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Scheme 91 1 WAANHIAITANA LL@tN@ﬂ’]ﬁ“V\ﬂ@@Uq‘Wﬁﬁ'\u‘ﬂﬂ

Thundu
Ethyl acetate
(HonFeudnluuma 650 mgikg)

Benzene : Methanol

Benzene Layer Methanol Layer

(Active, dose = 30 mgl/kg) (Inactive)

Column Chromatography

[

Hexane;250 mi x 4 ﬂ%
Hex 9:EtOAC 1 ; 250mix4n34 Methanol 250mi x 6a54
Hex 8:EtOAGC 2 ; 250mix4a33

7
02A01 Hex 9:EtOAc 1 ; 250mix4n73 -
Methano! 250ml x 6&33

Hex 8:EtOAG 2 ; 250mix4a 33 l

1 02A05 02A06
02A02

Hex 1:EtOAc 1 ; 250mix4a59
Hex 4:E1OAC 6 ; 250mix4a33
Hex 3:EtOAC 7 ; 250mix4n 53

i

02A03
(Active, dose = 30 mg./kg.

Hex 1:EtOAc 1 ; 250mix4639
Hex 4:EtOAG 6 : 250mix4n s
Hex 3:Et0Ac 7 ; 250mix403s

[
02A04




A as Qr g
scheme 9 2 WAANKNINITILEN column chromatography WAL Namiwmmquﬁﬁqumnmm
fraction 02A03

02A03

( Active dose = 30 ma/kq)

Column Chromatography

[

Hex 9:EtOAG 1 ; 10mix30R59

Hex B:E1OAC 2 ; 10mix30R1 51 Hex 5:EtOAG 5 ; 10mix30A3s
Hex 7:EtOAc 3 ; 10mi30n33 Hex 4:EtOAG 6 ; 10mix30n33
[
03A01 Hex 6:EtOAC 4 ; 10mix30n33

03A03

03A02

(Active , dose = 1 mg./kg.) Hex 9:E1OAC 1 ; 10mIx30933

Hex 8:EtOAG 2 ; 10mix3033

Hex 7:EtOAc 3 ; 10mix30R34

03A04




g‘ﬂ‘ﬁ 2 4AMN infrared spectrum 984 fraction 03A02
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«\osl_satalspoectra'ce astive 3p - actve part CE 778/2548
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202531

400 2000
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125831

194813

1000
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517 3 Wana 1H NMR 184 fraction 03A02
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519 4 udng 13C-NMR 984 fraction 03A02
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gﬂﬁ 5 wdmd chromatogram 1849 HPLC Wauen fraction 03A02

Time: 29.1166 Mnutes - Amplitude: 0.767 mAl

2:230 nm, 8 nm 2:230 nm, 8 N
_— e
std_3ACN MeOH_3ACH
254
201
15+
2 ]
£
104
51
O"*—_‘j\\i'\*
T S L ¥ TG T T ¥ T

00 25 50 75 100 125 150 175 200 225 250 275
~ Minutes

3%ACN+97% 984 phosphate buffer pH3.41 30 ¥1% Column pheny! &1 gy MeOH detect #
230 nm.



5% 6 wans chromatogram 284 HPLC \ieuan fraction 03A02

2:230 nra, 8 nm 2:230 nm, 8 nin
30‘1 - std_2ACN - Me OH_28CN
25
20
2 151
10+

S-MJL
0

00 25 50 75 100 125 150 175 200 225 250 275
. Minutes

+ ‘ PR RN e FIRRAN' e I R G A S i . ¢ : i s ST 0 [ [ .

2%ACN+98% 294 phosphate buffer pH 4.01 30 177 Column pheny! §1 sy MeOH detect #i
230 nm.
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3

517 8 TH-NMR of VLFA

«

T T T T T T T 7 T T (4 T T T T T T T T 7 { T T i
27 26 25 24 23 22 21 20 19 1.8 17 1.6 15 14 13 12 L1 1.0 09 08 07 ppm
£ T T T ¥ T T ! r-- T ¥ T T ] T H T R
75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

3active




Current Dala Parareters

2U% 9 13C-NMR of VLFA

U9

NAME 3active
EXPNO z
PROCND 1
¥2 - Acquisition Parameters
Date_ 56050¢
Time 20.04
INSTRUM dpx300
PROBED 5 mm Dual 12
PULERCG 2gd¢
pusl 16294
SOLVENT [sis]e
NS 2560
oS 4
SWH 26455 027 Hz
FIDRES 1.614€87 Hz
AQ €.3097076 sec
RG 2217¢.5
bW 18.300 usec
DE 43.11 usec
TE 300.0 ¥
all 0.0300000 sec
PLL? 19 00 dB
CPDPRG2 b
SFC2 300.1320600 MHz
NUC? 1in
PL2 120.00 dB
D1 2.00000093 secc
21 5.50 usec
LE 43.11 usec
8r01 75.4742650 MHz
NUC1 13C
rul -6.0C d8
F2 -~ Processing parameters
31 131072
5F T5.4€77829 MMz
WO M
3sB 2}
LB 8. 30 He
&) o
¥C 1.00
iD NMR plot paramcters
cx 2C.00 cm
F1P 15.953 ppm
1 293%.67 Hz
Fz2p 8.470 ppm
F2 €39.24 Hz
PEMCM 1.52412 ppm/em
HZCM 115.02185 Hz/em
T T T AASassnsana, Y - T T T T IRAARRSRARS T T T MRS SARAARAARS LARSRSSAAS RAL AR
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm




7U# 10 DEPT-13C-NMR of VLFA
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317 11 HH Cosy of VLFA

ppm

—A Ll

0.0+

0.5+

15+
260
2.5
3.0
3.5
4.0

4.5+

0

(3 -}

5.0
5.0

4.5

4.0

3.5

o

anticonvalsant
Centella asiatica

ers

NAME 3active

EXPNO

PROCNO 1

F2 - Acquisition Parametcns

Date_ )

Time 2144

INSTRI 3

PROBHD  § mm Dual 13

PULPROG

SOLVENT coC3

NS

DS 16

SWH 2997.602 Hz.

