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Original Research Article 1 

Biodiesel causes Oxidative Damage in tissues of Clarias gariepinus 2 

Abstract  3 

Aim : Alternative fuels have become more prominent today because of environmental concerns. 4 

Due to the increase in the use of alternative fuels, toxicology studies have become imperative to 5 

determine whether alternative fuels will affect the biochemistry of aquatic organisms.  6 

Study Design: In this study, biodiesel in different concentrations (0.0, 0.1, 0.25 %v/v) was 7 

introduced into water samples of same volume containing species of Clarias gariepinus (African 8 

cat fish).  9 

Place and Duration of Study: This study was carried out in the Department of Environmental 10 

Science, Federal University of Petroleum Resources, Effurun, Nigeria from April to October 11 

2014. 12 

Methodology: The 3 groups of fish placed in (0.0 0.1, 0.25)%v/v biodiesel-contaminated water 13 

were sacrificed after 30hours and enzymic and non-enzymic antioxidants (GSH, SOD, CAT, and 14 

MDA) as well as haematological properties were analyzed.  15 

Results: Specific activity of SOD was found to be 8.55±0.89, 6.25±0.45 and 6.22±0.55 in the 16 

kidney of Control, 0.1%v/v and 0.25%v/v fish respectively. Similarly, specific activity of 17 

catalase was found to be 18.24±1.89, 15.30±0.76 and 13.39±1.27 in the gills of Control, 0.1%v/v 18 

and 0.25%v/v fish respectively. Conversely, the haematological property of Control is not 19 

significantly different from those of 0.1%v/v and 0.25%v/v fish. Results from this study showed 20 

significant decrease in the antioxidant status of cat fish from biodiesel contaminated water, 21 

however, haematological properties of the fish were not affected. This study revealed that 22 

biodiesel from palm kernel oil poses threat to aquatic life forms.  23 

 24 
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Introduction 28 

The increased demand for alternative energy sources has created interest in biodiesel and 29 

biodiesel blends; biodiesel is promoted as a diesel substitute that is safer, produces less harmful 30 

combustion emissions, and biodegrades more easily. Like diesel spills, biodiesel can have 31 

deleterious effects on the aquatic environments [1]. Fish live in very intimate contact with their 32 

environment, and are therefore very susceptible to physical and chemical changes which may be 33 

reflected in their blood components [2-3]. 34 

Cellular antioxidant defense systems in biological systems are impaired when exposed to 35 

environmental pollutants, but the levels of antioxidants in living organisms can increase in order 36 

to restore the imbalance caused by oxidative damage. Levels of antioxidant enzymes can be used 37 

as an indicator of the antioxidant status of the organism and can serve as biomarkers of oxidative 38 

stress [4]. When antioxidant defenses are impaired or overcome, oxidative stress may produce 39 

DNA damage, enzymatic inactivation and peroxidation of cell constituents, especially lipid 40 

peroxidation [5]. Toxicity biomarkers, such as malondialdehyde (MDA), have been also 41 

proposed to reflect the oxidative status of exposed species [6]. MDA is used as marker of 42 

oxidation of membrane phospholipids through lipid peroxidation. An increase in MDA levels in 43 

organisms can be related to degradation of an environmental site by decreasing the water quality 44 
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[7]. The level of antioxidant enzymes have been extensively used as an early warning indicator 45 

of lake pollution [8]. 46 

Enzymatic and non-enzymatic antioxidants serve as an important biological defense against 47 

environmental pollutants. Studies on the oxidative indices of catfish associated with biodiesel are 48 

very scanty, literature on the impacts of other toxicants or effluent abound. Thus, the purpose of 49 

this study is to evaluate the effect of biodiesel produced from PKO on enzymic and non-enzymic 50 

antioxidant of some selected tissues of fish using African cat fish (Clarius gariepinus) as a 51 

model. 52 

Materials and Methods 53 

Reagents and solvents were of analytical grade and are products of British Drug House, Poole, 54 

