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ABSTRACT 

In this study, the toxic effects of cadmium sulfate on adult female Sprague Dawley rats as 

well as the ameliorating effects of CaNa2EDTA nanoparticles against such toxicity were 

investigated. The predictive protective effect was compared with CaNa2EDTA macroparticles. 

Animals were classified at the start of the experiment, into two groups; a control (contains15 

rats) and an intoxicated one (contains 45 rats), which received drinking water contains 30 

ppm cadmium for 10 weeks. At the  end of the 6th week of the experiment, the intoxicated 

group was subdivided equally into three groups. The second and third groups respectively 

were injected intraperitoneally with 50 mg/kg/day macroparticles or nanoparticles 

CaNa2EDTA for 4 courses (4 days each) with an interval of 3 days between the courses.  

The median lethal dose (LD50) of cadmium sulfate was determined. The effect of 

CaNa2EDTA nanoparticles against cadmium toxicity was investigated by the assessment of 

clinical signs and symptoms, body weight gain, the levels of serum urea and creatinine, 

cadmium concentrations in serum and urine and histopathological examination of liver, 

kidney and femur. The obtained results revealed that the estimated LD50 for cadmium sulfate 

in adult female Sprague Dawley rats was 240mg/kg. Cadmium significantly reduced body 

weight and induced a marked depression in the intoxicated rats. The levels of serum urea and 

creatinine were significantly increased. Serum and urine cadmium concentration were 

significantly increased in cadmium-intoxicated rats. Cadmium also induced histopathological 

changes in the liver, kidney and bones examination. These alterations were markedly 

alleviated by CaNa2EDTA treatment, while CaNa2EDTA nanoparticles treatment induced a 

marked protective effect when compared to the macrooparticles form. In conclusion, these 

findings suggested that CaNa2EDTA nanoparticles could be used as an effective chelating 
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agent for cadmium because they have a more powerful chelating capacity than macroparticles 

and thus could modulate the development of severe toxic effects of cadmium in rats. 

Keywords: 

Cadmium, CaNa2EDTA, Nanoparticles, Female rats. 

INTRODUCTION 
Cadmium (Cd) is one of the most important environmental and occupational cumulative 

metallic toxicants of long elimination half-life of 10-30 years and is widely dispersed in the 

environment. It occurs in rock erosion and abrasion and volcanic eruptions, fossil fuels and 

particularly non-ferrous mining and metal industries (Friberg et al., 1986; Donald et al., 

1996 and Järup et al., 2000). High-level exposure to this toxic heavy metal is usually the 

result of environmental contamination from human activities. The compound has varying 

degrees of solubility, absorption and toxicity (Falk et al., 1990). Cadmium stimulates and 

binds to various biological components such as proteins, non-protein sulfhydryl groups, 

macromolecules and metallothionein (Klassen et al., 1999). Cadmium-induced peroxidation 

results in the release of free oxygen radicals (Llobet et al., 1998) which stimulate and destruct 

sensitive macromolecules and indeed tissues (Lafuente et al., 2000). Cadmium toxicity is 

dependent on dose, duration and route of exposure. It is associated with renal, hepatic, 

neurological, skeletal and other toxic effects, including reproductive toxicity, heart diseases, 

genotoxicity and carcinogenicity (Waalkes et al., 1999 and Matović et al., 2011). Cadmium 

has also inhibits the activities of various pancreatic proteases (Shimada et al., 2000).Several 

chelators are used to treat cadmium toxicity. Clinically available chelators include 

Ethylenediaminetetraacetic acid (EDTA), 2,3-Dimercapto-1-propanesulfonic acid (DMPS), 

Dimercaptosuccinic acid (DMSA), and British Anti-Lewisite (BAL). BAL is more toxic than 

its derivatives, DMPS and DMSA, so, it is seldom used clinically. In vitro (Borenfreund and 

Puerner, 1986) and in vivo (Andersen et al., 1988) studies suggest that EDTA is superior to 