FIDRES 2977346 He

AQ 01708532 ser

RG 1613

DW 166.800 usec

DE 7,34 usec
3000 K

«Q 0.0000030 sec

D! 300000000 sec

Pl 9.50 usex

DE 7.14 psec

SFO}  300.1312812 MHz

NUCH g

pLI ~3.00 4B

INO 0.00033360 sec.

F1 ~ Acqulsition paramcters

NDO 1

TD 256

SFOL 300.1313 MHz

FIDRES 15709352 Hr

sw $.9R8 ppan

F2 - Processing parametcrs

St 512

SF 300.1300317 MHz.

WwWDW SINE

5s8 [

LB .00 Hz

GB o

rC 100

F1 = Processing parameters

Si 552

MC2 QF

SF 300.13003 17 MHz

wWDhw SINE

SSB ]

LB 0.00 Hz

GB o

2D NMR plot pasameters

=2 15.00 cin

X3 1500 cm

F2PL 9224

F2L0 2768.34 Hz

F2PH1 ~0.74 m

F28} ~229.26 Hz

Fl 4

F2PPMCM 0.66585 [:rmlcm
F2HZCM 19984012 Hufem
FIPPMCM  0.66584 pmn
FIHZCM 199.83961 K




2 HMQC of VLFA

sU% 1

L'l

ppm

104
- 20
304
40}
50
60 -
704
80
90 3
100
1104
1204
130
140
150 =
1604
1704
180 -

1904

~

1 ]

HMQC
Anticonvalsant
Centella asiatica

ppin

Current Data Parmeters.
NAME

3active
EXPNO a
PROCNO 1
FZ - Acygisitson, Parameters
Paie, Soxn
Time oM
INSTRUM

PROBHD 5mml)
PULPROG oty

™ 102:
SOLVENT <ocn
&3 56

N
oS
SWH 2997.602 Hx
FIDRES 2927346 Hz
AQ 01708532 sec
RG 28963
oW 166.800 usec
DE 7.14 ysec
TE INOK
41 3.40 ysex:
P2 16.8 usec
£ 5.50 usec
p 11.0usec
€ (0000030 sec:
CNST2 145
a2 00034483 sec
Dl 1.50000000 se:
PL2 -6.00 dB
SFO2 754743650 MHz
NUC2 3C
D7 1 60000002 soc
PLIZ 17.004B
DE 738 usee.
SFOl  300.1312812 MHz
NUCt 18
PLI ~5.00dB.
CPDPRG2 gap

2 100,00 usex
NG 0.00000945 sec
FI - Awgisition prrameters
NDO 4
™ 256
SFOL 7547436 MH.
FIDRES  103.339943 Hz
W 50517 ppm

St

3

SE 3001300117 MHz
wow QSINE

B F
LB 000 1z
B 0
PC 100
Fl - Processing parameters.
s 512
MC2 bite
SE 75467793 MMz
WOwW SINE
ssB 2
L8 000 He
Gs o
2D NMR plot parameters
oe fs0cm
& 1500 cm
PO 97appm
L0 268
BR 76
FHL 29326
ERO 233
FILO 1987349
FIPHI 37210 ppm
Earevcm " 0aess

Mem 0

Bt 199 hnts
FIPPMCM 236984 pomicm
FINZOM 176367017 pkem

2~ mmsm;l parameters

VLFA]




g‘ﬂﬁ 13 TLC-densitometry

&% (S-9301PC A s R S S
Scanner Peak Quant Process P-calb. Fils . Print Present,

onﬂg. ‘ Help

0.400

0.304

0.200

0.100

0.000
-9.100 -,,_.,..ﬂ.,\,,,...,.._..,%,.,.4..,.,...”,...,....,..?.,....4.“.”..,.”...A_Mé.,”..”_u....,._
L i i
50 52.8 75.0 100.0
Stage Y([mm)}
. L}am‘b‘d‘a‘, l X gpto*: l VT “"\:’S"e,t‘zem‘ ]

X Pos, 18.8 mm
Y Pos. 120.3 mm

WL 650 nm
Data 1.680
CH1:0A TEST_STD_650

- “‘Staryt l

Rl | A D & >
EX(S-9301PC g E # e -
Scanner - Poak - Quiant - Process Pecalb.: File -/ Print.. Present

[EllMarosoft Powerpoint - [a.., | -

[FRauamke

! ! o !
0,400 [--v-venanemsennsonarnnes :
0.300 -
0.263

0.200 |- -

0100 |-

0.000 {----

-0.100

50 52.9 75.0 100.0
Stage Y{mm)
Lambda ‘ L Xgoto ‘ Y goto ‘ Set zero l

X Pos. 18.8 mm
Y Pos, 1156 mm
WL 550 nm
Data -0.129

CH1:0A_TSET_550_STC

Start ‘

astart”] e o 8 ”,f”@cs-gampc [Emicrosoft poweréo{nt-[q...] (B eaBEEN B 1930



171 14 TLC of VLFA
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52 msguiumsdsemuirus 13 ulasenisisy

4 1 ]
MsfnEIgNiNsRsInasanatiun (EACA) aoszuulseamdalunans

5.2.1 HAVBINAFITEAAYIUA (EACA ) 18 Locomotor activity

Awanal3lugifi 1 Locomotor activity Tuaa 120 uiH vesyduinsnguin ldsumatlen
:l A d P = v o =)
Au1iinsTaneen (vehicle) H9AAD Tween20/water; 2:5 NIHwsouensanaun luliaiu
UANAI991A Locomotor activity ﬂlﬂﬂﬂ%ﬁqg})%’ 1 Normal saline solution (NSS, 0.9 % NaCl)u#l
1 a Y :/‘ Aq 9

sl luvashasadaiiun (BACA ) nialuvuia 700 wag 1,000 un/mn 714 lasnsileu
uanydudns iwanamaindoulnrvesdainaasaunnaianianydudnsngun 185y vehicle
Y 3 P
m%zmu“lé’{mﬂwmawm Horizontal counts U89 EACA 1uauna 700 waz 1,000 4n/NHN

