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Inhibitory effect of Korean mistletoes on the oxidative DNA damage
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ABSTRACT :

Korean mistletoes extracts were investigated for in vitro antioxidation activity, with 11-

diphenyl-2—-picrylhydrazine(DPPH), and an inhibitory effect on oxidative DNA damage by using comet assay.
The Korean mistletoes were 4 different kinds classified by their host plants (Korean Viscum sp. in Quercus
acutissima Carr,, Korean Viscum sp. in Castanea crenata, Korean Viscum sp. in Betula platyphylla, and Korean
Viscum sp. in Salix koreensis), The samples were extracted with ethanol, and fractonationed with n—butanol,
ethyl acetate, chloroform, n—hexane, and second distilled water, Among them, ethyl acetate fraction from
Korean Viscum sp. in Betula platyphylla showed the strongest activities to electron donating ability on 1,1-
diphenyl-2—picrylhydrazyl(DPPH) and the protective effect on oxidative DNA damage,
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Ao el 9ual wBTHIE BRI
((Finkel, T. et al; 2000, Bohr, V. et al.; 1988,
Kawanishi, S. et al, 2001). 4k} DNA®} /42 =3}
g AN 7Y, 19 FH 2971 nuclear DNAZ} o}
mitochondria DNA9|A WEHdTH(Vihelm et al, 1999).
DNA &4& do7]= 471X 9 F8% RAHoE:=
oxidation, methylation, deamination, depurination =-|
Ao o] Fof|A oxidation®] 7HE A £4e 427
= A2 UHA JUthAmes, 1983).

g=ro] Abopol] Ast= FH=ak Ap-4ol(Korean
Viscum album, var. coloratum)= @ufj7} vl o} S A}
= gl Mo AlFS] mek g AQRox Ak
Afol7b Wi, o R = JAARIAENR), 478 (EREK
) T2 REn ot FuBY, T, Futelds, 7
4 59 aTE Za 9l ALE B1d H ¢thHam
et al 1998; Park et al, 1994a; Park et al ., 1994b;
Park et al, 1995¢; Park et al, 1997d; Park et al,
1998e; Park et al, 1999f; Yoon et al, 1994a; Yoon et
al, 1995b; Yoon et al, 1997c;). AS7HA #-$ato]q
w3 A= T2 o dMZ it AxsAdag
(Doser et al, 1989; Huelsen et al, 1986; Khwaja et
al,, 1986; Kuttan et al ., 1990; Ribereau—Gayou et al,
1986a; Ribereau-Gayou et al, 1986b)2F Lo H %
A22(Bocei et al, 1993; Hajto et al, 1989; Hajto et
al, 1990; Joller et al, 1996, Ribereau-Gayou et al,
1996; Schink, 1997)o 3t AF-7F Y E o] ghoo o]
o HAE ALako] FA4E0] lectin¥o] del AA =]
th(Bocci et al, 1993; Hajto et al, 1989; Ribereau-
Gayou et al, 1996). 13U FFAAAH Ao &
A2 o] A E-8dke AE3 SoA A9k
oxidative stress2 g A Q| o F I gt At
A F7HA] 8 o]Fo]A §lA| Yt

DNA oxidative stress& ZAIsH7] ¢3te] Alg49
comet assays HAF ST v RS FAAL 4 o] T
HE Aol FH A FE == 4l A7 7[HeRE A
<€ Ostling and Johanson(1984)°] 2}3] Zzke] gz
o419 DNA &4 A<l 8t7] fste] =9
microgel electrophoresis®IH 2.2 Dr. Singhs(1988)0]
ols Hr} wi7bEtA DNA damageEs ZHAEd £ Qe
B o 2 wbA ) Qith o|el Zho] A levelo A ZAA
DNA damages &4 4 Q= comet assay= HHA
2 Bl o} ARSI 0% 1SRG 4 B

& QloiA Zi7te] AESpzolN AHE A 4 gl
St ol

2 dFoA= A w3t 53 #Ho| 2 reactive

it
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oxygen spcies(ROS) G2l 23t DNASAYo|| dfste] o

Al 7FsAol e ‘jé&/ﬂ e ‘#L}—r,
AR, HELRo] 2 §IEAF ALA0] ethanol
=3 5714 %Q%(hexane fr., chloroform fr., ethyl
acetate fr., butanol fr., aqueous fr.)= in vitroolAl
DPPH] EHUP 2AaAA LS AR ALS) ST}
comet assayS ©|-8§3to] 0|52 DNAS] AFSHA &4t
n X 9E Rustny g

