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Abstract

The effects of petroleum products (kerosene, diesel, engine oil and petrol) treatment of soil at
various sublethal concentrations (0.0%, 0.1%, 0.25%, 0.5%, 1.0%, 1.5% and 2.0%) on oxidative
stress markers (lipid peroxidation, superoxide dismutase activity, catalase activity and xanthine
oxidase) were studied in cowpea and maize seedlings. The results indicated that the petroleum
products caused a significant increase in lipid peroxidation and a significant decrease in the activ-
ities of the antioxidant enzymes: Superoxide dismutase, catalase and xanthine oxidase activities.
Kerosene had a greater effect on these indicators of oxidative stress than did the other petroleum
products. The effects on lipid peroxidation and antioxidant enzymes were more pronounced in
cowpea seedlings than in maize seedlings.
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1. Introduction

In photosynthetic plants, two forms of activated oxygen are formed from superoxide anion. These are hydrogen
peroxide and hydroxyl radicals. Activated oxygen is often formed as a component of metabolism to enable
“complex” chemical reactions such as the oxidation of xenobiotics or the polymerisation of lignin [1]. It is also
formed by the dysfunctioning of enzymes or electron transport systems as a result of perturbations in the meta-
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bolism caused by chemical or environmental stress [1]. Activated oxygen species are produced in various sites
in plants. These include the chloroplast, peroxisomes and mitochondria [2]-[4]. Various Fe-S proteins and
NADH dehydrogenase have also been implicated as possible sites of superoxide and hydrogen peroxide forma-
tion [1]. The activated oxygen species generated either during normal metabolic activity or during metabolism
of xenobiotics, when produced more than the body can accommaodate leads to lipid peroxidation.

This process of lipid peroxidation precedes oxidative damage in plants and animals. However, living organ-
isms are endowed with antioxidant defence systems. The defense mechanisms against oxidative damage include
enzymes such as superoxide dismutase, catalase as well as non enzymes such as ascorbic acid. Alterations in the
level of these antioxidants represent a measure of oxidative stress. In addition, the activity of xanthine oxidase is
also an example of defense mechanism as well as a measure of oxidative stress.

Crude petroleum has been reported to alter oxidative stress indices [5]-[8]. These oxidative stress markers in-
clude lipid peroxidation and changes in the activities of anti-oxidant enzymes such as superoxide dismutase,
catalase as well as xanthine oxidase The aim of this study was to investigate the effects of petroleum products:
Kerosene, diesel, engine oil and petrol contaminated soil on some oxidative stress markers in cowpea and maize
seedlings.

2. Materials and Methods
2.1. Refined Petroleum Products and Planting Materials

The refined petroleum products of known specific gravities (kerosene = 0.81; diesel = 0.85; engine oil = 0.87;
petrol = 0.75) were obtained from Warri Refining and Petrochemical Company, Warri, Nigeria. Improved varie-
ties of maize (Zea mays) were obtained as single batch from Delta Agricultural Development Project (DTADP)
Ibusa Delta State, Nigeria. Improved varieties of Vigna unguiculata (L.) Walp were obtained from International
Institute of Tropical Agriculture IITA, Ibadan, Nigeria. The soil (sand 84%, silt 5.0%, clay 0.4% and organic
matter 0.6%, pH 6.1) was obtained from a fallow land in Delta State University, Abraka. The nutrient content of
the soil used is shown in Table 1. The experiment was carried out in a laboratory condition of temperature 28°C
and 12 hr day/night regime.

2.2. Soil Treatment and Planting of Seeds

One thousand six hundred grams of soil was added to each small size planting bags (1178.3 cm®, 15 cm deep)
and divided into six groups of five replicates. Groups 1 to 5 contained 0.1%, 0.25%, 0.5%, 1.0% and 2.0% (v/w)
respectively of each of the petroleum products while group six served as control (0.0%). To the first bag, 1.6 ml
of kerosene, corresponding to 0.1%, was added. The petroleum product treated soil sample was mixed vigo-
rously with hand to obtain homogeneity of the mixture. The procedure was repeated for 0.25%, 0.5%, 1.0%, 1.5%
and 2.0%. This same procedure was applied to diesel, engine oil and petrol. Each treatment including control
was replicated five times. The treatments were watered every day in order to keep the soil moist. The design of

Table 1. Physicochemical properties of test soil.

Parameters Value

pH 6.09

Total organic carbon, % 2.90
Phosphorus, mg/kg <0.01
Nitrogen, mg/kg 8.47
Nitrate, mg/kg 9.86
Cation exchange capacity, meq/100g 0.74
Sodium, mg/kg 9.06
Potassium, mg/kg 6.72
Calcium, mg/kg 2.98
Magnesium, mg/kg 0.31
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the experiment was completely randomized design (CRD).

Damaged seeds were determined by floatation. All seeds that floated on water were discarded and others that
remained at the bottom of water were deemed potentially plantable. Three seeds were planted in each test bag to
an approximate depth of 2 cm immediately after pollution and kept under partial shade. During the experiment
80 cm® of water was supplied to the set up as at when needed to keep the soil moist. Germination [which is in-
dicated by the appearance of epicotyls (for cowpea) and hypocotyls (for maize) above the soil level] records was
taken at 4 days interval up to 12 days. Seeds, which failed to sprout after 12 days were regarded as not germina-
ble. At the end of each experimental period, the seedlings were carefully removed from the bags by destroying
the bags while the bulk soil containing the seedling was placed under slow running tap water to wash off the soil
particles.

2.3. Preparation of Extracts for the Determination of Oxidative Stress Markers in the
Leaves of Cowpea and Maize Seedlings

The leaves (0.5 g) of four day old cowpea seedlings was measured and homogenized in pre-hilled mortar with
pestle in the presence of 0.05 M phosphate buffer pH 7.5 and few drops of butylated hydroxyl toluene (BHT),
filtered with double layered cheese cloth and then centrifuge at 5000 g for 10 min. The supernatant obtained was
finally used for the determination of oxidative stress markers. The same procedure was adopted in the prepara-
tion of extract for eight and twelve-day-old cowpea seedlings respectively. This same procedure was followed in
the preparation of leave extract of four, eight and twelve day’s old maize seedlings.

2.4. Determination of Lipid Peroxidation Markers in the Leaves of Cowpea and Maize
Seedlings

This assay is based on the reaction of malondialdehyde (MDA) with thiobabituric acid (TBA); forming a
MDA-TBA, adduct that absorbs strongly at 532 nm. Acetic acid (1.0 ml) was placed in a test tube and to
the test tube 1.0 ml of 10% TBA was added followed by 0.1 ml of the supernatant. The test tube was cov-
ered and immersed in boiling water for 15 min. the mixture was cool, thereafter centrifuged at 5000 g for
10 min. The spectrophotometer was zeroed and absorbance of test sample was read at 532 nm against the
reagent blank.

2.5. Determination of Superoxide Dismutase (SOD) Activity in the Leaves of Cowpea and
Maize Seedlings

SOD inhibits the auto-oxidation of epinephrine to adrenochrome [9]. To 2 ml of the homogenate, 2.5 ml of 0.05
M phosphate buffer, pH 7.4 was added. The reaction was initiated by the addition of 0.5 ml of freshly prepared
0.3 nm epinephrine to the buffer-supernatant mixture. This was mixed by inversion. The reference cuvette con-
tained 2.5 ml of the buffer 0.5 ml of epinephrine and 2 ml of deionized water. The increase in absorbance at 480
nm was monitored every second for 150 seconds. One unit of superoxide dismutase activity is defined as the
amount of enzyme required for 50% inhibition of the oxidation of epinephrine to adrenochrome at 480 nm per
minute [10]. The enzyme activity was assayed with an Sp 1800 UV/VIS Spectrophptometer.

2.6. Determination of the Activity of MnSOD and Cu/Zn SOD in the Leaves of Cowpea and
Maize Seedlings

Manganese dependent superoxide dismutase (MnSOD) was analysed in the presence of 1 mM NaCN, to sup-
press Cu/Zn SOD activity. The cytosolic copper/zinc superoxide dismutase (Cu/Zn SOD) activity was deter-
mined, as the difference between total SOD and cyanide sensitive enzyme activity [11]. The enzyme activity was
assayed with a spectrometer S22.

The assay mixture contained 1.0 ml of the homogenate, 10 ml of 0.05 M phosphate buffer pH 7.4 and
0.05 ml of 1. mM NaCN. The reaction was initiated by adding 0.5 ml of 0.3% freshly prepared epinephrine.
This was mixed by inversion. The absorbance was monitored at 480 nm for every 30 seconds for 150 se-
conds.

2.7. Determination of Catalase Activity in the Leaves of Cowpea and Maize Seedlings

Catalase breaks down hydrogen peroxide to give oxygen that oxidizes potassium dichromate. The oxidation of
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chromate gives a chromophore that absorbs maximally at 610 nm. The enzyme extract (0.5 ml) was added to the
reaction mixture containing 1 ml of 0.05 M phosphate buffer (pH 7.5), 0.5 ml of 0.2 M H,O,, 0.4 ml H,O and
incubated for different time period t;, t, and t; for 1 minute, 2 minutes and 3 minutes respectively. The reaction
was terminated after each time interval by the addition of 2 ml of acid reagent (dichromate/acetic acid mixture)
which was prepared by mixing 5% potassium dichromate with glacial acetic acid (1:3 by volume). To the con-
trol, the enzyme was added after the addition of acid reagent. All the tubes were heated for 10 minutes in boiling
water and the absorbance was read at 610 nm with an Sp 1800 UV/VIS Spectrophptometer. Catalase activity
was expressed in terms of moles of H,O, consumed/min [12].

