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Abstract

Gasoline or petrol is the generic term for petroleum fuel
used for internal combustion of engines. Petroleum fumes
are ubiquitous in our environment and the common
sources of contact or exposure are petrochemical indus-
tries (refineries, oils field, and filling stations) and homes.
Also the daily use of petroleum outside the industrial
settings is likely to have effect on users. The present re-
view compiles the epidemiological studies done in vari-
ous parts of world on the harmful effects of petroleum
products.The available studies suggest that petroleum
products are more toxic to liver and kidney as compared
to other organs, No conclusive studies are available to
support the role of petroleum products in skin, respirato-
ry,reproductive and neuropsychiatric disorders.
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INTRODUCTION:-

Petrol (or gasoline) is a volatile and inflammable petrole-
um-derived liquid mixture primarily used for internal
combustion of machines. It consists of hydrocarbons (ar-
omatic, saturated and unsaturated) and non-
hydrocarbons (N, S, Oz, vanadium and nickel) [1,2]. Petrol
is distilled from crude petroleum and vapour obtained as
a result of its evaporation may be considered as petrol
fumes. The volatile nature of petrol makes it readily

available in the atmosphere any time it is dispensed, es-
pecially at petrol filling stations and depots. Petrol con-
tains mixture of volatile hydrocarbons and so inhalation
is the most common form of exposure [3]. Petrol vapour
can reach supra-lethal concentrations in confined or poor-
ly ventilated areas, although such exposures are rare [4] .
The intentional inhalation of vapour (‘sniffing’ or ‘huff-
ing’) has been extensively documented [5]. At low doses,
petrol vapour is irritating to the eyes, respiratory tract and
skin. Exposure to higher concentrations of vapour may
produce CNS effects such as staggered gait, slurred
speech and confusion. Very high concentrations may re-
sult in rapid unconsciousness and death due to respirato-
ry failure. [6].

Motorists are exposed to gasoline fumes during fuelling
at gas stations, but the gas station attendants are more at
risk by virtue of their occupational exposure.[1]. Gasoline
vapour is not safe when inhaled even for a brief period of
time (seconds). Vapour concentrations, expressed in parts
per million (ppm) or mass of total hydrocarbons per unit
volume (mg/m?) of air above open barrel in unventilated
out-house on ‘hot’ day is 25,000, air around tanker during
bulk-loading is between 50 and 320 while air around pet-
rol pump in service station during fuelling of vehicles is
between 20 and 200 ppm [1] [7]

Gasoline fumes contains aliphatic, aromatic and a variety
of other branched saturated and unsaturated hydrocar-
bons which are a continued source of pollution in various
occupational setting It has been demonstrated that after
inhalation of petroleum vapour through chronic expo-
sure, lower concentrations of saturated hydrocarbons are
detected in human and animal blood than that of the un-
saturated aromatic hydrocarbons [8] . Both diesel and
gasoline engine exhausts are known to contain, in either
the particulate or the vapour phase, a variety of mutagen-
ic and carcinogenic agents [8]. Benzene and toluene are
major monocyclic hydrocarbons present in the refined
petrol. Biological monitoring of exposure to bitumen
fumes during road-paving operations indicated urinary
excretion of 1-hydroxypyrene and thioethers in the ex-
posed workers [9].

Ueng et al. (1998) reported that exposure of rats to motor-
cycle exhaust and organic extracts of the exhaust particu-
late caused a dose-and time-dependent increase in cyto-
chrome P450 dependent monoxygenasesanglutathione-S-
transferase in the liver, kidney and lung microsomes.
Since petrol contains some of these constituents, chronic
or frequent exposure to their fumes may affect the oxi-
dant/pro-oxidant balance in exposed individuals.[10]
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Toxicity of Petroleum products on Liver

Benzene and related hydrocarbons are metabolized
through an intermediate epoxide, which is highly reactive
and possibly binds to hepatic microsomal proteins and
nucleic acids leading to cytotoxic effects [11]. Petroleum
constituents can cause liver damage and may disturb the
normal biochemical process in the hepatobilliary system,
this ranges from increased enzymes to hepatic failure,
again adults can be affected and have neurological dam-
age, anaemia, hypertension, impotence, sterility and mis-
carriage. [12]

