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weeks on alternate days. At the end of the experiments, rats were
anesthetized and samples were taken to perform molecular,
biomedical, and histopathological evaluations.

Results: Dust exposure induced NAFLD features in rats under HFD.

Keywords: Dust exposure and HFD disrupted liver enzymes and lipid profile.
High fat diet Dust exposure and HFD increased liver MDA level, mRNA
Dust expression of NF-K, TNF-a, IL-6, Nrf2, HO1 and miRs122, and 34a.
NAFLD Dust+HFD also decreased liver total antioxidant capacity level.
Gallic acid Pretreatment with GA improved almost studied variables in the
$8§ HFD+GA+Dust group.
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Conclusion: The present study showed that HFD given for 6
weeks and dust exposure induced NAFLD in Wistar rats through
inducing oxidative stress. Oxidative stress through activating the
inflammatory pathways caused NAFLD features. GA pretreatment
by inhibiting oxidative stress, effectively protected liver functions
against HFD+Dust induced inflammation.
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Introduction

The burden of diseases and death
related to environmental pollution is
becoming a major public health challenge,
especially in  developing countries.
Gaseous pollutants (NOx, ozone, sulfur
dioxide and carbon monoxide), persistent
organic pollutants (dioxins, pesticides and
furans), heavy metals (mercury, silver,
lead, nickel, vanadium, manganese
chromium and cadmium), and particulate
matters (PMs) constitute air pollution
compounds (Kampa and Castanas, 2008).

Particulate matter (PM) is a generic
term used for wvarious kinds of air
pollutant, with different sizes and
compositions, that are produced by natural
and anthropogenic phonemes (Poschl,
2005). The size of the particle matters
according to different categories, was
defined as: Ultrafine, Fine and Coarse
particles(aerodynamic diameter smaller
than 0.1 um, equal to 1 um and larger than
1 pm, respectively) (Kampa and Castanas,
2008).

The existing literatures on air pollution
have mostly focused on particulate matters
and gaseous pollutant (SO,, ozone and
CO) and less, on the effect of dust on
health status (Al-Taiar and Thalib, 2014).
The natural phenomenon, dust storm,
transfers soil particles to another place,
sometimes miles away from the point of
dust storms origin (Al-Taiar and Thalib,
2014).

Dust storm may carry fine and coarse
particle matter fractions (Zauli Sajani et
al., 2011) bio-particulates and
microorganisms, pollen, and related
protein and lipid components (Gonzalez-
Martin et al.,, 2014). In spite of high
frequency of dust storms in the Middle
East, few studies have focused on its
public health effects.

A previous study showed that particle
matter exposure via induction of oxidative
stress, induced liver inflammation that
have critical role in liver pathogenesis
(Zheng et al., 2015). Mice exposed to
PM2.5 demonstrated increased mMRNA

expressions of inflammatory mediators
such as TNFa and IL-6 and showed Non-
alcoholic fatty liver diseases (Tan et al.,
2009). Non-alcoholic fatty liver disease is
a spectrum of liver diseases ranging from
simple non-alcoholic fatty liver (NAFL),
to non-alcoholic steatohepatitis (NASH),
and finally, liver irreversible cirrhosis
(Brunt, 2001).

A previous study showed that rats with
sub-chronic exposure to PM2.5, exhibited
liver histopathological changes and
elevated serum aspartate aminotransferase
and alanine aminotransferase (Li et al.,
2018). Exposure to ultrafine PMs has been
indicated to increase hepatic levels of
malondialdehyde which shows systemic
oxidative stress, and enhance the gene
expression of antioxidants related to Nrf2
(Araujo et al., 2008).

Nrf2 as a transcription factor regulates
antioxidant response and promotes cellular
pathways protecting against oxidative
stress. Nrf2 plays vital role in almost all
organs such as the liver, brain, and lung. A
study demonstrated that exposure to air
pollutants activated Nrf2 pathway (Jang et
al., 2008).

Heme oxygenase 1 (HO1) catalyzes
degradation of heme, produces biliverdin
and causes a general response to ROS-
induced oxidative stress (Ryter et al.,
2006). A pervious study showed that
exposure to PM2.5 enhances liver
inflammation and causes overexpression of
HO1ImRNA (Li et al, 2018).

MicroRNAs (miRNAs) have important
roles in physiological processes such as
cell growth, differentiation and
development (Bernardi et al., 2013). miR-
122 shows liver health status and
recognizes specific miRs in the liver (Siaj
et al, 2012). MiR-34a reflects liver
damage, and a direct correlation between
the serum level of miR-34 and liver injury
has been proven (McDaniel et al., 2014).

