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A B S T R A C T

The efficacy of Vernonia amygdalina against chemical toxicity has attracted attention. The aim of this study was
to evaluate the protective potentials of Vernonia amygdalina methanol extract (BLME) against petroleum toxicity.
Thirty six male albino rats (Rattus norvegicus) were redistributed randomly into six groups of six rats each and fed
with growers feed for a period of 30 days according to the following description: Group A=Feed; Group
B= Feed+ 100mg kg−1 body weight of BLME; Group C=Feed+ 200mg kg−1 body weight of BLME; Group
D=Feed (100 g Feed+ 4mL crude petroleum); Group E=Feed (100 g Feed+4mL crude petro-
leum)+ 100mg kg−1 body weight of BLME; Group F=Feed (100 g Feed+ 4mL crude petro-
leum)+ 200mg kg−1 body weight of BLME. Animals were sacrificed at the end of the experimental period and
the serum and kidney were harvested for biochemical and histological analysis following standard procedures.
The data generated were subjected to analysis of variance (ANOVA). The study revealed that crude petroleum
stimulated alterations in kidney dysfunction makers: urea, creatinine and serum electrolytes which were sig-
nificantly (P < 0.05) ameliorated by BLME administration relative to control. Oxidative stress markers, lipid
peroxidation and enzymatic and non-enzymatic antioxidant profiles (MDA levels, GSH, Vitamin C. FRAP, CAT,
SOD, GPx, GSTs) as well as oxidase enzymes (AO, SO, MO and XO) induced changes by crude petroleum were
positively modulated by BLME administration. The study concluded that crude petroleum contaminated diets are
injurious to animal health and BLME is able to prevent the renal dysfunction induced by crude petroleum
contaminated diets.

1. Introduction

Crude petroleum is an unrefined petroleum hydrocarbon mixture
which has from simple to complex structures such as resins, asphaltenes
and others. Chemically, it is composed of hydrogen, carbon, sulphur,
nitrogen, oxygen and metals [1]. Polar compounds contained in crude
petroleum contain heteroatoms of oxygen, nitrogen or sulphur and are
ascertained by so many names, including heterocyclics, resins and NSO3

[2]. Heterocyclic compounds of crude petroleum may be composed of
metals in salts of carboxylic acids form or distinctively as porphyrin
chelates or organo-metal complexes [2,3]. When it is refined, its con-
tents entail different fractions which are majorly used as fuels. The
nearly unavoidable importance of these fractions is what makes them in
constant and daily contact with human such as petrol, diesel and lu-
bricating oils for powering automobiles, kerosene for cooking, and
heavy gas oils for tarring roads [1]. Over the years, the increased trend
in the domestic and industrial utilization of crude petroleum and its
products has necessitated its concomitant exposure of humans and

other animals to its high level risk [4]. In certain cases, these products
such as kerosene, diesel, and gasoline find itself into the food chain and
gradually build up its negative effects in the tissues especially as it re-
lates to nephrotoxicity [5–8].

In recent times, plants and plants-based materials are being tested as
possible antidotes for crude petroleum toxicity in animals [9,10]. One
important plant commonly grown in the tropical regions of the world
with nutritional and health giving properties is bitter leaf (Vernonia
amygdalina) [11]. The medicinal properties of Vernonia amygdalina are
highly documented by Ijeh and Ejike [11]. It possesses anti-diabetic
property, anthelmintic activities; antioxidant properties; hypolipidemic
and anticancer activity [11]. Also, the cathartic effect; abortifacient;
antifertility; antimicrobial; antiplatelet and anticoagulant; antimalarial;
hepatoprotective; analgesic activity; anti-inflammatory; anti-pyretic
activity; antimutagenicity and effect on CD4+ cell count (HIV/AIDS)
were also reported [11]. Moreover, the safety of bitter leaf had been
established through sole administration as well as administration in the
presence of toxicants [12–14].
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It is well established that crude petroleum and its fractions exposure
has been severally implicated in their ability to alter the functionality of
the kidney via the mechanistic increase in the concentrations of serum
electrolytes, urea and creatinine and alteration in oxidative stress status
[1,15,16]. At the time of this investigation however, there was no
documented evidence on the use of bitter leaf to prevent the renal
damage induced by crude petroleum contaminated diets. The aim of
this study was to evaluate the role of bitter leaf (Vernonia amygdalina)
methanolic extract in prevention of renal toxicity induced by crude
petroleum contaminated diet.

2. Materials and methods

2.1. Materials

Matured bitter leaf (Vernonia amygdalina Del) was harvested from a
farm at Abraka, Nigeria and was identified by Dr. Erhenhi A.H of
Department of Botany, Delta state University, Abraka, Nigeria. The
credentials of the leaf were corroborated at the Forestry Research
Institute of Nigeria, Jericho Hill, Ibadan, Nigeria, where a specimen
with the voucher number, F101863 was deposited at the herbarium.
Thirty six male albino rats (Rattus norvegicus) were obtained from the
animal house of the Faculty of Basic Medical Sciences; Delta State
University, Nigeria. The rats were housed in a wooden cage and left to
acclimatize for one week and were fed with grower’s mash throughout
the acclimatization period. The grower’s mash used is a product of
Rainbow Feed Limited and the composition as declared by the manu-
facturer is depicted in Table 1. All other reagents used for biochemical
assay were of analytical grades.

