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Abstract. The aim of the present study was to explore the 
effect of naringenin on lipopolysaccharide (LPS)-induced 
acute lung injury (ALI) in a mouse model, as well as the 
underlying mechanism. The animals were randomly assigned 
to four groups: PBS-treated healthy control (Control), 
LPS-induced ALI (LPS), vehicle-treated ALI (LPS + Vehicle), 
and naringenin-treated ALI (LPS + Nar) group. Naringenin 
(100 mg/kg) was administered orally for 4 consecutive 
days, starting 3 days prior to induction of ALI. The survival 
rates of mice, lung wet/dry weight ratios, lung injury score, 
protein levels of bronchoalveolar lavage fluid (BALF), 
lactate dehydrogenase (LDH) activity in the BALF, lung 
myeloperoxidase (MPO) activity, the number of infiltrated 
neutrophils and reactive oxygen species (ROS) levels (H2O2 
and malondialdehyde) were assessed. In addition, the serum 
and BALF levels of inflammatory cytokines [tumor necrosis 
factor-α, interleukin (IL)-1β, IL‑6 and macrophage inflam-
matory protein 2] were determined, along with the total and 
the phosphorylated protein levels of phosphatidylinositol 
3-hydroxy kinase (PI3K) and AKT in lung tissues. The results 
showed that naringenin pre‑treatment significantly increased 
the survival rate, improved histopathologic changes, alleviated 
pulmonary edema and lung vascular leak, downregulated the 
levels of ROS and reduced neutrophil infiltration as well as 
the levels of inflammatory cytokines in the serum and BALF. 
Moreover, naringenin pre-treatment reduced the total and the 
phosphorylated protein levels of PI3K and AKT. The present 

study suggested that naringenin pre-treatment ameliorated 
LPS‑induced ALI through its anti‑oxidative and anti‑inflam-
matory activity and by inhibition of the PI3K/AKT pathway 
in mice.

Introduction

Acute lung injury (ALI) and the more severe acute respira-
tory distress syndrome (ARDS) are serious and potentially 
life-threatening events, which are characterized by pulmonary 
infiltrates, hypoxemia and edema (1). Despite tremendous 
advances in the prevention and treatment of ALI, the inci-
dence of ALI is high and the mortality rate remains as high 
as 40% (2). Furthermore, the treatment of ALI represents an 
enormous financial burden to society and individuals. In addi-
tion, no effective therapeutic regimen is available for patients 
with this syndrome. Therefore, additional research is urgently 
required to explore novel pathways that may be targeted for the 
development of novel treatment options.

Although the pathophysiology of ALI has remained to 
be fully elucidated, an exaggerated inflammatory response 
has been reported to have a significant role (1). The inflam-
matory response is initiated, amplified and regulated by a 
complex network of cytokines and other pro‑inflammatory 
cytokines (3). Pro-inflammatory cytokines, such as tumor 
necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6 and macro-
phage inflammatory protein 2 (MIP2) have been demonstrated 
to have a role in the pathogenesis of ALI (4). Exaggerated 
neutrophilic infiltration is responsible for the damage of 
alveolar-capillary barrier (5), resulting in the non-cardiogenic 
pulmonary edema. In addition, oxidative stress modulated by 
reactive oxygen species (ROS) is involved in the pathogenesis 
of ALI (6,7). Oxidative stress promotes the recruitment and 
activation of residential neutrophils and macrophages, leading 
to inflammatory and thereby cellular injury (8). Moreover, 
the phosphatidylinositide-3-kinase (PI3K)/AKT signaling 
pathway has been reported to negatively regulate lipopolysac-
charide (LPS)‑induced acute inflammatory responses in vitro 
and in vivo (9,10). Previous studies have found that inhibition 
of the PI3K/AKT signaling pathway exerts a protective role in 
ALI (11).
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Naringenin, a flavonoid contained in citrus fruit, grapefruits 
and tomatoes, has been reported to exert multiple biological 
and pharmacological effects, such as anti-oxidative, anti-prolif-
erative, anti-inflammatory and anti-tumor activities (12-15). 
Previous studies have suggested that naringenin protected 
normal human bronchial epithelium against LPS-induced 
injury (16) and improved LPS-induced ALI in rats through its 
anti‑inflammatory, anti‑oxidant, anti‑nitrosative and anti‑apop-
totic effects (17). However, whether naringenin protects against 
LPS-induced ALI through the PI3K/AKT signaling pathway 
has remained to be investigated. Therefore, the present study 
explored the effects of naringenin on LPS-induced ALI, as well 
as the underlying signaling pathways.

