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Effect of selenium on cadmium-induced  
oxidative stress and esterase activity in rat organs

Metal toxicity is a threat mainly in the industrialised world where industry discharges many toxic metals 
into the environment. We investigated the effects of two metals – cadmium and selenium – on the cytosolic 
antioxidant enzymes and esterases in the liver, kidneys and testes of rats. Male Sprague-Dawley rats 
(n=28) were divided equally into four groups: control, cadmium, selenium and cadmium/selenium. Salts 
of the metals were administered intraperitoneally for 15 days. In the liver, cadmium treatment (1.67 mg/kg 
per day) resulted in a decrease in catalase activity and an increase superoxide dismutase (SOD) activity. 
Selenium treatment (0.23 mg/kg per day) resulted in increases in glutathione s-transferase, catalase and 
DT-diaphorase activities. Treatment with both cadmium and selenium resulted in an increase in glutathione 
peroxidase (GPx) activity. Esterase activities were significantly lower in the presence of cadmium. In the 
kidney, cadmium treatment caused a decrease in catalase, DT-diaphorase, and SOD activities and selenium 
supplementation reversed the cadmium-induced decrease in these enzyme activities. Selenium treatment 
increased catalase and SOD activities in the kidney. In the testis, cadmium treatment decreased GPx and SOD 
activities, but at the same time increased catalase and DT-diaphorase activities. Esterase activities increased 
in the presence of selenium in both the kidney and testis. These results suggest that selenium might be 
toxic to the liver while at the same time play a protective role against cadmium-induced oxidative stress and 
toxicity in the kidney and testis.

Introduction
Heavy metals are known to pose a serious threat to human health.1 Among the heavy metals, cadmium (Cd) is 
known to be present in water, air, food and even cigarette smoke.2 It is an industrial pollutant from battery, plastic 
and fertiliser industries.3 Animal studies have shown that Cd can stimulate formation of reactive oxygen species 
(ROS) and induce damage to various tissues.4-6 Cd is known to enhance lipid peroxidation and DNA damage and 
can induce abnormal expression of the main antioxidant molecules in cells.3,7 It has been listed as a chemical 
substance that is potentially dangerous on a global level and exposure to it must be minimised.8

Protection of cells from Cd-induced oxidative processes caused by ROS and free radicals is in the form of both 
enzymatic and non-enzymatic defence mechanisms present in the cell.9,10 Antioxidants include the enzymes 
superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx) and esterases,10,11 molecules such as 
glutathione (GSH)12 and trace metals such as selenium (Se). Trace elements such as Se have been known to have 
beneficial effects on Cd-induced oxidative stress.13 Se is an important co-factor of antioxidant enzymes such as 
GPx and thioredoxin.14 The protective effect of Se is known to vary from organ to organ.15 However, high levels of 
Se can be toxic to animal cells.16 

The liver and the kidney are two critical organs with respect to Cd toxicity.2,17 Cd accumulates mainly in the liver and 
kidneys, where it causes metabolic changes and abnormal gene expression.18,19 Elaborate morphological changes 
have been observed in both organs in cases of Cd poisoning.20 The mechanism of Cd-induced hepatotoxicity 
and renal toxicity is poorly understood. Cd toxicity in testes has been studied in many animal models and its 
pathogenicity includes necrosis, atrophy and severe haemorrhage. Reduction in sperm count and motility and 
decreased testosterone levels are some of the effects of Cd-induced testicular damage.6,21.  

Although studies have been done on Cd-induced toxicity in the liver, kidneys and testes,15,22 it is not surprising that 
conflicting results have been reported on the activities of antioxidant enzymes in oxidative stress induced by Cd in 
various organs.23,24 These discrepancies are mainly because studies focus on one organ at a time or exclude an 
important group of enzymes involved in the metabolism of organophosphates, namely the esterases. The effects of 
Cd on the antioxidant enzymes and esterases of the liver, kidneys and testes have not yet been studied simultaneously. 
Thus the aim of the present study was to simultaneously investigate the effect of Cd on the antioxidant enzymes and 
esterases of the liver, kidneys and testes. The possible protective role of Se was also investigated. 

