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GABAPENTIN: IN EPILEPSY AND NEUROPATHIC PAIN 

Chuthamanee Suthisisang 

Department of Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand 

ABSTRACT 

Gabapentin is a new anticonvulsant and is also effective for neuropathic pain. The chemical 
structure of gabapentin is a GABA molecule covalently bound to a lipophilic cyclohexane ring. 
However, gabapentin does not bind to any subtypes of GABA receptor or GABA transporter. Several 
hypotheses of cellular mechanisms of gabapentin are proposed. Gabapentin increases GABA and 
decreases glutamate level in the brain by affecting various cytosolic enzyme such as enhancement of 
glutamic acid decarboxylase (GAD) and inhibition of branched-chain amino acid aminotransferase. 
Gabapentin also binds with high affinity to a novel binding site in the brain. This binding site is 
believed to be an auxilliary subunit of voltage-sensitive Ca++ channels. The role of this subunit in 
epilepsy and neuropathic pain remains to be verified.Gabapentin has favorable pharmacokinetic profile. 
Its absorption depends on the transport via L-system amino acid. The drug is not metabolized and 
excreted unchanged in urine. It is not an enzyme inducer or inhibitor and has a broad therapeutic 
index.Several randomized controlled trial have demonstrated the efficacy of gabapentin both in 
epilepsy and neuropathic pain. Common side effects of gabapentin are CNS side effects such as 
sonmolence, dizziness, nystagmus and weight gain. 

Address correspondence and reprint requests to: Chuthamanee Suthisisang, Ph.D., Department of 
Pharmacology, Faculty of Pharmacy, Mahidol University, Bangkok 10400, Thailand. 
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f'I ww.l<'!')'fl 
Gabapentin Lu'IWlfl'IJ'lfffYllJ L'lf L'IJ 

tl'l::rnAlnuin!iT"uvitl VI.fl. 2541 lhfo 
' 1 v.J o "" di £ll .., <V Va I 

u" 'lf'Yl<llliltylilB Lu'IJUlfl'IJ'lfflLL<i::munu11il 

illll~U neuropathic pain LlilU gabapentin 
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tl fHM L li1 "ll :: ll"ll u:IJl L VI B llL u 'IJ B 'IJ 'l'l 'IJ li '11 M 
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y-aminobutyric acid (GABA) 

m7i1 gabapentin 'i):::ii\'!lil" 11'11'1 
v.J<vcv • 1 

'11N'Yllil<l11JflU GABA LLlil VIU11 

gabapentin hii'.lii111lJ'lf1JU.ij'u (affinity) vi11 

GABA receptors l'!fl subtype 'l1lJ..i''1 hi:ii 
.., J:: ..: .., .::i 'ii 

N<ll'IUU"fl1'ltfl1Jfl<l1J'1111'1 GABA Bflli11U 

u11mnnd gabapentin iJ4hii'.lw<l1Ufl1'l.iju 

~ .j 1 '' flU neurotransmitter receptors BU lJ11'il:: 

d] 'IJ benzodiazepine 

receptors i11J 

glutamate 

""' .,. ' .d "" lJ<!lJlJlil'iil'IJll ma 11 m4 mu1nu m1 . ~ 

1. 1vi:i.i-,::iilu GABA 'luamN 

Gabapentin iJN<JL'i'llJ GABA lw 
.. .,: "' 1 ' <llJi'H tl'1Ufl1'lLVllJ(j'Ylti'11114LB'IJ 'lf:l.J 
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\'!lil"l Llil'l'1'1-i'1"'11 B'I gabapentin 

U'l::flBUli1"1t1T:1Jt<l~<l'11B'1 gamma­

aminobutyric acid (GABA) ~vim'll1nu 
lipophilic cyclohexane ring ( lil'lU~ 1) •• 
fll'lB Bfl LL uualil'l Llil'l'1'1f14ift vi 111 'll'm Nlu 

u 

blood-brain barrier 1i 1u'1JOI::~ GABA 

1iJN1u blood-brain barrier ll~BN1'1J 1i 

glutamic acid decarboxylase (GAD) ~'1 
L U'IJLB'IJ 1·11i1~1'1f1 '1Jfl1'l'14 Llil'll::M GABA 

