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i'Yl'.i. 02-2188341 

2.3 rn.:im'tl'~'.il'ill'.iV ~'.i. '.i-W"W-a .n 1111Y1 rirn~1ni'11i'l'l'tl'~{ ~w1-a.:imci'm-niV1r.mfo 

im. 02-2188358 

,I -=:to ,I -~ QI o' rl -=:to QI 

2 .4 ni.:im'tl'~'.il'ill'.i v ~'.i .ivm'W'Yl'.i mm-n t1m~1n'tl''11ftl'tl'm ~w1-a.:i mm1Jm1Y1 m-av 

i'Yl'.i .02-2188358 

,I o' -=:to QI o' ,I ~ Q.I 

2.5 '.itl.:Jft'l'tl'~'.il'ill'.icJ m.Vl'il'W fJ'111'W'l1 fltl!~!fl'tl''11f11'tl'~'.i ~W1'1.:Jfl'.itl!lJ'Vl11'YlcJ1'1tl 

i'Yl'.i .02-2188261 

,I .cl -=:to QI~ QJ ,I Q.I ti rl ~ QI 

2.6 '.itl.:Jftl'tl'~'.il'ill'.itl 'W1'1ft'.i 'W1~fl'tl1.:Jf1 fltl!~!fl'ff'11f11'tl'~'.i ~W1'1..:Jfl'.itl!lJ'Vl11'YlcJ1'1tl 

im.02-2188310 

rl ct QI o' ,I ~ QI 

2. 7 '.itl.:Jftl'tl'ml'ill'.itl ~1'.i'.itl!l !'Vl'1tl.:J'l1'11il'.i fltl!~!fl'tl''11i'l'l'tl'~'.i ~W1'1.:Jfl'.itl!lJ'Vl11'YlcJ1'1cJ 

i'Yl'.i.02-2188310 

,I ,I ~ ,c::j. QI ,I o' ,Qi, QI 

2.8 '.itJ.:Jftl'tl'~'.il'ill'.itl ~'.i-l'Yl'li ~'Yl'lift'.i flt11~!.fl'tl''11rt1'tl'm ~w1-a.:imm1Jm1Y1m-at1 

im. 02-2188358 

!1/1 r/ O QI ~ Q/ tJ' ,I ~ Q.I 

2.9 Y'l'l11tlf11'tl'ml'ill'.itl ~'.i. '111'Wltll fl~'.i'Vll'W'l1 fl'tl!~lfl'tl''11f17'tl'~'.i 'ilW7'1.:Jfl'.itl!lJ'!111'YlcJ1'1cJ 
" u • 

01SC,91 

4-"' .w, b2 



,,, (/ O Q.I .c::i. Cl.I r/ r/ .c::i. Cl.I 

2.9 IW'lf1tlffl~WH\l1'.itl m. 'l/l'UlUI fl\91'.i'Vll'W'l/ fltl!~lfl'N'llft'l'N\91'.i 'ilW1'1.:Jfl'.itll:J.J'l111l'ltlli'ltl 
"' u q 

1 m .02-3218-831 o 

2.1 o ~'W~7'.i1'il l l'l'Ylt1}.:J n1.:im'N\9l'.i1117'.i 6 'n'.i. 'N:J.Jl'l'.i .:i m1ru61h~t'N~j flt11~1mZ'llft'7"N\9l{ 

11w1".:i mu1:J.Jm1Y1t11i1 t1 1 l'l'.i .02-2188324/5 
q 

o' 

2.11 11c:immft'll'l'YIW.:J N'lf1tlffl'N\9l'.i1117'.iV ~'.i . .n'N'.i1m it1m1 fltll~lfl'ff'llffl"N\91{ 11 Wl '1.:J m ti! 
u "' q q 

:J.J'l111l'ltlli1tl ll'l':i .. 02-2188324/5 

3)1 ,I .c::ir/d ,I Cl.I ti ,I .c::i. OJ 
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isolation !Ltlf)'ftlj{'(f)l9l'lJ1'Uflll-a~'Vll'l't'l'U'Ut)'Vl1ifll'U'lffl'IJU-:J'ftljl9l-:Jfl-a71'Vl-a~'t'l'1'U'il'U'ftllJ7jt) 

fll'\1'U l'llJ lfl j ! l'U 'IJU-:J 'ftlj 't'I' 0191 ~ lJ t) 'Vl i '1ll'U 'J$fl~ 'il~'W 71 i.J'Vl 191 't'l'U'U 'fl17lJ l ~ 'U vi '!:I ! 'U ifl 1'Vl M tl-:J 
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1m~1:wtJvi't't''il'Ut~11't'l'n 't'l'nl'lir'Wih111JJut1tJl'l nt1i.:itl11 U'Vl\'l't'l'tl'lJl))t) 1 'Wri'U 
SJ 

5.2 m1\il1t'W'Um11iot1flllJ~l't'l''UU H1'W 1 m .:inn110mi.J1t1rnvit11J nm1'W1iot1~l~\illt'W'U m11,J 
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1m1 

1~f'UU'41J~.:i1Ji.J1~mw,J1~~1il'Vi.fl'. 2549 ~7'W1'U 4,500,000 'Ul'Vl ut1~1~fo.:i1Ju1~mw 

d d 
-:J119l'Vl 1 1,237,537 'Ul'Vl llJtl 8 lJmlfllJ 2549 

' "' "' 972,700 'Ul'Vl llJU 30 lJQ'Ultl'U 2549 

J 
1,055,113 'Ul'Vl llJU 19 ~tllfllJ 2549 
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1riHm1~ 1 m1't'l'nl'l mrntJn 1rn~m1vi't't''ilurnn~m1ru'l.lu.:imrnnl'l't'l'lJ'Wl'Vi1"1J11Jn 
SJ • 

1 m-rnn~ 3 nTnh~1iJ'Ut)'Vli"111'Win 1m~vif.ltQtJ1J'Vi~'U'UU.:J't'l'l'rnnl'lmm!l'W'IJ11Jn 

1 m .:i fll'j ~4 r-rn 'Utl-:J't't'lj {'( fl\'llJlfl 1)11'1-J 'IJ11J fl~U fll'HU ~ f.)'j,JU u-a.:iu~ mw 'ftl'J ~mJ 'j ~trl'Vl flj\'ltJ~m 'U 

1 'U 't'l'lJtl-:J'\1~ 'll 11 

1 m .:i m 1~ 5 N-a'lleM't't'l'J 't't'nl'lmfl 1111~ u11J fl~tJi1 f u ~ Q fll'\1~tJ1tl 11,fof 1.:i ,'U u 'U N'W w1rn~1 ~fl'U 

(Xaenopus laevis) 

c:i- d ?1~.JJ'QJ QJ QJ 

I flH fllHl 6 'fl11lJlu'U'Vi1'.J fl.:Jl1UH'Utl-:J'ftlj{'(fll9llJlflj!l'UU11Jfl 

1r1Hm1~ 7 r--m'lltJ-:Jtr1rnn191mm!1'Uu11Jfl\l1tJW'UICJ1lJLCJ1 !fl 1mJJ~ 450 t'W'\1~'1.J11 

1 f1Hfl11~ 8 m1iwim1,J uuutJ1tf11 tJlJ~mmg;'t'l'lJ L'U m1tl1rn1't'l'1'J't'l't1\'llJ1fl'J~1'Uu11J fl 1 tlH'm.:i 
SJ ~ 

rl~'W fl 

5. 3 11tJtl~l~tJ\'ll~lJ!~lJ!~tJ1tl1J fl111'0tJ~ l~\illl'W'U fll'j I uuii'1 1 l'ltJ! 11ll'U'lJU'Vl'fl17lJ N-a-:Jl'U 
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fl11lJ fl11'11'Ul'Vl 1-:J1'lflfl1'.i 'UU.:Jl!N'U.:Jl'U 1 'il tJ'J ~'1111-:Jl'lll 'U 'U fll'J ~ vi lJ 'Vi! 'U 17 'J 't'l'l'J 'Vl1.:J1'lflfl1'.i ti-a~ 

''l . I "' "' !NtJll'Vi'.i 1'Ufl1'.iU'J~'lflJ1'lflfll'J rlU • 
5.3.1 Vattanajun A., Watanabe,H., Tantisira M.H. and Tantisira B. Isobolographically 

Additive Anticonvulsant Activity between Centella asiatica's Ethyl Acetate Fraction and 

Some Antiepilcptic Drugs. J Med Assoc Thai 2005; 88(Suppl 3): S 131 - 40 (lfi'.i-:Jfllj~ 3) 



5.3.2 Ausara Vattanajun, Mayuree H. Tantisira, Boonyong Tantisira and Hiroshi 

Watanabe:Effects of Centella Asiatica's Ethyl Acetate Fraction on Some Hippocampal 

Amino Acid Neurotransmitter Levels in Pentylenetetrazole Treated Freely Moving Rats . 

(1fiHfll'J~ 4) 

( 'll>l'.il-:J1'1~ I hmm.h~mv1NM7'W1'Umi'.l'WmldlO-'.lfH)lJ (Oral presentation)1'Wfll'J1h~•it1J 1'1flfll'.i'Vf:i~ 

l.J-'.!Q{)lflftlri#-:i~ 34 l'W~ 22-24 'V'lt)ft';fllcJ'W 2549 ru 'HeM1h~<J£1J'lmy mmrn1~l.J-'.!Q{)lflftln'!f1vw1 

"'!\ ~ d' jl 

TYltl1'1Ull'V'l'Vltlft'lftY1'.im~lJ,:JQ{)lflm) 

Q,/ CV r/ d Q./ AA t/ C1J AA e:{ 
5.3.3 tl'lfff'il 1\Pll'W'il'W'Yl'i :W~'i ~'W~ff'J~ 1JtyV-:ifi ~'W~ff'J~ ml~ Hiroshi Watanabe ()Ylli 

f1'W'l1fHnl~~'.El~tl'i~lJlJU'i~ffl'l'HY1'W nm-:i'lleMm'i ff f1\ol'!J11J fl ( Centella asiatica) t 'W11~iu 

" "' q • I "' • I O ';;'I " IJ ",,i 91 'ilfl'i Oral Presentation 1'Wfll'Ju'J~'lf:W1'lflfll'Ju'i~'illufllrn'Vfl'lV!lN'W l'YlV fll'i!l'Vi'VlV'Vi'WlJl'W 
q 

o' ct I A ctd QI d A j) .c::IA cl 
fll'i!l'Vi'VlV'Vll-:irnrJfl!l11-:i'lf1~ m-:iYJ 4 1'W'Vl 29-31 ti-:imfl:w 2550 ru tteMU'i~'J.!:WYhmCJf 1-6 

o' A jJ ,.I A ~ ~ d 1' d 
f1'WV!l ff\ol-:]ti'W fllllrt~fll'Ju'J~'lf:Wtl:W!l'Vifl l:IJrJ-:]YJrJ-:]1i l'W( Im ,:i fll'J'Vl 3) 
~ q -

5.3.4 Anusara Vattanajun Mayuree H. Tantisira Boonyong Tantisira and Hiroshi 

Watanabe. Anticonvulsant activity of Centella asiatica's ethyl acetate fraction in animal 

0 ?I 9 • I "' 91 
model of epilepsy 'il~'Wllff'Wtllu'W Poster presentation 1'Wf11'Ju'i~'J.!:W1'lflfll'J'Vi'J~:W-:i~~!fH'll 

" ' ' 
rif-:ivi 35 'Vi()f1~fl1V'W 2550(1m-:im'ivi 3) 

5.4 f·H1tn"av111Uirn1"S lv1u'1'11hrn-.:i lt1':i-.'.lilnclflmY-.:i 8 lfl"a-.'.lfll"aii v1-.:id 

lm-.:inn~ 1 fll':i'1'nvi fll"a!!fJfl 1rn~m"Sv.~~ilrnnKmH1J'lJM'1'1':i'1'flv1'1'~'W1'V'l"l'U1'l.Jfl 

~,nnn l9l11llJft'nft'n9l111J11Jm1Jur-i-u1,]iH'1~rlHil(rn1m1 ll 'U1lft'lJ\!rn111Yi .!'1. 254 7) 

V y 
1l11J um . 

11i!n~1u hexane 3 fi1~ 

ft'7'ift'f19llHJ11J hexane mn 

I 11i!n~11J ethyl acetate 
• 

3fi'j~ 

w i 
ft'7'ift'09ll1fJ71J ethyl acetate 

i 
mn 

11i!n~1u methanol 3 flf~ I 
w i 

ft'1'.iff09ll1fJ l1J methanal . . 
9i'rnAu11mhfo-u 

nin 



ffl'H'Yf1~'HtJ71J'illf1fflJ'WIYl'J1J11Jf)lf,,'.j 4 'lflJ~ ~tl mrnn~'Htl71J hexane, m·rnn~ • 
~ ; 

'H tl71J ethyl acetate, i,'ljfff)~'H tl71J methanol 1rn~mrnn~l'i'1ml1f t1'U \)mY,,'.J l 'U'Yl~fftl1Jt]'Yl1l 

~l'W'Mf1l'Wir'\911'Yl~t'ltJ,,'.Jl~tllflHf1111'Utl~ 3 Yl1J17 ~TH1'f1~'Htl11J ethyl acetate lJt]'Ylf~1'U'fo 

11-i'~~~~ 

' ; 
<lJ oQ.1.:::1.at. at. 

2. nn fff1~lltJf1i,'7ji,'7flUJ'YllJ'i ff'Yl'li 
u • 

Q.J o CL.I d Qi. d'j) ,c::::u::::S 

Ulff7Jfff)~'Htl11J ethyl acetate lJlfff1~1!tlf1ff7Jffl'flt\:J'Y11J1~'Yl'li~1tl1'1i column 

chromatography l~tllltlf1ff71fff1~'U1lJlill 52 n:fol'i'1t1 silica gel column ('U1lJlill silica gel 

Q.I 'J) Q.J O ,J ... I jJ 9 CV I 

500 nm) 'lf~~1tl\911'Yllt'l~mtJCJMu1~f1tJ1J~1tl dichloromethane-methanol t'WtJ\9117ff1'W 18: 1 

d t o it . 31 91 31 Ji 
lf11J fraction flj,,'.Jt'I~ 100 lJt'I. 'ill'W1'W'Yl,,'.J'HlJ~ 98 fraction llt'l1t'll,,'.J column ~1tl methanol llJtJ 

~'il71illl pattern l'W thin layer chromatography (TLC) 'lltJ,,'.Jll~t'I~ fraction m11 mm1m1lJ 

fraction rf-:ittlJ~l~'W fraction 'lmy \91llJf117lJflr;i'ltlfl~,,'.Jf1'Wl'W TLC 11-i' 8 fraction \P1'1llff~-:i'lu 

d 
\91111,,'.J'Yl 1 

Yll"ll-:.1~ 1 Fraction ~lltlf1ll'i''illf1 column chromatography 'IJtJ,,'.Ji,'ljfff1~'HtJ11J ethyl acetate 

'illf1ffJ.l'W 1 vi1tl' 1u n 

~ 

'HlJltllt'l'IJ fraction il1m!n (ni'iJ) 

5.7 

2 7.7 

3 5.8 

4 2.8 

5 1.7 

6 1.9 

7 1.5 

8 13.6 
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Btl'W'l !'Wl'.jf1 fraction lMvhfll'.illtlf)CJf10f)'11'f11tlflf-:il'rfo 'l tt't~t.l!mru 'fflnl'fll-llll>i~~ fraction l'Wtl-:JYrn 

rlrn f um'.i 'Yl\Pl'fftJUt]'Ylf 1 'W'U'Wl\Pl~~-:i~'W 111-ir-rn fllrnl-l'fftJU activity ~tl.J11191n\>iwo1m~:w11"' '1~'Yl1J1ci 
,, " 

Of1'11~1t1flf-:i i-:it~'Yl\Pl~tJ-:Jlltlf1'ffl'.i'fffll-l~1tl11ll'11l.Jt~ fraction l1-:J'l1:W\Pl 5 fractions 11ii'1ri-:it'U'Yl\Pl'fftJU 

q 'Ylf l>ll'W'fo 11ii' TW 7 fraction ~iiq'Yl f m1wnl>itJ 1 \Pltl'Vl 1 fll'.illtlf1'fffl\Pli1:w nu fll'.i ~ ~" tl'm n&J n11w 'ffl'.i 

t'W im-:ifll'.i~tJtJ~ 2 

1 m-:i fll'l~ 2 fll 'ltT½'Nmm ~ l'W'IJMm 'ltlt1vl1J1'U m ~61 'lfl uirr~ Q~mhtrrumVJl'l-l'tlfl 

~ll'W'W fll'.i'Yl\Pl~tJ-:Jl~tllltlf1'111'fflHYl'At1J~iiq'Yl f 1>11'W'lff11 'W 'ffl'.i'ff fl¢m t111J '11f1 ethyl acetate 

i~tifll'.i'lci/ column chromatography !~ fractions~ri-:J\91j1'1'fftl1Jt]'Ylf 1>11'W'lff1 4 fraction ~tl A, B, 

C, D, E (\9lljl-:J~ 1) mi~t~'Wlfraction C m1wnl>itJ i~t1~ll'W'Wfllji1:wnu i~Hfllj~tJtl~ 1 1rn~ 

.<:::lo rl Q) a' Q,I 

'\l'l ~ '1 'Wm f1 ~ f111 ti! '\HM 'ffl j 'ff f1 \Pl 

~nN~ 1 11 'ff~-:iir~riTW1>1Tvi 1~~mmrn~tl1:1J1\91j~'l i'l 'W fllrnt1nri1'W'fflj'fftll-l 

Fraction Weight % methylene chloride % ethyl acetate volume of No of elution 
(g.) solvent (ml) 

100 0 250 4 
02A0I 2.301 90 10 250 4 

(A) 80 20 250 4 
02A02 1.989 70 30 250 4 

(B) 60 - 40 250 4 
50 50 250 4 

02A03 0.747 40 60 250 4 
(C) 30 70 250 4 

20 80 250 4 
02A04 1.896 10 90 250 4 

(D) 0 100 250 4 
02A05(E) 2.418 Methanol 250 ml 3 

02A06 0.175 Methanol 250 ml. 5 
Total 7.526 

'11f1flljlltit7'fflj'fftl~ 02A03 (fraction c) ~-:iiiq'Yl(1>11'Win'lm1m~30 mg/kg ~1t1 

" llj 9' . llj 91-,, 9) ' ,!I 9' 
column chromatography t~ fraction 03A01 - 03A04 t\Plj'l.Jll\l-:J11N~fllrn~'fftJ'l.Jl1JtJ-:J\91'W 

'Yl 1-:J !fl i1'l$1'Yl t1111ri1'W ~-:in ci 11ii t)'Yl f \i{ l'W 'lf f1~'U'Wl~m1:w t 'll:W 'll'W 1 mg/kg 11 ~~ ! ~\91 j 1'1 'fftJU 

mmf n11w~1c1 Infrared spectrophotometry, Thin layer chromatography, 1 H-NMR trn~ 

13C-N MR '17f1N~fllrnl-l~tJ-:i~ t~fll\Pl1l'ffljffl'At1J'l'WmrntJnq'Y1(1>11'W'fo ! 'W'ff~'W l'\l'lj1J1U n 

t~'W very long chain fatty acid (VLFA) ~-:im~i11~mnrn'ff:W'UtJ-:J VLFA ~tlj~f1tJ1J~1cJ 

')' I I Q.I ..::k O .d111 lei I I ,A .C::-. 

mc119W71'1J'Wl\Pl\911-:J'lf1'W 91-:ilU'W new finding 'Y11:w:wnnj7cJ-:JllHJ7f1tl1! ll\91l'WtJ,1'\llf1tlnnru 



VLFA l'W'lJ11JtllJtl~UtHJ1lltl ~--:i1~Yi1t11'HZ.:nm1~ttm'.i methyl ester '\Jtl--1 VLFA ~1~ l~tl 

