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Abstract: Problem statement: Cadmium is one of the most dangerous occupational and 
environmental toxins. It is found in drinking water, atmospheric air and even in food. Cadmium is 
reported to be very toxic to biological systems. Until now in treating intoxication with this metal, 
chelating Compounds have been used, burdened with numerous undesirable symptoms. For this 
reason, many researches are carried out in many countries to find natural-made compounds that help in 
the protection against cadmium induced toxicity with fewer or no side effects. This study was 
conducted to demonstrate the effect of daily oral Camel's milk administration against Cadmium 
chloride induced toxicity in white albino rats. Approach: White albino rats of both sexes (230-250 g) 
were housed in standard metal cages (6 rats/cage). The experimental rats (6 in each group) distributed 
into two experimental groups with a shared control group received only normal saline orally (Group 
1). In experimental first group a daily dose (10 mg kg1 body weight) of cadmium chloride was orally 
administrated to the rats for 21 days and named Cadmium chloride treated rats. In experimental second 
group, the same concentrations of cadmium chloride was dissolved in 2 mL of early morning fresh 
Camel's milk and the whole solution was administered into the experimental rats for 21 days and 
named Camel's milk cadmium chloride treated group. Water and food were provided ad libitum. 
Results: The data indicated that, in experimental Cadmium chloride treated rats, serum albumin, 
calcium and blood hemoglobin were decreased compared with control group received normal saline 
only. Moreover, Camel's milk administration with cadmium chloride showed a significant 
improvement of albumin, hemoglobin and calcium levels in the serum of the rats compared with 
cadmium chloride treated rats. Serum iron, sodium, chloride and urea levels were significantly 
increased in cadmium chloride treated rats compared with control group, while the addition of camel's 
milk to cadmium chloride decreased the high levels of these serum parameters in the treated rats. The 
enzyme activities of serum Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST) and 
serum Alkaline Phaospatase (ALP) were significantly increased by orally administration of cadmium 
chloride compared with control group, while adding Camel's milk to cadmium chloride decreased the 
high levels of these enzymes comparing with the cadmium chloride treated rats. Cadmium chloride 
administration resulted in a high concentration of lipid peroxidation markers; TBARS and 
Hydroperoxides in comparison to control group, adding camel's milk to the cadmium chloride restored 
the levels of these markers to their normal levels in comparing to Cadmium chloride treated rats. Also 
treatment with cadmium chloride alone caused a significant decrease in both the enzymatic and non-
enzymatic markers of oxidative stress (superoxide dismutase and catalase) and reduced glutathione, 
respectively in the liver tissues of treated rats, while the administration of camel's milk with cadmium 
chloride increased and restored their levels to near normal in comparing with cadmium chloride treated 
rats. These results demonstrated that camel's milk had a protective effect against the toxicity induced 
by cadmium chloride. Conclusion: the above results indicated a protective effect of camel's milk oral 
administration against cadmium induced toxicity in white albino rats. 
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INTRODUCTION 
 
 It is now well realized that environmental problems 
have increased exponentially in recent decades mainly 
because of rapid growth in human population and 
increased demand for several household materials. The 
toxic chemicals discharged into air, water and soil get 
into food chain from the environment. By entering into 
the biological system they disturb the biochemical 
processes leading to health abnormalities. Trace 
elements were known to have a variety of important 
biological functions and in many instances; they may 
have adverse effects on biological system[1-3]. 
 Cadmium exists in the air and water pollutants. In 
this respect, cadmium is a heavy metal of wide 
occupational and environmental contamination and 
present in trace levels in seawater and in a broad range 
of animal and plant species. Relatively large quantities 
of cadmium are found in commercial phosphate 
fertilizer, thus the increases in soil and plant cadmium 
contents may lead to increases in dietary cadmium. 
Also, cadmium poses a potential environmental hazard 
due to increased in its industrial use[4-7].  
 Cadmium toxic effects on biological systems have 
been extensively reported[8]. Free radicals are evolved 
at the early stages of cadmium intoxication[9,10]. The 
inhalation or absorption of Cadmium from various 
sources may lead to its accumulation in the human 
body[11-13]. 
 It has been reported that administration of 
cadmium via different routes causes increased lipid 
peroxidation in membranes of erythrocytes and tissues 
such as the liver, kidney, brain and testes where MDA 
is used as an indicator of oxidative damage[14]. Intake of 
cadmium results in consumption of glutathione and 
protein binding sulfyhydral groups and subsequently 
the levels of free radicals such as hydrogen peroxide, 
hydroxide and superoxide are increased. Increased lipid 
peroxidation results in changes in intracellular stability, 
DNA damage and apoptosis[15]. Bagchi et al.[16] 
reported that the levels of glutathione peroxidase (GSH-
Px) were increased whereas a reduction was observed 
in the activity of glutathione reductase in experimental 
cadmium-induced toxicity. 
 The high dietary levels of cadmium results in 
suppressed feed intake, reduction in bone 
mineralization and anemia[5]. The biochemical 
alteration occur prior to morphological changes in the 
organs and changes in certain enzyme levels in the 
extracellular fluids may reflect the extent of cadmium 
induced damage in target organs[17]. 
 For the general population that is mainly exposed 
by oral and inhalation routes, Kidneys (mainly renal 