2.2. Experimental design and treatment

After the period of acclimatization the rats were weighed and an
average weight of 150 g–182 g was obtained. This followed the dis-
tribution of the animals randomly into six groups of six rats each and
fed with growers feed for a period of 30 days according to the following
description.

Group A= Feed
Group B=Feed+100mg kg−1 body weight of BLME
Group C=Feed+200mg kg−1 body weight of BLME
Group D=Feed (100 g Feed+4mL crude petroleum)
Group E= Feed (100 g Feed+ 4mL crude petro-
leum)+100mg kg−1 body weight of BLME
Group F=Feed (100 g Feed+4mL crude petro-
leum)+200mg kg−1 body weight of BLME

2.3. Preparation of bitter leaves extract

The bitter leaves were washed and air dried at an open space within
the laboratory confinement of the Department of Biochemistry, Delta
State University, Abraka at room temperature for one week. At the end

of the drying period, the bitter leaf was chopped off and macerated
using a warren blender to a smooth dry powder and the extract of the
bitter leaf obtained using methanol extraction technique as previously
described by Okpoghono et al. [10]. One hundred (100 g) of the pow-
dered leaf was dissolved in 400mL of methanol through sonication for
10min, then filtered with Whatman No.1 using vacuum pump. The
extract was then concentrated using rotary evaporator at 40–50 °C
under reduced pressure to obtain the bitter leaf methanol extract
(BLME). The extract was stored at −8°C until required.

2.4. Administration of bitter leaves extract

The bitter leaf extract used for administration was freshly prepared
at the point of administration by dissolving 20 g of the extract in
100mL of distilled water to obtain 200mgmL−1 out of which aliquots
of the freshly dissolved extract was administered by gavage according
to the rats body weight once daily. Rats in group A had no bitter leaf
extract treatment. Rats in group B and C were fed with normal diet as
those in group A, but were simultaneously treated with 100mg kg−1

body weight of BLME and 200mg kg−1 body weight of BLME; respec-
tively. While rats in group D had crude petroleum contaminated diet
without any treatment, whereas rats in groups E and F were fed with
crude petroleum contaminated diet along with 100mg kg−1 body
weight of BLME and 200mg kg−1 body weight of BLME mg of bitter
leaf extract. All the treatments lasted for 30 days to allow for chronic
exposure. These doses had been established to be clinically tolerable by
experimental rats [12].The rats in groups A and D were not adminis-
tered the extracts while all animals were allowed free access to water.
National research council guide for the care and use of laboratory an-
imals was adhered to during the experiment [17].

2.5. Sample collection

At the end of the treatment period of 30 days, the animals were
sacrificed by cervical decapitation on the 31st day after an overnight
fast. Blood samples were collected immediately by cardiac puncture
into sterile plain tubes and labeled. The blood samples collected were
spurn using centrifuge at 3200g for 15min and the serum collected for
various biochemical assays. The kidneys also were harvested into la-
beled containers under cold conditions. Kidney wet tissue measuring
0.5g was homogenized in 9.0 mL of normal saline using pre-chilled
mortar and pestle and the supernatant obtained was stored in the re-
frigerator and used for biochemical analysis following standard proce-
dures within 48 h.

2.6. Biochemical analysis

Determination of serum kidney function profiles were done using
commercial Teco diagnostic kits for potassium ion, sodium ion, calcium
ion, chloride ion, bicarbonate ion and creatinine (Cr) while Randox
diagnostic kit was used for the determination of urea. The following
standard methods were employed for the assay of biochemical indices.
Lipid peroxidation (MDA) was determined according to the method of
Gutteridge and Wilkins [18], in a reaction based on the reaction of
malondialdehyde (MDA) with thiobabituric acid (TBA) to form a MDA –
TBA adduct that absorbs light strongly at 532 nm. Aldehyde oxidase
activity was determined by the method of Johns [19] in a reaction
based on the oxidation of benzaldehyde to benzoate using 2,6-di-
chloroindolephenol (DCIP) as the electron acceptor. The activity of the
enzyme is given in units per gramme tissue and one unit is the amount
of enzyme that produces one micromole of benzoate per minute. Sul-
phite oxidase activity was determined by the method of Macleod et al.
[20] based on the oxidation of sulphite to sulphate by the enzyme using
ferricyanide as electron acceptor. The activity of the enzyme was ex-
pressed in units per gramme tissue and one unit represents the amount
of the enzyme that reduces one micromole of ferricyanide per minute.

Table 1
Nutritional composition of growers mash used.

Crude protein 18.00%
Fats/oil 6.00%
Crude fibre 5.00%
Calcium 1.00%
Available phosphorus 0.04%
Lysine 1.85%
Methione 0.35%
Salt (min) 0.30%
M. Energy (min) 3000 kcal/kg
Net Weight 25 kg

