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Abstract: 

In the present investigation, 18 healthy male Swiss albino mice (weighing 30-35g) served as experimental 

material were divided into three groups.Each group consisting six mice. Group I was only given tap water as 

control during experimentation period (36 days), group II and group III were daily given a subcutaneous 

injection of cadmium in the form of cadmium chloride (CdCl2) at a dose of 3mg and 6mg/Kg body weight 

respectively. Sections of kidneys were prepared and examined by light microscope. 

Histopathologicalobservations revealed marked degeneration in the architecture of the renal cortical structures 

(glomeruli and tubular cells) of the experimental groups (group II and group III) of mice respectively when 

compared to healthy control group. 
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1. Introduction: 

Cadmium is one of the most important toxic metals due to its accumulation in the environment as a result of its 

industrial, agricultural use and tobacco smoking(Godtet al. 2006). It has been reported that cadmium may cause 

injury of various tissues in humans and animals (Godtet al. 2006). Among many toxic effects, this pollutant is 

known to cause sterility (Bench et al. 1999), renal dysfunction(Caiet al. 2001), liver and pancreas damage 

(Horiguchi et al. 2000, Shimada et al. 2000). Additionally, cadmium exerts genotoxic and apoptotic effects 

(Fahmy&Aly 2000, Kim et al. 2005), modulates synaptic neurotransmission (Minami et al. 2001) and induces 

changes in the brain antioxidant status (Carageorgiouet al. 2004). 

Studies on animals have shown that Cd is a stimulator for formation of reactive oxygen species (ROS) 

(Amoruso& Goldstein 1982), hydrogen peroxide (Wong et al. 1990), and also hydroxyl radicals (Ochi et al. 

1998). These free radicals enhance lipid peroxidation, DNA damage, altered calcium and sulfhydryl homeostasis 

(Sugiyama 1994, Lonardet al. 2004, Valkoet al. 2005). These free radicals also affect cellular function by 

perturbing signal transduction, such as protein kinase C (PKC), mutagen activated protein kinase (MAPK), and 

cyclic AMP pathway; however, the mechanism is largely unknown (Joseph et al. 2001, Lag et al. 2005). 

Lipid peroxidation is the primary mechanism for Cd-induced toxicity (Enemanet al. 2000). Through 

the Fenton reaction, oxidative stress produces hydroxyl radical species that are believed to initiate lipid 

peroxidation (Murugavel&Pari 2010, Yiinet al. 1999). Following this process, free radicals are produced and 

attached to any available molecule in intracellular environment or the extra one which eventually leads to 

cellular damage (Murugavel&Pari 2010, Yiinet al. 1999). Therefore, the present investigation was designed to 

evaluate kidney damage induced by cadmium, which is related to the oxidative damage in the architecture of 

mice kidney.  

 

2. Materials & Methods  

In the present investigation, 18 healthy male Swiss albino mice (weighing 30-35g) served as experimented 

material, were divided into three groups. Each group consisting six mice. All animals were handled under 

standard laboratory conditions of a 12h light/ 12h dark cycle in a temperature and humidity controlled room. A 

standard chow diet and water were available free access. The first group was only given tap water as control 

during experimentation period (36 days). Group II and group III of mice were daily given a subcutaneous 

injection of cadmium in the form of cadmium chloride (CdCl2) at a dose of 3 mg and 6mg/ Kg body weight 

respectively. 

Twenty-four hours after latest injection, two animals from both control and the experimental groups 

were anaesthetized by chloroform and their kidneys were rapidly obtained and fixed in 10% formalin (the other 

four mice from each group were kept upon need). The kidneys were dehydrated in alcohol, then placed in xylene 

to remove alcohol and embedded in paraffin wax. The embedded kidneys in paraffin were sectioned by a 

microtome. The sections were stained by using hematoxylin and eosin procedure. A drop of Canada balsam was 

placed on each section and covered with a cover slip and allowed to dry. The sections were prepared for 

histopathological investigation by light microscope. 

 

3. Statistical Analysis 

By using non-parametric test, such as K.S. (Kolmogorov-Smirnov) test, there was a significant correlation 

between the given experimental dose and the degenerative changes that occurred in the kidney structure, P<0.05. 
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4. Results  

4.1Group I: Control group 

Was only given tap water during experimentation period (36 days). The examination of the histological sections 

of the control kidneys of mice show normal architecture (Figure 1). The cortex is mostly occupied by renal 

corpuscles and surrounding proximal and distal convoluted tubules. The renal corpuscle is formed of glomerular 

tuft of blood capillaries surrounded by capsular space and Bowman's capsule. 

 

4.2 Group II 

Was daily given a subcutaneous injection of cadmium in the form of cadmium chloride (CdCl2) at a dose of 

3mg/Kg body weight. 

The examination of the histological sections showed the following obvious histological changes in the 

architecture of mice kidney (Figure 2) when compared to normal histoarchitecture of mice kidney (control 

group): 

• Congested glomeruli. 

