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Interaction of Sodium Selenite on Neurotoxicity Induced
by Methylmercuric Chloride

J. S. Park”, H. M. Lee?, Y. Chung, D. C. Shin, J. H."Roh, Y. H. Moon

Department of Neurology®, The Institute of Environmental Research®,
Department of Preventive Medicine & Public Health,

Yonsei University College of Medicine

This study was conducted to investigate the mechanism of protective effect by sodium selenite
in methylmercuric chloride neurotoxicity, increasing intracellular Ca? concentration of the neuron.

Methylmercuric chloride of 3mg /kg of body weight was administered simultaneously with sodium
selenite of 5mg / kg and pretreatment of sodium selenite via intraperitoneal injection to rats.

Also, effect of methylmercuric chloride(25.M, 504M, 100M) and sodium selenite(ZOO/tMv) on free
intrasynaptosomal Ca* concentration were studied using the fluorescent Ca* indicator fura-2 in vitro.

After the treatment, at 6, 24, and 48 hours later, mercury in the cerebral cortex, liver and kidney
tissues, succmic dehydrogenase activities, adenosin —5'—triphosphate concentration, acetylcholines-
terase activities, and intracellular Ca* concentration in the cerebral cortex were determined in vivo.

Cerebral synaptosomes of rats were incubated with methylmercuric chloride and sodium selenite
in Hepes buffer for 10 minutes and free intrasynaptosomal Ca? concentration were measured with
fura-2 in vitro.

The results were summarized as follows ;

1. The combined administration of CH;HgCl and Na,SeQ,; and pretreatment of Na,SeO, according
to time significantly more increased in the cerebral cortex and decreased in the liver, kidney mercury
concentrations compared to the administration of CH;HgCl only.

2. The combined administraticn of CH;HgCl and Na,SeQ, and pretreatment of Na,SeQO, increased
more succinic dehydrogenase and acetylcholinesterase activities compared to the administration of
CH,HgCl only. Particularly pretreatment of Na,SeO, significantly more compared to the administration
of CH;HgCl only. The concentration of adenosine-5’-triphosphate in Na,SeQ, treatment groups reve-
aled a favourable effect compared to the administration of CH;HgCl only.

3. Intracellular Ca* concentration in administration of CH,HgCl only was increased significantly



more than control group in all test hours but was increased significantly more at 48 hours only after
treatment in combined administration of CH;HgCl and Na,SeQ; and pretreatment of Na,SeQ, accor-

ding to time interval more decreased significantly intracellular Ca* concentration compared to the

administration of CH,HgCl only.

4. Free intrasynaptosomal Ca®* concentration in the combined administration of CHHgCl and
Na,SeQ,; was decreased (24%~40%) significantly more than the administration of CH;HgCl only.
From the above results, the specific dosage of Na,SeO, decreased increment of intracellular

Ca* concentration induced by administration. of CH;HgCl. These findings suggest the protective
mechanism of Na,SeO, on the neurotoxicity of CH,HgCl.
Key words : Sodium selenite, Methylmercuric chloride, Neurotoxicity, Synaptosome.
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F7IFEe AFEEL ARAX 8 F9 5 (perikary-
on)d) AzHH e g Yehiw, E3] spinal corde] dorsal root
ganglion We] 7z} M Ao} ¥ #i(blood barrier)9]

Agoz ey §olstA 93 werh(Cavanagh,1977).

Methyl mercury(e]st Met-Hga E7))e xZg840)
ol 41T WA MEst] WS 58] MY e
thiol7]¢} &) Iw YA AR S FTHstd H&-
ZAd XN STAZARYG 24034 die] o an,
BAAAA LA SGAFAE Assln] Kz o29 oln
A Age At Mercury 5, 1986). 128) 31 w823
Mz 239 dix = A digsts AAATY v)FFHY
HEZDE 2 stedl, 53] F7IMZTELS AsH(Choi
%, 1979).

AR EZHZ 2] Met-Hg ©]52 Hg 7] hemoglobin,
glutathionest Agslo] o] FF v, N73F=578-2 demethyl-
ation o] HE2 VeI ARAMZYAANY FHE F=2
WARC R olFste EVIRE EAds Ao B
(Imura ¥, 1980), AZAAEW FTAFHA EFHL mito-
chondria& mitochondrial Ca* ¥4 ¢l A sttt ohz}
71538 E Fdsled AFXY adenosine-5’-triphosphate
(o]3t ATPZ H7])9 Z4x 2 NZNGEIES #Adg
BAE acetylcholinesterase(°]3} AChEZ 7)), monoa-
mine oxidase, SH-dependent enzymesg! succinic dehyd-
rogenase(°]3t SDH2 ¥ 71)9} lactic acid dehydrogenase
(c]3t LDH=Z #7]) 59 #$Ax=§ A3ty st
(Clarkson, 1972 ; Cheung®} Verity, 1981 ; 1985).

2 239 o oJ&d AA=AHE F2A) 7= Met-
-Hgel AEu) 28713 Met-Hgo] NZAEY AE=z
presynaptic Ca**2] F#}Ao] Z7}=]o] intracellular Ca?*
(o3t [Ca®]iZ H7))& A+AI7]A Hol 448" [Ca®]i
S ABAE FENE 271FEe) HI N5y RS
(depolarization)& =8t o]l 2549 A& xysiez
MEE APAA7A AoH(Clarkson, 1972: Komulainens}
Tuomisto, 1981). 3§+ [Ca**]i Z7}1& acetycholine( )3}
AChz E71)3 2 AL EREY FaE57e ARA
‘4& EbAch(Atchison, 1986 ; 1987 : Levesques} Atchi-
son, 1988).

Synaptosome< isolated presynaptic nerve ending© &
neuronal tissue?] 71%4, FefsrAd A& FAsT Ao
AR Agae EDES] ARALED R EH, 9
4714 9+ 2 mammalian nerve terminal activity2
Zx stz A" rh(Komulainenst Bondy, 1987a).

