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Abstract

Antioxidative effects of the water or ethanol extracts from Rhus vernicifiua Stokes (RVS) were measured by
protection against hydroxyl radicals in mouse brain tissue culture. In the water extracts from RVS, cell
viabilities were estimated 60.0, 66.0, 72.0, 84.0 and 90.0% at addition of 1, 2, 4, 7 and 10 pL respectively,
compared with GO (20 mU/mL) alone. The cell viability in the ethanol extracts was similarly with water
extracts. In the antitumor effects, the results showed that percentages of the HeLa cell death were
approximately 24% for 12 hrs, 57% for 48 hrs at addition of 10%/well ethanol extracts respectively. To know
inhibition of tumor growth, in vive, mice (BALB/c) were inoculated with 0.25 mL CT-26 (1x 10° cells/mL)
subcutaneously. After the generation of tumor, the results of RVS extracts (ethanol, water) injection showed
generally that the tumor size in BALB/c was reduced. For physicochemical characterization of the RVS
extracts, purified substances of water or ethanol extracts were analized with SDS-PAGE and ICP spectrometer.
In electrophoresis, gel showed 2 bands (210, 230 KDa). The results of ICP verified that RVS extracts contain
Cu” in both samples. Conclusively, this substance might be a laccase which has a biological effective
function, as a natural bioactive substance.
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Glucose, glucose oxidase (GO), ethanol, 3-[4,5-dim-
ethylthiazol-2-y1}-2,5-dipheyltetrazolium bromide (MTT),
laccase, minimum essential medium (MEM), serum,
penicillin, streptomycin 5-& Sigma 2%-€] 4] 8}t
a2 99 A¥el SR AUdE &2 8 A
(98%014)& 1131 AHg-31g ot
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F HAME wjpL Michikawa 53} Lim 5] v}
el w2l Pt Fojdvlgstel Al 1347
2l ICR A4719] embryoollA] =& A} F At
4§} (phosphate buffered saline; PBS, pH 7.2)2.2 A
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€ HME 22 o] YAgESA(EH 7.2)& ol
pastuer pipet> 2 A ¥-f-A] 71 F 800X g & YA #=) 3}
&] pelletf ANZ2E tubeo] &7\ A7)l 5% fetal
bovine serum (FBS)}$ -8 MEM =& go] 96
multiwellsel] 100 pL (10° celis/mLyd FU s} #53
F 5% CO,, 3TCollA wiFsiict. Wik IdAHel e
FBS7} £§=e] x| 942 MEM #ixl& H7}sio
10dA X Wkt ¥ Alelgle x4 343& MTT
assayel] 2|3}e] F-33)gct.
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AF HAMEE 7~1047F ulokg F A Eu)okf ol
0.5% D-glucose, 20 mU/mL GO ¥ MEM® 2 &%
W& 7189 wiR|e} ag T Zzke) foflo] A%
27 F2E (G0 mgmlyg 7+ well 3 UAH(1~10
HLYE 378t 37CollA] 44171 wiokiic). o] o 7 3
ZE5 A& ¥R 7 well] HEFBy)= 100 pL A
3xic). 2 F 242k wellol] 50 yl (S mg/mL) 3-[4,
5-dimethyl thiazol-2-yl}-2,5-dipheyltetrazolium bromide
(MTT)E A7}ste] c}A] 4471 vhelgl of-g- 7] &2 ul
A& Wel1, 70 pL9| isopropanol-& 3 7}8ted micro-
elisa reader (Molecular Devices Corp. Tmax)2 570 nm
A FREE 345 dokle AXSE 2ol
th3te] percentage (%)= A4S}
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MEM ujjx]o]| 3% FBS, 0.5% Lactoalbumin, 2% of
7.5% NaHCO,, 10 pg/mL Streptomycin ¥ Penicillin,
0.5% of 50 mg/100 mL Fungizone€ H7}5}d Hela
cell-& 1X 10°~10° cells/mL A = E 96 multiwellsol] 100
pLiwelly ¥-23}3. 5% CO,, 37Col* monolayer7}
E w7px] oF 2~3U 7 wjFA Bt o F 718 wlR]
£ WE|x A2E MEM wiX) 2 gyl o} 7t wells
o Y & % oee 48 G0 mg/ml)g 1,2, 4,
7, 10 pL3 Ar1ehed welld 3 gfo] 100 L7} = A
F 37CHA 2} 6, 12, 24, 48A)7F Fab wiFA]H
MTTE A2 83 570 nmollA] F45E 24314}
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3t CT-26 cell?] uwjek2 DMEM wulizjell 10%
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FBS, 10 pg/mL streptomycin, 10 pg/mL penicillin-g 3
7isted ¢F 1x 10° cellymL A X2 96 mm v 9k-7) ol
15 mL# 3238} 5% CO,, 37°Col}4 monolayers} ¥
7R W eFAIR] F MFe] 15 g (£3)2] BALB/cS]
7)ol 1x10° cellmL4] CT-26 cell-g 0.25 mL/o}=]
¥ 8}Aksl k. CT-26 cell HF 103 F Fofo] WA
e Z1& A% F, Pl € 248 ¥ A%
%+ F@EC0 myml)y§ 47} wle]} 2.5 plefA 25
pL7AR] Fakelar 7 Fof HE T4l ¥
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¥ 23§ SDS-PAGE % ICP (Inductively Coupled
Plasma) spectrometer [Jobin YvonA} JY 38plus (Dual
grating)}E o3t Fd3igict. WA SDS-PAGEE
Lee® 52| whflel] we} 8yt Hr|95- 01%
SDS % polyacrylamide 15% gel& o83} 73
% ¥ gel& coomassie brilliant blue R-2502.2 <43}
A} ICP+ -7 £ o olebg 3389 22 20
mg/mL:§ ICP-Automatic Emission Spectrometer& ©]
2%+ 324.745 nmellA] Cu®] =& 233}
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Fek WA F 2 &5 30 mg/mLE 3] 3o
weFEl ¥ M ¥ 1 pLlellA 10 pL7hA](1~10%/total
volume of each well) 18} F hydroxy! radical
gerieration system (GO system)™'®o]] ol 843} &3}
€ MIT assay & E3l9 s} GO systemell
213} hydroxyl radical®] 42 D-glucose} glucose
oxidase (GO)®] kgl 23] H,0.71 A= T 0|52
t}A] Haber-Weiss reactiondl] 2}sll -OH7} A=)
o] o] GO2| FX7} 20 mUe| i wjek|z}e] 417kl
of ARl F HAME v o 50%2 BaEcH

