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1. INTRODUCTION

Petroleum compounds can enter the cropped lands 
through natural, mechanical, and human activities 
[1]. This can occur either accidentally or by various 
intentional acts and eventually damages the biota 
along with inherent organisms. The first impact of 
petroleum contamination of soil is the reduction 
in available water and air [2]. This culminates in 
an upset in a microbial consortium of the affected 
soil that translates to limiting the availability of 
oxygen to plants cultivated on such soil with great 
impacts on them [3] Petroleum exposed plants were 
reported to cause a decrease in seed germination, 
retard plant growth, and cause oxidative stress 
in exposed plants [4, 5]. The harmful potentials 
disturb metabolic activity of plants [6, 7, 8, 9]. The 
exposure of organisms to a polluted environment 
causes physiological stress in a living organism 
that predisposes it to adjust energy demand which 
will trigger a shift in energy metabolizing enzymes 

[10,11,12,13].

One of the important enzymes in energy 
production in living organisms is succinate 
dehydrogenase. It is an active participant in the 
running of the Krebs cycle [14]. The activity 
of succinate dehydrogenase is an indication of 
the level of the tricarboxylic acid cycle (TCA) 
activity as well as one of the efficient methods of 
measuring the vigor of living organisms[15, 16]. 
Another important enzyme involved in anaerobic 
energy generation is lactate dehydrogenase [17]. 
Therefore, the energy metabolic status of any 
organism experiencing poisonous insult can 
best be examined through measuring changes 
in the activities of enzymes involved in aerobic 
and anaerobic respiration. Thus, this research 
investigated the noxiousness of hydrocarbons, as it 
relates to energy metabolism, vis-a-vis on aerobic 
and anaerobic enzymes using seedlings of cowpea 
and maize as a model.
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2.   MATERIALS AND METHODS

2.1  Materials

Maize was obtained from Delta Agricultural 
Development Project (DTADP), Ibusa, Delta State, 
Nigeria The International Institute of Tropical 
Agriculture (IITA) Ibadan, Nigeria supplied the 
cowpea seeds. The petroleum hydrocarbons were 
obtained from Warri Refining and Petrochemical 
Company, Nigeria. Reagents of analytical grade 
were utilized during the experiment. The soil 
sample was obtained from Delta State University, 
Abraka in site 2 vacant agricultural plot. The 
physicochemical properties of the soil had been 
reported [18]. 

2.2  Treatment of soil and planting of seedlings

The soil was dried and was sieved using 2 mm-
mesh in an open space in the laboratory of the 
Department of Biochemistry, Delta State University, 
Abraka, Nigeria. Polythene bags were filled with 
the soil sample (1600 g). They were distributed 
into six groups. Every group consisted of five bags. 
The concentrations of hydrocarbons used varied 
between 0.1%, to 2.0% (v/w) while the untreated 
soil was used as control. These applications were 
prepared for each of the hydrocarbons.

2.3  Determination of damaged seeds

Floatation method was used to determine presumed 
seed viability which is predicated on the principle 
that seeds floated on the water were damaged and 
were discarded and those that did not float on 
the water were presumed viable and used for the 
experiment. 

2.4  Planting of seeds

The planting involved three seeds per bag which 
were sown to a depth of about 2cm and placed 
under shade. The treated soil and control were kept 
moist daily by applying water (80 ml). The entire 
set up was observed daily for up to twelve days for 
germination and any seed that failed to germinate 
was assumed dead. 

2.5  Preparation of succinate dehydrogenase 
       extracts 

Extracts for the determination of succinate 
dehydrogenase were prepared following a slightly 

modified method of Price and Thimann [19].  In each 
case, the leaves (1.0 g) were collected separately and 
homogenized in a mixture containing, acid-washed 
sand (0.5 g) and phosphate buffer (5.0 ml of 0.5M 
at) pH 7.4). The homogenate produced was filtered 
with cheesecloth and subjected to centrifugation 
in the cold (40C) for 5 mins at 10,000g to remove 
the nuclear fraction. The supernatant produced was 
subjected to further centrifugation at 10,000g for 30 
minutes at 40C to generate another supernatant that 
was discarded and the pellet produced suspended 
in 80ml of 0.05 M potassium phosphate buffer, pH 
7.4 and kept in the ice bath for use as a source of 
enzyme. 