Gallic acid (GA) as a phenolic
compound is abundant in vegetables, tea,
berries and wine. GA possesses different
beneficial activities, including anti-
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inflammatory (Hsiang et al., 2013), anti-
obesity (Jang et al., 2008) and hepato
protective effects (Chao et al., 2014).
Thus, this study was designed to evaluate
the deleterious effects of a combination of
dust exposure and high fat diet, on liver
function. Gallic acid as a potent
antioxidant ~was also used to
prevent/alleviate NAFLD in rats exposed
to dust and high-fat diet.

Materials and Methods

Chemicals
Gallic acid was purchased from sigma
Aldrich  Co. (Germany). Kits for

measuring malondialdehyde (MDA) and
total antioxidant capacity (TAC) were
purchased from ZellBio Co. (Germany).
Kits for determination of ALT, AST, ALP,
TG, cholesterol and HDL were purchased
from Pars Azmun Company (Iran).

Animals grouping

Twenty-four adult male Wistar rats
(200-250 g) were purchased from the
animal house of AJUMS. Animals were
housed in the standard cage for one week
before initiation of the experiment. The
animals were kept in the animal house of
AJUMS, Ahvaz, Iran, under a dark-light
cycle of 12 hr and a temperature of
22+2°C. Rats had free access to standard
rat chow diet and tap water.

Rats were divided randomly into 3
groups (n=8 in each): HFD+CA (rats
under high fat diet, exposed to clean air),
HFD+N/S+Dust (animals under HFD
received normal saline as vehicle just
before dust exposure), and HFD+GA+Dust
(rats under HFD, received oral gallic acid
at 100 mg/kg, just before dust exposure).

Air inlet
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All rats were exposed to clean air or dust
for 6 weeks (three days a week on alternate
days). The following materials were added
to standard rats’diet to make HFD
including: cholesterol (0.4%), and beef
tallow (30%) and supplemented with 30%
fructose (Savari et al.). Animals in none of
the experimental groups had free access to
food and water during dust exposure
period (Niwa et al., 2008). All protocols
and experiments were approved by
Experimental Animals Ethics Committee
of AJUMS
(IR.AJUMS.ABHC.REC.1397.060).

Dust sampling, and area of study

Dust was collected in autumn (2018)
from Ahvaz, the capital city of southwest
Province of Iran, Khuzestan. This city is
located at 31° 20 N, 48° 40 E
geographically and is18 m above sea level
(Heidari-Farsani et al., 2013). To collect
dust, we placed large dishes on the
Golestan medical students’dormitory roof
for 3 months; then, the settled dust was
collected and used in this study.

Dust exposure

To create a dusty environment, dust
exposure chamber was designed (Figure
1). Whole body exposure was performed 5
hr per day, 3 days per week (for 6 weeks)
on alternate days, for a total of 90 hours.
The concentration of PM10 during the
study was 500-2000 pg/m®. On the 43rd
day of the experiments and prior to
sacrificing, animals were fasted overnight.
All rats were anesthetized by ketamine and

Figure 1. A schematic view of dust exposure cage.
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After inducing deep anesthesia,
abdominal cavity was opened. Blood
collection was performed, and liver
sections from left lateral lobe were rapidly
removed, frozen in liquid nitrogen and
then, stored at -80°C (Sellmann et al.,
2015). Another liver tissue sample from
left lateral lobe was fixed in formalin
solution (10%).

Serum biochemistry analysis

Collected blood samples were
centrifuged (6000 g for 10 min) and stored
at -80°C. The serum level of liver
functional markers, aspartate
aminotransferase (AST), alanine
aminotransferase (ALT), and alkaline
phosphatase (ALP), and the level of total
cholesterol, triglyceride (TG), and high-
density  lipoprotein (HDL)  were
determined using an automatic serum
Automatic analyzer (BT 1500-A-A, Rome,
Italy) (Hussien and Shoman, 2013).Low-
density lipoprotein-cholesterol (LDL-C)
was calculated as total cholesterol — (HDL-
C + triglyceride /5).

Histopathological analysis of the liver

Formaldehyde fixed liver tissue, were
embedded in paraffin, and sectioned (5
pm) by using a microtome. The sections
were stained by hematoxylin and eosin.
Histopathological analysis was done
blindly under a light microscope.

Liver histology scoring

The following grading method was used
to determine the histopathological changes
of the liver. Fatty change was graded
according to the percentage of hepatocytes
containing macro-vesicular fat (grade 1: 0—
25%; grade 2: 26-50%; grade 3: 51-75%;
and grade 4, 76-100%) (Ip et al., 2003).
The degree of inflammation and
accumulation of RBCs is expressed as the
mean of 10 different fields within each
slide that had been classified on a scale of
0-3 (0: normal; 1: mild; 2: moderate; and
3: severe) (Bruck et al., 2003).

Assessment of the activity of
antioxidants and level of lipid
peroxidation

The  frozen liver  tissue  was
homogenized inlml phosphate buffered
saline (pH 7.4) and then centrifuged
(15000 rpm for 15 min). The TAC and
MDA levels in homogenates of liver
tissue, were measured using specific Kits
according  to the manufacturer’s
instructions.

