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ÖZ
Amaç: Bu deneysel çalışmada, doğal bir flavonoid olan hesperetinin 
sıçanlarda lipopolisakkarit uyarımlı akut akciğer hasar modeli 
üzerindeki etkileri incelendi.
Çalışma planı: Mart 2019 - Mayıs 2019 tarihleri arasında  
ağırlıkları yaklaşık 250-300 g olan toplam 18 erişkin erkek 
Wistar albino sıçan, kontrol, lipopolisakkarit ve lipopolisakkarit 
+ hesperetin grubu olmak üzere rastgele üç gruba ayrıldı 
(her grupta n=6). Akciğer dokusunda ıslak/kuru ağırlık 
oranı belirlendi. Histopatolojik değişiklikler ışık ve elektron 
mikroskobu ile incelendi. Pulmoner nükleer faktör-kappa beta, 
indüklenebilir nitrik oksit sentaz ve alfa-düz kas antijeni indirekt 
immünohistokimyasal yöntem ile belirlendi. Pulmoner apoptoz, 
terminal deoksinükleotidil transferaz dUTP çentik uç işaretleme 
yöntemi ile belirlendi. Tümör nekroz faktör-alfa, interlökin-1 
beta, interlökin-6 ve interlökin-10 konsantrasyonları enzim bağlı 
immunosorbent testi ile belirlendi.
Bul gu lar: Hesperetin tedavisi akciğer doku mimarisini anlamlı 
düzeyde iyileştirdi ve ıslak/kuru ağırlık oranı, nükleer faktör-kappa 
beta, indüklenebilir nitrik oksit sentaz ve alfa-düz kas antijeni 
ekspresyonu, pulmoner apoptoz ve proinflamatuvar sitokin düzeylerini 
azalttı.
Sonuç:Çalışma sonuçlarımız, hesperetinin sıçanlarda proinflamatuvar 
sitokin kaskadı, nükleer faktör-kappa beta sinyal yolağı aktivasyonu 
ve apoptozun baskılanması ile lipopolisakkarit uyarımlı akut akciğer 
hasarına karşı güçlü bir koruyucu etkiye sahip olduğunu göstermektedir.
Anahtar sözcükler: Akut akciğer hasarı, indüklenebilir nitrik oksit sentaz, 
lipopolisakkarit, nükleer faktör-kappa beta, pulmoner apoptoz, tümör nekroz faktör-alfa.

ABSTRACT
Background: In this experimental study, we aimed to investigate the 
effects of hesperetin, a natural flavonoid, on a lipopolysaccharide-
induced acute lung injury model in rats.
Methods: Between March 2019 and May 2019, a total of 18 adult 
male Wistar albino rats, weighing approximately 250 to 300 g, were 
randomly divided into three groups as control, lipopolysaccharide, 
and lipopolysaccharide + hesperetin groups (n=6 in each group). The 
wet/dry weight ratio of lung tissue was determined. Histopathological 
changes were examined using light and scanning electron microscopy. 
Pulmonary nuclear factor-kappa beta, inducible nitric oxide synthase, 
and alpha-smooth muscle antigen activity were determined with indirect 
immunohistochemical methods. Pulmonary apoptosis was detected 
with the terminal deoxynucleotidyl transferase dUTP nick-end labeling 
method. Tumor necrosis factor-alpha, interleukin-1 beta, interleukin-6, 
and interleukin-10 concentrations were measured with enzyme-linked 
immunosorbent assay.
Results: Treatment with hesperetin significantly improved the 
architecture of lung tissue and reduced the wet/dry weight ratio, 
nuclear factor-kappa beta, inducible nitric oxide synthase, and alpha-
smooth muscle antigen expression, pulmonary apoptosis, and levels of 
proinflammatory cytokines.
Conclusion: Our study results suggest that hesperetin has a potent 
protective effect against lipopolysaccharide-induced acute lung injury in 
rats via suppression of the proinflammatory cytokine cascade, nuclear 
factor-kappa beta, signaling pathway activation, and apoptosis.
Keywords: Acute lung injury, inducible nitric oxide synthase, lipopolysaccharide, 
nuclear factor-kappa beta, pulmonary apoptosis, tumor necrosis factor-alpha.
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Acute lung injury (ALI), a serious complication 
with high morbidity and mortality rates caused 
by sepsis, chest trauma, ischemia-reperfusion, viral 
pneumonia, and burns and is characterized by 
histopathological changes such as diffuse pulmonary 
alveolar infiltration, pulmonary edema, apoptosis, and 
hyaline membrane formation.[1-3] Thoracic surgery is 
also an important risk factor for the development of 
ALI and the incidence of ALI after pneumectomy has 
been reported to be 7.9%. A period of 10 days after 
thoracotomy is considered a critical period for the 
development of ALI.[4]