cortex) and liver are considered to be the most 
susceptible organs in the case of exposure to 
cadmium[18-20]. The soluble salts of Cadmium 
accumulate in the organism and affect toxically not 
only the liver and kidneys, but also the brain, lungs, 
testicles, central nervous system and other tissues[21]. 
 The damaging effect of cadmium on the liver is 
manifested by an increase of Aspartate 
Aminotransferase (AST) and of the most specific 
marker of liver cell damage Alanine Aminotransferase 
(ALT). Sauer et al.[22] and Blasco and Puppo[23] 
observed an increase of the activity of these enzymes as 
a result of cadmium activity. Sherlock and Dooley[24] 
and Lee et al.[25] reported that Lactate Dehydrogenase 
(LDH) is another index of hepatotoxicity, although the 
plasma LDH level is relatively insensitive when 
exposed to cadmium. Cadmium hepatotoxicity is 
probably affected in two ways: On the one hand by the 
occurrence of inflammatory state, on the other hand-by 
direct toxic action of cadmium on liver cells. So far in 
treating cadmium intoxications, chelating compounds 
have been used, e.g., calcium disodium versenate, 
dimercaprol and mesomercaptosuccinic acid[26,27]. 
 It is known that chronic exposure to cadmium can 
induce severe nephropathy in humans[28] and 
animals[29,30]. This nephrotoxic causes reabsorptive and 
secretory dysfunction of the renal tubule. Several 
mechanisms have been proposed to explain the toxic 
effect of Cadmium on renal cells. Cadmium may cause 
nephrotoxicity by generating free radicals[31] and by 
inducing necrosis and apoptosis[32]. 
 Camel's milk is different from other ruminant milk; 
having low cholesterol, low sugar, high minerals 
(sodium, potassium, iron, copper, zinc and magnesium), 
high vitamin C, B2, A and E, low protein and high 
concentrations of insulin[33]. It has no allergic properties 
and it can be consumed by lactase deficient persons and 
those with week immune systems.  
 The milk is considered to have medicinal 
properties. In Sahara, fresh butter is often used as a base 
for medicines. The products developed also include 
cosmetics or pharmaceuticals. A series of metabolic and 
autoimmune diseases are successfully being treated 
with camel's milk. In India, camel's milk is used 
therapeutically against dropsy, jaundice, problems of 
the spleen, tuberculosis, asthma, anemia, piles and 
diabetes[34]. Beneficial role of raw camel's milk in 
chronic pulmonary tuberculosis patients has been 
observed[35]. In repeated trials, it was observed that 
there was 30-35% reduction in daily doses of insulin in 
patients of type 1 diabetes receiving raw camel's 
milk[36]. It is mentioned in Islam online that Camel's 
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milk and urine have medical effects, so Islam 
encourages and permits the drinking of camel milk and 
camel urine is permitted in case of necessary medical 
treatment. 
 The unique composition of camel milk has been 
proved to fortify the immunity system, where it has a 
heavy chain of amino acids which makes the camel's 
milk so unique. Such immunity components have 
proved to be effective in killing microbial agents both 
viral and bacterial and in protecting the human body 
against various diseases as well as treating some types 
of cancer. 
 In our survey, we didn’t find any study dealt with 
the therapeutic effect of Camel's milk against the bad 
effect of heavy metals, therefore in this study, we tested 
the effects of oral administration Camel's milk in rats 
by examining its protective effects against cadmium 
chloride induced toxicity rats.  
 