Measurement of the expression of miRs
and mRNAs

Total RNA (miRNAs and mRNAS)
were extracted from the frozen serum
samples using miRNeasy/Plasma kit and
RNeasy plus mini Kkit, respectively
(Qiagen, GmbH, Germany). After
determination of the purity and
concentration of the extracted RNA,
cDNA was synthesized (Qiagen, GmbH,
Germany). To quantify the expression
levels of studied microRNAs (122 and
34a) and mRNAs (NFkB, TNF-a, IL-6,
Nrf2 and HO1), semi-quantitative real-
time PCR (gRT-PCR) was performed.
Table 1 lists the sequence of forward and
reverse primers used for amplifying of
each gene. No-template negative control
(H20) was routinely run in every PCR.

The levels of miIRNAs and mRNAs
expression were respectively normalized
against RNUG6 (as an internal control) and
glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and the fold
change was calculated using the 2724
formula.

Statistical analysis

Results are expressed as
meanszstandard error of means (SEM).
One-way analysis of variance (ANOVA)
with LSD post hoc tests was used for
identification of significant differences
among the studied groups (IBM SPSS
statistics 16). Kruskal-Wallis test was used
to analyze histopathologic scoring.
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Table 1. Sequences of real time PCR primers

Primers Forward Revers

NFxp ACCCGAAACTCAACTTCTGT TAACAGCTGGGGGAAAACT
TNFo TGTGCCTCAGCCTCTTCTCATTC CATTTGGGAACTTCTCCTCCTTG
IL-6 GGTCTTCTGGAGTTCCGTTT AGTTGGGGTAGGAAGGACTA
Nrf2 CTCTCTGGAGACGGCCATGACT CTGGGCTGGGGACAGTGGTAGT
HO1 TCAGCACTAGTTCATCCCAG AAGCTTTCTTAGAGGCCCAA
GAPDH TGCTGGTGCTGAGTATGTCGTG CGGAGATGATGACCCTTTTGG

NFkf3: nuclear factor xf, IL-6: interleukinG, TNFa: tumor necrosis factor a, Nrf2: nuclear
factor erythroid- related factor 2, HO1: heme oxygenase-1, and GAPDH: glyceraldehyde-3-

phosphate dehydrogenase.

Results
Analysis of the given dust

Analyzing the composition of the given
dust in term of the heavy metals content
showed the existence of 25 heavy metals:
Ag, Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Hg,
Li, Mn, Mo, Ni, Pb, Sh, Se, Si, Sn, Sr, Ti,
V and Zn. The concentrations of
Aluminum, Manganese and Zinc in the
given dust were the higher compared to
blank sample (Figure 2).

Rat whole body exposure to dust
accompanied by HFD, induced non-
alcoholic fatty liver disease phenotype
To elucidate in vivo effects of whole
body exposure to dust, male Wistar rats
under HFD, were exposed to dust or clean
air (CA) after 42 days. We tried to create a
situation similar to the real life by this
exposure. During the exposure period, the
mean concentration of PM10 and PM2.5 in

o 140 <

0 =

the exposure chamber was respectively
1388 and 416.4 pg/m® and it was 50 pg/m?
for CA group.

Changes in macroscopic appearance
and microscopic architecture of the liver
following exposure to dust

As shown in Figure 3, accumulation of
RBC and fatty deposit was seen in
HFD+N/S+Dust rats’ liver (Figure 3b). No
sign of fatty deposit was seen in
HFD+GA+Dust  group, but  mild
inflammation and accumulation of RBCs
were seen in this group. H&E staining
revealed that inflammation, accumulation
of RBCs and fatty deposit in
HFD+N/S+Dust group, were significantly
higher than HFD+CA group. GA
pretreatment also significantly reduced
these levels (Table 2).

Hg Mo Sb Se Ag Sn Cd Be Tl As Co Li S Pb V Cu B S N Cr Ba Zn Al Mn

Heavy metals

Figure 2. Mean content of the investigated heavy metals in collected dust.
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Figure 3. Representative microscopic images
(magnification X250) of H&E-stained liver
sections following dust and clean air (CA)
exposure accompanied by high-fat diet (HFD). a:
HFD+clean air group showed normal appearance
and there were no histopathological changes; b:
The liver in HFD+N/S+ Dust exposed rats showed
inflammation (1), accumulation of RBCs (A) and
fatty deposit (F); and c: Animals in HFD+gallic
acid + Dust group showed mild inflammation and
blood cell accumulation but no signs of fatty
deposit.

Table 2. NAFLD grading and staging in Wistar rats
exposed to clean or dusty air.

Groups Inflammation  Fatty RBCs
deposit accumulation

HFD+CA 0.85+0.8 00+00 0.76+0.26
HFD+N/S+dust ~ 1.42+0.22* 3.6+8.6*  1.58+0.29 *
HFD+GA+Dust  0.08+0.02*# A46+.07*#  0.07+0.01*#

*p<0.05compared to the HFD+CA group. #p<0.05
compared to the HFD+N/S+Dust group.