Synaptosomes] Heietd @7o] w=w, ghe ooz
SHRY AZALEA S ¥83l= synaptic vesicleo] t}4
ZA &2 free mitochondria(<F 9%)9—]— postsynaptic
membrane ZZ} @ synaptic cleft7} H.o]™, myelinated
axonZZH(¢F 1%)% Blohy sy, AFAE7} FAsH
= %9 nerve endingo] axono 2XE Holxur}a, o)
%7} nerve ending2- self-sealing property”} o] @3]
sealingste] F¥e] FAHES FfHste ALY 7=

g YPgdste zloez deiAxn vk (Grayst Whittaker,

' 1962).

Met-Hg= synaptosomal membranegd A E3}bsis
intracellular Ca*9] F52 &, @239 fE9 A4NG
B4 {28 F/M7le #Hoz velyti(Komulainen



I} Tuomisto, 1981 ; Atchison &, 1984).

A F (03 SeZ H71)2 AA ] LA AR v F F
QEozA AA AN FirstA 2 -85t HAdstEE A A
1= &49 glutathione peroxidase(©}3t GSH-Px2 X
71)e] AR 171 8}t (Schroeder &, 1970). Y ¥ B I
o] 913 Sex AEY oix 2F71#<Q) mitochondria
9] A& EUAA AR HAig =& ¥ ol kst
EZ9 d9)g Fusin AAALSHE AASIER mito-
chondria membraneg H 3 &= 2 oy alzkgo] Aok
3 tgen 1 whgdahe AAE AHEE, Seol 274
free radical peroxidative chain %Wg-& zdsln Feoe
free fatty acylhydroperoxideZ A4 92] hydrophobic ¢
25E #2E £ JAEE e Aol olgdE Se=
SDH$} LDHe| #4455 3EA)7] AR thAtet #dd
ATPaseZ A2 AEAJN ZFES A
z= 222 AU Jrk(Yehs}t Johnson, 1973).

Met-Hget Seste] #HAES Audd Iwata S(1973)el
9|8} Seo] Met-Hge] wzt718 WA At 59
AAZAYENE 2drZe] Haxen, Oh 5(1975 19
76)< Se2] Met-Hgol] thist HE g3 933 285
Vel = Met-Hgol §3FollA 53130, 1552 Se &5
Ao M= Met-Hgol AAEQE}E QAR 3R
a1, Met-Hgo|20] Segdl&&Ad| ZAF3dla](-S-Se-Met-
Hg-Met-Hg-Se-S-) ¥ zA A o] AR} o A5
o] Wslstctal sty ¢ Chang 5(1977)2 ¥ sy
A7A7 Seo] Met-Hg2 A3 4xzxzo] welshs wsl
2 8G90, Magos?t Webb(1977, 1980)
2 Seo] Met-Hge] g 2 Ao Zo EujE WEAIA
%, plasma-Hg complex® B33t ¥z o]FHo]
HzHo g £L HHE FHA)E olE9 A FS
T B9 Ry, AR, &% G & thdstA Jeht
B, A7AAN 2 Seo] HE GE MR oY 58 £
Frdstet 7ot sk

£ ols} 22 Abd) RHe AFZHARA Imura
5(1980)2 ABHAEEAE F2A7]e $E9 Met-Hg
7} HZAL 2 Wo] HHFojx Se?) FE Met-Hg9
demethylatione] xdso] &4& FHA LA fctu ¥
4=

Ganther(1978) = #}418l& Al 71842 GSH-Px2o] A%
4& Seol S7H1A Met-Hg2 U3 A A4itstE oA st
3l Hg® radical 704 A4S AsgE 4S3pAon,

Nishikido9} Furuyashiki(1987)+= Met-Hgo] tlA} A4 13}
Met-Hg= GSHS} complex® #Aste] ujdsl=t] Sed
¥z 2) o) ] Met-Hg-GSH complex §4Z-g Z71A7Ithn
39 Met-Hgoll th3t Se2] =714 Seol GSH-
dependent reductive metabolismel] ¢]&) bis(Met-Hg)
selenide® ¥ A3tE & Met-Hg s)5d] st B3

o]4 7 See] Met-Hge] Az & £3& F7H%
= BT Sed FARZ <ls] Met-Hgel 2785430l
AzEs @4 M e ASAA o8 rast ey
o 7R 1 FE G- ek £ whg-Pado] wE
AA & el don, 53] AAxAY [Ca¥]ig F4
o2 Met-Hgot Sed] 43 zrgel W3 drs gEARA
23 Aok HM AFARE gid, NRFEFY A9
Met-Hgot Sezte] /3% Asiets whgo] AL o
SRA, B7E AR AEE AU e Seo) mitochon-
dria 9] thAbell 1e] Met-Hgel 548 Aad 4 e
EWE AgS 7isly 9ot o1& 712 mitochondrial
electron transfero] Slo]A Seo] dAdto] A3 FwlEx
2 e 3ot (Magoset Webb, 1977 ; 1980).

oje} T2 ujE st B AT dHNARAE A
22 Met-Hgo| MRAAE &40 thet Ses RAAFEE
[Ca*]ig SHo2 H3unx stdrh

TFAAL ATFEFHoRE,

A5, 83 g 9A g fFo = Met-Hgsl Sed 54
9 Se AF439 S v Hg52 %%, SDH 2 AChE €4
=, ATPsE 283 AAAZY Ca* FE& &3ty
Met-Hg ©EFo T3 vlasin,

£, ARFMFEY Ca** FEE synaptosomeE o] &3t
Met-Hg ®odA] intrasynaptosomal Ca* ¥ Eo] unxe
Sed] das TR Holoh

I. ey

APFEL AF 10~125F8 A3 2008 52 Sprague-
Dawley # 2 #AAE AMEstAth. 4PA2 3F:4%H
ARl A AeAlA AR (A, e} $ESFE AH
2ol H4AY 4 UnE sHA HENH

AEgANBR ST {7922 CHHeCI(ZEE{LE, o
) AalF< NaSeO, (KB, JB)E AHgatATh



2.