A $E ovhE 580 gzl Al gle]
A, 96 multiwellsell 4 wiokxl A3 A o] GO 20
mU/mL # 2] F o5E &5 (30 mg/mL)E 7} well
3 & AlxujeFd 100 pLef wsted 242k 1 (1%), 2
(%), 4 (4%), 7 (1%), 10 pL (10%y4 H7}sbe] oz
T-oll gk Al ¥e] PYEE-S GO DEAHBFe} vn

¥ A3} 55.0, 64.0, 70.0, 79.0, 9L.0%RA] v]$ E-o A
&84 vk =3 E #2830 myml)e) i1
ol 9lolA, olerg +-E3 o] MY A GO
A7)l vlal 2} 60.0, 66.0, 72.0, 85.0, 90.0%
Az JEEZA 1%A4A A A4 L8 e
FEEM} o & A 53§ velie 9
GO 20 mU/mL @5 elFo| gleise] JEEL 520%
AE.er, GO He| glo] Zzte] 444t ke 9
B 3BT 10 uL (10%) 4 AMejd 2 fufo)
el 97.0%2} 98.0%2] JEEBA 2EE 1 A
= # HA X QBN A FEE wigA] g A
<+ ¢ F U (Fig. 1). o8] FUF 384 A4
#qd &5 49 (70% He&, FHS5) & 10 pLy
H7 A AEEO] 22k 96.0, 98.5% A d2F3
A8 FARE Ao Bol Jt-§ 7% P& KA
o] JEge AY g vlAA] gede AL
¢ 4 AMHARYZ). A A geiA FAshA 9}
$UF 23E7Y Fasdg wzsr] 98
ascorbic acidg& GO X&|€ A Xel 50 uM3} 100
UME HrHA AEEL oF 87.0%2 90.0%E viehyt
t}h. o] A= 2T B 328 wv g 23F