Source: Rainbow feed manufacturer’s label.
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Monoamine oxidase activity was determined by the method of McEwen
[21] based on the oxidative deamination of benzylamine to benzalde-
hyde. The activity of the enzyme is expressed in units per gramme tissue
and one unit of the enzyme is defined as the amount of enzyme that is
required for the production of one micromole of benzaldehyde per
minute. The activity of xanthine oxidase was determined by the method
of Stirpe and Della Corte [22] using xanthine as the substrate and
oxygen as electron acceptor. The enzyme activity was expressed as units
per gramme tissue where each unit is the amount of the enzyme that
produces one micromole of uric acid. Ferric-reducing antioxidant
power (FRAP) assay was based on the formation of an intense blue
colour complex formed when ferric tripyridyltriazine complex is re-
duced to the ferrous form giving a chromophore that absorbs maximally
at 540 nm [23].The method of Ellman [24] was used for the assay of
reduced glutathione while assay for vitamin C employed the method
reported by Achuba [25] based on the use of 2,6-dichlorophenol-in-
dophenol (DCIP) and iodine as a titrant. Superoxide dismutase (SOD)
activity was determined based on its ability to inhibit the oxidation of
epinephrine by superoxide anion. One unit of superoxide dismutase
activity is calculated as the amount of enzyme required for 50% in-
hibition of the oxidation of epinephrine to adrenochrome at 480 nm per
min [26]. Catalase activity was determined by the method of Rani et al.
[27] based on the fact that catalase breaks down hydrogen peroxide to
give oxygen that oxidizes potassium dichromate and the activity was
expressed in terms of moles of H2O2 consumed/min. The oxidation of
chromate gives a chromophore that absorbs maximally at 610 nm.
Glutathione-s-transferase activity was assayed spectrophotometrically
at 340 nm by measuring the rate of l-chloro-2, 4-dinitrobenzene con-
jugation with reduced glutathione as a function of time according to the
established method of Habig [28]. The activity of glutathione perox-
idase was determined based on the reduction of hydrogen peroxide to
the corresponding stable alcohol and water using glutathione as the
reducing reagent. The activity was expressed in terms of μmol of glu-
tathione utilized/minute/mg protein [29].

2.7. Histological examination

A known portion of the kidney, of each rat was harvested and fixed
in 10% formol saline for 48 h and processed for paraffin wax embed-
ding with an automatic tissue processor by dehydrating through 70%,
90%, 95% and two changes of absolute ethanol for 90min each.
Clearing was achieved through two changes of xylene for 2 h each; and
infiltrating with two changes of paraffin wax for 2 h. Sections were cut
at 5 μm with a rotary microtome. The sections were stained by hae-
matoxylin and eosin (H and E) using the method of Al-Attar et al. [30],
examined and photographed using a light microscope.

2.8. Statistical analysis

Analysis of data was carried out using the single Factor analysis of
Variance (ANOVA) with the aid of the Statistical Package for the Social
Sciences version 17 (SPSS 17). Post hoc analysis (comparisons across
Groups) was done using Bonferroni at P < 0.05 level of significance.

3. Results

As shown in (Table 2), results showed that treatment of rats
with100mg kg−1 and 200mg kg−1 body weight of BLME caused a
significant (P < 0.05) reduction in serum creatinine and compared to
normal control rats in group A and rats fed crude petroleum con-
taminated diets without treatment (group D). Rats fed with crude pet-
roleum contaminated diets and treated with 100mg kg−1 and
200mg kg−1 body weight of BLME in groups E and F showed sig-
nificant decrease in creatinine concentration compared to rats main-
tained on crude petroleum contaminated diet without any treatment
(group D). However, administration of BLME did not significantly

(P < 0.05) alter urea, sodium ion, potassium ion, calcium ion. chloride
ion and bicarbonate ion levels in rats fed with crude petroleum con-
taminated diet without BLME treatment (group D).

The administration of BLME to rats fed with crude petroleum con-
taminated diet did not reduce lipid peroxidation in the kidney of rats
(Table 3). However, BLME administration enhanced the activities of the
oxidase enzymes (AO, SO MO and XO) significantly (P < 0.05) across
all groups compared to rats in control group (group A) and rats fed with
crude petroleum treated diet only (group D).

Treatment of rats with various doses of BLME did not alter the level
of glutathione but significantly improved the levels of the other non-
enzymatic antioxidants in the kidney of rats fed crude petroleum con-
taminated diet (Table 4). The ferric reducing antioxidant power (FRAP)
and vitamin C in rats fed contaminated diets and treated with
100mg kg−1 and 200mg kg−1 (groups E and F) were significantly
(P < 0.05) higher compared to the untreated rats (group D). The in-
crease in the levels of these antioxidants was more pronounced at
200mg kg−1 body weight treatment.

Results presented in Table 5 shows the consequence of BLME
treatment on the activities of the enzymatic antioxidants: SOD, CAT,
GSTs and GPx in rats fed with crude petroleum adulterated diet. The
inclusion of crude petroleum in diet caused significant (P < 0.05) re-
ductions in the activities of the enzymes in rats fed with adulterated
diet without BLME treatment (group D) compared to the activity in
control rats (group A) that were given untainted diets. However,
treatment with 100mg kg−1 and 200mg kg−1 body weight of BLME
(groups E and F) improved the activities of the enzymes compared to
the activities in normal control (group A). Moreover, administration of
200mg kg−1 body weight of BLME enhanced the enzyme activities
more than 100mg kg−1 body weight of BLME

The preventive attributes of BLME on the histopathological impact
of crude petroleum contaminated diets in the kidney of rats are pre-
sented in Fig. 1. There were very clear and visible glomeruli renal tu-
bules and renal arteries in all groups. However, there were observed
significantly visible distortions of kidney architecture signaled by early
stage of tissue necrosis and inflammation in the kidney of rats in group
C which were fed uncontaminated diets but treated with 200mg kg−1

body weight of BLME. Also rats fed contaminated diets without treat-
ment showed more visible stages of tissue necrosis and blood coagu-
lations while rats in group E had slight visible signs of necrosis, the rats
in group F were observed to have a normal kidney without necrosis
indicating possible prevention of the necrosis observed in other groups.

