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ABSTRACT

Zinc (Zn) is an essential element in biological process, however inadequate Zn status in general population
have been recognized. To update the knowledge for Zn-cadmium (Cd) interaction, we studied the intestinal
uptake and transport, and the expression of metal transporter proteins (divalent metal transporter I, DMT1;
metal transporter protein 1, MTPI; zinc transporter 1, ZnT1; metallothionein 1, MT1) in duodenum after Cd
exposure using Zn deficient animal model. Rats were fed Zn deficient (ZnD, 0.5~ 1.0 mg Zn/kg) or Zn
supplemented (ZnS, 50 mg Zn/kg) diet for 4 weeks, and followed single administration of '“CdCl; orally. The
body Zn status and tissue Cd concentration were determined at 24 hrs after Cd administration. Total body
burden of Cd and Cd absorption index (A, %) were estimated based on the tissue Cd analyzed. DMT1, MTPI,
ZnT1 and MT1 mRNA were analyzed by using RT-PCR method. Feeding of Zn deficient diet for 4 weeks
produced a reduced body weight gain and a depletion of body Zn. Tissue Cd concentration, body burden of Cd
and Cd absorption index were higher in the ZnD diet fed rats than the ZnS diet fed rats. Especially, Cd
concentration in the small intestine (duodenum, jejunum and ileum) and the colon of FeD diet fed rats were
higher markedly than in the FeS diet group. The expression levels of DMT1, MTP1 and ZnTl mRNA in FeD
diet fed rats were similar to the FeS diet. The level of MT1 mRNA expression was significantly lower in the
FeD than the FeS diet fed rats. Taken together, theses results indicate that Zn deficiency in diet induce an
increased intestinal absorption and tissue retention of Cd, and down-regulate the MT1 expression in the
intestine which might be play a part of role in Cd absorption and transport in mammalian. These findings
suggest that deficiency of essential metal could be enhanced the toxicity of toxic, non-essstial metals through
the metal -metal interaction.
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N B

ol (Zinc, Zn)-> <lA9] EAYA ] DA
F4r0] 2 (essential metal) 0 24, DNAS} chulj =l 9]
FHaad 29 ohiet Y4el Baw mx
o BA® U Axgsiel 37| 5 oekdt P u
Soll Fofdlz ¢lrf (Wu and Wu, 1987; Prasad,
1996; King er al., 2000). QRe)A] ofd-& sFAHYS
AR glovk Ao a7ake) FrhE A B
A3 FHFoz el ofd BEHAo) 2dE 4 gl
oAbl A} ofd A2 ALEAT| A Bat o}
Jeh Aol T B, 5 A% 2 &
#4714 Aol BRFRS Aol FAD A7l
oAl obel AL ARAGE 2AT 4 glon,
o8 manssl Ass Qe o gaz,
apoptosis 271, 43471, W lssAist @ 93
olAF & zu|& 4= glot(Millar er al., 1958; Cho,
1991; Prasad, 1996; Cui et al., 1999; Hendy et al.,
2001; Nodera et al., 2001). 7} =% (cadmium, Cd)2-
AeA 2] EAdAle] A3 BHQ3 o) FEE
A (non—essential toxic metal) 2A] 17kl A} hefal
5424 29 ohle} wFhg (human carcinogen)
o] 9l Aoz oelx v (ARC, 1993). EEA
93 etz A Dol ofd, At e
B4 FHolee) w57b G2 AL 2o ST
A sked 59 wsh 5 Aoz uwa vl
8).o (Ragan, 1977; Flanagan et al., 1978; Fox et
al., 1984; Park et al., 2002), A PZEA] o}l AT
A Fhegel o3 SA4e) 98 Nge Ao w
2%} 9le}(Oteiza er al., 1999). TEA o)A 3}
o) Sl=BE olle] F4E welae], madel
At otdde] Jtegor HHHo sl=g] =
AAHgo] vehts Aoz odeix 9o} (Bauer et al,
1980; Peraza et al., 1998; Brzoska and Moniuszko-
Jakoniuk, 2001). =3}, o}<d-& Ax]g)3t AlPEF B2
AW A metallothionein (MT) W8 o] Zrjgo g
A ZAbege] Fh=gell HiE welasr) 9e A
(Goering and Klaassen, 1984) 2 2 #-& = o] H4T-
%2l olaish B4 HAFE Sl AE
o) gl Zlez olaHm Yok