The toxicity of xenobiotics is usually determined bio-
chemically by the monitoring of some plasma enzymes
and lipids. A rise in enzymes such as aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), al-
kaline phosphatase (ALP), and cholesterol are indices for
liver cells damage.[13].Petroleum hydrocarbons and other
related carbon containing compounds are converted into
free radicals or activated metabolites during their oxida-
tion in cells especially mammalian liver and kidney cells.
It is these activated metabolites that react with some cellu-
lar components such as membrane lipids to produce pe-
roxidation products which lead to membrane change [14].
They may react with enzymes and cause inactivation
through protein oxidation [15] and or DNA breakage of
the strands [16].

Enzymes are useful bio-markers used in assessing specific
functions and integrity of a cell, especially hepatocytes.
An increase levels in these enzymes activities in the plas-
ma are linked to hepatocellular damage caused by either
toxins, toxins in drugs or herbs [17]. The study was con-
ducted to assess the level exposure to this product and the
possible damage caused to the liver among petrol hawk-
ers and petrol pump attendants in Maiduguri metropolis
in Nigeria..There is a significant increase in the levels of
plasma liver enzyme such as aspartate aminotransferase,
alanine aminotransferase and alkaline phosphatase in petrol
hawkers when compared with control subjects.
[18].Duricic et al;1991 reported that there are degenerative
changes in hepatic and renal functions in rats exposed to
petrol[19], it is also in consonant with the findings of
Dede and Kagbo : 2001 reported a dose dependent
hepatocytes necrosis in rat fed in diesel fuel contaminated
source[20]. Shibatam reported that consumption of petro-
leum hydrocarbon-contaminated diets could cause liver
enlargement, growth depression and histological changes
[21].

In the investigation with petrol attendants exposed to
petrol vapour in Owerri, the increases in the activities of
serum aspartate and alanine aminotransferases and alkaline
phosphatase for those exposed from 6 — 10 years were sig-

nificantly high when compared to the control there were
no significance differences (P<0.05) in the mean values of
total, conjugated and unconjugated bilirubin concentra-
tions in the test groups relative to the control [22].

There was also a significant difference noticed between
the albumin concentrations of the petrol hawkers when
compared to the control group[18]. Sunmonu and
Oloyode reported a significant decrease in albumin and
globulin concentrations of rats fed with crude oil contam-
inated catfish [23].

Toxicity of Petroleum products on Kidneys

The control group and the group exposed to fuel vapour
from 1 — 5 years did not show proteinuria. Instead, pro-
teinuria appeared in the subjects exposed to petrol vapour
for 6 years and above. There was a significant (p<0.05)
increase in the mean concentrations of urea and creatinine
for the group exposed to fuel vapour for 6 — 10 years rela-
tive to the control group while no significant increase was
observed for the group exposed for a maximum of five (5)
years to the vapour The presence of trace protein in urine
as well as the significantly increased levels of mean con-
centrations of creatinine and urea for attendants exposed
to fuel vapour for up to 6 years indicate renal pathology
[22].Artimaeus and Jacobs (2003) showed that considera-
ble exposure to petrol or its product over a long period of
time could cause nephrotoxicity in motor mechanics oc-
cupationally exposed to them[24].

In rats repeatedly exposed low dosages (0.5-2.5 ml/kg) of
an Alberta crude oil (ACO) which showed no significant
changes in clinical parameters of systemic impairment
[25]. An earlier report (Vyskocilet al, 1991) showed that
besides being carcinogenic or mutagenic, petroleum
products can be nephrotoxic eventuating in the urinary
excretion of proteins and enzymes such as lactate dehydro-
genase and N—acetyl —f— glucosaminidase [26].