4. Discussion

The deleterious effects of crude petroleum to the kidney had been
well elucidated by earlier studies [8,13]. Likewise, the distortion of
metabolic stability through the consumption of petroleum tainted diets
has been reported by Okpoghono et al. [10].This study reports similar
dysfunction of the kidney owing to intake of crude petroleum tainted
diets evidenced by rising serum creatinine and urea in rats not treated
with any dose of the BLME but fed crude petroleum tainted diets
(Table 2). Rising serum creatinine and urea is an established indicator
of poor glomerular filtration and has been established as a significant
clinical marker for kidney dysfunction and loss of kidney integrity
[8,31]. The present study, although observed no significant rise in
serum sodium ion concentrations, there were significant increases in
both serum potassium ion concentration and calcium ion concentration
owing to consumption of petroleum tainted diets (Table 2). These re-
sults are in agreement with the studies of Orisakwe et al. [15] and Uboh
et al. [16]. The observed high levels of calcium and potassium ions have
been reported to be linked with the disruption of certain ion pumps and
transmembrane ATPases owing to increased lyses within the kidney and
the liver [32,33]. The study also observed a reduction of chloride ion
concentration in rats owing to crude petroleum contamination of the
diets relative to the control was not in agreement with those reported in
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the study of Ita and Edagha [34] which reported increased serum
chloride ions due to oral consumption of crude petroleum. Although the
treatment of rats fed tainted diets indicated observed reduction in the
serum calcium, potassium and chloride ion concentration relative to
those not treated, it is indicative that the BLME extract had some level
of efficacy in balancing the observed distortion in electrolyte de-
rangement.

A significant observation of this study was the ability of the BLME at
both doses to reduced serum electrolyte concentrations (Na+, K+, Ca+

and HCO3
−) relative to the normal control which implies that the BLME

may have the capability of improving glomerular filtration even in the
absence of toxicants (Table 2). This observation, however is not in
agreement with studies done with other plant extracts such as Afra-
momum sceptrum and Aframomum malagueta which showed elevation of

serum and renal electrolytes (Na+, K+ and HCO3
−) relative to control

[31,35]. The renal improvement potential possessed by the BLME in the
absence of any toxicant and in the presence of the toxicological effects
of crude petroleum tainted diets may have been conferred on the BLME
due to its high antioxidant defence capacities as reported by Ijeh and
Ejike [11]. They are said to have a rich potential for antioxidants such
as flavonoids, alkaloids and polyphenols.

Tissue lipid peroxidation has been identified as one significant
marker of oxidative stress status of any organism that has been asso-
ciated with the deleterious effects of petroleum contamination in plants
and animals [36,37]. The process of lipid peroxidation, often times
preceded by disruption of the natural antioxidant defence, which in
several cases are signalled by the depletion of both enzymatic and non-
enzymatic antioxidants [38]. Increase in lipid peroxidation is closely
linked with the induction of cytosolic enzymes such as the oxidases
(sulphite, aldehyde, xanthine and monoamine) needed for the clearance
of increasing sulfoxides, N-oxides, and aromatic nitro compounds and
1,2-benzisoxazole derivatives; that are associated with environmental
toxicants [39]. In this study, the administration of BLME to rats fed with
crude petroleum tainted diet gave rise to increased lipid peroxidation
and the concomitant increase in the activities of oxidative enzymes:
sulphite oxidase, aldehyde oxidase, monoamine oxidase and xanthine
oxidase relative to control (Table 3). More so, reduction in lipid per-
oxidation at a dose of 100mg kg−1 body weight of BLME and con-
comitant increase in the activities of oxidative enzymes across the two
doses (Table 3) were observed. This may be due to the preventive ef-
fects of BLME against crude petroleum nephrotoxicity. Although the
administration of BLME at the 200mg kg−1 dosage to rats fed tainted
diet indicated increased MDA level relative to rats not treated with
BLME, this may be indicative of the negative effects of high dose of
plant extracts which was submitted by Ogbeke et al. [31] that when
plant extracts are administered in the right dose it will remain effective
in conferring protection to tissues in situations of metabolic stress but
when administered in the wrong dosage however, it ends up in the
continued induction of metabolic stress. The positive effects of BLME
observed at the 100mg Kg−1 body weight on petroleum tainted diets
are similar to those conferred on petroleum induced nephropathy in the
study of Achuba and Ogwumu [7]. The BLME which is said to be a rich
source of catechin and several polyphenols and essential mineral ele-
ments and remains significant in the enhancement of vascular nitric
oxides (NO) activity which is significant for the mechanistic control of
oxidative stress and several signal transduction pathways [40].

Table 2
Effect of bitter leaf extract on serum markers of kidney function of rats fed crude petroleum contaminated diet.

