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pilepsy is one of the most common chronic neurologic conditions. Pharmacologic therapy is

by far the most common approach, with the other modalities typically limited to patients with
pharmacoresistant epilepsies. A host of new antiepileptic drugs (AEDs) have been introduced
over the last 20 years. The AEDs including the conventional ones are more or less equally
effective in patients with partial epilepsy. Therefore, relative efficacy is not a useful factor in selec-
ting a particular drug. A conventional AED, valproic acid is regarded as having superior efficacy
than the other broad-spectrum AEDs including new ones in patients with generalized epilepsy.
However, it can have considerable side effects, such as reproductive dysfunction and
teratogenicity to young women with epilepsy. One of the clearest advantages of many new AEDs
over the conventional ones has been their more favorable pharmacokinetic and drug-drug inte-
raction profiles compared with the conventional ones involved in the cytochrome P450 enzymatic
system, which may change the levels of other antiepileptic and nonantiepileptic drugs, and endo-
genous substances. Many new AEDs have unique mechanisms of action and slightly better tole-
rability than the conventional ones. Several new AEDs can allow young women with epilepsy,
particularly those with idiopathic generalized epilepsy, to avoid valproic acid treatment. Further-
more, the new AEDs may provide a modest but positive effect in seizure control, particularly as
an add-on treatment. The greater variety of AEDs allows better patient tailoring according to
patient’s characteristics and contributes to improvement in quality of life.

Keywords: New antiepileptic drugs; Effectiveness; Mechanism of action; Pharmacokinetics;
Drug interactions

A-I % O%ﬁj} _'5‘__9_ :L}\-] };41]5]_0“ 7]016]-7<] oko. _L,‘:_ EH_ o])é]' H]
A (unprovoked) 2o & AolHr} 44 X8, 7

5_4 AFQHDAY e ¥5) Y ARBFe HEsAt B Hola, ABAF Sl the Almigel YA ek
}38 Bol SAelM A3 ek whebd H8%

2% ]E]—(hypersynchronous)i ol3| ‘?:_‘0114—‘ S A3
Fdoltt, ﬂ 2 WHE Q] AT e g 54 A9 |70l H4le kx| g ol
A= v M Zgholt}, Unba o 2= A o), ZHAR HHFe] Ag5E 1947] Fakell U2 potas-

© Korean Medical Association

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is
properly cited.

J Korean Med Assoc 2012 February; 55(2): 155-173 thstelagdslxl 1855



@
I Heok

sium bromide 2 7&#] 22} Z4F o}, A= A=
U= A ATAHEOIARE 20417] 2R AREH7] AR
3} phenobarbital, 19301t phenytoin, 19401t} etho-
suximide, 196013t} carbamazepine, valproate, benzo-
diazepines©] ST}, 1980\t HE] 7t =0 A}%Elﬂ Al
Zksto] 28 PR By 9= HEEE gaba-
pentin, topiramate, fosphenytoin, Vigabatrm, zonisa-
mide, lamotrigine, felbamate, tiagabine, oxcarbaze-
pine, levetiracetam, stiripentol, pregabalin, rufina-
mide, lacosamide, eslicarbazepine acetate, retigabine

o] gir. of FolH YA wBs} A=A ol w3} v
2|4 B AZ A o] njekst gtz QI3 =& Lennox-
T 5ol Aopa) g %o ALE e Qi
felbamate, Ao g v §3E Ho|= tiagabineS ¢
Zuglol] S0 2] gtt} Rufinamide$} stiripentol&
Z¥7} Lennox-Gastaut %33} severe myoclonic epile-
psy in infancy (Dravet Z-3-)olvt 2355 717l 3|79
oFFo® fefuEtellA] ARE-HIL SlTt. Vigabatring H]7}
429l Alof Ag=0] 7154 WlEol| T2 fro} 4 Alinfantile
spasms)?] X|Jof| T3lEo] AREE|AL 9Jal, phenytoin ]

ZA} 9o 2 o8l FHZ(ES] 95 A} ZBE 2= 9]

Gastaut 5

I E T M
Y= B2 o2 JfdE phenytoing] AT 2HE9l fosp-
henytoin& %2 7H& SR 9= S77} vloket

o}, mlEolt ol o] Flslgle:

o 0] &4 53 ¢}

o} -2t}
B2+ retigabine, eslicarbazepine
acetate©] SJt}.

ool ofg] el WSS
7o) opgEstel )iz} ol o]d Flo|a, 22 $-2ute}
o] Eoj Y E0] £ A<l 2FE-E(lacosamide, rufina-
mide, eslicarbazepine, retigabine, stiripentol)& 4 &

Hhtol] Zhzko] ofofl ApA|EE AR o] 9l oot

i
o
s
o
ofr
Ok
=3
>,
=L
é‘
2
i

o —
W—ﬁ—g

-8 A(effectiveness) &
A ok 25| 2ol PP T Eefficacy, 44 7]

& o] =eel= Aldolu X8 3 3 g ukzt
s S48k LHH(tolerability) 2 o)A}
3 7S oJulgich, Al 2o] gk A
oz 7Ee] (53] 7|E2 ﬁ% T Ux

Q)& carbamazepine)¥}o] H-& v

o
i
off &
lo &

N m&

o
o

X
i
fljo

£

]

(B R T
=

l

re
o,
N (o]
o
o
i)
i
4>

T-=(gabapentin, lamotrigine, levetiracetam, oxcar-
ba-zepine, pregabalin, tiagabine, topiramate, vigaba-
trin, zonisamide)o] lo] gt} 1B 7|E oFEol| H]3|
ge] Az cEe ftol glola] o512] Wil o}
Ef(gabapentin, pregabalin, tiagabine, vigabatrin)2 &
o] Qo] HojR|i= Aeg H I} Lamotrigine] BHE A
Toll AAXN=(E3] =21eA]) carbamazepined} H|wE
u F34= 2fol7} glgl oy} B 2.8l lamotrigine 2|57} A
EE= O Fedfrade] A3 aEE T, 21 ARl
Zetd Fadr] 2 S-S 23k ALlHdS &
Ao olF We] o Ve tEA obEal
valproic acidy} ethosuximide(Z22te] 74-9-)9} H|nl
77} - vloket Aol Algk o] B4 vl ol
(3], 22 2Habsence) @] o] w84 ol A (4], A1) <
oo O])\T- 73-84.0_ %_5].04[5] A 2= ]_1;_ _;3;31].7} olr/}i
A7 EE= B3 53 2L ) AZ R E(lamotri-
gine, levetiracetam, topiramate, zonisamide)o| &7
5L AT glo] 712e] eka R "olxittal oAz o
Hha o g SHbY AAHATY] A9 oF= HP*"—OI pace g
wlzol FH e adE 7 AR U 7HA e ok A
glo] F5 Slthe T8 3 7RIS 7R AL Qi whet
A 71 oFEThe] MR oFEe ARl ate] Afole &
g3k ok st o] F8.3k QA7) HA] X3t

