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Abstract

Exposure to benzene vapor boosts diverse and serious health
dangers. Benzene station workers are particularly susceptible to
benzene inspiration toxicity. This study aimed to investigate the
probable neurological, hematological, nephrotoxicity, and
hepatotoxicity of benzene inhalation in benzene station workers.
This study is a retrospective, cross-sectional study, conducted on
29 benzene station workers (benzene exposed subjects) and 11
control subjects (benzene unexposed subjects). The participants
included in this study have been chosen from different fuel stations
in Jeddah, Saudi Arabia. The average duration for benzene
exposure is 12 hours/day. The results of this study showed that the
exposure of workers at benzene stations to benzene vapor hurt liver
function, especially the AST enzyme, and also reduced the level of
dopamine in the plasma of these workers. The current study also
showed that no statistical changes occurred in the blood picture
count, kidney function (creatinine and urea), and the plasma lipid
profile (TC and HDL-C) in the workers who are exposed to
inhaling benzene vapor at their workplace. The results of this study
concluded that exposure to benzene vapor induced numerous and
serious health hazards including elevated liver enzymes as well as
reduced dopamine concentration.
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Introduction

Benzene is used as a hydrocarbon solvent in many industries.
Estimation of benzene exposure for general people is
approximately 1.8ug/kg/day, about 99 % resulted in inhalation
exposure (Tang et al., 2000). Significant amounts of aromatic
hydrocarbons as benzene, xylenes, and toluene are found in
unleaded petrol, which considered dangerous elements (Periago
and Prado, 2005; Adami et al., 2006; Ahmed et al., 2009). Itis a
known carcinogen that can lead to a variety of hematological
manifestations, like macrocytic aplastic
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myelodysplastic syndrome, and leukemia (Henderson, 2001; Shah
and Naik, 2006).

The potential oncogenicity toxicity of subchronic inhalation to
benzene vapors has been studied by the National Toxicology
Program (NTP) US. Male rats exposed to benzene 750 ppm
showed histopathological changes in renal tissue including
severing nephropathy, tubular hyperplasia, and tumors compared
with control rats. Besides, in male mice exposed to the same level
showed tumors lungs and elevated incidence of alveolar epithelium
metaplasia, while in high exposure 1000 ppm 6 h/day, 5 days/week
female mice showed hepatocellular adenomas and carcinomas
(National Toxicology Program, 1999). The ethylbenzene
inhalation (760 ppm vapor 6 h/day, 5 days/week, for one or four
weeks) in rats induced significant changes in the male rats’
kidneys.

Several human and animal studies showed the hepatotoxicity and
nephrotoxicity effects following exposure to unleaded petrol
(Adami et al., 2006; Ahmed et al., 2009; Benson et al., 2011).
Nephro- and hepatotoxic effects of petrol and kerosene in rats were
investigated after 12 weeks of chronic exposure. There was a
significant decrease in body weight and organ relative weight, with
significantly impaired kidney and liver functions compared with
the control group. Besides, degenerative structure in the liver and
kidney tissue in the exposed group (Ayalogu et al., 2010; Patrick-
Iwuanyanwu et al., 2011). Liver transplantation (LT) has turned
into the pillar for the treatment of end-stage liver disease, acute
liver failure, hepatocellular cancer, and some metabolic liver
diseases (Hussein Ahmed Roshdy et al.,, 2019). In one case
reported in Switzerland a nine-year-old Irish horse presented with
large liver enlargement, raised levels of liver enzymes, liver
dysfunction, obstructive lung disease, intermittent pain, eating
disorder, and emaciation (Abdul Jalil Faddladdeen, 2019). The
liver is a biomarker of a healthy body that has an important role in
metabolic function (Sarvestani, 2017).

