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Abstract 
A number of studies have shown that crude oil and related chemicals are harmful to the body. As a result of this, 

the means of mitigating these harmful effects needs to be investigated. Hence, this study was designed to 

investigate the ameliorative role of selenium as a potential antidote for crude oil induced toxicity. Forty male 

albino rats were disseminated into groups A and B. Animals in group A was fed with normal diet for one month 

while those in group B were fed with crude oil adulterated diet (COAD) for the same duration as those in group 

A. Six rats from each group was used to determine liver function enzyme activity, so as to establish the 

hepatotoxicity of crude oil adulterated diet on the liver of the exposed animals. Thereafter, rats in group B were 

allocated into three groups (B1, B2 and B3) of six rats each. All the rats were then given normal diets except 

those in group B2 and B3 whose diets were supplemented with sodium selenite of 0.5μg Se/g diet and 1.0μg Se/g 

diet respectively. The rats were exposed to these diet and water for three months. At the end of this period, 

inflammatory markers parameters (erythrocyte sedimentation rate, C-reactive protein, ceruloplasmin and 

creatinine), antioxidants enzymes (superoxide dismutase (SOD), Catalase, MnSOD, Cu/ZnSOD), lipid 

peroxidation, lipid profile markers and liver function enzymes were estimated. The results indicated that 

treatment of diet with selenium modulated the crude oil-induced inflammation. It is of note therefore, that 

selenium has a promising role and it is worth being considered as a potent remedy against crude oil-induced 

biochemical toxicity. 
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Introduction 
Crude oil, sometimes called petroleum is the un-

processed naturally occurring oil found beneath the 

earth crust. (Igwe et al., 2017). The main 

constituents of crude oil are saturates (including 

waxes), aromatics, resins and asphaltenes. 

Saturates are alkanes also known as aliphaticsor the 

cyclic saturates called alicyclics. (Narveet al., 

2001). 

Crude oil was discovered in Nigeria in 1956 and 

the activities involved in its extraction, processing 

and uses have led to the release of crude oil, its 

refined products and their chemical constituents 

such as aliphatic and polycyclic aromatic 

hydrocarbons into the environment (Otitoju and 

Onwurah, 2007; Ovuru and Ekweozor, 2004; 

Medubari and Elijah, 2014).Crude oil spill is a 

major source of environmental pollution by 

petroleum which constitutes danger to both aquatic 

and terrestrial animals (Medubari and Elijah, 

2014).  

Petroleum hydrocarbons get into animals through 

various forms. The ingestion of crude oil or its 

byproducts are some of the ways animals are 

exposed to petroleum hydrocarbon toxicity 

(Achuba and Awhin, 2009; Okpoghono et al., 

2018a). Petroleum has been associated with 

induction oxidative stress (Achuba, 2010). 

Akpofure et al. (2000) reported that acute exposure 

to crude oil either through breathing or ingestion 

usually causes difficulty in breathing, confusion, 

nausea, headaches and other central nervous system 

effects. Also, Jude et al. (2014), suggested that 

crude oil exposure even in low concentration has 

the potential to affect haematological, biochemical 

parameters and can result in renal diseases. 

The toxicity of myriads of hydrocarbons to living 

organisms has been attributed to its complex 

chemical composition (Okpoghono et al., 

2018b).When crude oil enters the environments, it 

undergoes both physical and chemical  

transformations as well as microbial degradation to 

form  more harmful substances (Bhatia, 2001). 

Zakrzewski (2002), reported that these products 

contains carcinogenic compounds that affect 

humans and animals living in crude oil polluted 

environments. The effect of crude oil toxicity can 

easily be manifested on various organs like the 

skin, lungs, liver and kidney (Okoye et al., 

2014;Itaet al., 2014). Most crude oil compounds 

are lipophilic (quality of dissolving in lipids) in 

nature and have the ability to exert biochemical, 

physiological and cellular damages in animals 
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(Orisakwe et al., 2004;Braide et al., 2011). Also, 

Otaigbe and Adesina (2005) reported that direct 

exposure to crude oil lead to burning sensation, 

irritation, erythema (abnormal redness and 

inflammation of the skin), followed by formation 

of vesicles, blisters and extensive epidermolysis 

(connective tissue disease). 

