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A B S T R A C T

Dust particles (DPs) are one of the most important public health concerns in the urban environment. The presence
of heavy metals (HMs) on the surface of DPs might increase the health risk of exposure to the DPs. Accordingly,
The purpose of this study was to examine the content of HMs in the outdoor and indoor DPs in Neyshabur city and
assess the cytotoxic effects of DPs exposure on lung, gastric, and skin cell lines. To this end, the city was divided
into three areas, high-traffic, medium-traffic, and low-traffic (rural). The average concentration of the HMs in the
indoor DPs were as follows, 655.5 μg g-1 for Zn, 114.6 μg g-1 for Cu, 77.7 μg g-1 for Cr, 108.6 μg g-1 for Ni, 52 μg
g-1 for Pb, 12 μg g-1 for Co, and 3.3 μg g-1 for Cd, while the average concentration of Zn, Cu, Cr, Ni, Pb, Co, Cd in
the outdoor DPs were 293.7 μg g-1, 200.6 μg g-1, 100.7 μg g-1, 68.4 μg g-1, 44.7 μg g-1, 18.6 μg g-1, 0.25 μg g-1,
respectively. A higher concentration of HMs, as well as cytotoxicity, were revealed in the indoor samples
compared to outdoor ones. The degree of cytotoxicity of DPs collected from high-traffic areas was higher than that
of low and medium-traffic ones. In addition, treatment of AGS and L929 cells with indoor dust samples induced
the expression level of inflammatory agents such as TNFα, IL6, and, CYP1A1 genes more than in outdoor dust
samples (P < 0.05). Briefly, a higher level of HMs concentration and cytotoxicity effect on the given cell lines was
observed in the samples taken from indoor environments and high-traffic areas.
1. Introduction

Heavy metals (HMs) are non-degradable, highly toxic, and cumulative
carcinogenic pollutants. These contaminants are found in air, water,
building materials, kitchen appliances, and even clothing. Based on our
best knowledge, there is no mechanism through which HMs could be
metabolized in the body. Accordingly, these metals accumulate in the
tissues and cause several malfunctions and diseases [1, 2]. HMs enter the
body in several ways, the most commonway of entering these compounds
is through digestion, then breathing, and finally, the skin [3] HMs in
urban soils may endanger human and animal health by entering the food
chain; thus, metals present in soils are harmful to human health [4, 5].
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Today, human activities in urban areas increase the problem of HMs
pollution in urban soils. Dust particles (DPs) and particulate matters
(PMs) are the most critical parts of the urban environment in terms of
public health, which are considered important carriers of HMs and other
pollutants [6, 7]. Exposure to DPs and PMs is associated with many
adverse health effects, including increased hospitalization, emergency
visits, respiratory symptoms, exacerbation of chronic respiratory and
cardiovascular diseases, decreased lung function, and premature death
[8, 9]. In addition, scientists have suggested that exposure to high levels
of particles may lead to various symptoms, including medium birth
weight in infants, and possibly fetal and infant death [10]. The effects of
particles on cellular metabolisms have been frequently assessed in earlier
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studies. For example, Kermani et al. (2021) Çakmak et al. (2019), found
the genotoxic and cytotoxic effects of organic extract of subway particles
on normal human cells [7, 11]. Oxidative stress introduces the majority
of critical mechanisms of these harmful effects. On the other hand, HMs
can cause both genotoxic and cytotoxic reactions in the human body,
which could be accompanied by the destructive effects of particles [7,
11]. Consequently, the presence of compounds such as metals as exog-
enous inflammatory agents that induce both acute and inflammatory
responses usually leads to the expression of cytokines and interferon.
These responses are considered innate immunity due to their immediate
and non-specific effects [12]. Accordingly, the present study aimed to
evaluate the inflammatory responses and toxicity of HMs found in indoor
and outdoor settled dust extracts on lung, gastric, and skin cell lines.

