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ABSTRACT

This study was carried out to elucidate the protective effect of zinc chloride(ZnCl2) and its mechanism against
the immuno-cytotoxicity of methylmercury chloride(CHsHgCl).

This study was observed in the culture of EMT-6 cells which are originated from mammary adenocarcinoma of
Balb/c mouse. Cytotoxicity of metals was measured by cell viability and NO:z, and mitochondrial function was
evaluated by adenosine triphosphate (ATP) production.

CHsHgCl significantly decreased the synthesis of nitric oxide(NO), ATP and glutathione(GSH) in a dose-
dependent manner. ZnCl significantly increased the synthesis of GSH in a dose-dependent manner, but synthesis
of NO and ATP were not changed.

The immuno-cytotoxicity of CHsHgCl was not fully protected when combined addition of ZnClz, whereas ZnCl:
prior to addition of CHsHgCl completly protected the Hg-induced immuno-cytotoxicity. Similarly, intracellular
accumulation of mercury significantly decreased by ZnCL. Degree of diminution of intracellular mercury was
larger in ZnClz prior to addition of CH3HgCl than in combined addition of ZnClz and CHsHgCl.

Dithiothreitol(DTT) or buthionine sulfoximine(BSQO) addition at 50 # M or less, which was not toxic to the cells,
did not affect synthesis of NO and ATP. DTT increased intracellular GSH level and DTT pretreatment protected
toxicity induced by CH3HgCl as shown complete recover in the NO and ATP values. BSO decreased intracellular
GSH level and BSO pretreatment exaggerated toxicity induced by CHsHgCl as shown synergistic reduction in the
NO and ATP values.

These results indicated that the protective effects of zinc against immuno-cytotoxicity of methylmercury
associated with increasing cellular level of GSH. Increased intracellular GSH transports methylmercury to out of
cells. In accordance with intracellular level of mercury decreased, immuno-cytotoxicity of methylmercury
decreased.

These results also suggest that the protective mechanism of zinc against the mercury toxicity would be exerted in
the immune system in vivo.
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o. Mz %

1. EMT—6 M 22| X{2|

10% fetal bovine serum (FBS, Gibco)& B33
Dulbeco’ s modified Eagle’ s medium (DMEM,
Sigma Chemical Co., USA) 10.5 méoll dimethyl
sulfoxide (DMSO, Sigma Chemical Co., USA) 1.2
m 2 FBS 3.26 mE E33t Aol A 24
7} 3%x10%Q) AHlg SAR#AEN EMT-6 A2 S
37°Ce] FFelA 7h2slith WEdert EH X
2HNE 20 i DMEMC.E 23] 944X sk, 10%
FBSE 2% DMEM(10% FBS—DMEM)©] o]
e Wikl 2~33] Alfuljokat o 24 well
plateel] 1% 10° cell/well®] WE=Z ujokal3ict.

2. BiFRA

EMT=-6 A|l22] 7] Zujek2 10% FBS—DMEMe]|
IL-1(Sigma Chemical Co.), IFN—7 (Sigma
Chemical Co.)& Z+7} 40 U/mb, 20 U/meE % 7}ahed
wi kit

A EAEgo] AT At 2l olME AlE
AMZ Q1gE NO9| AA-L 23] Thad Ao W&
o, 78t gt MEAEE S LA Hds F-3A]
Aok dhz MATE WEA7]7) AWM Z1Ru)eF
Z700 ArtEE 2282 AE AEE0] 90% ol
2| 5=k o]5E ARSIt

(1) F719& Y ofA ] ©E ot

#714L (Kanto Chemical Co., Japan) ¥ o}d
(Fluka AG, Swiss)2 AlEZAZE80) 90% o)At 74
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772122 Y 0jHY W= HILA| NO2™, ATP &
GSHe| MMeFe 3]
%7]7"\:‘(0.5 8 ) M)% ?l’% 7@7}-@— HHOO]:}_Zioﬂ
A EMT—6 A9 NOz™ (83.7~74.9 1 M) & ATP
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Fig. 1. Effects of CH3HgCL (Q) or ZnCl: (@) on the production of NO2", ATP, and GSH in EMT-6 cells which were
cultured for 48 hours. Values are expressed as mean and S.D. *Significantly different from the control value at

p<0.05 by Sheffe’s test.
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Fig. 2. Effects of ZnClz on the toxicity of CHsHgCL. EMT-6 cells were cultured with 8 £ M ZnClz prior to addition of 8
# M CH:HgCl (@), combined addition of 8 « M CHsHgCl and ZnClz (), or 8 © M CHsHgCl only addition ( A)
for 48 hours. Values are expressed as mean and S.D. *Significantly different from the value of control value at

p<0.05 by t-test.

