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Original Research Article 
Effects of PAH mixtures on haematological, hepatic and oxidative stress 

biomarkers in Clarias gariepinus(Burchell, 1822) 
 
 
ABSTRACT 
Haematological, hepatic and oxidative stress parameters in juvenile Clarias gariepinus 
exposed to a combined ternary mixture of naphthalene, phenanthrene and benzo[a]pyrene 
were investigated under static-renewal bioassay conditions. The test organisms were exposed 
to two levels of treatments of the mixed compounds for a period of 35 days. Red blood cell 
(RBC) count, haemoglobin (Hb) concentration and haematocrit (Hct) were significantly 
lowered in exposed fish compared to the control. Significant decreases were also observed in 
mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean 
corpuscular haemoglobin concentration (MCHC). White blood cell (WBC) and platelet 
(PLT) counts were significantly raised in exposed organisms compared to the control. There 
were significant reductions in total plasma protein and bilirubin. While increases in 
superoxide dismutase (SOD) and catalase (CAT) were significant, that of glutahthione s-
tranferase (GST) was not significant.  
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INTRODUCTION 
Risk assessment is usually performed on the toxicity of single compoundsrather than 
mixtures [1]. However, chemicals often appearas complex mixtures in the environment. One 
group of such chemicals that occur as complex mixtures are polycyclic aromatic 
hydrocarbons (PAHs). PAHs which are organic in origin are ubiquitous environmental 
pollutants. Some PAH compounds have been classified as mutagens, teratogens and 
carcinogens by the U.S. Environmental Protection Agency [2]. 

Naphthalene a widely distributed PAH in air and aquatic environments forms a major 
constituent of petroleum fuels [3]. Anthropogenic activity has been implicated in the 
abundance and distribution of naphthalene and is regarded as a major contributor of the 
aquatic environment [4].  Phenanthrene is one of the most abundant PAH compounds in the 
aquatic environment. The United States Environmental Protection Agency (USEPA) regards 
phenanthrene as among the 16 PAHs on its priority pollutant list [5]. Benzo[a]pyrene is a 
five-ring PAH that is synthesized by the incomplete combustion of organic compounds. In 
recent times, many authors have confirmed it as possessing carcinogenic properties [6]. 

Wildlife exposure to PAHs through natural and anthropogenic activities can produce a 
variety of biochemical and physiological effect. These responses termed biomarkers serve as 
indicators of biotic stress in exposed organisms [7]. Biomarkers can be defined as indicators 
in biological systems or samples ofmeasurable changes at the molecular, biochemical, 
cellular, physiological or behavioral levels in response to foreign compounds.Utilization of 
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biomarkers in ecotoxicology serves as early warning signals that appear before measurable 
effects on population dynamics occur [8].  

There is limited data onthe toxicity of joint PAH compounds in aquatic organisms [9]. 
Therefore, the need arises to conduct and document toxicological effects ofthese mixed 
compounds on experimental organisms in order to establish appropriate guidelinesfor 
environmental and health risk assessments. Clarias gariepinus was model organism of 
choice, due its ecological [10] and commercialimportance in Nigeria [11].  

The aim of this study was to investigate the effects the combined mixture of 
naphthalene, benzo[a]pyrene and phenanthrene on haematological, hepatic and oxidative 
stress indices in Clarias gariepinus. These indices could serve as biomarkers at the 
biochemical and molecular levels 
 
2. MATERIALS AND METHODS 
2.1 Reagents 
Benzo[a]pyrene was purchased from Sigma Aldrich (Germany). Naphthalene and acetone 
were purchased from BDH chemicals (UK). Phenanthrene was purchased from EGA Chemie 
KG (Germany)..Every other reagent used were of analytical grade. 
 
2.2 Experimental animals 
JuvenileC. gariepinus (n = 90) weighing 19.7±1.8 g were wasobtained from a commercial 
fish farm in Aba, Nigeria. Fish were acclimatized for 14 days in tap water prior to 
experimentation and fed twice daily ad libitum with commercial fish feed. Fecal matter and 
excessive feed was removed daily to prevent contamination of the water and growth of 
mould. 
 