hedel daie AYHoz stege A
AR Tk B ohle duFUsE o4
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H AL Folo] w|Fo|Awt - oz 1w
53 Qo) Gk AGFu g sl=Fo) i F
H x372e 299 o= nE = B 9
AE B9 dNAE £3 4387)4 (oral exposure)
oleh. 227\ AeIN) Sk F4rlae] daAs
ZF oA QIx] ke Helot 2, invitros} in vivo
AlPS B F<Sol g alel divalent metal trans-
porter 1 (DMT1)3} metal transporter protein 1 (MTP1)
o] Fk=ge] Asbr|A Foll Feshe Aoz A4
¥ 1} gl9} (Gunshin er al., 1997; Abboud and Haile,
2000; Zoller et al., 2001; Park er al., 2002; Ryu et
al., 2004). =3}, o}l o)) Fsh= Aoz o]3)
HE FolEwhMal 2 A zine transportersZ} Pal-
miter and Findley (1995), Palmiter et al. (1996a,b) 2!
Huang and Gitschier (1997) Sl 2]} B35 w} 9}
o MTE A28 sl e g Ao oldyx
o) §7) - 23 7% B ohfe shel S
At el mel Aol Fhege] ojgol= #
of3h= Aoz olEa gid

ol Afer= ol A3 o]S o] fsle] ofd
2y AgEE 298 e, o] FERYL o8
Bte] ofd AN FI=ES HF2 FdF
F F2 ANE e 2 Jlek e B
AMete] ofdZAdH el whE Fhmge] AsPrAoA 9]
Tt AV Exel w|Xe P Frlsla F
Fol &2 F F4R Aol AN Fh=FI} o}
Aol dhate}l FHe] & AoE J|UEHE Foe)
THNAES] WHARE FAFo A Jloh =
Aol glelA] ofde] Ao WFE o)) E o)A}
st

WE %y

1. dEEE

AP EEL 21939 471 Sprague-Dawley male
ratZ SamtacoAFZEE] F9lsle] o] Lslyc) 7ol
g AYHFTEL 2% oF 22°C, 4% 55%, )3 124
ZE FEARALIA 49 Bt ARSEle] B3 o
Aol 95 &3 ohg Adel Agskd).

2. Ngny
AF 2598 AYEEE A¥eH drros
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Fasel 7 2 el R ek e, A
Follx= Zn 2 A o] (ZnD diet) &, H2Lol=
Zn B3k o] (ZnS dieys FTF3HN A FE
Alo)= American Institute of Nutrition (Bieri et al.,
1977)9] AAFE 2= dled ZnD diet: 0.5~
1.0 mg Zn/kg, ZnS dietx 50 mg Zn/kgo] H e x
A& 243} ZnDe) ZnS diet: FFA) 2H51e]
HarlenAH(USA)25E] 3]sty om, Zn F= ]9
At FYE PR 2 2 T2l A
FZ-Eol ZnD diet == ZnS dietZE 4F FoF TF
SISlek. olol BE 2F4E TFTOLA Zno] 3
Az FFAE e PASA AY10EL 7
% 2~38) AFE 4se] A Agast
E Aol 453 E9b ZnD diet == ZnS diet2
AR AYFEE o 1543 EF 20 F h=E
£ 13] 7% a1k o] o) Felg l=ge Al
Y5 A2 kg 100pugo2A 60ucCie) '"°cdcl,
HIALA 294 A (Perkin Elmer Life Sciences, USA)
2 labelling3t 3 #7}=% (CdCly, Sigma)g ©]-£-5}
Rorm Tl APFE AF ke 4ml7} H=

% zAs,
3. AlZxF

A9 52 7}5&»"— 15 AFRAT g 244]
7 ol ARGBPYo 2 ARFEE A

AYEFES AT F FA] AL A F 7,
A A, AR 5] 8]k 5.,] 23k 9, 44, 9A 2w
S A&t ojd A& A2 3322
o} AMH. 1/3& duodenum Z7b 1/3 jejunum 2 8}
X173 ileumz FEEG T} A o] X AL] AR (/2.8
DMTI, MTPI, ZnTl t,-g MTI £2] mRNAE 24
87 flaled A& 5 FA QAL Yo oF
¥ B4 o 77}%1 —80°ColA W5 BIAsAL
‘}H 12 7h=f Akl o] gsidct. A e Ao

e k=g Al o83l T YA QAR
313}04 3& 2sigich

4. A E=S MH Zn T=F HI}

ZnS diet === Zn D dietE 45 E9F X33 A8
B0 AU old 43S FHrishr] st FAY
ol E et WA ol UAEY
#3374 (Atomic Absorption Spectrophotometer,
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Perkin-Elmer 5100 PC)&- ¢]&-3}ed flame ¥}*§ .o
2 Al