Lipopolysaccharide (LPS) located in the 
Gram-negative bacterial wall structure is released 
extracellularly and is considered the predominant 
microbial inducer of inflammation, as it initiates 
the innate immune response at the onset of ALI.[5,6] 
Therefore, in preclinical experimental studies, LPS is 
widely used as an effective strategy in the formation 
of the clinically relevant form of ALI in experimental 
animal models.[1,7]

The inflammatory cell infiltration and 
inflammation, which play a major role in the 
pathogenesis of ALI and are highly responsible for 
the occurrence of tissue damage, are also associated 
with overexpression of proinflammatory cytokines.[8] 
With LPS stimulation, the release of proinflammatory 
cytokines such as tumor necrosis factor-alpha (TNF-
α), interleukin (IL)-1 beta (IL-1β) and IL-6, mainly 
produced by inflammatory cells and elevated levels 
in the lung, and activation of the cytokine cascade 
accelerate tissue damage in the lung.[2,3] In previous 
studies, nuclear factor-kappa beta (Nf-kβ), the 
regulator of proinflammatory cytokines required 
for ALI development, played an important role in 
the pathogenesis of inflammation-related pulmonary 
diseases.[9-11] Therefore, agents which inhibit Nf-kβ 
activation are thought to be useful in reducing 
pulmonary inflammation and tissue damage.[12]

Hesperetin is a natural bioflavonoid found 
abundantly in some citrus fruits.[13] Antioxidative,[13] 
antiproliferative,[14] antiviral,[15] antiapoptotic,[16] and 
anti-inflammatory.[17,18] bioactivities of hesperetin have 
been demonstrated in many previous experimental 
studies. Moreover, previous studies have shown 
that hesperetin reduces proinflammatory cytokine 
expression by suppressing Nf-kβ activation and inhibits 
tissue damage in the lung.[13,19]

In the present study, we aimed to investigate 
whether hesperetin could inhibit the production of 
proinflammatory cytokines and reduce the severity of 

pulmonary edema, injury, and apoptosis in an LPS-
induced ALI model in rats.

MATERIALS AND METHODS
Chemicals
Hesperetin was provided by Santa Cruz (Santa Cruz 

Biotech., Dallas, TX, USA). The LPS (Escherichia coli 
[E. coli], O26:B6 serotype) and Masson’s trichrome kit 
were purchased from Sigma Pharmaceuticals (Sigma-
Aldrich, St. Louis, MO, USA). Hematoxylin-Eosin 
(H-E) and terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL; S7100 ApopTag® Plus 
Peroxidase In Situ) kits were purchased from Merck 
Pharmaceuticals (Merck KGaA, Darmstadt, Germany). 
Ketamine was provided by Pfizer Pharmaceuticals 
(Pfizer Inc., Istanbul, Turkey) and xylazine was 
provided by Bayer Pharmaceuticals (Bayer Inc., 
Mississauga, Canada). The Nf-kβ, inducible nitric 
oxide synthase (iNOS), and alpha-smooth muscle 
antigen (α-SMA) primary antibodies were provided 
by Novus Biologicals (Novus Biologicals Inc., 
Littleton, CO, USA). The TNF-α, IL-6, IL-10, and 
IL-1β enzyme-linked immunosorbent assay (ELISA) 
kits were provided by Shangai Biotech (Shangai YL 
Biotech Co., Shanghai, China).