DMSA in mobilizing intracellular cadmium. The risks associated with Calcium Disodium 

EDTA (CaNa2EDTA) therapy are substantial, including renal failures, arrhythmias, tetany, 

hypocalcaemia, hypotension, bone marrow depression, prolonged bleeding time, convulsions 

and respiratory arrest. (Knudtson et al., 2002). Prolonged treatment with CaNa2EDTA results 

in depletion of essential metal, especially Zinc, Copper and Manganese. However, there are 

some reports highlights the efficacy of EDTA in chronic renal artery diseases (Ibim et al., 
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1992). Nanotechnology has emerged as an area of science and technology that is leading us to 

a new industrial revolution.  The aim of nanotherapy is to drive nanosystems containing 

recognition elements to act or transport and release drugs exclusively in cells or affected areas 

in order to achieve a more effective treatment and minimizing side effects (Fortina et al., 

2005 and Jain, 2005). Therefore, the present study aims to investigate the protective effect of 

CaNa2EDTA nanoparticles against cadmium toxicity on adult female rats in order to 

minimize the side effects of CaNa2EDTA therapy and optimize its use as a chelating agent for 

cadmium toxicity. The predictive protective effect was compared with CaNa2EDTA 

macroparticles. 

MATERIAL AND METHODS 
Animals: 

Thirty adult female Sprague Dawley rats weighing (200 ± 15 g) were used for determination 

of the oral Median Lethal Dose (LD50) of cadmium sulfate.  Another sixty female rats of the 

same strain weighing (150 ± 15 g) were used for the toxicological assessment. The animals 

were kept under observation for a week before the start of the experiment at suitable 

laboratory conditions in the normal day light and on diet and tap water ad libitum. Animals 

received humane care in compliance with the guidelines for the care and use of laboratory 

animals as approved by the International Animal Care and Use Committee, Cairo University 

(CU- IACUC) with approval number (CU- II- 20-16).  

All chemicals and reagents used in this study were analytically pure and were purchased from 

Sigma-Aldrich Co. (St. Louis, USA), Aldrich (Germany) and El-Nasr Co. (Cairo).  

Cadmium sulfate: 

 It was added to the drinking water at a concentration of 60 ppm (mg/L) which provides 

30ppm cadmium. The selected concentration was nearly equivalent to 1/20 of the estimated 

LD50 which is recommended for sub-chronic toxicity (Samy et al., 2014) and at the same time, 

this concentration was less than some contaminated areas in Egypt (El-Shehawi et al., 2007).  

Calcium disodium EDTA:  

Calcium disodium EDTA macroparticles and nanoparticles were intraperitoneally injected at 

a dose of 50 mg/kg/day for 4 courses (4 days each) with an interval of 3 days between the 

courses (Foreman, 1961). Calcium disodium EDTA nanoparticles were purchased from 

Nano-Tech, Dreamland, 6 October, Giza, Egypt. CaNa2EDTA was prepared in form of 

nanospheres of mean size 25±5 nm. They were characterized by transmission electron 
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microscopy (TEM) as showed in Fig. (1). Nano CaNa2EDTA was prepared by 

nanoprecipitation method. CaNa2EDTA was dissolved in polyvinyl alcohol solution at a 

definite concentration, and the solution was poured into water-immiscible non-solvent 

(chloroform) under continuous stirring until a cloudy suspension was formed. Precipitation 

was formed immediately upon mixing. Then the solution was dried and re-suspended in water 

(Kumar et al., 2011). 

Experimental Design: 

 Firstly, rats were classified into two groups; a control (contains15 rats) and an intoxicated 

one (contains 45 rats), which received drinking water contains 60 ppm cadmium sulfate 

(which provides 30 ppm cadmium) for 10 weeks. At the end of the 6th week of the 

experiment, the intoxicated group was subdivided equally into three groups. The second and 

third groups respectively were injected intraperitoneally with 50 mg/kg/day macroparticles or 

nanoparticles CaNa2EDTA for four courses (4 days each) with an interval of 3 days between 

the courses.  

