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Abstracts ~ Mercury, one of the most diffused and hazardous organ-specific envi-
ronmental contaminants, exists in a wide variety of physical and chemical states. The
murcury with the nature which evaporates easily can cause an acute or chronic
mercury poisoning to workers at mercury-handling workplaces. Although many
studies indicate that mercury induces a deleterious damage, little has been reported
from the investigations of mercury effects at surrounding levels in living things. The
purpose of this study was to evaluate the biological effects of mercury chloride and
ionizing radiation. Prepubertal male F344 rats were administered mercury chloride in
drinking water throughout the experimental period or were given wholebody irradia-
tion with a dose of 6.5 Gy. The amount changed of body weight during the experimen-
tal period showed a 4.9% rise in the mercury-treated group and 14.4% decline in the
irradiated group compared with the level of the control group. The results of hemato-
logical analysis (red blood cells, white blood cells, hemoglobin, and hematocrit)
indicated the differential effects of mercury chloride and ionizing radiation. However
the concentration of cortisol as assessed by radiocimmunoassay increased in both of the
groups. Relative expressions of mRNA related to mitochondrion-mediated apoptosis
were investigated using semiquantitative reverse transcription polymerase chain
reaction on gonad and urinary organs of the experimental groups. While the expres-
sion of Bcl-2 mRNA exhibited different patterns depending on the organs or the
experimental groups, both of the experimental groups showed a conspicuous expres-
sions of Bax mRNA. In conclusion, the target organ of mercury chloride seems to be a
urinary organ and the pattern of damage induced by mercury chloride differs from
that by ionizing radiation.
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FAQl T4 Frksh el meEr T3 Ak s
AdzA AgAE A4z 2953 on, dFe
SHE 2980 =2Fe o o] F AR AR At
ol o3 SFHEE FFE5 L92 BT ozt
W75 SANAR o) HASe} Q7 MY AR
= GFe F3 ok AQANN 229 BEE o
oFspA Uehtl, =ope) ¢ ok 10~150 ppb, W7) F
o] 0.01~0.02 ugm ™3, ‘ﬁ'—,—«] 73-%- 4 0.03 ppb, 420
+ 01ppb A= EAsh:= Aew wug wlh gleh $8
et eEopeld Ad R 2% Ade 37
0.09 ppmel] o]ﬁv}(ahaﬂﬁmi%l 1988). 42& %3
29 7] 298 U el 289l o9 Fou
BEE MR QN ABE F 4 o, 428 =
YT AR Qb AT A, 2] 27, 22l
s—odim Aol THE Wl ols) ANAL AL

2951 gt} o83t 8¢ i3t SA d3= el
6}711 oIFel A2 ov) s2al Had YAl ot o
AHoz AT Yok F715L, dLSL, G5
F 4290 999 il 9o 7 4= el vheh
U Qlow, F2 AR, A% 3 7 %) £4 F
<€ dedoz ooFict(Emanuelli et al. 1996). 557
2 FHE 2 31 95E AdelM we &
2718 2oz Alstse] ¥A ¢l Ao FHuF
1374 AgsA =, 7 Ex 9 e dFAS A2 F
8 23 2 da aev 93 35 2 A
832 2o/t ¥y #ES B8 Hel Hell A
Al £AHS doF|A HC}(Gochfeld 2003). 7|42
o ABFLE2 5% AE2 2 el AAlex e A

A W) 20~ eooao]nq NAAE WA
ATk el 920 A ARFEo] 0% ol )
o RS e F4Te, $4D AUse 107
Sl $49ck el 3)oHBoening 2000) of7] Y
o} olellAl: Feel % 2sde] A HADHol,
Z A& 9o Ao glrt(Igata 1993).