Animals
Between March 2019 and May 2019, a total of 18 

adult male Wistar albino rats, weighing approximately 
250 to 300 g, were obtained from Tekirdağ Namık 
Kemal University, Application and Research Center 
for Experimental Animals (DHUAM). The rats were 
housed at DHUAM in standard laboratory conditions 
(temperature 22±2°C; humidity 40 to 60%; 12/12 
dark/light cycle) and were fed with pellet food and 
tap water ad libitum during experimental procedures. 
The study protocol was approved by the institutional 
Animal Ethics Committee of Tekirdağ Namık Kemal 
University. All experimental procedures were carried 
out in accordance with the Guide for the Care and 
Use of Laboratory Animals proposed by the National 
Institute of Health.

Experimental design
All rats were randomly divided into three groups 

as the control, LPS, and LPS+hesperetin (n=6 in 
each). To induce ALI, LPS (10 mg/kg, dissolved 
in 0.5 mL sterile saline solution) was given in 
single intraperitoneal administration from E. coli. 
Hesperetin treatment (100 mg/kg, dissolved in 0.5 mL 
sterile saline solution) was administered 15 min 
after LPS induction orally.[17] Twenty-four h after the 
LPS injection, all rats were anesthetized (ketamine/
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xylazine; 90/10 mg/kg), and intracardiac blood and 
lung tissues were obtained for further analysis.

Lung wet/dry weight ratio
The fresh left superior lobe from each rat was 

washed in phosphate buffer saline, blotted and weighed 
for the evaluation of pulmonary edema. The wet/dry 
(W/D) weight ratio was calculated by reweighing 
samples held for 24 h at 80°C according to a previous 
study.[19]

Histopathological analysis
A portion of the right lung lobe was used for 

histopathological and immunohistochemical 
examination, while the other part was used for scanning 
electron microscopic (SEM) examination. The lung 
tissue specimens were fixed in 10% neutral buffered 
formalin for 48 h. After fixation, the samples were 
washed with tap water, dehydrated in graded ethanol, 
cleared in xylene, and embedded in paraffin. The 
paraffin blocks were sectioned with rotary microtome 
(Slee, MPS, Germany) at 5 µm-thick and stained with 
H-E according to a previous study.[20] Histopathological 
changes were analyzed and graded by two pathologists 
blinded to the groups. Histopathological changes were 
scored on H-E-stained lung slides for the degree of 
intraalveolar edema, intraalveolar hemorrhage, and 
neutrophil infiltration using grades 0 to 4 (0; none, 1; 
mild, 2; moderate, 3; severe, 4; overwhelming) with a 
maximum score of 12, according to previous study.[21] 
Also, the lung sections were stained with Masson’s 
trichrome staining. All histopathological examinations 
were performed using the Olympus CX41 (Olympus, 
Japan) light microscope and image analysis system 
(Kameram Gen III Image Analysis Software, Istanbul, 
Turkey).

SEM analysis
For ultrastructural analysis of the lung tissue, the 

lung specimens were fixed in 2% 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES)-buffered 
glutaraldehyde solution overnight at 4°C. After 
the fixation process, the tissues were washed with 
0.1 M HEPES and dehydrated with ethanol. They 
were dried using hexamethyldisilane. The specimens 
were examined using scanning electron microscopy 
(Quanta FEG 250, FEI Technologies Inc., OR, USA) 
at DHUAM of Tekirdağ Namık Kemal University, 
Faculty of Medicine.

