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Response of Some Antioxidant Parameters in Post Juveniles of Clarias gariepinus
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Abstract: The adverse effect of crude oil on aquatic ecosystem is a modern day peril. This study investigated
the acute toxicities of some Nigerian crude oil (Forcados, Bonnylight and Qua-Thoe) against Clarias gariepints
and the antioxidant enzyme response of the fish to the pollutants. The toxicity assessment was based on L.C,,
at 96 h. Static renewal bicassays were used to determine the toxicological effects of the 3 crude oils on the
antioxidant enzymes of post juveniles Clarias gariepinus using the liver. The 96 h L.C, value for Qua Iboe was
18966 ml. 1.7, Forcados, 2.776 mL L. ™" and Bonny light, 3.948 mI. 1.7, indicating that Forcados is the most toxic
of the crude oils. Induction of the Glutathione-S-transferase (G3T), Glutatluone (GSH), Superoxide dismutase
(S0D) and Catalase (CAT) i the liver of Clarias gariepinus exposed to Forcados and Bonny light for a period
of 28 days was mhibited while it was enhanced in Qua-Iboe crude oil. Malondialdehyde (MDA) levels increased
with mereasing toxicity and exposure time. SOD, CAT, GSH, GST and MDA are reliable environmental
biomarkers for crude oil induced oxidative stress in Clarias gariepinus and therefore useful biological
indicators of environmental contamination n the aquatic ecosystem.
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INTRODUCTION

The aquatic ecosystem serves as the final destination
for most contammants (Winston and D1 Giulio, 1991). The
study and diagnosis of aquatic contamination 1s therefore
of paramount importance.

Crude oil pollutant is among the most important and
abundant class of pollutants found in the aquatic
environment. The dissolution of the soluble components
of crude o1l in the surrounding water body causes direct
problems for fish (due to its contact with their liver and
gills) organs responsible for gaseous  exchange
(Pacheco and Santos, 2001). This soluble components
contain most of the carcmogemec Polycyclic Aromatic
Hydrocarbons (PAHs) and have been related to neoplasic
and genotoxic effects found in the Liver of Benthic fish,
(Baumann and Harshbarger, 1998) as well as to toxic
effects, such as oxidative stress (Achuba and Osakwe,
2003; Van der Oost et al., 2003; Zhang et al., 2003).

In the last three decades, the major revenue source
for Nigeria has been the oil industry. Exploratory activity
and exploitation of oil occurs mainly in the southern part
of Nigeria, with the Niger delta area accounting for over
90% of crude oil production (Wegwu and Akininwor,
2006). Repeated o1l spillage m Nigeria, has led to
deleterious effects on both the terrestrial and aquatic

ecosystems. According to Wegwu and Akaninwor (2006)
the o1l producing commumties of the Niger delta have
become synonymous with o1l spills which exert severe
disastrous impact on the marine and soil ecosystems. In
coastal o1l producing areas, the marine and soil
ecosystems serve as the main source of livelihoed to
inhabitants and are of agricultural
productivity (Osuji and Adesiyan, 2005). Peculiar to these
o1l producing communities are the numerous network of
crude o1l pipelines criss crossing the land mass. One of
such network of pipelines, belonging to a major oil
producing company is estimated to cover an area of
31000 km’, with 79 flow stations and two export terminals
(NDES., 1999). Several factors have been implicated for
the spillages that occur repeatedly in these areas which
include, hose failure, bursts arising from rupture of flow
lines, corrosion of flow lines, sabotage and vandalization
of o1l installations and  production
(Wegwu and Akaninwor, 2006).

The local fisheries of these communities have also
been affected as the fishes constantly migrate to avoid
the oil logged areas (Powell, 1987). Ezenwa and Ayinla
(1994) reported that the quota of fish contributed from the
Niger delta to the national output was drastically reduced.

determinants

equipments

This has also subsequently led to a reduction m the
artisanal and pelagic sectors of the local fishery.
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Clarias gariepinus is a model fish largely used in the
field of ecotoxicology. Several biochemical responses
have been well characterized in this fish mn response to
exposwre to toxic compounds (Rodriguez-Fuentes and
Gold-Bouchot, 2004).

It 1s one of the most common commercially grown
fresh water fish and 1s of great inportance locally, serving
as a delicacy among many tribes.

This study aims to determine the level of oxidative
enzyme response in post juveniles of Clarias gariepinus
exposed to sublethal concentrations of 3 Nigerian crude
oils (Forcados, Bonny light and Qua-iboe).