1 • , .i 
'ill fl glutamate ( ~~u'YI 2) 

u 11n'il1ndfl1.,~mn 1 ualili''Vll'l<l B4 

il'IV1Ui1 gabapentin i'.lwma:S:1J(]'Ylll'11B4 

2 .j tj "' "' nipecotic acid 'lf'llJ(j'YllHuU GABA 
"-'I 'V "" :; 

transporter blocker Bflli11U lil'l'IJ'IJ 
• ~ .ol d "" .J 

gabapentm 'il'l:l.JN<lLVllJ'l::\ilU'llB'I GABA 'YI 

synaptic cleft ~'1'i1::7i1mvi;i inhibitory 

process '11 B'I <llJ B'I 

2. <llil'>::iil'u glutamate ~'!t1'.Ju excitatory 

neurotransmitters 
d v • 

Gabapentin lJ~J<lfl'l::lil'IJfl1'l'Yl141'W • 
'11B'1Lil'IJ hif glutamic acid dehydrogenase 

( GDH)' ~4LUULBU 1'lfif~1'1f1ufl1">vi1mEJ 
glutamate LL<l:: gabapentin il'1i'.l(]'Ylll1u 
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fll'laU~4LBt.I hif branched-chain amino 

1 d Pl 1 ' acid transferase (BCAT) '1l4Lut.lb<lt.I 'lf:IJ 

~L'llLt.lfll'lLU~Ut.I L-leucine, L-isoleucine 

1vp1 ., v 
LLa:: L-valine VILut.1 glutamate Elfl~l1EJ 

.d I d I 

'illffl'lm'l11:1JTil:mt.111 gabapentin 
.. tld ti ~d Ell'il:IJN<IL <IUt.ILL <14L:IJ1i11Uil<l'1l:IJ'1lil4fl':ilil 

a::iltmrn::tvi:1J1::~U'1lil4 GABA ~4Li'lt.1 
inhibitory neurotransmitter ~a1A'ty1t.1 

.J I IV ::; I 

B:IJil4'1l4'il:'1l1UUUEJ4fl11UNfl1:'il1U'1lil4 

1'i' :; ,,... .J 
seizure Iii 11:1J'YM<llil1:1i1U glutamate '114 

?1 · .J., 
but.I excitatory neurotransmitter 'Yl:IJlil11:1J 

aiA'ty1 t.I hlil<l:IJ~n ~.;iJt.1~'1iJi:-1<1'111u<1111 
d • 1 v 

action potential firing rate '1l4'il:'Yl1 'Ill 

lil11:IJ'lt.IU14°11 iM fl11~fl LL<l: Ell fl1 'JU1 lil'il1 fl 
' 

neuropathic pain <llil<l4 N<l'illflfll':i<llil 

glutamate ii1hi' gabapentin iJ 
.. v 3 

neuroprotective effect Bfllil1U 

161 

G!tal cell 

3. ~UflU gabapentin binding site 

'illfln1'lAfl'tllllil<JLi receptor 

binding 
4 

study autoradiographic 

technique' wui1 gabapentin ~ufiu 

"gabapentin binding site" Lt.IB:IJ!l'l°ll!l4'111\j 

'lll'l ~4 binding site il'hii11i111:1J'1lBU~UtlU 
carbamazepine, phenytoin, valproate, 

phenobarbital, diazepam LL<!:: 

ethosuximide ~4LLB1i14l1U1'il:Li'lt.i binding 

site iltJ 1 m.i Gabapentin binding site 0 
WU fl'l:'il1 !'I mil t.1 tl'.\:1J1 tU<M L t.1 B:IJ B·Hht.1 

" " 
hippocampus, cerebellum LL<l: outer 

layers '1lB4 cerebral cortex LL<l:WU~l'!lil h1 
ri1t.1'1lB4 white matter 

v .. • 
(ll:IJfll':i'Yll<lll'J 

neuron Tlilu H' quinolic acid 'il::ii1 l '11 
' d gabapentin binding site <llilMBtll4:1Jlfl '114 

v 

LLBlil4l1 binding site iltl1'il:atjut.1 neuron 
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fll 'l A fl '!fl m 1l lJ1fa1J fll'l'l'h protein 

purification LL<I~ sequencing wui1 

gabapentin binding site diJ amino acid 

.J ~ ~ s: 
sequence 'YIL 'IHJ<l'WflU a, u modulatory 

subunit 'llfl'I voltage-sensitive calcium 

channel
6 

Voltage-dependent Ca" channels 

d] 'I.I heteromultimeric proteins ~" 