1 1 A w oo W an VoA Yer < A
uanavegiiied iy meatannnqun 145y vehicle ( 517 2)

450 -

-~ NSS (n=8)
400 4 ~o~ VEHICLE (n=8)
350 -=~EACA 700 (n=8)
2 ‘ —e—EACA 1000 (n=8)
= p
2 300
[
2 250
=
-
g
g
St
o150 1
100
50
0
P

Time (min)

U0 1 wavesensaiatiun (EACA ) Tuauia 700 waz 1,000 ua/mn Al lasnstleunnny

UINTAL locomotor activity Tua 120 wih



3000

2500 -
£ 2000 -
[o]
Q .
g 1500 -
= i
Q |
8 |
' é 1000 - I
| - I
500 - o
0 - —
NSS (n=8) VEHICLE (n=8) EACA 700 (n=8) EACA 1000 (n=8)
Treatments

31U 2 wavesasanaaun (BACA ) Tuwiig 700 wag 1,000 up/nn A1k Insnisileuunny

o ¥

2UIN5A® Horizontal counts 1141381 120 WIN
5.2.2 WAYBNNAMITANALIUA (EACA ) 918 Barbiturate Sleeping Time

ﬁauﬁm"ﬁ"lugﬂﬁ 3 vehicle ¥139E158AATIVUN (EACA ) Tuvua 700 wag 1,000
un/mn AldudnyduinsTasmsflew lifinmildszoznainsueundunn Sodium
pentobarbital (50 un/nA) Al Tasasdadidoaiioadoulasludetala faiu a3
1411377 Locomotor activity iy lumsnageudhaduouiiumasinmsesnqnivesds

@ ' o
TNAUIVNAD Neuromuscular junction ﬂ"lﬁ’



90
0 1
70 - 1

()0“

Sleeping time (m1n)

NSS (n=8) VEHICLE (n=6) EACA 700 (n=8) EACA 1000 (n=8)
Treatments

510 3 wavesdsanalIun (EACA ) Tuauia 700 wag 1,000 uA/nn

L

=g

nluAvyduing lasmstleudeszozainsuennduanSodium pentobarbital (50 17/

nn) N1 lasmanadiyoafios
5.2.3 Lethality

namsnageutleumsainiaun (BACA ) Tuwuia 30, 100, 300, 600, 1,000 4ag 5,000
un/nn uAnydudns Sudieewomsiduamieueundulunyd I8sumsadatiun
Tuvnaga (R 600 wn/nn 31l ) agiha uii lainuiinsmefadulunm 72 $2Tue
Iheziulumyndule dnufsennanidhmsafatuniildlaemahaiiao
Yavadvgauazingliving LDso figafiu 5,000 wnn oz liannsaszdloumseara

o ltﬂy y A = Y g
U'J‘l.lﬂclu“llu'lﬂ'QQﬂ’nuulﬂ FHBINUANUVUIUGINN



M15790 1 Lethality ¥83en3afiniiaun (EACA ) Tuauinaaiee ( 30 — 5,000 ua/mnn) Alv

Tasmsfouunnyduins

EACA (mg/kg BW) % Survivalin 72 h
30 {n=8) A100
100 (n=8) 100
300 (n=3) 100
600 (n=8) 100
1,000 (n=8) 100
5,000 (n=4) 100

d ' 1]
524  gnBAUTAYDS Subfractions 210 1ATIA1560H 1

ar 1 A 1 1 o
52.4.1 1nMinadoulu PTZ model TunyBiuing 24 ngu &9 udaznguiiny 6-10 ¢
1 EY ]
WUI197 subfraction NUENIINEACA Ti4NA 8 fractions 1% Iaumsileumathaun
o o o 1 - o Y a LY =
damaaeaiunm 1 % lusneumamiienildinamsen laemsanais
o = : ! = v .
pentylenetetrazol Tuuu1A 70 mg/kg 191 1AM Fdunilgnididneg ynsubfractions
@ { v A =y o I o . 1
waas A lumssh 2 uadleanngnidudniny lihezidusintractionln binens
LY ! o A o o o
dnHMEprofile ¥99N13A0UAUBINITIY dose dependent LFazIHNSMIUTR INAADNN

é’ = W
YUY 10 A



MINA 2 GNEEUFNUDI subfractions ( 1-8 )1HA1A 10,30 100182300 mgkg B.W A1H

J o o) @ ' | o I o
Tasmstloumathnunnydusnsidluna 1 42Tue Aeumsgrmilenihlvinansdn lag

a = v < a )
A15ANANT pentylenetetrazol THUYUIA 70 mg/kg 11 @RS (Lamawalludasidruwng

° S5 1w o Hq ¥
5]']u’;]uﬁléﬂhl'ﬂclfﬂ/fﬂ'lu’Juﬁu‘}ﬂ‘lmmﬂﬂﬂﬂ)

Dose(mg/kg BW.) | | 2 3 4 5 6 7 8

10 - 0/6 0/6 0/6 0/6 2/6 0/6 1/6
30 1/6 0/6 3/10 0/10 1710 | 2/10 | 0/6 0/6
100 1/6 2/6 1/6 1/6 0/6 1/6 1/6 0/6
300 1/6 0/6 0/6 0/6 0/6 1/6 1/6 1/6

v & any i g M ' A
5.2.42 #9iu991dnaanut/asuIa1vesnis pretreatment 11 3 ¥ lusneune

[
Y

4 ° o o a o ar
wHenhlddaimanesdnde Tnon13Raas pentylenetetrazol THuL1A 70 mg/kg 191 18R

[X=3 v 1 A v 9 dyw 91 . ' o3 a
AN I INUNA1UDA pretreatment 3388 I eI 04 1@ 1 fraction Tavheziluensh

QJSJ W P
BONONTATULN (15190 3)

M3190 3 GNFIUFNUDA subfractions ( 1-8 ) 1wt 30 100102300 mekg B.W AlH

1 @ I~/ & 1 { ° s s
Tasmsfleumathaunnydudnsidunar 3 92 Tus Aeumsgrmilenildifanssnlae

