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Protective Effect of Trans-chalcone Against High-Fat
Diet-Induced Pulmonary Inflammation Is Associated
with Changes in miR-146a And pro-Inflammatory
Cytokines Expression in Male Rats

Elham Karimi-Sales,1,2 Mohammad Reza Alipour,1 Roya Naderi,3 Elham Hosseinzadeh,4 and
Rafigheh Ghiasi1,2,5

Abstract— High-fat diet (HFD) increases the risk of non-communicable inflammatory
diseases including pulmonary disorders. Trans-chalcone is a chalcone with antioxidant and
anti-inflammatory effects. This study aimed to explore the effect of this natural compound
and molecular mechanism of its effect on HFD-induced pulmonary inflammation. Twenty-
eight male Wistar rats were randomly divided into four main groups (n = 7 per each group):
control, receiving 10% tween 80; Chal, receiving trans-chalcone, HFD, receiving a high-fat
emulsion and 10% tween 80; HFD +Chal, receiving a high-fat emulsion and trans-chalcone.
After 6 weeks, the lungs were dissected, and the expression levels of tumor necrosis factor-α
(TNF-α), interleukin-1β (IL-1β), interleukin-6 (IL-6), and miR-146a were determined using
real-time PCR. Moreover, histological analysis was done by hematoxylin and eosin staining.
Significant elevations in TNF-α, IL-1β, IL-6, and miR-146a expression levels (P < 0.001)
were observed within the lungs of HFD-fed rats compared with the control. However, oral
administration of trans-chalcone reduced TNF-α, IL-1β, IL-6 (P < 0.001), and miR-146a
(P < 0.05) expression levels and also improved HFD-induced histological abnormalities.
These findings indicate that trans-chalcone ameliorates lung inflammatory response and
structural alterations. It seems that this beneficial effect is associated with the down-
regulation of pro-inflammatory cytokines and miR-146a.
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INTRODUCTION

The prevalence of obesity, a chronic inflammatory
condition, has increased dramatically over the past years.
Obesity and high-fat diet (HFD) increase the risk of chron-
ic diseases including cancer, diabetes, cardiovascular dis-
ease, and respiratory disease [13, 34]. For instance, HFD
may induce lung inflammation and remodeling by increas-
ing production of pro-inflammatory cytokines such as tu-
mor necrosis factor-α (TNF-α) [27]. It has been suggested
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that airway remodeling, as a result of chronic inflamma-
tion, is a well-known feature of lung inflammatory diseases
including chronic obstructive lung disease and asthma [6,
11, 23].

microRNAs (miRNAs) are small non-coding RNA
molecules which post-transcriptionally regulate the ex-
pression of their target genes [5]. They contain about 22
nucleotides and have important roles in biological pro-
cesses such as cell differentiation, proliferation, and
modulation of immune responses in macrophages [1].
These non-coding RNAs exert central roles in the path-
ogenesis of various pulmonary diseases. Therefore,
miRNAs may serve as biomarkers and therapeutic tar-
gets in lung diseases [3, 31]. Especially, miR-146a may
be regarded as a therapeutic target for lung inflamma-
tion [31, 32]. It has been suggested that inflammatory
condition causes up-regulation of this miRNA in a nu-
clear factor kappa B (NF-κB)-dependent manner [36].

Chalcones, as an important class of flavonoids,
exert wide biological activities such as antioxidant,
anti-fibrotic, and anti-inflammatory activities [18, 28].
It has been known that trans isomer of chalcone is
thermodynamically more favorable than cis [2].
Trans-chalcone is a flavonoid precursor which exerts
beneficial effects on HFD-induced obesity [14]. A
recent study indicated that a chalcone derivative,
L2H21, inhibited lipopolysaccharide (LPS)-induced
pulmonary inflammation and acute lung injury in
mice [41]. However, the possible role of trans-
chalcone and mechanism of its action in pulmonary
injury induced by HFD remains unclear. Therefore,
this study aimed to evaluate the possible miR-146-
dependent effect of trans-chalcone on pulmonary in-
flammation in HFD-fed rats.

MATERIALS AND METHODS

Experimental Protocol

Twenty-eight male Wistar rats (210–250 g) were ob-
tained and housed in an environment with controlled con-
ditions (22 ± 2 °C and 12:12 light-dark cycle) with free
access to rodent chow and water. This animal experiment
was approved by the Ethical Committee of Tabriz Univer-
s i t y o f M e d i c a l S c i e n c e s ( c o d e n umb e r :
IR.TBZMED.REC.1396.582).

