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Abstract 

This study investigates the concentration and purity of DNA extracted from Clarias gariepinus after exposure to lethal 
concentrations (250 ml/l, 200 ml/l, 150 ml/l, 100 ml/l, 50 ml/l, 25 ml/l and 0.0 ml/l for the control) of Xylene: Diesel 
(X:D) and Oilfield-Based Emulsifiers (O-BE) over 96 hours using static bioassays and sub-lethal concentrations 0  ml/l 
(control), 12.8 ml/l, 25.6 ml/l, 38.4 ml/l, 51.2 ml/l and 64.0 ml/l) using renewal bioassay for 28 days. 210 juveniles 
were used for the experiment. The study used PCR and other methods to analyse DNA concentrations and purity in the 
fish samples. The results indicated variations in DNA concentration, purity, and the presence of micronuclei, suggesting 
genetic and cytogenetic responses to chemical exposures. The highest DNA concentration was recorded in the 25 ml/l 
group for both O-BE and X:D, while the lowest was in the 100 ml/l group. The genetic effects of Xylene: Diesel on the 
molecular level were also examined, with significant gaps in the alignments of experimental groups indicating notable 
differences in the sequences compared to the control group without chemical exposure. Through detailed analyses, 
including gel electrophoresis and sequence alignment, the study explores genetic variations and micronuclei 
frequencies in blood cells, shedding light on the ecotoxicological impacts and potential evolutionary implications of 
these oil-based substances on African catfish. Understanding the genetic variations induced by lethal concentrations of 
O-BE in Clarias gariepinus is crucial for assessing the broader environmental impact, as genetic changes in aquatic 
organisms can affect population health, adaptation, and ecosystem dynamics.  
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1. Introduction

Oil and gas exploration and production have long been important factors in Nigeria's economic wealth and influence. 
While the oil and gas industries worldwide importance cannot be overstated, its activities, especially in the aquatic 
environment, have significant environmental consequences (Bamberger and Oswald, 2014; Dmitrieva and Romasheva, 
2020). Various petroleum sector operations, including drilling, exploration, and reservoir stimulation, have negative 
consequences on the aquatic ecology, demanding a detailed assessment of their impact. 

Oil extraction is critical to the global energy landscape, but the release of related chemicals into the aquatic environment, 
particularly during well-stimulation activities, presents serious dangers to aquatic life (Chittick and Srebotnjak, 2017). 
According to Long et al. (2021), advanced exploration technologies inject harmful components into aquatic bodies, 
affecting physicochemical factors that affect fish and other aquatic life. Concerns are growing that such pollution might 
affect the genetic makeup and well-being of fish and shellfish populations, possibly leading to extinction. 

Researchers have developed techniques for determining direct and indirect effects on DNA sequences due to the 
genotoxic potential of oilfield chemicals on aquatic creatures (Pampanin et al., 2017; Costa, 2022). According to Gupta 
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and Ahmad (2017), genotoxicants may cause mutations by establishing strong covalent interactions with DNA, which 
results in DNA adducts that obstruct accurate replication. The long-term and considerable effects of these DNA changes 
on the aquatic ecosystem highlight the necessity of genotoxicity assays in determining environmental impact (Jiang et 
al., 2023). 

Fish, as sensitive environmental indicators, play an important role in bio-monitoring (Colin et al., 2016; Manzoor et al., 
2021). This work uses controlled environment studies to examine the genotoxicity of selected oilfield chemicals in 
catfish, (Clarias gariepinus), a common species in African freshwater systems in the Niger Delta. The study intends to 
give important insights into biomonitoring and ecotoxicology by examining genomic changes produced by these 
pollutants. Understanding the environmental impact of oilfield chemicals, particularly on fish populations, is critical for 
developing effective mitigation techniques. Genetic alterations or responses in organisms such as C. gariepinus could 
have significant effects on population health and ecosystem dynamics due to environmental stressors (Baldwin et al., 
2020; Turan et al., 2020; Świacka et al., 2021; Nwizugbo et al., 2023). 

This research aims to investigate the genetic responses of C. gariepinus to varied amounts of xylene: diesel and oilfield-
based emulsifiers, establishing a relationship between DNA modifications, ecotoxicological effects, and possible 
evolutionary ramifications. The results add to our knowledge of how oil-based pollutants affect aquatic creatures, 
making it easier to evaluate environmental concerns and establish educated conservation measures. The study 
emphasises the need for sustainable practices in the petroleum sector to mitigate the negative environmental 
consequences of oil and gas exploration and production.  

The research hopes to contribute to a better understanding of the molecular effects of oilfield chemicals on C. gariepinus 
by fulfilling these goals. The results might have larger implications for evaluating the ecological hazards, environmental 
safety, and possible long-term repercussions of chemical exposure in aquatic environments. The work may also shed 
light on creating genetic markers for monitoring and regulating the environmental effect of oilfield operations on fish 
populations. 

2. Material and methods 

2.1. Research Design 

The toxicity tests used a 3 x 5 x 6 factorial design in a randomized full-block arrangement, with three factors having six 
levels, five time intervals for monitoring, and three repeats.  