2. Materials and methods

2.1. Sampling procedure

The present study was performed in Neyshabur city located in the
northeast of Iran, in the range of 58� and 80 to 59� and 200 of longitude
and 35� and 350 to 36� and 520 north latitude (Figure 1). Based on the
urban traffic map, the city was divided into three areas, high-traffic (HT),
medium-traffic (MT) and low-traffic or rural (LT). The sampling of
deposited urban dust was performed from inside residential houses (in-
door dust) and outside residential houses (outdoor dust). The indoor dust
samples were collected from vacuum cleaners inside residential houses.
Also, the outdoor dust samples were taken by brush from a specified area
of 1 m. The DPs samples were sieved using mesh number 40 in order to
remove plant particles or coarse particles. The samples were placed in
zipper plastic bags and sent to the laboratory for analysis.
Figure 1. Location of the study
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2.2. Analysis of metal compositions deposited in dust particles

To extract HMs from dust samples, the DPs samples were dried in an
oven at 50 �C for 2 h and then placed in a desiccator to prevent moisture
absorption. For digestion, 1 g of the sample and 3 ml of hydrofluoric acid
(HF) were poured into a Teflon beaker and then heated at 50 �C until
complete dryness. The beaker opening was covered with a watch glass.
Then, 5 ml of concentrated nitric acid (HNO3) and 15 ml of concentrated
hydrochloric acid (HCL) were added to each sample. The samples were
placed at room temperature for 60 min and then heated on a heater at 105
�C for 2 h to complete digestion and obtain a clear liquid. After observing
the precipitate, the samples were passed through filter paper and trans-
ferred to the final volume in a 25-ml volumetric flask. Finally, Inductively
coupled plasma optical emission spectrometry (ICP-OES model Spectro
Arcos- 76004555 plasma) was used to measure metallic elements.

Six high-purity standards were used to draw calibration curves. After
each run, the calibration curve generated from the high purity standards
was checked for linearity and replication. The blanks were used to check
the analytical procedure before test sample analysis.

Heavy metal concentrations were calculated using the following Eq.
(1) [13, 14, 15]:

C¼CsVS

wS
mg=kg (1)

Cs: Concentration of the desired element (in mg/L) in the solution
sample read by the device
Vs: Volume of the main sample solution (in mL)
Ws: Weight of the main sample (in gr), the weight of the sample
weighed for preparation
area and sampling points.
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C: Concentration of the desired element in the main solid sample (in
mg/kg)

2.3. Preparation of aqueous extracts

The water-soluble suspension was prepared as follows; 2 g of the DPs
sample was placed in centrifuge tubes and filled with 10 ml of 18ῼ
distilled water. It was subjected to ultrasonic waves for 20 min, and then
the resulting mixture was placed on a shaker for 1 h. The resulting so-
lution was passed through a 0.45 μm syringe filter. Finally, this solution
was kept at -20 �C until cell treatment experiments [16, 17].

2.4. Preparation of the study cell lines

2.4.1. Cell culture
The cytotoxicity of DPs samples was determined using human lung

carcinoma cell lines (A549), human gastric adenocarcinoma cell line
(AGS), and Mouse normal fibroblasts cell line (L929) obtained from the
National Cell Bank of Iran (Pasteur Institute of Iran, Tehran). After
transferring the cells to the cell culture laboratory, the flasks containing
the cells were placed under a microscope to check cell density and
adhesion. The cells were cultured in RPMI-1640medium containing 10%
fetal bovine serum (FBS), and 10% penicillin/streptomycin and incu-
bated at 37 �C, 95% humidity, and 5% carbon dioxide.

2.4.2. Cell line treatment and cytotoxicity assessment (MTT assay)
The MTT (3-(4,5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bro-

mide) assay was utilized to examine the cytotoxicity of the water-soluble
fraction in the DPs samples. Cell culture was performed on 96-well plates;
a well consists of 5�104 cells. Each well was added with 20 μl of the
water-soluble fraction of the DPs and incubated for 24, 48, and 72 h.
After that time elapsed, 20 μl of MTT solution (0.5 mg/mL in PBS) was
added to the medium, and the cells were incubated at 37 �C for 4 h. The
produced formazan crystals in the viable cells were dissolved by adding
200 μl of DMSO solution after removing MTT containing medium. The
optical density (OD) of each sample was read at 570 nm using Microplate
Reader. The cell viability percentage was calculated using the following
formula: Percentage of viable cells (%Viability) ¼ (mean OD values of
control cells/mean OD values of treated cells) � 100.

