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Abstract Background: The rate of asthma increases as communities adopt western lifestyles and become urbanized.
Objective: Was to assess the serum level of polycyclic aromatic hydrocarbons (PAHs) naphthalene, 1,2 benz-anthracene and
detect their effects on some of asthma immunologic markers in children with bronchial asthma and their relation to asthma
severity. Methods: The study was carried out on 60 children with bronchial asthma. They were selected from the inpatient
and outpatient clinic of Al-Zahraa hospital, Al-Azhar University. Also the study included 60 children age and sex matched
served as a control group. Serum levels of naphthalene and 1,2 benz-anthracene as well as (IgE, IL13 and IL5,) were assessed
in the studied groups. Results: Serum levels of naphthalene and 1,2 benz-anthracene were significantly increased in children
with bronchial asthma than in controls, as their levels were (24.04+13.03ng/ml; 16.07 £8.96 ng/ml) and (5.23 + 3.21 ng/ml;
6.99 + 3.90 ng/ml), respectively with (p=0.000 and 0.006 respectively)with significant positive correlation to bronchial
asthma severity and significant relation to urban residence and second hand smoking . There was a significant decrease in IL5
and IL13 serum levels while there was a significant increase in eosinophils counts and serum IgE levels in children with
asthma than the controls, with significant positive correlation to bronchial asthma severity. Conclusions: Exposure to PAHs
(naphthalene, 1,2 benz-anthracene) appears to be associated with asthma in children with significant relation to bronchial
asthma severity and significant interaction with asthma markers.

Keywords PAHs, Environmental pollution, Childhood asthma, IL5, IL13

1. Background triggers, also known as stimuli such as environmental
stimulant allergen, tobacco smoke, cold or warm air,
perfume, pet dander, moist air, exercise, exertion and
emotional stress. In response to exposure to these triggers,
the bronchi contract into spasm “an asthma attack”.
Inflammation soon follows, leading to a further narrowing of
the airways and excessive mucus production; which leads to
coughing and other breathing difficulties [3].

Exposure to high levels of air pollution has been
associated with decreased lung function, asthma, nasal
symptoms, bronchitis and sensitization to inhalant allergens
in both children and adults [4].

Polycyclic aromatic hydrocarbons (PAHs) describe
chemicals that are often found together in groups of two or
more, of these naphthalene and 1,2 benz-anthracene . PAHs
are created when products like coal, oil, gas, and garbage are
) ) burned but the burning process is not complete [5]. PAHs
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Asthma is the commonest of all chronic diseases of
childhood and estimates from developed countries suggest
that it affects between 11 and 20% of all school age children.
The prevalence of asthma among Egyptian children aged 3 -
15 years was estimated to be 8.2%. Of major concern is the
annual increase in mortality [1].

The rate of asthma increases as communities adopt
western lifestyles and become urbanized. With the projected
increase in the proportion of the world's urban population
from 45% to 59% in 2005, there will likely be a marked
increase in the number of asthmatics worldwide over the
next two decades. It is estimated that there may be an
additional 100 million persons with asthma by 2025 [2].

The airways of asthmatics are hypersensitive to certain
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and have the potential to cause adverse environmental effects
[6].

The major sources of PAHs emissions maybe divided into
four classes: stationary sources (including domestic and
industrial sources), motor vehicle emissions, agriculture
activities, and natural sources [7]. The burning and pyrolysis
of coal, oil, gas, garbage, wood, or other organic substances
are the main domestic sources. Agriculture activities as open

burning of brushwood, straw, moorland heather, and stubble.

Natural sources as accidental burning of forests, woodland
and volcanic eruptions [8-9].

Vehicles reported to have the highest PAH emission rates
are diesel engines, and gasoline engines operated without
catalytic converters [10-12]. In urban environments,
industrial operations, waste incinerators, and residential
boilers are also important sources of ambient PAH [13].

Some studies implicate traffic-related emissions, largely
composed of diesel exhaust particles, trace metals, volatile
organic compounds, nitrogen dioxide, particulate matter, and
polycyclic aromatic hydrocarbons (PAH) in the development
of respiratory symptoms, asthma or the onset of allergies
[14-16].

