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Suppressive Effect of Galangin on the Formation of 8-OH2'dG
and DNA Single Strand Breaks by Hydrogen Peroxide

Soo Hee Kim and Moon Young Heo”
College of Pharmacy, Kangwon National University, Chuncheon 200-701, Korea

Abstract — The aim of this study was to evaluate the effect of galangin towards hydrogen peroxide-induced DNA damage.
The calf thymus DNA and Chinese Hamster Lung (CHL) cells were used to measure 8-hydroxy-2'-deoxyguanosine(8-
OH2'dG) as an indicator of DNA oxidative damage using high performance liquid chromatography with electrochemical
detection. Hydrogen peroxide in the presence of Fe(Il) ion induced the formation of 8-OH2'dG in both calf thymus DNA
and CHL cells. The DNA damage effects were enhanced by increasing the concentration of Fe(Il) ion and inhibited by galan-
gin. In the single cell gel electrophoresis (Comet assay), galangin and dl-a-tocopherol showed an inhibitory effect in CHL
on hydrogen peroxide induced DNA single strand breaks. Galangin showed more potent activity than di-a-tocopherol under
our experimental conditions. These results indicate that galangin can modify the action mechanisms of the oxidative DNA
damage and may act as chemopreventive agents against oxidative stress.

Keywords [] 8-hydroxy-2'-deoxyguanosine (8-OH2'dG), hydrogen peroxide, Fe(Il) ion, DNA damage, galangin, chemo-
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Galangin(>95%, HPLC, Fig. 1), dl-a-tocopherol(vit-E), 8-
hydroxy-2'-deoxyguanosine(8-OH2'dG), 2'-deoxyguanosine(2'dG),
calf thymus DNA2> Sigma-Aldrict*H(St. Louis, MO 63178, USA)
oA 318te] ARE52ATt. Minimum essential medium(MEM),
fetal bovine serum(FBS) & A|E8ioFAIekS- GIBCOXH(Introvigen
Co., Carlsbad, CA 92008, USA)Oﬂ/H F91510] AMESISIAL, H,0,
T 71 919 B Aok SRAleke ARESIsit) 8-0H2'dG
1S 9leiM= HPLCE methanolaqL waters AT

HHFMIZZ

B AS9] iy vitro AT AREE METF= ATCCEHE
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Fig. 1 -The chemical structure of galangin.

Q1%+ Chinese hamster lung(CHL) cell& ARE-3FSIT}. Al 3EroF
2 10% FBS, 1% l-glutamine, 1% penicillin-streptomycin<
g5 MEM <)% A18515ich,

Calf thymus DNAGIA 8-OH2'dG2| M

Calf thymus DNA(1 mg/m/ in 14 mM Na,HPO,, pH 7.4)
100 pioll ]2 (pre-treatment)H 2] 7d-$-oll= A|ZEZQ! vit-E
E galangins FEHE AH2gt $ 37°CAlA] 3AI1E 53
incubationA T}, o9 iz EX‘E’H gel HEFEET) =

= Hy0,9F FeCl, £ 718 307t wEAIZT FA15
(simultaneous treatment): <] 'Or"ﬂE NEEAS FEEE A
gletal SA] FdtEEdEA 249 FFsE7F HES H,0,
9} FeCl, €95 718l 3417 303 =& A1 Zth 3M sodium
acetate(NaOAc) 10 w, ethanol 2.5 miE 7}3ll -80°CollA] 1A17F
59 B4 F 59 U 3000 rpmell A 1587 A E-2] sl A
pellet2 A3t} o] 7S 10 mM Tris(pH 7.4 containing 1 mM
EDTA) 0.3 m/, 0.5 M NaOAc 30 w, 0.25 M MgCL, 10 W= 7}
Sk & 5% Eol1 107 <t WSk th v nuclease
P1(0.5 mg/m)) 10 W= 7}l 50°CollA] 30%-7F WH-3-A)7]aL 1M
Tris(pH 10.6) 10 w/$} alkaline phosphatase(0.1 unit/ul) 10 WE
7¥8l) 37°Colx] IARE kA ZLE 01014 5.8 M acetic acid 4 W
£ 718l 0.2 pm filter? *i7}3)4] ©]& electrochemical-detector
(guard cell-850 mV, analytical cell-400 mV)2} UV-detector
(260 nm)E 425 HPLCE C-18 ZlS A o] -8l =A]
+ 100 mM sodium acetate in 5% MeOH(pH 5.2 with H;PO,)
E A 8-OH2dGS} 2-dGE FAlel Reg=sioict>™® A}
A& 10° B412] 2-dG F 8-0H2'dG2) H]&-(8-OH2'dG/10° 2'-
dG)= YERHSITH