MATERIALS AND METHODS 
 
Camel's milk samples: Milk samples were collected 
early morning daily from Camel's farm in Abha area 
(Southeastern region of Saudi Arabia). Milk was 
collected from camels by hand milking as normally 
practiced by the farmers. The samples were collected in 
sterile screw bottles kept in cool boxes until transported 
to the laboratory.  
 
Animals: White albino rats of both sexes (230-250 g) 
were supplied by the animal house at the medical 
faculty of King Khalid University. The rats were 
housed in standard metal cages (6 rats/cage) and were 
fed a stock diet containing 50 wheat, 21 corn, 20 
soybean,  8  concentrated   proteins  and   1%  a 
mixture of salts, vitamins and dicalcium phosphate. 
Water was supplied ad libitum. These rats were kept at 
room temperature 22°C before and during the 
experiments. 
 Three groups of rats each of 6 male rats were used; 
all treatment were given orally using cavage needle and 
were treated as follows: 
 
Group 1: Given a daily dose of 2 mL normal saline 
(control group) 
 
Group 2: Given a daily 2 mL dose of a solution 
contains 10 mg kg−1 body weight of cadmium chloride 
orally for 3 weeks.  
 
Group 3: Given a daily 2 mL dose of a solution 
contains 10 mg kg−1 body weight of cadmium chloride 
dissolved in camel milk orally for 3 weeks.  
 
Collection of blood serum: At the end day 21, the 
animals were subjected to over night fasting and then 
were scarified by cervical dislocation. Blood samples 

were collected directly into plain tubes and then were 
centrifuged at 3000 rpm for 10 min to obtain serum. 
 
Preparation of liver homogenate: The liver was 
quickly removed, washed in ice-cold, isotonic saline 
and blotted individually on ash-free filter paper, The 
tissues were then homogenized in 0.1 M Tris-HCl 
buffer, pH 7.4 using a Potter-Elvejham homogenizer at 
4°C with a diluting factor of 4, the crude tissue 
homogenate  was  then  centrifuged  at  a  speed  of 
9000 rpm for 15 min in cold centrifuge, the supernatant 
was kept at -20°C for estimation of TBARS, lipid 
hydroperoxides, reduced glutathione (GSH), 
Superoxide Dismutase ( SOD) and Catalase Activity 
(CAT). 
 
Physiological and biochemical analyses: Hemoglobin 
was determined by the method described by Drabkins 
and Austin[37]. Urea was determined by the method of 
Natelson[38]. The albumin content was estimated by the 
method described by Reinhold[39]. Iron levels were 
determined using commericial kits (Human, USA) 
according to manufacturer's instruction. The enzymes, 
Aspartate Aminotransferase (AST), Alanine 
Aminotransferase (ALT) and Alkaline Phosphatase 
(ALP), were assayed using commercial kits (Quimica 
Clinica Aplicada S.A. Spain). Calcium, Sodium and 
chloride were assayed using an analysis kit (Quimica 
Clinica Aplicada SA Spain) according to the 
manufacturer's instructions.  
 
Estimation of lipid peroxidation and oxidative stress 
parameters: 
Estimation of TBARS: The concentration of 
Thiobarbituric Acid Reactive Substances (TBARS) in 
the liver homogenate was determined by the method of 
Okhawa[40].  In  brief, the reaction mixture contained 
0.1 mL of tissue homogenate, 0.2 mL of sodium 
dodecyl sulfate, 1.5 mL of acetic acid and 1.5 mL of 
aqueous solution of TBA. The pH of 20% acetic acid 
was pre-adjusted with 1 M NaOH to 3.5. The mixture 
was made up to 4 mL with distilled water and heated at 
95°C for 1 h, in a water bath. After cooling, 1 mL of 
distilled water and 5 mL of mixture of n-butanol and 
pyridine (15:1) were added and mixture was shaken 
vigorously on a vortex mixer. The absorbance of the 
upper organic layer was read at 532 nm. The values 
were expressed as mM/100 g of tissues.  
 