Groups Creatinine (mg/dL) Urea (mg/dL) Na+ (mEq/L) K+ (mEq/L) Ca+ (mEq/L) Cl− (mEq/L) HCO3
− (nmolEq/L)

A 2.37 ± 0.14a 18.79 ± 0.33b 85.07 ± 0.72a 5.07 ± 0.04ac 5.86 ± 0.29a 11.57 ± 0.27a 1.83 ± 0.41a

B 1.40 ± 0.04b 15.04 ± 0.42b 78.50 ± 0.86b 3.39 ± 0.22a 7.49 ± 0.22a 9.65 ± 0.37ab 1.72 ± 0.78ac

C 1.03 ± 0.11b 13.51 ± 0.26a 75.06 ± 2.20a 2.84 ± 0.09b 7.80 ± 0.68b 7.67 ± 2.21ab 1.68 ± 0.16ac

D 4.27 ± 0.15c 25.25 ± 0.85a 110.97 ± 2.30a 7.62 ± 0.86c 8.15 ± 0.37b 6.25 ± 0.18b 3.24 ± 0.04b

E 3.31 ± 0.29a 28.23 ± 1.10a 86.53 ± 31.96a 7.02 ± 0.07c 7.6.01 ± 0.37d 6.37 ± 0.29b 2.46 ± 0.07ab

F 3.41 ± 0.25d 31.10 ± 1.50ab 91.48 ± 6.31a 6.78 ± 0.17c 7.61 ± 0.73d 5.94 ± 0.26b 2.32 ± 0.11bc

Values are expressed as Mean ± SEM. Values followed by different alphabet superscript in the same row indicates a significant difference.

Table 3
Effect of bitter Leaf extract on lipid peroxidation and oxidative enzyme profile of rats fed crude petroleum contaminated diet.

Groups MDA μmol mL−1 AO Units g−1 tissue SO Units g−1 tissue MO Units g−1 tissue XO Units g−1 tissue

A 40.94 ± 0.29a 23.50 ± 1.04a 257.00 ± 2.04a 56.00 ± 0.82a 53.75 ± 0.85a

B 46.07 ± 0.24b 28.75 ± 1.11b 268.00 ± 1.83b 62.50 ± 1.55b 57.25 ± 1.11a

C 47.18 ± 0.74bc 33.25 ± 1.11bc 275.00 ± 1.08c 65.50 ± 0.65bc 61.00 ± 1.08b

D 47.04 ± 0.76bc 36.50 ± 0.65c 280.75 ± 0.85c 70.50 ± 1.04c 65.75 ± 0.85c

E 45.84 ± 0.32b 40.75 ± 1.11c 285.75 ± 0.85d 76.25 ± 0.85d 74.00 ± 2.16d

F 48.11 ± 0.21c 45.50 ± 0.65d 290.75 ± 0.85d 81.00 ± 1.29d 80.50 ± 1.19e

Values are expressed as Mean ± SEM. Values followed by different alphabet superscript in the same column indicates a significant difference.

Table 4
Effect of bitter leaf extract on levels of non-enzymatic antioxidant profile in the
kidney of rats fed crude petroleum contaminated diet.

FRAP mmol/100mL FeSO4 GSH µmol mg1 Vitamin C µmolmg1

A 1.78 ± 0.04a 0.23 ± 0.03ac 4.56 ± 0.33a

B 1.74 ± 0.05a 0.28 ± 0.03a 5.58 ± 0.19a

C 1.70 ± 0.05a 0.30 ± 0.03a 6.20 ± 0.11b

D 2.01 ± 0.04b 0.15 ± 0.00bc 2.05 ± 0.53c

E 2.04 ± 0.03b 0.16 ± 0.00bc 2.60 ± 0.22dc

F 2.99 ± 0.05c 0.16 ± 0.01bc 3.83 ± 0.10d

Values are expressed as Mean ± SEM. Values followed by different alphabet
superscript in the same row indicates a significant difference.

Table 5
Effects of bitter leaf on enzymatic antioxidant profile in the kidney of rat fed
crude petroleum contaminated diet.

Groups SOD unitsg−1

tissue
CAT μmol min−1

g−1tissue
GSTs µmol mg−1

protein
GPx µmol
mg−1 protein

A 6.47 ± 0.22a 161.05 ± 0.52a 366.25 ± 15.14a 0.35 ± 0.04a

B 6.06 ± 0.16ab 170.11 ± 6.51a 391.50 ± 10.56ab 0.34 ± 0.01ac

C 6.14 ± 0.23a 168.82 ± 2.02a 433.00 ± 11.45b 0.34 ± 0.05ac

D 4.21 ± 0.11c 138.23 ± 0.53b 325.50 ± 13.74c 0.23 ± 0.03c

E 5.19 ± 0.55b 144.16 ± 0.50b 336.75 ± 7.19ac 0.53 ± 0.03b

F 6.19 ± 0.17a 160.74 ± 1.08a 349.75 ± 6.55a 0.59 ± 0.03b

Values are expressed as Mean ± SEM, Values followed by different alphabet
superscript in the same column indicates a significant difference.
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As regards antioxidant defence, this study indicated a significant
(P < 0.05) increase in FRAP in rats fed with crude petroleum tainted
diets and treated with BLME (Table 4). Also, significant (P < 0.05)
depletion in GSH relative to normal control and rats not exposed to
tainted diets but treated with BLME was also observed (Table 3). In-
creased FRAP level is a significant indicator of an improved antioxidant
capacity and the presence of elements that have the ability to neutralize
the negative effects of increasing peroxyl and alkoxyl radicals which
constitute significant reducing agents and oxygen quenchers [41]. GSH
on the other hand is an important antioxidant in the scavenging of the
reactive oxygen species and peroxides [42,43]. Reduced glutathione
(GSH) was significantly depleted in the tissues of rats exposed to crude
petroleum tainted diets relative to control but increased relative to the
rats fed tainted diets without treatment. This observed trend is in
agreement with those reported by Azeez et al. [1], Alisi et al. [44] and
Odewabi et al. [45] who used animal models as well as gasoline station
attendants exposed to petroleum fumes in their studies. An insight to
the justification of increased GSH levels in treated rats relative to un-
treated rats has been earlier reported in the study of Huang et al. [46]
who stated that there is an increase in the levels of tissue glutathione
during early stages of tissue regeneration. It is important to note that
matured bitter leaf has been reported to have a level of glutamic acid,
one of the amino acids essential for the synthesis of glutathione [47,48].
GSH has also been identified as a significant factor in the maintenance
of the concentrations of exogenous antioxidants such as vitamins C and
E in their reduced (active) forms. This may be a justification for the
observed increase in the concentrations of vitamin C in the kidney of
rats fed tainted diets and treated with BLME relative to those not
treated after been exposed to tainted diets

