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ABSTRACT 

Background: Cadmium is one of the heavy metals with harmful effects on different body organs and systems. The 
aim of this study was to investigate the harmful effects of cadmium, as a heavy metal, on the histological structure of 
bone and the expression of osteocalcin gene. 

Methods: Forty chickens were obtained, anesthetized and their femurs were surgically removed. The real time 
polymerase chain reaction (PCR) was used to study the osteocalcin gene expression.  

Results: The osteocalcin gene expression rate were: 1.000± 0.1; 0.86± 0.01; 0.63± 0.09, and  
0.41± 0.06 in the controls, experiment I, experiment II and experiment III groups, respectively (P < 0.05). Also, the 
nuclear pyknosis in osteocytes and decreased bone formation were observed in the histology slides of the chicken 
bones.  

Conclusions: We conclude that cadmium adversely affected the chicken bones as evident by the decreased 
osteocalcin gene expression and the adverse effects on the bone histology.  We recommend that plans be developed 
to prevent the outbreak of cadmium and other heavy metals in animal and human environment. 
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INTRODUCTION 

Cadmium is one of the most harmful heavy metals, 

with high motility in the air, soil, and water with 

significant toxic effects even at low concentrations (1). 

In addition, it has been shown that cadmium results in 

harmful effects in human organs and tissues (2). 

Cadmium may be released to the environment as a result 

of mining of zinc, lead and copper (2). The International 

Agency for Cancer Research has considered cadmium as 

a class I carcinogen (3). Cadmium may spread in the 

environment and enter the human food chain (4). It has 

been shown that the average individuals in the U.S. may 

be exposed to 30µg cadmium daily; this level may be 

remarkably higher in China and Japan (5). It has been 

reported that the general population is at risk of 

exposure to cadmium, and poisoning with this heavy 

metal may readily occur among the wildlife (6).  It has 

been shown that exposure to the cadmium in birds may 

lead to their limited growth, increased mortality, 

diminished egg production and poor eggshell quality (7). 

Bone is one of the dense and strong connective tissues 

that is formed by organic and inorganic ingredients (8). 

Both physical and physiological alterations influence the 

functions of specialized cells, such as osteoblasts, 

osteoclasts and osteocytes in the bone.  These cells 

impact the formation, resorption and remodeling of 

bones (9). The processes of bone formation, remodeling 

and resorption are controlled by circulating enzyme and 

proteins (9).  Further, osteoporosis occurs due to an 

imbalance between the synthesis and resorption 

processes in the bones (10). Osteocalcin is produced by 

osteoblasts and is considered a non-collagenous protein 

in the bone and teeth.  Osteocalcin plays a remarkable 

role in the regulation and metabolism of bones, and its 

level in the blood represents an index of bone health. 

Also, osteocalcin is a specific marker in the assessment 

of many bone diseases (11).  

When cadmium is absorbed by human organs, its 
biological half-life would be longer than 10 years (12). 

Osteoporosis, renal dysfunction, diabetes, cancer, high 
blood pressure and reproductive disorders may result 

from exposure to cadmium (10). In workers exposed to 
cadmium, renal dysfunction has been reported even at 

the blood levels blow 10µg/l (11).  For instance, 
excretion of low-molecular-mass proteins from the 

kidneys has been shown to occur following cadmium 
exposure (12). However, the impact of cadmium on the 

skeletal system, especially bones has not been studied 
genetically in details. The purpose of this study was to 

investigate the adverse effects of cadmium on the 
expression of osteocalcin gene and the resultant 

histological changes in chicken bones. 

MATERIALS AND METHODS 

Animals and Experimental Procedures 

Forty chickens were obtained and housed in the 

laboratory for three weeks to get acclimated to the 

environment.  The chickens were treated according to 
the guidelines of National Institutes of Health, 

applicable to the care of laboratory animals. They were 
divided into four groups of 10 each, i.e., controls, 

experimental groups I, II and III.  The chickens were fed 
routinely as follows:  

• Control: Libitum feed and mineral water 
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• Experimental I: Libitum feed plus 1 ppm cadmium in 
water 

• Experimental II: Libitum feed plus 5 ppm cadmium in 
water 

• Experimental III: Libitum feed plus 10 ppm cadmium 
in water 

Histological Studies 

The histological studies were performed similar to 
those in our previous research (13, 14).  The chickens 
were anesthetized and the femurs removed surgically. 
All bone samples were fixed in 10% formalin. After 
decalcification with ethylene diaminetetraacetic acid 
(EDTA), as the chelating agent, they were subjected to 
stages of dehydration, using 50%, 70% and 90% 
alcohol, respectively. Then, the samples were infiltrated 
with xylene and embedded in paraffin. Horizontal and 
perpendicular sections were stained with hematoxylin 
and eosin and prepared for histological examination. 