Estimation of lipid hydroperoxides: The estimation of 
lipid Hydroperoxides (HP) was done by the method of 
Jiang[41], in which 0.1 mL of tissue homogenate 
(supernatant) was treated with 0.9 mL of fox reagent 
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(88 mg of butylated hydroxytoluene, 7.6 mg of xylenol 
orange and 9.8 mg of ammonium iron sulfate added to 
90 mL of methanol and 10 mL of 250 mM sulfuric 
acid) and incubated at 37οC for 30 min. the color 
developed was read at 560 nm. Lipid hydroperoxides 
were expressed as mM/100 g of tissues.  
 
Estimation of reduced glutathione: The GSH content 
of the liver homogenate was measured at 412 nm using 
the method of Sedlak and Lindsay[42]. The homogenate 
was precipitated with 50% trichloraacetic acid and then 
centrifuged at 1000 rpm for 5 min. The reaction mixture 
contained 0.5 mL of supernatant, 2.0 mL of Tris-EDTA 
buffer (0.2 M; pH 8.9) and 0.1 mL of 0.01 M 5.5’-
dithio-bis-2-nitrobenzoic acid. The solution was kept at 
room temperature for 5 min and then read at 412 nm on 
the spectrophotometer. The values were expressed as 
mg/100 g of tissues.  
 
Estimation of Catalase activity: Catalase activity was 
assayed according to the method of Aebi[43]. 
Supernatant (50 µL) was added to a 3.0 mL cuvette that 
contained 1.95 mL of 50 mM phosphate buffer (pH 
7.0). 1.0 mL of 30 mM hydrogen peroxide was added 
and changes in absorbance were followed for 30 sec at 
240 nm at 15 sec intervals. Catalase activity was 
expressed as U per mg protein. 
 
Estimation of SOD activity: The activity of SOD in 
tissue was assayed by the method of Kakkar[44]. The 
assay mixture contained 1.2 mL sodium pyrophosphate 
buffer (pH 8.3, 0.025 mol L−1), 0.1mL phenazine 
methosulphate  (186  m   mol   L−1),  0.3  mL  NBT 
(300 mmol L−1), 0.2 mL NADH (780 m mol L−1) and 
approximately diluted enzyme preparation and water in 
a total  volume  of 3 mL. After incubation at 30°C for 
90 sec, the reaction was terminated by the addition of 
1.0 mL of glacial acetic acid. The reaction mixture was 
stirred vigorously and shaken with 4.0 mL nbutanol. 
The color intensity of the chromogen in the butanol 
layer was measured at 560 nm against n-butanol. 
 
Statistical analysis: Data are given as the mean ±SD. 
Student’s t-test was used to determine if the difference 
observed among various treatment groups at individual 
time points was significant. 

 
RESULTS 

 
Variation in total serum albumin: Data in Table 1 
showed that, orally administrated cadmium chloride 
caused highly significant decreases in serum total 

albumin of rats compared to control animals. On the 
other hand, the addition of Camel's milk to cadmium 
chloride caused a significant increase in levels of 
albumin in rats in comparing to rats received cadmium 
chloride alone.  
 
Effect of treatment on serum urea of the rats: Data 
in Table 1 revealed that, highly significant increased in 
serum urea concentration through the experimental 
period of rats under administration of cadmium chloride 
compared with the control group. While adding Camel's 
milk to the cadmium chloride resulted in a significant 
decreased of serum urea compared with rats treated 
with cadmium alone.  
 
Table 1: Levels of albumin, Urea, hemoglobin, Iron, calcium, sodium 

and chloride in serum of control and experimental groups of 
rats 

Parameters Control Cadmium Cadmium+milk 

Albumin mol L−1 613.60±12 434.00±10* 595.80±13.5* 
Urea m mol L−1 3.78± 0.4 9.70±0.85* 3.96±0.6* 
Hemoglobin 2.00±0.02 1.10±0.08* 1.90±0.15* 
m mol L−1 (blood)  
Iron µ mol L−1 24.00±1.1 112.50±8.9* 26.60±5.9* 
Calcium m mol L−1 2.30±0.12 1.30±0.2* 2.21±0.04* 
Sodium m mol L−1 149.60±4.5 268.60±5.6* 147.20± 2.4* 
Chlorid m mol L−1 105.10±1.2 190.10±7.4* 104.30±1.6* 
Values are given as mean ± SD for groups of six animals each. 
Values are statistically significant at *P<0.05. Cadmium treated rats 
were compared with control rats; Camel's milk Cadmium treated rats 
were compared with Cadmium treated rats 
 
Effect of treatment on the blood hemoglobin in the 
rats: As shown in Table 1, exposure of rats to cadmium 
chloride resulted in highly significant decreased in 
blood hemoglobin levels compared with its levels in 
control group. Adding Camel's milk to cadmium 
chloride significantly increased the lower levels of 
hemoglobin as compared to rats received cadmium 
chloride alone. 
 