= = @ a [ i
MSAATAT pentylenetetrazol 1UIUIA 70 me/kg 191 1ARIMIT (Uaraswailludasdiuves

o ~ tar o Hq ¥
Sunyn s maunyildnadon)

Dose Ethyl acetate (3 BU)
1 2 3 4 5 6 7 8
30 mg/kg - - 0/6 - - 0/6 - -
100 mg/kg 0/6 - - - - - - 1/6
300 mg/kg 1/6 2/6 2/6 - - 1/6 0/6 1/6




A& g o 9 Ta 9 v ad
5.2.4.3 duiiesnngnismsnlude 5.2.4.1 uag 5.2.4.2 il profile ¥pamsiudnitu
dose-responsedg1aFAlIU 39 dnaassineresanalu fraction uay 3 Tuvuin 100 uag 300

Y A w o Y 1 - o Y v ¥ =
mg/kg WiloulFuAnyduinsduna s Ju Aoussmilsnildnydndismsiads
pentylenetetrazol JUv11A 70 mg/kg 191 1dRMITS 1nwansnaasaiuaas 1 lumisiai 4 i
t o J Qs 1 1 o ] < ] =
WUINT pretreatment GA3NAaDITIBEITARAT A9 Junadenan hisnsouaasgnd

[

Yy o oA v S o oa Yy 4 =
mmfﬂm‘f]u dose dependent LLGI@EJN%) uaﬂmﬂuummm’ﬂunmw AHMUSUBDINTT

]
=}

A o o @ = = 1 = @
aouaueaiugll belled shape §11151 fraction 1 2 Tuaaiz? fraction #1 3 liuansgnidudgn

ald]

dl Q" a {
M15190 4 gNIAUFNUBS subfractions (2 18 3)lHvUIA 100182 300 mg/kg B.W N1 1ag
1 A W [ Y t o o Y a o A
msteunathaunnydudnsilung s Su Aeumsmilsnhldifansdn laomsaaas
= @ [« Y ' o {
pentylenetetrazol Tuyu1A 70 mg/kg W1 lAAMIN (uanwailudasidaves Suaunyi

ignAmaunynldmaden)

a13anmuaLn 59

2 3
100 mglkg 216 0/6
300 mg/kg 1/6 0/6

QJ % 1 y
5.2.5 gNIAIUTNUDY Subfractions 310 IATIMILOEN 2

4 v =, A o Qd ar
5.2.5.1 iilonaaswwamsanaonisnilawdnimimaaeugniaudnlu PTZ model
I 3 i Q( s 4
WUI9IN subfraction INUA 5 subfractions 3 subfractions NarAgNIAUTAEIalH lay
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Isobolographically Additive Anticonvulsant Activity
between Centella asiatica’s Ethyl Acetate. Fraction
and some Antiepileptic Drugs

Anusara Vattanajun vISc*, ** Hiroshi Watanabe PhD***,
Mayuree H Tantisira PhD**#* Boonyong Tantisira PhD*#%#*

* PhD Program of Inter-department of Physiology, Graduate School, Chulalongkorn University
*¥* Department of Physiology, Phramongkutklao College of Medicine
**% Department of Pharmacology, Institute ‘of Natural Medicine, Toyama Medical and Pharmaceutical
University, Toyama Japan
*#*¥¥ Research Unit of Neurophysidlc')gy and Neuropharmacology, Faculty of Pharmaceutical Sciences,
Chulalongkorn University

Objective: To investigate interaction between orally given Centella asiatica’s ethyl acetate fraction (EACA)
and intraperitoneally administered antiepileptic drugs (AEDs), namely, phenytoin, valproate and gabapentin.
Material and Method: Isobolographic analysis was used to evaluate the interaction between EACA and
AEDs in terms of protection of mice in the pentylenetetrazole test. Rotarod test was used to evaluate
neurotoxicity.

Results: When given alone, the median effective dose of phenytoin, valproate and gabapentin were found
to be 13, 104, and 310 mg/kg BW, respectively, whereas the corresponding values in the presence of
EACA were 5, 29 and 79 mg/kg BW. Together with isobolographic analysis, the results obtained
indicated an additive effect among all combinations tested. In relation to neurotoxicity, combination of
gabapentin and EACA demonstrated a broader margin between the effective dose and the neurotoxic
- dose while the other two combinations did not.

" Conclusion: The present finding suggested a potential of Centella asiatica to be developed as an adjunctive
medication for epileptic patients.

. Keywords: Centella asiatica, Anticonvulsant activity, Isobologram

- J Med Assoc Thai 2005; 88(Suppl 3): S131-40
Full text. e-Journal: http.//www.medassocthai.org/journal

Worldwide, approximately 1-3% of the
- population suffers from epilepsy. For most of the

antiepileptic drugs (AEDs) represents the mainstay

()

of treatment . In spite of optimal choice and

Patient population, monotherapy with conventional  application of currently available AEDs, about 30%

of patients are resistant to the standard medication.

Correspondence to: Tantisira B, Research Unit of Neurophy-
stology and Neuropharmacology, Iaculty of Pharmaceutical
Sciences, Chulalongkor University, Bangkok 10330, Thailand.

In such cases, the addition of a second drug to the
established monotherapy seems to be the most

..Phone: 0-2218-8250, Fax: 0-2255-8227, E-mail address:
tboonyon@chula.ac.th
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adequate treatment regimen. The adequate
combination of two antiepileptics might be
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advantageous if it fully controls the seizures and -

simultaneously, if there are no or inconspicuous
adverse effects related with antiepileptics in
polytherapy'.

Centella asiatica (CA) is a plant in Family
Umbelliferae, Subfamily Hydrocolyte. Its synonyms
are Indian Pennywort (English), Hydrocolyte
asiatique (French), Tsubo-kusa (Japanese), Luei
Gong Gen (Chinese) etc.”’. This plant is known in
Thai as Bua Bok (17un). .