Materials and methods

Animals and groups. A total of 80 adult female C57BL/6 
mice (8-10 weeks of age, weighing 20-25 g) were purchased 
from Shanghai SLRC Laboratory Animal Co., Ltd. (Shanghai, 
China). All the animals were maintained under barrier condi-
tions in single and ventilated cages with free access to standard 
diet and tap water, and kept under a 12-h light/dark cycle 
with controlled temperature (22‑25˚C) and humidity (50%). 
The mice were randomly divided into four groups (n=20 in 
each group): Phosphate-buffered saline (PBS)-treated healthy 
control (Control), LPS-induced ALI (LPS), vehicle-treated 
ALI (LPS + Vehicle) and naringenin-treated ALI (LPS + Nar). 
All experimental procedures were performed according to the 
Guide for Care and Use of Laboratory Animals published by 
the China National Institutes of Health and were approved by 
the ethics committee of Yancheng Third People's Hospital 
(Yancheng, China).

ALI mouse model. All mice were anesthetized with xyla-
zine (65 mg/kg; Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany) and ketamine (150 mg/kg; Sigma-Aldrich; Merck 
KGaA) by intravenous injection. ALI was induced by 
intratracheal instillation of Escherichia coli LPS (055:B5; 
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany; 25 µg in 
50 µl sterile saline) as described previously (18). The control 
mice received intratracheal instillation of sterile PBS alone, 
mice in the LPS + Vehicle group received LPS (Sigma-Aldrich; 
Merck KGaA) and then vehicle (PBS) treatment and mice in 
the LPS + Nar group were first orally administered naringenin 
(100 mg/kg; Sigma-Aldrich; Merck KGaA) that was dissolved 
in 10% Cremophor (BASF, Ludwigshafen, Germany) for 
4 consecutive days, starting 3 days prior to the induction of ALI 
and then received LPS to induce ALI. Half of the mice (n=10 
in each group) were anesthetized by intraperitoneal injection 
of thiopental (50 mg/kg; Penthotal; Ospedalia AG, Hünenberg, 
Switzerland) at 24 h after the induction of ALI for further anal-
ysis and the remaining mice (n=10 in each group) were used to 
determine the survival rate. The thorax was opened and blood 
samples were collected. Furthermore, a bronchoalveolar lavage 
(BAL) procedure was performed at least 3 times using normal 
saline. The blood was centrifuged at 2,000 x g for 10 min at 4˚C 
and the serum was stored for further analysis.

Survival rate. To determine whether pre-treatment with narin-
genin protects against LPS-induced ALI, the survival rates 

were recorded at 0, 24, 48, 72, 96 and 120 h after induction of 
ALI and a survival curve was then drawn.

Determination of lung wet/dry ratio. After sacrifice, the left 
lungs of the mice were harvested and the wet lungs were 
weighted immediately after dissection. The lung tissues were 
dried for 3 days at 80˚C and were then weighed again. The 
wet/dry ratio was calculated by dividing the wet weight by the 
final dried weight (19).

Collection of BAL fluid (BALF) and cell counting. BALF 
was collected as previously described (20). In brief, after 
the animals were sacrificed, the BALF was obtained by 
intratracheal intubation. BAL procedures were performed 
using 0.5 ml sterile saline. The BALF was centrifuged (4˚C, 
3,000 x g, 10 min), and the cell-free supernatants were stored 
at ‑70˚C for the subsequent analysis of inflammatory cytokine 
and protein concentrations. The erythrocytes were removed by 
addition of 0.8% ammonium chloride solution for 1 min. The 
BALF cell pellet was re-suspended to the original volume in 
PBS for cell counting with a hemocytometer.

