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ABSTRACT: The present study was performed to explore
the antioxidant effect of selenium on damaged brain induced
by organic mercury. Male ICR mice were given consecutively
7 injections for 7 days of: (I) sodium selenite 1 mg/kg s.c.
alone, (2) methylmercuric chloride 10 mg/kg s.c. alone, (3)
methylmercuric chloride simultaneously in combination with
sodium selenite, and (4) saline alone as control, respectively.
Based on the above protocol, we monitored various oxyradi-
cal scavenging system as well as the finding of electron mi-
croscopy.

The results from brain tissues were as follows;

1. Selenium inhibited the rate of generation of superoxide
radical.

2. Selenium induced cytoplasmic SOD, but not mitochon-
drial SOD.

3. Selenium induced catalase and selenium dependent GSH
px, while inhibited peroxidase in the presence of methyl
mercury.

4. Selenium promoted the synthesis of SH group.

5. In electron microscope, selenium tended to ameliorate the
damaged brain manifested by marked hydropic degenera-
tion of granular cell in the presence of organic mercury.
Thus, our findings showed good correlation between bio-
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chemical and morphological changes in brain tissue. Conclu-
sively, our results indicate that the normalization of antioxi-
dant system in the presence of selenium play an important
role in protecting effect against organic mercury-induced
brain toxicity.

Key words: Antioxidant effect, Selenium, Oxyradical sca-
venging system, Organic mercury-induced brain toxicity, Hy-
dropic degeneration of granular cell.
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AUl = of 8] vl gkgd JEo] EAste] AU g4 A B9l H8g dhrt (Naganuma, A
1983). “12iu}, 1 373 S F ol FA =W AP A AAE WS %E} 2utebe] 44 F4ek gl st
AN FrEE 5 B2 $E e FAEC] 24 tiFHa e %— ME AdH oz 7 4lzhe
A w2 FE529 AL A oAA7} glon, 12 L’ AAT FEHHG] dATM =
A% ¥ 5 9= deoltt (Clark, JA. 5 1982). T84 304 7H8 £3] k& ¥ 39 stz =g,
7V &34 0] st 317}% ks 22 5 gl o] Fe02 A, 1860 ol A 0w 11 o]
B3y ol# (Taylar, AS. § 1860), 1953»3 R o] mubrteby, 197140 ol2tae] Ad FE A%
Az e dde F5 Amzol %% 9l 9ic} (Eddie, W.%5 1971, Bakir, F.5 1973, Clark, J.A. % 1982).

@A HE £ gk oF, A%fﬂlﬁiﬂﬂ 28 % F23dx 59 Az ErbastA o) &
sojgten, 53] fejuetlNe A2 4 e tEo] Fag Avvt 4% stdor ¥R
o) 1 e gwrt M3E FEE 2 ik 5 Bl the Alzbdo] izt s Aol girk 19881
EHAIY o= SEA AT A Hok £ TH ARl dEAUM ARHo gk £EHH
CEA] F 20%7} & TR Ao w2 e, $-2lef A4 B NEL BE FES FEE Hnsh e

i Hojut ofETte] A3 RFH I = Aolrk 2 ATolAe A2 ol2Y 54 B i
H2l719ke] B o] ztE (Kim, H. C.5 1988, Suda, 1.5 1991, Paller, M.S. 1985) o]l w}a} %4 7 7}e)
g FEe dalEe st 1 7bs e Bilsted 42 dag Buskiat don
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Methylmercuric chloride, sodium selenite, cytochrome C, xanthine, xanthine oxidase, bovine serum
albumin, potassium cyanide, 5,5'-dithiobis-2-nitrobenzoic acid, O-dianisidine, glutathione, cumen hyd-
roperoxide, sodium azide @ glutathione reductase:= Sigmar} A &S A& o™ 1 579] AlfkEe
AlFe] dF 2 555 ARSItk ddEERE o 247} Yz AR S ICRA| S} A vh¢-28
AHg3tl o, 4@ Table 13} %}01 A3t =5, FAAANMFE Y dTE BF3t Aol