Changes in serum levels iron in the rats: As shown in 
Table 1; the obtained results indicated that rats exposed 
to cadmium chloride resulted in a significant increased 
in serum iron concentration in comparing with the 
control group. Administration of Camel's milk with 
cadmium chloride to the rats resulted in highly 
significant decrease in serum iron concentration in the 
rats compared with the rats orally administered 
cadmium alone. 
 
Change in calcium concentration of the serum of 
experimental groups: Results in Table 1, showed that, 
administering cadmium chloride solution to the rats 
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resulted in a statistically significant decrease of calcium 
concentration in their serum in comparing with the 
control group. While rats' orally administrated solution 
of Camel's milk with cadmium chloride significantly 
raised calcium concentration in blood of rats in relation 
to the rats administered cadmium chloride alone.  
 
Changes in the serum sodium and chloride: An effect 
of cadmium chloride administrated to the rats on serum 
sodium and chloride was showed in Table 1. Orally 
administrated of cadmium chloride to rats' results in a 
statistically highly significant increased of sodium and 
chloride concentration in rats serum in relation to the 
control group. On contrast, adding Camel's milk to 
cadmium chloride decreased the high levels of sodium 
and chloride concentration in serum of rats as compared 
to rats administered cadmium chloride only. 
 
Alanine Aminotransferase, Aspartate 
Aminotransferase and Alkaline Phosphatase 
Activities (ALT, AST, ALP): Results in Table 2 
showed that, administering of cadmium chloride to rats 
resulted in a statistically significant increased of alanine 
aminotransferase, aspartate aminotransferase and 
alkaline phosphatase activities in the rat's serum 
comparing with the control group. On contrast, adding 
Camel's milk to cadmium chloride produced a 
significant decrease in the levels of alanine 
aminotransferase, aspartate aminotransferase and 
alkaline phosphatase in relation to rats received 
cadmium chloride alone. 
 
Table 2: Levels of ALT, AST and ALP in serum of control and 

experimental groups of rats 
Parameters Control Cadmium Cadmium + milk 

AST (U L−1) 68.100±1.2 210.2±6.2* 65.5±2.2* 
ALT (U L−1) 36.0.9±2.6 120.3±5.4* 33.1±4.0* 
ALP (IU L−1) 75.700±1.3 211.9±11.6* 77.0±1.8* 
Values are given as mean ± SD for groups of six animals each. 
Values are statistically significant at * p<0.05. Cadmium treated rats 
were compared with control rats; Camel's milk Cadmium -treated rats 
were compared with Cadmium treated rats 

 
Table 3: Levels of lipid peroxides, hydroperoxides and reduced 

glutathione in liver of control and experimental groups of 
rats 

Parameters Control Cadmium Cadmium + milk 

TBARS (m M/100g  0.75±0.02 2.60±0.10* 0.77±0.01* 
of tissue)  
Hydroperoxides 73.21±0.83 104.71±1.11* 79.11±0.32* 
(mM/100g of tissue)  
Glutathione(GSH) 41.9±1.67 21.65±0.98* 40.20±2.0* 
(mg/100 g of tissue)  

Values are given as mean ± SD for groups of six animals each. 
Values are statistically significant at *p<0.05. Cadmium treated rats 
were compared with control rats; Camel's milk Cadmium -treated rats 
were compared with Cadmium treated rats 

Table 4: Levels of Superoxide Dismutase (SOD) and Catalase (CAT) 
in liver of control and experimental groups of rats 

Parameters Control Cadmium Cadmium + milk 

SOD (U mg−1 of protein)* 10.0±0.02 5.12±7.2* 9.85±3.2* 
CAT (U mg−1 of protein)# 88.0±3.1 44.30±2.47* 83.81±5.0* 
*: Units/mg protein (amount of enzyme required to inhibit 50% 
reduction of NBT); #: Units mg−1 protein (µm of H2O2 decomposed 
mg protein−1 min−1) Values are given as mean ± SD for groups of six 
rats each. Values are statistically significant at *p<0.05. Cadmium 
treated rats were compared with control rats; camel's milk cadmium-
treated rats were compared with Cadmium treated rats 