2.8. Determination of Xanthine Oxidase Activities in the Leaves of Cowpea and Maize
Seedlings

Xanthine oxidase catalyses the conversion of methylene blue to the reduced clourless forms. Enzyme activity
is proportional to the reciprocal of time taken for methylene blue to change to colourless. Two test tubes la-
beled control and test were placed in a test tube rack, one milliter of 0.05% neutral formaldelyde was pipetted
into each test tubes. The 0.02% methylene blue solution was added in the test tube labeled test and followed
by the addition of 1 ml of the supernatant to the respective test tube. 1 ml of distilled water was added to the
control test tube and 2 drops of liquid paraffin was also added in both test tubes to prevent atmospheric oxidation.

2.9. Statistical Analysis

The results were expressed as mean = SEM. All results were compared with respect to the control. Comparisons
between the test and control were made by using Analysis of Variance (ANOVA), Least Significant Difference
(LSD) was used to conduct Post Hoc test for the significant difference. Differences at p < 0.05 were considered
as significant.

3. Results

Lipid peroxidation in the leaves of cowpea and maize seedlings grown in kerosene, diesel, and engine oil and
petrol treated soil after four days of germination are shown in Figure 1. Lipid peroxidation in the leaves of
cowpea seedling grown in kerosene treated soil was found to increase significantly (p < 0.05) from 0.25%
through 2%. In maize seedlings grown in kerosene treated soil , there was a significant (p < 0.05) increase in li-
pid peroxidation in the leaves at 1.5% and 2% concentrations relative to control. Comparing lipid peroxidation
in the leaves of cowpea and maize seedlings grown in kerosene treated soil; lipid peroxidation in the leaves was
significantly higher in cowpea seedlings than in maize seedlings at 1.5% and 2% concentrations. Lipid peroxi-
dation in the leaves of cowpea seedlings grown in diesel treated soil was found to increase significantly (p <
0.05) from 0.25% through 2% concentration compared with control. In maize seedlings grown in diesel treated
soil, there was a significant (p < 0.05) increase in lipid peroxidation in the leaves from 0.25% to 2% concentra-
tion when compared with control. Lipid peroxidation was significantly (p < 0.05) lower in the leaves of cowpea
seedlings than in the leaves of maize seedlings at 0.1% and slightly higher in the leaves of cowpea seedling than
in the leaves of maize seedling at all other levels of concentrations tested. Also, lipid peroxidation in the leaves
of cowpea seedlings grown in engine oil treated soil were found to increase significantly (p < 0.05) from 0.25%
to 2% concentration when compared with control. Lipid peroxidation in the leaves of maize seedling grown in
engine oil treated soil was also found to increase significantly from 0.25% to 2%. In comparison, lipid peroxida-
tion was lower in the leaves of cowpea seedlings than in the leaves of maize seedlings. In all the concentrations
tested, petrol treated soil resulted in significant (p < 0.05) increase of lipid peroxidation from 0.25% to 2% in the
leaves of cowpea seedling when compared with control. Lipid peroxidation in the leaves of maize seedlings
grown in petrol treated soil also exhibited significant increase from concentration level of 0.5% to 2% when
compared with control. When compared, lipid peroxidation in the leaves of cowpea and maize seedlings
grown in petrol treated soil was not significantly different. Lipid peroxidation in the leaves of cowpea and
maize seedlings grown in kerosene, diesel, and engine oil and petrol treated soil after eight days of germi-
nation are shown in Figure 1. Lipid peroxidation in the leaves of cowpea seedlings grown in kerosene
treated soil after eight days was found to increase significantly from 0.25% through 2% when compared
with control. In maize seedlings grown in kerosene treated soil, there were significant (p < 0.05) increases
in lipid peroxidation in the leaves at 1.5% and 2% concentrations compare to control. Comparing lipid
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Figure 1. Effect of concentration of petroleum products on lipid peroxidation in the leaves of cowpea and maize after
four and eight days of germination. "Significantly lower as compared to control; *Significantly lower as compared to en-
gine oil; **Significantly lower as compared to kerosene; °Significantly lower relative to control; ®Significantly lower rel-
ative to other petroleum products; °Significantly higher relative to other petroleum products; °Significantly lower in
cowpea relative to maize seedlings; “Significantly higher in cowpea relative to maize seedlings.

peroxidation in the leaves of cowpea and maize seedlings grown in kerosene treated soil; lipid peroxidation was
significantly (p < 0.05) higher in the leaves of cowpea seedling than in the leaves of maize seedlings from 0.25%
through 2% concentrations. Lipid peroxidation in the leaves of cowpea seedlings grown in diesel treated soil
were found to be significantly (p < 0.05) higher from 0.25% to 2% when compared with control. In maize
seedlings grown in diesel treated, lipid peroxidation in the leaves showed a significant (p < 0.05) increase from
0.5% through 2% concentrations. Lipid peroxidation were significantly (p < 0.05) higher in the leaves of cowpea
seedling at 1% and 1.5% concentration than in the leaves of maize seedling. Also, lipid peroxidation in the
leaves of cowpea seedling grown in engine oil treated soil were found to increase significantly (p < 0.01)
from 0.25% to 2% engine oil contaminated soil relative to control. Lipid peroxidation in the leaves of maize
seedlings grown in engine oil treated soil showed a significant (p < 0.05) increase from 1% to 2% concentra-
tions relative to control. In comparison, lipid peroxidation was significantly lower in the leaves of cowpea
seedling than in the leaves of maize seedlings. Lipid peroxidation in the leaves of cowpea seedling grown in
petrol treated soil was found to increase significantly (p < 0.05) from 0.25% to 2% concentrations compared
with control. Lipid peroxidation in the leaves of maize seedlings grown in petrol treated soil showed a signif-
icant (p < 0.05) increase from 0.25% to 2% compared to control. When lipid peroxidation in the leaves of
cowpea seedlings and maize seedlings grown in petrol treated soil are compared, lipid peroxidation level
was found to be significantly (p < 0.05) higher at 0.25% in the leaves of cowpea than in the leaves of maize
seedlings. Lipid peroxidation in the leaves of cowpea and maize seedlings grown in kerosene, diesel, and
engine oil and petrol treated soil after twelve days of germination are shown in Figure 2. Lipid peroxida-
tion in the leaves of cowpea seedlings grown in kerosene treated soil was found to increase significantly at
0.25% through 2%. In maize seedlings grown in kerosene treated soil, there was a significant increase in
leaves lipid peroxidation at 1.0% to 2.0% concentrations respectively of kerosene in soil. Comparing lipid
peroxidation in the leaves of cowpea and maize seedlings grown in kerosene treated soil; lipid peroxidation
was significantly higher in the leaves of cowpea seedlings than in the leaves of maize seedlings at 0.25% and
2% concentrations. Similarly, lipid peroxidation in the leaves of cowpea seedlings grown in diesel treated
soil was found to increase significantly at 0.25% to 2% concentrations compared to control. In maize seedlings
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Figure 2. Effect of concentration of petroleum products on lipid peroxidation in the leaves of cowpea and ma-
ize after twelve days of germination. "Significantly lower as compared to control; *Significantly lower as com-
pared to engine oil; **Significantly lower as compared to kerosene; °Significantly higher relative to control;
éSignificantly lower relative to other petroleum products; "Significantly higher relative to other petroleum
products; “Significantly lower in cowpea relative to maize seedlings; “Significantly higher in cowpea relative to
maize seedlings.

grown in diesel treated soil, there was a significant increase in lipid peroxidation in the leaves at 0.25% to 2%
concentrations compared to control. Lipid peroxidation was significantly higher from 0.25% to 2% concentra-
tions in the leaves of cowpea seedlings compared to that in the leaves of maize seedling. Also, lipid peroxidation
in the leaves of cowpea and maize seedlings grown in engine oil treated soil were found to increase significantly
from 0.25% to 2% relative to their respective control values. Maize seedlings grown in engine oil treated soil
showed a significant increase in lipid peroxidation in the leaves from 0.25% to 2% concentrations relative to the
control. In comparison, lipid peroxidation was significantly lower in the leaves of cowpea seedlings grown in
engine oil contaminated soil than in the leaves of maize from 0.25% to 2% concentrations. Lipid peroxidation in
the leaves of cowpea and maize seedlings grown in petrol treated soil were found to increase significantly from
0.25% to 2% concentrations. When lipid peroxidation in the leaves of cowpea and maize seedlings are compared
in petrol treated soil, lipid peroxidation was found to be significantly higher at 0.25%, 1.0%, and 2.0% concen-
trations in cowpea seedlings over maize seedlings.

