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AbstractEnvironmental contamination of PCBs may occur from the disposal of old electrical equipment containing PCBs. 

Their characteristic low solubility contributes to their ability to bioconcentrate which leads to bioaccumulation. This study 

evaluates mechanism underlying toxic damage to the liver induced by PCBs extracted from soil of three dumpsites. Oral 

administration of extracted PCBs and co-administration with vitamin C after two weeks the liver of each rat was isolated 

and homogenized for toxicological studies. It was found that administration of PCBs significantly (p<0.05) reduced activity 

of AST relative to Control, co-administration of vitamin C with PCBs significantly increased (p<0.05) liver AST compared 

with PCBs only but was still significantly lower (p<0.05) relative to Control. Groups 3 and 5 MDA is about 2 ½ and 2 folds 

respectively that of Control. GSH concentration of liver of rats in Groups 3-8 was significantly lower (p<0.05) relative to 

the Control. The present study has shown that PCBs induce toxic stress on the liver as evidenced by enzymes activities. 

Although the mechanism whereby PCBs induce toxic stress on the liver is not fully elucidated in this study, we have however 

shown that PCBs interferes with protein and carbohydrate metabolisms in the liver by loss of ALT and AST activity. 
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Introduction 

Chlorinated organic chemicals probably constitute half of the environmental organic pollutants problems worldwide. 

Polychlorinated biphenyls (PCBs) almost all come from anthropogenic origin (mostly from electronic and electrical waste, called 

e-waste, and recycling activity) and are one of the two chlorinated chemical classes that cause the most extensive environmental 

pollution. Since they are highly resistant to degradation, with very low solubility in water and being combined with soil organic 

matter, they remain in the soil for many years (USEPA, 2018). Furthermore, because they are lipophilic in nature, they are passed 

through the food chain and are bioaccumulated in organisms. Consequently, PCBs have great negative effects on plants and 

microorganisms; they harm the whole soil biosphere, finally threatening human health (Tang et al., 2010). Given the toxicity of 

PCBs, there is an urgent need to monitor their biological effects on the soil ecosystem.  

A polychlorinated biphenyl (PCB) is an organic chlorine compound with the formula C12H10−xClx. Polychlorinated biphenyls 

were once widely deployed as dielectric and coolant fluids in electrical apparatus, carbonless copy paper and in heat transfer fluids. 

Because of their longevity, PCBs are still widely in use, even though their manufacture has declined drastically since the 1960s, 

when a host of problems were identified. Because of PCBs' environmental toxicity and classification as a persistent organic 

pollutant, PCB production was banned by the United States Congress in 1979 and by the Stockholm Convention on Persistent 

Organic Pollutants in 2001 (EPA, 2016). The International Agency for Research on Cancer (IARC), rendered PCBs as definite 

carcinogens in humans. According to the U.S. Environmental Protection Agency (EPA), PCBs cause cancer in animals and are 

probable human carcinogens. Many rivers and buildings including schools, parks, and other sites are contaminated with PCBs, and 

there have been contaminations of food supplies with the substances. 

Polychlorinated biphenyls (PCBs) have low toxicity but are of public health concern because of their persistence in the environment, 

the bioaccumulation in human and animal tissues, and their potential for chronic or delayed toxicity. Although many question 

remain unanswered, it is clear that occupational exposure at a mninmum, can produce dermatological effect and liver dysnfunction 

(Lejis et al., 2018). The long half –life of PCBs and their presence in various human tissues leaves open the possibilities of 

substentials chronic and delayed effects analogous to those seen in animals. PCBs may have additional unpredictable long term 

health effecfts. These effects have only recently begun to be studied in rigorous manner and although the epidemiology evidence is 

neither complete nor entirely consistent, there can be no question of the neccessity to keep human exposure to the lowest fessible 

levels.   Few good epidemiologic studies of the health effects of PCB'S are available. Most studies reported in the literature have 

been characterized by one or more of the following shortcomings: (1) small study populations, (2) lack of accurate exposure data, 

(3) simultaneous exposure of workers to other potentially harmful chemicals and (4) lack of control for confounding variables, such 

as alcohol consumption. In spite of these problems, some health effects have been consistently reported in studies of workers 

occupationally exposed to PCB'S. In addition, a large-scale poisoning which resulted from ingestion of PCB-contaminated rice oil 

has been well documented and resulted in multiple signs and symptoms attributed to PCB'S (or contaminants such as 

polychlorinated dibenzofurans, or both). 
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The principal biochemical effect of PCB'S is the stimulation and induction of certain enzyme systems. Enzyme induction occurs in 

both the microsomal monoxygenase or cytochrome P-450 system and the aryl hydrocarbon hydroxylase or cytochrome P-448 