2.4.3. Total RNA extraction and qRT-PCR assay
The effects of mentioned treatments on mRNA expression of Cyto-

chrome p450 1A1 (CYP1A1), Cytochrome p450 1A1 (CYP1B1), necrosis
factor-alpha (TNF-α) and IL-6 interleukin (IL) -6 were determined using
real-time PCR. Thus, total RNA (2 μg) was extracted from cells using the
TRIzol reagent (Invitrogen, USA) and reverse-transcribed using the Excel
RT Reverse-transcriptase kit (RP1300, SMOBIO, Hsinchu City, Taiwan).
The cDNA samples were kept at -20 �C until the next testing. PCR Re-
actions were carried out in 96-well plates under the following conditions:
denaturation at 95 �C for 15 min, annealing at 59 �C for 5 s, and elon-
gation at 72 �C for 5 s. Also, GAPDH was used as the endogenous control
gene. The gene expression alterations were calculated using the 2–ΔΔCt
method according to the Ct of target and control genes in treated and
non-related samples [18].

3. Results

The concentration of heavy in indoor and outdoor DPs samples is
described in Table 1. Averagely, the highest level of Zn was observed in
the indoor DPs samples of the HT area (982.3 μg g�1), while the lowest
concentration was recorded in outdoor samples collected in the LT area
(204.4 μg g�1); broadly speaking, Zn had a higher concentration in in-
door DPs. The average level of Pb in indoor DPs was slightly lower (48.1
μg g�1) than that of outdoor DPs (57 μg g�1) only in the HT area, how-
ever, the average level of Pb in indoor DPs collected from MT and the LT
areas had higher concentration than outdoor DPs. The average level of Ni
3

in indoor DPs was higher than outdoor DPs in all of the given areas.
However, the highest average of Ni was observed in the indoor samples
collected from the LT area (154.9 μg g�1). The lowest average concen-
tration of Ni was recorded for the outdoor samples of LT area (60.8 μg
g�1). The Cd levels in indoor DPs in HT, MT, and LT areas were (7.1 μg
g�1), (3.4 μg g�1), and (1 μg g�1), respectively, which were higher than
outdoor measurements in HT (0.19 μg g�1), MT (0.34 μg g�1) and LT
(0.21 μg g�1) areas. The average level of other elements including Cu, Cr,
and Co was lower in indoor DPs in comparison to the outdoor samples.

3.1. The effect of indoor and outdoor dust on the viability of different cell
lines

The toxicity of indoor and outdoor dust at 24, 48, and 72 h incubation
time in three cell lines (AGS, A549, and L929) was determined by MTT
assay. Indoor DPs showed a greater ability to decrease cell viability than
the corresponding outdoor DPs.