2.6   Determination of succinate dehydrogenase 
        activity

The enzyme activity was based on the conversion 
of succinate to fumarate in an assay containing 2, 
6 dichlorophenolindophenol (DCIP), cyanide, and 
FAD   that acts as the electron acceptor. In a medium 
containing cyanide, the electron from FADH2 is 
picked by 2, 6 dichlorophenolindophenol (DCIP). 
The reduction of DCIP gives a chromophore that 
can be measured at 600 nm. To determine succinate 
dehydrogenase activity, 2.5 ml of 0.05 M of 
potassium cyanide and 0.5 ml of 0.05 M succinate 
was added into the preincubated cuvette, mixed 
thorough and covered with paraffin. The change in 
absorbance at 600 nm was measured at an interval of 
30 mins with an SP 1800 UV/VIS Spectrophotometer 
after the addition of 0.5ml of enzyme extract. The 
blank was performed with distilled water in place 
of the enzyme extract [17]. The enzyme activity 
was expressed in units and one unit is defined as 
one mole of dichlorophenolindophenol reduced /
minute [17].

2.7  Preparation of lactate dehydrogenase 
       extracts

Homogenate for lactate dehydrogenase was 
prepared using the modified extraction procedure 
of Rivoal et al. [20]. The leaves (2.0g) in each case 
of cowpea and maize seedlings respectively were 
homogenized in a mixture containing Tris-HCl 
buffer (10 ml of 0.1Mat pH 8.8) and a small quantity 
of EDTA with mortar and pestle. The homogenate 
produced was filtered with cheesecloth and the 
filtrate was subjected to centrifugation at 1,000 g 
for 10 mins. The supernatant obtained was raised 
to 20% saturation with solid (NH4)2SO4, stirred and 
left to stand for 20 mins at 400C. The mixture was 
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subjected to centrifugation as above to produce a 
precipitate which contained NADH oxidase and 
was discarded. The crude supernatant obtained here 
was used as the enzyme source.

2.8   Determination of lactate dehydrogenase 
        activity

Lactate is oxidized to pyruvate by lactate 
dehydrogenase in the presence of NAD+, which is 
reduced to NADH. The rate of NADH formation 
at 340 nm is synonymous with LDH activity. The 
method of Kaiglova et al [11] was adopted. The 
assay mixture contained 1ml of 60 mM Tris-HCl 
buffer, pH 8.8, 0.5 ml of 2.0 mM lactic acid, 0.5 ml 
of 6 mM NAD+, and 0.1 ml of enzyme extract and 
was equilibrated at 37oC. The rate of NADH + H+   
was determined at 340 with an SP 1800 UV/VIS 
Spectrophotometer.

2.9   Statistical Analysis

Experimental data were compared via a two-way 
analysis of variance (ANOVA) with the Graph Pad 
Prism, version 5.3.  Significant differences were set 
at p<0.01.  All final results were expressed as mean 
+ SE.

3.  RESULTS 

The existence of all the organic solvents in soil 
altered succinate dehydrogenase activity in the 
leaves of cowpea seedlings when measured at four 
days interval (Fig. 1). The result is inconsistent and 
varied, but generally, at higher concentrations of the 
organic solvents to the soil, a significant (P<0.01) 
decrease in succinate dehydrogenase activity was 
observed across all the organic solvents applied. 
The effects stimulated by kerosene were     found to 
be more pronounced than those relative to the other 
experimental hydrocarbons. 

Similarly, the presence of all the organic solvents 
in soil altered succinate dehydrogenase activity 
(P<0.01) in the leaves of maize seedlings when 
measured at four days interval (Fig 1). In tandem 
with cowpea seedlings, the result is inconsistent 
and varied, but generally, at higher amounts of the 
organic solvents to the soil, a significant (P<0.01) 
decrease in succinate dehydrogenase activity was 
observed across all the organic solvents applied. 
Similarly too, the decrease stimulated by kerosene 
affects the seedlings than the other solvents applied. 
Besides, treatment of soil with the organic solvents, 
on the whole, initially (at day 4) a significant 
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Fig 1: Effect of concentration of petroleum products on succinate dehydrogenase activities in leaves of cowpea and maize after interval of four days of germination. All values are 
expressed as Mean ± SEM, values followed by different alphabet superscript in the same column indicates a significant difference. 
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Fig. 1. Effect of concentration of petroleum products on succinate dehydrogenase activities in leaves of cowpea 
and maize after interval of four days of germination. All values are expressed as Mean ± SEM, values followed by 
different alphabet superscript in the same graph indicates a significant difference.
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(P<0.01) decrease in lactate dehydrogenase activity 
in the leaves of cowpea seedlings relative to control 
seedlings but thereafter (eight and twelve days), 
a significant (P <0.01)   increase in the activity of 
the enzyme was noted at high concentrations of the 
petroleum solvents (Fig. 1). The increase in enzyme 
activity was generally significant (P < 0.01) when 
seedlings raised in kerosene treated- soil were 
compared with seedlings raised in soil treated with 
the other solvents.

