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A Study of Protective Effect of Selenium
Against Cytotoxicity of Methylmercury Chloride

Dai Ha Koh, Jung Ho Youm, Young Sang Koh,
Sun Hwan Joh, Tak Soon Oh

Department of Preventive Medicine and Public Health,
School of Medicine and Institute for Medical Science
Chonbuk National University

The purpose of the present study was to elucidate the cytotoxical influence of mercurial
compounds and the protective effect of selenium against mercurial compounds.

The effects of mercury compounds and selenium on the syntheses of nitrite(NO, ) and
ATP were observed in the cell cultures of EMT-6 cells and peritoneal macrophages from
Balb/c mouse.

The viabilities of EMT-6 cells and peritoneal macrophages at the end of culture were
significantly decreased in dose-dependent manner by methylmercury chloride(CH;HgCl)
added into the media.

NO; and ATPF syntheses of the cells were dose-dependently inhibited by CH;HgCl.

Simultaneous addition of the equimolar dose of selenium completely prevented mercury-
induced inhibitions of NO,  and ATP syntheses, which were observed in both of EMT-6
cells and peritoneal macrophages, But these effects of selenium were not appeared in the
new medium containing mercurials only which were removed the selenium after the pre-
treatment of selenium for 6 hours.

These results suggest that protective effect of selenium against mercurial compounds
was archived by the formation of a complex consisting of Se-Hg or Se-Hg-protein.
Though its mechanism was not, clear, the protective role of selemium against the mercury
toxicity would be exhibited in the immunoclogical system.
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= AEYE Yoldds 59 F2aE AR
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A Aol A e A &AQ E2e HA Fidte F4|
£ Holm glen} AnpPAdA Algs= ol
{amalgam), 718} EY¥ 2 &go 2Ry dojAe
HAE & B9 A5HA AW f9ie 43 £
A7t F1 gl (Nielson, 1992),

AW F2o] F&dol dsire B2 =T
gloi} tiRp-ie] AFEL 0] Axug pA s
il F 53 £ 338¥o] e sulfhydryl
(SH)71<ll Agsld Axae] £48 F=stAu
(Stacey$} Klaassen. 1980), AA4k3l(lipid
peroxidation) ¥H-&-9] Fzlel| 2|§ 4aks} A kg
(peroxidative chain reaction)e] &Ao <& <+
29 AxEgo]l AHHE ez Ensu Yok
(Stacey®t Kappus, 1982: Fukuno %, 1984:
Halliwell® Gutteridge, 1985).

g IS YN TEEHEC) UEFEY WY
ol WEE 2T £ doke Ao 4R o)F
(Polak &, 1968), 20| AAle] WA 5o} ulx
e 989E 329 97z dyAzy a3y S
Alejal 2 24%9 W3 (Charpentier %, 1981:
Nakatsuru %, 1985. Ilback, 1991), =44
9 Wzl (Lawrence 5, 1987), FA7|¢ 43
el 5o ArtEA @M e Zel anti-
nucleus antibody2] 718} Fwigcie $aas}
(Aten &, 1988: Hultman3} Johansson, 1991)
el ot

A FL F2& H2F Jefie 49 @
dREH}7E e HEEeR UM B a3k P
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activity) & B3 o] Fox A} (Rotruck %.
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o] A& HFEL FA3oEH oI 4

o] gtk (Morimoto 5, 1982).