RNA Extraction 

The RNA was extracted, using a Kit from Parstous 
Biotechnology (Mashhad, Iran). According to the RNA 
extraction protocol, the cells were lysed and the RNA 

sedimented, using isopropanol and chloroform. Finally, 
RNA samples were washed with Ethanol 70% and 
diluted in water. 

CDNA Synthesis and Real Time PCR 

The cDNA synthesis was performed, using Revert 

Aid H minus standard (Fermentas, ThermoFisher 

Scientific, USA).  For this purpose, 10µl of RNA was 

incubated at 65℃ for 5-10 minutes, and the following 

materials were added to the solution: 3µl of 3X reaction 

buffer, 0.2µg osteocalcin gene primers, 0.5µl reverse 

transcriptase enzyme, 10µM dNTP, and 3 ml MgCl2, 

respectively. The solution was incubated for 10 minutes 

at 25℃ and then for 60 minutes at 42℃. To stop the 

reaction, the solution was loaded for ten minutes at 70℃. 

The synthesized cDNA was loaded on a PCR unit at 

80℃ to analyze the real time process, using QuantiTect 

Syber Green PCR kit, equipped with a detector system 

(BioRad, USA). The appropriate primers for the above 

cDNA samples are presented in Table 1. Finally, the 

expression of osteocalcin gene was calculated based on 

Livak method. 

Table 1. The osteocalcin gene primers and GAPDH*. 

Gene Sequence 
Attachment 

temperature (℃)  

Size of 

product (bp) 

Number  

of cycles 

Osteocalcin F 5/- CGGAATTCGCGCCGGACGGCTCG-3/ 

55-60 380 35 
Osteocalcin R 3/- CCGCTCGAGTCAGACGGGGCCGTAGAAGC-5/ 

GAPDH F 5/-AGGACCAGGTTGTCTCCTGT-3/ 

GAPDH R 5/-CCATCAAGTCCACAACACGG-3/ 

*Glyceraldehyde-3-phosphate dehydrogenase. 

 

Statistical Analysis 

We performed the statistical analyses, using ANOVA 

and T-test on SPSS software Version 18 (Chicago, IL, 

USA), with the significance level set at p<0.05. 

RESULTS 

In the course of our experiments, no chicken died 

prior to experiments in any group. The histological 

changes observed upon light microscopy of the stained 

bone samples were as follows: 

Osteocalcin Gene Expression 

The results of real time PCR demonstrated that the 

expression of the osteocalcin gene declined in the bone 

samples exposed to cadmium. Further, we observed that 

there was a reverse relationship between the cadmium 

dosage and the expression of osteocalcin gene, i.e., 

increasing the cadmium dosage caused a progressive 

decrease in osteocalcin gene expression. 

Histological Alterations 

We observed significant pyknosis in the osteocytes 

nuclei in the experimental group III (Figure 1). 

Decreased bone formation was observed in the three 

experimental groups, with the highest impact noted in 

group III (Figures 2 & 3). 

 
Figure 1. The expression of osteocalcin gene compared 

to the GAPDH samples of chicken bones (P < 0.05). 
 

 
Figure 2. Pyknosis of osteocytes nuclei. 

http://www.ijt.ir/


Down Regulation of Osteocalcin Gene in Chickens…                                                              Iranian Journal of Toxicology 

3 
Volume 13, No. 1, February 2019; http://www.ijt.ir 

 
Figure 3. Decreased bone formation in chicken after 

exposure to cadmium. 

 

DISCUSSION 

During recent years, much attention has been 

performed towards the toxicity of compounds (15-17). 
Based on previous studies, exposure to cadmium may be 

related to poor density of bone minerals, osteoporosis, 
and the risk of fractures even at the low concentrations 

that may be prevalent in the environment (18).  Further, 
the harmful effects of cadmium on osteoblasts and 

osteoclasts functions have already been reported (19-
21).  The presence of cadmium in animal products has 

been a concern in several countries and in some cases, 
its level in the manure and foods may exceed 130 mg/Kg 

(22, 23). The adverse effects of cadmium may be due to 
decreased glycogen synthesis in the liver and increased 

oxidative stress on the liver and kidneys (24, 25). 
Cadmium exerts harmful effect on the metabolism of 

bone cells and inhibits calcium incorporation and 
collagen synthesis. The importance and role of Ca++, 

phosphate and Mg++ have long been known on bone 

metabolism. Previous studies have shown that the 
concentration of cadmium precipitated in bones rises 

with increasing exposure to this element, i.e., 1, 5 and 50 
mg/l. A previous epidemiological study has shown that 

low and chronic exposure to cadmium that occurs in 
industrialized countries is associated with osteoporosis 

and pathologic bone fractures. (26-28).  

