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Introduction 

Chronic exploratory discharge of produced water and 

drilling cuttings from oil and gas production into the 

water bodies in the Niger Delta regions has become 

a major source of pollutants; causing some health 

challenges and increasing the health risks for rural 

communities that depend solely on these natural 

sources for drinking, sustenance, and livelihood 

(Gazali et al., 2017). Behavioral alterations and 

neurotoxic effect associated with exposure to 

petrochemicals has been reported by quite a number 

of researchers. It is an important component of 

environmental and occupational safety programs of 

humans exposed to these industrial compounds, 

which have proven toxic to the nervous system. 

Identification of the behavioral and neurotoxic 

syndromes attributable to exposure to produced 

water will help improve treatment of waste water 

before discharge and legislation on waste water 

disposal. Produced water is a complicated synthesis 

of numerous dangerous chemicals containing heavy 

metals, inorganic and organic compounds, and 

naturally occurring radioactive materials (NORMs) in 

Abstract 

Treated crude oil exploration water (TCOEW) is a significant byproduct created from petroleum exploration 

activities and is known to be a complicated synthesis of numerous dangerous chemical materials. This study 

is designed to evaluate the behavioral and neurotoxic effects of sub-chronic exposure of Wistar rats to 

treated crude oil exploration water (produced water). Fifty rats were randomly assigned to five treatment 

groups, with ten rats per group, and treated with five concentrations (1%, 5%, 10% and 20%) of TCOEW. 

Each TCOEW concentration was administered for 90 days ad-libitum as normal drinking water to each 

group, while the control group was given tap water. After sub-chronic exposure of 90 days, the behavioral 

effect of TCOEW was investigated using open field test (novelty-induced behavior), elevated plus maze 

(anxiety), novelty object recognition test (short-term memory) Morris water maze (spatial memory), and the 

neurotoxic effects by biochemical and histological assessment of the brain. Data were analysed using 

descriptive statistics and ANOVA at α 0.05. TCOEW produced a significant (p < 0.05) reduction in novelty-

induced rearing, grooming, and locomotion. Also, TCOEW reduced the index of open arm entry IOAA in 

EPM, and time spent exploring the novel object in NORT. TCOEW-exposed groups had significantly higher 

annulus time and higher annulus crossing in Morri’s water maze. This study provides evidence that the 

treated crude oil exploration water might contain chemicals, which on chronic exposure, have effect on 

behavior, learning and memory and anxiety. 
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enormous proportion (Clinton 2009; Andrade et al. 

2010). The two main disposal methods for produced 

water are ecologically threatening (Tellez et al. 2002). 

The chemicals contained in petroleum waste include 

large amount of aromatic and polycyclic 

hydrocarbons, phenols, sulphides, naphthylenics 

acids and the heavy metals derivatives of streams of 

compounds. Polyacramide-containing preparations 

cumulatively exhibit neurotoxicity characterized by 

anxiety, weakness, and cognitive impairment 

(LoPachin and Gavin, 2012). The empirical 

behavioral alterations associated with this 

neurotoxicity are explained by cerebellar Purkinje cell 

death and degeneration of distal axons and nerve 

terminals in the peripheral and central nervous 

systems (LoPachin 2004). There are experimental 

evidence of neurodevelopmental toxicity and 

reproductive toxicity (prenatal and perinatal 

exposure) due to petrochemicals (Garey and Paule 

2010; Takahashi et al. 2009). However, there is little 

evidence that these neurotoxic consequences have 

human relevance (Haber et al., 2009).  

Standard behavioral tests are often used to verify 

theory of psychopathology. These animal models of 

human behavior represent a complex of cognitive and 

emotional processes in animals (particularly murine) 

that are translatable to human subjects (Belovicova 

et al., 2017). Several of the behavioral tests measure 

motivation to perform task and spontaneous 

reactions of rodent in novel environment. The open 

field test (OFT) created in 1934 by Calvin S. Hall 

measures rodent emotionality. It is a standardized 

test which measure thigmotaxis (important indicator 

of anxiety) and habituation (exploratory behaviour) 

amongst other parameters. In a novel environment, 

excitement, emotionality and stress associated 

behavior are the primary reactions before animal 

habituates. Elevated plus maze also measures 

anxiety induced in rodent by neuroactive substances. 

Substances that increase time spent in the open arms 

by animal, are anxiolytics (Carola et al., 2002). These 

overall effects are due to a resultant homeostatic and 

neuronal change in the brain.  