After 1 week of adaptation, rats were randomly
divided into four groups (n = 7 per group): control
(gavaged with 2 ml of 10% Tween 80), Chal (gavaged

with 20 mg/kg trans-chalcone, which was dissolved in
2 ml of 10% Tween 80 [16]), HFD (gavaged with 10 ml/
kg high-fat emulsion + 2 ml of 10% Tween 80), and
HFD + Chal (gavaged with 10 ml/kg high-fat emulsion +
20 mg/kg trans-chalcone). High-fat emulsion (HFD)
was composed of distilled water (300 ml), cholesterol
(100 g), corn oil (400 g), saccharose (150 g), tween 80
(36.4 g), total milk powder (80 g), propylene glycol
(31.1 g), cooking salt (10 g), mineral mixture (1.5 g),
sodium deoxycholate (10 g), and vitamin mixture (2.5 g)
[42]. All treatments including 10% Tween 80, trans-
chalcone [16], and high-fat emulsion [42] were done by
once-daily oral gavage for 6 weeks.

At the end of this period, animals were anesthetized
by an intraperitoneal injection of ketamine (60 mg/kg)/
xylazine (10 mg/kg) combination and lung samples were
collected. One part of each sample was fixed in 10%
formalin for histological analysis and the other part was
stored at − 80 °C for further analyses.

Real-Time PCR

Expression levels of miR-146a andmRNAs including
TNF-α, interleukin (IL)-1β, and IL-6 in the lung samples
were determined through real-time PCR method. Isolation
of total RNAs (miRNA and mRNAs) and synthesis of
cDNA in lung samples were done as previously described
[17]. Real-time PCR was performed with 2 μl cDNA and
PCRmaster mix (2 μl forward and reverse primers, 12.5 μl
SYBR Green PCRMaster Mix, and 8.5 μl water) in a final
reaction volume of 23 μl [17]. After normalization to
housekeeping genes including miR-191 for miR-146a
andβ-actin for mRNAs (TNF-α, IL-1β, and IL-6), relative
quantification expression of each gene was calculated
using 2−ΔΔCt method [15]. A List of primer sequences
used in the present study are shown in Table 1.

Histological Evaluation

The lung tissues were fixed in a 10% buffered forma-
lin solution. Then, hematoxylin and eosin stained lung
sections were evaluated by a blinded pathologist under a
light microscope (Axioskop2; Carl Zeiss MicroImaging
Inc., Germany). Scoring of histopathological data was
performed using these three criteria: lymphocyte infiltra-
tion (0 = no, 1 =mild, 2 =moderate, 3 = severe), distension
of the alveolar sacs (0 = no, 1 = yes), and thickening mucus
in interalveolar septa (0 = no, 1 = yes).
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Statistical Analysis

The SPSS 16 software package was used for statisti-
cal analyses. All normally distributed data were analyzed
using one-way analysis of variance (ANOVA) with post
hoc Turkey’s test. Analysis of non-normally distributed
data, obtained by histological scoring, were done by the
Kruskal-Wallis followed by Mann-Whitney test as post
hoc analysis (when a significant statistical difference was
observed). Normally distributed data are expressed as
mean ± SEM and data without a normal distribution are
expressed as median (min–max). P value < 0.05 was con-
sidered as statistical significance.

RESULTS

TNF-α, IL-1β, IL-6, and miR-146a Expressions

In the current study, expression levels of TNF-α, IL-
1β, and IL-6 in the lungs of rats in experimental groups are
depicted in Fig. 1a–c. Feeding with HFD led to significant
(P < 0.001) increases in mRNA levels of TNF-α, IL-1β,
and IL-6. However, trans-chalcone significantly
(P < 0.001) inhibited these HFD-related changes in HFD +
Chal rats. Furthermore, expression of the miR-146a was
significantly (P < 0.001) increased in the lungs of rats in
HFD compared with the control group, while treatment of
HFD-fed rats with trans-chalcone significantly (P < 0.05)
reversed this change (Fig. 2).

Histological Findings

The histological study was used to confirm the effects
of treatment with HFD and trans-chalcone on lung tissue.

Fig. 1. Pulmonary mRNA levels of TNF-α (a), IL-1β (b), and IL-6 (c) in
different study groups (control, receiving 10% tween 80; Chal, receiving
trans-chalcone; HFD, receiving the high-fat emulsion and 10% tween 80;
HFD+Chal, receiving the high-fat emulsion and trans-chalcone). Data are
expressed asmean ± SEM. **P < 0.01 versus control, ***P < 0.001 versus
control, ###P < 0.001 versus HFD.

