
The research was conducted to investigate the toxic effects of cadmium chloride (CdCl2), administered

during gestation period on female Wistar rats. Pregnant rats received CdCl2 (20 mg/l, orally) from Day

6 to Day 19 of pregnancy. Results showed that Cd treatment induced a decrease in body weight gain. The

relative liver weight increased significantly, with a marked decrease of glycogen and total lipids content.

The administration of Cd induced hepatotoxicity as indicated by elevations in plasma alanine amino-

transferase (ALT), aspartate aminotransferase and lactate dehydrogenase (LDH) activities (p < 0.05).

Treatment with CdCl2 caused a significant (p < 0.05) increase in glucose. A significant increase was

observed in the level of MDA and 8-oxodGuo tissues in the cadmium-exposed group compared to the

control group (p < 0.05). Results showed that cadmium given to dams led to an oxidative stress and DNA

damage in tissues of pregnant rats.

Keywords: Cadmium – malondialdehyde – 8-oxodGuo – pregnancy

INTRODUCTION

Cadmium (Cd) is not only a non-essential metal but is among the most toxic envi-

ronmental pollutants inducing a broad spectrum of toxicological and biochemical.

Humans are exposed to Cd via contaminated food, drinking water, air, dust, and

smoking [7, 13].

Cd has been shown to cause severe damage to a variety of organs, including the

lung [19], liver, kidney [4, 19], testis [23], brain [20], placenta [36, 39] and foetal

growth retardation and malformations [14, 21]. The exact mechanism of Cd-induced

teratogenicity is not known. However, there is evidence that this action of Cd may be

mediated by alterations in Zn metabolism [2]. Zn is required for many aspects of
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foetal growth and plays important roles in both prenatal and postnatal development.

Exposure to Cd during pregnancy is associated with alterations in maternal and foetal

disposition of Zn and MT concentrations [38].

Although the biochemical mechanisms involved in Cd hepatotoxicity remain to be

elucidated, one of the major concepts regarding the toxicity of heavy metals is attrib-

uted to their ability to generate reactive oxygen species, which cause oxidative stress

[5, 35]. Cd is known to promote oxidative damage in the liver by enhancing peroxi-

dation of membrane lipids [22, 26]. Moreover, it has a very high affinity for the sul-

phydryl groups in reduced glutathione, which may have implications for the mainte-

nance of the thioldisulphide balance in the cell [25].

In this study, we investigated the effects of Cd administration on biochemical

parameters, lipid peroxidation levels and DNA damage in liver and kidney tissues of

pregnant rats.

MATERIALS AND METHODS

Female Wistar rats (Pasteur Institute, Tunisia), weighing 150–200 g at the time of

experiments were housed at 25 °C in a cage under a 12–12 h light/dark cycle, with

free access to food and water. Cd was purchased from Sigma Chemical (St. Louis,

MO). Vaginal smears were examined and the different stages of the oestrus cycle

were followed as described by Snell [33]. The females found in oestrous, were select-

ed; each one was mated with one adult male from 8 to 10 p.m. The mid-point of the

mating period was considered as the beginning of gestation. A total number of 12

pregnant rats were divided into 2 groups:

Control group: Dams consumed distilled water as drinking water for 13 successive

(6th to 19th day of gestation).

Cd Group (2): Dams consumed a solution of Cd (20 mg/L) as drinking water for

13 consecutive days (6th to 19th day of gestation).

The pregnant rats were allowed to deliver normally. At the end of the experimen-

tal period body weight of rats were recorded just after parturition. Animals were sac-

rificed three days after delivery by decapitation and the liver was immediately

removed and weighed, then the organs weight ratio was calculated. The relative

weight of liver (%) was calculated as g/100 g body weight.

