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Abstract: The effect of gasoline vapours (17 .8+2.6 cm®*/h/m’/day) on renal functions was
assessed from the total kidney weights and the levels of serum creatinine, urea and blood
urea nitrogen (BUN) in male and female rats, following 64 days of exposure. The results
showed an insignificant (p>0.05) increase in percentage kidney weight per total body weight
(PKW/BW), decrease in total serum protein and a significant increase (p<0.05) in serum
creatining, urea and BUN levels in both male and female test rats, compared respectively
with the control. However, the percentage changes in the PK'W/BW, serum creatinine and
urea levels obtained for female rats were observed to be significantly higher (p<0.05),
compared to the respective percentage changes obtained for male rats. This observation
indicates that frequent exposure to gasoline vapours may cause renal dysfunction in rats,
with females at greater risk.
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INTRODUCTION

Gasoline is one of the fractionated products of crude oil. The indispensability of this product in
our daily life cannot be over emphasized. It is widely used as fuels for automobiles and some electricity
generating machines. Liquid gasoline is known to be very volatile, with several organic and inorganic
constituents. Unleaded gasoline for instance, is reported to contain about 300 different hydrocarbon
fractions, most of which are volatile and may evaporate if left exposed, to constitute ubiquitous
chemical pollutants in the immediate environment (Zahlsen and Tri-Tugaswati, 1993). A greater
percentage of the automobile users and those residing at/and around refueling stations and traffie-
congested arcas may directly or indirecfly be exposed to these pollutants in their environments.
However, those that are occupationally exposed tend to be at a greater risk of exposure (Smith ef al.,
1993; Carballo et af., 1995).

Most often, much consideration is not given to possible health hazards that might be associated
with exposure to the constituents of gasoline vapours released into the environment. It has been
reported that a higher concentration of unsaturated aromatic hydrocarbons and a lower concentration
of the saturated fractions accumulate in the blood of humans and ammals equally exposed to petroleum
vapour {Zahlsen er af., 1993). Based on this report, the potential harmful effects associated with
chronic or sub-chronic exposure to gasoline vapour should be the concern of the general public and the
scientific community.

Morgover, it has been documented that exposure of rat to gasoline exhaust and organic
extracts of the exhaust particulate caused a dose and time-dependent increase in oxygenases and
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glutathione-s-transferase in the liver, kidney and lung microsomes; as well as pulmonary dysfunction
and parenchymal damage among dogs (Ueng ef al., 1998; Lewis ef al., 1974). Other adverse effects
associated with exposure to petroleum vapours have been reported in both the experimental ammals
and humans (Wixtron and Brown, 1992; Smith ez af., 1993; Tilbury ef af., 1993). In the earlier studies,
adverse effects of exposure to gasoline vapour on haematological indices, weight changes, liver and
reproductive functions in rats were observed and reported by Uboh ez «f. (20054, b, 2007a, b).

Like other known =xenobiotics, the chemical pollutants from gasoline vapours may be
metabolically transformed into various metabolites in the body (Hu and Wells, 1994). Some of these
metabolites may be very reactive, interacting in various ways with the metabolizing and excreting
tissues (mainly the liver and kidneys) to elicit toxic effects (Macfarland et af., 1984; Page and
Mehlman, 1989; Nygren et af., 1994). The interaction of these metabolites with the renal tissues may
cause cellular injury, hence, damage to the tissues. Once the renal tissues are damaged, the overall
functionality of the kidneys may be compromised.

The kidney functions may be assessed from the level of some electrolytes (such as K', Na*, CI™)
and metabaolites (such as creatinine, urea and blood urea nitrogen) in the plasma (Nwankwo ef al.,
2006; Atangwho ef af., 2007, Crook, 2007). Renal dysfunction may be caused by several diseased
conditions and exposure to certain reactive or toxic metabolites (Chatterjea and Shinde, 2002 Jimoh
and Odutuga, 2004; Crook, 2007). Renal dysfunction of any kind affects all parts of the nephron to
some extent, although sometimes, either glomerular or tubular dysfunction is predominant. The net
effect of renal disease on plasma and urine depends on the proportion of glomeruli to tubules affected
and on the number of nephrons involved. In this study, comparative changes in some renal function
indices associated with exposure of male and female rats to gasoline vapours were assessed.