The purpose of this study was to identify behavioral 

pattern exhibited by rats exposed to produced water 

for 90 days in anxiety (elevated plus maze), on 

memory (Morris Water Maze), and sought to explain 

via the biochemistry (GSH, SOD, Catalase) and 

histo-morphology. This model presents a set of data 

that could be extrapolated to human and might 

ensure proper regulation of waste water treatment 

process and disposal into water bodies. 

Materials and Method 

Collection and storage of produced water 

The produced water herein called TREATED CRUDE 

OIL EXPLORATION WATER (TCOEW) was 

collected from the treatment plant of a crude oil 

exploring company in the Niger Delta region of 

Nigeria. It was transported to the Department of 

Pharmacology and Therapeutics, University of 

Ibadan, in plastic containers, where it was stored 

between 2 – 8 °C in a refrigerator. 

Experimental Animals 

Male Wistar rats weighing between 120 – 150 g were 

obtained from the central Animal House (CAH), 

College of Medicine, University of Ibadan. The 

animals were kept in plastic cages (42 x 30 x 27 cm) 

and fed with standard rodent pellet feed and water ad 

libitum. They were acclimatized for 1 week prior to the 

commencement of the experiments. Fifty animals 

were randomly distributed into five groups (n=10) 

according to the experimental design. Group 1 served 

as control (water), while the remaining groups 2, 3, 4 

and 5 were the treatment groups receiving 1, 5, 10 

and 20 produced water. The produced water were 

served with bottles (750ml) fitted with metal snout 

attached to each cage which were labeled control, 

TCOEW 2, TCOEW 3, TCOEW 4, and TCOEW 5, 

respectively. All methods in this study were carried 

out in accordance with the National Institutes of 

Health Guide for Care and Use of Laboratory Animals 

(Publication No. 85-23, revised 1985). Ethical 

approval was obtained from the Animal Care and Use 

Research Committee, University of Ibadan. 

Subchronic toxicity studies 

The OECD guideline (OECD 407) for sub-chronic 

toxicity was adhered to. The animals were provided 

TCOEW as drinking water ad libitum at 1%, 5%, 10%, 

and 20%) for 90 days. For the control group, (0% v/v) 

tap water was administered. Animals were observed 

daily for general conditions; body weights were 

recorded once every ten days during the 90 days 

administration period. At the end of administration, 

behavioral tests were carried out to assess memory 

and locomotory effects. Also, the whole brain was 

dissected for estimation of markers of oxidative stress 

(malondialdehyde (MDA), superoxide dismutase 

(SOD), catalase, nitrite, and glutathione. 

Behaivioural tests 

Open Field Test 

Open field box (72 × 72 × 36 cm) with one clear 

Plexiglas wall to allow visibility was used. The floor 

was divided into sixteen 18 x 18 cm squares and 

centre square (18 cm x 18 cm) in the middle (Brown, 
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et al., 1999). The open field maze was disinfected 

between each rat exploration using 70% ethyl 

alcohol. Rats were placed in the centre of the open 

field and allowed to explore the apparatus for 30 

minutes. The behaviors scored include rearing, 

grooming, and line crossing (Brown et al., 1999).  

Elevated Plus Maze test: Anxiety test 

The maze is elevated to a height of 55 cm with two 

open (50 × 10 cm) and two enclosed arms (50 × I0 × 

55 cm), arranged such that the arms of the same type 

is opposite each other and connected by an open 

central area (I0 × 10 cm). The two enclosed arms will 

be darkened by two covers (50 × I0 cm). The rats 

were placed individually in the centre of the maze and 

observed for 5 min. The number of entries and time 

spent in open arms and closed arms were recorded. 

Arm entries were defined as entry of all four limbs into 

an arm of the maze. The maze was thoroughly 

cleaned with 70% alcohol after the removal of each 

rat.  

Morris Water Maze: learning and memory test 

Morris water maze is used to assess the impact of 

exposure to TCOEW on learning and spatial memory. 