Besides, there was a significant increase in kidney function and
potassium, with a decrease in sodium in rats exposed to unleaded
petrol (Uboh et al., 2009). Additionally, benzene exposure caused
renal cancer and liver damage (Brautbar et al., 2006). In laboratory
animals’ xylene exposure-induced renal and hepatic damage
(Wang et al., 1996; Brautbar et al., 2006; Kum et al., 2010). Carbon
tetrachloride (CCl4) is a major inducer of hepatic damage
frequently used while evaluating hepatoprotective activity (Pranati
et al., 2017). Insufficient recent information exists regarding the
hazards of neurological and biological effects of benzene
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inhalation as a complex of hydrocarbons. Therefore, this study
aimed to evaluate the potential neurological, hematological,
nephrotoxicity, and hepatotoxicity effects of benzene inhalation in
subjects occupationally exposed to benzene inhalation.

Subjects and Methods
Study design

This study was a retrospective, cross-sectional study, conducted in
Jeddah, Saudi Arabia. The participants included in this study have
been chosen from different fuel stations in Jeddah, Saudi Arabia.
The subjects included in this study must neither suffer from liver
nor kidney diseases. All participants were asked to sign a written
informed consent form.

Data collection

This cross-sectional study was performed using a written
questionnaire, and the data were collected via a personal interview
with the selected participants. The age and body weight for all
participants were recorded. Blood samples were taken for
biochemical analysis in plasma and analysis of complete blood
counts (CBC).

Ethical consideration

This study protocol has been reviewed by the Faculty of Medicine,
King Abdul-Aziz University.

Study protocol

This study included two groups. Group 1 (Benzene unexposed
subjects, control group). This group was consisting of 11 age-
matched healthy volunteers not exposed to fuel. Group 2 (Benzene
exposed subjects, high-risk group). This group was consisting of
29 age-matched fuel station workers. The average duration
exposure to fuel is 12 hours/day. Their working period ranged
between 2-255 months, they were collected from several fuel
stations in Jeddah, Saudi Arabia.

Determination of plasma dopamine hormone

Dopamine hormone level was assessed in plasma using human
enzyme-linked immunosorbent assay Elisa kits based on the
sandwich principle.

Determination of complete blood count (CBC)

Complete blood count red blood cell count (RBCs), white blood
cell count (WBCs), platelet count (PLT), and hemoglobin levels
(Hgb) were determined in both benzene unexposed and exposed
participants using hemocytometers.

Determination of plasma liver enzymes activities

Plasma liver enzymes activities alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were assessed using human
ELISA Kkits.

Determination of plasma renal functions

Renal function parameters: urea and creatinine were assessed using
human ELISA Kkits.

Determination of some plasma lipid profile parameters

Lipid profile parameters including total cholesterol (TC) and high-
density lipoprotein cholesterol (HDL-C) were assessed in plasma
using human colorimetric kits.

Statistical analysis

Results were expressed as mean + SD, the unpaired t-test was used
to assess the significant difference between. All statistical analyses
were performed using GraphPad Prism software version 6. P-
value< 0.05 considered significant.

Results

Demographic characteristics of benzene exposed and unexposed
participants

A total of 40 participants were enrolled in this study (11 benzene
unexposed and 29 benzene exposed). In the unexposed group, the
mean age 32.2 +7.05 year, and their body weight were 67.7 £ 13.9
kg. In the exposed group, the mean age 37.5 + 8.7 years and their
mean body weight were 75.9 + 14.4 kg. There was a non-
significant difference between the two groups, regarding the age
and body weight (Table 1).

Table 1: Demographic characteristics of benzene exposed and
unexposed participants.

Demographic Benzene unexposed | Benzene exposed
characteristics subjects (n=11) subjects (n=29)
Age (Year) 32.2+7.05 37.5+8.7
Bodyweight (Kg) 67.7+13.9 75.9+14.4

Results were expressed as mean + SD
Effect of benzene exposure on dopamine hormone

Benzene exposure induced a significant decrease (p<0.001) in the
neurotransmitter hormone, dopamine compared to benzene
exposure. The mean level of dopamine in unexposed participants
was 14.0 £1.21 pg/ml, while mean dopamine levels in benzene
exposed participants were 4.13 +1.48 pg/ml, this value was
decreased by 70.5% compared with unexposed participants
(Figurel).
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Figure 1: Dopamine hormone of benzene unexposed (n=11) and
benzene exposed (n=29) participants. Results were expressed as
mean = SD. "Significant difference between unexposed and
exposed subjects (p<0.05).