 
Lipid peroxides, hydroperoxides and reduced 
glutathione: Table 3 shows the concentration of 
TBARS, hydroperoxides and reduced glutathione in 
liver of control and experimental groups of rats. The 
levels of TBARS and hydroperoxides in Cadmium 
chloride treated rats were significantly higher than 
control rats, whereas rats treated with Camel's milk 
with Cadmium chloride restored the altered values to 
the normalcy. The decreased concentration of GSH 
was observed in Cadmium chloride treated rats, 
Administration of Camel's milk with Cadmium 
chloride tended to bring the GSH level to normal 
levels. 
 
Superoxide dismutase and Catalase activities: SOD 
and CAT activities (Table 4) were significantly reduced 
in Cadmium chloride treated rats when compared to 
control rats, their levels came to normal in the group of 
rats administered a solution of Camel's milk and 
cadmium chloride. 

 
DISCUSSION 

 
 Cadmium is one of the most dangerous 
occupational and environmental toxins. It is found in 
drinking water, atmospheric air and even in food. 
Products of vegetable origin are the main carrier of 
cadmium compounds in food[6]. Having been absorbed 
from the alimentary tract, cadmium forms durable 
combinations with the protein thionein, forming 
metallothioneins which play an important role in further 
metabolism of this metal. It seems that the toxicity of 
this metal on one hand lies in a direct action of free 
cadmium ions not bound with metallothionein, while on 
the other hand, in forming reactive radicals being able 
to change functions and structure of many system and 
organs[6,7]. Until now in treating intoxication with this 
metal, chelating Compounds have been used, burdened 
with numerous undesirable symptoms. The present 
study evaluates the protective effect of Camel's milk 
against toxicity induced by Cadmium in male rats. 
 Albumin is the most abundant protein in human 
plasma, representing 55-65% of total protein. It 
synthesized in the liver at a rate that is dependent on 
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protein intake subject to feedback regulation by the 
plasma albumin level. Little albumin is filtered through 
the kidney glomerali and most of that is reabsorbed by 
proximal tubule cells and degraded by their lysosomal 
enzymes into fragment that are returned to the 
circulation. In this study there was a significant 
decrease in serum albumin of rats treated with cadmium 
chloride alone as compared to the control rats received 
normal saline, indicating poor liver functions or 
impaired synthesis, either primary as in liver cells 
damage or secondary to diminished protein intake and 
reduced absorption of amino acids caused by a 
malabsorption syndromes or malnutrition. Other 
interpretation may cadmium caused loss protein in 
urine, due to nephritic syndrome, chronic 
glomerulonephritis. On the other hand, the results in the 
present study showed that rats fed on Camel's milk and 
cadmium chloride together restored and increased the 
reduced albumin levels in blood as compared with the 
rats received cadmium only. 
 Urea levels in the serum of all groups of rats is 
shown in Table 1; Urea levels were highly significantly 
increased in rats administrated orally with cadmium 
chloride only comparing with the control rats receiving 
normal saline. As a result of cadmium activity, one 
notices renal tubule damage and then glomerular 
filtration impairment[45]. This may account for the 
increase of urea concentration in the animals receiving 
cadmium chloride. The damaging effect of cadmium on 
kidneys has also been described by other authors[46]. 
Some occupational studies have reported increased 
serum concentrations of urea indicating reduced 
Glomerular Filtration Rate (GFR) in cadmium-exposed 
rats[47,48]. Cadmium dose remained the important 
predictor of serum urea even after controlling for age, 
blood pressure, body size and other extraneous 
factors[47]. It has been suggested that cadmium-induced 
tubular damage leads to a certain degree of interstitial 
nephritis, which in turn results in a decreased GFR[49]. It 
has also been proposed that cadmium exerts a direct 
toxic effect on the glomerulus[47]. Also, the present 
studies agree with Shibutani et al.[45], who reported that 
cadmium can affect on renal tubules damage and then 
glomerular filtration impairment. In the present 
investigations, administration of Camel's milk with 
cadmium chloride significantly decreases and brought 
the concentration of urea in the rat's serum to near 
normal levels.  
 A result of exposure to cadmium there develops, 
among others, hypochromic anemia. Several 
mechanisms leading to anemia have been suggested. 
Cadmium may compete with iron, leading to the 
occurrence of anemia due to iron deficiency, whereas 
on the other hand renal failure, developing under the 
influence of cadmium, results in erythropoietin 
deficiency which may causes normochromic and 
normocytic anemia without a proportional increase of 