Living cells (%)

Additive amounts of water and ethanol extracts
to GO {20 mU/mL) system

Fig. 1. Comparision to antioxidative effects among the
several antioxidants. Mouse whole brain cells were expos-
ed to hydroxyl radical genevated by 20 miU/mlL, glacose
oxidase for 4 hys. Cell viability was: detormined by MTT
assay. The total volume of each well was 100 uL. C
Control, GO; only 20 mU/mL glucose oxidase, H; 10 pL
water extract, E; 10 uL ethanol extract, H;; 1 uL water
extract+GO 20 mU/mL, E;; 1 pL ethanol extract+GO 20
mU/mL, H,; 2 uL water extract+GO 20 mU/mL, E,;; 2 pL
ethanol extract+GO 20 mU/mL, Hj; 4 pl. water extract+
GO 20 mU/mL, E;; 4 uL ethanol extract+GO 20 mU/mL,
H,; 7 pL water extract+GO 20 mU/mlL, Eg; 7 pl ethanol
extract+GO 20 mU/mL, H; 10 pL. water extract+GO 20
mU/mL, E,; 10 pL ethanol extract+GO 20 mU/mL, Al; 50
uM ascorbic acid+GO 20 mU/mL, A2; 100 uM ascorbic
acid+GO 20 mU/ml. The results are_mean:+SEM (n=5).
*P<0.05, **P<0.01, significantly differ from the cultures
exposed to GO alone, single factor ANOVA analysis.
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AVES} SMIER4 Hela celld 96 multiwell plates
2] 2} welle} 100 L. (1% 10° cellvmL)ys -] 5%
00, 37CAM monolayer”} B wi7}A 2.3z} wie)
A7l ¥ 4% 200 Ao 89 ¥xo)
shopA bl whg hM o vl N FEE MIT assay
(570 moyg ¥4 AdE GAZE I A
percentage (R B-eisict. WA $417 ¥ 23 E
(30 mg/ml) % AN DRG0 mpmL)é 24 1, 4,
7, 10 uLA ol 7t welld 23-E3 Wjx)2] Pape)
100 pLo} =Ase] WA 6, 12, 24, 4847130
7tz MTT assay-& 1A 8153c).

A R dhg 2829 A vlxE o
el 51014, Fig. 2614 Rule} o] S5 338
& 1, 4 uL A7t & vlio)F 6A)20oll= 4.2, 83% AVEE
A q2Fs Aol7} z2x] ggkent, 7 L} 10 pL
A7 o} 64 7holl3= 129, 18.9%2A tih dE2F
of vl xpol7} lsich. ey} oihg 28 2
1, 4, 7 pL A7} ¥ 12497k gleiA F%)e HES
£ el B8 2k 144, 214, 31.5%8A Ae)F
Tholl & Aeld Msiov, B8] 10 uL H 1A oA 38.2%
22 dzFe visl & AMEE RoFeckFg. 2).
=4 ofiehd EE HHE oloF 24, 48A7H2] Al
Fol 9114 1 pLet 4 uL ¥rR= oF 24.0%9 35.0%
o]3ien, 7, 10 uL& M 1t A5 ik 24X 1ol =
7hz} 39.2, 412% |3 487l 45.2%9) 57.6%E
A A} o] 2L RUF oekE FEEE wiX
o sl 10% A7} F 122)7k0] ] Tl H)s)
of 38%7}, 2447kl 41%, 48X 7ol oF 58%
2] HelLa cello] Ag®lche ¢ o FohFig. 3).