Mz Y
1. A8 Z2 & =4y
2 Ado] AMgE dH=HAE AAo](Korean Vlscum
album, var, co]oratum)—‘: U= HA G A 7]
Ao

o](Korean Viscum sp. in

R A 94| (Korean
Viscous sp. in Castanea crenata), AF2HIT AH-g9-Ako|
(Korean Viscum sp. in Betula platyphylla), HEW5 A
$-4Fo)(Korean Viscum sp. in Salix koreensisys & 4%
o] ALl S ARl et] B 7R AlH 3 & A4 A
25tk A9 Aole] A3t HAE BE AR S22
e Yz 7F B2E & flaskel AR 5 100g

Quercus acutissima Carr.),

Viscum sp.
¥  Extraction With 100% EtOH
Evaporation
100% E"TH extract iovane : 1009 EtOH : HO
10 1 : 9

Y

\

Hexane layer Adueous layer
\ | With chloroform
Evaporation *
* Adueous layer Chloroform layer
Hexane fr. |
r * Evaporation
Ethyl acetate layer Aqueous layer
* With BuOH ’ Chloroform fr.
Evaporation * *
* Adueous layer BuCH layer
Ethyl acetate fr. y ]
Evaporation Evaporation
Aque!us fr. BuO*H fr.

Scheme 1. Fraction process of the Korean Viscum sp.
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tfsted 10812] 70% ethanol® 24417k 594
31T o2 47 FE2ES2 Y AR o
ety 5% F 52 AR, o]AE n-hexane,
chloroform, ethyl acetate, n—butanol ¥ H:0Z =4 9]
zpolof o) Al 7hx] BEo2 zAsle] Rl fof
BIEL =2A A5 4tk I WH2 Scheme 1.
of Yeliich Zt2+e) £ E9 £&& Abstal AFo
AFg i

Tt 28] W%
O

%

N

. 28 XtB0Is electron donating ability, EDAYM| (&t
EHoISH Bt

4%-9) FH=tAE A 9A0) ethanol &3 §rjE 28 &

52 DPPHE &% 25959 RAIR 4ts)

=2 =
AL 2489 cHBlois, 1969; Choi et al, 1993). o
Lo ARE 4mlY] HErZo| =¢ 1.5X10* M DPPH
(in methanol)8-% 1mlE F7Fst 3, 3081t Yol WA
g & 517Tnmo) A FFEE AT e HAT AT
AYL 33 ghEste] s W oS g2y o
FLo| FAHYEE ohg Ao oJste] AlAlal ),

r
¥ A

o rlo
o

Electron Donating Activity(%) = [ 1-(A/B) J X 100
A ARS TR
B: Wz 4%

3. Comet assay0il 2|8t DNA damage(il (it &

In vitro A0 E A NIH/3T3 cell (mouse embryo
fibroblast, ATCC CRL-1658)Z #%F3}to] comet assay
Al8L AAFcE Comet assay protocolS Scheme 2,
eb Zr}h, o] AM|EZFE= Dulbecco’ s modified eagle
medium (DMEM) Aol &-3-AlA 10% fetal bovine
serum, 37.5CTT C, 5% CO: incubator A 43+

HMoon et al, 2001). Positive control® H:0:S ARE-3}

#2o0 negative controlZ+= dimethyl sulfoxide(DMSO)
£ AME3MY T NIH/3TS cell 5X 10708 6-welldll 242}
Wil 24A7F 3o H0x(HFFEE 10°M)Y A&
0.Img/ml(HiA] W A|RE =<2 DMSO9] &2 20ul)E 7t
gt v A2 wEstAT. 4057 CO2 incubatoro A
incubationdt &, A2 {2 W3} 2417 T
trypsin-EDTAE 1m¢ 7}8}o] cell& harvestdtt. o]l
PBS (without CI', Mg*)& &% 7}sF &, 1000rpmoflAl 5
E7F dAEE stk A5de e 4zl 0.5%
low melting point agarose (LMPAYE 200ul 718t &
A3] vortex 3FFT. ©] ¥ 50 E 0.65% normal
melting point agarose(NMPA) 100w 2 w2 3l slide
(fully frosted)o]] BoI= & & cover slideE @1, 429