AAY HzHE o] 83te] Yshsta HA# Zﬁ}ﬁi“lﬁ A& stk

wsistxiol M

Superoxide 2] 7] (0, ) 2] A48 McCord & Fridovich ¥ (1969) 9] u}&} superoxide dismutase
(SOD) & A& 4= U+ ferricytochrome Co] 8¢ £ & &4 stgon, MEZ 2 AlgA ¢ SOD=
Weisiger ¥ Fridoviche] ¥ (1973)¢] w2} F%3}o] xanthine} xanthine oxidased] EA|3}ollA] A
AL+ 02011 2}sla] ferricytochrome C2] &9-3 JAA| 7= ol Wt 43 F ). Catalase= 240
nmol| A B = H0, %2 Aebi (1974) 2] #H ol whal, peroxidases 1 mole?] H,0,7} guaiacol-&
AslA1 71 dElol whet Puttero] w9 (1974) ) whel, 18] 31-glutathione peroxidasei= Lawrence% 2]
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Table 1. Experimental protocol

Group Num.ber of Treatment
animal
Control 10 saline alone
Se 10 sodium selenite 1 mg/kg injected by s.c. once a
day for 7 days
Hg 10 methylmercuric chloride 10 mg/kg administrated
by p.o. once a day for 7 days
Hg+ Se 10 this combination group is dosed simultaneously
for 7 days

*Each mouse killed at 24 hr after last administration.

2 (1974) ol Wkl cumen hydroperoxideS 7] 2 2 8led 340 nmol A ¥i3}s+= 0.D.& A3t w3

Z 2 9} sulfhydryle Ellman 2 (1959) 9] we} 5,5'-dithiobis-2-nitrobenzoic acid7} ¢ 2 o] SHe}
Hh-S-5}ed A7l thionitrobenzoate 7} 412 nmol|l 4] ) F34& vehlle AL 2Aslgon, aistae
Lowry ¥(195D) ¢l 2]3}%it}.

HXIsH0|A Hay

ol g A AAZ X225 Eode 2HAH3sb 2.5% glutaraldehyde £ A1A ST, 1% osmic
acid &) 143 & ZubH S vHE o] uranyl acetate®} lead citrate® FEgA & JEOL 200 CX
3y AxdEn Aoz #aslgol
SHEN

Student’s t-testS o] &3td HPAHE HEXS vl MstAqh Folx 5% (p<0.05) |59 =5
oA HA AL

< il

HES2 FEao| M2 superoxide R27| (0,7)2 MAB0| olxle dalsel I8

& FEH e AARANM BT dA3) 0, A&l FHaem (p<0.05), daFol Hed
el e A3 0, F4&0] JAlslo} (p<O0D), A FrHE FAF 59 FUF o2 U (Fig.

HE 2 EF=IoM2 superoxide dismutase (SOD)2| #4870l olxis Walisel S8

S g delw BEA Aol AHg A SODS) 7 A ge] Uehkorh, 498 Wale tehiA ehge,
AER SODe QoM A9 A Eere NelAlsh 247 v m e Z0g $AL AL e
WAY & HelFol delwrs PEFASHY WA 2 BHo] F= (p<0.0D) HATH (Fig, 2).

HA4S SEC/o|A catalase FHATE OjxlE Wailsel Ha

T&E A A da2Au ddurhe Ml A9} vluste 84 A FEE RYod, A e
HEAI die @40 EH3] R (p<0.02) =0, AgrFoz HAG (Fig 3).
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Fig. 1. Effect of selenium on the forming rate of su-
peroxide in brain intoxicated by methylmercury. Each
value shows mean*=S.E. of 10 animals. a: p<0.05, vs.
control b: p<0.01, vs. Hg.

control Ei

Se Ei

Hg &

Hg + Se |

u mole / min. / brain g

Fig. 3. Effect of selenium on the activity of catalase
in brain intoxicated by methylmercury. Each value
shows mean+S.E. of 10 animals. a: p <0.02, vs.Hg.
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Fig. 2. Effect of selenium on the activity of supero-
xide dismutase(SOD) in brain intoxicated by methyl-
mercury. A unit was defined as the quantity of SOD
required to produce 50% inhibition of the rate of re-
duction of cytochrome C under the specified condi-
tions. Each value shows mean+S.E. of 10 animals. a:
p<0.01, vs. Ha.
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Fig. 4. Effect of selenium on the activity of peroxi-
dase in brain intoxicated by methylmercury. A unit
was defined as the oxidation of 1 n mole O-dianisidine
under the specified condition. Each value shows
mean+S.E. of 10 animals. a; p<0.001, vs. control b:
p <0.001, vs Ha.