• Diminution of both epithelium and lumen of the renal cortical tubules (proximal and distal convoluted 

tubules), and collecting duct. 

 

4.3 Group III 

Was daily given a subcutaneous injection of cadmium in the form of cadmium chloride (CdCl2) at a dose of 6 

mg/Kg body weigh. 

The examination of the histological sections showed the following severe degenerations in the histoarchitecture 

of mice kidney (Figure 3) when compared to group II mice kidney: 

• Swelling of the entire renal corpuscle and destruction of the kidney glomerulus with disappearance of its 

epithelium were detected. 

• Swelling of the renal cortical tubules that can hardly be distinguished with presence of vacuoles in the 

cytoplasm and dark appearance of the nuclei of the tubular cells. 

 

5. Discussion 

Renal damage caused by certain toxic chemical materials considered as public health problem (Sharma               

et al. 2012). Damage due to oxidation takes place in the tissue when the given dose exceeds the antioxidant 

capacity of the tissue (Gupta & Sharma 2011). The nephrotoxicity has a great concern because the kidneys are 

the major targets of the excretion of the drug. However, the nephrotoxicity causes cell death finally so it is 

necessary to define the mechanism in addition to the site of action, to lead us to exact steps that must be done for 

avoidance of damage occurrence (Sharma &Janmeda 2013). The molecular mechanism for describing the toxic 

effect of cadmium is not well-understood, but it is obvious that Cd itself is unable to generate damage and it has 

been shown that the relationship between Cd and free radicals is indirect (Murugavel&Pari 2010). During 

carcinogenesis, the free radicals caused damage to the membrane and cytosolic components which protected by 

antioxidants (Banakaret al. 2004, Singh &Pracheta 2012). The antioxidants protect membrane and cytosolic 

components against damage caused by free radicals during carcinogenesis (Banakaret al. 2004, Singh &Pracheta 

2012). Thus, antioxidants are supposed to decrease the liability of the kidney to be damaged to oxidative 

challenges (Rodrigo & Rivera 2002). 

Our experimental present work was undertaken to prove and provide sufficient evidence that 

remarkable damage was occurred in the histoarchitecture of the mice kidney injected with cadmium in the form 

of cadmium chloride (CdCl2) at particular doses (both second and third experimental groups of mice were daily 

given a subcutaneous injection at a dose of 3mg and 6mg/Kg body weight respectively) during experimentation 

period (36 days). The examination of the histological sections of mice kidney of the third experimental group 

showed more severe damages especially in the histoarchitecture of kidney glomerulus when compared to the 

degenerated structure of mice kidney of the second experimental group (congested glomeruli and diminution of 

both epithelium and lumen of the renal cortical tubules and collecting duct) such as swelling of the entire renal 

corpuscle and destruction of the kidney glomerulus with disappearance of its epithelium, and swelling of the 

renal cortical tubules (hardly be distinguished) with cytoplasmic vacuolation and dark appearance of the nuclei 

of tubular cells which can be explained by suppression of the antioxidant defense systems caused by the increase 

in the dose of cadmium. Our work can be considered as subchronic study. 

The overall results arising from our present experimental work are not consistent with what reported 

previously (Thijssenet al. 2007) that a chronic exposure to low Cd concentrations triggered a biphasicdefence 

activation in the kidney that might lead to adaptation and survival. However, some of our results are in 

agreement with those also reported previously (Brzoskaet al. 2003, Piscator 1986, Thijssenet al. 2007) that 

chronic exposure to cadmium compounds can damage the renal proximal tubular epithelial cells (except of the 

experimentation period of our subchronic investigation). 
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Our results in this experimental work showed that Cd has ability in accumulation in kidneys cells and could 

harmful for nucleus and the cytoplasm (little information has been published about the damage that could be 

occurred in the architecture of tubular cells of the cortex of the kidney induced by cadmium). Therefore we 

suggest that individuals who are exposed to cadmium must improve their antioxidant defense system by 

continual medical consultation. 

 

6. Conclusion  

It could be concluded that at particular gradual doses of cadmium during experimentation period, cadmium has 

the ability to damage the normal histoarchitecture of kidney glomerulus and other renal cortical structures such 

as tubular cells severely.  

Last but not least, also the results of our experimental work may encourage the researchers in the 

future to do further studies in order to promote our knowledge about the dangerous effects of cadmium on the 

human life and environment experimentally.  
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Figure 1. Section of deep cortical area of mice kidney (control group) showing normal histoarchitecture of the 

kidney cortex. Stain: Hematoxylin and Eosin, X40. 
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Figure 2.Section of deep cortical area of mice kidney of second experimental group.Stain: Hematoxylin and 

Eosin, X40. 

 

 
Figure 3.Section of deep cortical area of mice kidney of third experimental group.Stain: Hematoxylin and Eosin, 

X40. 
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