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Abstract :

The present study was conducted using 16 adult male Swiss albino mice
(weighing 40-509). They were equally divided into four experimental groups. The
first group was only given tap water as control during experimentation period (40
days). Group II, group Il and group IV of mice were daily given a subcutaneous
injection of cobalt as cobalt chloride (CoCl,) at a dose of 20mg, 40mg, and 60mg
/Kg body weight respectively. The examination of the histological sections of the
second experimental group of mice (low dose group) showed no particular changes
in the columnar epithelial cells of the duodenum of mice. The examination of the
histological sections of the third experimental group of mice (moderate dose group)
showed abundant degenerative changes in the columnar epithelial cells of the
duodenum of mice such as increased size, presence of spaces, and dark appearance
of the nucleus while these changes were more abundant in the columnar epithelial
cells of the duodenum of the fourth experimental group of mice (high dose group) in
comparison with the third experimental group such as increased size, presence of
spaces, and dark appearance of the nucleus.
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Introduction :

Cobalt (Co) is a metallic element occurring in
the most common compounds in the +2 or +3
oxidation states. Cobalt salts have been
commonly used for many years in animal
nutrition. Six cobalt salts are currently
authorised in the European Union (E.U) as feed
additives (cobalt acetate tetrahydrate, basic
cobalt carbonate monohydrate, cobalt chloride
hexahydrate, cobalt nitrate hexahydrate, cobalt
sulphate monohydrate and cobalt sulphate
heptahydrate) for all animal species with a total
maximum content of 2mg Co/Kg complete
feedingstuffs [1].

The apparent absorption of cobalt from cobalt
chloride measured in laboratory animals was in
the range of 13-34%. Cobalt is predominantly
excreted via the faecal route. Absorbed cobalt
follows aqueous excretion routes, via kidney but
also via the milk. About 43% of body cobalt is
stored in muscle; however, kidney and liver are
the edible tissues containing the highest cobalt
concentrations and are most susceptible to
increase such concentrations as a response to
increased cobalt concentrations in feed [1].

In an unspecified strain of rabbits administered
0.25 mg/kg cobalt sulfate per day orally or by
injection for 2 months, some accumulation of
cobalt occurred in the liver, small intestine,

lung, blood, kidney, and stomach [2].
Occupational exposure to cobalt occurs
principally in refining processes, in the

production of alloys, and in the tungsten carbide
hard metal industry [3]. Exposure under these
conditions is primarily dermal or via inhalation
of cobalt metal dusts or fumes, often in
combination with other elements such as nickel,
arsenic, or tungsten; adverse respiratory effects
(pneumoconiosis) have been reported at cobalt
concentrations between 0.1 and 2mg/m® [4].
Cobalt promotes aberrant microtubule assembly
[5] and can alter the activity of metaloenzymes
such as carboxypeptidase [6]. Cobalt also
inhibits the activity of DNA polymerase | from
Micrococcus luteus [7]. Occupational exposure
of humans to cobalt- containing dust, either as
cobalt metal or as hard metal, has been shown to
result in cardiomyopathy, characterized by
functional effects on the ventricles [8] and/or
enlargement of the heart [9], [10]. Necrosis of
the thymus was reported in rats exposed to
19mg cobalt/m? as cobalt sulfate over 16 days,
and hyperplasia of the mediastinal lymph nodes
was found in mice exposed to 11.4 mg cobalt/m?
for 13 weeks [11]. Occupational exposure to
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cobalt in humans has been reported to cause
several effects on the nervous system, including
memory loss (Wechsler Memory Scale-
Revised), nerve deafness, and a decreased visual
acuity [12], [13]. Several studies have evaluated
the effects of inhalation of cobalt-containing
compounds on possible carcinogenicity in
humans. The mortality of a cohort of 1,143
workers in a plant that refined and processed
cobalt and sodium was analyzed [14]; the
French national population mortality data were
used as a reference population. Cobalt plays a
critical role in the synthesis of vitamin B12. In
contrast, excessive exposure to cobalt is
associated with several conditions, including
asthma, pneumonia, and  hematological
abnormalities [15]. In addition, nickel, cobalt,
cadmium, and other metals are known or
suspected carcinogens [16]. Studies in various
systems have shown that exposure to certain
metals, such as cobalt, promotes a response
similar to hypoxia. Hypoxia is defined as a state
when oxygen tension drops below normal limits
and it plays a central role in development and
several pathological conditions including stroke,
cardiovascular disease, and tumorigenesis [17].
A single injection of 35 mg/Kg cobalt chloride
caused degranulation and disintegration of the a
cells of the pancreatic islets of rabbits [18]. This
was followed by degranulation of the B cells.
Shabaan et al.[19] observed fibrosarcomas in
14/40 male Wistar rats 8 months to 1 year after
administration of 40 mg/Kg cobalt chloride by
subcutaneous injection once per day for 10 days.
Four of these neoplasms were not at the site of
injection. Cobalt has been shown to cross the
placenta; cobalt chloride and nitrite salt
solutions induced fetal cleft palates when
injected alone into mouse dams but inhibited
cleft formation caused by cortisone or phenytoin
[20], [21]. Sprague Dawley rats maintained on
diets containing 265ppm cobalt for 98 days
showed degenerative changes in the testis; these
changes were considered secondary to hypoxia
[22]. The objectives of this study were to
examine the possible effects of cobalt on mice
duodenum and to determine whether or not
cobalt can cause histological alterations which
could affect duodenum functions.