F2o A% FE AL TeEY SA4AYH A2 4
F2 o|felA gefsiAl A Ao, 432 AT
Fo e W AFNA IRAARKLD,) FEE 30~
3Bmgkgt 22 FHHo= Qzbe] YPHe= ke ¥
o= AMgE zleo]lE B.elth(Emanuelli et al. 1996;
Diamond and Zalups 1998; Gochfeld 2003).

v o] 23} WA B o2 AP Eiﬂ
"7, QA7 el vAE 3 F T HH el 2

ol

O

WL Ao] o]Fo)x|: ¢t} (Takahashi 2002; Thorne
2003; Uma 2003). 0|23 #}AbAe] o8t Q72 =dj=
ste] FF<49] J3E vlagtoza 429 o4kg vzt
Aoz odfd 4 gl& Aol oA 29 FAHY
Z7tl At 4 292 FUF ¥ ot BEAYoF T
25 AYH ko] F7HEI e RN Ae=
22 AFed w2 AESA £4F9] EAJeta of

5 qAbAel SI% AA £43e) HlE A2 g 7] 9
A 2 A7E A
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1. 4348 ¢ ¥

2 Agel AR FE, A, A8 AFH 52 9A
7123 B =F-g uleto 2 238} ch(Kim et al. 2004).
A& 472 e] 47] F344 37 (Daechan Biolink, Chung-
buk)g AR IR A4 W] ARSALA
3 Atgst B8 83 FET AR 10114420/
e 29 =24 dtellM 1797 HEA F A A
23+t

o] &3} HMAA A& SFEUAE QTR ek
1EA) A %) (Panoramic Irradiator, Atomic Energy of Cana-
da Ltd.)E o] 83l ZAVEIITH(Kim et al. 2003). FA}
AL AF-1b3AE 7|E0 3 7|7 el $A4do] &
A= Aeke 2A}ekeT (Lee et al. 2000). 5°Co 9] 7}
X+ ¢F 150 TBq, Fricke dosimeter2. &3} =82
12.82 Gy hour™! o], 305-7F ZA}elgch 42 8] 9
ASolE 285 1mgkg'd yE2 J32(IDE
277+ Melstadch 227k} A & WA} 24E A3
sl G278 Ho1E RHA

2. 4 F8 AR F£E F9

A 5 98 AHste it A3 A A
3H-&- 374 (EDTA, Sigma, USA)E 228 &
(Hb), hematocrit (HCT), red blood cell (RBC), WBC (white
blood cell), Platelet, MCV (3¢ 387 -§-%)), MCH (3¢
YT A4=H, MCHC (7 AT L% ®) 5
< dotngict & A ZA 47| E o] 83t AAlstget o
Al dubHel B8t HARE: A|s s}, total protein, albu-

min, A/G ratio, creatine, cholesterol, BUN (blood urea

hemoglobin

nitrogen), chloride, inorganic phosphorus, calcium, 12
T HAY A3 FAE4l glutamic oxaloacetatic

trasaminase (GOT), glutamic pyruvic transaminase
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(GPT), alkaline phosphatase (ALP), lactate dehydro-
genase (LDH)®] %32 shlshodeh AR 747h ALT
reagents (Bayer, USA)E. GOT¢} GPT M| A1&3)5
3, LDH+ lactate dehydrogenase (P-L kit, Bayer,
USA), ALP+= alkaline phosphate reagents (Bayer, USA)
Z A}8-3}e] kinetic UV method®} enzymatic method ®}t
25 %3] ADVIA 1650 (Bayer, Japan)& %43}
o} (Fukuda et al. 2004).

3. YU cortisol E ¥4

e cortisole] =S EY3] ), AY F Uy
B AR2oA] 3027 23 AFT AF 4°CollA] 3,000X g
A JAEE s, AL Aok 4 A F 2B uLF
FHsle), 322 P& 434815 (DSL system, USA). ¥
e 93 Al7e] A2 gamma counter (Wallac system,

Finland)Z A}& 3}sich
4. Total RNA &3

Ao} XA total RNAS 2&3}7] &) 2+ =4
0.1 g *} Trizol (Invitrogen Corp.) 1 mLS Y3 homoge-
nizer2 A3} AlZch FA3 ® o] 0.2 mLe
chlorozform$& o] EZA|Z F AAEH7|E |43}
12,000 x g2 1587 4°CE FA3HA A48 39
AEY F Y4E BR e AEEe 74 a8
H-& H3le] F3F2] isopropanold FA A 33} 20°C
oA 12A17F AAAZ F 12,000 X g, 1587+ 4°Cel|A] Y
A seh AE5dE M7 F 75% ethanol & ©]-4-3}
o AAsl 7,500 % g, 587 AAEE S AlH F
ZFA el A 1087} A=A|Z] F diethyl pyrocarbon-
ate (DEPC, Sigma-Aldrich)& *2]3 =F% 1} nucle-
ase free water (Promega, USA)ol| 43| Al#A, 55°CellA] 20
B =9l & dBE spectrophotometerd o83}
RNA & A st o] ¥ oA 3742 242 JF
o) B3