olgl¥ A= MY F FEE M= #4b
¥ Ago 2N 1,4, 7, 10 pLA Hz] F 1247144 2]
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Death cells (%)

Concentration of RVS extracts to Hela celf

at 12 hr after treatment of RVS extracts
Fig. 2. Effects on inhibition of Hela cell proliferation
by the RVS extracts. The stock solution of water or
ethanol extracts was 30 mg/mL separately. The RVS
extracts was added to culture media and incubation time
was for 12 hrs. After 12 hr incubation, cells were tested
MTT assay. The total volume of each well was 100 ul. C;
control, H,; 1 pl. water extract, E,; 1 pL ethanol extract,
H,; 4 pL water extract, E;; 4 uL ethanol extract, H;; 7 uL
water extract, E;; 7 pL ethanol extract, H; 10 pl water
extract, E; 10 UL ethanol extract. Single factor ANOVA
analysis.

70

[=:3
<

Death celis (%)

» i g ks
Cc H & H & H £ He E
6 hr 120 24 hr 48 hr
Time coursa of RVS extracts (10 ul/well)
to Hel.a cell

Fig. 3. Effects on inhibition of Hela cell proliferation
by the RVS exiracts. The stock solution of water or
ethanol extracts was 30 mgil. separately. The RVS
extracts was added to culture media and incubation
times were 6, 12, 24, and 48hrs respectively. C; control,
H;; 10 pl. water extract and 6 hrs incubation, E;; 10 pL
ethanol extract and 6 hrs incubation, H, 10 ul. water
extract and 12 hrs incubation, E;; 10 pL ethanol extract
and 12 hrs incubation, H,; 10 uL water extract and 24 hrs
incubation, E;; 10 pL ethanol extract and 24 hrs incubation,
H,; 10 pL water extract and 48 hrs incubation, E,; 10 pL
ethanol extract and 48 hrs incubation. Single factor ANOVA
analysis.

AFH-E-& 7Hz} 13.3, 14.8, 19.3, 23.9% 9.9 (Fig. 2),
£ & 28 10 pLE A7} ¥ Hela cell?] Apd
B 6A17HF 19.7%, 12471 o= 23.9%, 24Xt
Foll 36.8%, 48X]7F Foll= 57.7% M4 7}zl A5
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AckFig. 3). WekA & 358 A7 F 124]7k] Hela
cello] 2A| APEE & A& & 5 e, o] A
€ 247 32 M E°] Hela cell?] S48 A4 E
Y ol AN ez 4 4 .
olejt g TAEM, FolHl FAAe] 23}

o A2 transcriptional factord] AP-10]u} NF-xBS] .

tele) 2R Packer” 5-2] Wtol] ulge] £}
7 349 Ho) Hela cell®] $4§ FAYEHH 5
4] ‘transcription factor W#l-& A A)7)7] o
F24¢ 5 o AEE Uy 255 Mgt
A RN & HILE 75 917] dEl] A xAe
UM AZAL AAF AH F4A FEL JAA
A Ao Agdch. g AARlz AP-1o]y
NF-xBi= o] Awa} ofe] wisle U AAE
e Ae2 ¥ led, HEA catechol A
(1,2-dihydroxyl benzeney= NF-xB2] #43¢ A4z
ok BnEglen, AP-19] HAIRAL oA
Jun-Fra heterodimers 343-& "alsloex <he] H4b
£ dAEE Aoz g8A slok i) olef =%t
A 2gt 713k AP-10]u} NF-xBe} 22 A AlRlAle]
3t AP pEe] dqr) o] Foixof A 4 4l
& ez B}

in vivo test

b 32520 M Lo vl gl e in
vivo testy= AFo] 15 g (+3)1 BALB/col| CT-26 cell
& AEs] FPE AAR F Ukl A3A
22 5 & $&F U ostd 48 (30 mymL)
& 77 2.5~25 LA FALste] agct.

