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ABSTRACT

In order to elucidate the relationships between cadmium, copper, mercury, zinc levels and metallothionein in
the liver and kidney cortex of Korean, the levels of Cd, Zn, Hg, Cu and metallothionein (MT) were determined
in the kidney cortex and liver of 50 subjects deceased in the period of January-November, 2001 in the area of
Seoul and Gyeonggi Province of Korea. The mean age of the population studied was 36.3+/—12.3 years. The
tissues were digested with microwave digestion system and the elements were determined by inductively
coupled plasma atomic emission spectrometry. MT was determined by the Cd-hemoglobin affinity assay. The
determined levels (mean+/—SD) were: 33.9+4/~18.9 micrograms Cd/g wet weight; 47.5+4/—12.6 micro-
grams Zn/g wet weight; 2.5+/-0.57 microgram Cu/g wet weight; 0.26+/—0.31 micrograms Hg/g wet
weight, 4.0+/—3.1 mg MT/g wet weight in renal cortex and 2.5-+/—1.9 micrograms Cd/g wet weight; 46.9
+/—15.0 micrograms Zn/g wet weight; 6.2+/~2.5 micrograms Cu/g wet weight; 0.10+/—0.15 micrograms
Hg/g wet weight, 0.92+/-0.57 mg MT/g wet weight in the liver. Positive relationships between Cd and MT,
sum of four divalent metal and MT in the kidney cortex were observed. No other correlation was found bet-
ween Cu and MT, Hg and MT, Zn and MT in either organs.
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4 e AAZE 27HGHS FE4 22 A
A3t 2HA) A Aol A3 biomarker2: metal-
lothionein (MT)o} Ql&d] o] F=2 uw|HE4 27}
341l Cds} Zn, Cu, Hg 5ol 98l =5+ 7
o=z ozjx 9Jo}(Searle ef al., 1984; Hamer, 1986).
MTE F2 AlZe] Az x5t 3 ¢ 2la
Foll M= WAL 6-TkDad] &AL gz of
m) Al 2= 9 30% A X7} cysteine S 65l 9
T ged ¢AE @A et MTE Fy2 A7
Fx3led F2 28 A% A 2 AN L
o ¥ W XA = =3} (Davis and Cousins,
2000). MTE= F2 Cd 2 Znol ) 7tolA gAlS
™ AlFel M= Hgell 23] A=t} (Piotrowski er
al., 1974a, b; Piotrowski and Syzmansaka, 1976).
MT9] Aj=]stHel A& o} EH3A:= o4&
Ao} =AY wefdt A& 3= ez e
ok 1A Znvt Cul] A4l Heddte] 3AE o
el Ao AARH ZAEA W Zng
reservoir &g 313 =g e FFE& BA
o date] A EeA MTE BAE fF=sle] F
5243 A AgE F AA ol 4&E A
ANA Azutoz wiEAZlozx Mz AL
ARANRoZN Mo EAE AT (Goe-
ring and Klassen, 1984a, b; Viarengo and Nott, 1993;
Langston ef al., 1998), T3} o= Fall8t o-F9] At
S el UT weree s Aew vt
©} (Satoh er al., 1988; Basu and Lazo, 1990). 234
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Table 1. Distribution of age and gender of individual sub-

jects
Age group Female Male Total
Teens 3 - 3
Twenties 9 15
Thirties 6 5 11
Forties 7 6 13
Fifties 3 2 5
Sixties ~ 3 3
Total 25 25 50
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2. Cd—Hemoglobin affinity assayol| 2|t
metallothioneins = X

Metallothionein %% Z3-2 Eaton3} Toal®] 4}

| Liver/Kidney

l—4 vol. of 10mM Tris—HCI buffer (pH 7.4)

[ome]

l—Centrifuge at 10,000 X g 10min (4°C)

Cytosol

—Saturate with CdClz(lOppm Cd) solution
~Incubate at room temperature for 5min
-Remove the excess of Cd

(Precipitate by addition of hemoglobin)

- Heat treatment in a water bath (100°C, 2min)
v—Cemrifuge at 10,000 x g, 5min(RT)

| Supernatant

= MT fraction
~Resolve with ¢c-HNO,
v Measurement of Cd (AA)