FH AIELYE YehE ABE oEHE
nitric oxide(NO)s= vl-§5-22] dlAA 7} 44 E 2
24& 4487 g8 d5-A o2 o]t L-argi-
ninec] AEelA hAE o} guanidine nitro-
gengl Atzlo] 93t Lcitrulline®d %oz 4
Al Ed2(Hibbs 5, 1987a, 1987b), F2
cytokines?] A=& ¥ inducible nitric oxide
synthase(iNOS)8 ®A4zHE 28 Qg
{Kolb#} Bachofen, 1992 Moncada %-. 1992).
TR, HTe AFANES NOE AXA uge] ¥
AQEeA g2 st W3z I8 A
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immune response)£ golE e o o] o &=
w20l BEAgiA A Ze(Hibbs 5, 1987a:
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A XS FFERC EF, EMT-6 Al£9] 7 &
vz $£&(CHHeClhd deEe @8 =5
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DMEMe|e8 40 U/m<} interleukin(rMu
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interferon(rMu IFN-y, Sigma Chemical Co.)
< AH7bssith
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x 10748 A X8 24 well®) culture plate’dol] &
F3l3, ol& CO, H&7)d 247 F9t B3
utde] Raty AXTES Ael§ AAGL AA, )
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Table 1. The viability and concentration of NO,

in EMT 6 Cells and peritoneal macrophages cultured
with cytokines and CH,HgCl for 36 Hours

NO,™

Dosc ol Viability (%)

CH;HeCl (M) EMT e) cell M EMT-6 cell Méb
0.00° 94, %ou 83 94,7943.53 78.62+3.16 28.86+1.20
0.05 95,31 +2.11 91.20+2.32* 75.344:2,39* 25.14+1.57*
0.10 92.80+3.13 85 6342, 45 75,6812 54 23.43.12 33"
0.20 93.46+3.07 84.124+2 97 73,2742 .47 21.544+1.97*
0.40 92.62+3.53 80.1313.31* 69.11+3.07* 20.38+32, 04"
0.80 92.19+2 74 75.58 12,39 67.96+2.63" 17.25+1 69"

Values represents Mean=+S.D.
A econtrol,
b © The M¢ reoresents to peritoneal macrophage.

* Bignificantly different from control. p(0.05, Scheffe s test.

% ol

48igieom ANOVA Zajel whi 2 F3he)
&k post-hoc test+= Scheffe’ s test 2 AH8-3ich
A& nt
1. EMT-6 Miaol| cHst =kt

1) 200l o5t MEMEST NO, A4S
N el Fed Arketel 36A17HE Y

92 we EMT-6 ALY 4Tee 9 HPT
(0.05-0.8 pM)ell A 90% o4& bl en (Table
1), NO,” Adwg2 g 68-78 pMe] HYEH

el wel @A AjstE =
{p€0.05, Table 1).

Aoz Ve

ATP %Aa e M
o7} §lzich.

vjFelo] Foat FelEne ddgd Huie A
+, NO,” A3 Fe-deFada] 77 - 78 uM
o] 92, dzzH ot gldvHFig. 1). 1y
v Aol LE koA 6417 Fet £
g F Fevhd ¥l RS gdoe s
ol 36 A7 —3—-
71-78 pM=] 7 N
ME”1(p<(),Oa, PIF-{. 1), #2& %
o Zdw atel7t gl

e
)

n&st

P, F2vE FArbeted wlgR =aAcla 2 EL
W OATPe AL i 13-21 pMe] Hoz gz

o ulz] YA Astslo] UAHpC0.05, Fig. 2).
Hjokdlel] o3 Fdypze Al HAH7HE
Aset Adlwg dAxa)sle 6A1xF B wiokE F
WFl g AL o] TUYY MRS v
Arbeted ulddld-& wo M ATP HATFe

2 L[o

Apell A= 20-21 uMO] HAR 2 ALFAA gz2F
o] #& & EllR, ExlAE 14-21 uMY H

2 o] ve) BE AFBAN WA A
BAFE MHTHp0.05, Fig. 2).
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©]

Py ]

=3 FelEne] diles FAANS AL A
3o waae) Al uigd 299 nuae 3
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Fig. 1. The syntheses of NO, from EMT 6 cells and peritoneal macrophages which were cultured for 36
hours in DMEM containing 111 40 U/ml and 20 U/ml in the various concentrations of CH;HgCl
and Na,SeO. ®@ Simultaneous addition of the equimolar dose of CH;HgCl and Na,SeQ, O
Na,SeQ, containing medium was replaced after 6 hours with new medium that containing

CH.HgCl. m:
sponding value of the control at p<0.05.

aEg 6A17EEeke] Ay AX e A X wiekd
Bg ANAINA Reln FL BERT M} v%
g kA B BTk (Fig. 3-D).