All groups were observed daily during the whole period of the experiment for apparent 

clinical signs of toxicity. Every two weeks, ten animals from each group were randomly 

selected, weighed and then blood samples for serum separation were collected from the inner 

census of the eye; in addition, 24-hour urine samples were collected. At the end of the 

experiment, all animals were anesthetized by intra-peritoneal injection of 100 mg/kg ketamine 

hydrochloride (Fischer, 2008) followed by decapitation and then were sacrificed. Specimens 

from liver, kidney and femur were randomly collected from sacrificed rats and fixed in 15% 

buffered formalin for histopathological examination. Paraffin-embedded sections were 

prepared and stained according to Kieman, (1999). 

Determination of the Median Lethal Dose:  

The median lethal dose (LD50) value was calculated according to the arithmetical method 

stated by Turner, (1965).  

Biochemical analysis: 

 Serum urea and creatinine concentrations were determined by using readymade kits obtained 

from EGY-CHEM Co., Badr City, Egypt according to the method described by Vassault  

et al., (1986) and Young et al., (1975) respectively. Cadmium concentration in serum and 

urine was measured by UNICAM 969 Atomic Absorption Spectrophotometer. The samples 
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were prepared according to the method recommended by Graig and Wayne, (1984). 

Statistical analysis: The obtained results were presented as means ± SE. One-way analysis of 

variance (ANOVA) test was used for comparisons between different groups followed by LSD 

comparisons test. The level of significance was set at P ≤ 0.05 using SPSS software (version 

16.0). 

RESULTS 
Median Lethal Dose: 

The calculated value of LD50 of cadmium sulfate for adult female Sprague Dawley rats was 

illustrated in the following table and equation.  

Group Dose 
(mg/Kg) 

Number of dead 
animals 

Dose difference 
(a) 

Mean mortality 
(b) 

Probit         
(a×b) 

1 Vehicle 0    
2 300 1 100 0.5 50 
3 400 1 100 1 100 
4 500 0 100 0.5 50 
5 600 0 100 0 0 
6 700 2 100 1 100 

 

LD50= Least lethal dose  -  ∑   

LD50 value of cadmium sulfate = 300  -      = 240 mg/kg 

Clinical Signs and Body Weight 

Rats of the control group were active and alert; in contrast, cadmium treated rats showed 

marked depression. After treatment with CaNa2EDTA macroparticles, the rats still exhibited 

depression, while with nanoparticles form; the rats were active and alert nearly as in those of 

the control group. Frequent urination was observed in the CaNa2EDTA macroparticles and 

nanoparticles treated rats. No mortality was recorded in the control and the other experimental 

groups. Cadmium intoxicated rats showed a significant decrease in their body weight when 

compared to the control rats. Treatment with CaNa2EDTA nanoparticles exerted a significant 

increase in body weight when compared to the cadmium group. In contrast, the body weights 

of the CaNa2EDTA macroparticles treated rats were near those of the cadmium intoxicated 

rats with insignificant difference between them (Table 1). 
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Table (1): Mean values ± S.E of the body weight (g) in control and experimental rats received 

drinking water contain 30 ppm cadmium and intraperitoneally injected with 

50mg/kg/day CaNa2EDTA macroparticles or nanoparticles at the end of the 6th till 

the 10th week of the experiment for 4 courses (4 days each) with 3 days interval 

between the courses 

              Groups 
Time Control Cadmium 

 
 
 

2nd week 146.1 ± 4.5 
a 

135.5 ± 4.2 
a 

4th week 161.4 ± 4.2 
a 

145.4 ± 4.7 
b 

6th week* 178.0 ± 5.4 
a 

155.7 ± 3.8 
b 

Cadmium and  
CaNa2EDTA 

Macroparticles 

Cadmium and  
CaNa2EDTA 
Nanoparticles 

8th week 189.1 ± 4.1 
a 

165.5 ± 4.1 
b 

170.5 ± 3.8 
b 

181.6 ± 3.4 
a 

10th week 192.8 ± 6.9 
a 

172.6 ± 4.0 
b 

180.5 ± 5.4 
abc 

190.3 ± 4.1 
ac 

Values have different scripts at the same row are significantly different at P ≤ 0.05 (n=14) 

*Start of the treatment with CaNa2EDTA macroparticles or nanoparticles. 

