§%é)_Y
)-Y "109%& ()-Y "109%& ()-Y "109%& ()-Y "109%& ()-_7;Y "10%9%"" A -Y
"109& ()-Y "10%&R' ()-Y "109%& ()-Y "10%& ()-Y "10%& ()-gG ;Y "10%&' ()-Y
"109%&' ()-Y "109%& ()-;c < oe)"Y "109%& ()-Y "10%& ()-*1:CG ?;Y "10%

)-Y "10%&R ()-Y "109%& ()-Y "109%& ()-Y "10%& ()-Y "10%&' ()- GOX[ ghuC ;Y
"109%&' ()-;c < oe)"Y "109%& ()-Y "10% ()-Y "109%& ()-Y "109%& ()-uz{gGY
"109& ()-;Y "109%&' ()-Y "10%& ()-Y
sensorimotor area which is the focal region; and the frontal

lobe and parietal lobe cortex on the same side both of which
connect to the sensorimotor area. Cerebral glucose
metabolism is also promoted in caudatum-putamen, thalamus,
and hippocampus on both sides. Furthermore, glucose
metabolism is promoted in the sensorimotor area on the non-
focal side of a rat. In the case nefiracetam (100 mg/kg) is
intravenously injected during seizures, hypermetabolism is
suppressed remarkably in the sensorimotor area, caudatum-
putamen, and thalamus in the non-focal side and the
hippocampus in both sides. In addition, nefiracetam
suppresses extension of the area, where glucose metabolism is
increased, in the cortex of the focal side (Table 14).
Similar to the case of amygdala seizures, glucose metabolism
is suppressed in the whole brain. Especially, the metabolism

is suppressed strongly in a distant region.
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Table 14 Effects of nefiracetam on change in local
cerebral glucose metabolism rate during a
cortical focal seizure

Nefiracetam (100 mg/kg)
Intracerebral structure

Focal side Non-focal side

Frontal lobe cortex - | I}
Parietal lobe cortex { o
Occipital lobe cortex - | 4
Temporal lobe cortex - | }
Sensorimotor area cortex - | J
Corpus callosum - —
Candatum-putamen i) $ol
Amygdala - — |
Hippocampus $ol J !
Septal area - | - )
Thalamus - | !
Hypothalamaus ! J
Substantia nigra - | - ]
Brain stem reticular formation - — ]
Cerebellar cortex — —

—: no change

—|: decreased in a low degree

}: decreased in a moderate degree
!l : decreased in a high degree

Industrial Applicability

The pharmaceuticals of the present invention are
effective for human intractable epilepsy, specifically for
temporal lobe epilepsy, cortex epilepsy, localization-related
epilepsy, relapsed epilepsy followlng surgery for epilepsy,
epilepsy following brain surgery, or traumatic epilepsy. In
addition, the pharmaceuticals are effective for seizures
associated with epilepsy such as secondary generalized

seizures, complex partial seizures, and status epilepticus.
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CLAIMS

1. A therapeutic or preventive agent for an intractable

epillepsy or a seizure associated therewith comprising as an

active ingredient a compound represented by the following

formula (I):

R?-CH,CONH-R' : (1)

wherein R' is a phenyl group which may have one or more C1-C3
alkyl group and R? is a 2-oxo-l-pyrrolidinyl group; a salt

thereof; or a hydrate of the compound or the salt.

2. A therapeutic or preventive agent according to claim
1, wherein the intractable epillepsy is a localization-related
epllepsy, a generalized epllepsy, or their syndromes

3. A therapeutic or preventive agent according to claim
2, wherein the localization-related epilepsy and a
generalized epillepsy are idiopathic or symptomatic.

4. A therapeutic or preventive agent according to claim
3, wherein the localization-related epilepsy is cortical
epilepsy or temporal lobe epilepsy.

