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ABSTRACT 

In Nigeria, paint production makes use of large 

volume of water lacking adequate waste water 

treatment plant. Therefore, enormous quantities 

of both hazardous and non hazardous wastes are 

naturally released to the environment, thus 

causing health-related problems, ecological 

imbalance and bioaccumulation in aquatic 

organisms.  This study aims at examining the 

biochemical changes of the effect of paint 

effluent on the antioxidant enzymes of 

Tympanotonus fuscatus under sublethal 

condition. Healthy test organisms 

(Tympanotonus fuscatus) were handpicked at 

the mud flat area of lagoon front at University of 

Lagos.  Bioassay test procedure in the laboratory 

followed standard methods. A sublethal varying 

concentration of 1.80ml, 0.50ml, 0.20ml, 

0.13ml, 0.10ml and a control experiment was 

used. The paint effluent was analysed for 

physicochemical and heavy metal 

characteristics. The oxidative state of the tissues 

of Tympanotonus fuscatus was examined after 

chronic toxicity testing using GSH, CAT, SOD 

and MDA as a biomarker for oxidative stress. 

The oxidative state examination revealed that 

there were significant reductions in GSH, CAT 

and SOD activities compared to the activities in 

the control experiment. Significant increase was 

observed in MDA content of the tissue 

compared to the control. The assessment of the 

oxidative state of Tympanotonus fuscatus 

revealed that the organism experienced 

oxidative stress which can be attributed to the 

effect of the paint effluent. Conclusively, this 

study has shown that the paint effluent induced 

oxidative stress in the tissue of Tympanotonus  

fuscatus.  

KEYWORD: Paint effluent, Tympanotonus 

fuscatus, Toxicity, Antioxidant enzyme, 

Oxidative stress.  

 

1.0 INTRODUCTION  

Coastal and estuarine ecosystems have been, and 

still are, severely influenced by humans through 

pollution and habitat loss worldwide. Industrial 

waste water is one of the important pollution 

sources in the contamination of the aquatic 

environment. During the last century, a huge 

amount of industrial waste water was discharged 

into river, lakes and coastal areas. This resulted 

in serious pollution problem in the aquatic 

environment and caused negative effect to the 

ecosystem and human life (Hanchang, 2004).  

Wastewater is produced primarily due to 

cleaning operations of mixers, reactors, 

blenders, packing machines and floors. Owing to 

the varying degree of chemicals used, the 

wastewater contains palpable concentrations of 

carbon (biological oxygen demand (BOD) or 

chemical oxygen demand (COD)), suspended 

solids, toxic compounds and colour 

(Aboulhassan et al., 2014). 

Water-based paints commonly consist of 

organic and inorganic pigments and dyestuffs, 

extenders, cellulosic and non-cellulosic 

thickeners, latexes, emulsifying agents, 

antifoaming agents, preservatives, solvents and 

coalescing agents, which, due to their high 

persistence and toxicity, have shown to be 

difficult to treat effectively.  Latex paints 

commonly consist of organic and inorganic 

pigments and dyestuffs, extenders, cellulosic 

and non-cellulosic thickeners, latexes, 

emulsifying agents, antifoaming agents, 

preservatives, solvents and coalescing agents 
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(Aboulhassan et al., 2014). The release of such 

wastewater into the environment inhibits light 

penetration, injury to the quality of the receiving 

streams and could be toxic to treatment 

processes, to food chain flora and fauna and to 

overall aquatic life (Aboulhassan et al., 2006).   

Antioxidant enzymes are capable of stabilizing, 

or deactivating free radicals before they attack 

cellular components. They act by reducing the 

energy of the free radicals or by giving up some 

of their electrons for its use, thereby causing it to 

become steady. In addition, they may also 

interrupt with the oxidizing chain reaction to 

lessen the damage caused by free radicals. For 

the past decade, numerous studies have been 

devoted to the beneficial effects of antioxidant 

enzymes. It has been found that a considerable 

link exists between free radicals and more than 

sixty different health conditions, together with 

the aging process, cancer, diabetes, Alzheimer’s 

disease, strokes, heart attacks and 

atherosclerosis. By reducing exposure to free 

radicals and increasing the intake of antioxidant 

enzyme rich foods or antioxidant enzyme 

supplements, our body’s potential to reducing 

the risk of free radical related health problems is 

made more significant (Chitra and Pillai, 2002).  