MATERIALS AND METHODS

Test animals, source and acclimatization:
Clarias gariepinus post juveniles (6-8 weeks old) were
purchased from a local fish farm m Surulere, Lagos and
transported 1n open gallons, half filled with pond water to
helding tanks (length: 45.00 ¢cm, height 34.00 cm, bottom
diameter: 25.00 cm and top diameter: 35.00 cm) in the
laboratory. The post juveniles were kept in the plastic
holding tanks containing dechlorinated water to
acclimatize to laboratory condition (284+2°C) for a period
of seven days before they were used in the bioassays.
The post juveniles were fed with fish food (Coppens-2
mm) at 3% of body weight twice daily and the water
changed once every 48 h aerating it contimuously with

Bzagdon air pump (double type 1200).

Test compounds: Three crude oils (Forcados, Bomny light
and Qua-iboe) used in this study were obtained from
Exxon Mobil and Shell Nigeria through the Department of
Petroleum Resources (DPR).

General bioassay techniques

Bioassay containers: Rectangular plastic tanks
(5L capacity, with dimensions 22.00x15.00x18.00 cm) were
used as bioassay container

Preparation of test media: To prepare test media for
bioassays, computed volumes of stock solutions were
made up to 4 L. Preliminary studies showed that 5 post
juveniles survived well in 4 T of test media for 7 days
without aeration.

Selection of animals for bioassay: Active post juveniles
of similar age and size (age: 6-8 week old, mean snout to
tail length: 16.00-23.00 cm, mean weight 33.00-47.00 g)
were taken from holding tanks and randomly assigned to
experimental tanks.

Biochemical studies of Clarias gariepinus exposed to sub
lethal concentrations of forcados, bonny light and
Qua-iboe crude oil acting singly in semi static bioassays:
Seven post-juveniles of sumilar age and size were exposed
to sub-lethal concentration (1/10th of the 1.C,, value) and
untreated control in 2 replicates.
bioassays went on for 28 days and the semi static
bioassay procedure was adopted m order to avoid drastic
changes in concentration of test media via evaporation
and excessive reduction in dissclved oxygen level. In the
semi static procedure, each test media was changed into
a fresh solution of exactly the same concentration of
crude oil or untreated control, respectively once every
three days, transferring the same exposed test animals
1nto the freshly prepared test media over the 28 day period
of the experiment.

At time intervals of 7, 14 and 28 days, one live
C. gariepinus per replicate (making two per treatment and
two from untreated control) were randomly selected,
dissected and the liver was kept refrigerated pending
further analysis. Clarias gariepinus was exposed to sub
lethal concentrations of crude oil in separate experiment
as follows:

These series of

s TForcados at 0.3 mL L7 (0.1 of 96 h L)
»  Bomny lightat 0.4mL L™ (0.1 of 96 hL.C,)
*»  Qua-Iboeat2mL L™ (0.1 of 96hLCy)

Biochemical studies of liver of Clarias gariepinus
exposed to sub lethal concentrations of Forcados, Bonny
light and Qua-Iboe crude oil: The followmng
substrate and enzyme activity was analyzed in the liver of
Clarias gariepinus exposed to sub lethal concentrations
of Forcados, Bommy light and Qua-Iboe.

Superoxide dismutase (SOD) activity: Superoxide
dismutase activity was determined by its ability to inhibit
the auto-oxidation of epinephrine which was estimated by
the mcrease m absorbance at 480 nm as described by Sun
and Zigman (1978). The reaction mixture (3 mL) contained
2.95 ml 0.05 M sodium carbonate buffer pH 10.2, 0.02 mI.
of liver homogenate and 0.03 mL of epinephrine in 0.005N
HCl was used to mutiate the reaction. The reference
cuvette contamed 2.95 mL buffer, 0.03 mL of substrate
(epinephrine) and 0.02 mL of water. Enzyme activity was
calculated by measuring the change in absorbance at
480 nm for 5 min:

Y =4020 M 'cm™

Catalase activity: Serum catalase activity was determined
by measuring the decrease in absorbance at 240 nm due

1226



FPak. J. Biol. Sci., 17 (12): 1225-1230, 2014

to the decomposition of H,O, in a UV recording
spectrophotometer. The reaction mixture (3 ml.) contained
0.1 mL of serum in phosphate buffer (50 mM, pH 7.0) and
2.9 mL of 30 mM H,0, in phosphate buffer pH 7.0. An
extinction coefficient for H,O, at 240 nm of 40.0 M ecm™
(Aebi, 1984) was used for the calculation. The specific
activity of catalase was expressed as moles of H,O,
reduced per minute per milligram protein.

