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Keywords: Aim. The aim of this study was to determine the effects of chromium (III) and cobalt (II)
cobalt, and their combinations on genotoxicity in human fibroblasts cells (B]).

Chro’tni‘{“};y Material and methods. In this work, comet and micronucleus assays were used. The BJ
genotoxicity,

cells were exposed to chromium chloride and cobalt chloride at concentration ranges
from 100 to 1400 uM. Mixtures of these elements were prepared so as to examine
interactions between them.

Results. The present study shows the genotoxic effects of chromium (III) and cobalt (II)
and their mixtures on BJ cells. In the comet assay, no comets were observed at the lowest
concentrations; in the higher, a significant increase in their percentage was observed.
In the other assay (formation of micronuclei), a statistically significant increase in the
number of cells with micronuclei was observed in the BJ cells spiked with cobalt chloride
and chromium chloride. In the case of simultaneous incubation of chromium chloride at
200 uM and cobalt chloride at 1000 uM in the BJ line, antagonism was observed. However,
the interaction of chromium chloride at the 1000 uM and cobalt chloride at 200 uM leads
to synergism between the studied elements.

Conclusions. Cobalt (II) and chromium (III) show genotoxic properties, they induce
breaks in double and single-stranded DNA and they cause formation of AP-sites that do
not have purine or pyrimidine bases.

interactions.

INTRODUCTION

Chromium and cobalt are trace elements that play very
important roles in the biological system. Cobalt (II) is a
precursor of vitamin B12, which affects the proper function-
ing of the nervous system. Chromium (III) is necessary for
several biochemical processes, it is beneficial for proper
carbohydrate lipid and protein metabolism [1-3]. These trace
elements are necessary only in small amounts. In high con-
centrations they can be potentially toxic to cells and they can
induce a number of morphological and biochemical changes
leading to cell death by apoptosis [2].

Exposure to chromium and cobalt is widespread. Both
metals are used in numerous applications in industry and
can cause environmental pollution. These metals are also
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ingredients of supplements, vitamins and energy drinks.
Additionally, cobalt and chromium are components of bio-
materials used in implants which can corrode in the environ-
ment of tissue fluids, and the metal ions that are released
in this way can be stored for a long time and can become
toxic to the organism. Accumulation of these metals in the
body can lead to significant morphological and biochemi-
cal changes in cells. Accumulation of cobalt (II) in the cell
can lead to interactions between the metal and DNA and
nuclear proteins [1].

Cobalt (II) induces DNA double breaks, mutations in
genes, aneuploid formation and small apoptotic bodies
associated with DNA fragmentation [4-7]. What is more,
cobalt disrupts the normal course of the cell cycle — in the
metaphase it induces the formation of numerous aberrations
within the chromatids [8]. Moreover, cobalt can cause an
increase of protein kinase (MAP) and its phosphorylation. In
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addition, it elevates p53 protein levels, and, consequently, it
affects hypoxia-inducible factor-1 (HIF-1) activation, which
leads to apoptosis. Beyond the aforementioned, cobalt (II)
destabilizes the proper functioning of enzymes belonging to
the antioxidant system, such as superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx) [1].

Chromium (III) is also a toxic element. The literature
data clearly indicate that high concentrations of chromium
(I1), as well as its compounds, have a destructive effect on
DNA causing its fragmentation, the formation of micronu-
clei, induction of chromosome aberrations and exchange of
sister chromatids [9-11]. Moreover, this element can bind
to DNA and interfere with the replication process (at lower
concentrations) or block it completely (at higher concentra-
tions) [9]. Chromium (IIT) compounds can also bind directly
to DNA in vitro forming Cr-DNA complexes and they form
cross-links between DNA-DNA [12].

Both metals: cobalt (II) and chromium (III) are able to
generate ROS. These reactive forms become a very destruc-
tive effect on the antioxidant system, which is unable to
remove harmful forms of oxygen under conditions of imbal-
ance in the cell [13-16]. These metals induce oxidation and
nitrification of proteins — which lead to cell death [17].