Some studies reported that a significant increase in
immunoglobulin E (IgE) production due to exposure to PAH
from diesel exhaust particles in response to common inhaled
allergens [17]. The primary inflammatory lesion of asthma
consists of accumulation of CD4+ T helper type 2 (TH2)
lymphocytes and eosinophils in the airway mucosa. TH2
cells orchestrate the asthmatic inflammation through the
secretion of a series of cytokines, particularly IL-4, IL-13,
IL-5, and IL-9. IL-4 is the major factor regulating IgE
production by B cells, and is required for optimal TH2
differentiation [18]. We hypothesized increased serum level
of PAHs is associated with asthma severity and had an
interaction with some of asthma immunological markers.

We aimed to asses serum level of Naphthalene and 1,2
Benz-anthracene in children with bronchial asthma and
detect the relation to asthma severity and their effect on some
of asthma immunologic markers.

2. Subjects and Methods

This is a case control study; it was carried out on 120
children from inpatient and the outpatient clinic of Al-Zhraa
hospital, Al-Azhar University during the period from Juan
2013 to December 2013. The study included 60children with
bronchial asthma, their ages ranged from 6 to 17 year. They
were 39 males (65%) and 21 females (35%). Also it included

60 ages and sexes matched children served as a control group.

Children diagnosed as bronchial children according to GINA
2012 [19] and they were sub classified into (mild persistent,
moderate persistent and severe persistent) asthma according
to GINA, 2008 [20]. Children less than 6 years and children
with other causes of wheezy chest were excluded from the
study. Informed consent was obtained from the participating
parents in adherence with the guidelines of the ethical

committee of AL-Zahraa hospital, AL-Azhar University,
Cairo, Egypt.

All studied children were subjected to: full history taking
included (complaint, residence, present history, past history,
family history of asthma or atopy, second hand smoking,
bronchial asthma symptoms, triggering factors), full general
and local chest examination.

Laboratory investigations:
Blood sampling

-2 ml blood was taken on EDTA vacutainer for complete
blood picture with total and differential leukocytic count
using Cell-Dyn 1800.

-5 ml of blood was taken on venoject tube. Samples were
centrifuged for 20 minutes at 3000 rpm and the serum was
separated and divided into two specimens, one for (ILS, IgE
and IL13) assay by ELISA and the other for measurement of
(Naphthalene and 1,2 Benz-anthracene) using high
performance liquid chromatography (HPLC) with UV
detector, both samples were stored at -20 till the time of the
assay.

Naphthalene and 1,2 Benz-anthracene assay

Serum level of two polycyclic aromatic hydrocarbons
(PAHs), Naphthalene and 1,2 benz-anthracene, using high
performance liquid chromatography (HPLC) with UV
detector.

Sample preparation, for each sample, 0.5 ml of serum was
added to 0.5 ml of methanol and vortexed for 10-20 seconds.
Then, 5 ml from the mixture of 1:1 hexane: diethyl ether was
added and vortexed for an additional 1 minute. It was then
centrifuged at 3000 rpm for 5 minutes. Eluent 70%: 45%
Acetonitrile: 55% Water [21]. Concentrations of the
unknown samples were calculated as:

Concentration of unknown sample (ppm)
_ Concentration of Std (ppm) x Area (sample)

Area (standard)
IgE, IL-5 and IL-13: were determined by using
commercially  available = immunoassay. Quantitative

Sandwich ELISA technique Bender Med systems GmbH
compus Veinna. Biocenter 2A-1030 Vienna, Australia,
Europe.

Pulmonary function tests:

It’s performed by spirometer (spirdsifts pirometry 5000
FUTUD a NANSHI).

Standardization of the testing environment during
spirometry was followed according to Miller et al. [22]. The
child torso and head should be erect throughout testing, A
nose clip was used and the mouth piece of the spirometer was
put between the teeth, making a seal with the lips. After
standardization of environmental conditions and removing
heavy clothes of the child, he or she takes the deepest
inspiration and then closes his or her mouth firmly around
the mouth piece; he must blow forcibly down the tube
without hesitation, without catching or holding breathing. At
least three attempts are made then choosing the best result.
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FVC, FEV,, FEF and PEFR expressed as a percentage of
predicted values [21].