In this study, we found that the osteocytes and 

osteoblasts that normally participate in the maintenance 

and remodeling of bones were impaired after exposure 

to cadmium. This was evident by the detection of 

pyknosis in the nuclei of osteocytes and osteoblasts. 

Considering the decreased bone formation noted in the 

histological samples, we can safely conclude that the 

cadmium exposure impaired the bone forming ability of 

osteoblasts in the chicken bones. The results of this 

study demonstrated a disturbance in osteoblasts function 

by a decrease in genetic expression of osteocalcin after 

exposure to cadmium. Further, because of the 

importance of osteocalcin in the regulation of bone 

metabolism, the decreased expression of osteocalcin 

gene affected the metabolism of the bones, which can 

predispose to osteoporosis and osteopenia. Further, new 

evidence-based knowledge on this important topic 

awaits future research in animal and human bones. 

CONCLUSIONS 

Currently, there are concerns about the increasing use 

and outbreak of heavy metals, such as cadmium that is 

considered toxic and a class I carcinogen. We found that 

cadmium exerted harmful effects on the osteocytes and 

osteoblasts in chicken bones. This could be considered 

as a major predisposing factor in the development of 

osteoporosis. Our findings can serve as the basis for 

future studies to decrease or prevent the harmful effects 

of cadmium on bone in animals and humans. Also, our 

results can provide warning to the governmental policy 

makers to establish regulations and apply plans to 

prevent the outbreak of cadmium and other toxic heavy 

metals in the lives of people who are unaware of the 

risks. 

ACKNOWLEDGEMENT 

Authors would like to thank Dr. Masoumeh Moradi, 

Asst. Professor, Tabriz University, and Mr. Sobhani, 

PhD candidate, Mashhad University, for their support of 

this study. This work was funded by the authors.  

CONFLICT OF INTERESTS 

The authors declare no conflict of interests in the 

course of conducting this research. 

REFERENCES 

1. Rafiei H, Ashrafizadeh M. Expression of Collagen Type 

II and Osteocalcin Genes in Mesenchymal Stem Cells 

from Rats Treated with Lead acetate II. Iranian Journal of 

Toxicology. 2018;12(5):35-40. 

2. Joseph P. Mechanisms of cadmium carcinogenesis. 

Toxicology and applied pharmacology. 2009;238(3):272-

9. 

3. Hotz P, Buchet J-P, Bernard A, Lison D, Lauwerys R. 

Renal effects of low-level environmental cadmium 

exposure: 5-year follow-up of a subcohort from the 

Cadmibel study. The Lancet. 1999;354(9189):1508-13. 

4. Lauwerys R, Amery A, Bernard A, Bruaux P, Buchet J-

P, Claeys F, et al. Health effects of environmental 

exposure to cadmium: objectives, design and 

organization of the Cadmibel study: a cross-sectional 

morbidity study carried out in Belgium from 1985 to 

1989. Environmental health perspectives. 1990;87:283. 

5. Larison JR, Likens GE, Fitzpatrick JW, Crock J. 

Cadmium toxicity among wildlife in the Colorado Rocky 

Mountains. Nature. 2000;406(6792):181. 

6. Satarug S, Garrett SH, Sens MA, Sens DA. Cadmium, 

environmental exposure, and health outcomes. 

Environmental health perspectives. 2009;118(2):182-90. 

7. Haegerstrand A, Dalsgaard C, Jonzon B, Larsson O, 

Nilsson J. Calcitonin gene-related peptide stimulates 

proliferation of human endothelial cells. Proceedings of 

the National Academy of Sciences. 1990;87(9):3299-303. 

8. Alfvén T, Elinder CG, Carlsson MD, Grubb A, Hellström 

L, Persson B, et al. Low‐level cadmium exposure and 

osteoporosis. Journal of Bone and Mineral Research. 

2000;15(8):1579-86. 

http://www.ijt.ir/


Iranian Journal of Toxicology                                                                                     Zahra Ahmadi and Milad Ashrafizadeh 

4 

Volume 13, No. 1, February 2019; http://www.ijt.ir 

9. Jakubowski M, Trojanowska B, Kowalska G, Gendek E, 

Starzyński Z, Krajewska B, et al. Occupational exposure 

to cadmium and kidney dysfunction. International 

archives of occupational and environmental health. 

1987;59(6):567-77. 

