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Glutathione S-Transferase, Glutathione Reductase
and Glutathione Peroxidase Activities in
Cholestatic Rat Liver

Yong Chul Kwon, MD; Kyo Cheol Mun, MD; Chun Sik Kwak PhD

Department of Biochemustry, Ketmyung University
School of Medicine, Taegu, Korea

Changes i the activities of the following enzymes have been studied over a period of forty two days
after the ligation of common bile duct in rats cytosolic, mitochondrial and microsomal glutathione S-transferase,
cytosolic glutathione reductase and cytosolic glutathione peroxidase of cholestatic liver

The activity of cytosolic glutathione S-transferase in the cholestatic rat liver strikingly dimmished between
the third and the forty-second days after the higation of common bile duct and that of mitochondrial glutathione
S-transferase also showed significant decrease between the fourteenth and the forty-second days after operation
However, the microsomal glutathione S-transferase activity in the cholestatic rat hiver showed a substantial
increase between the seventh and twenty-eight days after operation

The cytosolic glutathione reductase activity in the cholstatic rat hver elevated considerably between the
second and the forty-second days after operation, but the cytosolic glutathione peroxidase activity m the
cholestatic rat liver had a signmficant diminution between the fourteenth and the forty-second days after the

hgation of common bile duct
Key Words Cholestatic liver, Glutathione S-Transferase, Glutathione Reductase, Glutathione peroxidase
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Mantle, 1986b), ¥4 (Hayes2} Mantle, 1986b), 2%
(Chfton #} Kaplowitz, 1977, Fleischer%, 1977, Ha-
yes®} Mantle, 1986b), 4 (Hayes 2} Mantle, 1986b),
=/ (Asacka$} Takhashi, 1983, Theodores, 1985,
Lie's, 1986), H¥H(Kodates, 1986), 2 ¥ +(Mar-
cuss, 1978), W&t (Kaplowitzs, 1978), A< (Mu-
khtar, 1978b) 5o X5 on AEYME
AEA, NE3 mtochondria ¥ microsome & o
£ gt} (Friedbergs, 1968, Banmkov$} Tchipy-
seva, 1978, Wahllanders, 1979, Lee$} Mckinney,
1982, Ryle®} Mantle, 1984)

GSTE t4dd 7152 713 A4 EA HoldE A,
WU EL, E4 ¢ FHEAHEY, o W
ARHE, URIFZAE Foa AAFA 2 IARA
4AE 71X 249 5 2 vjdo] Bojsin, =3
prostaglandin@} leukotriene®] A @A #A 32
o}-2-2] bilirubin, heme, steroid hormone, bile acid
53 Ag3led )5 AT ol St 2 vjdSe
Al71E 715 % 7FtH(Litwacks, 1971, Kamisakas,
1975, Jakoby, 1978, Wolkoff%, 1979a, Wolkoff%,
1979b, Vessey®} Zakim, 1981, Hayes$¢} Chalmers,
1983, Hayes$¢} Mantle 1986a Pemble%, 1986, Taki-
kawa's, 1986) ol¥g 71%5& /1A BE9 GSTE
2e £5/529] 1sozymeo] 1.0 FH ol A= 143 (Hayes,
1986, Hayes$} Mantle, 1986a), At&Ho &= 13%F(Va-
nder Jagts, 1985)¢] U= AR HuEo] Yo

o] E4% AMEsligks S%=A(Mukhtar®t Bend,
1977), 4 9 A A TH (Tsurus, 1978), DAWEF
(Tsurug, 1978), 7+ (Ohmi¢} Anas, 1981)F oA
5o 1 4o S, A RA: F5THAde-
chis, 1981, Harisch®} Meyer, 1985), 7+%Z 2] (She-
rman’s, 1983)clMe 2 Aol Aol uon
Lia=s