Furthermore, a significant (P<0.01) decrease 
in lactate dehydrogenase activity in the leaves of 
maize seedlings at day 4 relative to control seedlings 
was recorded. Thereafter (eight and twelve days), 
a significant (P <0.01)   increase in the activity of 
the enzyme was noted at high concentrations of the 
petroleum solvents-treated soils (Fig 2). in addition  
to all the solvents considered, kerosene generally, 
decreased the enzyme activity more relative to the 
other petroleum products.

4.   DISCUSSION

Crude oil impacted soil suffers from the 
displacement of air that creates hypoxic conditions 
in biotic lives in such an environment [21, 22]. 
This gives rise to oxygen deficiency in plants 

cultivated in such soil [23]. And as such, plants try 
to adapt to the energy crises by either upgrading 
or downgrading certain respiratory enzymes which 
may include lactate dehydrogenase and succinate 
dehydrogenase [24]. In this study, the addition 
of the various hydrocarbons to the soil inhibited 
succinate dehydrogenase activity in the leaves of 
cowpea seedlings and that of maize seedling. This 
inhibition of succinate dehydrogenase activity in 
the two seedlings is an indication of a decrease in 
aerobic energy generation and portends the loss of 
cell vitality [16, 25], 26. This agrees with toxicant 
stimulated debility in succinate dehydrogenase 
activity [20]. Moreover, of the entire hydrocarbon 
analyzed, kerosene decreased the efficacy of the 
enzyme more than the other hydrocarbons. The 
venomous credential of kerosene is in literature 
[27]. Also, the susceptibility of cowpea seedlings 
was more relative to maize seedlings. This is due to 
the ability of cowpea seeds to absorb hydrocarbon 
from the soil more than maize grains [28, 29].

Hydrocarbons treatment of soil gave varied and 
inconsistent lactate dehydrogenase activity (LDH) 
in the tissues of the seedlings of cowpea (Table 3) 
and that of maize. Moreover, lactate dehydrogenase 
activities in the two seedlings were time-dependent. 
The initial decline in the enzyme activity is for 
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Fig. 2:   Effect of concentration of petroleum products on lactate dehydrogenase activities in leaves of cowpea and maize after interval of four days of germination. All values are 
expressed as Mean ± SEM, values followed by different alphabet superscript in the same column indicates a significant difference. 
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Fig. 2:   Effect of concentration of petroleum products on lactate dehydrogenase activities in leaves of cowpea and 
maize after interval of four days of germination. All values are expressed as Mean ± SEM, values followed by different 
alphabet superscript in the same graph indicates a significant difference.
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the toxic effects of the hydrocarbons at high 
concentrations; whereas, the increase as the number 
of days increase may be an adaptive measure to 
survive in a contaminated environment. A similar 
response of enzyme to hydrocarbon contaminated 
soil was reported previously [30, 31]. All the same, 
the increase in LDH activity, especially on day eight, 
agrees with the report of Valarmathi and Azariah 
on the response of the enzyme to the presence 
of chemical insult [24]. The increase in lactate 
dehydrogenase activity is a likeness of increased 
anaerobic carbohydrate metabolism by the leaves 
of the respective seedlings after sustained exposure 
to hydrocarbon toxicity. Similarly, kerosene-treated 
soil increased lactate dehydrogenase activity than 
the other hydrocarbons-treated soil. Moreover, 
lactate dehydrogenase activity was more in maize 
relative to cowpea seedlings. This was attributed to 
the high degree of fermentative respiration in seeds 
with high starch content [32].  

Generally, a reciprocal relationship between 
succinate dehydrogenase activity and lactate 
dehydrogenase activity had been established [24, 
32].  The inhibition of succinate dehydrogenase 
activity in addition to the elevation of lactate 
dehydrogenase activity may predispose the 
seedlings to anaerobic carbohydrate metabolism 
amid chemical intoxicated soil. 

5.   CONCLUSIONS

Hydrocarbons in soil predispose plants to anaerobic 
energy production, as a way of energy generation, 
to enable them to survive hydrocarbon toxicity. This 
is indicated by the hydrocarbon-mediated decrease 
in succinate dehydrogenase activity and the 
corresponding decrease in lactate dehydrogenase 
activity in the plant models.
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