The results of the enzymatic antioxidants indicated a significant

reduction in the activities of SOD, CAT, GSTs and GPx in untreated rats
relative to control, however, the eventual enhancement of these en-
zymes’ activities by BLME in the tissues of rats exposed to petroleum
tainted diets and untainted diets relative to the untreated rats gives
credence to the antioxidative properties possessed by the bitter leaf
(Table 5) and its capabilities to enhance the enzymatic antioxidant
defence mechanistic activities as reported by Iwalokun et al.[49]. Also
this study recorded the ability of BLME to confer protection on the
kidney ultra-structure due to the negative effects of petroleum tainted
diets. The consumption of petroleum tainted diets has been previously
reported to induce tissue injury by Achuba and Ogwumu [7]; and Ok-
poghono et al. [10]. In line with their studies which utilized palm oil
and Monodora myristica, the administration of BLME was able to en-
hance the gradual healing and clearance of the observed tissue necrosis
and inflammation in the kidney. This observation is also given credence
by the wound healing properties of BLME earlier reported by Kambizi
and Afolayin [50]. As presented by the histopathological examination
(Fig. 1), rats treated with both doses of BLME were observed to show
visible regeneration and clearance of the observed tissue necrosis in rats
not treated with BLME

5. Conclusions

This study indicated that the consumption of crude petroleum
contaminated diets induced kidney damage and consequent malfunc-
tion. However, the administration of bitter leaf extract offered defence
against the induced negative effects of crude petroleum and amelio-
rated and restored the lost renal function capabilities by conferring
protection on tissue ultra-structure.

Fig. 1. Effect of Bitter Leaf methanol extracts (BLME) on prevention of renal toxicity induced bycrude petroleum contaminated diets (Haematoxylin and eosin X 100).

F.I. Achuba International Journal of Veterinary Science and Medicine 6 (2018) 172–177

176



Competing interests

There is no competing interest to declare

References

[1] Azeez OM, Akhigbe RE, Anigbogu CN. Oxidative status in rat kidney exposed to
petroleum hydrocarbons. J. Nat Sci Biol Med 2013;4:149–54. https://doi.org/10.
4103/0976-9668.107280.

[2] Achuba FI, Peretiomo – Clarke BO, Okolie TC. Oxidative stress in the brain of
rabbits with petroleum- induced hypoglycaemia. Biol Lett 2005;42:33-9.

[3] Almeda R, Wambaugh Z, Wang Z, Hyatt C, Liu Z, Buskey EJ. Interactions between
zooplankton and crude oil: Toxic effects and bioaccumulation of polycyclic aromatic
hydrocarbons. PLoS One 2013;8(6):e67212https://doi.org/10.1371/journal.pone.
0067212.

[4] Uboh FE, Ufot SU, Eyong EU. Comparative effect of withdrawal from exposure on
gasoline and diesel induced nephrotoxicity in male albino wistar rats. J Clin Toxicol
2013;3:170. https://doi.org/10.4172/2161-0495.1000170.

[5] Ramachandran SD, Hodson PV, Khan CW, Lee K. Oil dispersant increases PAH
uptake by fish exposed to crude oil. Ecotoxicol Environ Safety 2004;59:300–8.

[6] Almeda R, Wambaugh Z, Chai C, Wang Z, Liu Z, Buskey EJ. Effects of crude oil
exposure on bioaccumulation of polycyclic aromatic hydrocarbons and survival of
adult and larval stages of gelatinous zooplankton. PLoS One 2013;8:e74476https://
doi.org/10.1371/journal.pone.0074476.

[7] Achuba FI, Ogwumu MD. Possible protective role of palm oil and beef liver on the
kidney and liver of wistar albino rats fed diesel contaminated diet. Biokemistri
2014;26:124–9.

[8] Achuba FI, Nwokogba CC. Effects of honey supplementation on hydrocarbon-in-
duced kidney and liver damage in wistar albino rats. Biokemistri 2015;27:50–5.

[9] Achuba FI, Ubogu LA, Ekute BO. Moringa oleifera attenuates crude oil contaminated
diet induced biochemical effects in wistar albino rats. UK J Pharm Biosci
2016;4:70–7. https://doi.org/10.20510/ukjpb/4/i5/126494.

[10] Okpoghono J, Achuba FI, George BO. Protective effect of Monodora myristica ex-
tracts on crude petroleum oil contaminated catfish (Clarias gariepinus) diet in rats.
Int J Vet Sci Med 2018;6:117–22. https://doi.org/10.1016/j.ijvsm.2018.03.006.

[11] Ijeh II, Ejike CECC. Current perspectives on the medicinal potentials of Vernonia
amygdalina Del. J Med Plants Res 2011;5:1051–61.