2.2. Test Organisms {African catfish (Clarias gariepinus)} 

A total of 420 juvenile C. gariepinus specimens, with an average length of 15.20±2.3cm and weight of 10.23±2.60 g, were 
obtained from the University of Port Harcourt Demonstration Farm in Nigeria. These specimens were chosen because 
of their high vulnerability to environmental stress. The experiment's organism was chosen during its juvenile growth 
period because of its heightened susceptibility to environmental stress (Ezike and Ugwu 2017; Davies et al., 2019; Chris 
et al., 2022).  

2.3. Acclimation of the test organism  

The fish species were acclimated to laboratory conditions for fourteen days at 28 º C in a 150-litre glass tank, supplied 
with standard aquarium feed twice daily, and oxygenated continuously. Bennett and Dooley (1982) proposed that 
laboratory faucet water be used to replace the water in glass containers every 48 hours. 

2.4. Test Chemicals  

The oilfield-based emulsifier oil used in the study was acquired from an oilfield chemical laboratory in Rivers State, 
Nigeria, and was kept in an ambient laboratory environment. Following a typical technique, a working stock solution 
was made from oilfield-based emulsifiers, and a test chemical was prepared using a volumetric and analytical approach 
outlined in other studies (Anderson et al., 1974; Orlu and Ogbalu, 2013; Davies et al., 2019).  

2.5. Selection of Test Organism for the Assay 

To test for the sub-lethal effect of the Oilfield-based emulsifiers, ten healthy and active juveniles of uniform size were 
randomly selected from the acclimation tanks and carefully transferred into different treatment units for 28 days using 
a hand-held scoop net (Sil et al., 2010). Three iterations of the experiment total—three including the control. To 
preserve the concentration of dissolved oxygen and minimize variations brought on by the fish's metabolism, the 
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experiment was conducted using a renewal strategy (Chris et al., 2022). Two days before the start of the 96-hour static 
and 28-day renewable exposure periods, feeding was halted. Five test concentrations were prepared: 0.0 (control), 12.8, 
25.59, 38.39, 51.19, and 63.99 ml/l for sub-lethal test concentrations, and 0.0, 25, 50, 100, 150, 200, and 250  ml/l before 
the lethal. A 15-litre plastic aquarium tank filled to the 10 mark was used to hold each test concentration. Ten fish were 
randomly selected and assigned to each test concentration. Treatments were repeated after each other. 

2.6. DNA extraction  

Sterile tissue was removed from the muscle of a fish population. The QIA ampere DNA mini-ki (Qiagen Germany) was 
then used to extract and purify the DNA according to the manufacturer's instructions. In these investigations, fifteen 
commercially available decamer random primers were created and chosen at random for use in the amplification of 
random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) products. This primer was used to start 
the PCR amplification. It was purchased from Operon Technologies (Almeda, CA, USA). Table 1 lists the primers selected 
according to their sequences, primer codes, and CG content (60–70%).  

Table 1 Codes, sequences and CG content for RAPD analysis 

Primers Sequence CG% Primers Sequence CG% 

A02 TGCCGAGCTG 70 C05 GATGACCGCC 70 

A19 CAAACGTCGG 60 C07 GTCCCGACGA 70 

B02 TGATCCCTGG 60 C10 TGTCTGGGTG 60 

B04 GGACTGGAGT 60 C17 TTCCCCCCAG 70 

B06 TGCTCTGCCC 70 C18 TGAGTGGGTG 60 

B07 GGTGACGCAG 70 C19 GTTGCCAGCC 70 

C03 GGGGGTCTTT 60 C20 ACTTCGCCAC 60 

C04 CCGCATCTAC 60    

*Total DNA was extracted using the muscle of the fish sample. 

Proteinase K tubes weighing 20 mg each were stored at -20 ˚C and filled with 1,060 litres of buffer for storage. A 25 mg 
tissue sample was then placed in a microcentrifuge tube together with a 95 µl solution of water, 95 µl solid tissue buffer 
(Blue), and 10 µl proteinase K. The material was well combined, and the tube was incubated at 55 ˚C for one to three 
hours, or until the tissue entirely disintegrated. To get rid of insoluble material, the tissue in the tube was centrifuged 
at 12,000 x g for one minute. A fresh tube was filled with the aqueous supernatant. Subsequently, the supernatant was 
mixed well with two litres of genomic binding buffer. The mixture was then centrifuged for one minute (12,000 g) in a 
collecting tube that held a Zymo-Spintm IIC-XL column. After that, the collecting tube and the flow-through were 
emptied. After adding 400 µl of DNA pre-wash buffer to the column and centrifuging for one minute, the collecting tube 
was emptied and replaced with a new one. 

After adding a 700 µl g-DNA buffer wash, the new collection tube was centrifuged for one minute and then emptied. 200 
µl of g-DNA wash buffer was added to a new collection tube, which was then emptied using the flow-through after 
centrifuging for a minute. To extract the DNA, move the supernatant into a sterile microcentrifuge tube, include 50 µl of 
elution buffer, and allow it to incubate for five minutes before centrifuging it for one minute. Subsequently, the samples 
were moved to a nanodrop for purity testing. 