Materials and methods

Chemicals
Cadmium chloride (CdCl2) was obtained from Merck (Darmstadt, Germany). Reduced (GSH) and oxidised (GSSG) 
glutathione, nicotinamide adenine dinucleotide phosphate (reduced form; NADPH), 1-chloro-2,4-dinitrobenzene 
(CDNB), glutathione reductase, tert-butylhydroperoxide (tBOOH), bovine serum albumin (BSA), ascorbic acid 
(vitamin C), sodium carbonate (Na2CO3), nitroblue tetrazolium (NBT), butylated hydroxytoluene (BHT), thiobar-
bituric acid (TBA) and 2,4-dinitrophenylhydrazine were purchased from Sigma Chemical Co. (St. Louis, MO, USA). 
All other chemicals were of analytical grade and were purchased from commercial suppliers.

Animals and treatment
The experiments were carried out using 8-week-old male Sprague-Dawley rats weighing approximately 240 g at the 
start of experiments. The rats were housed in individual cages at 21±2 °C, 40–60% relative humidity and exposed 
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to a 12-h light–dark cycle, with the light cycle coinciding with daylight 
hours. The rats were allowed to feed and drink tap water ad libitum. After 
2 weeks of acclimation, rats were allocated randomly into four groups of 
seven animals each and received daily intraperitoneal injections over a 
15-day period of either: (1) saline solution (control group), (2) CdCl2 in 
saline solution at a dose of 1.67 mg/kg body weight (cadmium-treated 
group), (3) sodium selenite solution at a dose of 0.23 mg/kg body weight 
(selenium-treated group) or (4) CdCl2 in saline solution at a dose of 1.67 
mg/kg body weight and sodium selenite solution at a dose of 0.23 mg/kg 
body weight (cadmium/selenium-treated group). These doses have been 
used before and were administered either orally or peritoneally.4,5,6,13 At 
the end of treatment, rats were fasted overnight before being sacrificed 
by cervical dislocation. All animals were killed between 8:00 and 10:00 
to avoid any possible diurnal variations in antioxidant enzyme level. 
Organ tissues were isolated, cleaned of adhering matters and washed 
with saline solution. The livers, kidneys and testes were quickly excised, 
rinsed in ice-cold saline to clear them of blood, weighed, finely minced 
in the same solution and homogenised (approximately 30% w/v) in 
a Corning Potter Elvehjem homogeniser with a Teflon pestle. Organ 
homogenates were used for thiobarbituric acid reactive substance 
(TBARS) determination. The homogenates were centrifuged (Beckman, 
Indianapolis, IN, USA) at 100 000 g for 30 min at 4 °C . The resulting 
cytosolic fractions were stored at -80 °C until required for experiments 
and post-mitochondrial supernatants were used for enzyme assays. 

International rules and regulations guiding the handling and care of 
animals were followed throughout the study. This study was approved by 
the Ethics and Animals Welfare Committee of the University of Zimbabwe 
and was conducted in accordance with international guidelines such as 
the NIH guidelines for the treatment and care of laboratory animals.

Biochemical assays

Enzyme assays
Glutathione s-transferase (GST) activity was determined using the 
method of Habig et al.25 This method is based on the reaction of 
1-chloro-2,4-dinitrobenzene (CDNB) with the -SH group of glutathione 
catalysed by GST contained in the samples. The reaction proceeded in 
the presence of 1 mM GSH in phosphate buffer at a pH of 6.5 and a 
temperature of 37 °C. The CDNB–glutathione produced absorbs light at 
340 nm, and the activity of GST was thus determined by measuring 
absorbance at this wavelength. The GST units (U/mg protein) were 
defined as nmol GSH used/min/mg protein. 