A recent study reported that the aqueous
extract of CA decreased the pentylenetetrazole
(PTZ)-kindled seizures as evident by decreased

. 4
seizure score™’,

In addition, it was shown that the

alcoholic extract of CA increased the level of
'GABA, which is a key function of antiepileptic
agent, in the central nervous system (CNS).in rats
in a dose-dependent manner”. From these results,
it is likely that CA may be beneficial as adjuvant
to AED. Therefore, the present study aimed to
investigate an interaction between extract of CA,
and some currently available antiepileptic ‘drugs
in animal models.

Material and Method
Plant material and preparation of the extracts

CA was purchased from Nakornpathom
Province which provides pesticide-free CA,
Thailand. The aerial parts were washed with running
tap water, dried and coarsely ground. The coarse
powder of the plant was macerated with hexane
for 7-10 days and filtered. The marc was then
remacerated with another portion of hexane until
the filtrate was nearly clear. The combined filtrate
was concentrated under reduced pressure by rotary
evaporator to syrupy mass and then evaporated
with water bath until no traces of hexane were left
to yield a syrupy crude of hexane fraction. After
hexane extraction, the marc was remacerated again
and again (totally 3 times) with ethyl acetate,
methanol and boiling with water to yield ethyl

85132

-acetate, methanol and aqueous fraction, respeclively

by the same procedure.

- Animals

Experiments were performed on maje
ICR mice weighing 18-25 g. They were obtaineg
from the National Laboratory Animal Center,
Mahidol University, Nakompathom, Thailand. They
are acclimatized in the ventilated room of the
laboratory at the ambient temperature of 25°C on 3
natural light/dark cycle for at least one week prior
to the experiments. Standard food (C.P. mice food)
and tap water are provided ad libitum.

All animal care and handling were
conducted with the approval of the Ethical
Committee of the Faculty of Pharmaceutical
Sciences, Chulalongkorn University, Thailand,

Administration of the tested substance

* Each fraction of CA extract was dissolved
in a vehicle (Tween 20:water; 2:5) and given to
the animals one hour prior to the injection of PTZ.
A gavage tube was used to deliver the substance
by the oral route which is the clinically expected
route of administration of CA. The volume of
administration was kept at 0.2-0.3 ml / 25 g BW
of the animal.

Route of administration and pretreated
time of AEDs were selected according to their
respective time to peak effect previously reported.
Phenytoin", valproate', and gabapentin” ' were
given intraperitoneally at 90, 60 and 120 min,
respectively, prior to the injection of PTZ.

Determination of the median effectiv dose (ED,)
of Centella asiatica’s ethyl acetate fraction (EACA)
and AEDs against PTZ - induced seizure test
(PTZ test)

Seizures were induced by a subcutaneous
(sc) injection of PTZ (70 mgkg BW) in 0.9%
sodium chloride. The volumes of injection were

J Med Assoc Thai Vol. 88 Suppl.3 2005



;::""kep
©1 7 opd point was a generalized clonic seizure with

¢ at 0.1-0.2 ml /25 g BW of the animal. The

loss of righting reflex within 60 minutes after

injection of PTZ®. Eight mice per dose and five
doses were used to establish ED_ of the EACA

“and AEDs to protect against PTZ by the method
" of Litchfield and Wilcoxon®.

Determination of the median neurofoxic dose (TDSO)
of EACA and AEDs (motarod test)
The rotarod test was modified from the

- ope previously described by Cuadrado et al carried
© out with a rod of 3.5 cm diameter, rotating at 18

rpm(g). The end-point to evaluate the minimal

e ‘ nenrotoxicity was the inability of the animal to

maintain its equilibrium for at least 1 min on the
rotating rod in each of three successive trials. Before

* the experiment, mice were placed on the rotating:

rod in a training session for 5 minutes. Untreated
mice were able to maintain their balance on the

‘rod for several minutes. The EACA, AEDs or

combination were administered to each group of
mice and they were tested again after a specific
period of time. FEight mice. per dose and five
doses were used to determine the TD50 by the

' ‘method of Litchfield and Wilcoxon®.

Isobolographic analysis

Isobolographic analysis, the principal
method applicable for understanding the real
nature of dmg interaction, was used to analyse
the interactions between EACA and conventional
AEDs (phenytoin, valproate, and gabapentin) in
the PTZ test in mice. The ED50 value (with their
95% confidence limits) for each substance
administered alone in the PTZ test was denoted
directly from the respective drug-dose effect curve
according to Litchfield and Wilcoxon®. The ED50
of each AEDs in the presence of EACA was
also calculated in the same manner using three
different dose pairs of equi-effective dose of

J Med Assoc Thai Vol. 88 Suppl2 2005

EACA and respective AEDs"?. In the present
study, the mixtures of EACA with an AED were
co-administered in a fixed-ratio combination
of 1:1. This means that a combination was com-
posed of 1/, of the ED_ of EACA and 1/, of the
ED50 of AED resulting finally in the full ED50 of
an EACA-AED combination”. Substances were
delivered in such a way that they were at their
time to peak effect during the assessment of
effects on the dependent measure.

Isobologram was then constructed from
the EDSO values of EACA and AEDs when
an, Straight line
connecting between two EDSO values is the

each of them was given alone

theoretical additive line representing dose pairs of
EACA and AEDs that are additives in protecting
50 percent of the animals. Theoretical ED50 at the
fix-ratio of 1:1 was then compared to the
observed experimentally combined ED50 to estimate
If the observed
experimentally combined ED, lies on the additivity
line, then the dose pair having these coordinates
On the other hand, the
points lying below the line suggests synergistic
interaction while the ones above the line

the nature of interaction.

is simply additive.

would then suggest antagonistic nature of the
T . (141
combination .

In addition, various combinations of EACA
and AEDs used to determine the observed
experimentally combined EDSO mentioned above
were subsequently used for the determination of

TD50 by rotarod test.