In our investigation, genotoxic effects of cobalt and
chromium and their combinations in the BJ cell line were
studied.

MATERIALS AND METHODS

Reagents

Chromium chloride (CrCl, x 6H,0) and cobalt chloride
(CoCl, x 6H,0) were purchased from Across Organics
(Geel, Belgium); Eagle’s Minimum Essentials Medium
(EMEM) and fetal bovine serum (FBS) were obtained from
ATCC; antibiotic antimycotic solution (10.000 U/ml of peni-
cillin, 10 mg/mL of streptomycin, 25 pg/mL of amphotericin
B), acridine orange and cytochalasin B were purchased from
Sigma Chemical Co., (St. Louis, MO, USA). The Oxi select
96-well comet assay kit we utilized was acquired from Cell
Biolabs, Imc., San Diego, CA, USA.

The research was carried out on human fibroblast BJ
cell lines obtained from American Type Culture Collection
(CRL-2522). The cells were grown as adherent monolayers
in plastic tissue culture dishes in Eagle’s Minimum Essen-
tials Medium (EMEM) which was supplemented with 10%
fetal bovine serum (FBS) and antibiotic antimycotic solution
(10,000 U/ml of penicillin, 10 mg/mL of streptomycin,
25 pg/mL of amphotericin B) at 37°C and 5% CO,,.

Chromium chloride (CrCl, x 6H,0) and cobalt chloride
(CoCl, x 6H,0) were dissolved in PBS at the concentra-
tion of 1 mM. Solutions of chromium chloride or cobalt
chloride at concentration range from 100 to 1400 pM were
then prepared by dilution in culture medium EMEM, sup-
plemented with FBS and antibiotics. In the genotoxicity
assays, the BJ cell line was exposed to chromium chloride
and cobalt chloride at concentrations ranges from 100 to
1400 uM.
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Genotoxicity assays

In this work, comet and micronucleus assays were used.
The cells were cultured in 96-well plates (2x10° cells/mL)
in 100 pL, in complete growth medium (EMEM supple-
mented with 10% FBS and mixture of antibiotics). After a
24 hour incubation of the fibroblasts, the culture fluid was
exchanged into a new one in the control case or was supple-
mented with chromium chloride or cobalt chloride at con-
centration ranges from 100 to 1400 uM. In order to deter-
mine the interactions between the above-mentioned micro-
elements, the cells were similarly plated and incubated for
24 hours. Next, the culture fluid was exchanged for a fresh
one and supplemented with mixture compounds of the fol-
lowing combinations: 200 uM chromium chloride and 1000
uM cobalt chloride (Cr200+Co1000) or 1000 uM chromium
chloride and 200 uM cobalt chloride (Cr1000+Co0200).

The comet assay

The comet assay is a common technique for measure-
ment of DNA damage in individual cells. This assay detects
breaks in DNA. Nucleic acid fragments subjected to elec-
trophoresis move outside the nucleus forming a comet-like
tail [18]. This assay was performed according to the original
manufacture’s instructions — Oxi Select 96-Well Comet
Assay Kit, from Cell Biolabs, INC.

The prepared plates were subjected to microscopic obser-
vation using a FITC filter. A hundred cells were selected of
each concentration and then the cells with damaged DNA
(the so-called ones with a comet tail) were photographed
using a Leica DM IL LED FLUO inverted microscope and
assessed by means of the image analysis program Leica
Application Suite 4.4. The experiment was performed in
6 independent replications.