3t% DNA &4 AMHE
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A 2087F 23] 5, cover slideE A AT 1 Yol ot
A) 0.5%-LMPA 1004 Bol=& & cover slide® Bl
Ar2o A thA] 3087 23T Cover slideE A|AS %,
lysis buffer (2.5M NaCl, 100mM EDTANa2, 10mM Tris
buffer, pH 10, 10% DMSO, 1% Triton X-100)o] &<
%o aluminum foil 2 H-& AT A= 1AZF F<F lysis
A AT 0]AL electrophoresis buffer(300mM NaOH,
ImM EDTANa:, pH 13)°f] B Fo] JA] aluminum foil
2 498 A3t Y2 3087 AAAHT. thof
electrophoresis apparatusol slideE F=%0 2 ujgst
= 25V, 300mASA] 1587} electrophoresis& 8}
t}h, SlideZ 7o} 1024 39 0.4M Tris buffer(pH 7.5)
ZolA F3A AT Trayol dol $83] ARAX £
ethidium bromide (2ug/mlyS 30ul® Z+2+9] slideo] E
oz JME T 515-560m2| excitation filter2t 590
m®| barrier filterE ©]&38te] FFHTNHFLZ WHSHA
t}, o] uj, T2 image analyzer?] KOMET 3.1 (Kinetic
maging, England)}& AH&-8te] &AJ8IATH (Andrew et
al, 1997; Andrew et al, 1997; Choucroun et al, 2001
Daryl et al, 1995; Darina et al, 1998; Kim & O'Neill,
1996; McKelvey et al, 1993; Narendra et al, 1991;
Narendra, 1996; Singh et al, 1988; Sona & Darina,
2002; Sylvie et al, 1998; Thierry et al, 1999; Thomas
et al, 1999; & 5., 1997; A 5., 2000).

Treating of test sample and Hz02(10°M)
in NIH/3T3 cells

Y
rChanging with New media
\j

Single Cell suspension
& Slide preparation

y
Alkaline lysis (pH 10)
\

DNA Unwinding (pH 13)
& Alkaline electrophoresis (25V, 300mA)

\j
| Neutralization (pH 7.4) & Dying |
\j
r Stain & Image Analysis J

Scheme 2. Process of the Comet assay
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4. Data®l SHIXcl

LE ZI= SPSS V. 10.0.7K 2 A3t Z o
wet FF2ANSEYETEHL Fo*l= student t-testZ
AFsAT. BEedE F94 B35S one-way
analysis(ANOVA)E &3t AT A (p<0.05)=
Duncan's multiple range test® A58}t

74'.
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1. &AM X20is (electron donating ability) Ol 2I&t

g

In vitro/Fol A8 4% 9] 3t=r4k AS-4ro](Korean
Viscum sp.) ethanolF2E3 E8E52| DPPHO| gt
AA-E o5& vt Table. 10 e ¢ict

I Axh, AR AL o|(Korean Viscum sp. in
Quercus acutissima Carr.), W #$-40]|(Korean
Viscous sp. in Castanea crenata), A-ZpE AQAbo]
(Korean Viscum sp. in Betula platyphylla), I =T A
24 o|(Korean Viscum sp. in Salix koreensis) ethanol
FEEY AAFIeL 4 20ug/mlB7HA] 19.62%,
16.85%, 14.73%, 19.23%, 40ug/mlA7}A] 22.51%,
98.92%, 24.17%, 27.40%, 100ug/mlA7+A] 34.87%,

it

N

Table 1. Electron donating activity of Viscum sp. on DPPH

21

‘I—E—%D

Opt

0|E - 0|5t

cy -

Qlt
r

37.61%, 30.91%, 30.50%%] A7=S YERYIct

4% 9] BHLA ALAbol o) B35 Z ethyl acetate fr.
oA ehHAF o] M =9 o™, ethyl acetate
fr. 20ugiml®] 7t 4§, AT 52 42 Ayt
7-2-410](31.33%), ¥ A-$-410](30.60%), AU

$-410](33.37%), HEUE A-L-A40](29.30%), 40ug
/mle] M7} A, ARpFolsd 4z AeeuF AgA
°](50.43%), ShtF #A-$AH01(49.26%), AU A
A+0](52.33%), HEUF A-L-A4H0](46.50%), 100ug/ml 2]
7t AL, ARAFA e Zhz AU A4
(71.10%), B3 AA0)(73.35%), AR A4
0](79.35%), HELHE A-9-4H0](70.54%)2] BZ7} LB
et

kst A4
Ye A7 =g olyst A9 fEES flavonoid
EX phenol A F3HE0] 1 ATE It AR &
#HA QtHCutter et al, 2001 Anto et al, 1995), A%
4ro] o] ghabe} 282 X|F7HA] F o] Hol A Sl Al
=42 YR lectino]gtils AZE R ko o st
lectin= @43} E4Jo] slctile= B vhrt gloh, 19
12 ALArolo] ghals) 282 AEHAE EQl lectin
o] off T}E HE o7 FHHT}