5. Al FA B2 A FHaL A3 W

AZAA BAsle A AT FoH mlEEE
@)ool FHe2i8 Bel-2/Bax mRNA 2+ wW3ls oo}y y)
98 G- 2354 A3 vhS(reverse transcription-
polymerase chain reaction, RT-PCR)& $3) &},
Complementary DNA libraryZ w57} 93| 7o)
RNA 1pug$& 10 pM oligodT 15 primer (Promega, USA),
RNase inhibitor (40 U uL~%, Promega, USA), 2.5 mM
dNTP (Takara, Japan), AMV RT reaction buffer (5 X,

Promega, USA), AMV reverse-transcriptase (10 U pL},
Promega, USA)S Z33l= uled Zoi] 708 F<
42°Col|A] uF-2-A]F v} (Thermal cycler 480, Takara). A %
7} Tyt cDNAE o8 PCRE 538 w7}x] —20°Cel
Basg

RNA & 9 93 p} A2 3= PeAE st
7] 8l A house keeping gene©. 2 =zl glyceraldeh-
ydes 3-phosphate dehydrogenase (GAPDH)E 2 A
PCR=Z ZZ3}9v}t GAPDHY] forward primer sequence
+= 5’-CCC TCA AGA TTG TCA GCA ATG C-3', reverse
primer sequencet 5-GTC CTC AGT GTA GCC CAG
GAT-3'& A|#3}o] A4-3193, PCR AME-2] =7]%= 410
bp °]t} (Horikoshi and Sakakibara 2000). Thin wall
tubeel] Y <}9] ¢DNA, MgCl,, 10X PCR buffer, dNTPs,
a3 Z4e] Alz% primerE Taq DNA polymerase
(QIAGEN, Germany)3} %3k Az PCR whg- 271
2 94°Cel|*] 587} predenaturation A]Z] &, 94°CellA]
187} denaturation, Zr primere) we} 58~62°Ce &=
oA 30%~1%7} annealing, 72°CellA] 127} extention
£ % 28~353] AAEH vtz 72°CellA 587t
postelongation A|A &3] PCR AFE2 dojuje] A7)
35e AN A7A) £CoA BB

A7]9J %2 6X loading dyeE 7uL®] PCR AHEs} &
3 & 2% agarose gelel] loading 3} 100V= 30%-3+
A 7]ed% st9dr}. Ethidium bromide (EtBr)Z 1027+ 4
A3 ¥ Image analyzer (VILER LOURMAT) 3loj A =
B85 Fejsioich GAPDHS) Wl ool wldste] 7
A9 B pe) WE lmstalch 4 WL 53
o) Soetel AR Hech

6. BA%Y 24

A oA AL dUAEAHEA (one-way ANOVA
test)& AH-8191 3, p Fto] 0.058 T} 22 A2 §9o38)
o3 #Ase) Uk AFe) A Y FEAAY
F(GEM 2 Jehygie)

AR Al 2AF F 32 (D9 g5 XY 25%F
9 AF Z7AE AP vl (Fig. D. 25 4
S8 S8 AYEH S AR 24 A
HlE e o, hE2Z(144.611.27 g)ol] H]3te] upald
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Fig. 1. The rate of the increase in the body weight during
experimental period. Abbreviations; Con, control
group; Rad, irradiated group; HgCl,, mercury chlo-
ride (II)-exposed group. *, p<0.05.