HE 2 SE1 A2 peroxidase FAHF T D)X= Mdellgel Q&

Ao Aol AejAde $drEe] E4d0] i HUon

2o A Aol 2 1ok s

gdo] &% (p<0.001) HYou, AdHo] e B2 A A3 A4 (p<0.001) = o] g E5y-S Halst

Aok sUdsEo 2 Ut} (Fig 4).

HE TR EE5oAL] glutathione peroxidase (GSHpx) AR T olxls Mol &

¥ GSHpxe] #49 4%, d=x7} 71 wokom & AMeAldle 1 B dA3] &4e] A (p<o.
00D =3, delfFo]l WEFALH FHR/E FFS Yepd o, F93 Wde JehlA Zaiioh 2
#lw2Ed GSHpx el 495 Ay HeAld 713 54 L $4o] L1, $55A e 1 4o

#HA3] AA (p<0.05) = Ak 3 da)Fr) &4 GSHpxd

gl e AlelA 7hg vhe

B4 vdehllon, e vjste] BAGA

A0

A9t BEA A A ge

A B

942, 4
FeR ol

dello] HEHole 1 A Wshe vehA] kot (Fig 5.).
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Fig. 5. Effect of selenim on the activity of glutathione Fig. 6. Effect of selenium on the content of sulthydryl
peroxidase (GSHpx) in brain intoxicated by methyl- in brain intoxicated by methylmercury. Each value
mercury. Each value shows mean+S.E. of 10 animals. shows mean+SE. of 10 animals. a: p<0.01, vs. cont-
a: p<0.05. vs. Hg b: p<0.001, vs. control. rol b: p<0.001, vs. Hg.

A2 FSloiMel SH (sulfydry)el ol 0jxlE dailsel ¥a

st w o ztol

Ay A Al 2 2o 20 o) R3] Z7) (p<0o0l Yo, o8
] E33] &7} (p<0.001)

Hjste] fol@ wabh el oot Melie WER Aol 1 YAe
s21e}. (Fig. 6).
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HESE2 ST A# Llo| o|MIZE &4 (MRIH0IZN 27)0l olxis dalsel I8

e}

Aelws Herlole d4AA Adolda, F& F5Ai: purkine M¥EE Bl Habiziol)
AP M ol AAZ =ZFHA (hydropic degeneratlon) S— ;%ﬂ}] stk 42 4 Aaly B4 &g Aol % pur-
kinje AMl¥ 2] mAlF27E F fAE Qo AP ME An e W Ao] BEET (Fig 7-10).

Fig. 7. Well preserved brain architectures in selenium group (Lead-citrate-
uranyl actate X 8200).
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Fig. 8. The purkinje cells showed well preserved architectures, while sur-
rounded granular cells noted by marked hydropic degeneration in methyl-
mercury group (Lead-citrate-uranly acetate X8200).

Fig. 9. Relatively well preserved purkinje cell in methylmercury plus sele-
nium group (Lead-citrate-uranyl acetate X 20000).



Fig. 10. Mild hydropic degeneration in granular cell was evidenced by ma-
rginal clearing cytoplasm in methylmercury plus selenium group (l.ead-cit-
rate-uranyl acetate X 20000).
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Aglge] garsharg, A daitsle] AA AR 9 2, FIEF, F& v ES o 15%2] TS
AgAE-Fol B wla glon), 1128717 24 8] 9] 21 A g3 A} (Naganuma, A. 1983). gHH 0. 2
o2 el A4 2ol 1AL a9lo] B4 ULk ok (Robertson, D.SF. 1970),

A A F2F5Y A Bdo H8HE g 7oz sz, vlvtulely Ay G dE
x| o] 9] wagkol] AR 2uol] ©3l= 0] HEHATH & 2 F5 o7 YRR ‘-’%" AL S
AP2ES AW 523 vEo] E%d ddwel g Hrhetal gl (Ganther, M. EJ§ 1972).