A variety of plants and inorganic products have 

been used to reduce and manage the clinical 

implication of crude oil in experimental animals 

and polluted environments. One technique used to 

recover polluted area is Bioremediation which has 

a very high efficiency rate and low cost (Bidoia et 

al., 2010). This technique is an eco-friendly 

procedure that utilizes naturally occurring 

microorganisms which transform toxic substances 

to non-toxic compounds and its being used for the 

treatment of soil and ground water contamination. 

(Milic et al., 2009).Achuba and Otuya (2006) and 

Uboh et al (2009) reported the prevention of the 

toxic effect of hydrocarbons by vitamins.Similarly, 

different plant- derived substances and beef live 

rreduced hepatotoxicity and haematoxicity of diesel 

(Ujowundu et al, 2012; Achuba and Ogwumu, 

2014a). Furthermore, the architectural integrity of 

the hepatic and renal cells of rats was preserved by 

palm oil treatment of diesel-tainted diet (Achuba 

and Ogwumu, 2014b). Similarly, Achuba and 

Nwokogba (2015), reported the protective ability of 

natural honey on hydrocarbon- induced 

biochemical indices. Recently, Ita et al, (2016) 

reported also the protection of Vitamins C and E 

ameliorated crude oil-induced immune function 

interference. 

With the use of plants and their products to manage 

crude oil toxicity, researchers are now shifting their 

attention to mineral metals. One of such minerals 

with a myriad of health giving properties is 

Selenium (Se). 

Since its discovery in 1818 by Jacob Berzelius, the 

importance of selenium cannot be over-

emphasized. Selenium is an essential naturally 

occurring trace element that is used for a wide 

variety of biological processes in mammals. 

(Schomburg et al., 2004). When selenium is 

incorporated with proteins, selenoproteins are 

formed which actas antioxidant enzymes that help 

to prevent cellular damage from free radicals and 

the development of chronic diseases such as cancer 

and heart disease. (Combs and Gray, 1998). So far, 

twenty five (25) selenoproteins has been identified 

in humans (Papp et al., 2007) and the families of 

glutathione peroxidases (GPxs) and 

thioredoxinreductases (TrxRs) are the ones that 

participate in antioxidant defence. (Kryukovet al., 

2003). Selenium has also been shown to prevent 

cisplatin hepatotoxicity in mice (Liao et al., 2008). 

Jihen et al, (2008), reported that selenium has a 

cooperative effect in the protection against 

cadmium-induced structural damage in liver of rat. 

Also, in a study conducted by Davis et al, (2012), 

they showed that different selenoproteins are 

involved in the prevention against cancer. Meta-

analytic studies of the literature showed that 

selenium deficiency was a cancer promoting factor. 

Furthermore, in a report by Saricaoglu et al, 

(2005), it was observed that selenium plays an 

important role in the treatment of inorganic 

mercury intoxication. 

The main route for selenium intake into the body is 

via food (Rayman, 2008), although the amount of 

selenium varies according to food type. Foods like 

cereal, meat, eggs, and milk/dairy products have 

been shown to contain significant amounts of 

selenium (Rayman, 2008). 

 

Studies on the pathology of crude oil on exposed 

animals and the search for ameliorating agent 

against its toxicity are on-going. However, no 

research has been carried out to investigate the 

ability of Selenium to mitigate the clinical 

consequences of crude oil on exposed animals. 

Therefore, this study will be carried out to 

determine the possible ameliorative effect of 

Selenium against crude oil induced toxicity in 

experimental rats. 

 

Materials and Methods 
Materials 

Crude oil was obtained from the Department of 

Petroleum Resources, Port Harcourt, Nigeria.  High 

quality analytical grade chemicals were used. 

 

Experimental Animals 

The rats used for this investigation were fifty male 

albino Wistar rats. The rats were got from Animal 

House of Faculty of Basic Medical Sciences, Delta 

State,University, Abraka, Nigeria. The rats 

weighed between 165 g and 170 gand 

wereacclimatized on grower’s mash and 

experimental conditions for seven days in clean 

plastic cages.  