5. ==Y 7l=F HH

AYFEY 24U Jl=F = 4 2449
'YCdCL2) WA @452 gamma counter (Wal-
lac 1470, Perkin Elmer Life Sci.)& ]88} 24
gt ojd AT F7 si=F 4o Arid
PCACLe) WA BAHEE olsed 2 Aol
249 A BT wEsten 7 2
e g AR 4 2 TlegeEs
ng CdClo/g wet weight® FHAbste] Vel ¢lo)

04

6. dEs=2 A & Fl=F FotE M4E

AFES] AW 49 F 7l=HFE AHEd
7t A7 Jt=F e 2F {3 gesA AY
5= AF 10027 teggoz AFEsn. o
ol W= 22 252 6.7%9} 10%= FHAlsle

AlArstel e} (Kreppel et al., 1994). A3 EEo)A 7}
=59 F4A|4>(absorption index, Al, %) 7}l=
B FAgel A% 7t=F FAF 24x7elA 2 A
W & 7t=f Ralegfo = HE] AMEslqt)

7. DMT1, MTP1, ZnT1 2 MT1 mRNA £

Al o) XA DMTI, MTPI, ZnT1 2 MT1 mRNA
o) Wl £ RT-PCRHPES o] ko] B-A 59
t}. &, Ao]|X Ao 2 WE] Tri Reagent® (Molecular
Research Center, Inc.)Z ¢]23}e] = RNAZS g
slglon), B2E 7b7te] RNAL ¥33=AE o
£38}e] 260 nmellA4 A 23} formaldehyde agarose
gel A7|d 5oz Elstsint AlolAgolA
2 RNA=XE] first strand cDNAES Rochejit 25

B 38k 1st strand cDNA synthesis kit& o] 83}
o ARFGG. & RNAE 65°ColH 15287 e

& F dEM A3 7E vle] £4)5 RT mixture
(10x reaction buffer, 25 mM MgCl,, deoxynucleotide
mix, random primer, RNase inhibitor, AMV reverse
transcriptase 5)ol] 2 uge] RNAE *7}sle] 42°C 1
A|ZE, 94°C 104, 4°Coll A 587} ub8-A17] cDNAE
Aot A1 2Hgk cDNAZRE PCR W& o] §-3}]
DMT1, MTPI1, ZnT1 == MTI13H& Eolxow =
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Z A = cDNAE u|z] FH]" PCR mixture
(10x Taq buffer, 25 mM MgCl,, Taq DNA, dNTP,
up and down primer $)ef] 2 ul A78F & 25 k-
30 cycle®] PCR ¥F8-(94°C 5%, 94°C 603, 55°C 60
Z, 72°C 602)F Aot ol Ho|Hoz
DMTI1, MTPI, ZnT1 =¥ MT1E& 23%3}7] ¢35}y
Gene Bank23E] o1& =rE 9] DMTI (Accession
No. AF008439)3} MTP1 (Accession No. AF394785),
ZnT1 (Accession No. U17133) ¥ MT1 (Accesion
No. NM138826)2] complete coding sequenceE o]
43te] ulg] FF Az Eo|% <l probe (57 pri-
mer, ATTCCAGACGATGGTGCTTC; 3 primer,
TTGGGATACTGACGGTGACA for DMTI, 5°
primer, CCCTGCTCTGGCTGTAAAAG; 3’ primer,
AACAAGGCCACATTTTCGAC for MTPI, 5’
primer, GTGTGAACCCGTGTTTTCCT; 3’ primer,
GCGTGAATTCCATGATTGTG for ZnTl, 5’
primer, CCCAACTGCTCCTGCTCCAC; 3’ primer,
GCACTTGTCCGAGGCACCTT for MT1)Z& ©]-£3}
v}t DMT13z MTPI, ZnT1 9 MT1¢] A =&
xF33517] 998k« GAPDH (Accession No.
AF106860; 5 primer, ACATCAAATGGGGTGAT-
GCT; 3’ primer, ACTGTGGTCATGAGCCCTTC for
GAPDH)ZE- internal standard 2 A}-£-5}¢3=}. PCR 2
I 94L& =Z3 DNAE 2% agarose gel& o]-&-3}
o A7) 53} ethidium bromide2 g3t & 3}
alshgict