CHLOHM 8-OH2'dG M

CHL cell2 109012 10 cm dishell A3 24 A)ZF Z<F HJSEA]
20 Ok vitE B galanging FEEE 12407 A F(pre-
treatmentl]) GAINZEA R 249 HF 5wt ©5= H)0,
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o} FeClyg 7Hll 3027+ 37°CollA] Aksl4] DNA -5 F2ltt.
U3 trypsin-EDTAE |83} AlEE #3510 1000 rpmelA 5
Bl A% A|AE & DPBSE 1ml 7}s}o]
1000 rpmell Al 527 QA @, ThA] A A S F
lysis buffer(10 mM Tris HCl, 400 mM NaCl, 2 mM Na,EDTA,
pH 8.2) 3m/, 10% SDS(pH 7.2) 200 W, proteinase-K(20 mg/
ml) 50 p/, RNAase A0 mg/ml) 40 /S 71510 37°Col| A Ay
HjFAIZIEE, of7]¢] 6 M NaCl 1 miE 7ksto] 713o] A4 A%
2 AL3H voltexdt & 1557+ A3l H2TF 2000 rpmeilA]
15831 Aelgit), A5 24237 F381o] ethanoks: 7}
3}o] DNA pelletS ¥+t 10mM Tris(pH 7.4 containing
1mM EDTA) 03m/ 0.5M sodium acetate(NaOAc) 30 p,
0.25 M MgCl, 10 W% 7}t 5 5231 boilingAl7]13L 5~10% &
¢k W79t Nuclease P1(0.5 mg/ml) 10 s 718 50°CellA]
30%-7F incubationA] 712 1M Tris(pH 10.6) 10 w2} alkaline
phosphatase(0.1 unit/w)) 10 p= 713l 37°CellA] 1A1ZF incubation
AT}, 29 M acetic acid 10 W 7}l 0.2 um filter= o] 7}3}
o] o]& calf thymus DNAO|A {3} FAs =710 F 8-
hydroxy-2'-deoxyguanosine(8-OH2'dG)¥} 2'-deoxyguanosine<
Aol weldestal AdAE e

=] = [e)
Skl ‘e h=

Single cell gel electrophoresis (Comet assay)

CHL cell 5x107HE 24-wellol] 2132 2447+ Fofl 7AIQ] vit-
E T galangin & TEH=E 78 12A413F A 2] 3} (pre-
treatment]) 2274 2] HFEErF HES FYiEEAR] Hy0,90
FeCl,Z A28kt 30 - trypsin 2 miE €o] AxE 58
&to] Alg el @tk o 1500 pm o2 YAEE] $ PBS
(without CI, Mg®")& Al&ska thA] 1500 rppm o 43%-2)3}
St AN W] 2ol 0.5%-LMPA(low melting point
agarose)S 200 W 7Fell= ¥ voltex® ZH7+ 103 ¢k A1Ach
0.65%-NMPA(normal melting point agarose) 100 W= w2} ¢
31 slide(fully frosted)el] ©] & 50 W= L%Eﬂ T AvEEto]
=3 g}, WA el oF 1587 231 F A&l =g A
Astar 71 9ol T 0.5%-LMPAS 100 W Gojr=dd 3 cover
slide2 91 Waelx 1523 23} AvEol =8 AlAS
= lysis buffer(2.5 M NaCl, 100 mM Na,EDTA, 10 mM Tiis,
pH 10, 10% DMSO, 1% triton X-100)°]] B7}4 2F 147+ 52t
lysis*| At} 71 F- electrophoresis buffer(300 mM NaOH, 1 mM
Na,EDTA, pH 13)°l 2057+ g7} A=|5}3ch. 67103%%}7?1011
slideE F=&o0 =2 wjdsdt 5 25V 300 mAolA 1587t
electrophoresisd}ith. 2|55 7Y 10—:—”“ 3H 04 M Tris
(pH 7.5)° &7} F8lstSitt. Trayell 2ol F-238](15%) 1324
71 ¥ ethidium bromide(2 pg/m)E 20 A ZH2}ol| Hojrte] 4