Gallic acid increased total antioxidant
capacity (TAC) while decreased hepatic
malondealdehyde (MDA) level in dust-
exposed rats under high-fat diet

As indicated in Figure 4, dust exposure
significantly decreased hepatic TAC level
in the HFD+N/S+Dust rats compared to
the HFD+CA group while increased
hepatic MDA level (p<0.05 in both cases).
Pretreatment with GA at 100 mg/kg
reverted TAC and MDA levels to those of
the HFD+CA group.
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Figure 4. Gallic acid decreased hepatic
malondialdehyde (MDA) level while increased
hepatic level of total antioxidant capacity (TAC) in
rats exposed to dust under high-fat diet (HFD).
Data are expressed as the means+SEM.*p<0.05
compared to the HFD+CA group and #p<0.05
compared to the HFD+N/S+Dust group.

Gallic acid pretreatment decreased
serum levels of miR-122 and miR-34
following dust exposure in rats under
high-fat diet
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As illustrated in Figures 5 (a and b),
serum levels of miR-34a and miR-122
significantly increased following dust
exposure in rats under high-fat diet
(p<0.05 in both cases). GA pretreatment
(100 mg/kg) just before dust exposure,
reverted the level of mir-34a and miR-122
to that of the HFD+CA group.
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Relative expression of miR34a
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Figure 5. Effect of dust exposure and GA
pretreatment on serum levels of (a) miR-122 and
(b) miR-34a in rats under high-fat diet (HFD). The
data are presented as the meantSEM. *p<05
compared to the HFD+CA group; and #p<0.05
compared to the HFD+N/S+Dust group.

Gallic acid improved lipid profile in
dust-exposed rats under high-fat diet
Exposure to dust for 6 weeks, significantly
increased serum levels of TG and
cholesterol in the HFD+N/S+Dust rats
compared with the HFD+CA group
(p<0.05 in both cases) (Figure 6a-b).

There was no significant difference in
serum LDL and HDL level between the
HFD+CA and HFD+Dust  groups.
Pretreatment with GA at 100 mg/kg for 6
weeks just before dust exposure,
significantly decreased serum level of TG,
cholesterol and LDL, while increased
serum HDL level (p<0.05 in all cases).

Gallic acid improved liver enzyme
disturbances in dust-exposed rats under
high-fat diet

As demonstrated in Figure 7, there was
no significant difference in ALT serum
level between CA- and Dust-exposed rats
under HFD. Serum levels of AST and ALP
increased significantly in the
HFD+N/S+Dust group compared with the
HFD+CA rats (p<0.05 in both cases)
(Figure 7a-c). GA pretreatment decreased
serum levels of AST, ALT and ALP
(p<0.05 in all cases).

Effect of dust exposure and gallic acid
pretreatment on mMRNA expression of
NF-xp, pro- inflammatory cytokines,
Nrf2 and HO1

As shown in Figure 8(a-c), exposure to
dust increased the mMRNA expression
levels of NF-xf, IL-6 and TNF-a in the
HFD+N/S+Dust  compared to the
HFD+CA group (p<0.05 in both cases).
GA pretreatment before dust exposure
significantly prevented the increment of
these levels (p<0.05 in both cases). Nrf2
and HO1 mRNA expression in the
HFD+N/S+Dust and HFD+GA+Dust rats
increased significantly (p<0.05 in both
cases). There was no significant difference
between the  HFD+N/S+Dust and
HFD+GA+Dust rats in Nrf2 and
HO1mRNA expression.

The origin of the collected dust

One of several dust events that
happened in autumn 2018 is demonstrated
based on Hybrid Single Particle
Lagrangian Integrated Trajectory
(HYSPLIT) model, and MODIS data in
Figure 9. The highest PM10 level of this
event was725 pg/m® at 05:00 AM on
October 26, 2018 though there were other
dust storms in the same period that
reduced visibility in Ahvaz with more
PM10 severity. PM10 concentration was
greater than 2000 pg/m®. It appears that
Saudi Arabia was the main source of the
dust storm.
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Figure 6. Gallic acid improved lipid profile in rats
exposed to dust under high-fat diet (HFD). (a)
Serum levels of triglyceride (TG); (b) Serum levels
of cholesterol; (c); Serum levels of high-density
lipoprotein (HDL) and (d) Serum levels of Low-
density lipoprotein (LDL). The data are presented
as the mean+SEM. *p<0.05 compared to the
HFD+clean air group, and #p<0.05 compared to the
HFD+N/S+Dust group.
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Figure 7. Gallic acid improved liver enzyme
disturbances in rats exposed to dust under high fat
diet (HFD). (a) Serum levels of alanine
aminotransferase (ALT); (b) Serum levels of
aspartate aminotransferase (AST); and (c) Serum
levels of alkaline phosphatase (ALP). Data are
presented as the mean+SEM. *p<0.05 compared to
the HFD+clean air group, #p<0.05 compared to the
HFD+N/S+Dust group.
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Figure 8. Effect of dust exposure and Gallic acid pretreatment on gene expressions of pro- inflammatory
cytokines,NF-«xB, Nrf2, HO1 under high fat diet (HFD). *p<0.05compared to the HFD+clean air group; #p<0.05
compared to the HFD+N/S+Dust group.