 

Treatment of Animals 

The fifty male albino Wistar rats were at first 

divided into two groups (A and B) of fifteen and 

thirty five rats, respectively. Rats in group A was 

fed with normal diet for one month while those in 

group B was fed with crude oil adulterated diet 

(COAD) at a concentration of 4ml/100g  of feed for 

the same duration as those in group A.Thereafter, 

six rats from each group were used to determine 

liver function enzymes activity, so as to establish 

the clinical implication of crude oil adulterated diet 

on the animals. After the preliminary study, rats in 

group B were further divided into three groups of 

six rats each (B1, B2 and B3). All the rats were 

then given normal diets except those in group B2 

and B3 whose diets were supplemented with 

sodium selenite of 0.5μgSe/gdiet and 
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1.0μgSe/gdiet, respectively. The rats had water 

adlibitum and these diets for three months. 

 

Collection of Blood Samples 

After three months of treatment, the rats were 

sacrificed after being anaesthetized with 

chloroform and blood collected by cardiac puncture 

into containers. Blood sample (10ml) was taken 

into plain sample bottles and left to stand for 

2hours to allow for clotting. The clotted blood was 

centrifuged at 4000rpm for 10 minutes and the 

serum collected with Pasteur pipette into sample 

bottles. The collected serum was preserved at 

−20˚C until needed for assay. 

 

Determination of Haematological and 

Biochemical Indices 

ESR was estimated using the method of 

Westegren(1957) and the latex agglutination 

method was used to estimate serum C-reactive 

protein (C-RP) levels (Singer, 1957). 

Ceruloplasmin concentration was estimated 

according to Sunderman and Nomoto (1970) 

method while creatinine concentration was 

estimated according to the method of Lustgarten 

and Wenk (1972). The activities of liver function 

enzymes(AST and ALT) and lipid profiles were 

determined using standard kits (Randox, UK). A 

breakdown product of lipid peroxidation 

thiobarbituric acid reactive substance (TBARS) 

was measured in the tissue homogenates according 

to Gutteridge and Wilkins (1982). The activity of 

superoxide dismutases were estimated according to 

Misra and Fredorich (1972) and Crapo et al (1978). 

Catalase activity was estimated by Cohen et al., 

(1970) method. 

Results  
The result shows that there was no significant 

(p<0.05) difference in the feeds consumed by rats 

in all groups (Table 1). The ingestion of selenium 

enriched diet improved crude oil tainted diet 

stimulated weight loss significantly (p<0.05); with 

a more increase noticeable in group fed with 1.0µg 

Se (Fig 1).Levels of serum transferases that rose 

due to crude oil diet consumption decreased close 

to control value on treatment with selenium, with a 

more significant difference noticed in the group 

treated with 0.5µ/g Se (Fig 2). In a similar vein, 

intake of crude oil adulterated diet culminated in 

negative alteration of lipid panel comparable to the 

control group. Treatment with selenium 

significantly (p<0.05) change these values close to 

control, with more effect noticed in group treated 

with 0.5µg Se (Fig 3). Also, elevated levels of ESR, 

C-RP and creatinine in group fed with crude oil 

adulterated diet was mitigated by selenium (Fig 4). 

Treatment of diet with selenium significantly 

(p<0.05) decreased ceruloplasmin close to control 

value(Fig 5).  Serum antioxidant enzymes activities 

were decreased by intake of crude oil when 

compared to control values. Treatment with 

selenium however, significantly (p<0.05) increase, 

even more than control values (Fig 6). Figure 7 

showed a significant (p<0.05) decrease in lipid 

peroxidation on feeding the rats with feed enriched 

with selenium. 

Table 1: Feed intake (100g/week) of experimental rats. 

 

Parameter Control COD COD + 0.5µg Se COD + 1.0µg Se 
Feed 233±12.0a 201±49.8b 227±2.94a 228±4.39a 

 

Results are expressed as mean ± SD with n=6. All values sharing similar alphabetical superscripts indicates a 

non-significant difference at p<0.05. 

