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ABSTRACT : In order to compare the suppressive effect of galangin on the genotoxicity by N-methyl-N-
nitrosourea (MNU) or benzo[a]lpyrene (B(a)P), in vivo micronucleus test using mouse peripheral blood and in
vitro sister chromatid exchange(SCE) test using mouse spleen lymphocytes were performed. MNU or B(a)P-
induced micronucleated reticulocytes in vivo was decreased by the simultaneous treatment of galangin, MNU
or B(a)P-induced SCEs in vitro was also decreased by the simultaneous treatment of galangin. On the other
hand, the determinations of PHJMNU-induced total DNA binding and methylated DNA were performed to
find out the mechanism of action. PH]JMNU-induced total DNA binding was inhibited by the treatment of
galangin in calf thymus DNA. HPLC analysis of DNA hydrolysates showed that galangin caused a decrease of
7-methyl guanine and O°-methyl guanine in calf thymus DNA. To elucidate the action mechanism of galangin
against B(a)P, alteration of B(a)P metabolism was studied. Galangin inhibited B(a)P metabolism in the
presence of S-9 mix and decreased B(a)P-DNA binding in calf thymus DNA with S-9 mix,

Keyword : Galangin, Peripheral blood micronucleus assay, Sister chromatid exchange, DNA binding, DNA
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Hols2 %< flavonoid3tgHE % galangin, morin,
fisetin, quercetin, flavonol 2 kaempferol 5 flavonolf- =X &
o $454 LA} HlTA ALe BRF v gltHHeo
et al., 1992, Heo et al., 1993, Heo et al., 1994, Heo et al.,
1996). £3], ©o]5 HAEZH I galangin(3,5,7-trihydroxy
flavone)}2- benzo(a)pyrene[B(a)P]#} N-methyl-N'-nitro-N-nitroso
guanidine(MNNG)S. 1|23 c2]7}H] wetg A5 o] 154
(@014, Al AR ATE, 2AHF)E A3 AN
ZAth. &8, galangin® B(a)Pe} Z-& 23} bR A tistd
gAHEASLE oAlste] S E|F Y] A9 A DNA
A%E Adlste 71HeE 28845 FASHS gA G
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SAHKim et al., 1991).

ojoll & Aol x= DNAEAT} GAREAS Z42be] A8
R ALNEECREETEREEPCREES
o|43te] galangin®] S AZHAALHS AAshe] vl mhaL,
MNUSH B@Po] €3 DNASAHS 9% 4+ 9l& DNA
binding¥} methylated DNA 2 B(a)P metabolites 48 £3}
of A8714& AF8tgr|dl Basle volrh
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Galangin (3,5,7-trihydroxy flavone, CAS No. 548-83-4)y
AldrichAbofl 4] 79)5te] HPLCE £5(99.9%0] ) S Eelsta



78 e -

S

AHE314 20, N-methyl-N-nitrosourea(MNU)$} benzo(a)pyrene
[B@PIE 718 AFSL Sigmarlold FRAT. PH] N-
nitro-N-nitrosourea (1.7Ci/mmol; 1Ci=62.9GBq)2 Du PontAl=2
HE et ARSI, 3HH O°-methylguanine S g )
g} AFgasrt B8 AL ALk FBSS AL
%o W e AoFE-E GIBCOA)H F93he] AHg3AT

Animals

B A8o|A] ALEEE ICRY CS7BL/6 mice= A-&teli
A FFol A ok FEANS AU e FYY
TEAHA 23£1°C 2 HUFE 55£7%9 RPLE
7-109 HSAIZ F AL T AR E YA vk g
pelletA S & FR o & 254 9AS L, 12h/12h (L/D)
cycle®] ZZ1o| A A&}t

In vivo Micronucleus test (Hayashi, et a/., 1990)

In vivo micronucleusA]@-& ICR mice(d, 25~30 g)S AL&3}
of AAstA o A7 vhtaE Sobl R st P UE
EAZAE MNUS BEPE ARSI ufg-20] 228 AF
reticulocyte S ©|-&-5h= AL At AFY 8=
MNU E= B@PE Fojsta 48A3 & mejAdoA] 2zd
BS x| sto] o] acridine orange”} coating HoJ e S}
T Ao Hojme|n Avsetolng H2 v FXERF L
2 oAb 8 F(reticulocytes, RETs)E 428 & },_ TRAHET
(micronucleated reticulocytes, MNRETs)?] RIS #Ha3lg] om
olu) v} nla]d 10007)2] RETsZ 4@% st}