Immunohistochemical examination
For immunohistochemical detection of nuclear 

factor-kappa beta (Nf-kβ), iNOS, and α-SMA 
expression in lung tissue, paraffin-embedded lung tissue 

specimens had the avidin biotin - peroxidase complex 
technique.[22] Anti-Nf-kβ (1:100), anti-iNOS (1:100), 
and anti-α-SMA (1:100) primary antibodies were 
incubated in a humidified chamber. Biotin-streptavidin 
detection kit was used as secondary antibodies. In 
addition, 3-amino-9-ethylcarbazole (AEC) was used 
as a chromogen to create contrast. Counterstain was 
performed with Mayer’s hematoxylin. The iNOS and 
Nf-kβ-positive-stained cell numbers were calculated as 
positive cells/mm2, and α-SMA immunoreactivity was 
calculated as percentage for each group.

Pulmonary apoptosis

Apoptotic cells in the lung parenchyma were 
determined by the TUNEL staining method, which 
marks the ends of broken deoxyribonucleic acid 
fragments. The TUNEL kit was used. As a chromagen, 
3,3'-diaminobenzidine (DAB) was used to create 
contrast. Contrasting stains were made with Mayer’s 
hematoxylin, and cells with dense dark-brown stained 
nuclei were considered apoptotic cells. Apoptotic cells 
were calculated as positive cells/mm2 for each group.

Cytokine assays

The levels of proinflammatory cytokines TNF-α, 
IL-1β and IL-6, and anti-inflammatory IL-10 were 
determined using commercially available ELISA 
ELISA kits according to the manufacturer’s 
instructions in pg/mL. The TNF-α and IL-1β were 
determined in pulmonary tissue, while IL-6 and 
IL-10 were examined in serum. Cytokine levels were 
calculated according to standard curves (Multiskan™ 
GO microplate spectrophotometer, Thermo Fisher 
Scientific Inc., MA, USA).

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 21.0 software (IBM Corp., Armonk, 
NY, USA). Descriptive data were expressed in mean 
± standard error of mean (SEM). The numerical 
parameters of the groups were evaluated using a non-
parametric Kruskal-Wallis test, while the significance 
of the values obtained in two-way comparisons was 
measured using the Mann-Whitney U test. A p value of 
<0.05 was considered statistically significant.

RESULTS
Figure 1 shows the light and electron microscopic 

examination findings for the lung tissue. The 
control group had no histopathological alterations 
(Figure 1a, d, and g). The LPS group showed an 
increased inflammatory cell infiltration, alveolar 
wall thickness, hemorrhage, and edema in lung 
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parenchyma (Figure 1b, e, and h). Treatment with 
hesperetin significantly alleviated pulmonary 
degeneration and histopathological change scores 
in the lung tissue (Figure 1c, f, g, and j). The 
H-E, Masson's trichrome, and SEM findings are 
compatible with each other.

As shown in Figure 1k, the LPS group had a 
significantly higher W/D ratio compared to the 
control group, indicating the presence of edema 
and inflammatory cell infiltration in the pulmonary 
tissue (p=0.001). The LPS+hesperetin group exhibited 
significantly decreased W/D ratio compared to the LPS 
group (p=0.002).

The immunohistochemical expression of Nf-kβ, 
iNOS, and α-SMA are shown in Figures 2-4. The 
Nf-kβ immunohistochemical expression was observed 
as nuclear brown staining. A statistically significant 
decrease in the number of positively stained cells was 
observed in the group treated with hesperetin, despite 
the increase in the Nf-kβ immunohistochemical 
expression in the LPS group (p =0.002, Figure 2d).

