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Abstract: Potassium dichromate (K2Cr2O7), a Cr (VI) compound, is the most toxic form of Cr (VI) and has been 

demonstrated to induce toxicity associated with oxidative stress in humans and animals. The wide environmental distribution 

of chromium leads to an increased interest of its toxicity and biological effects. Mitochondria provide most of the cellular 

energy (ATP) and yield many intermediate compounds involved in normal cellular metabolism. Therefore, perturbations of 

mitochondrial function may result in severe consequences for general metabolism and all the energy transducing processes that 

require ATP. The present study was designed to investigate the Cr (VI) -induced oxidative stress on mitochondria in liver and 

lungs. Male albino rats of Wistar strain (80-100 g) were used for the present study. Rats were divided into two groups of almost 

equal average body weight. The animals of one group were injected (i.p.) K2Cr2O7 at a dose of 0.8 mg per 100 g body weight 

per day for 28 days. The animals of the remaining group received only the vehicle (0.9% NaCl), served as control. 

Measurement of oxidative stress biomarkers like lipid peroxidation (MDA), conjugated dienes and nitric oxide contents were 

increased in both liver and lungs mitochondria. The decreased antioxidant marker enzymes like the activities of glutathione 

peroxidase (GSH-Px), glutathione reductase (GR), glutathione-S-transferase (G-S-T), superoxide dismutase (SOD) and 

catalase (CAT) of Cr (VI) treated rats were accompanied by a significant decrease in the level of glutathione’s (GSH and 

GSSG) in liver and lungs mitochondria. The results of the present study demonstrates that the exposure of Cr (VI) at the 

present dose and duration caused reduction in LPO and antioxidant enzyme activities in rat’s liver and lungs mitochondria. 
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1. Introduction 

Potassium dichromate (K2Cr2O7) is a chemical compound 

widely used in metallurgy, chrome plating, chemical industry, 

textile manufacture, wood preservation, photography and 

photoengraving, refractory and stainless steel industries and 

cooling systems [1]. The oxidation state and solubility of 

chromium (Cr) compounds determine their toxicity. In 

contrast to Cr (III), which is a naturally occurring form and 

an essential trace element for humans and others mammals, 

Cr(VI) compounds are highly toxic [2]. Dolai et al. [3] have 

summarized the acute toxicity, chronic toxicity, neurotoxicity, 

reproductive toxicity, genotoxicity, carcinogenicity and 

environmental toxicity of chromium. Potassium dichromate 

is a hexavalent form of Cr and has been demonstrated to 

induce oxidative stress and carcinogenic in nature [4-6]. 

Mitochondria provide most of the cellular energy (ATP). A 

strong decrease in the ATP levels in cells exposed to Cr (VI) 

was detected in hamster fibroblasts [7], human gingival [8], 

and rat thymocytes [9]. This effect was closely correlated 

with the inhibition of cellular respiration in human and rat 

lymphocytes [8], as well as rat hepatocytes [10]. The 
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inhibitory action of Cr (VI) on mitochondrial respiration was 

detected in isolated rat liver [10] mitochondria, and also in 

rat liver sub mitochondrial particles [11]. The mechanism by 

which Cr (VI) interferes with the mitochondrial bioenergetics 

was not clarified. It has been assigned to the oxidizing 

activity of Cr (VI), which shunts electrons from electron 

donors coupled to ATP production, and to the ability of Cr 

(III), derived from Cr (VI) reduction, to form stable 

complexes with ATP precursors and enzymes involved in the 

ATP synthesis [7, 12]. Reduction of Cr (VI) induced the 

generation of hydroxyl radical (OH) via the Fenton-

mechanism [13]. It is known that daily oral low-dose 

administration of Cr (VI) to rat’s results in enhanced lipid 

peroxidation in liver and brain mitochondria [14].  

In this present investigation, we have evaluated the effects 

on chromium-induced oxidative damage in liver and lungs 

mitochondria. 

