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Abstract
Several studies have reported the toxicological implications of exposure of petroleum hydrocarbon fumes
in animal models. There is little documentation on the effect of such exposure on oxidative stress levels
and immune response. To our knowledge; no documentation of M1 polarization in macrophages in
gasoline station male attendants. Therefore, this study aimed to evaluate the harmful effects of gasoline
vapors in 62 of male attendants (16–70 years) compared to 29 age- and sex- matched- unexposed
controls. The attendants were recruited from Damietta governorate gasoline stations.

Results, gasoline exposure induced signi�cant increase in tumor necrosis factor-α (TNF-α) level (p < 0.05)
as well as a slight but non-signi�cant increase in the activity of acidic mammalian chitinase (AMCase) (p 
> 0.05). Further TNF-α/AMCase ratio was signi�cantly increased )p < 0.01) in sera of the attendants when
compared to those of the healthy controls. Also, the total leucocytic and lymphocytic counts were
signi�cantly increased (p < 0.01 and p < 0.001, respectively). On contrary, neutrophil to lymphocyte ratio
(NLR) and platelet to lymphocyte ratio (PLR) were signi�cantly decreased (p < 0.05 and p < 0.001,
respectively). In addition, signi�cant reduction in hemoglobin (Hb) concentration, plasma glutathione
reduced form (GSH) and catalase, as well as superoxide dismutase (SOD) activities in red blood cells were
observed in the exposed attendants. As a result, malondialdehyde (MDA), nitric oxide (NO) levels and
NO/AMCase ratio were signi�cantly increased (p < 0.05). In conclusion, this study inferred that prolonged
gasoline exposure can mediate immune activation; especially M1 macrophages polarization; possibly via
oxidative stress mediated mechanism.

Introduction
Gasoline is one of the foremost environmental and occupational pollutants. It represents a true serious
health problem. It constituted from several hundred of hydrocarbons and aromatic compounds; including
benzene, toluene, and xylene (Adeniyi, 2014). In gasoline-�lling stations, attendants may be subjected to
physical, chemical and biological risks. A causative factor may be due to de�cient safety and health
attention. Persistence of work-associated diseases is serious problems (Aaohn, 2011). This is due to
inhalation of gasoline vapors; even in minor quantities, can cause irritation to nose, di�culties in breathing
and others. While if vapors directly contacted to the skin it can add more to the toxic effect of gasoline
(Asefaw, 2020 and Rodamilans et al., 1996).

Exposure attendants to aromatics containing gasoline vapors commonly suffer from hematopoietic
disorders (Periago and Prado, 2005). Activation of the inhaled gasoline and its reactive metabolic products
results in continual formation of reactive oxygen species (ROS). The latter causes lipid peroxidation and
destroys nucleic acids. Thus, genetic modi�cations and deteriorations in the tasks of vital enzymes and
proteins are expected (Pac, 2017 and Domej, 2014).

Macrophages are terminally differentiated innate immune cells. Their surface membrane receptors and
cytokines production orchestrate their role in immune system, homeostasis, initiation and propagation of
in�ammatory immune response, clearance of apoptotic ingredients or other cell debris. They also play a
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role in tissue remodeling (Bain and Schridde, 2018). Macrophages display different phenotypes depending
on their environment. Two major phenotypic classi�cations of macrophages are de�ned. The �rst is the
classically activated macrophages or the polarized pro-in�ammatory phenotype (M1). It refers to the
classical activation in response to Toll-like receptors (TLR) ligands such as lipopolysaccharide (LPS) and
interferon-gamma (IFN-γ). The second is the alternatively activated macrophages (the polarized anti-
in�ammatory phenotype, M2). Interleukin-6 (IL-6) and TNF-α; as pro-in�ammatory cytokines stimulate M1
macrophage polarization while AMCase interleukin-4 (IL-4) and interleukin-13 (IL-13) are anti-in�ammatory
cytokines which stimulate M2 macrophage polarization (Vannella and Wynn, 2017).

M1 macrophage polarization induces NO as a pathogen cytotoxic component. Such polarization also
activates adaptive immunity not only via activating antigen presenting cells but also T cell. On the other
hand, M2 macrophages polarization mediate an anti-in�ammatory mechanism; including secretion of anti-
in�ammatory cytokines e.g. AMCase. The mechanism in this case induces resolution of in�ammation and
tissue repair (Delprat et al., 2020) versus that of the pro-in�ammatory mechanism of M1 type.

TNF-α is a fundamental pro-in�ammatory cytokine that participates in a variety of activities in the body. It
is produced by several classes of leucocytes such as; macrophages, monocytes, neutrophils, and T-cells
(Wu et al., 2013). TNF-α contributes in controlling cellular differentiation, proliferation, and immune
response (AL-Rrubaei, 2020). TNF-α also participates in prompting naïve T-lymphocytes to differentiate to
T-helper1 (Th1) cells. In this regard, Th1 cells provide immunity to intracellular bacteria and viruses and
others. T-helper2 (Th2) cells are involved in immunity to extracellular bacteria and parasites (Bystrom et al.,
2020).

Chitin is a well-known environmental allergy component. Therefore, AMCase has attracted considerable
attention. This is because the considerable increase in its expression in lungs of chitin-exposed asthmatic
patients (Zhu et al., 2004 and Okawa et al., 2016). In this regard, secretory epithelial cells lining proximal
and distal airways mediate such overexpression. Therefore, this enzyme is considered as the major
endochitinases route in airway �uid (Van Dyken and Locksley, 2018).

The latter chitinase and chitinase-like proteins are mainly secreted by neutrophils. Alternatively; activated
M2 macrophages, and epithelial cells were also considered (Ziatabar et al., 2018). Their interplays drive
both in�ammation and remodeling in chronic lung diseases; especially, chronic obstructive pulmonary
disease (COPD) (Ashutosh and Kam, 2019). In this regard, chronic exposure of the lungs to toxic moieties
and gases initiate not only a persistent natural in�ammatory response but also an adaptive one in the
airways of lung tissues. Thus, lung macrophages (LMs) are key players’ effector cells in natural immunity
as they engulf and destruct foreign identi�ers. The letter functions of LMs �nally initiates and propagate
chronic in�ammation in lungs; including, COPD (Akata et al., 2020).