2.3 Sublethal toxicity tests 
Stock solutions of the three PAHs were prepared by dissolving each PAH in distilled water 
with acetone as solvent carrier. Test solutions were prepared by dilution of stock solutions in 
tap water. The acute LC50 values of the three PAHs were determined in a pilot study using a 
semi-static method [12]. The 96-h LC50 values were 1400 µg/L for phenanthrene, 6600 µg/L 
for naphthalene and 16 µg/L for benzo[a]pyrene. During sublethal studies, fish were exposed 
to combined mixtures of 1/8 and 1/4 of the LC50corresponding to treatment levels 1 (T1) and 
2 (T2) of the respective PAHs. A solvent control was included in the experimental design. 
Fish were kept in groups of 10 in 30L plastic tanks containing the test solutions. Experiments 
were performed in triplicates. Period of exposure lasted 35 days  
 
 
2.4Assays 
At the end of the exposure period, fish were anaesthetized by hypothermia. Blood was 
collected from the immobilized fish by caudal vein puncture method as described by 
Argungu et al. [13] using a 5ml sterile disposable syringe with a 22 gauge needle. The blood 
was transferred to EDTA tubes and transported to the lab for analysis.  
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2.4.1 Haematology 
Haematological parameters were determined using automated haematology analyzer machine 
(Mindray BC 2300, USA).  
 
2.4.2 Total protein and albumin 
Total protein concentration was determined according to the calorimetric method of Lowry et 
al. [14]. Albumin was determined by the method of Dumas [15]. Total bilirubin was 
determined as described by Jendrassik and Grof [16]. Both parameters were expressed in g/L. 
 
2.4.3 Oxidative stress enzymes 
Themethod of Misra and Fridovich [17], was used to determine plasma superoxide dismutase 
(SOD) activity (U/mL) by measuring the inhibition of autooxidation of adrenaline at pH 10.2 
and 30 °C. Catalase activity (kU/L) was determined according to the method of Sinha [18] by 
measuring the reduction of dichromate in acetic acid to chromic acetate at 570 nm. 
Glutathione S-transferase (GST) activity (U/L) was determined by the method described by 
Habig et al. [19] using 1-chloro-2,4-dinitrobenzene (CDNB) as substrate.  
 
2.5 Statistical analysis 
Results are expressed as mean ± standard error. Data from the different treatment groups 
were compared by a one-way analysis of variance (ANOVA) followed by a Scheffes test to 
determine statistically different groups. All differences were considered significant at p < 
0.05. Statistical analysis was performed using Microsoft Excel. 
 
3. RESULTS 
Table 1 shows the results for the haematological parameters. The results shows that ternary 
mixtures of PAH had negative impact on the studied parameters. There were statistical 
significant (p < 0.05) decreases in RBC count, Hb concentrations and Hct compared to the 
control. Observed reductions in the red blood cell indices were also statistically significant (p 
< 0.05) with mean corpuscular haemoglobin (MCH) showing a concentration dependant 
decrease pattern.    
 The effect of the ternary mixture on plasma total protein and albumin is shown in 
figure 1. There was a concentration dependant decrease in both total protein and albumin. 
The observed decreases were statistically significant.  
 There was a statistically significant (p < 0.05) increase in bilirubin of exposed fish 
compared with the solvent control. 
 The result for the oxidative stress enzymes is shown in figures 3 to 5. There were 
increases in the activities of all three enzymes. However while the increases in the activities 
of SOD and CAT were statistically significant (p < 0.05), the increase in activity of  GST was 
not statistically significant.  
 
 
Table 1: Haematological parameters of C. gariepinus exposed to sublethal concentrations of 
PAH mixtures. Means not sharing the same letter (a, b or c) are statistically different at p < 
0.05 
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Parameter Control group Ternary mixture 

 

concentration 

 

RBC (x109/L) 2.41±0.06a 2.3±0.14a 2.09±0.18b 

Hb (g/L) 102.66±3.71a 94±4.0a 93±2.9b 

Hct (%) 34.84±2.38a 29.6±0.5b 22.4±0.6c 

MCV (fL) 147.5±2.5a 141.3±1.2b 140.6±1.95b 

MCH (pg) 43.3±0.24a 41.16±1.15b 39.1±1.11c 

MCHC (g/L) 305.33±4.4a 279.75±2.2b 279±1.1b 

WBC (x109/L) 135.56±2.98a 147.67±3.22b 155.15±1.05c 

PLT (x109/L) 12.66±1.33a 17±2.2b 17.25±2.2b 

 

 

 
Figure 1: Total protein and albumin concentrations in fish exposed to ternary PAH 
compounds. Means not sharing the same letter (a, b or c) are statistically different at p < 0.05 
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Figure 2: Bilirubin concentration in fish exposed to ternary PAH mixtures. Means not sharing 
the same letter (a or b) are statistically different at p < 0.05 
 
 
 
 

 
Figure 3: SOD activity in fish exposed to ternary PAH mixtures. Means not sharing the same 
letter (a or b) are statistically different at p < 0.05 
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Figure 4: CAT activity in fish exposed to ternary PAH mixture. Means not sharing the same 
letter (a, b or c) are statistically different at p < 0.05 
 
 
 
 

 
 
Figure 5: GST activity in fish exposed to ternary PAH mixtures. 
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4. DISCUSSION 
In the biomarker studies of fish to toxicants, finding early physiological signs is of important 
concern. Haematological parameters are suitable biomarkers for evaluating the potential risk 
of xenobiotics [20]. Many researchers have also identified changes in haematological 
parameters as bioindicators of toxicants [20]. In the present study mixed PAH compounds led 
to statistically significant (p < 0.05) declines in the studied haematological parameters. 