Catalase activity was assayed according to the method of Clairborne26 
and was expressed as μmol hydrogen peroxide (H2O2) consumed/min/
mg protein. This method is based on the rate of H2O2 degradation by the 
action of catalase contained in the examined samples, which is observed 
spectrophotometrically at 230 nm. In this procedure, 1 M Tris–HCl and 
5 mM ethylinediamine tetraacetic acid at a pH of 8 were used as a buffer 
and 10 mM H2O2 was used as a substrate. 

Glutathione peroxidase (GPx) activity was measured according to the 
method of Flohe and Gunzler27. The GPx activity (U/mg protein) was 
expressed as nmol of GSH oxidised/min/mg protein. DT-diaphorase 
activity was determined using the method of Ernster28. The reduction of 
2,6 DCPIP was observed at 600 nm with NADH as the electron donor. 
Total SOD was assayed using the method of Marklund and Marklund29. 
Pyrogallol was used as a substrate and SOD activity was expressed as 
units/mg protein.

Lipid peroxidation assay
The concentration of malondialdehyde (MDA) in tissues, an index of 
lipid peroxidation, was determined spectrophotometrically according to 
the method of Draper and Hadley30. A 0.5-mL aliquot of kidney extract 
supernatant was mixed with 1 mL of trichloroacetic acid solution 
and centrifuged at 2500 g for 10 min. Thereafter, 1 mL of a solution 
containing 0.67% thiobarbituric acid (TBA) and 0.5 mL supernatant was 
incubated for 15 min at 100 °C and then cooled. Absorbance of the 
TBA–MDA complex was determined spectrophotometrically at 532 nm 
excitation and 555 nm emission. Lipid peroxidation was expressed as 
nmol of TBARS, using 1,1,3,3-tetra-ethoxypropane as a standard.

Esterase activity
General esterase activity was measured according to the method of 
Mackness and Walker31 using para-nitrophenyl acetate and α-naphthyl 
as substrates. The hydrolysis of α-naphthyl acetate releases α-naphthol 
and acetate. The α-naphthol reacts with Fast Blue salt to produce a colour 
which is measured spectrophotometrically at 605 nm. The hydrolysis of 
para-nitrophenyl acetate releases p-nitrophenol and acetate. The rate of 
appearance of p-nitrophenol is measured at 400 nm and is proportional 
to the amount of enzyme present. Arylesterase activity was measured 
using the end point method of Lorentz et al.32 using phenyl acetate 
as a substrate. The principle in this method is that phenol generation 
by the action of the enzyme produces a stable indophenol dye with 
4-aminoantipyrine and potassium ferricyanide. The enzyme assay is 
based on the formation of 4-(p-benzoquinone monoimino)-phenazone 
which absorbs maximally between 492 nm and 510 nm. Esterase 
activities were initially expressed as Δabsorbance units/min and 
normalised by tissue total protein content.

Protein 
Protein content was determined by the method of Lowry et al.33 using 
bovine serum albumin as a reference.

Statistical analysis
Statistical analysis was performed using GraphPad Prism version 4.01. 
All data were expressed as mean±SD. The paired Student’s t-test was 
used to evaluate the statistically significant differences between control 
and experimental groups. Values of p<0.05 were considered significant. 
All experiments were repeated at least three times. 

Results

Evaluation of body and absolute organ weights 
No deaths occurred during the experimental period. The results presented 
in Figure 1 indicate that the average body weights of the Se-treated group 
were similar to those of the control rats, while the body weights of the 
Cd-treated and the Cd/Se-treated groups were significantly lower than 
those of the control rats from day 3 of the experimental period (p<0.05). 
Organ weights shown in Table 1 indicate that the liver weights of treated 
groups were similar to those of control rats. Kidney and testis weights 
of the Cd-treated group were significantly lower than those of the control 
group (p<0.05) and a slight decrease was observed in the kidney and 
testis weights in the Cd/Se-treated group.  
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Figure 1: Mean body weight (g) in male rats (n=5) receiving cadmium 
(1.67 mg/kg cadmium chloride in saline), selenium (0.23 mg/
kg sodium selenite solution), cadmium and selenium (Cd/Se; 
1.67 mg/kg cadmium chloride in saline and 0.23 mg/kg sodium 
selenite solution) or saline (control) daily (IP) for 15 days.
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Table 1: Relative weights (g) of organs of control and treated rats after 
15 days of exposure to saline (control) cadmium, selenium or 
cadmium and selenium