Measurement of liver glycogen

Glycogen was determined according to the method of Good et al. [10] and expressed

in terms of mg g1. Liver (1 g) was minced in the presence of 4 ml of 20%

trichloroacetic acid (TCA) by Ultra-Turax homogenizer and washed with 4 ml of

20% TCA. The homogenate was centrifuged at 500 g for 5 min and supernatant con-

taining the glucid was transversed to another tube. To this, alcohol (8 ml, 95%) was

added and the mixture was heated to 60 °C for 5 min. After centrifugation, the alco-



holic supernatant was discarded and 5 ml of H2O and 1 ml of HCl (3N) were added

to the glycogen precipitate. Glycogen was hydrolyzed to glucose by leaving tubes in

boiling water for 1 h. Glucose was then measured by the Ortho-toluidine method.

Measurement of liver total lipids

The extraction of the lipids in the liver is carried out according to the method of

Folch et al. [8], modified by Bligh and Dyer [3]. The lipids in ethanol solution absorb

UV light to 215 nm the absorption of the lipids is independent of the degree of non-

saturation [17, 18].

Haematological parameters

Blood samples were withdrawn through a heart puncture and collected in heparinized

tubes for haematological examinations. Then centrifuged at 3000 r.p.m for 15 min-

utes, the plasma was separated and used for biochemical analysis. Haematological

parameters were assayed by Medonic-precision instruments for haematology

research (CA620).

Plasma biochemical parameters

Plasma glucose was measured by using enzymatic method (Sigma). Plasma alanine

aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase

(LDH) and glucose were measured using the enzymatic methods according to man-

ufacturer instructions (ChronoLabo, France). Lipid peroxidation was measured as the

amount of malondialdehyde (MDA) formed employing thiobarbituric acid using

chromatographi (HPLC) as described by Richard et al. [29].

DNA extraction from tissues and HPLC-EC analysis

The assay was performed as described by Ravanat et al. [28]. Liver and kidney sam-

ples were kept at –80 °C before use. Samples were weighted still frozen and divided

into fractions of 150–250 mg. Each portion of tissues was homogenized by using a

2 ml potter glass homogenizer in 1.2 ml of buffer (320 mM sucrose, 10 mM Tris,

5 mM MgCl2, 0.1 mM desferroxamine mesylate, 1% Triton-100, pH 7.5) kept in ice.

After homogenization, the sample was transferred into a 15 ml Falcon tube and cen-

trifuged at 1500×g for 5 min at 4 °C. The supernatant is discarded and 0.5 ml of

homogenization buffer is added. The sample was vortexed for 10 s and further cen-

trifuged at 1500×g for 5 min at 4 °C. Then, the supernatant was discarded.

8-oxodGuo was quantified in liver and kidney homogenates. The nuclear pellet

obtained previously was suspended in 600 μl of extraction buffer (10 mMTris, 5 mM
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EDTA, 0.15 mM desferroxamine mesylate, pH 8). SDS (10% in water, 35 μl) was

added. The resulting suspension was homogenized by vortexing. RNase A (3 μl, 100

mg/ml) and RNase T1 (8 μl, U/μl) were then added and the resulting suspension gen-

tly vortexed for 10 s. The sample was incubated for 15 min in a water bath at 50 °C.

Then, Qiagen proteinase (30 ml) was added and the sample gently vortexed for 10 s

prior to be incubated 60 min at 37 °C. A NaI solution (1.2 ml) was added. The sam-

ple was vigorously vortexed for 30 s. Isopropanol (2 mL) was added and the samples

gently shaken until complete homogeneity. After centrifugation, the DNA pellet was

rinsed by 1 ml of 70% ethanol. The DNA pellet was then solubilized into 100 ml of

deionized water containing 0.1 mmol/l deferroxamine mesylate. The DNA solution

was incubated with 2 units of nuclease P1, the sample was held at 37 °C for 2 h.

Then, 4 units of alkaline phosphatase were added together with palk buffer. After

incubation 1 h at 37 °C, the samples were centrifuged and the aqueous layer was col-

lected and analyzed by HPLC-EC.

The HPLC-EC system consisted of a Gilson HPLC system equipped with an

Uptisphere ODB octadecylsilyl silica gel column (Interchim, Montluc, France). The

retention time of 8-oxodGuo is 21.5 min. The amount of DNA analyzed was deter-

mined from the area of the peak of 8-oxodGuo (retention time 15 min) after appro-

priate calibration.