England. 55 

Perm Kernel Oil (PKO) 56 

Palm  kernel  oil  was  purchased  at  the  local  market  in  Effurun, Nigeria.  100g PKO was 57 

used for the transesterification process. The ethanol used (99%  pure) is an analytical  grade with 58 

boiling point of 78oC; while the NaOH used was also an analytical grade product of Aldrich 59 

Chemicals, England. The blender used was a Dry and Wet mill Blender with a clear glass (1,250 60 

cc capacity) containers and stainless steel cutting blades. Other major materials used include 61 

scales, translucent white plastic container with bung and screw-on cap, funnels, PET bottles and 62 

thermometer. 63 

Preparation of Bio-diesel from PKO  64 

Biodiesel was prepared from PKO in accordance with the method described by Alamu et al [9]. 65 

Experimental Water and Fish Treatment 66 

The Biodiesel from PKO was diluted with borehole water to obtain 0.25 and 0.1 %v/v. Twenty-67 

four healthy juvenile catfish (Clarias gariepinus)  were  obtained  from  a  commercial  fish  68 

pond  at  Ekpan  in  Delta  State,  Nigeria  and  acclimatized  for  ten  days prior  to  the  69 

commencement  of  the  experiment.  The catfish were grouped into three (3) of eight catfish and 70 

were kept in 30L plastic aquaria.  Group  A  served  as  control  and  the  catfish  here  were  71 

cultured  in borehole  water  while  those  in  Groups  B  and  C  were  exposed  to  the different 72 

mixtures (0.1%v/v and 0.25%  v/v respectively) of Biodiesel from PKO. The catfish were fed ad 73 

libitum with commercial fish meal for 30hrs during which the experiment lasted. 74 

The cat fish were sacrificed at the end of the experiment and were quickly dissected and the 75 

whole liver, kidney, brain and heart were excised, freed of fat, blotted with clean tissue paper and 76 

weighed. A portion of each organ was homogenized for biochemical studies and enzyme assays. 77 

The blood was obtained through cardiac puncture. A portion of the blood was collected in 78 

heparinised bottles and others in nonheparinised bottles. Some blood samples were thereafter 79 

centrifuged at 3,500 rpm for about 15 min using refrigerated centrifuge RC650s and the serum 80 

samples obtained were preserved at81C until required for analyses. Haemoglobin concentration 81 

of the blood of experimental animals was determined following the method described by Mitruka 82 



3 

 

and Rawnsley [10]. The RBC and WBC was done by the method of manual counting, PCV by 83 

Microhaematocrit method, described by Muthayya [11]. Other haematological parameters were 84 

determined as described by Tiez [12]. The protein content in the tissue homogenates were 85 

determined using the Biuret method of Gornal et al. [13]. Cupric ions in alkaline solution form a 86 

purple coloured complex with any compound containing repeated-CONH-links such as proteins. 87 

The colour intensity which is a measure of the protein content of a sample is measured 88 

spectrophotometrically at 540nm. MDA determination was based on method described by Bird 89 

et al. [14]. MDA reacts with thiobarbituric acid to give a red complex which is measured 90 

spectrophotometrically at 535nm. The method described by Jollow et al [15] was used to 91 

determine reduced glutathione (GSH) concentration. The absorbance was read at 412nm. 92 

Catalase activity was determined according to the method of Sinha [16]. The method is based on 93 

the fact that dichromate in acetic acid is reduced to chromic acetate when heated in the presence 94 

of H2O2 with the formation of perchloric acid as an unstable intermediate. The chromic acetate 95 

was then measured spectrophotometrically at 570nm. The activity of superoxide dismutase 96 

(SOD) was determined by the method of Misra and Fridovich [17]. This method is based on the 97 

ability of SOD to inhibit the autoxidation of epinephrine at pH 10.2. The absorbance was 98 

measured at 480nm. 99 

Statistical Analyses 100 

All numerical results were obtained from the three (3) groups (control and treated). Data 101 

obtained were presented as mean±SEM and subjected to statistical analysis using a one way 102 

analysis of variance (ANOVA) by employing the method of Steel and Torrie [18]. Significant 103 

difference between the treatment means was determined at 95% confidence level using Duncan’s 104 

