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KEYWORDS Abstract Gasoline fume has been considered a major air pollutant affecting the heart, lungs, brain,
Oxidative stress: liver and kidneys. Therefore, this study aims at investigating the effect of inhalation exposure to
Gasoline fume; gasoline fume on some endogenic stress hormones and oxidative enzymes of albino rats. Forty adult
Environmental pollution; male albino rats were randomly assigned to five experimental treatments (T) with eight rats per
Adrenal hormones; treatment (T1, T2, T3, T4 and T5). The control treatment, T1 was housed in a section of experimen-
Inhalation tal animal house free from gasoline fumes while T2, T3, T4 and T5 were exposed to gasoline fumes

in exposure chambers for one, three, five and nine hours daily respectively for twelve weeks. The
levels of adrenocorticotropic hormone (ACTH), aldosterone and corticosterone were determined
using enzyme-linked immunosorbent assay (ELISA) kits. Concentrations of oxidative stress marker
(GSH, CAT, MDA and BuChE) were assayed using standard method. Levels of ACTH were
recorded to significantly reduce in the gasoline fume exposed rats when compared to control. Aldos-
terone and corticosterone significantly increase with increase in the daily period of gasoline fume
exposure relative to the control. Values of ACTH negatively correlate with those of corticosterone
and aldosterone in the exposed rats. The values of GSH, CAT and BuChE were significantly higher
in the control rats and significantly reduce with increasing daily exposure time to gasoline fume.
MDA concentration was lower in control rats but significantly increased with increasing daily
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exposure time to gasoline fume. Inhalation exposure to gasoline fume was observed to induce stress

in the exposed animals.

© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The volatile nature of petrol makes it readily available in the
atmosphere any time it is dispensed, especially at petrol filling
stations and depots. According to the Office of Environmental
Health Hazard Assessment (2014), gasoline fuel contains toxic
substances that can enter the environment and cause adverse
health effects in people. Some of these substances, such as ben-
zene, toluene and xylenes, are found in crude oil and occur nat-
urally in fuels and their vapours. Petrol contains a mixture of
volatile hydrocarbons and so inhalation is the most common
form of exposure (Cecil et al., 1997). As reported by
Takamiya et al. (2003), petrol vapour can reach supra-lethal
concentrations especially in confined or poorly ventilated areas.
Exposure to very high concentrations may result in rapid uncon-
sciousness and death due to respiratory failure (Chilcott, 2007).

In Nigeria, there is an increase in the demand for petrol and
other petroleum products which were used for various reasons at
homes, in manufacturing and petrochemical industries. Some of
these uses include fuel for vehicles, cooking and lighting fuel in
homes and outside homes, as chemical feedstock for industries,
therapeutic reasons (Huckabay et al., 1995) and as fuel for elec-
tricity generating machines at homes, offices and industries. This
increasing daily use has increased the frequency at which individ-
uals are exposed to its fume. Exposures to petroleum products
both in and outside petroleum industries have been reported
to have some effects on the users, with those who are occupa-
tionally exposed being more likely to be affected than their coun-
terparts (Rothman et al., 1996; Carbello et al., 1994; Smith et al.,
1993). Such effects include increased incidences of blood disor-
ders and anaemia, higher cancer risk, renal function impairment
and nephrotoxicity (Edokpolo et al., 2015; Riaz et al., 2014;
Rothman et al., 1996; Festus et al., 2013).

Lipid peroxidation, the oxidative catabolism of polyunsat-
urated fatty acids, is widely accepted as a general mechanism
for cellular injury and death, and has been implicated in
diverse pathological conditions (Garcia-Souza and Oliveira,
2014; Maruyama et al., 2014). Also, superoxide dismutase
(SOD) and catalase (CAT) were referred to as endogenous
antioxidant enzymes that act as free-radical scavengers and
hence prevent and repair damage done by reactive oxygen spe-
cies (Wu et al., 2013; Wyse et al., 2004). The roles played by the
hormones secreted by the adrenal cortex (cortisol/corticos-
terone and aldosterone) in the mediation of physiological
stress have also been documented (Franklin et al., 2012; De
Kloet and Rinne, 2007; Jacobson, 2005; Neil, 2004).