The control group showed rare iNOS 
immunoreactivity in some alveolar epithelial cells 
(Figure 3a). The expression of iNOS increased, 
particularly in the alveolar epithelial cells and areas of 
inflammation, in the LPS group (Figure 3b). Decreased 

Figure 1. Histopathological examination of hesperetin on LPS-induced ALI. (a-c) H-E 
stained lung sections, (a) control, (b) LPS and (c) LPS+hesperetin. (d-f) Masson’s trichrome 
stained lung sections, (d) control, (e) LPS and (f) LPS+hesperetin. (g-i) Ultrastructural SEM 
examination of lung tissue; (g) control, (h) LPS and (i) LPS+hesperetin. (j) comparison of 
histopathological changes scores of groups, (k) comparison of the W/D weight ratio findings.
ALI: Acute lung injury; LPS: Lipopolysaccharide; SEM: Scanning electron microscopic; * p<0.05 compared to control 
group; ** p<0.05 compared to LPS group.
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Figure 2. Immunohistochemical examination of Nf-kβ expression in lung tissue. (a) Control, 
(b) LPS and (c) LPS+hesperetin, (d) comparison of the Nf-kβ expression in group.
LPS: Lipopolysaccharide; Arrows; Nf-kβ - positive cells, scale bar; 100 µm, Mayer’s hematoxylin counterstain; 
Nf-kβ: Nuclear factor-kappa beta; * p<0.05 compared to control group; ** p<0.05 compared to LPS group.
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Figure 3. Effect of hesperetin on pulmonary iNOS expression. (a) Control, (b) LPS and 
(c) LPS+hesperetin, (d) comparison of the iNOS immunoreactivity of groups.
Arrows: iNOS-positive cells; Scale bar: 100 µm, Mayer’s hematoxylin counterstain; iNOS: Inducible nitric oxide 
synthase; LPS: Lipopolysaccharide; * p<0.05 compared to control group; ** p<0.05 compared to LPS group.
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Figure 4. Immunohistochemical analysis of myofibroblast activation marker α-SMA in 
lung tissue. (a) control, (b) LPS and (c) LPS+hesperetin, (d) comparison of the α-SMA 
immunoreactivity of the groups.
Arrows: α-SMA immunoreactivity; Scale bar: 100 µm, Mayer’s hematoxylin counterstain; α-SMA: Alpha-smooth 
muscle antigen; LPS: Lipopolysaccharide; * p<0.05 compared to control group; ** p<0.05 compared to LPS group.
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Figure 5. Effect of hesperetin on pulmonary apoptosis. (a) control, (b) LPS and 
(c) LPS+hesperetin, (d) comparison of the apoptotic cell numbers in the groups.
Arrows: TUNEL-positive cells; Scale bar: 100 µm, Mayer’s hematoxylin counterstain; LPS: Lipopolysaccharide; 
* p<0.05 compared to control group; ** p<0.05 compared to LPS group.
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expression was detected in the LPS+hesperetin group 
compared to the LPS group (p=0.002, Figure 3c). The 
iNOS-positive staining cell counts of the groups are 
presented in Figure 3d.

Alpha-smooth muscle antigen is used as a marker 
to determine the transformation of fibroblasts to 
myofibroblasts and the increase of collagen in the 
extracellular matrix.[23] In the LPS group, increased 
fibroblast activation was detected in the alveolar wall 
compared to the control group (Figure 4a, b). The 
LPS+hesperetin group showed significantly decreased 
α-SMA expression compared to LPS group (Figure 4c). 
The α-SMA-positive staining cell counts of the groups 
are presented in Figure 4d.

The TUNEL examination findings are presented in 
Figure 5. Cells with dark-brown stained nuclei in the 
lung parenchyma were considered apoptotic cells. An 
increased apoptotic cell number was detected in the 
LPS group compared to the control group (p=0.002, 
Figure 5a, b). The apoptotic cell number showed a 
significant decline in the hesperetin-treated group 
compared to the LPS group (Figure 5c, d).

Inflammatory cytokine expression findings are 
shown in Table 1. Pulmonary The TNF-α and IL-1β 
dramatically increased in the LPS group compared to 
the control group. In addition, LPS stimulation increased 
proinflammatory IL-6 expression and decreased anti-
inflammatory IL-10 serum levels. Treatment with 
hesperetin resulted in a statistically significant reduction 
in proinflammatory TNF-α, IL-1β, and IL-6 levels in 
LPS+hesperetin group, compared to LPS group. Also, 
hesperetin treatment caused a non-significant increase 
in the serum anti-inflammatory IL-10 level compared 
to the LPS group (p=0.15).

