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The Integration of Chinese and Western Medi-
cine in Epilepsy Research--The Electrophysi-
ological Study of Antiepileptic Effect and
Mechanism of Action of the Chinese Herb
Mixture “Chai-Hu-Long-Ku-Mu-Li-Tan”
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#£ MEST sy & M35 » BABRYRA =48 558 RHEE
4g/kg ~ TW-001 2g/kg Fv 4g/kg 4 0.5~ 1 fu 2 /\BE36 T 5% > B AT E
B9 LR R % 4 > phenytoin ( 10mg/kg, 20mg/kg (i.p.) , valproic acid

(100mg/kg, 200mg/kg (i.p.) ) .lamotrigine (2.5mg/kg, Smg/kg (i.p.) )
b c g RRERHBRARF TR ERPALRKANRAETLRME -
SRBETA 1 F 2 AT A TW-001 4gke @ 3 &% e M4

(32.4+1.5mA; 314+18mA) %8 % K % :+ & & b ¥ B 44 5

(24.6£1.9mA) - H R {4 3% /m o9 42 & $1 phenytoin (34.1£1.5mA under
10mg/kg, i.p.) #= valproate (34.3£1.7mA under 100mg/kg, i.p.) #87% > {2#
lamotrigine (43.8+1.7mA under 2.5mg/kg, i.p.) &4F-]s - @ TW-001 2g/kg
AL H IR a A R B AG (28.7+1.5) - #w TW-001 3 MEST 56 A
Bl 40 B e FURE R R > BAEARA TW-001 1 /)Ne84% A A 9 Ba 04 Huma i 1k
B o

F£ MEST #4915 H3X5% 0 % 5-6 B RO KRB R=4 ° 955K 2 R
B2 R dg/kg » TW-0012g/kg #v TW-001 4g/kg » 4 2 40 4 B4 6T &
BXEy o R BT R TW-001 4g/kg 282 MEST B (43.1£2.0mA;
n=18) A A A 4t & R L H B aF (35.0£2.0mA; n=18) > 2 &
TW-0012g/kg 48 MEST Rj{4 (38.3+1.1mA;n=18) &IL¥ B > 2k
EHIE R o thisEA TW-001 4g/kg 2 #8440 4 38 48 ¥ MEST &4 R34
RABE > BnRRTW-001 £ 2 BEp-TE2 MR > M B RIRA R IE K
D e

EEBATEAR S @ A28 RAW KA ESQE MR TR > R
Hsu K& fe ™ ~ S8 E R P Bifose sk BT &R ERAEEIURMIER AR -
R 0 (1) TW-001 ¥ picrotoxin (50uM ) £ CAl & 3525 3888 1 & £ v
e CA3 Bk B AT SR M & 9y A ~T g e e dn wl4E A - (2) TW-001 #f74
5@ CAl & &% glutamatergic synaptic transmission f& Smg/ml J & 8 57 #8 3
B A 9T 3% 1k o % 4& TEPSP #u PS < (3) TW-001 =] LA Bf 8 3% Au paired-pulse fac-

— 256 —



ilitation &9 KJs o (4) TW-001 =T 2483 B8R 4 e £ ALK T T ARG RE AP 43
TUH G R B AREE E4 » BEEE)E A6y Vmax  (5) TW-001 =T
LA B 8 %A% tetrodotoxin-sensitive ik 4% &k T i Fo & BB SO 69 458 TR -
TW-001 £& 4a L 19 ~ %%%iﬁ&hﬁﬁﬁ% B4 R #aw TW-001 A& +T