Morphological assessment of lung injury. After sacrifice, the 
left lungs of the mice were harvested and fixed in 4% formalin 
(Sigma‑Aldrich) overnight at 4˚C. The lung tissues were then 
embedded with paraffin, sectioned (4 µm) and stained with 
hematoxylin and eosin, followed by light microscopic obser-
vation. To determine the lung injury score, the histological 
changes were evaluated by an experienced pathologist blinded 
to the study groups. The total lung injury score was calculated 
as the sum of the scores for each variable (edema, neutro-
phil infiltration, interstitial inflammation and congestion) 
according to a previously described method (21). The score 
ranged between 0 (normal) and 4 (severe), and the average 
values were recorded as the semi-quantitative histological 
index of lung injury.

Measurement of lactate dehydrogenase (LDH) activity in 
BALF. The LDH activity in the BALF was determined by 
using a commercial LDH determination kit (Sigma-Aldrich; 
Merck KGaA). In brief, BALF supernatants (200 µl) were 
added to Reagent A (2.5 ml) for 1 min, followed by the addi-
tion of Reagent B (100 µl). Absorbance at 340 nm was read 
every minute for 3 min and LDH activity was determined 
using LDH standards.

Measurement of total protein concentration in BALF. To 
assess the effect of naringenin on lung permeability, BALF 
total protein was measured by using a Bradford assay (Bio Rad 
Laboratories, Inc., Hercules, CA, USA).

Measurement of lung myeloperoxidase (MPO) activity. Frozen 
tissue samples of the right lower lung lobe were homogenized 
with RIPA buffer (Sangon Biotech Co, Ltd Shanghai, China), as 
a protease and phosphatase inhibitor (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and sonicated. The suspensions were 
centrifuged at 2,430 x g for 10 min at 4˚C. The MPO activity 
in the supernatant was determined by continuously monitoring 
the hydrogen peroxide (H2O2)-dependent oxidation of dianisi-
dine dihydrochloride (Sigma-Aldrich; Merck KGaA). In brief, 
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the supernatant (0.1 ml) was mixed with PBS, containing 
sodium dihydrogen phosphate and disodium monohydrogen 
phosphate plus sodium hydroxide (2.9 ml, 50 mmol/l, pH 6.0) 
supplemented with H2O2 (0.0005%) and dianisidine dihydro-
chloride (0.167 mg/ml). Absorbance at 460 nm was measured 
using a spectrophotometer.

ELISA. The levels of TNF-α, IL-1β, IL-6 and MIP2 were 
measured by ELISA (R&D Systems, Minneapolis, MN, USA) 
according to the manufacturer's instructions. The absorbance 
at 450 nm was measured using a microplate reader (EMax 
Endpoint ELISA Microplate Reader; Molecular Devices, 
LLC., Sunnyvale, CA, USA). The experiment was repeated at 
least three times.

Measurement of oxidative stress. To determine the level of 
oxidative stress in the lungs, the activity of hydrogen peroxide 
(H2O2) and malondialdehyde (MDA) was assessed. In brief, 
the lung tissues were homogenized in 0.01 M PBS and centri-
fuged at 10,000 x g for 15 min at 4˚C. The supernatants were 
collected and the activities of H2O2 and MDA were measured 
by using an H2O2 kit and an MDA kit (both from Abcam, 
Cambridge, MA, USA) following the instructions of the 
manufacturer.