2.7. PCR Amplification  

PCR was used to amplify the DNA of the cytochrome b gene. Using a Bio-Rad MJ MiniTM Personal Thermal Cycler, two 
sets of primers for the cytochrome b gene (585 bp) were amplified by polymerase chain reaction (PCR) from each DNA 
sample: L15267, 5'-AAT GAC TTG AAG AAC CAC CGT-3', and H15891, 5'-GTT TGA TCC CGT TTC GTG TA-3' (Kadar et al., 
2008). PCR mixes were made in a 25 µl tube using 1 µl of template DNA, 0.4 M concentrations of each primer, and 12.5 
µl of MyTaq Mix. After one minute of 95°C amplification, there were 35 cycles of 95 °C for 15 seconds, 52 °C for 15 
seconds, 72 °C for 10 seconds, and 72 °C for 7 minutes. Following the separation of the PCR products by gel 
electrophoresis (2.0% agarose gel), Safe-RedTM staining was used.  
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2.8. PCR Purification and Sequencing 

The innuPREP PCR Pure Kit was used to purify the PCR products. Repfon Glamor Sdn Bhd received a successful PCR 
product for sequencing. Sequencing of the strands of the PCR fragments was done to find any ambiguities in the PCR 
findings. 

2.9. MN test 

Blood samples from C. gariepinus were taken from the caudal peduncles of fish in both the experimental and control 
groups. The samples were then spread onto pristine, grease-free frosted glass slides. Following a 10-minute methanol 
fixation, the slides were allowed to air dry before being stained for 15 minutes with a 6% Giemsa stain. Blood 
erythrocytes were counted using a × 100 oil immersion under a binocular microscope after slides were mounted in 
styrene, plasticizer, and Oilfield-Based Emulsifiers (DPX). An MN cannot be counted unless it is isolated from the others, 
has the same colour, and makes up less than one-third of the main nucleus. Using the following formula, the MN 
frequency was determined: 

%MN =
Number of cells containing micronuclei

Total number of cells counted
 X100……….(1) 

2.10. Statistical analysis 

Statistical analysis was carried out using SPSS Inc.'s software (version 17, Chicago, IL). Means and standard errors (SE) 
were calculated from the collected data. Counted cells were used to calculate the MN results. The MN interactions caused 
by exposure duration and treatments were assessed at a 95% significant level using a two-way analysis of variance 
(ANOVA) and Duncan's multiple range post hoc test. DNA sequences were analyzed for ambiguities using Molecular 
Evolutionary Genetics Analysis (MEGA) version 5. Phylogenetic trees were developed using the Neighbour-Joining (NJ) 
Multiple Alignment option of BioEdit Sequence Alignment Editor version 7.2.5 (Hall, 1999). 

3. Results  

The study examines the concentration and purity of DNA extracted from Clarias gariepinus after exposure to lethal 
concentrations of Xylene: Diesel (X:D) and Oilfield-Based Emulsifiers (O-BE) over 96 hours (Table 2 The data is 
organized based on different concentrations of the two chemicals, with corresponding values for DNA concentration 
(ng/ µl) and DNA purity (A260/280nm). At a concentration of 0 ml/l (control group), both O-BE and X:D show similar 
DNA concentrations of 34.50 ± 3.92 ng/ µl. However, as the concentration increases, variations in DNA concentrations 
are observed. The highest DNA concentration is recorded in the 25 ml/l group for both O-BE (36.3 ± 3.92) and X:D 
(35.20 ± 3.92), while the lowest is in the 100 ml/l group. There is a general trend of decreasing DNA concentration with 
increasing chemical concentration. However, there was no statistically significant difference in the purity and DNA 
concentration between the control group and other lethal exposure levels. 

Table 2 DNA concentrations (ng/ µl) and purity for the experimental groups at lethal exposure 

 DNA concentrations (ng/µl) for the 
Experimental groups 

DNA Purity (A260/280nm) for the 
Experimental groups 

Concentration 
(ml/l) 

(O-BE) (X:D) (O-BE) (X:D) 