3, FASAAALE S HelMe FddEEZd MNU

(40 mg/kg, ip.) £ B(a)P (150 ghkg, ip.) EJ%, e 4
ZE 23} galangin (0, 0.1, 1, 10 mgke)s Z 73-?—‘?—01 5 5
A& Fo 487 F 2P AS AF o] AHAPE HAls}

e,

In vitro Sister Chromatid Exchange test (Wolff et
al., 1981)

C57BL/6 u}9-2 (8, 15-25g)2 BE Bgdoz nge
A &3te] 454 50ml FiF AAX 9 plungers o83t Al
T2 BgA 7l ¥ cell countdte] 20% 10° cell/mlE THET).
of AEdeel 05m¥g WA Jlete] s
Complete mediume 15% heat inactivated fetal bovine serum
(Gibco N0.200-6140), 1% sodium heparin (1,000unit, Invenex
No.33-1), 1% penicillin- streptomycin (Gibco No. 600-5145),
2% concanavalin A (Con A, Sigma No. C-5275), 0.01% B-
mercaptoethanol (0.05M, Sigma No.M-6250)0] $|%=% RPMI

74
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1640 culture medium © & Z A &ko] ALL3}9i T}

HjFE 37°C, 5% CO, v %719 o] Fol 3 on] WjEF 64]
7+ 5-bromo-2'-deoxyuridine (Sigma No. B-5002)% 7t
culture tubeol| 10 uMol| H =5 7130t wjokd 24A 7o) 4
SR Y S 9514 MNU(10M) = B(a)P(lO“‘M) o
EE GAHNEEAT galangin@0, 1077, 107°, 107°M)E
F 249 A7 3 Al S 45.5A] 7k colcemld(fmal
conc. 0.4 pg/mhE 71sf BEF7HEE LT 48471
dE B AAA B2E e wel e o &
AUzde MNUY guidl AAdsst BlPe] &
dimethylsulfoxide(DMSO)Z 2t} AH&-3H it

2ao]E5L 0.075M KCl 908 HPAda)e ax
Camoy’s fixative 2 A3 3 AR 3to] Agke] m] Ao
A7) AxFEA S 1Y AASd DR o=
o "ojmed Azgc) AZ3 &£elo]== Hoechst 33258
(6.25 pg/mi)A 0 2 3087F G4 T Macllvain’s buffer (0.25M
Na,HPO,:0.1M citric acid =36:1)0] ©7} 57°C2 7}43ln
black lightE 3087t Z2A]71% 10% Giemsa §4 22 5&7¢
Attt GNE STol=EL 7 cultured 25709 2%
metaphaseZ #35le] SCEHIZE MEdgo 4 5k

_I}('l_l

>
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MNU/DNA binding H2HDixit et a/., 1986)

Calf thymus DNA 100 pgell PH}-MNU 10 pCi, MNU 2.5%
107* M< Tris/HCl(pH7.4)0l] =50] 1L, galanging 0, 107, 107,
102 M-& 7}8ked 37°C incubatorof| A 2447} -0t v oks}4itt.
] 9F3% 2M Na(Ac)EtOH(1 : 50) 4.5 ml2 7}314d 3,000 rpmo]
A HAE e s, DNA pelieto] 95% EtOH 4.5 ml-& 713519
ARz AR s AL 23] vkE3519it] DNA pellet-
N, gasZol| A AF3IHTE N, gas2 A FA]7] DNA pelletS-
50 mM EDTA/0.1IM NaCl 100 pl2 =< ¥ DNAg o 2 3}
gom, o]&d 10plE F7HF 299 mlz}t 4o] 260 nmof A
UV =X35lo] DNAYS Akt o] DNAE 10 plE

cocktail 5ml7} S0}l glass viald) ¥ HE3 3 liquid
scintillation counter2 2434t}
Methylated DNA M2HE4HS, 1995)

AF7] 50 mM EDTA/0.1 M NaCl 100 plei] o} 3= DNA 80
WE IN-HC 50 & 7}sha, 70°Co) A 14) 7} v Fate] 7155
sJA17it}. 2N-NaOH 20 wlg 7}3}e] F3X71 £, S ko] 150
w7t @ AL 5,000 pmol A 1027 A4t e
80 W& Fste] E3 EF 16 pIE 73] HAo R il