The micronucleus assay

This assay is applied for detecting chromosome breaks
and division spindle defects. Micronuclei are formed from
the acentric chromatids, chromosome fragments, or from
whole chromosomes. These fragments after telephosis are
not incorporated into the nuclei of progenitor cells and they
form micronuclei in the cytoplasm [19]. The micronucleus
test was performed in accordance with OECD Guideline 487:
In Vitro Mammalian Cell Micronucleus Test and PN-EN ISO
10993-3:2008 standard. After 24 hours of incubation of the
cells with the test compounds or their mixtures, cytocha-
lasin B was added. After this time, the culture fluid was
decanted from the plates and the dye, acridine orange, was
added at the final concentration of 100 pg/ml. Microscopic
observations were then made using the appropriate FITC
filter, and photographic documentation was made by means
of a Leica DM IL LED FLUO inverted microscope, using
the image analysis software Leica Application Suite 4.4.
Results were reported by analyzing the binucleated micro-
nucleated cell frequency as a number of binucleated cells
containing one or more micronuclei per 1,000 binucleated
cells. The experiment was performed in 6 independent
replications.
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Statistics

The results were assessed by applying one-way analysis
of variance (ANOVA), with Tukey’s multiple comparisons,
using Statistica version 4.0. In all cases, p<0.05 was con-
sidered significant.

RESULTS

This study shows that both cobalt and chromium exhibit
genotoxic properties by causing DNA and chromosome

cells of the BJ lines. While the BJ cell line was exposed
to higher concentrations, such as 1200 and 1400 uM of
the tested compound, polynucleated and giant cells with
vacuolated cytoplasm and altered membrane in the form
of vesicles on its surface were observed. These changes
indicate apoptosis. Table 2 shows the results obtained in the
micronucleus assay in the BJ cell line after treatment with
cobalt chloride or chromium chloride and their mixtures.

Table 2. Frequency of micronucleated binucleated cells induced
by chromium chloride or cobalt chloride and their mixtures in the
BJ cell line - as detected with the micronucleus assay

breaks and (.1amage of the division sp.mdle. Both tes:ted Concentration of CrCl, x 6H.0 [1M] BNMN%es
compounds induced damage of DNA in the BJ cell line. . .
Moreover, there was a statistically significant increase in
the percentage of comets with increasing concentration of 100 0
the tested compound compared to the control. Table 1 shows 200 2
the results obtained in the comet assay after treatment of 400 8+0.7*
the BJ cell line with cobalt chloride or chromium chloride. 600 1340.88*
In the micronucleus assay, statistically significant induc- 500 154098
tion of chromosomal aberrations in the above-mentioned
1000 24+1.8%
compounds was observed.
. . . . . 1200 apoptosis
Table 1. Percentage of DNA tail after incubation with chromium .
chloride or cobalt chloride and their mixtures in the BJ cell line, 1400 apoptosis
detected with the comet assay Concentration of CoCl, x 6H,0 [HM]
Concentration of CrCl, x 6H,0 [uM] Percentage of tail DNA V] 0
0 0 100 1
100 0 200 4:+0.35%
200 2+0.19 400 4+0.4%
400 3+0.28%* 600 apoptosis
600 6+0.58%* 800 apoptosis
800 6+0.54* 1000 apoptosis
1000 8+0.7* 1200 apoptosis
1200 12+1%* 1400 apoptosis
1400 13+1%* Concentration (mixture of metal compounds) BNMN %o
Concentration of CoCl, x 6H,0 [uM] Percentage of tail DNA 200 pM 1000 pM
0 0 Crcl, x 6H,0 CoCl, x 6H,0 24:+1.8%12
100 0 1000 puM 200 uM
200 0 CrCl, x 6H,0 CoCl, x 6H,0 3242,5%34
400 3+0.21 * significance of difference compared with control p<0.05; a 1000 cells were
not counted; ! significance of difference compared with chromium chloride
600 7£0.62* at concentration 200 pM, p<0.05; ? significance of difference compared
with cobalt chloride at concentration 1000 pM, p<0.05; 3 significance of
800 70+6.2%* difference compared with chromium chloride at concentration 1000 pM,
p=<0.05; * significance of difference compared with cobalt chloride at
1000 88+7.2% concentration 200 uM, p<0.05
1200 96+8.3* .. . .
A statistically significant decrease in the percentage
1400 100£9% of comets during simultaneous incubation in chromium
Concentration (mixture of metal compounds) Percentage of tail DNA chloride at 200 M and cobalt chloride at 1000 uM in the
200 uM 1000 M BJ line was observed, when compared to cells incubated
Crcl, x 6H,0 CoCl, x 6H,0 1240.9%12 only Wlﬂ’l IOQO pM cobalt chlorlde. We also noted a small
statistically significant increase in the percentage of comets
1000 pM 200 pM . . - .
as compared to cells incubated only with chromium chloride
* .
Crcl, x 61,0 Cocl, x 6H,0 9+0.8 at the concentration of 200 uM. Tables 1 and 2 show the

