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Changes in Tissue Metals After Cadmium Intoxication and
Intervention With Chlorpromazine in Male Rats '
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Cadmium Cd  one of the most dangerous heavy metals has a very similar ionic radius
to calcium Ca . The interference of cadmium in calcium homeostasis may play an important
role in cadmium toxicity. Recent reports indicate that calmodulin CaM inhibitors such as
trifluoperazine and chlorpromazine CPZ could protect rodents against cadmium toxicity. It
was also reported that pretreatment of mice with zinc Zn could reduce the adverse effects in-
duced by cadmium. The aim of this study is to determine whether Cd changes the balance of
other essential metals such as Zn and copper Cu in rat tissues and whether CPZ can reverse
these changes which are induced by cadmium intoxication. Adult male Sprague-Dawley SD
rats were injected intraperitoneally ip with cadmium chloride CdCl, 0.2 0.4 0.8 mg
Cd/kg body weight alone and 0.4mg Cd/kg in association with CPZ 5 mg/kg daily for a
week. The control animals were injected with normal saline only. The results showed that the
cadmium content in the liver kidney and testis increased significantly with a dose-response re-
lationship. Cadmium treatment markedly increased the Zn and Ca content in some of the tis-
sues. Hepatic and renal metallothionein MT increased significantly after cadmium intoxica-
tion. CPZ treatment however reduced cadmium content in liver but not blood and kidney.
CPZ seemed to decrease the content of MT in liver and significantly increase the amounts of
MT in kidney. These data suggest that the intervention of cadmium with tissue essential met-
als may play a role in cadmium toxicity in rats and calmodulin inhibitors to some extent can
reduce the adverse effect of cadmium by decreasing the cadmium load in tissues and reversing
the unbalance of essential metals.

INTRODUCTION

Cadmium a ubiquitous heavy metal is known to cause adverse effects on both
human and non-human. The mechanism of Cd toxicity is presumed to involve cross
reaction between cadmium and calcium with calmodulin dependent systems because of
their similar ionic radius Sutoo Akiyama and Imamiya 1990 . Recent reports indi-
cate that calmodulin antagonists such as CPZ and trifluoperazine might protect rodents
against cadmium toxicity Shiraishi and Rehm 1994 Robert Niewenhuis and Pro-
zialeck 1987 Yang and Yang 1997 . In addition metallothionein a metal-binding
protein is considered to be related to the absorption and distribution of cadmium. It
has also been reported that MT might play a role in cadmium tolerance. Some essen-
tial metal ions such as Zn** Cu’"  and some heavy metal ions such as Cd*”
Pb*"  can induce the synthesis of MT in tissues. The essential metal ions also play an
important role in the activation of some key enzymes in tissues. Therefore we pres-

umed that the loss of metal balance in tissues might be a possible
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mechanism of Cd toxicity. It is interesting that treatment with calmodulin inhibitors
can increase the MT gene expression in rats Shiraishi and Rehm 1994 . In a previ-
ous study we also found that Smg/kg CPZ had protective effects against cadmium in-
duced renal toxicity in rats which might be due to an increased excretion of cadmium
from urine Yang and Yang 1997 . In this study we investigated if the concentra-
tion of tissue metals such as Zn Cu and Ca was affected by cadmium intoxication and
if CPZ modulates such changes which may provide additional evidence for develop-
ment of a hypothesis for cadmium toxicity in rats.

MATERIALS AND METHODS
Chemicals

CdCl, is a product of Tianjin Chemical Co. Tianjin China . CPZ was pur-
chased from a local pharmaceutical factory. TRIS was purchased from Sigma Co.
St. Louis MO U.S.A. All other chemicals used were of analytical grade. The

main reagents were dissolved in deionized water.
Animals

Thirty healthy male Sprague-Dawley rats 240-260g were purchased from the
Shanghai Experimental Animal Center Shanghai China . The animals were housed
in stainless steel cages and provided food and water ad libitum . After one week’ s ac-
climatization the rats were divided randomly into 5 groups with 6 rats in each
group. The control animals were given the same volume of normal saline. Cadmium-
intoxicated groups were injected with CdCl, solutions 0.2 0.4 0.8 mg Cd/kg re-
spectively ip daily for a week while the CPZ-group received 0.4 mg Cd/kg in asso-
ciation with CPZ 5 mg/kg ip . One day after the last injection blood samples were
collected in heparin tubes. All animals were sacrificed and the liver kidney testis
and epididymis Epid were detached and weighed.