Control Cadmium Selenium Cadium/selenium

Liver 7.0 ± 0.8 8.0 ± 0.7 7.0 ± 0.6 7.0 ± 0.8

Kidney 2.1 ±0.2 1.5 ± 0.2 2.0 ± 0.2 1.8 ± 0.1

Testis 3.2 ± 0.2 1.1 ± 0.1 3.1 ± 0.2 2.1 ± 0.3

Antioxidant enzyme activities 
In the liver, GST activity was significantly increased only in the Se-
treated group compared with the control group (p<0.05; Figure 2a). 
GPx activity was significantly increased in the Cd/Se-treated group 
compared with the control group (p<0.05; Figure 2b). Catalase activity 
decreased significantly in the Cd-treated group while supplementation of 
Se returned catalase activity to the levels of the control group (p<0.05; 
Figure 3a). Se on its own induced a significant increase in catalase 
activity (p<0.05). SOD activity was significantly higher in Cd-treated 
rats than in control rats (p<0.05) but was restored to normal levels in 
rats treated with Se (Figure 3b). DT-diaphorase activity was significantly 
increased only in the Se-treated rats (p<0.05; Figure 3c). 
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Figure 2: Mean±SD (a) glutathione s-transferase (GST) and (b) 
glutathione peroxidase (GPx) activities in the livers of male rats 
(n=5) that received cadmium (1.67 mg/kg cadmium chloride 
in saline), selenium (0.23 mg/kg sodium selenite solution), 
cadmium and selenium (Cd/Se; 1.67 mg/kg cadmium chloride 
in saline and 0.23 mg/kg sodium selenite solution) or saline 
(control) daily (IP) for 15 days.

400

350

300

250

200

150

100

50

0

350

300

250

200

150

100

50

0

35

30

25

20

15

10

5

0

Control

Control

Control

Cd

Cd

Cd

Se

Se

Se

Cd/Se

Cd/Se

Cd/Se

*

*

*

*

Ca
ta

la
se

 (μ
m

ol
 H

20
2 

co
ns

um
ed

 m
in

/m
g 

pr
ot

ei
n)

DT
-d

ia
ph

or
as

e 
(U

/m
g 

pr
ot

ei
n)

SO
D 

ac
tiv

ity
 (U

/m
g 

pr
ot

ei
n)

a

b

c

*Statistically significantly different from control at p<0.05.

Figure 3: Mean±SD (a) catalase, (b) total superoxide dismutase (SOD) 
and (c) DT-diaphorase activities in the livers of male rats 
(n=5) that received cadmium (1.67 mg/kg cadmium chloride 
in saline), selenium (0.23 mg/kg sodium selenite solution), 
cadmium and selenium (Cd/Se; 1.67 mg/kg cadmium chloride 
in saline and 0.23 mg/kg sodium selenite solution) or saline 
(control) daily (IP) for 15 days. 

In the kidneys, no major changes occurred in GST and GPx activities 
in treated groups compared with the control group (Figure 4a and 4b). 
Catalase activity decreased significantly in the Cd-treated group compared 
with the controls while Se supplementation increased catalase activity 
significantly (p<0.05; Figure 5a). Treatment with Se only, also induced 
catalase activity. SOD activity was significantly lower in Cd-treated rats 
compared with controls whilst Se-treated rats had a higher SOD activity 
compared with controls (p<0.05; Figure 5b). The co-administration 
of Cd and Se resulted in normal levels of SOD activity. DT-diaphorase 
activity was significantly reduced in Cd-treated rats compared with 
controls (p<0.05), whilst Se-treated and Cd/Se-treated rats had normal 
levels of DT-diaphorase (Figure 5c). 
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Figure 4: Mean±SD (a) glutathione s-transferase (GST) and (b) 
glutathione peroxidase (GPx) activities in the kidneys of male 
rats (n=5) that received cadmium (1.67 mg/kg cadmium 
chloride in saline), selenium (0.23 mg/kg sodium selenite 
solution), cadmium and selenium (Cd/Se; 1.67 mg/kg 
cadmium chloride in saline and 0.23 mg/kg sodium selenite 
solution) or saline (control) daily (IP) for 15 days. 

