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" ?1n~"iJ1n11nt.JBu1'U~1t.Jtl1 

4.16 m1vJ A11:w~:w~'U61~V!11~1"11 n11~~ n~mb?I~ n'U m1m.LJ':w.LJ''U 'VB~?111:w1m\i1'U 4 7 
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fl-5 bfl~e:i..:i-ti'..:i1vJ.W1vil'l'f1tJl.1 4 ~1bbVltJ\I (~'U New Classic MS '\J~,;Vl Mettler-Toledo) 68 

' 
fl-6 bf1~€l-.'.le..J?!l.1?!1J(;'l~mtJ (Vortex mixer Mixer Uzusio:~'U VTX-3000L '\J~,;'Vl LMS) 68 

' 
.di .di IV I 

fl-7 bflJ€l-.'.J'\J(?)'\"l'1ll'ld€ltJ1-.'.I 69 

fl-8 bf1~€l-.'.l~\?1~1tJ?!1J;;i~mtJtlbul'l (Micropipette: i'U Research plus '\J~,;'Vl 69 

Eppendorf) 



g = 

mg = 

ml = 

µL 

mM = 

% 
0 c = 

nm = 

'Vlll 1 CJ n-r&J 
'VlL11 CJilc;:i~ n-r&J 
'VlL11CJilc;:i~~m 

'Vl1J1CJ b&J 1A~~m 
'VlL11CJilc;:i~1&Jm1 

b'tlel1b~'W~ 



1.1 A111lbU'W111"lle:J~uruvn ., 

I 
~ 

'U'Vl'VI 1 
0 

'U'Vl'U1 

L ';iAA11:Wb~el:W'Ue:J-:J';i:-5'U'UL.h:-5?11Vl (Neurodegenerative disorders) b U'U L ';iA~bfl\Yl"il1fltl1';i 
'\il1 (;11 CJ'U el-:! b 6llff~ 1.h:-5?11vi1'W?f1lel-:J 'Vl11 Vf ?t:w el-:! ~1'U ~ t1 fl'V11 (;11CJ'V11-:i1'U hJ1~ tl~m m'Uel-:J?f:W el-:! "il :-5 

" A el CJ 61 ~m~fl(;j-:J .:rmn hhnCJ'U1~ 1~bbl'l'U:-5(;1eleJ1tl1'jbeJ1HhA1 'Wfl'1:wd~-r~fln'U~ 1~bbn eJ(;j 16lJb:Weli 
I ' " 

bb(;l~Vnin'W~'U (Thummavot et al., 2014) ~1Vl.:r'UA'U~btl'UeJ(;116lJb:Weli~fl"il:-5~tl1';iv1'1biJ'U'Uel-:JhA 
b ~1 ~u1CJ"il:-5~~11'11ITTjjbfi'W s tJ e-J(;lt11'j~fl~1'Uel-:1?1mu'W1~CJm:-5vi';i1-:1?11Li1';iru?t'U 'V'lu11jjer?t-:1mCJ 

'\I 'I "" 'I 

btl'U hA?f:Wel-:Jb~el:WU';i:-5:lJ1tu 2.1 ~1'UA'U 1 'W~1'Ud'U'\fbtJ'U~~btl'U hAeJ(;l 16lJb:Wel{f;i-:i 1 ~1'Ufll1A'U "il1fl 
" fl1';i~fl~1'V'l'Ul1 'V'ICJ15?1.n1'V'l~g{1A'qJ'Uel-:JbAeJ(;11'1Jb:weliAel tl1';ibfl~ amyloid plaques bb(;i:-5 

neurofibrillary tangles 1'Ubdel?f:Wel-:J zj-:Jbfl\Yl"il1flfl1';i?f:-5?f:W'Uel-:J amyloid-beta (A~) ~bU'U 
eNAU';i:-5flel'UVl~fl amyloid plaques ~bfl\Yl~'U,Y'U~A11:lJbtl'U~~l'lm6lJ(;l~U';i:-5?f1Vl (Su et al., 

2016) ?11b Vl\91'Uel-:1111';i bn~ hAi1mr-:i 1jjvi';i1'U bb -u-rr~ bbt'ljj 2 ?t:w:w~~1'UV1~ fl'Uel-:Jtl1';ibn~ hrifiel o) bb 'U'U 
' ' "" 

non cholinergic ~ b U'U?f:W~~~1'U~ b~ CJ1oLJel-:Jn'lJtl1';ibfl~ amyloid ~ b tl'Ue-J(;l"il1 fltl1';iVl~-:iern11:w'W 
bb(;l:-5'\il11Vfbn~tl1';iVl~-:!el1i~(;lB?f';i:-5 (Reactive Oxygen Species, ROS) bn~ oxidative stress 

'\il1(;11CJ lipid bb(;l:-5 protein 1~m~'V'l1:-5~b~el~:lJb6lJ(;j~ bbt'lelci1-:ihn\911:w~1-:1111CJjj'j:-5'lJ'lJAJ'lJ~:Wbb(;l:-5 
uel-:in'Wel'U:JJ(;1B?f'j:-51:w1 Vf'V11mm6ll(;l~ bbt'1b~el-:i"il1flmCJmfl~'W m1:w bA~CJ~ bb(;i:-5l~~11'11 wJ"il"ilu'U'\il1 

'l'U 'I 'I 

1 Vl?f1';ilii'1'Wel'U:lJ(;lB?f';i:-5(;1~LJelCJ(;l~ 1jj b -WCJ-:!'V'lell'l eltl1';ilii'1'Uel'U:lJ(;lB?f';i:-5~ bfl~~'U 1'Wbbl'l(;l:-5l'U1~ (Selkoe, 
'l'U 'l'U 

1991) ~1'U?f:WiJ~~1'U (2) bb 'U'U cholinergic J'Ub~moif el-:in'U';i:-5~'U'Uel-:J acetylcholine zj-:ibtl'U?f1';i 

~elU';i:-5?f1Vl ~'Yl1VILJ1~b~CJ1oLJe:J-:Jn'Utl1';iAJ'lJA:WA11:W~11 'W~U1CJbAeJ(;l16lJb:Weli'V'l'Ul1 ~tl1';i(;1~(;1-:J 
' " 

'Uel-:J?f1';i~elti';i:-5?f1V1"1l'Ll~ acetylcholine 1'W?f:Wel-:!~1'U hippocampus 'Vl11Vfri11:w~11~(;1~(;1-:J 
b~el-:J"il1fljjtJ~mru6lm-:ibel'U 16lltl acetylcholinesterase ~'Vl1V1u1m 'Utl1';i?fmCJ acetylcholine b~:w 
:w 1 fl~ 'U 1 ~ CJ b el 'U 16ll tl1 'U fl~ :w d 'V'I 'U 11 ~ 2 'U -W \Yl A el acetylcholinesterase bb (;1 :-5 

butyrylcholinesterase 1~CJjj';i1CJ-:!1'Ul~CJ~'V'l'lJl1 acetylcholinesterase b~:W~'U 10 - 15 % 

bb!;l:-5 butyrylcholinesterase b~:W~'U 40 - 90 % 1'Weru1CJhrie11;116llb:Weli (Tarawneh and 
" 

Holtzman, 2012) 

1 'Wu "il "il u 'U CJ 1~1 m 'U fl1'j.:r fl~1V1~ el'lJ 'j'j b vi1mtl1';i1 'jri eJ(;j 16lJ b:w eli "il :-5cJ'U~-:i111 ';i'\il1-:11'U'U el-:! 
' 

b el'U 16lltl acetylcholinesterase '\il 11Vl~?f1 ';i~ el ti ';i :-5?11 Vl acetylcholine el ~1 'U ';i:-5 'lJ'U ti ';i:-5?f1 Vl 

'U1'U ~'U '\il11VlA11:W~1'Uel-:! ~U1 CJ ~~'U bb(;l :-5 A11:W';i'Ubb ';i-:!'Uel-:1 bA(;l ~i.J el CJ (;1-:J b ~'U CJ11 'W fl'1:w anti-
" ' ' 

cholinesterase 1~bbrl Rivastigmine (Exelon) bb(;l:-5 Galantamine (Razadyne) zj-:Jbtl'UCJ1~1Vf 
e-J!;lfl1';i.:rfl~1~ elelllf1VlB~1CJb~:W';i:-5~'U'Uel-:J?f1';i~elti';i:-5?f1Vl'UiJIYl acetylcholine 1'W?f:Wel-:J 

U';i:-5~vi5.n1'V'l'Uel-:1CJ1d~~1'U:w1'V'l'U11~1CJ1Vfel1fl1';iV1(;1-:1~:w'Uei-:ieru1CJ';i1:w~~ri11:w~~t1fl~~-:ivi1-:1~1'U 
" eJ1';i:WtUbb(;l:-5fl1';i'Llflfi~~~'U (Doraiswamy, et al., 2002; Tarawneh and Holtzman, 2012) bbl'l 



2 

8~1~ 1 'Hl\911lJ t.J1vl~n~111il~:dh.J1~~'VlB.fl1VH1''U~tl1t.J~bb~\?1~B1n1';ib~lJl?i''U'lJeJ~ b 1fleJ~ hlblJeJ{b vl1~'U 
" bde:i~~'j~t.J~~11Aiim1mmb 1~ t.J1dlil~ hfo1m'jti'lJ11b 'Vl181n1'j 1~ 'We:Jnlil1ndE1~iimm1-t'1~bA t.J~ 

' 
b'li'W Vi'e:i~B\?1 Vi'e:i~boWeJ bb~~Vi'e:i~~1~ (Roseiro et al., 2012). v111iXvi~1t.Ju1~b'Vlf'lvi'1fan~~~'Wm 
~'W11iim11.ffVl'lJ~lJ'W 1vn1'Um1tl1u1?1-rm9111A5~1"1lblJe:i{n'Wmn~'W 

' 
t.Je:JU1'W (Marinda citrifolia L.) bU'W1ii'vilJVl~e:i1ii''V'W11?1b~ne:i~1'W1~Pi' Rubiaceae ~1?1bU'W !.JI q " 

~lJ'W 1'V'l1~'WU1'W'lJ'Ll1?1Vl~~~A'W1 'Vlt.J'Vln.niJmA~~ nn'W~ iJArufi1'Vl1~B1Vl11bb~~~11'V'lAru vi'~d ?iTu 1 u 
" 'I 'U 'U " " 

t.Je:i lil~ii11'l1iJme:i~~ 'li1t.Jtl1'j~~1t.J\911 ~1m1tiu1~bU'Ue:i1vi111.U1e:i~n~'Vl~'IAe:ivilJn bb~~'li1mbn 
" ' ' 

Vi'e:i~~1~ ~1?11-t' bU'Wl?i''W ~~t.Je:i bbnA~'W1~mb~t.J'W bbG'l~oLJ'UG'llJ 1'WDlillilu'Wii~~l'lnrusViJ1~nt.Je:i 'li1t.J~1?1 
' " 

A11lJvl'Ubb~~ue:i~n'W.niJ bb 'V'lb~ ?i1'U11nt.Je:i ml?i'lJvi~e:i1?1e:i~bvi~1-ruu1~'Vl1m U'Ut.J1'li1t.J-rm~nrru 11A 
" 

bbnhmu1vi11'U ue:i~n'WlJ~b~~ 11lJ~~t11m1-if~e:ilJ~~1 (~1?11-rl'ltl Vle:JlJVl1G1, 2010; 1'Vl~ b~t.J~u1ru 
' " 

u11lJ ,2542) 'W e:i n Iii 1 ndE1 ~n11 t.J ~1'W1~ m~ m nu')'VlB'Vl1~~1 m'V'l'1.m~ t.J e:iu1'U b 'li'W ~11~ n1?1vi mrnlJ'Vl1 

'We:JG1?i1'U'lJe:J~~G1t.Je:iiin'VlBl?i'1'Ue:i'WlJ~B~1~ (Su et al., 2005) b1?1t.Jv11m1'Vl1?1~e:iu~1t.J15 DPPH (1,1-
• I ' " 

diphenyl-2-picrylhydrazyl radicals) bb~~ ONOO- (Peroxynitrites) assays bbG'l~ Praveen et 

al. (2007) 'V'lu11~11~n1?1be:iViG1e:i~61ibl'll'l?i1'U'lJe:i~~G1t.Jmb~1?1~n'VlBl?i'1'We:i'WlJ~a~w u~mruw'Ue:i~m1lJ 
·1 ' " 

bb~~u~mruvJmb'We:it.Jl7l~n11~11~n1?1beJ'Vl1'WeJG1 'Ue:Jnlil1nd Yang et al. (2011) 'V'l'U~11~n1?1tl11i11n 
~mbnt.Je:iu1'WiiA11lJ~m1ti 1 'Wm1!?11'Ue:i'WlJ~B~1~ u~mruw'We:i~m1lJ bbG'l~u~mruvJm 11'Ue:it.Jl71~~ 

'" " 
n11 ~~el eJ 'U bbG'l ~ t:-JG'l ~ n bbl'i ~11~ n1?1tl 1?i1'U1 'U t.J eJ bbrl bbG'l ~ 1 u t.J e:iei e:J'Wii f1'VJ Bl?i' 1'U eJ'UlJ G1 B~1~ bb~ ~ 

" "'I "\J 

u~lJ1ruw'Ue:i~n11lJhJIii1~ n'W n ~ lJ~11~1 A'ru~'V'lu ?i1'U1 viru bu 'W ~11 n ~lJ a~1?1e:it.J171 (iridoid 
'I QJ QJ 'I 

glucoside) bbG'l~ vJm 11'We:i t.Jl71 (flavonoid) bbl'ie:i ~1~11n\911lJ E1~hiii11t.J~1'W m1fimn'Vl1~ bAii 

b~ t.J1 nu~ G'l'lJeJ~ \ii'1v11G'l ~ ~ 1 t.J Iii eJ ')'VlBl?i'1'U e:i11~G'l B ~1~ bbG'l ~')'VlBEJ'U ~~ n11vl1~1'U'lJeJ~ be:J'W161l~ 
acetylcholine esterase 11lJ~~vi1u~mru~11u1~ne:iuw'We:i~ m1lJ'lJ8~~11~n1?11i11nVJn?i1'U (1 u 

i;i' 11?1 'U bb ~ ~ 11 n ) 'lJ eJ ~ t.J eJ u 1 'U lJ 1 n eJ 'U 1 'W b ,j' eJ ~ !?) 'U ~1 ~ t.J 1~vl1 n 11 'Vl \?) ~ eJ 'U ') 'Vl t EJ 'U ~ ~ b eJ 'U 161! ~ 
acetylcholinesterase 'lJ8~~11~ nl?1t.Je:JU 1'Wlil1n?i1'U 11n 1'Wli11v11~~G'l1t.J b~nb"ll'W 11?1A~e:J 11ii b 'Vl'W 

b e:i Vi~ e:i ~ 611 b (91 (91 bb ~ ~ b e:i 'Vl 1 'U e:i G1 'V'l u 11 ~ 11 ~ n \?).ff 'U b e:i 'Vl 1 'U e:i ~ n '1'Vlt1'Un11 E1u~~be:i'U161! ~ 
acetylcholinesterase 1~~~~1?1b~e:ibVit.Junu~1v11G1~~1t.J~1~'W 

vi'~~'W 1'W~1'W1~t.Jd~~ii11'ltiu1~~~r1b~e:ifimn~11~n1?1tl1 40%be:i'Vl1'We:imb~~J1 bb~~be:i'Vl1 
' 

'We:J~lil1n?i1'U 1 u '111?i''U bb~~11nt.Je:iu1'U zj~vm11E1~ 1~ bAt.JiJ11t.J~1'Wn11bU~t.J'Ub Vit.J'U')'VlBl?i'1'Ue:i11~~ 
B~1~bl?1t.J15 DPPH scavenging u~mru~11u1~neJ'UW'WeJ~n~~VllJ\?1 bb~~')'VlBn11EJ'U~~beJ'W161ltl 
acetylcholinesterase 'lJeJ~~11~n1?1lil1n?i1'U 1 u '111?i''U bb~~11nmne:i'W b~e:i 1ibll'U-t'e:i~~ 1 'Wn11b~e:in 
?i1'U'lJeJ~ c.ie:iu1'U bbG1~~1v11~~mt.J~~~~1?11 'W m1~n1?1 bb~~ b U'WoUe:JlJ~~'W:\i1'W 1 'lm11bbt.J n~11u~~'VlB~ 

'I 'U &l " 

e:ie:in')'VlB~1vi-ru~~'U11'ie:it.Je:i1?11 iXb U'W~~ ~.n rusVi'Vl1~ t.J1Vl~e:imvi11b~~lJ~1vi-ru-rmn 11A5~ 1"1lblJe:ifl 'W 

eJ'U1fl\91 
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1.2 11'l~U';i~6i.:Jfl"UB.!l bl'll';i-!ln1';i1..ijt1 
' 
1. b~e:i~n~1i;.JE:l'lJeJ.:Jfl11?1n\9ll'l1CJl'11v111:1~mCJ~bvtm~?1:w1'Um';i?ln\9l"il1f11'u IA'11il'U bb1:1~11n 

., 
'lleJ.:JCJeJlJ1'U 

2. b ~ e:i1 bfl';i1~~n'Vltli11'Ue:i'U:w1:1B?11~ bbE:l ~LJ~mru?111°Lh~ nffuYl'Ue:i~ n~.:ivt:w\9l'lle:i.:i?111?1n \91 
• 1 ' " 

3. b ~eJlbfl11~~~'Vltm18'U~.:JbeJ'U 161ltl acetylcholinesterase 

4. b ~e:i Pi n~1f\11:w~:w~'UTIWvtl 1\1?111LJ1~ ne:i'UYJ'U e:i~ n ~'Vltlil 1'U ff4~1:1 B?11~ bbE:l ~~'Vlt8'U ~.:i 
fl11vl1.:J1'U'lleJ\lbeJ'U 161ltl acetylcholinesterase 

1.3 "UBlJb"Ul'l"UB-!l bl'll';i.!ln1';i1..ijt1 

Pin~11~'U'Ul'11v111:1~1:11me:i'Vl1'Ue:i1:1~ml1~1'1i'?Jn\91CJBU1'U1 'U'5\?111611'U~1.:i 1 l'i'.:i'\1 ooo:o, 

40:60, o: 1 oo) vt ~\I "il 1ni1'Utl1 ?111 ?in \91~.:ivt:w\91:w1vi'1n11 'Vl \91 ?I e:i 'U ~ 'Vl t EY 'U ~\I b e:i 'U 161! tl 

acetylcholinesterase ~'Vltlii' 1'Ue:i'4~1:1 B?11~\Yl1 CJlTI DPPH "v'l~e:i:w~.:ivt1LJ~mruYJ'Ue:i~ m1:W'lleJ.:J 

?i11?1fl\91~.:J'Vl:W\911\91 CJlTI Folin-Ciocalteu Colorimetric b ~eJ\91D';i~~'Vl6fl1"v'l'lleJ.:J?l11?1n\9l~iji;.JE:l~eJ 
" 

fl11tJ'U ~.:i fl11vl1\11'U beJ'U 161ltl acetylcholi nesterase bbE:l~f1'Vltlii' 1'UeJ'U:WE:l B?l1~ 1\Yl?l.:i ?I \91 
"'I "" 'U " 



" Vtl'l.J1'1J 

' v 
'Vllili1ei'llq'Vl51li'1uei'4~'1Bi1".i~'Uei~i11".ii1nlil~~'l-111111 

9 '11".i?ltllilllil1.llTI DPPH 

'Vllili1eJ'llq'Vl~tJ'Ua~Leiu1'1li1 acetylcholinesterase 
LL'1~ butyrylcholi nesterase 'Utl~i11".i'1tllil~~'Vll.llil 

9 '11".ii1tllil 

V11tl~111 rui11 ".itl".i~nei'UVluei~m111 b 'Ui11".ii1tllil 

~~'Vll.Jlil 9 '11".i'1tllil 

15 Folin-CiocalteuColorimatric 

~n~11::uu~1vi1S1::S11tJVi 

Lblilnvi1.:inu 
" beJVlTWeJ'1 : Ul 

( 100 : 0) 
" beJVl1'UeJ'1 : i.11 

( 40 : 60) 
" beJVl1'UeJ'1 : i.11 

( 0: 100) 

I 'Vllil6'1B\Jq'Vl~'Vl1'1~1fi1W 
L - - - - - - -

~ 

~ 

' 

~ 

, 
- Li:.J1.ILLVdi:.J6l"1'1J1\1v1111vf11".i~oWl.JoW6l"b'IJ11".i611".i1"U1f11".i".i::~'U"U1~ 

'Vl~B".i1V.:11'1Ji'.l\JL.QB"\11f1f11".itl".i::"{11 (Proceeding) 
- ~~'IJ1Lu'Uei1V11".iL61~1161'!Jmw L vleiuei.:in'IJ L ".il'lei'6l 1'l!L11eii . 

4 

r--:;-;---1 
i---•I 611".i61nlil'Vl"'Vl1llil I 

I 9 611".i61nlil I 
I_ - - - - _. 

"il 1 n fl 'H:J 'U bb 'W 1fll1 :wfi ~ '1.1 eN fl1 'jl ~ ~ ~ -:i fl~ 11 "il:; 1~.LJ' e:i:w '1 ~1r1ru1'Wfl1 'j Pi fl'lfl ~ e:i ~ e:i ~ 
" " 

Vll?f Trne:i rnrv1B~~1rl' t1!~ e:i hJ v\'11Vfl~oii'm;Jff'v11-:Jl'Vl~11'11?f~1~m!'U ?f~mh:; 1~"1l'W'/JB-:J ~ BD1'W b U'W 

nTH ~:w:w'1r111~n'U~'/J?f:w'W1 'V'lJ1 'Vl ~ bb'1:!~~'W1 bl'l'j'bl~ih Jd:w~-:ib lim.b:; fo61l'W1 'W1-:im'jbb 'V'l'Vl~ b ~e:i " ' ... 
~~'W 1 b U'WB1Vl1'j b?f~:WVl~Bt.JlUB-:J fl'Wbb'1:!-rfl'bl1 b 'jfl~bfl~"il1flfl11:W~ ~'\Jn~1 'W?f:WB-:Jzj,:ii( mn~n'U 
er?f-:im~ 
"" ' 
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i.s u-a~ LEJ"!Jtl~f11~11"il~l~i'u 
1~~tHNrlfl11llrl'Uf11'H~eJfl~1'U'IJeJ-:JCJeJ1.JTU \i11v11~~~1CJ~~~?t~cl'1Vl~'Ufl1J?frl~ O'V]tB~ 

" ' • 1 
161m.mfo~~ovit(9)1'Ue:i'UiJ~~?fd~ b ~e:i b ll'Um1iJ~~'U'11'Ucl'1Vl~'U~\9l.l'W1Pin~1bb 'U1vi1-:iifo-:in'U t JflB~ 161! "I 'l'U \I d!I 

bl.m{zj ,:i b ll'U md b ~mb Vl~ -:i'Vl1-:i b~ e:i n 'll e:i-:i e-.i~ ~n rusVI 1i11115Jdll'IJ1 &i~:W fl ru?111u&i1 'U md cJ'U ~ -:i b e:i'U 161lii e:i ~ 
' 

b61l&i~ 1fl~'Ube:J?fb vim J?fbb~~:Wo'Vlt1 'Ufl1J~1'Ue:J'Ull~~?fd~ 
·1 ' " 

1.6 6'fm'U~1-U~1bil'Un1-avi~~eH 
1. Vf e:i-:i'IJ 511&1 fl1J bfl:W ~'U~1vi CJ 11211?1 ~ { fl ru~1'Vl CJ11"11 ?f~ { bb~ ~ b vi fl fo fa~ 11V111vi CJ1~ CJ 

d1'lJ.!lnYiLJ~?t-:ifld111 (~1tivi~bmbn1) ~1'U~'V'lmCJ'lJll'V'l~ rl1bflmile:i-:i ~-:iVl1~Yi~rut~n d..J 'U 'I 'I 

2. Vfe:i-:iu5u&imd:S1bfl:W mf11'lJ1:S1bfl:W flru~1'Vlmf'11?t~{mdbb'V'lvi~ 11V111viCJ1~CJtirnrn 



2.1 l!BU1'1..! (Yo-ban) 

., "" 
~ fl'l?HU ~W "l1 

d 
'U'Vl'VI 2 

., 
C.leJ'U1'U 

C.leJ (.fl1flnm\lbb~~V(11 LJ1 'UVl n.fl1fl), :W~M1b~eJ(b Vli1e:i), 
' 

bbCJl Vlql(n~b Vl~CJHb~rie:i\l?feJ'W), ~1\ILJ~~b Vlf'lb~CJn: Noni 

('<il1mn11e.1), nono (M1~~), Indian Mulberry (l'U 

Bm~e.1) 

Marinda citrifalia L. 

Marinda tamentasa B. Heyne ex Roth 

Rubiaceae 

6 

e.1mlJ'W1:W-W:w1'W1\lf'i Rubiaceae ~~blJ'Wv;'ll1'U1\lf'ib~:W (Rubiaceae) ?1n~m1 (Marinda) 
' ' 

m~'<il1CJ 1 w1:Wn1mm~C.1M~1'We:ie:imQCJ\111'l iirn1:W?1\I hi\h~mru 5-15 b:WM~ btl~'hin~'l..!bb~~bdei 1~ 
~ ~ 

b U'W~ b V11V1~e:i~J1M1~ bb~\IV1~e:iJ1M 1~ b VI~ eJ\I bbM n b U'LI~eJ\I~ ne.111V1~e:i bbM n b lJ'W?f~ bn~~ b VI~ CJ:W'1J'W1~ 
<> d 

b~ n .f11'VfVI 2.1 

d ., 
.f11W'VI 2.1 M'UC.leJ 

~m: (t5m5LJ ~n~m'.l, 2553) 

1 mm b lJ'W 1 'Ub~CJTEie:im~e.1\1\911 bb uum\l-1l1:w?1~u nu~\lu1 n ~m~ru~'1Jm 1u b U'W~LJ~Vl~mLJhl 
~ ~ 

n~u LJme.11 u:w'WVl~mb Vl~:w 1fl'W1 UbbVl~:WVl~mde.11 ?i1'U'1JeJU1 'Ub~CJ'Ubb~~blJ'Wfl~'W 1 uii'1l'W1~ff~1\I 
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' e:ie:ru 

~6lm1 ~mlJ'W~m1mtJ~1~fie:i'U-LJ'1,rnm.i t:-i6lBB'UbU'U~b~CJ1 b.Qe:i 1 'Wt:-i6lBB'Utll.J cl1J1 brn~ 
" ' 

bU'U~'1J11 ~1'Ut:-imbnbU'U~~1 mCJ1'Ut:-i6liJbl.J~~mn bl.J~~bU'U~tl11?116l b~CJiJbl.J~~bb'U'U 1 bl.J~~~e:i 
' . 

V1i'!~t:-i6l~BCJ .f11'WVi 2.2 

.f11'W~ 2.21'Ubb6l~t:-J6lCJB 
~m: (Lim5tJ ~nP1m'.l, 2553) 

2.2 tl-a~bCJ"lltl"!leNme:iu1'U Marinda citrifolia 
&l"a"a'Wfl W'V11.!l CJ1"!J el.!l CJeJ • 
?i?unn 
.n:Dtfo.Jru1'1J11u1wil~'l11m~lrn~e:i~e:i~ b V1~1~u1.h~vi1'Ub U'Wm 1.ff-rm'f11ru11flbbtl " "" 

bm'U1V111'U lle:i~n'Ubril.J~b~~ 1~CJi1e:i~l°lth~neJ'UVl1~bfliJbb6l~n~l.J?l11 Anthraquinones b'ti'U 

Morindone, Morenone, Nordamnacenthal, Rubiadin bb6l~B'U~'UTI Rubiadin 1-, 
methylether b lJ'U~'U 'Ue:in-:u1n-d~1'U'1Je:i~b u~e:im1rn'J~ 1 m 'Um1fJe:il.J~~1Bn~1 CJ 

fl?'U!'U 

1 'UCJeJ'<il~i111?11:D'UbeJ'l.l~mru?1~ iJriru?1l.lu~'ti1CJt111 ~?11CJ1?11 1 off'U11b vi1mm1 
" ' ' 

Vfe:i~~1~ bbm-LJ' bbn'<ilm~CJ~ '1111~~'l.lu'U~'<il~1m'l.JCJe:i?1~1'Wm1~mrnbt:-im~e:iCJ bb6l~-LJ'e:i5m?l'l.J 1mJru~ 
' 

~'1111Bm~CJ1 off b lJ'U m ?lm'U bbt:-i6l bb6l~-ru1.h~vi1m lJ'Umt111~ n1~~ .n:Dij ruru1'1J11u1'U'<iJ ~~'Utl1vi1 bbn , 'U Ill u 

11ribn1VitJ1~ml.J-LJ'm~n1'1Je:i~'61ije:i '61bVf1 V1~e:i~'Utl1bb~1'l11l.J1?11~t:-il.J'ti1CJm1m1 V1~e:i'l111 'l.J5~1 ~ 
bb~1'l11mtJ~~wi:!1e:inV11.!1Vfe:i~ b~e:i'ti1CJ'U11bvi1mm11e:i '<ilm~CJ~ ~1l.Jbl?l bbm-LJ' e:i~l°lt11~ne:i'l.JV11~ 

' 
bfliJbb6l~n~l.J?111611rl't1J~1'U1V1aj~~'l.J b'ti'U Asperuloside, (J-sitosterol, ursolic acid, bb6l~ (J -

carotene bU'U~'U 'WBn'<iJ1nffi 'UCJe:i 1 off61'1V1~'U'l.l1~mV111 mnn'Wn'UJ1~~n 1 off1e:i~m~vi~vie:iV1l.Jn 
' 

fl?'Ut:Jfl 

t:-i6lCJeJ'<il~i11m~~~e:i'U t:-i6lBe:i'W'ti1 CJ'l.J11b vi1mm1ri~'U 1~mb ~t.J'U t:-i6l?lme:il.l toff b U'U 
' 

t.11-U'U1~~?11?1~ '111t.JoLJ'l.J6ll.J1 'W~11~ bb6l~ 1 'Wij'<il'<ilU'Wi1m1'l116l n CJe:im~'Ub tJ'Utl16l nt.1e:i 1off61'1V1-r'U~l.Jb U'U 
'U , 'U 'U 
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CJ1'1\9lfl11~~'U uei.:in'U hfl.nfab r;' ({1'Ui:..J'1 CJ'El~'\J"il~bi:..J1t:J?lmn~m~n-U'eiCJ ei~bbnb Vl~'Elf1'\J1~ n~~?l1d~ 
~ ' 

~1At1J~V'l'\J 1 'Wi:..i'1CJ'El hi'bbn ?11d 1 'Wn~~~ei'Um vm{tl'U (monoterpenes) 'U'Elf1"il1nd~.:iV'l'\J?l1JV!eJ~ 
d~b'VlCJ'<il1V'l1f1 carboxylic acid, octanoic acid, hexanoic acid bb'1~ decanoic acid bU'Utli''U 

ih w 'I)~ v n U?w i d'v M' 
t11mlli'~-r'U'lh~vn'U bbtll oLJ' bbm -rr~1mb~CJ bbn'WhJ"il~~d?l'V~~ei'U t11mlli'~Vl~ei\9lei.:i 

?id1 -d1CJ-LJ''Ub~ei\9l i11d.:ib~ei\9l -U''Utl1fl1Tt.JG11 bbn"ilm~CJ\9lbbi.lmV1ei -U''UmCJ'1~ uei.:in'U'U1\9l'Vl~~n'\.J1n 
' ' ' 
~\9l~f1 'll11mbm61iCJ"il~lli'~~~bbm.LJ'~rnr'U zj.:i~n~~?l1d~1At1JbU'U?l1d1'Un~~ anthraquinones hi'bbn 

alizarin, ruberythric acid bb'1~ rubiadin bU'Ulli''U (~m-r\?ltl Vl'El~Vl1'1, 2010; CJ'El, 2011: 
eiei'W1m1) 

2.3 ~1'U1"5'£J~b~tJ1oUeNltl'UtJBU1'U (Marinda citrifolia L.) 