olF A A flke s FAlE Ut FHoR FAAY F

AT Aol ©B7IRE ARE 22 e HFeHEe
B2 A oA = =t Aale2 A 500% WAt 2
2E HOl Fxle] ulg-L fjoko] ns| ofw] YAl =347] uwf
woll(Let A2 IS WekAwh X8 4 Fi
S S AL sttt 22 Tl 7]l o] Foixl
3N o A AFteA] Aoz 27f o Fo] eFEe whe
34| ek Bate] 13-25%0x] G71Y o)) wkal w7}

J Korean Med Assoc 2012 February; 55(2): 155-173



New antiepileptic drugs @%

Table 1. Mechanisms of action of AEDs J&ll-% 7 |II_
Decreased Decreg)sed Increased Decreased
Na" Ca™ GABA glutamate } =
channels channels” transmission transmission At o 2 2L e HFTEE
Old generation AEDs o 7|E9] oFEHTE= sl 28
Benzodiazepines ++
Carbamazepine ++ 717& 7FA1 L QIcK(Table 1), 712
Ethosuximide ++ (T-type) .
Phenobarbital ?yp ++ ? °F&<l phenytoind} carbabaze-
Phenytoin ++ ; ) A2 oknlo .
Valproate ? ? (T-type) + ? pine(Zefu A2z &<l lamotri
New generation AEDs gine, oxcarbazepine, eslicarbaze-
Eslicarbazepine ++ . . .
Gabapentin ? ++ (alpha2-delta) + pine acetate, rufinamide’= ¢{7]¢|
Lacosamide ++ SIEE o ;
Lamotrigine + ? EFEATHE voltage-dependent
Levetiracetam ! ? ! sodium channel®] fast inactivation
Oxcarbazepine ++
Pregabalin ++ (alpha2-delta) of] 2F-831= HFH lacosamide: slow
Retigabine’ +
Ruflnamlde ++ inactivationol] 283k}, Levetira-
Stripentol ++
Topiramate + + + + cetam¥} retigabine 7]1&9] a5
Vigabatrin ++ o _ )
Zonisamide + + (Ttype) ? = A3 o2 28 7]72] synaptic

AED, antiepileptic drug; GABA, y-aminobutyric acid.
++, primary action; +, probable action; ?, possible action.

2 Unless otherwise stated, action on high voltage activated calcium channels.

o Levetiracetam acts by binding to synaptic vesicle protein 2A (SV2A).

9 Retigabine acts by the opening of neuronal voltage-gated potassium channels, enhancing

the M-type potassium current.
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Table 2. Main routes of elimination of AEDs

Drug Main route(s) of elimination Main enzyme system involved
Old generation AEDs
Carbamazepine Oxidation CYP3A4 (active 10,11-expoxide metabolite
cleared by epoxide hydrolase)
Clobazam Demathylation CYP3A4
Clonazepam Reduction + acetylation CYP3A4
Ethosuximide Oxidation CYP3A4
Phenobarbital Oxidation + N-glucosidation (75%) and renal excretion  CYP2C9 and CYP2C19
(25%)
Phenytoin Oxidation CYP2C9 and CYP2C19
Valproic acid Oxidation (>50%]) and glucuronidation (30-40%) Mitochondrial oxidases, CYPs and glucuronyl
transferases
New generation AEDs
Eslicarbazepine acetate” Glucuronidation and renal excretion (40%)
Gabapentin Renal excretion None
Lacosamide Demethylation (30%), etc., and renal excretion (40%)  CYP2C19 (but no significant interactions)
Lamotrigine Glucuronidation glucuronyl transferases type 1A4

Levetiracetam
Oxcarbazepine”

Renal excretion (75%) and hydrolysis (25%)
Glucuronidation (>50%) and renal excretion (<30%)

Hydrolase
Glucuronyl transferases

Retigabine N-acetylation + glucuronidation (84 % of drug and Glucuronyl transferases 1A1, 1A9 (to a lesser
metabolites by renal excretion) extent 1A4)

Rufinamide Hydrolysis (not CYP-dependent) Hydrolase

Stripentol Oxidation + hydroxylation + O-methylation + glucuroni- CYP isoenzymes
dation, etc.

Pregabalin Renal excretion None

Topiramate Oxidation (20-60%) and renal excretion (40-80%) CYP isoenzymes

Vigabatrin Renal excretion None

Zonisamide Oxidation + reduction + N-acetylation (>50%) and renal CYP3A4 and N-acetyl-transferases

excretion (30%)

AED, antiepileptic drug; CYR, cytochrome P450.

? Eslicarbazepine acetate is a prodrug, rapidly and extensively reduced in the liver to the major metabolite, S-icarbazepine (eslicarbazepine) by
liver esterases. The indicated routes of elimination and enzymes involved refer to S-licarbazepine.

® Oxcarbazepine is a prodrug, virtually entirely converted by cytosolic aryl-ketone-reductase to the active metabolite, monohydroxycarbazepine
(MHD). The indicated routes of elimination and enzymes involved refer to MHD.

