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INTRODUCTION
Cobalt and nickel are essential trace metals in the
human diet. They are also major components of
the alloys employed in the plate and screw used
for connecting bones in orthopedic surgery and in
the manufacture of artificial organs (Kocijan et
al., 2004). Cobalt is used also as coloring agents
for pottery, ceramics, and glass. However,
excessive amounts of these transitional metal ions
are toxic. For example, cobalt and nickel salts have
been reported to induce convulsions (Papp et al.,
1987), and to cause DNA strand breaks (Christie
and Tummolo, 1989), and to be organ toxic (Xie et
al., 1995). Cobalt salts are thought to promote the
oxidation of reduced glutathion (Iscan et al., 1994)
to produce reduction in the number of hepatic hem
proteins such as cytochrom P 450 and to interfere
with heme metabolism by accelerating its
breakdown and inhibiting its synthesis (Nakamura
et al., 1975). In addition numerous authors have

studied the impact of nickel on health. It can cause
dermatitis to certain persons (Accominoti et al.,
1998). Particle of nickel may cause some
morphological transformations in numerous cellular
systems and chromosomal aberrations (Coen et
al., 2001). The salts of nickel as particles of nickel
can be allergens and carcinogens in man while
forming the oxygenated radicals (Lansdown,
1995). This cytotoxicity was investigated in
numerous micro organisms (Wu et al., 1994).
Nickel was also found to be responsible on many
sexual disorders (Chakroun et al., 2002). Cobalt
was found also obviously harmful on the prenatal
development of mice, rats and rabbits (Szakmary
et al., 2001).The prevention of cadmium toxicity
by pretreatment with zinc has been explained on
the basis of induction of cadmium thionein (Webb,
1972). Nickel was utilized as preventive effect of
cadmium (Tandon et al., 1984) and cadmium as
preventive effect  against nickel toxicity
(Khandelwal and Tandon, 1984). It was also found
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ABSTRACT
The contamination of water by metal compounds is a worldwide environmental problem. Concentration
of metals is widely related to biochemical values, which are used in diseases diagnosis due to
environmental toxicity. The sub-chronic combined effects of nickel and cobalt on body weight gain and
biochemical parameters were determined and compared with those of Ni (2+) or Co (2+) alone in 6 weeks
male albino (Wistar) rats. Animals were given drinking solutions of NiSO4 6H2O [Ni (II) cation,
LD50/2] or CoSO4 6H2O [Co (II) cation, LD50/2]. For the combined treatment (Ni + Co), the rats
received both Ni (II) cation (LD 50/2) and CO (II) cation (LD50/2). Nickel and cobalt treatment
decreased body weight gain. The nickel sulphate increased also the glucose level. The two heavy elements
produced hepatic and renal damage, characterized by increased activity of alanine and aspartate
transaminases (GPT, GOT) and alkaline phosphatase. However lactate dehydrogenase activity (LDH) was
decreased. In addition, serum urea, serum creatinine, serum total protein and serum bilurebin
concentrations were significantly elevated. In general the combined effect of Ni-Co was slightly less toxic
than nickel or cobalt alone, suggesting antagonism between these toxicants.   
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that cadmium chloride is responsible for the
protection against acute toxicity of mercuric
chloride (Webb and Magos, 1976). In addition the
influence of ascorbic acid on nickel induced
hepatic lipid peroxidation in rats was investigated
(kusal et al., 2001). Thus, the goal of the present
study was to determine the toxicity effect of nickel
or cobalt alone or in combination. Therefore, body
weight was recorded and the activity of serum
enzymes (GOT, GPT, alkaline phosphatase, LDH),
total protein, urea, creatinine and bilerubin, were
used for the evaluation and measurement of
damage and protection of liver and kidney.