3]

Al

A3 5 515~560 nme] excitation filter2} 590 nm2] barrier



34

oy
)

a
Mo
o2

filters o]g-3lo] FFen)Fd o= st o] 22 image
analyzer?] KOMET 3.1(Kinetic Imaging, England)E A5}
E243150h Hjo]El:= tail length(TL)$} olive tail moment(%
tail DNA x distance between head and center of gravity of
DNA in the tail, OTM)©& LER)SIHY

SHXZ|

HE data® 33] AA|EFe] student's t-testES o]-g8to] EA|
2] aFdrt.

Agdn

Calf thymus DNAOGAM 8-OH2'dG Mol O|X[= A&k

Fig. 201 10°M H,0,2] Fe** o] z%o] w2 8-0H2'dG A3
A€(8-0H2'dG/10° 2'dG)S YERITE 10° M H,0, ©H5e]
Al 862 YER O Fe?t o] 2 5% 10°M, 10*M, 10°M
A alel 129, 34.7, 255.69] o4 & T o4 I
ehfgict, 58 Table Tl H,0,(10° M)/FeCl,(10°M) %= 8-
OH2dG A3/dol st vit-ES} galangin®] &35 LFERIQITE

A 2] 2] (pre-treatment)H ol A vit-E+= 10°M, 10°M, 10*M
FLolA B ol AE 1120 B v AAES
Hekfo] dAadE Bou wRER] Ade & vEhiA
= ookt AAAIES 10°M, 10°M, 10 Mol 212t 18.1%,
15.6%, 16.5%%It}. 3HA, galangin® 10°M, 10°M, 107 MejlA
95.7, 78.4, 68.4°] B ES HERH] Aelswel wet oA EF
S Yehgidek A AES 109M, 10°M, 10" MejlA zhzt
14.6%, 29.9%(p<0.05), 38.9%(p<0.01)2A] vit-E KT} %2 o
A d-e eEpf Tt

A2 ) (simultaneous treatment)H oA vitE= 104 M(Q A
& 3.0%)E ALshs Fdulzte] e 3222 Hf 23]
Tk 22 &S vehlo] oAlas YehliA] ottt sk,
galangin> 10°M, 10°M, 10*MeilA] 8-OH2'dG A &) 2127}
3310, 3035, 271.7= HERfo] AelEieol wet A TS

350 -

300 ** p<0.01
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Fig. 2 — The effect of Fe(Il) ion on the formation of 8-OH2'dG by
H,0, in calf thymus DNA.

Table I - The effect of vit-E and galangin against oxidative DNA
damage in the 8-OH2'dG formation of calf thymus DNA
by H,0, (10°M) and FeCl, 10*M)

8-OH2'dG/10° 2dG (Mean=S.D.)

Treatment (M) Pre-treatment Simultaneous
(% Inh) treatment (% Inh)
Positive 112.0+19.3 322.2+30.9
Vit-E 108 91.7+8.3 (18.1) 382.4+37.0 (-)
10° 94.6+13.1 (15.6) 389.5+6.8% (-)
10 93.5+27.3 (16.5) 312.4+5.3 (3.0)
Galangin 10 95.7+14.9 (14.6) 331.0+6.8 (-2.7)

10° 78.5+14.0* (29.9) 303.5+109.2 (5.8
10" 68.4x9.6%* (38.9) 271.7x19.1 (15.7)

n=3, Significant values were * P<0.05 and ** P<0.01 for the effect
of antioxidants compared with positive control (Student's t-test).
All the reactions contained 100 pg of calf thymus DNA. Other
experimental conditions were as described in materials and
methods section. Percent inhibition by antioxidants is given in
parentheses.