'l'lf'l'Wt11'.i11m1::;ttri1'WNtrlJ'\Jtl--:J VLFA ~1v1n GC-MS 1~v1~11~1--:i'ltttttJ--1uij1J~t11'.i'\Jtl--:J 

ltltl'l5'W 11rl'n::;1-1111ri1'UNtrlJ"Jc),,'.j methyl ester VLFA l'W'\JtU::;1~V1f1'W~1'ijt.J~1~vl'wimin 

Ci ✓ • 3) 

Ht1mrn::;,1m1::;•ufract1on 03A02 ~1v 

' d 

1 m -:i rn ·rri 3 0111.h ~ &u tl TI ii l>l 7 'U ci{ n u ~ ~ 'W ·m ii t11J 'Vi i1 'W •1rn-:i m 1 tr n v1mvi1311 u i( 11.J n 

N~'illtltll';i 'Yl~trtl1Jt)'Yli 'e)'\.J 1:J'Yi--:iu ';i::;tr--:Jrlel'Wtll'illO~ 'il1t1mrnn~'U11J t1 EACA 'Vl1Jllm':itrf1~ 

~--:imh1i'im11JU~tJ~nvtr--:imn ( r11 LD 50 mnn11 5,ooo lJt1/t1t1.) u~::;1:JiJr1~1u~v'WuUMnm 
"' 

f)l';j'\.JtJ'W'l'i~lJ'illtltll'.i ,~,fo pentobarbital (50 lJtl/tltl) ~1tt1~Vtll';i'Q~!9i'1·1fo--1-n'B--11U~V'\.JUU~--11u 

u9itJV7'11~~--:iutr~--:i 1tt1~'U17mrnn~'lJTUtl l:Wl-Jl'il::;lJq'Yliifurr--111~tJ Hm'W l91lJl91 l\9l 1 mlJ'W 450 

'l 'W m::;1J1'W m':i 11Ju 'YllJtJii CJflJ Bv1--:i l '.i ~mlJ'Vl1J11m'.i m1~1J11J n l'W'll'Wl~~iJq 'Yli ~1'Wi't1 (100 

u~::; 1,000 lJtl/tltl) lJN~tl~tl1Wl~tl'Wl'l'i1'\Jtl'1'1'i~i1J'ijtl';i (locomotor activity) tlVl--:JlJ'l!vrl1riqJ ~--1 

'il~l~'Wl~'illtlN~':illJ'\Jtl--1 Horizontal counts 1'Wnm 120 'W1'¥i '\Jtl--1 EACA l'\.J'U'Wl~ 700 U~~ 1,000 

lJ tl/tl tl~ 11\91 n9i 7--1 tl Vl--1 iJ '!!vrl1r1UJ'Yl 1--1 tril~'ill tltl~ lJ ~1 ~f 1J vehicle ~ --:ii! 'W ~--1 ~ 71 ~'W tl d1--:i t--:i~ 'il ~l!tJ--:i 
u • 

'l'i 11n trn~ UVtl m':i~--1 lJ q 'Yl ,~ l'W'Mtltltl tl'ill nm ':i~lJ t)'Yl ( tl~ t11 ml~ tl'W, 'l'i 1~ --11~vut191lnl
1

1 Mfoq 'Yli 

do 1""' I 'Yl'Yll 'l'i!tl~ ataxia '\.Jfl'W 

t "1 v dv QJ 4 ,- QJ AQ.I 1 , , d 
'WOtl'illtl'W'W l~'Yl~tr01Jt)'Yl1im'W'l5tl'UO--:J subfractions 91--:JIWtl !~V'Wtll'ilV 'W 1fl';i--:Jtl7';it.JOV'Yl 1 1m::; 2 

en 17 subfractions 1~v1tttrl':i'Yl~tru1J1'W'U'Wl~ 10,30,100 m,~ 300 lJtl/f1tl 1~vnwilo'W'Yll--:Jthn 
9.1 dl!}'J} , Q.I A,l'J) QJ1 \q9' ,vi, IA 

'illtl'UOlJ~'Vl l~'Vl1J17tr7':itrtl~'l.J1'1 subfractions lltr~--:Jt)'Vl1im'Wtll':i'l5tl '\.J PTZ mode I~ 11\91 llJ'Vl1J17lJ 

Subfraction 1 ~~II tr~--:i q 'Yl f #!1'1-J 'Mtl~ iJ~ mi ru::;'U0--1 tll':i II ti '.i rt llJ 'U'W 1 ~ 'l'i ~ o lJfllllJ 11 ':i --:i t111 
J I Q.I O O ~I QJ \r)V 

Subfraction O'Wa, OV1--:J'l5~1'il'W 'il'WtrllJl'Hl'WllJltll'l'i'\.Jmu'W marker 'UO--:Jtrl'.itrtl~lJlrl':i!l'W I~ Im~ 
' ' ,, 

iJ9i'o'Ylil1ir --11nr1111 'W irri1'Vl~~o--:i'Ylm':itrn~1l'1un 1:Jmmn1ilo--:in'W t11'.i'Mt11$Ji!'W 11~ w1>11'il::;i'n'il'W • 

,, ' ,, 
l~V1 ~--11$Jvht11':i'Yl~~MCJfl tlfonJ~V'Wpretreatment time '.i1lJl1'1'Yl~~O-:J1ttm'.itrf1~Vl~9ion'\.J 5 

1'W ~if--:i 1:Jmm':itl'il~'l}i~ 1$J11 fraction 1~ iJq'Vli~l'W'Mtl~~ ~o lJtll':iOOtl()'Vli~utl'.imlJ'U'Wl~ 

tll'.i 1'lf 11~::;dose range 'UO--:Jtll'.iOOtl()'Yli ~1'\.J'Mtl0~'\11--:J'illtl'U'W l~~Ol'il'Yll 1 ttln~vi'J,J 'illtlN~ tll':i 

'Yl ~~ 0 --1 ~, ~II tr~~ 1 'If 1 ~ 'W 11 q 'Yl ( ~l'W '11tl'\JN trl':i tr f)~ 1)11J tl'W l'il~O ~1 mi' f1'W lJ1 tlf11J'U'\.J 7~~ vh 1 ttlfl~ 

vi'M'.i llJi--:iiJq'Ylfi ~'W proconvu!sant ~--:J'Yll 1 ttff \911'Yl~ l;'IO~~mrnn~ l1] mm1 t1ilo--1 f1'W tll'J'11tl'illtl 



pentylentetrazol l~)Jr)lfl1'.i'Jffl~lWll '.i-:Jfl11~!fl~'illfl pentylentetrazol ll~!'W tl-:Jt!Vl-:J!~!'.11U~~Yh 1 tt 
\911!'.lil-l~f!~ 

1 m -:ifl1 ".i~4 f-lt)'U ei-:im".i crnvimm ~1'1-,!'U1'UtW1el fll ':i! 'U~U '1-,!!l'Ut1-:i·tfhmum 'j ~el'U':i~ tl'l'YI m vieidll 'I-,! 

1'1-,!tYl-JM'Yl\f 'Ul1 

' ., 
'illflfl1'.i1!fl'.i1~11'U5:IJ7tlHYl'.iiYm .. h~m'Yl'l1-:J 4 'lfW~ (glutamate,aspartate, glycine !rn~ GABA) 'illfl 

' ' ' -=i':"I \i) 'J).c:I I 'J) ' ' .c:llJ] j/QJ 
microdialysis probe 'YlH-:J !1'Yl'fflltl-:J'ff1l-! hippocampus ~1!'.I HPLC Vl'U11 111ifl'qll'Yl !~'.iU vehicle+ 

., 
PTZ 'il~)JtJ1fl1'.i'Jffl!fl~~l-!i'.jfl\9111l~~iJ'.i~iu'lltl-:J aspartate ~-:Jfl1111lJfltjm.lfl~ t!V1-:J)J'Wt1'11rlt)j fll'.i 

1~fom'.itrn~u1ufl (EACA 100 llfl/flfl) riul-l'il~t~i'u PTZ 'il~i1vi1u-:inl-!fll'.i'Jffl'il1fl PTZ 1l-lrt1i 

'\Jl1 5 \9111l~ll-)'ffllJ1'.i!:li1tJ-:if1lJl~1l-!11:\i'll11 2 il1 

' ' Q.J Cl ~ \I) lt!:I .. 1.c:=t .... I .c:=t ' 
'.i~~U'Utl-:J excitatory amino acid transmitters 'fftl-:J'lfl-1~ no glutamate ( !llllfll'.i!ui'ltll-!llu"-:i'Ylll\l'lfl\l'lH 

I I sJ I 
t ~ \i) 'J)QI ~ ,:9 I I c:I l/J j,/QJ 

'illflfl'qll vehicle!lltl 1~m PTZ) im~ aspartate ( !Vlll'Ul-!~-:Jfl11fl'qll vehiclellltl 1mu PTZ) 'il~~~~-:i 
I I j.l I 

il-l'lltU~vi inhibitory amino acid neurotransmitter ( glycine um: GABA) 'il~!~ll~l-!!iJmiJ1vrnvivunu 

11 l-! flrl lJ ~, ~:i'U PTZ ~ ,:iu,r fll'.i !'U~ tll-!ll 'U~-:J ~-:i flrll1'il~ 1JJ ll ff ~-:)fl 11llll\9l fl~ 1-:Jt!Vl-:J n 'W mhr1ru 'Yll-:Jtrtl ~ 
qJ q ., 

ll~~i:im1mtll-!l'Ul~~fl1'.i!'U~tll-!ll'U~-:J i~tl'.i1ll'Utl-:J'ffJ'.i~tl'U'.i~'ffl'Yl'lfW~fl'.i~tlmmf-:i 4 'lf'W~'il~!tll-! 

fl~ lflmh-:i11d-:i~1rlv1'llu-:inuq'Yli1l-lfl1'.i'Ufli1u-:im'.iirrn1fl PTZ 1l-!rt'!A..f-:i 5 i1il 1m~'il~Vl1Jfll'.i 
I JI I (/ 

!'U~tll-!ll'U~-:J'IJO-:J glutamate 1l-1'1fllltl!~!~t11f1l-!'W 1l-lrt'!ABfl 2 i1vi EACA 1llmm'.imJfli1rNt]'Yl1l 
I I I J) 

!rf'WtlTWlfll'.i'Jffl'illfl PTZ l~ u~@-:ivill\l'lfl~l-:J~tl'.i~~'U aspartate 1l-1111ifltjll'W'il~lJfo~iMll~fl'1'U'il~ 
I JI I jl J) 

,:::i. ,:9 11) I ..:::i, ,::g a., I I 9 
!Vlll'Ul-1 ll~~ !ll'V'l1Jfl1'.i!Vlll'\Jl-!'Utl-:J inhibitory neurotransmitters 'Yl-:J glycine ll~~ GABA ll\l'ltl!'.11-:J 1~ 

' ' ., 
!'lfl-!!~t11f1l-! f11Jf11'.i!'U~tll-!ll'U"-:J, l-1111iflqllvi EACA 'ffllll'.i!:li1tJ-:JfilJ fll'.i'Jffl ,~ tll'iltl 1!1Jltl l~11t]'Yl!i 

' ., ' 
#i'1l-!'Jffl'Utl-:Jffl'.itrf1~'U1'Ufl (EACA)vi'V'lUilJ whole animal model'Wl'il~~l-!tl~f11Jf11'.i!'U~tll-!ll'U~-:J 

qJ 

i ~ tl'.i 1 ll '\Jtl-:J ffl'.i ~tl'U'.i ~trl'Yl ~ iJ t]'Yl f \91 '.i -:J'lJ 1 ll fil-1 lJ1 fl fl11 fll'.i !'U~ tll-!ll 'U ~-:J 'Utl-:J'ffl '.i ~tl 'U '.i ~ffl'Yl! 'W tl-:J \911 
'l ., ,k 
1~\91111l-!-:J 

,. 1.d ~ .J I QJ Q.J .c:I el I t 
rl~ fll'.i !u Ml-Ill 'U i'l-:J 'Utl-:J mnrnu '.i ~ffl'YlCJM'V'l 'U11'1'1'.i 'ff fl~U 1'U flll t] 'Yl1i \l'ltl'Yl-:J excitatory !m ~ inhibitory 

1 'J/ QI tdd 
ammo acid neurotransmitter l-!'fflltl-:Jrf'!A'll11'fftl~fl~tl-:Jfl'Url~'Yl-:J'Yl!Ul-! anticonvulsant ll~~ 

proconvulsant '\Jtl-:J'ffl'.itrf1~'U 1'Ufl~Vl'U 1 l-l rt'!A~'U1J m 



1 A 'i .:i fll 'i ~ 5 N ij 'IJ 0 .:i m 'i ff n YI mm q) 1'1-fU 111 fl vl 0 vi' 1111 ~ om 'tt ~ ti T1h 11fo-½' N ~lu 1J u N ifo C}I ij if\ 'I! fl 1J 
~ . 

(Xaenopus /aevis) 

r-H1'1Jo,nn'.itrn~u1un (EACA)~01911fu GABA 
. " 

l'WO~~lf)tl f)l')~~m.h:;;imu I '1-J'\UJ1~'fl'J i\'ru cn1m:;;n1~~mn '1-J'J :;;ttil~f)l'j 'flll'W '1-J f)l'j1)~CJ10m i\'ru C\'1~1tl 
qJ q 'V q 

~m.h:;;mrut'I-J i~l~'Vllf11'Jftf11:Jlf-H'l'IJO~'ffl'JtrO~U11Jf1~0\91111J GABA 1~m'Ylfl'Wf1 patch clampll'Yl'I-J 

1~t1 U'I-Jvif1f1l'JIU~tl'I-JIIUr;J~'Yll~l'tHh~1n~~'I-J1J'I-J ICJfr;J~'/;1':IJO~'ff1'1-J hippocampus 'IJO~'l11-J'ti11~~~ 

'Yl1J11"1'l'JtrO~U11Jf) (EACA) l'I-J'IJ'I-Jl~ 10, 30 and 50 µg/ml ll~llfo~ov1~1~t11 iiiiir-mvl11tt hippocampal 

membrane current lf1~f11'JIU~tl'I-JIIUr;J~ll\>lOV1~1~ ll\>ltlllM'.i1:I.Jfl1J GABA (3 µM) 'Yl1J11 "1'l'Jtrt1~'U11Jf1 
~ ' ' 

l'I-J'IJ'I-Jl~ 0.1 - 3 µg/ml ~:;;itr1:1.JtJ'Y11if11J GABA current 1~t1ii maximal.potentiation ~ 3 µg/ml l'I-J'IJU!:;;vi "1'l'J 
' 'J) jJ I 

"1'0~U11Jf11'1-J'IJ'I-Jl~vi~~~'j.J (EACA 10, 30 and 50 µg/ml) ~:;;iruir~fll'Jlf)~ GABA current l'I-J~f)'l:J\U:;;viuu'J 

\Jl 1:1.J m1 :IJ I 'll:IJ 'lJ '1-J 1 ~ till "1'~~ f)l'j I u~ tl'I-JII Ur;J ~o Vl~ iitl' mYll'l t\J'Yl 1~ '/;1'(19l~fl11 :IJ l'll:IJ'll'I-J '\JO~ m 'j trn~ 

U11Jf1= 50 µg/ml fl1'Jltr1:J.Jtj'Ylf 01J GABA l~'I-Jf1r;J lf1~01~1~01i1J1tltj'Ylf anticonvulsant l'I-J'IJU!:;;~ 
3,1 d d ~I 1iJ <¼ "" d~I ., ., 1iJ 3-1 

f11'J\Jl1'1-Jtj'Y11i GABA f101~1u'I-Jf1r;J lf1'11'1-J~'IJO~fl1'J:I.Jtj'Y11ilu'I-J r,roconvulsant 'IJ0~"1'1'Jtrf1~1J11Jf1 I~ 

N'a mrn~r;10~ 1 ~tll'Ylfl'Wf1 electrophysiology tio~r1ii'o~t11J Nr;J~'YllJI 'I-J'l11-J01J1lf1'J(l flH fll'J~ 3 )1m:;; 

N'a~Om'JAmJ'J:;;'/;1'1'Y]til'JAou'J:;;"1'7'Y]f)'j~t)dHu1uti:J.Jtl~'l1'Y'IJ11"1':J.Jtl~l1'Y'IJ11 ~~~~Otil'Jtit)~ 

u1uniit1'Ylfu~u i~J~ anticonvulsant um: proconvulsant 

' ' " <i ~ £'I .q .di ~ V V V 

I m.:i fll'jfl 6 A11illu'l-!'Yft:lfNl'itl'i-:l'IJ M'tll'iffflYlitl\il'a !l'l-!1J11J fl 

no~ 111 mm :;;iwiu 1"1'~ u i VI 'J m :JJ i'Yl t11rl'1"1'\Jl{ fll':i 11 'Yl'Yl 6iim1 :JJ 'Vi !o:JJ~ ~:;;'fl 11u '1-J fll'J 'Yl~ i;rou mrn1 ~ u 

1m-:im-a~ 7 Nt'l'IJMm-affnY1mVl'i!7'1-!'U11JflVJt'lnrn1C}lii"'-lcu1V11mii'Vi 450 hmlJ'lll1 
" i~11~CJ1otil'J mii1m:;;Y1~r;10~1nm'Ju'J:;;1i'.J'I-Jm'JV11~1u'llo~mu l 9f:JJ19f l\Jl i m:J.Jvi 450 i~ t1 i~'Yl~"1'01J 

d I 3-1 fl11:IJl'Yltl~'IJO~f11'J 'lf Ethoxyresorufin 0-dealkylation (EROD), Meththoxyresorufin 0-' 

dealkylation (MROD), Benzyloxyresorufin 0-dealkylation (BROD), Aniline 4-hydroxylation 

1m:;; Erythromycin N-demethylation ~~~:;;1~1'Wf1l'J\Jl'J1~"1'ti1Jtim'Jt1tJ:;;'IJo~CYP 1A 1, CYP1A2, 

CYP 2B1/2B2, CYP 2E1 1m:;; CYP 3A 11ii'1 'Vi1J17iim1:JJl~'W linearitv mmrn1~1~"1':IJ'J'Jt1'1-J:;;'1Jt)~ 

to'I-JICJflJ Cytochrome P 450 'IJO~i\Jl1Y1~r;1o~~i~fom'J"1't1~:1.J1\Jl'J1}1'1-JU11Jf1 



i rl'FI fll 'l~ 8 fll'l'V!Wl'l.fl iiJu 'U'Utlll\ll~£Jil~!'l'iitl~ fl'i.11 'I-! fll 'lilln:ll!Xl'l!Xflvlitl \ll'l ! l'l-!1J 1'Ufl, ill'll 

'Yll~rl~il fl 

, ~ ~rorw lff 91'.i t11d1Yi 'ffl'tt '.iU ff1 rnnYiU 11J mm~ YIY!fltl-:Jl\ll 1 till l~ '1-Jtlll~ Y!U&1:;;r, ';j 1 "ffD w fl tU ff :!J U~\lll:IJ~ 
SJ q 

'ii tJ-:J nn 11 t11J f tJt1ttii'1 'V'l f tJ "~ 'il~Ni1\llt1ll~Yi'ff1'11i'um1 trnYim\ll':ijltJ u1un~'il~ 1 ;1 u m1 YIYifftJU 1 u 

NU1mrnin h,1tl~ 3 
SJ 

5.5 -:imh~mru~1~i;~w1i.lu~1t!ui-:iulli1tm111iJum11~u1~mf-:iiu 3,265, 3501JTVl 

5 .6 -:i1'W\lllll1tNm1'W 1 m-:i m1110t1~'il~'V111litJ 1 i.l 
., . 

YI ni'W\lltJ'W\lllll'Yhtr'WtJ iu 1 m-:it111 
q ., . 

