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ABSTRACT 
Hydrocarbon toxicity resulting from the disruption of homeostasis caused by exposure to hydrocarbon 
pollutants is a significant obstacle that could impede the expression of the full genetic potentials of 
chicken breeds in the Niger Delta. Depending on the population, the mechanism and severity of 
toxicity may vary with the level of expression of certain genes modulated by xenobiotics. This study 
investigated breed effects on expression of aryl hydrocarbon receptor (AhR), cytochrome p450 
(CYP1A1) and interleukins (IL2) in chickens. For the investigation, two breeds of chicken: (Nigerian 
native chickens and commercial line broiler chickens) raised under extensive system by rural 
smallholder farmers in Okrika and Nsukka Local government Areas, Rivers and Enugu States, Nigeria 
were utilized. Liver tissue was excised from individual bird (27 birds per breed) for RNA extraction 
and gene expression studies. Results revealed that there was significant breed effect in the response of 
chickens in Okrika where the expression of AhR, CYP1A1 and IL-2 genes was upregulated in the 
native chickens (p<0.05). Such disparities were not observed in chickens reared in Nsukka. This could 
be an indication of increased metabolism and detoxification of hydrocarbon pollutants in the native 
chicken particularly in hydrocarbon polluted environment. We therefore propose studies on AhR, 
CYP1A1 and IL-2 as molecular markers for evaluating hydrocarbon toxicity in chickens and possible 
selection for genetic improvement.  
Keywords: aryl hydrocarbon receptor, cytochrome p450, chickens, interleukins, hydrocarbon 
pollution, oxidative stress biomarkers 

 
INTRODUCTION 
Environmental pollution from oil spillage, natural gas flaring and organic pollutants is ubiquitous in 
the Niger Delta region of Nigeria due to crude oil exploration (Chukwumati and Asiegbu, 2023). 
Hydrocarbon toxicity poses a great threat not only to the mangrove and aquatic ecosystem in this 
region but also to the livestock sector especially the fowl which contributes essentially to the 
socioeconomic status of the rural households. The major breeds commonly reared are the Nigerian 
native (indigenous) chickens, and broiler chickens. These birds are exposed to hydrocarbon pollutants 
through ingestion of contaminated food products/water and inhalation of gaseous pollutants. 
Existence of disparity in the mechanism and level of tolerance to hydrocarbon fragments among 
species was highlighted by Karchner et al. (2006) and Bianchini and Morrissey (2020). We, therefore, 
hypothesize that possible variations in hydrocarbon toxicity tolerance levels in these chicken breeds 
could influence their well-being and productivity. Meanwhile, there appears to be a paucity of 
information on the role of gene modulated by xenobiotics, such as hydrocarbon pollutants, in poultry. 
These receptors associate environmental chemical stimuli with immune response, cellular homeostasis 
or adaptive response (Esser, 2012). Modulation of the immune system of chickens was reported by 
Wlaźlak et al. (2023) to be a vital factor in poultry production. Thus, improving adaptability to 
hydrocarbon tolerance to enhance productivity and well-being of these birds is critical (Oleforuh-
Okoleh et al., 2023).  In the present study we investigated three receptors, aryl hydrocarbon receptor 
(AhR), cytochrome p450 (CYP1A1) and interleukins (IL2) in chickens reared in Nsukka and Okrika 
Local Government Areas in Rivers and Enugu states of Nigeria. crude oil-polluted communities. 
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MATERIALS AND METHODS 
The study was conducted on Nigerian native chickens (light ecotype according to the classification of 
Momoh et al., 2008) and broiler chickens (mixed strains) reared in Okrika and Nsukka Local 
Government Areas of Rivers and Enugu States, Nigeria, respectively. Okrika hosts many 
petrochemical activities than Nsukka. Nsukka was considered as the control group. The chickens used 
for the study were raised under extensive system of management, and were obtained from rural 
smallholder farmers. The chickens were humanely sacrificed and about 350mg of liver tissue excised 
from individual bird (54 birds, 27 per breed), and preserved in RNA later to prevent nucleic acids 
degeneration. RNA was extracted using procedures including the cell lysis, RNA binding, RNA 
washing and RNA elution. The isolated RNA was converted to cDNA which was amplified by Real-
Time PCR Detection with forward and reverse primers of the following genes: AhR, CYP1A1 and IL-
2 with Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the housekeeper gene (Table 1) by 
modifying of procedures described by Sikiru et al. (2019). The cycling conditions included an initial 
activation at 95 °C for 12 minutes, denaturation at 95 °C for 15 seconds, annealing, and elongation at 
72 °C for 20 seconds, respectively.  All genomic analysis was done at The genomic analysis was done 
at African Biosciences (JaaGee House 88, Km 6 Ibadan-Ife Expressway, Olade, Ibadan, Oyo state, 
Nigeria) 
 