The study conducted at Insulaimani city assessed the ef-
fect of long-term exposure to gasoline fumes that is con-
stantly inhaled by the workers on kidney function and on
the plasma proteins profile as an aspect of general
humoral immunity.Although the results indicated non-
significant changes in most of the plasma proteins, gam-
ma globulin levels are significantly decreased, which may
be considered as an indication for immunotoxicity. [27] A
study conducted at Nigerian petrol attendants reported
an increase in IgM levels which may be attributed to in-
flammatory reactions [28].The exposure to gasoline fumes
produced remarkable impairment in liver function, which
may be a causative factor for the reported changes in cer-
tain liver-originated plasma proteins. [29] Fuel products
are mixtures of aliphatic and aromatic hydrocarbons
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mostly related to gasoline, most of them are toxic to many
organ systems including the kidney which may be at-
tributed to an increase in liberating toxic metabolites in-
cluding reactive oxygen species. While experiments with
rats indicate that exposure by inhalation to the aromatic
hydrocarbons toluene, styrene, and xylene was ne-
phrotoxic [30] Both human and experimental studies
suggest that many chemicals can affect the kidney
[31].The study conducted at Insulaimani city serum lev-
els of urea and creatinine (markers of renal function) were
significantly elevated in gasoline-filling workers; howev-
er, although they are within the highest accepted values,
they may represent a greater tendency toward progres-
sion to renal disease. In this regard, some previous stud-
ies have shown that exposure to petrol derivatives may
have detrimental effects on kidney functions[32],[33].
Stengel et al., based on a case control study, did not favor
an effect of solvent exposure in glomerulonephritis inci-
dence, but rather suggested a role in the progression to
ESRD [34] Using an appropriate cohort study design,
Jacob et al., showed that long-term exposure to gasoline
fumes was associated with faster progression to end-stage
renal disease in patients with IgA and membranous glo-
merulonephritis [35] . Gasoline, however, include many
chemicals and additives where anyone could be the cause
for such deterioration in renal functions. Accordingly, the
identification of specific solvents and exposed job catego-
ries at risk would improve intervention to prevent or de-
lay mild renal impairment progression to end-stage renal
disease in the occupational setting.In the above study, the
correlation between duration of exposure and the report-
ed changes in gamma globulin level and renal function
was weak and non-significant; this might be attributed to
involvement of other factors, including the constituents of
the gasoline, other than the time that influence these
changes. In a previous study carried out in 1995, the envi-
ronmental levels of gasoline constituents were measured
in the breathing zone of service station attendants during
different periods.The results obtained showed that both
variables could significantly increase the environmental
levels of gasoline vapors and, subsequently, the risk of
occupationally exposed workers [36]

Oxidatitive damage due to petrol products

Xenobiotics within the organism undergo a series of reac-
tions and biotransformation to facilitate their excretion.
Oxyradicals are continually produced in eukaryotes as
unwanted byproducts of normal oxidative metabolism
and their production can be increased by conditions such
as hypoxia/hyperoxia, redox cycling xenobiotics like met-
als, quinones, nitroaromatic compounds and induction of
enzymes, such as cytochrome P450 and P450 reductase
[37]. Consequently, aerobic organisms have developed
defence systems against oxidative damage [38] , consist-