5. 7 r11:\h1'il-:i1nt11tiuutJJm uri~'l11tJ'QUff':irn (ti'1i'.l) 

5. 7 .1 O-:JU~ 'il~'V'l1J1lffl'rnf1YIU11J f)~lJt)r'lf 'i11tJit1'il~lJfl1llJ'Ui'ltJY!fitll 'W f)l';j i iij-:i ( l'I-J 

'IJ'WlYl~~-:io-:i 5,000 l.Jtl/fltl lli'V'l1J1l'Vlli'l1i\ll1YIY!fltl-:J\llltl) ll~'illtlNfltll':i 

r'lYifltJ-:J ~'V'l U 11 m1 trnY1il'1u n~i'.i q r'l f 'illtJ ini'.i t)YI f t1Yi t1111r1itJ'W 1 '1111 'W mJ i u 

'ij tl'.itlVl-:J'lfY!l 'il'W (Ni'! tll'rnYlfltl-:J i 'W~ltl 5 .2.1) lli'l~lJt)r'li'Vl11'11tnYimlll1J tl'V'l'.ltl-:J 

'lltl-:J motor co-ordination (':iltl-:Jl'W'il'U1Jffll\J':iW'lltJ-:Jtl -:J1J'U':i~mru 2548) tll'il 

tfl'W Ut)Jm 1 'W nww 1rn1tr11 ff f1Yi m \ii u r'l'W m ntrn ~u ff Yi-:Jt)r'l f i'W 1" vi -:ii.l 1 ~tr-:iri' 
QJ I ?I A QJ Q.I ,4 Cl.rl 'J) QJ QJ t ~ 'J) 

~-:i tlfl71l U'W ffl'J l~ tl1 tl'I-J t11Jfflj CJMtltl flt) r'l1i \lll'I-J'lffl ~-:i'W 'W 'il-:J\ll tlsl'V'l tlltllll l !tltl 
• ✓ ✓ 

Q/Q.I I Q,=l~ ~jl QJ Q 

fractions 'lltl-:J ffn ff n~~-:i tlfl 11'\1 m tl'711i l 'V'ltll!tltlf:]r'l 1i \lll'I-J 'l1tltltl tl 'illtl q r'l1i 

., 11) ,<ll .I .-,A 
tl'I-J tlJ'V'l-:Ju'J~ff-:JffeJ'W'7 

ef')J QJ dt ')' Qd I 

5.7.2 'illt1tll'Jr'lY!fftl1Jt)r'l1i\lll'I-J'l1tl'lltl-:J subfractions C}f-:Jlltltllll tY!tl11i\lll-:i'7 17 fractions 

if-:i 11Him1llim'il'W11 fractions 1~il l'il~tfl'Wffl'Jilll'it)J~lJt)r'lf 'il1'W'!ft1~ii 

ddQ/ QJ "QJ dqv o o .:11 
profile 'lltl-:Jtll'J tltltlf:]r'l1ir'lffll'V'l'W1it11J'IJ'Wl~r'l t'l$ il'lll1Hl'Wlllltl1'\1'W~lu'I-J . ., . 
marker 'lltJ-:Jffl':iff tlY!lll\ll'Jj'!l'I-J 1m~t:Utl'Vllt11rnYii'ltl-:JCJfl 1 ~mu~tl'Wll'Ufl-:Jnmnn 111 

., . 
ffl'rn~il'tl1J i '11il'l':iYIY!fftJ1Jri1rntl'1'11fl1tl'7 r1f-:Jf1tl'W 'il~'Wlllll'\1'Wtl1'W 1 i '11'lftl I Y!tltll ':i 

~~ pentylentetrazol ~1llmmHl'il~1Jtltl l~'lf~l'il'W17rl1'J'il~fl1'11'W~ 111iY111Yil~'I-J 

.Biomarker 

5.7 .3 'illtltll'JYIY!il'tJUitJ I fl';i-:Jtll'J~3,4 !!fl~ 5 i'l1N;tll'rn~fltl-:J~fftJY!'fl'ti'tJ-:Jf1'W11ffl':ifff1vl 



QJ .J~ ,=_{<j) a.,d 4'~ j) .J ~ cf'J) 0.1li)j/) 
1J1'UffY1:I-J(]Y11i\lll'W'lffUJ(]Y11i!1J'W proconvulsant \Pl1t! 9M011ltl1i1Jlt!(]Y11i'fll'l-J'lff) t\Pl t'fW 

.<:::\ dQJ ..J?1 .<:::\ d 
nl'Hff'rn(]Yllif)lJ GABA CJM!u'W inhibitory neurotransmitter 11'1~tl1i'UW(]Yl1i 

proconvuls~nt 11111'1tim':i!~:I-J aspartate ~-:Jl~'W .excitatory neurotransmitter 1m~~ 

'ffl~t!J~tl 1limmrn fll'l1'W'f1 Lll11iiil ,iiutil\Pl~ 'ilt'Yh 1 ttmnrnnq'Vli(!~'W anticonvulsant 

<'l 
'11':itl proconvulsant 

5. 7.4 ,llf)f)l':j !Wf)fffl\Pl 'fl':i11lfftl1J!tl n5 miru i1:1-J fllJ f)l':i'Vl\PlfftllJ (]Ylif ~l'l-J'lff) 1 'W 1 m-:im':i LJtl t! 

'IJOtll'U 

d 1 .<:::\Q I 0 Q./ QJ .J d d e;f 'J} Q.J d 
Y1 1,2 !mt 3 1'f1t!11i activity-guided isolation 'Vi1J1lffl':ifflflt!J'fl1'11'1-J-:JY1:I-J(]Yl1i'fll'W'lff)Yl 

~I .J liJ ,,,<3) ' ,c:l 9 
potent!u'W very long chain fatty acid (VLFA) CJM 1:I-J:I-J':l':ilt!-:Jl'l-Jl.Jlf)tl'l-J !!'flf)'VilJ 1'1-J 

o I"' d v v j)~ 1 liJ o I "' "1 <'l v ,,i 1 v 
u'rnlWYl'Wtltimn 1l'W'fleN_Hnut!Jm 1\Plt!fll':i rn1wnffn1P1 VLFA,11rnuminoomm1 '11 

L~U1l.J1Wffl':i~!yjt!-:J'Vi'el'ffl'11:11Jnl':i'Vl'f"Jml1Jq'Vlif~1tJ'lff) ~-:J~'Vi1J11(]Yli(~l'W'lfn'lltl-:J 

ffl':iffO'f"l 1liii 5m:itUt'lltl-:J dose dependent !'lf'Wfl'W 

,J lf1f)l':i'Vl'f1fftl1J~'l'lllJl'elUl-:J!1'.l'W'tf 'W'fltl'W!ftoil1 i u~nn identify ri1tJU':itf1'el1J'l15 n~iiqY1if ~1tJ'lff1 ~ 
'lf'f1!1l'Wll'W'W tJ'W 1~m'.l1 i u n1tttJ'f"ll.Jl'fl':i!l'W'lltJ-:Jffnff n'f11J11Jn~-:i,itV1tJ-:itl1 i UYl \PlfftllJ qY1if1mt !!'1t 

I " o 

~11 (lflHf11':iUot1vi 6,7 )11:1-Ji-:imiiffn'f"l!'Woltti~ yield 'llo-:imH11:1-Jm'fl':i!l'W~-:inrl11~-:i mmn1 

'Wl i U!\Pl1tll-J &wtil!\111 tl:1-J (l f1Hf11':i U'elt!~ 8) 1fttJY1'f"lff'el1J(]Ylifi 'W f11':i !ff1:I-Jt]Ylif t11ntJ'lff11 'W fl'W 

(1 f1Hf11':i U'eltl~ 9) mn~~'ilu11111iim1:1-JU'101P1nmvlu-:i'VitJ 'il1n6U'o:y~~ i ~'il1nm1~11i!u m11 tJil 
~ I !!'1t':ittlt!!':if)'ll'el-:J1J~ 2 llff\Pl-:J1l'el11liif111:I-J!~'W 11li~~q'Vlif ~l'W'lff11'Wffl':iffO'f11J11Jf)!t1tJvJ'1'illf1 

m1u1~Y1if mnt1'7 'lfU'f"l~iim1:1-Jm-:i iliu\11 f1\?1Vlfl'W '1'11 l 111limmn1 n111u'f11Hmm ffnmfo~oon 

(]i'ln~~ !!~t/'1110ffl':imrl1t!'W01'ilii1J1-:i'lfU\Pl~ O'elf1(]i'lf \PlH6tl'1:1-Jfl'W 1'Wflf1U';it!~'U'l1d-:i~ril~t!JlJlf1 

rim i' 1J f11':i'Yl\Pll 'Wl ffl ':i i ul 'lfl 'W fl'W ~~o q i'l if otJ ili~-:i u ':i t'ff -:Jrl!!'1 tfl11:1-JU '1 tl'f"J nm<ltJ-:i 'il 1 f1'Vi1J 11 f11':i'lf f1 
' " 

l'Wi11i~1J1Umvimrn'f"lff01Jlli ffllJl':it1i:lo-:in'Wf11':i'lff1'illf1 Pentylenetetrazole l~'W'W'ilt'lff10Ul-:Jl'Wl!H 
" ' .dl ll) 'j/ Cll QJ ,V.<:::\ OJ V .<:::\d a., Q./ aJ 31 .<:::\d ~ 1 

'1'1.J tl"l\llltl ! 'fl 'f"J-:J'W 'W fl Wt ':!1'il t!1lt\Pl'el-:J '1111Ii ff f1'f1!Wf1'ffl':i ff f1'f11J 11J f1'f11t!11iO'W '7 '1'1.J n111ltffllJl':i ti 

fl1'11'W'f1!!'1tfff1-:imrn11P1':i!l'W~iiqi'li(~7'1.J'lff1~-:J l'f1t1lliiiqY1fu~'W proconvulsant '111tlf1'f1 motor co­

ordinationm fl'el'W'iltlJl IUi'l'f"JffOlJ\?10 l'Wfl'W 

9 I 31">"' 9 'l' d ~ liJ jJ O 'l' "'"' I 

1'W!1'11\PlOlJl f1Wt':!1'iltl 1'1.J 1f1Hf11':i'Vl 1-3 'il-:J t'f"J'Vit!ltll:1-Ji'll activity guided isolation 1'f1t!1Iif11':i\l11-:J'7 

~d .A Ci ,, 0 Q./ d-=1 cf 'J) Q./ d QJ ..rtt d .<:::\" 3' OJ d ='1 
mmJW'l1~W1Ii !'ViO 1 '11ffllJ1Hl!Wf1ffl':ifflflt!Ji'l l-J(]i'lii\lll'W'lff1i'l'lf'f1! 'il'W fltl:1-Jt)i'l Ii\11 l'W'lff1Yl!U'W dose 

li) 1d cf 01 li) , .di a'~ lt1 I o Ci 9,J .<:::\ ~ d e:{ d 
dependent Im~ t:1-J:I-J(]YliiO'W !:1-J'Vi-:JU':itff-:Jfl flO t:1-JYll 1'11!n'f1 ataxia '11':itl:I-J(]Ylii!U'W proconvulsant 



l'l1tllJ'1fl1J~fhfoh1 im-:Jf11'.i~4 1rn:;; 5 ni${Y11n1'.iftflfl1fll'.ie)tlflf]l1n\u'.i:::~1J19H'l~l~tllJllJl!il'W 

'UtJ lJ l;l U '.i:;; fltl uv 'W rl1 M fun 7 '.i 1w nM '-!/ tJ n 7 'l"l 'W ~ lJ w1'.i111 'W 'U EJ-:i m '.i 'ff fl~~ '\l:;;tl 7 lJ 11 oif I iJ 'W v1m1 lJ v1 n'Wi'n 
~ ~ 

l'WN'U1Vl;llJ'Mfl ~-:JNl;lfll'.il1~l;ltl-:JJ-:i'l"llJ~lil'W IUl'W'Ylfl'l11-:Jl~V1fl'W~tl 'ffl'.i'ffnmT1u n 1 'W fraction 
~ 

\9ll-:J'l '.i1mf-:i ~l!tlfltltlnlJ11nEJ111il'W 'ffl'.i1J1'!l1f11~1ii fll'.itltl nql1f ~1il'W biphasic ~mil'W i ${rf-:i 

anticonvulsant(\ill'Wnl'.i'Mfl) 1rn:;; proconvulsant (~-:Jl'ff1lJ!tt'Mfl) i~vil-imm'.if;l'\l:;;1JtJfll${11 U'\l'UVI~ 

o 9 31 "' "' "' .,!31 <'I "" "' di ?I ~ o IIJ.J9319 "'."I "'di 
'\l:;;l11 !'l"l'ffl'.i'ffn~u11JnlJf]l11il>ll'W'l"l'.itll'ff'.ilJfll'.i'lfn 9Mtll'\llu'Wut1Jmmnm iu 1'lf 1'Ur;ju1Vl;llJ'lff19M 

' , 
prone \?ltlfll'.i~ nm:;;~ 'Wtl~!!~1 U '.i:;;ntJU nunnvi 'ffl'.itltl nql1 n\ill'W"Mn I 'W ihu n~-:iuli'\l:;;iitJ~'l"lmv 

'lftJ~ tt\?ln il-i'lf-w~ 1 ~~iirJtU 'fflJiT~1'W${1'W fll'.itJEJnql1f1rn:;;m1JJlll;ltJ~J1v~~l'ltJ~'\l:;;tl1m111M'Wmil'W 

II] "' "' I di ?I I ?I d cf"' <v <v di 'l <v 
biomarker 1~ lllJ!WI 'ffl'.iVLFA 9M!u'U new finding 1llu'W'ffl'.i'Yltltlnf]l11i\?ll'W'lffl\911'1"1'U-:J 1'U1J11Jn 

l!'W niiEJ~1 'WU~mruuEJvmn'l il-imm'.if;l'\l:;;tl1ml1'.i:;;~n~1oif1'W mrn~\lll~tJ 1oif1'U~1J1vi~ ~-:iJ'U;-:i 

m'.iri'il1nu 111'.Yu im-:im'.i 1tt'1il'W 1 m-:im'.i1im~EJEJ-:ir1m1JJf1Ml-i tl1m'.il'i''Wl'l1J~l~l'ff'WtJ1il'W 

1Jl1'fl11lJ1'UFJ'l"l~tl 1 'Wfll'.iU'.i:;;'lf)J1'lflfll'.i l~tl!NV!ll'li\?ltJ i 11 (\llllJ111'Utl 5.3) 
q 

<vtdl ,,, 11 d di.,::11 ,d.,. ,% ,,\ <v di 
~-:J'U'Uf;l-:J!!lJ'Jlnl'.i'YJ~l;ltl-:J 'W fl'.i-:Jfll'.il16,7 1rn:;; 89f-:Jlu'U rl'.i-:Jf11'.i'Yll\ll'.iVlJ'U'WlJlll'ltl'.itl-:J'.i1Jfll'.iftf1Ell 

m1JJll,rn~J1v 11'fl:;;rlm1um'.i1\ll1 vJJv11~m~tJ 1 oif1 'W fll'.il1~l;ltl-:J'Yll-:Jfl~tJn !'U 1 m-:im'.i~ 9'\l:;; i${ 

~lltJ'U fll'.i i 1111~11 'U${l'U methodology 11\?l!JtJ-:i'\llflNl;l fll'.il1~l;ltl-:JJ-:im.J~ll'ff~-:i 1 ttill'U 1 ~V'M~l'\l'W11 

11 il-iiil'U fll'.i m m:;;'fflJ~'il:;;ww1'U1'ffl'.i 'fft1~'\l1nu1u m~EJ'W 1 i111oif1tl'Uv11'ff1lJ 1 'W~'IJ 1Vl;l lJ'Mn $J1v 
-' d O QJ ~ 0 1 !JI ,C), QJ 11) !J/1 ,., ... 'I di ~ I i 

!'l"lllJNl;l'Yl'fflfltlJfltl tll'il'Yll mn~fll'.i'lfn 1~ 'U~u1V1Jl-:Jfl'W t'MlllJ11 ~v isobologram analysis '\l:;; 

!!'ff~-:J11'ffl'.i'fffl~lJ1Un'ffl:I.Jl'.if;l!'ff~lJtj'Ylf flUVlfl'U'Mn Gabapentin !1\9lll-i1i valproate 'l"l~tl phenytoin 

..... 
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!!'U'IJ 11£1~1'1-! rl1UJ011't'i'l-!l'\J0~ & rl'1~ fll'11'iltl (Project) 

1. ~fl 1flHf11'.i1'0V 

(fll'hll l'YW) 

c1m~m'.iVtJV~ 1) 

flWCTf1~ f)l';j !Wfl H'i;l:::f11'.i'Vh1'11tJ'IJtl~CTl'.iiYf1~rl'lJ'U l 'Yl'.i'Ul'Ufl 
~ q 

!!'U'U Yl-1 YI 

(fll'hllfl~ flt]ll) Extraction, isolation and identification of bioactive constituents from Centella 

asiatica 

2. 
9,)c::.0.1 '3) i , d Q.J Q.J 1 ., .1 1 '.ilV'WllJfltU:::N11lV 'Yl'.ifllJ'Yl~'\1'W1V~l'W'YliY~fl~ '\1lJ7Vl'i;l'IJ 'Yl'.ift'Yl'Yl 'Yl'.iffl'.i trn::: E-mail 
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(1) '.if1.~'.i.1'Y11i 't!Y11irl''.i 

~ Q.J d Q.J d d A Q.J 
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'.i lV'i;l:::!flV~lfl Vlfltl V'J'i;l ~l'W fl 1 llJ f111'11'W l'IJtl~ fl7 '.i 111 V 

5. l 11!Q'lh:::rl'~fl'IJtJ~ lflHfll':i1iv (lf!ViY1'LI) 

• 1Y1m111 viirl'l'.irl'n~rl'~'W i 'W':i 'U1tlfl''17'11i' ml1 i 'LI'LI'.i~tir'W tJ'Ylf ~1'W"Mfl 

.:::! ~ G) 9) AA 

!11':iVl-Jl'Wtl i'lf'Yll~fl'i;l'Wfl 

~ & 1 9J d d.:::! d91 Q.J e:k d 19 "I Q.J 

• l'W0rl'fl11Tt;!11':i fl Hrl''.il~'Yll~lfll-l'Utl~rl'l':i'Yll-lt]'Yl1i117'W'lffl9Ml-l0ij I 'W rl'~'W 1 'Yl'.itl1tlfl 
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4. ';iltJ-.'.ll'Wfl1llJf171'H'WlW'.l~ 
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'H m t1 m \91 

' A .c:l\l} 9,} 0 A 

◄ ► -.'.ll'W/fl'ilf)';i';ilJ'\11 L~~lt'W'Wfll';i 

5.3 11tl"~t0tl~t~m~lJ'Utl-.'.lfll';i1'0tJ~i~~lt'W'W fll';i i umi'1 l~tll tttt 'W 1J1J'Ylrl1llJt~tl1tl1J 

H"-.'.17'W r111iJn'11tttl' 7'\117..:J 1<J11 fll'j 'llti..:i 1 fl 'j ..:J fll';i1'0 tJ'j ~'H 11..:i~1t ii 'W fll 'j ~ tfl t1vim{1 'W11 ';i m'j 'Vl7..:J 

' ' "'> 3-/ ,!I d o I ~ 1'J3-/ 3-/ d 

1<.l17fll'Hrn1 '\1 ';itl1J'Ylfl17lJ'Vl 'il~'WltNtJU'l"l';i'Vll-.'.J·otilJ1"'lf'W L~ ( tlllJ) 

.c:l A.c:lAQ./ 

';i~t1Jtl1J11i1'iltl 

1'J QJ t 3-/ O di 'J 3-/ 3-/ ,J .I QJ I .d 
~lJ'W t'V'l';i1J11Jfl'Vl-.'.l\9l'W\)fl'W71J1N-.'.I t'H!t'H-.'.11J'W'l"l'W';i71JlJ';i~'lJlill 3-4 1'Wfltl'W'Vl'il~ 

0 1'1. I 'l 3-1 1JJ .d t ""1JJ 3-11'1 I "" 0 3-1 "" d di 3-1 3-1 
'Wl t1Jtl1J t'W\9ltl1J~lJ'W t'l"l';i'Vl\91-.'.ltlill'HfllJ L1 LlJlfl'W 50 C 'il'Wtt'H-.'.l~'W'Vl~ tlJtltl1Jtt'H-.'.ltrn1 cu q q cu 

" " ' 
tlmi!mttt..:i'Uu..:iu11Jn'il~mfluu~u'j~mw 11'W 10 'llti..:iilmi!n'W<J1~~ ~lJ'Wi'l"l';iu11Jnvi 

tt tt ..:iu-ti'1t1fl'W 1 i u1rn" ~t0tl~ u-ti' 1~-.'.I 'W 7 i U1J 'j 'j'i)"-.'.J l 'W tl-.'.I ~l'IJlTU 1-.'.I tl-.'.lfl ~ u 'j ~ mw 5 cu q q q 

nhni'iJ 1ifo..:i1'W5..:im1n 

O I QI VI QI 9,} A.c:l i ~ 9 9,JQ./ o 

'Vllfllrn'lf~fl~~l.l'W t'l"l';i1J11Jfl~1tl11i sequential maceration i~mfltlfl t'lf\911'Vll 

"~mt1~ih~i1Jr111m~'W~1 (polarity) t1t1..:iihi1J'illfl'Wtit1iumn t~lJ'illfl hexane l'W 

' " " 
u!mw vimm';irnt'lfmJ'W i 'l"l';iYl..:JttiJ~ i~'il'W vi1iJ ttl1n~1t11o1Tvh"~mt1i..:inri11 i 1r1i' ..:i"~ 3 • 
QI O I d t d\l} 9,J I Q./ 0 lil ... l 9,J 9 '}) Q./ 

1'W 'Vllt'lf'W'W 3 flH m:rn~mtJ'Yl t~'illflf17';itt'.lf'HlJfl'il~\)fl'W7 rn';i~mmm..:imti i\9lfl1llJ~'W 

~d q o 1!}9'~1 Q./ 

\9ll'Vl~ill'HJ;)lJ 45 C t~tu'Wm';i~fl~'Htl11J hexane (hexane extract) 

Q./ d I I QI 9,/ '}) O & Gl '.l/ ')J I d 
fllfl'Utl-.'.11J11Jflt1Nl'Wfll';itl'.lf11lJfl~1tl hexane mtW1::lfl'W7:JJlv-1-.'.l l11W1-.'.I fltl'W'Yl'il::'. 