3 times

F Measurement of Cd |

- Calculation
[MT (M.W. 6050) conjugated with
6g of Cd atoms]
y

f Concentration of MT \

Fig. 1. Scheme of Cd—hemoglobin affinity assay for mea-
suring metallothionein concentration.
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¥ (Eaton and Toal, 1982)& <F7} W3 A)A 4383}
Aok 23 AREAE AT Ade] A
2 AHg oL, 10mM Tris-HCl 34 (pH 7.4)2.
2 20% wve FARE FEY o FAAE
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BE F 100°C 48X 287 dxeEtn A
10,000 goll A} 28 <t YAIE s HAAH
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Table 2. Cadmium, copper, mercury, zinc and metallo-
thionein concentration in the kidney cortex and
liver. (Heavy metals : ug/g - wet weight, MT : mg
/g - wet weight)

v Kidney cortex Liver
7} A7) Aol E wi71x] wAg & oA 2 Element
G719l po] B alg AAD e A (AR, Mean(SD) N Mean(SD)
- Cd 49 33.9(18.9) 50 2.5(1.9)
1998)e]] ¥ 313} ulFH o microwave digestion
el 2 el et £ Cu 50 25(057) 49 62025
system (Milestone s.r.l., mls 1200 mega, Italy)e = Heg 50 0.26(0.31) 49 0.10 (0.15)
23 o =AY Fekant dApidtes Zn 49 47.5(126) 48 46.9(15.0)
(Thermo Jarrell Ash Co., Atomscan 25, USA)E A} MT 47 4.0(3.1) 46 0.92(0.57)
a3l AT FR 2 2240 ks 23l N : Number of specimens, SD : Standard deviation
Table 3. MT induction in kidney cortex and liver by sex difference
Kidney cortex Liver
Male Female Male Female
Age (years) 38.041+12.59 34.56+11.93 38.04+12.59 34.56+11.93
Four divalent metal (ppm)” 75.81+24.04 95.13£25.33 49.30+15.56 61.95+18.67
MT (mg/g) 4.02+2.84 3.941£347 0.994+0.60 0.84£0.55

" Total values of Cd, Cu, Hg and Zn
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Fig. 2. MT induction in kidney cortex by age and sex diffe-
rence.
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Fig. 3. MT induction in liver by age and sex difference.

Table 4. MT induction in kidney cortex and liver by age

difference
Organs MT (mg/g - wet weight)

Ages Kidney cortex Liver
10~19 3.67£2.95 (n*=3) 0.51£0.45 (n=3)
20~29 2.87+3.16 (n=15) 1.09+£0.57 (n=15)
30~39 4.67+3.14(n=10) 1.03+0.61 (n=10)
40~49 4.13£3.34(n=12) 0.73+0.53 (n=11)
50~59 5.93+1.59 (n=4) 0.89+0.68 (n=4)

>60 4.35+4.17 (n=3) 0.8210.65 (n=3)

* n = Sample numbers

o] MTE=¢ A J33s 73
A B upel o)k AAe] MTEEFe] Zhel ws)

Fig. 4. MT induction in kidney cortex by age difference.
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Fig. 5. MT induction in liver by age difference.
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Table 5. Correlation coefficient in the kidney cortex and

liver.
Correlation Kidney cortex Liver
MT -four divalent metal 0.410%* 0.194
MT-Cd 0.460%* 0.095
MT-Cu —0.150 0.174
MT-Hg 0.207 —0.105
MT-Zn 0.224 0.158

Figures in the table are coefficients between metallothionein and
elemental concentration which are significant at 19%(**).

r=0410%*

mg—-MT/g—kidney cortex

20 40 60 80 100 120 140 160

Sum of major divalent metals (ppm)

Fig. 6. The relationship between four divalent metal con-
centration (Cd, Cu, Hg, and Zn) and metallotionein
in human kidney cortex (p<0.01).
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Fig. 7. The relationship between Cd and metallotionein in
human kidney cortex (p<0.01).
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#3g X ICP-AESE, MT¥ Cd-hemoglobin
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-+ £FH A}, micrograms/g - wet weight) 3 MT
o] FE g3t Aok AAFAANA Fh=F:33.9
+189ug/g, oled 47.5+12.6 uglg, 7 2.5+0.57
uglg, = 0.26+0.31 pg/g, MT 4.0£3.1 pg/g wet
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weight. tAelME 7l=F 2.5+1.9 pug/g, oF4d
46.9+15.0 pg/e, 72 62425 pglg, 4 0.10+
0.15 ug/g, MT 0.92+0.57 mg/g wet weight. AlA}3]
Aol A Cdg} MT, 47)9) 27} 34 £33} MTAH
ol e Adole AFRA o el om, Aol A
A AR el EEA gt

LAt o

o

o] AT FYWAATA BTl
Ao} R e ARG APulel o8 4
BE Qe Aol A=Y,

dngd

o3 QA A=A v fe S5dae] A4 A
el A3 A7, SR 1998; 30:
33-42.
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