2. BZCHA Mzol CHEH RHE

1) 20l 2l MZYEED NO, Hds
Fomkg A7 F 36AI7HE Vst A A
E&e Fe9 B7he=(0.05-0.8 aM)Al wt

75%717 EMT-6 Al29] A5-8r} o #2488 ks
g mgvh(Table 1). &4, H# NO, AT
& 17 - 28 pMe] A EM 7} AFTAA hzTel
Hlﬁﬂ Ax T A2F BHH(pC0.05, Table 1).
2) e2n delsel SAF7E L dlle X0
ozt NO, Y ATP dMs
AdEe dEd7bs EMT-6 AXeAet vupztzt
A2 AEPEER NO,; F ATP A el
WA A gokn T} Zpel7h Gisich
ERANANEE V1 il ge] Fo0 FUEES

CH,HgCl were added only to medium. * Significantly different {rom the corre-

AeEe SAld Hristed 36417 v F 43
AEe] Ha NO, HAHL 24-28 pMe] HH=A
AE=(0.2 M) M dzTtae] o]zt glAdA
1EE(0.4-0.8 AM)ANME ch=25-Ro) B3] vt
HFjg. 1). 8 Adgs 2Fste a6
ARy B AR F o FaUE xFee
Hﬂc’h”ic’ﬂ/ﬂ 364178 vl oFalel & wWel NO,” 4%

2 19-28 pM2] W2 el HAE glol f7)4
%-% gEA s Fed AR S EA
g ztaetg o (p(0.05) A AETelA fEzarEnt
A AsEATHPL0. 05, Fig. 1).

g Feutd AZisle] wde =AM 4 T
W OATPY AAE He 5-10 M) ¥R dhaxat
o wls] AT AstEo] UL (p0.05, F]g
2). foa 2UEre diFs FUE Ass) 4
H¥S A slE-S vl BT ATP A% 3
o idi= 8-10 Mo MR *E2(0.2 M)A
tlz77e] 2pol7} gAY 2EE(0.4-0.8 #M) el
A gztrt) 843 dekn, FAdM s 6-10 #
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The syntheses of ATP from EMT-6 cells and peritoneal macrophages which were cultured for 36

hours in DMEM containing 1L-1 40 U/sl and 20 U/ml in the various concentrations of CH,lIgCl
and Na,S5eO, ®: Simultaneous addition of the equimolar dose of CH;HgCl and Na,5e0; ©:
Na,3e0, containing medium was replaced after 6 hours with new medium that containing

CH,HgCl. =:
sponding value of the control at p<0.05.

Mo W92 dadel vlg B AgTeA #Ajsh
Al Aste YdRE EATH0.05, Fig. 2).

€ #H

%S p2e] ARl ’—"é/] Aol A F0]
A ciatel] Tty R4S @42 9 (Goyer,
1991)8tAV Azt —r“‘é‘ A = sulfhydryl
(715 #F3ls viwa 1 v 24 2} (Stacey 9+
Klaassen, 1980) & TMEZ=zote] £=4(Nath
5. 1996) 5 %%51-_‘3-1“1 HEZFE ozl
= Bn¥Eo] glrf. Ei A o] e ghgd
ol d-& 2 Y  Uvhe Ae] A7) AFAE] 98
He) 2 (Koller, 1980 Luster$t Blank, 1987) ©]

T =ag AR A4z W83}
A (circulating immune complex, CIC)7} & 25
AvHHultman® Enestrom, 1988), 4l7%z2] 9
AU AR A7 oA Lﬂcq_lé.-?ﬂ-ﬂ o] alatyl P
AFEA 41 (glomerulonephritis) @l 47 (Oliveira

2ol

[Tl

_:,d,.