The apparatus is a round (120 ×30 cm) cylindrical and 

opaque tank containing water which is made non-

transparent (with milk) and a hidden (1 cm below 

water level) circular (12 cm) escape platform. The test 

is based on the ability of the rats to learn the location 

of the escape platform using contextual and visual 

cues in its spatial memory. The test is based on the 

principle that a rodent must escape by the fastest and 

most direct route from a seemingly dangerous water 

environment (Vorhees and Williams, 2014). The tank 

is divided into four quadrants marked north, south, 

west and east with the escape platform hidden in a 

particular spot in a specific quadrant. Each animal is 

dropped in the quadrant opposite the quadrant with 

the hidden escape platform, and allowed to locate it 

within 60 sec. If the animal is not able to locate the 

escape platform in 60 sec, it is carefully guided to the 

escape platform and allowed to stay on it for 1 min. 

All the animals are allowed to go through 4 trials 

(learning) per day for 3 consecutive days. The 

animals do not go through trial on the fourth day, but 

on the fifth day which is referred to as probe day the 

animals are allowed a single probe trial without the 

hidden platform. On the probe day, the single trial 

allow the animal to use its spatial memory to locate 

the quadrant that initially housed the escape platform. 

During the trials, the duration of time spent to locate 

the escape platform are recorded, while on the probe 

day the time spent in the target quadrant and the 

number of times the animal crosses the escape island 

are also recorded. 

Object recognition test  

The object recognition task was carried out in a 

square wooden open-field apparatus (60×60×40 cm) 

placed in a spatial room. The open field and the 

objects were cleaned between each trial using 70% 

ethyl alcohol to avoid odour trails. Objects of the 

same shape but different colors were used (Reppa et 

al., 2020). Trial (test trial T1) was done by placing 

each animal in the arena containing two identical 

objects for 5 min allowing exploration of these two 

objects. Animals that do not explore the object for at 

least 15 sec during the 5 min test trials are excluded 

from the experiment. The animal explores the objects 

by sniffing, touching, or making close contact looking 

(interaction) at the object. On the test day, one similar 

object is replaced with a novel object (similar shape, 

but different colour), and the duration of time spent 

exploring the novel object within 5 min is recorded. 

Brain Biochemistry 

Rats were sacrificed through cervical dislocation 

immediately after the behavioral analysis. The whole 

brains were removed, weighed, and kept in the 

refrigerator. Afterward, the whole brain of each rat 

was homogenized with 5 mL of 10% w/v phosphate 

buffer (0.1M, pH7.4). Each brain tissue homogenate 

was centrifuged at 10,000 rpm for 10 min at 4 °C, the 

pellet was discarded, and the supernatant was 

immediately separated into different portions for 

different biochemical assays, namely: Superoxide 

Dismutase (SOD), Catalase (CAT), Reduced 

glutathione (GSH), Lipid peroxidation 

(Malondialdehyde, MDA) and Nitrite which were done 

according to their various principles, and methods 

described by Misra and Fridovich, (1972); Sinha, 

(1971); Jollow et al., (1974) and Green et al., (1982) 

respectively. 

Brain Histo-morphology 

Rats were sacrificed through cervical dislocation 

immediately after the behavioral analysis, and the 

whole brains were removed and fixed in 10% buffered 

formalin. The fixed tissue were longitudinally 

dissected and placed in embedding cassettes before 

cutting into 4 µm section. Sections were then stained 

on slides using hematoxylin and eosin before 

observation under light microscope to obtain the 

histological photomicrographs captured using 

Olympus binocular microscope connected to a digital 

camera (Leica ICC50 E) and computer. 

Statistical Analysis 
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The data were expressed as Mean ± S.E.M. 

(standard error of mean). The data was analyzed 

using Kruskal–Wallis test (Non-parametric) and one–

way analysis of variance (ANOVA) followed by post–

hoc test (Dunnet’s test) for multiple comparisons 

where appropriate using Graph Pad Prism software 

version 5. A level of p < 0.05 was considered as 

statistically significant for all tests. 

Results 

Effect of TCOEW on Rearing and Grooming 
Behavior of Wister Rats 

Administration of TCOEW caused a statistically 

significant (p <0.05) decrease in rearing and 

grooming in TCOEW-treated rats when compared to 

the control group (H2O), as shown in Figure 1 below.

 

Fig 1: Effect of TCOEW on Rearing and Grooming Behavior of Wister Rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. * = 
significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Wister Rat Locomotion in 

Open Field Test 

When compared to the control group (H2O), TCOEW 

1%, TCOEW 5% group had a reduced locomotion 

which was statistically significant while TCOEW 20% 

increased locomotion was statistically significant and 

TCOEW10% decrease was statistically insignificant 

as shown in Figure 2 below

 

Figure 2: Effect of TCOEW on Wister Rat Locomotion in Open Field Test 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. * = 
significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water. 
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Effect of TCOEW on Time spent in Open Arms and 

Closed Arms of Elevated Plus Maze (EPM) in 

Wister Rats. 