The capacity of toxic chemicals to induce anaemia is well understood. Dey et al. 
[21]reported in a recent study that A. testudineus on exposure to varying concentrations of 
naphthalene exhibited a significant reduction in RBC count in comparison to the control. 
Usually, a decrease in RBC count is indicative ofpoor iron metabolism [22]. In an earlier 
work, the authors also revealed a similar trend with A. testudineus exposed to anthracene 
[21]. 

As with RBC count, many authors have demonstrated decreases in haemoglobin 
concentration of fishes exposed to toxic chemicals. Haemoglobin which is a conjugated 
protein contains heme as prosthetic group and globin as the apoprotein [23]. Haemoglobin 
concentration can serve as a sensitive bioindicator of alterations in challenging ecological 
conditions.Chavez-Veintemilla [24]showed that haemoglobin concentration in the tambaqui 
exposed to phenanthrene was the most affected blood parameter in the fish. The decrease in 
haemoglobin concentration has been linked to a reduction in its synthesis or by increases in 
its destruction. Mehrnaz et al. [25]also reported significant reductions in hemoglobincontent 
of A. latus exposed to mixtures of polycyclic aromatic hydrocarbons. 

In addition to altering erythrocyte count and haemoglobin levels, toxic chemicals have 
been shown to affect haematocrit. Dey et al. [21] reported a significant decreases in 
haematocrit ofA. testudineuson exposure to naphthalene. Decreases in haematocrit (which 
measures the volume of packed red blood cells relative to the whole blood) can be caused by 
the deformation or inhibition in the synthesis of red blood cells [26]. 

The observed increase white blood cell count in exposed fish points strongly to the 
toxicity of PAHs to the immune system. White blood cells which are part of the immune 
system participate in both the innate and humoral immune responses. These cells circulate in 
the blood and mnobilized in response to toxicants, injury or pathogens [27]. Ramesh and 
Saravanan [28]have reported increases in white blood cell count of L. rohitatoon exposure to 
the insecticide, deltamethrin. 

Platelets which are cytoplasmic fragments derived from megakaryocytes [29] play 
crucial roles in the inflammatory process. Under challenging conditions that cause physical 
injuries to vascular tissues, platelet counts are increased to ameliorate haemorrhage [21]. 

Total bilirubin consists of unconjugated and conjugated bilirubin. Increased total 
bilirubin level is indicative of metabolic problems in the liver such as reduced hepatocyte 
uptake or impaired bilirubin conjugation [30].Nwamba et al. [31] demonstratedincreased 
levels of bilirubin in fish exposed to crude oil as that seen in the present study. The authors 
observed that total bilirubin concentrations increased with increasing concentration of crude 
oil.  

Total protein (including albumin) is recognized as an excellent indicator to investigate 
fish health, and alterations in blood protein concentrations are crucial in identifying PAH 
intoxication [21]. The observed decrease in total protein and albumin in the present study 
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suggests cellular injury that occured in the liver of the fish exposed to the PAH mixture 
because the liver is the major site of protein synthesis in organisms [32]. Khan et al. [36] 
reported significant reductions in both the total protein and plasma albumin levels in grass 
carp exposed to atrazine under both acute and subchronic conditions. The finding is in 
agreement with results obtained in the present study. 

Oxidative stress manifests when there is an imbalance between the generation of 
reactive oxygen species (ROS) and the capacity of the biological system to mop up the 
oxidizing agents [33]. In the present study, PAH mixtures were found to induce the 
expression of the antioxidant enzyme systems. Jiffa et al. [34]have reported significant 
elevation in SOD and CAT activities in L. japonix exposed to benzo[a]pyrene. Palanikumar 
et al. [35] also reported increases in GST activity in fish exposed to benzo[a]pyrene. These 
findings are in concordance with the results obtained in the present study. 
 
5. CONCLUSION  
Joint mixtures of PAHs adversely affected the general health of C. gariepinus. There were 
observed alterations in the observed haematological, hepatic and oxidative stress parameters. 
These parameters could serve as bio-indicators of fish in challenging ecological situations. 
There is need to carry out further studies especially at the genetic level to study the real time 
effect of PAHs on gene expression.    
 
ETHICAL APPROVAL 
Animal ethics committee approval was obtained before the commencement of experiments. 
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