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INTRODUCTION:INTRODUCTION:INTRODUCTION:INTRODUCTION:INTRODUCTION:INTRODUCTION:INTRODUCTION:INTRODUCTION:

�Diesel fuel is one of the fractions derived
from the fractionation of crude oil. It has a
mixture of different types of hydrocarbons
as the major chemical constituents.

�According to Speight (1992); ATSDR�According to Speight (1992); ATSDR
(1995), the primary hydrocarbon in diesel
fuel are those with 12-20 carbon atoms
per molecule; comprising 45% cycloalkanes,
30% n-paraffin and about 25% aromatic
hydrocarbons.



�The use of diesel fuel in automobile and
light generating engines in industrial and
domestic environments is very common in
many developing societies worldwide.

�Hydrocarbons (including those from diesel

Introduction Cont’dIntroduction Cont’dIntroduction Cont’dIntroduction Cont’d

�Hydrocarbons (including those from diesel
fuel) are very volatile, and constitute
ubiquitous chemical pollutants in domestic
and workplace environment environments
where diesel fuel is dispensed or used.



� Exposure to these hydrocarbons is
therefore common at various
environments where diesel fuel is
dispensed or used.

� Some aromatic and aliphatic hydrocarbon
are normally metabolized to reactive
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are normally metabolized to reactive
species, which interact with the
endogenous macromolecules to produce
oxidative stress inducing species (Hu et al.,
1994; Ueng et al., 1998; MohanKumar et al.,
2008; Lin et al., 2009;Van Scoy et al., 2010).



� Previous studies showed that exposure to
petroleum fractions resulted in oxidative
stress induced hepatotoxicity (Dede and
Kagbo, 2001; Uboh et al., 2007, 2009;
Milinkovitch et al., 2011; Patrick-Iwuanynwu
et al., 2011).
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et al., 2011).

� Diesel induced toxicities have been
demonstrated with the evidenced increase in
tissue MDA, ALT, AST, as well as decrease in
GSH, and SOD (Uboh et al., 2007, 2009,
2013; Milinkovitch et al., 2011)



IIntroduction Cont’dntroduction Cont’d

�The use of petroleum based fuels in most
developing societies is very common.

�Hence, the toxicity effects reported to be
associated with exposure to petroleum
hydrocarbons therefore become a major
concern of the health related scientificconcern of the health related scientific
societies.

� Literature reports that different chemical
substances may be used to ameliorate the
reported petroleum hydrocarbons induced
toxicities.
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� In our previous studies, vitamins A, C and E
have been demonstrated to provide
protection against gasoline vapour induced
hepatotoxicity in rats (Uboh et al., 2009b,
2012). Also, the use of indigenous plants to
ameliorate petroleum products and carbonameliorate petroleum products and carbon
tetrachloride intoxication has been reported
(Kalu et al., 2011; Ujowundu et al., 2012).

� In this study, we assessed the protective
effects of vitamins A and E on diesel fuel
induced hepatotoxicity in rats.



MATERIALS AND METHODS:MATERIALS AND METHODS:MATERIALS AND METHODS:MATERIALS AND METHODS:MATERIALS AND METHODS:MATERIALS AND METHODS:MATERIALS AND METHODS:MATERIALS AND METHODS:

� AnimalAnimalAnimalAnimal HandlingHandlingHandlingHandling andandandand TreatmentTreatmentTreatmentTreatment:::: Forty two

apparently normal matured male albino Wistar

rats (180 to 200g), obtained from Biochemistry

Department Experimental Research Animal

House of the University of Calabar, Calabar,

Nigeria, were used in this study. They were fedNigeria, were used in this study. They were fed

with standard laboratory diet and tap water. The

work was carried out under 12 hours light/dark

cycle illumination and room temperature of 25 ±

2oC.

� The animals were distributed into five groups,

with seven rats each, as shown below:
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� Group 1: Received 1.0ml/kg body weight of distilled

water for 30 days

� Group 2: Received 1.0ml/kg body weight of vegetable

oil for 30 days

� Group 3: Received 4.0ml/kg body weight of diesel fuel

for 30 days.

� GroupGroupGroupGroup 4444:::: Received 4.0ml/kg body weight of diesel fuel ++++� GroupGroupGroupGroup 4444:::: Received 4.0ml/kg body weight of diesel fuel ++++

400IU/kg body weight of vitamin A for 30 days

� GroupGroupGroupGroup 5555:::: Received 4.0ml/kg body weight of diesel fuel ++++

200IU/kg body weight of vitamin E for 30 days

� GroupGroupGroupGroup 6666:::: Received 4.0ml/kg body weight of diesel fuel ++++

200IU and 400IU/kg body weight of vitamins E and A,

respectively, for 30 days



�The animals were sacrificed, 24 hours

after the 30th day of experimental period.

�The study was carried out according to

the Guidelines of the Institution’s
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the Guidelines of the Institution’s

(University of Calabar, Nigeria) Animal

Research Ethics Committee, with

reference to the Guide for the Care and

Use of Laboratory Animals (NRC, 1995).