53] vk anilln 3 7EA7E Qlet 28 7ol o
2 oFREo] g HHZQ 28 7]l sodium channel
2 FEo thre] 7] AL 74R] o oFE-o] Hgo] F}A o]
2Rl 2R el FaLE AL Qla B A Aol A o]
bl '3}—1—’— ATH12-14]. P02 7P 8- 237}
valproic acid9} lamotrigineo]tH15-171.
4, 53] sodium channel %3] 7)4S 7171 oF
B30E B AR, FE, B 2sdxE
o] dofd 7ks7do] =t

E[

’ﬁ?

e mlm
S
rN

i

[l —_

fljo m?l_‘

ok o N
N
DU

Lo
2

o
=

o2 =g

—

ofn

Jon

o o ABEIE

7122] eH&-9] carbamazepine, phenytoin, phenobar-

bital& cytochrome P450 (CYP) &4 system¥} glucu-
ronidationdl] Falsl= 40 S 282 7R Q1
valproic acidi= oA A= 71A|aL i}, dukzo 2 A=
+ FrAFFEEe] FeFHsE 5L CYP systeme
AR A 92 w]eFslaL ok 1 27} 210 2w wi=
7457} WH(Table 2), wgbA] CYP system?] 5= A
A QA Vel 7)Ee] opEEe) A9 Az 71
A% Ao 22T Eor) AGEHA T RS RS
9] 7“‘o—°r 217 715 0] A sl Alshe Satell &3 A7t
gad 397} vk Ea v AgE Arhd ez vt

E‘l‘

Gabapentin, levetiracetam, pregabalin, vigabatrin,
lacosamide 5-& tH& & HFTHE Feago] g7t

njeksit}, Topiramate, lamotrigine, oxcarbazepine,

J Korean Med Assoc 2012 February; 55(2): 155-173



rufinamide, eslicarbazepine acetater &4 F-= 2F=9]|
oA dF T/} #Aaslt}, Topiramate, oxcarbaze-
pine, eslicarbazepine acetatex= CYP2C19S JA3}e]
phenytoin®] % L5 SV 4= k. 84 oA &
7} Q)= valproic acide lamotrigine} rufinamide 2] &
T TEE S/

71| &4 fx FEEY 7P 8% FA T sy

S} v H3 whitoll E-831aL gl Fash e oF

T8 hl
= obgo| o3 3% Fr} 2hawlo] 1 Habh ol
2 Q= UFEAQ] oFE 2 T4 Tolef, RAlv A aR,
A AR (), A RFRIRS), T2

(calcium #H3 Fardtels, Fre] Gz zd &
5) o] ek #hel valproic acidi= R the s

\

S AAIE 5 ek, o]k daahgoll thigh 2122 &
S AFoHEE AU oA} thE oFE A o)
oA et 2L duAFekE2] topiramate,
oxcarbazepine, eslicarbazepine acetate& B4 &£&
FollA B7& FQdoke] AahE do 4 glrkrufina-
mide®] A-9-%). 78 7 Uk lamotrigine ] BF %
£ #2417 amotrigine & 78 9 Yol FFg FA
rerh Alze HdgeREEe Ard o e vy
okmate] 4z atgo] gL ekt o] FolNE
gabapentin, levetiracetam, pregabalin, vigabatrin- 4+
5 o) g 2 115, oleldt okEEeld 5L

o

N 62

of

O e O DEREN R REL B
23 2ololeh 9 5 ek

SUISIILE SHHE 4 Qs Aef
ot

J Korean Med Assoc 2012 February; 55(2): 155-173

New antiepileptic drugs @%

ek, G FA B vk JFE T FERE ga-
bapentin, lamotrigine, levetiracetam, oxcarbazepine©]
deiA gl &l e % Fulefe EAlES 2

s} &= 9l FERE levetiracetam, phenobarbital, topi-

ramate, vigabatrin, zonisamide 5] 1, 3422l &4
525 71&9] oFF FollX& carbamazepineZ}
valproic acid, A} 2% =2+ lamotrigine@} oxcarbaze-
pine 50 it

A2 EF 2} ATRE FERE N2 o &
3= topiramate$} zonisamideZ} QXM THS 7F A
Z Al 4Zo g ugd 5 luh), AFS7Ie A
#H FE2 = 729 oFE Fol|A= valproic acid, A 22
oFE-2+ pregabalin®] It} Gabapentin¥} carbamaze-
pine ¢FHe] AFS7HE 4o 4 Sl

A2 oF Foll= Th2 Aol a7baolgtar ¥hs|zl oF
EE0] k. N2 95 F topiramatet valproic acid
o} o] AFES oAl A 5ol hEAR] Ha R 212
=L Qle}, AFgo] Ayt QTR S SAtellA] FT
Bol sRkETH= SHoA AFE-5 717 Skajollx] 9414

24 o)

= A oJg T55 7H] Aol BlE prega-
balin- 455 (fibromyagia)¥} gl & 71 w7
T Shatoll ] Abgatr] A<l oFaolnt,

7|19 B4 fE FEEL TAlE A Al vR=
FFolrt. CYPSIALE ZH=H & Al 7P T8
A2 o= Ao defA Sled o] Al 23 o
oxysterol intermediate59] ¥4J-& 53| lanosterolo]
cholesterol 2 FghE]= FHHE-O] I olx] ofg] dAE<]
o]|g}2k8-(catabolism) #efdlt} Oxysterol intermediate
E9] rate-limiting £4¢! hydroxymethylglutaryl-
coenzyme A reductaseE I =8 oA o] =0 A Ao
2 Hol|7] wjEd] CYP system®] F%ol &3 oxysterol
intermediateE<S ZHAE YW A7} 7HA5HHA
cholesterol 2] FAo] F71ek 4= S}, o]t #gd& 27t
olx] FHEHA| A7 A] FIANE B2 A A H
R AR A=l B e o= Avkd choleste-

ChetelAr2lx|

159



@
I Heok

rol (3 v& A4 §385)°] S7PF HEEHATHI8), H2 <
T4 phenytoin®]u} carbamazepines E-83}31 49l

A= 3x50] lamotrigine©]L} levetiracetam © 2 11 4|
o] ¥9kS 1] cholesterol, non-high-density lipo-
protein cholesterol, triglycerides2] &7 Q&= 7471 &
ZEACH19). G

cysteine?] Zx(phenytoinoA] LA ¥

¢ C-reactive protein®] 744>, homo-
7%, lipopro-
tein(a) 9] 74 (carbamazepine oA WA H 797} T2HE]
e}, 1|53 v 0 2 topiramate 2 WA HAS W=
m¢ﬂﬁﬂ5ﬂﬂﬂﬂmwanﬂaﬂiaegwﬂ4
& H oFRo] Al8E Ao 2 AZEE) WA= 3t
1) S S SR A AR A 00
Q1T e} 512 AR wEo) ool Y ok 2
2119k ARAL AT Sl Ref, Teht ol BES
Q) slahte Bom 0w ko] the 5|8y Al
ube] sl et 177} B e Aolck