Wang et al. (1999). hi'bbCJf1?11J?ltl\9l~'Ub'El'Vl1'U'El'1"il1f1t:J'1'LJ'El'I (Marinda citrifolia (Noni)) 

V'l'U?l1JUd~f1'El'U'lltJ\911mJn~~ trisaccharide fatty acid ester 1 'lltJ\91 ~ei 2,6-di-0-(/3-D-

glucopyranosyl)-1-0-octanoyl-/3-D-glucopyranose (1) 'U'Elf1"il1f1d~.:iV'l'U?l1df1~~ glycosides 

~~d1CJ\11'U11Bn 2 'lltJ\91 ~ei rutin (2) bb'1~ asperulosidic acid (3) ~~fl1'V'l~ 2.3 

(1) 

OH 

HO~O 1 ~OH I I -
~ 

OH 0 0 
HOPo-P~b~ 
~ HOHO OH 

COOH 
QH 
: '.::::: 

~ 0 

OHO 
0 

OH 
(3) 

(2) 

fl1'V'lVi 2.3 1fld\1?1~1\l?l1JUd~f1€J'U~bbCJf1hi'"il1f1i:..J'1'LJ'El\I Marinda citrifalia: (1) 2,6-di-0-(/3-D-

glucopyranosyl)-1-0-octanoyl-/3-D-glucopyranose; (2) rutin; (3) asperulosidic acid 

Sang et al. (2001) Vl1f11d~f1~1bb'1~bbCJf1?11JUd~f1€J'U"il1f11'U'VeJ\I Marinda citrifalia 

b\9lCJ?ln\91~1tJU1'Vl1'UeJ'1 (n-butanol) "iJ1m!'Ut11?11d?ln\911 '\.JbbCJnVl11~'U~?l'Vl~b\9ltJfleJ~~'W1mm1 'Vln 
' 
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~1~ 1~611~U~~mru1 V!~h.in~:w iridoid glucoside 1 'llil~ ~e:i Citrifolinin B (1) bb'1~611~~ 

~ 1tJ~1'U:w1ri'iJ'Ubb~1 5 '1l il ~ 1 'Wfl ~ :w flavonol glycosides 1 ~ bb ri Quercetin-3-0-,B-D-

glucopyranoside (2), Kaempferol-3-0-R-L-rhamnopyranosyl-( 1-6)-,8-D-glucopyrano 

side (3), Quercetin-3-0-R-L-rhamnopyranosyl-(1-6)-,8-D-glucopy ranoside (4), Quer 

cetin-3-0-,B-D-glucopyranosyl-( 1-2)-[R-L-rhamnopyranosyl-( 1-6)-J-,8-D-galacopy 

ranoside (5) bbfl ~ Kaempferol-3-0-,B-D-glucopyranosyl-(1-2)-[CX-L-rhamnopyranosyl-(1-

6)]-,8-D-galacopyranoside (6) ~.:i.n1'V'l~ 2.4 \!1n,1'Ut11?11~'\.J~~ ne:i'U~.:i'V!:w~~ bbtJ n 1~m?imn 
~'Vli~1'W'iJ'4:1jflB?l~~~1tJ15 DPPH Radical Scavenging ~rn1m-V:w-LJ''U 30 µM 'V'l'Ul1?11~U~~ne:iu 

-==I .! ii' ~ .::J 
2 :w~VJfi~1'W'iJ'4:1jfl'iJ?l~~mnVJ~~ 

11 
COOCH3 

4 

0 H 

I' OH 
0 2' 

5' 3' 

HOH2C, 4' OH 6 OH 

la: R1=H, R2=0H 
lb: R1=0H, R2=H 

HOYYO~ 
~QOH 

O:;r H~ 
)-( OH 
HO OH 

3:R=H 
4: R=OH 

Hoyyo~ 
~~;}OOOH 

HOH2C O 

OH 

HO 
OH 

2 

HOyyO~ 
~QOH 

OH~O 0 H?~~I 
0 ~ 

HO OH ~O 
HOH2C 

OH 

OH OH 

5: R=OH 
6: R=H 

Sang et al. (2001). v1'1n1~Pin~1bbft~bbtJtl611~'\J~~VJi?i1'U1'U"U'iJ~~'UtJ'iJ (Marinda 

citrifolia L.) 1~tJ?ln~~1me:iVJ1'U'iJ'1\!1tl,1'Ut11?11~?1n~1ubbtJn1 ~u~~'Vli~1 tJAe:i'1:w'W1A~m b 'Vl~ 
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m1~1vi'~nrn~~ lridoid 1 'IJ'Lllil 1vi'bbn citrifolinoside A (1) ~-!l.fl1'V'I~ 2.5 1i11ni!'U't.h1tJflrn~n~'Vlt 
c!u8'1n1~W.i:::~'U activating protein-1 (AP-1) ~vl1b°v4bnlilbri~:::b~'l~1Vl'l.J'I 'V'jUl1611~ 
citrifolinoside A (1) btl'U(l)1B~1'ln~~ lridoid ~ijn'Vltc!u8'1 UVB ~-!lv111..4 AP-1 i;inw~um~ 

' ·1 " 

m:::l'i''U~nB1°v4bnlilhri~:::b~'l~1Vl'l.J'ltlncJU8'11,l'I vl1tJA1 ICso bvl1flU 29.0 µM 
' " ISCOOMe 

.fl1'V'I~ 2.51A~'l61~1'1'LJB'I citrifolinoside A (1) 

Sang et al. (2003). 'V'j1J611~ citrifolinin A-1 (3) zj'lbtl'U611~n~~ lridoids 'IJ'Lllilb'VllJ bb!;l::: 

611~~ij~1tJ'11'U115n 2 'IJiJlil~B citrifolinin A (1), citrifolinoside (2) ~bwn1vi'lil1n611~61nlil~1'UbU . ,, ' 
tJB (Marinda citrifolia L.) vi'1tJ{i]1v11!;1::;(,11tJbB'Vl1'UB!;l ~-!l.fl1'V'li'i 2.6 lil1n'l.J'Uv11m~fln~1~'VlIT 

c!u8'1 UVB ~1 tlm:::l'i''U AP-1 ~'1~1.l b °v4bnlil bri~:::b ~'l~1Vl'l.J'lvl1tJ611~61nlil~ bbtJn 1vi'rr'l'Vl~lil 'V'j1Jl1611~ 
' 

~ 1 bb!;l::: 2 ij~'Vltl'i'1'U1''l~ UVB ~A1 IC50 bvl1flU 69.6 bb1.l::: 29.0 µM v111°v4ni'am:::~'U AP-1 
1,1\il{,l'I ~1'U611'ab VllJ 3 11lbb611il'l~'Vltcru8'1 UVB 

OH 
I 2 
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3 

.n1w~ 2.6 1m-:i?l~1'1'UeN?l1d citrifolinin A (1), citrifolinoside (2) bbrl~?l1d citrifolinin A-1 (3) 

Kamiya et al. (2005) bbtJn?l1J':\11n~1'Ut:-Jrl'UeJ'I Marinda citrifalia l'i'1tJ(?)1v\'1ri~mm:w 

'V11'UeJri11'1?11dhuJ 2 61.JtJ~ dJ'U?l1d1vnJ1'Unzj:w anthraquinones 161.JiJ~ fie:i 5,15-

dimethylmorindol (1) bbrl~?l1J~lJJ1tJ'l1'U:w1Bn 5 61.J'Ll~ 1\?lbbri ?11d alizarin-1-methylether 

(2), anthragallol-1,3-dimethylether (3), anthragallol-2-methylether (4), 6-hydroxy-

anthragallol-1,3-dimethylether (5) bb'1~ morindone-5-methylether (6) bbrl~?l1d 1 Vl:Wl 'Unzj:w 

iridoid 1 61.JtJ~ AB morindacin (7) bb'1~?11J~lJJ1tJ'l1'UBn 2 61.JtJ~ 1\?lbbri asuperlosidic acid (8) 
bb'1~ deacetylasperulosidic acid (9) ~.:i.n1w~ 2.7 

R1 R2 R3 
1 OH CH20CH3 H 
2 OCH3 OH H 
3 OCH3 OH OCH3 
4 OH OCH3 OH 
5 OCH3 OH OCH3 
6 OH CH3 H 

Rs 
OH 
H 
H 
H 

OH 
OH 

7 8R=COCH3 
9R=H 

.n1w~ 2. 7 ?11dnzj:w Anthraquinones bbrl~ lridoids ':\11nt:-Jrl'UeJ'I M. Citrifalia 

Su et al. (2005) Pirn~1e:i-:ir1tld~ne:iu'V11'lbfilJ~1'Ut:-Jrl'UeJ'I Marinda citrifalia bbrl~~'Vli~1'U 
e:i '4 ~ '1 B ?Id~ 1~tJ15 DPPH (1, 1-diphenyl-2-picrylhydrazyl radicals) bb ri ~ ONoo-
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(Peroxynitrites) 1!?l?f1'j iridoid glucosides '1JiJ~1vi~ 2 '1JU~~e:i 6CX.-hydroxyadoxoside (1) 

bb!;l~ 6/3,7 /3-epoxy-8-epi-splendoside (2) bb!;l~?f1'j~i1'j1CJ\11'WHnm..ivit!1Bn 17 '1JU~ 1!?l'bbn 

americanin A (3), narcissoside (4), asperuloside, asperulosidic acid, borreriagenin, citrifo 

linin B epimer a, citrifolinin B epimer b, cytidine, deacetylasperuloside, 

dehydromethoxy gaertneroside, epi-dihydrocornin, D-glucose, D-mannitol, methyl a-
D-fructofuranoside, methyl ,8-D-fructofuranoside, nicotifloroside bb!;l~ ,8-sitosterol 3-0-

,8-D-glucopyrano side zj\I ?f1'j°~\IV!11~trbbCJfl11?1-:u1n?f 1'j?f n ~VI CJ1'1.m.JVl1'W e:ii;, ':ill n,!'W 1!?lvh?f 1'j 

~\IV!11~111vl1fl1'j"VJ~?fB'Uf]VIB~1'WB'4~i;,8?f'j~ °v'l'Ul1 ?fl'j americanin A (3) i1f]VJB1'Wfl1'j~1'W 
B'W11!;1B?f'j~!?l1CJ15 DPPH i1fi1 ICso bvJ1tl'U 16.9 µM bb1;'1~?f11J1'jt1~1'WB'W111;'1 ONoo-1!?l'bvl1nu 

, 'U q 'U . . 
?f1'j1J1~'j~1'W penicillinamine 61.i'li1fi1 IC50 bvJ1tl'U 3.3 µM ~111~1~'\.J ~\l.fl1'V'IVi 2.8 

COO Me COO Me HQ ___ _ 

0 

OH 

1 2 3 

OH 

HO 
OMe 

O-a-L-Rha(l-6)-J3- D-Glc 

OH 0 

4 

.fl1'V'IVi 2.8 bfl'j\l?f11\l'llB\I 6CX.-hydroxyadoxoside (1) 66,76 -epoxy-8-epi-splendoside (2) 
americanin A (3) bbl;'1~ narcissoside (4) 

Ramamoorthy et al. (2007) ~fl'tl-1f]V1B~1'WB'4~1;'1B?f'j~ tJ~111ru:Wt!e:i~m111 bbl;'1~ 
tJ~mru'Wm b'Wm.11?1 'llB\l?f1'j?ffl~bBVl1'WB1;'1 bbl;'1~?f1'j?fflmB'Vil;'1e:i~61ib~~ 1~CJ?fn~!?l1CJ15 Soxhlet 

bbl;'1~ ultrasonic -:u1n,!'Wtl1mv111Vi'bbVl\lb~CJB'U~~'l-J'l-J1fl1121 (vacuum oven) bbl;'1~bb'U'U spray 

dryer ~111~1~'\.J °v'l'UrJ1?f1'j?ffl~bB'Vl!;le:J~G8b~~ bb'U'U spray dryer i1tJ~mru'lJB\l?f1'j~1'WB'4~i;,8?f'j~ 

bbl;'1~tJ~mru'Wmb'We:iCJl?i' mnn11?f1'j?fnmBVl1'WBE;l i1fi1bvl1nu 26 mg antioxidant/mg DPPH 

bbl;'1~ 12.3 mg catechin/g of extract 1'1111~1~'\.J bbl?i?f1'j?ffl~be:JVii;,e:i~61ibl'lVI bb'U'U vacuum oven 

-:u~i1tJ~mru:W'We:i~m111111n~~~bvl1nu 30 mg tannic acid/g of extract 
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Takashima et al. (2007) bbCJf1611';iG'ln~~'W EtOAC ~1f1?i1'Wb'\J'll'iN Marinda citrifalia 1\il 

611';i~\lV!:W~ 26 611'Ll~bll'W611';i~iif11';i';i1CJ\l1'Wbbi;l1 24 611-U~ bb~~611';i611'Ll~1VtlJ 2 611-U~ 11il'bbrl611';if1'1:w 
' 

lridoid glycoside (Citrofoside (1)) bb ~ ~ 61 1 ';i n ~ :w anthraquinones ( 1,5,15-

trimethylmorindol (2)) ~.:Jil1'W~ 2.91~CJ611';i 21lJiiri11mlJ'W'W~~m'1l~~:W~b~\lb~~b~e.J~'ll11 
uurkat cells) bb~iirrv1B'Erue.:ib'1l~~:w~b ~.:ib~~b~e.i~'lJ11v111 ~b'll~~:w~b ~.:i1'11CJ 1 'W'Vl1.:im.:in'U-U1:w611';i 1 
1lJbb61~\l~~ b 'Wf11';iEJ'\Je\lf11';ib~~11Jb~'\J 11'1b'1l~~ bb~~m1:wb ll'W'W~nrn'll~~ 

o o""--

~ 

0 

HO 

HO'?i!/O 
OH 

HO 
OH 

HO 
,.....-0 0 

1 2 

il1'W~ 2.9 1fl';i\l61~1\l'lle.J\l Citrifoside (1) bb~~ 1, 5, 15-Trimethylmorindol (2) 

Hisham et al. (2010). Pln~1e.i.:ir1u';i~f1e.J'\J'Vl1\lbflii'lle.J\l611';i1lJii~1 (non-polar) ~1n?i1'W 
~~'lle.J\l Marinda citrifolia v11m';iG'ln~~~CJe.ilil1CJ~1v11~~mm:w'Vl1'We.i~ ~1rnrm.!1611';i61n~m61n~ 
bb '\J'\J bb u.:i?i1'Wlil1CJ~1vl1~~mCJ1~ri~ e.J 1 diib 'Vl'Wbb~~ bbCJ f1611';i'\J~61'VlBlil1CJ15rie.irr:w'W1fl';j:lJ11 'Vlm1~ (CC) 

' 
11il'611';i'\J ~G'l'Vl B scopoleti n zj\l b ll'W 611';i n'1:w Am ~'W ~.:Jil1'W~ 2.10 611';i-d'611:wl';it:ltJ 1:w11-ff b ll'W 611 ';i 

' ' " 
:wll'l';i~1'W b 'Wf11';il bfl';i1~~e.i.:ir1ud~ne.iu bflii'llm611';i 1lJii~1~hv1-ru~~CJe.i 1\il 

"' 

HO~Oyo 

Meo~ 

il1'W~ 2.10 1m.:i61~1\l'1Je.J\l Scopoletin 

Mahattanadul, et al. (2011) 'V'l'\J611';iG'ln~J1'lle.J\l~f1CJe.J~'\Jbb~~611';i scopoletin b'W~f1CJe.J 
" " 

611:w1 ';itl EJ'\J e\lf11';jeJ'\J bG'l'\J'lle.J\lV!~ e.J ~ e.J1V!1';i bb~ ~ bb~~ b 'Wm~ b 'V'l1~e.J1V!1';i b 'WV!'W 1Jllni;l b~ CJ\l nu CJ1 bb~'W 
" \j~~U'W ranitidine bb~~ lansoprazole ~ii~'VlB~1'Wf11';ieJf1b61'\Jbb~~-rn~1bb~~ 1 'Wm~b'V'l1~e.J1V!1';i 

Yano et al. (2011) Pln~1fl11:W611:wl';itlb'Wf11';i~1'We.J'W:W~BG'l';i~ U~:W1tu~'We.J~';i1:W bb~~ 
:;:, '" 

LJ~mtu11'11~'W61l'lle.J\l~611CJe.JD1'W Marinda citrifalia L. 1~CJvl1f11';i'Vl~G'le.J'\J~\lV!:W~ 6 \911e.i~1\l 11il'bbn 
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~'1eie:iti ~'1bbn ~mm 1'ueie:iti 11.Jbbn bbm;1u~~1-:i"il1rwi'ti ~1ti~mJmhw1?1n(9!~1t.Jtl1hw~titl1?1(9l 
' 

"il1n~'11~?111?1n(9l ~1ti1ut.Je:i?ln(91~1t.Jtl1~e:iti 90 De bUtinm 20 ti1Vi bbm:t11?111?1n(9l~'lV1iJ(9llJ1 
lbA11:::~ ORAe assay, ABTS assay, DPPH assay, Vl1U~mruVJtieJ'111il bb'1:::tJ~mru1mi1ti~ 

'V'lu11~'1 t.Je:i bbni1n'VIB~1ti e:itiii'1B?11::: tJ~mruVJtie:i'111ii bb'1:::tJ~mru m(911(9)1iJti~m n n-J1~'1 eie:iti 
• 1 ' 'IJ 

bb'1:::~'1~flb(9lt.Ji1fi1 ORAe assay bvl1nu 1882 ± 230 mol Trolox/100g 16 ABTS assay bvl1nu 

199.5 ± 8.2 mg VeEAC/100g 16 DPPH assay bvl1rlU 188 ± 8.5 mg VeEAe /100g tJ~mruVJ 

tleJ'111mvi1nu 284.8 ± 25.9 mgGAE /100g bb'1:::U~lJ1tul(9)1iJtl~bvl1rlU 224.3 ± 23 mg/lOOg 

tie:in"il1 mit'l''lPin~11 u t.JeJU1tl 'V'lu111ut.Jmbrlbb'1:::1 Ut.JeJ~~1'l"il1n~tii1n'VIB1 tln11~1tleJtlil'1B?IW bb'1::: 
·1 ' 'IJ 

tJ~mruVJtie:im1ii 1:libb(9)fl~1-:inmb~?l\ln111 u eie:iti 
'IJ 

Krishnaiah et al. (2015) Pin~1n'VIB~1tleJtlil'1B?11:::bb'1:::tJ~mruVJtie:i'111il6/.JeJ\1"11?in(9lbiJ ·1 ' 'IJ 

'Vl1tleJ'1"il1fl~1tl~'1t.JeJU1tl Marinda citrifolia L. bbt.Jfl~1t.Jbfl~eJ'lbbt.JflbililbU1tl Batch mode HI 
Polyethersulphone (PES) bUti1'11me:i\lv11~e:iruV1.nn1mh-:i 30-70 °e A11ii'9ltie:it0~ 0.5-1.5 rn1 

' 'IJ 'IJ 

blflbbD\leJeJflbUtl 2 (9)1e:it01-:i 6/.JeJ\lbVl'11~~1tl16/.JeJ\lb~eJme:i-:i PES b~t.Jfll1b'V'leJiJbeJ(9) (permeate) bb'1::: 
'IJ 'IJ 

~1ti~1:liri nme:i-:ie.J1ti b~e:i b~ t.J n11~b 'Viti b 'Vl(9) (retentate) 'V'lUl1 fl11bbt.J n?111?1n(9l bil'Vl1tleJ'1~1 t.J16 
'IJ 

retentate bu 'LI15~ b Vlil 1::: ?iiii1 ')'VI B~ -:i zj-:iij t] 'VIB ~ 1 ti e:i '4~ '1B?11:::~1 t.J16 2 ,2-diphenyl-1-

picrylhydrazyl (DPPH) scavenging activity bvi1nu 55.60% tJ~mruVJtie:i'111ii1~bvi1nu 43.18 

mg GAE/1 Og 6/.JeJ'l (9)1 e:i t01-:i "ill flfl11'Vl(91'1eJ'l'Vl11Ul1?111VJ'UeJ'1 (9)1 e:it01-:ii1B'V15'V'l'1~eJt]'VIB1 'LI fl11~1tl 
eJ'Uil'1 DPPH b 'V'l11:::tJ~mruVJtieJ'1bUtl1 u1 tl'Vl1'lb~ t.J1 rl'UrlUf'l'VIB~1tleJtlil'1B?11::: 

q 'U ul 'I 'U 

Krishnaiah et al. (2015). Pin~1?111?1n(9lt.JeJ Marinda citrifolia b(9lt.J~titl1e:ie:int11b-d'e:it.Je:i 
(9)1nbb(91(91 2 1ti bbii'1e:iu~ 60 De 11'LI U(911:::b~t.J(9lbnuH~ 40 De iJ11tJ?in(91~1t.J{9)1v11'1:::mme:iV1'1e:i::: 
'6b(9)'Vlbb'1:::1:::bV1t.Jl'i'1~1t.J15 spray drying b(9lt.J1offbbU\llJ'LI~~\l 2o/ob(9lt.Jtl1m!n ·vfo~iibA~e:iu~1?111?1n(9l 
zj-:itJ~mru?111?1n(9l~e:itJ~mrubb u-:il!'U~~\11 'LieJ'm1~1ti~bb(9)n~1\ln'LI Ae:i (1: 1, 1 :2 bb'1::: 1 :4) 'Vl(9l?ie:iu 

~eJtuVIJliJ~1'J 6'l 90, 100, 110, 120, 130 bb'1::: 140 De "il1flfl11'Vl(91'1eJ'l'Vl11Ul1eJ(9)d1~1'U~ 1:1 
' " I 

e:iruV1.niJ 120 De n'VIB1'Lini1~1tie:i'UiJ'1B?11:::?1\l~?i(9lbvJ1nu 70.74% bb'1:::i1tJ~mruVJ'Ue:i~n?i-:i~?i(91 
'I \J uJ " 'U 'U 't \I 'I 

b'li'Wnmvi1nu 54.575 mgGAE/100g powder 

Wang et al. (2016). 'Vl1n11Pin~1bb'1:::bbt.Jfl?l11U1:::ne:iu"il1mtJ~e:imb'1:::611~'U6/.JeJ\l 

Marinda citrifalia b(9lt.J?irl(91~1t.J 80% EtOH "il1n~'UtJ1?111?ifl(91~1~mbbD'l~1'Ufl11'1:::'11t.J~1t.Jtl1 
bb'1::: EtOAc bb'1:::t11?111?1n(9l EtOAc i11bbt.J nbb'1:::'Vl11 ~u~?i'VIBb(9lt.Jfle:iG'i'ii'UlA1ll1 b 'Vlm1VJ1~?111'1liJ(9l 

' 
1Vl:lin~ii Antraquinones 2 '/lU(91 AeJ 1,3-dihydroxy-5-methoxy-6-methoxymeth 

yl-2-methyl-9, 10-anthraquinone (1) bb'1::: 1,3-dihydroxy-5-methoxy-2,6-bismethoxy 
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methyl-9, 10-anthraquinone (2) ~.:l.fl1'V'I~ 2.11 bb'1:::?11'a~ih1cM1'Ulnbb~1Ll'a:::m:ru~1t.Jfl'U~'UB 
' 

Antraquinones 10 'll'U~ fl~~'UB'tlfl.:I coumarin 3 'll'Ll~ bb'1::: 6-gingerol -;u1n'1m.11?11'a'll'Ll~ 
hnJ 2 '1l'Lll91:J..J1v11m'a'Vl\91?ffl'\Jm1m lJ'U~~~m61J'1~ 'Vl~?ffl'\Jfl11:J..J?f1:J..J1'afl1 'LI n1'aV'IJ ~.:ib~fl 11fa 

(Antiviral)bb'1:::b~Bbb'l.Jf1Vib~t.J (Antibacterial) 'V'l'\Jl1 ?fl'a 1 bb'1::: 2 il()'VlBV'IJ~\lb~flb-r?f H1N11~ 
b~n'Wflt.J 1191CJilri1 IC50 66.1 and 10.5 µM m:J..J~l~'IJ 'Ufln-;u1nd?11'a 2 V\lbb?f\91\l()'VlBV'u~\lb~flb-r?f 
H3N2 ~Al IC50 11.5 µM bb'1:::()'VlBV'u~\lb~mb'IJf1Vib~CJ5taphylococcus aureus 1~CJilri1 MIC 

11.5 µM 

I I 

OH OH 
I2 

0-........_ 

1 2 

.fl1'V'I~ 2.11 1m\l?f~1\l?f1'an~:J..J Antraquinones '1l'Ll1911vr&J (?fl'a 1 bb'1::: 2) 

2.4 hflfl11:J..Jb~e:J:J..J"lle:J.:IJ:::'\J'tJ'l.h:::611'V1 (Neurodegenerative disease) 

?f:J..Jfl\I b lJ'U6'i1'U6'11A'~'tlfl\1~1\I n1t.J~mmpJn1'avl1\11'U'tleJ\lfllCJ1:::6'i1'U~1\I 1 'tlfl\1~1\ln1CJ 
1 ')fl?f:J..Jf)\I b~f):J..J b lJ'U n~:J..Jm n1')zj\I bfl\91~'U'11nn1')vl1\11'U'tleJ\l?f:J..Jfl\I~ b~eJ:J..J'1\I nm')?f ru b~t.J m1:J..J"i\'1 zj\I 

' ""' 
n?11bvr~m-;u1nbfl vr~e:i?1n11:::~1\I 1 ~vl1'11t.Jb61J'1~Ll'):::?f1'Vl (Alzheimer's Association, 2009) 

b~m"l.f'1~t.J'):::?f1'Vlflnv11mt.J ~\16'i\le..i'1~fln1')'V'l\91 n1')Vl\I n1')b~CJ'U m1:J..J?flln')fl1'Um')-;u~"i\'1vr~e:i 
" " 

bbCJ n bb CJ:::~ \I 'tl fl \I~ 1 \I 1 zj \In 1 ')'1 ~ '1 \l'tl B\I fl 1l:J..J?f1:J..J 1Jfl1'LIn1J-;u191"iJ1d -;u::: ')'IJ n1'LIn'):-;u1'U n 1') 1 -if 
~1\?lt.J'):::"i\'11''LI bf1?1:J..Je:i\lb~e:i:J..J'll'Lll91~1\ln'U <mJ1.:i 2.1) -;u:::il')t.J bb'IJ'IJ'tlfl\lmm')~bb?1\91\le:ifln~bb\?ln~1\I 

" n'U ')'J:J..J~\lilm1:J..J~~t.Jn&i~bdfl?f:J..Jfl\lbb\?ln~1\ln'U~1t.J bb~fl'V'l'\Jl1'\J1\lfl~\ln~n~ru:::mm')~fl1'\Jb~m 
n'U '1l'Ll191'tle:i\l 1')fl?f:J..Je:i\lb~e:i:J..J~'V'lu1~ue:iCJ~?t~fie:if1'1161Jb:J..Je:i~ zj\l'V'lu 1~n11 10% 

' 

5'1161.fb:J..JeJ~ (Alzheimer's disease) 

1 ')fl'V'll~fl'U~'U (Parkinson's disease) 

'V'lt.J1fi?fm'V'IVi6'11A'~fifl amyloid plaques 

bb'1::: neurofibrillary tangles 

bn ~ -;u 1 n b61J'1 ~ ?f:J..J e:i.:i 1&J?11:J..J 1 ')fl ?f~1\l?f 1 J 

1191t.Jlil'U1~ e:i ~ 1 \I b ~CJ \l'V'I fl 1~t.J 1n'Ub 'iJ 'U 

?f 1') b\°lm 'U ?f :J..J e:i\I v11vr~ 1~f11u fl:J..J'):::uu 
' 
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n1jbA~Bu1~1~B\1~1\ln18 ~u18'0J~n 
'IJ 

Blnlj~U bn~\I bb'1~bA~Bu1~1i1 ~m.oJru~ 
' ' 

Vicl'1r1qJf1Bn Lewy bodies '1i'lbfl~'OJ1n 

n 1j61 ~ 61 :J.J ~ B \I hh ~ U U-synuclein 

.fl181 m61lmhh~611'VI 

1 jAeJ'1161lb:J.JB{ bUU 1 jA61:J.JB\lb~B:J.J'IJ~~~~\lzj\l~'U1~uB8~61~ bfl~'OJ1nnljb~B:J.J~~Bm8 
' 

~B\lb61l'1~'\.h~611'VI (neurodeoenerative disease) 1u~1U~ffi'UA:J.Jn1jb~W~bb'1~1 UAU'\.Jn~'OJ~nb61l'1~ 
::i ' 'IJ 

'\.Jw611'V1'\.Jj~:J.Jlru 30-100 -Wu~1m61!'1~ (1x10 11 ) zj\lljn1j~~m11'\.J~~~B (synapses) n'Ub61l'1~~u 
wh 1x1014 ~lbb~U\I .1JB~'1~1\I I 'OJ~~\1~1U611j~B'lh~611'VI (neurotransmitter) bUU61qJqJ1ru 

1\1'0Jj1'\"lvh1u61:J.JB\I vh1Vfbn~m1:J.J"il1 nljfl~ bb'1~VIm.'1~~1\I I (Alzheimer's Association, 2009) 

bb~cl'1~-ru~u181 jAeJ'1161lb:J.JB1 "il1u1m61J'1~'\.Jj~611'Vlbb'1~ synapses 'OJ~'1~'1\l'OJ1nn1j~qjb~m61!'1~ 

'\.J j~ 611 'VI nlj61° HJ°l U 61., ru ru 1 tl.J ~:J.Jb ~'11 Vll 1 Vfnm n1 j61rub~8 A11:J.J "ill ~ '1\l~:J.J 61rub~8 
QJ v 'U v 'U v 

A11:J.J 61 l:J.Jl j fl'VI 1\I~1Wl1~1 A11:J.J611:J.Jljf11Umj'Vlj\1~1 bb'1~nljbA~Bu1~1 Blj:J.JttJbb'\.Jj'\.Jj'JU 

m~~~~ zj\lij' mn~ nu ~61\IB18bb'1 ~ b UUbb~1 hJ611:J.Jljflfo~11 Vl~18 zj\l b jAeJ'1161lb:J.JB11li b Vl8\I bb~ , 'U 'U , 

~\I (;.J '1 n j ~'VI 'U ~ B ~ b tJ u b Ab vi 1 t! u bb~ 8\l~\l(;.J(l~\l'UAA'11 UmBuA-r1 ~~bb'1 bflj~\jfl'OJ bb'1~61\IA:J.J 
'U , 'U'U ~ 

vi'\lt!u 1 jAeJ'1161lb:J.JB1~\I b tJu 1 jA~ b lJu'i.1rumV11\1611u1jru61~~611r1ru 
v ' v 

611b ~~~~B61:J.J:J.J~\i1Unljbfl~ 1 jA 8'11li'Vlj1'lJbb t1-8'~61:J.J:J.J~\i1Unljbfl~ 1 jA~ci'1r1 tu611:J.lljflbb U\I 
, OJI dJI v 

1~bUU 2 61:J.J:J.J~\i1U 11ii'bbn ... 
Amyloid cascade hypothesis 

bzjBl1nlj61~61:J.J~B\I A~ b UU611b ~~~B\I hA5'1161lb:J.JB1 n1j61~61:J.J~B\I A~ bUU611b~~ 1 Vlbfl~ 
neurofibrillary tangles n1j~18~ B\I b61l'1~'lh~611Vl bb'1 ~ b UUi;..J '11 VI bfl~ A11:J.J"il1 b~B:J.J~1:J.J:J.J1 

b~B\l'OJ1n~81BM11~~bn~~u1u61:J.JB\l~U18bA5'1161Jb:J.JB1 nmj61~61:J.J~B\I A~ bUU amyloid 

plaques (Pimplikar, 2009) i1uviu1vivh1Vfb61l'1~'lh~611Vlm8 bb'1~vh1Vf61:J.JB\lb~B:J.J (Selkoe, 

1991) b~~8Tt.h1Vfbn~mjeJm61u bb'1~nljb~:J.J~~'V'lBm'V'l~1Vfnu1'\.Jj~mvi1 (Rapoport, et al., 

2002) b~8n1jvl1'11861:J.J~'1 bbA'1b6iJ8:J.J1 Ub61l'1~'\.Jj~611Vlvl11 Vfnmj61~61:J.JbbA'1b6iJ8:J.J1 Ub61l'1~"il1U1U 
' 

Cholinergic hypothesis 
bzjBll b jAeJ'1161lb:J.JB1bn~'OJ1nn1j61'\lbAj1~~611j~B'\.Jj~611Vl'IJ~~B~Gli~'1 bA~U (Acetylcholine: 

AChE) '1~'1\1 (Kitphati, et al., 2011) b~8n1j'1~'1\l~B\IB~G/i~'1bA~UdnA11:J.J61:J.J'W'ut5numjbfl~ 
1 jAeJ'1161lb:J.JB1 B~Gli~'11A~Ub uumj~B'\.Jj~'1l'Vl'IJ~~~~\I ~v11m!1~~\161qJqJ1rum~bb61'\.Jj~611vi b~Bi1 
mj61\I bAj1~~'1 ~'1\lv111 Vf mj~\I m~ bb61'\.Jj~611vi~~'\.Jn~ bb'1~i1 zj\1~'118 l\11u1~ 81~n mjfin~1611j 
~'li18 b ~:J.Jj~vJ'UB~Gli~'1 bA~u1 U61:J.JB\I j1:J.J~\1611j~8ut\lmjvJ1\11U~B\I Acetylcholinesterase 

(Acetylcholinesterase inhibitor) b~B8ut\lnlj~B8B~Gli~'1 bA~UBnlii'18 B~1\lhnm:J.Jn1j'1~'1\I 
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'U B -HJ:::: 6IJ ~ ~ L fl~ 'U hJ by; CJ \I bb ~ 'VHJ 1 'LI er lJ 'HJ h fl eJ ~ha ~-rn 1bvl1 tT 'U bb ~ tJ \I~ U 1 'LI er lJ 'JCJ L d fl v v 
d ,, 

neurodegenerative el'U 1 ~rw 

2.5 Cholinesterase enzyme (ChE) 

bel'U 1"1l:w1ri~'U bel ?lb\?l m d?f:WV11.!1~1 'Uf11d?fmmnd Acetylcholi ne 1 ~ biJ'U 1ri~'Ubb~::::el::::61J b\?lVl 

zj \I ?f 1dIii'1 'if bi] 'LI Iii' 'Jn~ 1'11'Un1 d ?i \Ind:::: bb ?f th:::: ?f 1 VJ (nerveimpulses) 'U el \I pregamglionic 

automatic fibers, postganglionic parasympathetic fibers bb~:::: postganglionic sympathetic 

fibers U1\l'UU~ zj\lbiNm.h::::?11VJb V1~1d"iJ::::?i\lm::::bb?ftld::::?f1VJ 1 UtJ\l-M1 h :W1'U\?11 ~elml1mCJ m::::b~1:::: 
el1Vl1d ~11iNb~n m::::b~1::::i:J?1?111:::: bronchial glands, sweat glands d1:W~\lellCJ1:::: bb~::::bdm~el 
5'U 11 'LI11\ln1CJ 'Ueln"il1n,!'U acetylcholine tJ\lvl1V11.!1~b U'Uli11nm\11 'Linid?i\lm:::: bb?fth::::?11VJ 

~ neuromuscular junction bb~::::~ synapse ~1\1 1 'Uel\ld::::uutJd::::?f1VJ?i1'Unm\I (CNS) 1~CJ~11tJ 
1'LI11\ln1CJ'Uel\lfl'U"il::::~Ubel'U161l:Wlfl~'Ubel?fb\?l m d?fd 2 tJd::::b.flV1~1 CJ n'Ufiel 

1. True-cholinesterase enzymes (acetylcholinesterase) b tJ 'U b B 'LI 1"ll:U~:Wfl11 :w 

bu ~1:::: b "ii 1 ::::"ii '11'Un1d?f~1CJ?f1d acetylcholine m n ?f 1:lJ1dfi~U 1~ 'Ub"ll~ ~ b~ ~ b~ B~ bb~\I b"ll~ ~ 

tJd::::?f1VJ bb~:::: neuromuscular junctions bel'LI1611:Ud~n?f~1\l:ff'Um~~el:w 1 numd?f~1\lb~~b~el~ 
bb~\I 

2. Pseudocholinesterase enzymes (butyrylcholinesterase) bU'UbB'U1611:U~~n?f~1\l;ff'U 
1~m"ll~~lii'u "il::::~u\?11:wu~nru peripheral nervous systems, plasma lii'rnb~::::1'UellCJ1::::5'U 1 :W 

fl11:Wbu~1::::b"il1::::"il\lhm1d?f~1CJ?f1d acetylcholine 1.!elCJn11 true cholinesterase enzyme 
(Savelev et al., 2004) 

2.6.1 eJ'W:W'6'1B6l'a:::: (Free radical) . "' 
el'U:W~B?fd:::: fiel el::::\?lel:W 1m~n~ Vl1el1eielel'U zj\l:)jfo~n\?ldel'Ub~CJ11'U1\l'Ueln?f~ (unpaired 'l'U , , 

valence electron) el'U:W~B?fd::::m"il:WtJd::::"ilbU'Uu1n ~u Vl1mU'Ul'l'U~n1~ bn~~'LI1~b~el~'U5:::: , 'U , 'U 

d::::Vl11\lel::::\?lel:W bb\?l neleln v\'11~el'U:w~8?tw1:Wb?f~CJdbb~:::: 11 ~Bn1dbn~tJfin~CJ1el~1\ld1~b ~1 ~\lv\'1 
'v "'l 

tJfin~CJ1nu 1:wb~n~~el~delu ., 1~CJ~\IVl1el 1~8b~nmel'U1:wb~n~oLJ'1\lbACJ\lb~el 1 ~li11~'Ub?f~m 1m~n~ d..J , 'U I , , 

-LJ'1\I bA CJ\l~?f ru b~CJVl1el-ru 8 b~ n mel'U"il:::: nm CJ b tJ 'Uel'U:w~8?f d:::: li111 V1:W~1:W b?f ~ CJd bb~:::: b oLJ'1v11tJ fi n~m nu 
'U QJ 't'U d.J 

1m~n~5'U~el 1UbU'WtJfin~m~n161i (chain reaction) Bb~nmei'Wri1~~b~CJJbV1~1dv111 ~eJ'W:W~B?fd:::: 
'I d..J 'U 'U 'l'U 

leJ\111 ~ eitJ5 n~CJ1~\I ei11~~ B?fd:::::WuVJU1Vl61'1 A11J1 'Un1d~'W mtJ m::::U1'Un1dV11\I brim 'W ~\l:W~1 (?) 

t:.J ~ \?lJl W~"il 1 ntJ5 fi~ CJ1?f 1:lJ1dfi fl1U fl:WVlm CJ m::::U1'Un1d b oU'W mu fl:W n1dUU1i11'U eJ\IVI~ el~ b~ eJ ~ 
zj\lri1u ri:w m 1:w ~'W fa~\?l ~ n ~ el'Vl~\I 'LI el n"il 1 nd eJ'U:W~ B?f d:::: tJ\l:WUVJU 1VJ611 r1 ru1 'Ub:!Jbb VJuei~6/i:w 

'I 'I 'U Q,J 

Iii' 1n~1 \l'U B\I ?f 1dU d:::: nei UVl 1\1~1.fl1~VI~ 1 CJ"IJU ~ bfl ~:ff 'LI b tJ 'LIU n ~"ii 1ntJ5 n~ CJ11'U11\1n1CJel~bb~1 
1~mu~1::::ei~1\l~\lb~ei:W51\?lbV1~n VJB\lbb~\I bb:W\lnTw?f 1riuei~l'i 1mb:WCJ:w fan~1.!elCJ 1~CJ11\ln1CJ"il:::::W 

' 
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"J"~uu n1~ \7\el'U:W{;l B?l"J"~ bb~V11 n ~1-:i m c.M1fo?11 "J"el'LI:w{;l8?11~"il1fl.n1 c.m el fl b 'li'LI 1~-ru "il1flmV111u1-:i ,\J ,'IJ 

'IJ'Ll\7! "il1 fl'll'U1'Llfl11U"J"~ flel'Uel1V111 b 'li'LI m1~1-:ib .Qel~~1~il1 'LJ~'UtJ1~nelu?1-:i m"J"L11tl1~'Llvfl i'Vlel\7! 
'\J 

mV111~elruV1.nij?1-:i ., m1i5fl Vl~el"il1fl~-:Jbbd\7l~el:w b'li'LI bb?1-:imVi~~zj-:iiJ-r-:i~efom1btm{;l~ fl11bb~ , 'U 'IJ I 

-r-:i~ -r-:i~belfl6il Vl~el"il1fl:W{;l'Yi~ b'iJ'U Al'U'UVI~ fl16/lA1{'Uel'U:wfl'Welfl16llii"il1fl1m~CJ1t1CJ'UiJ :w1flbfl'LI1tJ 
' 

Vt~el1'LI.n11~~~1-:ifl1CJ?11:w11tin1~\7lel'LI:W{;JB?11~1~{;l\7)(;l-:J n"il~~11~i'lel'LI:W{;lB?11~:w1flbn'LI1tJ 
, \I , 'll 

bU'U?l1bVl~'llel-:JbJA.ilCJ b'li'LI bJAVl{;lel\7\b~el\7\~'Ubb{;l~bb~-:J\911 bJA:W~b~-:J'U1-:J'IJ-0\7! bJfleJ(;l16llb:Wel{ bJA1'V 
' 

oLJeleJflb?l'U bJAfl11:Wbbn bU'U~'U (Vimfo~t11 ~1ba~:wvM\21, 2559) ~-:i.n1~~ 2.12 

FORMATION OF 
FREE RADICALS 

INFLAMMATION 

--.A03+UV / r+on air) •. OH 
tn!)-"~··. 