This antioxidant system includes, antioxidant 

enzymes (e.g., SOD, GPx and reductase, CAT, 

etc.), nutrient-derived antioxidants (e.g., 

ascorbic acid, tocopherols and tocotrienols, 

carotenoids, glutathione and lipoic acid), metal 

binding proteins (e.g., ferritin, lactoferrin, 

albumin,  and ceruloplasmin) and numerous 

other antioxidant phytonutrients present in a 

wide variety of plant foods (Praveen and Ashish, 

2012).  

Most of the literature on the genus 

Tympanotonus in the Lagos lagoon is concerned 

with classification, geographic distribution and 

population dynamics (Oyenekan, 1998). Recent 

studies have focused on the use of 

Tympanotonus species for the biomonitoring of 

coastal water pollution (Egonmwan, 2008; 

Edeghagba and Badru, 2019) 

This study was aimed at examining the 

biochemical effect of paint effluent on the 

antioxidant enzymes of the tissues of 

Tympanotonus fuscatus var radula under 

sublethal condition.  

 

2.0 MATERIALS AND METHOD  

2.1 Study Area  

The study area was Lagos Lagoon front of 

University of Lagos, Lagos State. The location 

(6° 30’N and 3° 23’E) of the sample collection 

and its co-ordinates was done with the Global 

positioning Application on a mobile phone.  

 

2.2 Collection and Acclimatization of Test 

Organism  

Healthy periwinkles (Tympanotonus fuscatus) 

were handpicked at the mud flat area of Lagos 

Lagoon front at University of Lagos. The 

collection of test organisms was done early in 

the morning. The organisms were placed in a 

sterile polyethylene bag and they were 

transported to the laboratory for acclimatization. 

In the laboratory the organisms were transferred 

from the polyethylene bag into a clean sterile 

transparent plastic container, with sediment, 

providing substrate and food for the organisms. 

The periwinkles were acclimatized for five days 

at ambient temperature in the laboratory. 

 

2.3 Characterization of Paint Effluent  

The physico-chemical parameters (pH, DO, 

BOD, COD, TS, TSS, TDS, Salinity, Nutrients) 

of the effluent and heavy metals such as arsenic, 

copper, chromium, cadmium, mercury, lead and 

zinc levels were determined with Atomic 

Absorption Spectrophotometer model (SOLAR 

SERIES S2). 

 

2.4 Bioassay Test Procedure 
The bioassay was carried out in 12 sterile plastic 

containers. The sediment (substrate) used was 

collected from the same source in which the test 

organisms were collected. Using sensitive 

weighing balance, 20g of sediment was weighed 

into each bioassay container.  Healthy test 

organisms of approximately the same size and 

length were selected for the bioassay. The 

weight of the selected organisms was 

determined using sensitive weighing balance. 

The selected organisms were transferred from 
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the acclimatization tank into the bioassay 

containers using sterile materials.  
 

2.4.1 Chronic Toxicity Test  

The test media were prepared in the different 

concentrations of the chemical using fractions of 

LC50 at 96 hour obtained from the probit analysis 

of 7.51 ml (Edeghagba et al.., 2019) acute 

toxicity testing. A sub-lethal varying 

concentration of 1.80 ml, 0.50 ml, 0.20 ml, 0.13 

ml and 0.10 ml with control experiment was 

used. 20 healthy test organisms of the same size 

were introduced into each bioassay tanks. The 

test organisms were exposed to the chemical for 

14days. The treatment was renewed at 72hours 

interval. 
 

2.5 Biochemical Test  

After sublethal exposure, the periwinkles were 

taken to the biochemistry laboratory in the  

Biochemistry Department of Lagos University 

Teaching Hospital (LUTH) at Idi-Araba, Lagos  

State for antioxidant test.  

