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ABSTRACT 

Heavy metals such as cobalt are shown to accumulate in various organs of humans and animals. Oral exposure of immature 

mice to cobalt compounds (cobalt chloride and cobalt-EDTA) led to significant increase in cobalt (II) concentration in blood 

plasma and liver. Pregnant balb/c mice in late gestation were subjected to cobalt chloride (CoCl2.6H2O) or cobalt EDTA (Co-

EDTA) treatment at daily doses of 75 mg/kg or 125 mg/kg which continued until day 30 of the newborn mice. Cobalt salts were 

dissolved and obtained from drinking tap water. Pure tap water was used as control. Mice were maintained in individual 

standard hard bottom polypropylene cages to ensure that all experimental animals obtained the required dose of cobalt salts. 

The newborn pups were sacrificed on days 18, 25 and 30 which correspond to different stages of development. Mice were 

weighed weekly and the experimental cobalt concentration was adjusted accordingly. Blood plasma and liver were used for 

measuring cobalt bioaccumulation. Cobalt (II) compounds showed differential bioaccumulation: higher concentrations were 

measured in the plasma compared to those measured in the liver. The effect depended on the type of compound used, dose, 

time duration as well as on the age of the experimental animals. Higher metal concentrations were detected in samples of mice 

treated with cobalt chloride compared to the samples exposed to Co-EDTA. The results indicate that day 18 mice are more 

sensitive to chronic exposure to cobalt compounds in high doses. Cobalt(II) concentrations in blood plasma may be used as a 

useful marker for diagnosing chronic exposure to cobalt compounds.  
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Introduction 

Heavy metals such as cobalt are widely spread in the 

environment, food and water and exposure to them is 

unavoidable. Elevated values of the heavy metals’ 

concentration in various organs of humans, animals and 

aquatic fish are measured (1). 

Although cobalt is an essential trace element long-term 

exposure and large amounts of its salts can have deleterious 

effects on humans and animals. For the general population 

diet is the main source of cobalt. Cobalt(II) accumulates in 

organs such as kidney, liver, spleen, heart, stomach, intestines 

(2). Long-term exposure causes significant increase of cobalt 

levels in muscle, brain and testes as well. Exposure to cobalt 

causes allergic contact dermatitis, diseases of the upper 

respiratory tract, etc. (10). Absorption of cobalt in humans 

depends on the type and dose of the cobalt compound, the 

nutritional and iron status of the individual, etc. (12). Iron 

deficiency is shown to increase cobalt absorption in animal 

models as well as in humans. Young animals (rats and guinea 

pigs) have 3- to 15-fold greater absorption than adult animals 

(aged 200 days or more). In rats, cobalt chloride (with 58Co 

tracer) that was complexed with histidine, lysine, 

glycylglycine, EDTA, casein, or glycine was absorbed less 

than free cobalt chloride. Cobalt chloride administered in 

conjunction with cow’s milk resulted in significantly greater 

gastrointestinal absorption (~40%). Water-soluble cobalt 

compounds have been found to exhibit greater absorption 

than non-water-soluble forms (however, absorption of soluble 

cobalt compounds is higher and species dependent: in rats 

(13–34%), cows (1–2%), guinea-pigs (4-5%).  

Co (II) compounds are shown to induce DNA damage, 
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DNA protein cross links, gene mutations, sister chromatid 

exchanges and aneuploidy in in vitro studies on animal and 

human cells (7).  

In male Swiss mice, LD50 values ranged from 89.3 mg of 

cobalt (as cobalt chloride) per kilogram body weight to 123 

mg of cobalt (as cobalt sulfate) per kilogram body weight 

(12). 

As inorganic and complex compounds (with organic 

ligand) cobalt(II) is also used as nutritional supplement, 

preservative, in drinks, as therapeutic agent for treating 

different diseases, etc. 

Ethylenediamine tetraacetic acid (EDTA) is a widespread 

organic pollutant. It is used in medicine, molecular biology 

and biochemistry; as anticoagulant for blood samples and 

decalcifying agent in histopathology, in non-alcoholic 

beverages. EDTA is a powerful antioxidant and due its ability 

to bind metals it is used in chelation therapy. Experiments 

with animals though show that EDTA exhibits cytotoxic and 

weakly genotoxic effects. Oral exposure causes reproductive 

and developmental effects as well. 

The aim of the present work is to study the accumulation 

of different cobalt compounds – cobalt chloride (CoCl2) and 

Co-EDTA in blood plasma and liver of developing mice. 

 

Materials and Methods 

Complex synthesis 

All chemicals and solvents used were of AR grade. Co-

EDTA was synthesized according to modified literature 

procedures (5, 9) as already described (4). 