CYP system©] steroidogenesis¢} endogenous ste-
roids9] thAfel] BeJd}t7] wjiol] E4 SE+= steroid T2
B0l S % 4 Sirh, B oFR R A2 Y of
A B testosterone ] 5 FEU}F THAaEe] 9ISich
[22-24), o|e|gt T2 o] Wtz 913k &ate] ehdo) ol
0 2 A= gFFo] A gFovt, B & 2] §l
o SJ8A] A4 o7k sleka Az,
fk fE 8-S HA TEe] oo BAIS F Sh

il

r1r l‘

SR EET

£ 2 Aol mAlE Geolch. Be o7 Aol w2 o]
e ohio] 812240 9 vl Lo ol o

tH2sl 82 frie o2 HlERR] Do) &4 8E 584
0] o488 B Y ) 2
do7)a, ogfd Tk & 1SS STMIA & £
e Aolgh= o]&4 <717} Ut} Carbamazepine®
S HlERR] D Akl B glo] 2 WS F7MIA &
o] o3k = Holgl= ot AT QuH26]. M2
7% opmof tfak ui 2
27kl Feks FA] eke E3H27-29], oxcarbazepine 2]
A =%E
o BIER] Dy & gk 242 2pol7F fRl e (301, 20k

O:

X

m
P

l‘_\sl o, ﬂllo
o) oy R

,
ot

=] ¢}, Lamotrigine-S &

H

739 carbamazepine©l|4] oxcarbazepine®

160 M=2 a=mzos

a2 H] G o
AAAdo] AS1L[32], topiramate o] 79 S %= 7}
A A Aol SIRIAE R e Ash, 3
Ao A}, & Ag 349 ST HEE
TH33). a4 oA 2Fg-0] = 7|&2] eF&-2l valproic acid

B=)

= calcium9]

o] Aow Wl Wy o5 T Azt eeddks = 2= 9)
the 7 AR Qlth34,35). whebA] A2 sk
EEo] vk o 2 YA} CYP system} I = A] eFAY

njekslotar S = 717d o) SRS 2] 942 Aol duks)

= 7le Ak Al oRol Tk o ofol thet ol
& 4T Aart e Rel,

AN HZo A ZH 2] WA A} oFRola} & 4= gl
F4 A Z-8-o] = valproic acide Al S71= <l

g 552 APHE £ 5 2, 58] Sl
A= hyperandrogenism, Wj#t 75 Al, thd(polycy-
stic) YA (EEH) ] G 75A]o] Zolxltl= Aol 24
ot} o] &3} o] CYP systemol] G 4] &= A=
§ 9FE9] lamotrigine S ¥3}3 ThE A28 k259 of
Aol eJaiA 7haxd = & ZoltH36,371.

Valproic acid(® phenobarbital) 9] 5= su2] A)z}al &
A= #7138 (teratogenicity) 7Fs/do] the g Aok
EWZE o= TolA lamotrigine Tt At = v w2 = 9]

2h3t Hlwske] ge sellx] daA Al == A
Ao|t}38], FE3F T -5 &5 valproic acide] =
28 HH5S 7] o gellA dofid Aote] &R & A7
o] ThE oF=of Haal] HolzIeh(39). ShollA 7]sgk o]
Froll BiEe] Lamourigineg A|2Jg th& A 2E S
e 27]%00 T2 A BTG s Aol 3
B3] o fAINE ol adr] ol A7) S 4l
AZ=E 717 oA gafollA] 3 9] &3 A 22 by @k
EES 9A7 02 ALREHR= AHo] Ak el X8 Yzlolz}
s} = Qlt}h, YAl S]] lamotrigine, oxcarbazepine, leve-
tiracetam, topiramate2] thAle] SV A% TR 7}
2l o] F7tE o] % 7} HolxIrh40-43],

J Korean Med Assoc 2012 February; 55(2): 155-173



Table 3. Side effects of the new antiepileptic drugs (commonly used)

New antiepileptic drugs @%Rt&l

Drug Common adverse events Serious adverse events

Lacosamide Dizziness, diplopia, blurred vision, headache, nausea PR interval prolongation, atrial fibrillation, atrial
flutter, hepatitis/nephritis

Lamotrigine Dizziness, blurred vision, insomnia, headache, rash Stevens-Johnson syndrome, toxic epidermal

Levetiracetam

Oxcarbazepine

Pregabalin

Rufinamide

Topiramate

Zonisamide

Fatigue, dizziness, somnolence, irritability, mood swings

Dizziness, diplopia, blurred vision, headache, nausea,
hyponatremia

Fatigue, dizziness, ataxia, diplopia, weight gain, edema

Somnolence, headache, dizziness, diplopia, fatigue, nausea

Drowsiness, ataxia, word-finding difficulty, difficulty
concentrating, anorexia, weight loss, paresthesias, metabolic
acidosis, oligohydrosis, nephrolithiasis

Drowsiness, ataxia, difficulty concentrating, anorexia, weight
loss, nausea, nephrolithiasis, oligohydrosis, rash

necrolysis, multiorgan failure, hepatic failure
Psychosis

Stevens-Johnson syndrome, toxic epidermal
necrolysis

None reported

Shortened QT interval (no known clinical risk),
multiorgan hypersensitivity

Acute close angle glaucoma, heat stroke

Aplastic anemia, Stevens-Johnson syndrome,
toxic epidermal necrolysis, heat stroke