system, and it has been observed in both man and experimental animals. Induction is not restricted to the liver. It occurs in numerous 

other organs including kidney, adrenal, lung, gut, skin and testes. Enzyme induction has at least two implications for human health: 

the occurrence of disease secondary to the increased metabolism of endogenous or exogenous substances, and the interference with 

medical therapy due to increased metabolism of administered drugs.PCB's are more potent enzyme inducers than phenobarbital, a 

drug that occasionally causes clinical problems due to its enzyme-inducing effects. While the effects of phenobarbital decline after 

administration ceases, enzyme induction from PCB'S persists long after cessation of exposure Although hepatic porphyria has been 

observed in laboratory animals exposed to PCB'S, porphyria has been reported in humans with exposure to PCB'S. A number of 

reports implicate PCB'S as immunosuppressants in animals. Endocrine effects have also been observed including estrogenic (rat) 

and  antiandrogenic (birds) activity. The effect of PCB exposure on immune and endocrine system function has not been carefully 

studied in humans, so the relevance of these animal observations to human health remains unknown. There is one cross-sectional 

study of occupational exposure to PCB's which will include analysis of serum hormone levels and urinary metabolites, but results 

have not yet been published. 

Materials & Methods 

Sampling Area 

Three dumpsites located in Warri Delta State were chosen as the study area.  They are:  Niger Construction Company (Nigercat), 

Olutee Engineering International Limited and Delta Steel Company (DSC).  The following activities takes place in Olutee 

engineering international limited; engineering design and civil construction, intensive and integrated waste management and 

disposal services, environmental services, marine maintenance service and logistics and technical support services. It is located 

within longitude 5o47’ 56.497’E and latitude 5o29’ 31.403N along Udu Road in Warri (Fig. 2.1). Delta Steel Company (DSC) 

activities includes; construction of iron and steel, offering of iron rod. It is also located within longitude 5o46’ 11.546’E and 

latitude 5o28’ 40.537’N along Warri – Port Harcourt expressway (Fig. 2.1). While Niger Construction Company is located within 

longitude 5047’ 7.631’E and latitude 5o31’ 48.995 N and 5.60S along Enheren Road in Warri (Fig.2.1).  

 

                         

Figure 2.1. Showing map of sampling locations at Warri Metropolis (Nigercat, Olutee and DSC) 

Sample Collection 

Soil samples are collected according to the standard methods. Extractions of PCBs in soil were carried out as described below.  

All glass wears are washed and rinsed with distilled water, cleaned with acetone and dried in an oven at 100oC for 30 minutes.Soil 

samples (40 g) were measured into a 250 ml glass bottle, 80ml of cyclohexane/ethyl acetate mixture (1:1) were added, 10 g of 

sodium sulphate were also added as a deliquescent substance. The mixtures were placed in a rotator shaker at 200 rps for 30 mins. 

The mixtures were allowed to settle, and then 20 ml of the liquid were drawn using a disposable pipette into vials for GC analysis. 

The remaining liquids were used for toxicological studies. 

Experimental Rats and Treatment  

Thirty-two (32) Albino rats (Rattus novergicus) were obtained from the Animal Holding of the Department of Anatomy University 

of Benin, Benin-City, Nigeria and were allowed to acclimatized for fourteen (14) days prior to the commencement of the experiment. 
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The experimental animals were kept inside 8 plastic cages containing 4 animals each. The rats were classified into 8 groups as 

follows; 

 

Table 2.1: Animal Groups and Treatment 

GROUP TREATMENT PERIOD OF TREATMENT 

1 Water control only 2 weeks 

2 Ascorbic acid only 2 weeks 

3 Oluti Toxicant (PCBs) Once  

4 DSC Toxicant (PCBs) Once 

5 NigerCat Toxicant (PCBs) Once  

6 Oluti Toxicant (PCBs) + Ascobic Acid (Vit C) PCBs (once)+ Vit.C (2weeeks) 

7 DSC Toxicant (PCBs) + Ascobic acid (Vit C) PCBs (once)+ Vit.C (2weeeks) 

8 NigerCat Toxicant (PCBs)+Ascobic acid(Vit C) PCBs (once)+ Vit.C (2weeeks) 

Note: The ascorbic acid (Vit C) were administered to the rats already given the toxicant (PCBs) after 3 hours.  

Standard antioxidant: Ascorbic acid 

Doses of antioxidants: 400 mg/kg body weight 

Routes of administration: Antioxidants and toxicants were administered orally. 

Sources of Toxicant: PCBs extracted from soil 

 

The experimental rats were fed ad libitum with commercial rat chow throughout the experiment period. 