10. Frost H. Bone remodeling and its relationship to 

metabolic bone deseases. Orthopedic lectures. 1973;3:65-

75. 

11. Jilka RL. Biology of the basic multicellular unit and the 

pathophysiology of osteoporosis. Medical and pediatric 

oncology. 2003;41(3):182-5. 

12. Feng X, McDonald JM. Disorders of bone remodeling. 

Annual Review of Pathology: Mechanisms of Disease. 

2011;6:121-45. 

13. Ashrafizadeh M, Rafiei H, Ahmadi Z. Histological 

Changes in the Liver and Biochemical Parameters of 

Chickens Treated with Lead Acetate II. Iranian Jornal of 

Toxicology. 2018;12(6):1-5. 

14. Rafiei H, Ahmadi Z, Ashrafizadeh M. Effects of Orally 

Administered Lead acetate II on Rat Femur Histology, 

Mineralization Properties and Expression of Osteocalcin 

Gene. International Biological and Biomedical Journal. 

2018;4(3):0-. 

15. Ahmadi Z, Ashrafizadeh M. Downregulation of 

Osteocalcin Gene in Chickens Treated with Lead Acetate 

II. International Biological and Biomedical Journal. 

2018;4(4):0-. 

16. Mohammadinejad R, Dadashzadeh A, Moghassemi S, 

Ashrafizadeh M, Dehshahri A, Pardakhty A, et al. 

Shedding light on gene therapy: carbon dots for the 

minimally invasive image-guided delivery of plasmids 

and noncoding RNAs. Journal of Advanced Research. 

2019. 

17. Abdollahzadeh Soreshjani S, Ashrafizadeh M. Effects of 

Exercise on Testosterone Level, Heat Shock Protein, and 

Fertility Potential. Reviews in Clinical Medicine. 

2018;5(4):141-5. 

18. Chen X, Zhu G, Jin T, Zhou Z, Gu S, Qiu J, et al. 

Cadmium stimulates the osteoclastic differentiation of 

RAW264. 7 cells in presence of osteoblasts. Biological 

trace element research. 2012;146(3):349-53. 

19. Korenekova B, Skalicka M, Nad P, Šály J, Korenek M. 

Effects of cadmium and zinc on the quality of quail's 

eggs. Biological trace element research. 

2007;116(1):103-9. 

20. Rahman MS, Sasanami T, Mori M. Effects of cadmium 

administration on reproductive performance of Japanese 

quail (Coturnix japonica). The Journal of Poultry 

Science. 2007;44(1):92-7. 

21. Toury R, Boissonneau E, Stelly N, Dupuis Y, Berville A, 

Perasso R. Mitochondria alterations in Cd2+‐treated rats: 

general regression of inner membrane cristae and 

electron transport impairment. Biology of the Cell. 

1985;55(1‐2):71-85. 

22. Kjellstrom T. Effects on bone, on vitamin D, and calcium 

metabolism. Cadmium and health: a toxicological and 

epidemiological appraisal. 1986;2:111-58. 

23. Yiin S-J, Chern C-L, Sheu J-Y, Tseng W-C, Lin T-H. 

Cadmium-induced renal lipid peroxidation in rats and 

protection by selenium. Journal of Toxicology and 

Environmental Health Part A. 1999;57(6):403-13. 

24. Brzóska MM, Moniuszko-Jakoniuk J. Low-level 

exposure to cadmium during the lifetime increases the 

risk of osteoporosis and fractures of the lumbar spine in 

the elderly: studies on a rat model of human 

environmental exposure. Toxicological sciences. 

2004;82(2):468-77. 

25. Brzóska MM, Moniuszko-Jakoniuk J. Effect of chronic 

exposure to cadmium on the mineral status and 

mechanical properties of lumbar spine of male rats. 

Toxicology letters. 2005;157(2):161-72. 

26. Åkesson A, Barregard L, Bergdahl IA, Nordberg GF, 

Nordberg M, Skerfving S. Non-renal effects and the risk 

assessment of environmental cadmium exposure. 

Environmental health perspectives. 2014;122(5):431. 

27. Chen X, Gan C, Zhu G, Jin T. Benchmark dose for 

estimation of cadmium reference level for osteoporosis in 

a Chinese female population. Food and chemical 

toxicology. 2013;55:592-5. 

28. Sommar JN, Pettersson-Kymmer U, Lundh T, Svensson 

O, Hallmans G, Bergdahl IA. Hip fracture risk and 

cadmium in erythrocytes: a nested case–control study 

with prospectively collected samples. Calcified tissue 

international. 2014;94(2):183-90. 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijt.ir/