* significance of difference compared with control p<0.05; ! significance of
difference compared with chromium chloride at concentration 200 pM,
p<0.05; ?significance of difference compared with cobalt chloride at
concentration 1000 uM, p<0.05

A statistically significant increase in the number of micro-
nucleated cells was observed with an increase of the concen-

tration of the tested compound, as compared to the control
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genotoxic effects of the tested mixtures. However, in the
case of interaction of chromium chloride at the concentra-
tion 1000 uM and cobalt chloride at 200 uM, simultaneous
incubation of the BJ cell line caused an increase in the per-
centage of comets in the cells, as compared to the percent-
age of comets observed in cells incubated only with cobalt
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chloride at the concentration of 200 pM. When compared
to those incubated only with 1000 pM chromium chloride,
no significant differences were observed in the percentage
of comets formed in the cells.

In the micronucleus assay, in the case of interaction of
Cr200+Co1000, incubation of the BJ line increased the
number of cells with micronuclei when compared to the
cells incubated with chromium chloride at the concentra-
tion of 200 uM. An increase in the number of normal cells
compared to the cells incubated only with cobalt chloride
at the concentration of 1000 uM was also observed. In the
case of simultaneous incubation of cells of the BJ cell line,
a statistically significant increase in the number of cells with
micronuclei was noted when compared to the cells incubated
only with chromium chloride at the concentration of 1000
UM or cobalt chloride at the concentration of 200 uM.

DISCUSSION

A number of morphological, biochemical (such as
destruction of proteins, lipids and deoxyribonucleic acid)
and functional changes of cell leading to disturbances
of its metabolism and even death by apoptosis occurred
in cells under the influence of cobalt (II) and chromium
(IIT). These changes are the result of the toxic action
of these metals [7,10,11,20]. The carried-out studies
showed that cobalt (II) and chromium (IIT) induced
genotoxic effects in the BJ cell line. The concentrations
of chromium chloride or cobalt chloride in these studies
were chosen on the basis of other reports. In this study, in
the comet assay, after incubation of the BJ cell line with
cobalt chloride at the lowest concentrations, no comets
were observed. However, a slight increase in their per-
centage was observed at the concentrations of 400 uM
and 600 puM, and a large increase at the concentrations from
800 to 1400 uM. These results indicate that cobalt chloride
causes breaks in single- and double-stranded DNA and AP
— (no purine or pyrimidine bases) sites. The results received
in this study were confirmed by earlier studies conducted
on H460 cell lines, HaCaT keratinocytes, human lung fibro-
blasts WTHBF-6, astrocytes C57B16 and mouse macro-
phages J774, where exposure to cobalt (II) ions induced the
formation of double breaks in DNA and the formation of
small apoptotic bodies associated with DNA fragmentation.
Moreover, features of late apoptosis with visibly altered
cell membrane with apoptotic bodies as well as necrosis
visible as extensive cell membrane damage were observed
[4,13,21-23].