If chitin exposure in the airways is the in�ammatory mediator, AMCase activity can re�ects not only the
magnitude but also the duration of the accompanying immune responses and their consequences
(Carrion, 2019). This mechanism explains the subsequent accumulations of chitin in these enzyme-
de�cient mice; including age-related lung �brosis. After restoring this enzyme activity, lung �brosis will be
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ameliorated (Van Dyken, 2017) and human �brotic lung disease can be prevented (Van Dyken and
Locksley, 2018). Further, AMCase was noted to be induced during Th2 in�ammation. An IL-13–dependent
mechanism is a possible one (Elias, 2005). These inhibit chitin-mediated natural in�ammatory responses.
Also, the enzyme mediates allergen-induced chitin-free Th2 in�ammation; and �nally mediates IL-13
effector functions (Lee et al., 2011).

NO is a signaling molecule involved in many physiological and pathological processes. It is a powerful
vasodilator with a half-life of few seconds in the blood. It regulates vast spectrum of physiological
functions in vertebrates, including physiology, immunology and cardiovascular signaling molecule. Even in
low concentrations, NO can regulates the physiological functions if in higher concentrations it may
contribute to the pathogenic process (Uehara et al., 2015). NO is generated by phagocytes (monocytes,
macrophages, and neutrophils) as part of the human immune response (Davies et al., 1997). It partially
mediates macrophage cytotoxicity against microbes and tumor cells.

TNF-α could be used as a marker for M1 macrophage polarization but AMCase acts as a marker for M2.
Therefore, TNF-α/ AMCase ratio could be used to estimate the dominance of M1 over M2 or vice versa. In
healthy human mRNA for chitinase was found in lymph nodes, lung, and bone marrow. In addition, the
enzyme protein is restrictedly expressed by phagocytes. In contrast, van Eijk et al. (2005) added
neutrophils to be another source of such enzyme in human. Also, mRNA for murine chitotriosidase is
expressed in the gastrointestinal tract, fore-stomach and in small intestine. Therefore, Kumagai et al.
(2016) reported that, chitotriosidase (or related enzymes; including AMCase) is indicator for macrophage-
driven in�ammatory processes in various organs during the progression of phagocytic processes (Okawa,
2016).

NLR and PLR were previously known as systemic in�ammatory biomarkers. They were immune response-
related indicators. Also, they are easily measured, reproducible, and inexpensive markers of subclinical
in�ammation. Additionally, these ratios are indicative of an impaired cell-mediated immunity which is
associated with systemic in�ammation (McMillan, 2009). PLR is calculated by subdividing PLT to that of
Lymphocytes. Further, NLR is calculated by subdividing neutrophil to that of Lymphocytes. They are
comprehensively indicated immune status change during the disease period (Guang et al., 2016).

Therefore, the objective of this study was to investigate the effects of gasoline exposure on M1
polarization in macrophages via assessment of TNF-α, AMCase and their ratios, as well as NO and it ratio
with AMCase, respectively. Also, its effect on NLR and PLR, oxidative stress and hematological indices
were evaluated in males occupationally exposed to gasoline fume during their work in in gasoline stations.
Finally, if macrophages were M1or M2 polarized will also be investigated.

Subjects And Samples
A total of 91 human subjects from Damietta governorate were included in this study. The 62 attendants
were exposed to gasoline for at least eight hours daily. Personal data of each participant were collected
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through short interviews using questionnaires mainly based on multiple-choice questions focusing on
health status, smoking and getting any medications.  

5 ml blood samples were collected. Of them 2 ml were collected on EDTA and 3 ml were left to clot. Sera
and plasma samples were then obtained by centrifugation for 15 minutes at 4000 rpm in each case and
putted in eppindorff tubes. They either freshly used or stored at -20 C until required for assays. TNF-α and
catalase were assayed in plasma while AMCase, NO, SOD and TAC were assayed in blood sera. GSH, SOD
and CBC were determined in whole blood. The lower erythrocyte layer in the EDTA tubes was used for
determination of MDA.

Chemicals

TNFα- kit was obtained from Gscience (Glory science co., Ltd), Total antioxidant capacity (TAC), nitric
oxide (NO), catalase, glutathione reduced form (GSH) kits were purchased from Bio diagnostic Co., Cairo,
Egypt. Nitro blue tetrazolium (NBT), NADH, Phenazine methosulphate (PMS), sodium pyrophosphate were
purchased from Sigma Co. (USA). Other chemicals used throughout these investigations were of the
highest analytical grade. 

Immunochemical assays

Human TNF-α was immune enzymatically assayed using an ELISA Kit from Gscience Company (Glory
science Co., Ltd).

Immunological assays

AMCase activity was colourimetrically assayed immediately after blood collection, EDTA samples were
analyzed using the fully hematological analyzer (Mindray BC2600) to estimate total leucocytes (WBCs),
neutrophil and lymphocytes counts.

Hematological assays

Immediately after blood collection on EDTA, samples were analyzed using the fully hematological analyzer
(Mindray BC2600) for estimating hemoglobin (Hb) content, red blood cells (RBCs) count, hematocrit
(HCT)% determination and platelets (PLT) count (Dacie, 2001).

Determination of oxidative stress 

Superoxide dismutase (SOD) activities were assayed in red blood cells (RBCs) as well as sera according to
the method described by Nishikimi et al. (1972). Assay of catalase (CAT) activity was done by the method
described by Sinha (1972) and GSH concentration in blood by the method of Beutler et al. (1963). Lipid
peroxidation was evaluated on the basis of malondialdehyde (MDA) level in RBCs by the method described
by Stocks and Donnandy (1971). Total antioxidant capacity (TAC) was determined using a commercially
available assay kit (Bio diagnostic Company for research reagents, Egypt) (Koracevic et al., 2001). Nitric
oxide was also determined using a commercially available assay kit from Bio diagnostic Company.
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Statistical analysis 

The data were expressed as mean ± S.D and the statistical analysis were performed by using ANOVA
followed by Post Hoc multiple comparison test (LSD). It is a parametric statistical analysis that compares
between-and within-groups variance to measure differences between two or more groups.  The value of
P≤0.05 was considered as statistically signi�cant. The data analysis was done with SPSS version 20.