olat Ht=Z E-o|| A= carbamazepine, phenytoinollA] do] & 5= Q=
4], carbamazepine} lamotrigineollA] & WIH3A] Lo
WAL gudserEs Akt 7P T35 821 F 3L Stevens-Johnson S%-r 5-9] v~ Al7bet )7 2kz]
] spifoltt. Lamotrigineo] R 1 A& A carba- o] F¥o] =5 do] W% @ ATkl 97
mazepine®]| Hg} F7dh= HlEo] =9k olf= ate R o] Q= 7B wAt whgo] dofid = Sl izl
A7} oz} Aol AtZ o 2 k5 3l 7] wji-o|t}, o] gabapentin, levetiracetam, pregabalin, valproic acid2]
2J5k A2 7159] oFaa vladto] A= oFao] UnhA] v QFASHA ARS-E &= AT} Vigabatrind ZA] g8 472
07 -] TAE TRt Fedt AES Helvkal o Aol v7EH I Alof AiE Ao 7]7] wlizol HAF
Az}, E3] AR ol A2 FedFeEEe 72 250l lofr 2 ke g g Aot
82 Table 3] 7] = o] Qlv}, SFAEA ol 2-8-5h= oF
Zo7] ujioll F52174A ol B o) whgo] £3) o] Z|Z20ll AFSE[7| ARt S TEtES
g Aol Ae S8 e = Qv oldg 3417
A B8 &7 wet Srkske Aol dubH ol 1. Lacosamide
Sodium #2j SFEEL IO 2 AR HH(EA], 54 Lacosamidet $-2[UgtollM = FH=HAFA F7 &
Z)o] thx A2l o] wh-3-o]t} LamotrigineiA] Z7o] Ho g Foly oot} 38l +ZE+E R-enantiomer of
2 dojur]| %= oFEold| Q3] Eo] dofd &= Qi) 2-acetamido-N-benzyl-3-methoxypropionamide 2]
Levetiracetamol|A] Il A8E 7H4 7]18 A2 5o] % amino acido|t},
o|to] Aol 4= 9}, Topiramate$} zonisamide ol 7 1) -8 7| A7} 52 Ao 7]
=9] carbonic anhydrase A 283} A E o] 214 Lacosamides T 7} |22 3l A= 71 4L 74 2L 9)
(nephrolithiasis)o] dofd 4= th(A1X o] HEH o] 9= 4 =4 sodium channel 2] slow activation] &3} collap-

© ARR-L Fgjof sith), T)H izl AL A2 SHRofA] sin-response mediator protein 2 (CRMP-2)¢}2] Agto]

lamotrigine, oxcarbamazepine, zonisamide, 7]5&2] <F
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nel®] fast inactivation©l] 2-8-8}4] €31 slow inactivation
of 283l 2/dste] AxE AdslalA WHeldeH gl At
S AT, CRMP-2+= Aol Frefsit}al o4y
o] 217G ClAFE(neurotrophic factors)oll 2]
w417 #8}, polarization, FA4E7] /37l 7]e1g
ok, wbA HHFe] Weldet 23kskaL gl A4
29| #E & (sprouting) B oA A Aol FFe =
= QJrH46,47]. T3k CRMP-2% excitotoxicity & apop-
tosis2HH 2173 B Fofsitiar def#] IrH4s].
CRMP-29}9] lacosamided] HHAL 18]S 0 lacosa-
mide®= 34 2 A=A (disease-modifying) &3-=
71 &= Qlthar =3k 4= Qlt}, T2y lacosamide”| 712

o1 2852 of A At = A7E A 3k

e, yo O

Y 2 Y do 2 o
;O

model, hippocampal kindling model, amygdale kin-
dling modelo|x] &3} o|t}[44], chemoconvulsant
modelEdAE= idel 32 7}R|aL 9t} 6 Hz stimula-
tion psychomotor animal modeld|4+ levetiracetam
4 carbamazepine#}o] F52H-83} TlEo] $hdgh izt B
7} BEEATH44], 22K absence) model oA 347}
S o} self-sustained status epilepticus®] perforant
path model A& 8 == W2t 7174 dljn} 48 A
AlZATH44].
2) s}
T FAR 7] s FEIL 4R Yol Ha D
of| o] 27| =L uid W)= oF 13413Fe] AL A (linear)
HEF IS 7FXITH49,501. 15% olste A7 whd
Aggitt, oF 40% WstEA] 9 A=, 30%= HlEE
2l O-desmethyl metabolite2 demethylation¥|o]
Fo = d Hle(s1].
oFg 5 AHE-

Lacosamides= CYP EAES =317 AAISHA] &
+=U}H511. O-desmethyl metabolite @4dol] 2 CYP2C19
o] ToJFAWF 2C199] AA A} FEA7} lacosamide 2]
oFEE st ov] Sl WshE F4] Aokt o2
SoF=e] ok EESte JFE FA &

H o

r> i

3

=

r31[52], carbama-

162 M=2 &=xzts

zepine, valproic acid, omeprazole, metformin, digoxin
off oJ3l] oJgkS wkA] ¢t=t} ATE T YK ethinylestra-
diol and levonorgestrel)¥} 23 2-g-0] {Jt}. Rifampicin

FA GEAEL lacosamide] BF FEE 74 A

H7 ey o 2 29 o|F WA SIoFsAl A Al ellA
= 41878 9] WA FHEHHF Shafol| A $Jek, lacosamide
200, 400 2-2 600 mg/daye] Fof HA=H] S &
2} ZH~&(median percentage reduction in seizure fre-
quency)< $19Fo] 10%9]] B]3}] 200 mg/day ol 26%, 400
mg/dayollA 39%, 600 mg/dayollA] 40%°]A 3L, 50% ©]
& R ZEAs 3] B2 9]9ke] 220%¢]] B3} 200 mg/day
ollA] 330%, 400 mg/day°ll] 41%, 600 mg/dayollA 38%
o]3it}. 200 mg/day &=FollA= fJokt TAEAH o= 9
1] QI ztol & oA Kgrh54], 48582 SAFE Tt
2 3 A oAM= 200 3-8 400 mg/day7} Fo ==t
SRkl A g2 919F] 20.5%¢ll HI8 200 mg/
day°llq 35.3%, 400 mg/dayollA] 36.4%= SASHH o2
o] Qi wa 7HAS B YA, 50% o) Wk 74§k} v)
£ 9J9ko] 25 8%¢] HIE) 200 mg/daydllA] 35.0%, 400
mg/dayollA] 40,5%E, 200 mg/dayolxE EAEH o=
ek} 2ol 7} QIATHSS), 405952] FAE thdo g 3 A
WA A3 oA 400 -2 600 mg/day7} Fof Hl=d
F7gke] bl 710 919ke] 20.8%9l] H]8) 400 mg/day
ollA] 37.3%, 600 mg/dayellA] 37.8%= TAEA 0.2 o
U 2 g AL, 50% o WA 7ha 3l Hlg
ko] 18.3% H]&}] 400 mg/dayoll 38.3%, 600 mg/
dayollA] 41.2% 2 FAISHH 0 2 $jokt 2fo]7} QIATH501.
SHE AT S A T AE-2 $lokellA] 18.4%,
200 mg/dayllA] 33.3%, 400 mg/dayolA] 36.8%, 600
mg/day°llA] 39.4%0]03L, 50% o] =} 7hA $ha} v)&
L QJokol| A 22.6%, 200 mg/dayellA 34.1%, 400 mg/day
oA 39.7%, 600 mg/day°llAl 39.6%°]Att. 2002} 400
mg/day= kel Hlsl) 25 o] 9l= 2polg B ot
4007} 600 mg/dayollA vk B9 Bk ¢hd
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g 19 o] ulg-L SlefollA] 0.9%, 200 mg/dayolA]
2.7%, 400 mg/day®llX] 3,3%, 600 mg/dayoll*] 4,8%°]
o}, 7] &3 walo] BT S0k B 7
&2 AA| 5100 mg/day)olA 33.0%(]2FllA 19.4%),
EA4) 200 mg/day)lA] 34,0%($]k A 20.00%) 0]}
[57]. HEA] sodium channel ¢t SFEE-(carbamaze-
pine, lamotrigine, oxcarbazepine, phenytoin)2] d;
oV3& AHgaaL 919 FAlsh 1A e Tl skl
BX oA sodium channel x}5t SFEE=S E—%S}X] oo
SR oA AR -8 A A A, e
o] A, ol w2} S7FekA] s ol kgl ol
o] FAHATH14]. AFE s7) ATolM 1d Az AR
£0] 77%010TH58]. T TR T] Tl
FpAolehs A7yt 5] 9l ]
5) Fd H WA