U'l~fl1lU~1umh.:iu;;iu a 1 main subunit, 

auxiliary a, 8 subunit U<I~ 13 subunit 

a, 8 subunit il~11:1.1d1~tjjm1l 

native kinetic properties 'llfl'l calcium 

channel 'l1mY.:iu.:iil~rn 1 utn'l~1u~:1.1~ru-
. . . 

a:1.1u&im'1Lila'lf'l'l'lm'll1l'I a 1 main subunit 

.J .., "" s:: 
'llfl'l gabapentin 'lf'li:!llJ1'ltl'\JUflU a, U 

subunit m;;i calcium currents 

1u cultured rat neurons wu:h 
tj .; 

gabapentin :J.lt]'l'lli<I~ L-type calcium 

currents 1~"" LLm1:i.i'Wrn:·rnil'1u human 
• 9""::~1V .... 

epileptic tissue ~'l'W'W'\l'l~1l'l~~~1:1.lfl1'> 

Amnm;;i 1i.Ji1tn'J~U'l11l'l gabapentin tlU 

a, 8 subunit 'llfl'l calcium channel '\l~il 
' .i.., .., v~ I 

W<l~1lf]'l'llifl'W'llfllL<l~Uflu1~'ll1l'l gabapen-

tin lJ1flU1lmVlu.:i1~ 

' • d 
4. i.1!11>11l neurotransmitters flt! '1 

Gabapentin 
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IO .J ?1 .J 

serotonin uwmam 'lf'11ll'\lLuumm\ij'l1 
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gabapentin Afl tJ1~fi"l'tl~ U<Jfl'\llflil'a'!WU 
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acetylcholine
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LLmU'I 1i.i<lllJ1'ltl1lnU1U 1i 

11fl<i1m mild il ~11 :1.1a:1.1Vl'u ti' n uq'l'ltnm'l'n 

'llfl'I gabapentin ll'.i<J 1:iJ 

d .; ~ ~ 1 Vd1 Gabapentin :JJ(j'l'lliflU'lffl ~ ~ U 

model 'llfl'I maximal electroshock (MES) 

if .:i 1 u l1 'IJ'll11 U<l~ll \! ~ u~ fl'>, pen ty­

lenetetrazole-induced tonk hind limb 

extension 'l1:1.1if.:i1u amygdala kindling 

rats i1u LLm'\ld:i.i1iw<i1u model 'll<J'l 

absence seizures 
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Gabapentin ~fl~ ~'/i:JJ'\ll fl'l'll'I L~U 

1lll11'lei'11J L-system amino acid 

transporter 'Yll hi' bioavailability 'll<J'!Ul~'W 
tlU'll'Wl~Ulm 'li'LL<l~fll'l~~:zi:JJ'\l~L UU satu­

ration process 
d ~1.J~J 

LU<l'l'\llflfl'l~fl~:JJ U'l'lbfl~'ll'W~l:JJ 

..... .., z .d 
li'l'l:JJ'lf1~'\l~LL~fl~1'11'1'11 carboxyl U<I~ 

amine terminal ~ physiological pH ~'1,f 'W 

1 u fll'l'llU ri'l iJ1u L 'lf<ii.i' L:JJ:JJ L U'l'W~'l; <J'l m flu 
.J 0 .. ~ 

transport system '11'\llL'Wl~"lll'lU L-

amino acid ~L'.iUflil system L-amino 
.J c:: .J 

acid transporter (system L) 'lf'lLUU'l~UU'l'I 

1°1l'ri'1N1U large neutral amino acid Li'W L­

leucine LL<!~ L-phenylalanine 1utn'lN1U 

L:JJ:IJLU'>U 

' .J "' Gabapentm 'lf'ILuU analog 'll<J'l 

GABA '\l~<Ju1uamwu~fl~1LU'W zwit-• 
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terion ii physiological pH 1'2iunu ~\!Ju 
fll'l!(J!il;g:IJ gabapentin Nl'Ul:IJl.JLU'l'IJ'!l<N 