The genotoxic effect of the metal was also confirmed in
the micronucleus test (which detects chromosome breaks
and damage to the spindle). In this investigation, giant,
multinucleated cells with vacuolated cytoplasm and altered
cell membrane in the form of vesicles on its surface were
observed in the BJ cell line. These results were confirmed by
other studies, which reported that MG-63 osteoblasts, when
treated with cobalt (II) ions, have significantly increased
size, and the large spaces visible in the microscopic image
indicate a significant decrease in cell number [5]. The avail-
able literature data clearly indicate that exposure to cobalt
(1) compounds causes DNA breaks, formation of cross-links
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between proteins and DNA, exchange of sister chromatids
and formation of micronuclei in mammalian cells [6,24].
In the present study, in the micronucleus assay, apoptosis
was observed in concentrations above 600 uM. The geno-
toxic effect of the metal was confirmed by other authors
who had conducted similar studies on the effect of cobalt
chloride on astrocytes, which showed the characteristics of
apoptotic cells. Herein, phosphatidylserine was found to
move from the internal layer to the external cytoplasmic
membrane, which is the typical phenomenon of cell death
by apoptosis [1].

Cobealt (II) is mainly accumulated in the cell nucleus, in
smaller amounts in the cytosol and in perinuclear structures
(such as the endoplasmic reticulum and the Golgi appara-
tus) [25]. Cobalt (II) induces oxidation and nitrification of
cellular proteins which lead to apoptosis [17]. The genotox-
icity effects of cobalt may be related to its ability to generate
ROS, which are very destructive to DNA. Moreover, cobalt
(IT) can inhibit the antioxidative activity of enzymes [23],
and cobalt (II) ions can cause increased levels of damage in
vitro in the presence of hydrogen peroxide or UV radiation
[6,26]. Beyond the aforementioned, cobalt (II) can cause
DNA fragmentation, as well as the activation of the caspase
system (the outcome of reaction with hydrogen peroxide in
the Fenton reaction). The resulting free radicals can cause
cell destruction, and the degree of their formation depends
on the functioning of the defense system, especially the
enzymes: superoxide dismutase, catalase, and glutathione
reductase [1,27,28]. The reduction in SOD enzyme activity
is associated with the binding of cobalt(II) to the zinc and
copper sites in SOD, thereby reducing the enzyme activity
[26].

Similar observations were made in other studies in which
the osteoblast line was treated with cobalt (II) ions. Changes
in SOD enzyme activity dependant on the time of element
exposure were noted. A decrease of 11% was observed after
24 hours, and 36% after 72 hours. For the HO -1 enzyme,
there was a maximum stimulation of its activity during the
first 24 hours (6-fold higher compared to the control), and a
gradual decrease in its activity over this time. Furthermore,
cobalt (II) stimulated an increase in GPx activity [20]. The
element can bind with sulfhydryl groups of proteins and
enzymes and interfere with the proper metabolism of glu-
tathione — an essential antioxidant that plays a key role in
metabolism and excretion of xenobiotics. What is more, it
binds stoichiometrically at the zinc and copper sites in SOD,
thereby reducing the activity of the enzyme [29,30]. Cobalt
(IT) may affect DNA repair mechanisms through interac-
tions with magnesium and zinc ions in specific enzymes.
Inhibition of this process contributes to mutation forma-
tion [6,22]. Baldwin ef al. suggest that the genotoxic effects
induced by cobalt (II) may also be mainly related to the inhi-
bition of topisomerase II a activity in animal cells. Cobalt
(IT) interferes with the proper function of topoisomerase I1
(which requires divalent cations to perform DNA cleavage
reactions) by forming complexes with this enzyme [6].
Moreover, literature data report that cobalt (II) competes
with zinc ions by which it may affect the efficiency of the
mechanism of p53 protein binding to DNA, which is depen-
dent on the presence of these ions [31,32].
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The experiments carried out in this study also confirmed
the genotoxic effect of chromium chloride. Chromium (IIT)
binds most strongly of all metals to nucleic acids, thus
affecting the expression of genetic information [2,33]. Addi-
tionally, chromium(III) can bind to DNA, forming adducts
and cross-links between DNA strands [12]. The mechanism
is based on the reaction of Cr (III) ions with negatively
charged phosphate groups or directly with guanine [34]. In
the present study, in the comet assay, a statistically signifi-
cant increase in comet in the BJ cell line with increasing
chromium chloride concentrations was noted. These results
are in agreement with the studies by other authors in which
the BJ cell line was treated with chromium chloride, where
the formation of chromosomal aberrations was observed in
a dose-dependent manner [11]. Furthermore, other studies
confirm that high concentrations of chromium (III), as well
as its compounds (such as picolinate and chromium nico-
tinate), are capable of inducing chromosome aberrations,
causing DNA fragmentation in J774A macrophages [9].