Result
The mean TNF-α level in sera of total attendants who were exposed to gasoline was 186.7 ± 20 ng/100ml
(Table 1).

In sera of attendants who were exposed for less than 10 years the level was 181.6 ± 20 ng/100ml but in
sera of those who exposed for more than 10 years the level was 191.9 ± 18 ng/100ml. Their values were
signi�cantly increased (p < 0.05) when compared to that of the healthy control (134 ± 19 ng/100ml)
(Fig. 3).

The mean AMCase activity in sera of total attendants who were exposed to gasoline was 20.12 ± 1.3U/L
(Table 1).

In sera of attendants who were exposed for less than 10 years the mean AMCase activity was 19.94 ± 0.95
U/L. Further, the activity of this enzyme in sera of those who were exposed for more than 10 years was
20.3 ± 1.57 U/L. The latter activities were non-signi�cant increased (p > 0.05) when compared to that of the
healthy control (19.89 ± 0.84 U/L; Fig. 3).

The mean total leucocytic count in blood of total attendants who were exposed to gasoline was 7.3 ± 2.3
x103/L (Table 1).

In blood of attendants who were exposed for less than 10 years was 7.85 ± 2.63x103/L and for those who
were exposed for more than 10 years was 7.729 ± 2.06x103/L. The difference between these two values
and that of the healthy control (6.26 ± 1.7x103/L) were very signi�cantly increased (p < 0.01; Fig. 1).

The mean count of lymphocytes in blood of total attendants who were exposed to gasoline was 284 ± 9
x105/µL (Table 1).

In blood of attendants who were exposed for less than 10 years, this count was 278 ± 12 x105/µl and those
who were exposed for more than 10 years the mean value was 289 ± 14 x105/µl. Statistically, these two
mean value were extremely signi�cantly increased (p < 0.001) when compared to that of the healthy
control (207 ± 8x105/µl; Fig. 2).

The mean count of neutrophil in blood of total attendants who were exposed to gasoline was 431 ± 23
x105/µl (Table 1).
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In blood of attendants who were exposed for less than 10 years, this count was 426 ± 0.3x105/µl and those
who were exposed for more than 10 years the mean value was 436 ± 0.3x105/µl. Statistically, these two
mean value were non signi�cantly increased (p > 0.05) when compared to that of the healthy control (379 
± 26x105/µl; Fig. 2).

Concerning hemoglobin level in blood of total attendants who were exposed to gasoline was 14.07 ± 2.15
g/dl (Table 1).

In blood of those who were exposed for less than 10 years was 14.33 ± 1.78 g/dl and those who were
exposed for more than 10 years was 13.63 ± 2.8 g/dl. The difference between these two values and that of
the healthy control (14.26 ± 1.6 g/dl) were non-signi�cantly decreased (P > 0.05; Fig. 1).

The mean red blood cells (RBCs) count in blood of total attendants who were exposed to gasoline was
5.13 ± 0.82x106/l (Table 1).

Only who were exposed to gasoline for more than 10 years were showed a statistical very signi�cantly
decreased 4.83 ± 0.9x106/l when compared to that of the healthy control (5.25 ± 0.7x106/l, p < 0.01; Fig. 1).

The mean platelets count in blood of total attendants who were exposed to gasoline was 264.7 ± 75.2
x103/l (Table 1).

In blood of attendants who were exposed for less than 10 years the level was 271.4 ± 82 x103/l but in
blood of those who exposed for more than 10 years the level was 260.7 ± 69.3x103/l. Their values were
signi�cantly increased (p < 0.05) when compared to that of the healthy control (261.7 ± 75.8 x103/l)
(Fig. 3). In all cases, only the absolute values of the parameters were depicted in the �gures.
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Table 1
Effect of gasoline exposure on immunochemical, immunological and hematological assays in gasoline

station male attendants and in healthy control
Variables Control n = 29 Total n = 62

Immunochemical assay

TNF-α (pg/ml) 1340 ± 190.5 1867.27 ± 196.9

P < 0.05

Immunological assays    

AMCase (U/L) 19.89 ± 0.84 20.12 ± 1.3

P > 0.05

Total leucocytic count x103/l 6.26 ± 1.7 7.3 ± 2.3

P > 0.05

lymphocytes x103/µl 2.07 ± 0.08 2.84 ± 0.09

P < 0.001

Neutrophil x103/µl 3.79 ± 0.26 4.31 ± 0.23

P > 0.05

Hematological assays

Hb (g/dl) 14.26 ± 1.6 14.07 ± 2.15

P > 0.05

RBCs x106/l 5.25 ± 0.7 5.13 ± 0.82

P > 0.05

PLT x103/l 261.72 ± 75.79 264.65 ± 75.2

P > 0.05

n= number, values were expressed as mean±standard deviation, P= the signi�cance values when the
results of the attendants were compared with those of the healthy control

The ratios of TNF-α/AMCase and NO/AMCase in gasoline station male attendants who were exposed to
gasoline for less than 10 years (9.51 ± 0.8% and 45.97 ± 6.6%, respectively) and for those who were
exposed for more than 10 years were (9.59 ± 1.1% and 62.04 ± 8.05%, respectively). These values were very
signi�cantly increased when compared with these corresponding ratios of the healthy control (p < 0.01 and
p < 0.05, respectively) (Table 2, Fig. 3)

The mean NLR in gasoline station male attendants who were exposed to gasoline for less than 10 years
was 163.3 ± 12.2% and for those who were exposed for more than 10 years was 148.2 ± 10.5%. These
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values was signi�cantly decreased (P < 0.05) when compared with the corresponding ratio of the healthy
control.

The mean PLR in gasoline station male attendants who were exposed to gasoline for less than 10 years
was 99.1 ± 5.8% and for those who were exposed for more than 10 years was 98.2 ± 5.5%. The latter values
was extremely signi�cantly decreased when compared with the corresponding ratio of the healthy control
(P < 0.001; Table 2, Fig. 2).

