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Although cobalt is an essential trace element long-term exposure and large amounts of its salts can have 
deleterious effects on humans and animals. Pregnant balb/c mice in late gestation were subjected to co
balt chloride (CoCl,.6H20 ) or cobalt EDTA (Co-EDTA) treatment at daily doses of 75 mg/kg or 125 mg/ 
kg. Cobalt compounds were dissolved and obtained from drinking tap water. Sodium EDTA (Na-EDTA) 
and pure tap water were used as controls. 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. Preliminary results showed that mice treated with cobalt salts 
(CoCLand Co-EDTA) have smaller body weight compared to the control group. Liver weight was in
creased in the Co-EDTA-treated mice for both doses in all experimental groups. Spleen and liver weight 
was increased in case of high dose CoCl2-treated mice. Spleen weight was the largest in high dose CoCl, 
-treated mice compared to all other groups. Liver weight of mice treated with Co-EDTA was the larg
est in all experimental groups compared to that induced by the other substances and in the control. The 
experimental results show that organic and inorganic cobalt salts affect body and organ weight.
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Introduction

Heavy metals are widely spread in the environment, food and water and exposure to 
them is unavoidable. Elevated values of the heavy metals’ concentration in various or
gans of humans, animals and aquatic fish are measured [12].

Although cobalt is as essential trace element long-term exposure and large amounts 
of its salts can have deleterious effects on humans and animals. Cobalt (II) accumulates 
in organs such as spleen, kidney, heart and liver [1]. Its salts are shown to affect body 
weight of patients and experimental animals but the mechanism remains to be eluci
dated. Data show significant weight loss, as well as decreased food and water con
sumption in diabetic rats treated with cobalt chloride [10, 11]. No data were found for

89



f

the influence of cobalt compounds on animals in different stages of development after 
long-term treatment.

Ethylenediamine tetraacetic acid (EDTA) is used in medicine, molecular biology 
and biochemistry; as anticoagulant for blood samples and decalcifying agent in histo- 
pathology, in non-alcoholic beverages, etc. Experiments with animals though show that 
EDTA exhibits cytotoxic and weakly genotoxic effects. Oral exposure causes reproduc
tive and developmental effects as well.

The aim of the present study is to investigate the effect of cobalt compounds (CoCh 
and Co-EDTA) on some somatic indices in developing mice -  body weight, liver and 
spleen weight.

Materials and Methods

Complex synthesis

All chemicals and solvents used were of AR grade. Co-EDTA was synthesized ac
cording to modified literature procedures [3, 8], namely adding slowly solution of 
Co(N0 3)2.6H20  (0.291 pg, 1 mmol in 5 ml H ,0) to a mixture containing Na2EDTA 
(186 mg, 0.5 mmol in water) and tetraethyl ammonium hydroxide (Et4NOH) (180 ml,
0.5 mmol, 40% in water) resulting in formation of Co-EDTA. The latter was precipi
tated as pink suspension with acetone. Then the vessel was covered with parafilm and 
after approximately a week formation of pink crystals was observed. They were studied 
using X-ray diffraction method proving a composition of [Co(H20 )4 (Co-EDTA)]n with 
known structure -  orthorhombic space group Pna2, (CCDC RefiCOEDTA) [8].

The structural data was collected on an Oxford Diffraction Sapphire 2 CCD dif
fractometer with graphite -  monochromated Cu-Ka radiation.

Animal model

Pregnant balb/c mice in late gestation were subjected to cobalt chloride (CoCE.6H,0) 
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 compounds were dissolved and 
obtained from drinking tap water. Sodium EDTA (Na2EDTA) and pure tap water were 
used as controls. Animals were fed a standard diet and had access to food ad libitum. 
Mice were maintained in the institute’s animal house at 23°C ± 2°C 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 compounds.

The newborn pups (5 per group) were sacrificed on days 18, 25 and 30 which cor
respond to different stages of development. Mice were weighed weekly and the experi
mental cobalt concentration was adjusted accordingly. After the animals were sacrificed 
liver and spleen were removed and weighed. Liver and spleen indices — liver/body 
weight (L/BW) and spleen/body weight (S/BW) were calculated. Significance was de
termined using Student’s t-test at p<0.05.