The activities of SOD in the leaves of cowpea and maize after four days of germination in kerosene, diesel,
and engine oil and petrol treated soil are presented in Figure 3. Kerosene treated soil resulted in significant de-
crease (p < 0.05) in SOD activity in the leaves of cowpea seedlings compared with control. Maize seedling
grown in kerosene treated soil resulted in significant (p < 0.05) decrease in SOD activity in the leaves in all the
concentrations tested except at 1.5% where a slight decrease was observed. When the activities of SOD in the
leaves of cowpea and maize seedlings grown in kerosene treated soil are compared, the enzyme was found to be
significantly higher at 0.5% and 1% concentration in the leaves of cowpea seedlings than in the leaves maize
seedlings. SOD activities in the leaves of cowpea seedlings grown in diesel treated soil showed a significant
(p < 0.05) decrease across all the concentrations tested except at 1.5% compared with control. In maize
seedlings grown in diesel treated soil, SOD activities in the leaves decreased significantly (p < 0.05) across
all the concentrations tested relative to the control. When the activities of SOD in the leaves of cowpea and
maize seedlings grown in diesel treated soil are compared, it was found to be slightly higher in cowpea
seedling than maize seedlings. The activities of SOD in the leaves of cowpea seedling exposed to engine oil
treated soil caused a significant (p < 0.05) increase in the activity of the enzyme above 1% levels of concen-
tration compared with control. It only caused a slight decrease at 0.25% concentration. In maize seedlings
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Figure 3. Effect of concentration of petroleum products on total SOD activities in leaves of cowpea and maize
after four, eight and twelve days of germination. “Significantly lower as compared to control; *Significantly lower
as compared to engine oil; ~*Significantly lower as compared to kerosene; °Significantly higher relative to control;
3Significantly lower relative to other petroleum products; "Significantly higher relative to other petroleum prod-
ucts; “Significantly lower in cowpea relative to maize seedlings; “Significantly higher in cowpea relative to maize
seedlings.

grown in diesel treated soil SOD activity significantly (p < 0.05) increased at 1.5% concentration and also
showed a slight decrease at 0.1% and 0.25% concentration when compared with control. In all the concentra-
tions, the activities of the SOD in the leaves were significantly higher in cowpea seedlings when compared to
maize seedlings. Petrol treated soil had a slight increase in the activity of SOD in the leaves of cowpea seedlings
at 1% concentration but showed slight reduction at 0.25% and 0.5% concentrations when compared with control.
In maize seedlings however, only slight decrease in the activity of leaves SOD was observed at 0.25% concen-
tration. No reasonable change was shown at all other levels of concentration. In all the concentrations tested, the
activities of the enzyme were found to be significantly (p < 0.05) higher in the leaves of cowpea seedlings com-
pared to maize seedlings. After eight days, kerosene treated soil resulted in significant decrease in SOD activity
in the leaves of cowpea seedlings compared with control. Similarly, kerosene treated soil caused a significant
decrease in SOD activity in the leaves of maize seedlings. When the activities of SOD in the leaves of cowpea
and maize seedlings grown in kerosene treated soil are compared, the enzyme was found to be significantly
higher in the leaves of cowpea seedlings at kerosene concentration of 1% to 2% than in the leaves of maize
seedlings. The activities of SOD in the leaves of cowpea seedlings grown in diesel treated soil showed a signifi-
cant (p < 0.05) decrease at 0.1% to 0.5% concentrations when compared with control. Slight decrease of leaves
SOD activity was observed at other levels of concentration except 1%. Kerosene treated soil resulted in signifi-
cant (p < 0.05) decrease of SOD activity in the leaves of maize seedlings in all the concentrations tested com-
pared with control. When the activities of SOD in the leaves of cowpea and maize seedlings grown in diesel
treated soil are compared; it was found to be significantly (p < 0.05) higher in the leaves of cowpea seedlings
than in the leaves of maize seedlings. SOD activity in the leaves of cowpea seedling grown in engine oil treated
soil showed a significant (p < 0.01) decrease up to 0.25%. However, further increase in engine oil concentration
led to significant (p < 0.05) increase of leaves SOD activity. However, in maize seedlings grown in engine oil
treated soil, there was a significant (p < 0.05) increase in the activity of leaves SOD at 1.5% concentration while
a slight decrease of leaves SOD activity at 0.5% concentration was observed. In all the concentrations, the activ-
ities of leaves SOD were significantly higher in cowpea seedlings at concentration levels above 0.25% when
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compared to the leaves SOD of maize seedlings. Petrol treated soil had a slight increase in the activities of total
SOD in the leaves of cowpea seedlings at 0.1% and 1% levels of soil contamination. However, a significant de-
crease of leaves SOD activity in cowpea seedling at 0.25% concentration was observed. In maize seedlings, sig-
nificant (p < 0.05) increases of leaves total SOD activity was observed at 0.1% and 1% concentrations; while a
significant (p < 0.05) decrease was recorded at 0.5%. When compared, leaves total SOD activity in cowpea
seedlings was significantly (p < 0.05) higher than in maize seedlings. The activities of superoxide dismutase
(SOD) in the leaves of cowpea and maize seedlings after twelve days of germination in kerosine, diesel, engine
oil and petrol treated soil are shown in Figure 3. In all the concentrations tested, kerosene treated soil resulted in
significant decrease (p < 0.05) of SOD activity in the leaves of cowpea compared with control. However, in ma-
ize seedling, kerosene treated soil only resulted in significant decrease (p < 0.05) up to 0.5% concentration; the-
reafter further increase in kerosene concentration did not result in significant decrease in SOD activity. When
the activities of SOD in the leaves of cowpea and maize seedlings grown in kerosene treated soil are compared,
the enzyme was found to be significantly lower in the leaves of cowpea seedlings at kerosene concentration of
1.0% than in the leaves of maize seedlings. Similarly, in all the concentrations tested, diesel treated soil re-
sulted in significant decrease (p < 0.05) of SOD in the leaves of cowpea seedlings compared with control.
However, in diesel treated soil, there was significant decrease in the activity of SOD in the leaves of maize
seedlings at 0.25%. Moreover, there was a significant increase in the activity of SOD in the leaves of maize
seedlings at 0.1, 1.0% 1.5% and 2% diesel concentrations. When the activities of total SOD in the leaves of
maize seedlings are compared with those of cowpea seedlings grown in diesel treated soil, the enzyme was
found to be significantly (p < 0.05) higher in the leaves of maize seedling at diesel concentrations above 0.5%.
Unlike kerosene treated soil, the changes in the activities of the enzyme in diesel treated soil are not concen-
tration dependent.

The activities of superoxide dismutase (SOD) in the leaves of cowpea seedling grown in engine oil treated
soil significantly (p < 0.05) decreased up to 0.5%. At higher concentrations of engine oil above 1.0% there was a
significant increase in the activity of the enzyme in the leaves of cowpea seedlings. However, in maize seedling
grown in engine oil treated soil, there was a significant (p < 0.05) increase in the activity of leaves SOD in all
the concentrations except at 0.25% engine oil in soil. In all the concentrations, the activities of the enzymes were
significantly (p < 0.05) lower in the leaves of cowpea seedlings when compared to maize seedling. Petrol treated
soil had a significant (p < 0.05) reduction in the activities of (SOD) in the leaves of cowpea seedlings grown in
all the concentrations tested relative to the control. In maize seedlings grown in petrol treated soil, there was a
significant (p < 0.05) increase in the activity of leaves SOD at 0.1%, 0.5%, 1.0%, 1.5% and 2.0% petrol in soil.
However, there was no change in the activity of the enzyme in maize seedlings grown in 0.25% petrol contami-
nated soil. In all the concentrations tested the activity of leaves SOD was found to be significantly lower in the
leaves of cowpea seedlings compared to that in the leaves of maize seedlings.

The activities of Cu/Zn SOD in the leaves of cowpea and maize seedlings after four days of germination in
kerosene, diesel, and engine oil and petrol treated soil are shown in Figure 4. In all the concentrations tested,
kerosene treated soil showed a significant decrease of Cu/Zn SOD activities in the leaves of cowpea and maize
seedlings when compared with their respective control values. When the activities of Cu/Zn SOD in the leaves
of cowpea seedlings grown in Kerosene treated soil were compared to that in maize seedlings, it was found to be
significantly higher in the leaves of cowpea seedlings at 1% to 2.0% than in the leaves of maize seedlings. In
cowpea seedlings grown in diesel treated soil, the activities of Cu/ZnSOD in the leaves showed a significant (p <
0.05) decrease in all the concentrations tested compared with control. However, in maize seedlings a significant
(p < 0.05) decrease in Cu/ZnSOD activity in the leaves at 0.1%, 0.25%, 0.5% and 2% concentrations was ob-
served. However, leaves Cu/ZnSOD exhibited a slight decrease at 1% and 1.5% concentrations compared
with control. In contrast, the activities of Cu/ZnSOD in the leaves of cowpea seedlings grown in diesel
treated soil was significantly (p < 0.05) lower than the activity in the leaves of maize seedlings in all the
concentrations above 0.5%. At the concentrations tested the activities of Cu/Zn SOD in the leaves of cow-
pea seedlings grown in engine oil treated soil slightly decreases at 0.25% and 0.5% concentrations. Maize
seedlings grown in engine oil treated soil exhibited a significant (p < 0.01) increase of Cu/Zn SOD activi-
ties in the leaves at 1.5% concentration. A slight decrease however, was observed at 0.25% and 1% con-
centrations. By way of contrast, the activities of Cu/Zn SOD in the leaves of cowpea seedlings grown in
engine oil treated soil appeared to be significantly (p < 0.05) higher than in the leaves of maize seedlings. In all
the concentrations tested, cowpea seedlings grown in petrol treated soil showed a slight decrease of Cu/Zn
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Figure 4. Effect of concentration of petroleum products on Cu/Zn SOD activities in leaves of cowpea and maize after
four, eight and twelve days of germination “Significantly lower as compared to control; *Significantly lower as com-
pared to engine oil; **Significantly lower as compared to kerosene; °Significantly higher relative to control; Signifi-
cantly lower relative to other petroleum products; *Significantly higher relative to other petroleum products; “Signifi-
cantly lower in cowpea relative to maize seedlings; Significantly higher in cowpea relative to maize seedlings.