 

2.5.1 Tissue Preparation 

In the laboratory, the shells of the periwinkles 

were broken; the tissues were collected and 

placed in universal bottles. The organs of the test 

organisms were washed in an ice cold 1.15% 

KCL solution, blotted and weighed. They were 

then homogenized with 0.1M phosphate buffer 

(pH 7.2), putting the organs each into the mortar; 

laboratory sand (acid washed) was added to it 

and blended in the mortar with pestle together. 

The resulting homogenate was centrifuge at 

2500rmp speed for 15mins then it was removed 

from the centrifuge and the supernatant was 

decanted and stored -20oC until analysis. The 

supernatant was analyzed for activity of CAT, 

GSH, SOD, and MDA.     

Superoxide Dismutase activity was ascertained 

by its ability to inhibit the auto-oxidation of 

epinephrine determined by the increase in 

absorbance at 480nm as defined by Sun and 

Zigma (1978). Catalase activity was determined 

according to Sinha (1972). It was assayed 

colorimetrically at 620nm and expressed as 

µmoles of H2O2 consumed/min/mg protein at 

250C.  The reduced glutathione content of liver 

tissue as non-protein sulphydryls was assessed 

according to the method described by Sedlak 

and Lindsay (1968). Malondialdehyde an index 

of lipid peroxidation was established using the 

method of Buege and Aust (1978).       

3.0 RESULTS 

Table 1 shows the biochemical test results of the activities of antioxidant enzymes of T. fuscatus under 

sublethal exposure to paint effluent. 

 

Table 1. Oxidative stress markers of Tympanotonus fuscatus var radula due to exposure to 

different concentrations of paint effluent 
Samples GSH 

(µmol/ml/min) 

SOD 

(µmol/ml/min) 

CAT (µmol/ml/min) MDA 

(µmol/ml/min) 

Control 34.39 ± 3.22a 132.77 ± 12.45a 585.99 ± 54.94a 1.06 ± 0.099b 

1.8ml 32.65 ± 3.37a 135.43 ± 13.96a 489.17 ± 50.41a 1.48 ± 0.153a 

0.50ml 30.76 ± 1.97ab 129.74 ± 8.30a 254.78 ± 16.29b 2.02 ± 0.129a 

0.20ml 31.86 ± 2.35ab 124.43 ± 9.18a 519.75 ± 38.35a 1.52 ± 0.112a 

0.15ml 24.61 ± 2.45ab 120.64 ± 12.03a 570.70 ± 56.93a 1.12 ± 0.111bc 

0.10ml 19.72 ± 2.07b 125.19 ± 13.12a 596.18 ± 62.47a 0.87 ± 0.091c 

F (p) 4.608 (0.014) 0.228 (0.943) 6.835 (0.003) 12.46 (<0.001) 

NB: mean of samples with the same superscript are not significantly different at 5% 

 

Table 1 shows that control has the mean GSH 

of 34.39 (se = 3.22) while 0.10ml has the least 

GSH of 19.72 (se = 2.07) and the means are 

significantly different from each other (p < 

0.05). Also, 1.80ml has the highest mean SOD 

of 135.43 (se = 13.96) while 0.15ml has the 
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least SOD of 120.64 (se = 12.03) and the means 

are not significantly different (p > 0.05). In 

addition, 0.10ml has the highest mean CAT of 

596.18 (se = 62.47) while 0.50ml has the least 

CAT of 254.78 (se = 16.29) and the means are 

significantly different (p < 0.05). Lastly, 0.50ml 

has the highest mean MDA of 2.02 (se = 0.129) 

while 0.10ml has the least MDA of 0.87 (se = 

0.091) and the means are significantly different 

(p < 0.05). 