=

HEET ¥ Foigy

ot HEEEe ZE] ME

AHEFETS Table 13 o] 522 FE3SE 4=
(A I &), CHHeCl(3mg / kg) 5T (A #), Na,
Se0,(5mg / kg) @554 (A ), CHHeCl(3mg / kg)
7 Na.SeO,(5mg /kg) FAFAZ(AVT), NaSeOs(5
mg / kg) HF F CHHgCl(3mg /keg) TSI (AVT)
(018} Se AR Fo2 H7)o g den, 2o AFE
Ege 4809 97 1veE2 F4dzEs Xty
75utEl & AHgstgith(Table 1).

A T4 CHHgCle) A9 olive oil(%mipg, A
2yl £siAA AT NaSeO,= a2 g o &3]
N7 7zt wEASA

FAFALY A4 NaSeO,9] o= CHHgCl o9
g7 AA AT Se BEATY BLE NaSeO,F9%F
1A17b5] CHHgClg Fostden 1 o9 HygATL
the AP FAdsA A S AERESE 2E A
T ARG FEFE AFEe] HAFFEE siPon Ay
7\ 6A1ZE, 2481 7Y, 43A 7k 2 AARBF T B QoM
T CHHgCl3t Na,SeO;9] &% Zeli A7z 52
Auidde 7izz MAZ oz HAZ oulad ey
CH,HgCle] £Z< Img/kg, 3mg/kgo & Na,Se0;9]
$%¢ lmg/kg, 3mg/kg, Smg/kg §Fo2 AEatd
Zzte} A48 B4 2 ARGIHAUE o 7B 9 =
A3 vl CH.HgCl 3mg / kg#t Na,SeO, 5mg / kg
Z Al AR5} Gregus®) Klaassen(1986)2] @7
Axlo] olsbd CHHgCl#t Na,SeQ,0] 29 HE £ g}
v FE 240U HuAE ¥4Yste FoE HuHY
Ao] 6AIZE, 24417Y, 48X AHA 7S A s @aEe}
At

Lt. Free intrasynaptosomal Ca* &3

d¥ T Table 29} #o] groz FE3 FYET
(A1), CHHeCl @¢ERoqFoz 22 25¢M FAT
(AT :2), 50eM FSGF(A M), 100eM FAF (AN L)
5 Al @3 NaSe0, 2004M ©=Fo (A V), CHHgCl
# Na,SeO, FAIFHF2oz CHHgCl 256M3} Na,SeO,
200LM (A V), CH;HgCl 506M 3} Na,SeO, 200.M (A VI
), CHHgCl 100«M3 Na,SeQ, 200:M (V) A
Tog g on, dEFEY 10298 synaptosomes AH4-3t
o R% 80%$) o] synaptosomeS ALESHTH ABEZHE

Table 1. Experimental animals groups treated with
methylmercuric chloride and sodium selenite
in the mature organism

Hour after treatment

Group and doses(mg / kg)

24 48
I Control 5 5 5
I CH;HgCl(3) 5 5 5
I Na,SeO;(5) 5 5 5
IV CH,HgCl(3) with Na,SeOs(5) 5 5 5
V CH,HgCl(3) after Na,SeO:(5) 5 5 5

Total 25 25 25

*Na,SeQ, was administered at one hour before admini-

stration of CH;HgCl in V group animals

Table 2. Experimental groups treated with methyl-
mercuric chloride(CH;HgCl) and sodium
selenite(Na,SeO;) in synaptosome

Experimental groups and doses(zM) Units of
CH,HgCl Na,SeO, Synaptosome

I - - 10

1 25 - 10

il 50 - 10

I\ 100 - 10

v - 200 10

Vi 25 200 10

Vi 50 200 10

Vi 100 200 10
Total 80

CHHgCle] 7% olg-&(99%, Merck)oll &aliAjA A&-3t
A NaSeO,= Al g+l &siAA As T35
o] o] synaptosomed Ztzt 10047t H=E stth

Bz el 79 NaSeO;9] Foj CHHgClol Fof9}
739l FAlol AAEHch

AFHE A" 22 v1FH3 o Az FRE 2FJAIL
Aujre BYE dAse HE HEY TF 4 A
FHrste] M A cerebral cortexS FastAr}t. HzFH
ey Zolo| R 4JFZAS F5ted AOAC(Associ-



ation of Official Analytical Chemists, 1984) wo] wta}
A AAEE & 2UVNEYe HEH ARFIREA
(Shimadzu, AA-650)2 &4 3t}

2) Succinic dehydrogenase(SDH) 4% &3

W3 100mgs #Hsk 30% AM3Eek4T, pH72)
o2 A3 (potter teflon-glass homogenizer) A]71%
Laatsch 52 $¥(1962)9] wlal spectrophotometer
(Shimadzu, UV-240)2 ¥3=& 2339}

3) Adenosine-5’-triphosphate(ATP) &3

= 100mge A3t M2 (0.25M)& Egshe
Tris-HCl $+% 8- (4C, pH7.4) 5mlE2 Detere] uH(19
73)ell wet mitochondria #8-8 He]s}il Linklater 9]
v (1985) 9 w2} spectrofluorometer (Perkin-Elmer, LS-
5)2 A9 ¥34e HsYoh

4) Acetylcholinesterase(AChE) @45 &4

W3 d 100mge #8te] Ellman < =H(1961)°l
o9& AChEe] #4x=Z
240)2 A3

5) Intracellular Ca** &% &%

T d 100mgs FH3ske] MgE4(0.25M)& Eitste
Tris-HCl $+58-9(4C, pH7.5) 5mlE #23I17) ¥ Dodd
59 ¥hA(1981)0 uwle} brain extract?] intracellular 33
€ 22 95 ACACH(1984)o2 Axelste] AEH3
=7 (Shimadzu, AA-650)8 o] &3l =434 ch

spectrophotometer (Shimadzu, UV -

L}. Free intrasynaptosomal Ca* Z8

1) Synaptosome®] A=

FHE D7 F FA HE FHAzste A& oM i
H2g £38le] Dodd 59 ¥ (1981)L 43 Komu-
lainen 3} Bondy2] “H#(1987b)o)| ule} purified synap-
tosome s A z3tAc).