Cell treatment at 24 h showed no significant effect on the viability of
the three cell lines. As shown in Figure 2 A, in the 48-hour treatment of
L929 cells with indoor samples of DPs, a smaller percentage of cells
survived than in the treatment with outdoor ones (% Cell viability: 87.3
� 6.4 for indoor DPs; 95.1� 12.3 for outdoor DPs; P� 0.01). The toxicity
effect of indoor and outdoor DPs on the AGS cell line was higher than that
of the L929 cell line. In these cells, the effect of indoor DPs was greater
than that of outdoor dust (%Cell viability: 81.3 � 6.4 for indoor DPs, 92
� 8.8 for outdoor DPs; P � 0.01). The highest cytotoxicity of DPs was
observed in the A549 cell line. In these cells, 87.8 � 11 cells survived in
the presence of the indoor dust, while 74.8 � 6.4 cells survived in the
presence of the indoor dust (P � 0.01). In all three cell lines, the cyto-
toxicity was higher at 72 h of treatment compared to 48 h (P� 0.01). The
cytotoxicity of indoor DPs on the cell lines of L929 (% Cell viability:
54.26 � 5.4 for indoor DPs, 74.58 � 11.94 for outdoor DPs; P � 0.01),
AGS (% Cell viability: 44.87 � 5.6 for indoor DPs, 72.22 � 11.6 for
outdoor DPs; P� 0.01) and A549 (% Cell viability: 48.84� 6.1 for indoor
DPs, 65.17 � 11.33 for outdoor DPs; P � 0.01) was higher than that of
outdoor DPs. When the traffic zones are concerned, the collected samples
were classified into three groups: LT, MT, and HT. The effect of exposure
to DPs collected from the zones was investigated on the viability of three
cell lines at 72 h. As shown in Figure 2B, the cytotoxicity of indoor DPs
collected from HT areas in the A549 cells in the (%Cell viability: 42.29 �
2.51) was higher than those of the MT (%Cell viability: 56.6� 6.3%) and
LT (% Cell viability: 57.77 � 0.74) areas. In addition, higher cytotoxicity
was found for indoor DPs collected fromHT areas compare to the samples
taken from MT and LT areas in the AGS (% Cell viability: 46.5 � 2.3 for
HT; 55.03 � 6.6 for MT; 56.2 � 0.77 for LT; P � 0.01) and L929 cells (%
Cell viability: 48.4 � 2.2 for HT; 56.6 � 6.3 for MT; 57.7� 0.74 for LT; P
� 0.01). In all three cell lines, exposure to DPs collected from HT areas
showed higher cytotoxicity than those of MT and LT areas.

3.2. The effect of indoor and outdoor DPs on the gene expression of the cell
lines

The effect of indoor and outdoor exposure to DPs on the expression
level of TNFα, IL6, CYP1B1, and CYP1A1 genes was evaluated after 24 h
of treatment in L929, AGS, and A549 cell lines (Table 2). As shown in
Figure 3 (A-C), treatment of A549 cells (24 h) with indoor DPs signifi-
cantly increased the gene expression level of TNFα (Fold to control; In-
door: 2.65 � 0.16; outdoor: 1.8� 0.2; P < 0.05) and IL6 (Fold to control;
Indoor: 3.63 � 0.0.09; outdoor: 2.2 � 0.13; P < 0.05) and CYP1A1 (Fold
to control; Indoor: 2.4 � 0.11; outdoor: 1.59 � 0.11; P < 0.05) when
compared with outdoor dust samples Figure 3B. Treatment of AGS cells
with indoor dust samples increased the expression level of TNFα, IL6, and
CYP1A1 genes more than in outdoor DPs (P < 0.05) Figure 3C. In the
L929 cell line, the effect of indoor and outdoor DPs on the expression
level of the CYP1A1 gene was not significant. However, cell treatment
with indoor DPs increased the expression level of TNFα and IL6 genes



Table 1. Statistical heavy metal concentration in a different area of Neyshabur (μg g�1).

Zn Pb Ni Cu Cr Co Cd

Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor Indoor

High traffic

Average 388.5 982.3 57.0 48.1 75.8 94.1 278.5 142.1 114.1 72.8 16.9 10.1 0.19 7.1

Min 239.5 973.4 41.3 40.1 71.2 51.6 121.9 129.8 91.6 36.3 16.8 1.3 0.12 1.3

Max 537.4 991.2 72.7 56.2 80.3 136.6 435.1 154.4 136.6 109.2 17.0 19.0 0.27 12.9

SD 210.6 12.6 22.2 11.4 6.4 60.0 221.4 17.4 31.8 51.6 0.1 12.5 0.10 8.2

Medium traffic

Average 288.2 726.3 50.2 66.5 68.5 76.9 206.5 137.1 99.6 45.7 15.9 9.5 0.34 1.9

Min 250.7 546.7 31.7 55.6 61.0 54.1 175.9 104.3 91.1 35.8 14.6 7.7 0.22 1.2

Max 342.0 905.9 61.1 77.5 78.8 99.8 224.5 169.9 106.6 55.7 17.2 11.2 0.51 2.7

SD 44.0 254.0 13.7 15.5 7.5 32.4 23.1 46.4 7.4 14.1 1.1 2.5 0.12 1.0

Low traffic (Rural)