[12] Kadiri HE. Protective effect of Vernonia amygdalina (bitter leaf) extract on rats ex-
posed to cyanide poisoning. Biokemistri 2017;29:126–31.

[13] Abebe MS, Gebru G. Toxic effect of Vernonia amygdalina Delile on blood parameters
and histopathology of liver and kidney in rats. Global Med Plants Res 2015;1:001–8.

[14] Lolodi O, Eriyamremu GE. Effect of Methanolic extract of Vernonia amygdalina
(Common Bitter Leaf) on lipid peroxidation and antioxidant enzymes in rats ex-
posed to cycasin. Pak J Biol Sci 2013;16:642–6. https://doi.org/10.3923/pjbs.
2013.642.646.

[15] Orisakwe E, Njan AA, Afonne OJ, Akumka DD, Orish VN, Udemezue OO.
Investigation into the nephrotoxicity of Nigerian bonny light crude oil in albino
rats. Int J Environ Res Public Health 2004;1:106–10.

[16] Uboh FE, Akpanabiatu MI, Ndem JI, Alozie Y, Ebong PE. Comparative nephrotoxic
effect associated with exposure to diesel and gasoline vapours in rats. J Toxicol
Environ Health Sci. 2009;1:68–74.

[17] NRC (National Research Council). Guide for the care and use of laboratory animals.
8th ed. Institute of Laboratory Animal Resources, National Academy Press; 2011.

[18] Gutteridge JMC, Wilkins C. Copper dependent hydroxyl radical damage to ascorbic
acid formation of thiobarbituric acid reactive products. FEBS Lett
1982;137:327–40.

[19] Human Johns DG. liver aldehyde oxidase: differential inhibition of oxidation of
charged and uncharged substrates. J Clin Invest 1967;46l:1492–505.

[20] Macleod RM, Farkas W, Fridovich I, Handler P. Purification and properties of he-
patic sulphite oxidase. J Biol Chem 1961;236:1841–6.

[21] McEwen CM. Monoamine oxidase (human serum or plasma). In: Colowick SP,
Kaplan NO, editors. Methods in Enzymology. New York: Academic Press; 1971. p.
692–3.

[22] Stirpe F, Della Corte E. Regulation of rat liver xanthine oxidase. Conversion in vitro
of the enzyme activity from dehydrogenase (type D) to oxidase (type O). J Biol
Chem 1969;244:3855–63.

[23] Soni NO. Antioxidant assay in vivo and vitro. Int J Phytopharmacol 2014;5:51–8.
[24] Ellman GC. Tissue sulflydryl groups. Arch. Biochem. Biophys. 1959;82:70–7.
[25] Achuba FI. African land snail Achatina marginatus, as bioindicator of environmental

pollution. North West J Zool 2008;4(1):1–5.
[26] Misra HP, Fridovich I. The role of superoxide ion in the auto-oxidation of epi-

nephrine and a simple assay for superoxide dismutase. J Biol Chem
1972;247:3170–5.

[27] Rani P, Meena UK, Karthikeyan J. Evaluation of antioxidant properties of berries.
Indian J Clin Biochem 1994;19:103–10.

[28] Habig WH, Pabst MJ, Jakoby WB. Glutathione -s-transferases: first enzymic step in
mercapturic acid formation. J Biol Chem 1974;249:7130–9.

[29] Khan MR, Rizvi W, Khan RA, Sheen S. Carbon tetrachloride induced nephrotoxicity
in rats: protective role of Digera muricata. J Ethnopharmacol 2009;122:91–9.

[30] Al-Attar AM, Alrobai AA, Almalki DA. Protective effect of olive and juniper leaves
extracts on nephrotoxicity induced by thioacetamide in male mice Saudi. J Biol Sci
2017;24:15–22. https://doi.org/10.1016/j.sjbs.2015.08.013.

[31] Ogbeke GI, George BO, Ichipi-Ifukor PC. Aframomum sceptrum modulation of renal
function in monosodium glutamate (MSG) induced toxicity. UK J Pharm Biosci
2016;4:54–60.

[32] Ita SO, Aluko EO, Atang DE, Antai AB, Osim EE. Vitamin C or E supplementation
ameliorates Nigerian Bonny light crude oil induced erythrocytes haemolysis in male
wistar rats. Biochem. Mol. Biol 2013;1:44–51. https://doi.org/10.12966/bmb.10.
01.2013.

[33] Gowda S, Desai PB, Kulkarni SS, Hull VV, Math AAK, Vernekar SN. Markers of renal
function tests. N Am J Med Sci. 2010;2:170–3.

[34] Ita SO, Edagha IA. Renal protective effect of antioxidant vitamins C and E against
crude oil -induced nephrotoxicity. Merit Res J Med Med Sci 2016;4:425–31.

[35] Unuebho A, Inegbenebor U. Effect of aqueous extract of alligator pepper
(Aframomum malegueta) on serum electrolytes. Int J Herbs Pharmacol Res
2015;4:2–6.

[36] Nwaogu LA, Onyeze GOC. Effect of chronic exposure to petroleum pollution on
oxidative stress parameters and histology of liver tissues of native fowl (Gallus
domesticus). Int J Biochem Res Rev 2014;4:233–42.

[37] Achuba FI, Ja-anni MO. Effect of abattoir waste water on metabolic and antioxidant
profiles of cowpea seedlings grown in crude oil contaminated soil. Int J Recycl
Organic Waste Agric 2018;7:59–66.