Serum Urea Concentration: 

Serum urea concentration of the cadmium group showed a significant increase than that of the 

control group. Rats treated with CaNa2EDTA nanoparticles showed a marked decrease in their 

serum urea concentration when compared to the cadmium-intoxicated rats especially at the 

10th week of the experiment in which insignificant increase from that of the control rats was 

recorded. CaNa2EDTA macroparticles treatment reduced [[the elevation in the urea concentration 

exerted by cadmium, but to a lesser degree than the nanoparticles form (Table 2). 
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Table (2): Mean values ± S.E of the serum urea concentration (mg/dl) in control and 

experimental rats received drinking water contain 30 ppm cadmium and 

intraperitoneally injected with 50 mg/kg/day CaNa2EDTA macroparticles or 

nanoparticles at the end of the 6th till the 10th week of the experiment for 4 courses 

(4 days each) with 3 days interval between the courses 

              Groups 
Time Control Cadmium 

 2nd week 31.4 ± 0.8 
a 

37.6 ± 0.7 
b 

4th week 32.3 ± 1.3 
a 

40.9 ± 1.4 
b 

6th week* 33.4 ± 1.9 
a 

44.2 ± 1.2 
b 

Cadmium &  
CaNa2EDTA 

Macroparticles 

Cadmium &  
CaNa2EDTA 
Nanoparticles 

8th week 34.9 ± 1.3 
a 

43.6 ± 2.0 
b 

40.5 ± 1.4 
b 

41.1 ± 1.8 
b 

10th week 31.6 ± 1.6 
a 

45.0 ± 1.0 
b 

38.5 ± 1.2 
c 

32.8 ± 1.8 
a 

 

Values have different scripts at the same row are significantly different at P ≤ 0.05 (n=10)  

*Start of the treatment with CaNa2EDTA macroparticles or nanoparticles. 

Serum Creatinine Concentration: 

Cadmium group showed a significant increase in their serum creatinine concentration from 

the control group. This toxic effect was largely ameliorated by CaNa2EDTA nanoparticles 

treatment as rats in this group showed an insignificant increase from the control group and a 

significant decrease than those of the other experimental groups. In contrast, CaNa2EDTA 

macroparticles group showed a significant increase in serum creatinine concentration when 

compared to the control group (Table 3). 
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Table (3): Mean values ± S.E of the serum creatinine concentration (mg/dl) in control and 

experimental rats received drinking water contain 30 ppm cadmium and 

intraperitoneally injected with 50 mg/kg/day CaNa2EDTA macroparticles or 

nanoparticles at the end of the 6th till the 10th week of the experiment for 4 courses 

(4 days each) with 3 days interval between the courses. 

            Groups 
Time Control Cadmium 

 2nd week 0.9 ± 0.05 
a 

1.2 ± 0.07 
b 

4th week 1.0 ± 0.04 
a 

1.2 ± 0.05 
b 

6th week* 0.9 ± 0.05 
a 

1.9 ± 0.03 
b 

Cadmium and  
CaNa2EDTA 

Macroparticles 

Cadmium and  
CaNa2EDTA 
Nanoparticles 

8th week 0.7 ± 0.03 
a 

2.8 ± 0.09 
b 

1.6 ± 0.06 
c 

0.8 ± 0.02 
a 

10th week 0.7 ± 0.04 
a 

5.4 ± 0.09 
b 

1.2 ± 0.07 
c 

0.8 ± 0.03 
a 

 

Values have different scripts at the same row are significantly different at P ≤ 0.05 (n=10)  

*Start of the treatment with CaNa2EDTA macroparticles or nanoparticles. 