ing of antioxidant scavengers (glutathione, vitamin C,
vitamin E, carotenoid pigments) and specific antioxidant
enzymes: catalase, superoxide dismutase and glutathione pe-
roxidase. These enzymes participate in the removal of reac-
tive oxygen species. The results of study conducted at
petroleum attendants at Nigeria indicate significant eleva-
tion of lipid peroxidation in these subjects when com-
pared with the control [39]. Environmental pollutants and
petrol fumes have been reported to enhance peroxidative
processes and oxidative stress within cells [40]. Elevated
levels of the thiobarbituric acid reactive substance,
malondialdehyde, reveal peroxidative damage to cell
membranes and other lipid-derived macromolecules. Li-
pid peroxidation results from release of free radicals that
can cause tissue damage by reacting with polyunsaturat-
ed fatty acids in cellular membranes to form
malondialdehyde (MDA). This oxidative stress may have
resulted from the build-up of ROS such as Oz-and H20:
following the decrease in the activities of the enzymatic
antioxidants. The increased generation of O:-and H:0:
leads to increase production of the more reactive hydrox-
yl (OH.) radicals via Fenton and Haber-Weiss reactions
[41]. OH.Radicals react at nearly diffusion-limited rates
with any component of the cell including lipids, DNA and
proteins[41]. The net result of this non-specific free radical
attack is a loss of cell integrity, enzyme function and ge-
nomic stability [42]. The enhanced lipid peroxidation ob-
served in the petrol attendants when compared with con-
trol subjects correlates with decrease in the antioxidant
defense system in their blood. This is evident in the signif-
icant decrease in the enzymatic antioxidants-superoxide
dismutase (SOD) and catalase (CAT)-as well as the non-
enzymatic redox sensitive thiol compound, reduced glu-
tathione (GSH). SOD and CAT enzymes are major prima-
ry antioxidant defense components that primarily cata-
lyze the dimutation of superoxide radical (O2) to H20:
and decomposition of H20: to H20, respectively [43],[44].
The decreased SOD and CAT activities induced by expo-
sure to petroleum fumes probably results in accumulation
of Oz-and H20: which react with metal ions to promote
additional radical generation, with release of the particu-
larly reactive hydroxyl radicals (OH-) [41]. OH-reacts at
nearly diffusion-limited rates with any component of the
cell including lipids, DNA and proteins. The net result of
this non-specific free radical attack is a loss of cell integri-
ty, enzyme function and genomic stability [45]. The in-
volvement of these Reactive Oxygen Species (ROS) in in-
flammatory responses has been reported [46].A signifi-
cant decrease in the level of glutathione was accompanied
by a significant increase in MDA level in this study. This
observation is in agreement with the reports that inverse
relationship exists between lipid peroxidation and gluta-
thione status [47,48]. Glutathione depletion impairs the
cell defense against the toxic action of xenobiotic which
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could lead to cell injury or death. Under acute oxidative
stress, the toxic effects of the pollutants may overwhelm
the antioxidant defenses [49]. Furthermore, the apparent
decrease in glutathione detoxification system as a result of
environmental xenobiotics indicates that this system is a
sensitive biochemical indicator of environmental pollu-
tion[50].

Vitamin E is a powerful chain-breaking antioxidant, pri-
marily preventing lipid peroxidation by breaking the
chain of events leading to the formation of
hydroperoxides. This action should also lead to a reduc-
tion in DNA damage since the intermediate products of
lipid peroxidation include lipid peroxides, which can
cause strand breaks in DNA [51]. Significant decrease of
vitamin E observed in petrol attendant may be attributa-
ble to its role in preventing lipid peroxidation which may
cause its depletion. No significant difference was ob-
served in vitamin C levels in petrol attendants when
compared with the control. Albumin level in petrol at-
tendants did not change significantly when compares
with the controls. This study agreed with the study of
Akinosun et al. (2006) [52]. Albumin transports free fatty
acids in the plasma and possesses cysteine residue which
enhances its capacity to neutralize peroxyl radicals. Data
from this study seem to suggest that oxidative stress is
associated with occupational exposure to petrol fume in
these individuals. [53]

Malignant diseases due to petrol products

The numbers of epidemiological studies which have in-
vestigated the risks of malignant disease in association
with the petroleum industry have burgeoned in the past
few years. This mass of data has not led to any firm con-
clusions. However, certain statements can be made with
some degree of confidence. There does not appear to be
any evidence that working in the petroleum industry -
particularly refining processes - leads to any dramatic
excess of cancers in general and most cancer sites in par-
ticular. There is some corroborative evidence from the
studies cited here that known carcinogens such as ben-
zene and the polynuclear aromatics have resulted in some
excess of leukaemia and skin cancer in limited numbers of
petroleum industry workers, but these findings are not
consistent across even the best designed studies. This may
be due to relatively low level exposure in the past. Of the
remaining cancer sites where excesses have been reported
in one or more studies, the evidence of a link with kidney
cancer remains weak with few cohort studies exhibiting
excess and with the best case referent study showing no
excess. Interestingly, some studies show a reversal of the
normal bladder kidney dominance for genito-urinary
cancers. For brain cancer, the highest excesses occurred in
the studies weakest on methodology. Nevertheless, mod-

est excesses are found in some well planned studies and
corroborative evidence linking solvent exposure with
brain cancer exists elsewhere in the literature. The excess
risk for pancreatic cancer is rarely statistically significant
but cannot be easily ignored with 10 cohort studies show-
ing SMRs ranging from 1.08 to 1.38. Such relatively low
excesses must be viewed in the light of low SMRs for "all
causes” and "all cancers". However, the pre-eminent mes-
sage to be drawn from a reading of the epidemiological
literature on malignancy and petroleum industries is the
methodological flaws. The main concerns must be with
the almost uniform poor exposure information, the wide-
spread practice of ignoring latency, the failure to control
for confounding, and the relatively low power of many
studies. If such shortcomings persist in future publica-
tions, it is unlikely that further progress will be made re-
garding aetiology. Further work, more carefully designed,
and larger populations are needed to evaluate the signifi-
cance, if any, of leukaemia and melanoma, as well as can-
cers of the renal tract, the brain and the pancreas.The oil
refinery and distribution industries cannot be given clean
bill of health on these cancer sites at present[54] .

