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ABSTRACT: Oxidative stress and antioxidant responses in earthworms were investigated for use as an index 
for environmental pollution. The study was done in three test locations (Refinery road, Okere market and PTI 
roundabout) in Warri an industrial city in Nigeria and Abraka a less industrial city as control. Levels of five stress 
and antioxidant parameters; lipid peroxidation (LPO), aldehyde oxidase (AO), superoxide dismutase (SOD) catalase 
(CAT) and ascorbic acid (Vit. C.) were used. There was observed significant (p<0.05) rise in LPO (5.83±0.456, 
5.83±0.456, 4.04±0.58, 4.25±0.475, 2.09±0.425), oxidative enzyme (AO) levels (0.011±0.00012, 0.008±0.0021, 
0.0058±0.0013, 0.0022±0.00009) and increase in activities and levels of the antioxidants (SOD: 24.0±3.80, 
12.0±3.80, 16.0±4.62, 5.6±2.8; CAT: 0.98±0.013, 1.08±0.061, 0.95±0.018, 0.93±0.0125 and Vit. C: 0.175±0.0172, 
0.118±0.0148, 0.109±0.014,  0.072±0.004) respectively in all study locations in Warri compared to Abraka. These 
changes were significantly higher in refinery road compared to other locations (Okere market and PTI) in Warri. 
There were also significant (p<0.05) negative relationship between LPO and SOD activities (r=-0.677), AO and 
CAT(r=-0.718) as well as AO and SOD(r=0.661) activities respectively only in the refinery road area while no 
significant change (p>0.05) were reported in other locations. The combined data showed significant negative 
relationship (p<0.01) between LPO and AO(r=-0.719) and a significant positive relationship (p<0.01) between LPO 
and (SOD r=0.710, Vit C r=.884). It further showed significant (p<0.01) negative relationship between AO and CAT 
(r=-0.486), SOD and Vit C (r=-.648), and significant (p<0.01) positive relationship between Vitamin C and (SOD 
r=-0.865, CAT r=0.785). It was concluded that rise in levels of the studied antioxidants and LPO in earthworms 
found in Warri compared to Abraka may have occurred in response to industrial pollution, thus may be used for 
environmental monitoring. 
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Contaminating the environment comprises of any form 
of initiating or introducing by man any substance 
capable of causing hazard to the environment, human 
health or alteration of natural ecosystems which often 
time contributes to impinging the proper use of the 
environment (Osioma and Hamilton-Amachree, 
2019). Although pollution is considerably costly, it is 
an inevitable and necessary part of human existence. 
There is no doubt that the day to day human activity 
continually contributes to several incidences of 
environmental pollution. This ranges from activities 
linked to food search, disposal of wastes or acts of 
mineral exploration and exploitation (Ogamba et al., 
2016; Dawood et al., 2017). The discovery of oil and 
siting of the Warri Petrochemical Company 
necessitated the influx of several industries to Warri 
City in Delta State, Nigeria (Babatola and Uriri, 2013; 
Akpoborie et al., 2015). This also influenced 
relocation of people in search of green pastures which 
eventually led to a rise in the pollution potential in the 
coastal city. It has been reported that population 
increase is an established index that contributes to 