0 34.50 ± 3.43a 34.50 ± 3.92a 1.48 ± 0.02a 1.48 ± 0.04a 

25 36.30 ± 3.92a 35.20 ± 3.92a 1.60 ± 0.04a 1.58 ± 0.04ab 

50 31.53 ± 3.92a 33.37 ± 3.92a 1.56 ± 0.04ab 1.57 ± 0.04ab 

100 25.00 ± 3.92a 32.93 ± 3.92a 1.62 ± 0.04b 1.65 ± 0.04b 

150 26.27 ± 3.92a 34.23 ± 3.92a 1.58 ± 0.04ab 1.62 ± 0.04b 

200 33.53 ± 3.92a 27.13 ± 3.92a 1.58 ± 0.04ab 1.63 ± 0.04b 

250 35.78 ± 3.92a 32.00 ± 3.92a 1.54 ± 0.04b 1.62 ± 0.04b 

Each value is a mean of three test replicates at a 95% confidence limit; *Means with the same superscript are not significantly different at (>0.05) 
significant level. 
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From the result in Table 3, the DNA purity and concentration of the C. gariepinus sample in the control were 1.52 ± 0.04 
and 92.5 ± 68.6ng/ µl respectively. The values for the fish exposed to the toxicants are presented in Table 2. No 
significant difference (P>0.05) was recorded between the DNA and purity of the control and the fish subjected to 
different concentration levels. The results of the DNA purity and concentration are presented in Table 3 and the values 
obtained from the control were 1.52 ± 0.04 and 92.50 ± 68.6ng/ µl respectively. No statistically significant difference 
(P>0.05) was recorded between the DNA concentration observed in the control and other test groups and there was 
also no statistically significant variation (P>0.05) in the DNA purity in the control group and the other groups (12.8, 
25.59, 38.39, 51.19 and 63.99 ml/l). there was also no statistically significant variation (P>0.05) observed within the 
test groups. 

Table 3 DNA concentrations (ng/ µl) and purity for the experimental groups at sub-lethal exposure 

Concentration 
(ml/l) 

DNA concentrations (ng/µl) for the 
Experimental groups 

DNA Purity (A260/280nm) for the 
Experimental groups 

 O-BE X:D O-BE X:D 

0 92.5 ± 68.6a 92.50 ± 68.6a 1.52 ± 0.04abc 1.52 ± 0.04abc 

12.80 134.2 ± 68.6a 141.50 ± 68.6a 1.46 ± 0.04abc 1.45 ± 0.04abc 

25.59 106.4 ± 68.6a 259.97 ± 68.6a 1.49 ± 0.04abc 1.44 ± 0.04ab 

38.39 105.7 ± 68.6a 191.37 ± 68.6a 1.47 ± 0.04abc 1.42 ± 0.04a 

51.19 295.7 ± 68.6a 68.20 ± 68.6a 1.43 ± 0.04ab 1.57 ± 0.04bc 

63.99 240.2 ± 68.6a 144.9 ± 68.6a 1.44 ± 0.04ab 1.49 ± 0.04abc 

Table 4 presents the results of micronuclei (MN) frequencies observed in Clarias gariepinus blood cells after exposure 
to different concentrations of Xylene: Diesel (X:D) and Oilfield-Based Emulsifiers (O-BE) over 96 hours. The data is 
organized based on the concentration (ml/l) of the two chemicals, with corresponding values for MN frequencies 
presented as a percentage. The concentrations represent varying levels of exposure to O-BE and X: D. 

In the control group (0 ml/l), both O-BE and X:D show relatively low % MN frequencies, indicating a baseline level of 
micronuclei in the absence of exposure. As the concentration of O-BE and X:D increases, there is a notable increase in % 
MN frequencies, suggesting a dose-dependent response to the chemicals. The highest % MN frequencies are observed 
in the 250 ml/l group for both O-BE (0.86 ± 0.06) and X:D (1.20 ± 0.14), indicating a potentially higher level of genetic 
damage at these concentrations. Generally, there is a trend of increasing % MN frequencies with increasing 
concentration for both O-BE and X: D. 

Table 4 Lethal concentrations of Xylene: Diesel (X:D) and Oilfield-Based Emulsifiers (O-BE) exposed to Clarias 
gariepinus blood cells and the variations in the number of micronuclei (MN) 

Concentration (ml/l) % MN frequencies (mean ± SE) for the Experimental groups 

 O-BE X:D 

0 0.14 ± 0.03 c 0.14 ± 0.05 e 

25 0.17 ± 0.01 c 0.30 ± 0.02 d 

50 0.18 ± 0.02 c 0.65 ± 0.05 c 

100 0.60 ± 0.08 b 0.70 ± 0.07 c 

150 0.68 ± 0.02 b 0.90 ± 0.03 b 

200 0.72 ± 0.04 a 1.03 ± 0.10 b 

250 0.86 ± 0.06 a 1.20 ± 0.14 a 

Table 5 presents the outcomes of micronuclei (MN) frequencies observed in Clarias gariepinus blood cells following 
exposure to Xylene: Diesel (X:D) and Oilfield-Based Emulsifiers (O-BE) for 96 hours. The concentrations indicate varying 
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levels of exposure to O-BE and X:D. The table provides the mean percentage of micronuclei frequencies along with the 
standard error (SE) for each concentration of O-BE and X: D. A micronucleus indicates genetic damage and chromosomal 
instability. In the control group (0 ml/l), both O-BE and X:D show relatively low % MN frequencies, indicating a baseline 
level of micronuclei in the absence of exposure. 

As the concentration of O-BE and X:D increases, there is a noticeable rise in % MN frequencies, suggesting a 
concentration-dependent response to the chemicals. The highest % MN frequencies are observed at the highest 
concentrations (51.19 ml/l and 63.99 ml/l) for both O-BE and X:D, indicating a potential increase in genetic damage at 
these levels. Generally, there is a trend of increasing % MN frequencies with the elevation of concentration for both O-
BE and X: D. 