SOD activities in the leaves at 0.1%, 0.25% and 2% concentrations. However, a significant (p < 0.01) decrease
in the activity of leaves Cu/Zn SOD was observed at other levels of concentrations tested. In maize seedlings
grown in petrol treated soil the activities of leaves Cu/Zn SOD decreased slightly at all concentrations tested
except at petrol concentration of 1.5% where it showed a significant (p < 0.05) decrease in the activities of the
enzyme. When the activities of Cu/Zn SOD in the leaves of cowpea seedlings are compared with the activities of
the enzyme in maize seedlings, it was observed to be significantly (p < 0.05) lower in the leaves of cowpea
seedling. The activities of Cu/Zn SOD activity in the leaves of cowpea and maize seedlings after eight days of
germination in kerosene, diesel, engine oil and petrol treated soil are shown in Figure 4. In all the concentration
tested, kerosene treated soil showed a significant (p < 0.05) decrease of Cu/Zn SOD activities in the leaves of
both cowpea and maize seedlings compared with control. When the activities of Cu/Zn SOD in the leaves of
cowpea and maize seedlings grown in kerosene treated soil are compared, it was found to be significantly (p <
0.05) higher in cowpea seedlings at levels of soil contamination above 0.25%. Diesel treated soil, resulted in
significant (p < 0.05) decrease of Cu/Zn SOD activity in the leaves of cowpea seedlings in all the concentrations
tested except 1.5% compared with control. Similarly, maize seedlings grown in diesel treated soil showed a sig-
nificant (p < 0.05) decrease in the activities of Cu/Zn SOD in the leaves at all levels of concentration tested ex-
cept 1% diesel concentration. When compared, diesel treated soil resulted in a significantly (p < 0.05) higher ac-
tivity of Cu/Zn SOD in the leaves of cowpea seedlings than in maize seedlings. At the various concentrations;
the activity of Cu/Zn SOD in the leaves of cowpea seedlings grown in engine oil treated soil significantly (p <
0.05) increase at 1.5% but slight decreases at concentration levels below 1.5% compared with control were ob-
served. The activity of Cu/Zn SOD in the leaves of maize seedlings grown in engine oil treated soil significantly
(p < 0.05) increase at 1% concentration. By way of contrast, the activities of Cu/Zn SOD were significantly
higher in the leaves of cowpea seedlings than in maize seedling. In all the concentrations tested, cowpea seedl-
ings grown in petrol treated soil had Cu/Zn SOD activities in the leaves slightly lower at 0.1%, and 1% concen-
trations, but significantly (p < 0.05) decreased at other levels of concentration when compared with control. In
maize seedlings grown in petrol treated soil, a significant (p < 0.05) increase in the activities of Cu/Zn SOD in
the leaves at 0.1%, 0.5% and 1% concentration was observed but minor increases were recorded at 0.25% and
1.5%. When compared, there was no significant difference in the activities of Cu/Zn SOD in the leaves of
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both cowpea and maize seedlings grown in petrol treated soil. The activity of copper/zinc superoxide dismutase
(Cu/zZnSOD) in the leaves of cowpea and maize seedlings after twelve days of germination in kerosene, diesel,
engine oil and petrol treated soil are shown in Figure 4. In cowpea seedlings grown in kerosene treated soil a
significant decrease of Cu/ZnSOD activity in the leaves was observed at all concentrations tested. Similarly, in
maize seedlings grown in kerosene contaminated soil a significant decrease of Cu/ZnSOD activity in the leaves
at 0.1%, 1.0%, 1.5% and 2.0% was observed. When the activities of Cu/Zn SOD in the leaves of cowpea seedI-
ings grown in kerosene treated soil were compared to those of maize seedlings, non significant lower values in
cowpea across the various levels of concentrations was observed. In cowpea seedlings grown in diesel treated
soil, the activities of Cu/Zn SOD in the leaves were found to be significantly lower at all concentrations tested
compared to the control. At the various concentrations, the activities of Cu/Zn SOD in the leaves of maize
seedling grown in diesel treated soil exhibited an increase at 0.1%, and 1.5%; a decrease in the activities of
Cu/Zn SOD in the leaves of maize seedlings grown in diesel contaminated soil was shown at other concentra-
tions except at 0.25% concentration. The activities of Cu/Zn SOD in the leaves of cowpea seedling grown in di-
esel treated soil exhibited decreases at various concentrations compared to the activity in the leaves of maize
seedlings. The activities of Cu/ZnSOD in the leaves of cowpea seedling grown in engine oil treated soil signifi-
cantly (p < 0.05) decreased at 0.1%, to 2%, but increased at 1.5%, compared to control. However, in maize
seedling grown in diesel treated soil, very high increases of Cu/ZnSOD activities in the leaves at 0.1%, 0.5% to
2% concentrations were observed. The activities of Cu/Zn SOD in the leaves of cowpea seedlings grown in en-
gine oil treated soil, were significantly (p < 0.05) lower across the various concentrations than in maize seedl-
ings. Cowpea seedlings grown in petrol treated soil had Cu/Zn SOD activities in the leaves relatively lower at
0.1%, and 0.5% concentrations respectively. However, petrol treated soil resulted in a decrease in Cu/Zn SOD in
the leaves activities at 0.25%, 1%, 1.5% and 2.0% concentrations. Maize seedlings grown in petrol treated soil
only resulted in significant increase in the activities of Cu/Zn SOD in the leaves at all concentrations except at 1%
and 1.5% relative to control. When compared, the activities of the enzyme in the leaves of cowpea seedlings
significantly (p < 0.05) than in the leaves of maize seedlings.

The activities of MnSOD in the leaves of cowpea and maize seedlings after four days of germination in kero-
sene, diesel, and engine oil and petrol treated soil are shown in Figure 5. Kerosene treated soil resulted in sig-
nificant (p < 0.05) decrease of MnSOD activities in the leaves of cowpea seedlings except at kerosene concen-
tration of 1%. Similarly, kerosene treated soil gave rise to a significant decrease of MnSOD activities in the
leaves of maize seedlings at all the levels of concentrations tested except 1.5% where a slight increase was ob-
served. There was a higher increase in MnSOD activities in the leaves of cowpea seedlings than in the leaves of
maize seedlings when compared. The activities of MnSOD in the leaves of cowpea seedlings grown in diesel
treated soil significantly (p < 0.05) decreased at 0.1% 0.25% and 0.5% concentrations compared to control.
However, a slight decrease was recorded at concentration levels above 1%. The activities of MnSOD in the
leaves of maize seedlings exposed to diesel showed a slight decrease at all levels of concentrations tested except
at 0.25% and 0.5% where significant (p < 0.05) reduction was observed. At 1.5% concentration MnSOD activity
in the leaves of maize seedling showed a slight increase when compared with control. Nonetheless, there was a
higher increase in MnSOD activities in the leaves of cowpea seedlings than in the leaves of maize seedlings.
Engine oil treated soil resulted in significant (p < 0.05) increase in MnSOD activities in the leaves of cowpea
seedlings at concentration levels above 1%. It was also found that MnSOD activities in the leaves activities ex-
hibited a significant (p < 0.05) decrease at 0.1% and 0.25% concentrations. Also, MnSOD activities in the
leaves of maize seedlings grown in engine oil treated soil significantly (p < 0.05) increased at 1.5% and 2%
concentrations. However, a slight decrease was recorded at 0.25% concentration. In addition, the activities of
MnSOD were significantly (p < 0.05) higher in the leaves of cowpea seedlings than in the leaves of maize
seedlings when compared. Petrol treated soil resulted in slight decrease of MnSOD activities in the leaves of
cowpea in all the concentrations except at 0.1% and 0.5% concentrations where significant (p < 0.05) decreases
were observed. However, it showed a significant decrease at 0.25%, 1% and 1.5% concentrations. Also, there was
an insignificant increase of MnSOD activities in the leaves at 2% level of petrol concentration. In maize however,
petrol treated soil only gave rise to slight increase in MnSOD activities in the leaves in all the levels of concentra-
tions tested except at 1.5% where a minor decrease was observed. When compared, MnSOD activities were
slightly higher in the leaves of cowpea seedlings than in the leaves of maize seedlings. The activities of
MnSOD in the leaves of cowpea and maize seedlings after eight days of germination in kerosene, diesel, engine
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Figure 5. Effect of concentration of petroleum products on MnSOD activities in leaves of cowpea and maize after four,
eight and twelve days of germination. “Significantly lower as compared to control; *Significantly lower as compared to
engine oil; **Significantly lower as compared to kerosene; °Significantly higher relative to control; ®Significantly lower
relative to other petroleum products; Significantly higher relative to other petroleum products; Significantly lower in
cowpea relative to maize seedlings; “Significantly higher in cowpea relative to maize seedlings.