 

 
 

Figure 1: Body weight and weight gain of experimental 

rats at end of exposure period. Bars represent mean 

values of groups, with n =6. Different superscript 

indicates significant at p<0.05. 

 
 

Figure 2: Effect of selenium treated diet on AST and 

ALT Activities of rats exposed to crude oil. Bars 

represent mean values of groups, with n = 6. Different 

superscript indicates significant at p<0.05 
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Figure 3: Effect of selenium treated diet on lipid 

profile markers of rats exposed to crude oil. Bars 

represent mean values of groups, with n = 6. 

Different superscript indicates significant at 

p<0.05. 

 

 

 

 
 

Figure 5: Activity of selenium on ceruloplasmin 

level on rats exposed to crude oil. Bars represent 

mean values of groups, with n = 6. Different 

superscript indicates significant at p<0.05. 

 

 

 

 

 

 
 

Figure 4: Effect of selenium on some inflammatory  

markers of rats exposed to crude oil. Bars represent 

mean values, with n =6.Different superscript 

indicates significant at p<0.05. 

 

 

 

 
 

Figure 6: Effect of selenium on lipid peroxidation 

levels of rats exposed to crude oil. Bars represent 

mean values with n = 6. Different superscript 

indicates significant at p<0.05. 
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Figure 7: Effect of selenium on some antioxidant 

enzymes in serum of rats exposed to crude oil. Bars 

represent mean values, with n = 6. Different 

superscript indicates significant at p<0.05 

 

 

Discussion  
Hydrocarbon adulterated diet is linked with a 

variety of pathophysiological imports in animals 

(Achuba, 2018). This informs the search for 

potential antidote for petroleum toxicity on animals 

and man. In this study, it is obvious that selenium 

supplementation of diet did not affect the feed 

intake (Table 1). This is indicated by the non-

significant difference among all the treated groups. 

However, the weight gain of rats previously 

exposed to petroleum contaminated diet when 

compared to rats fed with normal diet was brought 

close to control values by selenium 

supplementation of diet (Fig. 1). This implies that 

supplementation of diet with selenium improved 

the health status of petroleum exposed animals. 

Previous report indicated that weight gain is a 

measure of health status of an animal (Fadairo and 

Otite-Douglas 2015; Ezedom and Asagba, 2016). 

Also, supplementation of diet with selenium 

improved crude oil induced liver damage (Fig. 2). 

This is evidenced by the restoration of liver 

enzyme activities close to the values in control rats. 

This observation is no surprise because crude oil 

mediates in free radical generation (Achuba and 

Osakwe. 2003; Nwaogu and Onyeze, 2014). In the 

same vein, the antioxidative potency of substances 

against crude oil toxicity is severally reported 

(Achuba and Otuya, 2006; Achuba and Ahwin, 

2009; Uboh et al., 2009; Ita et al., 2016).This may 

be the reason why selenium supplementation of 

diet attenuated crude oil induced liver damage. 

Consumption of crude oil adulterated diet altered 

the lipid panel of rats (Fig. 3).  The observed 

increase in total cholesterol, triglycerides, LDL 

cholesterol and decrease in HDL cholesterol values 

shows an import of injury or damage to cell 

membrane or loss effectiveness and integrity in 

regulating lipid metabolism (Uboh et al., 2005; 

Ogara et al., 2016). However, treatment with 

selenium supplemented diet modulated these values 

close to control values (Fig. 3). This is in line with 

Imen et al., (2017), which reported that selenium 

acts as an antioxidant and inhibits the oxidative 

processes of lipids and lipoproteins in cell 

membranes. 

Erythrocyte sedimentation rate, C-reactive protein, 

ceruloplamine and creatinine have been reported as 

a measure of inflammation in animals (Guha et al., 

2014). That selenium exhibited health promoting 

features is expressed in the positive alterations of 

petroleum-induced measures of inflammatory 

markers (Fig. 4). Petroleum hydrocarbon 

stimulated increase in some of these markers of 

inflammation has been documented (Achuba and 

Ogwumu, 2014a; Ita et al., 2014). Similarly, like 

selenium, vitamins C and E as well as honey have 

been reported to reverse these inflammatory 

markers in hydrocarbon intoxicated rats (Ita et al., 

2014). The anti- inflammatory disposition of 

selenium is no surprise since one of the 

mechanisms behind the clinical implication of 

petroleum hydrocarbon is the induction of free 

radicals (Achuba, 2010), which is quenched by the 

antioxidant potentials of selenium.  