�CollectionCollectionCollectionCollection andandandand preparationpreparationpreparationpreparation ofofofof bloodbloodbloodblood andandandand

liverliverliverliver tissuestissuestissuestissues forforforfor analysesanalysesanalysesanalyses:::: Blood samples

were obtained from rats by cardiac

puncture, under chloroform vapor

anaesthesia, 24 hours after termination of

Materials & Methods Cont’dMaterials & Methods Cont’dMaterials & Methods Cont’dMaterials & Methods Cont’d

anaesthesia, 24 hours after termination of

experimental exposure, into sterile plain

sample bottles for biochemical indices.

�The liver tissues were also collected for

tissue oxidative stress bioindicators.



�The blood samples collected for

biochemical indices assay were allowed to

clot and centrifuged with Table-top

centrifuge (MSE model, England) at 3000

rpm for 10 minutes to obtain the serum,

which was subsequently used for the
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which was subsequently used for the

biochemical assay.

�Liver tissues were also collected

(immediately perfused in ice cold 0.9%

NaCl solution), and used for the estimation

of tissue oxidative stress bioindicators.



BiochemicalBiochemicalBiochemicalBiochemical analysesanalysesanalysesanalyses:::: The activities of serum

alanine and aspartate transaminases (ALT

and AST), γ-glutamyltransferase (GGT),

alkaline phosphatase (ALP), liver tissue

superoxide dismutase (SOD), catalase and

malondialdehyde (MDA) were determined
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malondialdehyde (MDA) were determined

using Biosystems Laboratories (S. A. Costa

Brava, Barcelonia, Spain) and Randox

Laboratories (United Kingdom) reagent kits.
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� Serum lipid profile was determined using
analytical grade reagent kits obtained from
Randox Chemical Company, UK. The “high
performance” enzymatic colorimetric, CHOD-
PAP method described by Richmond was used to
assess total serum cholesterol.

� Serum triacylglycerol levels were estimated by
the modified enzymatic colorimeric, glycerol
phosphate oxidase (GPO), method of Trinder
(1969).

� HDL-cholesterol estimation was done using the
chylomicrons precipitation method of Richmond
(1973).



�VLDL and LDL cholesterols were obtained
by calculation using the empirical
relationships of Friedwald et al. (1972).

� StatisticalStatisticalStatisticalStatistical AnalysisAnalysisAnalysisAnalysis:::: Results were presented as

mean ± S.E.M and statistically analysed using
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mean ± S.E.M and statistically analysed using

one-way analysis of variance (ANOVA) with

SPSS window statistical software programme.

Student "t" test was used for pair-wise

comparison, and differences were

considered significant at p<0.05.



RESULTS RESULTS RESULTS RESULTS RESULTS RESULTS RESULTS RESULTS 
� The results of this study are presented in Tables 1 - 5.

The results showed that serum ALT, AST, GGT and

ALP activities, liver tissue MDA, total cholesterol,

triacylglycerol, LDL and VLDL levels increased by

exposure to diesel fuel were significantly (p<0.05)

reduced to levels within the control range by vitamins

A and E, administered either individually or inA and E, administered either individually or in

combination.

� Moreover, liver SOD activity and serum HDL level

decreased by diesel fuel were also significantly

(p<0.05) increased to levels within the control range

by the vitamins.



Table 1. Effect of combined administration of vitamins A and E Table 1. Effect of combined administration of vitamins A and E 
on serum ALT and AST activities of rats orally exposed to diesel on serum ALT and AST activities of rats orally exposed to diesel 

Group Treatment ALT (IU/dl) AST (IU/dl)

1 Distilled water 16.8±2.4 18.5±2.6

2 Vegetable oil 17.2±2.7 17.8±2.8

3 Diesel fuel only 38.5±3.8* 40.2±4.2*3 Diesel fuel only 38.5±3.8 40.2±4.2

4 Diesel fuel + Vit. A 22.1±3.3a 23.5±3.1a

5 Diesel fuel + Vit. E 20.6±2.7a 21.6±2.6a

6 Diesel fuel + vits A &E 19.8±2.2a 20,2±2.4a

Values are presented as mean ± SEM; n = 7. *P<0.05 

compared with “Grp” 1 and 2;   aP<0.05 compared with “Grp” 3



Table 2. Effect of combined administration of vitamins A and E on Table 2. Effect of combined administration of vitamins A and E on 
serum GGT and ALP activities of rats orally exposed to dieselserum GGT and ALP activities of rats orally exposed to diesel

Group Treatment GGT (IU/dl) ALP (IU/dl)