A AHE 104 F F2 Biof Fofo] A== 7
& Yalslm Fojo] AR H9ol] T E A o
& 238§ CT-26 4E% (0.25 mL; 1x 10° cells/mL)
ol cheh ZHzt 1% (2.5 pL), 2% (5 uL), 5% (12.5 pL),
10% (25 uLyq A8l TFo & =45t FF
2718 A8 A= EF vy 294 29T E Be
e 28-S 1-5% FUA T2 Zrlele 2T
o nl&j o7} FA3A] ghgkont 10% M2t F
2] =717} 0.8 cm<l WHA dE2FL 15 cmBEA &
#o) & BojFgich (Fig. 4 A, B).

ojebre Ashe b FEES] UAT TS
AF ] AMAYAME hAE2] FAo] AAE
ke 2& BoEr) o)zl -9 -%—%%01 A
Ae] ol F4e] ¥AE FIHAIIAY F2 4t
A 20 Az Azl gt %°J-°4 WA
# ZAL Ak ARl WEle Ay

respectively.
MM7&yRVShWA(a)IﬂWm(b)
Inoculation+5 UL ethanol extract, {c) Inoculation+25 uL
ethano! extract; B. (a) Inoculation, (b) Inocuilation+5 pL
water extract, (c) Inoculation+25 {L water extract

ol9} L HIHE vehlle Aog 24}, o
o}7]dl g B} AEHYE 42 FAAEYAA
FEolA FAlElo] os FAE FAxe 2HE
Afsledof 758 Aot

Ax}A o 2 Lim¥} Shim®e] B39} ZFo] ¥ o,
&3} 49124 chloroforme|v} n-hexane ¥+
Ao & gufjal Boh} ojulkg &S] A F
7} gutd o g =A vehdrl opvte H& Lol
w2 3413 T3l Aol FA O vl FEEE A
Bo] tjEr] oFog A=Al =3 GO 20
mUmL & A2 P 4 HAxe] 4=
Fo] 52% 4] ulslod 10 ul B 9 olwhg FHE A
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g 27 0.1, 91.0%2] AEERAN 4 3E4F A
7¥eEe] F7tel wel HAE o R hydroxyl radical?)
scavenger 23 2hg-8le] P A L] SAlo] ¥ F )
o] Aelle AES7L F7lEE AL & qlgen,
ole T g8 YASAENG 7)5-¢ AL
Uche A& 9nige}

S FEE22 BN

AF7HA ¢ deZlulell 28} Rhus vernicifluas)
FE AEES i 60~65%2) A, 5-7%2]
rubber-like materials, 3~5%2] A4 ¥4 3438 72w
20~30%2] &2 FAES st =3 Rhus verniciflua2)
3 AR F AL oW Fbilido] s
Act®. whebr] & APAdeA FAo] & LUz 32
§ 2 FEEE FAo] E BHo] 39k 7}
#J8}el] SDS-PAGE & ICPE4] 84§ g 8lic).

5 g2 2% T $24E2 Lee9) Lim®
2] whd ol whe} 0.1% SDS ¥ polyacrylamide 15% gel
NA ). A g B2 3% F A2
%% 328§ phosphate buffered saline (PBS; pH 7.2)
2 30 mg/mlA4 34 &o] 0.1% SDSE 95°Cell A 587}k
HAAIA b2} 10, 15, 20 plA loading®}sz FAle] A}
42 4] laccase (Sigma, L 2157) 3 mg/mL-$- PBS (pH
7.2)%. loading®t Z = Fig. 590412} 2}