Materials and Methods:

In the present study, 16 adult male mice were
used (weighing 40-50g) which were divided into
four equal experimental groups. Mice were
maintained in plastic cages and allowed free
access to standard laboratory food and tap water
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ad libitum. The first group of mice which
considered as control group drank only tap water
during the entire period of experimentation (40
days). The second group of mice was daily
given a subcutaneous injection of cobalt as
cobalt chloride (CoCl,) at a dose of 20 mg /Kg
body weight (Considered as low dose group),
the third group was daily given a subcutaneous
injection of cobalt as cobalt chloride (CoCl,) at
a dose of 40 mg /Kg body weight (Considered as
moderate dose group) while the fourth group
was daily given a subcutaneous injection of
cobalt as cobalt chloride (CoCl,) at a dose of 60
mg /Kg body weight (Considered as high dose
group). Twenty- four hours after injection of last
dose, two animals from each group were
sacrificed (the other two mice from each group
were kept in case of necessity). Duodenums
were excised and subsequently fixed in 10%
formalin  overnight.  After fixation, the
duodenums were processed, wax block and
slides were prepared then stained in
haematoxylin and eosin for histological studies
[23]. Histological sections were examined by
light microscope and photographed at a
magnification of 10 & 40X.

Results:

In the present work, the examination of the
histological sections of the first group of mice
(control) showed no histological changes in the
duodenum of mice Figure 1-. The examination
of the histological sections of the second
experimental group of mice given a
subcutaneous injection of cobalt at a dose of 20
mg Co/Kg (low dose group) showed no
particular changes in the duodenum of mice
Figure 2. On the other hand, the examination of
the histological sections of the third
experimental group of mice given a
subcutaneous injection of cobalt at a dose of 40
mg Co/Kg (moderate dose group) showed
abundant degenerative changes in the columnar
epithelial cells of the duodenum of mice such as
increased size, presence of spaces, and dark
appearance of the nucleus, figure 3, while these
degenerative changes were more abundant in the
columnar epithelial cells of the duodenum of
mice of high dose group given a subcutaneous
injection of cobalt at a dose of 60 mg Co/Kg,
figure 4 in comparison with the changes in the
columnar epithelial cells of the duodenum of
mice of moderate dose group such as increased
size, presence of spaces, and dark appearance of
the nucleus.
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Figure 1- Transverse section in the duodenum
of control group of mice showing normal
columnar epithelial cells.

Stain: Haematoxylin & Eosin 10X.

Figure 2- Transverse section in the duodenum
of mice treated with 20 mg Co /Kg (low dose
group) showing no particular changes in the
columnar epithelial cells.

Stain: Haematoxylin & Eosin 10X.

epithelial

cells.