Glutathione-s-transferase  activity:  Glutathione-5-
transferase activity was determined by the method of
Habig et al. (1974).

Principle: The assay is based on the fact that all known
glutathione-S-transferase demonstrate a relatively high
activity with 1-Chloro-2, 4-dintrobenzene (CDNB) as the
second substrate. Consequently, the conventional assay
for glutathione-S-transferase activity utilizes 1-Chloro-2,
4-dintrobenzene as substrate. When this substrate is
comjugated with reduced glutatluione (GSH), 1its
absorption maximum shifts to a longer wavelength. The
absorption increase at the new wavelength of 340 nm
provides a direct measurement of the enzymatic reaction.

Reagents

20 mM 1-Chloro-2,4-dinitrobenzene (CDNB): The
3.37 mg of CDNB (Sigma Chemicals Co, London) was
dissolved in 1 mL of ethanol.

Reduced glutathione (0.1 M): The 30.73 mg (0.0307 g) of
reduced glutathione powder (Sigma Chemical Co, London)
was dissolved n 1 mL of 0.1 M phosphate buffer (pH 6).

Procedure: The medium for the estimation of GST activity
was prepared as shown in Table 1 and the reaction was
allowed to run for 60 sec each time before the absorbance
was read against the blank at 340 nm. The temperature
was maintained at approximately 31°C. The absorbance
was measured using spectrophotometer.

%=96M 'cm™
Calculation:
SOD/CAT/GST =  AAMInxV/ZxV,
MDA/GSH = AxXV,/ZxV,
AA = Change in absorbance
Vo = Total volume
V, = Sample volume
X = Molar extinction
Glutathione (GSH) determination: The reduced

glutathione (GSH) content of hiver tissue as non-protein

sulphydiyls was estimated according to the method
described by Sedlak and Lindsay (1968). To the tissue
homogenate, 10% TCA was added, centrifuged. Then
1.0mL of supernatant was treated with 0.5 mL of Ellmans
reagent (19.8 mg of 5, 5-dithiobisnitro benzoic acid
(DTNB) in 100 mL of 0.1% sodium nitrate) and 3.0 mL of
phosphate buffer (0.2 M, pH 8.0). The absorbance was
read at 412 num.

E=134%10°M " cm ™"

Lipid peroxidation: Malondialdehyde (MDA) an mdex of
lipid peroxidation was determined using the method of
Buege and Aust (1978). Briefly 1.0 mL of the supernatant
was added to 2 mL of (1:1:1 ratio) TCA-TBA-HCI reagent
(thiobarbituric acid 0.37%, 0.24N HCIl and 15% TCA)
tricarboxylic acid and thiobarbituric acid-hydrochloric acid
reagent boiled at 100°C for 15 min and allowed to cool.
Flocculent materials were removed by centrifuging at
3000 rpm for 10 min. The supernatant was removed and
the absorbance read at 532 nm agamst a blank. MDA was
calculated using the molar extinction coefficient for
MDATBA-complex of 1.56x10°M ™" cm ™.

Physico- chemical parameters of Forcados, Bonny light
and Qua-Thoe crude oil: The physico-chemical parameters
for Forcados, Bonny light and Qua-Thoe crude oil and the
fresh water used in analysis are given in Table 2 and 3.

Statistical analysis: The dose response data was
analyzed by probit analysis after Finney (1971) using

Table 1: Preparation of the medium for the estimation of GST

Reagents Blank Test
0.1 M reduced glutathione (GSH) (uL) 30 30
20 mM CDNB (uL) 150 150
0.1 M phosphate buffer pH 6.5 (mL) 2.82 2.79
Rample (ul.) - 30
Total mixture (mL) 3 3

Table 2: Physico-chemical
Qua-Iboe crude oil

parameters of Forcados, Bonnylight and

Parameters Forcados blend  Bonny light  Qua-iboe
Specific gravity at 60/60 °F 0.8808 0.8576 0.8706
API Gravity at 60/60 °F 399 334 30.9
Kinematic viscosity at 100 °F 7.00 7.16 .86
Sulphur content. (w/w%) 0.00 0.06 0.04
Pure point (°F) +25 +85 +35
Total acid content Mg KOH g~ 0.33 - -
Water content (v/v %) 0.08

Table 3: Physico-chemical parameters of firesh water used in this experiment

Parameters Fresh water
Conductivity (mS cmi™!) 182.400
TDS (mg L.~} at 26.2°C) 91.200
Ralinity (psw) 0.090
pH at 27.3°C 6.656
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SPSS 10.00 (statistical package). One way analysis of
variance (ANOVA) was used to compare the means of
results obtained from biochemical analysis.