IONIZING 
RADIATION 

.n1wVi 2.12 m1?1~1-:iel'U:W{;JB?11~ 
•'IJ 

~m : https://www.thaipng.com/png-oc5pvg 

2.6.2 6l1'a~1'WB'4~6'l~h1-a:: (antioxidant) 

White 
Blood Cell 

SMOKING 

6'111~1'W el'LI:W{;l B?\1~ ~el t:w b{;l fl{;l'LJel-:i6'111~?11m1ti~u nu \911-ru bb{;l~?11m1ti ~u t-:itJ nn~ CJ1 , '\I , d..J 

elelfl6ilb\7!-a''U'LJel-:itm{;l~{;l6'1115'U11~ tJ~n~CJ1elelfl6ilb\7!-a'wu'UtJ~n~CJ1bAi'l~b~CJ1b~el-:inu 
m1 bb{;lfl b tJ~ CJ'LIB b~ fl~1el'LI"il1fl6'111V1~-:i1 tJ ~-:il'11elelfl~1\7l"ll tJ~n~CJ11?1'-:ifl~116'11m1ti 1 ~~~~.nru.;J 
bU'U6'111el'U:W{;lB6'11~ (free radical) zj-:i?111el'U:W{;JB?f1~b V1~1d"il~bn\7ltJnn~m{;lfl t"libb{;l~~1mm6/l~~ 

't'U 't'll d..J '\I 

'llel-:i~1-:i n1 CJ 6'111~1'Uel'U:w ~ 8?11~"il~ b .LJ1 CJ ~u n n~CJ 1~ fl t"li b VI~ 1-d ~1 CJ n11 b .LJ1~u nu?111el'U:w~8?1'J"~ 
q 'U , d..J 'U , \I 

bb{;l ~ ~u ~ -:itJ n n~ CJ 1elel fl6il b\7\-a''U 1\7\ CJ "mm fl6il1\7l"ll 1?1-:iJ'U6'111~1'Uel'U:W{;l 8?11~~-:i~m ll'U\911 ~~1611 el1Vi ~ \J 't\J 

1uelel{;l m\7\bbel?!Ael{ufl bb{;ld ~~Vl'Uel~ 
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How antioxidants reduce the free radicals 

ANTIOXIDANT FREE RADICAl 

n1wi1 2.13 m~t911'Ue:ie:ifl6ilb\9loU'U 

~m : https://www. kellersform ula .com/what-are-antioxidants 

bb:IJ11tJ5n~cne:ie:ifl61l b\9loU'Ub ll'U~-:ici'1r1~~ e:i~-:iiH111?1 V11mb~n ~-:i bn\911 'Vl~b 'li'Wn'U ~-:iJ'UV1'1lbb~~ 
~1?1115-:i~fl~16111~~ ~1 CJ~~uu~~u<if e:i'U'Ve:i-:itJ5 n~ CJ1 1\91CJ611~t911'Ue:i'4~~861~~ b 'li'U fl~\?11h1 e:i'U 

11?11iJ'U6ll bb~~1miJ'U B b 'lim~ m nrne:i'U 1615tl~ b ll'U~1 d-:itJ5 n~cn bb~ ~be:i'U 1615tl'l!tJ b tJe:i1e:ie:ifl 1615~ ~61iJ1 
b'\1161 (Superoxide dismutase; SOD) ~bU'U~1vl1mCJeJ'4~~861~~~bfl\91~1flfl1~bt:J1~~1~.fl1CJ1'U 
b615~~ ~111Ci-:ib 'V'leJ~e:Jfl61Jb\9161~1-:i 1 ~~~'U611~19i'1'UeJ'4~~861W~1bfl'U 1 tJV!~eJbeJ'U1615tl~~'U8-:itJ5n~CJ1 
eJeJ fl6il b\9loU'UlJ1 flbfl'U1 tJ niJ~~ 1 ~ bfl\91.fl11 ~ eJeJ fl6il b\9loU'U~m flbfl'U hJ (oxidative stress) t.hm~ -:i 
m~vi'1mCJ'Vl~e:i61~1-:iA1111b~CJV11CJ bbn b61J~~1~ ~~vr11 ~bn\911~A1'U11'U~tlV1~1CJ1 ~A b 'li'U 1~A1 'W~~uu 

' vhhbb~~Vl~el\9lb~el\91 bA'Vl1-:i?fllel-:ibrn~~~'U'UtJ';J"~611'\ll boU'U Parkinson bb~~ Alzheimer ~~~el 
d~uu~el11Hviel~1-:i ., 11~b~-:i 'n111tJCi-:iiJ~~~e:im1118\91V18'U'Ve:i-:i~hmT-:i bll'Ut9i''U (elfitJ 61fl~b~elfl, 

I ' ' 
2559) ?11~t911'Ue:i'U11~861~~ 1 'W'Vl1-:i b.fl~'1ll'\llCJ1611m';J"ti~fl~1.n11~ b ';J"fl'Vl~ el\91 b~e:i\911 'U61llel-:i bb~~ b ';J"fl 

''U 

neurodegenerative disease 1~ bb~~ ~-:itl1m 1-if b U'U~1'U~61lJ'Vel-:i~~l?ltl ru6V1'b61~lleJ1Vl1~VlmCJ'1ltJ\91 
b oU'U ~ ~ l?l Jl ru6f1'€11Vl1 ';i b61~lJ~oU1CJ1'Ufl1~fo~161'V.fl1'V'l bb~dfa-:i tl'U b ';i fl el ~1-:i b ';i All~ b ~ -:i bb~ ~ b ';i fl 

' 
Vl~el\9lb~eJ\91 b ~fliX1 h ~1111tJCi-:i1 ~flfl~1fl11lJ61-:i 

'U 

'Ue:Jfl~1fl-d~-:iiJ611~t911'UeJe:Jfl6ilb\9loU'U~1fl'B~~11'1!1~ 1~bbn 611';J"bfliJ~1flV1'1l boU'U ~fl ~~1:ir 
bfl~eJ-:ib'\11131 61ll'U1'V'l~ '111 bU'Ut9i''U ~.:Jfl1'W~ 2.14 611m~ti1-ifbU'Ull?lm~e:itJ'UenV!1~ (food additive) 

' ' 
1\91CJ~~iJ611~tJ';j~flelu1'Ufl~11~'Uel~mu'U~1'U1ml] 'V'lu1'U~1'U~1-:i 1 'Ve:i-:iV1'1l b'li'U blJ~\91 (11ii'bbn ~1 
b VI~ e:i-:i ~1~61-:i bll~ \91~1 CJ.LJ'11 bb~ ~-:i1) ~ ~ (1\i) bbn eJ~'U ~11 bb~ ~ 'V'l~ fl 1 'Vl CJ \?\'1) 1 u (1~ bbrl'1l1 bb~ ~ 

' 
bfl ~el-:i b '\11131~1-:i 1 ) bb~ ~ ~1'U 5'U 1 (1\i) bbrl~'Ub '\11131 bb~ ~ iX1V1 ellJ) ~1eJEl1-:i 611';i fl~ lJ ~'U €!~fl b oU'U 

flavonoids tJ ';i ~fl el 'U ~ 1 CJ flavones, flavonols, isoflavones, catechins, flavonones bb ~ ~ 
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chalcones) bbfl~B~~'W5'1Je:i-:i cinnamic acid hi'bbrl caffeic acid, ferulic acid, chlorogenic 
acid bbfl~~'W 1 zj,:i~u 1~ 'Wbne:iuvin~1'W'llB-:J~'llbbMli!~iJtJ~111ru~bbV1flM1-:in'W 

{,) 0 

'<,• l l / 0 '•( ·y '""*' ., ,,,._, 
~,.,..t'r 'f.)\ 

fl1'WVi 2.14 ?f1'Wl1'WBBfl'Bb~~'W'O'.i'.i:l.J'1!1&\ 

(>f 

-< ._JI \ 

\ 1~ 
t."H 

~111 : https://www.kellersformula.com/what-are-antioxidants 

bbfl~tJ-:JlJ?fl'.il?i'1'WBBfl'Bb~~'W~-:Jbm1~i1 b~'W BHA (butylated hydroxyanisole), BHT 
(butylated hydroxytoluene), TBHQ (tertiary butyl hydro quinone) V!~B EDTA (Ethylene 
diamine tetra-acetic acid) bU'Wl?i''W 

~ 
Cl·h 

butylated hydroxyaniso/e (BHA) !nitylated hydroxytoluene (BHT) 

OH 
HO~OH y 

COOC,H1 

propyf gal/ate 

fl1'WVi 2.15 ?f1'.i\?l1'WBBfl'Bb~~'W'O'.i'.i:l.J'1!1&\bbfl~?f1'.i\?l1'WBBfl61ib~~'W~-:Jbfl'.i1~i1 

~111 : https://www.kellersformula.com/what-are-antioxidants 

u lillil U'W d ?f 1'.i l?i' l'W B'W:i.J fl B?f '.i~ ti nt111111 -if b U'W ~1'W~?f:i.J1 'W ~~vi .il ru4imV11'.i b?l~:i.JV!fl 1 C.J'1l'Ll ~ 
'I 'I '\.I 'U 

b~'W 1~bU'W?f1'.in'Wu~1'WmV!1'.i bbfl~bri~e:i-:i~1m-:i bU'Wl?i''W (1'.i~'.i ~fl~'.i, 2554) ~1V!-ru15m'.i'Vl~?fe:iu 
" 

fl11:1.J?f1111'.i'11'Wfl1'.il?i'1'WBBfl'Bb~~'W'llB-:J1mflflf!V!~B 1e:Je:ie:i'W~lJB b~flVl'.iB'W 1~~b~C.J1 1~C.J15~'lJC.J:i.J 1 -if 
' 

hi'bbrl 
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DPPH assay VI~ e:i 2,2-Diphenyl-1-picrylhydrazyl radical scavenging capacity 
assay b U'U15fl1';ilbfl';i1~~fl11d.J?l1:1.J1';it11 'Llf11'Wl1'l.!Be:Jf1~lbVloU'U zj'l1-if reagent fie:i 2,2-Diphenyl-1-

picrylhydrazyl bU'U stable radical 1'Ll~1vl1'1~mCJ methanolVl~mffVl1'UB'1 zj'l?l1';i'1~mCJ'd:W~ 
li1'I zj'IVIVlf1~'Ubb?l'l1~~~fl11d.JCJ11fl~'U 517 nm fl1W~ 2.16 

" 

bVICJ DPPH• ~~bnV1tJBn~CJ1nu antioxidant (AH) Vl~e:inu radical species (R•) 1~~'1?1d.Jf11'j 
DPPH• +AH DPPH-H +A• 

DPPH-R 

~1f1?1d.Jf11'je:J5u1CJ1~11 b~e:J DPPH zj'l:Wfa~m1';ie:J'Ub~CJ1 1 ~1 :WA11d.J?l1:1.J1';it11'Ufl1';iVIVlf1~'Ubb?l'I 
" r1.:ir1V1~rn1d.JCJ11A~'U 517 'Ll11 md.J\9l'j ~~v11tJnn~mnur11';itl';i~ne:irnbe:i'U~e:ie:inG'iibbV1'Uv'izj.:ir11m';iti 

" ' ;..J 

lttt®'bVl';ib~'Ubbtl DPPH 1~v111Vfe:i'Ud.J'1~?1';i~ DPPH tin~~1~f1'11mU'U DPPH-H bnVlf11';ibU~CJ'U~ 
'" " 

b n VI :ff 'U ~ 1f1~lJ1 '1 f1 '11 CJ b U 'U ~ b VI~ e:i 'I b~ e:J U 11tJ1VIfl1 f11 ';i VI VI f1~'Ubb?I'I~1 CJ b fl~ e:J 'I UV-VIS 
" 

spectrophotometer ~fl11d.JCJ11fl~'U 517 'U11'Llbd.J\9l';i ~~v\'11 Vlfl1fl1';i~Vlf1~'Ubb?l'l'1Vl'1'1 
t11~1e:i~1'l:Wrn1d.Jr11m';iti 1'U111';il"\1'Ue:ie:inG'iibV1i'U 1~r1.:i m1d.J b oLJ'd.J"Ue:i'lm';i'1~mCJ~li1.:in~~'1Vl'1'1 zj.:i~~ 

" 
';i1CJ'l1'U~'1f11';iVIV1'1B'lbU'Ufl1 50% Inhibitory concentration (IC50) zj'IVl:l.J1CJ(i.:i tJ~mru?11';il"\1'U 

e:ie:in<iibVloU'U~vl11 Vlfl11d.JboLJd.JoLJ'U'Ue:J'I DPPH • b Vl~e:Je:i~ 50% fl1W~ 2.17 bb'1~ fl1W~ 2.18 
" 

0 02N Anti-Oxidant 0 OzN ,,, N@O-N02 " Nc.;o-NO> l 0 \...:ij II 0 HO;N OiN Herbal extract ' 

DPPH radical Reduced DPPH 

d 
fl1W'VI 2.17 DPPH assay 



2..SOE•OO 

O.OOE+OO · 
290 490 590 690 790 490 1090 

W~(run) 

fl1'W~ 2.18 m1'V'l'IJe.J~n1'.iVll9l?le.J'lJ DPPH 

2.7 ~1'.iU'.i~m:iu~ue:J~n (~'IJTV'f;i bb61i'V!tn~, 2559 bb~~ Krishnaiah et al. 2015) 
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?11 'j"U '.i ~ n e.i u Yi 'LI e.i ~ n (phenolic compounds) b tJ 'LI ?11 '.i 'Vl ~CJ .fJ iJ (secondary 
metabolites) il~ n~ru~ bb~~?J(>l'.i bA'.i~?l~1~Vl1~ bAil~bb(>lnl'i1~nu1 tJ bbvlilbA'.i~?l~1~bAil~mi1'U 

~ ~ 

U'.i~nm.J~1CJ'Ne.J~ b~n~ n (aromatic ring) e.JT'ilil~1u1'UV1~~1~V1~e.imnn-h bb~~VI~1eJmn6il~ 
(hydroxyl group; OH) e.ici1~i.Je.JCJV!~~V!~ V!~e.imnn11tT'U zj~e.JT'il~~e.i~1'U~U -OH B?l'.i~ V!~e.J~'\J 
nu?11'.i5'U1 'U'.itJ•1rn~5b VJe.i1 be.J?lbVJe.i1 VI~e.i 1n~ 1ri 161!~ ~~~!9lbU'Ue.J'U~'UTI'IJB~Ylue.i~ bb~~b~CJm1:w .,11 

~ ' I 

"?11'.iU'.i~ne.iuYl'Ue.i~ V1~e.i?11'.ith~ne.iuYlim~n" VI~e.i "?11'.i 1 'W~Yl'Ue.i~" lii'-!lfl1'W~ 2.19 ilriru?J:wu~ 
' ~~mml11~ b~n-we.iCJ bb~~?11:tn'.iti~~mCJ 1~~1 'Wl'l1Yl1~~mCJB'LIVJ~ci 'W'\J 1~~11 u1 'U~'IJVImnVIm CJ 

'IJiJ!91 boti'U e.rn i:-m1~ bA~e.J~bVll"l ?J:w'LI1'W'.i ~1b:W~l9lbbVl~ bb~~'IJ1 bU'U?l1'.iil~~~bbvl~bVl~e.i~ ~bbl91~ ~~h:i 
' 

V1~e.i~~1 ~ 'LI e.i n~1n 1 Vf~~'UbbnYl'IJ bb~1 ?11'.iU'.i~nm.JYl'Ue.i n~ n'\J1~'1JiJ!911 'LIYl'IJcY~iltjVJBVJ1~ bfl~'IJ1Vl CJ1 

boti'U ue.i~n'U hri:w~b ~~ ~191m1:w~'U 1ff(:4(91 ~!91'.i~~uJ1m~ 1 'Lib~e.Jl91 bb~~\Pl11'11'Ue.ie.in6Bbl9loU'U bll'Wl'i''W 

(!(OH 
Phenols 

~o 
HO~ 

Phenolic acids phenylbenzo-y-pyrone 
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qvi~n1':i~1'WB~~~Ba':i~6LJB~a1':iU':i~nBUW'WB~n 
?f1':iU':i~ flB'U~'We:i~ flilfl rum.JD~ b lJu?11':i~1u B'Wiii;, B?f':i~ b 'l"i':i1~ b~B?f1':iU':i~ fleJ'U~'WB~ fl 1 ~ 

' '" 
B~ l'lm.J 1v 1m b"il'WbbnBuiii;,B?f':i~ m.JiJ!;lB?f':i~~ bn~~'Wilm1ii b?f~ti':im fl~'W b ~m"i11fl bfl':i\1?1~1\16LJB\IW ,'U ,'U 

m b'WBti~ilm':i de localize 6LJB\!Bb~fll'l':i"B'Ul'li;1€J~nm ~\l~'W~\lhJv\'11~bn~ui)n~m~'W~B1 Ul'1~B 
~b~tifl11m':i~'U t-:iui)n~m~ fl 161! ~\l?fiim':i 

Flavonoid-OH + R' Flavonoid-O· + RH 

1~ti~ Flavonoid-OH = ?f1':iWm 1-mmJ~ 
R· = B'Wili;lB?f':i~ 1 'W~1\lfl1ti 

'" 
Flavonoid-0' = B'Wili;l~'U€Jfl6ili;, 

'" 

'W'Elfl"i11 fl'if ?11':iU':i~fl'El'U~'W 'El~ fl ?f1ill':itlvl1WU1~'lh ti1~l1'11i.J'U B A'W?ffl1'1"i ( vitamin-E 

regeneration) 1~CJ 1 u~~1611B'4~i;, a-tocopheryl 1t1~BB'4~i;, 1'W~U~'W16VB\11mi.J'UB 1~fl~'U1 UbU'W 

1 Vl bfl b WB':i'EJ!;l ~?f1ill':itlvl11'1if 1~bU'Ubb'El'U~B'Elfl~bb~'WV11~~\lb~il 

a-tocopheryl-OH + R' ----+ a-tocopheryl-O· + RH 

a-tocopheryl-O· + Flavonoid-OH ----+ a-tocopheryl-OH + Flavonoid-0' 

"i11flfl1':i~'Ufl'W\11'Wl~CJvl11 ~Vl'n'U11~'WCJBU1'W Marinda citrifolia ~'Wilm1iiii1?1'U h~\I 
'lliJ~6LJ'El\l?f1':i~ b U'U'EJ\IAU':i~fl'El'U bbi;1~11viBvi1-:i~h.fl1'\"i bbi;l~ ~\lil':i1CJ\11'U?f1':i'lJiJ~ 1 l'1lfo~b?fi!B ~\l~'U 
~1~ ti?f'U h~"il~~mnnviB~'Ut\I m':iv11\11'U6LJ'El\I b'El'U 161J~fo~~~i;, 1fl~'U bBm viB b ':i?f nviB~1'UB'Wiii;lB?f':i~ 'U DI ~1 ,'U 

bbi;1~1t11u~mru?11':ilJ':i~flB'U~'WB~fl~\11t1il~6VB\l?f1':i?f tl~CJBU1'W"i11flfi1'U 1 'U ~1~'\.J bbi;l~':i1fl b ~B\l"il1fl 
~\! hJil':i1CJ\11'1.Ji;,ii;, m':ib u~ti'U b ~t1'\J6LJB\IV1'll"i11fl~\1?11ii?i1'U-dmnB'W b ~B 1 -tl'b lJ'W'1i'Biii;, 1 'W m':i b~Bflfi1'W 

" 
6LJ'El\ICJBU1'U Bfl~\I ~\! b U'U'El\lrlfl11il~Vl1\llVlCJ1Pll?f 1'11~?f1ill':itlU11 u1m'Ufl1':i~w.J'U1(;,J~ l'ltl ruo/i b?f~il 

" €J11'11':i~6LJ.fl1'1"il'1~B 1 .lflJ':i~ bCJ'll'W1 'U~1'U~'U 1 ~'El 1 U 



d 
'U'Vl'VI 3 

~ ~ ' ~ 3.1 bfl-ae:i.:i~e:i mJmru bb6'1~6'11"abfl~ • 
3.1.1 bfl~e:i.:iije:i~L oUb 'Un1Wl~6'lel.:i 

1. b fl~ e:i .:i ':i ~ b VI CJ~ \91fl11 ~ f?1 'U bb 'U 'U VI~ 'U .fl 1CJ1t'i'~fl!fl!1n11"1 (Rotary 
evaporator) 'U~,;r'VI BUCH! (Thailand) 1'U Rotavaporc® R-300 

2. bfl~€l.:Jl\9lrlln1':i~\9ln~'Ubb?!.:J'UeN?!1':i~~mCJ 1'Wb1mb '\Al~'VI (Microplate 
Reader) u~,;T'VI BMG LABTECH 1'U SPECTRO star Nano 

3. bfl~eNoU.:i?!l':i'Vll"l'UCJ~ 4 ~lbbVIU.:J u~,;T'VI Mettler-Toledo New Classic MS 

4. bfl~€l.:i'U\9l~'lflil1e:i~1.:i 

5. bfl~€l.:11 '1Xfl11~1e:J'Ubb 'U'U bl'llVI~~ 
' 

6. bfl~€l.:l~\91~1CJ?!1':i~~~1CJUbU\il (Micropipette) 'U~,;r'VI Eppendorf 1'U 

Research plus 

7. 'lf\9ln~'UJ1~'UV1e:Jm~bVICJ~1CJtl1 (water-steam distillator) ' 
8. 'lf\9l?!tl\91~1CJ1i11vh~~mCJ (Soxhlet extractor) 

' 
3.t.2 ~tlmru 

1. umnd (Beaker) 

2. m1CJ?!rl\91 (Separatory funnel) 'U'Ul\91 1000 iJ~~~l'l':i 

3. m1CJme:i.:i (Filter funnel) 

4. '1J1\9l~U'11~~ (Erlenmeyer flask) 

5. '1J1\9ltl'Un~~ (Round bottom flask) 

6. '1J1\9l'U':i':i:V?!1':i'U'U1\9lb~n (vial) 
' 

7. '1J1\911\9ltJ~ml'l':i (Volumetric flask) 

8. Vl~E\91VICJ\91 (Droppe~ 

9. bbvl.:lbbtl1 (Stirring rod) 

10. oVE'Uliln?11':i (Spatula) 

11. bb~'UE~~iJb.UCJ~'VJe:iCJ~ (Aluminium foil) 
'\J 

12. 1~tmub'tJl'lVitJ (Micropipette tip) 

13. ~1~ 

14. :Vl'UVI~~ (96-well plate) 
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15. Microcentrifuge tube 1.5 ml 

3.1.3 "' 6'11''Hfl~ 

1. beJVl1'UeJ~ (Ethanol, C2HsOH) u~~VI m{6/i1ei bb~rn'lbbn'U 'IJ~~bVIP11 VICJ 

2. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) lJ ~ ~ VI Sigma-Aldrich 
u~~bVIPl?tvrr'5mlJ~m 

"' 
3. Butylated hydroxyl toluene (BHT), C15H240 u~~VI Sigma-Aldrich 

4. Sodium Sulfate Anhydrous, Na2S04 u~~VI Merck 'IJ~~bVIPl bCJeJ~lJti 

5. l\llllJ'U61i (Ascorbic acid) u~~'Vl Merck 'IJ~~bVIPl bCJmlJti 

6. rnm61l'U (Hexane, C6H14) u~~VI m{61i1eJ bb~lJbb?fn'U 'IJ~~bVIP11VICJ 

7. J1 DI (Deionized water) 

8. blJV11'UeJ~ (Methanol, CH30H) u~~'Vl VivhA 61!1mbei'Us& 

9. bb~'Ub'Vm\91 TLC plate silica gel 60 F254 (Thin layer chromatography) 

25 

10. ei~6B~~ bfl~'U 1ei fa1vi~ (Acetylthiocholine iodide) u~~VI Sigma-Aldrich 
th~ b '\11Pl?fvrr'5ei blJ~m 

"' 
11. ei ~ 6B ~ ~ 1 fl~ 'U b 'El ?f b VI m ~ ?f (Acetylcholinesterase) u~~'\ll Sigma-Aldrich 

u~~ b VIP1?tvrr'5mlJ~m 
"' 

12. u1VJ~~1ri ~'U b 'Elm 'Vl m ~?f butyrylcholinesterase u~~'Vl Sigma-Aldrich 
u~~b VIPi?tvrr'5mlJ~m 

"' 
13. DTNB (5,5-dithio-bis-(2-nitrobenzoic acid) u ~ ~ 'Vl Sigma-Aldrich 

u~~ b 'VlP1?fvrr'5eJ bii~m 
"' 

14. 'Vllfl~'U (Tacrine) u~~VI Sigma-Aldrich 'IJ~~b'VlPl?fvrr~mii~m 

15. Vl~?fU°v'JbvJei{ (Tris-HCl buffer pH 7.5) 

Clr..c::t 0 Cir, Cir, QJ 3.2 15\911b'U'\Jn1';i'J\ltl 

3.2.1 n1';i\9l';i'J\l6'1B'UbBni;rn~ru6lJB.:16'1~'UL'V'l';it!BU1'U • 
bnuM'1ei~1.:ibb~.:i\l11iii6'Uei.:ineJ·rn1'U~1bb~~1~~~1'1 (2559) tJ 2560 ru ~1u~ vt'Uei.:ibb~bb\91.:i 

Bl bJl ei 1 V1~.:i1ii ~.:ivri'~r\'1 bb VN b 'V'l'IJ~ ~1 b 'Ll'U m~\ll~T'il?teirnei n~ n~rubb~~~~u'll'Llvi'Uei.:iVl'IJeJ'vi bb ~.:i 1vi CJ • 
d ~ Q.I V I 

i:..JP1.V!~.f11q,j"il'U1 u'U'U'V'lflW lJb~'U Voucher specimen QBG. NO. 105894 bb~~bnu~n~1meim.:i 

Vl'lleJV!bb ~.:iH ru ~ei.:i bnu~1u~1ii'V'l~~ru Hf Aru~i'VltJlPll?f \ll{bb~~ b VIA 1'u fa~ iivr1i'Vlm~CJ~1'1ln!J 
oW\j~?f \lfl~llJ bb~ ~Vltl'V'l~~ru hr ?f1'U'V'I~ n~Pll?f \ll{?tm~"iJ'V'I ~~'U1\l b~l~~il~ Bl bJl tlbb~~lJ ~\lV!l VI 

b~CJ.:i1vr~ 
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.ct o.I I ii I oJ 

3.2.2 n1';ib\>l';imJ\>l"Je:iEJ1.:iEJe:iuT1..me:i·1..mTrnn\91 

°111~1e:icJ1\l';i1 n ~ 1 l'i''U bb'1~1 rn.J e:iu 1'LI"il 1nlil1u '1Vl'U e:i-:i bbl.J bb\>l\l rl1 brrn l 'Vl';i -:i1:w -:if -:ivi1 \91 

n1 bb 'V'l-:i b '\f'l'IJ';j tJ 'V'l .131.2560 mmmb Vf-:i~e:iruviniJVf e:i-:i1 m.J~b1 ru~m n1l31ci1m VJ?l~m m ~e:iue:i-:in'U 
' 'IJ ,, ' 

0 CV Q.J Q.J ~ i.I 4 I 

?11';i?l1fl~?lmt.J\>11 '<iJ1fl'U'U'\J\9l'V'l'IJ\911t.Jbfl';i€l\l'\J\91€lt.11\lVlt.JTU 

3.2.3 fl1';i6'1tl\91Eie:JU1'U~1EJ15m';i6'1tl\9lb~'U (maceration) b\91EJ6'1n\9l~"JEJ~Tvhi;i~i;i1EJ 3 

"!Jil\91 fie:i b€l'Vl1'Ue:J6'1 be:J'Vl1'Ue:J6l~ml1 (40:60) bb6l~J1 
cif'JrJW:f6'1WW'V17'/JfJ6'1 

t11t.1e:iu1'UbbVl-:iu\91'1~bBt.1\91 ?i1'U1u 23.65 g ~11'i''U 46.22 g bb'1~';i1n 30.07g1?i-u1\9l~tl'll:w~ 

'1l'U1\91 500 ml b~:W~1vl1'1 ~m me:i'Vl1'U€1'1'<il'Uvl1:W~'ll bb~1ll\9ltl 1fl.fl1'1l'U~ 1 Vf ?t'Ll'Vl~-:i~He:iruviniJVfe:i-:i 
' 'IJ 

'V'l~e:i:w~-:immtl'UF1~-:im11 btl'Unm 1 ~tl\911~ '<iJ1n,!'Lime:i-:i~1t.1~1-u11'U1-:ibb~1t11mm~:wm?tn\91~1 
1\9lmb "li~1t.1~1v11'1 ~mt.1 beJ'Vl1'U e:i'11 vil.JBnfl~\l '<il'Um~~\l?l1';i?ln\911?tll.J~~ °111?11';i'1~mme:iVJ1'We:i'1-ue:i-:i 
bbl'i '1~?i1'U?I tl\9lt.JeJU1'Um';i~ bV1t.1J\'1 t.Jbfl~€l\l';i~ b Vlt.1'1 \9lfl11:W\il'Ubb 'U'UVl~'U (Rotary reduced pressure 

evaporator) '<iJ~lJi'?11';i?ltl\91Vlt.11'Ub€l'Vl1'U€1'1?i1'W1u (~e:im=i~ 7.321\9lt.1J1vii!n) ?i1'U~11'i''U (~€lt.1'1~ 
3. 921\9lt.1tl1vii!n) bb'1~?i1'U';i1n (~e:it.1'1~ 4. 7 6 1\9lt.1J1vii!n) ~.:i.fl1'W~ 3.2 bnu?11';i?tn\9lvit.11u~-:ivi:w\91 

I I f' t{ t.I 

1 mn \91 HVie:iruviniJ 4 e:i-:i\311 b ~e:i'Vl\91?1€1'1.Jf1VJ51'i'1'Ue:i'U:W'1B?l';i~ vi1tl~mruVJ'Ue:i~ m1:w bb'1~nvi5tJ''U tJ'-:i , \I 01 , 'U 01 

b€l'U 161.!JJ acetylcholinesterase bb'1~ butyrylcholinesterase 



' 

' 

?111?1n1?1'VlCJ1'1.J t.e:iVJ 1'W 8(,1 

'11'Wlu 

iJ?rf W::6'1WW'VJ7'LJfJ6'1~JfJJJ ( 40:60) 

Ir 
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CV~tl CVO 

- ?lfl(9lt.t.n..J(911CJmVJ1'1~mme:iVJ1'We:i'1 

- me:i~ 

r 

r 

?111?1 tl\?1'Vl CJ1'1.Jt. eJV11'W8'1 

'11'W11fl 

tl1CJe:iu1mt.Vf'l'l.J(91(,1~t.BCJ(91 '11'W1'1.J 25.60 g ~1~'W 30.73 g t.t.'1~11n 30.05 g 1?i'LJ1(9l~'IJ'lf~~ ., 
'll'W11?1 500 ml t.~~1'11v11'1~mme:iVJ1'We:i'1l'ie:itl1"il'Wvt1~~'lf v11m~15m1?1n1?1~1CJ1'11v\'1(,11me:iVJ1 

'We:i'1 "il~1~?111?1n1?1'VlCJ1'1.Jt.e:iVJ1'We:i'1l'iBtl1 '11'W1'1.J (~e:iCJ'1~ 10.6311?1CJtl1wun) '11'W~1~'W (~e:iCJ'1~ 
3.2511?1CJtl1mTn) t.t.(,1~'11'W11n (~e:iCJ(,1~ 7.6911?1CJtl1'Vli!n) ~-:in1~~ 3.3 t.n'U?111?1n1?1'V!CJ1'U~'l'Vl~(91 
1 'W'LJ11?1 H~mu'V!.ni'J 4 e:i'lm t. ~e:iV11?1?1e:i'l.JnVJB~1'WB'W~i,1B?11~ 'Vl1'1J~mruYJ'We:i~m1~ t.t.(,'l~nVJBEJ''U~'l 't 'ti DI 't 'ti DI 

t.eJ'W 161!~ acetylcholi nesterase t.t.'1~butyrylcholinesterase 

'11'Wlu ~1~'W t.t.(,1~11nC.Jmt.Vf'l'U1?1e:ici1'l'VlCJ1'1.J 

- ?1n1?1t.~'W~1CJ1'11v11'1~mmBVJ1'WBi,1\9ie:iJ1 (40:60) 

- me:i'l 

., ., ., 
40%t.8Vl1'W8'11'18tl1 40%t.eJV11'W8£,11'18tl1 40%t.eJV11'W8£,11'i8tl1 

'11'W1'1.J '11'W~1~'W ~1'W11fl 

.n1~~ 3.3 m1?1n(91CJe:iu1'W'11'W1'U ~1~'W t.t.'1~11n~1mBVJ1'WB'1l'iBtl111?1CJ15m1?1n(9lt.~'W 
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., 
~7rf 7fl:;f17CJU7 

'111t.JelDl'Ubbvt-:J'U1?1~~bBt.J1?1 6'11'U1'U 25.65 g ~lrfi''U 30.94 g bb~~'.i1n 30.03o16'1'1l1mtJ'1l1.1~ 
:;, " " " '1l'U11?1 500 ml b~1.11'11v\'1~~~1ti'l1T'il'Uvl11.1~'1J v\'1m1.115m'.i?fn1?1~1t.Jl'i'1v\'1~1me.J'vn'Uel~ "il~1~ 

?fl'.i?ftllilV1t.J1ml1 6'11'U1'U (~elt.J~~ 10.9211ilml1V1'l!n) 6'11'U~1rfi''U (~elt.J~~ 3.78 faml1V1'l!n) bb~~ 
6'11'U'.i1n (~eltJ~~ 6.2611?1titl1V1'l!n) ~.:Jfll'V'I~ 3.4 bfl'U?fl'.i?ftl1?1Vlt.Jl'U~-:JV11.11?11'U'1l11?111~elruV1ilil 