Average 204.4 258.0 26.9 41.3 60.8 154.9 116.8 64.7 88.4 114.7 22.9 16.5 0.21 1.0

Min 170.1 165.0 26.5 23.7 57.7 143.8 88.2 43.8 86.3 95.8 15.5 13.5 0.08 0.9

Max 238.7 373.9 27.2 60.6 63.9 162.2 145.5 98.1 90.4 149.7 30.4 21.4 0.35 1.2

SD 48.5 106.3 0.5 18.6 4.4 9.8 40.5 29.2 2.9 30.3 10.5 4.3 0.19 0.1

Figure 2. Effect of indoor andoutdoor dusts onAGS, A549 andL929 cell viability.A)Thecellswere cultured in 10%FBSmediumand treatedwith outdoor and indoordusts
for 48 and 72 h and cell viability was measured by MTT assay. B|) The indoor and outdoor dust samples were categorized according to traffic states (LT: low traffic, MT:
medium traffic and HT: high traffic) and cell viability was measured after 72 h cell treatment with these. The percent of viable cells (%) was calculated in comparison to
untreated cells. The number of cells in the control was taken as 100%. Values were expressed as mean� SD: of three independent experiments, each performed in triplicate
(*P < 0.05 and **P < 0.01; #P < 0.05 and ##P < 0.01; $ P < 0.05 and $$ P < 0.01).

Table 2. Primer sequnces used for the analysis of expression in human (AGS and
A549) and mouse (L929) cell lines.

Gene Forward (50
–30) reverse (50–30)

IL6 (Human)
IL6 (Mouse)

GTCCAGTTGCCTTCTCCCTG
TACCACTTCACAAGTCGGAGGC

ACCAGGCAAGTCTCCTCATTG
CTGCAAGTGCATCATCGTTGTTC

TNF-
α(Human)
TNF-
α(Mouse)

AGCCCATGTTGTAGCAAACC
GGTGCCTATGTCTCAGCCTCTT

ACATTGGGTCCCCCAGGATA
GCCATAGAACTGATGAGAGGGAG

CYP1A1
(Human)
CYP1A1
(Mouse)

ACCATCCCCCACAGGAAGCTA
CATCACAGACAGCCTCATTGAGC

GGCAGGATCCCTTAGGCTTG
CTCCACGAGATAGCAGTTGTGAC

GAPDH
(Human)
GAPDH
(Mouse)

CTCCCGCTTCGCTCTCTG
CATCACTGCCACCCAGAAGACTG

TCCGTTGACTCCGACCTTC
ATGCCAGTGAGCTTCCCGTTCAG
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more than outdoor ones (P � 0.05). No significant change (P � 0.05) in
CYP1B1 gene expression was observed in all three cell lines (data not
shown) Figure 3A.

4. Discussion

The present study was designed aiming the evaluation of the HMs
content of DPs collected from indoor and outdoor environments in
Neyshabur, a city with several industrial complexes such as a great steel
industry and a power plan. We also evaluated the cytotoxicity and gene
expression related to DPs exposure on normal, and cancer cell lines.

DPs are important routes for loading HMs into the human body [19].
The health risks posed by HMs in indoor and outdoor DPs have attracted
particular attention [20, 21, 22]. https://journals.sagepub.com/action/
doSearch?target¼default&amp;ContribAuthorStored¼Naimabadi%2C
þAbolfazl Previously, Naimabadi et al. reported the presence of high
concentrations of HMs in indoor and outdoor DPs of Neyshabur [3, 23].
Similarly, the content of HMs in indoor and outdoor DPs was different;
remarkably high concentrations of Zn and Ni in indoor DPs compared to
that of outdoor ones were observed. These results were obtained due to
the different origins of HMs in indoor and outdoor DPs. Electrical
4

devices, smoking tobacco, and cigarette, traffic sources, old building
materials, building paint colors as well as outdoor dust can be considered
as important sources of HMs in indoor environments [24, 25]. Our results
also indicated that the increased concentration of HMs in indoor or