The studies were approved by the Ethics Committee of the Institute of Experimen
tal Morphology, Pathology and Anthropology with Museum -  Bulgarian Academy of 
Sciences.
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Results and Discussion

The experimental results showed that cobalt salts (Co-EDTA and CoCl2) affect body 
and organ weight. Mice treated with CoCl2 and Co-EDTA have smaller body weight 
compared to the control group (Fig. la, b). Data are in agreement with Garoui et al. [2] 
showing retarded weight gain in suckling rats. These results suggest that perinatal and 
postnatal exposure of rats and mice to cobalt, retards the growth of their pups, possibly 
due to transfer of Co2+ through placenta and milk.

Treatment with CoCl2 and Co-EDTA affects spleen and liver weight as well. The 
effect depends on the type of compound used, dose and time duration. Results showed 
that day 18 mice are the most sensitive to cobalt treatment. Our results are not in agree
ment with those of Mazur [7] who shows that CoCl2-treated rats do not have increased 
spleen weight. In our experimental model, exposure to high dose CoCl,(125 mg/kg)
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Fig. 1. Body weight of day 18, 25 and 30 mice treated with low dose 
(a), and high dose (b) Na2EDTA, CoCF, and CoEDTA
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Fig. 2. Spleen weight of day 18, 25 and 30 mice treated with low 
dose (a), and high dose (b) Na,EDTA, CoCl2and CoEDTA
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caused an increase in mouse spleen weight [Fig. 2a, b]. When mice were treated with 
Co-EDTA though, spleens were smaller compared to the control samples. When the 
effects ot high dose CoCl2and Co-EDTA for day 18 and day 25 mice were compared, 
the differences were significant (p<0.004 and p<0.03, respectively). Spleen index (cal
culated as a ratio to body weight) was significantly decreased (p<0.004) in low dose 
CoCl-rtreated day 18 mice and significantly increased (p<0.003) in mice treated with 
the high dose. High dose Co-EDTA also caused a significant decrease (p<0.001) in 
spleen index in day 18 mice.

Treatment with high dose CoCl2 increased liver weight in day 25 and day 30 mice 
(Fig. 3a, b). Similar results were obtained for mice subjected to both doses (low and
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Fig. 3. Liver weight of day 18, 25 and 30 mice treated with low dose 
(a), and high dose (b) Na,EDTA, CoCl, and CoEDTA

high dose) Co-EDTA for days 18, 25 and 30. Low dose Co-EDTA increased signifi
cantly liver weight in day 18 (p<0.001) and day 25 (p<0.001) mice compared to that 
of CoCl2-treated mice. For the high dose significance was found only for day 25 mice 
(p<0.01 j. Liver index (calculated as a ratio to body weight) was significantly increased 
in day 18 and day 25 when treated with either low or high dose Co-EDTA. The results 
suggest stronger effect of Co-EDTA on liver compared to CoCl2 which is known to in
duce oxidative stress in rat liver leading to a significant increase in heme oxygenase-1 
activity [4]. Garoui et al. [2] show that CoCl, treatment leads to infiltration of mono
nuclear cells, indicating the presence of inflammatory reactions and vascular congestion 
in livers of rat pups and dams. It also exhibits in vitro a protective effect on apoptotic
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cell death in hepatic cell line HepG2 reducing DNA fragmentation [9]. On the other 
hand, Liu et al. [6] demonstrate CoCl2-hepatotoxicity and pulmonary edema in mice 
intraperitoneally injected with CoCl2.

Hiers et al. [5] show that Na2EDTA does not affect organ weight as a percentage 
of body weight in ruminants. Our results showed significant differences in the effects 
of Na-EDTA and Co-EDTA for body and organ weight which suggests that for proper 
interpretation of the results the affect of EDTA should not be excluded. Our preliminary 
results of the histological studies of liver of mice treated with Na-EDTA show changes 
compared to the controls.

Further studies regarding cobalt bioaccumulation and its cytotoxicity in liver and 
spleen will be performed.
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