Statistical Analysis:

Data were collected, revised, coded and entered to the
Statistical Package for Social Science (SPSS) version 17 and
the following were done: The qualitative data were presented
as number and percentages while the quantitative data were
presented as mean, standard deviations and ranges. The
comparison between two groups with qualitative data were
done by using Chi-square test .The comparison between two
groups with quantitative data were done by using
independent t-test when the data were parametric and
Mann-Whitney test was used in the comparison between two
independent group when the data were non parametric.
Comparison between more than two groups with nominal
data was done by using One Way ANOVA test. Pearson and
Spearman correlation coefficients were used to assess the
relations between two quantitative parameters in the same
group. Receiver operating characteristic curve (ROC) was
used to assess the best cut off point with sensitivity,
specificity, positive predictive value (+PV) and negative
predictive value (-PV).

The p-value was considered significant as the following:

P-value > 0.05: Non significant.
P-value < 0.05: Significant.

3. Results

Table 1: shows the anthropometric measurements and
demographic data of the studied groups, it revealed no
significant difference between both groups regarding weight,
height and BMI .However there was a significant difference
between both groups as regards residence (urban & rural) as
the urban residence is common in cases(85.00%) than in
controls (39.00%). Also there is a significant increase in the
2" hand smoking in patients (60.00%) compared to the
controls (15.00%).

Table 2 shows significant increased serum level of
naphthalene and 1,2 benz-anthracene in children with
bronchial asthma than in controls. Also it shows that all lung
functions (FVC, FEV,, FEV,/ FVC) were significantly lower
in cases than in controls. The same table shows a significant
increase in lymphocytes , eosinophilis counts and serum IgE
level in children with asthma than in controls, while there
was a significant decrease in the serum level of IL 13 and IL
5 in asthma than in controls.

Table 3 shows the relation between residence (urban &
rural) areas with serum level of naphthalene and 1,2
benz-anthracene it revealed; significant increase in the serum
level of naphthalene and 1,2 benz-anthracene in children
with bronchial asthma living in urban than those in rural
area.

Table 4 shows the correlation between serum level of (1,2
benz-anthracene and naphthalene) with the studied clinical
and laboratory data it revealed; a significant positive
correlation between serum level of naphthalene with
eosinophilis counts and IgE level ,while a negative
correlation with pulmonary functions and IL13 were
detected. However there was no correlation regarding the
other studied parameters.

Table 5 shows the comparison between bronchial asthma
subgroups regarding pulmonary functions and serum levels
of (PAHs, IgE, IL 13 and IL5), it revealed; significant
decrease in pulmonary functions with significant high level
of 1,2 benz-anthracene and naphthalene in children with
severe asthma compared to mild and moderate asthma
subgroups. Also a significant increase in serum IgE and
decrease in IL 13 and ILS serum level in severe asthma
subgroups than in mild and moderate subgroups.

Table 6 & fig 1 show the cut of points forl,2
benz-anthracene and naphthalene between patients and the
controls; it revealed that benz-anthracene 81.25% sensitive
and 80 % specific followed naphthalene 100% sensitive and
91.67% specific in prediction of bronchial asthma.

Table (1). Demographic data and anthropometric measurements of the studied groups
Controls Cases
test
Variable N =60 N =60
Mean + SD Mean + SD t p-value
Age (year) 11.75+2.63 10.7£3.91 0.996 0.325
BW (kg) 44.1£11.03 37.8£16.74 1.406 0.168
Height (cm) 145.9+11.22 139.1425.21 1.350 0.182
BMI 20.33+2.71 21.6443.67 1.281 0.208
Gender N % N % X P-value
Females 18 30% 21 35%
0.152 0.696
Males 42 70% 39 65%
Residence: ~ Urban 21 35% 9 15%
5.378 0.02*
Rural 39 65% 51 85%
2nd hand smoking: ~ Positive 15 25% 36 60%
. 13.604 0.001*
Negative 45 75% 24 40%