Protective index (PI)

PI, a quantitative measure of the margin
between doses producing anticonvulsant (protective)
effect and motor toxicity, was calculated by dividing
the TD5° value by the ED50 value. PI of EACA
and AEDs in monotherapy and in combination were
also calculated.
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Data and statistical analysis
For the determination of the ED50 and
TD ,
50

doses (log scale) and probits, which were

the dose response curve was plotted between

transformed from percentage of protection. Three
to five different doses of each substance were used
to construct the dose response curve. The linear
regression method was used to fit the curve and
the value with confidence limits for 95% probability
was then calculated by the method of Litchfield
and Wilcoxon®™

In conjunction with isobolographjc
analysis which was used to estimate the nature of
interaction between EACA and AEDs visually a¢
mentioned above, Student’s unpaired ! test wag
used to determine statistical significant difference
(p < 0.05) between the ED50 of AEDs in the
presence and in the absence of EACA.
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S134

Dose-response curves and isobolographic representation of EACA and phenytoin on ED_ and TD_ in the pcnlylenetetrazolc
model in mice. A, dose-response curves of anticonvulsant effect of EACA [ED = 673(299-1515);....], phenytoin [ED o
13(7-25);—), EACA in the presence of phenytoin [ED = 277(187-409);....] and phenytoin in the presence of EACA [ED”
= 5(3-8);—]. B, isobolographic representation of the mteracuon between EACA and phenytoin. In this graph the ED values
of EACA and phenytoin are plotted as the x- and y-axis intercepts, respectively. The thicker lines directed from each
ED_ value toward zero represent the lower 95% confidence limit of each ED_ value. The straight line connecting these two
points is the theoretical additive line. The open circle that lies on the theoretical additive line represents the calculated
theoretical ED_ value of the combination, were the interaction additive. The closed circle represents the experimentally
observed ED_value of the combination of EACA-phenytoin. In this experiment, the ED_ value of the combination of
EACA-phenytoin fall belpw and inside the lower confidence limits of the theoretical additive, suggesting the interaction
was synergy. Consistent with this, the experimental ED  value was not significantly different from the theoretical additive
EDso value (Student's ¢ test, p = 0.7015), indicating that the interaction was additive. C, dosc-response curves of minimal
neurotoxic effect of EACA [TD = 4]15(147-1169);....}, pbenytoin [TD = 55(6-491);—], EACA in the presence of phenytoin
[TD = 99(11-854);....]) and phenytom in the presence of EACA [TD = 2(1-6);—]. D, isobolographic representation of the
mteracuon between EACA and phenytoin. The experimental TD50 value was not significantly different from the theoretical
additive "‘Dm value (Student’s f test, p = 0.9203), indicating that the interaction was additive
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: Anticonvulsant activity and neurotoxicity of CA

- extract

. When four fractions (hexane, ethyl acetate,
methanol and aqueous fraction) obtained from
. sequential extraction of CA were tested, only EACA
. (but not the other extract) demonstrated

" anticonvulsant activity. EACA (300, 600, 900 and -

' 1000 mg/kg BW) given orally were able to protect
. the animals against PTZ-induced convulsion in a
dose dependent manner exhibiting the- ED50 of
© 673(299-1515) mg/kg BW at the pretreated time
. of 1 hour. Respective TDSO of EACA (30, 100,

300, 600 and 1000 mg/kg BW) assessed by rotarod
- test was found to be 415(147-1169) mg/kg BW.
i;Subse,,quently, the EACA was further investigated
. for its interaction with currently available AEDs,
:’ namely phenytoin, valproate and gabapentin.

Isobolographic analysis of interaction between EACA
and AEDs
-+ EACA and phenytoin
ED50 of intraperitoneally given phenytoin
(3, 5, 10 and 20 mgkg BW) was found to be
© 13(7-25) mg/kg BW when given alone and it was
decreased to 5(3-8) mg/kg BW in the presence of
: orally given EACA (Fig. 1A and Table 1). .The
~ combination also decreased EDﬁ0 of EACA from
- 673(299-1515), when given alone, to 277(187-409)
mg/kg BW (Fig.1A). The isobolographic
Tepresentation of the interaction between EACA
and phenytoin (Fig. 1B) illustrated that the observed
combined EDSo value, constructed from the
. €xperimentally calculated ED50 of EACA (X axis)
and phenytoin(Y axis), lay below the additive line.
Thus, synergistic interaction of the combination
Wwas suggested. However, no statistical difference
. .Was noted between the ED50 values of phenytoin
In the presence and in the absence of EACA
(p=0.7015). Therefore, the interaction of phenytoin
and EACA ‘was simply additive.

J Med Assoc Thai Vol. 88 Suppl.3 2005

As illustrated in Fig. 1C, the combination
also decreased TDSO of EACA from 415(147-1169),
when given’ alone, to 99(11-854) mg/kg BW.
The TD50 of phenytoin in the absence of EACA,
55(6-491) mg/kg BW, was not statistically different
(p= 0.9203) from its corresponding value in the
presence of EACA, 2(1-6) mg/kg BW. Taken
together with the visual assessment of isobologram
in Fig, 1D, the neurotoxicity of EACA and phenytoin
was also additive in nature resulting in the PI of
0.4 for the combination (Table 1).

» EACA and valproate

Similarly, ED50 of intraperitoneally given
valproate (70, 85, 100 and 150 mg/kg BW) was
found to be 104(88-121) mg/kg BW when given
alone and it was decreased to 29(21-40) mg/kg
BW in the presence of orally given EACA
(Fig. 2A and Table 1). The combination also
decreased EDSD of EACA from 673(299-1515),
when given alone, to 201(144-282) mg/kg BW
(Fig. 2A).
the interaction between EACA and valproate (Fig.
2B) illustrated that the observed combined ED50
value lay below the additive line. Thus, synergistic
interaction of the combination was likely. However,

The isobolographic representation of

no statistical difference was noted between the ED_
values of valproate in the presence and in the

Table 1. The median effective doses (ED ), median neurotoxic
doses (T Dso) and protective indices (PI) of phenytoin,
valproate and gabapentin given intraperitoneally
either alone or in combination with ethy] acetate extract
of Centella asiatica in mice