Western blot analysis. Protein was extracted from the tissues 
and the protein concentration was determined by using a BCA 
Protein Assay kit (Pierce; Thermo Fisher Scientific, Inc.). 
Equal amounts of protein (20 µg per lane) were subjected 
to 10-12% SDS-PAGE and transferred to polyvinylidene 
fluoride membranes (EMD Millipore, Billerica, MA, USA). 
The membranes were then blocked with 5% non-fat milk 
for 2 h, washed with PBS and incubated with following 
primary antibodies overnight at 4˚C: Anti‑PI3K antibody 
(cat. no. ab151549), anti-p-PI3K antibody (cat. no. ab182651; 
both 1:1,000 dilution; Abcam), anti-AKT antibody (cat. 
no. sc-377457) and anti-p-AKT antibody (cat. no. sc-33437; 
both 1:1,000 dilution; Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA). An anti-GAPDH antibody (cat. no. ab9485; 1:2,000 
dilution; Abcam) was used as a loading control. Subsequently, 
the membranes were incubated with a Goat Anti-Rabbit 
horseradish peroxidase conjugated secondary antibody (cat. 
no. ab6721; 1:2,000 dilution; Abcam) for 2 h at room tempera-
ture, and were visualized by an enhanced chemiluminescence 
system (Pierce; Thermo Fisher Scientific, Inc.). Western blot 
analysis was repeated at least three times.

Statistical analysis. Values are expressed as the mean ± standard 
error of the mean. The data were analyzed by using Student's t-test 
or the one-way analysis of variance test. P<0.05 was considered 
to indicate a statistically significant difference. Survival curves 
were analyzed by log-rank analysis (Kaplan-Meier method). 
GraphPad Prism (version 6.0; GraphPad Software Inc., La Jolla, 
CA, USA) was used for this analysis.

Results

Naringenin pre‑treatment increases the survival rate of ALI 
mice. To assess the effect of naringenin on LPS-induced ALI, 
the survival rate of the mice was determined at 0, 24, 48, 72, 

96 and 120 h after ALI. As shown in Fig. 1, the results showed 
that the survival rate was significantly improved by pre‑treat-
ment with naringenin compared with that in the LPS-induced 
or vehicle-treated ALI groups (both P<0.05). The results indi-
cated that pre-treatment with naringenin exerted a protective 
effect on LPS-induced ALI by improving the survival rate.

Naringenin pre‑treatment inhibits ALI‑induced increases in 
the lung wet/dry weight ratio. The mice were treated with LPS, 
with or without naringenin pre-treatment, and the lung wet/dry 
weight ratios were determined. The results showed that the 
lung wet/dry weight ratios were significantly higher in the 
LPS-induced or vehicle-treated ALI groups compared with 
that in the control group (both P<0.01; Fig. 2). Pre-treatment 
with naringenin significantly decreased the lung wet/dry ratio 
compared with that in the LPS-induced or vehicle-treated ALI 
groups (both P<0.05), indicating that naringenin decreased 
LPS-induced pulmonary edema.

Naringenin pre‑treatment inhibits ALI‑induced histological 
changes as well as increases in LDH activity, ALI score and 

Figure 1. Effect of naringenin pre-treatment on survival rate. *P<0.05 
compared to the control group; #P<0.05 compared to the LPS-induced group; 
&P<0.05 compared to the vehicle-treated ALI group. Values are expressed 
as the mean ± standard error of the mean. LPS, lipopolysaccharide; Nar, 
naringenin; ALI, acute lung injury.

Figure 2. Effect of naringenin pre-treatment on lung wet/dry weight 
ratios. **P<0.01 compared to the control group; #P<0.05 compared to the 
LPS-induced group; &P<0.05 compared to the vehicle-treated ALI group. 
Values are expressed as the mean ± standard error of the mean. LPS, 
lipopolysaccharide; Nar, naringenin; ALI, acute lung injury.
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protein concentration in the BALF. After treatment with 
naringenin and LPS induction, the morphology of the lung 
tissue was observed by histological examination. As indicated 
in Fig. 3A, several histopathological alterations were found in 
the LPS-induced and vehicle-treated ALI groups compared 
with the control group, including neutrophil infiltration, 
destruction of cellular structure, alveolar wall thickening 
and lung edema. Pre-treatment with naringenin markedly 
improved LPS-induced histopathological alterations, demon-
strating that it exerted a protective effect against LPS-induced 
ALI. To further evaluate the protective role of naringenin in 
ALI, the LDH activity, ALI score and protein concentration 
in the lung BALF were evaluated. It was observed that LPS 
stimulation significantly increased LDH activity, ALI score 
and protein concentration in the lung BALF compared with 
the PBS-treated healthy control group (all P<0.01). However, 

naringenin pre‑treatment significantly decreased the above 
three indexes compared to those in the LPS-induced or 
vehicle-treated ALI groups (all P<0.05; Fig. 3B-D). These 
results confirmed the preventive effect of naringenin against 
ALI and lung histological changes.