..... .,,. !V "" • 

'1'11\IL!il'Uil1'111'l'iMliliHill~U system L L'll'U 

L~U1tl'ULL<1~'1'i11 ll'rn'l!(Jlilil:IJ'lleH gabapentin 

iirn'l~ lJ~1u<1~'ll~m wmii~fll!J!ili!lJ'il~ hi 

1 i'lualil<hunuwu1!ilm~ll' Lrlil 1ll'm1u 

'll'Ul!il\j\I '] gabapentin 'il~Nl'U blood-brain 

barrier L!ilUillAU system L llL'2iunu 'WU 

11 gabapentin 1uwmam'il~Li'lu<i'lil<hunu 
.11 !"I .11 . Q 'll'Ul!ilUl'YJ '11 L'U'll'Ul!ilUl'YJ lJ Lfl'U 600 

.... .... ..... "" :: ( ~ 
:IJ<l<lfl'llJ 11.1<1~ 3 l'l'l\I '11'lil 1,800 

il<iilflflJliiBi'u) 1u'llmlilmhiLiiu 1,800 

il<tilflflJliiili'U 'il~1ll' bioavailability 70o/o 

1u'llU1!ilmiiLiiu 600 il<iilflflJ i'u 

~ 1· <I~ 3 l'l'l\I 'il~ '11 non-linear relationship 

'l~'l1i 1\1'111.11 !il m LL<!~.,~~ um 1 u 'W <11 <llJl 
.,J 

LU<Hl.Jl'illfl saturable absorption 'llil\I 

gabapentin 'illfl'Yl1\IL~Uil1'111'l LL<l~'il~'l'i1 ill' 

bioavailability 'll il'lUJ<I lil<l'l ma ilU'l~lJl W 

35o/o 

liiili'U 

. ' 
Ol'll'Ullill'Jll.Jlflfl11 3,600 

'll'Ul!ilUl\j'l'f!il him"iLfl'U 
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lJ <I <I f1'j lJ 

2.4 fl'ilJ 

Gabapentin hi~unuT1h&iu1u 

vrn1am ii'll~mlil'lfl1'lfl'l~'il1um'll'l~mw 

0.65-1.04 illil'lJiifafl'ilJ mm~'il1u~1 

Nl'U blood-brain barrier 1~~ Gabapen­

tin 1:ifom'll~uuamw11.1~1\lmu hiiil'lw-" . 
""""~I ..!ii 

<llJUlilLu'U enzyme inducer wrn enzyme 

inhibitor hiLi'lu autoinducer ~'lti'lul'IW-• 
..,.,._"" .. .J" n.-Z 

<llJUlil'l'll'l Lil<f'll'il<l'U m <f lil'l'Yllil il\I fll'l lil\l'U'U 

gabapentin ~\! hiii i;imu~!J'UILU<l'l'l~~um 
...,.,,..J .J1v' v "" 
flu 'll fl il u '1 'YI wn lJ !il1 u m ~ fl'll U il il fl 'I'll\! 

ii aai1~ 1 u-;'ll L~ mii BU~\1'11lJlil ~<iif u~\I 
u 

"" :: "" !II !II 
LLUU monotherapy !il\l'U'IJ'il~f1\11'111m'lllJ'll'IJ 

,J 1 • 'YI steady state ill!J 'I.I 1- 2 11.1 

lilTn'lii 1 Dosage guidelines 'llil\I gabapentin 1u~tbuhl'l11il 
Creatinine clearance (ml/min) 

>60 

30-60 

15-30 

<15 

Hemodialysis 

Total daily dose (mg) 

1,200 

600 

300 

150 

Dosage regimen 

400 mg lid 

300 mg bid 

300 mg daily 

300 mg every other day 

200-300 mg' 

*L~lJ1'11LU'llU11il 300-400 il<iilflfmi'lu loading dose 'illf1Ju1'111U'll'U11il 200-300 il<1ilfl'ilJ 
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fll'>A fl'tl1'111~ fl llilfl'll iN gabapen!in 

1. Lll'll add-on therapy 1u refractory 

partial seizures 

'il1flfll'li'lfl'tl1LLUU placebo­

controlled trial l\llfltl'Y11m'li'lflt11 3 fl~:l.I 

( 
14 

UK Gabapentin study group , us 
15 

Gabapentin study group LL<l~ Inter-

national study group
16

) 'Y11nl''li'lrrn11ml' 
" 