2. Materials and Methods 

2.1. Maintenance and Treatment of Animals 

Male albino rats of the Wistar strain (80-100 g) were fed 

with a lab-prepared diet, as described elsewhere [15], with 

water ad libitum. Laboratory acclimatized rats were divided 

into two groups of almost equal average body weight. The 

animals of one group were injected intraperitoneally (i.p.) 

with Cr as K2Cr2O7 at a dose of 0.8 mg per 100 g body 

weight per day (20% LD50) for 28 days, as described earlier 

[15]. The animals of the remaining group received only the 

vehicle (0.9% NaCl), served as control. The body weights of 

the animals were taken in each day of treatment schedule. 

2.2. Tissue Collection 

After the experimental period, overnight fasting rats were 

sacrificed by cervical dislocation. The liver and lungs were 

immediately dissected out of the body and weighed. The 

tissues were then quickly stored at -20°C. 

2.3. Homogenization of Tissues 

A weighted portion of different tissues was homogenized 

in an ice cold 0.2 M PBS (pH 7.4) using glass homogenizer. 

Homogenized tissues were used for biochemical assays. 

2.4. Isolation of Mitochondria 

Rat liver and lungs mitochondria were isolated from male 

albino rats by differential centrifugation according to 

conventional methods [16]. 

2.5. Analytical Methods 

Lipid peroxidation was measured according to the method 

of Ohkawa et al. [17]. Malondialdehyde (MDA) was 

determined from the absorbance of the pink coloured product 

(TBARS) of thiobarbituric acid-MDA reaction, at 530 mm. 

The reaction of MDA with TBA has been widely adopted as 

a sensitive method of lipid peroxidation in animal tissues. 

Conjugated dienes was measured according to the method of 

Slater [18]. NO release assays were done in liver and lungs 

according to the method of Sanai et al. [19]. 

GSH (reduced glutathione) was measured according to the 

method of Griffith [20]. GSSG was also assayed after 

derivatization of GSH with 2 vinylpyridine. GSSG (oxidized 

glutathione) was measured by the method of Griffith [20]. 

Catalase activity was determined at room temperature by 

using a slightly modified version of Aebi, [21]. The molar 

extinction coefficient of 43.6Mcm−1 was used to determine 

CAT activity. One unit of activity is equal to the millimoles 

of H2O2 degraded per minute per milligram of protein. SOD 

activity was estimated by measuring the percentage 

inhibition of the pyrogallol auto- oxidation by SOD 

according to the method Marklund & Marklund [22]. 

The rate of oxidation of reduced glutathione (GSH) by 

H2O2 as catalyzed by the glutathione peroxidase (GSH-Px) is 

assayed for the measurement of enzyme activity. Glutathione 

peroxidase activity was measured according to method of 

Pagila and Valentine [23]. The activity of glutathione 

reductase was measured by the method of Miwa [24]. 

Glutathione S-transferase activity was also measured 

according to the method of Habig et al. [25]. 

Total protein of plasma and tissues was estimated 

according to the method of Lowry et al. [26]. 

2.6. Statistical Analysis 

The data were expressed as mean ± standard error. The 

significance in the differences between the means were 

evaluated by student’s ‘t’ test, and probability levels of 5% or 

less were considered to be statistically significant. 

3. Results 

The level of MDA and conjugated dienes were increased 

significantly in liver and lungs mitochondria in chromium 

treated rats when compared with control group (Figure 1 & 

2). On the other hand, it was found that chromium treatment 

significantly increased NO production in liver and lungs 

mitochondria when compared with control group (Figure 3). 

Figure 4 shows that the activity of SOD was significantly 

reduced in liver and lungs mitochondria after chromium 

treatment when it compared with control. On the other hand, 

the catalase activity of liver and lungs homogenate was 

significantly decreased when compared with control group 

(Figure 5). 