HPLCE4] 2 standard base&¢] adenine, 1-methyladenine,
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guanine, 7-methylguanine(7-meG), O°-methylguanine(O’-meG),
cytosine, thymineS3} &3] A 7]+=4] A}-83%F methanol, DMSO,
free MNUS-Z injectiond}o] peakE &l ¢ Eal3t v, &
F @A 47 20 pgmlo] HA ZFEAoF Azt A
20ulE  injections}e] 7-meG$¢} O°-meGel {948 yho}
cocktail &} E 33 ¥, LSCE &A3}4c}. HPLCE= Shimadzu
9A, columnd shimadzu C-18% A}-8-5}$1, mobile phase:
10% citrate buffer(pH 3.8)% A}&3tGct. 44S 1 mi/min,
AZ7)9 EAEE 254 imz 3t}

B(a)P/DNA binding &2k

Calf thymus DNA 100 pgol| B(a)P/DMSO 100 pl(H%5 %=
10°M), Tris/HCl buffer (pH 7.4) 100 pl, S-9 mix 100 pl,
DMSO 100 wE 7}3ta 37°Coll A dA Al7F ZoF wjekst &
cold acetone 1 ml& 7}3te] 9h-2-& A 2] A]7] &, 2 M Na(Ac):
EtOH (1:50) 4.5 ml& 7}sto] 3,000 pmofl A} A1 &858},
DNA pellet 9] 95% EtOH 4.5 ml& 7}ste] A= stm 948z
ke A4S 23 whESETh o @ A7) DNA pellets
N-gas 5|4 223 & 50 mM EDTA/0.1 M NaCl 100 pl¢]
Zo] DNA §H02 dtgom, o] £ 10uE F7T 2.9
ml# 4o 260 nmo A UV S43t¢] DNA g AAtstgict.
W& 90 plof 1 N-HCI 100 = 718k 75°CollA] 1A 745-¢k
7HrESE & F 2N-NaOH 50 plE wo} 53} AZH . 3,000
pmel A A EEEY 42 A5 150 pie DMSO 2.85 ml
of detsted Ex. 370 nm, Em. 407 nmofjA] ¥3& 24354
th. 8, 75 ©] DNA binding| 4| £ HF3l7] 93t B
(@P7} 10°Mo] HEE 31 7] AAE 0, 107 107,
107°Mo] S & 7ksto] 6471 w43l iTt.

Benzo(a)pyrene metabolites FZHKim et a., 1997)

Tris/HCI buffer (pH 7.4) 280 plel] B@)P 10 M 10 ul (BE
FEE 2X107°M)o] galanging 10 pl (FFEEE 77} 2X
107% 2 x 107%, 2x107* M), S-9 mix 200 pl2 8+-e-& sJA 3}
o] 67t <t wloFst & cold acetone 1 mlg 7}ate] wHg-&
AR A7 & ethyl acetate 3 ml 7}3}od mjuh-e B(a)P 2 thA}
EEE FE8 294 Ake5e $, methanol 2 miol] §
3JA17} HPLC(Shimadzu 9A)9} fluorescence detector (Ex. 370
nm, Em. 407 nm)2 A}&3}e] wuk-g B(a)P S 241519t} o
m A3 HPLC QAN Shimadzu C-180]1, o]E4L
75% acetonitrile-& AF23153 T}

SHz
AYE 53 FojA & dataE2 Student’s t-test} one-way

analysis of variance (ANOVA) testE A}-8-310] F94 HAS
Eriisg

2 1

MNU E= B(a)PRE #SAol| it galangin2 &1t

i) MNU ®3= B(a)P+ % SCEA Aol t)3t galangin®] &3}

In vitro mouse spleen lymphocyted] 4] MNU-3-% SCEo)| o]
3 galangin®] &FHE Table 1o] Jehfith Galangind
MNU %= SCEo] diated oF7ke} Az A eS detuigl oy 5+
21514 = ). Student’s t-testE A}23F S A A 95}
™ 107Mol| A 4.7%(p<0.05), 10-°Mol|l A} 6.8%(p<0.01)2]
g A= dAERE HehArt $HH, one-way ANOVA
testo] 4] p=0.0272A4 &3] E2Q A4 A ¢S Yehidct.