In the testes, the GST activity of treated groups was similar to those 
of control rats, while GPx activity was significantly reduced in the 
Cd-treated rats (p<0.05; Figure 6a and 6b). The Se-treated and 
Cd/Se-treated groups had similar levels of GPx activities as those of the 
control group. Catalase activity increased significantly in the Cd-treated 
group compared with the control group (p<0.05) whilst the Se-treated 
group had similar catalase activities to the controls. The Cd/Se-treated 

group had increased catalase activity compared with the control 
group (p<0.05; Figure 7a). SOD activity was significantly lower in the 
Cd-treated rats compared with control rats (p<0.05) whilst both Se-
treated and Cd/Se-treated rats had similar SOD activities to those of 
the control group (Figure 7b). DT-diaphorase activity was significantly 
increased in Cd-treated rats compared with the control group (p<0.05). 
In the Se-treated group, DT-diaphorase activity was similar to the control 
rats whilst in the Cd/Se-treated group it was significantly increased 
(Figure 7c).
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Figure 6: Mean±SD (a) glutathione s-transferase (GST) and (b) 
glutathione peroxidase (GPx) activities in the testes of male rats 
(n=5) that received cadmium (1.67 mg/kg cadmium chloride 
in saline), selenium (0.23 mg/kg sodium selenite solution), 
cadmium and selenium (Cd/Se; 1.67 mg/kg cadmium chloride 
in saline and 0.23 mg/kg sodium selenite solution) or saline 
(control) daily (IP) for 15 days. 
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Figure 5: Mean±SD (a) catalase, (b) total superoxide dismutase (SOD) and (c) DT-diaphorase activities in the kidneys of male rats (n=5) that received 
cadmium (1.67 mg/kg cadmium chloride in saline), selenium (0.23 mg/kg sodium selenite solution), cadmium and selenium (Cd/Se; 1.67 mg/kg 
cadmium chloride in saline and 0.23 mg/kg sodium selenite solution) or saline (control) daily (IP) for 15 days.
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Figure 7: Mean±SD (a) catalase, (b) total superoxide dismutase (SOD) 
and (c) DT-diaphorase activities in the testes of male rats 
(n=5) that received cadmium (1.67 mg/kg cadmium chloride 
in saline), selenium (0.23 mg/kg sodium selenite solution), 
cadmium and selenium (Cd/Se; 1.67 mg/kg cadmium chloride 
in saline and 0.23 mg/kg sodium selenite solution) or saline 
(control) daily (IP) for 15 days.

SOD/GPx activity
In the liver, the ratio of SOD to GPx activity was significantly lower in 
Cd-treated and Cd/Se-treated groups than in the control group (p<0.05; 
Table 2). In the Se-treated group, the ratio was similar to the control 
group. In the kidney, the ratio of SOD to GPx activity was significantly 
higher in the Cd-treated group than in the controls (p<0.05) and with 
Se supplementation, the ratio recovered to levels comparable with those 
of the control group. In the testis, the ratio of SOD to GPx activity was 
significantly higher in the Cd-treated group than in the controls (p<0.05); 
when Se was supplied there was a recovery to levels comparable with 
those of the control group.