8. X2 24

A723% AL A8 AT A4S SAS
package (version 8.01)F o|-&3slglo™ HAF+ =F
222 Jepfgieh 2t 2 78] JEA vaE t-
AL o)Lslglc)

Z2 =
1. HSYst
ZnS diet =X ZnD dietE FHF3 AHETEY A
%7t 42 Fig 13} A 5, ZnS diet-2- #3
712083t AREES] ATl AHHoz S/
o1}, ZnD dietZ-& Aol FFF F 13U
ZnS dietZ#} v]5238)9] on}, 155 o] Zol= AE =
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Fig. 1. The change of body weight gain in ZnS (zinc suffi-
cient) or ZnD (zinc deficient) diet fed rats. Data are
represented as mean +SE (n=7).
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Fig. 2. Serum zinc level in ZnS or ZnD diet fed rats. Data
are represented as meaniSE (n = 7). Asterisk (*)
indicates FeD diet fed rats are significantly different
from FeS diet fed rats (p<<0.05).
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A3} ZnS dieti2ol] 83l ZnD dietw-ol| A Zn 2 o]
B{ZE QL F, ZoS dietE TF3 APSEY 8

v Zn == 1.68 pg/mle])T, ZnD dietzol| A=

044 pg/ml=A] ZnS dietZol B3] SHke(Fig. 2).

xxILH 9|.|:=' &:E
ZnS diet 2= ZnD dietE 45 F9F ZF3F A3
TEol =S 18] ATFRAT F 244700049
7z 23V =¥ =% Fig 33 2w ZnD =&

ZnS diet AP FEFNA FI=H 13 7 FT
F 2R A =R FEIF P w93
W, Aoz e}, 2T AolAAel
A8 =% =7} 7P B9ten, ZnD dietZel|
4] 466.5 ng/g wet weight24] ZnS diet&2] 123.5
ng/g wet weightol} v]al] ¢F 3.88] &)t} ZnD diet
A jejunum} ileumel| A8 7l=F =&
3 AL Fheg FAzFe] el v
7 Aol ulmsh & W Aoz dAA3] F

600 1 A Duodenum
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Fig. 3. Cadmium concentration in (A) stomach, duodenum, jejunum, ileum, and colon; (B) liver, kidney, heart, spleen and
testis; and (C) lung, bone, brain and whole blood (WB) of ZnS or ZnD diet fed rats. Data are represented as mean +
SE (n=7). Asterisk (*) indicates FeD diet fed rats are significantly different from FeS diet fed rats (p<0.05).
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7}=19 31 colondl| A9 7l=F &AHgw 3A =7}
=Hdoh AR 9L uA, o, 13 9 oW 5 o A |

o) 2AY Fl=H S5 ZnS dietiol] s Znl
dietZol| X AubH oz w2 oz FAFHT

4. HEESE M & FIEE Foi

ZnS diet £ ZnD dietE 45 I FTF3 A¥
FEAM 7 A8 2A 7PE“§‘15—E§——:—E1 A
23 APEE A2 100gFoz Tass AW 7}
=F ¥slgF2 ZnD dietg-°] 1,287.7 ng/100 g of
body weight24] ZnS diet=%] 504.9 ng/100 g of
body weightsl] ¥1s] oF 2.68] 7 vhedeh. =,

ZnS =X ZnD diet AP EEo| 71=FS 13 AT
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Fig. 4. Total body burden (upper panel) and absorption
index (lower panel) of cadmium at 24 hours after a
single administration of cadmium orally in ZnS or
ZnD diet fed rats. Data are represented as mean 3:
SE (n =7). Asterisk (*) indicates FeD diet fed rats
are significantly different from FeS diet fed rats
(p<0.05).
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Fig. 5. Expression level of DMTI1, MTPI, ZnT1 and MT]1
mRNA in duodenum of ZnS or ZnD diet fed rats.