282 9o uehd GUA 282 Wl et

0

EDA(%)!
Samples Con& Z?:;T;tlon Ethanol Hexane Chloroform Ethyl acetate  Butanol Adueous
20 19.62 19.23 24.37 31.33 15.30 15.61
Qc 40 22.51 26.78 31.53 50.43 30.03 16.21
R L 8487 4686 4151 710 86.08 1706
20 16.85 18.51 21.25 30.60 19.88 13.72
Cc 40 28.92 22 41 32.80 49.26 28.90 16.28
R L\ 8761 - 835 4552 738 412 1888
20 1473 14.91 22.02 33.37 23.39 13.13
B.p 40 2417 23.78 34.56 52.33 27.68 14.42
R L 8091t ¢ 2825 4668 7986 8955 - 1690
20 19.23 17.45 17.06 29.30 18.58 12.38
Sk 40 27.40 24.86 20.19 46.50 23.78 14.65
100 30.50 29.46 24.04 70.54 31.14 18.22
Q.c : Korean Viscum sp. in Quercus acutissima Carr.
C.c  Korean Viscum sp. in Castanea crenata
B.p : Korean Viscum sp. in Betula platyphylla

Sk : Korean Viscum sp. in Salix koreensis
' Electron Donating Activity(%) = ( 1-(AB) ) X 100
A:NESY ZFFEB:YZEI ZFE=

92



B A 7 240]2| ASHE DNA £4)

2. Comet assay0fl 28t DNA damage0fl CHEH &t

Fig. 1914 3714 image analyzerd! KOMET 3,18 A}
83} 37HA] parameterZ £413ke] A5} DNAAL]
o= ATE JeRf ST

Fig. 12 head DNA(%)E YEld Z 22 positive
control®l H:02(10°M)Z 40minES¢t Al Zo] &3}
APsHA £AMS 2 A3} head DNA 59%2 EQo A
82E =o|=H AE negative control¢l DMSOY
head DNA® 95%% UEFNTE AFajui A $4to) 9]
ethyl acetate fr.(0.1mg/ml)& H0:(10"M)&} EA] A2
Al tail DNAZ} 87%, AFRHJE A8 Ako] ethyl acetate
fr.2 89%, el UHF A4Ho] butanol fr.& 80%, A
AP A-24bo] butanol fr.& 83%E head DNAZ}
positive controld] |3} F7MEHE & 4= k. I}
Abgtpeay TS 24 FE7)E AR dEFq
42 dut 37 FolA st & (a8 A=
Y E ©o|-&3le DNAZ AstHoa &48 §Esn
1 AGE Aol EEE0] JAIEHE 715S AR
Ao E ou] H&3t upe} Zo] Aol BElEo] 3
AFSt 2Hg-0] DNA 9 AP3HE £A4HS
olt}. Comet assay©lA] DNA head”’} ¥43& wo] &
2] 4B A0 Awrt AL A O T DNA head % 2

[e]

=
7 e Aol ArERo] A ofgre AT ot B

-
E

o

—

ATk,

Head DNA (%)

Samples

E Positive control O Negative control
@®B,p (Ethyl acetate) =Q.c (Butanol)

=Q.c (Ethy! acetate)

mB p (Butanol)

Fig. 1. Maintenance effect of fractions (0.1mg/ml)
from Korean Viscum sp. on head DNA of
NIH/3T3 cell line induced by Hz0z
Q.c : Korean Viscum sp. in Quercus acutissima Carr,
B.p : Korean Viscum sp. in Betula platyphylla
Arithmetic mean(n=5), p¢0.01

AA Stz Hoe2 K-
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-

AH=HE

Fig. 22 tail DNA(%)E YERH 22 & positive control

5%= UEHHTH Adeuht A-40]9 ethyl acetate
fr.(0.1mg/mDE H0: (10°M)2} FA] A4 tail DNAZ}
13%, AFZHFE A QA0 ethyl acetate fr-& 11%, A<
YL A$A0] putanol fr 20%, AR A--Abo]
butanol fr2 17%2. tail DNA7} positive controlo] H|3}
o] A4S & 4 AT DNA tailo] A4EE Hels
AlEFo| DNA 7} TS =4 rrjzo] oate &4
o] DNA fragment 7} A7) HO2 o] DNA taild) % 2
7t GEE bstgo] 2 Ao W o= 9tk
110
100 |
90 }
80 }
70 |
60 |
50 |
40}
30 |
20 |
10