Naringenin pre‑treatment reduces inflammatory cytokines in 
the serum and BALF after ALI. It has been well demonstrated 
that pro‑inflammatory cytokines have a significant role in the 
pathogenesis of ALI (3). In the present study, the levels of 
TNF-α, IL-6, IL-1β and MIP-2 were measured in the serum 
and BALF after treatment with naringenin and LPS induc-
tion. As shown in Fig. 4A and B, LPS treatment resulted in a 
significant increase in the serum and BALF levels of TNF‑α, 
IL-6, IL-1β, and MIP-2 (P<0.05 or P<0.01). However, these 
LPS-stimulated elevations were inhibited by pre-treatment 

Figure 3. Effect of naringenin pre-treatment on (A) histological changes (scale bar, 200 µm), (B) LDH activity, (C) ALI score and (D) protein concentration in 
the BALF. **P<0.01 compared to the control group, #P<0.05 compared to the LPS-induced group; &P<0.05 compared to the vehicle-treated ALI group. Values 
are expressed as the mean ± standard error of the mean. LPS, lipopolysaccharide; Nar, naringenin; ALI, acute lung injury; BALF, bronchoalveolar lavage fluid; 
LDH, lactate dehydrogenase.

Figure 4. Effect of naringenin pre‑treatment on inflammatory cytokines. (A) Serum levels and (B) BALF levels of TNF‑α, IL-6, IL-1β and MIP-2 in BALF. 
*P<0.05, **P<0.01 compared to the control group, #P<0.05 compared to the LPS-induced group; &P<0.05 compared to the vehicle-treated ALI group. Values are 
expressed as the mean ± standard error of the mean. LPS, lipopolysaccharide; Nar, naringenin; ALI, acute lung injury; BALF, bronchoalveolar lavage fluid; 
TNF, tumor necrosis factor; IL, interleukin; MIP2, macrophage inflammatory protein 2. 
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naringenin. Naringenin significantly decreased the levels 
of TNF-α, IL-6, IL-1β and MIP-2 compared to those in the 
LPS-induced or vehicle-treated ALI groups (all P<0.05). 
These results demonstrated that naringenin inhibited the 
inflammatory response in LPS‑induced ALI.

Naringenin pre‑treatment inhibits ALI‑induced MPO activity, 
neutrophil count and oxidative stress. After treatment with 
naringenin, the MPO activity, neutrophil count and oxidative 
stress (H2O2 and MDA activity) were determined. The results 
showed that LPS induction led to a significant increase in 
MPO activity (Fig. 5A), the number of neutrophils (Fig. 5B), 
H2O2 activity (Fig. 5C) and MDA activity (Fig. 5D) in the 
lung tissues, compared with those in the PBS-treated healthy 
control group (all P<0.05). However, pre-treatment with narin-
genin significantly decreased the MPO activity, the number of 
neutrophils, H2O2 activity and MDA activity compared with 
those in the LPS-induced ALI or vehicle-treated groups. In 
combination, these results indicated that naringenin attenuated 
the inflammatory and oxidative stress response in LPS‑induced 
ALI.