Glutathione reductase(NAD(P)H oxidized gluta-
thione oxidoreductase, EC 164 2, GR) & A AW ol A
tgHo g 98 nicotinamide adenmmne dimnucleo-
tide phosphate(NADPH) 9} 4+3}3
(GSSG) .2 8¢ 443} nicotinamide adenine dinu-
cleotide phosphate(NADP™)$} GSHE A 3l= &
2(Kim, 19792) 24 FEAM= 74 A, A, 4, &
A, HEF, He £o2 @ol TA(Mansost
Wroblewsky, 1958, Carlberg®} Mannervik, 1975,
Ray$} Prescotti 1975, Moron%, 1979) 5, Al ¥4
e MEH EX=H e ZA(Goldbergst

glutathione

Spooner, 1983) 2.2 &4# A gt} o] HLAE HF9
Ed3= H7ITAH ad9 A2 FHFEY(Ma-
nso%} Wréblewsky, 1958, Kerppolas, 1959, Wests,
1961, Wakurs, 1976), 91 ¢ (Wakui's, 1976), ‘3 &4
4535 (Shapiros, 1975), AN E(Melissinoss,
1981), Atg 8t E F5A(Kumata®, 1975), 4%
(Kerppolas, 1959, Wakwi's, 1976), 34 @44
(Kerppola%, 1959), 7t (Tamguchis, 1974, Wa-
kws, 1976), S8 H(Waku's, 1976) HHA3%
2 (Kerppolas, 1959; Wests, 1961, Wakwis, 1976)
2 FEFEAA(Tors, 1981) ¥Fo) 1 Aol &
7tegi g

Glutathione peroxidase(glutathione hydrogen pe-
roxide oxidoreductase, EC 11119, GSH-Px)& A
Aol A BteleA49 GSHERE GSSG £¢
a2l3 7€} #4231 (ROOH) 3 GSHEXE GSSG,
alcohol(ROH) ¥ && At vhg-8 Z )3l se-
lenium®} &4 T (Pierce} Tappel, 1978, Chance S,
1979, Kim, 1979b) 24 ZZ 9] Abs A &AL HER
33 AAES HEI}e 9EE 93de aLodg
(Chows$} Tappel, 1972, Chow$} Tappel, 1973, Pla-
yers, 1977, Chances 1979, Wendel, 1980) F&
oA o] Eiave P (Mills, 1957; Littles, 1970,
Flohé¢ %, 1971, Ohs, 1974, Awasthis 1975), 7H(Na-
kamuras, 1974, Santoro%, 1976, Stults%, 1977, Za-
kowski®t Tappel, 1978), #(Chwus, 1976), et
(Awasthrg, 1979) Fo Be F EA39, 772
(Goodwins, 1983), th A 7 31 (Mehlert 5, 1982),
4384 A% (NechelesE, 1968), phenylketonuria(St-
ciners, 1982, Wards, 1984)#x5¢] g7} 7t
Z 3 (Peskins, 1978, Kitaharas, 1983, Casarils,
1985) oA 1 &Aool B} Aoz HuHY it

oje}zro] 3% 9] glutathione@ ¥ FEiAy THA
B2 Fo] FAE By ol NE=ATA F
AA 1 Aol WEFET 1y EFATNA
ol A9 AWF tEMe <& H gl

ol A< & A el GST, 2 GR, GSH-Px$)
HHTES Lot 7] 93t A g Ao ax fF 9
FEES AF% F 4 A7lo] HET GFLATS
A ELH3t AEFoA GST, GR ¥ GSH-Px¢
244¢ 783 mitochondria®t microsome & ol A
GSTe 84§ 44 &Xstd 1 A4S Ruzx
Eig=s
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S8 % HX| TE2 4F)Y 22 £ A
%3 A3 320~350g¢] 5= Sprague-DawleyZE 2] 5=
HAE AR, e B FHY 2EATC
2 Urolx riee 3 FERARTE ¥ 14, 24,
3Y, 7Y, 149, 28Y B 42990 HE 22} 501
o Aol A& AS

F324F F WA E F= 47 ied o
o] FREE oF 50%7F FUcH A 289 F 429
TS FEUZAE ¥ 289 © @2U7HA] AEF B3
s5ute] ¥ ALRES QT

2t AT EL NERYr Ao AdAF
ARG U0 F AR AlRe AlEEHE AY
Atg 2 5)Ake AEE AMEEYen B g4 &
frEo] Mg sk

FEd A2 J1F3H BolA 2HI B9 F
G337 ug2 olelZ oF ImHe AP FHAL
deldte] 24zt AA% F 9 L oji % ZFE a9
FUNARE dds) FAT G AFe o)FoR
shon 7t A&l gHe) HANEHE FAsH
o Jtred FH@F AW A ¢ 19 I
gHA ALY FYsiA SR