g4, Ba)P+% SCEY WM % 2o wzt dAH S
UERRSAT T2 Student’s t-testE A3t F-ol A Ao <
3HH 107 Mo AT 20.0%(p<0.05)] 494 = AA FHE
LFERN ST 3HH, one-way ANOVA testoll A p=0.04724 &
FAEAHQ A HFE YR

ii) MNU & B@)PH% L8]l o tf3t galangin®] &3}

o} 920 4] MNU @ B(a)P+% MNRET®| o3} galangine]
ZHE Table 20 VERAZIT Galangin® MNU-S% MNRET
o B3t in vitro A3 0] % mouse spleen lymphocyte SCEA]
FoMEte o 2 ARATFS JeEhiSith MNURE
MNRET9| tisiAe 0.1, 1.0, 10 mgkg Fof&gofjA] 7z}
36.9%(p< 0.01), 40.4%(p<0.01), 36.9%(p<0.01)¢] =) &1}
& Uehiigloy gt £ a3E YehiAe &
g}l g, B(a)Ps-= MNRETe] tjajA+= 0.1, 1.0, 10 mg/kg
Fo] g oA 2+ 36.2%(p<0.01), 28.1%(p<0.05), 21.2%2)

Table 1. The effect of galangin against MNU or B(a)P-
induced SCE in mouse speen lymphocytes

Galangin® SCEfcell, Mean+S.E.’
M) MNU B(a)P
0 19.0+0.1 18.0+0.6
1077 18.7+0.1 17.24+0.0
10 18.1+0.1* 17.2+0.6
10°° 17.740.1** 14.4+0.4*

*MNU (107°M) or B(a)P(10™*M) as positive carcinogen plus
galangin was added to culture at 24 h after initiation of cul
tures. Cells were harvested at 48 h. Twenty five 2nd meta
phases per culture and fifty 2nd metaphases per dose were
analyzed.

*Significantly different from the control group at *p<0.05
and **p<0.01.
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Table 2. The effect of galangin against MNU or B(a)P-
induced MNRET in mouse peripheral blood

Dose* MNRET/1,000RET, Mean+SE’
(mg/kg, ip.) MNU B(2)P
0 34.6+1.7 17.4+1.3
0.1 21.842.3%* 11.1£0.7%*
1 20.6£1.2%* 12.5+0.9*
10 21.84+1.3** 13.7+1.8

*Mice (n=5) were treated with MNU (40 mg/kg, i.p.) or B(a)
P(150 mg/kg, ip.) and galangin (p.o), simultaneously, and
then peripheral blood was collected from tail after 48 h.
*Significantly different from the control group at *p<0.05
and **p<0.01 (Student’s t-test)

AAEHE Vel 33, one-way ANOVA testol A
MNU¢] 74 p<001, B@P] 7§ p<0.0284 LFejEd
2 QAR EE EI-

MNU &= B(a)PFE0| ChE galangin® RESHAH
271N

i) MNU¢] ]} DNA binding 2 methylated DNA Aol 1]
2]+ galangin®) &7}

Table 304 Vebd 2444 calf thymus DNAS] MNU 2.5x
107° M7} [PH]-MNU 10 puCi 2 galanging 0, 107, 1073, 1072
M 552 A7st9S 9 DNAS ['H]-MNUS] bindingo] 107
Mol A 54.6%, 10°Mdl| A} 36.2%, 1072 Mol A 53.0%<] 2IA)
Z9E U2 ot ANOVA Aol A p=0.2924 FEE
A A7 gL 2okt

3, Table 49)A Vel AXP calf thymus DNAY]
MNU 2.5x10°° M3} [*H]-MNU 10 pCi 2 galanging 0, 107,
1072, 102 M $52 A2389L v 7-methylguanine 4 ]
10-*Mel| A 42.8%, 107°Mel| 4] 52.6%, 107> Mol 4] 78.3%2]
AZHE JeERi oy ANOVA AA p=0.259 A%

Table 3. Suppressive effect of galangin on the methylation
of ['H]-MNU in the calf thymus DNA

Treatment* DPM/ug of DNA (mean+S.E.)
[PH]-MNU(uCi)+Galangin Mean+SE
0 0 91+ 29
10 0 3700.0--1248.7
10 10~ 1683.4+1257.3
10 10 2363.0t 7453
10 107 1743.6+ 31.2

*DNA was incubated with MNU(2.5X 10°M) and [’H]-MNU
(10 pCi) with galangin for 24h at 37°C in Tris buffer(pH 7.
4).