When compared to the control group (H2O), all the 

TCOEW groups had statistically insignificant (p 

>0.05) changes in the time spent in open arms and 

the time spent in closed arms as shown in Figure 3 

below

 

Fig 3: Effect of TCOEW on Time spent in Open Arms of Elevated Plus Maze (EPM) in Wister Rats. 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. H2O = 
Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Number of Entries into Open 

Arms and closed Arms of Elevated Plus Maze 

(EPM) in Wister Rats. 

Exposure to 1%, 5% and 10% showed increase in 

number of entries into open arm, but only 5% was 

statistically significant. In the close arm groups 2, 5 

and 6 (TCOEW 1%, 20%) showed a statistically 

significant reduction in number of entries per 5 

minutes into closed arms when compared with the 

control group (H2O) as shown in Figure 4 below.

 

Fig 4: Effect of TCOEW on Number of Entries into Open Arms and closed Arms of Elevated Plus Maze (EPM) in Wister Rats. 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. * = 

significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of sub-chronic TCOEW exposure on Index 

of Open Arm Avoidance (IOAA) of Elevated Plus 

maze in Wister rats 

The TCOEW treated groups showed varying 
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reductions in the Index of open arm avoidance 

(IOAA%) when compared with the control group 

(H2O); TCOEW 5% and TCOEW 20% groups all 

showed statistically significant ( p <0.05) reduction in 

index of  open arm avoidance, while TCOEW 1% and 

TCOEW 10% showed statistically insignificant 

decrease in index of open arm avoidance. 

 

Fig 5: Effect of sub-chronic TCOEW exposure on Index of Open Arm Avoidance (IOAA) of Elevated PluWister rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. * = 
significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Novel Object recognition test 

(NORT) in Wister rats 

The TCOEW treated groups showed reduction in the 

Time spent exploring the novel object when 

compared with the control group (H2O); TCOEW5%, 

TCOEW10% and TCOEW20% group all showed 

statistically significant (p <0.05) reduction Time spent 

exploring the novel object as shown in Figure 6 

below.

.  

Fig 6: Effect of TCOEW on Novel Object recognition test (NORT) in Wister rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test 

* = significance at p < 0.05 when compared with H2O only. H2O = Tap water,TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Escape Latency of Morris 

Water Maze (MWM) in Wister rats 

The escape latency of all the groups reduced but the 

most important was the reduction in the latency time 
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of TCOEW1% treated group in Trial 2 as shown in Figure 7 below. 

 

Fig 7: Effect of TCOEW on Escape Latency of Morris Water Maze (MWM) in Wister rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. * = 
significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Annulus Crossing in Morris 

Water maze in Wister Rats 

TCOEW initially caused a significant increase in 

annulus crossing followed by other insignificant 

increase and a little decrease in TCOEW20% group 

as shown in Figure 8 below.

.  

Fig 8: Effect of TCOEW on Annulus Crossing in Morris Water maze in Wister Rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test 

* = significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Annulus Time in Morris 

Water maze in Wister Rats 

All TCOEW treated groups 1% - 20% showed a 

statistically significant (p <0.05) increase in the 

annulus time as shown in figure 9 below when 

compared with the control group (H2O). 
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Fig 9: Effect of TCOEW on Annulus Time in Morris Water maze in Wister Rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test.  

* = significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Brain Super Oxide Dismutase 

(SOD) Level in Wister Rats 

The increased SOD shown by TCOEW treatment 

was statistically insignificant as shown in Figure 10 

below. 

 

Fig 10: Effect of TCOEW on Brain Super Oxide Dismutase (SOD) Level in Wister Rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. 

* = significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Brain Catalase (CAT) Level in 

Wister Rats 

All TCOEW treated group showed statistically 

insignificant increase in CAT level as shown in Figure 

11 below. 
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Fig 11: Effect of TCOEW on Brain   Catalase (CAT) Level in Wister RatsAll values were expressed as mean ± SEM (n = 6). Data were 
analysed using one-way ANOVA. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Reduced Glutathione (GSH) 

in Wister Rats 

The increased GSH shown by TCOEW was 

significant in TCOEW20% group; other groups 

showed increase GSH that was statistically 

insignificant as shown in Figure 12 below

. 

