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Objectives: Erythrocytes or red blood cells (RBCs) are the most abundant cells in blood. They transport
oxygen from lungs to tissues and bring back carbon dioxide from tissues to lungs. Being non-nucleated
and lacking the cellular organelles, they have been widely used for in vitro toxicity studies. The present
study was carried out to study the comparative in vitro toxicity of cadmium (Cd) on RBCs of camel and
cow.
Methods: Both cow and camel whole blood samples were exposed to 0, 10, 50 and 100 lM of cadmium
chloride (CdCl2) and the tubes were incubated at 37 �C for 24 h. The erythrocytes from both the species
were separated and used for biochemical determinations for markers of oxidative stress.
Results: Cd caused a concentration dependent decrease in bovine glutathione (GSH) content and super-
oxide dismutase (SOD) activity. However, in the case of camel RBCs, the decrease in GSH content and SOD
activity were observed at medium and high concentrations only. Cd exposure also resulted in significant
inhibition of glutathione peroxidase (GPx) and glutathione S-transferase in both bovine and camel RBCs.
The GPx in camel RBCs was inhibited only at a high concentration of Cd. Various concentrations of Cd
inhibited the catalase in bovine RBCs only, without any significant inhibition of catalase in camel RBCs.
Medium and high concentrations of Cd caused an increase in lipid peroxidation in bovine RBCs. In the
case of camel RBCs, none of the used concentrations of Cd caused lipid peroxidation.
Conclusions: The present study concludes that in vitro incubation of camel and bovine RBCs with Cd
causes an impairment of their antioxidant system and therefore increases their susceptibility to hemol-
ysis. However, the camel RBCs appear to have an increased resistance to oxidative stress generated by
cadmium exposure.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cadmium (Cd) is a ubiquitous and non-biodegradable contami-
nant in the environment that poses serious health risks. Cadmium
is released in the environment as a result of geogenic and anthro-
pogenic processes (Demchenkov et al., 2021). Industrial applica-
tions of Cd include its use in manufacture of plastics, pigments,
enamels, ceramics, and steel plating. Cadmium is released into
the environment through various natural and human activities
like mining, smelting, refining, Cd-containing fertilizers and atmo-
spheric deposition of combustion products (Hayat et al., 2019). As a
result, Cd is one of the most mobile heavy metals in the environ-
ment (Kubier et al., 2019). Living organisms are exposed to Cd
through water, air, and soil, which results in Cd toxicity. Cd is also
released as byproduct of various industrial processes (Hayat et al.,
2019). Cadmium is a toxic and nonessential element for the living
organisms. It is an environmental threat that can ultimately cause
disorders in plants and animals. It can accumulate in different
organs of the human body due to its persistent nature. Cadmium
exposure is known to cause disorders of glucose metabolism,
breast and lung cancer, cerebral infarction and cardiac failure
(Khan et al., 2017).

Erythrocytes are non-nucleated and most abundant cells in the
in the blood. They function to transport oxygen from lungs to the
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tissues and carbon dioxide from the tissues to the lungs. Red blood
cells can enzymatically synthesize vasodilator viz., nitric oxide
(Kleinbongard et al., 2006) and also produce hydrogen sulfide, a
signaling molecule that acts to relax vessel walls. The cardio pro-
tective effects of garlic on RBC membrane have been attributed
to red blood cells converting its sulfur compounds into hydrogen
sulfide (Benavides et al., 2007). Red blood cells also play a part in
the body’s immune response. When the RBCs are lysed by patho-
gens such as bacteria, their hemoglobin releases free radicals
which disintegrate the bacterial cell wall and ultimately kills them
(Jiang et al., 2007). Cadmium shortens the half-life of RBCs in the
blood stream. Cadmium also causes anemia in humans and labora-
tory animals which is accompanied by hemolysis (Horiguchi et al.,
2011). Cadmium uptake into rat red blood cells occurs by passive
transport and the process is modulated by the alterations of sulfhy-
dryls of red blood cells (Garty et al., 1986). Many in vivo and in vitro
studies suggest oxidative stress to be one of the most important
mechanisms of cadmium toxicity (Matović et al., 2015). Erythro-
cytes have an average diameter of 5–6 lm in cattle, which is small
compared to other species. Bovine erythrocytes have a relatively
long life span of 130–160 days (Brockus, 2011). Camels have a very
high level of red blood cells, and these blood cells are oval in shape.