The relationship between lipid peroxidation, 

enzymatic antioxidants and disease progression has 

been documented (Pham-huy et al., 2008).like the 

alteration in lipid panel, crude oil intake culminated 

in enhanced lipid peroxidation (Fig.6) and  

decreased antioxidant enzymes 

activities(Fig.7).This is an indication of oxidative 

stress or damage which is in agreement with 

previous studies (Achuba, 2010). Oxidative stress 

has been reported to play a crucial role in cardiac 

and vascular abnormalities in different types of 

cardiovascular diseases (Haidara et al., 2006).  

However, supplementation of diet with selenium 

decreased serum lipid peroxidation product (MDA) 

(Fig. 6) as well as increased the activities of 

antioxidant enzymes (total SOD, catalase, MnSOD 

and Cu/ZnSOD) (Fig. 7). This is in line with 

previous studies which recognized selenium as a 

trace element of great importance for human health 

which protects the cells from the harmful effects of 

free radicals attack (Danesi, et al ., 2006; El-

Demerdash, 2004). 

This work shows that crude oil negatively affect 

the physiological as well as biochemical status of 

rats and also the ability of selenium to reverse these 

negative alterations due to its antioxidant and anti-

inflammatory abilities. This study has thus 
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demonstrated that crude oil induced 

inflammation/oxidative stress can be mitigated by 

selenium treated diet. 

This study has established that selenium can protect 

against crude oil induced biochemical 

toxicity/inflammation as clearly evident by its role 

in reversing these biochemical alterations to near 

control values. The ability of selenium to reverse 

these alterations is clearly as a result of its 

antioxidants and anti-inflammatory ability. It is of 

note therefore, that selenium has a promising role 

and it is worth being considered as a potent remedy 

against crude oil-induced biochemical toxicity. 

 

References 
Achuba FI and Otuya EO (2006). Protective 

influence of vitamins against petroleum induced 

free radical toxicity in rabbit.The 

Environmentalist26 (4): 295–300. 

 

Achuba FI (2010). Spent Engine Oil mediated 

oxidative stress in cowpea (Vigna unguiculata) 

seedlings. Electr J.  Environ. Food Agric Chem 9: 

910-917. 

 

Achuba FI and Ahwin PE (2009). Protective 

influence of antioxidant vitamins on 

haematological indices of rabbits fed crude-oil 

contaminated diet. Toxicol Environ Chem 9(3):505 

— 510 

Achuba FI and Nwakogba CC (2015).Effects of 

honey supplementation on hydrocarbon-induced 

kidney and liver damage in Wistar Albino rats.  

Biokemistri.27(1):50-55. 

 

Achuba FI and Ogwumu MD (2014a).Effect of 

palm oil and beef liver on diesel-induced 

haematotoxicity in Wistar albino rats. 

Biokemistri.26: 120–123.  

 

Achuba FI and Ogwumu MD (2014b). Possible 

protective role of palm oil and beef liver on the 

kidney and liver of Wistar albino rats fed diesel 

contaminated diet. Biokemistri 26 (4) 124–129. 

 

Achuba FI and Osakwe SA (2003). Petroleum-

induced free radical toxicity in African catfish 

(Clariasgariepinus). Fish Physiol. and Biochem.29: 

97–103. 

 

Achuba FI and Otuya EO (2006).Protective 

influence of vitamins against petroleum-induced 

free radical toxicity in rabbit.The Environmentalist, 

26, 295-300. 

 

Akpofure EA, Efere ML and Ayawei P (2000). The 

adverse effect of crude oil spills in the Niger Delta; 

Urhobo Historical Soc. J. 10:10-14. 