' " 
4 el,:) Pl 1 b ~el 'V1 l?l ?f el 'lJ t] 'V1tl'i'1 'U el~ :Id~ B ?f '.i ~ VI 1tJ~1J 1 ru YJ 'U el~ n '.id 1J bb ~ ~ t] 'V1 t tJ 'lJ e-:i b el 'U 16ll tl 
acetylcholinesterase bb~~ butyrylcholinesterase 

" CU~i.I VO 0 

- ?fnl?lbtJ'U\?l'Jt.J\Wl'Vl1~~mt.J'U1 

- mel-:i 

' 1r 

I ?f1'.i~~~1t.JtJel6'i1'U1'U I ?f1'.i~~~1t.JtJel6'i1'U~1rfl'U I 

- '.i~bV1tit>i'1v11~~mt.J - '.i~bV1t.Jt>i'1v\'1~~mti 
•• ' 

" " ?f1'.i?ftl\?1VltJ1'U'l11 " ?f1'.i?ftl\?1Vlt.J1'U'l11 ?f1'.i?ftl\?1Vlt.J1'U'l11 

6'11'U1'U 6'11'U~ll'i''U 6'11m1n 

3.3 nT~'VllilG'leiun'Vl~~1ueiu11f!iJ6'1d~"llei.:i6'11d6'1nliltJeJu1u i;l1u1 u ~1~'U d1n ~1tJ~1v\'1 "I ''U 

fl~fl1tJbfl'V11'Uflfl bfl'Vl1'Uflfl~fltl1 bbfl~tl1 b~.:Jf>HUfl1'V'l1bRd1~~b-dei.:i~'UbliltJ15 TLC (Thin layer 
' 

chromatography) v\'1md'Vllil6'lfl'U~11115"lleJ.:J Ash, Priest and Collins (1994) 
b lJL.J f11'Jt1l'Jd '1 ?f eJlJ r1twfl 1~1 bfl'Jl~~ b \1 tl~~tl b ~ B~11?f 1'J?f fl ~vr t.J1tJ tJ eJiJ1u ~-!lVflJ '91Vi?f fl ~<Jf 1 tJ 

' " 
1'11v\'1~~mmel'Vl1'Wel~ bel'Vl1't.rn~~eltl1 bb~~J1 n'Vlirfi'1'Uel'W1.l~B?f'.i~Vl~el 1~ iK-:i bn~ 1~"il1nmwJeln 

·1 ' " " "il1n~'1lel-:J?f1'.i~~~1t.J DPPH ~-:i~15n1'.i'Vll?l~el-:J~,:j~ 

1. b~~tJl.16'11'.i~~mt.J 0.2% DPPH 1'Ub1J'V11't.!e.J~ 

2. b~~t.J1J?f1'.i~~mt.Jmm~1'W (ascorbic acid) 1vt~fl11mo1J1.1.1J'U 1 mg/ml 1'Wb1.l'Vl1'Uel~ 
3. '111?11'.i?f tllilVlt.Jl'Ubel'Vll'Uel~ ?11'.i?f tl\?1Vlt.J1'Ubel'Vl1'Uel~~ eltll bb~~?f1'.i?f tl\?1Vlt.J1'Utl1 6'11'U 1 'U 

~lrfl'U bb~~'.iln ~~mti~1t.Jb1.l'V11'Uel~ 1vt~fl111.lboLJ1.loLJ'U 10 mg/ml h.ib1.l'V11'Uel~ 
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4. ~~?!1dlii'1e:i81-:ibb6'l~?l1d:w1\>ld~1'U'U'Ubb~'U TLC \!1n,!m11 TLC chromatogram ~1~ 
U1C.J~1C.J?l1d'1~mC.J DPPH tl1?11d?ln~iJqvi~l'i'1'Ue:i~~'1B?IJ~\l~th1nnmdvle:in\!1fl~"1le:J\l DPPH vh 
1 ~~~.h:i"tJeJ\l?l1d6l~mC.J DPPH Vl1C.J1 UbU'U\l~~bVl~eJ\lbn~~'W 

' 
& 

3.4 fl1)Vl~~eJU']'VIG~1'UeJ'U:W6'1B~1::"1JeJ{i~11~n~CJeJU1'U a'J'Ub u ~1~'U 11fl ~'JCJ~1vi1 . " 
6'1~6'11CJLBVl1'UB6'1 LB'Vl1'UeJ6'11Piml1 bb6'l::J1 b:U.:itl~:w1ru1bi'l11::~1~CJ15 DPPH radical 
scavenging assay vi1m-a'Vl~~eJU\911:W15"tJeJ.:i Yen bb6'1:: Hsieh (1997) 

fl1dVl~?le:i'Uqvi~1'11trn~~'1B?ld~~1C.J15 DPPH radical scavenging 1~C.J1.ff BHT bb'1~ 
1miJ'U611 (ascorbic acid) bU'U?11Jll1\91J~1'U lJVl~flfl1JAeJ ?11d6'1~'11C.J DPPH bU'U?11d6'l~mC.J~~1\I .... 
iJP111:w?11mdfl~~n~'Ubb?l\l?l\l?l\9l~fl11:wC.J11f1~'U 511 'U11 m:w\>ld \l~v11uf1n~mn'U?11dl'i'1'Ue:i'U:w6'l v ~ , ~ ,~ 

B?ld~ (antioxidant) v111~e:i'U:W'1B?I)~ DPPH '1fl~~1~nfl1mll'U DPPH-H bfl~fl1)bU~C.J'UbbUfl\I~ 
''U 'U 

"1le:J\1?11)6'l~mC.J DPPH \!1n~~1\lnmm U'U?11)'1~mC.J~b Vl~eJ\IBe:J'U bb'1~ri1n1d~~fl~'Ubb?l\l~m1:w 
'U 

CJ11fl~'U 517 'U1 fob:J.J\>l)lJrl16'l\916'l\I 
.:!v ~ Cit. .c:.. e:1 

3.4.1. fl11'Vl~~rnun'Vl5m'UB'U:W6'lm'11::"1JB.:i~116'1::6'11CJ:W1\911~1'U BHT bb6'l::'J\911:W'U6lf 01 'i 'U dJI 

1. b1>1~C.J:W?l1)'1~mC.Jm\>ld~1'W 1~iJf111:wb-U':w-U''U 10 m1m-U:w-U''U 1~ 2.00, 1.00, 0.500, ... 
0.250, 0.125, 0.0625, 0.0313, 0.0156, 0.00780 bb6'l~ 0.00390 mg/ml m:w~1~'U 1'Wb:WVl1'UeJ6'l 

2. UbU\91?11)fl~mC.Jm\>ld~1'W b\>l~C.J:w~m1m'1J:w.LJ''Ul?i1\11 tJ~m\91) 50 µL '1-:i1mie:i\l"tJeJ\I 
microplate m1:wb-U':w-U''Uf!~ 3 'lie:i-:i 

3. b~:W?l1d6'l~mC.J DPPH 0.3mM1m:WVJ1'Ue:J6'l (-B'-:i?11d 2,2-diphenyl-1-picrylhydrazyl 

radical (DPPH) Ud~mru 5.9 mg '1~'11C.J1'Ub:WVl1'UeJ'1 50 ml) 'l.1~111\91) 200 µL '1\11tJ b"1J~11~b-U'1 
tl'U 

4. ~-:i~-:i11l'W~ij\9le:iruV1iliJ~e:i\lbU'Ub1m 60 'WTVi 
' 'U 

5. t111tJ1viri1m)\91\9ln~'Ubb?l\I (Absorbance) ~fl11:WC.J11fl~'U 517 'U1fob:W\91J ~1mfl~e:J\l 
'U 

UV-Vis spectrophotometer vl1fl1)Vl\9lfleJ\l~\lVl:W\91 3 ~1 bb~1Vl1A1bU~C.J 1\91C.J1.ffb:WVl1'UeJ6'lbU'U 
?11)6'J~mmb'U\ltl (blank solution) 

6. A1'U1tl.JVl1A1{e:JC.J6'l~fl1)~'U~\leJ'U:W6'l (% radical scavenoino) \!1fl?l\91JA1'U1tl.J~\ld 
,~ ~ ~ ~ 

% radical scavenging = (1-(AsamplelA:ontrol)*lOO 

bde:i Asample = A1fl1)~~fl~'Ubb?l\l~l\911~"1le:J\l?l1)Vl~?le:J'U~e..J?l:Wn'U DPPH 

A:ontrol = rl1fl1)\91\9ln~'Ubb?l\l~l\911~"1JeJ\llii'1vl16'1~6'11CJ~e..J?l:Wtl'U DPPH 
'U 

7. v\'1 m d ?1{1\1 n d1vlm \91 )~1'W bb?I \91\1m1:w ~:w-W''Wfid~Vl11-:im1:w b-U':w-U''U "tJ e:i -:i ?11dm \91 )~1'W n'U ... .... 
v ' v 

% radical scavenging 'W{e:i:w'1\IA1'W1ruV11ri1 IC50 (m1m.U:w-U''U"tJeJ\1?11)\ii'1e:i81\IVi?11m)fl~'U~\I 
e:J'W:W'1B?ld~ DPPH 1~ 50%) 

'" 
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; 

3.4.2 n1'.i'Vl\116iel'lHl'Vl5~1'We:i'W11~Bli'l'.i:::"l.le:i.:ili'ITili'ln\1lt1e:iu1'W"il1ITTt1'W1 u %11~'W bb~::: '.i1n 
•'II ., ., 

!f OJ 0 I 0 0 

\111t1~1'Vl1~:::~1tlbel'V11'Wel~ beJ'Vl1'WeJ~~eJ'W1 bb~:::'U1 
' v ; 0 IV d .::::r, ~ ii' Id .c:::,..i,.I .c:::i., .:::Iii 

1. 'U16'11'.i?lnWv1 l.l.6'1\11'1~'1 n1'.iVl~?IB'U l. 'IJ'lflillJl1'W l. 'UB'l~'U1111t)Vl6Ml'UB'4:i.J'1B?l'.i~ b~'.iCJ11 

blJ'U?l1'.i'1~'11CJ~ilrn111l.-LJ'11-LJ''U~1-:i1lil-:id 20.0, 10.0, 5.00, 2.50, 1.25 bl.'1~ 0.625 mg/ml b'UbeJ 

Vl1'U8'1 

2. llbtl~?11'.i'1~mCJl?i'1e:i~1-:il.b~'1~fl11m.LJ11-LJ''U tl~m~'.i 50 µl '1'1b'U"1i8-:i'1J8'1 microplate 

fl1111l.oLJ11oLJ'U'1~ 3 -de:i-:i '11nt!'WbM116'11'.i'1~mCJ DPPH 200 µl i;i-:i1tl'W~B11~'1b'1J~1bVlboLJ1tl'U 
3. ~-:i~-:i11'l'W~i'J~BruV!JlDVl8'1blJ'Ub1'11 60 'WTVi 

' " 
4. tl11u1~rhm'.i~~n~'Ubb?l'I (Absorbance) ~fl1111CJ11fl~'U 517 'U11'Ub111?1'.i ~1mfl~B'I 

" 
UV-Vis spectrophotometer vhm'.iVl~'18'1~'1Vl11~ 3 ~1 bb'11Vl1A1bQ~CJ 1~CJ1.ffb11Vl1'U8mlJ'U 
?11'.i'1~mmbtMn (blank solution) 

5. rl1'U1illVl1A1~BCJ'1~n1'.icJ'U~'l8'U11'1 (% radical scavenoino) '11n?l~'.irl1'LI1rulil-:iiX1.LJe:i 
, 'lJ :::, ~ 'lJ 

3.4.1(6) 

v ' v 
scavenging 'W~B11Vl'lrl1'U1 ruvi1fi1 IC50 (fl1111 b .LJ11-LJ''U'1J8'16'11'.il?i'1 B ~1'1Vi6'11111'.ifl cJ'U cJ'l8'4:i.J'1 B?l'.i~ 
DPPH 1~ 50%) 

3.5 n1'.i'Vl1tl~111ru'611'.ith:::ne:iuw'Ue:i~m111 (Total phenolic compound content) 
n1'.iVl1U~mru~'UB~n'.i111'1JB'l6'11'.i?ltl~bBV11'U8'1 6'11'.i?ltl~bBVl1'UB'1~mJ1 bb'1~6'11'.i?ln~J1 

'1JB'ICJ8U1'U?i1'Ub'U ~1\i)'U bbt;l~'.i1n ~1CJ15 Folin-Ciocalteu colorimetric vhm'.iV1~6'18'Um1115 

'LJB'I Singleton bb'1~ Rossi (1965) 1-ffm~bbn'1~n (gallic acid) blJ'U?l1'.i1111?1'.i~1'U ilvii;rnm'.i~eJ 

6'11 '.iU '.i ~ n B 'lJ ~'LI 8 ~ n~ 'IV! 11~'1~v11tl i) n~ CJ 1 nu Folin-Ciocalteu reagent zj-:itJ '.i ~ n B'U ~1 CJ 

phosphomolybdic-phosphotungstic acid reagents ?11'.ilil-:imh1'1~~n~~16il1~CJ phenolic 

hydroxyl groups '1JB'l?l1'.iU'.i~neJ'U~'UeJ~n~-:ivi11~bfl~blJ'U tungsten bl.'1~ molybdenum blue 
zj'lb Vf~J1b~'Ubbt;l~~~n~'Ubb?l'l~fl1111CJ11fl~'U 7 65 'LI11 'Ub111?1'.i i'J.ff'U1?18'Un1'.i'Vl~?IB'U\il-:1d 

" 
'61~1.:im1'Wf11111boU11oU'U111~'.i~1'W (Calibration curve) "l.leJ.:t'611'.i~:::~1t1n'.i~bbn~~n .. 
1. bl'l~CJ1l?l1'.i'1~mmbni;i~m.LJ11-LJ''U 500 µg/ml (stock solution) tl~1111?1'.i 10 ml 1~CJ1.ff 

bB'Vl1'UeJmlJ'Ul?i'Tv11i;i~mCJ '11nt!'Uvl16'11'.i'1~mm~B'11'1 (dilute a solution) 1Vli'Jm111b-LJ'11i'U 400, 

300, 200, 100, 50 l.l.'1~ 25 µg/ml tl~111\91'.i 2 ml 

2. llbUl'l?l1'.i'1~'11CJn'.i~bbn'1~mb~'1~fl1111l.oLJ11oLJ'UU~1111'1'.i 1 ml b?lb'U'1J1~ vial bM11 Folin-

Cioculteu reagent (10% v/v) U~1111?1'.i 5 ml ~6'111bVlboLJ1tl'U ~-:i~-:i11 6 'U1Vi \l1nt!'UbM1I 

6'11'.i'1~'11CJb61lb~CJ11fl1fom'Ul'l (7.5% w/v) 4 ml ~6'111bVlboLJ1tl'U 

3. ~-:i~-:i 111 'U~i'J~~e:iruvinDVIB-:iblJ'Unm 90 'LI1Vi '11nt!'U1~fi1m'.i~~n~'Ubl.?l'l~fl1111CJ11 
' " " fl~'U 765 'LI11'Ub111'1'.i ~1mfl~8'1 UV-Vis spectrophotometer vl1n1'.i'Vl~'1B'l~11?11e:i~1-:i'1~ 3 ~1 
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4. tl1ri1md~~ n~'Ubb61'l 1 'Wbb~G'l~fl11ilb .Vii-V''W~L~m61~1-:i m1'V'lm1ii~ii~'U5d~Vl11-:iri1 md 
'IJ 

<di Cl.I i.I i.I Q, 

~~rnmbb~'ln'Ufl11iJb6iJiJ6iJ'U6iJeM~1~G'l~G11CJmm~1'Um~bbnG1G'ln 
'IJ ~ 

., ., 
'Vl1'Uel'1 bel'Vl1'Ue:J'1i;le:it11 bb'1~cU1 

1. 111~1d~fl~VlCJ1'U1 'Ubb~G'l:::vlTvl1G'l:::mCJ J.nb(;l~CJii1 Vfilm1i1boViloV'U 10 mg/ml 

2. UbU(;l~1dG'l:::mCJl'l1t1~1-:im 500 µl 1i;11'U6iJ1~ vial b~il Folin- Cioculteu reagent 

(10% v/v) tJ~iJ1(;ld 2.5 ml ~rnii1Vfb-V'1n'U ~-:i~-:i11 6 'U1Vl ·~11n~'Ub~i1~1dG'l:::G11CJ161Jb~CJii 
fl11Um'U(;l (7.5% w/v) 2 ml ~.mii1vtboV1fl'U 

3. ~-:i~-:i L 1l 'U~i'.l~~t1ru'Vlil~Vlt1'lbU'Ub 1m 90 'U1Vl lil1n~'W1~ri1md~~n~'Ubb~-:i~m1iim1 
' 'IJ 'IJ 

fl~'U 765 'U11'Ubiim ~1mfl~B'l UV-Vis spectrophotometer vhmw1~G'lt1-:J411'11t1~1-:iG1::: 3 41 

4. 111ri1m~~~ n~'Ubb~-:i 1 'Wbb~G'l:::fl11ii b .Vii-V''W~L~m61~1-:i mTV~fl11ii~ii~'W5d:::Vl11-:iri1 md 
'IJ 

<di CV ii 2.1 Qi 

~~nG'l'UU61-:Jnufl11ii~ii6iJ'U6iJt1-:J~1dG'l:::G11CJi11(;ldti1'Und~unG1G'ln 
'IJ ~ 

1i11n~'Utl1ri1 m d~~ n~'U bb~ -:i 1 tJ b Vi CJu nu mT1·~m \;ld~1'U m~ bbnG'l~ n (gallic acid) bbG'l::: 

r11'U1 ru'Vl1tJ~mru fl11ii b .ViioV''U6iJ t1-:i~1dud::: n B'U~'UB ~ n~'l'VliJ~6iJB'l611d~ n~Vl mu 1 'WVlU1CJ~1;1 ~ n-rii 

~mjG16iJB'lnd~bbnG'l~n ~mJ1m:Yn611d~fl~bbvt'l 1 g (Gallic acid equivalents, mgGAE/g dried 
extract) 

3.6 fin~1q'Vl~EJ'UB-:i be:J'UL6U~ acetylcholinesterase (Modified Ellman'coloric 
method) 

Pim~1t]VIBfl1dtJ'U ~'l btl'U 161Jtl acetylcholinesterase 6iJB'lmd61fl~CJBU1'U~1 CJ Ellman's 

method bU'UmdPimn1'U 96-well plate t~m~iilil1rn~ii~1dG'l~G11CJ 20 mM tacrine (cnffim'LI 

Ulil~U'U, positive control) Vl~B i.'11d?lfl~CJBU1'U ~fl11ilboViloVil~1'l I (0- 2,500 µg/ml) 25 µl 

~1ilfl'U 0.3 unit acetylcholinesterase 25 µl v11mduiit~mfl~B'l incubator ~~ruV!JJ~ 37°C 

bU'Ub1G11 15 mVi lil1n~'Ub~il 1 mM acetylthiocholine iodide 25 µl bbG'l~ 3 ~M DTNB 125 µl 

v11mduiit~mfl~t1-:i incubator ~Bru'Vlil~ 37°C bU'Ub1m 30 'U1Vl 1i11n~'Utl11u1~ri1md~~n~'U 
' 'IJ 'IJ 

bb?l'l~1mfl~B'l microplate reader Viri1md~~n~'Ubb61'l 412 nm b~t1r11mruri1 %inhibition 
(Ellman et al., 1961) 

~ ., 
3.7 fin~1qV1'5n1-af!uf1-:ibe:i'UL6U~ butyrylcholinesterase (Modified Ellman'coloric 

method) 

bU'UmdP1m~n1'U 96-well plate t~m~iilil1rn~ii~1dG'l~mCJ 20 mM tacrine (CJ1~1m'LI 
Ulil~U'U, positive control) Vl~B i.'11d~fl~CJBU1'U ~fl11m.Vi1-V''U~1-:i I (0-2,000 µg/ml) 25 µl 

~1iinu 0.3 unit butyrylcholinesterase 25 µl v11mduiit~mfl~B'l incubator ~~ruV!JJ~ 37 °C 

bU'Ub1G11 15 'U1Vl lil1n~'Ub~il 2 mM S-butyrylthiocholine iodide 25 µl bbG'l::: 3 mM DTNB 
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125 µl v11n1'~u:w1~mfl~eJ\l incubator ~e:iruV!.fliJ 37°C bU'Wblm 30 'WTVl '11n~'Wl111tJ1~fi1m'j" 
' , cu, ' 

~~n~'Wbb?l\l~1C.Jbfl~eJ\l microplate reader Vifi1n1'j"~~n~'Wbb?l\l 412 nm b~e:ir\'1'W1rufi1 
'U 'U 

%inhibition (Ellman et al., 1961) 



d 
'U'Vl'VI 4 

tJ St n Ta'VI ~ St e:i .:i 

33 

4.1 e .. mm-aan\9le.tBU1'U (Marinda citrijolia) ~1e.t15m-a'Vl~n (Maceration) 

vhm'a?fn~c.1e:iD'1u (Marinda citrifolia) bbVl'l'U~fl~bBCJ~ "il1n-611u1u ~1u~1~u bbfl~~1u 

'a1n ~btl'U"illn e:ilv1'a-:i1~ ~-:i'Vll'~n1bb'VNb'V'l61J'aJi'1me:i'Vl1ue:if! beJ'Vl1UeJfibbfl~J11u5191'a1~1u 40:60 

bbfi~J11~c.115m'avtirn (Maceration) "il~LJi'?f1'a?ffl~VICJ1'U (Crude extracts) 'lJeJ'lCJeJD1U"il1n'Vln 
' ~1uJi'1c.11'1Tv11fl~mc.1M1-:i 1 ~-:ivt11~ 9 'IJ'W~ 1~c.1iii;lrn~ru~'Vl1-:imc.1.m'V'lbbfl~~e:ic.1fl~?f1'a?fn~vtc.11uMe:i 

tl1vt11n-~61Jbb Vf-:i~-:i\911-a-1.:i~ 4.1 m-a-1.:i~ 4.2 bbr;=t::fl1'V'l~ 4.1 "il1rn1u?f1'a?fn~vtc.11u~-:ivt11~'1ffu11 tJ 
'IJ 

'Vl~?f e:iu f1'VJ B~ 1u e:iu11 fl B ?f 'a~ 1~ c.1v11 m 'am 'a'Vl~ ?f e:iu n'VlB~1u e:iu11 fl B?f 'a~ b ~-:i fl run1'V'l b i1 e:i-:i~u Ji'1 c.115 "I q 'U 0 1 q cu , 

TLC bbfl~'Vl~?feJ'lJf1'VlB~1ue:iu11f1B?f'a~1m~-:itJ~mru1~c.115 DPPH radical scavenging assay v11 
o I ' 'IJ 