AV A AE(123.8+5.81 g0 oF 14.4% (208 ¢)
FAastn dae2e $489 A$(151.63+2.17 g)
e Hagel wis) BT AFel oF 49% (1.04 9 F7}
st &, 2ol vlste Jp2ADE AHF F&
AZF Z7HEe]l FABMA dolgont, WAk g Al 24}
¥ 2577} At A2 ASolE F7 AT Byvt
o] MpAA FAlZY] A4 ALHQ iz 5F A A
ol 2ol H|3le] oF 40% F =] A F HALE B

Table 19] A%t 249 AH FAI &7 (wet
weights)S &3A]3te] Al&3F 7] TA|4>(organ indices)<]
zhelg BAA HoMezm FEI Ao (+,
p<0.05). 7k2] FAE APFZE vlws] 2y AME
HAl ZARE AP 739-(6.07£0.27 g)ofl 2] F
A (6.61£0.23 g)ofl vl ZHe] FAIZ} HHF 053¢
(9.1%) ZAAa3 3, d3p2S 244171 A2 (6.83%
0.11 @l M= 7ke] FA 7} 2ol v]siA] He 023 ¢
(3.5%) 718t A& s A& Aal AR
2] AlAFe} 2 (0.62+0.02 )= 22 7 (0.65:
0.03 9ol vl A] FF ZA7} 0.021 g (3.3%) ZHa3ls]
a1 G3leeg At AgEY AR FA0.7710.01 g
= W29 va A HF FA7F 0129 g (20.2%) S0}
3ldet (0 <0.05). ©F2 Z13ke] FA wistel wls] Wb
+ AR AT A T AR E AelE B
oA eiskont, A3y A7 ARIWAME o& 75
A wstel] vl AR A Wz} B A Geld
o} o] Ad= FA WslE 53 7|#e] d¢=r) G
2-9] A% AA) BelHom odge] Z AL Az 4
Aot

HEALA el o3t A A A Q) Jgke] P & Aoz oy

Table 1. Statistical distintion of body weight and organ
indices between experimental groups

Control Irradiation HgCl, (ID)
Body wt - + -
Liver - - -
Kidney - - -
Spleen - + -
Testis - + -

The ‘+’ represents a case which is statistically significant ( p <0.05).

Ax vAe A WstE A7 vlwEt e AL
AL ZAReE Aglwef o] 7410251001 gl
71(0.4240.003 g)3} ¥ & o} 41%2) J7F
0.173 ) Ry} 93422 A2s A
Fo] 27 (0.43:£0.006 )= W3 FYTH
At (p<0.02). WpAFAel] 28t Bo]H &Afo)
& FE= AE ¥ 5 9lon, g3 o3t

&3] o g-& BAE Ao FA
2}l & Bxd uiAbMe| Al zARE A¥
(0.581+0.02 g)oll = FF FAIZ =z A
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Fig. 2. Changes in hematological parameters of the exper-
imental animals. Abbreviations; Con, control group;
Rad, irradiated group; HgCl,, mercury-exposed
group; RBC, red blood cells; WBC, white blood cells;
HCT, hematocrit; HB, hemoglobin. *, p<0.05.

0.03 x 103uLYo] dlxF2] FHF 4% (5.08+0.42 x 10°
uL hell wjmst A4 A F2 1% A=Y $SFE
Bl g3lae e 2o Ao #$(3.29+0.08
X 10°pL Dol = o 36% 7t28 FAskA. HA7E 4
X dubgez FEESMA UE Fof o4 NP9
S Yehs F4es B S Qoh Ak Aal 24
e YT 2l vw Y& o, G35 Ls Ay
S ARFEAME YT 2o} Jepd A 5
o]7ql Zzfo|rt Y Smel FAHE P (plate-
let)2] &=x= 2 $5(861£6.5x10°uL el H]
3 WAL 2=ARZS) 422 (235.7412.3x10°uL )7} o
3% 49 A& FAdsd Fdee 479 S
(9453420 x 10°pL- )= dlzz9] Aend 7.7% 27}
A $FE 299 d2F=29 (Hb), 38T 43
(hematocrit) 59 7} FFANME YA 2AREE A
729 $X)2 I FrHA F3RE ot e
A& H33, A3 879 Afoe 2 §A)
3 22 FAE

3. AY cortisol =X W3}

Cortisol (hydrocortisone)> FH3)2 F=2 29 53
A Aoz, F e At DAz yE A2 AP
Z+-8, Z gluconeogenesisel] T 3o} 74, £AF 2B
g 2ol AN whzA) Brlsle sE2Roz AEHA B