TAHGHA) D& ATFEN 3 Uepd ol dikeE2
SIAElE, T, T, BAlol, FEL Al2ia) 847} B

A} Ak T, 912, 5, A7t ol BAl, 04,
QPRI o] 3l ol oj3) A5s ZE B9
ool 5%, 200 mg/dayolr] 8%, 400 mg/day°ilA]
17%, 600 mg/dayolA 20%0]ick. A5 Wa}, 73z
5 el wale globat ofr] gl Afol} glgich. 2
Soll] 412 £A17} 131 H5 glonk o B4 217
WFe] 550l vl Algel A9l BT, 15 PAL
S WAle globst olr} i9La, PR 7HAe) sk £

o] W2} S718lt carbamazepine, lamotrigine, prega-
balinollX] AR PR 744) 3719} w]z:al ) ol
g} 31ere] 4743} Islo] 1€ 75 Alo] e,
6) g2k g

3ol 50 mg¥ F o AlFslal 15Ul 100 mg/
3L &7 9 gl mEf 200 22 400
mg/dayo] 4] 7Fo 8 AT, P A7-Etl
2715k] 37k @02 400 mg/day7hA] S7FEle] 9k
Al gAY AR Ryt s ob 7 5
§AIRD 7= o] Qlek, A1gh Al
ce <30 mL/min)¥} 27] AEES 731 = SAtolA

]/\}H

day2 S

Z=(creatinine clearan-
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Hl 300 mg/day7} BAHEC}

2. Rufinamide

Rufinamides= 3}8} T+Z22+ 1-[(2,6-difluorophenyl)
methyll-1H-1,2,3-triazole-4 carboxamide?] triazole 3}
A& -2yl A% Lennox-Gastaut S-F-2] F7}
QR o8 AREE Bl7] oo o R welE oF=oltt
D) 2 7133 FER Ao 7h e

Lennox-Gastaut =24 rufinamide 2] A+sl 2k8-
7148 &2=] ¢t} Voltage-dependent sodium chan-
nelsg] B34 A& IFA7]H A7 sodium ]&EA] &
T 919 &2 Q] wEA A AgHA| TITH63]. Benzo-
diazepine &gl 37} {JaL glutamate, adrenergic,
tryptophan, histamine -2 muscarinic cholinergic 4~&
A 243 2-8-0] gt} Rufinamides= maximal electro-
shocko 2 & 71AA-7 A w2k pentylenete-
trazol, bicuculline, picrotoxin® F&%¥ 7HA w25
A S} 64],
2) FEEds)

T TR 85% Fr AL Hal B F e 5-6ARE W
of el Ak o] 23-34%0]cH(51]. v ¥zl
8-12A7Fo]e}, ThellA] thi
s, 08 g BAEL Ao 2w ok CYP sys-
temo]] &]E#]o| 2] g}, WslslA] ehe A2 v B e
wil-¢- Aoh( 9 o ZH2} 200).
3) oF& s

CYP2E1 isoenzymeo] oF3l o4
[64] CYP2E1¢] 7|28l ekE-Eo] 749
2 = 9lort ool thgh i+ A= it
zymes FEA7IE ofRbe] A3E 7FAAL §leof(51]
CYP3A49] 7|18l oF=ge w8 #ard & 3tk
Rufinamide:= carboxylesterases©l] 2J&l] tjA} 7] wlj&-o]]
carboxylesterases®] &5 A7 A (carbamaze-
pine?} phenobarbital®] 7-¢- 2Fs}A) JAsH= FEES
27} rufinamide o] AR S7FAI7171u 312 4 Sl
valproate?] Az

2 K hydrolysis, oxidation)

F32 7HA]AL 9o
|

3
T RS M
C

YP3A4 isoen-

Rufinamides= topiramate &-&

ChetelArE2lx|
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(clearance) YS}A7]A] &
trigined] AglE HA=2 F7}A]7]3 phenobarbitala}
phenytoin®] He}& AEE ZHAA]7u, o] 2l Wl &
o] 7H~7} B 31 phenytoing A|Jskal 5 24 ¢
9= ¢S A o|t}65]. Rufinamide?] % 35
valproateol| 9J3)] rufinamide?] % =7} AJARTHA
21l <26%, 4491 <16%) Axo}ollA] E-38](60-70%7FA]) A0}
oA 44%, Al HE 11% F71eH=
lamotrigine, benzodiazepinesi= rufinamide ] 2F&-52]