"' 
I Q' '}) Q./ o d A & .ck d QI fl rt ~ ~ Q./ 

tt<.l111lJflmtJ\911'Vllfl~flltltlfl'lf'W ~11'W-.'.ICJi-.'.lm ~~1Jm1m u'W 'IJ1'Q -.'.l'IJ'W flt! ethy 1 acetate 11lJfl 



?I ., 
!1J'iH'l'THYfWl'l11'JlU ethyl acetate (ethyl acetate extract) 

i , Ill_ t "l "' ., & ?I ., o .d"' ?I 
'\J'W\oHl rnfltlf1TH\ol 'HJll'ffl'.ifffW111 l'J1U methanol CJf-!IL1J'WWJ'Vllrt::: 't'lll'J'Vlll'f111lJ!lJ'W 

y ~ V I 

'\J1ff.:i;i'Wvn 1~1'J~l!'W'Wf11'.i!'l1'W!~l'J1tl1J1'W 2 '\J'W\oltl'WOtl'W11U7 U\91!U~l'J'W\911'V1Ttl:::ml'J 
~ . 

\11 Q..I d ,.:!! I QI O .J, G) 3,)Q..I O 

fllf)fflfW !'W'.iU1Uf1'Vl!'\1'1tltl~ 11'1-:J~lf1'WllJ1f,,M !'l1\ol1'Vl7rt:::rtll'J methanol '.i:::ml'J 

t)t)f) llu11ll~U~1 tlf1'WllJl~ll!~l'J1 i'Utl1i$iti~!rlm1mu'.i:::mru 3 J11m U~1;-:Jf1'.itl-:J 'Wl 
~ 

., 31 t 31 cil/i 311/i 31 d ., 31 : 31 
'ffl'.ifff1~~11'J'W1'.itl'W'Vl !~ iU'.i:::mmm-:i !1J'W'ffl'.ifff1~~11'J'W1'.itl'W (water extract) 

,, ,, 
'll'W\olti'W m'.i !\ol 11'lll'ffl'.iffnm1 l'l1uff1m'.it1ff'.i U! rlm!N'Wfll'W !~1>1-:i-w • 

., 31 
U1Uf1U11-:J 

,, 
., 31 ., 

'11llf1~11'J hexane 3 flH 

i 
ffl'.ifff1~111'J7U hexane f)lf) 

., 31 
'11llf1~11'J ethyl acetate 

,, 
3 r1f-:i 

i i 
ff7'.ifff111'111'Jl'U ethyl acetate mn 

QI 'J) t 
'11l.Jf11111'J methanol 3 flH 

ffl'.ifff1\91111'Jl'U methanol mn 

31 .d 'l :31 
\ollHfll'J1 !'W'Wl'.itl'W 

,, 
.,31 031 

"'7'.ifff111~1cl'U1'.itl'W f)lf) 

,, 
ff7'.ifff1~'11cl7U~lf1ffll'W !'W'.i'U1Uf1i-:i 4 'lf'W11 fiti ffl'.ifff1~'11 mu hexane, 'ffl'.ifff111 • ,, 

ttmu ethyl acetate, ffl'.i fff111'11 cllU methanol !n'l~"'1'.ifffl11;,.Jcl'W7f ti'W \)f1ri-:J 1 'LI'Vl~fftl'U 

tj'Vlf~1win 1'Wfl\ol1'Vl1lrttl-:J 111v 1m-:im':i1'0cJ~ 3 'WU17 ffl':ifff111'11cll'U ethyl acetate ijq'Vlf 

QJ oaJd.r:::::i. e:::,,.,I 

2. f11':i ff f)~!!l'Jf) "'1':i 'fflfl Ul'Vl 'lJ '.i ff'Vl Ii 
u • 

O QJ QJ O QJ d A e:::,,.,l'J) .:::::..c:i 

'W7ff1':ifff11111 mu ethyl acetate lllfff111Uclf1ffl'.ifl'lflt1J'Vl'U':iit'Vl1i~1cl11i column 

chromatography 1~mWf1ffl'.ifff111'1.rimru 52 nfll;1cl silica gel column (u!mru silica 



gel 500 flf:JJ) 'lf~~1tl\911'Vlli'l~i'lltl~-:i1h·irio'U~1tl dichloromethane-methanol lw 
Q.I I d t O t ')) 'j) 

O~'.ilffTW 18:1 !fl'U fraction flH'i:l~ 100 :JJ'i:l. 'ill'W1'W'VM'\1lJ~ 98 fraction irn1m-:i column 

'j} ,A c.:,. 9 I 

~1tl methanol !:JJO'W'ill'HUl pattern t'W thin layer chromatography (TLC) 'UtMU~i'I~ 

'j) t d I 9J & Q,I 

fraction !!'11 ffl:JJl'Hl'.11:JJ fraction iN'\1:JJ~!U'W fraction 1my ~1:JJfl11:JJfl"1tlflMfl'Wl'W 

TLC il~ 8 fraction ~-:imrn-:i1u~l'.i7-:i~ 1 

vll'aH~ 1 Fraction ~Utlfll~'illfl column chromatography 'U0-:)'rfl'.ifff1~'\1tll'U ethyl 

acetate 'illflffi.J'W l 'WTU1'Ufl 

" 'l1lJltl!i'l'U fraction 'Wl'\1'Wfl (flfll) 

1 5.7 

2 7.7 

3 5.8 

4 2.8 

5 1.7 

6 1.9 

7 1.5 

8 13.6 

1 J' l1] 9J , l1] d91 QI 9 QJ o' 1 l1] , d 
Fraction !'\1"1'W'il~ !~\)flff-:) iiJ'Vl~ffO'Ut]'Vl'l'i~l'W'lffl !'Wff~1'Vl~i'l'cM~O iiJ flO'W'Vl'il~ 

'Vi 1 f11 ';j !~O mm fraction ~ ii t]'Vl n\J 1 ff'W 1 'i) m fff1 ~H ~ 0'\11 ill ';j 00 flt] 'Vl ti ~fl 1-n'i TI 'W 

m ~'U 1'W fl 1 '.i U 'U'U bioactivity-guided fractionation 

J' 11)91 A I di 9I 
'Wflfl'illfl'W if-:i !~'Vl~i'lfl-:)'Wlffl'.ifff1~'11tll'U ethyl acetate flflff1'W'\1'W-:)lJl!Wfl~1tl 

= 1 9 91 OJ o ~I OJ 91 
!'Vlfl'Wfl column chromatography !~ti t'l1~1'Vll'1~"1tl dichloromethane !JJ'W~1'lf~ Ui'l1'.i1lJ 

dOJll)91 9 11)91c:l t 9 I di 
fraction 'Vl'.i'U !~~1:JJ pattern t'W TLC !\Pl!U'W'\'1-:)'\1:JJ~ 5 fraction !'l1tlJ"l (fraction A-E) C)f-:) 

irlfl'Wl tiJ'V1~fffl'Ut]'Vlf ~1'W'J1fl 1 'W~~1'Vl~i'lfl-:) 'W'U'Jl fraction C iiq'Vl{~~ir\Pl ;,:i l~'Wl 

dll] o q 91 ~ d~ & , ~ t .J ~ t d9 9J 
fraction 'W iiJ'Vll !'11'1.J'.iir'Vl'l'itl-:)'U'W t~tlUtlfli:-ll'W silica gel column flflfl';i-:)'\1'1.J-:) t~tlflH'W !'lf 

hexane. iTiuii'1'Vi1i,~mt1'ffl'l1f'U'lf~ irltJ~'.i~J'ilfffl'U pattern 'Ufl-:)fl-:)fliJ'.i~ml'Ui'W fraction 

, d , J"319J 1 11]9Jd 
tlfltl"l 'Vl'.i1'1J'.i1lJ'illflfll'.ii:-ll'W column 'W!!'El1~1tl TLC 'W'U11 mm'.im1:JJ !\PILU'W 4 fraction 

'l I "" di II) 91 0 II) J ,=/91 "' 9 OJ .,, I IIJ,I 
!'l1tlJ"l fltl fraciion Cl-C4 Clf-:)'il~ !\Pl'Wl !1 'Vl~i'l'eMt)'Vl'l'i~l'W'lffl t'Wff~1'Vl~i'lfl-:)~O !1J 



tritl'Wl TLC pattern 'lltl-:J column ~iivn 1\PltiLi dichloromethane-methanol (18:1) 

ti:h.J\911'11!:: ~-:Ji1'11Jl'Jtl'.i11J fraction ~UtlfltltlfllJlt~t~'W fraction lnaj 8 fraction (fraction 

1-8) mnJ; tl'Ut'Yltl'Ufl'U 5 fraction 1 'i"IW~tWfl t~1\Plti column ~ii dichloromethane t'Vlti-:i 
u 

mh-:it~tl1t~m)1'lf!:: (fraction A-E) 'W'U'Jl fraction ~ihrYlf'IJtJ-:J column urn fitJ fraction 

.c1 9 Q./ d 9J v & ?I da d 
2-7 1J TLC pattern iW'lfl'hltU!::'Vlfftl\Plft'f'ltl-:Jfl'U fraction B-D 9f-:Jt1J'W fraction 'Vl1Jtj'Vl1i'lltl-:J 

d 
column 'Vlfftl-:J 

,., ,., ' 

U\91'1')-:J'W tUtl-:J'illfl'I.Hmw fraction Cl-C4 iJi.l1mwrfo'W'tr1-:i,fot1 'Vl1'1~1'0cJ;-:iiJ 
SJ 

,., ' ' 
fl171Jti'.l'W11 'IJW:::'Wfl1'.i~-:Jtl7 fraction viiJi.l'imwmnn111\Plmu'W1!::tJV7-:JV'1 fraction 2-7 

0 9 9,) ~ 4~ ~ 'J) & lr) 'J) 

lJl'Vllfll'HWfl !'i"l'U'.i'tl'Vl1itl-:J'IJ'W \Pl1tlfl'.i!::'U1'Wfl1'.i bioactivity-guided fractionation 9f-:J'il::: !\Pl 

'Vllfll'.i'Vl\Pl'f'ltJ-:J i'W i1\911t~tJV'WV'WtJ'Vlf 5nrtf-:iwi'J'1\91tJ ti.l1\Pltitl1!'1ti'UtJ~'f'l'il7fl 1 m "lfll'.i v0t1~ 

2 lJl'U'.i:::fltJ'U 

5.4 -:J'U'U1:::mw~t~ioft~1vti.lu-a'1ir'Ui-:iu\o1ti1J~1til'Wm1 (\91.fl. 48-11.rt. 49) t~w1mf-:ii'W 

~1'W'J'Wt1'W 325,600 'Ul'Vl 

5.5 '11'W\911lJUH'W'11'W 1rt".i'1fl1':i1'0tl~'il:::'Vl7~0 tU 

(1) 'Vllfll':i fffi\Pl ff lHYlr1t\jU ~ it'Ylf ~ij tj'Vl f ~1w11fl trn:::'Vllfll':i'Vl ~'il'W ~\91 ':i 1 fl Hfff 1'1 'Vl 1'1 
A a, I 

tfllJ'lltJ"I ffl':i \Pl"! nm1 

~ ... I ,,. "''I ., 11) ., I ,d,,. d.A'l9'.:li 
(2) 11fl'hlltl"lft1J':i:::fltJ'lJ'Vll'1lfllJ'i"l'f'lfl i'\.Jffl':ifffl\PlfflJ'W !'W':i'U'J'Uflff'J'W'VllJtj'Vl1i l'Wtl 1'lfl1J'W 

marker 1'Wfl1':ifl1Uf11Jfttl!fll'W'IJ0'1ffl':ifffi\Pl • • 
' ' ' • I ., l "' "' "' ., ., 'I 9111) 9' ., "' (3) 1J'J:::ffl'W"ll'Wfl'LI flHfll':itJW') l'WtlH'f'l\9lffl':ifffl\Pl'lJ'J'lJfl ti'I t\Pll'.jill'f'lfl'hltU:::\9171J'Vl 

' ,., 
~tJ"lfll':i t~tJ 1of/1-w fll':i\e1'1~1i' 'Litllt\911 tilJ'illflfflJ'\.J 1 'W1~1umhtti''LI'Vl\Pl'f'!V"l'Vll"lflililn • ,., ' 

0 d A Q./ ~ ~ .. I 9,) d 

5 .5 fll'lfU'il"llfl tl'Jfl'LI1Jt\ji11tl'f'J:::'\"l':itl~1Jff'j'jfl ( tlllJ) 

• I"' d 11) 9/A I 9' 9' 11) I 11) 9'., I d,,. d ''l 
lJ'.i'JJltU ffl':i'Yl!Wfl !\PllJfttl'W 'IJ1'1'\.JOmrn::: !1Jff71Jl'j tHWfl !\Pl'lf\Pll'il'W 11ff1':i'Vl1Jtj'Vl1itl~ ! 'W 

fraction 1\Pl 

d 
(mm9f'W) sv...f ,.s""'~i 

l I .. "' "' ('Jfl'.\Pl':i. 1'Vl1i 'tl'Vl1ift':i) 

tt'1tttl'11 m "lfll':i110t1 

' ., ,,. "' 
1'W'Vl 29 ff"l'i"llfl'JJ 2550 





bb'U'U (Pl-1 ~ 

bb'U'U'i1~-!11'W rt'J13H11'J'Vl'W1"ll'el-!I brt'i-!l-!11'W1~~ (Research Project) 

1. ~ratr-i~-:i-:i11,.(:j9u (tr-i~-:im~tlrau~ 2) 

(!11~11 'VlU) n1-a'clf1.:ia.n l?l'i'i51'W"ll'el-!!'Cl1'i'cl n (?l'IJ'J'U n b ~'el b"llb tl'W'J (?l f;J ~'U'i11'Vlf'U~1 IP11'Wi' n 
... q 

(!11~1'5-:inq~) Standardization of Centel/a asiatica Extracts used as raw material for 

antiepileptic drugs 
' ., ' 

2. ~1U~'elflru~m9U Yl~m.Ji-:JVl'W'JU-:J1'WYli-:in~ V13-J1m~'llL'Vl~AYl'l'lL'Vl~~1~ bb~~Email 
'IJ 

2.1 ~-Jl'JUfil\1~[,1~191~1:J ~~ ."D1'W1'1J Jl[fl~Yl1'Ll"ll 

J11"'1ij"ll1bl1i"llbfli'.J flill~bJ1i"llM1~r,if ',"A'1~-:JnnU3-JVl1ij'Vlmiu 

'i' ., ~ 

b'Vl~MYl'Vl .. . 022188416 ..................... . t'Vl~~1~ .......................... . 

e-mail ... pchamnan@chula.ac.th ......................... .. 
~ . ,di 

2.2 ~ra-:iM1~r,i~1r.i1rn ~'J~~ru1 bV1~ra-:i"ll~n1~ 
q 

L'Vl~P!Yl'l'l ... 02-2188316 ................... . t'Vl~~1~ ......................... . 

e-mail ............................... . 

2.3 mr.i1nf ~~. YJ~-nu t~r.itl'~'VlfiP!n~ 

!11"'1ij"Jl1b.f1i"llbflil fllli~bl1i"llM1~r,if ',"A'1MnnU3-JVl1ij'Vlmiu 

L'Vl~P!Yl'l'l ... 022188314 ........................... L'Vl~~1~ .................... . 

e-mail ... rpornchai@chula.ac.th ............................... . 