Organs such as the heart, lungs, skin and kidneys have been
reported to be affected by the toxic effects of gasoline fume
exposure, resulting in various diseases and different forms of
genotoxic, mutagenic, immunotoxic, carcinogenic and neuro-
toxic manifestations (d’Azevedo et al., 1996; Smith et al.,
1996; Rabble and Wong, 1996; Rothman et al., 1996). Specific
effect of gasoline exposure on some organs of the body has
been studied by several authors. Ahmed et al. (2011) reported

that gasoline vapour inhalation induced lung tissue injury and
cellular damage, increasing the activities of antioxidant
enzymes such as glutathione- S- transferase, glutathione perox-
idase and glutathione reductase. Similarly, Elsayed et al. (2015)
observed a damaging effect of gasoline exposure on the brain
tissue, causing a significant reduction in the activities of
antioxidant enzymes and an increase in lipid and protein oxi-
dation levels in brain tissue. Exposure to gasoline has also been
shown to demonstrate some toxicity to the liver, significantly
increasing malondialdehyde concentration and hepatic
enzymes (aspartate amino transferase (AST) and alanine
amino transferase (ALT) activities) (Bokolo and Ligha, 2013;
Uboh et al., 2005). Exposure to petroleum hydrocarbon was
also linked with renal dysfunction via oxidative stress, increas-
ing lipid peroxidation and reducing the antioxidant defence
mechanism (Oyebisi et al., 2013). Uboh et al. (2013) therefore
concluded that exposure to diesel and gasoline may be a risk
factor for nephrotoxicity.

Odewabi et al. (2014) evaluated the effect of petroleum
fume exposure on the plasma antioxidant defence system using
human subjects (petrol attendants). Enhanced lipid peroxida-
tion was observed in the petrol attendants when compared
with control subjects. Similarly, a decrease in the antioxidant
defence system (oxidative enzymes) was recorded in the blood
of the petrol attendants. However, there is still paucity of
information on the effect of different exposure times to gaso-
line fume on the antioxidant system of the blood. Also, previ-
ous studies on the stress effect of gasoline exposure have
focused more on oxidative stress response in some specific
organs of the body such as the lungs (Ahmed et al., 2011), liver
(Bokolo and Ligha, 2013) and kidney (Azeez et al., 2013). In
order to provide in-depth information on the status of stress-
induction by exposure to gasoline fume, there is the need to
study its effect on the hypothalamic—pituitaryadrenal (HPA)
hormones which have also been reported to be involved in
stress mediation (Neil, 2004; Jessica et al., 2006; Johnson
and Grippo, 2006). Hence, the contribution of endogenic stress
response hormones together with oxidative enzymes to the
physiological effects of gasoline fume exposure needed to be
evaluated, especially in the body circulating fluid. Therefore,
this present study aims at evaluating the effect of varying daily
periods of gasoline fume exposure on the levels of stress medi-
ated hormones; adrenocorticotropic hormone (ACTH), aldos-
terone and corticosterone; and oxidative enzymes; reduced
glutathione (GSH), CAT, malondialdehyde (MDA) and
butyryl-cholinesterase (BuChE) in the blood of albino rats.

2. Materials and methods

2.1. Experimental animal

Forty adult male albino rats aged 9—-10 weeks (200-250 g) were
obtained from the breeding section of the animal house of the
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Department of Zoology, Olabisi Onabanjo University, Ago-
Iwoye Nigeria and used for this study. The rats were divided
into five groups (four test groups and a control group) consist-
ing of eight rats each (Uboh et al., 2005, 2007). The test groups
were exposed to varying daily hourly rates of 1 (T2), 3 (T3), 5
(T4) and 9h (T5) of gasoline fumes in exposure chambers
while the control group were housed in a gasoline fume free
section of the animal house. The rats were individually kept
in wooden cages (65 cm x 35 cm x 50 cm) and housed in well
ventilated animal house with free access to food and clean
water throughout the 12 weeks period of the experiment.

