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Abstract

Antioxidant capacity and acetylcholinesterase (AChE) inhibitory activity of the aqueous methanolic extract of Rhus
Javanica were investigated in vitro. The antioxidant properties was measured by radical scavenging assays using
DPPH and ABTS' radicals. The AChE inhibitory efficacy of R. javanica was tested by Ellman's assay and the
total phenolic content was determined using a spectrophotometric method. All tested samples showed a dose-dependent
ACHhHE inhibitory and radical scavenging activities. In particulally, ethyl acetate (EtOAc)-soluble portion from the
methanolic extract of R javanica showed significantly higher inhibitory activity than other organic solvent
soluble-portions in an AChE and radical scavenging assay systems. These results suggest that R. javanica may
be possess potential benefits which might be useful in development of antioxidant and anti-alzheimer's disease
ingredient.
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ol ARgoll SAIZE ATkl A A Jlow, ¢ vlet
% A2l dehydroevodianine (DHED) % carbamate 3
AChE A3 A B3} BAHALE Ao} F21-8 o2 Qla)
Al BTk W2 AChE AeiAIE 27] g A77F Ha) =i
AE AAeltk9).

H A B A SRl W3 FoF AuklE
2 AA 22 x3to} AHH ZhF HYAd A3 L ALY
FHE Ao] A5 EARA FE& WAL glon I
Ale] &AL 71" AoeE dHA  dom,
superoxide, nitric oxide, nitrogen dioxide, hydroxyl,
peroxynitrite 52 22 &4 A4 FEL2 A A
ol BYglo] WA=l 3l B B Ao Fa AR
ZHg3kaL ATK5,6). dA dE] AFEEHIL e FASHAIR
2= butylated hydroxy anisol (BHA) 2! butylated hydroxy
toluene (BHT) 9 4 IkshAlolH, °]&5& 50
mg/kg/day ©]’3] A&FOE F7IF B8 Al A F )AL
Edd s FEAE F 7] el ARRS AR
Qe Aolthy). old @ T4 FABAE HA
g 5 gde 5@ 249 el A%How a7

H®), 71548 2AEL #e g A=
Holut ghdel A o]r] 5] ASH AAE
shal glom, Ho|7t 7hsdtar FAgo] A HAE
< o]&3 A7t EEs] o] Fo|A L JYTK9).

=3t AEE A 7, Xvjs HA2Y B3tE 9|gt
of 7194, Q1A 9 E, 59 At 59 SIS el
A He Aglolth, HA x| E3le] FH U =3t
goiz 24 Aan) wstE o] wolAWA B 7143
HE Ao g dA drk10,11). @A7HA Xwjx| g9} &
# ¥ AChE AeiA/NE-S flste] o] AL 7F 23
2l d = 231, quercetin, (-)-epigallocatechin gallate, trans-
resveratrol, curcumin, berberine, (-)-oleocanthal, rosmarinic
acid 59 ©Hgd =749 FF=3 t59 alkaloid,
flavonoid 5 ©] AChES!] thal] FHojd #sf a5-3 yepdol
Huglon oFEg ] shtke] P = Aot
(12,13).

QA= U I Anacardiaceae)dl 3= BTl
S E(Melaphis chinensis)©] 7123t A1 HHF O 2 A,
N ZHE] FHEAAA, FEE A7 o]&F A %o
Qufatel] EAgts LEEY B2 98 % Y2 F9Y
Azl AHEH A Skrk(14). QuiAtll = Fitsl, FE A,
o]l Bl dehd AeHg oA 249 Fo] Bal HolA
NL1(14-17), ol S8 #AE 3}3=-2 gallotaninit
2 triterpenoid 3FE 5o] €A Utk B A=
A ERRE HAGH LA AEE FEZ 3k F 300
oqF HALAZEE AYEAHE AR g AASE
B5HIF NS o] 85 23 ds T 23, 2nf
28] wehE FEE oA 73 AChE 2 418t 245
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2007'd 109 S oRtell A A As Al HskaL 2
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ofe]gtat AL o] Baetal ok & AP A
AHE-El A]eFO 2 Folin and Ciocalteau’s phenol reagent,
gallic acid, 2,2’-azinobis-3-ethylbenzothiazoline-6-sulfonic
acid (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH), (+)-
catechin ! tacrine-> Sigma Chemical Co (St Louis, MO,
USA) Tdsto] AR-811aL, 1 ofol] AR8-8 8l B Aok
BF e ol THs AR
FEE0 M= ¥ 24