Figure 3- Transverse section in the duodenum
of mice treated with 40 mg Co /Kg (moderate
dose group) showing abundant degenerative
changes in the columnar epithelial cells such as
increased size, presence of spaces, and dark
appearance of the nucleus.

Stain: Haematoxylin & Eosin 40X.
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Figure 4- Transverse section in the duodenum
of mice treated with 60 mg Co /Kg (high dose
group) showing more abundant degenerative
changes in the columnar epithelial cells such as
increased size, presence of spaces, and dark
appearance of the nucleus.

Stain: Haematoxylin & Eosin 40X.

Discussion :
The results of the present study confirmed that
cobalt affected the duodenum of the mice and
caused degenerations in the columnar epithelial
cells of the duodenum. These results are
consistent with the opinion expressed by Gal et
al. [24] that excessive Co intake may cause
adverse effects in target species. The present
study suggests that under certain doses of cobalt
could cause damages to the columnar epithelial
cells of the duodenum of mice. That coincides
largely with the notion of Carson et al. [25] that
case reports have suggested that acute intakes
following ingestion of >30 mg Co/day may
cause gastrointestinal upset. Several experiments
performed in laboratory animals support the
in vivo carcinogenicity of Co salts when
administered by different routes, and namely
local tumours (sarcomas) at injection sites and
lung tumours after intratracheal instillation [26].
Smith and Carson [27] also reported that cobalt
is distributed to all tissues after administration
by the oral or inhalation routes or by injection.
Lastly, exposure to cobalt results in a wide
spectrum of toxicities in mammals [6]. In
conclusion, it seems reasonable to consider that
the present study provided evidences regarding
degenerative and harmful effects of cobalt in the
duodenum of mice.

References:

1. Agquilina, G. Bories, G. Chesson, A.
Cocconcelli, P.S. De Knecht, J. Dierick,
N.A. Gralak, M.A. Gropp, J. Halle, 1.
Hogstrand, C. Leng, L. Puente, S.L.
Haldorsen, A-K.L. Mantovani, A. Martelli,
G. Mezes, M. Renshaw, D. Saarela, M.

1021

n

10.

11.

12.

13.

Iragi Journal of Science, 2013, Vol 54, Supplement No.4, pp:1018-1022

Sejrsen, K. and Westendorf, J. 2012.
Scientific opinion on safety and efficacy of
cobalt carbonate as feed additive for
ruminants, horses and rabbits. E.F.S.A.
Journal, 10 (6), pp:2727.

Kichina, M.M. 1974. Cobalt and titanium
levels in animals under the influence of
cobalt sulfate. Sh. Rab. Leningr. Vet. Inst.,

38, pp:83-87.
Kazantzis, G. 1981. Role of cobalt, iron,
lead, manganese, mercury, platinum,

selenium, and titanium in carcinogenesis.
Environ. Health Perspect, 40, pp:143-161.
Domingo, J.L. 1989. Cobalt in the
environment and its  toxicological
implication. Rev. Environ. Contam. Toxicol.,
108, pp:105-123.

Buttlaire, D. H. Czuba, B.A. Stevens, T.H.
Lee, Y.C. and Himes, R.H. 1980.
Manganous ion binding to tubulin. J. Biol
Chem., 255, pp:2164-2168.

Jennette, K.W. 1981. The role of metals in
carcinogenesis: Biochemistry and
metabolism. Environ. Health Perspect, 40,
pp:233-252.

Korman, E.F. Ward, J.F. and Myers, L.S.
1978. Development of Toxicology of
Energy- Related Pollutants. D.O.E.
Symposium Series, 47, pp:384-395.
Horowitz, S.F. Fischbein, A. Matza, D. et al.
1988. Evaluation of right and left ventricle
function in hard metal workers. Brit. J. Ind.
Med., 45, pp:742-746.

Barborik, M. and Dusek, J. 1972.
Cardiomyopathy accompanying industrial
cobalt exposure. Br. Heart J., 34, pp:113-
116.

Jarvis, J.Q. Hammond, E. Meier, R. et al.
1992. Cobalt Cardiomyopathy: A report of
two cases from mineral assay laboratories
and a review of the literature. J. Occup.
Med., 34(6), pp:620-626.