2.1.1. Exposure to gasoline fume

The method of exposure earlier described by Uboh et al. (2005,
2007) was adopted for this study. The animal cages housing
the test groups were placed in an exposure chamber measuring
165 cm x 95 cm x 220 cm. Two calibrated 1000 mL cans con-
taining 500 mL of gasoline were placed in the chamber one
hour prior to the commencement of the exposure to ensure
that the exposure chamber was saturated with gasoline vapour.
The exposed animals were later placed in the chamber and
allowed to inhale the vapours generated from the direct evap-
oration of liquid gasoline from the cans at ambient humidity
and temperature. At the end of each daily exposure period,
the rats were removed from the exposure chamber. Exposure
period of 1 (T2), 3 (T3), 5 (T4) and 9 h (T5) daily was adopted
for 12 weeks. The care of the animals was done in accordance
with the U.S. public health service guidelines (National
Research Council, 2011).

2.1.2. Sample collection

At the end of the experimental period, the animals were anaes-
thetized with chloroform and dissected for the collection of
blood samples. Blood samples were collected 24 h after the last
exposure in baseline conditions between 8:00 a.m. and 10:00 a.
m. by cardiac puncture using a 5 mL hypodermic syringe and
needle.

The blood samples were collected in a plain bottle to obtain
the serum which was centrifuged at 2500g for 10 min and the
obtained sera samples were used for hormonal assay and
oxidative enzyme activities estimation.

2.1.2.1. Stress hormonal assay. Serum samples obtained were
analysed with commercially available ELISA kits for aldos-
terone, corticosterone (Enzo life sciences, PA) and ACTH
(Eagle Biosciences Inc., Nashua). The sensitivity of aldos-
terone and corticosterone assay was 4.9 pg/mL and 0.027 ng/
mL respectively with detection range of 3.9-250 pg/mL and
0.03-20 ng/mL respectively, while the limit of detection of
ACTH assay was 0.4 pg/mL with detection range of 7.6—
416 pg/mL. The protocols and procedures used for the assay
were as described by the manufacturer.

2.1.2.2. Assay of oxidative stress marker. Catalase activity was
estimated following the method of Aebi (1984). The method of
Okhawa et al. (1979) was adopted for the estimation of lipid
peroxidation. The rapid colorimetric method of Ellman et al.
(1961) was also adopted in determining the activity of plasma
cholinesterase or BuChE while the improved method of
Beutler et al. (1963) was followed for the estimation of reduced
glutathione activity.

2.2. Data analysis

Data obtained were subjected to statistical analyses using the
Statistical Package for Social Sciences (SPSS) version 20.0.
Data were presented as Mean + Standard error of mean
(SEM). A one way Analysis of Variance (ANOVA) was con-
ducted to determine significant difference between parameters.
Post hoc test was done using the Student-Newman—Keuls
(SNK). P value less than 0.05 (P < 0.05) or 95% confidence
interval was considered statistically significant. Correlation
between the hormones and enzymes was also done using the
Pearson correlation.

3. Results

The concentrations of corticosterone, aldosterone, and ACTH
recorded in the rats subjected to varying concentrations of
gasoline fume exposure daily for 12 weeks are presented in
Table 1. The concentration of ACTH was observed to signifi-
cantly reduce (P < 0.05) in the gasoline fume exposed rats
when compared with the control. On the other hand, the mean
values of aldosterone and corticosterone in the rats subjected
to the varying concentrations of gasoline fume exposure were
observed to significantly increase (P < 0.05) with increasing
concentrations of daily exposure to gasoline fume compared
with the control. TS had the highest level of aldosterone and
corticosterone. However, there was no significant difference
(P > 0.05) observed in the values of corticosterone in T1
and T2.