 

3.1 Effect of the Paint effluent on enzyme 

activity   

Glutathione (GSH) level significantly 

decreased in response to the varying 

concentration of the test compound when 

compared to the control (Table 1). Superoxide 

dismutase (SOD) activity significantly 

increased in response to the highest 

concentration (1.8ml) of the test compound 

(Fig. 2). A significant reduction in SOD activity 

was observed in other concentrations of the test 

compound, with concentration 0.15ml having 

the lowest SOD activity. Catalase (CAT) 

activity significantly increased in response to 

the lowest concentration (0.1ml) of the test 

compound. Significantly low activities were 

observed in other concentrations of the test 

compound with concentration (0.50ml) having 

the lowest catalase activity (Fig. 3). Significant 

enhancement in the level of lipid peroxidation 

(MDA content) was observed in all 

concentration of the test compound except the 

lowest concentration (0.10ml) which had the 

lowest value recorded in Fig. 4 accordingly. 

 

 
Fig. 1 Glutathione activity in the tissue of T. fuscatus after chronic exposure to varying concentration 

of the paint effluent 
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Fig. 2 Superoxide dismutase activity in the tissue of T. fuscatus after chronic exposure to varying 

concentration of the paint effluent  

 

 

 
Fig. 3 Catalase activity in the tissue of T. fuscatus after chronic exposure to varying concentration of 

the paint effluent 
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Fig. 4 Malondialdehyde (Protein content) in the 

tissue of T. fuscatus after chronic exposure to 

varying concentration of the paint effluent 

4.0 DISCUSSION.  

In this study, the periwinkles were exposed to 

sublethal concentration of the paint effluent that 

seem to exert stressful effects as reflected by 

marked alterations in the activities of the 

antioxidant enzymes. In an effort to adapt to 

oxidative stress induced by various xenobiotics, 

eukaryotes and prokaryotes are able to up-

regulate their antioxidant defense mechanisms 

in response to low concentration of those 

xenobiotics (Davies, 1995).  

The results of the physico-chemical parameters, 

heavy metal levels and acute toxicity testing of 

the paint effluent used in this study have already 

been determined and published (Edeghagba et 

al., 2019)  

In this study, significant decrease was observed 

in the level of reduced Glutathione when 

compared with the control experiment in the 

tissue of the test organisms exposed to sublethal 

concentration of paint effluent (Fig. 1). Reduced 

glutathione (GSH) is the major non-protein thiol 

and plays a fundamental role in cell capability, 

protecting cells against lipid peroxidation either 

alone or in conjugation with other protein 

(Anjum et al., 2011). This decrease may be due 

to glutathione being used to scavenge the free 

radicals and reactive oxygen species (ROS) 

generated or induced by the paint effluent. 

Depletion of reduced Glutathione may also 

result from direct conjugation of the molecule 

with electrophiles or redox cycling or indirectly 

through inhibition of its biosynthesis and 

regeneration (Reed, 1994). Also the significant 

decrease in reduced glutathione level observed 

in the tissue of Tympanotonus fuscatus indicates 

that there was an alteration in the oxidative state 

of the tissue. This result is in agreement with the 

findings of Temitope et al., (2014) who reported 

diminution in the Glutathione activity in the 

periwinkles collected from the oil impacted area 

of Port-Novo creek. Faramobi et al., (2007) also 

reported decrease in Glutathione level in the 

gills of Clarias gariepinus due to the continued 

exposure of the organ to contaminant. Exposure 

to pollutants or stressful condition can result in 

elevated glutathione levels; there is evidence 

that adverse effects are associated with 

glutathione exhaustion in marine bivalves. 

Studies by Hassoun and Periandri (2010) found 

significant clampdown in glutathione level in 

the brain tissue of rat exposed to subchronic 

concentration of PCB126. Yazdani et al., (2016) 

reported a significant decrease in GSH mRNA 

level in Atlantic salmon kidney cell exposed to 

100uM BPA. Decreased GSH level was also 

observed in hepatocytes of pearl mullet exposed 

to 200uM BPA for 24 hours. (Kaya and 

Kaptaner, 2016).  

In this report, SOD and CAT showed significant 

decreases following sublethal exposure to paint 

effluent. Only SOD at concentration 1.8ml had 

the highest concentration (Fig. 2), similarly, 

CAT showed decrease in values except at 

0.10ml which had the lowest concentration (Fig. 