Groups - ED§£ (mglkg) D, (mghkg) PI (TDSOIEDﬁZ_
EACA 673(299-1515)  415(147-1169) 0.62
Phenytoin 13(7-25) 55(6-491) 423
Phenytoin 5(3-8) 2(1-6) 0.4
(with EACA)

Valproate 104(88-121)  247(107-568) 2.38
Valproate 29(21-40) 33(20-54) 1.14
(with EACA) .
Gabapentin ~ 310(150-638)  719(141-3660) 2.32
Gabapentin 79(41-153) 622(89-4345) 7.37
(with EACA)
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Fig. 2

Dose-response curves and mobolographxc representation of EACA and valproate on ED and 'I'Ds0 in the pentylenetetrazole
model in mice. A, dose-response curves of anticonvulsant effect of EACA [ED” = 673(299 1515);....}, valproate [ED” =
104(88-121);—], EACA in the presence of valproate [ED = 201(144-282);...] and valproate in the presence of EACA
[ED = 29(21-40);—1. B, isobolographic representation of the interaction between EACA and valproate. The experimental
ED” value was not significantly different from the theoretical additive ED” value (Student’s t test, p = 0.3399), indicating
that the interaction was additive. C, dose-response curves of minimal neurotoxic effect of EACA [TD = 415(147-1169);....},
valproate [TD” = 247(107-568);—], EACA in the presence of valproate [TD = 231(142-378),... ] and valproate in the
presence of EACA ['I'D50 33(20-54);—]. D, isobolographic representatxon of the interaction between EACA and
valproate. The experimental 'I’Dso value was not significantly different from the theoretical additive TD value (Student’s
t test, p = 0.5524), indicating that the interaction was additive

absence of EACA (p= 0.3399). Therefore, like the
results of EACA and phenytoin previously
mentioned, the interaction of valproate and EACA
was also additive.

In the presence of valproate, the TDSO of
EACA was decreased from 415(147-1169), when
given alone, to 231(142-378) mg/kg BW (Fig. 2C).
The TDso of valproate in the absence of EACA,
247(107-568) mg/kg BW, was not statistically
different (p= 0.5524) from its corresponding value
in the presence of EACA, 33(20-54) mg/kg BW.
Taken together with the visual assessment of
isobologram in Fig. 2D, the neurotoxicity of EACA
and valproate was also additive in nature resulting
in the PI of 1.14 for the combination (Table 1).
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» EACA and gabapentin

In line with the results of phenytoin
and valproate, EDSO of intraperitoneally given
gabapentin (100, 300, 700 and 1000 mg/kg BW)
was found to be 310(150-638) mg/kg BW when
given alone and it was decreased to 79(41-153)
mg/kg BW in the presence of orally given EACA
(Fig. 3A and Table 1). The combination also
decreased ED_ of EACA from 673(299-1515),
when given alone, to 183(94-354) mg/kg BW
(Fig. 3A). The isobolographic representation of
the interaction between EACA and gabapentin
(Fig. 3B) illustrated that the observed combined
ED50 value lay below the additive line. Thus,
synergistic interaction of the combination was
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suggested. However, no statistical difference was
noted between the ED50 values of gabapentin
in the presence and in the absence of EACA
(p= 0.6846). Therefore, the additive interaction
between gabapentin and EACA was indicated.

In contrast to a decrease of TD50 of EACA
when it was given in a combination with phenytoin
or valproate, the combination between EACA
and gabapentin increased TD,  of EACA from
415(147-1169), when given alone, to 1449
(205-10198) mg/kg BW (Fig. 3C). The TD, of
gabapentin in the absence of EACA, 719(141-
3660) mg/kg BW, was not statistically different
(= 0.9952) from its corresponding value in the
Presence of EACA, 622(89-4345) mgfkg BW.
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Therefore, the antagonistic interaction of neuro-
toxicity between gabapentin and EACA which was
visually suggested from isobologram in Fig.
3D was not accepted. The neurotoxicity of EACA
and gabapentin could be just as additive as the
other’s. However, in contrast to the results of
previously described combination, the combination
between gabapentin and EACA increased protective
index of gabapentin about 3 times from 2.32 in

monotherapy to 7.87 in combination.

Discussion

Clinically combination of AEDs to control
refractory epilepsy is advantageous if it fully controls
the seizure and simultaneously causing no synergy
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of adverse effects. There is increasing evidence
suggesting that in addition to a consideration of
mechanism of AED, animal experiments using
isobolographic analysis could also be beneficial to
predict clinical outcome”,

Isobolographic analysis in the present
study indicates that the combination of a herbal
extract from CA can enhance anticonvulsant effect
of all AEDs tested. A distinct additive effect
was observed in all combinations; ED50 of phenytoin,
valproate and gabapentin in combination with
EACA were approximately 38%, 28% and 25% of
their corresponding value, when being given alone,

The adverse effects of respective
combination on motor coordination, estimated
by rotarod test, were also increased as all the
combined TDSO values were decreasing, However,
interestingly, the protective index (PI) which is the
ratio between the neurotoxic dose and effective
dose of gabapentin in combination with EACA
was markedly increased (7.87 vs 2.32), whereas
respective values for phenytoin and valproate were
decreased. Thus, a combination of gabapentin and
EACA seemed to offer not only a higher protection
of animals against PTZ induced convulsion but
also a broader margin between anticonvulsant dose
and neurotoxic dose as well. Though in the present
study, gabapentin was given intraperitoneally, it
can be anticipated that an addition of EACA into
patients taking clinically available gabapentin tablets
would result in better control of the seizure in
parallel with a lesser degree of motor impairment
than those exhibited by gabapentin alone. Additive
effect of EACA was also demonstrated when it
was combined with phenytoin or valproate.
However, the advantage in these cases seemed to
be offset by the finding that their respective
protective indices were also decreased.