RESULTS

LC,, values at 96 h: The 96 h LC,, values of the three
crude o1l showed that Forcados i1s the most toxic,
followed by Bonny light and Qua-Thoe (2.776, 3.948 and
18.966 mL 1.7, respectively).

Biochemical studies of liver of Clarias gariepinus
exposed to sub lethal concentrations of Forcados, Bonny
light and Qua-Iboe crude oil: The lipid peroxidation assay
indicated that the level of malondialdehyde (MDA) in the
liver of fish exposed to all the test chemicals (Forcados,
Bonny light and Qua-Iboe oil) mcreased
significantly (p<0.05), when compared to control amimals
(Table 4). The level of MDA increased from a range of
0.0040 nM g~" in the control group to 1.533 nM g~ in the
exposed groups. The highest level of peroxidation was in
fish exposed to Forcados, followed by Bonny light and
the least in Qua-Thoe.

Conversely, the activity of the enzymes SOD, CAT,
GST and GSH were inhibited in fishes exposed to
Forcados and Bonny light crude oil but was enhanced
when exposed to the Qua Iboe crude oil (Table 4).
Measurements of SOD, CAT, GST and GSH activities in
liver of fish exposed to sub lethal concentration of the test
chemicals (Forcados and Bonny light crude oil) over a
28 day period decreased significantly (p<0.05) when
compared to control animals but increased significantly
(p<0.05) when exposed to the Qua 1boe o1l

The level of SOD decreased from a range of
1.193 U mg™ in control groups of Forcados and Bonny
light to 0.436 U mg™' (Forcados) and 0.6667 U mg™
(Bonny light) in the exposed groups.

However, the SOD activity increased i Qua-Iboe
from 1.193 U mg™" in contrel group te 5.573 Umg ™" in
exposed group (p<0.05) (Table 4).

The level of CAT decreased from 7.760 Umg ™' in the
control groups of Forcados and Bomny Light to
2.937 Umg ' (Forcados) and 0.6667 U mg ™" (Bomy light)
in the exposed groups (Table 4). CAT, however, increased
in the control group of Qua-iboe from 7.760-35.99 Umg ™.
The levels of GST activities decreased from 1.123 Umg™
in Forcados and Bonny light control groups to
0.5967 Umg ™" (Forcados)and 1.097 Umg™" (Bonny light).
In Qua iboe, however, the level of GST activities increased

crude

from 1.123 U mg™" in contrel group te 10.36 Umg ™" in
exposed group (Table 4).

Table 4: Activities of MDA, SOD, CAT, GST and GSH from post-juvenile
of Clariay gariepisus exposed singly to Forcados, Bonny light
and Qua Iboe crude oil

Activity (Mean+SD)
Series  Forcados Bonny light Qua Thoe
MDA
Control 0.004040.001000  0.004000+£0.001000  0.00400:=+0.001 000
7 days  0.8100£0.04000%** 0.006333+0.0005774% 0.04167+0.01793
14 days 1.0070+0.03055%#* 0.007333+0.0005774** 0.06500+0.01 587**
21 days 1.5330+0.05033*** 0.010000+0.0010%#*  0.04233+0.0263
28 days 1.3900+0.1054%**  0,010330+0.001 155%** (.06833+0.009452%*
SOD
Control 1.1930+0.2517 1.1930+0.2517 1.193040.2517
Tdays  0.5667+0.03055%%* 0.8567+0.05774% 5.5730£1. 406+ **
14 days 0.5767+0.04726%%* 0.7500+0.01732%** 4.7930+1.035%*
21 days 0.5500:+0.04000%*%* 0.6967+0.04726%* 0.5967+0.2468
28 days 0.4367+0.02300%** 0.6667+0.02082% 5.1170+0.6201 ***
CAT
Control 7.7600+1.460 7.7600£1.460 7.7600+1.460
Tdays  3.6730£0.1922%%%  0.8567+0.05774% 35.990049.103 %
14 days 3.8470+0.2930%%%  0,7500+0.01732%** 30.9500+6.691*
21 days 3.6830+0.2511%** 0.6967+0.04726%* 4.7030+£1.717
28 days 2.9370+0.1620%**  0.6667+0.02082%%*  34.7300+11.65%*
GST
Control 1.1230+0.6150 1.1230+0.6150 1.123040.61 50%**
7 days  0.5967+0.07767 1.1930+0.1343 7.98004+1.060%*
14 days 0.9367+0.1429 1.0970+0.07767 3.4830+0.41 86***
21 days 0.7300+0.04583 1.1200+0.03606 10.3600£0.7845
28 days 0.8933+0.09452 1.3770+0.2272 6.7730+0,39 72
GSH
Control 0.153304+0.03215  0.15330+0.03215 0.1533+0.03215
7 days  0.04667+0.005774 0.09333+0.0115 0.5800+£0. Q793 TH++
14 days 0.07333+0.001155 0.08667+0.005774 0.25000.0300
21 days 0.05667+0.005774 0.08667+0.005774 0.1067+0.03055
28 days 0.0700040.0100 0.1067040.02082 0.5967+0.06351 %+