Table 2: The ratio of superoxide dismutase to glutathione peroxidase 
activity in the liver, kidneys and testes of control and treated 
rats after 15 days of exposure to saline (control) cadmium, 
selenium or cadmium and selenium

Control Cadmium Selenium
Cadium/
selenium

Liver 0.562 ± 0.028 0.473 ± 0.034 0.577 ± 0.035 0.408 ± 0.054

Kidney 0.014 ±0.002 0.010 ± 0.002 0.025 ± 0.005 0.015 ± 0.002

Testis 0.014 ± 0.001 0.010 ± 0.001 0.013 ± 0.001 0.015 ± 0.002

Esterase activities
In the liver, esterase activities were significantly lower in the Cd-treated 
group compared with the control group (p<0.05). Se on its own 
induced an increase in esterases activities (p<0.05; Table 3). The co-
administration of Cd and Se resulted in significantly higher esterase 
activities compared with the control group (p<0.05). In the kidneys, 
there was a significant increase in esterase activities after treatment with 
Se, for both Se-treated and Cd/Se-treated groups (p<0.05; Table 3). The 
Cd-treated group had similar esterase activities to the control group. In the 
testis, there was a general increase in esterase activities after treatment 
with Se (p<0.05; Table 3). There was a decrease in para-nitrophenyl 
acetate activity in the Cd-treated group and Se supplementation resulted 
in similar activities to those of the control group. Both α-naphthyl acetate 
and phenyl acetate activities were increased significantly after treatment 
with Se, for both Se-treated and Cd/Se-treated groups (p<0.05).

Table 3: Mean±SD esterase activities in the cytosol of the livers, kidneys and testes of rats after 15 days of exposure to saline (control) cadmium, 
selenium or cadmium and selenium

Control Cadmium Selenium Cadium/selenium

Liver

Para-nitrophenyl acetate 1.23 ± 0.01 1.14 ± 0.01* 1.45 ± 0.003* 1.36 ± 0.01*

Alpha-naphthyl acetate 0.014 ± 0.0024 0.012 ± 0.001* 0.025 ± 0.004* 0.030 ± 0.003*

Phenyl acetate 0.014 ± 0.001 0.010 ± 0.001* 0.050 ± 0.001* 0.035 ± 0.002*

Kidney

Para-nitrophenyl acetate 7.8 ± 0.84 7.6 ± 1.34 10.4 ± 1.14* 9.4 ± 0.89*

Alpha-naphthyl acetate 17.2 ± 1.30 17.2 ± 1.48 19.60 ± 2.19* 22.0 ± 1.4*

Phenyl acetate 64.4 ± 3.13 41.0 ± 3.24* 72.8 ± 2.38* 84.4 ± 2.19*

Testis

Para-nitrophenyl acetate 1.8 ± 0.45 1.0 ± 0.0* 2.00 ± 0.00 1.8 ± 0.45

Alpha-naphthyl acetate 4.80 ± 0.84 5.2 ± 1.3 6.8 ± 0.45* 7.2 ± 1.1*

Phenyl acetate 20.4 ± 1.9 22.0 ± 2.12 23.6 ± 1.51* 24.4 ± 2.07*

*Statistically significantly different from control at p<0.05.

Note: Esterase activities were initially expressed as Δabsorbance units/min and normalised by tissue total protein content.
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MDA levels 
MDA levels indicate the intoxication and generation of oxidative stress in 
organs and were determined in the liver, kidney and testis homogenates. 
In the liver, the MDA levels in the Cd-treated and Cd/Se-treated groups 
were similar to those of the control group (Figure 8a). There was a 
significant increase in MDA levels in the Se-treated group compared 
with the control group (p<0.05). In the kidney, the Cd-treated group had 
increased MDA levels compared with the control group (p<0.05) whilst 
the Se-treated and Cd/Se-treated groups had similar MDA levels to those 
of the control group (Figure 8b). In the testis, there was a significant 
increase in the MDA levels in the Cd-treated and Cd/Se-treated groups 
compared with the control group (p<0.05), whilst the Se-treated group 
had MDA levels similar to those of the control group (Figure 8c). 
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Figure 8: Mean±SD malondialdehyde (MDA) levels in the (a) livers, 
(b) kidneys and (c) testes of male rats (n=5) that received 
cadmium (1.67 mg/kg cadmium chloride in saline), selenium 
(0.23 mg/kg sodium selenite solution), cadmium and selenium 
(Cd/Se; 1.67 mg/kg cadmium chloride in saline and 0.23 mg/
kg sodium selenite solution) or saline (control) daily (IP) for 
15 days. 