The cell membranes of erythrocytes contain many polyunsatu-
rated fatty acids. Therefore, exposure of erythrocytes to reactive
oxygen species (ROS) makes them highly susceptible to oxidative
damage (Abdallah et al., 2011). Erythrocytes have been used to
study the toxicity of xenobiotics due to their functional and struc-
tural simplicity (Farag and Alagawany, 2018). The erythrocytes
contain many antioxidants and antioxidant enzymes. The alter-
ations in the antioxidant capacities of RBCs demonstrate the ability
of cadmium or other xenobiotics to inflict oxidative damage to
RBCs. Therefore, the erythrocytes can serve as an in vitro model
to evaluate the toxicity of xenobiotics (Farag and Alagawany,
2018). In the present study, in vitro effects of Cd on oxidative stress
and antioxidant defense indices in bovine and camel erythrocytes
were investigated.
Fig. 1. Effects of different concentrations of Cd on superoxide dismutase (SOD)
activities in cow and camel RBCs. *P < 0.05 and **P<0.01 versus respective control
groups.
2. Materials and methods

Fresh blood samples from cow and camel were collected from a
local slaughter house. The heparinized whole blood samples were
kept in an ice box and transported to lab. The blood samples were
distributed into individual tubes for cadmium exposure. All the
experiments were performed in triplicate. Both cow and camel
whole blood samples were exposed to 0, 10, 50 and 100 lM of cad-
mium chloride (CdCl2) and the tubes were incubated at 37 �C for
24 h. After completion of the cadmium exposure time, the samples
were centrifuged at 1,000 � g for 10 min at 4 �C. The upper layer
was removed without disturbing the buffy coat of RBCs. The ery-
throcytes were suspended in ice cold distilled water and cen-
trifuged at 10,000 � g for 10 min to pellet and remove the
erythrocyte membranes. The supernatants were stored at 80 �C
for biochemical analyses.

We used commercially available kits from MyBioSource Inc.,
San Diego, CA, USA for measuring the activities of antioxidant
enzymes including, superoxide dismutase (SOD, Cat No:
MBS841580), catalase (CAT, Cat No: MBS841637), glutathione per-
oxidase (GPx, Cat No: MBS2540472) and glutathione-S-transferase
(GST, Cat No: MBS2540411). The non-enzymatic markers of oxida-
tive stress including reduced glutathione (GSH, Cat No:
MBS841550) and Lipid peroxidation (LPO, Cat No: MBS2540553)
were also measured by colorimetric kits from MyBioSource Inc.,
USA, according to manufacturer’s instructions. The hemoglobin
assay kit was obtained from Sigma-Aldrich, USA and used for mea-
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suring the hemoglobin (Hb) levels following the protocol men-
tioned in the kit insert.

The results are presented as means ± standard error of means
(SEM) and expressed as per gram of Hb. The data were analyzed
by one-way analysis of variance (ANOVA) using the SPSS software
package version 11. Dunnett’s test was used for comparing the dif-
ferences among different groups. P values < 0.05 were considered
as statistically significant.
3. Results