Determination of Metals in Tissues

The concentration of metals in different tissues was determined with an Atomic
Absorption Spectrophotometer AAS  AA-6501F Shimadzu Japan  based on the
method described by Baranowska and his coworkers Baranowska Czernicki and
Aleksandrowicz 1995 after the samples were digested by heating with HNO; + HCI-
O 10+1 .

Preparation of Hemoglobin Solution

Four adult rats were anesthetized by ether and blood samples were collected in
heparin tubes. The blood was centrifuged at 4000 rpm for 10 min and the plasma was
removed. Blood cells were washed with KCl solution 11.5g/L three times. All the
blood cells were mixed together in a 50ml tube then 2 volumes of TRIS-HCI buffer
solution 0.5mol/L pH 8.0 was added to the tube. The solution was centrifuged at
10000 rpm for 20 min and the hemoglobin solution supernatant was collected and
stored at 4°C .
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Determination of Tissue MT

The tissue MT was detected by cadmium-saturation method Jin ez al.
1993 with following modifications samples about 1g were homogenized in four
volumes of 0.5 mol/L TRIS-HCI buffer solution pH 8.0  then centrifuged at a
speed of 10 000 rpm for 90 min at 4C. An aliquot of 0.2ml supernatant of each
sample was put into 10mL tube. Then 2.2mlL TRIS-HCI buffer was added to each
tube. After mixing the solutions 1.0mL CdCl, solution 1pg Cd/mL was added in-
to each tube mixed again and incubated at room temperature for 10 min to saturate
the MT binding sites with Cd. The excess cadmium was removed by adding 0.2mL
prepared hemoglobin solution then heated in a 80°C water bath for 5 min and centri-
fuged at 5000 rpm for 10 min. This procedure was repeated three times. The Cd con-
centration of the supernatant from the last centrifugation was determined by AAS.
The content of MT in each sample was calculated by assuming that 1 mol MT can
bind 6 mols of cadmium and 1m mol MT = 6100mg.

Statistical Analysis

t-Test was used for data analysis in this study at levels of significance P<0.05
and P<0.01 according to Sigma Stat.

RESULTS
Effects of Cadmium on Organ Coefficients

The organ coefficients of kidney testis and epididymis in 0.8 mg Cd/kg group
changed significantly after 7 days relative to the control group. However the organ
coefficient of the liver in each dosage group was not markedly affected by cadmium in-
toxication and CPZ treatment didn’ t change the organ coefficient in this study Ta-

ble 1

TABLE 1
Effects of Cadmium on Organ Coellicients in Male Rats = + 5

Treatment No of animal  Liver/Body Wt. Kidney/Body Wt. Testis/Body Wt. Epid/Body Wt.
%

Control 6 3.26%£0.25 0.65%+0.02 1.18£0.16 0.17£0.04
0.2mg Cd/kg 6 3.41£0.16 0.65%+0.03 1.18£0.12 0.15+0.03
0.4mg Cd/kg 6 3.35+0.24 0.64%0.02 1.22+0.04 0.18+0.03
0.8mg Cd/kg 6 3.50£0.44 0.78£0.03" 0.93+0.05" 0.12£0.01°

CPZ+0.4mg Cd/kg 6 3.34+0.12 0.67+0.02 1.26+0.06 0.16+0.02

@ P<0.0001 " P<0.05 compared with control.
Effects of Cadmium on Tissue M'T

Table 2 shows the MT contents in both liver and kidney after different treat-
ments. Cadmium intoxication with the lowest dosage of 0.2mg Cd/kg induced a sig-
nificant increase of MT in both liver and kidney. There was a dose-response relation-
ship in MT induced by Cd. MT in liver was much higher than that in kidney after 7
days injection of cadmium. CPZ intervention seemed to decrease the liver MT but
this was not statistically significant. However CPZ treatment significantly increased
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the MT content in kidney.