Table 2
Effect of gasoline exposure on TNF-α/Acidic mammalian chitinase (AMCase), nitric oxide (NO)/AMCase,

Neutrophils to lymphocytes (NLR) and Platelets to lymphocytes (PLR) ratios in gasoline stations male
attendants and in healthy control.

Variables Control n = 29 Total n = 62

TNF-α/AMCase 5.44 ± 1.14 9.5 ± 0.6

P < 0.05

NO/AMCase 37.56 ± 5.04 53.92 ± 5.3

P ≤ 0.05

NLR 187.2 ± 12.4 155.8 ± 8.01

P < 0.05

PLR 128.3 ± 6.4 98.65 ± 3.98

P < 0.001

p= = the signi�cance values when the results of the attendants were compared with those of the
healthy control

The results of SOD in the blood of attendant and in their sera were non-signi�cantly differing in attendants
who were exposed for less or more than 10 years.

The mean plasma activity of catalase of total attendants who were exposed to gasoline was 372.5 ± 30.9
U/L. In plasma of those who were exposed either for less than 10 years or for more than 10 years was
265.81 ± 40.8U/L and 374.15 ± 44.8 U/L, respectively. The values were very signi�cantly decreased (p < 
0.01) when compared to that of the healthy control (481.1 ± 43.5 U/L).

The mean blood level of GSH of total attendants who were exposed to gasoline was 22.76 ± 1.6 mg/dl but
in blood of those who were exposed for less than 10 years was 29.77 ± 9.1mg/dl. But who were exposed
for more than 10 years was 31.05 ± 2.39 mg/dl. Their values were extremely signi�cantly decreased when
compared to that of the healthy control (30.76 ± 8.6 mg/dl, p < 0.001).

The serum levels of NO of attendants who were exposed to gasoline for less than 10 years was 8.9 ± 
1.34µmol/l but for more than 10 years was 12.57 ± 1.5µmol/l. They were signi�cantly increased (p < 0.05)
when compared to those of the healthy control (10.32 ± 1.4µmol/l) (Fig. 3).
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For TAC, the difference between the two groups was not signi�cantly.

On the other hand, the mean red blood cells levels of MDA was increased with the increase in the exposure
period i.e. 7.8 ± 0.08 µ moles/ml packed cells *10− 6 for attendant who were exposed for less than 10 years
and 9.043 ± 0.099 µmoles/ml packed cells*10− 6 for those who were exposed for more than 10 years
(Table 3)
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Table 3
Effect of gasoline exposure on antioxidants assays in gasoline station male attendants and in healthy

control
Variables Controls n = 

29
  Exposed n = 62

  Total

n = 62

Exposure

< 10 years

n = 31

Exposure

≥ 10–37 years

n = 31

Antioxidants assays

SODRBCS

(% inhibition)

3.667 ± 1.05 3.63 ± 1.45

P1 > 0.05

3.58 ± 0.35

P1 > 0.05

3.65 ± 1.2

P1 > 0.05

P2 > 0.05

SODSerum

(% inhibition)

23.53 ± 2.99 24.6 ± 1.88

P1 > 0.05

21.4 ± 2.8

P1 > 0.05

28.77 ± 3.8

P1 > 0.05

P2 > 0.05

Catalase

(U/l)

481.1 ± 43.5 372.5 ± 30.9

P1 < 0.01

265.81 ± 
40.8

P1 < 0.01

374.15 ± 44.8

P1 < 0.01

P2 > 0.05

GSH-Reduced form

(mg/dl)

30.76 ± 8.6 22.76 ± 1.6

P1 < 0.001

29.77 ± 9.1

P1 < 0.001

31.05 ± 2.39

P1 < 0.001

P2 > 0.05

NO

(µM/l)

10.32 ± 1.4 11.6 ± 1.04

P1 < 0.05

8.9 ± 1.34

P1 < 0.05

12.57 ± 1.5

P1 < 0.05

P2 > 0.05

TAC

(mM/l)

0.826 ± 0.076 0.777 ± 
0.335

P1 > 0.05

0.75 ± 0.22

P1 > 0.05

0.757 ± 0.07

P1 > 0.05

P2 > 0.05

n= number, values were expressed as mean±standard deviation, P1= the signi�cance values when the
results of the attendants were compared with those of the healthy control, P2= the signi�cance values
when the results of the attendants who were exposed to gasoline for ≥10 years were compared with
those of attendants who were exposed to gasoline for <10 years.
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Variables Controls n = 
29

  Exposed n = 62

MDA

(µM/ml packed cells)x10− 

6

6.453 ± 0.067 7.794 ± 
0.613

P1 < 0.05

7.8 ± 0.08

P1 < 0.05

9.043 ± 0.099

P1 < 0.05

P2 > 0.05

n= number, values were expressed as mean±standard deviation, P1= the signi�cance values when the
results of the attendants were compared with those of the healthy control, P2= the signi�cance values
when the results of the attendants who were exposed to gasoline for ≥10 years were compared with
those of attendants who were exposed to gasoline for <10 years.

The mean TNF-α level in sera of attendants who have age less than 30 years was 157.4 ± 15.7 ng/100ml
and that of attendants having age more than 41 years was 194.6 ± 17.5 ng/100ml. The mean TNF-α level
of those having age ranged from 30-41year was 210.8 ± 28.8 ng/100ml. Their values were signi�cantly
increased (p < 0.05) when compared to that of the healthy control (134 ± 19.1 ng/100ml) (Fig. 6).

The mean AMCase activity in sera of attendants who have age less than 30 years was 19.96 ± 1.2U/L and
that of attendants having age more than 41 years was 19.99 ± 1.1 U/L. This activity of those having age
ranged from 30-41year was 20.58 ± 1.7 U/L. The latter activities were non-signi�cantly increased (p > 0.05)
when compared to that of the healthy control (19.89 ± 0.8 U/L) (Fig. 6).