Multiple range test [19]. 105 

Results 106 

Haematological properties of C. gariepinus cultivated in contaminated water are presented in 107 

Table 1. Generally, result from this experiment showed no significant difference (p>0.05) in the 108 

haematological parameters among the three (3) groups of C. gariepinus. It was further observed 109 

that the value of Eosiniphils (%) for the three groups of catfish is zero (0). 110 

 111 

Table 1: Haematological properties of Clariasgariepinus cultivated in water contaminated 112 

with bio-fuel from PKO 113 

Haematological parameters Group A Group B Group C 
RBC (x106/mm3) 2.71±0.10a 2.69±0.12 a 2.72±0.31 a 
Hb (g/dL) 5.76±0.54 a 5.23±0.56 a 5.56±0.46 a 
MCV (µ 3) 58.99±2.45 a 56.78±2.34 a 56.39±2.07 a 
MCH (µµg) 14.30±0.86 a 14.34±0.73 a 13.97±1.06 a 
MCHC (%) 16.74±1.11 a 15.98±0.99 a 16.58±1.02 a 
PCV (%) 21.32±1.23 a 21.56±1.21 a 21.12±1.48 a 
WBC (x103/mm3) 25.75±1.53 a 26.01±1.13 a 27.03±1.72 a 
Neutrophils (%) 3.48±0.34 a 3.25±0.52 a 3.33±0.65 a 
Eosinophils (%) 0.00±0.00 a 0.00±0.00 a 0.00±0.00 a 
Basophils (%) 0.34±0.01 a 0.32±0.01 a 0.32±0.01 a 
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Lymphocytes (%) 23.63±1.78 a 23.56±1.67 a 23.95±2.00 a 
Monocytes (%) 13.20±1.02 a 13.22±1.33 a 13.09±1.51 a 
Values on the same row bearing different superscripts are significantly different (P<0.05). 114 

Tabulated data are means of three (3) determinations ± SEM. 115 

The GSH concentrations of tissues of African cat fish (Clarias gariepinus) cultivated in water 116 

contaminated with biodiesel produced from PKO is presented in Table 2. Generally, no 117 

significant difference (P>0.05) was found in the GSH content of serum of the experimental fish. 118 

Conversely, the GSH content of Liver of group C fish was significantly lower than that of group 119 

A, while the GSH content of Liver of group B, was not significantly different (P>0.05) from that 120 

of groups A and C.  121 

 122 

Table 2: Concentration of reduced glutathione (µg/mg protein) of liver and blood of Clarias 123 

gariepinus cultivated in water contaminated with bio-fuel from PKO. 124 

Group Liver Blood 
A 10.23±1.24a 18.23±1.12a 

B 9.21±1.43ab 18.64±1.23a 

C 7.56±1.11b 18.52±1.19a 

Values in the same column bearing different superscripts are significantly different (P<0.05). 125 

Tabulated data are means of three (3) determinations ± SEM. 126 

 127 

Table 3 shows activity of SOD of Clarias gariepinus cultivated in biodiesel contaminated water. 128 

In contrast to the activity of SOD of the liver and brain of experimental fish, the activity of SOD 129 

of kidney and gill of fish in Groups B and C was found to be significantly lower than that of the 130 

control fish (p<0.05).  131 

 132 

Table 3: Specific activity of superoxide dismutase (Unit/mg protein) of selected tissues of 133 

Clarias gariepinus cultivated in water contaminated with bio-fuel from PKO. 134 

Group Brain Liver Kidney Gill 
A 3.21±0.45a 7.86±1.43a 8.55±0.89a 5.23±0.98a 

B 2.98±0.36a 6.42±1.29a 6.25±0.45b 3.24±0.87b 

C 3.02±0.68a 6.13±1.11a 6.22±0.55b 2.89±0.89b 

Values in the same column bearing different superscripts are significantly different (P<0.05). 135 