AE L& A hnFusH it 3818 0 T AAS E i A BE (soma) R 4 it 7 AR Fu b
REGAP &M i BRAR TR > iR ém iR B E oy 25 4 d{R 0k £ 2] Huka i

g e > B TW-001 JB 4|88 8 7% B ¥ 7] & ax iE 48 B ©

TW-001 £HBER LM A PP R ST AR R RER T A
AR S R RN E@ R 0 AFER P e S RATEE R AR
R o

RASEER @ A TR B e EAE > AT RMIEMNA

Epilepsy Research Center, Cheng Kung University Hospital
Tsai Jing-Jane

ABSTRACT

This study was undertaken to evaluate the antiepileptic potentiality of the Chinese
herb mixture “Chai-Hu-Long-Ku-Mu-Li-Tan” (TW-001) during maximal electro-
shock seizure threshod ( MEST ) test, and its mechamisms in several standard rodent
models of generalized seizures in Sprague-Dawley rats. TW-001, both in the acute and
chronic feeding with 4g/kg p.o., significantly increased the threshold tonic hindlimb
extension induced by electroshock (32.4+1.5mA vs 24.6+1.9mA ) . The level of anti-
convulsant efficacy attained by TW-001 in the MEST test was also compared with that
generated by the market anticonvulsants. The threshold increase obtained with
TW-001 (32.4+1.5mA under 4g/kg, p.o.) was equal to both phenytoin

(34.1+1.5mA under 10mg/kg, i.p.) and valproate (34.3£1.7mA under 100mg/kg,
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i.p.) , but was clearly less than lamotrigine (43.8+1.7mA under 2.5mg/kg, i.p.) .

To characterize further the mechanisms underlying the anticonvulsant effect of
TW-001, we have investigated the effects of TW-001 on the excitatory synaptic trans-
mission and epileptiform activity in the CA1 region of rat hippocampal slice with the
use of both intracelluar and extracelluar recording techniques. TW-001 effectively and
reversibly suppressed both stimulus-triggered epileptiform activity in CA1 region and
spontaneous epileptiform activity in CA3 region evoked by picrotoxin (50uM) .
Both field excitatory postsynaptic potential (fEPSP ) and population spikes ( PSs)
were reversibly depressed by TW-001 in a dose-dependent manner. The sensitivity of
postsynaptic neurons to the glutamate receptor agonist, AMPA or NMDA was not af-
fected by TW-001 ( 10mg/ml) pretreatment. However, TW-001 (5mg/ml) clearly
increased the magnitude of paired-pulse facilitation. Superfusion of TW-001 (5-10
mg/ml) reversibly limited the repetitively evoked action potentials elicited by injec-
tion of depolarizing current pulse (0.4 nA,200ms ) into the pyramidal cells. In addi-
tion, the limitation of the repetitively evoked action potential by TW-001 was accom-
panied by the reduction of the maximal rate of the rise of the action potentials. In acu-
tely dissociated hippocampal CA1 neurons, TW-001 exerted a dose-dependent reduc-
tion of the tetrodotoxin-sensitive fast sodium currents and high voltage-activated cal-
cium currents under voltage-clamp condition.

The results suggest that TW-001 may have antiepileptic activity through inhibi-
tion of sodium and calcium channels to stabilize neuronal membrane excitability and

to inhibit glutamate release.

Keywords: Chinese medicine, Chai-Hu-Long-Ku-Mu-Li-Tan, Epilepsy, Hippocam-

pus, Sodium channel, Calcium channel.
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Tt 2 TR A LFECRAEIGHTRBEA ST ET
(TW-001) eyFukamza R » 538 TW-001 £ 24 Pentylenetetrazol & Pic-
rotoxin K R Fey it £ Rl i E XA ABOIFIER > L AR
AEEEAMMES GERLAARARTE —FRRME) -

SEERRIA > G E—FEMUSRM BN BT - RRAEH
55 (MEST) 3#46 TW-001 Hufamiay iR > HRETRFEEZN
R T AE > A RRMEAEE R iTamben ~ ShayEAEH R > 3B field
excitatory postsynaptic potentials ( fEPSPs) #fu population spikes (PS) % &
A5 TW-001 & Hu8 0 2Ok & AR A 4 4 -

