
Advances in Environmental Biology, 8(17) September 2014, Pages: 288-294 

 

AENSI Journals 

Advances in Environmental Biology 
ISSN-1995-0756      EISSN-1998-1066 

 

Journal home page: http://www.aensiweb.com/AEB/ 

 

 

   

Corresponding Author: Saeed Hesaraki, Department of Pathobiology, Faculty of Veterinary Sciences, Science and 

Reaserch Branch,  Islamic Azad University, PO Box 77515-775,Tehran – IRAN. 

                                          E-mail: hesarakisaeed@yahoo.com 

Toxic Effects of Cadmium in Japanese Quail(Coturnix japonica): Assessment of 
Body Weight and Histopathology of Liver and Kidneys. 
  
1Omid Karimi, 2Saeed Hesaraki and 2Seyyed Pejmane Mortazavi 
 
1Educated from Faculty of Veterinary Sciences, Science and Reaserch Branch, Islamic Azad University, PO Box 77515-775,Tehran – IRAN. 
2Department of Pathobiology, Faculty of Veterinary Sciences, Science and Reaserch Branch,  Islamic Azad University, PO Box 77515-

775,Tehran – IRAN. 
 

ARTICLE INFO  ABSTRACT 

Article history: 

Received 25 September 2014 
Received in revised form 

26 October 2014 

Accepted 25 November  2014 
Available online 1 December 2014 

 

 

Key words: 

Cadmium; Quail; Body weight; Liver; 

Kidney; Histopathology   
 

 Cadmium is a heavy metal recognized as an industrial and environmental pollutant with 

characteristic long biological decomposition and accumulative toxic effect on all live 
organism .The objective of this work was to elucidate the effects of this pollutant on 

Japanese quail as a model for study of toxicity in animals exposed in nature. One-

hundred 30 days-old male Japanese quail were randomly divided into two groups. The 
control group received no cadmium and the cadmium group received a ration of 50 ppm 

cadmium (CdCl2) per day. At days 0 and 60, fifteen birds from each group were 

randomly selected, weighed and scarified. The liver and the kidneys of each bird were 
removed weighed and examined with light microscope. The concentration of cadmium 

in the liver and kidney samples was measured by atomic absorption. Liver 

histopathology of cadmium group showed hyperaemia, sinusoids dilation and increased 
number of kupffer cells. Renal histopathology showed swelling of epithelial cells of 

renal tubule, necrosis of renal tubules epithelium and hyperaemia. The results showed 

that the exposure to cadmium 60 days significantly (p<0.05) reduced the body weight 
and significantly (p<0.05) increased the liver and kidneys weight percentage. 
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INTRODUCTION 

 

Cadmium (Cd) is a toxic metal widely distributed in the environment as a result of industrial and 

agricultural practices [12,15]. Exposure to Cd is known to cause harmful effects of different levels of the trophic 

chain, because of bioaccumulation Toxic effects of Cd are reported in kidneys, liver, lungs, testes, fetus, and the 

immune system [12,16]. These effects are associated with, teratogenesis and carcinogenesis [14,17]. Cadmium 

induces tissue injury through forming oxidative stress. It increases lipid peroxidation, in addition it reduces 

antioxidants, glutathione and protein -bound sulfhydryl groups. Cadmium also upgrades the production of 

inflammatory cytokines [9,12,17]. 

The source of cadmium intake is mostly food, and most of the cadmium that is absorbed after oral exposure 

mainly accumulates in the kidneys and liver [4,13,15]. Cadmium primarily affects the kidneys, liver and 

intestine [17]. Hesaraki et al. [5] reported a decrease in body weight and kidney histopathologic lesions in 

broiler chickens fed a diet containing cadmium. Body weight loss and functional changes of liver and kidneys in 

quail experimentally exposed to orally cadmium by Sant Ana et al.  were observed. Holovska et al. [6] Reported 

morphological changes in the liver after turkey’s chronic exposure to dietary cadmium. 

Relativity few studies aiming at a better understanding of the impact of cadmium in birds have been 

conducted. Experimental studies are very important to evaluate the effects of environmental pollutants. In this 

way it is possible to identify the risk of exposure of chemical pollutants at different levels of the food chain. 

However, to better elucidate these effects, it is necessary to use laboratory animals [16] In this experimental 

protocol, Japanese quail was used as a model to analyze the toxic effects of cadmium exposure in animals that 

are exposed in nature 
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MATERIALS AND METHODS 

 

Animals and Experimental Design: 

One-hundred 30 days-old male Japanese quail were obtained from a research farm (The center for research 

on agriculture and natural resources of Yazd, Iran) and randomly divided into two groups. The control group 

took no cadmium and cadmium group was given formula feed containing 50 ppm of cadmium (Cdcl2.merk) for 

60 days. The cadmium content in feed (0.006 ppm) and water (0.003ppm) used in this experiment varied below 

the limit value. The birds were keept in cages under Microclimatic conditions favorable for their growth and 

welfare. The food composition was corn(36.7%),wheat grain(15%),soybean meal(35.4%),corn gluten 

meal(8.9%),calcium diphosphate, calcium carbonate, common salt, DL methionine, Lysine hydrochlorid, 

L.threonine,B complex and other mineral and vitamins premix . Fifteen birds from each group on days 0 and 60 

were randomly selected and weighed after slaughter and necropsy was. The liver and kidneys samples were 

weighed and prepared for histological section and cadmium concentration were measured.  