MATERIALS AND METHODS

Animals and Animal Handling

Twenty to eighty Wistar albino rats [fourteen males and fourteen females| weighing 180-200 g
were obtained from the amimal house of the Department of Biochemistry, University of Calabar,
Calabar, Nigeria and used for this study which lasted from March to May, 2008. The animals were
allowed one week of acclimatization to laboratory conditions and handling, after which they were
distributed, according to weight and gender, to 4 groups (two male and two female groups) (Table 1).
The animals were housed individually in cages with plastic bottormn and wire mesh top (North Kent Co.
Ltd) and fed with normal rat chow (Guinea Feeds Product) purchased from the High Quality
Livestock Feeds stores, Calabar, Nigeria. They were supplied with tap water ad libitum throughout
the experimental period. The control groups (Mc and Fe¢) were maintained in the animal room
adequately ventilated under standard conditions (ambient temperature, 28+2°C and relative humidity,
46% with a light/dark cycle of 12/12 h). The test groups (Mt and Ft) were kept in the exposure
chamber (Vapours cupboard) previously saturated with Premium Motor Spirit (PMS) blend of
gasoline vapours. The liquid gasoline (PMS blend) was obtained from the Mobil Refueling station,
Marian Road, Calabar, Nigeria.

All animal experiments were carried out in accordance with the guidelines of the Institutional
Animal Ethics Committee.

Table 1: Distribution of experimental groups

Groups No. of rats Treatment

Male control (Mc) 7 Vapours-free
Female control (Fc) 7 Vapours-free

Male test (ML) 7 Exposed to vapours
Female test (Ft) 7 Exposed to vapours
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Exposure to Gasoline Vapours

A modified nose-inhalation exposure method earlier described by Uboh er af. (2005a, 2007a,
2008), was used in this study. According to this modification, the cages housing the amimals in the test
groups were placed in exposure chambers (2 cages per one chamber) of 2.835 m?, each with two open
calibrated beakers of 1000 ¢m?® containing 500 em? of liquid gasoline. The gasoline was allowed to
evaporate freely within the exposure chambers at ambient humidity and temperature and all animals
in cages were exposed to vapours (17.8+2.6 em*/h/kg/m*/day) generated from direct evaporation of
the liquid gasoline. The ammals were exposed 6 h/day (9:00 am to 3:00 pm) to vapours for 64
days. At the end of each exposure day, the ammal were transferred to gasoline vapours-free section
of the experimental animal house.

During the exposure period, the initial and final volumes of liquid gasoline were respectively
recorded before and after daily exposure. The daily differences in volume were used to estimate relative
concentrations of vapours used in this exposure method.

Collection and Handling of Blood Serum for Analysis

Twenty-four hours after last exposure, the animals were anaesthetized in chloroform vapour and
dissected. Whole blood from each animal was collected by cardiac puncture into well-labelled non-
heparinized sample tubes and allowed to clot for 3 h in iced water. The serum was separated from the
clots after centrifuging at 10,000 rpm for 5 min into well-labelled plain sample bottles and used for
assays.

Biochemical Assays
Serum Urea and Blood Urea Nitrogen

Urea in serum was estimated by the Dialab Kits Endpoint colorimetric method, based on the
principles of Searcy ef al. (1967). In this method, urzase enzyme hydrolyses urea to ammonia and
carbon dioxide. The ammonia so formed reacts with alkaline hypochloride and sodium salicylate in the
presence of sodium nitroprusside to form a coloured chromophore which was measured with DREL
3000 HACH (England) model spectrophotometer.

Serum Creatinine

The assay is based on the reaction of creatinine with an alkaline solution of sodium picrate to
form a red complex (Newman and Price, 1999). The red colour is proportional to the concentration
of ¢reatinine in the sample.

Serum Protein

The concentration of protein in the serum was measured spectrophotometrically by Biuret
method, using Randox reagent kits {Randox Laboratory Ltd., Diamond Road, Crumin, Co. Antrim,
United Kingdom, BT29 4QY).

Statistical Analysis

All data are expressed as MeantSEM. The results were analysed by one-way analysis of variance
(ANOVA), followed by pair wise comparison between test and control groups using Student’s t-test.
Differences between groups were considered significant at p<0.05.