DISCUSSION
In recent years, there is a growing number of 

studies showing that phytochemicals with low toxic 

effects and less side effects can be used in different 
disease models for therapeutic purposes.[17] Flavonoids 
which are naturally present in plants and responsible 
for pigmentation are classified according to their 
molecular structure; flavones, flavonols and flavanones. 
Hesperetin, a flavonon which is abundant in citrus 
fruits such as lemon, grapefruit and orange, has strong 
antimicrobial, anti-inflammatory, and antioxidative 
effects in the in vivo and in vitro settings.[15] In our 
study, we evaluated the protective effects of hesperetin 
in an LPS-induced ALI model in rats. Our study 
results, for the first time, demonstrated that hesperetin 
attenuated the LPS-induced inflammatory response 
in vivo by significantly inhibiting the expression of 
TNF-α, IL-6, and IL-1β.

Lipopolysaccharide is a component of the bacterial 
outer membrane and a potent stimulator of acute 
sepsis and chronic inflammation, also known as 
an endotoxin.[24] Lipopolysaccharide-induced ALI 
is characterized by severe pulmonary edema and 
inflammatory cell infiltration in lung tissue.[25] In 
our study, we found that LPS administration caused 
a significant increase in the W/D ratio, indicating the 
occurrence of pulmonary edema and inflammatory 
cell infiltration consistent with previous studies.[26,27] 
Hesperetin treatment provided a significant decrease in 
the W/D ratio in the LPS+hesperetin group, compared 
to LPS group. To evaluate the effect of hesperetin on 
LPS-induced ALI, histopathological changes were 
scored on H-E-stained lung slides. Treatment with 
hesperetin resulted in a statistically significant decrease 
in histopathological change scores in the LPS-induced 
ALI model. Ultrastructural SEM analysis, Masson’s 
trichrome staining, and W/D ratio findings also support 
this result.

Lipopolysaccharide is considered one of the most 
important triggers of pulmonary inflammation and 
expression of proinflammatory cytokines, which 
plays an important role in the pathogenesis of ALI 

Table 1. Effect of hesperetin on TNF-a, IL-1b, IL-6, and IL-10 cytokine levels

Lung tissue Serum
TNF-α (pg/mL) IL-1β (pg/mL) IL-6 (pg/mL) IL-10 (pg/mL)

Groups Mean±SD Mean±SD Mean±SD Mean±SD
Control 183.9±12.9 18.5±2.7 48.8±6 544.7±37.2
LPS 527.9±76.8† 64.3±7.9† 329.8±16.8† 400.8±50.4
LPS+hesperetin 318.5±39.6‡ 36.8±5.6‡ 189.8±9.2‡ 479±24.7
TNF-α: Tumor necrosis factor-alpha; IL-1β: Interleukin-1 beta; IL-6: Interleukin-6; IL-10: Interleukin-10; SD: Standard 
deviation; LPS: Lipopolysaccharide; † p=0.002 compared to control group, ‡ p=0.002 compared to LPS group.
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and acute respiratory distress syndrome (ARDS).[28] 
Experimental studies have shown that TNF-α and IL-6 
play an important role in the pathogenesis of ALI.[29,30] 
The Nf-kβ is an important transcription factor which 
plays a central role in the regulation of immune 
responses, including the expression of genes of many 
inflammatory cytokines.[31] Previous studies have 
demonstrated that Nf-kβ regulates the inflammatory 
and immune response to extracellular stimuli and plays 
a pivotal role in ALI development.[32,33] In the LPS-
stimulated ALI model, it is well-known that toll-like 
receptor-4 (TLR4)-mediated Nf-kβ activation increases 
the expression of TNF-α and IL-6 proinflammatory 
cytokines, and both these cytokines activate Nf-kβ.[31,34] 
In our study, administration of hesperetin was shown to 
reduce Nf-kβ immunoreactivity in the LPS+hesperetin 
group, leading to a significant reduction in TNF-α, 
IL-6, and IL-1β expression, compared to the LPS group. 
Also, hesperetin caused a non-significant increase in 
the anti-inflammatory IL-10 level compared to the 
LPS group (p=0.15). In the present study, TNF-α, 
locally produced in pulmonary tissue by LPS-induced 
macrophages, increased the severity of lung tissue 
damage by triggering neutrophil infiltration in lung 
tissue and activating the proinflammatory cascade.