https://journals.sagepub.com/action/doSearch?target&equals;default&amp;amp;ContribAuthorStored&equals;Naimabadi&percnt;2C&plus;Abolfazl
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https://journals.sagepub.com/action/doSearch?target&equals;default&amp;amp;ContribAuthorStored&equals;Naimabadi&percnt;2C&plus;Abolfazl
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Figure 3. The effect of indoor and outdoor dusts on mRNA expression of inflammatory markers (IL6 and TNF-α) and CYP1A in human (AGS and A549) and mouse
(L929) cell lines. The cells were treated with indoor and outdoor dusts for 24 h. RNA was extracted from treated cells, cDNA was synthesized, and gene expression
changes were measured relative to non-treated (*p < 0.05, **p < 0.01). # (p < 0.05) and ## (P < 0.01) represent the gene expression changes in presence of indoor vs
outdoor samples.
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outdoor DPs is more likely in the crowded area with high traffic volume
(Figure 1). In line with our results, the role of traffic (braking cars and tire
friction) on the elevated concentration of some HMs such as Cuþ2 and
Znþ2 is well-established [26, 27]. In indoor samples, HMs are frequently
used in electrical devices [28]. In the majority of the samples, the con-
centration of Pbþ2 in indoor samples was higher than outdoor ones. The
source of Pbþ2 in indoor samples is the paints [25] and cement [25] used
in the building. In addition, one of the most important sources of Pbþ2

contamination in homes is lead-acid batteries, which are used for various
household appliances [29].

As shown in Figure 2(A-B), in the current study, the indoor and
outdoor dust severely reduced the cell viability of normal and cancerous
cell lines. Numerous studies have been performed on the cytotoxic effects
of dust in human cell lines [30, 31, 32, 33, 34]. Consistent with our study,
Goodarzi et al. reported that increasing the concentration of HMs in dust
samples collected from the city of Ahvaz (Iran) lead to increased toxicity
in cell line A549 [35,36]. Also, the cytotoxic effects of dust particles
collected from around Turin (Italy) on cell line A549 have been reported
by Alessandria, L et al. [37]. Previous studies have focused on the cyto-
toxic effects of PM2.5 and PM10 dust particles. There are limited studies
on the effects of indoor dust and its comparison with outdoor particles.
For example, a study reported the cytotoxic effects of PM2.5 particles on
human lung epithelial cells. This study showed that indoor and outdoor
particles significantly reduced cell viability. The presence of HMs such as
Ni, Cu, and Pb, as well as charged particles such as NO3-, SO4

2-, and NH4þ

in these samples has been reported as the leading cause of toxicity in
these samples [32]. Roy et al. reported a high percentage of cytotoxicity
and a high load of pathogenic microbes in indoor samples [38]. In
addition, our results showed that the cytotoxic effect of indoor DPs was
higher than that of outdoor DPs. These results align with the results
obtained from the analysis of HMs concentrations in indoor and outdoor
samples. Therefore, the increase in cytotoxicity of indoor samples can be
attributed to the higher concentration of HMs in these samples. A number
5

of studies have reported the high toxicity of HMs. The role of HMs such as
Mn, Cr, Ti, Fe, Cu, Zn, Ni, and Mo in the cytotoxicity of indoor and
outdoor DPs has been reported by Spagnolo et al. [39]. SomeHMs such as
Fe, Cuþ2, and Znþ2 at non-toxic concentrations are vital to physiological
functions. However, their presence at high concentrations is toxic for
cells [40]. HMs bind to DNA and RNA molecules in the cell and subse-
quently denature these vital molecules. They also destroy the vital mol-
ecules of cells by producing free radicals [41]. Binding to and thus
inhibiting the glutathione molecule as an effective antioxidant is another
mechanism that converts HMs into highly toxic molecules [41]. Consis-
tent with the present study, Vicente et al. reported that PM10 particles in
indoor samples were more toxic to A549 cell lines than in outdoor
samples. In the study, the cytotoxicity of PM10 particles was attributed to
HMs and organic compounds such as PAH [42]. In contrast with our
results, Monn et al. have previously reported that PM10 particles from
outdoor samples – but not indoor particles - have shown significant
cytotoxic effects in lung cells. The cytotoxic effects observed in their
study were associated with the presence of HMs [43].