Tabulated data are means of three (3) determinations ± SEM. 136 

The activity of catalase in tissue of fish clarias gariepinus introduced into water contaminated 137 

with biodiesel produced from PKO is presented in Table 4. Catalase activity of the liver, kidney 138 

and gills of clarias gariepinus introduced into PKO biodiesel contaminated water was 139 

significantly lower (P>0.05) than that of control fish. Conversely, no significant difference was 140 

found in the activity of catalase of brain of test fish relative to the control (p<0.05). 141 
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Table 4: Specific activity of catalase (µmole of H2O2 decomposed/min/mg protein) of 142 

selected tissues of Clarias gariepinus cultivated in water contaminated with bio-fuel from 143 

PKO 144 

 145 

Values in the same column bearing different superscripts are significantly different (P<0.05). 146 

Tabulated data are means of three (3) determinations ± SEM. 147 

 148 

 149 

The MDA concentrations of tissues of Africa cat fish (Clarias gariepinus) introduced into water 150 

contaminated with biodiesel produced from PKO are presented in Table 5. The MDA 151 

concentrations of serum and brain of test fish were not significantly different (P>0.05) that of 152 

control. Conversely, levels of MDA in the liver, kidney and gills of fish introduced into the PKO 153 

biodiesel contaminated water of different concentration (group B & C) were significantly lower 154 

(P<0.05) than that of control fish.  155 

 156 

Table 5: Concentration of malondialdehyde (nmol/mg protein) of selected tissues of Clarias 157 

gariepinus cultivated in water contaminated with bio-fuel from PKO 158 

Group Brain Liver Kidney Gill Serum  
A 0.37±0.01a 0.21±0.01a 0.23±0.02a 0.10±0.02a 0.22±0.02a 

B 0.36±0.02a 0.14±0.01b 0.17±0.02b 0.07±0.01b 0.21±0.01a 

C 0.37±0.02a 0.12±0.01b 0.16±0.01b 0.06±0.01b 0.19±0.01a 

Values in the same column bearing different superscripts are significantly different (P<0.05). 159 

Tabulated data are means of three (3) determinations ± SEM 160 

 161 

Discussion  162 

The evaluation of haematological and biochemical characteristics in fish has become an 163 

important means of understanding normal, pathological processes and toxicological impacts [3]. 164 

Haematological alterations are one of the first detectable and quantifiable responses to 165 

environmental change [20]. Haematological and biochemical profiles of blood can provide 166 

important information about the internal environment of the organism [21].  In this work there 167 

was no significant difference in the haematological properties of fish in groups B and C relative 168 

to A. Although an earlier study [22] reported that increase in WBC during acute and sub-lethal 169 

treatment may be due to stimulated lymphomyeloid tissue as a defence mechanism of the fish to 170 

Group Brain Liver Kidney Gill 
A 1.58±0.18a 15.96±1.00a 18.54±2.34a 18.24±1.89a 
B 1.46±0.09a 13.22±0.75ab 13.77±1.69b 15.30±0.76b 
C 1.39±0.11a 12.56±0.92b 11.78±1.95b 13.39±1.27c 
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tolerate the toxicity. The mean cell volume (MCV) of fish in Group C showed a decreased trend 171 

in values in comparison with the control. MCHC is an indicator of RBC swelling and the 172 

lowered MCHC during treatment might have resulted from release of young erythrocytes 173 

containing less haemoglobin into circulation.  174 

Oxidative damage has been suggested to occur as a consequence of reactive oxygen species 175 

(ROS). A number of studies suggested that ROS can affect critical events associated with many 176 

disorders [23-25]. It gets special attention due to many factors such as drought, cold, heat, 177 

herbicides and heavy metals, because they harm the cell by raising the oxidative level through 178 

loss of cellular structure and function, hence demands the detoxification agents like enzymes 179 

such as; superoxide dismutase (SOD), catalase (CAT) and peroxidase and non-enzymatic 180 

antioxidants such as flavones, anthocyanin, carotenoids and ascorbic acid [26]. The formation of 181 