Table 5 Micronuclei frequencies in Clarias gariepinus blood cells were observed at lethal concentrations of Xylene: 
Diesel and Oilfield-Based Emulsifiers 

Concentration (ml/l) % MN frequencies (mean ± SE) for the Experimental groups 

 O-BE X:D 

0 0.14 ± 0.03 c 0.16 ± 0.01 c 

12.80 0.18 ± 0.02 c 0.68 ± 0.02 b 

25.59 0.68 ± 0.02 b 0.75 ± 0.04 b 

38.39 0.72 ± 0.04 b 0.85 ± 0.05 b 

51.19 1.56 ± 0.30 a 1.05 ± 0.09 a 

63.99 1.60 ± 0.15 a 1.52 ± 0.10 a 

Figure 1 presents the multiple sequence alignments of consensus sequences for Clarias gariepinus subjected to lethal 
concentrations of Oilfield-Based Emulsifiers (O-BE). The experimental fish were exposed to varying lethal (0 ml/l 
control, 25 ml/l, 50 ml/l, 100 ml/l, 150 ml/l, 200 ml/l, and 250 ml/l) and sub-lethal (0 ml/l control, 12.8 ml/l, 25.6 ml/l, 
38.4 ml/l, 51.2 ml/l, and 64.0 ml/l) concentrations of Oilfield-Based Emulsifiers. The figure showcases the alignment 
patterns of consensus sequences, providing insights into the genetic variations induced by exposure to different lethal 
concentrations of Oilfield-Based Emulsifiers. 

The experimental design includes both control groups (0 ml/l) and lethal concentrations, allowing for a comprehensive 
analysis of the genetic impact at various exposure levels. Statistically significant gaps (P<0.05) in the alignments of 
experimental groups indicate notable differences in the sequences compared to the control group without chemical 
exposure. The alignment patterns visually represent the molecular changes in the DNA sequences of Clarias gariepinus 
under the influence of lethal concentrations of Oilfield-Based Emulsifiers.  

 

Figure 1 Multiple sequence alignment of consensus sequences for C. gariepinus after exposure to different lethal test 
concentrations for Oilfield-Based Emulsifiers (0 ml/l control, 25 ml/l, 50 ml/l, 100 ml/l, 150 ml/l, 200 ml/l and 250 

ml/l 

A study on Clarias gariepinus exposed to sub-lethal concentrations of Xylene: Diesel (X:D) revealed significant DNA 
sequence changes, particularly in groups exposed to sub-lethal concentrations (Figure 2). The study found that the DNA 
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sequences of the experimental fish were significantly impacted by Xylene: Diesel at sub-lethal concentrations. The 
distinct differences in the alignment patterns suggest a pronounced impact of Xylene: Diesel on the genetic makeup of 
C. gariepinus. The findings emphasize the genotoxic effects of Xylene: Diesel on the molecular level and emphasize the 
importance of understanding the potential consequences of chemical exposure on aquatic organisms. 

 

Figure 2 Multiple sequence alignment of consensus sequences for C. gariepinus after exposure to different sub-lethal 
test concentrations for Oilfield-Based Emulsifiers 0 ml/l control, 12.8 ml/l, 25.6 ml/l, 38.4 ml/l, 51.2 ml/l and 64.0 

ml/l) 

Figure 3 shows the DNA sequence alignment of Clarias gariepinus after exposure to different lethal concentrations of 
Xylene: Diesel. The concentrations range from a control group (0 ml/l) to escalating levels (25 ml/l, 50 ml/l, 100 ml/l, 
150 ml/l, 200 ml/l, and 250 ml/l). The alignment patterns reveal variations in the fish's genetic composition in response 
to Xylene: Diesel. The presence or absence of specific sequence alignments at different lethal concentrations highlights 
molecular changes induced by exposure to elevated levels. The figure helps identify potential genetic responses in 
Clarias gariepinus to lethal concentrations, revealing how the fish's DNA may be influenced by significant environmental 
stressors. Lethal concentrations are crucial as they reflect the immediate and severe impacts of environmental 
exposures on aquatic organisms' genetic makeup. 

 

Figure 3 Multiple sequence alignment of consensus sequences for C. gariepinus after exposure to different lethal test 
concentrations for Xylene: Diesel (X:D) (0 ml/l control, 25 ml/l, 50 ml/l, 100 ml/l, 150 ml/l, 200 ml/l and 250 ml/l 

The study reveals genetic variations and consensus sequence alignment for Clarias gariepinus after exposure to sub-
lethal concentrations of Xylene: Diesel (Figure 4). The results show distinct variations in the DNA sequence of consensus 
sequences, suggesting potential adaptations or responses to environmental stressors. The alignment patterns at each 
sub-lethal concentration are compared to the control group, revealing differential responses and providing a molecular 
perspective on how the genetic makeup of the fish is influenced. This study provides valuable insights into how C. 
gariepinus responds at the molecular level to sub-lethal concentrations of X:D, enhancing our understanding of the 
environmental stressors' impact. 
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Figure 4 Multiple sequence alignment of consensus sequences for C. gariepinus after exposure to different sub-lethal 
test concentrations for Xylene: Diesel (X:D) (0 ml/l control, 12.8 ml/l, 25.6 ml/l, 38.4 ml/l, 51.2 ml/l and 64.0 ml/l) 

The PCR amplification of the cytochrome b gene was confirmed to be effective in capturing genetic responses in Clarias 
gariepinus. The primer was amplified at a specific size range of 442 bp to 511 bp, demonstrating the reliability of the 
experimental results (Figure 5). The gel electrophoresis results showed successful amplification of the cytochrome b 
gene, which is crucial for understanding genetic responses in the fish. The analysis included both lethal and sub-lethal 
concentrations of Oilfield-Based Emulsifiers, demonstrating the versatility of the PCR approach in capturing genetic 
responses across different exposure levels. The results demonstrate the effectiveness of the PCR approach in capturing 
genetic responses. 