5. A therapeutic or preventive agent according to claim

2, wherein the generalized epilepsy or a syndrome thereof is
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West syndrome, Lennox syndrome, or a child symptomatic
syndrome.
6. A therapeutic or preventive agent according to claim
4, wherein the cortical epilepsy is a frontal lobe epilepsy,
parietal lobe epilepsy, or occipital lobe epilepsy.
7. A therapeutic or preventive agent according to claim
1, wherein the seizure associated with the intractable
eplilepsy is a secondary generalized seizure or a complex
partial seizure.
8. A therapeutic or preventive agent according to claim
1, wherein the intractable epilepsy or the seizure associated
with the intractable epilepsy is status epilepticus.
9. A therapeutic or preventive agent according to claim
1, wherein the intractable epilepsy is an epilepsy following
brain surgery, a traumatic epilepsy., or a relapsed epilepsy
following surgery for intractable epilepsy.
10. A therapeutic or preventive agent according to
claim 1, wherein the intractable epilepsy or-the seizure
associated with the intractable epilepsy is an intractable
localization~-related epilepsy, an intractable secondary
generalized seizure, an intractable complex partial seizure,
or an intractable status epilepticus.
11. An inhibitor which limits duration of an epileptic
seizure (a motor seizure), which suppressor comprises as an
active ingredient a compound represented by the following

formula (I):

R*-CH,CONH-R* (I)
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wherein R' is a phenyl group which may have one or more C1-C3
alkyl group and R? is a 2-oxo-l-pyrrolidinyl group:; a salt

thereof; or a hydrate of the compound or the salt.

12. An inhibitor against propagation of an epileptic
seizure, which suppressor comprises as an active ingredient a
compound represented by the following formula (I):

R*-CH,CONH-R! (1)
wherein R' is a phenyl group which may have one or more C1-C3
alkyl group and R® is a 2-oxo-l-pyrrolidinyl group; a salt

thereof; or a hydrate of the compound or the salt.

13. A therapeutic or preventive agent for an epileptic
seizure which agent has a function of raising a seizure-

provocative threshold and comprises as an active ingredient a
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compound represented by the following formula (I):

R*-CH,CONH-R! (1)

wherein R' is a phenyl group which may have one or more Cl-C3
alkyl group and R? is a 2-oxo-l-pyrrolidinyl group; a salt

thereof; or a hydrate of the compound or the salt.

14. An inhibitor, a therapeutic agent, or a preventive
agent according to anf one of claims 11-13, wherein the
eplleptic seizure is an intractable epileptic seizure.

15. A therapeutic agent, a preventive agent, or a
suppressor, according to any one of claims 1-14, wherein the
compound represented by formula (I) is N-(z,%—
dimethylphenyl)-2-(2-oxo-1l-pyrrolidinyl)acetamide, a salt
thereof, or a hydrate of the compound or the salt.

16. Use, in the production of a therapeutic or
preventive agent for an intractable epilepsy or a seizure
associated therewith, of a compound represented by the
following formula (I):

R?*-CH,CONH-R* (1)
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26. Use, in the production of a suppresser which limits
duration of an epileptic seizure (a motor seizure), of a
compound represented by the following formula (I):

R?*-CH,CONH-R! (1)

wherein R!' is a phenyl group which may have one or more C1-C3
alkyl group and R? is a 2-oxo-l-pyrrolidinyl group; a salt

thereof; or a hydrate of the compound or the salt.

27. Use, in the production of a suppresser against

propagation of an epileptic seizure, of a compound
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28. Use, in the production of a therapeutic or
preventive agent for an epllepty which agent has a function
of raising a seizure-inductive threshold, of a compound
represented by the following formula (I):

R*-CH,CONH-R* (I)

wherein R! is a phenyl group which may have one or more Cl-C3
alkyl group and R®? is a 2-oxo-l-pyrrolidinyl group; a salt

thereof; or a hydrate of the compound or the salt.
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29. Use according to any one of claims 26-28, wherein
the eplleptic seizure is an intractable epileptic seizure.

30. Use, according to any one of claims 16-29, wherein
the compound represented by formula (I) is N-(2,6-
dimethylphenyl)}-2-(2-oxo-l-pyrrolidinyl)acetamide, a salt

thereof, or a hydrate of the compound or the salt.
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