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ABSTRACT

Tolerance to toxic effects of cadmium (Cd), including lethality has been shown following pretreat-
ment with cadmium and zinc. This study was designed to determine if tolerance also develops
to Cd-induced hepatotoxicity and renal toxicity.

Three groups of rats (A, B, C), each consisting of 108 rats, were studied and each group was
divided into three subgroups (1, 2, 3), 12 rats for each subgroup.

Rats were subcutaneously pretreated with saline (A), CdCl, (0.5 mg/kg, B), and ZnCl, (13.0 mg/kg,
C) during time periods of 5 days. At the end of the period, rats were challenged with CdCl,
(3.0 and 6.0 mg/kg) by intraperitoneal injection.

As for the cadmium levels in rat tissues after pretreatments, it was highest in the liver. Then
kidney, heart, blood and muscle followed it in that order.

After 24, 48 and 96 hours of intraperitoneal injection by challenge doses the concentration of
cadmium in liver and kidney increased proportionally to the increase of challenge dosage. However
metallothioneins in liver and kidney were increased by the pretreatment of cadmium and zinc.
These data indicate the liver is a major target organ of acute Cd poisoning, and suggest that
cadmium induced hepatic injury, via release of Cd-MT, may play and important role in the nephro-
toxicity observed in response to short-term exposure to cadmium. This result suggests that increa-
sing cadmium concentrations, gradually accumulating in liver and kidney as the result of the pret-
reatment, served to induced the synthesis of metallothionein, thus making them resistant to the
challenge from cadmium.

Keywords : Cadmium, metallothionein, zinc, cadmium chloride.
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Table 1. Cadmium, zinc and metallothionein levels
in rat tissues after 24 hours of pretreatment
by daily subcutaneous injection for 5 days

5 #H7}sle] 24 mio] HA & o}2, 10 ppme] CdCh
(standard solution) 1 ml/Z ¥3}A|7]3L A2+ 5
+7F A= 3kl of 714l RBC hemolysate 0.2 m/ S
7}sbed deFe] st fFal MTel|9)e] 2E bioligand
£ A A% 100C water bathell 187} # %] A7
Cd-bound hemoglobin-g WA A7) ¥, 5871 94
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o} 47} 7+ hemolysate 7}, dxe) 3 94
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stdch
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FAIMe = NRAHFEE SASE ol &gl

op rz

Table 2. Cadmium, zinc and metallothionein levels
in rat tissues after 48 hours of pretreatment
by daily subcutaneous injection for 5 days

Tissue |Metal; Group A Group B Group C Tissue |Metall Group A Group B Group C
Cd <001 005+ 002 <001 Cd 001+ 001 | 008+002* | 001+001
Blood | Zn 456+ 108 | 471£053 503+ 062 Blood | Zn 482+ 141 | 538+ 048 598+ 026
MT <001 <001 <001 MT <001 <001 <001
Cd 001+001 | 0.78+008* 003+ 0.02 Cd 002+ 001 | 075+ 005* | 0.03+002
Heart | Zn | 1083+321 | 1527+ 220 1891+ 272 Heart | Zn 1242+ 231 1643+ 162 |1825+ 211
MT <001 003+ 001 <001 MT <001 003+ 001 <001
Cd 031005 | 728+ 051" 031+ 009 Cd 028+ 004 | 7421069 034+0.15
Kidney | Zn | 2598+ 321 | 3982+ 2.15 31838+ 334 Kidney | Zn | 2407+ 354 3981+ 354 |4388+ 347
MT | 003=001 | 029+ 0.07* 007+ 003 MT | 004+001 | 036+ 008* | 0.06% 003
Cd 018+ 003 | 1634+ 126" | 040+ 0.11 Cd 0171003 11518+ 1.19**| 039+ 0.11
Liver |Zn |2582+403 |5829+ 7227 | 3728+ 627 Liver |Zn | 2669+ 283 |4363+371% |85.06+ 695% %
MT | 004001 | 203+ 051* 025+ 0.10 MT | 004£001 | 192+ 045**| 017+ 005
Cd <001 004+ 001 001+ 001 Cd <001 0.05+ 001 001+ 001
Muscle | Zn | 14.18+ 215 | 2008+ 311 2122+ 34 Muscle | Zn 1820+ 248 2149t 226 |1933+ 114
(MT | <001 | <001 <001 LMT <001 <001 <001

*Values represents Mean* SD. of 4 rats per sub-

group. Contents are expressed as ug/g wet weight ex-

cept for blood {(ug/mi).

*p<0.05, **p<0.01 (comparison with group A and C).

¥ p<0.05 (comparison with group A). Detection limit

is 0.01 (ug/m/).

Group A : Prestreated with physiological saline by
daily subcutaneous injection for 5 days.

Group B : Pretreated with CdCl, (0.5 mg/kg) by same
method as group A.

Group C:Pretreated with ZnCl, (13.0 mg/kg) by
same method as group A.

“Values represents Meanx SD. of 4 rats per sub-

group. Contents are expressed as ug/g wet weight ex-

cept for blood (ug/mi).

*p<0.05, **p<0.01 (comparison with group A and C).

¥ p<0.05, **p<0.01 (comparison with group A). De-

tection limit is 0.01 (ug/mi).

Group A:Prestreated with physiological saline by
daily subcutaneous injection for 5 days.

Group B : Pretreated with CdCl, (0.5 mg/kg) by same
method as group A.