Al2F  Reduced glutathione, oxidized glutathione,
2,4-dimtrochlorobenzene(DNCB), ethylene diamine
tetraacetic acid disodium salt dihydrate(EDTA), re-
duced nicotinamide adenine dinucleotide phosphate
tetrasodium salt type 1 (NADPH), glutathione redu-
ctase Typelll(from bakers yeast), glutathione pero-
xidase(from bovine erythrocytes), glutathione S-tra-
nsferase(from rat hiver), ¥ £ 54 (10g/100ml, bo-
vine albumin)%-& Sigmarte] AEL Algslgon
719 YRt B S BF £ 4FEE AMgsad

NE Y HEES BE HPTINAM e HES
12417t F2A1Z] ¥ ethervh3 slol Al Al g3l o
ERgisHozRE Y3t AP A]F]aL o]
MR O 2 catheterE Ho] 4T2} 025M sucrose?
o2 #AF3A tof FoldE AL AAT o
e HEIYTY e B Wxz #F53) ¢t
3ted Zholl Folgle sucrosed S 7Hsdk 3 BF A
AT HEFH 7S FA] 2~4C2 Y43 F 2A
Holx ARG WES EFEA 1% o 75¢% F
dto] gul &2l 025M sucrose & o] teflon glass

homogenizer(ThomasA} A&, chamber clearance 0
005~0007inch) & 2~4TE #3139 A 400rpm)
&£x2 zZ42YA 53 Y48 S 10w/v%e]
o ARE EJY aeie o] A U4 H
< # 3l sucrose density gradient ¥4¥EH (&
I #, 1986) 2.2 cytosol microsome 2 mitochond-
rmaP8s £AY F o] YT AY L 571 x g
(average relative centrifugal forceo)3d} A 2kg}) o} A
1087 43t 249 vulf R, nucler 2
plasma membrane ¥-#& A A by 1 AYAS
7,796 x goll Al 20%-2F 41 §-2] 31 pelletd} &P A&
Ao o] HAoA Ao FHALS ThA] 104,400
x gl A 1417 4821 8h pellet? 44 A& oA
AUt olwf A& FH AL cytosolEH o2 A3}
Aot 22 o] FH A B pellet> 025M-suc-
rose o] A HAEA] 7)1 o] ¥E 10~35w/v% sucrose
linear density gradient§ & ¥ YN E2 T J5
o F3AIA 88500 x gollAl 1587+ AN E-E)3hed
A dAHIFYESI Aol HAHE pelletS B
olxl 88,500 x gollAl 1417t FAE-2 Bt pelletd
A3 o] pelletE thA] 0 25M-sucrose} ol A} A EA A
88500 x gollA} 1417t A4 ¥ 85t pelletd I
t} o] pelletS microsome® & o 2 AREslQgc} 3H
9] 7,796 x goll A 2087+ AR FHA
A& pellet2 0 25M-sucrose} ol HEA 713 o] K&
20~45w/v% sucrose hncar density gradient-£ -8
YWe AT R 23HAIA 45,000 x goll A 2082
A4Ha)sted 28 pelletE 025M sucrose®ol] 7
HE A A 7,796 x goll A 2087 2231 pelletS
Ao o] pelletd mitochondria¥-8 o7 A}&3}
Eri=s

Aol NEFHM ZE 23 2~4To A A Y
st on Agd Y42l 7]+ Du Pont SorvallA
RC-5B refrigerated superspeed centnifuge 2} OTD-65
B ultracentrifugetF 1231 sucrose density gra-
dient-& 4 2] A Z+ gradient former(ISCO MODEL
570) 2 AH&3ted AzEAct

HA8MT &2  E213 microsomed} mitochon-
dria® @W O 2 3mg/ml7} S|T= 025M sucrose
Aoz HEAZon o] dgdS yltrasonic disme-
mbrator(Fisher model 300) 2 20+ 04 Kcycles/sec®]
zerg 284 53 zgHudE 3t o A%
GSTaAZ Yo 2 AE3lQ o™ cytosol L o}x
&g 3A] e A E GST, GR ¥ GSH-Pxe] &
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Aoz ALEEYT

Cytosol, microsome % mitochondria®} GSTEA =
2732 DNCBS} GSHE 7138 2 3o 25Tl AM 287
HH8-A17]= F9to)l A ¥ GSH-DNCB conjugate )
EAFEAS E,=96mMim)E o]&3td &
£84E 4&3te WEQ Habigs(1974) 9 WHol
ATt o EABAY G 12U 1 mg
gl o] uk-2-3le] A A §F conjugated DNCBE n mol 2
Y do