&~ MRS A

(—) P
AEERAE 6y F B0 By 22 S v BE B AL 9B g Aok T AR 0 E By
BERPFE - RF RSB RE w5 HE - AR 4
FRE - RB - #98 > 2d GMP b Z Ul E 3l it iR R H Bl £
A 600 EFAKIMERZIZRE B L AL ER L - FFHF LA
BAERR AT E o9 R 4 oh > f A8 TW-001 > 3t 4] A TLC A #€
PR AT AFEAR T IR B Lty S — 3K
(D) EREY
% A adult male Sprague Dawley rats ( 180-200g) - it & 7§
“Guide for the Care and Use of Laboratory Animals” (HEW publi-
cation (NIH) No.8623) #4T B R -
BEREMI -8 BREF > HBLETERAZNEER AL
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238 25°C B E 50-60% > BHETEREE X A A 12 B o
=) ZEREEMIBRIESIE (Maximal electroshock seizure threshold
(MEST) test)

FREBRR R &bk FEELEE (transauricular electro-
des) » #%F— &8y E R (1 sec duration, 50Hz, sinewave form, fully
adjustable between 1-99mA) > MR AR EHEL TR AL

(tonic hindlimb extension ) &9 #]:% 3% & (stimulus intensity ) ° &5
Z AT AAT# 20 & K R 6B E e RIE 0 SARAT S0% K R Y
MEST -

TW-001 # MEST X g fua Mz R - £ & HRs e - AR
REG KB Ry sl e a - TW-001 2g/kg #1 4g/kg » 3 #12
B AT L 7 &Y 40k R & 4 b B 0 phenytoin (10mg/kg, 20mg/kg (.
p.) , valproic acid ( 100mg/kg, 200mg/kg (i.p.) ), lamotrigine

(2.5mg/kg, Smg/kg (ip.) ) o fERMREREF - 45 5-6 B REY KA
SR HRER 2 RERREA - TW-001 2g/kg, TW-001 4g/
kg =43k 2 MR 438 > 1% PPk T MEST 35 -

(F0) ~ R&HBTRELE - R4k

A 5-6 B K ey KM K& 0 4k HsuFw Huang K, &9 B 55 B i 4T
4n B Y Ao b B D 09 1R 24K - EIMIRK RS Bk AR - R B
YR 400pm &y 5 R 0 1% R K B AR e B A R (ACSF)
# 1o > ACSF 8y4a g2 (inmM) NaCl 117,KCl14.7, CaCl, 2.5,
MgClz 1.2, NaHCOs3 25, NaH2POy4 1.2 #u glucose 11 » 3 24 95%02 &
5%CO; % » BARHF PH {4 7.3-74 2/ > REBE—F LML
WAt RE A2 ] o HEdF A 32+1°C > ML AR EM 12 BT RE N
2-3 = HoKEYEE -

Ae Bt 4 i 00 BT 4% 0 Ak dy IM NaCl (a7 2-3MQ) 1 &
A& 4 stratum radiatum Fv stratum pyramidal /% j& 224% fEPSPs #u PSs o
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BE K P R G4 B ik B AR B A stratum radiatum 24535 Schaffer col-
lateral / commissural /& A ¥ 48 o F By 2 47 500 € RS R E M E R
14 > 44 A i fEPSP 5 PS 5% X 3% & 84 30-40%#w 0.033Hz 47 & B o
BT K5 A AT 30 2548 5t AT synaptic {R 4t #9 A S AH R - synaptic
1% 3% 3% B oA TEPSP #4944 40 PS 844k 18 2k & 5= o TEPSP &4 & 4¢ b
F+#789 20-70% ] least-squares @ §FtH - PSHRIEEH £ 1 28 2 K
JE % Pl B @ Ok B id by tangent &% RAT AR 4 iR N B9 B BRsT sk o A AL
#% 4M potassium acetate (80-100M ) #4 3% 38 & A= BN 5 5B )
CAl s bag st b > ATHL N 305% © M EAR14 4] A Brown-Flaming
Electrode Puller ( Sutter Instruments, San Rotael, CA, U.S.A) #4 sp4&
LO-mm 7§44 4m B A0 Eda B R R ) » e BB e E B
Axoclamp-2B ( Axon Instrument, Foster, CA. USA) & 47 > i &
IBM 586 & B f2 pPCLAMP $% 38 F 47 547
(h) - ERERVET