RESULTS

The final total body weight and percentage weight increase of male and famale rats exposed to
gasoline vapours were observed to be significantly lower (p<0.05) compared respectively to the total
body weight and percentage weight increase of male and female rats in the control group. The
whole kidney weight of both male and female rats exposed to gasoline vapours were observed to be
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Fig. 1: Gender differences in the effect of gasoline vapours on percentage changes in the levels of the
test indices

Table 2: Effect of gasoline vapours on total body and kidney weight of Wistar rats

Groups IBW (g) IBW (g) PWI (%) KW () PKW/FBW (%)
1M 124.83+7.670 243.83+17.45 48.80:+6.34 1.21+0.08 0.05+0.02
11 (M) 125.56£14.81 220.90+19.49% 45.3045.13% 1.17+0.05 0.5140.01
IT (F) 127.08+5.620 187.18+10.72 32.11+4.87 1.03+0.04 0.55+0.02
IV (F) 128.81410.11 175.04411.23" 26.4143.08" 1.000.06 0.5740.03

Values are presented as MeanstS8EM; n = 7, *p<0.05 compared with group I, *p<0.05 compared with
group III. IBRW = Initial Body Weight; FBW = Final Body Woeight; PWI = Percentage Weight Increase;
KW = Kidney Weight; PKW = Percentage Kidney Weight

Table 3: Effect of gasoline vapours on total serum protein and some renal function indices in Wistar rats

Groups Protein (mg L™1) Urea (mmol L) BUN (mmol ™)) Creatinine (mmol L™
T(M,) 6.88+2.255 4.22+0.22 6.52+0.84 33.74

I (ML) 6.62+2.62 7971014 11.01£1.05% 128.374+5.42%

111 (F,) 6.63+2.56 4.32+0.029 6.56+1.07 30.23+£5.23

IV (F) 6.261+2.94 9.45+0.21* 11.26+0.724 122.804+7.79*

Value are presented as MeanstSEM; n = 7, *p<0.05 compared with group I; *p=<0.05 compared with group III

insignificantly lower (p>0.05), while the percentage kidney weight per total body weight of male and
female rats exposed to gasoline vapours were observed to be insignificantly higher (p=0.05) compared
respectively values obtained for the male and female control rats (Table 2). However, the percentage
decrease in the percentage weight increase and the percentage increase in the percentage kidney weight
per total body weight of female rats (17.75+3.28 and 3.5140.73%, respectively) were significantly to
the higher (p<0.05) compared respectively to the values obtained for the male rats (6.99+1.56 and
1.96+0.32%, respectively) following exposure to gasoline vapours (Fig. 1).

The total serum protein obtained for both male and female rats exposed to the vapours were
insignificantly lower (p<0.05) compared respectively to the values obtained for male and female rats
in the control group (Table 3). This result showed that the percentage decrease in total serum protein
of female rats (5.58+1.96%) was insignificantly higher (p>0.05) compared to the percentage decrease
in total serum protein of male rats (5.16+=1.89%) following exposure to gasoline vapours
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(Fig. 1). From the results of this study, it was also observed that the levels of serum wrea, BUN and
creatinine in both male and female test rats were significantly higher (p<0.05) compared respectively
to the levels obtained for male and female control rats (Table 3). However, the percentage increase in
serum urea and creatinmine in female rats (54.2946.97 and 75.38+6.98%, respectively) was observed
to be significantly higher (p<0.05) compared respectively with the percentage increase in serum urea
and creatinine levels obtained for male rats (47.05+6.84 and 73.72+7.32%, respectively) following
exposure to gasoline vapours (Fig. 1).

The observations made from the results of this study showed that the effect of gasoline vapours
on renal functions is comparatively more significant (p<0.05) in famale rats, compared to the male
gender.

DISCUSSION

Subjects with kidney dysfunction may have a variety of different clinical presentations. Some
manifest such symptoms as hematuria, edema, hypertension and signs of uremia. However, some of
the subjects may be asymptomatic, only detected on routine laboratory examinations from elevated
serum creatining, urea and BUN levels, among others. A persistently elevated serum creatinine is
reported to be a risk factor for progression of chronic kidney disease and independent factor for
progression of chronic kidney disease to kidney failure (Appel ez @/., 2003). The climcal manifestations
of renal disease can be grouped into reasonably well defined syndromes, some of which are peculiar
to glomerular diseases, while others affects any of the renal components. One of such group of clinical
manifestations is azotaemia a biochemical abnormality characterized by elevation of serum urea, BUN
and creatimine levels (Cotran ef al., 1999). This condition is produced by many renal disorders may also
be implicated.