Source # at 31.32N 4868 E

Meters AGL

Figure 9. A backward HYSPLIT trajectory of the occurred dust in Ahvaz on October 26, 2018, b associated
MODIS image over the region.
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Discussion

Dust composition is dependent on
itsorigin. There is a direct correlation
between dust composition(s) and its health
side effects. Prior studies have shown dust
components (PMs or heavy metals) when
evaluated individually could endanger
health status (Araujo, 2010; Cave et al.,
2010; Hyder et al., 2013; VoPham, 2019).
A human study has shown a direct
correlation between serum levels of heavy
metals and development of NAFLD
features (VoPham, 2019). Our results
showed that heavy metals concentration in
the given dust washigher than normal
levels. Higher concentrations of heavy
metals in the given dust compared to the
sample blank could serve as an important
reason for functional and morphological
changes observed inliver tissuse of the
HFD+N/S+Dust rats.

The results of the present study showed
that whole body dust exposure
accompanied by HFD, induced NAFLD
features in rats. Our microscopic
evaluations  demonstrated that  dust
exposure accompanied by HFD, led to
inflammation, accumulation of RBCs and
fatty deposit in rats’liver compared to the
HFD+CA group while gallic acid
pretreatment  significantly  decreased
inflammation, and accumulation of RBCs.
However, in the liver of the
HFD+GA+Dust rats, no signs of fatty
deposit were seen. A previous study has
shown protective effects of GA against
HFD-induced hepatic steatosis (Chao et
al., 2014). Generally, these findings
showed HFD+Dust (alsoshown by the
current results) and its components (as
revealed by previous reports), caused liver
damage, and GA pretreatment prevented
emergence of NAFLD features.

A previous study suggested that ulter
fine particle (UFP) exposure triggers
injury via oxidative stress induction
(Brown et al., 2004). An earlier study has
shown thatheavy metals are cable of
oxidative stress induction (Ayres et al.,
2008). Dust analysis showed that the

amount of heavy metals was dramatically
high. Thus, these findings showed that
oxidative stress induction occurred due to
high concentrations of heavy metals along
with other components present in the given
dust. However, increased levels of MDA
related to dust exposure, could represent
oxidative stress situation. A prior study has
also reported that UFP exposure via
systemic  oxidative stress induction,
increased MDA level (Delfino et al.,
2011). In agreement with such data, the
present study showed that liver MDA level
increased in the HFD+N/S+Dust group
compared to the HFD+CA rats. These
findings showed that dust exposure
accompanied by HFD, induced liver
oxidative stress, increased lipid
peroxidation,  damaged  hepatocytes,
increased cell membranes permeability
that ledto an increment in serum levels of
ALT, AST, ALP and miR-122. This study
showed that liver MDA level in the
HFD+GA+Dust group was significantly
lower than that of the HFD+N/S+Dust rats.
A previous report has indicated the ROS
scavenging activity and antioxidant-
promoting  activity of GA in
ischemia/reperfusion liver injuries
(Bayramoglu et al., 2015). Therefore, it
can be concludedthat GA is able to inhibit
oxidative stress.

There is a positive correlation between
the serum levels of miR-34a and oxidative
stress-induced injuries. Oxidative stress
condition led to increased serum levels of
miR-34a (Upton et al., 2012). The current
study showed that serum levels of miR-34a
and liver MDA level increased in the
HFD+N/S+Dust rats. The present results
also showed that GA pretreatment
improved these levels. From these
findings, we concluded that dust exposure
accompanied by HFD, induced oxidative
stress injury and GA pretreatment via
reduction of oxidative stress- protected the
liver.

Liver structural damage and cellular
leakage lead to the over release of liver
amino transaminases and ALP from
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hepatocytes and elevated levels of these
markers in serum (Jalili et al., 2015). The
present results showed that dust exposure
accompanied by HFD, increased serum
levels of AST, ALT and ALP while GA
pretreatment improved these levels. GA as
an antioxidant inhibited lipid peroxidation,
maintained cell membrane integrity and
consequently, improved these levels.