Serum Cadmium Concentration: 

Cadmium was not detected in the serum of the control group along the entire period of the 

experiment. Serum cadmium concentration of the cadmium group showed a gradual increase 

throughout the experiment. This increase was modulated by CaNa2EDTA treatment with 

special reference to the nanoparticles form, which showed a significant decrease at the 8th and 

10th weeks of the experiment, while the macroparticles form showed this decrease only at the 

10th week of the experiment (Table 4). 
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Table (4): Mean values ± S.E of the serum cadmium concentration (ppb) in control and 

experimental rats received drinking water contain 30ppm cadmium and intraperitoneally 

injected with 50mg/kg/dayCaNa2EDTA macroparticles or nanoparticles at the end 

of the 6thtill the 10th week of the experiment for 4 courses (4 days each) with 3 

days interval between the courses. 

               Groups 
Time Control Cadmium 

 
 
 

2nd week ND 
 

12.2 ± 0.6 
a 

4th week ND 
 

12.8 ± 0.6 
a 

6th week* ND 
 

13.8 ± 0.5 
a 

Cadmium &  
CaNa2EDTA 

Macroparticles 

Cadmium &  
CaNa2EDTA 
Nanoparticles 

8th week ND 
 

14.6 ± 1.2 
a 

12.96 ± 1.4 
ab 

10.04 ± 1.0 
b 

10th week ND 
 

14.3 ± 1.3 
a 

10.82 ± 1.1 
b 

8.02 ± 0.75 
b 

 

Values have different scripts at the same row are significantly different at P ≤ 0.05 (n=10)  

*Start of the treatment with CaNa2EDTA macroparticles or nanoparticles 

ND: not detected; less than 1 ppb 

Urine Cadmium Concentration: 

Cadmium was not detected in the urine of the control group along the entire period of the 

experiment. Urine cadmium concentration of the cadmium group showed a gradual increase 

throughout the experiment. Cadmium excretion in urine was largely enhanced by CaNa2EDTA 

nanoparticles treatment, which showed a significant increase at the 8th and 10th weeks of the 

experiment, while the macroparticles form of CaNa2EDTA showed this significant increase 

only at the 8th week of the experiment (Table 5). 



 
 

 
 

 
 

452 j.Egypt.vet.med.Assoc 78, no 3. 443 – 462 (2018) 

 

Safa M. Saleh et el 
  

Table (5): Mean values ± S.E of the urine cadmium concentration (ppb) in control and 

experimental rats received drinking water contain 30ppm cadmium and 

intraperitoneally injected with 50mg/kg/dayCaNa2EDTA macroparticles or 

nanoparticles at the end of the 6thtill the 10th week of the experiment for 4 courses 

(4 days each) with 3 days interval between the courses. 

           Groups 
Time Control Cadmium 

 
 
 

2nd week ND 
 

15.7 ± 0.44 
a 

4th week ND 
 

15.8 ± 0.34 
a 

6th week* ND 
 

16.0 ± 0.52 
a 

Cadmium and  
CaNa2EDTA 

Macroparticles 

Cadmium and  
CaNa2EDTA 
Nanoparticles 

8th week ND 
 

16.4 ± 0.51 
a 

18.9 ± 0.51 
b 

19.3 ± 0.66 
b 

10th week ND 
 

16.3 ± 0.68 
a 

18.0 ± 0.73 
ab 

19.7 ± 0.86 
b 

 

Values have different scripts at the same row are significantly different at P ≤ 0.05 (n=10)  

*Start of the treatment with CaNa2EDTA macroparticles or nanoparticles 

ND: not detected; less than 1 ppb. 