 

Figure 5 PCR amplification of cytochrome b gene 442bp to 511bp measured against 1000bp DNA ladder for Lethal 
and Sub-lethal Concentrations of Oilfield-Based Emulsifiers 

The gel electrophoresis analysis for Clarias gariepinus following exposure to sub-lethal test concentrations of Xylene: 
Diesel (X:D) reveals robust results in terms of polymerase chain reaction (PCR) amplification. The confirmation of good 
quantity and quality for each sample signifies the reliability of the PCR amplification process. Specifically, the targeted 
cytochrome b (cyt b) gene, with a fragment size ranging from 442bp to 511bp, was successfully amplified for all samples 
(Figure 6). 

This molecular analysis is instrumental in showing the genetic impact of sub-lethal environmental stressors on aquatic 
organisms. The gel image in visually represents the distinct bands corresponding to the amplified cytochrome b gene 
fragments. The ladder shows as a size marker, aiding in the assessment of fragment lengths.  
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Figure 6 PCR amplification of cytochrome b gene 442bp to 511bp measured against 1000bp DNA ladder for Lethal 
and Sub-lethal Concentrations of Xylene: Diesel (X:D) 

4. Discussion 

Genotoxicity refers to the potential of a substance to cause damage to an organism's genetic material, leading to 
mutations, chromosomal abnormalities, or other genetic alterations (Savale, 2018). Genetic implications, in this context, 
pertain to the impact of these chemicals on the DNA of Clarias gariepinus. 

The observed variations in DNA concentrations across different exposure concentrations of X:D and O-BE imply a 
potential impact of these chemicals on the DNA content within the exposed organisms. The general trend of decreasing 
DNA concentration with increasing chemical concentration may indicate a dose-dependent effect. The similarity in DNA 
concentrations between the control group and the lowest exposure concentrations suggests that at lower levels, these 
chemicals might not significantly impact DNA content (Hu et al., 2016). This could indicate a threshold effect, where 
only higher concentrations lead to observable changes in DNA concentration (Parolini et al., 2017). 

The lack of statistically significant differences in DNA purity (A260/280nm ratio) between the control group and the 
exposed groups indicates that while the DNA concentrations might vary, the overall quality or purity of the DNA 
extracted remains relatively constant across these exposure levels. This might suggest that while the quantity of DNA 
changes, the chemical exposures do not notably affect the integrity or purity of the extracted DNA (Demeke and Jenkins, 
2010; Musto et al., 2014). 

The absence of statistically significant differences in DNA concentration and purity between the control group and lethal 
exposure levels might suggest a complex interaction between the chemicals and the fish's DNA (Pandey et al., 2018; 
Hanana et al., 2021. It's essential to conduct further investigations, such as genotoxicity assays or examining specific 
genetic markers, to elucidate potential genotoxic effects that might not be reflected in overall DNA concentration or 
purity. 

while the study shows variations in DNA concentrations across different lethal exposure levels of X:D and O-BE in Clarias 
gariepinus, the consistent DNA purity values imply a nuanced relationship between the chemicals and the fish's genetic 
material (Brophy et al., 2020; Lin et al., 2022). Further research, including genotoxicity assays or specific genetic 
analyses, could provide a more comprehensive understanding of the genotoxic and genetic implications of these 
chemical exposures on Clarias gariepinus. 

It is crucial to consider potential long-term effects on the population and the environment, as even subtle genetic 
alterations could have repercussions over time, affecting the fitness, reproductive success, and adaptability of Clarias 
gariepinus and potentially impacting the broader ecosystem. 

The study found no significant differences in DNA concentrations and purity between the control group and the fish 
exposed to various concentrations of toxicants at sub-lethal exposure levels. This suggests that the concentrations might 
not induce observable changes in the overall quantity or quality of the extracted DNA (Mahmoudi et al., 2017). However, 
Xu et al., 2018 stated that the measured DNA concentration and purity might not be sensitive enough to detect subtle 
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genetic alterations caused by the sub-lethal exposures. However, Hartwig et al. (2020), suggested that genotoxic effects 
can encompass mutations, chromosomal abnormalities, and changes in specific genetic sequences. Nevertheless, Turkez 
et al. (2017), the absence of observable changes in DNA concentration and purity does not necessarily rule out the 
possibility of genotoxic effects at a molecular level that might not be reflected in these measurements. 