MATERIALS AND METHODS
Animals treatment
Male wealing normal albino (Wistar) rats with a
body weight of 150 – 200 g were supplied by
Algiers Pasteur Institute. Rats were housed in
plastic cages and located in air-conditioned room
(humidity was around 70 %, temperature was 22
± 2 C and 12 h light/dark cycle), and fed with
laboratory stock diet (ONAB factory, EL-
Harrouch, Algeria), and water ad-libitum for 1
week.  The acclimated animals were divided into
four groups of six animals each. Group I served
as an untreated control. Group II rats were
administrated with hydrated nickel sulphate
(Sigma), NiSO4 6H2O[Ni (II) cation LD 50/2] in
distilled water at a dose 132 mg/ kg body weight
by gavage on alternate days until the end of the
experiment. Group III rats treated also orally with
hydrated cobalt chloride (Sigma), CoCl2 6H2O [Ni
(II) cation, LD 50/2] at a dose 383 mg/kg body
weight (National Institute for Occupational Safety
and Health, 2003), and group IV rats were given
both nickel sulphate and cobalt chloride until the
end of last dose after six weeks. The control
subjects and the treated animals were weighed
every morning. The slaughter of animals was
carried out in the morning by decapitation to avoid
the effect of stress. The blood was transferred
into ice cold centrifuged tubes and a portion taken
for whole-blood glucose analysis, which was
performed promptly after decapitation. The
remaining blood was centrifuged for 10 minutes
at 3000 rpm and the serum was utilized for GOT,
GPT, alkaline phosphatase, LDH, total protein,

bilurebin, urea and creatinine assays. Livers were
rapidly excised, washed and stored at -20 C° for
glutathion analysis.

Analytical methods
The whole blood glucose was measured in 10 µl
samples of fresh whole blood by the glucose
oxidase (EC 1.1. 3. 4) method, using an YSI Model
27 glucose analyzer and the kit constitute of
phosphate buffer containing the enzymes (GOD,
POD) and D-glucose (Sigma). Serum glutamic
pyruvic aminotransferase (GPT; EC 2.6.1.2),
glutamic oxalic aminotransferase (GOT; EC
2.6.1.1), lactate dehydrogenase (LDH; EC
1.1.1.27) and alkaline phosphatase (ALP; EC
3.1.3.1) activities were assayed using commercial
test  kits. Urea, creatinine, and bilurebin
concentrations were also determined using
commercial test kits. Serum total protein level was
analyzed by the method of Lowry (Lowry et al.,
1951). Liver glutathion (GSH) concentration was
measured utilizing the method described by
Weckbercker and Cory (1988). All experimental
results are expressed as means ± SEM. Paired
Student’t-test was employed, and p < 0.05 was
considered significant.

RESULTS
In this experiment, rats given either nickel sulphate
or cobalt chloride alone were significantly (p <
0.001 and p < 0.001) weighed less than the control
rats. However the body weights of the rats treated
with nickel sulphate and cobalt chloride was less
affected (Table 1). In the current study, when the
time of feeding was strictly controlled before an
over-night fast, the experimentally nickel sulphate
significantly (p < 0.001) increased the concentration
of whole blood glucose. Whereas, treatment of
the rats with the cobalt chloride reduced but not
significantly the whole blood glucose concentration
as compared with the control group. The results
showed also significantly an increase in the level
of serum total protein (p < 0.001and p < 0.001),
urea (p < 0. 001), creatinine (p < 0.001 and p <
0.001) and bilurebin (p < 0.001 and p < 0.001) in
the nickel sulphate and cobalt chloride groups
respectively when compared to the control group.
While, the treatment of rats with both nickel
sulphate and cobalt chloride, the level of the
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previous parameters especially urea were less
affected compared with the mean value of the

control group (Table 1).
In nickel sulphate and cobalt chloride groups the

activities of serum GOT, GPT and alkaline
phosphatase were significantly (p < 0.001, p <
0.001 and p < 0.001) increased respectively for
nickel sulphate and cobalt chloride animal groups
(p < 0.001, p < 0.001 and p < 0.01) compared to
their normal concentrations group (Table 2).
However the activity of LDH was decreased in
nickel sulphate and cobalt chloride (p < 0.001 and
p < 0.01) respectively. The experimentally
treatment with both nickel sulphate and cobalt

chloride increased the activities of GOT, GPT and
alkaline phosphatase, but significantly (p < 0.05),
the results show also that the concentration of liver
glutathion was decreased in nickel sulphate and
cobalt chloride groups (p < 0.001 and p < 0.01),
whereas in group (nickel sulphate + cobalt
chloride) was only (p < 0.05) when compared to
the control group. (Table  2).

Table 2: Liver fresh weight, serum GOT, GPT, LDH and alkaline phosphatase activities and liver glutathion in 
control male rats treated with cobalt chloride, nickel sulphate and both cobalt chloride and nickel sulphate. 