Ao g A A3l T (p<0.05), GSHY A=
2 2 p Mool B ARH t=27 Q78 t MK
o} A AE] ZAske] (p<0.05) 8 1 M F2EEoA=
18.7 1 ME eIt Fig. 1). ol & &b st
Hjekz A= NO2™ 9 ATP A S W78 55
o AAYel NZ=TH FALEI T, GSH =2 A
7Vt obd 8] aFof] Wt SFo|EA 0 R Frtshe A
&5 23 (Fig. 1).

2. F7123) ol 9] FA] AL EE ok WA
o)) 213 NO=2~, ATP % GSH2) A8-d=F w3}

EMT—6 Aol 8§ ¢ M o}d3} 8 p M9 H7|52
S A AP At okl AT F AV

Feurs AR 43

S M L e e S R =3 7ke 4%
BT NO2", ATP 4 GSH 5= $7]52vs A7t

7
$ AR A3 ST (p<0.05). 28Y F
T EE ofds AN s FLUt ofdd Rl
S AV AR} o] Aste] tRF () bl
k=) =207 3 EEH T (p<.05, Fig. 2).
3.0kl 93 A2 AE ) FF 3 A
ofdd f7¢+EE TA AR ABZREL 8
p M #7152 9-8 ek #(38.3 ppm) F B3t
o} A71Et el ) v = FUbel) met S F7 3]
35.2~18.9 ppm WHE HAsA 7Aegct
{p<0.05). B3t o}A S HA 3 T {71528 7}

!
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Fig. 3. Intracellular accumulation of mercury (Hg) in EMT-6
cells cultured with combined addition of 8 x M
CHsHgCl and 0~8 # M ZnClz (@) or ZnClL: prior to
addition of 8 ¢ M CH3HgCl (). Values are
expressed as mean and S.D. *Significantly different
from the values of no addition of ZnClx(only 8 # M
CH3HgCl added group) at p<0.05 by Sheffe’s test.

skt E QA ofdd F7152L2 FAC
A7V APZA FAE o2 AlE FA o)
48R 01 (p<0.05) AAAEE o AR =7
oA (31.8~11.7 ppm) T HA 311t} Fig. 3).

4. DTT %= BSO A7lo| 2 GSHY A=
3}

718 sjek2A (HxF) el 10~50 ¢ M) DTTE
@50 2 Hrlsle] ulaket A¢ N U GSH 558
WZF(36.6 ¢ M) 8= AY 30 ¢ M o)A
DTTolM= 36.6~43.6 ¢ M&) WY 2A thxHT}
3} (p<0.05). A, 10~50 1 M2 BSOE H7}st
A AZ W GSH 3%+ 35.1~16.8 « M&A] BSO
ol wel f3FolEF o g 7Aasl 1 30 4 M o]
Ao srolA DT 2z vs HAE
t}(p<0.05, Fig. 4).

GSH(EM/mt)

o A i " L . L

o 0 20 30 40 50

Concentration of Chemicals(z M)

Fig. 4. The synthesis of NO:" and ATP from EMT-6 cells
were cultured with DTT (@) or BSO () prior to
addition of 8 x M CH3HgCl for 48 hours. Values are
expressed as mean and S.D. *Significantly different
from the corresponding control values at p<0.05 by
Sheffe’s test.

NOQ:z= (uM)

ATP(uM)

0 ! 1 1 1 s i
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Fig. 5. The production of GSH from EMT-6 cells cultured
with DTT (@) or BSO () for 48 hours. Values are
expressed as mean and S.D. *Significantly different
from the corresponding control values at p<0.05 by
Sheffe’s test.

5. DTT = BSO X8 &
NOz™, ATPS} /3% 3}

718 wjekzA (W23 el 10~50 ¢ MY DTTS
A skl 12A17hE woFet & 8 p M2 {71582
;‘<47].—3}.0:1.0_ w] A3E2] NO2~, ATP 4438 §7)

2 dEA7AY dAPA FA Fig. D7 22 5
(829 1 ML R 3 &EHoH, 40 ¢ M ©]39
DTT &xelA e ATP A3 8.0~8.8 ¢ ME o)
Z78] 7.3 p MR} EUtH(p<0.05). 3, 22 2
PZZ1C=E BSOE AA2E 3¢ AEQ NO2,
ATP A48 A28 BSO S50 §3o&d oz
BAFI T (INO2™: 84.2~35.7 u M, ATP : 7.3~25
£ M) 20 g M o8] FEolA daFEE= izl
vla) AP 0w (p0.05) FAAEE £2 S dE
H7re A4 (Fig. DEG o A8 ved i
45 Ho] F9tH(Fig. 5).
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