Cardiovascular diseases due to petrol products
Cardiovascular disease remains the most important cause
of death in Western society. The most rational conclusion
is that refinery workers show no evidence of excess cardi-
ovascular mortality. Where the more specific rubric is is-
chaemic heart disease is reviewed, a similar mortality
deficit is noted - the exception being an SMR of 1.22 in
one of the OCAW reports (Thomas et al;1980)[55]. One
study of the Standard Oil plant in Indiana reviewed peri-
odic health examination data on 9,955 white male workers
Forty-two per cent of the workers had an excess weight
(on the Quetelet index), 15% undertook inadequate exer-
cise, 16.5% were hypertensive (diastolic blood pressure
above 90 mm Hg) and 20.3% were current smok-
ers.(Vanpeenen, P.ED et al;1985)[56]. The authors do not
relate this to cardiovascular morbidity nor mortality at the
plant. Indeed there is little evidence to suggest that their
findings are in any major way different from those that
might be found in any working population. Results from
the three Russian studies are hard to interpret. In one,
evidence is presented of a rising blood pressure and pulse
towards the end of the shift [57]. In another, 60% of the
workforce are deemed to be "hypertonic" [58] whilst in a
review of the Perm City complex, Lebedeva and co-
workers found a blood pressure elevation in 14.3% of the
353 workers [59]. Such a prevalence of hypertension is in
line with the U.S.study but evidence for increased heart
size and electrocardiographic changes are difficult to in-
terpret in the absence of any comparison group. In short,
cardiovascular disease mortality and morbidity does not
seem to be in excess in workers exposed to gasoline [54].
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Respiratory diseases

Respiratory disease mortality is not as important a cause
of death as cardiovascular diseases but disorders of the
respiratory tract are one of the commonest causes of mor-
bidity. In the occupational context, the lung is the target
organ par excellence as toxic materials in the workplace
usually gain entry to the body via an airborne route. Nev-
ertheless, the petrochemical industry is not a predomi-
nant cause of occupational lung disorder the refinery
workers smoke less than the average and that this is the
major determinant of their favourable respiratory disease
outcome rather than any direct beneficial effect of refinery
work. [54].

Other diseases

Not enough literature is available to correlate the petrole-
um toxicity with skin disorders, reproductive disorders,
neuropsychiatric disorders and other diseases.

References

1. Micyus NJ, McCurry JD Seeley JV.(2005) Analysis of
aromatic compounds in gasoline with flow-switching
comprehensive two-dimensional gas chromatog-
raphy. ] Chromatogr A ; 086:115-121.

2. Lewne M, Nise G, Lind ML, Gustavsson P.(2006) Ex-
posure to particles and nitrogen dioxide among taxi,
bus lorry drivers.Int Arch Occup Environ Health ;
79:220-226.

3. Cecil, R, R]. Ellison, K. Larnimaa, S.A. Margary, ]. M.
Mata, L. Morcillo, ].M. Muller, D.R. Peterson and D.
Short, (1997). Exposure profile: Gasoline. CONCAWE
Report No 9.7/52.

4. Takamiya, M., H. Niitsu, K. Saigusa, J. Kanetake and
Y. Aoki, (2003),A case of acute gasoline intoxication at
the scene of washing a petrol tank. Leg Med. (To-
kyo),:165-169.

5. Cairney, S., P. Maruff, C. Burns and B. Currie, (2002).
The neurobehavioral consequences of petrol (gaso-
line) sniffing. Neurosci. Biobehav. R,;26: 81-89.