 

Bhatia SC. (2001). Environmental pollution and 

control in chemical process industries. Khanna 

Publisher, Delhi (2nd ed.) pp 644-651. 

 

Bidoia ED, Montagnolli RN and Lopes PR (2010). 

Microbial biodegradation potential of hydrocarbons 

evaluated by colorimetric technique: A case study. 

In: Current research, technology and education 

topics in applied microbiology and microbial 

biotechnology Biometrics 2:1277-1288. 

 

Braide AS, Adegoke OA, and Bamigbowu  EO 

(2011). Effect of cassava based diet on hepatic 

proteins in albino rats fed with crude oil 

contaminated diet. J. Appl. Sci.  Environ. Mgt.15 

(1): 223-229. 

 

Combs GF and Gray WP (1998). Chemopreventive 

Agents: Selenium. Pharm Therapeut 79: 179-192. 

 

Cohen G, Dembiec D and Marcus J (1970). 

Measurement of catalase activity in tissue extract. 

Ann. Biochem. 34:30-38. 

 

Crapo, JD, McCord JM.and  Fridovich I (1978). 

Preparation and assay of superoxide 

dismutases.Meth.Enzymol. 53: 382-393. 

 

Danesi F, Malaguti M, Nunzio MD, Maranesi M, 

Biagi PL and Bordoni A (2006).Counteraction of 

adriamycin-induced oxidative damage in rat heart 

by selenium dietary supplementation.J. Agric. Food 

Chem. 54:1203-8. 

 

Davis CD, Tsuji, PA and Milner JA 

(2012).Selenoproteins and cancer prevention. 

Annu. Rev. Nutr. 32: 73–95. 

 

El-Demerdash FM (2004). Antioxidant effect of 

vitamin E and selenium on lipid peroxidation, 

enzyme activities and biochemical parameters in 

rats exposed to aluminium. J. Trace. Elem. Med. 

Biol. 18:113-21. 

 

Ezedom T and Asagba SO (2016). Effect of a 

controlled food-chain mediated exposure to 

cadmium and arsenic on oxidative enzymes in the 

tissues of rats. Toxicol Reports (3): 708–715. 

 

Fadairo AE and Otite-Douglas MI (2015). Effect of 

H.sabdariffa extract on crude oil linked 

biochemical alterations in rabbit (Oryctalagus 

cuniculus). Biosci.Biotech.Res. Asia 12 (2):1095-

1103 

 

Guha N, Warnakulasuriya S, Vlaanderen J and 

Straif K (2014). Betel quid chewing and the risk of 

oral and oropharyngeal cancers: a meta-analysis 

with implications for cancer control. Int. J. Cancer 

135(6): 1433-43. 



Achuba and Obaremi, Nig. Journ. Pharm. Bio. Res., December, 2018. Vol. 3 No. 3, P.209-216 Effect of Selenium Fortified Diet on Iinflammatory Markers in Wistar Albino Rats 

215 | F u l l  L e n g t h  A r t i c l e  
 

 

Gutteridge JMC and Wilkins C (1982). Copper 

dependent hydroxyl radical damage to ascorbic 

acid. Formation of thiobarbituric acid reactive 

products. FEBS Lett. 137:327-340. 

 

Haidara MA, Yassin HZ, Rateb M, Ammar H and 

Zorkani MA (2006). Role of oxidative stress in 

development of cardiovascular complications in 

diabetes mellitus.Curr.Vasc. Pharmacol.4:215-27. 

 

Igwe FU, Dokubo A and Ukpala CP (2017). 

Overview of crude oil toxicity: A potential health 

and environmental hazard in the Niger Delta. Nig. 

J. of Oil and Gas Tech.2:2-6. 

 

Imen G, Awatef E, Mariem C, Kamel J and Najiba 

Z (2017). Protective effect of selenium against 

aluminium chloride induced cardiotoxicity in rats. 

Pharmaceut. Biomed. Res. 3(2): 19-25. 

 

Ita SO, Aluko EO, Olubobokun TH, Okun UA, 

Antai E and Osim E (2014). The relationship 

between Nigerian bonny light crude oil – induced 

hypoglycemia and endogenous serum insulin 

concentration in male Wistar rats: The role of 

antioxidants vitamins E and C. Am. J. Mol. Biol. 