2) Free intrasynaptosomal Ca? &34

Komulainen®} Bondy(1987b)¢] wd] ule} fura-2&
o} &3t} free intrasynaptosomal Ca* ()3} [Ca*]isZ
¥7))& spectrofluorometer (Perkin-Elmer, LS-5)2 £3
3k

C}. Free intrasynaptosomal Ca* M|t

zZ} A8 [Ca¥]is ==& Grynkiewicz £9] W (19
85)°l wk thg-3 go] AtslHT)

e Free intrasynaptosomal Ca®*'([Ca*']is) calculation
method described by Grynkiewicz et al.(1985)

R-Rmin ) (sz )
Rmax-R

Kd: the dissociation constant of the fura-2-Ca*

[Ca?]is=Kd(

complex -
- R:F,/F, F=SfCf+SbCb
(value detected at the excitation wavelength
340nm)
F,=Sf,Cf+S5b,Cb
(value detected at the excitation wavelength
380nm)
Sf,=fluorescence of fura-2 at zero Ca* at the 340
nm
Sf,=fluorescence of fura-2 at zero Ca® at the 380
nm
Sb,=fluorescence of fura-2 at Ca® saturation at the
340nm
Sb,=fluorescence of fura-2 at Ca* saturation at the
380nm
Rmin=Sf, / Sf, : the ratio of the fluorescence at
zero free Ca*
Rmax=8b, / Sb, : the ratio of the fluorescence at

full Ca*" saturation
4, SAEH ZHHY

A AR T Agadel Aolg AYse vnT
EAM QA Mann-Whitney U test& o83t 4E5E9
22U #FAMe d¥Tztel 23F Hg %, SDH %
AChE &A4%, ATP ¥% 281 [Ca*]ig vustgen
synaptosomed| A& [Ca?*]isg vl st ot

]Al
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—

%

==
e
gt

=0

7t EZNBe HeEEHs
7 9929 ¥a, g ¥ APFe FeEmuse
Table 37 2ich HzHe) v L e fPo 2 e
g Mad A3 BE FAZNA Al F71ge net
e 2¥FEs} F7ME FAE BI

-Hgs} Se 5A1F-<)¢2 Met-Hg &



FAE W 6ANAY Fmto] foF Ho]E vEhlo]
FAF Aol 153ug /g2 EUTHpP<0.05). Se AR
9 AfE U FATER 2 6270 244 7171A 9
T £HFEVHgel 1 olFunt © AM UABH
2150g /g9 HEEEE 6AA9] 3.25u 4 Tojfon
3 #AT Met-Hgds S vzl fostA such
{p< 0.05).

WAZEAY £ FIP S dx gl vs] BE FAT
3} RE AzA §2lahA) B%em (p<0.05, p<0.01) A7k
o] A#g ol Wt ALHo g ZErlshs A2 HYoh

Met-Hg BERGZ] 647, 24N sxE 27t
410, 887ug /g2 2 Met-Hg® Se FAIFATY 275
4.054g /g % ulmA] Met-Hg %%—Eroiﬂ%l FelstAl w3k

(p<0.05), 4811l = 448 2olE: JehiA &
ket

Se A AT ALE %AIT@W# FAr
6A1ZE, 2471 2t o) ‘B =7F Met-Hg &
A B ReHp<0.05).

AZzAdNe] £ HHFZe Y € AxAHAE
BPE U4S Jehfo] B E TN BATRY FHF

= 24 A7k o) HlE] S shAl U (p<0.05 p<0.01)
g R e s} we £3HFeE YyehAdth

Met-Hg$} Se 54 £ Se AFAFE 24A12 4 7t
A FEsitrl 8AnAd e 55 Zase 23S 5

il Met-Hg @ER70 HlEA] FAFo 70l 4847
AenE: FAsA FRen (p<0.05) Se AT
Met-Hg @EFATRY AAY7I1lN 25 FoatA
SetH(p<0.05, p<0.01)(Table 3).

fo o

s

Lt. Succinic dehydrogenase(SDH) #AIT 3}

Met-Hge} Ses o & tixsgjde] SDH =&
Z2%3 A3 Table 49} Z st} Met-Hg SEFo 79
SDH #A=E A4g717toA el vis) AP =2
W7k 26~30%2 25 F2)3HA RFRATL(p<0.05) Met-Hg
s} Se BAIEQZY A$E 64N W2EY #9%
Aol7l ot 24 DA e iz vl& 4% =
a8 BAEEZ Jehlo] f98A wed (p<0.05),
48A1Z Aol & 24M ZEAo] I ol AE IEd BHZE
Yehfo] diz2d F9& AolE JehiA st

Se ARG SDH £4%E A AJANNA 2%
zT# Fog AolE Vel ggted, 6413, 24413
o] SDH #A4=E& Met-Hg ©E Fozrog Zz
58, 42% A58 AclolA foldtA EUtHp<0.05)(Table
4).