Fig. 59|A] Btz 7] Zro] AH-8-H <] laccase2] 7
< % band8A] 140 KDa%} 180 KDaE RSy
oA B ouhe g 5% 2352 FUsHA
210 KDa$} 230 KDaol| 4 % band& 2 4= 9%t}
2|32 F sample7te] ¥x1F2] Aole ¢xo) 33t
2 373 (pH, buffer )l 4] W3k £ s 3
Fol7] wEolz}l A=, 70 £FH wz) o}
£ & A AR A7, A3 9]l geks
E oE F W] JEel dubge s 210 KDax} 230
KDa2ZE 7}4 laccase 24 =A™}, o]2}zHe laccase
= 72E et A EAEA LS §83w
= 713 & hydrogen peroxide®| AJAJdA] glo] vi=
H0R Fv|38-¢ 3h= 5A4E 7 Sl A=
deiz e}, =¥} laccaset= Rhus verniciflua Stokes
Bulol e} Agaricus bisporus, Coriolus hirsitus S-ol|
Az Aiste A2 2T st geA
Sl

ICPE ©]-8-3F Cu™] £3-2 tables]| A RAFE= A
3 Zo] falF o¥tg $2F(20 mg/mL)e] H-$ F
29} §age] 0.0238 ppmolw U5 E FEE(20
mg/mL)2] 7-$- 0.01323 ppm o2 F7}A] 2EEF-dA]

15%: polymyhmldegdndlhu;d ms: stadued
coomassie brillant blue R-250. The Mlﬂmef
laccase and RVS extracts were 3, 3¢ mg/mL respectively.
P, indicate 210, 230 KDa laccase of water and ethanol
extracts. MW; molecular weight, L; 10 pL laccase, lane 1;
10 pL water extract, lane 2; 15 UL water extract, lane 3; 20
UL water extract, lane 4; 10 pl ethanol extract, lane 5; 15
UL ethanol extract, lane 6; 20 pL ethanol extract.

Table 1. Cu™ concentration to extracts from Rhus
Verniciflua Stokes (RVS) by ICP-Atomatic Emission

Spectrometer® (324.745 nm)
Sample Concentration
Water extract (20 mg/mL) 0.01323
Ethanol extract (20 mg/mL) 0.02380

*Jobin Yvon Inc. CO. Ltd., JY 38 Plus (Dual gratings: 4320
grs/mm, 1800 grs/mm)

Fejg gd¥ 5 itk

Ax o2, o] Aol -2 A3}e} Lim3} Shim®
o R E FHNE o 25 2EEL 754 B
& 4 5 Yl =3 1 B Byo v gl
gtoll o FAE BAF o0, N FEE9)
compound+ SDS-PAGES} ICPE %3] ¢ A &
Q7o shkstAlele H3) chilgg 3T e
EAEH CE FH3ln dokedid o] BAe
laccase 2 FH®ch ol2q FE8L& dUdEA R
A Ao} o}E i3t v & o] 8% wef
A& o] Hulele} shx|nt, 2 FwhA] A deiAl
8] £F9 laccase= FE3= &4 we} rlao
¥AEE saby gl wie)l clax|g dukdeg
de]Al laccases= G Aeoln] HE dimergE o]
Sla 284} WA= 48Ae] Cu™E E§sty giche
ol F5% HEolc} 3§ Rhus vernicifluay A&
grol 2wl FebwlAl-& §-H-5lw glm o BApske of
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F chegse e,

A laccases] 714 By wEo] oxygen free
radicalo]l 4} ZW & scavenger 24| g3z ofz
AR AR radicalel] 28] &3]0 of7)
He o] Y9 Akl o}-840] ke & A4
# 35t

2 %

F}SolA FAe] E §5 dvteE 3% &4
& A9 WA WY glucose oxidaseel] 2] 4
A= hydroxy! radicalol tH§} 3418} Eaje} oA
of Pl X of g Uelrgic}.

A P48 Bl 9lejr, 7-10d HE wigd
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