4(2): 1-8. 

 

Ita SO, Udokang NE, Akpanyung EO, 

Akpoezoukumo SR and Michael US (2016). 

Evaluation of some inflammatory biomarkers in 

male albino Wistar rats following ingestion of 

crude oil and the role of bee honey, vitamins C and 

E. Modern Res. Inflamm. 05(03): 55- 62. 

 

Jihen EH, Imed M, Fatima H, and Abdelhamid M 

(2008).Protective effects of selenium (Se) and zinc 

(Zn) on cadmium (Cd) toxicity in the liver and 

kidney of the rat: Histology and Cd accumulation. 

Food Chem. Toxicol. 46(11):3522–7. 

 

Kryukov GV, Castellano S, Novoselov SV, 

Lobanov AV, Zehtab, O, Guigo, R and Gladyshev 

VN (2003). Characterization of mammalian 

selenoproteomes. Science. 300: 1439–1443. 

Liao Y, Lu X, Lu C, Li K, Jin Y, and Tang 

H(2008). Selection of agents for prevention of 

cisplatin-induced hepatotoxicity. Pharmacol Res. 

57(2):125–31. 

 

Jude OO, Anthony AN, Chizoba OO (2014). 

Biochemical, haematological and histological 

effects following crude oil ingestion by Chinchilla 

rabbits. Int. J. Medicine and Med. Sci. 6(2):63-68. 

 

Lustgarten, JA and Wenk RE (1972). Simple, 

rapid, kinetic method for serum creatinine 

measurement.Clin. Chem.18(11): 1419-22. 

 

Medubari BN and Elijah IO (2014) The effects of 

crude oil contaminated forage on breeding behavior 

and reproductive performance of female rabbits. 

Int. J. of Plant, Animal and Environ. Sci. 6: 462–

472. 

 

Milic J, Vladimir PB, Mila Iand Vrvic MM (2009). 

Bioremediation of soil heavily contaminated with 

crude oil and its products: composition of the 

microbial consortium. J. Serbian Chem. Soc.74 (4): 

455–460 

 

Misra HP and Fridovich, I. (1972).The role of 

superoxide ion in the auto-oxidation of epinephrine 

and a simple assay for superoxide dismutase.J. 

Biol. Chem. 247; 3170-3175. 

 

Narve, A, Harald, K. and Johan, S. 

(2001).Determination of saturate, aromatic, resin 

and asphaltenic (SARA) components in crude oils 

by means of infared and near-infared 

spectroscopy.Energy and Fuels.5(5):1304-1312. 

 

Nwaogu LA and Onyeze GOC. (2014).Effect of 

chronic exposure to petroleum hydrocarbon 

pollution on oxidative stress parameters and 

histology of liver tissues of native fowl (Gallus 

domesticus).Int. J. Biochem. Res. Rev. (4): 223-

228. 

 

Ogara AL, Joshua PE, Omeje OK and Ikechukwu 

NE (2016). Effects of ingested crude oil 

contaminated diets on antioxidant enzyme and lipid 

profile in Wistar albino rat. J. Appl. Sci. Environ. 

Mgt. 20(4): 927-932. 

 

Okoye JO, Ngokere AJ, Ogenyi SI and 

Onyemelukwe AO (2014). Histopathological and 

hormonal disrupting effects of escravos crude oil 

on the ovary of Chinchilla rabbits. J. Toxicol. 

Environ. Health Sci. 6(2): 31-37. 

 

Okpoghono J, George, BO and Achuba FI (2018a). 

Assessment of antioxidant indices after 

incorporating crude oil contaminated catfish and 

African nutmeg (Monodora  myrstica) extracts into 

rat diet. J. Appl. Sci. Environ. Mgt. 22 (2) :197 – 

202 

 

Okpoghono J, Achuba FI and George B.O. 

(2018b). Protective effect of Monodora myristica 

extracts on crude petroleum oil contaminated 

catfish (Clarias gariepinus) diet in rats. Int. J. Vet. 