 

Fig 12: Effect of TCOEW on Brain Glutathione in Wister Rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. 

 * = significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Brain Malondialdehyde 

(MDA) in Wister Rat 

Exposure to TCOEW significantly increased in MDA 

level for all the groups except for TCOEW1% as 

shown in Figure 13 below. 
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Fig 13: Effect of TCOEW on Brain Malonylaldehyde (MDA) in Wister Rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s post-hoc test. 

* = significance at p < 0.05 when compared with H2O. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on Nitrite level in Wister Rats 

All TCOEW treated group showed statistically significant increase in nitrite level as shown in Figure 14 below. 

 

Fig 14: Effect of TCOEW on Nitrite level in Wister Rats 

All values were expressed as mean ± SEM (n = 6). Data were analysed using one-way ANOVA followed by Dunnet’s multiple comparison 
test 

* = significance at p < 0.05 when compared with H2O only. H2O = Tap water, TCOEW = Treated Crude Oil Exploration Water 

Effect of TCOEW on brain histology of treated 

Waster Rats 

TCOEW 1%: There are numerous intact neurons 

(blue arrows). No visible lesion. 

TCOEW 5%: There are multiple foci of neuronal 

necrosis (black arrows), with accumulation of glial 

cells (green arrows). The neutrophil appears normal. 

There are foci of cerebral haemorrhages (red arrows) 

TCOEW10%: There are multiple foci of neuronal 

necrosis (black arrows), with focal accumulation of 

glial cells and neuronophagia (green arrows). The 

neutrophil appears normal. 
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TCOEW20%: There are numerous intact neurons 

(blue arrows). There are a few foci of neuronal 

necrosis (black arrow). There is moderate congestion 

of the cerebral blood vessels (red arrows) 

H2O (Control): There are numerous intact neurons 

(blue arrows). 

 

Fig 1: Effect of TCOEW on Brain histology of treated Male Wister Rats. Magnification: X100. 

TCOEW: Treated Crude Oil Exploration Water 

Discussion 

In this study, behavioral paradigms (open field test, 

elevated plus maze, Morris water maze and novel 

object recognition test) after subjecting rats to 90 

days exposure to produced water TCOEW), were 

explained by the modulation biochemical biomarkers 

and histology. 

To the best of our knowledge, behavioral tests are not 

performed in most neurotoxicity studies, and these 

studies have not only failed to provide information on 

psychiatric aspect of the toxicant but they have not 

contributed much to knowledge on its central effects. 

Rearing and grooming in the open field box was used 

to determine the effect of produced water novelty 

induced behavior; elevated plus maze for anxiety; 

Morris water maze for memory, brain biochemical 

markers determined the oxidative status and 

histology revealed possible effect on neuronal 

architecture.  

Exposure to produced water for ninety days reduced 

locomotion, rearing and grooming in the open field 

test. Rodent behavior in OFT is considered to mirror 

emotional reactivity and exploratory behavior (Gould 

et al., 2010). Grooming is primarily a normal behavior 

for care of the body by the animal, but it is increased 

in adapting to stress from fear or anxiety (Shaw et al., 

2007). Reduction in rearing and grooming brought 

about by TCOEW might be an indication of its 

inhibitory action. Locomotor activity is considered as 

a measure of alertness and its reduction indicates 

sedative activity (Lowry et al., 2005). It has been 

reported that drugs that stimulate the CNS increase 

rearing and grooming behavior while drugs that 

depress the CNS inhibit the rearing and grooming; 

suggesting that TCOEW might have a CNS 

depression-like effect (Aderibigbe and Agboola, 

2011). Nonetheless, exposure to mild stress such as 

a novel environment cause increased grooming 

behavior via activation of central D1 receptor (Scalzitti 

et al., 1999). Reduction in locomotion and novelty 

induced behaviors is suggestive of a possible CNS 

depressant activity (Murray et al., 1996), such might 

be inferred as toxicity from chronic exposure to 

TCOEW.  

The elevated plus maze naturally induce fear in the 

rodents due to balancing on a raised narrow platform 

and novel open space (Dawson and Tricklebank, 

1995). It is a valid anxiety test, based on rodent 

aversion to height and open space, and their innate 

tendency to explore novel dark area (Akanmu et al., 

2011). Index of open arm avoidance (IOAA) was 

notably reduced by TCOEW exposed animals, 

although this does not imply anti-anxiety-like effect. 