Table 3. Concentration of total mercury in brain(cerebral cortex), liver and kidney of rats treated with methyl-

mercuric chloride and sodium selenite

(unit : #g/g)
Brain Liver Kidney

Experimental group
62 242 482 6° 24® 48 68 24° 482
1 Control 003 ND 0.04 0.10 003 ND 0.09 0.11 0.07
(0.01) {0.02) (0.06) (0.02) (0.05) (0.06) (0.06)
I CH.HgCl 1.01 1.27 2.78 410 8.87 11.95 9.12 7.84 3.51
(048) (032) (1.22) (091) (5.15) (324) (5.01) (2200 (119)
I Na,SeO, 0.06 005 ND 0.08 0.03 0.02 012 0.11 0.09
(0.02)  (0.03) (0.05) (0.02) (001) (0.09) (0.08) (0.05)
IV CH,HgCl with Na,SeO, 1.53" 159 241 2.75" 4.05° 1206 3.68" 4.70" 2.73
(0.72) (037) (048) (0.84) (0.71) (151) (161) (251) (1.48)
V CH;HgCl after Na,SeO, 0.61 2.15* 291 2.78" 516  10.37 1547 4.04" 1.83"
(0.21) (1199 (021) (070) (142) (154) (087) (211) (0.72)

Each value represents the mean{(S.D.){(n=5)
ND : Not detected, below the detection limit of analysis

Experimental animals were treated with metals by single intraperitoneal injection

*P<0.05, *P<0.01 compared with [[ group
8Hour after treatment



Table 4. Succinic dehydrogense activities in brain extract(cerebral cortex) of rats treated with methylmercuric

chloride and sodium selenite

(unit : zM INT formazane/g)

Experimental group

Hour after treatment

6 24 48
I Control 973+101 1073+329 9301326
I CH,HgCl 823457 7471174 682+215"
(—26) (~30) (—27)
I NaSeO, 8501161 950+275 1095+ 317
(-3 A(—11) (+18)
IV CH,HgC! with Na,SeQ, 1013+367 703+155" 8461290
| (+7) (~34) (~9)
V CH;HgCl after Na,SeO, 107041892 105811862 1004+ 361
(+17) (~1) (+8)

Each value represents the mean+SD(n=5)

Experimental animals were treated with metals by single intraperitoneal injection
(+) : increase(%), (—) : decrease(%) to the mean of control

*p<0.05 compared with control gorup
8p<0.05 compared with ] group

Table 5. ATP concentration of mitochondria in brain(cerebral cortex) of rats treated with methylmercuric

chloride and sodium selenite

(unit : ng / mg wet brain)

Experimental group

Hour after treatment

6 24 48
I Control 743£17 79.1+ 65 785133
I CH;HgCl 69.445.2" 60.8+17.1 61.2+9.6
I NaSeO, 725117 729+ 42 74.3£2.0
IV CH.HgCl with Na,SeO, 722418 752+ 3.3 746142
V CH,HgCl after Na,Se0O;, 7341£4.1 732+ 25 778459

Each value represents the mean+S.D(n=5)

Experimental animals were treated with metals by single intraperitoneal injection

*p<0.05 compared with control group

C}. Adenosine-5'-triphosphate(ATP) S E5}

Met-Hg¢} Se % th] 3]z 2] mitochondria & o))
el ATP 2373} Table 5} 24tk Met-Hg 95 5o
T 6A17, 24717, 48A17HRI9) ATP sx& zhz}h 694,
60.8, 61.2ng /mgg WEhfe] dlzEe 743, 791 785
ng /mgol vls) frolstA Rka(p<005) T A FEE
2zt 7, 23, 32%F =R}

Met-Hge} Se AR Z ¢ ol vl&) 3~
5% A= Z4E T=&8 YA oY 23 xolE Ho]
A ded, Se FFATY AL GA F93F zolE

UehiR] ¢skti(Table 5).

2. Acetylcholinesterase(AChE) &AM T 35}
> Met-Hgsl Se £ ¥ tix5@olxe AChE ¥A4E
W3l Table 65 Zgton], AFEAQFo] 25 6A7Hs}o)
H)3] 24A17HR e ZFAslrl 48A1 7Aoo Ax 3=
He= AEe 23t Met-Hg 9552479 AS$ 647
2477k, 48A1ZER 9] A=) Z+zb 829, 590, 718u /18
B tjzgo] HlE) 334, 500, 409% A= AHIEE
YA o]5 A= BF S8 RUHp<0.05).



Met-Hgst Se FA1FIo] il Azt we} 2h2}
2o Hl# 6.5, 474, 334%9 AHHEE Yehhol
A7 E Al st 24417, 4821 2] AChE A4 =7}
thz ol Hls) FoatA H#ekeu (p<0.05), Se AF 9]
ASE 71 Fe BHAEE B 244789 943u/1 84
=7} 2Tl H8) 20.0% Fx= AR Aol BAT
AHoZ {13t Aoz Kol YU Met-Hg dEFoF
9] Bz} v HAFAITE] SR Se AFEATE0)
H Eol 24A17L, 48RS AT = BASH LR {FoT
2ol & YERY ATH(p<0.05) (Table 6).

o}, Intracellular Ca* =3}

Met-Hg$t Se ¥ ti= 329 [Ca*]ig &4 v]ug
A7 BE FowolA AlZto] Agdel wat Frtste A
& H9c(Table 7). Met-Hg ©EFAF9 ¢ A7)
w2 326.3, 304.3, 5525 nM / g¢] [Ca*]io] 227 tfzTof
Hlzl 2.6, 1.8, 299 AE F3tA A (p<0.05 p<
0.01).