6. Chilcott, R.P, (2007). Petrol Toxicological Overview.
Health Protection Agency Version, 2; :1-16.

7. Lewne M, Nise G, Lind ML,
P,(2006),Exposure to particles and nitrogen dioxide
among taxi, bus lorry drivers, Int Arch Occup Envi-
ron Health;79:.220-6.

8. Yamamoto, T. and C.B. Wilson, (1987),Binding of an-
ti-basement membrane antibody to alveolar basement
membrane after intratracheal gasoline instillation in
rabbits. Am. J. Pathol;126:497-505.

Gustavsson

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Burgaz, S., PJ. Borm and E]J. Jongeneelen( 1992).
Evaluation of urinary excretion of 1-hydroxy-pyrene
and thioethers in workers exposed to bitumen
fumes.Int. Arch. Occ. Env

Hea.;63: 397-401.

Ueng, T.H., W.P. Hwang, RM. Chen, HW. Wang,
M.L. Kuo, S.S. Park and F.P. Guengerich (1998), Ef-
fects of motocycle exhaust on cytochrome P-450 de-
pendent = monooxygenases and glutathione S-
Transferase in rat tissues. J. Toxcol. Environ. Health;
54: 509-527.

Zahlsen K, Nielson AM, Eide I, Nielson OG
(1993),Inhalation Kinetics of C8-C10, 1-alkenes and
isoalkanes in rats after repeated exposure,Pharmacol
Toxicol. ;73:163-8

Sipos PK, Szentmihalyi E, Feher M,Szilagy AM,
Blazovics A,(2003) Some effects of lead contamination
on liver and gallbladder bile. Acta Biol Szegediensisi.
;47 139 -42.

Abdel-Baset H, Omar E, Samar HA, Fathy A, Hafez,
Dawish A.(1997) Biochemical effect of antioxidants on
lipids and liver function in experimentally induced
liver damage. Ann. Clin Biochem. ; 34: 656-63.

OnwurahINE.(1999) Lipid peroxidation and protein
oxidation in Azotobacter vinelandii exposed to mer-
cury, silver, crude oil and fenton reagent. ] Toxic Sub-
stance. ; 18: 167 -76

Stadman, R.R.,(1990). Metal ion catalyzed oxidation
of proteins: Biochemical mechanism and biological
consequences.. Free RadicalBio. Med.;9: 315-325

BirnboimHC, Kanabus-Kamiska M.(1985) The pro-
duction od DNA strand breaks in human leucocytes
by superoxide anion may involve a metabolic pro-
cess. Proc NatAcad Sci. ;82:6820-4.

Cheesbrough M.(1999) District laboratory practicein
tropical countries. 2nded. Cambrige: Cambridge Uni-
versity Press.

Gali RM,Daja A, Mamza YP, Ani GI (2012),Liver en-
zymes and protein among petrol hawkers and petrol-
pump attendants in a Nigerian population,Adv Lab
Med 2(3); 123 -129.

Duricic ] and Duricic G.(1991) Morphologic change in
the lungs, kidney and liver parenchyma in pregnant
female rats treated with petroleum. Med Archeol . ;
45:23 -5.

Dede B and Kagbo HD.(2001) Investigation of acute
toxicological effect of diesel fuel in Rats (Rattus
rattus) using histophstological methods. ] Applied Sci
Environ. ;5 :83—4.

255



Awasthi DK et al, Int ]. Pharm. Drug. Anal, Vol: 4, Issue: 6, 2016; 251-257
Available online at http://ijpda.com

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Shibata K, Ashida H,Kanadawa K(1992)Effects of
prolonged exposure to dietary DDT and PCB on rat
liver morphology. Arc Environ Contam Toxicol.;10 :
171-83.

Nwanjo, H U; and Ojiako, O (2007) A Investigation of
the Potential Health Hazards of Petrol Station At-
tendants in Owerri Nigeria ]J. Appl. Sci. Environ.
Manage. 11 (2) :197 - 200

Sunmonu TO and Oloyede OB.(2007),Biochemical
assessment of the effect of crude oil contaminated
catfish (clarias gariepinus) on the hepatocytes and
performance of rat. Afr ] Biochem Res;1:.83-9.
Artimaeus and Jacobs,Naza
Ali(2004),Immunoglobulin classes and liver function
Tests in Nigerian petrol attendants,Indian J Occup
Environ Med, Departments of Chemical Pathology
and Immunology.;10,: 58-61.