S]] oJdkS F+4] 9=t} Rufinamide?] 8% &+ car-

9+=t}. Carbamazepine} lamo-

HhH topiramate,

bamazepine, vigabatrin, phenytoin, phenobarbital,
primidoned]] 2J&}] AFE2 7ATH13.7%4 46.3%)
[66]. Rufinamidex= A48 ﬁ]c"okgl AEE (ethinyles-
tradiol¥} norethinedrone)?] 8% FE=5 7HAAZIGH51.
Olanzapine 2| ¢Fa-52 o] &S X] L3} a1 triazolam
o] 5 F=E A6,
4) 5%
A4 RuEEE b BEE troR $a9) o
3 0 905 #hatlon £ 243 43 490
=70 it 647Eﬂ9] SRS iAo 2 200, 400, 800,
1,600 mg/day o =2 7Fl=t) &% vleato] wat e
7? ofn] QA sl A Bletl s0% o)) 1wzt 7F
= Ho|x A} ¥]&L moktH66]. RufinamideE
1,600 mg/day7}A] A4 th2 shte] g AlgelAl=
F20e] 2 g8 9okl -1.6%, rufinamide oA
20.4%, 50% o]d ¥kt 7+4s $hal u]g-& 2Jokol|A 18.6%,
rufinamidedl|A] 28.2%0]%1t}. o] ol sodium zpek
3l AFOHEQ] carbamazepines W-8oHE2 B-831a1
U FApollM= 12.3% =2 9okt 2pol7} um/\—o—ur carba-
mazepines E-83FaL A kA FEAfA] 29 2% 9}
ok} ofn] Q= AFolE HTHI3] Lennox-Gastaut 5%
7ol th3k rufinamide 8] EIH= 1382 o2 125 o]
F 7 SR e ow AR QM AR 9%
SIREHGT. FKke] WA 2 g2 sleprt ofv] 9)
7 =3B (32.7% T 11.7%), 2] W17} 50% o) 7+
23k @2fo] H]&-L2 rufinamidedA] 31.1%, $]eFolA]

F—T~

164 M= &=xzets

10.9%0]ic}, 7173843 - 713X (drop attack) 2H2Fe] Wl
&= om] QA A 3}91531 (42.5% T -1,4%), W=ke] e
7} 50% o)A 7+A3k 3kxbe] B]ELS rufinamideolA]
42.5%, 91eFellA] 16.7%0] ek, axkzke] vit=te ojn] gi7|
AAEk), o] ATE Ell 124 2] ShajollA] o] Fol F-
7N QPIA B elA] 43220(10-1,1499)2] S7HE 2| = 717k
A ZHF8-2 34%0] ATHG8). WEFA Lennox-Gastaut 55
o FIHA 28 B4 0 2 Q7kE WA F3ict
5) Qb7 B

Rufinamide$} #HAE 717 &5 o 1h-3-2 &9 79
TE, AE5Z, oA %, B, &5Hx0ltH13,6
Bifol| w2 v] oA 9.3-12.0%2] FA}E0] o] vk
2 rufinamide’} 22| ¥ Q=] 22k 288 BA1=
A JITHO6]. Rufinamide 400-1,600 mg/day-<
9] olF "3 SIoFEAl F7E WS AT Aol T2t
A 715l FFFe gl Ao 2 B ATHO9).
0) &F % 81

320 200 mgH T W
ah7ol 400 mg¥ Ffe} o) whg-S aelsf A 3,200
mg/dayZ7}A] S8 Aol AREC) Valproate & 583}

T Qe Bl 4L B0 AAE Ko BE ggon

Sofeolo} 71,

=

3. Eslicarbazepine acetate

Eslicarbazepine acetate= 38 FZ22F (5)-(-)-10-
acetoxy-10,11-dihydro-5H-dibenz[b,flazepine-5-car-
boxamide & carbamazepine % oxcarbazepine¥} f-A}s}
Aat o] A} v Wheof| R o 2 7|oJd= carbamaze-
pined} H|W& w] thAAICl carbamazepine-10,11-epo-
xideZ} §Ith= #ollA, oxcarbazepine®} B]ust wj= ox-
carbazepine A 9 R-licarbazepineol|Q] r=Zo] HAF
Il oFg]glA o 7 EEAJ9l eslicarbazepine (S-licarbaze-
pine) & Fgherh= Hoftt, FH o= -eluetelx= n)
OI7} Al HEEAZFolM B @ o 2 Feld ekEolr},
1) 218 717303} e delM o] 78

Eslicarbazepine acetate= A2 2 voltage-gated

J Korean Med Assoc 2012 February; 55(2): 155-173



sodium channel®] B&8A] Aol 2F83}e] 2420l ulk
Z1 ¥ jctogenesis, W dbF- AlgkA7ITH70], A&l z¢
8 713de delAA kAN E84d sodium channel 9]
site 20l Agsle] FEw2 AT = BT MegHo g
EA3 AL AZHETH71]. Eslicarbazepine acetates= ma-
ximal electroshock 744} amygdala kindling modelol] &
I} o]al, B8k pentylenetetrazol, bicuculline, picroto-
xin, 4-aminopyridine & §3-# W2hS o A|$kC}H72,73].
2) oFaE st

T T F FEER FFEILO0% o3| bioavai-
lability) 7FollA g Eo] F8 thAHEZ 2] eslicarbaze-
pine (S-licarbazepine)® AZHETH74,75]. Non-micro-
somal CYP systemoll 2|3l 22 92 & R-licarbazepine,
oxcarbazepineZ AT}, A= eslicarbazepine acetate 2]
95%= EFo||A eslicarbazepine © & Z&AgIt}, Eslicar-
bazepine acetates= carbamazepine-10,11-epoxide 2 T}
AFE|A] Q3L A7 tiARZE gl vl W71 13-204]
ko 4-5% fol] P s ol o] 27 HaL 40%o]s}
2 chil s ASEc} 73], Eslicarbazepines glucuroni-
datione]] oJ3} H]& g3t H 7} MslebA] -2 AE F=2 A
A v Bk} 76]), Creatinine clearance 60 mL/min ©]&}o]]
A &= A7 83177,
3) oFE s ag

Phenytoin< eslicarbazepine 2] AelS S7MA7 dF
FEE 31-33%7FA] AaAl7IT), Eslicarbazepine CY-
P2C19& A3l phenytoin®] FelE A2AA 8 5
=5 31-35%7FA] 571211}, Lamotrigine} topiramate
o] FF Frvt o AAAIZIT AL G A §) oL pheny-
toin ©]¢]9] thE FHAFHEEI = WFH R o] 9]
© FE 5T 443 Aol §l % skth78-801. Eslicar-
bazepine acetate F9Ji= levonorgestrel¥} ethinyloe-
stradial®] A 2]Z ZXA|H(oxcarbazepine 2] Bt A= 0]
vh §3= 7AAIRIGH73). Eslicarbazepine acetate?}
S-warfarin®] =&& AR gatel| ks v]x|A|
29It} 73, Eslicarbazepine acetate?} digoxin Alo]ol] oF
=58 FEdAE SISl
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4) 57}