AxA GREA:= =32 GSSGS NADPHE 7]
AE 3l 37°CollA 287 HFEA]F)l= F<ho] NA-
DPH”} NADP*Z At3l¥ = AEE 340nmaA ol A
FE=E A3} EAEHNEE BE3E Gold-
berg®} Spooner(1983)¥gol 2P} o a4 &
A9 9 1870 1mge] ©o] w33l ArstE
NADPHE p mol2 YEMIATH

MEH GSH-Pxe] 4% &4& GSH, H,0, 2
NADPHE 7132 Al833 GRE Zdz 39
GSH-Px EAA189 7 25°CollA 583 wHg-A)F)
= Tt GSH7Y H0; ol 93] GSSGE Ats=a
o] o] GR¥ NADPHe] 93] GSHZ 4= o NA-
DPHE 413} 5 o] NADPH”} NADP*& 413l5+&
AEE 340nm 3] A time scand 34 NADPH)
EAEJAST(EM,=622mMlcn D E o) &3l &
A9 A& A&l WH < paghast valentine(19
672 Yol st At} o] EAEA Q] B 1#7)
1 mge] @¥o] uk-g-3te] 4t3}E NADPHE n mol&
YER) Atk

o] AYoA A3 BAEHE ZHYES FE
T8 Fol7] #18d Sigmaitel AARAES ALE
3] AR o 2 Al g tidle 23] 243}
3 PFHEAE FAY o] AHdAN 4 548 PE
ZA o] A3 £33 < A= computer controlled en-
zyme spectrophotometer(Varian Cary 210) ¢t

ChHMaE fadFo] Wil FL (25N-perchlo-
ric acid®} methanol-ether&F (3" 1) o2 gl s
A A 8h= Greenberg® Rothsten(1957) o2 &&
AF DS HAF 2 bwret’d (Gornalls, 19
49)2.2 FHF3Ht

doA ZHE AH B YA F F3Harl 83
7% Student®] t-7 74 (Schefler, 1980) ol 2] 5}ed
AR A%

SHESAZ2te| GSTEA T HE . 37 GF A
Zke]l cytosol, mitochondria ¥ microsome¥-& €]
GSTEAE9 ¥Ee & 19 o #¥H9 24BL
AE3 3 GES A7) cytosol® mitochondria¥: &)
o] GSTEAH == GFEAY Alte] ZAAHTUA 7
A5 ALY microsome®& o GSTEA == 713t
€ A%E YEIAY & SEFEA ] cytosolE Y
9] GSTEAEE F9#4F F 394 7Meedd
v 8 ok 56% (p<0.001) &} A& BYor o|F A
Zaste] 24A 9 < 72%(p<0001) 9] HAE
29 mitochondria® ¥ e] GSTE#AH=E F98E
Z F 14990 7hp&ol v oF 36%, 28Yole oF
43% (p<005), 42Yl= oF 42% (p<005)9) 74 E
299 239 mucrosome®-8o GSTEAE=E F
S8 Z48 ¥ 799 shegaol vE o 89% (p<0
01), 149l < 100% (p<001), 28Ul <F 52%
(p<005)F7He Holthr} 42¢0le 7HeeTe A
B} okzk AT

SEEAZ2te] GR Y GSH-Pxe| AT HE.
A7 SF ALY cytosol2 Y2l GR ® GSH-Px¢)
A= MEL 474 229 39} o} #F 9 FEHS
2FE ¥ FFANY GREAZE FF LAY
Alzte] A#st Z7kEe Aol vehldo 19
v FEFSA Y cytosol 8 2] GSHPxAY == &
FEA 9 Aol A paHe S JehY
At = FFEALY] GREAEE FHREF &
290 7tFEEFol vlE o 39% (p<005), 3L
oF 48% (p<001), 7¥+= oF 62% (p<001), 149
ol oF 72% (p<0001), 28Ul = <F 76 % (p<0 001),
42990 2k 72% (p<0001) & F7HE 2o gy
cytosoli# 8 ¢] GSH-Px9] 84+ FHAZEZ F 14
Aol 7hpEatel ¥d oF 39% (p<005), 28Y=
oF 53% (p<0001), 42¥9lE ¢ 65% (p<0001) <]
ZA2E BEY