ERflTh AAAAES 10°M, 10°M, 104 MellA 242} -2.7%,
5.8%, 15.7%ZA] vit-E Bt} 2 A28 YeRNITE 54
Aol A B} FPEL wEAITHE 3AZI30E, 30
ol A7) wiitel] dlzate] A EC] A 8-OH2dG
AR E IR SAAE o RO AAeel o 2 el

CHL MZ0IM 8-OH2dG A4A0f| O|X|= gk

Fig. 3° CHL celllA] 10°M H,0,9] Fe’* o] iol up
£ 8-0H2dG A& (8-0H2'dG/10° 2-dG)S LFERAQITE. Fe?t
o] FX 0M, 10°MellA 22} 21.9(p<0.01), 110.1(p<0.01)
o F94 e F7HE yeERiQith 5 Table Il H,0,
(10°M)/FeCL,(10°M) % 8-OH2dG “/dol thdt vit-E<}
galangin®| &= VFERASITE

Vit-Ex= 10 MO A& 34%)S A|9)ekar 10°M, 107 MojlA
¥ zrt2] 8-OH2'dG #4743 E(8-OH2'dG/10° 2-dG)Q! 110.1
B} fo)d s B WIES VERIK X3k $HA, galangin
& 10°M, 10°M, 10*MelA Z+zb 695, 755, 7532 8-
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Fig. 3 — The effect of H,0, and FeCl, on the formation of 8-OH2'dG
in CHL cell.
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Table II - The effect of vit-E and galangin on the formation of 8-
OH2'dG in CHL cell by H,0, (10°M) and FeCl, (10°M)

8-OH2'dG/10° 2'dG

Treatment (M) % Inhibition

(Mean+S.D.)
Positive 110.1+25.1
Vit-E 108 106.4+28.5 3.4
10° 129.6+41.5 -
10" 130.3+26.0 -
Galangin 10°¢ 69.5+4.9% 36.7
10° 75.5+17.0 314
10 75.3+12.8 316

n=3, Significant values were * P<0.05 and ** P<0.01 for the
effect of antioxidants compared with positive control (Student's t-
test). Cells were pre-treated Wlth ant10x1dants for 12 hrs and
then incubated with H,O, (103 M)/FeCl, (10°M) for 30 min.
Other experimental conditions were as described in materials
and methods section.

OH2dG B ES YERhlo] X8 Belr Alavs Vet
Uitk A AE-S 10°M, 10°M, 104 MelA 212} 36.7%
(p<0.05), 31.4%, 31.6%=A] FEo)=A Ak 2 el
ko) vit-E W} 322 oA EHAS VeI

CHL cellof|M single strand break0| O|X|= &k

Fig. 4°1 10°M H,0,%] Fe?* o] o] w2 TL¥} OTM
S UERHQILE Fe?t 5% 0M, 10° Mol TLe] 98.2, 107.4=
HeRAZom, OTMo] 9.7, 11.5%4] % Ao gepdE B5
A FAd s T7FE YERIIC B35, 10°M H0.00 10°M

Fe?* A2 10°M H,0, ¥ xmp_n} DNA 457} A7k
Bhﬁa‘ %= obsich.

Table Tl H,0,(10° M)/FeCl,(10° M) %= DNA £4l]
3t vit-E9} galangin®] A& Y-S TLY OTMOE YeRASICE.
TLoE= vit-Ei= 10°M, 10* MelA] 25 o ehzrte] A4
107480} H]58EAY W= AAES YRl oAadE e
igich, A galangin® 10°M, 10°M, 104 MellA 91.8, 79.1,
68.6°] WAHES Yehllo] Aglszel met AAE TS vER)
Atk BAAES 10°M, 10°M, 10* Mol A 2+t 14.2%,
26.4%(p<0.05), 36.1%(p<0.0)ZA] vit-E ¥} =2 =24
= eIt

OTMelA = vit-EX 10°M, 10°M, 104 MellA 22} 13.0,
75, 7.05 VERYo] 10° M7} 104 Mel|A] ozt 12,500 H]
slo] v AES vehilo] Al avE el on A2l
Lol we} AAEEES vERRSILE 2AE-S 10°M, 10°M, 10*M
oA -4.0%, 40.0%(p<0.05), 44.0%(p<0.01)3Ac}. 1, galangin
2 10%M, 10°M, 10" MellA 8.8, 5.7, 559 BA&S Leh)
o] AHesiel weh JAFEE e en, A& 10°M,
10°M, 104 Mol A ZF2}F 29.6%, 54.4%(p<0.05), 56.0%(p<0.01)
24 vit-E Bk & AJAZAS YERISITE Vit-ES} galangin
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Fig. 4 — The effect of H,0, and FeCl, on DNA damage in CHL cell
by Comet assay.