AzE Qujat 1 kgs E3H71= A vhafg £ 80%
methanol (MeOH) 10 L& 397}t 33] wHg 25 & Aojxl
FAL i3 F, 0% FH3e] ol ARHES2 9o
el AChE A3} 855 H7HsH 23 62.5 mgmLe] F%=0
A 68.1+0.8%2] F-3 Aol sS UEh AL, d4ks) 55
o] 712 |45 DPPH ¥ ABTS' ttjZtol tisiA 15.6
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), 10 7H#8(98.7 9= 27 den Zt Bo=s
e gz &A% 2 AChE AdlsS F715tAh

SH =4 sleE &2 Yot
% H=A 318E2] 328 Folin-Denis %% (18)dlwbe}
S435190H, FE2E 52 Y55 10 mgmL FE2
ZAIS &, 75 mLY SF57F $HrE 100 mLe w2~ Z2
230 1 mL¥a 2 &35} Folin-Denis A< 5 mL9}
ERRIEF E3189 10 mLE A2 9 UL /SR
100 mL &2 A2t} o]AHS 7 Egste] Aol
30 WSS, UV/VIS #3433 5A 2 725 nmoll A 3=
= A9 o, EFEAL allic acidS ©]&3} 15
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0.1 M2] odium phosphate buffer (pH 8.0) =<1 1000 1M 2]
acetylcholine iodideE AH&-3}9 0™, 2 AJeFL- 39,6 mg
9] 5,5-dithio-bis (2-nitrobenzoic acid)$} 15 mg2] sodium
bicarbonateE 0.1 M2] sodium phosphate buffer (pH 7.0)
10 mlol] o] A28ty A vhg-2 o7} o] Hsls)
T} 2 ml®] sodium phosphate buffer (pH 8.0)°1 200 pL<]
DTNB €47} 100 uLe] &4 (0.03 U)S 713+ 5 37CA
1087} preincubation= )3, 712 200 yLE 713l 3—‘?‘—7}
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S & BT (410 nm)S SASIHT) o) thREEZ
tacrineS THE ARG o Ao AR E z%ﬂo}
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DPPH BiCiZtarls &3
AAg 5L Blois WH20)0) wet =439tk 2+ A
8ol 2 mLoll 02 mM® 343 1,1-diphenyl-2-
picrylhydrazyl (DPPH) &8 1 mL& Y3 wwkE 3 3087+
W3 ThS 517 mol| A B EES 2A8h AR TS
A g8 Hrhed RATRE) FHE Aolg WS

2 Yehfl

ABTS' 2lC|Zt AHs &3

LA} 80% ethanol F+Z-5-2] 2,2’-azinobis-3- ethylbenzo-
thiazoline-6-sulfonic acid (ABTS) radical A~7%5& Re2| %
Hens Wste] o3 Zo] S433th 7 mM ABTS
(in water)9} 245 mM KOS 553 £ & 42 FAojA]
16717 A5t glojzde] 8-S F=3k & ABTS' 2
Z 8NS5 5)43t 734 nmoll A T2 = #hel 12~13 =
7} H=F 3|435te] ARgsloit) 849 ABTS ol Z &
o 980 uL 9} AoF FE9 20 uLe E3HY 2004
1587 932170 $ 734 nmoll A 2 EE S43Ik o]
o) ZEZZE | mM ascorbic acidE AMEst¥Yom 2y
= AEE AR &L Tl Uit %Z2 BAISIH .

& Hsy e s
S|A 80% MeOH F&% B 7} 5] sl 3l
% A=A 3FE9 IS Table 191 YeERAIOH,
BOAc $:2159] 100 g9 230 g9 W4 HFAES FHa)
= A0 E Ut oH, #BuOH 8 E°] 220 g, rrhexane

B2 47591 i) A2 9P Aol =
. :

Table 1. Total phenolic contents of the methanolic extract and
organic solvent fractions of R javanica

Phenolic Contents

Samples Extraction Yield (g/100 g)

( GAE/100 g DW)
80% MeOH ext. 45 220
Hexane layer 25 4.7
EtOAc layer 26.5 230
BuOH layer 37 220
H,0 layer 9.9 43

“Data expressed as grams of gallic acid (GAE) equivalents per 100g dry weight
(DW).