TABLE 2

Effects of Cadmium on Tissue MT in Male Rats 7 *s  pg/g Tissue

Treatment No of Animal Liver MT Kidney MT
Control 6 23.1+£6.4 25.5+11.7
0.2mg Cd/kg 6 344.5+106.2* 71.6t4.6"°
0.4mg Cd/kg 6 623.9+153.0° 77.8£7.9*
0.8mg Cd/kg 6 961.8£66.0° 583.0£110.0*
CPZ+0.4mg Cd/kg 6 563.1+152.8* 106.8+22.0%"

2 P<0.001 compared with control. ® P<0.05 compared with 0.4mg Cd/kg group.

Effects of Cadmium on Metals in Liver

Contents of Cd Zn Cu and Ca in liver after cadmium intoxication are illustrated
in Table 3. There was a remarkable increase in the cadmium content in liver with an
increase of cadmium dosage. Cadmium treatment significantly increased the content
of Zn in liver with a dose-response relationship. There was some increase in liver Cu
and Ca content with the increase in cadmium dosage although there was no statistical
significance. CPZ treatment remarkably decreased the cadmium content in liver from
49.41+3.47 t044.72+5.44 pg/g tissue and increased Zn in liver from 47.15 £ 3.
33 t0 50. 14 £2.96 pg/g tissue. There was also an increase of Cu in liver after CPZ
intervention but there was no significant difference between CPZ-treated and Cd-in-
toxicated group 0.4mg Cd/kg .

TABLE 3
Contents of Liver Metals after Cd Intoxication in Male Rats 7 +s  pg/g Tissue

Treatment Number of Rats Cd Zn Cu Ca
Control 6 0.08+0.01 21.74+£0.69 4.22+0.27 2.63+1.10
0.2mg Cd/kg 6 19.13£2.29% 30.34*£4.66" 4.81+0.28* 3.71+1.19
0.4mg Cd/kg 6 49.41+£3.47% 47.15+£3.33* 5.16+0.50* 3.40£0.43
0.8mg Cd/kg 6 88.19+£5.32% 66.23£12.35% 4.36£1.40° 3.51+0.62
CPZ+0.4mg Cd/kg 6 44.72+5.44°°50.14£2.96*> 5.67+0.49° 3.01+0.88

* P<0.01 compared with control. * P<0.05 compared with 0.4mg Cd/kg group.

Effects of Cadmium on Metals in Kidney

The contents of Cd Zn Cu and Ca in kidney after cadmium intoxication were
illustrated in Table 4. There was a remarkable increase of cadmium content in kidney
with increasing levels of cadmium intoxication. Cadmium treatment significantly in-
creased the contents of Zn and Cu in kidney. There was a significant decrease of kid-
ney Ca with an increase in cadmium dosage. However CPZ treatment increased the
kidney Ca and Cu in this study.
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TABLE 4

Contents of Kidney Metals after Cd Intoxication in Male Rats = +s  pg/g Tissue

Treatment Number of Rats Cd Zn Cu Ca
Control 6 0.05+0.02 22.94+0.69 7.09+0.97 12.18+£4.03
0.2mg Cd/kg 6 6.02£0.83* 25.94£2.72* 9.08£0.50* 11.46+3.38
0.4mg Cd/kg 6 11.50+1.92* 27.47+2.81* 9.57+0.93* 8.35+1.95*
0.8mg Cd/kg 6 47.36£17.78% 27.73£2.79* 10.40£0.30* 6.76*£1.48%
CPZ+0.4mg Cd/kg 6 12.87+1.85% 27.97+1.94* 10.89+0.89" 14.41+5.36""

2 P<0.01 compared with control. ® P<0.05 compared with 0.4mg Cd/kg group.
Effects of Cadmium on Metals in Testis

Contents of Cd Zn Cu and Ca in testis after cadmium intoxication were illus-
trated in Table 5. There was a remarkable increase of cadmium content in testis with
increasing cadmium intoxication. Cadmium treatment didn’ t significantly change the
content of Zn and Cu in testis. However there was a remarkable increase of testis Ca
with increasing cadmium dosage.