ROS is prevented by an antioxidant system: low molecular mass antioxidants (ascorbic acid, 182 

glutathione, and tocopherols), enzymes regenerating the reduced forms of antioxidants, and 183 

ROS-interacting enzymes such as SOD, peroxidases and catalases [27-28]. The SOD enzyme 184 

destroys the superoxide radical; however, as a result of that it creates hydrogen peroxide, which 185 

also has high toxic properties [29]. It has been reported as one of the most important antioxidant 186 

defense enzyme that scavenge superoxide anion by converting to hydrogen peroxide thus 187 

diminishing the toxic effect caused by this radical [30]. 188 

Glutathione (GSH) is an antioxidant, preventing damage to important cellular components 189 

caused by reactive oxygen species (ROS) such as free radicals and peroxides. Glutathione, a 190 

major non-protein thiol in living organisms, which plays a central role in coordinating the body’s 191 

antioxidant defense processes. Excessive peroxidation causes increased glutathione consumption 192 

[31]. Reduced thiols have long been reported to be essential for recycling of antioxidants like 193 

vitamin E and vitamin C. The observed significant reduction in the GSH level of the liver of test 194 

fish relative to control revealed the likelihood of biodiesel to induce oxidative stress in the tissue. 195 

GSH plays a very important role in the detoxification of xenobiotics.  In  vitro  examinations  196 

proved  that  the free  thiol  group  of  glutathione  reacts  with  xenobiotics to form conjugates. 197 

These conjugates reveal toxic properties [32]. In this study, biodiesel quickly depletes hepatocyte 198 

glutathione levels, therefore, a potential agent to inhibit many enzymes, which lead to further 199 

lipid peroxidation. 200 

SOD selectively eliminates superoxide radicals in dismutation reaction in which hydrogen 201 

peroxide is generated. Reduction of SOD activity also may be due to an inhibited biosynthesis of 202 

enzyme molecules by biodiesel or its metabolites and/or to the effect of hydrogen peroxide, 203 

which may directly alter its activity. Catalase (CAT) is a common enzyme found in nearly all 204 

living organisms exposed to oxygen. It catalyzes the decomposition of hydrogen peroxide to 205 

water and oxygen [33]. It is a very important enzyme in protecting the cell from oxidative 206 

damage by reactive oxygen species (ROS). Likewise, catalase has one of the highest turnover 207 

numbers of all enzymes; one catalase molecule can convert millions of molecules of hydrogen 208 

peroxide to water and oxygen each second [34]. The change in levels of CAT in various groups 209 

of tissues may be as a result of the presence of biodiesel. The observed changes in CAT activity 210 

were concentration dependent, decreasing with increasing concentration of biodiesel. It could be 211 

viewed that the biodiesel, like fuel diesel, is capable of generating ROS which may predispose to 212 

oxidative stress.  213 
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Malondialdehyde (MDA) is generated from reactive oxygen species (ROS), and as such is 214 

assayed in vivo as a bio-marker of oxidative stress [35]. Malondialdehyde reacts with 215 

deoxyadenosine and deoxyguanosine in DNA, forming DNA adducts, malondialdehyde is 216 

reactive and potentially mutagenic. It has been found in heated edible oils such as sunflower and 217 

palm oils. The significant increase in the levels of MDA lend credence to the view that biodiesel 218 

caused a reduction in the total antioxidant status by reactive oxygen species. 219 

Conclusion  220 

In conclusion, toxicological effect of biodiesel on haematological properties is limited. However, 221 

the role of biodiesel in the reduction of antioxidant status is indicative of oxidative stress caused 222 

by reactive oxygen species. Specifically, the liver, kidney and gills were the target organs as 223 

revealed by the experimental result. It is my view that adequate precautions must be observed by 224 

biodiesel production plants to avoid spillage of biodiesel into water bodies. 225 
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