1 Distilled water 2.6±0.6 32.6±4.2

2 Vegetable oil 2.8±0.5 33.9±4.8

3 Diesel fuel only 6.8±1.3* 82.7±5.8*

4 Diesel fuel + Vit. A 3.5±0.6a 40.3±4.7a4 Diesel fuel + Vit. A 3.5±0.6a 40.3±4.7a

5 Diesel fuel + Vit. E 3.3±0.8a 38.1±4.6a

6 Diesel fuel + vits A & E 3.1±0.8a 36.8±4.8a

Values are presented as mean ± SEM; n = 7. *P<0.05 

compared with “Grp” 1 and 2;   aP<0.05 compared with “Grp” 3



Table 3. Effect of combined administration of vitamins A and E on liver Table 3. Effect of combined administration of vitamins A and E on liver 
tissue SOD, tissue SOD, catalasecatalase activities and MDA levels of rats exposed to dieselactivities and MDA levels of rats exposed to diesel

Group SOD (U/g tissue) Catalase (U/g tissue) MDA  (U/g tissue)

1 28.5±3.2 12.3±2.3 2.1±0.3

2 27.8±2.8 10.8±2.1 2.3±0.6

3 15.6±2.6* 5.3±1.8* 8.5±2.6*3 15.6±2.6* 5.3±1.8* 8.5±2.6*

4 24.3±3.4a 9.2±2.0a 3.9±0.8a

5 25.6±3.6a 10.3±2.2a 3.2±0.6a

6 26.8±3.5a 11.6±2.6a 2.9±0.4a

Values are presented as mean ± SEM; n = 7. *P<0.05 

compared with “Grp” 1 and 2;   aP<0.05 compared with “Grp” 3



TableTable 44.. EffectEffect ofof combinedcombined administrationadministration ofof vitaminsvitamins AA andand EE onon
serumserum totaltotal cholesterol,cholesterol, triacylglyceroltriacylglycerol andand HDLHDL--cholesterolcholesterol levelslevels ofof
ratsrats exposedexposed toto dieseldiesel

Group Total cholesterol
(mmol/l)

Triacylglycerol
(mmol/l)

HDL-Chol. 
(mmol/l)

1 2.6±0.7 2.4±0.6 4.6±1.4

2 2.8±0.9 2.6±0.7 4.2±1.1

3 6.5±1.7* 5.8±1.5* 2.1±0.7*3 6.5±1.7* 5.8±1.5* 2.1±0.7*

4 3.0±1.1a 2.9±0.7a 3.9±1.0a

5 2.8±0.8a 2.6±0.8a 4.2±1.4a

6 2.7±0.6a 2.5±0.6a 4.4±1.6a

Values are presented as mean ± SEM; n = 7. *P<0.05 

compared with “Grp” 1 and 2;   aP<0.05 compared with “Grp” 3



TableTable 55.. EffectEffect ofof combinedcombined administrationadministration ofof vitaminsvitamins AA andand EE onon
serumserum LDLLDL--cholesterolcholesterol andand VLDLVLDL--cholesterolcholesterol levelslevels ofof ratsrats exposedexposed
toto dieseldiesel

Group Treatment LDL-C (mmol/l) VLDL-C (mmol/l)

1 Distilled water 1.3±0.4 1.5±0.4

2 Vegetable oil 1.4±0.3 1.6±0.6

3 Diesel fuel only 3.8±1.1* 3.6±1.0*3 Diesel fuel only 3.8±1.1* 3.6±1.0*

4 Diesel fuel + Vit. A 2.0±0.8a 1.9±0.6a

5 Diesel fuel + Vit. E 1.8±0.5a 1.7±0.4a

6 Diesel fuel + vits A &E 1.5±0.4a 1.6±0.5a

Values are presented as mean ± SEM; n = 7. *P<0.05 

compared with “Grp” 1 and 2;   aP<0.05 compared with “Grp” 3



CONCLUSION:CONCLUSION:CONCLUSION:CONCLUSION:CONCLUSION:CONCLUSION:CONCLUSION:CONCLUSION:
�In summary, the results of this study showed

that the chemical constituents of diesel fuel

introduced into the body during exposure are

capable of inducing oxidative stress.

�And that induction of oxidative stress is the

mechanism through which exposure to dieselmechanism through which exposure to diesel

fuel induces hepatotoxicity.

�These results are consistent with our earlier

report on the gasoline vapour induced

oxidative stress in rats (Uboh et al., 2012,

2013).



�Hepatoprotective potentials of vitamins A

and E, administered individually or in

combination, against diesel fuel induced

hepatotoxicity is also indicated by the results

of this study.
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of this study.

�This observation indicated a comparable

antioxidative, hence hepatoprotective,

properties of vitamins A and E against diesel

fuel induced oxidative stress, and hence

hepatotoxicity in rats.



The result reported in this study is also
consistent with the report of our earlier
studies on the effect of vitamins A, C and E
on gasoline vapour induced hepatotoxicity in
rats (Uboh et al., 2011, 2012, 2013).

Conclusion Cont’dConclusion Cont’dConclusion Cont’dConclusion Cont’d

�It may therefore be concluded that vitamins
A and E possess a comparable protective
properties against diesel fuel-induced
hepatotoxicity in male albino Wistar rat
model.
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