 

Histological  Examination: 

A portion of liver and kidney were fixed in 10% buffered formalin, dehydrated in ethanol and xylene, 

embedded in paraffin, cut into 5-6um sections, and stained with hematoxylin and eosin for microscopic 

(Olympus Bx51)  examination. All alteration from the normal structure were recognized. The following criteria 

were used for scoring liver and kidney histopathology:++++,a change was very often found in all birds of a 

group:+++, a change was relatively common in all birds of a group:++,a change was rare in all birds of a group : 

+., a change was found in a few birds of a group.    

 

Cadmium Concentration: 

Cadmium concentration in the liver and kidneys samples was determined by atomic absorption 

spectrometry (UNICAM939) as described by McFarland et al. [13].  

 

Statistical Analysis: 

The data was subjected to statistical analyzing using one way ANOVA by applying statistical package for 

social sciences (spss) 12th version. Differences between means were tested using  Duncans Multiple comparison 

test and significance was set at p<0.05. 

 

Results: 

At the time of setting up the experiment the body weight, liver weight percentage and kidneys… weight 

percentage of both groups were practically the same. After 60 days the body weight gain of the cadmium birds , 

compared with the control birds decreased (P<0.05). A significant increase (P<0.05) was noted in the liver and 

kidneys weight percentage in cadmium group ( Tables 1,2and3).  

 
Table 1: Effect of cadmium on body weight  gain on male Japanese quail(15) 

Groups Initial body   weight(gr) Final body weight(gr) Change (gr) 

Control 234.6±3.9a 280.1±4.8 a 45.5±1 a 

Cadmium 235.8±4.1 a 246.2±7.2 b 10.4±1.9 b 

Different letters in the same column indicate statistically significant difference (P<0.05) 
 

Table 2: Effect of cadmium on liver weight  on male Japanese quail(15) 

Groups Initial liver weight(gr) Initial liver weight(%) Final liver weight(gr) Final liver weight(%) 

Control 3.5±.3 a 1.49 a 4.3±.4 a 1.53 a 

Cadmium 3.6±.2 a 1.52 a 4.4±.4 a 1.78 b 

Different letters in the same column indicate statistically significant difference (P<0.05) 

 

Table 3: Effect of cadmium on kidneys weight  on male Japanese quail(15) 

Groups Initial kidneys weight(gr) Initial kidneys weight(%) Final kidneys 
weight(gr) 

Final kidneys 
weight(%) 

Control 1.62±.2 a 0.69 a 2.1±.23 a 0.75 a 

Cadmium 1.63±.28 a 0.69 a 2±.43 a 0.81 b 

Different letters in the same column indicate statistically significant difference (P<0.05) 
 

   Cadmium concentration in liver and kidneys of control group and cadmium group at day 0 showed no 

significant difference (P<0.05).Cadmium concentrations were much higher in liver (14 .02 times) and kidneys 

(15.89 times) of  cadmium  group after60 days the experiment began (Table4). 
 
Table 4: Cadmium concentration(ppm) in the liver and kidneys of male Japanese quail(15) 

Groups Initial liver concentration Final liver concentration Initial kidneys 

concentration 

Final kidneys 

concentration 

Control 0.31±0.01 a 0.41±0.12 a 0.31±0.01 a 0.56±0.02 a 

Cadmium 0.39±0.02 a 5.61±0.09 b 0.36±0.02 a 8.9±0.1 b 
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Different letters in the same column indicate statistically significant difference (P<0.05) 

 

  The liver of control quails showed a normal structure. In the cadmium group, cadmium caused 

hyperaemia, sinusoid dilation, increased kupffer cells, vacuolar degeneration and single cells necrosis (Table5) 

(Fig1, 2, 3 and 4). Normal structure of the kidneys was observed in the control quail.  The birds exposed to 

cadmium showed changes in the renal histology. Renal histopathology showed swelling of epithelial cells of 

renal tubules, hyperaemia, necrosis of tubular epithelium and dilation of renal glomeruli (Table 6) (fig5, 6, 7and 

8). 

 
Table 5: Histopathologic findings in liver of male Japanese quail (15) exposed to dietary cadmium 

Finding Score 

Hyperaemia 

 

++++ 

Sinusoid dilation 

 

 
vacuolar degeneration 

 

 
Increased 

number of kupffer cells 

 
 

Single cells necrosis 

+++ 

 

 
++ 

 

 
+ 

 

 
 

+ 

:++++,a change was very often found in all birds of a group:+++, a change was relatively common in all birds of a group:++,a change was 
rare in all birds of a group : +., a change was found in a few birds of a group.  

 

 
 

Fig. 1: Normal structure in liver of control group.H&E X200 

 

 
 

Fig. 2: liver of cadmium group. Hyperaemia (asterisks).H&E X200 
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Fig. 3: Liver of cadmium group. Increased number of kupffer cells(arrows). Dilation of sinusoid(thick arrows). 