Rt & UALAN FH=E Fofgel AW
=g wetge] &= AT 7l=R FAe
X 7ZnD dietZo M= ¢F 12.9%, ZnS dietZo| A=
oF 5.1%= A%<t} (Fig. 4).

5. DMT1, MTP1, ZnT1 ¥ MT1 mRNA &

ZnS diet == ZnD dietE& 4= A3
$E9 Ao|xAteA] RT-PCR WP o 2 DMTI,
MTPI, ZaT1 2 MT1 mRNAS] LA =g A3t
A3} Fig. 59} #v} &, DMTI13 MTPI ¥ ZnTl
mRNAS] &R ©3= ZnS dietZ3} ZnD diet? 7+
o B Aol7t WHEA gkort, MTI mRNA
t ZnSo] vls] ZnDFoA W pFoz Y
Het

ol I
o v O

i
2

mdk
s
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:
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FEAYAA ol B4, 2 5 e Dol
3} Flogd e $9 BATE LR
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A= 3 ¢)o} (Flanagan et al., 1978; Fox et al., 1984;
Brzoska and Moniuszko-Jakoniuk, 1998; Park er al.,
2002). 23171 Al 2] F5oll sleoiA olEF s
2442l ofdst 714 Foll dsiME ofH A o3
Hal oA @& Helvh A, A AHe| 27w F
7oA Ao} A (homeostasis) S F-21517] $13t
NNAez AA Aru)AM| E (small intestinal epithelial
cell)ol] ] Zro] % u&u.l{x]ol DMT13 MTP1¢]
ol 7M1, 7t=e] F4E 7T Ao
) sl Aok Shegel 4712 2l
oM Hat TEY FEolFuuAel A8 45
zZtgo] By ¥ W} %U}(Ryu etal., 2004). o]yl <
ol ol AMAelE ol 43l AT ofad
29 AYFERAE ol4sjol ojde) 29 3
AN Th=ge) A Fek AN $E B
oles] F 3L AolAHoIN Fhols
Wde) B 5 ARG

S QTN 47 B ol 2B TR
A ERAN B oladrErt obd N olE T
2 AEEEA) wel A4 B2k =% A
oA el wis) ofd A A ojFA
MTI1 mRNA7} @& $Fo =z A3 FHg o MTE=
AWA o] o] m:ul op]g} ol
go) FAME §Ase AT e PN
HHAez AN ofd $FE WAV} (Davis
and Cousins, 2000; Szczurek et al., 2001). o]&3+ 2
ohe obed A ool o8] ARFHAA obd2H
ol Q78] ol 2
Aolzoly Bz P58l Hls) APFEL A
% 2719 24 Jel3 4 =AY JleE sEg
AN A= o T BE ) 3 B
2]t ol oA FstzAe} FEAIYA AW
oA o}l mi= A F If Fdro| o] HEF A
A Ft=gd 3 5 FlFE F50o ¥F 5=
7b A #E= 714 YA|HE 27 otk (Ragan,
1977; Flanagan et al., 1978; Fox et al., 1984; Park er
al., 2002).

otd Ag Ae|ZolM =AY 7= T=7t ¥
A AR A AW ofd Aol ol 4317 Al
A Fr=gel F49 =AW Ttege] Exel %
< "3 Aoz AEE 4 vt =3 AFFES
AFS 7vkez Jt=FE 18] AT FoA3 o
AellM Fh=d Fol F 242004 22 7t=

20 ﬂlJ rﬁ

]
-

F 5E0} 7hoF Folmozre] A2 A ke
B 2 §4A4w ofel mabaolol] wle) ofad
A Aolzeld B AEHA oY A
ohdo] A AN Fh=F Fhoh dasbgol 9l
o, 2o} U l2gel o4 A #1943
Sl Fh=ge] $47F 5
R
2 ) Ale] oz Qg ojal AWA] 27 AA
o ot F47b up-regulation & & £ Qo
(Istfan et al., 1983; Wada et al., 1985; Polberger et
al., 1996). Agtell A elde] F47) F7HHE A
ool A ndeAje} o] iz NE *hr"z-'}zé
@ chas) Fiold AR clis) a7epel 2
e Bl $eldete AS 2w Aol
Te s 9e Aol BT A1) Aadat
AW ok eFerel A3 Foke dAY F
chepat AFARIA A ol APol 2P 4
slom, o]z Q) FH=E B 3 SHFLo
2o FUSP =2 BHUAE grjHon