Anxiety index difference not up to 10 points greater 

(anxiogenic) or less (anxiolytic) are not often 

acceptable (Akinpelu et al., 2019). Higher units of 

IOAA infers observation of a reduction in percentage 

number of open arm entries and percentage time 

spent in open arm, and vice versa for lower unit IOAA. 

Rodents prefer closed arm but ventures into the open 

arm if they are less anxious under the influence of 

anxiolytic drugs, thus IOAA are lower than control. 
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Both anxiogenic and anxiolytic effects are mediated 

via GABAergic transmission which might not have 

been affected by TCOEW. 

Novelty object recognition test (NORT) is an efficient 

and flexible test for learning and memory. It differs 

from other test of memory in that the time needed for 

the assay is quite short, and more than one brain 

regions and neurotransmitter systems are implicated 

(Moore et al., 2013). This makes it difficult to explain 

its neurobiology. Phosphodiesterase inhibitors 

enhance memory in NORT during acquisition and 

recall (Lueptow et al., 2015). Two cyclic nucleotides 

(cyclic adenosine monophosphate and cyclic 

guanosine monophosphate) have been reported to 

play a major role synaptic plasticity and memory 

formation. Time of novel object recognition as a 

parameter indicates memory performance in object 

recognition test, which is based on the increase in 

amount of time spent on exploration of novel objects 

in comparison with familiar objects. The time of novel 

object recognition is increased by inhibitors of PDEs 

due enhanced cGMP and cAMP intracellular 

signaling. In this test TCOEW treated groups showed 

reduced time spent exploring the novel object in 

NORT which depicts reduced cognition. This depict 

decreased recognition, and might be that chronic 

exposure to TCOEW decrease cognition.   

The Morris water maze apparatus is used to test 

specific responsiveness to hippocampal lesions 

(D’Hooge and Deyn, 2001; Golchin et al, 2013) as 

hippocampal-dependent memory and spatial learning 

in rodents (Van Dam et al. 2006; Shabani et al., 

2012). The use of NORT has increased more than the 

other mazes because its results are robust, reliable 

and more widely replicated. Results obtained here 

are strongly correlated with hippocampus and NMDA 

receptor function. The escape time for all TCOEW 

treated groups shows marked reduction over the 

course of the learning trials. On probe day, annulus 

crossing and annulus time increased across the 

groups signifying the possibility of toxicity associated 

hippocampal region and NMDA receptor functions in 

memory. 

Oxidative stress is the outcome of imbalance 

generation of free radicals and clearance by the 

antioxidant defense mechanism in cells. It has been 

involved in the pathology of several diseases of the 

brain because the relatively higher oxygen 

consumption due to cellular activity (Tabet et al., 

2000). The ability of many cells to resist oxidative 

stress is associated with high intracellular levels of 

anti-oxidants enzymes (Gupta and Sharma, 2006; 

Rodu and Ou, 2000). These enzymes metabolize the 

oxidative toxic intermediates and control the levels of 

lipid hydroperoxides to prevent cell damage by the 

free-radicals (Halliwell, 2015). Reduced glutathione 

(GSH) serves as an important endogenous anti-

oxidant in the brain by scavenging harmful effect 

reactive species that are generated during different 

biochemical processes and chemical toxicant 

(Mahadik et al., 1996). The superoxide dismutase 

(SOD) is an antioxidant enzyme that protects the cells 

against the damaging effects of reactive oxygen 

species, it specifically scavenges superoxide by 

catalysing its dismutation to H202 and 02 (Hopkin, 

2016). Catalase helps in fast decomposition of H2O2, 

it lowers the activation energy, the minimum barrier 

that H2O2 molecules have to decompose (Muller et 

al., 1997). From this study, chronic exposure to 

TCOEW did not increase brain GSH, MDA, CAT and 

SOD statistically. It might thus be inferred that 

although it is not deleterious, exposure to TCOEW is 

not beneficial. 

Conclusion 

This study provides evidence that the treated crude 

oil exploration water might contain chemicals which 

on chronic exposure has effect on behavior, learning 

and memory, and anxiety. Although, further works 

needs to be done to ascertain the specific compounds 

responsible for this effect, the study justifies the 

importance for a call for strict compliance with the 

international standards for treatment of waste water 

before discharge into the water bodies. 
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