Group C:Pretreated with ZnCl, (13.0 mg/kg) by
same method as group A.
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Table 3. Cadmium and metallothionein levels of rat organs after 24 hours of intraperitoneal injection by chal-

lenge dosages of CdCl,

Group A Group B Group C
Tissue Cd/MT
A Ay Ay B, Bs of G, Gy
Cd 0.22% 1387+ | 2469+ | 12.78% | 46.68%t | 5783+ 050+ 2039t | 44.30+
(ug/g) 0.02¢ 3.15 6.03 1.07* 3.05* 5.09% 0.11 2.70* 4.36%
Liver
MT 0.10+ 034+ 0.37+ 142+ 3.64+ 492+ 0.20% 091+ 245+
(mg/g) 0.01 0.04 j 0.11 0.24** 0.29* 0.56%* 0.03 0.24 057*
Cd 0.25+ 292+ Fl.(ﬂi’. 433+ 16.12+ | 16.34+% 0.29+ 6.15+ 12,18+
(ug/g) 0.02" 3.13 2.84 0.12* 3.37* 3.72 0.12 0.27 0.74
Kidne
1aney MT 0.06+ 0.08% 0.15+ 0.10+ 0.73% 0.86+ 007+ 0.14+ 0.19x
(mg/g) 0.01 0.02 J 0.04 0.02 0.09* 0.13* 0.01 | 0.03 0.06

aValues represents meant S.D. of 4 rats per subgroup. Contents are expressed as ug/g wet weight g.

*p<0.05, **p<0.01 (comparison with group A and C).

# p<0.05, **p<0.01 (comparison with group A).

Pretreatments of group A, B, C are same as in Table 2.
Subgroup 1 was given of physiological saline by intraperitoneal injection. Subgroup 2 and 3 were given challenge
doses of 3.0 and 6.0 mgCd/kg by intraperitoneal injection, respectively.
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Table 4. Cadmium and metallothionein levels of organs in the rat after 48 hours of intraperitoneal injection
by challenge dosages of CdCl,

Group A Group B Group C
Tissue | Cd/MT T -
Ay A, Ay B, B. B, C C. C,
Cd 034+ | 1254t | 22,72+ | 1538+ | 43.01% | 62.10= | 061 | 1420+ | 2659+
(ug/g) 0.05" 1.03 348 1.57** 4.22* 5.25%* 0.13 1.03 4.88
Liver
MT 0.09+ 043+ 0.76 0.95+ 246* 3.82+ 0.66+ 253+ 272+
(mg/g) 0.01 0.16 0.19 0.27* 053 0.58%% 0.09* 0.31% 0.17¢
Cd 031+ 981 | 1127+ | 526+ | 14.26% | 2793+ | 0.63+ 7.76% ‘ 10.03+
(ug/g) 0.05° 1.03 3.48 1.57** 4.22* 5.25%* 013 | 103 4.88
Kidney

MT 0.04+ 0.10%t 031+ 0.18+ 0.34% 0.82+ 0.11+ 0.28+ 042+
(mg/g) 0.01 0.02+ 0.08 0.04*% 0.05 %().17“ 1 0.02 0.12 0.20

“Values represents mean® SD. of 4 rats per subgroup. Contents are expressed as pg/g wet weight g
*p<0.05, **p<0.01 (comparison with group A and Q).

#*p<0.05, **p<0.01 (comparison with group A).

Pretreatments of group A, B, C are same as in Table 2.

Subgroup 1 was given of physiological saline by intraperitoneal injection. Subgroup 2 and 3 were given challenge
doses of 3.0 and 6.0 mgCd/kg by intraperitoneal injection, respectively.

Table 5. Cadmium and metallothionein levels of organs in the rat after 96 hours of intraperitoneal injection
by challenge dosages of CdCl,

Group A Group B Group C
Tissue Cd/MT
A A, Ay B, B. By G G, G,
Cd 0.26+ 1345+ | 2338+ | 17.82+ | 46.68% | 58.29+ 0.69+ 1022+ | 3021+
(ug/g) 0.08" 1.82 3.72 2.06** 5.31** 6.28* 0.15 2.18 3.76
Liver i
j MT 0.05+ 0.28+ I 035+ 0.23+ 1.87+ 2.26% 0.07+ 1.08+ 0.79+
[ (mg/g) 0.01 0.07 0.12 0.10 0.38%% | 04477 0.03 0.18 0.21
Cd 0.27+ 1243+ | 22,76+ 7.56% 20.06+ | 34.72+ 0.38% 8.56+ 18.27+%
(ug/p) | 005 1.51 430 | 183 | 215% | 318 0.12 1.25 2.05
Kidney
MT 0.02+ 009+ 0.14+ 0.06+ 0.27+ 0.51+ 0.05+ 0.15+ 0.20+

(mg/g) 0.01 L0.0Z 0.05

“Values represents meant SD. of 4 rats per subgroup. Contents are expressed as pg/g wet weight g
*p<0.05, **p<0.01 (comparison with group A and C).

# p<0.05, **p<0.01 (comparison with group A).

Pretreatments of group A, B, C are same as in Table 2.

Subgroup 1 was given of physiological saline by intraperitoneal injection. Subgroup 2 and 3 were given challenge
doses of 3.0 and 6.0 mgCd/kg by intraperitoneal injection, respectively.

003 | 008 | 016 | 002 0.03 0.03

2) A =

FHEFY A, o) Al At i 2447
Aol 0.25+ 0.02, 433+ 0.12, 029+ 0.12 ug/ge) <137,
48A17H vl 041 0.01, 0,18+ 0.04, 0.11+0.02
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002 pg/gelsdev], shF ArolEmine] Ertel o}
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