oil and petrol treated soils are shown in Figure 5. Kerosene treated soil resulted in significant (p < 0.05) de-
crease of MnSOD activities in the leaves of cowpea seedlings grown in kerosene treated soil compared with
control. In maize seedlings, however, MnSOD activities in the leaves decreased significantly (p < 0.01) at all the
levels of concentrations tested except 1% where a slight reduction was observed. In comparison, the activities of
MnSOD were significantly (p < 0.05) higher in the leaves of cowpea seedling than in the leaves of maize seedl-
ings. At the concentrations tested, the activities of Mn SOD in the leaves of cowpea seedlings grown in diesel
treated soil resulted in a significant (p < 0.05) decrease in the activity of the enzyme relative to control value. In
maize seedlings exposed to diesel treated soil. MnSOD activity in the leaves decreased significantly (p < 0.05)
in all the concentrations tested. However, at 1% concentration a slight decrease in MnSOD activity in the leaves
was recorded. When the activities of MnSOD in the leaves of cowpea and maize seedlings grown in diesel
treated soil were compared, it was found to be significantly (p < 0.05) higher across the concentrations tested in
cowpea seedlings than in maize seedlings. The activities of MnSOD in the leaves of cowpea seedlings grown in
engine oil treated soil significantly (p < 0.05) increased at 1.5% and 2% concentrations compared to control value.
However, MnSOD activities in the leaves of cowpea seedlings grown at 0.1%, 0.5% and 1% concentration
showed a slight increase compared to control. Nevertheless, a significant decrease was observed at 0.25%. In
maize seedlings grown in engine oil treated soil, MnSOD activities in the leaves activities showed a significant
(p < 0.05) increase at 1.5% and 2%. However, there was significant (p < 0.05) decrease at 0.1% and 0.25%.
Moreover, a slight increase of MnSOD activities in the leaves was also observed at 0.5% and 1% concentrations
when compared to the control. When MnSOD activities in the leaves of cowpea and maize seedlings grown in
engine oil treated soil were compared, it was observed to be significantly (p < 0.05) higher at all the levels of
concentrations tested in cowpea than in maize seedlings. Petrol treated soil gave rise to a slight decrease in
MnSOD activities in the leaves at concentration levels above 0.25% in cowpea seedlings when compared with
control. However, in maize seedling grown in petrol treated soil, a significant decrease of MnSOD activities in
the leaves was exhibited in all the concentrations tested. When compared, MnSOD activities were significantly
higher in the leaves of cowpea seedlings than in maize seedlings. The activities of MnSOD in the leaves of
cowpea and maize seedlings after twelve days of germination in kerosene, diesel, engine oil and petrol treated
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soils are shown in Figure 5. Kerosene treated soil gave rise to a significant (p < 0.05) decrease in Mn SOD ac-
tivities in the leaves of cowpea seedling grown in all the concentrations except 1% kerosene contaminated soil.
The results also show that MnSOD activities in the leaves of cowpea seedlings grown in kerosine contaminated
significantly (p < 0.05) decreased at 0.25% and 0.5% level of contamination. In maize seedlings grown in kero-
sene contaminated soil, the MnSOD activities significantly (p < 0.05) decreased at concentrations corresponding
to those of cowpea seedlings and vice-versa. Nonetheless, MnSOD activities in the leaves of cowpea seedlings
were lower than in the leaves of maize seedlings. Diesel treated soil resulted in a significant (p < 0.05) de-
crease in MnSOD activities in the leaves of cowpea seedlings at 0.1%, 1%, 1.5% and 2%. It was also found
that MnSOD activities exhibited a significant decrease at 0.25% and 0.5%. Also, MnSOD activities in the
leaves of maize seedlings grown in diesel treated soil significantly increased at 1% and 1.5% but decreased at
0.25% and 0.5%. When compared MnSOD activities were lower in the leaves of cowpea than in the leaves of
maize seedlings, MnSOD activities in the leaves of cowpea seedling in engine oil treated soil showed a sig-
nificant increase from 0.5% - 2% concentrations. On the other hand, the activities of Mn SOD in the leaves of
maize seedling grown in engine oil treated soil showed a sharp increase at 0.5% - 2% concentrations. The ac-
tivities of Mn SOD in the leaves of cowpea seedling grown in petrol treated soil resulted in a slight increase at
0.1%, 0.5% and 2% concentrations but decreases were recorded at 0.25%, 1% and 1.5%. The activities
MnSOD in the leaves of maize seedling showed a sharp increase at concentrations levels of 0.1%, 0.5% and
2%. Conversely, the result shows a decrease in Mn SOD activities in the leaves at 0.25%, 1% and 1.5% con-
centrations. However, MnSOD activities were lower in the leaves of cowpea seedlings than in the leaves of
maize seedling.

The activities of catalase in leaves of cowpea and maize seedling in kerosene, diesel, and engine oil and pe-
trol treated soil after four days of germination are shown in Figure 6. At the various concentrations tested, ke-
rosene treated soil brought about a successive decrease of catalase activity in the leaves of cowpea seedlings as
well as in the leaves of maize seedlings compared with control. In comparison, however, there was no signifi-
cant difference in the decrease across the various concentrations tested between the activities of catalase in
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Figure 6. Effect of concentration of petroleum products on catalase activities in leaves of cowpea and maize after four,
eight and twelve days of germination. “Significantly lower as compared to control; *Significantly lower as compared to
engine oil; **Significantly lower as compared to kerosene; °Significantly higher relative to control; ®Significantly lower
relative to other petroleum products; Significantly higher relative to other petroleum products; Significantly lower in
cowpea relative to maize seedlings; Significantly higher in cowpea relative to maize seedlings.
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the leaves of cowpea and maize seedlings. Catalase activities tested in the leaves of cowpea seedlings grown in
diesel treated showed a decrease in activities at all levels of soil contamination compared to control. Similarly,
catalase activity in the leaves of maize seedlings grown in diesel treated indicated a progressive decrease across
all levels of concentrations tested. However, catalase activity appeared to be slightly higher in the leaves of
cowpea seedlings than in the leaves of maize. In all the concentrations tested, engine oil treated soil resulted in
successive decrease of catalase activity in the leaves of cowpea seedlings as well as in the leaves of maize
seedlings relative to control. Nonetheless, the decrease of catalase activity was slightly higher in the leaves of
cowpea seedlings compared to that of maize seedlings. Petrol treated soil resulted in slight decrease of catalase
activity in the leaves of cowpea seedlings at all levels of concentration compared with control. Similarly, in ma-
ize seedlings, catalase activity in the leaves showed a minor decrease in all the concentration tested compared to
control. There was no significant difference in the activities of catalase in the leaves of cowpea and maize
seedlings.

The activities of catalase in the leaves of cowpea and maize seedling after eight days of germination in kero-
sene, diesel, engine oil and petrol treated soil are shown in Figure 6. At the various concentrations tested, kero-
sene treated soil brought about a successive decrease of catalase activity in the leaves of cowpea seedlings as
well as in maize seedlings compared with control. In comparison, however, the decreases across the various
concentrations tested were more pronounced in the leaves of cowpea seedlings than in the leaves of maize
seedlings. Similarly, catalase activity in the leaves of both cowpea seedlings and maize seedlings grown in di-
esel treated soil decreased throughout the various levels of concentrations tested relative to control. No signifi-
cant differences existed in the activities of catalase in the leaves of cowpea seedlings and maize seedlings grown
in diesel treated soil. In all the concentrations tested, engine oil treated soil resulted in a slight decrease of cata-
lase activity in the leaves of cowpea seedlings compared with control. In maize seedlings, catalase activity in the
leaves insignificantly reduced across all the concentrations tested relative to control. By contrast, the decrease of
catalase activity was slightly more in the leaves of maize seedling than cowpea seedlings. In all the concentra-
tions tested, petrol treated soil gave rise to a decrease of catalase activity in the leaves of cowpea seedling com-
pared with control. Similarly, petrol treated soil brought about decrease of catalase activity in the leaves of ma-
ize seedlings. When compared, the decrease in the activities of catalase was more in the leaves of maize seedl-
ings than in the leaves of cowpea seedlings

The activities of catalase in the leaves of cowpea and maize seedlings after twelve days of germination in ke-
rosene, diesel, engine oil and petrol treated soil are shown in Figure 6. At the various concentrations tested, ke-
rosene treated soil brought about a successive decrease of catalase activity in the leaves of cowpea seedlings as
well as in the leaves of maize seedlings compared with control. There were no distinct differences between the
activities of the enzyme across the various concentrations in the leaves of cowpea seedlings as well as in the
leaves of maize seedlings. Catalase activities in the leaves of cowpea seedlings grown in diesel treated soil
showed a decrease in activities in all the concentrations tested. Similarly, catalase activities in all the concentra-
tions tested in the leaves of maize seedling indicated a progressive decrease. However, catalase activities de-
creased less in the leaves of cowpea seedlings relative to that in the leaves of maize seedlings. Also in all the
concentrations tested, engine oil treated soil resulted in significant decrease of catalase activity in the leaves of
cowpea seedlings compared with control. Similarly, catalase activities in the leaves of maize seedling decreased
successively as concentration of engine oil increase. However, the decrease in catalase activity in the leaves of
cowpea seedlings was slightly lower compared to that of maize seedlings. In all the concentrations tested, petrol
treated soil gave rise to a significant (p < 0.05) decrease in catalase activity in the leaves of cowpea seedling.
Similarly, catalase activities decreased in the leaves of maize seedling in all the concentrations tested relative to
control. However, the reduction in the catalase activity at 0.1%, 1% and 2% concentrations was less in the
leaves of cowpea seedlings than in the leaves of maize seedlings. On the contrary, the reduction of catalase ac-
tivities in the leaves of cowpea seedlings grown in petrol treated soil at 0.25% was more than that of maize
seedlings.

The activities of xanthine oxidase in the leaves of cowpea and maize seedlings after four days of germination
in kerosene, diesel, engine oil and petrol treated soil are shown in Figure 7. In kerosene treated soil, of the vari-
ous concentrations tested, it was found that xanthine oxidase activities in the leaves of cowpea and maize seedl-
ings decreased significantly (p < 0.05) compared with control. Comparing xanthine oxidase activities in the
leaves of cowpea and maize seedlings, there was no significant difference between the activities of the enzyme
at each level of concentration. In diesel treated soil, xanthine oxidase activity decreased significantly (p < 0.05)
across all the concentrations tested in the leaves of both cowpea and maize seedlings. By comparison, the
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Figure 7. Effect of concentration of petroleum products on xanthine oxidase activities in the leaves of cowpea and maize
after four, eight and twelve days of germination. “Significantly lower as compared to control; *Significantly lower as
compared to engine oil; “*Significantly lower as compared to kerosene; °Significantly higher relative to control; *Signifi-
cantly lower relative to other petroleum products; "Significantly higher relative to other petroleum products; “Significantly
lower in cowpea relative to maize seedlings; “Significantly higher in cowpea relative to maize seedlings.

activity of xanthine oxidase in the leaves of cowpea seedlings appeared to be higher at 0.1% - 0.5% and lower at
2% concentrations in relation to the xanthine oxidase activity in the leaves of maize seedling. In all the concen-
trations tested, engine oil treated soil resulted in significant decrease in xanthine oxidase activity in the leaves of
cowpea seedlings. In same vain, xanthine oxidase activity in the leaves of maize seedlings decreased signifi-
cantly across all concentrations tested compared with control. In comparison, xanthine oxidase activity was
slightly higher in the leaves of cowpea seedlings than in the leaves of maize seedlings, but a significant differ-
ence in the enzyme activity was not observed. Petrol treated soil caused a significant (p < 0.05) decrease in the
activities of xanthine oxidase activity in the leaves of both cowpea and maize seedlings compared with control.
In comparison, xanthine oxidase activity was slightly higher in the leaves of cowpea leaves but not significantly
different from the activity in the leaves of maize seedlings.