It is difficult to explain the underlying
mechanism of the interaction observed. Firstly,
this is the first evidence to demonstrate the additive
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anticonvulsant effect of currently available AED;
with CA’s extract in which the active principleg
accounted for its anticonvulsant were not ye
identified. Secondly, drug interaction of concurrently
administered AEDs can occur by pharmacodynamic
as well as pharms -oki etic mechanisms"® apg
none of them could be ruled out by isobolographic
analysis"". Though, different routes of admini-
stration of EACA and AEDs used in the present
study make the interaction by enhancing absorption
of AEDs unlikely, some other pharmacokinetic
interaction should be further investigated,
Furthermore, the fact that additivity of EACA was
observed on phenytoin, valproate and gabapentin
which are AEDs of different mechanisms of action
o) thus,

no clues on the possible mechanism of interaction

and different pharmacokinetic profiles

can be anticipated.

Considering that CA is a traditional herbal
medicine which is safe and easy to cultivate®
results obtained in the present studies strongly
support further investigation aiming to develop CA
as an adjunctive medication in epileptic patients.
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Anticonvulsant activity of Centella asiatica’s ethyl acetate fraction in
animal model of epilepsy

Anusara Vattanajun PhD', Mayuree H. Tantisira PhD?, Boonyong Tantisira PhD? and Hiroshi Watanabe PhD?

'Department of Physiology, Phramongkutklao College of Medicine, Bangkok 10400, Thailand. *Research Unit of
Neurophysiology and Neuropharmacology, Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok
10330, Thailand.

Department of Pharmacology, Institute of Natural Medicine, Toyama Medical and Pharmaceutical University,
Toyama, 930-0194, Japan.

- Purpose: The anticonvulsant activity of Centella asiatica’s ethyl acetate fraction (EACA) against pentylenetetrazole
(PTZ)-induced seizure, neurotoxicity studies as well as its possible mechanisms on electrophysiological changes
were investigated.

Methods: The median effective dose, lethality, rotarod test, locomotor activity and barbiturate potentiation test in
ICR mice were used to evaluate toxicity of EACA. Kinetic study of GABA, receptor-mediated currents of hippocampal
pyramidal neuron using whole cell patch-clamp technique was also carried out.

Resuits: Orally given EACA, produced anticonvulsant activity against PTZ test in mice exhibiting the median
effective dose (EDso) of 673(299-1575) mg/kg BW, whereas the median lethal dose (1.D50) was found tc be higher
than 5,000 mg/kg BW. Based on the results observed, the relative safety margin (LD50/ED50) was, therefore, more
than 7.43. The median neurotoxic dose (TD50), as established by the rotarod test, was found to be 415(147-1169)
mg/kg BW. Thus, the protective index (TD50/ED50) of EACA was 0.62. The depressant effect of EACA, in the doses
of 700 and 1,000 mg/kg BW, on locomotor activity was significantly different from those of vehicle and NaCl.
However, its effect on prolongation of barbiturate sleeping time was not significantly different from the effect of
vehicle. By an electrophysiological study on GABAa receptor current, a slight potentiation of the GABA-induced
current was noted when EACA at low concentration of 0.1 — 3 pg/ml were co-applied with GABA. However, the
GABA-induced current was partially blocked at higher concentration of EACA (50 pg/mi).

* Conclusion: Anticonvulsant dose of EACA produced some neurotoxicity on motor coordination and depression of
the central nervous system as those exhibited by most antiepileptic drugs. However, in terms of the relative safety
margin, it seemed to be safer. its anticonvulsant activity might be partly related to a potentiation of GABA-induced
current. Our findings suggest the potential of EACA to be further developed as adjunctive medication for epileptic
patients providing that active substances which seem to be numerous and exhibiting different pharmacological
profiles are separated and identified.

Keywords: Centella asiatica, anticonvulsant activity
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UnAneiat 26
Effects of Centella Asiatica's Ethyl Acetate Fraction on Some Hippocampal
Amino Acid Neurotransmitter Levels in Pentylenetetrazole

Treated Freely Moving Rats

Anusara Vattanajun, Mayuree H. Tantisira*, Boonyong Tantisira* and Hiroshi Watanabe**

Department of Physiology, Phramongkutklao College of Medicine; *Research Unit of Neurophysiology and Neuropharmacology, Faculty of
Pharmaceutical Sciences, Chulalongkorn University;, **Department of Pharmacology, Institute of Natural Medicine, Toyama Medical and

Pharmaceutical University

Purpose: In vivo microdialysis experiments on pentylenetetrazole (PTZ) treated freely moving rats were performed to
search for the possible effects of the ethyl acetate fraction of Centella asiatica (EACA) on hippocampal amino acid
neurotransmitter levels that may underlie its anticonvulsant activity.

Methods: The stereotaxic surgical procedures were used for the transverse implantation of microdialysis probe onto the
hippocampus of male Wistar rats. On the day of microdialysis, the probe was perfused with artificial cerebrospinal fluid
(aCSF). The dialysate collected during the equilibrium period of 60 minutes was discarded before the first sample was
collected. The dialysate was collected at 20 minutes interval, 60 minutes before and after the administration of vehicle
or EACA. Then PTZ or saline was injected and the dialysate was collected for 2 hours. Amino acid levels were
determined by high performance liquid chromatography (HPLC) technique.

Results: The administration of PTZ 60 mg/kg BW that demonstrated convulsion in all of the animal in vehicle+PTZ
treated group showed significant increment of amino acid level that of aspartate in the dialysate (p < 0.05), while the
other amino acids were not affected. Pretreatment of EACA 700 mg/kg BW by oral route could protect most of the animal
against PTZ. In this group, the excitatory amino acid neurotransmitters {(both aspartate and glutamate) were gradually
decreased while the inhibitory amino acid neurotransmitters (glycine and GABA) tended to increase when compared to
vehicle+PTZ treated group, however, none of them was statistical significance.

Conclusion: The present studies demonstrated that anticonvulsant activity of EACA against PTZ might result from a
small decrease of hippocampal excitatory amino acid neurotransmitters (both aspartate and glutamate), in conjunction
with a slight increase of inhibitory amino acid neurotransmitters {(glycine and GABA). However, some other anticonvul-

sive mechanism of EACA than those observed herein remain to be further investigated.

Key words: ® Centella ® Pentylenetetrazole
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