Data presentation and statistical analysis

Data presentation and statistical analysis Data were analyzed using Stat View 512+

software (Abacus concept, Inc.). Means were given with ± SEM and differences

between the controls and treated animals were determined by Student’s t-test. The

level of significance was set at p < 0.05.

RESULTS

Body weight gain and liver weight

Administration of Cd induced a significant decrease in body weight gain of pregnant

rats three days after delivery (144.45 ± 3.81 g vs 207.05 ± 7.02 g, p < 0.05).The same

treatment caused a significant increase in the relative weight of liver compared to

control (5.80 ± 0.49 g/100 g vs 4.23 ± 0.16 g/100 g, p < 0.05) (Table 1).

Biochemical parameters

Cd treatment reduced significantly the liver glycogen content and total lipids con-

centrations (21.41 ± 0.88 mg/g vs 31.20 ± 1.37 mg/g, p < 0.01) and (28.61 ± 0.57

mg/g vs 34.62 ± 1.09 mg/g, p < 0.05), respectively. The same treatment increased

glucose concentration in treated rats (p < 0.05) (Table 2).



Alanine aminotransferase, aspartate aminotransferase
and lactate dehydrogenase

The biochemical studies showed that Cd administration leads to an increase in serum

levels of the ALT and AST (P < 0.05) and LDH activities concentrations (p < 0.01)

(Table 2).

Hematological parameters

Cd treatment induced a significant reduction in RBC count, Hb content and the rate

of Ht in the cadmium-exposed group (RBCs, p < 0.05; Hb, p < 0.05 and Ht, p < 0.05)

(Table 2).
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Table 1

Effect of cadmium on body (g) and relative liver weight in rats

Control Cd (20 mg/l)

Body weight (g) 207.05 ± 7.02 144.45 ± 3.81*

Relative liver weight (mg/100 g) 4.23 ± 0.16 5.80 ± 0.49*

Each value is the mean ± SEM of 6 determinations. *p < 0.05 compared to

control (Student’s t-test)

Table 2

Effect of cadmium on biochemical and haematological

parameters in pregnant rats

Control Cd (20 mg/l)

Glycogen (mg/g) 31.81 ± 1.53 21.41 ± 0.88**

Lipids (mg/g) 34.62 ± 1.09 28.61 ± 0.57*

Glucose (g/l) 1.11 ± 0.06 1.40 ± 0.21*

LDH (U/l) 426.50 ± 10.98 715.71 ± 21.30**

AST (U/l) 56.26 ± 1.60 89.62 ± 1.16*

ALT (U/l) 20.02 ± 0.71 30.38 ± 1.89*

WBC (103/mm3) 11.57 ± 0.32 11.37 ± 0.34

RBC (106/mm3) 7.05 ± 0.39 5.48 ± 0.28*

Hb (g/dl) 13.80 ± 0.35 11.63 ± 0.26*

Ht (%) 34.72 ± 1.05 30.52 ± 0.99*

PLT (103/mm3) 678.14 ± 30.48 703.59 ± 28.47

Each value is mean ± SEM of 6 determinations. *p < 0.05,

**p < 0.01 compared to control group (Student’s t-test)
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Effect of the treatments on lipid peroxidation and DNA damage

Our results revealed that in Cd-treated rats, a significant increase occurred in the

level of plasma MDA compared to control (Fig. 1). Our data indicated that the level

of 8-oxodGuo was increased (p < 0.05) in liver and kidney of pregnant rats compared

to control (Fig. 2).

Fig. 1. Effects of cadmium administration on plasma MDA level in pregnant rats. Values are means

± SEM calculated from n = 6 in each group. *p < 0.05 compared to control (Student’s t-test). Cd (cad-

mium); MDA (malondialdehyde)

Fig. 2. Effect of cadmium on the 8-oxodGuo level in liver and kidney of pregnant rats. Values are means

± SEM calculated from n = 6 in each group. *p < 0.05 compared to control (Student’s t-test)



DISCUSSION

The data indicate that Cd administration during pregnancy (from day 6 to day 19 of

gestation) caused significant toxic effects in pregnant rats. It induced significant

reduction in the body weight following Cd treatment, and the liver weight increase

can be due to the gradual toxicity that Cd caused in rats. These results are in agree-

ment with the finding of Wershana [37] who has shown that Cd (0.2 mg Cd kgG b.wt,

s.c.) caused decrease in body weight of pregnant mice. However, Salvatori et al. [30]

showed that exposure to Cd (20 mg/l) from Day 6 to Day 14, did not modify mater-

nal weight increase.