FRE SN GBI R ket TW-001 &) 3 BUR a7 ACSE »
K15 B4 TW-001 o ACSF J#:x7 3 R > TW-001 ik 248 A AT
s F & 0.45um AL ERBIE o H ¥ B AR % Sb4w picrotoxin > o-amino-3-
hydroxy-5-methylisoxazole-4-propionic (AMPA ) > N-methyl-D-as-
partate (NMDA ) - tetrodotoxin (TTX ) - phenytoin > valproic
acid > lamotrigine % R| 8 A& Sigma /3] -

(V) ~ #RETAE

R R AR S R ey KRR B 0 PR A B R AR A
A2’ E R KT o #3F 4547 B4 Student's two-tailed unpaired t-test 3+ &
EoRtey £ZE M AANOVA RL®R SRSy £ 2K > § PEIR
0.058F  RIRABFSRIT L LOBEER -
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S i R

TW-001 #f MEST X5 69 ua B 2ok > £ S W ET » FAB R K
B R B B AR A] » TW-001 2g/kg 92 4g/kg » 3 2 B AT £ 7 &9 40
BE FA % M #4 tb ¥ > phenytoin ( 10mg/kg, 20mg/kg (i.p.) , valproic acid

(100mg/kg, 200mg/kg (i.p.) ) . lamotrigine (2.5mg/kg, Smg/kg (i.
p.) ) o BB TW-001 £ % 1-2 [ ehrf dg/ke ta A ARG HLRE M AE A
B BJ{A ¥ ho iy 42 FE 92 phenytoin ( 10mg/kg, i.p.) #w= valproate ( 100mg/kg, i.
p.) /8% > 128 lamotrigine (2.5mg/kg, i.p.) R4F/N (K—) - £1EHR
B Bd o g 5-6 BARMY KRR o 25K 2 RBREZAH > TW-001
2e/kg, TW-0014g/kg = a3t 2 R 4 38 - 4% Bpss T MEST 3% » B 542 A
TW-0014g/kg2 HAuv 4 iz A ARG IURMIER > R RHEfwmE
wybiRa M AE M AR (B —) o

TW-001 4% %@ 34 B ¥ Schaffer collateral-commissural synaptic trans-
mission &% % & 4B Smg/ml BA #A & fEPSP 94+ % (30.2+5.3%,
n=6, P<0.05) (B =) AEMM&KPS &yrta (41.4+£5.8%, n=7, P<0.05) (
=) > mBTW-001 # fEPSPFa PS tydp 45 A 2R EARRBME (Blw) -
HJE ARMRAA®RT TW-001 44 10-15 442 » B ACSF 2 TW-001
#% 10-15 Rl emBE 2 ARKE (B=~=) -

BAE—-F AR AL TW-001 &4F A £ glutamatergic synaptic trans-
mission &9 R A AT &k KA - 7 RAGK 4 T AMPA & NMDA - & R4 350
T4 F TW-001 (10mg/ml) RE&)EHEHEE R i EABETE AMPA 2
NMDA #%# EaE4ibey oL (BE) » #x TW-001 # glutamatergic
synaptic transmission &) ¥#p#|/F A it JE 48 & B 1% AMPA 5%, NDMA $:% 5
gEemER o m TW-001 2 FHA £ RAEATAP & L > B F]A paired-pulse
facilitation /¢ Fi #> 7 5 1® CAl 748 AT RAF AT AP &2 %48 (transmit-
ter) A& R38R RIS m ) B EREE > 474 F TW-001 Smg/ml 20 5-4% 64 A7
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ERIE > BT paired-pulse f] %k - 5538, {EPSP #4480 #a 3o dph) - 2ok
TW-001 RIST =g 2 A 8 4E (B >5) > 8w TW-001 <7 fefF A 42 CAL R A5
AT A% AR et H WY FEHK -