Table III — The effect of vit-E and galangin on the on DNA damage
by H,0, (10°M) and FeCl, (10°M) in the Comet assay

TL OTM
Treatment (M) mean+SD (% Inh) mean+SD (% Inh)
Positive - 1074104 125+1.7
Vit-E 105  113.9+10.6 (-6.1) 13.0+24 (-4.0)

10°  752+214  (30.0)
10 70.6=6.0%F (34.3)
Galangin 10% 91.8+17.7 (142
10°  79.1£9.9%  (264)  5.7+04%F  (54.4)
10  686=6.0%* (36.1)  55+05%*  (56.0)

n=3, Significant values were * P<0.05 and ** P<0.01 for the
effect of antioxidants compared with positive control (Student's t-
test). Cells were pre- treated with ant10x1dantsfor 12 hrs and then
incubated with H,O, 1o M)/FeCl, (10°M) for 30 min. Other
experimental conditions were as described in materials and
methods section. Percent inhibition by antioxidants is given in
parentheses.

7.5+2.0* (40.0)
7.0x11.0%*  (44.0)
8.8+1.6 (29.6)

A TLI} OTMS] A}z EA8 oA A8ke n)ssld o)

OTMZo] TLETE JAF S o & YeR)Sit)
| &t

H AAERHE oxidative stressel] 23k Z¢iwo], A7)
o nizd WetAAE Fohdls ATkl ke o] A
A3 QJt}. Oxidative stresss ‘?—i‘gﬂL reactive oxygen species
(ROSy7} 9t} #=1%l DNA -5 doxivkar deix] Q7] wf
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o]t} 1510 gkasAdo] 9l flavonoids-S one-electron transfer
mechanisme 3531 superoxide ©]&3} 7+ ROSS} A718k
29 gitka 9l QIrh!? w3t rat liver microsome?} mito-
chondria®lX] CCl,2} NADPH dependent lipid peroxidationolx]
9] flavonoid®] &its}t Evbe Hug up

2 Aol Ak stressell tisle] R EAdS Zh 38t
o4k @ W Al (chemopreventive agent)S F&3}7] ¢t 7
(Alpiniae officinarum thizoma)y] F/3%191 galanging 7FA|1
in vitro N'8ollA Hy0n/FeCl, = calf thymus DNA %! CHL
celll 4] 8-OH2'dG Aol VA= IS HES AT =5
H,0,/FeCl, = DNA <21 single strand breaks°l] WX %4
T AESGIT 4719} 2 4ksd DNA &4 vleol entA+
o] AJEAY} galangine 72 st FAksIE-S Ad Flo=® U
2 vit-ERT JAE3E o A JdERIIT

254 olg] ATE F319] galangin®] FuE|jolatg 0 &
o2 Az-g2 gAZakg D 2 vokst PegAdo] Rl
SIth. 3t galangin®] 2F8-7]7 ) tfsle] hepatoma cellol 4]
anticarcinogenic marker enzymeQ! quinone reductase®] ZJ
& Z7PIRIthe A% Bago] 9ok w3t galangin® human
Z28 AA8}1,2Y sulfation induced
carcinogenesis ©]A41514? multidrug-resistant breast cancer
cellol A p-glycoprotein mediated effluxS F7FAA F719
efflux”} DMBAS] burdens #AA17 cancer riskE AA71T)
= RAUE 9t 9 galangin® ©J2] 7}4] flavonoid & 7}
% LDLO] 3PP aap} 2ok Busliet?” 3k galangin
<2 CCl, %= microsomal lipid peroxidation= 7314 ¢#]|A]7]
3 okarl B vl 9ok webd 37149 galangin®]
3L shtegol, &+, FASAA|, it dalslake- 5 ol
- Tkl olso] vEbd 71 @R nlwA] Ash o
F Harso] glrt,