Single cells necrosis(asterisk).H&E X400 

 

 
 

Fig. 4: Liver of cadmium group. Vacuolar degeneration(arrows).H&E X400 

 
Table 6: Histopathologic findings in kidney of male Japanese quail (15) exposed to dietary cadmium 

Finding Score 

Swelling of epithelial cells 

 

+++ 

Hyperaemia 
 

Necrosis of tubular epithelial cells 

 
Dilation of glomeruli 

++ 
 

++ 

 
+ 

:++++,a change was very often found in all birds of a group:+++, a change was relatively common in all birds of a group:++,a change was 

rare in all birds of a group : +., a change was found in a few birds of a group.  
 

 
 

Fig. 5: Normal structure in kidney of control group.H&E X400 
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Fig. 6: Kidney of cadmium group. Hyperaemia (asterisk).H&E X400 

 

 
 

Fig. 7: Kidney of cadmium group.Dilated glumeruli(arrow).H&E X1000 

 

 
 

Fig. 8: Kidney of cadmium group.Swelling of epithelial cells(arrows). Necrosis of renal tubular cells(thick 

arrows). H&E X1000 

 

Discussion: 

   Exposure to cadmium occurs primarily through ingestion of contaminated water and food.  Cadmium has 

a long biological half- life (20years) and primarily affects the kidney and liver [17]. The body weight of the 

quail exposed to dietary cadmium decreased (P<0.05). Lisunora et al. [11] and Sant Ana et al. [16] observed 

weight loss quail exposed to dietary cadmium. Teshfam et al. [19] reported a reduction in body weight of broiler 

chicken given 50 or 100 ppm dietary cadmium could have been a result of altered intestinal mucosa. Cigankova 

et al. [3] observed an adverse effect of cadmium on structure and ultrastructure of duodenal epithelium of 

Japanese quail. In this study the liver weight percentage and kidneys weight percentage of cadmium group 

significantly increased (P<0.05). The increase in liver and kidneys weight percentage was observed by 
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Kamiyamu et al. [8] and Yamano et al. [21] in rats. Hesaraki et al. [5] reported an increase in kidneys weight 

percentage in broiler chicken.  

Our result indicated a significant increase(P<0.05) in cadmium concentration in the liver and kidneys of 

cadmium group compared with control group .The kidney is the primary organ for accumulation of cadmium 

followed by the liver [4,13,15]. Scheuhammer [18] and Lisunora et al. [11] reported the accumulation and 

deposition of cadmium administration orally in different organs of Japanese quail. 

Cadmium accumulation in the liver and  kidneys of quail dietary exposed to this metal resulted histological 

changes of these two organs. Hyperaemia and sinusoid dilation in the liver as well as swelling of epithelial cells 

and necrosis of tubular epithelium in the kidneys were the most common changes. Sinusoid dilation, increased 

kupffer cells, leukocyte infiltration, single cells necrosis and vacuolar degeneration in liver as well as epithelial 

cells swelling. Leukocyte infiltration and dilation of glomeruli in kidney of rat exposed to orally cadmium by 

Brzoska et al. [2], Jihen et al. [7] and Salinska et al. [15] were reported. Holovska et al. [6] observed 

pronounced changes in the liver of turkeys from cadmium group, such as hyperaemia, dilation of sinusoid, 

accumulation of inflammatory cells and sporadically necrotizing hepatocytes. Hesaraki et al. [5] reported 

epithelial cells swelling, necrosis in renal tubules and hyperaemia in kidneys of broiler chicken fed a diet 

containing cadmium. Congestion,  steatosis  of hepatocytes, necrosis of single hepatocytes and leukocyte 

infiltration in the liver as well as swelling and necrosis epithelium renal tubules and congestion in the kidneys of 

wild living mallards and coots with considerable concentration of lead and cadmium by Binkowski et al. [1] 

were observed. 

The most accumulation of cadmium is in the kidney and liver, where it induces production of 

metallothionein low molecular-weight protein that binds cadmium with high affinity .The metallothionein 

forming a complex with cadmium decreases the toxic potential of cadmium. When the binding capacity of 

metallothionein becomes saturated, the increased level of free cadmium ions initiates process that can lead to 

liver and kidney injury [20]. Cadmium ions stimulate oxidative stresses that causes, among others, 

mitochondrial swelling and loss of crista as well as on inhibition of Na+_ K+_ Atpase. These occurrence finally 

lead to loss of ionic control and cellular injury [12]. Vasculature of various organs especially endothelial cells 

are sensitive to the toxic effects of cadmium [17]. Cadmium activation kupffer cells that induce inflammation 

and secondary damage to the liver [10]. It is supposed that injured hepatocyte release a cadmium-

metallothionein complex into the blood, which is then filtered in the kidneys through glomeruli and reabsorbed 

by proximal tubule epithelial cells, which are the target for extracellular cadmium- metallothionein [15].  

Our results showed that exposure to dietary cadmium for 60 days significantly (0.P<0.05) reduced the body 

weight gain and induced histological changes in liver and kidneys of Japanese quail. 
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