Histopathological Findings: 

Microscopic examination of tissue prepared sections from liver, kidney and femur of control 

rats revealed normal histological structure. Regarding livers of cadmium administrated rats 

revealed histological alterations; the hepatic cells appeared greatly swollen with granular and 

vacuolar degeneration as well as many necrotic cells especially in the centrilobular area and 

extended peripherally Fig.( 1A). Activated Kupffer cells were apparent near the hepatocellular 

necrobiotic changes. The vacuolar degeneration was few, scattered and of microvesicular type 

Fig. ( 1B). Liver of cadmium intoxicated and CaNa2EDTA macroparticles treated rats’ revealed 

moderate restoration of the hepatic parenchymal cells, but there were still cellular swelling 

and necrobiotic changes of moderate intensity. However, livers of cadmium intoxicated and 

CaNa2EDTA nanoparticles treated rats’ revealed marked restoration of the hepatic 

parenchymal cells almost near to normal with only very few hepatic cells appeared with 

granular degeneration and scarcely necrotic cells. 

Kidney of cadmium-intoxicated rats showed severe degree of degenerative changes of the 
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renal tubular epithelial linings of granular and vacuolar types with many necrotic and 

desquamated cells Fig. (1C). Most of the necrotic cells were desquamated in the tubular 

lumens, showed presence of granular cast. The intertubular blood vessels were congested.  

The renal glomeruli were severely affected, most of them showed hypercellularity of their 

glomerular tufts with thickening of both the glomerular basement membrane and the parietal 

layer of Bowman’s capsule Fig. (1D). While kidney of cadmium-administrated rats and 

treated with CaNa2EDTA macroparticles showed mild to moderate degenerative changes of 

the renal tubular epithelium with scattered necrotic cells, few desquamated cells and some 

renal casts in the lumen of some tubules. Some renal glomeruli showed vacuolation of the 

podocytes. Concerning kidney of CaNa2EDTA nanoparticles treated rats after cadmium 

intoxication revealed good restoration of the renal glomeruli with only mild necrobiotic 

changes of the renal tubular epithelium and appearance of regenerated foci in the tubules. 

Regarding microscopic examination of femur diaphysis for cadmium treated rats showed 

variable sizes areas of bone erosions, resorption and appearance of bony spicules Fig. (1E) 

with decreased density of the collagen fibers. The observed areas of bone resorption were 

accompanied with many osteoclast cells inside the resorbed areas; the osteocytes in the 

vicinity were present in their lacunae Fig. (1F). However, examination of different sections of 

femur of cadmium administrated rats and treated with CaNa2EDTA macroparticles showed 

some areas of bone resorption surrounded with active dark lines of bone deposition. Cross 

section of femur diaphysis compact bone of cadmium administrated rats and treated with 

CaNa2EDTA nanoparticles showed that, the osteocytes were present inside their lacunae, 

osteoclast cell inside a small area of bone resorption surrounded with dark lines of bone 

deposition and re-deposition of collagen. Marked dark lines of bone deposition were 

conspicuously observed with regularly and tightly arranged collagen fibers. 
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Fig. (1): (A): Liver of cadmium-administrated rat showing swelling of the hepatic cells, 

degeneration and necrosis (arrow) of many cells especially in the centrilobular area as well as 

activated Kupffer cells (dashed arrow). (H&E, X400), (B): liver of cadmium administrated 

A B 

D C 

F E 
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rat showing hepatocellular swelling, granular and few vacuolar degeneration (arrow head), 

many necrotic cells (arrow) as well as activated Kupffer cells (dashed arrow). (H&E, X400), 

(C): kidney of cadmium administrated rat showing granular and vacuolar degeneration of the 

renal tubular epithelium with many necrotic (dashed arrow) and desquamated cells (arrow), 

(H&E, X400). (D): kidney of cadmium administrated rat showing hypercellularity of the 

glomerular tuft (H), thickening of both the glomerular basement membrane and the parietal 

layer of Bowman’s capsule (arrow) as well as presence of granular cast in the Bowman’s 

space (dashed arrow), (H&E, X400). (E): cross section of femur diaphysis compact bone of 

cadmium administrated rat showing areas of bone resorption with many osteoclast cells inside 

the resorbed areas with many areas of bone erosions (E) with many osteoclast (arrow) and 

osteocytes in their lacunae (dashed arrow), (H&E, X400). (F): cross section of femur 

diaphysis compact bone of cadmium- intoxicated rat showing areas of bone resorption and 

decreased collagen fiber staining the bone lamellae; Massonۥ s trichrome stain (X400).  