Discussion
Cadmium is a potent toxic metal that is very harmful to the environment 
as well as to humans because it can accumulate in tissues, causing 
metabolic, histological and pathological changes. The objective of the 
current study was to concurrently investigate the protective effect of Se 
on Cd-induced oxidative stress in three organs – liver, kidney and testis. 
To this end, the activities of antioxidant enzymes such as catalase, GST, 
GPx, DT-diaphorase and the SOD were determined in these organs. The 
SOD/GPx activity ratio was also determined. The ratio of SOD to GPx is 
an important indicator of the balance between the first and second step 
of the enzymatic antioxidant pathway. MDA concentrations, which are a 
good indicator of lipid peroxidation, were also determined.

Previous studies have shown that Cd induces oxidative stress through 
ROS and that antioxidant enzyme activities are altered in the presence 
of Cd.34 These antioxidant enzymes include catalase, SOD and 
GPx – enzymes that are important in the elimination of free radicals. 
Cd is also known to generate lipid peroxidation and thus cause damage 
to cell membranes. In our study, exposure to Cd led to a decrease in 
catalase activity and an increase in total SOD activity in the liver. There 
was no change in MDA concentration. The decrease in catalase activity 
in the livers of rats exposed to Cd might be a result of metal deficiency. 
It is known that Cd decreases the levels of iron (Fe) in the liver35 and 
because Fe is a component of the active site of catalase, a decrease in 
Fe might result in a decrease in catalase activity. A Cd-induced increase 
in lipid peroxidation could be why SOD activity increased, as SOD would 
have to remove excess ROS. Exposure to Cd led to a significant decrease 
in the SOD to GPx activity ratio in the liver.

Kidneys are vulnerable to damage as a result of perfusion and the 
increased concentrations of excreted compounds that occur in renal 
tubular cells. Exposure to Cd led to a distinct decrease in the activities 
of total SOD and catalase and an increase in MDA levels. SOD activity is 
known to be inhibited by Cd as Cd can replace Zn on the SOD molecule 
therefore resulting in an inactive enzyme.36 The decrease in catalase 
activity could be a result of Fe deficiency. At the same time, Cd-induced 
reduction in hepatic and renal catalase activities may reflect a reduced 
capacity to eliminate H2O2 in response to Cd in the mitochondria and 
microsomes of both organs. Exposure to Cd led to a significant increase 
in the SOD to GPx activity ratio in the kidneys. An increase in this ratio 
has been suggested to reflect a high production of radicals such as 
H2O2. These results demonstrate that Cd accumulates in the kidneys of 
rats, and this accumulation results in marked alterations in enzymatic 
activities. Indeed, it has been shown that in rats the kidney is the organ 
that accumulates the highest levels of Cd.37 