U1V refractory partial seizures wui1 

gabapentin l'W'll'lll\ll 600, 900, 1,200 

LL<l~ 1,800 i'.i<iit\nf:1.111u hi responder 

( •.•I .!do w 
rate <Yo 'llB~i:fu11'1mJ'ill'll1'1lfll':i'llfl<l\ll<l-l 

50"/o 'illfl baseline) L>l~l'J 18.4, 22.9, 

23.5 Lrn~ 26.4 mmh\ilu l\lll'ltil1t<i'll~1vi 

t\'J'WL'J<l'illflfll"'l add-on gabapentin -:i1mi'u 

milu'liflflaU conventional LGJU~WU11'11vi 
' " 

fu mi (Al baseline L \'Jm'h'!J1'Wfll'l'lifl'llll!~ 
" 

~WU11'1 stabilized u.J1vi'1u conventional • 
antiepileptic mh-iuas 1 'll'lll'W) til-itl'u1u 
._., 'l w .I , • 

i:Ju11'1 b':ifl<l:l.l'llfl'11i'l1Ut'l:l.l!.11fl fll'H'll gaba-

pentin L<f~uilu conventional antiepileptic 

'll:;'li1m ~mh:;a'l1iin1w 1 um-;fnu1 hi'a-i 
J 
'll'll 

" 

2. i\'Ju mono!herapy iu partial epilepsy 

fll"li'lfl'tllLLUU multicenter, 

randomized, double-blind active 

controlled 'llfl-l gabapentin lwtltl11J newly 

diagnosed partial seizures 
17 

,J1u1u 2 9 2 
d .,,,,.w , 

A'll 'li~{!fl~:l.I LVIL\ll"lU gabapentin L'!J'll'lll\ll 

300, 900 trn~ 1, 800 i'.i;;iit\nfullia1u faa 

L \'Ju double-blind u<i:;ii active control 

t\'Ju carbamazepine 'll'!Jl\ll 600 i'.i;;iit\nfu 
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llia1u (active control t\'Ju open-label) 

l\lll'llifo1t\'Jurn:n&i\lllliailu 6 L~eiu 1\llr.i<i 

l\lll'Jfll"l\llWU11'1~<11m':itlA1UA:l.lfll'J'lifl 1vi~. . " ' 
(completion rate) LYll'JUi\'u exit rate (w 

• 
U1fl vi EM fl fl fl'ill fl fll'>A fl'lfl Lrl fl ii fll'j'lifl LL uu 

partial seizures 3 A{-i '11~Bii secondarily 

generalized seizure 

wu11fl<l°:1.1~1~fu 

.i: 
1 m~) r.i<im1i'lmfl 

' 
gabapentin 300 

"" ""' "" 1 "" Q U<l'1fl':i:l.l\llfl1'W:l.I completion rate 25"/o 

. 1 dod1•w Lrn:; exit rate 62.5"/o 'll'lJ!l!:;'l'Jfl<l:l.l'11 \ll':iU 
' 

w d 

1'U :I.I completion rate 38.9"/o LL<J:; 37.8"/o 

• w "' \ll1:1.1'11\llU LL<J:; exit rate Lu'W 40.3"/o LL<J:; 

43 2 
• w .I , • d w 

. "/o \ll1:1.1'11\llU 'li-l bflaLAl'J~flUr.J<l'llB~ 
' .11 •w ~ 

fl~U'l'I \ll':iU carbamazepine AB completion 

rate t\'Ju 36.5"/o LL<J:; exit rate t\'Ju 

w .i: .I 1 1· 29. 7"/o \ll~'W'W'll"ll1\ll1'11'11L'11U1:;<1:1.1 'Wfll'j 'll 

gabapentin t\'Ju monotherapy iu newly 

diagnosed partial epilepsy AeJA1':iL~Uvi'11'J 
'll'Wl\ll 900 i'.i<iit\nfullia1mrn:;1Hu~u'111B 
<i~1111iimm-;'lla~wu11'J 

" 
u a n'il1 n iJ" ti~ ii m-; i:l fl u15~ r.i <i'll a~ 

b . 1 •.•1 .I ~I ga apentm monotherapy 'Ur.Ju11'J'l'!Lu'!J 
" 

refractory complex partial seizure L\lll'Jfll':i 

AmJ 'l '1\ll'll'Wl\lll'll conventional anti-
' 

epileptics <l~LL<hAeil'J '] LWil'll'lll\lll'll 

b . J 18 "' ' • ga apentm 'll'W r.J'1fl1':i~Jfl'tl1WU11\llfl~ 

1'li gabapentin 1u'll'!J1\ll<l~~~LLlli 
" 