Our results showed that serum level of
TG and cholesterol increased in the
HFD+N/S+Dust, while serum HDL and
LDL were not significantly different
between the HFD+CA and
HFD+N/S+Dust groups. GA pretreatment
improved lipid profile in dust-exposed rats
under HFD. PMs exposure increased
oxidative stress which in turn, adversely
affected lipoproteins such as HDL. HDL
modulates the plasma level of cholesterol
(Araujo et al., 2008). Ambient air pollution
increased adipose inflammation and
insulin resistance (Sun et al., 2009).
Insulin resistance increased lipolysis which
in turn, increased plasma TG level. Then,
our results in agreement with a previous
study, have shown that air pollution
disrupted lipid profile (Wei et al., 2016)
while GA pretreatment via inhibiting
oxidative stress and then, inhibiting lipid
peroxidation improved lipid profile and
prevented NAFLD development (Chao et
al., 2014).

This study showed that expressions of
Nrf2 and HO1 increase in the
HFD+N/S+Dust and HFD+GA+ Dust
groups compared to the HFD+ CA group.
A pervious study has shown that airborne
particulate matter increases Nrf2 and HO1
MRNA expression (Araujo et al., 2008). In
agreement with a previous report, our
study has shown that air pollution and GA
pretreatment increased mMRNA expression
of Nrf2 and HO1 (Yeh and Yen, 2006).

Oxidative stress activated NF-kf
pathway and increased expression of pro-
inflammatory factors TNF-a, IL-1, and IL-
6 (Sivandzade et al., 2019). The present
results showed that dust exposure
accompanied by HFD, increased the

MRNA levels of NF-kf, TNF-a, and IL-6.
Similar findings were also reported
following exposure to PMs (Vignal et al.,
2017). Therefore, taken these results
together, it is concluded that exposure to
dust accompanied by HFD as shownhere
or its components (PMs) as reported by
previous studies, by activating the
inflammatory pathway, damaged the liver
and induced hepatic inflammation.

Our findings showed that dust exposure
caused a significant decrease in the liver
TAC while GA pretreatment significantly
increased TAC in rats under HFD. Air
pollution components increased oxidative
stress,  disturbed  oxidant-antioxidant
balance and oxidant mediators conquered
antioxidant defense. This situation makes
organs susceptible to oxidative stress
damages. A previous study has shown that
air pollution exposure reduced both serum
and organs antioxidant levels (Liu and
Meng, 2005). Another study also showed
that GA improved antioxidant capacity and
exhibited protective effect on liver
oxidative stress (Ahmadvand et al., 2017).
Our findings were consistent with prior
studies showing that dust exposure
decreased antioxidant potency while GA
pretreatment increased TAC and improved
antioxidant capacity.

In conclusion, this study showed that
HFD given for six weeks and exposure to
dust, induced NAFLD in Wistar rats
through  inducing  oxidative  stress.
Oxidative stress through activating the
inflammatory pathways caused NAFLD
features. Gallic acid pretreatment by
inhibiting oxidative stress effectively
protected liver function against HFD+Dust
induced inflammation.

Acknowledgment

The authors thank the research affairs
of Jundishapur University of Medical
Sciences for financially supporting this
project. This paper was issued from the
Ph.D thesis of Ms. Hafseh Fanaei (APRC-
9707), Ph.D student in  medical

physiology.

AJP, Vol. 11, No. 5, Sep-Oct 2021 537



Fanaei et al.

Conflicts of interest
The authors have declared that there is
no conflict of interest.

References

Ahmadvand H, Babaeenezhad E, Moradi FH,
Venool AC. 2017. Effect of gallic acid on
liver oxidative stress markers in renal
ischemia-reperfusion injury in rats. Annal
Res Antioxid, 2: e03-e05.

Al-Taiar A, Thalib L. 2014. Short-term effect
of dust storms on the risk of mortality due
to respiratory, cardiovascular and all-causes
in Kuwait. Int J Biometeorol, 58: 69-77.

Araujo JA. 2010. Particulate air pollution,
systemic oxidative stress, inflammation,
and atherosclerosis. Air Qual Atmos
Health, 4: 79-93.

Araujo JA, Barajas B, Kleinman M, Wang X,
Bennett BJ, Gong KW, Navab M, Harkema
J, Sioutas C, Lusis AJ, Nel AE. 2008.
Ambient particulate pollutants in the
ultrafine range promote early
atherosclerosis and systemic oxidative
stress. Circ Res, 102: 589-596.

Ayres JG, Borm P, Cassee FR, Castranova V,
Donaldson K, Ghio A Harrison RM, Hider
R, Kelly F, Kooter IM, Marano F, Maynard
RL, Mudway I, Nel A, Sioutas C, Smith S,
Baeza-Squiban A, Cho A, Duggan S,
Froines J. 2008. Evaluating the toxicity of
airborne particulate matter and
nanoparticles by measuring oxidattolive
stress potential—a workshop report and
consensus statement. Inhal Toxicol, 20: 75-
99.