reticulocytes[50,51]. Chun et al.[52] are of the opinion that 
cadmium ions significantly affect regulatory genes for 
erythropoietin, which may be the cause of inhibiting its 
expression. As shown in Table 1, Blood hemoglobin 
concentration may be diminished because of hemolysis 
or because of impaired blood formation in bone marrow 
in rats administrated cadmium chloride compared with 
hemoglobin levels in blood of control group rats 
receiving normal saline. Moreover, Cadmium inhibits 
the bone marrow to make hemoglobin by interfering 
with several enzymatic steps in the heme synthesis. 
Also Cadmium has been found to have direct effect on 
blood hemoglobin by decreasing its formation as results 
from two basic red cell defects; shortened life span and 
impaired heme synthesis. The mechanisms by which 
synthesis of the red cell pigment heme is inhibited by 
cadmium involves at least two enzymes, a cytoplasm 
one (delta-aminoleuvinic acid) at the beginning of heme 
synthesis and a mitochondrial one, ferrochelatase, at the 
end of heme synthesis[53]. Ferritin is both a very 
efficient iron trap and a readily an available source of 
iron for metabolic requirements and for formation of 
hemoglobin and other heme proteins. The minute 
concentration of ferritin in serum is an indicator of total 
body storage iron. Liver injury results in release of 
relatively enormous amounts of ferritin into plasma, 
resigning the serum ferritin concentration and serum 
iron concentration several hundred times, these results 
were shown by our study in the rats administered 
cadmium chloride orally. As shown in Table 1, rats 
orally administrated Camel's milk with cadmium 
chloride resulted in as significant increased blood 
hemoglobin and decreased serum iron compared with 
the results in rats orally administered cadmium chloride 
alone. 
 Cadmium affects bone development and 
mineralization[17] and has an antagonistic activity in 
calcium metabolism[5]. In the present study, 
administering cadmium chloride to rats resulted in a 
statistically significant decrease of calcium 
concentration in serum of rats in relation to the control 
group. For a proposed mechanism for the decreased 
calcium absorption and negative calcium balance seen 
in rats exposed to cadmium is that this metal inhibits 
activation of vitamin D in the renal cortex[54]. Cadmium 
inhibits vitamin D-stimulated intestinal calcium 
transport in rats[55,56]. Renal conversion of 25-
hydroxycholealceferol to 1, 25- 
dihydroxycholecalceferol in rats is inhibited by low and 
a high dietary concentration of cadmium[57]. The 
present results agree with a series of studies in Japan, 
described in detail in WHO[58], on the effect of dietary 
cadmium in monkeys, a dose of (30 mg kg−1 bwt) was 
found to worsen osteomalacic changes in the bones of 
animals fed diets with low concentration protein, 
calcium and vitamin D. Several studies on the effects of 
oral administration of cadmium on bone and calcium 
metabolism showed decreased calcium content in bone 
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and increased urinary excretion of cadmium that 
resulted in decalcification and cortical atrophy in the 
skeleton, associated with renal cortical 
concentrations[59-61]. In the present study, Camel's milk 
improved the negative effect of cadmium on calcium 
metabolism and demonstrate protective action against 
the changes of calcium metabolism by cadmium, 
Calcium levels significantly increased in the rats orally 
administered Camel's milk with cadmium compared to 
rats received cadmium alone orally. The mechanism of 
the beneficial effect of Camel's milk may be due to high 
calcium content in the milk or by the positive effect of 
camel's milk on the vitamin D formation and on the 
functions of this vitamin on the metabolism of the 
calcium, in which vitamin D formed and stimulate 
calcium absorption from the small intestine and restore 
serum calcium concentration. 
 The plasma chloride values are useful guide to 
acid-base status and the major anion present in the 
extracellular fluid is closely related to that of sodium. 
Administering cadmium chloride to the rats resulted in 
a statistically significant increase sodium and chloride 
in serum of rats as compared to the control group. 
While adding the Camel's milk to cadmium chloride 
normalized the sodium and chloride concentration in 
rat's serum. 
 Cadmium injection at dosage 10 mg day−1 for 21 
days showed severe hepatic damage noticed by the 
marked increase in the serum activity of 
aminotransferases (ALT, AST and ALP). These 
characteristic features of Cadmium-induced liver 
toxicity were similar to those previously reported by 
other investigators[62,63]. Several mechanisms have been 
suggested for the induction of Cadmium-associated 
hepatotoxicity[62]. The two enzymes ALT and AST are 
found in the liver and have been widely used for 
diagnostic purposes. AST is present in both the 
mitochondria and cytosol of liver cells, while (ALT) is 
found in the cytosol only. Liver cells damage releases 
these enzymes into the extracellular fluid and results in 
increased plasma levels of transaminase activity. The 
Alkaline Phosphates (ALP) are a group of glycoprotein 
enzymes that bound to alkaline PH. ALP activity is 
found in virtually all tissues, particularly bone, liver, 
kidney, intestine, adrenal and placenta. In addition, 
Johnson[64] hypothesized that, in liver Alkaline 
Phosphatase (ALP) is found at two distinct sites on the 
sinusoidal surface of the hepatocyte and in the 
microvilli of the bile canaliculi and ducts. ALP is also 
found in a number of other body tissues; thus, the 
plasma ALP activity is not specific for the liver. oral 
Administration of cadmium chloride to rats resulted in a 
statistically highly significant increase in the levels of 
these enzymes: ALT, AST and ALP in the serum when 
compared with the control group received normal 
saline. On the other hand, Administration of Camel's 