Bucher, J.R. Elwell, M.R. Thomson, M.B.
et al. 1990. Inhalation toxicity studies of
cobalt sulfate in F344/N rats and B6C3F1
mice. Fundam. Appl. Toxicol., 15, pp:357-
372.

Jordan, C. Whitman, R.D. Harbut, M. et al.
1990. Memory deficits in workers suffering
from hard metal disease. Toxicol. Lett., 54,
pp:241-243.

Meecham, H.M. and Humphrey, P. 1991.
Industrial exposure to cobalt causing optic
atrophy and nerve deafness: A case report.



Gathwan et.al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

J. Neurol. Neurosurg. Psychiatry, 54 (4),
pp:374-375.

Mur, J.M. Moulin, J.J. Charruyer-Seinerra,
M.P. et al. 1987. A cohort mortality study
among cobalt and sodium workers in an
electrochemical plant. Am. J. Ind. Med., 11,
pp:75-81.

Lauwerys, R. and Lison, D. 1994. Health
risks associated with cobalt exposure- an
overview. Sci. Total Environ., 150, pp:1-6.
Hayes, R.B. 1997. The carcinogenicity of
metals in humans. Cancer Causes &
Control, 8, pp:371-385.

Giaccia, A. Siim, B. G. and Johnson, R.S.

2003. HIF-1 as a target for drug
development. Nat. Rev. Drug Discov., 2,
pp:803-811.

Telib, M. 1972. Effects of cobaltous
chloride in laboratory animals: 1. The
histological and electron microscopical
changes in the islets of rabbits.
Endokrinologie, 60, pp:81-102.

Shabaan, A. Marks, V. Lancaster, M. C.
and Dufeu, G.N. 1977. Fibrosarcomas
induced by cobalt chloride (CoCl,) in rats.
Lab. Anim., 11, pp:43-46.

Kasirsky, G. Sherman, W.T. Gautieri, R.F.
and Mann, D.E., Jr. 1969. Cobalt- cortisone
interrelationships in the induction and
inhibition of cleft palate in mice. J. Pharm.
Sci., 58, pp:766-767.

Mitala, J.J. Mann, D.E. and Gautieri, R.F.
1978. Influence of cobalt (dietary),
cobalamins, and inorganic cobalt salts on
phenytoin- and  cortisone-  induced
teratogenesis in mice. J. Pharm. Sci., 67,
pp:377-380.

Mollenhaur, H.H. Corrier, D.E. Clark, D.E.
Hare, M.F. and Elissalde, M.H. 1985.
Effects of cobalt on testicular structure.
Virchows Arch., 49, pp:241-248.

Singh, P. Sankhla, V. Mogra, P. and Patni,
A. 2010. Protective effect of curcumin on
cadmium chloride induced nephrotoxicity in
Swiss albino mice. J. Herbal Med. Toxicol.,
4(2), pp:215-219.

Gal, J. Hursthouse, A. Tatner, P. Stewart, F.
and Welton, R. 2008. Cobalt and secondary
poisoning in the terrestrial food chain: data
review and research gaps to support risk
assessment. Environ. Int., 34, pp:821-38.
Carson, B.L. Ellis, H.V. and McCann, J.L.
1986. Toxicology and Biological Monitoring
of Metals in Humans. Lewis Publishers,
Chelsea, MI, U.S.A.

1022

26.

27.

Iragi Journal of Science, 2013, Vol 54, Supplement No.4, pp:1018-1022

Bucher, J.R. Hailey, J.R. Roycroft, J.R.
Haseman, J.K. Sills, R.C. Grumbein, S.L.
Mellick, P.W. and Chou, B.J. 1999.
Inhalation toxicity and carcinogenicity
studies of cobalt sulfate. Toxicol. Sci., 49,
pp:56-67.

Smith, I.C. and Carson, B.L. Eds. 1981.
Cobalt. Trace Metals in the Environment,
Vol.6. Ann Arbor, Ml: Ann Arbor Science
Publishers, Inc.