DPPH E}C|Zt A&

DPPH= A Woll EAst= Sz
7} SRS 2 9o 517 nmol A AR FEEE Y
Wtk whebr] giksleol e B2 whEEHAl =W g
3 FE| 2 SolPaA FFT gho] 7HATTH22). Table 201
A Yehd A QujAl 80% MeOH 35 2 7+ #7148
o ol tisiA 2oz *7%~— ik 2w, 313
mg/mLe] 554 80% MeOH 25| 83.6+1.3%2] o}
Oz 2ASS Yehiglen, 53], BtOAc 71859 31.3
mg/mLe] FEolX 83.6+1.4%2] $-53 HZ 275 S
YER 2. W, o] positive controlZA] =x12] dF4ks} A
oz Z IdHA A= (+)-catechin} 22 FEoA] HlwL
39S w Hoh 93 84S YER I #BuOH 718
9] 62.5 mg/mLe] FEo| A 52.2+12%, 313 mg/mL.°4 5
ol A 39.2+1.0%9] &7 2ASS YL, T2
nhexane 7HEE 2 H,0 200 A H]jx—i oFst g ﬁ:ﬂ'o—
S YepSIth DPPH #1912 A% ¥ E4 33HE9]
shaf Alololl= WA ABAA 7 ks Ba23)0l] <A
sle] Qujjrte] dhakel EAlT) HlEA BFHE dhte] An
s Hrisk ﬁﬂr Table 1 2 204 Yepd A7, DPPH
Eha=kdy *7% Al5d shetEe] §Haol %ﬂlﬁii =2
EtOAc 2 n—BuOH—~°ﬂ/\1 71 =2 Aol RIS, o=
nBuOHZZ AN & sl SlhE S YehddA
% DPPH 22 2750 L& EOAcSol 2ujAke] 4

° 2 A JE gallotanninT 5] A3} BAJo] $=
gk sleHEO] EAIE AAREIRSH olE BAEH] F40]
g asitial AbREh

SRR 2 A

ABTS' 2iC|g 7S &3

ABTS' &t 245 S S43 43, Table 3914 B
A 2H=} 80% MeoH —Zr%%«l 15.6 mg/ml F =M=
729+17%2] ABTS" &}tz &27%5< ura}w S g =9
on 7t RIEZ|ME 53] EOAc 2 #BuOH 7]~&T4
31.3 mg/mLe] FEoA 91.2+1.3 & 557+1.6%2] vj-$ ¢
3 Y 2AFS YERRI LM, positive control Q]
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Table 2. DPPH radical scavenging activity of the crude extract of R javanica and organic solvent-soluble portions

— Tnhibition (%)* 1y
250 125 625 313 156 (mgfmL)
80% MeOH ext. 95.4+17 956+15 92.6+1.5 83.6+13 58.5+12 114205
nHexane layer 44.0+13 26.540.7 172406 7.1:05 4503 >250
EtOAc layer 9.1+18 958+1.7 93.9+15 83.6:14 62.8+12 10403
#BuOH layer 89.9+15 733412 522+12 392+10 24.6£0.7 50430
H,0 layer 39.0+0.7 240407 155405 6.7+04 43+03 >250
(+)-Catechin’ 92.7+1.7 928+13 82.8+10 69.0+1.0 457408 156413

“Data represent the meantSD three replications.
PUsed as a positive control.

(+)-catechin®] A Adste &S AsIAth
nHexane ¥ H,0 71-%9] 62.5 mg/mLe FxolA
20.141.0% 2 21.1208%°] A o= ot it &A%
< UERHSITE Table 1614 Yebd X" F #l=7d 3k
& dFo] AiF o E =4 YEhd EtOAc % n-BuOHS |
ABTS' 20z 24 A& EA71 AAFERNeH, &
3] ICxake] 31.3 mg/mL ©|3t= LERt EtOAcEol thafA]
ol @AE4e] FH4o] dasitta AtsHh

AzE JFEo] AL UTh2)).

A% FEAEEREH Auixs A
3le] QufiAte] 80% MeOH FEE55
EtOAc, nBuOHZ T3} -8 3e] dojzxl zt #-go vjste]
AChEE ©]&3t A3 &

80% MeOH F=2-2] 4o 3t Asls<S 62.5 mg/mLe]

Table 3. ABTS+ radical scavenging activity of the crude extract of R. javanica and organic solvent-soluble portions

Cone. (mginl) Inhibition (%)* 1Cy
125 625 313 156 78 (mgfmL)

80% MeOH ext. 89.042.1 86.1+18 795416 729+17 51712 <18
#Hexane layer 39.6+1.0 20.1+10 115412 73408 37407 192.848.5

EtOAc layer 98.6+2.1 97.2+1.7 912+13 §72+12 77.8+0.7 <18
#BuOH layer 87116 709+1.7 55.7+16 04411 162408 285409
H,0 layer 39.1:08 21,1208 12.0+08 8707 45407 1973+8.0
(+)-Catechin’ 99.8+1.5 948+15 712¢13 60508 33.1:05 129+1.1

“Data represent the meantSD three replications.
YUsed as a positive control.