Sci. Med. 6(1): 117 – 122. Https: 

//doi.org/10.1016/j.ijvsm.2018.03.006  

 

Orisakwe E, Njan AA, Afonne OJ, Akumka DD, 

Orish VN and Udemezue, OO (2004).Investigation 

into the nephrotoxicity of Nigeria bonny light crude 



Achuba and Obaremi, Nig. Journ. Pharm. Bio. Res., December, 2018. Vol. 3 No. 3, P.209-216 Effect of Selenium Fortified Diet on Iinflammatory Markers in Wistar Albino Rats 

216 | F u l l  L e n g t h  A r t i c l e  
 

oil in albino rats.Int. J. Environ. Res. Public Health. 

1: 106-110. 

 

Otiagbe BE and  Adesina AF (2005). Crude oil 

poisoning in a 2 year old Nigerian –A case report. 

Annil Aggrawal's  Internet J. Foren Med Toxicol. 6 

(2). 

 

Otitoju O and Onwurah INE (2007). Preliminary 

investigation into the possible endocrine disrupting 

activity of Bonny light crude oil contaminated diet 

on Wistar rats. Biokemistri 19(2):23-28. 

 

Ovuru SS and Ekweozor IKE (2004) 

.Haematological changes associated with crude oil 

ingestion in experimental rabbits. Afr. J. 

Biotechnol. 3(6):346-348. 

 

Papp LV, Lu J, Holmgren A and Khanna KK 

(2007). From selenium to selenoproteins: synthesis, 

identity, and their role in human health. Antioxid. 

Redox Signal   9:775–806. 

 

Pham-Huy LA, Hua H and Pham-Huy C 

(2008).Free radicals, antioxidants in disease and 

health. Int J Biomed Sci.4(2):89-96. 

 

Rayman MP (2008). Food-chain selenium and 

human health: emphasis on intake. Br. J. Nutr.100: 

254–268. 

 

Saricaoglu  F, Dal D, Salman AE, Atay AO, Doral 

A, Salman MA, Kilinc K, Aypar U (2005).Effect of 

low-dose N-acetyl-cysteine infusion on tourniquet-

induced ischaemia-reperfusion injury in 

arthroscopic knee surgery.Acta Anaesthesiol. 

Scand. 49:847–51. 

 

Schomburg L, Schweizer U and  Khrle J (2004).  

Selenium and selenoproteins in mammals: 

extraordinary, essential, enigmatic. Cell Mol. Life 

Sci. 61:1988–1995. 

 

Singer JM, Plotz CM, Pader E and Elster SK 

(1957).The latex-fixation test. III. Agglutination 

test for C-reactive protein and comparison with the 

capillary precipitin method. Am. J. Clin. 

Pathol.28:611-617. 

 

Sunderman FW and Nomoto S (1970). 

Measurement of human serum ceruloplasmin by its 

p-phenylenediamine oxidase activity .Clin. 

Chem.16(11):903-10.  

 

Uboh FE, Akpanabiatu MI, Ndem JI, Alozie Y and 

Ebong PE (2009). Comparative effect associated 

with exposure to diesel and gasoline vapours in 

rats. J. Toxicol. Environ. Health Sci 1:68-74. 

 

Uboh FE, Akpanibiatu MI, Eyong PE and Eka OO 

(2005). Evaluation of toxicological implications of 

inhalation exposure to kerosene fumes and petrol 

fumes in rats. Acta. Biol. Szeged. 49(3-4); 19-22. 

 

Ujowundu CO, Kalu FN, Igwe CU, Agha NC and 

Igwe  KO (2012). Biochemical studies on the 

amelioration of petroleum product intoxication 

with indigenous plants. Int. J. Biochem. Res. Rev. 

2: 87–97. 

 

Westergren, A. (1957). Diagnostic test: the 

erythrocyte sedimentation rate range and limitation 

of the technique. Triangle. 3(1): 20-5. 

 

Zakrzewski, S. F. (2002). Environmental 

Toxicology, Oxford. Oxford University Press 

(3rded). Pp 334. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