m'avt1tJ~mru?f 1'atJ'a~ne:iu~ue:i~ n~-:ivt11vi b ~e:ivt1u'a~~'Vl6n1'V'l 1 um'a~1ue:iu11flB?f 'a~'lJeJ-:J?f1'a?f nvi 
•'IJ 

~~~~ brn~~rn~111'VlBc'Ju e-:i be:iu L61lii acetylcholinesterase bbfl~butyrylcholinesterase 

,, 
?f1'a?frlV1beJ'Vl1UeJmbfl~i11 

B\91";i1~'JU (40:60) 

,, 
'lJeJ-:J b Vlri'JVl-Llvi~i.111911fl b .if11 

,, 
'lJ eJ-:J b VI m vt'Ll VJ~ U 1\911flb.if11 
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" " 0 ., "' "' 0 ., ., ., 0 'lJ1'Vl'lJO'lJeM'W"Ubb Wl 'lJ 1 'VI 'lJ n "lJ el.:! lit T'H'!n ~ "' "" ~1'V11f;l~6'11tl 
(n-1:iJ) (n-1:iJ) 

':ieltlf;l~"lJeJ,:jt.Jf;lt,Jr;t~ 

~1-U&t1-:i&tn~ 
1u 

0 ,, 

1u 
0 ,, 

1u 
0 ,, ml'l'U 'jln ml'l'U 'jlf) ml'l'U 'jlf) 

?f 1-:i?f n~ be:ivi1'U e:i(;'l 23.65 46.22 30.07 1.73 1.81 1.43 7.32 3.92 4.76 

?fl'j?f tl~ beJVll'UeJ(;'l ,, 25.60 30.73 30.05 2.72 1.00 2.31 10.63 3.25 7.69 bb(;'l~t11 (40:60) 

,, 
?f1'j?fn~111 25.65 30.94 30.03 2.80 1.17 1.88 10.92 3.78 6.26 

. ' 
.fl1'WVi 4.1 ~ m~ru~vi1,rn1c.JflTV'l''1m..:i?f1'j?f n~V1c.nu"il1nc.Je:iu1'UVi?1n~~1 CJ~1v11(;'1~mc.Jl'i1..:i 1 

< 

4.2 t:-Jr;tn1':i'V1~6te:iuq'Vl5~1'lJe:i'4~r;i€ia':i~ 2,2-diphenyl-1-picryhydrazyl radical (DPPH) 
" boU.:!flW.fl1'W1bfl':i1~~bUeJ.:!~'lJ;J1v15 TLC • 

"ill f1f11'jvl1 TLC zj.,:i b ll'Uf11'j'VJ~?f B'UA11:lJ?f1lJ1'jt11 'U f11'j~1'UeJ'U:lJ(;'lB?f"J~'lle:J..:J?f1'j?f tl~V!CJ1'U 
''U 

b-Ge:i..:i~'U bdmViCJ'Utl'U?f1"JmmJ11'Ll~1i ABll'l1il'U68 'V'l'Ull TLC chromatogram 'lJB..:J?fl'j?ftl~ 
V!CJ1'UCJe:JU1'U ~1'U1 'U ~1'U~1~'U bb(;'1~~1'U"J1f11 'UbBVll'UeJ(;'l bBVll'UBmb(;'l~J1 bb(;'l~J1 bde:im 'lhtlvi'1CJ 

?fl'j(;'l~mc.J DPPH bn~m"Jvle:in"i!1..:i~:iJ1..:iu'Ubb~'U TLC nmm ll'U~bVl~B..:i bdm Vic.Junu?11"Jmm\i1'U ... < • 

bb?f~..:i11?11"J?ftl~VlCJl'U~..:inr:i11 i1~vi6~1'UB~&;j(;'1B?f'j~ DPPH ~.:i.n1'WVi 4.2 -4.4 
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fl1'W~ 4.2 TLC chromatogram 'UeN6'11':i?fnVIV!tJ1'UbeJ'V11'UeJ'1 6'fb\.h6vl'1tJ6'11':i'1~mtJ OPPH 

fl1'WVi 4.4 TLC chromatogram 'UeJ-:J6'11':i6'fnVIV1tJ1'Utl1 mtl':i6vl1tJ6'11':i'1~mtJ OPPH 

' 4.3 n1'a'Vl\91&1BUq'V1'5~1'WB'4\J6'1B&i'a:::b~~tl~:i.J1ru1bfl'a1:::~1\91V15 DPPH radical scavenging 
assay 

.:!v .c:::i.. v .c:::i...:::I • • .:::....::ii 

f11':i'V1Vl6'feJ'U~'V151?11'UeJ'4~'1eJ?f':i~Vl1tJT5 OPPH radical scavenging 1'11:!..115'UeJ-:J Yen bb'1~ 

Hsieh (1997) bV!tJ 1 <ff BHT bb'1~ ll'l1iJ'U~ (ascorbic acid) b U'U6'11':ii!11'l':i~1'LI '1~v11u5n~tJ1tl'U6'11':i 

~1'LieJ'Lil.1'1B?f':i~ (antioxidant) v111Vft1'Ul.1'1B?f':i~ DPPH t1f1~~1~nmmlJ'U DPPH-H bfiV'lf11':i 
'I 'U 'I cu 'U 

b tl~ tJ'Ubb U'1-:J~'UeJ-:J6'11':i'1~mtJ DPPH '11 n~ih-:inm m U'U6'11':i'1~mtJ~ b vi~e:i-:i~e:i'LI bb'1~A1f11':iVIV!fl~'LI 
" bb?f-:i~rn11.1 tJ11 fl~'LI 517 'LI 1 fo bl.I l'l':ii'.1 ri1'1 V1'1-:i 1~e..i~ m':i'VlVl~e:i-:i b lJ'U ri1~e:i tJ '1 ~ m':i~1'Ue:i'U1.1'1 B?f ':i~ 

'" 
(%radical scavenging) ~-:i~1-a1-:i~ 4.3 bb'1~fl1'W~ 4.5-4.6 
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!Pl1';i1.:I~ 4.3 faCJ~~f11'HJ'U~-:!eJ'4~~BG'f1~ (%radical scavenging) "IJeJ-:JG'f11ill\911]1'U11Pl1i°J'U611 

fl'U BHT 

., ., 
6l1';i fl'J1~.lt°ll""ll'U 

"1!Pl';i~1'U (mg/ml) 

BHT 

100 

90 

80 

~ 70 
·or. 
c 
QJ 
> m u 
Vl 

60 

50 

40 

30 

20 

10 

0 

0.250 

0.125 

0.062 

0.031 

0.016 

0.008 
0.004 

0.250 

0.125 

0.062 

0.031 

0.016 

0.008 
0.004 

o/o radical scavenging 
radical 

scavengin 

87.56 

71.84 

47.34 

24.96 

9.86 

2.21 

95.58 

95.62 

92.31 

50.27 

22.25 

11.71 
3.31 

., ., 
f11'-:iVi 2 f11'-:iVi 3 

87.27 87.82 87.5 

72.21 

47.71 

25.41 

10.39 

1.98 

71.71 

47.07 

25.27 

10.33 

1.48 

95.53 

95.44 

93.97 

49.69 

22.74 

11.17 

3.35 

73.10 

48.72 

26.00 

10.96 

2.26 

95.53 

95.31 

93.92 

49.69 

22.83 

11.48 
3.35 

95.55 

95.46 

93.40 

49.88 

22.61 

11.45 

3.34 

y = 28.768 ln(x) + 128.98 

R2 = 0.9902 

IC50 = 0.064 mg/ml 

. 
' "' 6l'J'Ub 'UE.1.:1 b 'U'U 

"1!Pl';i;i1'U 
d3 

±0.28 

±0.77 

±0.89 

±0.54 

±0.55 

±0.44 

±0.03 

±0.16 

±0.94 

±0.34 

±0.31 

±0.27 
±0.27 

0.00 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 

Concentration of BHT (mg/ml) 



120 

100 

Oil c 80 '5i1 
c 
Q) 
> ro u 60 V\ 

ro u 
-0 
ro 40 '-

~ 0 

20 

0 

0.00 0.02 0.04 0.06 

y = 31.504ln(x) + 159.69 

R2 = 0.9906 

IC50 = 0.031 mg/ml 

0.08 0.10 

Concentration of ascorbic acid (mg/ml) 

• 

0.12 

Jl1'V'l~ 4.6 m1'VJbb?l~\lfn1:JJ61':JJ~'U5'j~Vll1\l % radical scavenging nuri11m.U:JJ.LJ''U'IJeN 

ascorbic acid 

"il1fl?l:JJfl1'j y = 28.768 ln(x) + 128.98 

bbVl'WA1 Y bvlltl'U 50 "il~1~ 50 = 28.768 ln(x) + 128.98 

"il~1~ x = 0.064 

" b'W'j1~u~i1'Wri1 IC50 'IJeN?ll'j:JJl\?J'j~l'W BHT iJri1bvi1nu 0.064 mg/ml 

37 

0.14 

Vl'1-:i"il1ni!'Wv11fl1'j"Vl~?le:iutJ~mrufl1'j~l'We:J'W:JJ~B?l'j~ DPPH 'lle:J\l?ll'j?J n~Vlcnu?i1'U 1 u ~1 ,.., 
~'W bb~~'jlfl ~1tJl'11v11~~mme:iV11'Ue:i~ 40%be:JV11'We:i~l?imh bb~~J11~~e:itJ~~fl1'jcJ'u8-:ie:i'W:JJ~B?J'j~ ,.., . . 
~.:i~1-a1.:iVi 4.4-4.6 bb~~Jl1'V'lVi 4.6-4.15 
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1>11~1.:i~ 4.4 {eiCJ'1~f11'HJ'UB~ei1i~'1B?f~~ (% radical scavenging) 'V€J~?11~?1nmei'Vl1'Uei'1'11f1 
611'U 1 'U ~1~'U bb'1~~1f) 

h.J 

., ., 
fl11:Ub'V:U'V'U 

(mg/ml) 

20 

10 

5 

2.5 

1.25 

0.625 

20 

10 

5 

2.5 

1.25 
0.625 

20 

10 

5 

2.5 

1.25 
0.625 

% radical scavenging % radical 

::. d scavenging 
fl~{j'VJ d 

1 2 3 

74.47 72.43 76.54 

59.98 

50.65 

27.91 

16.74 

5.72 

64.36 

56.53 

47.88 

39.67 

31.01 
7.03 

74.99 

60.79 

44.29 

61.18 

46.83 

26.95 

13.51 

6.89 

64.25 

56.98 

49.16 

61.21 

46.66 

27.88 

16.04 

9.19 

63.08 

56.70 

49.89 

41.72 40.27 

32.71 32.02 
6.02 8.75 

75.73 74.80 

61.30 60.44 

44.55 44.55 

31.66 31.60 31.56 

17.02 
9.20 

17.60 16.88 
8.99 9.72 

bu~tl 

74.48 

60.79 

48.05 

27.58 

15.43 

7.27 

63.89 

56.74 

48.98 

40.55 

31.91 
7.26 

75.17 

60.85 

44.46 

31.60 

17.17 
9.30 

' "' ~1'Ub'Utl{!b'lJ'U 

:U1~~fj1'U .. 
±2.06 

±0.70 

±2.26 

±0.55 

±1.70 

±1.77 

±0.71 

±0.23 

±1.02 

±1.06 

±0.85 
±1.38 

±0.49 

±0.43 

±0.15 

±0.05 

±0.38 
±0.38 



90 

80 

70 
CTI c 60 '6' 
c 
(]) 
> 50 0 u 
VJ 

0 40 
u 
'6 
0 30 '-

'#. 
20 

10 

0 

0.00 4.00 8.00 12.00 

y = 20.197ln(x) + 13.325 

R2 = 0.9892 

IC50 = 6.15 mg/ml 

16.00 20.00 

39 

24.00 

Concentration of crude ethanol extract of M.citrifolia leaves (mg/ml) 

.flTV-1~ 4. 7 m1~bb?f~\lfl1111~1l'l'~'t.i5~~Vl11-:i % radical scavenging rl'Ufl111Jb .U11-U''U'VeJ\l?f1~?fn~ 
·'inn 1 LJ tJe:itJ1'U~1me:i'Vl1'Ue:i~ 

y = 20.197ln(x) + 13.325 

bb'Vl'Wrl1 y bvl1rl'U 50 lil~1~ 50 = 20.197ln(x) + 13.325 

x = 6.15 



70 

60 

0/1 50 
c 

'Oil 
c 
GJ 40 > ro u 
Vl 

ro 30 
.!:::! 
-0 ro >-
;§ 20 

10 

0 

0.00 4.00 8.00 12.00 

y = 11.633ln(x) + 29.645 

R2 = 0.9981 

IC50 = 6.20 mg/ml 

16.00 20.00 

40 

24.00 

Concentration of crude ethanol extract of M.citrijolio stems (mg/ml) 

fl1'W~ 4.8 m1'V'lbb?f~\lfl11:W~:W~'U51~vi11-:i % radical scavenging tl'Ufl11:1Jbif:wiJ'U'UeJ\l?f116'ftl~ 

80 

70 

60 
0/1 c 

'Oil 50 c 
GJ > 40 ro u 
Vl 
~ 

30 ro u 
'6 ro 20 >-

;§ 
10 

0 

0.00 4.00 8.00 12.00 

• 

y = 19.5081n(x) + 15.123 

R2 = 0.9919 

IC 50 = 5.98 mg/ml 

16.00 20.00 24.00 

Concentration of crude ethanol extract of M.citrijolio root (mg/ml) 

fl1'W~ 4.9 m1'V'lbb?f~\lfl11:W~:W~'U51~vi11-:i % radical scavenging tl'Ufl11:1Jbif:wif'U'UeN?f116'ftl~ 
·'in m1 n CJ e:iu1'U v'l1 CJ b e:i'\ll1'Ue:i~ 
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~1'a1..:l~ 4.5 ~'€J(J"1~fl11fJ'lJ~\leJ~~"1~?f1~ (%radical scavenging) 'l.1'€J\l?f11?ffWlbeJVl1'WeJmb"1~J1 
(40:60) lil1tl"'11'W1'U ~1\;]'W bb"1~11tl 

6l1'a6ltl~ 

40% beJVl1'WeJ~ 
" ~eitl1 

1'U 

11!1 

., ., 
b"l.l~"l.l'W 

(mg/ml) 

20 

10 

5 
2.5 

1.25 

0.625 

20 

10 

5 

2.5 

1.25 

0.625 

20 

10 

5 

2.5 
1.25 

0.625 

% radical scavenging % radical 
i-----.,~-.,,-=-. ---..-~ -.. ,------.~.,.--,.d----i scavengi n 

\Ol'a..:!Vl \Ol'a..:!Vl rl'a..:!Vl 

1 2 3 
66.09 66.43 67.18 

57.03 55.91 

43.89 44.11 
31.72 

13.61 

1.57 
73.43 

55.61 

31.58 

13.82 

2.05 
74.13 

55.13 

58.37 

43.89 

30.97 

14.33 

1.14 

74.10 

55.51 
35.87 34.77 34.64 

26.00 15.56 15.59 

1.98 1.21 1.37 

66.10 67.38 66.92 

50.42 47.86 49.60 

29.47 30.06 30.29 
12.46 15.42 13.48 

3.52 3.24 4.18 

66.57 

57.10 

43.96 
31.42 

13.92 

1.58 

73.89 

55.42 

35.09 
19.05 

1.52 

66.80 

49.29 

29.94 
13.79 

3.64 

. d 
6l1'Wb 'U£J..:l b 'U'W 

~1~'a~1'W .. 
±0.56 

±1.23 

±0.12 

±0.40 

±0.37 

±0.45 

±0.39 

±0.25 
±0.67 
±6.02 

±0.41 

±0.65 

±1.30 

±0.42 
±1.51 
±0.49 



80 

70 

60 

Oil 50 
c 
'Oil 
c 40 
QJ 
> ru 

30 u 
Vl 
~ 

ru 20 .~ 
u 
ru 
>-. 10 ;:,'< 

0 

0.00 4.00 8.00 12.00 

y = 19.249ln(x) + 11.451 

R2 = 0.9936 

IC50 = 7.41 mg/ml 

16.00 20.00 

Concentration of crude 40% ethanol and H20 extract of 

M.citrifolia leaves (mg/ml) 

42 

24.00 

il1'V>l~ 4.10 m1~bb'1~-:im1:JJG1:JJ~tJ5~~Vll1'l % radical scavenging n'Urn1moif:JJ.iftJ'1JeM'11~'1n~ 
·'inn 1 'Ut1e:iu1tJl?i'1t1 40%bffVl1tJili'l~mh 

80 

70 

on 60 c ·on 
c 50 QJ 
> ru 

40 u 
Vl 

ru 30 u 
i5 ru >-. 20 
;:,'< 

10 

0 

0.00 4.00 8.00 12.00 

y = 26.1271n(x) - 5.0564 

R2 = 0.9986 

IC50 = 8.22 mg/ml 

16.00 20.00 

Concentration of crude 40% ethanol and H20 extract of 

M.citrifolia stems (mg/ml) 

24.00 

il1'V-1Vi 4.11 m1~bb'1~-:im1:JJG1:JJ~tJB~~Vll1'l % radical scavenging fl'Uf111:J.JboLJ:J.JoLJtJ'1JeJ'l'11~ 

'1n~'11~tJt1e:iu1tJl?i'1me:ivi1tJm1~mJ1 (40:60) 



80 

70 

60 
OJ) 
c ·o:;, 50 c 
<lJ > ro 40 u 
Vl 

ro u 30 u 
ro ...... 
~ 20 

10 

0 

0.00 5.00 10.00 15.00 

I 

y = 23.3461n(x) - 4.8807 

R2 = 0.989 

IC50 = 10.49 mg/ml 

20.00 

Concentration of crude 40%ethanol and H20 of M.citrifolia root 
(mg/ml) 

43 

25.00 

J11'W'Vi 4.12 m1'VJbb?f!?l\lfn1:wifarv~''Wtl';i~Vl11\I % radical scavenging num1:1JboLJ:1JoLJ'W'/Je.J\l?f1';i 
., 

?1tl!?i';i1n tJ e:iu1'Ul?l1 me:iV11'Ue:i~tiie:itl1 ( 40:60) 

1111';i1.:!Vi 4.6 {e:itJ~~fl1';icJ'UB\le:i1il.;J~B?f';i~ (% radical scavenging) '/Je.J\l?f1';i?ftl!?itl1 ?i1'W1'U ~11'i''W 
bb~~';i1fl 

1u 

., ., 
fl11:1J b "!.l:IJ"!.l'W 

(mg/ml) 

20 

10 

5 

2.5 

1.25 

0.625 

% radical scavenging 

1 
64.08 

50.56 

., ., "' fl';j.:J'VJ 

2 

64.13 

49.95 
63.36 

49.97 

36.56 36.26 37.34 

23.53 24.04 

12.94 12.65 

4.64 5.07 

22.96 

12.89 

5.21 

% radical 
scavenging 

63.86 

50.16 

36.72 

23.51 

12.83 

4.97 

cl1ubuemuu 
:IJ111l';i\i1'W .. 

±0.43 

±0.35 

±0.55 

±0.54 

±0.16 

±0.30 



0 ., 

£;11\?l'LI 

';i1n 

70 

60 

Oil 50 
c ·o;, 
c 
QJ 40 > ro u 
Vl 

ro 30 
u 
'6 
ro ...... 

20 8 

10 

0 

0.00 

20 55.45 55.19 
10 39.46 41.30 
5 28.60 27.31 

2.5 8.77 9.52 
1.25 - -

0.625 - -

20 57.56 57.23 
10 38.03 36.59 
5 26.32 25.60 

2.5 14.01 12.50 
1.25 - -

0.625 - -

4.00 8.00 12.00 

54.36 55.00 
42.39 41.05 
28.47 28.13 

10.09 9.46 
- -

- -

56.72 57.17 

36.96 37.19 

25.83 25.92 

12.29 12.93 
- -

- -

• 

y = 17.297 ln(x) + 10.165 

R2 = 0.9915 

IC50 = 10.00 mg/ml 

16.00 20.00 

±0.57 

±1.48 

±0.72 

±0.66 
-

-

±0.42 

±0.75 

±0.37 

±0.94 
-

-

24.00 

Concentration of crude water extract of M.citrifolia leaves (mg/mU 

fl1'W~ 4.13 m1~bb?f(?l\lfl11:l..l61':l..l~'Litl';i~Vl11-:i % radical scavenging tl'Ufl11:l..lb-U':l..l-U''LI'UB\l?f1';i 

?ltl\?l'<il1n 1 uCJe:iu1'LI~1CJtl1 

44 
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50 

on 
40 c ·on 

c 
OJ > 30 ro u 
l/l 

ro 
20 .~ 

"'O ro ....._ 

~ 10 

0 

-10 

-

I o.oo 
J 

• 

..... _,T_ 

5.00 

y = 19.81n(x) - 5.0214 

R2 = 0.991 

IC50 = 16.09 mg/ml 

10.00 15.00 20.00 

45 

25.00 

Concentration of crude water extract of M.citrifolio stems (mg/ml) 

fl1'W~ 4.14 mTWbb?IV1'lfl11l.161'l.l'l~'t.J5".i~Vl11-:i % radical scavenging num1moiJl.loiJ'W"LJeN 

70 

60 
on c 50 ·on 
c 
OJ > 40 ro u 
l/l 

ro 30 u 
"'O ro 20 ....._ 

~ 
10 

0 

0.00 5.00 10.00 

• 

y = 20.7721n(x) - 7.3271 

R2 = 0.9833 

IC50 = 15. 79 mg/ml 

15.00 20.00 25.00 

Concentration of crude water extract M.citrifolio roots (mg/ml) 

fl1'W~ 4.15 m1~ bb?IV1'lf111l.161'l.l~'W5".i~Vl11-:i % radical scavenging fl'Ufl11l.JboVl.loV'W"LJB'l?l1".i?lflV1 
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•,nn-Um.J'1lil111.:i~ 4.4-4.6 ~u11?11~?1nvitJBU1'U~1n~1'W1u ~1'W'11~'W bb'1:::~1'U~1n~1CJ 
" 

li11v11'1 :::'11 v beJVJ1'WB'1bb?1~.:iriVJi~1'We:imrnB?1~:::1~~~?f vi b~B b Vivu nu?11~?1 n~ bBV11'W e:i'1 \9lmJ1 .. , 'I 'IJ , 

(40:60) bb'1:::?11~?1nviJ1 tvivi1fi1 IC50 bvi1nu 6.15 6.20 bb'1::: 5.98 il'1~n-rii\9le:iil'1~~1'1~ l'l1i1'11t?i'u 

b~mVivunu?11~ml'l~:o1'U 1~bbn BHT bb'1:::1mil'W6S zj\liJri1 IC50 0.064 bb'1::: 0.031 il'1~n-rii\9le:i 
"' 

... 
tJB'U1'W 

6.15 

6.20 

5.98 

,, 
6'1116'1tl~bB'Vl1'W8%Wieit11 

7.41 

8.22 

10.49 

10.00 

15.26 

15.79 

4.4 ~rnn11'V1~6'1B'U'Vl1'1.fh.11ru6'111'\.J1~neiuw'Uei~n11~ (Total phenolic compound 
content) 

fi1m~vivin~'l.Jbb?f\l'lJ8\lnd~bbn'1~n (oallic acid) ~bU'W?f1~ml'l~:01'W boLJiloLJ'W 500, 400, " ~ "' 
Q.I d d 300, 200, 100, 50 bb'1::: 25 µg/ml ~.:ilil111.:i'V1 4.8 bb6't~.f11'V'l'VI 4.16 

lil111.:i~ 4.8 fi1m~~vin~'Ubb?f\l'lJeJ\1?11~:i.nl'l~~1'WmV!bbfl'1~n (gallic acid) ~fl11d.Jt111fl~'W 765 nm 

...... 
fl11~b"!J~"!J'W 

Cµg/mU 
100 
80 
60 
40 

20 
10 

' ' 
rhm1~vini'i'Wbb6'1.:iViri11~m1rii'i'W 765 nm 

1.1405 
0.9123 
0.6922 
0.4650 
0.2407 

0.1168 

1.0953 
0.8868 
0.6781 
0.4591 
0.2468 

0.1209 

1.1179 
0.8996 
0.6852 
0.4621 
0.2438 

0.1189 

' "" 6'11'Wb'UtJ{lb'U'W 

~11'11~1'W (SD) ... 
0.026 
0.015 
0.008 
0.003 
0.004 
0.002 



1.4 

1.2 

QJ 
0.8 u c ru 

..D ...._ 0.6 0 
\/) 

..D 
<( 

0.4 

0.2 

0 

0 20 40 60 

y = 0.01 lx + 0.0174 

R2 = 0.9998 

80 100 
Concentration of gallic acid (µg/ml) 
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.n1'V'lVi 4.16 nd1'VJ fl11:w~:w~'Wr5d:;Vl--J 1-:ir11n1d~ ~n~'W bb?l-:i ntJA11:w b .U:w.1JtJ'lJei-:i?11d:w 1~d~1'W 
~ ~ 

m~bbmi~n (gallic acid) 

·~nnm1'VJml'ld~1'Wnd~bbn~~n :W?i:wmdb~'Wl'ld-:i f1ei y = 0.01 lx + 0.0174 bb~:;:Wf11 R2 = 
0.9998 ?11mdtit11mr\'1'W1ruLJ~mruYl'Wei~n~-:i'Vl:w~'llei-:i?11d?ln~~1'W1tJ i;\'1\0l'W d1n ~?fn~f911tJ 
ti11v\'1~:;mtJ~bbl'lnt>h-:in'W 1f9i'bbn bei'Vl1'Wei~ bei'Vl1'Wei~l'ieitl1 (40:60) bb~:;tl11'WVl'111tJ:D~~n~:w?t:w:w~ 

~ 

'llei-:im~bbn~~nl'ieitl1m1nvhmvfo 1 n~:w (mgGAE/g dried weight) l'i'-:it:mmd'Vl~~ei-:il'l1-a1.:i~ 4.9 
bb~:;.n1'V'lVi 4.17 



~1vl16l~6l1tl 

~t.u~n~ 

be:!Vl1'W e:l'1 

be:!Vl1'We:l'1bb'1~ 

J1 (40:60) 

" L11 

1'u 

fl11:Wb.u':woli'IJ (mg/ml) 

5.3 

5.1 

5.4 

5.3 

5.7 

5.6 

5.3 

5.4 

5.4 

' "' fl1n1~~~n6l'IJbb~-:i 
'II . . 

Vim1:wt111fl~'IJ 765 nm 

0.7722 

0.2920 

0.8079 

0.7478 

0.4249 

0.4553 

0.7995 

0.4780 

0.4380 

0.7566 

0.2913 

0.8109 

0.7523 

0.4146 

0.4619 

0.8012 

0.4805 

0.4433 

48 

0.7283 

0.2961 

0.8084 

0.7441 

0.4217 

0.4584 

0.7966 

0.4826 

0.4366 

~1eitl1-:i m1r\'1'U1ru1.J~mruYJm1~m1:w'Ue:i\1?111?1nm1ntJffU1'W 

rl1'W1f1J''11n?1:wm1'Umm19tlm1?11]1'W (gallic acid) y = 0.01 lx + 0.0174 bbVl'WA1 y v11tJ 

A1 n11\91\91 n~'U bb?l\l'Ue:l\16'1116'1 tl\91 !?11e:i ~1\1 b-d'W n11rl1'W1 ruLJ~mruYl'WB~ n'Ue:l\16'1116'1 n \91 be:!Vl1'We:l'1 
" 

y = 0.01 lx + 0.0174 
d I ~ 

b:WB y = rnm1~\91n'1'Wbb?l\I 

X = fl11:WboU:WoU'W'LJB\16'111:l.J11?1';i~1'W 

bb Vl'Wri1 y -;v~ 1v1 

'1~1~ 

bD~tJ'W µg/ml bU'W mg/ml 

0.8079 = 0.01 lx + 0.0174 

x = 71.86 µg/ml 

x = 0.072 mg/ml 

... 

V1:l.J1tJfl11:wi11'W6'111'1~mtJ 1 il'1~~m iJ?1116'1n\91V1tJ1u 5.4 il'1~nf:w bb?l\91\ll1!?11ei~1\l-d' 
iJLJ~:w1ruYJ'Uei~n11:w 0.072 mgGAE/Crude extract 5.4 mg Vl~B bvl1tl'U 0.072 mgGAE/dry 
plant 0.114 nf:w 

m~f11'1J1rutl~i11ruw'IJei~n~mhv1tl'nvhm~-:i 
-ti'\11?11ei~1\!Vl'11bb~\1~1'U11n 30.07 nf:w 1~?111?1n\91V1tJ1'UbBVl1'WB'1 1.43 nf:w ~\91bU'W 

" ~BtJ'1~ 4. 7 6 : . V1:l.J1tJfl11:w11 ?111?1n~V1tJ1'UbBVl1'WB'1 4. 7 6 nf:w ~eiL11V1'11nVl'llm~\I 100 nf:w 

'116'111VltJ1'UbeJVl1'WB'1 0.0054 nf:w~eitl1V1'11nVl'IJbbVl\I (lOOX0.0054)/4.76 = 0.114 nf:w 
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,, 
r!1'U1rub-V'im.Jnutl1V1tl'nrl"1Jbb~.!l 1 n-111 ,, 

t!1Vtl!n~6UuVf~ 0.114 fl~lJ iJLJ~:w1ruYJiJeJ~fl~dlJbcvi1tlLJ 0.072 fl~lJ ,, 
ll1tl1vitl'n-~'lJbbVl-'.J 1 n-rlJ "il~i1'LfoJ1ruVJ'Uei~m1mvi1nu (0.072X 1)/0.114 

= 0.632 mgGAE/g OW 
bb 6'l~M11 ?f1';i?f tl~';i1niJtl~mruVJ'Uei~ mllJ b vi1nu o.64 i°J'1~n-rlJ?flJlJ'1 m~bbn'1~n~eivh 

" 
bb Vl-'.J 1 n-rlJ 

"i11n,!'Wtl1r11tl~lJ1ruVJ'Uei~ n';illJ~ r11'W1ru1Ji'~-'.J 3 rif-'.JlJ1vt11"11 bu~ CJ n"il~ 1Ji'tl~lJ1ruVJ'W ei~ 
mllJ 1 'W?f1';i?f tl~V!CJ1'U"i11nCJffU1'W~1m1n ~1'W 1 u bb'1~~1~'W 1 'WMTvl1'1~mCJ~~1-'.Jn'W 

Vl1'j1.!J~ 4.9 tl~mruVJ'Wei~m1lJ'lJeJ-'.l?f1';i?fn~vtCJ1uCJeitJ1'W~1'W';i1n ~1'W 1 u bb'1~~1~'W 1 'WM'Tv11 

'1~mCJV1~1-'.Jn'W 

~Tvl16'l~&l1CJ 

~1oU6'1tl~ 

b'iJ'\ll1'W 'iJ61 bb61~ 

J1 (40:60) 

1u 
0 ., 

m~'W 

1u 

1u 

...... 
f1111lb"ll11"ll'U 

(mg/ml) 

5.3 

5.1 

5.4 

5.3 

5.7 

5.6 

5.3 

5.4 

5.4 

0.947 

0.192 

0.633 

1.331 

0.211 

0.546 

1.464 

0.293 

0.443 

0.927 

0.191 

0.635 

1.339 

0.206 

0.555 

1.468 

0.295 

0.449 

0.891 

0.195 

0.633 

1.324 

0.210 

0.550 

1.459 

0.296 

0.442 

0.922+0.025 

0.192+0.002 

0.634+0.001 

1.332+0.007 

0.209+0.002 

o.550+0.003 

1.464+0.004 

0.295+0.001 

0.445+0.003 
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1.600 
1.464 

1.400 

~ 1.200 0 
Ol'I 

........ 
LJ.J 1.000 
<( 
l.? 
Ol'I E 0.800 
ri r 
if'> c:: 

a<tD 
(Ql 
~ 
u~ a 
r 
ri 
~ 

0.600 

0.400 

0.200 

0.000 

"il1 ne-ifl n1';iVl1'\J~m ru~'Uel~ m1iJ'llel\l?f 1';i?f tl\il tJelUTt.r'inn?i1'U 1 'll ?i1'U';i1 n bbfl~?i1'U~1M'U 

'W'lll1?f1';j?f fl\ilV!tJ1'LJ?i1'U 1 'll ~1tJ\911v11fl~m tJ~\1?11i1'lJ'Lllil 1 Vftfimru~'Uel~ mliJ?f \l~?f\il ( o. 922-1.464 
" ' 

mgGAE.g-1 OW) ';iel'lfl\lm1~bbn ?f1';i?ftl\il?i1'U';i1n (0.445-0.634 mgGAE.g-1 OW) bbfl~?f1';i?ftllil?i1'U 

~1M'U (0.192-0.255 mgGAE.g-1 OW) 1>11i1~1~'LJ 

4.5 ~~n11'Vl~6lB'UtJ'Vl~~'U5'1tB'W1611~ acetylcholinesterase 'lJB'16l116ltl~tJBU1'Wt'11t1 
Ellman's method 

n1';iPlfftn~'VIB8'll~\lbel'LI161ltl acetylcholinesterase 'lJe:J\l?f1';i?ftl\iltJffU1'U 'W'lll1~'VIB8'll~'l 
n1';ivl1\11'U'lle:J\lbe:J'U 161ltl acetylcholinesterase 'llel\I tacrine (0.01-5 µg/ml) bbfl~?f1';i?ftl\iltJe:JU1'U 

~\I 9 \911el81\I (100-2,000 µg/mU i'l~'VIB8'll~\ln1';ivl1\11'U'lle:J\lbe:J'LI161ltl~b~iimn~'U1>11iirn1ii 
boLJiloLJ'U~b~il~'U LliltJA1 %inhibition 'lJe:J\I tacrine ~el 25.15±0.91, 56.71±0.68, 66.69±0.24, . . 

OCV CV iC:t .<:::ii 1111 
77.50±0.13, 78.87±0.13 bbfl~ 80.32±0.14 1'11ilfl1\il'LJ ~'1.f11'V'l'Vl 4.18 bbfl~'Vlf'l11ilb'lJil'lJ'U~\l~\il 
2,000 µg/ml 'lJe:J\l?f1';i?ftl\il';i1ntJelU1'U~?fn\il~1tJ\911v11fl~mme:iV11'Ue:Jfl i'lr11 %inhibition bvl1tl'LJ 

75.66% ~'1.n1w~ 4.19 ~\11rnl'bAtJ\ltl'll tacrine bb~e:i81,:ibn1>11m~mtJ~tJ'llbVitJ'LJ"il1nr11 ICso 

';i~V!l 1'1?f1 ';i?f tl\il';i1 n tJ e:iu1'U Vi?tn \il ~1 tJ \911v11f! ~fl 1 m el'Vl1'U elf! bbfl~ tacrine 'W'lll1i'l A1 ICso 

454+33.0 µg/ml bbfl~ 0.044+0.002 µg/ml 1'11i1~1~'LJ t91111'1~ 4.10 



!Pl1';i1~~ 4.10 ~1 IC so 'lleJ\lnT:icJLJe-:mru 161!tl acetylcholinesterase 'llel\I tacrine bb61~?f1';i?ftl~ 
':i1n'llei.:it1eiu1'U 

IC so 

Tacrine 0.044+0.002 µg/ml 
----··-·--·-- ---·-···--··--····-·--··----····----·---· .. ··---·-·-----····-·-···---··----·--- ······-··----··---·---····-·--··------·------·-------·-·----·---------··---···-. - -

Marinda citrifolia L. root extract 454+33.0 µg/ml 

90 

80 

70 

c 60 
0 :p so ii 

'.!: 40 .£ 
~ 0 30 

20 

10 

0 
0 1 2 3 4 5 6 

Concentrations of Tacrine (µo/ml) 
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fl1'V'l~ 4.18 bb?f~\lbUeJ1b~'Utii'rn':icJUe.:irn';i°Vl1nw'lleJ\lbeJ'LI 1'1ltl acetylcholinesterase 'lleJ\I tacrine 

(positive control) ~rn1m-Uii<LJ''LI~1\I 1 (Mean±SEM) 

90 

- Stems (EtOH) 
--Leaves (EtOH) 
-- Roots (EtOII) 
-- Stem (H,0) 
--Leaves (H

2
0) 

• Roots (II, 0) 

-- Stems (40% EtOil!ll,O) 

30 
-.-- Leaves (40°/r, EtOTI!IT,O) 

--Roots (40% EtOH/H/)) 

o_,._~-.-~-.-~-.-~....-~...-~..-~.--~.--___,.--___, 

0 500 1000 1500 2000 2500 

Concentrations of Jlf. drrifolia extracts (ug/mL) 

fl1'V'l~ 4.19 bb?f~\lbUeJ1b~'Litilrn';icJLJe.:irn';i°Vl1.:i1'U'LJeJ\lbeJ'LI161!tl acetylcholinesterase 6lleJ\l?f1':i?fn~ 
tleJU1'LI 9 M'1ei~1.:i~rn1m-Uii<LJ''LI~1\I 1 (Mean±SEM) 



4.6 ~~n1'rn~6feiuq'Vl~EJ'U8,mn..1161l~ butyrylcholinesterase "lleJ.:J6f1';i6fn~t1eiu1u~1t1 
Ellman's method 
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m~Pifl~1t]'Vl~tJ'\J ~\I b eJ'W 161!tl butyrylcholinesterase 'UeJ,H'l1~?1 n !?1C.leJU1'W 'l"l'Ul1t]'Vl~ 
tJ'U~\lfl1~vl1\11'W'U'iJ\lb'iJ'W 161!tl butyrylcholinesterase 'U'iJ\I tacrine (0.01-5 µg/ml) bb'1~ ?11~?1n!?l 
C.1e:iu1'U~\I 9 \911e:i~1\I 000-2,000 µg/mU i1ti'Vl~t1u~\lm~vi'1\11'U'Ue:i\lbe:i'W161!tl~b~&.Jmn~'U\911&.J 
fl 11 &.J boil &.J oil 'LI~ b ~ &.J ~'LI 1!?lCJ1"11 % inhibition 'U 'iJ \I tacrine fi 'iJ 45.18±1.71, 76.35±0.44, 
81.38±0.10, 85.76±0.21, 86.42±0.18 bb'1~ 81.00±0.13 \911&.J~1l'l'\J .n1Y1Vi 4.20 bb'1~?11~?1n!?l 
~1flCJ'iJU1'W~i1t]'Vl~tJ'\J~\lbeJ'W161!tl butyrylcholinesterase ~~~~1?1i1?11&.J\911e:i~1\I 1i'Wnfie:i ?11~?1n1?1 
l'i''WC.1e:iu1'U~?t n1?1Jl1 mJ1 ?11~?1n1?11 '\J C.1e:iu1'U~?tn1?1Jl1mJ1 bb'1~?11~?1n1?11 '\J C.1e:iu1'U~?tn1?1Jl1C.1 be:i'Vl1'Ue:i'1 

~1&.Jn'\Jtl1L1?1C.1~m1moil&.Joil'U~\1~1?1 2,000 µg/ml i1rh %inhibition bvi1n'\J 62.69, 57.52 bb'1~ 
56.84 1"11&.J~1\9lu .n1Y1~ 4.21 b~e:if11'W1rubll'Wr11 1c50 'UeJ\1?11~?1n1?11'i''UC.1e:iu1'U~?tn1?1Jl1C.1tl1 ?11~ 
?tn1?11'\JC.1e:iu1'U~?tn1?1Jl1C.1tl1 ?11~?1n1?11uC.1e:iu1'U~?tn1?1Jl1me:i'Vl1'Ue:i'1~1&.Jn'\Jtl1 bb'1~ tacrine 'l"l'\J11i1 

1"11 IC50 1,150 µg/ml, 1,250 µg/ml, 1,300 µg/ml bb'1~ 0.02 µg/ml 1'11&.J~11'1'\J \911';i1.:Ji'i 4.11 

\911';i1.:J~ 4.11 1"11 IC50 'U'iJ\lfl1~tJ'\J~\lbeJ'W161!tl butyrylcholinesterase 'U'iJ\I tacrine bb'1~ 
?11~?1nm1n'UmC.1 e:iu1'U 

Tacrine 

Marinda citrifalia L. stem extract 
(water) 

Marinda citrifalia L. leaf extract 
(water) 

Marinda citrifalia L. leaf extract 
(ethanol +water) 

IC so 
-······-··-·············-··-

0.02 µg/ml 

1,150 µg/ml 

1,250 µg/ml 

1,300 µg/ml 
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Concentrations of Tacrine (µg/ml) 

fl1'V'I~ 4.20 bbMl\lb tJe:i~b~'U~fl1'J~LJ~\lfl1'J'V11\l1'U'lJeJ\l beJ'U 161ltl butyrylcholi nesterase 'lleJ\l 

tacrine (positive control) ~rn1moil~oil'Ul911\l 1 (Mean±SEM) 
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Concentrations of Morindo citrifolio extract (µg/ml) 

-e-stem (ethanol) 

-e-- Leaf {ethanol) 

_._Root (ethanol) 

~'-Stem (water) 

_._Leaf (water) 

_._Root (water) 

_._Stem (ethanol and water) 

-e-Leaf (ethanol and water) 

-e-Root (ethanol and water) 
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fl1'V'I~ 4.21 bb?l(?l\l b tJe:i~b~'U~ fll'J~LJ ~\lfl1'J'Y11\l1'U'lleJ\lbeJ'U 161ltl butyrylcholinesterase '1JeJ\l?l1'J?lrl(?l 

tJeJU1'U 9 1'11e:i~1'1Virn1moil~oil'Ul911\l 1 (Mean±SEM) 



d 
'U'Vl'VI 5 

r;t-atJ eJJ1tJ-a1 ~~~ bb~~1~1-aru~~n1-a'V1~~eJ.:i 
~ 

fl1';j?fnvi?11';i"i11fl ?iT1Au ~11'i''W bbG'l:::';i1fl '1JB\ICJBu1'U ~1CJ~1v11i;:i:::mCJ~bb\91fl~1\ln'W 3 'll'Llvi 

1~bbn bB'Vl1'WBG'l 40%bB'Vl1'Ue:JG-rni;:i:::J1 bbri:::J1 b~BPlfl~1f1'VlB"11'WB'W:1JG'lB?f';i::: hm1TI DPPH tJ~mru 
"I ''" " ' " ?11 ';iVJ 'W B ~fl ';i1:1J1'W?f1';j?fnviviCJ1 'lJ VI \!Vl :1J vi ~ 'Vl 5 cJ'LJ cJ' \I b B 'W161l~ acetylcholinesterase bb i;:i::: 

butyrylcholinesterase 1viCJ?f1UbbG'l:::BllU';i1t.Je..JG1 ~\Id 

5.1 rh'?nw::flwrtLmum-rffnJ?whvnu~ivuf!u~{f)fot.Jf!::vvvffnffnw0cnu 
"il1 fl fl1';j?f nviCJBu1'U"iJ1fl?i1'U1 'lJ ?i1'U~11'i''U bbi;:i:::?i1'U';i1fl ~1 CJ~1v11i;:i:::m mb\91 fl~1\ln'W 3 

'll'Llvi\911:1Jm1:1Jii.fr1'1Jei\1~1v11i;:i:::mCJ 1~bbn bB'Vl1'UBG'l 40%bB'Vl1'UBmbi;:i:::J1 bbi;:i:::J1 ~'lJ11?11';i?fnvi 
VlCJ1'lJ "il1fl?i1'U1 LJ ~1 CJ ~1v11i;:i:::m CJ~\! 3 'll'Llvi ii~ fl't}ru::: b U'W'1J B\I b vim vi-LI vi~ b ~ m\7111VftJ~mru?f1-;i 
?1nviviCJ1'lJ:1J1fl~?fvi fivibll'W1BCJG'l::: 7.32 10.63 bbG'l::: 10.n \911:1J~1~'lJbdmViCJ'lJn'lJJ1vii.1rnbVf\I 

' 
';iB\IG'l\lm ?11';i?tnvi"i11fl?i1'U';i1fl ii~fl't}ru:::'1Jei\lbvimvi'Llvi~J1\911i;:i (1BCJG'l::: 4.76 7.69 bbG'l::: 6.26) 

" " " bbG1:::?11';i?fnvi?i1'U~1l'i''W ii~fl't}ru:::'1JB\lb'Vlmvi-Uvi~tl1\911m.U:1J (1eiCJi;:i::: 3.92 3.25 bbG1:::3. 78) Vi'l-Wm"il 

b ~B\l"il 1fl1LJiitJ~mruAG'lB1 ':lYJi;:i~mJmflzj\l~\lbfl\911~"il1fl~ fl't}ru:::'1JB\l?f1':i?f nvivimrnbi;:i:::Ai;:iB 1 ':JYJG'l~"il::: 
'\J 

i;:i:::m CJ 1~~ 'U~1v11i;:i:::mCJ~ii.fr1~\lvl11 Vl?f1':i?f nvi"il1fl?i1'U 1 LJiitJ~mrui;rn~1~?f\lfll1?i1'U':i1 flbbG'l:::?i1'U 
'\J 

~ 1 M 'U bbG'l :::~'Ul1 ?\1 ';i?f nvi'Vl t.J1'Ub €J'Vl1 'U€J G1 "il :;ijtJ~mru'W' €J CJ fll1?f 1':i?f n viVlt.J1'lJ 40% b el'Vl1'U BG'lbbG'l :::tl1 

bbG'l :::J1 bb?f vi\111tJ~m ru?f 1':l?f nvi"il::: b ~:l.J~'W \911:1.J ?f .n 1~.fr1~?f \l~'W'1JB\1~1v11i;:i :::m CJ 
'\J 

5.2 nnrJ(i)fffl'UfJ'Vli!f7umpjflVff'J::[(i)CJnnrlvn-:v7nfl DPPH rllw?5 TLC 
~'lJ11?11':l?tnvivim'lJ~\l?i1'W 1 'lJ ':i1fl bbi;:i:::~11'i''U 1 'W~1v11i;:i:::mc.1'Vlfl'll'Llvi?t1m':ltivJBfl"il1fl~ 

' 
DPPH 1~ bb?fvi\111iif1'VlB1 'Ufl1':iM1'U€J'U:lJG'lB?f':i::: 

"I ' '" 

' 5.3 n7'JrJ(i)fffl'UfjrJ&!f7Ufl'l{tjf!VffWrl!w?5 DPPH radical scavenging 

~'lJ11?11':i?tnvibB'Vl1'WBG'l~\l?i1'U1LJ ':i1fl bbG1:::~1l'i''W'1leJ\ICJBU1'W iir11 IC5o bvi1n'lJ 6.15 5.98 

bbi;:i::: 6.20 \911:1J~1~'lJ ?11m':itiM1'WB'W:1JG'lB?f':i:::1~~~?tmdmVic.1'lJn'lJ~1v11i;:i:::mCJ 40% beJ'Vl1'WBG'l 
''\J ' 

bbi;:i:::J1 (ICso bvi1n'lJ 7.41 10.49 bbi;:i::: 8.22 \911:l.J~1~'U) bbm~J1 (IC50 bvi1n'lJ 10.00 15.79 bbG'l::: 

15.26 m:1J~1~'U) ;\l?f€JviA~€J\lnrn1'U1~CJ'1J€J\I mbfl~1bbG'l:::'llt1J1'Ll1211 (2558) ~':l1c.1\11'U11?11':i?fnvi 
"il 1fl?f:l.J'U1 ~ ':i b €J'Vl1'U BG'lii f1'VlBl'i' 1'U €J'U:l.JG'l B?f ':}:::~~ fl11?f1 ':i?f n vi 40%b €J'Vl1'U €J i;:i ~ €J J 1 bbG'l :::J1 ~\Id 't ul 't \I 

b ~ €J \I :lJ 1"il1fl'lJ'Llvi?f1':i6'11 fl ru '1J €J \I CJ €J tr 1'U~ij':i1CJ\11'U11?i1'U1VlrubU'U?f1':i1 'W fl~ :lJ bb €J 'U 'Vl ':i 1 A lb 'U 'U 
v v ' 

(anthraquinones) vJm b 1'W€JCJ~ (flavonoids) €J'W~'U5'1JB\IA:l.J1~'W (coumarins) bbG'l::: B~viBV?f 
' '\J 

(iridoids) b'lJ'WM'W (Kamiya et al., 2005; Wang et al., 2016) 1viCJ?f1':iU':i:::fl€J'lJfl~:lJ~\lfl~11d 
?f 1m':itiBB fl~'Vl Bl'i' 1'W B ~~i;:i B ?f ':i::: 1~~m mbi;:i::: cJ\l?f 1m';itii;:i::: m CJ bB'Vl 1'W BG'l 1~~ \911:1.J fl{] fl1 ';iG'l :::m CJ 
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(like dissolves like) ~..:i?i..:ie.m 1 Vf ?111?1n\9l beJV11'UB61'/J'EMt1BD1'UeJeJnn'Vli~1'UeJ'U:W61fut~dJi'~ m1?111 
"I ' " 

?f n\9l 1 'Lll'11v1161~mt1~'U 11 'U?i1'U?f11?f n\9l'<il1nl'l1vT161~mt1J1Vl~eJ?f11?f n\9l'<il1nl'l'Tv1161~mt1~i1~1 ~..:i 
mn u1..:i?i1'U m'<il'<il~ b 'lJ'U bn~eJVl~eJ?f 11'lh~nBui1~1:w1m1:w1 LJ ~..:i?111"il1'l"l1nJ1m61 BB nm e..i?f:wn'U 

B~ bb61~ b\9lt16'i1'Umn?111'\J1~ neJu"il1'l"l1nd'<il~ 1~BeJnn'Vli~1'UeJ'U:W61B?f1~ LT'UVlm t1fl11:w11 ?111?f n\9l 'U ul 'l'U ' ,, ,, 
Q..I 0 ddV I Q..I 0 ~ I I d ~ ~ 

'<il 1n\?11Vl161~611ti'\fl:w'1.11?f..:i:w1m'1J'U?f11?fn\91'U1 Vl 1 eJ 40% b B Vl 1'UB61 t1eJ:w'U1'<il~:wbn61eJVl1 eJ 
" ,, ,, ' 

?111'\J1~neJui1.V1mm1:w 1 tJ~..:i?111"il1'l"l1rn.J1m61e..i?f:weJ~ ?i..:ie..i611 Vf n'Vl51 'U~1'UB'U:W61B?f1~ b\9ltld1:W 'U ul 'I 'U 

'IJ€l..:J?f 11?f fl \9\61 \9\61..:J b~B 1-ff1'11vl161~611 t1~i1~1 ?f ..:J~'U 
" 

5.4 n7'f'YJ(i]fl'£JVV':ff3J7f)jW'l.J[J~nn3J (TPC) 

'l"lu11 ?111?1n\9\Vl t11u?i1'U1 uJl1t11'11v1161~611t1~..:i?11:w'1J'Ll\9l1 VftJ~mru~'U B~ m1:w?f ..:i~?f \9l 
" ' 

(0.922-1.464 mgGAE.g-1 OW)1€l..:J61..:Jm1Ji'bbn ?111?fn\9l?i1'U11n (0.445-0.634 mgGAE.g-1 OW) 

bb61 ~6'1116'1 n \9l?i1'U~1~'U ( 0.106-0.215 mgGAE.g-1 OW) 1'11:W~1~U b U'U~'\ll11U tl'U~eJ~ bb~1l1 
?111tJ1~ neJU~'UeJ~ n b U'U?f 11~1ri'ru~i1?1:wu~ ~1'UB'U:W61B?f1~~?11:w11ti'l"lu 1Jlvi'11 LJ1 'UVl'11Vlmt1'1J'Ll\9l 

v '" 

fat1vT1V1ih~1 'Llm1~1'UtJf1n~t11eJBn'lib\9l~'U v111 VleJ'U:W61B?f1~i1fl11:Wb?f~tl1~'U (Andarwulan et 
6,J '" 

al., 2010, Sowndhararajan & Kang, 2013) '<il1ne..J61n11'\ll\9l61€l..:J?f~'\J1Jl11 ?111?fn\9l?i1'U1uJl1t11'11 

vll 61~611ti~..:)?f1:wi1tJ~:w 1ru?f11tJ 1~ n eJU~'U €l ~ n~..:JVl:W \9l ?f ..:)~ ?f \9l zj..:i ?f €l (9\fl~ €1..:J nu fl'\l]i~ 1'U €l'U:W61B?f1~ 
'U , "I , 'U 

?i1'U 1U'<il~1 Vfri1 IC so ~1n11?i1'U~'U ~..:idbb?f\9l..:i1 Vlb ~'U11?i1'U 1 U'<il~i1?111nG1:w~'UeJ61 b-d'U bb Vl'U'Ll'U vJm 
' 

b'UeJt1il 1 'UtJ~mru~ btleJ~ n11?i1'U11n bb61~~1~'U 11:w~..:im1?1n\9\Jl1 t1~1v1161~mt1~i1?1m'l"l~1~ 
?f..:J~'U ~..:ii11Bm?f?ftl\9lbeJ1?111tJ1~neJU~'UB~n~i1~1mneJBnm ?i..:ie..i611 Vf'l"lutJ~mru~'UB~m1:w1 'U 
" 1Ub~:W~'U?i1'U1 'U mru'IJB..:J11 n bb61 ~~1~'UtJ~mru~'UeJ~ m1:W ?f n\9\Ji'1 t11'11vl161~611tl~i1Ml1'1"l~1~ 
?f..:J~'U 1 Vle..J61~1~ bbl'lfl~1..:Jtl'U 
" 

5.5 n7'f'YJ(i}ffvVf]'Y/BcYv&wul6631 acetylcholinesterase W'l:f butyrylcholinesterase Vv.:Jff7'f 

ffnm.JvV7Ur/f'JCJ Ellman's method 

m1Pim~1~Vlit!u~..:ibeJ'U1'1ltl acetylcholinesterase bb61~ butyrylcholinesterase 'IJB..:J 

?f 11 ?f n \9l ti eJ 'IJ 1'U1 \9l ti 1 fi Ellman (Ellman et al. , 1961) Acetylthiocholine iodide, 

S-Butyrylthiocholine iodide (?111~..:i~'U) bb61~ OTNB b\9ltll\9ln11vl1..:J1'U'IJB..:JbB'U1'1ltl'<il1ntJ5n~t11 
n11bfl\9l~bVl~eJ..:J'/JeJ..:J thiocholine ~v11u5n~t11nu dithiobisnitro benzoate ion 'l"lUl1~Vlit!u~..:i 
m1v11..:i1'U'IJB..:i b B'U 1 'lltl ~..:i?f B..:i'1J'Ll \9l 'IJB ..:i?111?1n\9l11 n'IJ B..:i t1B'Li1'U~ ..:i 9 l'l1B ~1..:ii1 ~Vli t!u ~..:i m1v11..:i1'U 

'1.1€1..:J beJ'U 1'1ltl~ b ~:W~'Ul'l 1:W fl11:W b oLJ:WoLJ'U~ b ~:W~'U b\91ti?f116'1 n \9111 n tleJD1'U~ ?f tl\9\Ji'1 ti beJ'\lll'U B61i1~Vli 
t!u~..:JbeJ'U 1'1ltl acetylcholinesterase ~~~~\91 zj..:J~fl11:!Jb oLJ:WoLJ'U~..:J~\91 2,000 µg/ml .ll1'1"l~ 4.19 
i1ri1 %inhibition bvi1nu 75.66% zj..:i1n~b~t1..:inu tacrine .ll1'V'l~ 4.18 bb~b~mtJ~t1rnVit1u'<iJ1n 
Al IC50 1~Vll1..:J?f11?ftl\9l11n'l.JeJ..:JtleJD1'Ubb61~ tacrine 'l"lu11i1ri1 IC50 480 µg/ml bb61~ 0.2 µg/ml 

1'11:W~1~U l'lTn..:i~ 4.10 ~1Vlfo?111?1nm1nt1eJD1'U~i1~Vlit!u~..:ibeJ'U 1'1ltl butyrylcholinesterase 
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~~~?w1:thn:w\i11ei81-:i ~'Wnfiei ?11d?1n~~'UCJeiu1'U~?1n~~1ml1 ?!Trnn~ 1 'U CJeiu1'U~?1n~~1mJ1 • 
bbi;i~?l1J?ltl~ b 'U CJeiu1'U~?ln~~1mei'Vl1'Ueii;i~1:wn'UJ11~CJ~f111:Wb oLJ:WoLJ'U~-:i~~ 2,000 µg/ml iJr-11 

%inhibition b'Viltl'U 62.69 57.52 bbi;i~ 56.84 m:w~l~'U J11'W~ 4.21 b~eJA1'U1rubU'UA1 IC50 "UeJ-:J 

?11J?1n~~'UCJ eiu1'U~?1n~~1 ml1 ?11d?1n~ 1 'U CJeiu1'U~?1n~~1ml1 ?11J?1n~ 1 'U CJeiu1'U~?1n~~1 mei'Vl1 ., 
'Ueii;i~1:wnml1 bbi;i~ tacrine 'l"'l'U11iJr-11 IC50 1,150 µg/ml 1,250 µg/ml 1,300 µg/ml bbi;i~ 

0.02 µg/mL m:w~1~'U 1'11'a1\I~ 4.11 bb~ei81\lhn1911:wbb~~~'l"'l'U11?11d?1nm1fl"UB\ICJeiu1'U,1'UiJ 
I I I./ I 

I d I • I d iJ d di.I I Q.J c::a.CL' d I I 

f11 ICso 'Vl:l.Jlfln11 tacnne bb\9leJ1~~~:w~i;i"U1-:Jbf1t.1\l'Vl'UBt.1m1d1:lJ'Vl-:!~1n\11'U1~CJ'Vl~1'U:lJ1'\"'l'U11 ?11d 

?In~ t.1eiu1'UiJ·~'Vli1 'Wmd~1'UB'4Jji;iB?1J~ ~1'Umd5rn?l'U th~\l?l:w ei\I d1:wti\I c!-:iiJ~'Vli1 'Umduei\ln'U 

b61lmh.h~?11'Vl (Torres et al., 2017) 1~CJb'U?l1J?ltl~CJBU1'U'l"'l'U?l1d phenolic compounds V!mCJ 

'1l'Ll~~ b U'U?lld~iJ~'Vliuei\I tl'U hrim1:wb~eJ:W"UeJ\IJ~'U'UUJ~?l1'\ll CJfl\i11ei81-:ib od'U rosmainic acid, 

anthraquinones, aucubin bbi;i~ scopoletin (Wang and Su, 2001) b'Ufl~:W organic acids bod'U 

caproic bbi;i~ caprylic acids (Dittmar, 1993) bbi;i~b'Ufl~:W alkaloids bod'U xeronine (Heinicke, 

1985) zj\1~1flfl11firnj1?\11 scopoletin bbi;i~ anthraquinones 'l"'l'U11?11J~\l?leJ\1'1l'Ll~iJ~'Vli1 'Uflld 

cJ'U~\lfl1Jvl1\11'U"UeJ-:JbeJ'U16lftl acetylcholinesterase bbi;i~ butyrylcholinesterase (Mogana , Jin 

and Wiart, 2013; Jung et al., 2016) bb!;j~'l"'l'U11 rosmainic acid iJ~'Vlib'Ufl1JcJ'U~\lfl1Jd1:lJfl~:W 
tl'U"UB\I A~ J1:Wti\liJ~'Vli1'Ufl1JcJ'U~\lfl1Jvl1-:!1'U"UeJ\lbeJ'U16lftl acetylcholinesterase (Williams et 

al., 2011) ~-:i,1'U'U ei fl~ 1 fl ~'Vli1 'U flld cJ'U ~\I fl1Jvl1\11'U"U eJ\I b B'U 16lftl acetylcholinesterase bbi;i ~ 
butyrylcholinesterase ?11J?I tl~d1 fl t.J'iJU1'UeJ1~~~iJ~'Vli1 'Ufl11UeJ\ltl'Ufl11\911CJ"UeJ\I b61li;i~ iJ~'Vli1 'U 

fl1J~1'UB'U:Wi;i B?IWUB\ltl'U.fl11~ oxidative stress 1~zj-:i~ei-:iv11m1fimn~ei 1 U1 'UB'U1f1\91 
• '\J 



d 
'U'Vl'VI 6 

.:i1tJ1~ t.J-d1~?1~1.:i ei.:if1y;n1~n Vl~ b~ t.J1 nu~~uu li11v\' 1~~m tJ b Vim~"~ bb~~iitJ~~~'Vl5m'V'l1 'W 
" 

m~l'i'1tJei'W~~ ~"~~ bb~~ 1~tJ~mru?11~~'Wei~ m1~'1Jei.:i?11~?1nt?r~nnt.Jeiu1tJ~.:i~1'W 1 u ~11'i''W bb~~~1 n , " 
bb~~~'Vli1 'Wm~c'Jut.:im~v\'1.:i1tJ'LJ8\l beJ'W l61ltl acetylcholinesterase bb~~butyrylcholineesterase 

1 tJ.:i1tJ1~ t.J~e:i 1 tJm~v\'1m~Plm~1ei.:ir1tJ~~neiu'Vl1\l bAii b ~e:iVl1?11~1.'11fi'qJ~e:iein~'Vli1 'Wm~ 
c'Tut.:i bCJ'W l61l:W acetylcholinesterase bb~~ butyrylcholinesterase bb~1vl1n1~~w.J'W1~8t.J8\91b U'W 