Met-Hgs} Se BA1F 79 [Ca*]i2 6411t 244125 o)
14450M / g7} 2155nM / g& vEhllo] dizes fo%
ZolE Holz| ot 48A1A = Al 365.0nM /g

Table 6. Acetylcholinesterase activities in the brain extract(cerebral cortex) of rats treated with methylmercuric

chioride and sodium selentie

(unit : u/1)
. Hour after treatment

Experimental group 6 ” m

Control 12454168 11794347 12141202

I CH,HgCl 8294233 5904-260" 718+ 83"
(334) (50.0) (40.9)

M NaSeO, 10854108 7744295 11384203
(129) (34.4) (63)

IV CH,HgCl with Na,SeO, 1164 +459 620+ 97* 809+ 86*
(6.5) (474) (33.4)

V CHgHgCl after Na,SeO, 11994315 943+186% 1068 £269%
(37) (20.0) (12.0)

Each value represents the mean+S.D(n=5)

Experimental animals were treated with metals by single intraperitoneal injection
(%) : Inhibition percentage to the mean of control

*p<0.05 compared with control gorup

8p<(0.05 compared with [I group

Table 7. Intracellular Ca* in brain(cerebral cortex) of rats treated with methylmercuric chloride and sodium
selenite
(unit : nM / g)

Hour after treatment

Experimental group

6 24 48
I Control 1270+ 345 1688+ 28.8 1938+ 418
I CH.HgCl 326.3+£133.07 304.3+150.3 552.5+183.3"*
I NaSeO, 3363+ 53.0 211.0+ 54.0 337.0+ 345"
IV CH;HgCl with Na;SeO, 1445+ 59.8% 215511513 365.04£102.8”
V CH;HgCl after Na,SeO, 2138% 738 1768+ 70.8* 302.0+ 87.3®

Each value represents the mean4S.D(n=5)

Experimental animals were treated with metals by single intraperitoneal injection
*p<0.05, *p<0.01 compared with control gorup

85 <0.05 compared with [I group



9 [Ca*lig vebhel tizzel W& fojstA =doh
(p<005). EF AP [Ca*]i& Met-Hg @55
T3 BEA] FARCZO] @EFRAFA Hls] 56, 29,
3% A= Fad [Ca]ig 2oy 6AtAe] [Ca*li
o] {948 Aol& UEho] R}H(p<0.05).

Se ARl 4-+E Met-Hgs} Se FAIF I3 Zo]
48A1 A Te] th ol WS FofstA e [Cat]ig e
WL v A7k 2138, 1768, 3020 nM / g} [Ca*]ie)
Met-Hg @E5Foel Hla] RU 2443, 482174 2
[Ca*])ie #o1& Aol& RATHp<0.05)(Table 7).

2. Free intrasynaptosomal Ca®

4oz Met-Hgd ¥%=& 25¢M,
50eM 2 100«MZ FE3te] T3k 23} Table 87 %
2738 dAch

Synaptosome

Synaptosome-&

el [Ca*]is& o S|
11.55nMd]| Hlgl| =& T4 E9] =7l {o3A Eof
(p<0.01) Z 459N E 2 2.1~33u] s alsdeh

Met-Hge] 5= 2lst [Ca?]ise] 7o) See] A%
7 o3k Jgg =X g5 E Yol Az Table
99} 2 ZAE Yk Met-Hg 25:M7t Se 200«M EA)
el 72-$19.29nM9) [Ca*]is viehllof 25:M T5F
39 31.91pMd) vl8 F95A #HRL (p<0.01),
Met-Hg 50«M3} Se 200«M EAlFo 73 Met-Hg 100
#M3=} Se 200eM BAFAZ GA] Met-Hg BEFo T
vlale] folatA B [Ca*lisg JERNRLH (p<0.05),
olg9 A g 24~40%9 WA 22 Met-Hgot
Se FAFATEY [Ca*]iso] Met-Hg @EForan
AstE Rol7l= st dA] Met-Hg 254M3t Se 200.M
FAFAEE Adsie F AdT BF dazond &4
A ®2 F=E veERAH Table 8,9).
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iAoz Fei wiol ojabd Met-Hge AASAY
S5 22 Axe) WA GHE Asse R YA
T gl olsh 2e AalAdgel wWsolN 53 2AN
Se AL AAY Ca*o) WstzA, H2e] Rad m=w
HRAZE AT e FEaQL HetE Egol o
Ay ojyzt HFel [Cav]i Aol E shtel 89lo]

Table 8. The free intrasynaptosomal Ca? treated with
methylmercuric chloride in synaptosomes

Experimental group Experimental Concentration
(dose : «M) Number (nM)
I Control 10 11554+ 591
I CH,HgCl (25) 10 3191+ 6.39°
I CHHgCl(50) 10 36.674 7.09"
IV CH,HgCl (100) 10 38.391+10.14"

Each value represents the mean4+S.D.

Synaptosomes were incubated with each compound at
37¢¢ for 10 min.

"p<0.01 compared with control group

Table 9. Effect of sodium selenite on the free intr-
asynaptosomal Ca? treated with methyl-
mercuric chloride

Concentration(nM)
Agent
No Na,SeO, 200.M Na,SeO,
Control 11554+ 591 28.84410.56"
CH,HgCl 25«M 3191+ 6.39 19.29+10.11*
50uM 3667+ 7.09 25.30+ 9.49*
100+M 38.394+10.14 29.21+ 6.65*

Each value represents the mean+S.D(n=10)

Synaptosomes were incubated with methylmercuric
chloride and sodium selenite for 10 min

*p<0.05, *p<0.01 compared with the corresponding
value in the absence of sodium selenite

Hoz A, AL e [Ca”]i 3 2o s X
el Al Z71%k Ca**ell 9]8) plasma membraneo] $/3yt7)
ul o)zt 3k th(Campbell, 1983).

ABMEAM S [Ca* )iz = &8 ¢ ACh=e) BAE
AdHEE {{Ca”]i £4->ACh fF2]&—>synapse Fot
(postsynaptic membranes)-‘l]' #A438 ion flow change—
synapse ¥ote] 2R-I—>AChEe] ofs) AChe] Eal(Ze
A E2 b uptake)—>synapse Fute] A BEF—>4174 2}
T Ag->Ca¥ o] §4l} T ¢Psl= 220 JyY
Hojr},