3. 1~fo'el'4~9~~~Ntlih~3-11illih~~1tl 2549 ~1'W'J'W 651,200 tl1'Vl 

' ' .Q O .Q(V ~ ,dl .t::::lt, 

4. b~3-J'Vl1n1nr.im3-1ra r,i~1"'13-J 2548 tN ~-:JV11"'13-J 2550 
q 

' .al .al (V ii ,., .Q(V 

5. ~1u~::brau~mmnrn-i~-:i1'Wfl'J13-Jn1'JV1'W1'llra-:in1nr.iu 

5.1.1 iW.Ju1ij'iiijb"'1~1~1-fV11~m3-11 ru~1~~~1'"1'1Jb 'W~1~~n ~i.l'Jtln 

5.1.2 iW.J'W1ijfi~L(i)Li~\uu stability indicating assay (SIA) 

5.1.3 Validate '}'j'fiijbm1~1-f~1~~1n1~iW.J'W1~'W 

5.1.4 ~n'l11M1:\.Jv1-:Jil'J (stability) 'li'el-:J~1~~n~1hun 



~ I 

5.2.1 n'"l'.i'LLt.1rnkn..!"n'W ethyl acetate ~'JE.I ['l'J'Vl1~:::mt.1vii'.lpolarity ~1~ 

Lti'lt.1L~'Vl1n1rnt.1n crude ethyl acetate extract tfhJ1ru 10 g. ~1E.I column 

chromatography ( silica gel 355 g. diameter column 13 cm. column height 5.5 

cm.) LL~:::'Vl1n1'.i' elute column ~'JE.I !il'J'Vl1~:::~1mtti1~'J'W~1~7 b'Wll':W11?1'.i'~fl1Vl'Wti'l ~~ 

LL~ti'l~b'W 1?11'J'1~~ 1 

Fraction Weight % methylene % ethyl volume of No of 

(g.) chloride acetate solvent elution 

(ml) 

100 0 250 4 

02A01 2.301 90 10 250 4 

80 20 250 4 

02A02 1.989 70 30 250 4 

60 40 250 4 

50 50 250 4 

02A03 0.747 40 60 250 4 

30 70 250 4 

20 80 250 4 

02A04 1.896 10 90 250 4 

0 100 250 4 

02A05 2.418 Methanol 250 ml 3 

02A06 0.175 Methanol 250 ml. 5 

Total 7.526 



5.2.2 characterization of the extracted fractions 

5.2.2.1 Thin Layer Chromatography 

Mobile phase: 100% ethyl acetate 

Detection: spray with 20% sulfuric acid in methanol 

ill~ 1 Wi;(lt?l-:J TLC chromatogram 'll'el-:J fraction. ~1-:i7~bbl'mlJ\' 

5.2.3 l~ci-:i~1~{?l'J'elrh-:ir.nn fraction 02A01 - 02A06 b~'elV11n1~'Vlt?l~'el1J9'Vl'if.v11-:ibJ1i•fhr1m 

b~'el~1ci'J'W~~9'Vlfffl1'Win 

lJ\'frnv~-:i (bd'el ,fo~ 10 fi'W'J1r1:w 2548) n-:ie-i~n1~'Vlt?l~'elrnrl'el-:i~'W'Vl1'1bJ7i-n':j'Vlm~1 
, d.,. 4.., ..., "" d ., ., ., 'I 

~'J'IJ'Vl:lH\'Vlfil?l1'\J'11nf>l'el 02A03 o/l'll'IJ1(?lf>l'J13W.ll:I-J'll'IJ 30 mg/kg t?l"lbb~t?l"l b'W 

scheme 1 
I t, 

5.2.4 lti1'Vl1n1~~fl(?l(i)'JtJ':jfiVJ~1t.l;'W b(?lt.lbbt.ln~1n~nt?lbU'W 2 ci'J'W ~'el hexane (02B01) bb~~ 

hexane (02B02) bd'elci-:J~1~~nt?li-:i 2 ci1'Wlll'Vlt?l~'el1J9'Vlf #11'Win nim~u~1~1~~flt?l 
., .. 

~-:i 2 ci'J'W~9'Vlfi 

5.2.5 l~'Vl1n1mt.1nci'J'W 02A03 ~'Jt.lb'Vlrl'Wr-1 column chromatography bt?lt.l elute ti1'Jt.l 

hexane : ethylacetate it?lci'J'W~1-:J lJ\' fraction 03A01 - 03A04 

5.2.6 1inci-:i~1~{?l'J'elt11-:ir.i1n fraction 03A02 L~'el'Vl1n1~'Vl~~'elU9'Vlf'Vl1-:JLJ7i"ll':j'Vll'J1 b~'el~1 
' .. ., 

ci'J'WVJ~ 9'Vlfi rJf 1'Wi n LL~ ~lJ\'fu LL ~-:i~1 e-i~ n1 ~'Vl t?l ~'ellJ LU'el-:J ffl'W'Vl1-:J LJl i-n':j'VltJ 1~1ci1'W 
., , ,cl 4.., ..., d c::,; .., ., '1 
t?l"ln~1'lm\'Vlfil?l1'1J'11n'Vl'll'IJ11?lf>l'J1:I-Jb'll:I-J'll'IJ 1 mg/kg 1MLL~t?l'1 b'W scheme 2 

5.2.7 L~~mn Infrared spectrum 'll'el"l fraction 03A02 '91-:JLL~~"IL'W?ll 2 spectrum~lti1bb~t?l'1 

~1 ci'J'We-J~:Wb'W fraction 03A02 LU'W ester 'll'el"l hydrocarbon ~~ hydroxyl r11t?l~1LU'W 

terpene glycoside 

5.2.8 1J\'~mn 1 H-NMR LL~~ 13C-NMR 'll'el"l fraction 03A02 (?1-:JbL~~"lb'W~ll 3 LL~~ 4 
'I) 

spectra ~L~bL~t?l-:J~1'1l'el'1e-J~:W1'W fraction 03A021iiryry1ru'll'el'1 aliphatic proton 
I 

,cl I Q/ 

bb~~ proton 'Vl(9l'eln1J hydroxyl 
., 

5.2.9 L~'Vl1n1~~m11LLt.1n fraction 03A021w.J\'~1~u1~'Vlfi:W1n;'W r.i'W~1:w1~m~'W spot L'W 

TLC 1,vlt.1-:iit?lL~m Ll.~~tl1~1~~lJ\'hJ~m11 spectroscopic method b'll'W IR (ill 7) 1 H­

NMR (?ll 8), 13C-NMR (?ll 9), DEPT (ill 10), HH-Cosy (ill 11), HMQC (?ll 12) 

., • ,~ ., I ,3 <V 0\ J ., <V 

r.i1n'll'el¾j~'Vl1-:J spectroscopy ~1:W1~bl~tu b(?l'J1 ~1',l"ci1f>lqj b'IJn1-a11'elnf;]o/lfil?l1'1J'11n 

b'IJ~~'\Jb'W'i'LI'J'l.Jn btl'W very long chain fatty acid (VLFA) ~~'°111?1,j1btlu~1-ae.i~:1--1 

'll'el~ VLFA vh..1-a::m'el'IJ ;,'J~~1flb'11~1'J'll'IJ7 l?lcP11~ "] fl'IJ 



5.2.10 1iJJvhn1:i'i"Lfl:i'1:::;'lf~1:i' methyl ester '11~~ VLFA ~1iJJ b~'elt-il1:wn1:i'ijbr1n:::;'\f~'.l'Wt-J~3-J 

'll'el" VLFA iJJ'.lt1,j1i GC-MS b'7lt1LiJJ~191"t,X,X'el"UiJ~n1:i''ll'el"L'eln-n-w ijLA:i'1:::;'\fv11 

~'.l'Wt-1~3-J'll'el" methyl ester VLFA ('eltj:i'::'.Vl~1":i''elt-J'tl'rjbf1:i'1::'.'\f) 

5.2.11 1iJJvi1n1nLt1n~1:i'~ll'71~'.l'W 02A03 iJJ'.lti high performance liquid chromatography 

b(?)tiH' condition [fl1"1rK"r;i'elLUd 
I 

-=l 0 

Column 'Vl'W13-J1'Vl(?)~'elU 
., 

1. C18 i'W: Alltima C18 5u Dim.(mm.) 150 x 4.6 

2. C18 m'.l : Thermo Hypers ii-Keystone 5u Dim.(mm.) 250 x 4.6 

3. Phenyl tl1'.l : Water micro Bondapak Dim.(mm.) 300 x 3.9 
., 

4. Phenyl 1-w: Prevail Phenyl 5u Dim.(mm.) 150 x 4.6 
., 

t-i'tln1:i''Vl(?)~'elULU'el"fX'WY-lU~1 column C18 L~Lv13-J1::'.~3-J~1V1fon1nLt1n fraction 03A02 

Lti'el"r.i1n~1:i' retain 1-w column 'W1'Wbfl'WLU 9"L~\~'eln column phenyl~" polar n~1 V11t,Xn1:i' 

~ a ,¾ , ~ a .., .., <'I ~ !v
0 

I., ., 1d 
retain b'W column L:i".l'11'W 'eltl1" b:i'n~13-J'tlnr.nu:::;611'el" peak m broad 3-J1n "N b'7lu:i'Ubu'tltl'W 

mobile phase ~'.ltln1:i'LU~tl'WLLU'tl" organic modifier LL'tl:::; pH '11'el" mobile phase 611ru:::;i11~ 

chromatogram ~~"L~~Y-l'el~1Vlfo1-ifl'Wn1:i'ijbfl:i'1::'.'!f 9"fX'el"~i;J.J'W1:i'::'.UU'11'el" HPLC LL'tl:::; TLC 

~1vifo"1'Wfl'.l'I.Jl-)3-lflnJJ11Y-lv1'elLU rK"Lb~(?)" chromatogram iu~ 5 bb'tl:::; 6 

5.2.12 L~Vl1n1:i'~(;J.J'W1,j~bfl:i'1:::;'\fvi1m3-i1ru'11'el" VLFA b(?)tJ'rjfi TLC-Densitometry bb'Vl'Wijfi 

~. d . d 
HPLC 'Vl b3-JLVl3-J1::;~3-J (L'W'el"3-J1'-l1nn1:i''111(?) chromophonc property 'VlLVl3-J1:::;~3-J'11'el" 

analyte) LL'tl::;~i;J.J't,.l1n1:i'~:i''.l'"l')'71 (detection) b'7lt1H'winn1:i' colorimetric method ~'.ltl 
I 

.f-11 ,. I .e:::f ~,:;:,J 

phosphomolybdic Lu'W derivatizing agent. ~iu~J11'.l:::;'VlLVl3-J1:::;~:w'11'el"'.lfi TLC-
., 

Densitometry Li'.l-wrK" [fl'el LUU 

Mobile phase : 

Detection 

Hexane : Ethyl acetate (8:2) 

spray with 3% phosphomolybdic acid in methanol 

'el'I.J~ 11 o 
0
c 1 o -wTvl 

!U 13 LL~'71" UV spectrum of VLFA LL'tl::; !U 14 Lb~'71" TLC '11'el"'rjfi 
t, I 

611 ru::;u'eltj1 'W :i':::;'\,1~1" n1 :i'Vl1 validation ~13-Ji'.l.if 'el [f\1"1 ~1lm1 i;J:i'j1'Wvi Fl1Vl'W'71 

5.3 :i'1tl'tl:::;L~~lt.J (;1 b~3-J b~3-Jb~tl'.l ll'I.J n1:i''rj~tJ~L~ ~1 b il'Wn1 :i'LULL~'.l b'7lt11-X Lb 'W'I.J'I.J'Vl fl'.)13-J t-l'tl"1'W 

fl'.l13-Jfl1'.lt-11J1'Vl1"i:i-n1n1:i''11'el"LLt-i'W"1-wi:i~m:::t-1~1"~1Lil'Wn1:i' ~LAt1vh.JY-l1'W'.l1:i'~1:i''Vl1"i:i-n1n1:i' 
I 0 

2,, .clf ~ 0 I dJ ~ ii ii .::::J 

bViN'.l Vla''el'lJ'Vl fl'.l13-J'Vl'"l:::;'W1 Lm.J Lb Y-l:i''Vl1"~'e:!3-J':l'tl'n'W b'71 ( Cl13-J) 

hJJ'.1 

5.4 "uiJ:i':::;3-J1ru~1~-if91t11uLL~'.l'W'I.J~"LLr;i(¼3-i~1Lil'Wn1nuuL1'WJ"i'W 651,200 'LI1'Vl 



., ' 
'Yl ni'Wln'el'Wl?\1:W'Vl l~'W'el 1 'W lfl'r-.'.l n1'r 

q 

., ' 
5.6 ~1;ll9-.'.llfll:J')llUUf!JV11 ll~::Vl1'el1l'LJM'j'fl ({11~) 

er"" I 1 ii 

1. n1'r~1l'W'W-.'.l1'WrJi''el-.:J'LJ'j'::~1'W-.'.l1'Wri"lJ~1t.l'Yl'11~'e)lJ ~'Ylfi ;-.:i~Uri.JV11 L'Wn1'j'~-.'.j~'e) 

i1nrf'Yl '11~'el-.'.ll6Jl'Wf)'W 'Yl11~(911-.'.l ~1t.ll9l1-.'.J'j''e)~-.'.llltm~::n'W 

2. m:w1ru~1'r VLFA ~1,rX~-w'tlt.1:1-J1n 9-.:i~'el-.:iniu\i.le.J~1n~1'rC?1-.'.lm-h111Xu1~'Ylf (l~'el 
q 

n1'r~~9'Wl'elnin11ru) ll~::iW-J'W1lU'W biomarker (9\'e)l,'LJ 

3. validate ':jfi':jlfl'r1::i~\rXiW-i'W1~'W ll~:;[?l'j''J9')'11W:W1DJ~1'j' VLFA ~m'W[?l'J'ell:h-.'.l 

di <V 

Yl'lllJ1Un 

(~1m"D'W) 

(~6l!1t.JPl1~1n'r1'°l1'rtl '11'r. "n1'W1bl.J Jlln'r'Yl1'W'll) 

i1Vl'W1 lflN n1'r':j9t.J 

' 
'1'W'Vl ... 24 ... l~'el'W ... ~-.'.!Vl1fl:W .. Yl .Pl. 2550 



= 02B01 

2 = 02802 

3 = crude 

4 = Asiatic acid 

5 = Madecassic 

0 0 0 acid 

0 ·o () 0 0 0 6 = 02A01 

0 0 (l 0 0 0 7 = 02A02 

0 0 0 () C , ..... 
8 = 02A03 ., 

0 0 0 Q 0 0 0 
9 = 02A04 

0 0 0 0 0 0 0 
0 0 0 0 0 0 

10 = 02A05 

0 0 0 0 0 11 = 02A06 

•; 
ci - - a> ..... 

A f\ t'\~ 
o· 0 =- 0 0 c:3 .,._ .... 2 - ...,. ..... ,..... .., ~ -· ~ ~ 
,.. 

~ :::f" ;7' ;;p ,,,. 
e C) .3 ~ 'Ji! ~ = .> ,n 



Ethyl acetate 

(ilrrnRG\'1'1-1,'l!n ht'll'1m1 650 mg/kg) 

Benzene : Methanol 

Benzene Layer 

(Active, dose = 30 mg/kg) 

Column Chromatography 

I 
:: 

Methanol Layer 

(Inactive) 

Hexane;250 ml x 4 m-:i 

Hex 9:EtOAc 1 ; 250mlx4fff-:i 

Hex 8:EtOAc 2 ; 250mlx4f1f-:, 

I 

Methanol 250ml x 6flf-:J I 

:: 

I 02A01 I Hex 9:EtOAc 1 ; 250mlx4m-:, I Methanol 250ml x 6ftf'1 · I :: 
Hex 8:EtOAc 2 ; 250mlx4ffH 

02A02 I 
Hex 1 :EtOAc 1 ; 250mlx4ftf-:J 

Hex 4:EtOAc 6 ; 250mlx4ftf-:J 

Hex 3:EtOAc 7 : 250mlx4ftf-:J 

02A03 

l,___0_2_A_os _ ___.l l.___0_2_Ao_a _ __,I 

(Active, dose = 30 mg./kg. 

Hex 1 :EtOAc 1 ; 250mlx4ftf'1 

Hex 4:EtOAc 6 ; 250mlx4ftf-:J 

Hex 3:EtOAc 7 ; 250mlx4ftf'1 

l 02A04 I 



.d a,, .£i, a,, 

scheme 'VI 2 LL~!?1-le.JsJmnmn column chromatography LL'ti::: e.J'tin1':i''Vl!?1~'elU~'Vlnl7l1'W6Jln'll'el-l 

fraction 02A03 

02A03 

( Active dose= 30 mq/kq) 

Column Chromatography 

I 

I Hex 9:EtOAc 1 ; 1 Omlx30flf:i 

Hex 8:EtOAc 2; 10mlx30fl{l Hex 5:EtOAc 5; 10mlx30fl.f-.1 

Hex 7:EtOAc 3 ; 10mlx30fl.f-.1 Hex 4:EtOAc 6; 10mlx30fl.f-.1 

I 

I 03A01 I Hex 6:EtOAc 4; 10mlx30fl{-.'l I 
03A03 

03A02 

(Active , dose = 1 mg./kg.) Hex 9:EtOAc 1 : 1 Omlx30ffi\ 

Hex 8:ElOAc 2 ; 10mlx30fl.f-.1 

Hex 7:EtOAc 3 ; 1 Omlx30fl-f-.1 

03A04 



-atl"Vi 2 WMM infrared spectrum 'll'el~ fraction 03A02 .. 

.J 

~ o- ~ ~ t; ·~ :5 ~ ~ h t t ~ ~t ;:; 'f;. ~- ~ :.- ,~ '.L: 3. -x: i ;·J i: /'. 

·" _.. 

8 
0 



<atJ-vt 3 ~Vtli;)"I 1 H NMR 'll'el"I fraction 03A02 
qJ 

... .......,. ··, 



'a,J~ 4 m~~~ 13C-NMR 'll'el~ fraction 03A02 ... 

,,,,1, ••• , ••• •1.,1•• 
1,,,.·,,1•:,,•.l\"t_., 

I 

'l ,r 

I(: 



~ I 

zthl 5 LVM1'! chromatogram "]]'e)..:J HPLC 1.-vl'tlt.l.t.lfl fraction 03A02 

lime: 20.1106 Mn«es - Anplitude: 0.767 m.A!J 

25 

20 

15 
~ 
E 

10 

5 

0.0 

2: 230 nm, 8 nm 2: 230 nm, 8 nm 
-1 -·1 

sld_3ACN MeOH_3ACH 

2.5 5.0 7.5 ·10.0 12.5 15.0 '17.5 20.0 22.5 25.0 27.5 

Minutes 

~ I 

3%ACN+97% "ll'el..:J phosphate buffer pH3.41 30 'W1'Yl Column phenyl 1-w l.'Ylt.l'Ull'LJ MeOH detect 'YI 

230 nm. 



:;tlv1 6 LL~f?l-.:J chromatogram "ll'el-.:J HPLC L~'elLLtln fraction 03A02 

2: 230 nm, 8 nm 2: 230 nm, 8 nm 
-1 -1 

30 
s1d_2ACN Me OH_2ACN 

25 

20 

10 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 
Minutes 

~ I 

2%ACN+98% "ll'el-.:J phosphate buffer pH 4.01 30 'W1'Vl Column phenyl i-w L'Vltl'Un'LJ MeOH detect 'Vl 

230 nm. 



152 
74 

72 

70 

68 

66 

64 

6:Z 

60 

58_1 

56 

54 

52 

%T 50 

48 

46 

44 

421 

401 
38, 

I 
36 j 

34J 
I 

32i 

30-i 
I 

28 

25.6 

-~ _,--
J,•. \ 

I 
i 

5874.4 5000 4000 

·- c:\pel_data\spectralce actiVe.sp -active part CE 7/812549 

' ,i 

: !\! 
I j'•i 
I I 

I' 

Ii 
! 1 

\I ,, 

3433.94 
292531 

3000 

_,.,.,,,,-··-----·--~ 

1731.81 

2000 
cm-I 

i"-
'1 '1 

! i I 
'.j 1 

1463.98 

1379.00 

1500 

f'. I 
I\ I 
. 'j 

126131 

1048.13 

I 

'·/ 

--, . 

1000 

,, 
'./ 
'.! 