 

                                            Experimental groups 

Control 
(n = 6) 

Nickel 
(n = 6) 

Cobalt 
(n = 6) 

Nickel + Cobalt 
(n = 6) 

Parameters 

Mean SEM Mean SEM Mean SEM Mean SEM 

Liver weight (g) 11.1       1.0        17.3*** 0.21 14.98** 0.5 12.2 0.52 

GOT (U/L) 87.62      1.4       137.43*** 1.5 125.05*** 1.5 92.5* 2.7 

GPT (U/L) 57.70      3.8 129.44*** 1.9 96.52***   5.6 69.6* 2.4 

LDH (U/L) 371.61     6.8 158.72*** 8 168.78*** 18 264.2**   24.3 

Alkaline Phosphatase 
(U/L) 110.20     3.40 299.75** 16 195.26** 14 122.0* 2.6   

Glutathion (nM/mg prot) 54.10    2.4 27.96*** 1.90 34.77** 5.5 44.7* 2.6     
 

*p < 0.05,  ** p < 0.01, *** p < 0.001:  Significantly different from the control group, 
 n: number of observations. 

 

Table 1: Initial body weight, body weight gain, whole blood glucose, serum total protein, serum urea, serum 
creatinine and serum belirubin in control male rats treated with cobalt chloride LD 50/2, nickel sulphate LD 

50/2 and both cobalt chloride and nickel sulphate. 
 

                                              Experimental groups 
Control 
(n = 6) 

Nickel 
(n = 6) 

Cobalt 
(n = 6) 

Nickel + Cobalt 
(n = 6) 

Parameters 

Mean SEM Mean SEM Mean SEM Mean SEM 

Initial body weight (g) 160.24 2.9 208.02 6.7 206.08 6.7 201.22 4.2 
 

Body weight gain (g) 68.33 7.7 - 62.33*** 10 -48.5*** 9.2 39.5** 9.9   

Glucose (mg/100mL) 140 0.02 348*** 0.1 124 0.2 160 0.1 

Total protein (g/100mL) 7.5 0.68 10.24*** 0.11 9.21*** 0.24 8.38* 0.15 

Urea (mg/100mL) 6.79 0.46 8.86*** 0.28 9.21*** 0.20 6.96 0.32 

Creatinine (mg/100mL)   0.4 5 0.11 2.71*** 0.12 1.69*** 0.13 1.30** 0.04 

Belurebin (mg/100mL) 0.43 0.06 3.10*** 0.30 1.91*** 0.07 0.66* 0.01 
 

*p < 0.05,  ** p < 0.01, *** p < 0.001:  Significantly different from the control group,  
n: number of observations. 
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DISCUSSION
In this experiment, nickel sulphate and cobalt
chloride groups were weighed less than the control
group. This is in good agreement with some
previously published reports (Dieter et al., 1988).
The body weight gain of animals given both nickel
and cobalt was less affected as compared to nickel
or cobalt alone, but the results were not very
positive. The observed higher blood glucose in the
present study of nickel sulphate rats may relate to
the metal effect which inhibited the release of
insulin from isolated islets of Langerhans (Dormer
et al., 1973) or the high glycogen breakdown and
new supply of glucose production from other non
carbohydrate sources such as proteins (Cartana
and Arola, 1992). However the unchanged blood
glucose concentration in cobalt chloride rats and
animals treated either with cobalt chloride or both
metals may be due to the glycaemia lowering effect
of cobalt chloride by decreasing systemic glucose
production,  increasing t issue uptake or a
combination of the two mechanisms (Saker et al.,
1998). In nickel and cobalt chloride rats, the
activities of serum GOT, GPT, alkaline phosphatase
and serum bilurebin concentration were
significantly increased, compared to their normal
levels. Therefore the increased of the activities of
these enzymes and bilurebin level in serum is
mainly due to the leakage out of these enzymes
and bilurebin substance from the liver cytosol into
the blood stream which gives an indication on the
hepatoxic effect of these metals (Novelli and
Barbosa, 1987). In other words it has been found
that liver was necrotized in heavy metals exposition
(Tandon et al., 1984). The decrease of serum
LDH activity in rats given nickel sulphate or cobalt
chloride could be attributed to the increased call
of energy through transaminase reaction,
glycolytic and oxidative pathway of glucose
produced and alkaline phosphatase activity, rather
than LDH activity. Since these animals had higher
blood glucose and GOT, GPT activities than their
controls. Another explanation that the sever
impairment of this metals on the anaerobic process,
led to an increased aerobic respiratory which was
evident from the augmentation of number of red
cells in the treated animals (Shomesubra et al.,
1999). In this experiment it was found also a