The activities of superoxide dismutase (SOD) in unexposed RBCs
from cow and camel blood were 1031.06 ± 51.31 U/g Hb 969.33 ±
15.32 U/g Hb which was significantly reduced by Cd exposure in a
concentration dependent manner in cow RBCs, whereas in camel
RBCs, the high concentration (100 mM) of Cd did not further reduce
SOD levels as compared to medium concentration of Cd (50 mM)
(Fig. 1). The activities of glutathione-S-transferase (GST) in cow
and camel RBCs were found to be 21.41 ± 1.65 U/g and
19.77 ± 1.36 U/g, respectively (Fig. 2). Exposure to different con-
centrations of Cd significantly reduced the activities of GST in
cow and camel RBCs. However, the effects of medium (50 lM)
and high (100 mM) concentrations of Cd were not significantly dif-
ferent form the effect of low (10 lM) concentration of Cd (Fig. 2).
The activities of glutathione peroxidase (GPx) in the RBCs of cow
(39.06 ± 3.11 U/g Hb) and camel (39.80 ± 5.41 U/g Hb) were almost
same (Fig. 3). Exposure of medium and high doses of Cd signifi-
cantly reduced GPx activity in RBCs of cow; however, only high
concentration of Cd was able to significantly reduce the GPx activ-
ity in the RBCs of camel (Fig. 3). The antioxidant enzyme catalase
(CAT) activity in cow RBCs was found to be 142.67 ± 7.06 U/g Hb,
which was significantly reduced by exposure of different concen-
trations of Cd; however, this reduction was not concentration
dependent as low and medium concentration exerted similar
effects (Fig. 4). The activity of CAT in camel RBCs was 140.67 ± 2.
85 U/g Hb, which was not affected by the exposure to any of the
three concentration of Cd (Fig. 4).



Fig. 2. Effects of different concentrations of Cd on glutathione-S-transferase (GST)
activities in cow and camel RBCs. *P < 0.05 and **P<0.01 versus respective control
groups.

Fig. 4. Effects of different concentrations of Cd on catalase (CAT) activities in cow
and camel RBCs. *P < 0.05 and **P < 0.01 versus respective control group.
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The levels of reduced glutathione (GSH) in RBCs of cow and
camel were 16.45 ± 2.21 mmol/g Hb and 17.97 ± 0.64 mmol/g Hb,
respectively (Fig. 5). All the concentrations of Cd significantly
depleted GSH levels in cow RBCs in a concentration dependent
manner. However, in camel RBCs, the lower concentration of Cd
(10 lM) did not affect GSH levels whereas medium and high con-
centrations of Cd significantly and concentration dependently
depleted GSH levels (Fig. 5). The levels of MDA (marker of lipid per-
oxidation) in the RBCs of cow and camel were found to be 8.31 ± 0.
63 mmol/g Hb and 11.54 ± 0.87 mmol/g Hb, respectively (Fig. 6). In
cow RBCs, exposure of low (10 lM) concentration of Cd did not
Fig. 3. Effects of different concentrations of Cd on glutathione peroxidase (GPx)
activities in cow and camel RBCs. *P < 0.05 and **P<0.01 versus respective control
groups.
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affect MDA levels whereas medium (50 lM) and high (100 mM)
concentrations of Cd significantly increased MDA levels. In camel
RBCs, low and medium concentrations of Cd did not affect MDA
levels, whereas high concentration of Cd slightly and insignifi-
cantly increased MDA levels (Fig. 6).
4. Discussion

Oxidative stress reflects an imbalance between oxidant and
antioxidant levels (Celi, 2011) and increases the risk of metabolic
and infectious diseases by causing dysfunction in inflammatory
responses (Mavangira and Sordillo, 2018; Sordillo and Raphael,
2013). Cadmium is one of the ubiquitously distributed toxic ele-
Fig. 5. Effects of different concentrations of Cd on glutathione (GSH) levels in cow
and camel RBCs. *P < 0.05 and **P < 0.01 versus respective control groups.