stress on economic resources and undue competition 
for land and space which also is a disposing factor to 
environmental pollution (Sherbinin et al., 2007; 
Ghanem, 2018). Thus as more waste are generated the 
challenge for easy management of municipal waste is 
often created (Ogwuleka, 2009; Dimpal, 2012; Duran 
and Messina, 2019). The environment of Warri as it 
currently stands has been increasingly reported to be 
highly stressed by varying levels of anthropogenic and 
natural activities (Aremu et al., 2002; Obafemi et al., 
2012; Igiri et al., 2018). This stress has also been 
widely reported to reflect in different measures of 
ecosystem health evidenced in both geophysical, 
hydrological and biochemical indicators in Warri 
environments (Egborge 1994; Arimoro et al 2008, 
Nduka and Orisakwe, 2009; Olalekan and Gordon 
2011, Ohimain, 2012, Edegbene and Arimoro, 2012, 
Ocheri et al., 2014). Giving special emphasis to the 
study of Egboh (2000), heavy metal concentrations in 
sediments from major roads and gutters in Warri has 
been reported to be in an alarming rate compared to 
that in sub-surface soils in Abraka environs a less 
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industrial town as reported by Adaikpo et al. (2005).  
This study is an indication that one of the causes of 
pollution in the soils and water bodies in Warri City 
could be linked to the presence of high concentration 
of heavy metals. The significance of earthworms in 
determining ecosystem stability is an open truth owing 
to their role in the chemical and physical modification 
of organic matter and their ability to mediate soil 
porosity (Oni and Hassan 2013). Their ability to 
influence other invertebrates and microorganisms have 
earned them a persistent recognition as ecosystem 
engineers and could be used as key indicators of soil 
health and monitors of ecosystem toxicity assessment 
(Spurgeon et al., 2003; Vandecasteele et al 2004; 
Demuynck et al., 2006; Nahmani et al., 2007a; 2007b; 
Igiri et al., 2015; Osioma and Hamilton-Amachree 
2019). It is an established fact that many contaminants 
are oxidative stress inducers in many biological 
species thus could be injurious to man if not properly 
managed. The measurement of oxidative stress status 
and antioxidant defense responses in terrestrial 
animals is an established trend for monitoring 
perceived threat of pollutants to humans and the 
environment (Achuba et al., 2005; Achuba, 2008; Oni 
and Hassan 2013; Ojo et al., 2016; Otmani  Del Barrio 
et al 2018 Osioma and Hamilton-Amachere, 2019). 
The oxidative enzymes are also established cytosolic 
enzymes with a core function of xenobiotic 
metabolism. For example, aldehyde oxidase is 
responsible for the breakdown of aldehydes and 
certain nitrogenous compounds that arises from the 
oxidation of several compounds (Isamah and Asagba 
2004; Asagba 2010; Ichipi-Ifukor et al., 2019). 
Aldehyde oxidase like other oxidative enzymes 

(Xanthine, monoamine and sulphite) oxidases are well 
endowed with molybdenum and the haem which aids 
them in their ability to reduce sulfoxides and several 
other aromatic compounds arising from the 1, 2, 
benzisoxasole derivatives (Kardam and Iyer 1998; 
Ezedom and Asagba, 2010). Knowing that the 
biotransformation process in most organisms are 
primarily targeted at the conversion of injurious 
foreign compounds to lesser injurious ones, 
monitoring their trend of activities alongside other 
antioxidant markers and stress indices like the lipid 
peroxidation (LPO) in earthworm is a justification for 
their use as indices of environmental pollution status 
of Warri, Delta State, Nigeria. 
 

MATERIALS AND METHODS 
Collection of Earthworm Samples: Forty samples of 
earthworm’s (Esiena fetida Andrei) were used for this 
study. Thirty of the earthworm samples were randomly 
collected from three locations (A: Refinery Road Area, 
B: Okere Market Area, C: PTI Roundabout area) in the 
city of Warri which served as the study/test area as 
shown in Fig. 1 below while samples which were 
collected from the open field opposite the Faculty of 
Science Delta State University, Abraka, Nigeria 
served as the control. The earthworms were collected 
with the aid of a spade and forcep from the study 
locations and transferred into clean containers free 
from any form of chemicals and was quickly 
transferred to the laboratory in damp filter papers. All 
the earthworms used for the study were all adults and 
were properly developed. 

 

 
Fig. 1: Map of Warri showing study location 
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Chemicals and Reagents: All chemicals and reagents 
used for the present study were of analytical grade and 
were purchased from May and Baker Ltd. England and 
BDH chemicals, Poole England 
 
Preparation of Earthworm Samples: The earthworm 
from each study location were mechanically 
homogenized in phosphate buffer pH 7.8 in a 1:4 w/v 
ratio under chilled conditions. The chilled 
homogenates were centrifuged at 5,000g for 15mins. 
The supernatant obtained were immediately used for 
biochemical analysis. 
 
Biochemical Analysis: The lipid hydroperoxide was 
assayed using the iodometric assay method of Hall and 
Mair (1978) with little modification by Hall and 
Braughler (1989). Antioxidant responses were 
assessed using the activities of two enzymatic 
antioxidants superoxide dismutase (SOD) and catalase 
(CAT) and levels of a non-enzymatic antioxidant 
ascorbic acid (Vit C) in the earthworm. SOD was 
analyzed using the methods of Misra and Fridovich 
(1972) while the method of Cohen et al., (1970) was 
used to assay for catalase. The analysis of levels of 
ascorbic acid (Vit C) was done using method of 
Plumber (1978). Aldehyde oxidase activity was 
carried out employing the method of Johns (1967) 
which was based on decrease in absorbance as a result 
of oxidation of benzylaldehyde to benzoate in the 
presence of 2, 6-dichlorophenol-Indophenol (DCIP) as 
an electron acceptor. 
 