Effect of benzene exposure on the hematological picture (CBC)

Exposures to benzene caused non-significant changes in all tested
hematological parameters. In the benzene unexposed participants,
the mean count of RBCs was 5.29+ 0.44, which slightly (non-
significant, p= 0.92) decreased (5.27 + 0.66) in benzene exposed
subjects. The PLT count in benzene exposed subjects was 208.30
+39.5 which was non-significantly (p= 0.31) decreased (181.9 +
61.0) in benzene exposed subjects. In the benzene unexposed
participants, the mean count of WBCs was 8.12 + 1.93, which
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slightly (non-significant, p= 0.47) increased (8.6 £1.9) in benzene
exposed subjects. The hemoglobin level in benzene exposed
subjects was 15.0 + 1.75 which slightly (was non-significantly, p=
0.72) increased (15.2 + 2.21) in benzene exposed subjects (Table

2).

Table 2: Hematological picture (CBC) of benzene exposed and

unexposed participants.
Hematological | Benzene unexposed Benzene exposed
parameters subjects (n=11) subjects (n=29)
RBCs (x10%ul) 529 +£0.44 5.27+0.66
PLT(x 10%ul) 208.30 +39.5 181.90 £61.0
WBCs (x10° /ul) 8.12+1.93 8.60+1.9
Hgb (g/dl) 15.0+1.75 152+221

Results were expressed as mean + SD. CBC: Complete blood count;
RBCs: Red blood cells count; PLT: Platelets count; WBCs:
White blood cells count; Hgb: Hemoglobin level.

Effect of benzene exposure on liver enzymes activity

Benzene exposure produced an increase in liver enzyme activities.
The mean values for ALT and AST in benzene unexposed versus
exposed participants were (28.4+27.3 versus 33.2+12.2 and
26.6£10.45 versus 36.5+10.49U/1, respectively. The change was
non-significantly (p = 0.54) higher for ALT between exposed and
unexposed participants. On the other hand, the change was
significantly (p=0.016) higher for AST between exposed and
unexposed participants (Figure 2).
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Figure 2: Plasma alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities of benzene unexposed (n=11) and
benzene exposed (n=29) participants. Results were expressed as mean = SD. “Significant difference between unexposed and exposed

subjects (p<0.05).
Effect of benzene exposure on renal function markers
Benzene exposure produced non-significant (p = 0.28 and 0.45)

changes in renal function markers (creatinine and urea) compared
to benzene unexposed group. The creatinine level in the unexposed

group had a mean of 0.77 + 0.09 mg/dl and urea showed a mean of
24.0+ 7.24 mg/dl. Furthermore, in the benzene exposed
participants, the creatinine and urea had mean value 0.74 + 0.11
and 28.0 + 26.6 mg/dl, respectively (Figure 3).
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Figure 3: Plasma creatinine and urea levels of benzene unexposed (n=11) and benzene exposed (n=29) participants. Results were expressed

as mean + SD.
Effect of benzene exposure on some lipid profile parameters
Benzene exposure produced non-significant changes in plasma

lipid profile parameters (TC and HDL-C ,p = 0.17 and 0.23)
compared to benzene unexposed participants. Subjects in the

a)

3001

TC (mgldi)

T
Benzene unexposed Benzene exposed
subjects subjects

benzene exposed group had a TC of 210.8+37.1 versus 192 +29.3
mg/dl in the unexposed group. Subjects in the benzene exposed
group had HDL-C of 34.9+7.8 versus 38.2+7.7 mg/dl in the
unexposed group (Figure 4).
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Figure 4: Plasma total cholesterol (TC) and high-density lipoprotein-cholesterol (HDL-C) levels of benzene unexposed (n=11) and
benzene exposed (n=29) participants. Results were expressed as mean + SD.