5.D: Standard deviation, *Significant different (p<0.05), **More significant
(p<00.01), ***Most significant (p<0.001)

The GSH decreased from 0.1533 U mg ™ in control
group to 0.04667 Umg ™" (Forcados) and 0.08667 U mg ™
(Bonny light). However the level of GSH activity

increased from 0.1533 U mg ™' in control groups to
0.5967 Umg™' (Table 4).

DISCUSSION

This study revealed differential toxicities in the three
crude oils tested against C. gariepinus (based on LC;,
values). Otitoloju (2006) observed that differential toxicity
between test chemicals can be tied to the differences in
the natwre of the physical and chemical constituents.
Thus the action site and toxicity exerted on target
organisms. The greater toxicity of Forcados when
compared to the other two (Bommy light and Qua-iboe)
can be attributed to a higher composition of low boiling
point hydrocarbons, such as aromatics, including
benzene, toluene, xylene naphthalene and phenanthrene,
all of which generally have a higher solubility in water and
are known to be toxic to a wide variety of marine
orgamisms. The bonmy light crude o1l also had a lugher
composition of these hydrocarbons than Qua-iboe thus
conferring on it a higher toxicity.
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The liver is an organ that performs various
functions associated with the metabolism of xenobiotics
(Jiminez and Stegeman, 1990). The breakdown of aliphatic
and aromatic hydrocarbons and other xenobiotics lead to
the generation of free radical species in various tissues
(Achuba and Osakwe, 2003). Hepatocytes rely on
antioxidant enzymes to protect them from the activity of
reactive oxygen species which are products of
transformation of =xenobiotics. Antioxidant enzyme
activity can be enhanced or inhibited by chemical stress
and this depends on the intensity and duration of stress
applied and also susceptibility of the target species.

In this study there was an inhibition of GST, GSH,
SOD and CAT in Forcados and Bonny light crude oils
while there was an enhancement of these anti oxidant
enzymes in Qua iboe. Previous workers have reported the
mhibition of antioxidant enzymes in crude oil and refined
petroleum cil. Wang et al. (2006) reported the inhibition of
GST activity in Sebasticus marmoratus after exposure
to Benzene. Ofitoloju and Olagoke (2011) noted a
significant reduction (p<<0.05), in SOD and GST in the liver
of Clarias gariepinus exposed to crude oil, benzene,
toluene and xylene while Viewra ef al. (2008) reported a
significant decrease in acetylcholinestrase (ACLE) and
GST in Pomatoschistos microps exposed to high
concentrations of Anthracene.

Inhibition in anti oxidant enzyme activity is
responsible for the significant lipid peroxidation observed
mn this study. Malondialdehyde (MDA) which is one of
the oxidative damage products of lipid peroxidation was
found to increase in the 3 crude oils in the study. Such
increases have been reported by Faromb et al. (2007).

Oxidative stress due to the toxic effect of pollutants
is usually indicated by increased levels of products of
oxidative damage (MDA) and subsequent decrease in
defense enzymes (GST-GSH, 30D, CAT) due to
overwhelming effects of the pollutants (Otitoloju and
Olagoke, 2011).

The enhancement of the antioxidants in Qua-Thoe
crude which is an indication of lower toxicity and
oxidative stress as shown in results observed i this
study may be attributed to the fact that Qua-Thoe is the
most viscous among the three oils, hence the least soluble
in water and less available for uptake. Farombi ef al. (2007)
and Saliu and Bawa-Allah (2012) similarly reported
elevated levels of some antioxidant enzymes in Clarias
gareipinus exposed to heavy metals.

Exposure of aquatic organisms to crude and refined
oils inflicts severe impact on various aspects of fish
physiology sometimes leading to large scale mortalities.
This study is therefore significant in indicating that the
response of antioxidant enzymes can be used as potential
environmental biomarkers for crude o1l induced oxidative
stress in fish.
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