3). Superoxide dismutase (SOD) and Catalase 

(CAT) comprise the first line defense against 

oxygen toxicity and serve as early indicators of 

exposure to pollutants that trigger oxidative 

stress. The similarity in the trend of activities of 

SOD and CAT may be linked to other mode of 

action. SOD protects the cell against free 

radicals induced damage by converting 

superoxide radicals (O2-) generated in the 

peroxisomes and mitochondria to hydrogen 

peroxidase. The hydrogen peroxidase is then 

removed from the system by the enzymes 

catalase which converts it to water and molecule 

oxygen (O2) {Timbrell, 2000}.  

Thus the direct relationship in their activities 

could be used to explain the similarity in their 

responses. In the trend of this result, Vieira et 

al., (2012) reported that the decreased CAT 

activity was related with stimulated SOD 

activity in Gold fish under acute toxicity 

following manganese exposure. Zheng et al., 

(2016) also reported significant decrease in 

SOD and CAT activity following PCB exposure 

on juvenile Tilapia.  

Consequently, catalase activity was observed to 

be reduced except the lowest concentration of 

the test compound (0.10 ml) which showed 

significant increase (Fig 3). Catalase is an active 
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and first enzyme that shows alteration following 

oxidative stress (Jin et al., 2010). The decreased 

activity of CAT in Tympanotonus fuscatus 

indicate a changed defense against increased 

generation of hydrogen peroxide (H2O2) 

induced by the paint effluent. The reason for the 

decrease in Catalase activity may be the 

inactivation of enzyme by overproduction of 

reactive oxygen species (ROS). However, the 

observed highest value in the lowest 

concentration of the test compound (Fig. 3), 

indicate improved defense against increased 

generation of hydrogen peroxide (H2O2) 

induced by the paint effluent.  
Findings showed Malonaldehyde (MDA) level 

observed in the tissues of Tympanotonus 

fuscatus exposed to the test compound were 

significantly elevated than MDA level in the 

control (Table 1 and Fig. 4). This result indicates 

that T. fuscatus exposed to paint effluent 

experienced oxidative stress due to lipid 

peroxidation in response to generation of ROS. 

Lipid peroxidation level may also increase when 

antioxidant defense is no longer capable of 

coping with increased ROS (Faheem and Lone, 

2017). This result corroborates the findings of 

Achuba and Osakwe (2003), who reported an 

increase in lipid peroxide in the tissues of fish 

exposed to petroleum hydrocarbons. Chitra et 

al., (2003), reported related findings in rats 

orally administered with BPA for 45days. 

Increased level of lipid peroxidation was 

recorded in common carp (Cyprinus carpio) 

exposed to sublethal concentration of BPA (Qui 

et al., 2016). Faheem and Lone (2017) also 

reported increased lipid peroxidation in C. idella 

after 14 days of exposure to bisphenol-A. The 

increase in lipid peroxides is usually linked to an 

inhibitory effect on the mitochondrial electron 

transport system leading to stimulation in the 

production of intercellular reactive oxygen 

species (ROS). The ROS produced during 

oxidative stress reacts with unsaturated fatty 

acids that are present in membranes and cause 

lipid peroxidation. Therefore, increased lipid 

peroxidation is a signal of high level of ROS 

generated (Thiele et al., 1995). Thus organisms 

inhabiting polluted aquatic environments are 

exposed to variety of oxyradicals leading to 

oxidative damage of lipid or protein 

biomolecules. Oxidation damage reflects the 

imbalance between the production of oxidants 

and sifting or removal of these oxidants. The 

intensity of oxidative damage suffered by an 

organism depends on the acceptable balance 

amongst its individual antioxidant enzymes 

(Lenartova et al., 1997).   
 

5.0 CONCLUSION  

The exposure of Tympanotonus fuscatus to 

sublethal concentration of paint effluent used in 

this study resulted in a significant increase in 

lipid peroxidation and significant decrease in 

GSH, CAT and SOD activities in the tissue of 

the test organisms. This suggests that the 

oxidative state of the periwinkles was changed 

by the effect of the paint effluent. This therefore, 

can be considered as a threat to the oxidative 

state of aquatic organisms especially molluscs.  
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