The mean Hb concentration and total leucocytic count in blood of attendants who have age less than 30
years were 15.08 ± 1.2 g/dl and 7.515 ± 2.5 x103/UL, respectively. In blood of those who have age more
than 41 years were 13.3 ± 2.7 g/dl and 7.54 ± 1.95x103/UL, respectively but in blood of those who have age
ranged from 30-41year were 13.62 ± 2.6 g/dl and 8.3 ± 2.58 x103/UL, respectively. These values were
signi�cantly decreased (p < 0.05) when compared to those of the healthy control (14.26 ± 1.6 g/dl and 6.26 
± 1.7 x103/UL, respectively) (Fig. 4).

The mean RBCs count in blood of attendants only who have age more than 41 years was 4.88 ± 0.99
x106/UL and those having age ranged from 30–41 year was 4.845 ± 0.9 x106/UL. Their values were very
signi�cantly decreased (p < 0.01) when compared to that of the healthy control (5.3 ± 0.7x 106/UL) (Fig. 4).

The mean count of lymphocytes of attendants who have age less than 30years was 288 ± 20 x105/µl and
those who have age more than 41years was 277 ± 20 x105/µl. In blood of those who have age ranged from
30-41years was 287 ± 20 x105/µl. These values were extremely signi�cantly increased (p < 0.001) when
compared to that of the healthy control (207 ± 10x105/µl; Fig. 5).

The ratio of TNF-α/AMCase in gasoline station male attendants who have age less than 30 years was
8.34 ± 0.9% and that of attendants having age more than 41 years was 10.34 ± 1.47%. This ratio of those
having age ranged from 30-41years was 9.77 ± 0.9%. The latter ratios were very signi�cantly increased (p < 
0.01) when compared with the corresponding ratio of the healthy control (5.44 ± 1.14%).
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The ratio of NO/AMCase in gasoline station male attendants who have age less than 30 years was 43.04 
± 7.7% and those who have age more than 41 years was 59.77 ± 9.3%. This ratio of those having age
ranged from 30-41years was 55.99 ± 11.6%. The latter ratios were very signi�cantly increased (P < 0.05)
when compared with the corresponding ratios of the healthy control (37.56 ± 5.04%) (Fig. 6)

The mean NLR in gasoline station male attendants who have age less than 30 years was138.9 ± 13.9%
and that of attendants having age more than 41 years was 157.9 ± 13.9%. This ratio of those having age
ranged from 30-41years was 169.6 ± 13.7%. The latter ratios were signi�cantly decreased (P < 0.05) when
compared with the corresponding ratio of the healthy control (187.2 ± 12.4%).

The mean PLR in gasoline station male attendants who have age less than 30 years was 91.1 ± 5.0% and
those who have age more than 41 years was 102.27 ± 7.4%. This ratio of those having age ranged from
30-41years was 102.25 ± 7.8%. The latter ratios were extremely signi�cantly decreased (P < 0.001) when
compared with the corresponding ratio of the healthy control (128.3 ± 6.4%) (Fig. 5)

The mean plasma activities of catalase of attendants who have age less than 30 years was 280.5 ± 48.9
U/L but in plasma of those who have age more than 41 years was 339.25 ± 55 U/L. In plasma of those
who have age ranged from 30–41 years was 337.37 ± 56.9 U/L. Their values were very signi�cantly
decreased (p < 0.01) when compared to that of the healthy control (481.1 ± 43.5 U/L). On the other hand,
the mean red blood cells levels of MDA and blood activities of SOD of attendants who have age less than
30 years were 7.355 ± 2.9 µ moles/ml packed cells *10− 6 and 3.406 ± 1 %, respectively. In blood of those
who having age ranged from 30-41years were 8.44 ± 1.09 µmoles/ml packed cells*10− 6 and 3.202 ± 0.9 %,
respectively. Further, the values in blood of those who have age more than 41 years were 8.985 ± 1.32
µmoles/ml packed cells*10− 6 and 4.3 ± 0.6 %, respectively. These values were signi�cantly increased (p ≤ 
0.05 and p < 0.05, respectively) when compared to these of the healthy control (6.453 ± 0.7 µmoles/ml
packed cells*10− 6 and 3.67 ± 1.1%, respectively, Table 4).
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Table 4
Effect of gasoline exposure on antioxidants assays in gasoline male station attendants depending on age

Variables GSH
(mg/dl)

MDA
(µM/ml

packed

cells)x10−6

Catalase
(U/l)

TAC
(mM/l)

NO
(µM/l)

SODRBCS

(%
inhibition)

SODSerum

(%
inhibition)

Control

n = 29

30.76 
± 8.59

6.45 ± 
0.7

481.1 ± 
43.5

0.83 ± 
0.1

10.32 
± 1.4

3.7 ± 1.1 23.53 ± 
2.99

Exposed
n = 62

Age

< 
30years

n = 20

27.61 
± 10.2

P1 > 
0.05

7.36 ± 
2.9 p1 
≤ 0.05

280.5 ± 
48.9

P1 < 
0.01

0.71 ± 
0.2

P1 > 
0.05

11.27 
± 2

P1 > 
0.05

3.4 ± 1

P1 < 0.05

21.37 ± 
2.9

P1 > 0.05

Age
30–41
years n 
= 21

31.29 
± 8.13

P1 > 
0.05

P2 > 
0.05

8.44 ± 
1.09

P1 ≤ 
0.05

P2 > 
0.05

337.4 ± 
56. 9

P1 < 
0.01

P2 > 
0.05

0.74 ± 
0.3

P1 > 
0.05

P2 > 
0.05

9.03 
± 1.5

P1 > 
0.05

P2 > 
0.05

3.2 ± 0.9

P1 < 0.05

P2 < 0.05

31.12 ± 5

P1 > 0.05

P2 > 0.05

Age

> 41
years n 
= 21

32.197 
± 3.2

P1 > 
0.05

P2 > 
0.05

P3 > 
0.05

8.99 ± 
1.32

P1 ≤ 
0.05

P2 > 
0.05

P3 > 
0.05

339.3 ± 
55

P1 < 
0.01

P2 > 
0.05

P3 > 
0.05

0.82 ± 
0.4

P1 > 
0.05

P2 > 
0.05

P3 > 
0.05

11.93 
± 1.9

P1 > 
0.05

P2 > 
0.05

P3 > 
0.05

4.3 ± 0.6

P1 < 0.05

P2 < 0.05

P3 < 0.05

22.65 ± 
4.1

P1 > 0.05

P2 > 0.05

P3 > 0.05

n= number, values were expressed as mean±standard deviation, p= P1= the signi�cance values when
the results of the attendants were compared with those of the healthy control, p2= the signi�cance
value when the attendants compared with those who have age <30 years, p3= the signi�cance values
when the attendants compared with those who have age from 30−41 years
.