Mohammad

Khan, A. A,; Coppock, R. W.; Schuler, M. M. and
Geleta, L. (2002) Biochemical changes as early stage
systemic biomarkers of petroleum hydrocarbon expo-
sure in rats, Toxicolology Letters ; 134:195-200

Vyskocit, A, Popler, A. and
Skutilova,L.(1991).,Urinary excretion of proteins and
exposed to
bons. International Archeology of Occupational and
Environmental Health;63,:.359-362.

Naza Mohammad Ali Mahmood, Dler Mohammad
Salh Sharef , Saad Abdulrahman
(2013),Plasma proteins profile and renal function rela-
tive to exposure time of gasoline filling station work-
ers in sulaimani city.Int ] Pharm Pharm Sci,;
5,(4),page :334-338.

Akin sun OM, Arinola OG,
(2006),Immunoglobulin classes and liver function
Tests in Nigerian petrol attendants,Indian J Occup
Environ Med, Departments of Chemical Pathology
and Immunology;10: 58-61.

Mahmood NMA (2012),Relationship between expo-
sure to petrol products and the trace metal status, liv-

enzymes in workers hydrocar-

Hussain

Salimonu LS

er toxicity and hematological markers in gasoline fill-
ing workers in Sulaimani city.] Environ Occup Sci ;
1(1):.6-11.

Rankin GO, Hong SK, Anestis DK, Ball JG, Valentovic
MA.(2008) Mechanistic aspects of 4-amino-2,6-
dichlorophenol-induced in vitro nephrotoxicity, Tox-
icology; 245:123-129.

Pfaller W, Gstraunthaler G.(1998) Nephrotoxicity test-
ing in vitro: what we know and what we need to
know. Environ Health Perspect ; 106(2):559-569.

Siegel PSaxena RK, Saxena QB, Ma JK, Ma JY,Yin
X],Castranova V,Al-Humadi N,Lewis DM (2004) Ef-

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

fect of diesel exhaust particulate (DEP) on immune
responses: contributions of particulate versus organic
soluble components. ] Toxicol Environ Health A;
67:221-231.

Carrieri M, Bonfiglio E, Scapellato M, Macc I, Tranfo
G, Faranda P, Paci E, Bartolucci M.(2006) Comparison
of exposure assessment methods in occupational ex-
posure to benzene in gasoline filling-station attend-
ants, Toxicol Lett ; 162:146-152.

Stengel B,Cenee S,Limasset JC,Protois JCMarcelli
A,Brochard P,Hemon D.(1995) Organic solvent expo-
sure may increase the risk of glomerular nephropa-
thies with chronic renal failure. Int ] Epidemiol ;
24:427-434.

Jacob S Hery M, Protois JC,Rossert
J,Stengel, B(2007)Effect of organic solvent exposure on
chronic kidney disease progression: The Gn-progress
Cohort Study,] Am Soc Nephrol 2007; 18:274-281.

Periago JE, Zambudio A, Prado C.(1997) Evaluation of
environmental levels of aromatic hydrocarbons in
gasoline service stations by gas chromatography. |
Chromatography ; 778:263-268.

Premereur, N., C. van den Branden and F. Roels,
(1986) Cytochrome P-450-dependent H202 produc-
tion demonstrated in vivo. Influence of phenobarbital
and allylisopropylacetamide. FEBS Lett.;199: 19-22.

Di Giulio, R.T., PC. Washburn, R.J. Wennlng, G.W.
Winston and C.S. Jewel, (1989). Biochemical respons-
es in aquatic animals: A review of determinants of ox-
idative stress. Environ. Toxicol. Chem.; 8: 1103-1123

Odewabi,O.A. Ogundahunsi and M. Oyalowo
(2014),Effect of Exposure to Petroleum Fumes on
Plasma Antioxidant Defense System in Petrol At-
tendants British Journal of Pharmacology and Toxi-
cology ;.5(2): 83-87, 2044-2459.

Wright, D.A. and P. Welbourne, (2002). Environmen-
tal toxicology. Cambridge University Press, Cam-
bridge.