60

B/T (%)
H

50[—

40}

Con Rad HgCl,

Fig. 3. levels of cortisol in serum of experimental anim-
als.

aroz EHEr|= I} (Harvey ef al. 1994). Cortisol ¢
el EnlE AHS AW shiale] szel zuke Aquid
2 25983, R AgzA I3, 32, 9, o7 Fel
AW Autel F2 FAEI JdFFH 5] v¥dAT
THES, =g, A2F 25 Ao o Bxdt 3
Haeto] H= A4 =FFZ(Cushing’s syndrome)o] Yo
A #9 Rolilin et al. 2004). =3} cortisol?] Eu]7} A
S W BA 4] AR o v (Addison’s
disease)o] W 3}A] o} (Winqgvist et al. 1996). o] A1§
A dzze] HF FEol vla A WA AR
% 145% F718tR A3 4TS F 8.1% 3V
1o} (Fig. 3).

4. 713 A ZAAR FA dze] wdE ws)

M ZAGARE wif sl AlEd B2 & uEZsg e}
o} #AT M EZAQAL A sAGE FA 5= baxe} bel-2
o o3 mRNA Ed ;& Aot 214 71 #ellA 24}
stk ZF Exo] Wy QAWM house keeping genedl
GAPDHol| oj&t aofel] dis 1 n] & ofu]x] £4
< 3 wa - Fstgot ool dhaE 2AE
735l bax®] WAL izl vls) AAFA FIHCF
220%) 33l o, 9352 X2 Aol IS
ZAFE AS-BoE 2ot dlxd £F o)Ak Hd (¢

180%)& 24t J23iv ALY bel-29) AS-el= WA}
A 2AREE Yol vlE folEHA Evid dEe B
Q W G329 Ao tRFR} YelAE=
(26% 7r4)& stk Ao A Bol: baxe]

WAL S ZAMEE 799} Fro] FATE $U1E HolA
dkot folEA FUbslR e, T AdLNA FUhE
2 bel-29] AL, AiAE Zrketa AR A=
gaerc e die ngn.

r‘ﬂ" oﬁ,
I
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A. Testis [JBax @& Bcl-2
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Con Rad
B. Kidney [JBax [ Bcl-2
120 -
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Fig. 4. Comparison of mRNA expression levels of bax and
bel-2 in testis and kindey of the experimental ani-
mals.

o4

A% Al £ WY 2 A7 BEY Tl A%
A 2 ois Herg Yz vehd Aok F3
s QA 9ol A7
oE FE% AESA Sls el BeANE B o

9¢ T PP 298

7kl Bt egdel W BuEg @ s
9 AN} APz oHAT Ak e B 45
4 g AdA #9e 2del SFadh o
w2 vehda glew 92 S 2 sk A%
7 vheld b Qiek 0] ABAA cdakel g A7
oY 5O o) 48 Asld fusle A
AFo)7] Aol dbdoz w29 & gk B 47
2] Slalae Teksr)e ofich Webd B el
£ A& 520 Yt 2 AP FEB WEo), o]£3)
abiel AEehs msts) wmgess 534 99

A gl 93 A3 A=E Yoz vjwsich

AG7|17E Fet G352 E S84l o Fosigoe
o, AE AAF:ARE A 8L 4 38 BAXE
vl wtdet g AN F87AY A S Wizt
E 52 AR APLdME FAHE fo3lA:
kot SUbsle S Hyow, WAtdE =AM AY
LAME fo3 AF FAE BT (Fig. 1). o] & A
oM Mg 529 gt FA SAE o=
Fol ol7] wjfo] AR ZARZIA Bolx FAF
AZFe] W3t op7|3kA] % ez Atadd 1y
Zk 713 71 RAAeE ST A AAE A Yd 1
vz 9l A4 Al d2ET 2}o]E HolA] Yto
v AR A Sl SRR A e d3E A
2ol @2 H3E Bk WIS 2AE A A
Solle 7P A Haadd fARE Al £ R
Aot v 9 A4 Ay A3 FasiEo
(Table 1). o] ZtAF A4 £ AAAQ 7A £X)4
oz v ARLH AR w9 2 AolE BY
21} (p<0.02), 713 A8 AREIA A A A Fol| ofu] 8k
oz gAgrozn zlelrt Aot v A4
AL S AAlzAb S o P FEig W3ke et
Yoz o] T 7o) AAH oz wpAlAlG] ®IZE 7]
TUE Fel= ) uieby 71AR| 58 B8 71F FA e
a2 5 QY] o g3 AeE AHeEE
S4AFE el o3 AF W3 Bolx] gstort
AAe] FA7F S0 2, WA E 24 AT T
ol XA 2ANF Fr1Ee] FAE 2o, vt
A8 7% A5t Fol3A Fashe Aoz 9dr|#
e F A AolE: & 4 A