Exposure to toxic environmental pollutants (such as lead), among other factors, have been
reported to be associated with the development of hypertension and kidney disease (Nwankwo ef al.,
2006; Johnson ef al., 2005). A perceived health concern from inhalation of gasoline vapours is the
potentials for carcinogenicity, based on the induction of kidney tumors in male rats and liver tumors
in female rats exposed to wholly-vaporized gasoline (Macfarland ef af., 1984). According to Page and
Mehlman (1989), branched-chain alkanes component of gasoline bind to a globulin to form a complex
cammot be degraded in the usual manner such that protein accumulation oceurs in renal cells, leading
to cytotoxicity, death, proliferation and with prolonged exposure, kidney cancer.

In this study, the levels of serum creatinine, urea and BUN were observed to be significantly
higher, while the total serum protein was significantly lower in rats exposed to gasoline vapours.
According to Cotran ef af. (1999), this observation indicate that exposure to gasoline vapours may
cause such renal clinical manifestation as azotaemia in both male and female rats. However, the famale
rats tend to be adversely affected than the males. This observed sex-dependent effect agrees with our
earlier reports on the effect of gasoline vapours on sex-hormones and haematological indices
(Uboh ef af., 2007a, 2008). These observations indicate that the absorbed constituents of the vapour
and/or their metabolites might have reacted and interacted with the renal tissues in a sex-dependent
pattern to impair the renal excretion of these metabolites.

While Page and Mehlman (1989) reported adverse effect of gasoline vapours on the kidneys of
male rats only, we observed in this study that the renal function of female rats are more affected by
frequent exposure to gasoline vapours than males. From this observation, it is suspected that the sex-,
or gender-differences in the endocrine functions among other factors, may influence the pattern of
interactions between the renal tissues and the metabolites of gasoline vapours constituents. However,
further studies to elucidate the specific mechanism(s) of the sex-dependent renal function impairment
observed in this study are in progress.
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In conclusion, the result of this study shows that exposure to gasoline vapour is also a
predisposing factor to renal function impairment in rats and that the females are at greater risk than
males.

REFERENCES

Appel, L.J., 1. Middleton, E.R. Miller, M. Lopkowitz and K. Norris ef al., 2003. The rational and
design of AASK. J. Am. Soc. Nephrol., 14: 166-172.

Atangwho, J.J., P.E. Ebong, M.U. Eteng, E.U. Eyong and AU. Obi, 2007. Effect of vernonia
amygdalina del leaf on kidney function of diabetic rats. Int. J. Pharmacal., 3: 143-148.

Carballo, M.A., M.L.. Nigro, M.B. Dicarlo, S. Gasparini and S. Campos ef af., 1995. Ethylene oxide
II: Cytogenic and biochemical studies in persons occupationally exposed. Environ. Mol. Mutat.,
25: 81-97.

Chatterjea, M.N. and R. Shinde, 2002. Renal Function Tests. Textbook of Medical Biochemistry.
5th Edn., JAYPEE Brothers Medical Publishers Ltd., New Delh, ISBN: 81-7179-991-4,
Pp: 564-570.

Cotran, R.S., V. Kumar and T. Collins, 1999. The Kidney. Robbins Pathologic Basis of Disease,
6th Edn., W.B. Sanders Co., Philadelphia, ISBN-10:072160171, pp: 930-996.

Crook, M.A., 2007. The Kidneys. Clinical Chemistry and Metabolic Medicine. 7th Edn., Bookpower,
Britain, ISBN-10:0340 906 18 9, pp: 36-57.

Hu, 7Z. and P.G. Wells, 1994. Modulation of benzo-(a)-pyrene bioactivation by glucuronidation in
lymphocytes and hepatic microsomes from rats with a hereditary deficiency in bilirubin UDP-
glucuronosyl-transferase. Toxicol. Applied Pharmacol., 127: 306-313.

Jimoh, F.O. and A.A. Odutuga, 2004. Histological changes of selected rat tissues following ingestion
of thermally oxidized groundnut oil. Biokemistri, 16: 1-10.

Johnson, R.J., M.S. Segal, T. Srimvas, A. Ejaz and M. Wei ef al., 2005. Essential hypertension,
progressive renal disease and uric aid: A pathogenic link. J. Am. Soc. Nephrol., 16: 1909-1919.

Lewis, T.R., W.J. Moorman, Y.Y. Yang and I.F. Stara, 1974. Long-term exposure to auto exhaust and
other pollutant mixtures arch. Environ. Health, 29: 102-106.