803.59 

{" 
I 

i 
I 

605.88 

513.8 

eo.J) 
t:'._ 
~IL 
--.J 

:::0 
0 
--+, 

< r 
71 
)> 



Jacfr,c 

<( 
LL I I I I I I I I I I I I I I I I I I I I 
_J 

2.7 2.6 2.5 2.4 2.3 2.2 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.7 > ppm 
..._ 
0 

0::: 
~ 
z 

I 

I ..-
c:o ~-r ., .....--.-, 

-,r~ 7.5 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 

-;;::I 
o,;, 



<( 
LI.. 
_J 

> -0 
n:: 
2 z 
0 
C0 
.,-

0) 

-11~ 
-;J 

<,-,,;; 

Curr':'nt. ll,1t~ Pn1;::itret.er~ 
NAME 3.:ict:;,. vc 
E.XPNO .€. 
PROCNO 

t·2 - Acqu1s1 t 10:, 
Date 

P,Hu:net.cr!'.i 
:.oococ 

T~m'=' -
rnsrRuH 
PROBHD 
PUl.F'RCG 
TD 
so:v&NT 
NS 
OS 
SWH 
flORES 
AO 
RG 
uw 
Df. 
TE 
dl l 
!'Lll' 
Cf'Df'RG2 
SF02 
NUO 
PL2 
Dl 

20. 0'1 
dpx:;nn 

~ mm nu;.! 13 
zgdc 

16394 
CDCl.3 

7~60 

' 264~; 027 H:t 
1 614 ce·, Hz 

C. 3097076 t.CC 
231iC. ~ 
!S. 900 !..:S•.:H: 

'13. l i u~ec 
~IJO. 0 !< 

0 !JJU0000 ::.cc 
l 'J 00 dli 

"" JO:>. \J;!O\JOO MHz. 
lil 

120.00 dB 
2 00000000 sec 

?l S.':iOue.ec 
1n; 4J. 11 usec 
Sr"Ol 7:0 474 36SO MHz. 
NUCl 1 JC 
1-'Ll -6_ UO dB 

F2 - P roc:CS!", 1 n~ parameter:: 
SI 131072 
SF 
wow 
3S8 
L& 
(,b 
,c 

:o NMR piot 
ex 
l'tP 
n 
F2P 
f2 

75 4£77!:2Y MH1. 
E:M 

0 
:,1 JV :,-1;, 

0 
I. 00 

p.:i.r.:imctt'r~ 
:.:c. 00 cm 

35.g.':d pprr, 
2939. 61 H.z 

B. 470 ppm 
E:39.24 Hz 

P?MCM 
HZCM 

l. 52412 ppm/cir. 
i.15.iJ2le~ l\z/cm 

180 17 0 160 150 140 130 120 llO 100 90 80 70 60 50 40 30 20 ppm 



nl~ 10 DEPT-13C-NMR of VLFA .. 

. -
' -

ll 



ppm 

0.01. 

0.5] 

! 1.0 

o♦O 
1.5-l 

s 
0 

2.0~ 

c:, 

2.5--' 

3.0 

<( l ✓ 
/? 

LL. 3.5 
..J 
> 
4-
0 

4.01 ;f >, 
(/) 

0 
0 4.5 

I 
I 

5.0 .,... 
5.0 4.5 4.0 3.5 3.0 ...-

-11~ 
-;::I 

(j-,,;;, 

__,, ~-------'---

·f>" 
0 

0 

i, 

r 
i'"'•~~O•o 

'{) 

tr -· •• 411, 

P.~·•-'· 

O·o 
0 

. " ~CCII> ' C9 
0 

2.5 2.0 1.5 1.0 0.5 0,0 ppm 

anticonvalsant 
Centella asiatica 

Cun-aitD:ataPaBmdl:l'S 
NAME 3activc 
EXPNO 3 
PROCNO 1 

Fl - Acqui,i1ion hr.une1en 
Onie_ SlXffiJ 
Time 21.44 
)t,IST'RlM dpJ.JOtl 
PROBHO 5 mm Dual ll 
PULPROG cosyt5 
TO 1024 
SOL VENT CoctJ 
NS 12 
os 16 
SWH 2997.602 Hz. 
RDRES 2,927346 th 
AQ 0.1708532 oec 
RG 161.3 
OW 166.1100 1JXC 
OE 7.Uusec 
TE JOO.OK 
dO O.<kXXmOsec 
DI 3.00000000 so: 
Pl 9.50uj,CC 
DE 7.14uscc: 
SFOI JOO.IJJ28l2 MHr 
NUCl IH 
PLI -).OOdB 
!NO 0.0Cl033360 ,cc 

Fl -Acquls11ion panmc.1cn 
NDO I 
TO 256 
SFOI 300.1313 Mtu 
AD RES I J.70Q352 Ht 
SW 9,IJIIBppm 

F'2 - ~in~ p:u-amcicn 
SJ 512 
SF 300.1300111 MH.z. 
WOW SINE 
SSB 0 
LB 0.00H:. 
GB O 
PC 1.00 

Fl - ~ini paramdcn 
SI 512 
MC2 QF 
SF 3(:0.l)00117MH:. 
WOW SINE 
SSB O 
LB o.oo Hi. 
GB 0 

2D NMR plot p.ramcten 
CXl 15.00an 
CXI 15.00an 
F2PLO 9.224ppm 
F2LO 2768.)4 Ht 

~rl -i9~rrzm 
~:&' 2,~f.;~ 
~ffuHI -~1: r:m 
~~Jr I~~~ 
~!~~ ,:·.~:i~ 



ppm 

0 

10 

. 20 

30 

40 

50 

/,{) 

70 

XO 

90 

100 

I 10 

1211 

130 

140 

150 
<:( 
LL 160 
_j 

> 170 -0 180 

0 a 190 

~ 
I 
N 
.,-

-11~ 
-;::i 

er,,;;, 

- . 
-~ 
~~ ,. 

'. 
,0 . 
Q 

c· 

co .. 

0 

~ 

I--

0 ppm 

HMQC 
Anticonvalsant 
Centella asiatica 

Current Data Puu.mcten 
NAME 1-::tive 
EXPNO 4 
f'ROCJ',IQ I 

F2 - A,:4u1,.mo1: P,u.inctcr~ 
ll..ur_ '.'>Ol'llll'll 
rune tUI 
ll'ISTRllM dp,1300 
PROBHD ~ mm Dual IJ 
PllLPROC in11btp, 
TD 1024 
SOL VENT a:>CO 
NS ,0 
DS 16 
SWH 2997.b02H.:t 
ADRE.S 2.927346 H:t 
AO o 17DKS32sec 
RO 28%.) 
OW 166.SOOu.,cc 
DE 7.141JSCC 
TE )OOOK 
Pl 11.40uw.:c 
p2 16.Busc:c 
P3 5.,:IO USlt'!C 
pl! 11.0uscc 
dO U.Uf(,00)0 sec 
CNsr- 145.0000000 
d2 UJ)UJ448J ICC 
DI I .SCOX>OOO ~ 
PU -(i.00dB 
SF02 7S.47436SO M& 
Nl!D IJC 
07 ti f-0000002 KC 
l'l.12 17.00dB 
DE 7.!4UK.C 
SFOI JOO.IJl2Bl2 MHr. 
NllCI IH 
PLI -5.00dB 
cP0PRG2 r,up 
PC?O:? 100.00 uscc 
Jt-0 O.OOJ0094Sscc 

f I - A1,.~ms11ion pllBfflC1C:D 
NDO ◄ 
TD 2,0 
SFOl 75,47436 MHt 
ACRES lll)JJ9943 Hz 
SW 350.517ppm 

f':?- f'rocosinipmundCl"l 
SJ 1024 
SF JOO.lJOOl17 MHz 
WOW QStNE 
SSB 2 
LB OOOHi: 
GB 0 
PC' l.(K) 

Fl -Proa:.\sin;:pul,lnC1cn. 
SI 512 
MO TPPl 
SF 754617931 MHz 
WOW SINE 
SSB l 
1..9 0.00Hz 
GB 0 