* significant: P-value < 0.05
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Table (2). Comparison between cases and controls regarding serum level of Naphthalene and 1,2 Benz-anthracene, pulmonary function tests, eosinophilis
counts and serum levels of IgE, IL13, and IL5

Controls Cases
Variable N=60 N =60 Independent t-test
Mean = SD Mean + SD t/z* p-value

Naphthalene (ng/ml) 5.13+3.21 24.04+13.03 4.894* 0.001
1,2 Benz-anthracene (ng/ml) 6.994+3.90 16.07+£8.97 3.009* 0.006
FVC% 100.7+12.79 85.56+9.33 4297 0.001
FEV % 98.17+13.82 65.02+15.17 7.227 0.001
FEV,/FVC 97.53+5.58 74.74x11.29 8.093 0.001
Eosinophilis (cell/mm?) 2.70+1.13 3.95+2.37 -2.128 0.040
IgE (ng/ml) 14.33+5.25 25.51+6.68 -10.184 0.001
IL13 23.40+3.69 12.73+10.79 7.243 0.001
IL5 10.75+3.87 5.28+2.99 8.652 0.001

t: Independent t-test z*: Mann-Whitney test

Table (3). The relation between residence and serum level of Naphthalene and 1,2 Benzo-anthracene

Urban Rural Mann-Whitney test
Variable Mean + SD Mean + SD VA p-value
Naphthalene(ng/ml) 23.56 £ 10.69 1291 +£2.84 2.982 0.008
1,2 Benz-anthracene(ng/ml) 16.03 £6.05 9.25+0.61 2.957 0.009
Table (4). Correlation between serum level of Naphthalene and 1,2 Benz-anthracene with studied parameters
Naphthalene 1,2 Benz-anthracene
Variable
r P r p-value
Age (year) 0.414 0.125 0.400 0.124
BW (Kg) 0.502 0.056 0.375 0.152
Height (cm) 0.382 0.160 0.397 0.128
BMI 0.214 0.444 0.022 0.935
FVC% -0.581 0.023 -0.457 0.075
FEV1% -0.772 0.001 -0.647 0.007
FEVI\FVC -0.835 0.000 -0.671 0.004
Eosinophilis (cell/mm?®) 0.792 0.000 0.464 0.070
IgE(ng/ml) 0.641 0.002 0.550 0.012
ILS -0.382 0.087 -0.320 0.170
IL13 -0.533 0.013 -0.466 0.038

Table (5). Comparison between bronchial asthma subgroups (mild, moderate, severe) regarding serum level of Naphthalene and 1,2 Benz-antrhacene,
pulmonary function tests and asthma immune markers

Mild Moderate Severe
One Way ANOVA
Variable N=15 N=21 N=24
Mean + SD Mean = SD Mean + SD F P-value
FVC% 93.80+3.35 87.86+7.99 78.41+£7.92 7.696 0.001
FEV1% 85.28+3.64 66.16+£9.68 51.35+5.34 37.079 0.001
FEVI/FVC 90.30+3.70 75.00£5.20 64.80+5.50 39.851 0.001
Naphthalene (ng/ml) 10.83+£2.21 11.95+2.63 34.62+7.70 69.676 0.001

1,2 Benz-anthracene (ng/ml) 8.78+1.98 9.13£1.74 23.12+7.48 20.834 0.001

IgE (ng/ml) 19.5622.41 | 24.6847.10 | 29.95+4.78 | 17.984 | 0.001

IL 13 28.80+5.94 6.62+4.86 8.04+5.58 87.786 0.001

IL5 9.54+1.71 3.43+1.52 4.25+1.77 66.212 0.001
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Table (6). Cut off point for the serum level of Benzoanthracene and Naphthalene between patients and the controls

-PV +PV

Specificity Sensitivity Cut off point

1,2 Benz-anthracene 72.7 86.7

80.00 81.25 >9ng/ml

Naphthalene 100.0 93.7

91.67 100.00 >8 ng/ml

Benzo anthracene

100

80

60

Sensitivity

40

20

0 20 40 60 80 100
100-Specificity
Figure (1). ROC curve for serum level of Naphthalene between patients
and the controls

4. Discussion

Attacks of asthma are generated by many factors which
include sudden changes in environmental temperature,
exercise or exertion, or emotional stress. In children,
however, the most common causes are viral infection and
exposure to environmental stimulants such as dust
particulates and other allergens.