The destructive action of chromium chloride against DNA
is manifested by the formation of breaks in double- and
single-stranded DNA and AP sites that are lacking purines
and pyrimidines [35]. These destructive changes are in
agreement with the present investigation where the BJ cell
line was treated in increasing concentrations of chromium
chloride. In the next micronucleus formation assay, a sta-
tistically significant increase in the number of cells with
micronuclei was observed for the BJ cell line. The results of
micronucleus assay indicated changes in morphological and
biochemical structures in fibroblasts above the concentration
of 1000 uM. The microscopic observation carried out in this
study allowed the observation of cells with signs of apop-
tosis, which indicated the destructive effect of chromium
chloride on the BJ cells line studied. Apoptosis was noted
in higher concentrations of chromium at the 1200 and 1400.
Moreover, we observed giant, multinucleated cells with vac-
uolated cytoplasm and an altered membrane in the form
of vesicles on its surface.

These results confirm previous studies in which
chromium (IIT) complexes induced micronuclei formation in
Chinese hamster ovary lung V79 cells and MCR fibroblasts
[9,36]. In addition, similar observations were confirmed in
previous studies where keratinocytes treated with chromium
chloride or chromium picolinate exhibited characteristics of
apoptotic cells, i.e. chromatin condensation and the presence
of numerous vesicles on the cell membrane surface [16,37].
Studies by other authors indicate that chromium (III) com-
pounds have the ability to generate reactive oxygen species,
which have a destructive effect on DNA and mitochondria
that leads to apoptosis. These genotoxic effects of chromium
(IIT) were observed in AA8 Chinese hamster cells [10]. In
addition, chromium (III) has a destructive effect on lipids,
causing their peroxidation in liver and kidney cells.

One of the products of its action is the formation of malon
dialdehyde (MDA) — a marker of oxidative stress DNA
-8-hydroxy-deoxy-guanosine [14]. This marker is formed by
the oxidation of guanine at position C8 in the DNA strand by
a hydroxyl radical. The formation of such a compound leads
to the conversion of guanine to thymine during replication,
resulting in numerous mutations [14]. This element can bind
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to DNA and interfere with the replication process (in lower
concentrations) or block it completely. The activity of SOD,
GSH-Px enzymes gradually decreases under the influence
of the increase of reactive oxygen species, which leads to
irreversible destructive changes, i.e. lipid peroxidation and
MDA formation [38].

Chromium is able to generate ROS, and in the presence of
hydrogen peroxide in the Fenton reaction it can increase the
level of damage. What is more, the metal inhibits the activity
of the antioxidant system, which is unable to remove harmful
forms of oxygen under conditions of imbalance in the cell.
The activity of superoxide dismutase and glutathione per-
oxidase enzymes gradually decreases under the influence
of ROS, which leads to irreversible destructive changes,
such as lipid peroxidation and formation of malondialdehyde
[13-16].In addition, other studies in which an osteoblast line
was treated with cobalt (II) ions for a time interval of 24 to
72 hours reported changes in antioxidant enzyme activity.
A gradual increase in CAT activity was observed, which
reached 1.7-fold higher and GPx 1.9-fold higher compared
to the control system after 72 hours of incubation of cells
with the metal. In contrast, heme oxygenase enzyme showed
a maximum stimulation of its activity during the first 24
hours (2-fold higher compared to controls), followed by
a gradual decrease in activity over time [20].