B dA-to = Aggo] glutathione peroxidase?] TA3AAE A8 AA18kA (Rotruck, J. T.5 1973)
#AAE Ak ol &Faksl A Q] 288 E e v, e /\}%} A (mitochondria) B.t}+= A &e) SODE

& %) 8] F %51 superoxide®] YA 8% AT, oli= W74 fk AR A Ayl gol AR Al 9]
SODE #%8te] superoxide 4488 A& 2he} tu 1 9 seiafol & A7 4olck (Kim, H. C.5
1988). “fﬂ, obd Fokoll Al ZA ] Ay SOD7F @H3] AAEHE HE aeish Bul (Fisher, SM. 5
1988), f71¢- 05 25k ¥ 2 o] Ay Al SODe| oJAste v7he Hl Wstel dusle Aoy wel
o.

Aol S48 F7 ARt st ete M8 FolAlo] fold Atehe 53] A Hol M outs

Fog Ae 2o £o 3 7] v dA-3A AW & Fx7) F7HE = Heoltd (Naganuma, A. 1983,

Jhoo, WK.5 1985, Sohn, D.H.% 1985).
BE AR A dEo £ 3 EL ¢

Bis(methylmecuric) selenide 7} *(HH&;}Cﬂ = )

| &}¥] =), o|m metallothioneine 9F¢] =3¢l
o) 7lefgtb= 4% vt (Naganuma, A. 1983).

E dAqtol A dElwe] FoE 2SI Fo ol A Abg A SOD2) S xo Walrt §le e e
Atgtolot. 2, Ay Fol 2 #HAs] SH #af 0] =7hE 08w ol fr)e o2 AslE SH 3
A5 F7HAA AR-Tpare oA 9 gaks) 28-S s Al S-S AlAREL it
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Fenton-Harber Weiss #--ol] 4] H,O,%= superoxide (0,”) 2 v]ek Ho] F&of ofs) fwgrh upehA]
H,0,2 zpeksto 24 2uhe-A 9] HydroxylZ]9 oiAdl 7l 4 Ut (Halliwell, B. 1978, Halliwell,
B.% 1984).

Peroxide2 Z3F (A7) sl=udls 039 catalase, GSHpx % 8]E-0] A<l peroxidase] #3730l
Ay Aoz 9 FAh (Halliwell, B.S 1984). 2 A7) A A)F HEFAR {75 8r Zis}ﬂi’i‘:d
catalase 2 A#ly ¢/&4 GSHpxe] A& ##3) H =51, peroxidase 42 Aol st el
zws Ho souks A2 uf RodAE o peroxidased] 244 F (compensatory induction) o,
olyf 5% o] 7|43} (organization) 7} Lol 7hs Aol AlAbETE dHH, B A zdatelM x4
std o g= Ao Aolrt 1B E oL, yHERS {74 kol BT purkinje Al ¥l
A5 EA0] B =] geton, ojn) SH ek 2ol v)gted #A3) AapHA ko, £
Aol SOD 2 Ay Hl9E=4 GSHpxE 7o) dlEx9} fAbstdch 2, AA e dA¢

%H (hydropic degeneration)o] Z 100, o] st b= Malgo] BEHo A oA FETe

UERN T, oleldt a4 ME A SOD, catalase 2 My &4 GSHpxet £ Fibst a7t
= &]_— "o} FAAG 5 UG How Bry mgh, B dyapgo] Wz Ag sty Has P9 At
A g o] akahargEo] shioli= purkinje Al 3ol 4 W}_Eilz MEA ) SOD7} #red =l 7hAS Al
2 olojnh (e ). e n g B AE Ay o)) Ay e eoo 2 HahE dats) AAE Frshe
Fo B9 HAashsh Ao b, vrek =tujE (0.1 ppm 1449])94 A gehes g, A
32 7robsled gl EIAFITHA, B3] 50 mE A} B RAEe] £ SRl AdE &
Atk THs A AA S Sk

o

ZAe| &
¥ QT 1988 % Bay ohael ey AR o)itol Hovf olel (kg iuth
EHaEH

Aebi, H. (1974): Calorimetic assay, catalase in Enzymatic Analysis (2nd) (Bergme-
yer, (Eds), (Academic Press) p. 673-674.