(]

ar

AxAd GEEAE INTIE A2 AAAH
=, T FH 9T "=, AR
FATAES, 989 == FEEAE 9T U
=A48NA B 4 Urh(Halsted, 1976) o]shg



AeF F3d FF4 ¥4 FFE LAY Glutathione S-Transferase,
Glutathione Reductase 2 Glutathione Peroxidase?] ¥4 X

200

150

100

50

=

E )

EE

[}

IS

(=9

oL

£

L 20

L

I~

(5

£

e

oS 10

=

g

Ei

S

- 0

(9]

=

oL

=

=

(o]

(&)

=

E 40

=
30
20
10
0

O——0 Sham operated rat
~—@ Common bile duct hgated rat

=) )

| T T

Cytosolic GST

I
P
L ¥ ¥ ¥ I*** ***I
i Mitochondrnal GST
1 } 1
? f* -n-i

Microsomal GST

[ S L 2 n

0 3 7 14 28

Days following hgation

42

Fig 1 Activities of cytosolic, mitochondrial and microsomal glutathione-S-transferase(EC 2 5 1 18, GST) in
cholestatic rat liver after common bile duct ligation
Vertical brackets at point indicated mean + SD with 5 rats in each group * ,p<005, * *,p<001,
* * % p<0001
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Fig 2

Fig 3
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tion

Vertical brackets at pomnt indicated mean + SD with 5 rats in each group * ,p<005, * % ,p<001,
* % % p<0001
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Days following ligation
Activity of cytosolic glutathione peroxidase(EC 1 11 1 9) in cholestatic rat liver after common bile
duct hgation

Vertical brackets at point indicated mean + SD with 5 rats in each group * ,p<005, * * p<001,
* % % ,p<0001
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F& A7} AN HHEE 7]
FTANE Wg Mok ofzt HefdA wWIn
Hh(Mortz9} Snodgrass, 1972 5 3%, 1987) Leut
o)5 AHo) i3t AaetE XL B 23 Ao
gom olf #HAEAdHE =¥ Rm ASZHD
et 53] F 9 RS A XA A
me} rzAe AL, gEF, Af3, ZAsidust
5ol dojur] mEo #F o FEHUEAEL FF
SAE HE A5 ATE T T Y HEH
moldel 2 ©] &3 ¢ tH(Kaplan} Righett:, 1970 ;
Reghett19} Kaplan, 1971 . Moritz®} Snodgrass, 19
725 & 1980 5 Todas, 1980 &, 1985 & 1} 2,
1985 & 7 o], 1985 &5, 1987: % & #, 19
87 &%, 1987 : & 3} =, 1988)

o] A= FESHY Azto] Al wep
17kl 4] GST, GR ¥ GSH-Px% glutathione$d
g9 A7} o9A HEHETHE Yo} B

o 4
=3
i
fr
=
o
H1

rﬁ.

o
A
PR
e}

o EN

#
Eal

ol

xanthme oxidase(#, 1985), 5-nucleotidase
€ ¥, 1985), y-glutamyl transpeptidase( = 3}
2z 1985), alkaline phosphatase(& # &, 1985),
leucine ammopeptidase( 3 2 =, 1987)5olH 2
He Ao g 483 A+ A4 +F malate dehydroge-
nase( ¥ # o], 1985), lactate dehydrogenase(Z I}
o], 1985) alanine ammotransferase(& 3} o], 19
85), aspartate ammotransferase(‘ﬂ’ o 7 1985) %
monoamine oxidase(F 3 #, 1989) Sojt} 1e )}
GEF2 A oA GST, GR % GSH-Pxeo] &Aw7}
A9 HEHdeAe oA AR Rk

o] Adolx 3F FHAE AFsta HE &
FEAE o7INAE o FFESAHNTY GSTE ==
cytosolE o= A A2 3 3UHE 183 mi-
tochondria®® 82 14Y4HE "1 @A) #A3 7t
HAS 1Y microsomeRE S AL 3 7
ARE 28974 EH 3 FHHAG 2l GEE
A7l GREA == F5tH 223 3 2U5EH 43
F7HE ATk

o}
A FFLANNAN Tk Ao 4 A e
EIE

BFAANM FFEA 2718 #33F Montz
2 Snodgrass(1972) 9} }5(1987)"] E'_I'_%—
HF o TS AAFF 12400 4
A EE FAAEASAE VERf oL %}Eﬂl 3:—
o gt 1ela 2447 Felle e BE g
Aol At ARl dF A XY A