The levels of oxidative parameters recorded in the blood
samples of rats daily exposed to gasoline fume at varying time
durations are represented in Table 2. The values of GSH, CAT
and BuChE were significantly higher (P < 0.05) in T1 as com-
pared to T2, T3, T4 and T5. The values of GSH, CAT and
BuChE were observed to be significantly reducing (P < 0.05)
with increasing daily exposure time to gasoline fume. On the
other hand, the value of MDA was observed to be significantly
lower in T1. This value was observed to increase significantly
(P < 0.05) with increasing daily exposure time to gasoline
fume.

Table 1 Serum concentrations of corticosterone, aldosterone
and ACTH in rats subjected to varying concentrations of
gasoline fume exposures for 12 weeks.

Corticosterone Aldosterone (pg/ ACTH (pg/
(ng/ml) ml) ml)
Tl 5.52 + 0.41¢ 22.59 + 0.70° 72.90
(Control) + 0.14%
T2 5.82 + 0.14¢ 30.08 + 0.77¢ 72.21
+ (0.22°
T3 9.35 + 0.64° 34.13 + 0.24° 71.51
+ 0.46°
T4 13.54 + 0.71° 37.73 + 1.78° 70.55
+ 0.53%
T5 18.11 + 0.49* 43.99 + 0.74* 69.69
+ 0.58°

abed)fean values (+ Standard error) of each of the enzymes in the
same column having the same superscript are not significantly
different at P < 0.05.
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Table 2 Serum levels of oxidative parameters in rats subjected to varying concentrations of gasoline fume exposures for 12 weeks.

GSH (mg/dL) CAT (U/L) BuChE (U/L) MDA (nmol/mL)
T1 (Control) 21.42 + 0.40° 501.70 + 0.76* 401.22 + 0.56* 22.74 + 0.38°
T2 19.72 + 0.27° 460.77 + 1.80° 392.72 + 0.88° 27.58 + 1.21¢
T3 18.18 + 0.54° 412.56 + 1.35° 321.09 + 0.61° 36.22 + 0.37°
T4 16.98 + 0.47° 383.31 + 2.11¢ 299.10 £ 1.16% 4436 + 0.58°
TS5 13.50 + 0.20¢ 306.51 + 5.87° 260.13 + 2.11° 63.87 + 2.64

abedepfean (+ Standard error) with same superscript in the same column are not significantly different (P > 0.05).

Table 3 Relationship between oxidative stress parameters and hormones in rats subjected to varying concentrations of gasoline fume

exposures for 12 weeks.

GSH CAT BuChE MDA Corticosterone Aldosterone ACTH
GSH 1
CAT 0.971" 1
BuChE 0.935" 0.970"" 1
MDA —0.976"" —0.972" —0.941"" 1
Corticosterone —0.051 —0.102 —-0.24 —0.001 1
Aldosterone 0.28 0.236 0.097 —0.324 0.923" 1
ACTH —0.167 —0.071 0.06 0.191 —0.814"" —0.862"" 1

™ Correlation (Pearson) is significant at the 0.01 level (2-tailed).

Significantly strong positive correlation (P < 0.01) exists
between the values of oxidative stress enzymes (GSH, CAT)
and BuChE in the experimental rats (Table 3). However, the
relationship between the values of these oxidative enzymes
and lipid peroxidation (MDA) were significantly negative
(P < 0.01). A strong positive significant (P < 0.001) relation-
ship was observed between corticosterone and aldosterone
concentrations recorded in the experimental rats. On the other
hand, the ACTH relationship with corticosterone and aldos-
terone was observed to show a negatively strong (P < 0.001)
correlation (Table 3).