Stadman, R.R., (1990). Metal ion catalyzed oxidation
of proteins: Biochemical mechanism and biological
consequences.. Free Radical Bio. Med.;.9: 315-325
Gille, JJ, C.G. van Berkel and H. Joenje
(1994),Mutagenicity of metabolic oxygen radicals in
mammalian cell cultures. Carcinogenesis;15:2695-
2699.

McCord, J. M. and I. Fridovich, (1969) The utility of
superoxide dismutase in studying free radical reac-
tions: Radicals generated by the interaction of sulfite,
dimethyl sulphoxide and oxygen. ]. Biol
Chem;244:6056-6063.

256



Awasthi DK et al, Int ]. Pharm. Drug. Anal, Vol: 4, Issue: 6, 2016; 251-257
Available online at http://ijpda.com

44.

45.

46.

47.

48.

49.

50.

51.

52.

Cheng, L., EW. Kellogg and L. Packer, (1981). Photo-
inactivation of catalase. Photochem. Photobiol., 34:
124-129.

Huhhes, A K., K. Streklett, H. Paddilla and D.E. Ko-
han, (1996). Effect of reactive oxygen species on endo-
thelial-1 production by human mesangial cells. Kid-
ney Int.;49: 181-189.

N. Y. Shakiba and M. Mahmoudi
(2009),Chronic inflammation and oxidative stress as a
major cause of age-related diseases and cancer. Re-
cent Pat.Inflamm. Allergy Drug Discov.;3(1):73-80.

Hill, M.F. and P.K. Singal, (1996)Antioxidant and ox-
idative stress changes during heart failure subsequent

Khansari,

to myocardial infraction in rats, Am. J.
Pathol;.148:291-293.

Singal, P.K., AK. Dhalla, M. Hil and T.P. Thomas
(1993),Endogenesis antioxidant changes in the myo-
cardium in response to acute and chronic stress con-
ditions. Mol. Cell Biochem.;429: 179-186.

McCord, J.M., (1996). Effects of positive iron status at
a cellular level. Nutr. Rev.; 54: 85-88.

Y Kono and I Fridovich(1982),Superoxide radical in-
hibits catalase,The Journal of Biological Chemistry
Chem;257:5751-5754.

Cheeseman, K.H., (1993). Lipid Peroxidation and
Cancer. In: Halliwell, B. and O.I. Aruoma (Eds.), DNA
and Free Radicals. Ellis Horwood Ltd., West Sussex,
pp: 211-228

OM, Arinola OG,
(2006),Immunoglobulin classes and liver function
Tests in Nigerian petrol attendants,Indian ] Occup

Akinosun Salimonu LS

53.

54.

55,

56.

57.

58.

59.

Environ Med, Departments of Chemical Pathology
and Immunology;10: 58-61.

Young, L.S. and ].V. Woodside, (2001). Antioxidants in
health and disease. J. Clin. Pathol.; 54: 176-186.

J.M Harrington (1987) The health experience of work-
ers in the petroleum manufacturing and distribution
industry A review of published epidemiological stud-
ies prepared on behalf of CONCAWE's Health Man-
agement  Group and Medical Subgroup @
CONCAWE, The Hague January 1987.

Thomas, T.L. Decoufle, P, Moure-Eraso, R. (1980)
Mortality among workers employed in petroleum re-
finery and petrochemical plants. Journal of Occupa-
tional Medicine ;22, 97-103

Vanpeenen, P.F.D., Blanchard, A.G., Wolkonsky, P.M.
(1985) Cardiovascular risk factors in employees of a
petrochemical company,Journal Occupational Medi-
cine ;G: 217-219 .

Amirov, R.O. (1979) Certain problems of occupational
hygiene and physiology of efinery process opera-
tors/controllers.Gigiena Truda i Professionalnije
Zabolevanija; 23, 9-12.

Lebedeva, T.A. Rusinova, V.G., Valirakhmanova,
T.D. (1970) The cardiovascular system changes in
workers of the Perm city petroleum exploitation
combine. Tr. Perm. Med. Inst; 82:106-108

Dimchev, M.M. (1976) Hemodynamics in hypertonic
persons working in petroleum processing plants (re-
fineries) Azerbajdzanskij Medicinskij Zurnal ;2: 78-84.

257