"Duplicate experiments

- FAR

Table 4. Suppressive effect of galangin on the DNA
methylation of PH]-MNU in the calf thymus DNA

Treatment® DPM/ug of DNA (mean+S.E.)

] ) 7-Methylguanine O°-Methylguanine
[HI-MNU(UC)+Galangin (M) Mean+SE =~ Mean+SE
0 0 106 55 8.8+ 05
10 0 194.61+84.3 96.7+55.6
10 10 115.8+38.2 341+ 45
10 107 99.7+51.3 29.7+ 1.1
10 10~ 69.0+18.8 309+ 3.3

'DNA was incubated with MNU (2.5x10°°M) and [*H]-
MNU (10 pCi) with galangin for 24h at 37°C in Tris buffer
(pH 7.4).

"Duplicate experiments

2 ehigid O%-methylguanine A = 107°*MoA A 71.2%,
107°M) A 76.2%, 107> Mojj Al 74.9%2] oA 235 Jehd 9]
O} ANOVA Al A p=0.17¢] AR FE Yt

ii) Benzo(a)pyrene®] DNA binding¥} metabolismol ©] =
34

Table 59 Ve 21 calf thymus DNAO] B(a)PE 107
Mo] HEE 7161 97]d S-ImixE 20%H =& 713 &
galanging FEEE A7l wiYelslS @ DNASH 2¢H
B@P SHES $4a 23k, galangin SEE 10°Mo]A
17.6%, 10°MoA] 36.0%(p<005), 10°MolA] 57.8%(p<0.05)
o JAAAE JER)S O ANOVA testoll = p<0.019] &
o)) gl FEEY JARTE ehhch

3lH, Table 69| calf thymus DNAS] B(2)PE 2x10°M9]
HEE 718la of 7)o S9mixE 40%HEE 715t F galangin
S FEER HUiste w9t S W DNASH AgspA g2
B(2)P 3}3E-S ethyl acetate 2 F+Z&3}o] HPLCZ #4135+ 2
3}, ZH7 B(a)PE galangin 555 2X 107°Mo|l A 62.5%(p<

Table 5. Suppressive effects of galangin against DNA
binding effect by benzo(a)pyrene with S-9 mix.

Treatment® FL.intensity(Ex. 370 nm, Em. 407 nm)’
(ug/ml) mean+S.D.
0 50.0+4.80°
10 41.24+2.71°
107 32.0+1.65*
107 21.143.55%*

“DNA was incubated with 107> M B(a)P, 20% S-9 mix and
galangin for 6h at 37°C in Tris buffer (pH 7.4)

"Triplicate experiments

“Significantly dose-dependent decrease(p<(0.01); Analysis of
Variance

* **Significantly different from the control group at p<0.05
and p<0.01, respectively (Student’s t-test).
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Table 6. The comparision of suppressive effects on benzo(a)
pyrene metabolism with S-9 mix by galangin

Treatment® Residual B(a)P (UM)"
™) mean S.D.
0 1.60+0.100°
2% 10 2.6040.100°**
2x10°* 3.174+0.404*
2x10™ 4.60£0.100**

20 uM B(a)P was incubated with galangin for 6h at 37°C in
Tris buffer (pH 7.4)

"Triplicate experiments. The residual B(a)P was analyzed by
reversed-phase HPLC.

“Significantly dose-dependent decrease(p<0.01); Analysis of
Variance

* **Significantly different from the control group at p<<0.05
and p<0.01, respectively (Student’s t-test).

0.01), 2X 10~°Mdl A 98.1%(p<0.05), 2x 10~*M A} 187.5%
(P<001)d) Z7}E7E UER§ZIOM ANOVA testd] HE
p<0018] olo] gl FEAEH AAFFE Lehigich

LA

72l 424 polyphenol 3323 flavonoid 3HH=2
20099F 0 2A AEA ] EXsta Jom Al
AR oz HFAS T e EFo7] Wl orix Aelg
o] A7s|o] griKuhnau ef al., 1976). AFFol A 12 A
AFS i 1g oPdelgtn 48 AEE §& YolH, o

% ¢F 170 mg %7} 4-oxoflavonoids (flavones, flavanoneés,

N D ox w12

chalcone, flavonols) ©|™, quercetin glycosides$} kaempferol
glycosides 22 flavonols ¢F 50 mg A =7} A& 1 vt
a2 R 1 9l Cody et al., 1986).