~~~i\'ruon'\ll1\ltJ1Vl~881Vl1~ bG'l~~G'l'LJ.fl1'V'l~ii~~ ~8n1~U1U\91D8\lfl'W 1 ~AB~ l61lb~8~~ei 1 tJ1 'W8'W1f1~ , 
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rle3'ln1't.Wl1 6t!CJ1:l.Jfl\9l bb61::::1')~61\9l bb~:l.1~1')ru. (2559). fii'.ie:i:iJ1bb'l.Jn'W"a"aW1". mWVl'V'll: ?ITU gl 'U QJ cu " 
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DI ' ' 
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"I • " 

\9l 11 b ~ e:J .:i ~ \9l. u ru Vl 1 ~ b l'l 'l.'J'Vl ~ n ?I \9l ') tJ~ ru ru 11'VlCJ1 !'11 ?I \9l ') u ru sn \9l ( ?11'IJ116tf 1 b fl jj). 
Q.I 'U QJ QI 

Aru::::1'V1CJ1!'11?1\9l{bb61::::b 'VIA 1'Wfa8 :tJ'Vl11'Vlm~ m1'1J.il!]~~'1?1'lf1d1JJ. 
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.n1bn~1 .niJ1miJ bb'1::::'1Jru1'Wl'11 ?l'V'J1. (2558). ~1'Vi'1a::::m£1Viiit·rnl'ie:in'V15~1'Ue:i'U~~a~-a::::bba:::: 'U v v '\ vi q q,J 
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1:tJ\9l~ ?l'Vla~\91~. (2545). bbe:i'U&ie:ie:in"i1bb~'U'l-1: ?111tle:i'ln'UbAbb'1::::b?1~:tJ?1'1J.n1'V'J. 11-a~1-a 
' ' 
~~11'V1£J1~£J ~~1~1'afl1~, 21 (1 ): 57-62. 

£Je:J (2011). boU1~'l1Ji'"il1n https://laongdin.wordpress.com/2011/09/29/ %E0%B8% A2% 
' 

EO%B8%AD/. (l'UVlA'UoUeJ~61 20 'V'J~'l.'Jmfl:l.12561). 

11'V'J1 ~61!'11 oiYCJPl'n~ ~'Ul'l~'UCJ:tJ bb61:::: :tJCJ~ n'1CJ11°'\?l.J'Un61. (2554). m-ab{ll~£J~m-a~n\91~1{1l-a;J1'U ' ' ~ 
n ii 1 £11"~11 £J ~1.:i bb\91.:ib~e:i1 oiitl -a:::: btJ "!Jtl 'Vl 1.:i bfl ~e:i .:i i;l 1e:i1.:i. r;11 iT n1'1111'VICJ1!'11?I\9l1 

bfl~e:i'lr;11m'l :tJ'Vl11'Vlt.11~mbl1~1Vlm'l. 
1')1~n'l.'Jru '1111~'1 ?1Jl1Jl1ru bn~~'UbVlCJ:::: bb61::::51°''1JodCJ n~'UeJn. (2558). m-af>im~115n1-a~n\9l 

' ' 
bba::::fl ru~ n13ru::::6lle:i.:ia'U~ bflb\9le:J{li11no-a-a~"l.l1~. 1'VICJ1'Ll'V'J'U5Vl~ n?1\9l-a'l.J~ruru1A11"11?1\911 

q 'U QI v , " 

urusn\91. (( 'lJ1bbm:tJ1'111bflij). Aru::::A11'11?1\9l{ :tJ'Vl11'Vlt.11~m1'11.il!J'UA111'1J~:tJ1. 

1'W~ nn'l.'Jru~'U5 8e:i:tJ'Uru ~1'U~\9ltl bb61:::: ir'W'Vl1'U 'UruCJ::::th::::.ill'l'). (2536). b.n~"l.l1illil,fo:£11bba:::: DI 'i QI '\ 

Q QJ If 1::1, I .C:::.. Q.I .C:::.. .:::t, Q.I Q.I 6' 

t-ia{ll.flW61'1 lil1no-a-a~"l.l1\9l b~ ~ 1. .n1A1'111b.f1?1'111'U"iluCJ Aru::::b.n?1'1Jl'11?1\9l') 

:l.J'Vl11'Vlt.11~CJ:l.1~~61. 

1'Vl8 b~CJ'l'U1ru5')1:l.J. (2542). 'Wlil'U1'Un'a~~~'U1'W-a1'V1£J (~:tJ.Wfl~'l~ 5). nd'lb'Vl'V'JI: ')'"J:l.J?l1G1'U. 
'U q q " 

1:tJ61ml'11 'V'JB-rl'li1. (2555). m-a1 bfl-a1::::~~ijn~~1lil1ntl1nman~'U~1m 'VlflilflVi'Wbawe:infl-a~1 
" 

b{ll -an-a1 w bb a ::::n1-a1 bfl-a1::::~.n1w. n1')rl'Ufll 1 B ?\')::::Vl~ n ?I \91 ')'\.J~ru ru11'VI CJ 1!'11?1 \91') 
" v v 

:l.J'Vl1urusn\9l (?11'1J1'Ll&i1'Vlt.11!'11?1\9l{). urusn\911'Vlt.11~ CJ :l.J'Vl11'Vlt.11~ CJPl61'\.J1m. 



59 

M11-r1ww VlB:WVllrt. (2010). tlB - \i1'UoLJB:Wrtbfl~B\ICJ1?1:w'lAVfj' flflJ~bJl~'lJY'f1Ml1:WVl1lVlCJ1~CJ 
, dJj \J , 

"" ., .. 1" ~'Urt'a1'll51'U. b'lJ1fl\l lil"il1fl: http://www.thaicrudedrug.com/main.php? action 
=viewpage&pid= 111. (1'U~fl'UoLJm'1rt 20 ~~~Jl1fl:W 2561). 

mru-r1>1tl ~ru~~ni'W?lnri. (2557). briij.W"ll~:w'W1 w-aVleN~'W. Aru~iVJCJ1Y'f1?11>1{bbrt~b VJ fl 1'W fa~ , d.11 , q 

:wV11iVJ CJ 1~ CJ 'a1'lf iln'W fl'aU ~:w. 

B'aLflJVJCJ ~'UVJ{VJ1'a1~1'1'a. (2556). 15n11~nlilW"llmm1w-a. boLJ1~\lhl"il1fl: http://mamseafu. 
' ' 

blogspot.com/2013/09/blog-post 9117. html. ( 1'W~fl'UoLJB:Wrt: 17 ~fl'U1CJ'U 2561 ). 
- '\J ' 

ti51J ?lflrtb~Bfl. (2559). B'U:W6'1B~'a:::bb6'1:::~11~1'UB'U:W6'1B~'a:::. flflJ~bJl~'lJY'f16'11'11 :WVl1lVlCJ1~CJ 
, Ii cu , 'U 

6'1\l'lJrtl'Ufl~'UVJ{ 

Andarwulan, N., Batari, R., Sandrasari, DA, Bolling, B. & Wijaya, N. (2010). Flavonoid 

content and antioxidant activity of vegetables from Indonesia. Food chemistry, 
121(4): 1231-1235. 

Ash, C., F.G. Priest and M.D. Collins. (1994). Paenibacillus gen. nov. and Paenibacillus 

polymyxa comb. nov. in Validation of the publication of new names and new 

combinations previously Effectively Published Outside the IJSB. Int. J. Syst. 
Bacterial, 44: 852. 

Hisham, D. M. N., Lip, J. M., Zaidi, J. A. & Normah, A. (2010). Main non-polar chemical 

constituent from Marinda citrifalia fruits. J. Trop. Agric. and Fd. Sc, 38(1): 97-
102. 

Hisham, D. M. N., Lip, J. M., Zaidi, J. A. & Normah, A. (2010). Main non-polar chemical 

constituent from Marinda citrifalia fruits. J. Trap. Agric. and Fd. Sc, 38(1): 97-
102. J. Eng. Sci. Tech, 2(1): 70-80. 

Jain, R. (2018). What is the principle of UV-visible spectroscopy?. Available: 

https://www.quora.com/What-is-the-principle-of-UV-visible-spectroscopy. 
(Access date: 21 June 2018). 

Kamiya, K., Tanaka, Y., Endang, H., Umar, M. & Satake, T. (2005). New Anthraquinone 

and lridoid from the fruits of Marinda citrifalia. Chem. Pharm. Bull, 53(12): 343-
345. 

Kamiya, K., Tanaka, Y., Endang, H., Umar, M. & Satake, T. (2005). New Anthraquinone 

and lridoid from the fruits of Marinda citrifalia. Chem. Pharm. Bull, 53(12): 
343-345. 

Krishnaiah, D., Bono, A., NithyaNandam, R. & Zahari, F. Wahida. (2015). Effect of potato 

starch on the antioxidant Properties of Marinda Citrifalia spray dried micro 

particles. MOJ Food Process Technol, 1(1): 1-4. 



60 

Krishnaiah, D., Bona, A, Sarbatly, R. & Anisuzzaman, S. M. (2015). Antioxidant activity 

and total phenolic content of an isolated Marinda citrifalia L. methanolic 

extract from Poly-ethersulphone (PES) membrane separator. J. King Saud 
Univ., Eng. Sci, 27: 63- 67. 

Learning, L. (2015). Spektrofotometri - SlideShare. https://www.slideshare.net/ 

Trykhyputry/spektrofotometri-44587530. (Access date: 21 June 2018). 

Mahattanadul, S., Ridtitid, W., Nima, S., Phdoongsombat, N., Ratanasuwon, P. & 

Kasiwong, S. (2011). Effects of Marindia citrifalia aqueous fruit extract and 

its biomarker scopoletin on reflux esophagitis and gastric ulcer in rats. J. 
Ethnopharmacol, 134: 243-250. 

Praveen, K. R. & Awang, B. (2007). Antioxidant activity, total phenolic and flavonoid 

content of Marinda citrifalia fruit extracts from various extraction processes. J. 
Eng. Sci. Tech., 2(1): 70-80. 

Ramamoorthy, P. K. & Bono, A (2007). Antioxidant activity, total phenolic and flavonoid 

content of Marinda citrifalia fruit extracts from various extraction processes. 

J. Eng. Sci. Tech., 2(1): 70-80. 

Roberts, J., Power, A, Chapman, J., Chandra, S. & Cozzolino, D. (2018). The Use of UV-

Vis Spectroscopy in Bioprocess and Fermentation Monitoring. Fermentation, 
4(18): 1-8. 

Roseiro, L.B., Rauter, AP., Serralheiro, M.L.M. 2012. Polyphenols as acetylcholinesterase 

inhibitors: Structural specificity and impact on human disease. Nutrition and 
Aging. 1: 99-111. 

Sang, S., Cheng, X., Zhu, N., Stark, R. E., Badmaev, V., Ghai, G., Rosen, R. T. & Ho, C. 
(2001). Flavonol Glycosides and Novel lridoid Glycoside from the Leaves of 

Marinda citrifalia. J. Agric. Food. Chem, 49(9): 4478-4481. 

Sang, S., He, K., Liu, G., Zhu, N., Cheng, X., Wang, M., Zheng, Q., Dong, Z., Ghai, G., 

Rosen, R. T. & Ho, C. (2001). A New Unusual lridoid with Inhibition of Activator 

Protein-1 (AP-1) from the Leaves of Marinda citrifalia L. Org. let, 3(9): 1307-

1309. 

Sang, S., Liu, G., He, K., Zhu, N., Dong, Z., Zheng, Q., Rosena, R. T. & Hoa, C. (2003). 

New Unusual lridoids from the Leaves of Noni (Marinda citrifalia L.) Show 

Inhibitory Effect on Ultraviolet B-lnduced Transcriptional Activator Protein-1 

(AP-1) Activity. Bioorg. Med. Chem, 11(12): 2499-2502. 



61 

Selkoe, D. J. 1991. The molecular pathology of Alzheimer's disease. Neuron. 6: 487-
498. 

Sowndhararajan, K. & Kang, S. C. (2013). Free radical scavenging activity from different 

extracts of leaves of Bauhinia vahlii Wight & Arn. Saudi Journal of Biological 
Sciences, 20(4): 319-325. 

Su, B., Pawlus, A D., Jung, H., Keller, W. J., Mclaughlin, J. L. & Kinghorn, A D. (2 0 0 5). 

Chemical Constituents of the Fruits of Marinda citrifalia (Noni) and Their 

Antioxidant Activity. J. Nat. Prod, 68(4): 592-595. 

Su, Fan., Bai, F., Zhang, Z. (2016). Inflammatory Cytokines and Alzheimer's Disease: A 

Review from the Perspective of Genetic Polymorphisms. Neurosci Bull. 32(5): 
469-480. 

Takashima, J., Ikeda, Y., Komiyama, K., Hayashi, M., Kishida, A & Ohsaki, A (2007). New 

Constituents from the leaves of Marinda citrifalia. Chem. Pharm. Bull. 55(2): 

343-345. 

Tsai., T.H., Tsai, P.J. & Ho, S.C. (2005). Antioxidant and Anti-Inflammatory Activities of 

Several Commonly Species. J. Food Sci, 70(1): 93 - 97. 

Thummayot, S., Tocharus, C., Pinkaew, D., Viwatpinyo, K., Sringarm, K., Tocharus, J. 

(2014). Neuroprotective effect of purple rice extract and its constituent against 

amyloid beta-induced neuronal cell death in SK-N-SH cells. Neurotoxicology. 
45: 149-158. 

Wang, J., Qin, X., Chen, Z., Ju, Z., He, W., Tan, Y., Zhou, X., Tu, Z., Lu, F. & Liu, Y. (2016). 

Two new anthraquinones with antiviral activities from the barks of Marinda 

citrifalia (Noni). Phytochem. Lett, 15: 13-15. 

Wang, M., Kikuzaki, H., Csiszar, K., Boyd, C.D., Maunakea, A., Fong, S.F.T., Ghai, G., Rosen, 

R. T., Nakatani, N. & Ho, C. (1999). Novel Trisaccharide Fatty Acid Ester Identified 

from the Fruits of Marinda citrifalia (Noni). J. Agric. Food Chem, 47: 4880-4882. 

Yang, J., Gadi, R. & Thomson, T. (2011). Antioxidant capacity, total phenols, and ascorbic 

acid content of noni (Marinda citrifalia) fruits and leaves at various stages of 

maturity. Micronesica, 41(2): 167-176. 

Yen, G. C. & Hsieh, G. L. (1997). Antioxidant effects on dopamine and related 

compounds. Biosci Biotechnol Biochem, 61(10): 1646-1649. 





bb'Vl'Llrl161~';i 
" 

J1vn!mbVl'l'LJB'llu 

.n1~~u1n n 
n11r11u1ru~e:i~~~~~~~~ (o/o yield) 

1hwJn?11'i?ltllil"vm11J ( n-rlJ) 

J1V1unvhibb..1'~ ( n-rlJ) 

= 

x100% 

J1Vl~ fl611';i61tl~ bB'Vl1'Ll m'l~1'Ll 1 'U~1~ b vl1tl'U 

30.00 n-r11 
2.87 n-r11 
2.87 
-xlOO 
30.00 

bb'Vl'Llri1 ~m.1~:;~~~~~ 

~mrn:;~~~~~ 9.57 

63 



64 

.n1w "!.1-1 ~'WC.le.JUTLI 



65 

,, 
"il1tltJfflJ1'U 



fl1fl~inn fl 

.rnw ri-1 bfl~eNl\?lrl1n1"J~\?lf1~'Wbb?f'l'lle:J'l?f1"J'1~mtJ 1tJ1:u 1A"JbV'l'1Vl (Microplate Reader: 
~tl SPECTRO star Nano lJ~,;'Vl BMG LABTECH) 
' 

.fl1'V'l ri-2 bfl~e:J'l~1-1~b'0'16'fbtlf11Vl"J1 'VJ11'1:Dbl'1e:i1 (UV-Visible Spectrophotometer: 1'W 
Lambda 25 lJ~i;'VlPerkin Elmer) 

66 



.f11'W fl-3 bfl~f)'l~:::b'\lltJfi~fl11iJ#i''Ubb'U'UV!~'U (Rotary evaporator: i'U Rotavapor® R-300 

u~~Vl Buchi) 

.f11'W fl-4 bfl~fl'lb'LJtl1?11~ (Orbital Shaker I Analog Shaker: i'U Unimax 2020 'U~~Vl 

Heidolph Instruments) 

67 



68 

fl1W fl-5 bfl~ei-:i'1i'-:i1vHhvw!'LlEJ~ 4 l9l'1bb'VlU\l (~'Ll New Classic MS 'U~~Vl Mettler-Toledo) 
' 

.!l1'W fl-6 bfl~B\l[;.J?f~?!1~(;1:::611EJ (Vortex mixer Mixer Uzusio: ~'Ll VTX-3000L 'U~~Vl LMS) 
' 



' 
.fl1'W fl-7 brl~eJ\l'U\9l~'lfl')TEJ~1..:J 

• 

.n1w ri-8 bfl~e.J..:J~\9l~1t.J?f1';ifl~mt.1llbtll'l (Micropipette: tu Research plus 'U~~VJ 
Eppe 

69 



1. ~e:i - tn:w6f~6'l (!1Ten1vm) 
d u 
"Ue:i - 'U1:W6f~6'l (!1Tene:i.:inq'et) 

IPl1 bb Vitl.:J'V11.:J1"111n1'a 

b16'l1~1.Uv111:5'£J 

1Vl.U (bflii) 

1Vl.:W. 

(bAiiB'Llvi~8) 

1Vl.\?1. 

(briiiB'LlVJ~cJ) 

Miss Pornpat Sam-ang 

3-6407-00575048 

~1'1J11'1l1bflii 

Aru~1vic.nm~l?'l{bb6'1~ b Vlfl 1 'Ll fa~ 

:wvi11vi t.11~ t.1 ';i1'1l il{]'Yi\J6'1 r1-:ifl-a1:w ( ?i1'Uvi ~ bmbn1) 

1?1.'Wmt.1'1l:W'W6'1 ei.bri'EM "il. Vi~rufan 
' ' 1 Vl"a"P1'WVi 091-1451942 

E-mail pornpat335@gmail.com 

2548 

2552 

2559 

6. 6f161111"111m-a~iil'l11:w°ll1'U1ruwbfl'et (bb~n~1.:i"<i11n1~m-afim~n) -a::u6f161111"111m-a ... ' ' 
- bfliif!..1~1?1.flru~5';i';j:IJ'1J1~ (m';i~nvi bb6'l~bbt.J n~1';ieiein~vit) 



71 

7. '\.J1~~'U m1ru~ b~ v 1-U B..:! num 1'U~'"11 ..:i1'1.J1:5'v~..:i.ri1 vt 'I..! bb6'1~.fl1 V'WB n'\.J1~b 'VI A Lt9W1~'U 
' ~t:'l1'1.J.fl1'Wb'l.Jn11Vhm11:5'v11bU'l.J~el1'1.J1Vn11bb~'l.J..:!1'W1:5'v ~1WU1lfl1..:!n111iv '"~B~~111 

~ ~ 

1iv1'Wbb~6'1~~"..:i1'W1iv 

7.1 ~1ww11ri1..:im11iv : 

1. flVJ~~1'LlB'Ll1Ji;:JB5J~ bbi;'l ~cru 8-m1'~vl1\11'Ll'VB\I b'iJ'Ll 16lJ~.fo~G/i~i;:i bA~'LlbB5 b V!B b J5':il1n51J 
"I ' " 

61 nl?I CJBD1'Llb ~e:iu e:J\I n'Ll brie)i;:i 16'/mrn{ (vi'Ll1~ CJ-:iuth~mrubb~'Ll~'LllJ 2561 bb vi~-:ivi'Ll 5U'U5'Ll'Ll 
' ' ' 

lJV!1lVl CJ 16'1 CJ'j1'1Jil !]~\ji;'l 61-:J fl'j1lJ) 

2. tl d ~ ?l vi 5fl1Y-l'Ve:i-:iJ1 iT 'Ll vi e:i lJ d ~ b vi CJ bb i;:i ~ 611d61n1?11 u lJ ~ ®' e:i n n 1 iJ ( Swietenia 

Macrophylla) l?1 e:i n1'jfl1~ l?1 b i"l~CJ1~lJ~1i-Htl11?1e:in1~~vie:i-:i1 'Ll«'Ll~~-:JV!ll?l~~ru fan (Vl'Lll~CJ 
' ' 

m CJ'Lle:in 1rid-:imd1~CJ bb~~'Ll1~ nJ'jlJb ~e:ici1CJvie:i1?1bviri1 'Ll fa~~'1llJ'1l'Lld1rnn'Ll tld~"il1u-:imh~mru 
"' "' 

.c::.. Q.I .c::i 0 c:z: ii 
7 .3 -!l1'1.J1~W'Vl'Vl1 b~1~ bb611 : 

'U'VI fl11111°111 n1) 

Kongkathip, N.; Sam-ang, P.; Kongkathip, B.; Pankaew, Y.; Tanasombat, M.; 

Udomkusonsri, P. (2009). Development of Patchouli Extraction with 

Quality Control and Isolation of Active Compounds with Antibacterial 

Activity. Kasetsart Journal., 43(3), 519-525. 

Sam-ang, P.; Raksasorn, D.; Sukwattanasinitt, M.; Rashatasakhon, P. (2014). A 

nitroaromatic fluorescence sensor from a novel tripyrenyl truxene. RSC 
Adv., 4, 58077-58082. 

Sam-ang, P., Silpcharu, K., Sukwattanasinitt, M., Rashatasakhon, P. (2019). 

Hydrophilic truxene derivatives as a fluorescent off-on sensor for 

copper (II) ion and phosphate species. Journal of fluorescence, 

10895-10903. 
o<:lt. 1.:::il ..s~ .:::). Q.I 0 ~ Cl! 1.1 ' q 

eJ1'j51 w1m, Li''Ll\?11 B'Ll~1 • .fl':i.fl'Vl1 ~1B1.:iri, lJ'Ll~d1 \ll'j~nbCJlJ, 1d1.mru ~1i;:i bbi;:J~ e:i~ru 

6'i'n~ru 1 'll~mri~'Llvi{ (2561). i:.J~'Ve:i-:i51J61n1?1vic.11u1i11nm~'Ll'Ve:i-:i5Trnb ~-:imu 
' ,, ,, 

mViiJl?le:imdcJ'UcJ-:Jb~eJ Staphylococcus aureus bb~~n1':i~1mr4~~Bff'a~. 

Agricultural Sciences Journal, 49(3), 289-293. 