A 7He] olF A JokEA] HFrta oz Al 9
Ao 1-3709] g Hag B-83lal e FHds
A= 4o 2 eslicarbazepine acetate®] L4 H
(400, 800, 1,200 mg/day) 2 &3} &l obd o] ZALERL
TH82-84], SRbgke] W2l g2 flofellM 0.8-17%,
eslicarbazepine acetate 1,200 mg/dayollA 33-45%0°]31
aL, 50% o)/ WAF ZHAs kA ulE-2 9]oF 13-20%, 1,200
mg/dayelx] 37-43%010ck. olHgk AAES FiHoR
njekait), BEA O 2= 50-60%2] A7} carbamarze-
pine$ 2831 gJeirh= ol A 4 YorHoxcar
bazepines E-83h= b= A HAAND), g A7-ollA
= carbamazepineg B-8-3}4] ¢t-& gialo} v WS wl &
ol o] ZFel7} gioirhs2], A B F4 Aol
77%2] S F35ke] 87 800 mg/day = 1'd EF A5
7F AEEHAT, 925 7H ko] T SHo] dEE
T}H85,86]. Eslicarbazepine acetate2] G35= o]&2] o]
7} QIAIRE, o] 24 © & oxcarbazepine 2t} &2} 3l o] uk
& HoA 9l s A Brke FEL AP vuE
Sfgk AR el oJ3) S Eofok & Aojot.

) QFA 2 A

Eslicarbazepine acetate?] 7} &3} o
2l Zloltt. o ARl vehdt 2
© 75, A o, Fol W, BAl, BBlg Aok, AE, T
o, 7E, AAL, 23] Fol k. I7F A AR ellA
oP kg0 20 e e Sl et 27159
=] 9JekellA] 3-7%, 400 mg/dayolA] 4-13%, 800 mg/
dayollA] 8-19%, 1,200 mg/dayolA] 11-27%°|AT}H82-
84], Carbamazepined} &7 -85l &= ¢ BA|, &
A o], oAgol tf A5 Loyttt Hyponatremia:
dojyt oL} carbamazepine©]t} oxcarbazepine©]] B3|
B SITH87). 1,200 mg/dayoll 713 A|¢1¥ PR 7+4
o] #aEo] o|w 2 At WAEES 71X ShAfol| A AR
w]oj A A] kojol Shrh(8s]. TVAeh Al Ul s AlgH
A 715 AALIA A oz ofv] = A 715 ol

L7 A] &JHTHBII,

ol oX,

Q o

N

o
T
=
o
rlo
s

D)

1O
2 o]A} vke

F

ol
10
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0) &

Aol B e 2 3ol 400 mg T Fofolrt,
1-25 3FF 800 mg §H FolsiA| =iz &3} 3l udS 1L
3l Ao 1,200 mg/day7}A] o4 &= e},

o ot
P

L8

4. Retigabine (Ezogabine)

Retigabine [N-(2-amino-4-(4-fluorobenzylamino)-
HEzko] Ao o
Frhar A ARE Bl E2817] s aste
FHASdHE o shtoltt. 7 H2o11d) v=
2 AR oA (Felvetellde m|el7t
) FE RS gAke] 7o) oHE R Q7 gt

1) 21§ 7] 217} SRR Do o] L

phenyl)carbamic acid ethyl ester]
(ezogabine &2

Retigabine &] &H2} 3= M-type potassium current
= 23 A 217 9] voltage-gated potassium channels 2]
7W83k= AIeH90I. M currenti= S %] 9] E&H4J3} x|
A ¢ voltage-dependent neuronal potassium current
ole}, FA4] Aol 217 MES spike 93] Fo 2 BRF
Al wl M currents= 53] B84}t E o] Al EURS QF
HYZ ARIA|A vhEZ o] W E oA3}HO1], M cur-
rentE YH=+ voltage-gated potassium channels2] &}
kel Kv7 channel family(Kv7.2-Kv7.5, 3@ 4=k
KCNQ2-KCNQ5)dl| 2831192 93], Retigabine-2 pore

A% ol 2l channels 7iE el HYs Iz
[90,94-96].

KCNQ2 and KCNQ3 subunits®] & o]+ familial
benign neonatal convulsionso|2le =& HAS ST
2 T S gl wskrlor-100, W%E &
7] o] B4l B3 hE fale) Aol Bofahe
] Qi] ot} Kv7.29} Kv7.3 78-S &3 M-channel 9]
Wil oz YR G NARLs A
|58he sk AT 717 4 QloH102-104],

Retigabine-= GABA 2| ¥ F 55 Z7FA7]13L GABA,
S Ed FAH o7 2H28-S 3 GABA-induced cur-
rentsE FRAIZITH105], o]2|§ 71302 2 o)) vk
S-0]] 71848k <= It} RetigabineS 7714, A7}, 3}sk2 o

>~!

(

il mk%
g;;

166 /M= &=xzets

HEE hARS TRt B Rl R A v S 2l
Pk EIkS HRITH104-108]. H35 S35 of
et g AA iz mdlofA] iAol 25 A4
A5 T8 mdlox 27} g2 Bl gAY 59
HJeH104,109]. A Aol ANAHF] ERHY 5
ATh= A} A A = THL10],

2) & 5}

fu
rﬂ

> o ox
Hm AR Ho
5

Retigabine& W2 &2 S5 Il bioavailability«=
60% Am=olt}, 60-90%- ol Ha 5 Fio o]2A |

o, AAAR] Fe w2l ofal & A AR =
= AP S A A ENS W Ha EF e 22k

o2 AAHEY 1,200 mg/day7FA] A Q] FEFHITS
HeltH112], Retigabine-2 80%7}H4] wh Az} Agksict
[113]. v wk7 )= 8-114)7kotH111],

AR ThellA] A2 Bkg2
2 N-acetylation®} N-glucuronidation®]] 23 o]Fo]#]
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