Statistical Analysis 

All numerical results were obtained from the three (6) groups (control and treated). Data obtained were presented as mean±SEM 

and subjected to statistical analysis using a one-way analysis of variance (ANOVA) by employing the method of Steel and Torrie 

(Steel & Torrie, 1960). Significant difference between the treatment means was determined at 95% confidence level using Duncan’s 

Multiple range test (Duncan, 1995).  

Results and Discussions 

Statistical Analysis of the Samples 

Specific activities of selected enzymes of liver of rats given oral administration of PCBs extracted from dump site soil are presented 

in Table 1. Administration of PCBs significantly (p<0.05) reduced activity of AST relative to Control, co-administration of vitamin 

C with PCBs significantly increased (p<0.05) liver AST compared with PCBs only but was still significantly lower (p<0.05) relative 

to Control. Activities of ALT, ALP, ACP, GGT and SOD also followed similar trend, however, activity of liver LDH and CAT of 

Group 4 (PCBs only) was found not to be significantly different (p>0.05) from that of Group 7 (co-administration of vitamin C).  

Figures 2 and 3 present the concentration of MDA and GSH respectively of liver of rats given oral administration of PCBs. 

Generally, level of MDA in the liver of Groups 3-8 was significantly higher (p<0.05) relative to the Control. Specifically, Groups 

3 and 5 MDA is about 2 ½ and 2 folds respectively that of Control. GSH concentration of liver of rats in Groups 3-8 was significantly 

lower (p<0.05) relative to the Control. Group 3 GSH was about 21% that of Control and about 50% of Group 6 (co-administration 

of vitamin C).  
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Figure 4: Growth response of rats given oral administration of PCBs extracted from dump sites 

 

Table 2: Specific activity (U/mg protein) of selected enzymes of the liver of rats given oral administration of PCBs extracted 

from dump sites 

Group of Rats AST ALT ALP ACP GGT LDH CAT SOD  

1 19.58±1.22a 12.34±0.78a 8.33±0.28a 156.11±6.24a 58.10±2.14a 10.40±0.95a 0.97±0.02a 1.84±0.22a 

2 20.10±1.20a 12.27±0.80a 8.24±0.31a 157.34±6.04a 58.20±1.88a 10.38±0.88a 0.97±0.03a 1.79±0.12 a 

3 14.20±0.75b 7.56±0.65b 3.48±0.22b 98.54±5.17b 27.92±1.69b 6.22±0.62b 0.55±0.01b 0.78±0.08b 

4 16.15±0.64c 9.04±0.54ce 5.33±0.24c 129.12±4.39c 38.42±1.24c 7.68±0.48cd 0.84±0.02c 1.14±0.07c 

5 14.68±0.69b 8.87±0.49d 4.16±0.19d 95.79±7.13b 32.46±1.90d 6.79±0.32b 0.67±0.03d 0.82±0.06bd 

6 16.25±0.47c 8.70±0.77d 5.00±0.18c 118.45±3.88d 33.15±2.12d 7.29±0.18 c 0.60±0.02e 0.89±0.02d 

7 17.36±0.58c 10.65±0.57e 7.11±0.25e 142.46±4,18e 47.58±2.10e 8.16±0.24d 0.87±0.04c 1.30±0.03e 

8 16.32±0.55c 9.00±0.44ce 5.75±0.20c 118.24±4.22d 38.48±1.60c 8.00±0.17d 0.72±0.03f 0.96±0.03f 

Each value represents mean ± SEM of two determinations of liver from four different animals. Values in the same column 

bearing different superscripts are significantly different (p<0.05). 
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Figure 4.1: Concentration of Liver MDA of rats given oral administration of PCBs extracted from dump sites 

 

 

 

 
Figure 4.2: Concentration of Liver GSH of rats given oral administration of PCBs extracted from dump sites 
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Discussion 

Polychlorinated biphenyls (PCBs) are considered as “persistent organic pollutants” that accumulate in organisms and magnify in 

the food chain. PCB bioaccumulation can lead to reduced infection fighting ability, increased rate of autoimmunity, cognitive 

problems, behavior-associated problems, and hypothyroidism (Crinnion, 2011). PCBs can cause liver injury, especially after chronic 

exposures. PCBs are metabolized by the cytochrome P450 microsomal system in the liver because the liver plays a central role in 

xenobiotic metabolism. PCBs exposure leaves the liver prone to xenobiotic-induced injury. However, the mechanism that leads to 

PCBs hepatotoxicity is not very clear. It has been generally accepted that PCBs is transformed by either oxidative or reductive 

pathways, depending on tissue oxygen concentrations (Venkataramen et al., 2007). Once PCBs enter into the biological system it 

is transformed into primary and secondary metabolites. These intermediary metabolites, responsible for the hepatotoxic effect of 