Baker, F., Kamulji, S. F. and Doherty, R. A. (1973): Methylmercury poisoning in
Iraq, Science, 81, 230-241.

Clark, J.A., Kasselberg, A.G., Glick, AD., and Oneil, J. A. (1982): Mercury poisoning
from mebromin therapy of omphalocele, Clin. Ped., 21, 445-447.

Eddie, W., An Robert, C.S. (1971): The fatal dose of methylmercury in man, J.
A M., 216, 1347.

Ellman, G.L. (1959): Tissue sulfhydryl group. Arch. Biochem. Biophys., 82, 70-77.

Fisher, SM.,, Floyd, RA. and Copeland, E.S. (1988): Workshop reprot from the
division of research grants, NIH, oxyradical in carcinogenesis, Cancer Res., 48,
3882-3898.

Ganther, ME., Sunde, M.L,, and Hoekstra, G. (1972): Selenium related to decrea-
sed toxicity of methylmercury added to diets containing tuna, Science, 175,
1122-1124.

Halliwell, B. and Gutteridge, J.M.C. (1984): Oxygen toxicity, oxygen radical, transi-
tion metals and disease, Biochem. J., 219, 1-14.

Halliwell, B. (1978): Superoxide-dependent formation of OH in the presence of
iron chelates, FEBS Lett., 92, 321-326.



Jhoo, WK., Kim, H.C., Huh, I.H,, and Sohn, D.H. (1985): The influence of selenium
on relation between locomotor activity and brain mercury content in rats. Res.
Bull. Kang Weon, Nat. Univ.,, 21, 151-156.

Kim, H.C, Jhoo, W.K., and Huh, [.LH. (1988): Influence of sodium selenite on oxy-
gen free radical in mercuric chloride induced renal failure, J. Pharm. Soc. Kor,
32, 287-293.

Lawrence, RA., Sunde, R A, Schwartz, G.L., and Hoekstra, W.G. (1974): GSHpx,
activity in rat lense and other tissues in relation to dietary selenium intake,
Exp. Eve. Res., 18, 563-569.

Lowry, O.H., Rosebrough, N.J,, Farr, AL, and Randall, R.J. (1951): Protein measu-
rement with folin phenol reagent, J. Biol. Chem., 193, 265-275.

McCord, .M. and Fridovich, 1. (1969): SOD enzymatic function for erythrocuprein,
dJ. Biol. Chem., 244, 6049-6055.

Naganuma, A. (1983): Interaction of selenium with mercury in animals, EISEI KA-
GAGU, 29, 173-187.

Palier, M.S. (1985): Free radical scavengers in mercuric chloride-induced acute

_renal failure in the rat, J. Lab. Clin. Med., 105, 459-464.

Putter, J. (1974): Peroxidase, in methods of enzymatic analysis 2nd Bergmeyer,
Academic Press, p. 685-687.

Robertson, D.S.F. (1970): Selenium-a possible teratogen ? The Lancet 1, 518-519.

Rotruck, J.T., Pope, AL, Ganther, HE., and Hoekstra, W.G. (1973): Selenium,
biochemical role as a component of glutathione peroxidase, Science, 197, 588-
590.

Sohn, D.H., Kim, H.C, Heo, M.Y,, Jhoo, WK, and Huh, I.H. (1985): Effects of
sodium selenite on merthiolate-induced mercury distribution in rat, J. Pharm.
Soc. Kor., 29, 223-226.

Suda, I, Totoki, S., and Takahashi, H. (1991): Degradation of methyl and ethylme-
rcury into inorganic mercury by oxygen free radical producing systems-Involve-
ment of hydroxyl. Arch. Toxicol,, 56(2), 129-134.

Taylar, A.S. and Pavy, FW. (1860): On poisoning by white precipitate with the
physiological effects of this substance on animals, Guy. Hosp. Rep., 6, 505-510.

Weisiger, R.A. and Fridovich, 1. (1973): SOD, organelle specificity, J. Biol. Chem.,,
248, 3582-3592.

81