Table 1. The primers sequences for genes

Genes Primer sequencea

L-1β F: CACCTTCTTTTCCTTCATCTTTG
R: GTCGTTGCTTGTCTCTCCTTGTA

IL-6 F: TGATGGATGCTTCCA AACTG
R: GAGCATTGGAAGTTGGGG TA

TNF-α F: ACTGAACTT CGG GGTGATTG
R: GCTTGGTGGTTTGCTACGAC

β-actin F: TACAGCTTCACCACCACAGC
R: ATGCCACAGGATTCCATACC
Target sequenceb

rno-miR-146a-5p UGAGAACUGAAUUCCAUGGGUU
rno-miR-191a-5p CAACGGAAUCCCAAAAGCAGCUG

a Sequences were derived from NCBI (www.ncbi.nlm.nih.gov)
b Sequences were derived from miRBase (www.mirbase.org)
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As shown in Fig. 3, lymphocyte infiltration, distension of
the alveolar sacs, and thickening mucus in interalveolar
septa were found in the HFD group. According to results of
histological analysis, HFD feeding significantly increased
lymphocyte infiltration (P < 0.01) and thickening mucus in
interalveolar septa (P < 0.05) scores (Table 2). However,
trans-chalcone significantly (P < 0.01) reduced lympho-
cyte infiltration in the HFD + Chal group and also reversed
HFD-induced thickening mucus in interalveolar septa to
normal level (Fig. 3 and Table 2).

Values are expressed as median (min–max)
*P < 0.05 versus control, **P < 0.01 versus control,

##P < 0.01 versus HFD
Chal trans-chalcone, HFD high-fat diet

DISCUSSION

The main findings of the current study were as fol-
lows: (1) long-term exposure to HFD led to histological
changes including an increase in lymphocyte infiltration
and thickening of mucus in interalveolar septa. (2) HFD
increased expression levels of TNF-α, IL-1β, and IL-6 in
the lung. (3) Feeding with HFD markedly increased miR-
146a expression in the lung tissue. (4) trans-chalcone
could reduce miR-146a, TNF-α, IL-1β, and IL-6 expres-
sions and also restored HFD-induced structural alterations
in the lung of HFD-fed animals.

These findings indicated the involvement of inflam-
matory signaling pathway in the HFD-induced lung abnor-
malities. It has been suggested that IL-1ß is an important
mediator in immune responses in obesity [24]. This cyto-
kine was up-regulated in the lung of obese animals [4, 21].
Furthermore, IL-1ß could activate the NF-κB and in-
creased the expression of various inflammatory genes
[22]. Several previous studies suggested that HFD feeding
led to lung inflammatory response, which was manifested
by pro-inflammatory cytokine production such as IL-1β,
NF-κB, and IL-6, and also by inflammatory cell infiltration
[1, 7, 34, 37]. It has been reported that maternal HFD-
feeding led to inflammation and remodeling of lung in
offspring [34]. Moreover, a previous study showed that
direct intra-tracheal TNF-α administration induced expres-
sion of several factors involved in lung remodeling such as
IL-1β and TNF-α [27]. In agreement with these previous
studies, in the present study, HFD-feeding increased the
expression levels of TNF-α, IL-1β, IL-6 after 6 weeks,
which were accompanied by pulmonary histological
abnormalities.

Recently, miRNAs have emerged as key regulators of
several biological processes including inflammation along
with intrinsic and acquired immunity [8, 29]. Among these
small non-coding RNAs, miRNA-146a is an NF-κB-
dependent miRNA which negatively regulates inflamma-
tory response [26, 36]. Anti-inflammatory role of this
miRNA has been suggested by previous studies [30, 39].

Fig. 2. Pulmonary expression of miR-146a in different groups (control, receiving 10% tween 80; Chal, receiving trans-chalcone; HFD, receiving the high-fat
emulsion and 10% tween 80; HFD +Chal, receiving the high-fat emulsion and trans-chalcone). Data are expressed as mean ± SEM. ***P < 0.001 versus
control, #P < 0.05 versus HFD.
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Pro-inflammatory cytokines, such as TNF-α and IL-6, are
known targets of miR-146a [10]. Wu et al. indicated that
IL-6, an important cytokine that mediates inflammation,
was a direct target of miR-146a and increased IL-6 expres-
sion was linked to reduced miR-146a expression during
lung injury [38]. In agreement with the present study, it has
recently been suggested that decreased inflammatory re-
sponse in idiopathic pulmonary lung fibroblasts was cor-
related with reduced miR-146a expression [12]. Zheng
et al. reported that LPS-induced lung injury was linked to
up-regulation of miR-146a and pro-inflammatory cyto-
kines including TNF-α, IL-6, IL-1ß. In their study,

manipulation with miR-146a mimic markedly inhibited
LPS-mediated TNF-α, IL-1β, and IL-6 production. There-
fore, the up-regulation of miR-146a could inhibit inflam-
matory mediators in LPS induced-acute lung injury [40].
Taken together, these data strongly suggest that miR-146a
displays an anti-inflammatory effect in various organs such
as lung tissue. Accordingly, up-regulation of this miRNA
was observed in adipose tissue following HFD feeding
which was positively regulated by TNF-α [8, 19].