Discussion

Inhalation of benzene vapor enhances different and critical health
hazards. Gas station employees are almost prone to benzene
inhalation poisoning (Abdel Maksoud et al., 2019). The results of
this study showed that the exposure of workers at gas stations to
inhaling benzene vapor hurt liver function, especially the AST
enzyme, and also reduced the level of dopamine in the plasma of
these workers. The current study also showed that no statistical
changes occurred in the blood picture count, kidney function
(creatinine and urea), and the plasma lipid profile (TC and HDL-
C) in the workers who are exposed to inhaling benzene vapor at
their workplace.

A previous study reported that fuel station workers especially
experienced several neurological symptoms. These symptoms
mostly include headache, fatigue, irritability, insomnia, and
troubled sleep (Abdel Maksoud et al., 2019). In results similar to
the results of this study, a previous study conducted on
experimental animals informed that the exposure of rats inhaling
the vapor of lead-free gasoline has led to a severe decrease in the
levels of dopamine in the cerebral cortex, hippocampus, and
cerebellum compared to the control group as well as the group of
lead-gasoline. While inhaling leaded gasoline vapor caused a
significant decrease in the level of dopamine in the hypothalamus
compared to the control group and the group that was exposed to
leadless gasoline (Kinawy, 2009). The researchers attributed the
effect of gasoline inhalation on the level of dopamine to an increase
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in the level of manganese added to lead-free gasoline. As
manganese leads to neurotoxicity, which is a biphasic increase and
decreases in the level of dopamine, due to its induction effect on
the oxidative stress (Kinawy, 2009; Benedetto et al., 2009). The
oxidative stress caused by manganese activates both the nuclear
factor kappa beta (NFK-B) and inducible nitric oxide (iNOS)
pathways which leads to the death of dopamine neurons in the
brain (Prabhakaran et al., 2008). Benzene exposure prompted
deterioration of the dopaminergic pathway which cause a
dangerous effect on the neural monitoring of the voluntary
movement and several behavioral impairments (Kinawy, 2009).

Similar to our results, a study was done by Abou-ElWafa et al.
(2015) reported that most CBC values presented with
nonsignificant variation comparing benzene inhalation in fuel
station workers and office workers who were not benzene exposed.
Also, kidney function parameters showed a statistically
nonsignificant variation between benzene exposed and unexposed
persons. Opposite to the present study results, ALT was
significantly increased while RBCs count, and hemoglobin levels
were significantly lower in the gas station workers. Like this study,
former research did not reveal a suppressed CBC picture on regular
medical examination of workers inhaled a low concentration of
benzene vapor at their workplace (Qu et al., 2002; Tsai et al.,
2004). Elevated hepatic enzymes besides neurological toxicity
were notified in a case report of a male person, after the occasional
inspiration of natural gas composed of propane and butane (Pyatt
et al., 1998).

As explained by previous studies, it has caused the accumulation
of many heavy metals (lead and cadmium) after inhaling benzene
vapor, forming many free oxygen radicals, such as superoxide
anion and hydroxyl anion, which causes antioxidant depletion in
the body and a state of oxidative stress that causes many health
problems to many of the organs of the body (Evan and Vousden,
2001; Ma et al., 2014). The riskiest metal is lead that may produce
unusual changes in the function of numerous essential organs and
linked with an elevated danger of blood cancer. Lead toxicity
increased the vulnerability of cell membranes and decreased their
integrity (Gurer and Ercal, 2000). Cadmium metal has been
observed to be a rise in the plasma of benzene exposed workers. A
high level of lipid peroxidation confirmed by raised MDA
concentration was reported in laboratory animals exposed to
cadmium (Eybl et al., 2006). Cadmium produced oxidative stress
conditions indirectly as it displaced many heavy metals from their
binding proteins, therefore, rising the free metals in the blood and
promoting their potential free radicals formation (Galdn et al.,
2001). Another study also reported that gas station employees who
have exposed to benzene vapor displayed a very significant
lowering in total antioxidant capacity and elevation in blood MDA
concentration (Hegazy et al., 2014).

Conclusion
Based on the findings of this study it could be concluded that

exposure to benzene vapor induced numerous and serious health
hazards. Gas station workers who are exposed to benzene

inhalation may experience elevated liver enzymes as well as
decreased dopamine neurotransmitters.

Study limitations

The small sample size included in this study will preclude the
generalization of the results.
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