20 NMR plot panmcrers 
CX2 15.00cm. 
CXI 15,00cm 
f2PLO 9.22.•ppm 
F21.0 2768.34 Hz 

~~1 _-J,l~W 
~~r5° 1t:fj:1: n:n 
FlPHI -17.ll0ppm 
FIHI -6jSJ-'6 Hz 

~~~M 1J:mt~~ 
FlPPMCM 23.36984 ppm/cm 
FIHZC"M 1763,67017 Hz.Ian 

LL 
_j 

> 



J''Li~ 13 TLC-densitometry 
" 

Scanner Peak QUant Process P-calib. FIie Print Present. Conflg. Help 

0.400 ---·· 

0.304 

0.200 

0.100 

0.000 

-0.100 ---····--· 

Lambda 

I • 

. . ~ 
: : 

, - .. - - --- . -- - -.. ---'.- - . - -- --. ---. - ... ----... - . · ... -.... -

50 52.8 

, X goto 

75.0 
Stage Y(mm) 

Ygoto ·I 

100.0 

Set zero j 

5carir,er Peak.. Quant Pr~s ·P-calb, . Ale. Print ~esent, Conflg, Help; 

' ' 

650 nm 
Data 1.680 

CH1:OA_TEST_STD_650 

Start 

l<!k~ID~il~K-~ 19:26 

.~1~i;~pifqfl'?!~~ ::·; ! ::-, □[hl 

0.400 •. •. •-- • • • -• • • .. •••. • • •- l, •. ••• • •. ••. • • • • •• •. • •• •• •'• •• •• • • •• • • • • • •• •. • • ••• • • • .J. • • • • ••• • • • •• •• •. Y Pos. 
WL 
Data 

mm 
115.6 mm 

550 nm 
-0.129 

' ' ' ' ' . ' . 

' ' . 0.300 

0.263 

- .. - -- ... - -- ... - --- .. - -- ! .. - - - - .. - - - - - . - - - - ... -- - - . ~ - - - ... - -- ... - -- ... - - - .. - - -;- ... - - - - .. - -- - .. -. ' 

0.200 ---·· · ·--· · 

0.100 ---- · · ---· .. · ---· ·----

-0.100 ·"·--·· · -

50 52.9 

Lambda Xgoto 

75,0 
Stage Y{mm) 

Ygoto 

100.0 

Set zero 

8IDM1crosolt PowerPolnt -[~ ... l 

CHl OA_TSET_550_STt 

Start 



iiJ~ 14 TLC of VLFA 

• 
• • • • • • .R1= 0.61 

• 

• • 
• • .R,=0.23 • • • • 0 • • 

• ••• 
• • • • 

--• -•-•- -+ -• --~ --• -- ➔ - - - ~ - -• - - ➔ - - - ~ - - + --
crude A B C D E F G H I Methylerter 

VLFA Standarc 
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H'lJ'U ~-lvl 

'V 'l) <i' AV 

H'l..l'l..l'iltl.:Jl'l-!ffJlilfll1'ttl!l'\J'tM H>l'i-!l-!ll'l-!1'iltl (Research Project) 

1. ~O !flH-!17'W1'Utl (!fl';i-:Jfll'J~tW~ 3) 

(fl 1'l:l 11 'Vl t1) fl 7'j'l.h::: d'1 'W q'Vl i ~1'W 'llflU" :::'W'l:l t IQ ITU vr~''W 'U o-Hn'j irti'~" w-1 'j Jl'W 'lJTU fl 

(fll'l:ll'el-!lflt)'l:l) Evaluation of anticonvulsant activity and acute toxicity of standard extract of 

Centella asiatica 

2, 'jlt1~oflru:::~1it1 'V'!!omf-:ittil1t1-:i1'W~ir-:iti'~ ttmm"'1'll l'VlJ~WVl !'Vl'jffl'j m1:::Email 
"' 

A QJA QJ c/ cl A QJ 

fl7fl1'111tfl ff'ln'Vl tll fill::: tflff'Mf17ff \9l'j ~ W7Mm ill lJ r111'Vl tll'1 ti 

"i "' ., 
tmrl'WVl: 02-2188323-5 !'Vl'jffl'j: 02-2188326 

tmayuree@chula.ac. th 

2.2 
r/ cl QJ QA 

'jrJ-:Jrl'lff\ol'jl'ill'jtl ~'j. '4t\jtl-:Jfl \9l'W\9lff'j::: 

.:::::i. d A QJ r/ cl .:::i, QJ 

mm'J17ff'j 'j 1'Vl t11 fl ru:::m ff'Mrl'7ff m 'il w1Mmru lJ'Yt11'Vl t11"'1 t1 
q 

'l "' ., 
&'Vl'jft'V'l'Vl: 02-2188250 

A <11 QI d 
2.3 Yl.\91. r'lt\j-:J 0'4ff'jl 1Wl'W'il'W'Vl'j 

A d A A QJ r/ '3) 

fllfl 1'117ff'j 'j 1'\IWl 1'Vltl7"1 mt 'V'l'Vl tl'V'l'j :::lJ-:Jf:Jt)tfl'11 

"i "' ., 
rmrl''V'l'Vl : 02- 354-7752 

r/.:::::i, A d r/ QJ cl r/ A QJ 

2.4 tll'ill'j tl'il\91\91"1 ft'jfflJ\j'jfil flru:::tflff'Mrl'lff\olj ~Wl"'1-:JmlllJ'tt7TVW1"'1tl 

A .d.A Q.I cl r/ A QJ 

mm'l17ff'j'j1'Vlt11 flru:::mff'Mrl'7ff\9lj 'ilW1"'1-:imurnm1'Vlt11"'1t1 
q 

1'VJ'j~wVl: 02-2188341 

3. t~11Joip1'~i~ff'j'j-:J1J'lh:::mru'l.h:::~1tl 2549 ~7'W1'W 254,100 'lJl'Vl 

' ' A O AQJ ,c!i .:Q A 

4. tjlJ'VJ7fl7'j1'ilVtlJ0\91'1lfllJ 2548 tM l-Jtl'Wltl'W 2549 q q 

A d QJ 9) 9) AQJ 

5. 'j 7tl"'1:::totl~tfltl1fl'IJ vrn-:i l'W fl 1llJ fl71r1 'W l'lJ 0-:J fl1 'j ')'i) ti 

5.1 1\olmh:::ri-:i~'llo-:i lflH-:J1'W1it1 (l~t1ff'j'LJ) q q 

5.1.1 t~O'U'j:::dh.111ir1nl'n~ut1flri1'W'illfl'lJ11Jfl~1t1~1vh"'1:::mt1~1-:in'W ri1'W 

'l 9/ d.. d 91 <V Ii) 9/A d 'l 'l .. "' d d O 'l 9/"' 
t~'lJl-:Ji1l-1 t)'Vl'li \oll'W 'Mfl 1 ~~'Vl "!~ 1 'W I rn~"'1r1 ~ t11J 'il m 'Vl ~ mr1 'W t11'W 1 1 rt 'Mfl 

& QJ 01 d -=1 et '3J QJ d 9 9J '"1 QJ 91 QJ 

5 .1.2 ftfl'l:ll vl"1'lJO-:Jffl 'j ff fl\91 'lJ1'lJ fl'Vl l-Jt)'Vl 1i \oll'W 'Mfltl-10 I 'Vt fl 1'Ut) ! 'U fl'IJ tll\9ll'W 'Mfl 

5 .1. 3 ~fl'l:ll'W'l:lt~tl'iJ'V'lil'WUrt~ v-l"1'lJO,H'l'11 fffi<,)'IJ1'1Jfl~m :::'lJ'lJ'LJ'j::: ff Wl 

ri 1 'W fl m-:i 



f11'Jfffl'hlltJ'Vlf.,j'i-:H~f.l-.:iH1:HnH'l'nl'l1J11Jn (EACA) ~m~'llmh~i:il'Vli:hwmn.:i 

5.2.J Pftl'IJfJ~PU!ff1Tfff1~'LJ?1Jn (EACA) ~fo Locomotor activity 

i,Hti:i\ol-.:iHl'Wl'U~ 1 Locomotor activity 1'Wnm 120 'Wl'vi '\JtJ,.:J'Vf\jt11J'Ufl'Jfl~lJ~t~funwi:10'W 
'J) : .J d~ ,d 3/ d Q.I OJ \f\ Id 

\ol1f.J'Wlfl'J~i:ilf.Jf.Jl (vehicle) t}Mfl'fltl Tween20/water; 2:5 'Vl1'lfWl'Jf.JlJnl'Ji:ifl\ol'lJ11Jfl tlJlJfnllJ 

' I cili} ')}OJ I 

ll\9lfl\91Willfl Locomotor activity '\JtJ,.:J'Vf\j'Yl t\ol'J'lJ Normal saline solution (NSS, 0.9 % NaCl)U\91 
' ,, ' 

0~1-.:ill'l i'W'llw~vii:i1nrnl'l1J11Jn (EACA) r1-.:i1'W'll'Wll'l 100 u~~ 1,000 :un/nn vi1M11'lf.lf1wtlti'W 

Ufi'Vl\jt11Jium ~H~fl\olfll'J lfl~tl'W t 'V11'Uti-.:i'iil9l1vm~ti-.:iu\9l fl~Willfl'i"I\J t11Jium fl~lJ~ t~f 'lJ vehicle 
., cl11p1 'l d 

\ol,.:J'il~L'Vl'W t\ol'illflH~'J1:U'\Jtl,.:J Horizontal counts '\JtJ,.:J EACA t 'W'U'Wl\ol 700 U~~ 1,000 :Uf)/flfl'Vl 

U\9lf1~7,.:JtJ~7,.:J~'Wtli'YlflW'Vll,.:Ji:i~~'illf1f1~:U~t~f u vehicle ( l'U~ 2) 
u • " 

450 
--l>---NSS (n=8) 

400 --o- VEHICLE (n=8) 

350 -- EACA 700 (n=8) 

r,i - --EACA 1000 (n=8) 

= 300 = 0 u -c-= 
250 -= 0 200 

N .... 
J.. 
0 

150 = 
100 

50 

0 

{i >-'"' 

Time (min) 

iil~ 1 H~'llti-.:ii:i1'jbi'fil'l1J11lf1 (EACA) 1'W'll'Wll'l 700 trn~ 1,000 :un/nn ~1M11'lf.lf1l'jilti'Wllfi'VI\J 
c.1 QJ I 9 A 

t11l'ilf11\9l'El locomotor activity t'Wnm 120 'Wl1~ 



3000 

2500 -

"' ... 
= 2000 = 0 
~ -~ 1500 ~ ... 
= 0 
N .... 
r... 1000 0 

::c: 

500 

0 

NSS (n==S) VEHICLE (n==S) EACA 700 (n==S) EACA 1000 (n==S) 

Treatments 

iu~ 2 f,,H'l'\10.:J'ftl'H'l'tlmJ'J'I.Jfl (EACA) 'llJ"1'Wlfl 700 um: 1,000 lJfl/flfl ~hnfl£JflljilfllJttri'l1~ 

au,um~o Horizontal counts 1unm 120 u1vi 

"' "' I 5.2.2 Ni:l'llfl-JNi:l'tf?'JtJ'fJ~l'lnLJn (EACA) 191fl Barbiturate Sleeping Time 

i.:iu'ftfl.:JH1'WiU~ 3 vehicle '11!oi111i'l't1~'U11Jfl (EACA) 'l'W'U'Wl~ 700 u~~ 1,000 

lJfl/flfl ~'l~ttfi'\1'1-JGU'Om !fl£Jfll1ilo'W illih•rn'V11itt1~v~nmrn1'Wo'W'l1~mnfl Sodium ., 

pentobarbital (50 lJfl/flfl) ~'ltttfl£Jfllj~~til'lf0.:J'YIV.:JtU~£JlJUUMiuu~vth.:i1~ i.:iiru qvii 

'l d 'l 3131 ?I ~ lJ flljflfl Locomotor activity 'Yl'\AllJ lJ fll':i'Ylfli'1'01J"11.:J~'WV1'iHu'W v-l~'illflfll':i OVfl()'Yl '!i'\JV.:J'ftl':i 
0.1 0.1 I d\l} 9' 

Ll'flfl1J11Jfl~O Neuromuscular junction fl ifl 
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Treatments 

iil~ 3 ~Hl'UeJ-nY11b1't1\ol1JTUfl (EACA) iu'U'Wl\ol 100 irn~ 1,000 lJfl/flfl 

~111Ufl'l11d0'U'Ofl'.i 1\o!Vfll'.iileJU\91 el'.i ~v~nmm1u eJU '11~'lJ'\17flSodium pentobarbital (50 lJfl/ 

d'l 91'1' "' 91 , 91 
flfl) 'YI t'l1 t\o!Vfll'.il!\ol!'Ul'lfel-:J'Ylel-:J 

5.2.3 Lethality 

'illflfl1'.i'Yl\olb1'eJ'Ui!eJUb1'7'.i{1'Tl\ol'U1'lJfl (EACA) iWU'Wl\ol 30, 100,300,600, 1,000 !n'l~ 5,000 

lJ fl/fl fl uri'l1 u O'U io m ~ -:i m!-J1 'il~l'l'U m m1 i~u i 91'11 ~ eJU eJU '11~'lJ iu '11 u ~ 1~ -f 'lJ m1 {1't1\ol1J 111 fl 
~ ~ ,, ,, ,, ' 

iU'U'Wl\ol\1'1 (\el-:JU\'1 600 lJfl/flfl ~u1iJ) el~~l-:J U\'1n1l1l'l'lJ11nfl1'.i\911V!fl\ol~'\.,11Urn11 72 'M11lJ-:J 
,, . 

1lJ11'il~!~u 1 u'l1 u flcilJ 1\ol i-:i,ru ~-:im'ilflci111~11b1'11{1'n\ol'U1'lJflvi1111\olvm-:iil1flnfl111J 
~ . 

,, . 
a, '] I dli] 91 <!l cl 91 9I 

'lJ1'lJfl t'\.,l'U'\.,ll\olb1'-:Jfl11'\.,I t\ol !Uel-:J'illfllJf111lJ!'UlJ'U'\.,1{1'-:JlJlfl 
~ ~ 

' 



\,ll'.il-!I~ 1 Lethality '\HN"1'7'.i"1'tl~'U11Jtl (EACA) 1iJ'll'W1~~1-!I") ( 30 - 5,000 lltl/tltl) ~1tt 

1~vm11h)'WUfl'H'Wt11Jim 
'" 

EACA (mg/kg BW) % Survival in 72 h 

30 (n=8) 100 

100 (n=8) 100 

300 (n=8) 100 

600 (n=8) 100 

1,000 (n=8) 100 

5,000 (n=4) 100 

5.2.4 (]'\llf ~1'W'Mtl'lltM Subfractions 'illtl 1m-:im'.iVtW~ 1 

C) C) .c:IQJ I~ I IA Q.I 

5.2.4.1 'illtltl1'.i'\ll~i1tl1J t'W PTZ model t'W'H'Wtl1J'iltl'.i 24 mm 9M U~i'l~tli'lllll'H'W 6-10 ~1 
I\J q q (U 

' ., ' 
~1J17'il1tl subfraqtion °YitWtl'illtlEACA '1-!1'111.J~ 8 fractions 'Vi1 tt1~Wtl1'.iiJtl'I.J'Vl7-!l'U7tlUfl 

rl'~1'\ll~t1t1-:it~unm 1i11mnt1'Wt111mrl,nih'ltttn~m1<Ht11~r.im'.i~~m'.i 

pentylenetetrazol 'l'W'll'Wl~ 70 mg/kg t'lll 'l~thm.J,!J ihf--n.J~lJ(]'\llf ~1'W'MtltJg VJtlsubfractions 

~-:iuirn-:i H'l u~7'.i7,!J~ 2 u~t~tl-!l'illtl(J'\llf ~1'W'lftl~~1J i1h1'il~t~'W'illtlfraction 1~ illuLY~-!I 
OJ dpl 'j} ~o cvrl 
i'ltl'!:JW~profile 'lltl-!ltl1'.i~tl1JLY'Wtl-!l'\lltu'W dose dependent UlJ'il~t~lJ'il7'W1'WL1~1'\ll~i'ltl-!Jllltl 
,J e!l QI 

'll'Wtl-!J 10 ~1 



\P'll'H~vi 2 t)'Vlf~l'W'lff1'llcM subfractions ( 1-8 )'l'Wiu'Wl~ 10,30 100tn'!~300 mg/kg B.W ~in 

1~um'.i1hm'V11~1.hmtntt'Wa1Hif1'Hrl'Wnm 1'JT11:iN nci'Wf11'.it1nmdu1'111'lntn~m'.i'lff11~u 
~ ~ 

f11'.i'Q~'ffl'.i pentylenetetrazol 'l'W'll'I-Jl~ 70 mg/kg t-u'1'l~thmr~ (Ufl~(jf,ll;l!~'Wc)\P'lHd1'W'llcl-:J 

~ l'W '1'1-J '11'\;A ~ !1!'lff1/~l'W '1'1-J '11 'l;A ~i ~'Vl~ flcl'U) 

Dose(mg/kg B.W.) 1 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 1/10 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 

Q.I t & l1t jJ d d c:., I d 
5.2.4.2 ~-:J'W'I-J'iM i~'V1~1:lcl-:JtUmn.Jnm'llcl-:Jf11'.i pretreatment 11.J'W 3 '.In 1:JJ-:Jf1cl'W'Vl'il~ 

d O 'l 3/ ., o' ., 31 1 "' 'I 3/ 'l 3/A ., 
!'11'Wtl'1'Wl mff\P1'1'Vl~ilcl-:J'.lff1~'1tl ~umrn~m'.i pentylenetetrazol i'W'll'Wl~ 70 mg/kg t'lll im•ntt'W-:J 

I dll) I I d I G} 'J) d QJ \i'] 'J}' ' d d 
U\P'lf1 i:JJ~'U'1lf11'.it~:J.Jnm'llcl~ pretreatment 'il~'.lf'1tl m'ffl:J.Jl'.itl'.lf'li~ !~'1lfraction 'l~'Wl'il~til'Wffl'.i'Yl 

~'J.J QJ d 
cicimrvrn \P'll'W '.lfn ( m '.i 1-:i'Yl 3) 

\P'll'.il-:J~ 3 t)'Yln°'~l'W'lff1'llcl-:J subfractions ( 1-8 )'l'W'll'Wl~ 30 100Uil~300 mg/kg B.W ~in 

1~t1m'.iilcJ'W'Yll~u1nuritt1;A~'LI'Omtrl'Wnm 3'JT11:JJ-:i rici'Wf11'.i\Jf1mdu1'111'ln1n~m'.i'lff11~u 

f11'.i~~'ffl'.i pentylenetetrazol 'l'W'll'Wl~ 70 mg/kg 1-u'1 'l~thtttl'-:i (Ufl~~r1mrl'W'el\P'l'l'Td1'1.J'llcl-:J 

~l'W 1'1.J '11 'l;A~ !1!'lff1/~ l'W '1'1.J '11 '!;A ~t ~'YI~ flcl'U) 

Dose Ethyl acetate (3 'llil) 

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 - - li6 0/6 1/6 



,:!I lt dv Q.I 9 v tii 1d v 0.1 ,::t ?I 
5.2.4.3 ff1HlHM'illfitj'Vl1i\917'W'lH1 t'W'lHJ 5.2.4.1 mi::: 5.2.4.2 t'lJ'lJ profile 'lltMtll'i\917'W'JHl'YH1J'W 

dose-responsetJVN'lf~H'il'W ;,:i !¢1'Vl~irn,rw1rn1m1fffl~ i'W fraction m,::: 3 i'W'll'Wl~ 100 mi::: 300 

mg/kg mi1ti'Wi11urit11ia1Jimii:l'Wnm 5 'J'W f1tl'W'il:::m~w.11l1i11t11i'lffl¢11eim1~~m1 

pentylenetetrazol 1 'W'll'Wl~ 70 mg/kg i'li'111.i'rhm!-:i 'illflNj;jfll'j'V]~j;jt)-:J~Uff~-:J Hi 'W\91717-:J~ 4 1iJ 

'V-11J 17 m 1 pretreatment 'ff \911'Vl~ "tl-:J ¢11eim1 ff fl~ ri1'W ~ 1-:i "11 'Wnm~-:incl 11~ 1iJ mm1 l:IU ff~ -:i q 'Vl f 
. " . 

\il7'W'lffl'Yhrl'W dose dependent U~tiei1-:ii~ 'Wtlfl'il7fl'W'WEJ-:JlJU'W1 !ti'lJ'Yi'il:::iJ-am1ru:::'lltJ-:Jtl11 

\91tl1Jff'Wtl-:J~!1:l'Wi'U belled shape 'ff1t1i'1J fraction~ 2 i'W'lltl!:::~ fraction~ 3 1iiuff~-:Jt]'Vlf\il1'W'Jffl 

rnei 

\91117-:J~ 4 t]'Vlf\il1'W'Mfl'lltl-:J subfractions (2 irn::: 3)i'W'll'W7~ lO0!rn::: 300 mg/kg B.W ~11"1~ei 

m1ilti'Wm-:i-u1nufit1'Wa1Jiomti:l'Wnm 5 1'W Fiti'Wm1mdvTw1111io~m1'l1n 1~eim1~~m1 ., 

pentylenetetrazol i'W'll'Wl~ 70 mg/kg i'li'1i\il'~1t1il'-:i (Uff~-:JNi;1!i:lm!m1ri1'W'lltl-:J ~7'W1'Wl11i~ 

1iJ'J1n/~7'W 1'W t1 'Ii ~1 i'Vl~ffti1J) 

~11~ni;iuriun 5 ')'W 

2 3 

100 mg/kg 2/6 0/6 

300 mg/kg 1/6 0/6 

dy QJ ,- , d 
5.2.5 t]'Vlli\91TW'lffl'lltl-:J Subfractions 'illfl tflHf17'ieleW'Vl 2 

dt QJ ,d "°'-=1 J, 3' o dv Q.I 9 5.2.5.1 !'l-Jtl'Vl~i;1tl-:J!Wflffl1fffl\P'ltlfl11itl'I-MUi;11'W7'l-Jl'Vl\Plfftl1Jtj'Vlli\917'W'lffl t'W PTZ model 
I , t ,d .d et 'j) a.I ,:A CJ !JJ<'j" 

'V-11J17'il7fl subfractlon 'Vl-:Jl1'l-J\PI 5 subfractions 'lJ subfractions 'VlUff~-:Jt)'Vlli\917'W'lfflt'l-Jtl t l1 t~eJ 

-9-l .I . "I <k Jl QI QI 'I "' QI liJ 91 
fl111Jtl'W'Vl1-:Julfl 2 subfractlons fltl C trn::: D 01Mffl'l-J71t11Jtl-!lfl'Wtl11'lffl t'Wl1~t11J'ilm t~ 2 

'illfl 6 \911 trn::: 1 'illfl 5 \911 \911'l-Jii1~1J (\91111-:i~ 5) ii:l'W~il1i-:im(,Ji1q'Vlii'Wm1\il1'W'lffl'llti-:J 

subfraction C !rn::: D tiJUff\Pl-:J~mJru:::'lltJ-:Jfllrn'U1\917'lJ'll'W7\P'lt-:itiJ'W~f1'1:JtU:::~:Ufl'V-liJi'WeJ7n'W 
I j} 3J I ,, I 

'lffl't11"l !'U 't1-!!Utll'il!'Utl-:J'il7fl subfraction mcl1urr-:i 1iiiim11J~~'Vl'liU~!i:l'Wff11'U1:::fltiiJ'YiiJ 
~ d-=1 4 ' QJ t ,d ~ d e/31 Q.I 

ffl1mneJ'lf'W \P'l'Vl'l-J profile 'lltl-:Jfl11 tltlflt)'VlliU\:,1fl\917-:Jfl'W 11'l-J'Vl-:Jtll'il'l-Jff710JM'l-Jt)'Vlli\917'W fl'W 

0 .?I d 91 'I 91.,,..,, I liJ. I"' QI ,k 
'il7!u'W'Vl'il:::\91ti-:J t'lf11i activity-guided isolation !Wfl\91tl rntim:::~1Jl1'W-:J 



\P'll':il-:J~ 5 q'Vli~l'W'lffl'lleM subfractions ( A, B, C, D trn~ E) 1'W'll'WWl 10,30 trn~ 100 mg/kg 

B. w ~1 ir1~fjfll'jileJ'W'Vl1-:J'Ulflt!f1'11'W~1J'ijfl'j !~'W!Tol 1 '11'1 ht-:inei'W fll'j m~tJTWl 1 'tt!f)~fll'j 
" 

w ') d 9 31 9 3lc, w 
'lffl t~fJfll':i'il~rl'l':i pentylenetetrazol t'W'IJ'Wl~ 70 mg/kg l'Ul t\91N1'11'W-:J 

Dose (mg/kg B.W) A B C D E 

10 - - 2/6 - 0/5 

30 - - 4/6 - 2/5 

100 0/4 0/4 2/6 0/4 1/5 

& 9)' Q,I A dy a., d1q Id I Ji 
5.2.5.2 tl-:JU1J11ffl':iii'fl~ fraction C 'il~1lt)'Vl1i\911'W'lffl'Vl !'JJ!'U'W dose dependent U\9l!'Wel-:J'illfl 

0 d ci d d 31.,,. W ') ') I d d/ \/j 3I I "1. I 3I 
!'U'W fraction !~fJ1'Vl1Jt)'Vl1i ~1'\lfJ t'W tm-:JfllWtW'Vl 2 'il-:J !~!Wfl fraction C \9lel rn~1£J column 

\fJ 9) cl I d d e:/9) 
chromatography !~ subfraction flfl 4 fraction l'l1J111J 2 subfractions 'Vl!lii'~-:Jt)'Vl1i\911'W 

'lffl (\911':il-:J~ 6) trleifl0t-.11'ttUf1iY\911'Vl~,rn-:i'l'W'll'W1~ 1 mg/kg !~'W!1"11 1 cir1 i1l-:Jf1fl'Wfl1':i 

mrt£J11.h1tt'in~fll'j'lffl 1~fjfll'j~~ii'l':i pentylenetetrazol 1'W'IJ'W1~ 70 mg/kg tiu'11~th1n!-:i u~ 
. . " 

ijiu'0'Yiil1i1-:im\91 ~01 t-.1iY\911'Vl~,rn-:i'Yim':i'Vl~iY01Jil0-:int-.1 fll':i'lffl tilt~'W'W iY\911'Vl~c10-:i 'ii~" q 

" fllfl1':i'lfflflU1-:i':i'WUH'il'W!i1£J'lf1\91i-:i'l'W fraction C-2 !!cl~ C-4 
q 

\911':il-:J~ 6 q'Vlf ~l'W'lffl'llfl-:J subfractions C !n'l~ D ~'l'ttt~fJflWtlfl'W'Vll-:J'Ulflt!f1'11~~1J'ilfl':i 

!~'W!'Jcll l '11'1 !1J-:if1fl'Wfl1':i!'11~£JTW1'l'tt!fl~fl1':i'lffl !~fJfll':i~~ii'l':i pentylenetetrazol 1'W'll'W1~ 

70 mg/kg t'l1'1'l~r:hn'W-:i 

Dose (mg/kg B.W) C-2 C-2 C-3 C-3 

(protect/total) ( death/total) (protect/total) ( death/total) 

1 3/7 3/7 1/7 2/7 

5 .2.5.3 'illflfll'j\9) 'j1'iJ1!fl':i1~,,,.1~fJ~l'ijfJ 'l 'W !fl'j-:jfll'j~ 2 l'l1J'Jlffl':i~ijq'Vli~1'W'Jffl~-:J"fl~ 

o 31 'l Q.I , ?1 QJ .c:l Q.I d.c:1 9' ... I~ 
'ill'W1'W 'W flfJ:l.Jlfl 'W 'lJ11Jfl'W1 'il~!lJ'\.-J fatty acid clfl'ilW~!~f.l1fl'lJ'Yl1J~':ilfJ-:Jl'W 'illfltlJclOfl 

31 3l4w&\ij31 o w 31 liq31\/]31 9 
flflfJ N1'ilfJ'il-:J !~'Vl~clel-:J'Vllfll':iii'fl~ii'l':i'Vl~ii'fl'lJ'illflflflfJ!Ylfl t'tt !~ii'l':i'Vl~ii'fl'lJ t'W 

" 
~ d ,J , t::{91 a., 0 t & .J d , \fJ IA 

ilrn1w 'Vl:l.J lf1'1l'W irn~ir-:im\91':i1'ilii'flUt)'Vl1i\911'W'lfflflflflH'l1'W-:J C)f-:JflY11J11 t:1.J1Jbl'l':i 

'Vl~ii'el1J'Vl~bl'fl1J'lf'W~ 1~~iiq 'Vlf ~1·1--1im~'WU1J'lJ dose dependent (\ill'n-:J~ 7) 



~l'H:J~ 7 q'Vlf ~1'W'Mf1'1J0~ subfractions C m1i D ~1'Hi~t1m1i10'W'Vll~'111f1ttri'Yl~~rn1m 

ttl'Wnm 1 41 hMn0'Wf111t'Yl~tl1'Wll'Htfl~f111'Mf1 i~tlf111~~'ffl'j pentylenetetrazol !'W'IJ'Wl~ 

'J) 9 'J/= ., 
70 mg/kg !'Ill l~vll'Yl'W~ 

Pretreated time 'tl1j'tlnrnr.i1n'1l'1lt1 
"-

1 mg/kg 10 mg/kg 30 mg/kg 100 mg/kg 

1 'lll-J 0/5 1/5 2/5 1/5 

2 'lll-J - 1/5 0/5 -

3 'lll-J - 0/5 0/5 -

5 .3 11t1~~tflt1~t'Yill t&1mrle11 fl'LI m 11 io v~ i ~~ ww 'W m1 i ,Jm\'1 1 ~ti 1 'Hu 'W 1l 'U'VI fl11ll N~~1'W 

fl 11ll A'11'Y1'W l'VI 1~ 1'lf1 f111 'IJ 0~ UN'W~l'W 1'0 tl1 ~ 'Yf 11~~1 t 'W 'W f111 ~tfl ti'Vim{! 'W 111 'ff11 'Vl 1~ 

' ' ~ 9) ~ A o t .c!! li) 9' 9J .cS 

1'lflf111 um 'Yl101l'Vlfl11ll'Vl'il~'WltNtlU'W1'Vl1~~0ll1~'lf'W l~ (mll) 

5.3.1 Vattanajun A., Watanabe,H., Tantisira M.H. and Tantisira B. lsobolographically 

Additive Anticonvulsant Activity between Centella asiatica's ethyl Acetate Fraction and 

Some Antiepileptic Drugs. J Med Assoc Thai 2005; 88(Suppl 3): Sl31-40 
QJ QI cl d CV AA r/ QI AA 

5.3.2 0'W~11 1Wl'W'il'W'Vl1 lltl'J ~'W~~1~ 'U't\.ltl~fl ~'W~~1~ trn~ Hiroshi Watanabe q q q u 

' q'Vl;fl'W'Mrnm~vi'l:l~01~'LI'LI'111~~1'Vl"11'Wf1m~'IJ0~~11~fl~'U11lf1 (Centella asiatica) l'W 

'Yl~~rnJm Oral Presentation !'Wf111'111~'Jtll1'lflf111'111~~1iJmrn'W'VlfJUN'W i'Vlti 
,J '},) o' ~ ' A i d QI d A 

m1u'W'Vlt1'W'W'Ul'W mrn'W'Vlt1'Vll~rn0f1u'Yl~'lf11>1 m~'Vl 4 1'W'VI 29-31 ~~'Yllflll 2550 ru 

5.3.3 Anusara Vattanajun Mayuree H. Tantisira Boonyong Tantisira and Hiroshi 

Watanabe. Anticonvulsant activity of Centella asiatica's ethyl acetate fraction in 

animal model of epilepsy 'il~'Wlt~'W0ttl'W Poster presentation !'Wf111'111~'Jtll1'lflf111'W1~ 
,, ' 9J QJ,i::l A 

ll~fJfJtflmflN'VI 35 'Wqrl''ilf11tl'W 2550 

t 3,1 I j/ 3J 

5.4 ~1J'111 ~mru vi 1~1~~1t11 ,Ju~1u1J~~u~t!ll~lt'W'W m1ttl'Wt1'Wi~ir'W 254, 1 oom'Vl 

5.5 .:tl'W~lllUN'W~l'W if1Nf1111'0tl~'il~'Yl1~0 L'11 
,, ' 

'V:Jf1'U'W~0'W~lll'Yh~'W01 'W 1 fl'j ~f11'j 
,, ' 

5.6 rh11tt'il~tne11n'LiiltJJ'Yll u~~'Yl~0'rJ'11~11fl (01ih 

di 'J) 1 Q./ CV de:::1 d<J) QJ .c:! -' QJ q 9 9/ 9 
5.6.1 MU:IJ'ilt'W'U11'ffl'ib1'f1~1l'J'Um1llq'Vl1i~l'iJ'lff1'il~iJm1:WlJ~0~fltl l'Wf111 t'lfi.,;-:i ( l'W 

'IJ'Wl~~bY~a~ 5,ooo llf1/f1f11i1-w1J1Tv111'Hrl'~1'V1~~0~~1t1) u~'illf1N~m1 
"' 



'Vl1-nrn-:i~Y1'U11ff1'Hl'fl'f1'1J11Jn~nq'Vlf w'1iJinnq'Vlf n11m1 iriio'W 1 tt 1 'l 'Wtt\{ ~'U 

:umo~1-:ii'f11'i1'W (Nilfl11'Vl11't'lo-:i 'lmi'o 5.2.1) tm~ihrYJf ·vh 'lM1o'f1ri111J1JflY1io-:i 

'110-:) motor co-ordination (11V-:)l'Wll'IJ'UfflJ1J'jt)r'1Jo-:iil -:i111h~mru 2548) tJl'i) 
"' 

11'.luilt1Jtt1 'l ut1Ti'W 1m1ffn ffn'f1m 'l i'l uriumnm1~t1ff'f1-:itJ'Vlf ou tuTinh~ff -:ir1 

Q,/ ' ~I d OJ Q,/ & dy Q) Q,/ t & 'jJ 
'fl-:) flell1! lJ'W ffl1 l\9'l tl1fl'W fl'l.J ffl'jcif -:io O f1 tj'Vl 1i\9ll'W 'lff) 'fl-:)'W 'W 'i)-:)\9'10-:)YI tlltlll.J UtJfl 

Q,/ Q,/ I ~,::! d ~d'jJ Q,/ d 
Subfractions 'UO-:)ffl';i ff f119'1'fl-:) f1't'l 1 Tl1 't'l 1 ti") 11i t'\1-lO!Wfltj 'Vl'li \9ll'W'lff1VO f1 'i1 lflt)'Vl 1i 

Q,/ ll) ,& d'd 
ou MvN1h~mriou"l 

d'J) Q,/ & er ~d , 

5.6.2 'i1lf1f111'Yl'f!TI'01Jt)'Vl1i\?ll'W'lffl'1JO-:J subfractions cirnwm.n t\9'1tl11i\9'11-:J"l 17 fractions 

{!-:) 1uiJri11:1J'Jf'flt'i1'W 11 subfractions h-1ii 1'i1~t1'.l'Wffl'j ihri't)J~ijq'Vlf w'1'W'Jffl~iJ 

profile '1JO-:)f111 oot1q'Vlf ~i:1JW'W1ifl1J'1J'Wl'f1~'li mmrntl1mn1tt'Wrll~'W 
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Isobolographically Additive Anticonvulsant Activity 
between Centella asiatica 's Ethyl Acetate. Fraction 

and some Antiepileptic Drugs 
Anusara VattanaJun ivlsc~', ** Hiroshi Watanabe PhD***, 

Mayuree H Tantisira PhD****, Boonyong Tantisira PhD**** 

* PhD Program of Inter-department of Physiology, Graduate School, Chulalongkom University 
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*** Department of Pharmacology, Institute of Natural Medicine, Toyama Medical and Pharmaceutical 

University, Toyama Japan 

**** Research Unit of Neurophysio1~gy and Neuropharrnacology, Faculty of Phannaceutical Sciences, 

Chulalongkom University 

Objective: To investigate interaction between orally given Centella asiatica 's ethyl acetate fraction (BACA) 