To the best of our knowledge, no specific effect of
miR-146a in lung injury induced by HFD has been report-
ed. Interestingly, in the present study, HFD feeding up-

Table 2. Histological findings for experimental groups

Control Chal HFD HFD+Chal

Lymphocyte infiltration 0 (0–0) 0 (0–1) 3 (2–3) ** 1 (1–2) **##

Distention of alveolar sacs 0 (0–0) 0 (0–0) 0.5 (0–1) 0 (0–1)
Thickening mucus in interalveolar septa 0 (0–0) 0 (0–0) 1 (0–1) * 0 (0–1)

Fig. 3. Lung sections stained with hematoxylin and eosin in study groups (control, receiving 10% tween 80; Chal, receiving trans-chalcone; HFD, receiving
the high-fat emulsion and 10% tween 80; HFD+Chal, receiving the high-fat emulsion and trans-chalcone). Lung tissue in HFD+Chal group showed normal
thin interalveolar septa and blood vessels. Furthermore, lymphocyte infiltration (star), distension of the alveolar sacs (square) and thickening mucus in
interalveolar septa (arrow) in the HFD +Chal group were decreased compared with the HFD. (a): alveoli, (s): alveolar sacs, (B): respiratory epithelium in
bronchial, (sm): smooth muscle (BV), blood vessels bars = 50 μm.
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regulated the expression levels of miR-146a and pro-
inflammatory cytokines including TNF-α, IL-6, IL-1ß in
the lung. These results suggested that HFD-induced pul-
monary inflammation in rats could be due to the local
production of pro-inflammatory cytokines. Furthermore,
in this study, treatment with trans-chalcone alleviated the
pulmonary abnormalities in the HFD +Chal group which
was evidenced by the improvement of pulmonary histo-
logical alterations and also down-regulation of TNF-α, IL-
1β, IL-6, and miR-146a expressions.

Growing evidence has suggested that flavonoids, as a
large group of polyphenolic compounds, have various
biological effects and play preventive roles against several
human diseases [18, 20]. Recently, it has been indicated
that trans-chalcone protected the liver of HFD-fed rats
against NASH development [16]. Anti-inflammatory ef-
fect of trans-chalcone was also reported in gout arthritis
[35], hepatic injury [17, 33], and skin damage [25]. Ac-
cordingly, trans-chalcone ameliorated experimental gout
arthritis in mice by mitigating oxidative stress and inflam-
mation markers including NF-κB, TNF-α, and IL-1β [35].
The reduction of these cytokines was associated with the
inhibition of neutrophil recruitment as a hallmark of the
acute phase of inflammation [35]. Consistent with this
study, a recent study suggested that elevation of miR-
146a, an inhibitor of inflammation, was a compensatory
response post the cerebral ischemia-reperfusion injury, as
an inflammatory condition. In the mentioned study, antag-
onism of this miRNA promoted ischemia-reperfusion in-
jury-induced activation of NF-κB signaling pathway [9].
Therefore, it seems that the elevation of miR-146a is a
compensatory response to decrease inflammatory injury
under HFD feeding condition. In this study, the anti-
inflammatory effect of trans-chalcone was concomitant
with the down-regulation of miR-146a in HFD-fed rats.
To the best of our knowledge, this is the first study to prove
that trans-chalcone administration alleviates the pulmo-
nary inflammation. This effect is confirmed by preventing
histological abnormalities and decreasing mRNA levels of
TNF-α, IL-1β, IL-6, and miR-146a in the lung of HFD-fed
rats. Certainly, more detailed molecular studies are needed
to explore the detailed signaling pathways involved in the
effects of different chalcone derivatives on HFD-induced
pulmonary injury.

CONCLUSIONS

Trans-chalcone could alleviate HFD-induced pulmo-
nary injury which was reflected by preventing histological

abnormities and also by decreasing expression levels of
miR-146a and pro-inflammatory inflammatory cytokines
including TNF-α, IL-1β, and IL-6 in the lungs of HFD-fed
rats.
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