4. Discussion

Exposure to gasoline fume significantly reduced the levels of
antioxidant enzymes such as GSH and CAT in the experimen-
tal rats. Reactive oxygen species (ROS) are generated from
molecular oxygen/nitrogen through Electron Transport Chain
(ETC), cytochrome P450, and other cellular and sub-cellular
functions (Noori, 2012). As reported by Damien et al
(2004), ROS which includes the superoxide radical ('02’),
hydrogen peroxide (H,O;) and hydroxyl radical (OH) affect
mainly lipids, proteins, carbohydrates and nucleic acid. In
most cases, the abnormal generation of ROS, which results
in significant damage to cell structure, is considered an impor-
tant signal of oxidative damage (Barzilai and Yamamoto,
2004). Antioxidant enzymes have been reported to play major
primary antioxidant defence roles in catalysing the dismuta-
tion of superoxide radical (O>7) to H,O, and decomposition
of H,O, to H,0, respectively (Cheng et al., 1981; Chelikani
et al., 2004; Goodsell, 2010). Oxidative stress occurs when
the presence of ROS is in excess of the available antioxidant
buffering capacity (Adly, 2010). The depletion of antioxidant
enzymes predisposes the cell to the toxic actions of xenobiotics
which could lead to cell injury or death. Hence, daily exposure
to gasoline fumes has the potential to produce oxidative stress

through the depletion of cellular activities of antioxidant
defences in the body. Odewabi et al. (2014) also recorded sig-
nificantly lower plasma levels of antioxidant enzymes in petrol
attendants when compared with the control.

Although the exact physiological function of BuChE is
unclear, it has been reported to substitute acetylcholinesterase
in maintaining the structural and functional integrity of cholin-
ergic pathways (Nordberg et al., 2013). It has also been shown
that acetylcholine has a potential neuroprotective role as a
scavenger of superoxide anion and is able to reduce lipid per-
oxidation, which suggests that a decrease in acetylcholine
levels (or its BuChE substitute) could result in a decrease in
neuroprotection and can lead to neurodegeneration (Bai
et al., 2014). In this study, BuChE significantly reduced with
increasing concentration of gasoline fume exposure. It could
therefore be assumed that the toxic effect of gasoline fume is
targeted at destroying protective enzymes in order to compro-
mise normal physiological function of the body organs. This
could also explain the reduction in antioxidant enzymes
recorded in the gasoline exposed rats.

Environmental pollutants and petrol fumes have been iden-
tified as factors which can enhance peroxidative processes and
oxidative stress within cells (Wright and Welbourne, 2002). As
explained by Odewabi et al. (2014), lipid peroxidation results
from the release of free radicals that can cause tissue damage
by reacting with polyunsaturated fatty acids in cellular mem-
branes to form malondialdehyde. In this present study, the
level of MDA significantly increased with increase in the con-
centration of gasoline fume exposure. This is in agreement with
previous studies that affirmed that exposure to petroleum
products including gasoline leads to increase lipid peroxidation
(MDA) in rats (Bokolo and Ligha, 2013; Uboh et al., 2013)
and in human (Odewabi et al., 2014). Therefore, exposures
to gasoline fume have a resultant lipid peroxidation effect,
and lipid peroxidation is one of the known mechanisms of free
radical generation in the biological systems (Uboh et al., 2013).



Effect of gasoline fume on stress hormones, antioxidant status and lipid peroxidation 397

This oxidative stress could have resulted from the build-up of
ROS following the decrease in the activities of the enzymatic
antioxidants (GSH and CAT) in the gasoline fume exposed
rats.

Significant negative correlation was observed to exist
between MDA and the oxidative enzymes. This was revealed
in the higher lipid peroxidation which was observed in the
gasoline fume exposed rats than the control and the decrease
in the antioxidant enzymes (GSH and CAT) in the blood of
the exposed rats than the control. Glutathione protects cells
from the free radicals produced through oxidation (Pastore
et al., 2003) while CAT catalyses the decomposition of hydro-
gen peroxide to water and oxygen (Chelikani et al., 2004). Sev-
eral reports have also shown that inverse relationship exists
between lipid peroxidation and glutathione activities during
stress (Odewabi et al., 2014; Hill and Singal, 1996; Singal
et al., 1993). McCord (1996) affirmed that under acute oxida-
tive stress, the toxic effects of the pollutants may overwhelm
the antioxidant defences. Gasoline fume could therefore exact
acute oxidative stress on the physiology of the exposed rats,
overwhelming their antioxidant defensive system.