TABLE 5

Contents of Testis Metals after Cd Intoxication in Male Rats 7 +s  pg/g Tissue

Treatment Number of Rats Cd Zn Cu Ca
Control 6 0.18£0.03  37.05%£1.86 1.15£0.23  95.28+45.06
0.2mg Cd/kg 6 0.523+0.06* 31.78+£5.19  0.97+0.14 164.38+62.26
0.4mg Cd/kg 6 0.55+0.08* 31.65+9.27  1.02+0.13 215.82+95.95°
0.8mg Cd/kg 6 1.88+0.52% 27.60+3.65% 0.98+0.06 1137.78 +458.03*

* P<0.01 compared with control.
Effects of Cadmium on Metals in Blood

Content of Cd Zn Cu and Ca in blood after cadmium intoxication are listed in
Table 6. There was a remarkable increase in cadmium content in blood with increas-
ing cadmium intoxication. Cadmium treatment didn’ t markedly change the concen-
trations of Zn Cu and Ca in blood in this study.

In the present study the authors found that cadmium accumulated mainly in the
liver and kidney after a week of cadmium exposure followed by the testis. Blood cad-
mium was much lower than that of these organs. This phenomenon may be related to
the biological synthesis and distribution of MT because liver is an important organ in
which MT synthesis is induced Chan et al. 1992 . Shaikh and his coworkers sug-
gested that to some extent MT in the extracellular fluids might be regarded as an
index of cadmium toxicity Shaikh and Hirayama 1979 . It was reported that pre-
treatment with a low concentration of cadmium induced the MT gene expression in
cultured rat liver cells which provided a protective effect against cadmium-induced
DNA damage Coogan et al. 1994 . MT a metal-binding protein is associated
with tolerance to cadmium. However Cd when combined with MT is difficult to be
excluded from tissues. Therefore the homeostasis of essential metals such as Ca  Zn
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and Cu may be affected by Cd because of the similar ionic radius between them Sko-
cynska Smolik and Milian 1994 Kojima et al. 1992 . The data of this article
showed that there were significant changes of these tissue metals after Cd-intoxica-
tion which supports the hypothesis that loss of metal balance in tissues may contrib-
ute to Cd toxicity in different organs.

TABLE 6
Concentrations of Blood Metals after Cd Intoxication in Male Rats 7 +s  pg/mL
Treatment Number of Rats Cd Zn Cu Ca
Control 0.04%0.01 6.69+0.58 1.91+0.30 40.38+2.24
0.2mg Cd/kg 0.14+0.13* 7.75%£0.79 1.69£0.32  36.69+7.16

0.4mg Cd/kg
0.8mg Cd/kg
CPZ+0.4mg Cd/kg

0.21£0.03* 6.94%1.52 1.65£0.51 41.46£8.73
0.31+0.08*  6.41+0.44 1.43+0.36" 42.70+4.77

(=) NN e e e

0.23£0.06" 7.25%0.42 1.59+0.26  43.84%7.15

* P<0.01 ® P<0.05 compared with control.

It was reported that calmodulin antagonists protected rodents from Cd toxicity
by inhibiting the abnormal activation of CaM-dependent systems. In a previous
study we found that CPZ increased the excretion of Cd from urine and reduced Cd-
induced kidney damage Yang and Yang 1997 . The mechanism of protection by
CPZ may be related to 1 CPZ inhibition of abnormal activation of CaM-dependent
enzymes i1 CPZ stimulation of MT gene express in tissues causing an increase in
MT that could combine with cadmium then increased the tolerance to cadmium tox-
icity. In the present study these data showed that CPZ treatment seemed to decrease
the content of MT in liver and increase the content of MT in kidney which may be
an important process to increase the excretion of Cd from urine. CPZ treatment also
reversed the changes of essential metals in different tissues in this study. The reversal
of tissue metals might be responsible for the protective effect of CPZ on Cd-induced
toxicity. We also found that the cadmium content in liver decreased significantly after
CPZ-treatment. The decrease of cadmium load in tissues also played an important role
in the protective mechanism of CaM antagonists. In conclusion the mechanism of
cadmium poisoning is a complex process and further studies are needed.
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