Our results also showed that cell viability in the presence of particles
collected from HT areas was significantly higher than in particles
collected from LT areas. This result seems logical because similar to our
findings, earlier studies reported a higher concentration of HMs in the HT
area compared to LT one [44, 45]. In terms of cytotoxicity, the effect of
exposure to DPs on cell viability of cancer cells such as A549 and AGSwas
higher than that of normal cells. The greater vulnerability of cancer cells
can be attributed to the higher rate of cell growth and the rapid and
abnormal metabolic processes in these cells, which increases the rate of
nanoparticle uptake. On the other hand, cancer cells are more acidic than
normal cells and HMs are more likely to be released more quickly in the
acidic condition, resulting in a more death rate in cancer cells [46, 47].

Furthermore, the present study examined the effect of indoor and
outdoor dust particles on the gene expression of inflammatory agents.
The expression of genes involved in inflammation, such as IL-6 TNFα, is
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significantly increased in the presence of indoor and outdoor DPs.
Increased inflammation is one of the most important results of cell
exposure to DPs, which can lead to necrosis and apoptosis of cells and
increase the cytotoxicity of DPs [48, 49]. The production of proin-
flammatory factors such as IL6 and TNFα in cells can be increased due to
the presence of pathogenic microbes in the DPs or due to the high pro-
duction of reactive oxygen species in the presence of HMs [38]. Previous
studies have reported the production of IL6 and IL8 in the presence of
dust particles in human cells [41, 43]. High concentrations of IL-2, IL-4,
IL-5, IL-6, IL-9, IL-10, IL-12, and TNF-α produced by lung epithelial cell
lines have been reported following exposure to indoor and outdoor DPs
[38]. Also, increased expression of inflammatory factors in cells can be
attributed to the higher content of HMs in the DPs [50].

Our study also showed increased expression of the CYP1A1 gene, not
CYP1B1, related to indoor and outdoor DPs exposure in both AGS and
A549 cell lines. Enzymes of the cytochrome P450 family are involved in
the metabolic response of xenobiotic compounds [51, 52]. Modulation of
CYP1A1 gene expression and activation by metals such as As3þ, Hg2þ,
Pb2þ, Cd2þ, Cr6þ, Cu2þ, and V5þ has been evaluated [53]. For example,
Hg2þ can act at different levels on CYP1A1 modulation, and its effects
depend on the cell line used for the study [54]. The increased level of
CYP1A1 expression in the presence of Cd was also reported by Mohamed
et al. [55]. Some studies demonstrated a reduction in CYP1A1 activity
despite an increase in mRNA levels [53, 56]. Although in the current
study, the effects of indoor or outdoor dust on CYP1A1 activity were not
evaluated, almost all studies have demonstrated HMs as potent inhibitors
of CYP1A1 activity [53]. Therefore, environmental exposure to indoor or
outdoor DPs can influence drug metabolism and markedly change
pharmacokinetics, response, or resistance to the drugs.

5. Conclusion

In the present study, it was shown that the majority of studied HMs
had a higher concentration in indoor DPs compared to outdoor ones. In
addition, HMs in samples collected from the HT zone were higher than
those in the MT and LT zones. Statistical analysis of the cytotoxic effects
showed significantly higher cytotoxicity of the indoor DPs than outdoor
ones. Cytotoxicity effects of samples collected from the HT zone were
also much higher than samples collected from MT and LT zones, which
could be related to the higher concentration of HMs in indoor DPs.

The gene expression results show an increased expression of inflam-
matory markers (IL6 and TNF-α) as well as CYP1A1 in the presence of
both indoor and outdoor samples. Due to the high content of HMs in
indoor dust and their cytotoxic effects on normal and cancerous cell lines,
the application of HMs should be limited as much as possible.
5.1. Limitation of study

Since normal cells cannot be cultured in the environment conditions,
therefore we are reluctant to use cancer cells.
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