The levels of GSH and GSSG were significantly 

diminished in liver and lungs mitochondria in response to 

chromium treatment (Figure 6 & 7). The activities of GSH-

Px, GR and G-S-T were significantly decreased in response 

to chromium when compared with control in both liver and 

lungs mitochondria (Figure 8, 9 & 10). 

4. Discussion 

The mitochondrion appears to be an important cellular 

organelle playing a role in the metabolism of hexavalent 
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chromium. Cr (VI) dramatically decreased oxygen 

consumption and NADH levels in isolated rat liver and heart 

mitochondria [11]. Intact mitochondria take up and reduced 

chromium (VI), producing chromium (V) species and the 

chromium (V) generated efficiently oxidized NADH [13]. 

Chromium (III), which does not penetrate into intact 

mitochondria, had no effect on the respiratory rats in 

sonicated mitochondria [9]. Chromium (VI) is a potent 

inhibitor of mitochondria, there enzymes (α-ketoglutarate 

dehydrogenase, pyruvate dehydrogenase and β-hydroxyl 

butarate dehydrogenase) may explain the observed inhibitory 

respiration in liver mitochondria and decreasing in cellular 

levels of ATP and GTP [9]. 

In our present study, the effective dose and duration of 

hexavalent chromium has been carried out against chromium-

induced toxicity in liver and lungs mitochondria. This study 

shows a significant increase the MDA and conjugated dienes 

levels in liver and lungs mitochondria in chromium induced 

rats (Figure 1 & 2). Bagchi et al. [27] showed that chromium 

(VI) induces increases in hepatic mitochondrial and 

microsomal lipid peroxidation. These results may be due to 

oxidative damage in inner mitochondrial membrane may also 

be involved. The generation of ROS is another cause to 

increase the MDA level in liver and lungs mitochondria due to 

chromium induced toxicity. Large amounts of ROS generated 

can bring on injury to cellular proteins, lipids, and DNA 

leading to oxidative stress [28]. The observed increase in MDA 

and conjugated dienes is a good evidence for oxidative stress. 

The study also showed a significant increase in NO production 

in liver and lungs (Figure 3). The simultaneous production of 

superoxide and NO produces peroxinitrite (ONOO
-
), a very 

strong oxidant and nitrating agent. The formation of NO in 

liver and lungs mitochondria may have an important 

consequence, because this compound binds to the heam group 

from cytochromes (in particularly, cytochrome oxidase) and 

inhibits respiration [29]. This may, in turn, stimulate O2
-
 

formation which may react with more NO, forming 

peroxinitrite, an oxidant capable of inhibiting important 

enzymes and affecting mitochondrial integrity (30, 31). 

 

Figure 1. Changes the MDA content in liver and lungs mitochondria 

following exposure to chromium. Data represents mean ± SE, N=12, * 

indicates significant difference (P<0.05) compared to control. 

 

Figure 2. Changes the conjugated dienes content in liver and lungs 

mitochondria following exposure to chromium. Data represents mean ± SE, 

N=12, * indicates significant difference (P<0.05) compared to control. 

 

Figure 3. Changes the nitric oxide production (NO) in liver and lungs 

mitochondria following exposure to chromium. Data represents mean ± SE, 

N=12, * indicates significant difference (P<0.05) compared to control. 

SOD is believed to play a major role in the first line of 

antioxidant defense by catalyzing the dismutations of super 

oxide anion radicals to form H2O2 and [O2
-
]. In the present 

study, decreased SOD activity observed in chromium-induce 

group in liver and lungs mitochondria (Figure 4) could be 

explained by the massive production of super oxide anion. 

The production of such anions overrides enzymatic activity 

and leads to a fall in its concentration in tissues [32]. 