Macfarland, HN, C.E. Ulnch, C.E. Holdsworth, D.N. Kitchen and W.H. Halliwell ez /., 1984.
A chronic inhalation study with unleaded gasoline vapour. Int. I. Toxicol., 3: 231-248.

Newman, D.J. and C.P. Price, 1999. Renal Function and Nitrogen Metabolites. In: Tietz Textbook of
Clinical Chemistry, Burtis, C.A. and E.R. Ashwood (Eds.). W.B. Saunders Co., Philadelphia,
ISBN-10: 0721656102, pp: 1204.

Nwankwo, E.A., B. Nwankwo and B. Mubi, 2006. Prevalence of impaired kidney in hospitalized
hypertensive  patients in  Maiduguri, Nigeria. Int. I Intern. Med, 6
(1).http://www ispub.com/ostia/index. php?xmlPrinter=trueandxmil FilePath=journals/ijim/vol 6
nl/kidney.xml.

Nygren, I., B. Cedewal, S. Erickson, M. Dusinska and A. Kolman, 1994. Induction of DNA strand
breaks by ethylene oxide in human diploid fibroblasts. Environ. Mol. Mutagen., 24: 161-167.

Page, N.P. and M. Mehlman, 1989. Health effects of gasoline refueling vapours and measured
exposures at service stations. Toxicol. Ind. Health, 5: 869-890.

Searcy, R.L., J.LE. Reardon and J.A. Foreman, 1967. Urea determination. Am. J. Med. Technol.,
33:15-20.

Smith, T.J., S.K. Hammond and O. Wond, 1993. Health effects of gasoline exposure . Exposure
assessment of US distribution workers. Environ. Health Perspect., 101: 13-21.

Tilbwry, 1., B.E. Butterworth, O. Moss and T.L. Goldsworthy, 1993. Hepatocyte cell proliferation
in mice after inhalation exposure to unleaded gasoline Vapour. I. Toxicol. Environ. Health,
38: 293-307.

483



J. Pharmacol. Toxicol., 3 (6): 478-484, 2008

Uboh, F.E., P.E. Ebong, O.U. Eka, E.U. Eyong and M.I. Akpanabiatu, 2005a. Effect of inhalation
exposure to kerosene and petrol fumes on some anaemia-diagnostic indices in rats. Global
1. Environ. Sci., 3: 59-63.

Uboh, F.E., M.I. Akpanabiatu, P.E. Ebong, E.U. Evong and O.U. Eka, 2005b. Evaluation of
toxicological implications of inhalation exposure to kerosene and petrol fiumes in rats. Acta Biol.
Szeged., 49: 19-22.

Uboh, F.E., M.I. Akpanabiatu, I.S. Ekaidem, P.E. Ebong and I.B. Umoh, 2007a. Effect of inhalation
exposure to gasoline fumes on sex hormones profile in Wistar albino rats. Acta Endocrinol. {Bug),
3:23-30.

Uboh, F.E., M.I. Akpanabiatu, 1.J. Atangwho, P.E. Ebong and I.B. Umoh, 2007b. Effect of gasoline
vapours on serum lipid profile and oxidative stress in hepatocyte of male and female rats. Acta
Toxicol., 15: 13-18.

Uboh, F.E., M.I. Akpanabiatu, I.J. Atangwho, P.E. Ebong and 1.B. Umoh, 2008. Effect of vitamin a
on weight-loss and heamatotoxicity associated with gasoline vapours exposure in wistar rats.
Int. I. Pharmacol., 4: 40-45.

Ueng, T.H., W.P. Hwang, R.M. Chem, H'W. Wang and M.L. Kuo ef /., 1998. Effects of motorcycle
exhaust on Cyt P450-dependent monooxygenases and GSH-S-transferase in rat tissues.
I. Toxicol. Environ. Health, 54: 509-527.

Wixtron, R.N. and S.I.. Brown, 1992. Individual and population exposure to gasoline. J. Exposure
Anal. Environ. Epidemiol., 2: 23-78.

Zahlsen, I. and A. Tri-Tugaswati, 1993. Review of air pollution and its health impact in Indonesia.
Environ. Res., 63: 95-100.

Zahlsen, K., 1. Eide, A.M. Nilsen and O.G. Nilsen, 1993. Inhalation Kinetics of Carbon-8 to carbon-10
L-alkanes and iso-alkanes in the rats after repeated exposures. Pharmacol. Toxicol.,
73:163-168.

484



	Journal of Pharmacology and Toxicology.pdf
	Page 1