The activities of xanthine oxidase in the leaves of cowpea and maize seedlings after eight days of germination
in kerosene, diesel, engine oil and petrol treated soil are shown in Figure 7. In kerosene treated soil, of the vari-
ous concentrations tested, it was found that xanthine oxidase activities in the leaves of maize seedlings de-
creased significantly (p < 0.05) compared with control. Similarly, xanthine oxidase activity in the leaves of
cowpea seedlings grown in kerosene treated soil significantly (p < 0.05) decrease in all the concentrations tested.
Comparing xanthine oxidase activities in the leaves of cowpea and maize seedlings, it was found to be slightly
lower in cowpea seedlings at all concentration except at 0.1% and 0.25%, but no significant difference existed in
xanthine oxidase activity between cowpea and maize seedlings. In diesel treated soil, xanthine oxidase activities
decreased significantly (p < 0.05) across all the concentration tested in the leaves of both cowpea and maize
seedlings. By comparison the activities of xanthine oxidase increased slightly in the leaves of cowpea seedlings
than in the leaves of maize seedlings across all the concentrations tested. In all the concentrations tested, engine
oil treated soil resulted in significant (p < 0.05) decrease in xanthine oxidase activity in the leaves of cowpea
seedlings. Similarly, xanthine oxidase activity decreased significantly in the leaves of maize seedlings grown in
engine oil treated soil compared with control. In comparison, the activities of xanthine oxidase in the leaves of
cowpea seedlings are higher than in maize seedlings. However, there is no significant difference between the
xanthine oxidase activity in the leaves of cowpea and maize seedlings. Petrol treated soil gave rise to significant
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(p < 0.05) decrease in xanthine oxidase activity in the leaves of cowpea seedlings compared with control. Simi-
larly, the leaves of maize seedlings grown in petrol treated soil witnessed a significant (p < 0.05) decrease in
xanthine oxidase activities compared with control. When compared, the activities of xanthine oxidase activities
in the leaves of cowpea seedlings were slightly higher than in the leaves of maize seedlings at 0.1%, 0.5%
and1.5%, but slightly lower at 0.25%. The activities of xanthine oxidase in the leaves of cowpea and maize
seedlings after twelve days of germination in kerosene, diesel, engine oil and petrol treated soil are shown in
Figure 7. In kerosene treated soil, of the various concentrations tested, it was found that xanthine oxidase activi-
ties in the leaves of cowpea and maize seedlings decrease significantly (p < 0.05) compared with control. Com-
paring xanthine oxidase activities in the leaves of cowpea and maize seedlings, there was no significant differ-
ence between the activities of the enzyme at each level of concentration. In diesel treated soil, xanthine oxidase
activity decreased significantly (p < 0.05) across all the concentration tested in the leaves of both cowpea and
maize seedlings. By comparison, the activity of xanthine oxidase in the leaves of cowpea seedling grown in di-
esel treated soil was higher than in the leaves of maize seedling. But at each concentration there was no signifi-
cant difference between the activity of the enzyme in the leaves of both cowpea and maize seedlings. In all the
concentrations tested, engine oil treated soil resulted in a significantly (p < 0.05) decrease in xanthine oxidase in
the leaves of cowpea seedling. Similarly, it was found that the activity of xanthine oxidase in the leaves of maize
seedling was significantly (p < 0.05) inhibited across all concentrations relative to control. In comparison, xan-
thine oxidase activity was slightly higher in the leaves of cowpea seedling but not statistically different from the
activity in the leaves of maize seedling. Petrol treated soil caused a significant (p < 0.05) decrease of xanthine
oxidase activity in the leaves of both cowpea and maize seedlings. In comparison, xanthine oxidase activity was
slightly higher in the leaves of cowpea seedling except at 0.25% but not statistically different from the activity in
the leaves of maize seedlings.

4. Discussion

The formation of lipid peroxidation products in plants exposed to adverse environmental conditions is an indica-
tion of free radical formation in tissue and it may be used as index of lipid peroxidation in biological system [13]
[14]. Previous report indicated that metal exposure results in the generation of reactive oxygen species in plant
[15]. The present results show that an increasing level of refined petroleum products in soil increased the level
of lipid peroxidation in the leaves of both cowpea and maize seedlings exposed to petroleum products treated
soil for four and eight days after germination (Figure 1) and twelve days (Figure 2). An increase in the level of
lipid peroxidation has been reported for plants exposed to metal ion [14] [16]-[18]. Elevated levels of reactive
oxygen species initiate lipid peroxidation [19] [20] that culminate in oxidative stress [21]. An increase in the
level of lipid peroxidation is the evidence most frequently cited in support of the involvement of oxidative stress
in tissues [22]-[24].

This study shows that refined petroleum products (Kerosene, diesel, and petrol and engine oil) could induce
lipid peroxidation in exposed plants (Figure 1 and Figure 2). This is because refined petroleum toxicity could
result in the production of reactive oxygen species (ROS); which in turn can cause membrane damage. The rela-
tionship between lipid peroxidation and ROS has been reported [25] [26]. The process of lipid peroxidation was
more pronounced in cowpea seedlings compared to maize seedlings (Figure 1 and Figure 2), which also lends
further credence to the report that monocotyledonus seeds are less affected by toxicants than dicotyledonous
seeds.

The production of reactive oxygen species during stress has been reported to results from pathways such as
photorespiration, from the photosynthetic apparatus and mitochondria respiration. Environmental stresses have
been shown to trigger the active production of reactive oxygen species by NADPH oxidase [27]-[30]. The en-
hanced production of reactive oxygen species during stress can pose threat to cells but plant have inbuilt me-
chanism to counteract the reactive oxygen species. The scavenging mechanisms of plant include superoxide
dismutase (SOD) and catalase [31]-[33]. The present investigation indicated that the exposure of cowpea and
maize seedlings to refined petroleum products, kerosene, diesel engine oil and petrol affected superoxide dis-
mutase activity after four, eight days and twelve days of germination (Figure 3). After twelve days of exposure
to kerosene, diesel and petrol treated soil the activity of total SOD decreased relative to control but there was in-
crease in the activity of the enzyme in the leaves of cowpea and maize seedlings grown in engine oil treated soil
compared to the other petroleum products (Figure 3). Decrease in the activity of the enzyme portends reduction
in the capacity of the exposed plant to handle reactive oxygen species. This is because increase in the activity of
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the antioxidant enzyme may have a role in imparting tolerance against any type of environmental stress [33].
Moreover, the petroleum products caused a reduction in Cu/Zn-dependent superoxide dismutase after four, eight
days and twelve days of germination (Figure 4) as well as Mn-containing superoxide dismutase (MnSOD) after
four, eight days and twelve days of growth in contaminated soil (Figure 4). These enzymes are involved in the
general defense system against natural or chemically induced production of reactive oxygen species [34]. It has
been suggested that a decrease in the activity in these detoxification mechanisms can generate severe cell dam-
age due to imbalance in the production of toxic oxygen radicals. Conversely, increased activity could contribute
to cell protection from chemical toxicants [35]-[38]. Smirnoff [39] established that an increase in the capacity of
antioxidant defenses in response to an increased level of reactive oxygen represents an indirect measure of oxid-
ative stress.

The results indicated that kerosene affected the seedlings more than the other refined petroleum products. Si-
milarly, the activity of the antioxidant enzymes in the leaves of maize seedlings appears to be less affected by
the petroleum products compared to cowpea seedlings. This is exhibited by the effects of petroleum products on
CuzZnSOD (Figure 4) and MnSOD (Figure 5) in cowpea and maize seedlings. This is in agreement with pre-
vious reports in which maize seedling has been shown to be resistant to crude oil contamination [40] while
beans possess the ability to uptake crude oil [41]. However, this observation is in contrast to the report of Baek
et al. [42] in which Zea mays was found to be more sensitive to oil exposure than red beans. Previous reports of
interspecies differences in sensitivity to petroleum hydrocarbon, which may be related to differences in systemic
uptake of hydrocarbon and cell wall structure, had been documented [43] [44].

Catalase is another important enzyme that protect living system against oxidative stress, being able to sca-
venge hydrogen peroxide, which is the major product produced by superoxide dismutase [45]. The inhibition of
catalase activity as concentration of petroleum product increases after four, eight days and twelve days of ger-
mination (Figure 6) corroborates the effect of petroleum hydrocarbon on superoxide dismutase activity in the
leaves of both cowpea and maize seedlings. The similarity of catalase to superoxide dismutase is not suprising
because the two enzymes have been reported to act in tandem [5] [46]. However, there is no marked difference
in the activity of catalase in the leaves of both cowpea and maize seedlings at each of the concentration tested
(Figure 6).

A wealth of information is available confirming that xanthine oxidase is involved in the metabolism of hete-
rocyclic and polycyclic aromatic hydrocarbons [47] [48] as well as the involvement of the enzyme in the con-
version of hypoxanthine via xanthine into uric acid. The role of uric acid as an antioxidant has been documented
[49] [50]. The significant (p < 0.05) decreases in the activity of the enzyme as the concentration of petroleum
products increased after four, eight and twelve days of germination (Figure 7) portends that petroleum mediated
decrease in xanthine oxidase activity in cowpea and maize seedlings could contribute to oxidative stress by its
decreased ability to metabolize aromatic hydrocarbon as well as its reduced ability to generate uric acid, a potent
antioxidant. This effect is more pronounced in the leaves of cowpea seedlings compared to maize seedlings
(Figure 7). The decrease in the activities of superoxide dismutase, catalase and xanthine oxidase as a result of
increased formation of reactive oxygen species was earlier reported [51]-[54]. Therefore, it is pertinent to note
that refined petroleum products could impose oxidative stress in exposed plant.