CH;HgCl were added only to medium.

* Significantly different from the corre-

5. 19873 e At Age] EAo] TakE e
(Aten %, 1988: Hultman® Enestrom, 1992)
Fo| AT dTFRDEL A dT po S2E
olalslr] flele R o] BAFE Al
*}a‘h, vk, dukH o 2 Fajo) o& HAY|E
o] WY MAE AMEg HH9 A3t EFF v
(Dicter 5 1983). ol 53 WaAe 2o 0ja
A4 e AAHEe] UM Aoz #dda
slthKoller. 1973: Gainer. 1977).

Ay Aol Bod Fy v|gadHozn
. Al Wt
iy ’;’-ﬂi‘ﬂﬁﬂl o 44
_uu=cq o])ﬂ-, Z87)A 8 o]ak A o]
A4 1Y
yvetdtk(Schroeder %,
EEE é]i‘ﬂ'a‘ Z}Zﬂ T Fa5d vlE) %
=g 2 Aol g A EA (sis-
SCE)E) RS
Hol ¥4 (mutage-

o o

o

rlr ot

BAF 24,

19’70)
o] vlkatalgk DNA =
terchromated exchange,
za] #HebA (carcinogenesis),
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Fig. 3. Inverted micr ophotographs of EMT-6 cells whx(,h were (,ultur ed f01 36 h. EMT-6 cells were cul—-
tured in medium containing 1L-1 40 U/nl and INF-r 20 U/ml a without methylmercury chloride
(CII3HgC) and sodium selenite(NaySeO,). b with 0.8 saM CH HgCl, ¢ with 0.8 sM CH;HgCl and
Na28e03. d 0.8 saM Na,8Sc(), for 6 h and thereafter exchanged to with new medium that con-
taining 0.8 #M CH;HgCl. Magnification x400.

nesis) & el = gch(Rayet Alltenberg,  WHIghE NO,” vEf £#2& H7igr 29 EMT-6
1980: Whiting %, 1980). 2aju}, AeFol £ AEE o433l & E4E HT A=

o QA YellA pFab AeoA dulEe a9 (1997)2] dyeiAs) uidziA e gl s &
AT=A da) Wl ZAE ikl Aew Bn A3 A= d4E 280t Hibbs 5(1987h) ¢
S5t i (Sumine 5, 1977 @ Morimoto %,  €8% L-arginine2 25 H NO9 Ad#}4 L2
1982). ol#lgt Wl &dE Ay 24 gluta- ATPE 87322 $283tee] H7te EMT-6
thione peroxidased l?}"cﬂoﬂ ok gharaldg AHxe ATP ¥ NO A% AstHz A2
(Shamberger, 1970: Nath <&, 1996))™ AelF  Goyer(1991) 5ol Bjdh upet Zo| o] o4
B pgo] AF AFsAG F "Lic’ﬂ HEde] & A thale] Tefshs 53 Ase] A4S dAlsinz
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=4 3] 94 (Sumino ¥, 1977: Morimoto A W] Aeje w20 el Al halag o]
=.1982: Yoneda$t Suzuki, 1997)& E& 1% ’e}% O]' AT i NO| Al Hadl
o7y Aoz Husz gy T ol#3k ol
o

0|'.‘ ._.u fr}' L‘FJ.

= S o] ggo] aAEe], 1 Aa thA AL g
ATATEAE By 2 ATFAGS & Fel A L(Castranova = 1980: Nakatsuru %,
Aol wolr)Ae Has) Wz oo ok 1985: Tlback. 1991: U 2Z 5. 1996)2# \Iel

2 el Bl EMT-6 AZe] NOAHS Aoz Mg,



3, k2o AUl FREHA Aerles
3l BAGAMEANE Hyre F-dHF
FAA7A A FY ol Ry e A #
Ade 237t AR T 289 + dvk= 7
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AR E H2 AFYEEE F2EH ] n)$ FHAT
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