significant rise in serum total protein, serum urea,
serum creatinine in nickel and cobalt groups as
compared to the control group. This again indicates
that synthesized proteins were liberated as a result
of cytolysis and to other pathological changes in
the liver tissue associated with progression of the
toxicity condition. and then the excessive
accumulation of amino acids (glutamic and
alanine) in serum of affected animals. These
excessive amino acids are converted to ketonic
bodies (α keto glutaric and pyruvate) for which
the enzyme GOT and GPT are needed, and
confirm the result of high concentration of blood
glucose (Admal and Vilstup, 1988). In addition the
increased serum urea and serum creatinine were
certainly as a result of kidney tissue damage and
dysfunction. However, the diminution of glutathion
level in nickel and cobalt chloride rats. It is
suggested that it may be as a result of that the
oxidative stress, which have been occurred, in the
two metal toxicity. In other words the reduced
antioxidant production was due to the increased
oxygen metabolites and the elevated free radicals,
which cause a decrease in the activity of the anti-
oxidant defense system (kusal et al., 2001).  In
conclusion, the present study showed that nickel
and cobalt alone both have toxicity effect on the
previous parameters, but the toxicity is more
profound by nickel. combined effect of Ni-Co is
slightly less toxic than nickel or cobalt alone,
suggesting antagonism between these toxicants.

ACKNOWLEDGEMENTS
This work was supported by the research project
N° F 2301/02/2005 funded by the Ministry of
Higher Education, Algeria. The authers should
thank members of Algers Pasteur Institute for
providing rats.

REFERENCES
Accominoti, M., Chamouard, C., Cogoluenhes, V., Chambrier,

C., Michallet, M. and Gordiani, B., (1998). Energy
expenditure during allogeneic and autologous bone marrow
transplantation. Clin. Nutr, 17: 253-257.

Admal, T. P. and Vilstup, H., (1988). Loss of nitrogen organs
in rats induced by exogenous glucagons. Endocrinology,
123 (5): 2182-2186.

Cartana, J. and Arola, L., (1992). Nickel-induced
hyperglcemia: The role of insulinand glucagons.
Toxicology, 71: 181-192.



Iran. J. Environ. Health. Sci. Eng., 2006, Vol. 3, No. 1, pp. 65-69

69

Chakroun, H., Hfaidh, N., Makni-Ayadi, F., Guermazi, F.,
Kammoun, A. and Elfeki, A., (2002). Nickel and fertility
in the rat. Sexologies, 12: 1-4.

Christie, N. T. and Tummolo, D. M., (1989). The effect of
Ni (II) on DNA replication. Biol. Trace Elem. Res, 21: 3-
12.

Coen, N., Mothersill, C., Kadhim, M. and Wright, E. G.,
(2001). Heavy metals of relevance to human health induce
genomic instability.  Pathol, 195: 293-299.

Dieter M.P, Jameson C.W, Tucker A.N, Luster M.I, French
J.E, Hong H.I and Boorman, G. A., (1988). Evaluation of
tissue disposition, myelopoietic, and immunologic
responses in mice after long-term exposure to nickel
sulphate in the drinking water. Toxico. Environ. Health,
24: 357-372.

Donskoy, E., Donskoy, M., Forouhar, F., Gillies, C. G.,
Marzou, K. A. and Reid, M., (1986). Hepatic toxicity of
nickel chloride in rats. Ann. Clin. Lab. Sci, 16: 108-117.

Dormer, R. L., Kerbey, A. L., McPherson, M., Manley, S.,
Ashcroft, S. J. H., Schofield, J. G. and Randle, P. J., (1973).
The effect of nickel on secretory systems; Studies on the
release of amylase, insulin and growth hormone. Biochem,
140: 135-140.