Further investigation using more sensitive genotoxicity assays or molecular techniques might be necessary to reveal 
subtle genetic impacts that traditional DNA concentration and purity measurements might overlook. However, Bickham 
et al. (2000) suggested that it is crucial to consider potential long-term effects on the population and the environment, 
as even subtle genetic alterations could have repercussions over time, affecting the fitness, reproductive success, and 
adaptability of aquatic organisms and potentially impacting the broader ecosystem. 

While the measured DNA concentrations and purity did not exhibit significant changes at sub-lethal exposure levels, it 
is essential to acknowledge the limitations of these measurements in capturing subtle genotoxic effects. Further 
comprehensive molecular studies are crucial for a deeper understanding of the genetic implications of these sub-lethal 
exposures on aquatic organisms. 

The presence of micronuclei (MN) in Clarias gariepinus blood cells following exposure to Xylene: Diesel (X:D) and 
Oilfield-Based Emulsifiers (O-BE) at lethal concentrations suggests potential genotoxic effects. MN are abnormal 
structures that form in cells when there is damage to the genetic material (DNA) (Guo et al., 2019). The increase in MN 
frequencies with higher concentrations of these chemicals suggests a dose-dependent relationship, indicating a 
proportional increase in genetic damage to the fish. 

Genetic damage indicates that these chemicals induce genetic alterations within the fish, potentially leading to 
mutations or chromosomal instability (Langie et al., 2015). The relatively low % MN frequencies observed in the control 
group serve as a baseline for comparison, while the increase in MN frequencies in the exposed groups highlights the 
additional genetic damage caused by the chemicals. However, the highest % MN frequencies observed at the highest 
concentrations of X:D and O-BE (250 ml/l) underscore the correlation between exposure levels and genetic damage, 
potentially indicating a critical threshold beyond which the impact on genetic stability becomes notably higher 
(Bickham et al., 2000; Huang, 2013). 

The results agree with Alimba and Bakare. (2016) reported that the presence of increased micronuclei frequencies in 
animal blood cells can raise concerns about the environmental impact of chemicals, as their genotoxic effects on aquatic 
organisms can have long-term consequences for population health, ecosystem stability, and biodiversity. 

The occurrence of micronuclei (MN) frequencies in Clarias gariepinus blood cells after exposure to fatal quantities of 
Xylene: Diesel (X:D) and Oilfield-Based Emulsifiers (O-BE) reveals considerable genotoxic effects and genetic 
consequences. The concentration-dependent response suggests that as exposure levels increase, there is a 
corresponding increase in genetic damage and chromosomal instability within the fish (Rodrigues et al., 2016). 
Micronuclei are aberrant structures generated during cell division, signifying genetic damage or chromosomal 
instability (Boukaba et al., 2022). The elevated % MN frequencies observed at higher concentrations of X:D and O-BE 
suggest that these chemicals induce significant genetic alterations within the fish, potentially leading to mutations or 
chromosomal abnormalities (Obiakor et al., 2014). 

The increase in % MN frequencies with elevated concentrations of X:D and O-BE highlights the additional genetic 
damage caused by these substances compared to the baseline (Langie et al., 2015). The highest % MN frequencies at the 
highest concentrations indicate a more pronounced impact on genetic stability and a potentially increased risk of 
genetic damage and chromosomal instability at these lethal levels of exposure (Guo et al., 2019). 

The finding of elevated micronuclei frequencies in Clarias gariepinus blood cells raises serious concerns regarding the 
genetic consequences of aquatic creatures on population health, reproduction, and the long-term sustainability of 
aquatic environments (Jimoh and Sogbanmu, 2021; Amaeze et al., 2020). The concentration-dependent response and 
the greatest % MN frequencies at the most elevated concentrations indicate the severity of the genetic damage, stressing 
the vital need for tougher restrictions and monitoring to preserve aquatic habitats from these dangerous compounds. 

The sequence alignment of consensus sequences for Clarias gariepinus exposed to lethal concentrations of oilfield-based 
emulsifiers (O-BE) offers valuable insights into the genotoxic and genetic implications of this exposure. The alignments 
allow for the comparison of DNA sequences between the control group (0 ml/l) and experimental groups exposed to 
lethal concentrations of O-BE. Statistically significant gaps or differences in the alignments indicate notable variations 
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in the DNA sequences induced by exposure to O-BE, such as substitutions, deletions, insertions, or other alterations in 
the genetic code. 

The alignment patterns visually demonstrate molecular changes in the DNA sequences of Clarias gariepinus resulting 
from exposure to lethal concentrations of O-BE, which could signify mutations or genetic damage induced by the 
toxicant, potentially leading to alterations in the genetic makeup or functional changes in specific genes (Hamilton et 
al., 2016). The inclusion of multiple lethal concentration levels in the experimental design allows for a comprehensive 
analysis of the genetic impact at various exposure levels, enabling the assessment of a potential dose-response 
relationship (Altenburger et al., 2012; Guerard et al., 2015). 

Understanding the genetic variations induced by lethal concentrations of O-BE in Clarias gariepinus is crucial for 
assessing the broader environmental impact, as genetic changes in aquatic organisms can have implications for 
population health, adaptation, and ecosystem dynamics, potentially affecting the long-term health and stability of 
aquatic ecosystems (Rusconi et al., 2018; Schuijt et al., 2021). 