Discussion
Among 150 chemicals of gasoline small amounts of benzene, toluene, xylene, and sometimes lead
contains were included (Ekpenyong and Asuquo, 2017). Thus, many of the gasoline exposure harmful
effects are due to its individual chemicals (Rodamilans et al., 1996). Its fumes have been considered as a
major route of air pollution. The latter affect immunity as well as the functions of liver, kidneys, lungs, etc.
(Asefaw et al., 2020). Therefore, its fume inhalation is one of the most important routes of absorption
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during occupational periods. The concentration of inhaled fume and length of exposure determine its
toxicity (Ekpenyong and Asuquo, 2017).

Macrophages play a crucial role in immune defense, immune monitoring as well as immunomodulation
which may be assessed using different immunological parameters. These include assessment of TNF-α,
and interleukins (IL); including IL-10 and IL-12. These soluble components are essential part of human
defense mechanisms against invaders (Hernández-Urzúa and Alvarado-Navarro, 2001); including gasoline
exposure (Jabbar and Ali, 2020). These cytokines are produced by activated monocytes (Esche et al.,
2000). As an effector molecule in innate immunity, Toll-like receptors are believed to play a critical role in
initiating the subsequent in�ammatory responses against endogenous and/or exogenous stimuli, a
mechanism which is characterized by production of pro-in�ammatory mediators such as TNF- α
(Garantziotis et al., 2010). In this study, the level of TNF-α was increased in sera of attendants when
compared to that of the control group. In 2003, Han et al. reported that, activated macrophages can defend
against pathogen invasion by increasing the secretion of pro-in�ammatory cytokines, nitric oxide or other
interleukins. This is already the case in the present study in which NO serum level was increased in sera of
gasoline stations male attendants; especially after lengthening of exposure time. To con�rm, the
occupational exposure to low-level of benzene and the joint action of toluene–xylene- as individual’s
components of gasoline (Rodamilans et al., 1996) showed to stimulate circulating monocytes immune
response with subsequent elevation of serum TNF-α. The elevation of serum TNF-α level after gasoline
exposure, in turn, may lead one to expect the involvement of an M1 classically activated macrophage in
the immune-mediated toxicity of gasoline exposure. These results con�rm those of Haro-García et al.
(2012) who reported that the occupational exposure to benzene–toluene–xylene mixture (BTX) can
stimulate TNF-α, IL-10 and IL-12 production by peripheral blood mononuclear cells )AL-Rrubaei et al.,
2020).

The role of AMCase in pulmonary disease is somewhat controversial. Elias and coworkers, (2005) and
others reported that, AMCase has an important role in the pathology of asthma by inducing neutrophil as
well as eosinophil in�ltration into lung tissues causing airway hyper-responsiveness (Donnelly and Barnes,
2004 and Shuhui et al., 2009). Therefore, highly expression of AMCase in OVA—sensitized mice in lung
tissue of asthmatic patients was reported by Zhu et al. (2004). Further, the decrease in eosinophil and
neutrophil recruitment to the lungs of OVA-sensitized mice which was ameliorated by chemical inhibition
of AMCase allergic in�ammation induced by Donnelly and Barnes (2004) con�rm the role of AMCase in
lung disorders. In contrast, Fitz and colleagues (2012) reported that, despite the absence of chitinase
activity in models of pulmonary in�ammation and allergic airway disease, the absence of AMCase had no
signi�cant effect on cellularity or airway responses (Fitz et al., 2012). The latter may be the case in the
present study. Taken together, M1- but not M2 macrophage activation was mediated during occupational
exposure to gasoline. Also, Wynn et al. (2016) found no role for AMCase in airway disease induced by
house dust mite allergens, although AMCase was essential for developing a protective type II immune
response to intestinal nematodes (Vannella et al., 2016). Locksley and coworkers (2017) showed that elder
mice spontaneously develop pulmonary �brosis and die earlier than (WT( wild type controls. This may be
at least in part due to failure to digest environmental chitin, related fragments or any accumulated
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fragments in the lungs (Van Dyken et al., 2017); including gasoline. These investigators concluded that
AMCase production by speci�c lung epithelial cells is important for chitin degradation in the airways. As
evidenced from our results, gasoline exposure may lake these activities; con�rming an M1 induced
polarization of activated macrophage during gasoline exposure. To our knowledge, most of the previous
investigators identi�ed macrophages as the primary source of AMCase, whereas others identi�ed murine
and human neutrophils as a major source of this enzyme (Chang et al., 2001). Also, there is only one other
paper which reported signi�cant elevation of AMCase by neutrophils from patients with type-2 diabetes
compared with that of the healthy individuals (Carrion et al., 2019).

Przysucha et al. (2020) reported that, mammals are mainly express chitinases and chitinase-like proteins
which are secreted by phagocytes (mainly neutrophils and macrophages). These cells are induced at the
sites of in�ammation, infection and tissue remodeling. All of these lead one to suggest that, these proteins
play active roles in the anti-infective defense and repair responses. However, major evidence for
involvement of chitinase-like proteins in lung diseases was reported by Tabata et al. (2018) and by Patel
and Goyal (2017).

M2 macrophage activation is a major and a common feature of COPD with increased YKL-40 protein
levels which can re�ect M2 macrophage polarization (Da Silva et al., 2008). In general, polarization occurs
during the macrophage activation process and is controlled by three variables: microenvironment,
cytokines and epigenetics (Mills et al., 2000).