DISCUSSION 
Cadmium poisoning is reported in many parts of the world. It is one of the global health 

problems affect many organs. Long-term exposure to cadmium through air, water, soil, and 

food leads to cancer and organ system toxicity such as skeletal, urinary, reproductive, 

cardiovascular, central and peripheral nervous, and respiratory systems (Rafati et al., 2017). 

In the current study, LD50 value of cadmium sulfate in adult female Sprague Dawley rats was 

240 mg/kg. Lewis, (2004), has reported similar value of LD50 and Lide, (2006) they 

reported that, the oral LD50 value of cadmium sulfate in rats is 280mg/kg. USAF, (1990) 

recorded that, the oral LD50 values of cadmium in animals range from 63 to 1125 mg/kg, 

depending on the cadmium compound. 

Rats received drinking water contain 30-ppm cadmium showed marked depression. 

Jafarpour et al., (2017), observed similar symptoms. This depression was slightly ameliorated 

by CaNa2EDTA macroparticles treatment, and largely ameliorated with CaNa2EDTA 

nanoparticles treatment. Frequent urination was observed in CaNa2EDTA macroparticles and 

nanoparticles treated rats because of EDTA treatment (Bethesda, 2011). Growth inhibition 

is the general signs of Cd exposure (Choi and Rhee, 2001). In the present study, cadmium 

intoxicated rats had significantly low body weight. The adverse effect of cadmium on growth 

performance could be related to affecting nutritional absorption and metabolism and reducing 

serum proteins. Tinkov et al., (2018) recorded that Cd exposure induces a significant 
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alteration of bacterial populations and their relative abundance in gut, accompanied by 

increased lipopolysaccharide (LPS) production, reflecting changed metabolic activity of the 

intestinal microflora. (Gaurav et al., 2010; Nasim et al., 2015 and Jafarpour et al., 2017) 

have reported similar decreased body weight. Treatment with CaNa2EDTA nanoparticles 

offered a more pronounced protection against cadmium toxicity than CaNa2EDTA 

macroparticles, which could be attributed to a more powerful chelating capacity to cadmium 

and consequently less toxicity and more improved performance parameters. 

Cadmium intoxicated rats showed a significant increase in serum urea and creatinine 

concentrations when compared with normal control group. These results came in accordance 

with the recorded data of Samy et al., (2014); El-Boshy et al., (2015) and Jafarpour et al., 

(2017). The increase of serum urea and creatinine concentrations in cadmium-exposed rats 

may be attributed to the toxic effect of cadmium on the renal tubules and glomeruli leading to 

nephrotoxicity and renal tubular damage (Aisha and Elham, 2000).Treatment with 

CaNa2EDTA macroparticles showed a marked improvement in kidney parameters, while 

kidney parameters of rats treated with CaNa2EDTA nanoparticles were near normal when 

compared to the control group. These findings suggest that treatment with CaNa2EDTA 

macroparticles or nanoparticles alleviate the nephrotoxic effect of cadmium with special 

reference to the nanoparticles form, which provides a more powerful cadmium chelating 

capacity, and thus less toxic effects of cadmium. Serum cadmium concentration and urinary 

cadmium excretion were significantly increased in cadmium-intoxicated rats. These results 

are consistent with other studies (Shim, 2008 and Kim et al., 2009). Rats treated with 

CaNa2EDTA macroparticles or nanoparticles showed relatively lower serum cadmium 

concentrations and relatively higher urine cadmium concentrations when compared to the 

cadmium intoxicated rats. These findings could be attributed to cadmium chelation by 

CaNa2EDTA macroparticles or nanoparticles and enhanced excretion. These effects were 

more pronounced in CaNa2EDTA nanoparticles treated rats. Increased urinary cadmium 

losses by EDTA therapy has also reported by Waters et al., (2001).Treatment with 

CaNa2EDTA macro or nanoparticles lowered the toxic effect of cadmium on the liver, kidney 

and femur especially the nanoparticles form as shown on histopathological examination.  