The results obtained in our present study show that treatment with Cd induces

anaemia in rats (Table 3). Normocytic normochromic anaemia was detected in

female rats of Cd treated group at three days of parturition as evidenced by decreas-

es in RBCs counts, Hb and Ht. It is known that anaemia reduces the supply of oxy-

gen to tissues by lowering the oxygen-carrying capacity of the blood [16]. The reduc-

tion in Hb content may be due to increased rate of destruction or reduction in the rate

of formation of erythrocytes.

The decrease in haematological parameters (RBCs, Ht and Hb) is in agreement

with the report of Karmakar et al. [27] who have shown that cadmium chloride

caused changes in the blood indices of rats. The significant reduction in RBCs indi-

cated the fact that Cd adversely affected the erythropoiesis in a time-dependent fash-

ion; the reduction in Hb content may be due to increased rate of destruction or reduc-

tion in the rate of erythrocyte formation [6].

The glycogen content is affected by sub-acute exposure to metals [32], decrease

in glycogenolysis can occur due to toxicant-induced stress, which was accompanied

by depletion of glycogen. In most cases, the increased energy demand associated

with stress resulted in a depletion of glycogen reserves [15, 34]. However, no

changes due to cadmium exposure were observed in the glycogen content of mater-

nal liver [11].
Liver injury induced by Cd is well shown by the significant elevation of the liver

markers, serum ALT and AST after administration of CdCl2 to pregnant rats. This

increase may result from the liver damage as consequence of the Cd accumulation in

this organ. Aspartate aminotransferase and alanine aminotransferase have widely

been utilized in mammalian toxicology as a biomarker of specific organ dysfunction

[40]. Cadmium markedly increased the serum activity of ALT that indicated hepatic

lesions. Therefore, the increase in the activities of AST and ALT in plasma is main-

ly due to the leakage of these enzymes from the liver cytosol into the blood stream

[24], which gives an indication of the hepatotoxic effect of CdCl2. Shimada et al. [31]

reported that Cd (4.5 mg/kg, s.c.) treatment caused a significant increase in serum

alanine aminotransferase activity, indicative of hepatotoxicity in Fischer rats.

Exposure to Cd induced increase in serum LDH activity. This enzyme is increased

in nearly all pathological states in which a damage or cellular destruction is pro-

duced, however is present in cardiac muscle, erythrocytes, skeletal muscle and lungs,

in addition the liver eliminates the specificity exhibited by other biomarkers.
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The present results have clearly demonstrated the ability of Cd to induce oxidative

stress in liver and kidney as evidenced by increased plasma lipid peroxidation

(MDA) after 13 days of Cd treatment. Recently, Hussain et al. [12] have reported that

Cd increased lipid peroxidation by a direct effect or by decreasing the glutathione

content. The mechanism of Cd-induced LPO is still not fully understood. Available

data indicate that the mechanism is multidirectional and may involve a decrease in

the level of glutathione and the total pool of sulphydryl groups and changes in the

activities of antioxidant enzymes.

Our results showed that Cd caused a significant increase 8-oxodGuo levels in rat

tissues. The results are in accordance with the findings of Amara et al. [1] suggest-

ing that cadmium toxicity can cause DNA damage in rats tissues. Indeed, Fotakis et

al. [9] showed that the lysosome is one of the main targets for Cd toxicity and the

lysosome-induced damage can be responsible for other cellular events including

DNA damage.

In conclusion, sub-acute exposure to cadmium evokes different toxic effects in

pregnant rats. The results suggest that Cd intoxication induces oxidative stress and

alters the antioxidant system, resulting in oxidative stress and DNA damage in liver

and kidney.
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