In vivo animal model 

Pregnant balb/c mice in late gestation were subjected to 

cobalt chloride (CoCl2.6H2O) or cobalt EDTA (Co-EDTA) 

treatment at daily doses of 75 mg/kg or 125 mg/kg which 

continued until day 30 of the newborn mice. Cobalt salts 

were dissolved and obtained from drinking tap water. Pure 

tap water was used as control. Animals were fed a standard 

diet and had access to food ad libitum. Mice were maintained 

in the institute’s animal house at 23ºC ± 2ºC and 12:12 h 

light-dark cycle in individual standard hard bottom 

polypropylene cages to ensure that all experimental animals 

obtained the required dose of cobalt salts.  

The newborn pups were sacrificed on days 18, 25 and 30 

which correspond to different stages of development. Mice 

were weighed weekly and the experimental cobalt 

concentration was adjusted accordingly. Whole blood 

samples were obtained, centrifuged and plasma was stored at 

-20C until further analysis. Liver was removed and used for 

measuring cobalt bioaccumulation.  

 

The studies were approved by the Ethics Committee of 

the Institute of Experimental Morphology and Anthropology 

with Museum – Bulgarian Academy of Sciences. 

Analysis of cobalt concentration in plasma and liver 

The amount of cobalt in plasma was measured using electro-

thermal atomic absorption spectrometry (ET-AAS) using 

Zeeman Perkin Elmer 3030 instrument, HGA 600, pyrolitic 

coated graphite tube as atomizer. Cobalt content in the liver 

was determined after nitric acid wet digestion and flame 

atomic absorption spectrometry (FAAS) using Perkin Elmer 

AAnalyst 400, flame: air – acetylene. 

Statistical analysis 

The obtained results are presented as mean value ± SD. 

Statistical significance between the experimental groups was 

determined using Student’s t-test at p<0.05 on SPSS software 

for Windows. Difference was considered significant at 

p<0.05. 

 

Results and Discussion 

Considering the fact that cobalt is transferred from food into 

the mother’s milk we studied the effect of CoCl2 and Co-

EDTA on the newborn pups and its accumulation in blood 

plasma and liver. 

Cobalt (II) concentrations in blood plasma 

Chronic treatment with cobalt compounds (CoCl2 and Co-

EDTA) increased significantly Co(II) in blood plasma. After 

oral administration of CoCl2 significantly increased Co(II) 

concentration was measured in blood samples of animals 

exposed to the high daily dose (125 mg/kg – Fig. 1). The 

same pattern was observed after treatment with Co-EDTA as 

well (Fig. 2). Significantly higher cobalt concentrations were 

measured in samples from animals treated with CoCl2 

compared to the complex Co-EDTA possibly due to the 

stability of the complex. The significance ranged from 

p<0.03 to p<0.005 for all experimental groups except day 18 
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mice treated with low dose cobalt compounds. The results are 

in agreement with data from WHO report showing that CoCl2 

is more absorbed than when complexed with EDTA. The 

results also confirm data from WHO (12) that young animals 

absorb more cobalt than the older ones. Treatment with high 

dose (125 mg/kg) CoCl2 increased significantly Co(II) 

concentration in day 25 mice compared to those exposed to 

the low dose (p<0.05). 
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Fig. 1. Cobalt(II) concentration in blood plasma of mice treated orally with 
low (75 mg/kg) and high (125 mg/kg) daily doses of CoCl2. Significant 

difference (p<0.0001) is found for day 25 low and high dose.  Data represent 

as mean ± SD 
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Fig. 2. Cobalt(II) concentration in blood plasma of mice treated orally with 

low (75 mg/kg) and high (125 mg/kg) daily doses of Co-EDTA. Significant 

difference (p<0.02) is found for day 25 mice for the two doses compared to 
the control samples. Data represent as mean ± SD 

 

Serum cobalt concentration mainly reflects recent 

exposure, as rapid renal excretion of cobalt is followed by a 

longer-lasting retention in tissues that is difficult to measure 

by noninvasive techniques (6). 

 

 

Cobalt(II) concentrations in liver 

Exposure of mice to cobalt compounds leads to accumulation 

of Co(II) in the liver. The highest metal ion concentrations 

were measured in the liver samples of day 18 mice. 

Significantly elevated concentrations of cobalt ions were 

measured in day 18 (p<0.05) and day 25 mice (p<0.006) 

treated daily with 75 mg/kg or 125 mg/kg CoCl2. The high 

dose induced significant accumulation of Co(II) in day 30 

mice (p<0.02) as well (Figs. 3, 4). These results could explain 

our and other researchers’ data about reduced body and organ 

(liver) weight in animals exposed to CoCl2 (3, 4, 11, 13). On 

the other hand, Liu et al. (8) demonstrate CoCl2-

hepatotoxicity in mice intraperitoneally injected with CoCl2. 