Data Analysis: Data analysis was carried out using the 
statistical package of the social sciences (SPSS) for 
analysis of variance (ANOVA) and presented in Mean 
± SD values. Group comparison was carried out using 
the least significant difference test. The Pearson 
correlation was used to test the relationship between 
parameters in study locations. 
 

RESULTS AND DISCUSSION 
The levels of lipid peroxidation, aldehyde oxidase, 
superoxide dismutase, catalase and vitamin C in 
earthworms are presented in Table 1. The result 
showed that lipid peroxidation levels of earthworm 
samples collected from Warri study locations was 
significantly higher relative to samples collected from 
the control site (Abraka) (P<0.01). However, statistical 
analysis showed that while there was no significant 
difference in the level of lipid peroxidation in 
earthworms collected from Okere Market and PTI 
roundabout areas, there was significant reduction 
compared to those collected form refinery road area. 
The study revealed that earthworms from refinery road 
area are subjected to more oxidative stress than those 
from other study areas. Pollution has been shown to 
lead to the generation of environmental contaminants, 
which as xenobiotic may be harmful to living 
organisms (Mathew, 2004). Exposure to xenobiotic 
can greatly induce production of different reactive 
oxygen species in living organisms enough to generate 
significant oxidative damage (Timbrell, 1991; Sharma 
et al., 2012; Klotz and Steinbrenne, 2017). 

Table 1: Effect of Environmental Pollution on Oxidative Stress and antioxidant Profile of Esienta fetida Andrei) 
Parameter Study Location 

A B C D 
LPO (µmole ml-1) 5.83±0.456a 4.04±0.58b 4.25±0.475b 2.09±0.425c 

AO(µmole ml-1) 0.011±0.00012a 0.008±0.0021b 0.0058±0.0013c 0.0022±0.00009d 

SOD(Unit g-1 tissue) 24.0±3.80a 12.0±3.80b 16.0±4.62c 5.6±2.8d 

CAT(K min-1) 0.98±0.013a 1.08±0.061b 0.95±0.018ac 0.93±0.0125d 

Vit. C (mg ml-1) 0.175±0.0172a 0.118±0.0148b 0.109±0.014b 0.072±0.004c 

Values are expressed as Mean±SD of ten determinations. Means with different superscript are significantly different. P<0.01 
Key: A= Refinery Road Area; B= Okere Market Area; C= PTI/Round about Area; D= Abraka 

 
Earthworms from refinery road had the highest 
activities of aldehyde oxidase followed by the Okere 
market and P.TI roundabout area while Abraka had the 
least. The differences in the activity of aldehyde 
oxidase in the earthworms from the various study areas 
were significant (p<0.01) with respect to each other. 
SOD enzyme activity were in the order of refinery road 
area >PTI round about area>Okere market area> 
Abraka. The SOD activity in the study locations in 
Warri environment were significantly higher (p<0.01) 
than that of Abraka. In the Warri study areas, the SOD 
activity of the earthworms in PTI roundabout was 
significantly lower than that of refinery road area, but 
higher than that of earthworms in Okere market area. 
The degree of SOD activity observed in the study areas 