The liver is the primary target organ following acute systemic cadmium exposure. In the 

present work, the administration of cadmium resulted in degeneration and necrosis of 
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hepatocytes. These findings are in concurrence with Randa et al., (2012) and El-Refaiy and 

Eissa, (2013).  The histopathological changes of the liver treated with cadmium might be due 

to the formation of highly reactive radicals and subsequent lipid peroxidation induced by 

cadmium (Renugadevi and Prabu, 2010). Severe degenerative changes of the renal tubular 

epithelial linings with many necrotic and desquamated cells were observed after treatment 

with cadmium in the present work. Marked inter-tubuar hemorrhages in the renal medulla 

with necrobitic changes of the medullary tubular epithelium and focal mononuclear 

inflammatory cells infiltration in the interstitial tissue and at the renal pelvis with marked 

pyelitis in some rats were also observed. Similar findings have been reported by Jemai et al., 

(2010); Randa et al., (2012) and El-Refaiy and Eissa, (2013). Cadmium-induced 

nephrotoxicity is thought to be mediated through the cadmium metallothionein complex, 

which is synthesized in the liver, released into circulation and taken up by renal proximal 

tubule cells (Dudley et al., 1985). In fact, when the synthesis of metallothionein becomes 

insufficient for binding all cadmium ions in the liver, cadmium not bound to metallothionein 

produces hepatocyte injury and a cadmium metallothionein complex is released into the blood 

stream. The complex in the plasma is then, filtered through the glomeruli in the kidney and 

taken up by the proximal tubular cells (Sudo et al., 1996). On its way through the kidney, this 

complex causes injury, mainly in the cortical region, reaching the proximal tubule and 

causing a gradual loss of the organ’s function (Thijssen et al., 2007). Moreover, these 

changes may be due to the accumulation of free radicals as the consequence of increased lipid 

peroxidation by free cadmium ions in the renal tissues of cadmium -treated rats (Renugadevi 

and Prabu, 2009). In the present study, cadmium intoxicated rats showed bone erosions, 

bone resorption with many osteoclast cells inside the resorbed areas, bony spicules and 

decreased density of the collagen fibers.  Several studies in workers exposed to cadmium-

polluted fume and dust showed a connection between cadmium intoxication and bone damage 

(Kazantzis, 1979). Cadmium toxicity is associated with the occurrences of Itai-Itai, a disease 

under which patients show a wide range of symptoms such as low grade of bone mineralization, high 

rate of fractures, increased rate of osteoporosis, and intense bone associated pain. 

Mechanisms of Cd toxicity in bone include stimulation of fibroblast growth factor, which 

induces phosphaturia and decreases phosphate uptake, leading to osteomalacia (Kido et al., 

2012). Cd is toxic to MC3T3 osteoblasts by unknown mechanisms (Lizotte et al., 2012) and 

stimulates osteoclasts, thereby inducing osteoporosis (Chen et al., 2012). Cd decreases serum 
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osteocalcin levels in rats (Youness et al., 2012). These factors apparently combine to induce 

calciuria, increase bone resorption and decrease bone mineral density in Cd-exposed children 

(Sughis et al., 2011). The role of CaNa2EDTA nanoparticles could be due to reduction in size, 

and difference in shape of the nanoformulation, which is evenly spherical because of 

precipitation process, as compared to irregular shape of the micronized forms. This is resulting 

from machining or grinding processes, which provide an optimization to their use as a 

chelating agent for cadmium toxicity and thus minimizing its toxic effects (Kumar et al., 

2011). In conclusion, this study recommends that CaNa2EDTA nanoparticles could be used as 

an effective chelating agent for cadmium because they have a more powerful chelating 

capacity and thus could modulate the development of severe toxic effects of cadmium in rats. 
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