Bayramoglu G, Kurt H, Bayramoglu A, Gunes
HV, Degirmenci 1, Colak S. 2015.
Preventive role of gallic acid on hepatic
ischemia and reperfusion injury in rats.
Cytotechnology, 67: 845-849.

Bernardi C, Soffientini U, Piacente F, Tonetti
MG. 2013. Effects of microRNAs on
fucosyltransferase 8 (FUT8) expression in
hepatocarcinoma cells. PLoS One, 8:
e76540.

Brown D, Donaldson K, Borm P, Schins R,
Dehnhardt M, Gilmour P Jimenez LA,
2004. Calcium and ROS-mediated
activation of transcription factors and TNF-
alpha cytokine gene expression in
macrophages exposed to ultrafine particles.
AM J Pysiol Lung Cell Mol Physiol, 286:

L344.

Bruck R, Aeed H, Avni Y, Shirin H, Matas Z,
Shahmurov M, Avinoach 1, Zozulya G,
Weizman N, Hochman A. 2003. Melatonin
inhibits nuclear factor kappa B activation
and oxidativestress and protects against
thioacetamide induced liver damage in rats.
J Hepatol, 40: 86-93.

Brunt EM. 2001. Nonalcoholic steatohepatitis:
definition and pathology, Seminars in liver
disease. Thieme Medical Publishers: 003-
016.

Cave M, Appana S, Patel M, Falkner KC,
McClain CJ, Brock G. 2010.
Polychlorinated  biphenyls, lead, and
mercury are associated with liver disease in
American adults: NHANES. 2003-2004.
Environ Health Perspect, 118: 1735-1742.

Chao J, Huo TI, Cheng HY, Tsai JC, Liao JW,
Lee MS, Qin YM, Hsieh MT, Pao LH,
Peng LH. 2014. Gallic acid ameliorated
impaired glucose and lipid homeostasis in
high fat diet-induced NAFLD mice. PL0oS
One, 9: €96969.

Delfino RJ, Staimer N, Vaziri ND. 2011. Air
pollution and circulating biomarkers of
oxidative stress. Air Qual Atmos Health, 4:
37-52

Gonzalez-Martin ~ C,  Teigell-Perez N,
Valladares B, Griffin DW. 2014. The
global dispersion of pathogenic
microorganisms by dust storms and its
relevance to agriculture. Advances in
Agronomy, 127: 1-41.

Heidari-Farsani M, Shirmardi M, Goudarzi G,
Alavi-Bakhtiarivand N, Ahmadi-Ankali K,
Zallaghi E, Naeimabadi A, Hashemzade B.
2013. The evaluation of heavy metals
concentration related to PM10 in ambient
air of Ahvaz city, Iran. J Adv Environ
Health Res, 1: 120-128.

Hsiang CY, Hseu YC, Chang YC, Kumar KS,
Ho TY, Yang HL. 2013. Toona sinensis
and its major bioactive compound gallic
acid inhibit LPS-induced inflammation in
nuclear factor-kB transgenic mice as
evaluated by in vivo bioluminescence
imaging. Food Chem, 136: 426-434.

Hussien NI, Shoman AA. 2013. Effect of
obesity and passive smoking on
biochemical and histopathological changes
in rat Liver and the protective effect of
exercise. J Exerc Physiol Online, 16: 101-
11.

Hyder O, Chung M, Cosgrove D, Herman JM,

AJP, Vol. 11, No. 5, Sep-Oct 2021 538



NAFLD cures by gallic acid

Li Z, Firoozmand A, Gurakar A, Koteish
A, Pawlik TM. 2013. Cadmium exposure
and liver disease among US adults. J
Gastrointest Surg, 17: 1265-1273.

Ip E, Farrell GC, Robertson G, Hall P, Kirsch
R, Leclercq 1. 2003. Central role of
PPARalpha-dependent hepatic lipid
turnover in dietary steatohepatitis in mice.
Hepatology, 38: 123-132.

Jalili C, Tabatabaei H, Kakaberiei S,
Roshankhah S, Salahshoor MR. 2015.
Protective role of Crocin against nicotine-
induced damages on male mice liver. Int J
Prev Med, 6: 92-98.

Jang A, Srinivasan P, Lee NY, Song HP, Lee
JW, Lee M, Jo C. 2008. Comparison of
hypolipidemic activity of synthetic gallic
acid-linoleic acid ester with mixture of
gallic acid and linoleic acid, gallic acid, and
linoleic acid on high-fat diet induced
obesity in C57BL/6 Cr Slc mice. Chem
Biol Interact, 174: 109-117.

Kampa M, Castanas E. 2008. Human health
effects of air pollution. Environ Pollut, 151:
362-367.

Li R, Zhang M, Wang Y, Yung KKL, Su R, Li
Z, Zhao L, Dong C, Cai Z. 2018. Effects of
sub-chronic exposure to atmospheric PM
2.5 on fibrosis, inflammation, endoplasmic
reticulum stress and apoptosis in the livers
of rats. Toxicol Res, 7;: 271-282.