ols} Z& MEW Ca*e) 7k oy 714 BEE T3
A olFo)d £ Jded A ABAE, HEE ¢ S

AE Fol EAske d93 348 Ad Ca-channel&



23 #US A48 £ F ded o] Ca-channel A E=
o FhAE AEFAT ojaf deln L2z B85
2 kol AESo] A&d wf Ao MEW Ca* Fol
AL o g YoJu} presynaptic nerve terminal 2 K€ 217
ALEA FE& @4IAIE 5 wiAA HgE @
Ex = surface vesicleolt} mitochondria, endoplasmic
reticulum 59 MEU Ca® 47Tl AL AH
Aga7 5L Cav g A@dxHezy Ca¥g FEr9ln
g o]l 59 Ca™ 4 E AsAIA dolAE [Ca¥]i F7H7t
AeH, A= Na-channele F §9& Az & +
Ak & AETY Na* @0 F8& A= A8 714
SFESol} METY thiol 4] 2 o xthAle] W37}
RAEE Na* 571500 olo] A7IHA Zgo uwhe}
Ca™o] Na'sp o] o]Fstod [Ca™]i F7Mt =2 +
ATk olwtdlx UMAE MEwAqte] WH3lE plasma
membrane ©] T3} JFo] MalH 1 IRJ A=
A B (slow inward current)Z §9HE Ca¥ g
Az % 4 Ak (Pounds$} Rosen, 1988).

B2 At ostd Met-Hg= 8t [Ca*]ie] =
o) ulsted 18~29u) Ax9 {28 715 Ho] Lev-
esque ¢} Atchison(1988)0] AA)& Met-Hgol Al AN XS
47143 LTS AUt Met-Hg Fo7 s
£ oA #Ed gAY AserE ¥stE e ste
B g geade £& F5o2 Met-Hgol AAAE
AEE g1 & AU dB9 AHE G3HE At
fedsle SDH &4d= A3t g4 2 oA sged
ATP9 zta 2 [Ca?]ig] f% F7} Tol 455
BEHotul Met-Hg AAAEZ AL A& & + AR
t}. Met-Hg @553 Se T4 2 AFoFE B w o]
2 Met-Hgol SeFAlFoizel 7% SDH #4=ub
[Ca**1i Z7lol X Met-Hg BRFAFE = 433 548
HEE 2o} A7t met Wiyl 23 Sedl FAFAR
AChES] #4x A3z A BE=HA EstArt

aeiy} Se A5F9 Z 9 Met-Hg% Se FAIFAT
Fe i e FFE R oix] wEUALY BER
SDH gA4%7} Met-Hg ©5F oo Hjste] o3t
=3 ATP 5% FRBEA [CaliMx
Bt foatA W2 F=E Jehde] Seq HEAE
Met-Hg ¢ E4ozxe AXE H5o] 43 ¥ 313?1
i o]z A= Met-Hg B9EFATRT Fo3iA =
AChE A =olME yeluch ozl Seo 242 Yeh

wg P4AE

9} Johnsond]| (1973)°ll 98 Se¢] SDH A% 32283}
FAAA Axe TEE /A 2 duxirle #Ed
ATPasee] @43 5o Huel A#std Azsig o 5
mg / kg Sed] AEFE7} 3mg /kego] Met-Hg 542 0|9}
e A Z}QOE z}qo}ﬁ—i & 5 AL}
AZFAA dHd Friren dygyse Fsgel) A
2e BIES "ab%iw‘ w4 Met-Hg 54J°] 0.5ppme]
AaBAdg a5 2 (Ganther, 1978), Nishikidos}
Furuyashiki (1987)¢] d7Z o] 2sle] A E vfdoz
Met-Hge} Ses FAldl FaAlg £ 58, 204, 60%
Fo) o, 1, A%, Aol 9] FL2Fwr}t GEF oL
Hsle] FAFEAFo] o oA g1 AT HAol A
= Yot B sty ofutdl= Met-Hgot Seo] A%
2 oty HzAoz] £& 3ol FdHor FIEE
A $ AxA 35 (Chen 5, 1975: Ohi 5, 1976)0] BiLH
o] gtor} 18] AL Met-Hgel Seol o £, 3
W, SAAL B s e gFstA Jebdoh(Magos
9} Webb, 1977). & A7 Az}l M= Met-Hg 955473}
Met-Hge} Se AT % Se AT Hz2AHY
Hezrt AN Folgk Aolg HolR
o]l dM AREW HErlE sy RERoR
-Hg %%—‘?04-7“01 vJoMl He HAFEE eI
23] AoZ Ko}
A g Met-Hgod Se,] E—a\:o} gEi 23
RE A 2oy /12 AREH fAbsH

1

& dr
fo rlo
ib(

i)

=<
e

2
-

LA
P
o
2
x
rir
¥

>
=
£

o
et
o
N
o
U

Met-Hg 5% 48A1 2t 712 o] 2R & FH5%
A B Az mEd Met-Hg FoPEo] Hx
3 M E BARAAA ASH o2 FE5FME BRI
AR e zt7]l e $4E Bo Met-Hg gE55Fo7 2
Ao GAIZF olF B EHFEIL 7ASE ASE Hol 6
AIZE olHol Hu Fxol E""E} i B
Met-Hg9} Se EA)|Fofoju} Se A
o HIAE o]F= o] zoj7t em, EF
o) pNZrol M 24N A 9] W2 AY £ FIHEo] 3528
Cines] Met»HgQ—]- Se BARSTE 1.04AWE thED ol
Joll M5 Ll Seg] BAIFojot AR Apole]
o]Fo) o]zl USE AT £ UATh
E3) ¥ 23 ojA = Howarde} Motter(1986)2] A+
ol5tel Met-Hgel S8 &) 714 £& XL 43|
Bed met 1 2FHFer gEga Hged, ¥

o

o
T



Aol AHEHARN R A A Mo X FE7t HA ¥ 59
g HEsre Tt Jded, g AFAREZ wFolu
o} AME-Sre] ZAPTE= o Fobd ZoE A7
L20=

AChES] A EE A8l3t= 7™l F 712171 glo], st
= A3Y AAzA 193 o2 AChEQ] anion sited] 4]
Agtated Aalsle= A} stz AChEQ] ester siteo] 7}
doz Agste] Asste HAAH Az Aok