72 

~~~1u1~~1u~1uu~~~~1~1n1~~~~uu1u1~1~ • 
Pornpat Sam-ang, Boonsong Kongkathip, Yupa Mongkolsook, Maliwan 

Tanasombat, Patcharee Sunthornanch and Ngampong Kongkathip. 

(2007). Antibacterial Activity of Patchouli (Pogostemon cablin). PERCH-

CIC Congress V, May 6-9, 2007, Thailand. 

Pornpat Sam-ang, Mongkol Sukwattanasinitt and Paitoon Rashatasakhon. 

(2013). New Fluorescent Sensor for Nitroaromatic Compounds. Sokendai 

Asian Winter School "Frontiers in Photo-Molecular Science", January 14-
17, 2013, Okazaki, Japan. 

Pornpat Sam-ang, Mongkol Sukwattanasinitt and Paitoon Rashatasakhon. 

(2014). New Truxene Derivative as Fluorescent Sensor for Nitroaromatic 

Compounds. The 9th Mathematics and Physical Science Graduate 

Conference (MPSGC), January 8-10, 2014, Kuala Lumpur, Malaysia. 

Pornpat Sam-ang, Mongkol Sukwattanasinitt and Paitoon Rashatasakhon. 

(2015). New Tripyrenyl Truxene as Fluorescent Sensor for Nitroaromatic 

Compounds. JSPS-DST Asian Academic Seminar and School 2015 

Spectroscopy, Theoretical Chemistry and Chemistry of Materials, March 
6-10, 2015, Kolkata, India. 

Pornpat Sam-ang, Mongkol Sukwattanasinitt and Paitoon Rashatasakhon. 

(2015). New Tripyrenyl Truxene as Fluorescent Sensor for Nitroaromatic 

Compounds. The 5th Junior International Conference on Cutting-edge 

Organic Chemistry in Asia (5th Junior ICCEOCA), October 30th_November 
1st 2015, Taipei, Taiwan. 

Pornpat Sam-ang, Mongkol Sukwattanasinitt and Paitoon Rashatasakhon. 

(2016). A new truxene derivative as highly selective turn-on fluorescent 

sensor for hydrogen phosphate. Green Convergence on Chemical 

Frontiers, February 2-3, 2017, Centra Government Complex Hotel & 

Convention Centre Chaeng Wattana, Bangkok, Thailand. 

Kamonwan Srisawad, Apinun limmongkon, Pornpat Sam-ang and 

Damratsamon Surangkul. (2018). In vitro cholinesterase inhibitory 

activities of Marinda citrifolia L. extracts. The 6th International 

Conference on Biochemistry and Molecular Biology (BMB 2018), June 

20-22, 2018, Rayong Resort, Rayong, Thailand. 



73 

th'~"lp.i1"111n11 bb6'~ Proceedings 
Pornpat Sam-ang, Boonsong Kongkathip, Yupa Mongkolsook , Patcharee 

Sunthornanch and Ngampong Kongkathip. (2006). Extraction, 

Isolation and Antibacterial Activity Testing of Patchouli (Pogostemon 

cob/in). 32nd Congress on Science and Technology of Thailand (STI.32), 

October 10-12, 2006, Thailand. 

Pornpat Sam-ang. Boonsong Kongkathip, Pareeya Udomkusonsri, Yupa 

Mongkolsook, Maliwan Tanasombat and Ngampong Kongkathip. 

(2008). Development of Patchouli Oil and Crude Extract from Patchouli 

(Pogostemon cob/in) with Antibacterial Activity. The 46th Kasetsart 

University Annual Conference, January 29-31, February 1, 2008, 
Thailand. 

m:w-rfl:wu ?f"n~m n:wm';i'Hu fl~?f16'f~ '\.J';i~mru b~Pl?f"J'j';iru1'wm'1 eJ'jru6ln'ttru h~mfl 
q 'U , q 

~uvi{ bb'1~fl1i1'Vl-a ~1e:i1.:ifi'. (2561). fl1'jPlfl'tt1?11';i?ftl~';i1fltJ'ElU1'U~'El~'VlicJ'LJ~-:i 
mwhnmJm b'El'U 1'1ltlei~6/1~'1 Lfl~mei?l b 'Vlei b 'j?f. fl1';iU';i~'ll:wi'll1 fl1'j'j~l'1'U'll1~Vi'U'1 ' ~ ., ' 
?f-:Jfl'j1:wi~tJ fl-r-:iVi 4 23 ilmfl:w 2561. VJt'.!1 383-388. 

1.::::.1 .:::ii ll.I 6' .:::ii Q.I 0 ' .:::it. 6' .:::it. 6' .:::it. 

"J'j~1 bb'1l'1 :W'Ul'l';i1 fl'j'tt~bbtJ:W "J';i1mru m'1 fl1fl'Vl1 6l1B1.:Jfl 'Vl'WtJ"J';i'U'Vl';i ';i:Wmmu 

bb'1~mru6ln'ttru 1 'll~'U1fl~'U'Vl{ (2561 ). ~'1'Uei-:1?11';i?f n~VltJ1wil1n'1n1~ 'U ~eim';i ' ~ 

cJ'U~-:Jb~elbb'UflVlb~tJ Staphylococcus oureus. fl1';iU';i~~:Wl'll1fl1';i';i~\91'U'll1~Vi\j'1 
., ' 

?f,:jfl'j1:wi~tJ fl-r-:iVi 4. 23 ilmri:w 2561. VJt'.!1 331-338. 

~';i1tJ5 'U1b6'f~~ ~';i1Vl'?f~ ~bb~:W ~'U'Vlfl1'U~ 'U'll?f'U nm~ ~'UlWJ'U~ bb6'1~fl1i1'Vl1 a1e:i1.:ifl. q d.!l d.!l , q q 

(2561 ). fl1'jPlfl'tt1 ~'1'Uei-:i ~1v11'1~m tJ ~einvii~1'U eiu:w'1 B?f 'j~ bb'1 ~u~mru~uei~ 
·1 '~ 

m1:w'U ei-:i?f 1 'j?f n ~ "il1n6'\'1~'WtJeiu1u. fl1 'jU ';i~'ll:wi'll1fll'jtl1 t.?f'U ei ~'1-:J1'Wi ~ tJ 
' ., ' 

CV .:::it. .di! I Q,.J .:::t, ~ .:;:i. V Q..I .di! Q.J .c:;il 

'j~~'U'll11'1bfl';ieJ'U1tJ'Uru61'11>1Pln'tt1 :WV11"J'VltJ1'1tJ';i1'1l.fl~).fl1flt.Vl'Uei fl'j-:J'Vl 18 t.b'1~ 

6'\'1u1'li~tJ fl~'!~ 4. 20 mn!J1fl:w 2561. VJt'.!1 929-938. 
Q, ltj .::ll.::i.. .q, Q.I 0 (f .:;::,I 1.J 6' q 

'Ell';i?l1 t.t.'1l'1 a'Um eiu1>11 .fl1fl'Vl1 6l1B1.:Jfl :W'U1>1';i1 fl'j'tt~bbtJ:W "J'j1.fl';iru ~1'1 bb'1~mru 
' 

6ln'ttru h~mri~u'Vl{ (2561). ~6'1'Uei'l6'f1'j?f n~Vlm'U"ilm6'\'1~u'Uei'l6'f1'U bb ~-:i6'f1'Um 
' ., ., 

Viil~'Elfl1';icJ'UcJ'lb:iiei Staphylococcus oureus bb'1~fl1';i~1'Um~~'1B?f';i~. fll';i 

'\.J';i~'ll:wi'll1m';i-:i1mn'tt1>1';i'Ub 'jl"l"J'j fl~'!~ 15. 
' 

Srisawad, K., limmongkon, A., Sam-ang, P. and Surangkul, D. (2018). Effect of 

Marinda citrijolio L. root ethanolic extract on SK-N-SH neuroblastoma 

cells induced by H20 2. Proceedings of the 44th Congress on Science and 
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Technology of Thailand (STI 44), Bangkok, Thailand, 29-31 October 

2018. pp.114-118. 

~fUJbfl':i-:ln1':i1~~ 
'I.I 

1. ~e:i - '6'ln6' (f1Ttfl1vm) • d ., 
"lit! - '6'1~6' (fl1~1e:i-:inq~) 

3. ~1bbV1'1.J-:iihr'ilu'lJ • 

' ' 
4. V1ti1EJ~1cuVieJfjVi~t9lt9iei 

'I.I 

s. tl':i~1'~m':ifin~1 

'\"I.Pl 2549 
= .,, ~ 

lJV!11'Vlm'1mn~mP11?1m 

'\"I.Pl. 2541 

lJV!1l'Vlm~m~fo~1 vi1l 
'\"I.Pl. 2537 

lJV!1l'Vl81~m~fo~1 vi1l 

Miss Damratsamon Surangkul 

3-6599-00019-19-8 

.<::It. q q .<::It. If If 

.fl1fl1'1J1'1J1 bfllJ fltu~1'Vl81f'116'11?1'rnT;ibb 'W'Vl8 

lJVl11'Vlm~8'Wb':ifll':i "il.~~rufan 65000 
' b 'Vl':il'i''Wvi (055) 964639 b 'Vl':i?ll':i 055-261197 

E-mail:damratsamon@gmail.com 

- Molecular Cancer: Neurodegenerative disease 

1. t1-a~'6'l'Um':iru1~~ 

7.1 (~1V1ti1 bfl':i-:ln1'a) 

1. f11':ie..J~\91 b U':i~'W lnterlukin-13 (IL-13) bb'1~ beta-amyloid (VJ'WUf1l~8V11J11 vi1l 
flru~1'Vl81f'11?1\911m1bb~'Vl~ tJw'<il1u 2550) 

2. m1e..i~\91bb'1~fin~1e..1'1'1.IB~~ITTJUUb'W'Wvl lnterlukin-13 I beta-amyloid fusion 

protein 1Pim6lf'1~ microglia-like human THP-1(~utJ1~mrubb~'W~'W 2551 ,lJ'Vl1l'Vl81~8'Wb':i'Pld':i) 
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3. ~!;l'Uel\l recombinant IL-13 bb!;l~ IL-13/ beta-amyloid fusion protein ~e:i 

tl1':i?l~1'1 cytotoxic factor lwb"ll!;l~ microglia-like THP-1 ~~nm~~'W~1CJ beta-amyloid 

(-:i'U'l..b~mrubbe.i'LI~'W 2552 ,iivn1'Vlc.11i;lc.1'Wb':if"n':i ) 

4. 'U'Vl'\J1'Vl'UeJ'ICJ1m1bb:l.J!;1'116/lb '\..Je:i1iJ'Vl~'W~eJtl1':ibn~Vi~1 'W b61l!;l~'\..J':i~?l1'Vl 1~'\..J1iJ'W SK-

N-SH (-:i'U'\..J':i~mrubbe.i'W~'W 2552 ,:l.JVl1l'VlCJ1i;l'CJm':if"n':i ) 

5. ~!;l'UeJ'I IL-13 l 'Wtl1':itl1':i~eJ~1'Wtl1':i\?11CJbb'U'UeJ~vm:i.J b\?1"6?l'UeJ'lb61l!;l~?l1CJ~'WBb61l!;l~ 
'\..J':i~?l1'Vl 1~'\..J1iJ'W ('Vl'WeJ~Vl'W'Wtl1':il~CJ '\..J':i~~1tJ-:i'U'\..J':i~mru 'W.l"l. 2553) 

' ' ' 
6. m ':ifi 11~1 ~!;l'Ue:i-:im':i?l n~~1~ 61-:i-:ie:i n~ e:i m':iu e:i-:i n'U m':i\?11 CJ'U e:i-:i b 6/l!;l~'\J':i~?l1'Vl 

b'W1~b~CJ-:i~1~-r'U'W1':i1AJB'Vl ( -:i'U'\..J':i~mrubbe.i'W~'W 2556 ,:1.JV11i'Vlc.11i;lc.1'Wb ':if"n':i ) 

7.~1;1'Ue:i-:i161lb~c.1:1.JD1Vib -:i'Vl~m61l1;1~:1.J~b ~-:i~11fil V1ajbb!;l~b61l!;l~~'Wn1b 'W~ii~ b ~-:i~11fil Vlaj 

(2558,b ':i'l'WCJ1'\J1!;lm'lb'Vl'Wflbn\?l) 
' " 

8. tl1':ifi tl~1 eJ'I ritJ':i~ tl B'U'Vl1'1 bfliJ bb!;l ~ ~'VlB tl1':icJ'U ~'I b B'W 1 "ll:l.Jbfl~'W b'i:J?l b 'Vl 'i) b ':i?l'U B'l?l1':i 

?1n~~1~?1-:i-:ie:in( -:i'UtJ':i~mrubbe.l'W~'W 2559 ,:1.JV11i'Vlc.11i;lc.1'Wb ':if"n':i ) 

7.2 -:!1'U1-.S'EJ~b~ll1oUB-:!bbG'l~vl1b~~~bb611 (~m.JG'l-:!1'U1-.S'EJ U~Vh.JW n11be.Jllbb'V·d bb&l~ 
bbV16°i-:i'V1cutieicuV1~-:i1~bncu s u) • 

..::.. Q,I di di oC::t. tf Q,I ..::.. 

e.JG'l-:!1'U1~ll'Vl\?l'V-l~'V-1111~111~~'U'U1'U1'!l1\?l 

Kanchanat Ternchoocheep, Damrassamon Suran~kul, Sukh~ij Ysothonsreekul. 

The recovery and protective effects of asiatic acid on differentiated 

human neuroblastoma SH-SY5Y cells cytotoxic-induced by cholesterol. 

Asian Pacific Journal of Tropical Biomedicine 2017;7(5):416-420. (Scopus) 

(b1m1c.11~, :1.JV11i'Vlc.11i;lc.1m ':if"n':i 2558) 

Apinun Limmongkon, Prachya Janhom,Ampika Amthong, Muenfan Kawpanuk, 

Patcharaporn Nopprang, Jirarat Poohadsuan, Suwaree Saijeen, 

Damratsamon Suran~kul, Metawee Srikummool, Tantip Boonson~. 

Antioxidant activity, total phenolic, and resveratrol content in five 

cultivars of peanut sprouts. Asian Pacific Journal of Tropical 

Biomedicine 2017;7(4):332-338. (Scopus) ('l'UU':i~mru bb eJ 'LI~ 'LI 2 5 5 8, 

:1.JV111'Vl mi;l C.J'Wb ':il"l1':i) 

Lertkaeo P, Limmongkon A, Srikummool M, Boonsong T, Supanpaiboon W, 

Suran~kul D. Antioxidative and neuroprotective activities of peanut 

sprout extracts against oxidative stress in SK-N-SH cells. Asian Pacific 

Journal of Tropical Biomedicine 2017;7(1):64-69. (Scopus) ('I 'U tJ ':i ~ :l.J 1 ru 

bbe.l'W~'W 2558,iJVl1l'VlCJ1i;l'CJm':il"l1':i)Thepmalee, C., Sanguansermsri, P., 
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Suwanankhon ,N., Chamnanpood ,C., Chamnanpood ,P., Pongcharoen,S., 

Niumsap ,R.P., Surangkul.D., Sanguansermsri,D., (2013). Changes in the 

NSl gene of avian influenza viruses isolated in Thailand affect 

expression of type I interferon in primary chicken 

fibroblast cells. Indian J. Virol. (-.:iu'\.J'.i~:W1tubb~'U~'U 
'Ub '.iffJ'.i) 

embryonic 

2556,:WVI1l'YltJ1 ~ tJ 

tl1t~'UeJ 1 wnm.h~"l!:U Proceeding 

tlm~ '\.J'.i~-;JTNPl,e:ii111'Livi ~:W:W'lfl~,m:w-r121:w'U ?l'.i1'ln'.i. ~~'VB'l?l1'.i?ltl~tl1~?l'l-.:JBn~Bn1'.i 
l1 e:i-.:i n'LI m '.i\911t.l'VB-.:Jb61m ~'\.J '.i~ ?l1'Yl b vn~ bi t.1-.:i~1~fovn'.i1m B'Yl. m'.i'\.J '.i~'1l:Wl'1l1n1'.i 

' 
b?l'LIB~~-.:i1'LI1~ t.1'.i~iluurusnl9lf!im.oJ1 bb vi-.:i'1l1~ fl~-.:i~ 27 ,2556, Vl'lofru fan, '\.J'.i~b 'Yll211 'Ylt.1 

' 
( -.:iu'\.J'.i~mrubb~'LI~'U 2556 ,:WVl1l'Ylt.11~t.1'Ub '.iffJ'.i ) 

..::::... Q..I tr o Q..I tf Cl.I CV c::;,,. .c:i., tfc:::. ..::::.. .::.I 

11\9lJ'U ?l'U:WQ1,lil'l'.in'lof B'.i'.itl'.ilj ,~1:w'.i\31:W'U ?l'.i1'ln'.i. n1'.i~~\9\B'Ub\9\B'.imfl'U-13 '.iflB:W 

Ubb'LI'LI'Ylb '\.J'.i~'LI1 'Ub61J~~ SK-N-SH. m'.i'\.J'.i~'1l:Wl'1l1n1'.ib?l'UB~~-.:i1'LI1~t.1'.i~ilu 
' 

urusnl9lf!in'lof1bbvl'l'1l1~ fl~'l~ 27,2556,Vl'lofru fan,'\.J'.i~b'Yl\311 'Ylt.1 ( -.:J'U'\.J'.i~mrubb~'U~'U 
' 

2552 ,:WVl1l'Ylt.11~t.l'Ub '.iffJ'.i) 
q q 0 Q..I Q.I Q..I tf ii' c::;,,. 

b:W51 131'.ifll:W~, ~1:w'.i\31:W'U ?l'.i1'ln'.i bb~~ lil1'.i.f1fl bb?l'U?l:W'1lt.1. fl'YJ5n1'.i\9\1'UB'U:W~B?l'.i~'VB'l 
~ 1 uj ,~ 

?11'.i?tn~-;u1n-h'UA'1-.:im1v\'1 bb~~ u1un. 'Ub'.im'.i1~t.1fl~-.:i~ 10, 2557,Yl'lofrufan 
' 

,22-23 mnn1fl:w, Vl'lof~fan, '\.J'.i~b'Yll211'Ylt.1 (-.:iu'\.J'.i~mrubb~'LI~'LI 2555 , 
:WVl1l'Yl t.11~ t.l'Ub '.i\311'.i) 

Siriporn Pakwan, Wajathip Bulanawichit, Apinun Limmongkon, Damratsamon 

Surangkul, Metawee Srikummool,and Tantip Boonsong. Inhibitory 

Effects of Peanut Sprout Extract on Mouse 3T3-L1 Adipocytes 

Differentiation. Rumkhamhaeng University International Research 

Conference (RUIRC2015). September 2-3, 2015. (-.:iu'\.J'.i~mrubb~'U~'U 

2558 ,:WVl1l'Ylt.11~t.l'Ub'.iffJ'.i) 

Jirarat Poohadsuan, Apinun Limmongkon, Damratsamon Surangkul, Metawee 

Srikummool.2016. Oral presentation in title "Antioxidant activities of 

protein extracts from peanut sprout Kalasin 2 cultivar"The 38 th 

National Graduate Research conference:graduate research towards 

bglobalization,Phitsanulok, Febuary 19-20:pp.456-464,Thailand. 

( -.:iu'\.J'.i~mrubb~'LI~'LI 2558 ,:WVl1l'Ylt.11~t.1'Ub '.iffJ'.i) 

Juthamas Yosudjai, Pranee Lertkaeo, Apinun Limmongkon, Metawee 

Srikummool, Tantip Boonsong, Damratsamon Surangkul Poster 
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presentation in title "Antioxidative and neuroprotective activities of 

peanut sprout extract (Kalas in 2)" The 5 Th International Biochemistry 

and molecular biology conference.26-27 May 2016, Songkha, Thailand. 

( -:iu'\J';i~mtubb~'U~'U 2558 ,lJ"v'l1lVJCJ1~t.J'Ub ';jf'11';j ) 

Titinat pokawattana, Siam Popluechai, Metawee Srikummool, Damratsamon 

Surangkul,Kongkiat Kespechara ,and Art Hiranyakas. Poster 

presentation in title "The expression analysis of P53 affected by 

sodium butyrate treatment on HCTl 16 stem cells using qPCR " The 

5Th International Biochemistry and biology conference.26-27 May 2016, 

Songkha, Thailand. (2558, h-:ivw1u1~n1-:ibVl'l'1UJbrl1>1) 

tJ1b6'1'1..!eJ b '1..!..:i1'1..!U'a~°lfil Abstract • 
Attarat, J. and Surangkul. D. Mushroom Proteins and Antioxidant Activity in 

Local Area of Phitsanulok and Trang Provinces. 'Ub';ii'l1';il~rn·1#-:i~ 7. 

~~rufan ,2555 (b~m1CJ11'1 2553 ,lJ"v'l1lVJCJ1~CJ'Ub';ii'l1';i ) • 
~1lJ1'i'llJ'U ?f';j1-:Jm' nl';i 1fl~'Ubb~~n1';ibb?f~'IBBn'lJB'IB'Ubl'11'~~'U-l 3 1 m61m~ SK-N-SH, 

'\) 

'\.Jb';jf'11';j1:D'CJ fl#-:i~ 7, 2555 ( -:iu'\J';i~mtubb~'U~'U 2551 ,lJ"v'l11VJm~CJ'Ub ';jf'11';j ) 

Juthathip Tethiwat, Metawee Srikummool, Nongluk Saikachain. Damratsamon 

Surangkul Poster presentation in title "Effect of butyrate on human 

colon cancer butyrate resistance cells (HCTl 16-BR) " The 5 Th 

International Biochemistry and molecular biology conference.26-27 

May 2016, Songkha, Thailand. (2558,h'l'V-lCJ1'U1~n1-:ibVJVHJbrl1>1) 
Chinnawat Phothirat, Metawee Srikummool, Chakkraphong Khonthun, __ 

Damratsamon Surangkul. Poster presentation in title "Effect of 

butyrate on a-synuclein expression in colon cancer butyrate 

resistance cells " The 5 Th International Biochemistry and molecular 

biology conference.26-27 May 2016, Songkha, Thailand. 

(2558,1 ';i'l'V-lmu1~m-:ibVJ'V-lmn1>1) . '\) 

Jirarat Poohadsuan, Apinun Limmongkon, Damratsamon Surangkul, Tantip 

Boonsong, Metawee Srikummool. Poster presentation in title "Peanut 

sprout extract of kalasin 2 cultivar increases human dermal papilla 

cell viability " The 5Th International Biochemistry and molecular 

biology conference.26-27 May 2016, Songkha, Thailand. 

(2558,1 ';i'l'V-lmu1~m-:ib Vl'V-lf1 bn1>1) . '\) 
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1.3 .:i1t.11:5'tJVin1~.:i'Vi'1 
m J~ m.':f1ei-:i ri'tb:m e:iu'\111'1 brli'.i bb~:::ti'VlBmJc!\J ~'I b e:it.116tl:w1fl~t.1 be:i?f b 'Vle:i b 'j?f'IJ e:i'l?f 1J 

?fn(il~1~?f'l'le:in ( .:iuLJJ:::mrubb~'LI~'LI 2559 ,:wV111'VltJ1i;i'tJ'Ub 'jl"f1'j ) ~1V1if11fl'j'ln1Jl~tJ 
m.rl'U-d1tJ"UtJ1m1mb~:w 1 1?1.fl 2558 -30 n.tJ 2560 

" 

~~1:w 1fl-a.:inT'a1:5'tJ 
'U 

1. zje:i-m:w?tn~ (m~11 'VltJ) 
' 

'U1'1?f11eJ'U'lrl 1"1rl?f fi1 

Anong Srisopa zje:J-'W1:W?f~~ (m~1eJ''!nt]~) 
2. b~'IJV1:W1tJU1?1JLJJ:::"i\'1~1LJJ:::'ll1'll'LI 4 6501 00004 587 

3. 1?1'1bb V!'ll'IU~~u'U ~-d1tJl"11?f 1?1J1~1'HJ 
' " 

4. V1'111 tJ'l1'Ubb~ :::?tm'LI~e:i ~~~(il~ e:i 119l?f:::(il1 n ~~e:i:w'Vlmm~'IJ b 'VlJ~~v] b 'VlJ~~v1ile:i~e:i 
" 

b '\ll'j?f1'jbb~::: 

E-mail 

flru:::1'VltJ1m?11?1{ bb~:::b 'Vlfl 1 'LI fa ~:wm1'Vl tJ1i;i' tJ'j1'llil[]'Vi\J~?f'lflJ1:w 

\?\'1u~~mtJ'll:W~~rl1bfimile:i'I ~'IV!l(il'Vi~rufan 65000 
' ' 

b 'VlJ~~vl/b 'Vl'j?f1J 055-267000 ~e:i 4207 

E-mail: anongsrisopa@psru.ac.th 

5. LJJ:::1~mJ~n~1~e:i'!J:::'U?tmu'LimJ~n~1 ?f1'1J1l'll1bb~:::tJ~~'Un1J~n~1 
' 

PhD (Chemistry) 
TVl.:W. (bflii) 

1'Vl.'U. (bflii) 

~1n University of East Anglia, UK 

~1n :wV111'Vlm~m~tJ'l1Vlli 

~1n :wV111'Vlm~m~tJ'11Vlli 
Cito d~ 0 Cit. 

6. ?11'1J11·1n n1J'Vl:Wfl11:w'll1m tiJ~ bl"!~ 

- bfllJl bfl'j1:::~/bfl~eJ'liie:i1 bfl'j1:::~'Vl1'1 bfl:W 
""= ,, - bfl:W?f'lbbl(il~eJ:W 

- bfl:W~ e:i~ b:we:i{/ mJi:1'! bm1:::~bb~::: n1 JVi?f~ih e:i n~ n~cl 
" 

~.1"1. 2554 

~.1"1. 2542 

~.1"1. 2539 

' ' ' .::::,,, t{ drl.::!il CV I Cit. 11 

- n1J\?1J1~1 bfl'j1:::V1flrum~mV11Jbfl'jeJ'l(il:W bb~:::m e:JtJ1'1~1n?f'lbb 1(il~e:J:w 
' 

- 1'Vlml"11?11?1{~n~1 

7. LJ'j:::?fumdcl~ b~m-ii'e:i'lnrn1'LI1~tJ~'lm tJ 1 mb~:::mtJ'Ue:inLJJ::: b'VlY'1 

th~6'1unTaru~1t.1.:i1t.1u~V11-a 

~.1"1. 254 7 - 2549 LJ'j:::1J1'U?f1'1J1l'll1bfli1flru:::1'VltJ11"11?f1?1{ i 
!LI 0 ttc::a 6' .:::::,,, If 

~.1"1. 2548 - 2549 t:-Jm'LI1tJn1'jl"f'UtJ1'VltJ11"11?fl?1'j flru:::1'VltJ11"11?f1?1'j i 
" 'U 

~.1"1. 2555 - 2560 flru:::mJ:Wn1JlJJ:A1flru:::1'VltJ11"11?f1?1{ i 

~.1"1. 2556 - 2560 'jeJ'l~el1'U1tJn1J ~111fll'VltJ'U~n1Jbb~:::b'Vlf1 b 'Ufa~ 
'U 
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'V'l.1"1. 2556 - 2560 flru~m';i:UnT~LJ';j~"51~11YniVJCJtJ~nTm~~bVlfl 1 'Ll fa~ 

?\1';i?l'UbV11"1 

'V'l.1"1. 2560 - tJ"il"ilD'U f!ru~m';i:U n1';ith~"51flru~iVl CJ11"11?1M1 i 
' 

lil1LLWU~ L~eM (LL'i'l~~viul 

fiii tri"i~f11"i n17a h:i'U \i1 ~'LI bb uu'11V1fo'l'llil ae1um 7fi1 ~ \i1 a1 'a'Vi'U b\il~ 1 mlil el ::'VI el hi 1'1~ i:J1u 
' " 

nwt.JfotJ7-:i~1~a17fl::fl1~b'Vi~nbU'Ll~11illiliu 
' " 

(LbN'W~'U 59) 

frntrimm m11 oUfl'"J1:lJ'Vlfl1nmrn.J'lJ'iN1~ bfl'Ub U'U1'i'1iJ-:i~Vl1-!l~1.ll1~G'\'1V1-r1Jm1tJ1:;blJ'W~~ 
m:;VJ1J:lJ~Yl~vi1-:im ml"11 'Wb 'll1>1e51 b.n ei&ei-:iVl~ru 1~ n , 
(LLNU~U 58) 

1X1"1u1 trirnn'l ~ tu?l:!JU~Vl1.:Jbfl~ bb~:;vi1-:i~1m~'lJB-!l?l11?itl\il\i1Bn~rn b~B.:J~~1'Wn11?itl\il b\ilt.J 1i.J 

1oifl'i'1~1~:;~1t1B'Wvi~tl 
(LbNU~U 57) 

~1l.J tri"i~f11"i flrum~mml"1mt11'Wmfl11~~nei1~t11'Wb'lJl'1'lJ:lJ'lJ'Wb~B-:i 'il.Yl~rufan-, , , 
(LbN'U~U 57) 

1X1"1u1 tri'l~rn'l f11"i"11tJ~m ru?11'i~1 Lbmn n~11ri1 ·hn bll'VI 1 u~ULL tJiNu1-U11 t111tJ15tmm t Y1m1YJ'Vv~L "11.11 

?1m"i11u:;?1~ . 
(LLNU~U 56) 

1X1"1u1 tri"i~rn'l ?11"i?ltl111111Bfll1111L~B~'il1flJJiJDt\)t\)1VleJ~~u~'Ul\llfl"iWe.J~\llJl[U.,.\f.1111{1"ivtJ 
(?lfleJ. 2555) 
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Abstract: 
Alzheimer's disease (AD) is the most common form of dementia in the people having 

age more than 65. Cholinergic deficit has been implicated in the pathogenesis of AD. 
Inhibition of acetylcholinesterase (AChE) are the promising strategies in the development of 
drug for disease. Marinda citrifolia L. (Noni) has been used in traditional medicine for 
anti-inflammation, anti-virus, antioxidation, and neuroprotection. Thus, this study aims to 
investigate the in vitro cholinesterase inhibitory activities of Noni. The crude extracts from 
leaf, stem, and root were extracted by ethanol, water, or hydro-alcohol ( 40% ethanol) 
(9 samples) and were assessed for AChE inhibitory activities by the Ellman's method. 
The result showed that effect of root ethanolic extracts possessed more AChE inhibitory 
activity than the others with the half maximal inhibitory concentration (IC50) values of 480 
µg/ml and Tacrine was used as positive control had IC50 0.2 µg/ml. 
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Abstract 
Alzheimer's disease (AD) is the most common form of dementia in the people having age more than 65. Cholinergic deficit has been implicated in 

the pathogenesis of AD. Inhibition of acetylcholinesterase (AChE) are the promising strategies in the development of drug for disease. Marinda citrifo/ia L. (noni) 
has been used in traditional medicine for anti-inflammation, anti-virus, antioxidation, and neuroprotection. Thus, this study aims to investigate the in vitro 
cholinesterase inhibitory activities of noni. The crude extracts from leaf, stem, and root were extracted by ethanol, water, or hydro-alcohol (40% ethanol) 
(9 samples) and were assessed for AChE inhibitory activities by the Ellman's method. The result showed that effect of root ethanolic extract possessed 
more AChE inhibitory activity than the others with the half maximal inhibitory concentration (IC50) values of 480 µg/ml and Tacrine was used as positive control 
had IC50 0.2 µg/ml. 

Keywords: Alzheimer's disease, Acetylcholinesterase, Marinda citrifolia L. (noni) 

Nowadays around the world including Thailand is entering aging 
society, the elderly population is likely to increase. The following is the disease 
in the elderly such as Alzheimer's disease (AD). AD is the most common form 
of dementia. Cholinergic deficit has been implicated in the pathogenesis of AD. 
Deficiency of acetylcholine (ACh) found in patients influence on fundamental 
role in memory. Inhibition of acetylcholinesterase (AChE) are the promising 
strategies in the development of drug for disease. Currently, most of the drugs 
available for treatment of AD are ChE inhibitor such as Galantamine, 
Donepezil, Rivastigmine and Tacrine. However, they have been reported about 
numerous side effects. In this study focus on Marinda citrifolia L. or noni has 
been used in traditional medicine for anti-inflammation, anti-virus, 
antioxidation, and neuroprotection. Thus, this study aims to investigate the 
in vitro cholinesterase inhibitory activities of noni. 

Marinda citrifolia L. extract preparation 

We got crude extracts 9 samples from Dr. Pornpat Samang Faculty 
of Science and Technology Pibulsongkram Rajabhat University. Crude extracts 
are divided into leaf, stem and root will extract in ethanol, water and 
hydro-alcohol then we bring to dissolve by 0.5% DMSO. 

Root 

• Ethanol 
•Water 
• Hydro-alcohol 

(40% ethanol) Crude extracts 0.S% DMSO 
(9 samples) (9 samples) 

Acetylcholinesterase inhibition: Ellman's Assay 

This method estimates the activity of AChE using by 
acetylthiocholine iodide as substrate and DTNB. The enzymatic activity was 
measured by the yellow color compound product by thiocholine when reacts 
with DTNB. 

Acetylthiocholine iodide 

l ~ AChE 

Thiocholine + Acetic acid 

100-2,000 µg/ml Marinda citrifolfa{ extract 

t... ,, ••. • +,°:·3~/S~~;- :. .,, .· 
-f 37 ·c, lS min 

i m,M Acetylthiocholine iodide i .. 
u~~DT~B.J 

f 37 ·c, 30 min 

' Absorbance was measured at 412 nm ' 

o/olnblbltlon 
(O. D, control) - (0, D. sample) x 

100 O.D.control 

This research was supported by research and development institute 
pibulsongkram rajabhat university phitsanulok (grant number RDl-2-61-03) 
and the Department of Biochemistry, Faculty of Medical Science, Naresuan 
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Figure 1 AChE inhibitory activity of noni (A) and Tacrine (BJ at different concentrations. 
Data are given as mean±SEM (n = 3) 

Table 1 tC50 values obtained in AChE inhibitory assays 

Sample 1c,0 (µg.ml) 
--·-------· ----·····-

Tacrine 0.2 
. M~·~;,;d~ -~it;if;;/;a l .. 480 

(Root ethanolic extract) 

The present study indicated that all extracts have ability to AChE 
inhibitory activity and root ethanolic extract possessed more AChE inhibitory 
activity than the others. At 2,000 µg1ml %inhibition of root ethanolic extract 
values of 75.66% that similar value of Tacrine {80.32%). But root ethanolic 
extract exhibited the half maximal inhibitory concentration (IC50) values of 
480 µg/ml more than Tacrine was used as positive control had IC50 0.2 µg/ml. 

Although root ethanolic extract possessed IC50 more than Tacrine but 
may less side effects, as well as previous research found noni has been used in 
traditional medicine for anti-inflammation, anti-virus, antioxidation, and 
neuroprotection. [1] Noni contain phytochemical compound is phenolic 
compound such as scopoletin and anthraquinones [2] that have been reported 
about antioxidant and anti-ChE activity. (3,4] Therefore, we concluded noni have 
ability to AChE inhibitory activity and root ethanolic extract possessed more 
AChE inhibitory activity than the others. 

[1] Jung HA., Ali MY., Jung HJ., Jeong HO., Chung HY., Choi JS. (2016) Inhibitory activities 
of major anthraquinones and other constituents from Cassia obtusifolia against ~-secretase 
and cholinesterases. Journal of Ethnopharmacology, 191, 1S2-160. 

[2] Mogana R., Jin KT., Wiart C. (2013) Anti-Inflammatory, Anticholinesterase, and 
Antioxidant Potential of Scopoletin Isolated from Canarium patentinervium Miq. 
1Burseraceae Kunth1. Evidence.Based Complementary and Alternative Medicine, 1, 1-7. 

[3] Torres MA., Magalhaes ID., Oliveira RM., Sa JC., Rocha AL., Silva AL (2017) One 
Plant, Many Uses A Review of the Pharmacological Applications of Marinda citrifolia. 
Phytotherapy research. 31, 971-979. 

[4] Wang MY., Su C. (2001) Cancer preventive effect of Morinda citrifolia 1Noni1. Annals 
of the New York Academy of Sciences, 9S2, 161-168. 
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An Investigation of the Effects of Extracting Solvents on Antioxidant 

Activity and Total Phenolic Contents of the Crude Extracts from 
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~Y1Erii'1'Wmil;Jr!B?IJ:: Lli1ti15 2,2-diphenyl-1-picrylhydrazyl radical scavenging capacity (DPPH assay) 'Vi'\Jl1"11J 

?1nli1V1tJ1'1.JbvYl1'WvriiinYJBc'Jut~v'Wl..lriB?IJ::?i~~?lli1 L1i1viiri1 IC50 b'Vi1nu 5.75 iJri~flfalilviJri~~l'ld 'jfl~ri~m Av"11J 01 ,\) 'U , 

?lnlil 40% bvY11'Wvrililml1 bbr1::?11J?1n1i1tl1 zj~iJri1 IC50 b'Vi1nu 8.22 bbri:: 15.22 iJri~fl-rl..llilviJri~~l'IJ ml..l~1~u L1i1t.11'1r 

BHT bbri::11'11iJ'W~bU'W?i1Jl..i1\Pl'j3}1'W zj~iJri1 IC50 0.064 bbri:: 0.033 iJri~fl-rl..l!ilviJri~~l'lJ mmh~u b~v1Lm1::-vj 

tJ~mruYJ'Wv~m1l..I 'Viu11?11J?1nli1bvY11'WvriiitJ~mruYJ'Wv~m1l..lmfl~?11i1 LYi1nu 12.87±0.08 iJri~fl-rl..l?il..ll..lrimlilLbflri 
' " 

~fllilvtl1ww fl?i1J?in\i1 'il1 fl ~ri fl1'jY11i1rlv~?11l..lrn:1A'li1 L~v fl"11J?inli1 'Vv~~1rii''Wt.1 vu1'W ~iitJ'j::~YJ5 m'Vi Llil t.1iitJ~m ru 

?11J?l1A''l:! 1 'W fl~l..IYJ'Wv~m1l..l~~~~li1 bbri::ii~YIB1 'Wfl1'jril1"Wm.H:!rlB?IJ:: DPPH zj~?11md111 oUb llmLmY11~ 1 'Wfl1'j"1\jlj'lJ1 L U'W 

~ ~ l'l.fi' ru <Vi bum fl ~v-i ,;;'1v 1 ~ u1d ~ ~1 vi~v v1vm b?l~l..lv ~1 ~il tJJ:: ~YJ5m'ViIiiv1 tJ1'Wv'W1fl\Pl11'1 ~ ~d,;;'1vi-ru fl1 dd::u 
' ' 

Abstract 

Air-dried stems of Marinda citrifolio were extracted by maceration using different solvents 

including ethanol, 40% ethanoVwater and water. All crude extracts were further studied for antioxidant 

activity and analyzed total phenolic contents (TPC). The results showed that the crude ethanol extract 

displayed highly antioxidant activity with IC50 value of 5.75 mg/ml which were more than crude 40% 

ethanoVwater and water extracts with IC50 values of 8.22 and 15.22 mg/ml, respectively in comparison 

to BHT (IC50 0.064 mg/ml) and vitamin C (IC50 0.033 mg/ml) as standard compounds. For total phenolic 

contents (TPC) of the crude ethanol extract, it showed the most TPC with a value of 12.87±0.08 mgGAE/g 
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crude extract. The finding of this study indicated that the crude ethanol extract of Marinda citrifalia 

showed the highest activity and great potential for cosmetic and food Supplement applications. 

However, the identification of active compounds of the crude extract could be further confirmed by 

purification and elucidation. 

Keywords: Marinda citrifalia, solvents, antioxidant, total phenolic contents 
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1~ zj~bbV1~'l?11'liii'1iie:iii:w'1B?l'l~'il1n5·fi:w'U1M'V'lt11 iivhi ~n bb'1~r<'11~Vlm8'U'Wl'l ll'l8'il~iln~:w?11'irl1A'ru Mbbn ?11'lwiie:i 

''V , l.I 

~n (phenolic compounds) blliii'1-bbf1 hYlii (beta-carotenes) bbfl hYliie:i8~ (carotenoids) imilii'il (vitamin C) 

bb'1~ bb'iJ'\J l 'Vl1'1J81'W'\J (anthocyanins) 'l1:W~~'V'llll1tJ~b uii?f 1'\Jr.JG'l:W 1 iir<~\91ilru'l1e:i1V11'lb?l~:W b-d'\J ?11'l?ltll'l'il1flbb tJ~tl18 
b:W~l'le:ifo bb'1~'U1 blliiiii'ii (1:w\91~ G'l'Vl5'5\911'\, 2541) 

' ' 
8eJD1'\J (Marinda citrifalia L.) b ll'\J?l:W'\J1m'i{iii.J1ii'U'Wl'lV1~~11.J~f1'\J1 'Vl8'Vlf1illJ mri~~ nnii~ ilriruA1'Vl1'l 

')\ , , " " , 
e:i1V11'lbb'1~?1'i'l'V'lflru 111~-d 1 'U8e:i Hfof1Yle:i-:i11.:i '11'1 H r<'18e:i bbnri~ii1~mb~8ii bb'1~oU'U'1:w fou'il~i:Jiiilr<~\91il ru'11J1 

'1 f18 e:i-d18 '1 l'lf111 :w\11 '\J MB n ~18 rl1wfo 8eJD1 iiil 'l18 ~1'\JW 8'V'l'Ul1 ?11 'l?I tll'l'v'I 81'\J b:W'Vl1 '\JeJ '16'i1ii 'UeJ ~ r<'1 bb'1~ J1 '1 f18 e:iiln'VlB 
" " ·1 

iii'1'\J'iJ'4l;J'1BG'l'l~ (Yang et al., 2010; Su et al., 2005) bl'l8vl1f11'i'Vll'l?leJ'U~18l5 DPPH (1, 1-diphenyl-2-

picrylhydrazyl radirals) bb'1~ ONOO- (Peroxynitrites) Bf1~'ltJ'lbb?ll'l'l~'VlBt!t1t~bbl!f1Yib~8 (antimicrobial) bb'1~iii'1ii 

f11'iBf1b?l'U (anti-inflammatory) (Sang et al., 2003; Takashima et al., 2007) '\JeJf1'il1f1.QG'l1'l?ltll'lV181l!beJ'Vl1'\JeJ'1 

'il1m1n8e:ii.J'1iit!'l?11m'ltltJ'Ut'lm'iv\'1-:i1ii'UeJ~beJ'\J 1'1Jtle:i~~M'11ri~me:im 'Vl'iJb 'l?l1~ ( m:w-rl"1:wii bb'1~Aru~, 2561) l1'18n~:w 
?11'lrl1At"\J~'iJ'iJf1~'VlB'Vl1-:i~1m'V'l 1~bbrl ?11'lf1~:!.Jbb'iJ'\J'Vl'i1Aifo'lJ (anthraquinones) ~m biie:i8~ (flavonoids) 'iJ'4~'lJ5 
'LJ'iJ'lf1:w1~'\J (coumarins) bb'1~ B~l'leJcJG'I (iridoids) blli.Jiii''IJ rl1V1fo-:i1iii~81'lJA~'l.Qil'ill'lU'l~G'l'lAbvle:iPln~1r<'1'LJ'iJ'lM1vl1 

" ' 
'1~ '118~il~1M1'l nii Me:itJ~m ruwiie:i ~ n~-:i'v'l:wl'l bb'1~ m1:w?11m'lti 1 'IJ m 'lt!'Ut 'leJ'\J:W'1 B?l'l~ 'UeJ-:i?11'i?1 n l'l'il1n~1iii'ii8e:ii.J'1ii 

'" 
~~.n f11I'll1'iJ'lA f111:W~~1M'U G'f 1:w1'l t1 b lJ'lJU'l ~ bv'U1.J1 '\Jf11'l?l'W''U?l'\J'\J1iX-d18 tl'\J e:iii-r f1,;bb'1 ~6'1 ~ b?l~:W f11'lU'1f18'iJD1'\J bb'1 ~ " , , " 
~ liU'\J1MeJ8eJl'ltl11 tJ?i~1'\Jf11'l bb 'V'l'VlcJ 'i1:w~-:ir<'1f11'i'Vll'l'1eJ~~Me:i1'il'il~ b tJii-U'e:i:w'1.;{'\J\51'\J 1 iJ f11'l bb8 f1?11'i'U~?l'VlB~e:ie:inn'VlB 

" .., 631 , "I 

Me:i1tJ 
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1~~u1~~~~~B~n111~v 

b~e:J~rn~l1~'VIE~hwe:i"lt~'1B?l"l~Ll'IEJ15 2,2-diphenyl-1-picrylhdrazyl radical scavenging assay (DPPH 

assay) bb'1~V11'tJ~m ru?11 "l~'W e:i ~ nrn.J~,m:w l'l'V e:i.:i?11"l?1 fll'l'il1 n'11 li1'W EJe:JD1'W~ ?I nl'I ~1 EJ ~1'Yl1'1 ~m EJ ~1.:i n'W 

Qc;:f 0 Cit. c:.. ~ 
'J5~1 b 'U'Un11'J'1V 

n1'J\ll'J'1'il6'1m..Jrnn~m~mh1eM6'1:w'Wl'Vl'Jtre:Ju1u • 
bn'\J~1e:iv1~Yl'llu~~ m:w15'Ue:i'lne:i.:imwmbb'1~1"ll'l'1\;] (2559) tJ 2560 ru l'i1'U'1Vl'We:J'lbblibb~N 'il1b.rrn1'Vl'm:w 

~'l'Vll l'I n1 bb vm Yl'U"l ~1 b il'Wn1"l\ll "i1'il?le:J'\J be:Jfl~ ni;rubb'1~ "l~'\J'tiU l'IY1'U5 I'! bb~'l Ll'IEJ ~1'1, \ll"l, n1C\J'il'W1 D'W'WYlf1ru ii b'1'U 
' u ' 

voucher specimen QBG, No, 105894 bb'1~bnufoi;1~1e:iv1.:iY1'U€i'l'!bb~.:iH ru ~e:J.:ibn'\J"l1'\J"l1:W~"l"lru1~ riru~ 

1V1EJ11'11?1\ll1 bb'1~ b 'VIAL 'W 1'1 El :wV111V1EJ1~EJ"l1'U.il iJ'V1\J'1?1.:im1:w bb'1~Vle:im"lru 1~ ?11'WYl~i;1'11?1\ll1?1:w b~'il~"l~'W1.:ib~1~~n~ 

e:J,bbll~:w '5'.:iVlll'!b:tiEJ~1Vlli 

tl1~wv1~'11li1'WEJe:iiJ'1tJ'il1nl'i1u'1V1'We:i~bbllbb\ll'l 'il1b.ne:i 1 'Vl"i'l1:w '5'~V11'l'ln1bb ~~b ~'U"l tJ Yl,l'L 2560 ml'l1mb~~~ 

e:iruV1.nih~e:i~ 1 'W'U~ nru~e:i1 m l'1ri1 EJ b 'Vl?l~m n b ~e:JUe:J'ln'W?11"l'1'1ri'ru?1mEJ~1 'il1mTtJu 1'1~1EJ bA~eN'\Jl'le:JV1.:iVIEJ1'\J 
' " u 

n1'Jbl'l~EJ:U6'11'J6'1tl\ll'i11ntre:JUTucli1tr15m'J6'1tl\llbV'W (maceration) 