AChE AsH&H

H Fd 4 A A= EHE e 9l AChE
ABA7F F5 WAL glom gl o] AYkFEEof tislA
AChE A3l5& 7ieted SF#(Coptis japonica),
(Phellodenron anurense), S5-(Evodia officinalis), ¥ %A}
(Areca catechu), $-5(Piper nigrum) 52 FZ%°| 100
mg/mLe] FENA 60% ©1’4¢] AChE F& &A=
A= Bz} Jke4). =3 34, sho)] E3E oigl
+ alkaloid?] berberine ¥ ¥ protoberberine $}3=0] =
2 AChE A3lleS HelES ¢A =AU, o5 s5t=9
oA AFFAY FFFAL o3 e Forog
Aol 2 g3 HAZ A Fagh g o= THa)
3 = iy S50l 323} cholinergic neuron®l EA3=

SEolA 68.1£0.8% 2] ¢35 A &S YERNSH,
EtOAcZ2] 7%, 62.5 mg/mL2] FX=olA 70.0+1.6 mg/mL
Al sS JERAAL ICs %ol 31.3 mgmL ©]3}e] A4S
7HA= Ao g gelsldth 3 H0 7H-Fol M= ICs
#kol 83.6+2.7 mg/mLe] HlnA 943k EAJo] FRIF| T
kst asollA vehd A o] QuljAte] EtOAcT ol =
AChE A3ll5o] Hold 8159 A7} AXb= ™, 2 ook
F 2ANEE A AR AR FHE At A
< Uehfi= AE 50l sl /9752 ¥ (activity-guided
isolation)ol] W} SAEAS F5, Est= AT+E 53
Zol Utk

2 AFolA] Bzl 553 F4ksks 9 AChE Adls
o ABE 7|ZE 3 JEATE B3 A2 acetylcholine

o
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Table 4. Inhibitory effects of the crude extract of R javanica and organic solvent-soluble portions against AChE

Cone. (mginl) Inhibition (%)" ICs
500 250 125 625 313 (mgfmL)
80% MeOH ext. 948+17 86.013 75.6£08 68.1:08 26407 51437
Hexane layer 52,0412 472¢1.1 418:10 387207 22.1:08 >250
E{OAc layer 98.7+1.6 902+1.5 80.9+13 700+1.6 64.0:09 313
#BuOH layer 713415 63212 59.3+0.9 477412 35408 80.7+6.8
H,0 layer 632+13 59.6+1.7 55.0+1.4 52.8+12 273407 83.6+4.7
Tacrine” 96.3+1.6 94,0417 921412 90.040.8 88307 2202

“')Data represent the mean+SD three replications.
YUsed as a positive control.

’d FE(cholinergic drug) FEEZ-S @3t o]& &4
AsAle] A X FAEA Y] TS FRlskr] f% AH
717 A FA el AALA Tl Fag 7| 2AET)
2 Zlojzt AtmdHh

o ()5
i) |

A% uAE 80% MeOH=Z HA| FE3}o] Hojxl

Eol 3] n-hexane, EtOAc 2 »BuOHZ =3} 81 £ §]°}
a1, Aol AEo] thsle] DPPH 2 ABTS radical 227
s % ACHE Asj843S %7}315ith. DPPH 2] 2 2705
o % B=A 3o ko] A H O =S FOACY|
A 1c507lo] 10.4+0.3 mg/mLO.& tZ7<) (+)-catechin}
) w3} 3 o7 AATES Felatdla, 2
2} _zrggoﬂ EAshs F ded steeel FE gy
2753k ABAES AAEFATE E3F ABTS+ 2]z &
Ae& BtOAcT©] ICs%ke] 7.8 mg/mL ©]5}513L, nBuOH
%0] ICs = 28.50.9 mg/mLO.Z At A o2 953 4
o] Fol Hglom, o]E 953 FAHEH] A7} AX}E
Qo) 3k AChE A4S =43 A7, $4-3F ABTS'
gz £27%<S Ul EOAcEY ICsoe ZH2 31.3
mg/mL ©]&te] Asj&S yehliglen o ’E
tacrine®] B8] Tha Yo} REEY wo] &
W BYTAR A A9 0 S5 &
EAE 7FsAe NAbEIATh &F o5 28
53 34 7% U@ A7t ase X a7
AdEfrele ¢4 22 27% % AChE A3
NAE A2e AEsEE B2 97 N2ARE o
D Wk ohye} oujxte] A% sjeh AR AT
g 712ARE F8rbsstEe AlsHnh
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