Frael 27H 4 glel FFRATHA #Ael
275 vhelth

APEE 7t=8E 13 A7 FA% ol o
TollM 2 2AW Jted FrE 4%, 53

Al o) 2] A} (123.5 ng/g wet weight)ell A 713} &9k,
PR FNAT: ERISIREE S N FROP PP
e A 1z1z¢}<:;g AARRES. ok A Aol Zel
Aol =AY Fl=g FEx= AlolAA A 466.5
ng/g wet weightg2A 7173 ghow vz of
3suel AEoet okl A Aol zel N 23
W 7lEg s ojRRe A CA ofd Bt
Aolzel Hls) Egrork 7w AgelMe] FheE

A5k} Z7loll vld] duodenum-S- ¥]£3}e] jejun-
um} ileum 5 A2 Jl=F S o] dz:Tol
vlsl €23 F7HE UL colono| M) Fh=H FA
Fx A FAENS 9k, ok AR A o2 A
7,9, 04, o, 8 2 ow Fo] =AY Jl=F &
Aepe gazel vls) oa w A el
o ool8 g AFEAE = oE 5 Foleal
A Ay Agdudoy l=iS 13 =E39E
o Aoz gl=g FHAe] w9 ZlEsde
e ohie} daE A Aled FAgE 2
we} Alolzell wla) g wA BAY A Park er
al. 20023 S eI okl AR o)z



198 J. ENVIRON. TOXICOL.

oA} duodenum %t oll} jejunum ileume) A
of Fh=g 2] WS 274 AL AolARE
zah 24 WAt o ARl Aef WS W
@ Aoz peEs ok AW AYFES FU=x
Az b 5l AReA e st=F FHFY 7l

vld A, ), v o, 13 9 w SellAe] Jlek
FX o] Moz G2 AL ofd Afoz <
& AWl M Ft=B2| o] Fel = T3 MT A
W o] delAl Az g g9loz zhgslejet AL
23 FF F o] dyFeef & Rofz AAgH.

otd ZAHYA o] F 4F Tt TH3tA ofdAY e
Fr=x AFPEES AlojA) A4 RT-PCR vY2
o] &3l F&ol gt HAL FA & A3 DMTI}
MTP1 9 ZnT1 mRNA2] 232 dixF3} £33t
Apol7h |EF A ghgtort MTI mRNAS] 32
old Ao 23] down-regulation ¢}l DMTI

Z MTP1-& F=2 44k E3) Alo|AA Abg|A| £
apical#} basolateral 9]0l z}zt §x|sl Fdpo|&
< AWzyY A AWz F4eo A%

A2 iE eHPYez wEshe ddE 3
= AW A Aol oJsf] o de] 2ARE How
ol =]z g).or} (Canonne-Hergaux et al., 1999;
Abboud and Haile, 2000; Trinder et al., 2000; Zoller
etal.,2001) o] A2} AW ofd FFol 23|
AMe 24EA Ay Aoz By ZnTIS &%
oA ZHY W] ¥ FEelsHARA ofd
kZo] Feojl FAelA 1 ide] FolEE Ao
2 ®3¥ uv} glor} (Palmiter and Findley, 1995;
McMahon and Cousins, 1998), o} XZA] 43}7)
Aol oede] Faeh ololi 2 Aol mlmlgt
Aoz Aadet ol d7Adsz & o ol A
A BN =g Fae 2 A AYA
DMT13} MTP19] 3 xAe) &3 sl=F<] F¢
7} F7vEE 71T 2] otdst vteRe E o
& Asag 7)dd o8 2AEE Hes 4

| B&olEAFE MTE ofd 2WA Fh=ge)
F49) o)l sloln] Hadte) gl Beisjele)
Atz gt

foksl ofd g2 ol o5 APF-Eolxe
AF Z7pF ZAaHAT A old 79 Az
old ARAeZ ZAHA =3, A o] A
DMT1, MTP1, ZnT1 5-¢] 32 =45A te
1} MT1-2 down-regulation F ¢l 12, A3%}7]A oA
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o Ft=g T =AW TheE FHgel 37
o okl AN W4 Fol el oldF wWSH
T4 hEEte) AR 4 R Bl 9l

oA Azatgel Sl Aoz B

7 B

o}dd (Zine, Zn)2 QA9 ERAYAb] PL=A )
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