On the basis of the results obtained from the first stage
of the research, the concentrations of the elements were
selected in order to determine the interactions between them.
The investigations performed by Czarnek and Siwicki [39]
show that both tested elements in the lowest concentra-
tions do not cause changes in cell viability. Accordingly,
cell viability was sometimes slightly stimulated, but at the
concentration of 1000 uM and above, a decrease of cell
viability was observed. Despite many scientific reports,
the metabolism of chromium (IIT) and cobalt (IT) has not
been fully understood and interactions between them are
unknown. The interactions between the elements can be
different — when we observed reduced effects, we noticed
antagonism, and in the case of their intensification, syner-
gism was observed.

The present study showed the results of the effects
of chromium (III) and cobalt (II) in the following combina-
tions (Cr200+Co1000) and (Cr1000+C0200). During simul-
taneous incubation with chromium chloride at 200 uM and
cobalt chloride at 1000 pM, in the comet assay, a decrease in
the percentage of comets was noted — chromium (III) at the
concentration of 200 pM had a protective function against
the toxic concentration of cobalt (II) at 1000 uM. In this
interaction, antagonism was observed. In the micronucleus
formation assay, an increase in the number of normal cells
was observed, which is synonymous with the protective
effect of chromium (III) at the concentration of 200 pM in
this interaction. This protective effect of chromium results
from an increase in activity of antioxidant system enzymes
in low concentration of chromium chloride. These obser-
vations are an agreement with the results of the previous
research conducted by Chen et al., in which enzymes of the
antioxidant system (in a non-cellular system) were treated
with chromium (III) in the range of 0 to 5.0 x 10-* mol 1.
In low concentrations, i.e. 2.0 x 10 mol 1"!, chromium
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chloride was observed to increase catalase activity, which
decreased at higher concentrations. The destructive effect
was due to the destruction of the active center of this enzyme
by chromium (III) [40]. The ability of low concentrations
of chromium (III) to stimulate catalase activity results
in its protective effect against the post-oxidative effect
of cobalt (IT) used in high concentrations. In the interac-
tion of chromium chloride at 1000 uM and cobalt chloride
at 200 uM, no protective activity of chromium chloride
in the presence of cobalt chloride was observed. In this
case, synergism between the tested elements was observed.
In the genotoxicity assay, an increase in the percentage of
comets, but a decrease in the number of normal cells was
noted. The lack of protective effect of chromium chloride
at 1000 uM is associated with the generation of ROS and a
decrease in the efficiency of the activity of antioxidant system
enzymes [40]. In this case, chromium (III) at 1000 uM
enhances the proapoptotic effect of cobalt chloride at
200 uM.

CONCLUSION

Summing up, cobalt and chromium are genotoxic metals.
The genotoxicity of the metals is related to the ability of both
metals to generate reactive oxygen species that are highly
destructive to DNA and mitochondrion. This leads to apop-
tosis. Under conditions of imbalance, the antioxidant system
is not efficient enough to counteract in such situations and
the enzymes of the antioxidant system may be damaged.
Cobalt (IT) and chromium (III) show genotoxic properties,
induce breaks in double and single-stranded DNA and the
formation of AP-sites that do not have purine or pyrimidine
bases in the BJ cell line. In our work, we saw a statistically
significant increase in the percentage of comets with increas-
ing concentration of the tested compound, compared to the
control. In the micronucleus assay, statistically significant
induction of chromosomal aberrations in the above men-
tioned compounds was also observed. In the simultaneous
incubation with chromium chloride at 200 pM and cobalt
chloride at 1000 pM, antagonism was noted: chromium (III)
at the concentration of 200 uM had a protective function
against the toxic concentration of cobalt (II) at 1000 pM.
However, in the interaction of chromium chloride at 1000
uM and cobalt chloride at 200 uM, no protective activity
of chromium chloride in the presence of cobalt chloride
was observed. In this case, synergism between the tested
elements was apparent.
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