5. Conclusion

This study has indicated that exposure of plant to refined petroleum products in soil could impose oxidative
stress on plant. The effect was more on cowpea relative to maize seedlings. Moreover, kerosene affected the
exposed plant more than the other petroleum products

References
[1] Mittler, R. (2002) Oxidative Stress, Antioxidants and Stress Tolerance. Trends in Plant Science, 7, 405-410.
http://dx.doi.org/10.1016/S1360-1385(02)02312-9

[2] Elstner, E.F. (1991) Mechanisms of Oxygen Activation in Different Compartments of Plant Cells. In: Pell, E.J. and
Steffen, K.L., Eds., Active Oxygen/Oxidative Stress and Plant Metabolism, American Society of Plant Physiologists,
Rockville, 13-25.

[3] Voet, D. and Voet, J.G. (1995) Biochemistry. 2nd Edition, John Wiley and Sons, New York, 816-820.
[4] Rich, P.R. and Bonner Jr., W.D. (1978) The Site of Superoxide Anion Generation in Higher Plant Mitochondria. Arc-



http://dx.doi.org/10.1016/S1360-1385(02)02312-9

F. 1. Achuba

(5]
(6]
(7]

(8]
(9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]
[21]
[22]
[23]

[24]

[25]
[26]

[27]

hive of Biochemistry and Biophysics, 188, 206-213. http://dx.doi.org/10.1016/0003-9861(78)90373-9

Achuba, F.I. and Osakwe, S.A. (2003) Petroleum Induced Free Radical Toxicity in African Catfish (Clarias gariepo-
nus). Fish Physiology and Biochemistry, 29, 97-103. http://dx.doi.org/10.1023/B:FISH.0000035905.14420.eb

Anozie, O.1. and Onwurah, I.N. (2001) Toxic Effect of Bonny Light Crude Oil in Rat after Ingestion of Contaminated
Diet. Nigerian Journal of Biochemistry and Molecular Biology (Proceeding Supplement), 16, 1035-1085.

Downs, C.A., Shigenska, G., Fauth, J.E., Robinson, C.E. and Huang, A. (2002) Cellular Physiological Assessment of
Bivalves after Chronic Exposure to Spolled Exon Valdes Crude Oil Using a Novel Molecular Diagnostic Biotechnology.
Environmental Science and Technology, 36, 2987-2993. http://dx.doi.org/10.1021/es011433k

Achuba, F.1., Peretiomo-Clarke, B.O. and Ebokaiwe, P. (2005) Pollution Induced Oxidative Stress in African Catfish
(Clarias heterobranchus). European Journal of Scientific Research, 8, 52-73.

Aksnes, A. and Njaa, R.L. (1981) Catalase, Glutathione Peroxidase and Superoxide Dismutase in Different Fish Spe-
cies. Comparative Biochemistry and Physiology, 69B, 893-896.

Misra, H.P. and Fridovich, 1. (1972) The Role of Superoxide in the Auto-Oxidation of Epinephrine and a Simple Assay
for Superoxide Dismutase. Biochemical Journal, 247, 3170-3175.

Crapo, J.D., McCord, J.M. and Fridovich, 1. (1978) Preparation and Assay of Superoxide Dismutases. Methods in En-
zymology, 53, 382-393. http://dx.doi.org/10.1016/S0076-6879(78)53044-9

Rani, P., Meena Unni, K. and Karthikeyan, J. (2004) Evaluation of Antioxidant Properties of Berries. Indian Journal of
Clinical Biochemistry, 19, 103-110. http://dx.doi.org/10.1007/BF02894266

Heath, R.L. and Packer, L. (1968) Photoperoxidation in Isolated Chloroplasts. I. Kinetics and Stoichiometry of Farry
Acid Peroxidation. Archives Biochemistry and Biophysics, 125, 189-198.
http://dx.doi.org/10.1016/0003-9861(68)90654-1

Srivastava, M., Lena, Q.M., Singh, N. and Singh, S. (2005) Antioxidant Responses of Hyper-Accumulator and Sensi-
tive Fern Species to Arsenic. Experimental Botany, 56, 1335-1342. http://dx.doi.org/10.1093/jxb/eri134

Hartley-Whitaker, J., Ainsworth, G. and Mehary, A.A. (2001) Copper and Arsenate-Induced Oxidative Stress in Hocus
lanatus L. Clones with Differential Sensitivity. Plant Cell and Environment, 24, 713-722.
http://dx.doi.org/10.1046/j.0016-8025.2001.00721.x

Somashekaraiah, B.V., Padmaja, K. and Prasad, A.R.K. (1992) Phytotoxicity of Cadmium lons on Germinating SeedI-
ings of Mung Bean (Phaseolus vulgaris): Involvement of Lipid Peroxides in Chlorophyll Degradation. Physiologia
Plantarum, 85, 85-89. http://dx.doi.org/10.1111/j.1399-3054.1992.th05267.x

Gallego, S.M., Benavides, M.P. and Tomaro, M.L. (1996) Effect of Heavy Metal lon Excess on Sunflower Leaves:
Evidence for Involvement of Oxidative Stress. Plant Science, 121, 151-159.
http://dx.doi.org/10.1016/S0168-9452(96)04528-1

Lozano-Rodriguez, E. Hernandez, C.E., Bonay, P. and Carpena-Ruiz, R.O. (1997) Distribution of Cadmium in Shoots
and Root Tissues of Maize and Pea Plants: Physiological Disturbances. Journal of Experimental Botany, 48, 123-128.
http://dx.doi.org/10.1093/jxb/48.1.123

Frei, B. (1994) Reactive Oxygen Species and Antioxidant Vitamins: Mechanism of Action. American Journal of Medi-
cine, 97, S5-S13. http://dx.doi.org/10.1016/0002-9343(94)90292-5

Val, A.L. and Almeida-Val, V.F. (1999) Effects of Crude Oil on Respiratory Aspect of Some Fish Species of the
Amazon. In: Val., A.L. and Almerda-Val, V.M.F., Eds., Biology of Tropical Fish, INPA, Manaus, 227-291.

Yu, Q. and Rengel, Z. (1999) Micronutrient Deficiency Influences Plant Growth and Activities of Superoxide Dismu-
tase in Narrow Leafed Lupins. Annals of Botany, 8, 175-182. http://dx.doi.org/10.1006/anbo.1998.0811

Halliwell, B. (1989) Oxidants and the Central Nervous System: Some Fundamental Questions. Acta Neurologica
Scandinavica, 126, 23-33. http://dx.doi.org/10.1111/j.1600-0404.1989.th01779.x

Halliwell, B. and Gutteridge, J.M.C. (1990) The Antioxidant of Human Extra Cellular Fluids. Archives of Biochemistry
and Biophysics, 280, 1-8. http://dx.doi.org/10.1016/0003-9861(90)90510-6

Liu, J. and Mori, A. (1994) Involvement of Reactive Oxygen Species in Emotional Stress: A Hypothesis Based on the
Immobilization Stress Induced Oxidative Damage and Antioxidant Defense Changes in Rat Brain and the Effect of
Antioxidant Treatment with Reduced Glutathione. International Journal of Stress Management, 1, 249-263.

Achuba, F.I. (2010) Spent Engine Oil Mediated Oxidative Stress in Cowpea (Vigna unguiculata) Seedlings. Electronic
Journal of Environment, Food and Agricultural Chemistry, 9, 910-917.

Gutteridge, M.C. (1995) Lipid Peroxidation and Antioxidants as Biomarker of Tissue Damage. Clinical Chemistry, 41,
1819-1828.

Hammond-Kosack, K.E. and Jones, J.D.G. (1996) Resistance Gene-Dependent Plant Defense Responses. The Plant
Cell Online, 8, 1773-1791. http://dx.doi.org/10.1105/tpc.8.10.1773



http://dx.doi.org/10.1016/0003-9861(78)90373-9
http://dx.doi.org/10.1023/B:FISH.0000035905.14420.eb
http://dx.doi.org/10.1021/es011433k
http://dx.doi.org/10.1016/S0076-6879(78)53044-9
http://dx.doi.org/10.1007/BF02894266
http://dx.doi.org/10.1016/0003-9861(68)90654-1
http://dx.doi.org/10.1093/jxb/eri134
http://dx.doi.org/10.1046/j.0016-8025.2001.00721.x
http://dx.doi.org/10.1111/j.1399-3054.1992.tb05267.x
http://dx.doi.org/10.1016/S0168-9452(96)04528-1
http://dx.doi.org/10.1093/jxb/48.1.123
http://dx.doi.org/10.1016/0002-9343(94)90292-5
http://dx.doi.org/10.1006/anbo.1998.0811
http://dx.doi.org/10.1111/j.1600-0404.1989.tb01779.x
http://dx.doi.org/10.1016/0003-9861(90)90510-6
http://dx.doi.org/10.1105/tpc.8.10.1773

F.1. Achuba

[28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]

[36]
[37]

[38]
[39]

[40]

[41]

[42]

[43]
[44]
[45]

[46]

[47]

(48]

[49]

[50]

[51]

Orozo-Cardenase, M. and Ryan, C.A. (1999) Hydrogen Peroxide Is Generated Systematically in Plant Leaves by
Wounding and Systemin via the Octadecanoid Pathway. Proceedings of the National Academy of Sciences of the
United States of America, 96, 6553-6557.