3,600-4,800 i'.i<i~flfullia1u tvla1'li 

\'J 1 ._., .I "' L 'W monotherapy '!Jl(!u1fl"l'Hu'W refrac-

tory partial seizure 

3. i'li'lu neuropathic pain 

3.1 Post-herpetic neuralgia (PHN) 
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Rowbotham LL<1:;1iJru:;
19 

i:lmmm 

'IJ 1M gabapentin LLUU randomized double 

blind, placebo controlled 1u~U1tl PHN 

'il1u1u 229 lil'W 11ilt1<1':1J1'11'1i-lu 
' 

gabapentin (n = 109) ~'IA<ltl 1 Lvi:!J 
J' ~ """"" .... .J'cv 

'IJ'Wllil'IJWil'W<lTiHN 3,600 :!J<l<lm:!J ('ll'WflU 

1i111:1J'l'l'W'IJei'IN'u1u) ~a1u 1u 4 i'i'tl1i11tt 
" 

'11'fo 1~-lu placebo (n = 116) 11mi1~ 

u1u~1~-lu gabapentin :il mm-:;tl11i1<11il<1~ 
ei ri1~ ilifo al A' iy '1'11'1 ail &i Lrl 11 L Yiu u nun~" 
placebo i'ILL~atl1i11tt~ 2 'll11'1fl1'> 1ll'm 

m-:;tl,,:;Lilu mm'l tlilu N'u1mrl aatl1i11tf~ s 
" 

wui1 60.6% 'llEMNU1t1~1~-lu gabapentin 
" 

ti ~ ' .. .r 1 .J •,•i .J1 • 
';i:;L:JJ'll11<llf11'Jlil'IJ'W 'W'IJUl:;'l'Ji:Ju1tl'l'J lil 

" c:v .:.I "'4J' ..,. I 

'lU placebo :!Jfllfll'llil'IJ'WL'l'ltl'I 19.9% L'l'Jl 

Ju fll'lAfl'l:flil'LL<llil'l 1 li'L 'i1ui1 gabapentin 

"1:!Jl'Jfl<llil<llfl11tl11il neuropathic pain 

'illfl PHN <1'11~ari1'lilirmhA'iy 

3.2 Diabetic peripheral neuropathy 

(DPN) 

Backonja LL<1:;1iJru:;
20 

Afl'lfli:J<I 

1 •,•1 .i .. 
'IJ '1'1 gabapentin 'Wi:ju1m U1'1111'W'l'J:!J 

painful DPN tl'l:;:!JlUI 1-5 tJ 'il1'W1'W 165 

lil'W 'l'llfll'lAn'lflLLUU randomized, 

double-blind, placebo controlled llill'l~:!J~ 

u1t11'111~-lu gabapentin (n = 79) '11~'1 
e1 ~ti, .. 

placebo (n = 76) Lu'WL1<11 8 <I lil1'11 lJ 

m1tl-lu'll'Wllilm'll<i'I gabapentin 'illfl 900 

il<ii.1n{:iJ~a1u (1ui'i'tllil1M~ 1) 1tl'il'W~'I 
2,400 il<ii.1n-l:iJ~a1u (1uatl1i11>1"~ 4) 

01 NU1tl hi<11:1J1'l(l'l'J'W1llfl1"l'lil'ILAl'H 11ill ll 
" 

tl{u'IJUllilm<i'l 1~ 300-600 il<ii.1n-l:iJ 

liia1u i:J<lfll'>Afl'lflWUil gabapentin 

mm1fl<ililmm-:;tl11i1<i'l l~ati1'1ilirsa1A'iy 

165 

i'ILL~i'i'tllil1M~ 2 1tl'i1Ulil<l<llil 8 i'i'tllillM 

'll<Mfll'>Afllfl A'IJ'W gabapentin ~'ILl'i'Wm 
~mm1fl 1'1l'L l'lum'I L~ 11n 1 '11:i.Jii1'11-lu ~u1t1 

" 
1 .J'21 ""l • 

L'l1<11U 'W<lf1L'11'W<l'il1fl convenllonal drugs 

Liu amitriptyline LL<!:; carbamazepine 

e1 • 
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