FIA B Ah A% M E o 45 R R V8 By LR TW-001 245 A > 444 A picro-
toxin S0uM FRLET &3 CAL 49 GABAA He % & 340 bUk o9 2888 0 75 §) 42
A > & F TW-0015 Fu 10mg/ml =] LA BA BA b 4E 42 2 ROE BAFu ok 3 > 20k
A TW-00120 5% AT =48 2| K& (B £) - 4 CA3 % F picrotoxin 2,
HR B ML 1520 5 > THEBF ML R > £4F TW-001 10mg/
ml A =T 84 a7 0 H AR (duration) Fo ik REH - f£ 28 TW-001 4% A1
TEEEREME (BA) » #Ex TW-001 77 L4 & 4| picrotoxin 4£ 7 & @ 3%
54 48 b B, 0 I B o

FEANBET R R BE-FBEM L @ 0 BN CAL & T LT E4RILE
E Rk (depolarizing currentpulses) » MAFH R B EE T > B &
B TR o £4F TW-001 5mg/ml #2 10mg/ml R =] 8 A b5 KR B
MWEEE ALK (7.240.8 12 5.840.4; 7.2+0.8 5% 4.1206) (B /) -
T LA R AR FE (Vmax) K& FskF oy NiidatE - TW-001 &£
RBMEEEEMERET - TEEE TW-001 T AE &8 45 E 149 Vmax &
B BEAEEFEAMME > 88 TW-001 =T 4848 & FAET use-dependent &4 4 3k
FiBEER IS S EHE CAl A& uthk ey A4 o

BRI ey b Mg m A F RS X R AMEN - SETERE > £
12-14 R XK KB A 5HEHE R CAl & > #| A 24 Voltage clamp #4kE
Ex o 453 TW-001 (1-10mg/ml) [E 2R & 6438 e 94 B8 3bHp 5] 49 8 71838
TR (B+) - B8R %9 phenytoin Fv lamotrigine B KT 4n &k @8
A (B +) - 4587 @EERE I - TW-001 9 &b 5458 1 €
S H 132 B A E48 B > 7 phenytoin #u lamotrigine B <838 (B +—) -
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AEEHTW-001 Br ey X 24 RAUTFTwE © (1) TW-001 5T 245
& MEST 3% % tonic hindlimb extension 345 &9 B@ > (2) TW-001 T sAT%
f&AE CAl & #% 4% 4m fitg, % 45 AT 69 glutamatergic synaptic transmission > B $2;2
B EAB B > 3£ ST H#p | picrotoxin f& CAL 3545 e ki Fn CA3 o4 %858 h &
E8 0 (3) TW-001 T sadp k) £ CAL #4880 AL BRI ET 3528 R B M
firing #2 Vmax > (4) TW-001 ] A&k 4n 8k F ~ 458 F@3 8 TR L
FERIEAR - BIEA B BA A SHAoFH2ILbyE R b & TW-001 a8 15
&) KA

TW-001 ## glutamatergic synaptic transmission &4 3p ] 4F B = 4R A
RAGAT & RAAZ A IPH] » KB BR BT L TW-001 &k ec % RAEE H»D
AMPA F2 NMDA # fEPSP 42 PS ; @ PPF 8 R & % #& % %% 45 AT intraterminal
B 5T B AR > TR A AR AR B R 9B - TW-001 ¥ 2A 42 7 PPF
%1% fEPSP » J& T #2582 TW-001 ¥ glutamatergic synaptic transmission &% i
P HIAE R AR B A TEAR R AR AT AP LR T E 6 ik