Cazale, A.C., Droillard, M.J., Wilson, C., Heberle-Bors, E., Barbier-Brygoo, H. and Lauriere, C. (1999) MAP Kinase
Activation by Hypoosmotic Stress of Tobacco Cell Suspensions: Towards the Oxidative Burst Response? Plant Jour-
nal, 19, 297-307. http://dx.doi.org/10.1046/].1365-313X.1999.00528.x

Pei, Z.M., Murata, Y., Benning, G., Thomine, S., Kliisener, B., Allen, G.J., Grill, E. and Schroeder, J.I. (2000) Calcium
Channels Activated by Hydrogen Peroxide Mediate Abscisic Acid Signalling in Guard Cells. Nature, 406, 731-734.

Asada, K. and Takahashi, M. (1987) Production and Scavenging of Active Oxygen in Chloroplasts. In: Kyle, D.J.,
Osmond, C.B. and Arntzen, C.J., Eds., Photoinhibition, Elsevier, Amsterdam, 227-287.

Bowler, C., Van Montague, M. and Inze, D. (1994) Superoxide Dismutase in Plants. Critical Review of Plant Science,
13, 199-218. http://dx.doi.org/10.1080/07352689409701914

Jayakumar, K., Jaleel, A.C. and Viayarengan, P. (2007) Changes in Growth, Biochemical Constituents and Antioxidant
Potentials in Radish (Raphasus sativus L.) under Cobalt Stress. Turkish Journal of Biology, 31, 127-136.

Fridovich, I. (1986) Biological Effects of Superoxide Radical. Archive of Biochemistry and Biophysics, 247, 1-11.
http://dx.doi.org/10.1016/0003-9861(86)90526-6

Sevenian, A. and Hochistein, P. (1985) Mechanism and Consequences of Lipid Peroxidation in Biological Systems.
Annual Review of Nutrition, 5, 365-390. http://dx.doi.org/10.1146/annurev.nu.05.070185.002053

Stern, A. (1985) Red Cell Oxidative Damage. In: Sies, H., Ed., Oxidative Stress, Academic Press, New York, 331-349.

Parke, V.0O. (1987) Role of Enzymes in Protection against Lipid Peroxidation. Regulatory Toxicology and Pharmacol-
0gy, 7, 222-235. http://dx.doi.org/10.1016/0273-2300(87)90035-3

Saltman, P. (1989) Oxidative Stress: A Radical View. Seminar in Hematology, 26, 249-256.

Smirnoff, N. (1993) The Role of Active Oxygen in the Response of Plants to Water Deficit and Desiccation. New Phy-
tologist, 125, 27-58. http://dx.doi.org/10.1111/j.1469-8137.1993.th03863.x

Ayotarmuno, J.M. and Kogbara, R.B. (2007) Determining the Tolerance Level of Zea mays (Maize) to Crude Oil Pol-
luted Agricultural Soil. African Journal of Biotechnology, 6, 1332-1337.

Aboaba, O.A., Aboaba, O.0., Nwachuku, N.C., Chukwu, E.E. and Nwachukwu, S.C.U. (2007) Evaluation of Biore-
mediation of Agricultural Soils Polluted with Crude Oil by Planting Beans Seeds, Phaseolus vulgaris. Nature and
Science, 5, 53-60.

Baek, K., Kom, H., Oh, H., Young, B., Kim, J. and Lea, I. (2004) Effect of Crude Oil Components and Bioremediation
on Plant Growth. Journal of Environmental Science and Health, A39, 2465-2477.
http://dx.doi.org/10.1081/ESE-200026309

Albert, P.H. (1995) Petroleum and Individual Polycyclic Aromatic Hydrocarbons. In: Hoffman, D.J., Rattner, B.A,,
Burton Jr., G.A. and Cairons Jr., J., Eds., Handbook of Ecototoxicology, CRC Press, Boca Raton, 330-355.

Ogbo, E.M. (2009) Effects of Diesel Fuel Contamination on Seed Germination of Four Crop Plants. Arachis hypogala,
Vigna unguiculata, Sorghum bicolor and Zea mays. African Journal of Biotechnology, 8, 250-253.

Asada, K. (1992) Ascorbate Peroxidase: A Hydrogen Peroxide Scavenging Enzyme in Plants. Physiologia Plantarum,
85, 235-241. http://dx.doi.org/10.1111/j.1399-3054.1992.th04728.x

lyawe, H.O.T. and Onigbinde, A.O. (2004) Effect of an Anti-Malarial and Micronutrient Supplementation on Respira-
tion Induced Oxidative Stress. Pakistan Journal of Nutrition, 3, 318-321.

http://dx.doi.org/10.3923/pjn.2004.318.321

Panoutsopoulos, G.I. and Beedham, C. (2004) Enzymatic Oxidation of Phthalazine with Guinea Pig Liver Aldehyde
Oxidase and Liver Slices: Inhibition by Isovanillin. Acta Biochemistry Polonica, 51, 953-951.

Panoutsopolous, G.I., Kauretas, D. and Beedham, C. (2004) Contribution of Aldehyde Oxidase, Xanthine Oxidase and
Aldehyde Dehydrogenase on the Oxidation of Aromatic Aldehyde. Chemical Research in Toxicology, 17, 1368-1376.
http://dx.doi.org/10.1021/tx030059u

Peden, D.B., Hohman, R., Brown, M.E., Masont, R.T., Berkebilef, C., Falest, H.M. and Kaliner M.A. (1990) Uric Acid
Is a Major Antioxidant in Human Nasal Airway Secretions. Proceedings of National Academy of Science, 87, 7638-
7642. http://dx.doi.org/10.1073/pnas.87.19.7638

Nieto, F.J., Iribarren, C., Gross, M.D., Comstock, G.W. and Cutler, R.G. (2000) Uric Acid and Serum Antioxidant Ca-
pacity: A Reaction to Atherosclerosis? Atherosclerosis, 148, 131-139.
http://dx.doi.org/10.1016/S0021-9150(99)00214-2

Trush, M.A. and Kensler, T.W. (1991) An Overview of the Relationship between Oxidative Stress and Chemical Car-



http://dx.doi.org/10.1046/j.1365-313X.1999.00528.x
http://dx.doi.org/10.1080/07352689409701914
http://dx.doi.org/10.1016/0003-9861(86)90526-6
http://dx.doi.org/10.1146/annurev.nu.05.070185.002053
http://dx.doi.org/10.1016/0273-2300(87)90035-3
http://dx.doi.org/10.1111/j.1469-8137.1993.tb03863.x
http://dx.doi.org/10.1081/ESE-200026309
http://dx.doi.org/10.1111/j.1399-3054.1992.tb04728.x
http://dx.doi.org/10.3923/pjn.2004.318.321
http://dx.doi.org/10.1021/tx030059u
http://dx.doi.org/10.1073/pnas.87.19.7638
http://dx.doi.org/10.1016/S0021-9150(99)00214-2

F. 1. Achuba

[52]

[53]

[54]

cinogenesis. Free Radical Biology and Medicine, 10, 201-209. http://dx.doi.org/10.1016/0891-5849(91)90077-G

Sies, H. (1991) Oxidative Stress: Introduction. In: Sies, H., Ed., Oxidative Stress: Oxidant and Antioxidants, Academic
Press, San Diego, 15-22.

Pigeolet, E., Corbisler, P., Houbion, A., Lambert, D., Michiels, C., Raes, M., et al. (1990) Glutathione Peroxidases,
Superoxidase and Oxygen Derived Free Radicals. Mechanisms of Ageing and Development, 51, 283-297.
http://dx.doi.org/10.1016/0047-6374(90)90078-T

Achuba, F.I. and Otuya, E.O. (2006) Protective Influence of Vitamins against Petroleum-Induced Free Radical Toxici-
ty in Rabbit. The Environmentalist, 26, 295-300. http://dx.doi.org/10.1007/s10669-006-0158-y



http://dx.doi.org/10.1016/0891-5849(91)90077-G
http://dx.doi.org/10.1016/0047-6374(90)90078-T
http://dx.doi.org/10.1007/s10669-006-0158-y

Scientific www.scirp.org

Research
Publishing

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and

contributes to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either

submit@scirp.org or Online Submission Portal.

Advances in i American Journal of . <
Bioseience and Biotechnology nai A Plant Sciences \Applled Mathematlcs

Special Issue on Experimental Design!

. & scand

Agricultural Sciences

Special Issue on Research on Rice

Journal of Computer
and Communications

Journal of
Modern Physics \Modern Econom Natsu (I:'iaelnce
\ 4



http://www.scirp.org/
mailto:submit@scirp.org
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/
http://www.scirp.org/journal/CE/
http://www.scirp.org/journal/ENG/
http://www.scirp.org/journal/FNS/
http://www.scirp.org/journal/Health/
http://www.scirp.org/journal/JCC/
http://www.scirp.org/journal/JCT/
http://www.scirp.org/journal/JEP/
http://www.scirp.org/journal/JMP/
http://www.scirp.org/journal/ME/
http://www.scirp.org/journal/NS/
http://www.scirp.org/journal/PSYCH/

	Petroleum Products in Soil Mediated Oxidative Stress in Cowpea (Vigna unguiculata) and Maize (Zea mays) Seedlings
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Refined Petroleum Products and Planting Materials
	2.2. Soil Treatment and Planting of Seeds
	2.3. Preparation of Extracts for the Determination of Oxidative Stress Markers in the Leaves of Cowpea and Maize Seedlings
	2.4. Determination of Lipid Peroxidation Markers in the Leaves of Cowpea and Maize Seedlings
	2.5. Determination of Superoxide Dismutase (SOD) Activity in the Leaves of Cowpea and Maize Seedlings
	2.6. Determination of the Activity of MnSOD and Cu/Zn SOD in the Leaves of Cowpea and Maize Seedlings
	2.7. Determination of Catalase Activity in the Leaves of Cowpea and Maize Seedlings
	2.8. Determination of Xanthine Oxidase Activities in the Leaves of Cowpea and Maize Seedlings
	2.9. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	References