Pedraza-chaverri et al. [33] indicated that most of the 

antioxidant enzymes become inactive after potassium 

dichromate exposure either due to the direct binding of heavy 

metals to enzyme active site if it contains SH group or to the 

displacement of metal co-factors from active sites. The 

production of such anions leads to a fall in its concentration 

in liver and lungs mitochondria. Catalase (CAT), a major 

H2O2 detoxifying enzyme found in peroxisomes, is also 

present in heart mitochondria [34]. However, this enzyme has 

not been found in mitochondria from other tissue, including 

skeletal muscle [35]. We have measured CAT activity using 

liver and lungs homogenates (Figure 5). This suppressed 

activity of CAT may be due to the overproduction of H2O2 in 

the system during chromium treatment compared with the 

control group. 
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Figure 4. Changes the SOD activity in liver and lungs mitochondria 

following exposure to chromium. Data represents mean ± SE, N=12, * 

indicates significant difference (P<0.05) compared to control. 

 

Figure 5. Changes the Catalase activity in liver and lungs homogenate 

following exposure to chromium. Data represents mean ± SE, N=12, * 

indicates significant difference (P<0.05) compared to control. 

It has been known that lipid peroxidation occurs as a result 

of the decrease in intracellular reduced glutathione (GSH) 

concentration. Ueno et al. [36] reported that the content of 

intracellular GSH in isolated rat hepatocytes was diminished 

after chromium (VI) treatment. The levels of GSH and GSSG 

have significantly diminished in liver and lungs mitochondria 

(Figure 6 & 7). Glutathione is normally present in millimolar 

concentrations in cells and is known to protect the cellular 

system against the toxic effects of lipid peroxidation. It is 

very important in maintaining cellular redox status [37] and 

its depletion is considered as a marker of oxidative stress 

[38]. These results suggested that super oxide anion and 

H2O2 are main source of chromium induced free radicals 

depleting the cellular antioxidant.  

 

Figure 6. Changes the GSH level in liver and lungs mitochondria following 

exposure to chromium. Data represents mean ± SE, N=12, * indicates 

significant difference (P<0.05) compared to control. 

 

Figure 7. Changes the GSSG level in liver and lungs mitochondria following 

exposure to chromium. Data represents mean ± SE, N=12, * indicates 

significant difference (P<0.05) compared to control. 

GPX is considered to biologically essential in the reduction 

of H2O2. The decline in the activity of GPX in chromium – 

induce rats in our study (Figure 8) may be due to the 

intracellular accumulation of ROS with subsequent 

development of liver and lungs injury. Glutathione reductase 

(GR) is one of the most important enzymes detoxifying 

against oxidative stress because GR is considered 

biologically essential in reduction of oxidized glutathione to 

reduced glutathione. In our present study, the activity of GR 

in liver and lungs mitochondria declined in chromium- 

induces rats (Figure 9). This might have been triggered by 

low levels of NADPH, which is a cofactor of GR to convert 

GSSG to GSH. Glutathione- S- transferase (GST) is an 

enzyme that utilizes glutathione in reaction contributing to 

the transformation of a wide range of components including 

carcinogens, therapeutic drugs and products of oxidative 

stress. The decreased in the activity of GST in chromium – 

induced rat liver and lungs mitochondria (Figure 10) might 

be due to increased oxidative stress as these enzymes tend to 

deplete in the presence of ROS.  

 

Figure 8. Changes the activity of GPx in liver and lungs mitochondria 

following exposure to chromium. Data represents mean ± SE, N=12, * 

indicates significant difference (P<0.05) compared to control. 
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Figure 9. Changes the activity of GR in liver and lungs mitochondria 

following exposure to chromium. Data represents mean ± SE, N=12, * 

indicates significant difference (P<0.05) compared to control. 

 

Figure 10. Changes the activity of GST in liver and lungs mitochondria 

following exposure to chromium. Data represents mean ± SE, N=12, * 

indicates significant difference (P<0.05) compared to control. 

5. Conclusion 

From the above study it may be concluded that Cr 

treatment at the present dose and duration induces oxidative 

stress due to the generation of reactive oxygen species (ROS) 

in liver and lungs mitochondria. However, further studies are 

required to elucidate the exact mechanism underlying Cr-

induced oxidative damage. 
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