The level of corticosterone was observed to significantly
increase with increased daily gasoline fume exposure time in
the experimental rats. Corticosterone (cortisol in human) is a
stress related hormone secreted by the adrenal cortex and
called glucocorticoid because of its effects on glucose metabo-
lism. The roles of glucocorticoid have been associated to the
breaking down of protein and converting it to glucose, making
fats available for energy, increasing blood flow and stimulating
behavioural responsiveness (Neil, 2004). Increased secretion of
corticosterone (or cortisol) due to stress have been well docu-
mented (Franklin et al., 2012; De Kloet and Rinne, 2007;
Jacobson, 2005). Rapid secretion of cortisol (corticosterone)
was reported as the physiological response to acute stress
(Sapolskey, 1992). Increased and prolonged cortisol (corticos-
terone) in the body has also been reported to have negative
effects on the brain. Such effects include hippocampal dysfunc-
tion which results in deficits in declarative memory function,
reduced neural survival and plasticity, and promotion of
inflammatory cascades (Franklin et al., 2012; Bremner, 1999;
Diamond et al., 1999; Mesches et al., 1999). The hormone
tends to destroy the neurons by decreasing the entry of glucose
and decreasing the re-uptake of glutamate (Sapolskey, 1992,
1995; McEwen and Sapolskey, 1995). Other effects of
increased prolonged exposure to this hormone as reported by
Neil (2004) includes increased blood pressure, damage to mus-
cle tissue, steroid diabetes, infertility, inhibition to growth,
inhibition of the inflammatory responses and suppressing the
immune system. With the ability of daily gasoline fume expo-
sure to increase the blood level of corticosterone as observed in
this study, it is therefore imperative to avoid or minimize expo-
sures to gasoline fume inhalation through the use of appropri-
ate nose guide.

The levels of corticosterone and aldosterone were observed
to be significantly positively correlated in the experimental
rats. Hence, aldosterone level also increased in the rats with
increased daily exposure to gasoline fume. The role of aldos-
terone in the body was explained in the area of maintaining
the homoeostasis of extracellular fluid (Miller and Harley,
1996). However, high levels of aldosterone can cause high
blood pressure, muscle cramps and weakness (Yang and Ma,
2009). Also, Antonov et al. (2011) observed a pronounced

stress-induced elevation of aldosterone secretion in rats and
described it as an indication of the important contribution of
aldosterone to the pathogenesis of stress dependent arterial
hypertension. Higher level of aldosterone recorded in the gaso-
line fume exposed rats when compared with the control is
therefore an indication of physiological stress which could lead
to other physiological disorders.

ACTH is actively involved in the stimulation of the adrenal
cortex of the adrenal gland to release cortisol (corticosterone)
into the blood stream and also plays a minor role in the regu-
lation of aldosterone production (Jovanovic et al., 2011; Yang
and Ma, 2009). Similarly, Yang and Ma (2009) reported that
ACTH stimulation test is sometimes used to stimulate the pro-
duction of aldosterone along with cortisol to determine if pri-
mary or secondary adrenal insufficiency is present. The
concentration of ACTH in the experimental rats as observed
in this study significantly reduced with varying hours of gaso-
line fume exposure while corticosterone and aldosterone signif-
icantly increased when compared with the control. Also, the
correlation between ACTH, corticosterone and aldosterone
in gasoline fume exposed rats as recorded in this study was sig-
nificantly negative. It is therefore possible that gasoline fume
acts directly on the adrenal, increasing the levels of corticos-
terone and aldosterone while suppressing the activity of
ACTH.

5. Conclusion

Based on the results of this study, exposure to gasoline fume
may be harmful to the normal body physiology by increasing
serum lipid peroxidation, corticosterone and aldosterone levels
while reducing the activities of antioxidant enzymes such as
CAT and BuChE. It is therefore imperative for individuals,
especially people whose daily activities predispose them to
gasoline fume to be well enlightened and equipped against its
inhalation.

However, effects of chronic exposure and clinical researches
in exposure population to gasoline fume are recommended.
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