Iscan, M., Coban, T. and Eke, B. C., (1994). Differential
combined effect of cadmium and nickel on hepatic and
renal glutathione S-transferases of the guinea pig. Environ.
Health perspect, 102: 69-72.

Khandelwal, S. and Tandon, S. K., (1984). Effect of cadmium
pretreatment on nickel toxicity. IARC. Sci. Publ, 53: 293-
300.

Kocijan, A., Milosev, I. and Pihlar, B., (2004). Cobalt-based
alloys for orthopaedic applications studied by
electrochemical and XPS analysis. Mater Sic. Mater Med,
15: 643-650.

kusal, K. D., Swastika, N. D. and Shakuptala, D., (2001).
The influence of ascorbic acid on nickel induced hepatic
lipid peroxidation in rats. Basic Clin. Physiol. Pharmac,
12: 187-195.

Lansdown, A. B., (1995). Physiological and toxicological
changes in the skin resulting from the action and interaction
of metal ions. Crit. Rev. Toxicol, 25: 397-462.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R.
J., (1951). Protein measurement with the folin phenol
reagent. Biol. Chem, 193: 269-275.

Nakamura, M., Yasukochi, Y. and Minakami, S., (1975).
Effect of cobalt on heme biosynthesis in rat liver and
spleen. Biochem, 78: 373-380.

National Institute for Occupational Safety and Health
(NIOSH). The Registry of toxic effects of chemical

substances (2003). Nickel (II) sulphate hexahydrate and
Cobalt (II) chloride hexahydra.

Novelli, J. and Barbosa, L. L., (1998). Differential/ Combined
effect of water contamination with cadmium and nickel
on tissues of rats. Environ. Pollution, 103: 295-300.

Papp, A., Feher, O. and Erdelyi, L., (1987). The ionic
mechanism of the pentylenetetrazol   convulsions. Acta
Biol. Hung, 38: 349-361.

Saker, S., Ybarra, J., Leahy, P., Hanson, R. W., Kalhan, S. C.
and Ismail-Beigi, F., (1998).  Glycemia-lowering effect of
cobalt chloride in the diabetic rat: role of decreased
gluconeogenesis. Am. Physio. Endocrinol. Metab, 37: 984-
991.

Shimuzu, Y., Kawarada, S. Y., Suzuki, M. and Tanaka, T.,
(1991). Interstrain differences in red cell enzyme activities
in mice and rats. Comp. Biochem. Physiol, 100 (4): 687-
690.

Shomesubra, B., Tasnim, V. R. G., Irani, N., Denness, D.,
Leon, P., James, P., Christine, C. and Vaman, R., (1999).
A study of toxic effects of heavy metal contaminants
from sludge-supplemented diets on male wistar rats.
Ecotoxico. Environ. Safety, 42: 163-170.

Szakmary, E., Ungvary, G., Hudak, A., Naray, M. and
Morvai, V., (2001). Effects of cobalt   sulphate on prenatal
development of mice, rats and rabbits and on early
postnatal development of rats. Toxico. Enver. Health, 62:
367-386.

Tandon, S. K., Khandelwal, S., Mathur, A. K. and Ashquin,
M., (1984). Preventative effects of nickel on cadmium
hepatotoxicity and nephrotoxicity. Ann. Clin. Lab. Sci,
14: 390-396.

Webb, M., (1972). Protection by zinc against cadmium
toxicity. Biochem. Pharmacol, 21: 2767-2771.

Webb, M. and Magos, L., (1976). Cadmium-thionein and
the protection by cadmium against the nephrotoxicity of
mercury. Chem. Biol. Interact, 14: 357-369.

Weckbercker, G. and Cory, J. G., (1988). Ribonucleotide
reductase activity and growth of glutathione-depended
mouse leukaemia L 1210 cells in vitro. Cancer Letter, 40:
257-264.

Wu, L. F., Navarro, C., Pina, K. Q. and Mandrand, M. A.,
(1994). Antagonistic effect of nickel on the fermentative
growth of Escherichia coli K-12 and comparison of nickel
and cobalt toxicity on the aerobic and anaerobic growth.
Environ. Health Perspect, 3: 297-300.

Xie, J., Funakoshi, T., Shimada, H. and Kojima, S., (1995).
Effects of chelating agents on testicular toxicity in mice
caused by acute exposure to nickel. Toxicology, 103: 147-
155.