of Warri relative to Abraka could be an adaptation to 
the accompanying stress of pollution in the Warri 
environments. SOD is an inducible enzyme and its 
activity will increase with increasing need to protect 
the organism from oxidative stress or damage 
(Fridovich, 1986; Achuba, 2018; 2019).  During 
exposure to environmental pollutants and effluents 
arising from pollution, there is a relative increase in the 
activity of oxidative enzymes and antioxidant enzymes 
(Kweki et al., 2018; Ichipi-Ifukor et al., 2019). It can 
be concluded that the concomitant increase in 
aldehyde oxidase (an oxidative enzyme) and 
superoxide dismutase (SOD) (an antioxidant enzyme) 
from Warri environment is a confirmation of pollution 
in this area relative to Abraka environment. Pollution 
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in Warri has been linked to the presence of both oil and 
non-oil related industries. The increased level of the 
heavy metals (a common environmental pollutant) in 
the soils of Warri relative to Abraka as reported by 
Egboh et al., (2000) and Adaikpo et al., (2005) may 
not be unconnected with the presence of the oil and 
non-oil related industries in Warri. Earlier reports by 
Asagba (2019) noted that rise in oxidative enzyme 
activities are adaptable mechanisms for handling stress 
induced metabolic malignancies in most biological 
organisms as rise in lipid peroxidation a marker for 
oxidative stress status are often significantly correlated 
with increasing oxidative and antioxidant enzyme 
activities until the rising is lowered because of 
depletion of the enzyme within the biological system. 
Results for catalase enzyme activity (Table 1) 
indicated that the highest was in earthworms from 
Okere market followed by refinery road and PTI 
roundabout area while samples from Abraka had the 
least. Also, significantly increased level of catalase 
was obtained only in earthworms from refinery road 
and okere market areas relative to those from Abraka. 
No significant (P>0.01) variation was observed in 
activity of catalase in earthworms from PTI 
roundabout as compared to Abraka. Thus this study 
suggests that environmental pollution may not 
significantly Influence the activity of catalase in 
earthworms. Ascorbic acid concentrations in 
earthworms were in the order: Refinery road 
area>Okere market area>PTI roundabout 

area>Abraka. Values obtained from Warri study 
locations are significantly higher than that of Abraka 
(p<0.01). There was no significant difference in the 
concentrations of ascorbic acid in samples collected 
from Okere market area and PTI roundabout arrears all 
in Warri study locations. However, the concentration 
of ascorbic acid in earthworm from these areas were 
significantly lower as compared to those from the 
Refinery road area. The study therefore is suggestive 
that ascorbic acid level in earthworms may be 
responsive to environmental pollution. Results 
presented in Tables 2-6 shows the probable effects of 
environmental pollution on the correlation between 
oxidative stress (LPO) and antioxidant status of 
earthworms in the various study areas and the 
combined relationship of all the studied areas. It 
reveals that there was a significant negative 
relationship between LPO and SOD activities only in 
the Refinery road area. Similar trends were observed 
for the relationship between AO and CAT as well as 
AO and SOD activities respectively. No significant 
relationship was observed across the parameters in all 
other study locations. The combined data however 
revealed there was a significant negative relationship 
(p<0.01) between LPO and AO and a significant 
positive relationship (p<0.01) between LPO and SOD, 
Vit C. There was also a significant positive 
relationship (p<0.01) between AO versus CAT, SOD 
and Vit C, a significant positive relationship (p<0.01) 
between Vitamin C versus SOD and CAT. 

 
Table 2: Correlation Coefficients between Oxidative Stress and Antioxidant Parameters in Refinery Road Area 

 LPO AO CAT SOD VITC. 
LPO 1 -0.412(0.237) 0.063(0.864) -0.677*(0.030) 0.111(0.760) 
AO   -0.718*(0.015) 0.661*(0.037) -0.166(0.667) 
CAT    -0.122(0.737) 0.067(0.854) 
SOD     0.069(0.850) 

Values are expressed as Pearson correlation factor r, while values in bracket are significant factors of p. Values followed by * are 
significantly correlated at p<0.05 while values followed by ** are significantly correlated at p<0.01 

 
Table 3: Correlation Coefficients between Oxidative Stress and Antioxidant Parameters in Okere Market Area 

 LPO AO CAT SOD VITC. 
LPO 1 0.360 (0.390) 0.048(0.895) -0.045(0.903) 0.387(0.269) 
AO   -0.076(0.836) -0.443(0.201) 0.148(0.683) 
CAT    -0.780(0.831) 0.243(0.499) 
SOD     -0.399(0.253) 

Values are expressed as Pearson correlation factor r, while values in bracket are significant factors of p. Values followed by * are 
significantly correlated at p<0.05 while values followed by ** are significantly correlated at p<0.01 

 
There were similar trends in levels of SOD and lipid 
peroxidation in the study areas (Refinery Road> 
PTI>Okere Market> Abraka). This also showed an 
overall statistical correlation between the two 
parameters (Table 6) and in Refinery Road (Table 2). 
This trend observed in the refinery road may not be 
unconnected with possible discharge of petrochemical 
effluents from the Warri refinery. This relationship 
however was insignificant in Okere market area (Table 