The study revealed significant DNA sequence changes, indicating substantial genotoxic effects and genetic implications 
(Schwarz et al., 2012). The differences in DNA sequence alignment patterns between the control group and those 
exposed to X:D indicate notable variations in the genetic makeup induced by this chemical exposure. These differences 
can include mutations, insertions, deletions, or substitutions in the DNA sequences (Sehn, 2015). 

The distinct differences in the alignment patterns suggest a pronounced impact of X:D on the genetic material of Clarias 
gariepinus at sub-lethal concentrations, potentially leading to genetic mutations or disruptions in gene function within 
the fish. The observed DNA sequence changes underscore the genotoxic effects of X:D on a molecular level, indicating 
that X:D induces genetic damage and instability within C. gariepinus (Niaz et al., 2020). 

The genetic implications of chemical exposure on aquatic organisms such as C. gariepinus are crucial to assessing their 
broader impact on ecosystem dynamics and population health. Hamilton et al., (2017), emphasized that genetic changes 
induced by environmental pollutants can have long-term effects on fitness, adaptability, and overall health of these 
organisms, potentially affecting ecosystem stability. 

Genetic consequences and genotoxic effects of Xylene: Diesel (X:D) exposure on Clarias gariepinus have been 
demonstrated by sequence alignment of DNA sequences. These findings indicate significant alterations in the genetic 
composition of the fish, including mutations, deletions, insertions, or substitutions. Sequence alignments at different 
lethal concentrations reflect the molecular changes caused by exposure to X:D, indicating possible genetic damage or 
instability (Pessina et al., 2019). 

According to Hamilton et al. (2016), lethal concentrations are crucial as they represent the immediate and severe 
impacts of environmental exposures on aquatic organisms’ genetic makeup. As genotoxic effects and genetic alterations 
caused by environmental pollutants may adversely affect aquatic ecosystems, population health, reproductive success, 
and overall ecosystem stability (Moon et al., 2020), it is essential to understand how C. gariepinus responds to lethal 
concentrations of X:D. 

The findings emphasize the importance of incorporating genetic responses into environmental risk assessments and 
regulatory frameworks. Monitoring genetic alterations in response to lethal concentrations of pollutants like X:D aids 
in evaluating potential risks posed by these substances and supports the development of effective regulatory measures 
to protect aquatic organisms and ecosystems. 

The study uncovers significant genetic variations in Clarias gariepinus, shedding light on potential adaptations or 
responses of the fish's DNA makeup to environmental stressors. These variations, evident in the nucleotide sequence, 
indicate potential adaptive mechanisms in the fish's genetic material in response to environmental stressors (Petitjean 
et al., 2019). The differential alignment patterns observed at each sub-lethal concentration underscore the unique 
responses of the fish's genetic material to varying levels of X: D exposure, possibly involving mutations, insertions, 
deletions, or other alterations. 

The identified variations in consensus sequences provide a molecular perspective on how C. gariepinus responds to sub-
lethal concentrations of X:D, offering insights into the impact of environmental stressors on aquatic organisms and their 
potential adaptability to changing environments. The findings contribute to a deeper understanding of the genetic 
implications of sub-lethal X:D concentrations on C. gariepinus. Genetic variations induced by environmental stressors 
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can have enduring consequences on population health, adaptability, and overall ecosystem dynamics, influencing the 
resilience of aquatic ecosystems (Ao et al., 2015; Petitjean et al., 2019). 

The molecular responses of C. gariepinus to sub-lethal X:D concentrations offer valuable insights that can inform 
conservation strategies aimed at preserving biodiversity and ecosystem health. By providing a nuanced understanding 
of the genotoxic and genetic implications of environmental stressors, the study contributes to the assessment of 
environmental health and guides the development of sustainable conservation and management practices. Overall, 
these insights highlight the importance of considering genetic responses in assessing the impact of environmental 
stressors on aquatic ecosystems, emphasizing the need for proactive conservation measures to maintain the integrity 
of these vital environments. 

5. Conclusion 

A study on Clarias gariepinus revealed variations in DNA concentrations across exposure concentrations of Xylene: 
Diesel (X:D) and Oilfield-Based Emulsifiers (O-BE), suggesting a potential impact on the fish's DNA content. The lack of 
significant differences in DNA purity suggests a complex interaction between the chemicals and the fish's DNA. Further 
research using genotoxicity assays or specific genetic analyses could provide a more comprehensive understanding of 
the genotoxic and genetic implications of these exposures on C. gariepinus. The study also revealed significant changes 
in micronuclei (MN) counts at lethal concentrations, suggesting potential genotoxic effects on aquatic organisms, 
potentially leading to mutations or chromosomal instability. The concentration-dependent response and highest % MN 
frequencies at the most elevated concentrations highlight the severity of the genetic impact, emphasizing the need for 
stricter regulations and monitoring to safeguard aquatic environments from harmful substances. The findings 
emphasize the importance of incorporating genetic responses into environmental risk assessments and regulatory 
frameworks to protect aquatic organisms and ecosystems. 
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