HmHENE AT ey LA E R dssETRATER 0 Vmax R JE
ENBET R S SR N R TR K 2 Voltage clamp f& 44 TF >
TW-001 =T A £ TTX-sensitive S8k F M fLE £ SR E MM 69 3 5%k - LR
BIAER SR AR 0 %35 TW-001 #Era 7 voltage-dependent 418k i@
18 > 3 AE LM $2 phenytoin #u carbamazepine #8422 ¢ TW-001 & 7 4% 5 —
R &) Vmax 75 7] [ 2 K& 887 305 1F K Vmax > B sk TW-001 P gr4n s+
M R A& JB s use-dependent o

¥p4) picrotoxin %25 6y Ba AL X, 7T A 3 % ey > voltage-dependent
41 #e high-voltage 45 &k 7 i@ & B 14 2 a1 Ji B2 69 42 & Fv glutamate &9 B >
I HH B E LA ERBE X ERZOHE - £EHR T > TW-001 =T
LA 4| voltage-dependent 448k FFv high-voltage 458k 1 i@ 18 9 P ET - W ¥
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<,

=

BB RAME > B3R 23 TW-001 %
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Fp ) H gL

FihiE fﬁ]'fi-ﬁ-%*ég—iiémﬂgﬂii%fifﬂﬂp%d@%é\riﬁaé:gé,fiﬁih%\ﬁ-é/]%%?;i R
A E B P TW-001 o 243 204 1] L-Fo N-%! high-voltage 458k 7 @34 > K

B RTTA B R R SRR X 45T

N-Fu L-71 45 gk 38 38 42 2 AB AT =T LA 85 A @ AR LM 8 9 ok > 2 RABIR T
BAEA > HZE A 58k T A8 &9 FRET T A3 TW-001 TTRE B A
BEGFREFAER - TW-001 R B phenytoin #v lamotrigine & TW-001
A bR AE S BE TR PAETAE R o

th~ fGemEE R

=R

7N

TW-001 42 Huam &4 67 M B BT % AIURERAT AR A E A I
FATAAML R R O L dm PR AR > £ 2 A Y458 TR A E R

1% 187> lamotrigine #= phenytoin % > 287 TW-001 388 i 2 4 04 7% 5 543
ARG EIE T A o

BEEC TSR &M RS LB R MR E RRGEER

i 48
R ReE o B —F @RI — e Py Mk H EEA AR b
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# — ~ Effect of TW-001, phenytoin, valproate and lamotrigine on the threshold
for maximal (tonic hindlimb extension ) electroshock seizures in rats.

Pretreatment Seizure threshold

Treatment Dose
time (hr) (mA)

Placebo 1 4 g/kg (p.o.) 24.6£1.9
TW-001 1 2 g/kg (p.o.) 28.7+1.5
TW-001 1 4 g/kg (p.o.) 324415 *
TW-001 0.5 4 g/kg (p.o.) 28.6+1.3
TW-001 2 4 g/kg (p.o.) 314418 *
Placebo 1 (i.p.) 26.2+2.1
Phenytoin 1 10 mg/kg (i.p.) 34.1£]1.5 **
Placebo 1 (i.p.) 27.3%1.5
Valproate 1 100 mg/kg (i.p.) 34.3+£1.7 **
Valproate 1 200 mg/kg (ip.)  42.3+1.7 ***
Placebo 3 (i.p.) 29.2+2.1
Lamotrigine 3 2.5 mg/kg (i.p.) 43.84].7 ***
Lamotrigine 3 5 mg/kg (i.p.) 53.7£1.5 ***

The seizure thresholds were evaluated as CC50 ( with confidence limits for 95% probability ) in group
of 20 rats. Significant difference between placebo and drug-treated groups is indicated ( *p < 0.05; **

p <0.01; ***p <0.001) .

*P<0.05 compared with placebo pretreatment

**P<0.005 compared with placebo pretreatment

***%p<0.001 compared with placebo pretreatment
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