Our study was designed to assess serum level of some
polycyclic aromatic hydrocarbons (naphthalene and 1,2
benz-anthracene) as well as some of bronchial asthma
immunological markers to evaluate their possible
association with bronchial asthma severity.

There is no standard guideline or available data that
determine the minimal risk level for a particular PAHs so any
amount of PAHs detected in the blood sample was
considered as positive in our study.

In the present study there was a significant increase in the
serum levels of PAHs (naphthalene and 1,2 benz-anthracene)
in children with asthma than in controls. This results concord
with Miller et al. who reported that early exposure to
airborne PAHs and environmental tobacco smoke can lead to
increased respiratory symptoms and probable asthma even as
early as at the age of 12 to 24 months. Also our study is in
agreement with other studies who found that significant
association between exposure to polycyclic aromatic
hydrocarbon and asthma in children [23-25].

It is not surprising to find Kids urban residents who suffer
from asthma had a high level of (naphthalene and 1,2
benz-anthracene) than kids rural resident this may attributed
to more air pollution and exposure to traffic-related
polycyclic aromatic hydrocarbons in urban arecas . Also we
found that children exposed to the second hand (passive
smoking) at home, or staying in the same place with a
smoker, are at a higher risk of asthma. Smoking and second
hand smoking are a direct contributor to PAH exposure
among humans. These data conceded with the established
data that asthma is more common in children exposed to
second hand smoking [26-30]. Passive smoker children
therefore may build up an allergic or inflammatory
pulmonary response and increased DNA damage due to
direct contact with PAH and environmental tobacco smoke
[31-32].

In our study lung functions (FVC, FEV,, FEV,/ FVC)
were assessed and we noticed a significant decrease of lung
functions in asthmatic children than the controls, these
results were similar to the study done by Barraza-Villarreal,
et al; 2014 [33] who concluded that air pollution exposure
were inversely associated with lung functions. other studies
reported the same effect on lung functions [34-35].

In the present study it is interesting to note that
interleukin-5 and 13 levels were reduced in the serum of
asthma patients while it is not surprisingly to find a highly
significant increase in (eosinophlis, IgE), these results are in
consistent with in vitro studies that show a potent inhibitory
effect of corticosteroids on gene expression and on the
release  of pro-inflammatory  cytokines [36] as
corticosteroids have several anti-inflammatory actions
[37-39].

Davoodi et al; 2012 [40] suggest the neutral role of IL13
in the inflammatory process and we suggest that these
cytokines may be consumed at the site of inflammation and
on the same line we found a negative correlation between
pulmonary functions (FEV1, FEV,/ FVC) with eosinophlis
and IgE levels as we suggest that the inflammatory response
of airways most likely influences the decrease in lung
functions, IL-13 is produced by CD4 T cells, NK T cells,
mast cells, basophils, eosinophils, and monocytes. [41-45] ,it
is implicated as a central regulator in IgE synthesis, mucus
hyper secretion airway hyper-responsiveness (AHR), and
fibrosis [46], others such as IL-5 are essential to eosinophil
hematopoiesis, activation and survival in tissue [47-51].

In the present study we evaluated and compared the three
studied asthma sub groups and according to our results
patients with severe asthma had increased PAHs levels,
decreased pulmonary functions and increased IgE with
significant decrease in IL5 and IL13.
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revealed that naphthalene and 1,2

benz-anthracene value at a cut off value of 8ng/mL and

9ng/ml

respectively can predict bronchial asthma

development in children with high specificity and sensitivity

In conclusions: exposure to PAHs (naphthalene, 1, 2
benz-anthracene) appears to be associated with asthma in
children and there is a relation to bronchial asthma severity
with a significant interaction with asthma immunological
markers. It is essential that efforts are made to reduce
pollution to avoid chest allergy.
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