~~~1'W'111'1tJEJ€1D1'Wbb ~'l'\J\lle:JV1'lV1EJ1u tl1m?1ni>I b~'W Li>IEJ 1-ll~1v11'1~'11EJ~bb\lln~1~n'W 1~bbn be:J'Vl1'We:J'1 be:J'Vl1 

'We:J'1 bb'1~J11 "W€i'm1~1'W 40:60 bb'1 ~J1 bb'dY1'U\il1 e:iv1.:i~1EJ~1v11'1~mEJ bb~'1~'UiJ 1'111~ e:iruV1.n:W~e:i.:i~~e:i:u~~mm ll'Wri~.:i , " 
A"l11 bll'Wnm 1 ~'lJi>11'1-1 'i:nmT'Wme:i~~1EJ~1'U11u1~ bb'11tl1mnm?1nl'l~1~1EJ~1'Vl1'1~'11EJb~:W'il'Wm~~.:i?11"l?lnl'l1?11li 
m; tl1bb~'1~?11"l?ifll'l~fl"le:J~Hr~'lVl:W1'11 U"l~ b VIEJ~1vl1'1~'11EJe:Je:Jfl~1EJ bf1~e:J~"l~ b VIEJ bb~~'1 l'lf111:W~'Wbb '\J'\JVl~'W (rotary 

reduced pressure evaporator) 'il'W1~?11"i?lfl\llVIEJ1'\Jbe:J'V11'W€1'1 ?11"l?lfll'IVIEJ1'\J 40% b€1'Vll'We:J'1bb'1~J1 bb'1~?11"l?ifll'I 

VIEJ1'Utl1 ii~e:JEJ'1~'Ue:J~?ll"l?lfll'IVIEJ1'\J (%of yield) bvJ1fl'\J 3,91, 3,25 bb'1~ 3.78% m:w'11~'\J bn'U?ll"l?lfll'IVltn'\J~'lVl:W\ll 
1 'W'V1 l'l~'U1~e:iruV1.n:W 4 €1 ~1'11 b ~B'Vll'l?le:J'\Jfl'VIEl'11'We:i'W:w'1B?l"l~ bb'1~V11'tJ~mru~'WB~m1:w~e:i 1 u , \J ~1 ," 

n1'J'Vl\ll6'1e:J'Ut']'Vl~M1'We:J"lt~6l~6'1'J~b:a.:im:u1ru1bf1'J1~'Vib\lltr15 DPPH radical scavenging assay 

'Vll'l?ie:J'\J\ll1:W15'U€1'l Yen bb'1~ Hsieh (1997) b\ll~EJ:W?ll"l?lfll'l~m1rnoif:woif'W 20,0 mg/ml 'il1rnT'Wb~e:J'il1'l'1'l1~ii 

f111:Wboif:w-ii'W 10.0, 5,00, 2,50, L25 bb'1~ 0,625 mg/ml 1'Wb:W'Vl1'W€1'1 b~:W?l1"l'1~'11EJ~1€1V1'lbbl'1'1~f111:Wboif:w-ii'W 

'tJ~mm 50 µl '1~1'W-d€1~'Ue:i~1:w1mn'1b~'1'VI (microwell plate) 'i11mT'Wb~:W?l1"i'1~mEJ 0,3 mM DPPH 'tJ~m\ll"l 200 

µ l '1.:i 1 'llbb'11 b 'Vv11~boif1n'W ~~H~iil'IBru'Vl.n:WiXB~ 30 'W1~ bb~11'l'lri1 n1"ll'll'ln~'Wbbm?1~?1l'lri11:wEJ11ri~'W 517 'W11'W 
, " \J \J , 

b:W\ll"l Ll'IEJiib:W'Vll'WBm lJ'W?ll"l'1~mEJbb 'll'lfi (blank solution) v11 fl1'l'Vll'l'1€1~~1 LI'! EJb 'tJ~EJ'W'illfl?ll"l?lfl\llb ll'W?i1"l:w1\ll'l5j1'W 

BHT bb'1~ l\lll:W'W~ (ascorbic acid) boif:w-ii'W 1-0,l mg/ml r\'1mru~e:JEJ'1~fl1"lM1'W€1"lt~'1B?I~ (%radical scavenging) 
u 

'illn?1:wn1"lr\'1'W1ru ~.:i~ 
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% radical scavenging = (1-(Asampl/ Acontrol)* 100 

v 

'\ll:U1EH'VIVI ll~'1::5f111l.Jl'1Jl.J'1J'Wvi1nTi'VWl?l€JU 3 'IJ1 , 

n1'i'Vl1m:u1ru~'WB~n'i1:U~'H.J15 Folin-Ciocalteu colorimetric assay 

vi1n1'i'VlVl?l€JUl'l1l.Jlll'llv'l Falin llfi::; Ciacalteu (1927) l~l.J?l1'i?lnVl'\lltJ1Ull~f1::;\i\'1vi11;l::;'°ntJ~fl11m.1J:J.J.1J'W 

10 mg/ml \J~l.J1\i1'i 500 µL i:.J?ll.Jnu Falin- Ciaculteu reagent (10% v/v) \J~l.J1\i1'i 2.5 ml ~.:iYl.:ib 6 'WTVl 'i11rnf'W 

l~l.J?l1'i1;l::;mv1'1Jl~tJl.JA1~U€ll'WM (7.5% w/v) 2 ml l'lJ~1~.:iYl.:i1rl'W~ijM€lru'Vl.nil~v.:i 90 mVi 'i11nJ'Wi'Mri1m'iMMf1~'W 
' " " 

?11'i1;1::5'11tJf1'iVlllf11;l~f1loLJl.JoLJ'W 400, 300, 200, 100, 50 ll'1::5 25 µg/ml ij?ll.Jf11'il~'WVl'i'l ~€! y = 0.0189x + 0.3271 

ll1;l::;ijf11 R2 = o.9965 llfi::;r11mru\J~mruYJ'Wv~n~.:i'\ll:J.JM1'Wwtl1vil1;l~nfo?1l.Jl.J1;l'll€J'lf1'iV1lln1;l~n~vJ1wunvhm~.:i 1 g 
" 

(mgGAE/g dried weight) 

"" <V 
~mn1'a'Hlll 

i:..11;1 f11'i?I nMG'11M'WtJviJ'1'W 1Mti15m'i?lnM lV'Wvi'1tJ \i\'1vi11;l::;mtJ~~1.:in'W °1'1Ul1?11'i?I nM'\lltJ1u~1v)ij~ ni;ru::; l '\ll\ltJ1 

V1-iJM~tl11i11m VI~ v.:i llfi::;ij~€ltJ1;l::;'lJ€J'l?l1'i?lnM~vtl1V1\JnG'11M'Wll~.:i1n~lflc.Mn'W (1i11'i1oll 1) 

v ' 
Vl1'i1'l 1 ~v tJ1;1::5'llv.:i'111V1'Ll nG'11M'ml ~.:iVi?1n\i'lv\'1v\i\'1vi11;l::;mv~1.:i n'W 

~Tl'h61::5611ll tl1V1'11nvhm~.:i cn-r:u) U1'Vli1n'UB.:1'11'i'1tlVI cn-r:u) ~eit1G1:: li;it1tl1V1'11n 

b€l'Vl1'W'il1;l 46.22 1.81 3.91 

l€l'Vl1'W'il1;l~€ltl1 (40:60) 30.73 1.00 3.25 
v 

'111 30.94 1.17 3.78 

?1n>'ltl11>'1tiijf11 ijf11 IC50 lvi1nu 5.75 8.22 llfi::; 15.22 ilfi~n-rl.J~vili;l~~m M1:J.JG'11l'i''U l~mVivunu?11'imm311'W 

1vi'lln BHT LL1;l::5lVl1il'W~ 1>'1tJijf11 ICso Lvl1tlU 0.064 lLi;l::; 0.033 i]1;l~f1-rl.J~vilfi~~M'i \i11l.JG'111'i'u (V11'i1.:I~ 2-3 m~~ 

1) 'i11 nJ'W1 LA'i1::5°v1\J~mruYJ'W €)~ f1'i1l.J'lJ'il'l?l1'i?I n \i'IG'l1 M'WtJuiJ'1'Wvi'1tJb€l'V11'WeJ1;1 40%l €l'Vl1'W€l1;l ~uJ1 ll1;l::;J1 l Vi vu nu 

f1'i1 ~l.J1 M'i ~1'W 'lJ 'il 'l f1'i VI Lb f11;l ~ f1 Cm~~ 2) °1'1Ul 1 ?11 'i?I nm €l'V11'W€l 1;l ijLJ~m ruYJ'W €)~ f1'i1l.J?l'l?I VI ij fl 1 l vi1 nu 12.87 .. " ' 
v v v 

i]1;l~ n-rl.J?ll.Jl.J1;1 fl'i>'I LLf11;l~ f1~€JU1VIUf1?11'i?ln\'I ?i1'W?11'i?ln>'I 40%l€l'Vl1'WeJ1;1~€l't11 ll1;1::5?11'i?ltl>'l'l11 ijf11 L vi1 nu 10. 90 lL1;l::; 
" 



~Bv~~~B~n1~~1'WB'W~~a~~~ (o/o 
"' 

lli'Tvh~~~1V 
20 mg/ml 

b8Yl1'W8fl 63.89±0.71 

b8Yl1'W8i:l\918tl1 (40:60) 73.89±0.39 
u 

'11 55.00±0.57 

u 

G'll'lG'ltl\11 WYl1'W8i:l\918't11 

(40:60) 

BHT 

Vitamin C 

i6.0 

lll.O 

12.0 
:::J 
E 10.0 
' Of! s 8.0 

0 

"' ~ 6.0 

q.o 

2 I' .,J 

CJ.O 
CITH'lfi'fll'iJ\111'lHH1 

10 mg/ml 5 mg/ml 

56.74±0.23 48.98±1.02 

55.42±0.25 35.09±0.67 

41.05±1.48 28.13±0.72 

m~1ru~1~w'WB~n~1~ 

(mg GAE/g crude extract) 

12.87±0.08 

10.90±0.11 

6.30±0.01 

15.22 

~15f!fl'il~B'V11'UD6'.vi€lJ'l r11'H'Hi'm'\h 

radical scavenging ) 

2.5mg/ml 1.25 mg/ml 

40.55±1.06 31.91±0.85 

19.05±0.G2 1.52±0.41 

9.46±0.72 2.61±0.34 

mmruq'Vl5~1'W8'4~~ 

B~~~; IC50 (mg/ml) 

0.064 

BHT 

5.75 

8.22 

15.22 

0.064 

0.033 

0.033 

1Yl1il\JlU 
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fl1 'i'\11 ~?I€) '\jf\ 'VIE l'l1 'WffLllJ61 B?f 'J:: LL61:: tJ~m ru W'W €l ~rm lJ'V€l 'l?fl 'i?f n ~'ii 1 ni;\'1 l'l'WtJ €JU1'Wvi ?In~ i11 tJ (;]1 vl161:: m tJvi "I •'II 

lii1'l fl'W 1ilLLn b€l'\111'WeJ61 40% LeJ'Vl1'W€l611iimJ1 LL61::tl1 Vi'Ul1?11'i?f fl~ b€l'\111'W€l61?11lJ1'JC1l'l1'W€l'WlJ61B?f'i::1il~vi?t~ brim VitJ'U 
•'II , 

fi'u(;]1v\'1'1::mtJ~'W ~'l?f €l~fl~€l'l fl'U"1'Wl~tJ'VeJ" .f11bf1~1Lb'1::'VqJ1'LlY'11 (2558) .yj'i1tJ'l1'Wl1?11'i?f fl~'il1f1?fdi'W 1 Vi'i beJ'\111 
~ I V V VVo 1 

'Wei 61ii ')'Vli5l'l1'Wei'4lJ61 B?t'i:: Vi~ n11m'J?t n~ 40%b€l'Vl1'W€l61 liim.!1 bb61::ti1 ~"ilL tiei'lm'il1n'V'W~?f1 'J611 A11J'Vei 'ltJeiU1'WViii 

'i1tJ'l1'W H'11'W 1 ;,'lJ b U'W?f1'i1 'Wn~lJbb€l'W'Vl'i1fll1'W'W (anthraquinones) 'V"Jm l 1'WeJtJ ~ ( flavonoids) €l'4~'W5'V€l'l~m~'W 

(coumarins) bb'1:: B~~m!?t (iridoids) bU'Wl'l'W (Kamiya et al., 2005; Wang et al., 2016) l~tJ?f1'iU'i::neiun~lJ 

~" mh1d ?11m 'i'1€l ei n') 'VIEl'l1'Wei'4lJ61B?t'i::1il~m f1bb'1:: tJ'l?f1m'i Cl'1::611tJ b€l'V11'W€l'11il~ ml.I n!J f11'i61::611tJ (like 

ciissol ves like) '11"'1" t:-J611 ~m'i?t n~ bei'\111'Wei'1'Vei'ltJeiu1'W eiein'l'VIEl'l1'Wei'4lJ'1B?t'J:: 1il~ n11?11'J?t n~ 1 'W(;]1v11'1::mtJ5'W 'l 
1 'W'11'W?t1'i?tn~'i11n(;]1v\'161 ::mtJtl1;,~ei?11'i?tn~'il1n(;]1v\'1'1:: mtJvlii~1?t'lm n u1"'11'W€l1'il'il:: b U'Wbn~ei;,~eim'ith:: neiu 

'II 

ii~1vlmm 'l?1~1" b~ nei ei nm t:-J ?fl.I n'W ei ~ bL'1:: 1~ tJG'i1'Wm n bn~ ei;,~ei?t1 'itJ 'i:: nei uii~1?1-:ivi ffiA 'i 'l?1~1" b~ n ir n'il:: hfo ei nf\ 'VIE 
'II 'II "I 

ti .:::r, ~ I Q.I Q..I 0 .Jq ~ I Q..I li' <:\:I I I 

1'11'W€l'WlJ'1€l?f 'J:: 'W'W'l-lmtJfl11lJ11 ?11'i?f n~'i11fWl1'\11161::m tJ'VllJ'V1?f'lmf1b 'li'W?f1'i?f n~'W1 Vl'i€l 40% b€l'\111'W€l'1 tJellJ'W1'iJ:: •'II 'II 

ii bn~ei;,~ el?f1'JU'J:: neiuii~l?t'lviiJLA 'i'l?f ~1'l b~ nt:-J?flJ€l~ G'i'l t:-J'11 ~ f\'VIE1 'Wl'l1'W€l'WlJ61B?t'J::1~ tJ'i1lJ'V€l'l?f1'i?f n~61 ~M briei 1.U 
\J \J "I ," 

\i\'1 v\'1 '1:: '11 tJ viii ~1?1 "~'W 'i11 nm 'J Pl n~1 (;]1v\'1 '1:: '11tJIiieitJ~lJ1 ruw'W ei ~ m1 lJ 'V ei" ?11 'i?t n ~'ii 1m\'1 l'l'W tJ eiu 1'W Yi u11?f1 'J?t n ~ 'II 

b €l 'Vl 1'W€l61iitJ~lJ1ru?I1 'JU 'i:: n €l 'U W 'W el~ n ~ 'l VI lJ ~?I -:iv! ?I~ bri €lb Vi tJ 'Un 'U (;]1vl1'1::611tJ5 'W 'l b lJ 'W .yj'\11'i1 'U fl'W ~ €l ~LL~ 1l 1 
'II , 'II 

?11'itJ'J:: neiuw'Wei~ n b U'W?t1'J611 A'ruvlii?tl-'u~l'l1'Wei'WlJ61B?t'i:: vi?t1m 'iciYiu 1Mi'11 tJ1 'W~'lf;,m tJ'lf'Ll~ 1~ tJv\'1;,u1vi1 'Wm'i 
~ ''II 

l'l1'WtJfin~tJ1eiein"Bb~-d''W v\'11~€l'WlJ'1B?t'i::iiA11m?t~tJ'i~'W (Andarwulan et al., 2010, Sowndhararajan & Kang, ;.J •'II 
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81_002_0F: EFFECT OF Morinda citrifolia L. ROOT ETHANOLIC EXTRACT ON SK-N-SH 
NEUROBLASTOMA CELLS INDUCED BY Hz02 
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Abstract: Alzheimer's disease (AD) is the most common form of dementia in the people having 
age more than 65. The risk factor of Alzheimer's including genetics alteration. aging and 
environments may also be important such as pollution. smoking and UV radiation that have been 
involved in oxidative stress leading to neuronal cell death by generation of reactive oxygen 
species (ROS) such as hydrogen peroxide (H202). Therefore. therapeutic strategies aimed 
at preventing ROS production for the treatment of AD. In this study focus on Molinda citrifolia L. 
or noni. Noni has been used in traditional medicine for anti-inflammation. anti-virus. 
antioxidation. and neuroprotection. Thus. this study aims to investigate neuroprotective 
effect of noni on SK-N-SH neuroblastoma cells induced by Hz02. The crude extracts from root 
were extracted by ethanol and were assessed for neuroprotective effect. Incubation of 
SK-N-SH cells pre-treated with various concentrations of noni root ethanolic extract for 24 h 
and then treated with 175 µM Hz02 for 3 h measured cell viability by MTT assay. The result showed 
that neuroprotective effect of noni root ethanolic extracts significantly promoted cell viability at 
concentrations of 125. 250 and 500 µg/ml. noni root ethanolic extract has neuroprotective effect 
against oxidative stress in SK-N-SH cells induced by H202. suggesting that noni root ethanolic 
extract is a highly promising agent in the prevention of Alzheimer's disease. 

Introduction: Nowadays around the world including Thailand is entering aging society, the 
elderly population is likely to increase. The following is the disease in the elderly such as 
Alzheimer's disease (AD). AD is the most common form of dementia type of progressive 
neurodegenerative diseases in humans1• Pathology of Alzheimer's disease is amyloid plaques 
cause of amyloid precursor protein was cleaved by ~-secretase and y-secretase leading to beta 
amyloid aggregate extracellular neuron2. The main functions of tau are the stabilization of 
microtubules on neuron. When tau is abnormally hyperphosphorylated and form intracellular 
neurofibrillary tangles3. Cholinergic deficit has been implicated in the pathogenesis of AD. 
Deficiency of acetylcholine (ACh) found in patients influence on fundamental role in memory4• 

Inhibition of acetylcholinesterase (AChE) are the promising strategies in the development of 
drug for disease. Currently, most of the drugs available for treatment of AD are ChE inhibitor 
such as Galantamine. Donepezil. Rivastigmine and Tacrine. However. they have been reported 
about numerous side effects5. Even now. the cause of AD remains unclear; the risk factor of 
Alzheimer's including genetics alteration of several genes such as APP. PSEN! and PSEN2 
genes has been associated with AD. Aging is the risk factor as well and the last one is 
environments may also be important such as pollution. smoking, ionizing radiation and UV 
radiation. These have been involved in oxidative stress leading to neuronal cell death by 
generation of reactive oxygen species (ROS) such as superoxide anion (02-). hydrogen peroxide 
(H 20 2). In many cells. ROS caused DNA damage, oxidative of proteins. peroxidation of lipids. and 
thus induced apoptosis6• Therefore. therapeutic strategies aimed at preventing ROS production 
for the treatment of AD. 

In recent years. nature has been a continuous source of pharmacologically active 
molecules and medicinal herbs7. In this study focus on Molinda citrifolia L. or noni. Noni uses 
traditionally for many diseases including diabetes. hypertension and their effects are anti-
inframmatory. antioxidant and neuroprotective effect 8. Phytochemical compounds have been 
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already identified in the noni plant. and the major micronutrients are phenolic compounds. 
organic acids and alkaloids9·10 . The phenolic compounds. the most important reported are 
anthraquinones (damnacanthal. morindone. morindin. etc.). and also aucubin. asperuloside. and 
scopoletin. The main organic acids are caproic and caprylic acids. while the principal reported 
alkaloid is xeronine11 . They have been reported about antioxidant. Antioxidants from nutritional 
sources can protect against the death of neuronal cells in AD12. Therefore. in the present study. 
we investigate the neuroprotective effect of noni root ethanolic extract on SK-N-SH 
neuroblastoma cells induced by H202. 

Methodology: 
Cell line and cell culture SK-N-SH human neuroblastoma cells was purchased from American 
Type Culture Collection (ATCC). They were maintained in minimum essential medium (MEM) 
supplemented with 100 U/ml penicillin. 100 µg/ml streptomycin. 0.25 µg/ml amphotericin B and 
10% fetal bovine serum (FBS) at 37°C in 5% C02. 
Noni root ethanolic extract preparation We got crude ethanolic extracts (cold extraction) from 
Dr. Pornpat Samang Faculty of Science and Technology Pibulsongkram Rajabhat University. 
Crude ethanolic extract dissolve by 0.5% dimethyl sulfoxide (DMSO). 
Cell viability assay An MTT reduction assay was used to assess the viability of the cells. The cells 
were seeded in 96-well plate at a density of 1x104 cells per well and incubated overnight at 37°C 
in 5% C02. The cells were pre-treated with various concentrations of Noni root ethanolic extract 
for 24 hours and then treated with 175 µM H202. A solution of 1 mg/ml MTT was added to each well 
and the cells were further incubated for 4 hours at 37°C in 5% C02. The reaction with the MTT had 
produced purple MTT formazan crystals which dissolved in DMSO. The product was measured 
by a microplate reader at 540 nm. The percentage of cell viability was normalized to the control 
group (0.5% DMSO). 
Statistical analysis Data are present as means± standard error (SE). Statistical significance was 
determined by student's t-test. p-value < 0.05 were considered as statistically significant. 

Results and Discussion: 
Cytotoxicity of noni root ethanolic extract on SK-N-SH cells. SK-N-SH cells were treated with 
noni root ethanolic extract (31.25-2.000 µg/ml) for 24. 48. 72 hours and cell viability were 
assessed by MTT assay. As shown in Fig. 1. noni root ethanolic extract promoted cell viability at 
concentrations of 31.25. 62.5. 125. 250 and 500 µg/ml. But 1000 and 2000 µg/ml significantly 
induced neurotoxicity (P< 0.05) as compared with the control. 
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Figure 1. Cytotoxicity of noni root ethanolic extract on SK-N-SH cells. 
K-N-SH cells were treated with noni root ethanolic extract at the concentrations of 31.25-2000 
µg/ml. After 24. 48. 72 hours incubation. cytotoxicity was determined by MTT assay. Data were 

presented as mean± standard error (SE: n=3). * P< 0.05 compared to control. 
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Cytotoxicity of H202 on SK-N-SH cells. SK-N-SH cells were treated to Hz02 (50-200 µM) for 3 
hours and cell viability was assessed by MTT assay. As shown in Fig. 2. Hz02 decreased cell 
viability in a dose dependent manner. Exposure of 150 and 200 µM of Hz02 significantly reduced 
the survival (P< 0.05) as compared to control. The half maximal inhibitory concentrations (IC50) 
value was 175 µM. 
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Figure 2. Cytotoxicity of Hz02 on SK-N-SH cells. SK-N-SH cells were treated with Hz02 at the 
concentrations of 50-200 µM. After 3 hours incubation. cytotoxicity was determined by MTT 

assay. Data were presented as mean :1: standard error (SE: n=3). 
* P< 0.05 compared to control. 

Effects of noni root ethanolic extract on SK-N-SH cells induced by H20i The neu roprotective 
effect of noni root ethanolic extract on SK-N-SH cells induced by 175 µM Hz02. the results 
showed that noni root ethanolic extract significantly promoted cell viability at concentrations of 
125. 250 and 500 µg/ml (P< 0.05) as compared 
to 175 µM Hz02. 
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Figure 3. Effects of noni root ethanolic extract on SK-N-SH cells induced by Hz02. 
SK-N-SH cells were pre-treated noni root ethanolic extract at the concentrations of 31.25-500 

µg/ml for 24 hand then treated with 175 µM HzOz. After 3 hours incubation. cytotoxicitywas 
determined by MTT assay. Data were presented as mean :1: standard error (SE: n=3). 

* P< 0.05 compared to control. 
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Oxidative stress is a major cause of cellular injuries in a variety of human neurodegenerative 
diseases13·14• Numerous studies have demonstrated the neurotoxicity of H202 induced oxidative 
stress15·16·17• In this study. we investigated the protective effect of noni root ethanolic extract 
against Hz02-induced oxidative stress in SK-N-SH. Noni has been used in traditional medicine 
for anti-inflammation. antioxidation. and neuroprotection. Noni contain phytochemical 
compound is phenolic compounds. organic acids and alkaloids. The phenolic compounds. the 
most important reported are anthraquinones (damnacanthal. morindone. morindin. etc.). and 
also aucubin. asperuloside. and scopoletin. The main organic acids are caproic and caprylic 
acids. while the principal reported alkaloid is xeronine. They have been reported about 
antioxidant activity. Antioxidants from nutritional sources can protect against the death of 
neuronal cells in AD. Thus. it has been postulated that noni has antioxidant properties that can 
protect against oxidative stress-induced cell death. Moreover. noni juice may have a preventive 
effect against ischemic neuronal damage. Antioxidants such as edaravone (3-methyl-1-phenyl-
2-pyrazolin-5-one). a strong free radical scavenger. is known to have neuroprotective effects 
on ischemic stroke and is used for treatment of patients with acute brain infarction18• Noni fruit 
on scopolamine induced memory impairment is due to its antioxidant property and inhibition of 
acetylcholinesterase activity. Previous studies revealed presence of compounds like rutin and 
scopoletin in noni which are reported to inhibit acetylcholinesterase and antioxidant activity19• 

Conclusion: Although many reports indicate that noni fruits have a strongly neuroprotective 
effect but not known about noni root. Therefore. this study investigated neuroprotective effect of 
noni root in SK-N-SH cells induced oxidative stress by Hz02. We found that noni root ethanolic 
extract is involved in the protection against oxidative stress. This suggests noni root ethanolic 
extract may be helpful for the prevention of Alzheimer's disease. 
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