LREECE

Fol BRItk &tk 1 27 AN AL o]
ozt adke W HEAEY FHo] FrbEL
Ayt ARERYR e 6T RET 27 A
34 ®isv) vebgta o

GSTEA == 34 % AAARNYE, 73dEF,
459 Ao HFol 1 EA4o] F7HOhms}
Anas, 1981 : Tauru%, 1978) ¥l HGZ Ao M= 1
Aol A" (Schermans, 1983) 3L 3t} oje]gh
Helgtd st} (AR A dFo GSTEA W
& B o] A FFEA T cytosolZ mito-
chondna®-8 9] GSTEA #HAave FEAT THHE9
AL7E 4le] Ho} GST7F T2 FEHoZA
o71E HAdo] ol AZE el GSTE W
14 Qe AN L HAAY BEAE &
EA918 =3] bilirubin, bile acdE 3 A {8l o]
E& 298t vl dAYE 715 S B9t B
(Litwack s, 1971 ; Kamisakas, 1975 s Jakoby, 19
78 : Wolkoffs, 1979a s Wolkoffs, 1979b 3 Vessey}
Zakim, 1981 ; Hayes®} Chalmers 1983 ; Hayes9}
Mantle, 1986a : Pembles, 1986 ; Takawas-, 1986) 7}
3 B of AT FFL
ol el GSTEAZMe EF2AE UF biliru-
bin} bile acil®] ZHA| 1 Z7}7)F 4¢lo] Ho] 859
Zolgt Bzt o] AEvto g YA A9
371 o gt

GRE4 = 9F A7 A% =N ¥
Zoll Z7HKerpolas, 1959 ; Wests, 1976 ; Tors,
1981) ¥ 31 glutathions T 3412 of 23 GSHE
A X 71 & 2(Jakoby, 1978 : Kim 1979a) <1 THE
GESHTAA 1 Fodel T AAEY o
A94AR dXEg 183 GRS 1HEAA BF
o2 fElse &A(Takasugt 1961 . Wests, 1961)
2 dA dornz grer SEeH oM GRY §
Aol FUHEA Redd GEFeAV A% de
Z79 GR7} 8Fo2 UF fEgozdA 0z
1‘9] GRE #4242 ot I#dx o] HHelA

A7 GREATE F7Eo] UAJT o] &
SGEEA A A&H o2 GSHE Ha = 317)
2ol o] & §73317] A3t GR7}F o] Yehd
g A § o glg

f:aa GSH-Pxx= x39] 2513 &4eziy =
S B3dte 98-S 998l &4 (Chows} Tap-
pel, 1972 ; Chow$} Tappel, 1973 ; Chances, 1979 5
Player’s, 1977 ; Wendel, 1980) 4 2.2 ©&-& ) kol

2472} microsome®

o =

n 2
-\‘4- da o ElN
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Ae F GSH-Pxe @740l F718R a7 A3
S o] AYo)A FF2A 7] cytosol¥-2 2] GSH-
Px9 gA4:xw 22z 3 IRy ZadHAY
g ola1g dAdo] UelhdERE o APuozME
AR & glon o] EAE oz AS3T7d B
otof Aok

Q ok
a3 —

F2 AN A GST, GR 2 GSH-Pxe] &5 %
< @olr7) fjdte #F 9 FPHHS AF3I 1Y
HE 42970A 9] GF-& A 7o) M EFo) A GST, GR
2 GSH-Px¢] &4-% 123 mitochondria$t micro-
somedll ] GSTY 848 #47 A3

3H FFLA7e GSTRAEE cytosol & ol A
t 9843 ¥ 395H 42974, mitochondria
By E FHAZZ 5 149 5E 429717 A 3)
Z2EAth 28Y microsomeF L 2EA AR &
7TYRE 28U71A dAE FrMEAG

FEA7te) GREAEE 29HAE 5 29%H
29712 A3 F71E Qo 2y GEF A
o) M X4 GSH-PxEHEE 23828 T 149%¥
4297hx A PAhE By

2 n 2 &
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