3), Round about area (Table 4) and Abraka (Table 5). 
This strongly supports the involvement of superoxide 
radicals in lipid peroxidation in the earthworms. This 
is consistent with the views of Treiber et al. (2012) and 
Nita et al. (2016) that considered superoxide ions 
important in aging, lipid peroxidation and the per 
oxidative haemolysis of red blood cells. Patel et al. 
(2017) also indicated superoxide like other free 
radicals is toxic and destructive to living cells. 
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Table 4: Correlation Coefficients between Oxidative Stress and Antioxidant Parameters in PTI Round about Area 
 LPO AO CAT SOD VITC. 
LPO 1 0.000(1) -0.385(272) 0.000(1) 0.077(0.833) 

AO   0.046(0.899) -0.585(0.076) 0.296(0.407 
CAT    0.585(0.076) -133(0.714) 
SOD     -351(0.320) 

Values are expressed as Pearson correlation factor r, while values in bracket are significant factors p. Values followed by * are 
significantly correlated at p<0.05 while values followed by ** are significantly correlated at p<0.01 

 
Table 5: Correlation Coefficients between Oxidative Stress and Antioxidant Parameters in Abraka 

 LPO AO CAT SOD VITC. 
LPO 1 0.164 (0.651) -0.369 (0.294) -0.214 (0.553) 0.155 (0.668) 
AO   0.423 (0.224) -0.302 (0.397) -0.196 (0.587) 
CAT    0.127 (0.726) 0.166 (0.647) 
SOD     -0.237 (0.511) 

Values are expressed as Pearson correlation factor r, while values in bracket are significant factors p. Values followed by * are 
significantly correlated at p<0.05 while values followed by ** are significantly correlated at p<0.01 

 
Table 6: Combined Correlation Coefficients between Oxidative Stress and Antioxidant Parameters (All Locations) 

 LPO AO CAT SOD VITC. 
LPO 1 -0.719** (0.000) 0.284 (0.076) 0.710** (0.000) 0.884** (0.000) 
AO   -0.486** (0.001) -.648** (0.000) -0.865** (0.000) 
CAT    0.109 (0.502) 0.424** (0.006) 
SOD     0.785** (0.000) 

Values are expressed as Pearson correlation factor r, while values in bracket are significant factors p. Values followed by * are 
significantly correlated at p<0.05 while values followed by ** are significantly correlated at p<0.01 

 
The trend of ascorbic acid concentration in the study 
(Refinery road > Okere Market> PTI round about > 
Abraka) is similar to aldehyde oxidase activity. 
Although, there is no significant correlation (Table 1) 
between the antioxidant compound and the oxidative 
enzyme, it is tempting to speculate from the result of 
this study that ascorbic acid may be deeply involved in 
mopping up possible superoxide ions produced by 
several enzymes as proposed by McCord and 
Fridovich (1969) for xanthine oxidase and 
Rajagopulin and Handler (1962) for aldehyde oxidase. 
However the overall significant correlation between 
AO and vitamin C (Table 6) in all locations may also 
implicate it in a partial involvement in defense against 
lipid peroxidation while having a stronger influence 
over the mopping up of superoxide ions generated 
from exogenous enzyme activities as well as 
contributing to the regeneration of other non-haem 
antioxidants like the glutathione and its attendant 
cofactor the Nicotinamide adenine dinucleotide 
phosphate (NADP)  (Duart and Lunec 2005; Fadime, 
2017). Superoxide dismutase is believed to work in 
collaboration with the hydrogen peroxide removing 
enzyme (catalase). Thus a similar trend is expected in 
the activity of both enzymes. However, this is not the 
case in the present study (Table 1 and Table 6) as 
catalase has been shown not to be the major route for 
the catabolism of hydrogen peroxide as reported by 
Doroshow et al. (1980), who did not find a 
corresponding level of activity in SOD and catalase. 
Besides, another possible explanation to this 
observation may be linked to an earlier report that 
vitamin C contributes to the inhibition of the 

antioxidant enzyme catalase thus limiting its ability to 
mop up the hydrogen peroxide released in a stressed 
environment (Cadenas, et al., 1994; Klingelhoeffer et 
al., 2004). 
 
Conclusion: The present study indicates that the levels 
of aldehyde oxidase, superoxide dismutase, ascorbic 
acid and lipid peroxidation in earthworms in the Warri 
environment are higher than those observed in Abraka 
a less industrial city. Thus, increased levels of 
aldehyde oxidase, superoxide dismutase, ascorbic acid 
concentration and lipid peroxidation in earthworms 
may be in response to increased pollution of the Warri 
environment and could be used to monitor 
environmental pollution. 
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