Fig. 6. Effects of different concentrations of Cd on malondialdehyde (MDA) levels in
cow and camel RBCs. *P < 0.05 versus respective control group.
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ments in the environment. Cadmium enters the biological system
commonly through ingestion and inhalation (Pan et al., 2010;
Khan et al., 2012). Cadmium has a long half-life in the biological
systems and is distributed in the body by binding to hemoglobin
in erythrocytes (Rashid et al., 2013). Exposure to Cd induces the
generation of reactive oxygen species (ROS) which causes mito-
chondrial dysfunction and apoptosis, both in vitro and in vivo
(Ahmad et al., 2018).

The reactive oxygen species are generated in a cell during vari-
ous metabolic reactions. The ROS at low concentration function in
cell signaling. However, at high concentration they can damage
various macromolecules like proteins, lipids, nucleic acids etc.
Superoxide dismutase (SOD), glutathione peroxidase (GPx), and
catalase (CAT) are 3 important antioxidant enzymes in erythro-
cytes. These three enzymes are commonly used as an index of
antioxidant status (Yang et al., 2014). Studies of Mousa et al.
(2006) have shown the presence of various antioxidants/antioxi-
dant enzymes such as glutathione, ascorbic acid, glutathione per-
oxidase, catalase, and superoxide dismutase in camel RBCs.
Similarly other studies have demonstrated the presence of these
antioxidant enzymes in bovine RBCs (Razavi et al., 2011; Salem
et al., 2016). The mature RBCs of the adult bovine are biconcave
in shape have a width of 5–6 lm, and have minimal central pallor
and relatively long lifespan of approximately 130 days (Wood and
Quiroz-Rocha, 2010). Cadmium has a solubility of 4.3 g/100 ml in
water (25 �C), it is soluble in blood and therefore causes harmful
systemic effects (Adachi et al., 2007). Mladenović et al. (2014) have
demonstrated that exposure of cadmium caused a significant
decrease in RBC hemoglobin content.

Cadmium exposure caused a decrease in the antioxidant
enzymes including SOD (Fig. 1), GST (Fig. 2), GPx (Fig. 3) and CAT
(Fig. 4) in both bovine and camel RBCs. Studies of Uchida et al.
(2004) have shown that long term exposure to Cd resulted in
decrease in erythrocytic SOD and CAT activities which was accom-
panied by renal tubular dysfunctions in inhabitants of Cd-polluted
Jinzu River basin, Japan. Blood GPx levels were found to be
decreased in battery factory workers who had inhaled Cd from bat-
teries for 10 years (Wasowicz et al., 2001). Bansal and Bhatnagar
(1996) have postulated that Cd makes erythrocytes vulnerable to
4

oxidative damage by altering their antioxidant systems. Cadmium
has been reported to alter the activities of various antioxidant
enzymes by promoting the expression of stress genes (Wang and
Templeton, 1998). The presence of SOD has been reported in the
camel and bovine RBCs (Bengoumi et al., 1998). The reduction in
antioxidant enzyme activities in erythrocytes may be due to inac-
tivation of the enzymes by superoxide anions (Hodgson and
Fridovich1975; Kono and Fridovich, 1982). Moitra et al. (2014)
have reported similar results in human RBCs. Gutiérrez-Salinas
et al. (2013) have observed similar effects of sodium fluoride on
erythrocytes viz., increased lipid peroxidation and inhibition of
SOD, GPx and CAT. Other environmental and industrial toxicants
have also been shown to exert their toxic effects via generation
of potentially toxic free radicals leading to oxidative stress (Al
Deeb et al., 2000; Tariq et al., 2002; Ahmad Khan et al., 2004; Al
Asmari et al., 2006; Al Asmari et al., 2014; Reddy et al., 2015).