and intraperitoneally administered antiepileptic drugs (AEDs), namely, phenytoin, valproate and gabapentin. 

Material and Method: Isobolographic analysis was used to evaluate the interaction between BACA 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 

BACA 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 BACA 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 
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Worldwide, approximately 1-3% of the 

, population suffer& from epilepsy. For most of the 

patient population, monotherapy with conventional 
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antiepileptic drugs (AEDs) represents the mainstay 

of treatment0 >. In spite of optimal choice and 

application of currently available AEDs, about 30% 

of patients are resistant to the standard medication. 

In such cases, the addition of a second drug to the 

established monotherapy seems to be the most 

adequate treatment i:egimen. The adequate 

combination of two antiepileptics might be 
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advantageous if it fully controls the seizures and ····acetate, methanol and aqueous fraction, respectively, 

simultaneously, if there are no or inconspicuous by the same procedure. 

adverse effects related with antiepileptics in 

polytherap{'. 

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 ('lJTUn). 

A recent study reported that the aqueous 

extract of CA decreased the pentylenetetrazole 

(PTZ)-kindled seizures as evident by decreased 

seizure score141
• 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 manner131
• 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 Nakompathom 

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 mare 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 mare was remacerated again 

and again (totally 3 times) with ethyl acetate, 

methanol and boiling with water to yield ethyl 

Sl32 

· Animals 

Experiments were performed on male 

ICR mice weighing 18-25 g. They were obtained 

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 a 

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 Jibitum. 

All animal care and handling were 

conducted with the approval of the Ethical 

Committee of the Faculty of Pharmaceutical 

Sciences, Chulalongkom University, Thailand. 

Administra~i.on of the tested substance 

Each fraction of CA extract was dissolved 

in a vehkle (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. 

P . l~l 1 161 d b . 17 I henytom · , va proate , an ga apentm were 

given intraperitoneally at 90, 60 and 120 min, 

respectively, prior to the injection of PTZ. 

Determination of the median effecthe dose (ED) 

of Centella asiatica 's ethyl acetate fraction (EACA) 

and AEDs agai1Jst PTZ - induced seizure test 

(PTZ test) 

Seizures were induced by a subcutaneous 

(sc) injection of PTZ (70 mg/kg BW) in 0.9% 

sodium chloride. The volumes of injection were 
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Jcept at 0.1 -0.2 ml / 25 g BW of the animal. The 
1·.:.' 
• . . , end point was a generalized clonic seizure with 

loss of righting reflex within 60 minutes after 

injection of nz<6>. Eight mice per dose and five 

doses were used to establish ED 
50 

of the EACA 

· · and AEDs to protect against PTZ by the method 

\• · · of Litchfield and Wilcoxon<8>. 
[:•,; 

Determination of the median neurotoxic dose (TD ) 
50 

of EACA and AEDs (rotarod test) 

The rotarod test was modified from the 

one previously described by Cuadrado et al carried 

out with a rod of 3.5 cm diameter, rotating at 18 

rpm<9
>_ The end-point to evaluate the minimal 

neurotoxicity 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 BACA, AEDs or 

combination were administered to each group of 

mice and they were tested again after a specific 

period of time. Eight mice per dose and five 

doses were used to determine the TD by the 
50 

method of Litchfield and Wilcoxon<8
l. 

Isobolographic analysis 

Isobolographic analysis, the principal 

method applicable for understanding the real 

nature of drug interaction, was used to analyse 

the interactions between BACA and conventional 

AEDs (phenytoin, valproate, and gabapentin) in 

the PTZ test in mice. The ED value (with their 
50 

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<8
l. The ED 

50 

of each AEDs in the presence of BACA was 

also calculated in the same manner using three 

different dose pairs of equi-effective dose of 

J Med Assoc Thal Vol. 88 Suppl.3 2005 

EACA and respective AEDs00>. 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 fz of the ED 
50 

of BACA and 1 fi of Toe 

ED of AED resulting finally in the full ED of 
m m 

an EACA-AED combination(2>. 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 ED values of BACA and AEDs when 
50 

each of them was given alone01 >. Straight line 

connecting between two ED values is the 
50 

theoretical additive line representing dose pairs of 

BACA and AEDs that are additives in protecting 

50 percent of the animals. Theoretical ED at the 
50 

fix-ratio of 1 :1 was then compared to the 

observed experimentally combined ED to estimate 
50 

the nature of interaction. If the observed 

experimentally combined ED lies on the additivity 
50 

line, then the dose pair having these coordinates 

is simply additive. On the other hand, the 

points lying below the line suggests synergistic 

interaction while the ones above the line 

would then suggest antagonistic nature of the 

combination <11,1
2

J. 

In addition, various combinations of BACA 

and AEDs used to determine the observed 

experimentally combined ED mentioned above 
50 

were subsequently used for the determination of 

TD by rotarod test. 
50 

Protective index (Pl) 

PI, a quantitative measure of the margin 

between doses producing anticonvulsant (protective) 

effect and motor toxicity, was calculated by dividing 

the TD value by the ED value. PI of BACA 
50 50 

and AEDs in monotherapy and in combination were 

also calculated. 
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Data and statistical analysis In conjunction with isobolographic 

analysis which was used to estimate the nature of 

interaction between BACA and AEDs visually as 

mentioned above, Student's unpaired t test was 

used to determine statistical significant difference 

(p < 0.05) between the ED
50 

of AEDs in the 

presence and in the absence of BACA. 

For the determination of the ED and 
50 

TD , the dose response curve was plotted between 
50 

doses (log scale) and probits, which were 

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 Wilcoxon18 >. 

Fig. 1 
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= 673(299-1515); .... ), phenytoin [ED
50 

= 
13(7-25);-], EACA in the presence of phenytoin [ED. = 277(187-409); .... J and phenytoin in the presence of EACA [ED

50 
= 5(3-8);-). B, isobolographic representation of the iti~raction between EACA and phenytoin. In this graph the ED values 

• 50 
of EACA and phenytoin are plotted as the x- and y-axis intercepts, respectively. The thicker lines directed from each 
ED 

50 
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50 
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 

50 
value of the combination, were the interaction additive. The closed circle represents the experimentally 

observed ED 
50 

value of the combination of EACA-phenytoin. In this experiment, the ED 
50 

value of the combination of 
EACA-phenytoin fall belgw 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 
ED value (Student's t test, p = 0.7015), indicating tha1 the interaction was additive. C, dose-response curves of minimal 

50 
neurotoxic effect of EACA [TD = 415(147-1169); .... ), phenytoin [TD = 55(6-491 );-), EACA in the presence of phenytoin 
[TD = 99(11-854); .... J and phe~ytoin in the presence of EACA [TD 

50
,,, 2(1-6);-). D, isobolographic representation of the 

50 .50 l interaction between EACA and phenytoin•. The experimental TD value was not significantly different from the theoretica 
. .50 

additive TD 
50 

value (Student's t test, p = 0.9203), indicating that the interaction was additive 
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· Results 
,Anticonvulsant activity and neurotoxicity of CA 

:, elfract 
When four fractions (hexane, ethyl acetate, 

:' methanol and aqueous fraction) obtained from 

·. sequential extraction of CA were tested, only BACA 

(but not the other extract) demonstrated 

anticonvulsant activity. BACA (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 ED of 
. 50 

673(299-1515) mg/kg BW at the pretreated time 

of 1 hour. Respective TD of EACA (30, 100, 
50 

300,600 and 1000 mg/kg BW) assessed by rotarod 

test was found to be 415(147-1169) mg/kg BW. 

Subsequently, the BACA 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 

ED of intraperitoneally given phenytoin 
50 

: (3, 5, 10 and 20 mg/kg 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 BACA (Fig. lA and Table 1) .. The 

combination also decreased ED of BACA from 
50 

673(299-1515), when given alone, to 277(187-409) 

mg/kg BW (Fig.lA). The isobolographic 

representation of the interaction between BACA 

and phenytoin (Fig. lB) illustrated that the observed 

combined ED value, constructed from the 
50 

experimentally calculated ED of BACA (X axis) 
50 

and phenytoin(Y axis), lay below the additive line. 

Thus, synergistic interaction of the combination 

was suggested. However, no statistical difference 

Was noted between the ED values of phenytoin 
• 50 

m the presence and in the absence of BACA 

(p= 0.7015). Therefore, the interaction ofphenytoin 

and BACA· was simply additive. 
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As illustrated in Fig. 1 C, the combination 

also decreased TD of BACA from 415(147-1169), 
50 

when given· alone, to 99(11-854) mg/kg BW. 

The TD of phenytoin in the absence of BACA, 
50 

55(6-491) mg/kg BW, was not statistically different 

(p= 0.9203) from its corresponding value in the 

presence of BACA, 2(1-6) mg/kg BW. Taken 

together with the visual assessment of isobologram 

in Fig. lD, the neurotoxicity ofEACA and phenytoin 

was also additive in nature resulting in the PI of 

0.4 for the combination (Table 1 ). 

• EACA and valproate 
Similarly, ED of intraperitoneally given 

50 

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 BACA 

(Fig. 2A and Table 1). The combination also 

decreased ED of BACA from 673(299-1515), 
50 

when given alone, to 201(144-282) mg/kg BW 

(Fig. 2A). The isobolographic representation of 

the interaction between BACA and valproate (Fig. 

2B) illustrated that the observed· combined ED 
50 

value lay below the additive line. Thus, synergistic 

interaction of the combination was likely. However, 

no statistical difference was noted between the ED 
50 

values of valproate in the presence and in the 

Table 1, The median effective doses (ED 
50

), median neurotoxic 
doses (TD

50
) and protective indices (Pl) of phenytoin, 

valproate and gabapentin given intraperitoneally 
either alone or in combination with ethyl acetate extract 
of Centella asiatica in mice 

Groups ED (mg/kg) TD 
50 

(mg/kg) PI (TD /ED ) 
50 

BACA 673(299-1515) 415(147-1169) 0.62 
Phenytoin 13(7-25) 55(6-491) 4.23 
Phenytoin 5(3-8) 2(1-6) 0.4 
(with BACA) 
Valproate 104(88-121) 247(107-568) 2.38 
Valproate 29(21-40) 33(20-54) 1.14 
(with BACA) 
Gabapentin 310(150-638) 719(141-3660) 2.32 
Gabapentin 79(41-153) 622(89-4345) 7.87 
(with BACA) 
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Fig. 2 Dose-response curves and isobolographic representation of EACA and valproate on ED 50 and TD so in the pentylenetetrazole 
model in mice. A, dose-response curves of anticonvulsant effect of EACA [ED so= 673(299-1515); .... ], valproate [ED

50 
= 

104(88-121);-], EACA in the presence of valproate [ED
50 

= 201(144-282); .... J and valproate in the presence of EACA 
[ED 

50 
= 29(21-40);-]. B, isobolographic representation of the interaction between EACA and valproate. The experimental 

ED 
50 

value was not significantly different from the theoretical additive ED so 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 

50 
= 415(147-1169); .... J, 

valproate [ID
50 

= 247(107-568);-], EACA in the presence of valproate [TD so= 231(142-378); .... J and valproate in the 
presence of EACA [TD

50 
= 33(20-54);-]. D, isobolographic representation of the interaction between EACA and 

valproate. The experimental TD 
50 

value was not significantly different from the theoretical additive TD 
50 

value (Student's 
t test, p = 0.5524), indicating that the interaction was additive 

absence of BACA (p= 0.3399). Therefore, like the 

results of BACA and phenytoin previously 

mentioned, the interaction of valproate and BACA 

was also additive. 

In the presence of valproate, the TD of 
50 

BACA was decreased from 415(147-1169), when 

given alone, to 231(142-378) mg/kg BW (Fig. 2C). 

The TD of valproate in the absence of BACA, 
50 

247(107-568) mg/kg BW, was not statistically 

different (p= 0.5524) from its corresponding value 

in the presence of BACA, 33(20-54) mg/kg BW. 

Taken together with the visual assessment of 

isobologram in Fig. 2D, the neurotoxicity of BACA 

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, ED of intraperitoneally given 
50 

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 BACA 

(Fig. 3A and Table 1 ). The combination also 

decreased ED of BACA from 673(299-1515), 
50 

when given alone, to 183(94-354) mg/kg B W 

(Fig. 3A). The isobolographic representation of 

the interaction between BACA and gabapentin 

(Fig. 3B) illustrated that_ the observed combined 

ED value lay below the additive line. Thus, 
50 

synergistic interaction of the combination was 
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Fig. 3 Dose-response curves and isobolographic representation of BACA and gabapentin on ED and TD in the pentylene.tetrazole 
model in mice. A, dose-response curves of anticonvulsant effect of BACA [ED = 673(299-1515}; .... ], gabapentin [ED = w w 
310(15Q-638);-], BACA in the presence of gabapentin [ED

50 
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[ED w = 79(41-153);-]. B, isobolographic representation of the interaction between BACA and gabapentin. The experimental 
ED w value was not significantly different from the theoretical additive ED w value (Student's t test, p = 0.6846), indicating 
that the interaction was additive. C, dose-response curves of minimal neurotoxic effect of BACA [TD w = 415(147-1169); .... ], 
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the presence ofwBACA [TD = 622(89-4345);- J. D, isobolographic representition of the interaction between BACA and 
gabapentin. The experirnenJl TD value was not significantly different from the theoretical additive TD value (Student's w w 
t test, p = 0.9952), indicating that the interaction was additive 

suggested. However, no statistical difference was 

noted between the ED values of gabapentin 
50 

in the presence and in the absence of BACA 

(p= 0.6846). Therefore, the additive interaction 

between gabapentin and BACA was indicated. 

In contrast to a decrease of TD of BACA 
50 

when it was given in a combination with phenytoin 

or valproate, the combination between BACA 

and gabapentin increased TD of BACA from 
50 

415(147-1169), when given alone, to 1449 

(205-10198) mg/kg BW (Fig. 3C). The TD of 
50 

gabapentin in the absence of BACA, 719(141-

3660) mg/kg BW, was not statistically different 

/--(p= 0.9952) from its corresponding value in the 

presence of BACA, 622(89-4345) mg/kg BW. 
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Therefore, the antagonistic interaction of neuro­

toxicity between gabapentin and BACA which was 

visually suggested from isobologram in Fig. 

3D was not accepted. The neurotoxicity of BACA 

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 BACA 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(2). 

lsobolographic 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; ED of phenytoin, 
50 

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 TD values were decreasing. However, 
50 

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 AEDs 

with CA 's extract in which the active principles 

accounted for its anticonvulsant were not Yet 

identified. Secondly, drug interaction of concurrently 

administered AEDs can occur by pharmacodynarmc 

as well as µharm: ::oti etic rr.echanisms° 3
l and 

none of them could be ruled out by isobolographic 

analysis01
'. 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 pharrnacokinetic 

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 

and different pharmacokinetic profiles04
', thus, 

no clues on the possible mechanism of interaction 

can be anticipated. 

Considering that CA is a traditional herbal 

medicine which is safe and easy to cultivatll, 

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 1, Mayuree H. Tantisira PhD2
, Boonyong Tantisira PhD2 and Hiroshi Watanabe PhD3 

1Department of Physiology, Phramongkutklao College of Medicine, Bangkok 10400, Thailand. 2Research Unit of 
Neurophysiology and Neuropharmacology, Faculty of Pharmaceutical Sciences, Chulalongkorn University, Bangkok 
10330, Thailand. 
3Department of Pharmacology, Institute of Natural Medicine, Toyama Medical and Pharmaceutical University, 
Toyama, 930-0194, Japan. 

Purpose: The anticonvulsant activity of Gentelia asiatica's ethyl acetate fraction (EACA) against pentylenetetrdzole 
(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 GABAA receptor-mediated currents of hippocampal 
pyramidal neuron using whole cell patch-clamp technique was also carried out. 

Results: 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 (LD50) was found to 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 neurotoxio 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 µg/ml were co-applied with GABA. However, the 
GABA-induced current was partially blocked at higher concentration of EACA (50 µg/ml). 

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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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** 

77 

Department of Physiology, Phramongkutklao College of Medicine; *Research Unit of Neurophysiology and Neuropharmacology, Faculty of 

Pharmaceutical Sciences, Chulalongkom 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 equililirium 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 

decrnased 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: • Gentelia • Pentylenetetrazole 
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