Given together, TNF-α could be used as a marker for M1 and AMCase as a marker for M2. Therefore and in
our opinion, the assay of TNF-α/AMCase ratio can be used to estimate the dominance of M1 over that of
M2. In this regard, this ratio was found to be very signi�cantly elevated (p < 0.01) in Gasoline Station male
attendants when compared with the corresponding ratio of the healthy control. Such increment may lead
one to suggest that M1 polarization in macrophages was the major under these research conditions. Thus,
gasoline exposure may act as a stimulus for in�ammation as infection, debris, or apoptotic bodies do.
Therefore, the activated macrophages switch their activation to be a classical one. As before, the outcome
of the classical activation will result in the involvement of pro-in�ammatory mode of organ damage
following gasoline exposure. These represent that such exposure may trigger other pro-in�ammatory
including TNF-α which is actually the case in the present.

The paradigm of the M1/M2 subtypes was suggested to a parallel that of Th1/ Th2 cells (Martinez and
Gordon, 2014). Since Th1 provide immunity against intracellular bacteria and virus (Bystrom et al., 2020).
Gasoline may be an alternative of them. This is because it is freely diffuse into the exposed cell, causing
pro-in�ammatory. The latter mediate other in�ammation processing which eventually cause organ
damage, including �brosis. In addition to the production of TNF-α by the activated macrophage, (Murray et
al., 2014) inducible nitric oxide synthase (iNOS) is produced with a resultant increase in NO serum level
(Sica and Mantovani, 2012). Furthermore, M1 cells produce iNOS, which stimulates the production of nitric
oxide (NO) (Funes et al., 2018). On other hand, the M2 subtype produces an NO inhibitor. Additionally, M1
polarization uses STAT-1 as a transcription factor. In general, the complete mechanism of macrophage
polarization is not yet fully understood. Since NO mean level in sera of the exposed attendants was
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increased, one can suggest that M2 polarization was inhibited; thus, favoring M1 polarization. Also, in vitro
studies on human macrophages have shown that serotonin may have an important role in this activation
process (Dominguez-Soto et al., 2017). Whether, gasoline exposure can affect serotonin level or not was
not yet be evaluated in this study. Also, the increment in NO/AMCase ratio, especially the blood of
attendants who were long exposed, con�rms M1 polarization of macrophage (Gershon and Tack, 2007
and Wu et al., 2019). The M1 and M2 pathways are antithetic: while one destroys, the other repairs and an
imbalance between these pathways could lead to the appearance of autoimmune diseases, metabolic
instability and even cancer (Orecchioni et al., 2019).

Previous In vitro studies indicated that phagocyte-dependent generation of NO at concentrations greater
than 400–500 nM triggers apoptosis in nearby cells (Uehara et al., 2015). This effect may act in an in a
way which is similar to specialized pro-resolving mediators to dampen and/or to reverse in�ammatory
responses by neutralization and speeding the clearance rate of pro-in�ammatory cells from the in�amed
tissues (Li et al., 2006). Thus, the over production of NO in sera of attendants may lead one to propose its
involvement in cell debris clearance or damaged cell apoptosis.

Variation of both neutrophil and lymphocytes, and their ratio (NLR) comprehensively indicated immune
status change (Chen and Yang, 2020). Thus, the correlations of the reduction of this ratio with length of
gasoline exposure in male attendants con�rm a state of immune disturbance after exposure. Thus, the
elevation of leucocytic count after such exposure was the case in the present study. In this regard, Hu et al.,
(2020) explored the diagnostic value of PLR; as a hematological parameter, and they concluded that such
parameter is a classic indicator of in�ammation. These con�rm other in�ammatory mechanisms included
herein.

Oxidative stress occurs as a consequence of the imbalance between pro-oxidants and antioxidants. This
imbalance is due to excessive accumulation of reactive oxygen species (ROS) or antioxidant depletion or
both with a resultant increase in cellular damages (Poljsak et al., 2013). In this regard, the levels of
superoxide anion (O2−), hydrogen peroxide, hydroxyl radical (.OH) which may be increased as a
consequence of disturbance in the antioxidant enzymes listed herein enhance a state of oxidative. Thus,
inhalation of the gasoline fumes is a quite common cause of oxidant/antioxidant status disturbance with
a possible involvement of lung related disease; a prerequisite for in�ammation persistence. In vitro study
by Domej (2014) con�rms these inter-relationships. To con�rm, Uzma et al. (2010) argue such imbalance
to be due to enhanced benzene metabolism and formation of hydroquinone and 1, 2, 4 benzene triol. The
latter help to generate ROS as well as to impair antioxidant defense system. These together induce
oxidative stress as well as immune suppression (Uzma et al., 2010). Jabir et al., (2016) added that ROS are
generated by the dust particles of the inhaled gasoline and by the oxidative burst of macrophages and
neutrophils activated during their phagocytosis. All together mediate the persistence of in�ammation
among attendants.

Total antioxidant capacity (TAC) is a dynamic equilibrium affected by interactions between each serum
antioxidative constituent, where antioxidants collaboration supplies human body with greater protection
against free radicals than any antioxidant lonely. Thus, TAC considers the cumulative effect of all
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antioxidants present in blood and body �uids (Stocks and Donnandy, 1971). Thus, TAC cause free radicals
like OH- radical, H2O2, HOCl or O2− radical attempts to destroy any of the cellular integrity by acting on the
lipid bi layer of the cellular plasma membrane this may be the case in the present study (Wu et al., 2013)
with subsequent formation of MDA (Wright and Welbourne, 2002) revealed that MDA increases from the
reaction between (OH.) radicals and cellular poly unsaturated fatty acids, resulting in loss of cell. Increased
oxidative stress, as well as lipid peroxidation represented by elevated levels of MDA gives an indication of
cellular damage that is usually accompanied by reduction of TAC, SOD, CAT activities and GSH content
(Mohammed et al., 2016). GSH helps in detoxi�cation and protecting cells from ROS, while both SOD and
CAT enzymes are supplementary in function. They are the primary antioxidant defense components that
catalyze superoxide dismutation radicals (O2−) to H2O2 which is then converted to H2O by CAT. The present
data showed depletion of TAC, SOD, CAT and GSH but accumulation of MDA, in the lysed RBCs which
mediate increased risk of RBCs oxidative damage on prolonged gasoline exposure. Further, ROS can
induce direct damage in RBCs membranes due to continuous oxidative degenerations as well as
biochemical, physical and structural changes during their life span with subsequent removal from
circulation by reticule-endothelial cells (Pac, 2017). All together distort the oxygen transport and carrying
capacity of RBCs. This mechanism may be one of the causative factors of the signi�cant reduction in
RBCs count in long lived exposed attendants. Another prospect for RBCs damage may occur indirectly
through benzene, as it is one of the most important constituents of gasoline (Ali et al., 2019).