Glutathione S-transferase (GST) is a ubiquitous enzyme which
is involved in detoxification reactions. Other functions of GST
include protection against oxidative damage to lipids in erythro-
cytes (Chikezie and Chidoka, 2011). The presence of GST in camel
and bovine erythrocytes has been confirmed by previous studies
(Chafik et al., 2019; Güvercin et al., 2008). The camel enzyme is
unique in that it has a lower molecular weight, heterodimeric
structure, higher optimum temperature, relatively lower optimum
pH, lower content of selenium and higher affinity for hydrogen
peroxide at low reduced glutathione concentration when com-
pared to other mammals (Chafik et al., 2019). In this study
in vitro incubation of camel and bovine erythrocytes caused signif-
icant inhibition of erythrocyte GST. Goto et al. (1992) have shown
that the GST in erythrocytes of sheep directly correlated with the
intracellular GSH level. In the present study also, Cd caused a
decrease in erythrocyte GST activity which was accompanied with
decreased GSH content. Bocedi et al. (2016) have shown higher
expression in erythrocytic GST in cows from polluted areas. Our
study however shows that Cd inhibits the erythrocytic GST in both
camels and cow.

The tripeptide glutathione in its reduced form protects the cells
against oxidative stress and xenobiotics. In the present study, Cd
exposure of camel and cow RBCs resulted in significant decrease
in reduced glutathione (GSH) concentration. Cadmium-GSH com-
plexes are thought to be involved in the dynamic exchange of cad-
mium with other molecules inside the cell (Maret and Moulis,
2013). Mukhopadhyay et al. (1988) have shown a reduction in
blood GSH levels in response to cadmium. Studies of Shekar et al.
(2006) have demonstrated a decrease in GSH content after expo-
sure of human RBCs to Cd. Other studies have shown that Cd expo-
sure of mice resulted in an increase in lipid peroxidation and a
decrease in GSH, GST, CAT and SOD in mice (Ahmad et al., 2018).
The GSH along with ascorbic acid prevents oxidation of Hb and for-
mation of its ferryl intermediate (Simoni et al., 2009). The decrease
in the GSH concentration of bovine and camel RBCs as observed in
this study (Fig. 5) would make their RBCs more susceptible to the
oxidative stress generated by Cd. Decrease in erythrocyte GSH
levels has been correlated to decrease in total antioxidant potential
of plasma (Rizvi et al., 2006).

Oxidative stress lowers the antioxidant capacity of erythrocytes
and makes them susceptible to hemolysis (Maurya et al., 2015).
The erythrocytes of camels are unique when compared to other
mammals in being elliptical (Moore, 2000), presence of increased
amounts of short and unsaturated fatty acids in the membrane,
and increased protein to lipid ratio (Al-Quarawi and Mousa,
2004). In this study, the exposure of RBCs from cow to Cd resulted
in the generation of oxidative stress which was evident by an
increased lipid peroxidation in RBCs (Fig. 6). Oxidative stress is
known to be the cause of Cd toxicity (Conterato et al., 2013). Cad-
mium replaces redox active metals such as iron, copper etc. and
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thereby affects free radicals formation (Valko et al., 2006). Mem-
branes are the earliest targets for the metal ions due to their fatty
acid content. The mature RBCs of the adult bovine are biconcave in
shape (Barger, 2010). In this study, exposure of bovine RBCs to Cd
caused significant generation of oxidative stress only at medium
and higher concentrations. This may be due to unique properties
of ruminant RBCs. The ruminant RBCs have very low levels or
absence of phosphatidylcholine (PC) along with high sphin-
gomyelin levels. Secondly, only 2% of it is present on the outer
bilayer phosphatidylethanolamine (PE) (Florin-Christensen et al.,
2001). Camel RBCs were not significantly affected in terms of
oxidative stress when exposed to Cd. This may be attributed to
the difference in dietary habits of the two species (Revskij et al.,
2019).

In conclusion, the present study demonstrates that in vitro incu-
bation of camel and bovine RBCs with Cd causes an impairment of
their antioxidant system and therefore increases their susceptibil-
ity to hemolysis. However, the camel’s RBCs appear to have an
increased resistance to oxidative stress generated by cadmium
exposure.
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