[38] Ahmad A, Hossain MM, Singhal U, Islam N. Comparative study of marker of oxi-
dative stress among normotensive, pre-hypertensive and hypertensive subjects.
Biomed Res 2013;24:491–5.

[39] Kadam RS, Iyer KR. Isolation of liver aldehyde oxidase containing fractions from
different animals and determination of kinetic parameters for benzaldehyde. Indian
J. Pharm Sci 2008;70:85–8.

[40] Curin Y, Andriantsitohaina R. Polyphenols as potential therapeutical agents against
cardiovascular diseases. Pharmacol Rep 2005;57(Suppl):97–107.

[41] Birasuren B, Kim NY, Jeon HL, Kim MR. Evaluation of the antioxidant capacity and
phenolic content of Agriophyllum pungens seed extracts from Mongolia. Preventive
Nutr Food Sci 2013;18:188–95. https://doi.org/10.3746/pnf.2013.18.3.188.

[42] Pompella A, Visvikis A, Paolicchi A, Tata V, Casini A. The changing faces of glu-
tathione, a cellular protagonist. Biochem Pharmacol 2003;66:1499–503.

[43] Couto N, Malys N, Gaskell S, Barber J. Partition and turnover of glutathione re-
ductase from Saccharomyces cerevisiae: A proteomic approach. J Proteome Res
2013;12:2885–94.

[44] Alisi CS, Ojiako AO, Osuagwu CG, Onyeze GO. Response pattern of antioxidants to
lipid peroxide concentration in carbon tetrachloride-induced hepato-toxicity is
tightly logistic in rabbits. Eur J Med Plants 2011;1:118–29.

[45] Odewabi AO, Ogundahunsi OA, Oyalowo M. Effect of exposure to petroleum fumes
on plasma antioxidant defense system in petrol attendants. Br J Pharm Toxicol
2014;5:83–7.

[46] Huang ZZ, Chen C, Zeng Z, Yang H, Oh J, Chen L, et al. Mechanism and significance
of increased glutathione level in human hepatocellular carcinoma and liver re-
generation. FASEB J 2001;15:19–21.

[47] Sodamade A. Proximate analysis, mineral content, amino acid composition and
functional properties of Vernonia amygdalina vegetable Leaf protein Concentrates.
Greener J Agric Sci 2013;3:204–10.

[48] Tang L, Wang W, Zhou W, Cheng K, Yang Y, Liu M, et al. Three- pathway combi-
nation for glutathione biosynthesis in saccharomyces cerevisiae. Microb Cell Fact
2015;14:139–50. https://doi.org/10.1186/s12934-015-0327-0.

[49] Iwalokun BA, Efedede BU, Alabi-Sofunde JA, Oduala T, Magbagveola OA,
Akinwande AI. Hepatoprotective and antioxidant activities of Vernonia amygdalina
on acetaminophen-induced hepatic damage in mice. J Med Food 2006;9:524–30.

[50] Kambizi L, Afolayan AJ. An ethnobotanical study of plants used for the treatment of
sexually transmitted diseases (njovhera) in Guruve District, Zimbabwe. J
Ethnopharmacol 2001;77:5–9.

F.I. Achuba International Journal of Veterinary Science and Medicine 6 (2018) 172–177

177

https://doi.org/10.4103/0976-9668.107280
https://doi.org/10.4103/0976-9668.107280
https://doi.org/10.1371/journal.pone.0067212
https://doi.org/10.1371/journal.pone.0067212
https://doi.org/10.4172/2161-0495.1000170
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0025
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0025
https://doi.org/10.1371/journal.pone.0074476
https://doi.org/10.1371/journal.pone.0074476
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0035
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0035
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0035
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0040
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0040
https://doi.org/10.20510/ukjpb/4/i5/126494
https://doi.org/10.1016/j.ijvsm.2018.03.006
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0055
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0055
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0060
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0060
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0065
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0065
https://doi.org/10.3923/pjbs.2013.642.646
https://doi.org/10.3923/pjbs.2013.642.646
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0075
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0075
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0075
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0080
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0080
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0080
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0085
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0085
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0090
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0090
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0090
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0095
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0095
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0100
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0100
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0105
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0105
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0105
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0110
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0110
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0110
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0115
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0120
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0125
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0125
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0130
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0130
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0130
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0135
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0135
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0140
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0140
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0145
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0145
https://doi.org/10.1016/j.sjbs.2015.08.013
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0155
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0155
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0155
https://doi.org/10.12966/bmb.10.01.2013
https://doi.org/10.12966/bmb.10.01.2013
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0165
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0165
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0170
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0170
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0175
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0175
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0175
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0180
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0180
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0180
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0185
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0185
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0185
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0190
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0190
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0190
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0195
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0195
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0195
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0200
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0200
https://doi.org/10.3746/pnf.2013.18.3.188
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0210
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0210
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0215
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0215
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0215
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0220
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0220
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0220
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0225
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0225
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0225
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0230
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0230
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0230
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0235
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0235
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0235
https://doi.org/10.1186/s12934-015-0327-0
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0245
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0245
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0245
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0250
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0250
http://refhub.elsevier.com/S2314-4599(18)30067-X/h0250

	Role of bitter leaf (Vernonia amygdalina) extract in prevention of renal toxicity induced by crude petroleum contaminated diets in rats
	Introduction
	Materials and methods
	Materials
	Experimental design and treatment
	Preparation of bitter leaves extract
	Administration of bitter leaves extract
	Sample collection
	Biochemical analysis
	Histological examination
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	References