In the testis, exposure to Cd led to decreased GPx and total SOD activities 
and resulted in increased MDA levels. Se is a component of GPx and a 
reduction in GPx activity in the Cd/Se-treated group might be as a result 
of depletion of Se.38 Increases in catalase and DT-diaphorase activities 
could be induced by the high levels of radicals present. In agreement 
with this hypothesis is the increase in MDA levels, an indicator of lipid 
peroxidation. Lipid peroxidation is the product of oxidative damage and 
plays an important role in the toxicity of Cd. These results confirm that 
Cd causes a significant increase in lipid peroxidation in the testes of rats. 
As in the kidney, the ratio of total SOD to GPx increased in the presence 
of Cd. Se is an essential element and is a well-established antioxidant.39 
It is also well documented that Se can decrease the effects of Cd on the 
antioxidant system in different tissues. This conclusion was, however, 
made based on studies that examined the effects of Cd on different 
organs individually. To our knowledge, our study is the first to examine 
the protective effect of Se on Cd-induced stress on antioxidant enzymes 
in these three organs (liver, kidney and testis) simultaneously. It is not 
surprising therefore that some of the results obtained in this study differ 
from those published, as we took a whole-animal approach in determining 
the effects of these two metals. In this study, Se treatment resulted in an 
increase in MDA concentration in the liver. Co-administration of Se and 
Cd resulted in similar MDA levels to those of the control group in both the 
liver and the kidneys, with an increase in MDA levels in the testes. These 
results imply that Cd has a protective effect or that the concentration of 
Se used could be harmful to cells in the liver. In the kidney, however, Se 
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had a protective effect on Cd-induced toxicity. This result is in contrast 
with results reported by others.40 It is highly improbable that the dose of 
Se used in this study is toxic to the liver. Similar or even higher doses 
of Se have been used before and were found to be protective against 
Cd- and chromium-induced nephrotoxicity and hepatotoxicity.41 On the 
other hand, in the testis, Cd induced an increase in MDA levels and 
Se on its own resulted in MDA concentrations similar to controls. The 
observed decrease of MDA levels in the kidney and testis in the presence 
of Se is supported by other investigators.40 This finding illustrates the 
importance of Se in preventing lipid peroxidation and in the protection 
of the integrity and functioning of tissues.40 It has, however, been found 
that Se sometimes does not provide the expected hepatic and renal 
protection from Cd.40 

In fact, it has been shown before that Se can be harmful at certain 
concentrations and to certain organs whilst at the same time being 
protective to others. Se was reported to provide protection to the liver 
but not the reproductive organs in an atrazine model of experimental 
toxicity.42 Co-administration of Se and Cd resulted in an increase in GPx 
activity with MDA levels in the liver remaining at the levels of control 
animals. This response might be an adaptation to free radical damage 
to the liver. In the kidney, co-administration of Se and Cd resulted in 
increases in GST and catalase activities. These results might explain 
an induction of these enzymes in response to an increase in lipid 
peroxidation. In the testis, the co-administration of Se and Cd resulted 
in increases in catalase and DT-diaphorase activities and in MDA levels. 
Again, this induction of catalase and DT-diaphorase activities may be in 
response to an increase in free radical levels. Se concentration has been 
found to be higher in the testis than in the liver and other organs.41 

Lastly, Cd administration caused significant decreases in liver esterase 
activity for the three substrates used. Esterases are enzymes that 
principally catalyse the hydrolysis of esters and they are widely 
distributed in the animal kingdom. The classification of esterases is not 
absolute as there is overlapping substrate specificities.43 The trend in 
the liver antioxidant activities, including the esterases, is not very clear, 
with some enzyme activities increased whilst others decreased. Thus a 
person simultaneously exposed to Cd and organophosphates will not be 
able to metabolise the organophosphates with the same efficiency as in 
an individual not exposed to Cd. Se administration appears to reverse 
the effect of Cd on liver, kidney and testis esterase activities. Based on 
these results of esterase activity, Se appears to offer protection from 
Cd-induced toxicity in the kidney and testis. Thus, whether Se has a 
protective effect on Cd-induced oxidative stress or not, depends on the 
organ. According to our results, the concentration of Se used does not 
appear to protect the liver against Cd-induced oxidative stress, but does 
alleviate the oxidative stress induced by Cd in the kidney and the testis. 

Conclusion
We have demonstrated that Cd-induces oxidative stress and depletes 
antioxidant enzymes in rat kidneys and testes. We have also shown 
that Se appears to have protective effects against Cd-induced 
oxidative damage in the kidneys and the testes of rats. However, the 
protective effect of Se on Cd-induced oxidative stress in other organs 
like the liver, although possible, is not completely clear and deserves 
further investigation.
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