Liver samples of 18-day old mice treated with Co-EDTA 

showed significantly elevated Co(II) concentration (p<0.02) 

when high dose was applied compared to the low dose. 

Significantly elevated concentration of Co(II) was measured 

in day 25 for low (p<0.004) and high dose p<0.04) and for 

day 30 mice treated with low dose Co-EDTA (p<0.02). 
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Fig. 3. Cobalt(II) concentration in liver of mice treated orally with low (75 

mg/kg) and high (125 mg/kg) daily doses of CoCl2. Data represent as mean ± 

SD 
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Fig. 4. Cobalt(II) concentration in liver of mice treated orally with low (75 

mg/kg) and high (125 mg/kg) daily doses of Co-EDTA. Data represent as 
mean ± SD 

Cobalt(II) concentrations were higher in livers of day 18 

and day 30 mice treated with low dose CoCl2 compared to 

those of animals treated with the same dose Co-EDTA.  

Low dose Co-EDTA significantly increased (p<0.004) 

cobalt concentration in day 25 mice compared to the same 

dose CoCl2. 

The higher Co(II) concentrations in day 18 mice both in 

their plasma and liver could probably be due to their 

metabolism. 

Conclusions 

The biological activity of heavy metal compounds as well as 

their bioaccumulation is an important issue.  

The effect of chronic exposure to cobalt(II) depends on 

the type of compound used, dose, time duration as well as on 

the age of the experimental animals. In general, day 18 pups 

accumulated more cobalt (II) in their blood plasma and livers 

compared to day 25 and day 30 mice. Cobalt(II) 

concentrations in blood plasma may be used as a useful 

marker for diagnosing chronic exposure to cobalt 

compounds.  

Acknowledgment 

The work is supported by a grant No DO02 - 351/2008 for 

Young scientists from the National Science Fund. The 

authors are thankful to Prof. S. Ganeva from the Department 

of Chemistry, University of Sofia for AAS analysis. 

REFERENCES 

1. Arnaudova D., Tomova E., Velcheva I., Arnaudov A. 

(2008) Proceedings of the Anniversary Scientific 

Conference of Ecology, Eds. I. Velcheva, A. Tsekov, 

Plovdiv, pp. 327-335.  

2. Ayala-Fierro F., Firriolo J. M., Carter D. E. (1999) J. 

Toxicol. Environ. Health A., 56, 571-591. 

3. Garoui E. M., Fetoui H., Makni F. A., Boudawara T. 

and Zeghal N. (2009) Exp. Toxicol. Pathol., 

doi:10.1016/j.etp.2009.09.003 

4. Gluhcheva G., Madzharova M., Atanasov V., Zhorova 

R., Mitewa M., Pavlova E. and Ivanova J. Exp. Pathol. 

Parasitol., 2010 (in press). 

5. Gomez-Romero P., G. B. Jameson, N. Casan-Pastor, 

Coronado E. and Beltran D. (1986) Inorganic 

Chemistry, 25, 3171-3176. 

6. Jefferson J. A.,  Escudero E., Hurtado M. E., Pando J., 

Tapia R., Swenson E. R., Prchal J., Schreiner G. F., 

Schoene R. B., Hurtado A. and Johnson R. J. (2002) 

Lancet, 359, 407-408. 

7. Lison D., De Boeck M., Verougstraete V. and Kirsch-

Volders M. (2001) Occup. Environ. Med., 58, 619-625.  

8. Liu W., Guo M., Xu Y. B., Li D., Zhou Z. N., Wu Y. 

L., Chen Z., Kogan S. C. and Chen G. Q. (2006) 

Blood, 107, 698-707. 

9. McCandlish E. F. K., Michael T. K., Neal J. A., 

Lingafelter E. C. and Rose N. J. (1978) Inorganic 

Chemistry, 17, 1383-1394. 

10. Ortega R., Bresson C., Fraysse A., Sandre C., Deves 

G., Gombert C., Tabarant M., Bleuet P., Seznec H., 

Simionovici A., Moretto P., Moulin C. (2009), Toxicol. 

Lett., 188, 26-32 

11. Vasudevan H. and McNeill J. H. (2007) BioMetals, 20, 

129-134. 

12. World Health Organization. (2006) Cobalt and 

inorganic cobalt compounds. In: Concise International 

Chemical Assessment Document 69, 13-21. 

13. Ybarra J., Behrooz A., Gabriel A., Koseoglu M. H. 

and Ismail-Beigi F.  (1997) Mol. Cell Endocrinol., 133, 

151-160. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ayala-Fierro%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Firriolo%20JM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carter%20DE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'J%20Toxicol%20Environ%20Health%20A.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guo%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20YB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhou%20ZN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20YL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kogan%20SC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20GQ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Blood.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ybarra%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Behrooz%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gabriel%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Koseoglu%20MH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ismail-Beigi%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