Inducible nitric oxide synthase is a type of nitric 
oxide (NO) synthase which causes NO production 
and is closely related to the immune system.[35] The 
iNOS is not expressed in healthy lung tissue and 
excessive iNOS expression may mediate lung injury.[36] 
The Nf-kβ is one of the main signal pathways which 
regulates iNOS expression.[37] During pulmonary 
inflammation, activated macrophages produce large 
amounts of reactive oxygen species. As a result of the 
reaction of superoxide anions and NO, peroxynitrite, 
which is a highly oxidative species, can induce 
apoptosis.[38,39] In our study, in addition to iNOS 
overexpression, increased pulmonary apoptosis was 
observed in the LPS group consistent with the previous 
studies.[35,40] The hesperetin treatment group showed 
decreased iNOS expression, Nf-kβ activation, and 
pulmonary apoptosis. These findings suggest that 
pulmonary epithelial cell apoptosis, which plays an 
important role in the pathogenesis of ALI/ARDS and 
causes increased pulmonary capillary permeability, 
is suppressed by reducing neutrophil accumulation, 
proinflammatory cytokine production, and reduction 
of proinflammatory mediators.

Furthermore, α-SMA is used as a marker of 
fibroblast activation in lung disease studies.[23] The 
presence of α-SMA indicates the occurrence of 
fibroblast transition toward myofibroblasts in lung 

tissue. Myofibroblasts can synthesize and secrete 
collagen to the extracellular matrix, thereby, leading 
to pulmonary interstitial fibrosis in the LPS-induced 
ALI model.[23,41] Our results showed that LPS enhanced 
α-SMA synthesis in lung tissue. In the LPS+hesperetin 
group, decreased α-SMA immunoreactivity was 
determined compared to the LPS group.

Nonetheless, there are some limitations to the 
present study. The effect of hesperetin was evaluated 
for a short time (24 h). The protocol in this study 
involved the treatment of the rats with hesperetin 
15 min after (without clinical symptoms) and the 
administration of LPS was not consistent with the 
patient treatment in the clinical setting. Also, this 
study was unable to explain whether the continuous/
or long-term administration of hesperetin enhanced its 
protective effect. Further long-term in vivo and in vitro 
studies designed in accordance with clinical settings 
are necessary to confirm the therapeutic effect of 
hesperetin in LPS-induced ALI.

In conclusion, hesperetin significantly decreased 
inflammatory cell infiltration, lung edema, and 
proinflammatory tumor necrosis factor-alpha, 
interleukin-6 and interleukin-1 beta in the rat model 
of lipopolysaccharide-induced acute lung injury. The 
mechanism of hesperetin involves reduced expression 
of tumor necrosis factor-alpha and interleukin-1 beta in 
lung tissue and suppressed activation of nuclear factor-
kappa beta in lung tissue also inhibited pulmonary 
apoptosis. Hesperetin also inhibited the transformation 
of fibroblasts into myofibroblasts in lung tissue. 
These results clearly demonstrate that hesperetin has 
a protective role in lipopolysaccharide-induced acute 
lung injury via reducing tumor necrosis factor-alpha, 
interleukin-1 beta, and alpha-smooth muscle antigen 
expression and nuclear factor-kappa beta activation. 
Our data suggest that hesperetin may be a useful 
agent for the treatment or improve the prognosis of 
lipopolysaccharide- induced acute lung injury.
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