Liu X, Meng Z. 2005. Effects of airborne fine
particulate matter on antioxidant capacity
and lipid peroxidation in multiple organs of
rats. Inhal Toxicol, 17: 467-473.

McDaniel K, Herrera L, Zhou T, Francis H,
Han Y, Levine P. 2014. The functional role
of microRNAs in alcoholic liver injury. J
Cell Mol Med, 18: 197-207.

Niwa Y, Hiura Y, Sawamura H, Iwai N. 2008.
Inhalation exposure to carbon black
induces inflammatory response in rats. Circ
J, 72: 144-149.

Poschl U. 2005. Atmospheric aerosols:
composition, transformation, climate and
health effects. Angew Chem Int Ed Engl,
44: 7520-7540.

Ryter SW, Alam J, Choi AM. 2006. Heme
oxygenase-1/carbon monoxide: from basic
science to therapeutic applications. Physiol
Rew, 86: 583-650.

Savari F, Mard SA, Badavi M, Rezaie A,
Gharib-Naseri MK. 2019. A new method to
induce nonalcoholic steatohepatitis
(NASH) in mice. Europ PMC, 19: 125-

135.

Sellmann C, Priebs J, Landmann M, Degen C,
Engstler AJ, Jin CJ, Garttner S, Spruss A,
Huber O, Bergheim I. 2015. Diets rich in
fructose, fat or fructose and fat alter
intestinal barrier function and lead to the
development of nonalcoholic fatty liver
disease over time. J Nutr Biochem, 26:
1183-1192.

Siaj R, Sauer V, Stoppeler S, Gerss J, Spiegel
HU, Kohler G. 2012. Longitudinal analysis
of serum miR-122 in a rat model of
Wilson's disease. Hepatol Int, 6: 770-777.

Sivandzade F, Prasad S, Bhalerao A, Cucullo
L. 2019. NRF2 and NF-B interplay in
cerebrovascular and neurodegenerative
disorders: Molecular mechanisms and
possible therapeutic. Redox Biol, 21:
10529.

Sun Q, Yue P, Deiuliis JA, Lumeng CN,
Kampfrath T, Mikolaj MB. 2009. Ambient
air  pollution  exaggerates  adipose
inflammation and insulin resistance in a
mouse model of diet-induced obesity.
CIRC J, 119: 538-546.

Tan HH, Fiel M.1, Sun Q, Guo J, Gordon RE,
Chen LC, Friedman S, Qdin J, Allina J.
2009. Kupffer cell activation by ambient air
particulate matter exposure may exacerbate
non-alcoholic  fatty liver disease. J
Immunotoxicol, 6: 266-275.

Upton JP, Wang L, Han D, Wang ES, Huskey
NE, Lim L, Truitt M, Mcmanus MT,
Ruggero D, Goga A, Papa FR, Oakes SA.
2012. IREla cleaves select microRNAs
during ER stress to derepress translation of
proapoptotic Caspase-2. Science J, 338:
818-822.

Vignal C, Pichavant M, Alleman LY, Djouina
M, Dingreville F, Perdrix E, Waxin C,
Alami AO. 2017. Effects of urban coarse
particles inhalation on oxidative and
inflammatory parameters in the mouse lung
and colon. Part Fibre Toxicol, 14: 46.

VoPham T. 2019. Environmental risk factors
for liver cancer and nonalcoholic fatty liver
disease. Curr Epidemiol Rep, 6: 50-66.

Wei Y, Zhang J, Li Z, Gow A, Chung KF, Hu
M, Sun Z, Zeng L, Zhu T, Jia J, Li X,
Duarte M, Tang X. 2016. Chronic exposure
to air pollution particles increases the risk
of obesity and metabolic syndrome:
findings from a natural experiment in
Beijing. FASEB J, 30: 2115-2122.

Yeh CT, Yen GC. 2006. Involvement of p38

AJP, Vol. 11, No. 5, Sep-Oct 2021 539



Fanaei et al.

MAPK and Nrf2 in phenolic acid-induced Emilia-Romagna (Italy). Occup Environ
P-form phenol sulfotransferase expression Med, 68: 446-451.
in  human hepatoma HepG2 cells. J Zheng Z, Zhang X, Wang J, Dandekar A, Kim
Carcinog, 27: 1008-1017. H, Qiu Y, Xu X, Cui Y, Wang A, Chen LC,
Zauli Sajani S, Miglio R, Bonasoni P, Rajagopolan S, Sun Q, Zhang K. 2015.
Cristofanelli P, Marinoni A, Sartini C, Exposure to fine airborne particulate
Goldoni CA, Girolamo G, Lauriola P. matters induces hepatic fibrosis in murine
2011. Saharan dust and daily mortality in models. J Hepatol, 63: 1397-1404.

AJP, Vol. 11, No. 5, Sep-Oct 2021 540