Al o 7px] FAEY $F WIS Eelst Z o)
w2, kel s WEl st FAsA FAaEe
A AYFE w8 2E 24} QR A4S #Fel3)
ot ol oA WY 72| ujn|gt Fiel AP
2 Hrgayl §ol Il AYAHE B 4 ddd
(Fig. 2. o] 7K Qaese] £RANA 2T o2
=29 53 A AP 541 2’ A (Gochfeld
2003)2.2 JehEn, 22-2 o3 Agre s AW F
L2710 EAE o3 "ok AlAe] slejME 29
AF 717ke] B 7Tl wis] Z7] wlFel] £2 oIt
F| A7 Fo] =3 gl Aoz AluEt} (Emanuelli e
al. 1996). WAHI & A ZARSE AT Bl
3 A mEo] Wzt WA =Fol ¥ A H]
2 8l 287)3e] £33 20 o WA ol B
oAFE Ao, G3e2S 8217 Ao A= A
o] & ®gl}h
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2AEHA saR oz oAz 9l: cortisol?] A
s BSFg AT F AYT BT ke Aoz o
ehgon, WAt wlaviA 2 3] AeE AF
Gats) BRY FAle el ol b Pl A
o2 Belch A cortisol®] F7hs WAL HAlzA}e
o AF A SN el Azt o) AwAd A
AaEle) kel whais Zloz Rouf AL g
ol 713 F AFe] WH3te} 22 Z EAde] oplE AL
opu} w2t chake} AT 27|59 o)At (Leblond
and Hontela 1999)¢] 1 Z7}e] 1glo & Alm ¥ld)

B Aol mIZFEE YA Al i) d3pel Fu
A71%Q AFNAM HZADARE wiA s Aol ¥

mRNA 43 $F& vl 8t} (Fig. 4). o] A3} A 4o
Ae % ) ol4ke] bax o] WA 2Alel s} 27}
= AL gzt on], Ask4e Al o7 Aok

Z7HEolA & AolE AT 4 U 2B bel-2
HEe vlas] £ A3 ukitdel og Fvbels e 4
s 4% AN e dxE olske] wds B
o] HRAMAe] 93 ofr|HE Azt 1 7]H o
92 e g & 4 3T (Nath et al. 1996). 213 <]l
A B2 7 Ao B = Ao 7ok fABH
epgtovh WRAMI S 2AFSE Aol AR M) T FoHE
of AaAE FA vehiAl gy AL & & AT
T 7 A L R Aol fAbsie A
HFHoz dojii= MEzAAAL 7]Ho] F UA A
2 me}t d2A velbs RS #dd 5 e oA
= AzAdA FH BAe FrhHl i e 24t
3o} W) wa) Rolof F Aoz A

B AR AL B |3 AR o)
A ] AL mhE ko] Aol gl A} 7| Ro] e
e oz Hem, 1 714 widt FHd) o2 AL
d 4 Agdeh 2 2o APe B AA 2
AEA AR &2 Bl ok dEt A&
& Feart glth ol d aqle] o3k &A4fo] Tt
A A= FAlO dolwts Wl oy o=
3hEe Ao B3 AAAQ YRE AFY Aol

o

&Jﬁﬁr&.‘lﬂﬂ

¥ g

A oo HeH W4 2 el G 3
& ASAA AP 2 £ S G

ofe] Yz ERI 44 NP YA dd 22
& T FHAN FRE 22AB Ao I =
& oy 50 @ 4 ek T 20 G540l

A %l7l~‘= st QA7 BAdA w2 sPE Axx
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