0

Tail DNA (%)

Samples

w Positive control o Negative control
mB.p (Ethyl acetate) BQ.c (Butanol)

EQ.c (Ethyl acetate)

mB.p (Butanol)

Fig. 2. Inhibitory effect of fractions (0.1mg/mi) from
Korean Viscum sp. on DNA damage of
NIH/3T3 cell line induced by H-0-

Q.c : Korean Viscum sp. in Quercus acutissima Carr.
B.p : Korean Viscum sp. in Betula platyphyila
Arithmetic mean(n=5), p<0.01

Fig, 3= B4 583 parameter?! tai length(um)Z
# positive control®l H:02 (10°M)Z 40min's-t Al 3o
A2|sto] Areba £AHE 2 AT, 149m tail lengthE
Bom AgE o]t ARS-E negative control®l
DMSOY] tail length 43um= UeRtTh AU A
L A4Fo)9] ethyl acetate fr.(0.1mg/ml)= H20:(10°M)S}
5A] Agolls 110um, AR AH-2-4Ho] ethyl acetate
fr-& 104um, ALVt A4 butano! fr2 123un
LA ALAo] butanol fr2 118unZ tail length7}
positive controlo]l H|3ke] ZHadhE & 4= Ql9th A=
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olofg -

=

2 =o|=6 AREH negative controlg] DMSO09] tail
length® 43m& WEMGTE DNA tail®] Zo|& &% 3}
FA2 2 99 Aol REEY DNA 9o Aty &4
of gt A4S 7159 Aol AR Yot gzl
Iiekpeds 8719 ARt adhs Alo] 9 " A
2 A7t gAls] EEE GAEf tigh o)
MZEAo] lectind} §H7 283 7= 7|t

o] A9 A= A4bolY RIEEL IS
on ob# AHSHA DNA &4 AT 4+ e

o] ol FAHAH.

>

e

N
o 2

160

140 |

—_

N

o
T

—_
o
o

[
o
T

Tail length (um)

[=23
o
T

£

n
o
T

0 S
Samples
& Positive control 1 Negative control
@ B.p (Ethyl acetate = Q.c (Butanol)

Q.c (Ethyl acetate)
m B.p (Butanol)

Fig. 8. Inhibitory effect of fractions (0.1mg/ml) from
Korean Viscum sp. on tail DNA length of
NIH/3T3 cell line induced by H=0-

Q.c : Korean Viscum sp. in Quercus acutissima Carr,
B.p : Korean Viscum sp. in Betula platyphylla
Arithmetic mean(n=5), p<0.01

¥ e
7|FEZC U, R, AR, B A9
Aol ethanolF&ET 57K £&E (hexane fr.,
chloroform fr., ethyl acetate fr,, butanol fr., aqueous fr.)
£ 0|83t in vitrool| 4] DPPHE 043t adz}Fols,
DNA| thgh 4b3td &A4F 9 SAFAA] aabge] vA=
FEFE A7 A3k comet assays AAIBHALH
4% 9] At A0l ethanolFE &Y H3E 5
ethyl acetate fr.5°] 2 £4HAFTH %S BT}
Comet assay £4 oA head DNAQ] HE|E {-X|3}A
U B+ tail DNAY A4S AAel= A9A0] frEo
DNA©| tfjsto] A 7]50]03S 2o F£oh =

94

512 - UE - O|HE - 0| Zlst
comet assay 83t parameter? tail length(um)+=
positive control¢] HeQ: (10°M)Z 40mins-t AlEo] A
gjstod Absta £ARS & AT 149m9) tail lengths B
How, Aeayf A4l ethyl acetate
fr. (0. Img/ml& H:0:(10°M)2t Al Hejoll= 110um, A+
AR AL Alo] ethyl acetate fr2 104, AFE|ubs
HAro| putanol fr.2 123um , ARUF AH-L-4Ho]
butanol fr-2 118umZ tail length7} Tradles Z2loz2 2
o} HLA o7} AKS}A DNA €4S HWofdhbs AE
% slatet

o|Afo] AMZ E uf Fh=rAb A Aoz ABHA stress
Uo7|= B4 AkL Hepr]Ze] A4 dis] EE
Uelyo] 883 chemopreventive agent®] 7%

AL Ab

B PR 20019 % ehatale A9 E E AHAlE
ARAEHIT AHAEAA 7S dTAE R12-2001-007)2]
HAtn] x| of| 23] A& Avto|m=E o]of ZAL EFHYTE,
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