Table 1. List of the target genes for expression analysis and their respective primers details 
Gene name Accession 

number 
Primer 
Type 

Primer sequence Primer 
length 

Aryl-hydrocarbon 
receptor 
(AHR1A)  

NM_204118.3 F 
R 

CGGAAACCTGTGCAGAAAATAGT 
AAAAACCAGAGCATCTGCCG 

20 

Interleukin 2 (IL-
2)  

NM_204153.2 F 
R 

TCTCGAGCTCTACACCCCAA 
CCGGTGTGATTTAGACCCGT 

20 

Cytochrome P450 
(CYP1A1) 

NM_205147.2 F 
R 

GTGATGGAGGTGACCATCGG 
ATTCGTAGCTGAACGCCAGG 

20 

Glyceraldehyde-
3-phosphate 
dehydrogenase 
(GAPDH)  

NM_204305.2 F 
R 

TCAAATGGGCAGATGCAGGTGATGGCATGGACA 
GTGGTCAGATGGCATGGACAGTGGTCA 

20 
20 

Data obtained were subjected to differential expression analysis (fold change) and independent 
sample t- test. Mean values were considered significant at adjusted p-value <0.05. 

RESULTS AND DISCUSSION 
The fold change result from the RT-PCR analysis indicated that the three genes studied (AhR, 
CYP1A1 and IL2) were significantly differentially expressed (p<0.05) with the native chickens 
showing more expression compared to the broilers (Figure 1) in Okrika though in Nsukka no 
differential expression was obtained in both breeds and the expression was down-regulated (Figure 2). 
There are several evidences that AhR mediates the toxic responses associated with environmental 
pollutants such as polycyclic aromatic hydrocarbons, and particulate matters (Goode, et al., 2014; 
Dietrich, 2016) found in crude oil exploration sites. The current finding affirms studies which 
demonstrated that activation of the AhR led to increased induction of target xenobiotic metabolism 
enzymes like CYP1A1 (Vogel et al., 2020; Noda et al., 2023).  AhR activation was also found to 
increase the expression of genes involved in immune regulation such as IL-2 (Ehrlich et al., 2017).  
IL-2 is essential for the development of T regulatory cells thereby mediating tolerance while reducing 
inapt immune reactions (Liao et al., 2013). 
The upregulation in the candidate genes in Okrika implies that there was positive feedback upon the 
environmental assault. In other words, more receptor proteins would have been synthesized and 
transported to the membrane of the cell bringing back the sensitivity of the cell to normal thereby 
reestablishing homeostasis.  Thus, the increased expression of these genes may lead to increased 
metabolism and detoxification of PAHs, which can help to reduce the toxic effects of these 
compounds and modulating the immune response in health and disease. Li et al. (2022) noted that the 
presence of upregulated genes in an organism may help it to adapt to the influence of “genomic 
shock” and cope with the natural environment. Therefore, the upregulation of these genes in native 
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Figure 2: Relative expression of AhR, CYP1A1 and IL-2 in liver tissues of the native and broiler 
chickens reared in Nsukka. Nsukka is not predisposed to petrochemical activities as Okrika. The
downregulation of the AhR and CYP1A1 in both strains implies that the birds raised may not have 
been exposed so much to hydrocarbon pollutants to trigger the activation of the xenobiotic enzymes. 

chickens compared to broiler chickens in Okrika suggests that the native chicken population studied 
may be more adapted to living in environments with elevated levels of hydrocarbon pollution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Shown are the mean fold change of the relative expression of AhR, CYP1A1 and IL-2 in 
liver tissues of the native and broiler chickens reared in Okrika. Okrika hosts lots of petrochemical 
industries. The upregulation of the AhR and CYP1A1 in the native chicken is an indication that they 
may have higher adaptive response to hydrocarbon pollutant than the broilers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
The study revealed that exposure of chickens to hydrocarbon polluted environment had significant 
impact on the immune function and xenobiotic metabolism in chickens especially the native chickens. 
Long exposure period of the native chickens to the environment could have also contributed to the 
observations made.  We therefore suggest further studies of these breeds under controlled exposure. 
Such studies would aid in understanding the mechanisms involved in the expression of these genes in 
response to environmental pollutants. There could also be association studies of these genes with 
production traits to elucidate economic implications and possibly initiate selection towards genetic 
improvement of the available breeds using these genes as molecular markers. 
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