# AFMxE Met-HgFo2 At tizTol Bl
AChE 84 =71 334~500% A=2 AAF=E B
o|ge HAate B H4FPoAM FHIA e GRAT AAAE
W ACh9 ¥=357 € F3& A7l a9lo] HAL
Aoz Aztsn, oju] AChe %2 AChE B4 = stz
Q1% reuptaked] F F712 1% R olgfoz 18} rAo]
t}2 Met-Hg& Q3 [Ca*]i 712 ARATY 24 #2)
27 £ & AU B W Juiyoez ACh ¥35%e
e AE 2oz dg&5oiRrn)

ol 22 AW WgAI}= AR synaptosome
oA oo FIsA FEAHAC. Met-Hegol 25, 50,
100zM 2] FEol & synaptosomeo) A o] [Ca*]ise] W)z Fol
Hlgte 21~3.3d 45 AL FAFE7 dEAT
Met-Hg 7} mitochondriadll Egsle] 1 715 &k
Aoz sPg3kEA Met-Hg2 A% [Ca*lisel Z7t
¥l 7]&¢] Cheung®} Verity(1981)9] 72 zs}t A x]at
= Zolich

I AAFAE oPIATIE EAEY 54714 79
918t synaptosomeg ©]-&3 Arp s JIYPH
Aol & Aoz AN [Ca¥]ise] B FE Met-Hg
9} Seo] FE L& AFTHNAM FE 37 o) el F s
3 el wyeletn oA 53 AN
Met-Hg o] AAEA gt Seo] FALLye] o= A=
EEsRn T3 2AS 71x2E Ay [Ca*lis level
NM&= Sed] 2006M FA|FI7t Met-Hg 25, 50, 100M
gEFAd wa& 7] [Ca*]is& 40, 33, 24% 34
7+aAA Met-Hg® Q18 synaptosomed]) 4 o] Ca?* A4S
Seol AL T T AV oj¢ BE A HaFe
[Ca*]i £1-g A ol H2AE BRI Roletn
B 1§ Levesque$t Atchison(1988)¢] oj72 st
£ o Met-Hg2 A3 A74AE 548 Seol] APAAG
e 4 o

P, B Aol BEE AL dzTrg o [Catlis

un do

BEE

37V velie Z7he) Met-Hget Segs Z%
A3de W 2ok BAFSIAE W [Ca*]is Frkgo)
A veld Met-Hgel Se a7} A4 AAFgof
ASE & F AUANL, H 37 E JH -+ Met-Hg 25¢M
3t Se 200uMe] BEEAL FAFAT F HF ?2
[Ca*]isE vtEbfe], &AMt Z28-& b= Met-Hg
S Seg Al FHHHg W b AR oIUttE Grue-
nwedel (1984)9] B 119} UX|3l= A3t qAZIh g
U Met-Hgot Se A& 7tel 24 oA 28l #g 71de
o}A7tA] WElA A I £ 2FEY AzPo] wt
HES-ade] gt 3% o] FAol i § AFrt = ofR] o}
g Aoz ARHM, & Ayl 92" A2+ Met-Hg
2 91§ AChe]ut catecholamine®] #&]%7F 2 Na', K*
2 Crep 2o o)ty Asf, ATP Z4&7 Fol g
See] ¥ 4+& 77} synaptosome} MAW A A AF = of
Aop & Aoz AAZI, B A7 AFHOZ Y=
R A, YALENA Met-Hg 54 F&3t= Seq
Fr 2 43Iy synaptosome Ald 9] Met-Hg, Serxxo}
ATANA AN R HJoz o)A FF Met-Hg
o} Seol ¥FUW molar ratio® Fsli, 3 Met-Hgol
Sezte] HEFHTE ATE 3 FAINE & US
ROE AAA, EAZE o3} 2 Z2RE AAE 4
ol H&317] o@the Aotk F, FFRAEH7} Ao
Nod, L8] Sed AMEAl 2 AH o E4EHeR
Met-Hgol &l 4-&ste HHFe] Seg AR} e
o gol Ak et A AFZAE 93 Met-Hg
400 ti3 Seo] FEAAA} FAIFAU 71Et HE5A
o wla feld AHE YA ge HoR H Iy
UL, Ztzt 18] Met-Hgot Sed BEFAA F F49
o] o] AAHUE AFEC] EHAL Qo WS
o ARAHA A7t aE R
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Fo1e2e) AAFA e delwo] RAazs AEY
Ca* v=& 4oz #3d A3 dga £ Fdee

1. CHHgCl# NaSeO,9) EA1F-oI 9} NaSeOye] 1%l
A o5 £ A ¥R CHHeCl 9550 7ol
ustol Aol wheh SASGHOR felaA EUm

g
W % ARG FEE oz e,



2. > AW succinic dehydrogenase ¥ acetylcholine
esterase 4=+ CHHgCl 9% Foj H]sle] Na,
Se0; AFA T FTAIFAZNA FUL, 53] NaSeO,
AEAZA e FALHOR Fog o7l e
1], adenosine-5’-triphosphate 5= 314 % NaSeO;
Fo 50| CHHgCl @5 Rz B3l 52 =&
YeRf itk

3. CH;HgCle] 955 o2 N2 Ca* =7 A4 A
ol 2E iz vl FAGHLR F3tA
E%ou NaSel, AT 2 FAFAZM e d=E
Fo Hlate] 48A TATo] FoJshAl ¥t CHHgCl
VEEo 3} v wald Azt wal EBAEgHe R f9f
BHA Rkt

4. Synaptosome®] CH,HgCl9} Na,Se0;9] &A|FA]
free intrasynaptosomal Ca*¢] CH;HgCl §5FjAl 1
o FosHAl St

ol4e] 4PANE T8l B 57 &%) NaSeO;

£ CHHgCl 242 93 AFY Ca*y F718 AFAII R
2 CHHgClel AAHEA ndass AYx dse ¢
T AR
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