In this study, the catalase and GSH activities were very signi�cantly decreased when compared to that of
the healthy control. The MDA and NO levels were signi�cantly increased depending on duration of
exposure. The activity of SOD in RBCS was signi�cantly changes depend on age. TAC was non-signi�cant
decreased when compared with that of the control. This study agrees with Odewabi et al. (2014) who
observed elevation of MDA level and reductions in the activities of SOD and CAT among gasoline �lling
station attendants, and disagree with (Malini and Maithily, 2017) who observed no signi�cant difference in
SOD, TAC and MDA levels.

Cerna et al., (2007) added that, benzene affects blood production by affecting the bone marrow. Further, in
Korean industries, an excessive risk of hematopoietic diseases because of relatively high past exposure to
benzene. CBC is the main assessment of gasoline toxicity in human (Edokpolo et al., 2015). In addition,
gasoline hematotoxicity extended also to leucocytes, the primary protective line from infectious agents
(John and Hole, 1992). The decrease in RBCS could also be attributed to the cytotoxic effects of the
various gasoline constituents. As a result, the reduction in RBCS cause hemoglobin reduction as well,
which was reported herein (Festus and Fan-Osuala, 2013 and Riaz et al., 2014). The toxic components,
especially those in gasoline fumes, have been reported to change blood chemistry and induce anemia by
causing bone marrow hypoplasia in experimental animals (Dacie and Lewis, 2001).

In this study, Hb and PLT were signi�cantly decreased when compared with the control values depending
on age. These agree with Al-jadaan and Alkinany (2017) and Okonkwo et al. (2016) but disagree with
Mahmood (2012). The last outher observed that most of the hematological markers are not signi�cantly
affected via exposure to petroleum products; only the number of platelets showed signi�cant decrease
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(13%) compared to that of the controls. The induced in�ammatory process due to petrol vapor exposure
could signi�cantly reduce the hematological parameters and stimulate some immune processes. It has
been established that chronic exposure to benzene may damage the precursors; namely the stem cells, and
stromal cells resulting in bone marrow suppression due to the presence of toxic compounds that turn to
oxidative compounds and thus mediate oxidative stress (Agrawal et al., 2018).

In this study, the increase in leucocytic count, neutrophil and lymphocytes of attendants disagree with that
of Jabbar and Ali, (2020) who found a signi�cant decline in total leucocytic count. These immune cells
have protective functions against the invading infectious agents as well as the invading dusts or fume that
can include gasoline. Their �nding suggests gasoline containing aromatic hydrocarbons to be a
contributor to such signi�cant decrease in leucocytic count and their differential types. Thus, the
suppression in bone marrow function after gasoline exposure and the failure in the migration of
phagocytic cells may be expected and could also reduce the number of neutrophils and monocytes in a
way that could affect the immune processes of the workers. These changes may make the attendants to
be more vulnerable and susceptible to various infective agents (Ray and Kolls, 2017). The exposure may
also be attributed to changes in numbers of lymphocytes, peripheral blood mononuclear cells (PBMCs)
and macrophages, impaired responses to mitogens, and depression of neutrophil functions. Most of these
changes are reported herein in the present study. Different studies have found that exposure to benzene
results in a reduction in both circulating B and T lymphocytes in vivo and reduction in mitogen-stimulated
lymphocytes proliferation (Fayed et al., 2017). Unfortunately, differentiations between B- and T-
lymphocytes were not included in this but the sums of them were included; i.e. total lymphocytes. Benzene
may damage the lymphocytes producing system, which regulates and inhibit both hematopoiesis and
immunity. These increase sensitivity to autoimmune development, hypersensitivity, cancer, and infectious
diseases (Abou-El-wafa et al., 2015). The exposure also affects the proliferation of Th1 and Th2-mediated
responses. These impair humoral immunity that produces IL-6. This stimulates the differentiation and
interaction of strong antibody responses but inhibits many of the phagocytic function of the cells.
However, additional and further studies are required to con�rm this hypothesis (Ali et al., 2019).

Studies on experimental animals and humans have shown that many chemicals suppress the immune
response, leading to increased incidence of in�uenza and common cold (Dacie and Lewis, 2001 and Azari,
2012).

Conclusion
In conclusion, the current study represents that gasoline, its component and their metabolites can induce
oxidative stress via excessive production of reactive oxygen and reactive nitrogen species. Antioxidants;
TAC and GSH reduction were reduced and oxidative stress marker; MDA was over produced. Further, the
exposure mediates immune disorders. Among these disorders is M1 polarization of macrophage with
subsequent over production of NO and TNF-α that mediate in�ammation. Moreover, reduction in NLR and
PLR were observed which further con�rm immune mediated gasoline toxicity. Therefore, if the exposure to
gasoline is case, antioxidants supplementation is required.
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Figures

Figure 1

Effect of gasoline exposure on leucocytes, red blood cells and hemoglobin values in gasoline station male
attendants who were exposed for less or more than 10 years (<10y, >10y) and in healthy controls
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Figure 2

Effect of gasoline exposure on lymphocytes, neutrophil, platelets and their ratios s in gasoline station male
attendants who were exposed for less or more than 10 years (<10y, >10y) and in healthy controls
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Figure 3

Effect of gasoline exposure on TNF, AMCase, NO values and on their ratios in gasoline station male
attendants who were exposed for less or more than 10 years (<10y, >10y) and in healthy controls

Figure 4
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Age-mediated effect of gasoline exposure on leucocytes, red blood cells and hemoglobin in gasoline male
station attendants and in healthy control

Figure 5

Age-mediated effect of gasoline exposure on lymphocytes, neutrophils, platelets and their ratios in
gasoline male station attendants and in healthy control
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Figure 6

Age-mediated effect of gasoline exposure on TNF, AMCase, NO and their ratios of male in gasoline station
attendants and in healthy control