PCBs, may bind to cellular macromolecules and react with free amino groups of proteins; hence the macromolecules may lose their 

physiological functions (Teppems et al., 2002) or stimulate hepatocytes to produce more toxic metabolites (Durak et al., 1996). The 

intermediary metabolites produced during biotransformation of volatile compounds are held responsible for hepatotoxicity and the 

increase of serum activities of liver enzymes. They may cause cellular damage by covalent binding to cellular components such as 

enzymes, nucleic acids, and proteins or by any another mechanism. Damage of cellular components may play an important role in 

death of liver cells Fee et al., 1979; Teppema et al., 2002). The present study conducts standard assays for selected enzymes of the 

liver to detect physiological alterations, if any. Measurement of enzyme activities in tissues/organs had been proven to be a sensitive 

tool for early detection toxicological effect of xenobiotics (Adeyemi et al., 2016).  

Results from this study revealed significant reduction in activity of liver ALT and AST of rats given oral administration of PCBs 

and rats given co-administration with vitamin C relative to the Control. The changes in the activities of the amino transferases would 

often be reflected in nitrogen metabolism and interdependent biochemical reactions. AST, a key enzyme of nitrogen metabolism 

and energy mobilization in invertebrates, is often used as a biochemical indicator of stress (Shobha et al., 2001). In this case, it is 

our view loss of enzyme activity is probably due to leakage into the extracellular fluid due to liver injury induced by PCBs. This 

supposed liver injury may be as a result of toxic stress. The attendant loss of ALP and ACP activities in the liver of PCBs-treated 

rats lend credence to the earlier suggestion of liver injury. ALP is a membrane bound enzyme, ACP is localized in the lysosomes, 

and it is hydrolytic in nature. Liver-ALP is mobilized most rapidly into blood and its levels in serum may increase at early period 

of liver damage. 

Antioxidant enzymes are a primary defense system that protects biological macromolecules from oxidative damage. SOD, CAT 

and GPx are antioxidant enzymes that form part of the complex system that protects the liver from oxidative damage. SOD is a key 

antioxidant enzyme involved in the metabolism of oxygen free radicals (Enghild et al., 1999). Superoxide anion is dismutated by 

superoxide dismutases (SODs) to H2O2 that is catalyzed to H2O by catalase. Low levels of either intracellular or extracellular ROS 

(e.g., superoxide and H2O2) are indispensable in many biochemical processes, including intracellular signaling, defense against 

microorganisms, and cell function (Go & Jones, 2011; Lassegue & Griendling, 2010; Ushio, 2009). In contrast, high dose and/or 

inadequate removal of ROS, especially superoxide anion, results in oxidative stress. In this study activities of both Sod and CAT 

were significantly reduced in the liver of PCBs-treated rats, this reason we can adduce to this is that PCBs extracted from the soil 

of dumpsites perhaps, induce a condition of oxidative stress in the liver. Deficiencies in antioxidant enzymes may be related to the 

development of disease in the liver. 

It was also observed that GSH concentration of the liver was reduced markedly in PCBs-treated rats. GSH is a major non-enzymatic 

antioxidant that is effective in protecting cells against reactive oxygen products and toxins. A high concentration of GSH is present 

in most living cells, and GSH is involved in the responses to various stresses. The redox condition of cells is associated with their 

degree of protection by GSH in the reduced state (Penninckx, 2000). In our results, depletion of liver GSH suggests that oxidative 

damage is one of the mechanisms by which PCBs exert their toxicological effect on the liver. In support of this claim, MDA level 

in the liver was found to be significantly high in the liver of PCBs-treated rats. MDA is generated in vivo via peroxidation of 

polyunsaturated fatty acids. MDA interacts with proteins and is itself potentially atherogenic. MDA's reaction with lysine residues 

generates lysine–lysine cross-links (Uchida, 2000) which have been identified in apolipoprotein B (apoB) fractions of oxidized low 

density lipoprotein (OxLDL), and have been postulated to impair the interaction between OxLDL and macrophages and thereby to 

promote atherosclerosis (Slatter, 2000).  

 

Conclusion 

The liver, as the central clearing house, plays a key role in xenobiotics metabolism. The present study has shown that PCBs induce 

toxic stress on the liver as evidenced by enzymes activities. Although the mechanism whereby PCBs induce toxic stress on the liver 

is not fully elucidated in this study, we have however shown that PCBs interferes with protein and carbohydrate metabolisms in the 

liver by loss of ALT and AST activity which in turn subject liver lipids to peroxidation as detected by ALP activity leading to loss 

of membrane integrity and loss of ACP activity. Elevated MDA is another evidence of lipid peroxidation coupled with loss of 

enzymic and non-enzymic antioxidants.   
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