H,0,9 22 ROSE 80H2dG 442 E3to] GCTA trans-
versions XE3H= EAHOE DNACA o7 o] -2 Als)
2 e ol 3l A|EolA Eiwiole] FA o] dojitr)
Abska ~EgAe] o8 dojul= DNAY G4 &4 59
A5l diste] dakskadES e 7], HX1 2 A dA
of| A At Esto] AR o] tixke] 24, DNA ¥-3-43
E4E9] Aet, DNA 54U DNA 524083} 22 7|70 &
Ao} A &4 9 WS e = Sl ZoE 7
I QeE30 wab aspio] Qi falEAIAIA] AL Al
s} AE# XA ogt 21 WY A e ofdel] anHARl 5)E]
oA & 4 okl Ko Xt

Calf thymus DNA= 10°M H,0.01 2J3fl 8-OH2'dGS 43434]
Aor Fe’* o] s% Z7lo] wehd 8-0H2'dG o] H214d
U FEEA SV UERAQITE gHE CHL cellell QloA=

breast cancer cell®

o o

-

10°M H,0,00 213 8-OH2'dGE A0 Fe?* o] & 7}
uke} 8-OH2'dG 8/do] f-24d A S7H= Itk Hy0,00 <Jst
DNAe°4 2] 8-OH2'dG "4 th=FAldl 7132 v 21(1), @)%+
Ao geA ek

H,0,+Fe’*=HO +OH +Fe** A1)

HO +DNA/dG=DNA/8-OH2'dG *12)

7] Felo] LeiR 147 2 A3oME calf thymus DNA
4l CHL A%2] H,0,0 2]3+ DNA % 8-OH2'dG 343l Slo]
Melidon®V5-2] 1119} ko] Fe?t o] & sizo] kS =14 W
AAt}. 1, calf thymus DNACIA] H,0,(10° M)/FeCly(10° M)
%= 8-0H2'dG /3> AAERo] FAA R ET} FduiE
A wZAZ] Zobd DNA -2 2A vebgth 18 vit-
E 4 galangin®| AAzel whE AAlEAo] FAA 2 HelA X
Uhe 2 vebgth, 18 galangin A2 9l A AR B
FollA vit-E Bt 8-OH2'dG A elAI@2do] A VRt ot
2hA] B AIEE o] 83k AldelliE AAE R At

CHL AMZE ]85 A3l A= H,0,10° M)/FeCl,(10° M)
5 8-0H2'dG o1 vit-Ex= 10°M~10*M F=olx 24
o] 79] YER}A] 9:ko} galangin®] Z-$oll= £AAE] F-
oA 30% oVde] A S LRI Calf thymus DNA
£ o] &3t Ald7} CHLS ARESE AlFolA e A zlol= 22
in vitroA| & Alo] A%t calf thymus DNA7} 2Ho}2l= cell lineoll
AMHETR= 2-87]do] A3 2lo)7] wiEd Aow et $hA
CHL A3~ DNA single strand breakageE #A&% F U=
comet assay= AAJEIATE Comet assay= o8] 714 24714
o FHASAHEA ost ¥ MEoAe] DNA &35 HET
T e dg who® dejA gk E AdAvlel CHL
celle]l oI % 10°M H,0,°1 <J8l DNA £/H(TL, OTM)&
AWINZCH FeP* o] w7l Wt fed A SIS

H,0,= At 919739 X} keratinocyte,*® AMZF jurkat
cell® 217 hepatocyte®= ©]83+ o12] comet assaylA A
W UERASITh Barso] glvk Hy0,] DNA &2l st
vit-E, galangin®] &35 TLY} OTMOE H|wallE A7} Ha)s
% 105~10*MellA] vit-E9} galangin =5 2JA1EHS VERS
O} galangin®| vit-E Brt 5 AAIEAEE VERASIT

7] ARAE TN n vitro 2] calf thymus DNA
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