E Ao flavonoid 3}3HE 5 flavonol H=A¢1
galanging /23l MNUS} B(a)pot 22 1,22} 2¢=
A ) §28 2 FASHENG AR A 2B} 294
)el oA 42 alamsksict.

MNU$ Z& Nenitroso3lgHE5S A 7HrEd 5 of
1-alkane diazotic acidZ A§AJ 5}, o]o]4] alkyl diazonium ion
©2 2 B3%]o] DNA alkylationg &4 ®Htl. B@)Pet 22 tf
HHEEE s ASIRIEE L cytochrome p4505-9}F 22 tiA}
438 FAho| 93] B(a)P-7,8-diol-9,10-epoxided} 7L
ultimate form© 2 ¥ 315)o] DNAS}H 3714 S 438k}, o]
A 5= DNA R7HA1E2 Ao G MEA w3 22 DNAES
ol ot Mol W] Ze #o] ka2 UeA
A tHDixt et al., 1986, Chang et al., 1985).

In vitro mouse spleen lymphocyteol| ] galangin® MNU &

Af el 28714 81

E B(a)Pf+ = SCEd| tiste} okzte] A4S Yehlgl o
AAE Fdrh gy, olgioA MNU E£5 B@PHE
MNRETY| th3t galangin®] &EFE in wviro APo|d
mouse spleen lymphocyte SCEA|Go| M9} 2] wjwy &2
A7 A gS VeI

ojzo] in viroA G AN E A2 0] A HehA &
3, invivoA| G AN E 1ABA0) 2 ERd 2 in vitroo]
4] mouse spleen lymphocyte} 3| €] tiAlg-o] o 2ks}7] W E-of
galangin®] AL SHE AR SlaiA Pofue FH5A
AAE HehlA ZdE 7HsAol At ¥AR flavonoid &2
in vitroR o} AL A7} ER = in vivor B A A 7
EAAAEE S 2 Hol1 UHEFA T, 1995).

3HA, calf thymus DNAZ ©]-&3} total binding AHolAE
galangin o] MNU®|| ¢]%} DNA bindingg #|3]5}1 Q&= AR
veht o, o] 2 18] 7-methyl guanine®} O°-methyl guanine?]
A& AT =3, Ba)Pell t3t total binding M=
galangino] B(a)P2] thAlE A5t B(a)P ultimate forms2] 7
42 Q1% DNA binding & dAlsh= A o2 et

71759} antimutagenesis % anticarcinogenesis®] 287740
22X 5484 9 O grREEY 1) ZH7|HeRY &Y
2 owkeAd, 2) HoEFd 2AAA, 3) ALAHEY
promotion 2}, 4) DNA repair 7] 537 Fo] AAE 1 gt}
(Flora et al., 1988).

wHe}A] galangino] MNU®| 9)& f-A54& A8t
MNUo|M 25 alkylating ion 3}¢] ZH&, 3= DNAY
MNUske] 28128 S o2& ol Z37} Uehte 3
©2 nolt. £, galangino] B@PS HHEHE ofa)she
AL microsomal enzyme®] TIALEA S AetEEA o)7L
AAZHE YehlE A0 E B BE 0|59 FA54Y
Agde] w2 7]HoZAM DNA repair enzymed]
modulation7| A& A& wiAE +& gl

oA 9 oksd, galangin® MNU 2 B(a)Pel| ©J3 SCES}
LYY S AR Ao, ol g AR gH= MNU 9
DNA methylationS 7+4A17]9, B@)Pe] AN AIE E&)A
ultimate forms & 7+AA1A DNA £4H8 Agetes 7jxoz &
AEQIAERE veplle oz dddd. 13E=
galangin® MNU$} 722 alkylating agent®} B(a)P9} 72
polycyclic aromatic hydrocarbonol] 2}§F F-d=A A A 2 A
A8 e AP EZE gddh

rlr
rlo

A

At s

2 a7

rir

HARAR 973% B E7)$ /N EAY A7
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