milk with the cadmium restored the levels of these 
enzymes in the serum of the rats as an indication of 
protective effect of Camel's milk against liver damage 
induced by cadmium.  
 In this study, Cadmium treated rats showed not 
only a significant increase in TBARS and 
hydroperoxides level, but also decreased the activity of 
antioxidative system elements (superoxide dismutase, 
catalase) as well as glutathione content and leads to the 
production of oxygen reactive forms. These results 
correlate well with other reports where Cadmium has 
been shown to up regulate oxidative stress marker such 
as TBARS and decrease the activity of antioxidants 
such as GSH and SOD[15,65]. Oral administration of 
camel's milk with the cadmium chloride significantly 
reduced the lipid peroxidation biomarker (TBARS and 
Hydroperoxides) and returned them to their normal 
levels; it also normalized the levels of both enzymatic 
and non-enzymatic components of antioxidant system 
(GSH, SOD and CAT) in the liver. 
 The protective effect of Camel's milk against 
Cadmium-induced toxicity, oxidative stress and tissue 
damage in this study could be attributed to its 
antioxidant and possible chelating effects on cadmium. 
It has been reported that camel's milk contain high 
levels of Vitamins C, A, B2 and E and very rich in 
magnesium[33]. These vitamins are antioxidants found to 
be useful in preventing the tissues injury caused by 
toxic agent. Magnesium protects cells from heavy 
metals such as aluminum, mercury, lead, cadmium, 
beryllium and nickel, which explains why re-
mineralization is so essential for heavy metal 
detoxification and chelating. Magnesium deficiency 
(MgD) has been associated with production of reactive 
oxygen species[66]. Magnesium protects the cell against 
oxyradical damage and assists in the absorption and 
metabolism of B vitamins, vitamin C and E[67], which 
are antioxidants important in cell protection. Recent 
evidence suggests that vitamin E enhances glutathione 
levels and may play a protective role in magnesium 
deficiency-induced cardiac lesions[67]. Also it has been 
reported that magnesium is very essential for 
biosynthesis of glutathione, because the enzyme 
Glutathione synthetase requires γ-glutamyl cysteine, 
glycine, ATP and magnesium ions to form 
glutathione[68]. An other interpretation for the 
improvement of the parameters of the present 
investigation may be due to the decrease of cadmium 
accumulation in liver and kidneys in the rats receiving 
Camel's milks in addition to cadmium. Among the 
possible mechanisms, it might occur that Camel's milks 
reduced the renal uptake of cadmium by competition 
for a common transporter and demonstrates protective 
actions against the damages of hepatocytes and renal 
function during cadmium intoxication in the rats. 
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CONCLUSION 
 
 Our results indicate that Camel's milk have a 
protective effect against cadmium induced toxicity in 
rats.  
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