Naringenin pre‑treatment inhibits PI3K/AKT pathway 
activation in ALI. Previous studies have suggested that the 
PI3K/AKT pathway is involved in ALI (11,22). To confirm 
whether naringenin exerts its protective effect on ALI is 
through the PI3K/AKT pathway, the total and the phos-
phorylated protein levels of PI3K and AKT in the lung 
tissues were determined. As shown in Fig. 6, the p-PI3K 
and p‑AKT levels were significantly elevated by stimulation 
with LPS compared to those in the control group, which 

was significantly inhibited by pre‑treatment with naringenin 
(P<0.05; Fig. 6B). The results suggested that naringenin 
attenuated LPS-induced ALI through inhibition of the 
PI3K/AKT pathway.

Discussion

The present study found that naringenin pre‑treatment signifi-
cantly decreased the survival rate of mice with LPS-induced 
ALI, and inhibited histopathological changes, pulmonary 
edema and lung vascular leak. These effects are likely to be 
associated with the inhibition of ROS generation, neutrophil 
infiltration, and inflammatory cytokines levels in the serum 
and BALF by naringenin. In addition naringenin pre-treat-
ment reduced the phosphorylated protein levels of PI3K and 
AKT. Therefore, it is concluded that naringenin pre-treatment 
ameliorates LPS-induced ALI through its anti-oxidative and 
anti‑inflammatory activity and by inhibition of the PI3K/AKT 
pathway in mice.

It has been well demonstrated that ALI is strongly 
asso ciated with infection with Gram-negative bacteria 
that release LPS (23). The manifestations of ALI in the 
LPS-induced mouse model are similar to the pathological 
characteristics of ALI in humans (24). Thus, LPS-induced 
ALI in mice appears to be a suited model for studying 
potential preventive or therapeutic strategies against ALI 
in humans. In the early phase of LPS-induced ALI, macro-
phages, neutrophils and other immune cells are stimulated by 
LPS and generate aberrant protein levels as well as release 
of inflammatory mediators in the BALF and serum, such as 
TNF-α, IL-6, IL-1β and MIP‑2 (25,26). These inflammatory 

Figure 5. Effect of naringenin pre-treatment on MPO activity, neutrophil count and oxidative stress. (A) MPO activity; (B) neutrophil count; (C) H2O2, 
activity; (D) MDA activity in the different groups. *P<0.05 compared to the control group; #P<0.05 compared to the LPS-induced group; &P<0.05 compared 
to the vehicle-treated ALI group. Values are expressed as the mean ± standard error of the mean. LPS, lipopolysaccharide; Nar, naringenin; ALI, acute lung 
injury; MPO, myeloperoxidase; H2O2, hydrogen peroxide; MDA, malondialdehyde. 
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mediators recruit polymorphonuclear neutrophils into the 
inflammatory lesions, largely contributing to the pathogen-
esis of ALI and ARDS (27,28). MPO enzyme, an indicator 
of neutrophil accumulation in tissues, is mainly located in 
the primary granules of neutrophils. The activity of MPO 
indicates the adhesion and margination of neutrophils in 
the lung tissues (29); hence, MPO activation is considered 
to be a primary mechanism in the development of ALI (30). 
LDH activity in the BALF, an indicator of cellular damage 
and death, are increased and sustained following respiratory 
infection (31). Therefore, to determine the protective effect 
of naringenin against ALI, LPS-induced ALI mice were 
pre-treated with naringenin, and its effect on the survival 
rate, lung tissue wet/dry ratio, histological changes, LDH 
activity, ALI score, protein concentration in the BALF, 
MPO activity, and neutrophil count in the ALI mice was 
measured. The results of the present study showed that 
LPS-induced ALI reduced the survival rate, which was 
significantly increased by pre‑treatment with naringenin, 
indicating a protective effect of naringenin on LPS-induced 
ALI. Edema is a typical symptom in response to systemic as 
well as local inflammation. The results regarding the lung 
tissue wet/dry ratio showed that pre-treatment with narin-
genin significantly inhibited ALI-associated increases in 
the ratio, demonstrating that naringenin relieved pulmonary 
edema. Moreover, the histopathological examination results 
showed that naringenin pre-treatment markedly improved 
the LPS-induced histological manifestations in LPS-induced 
ALI. Neutrophil infiltration, cell structure destruction and 
alveolar wall thickening in the naringenin group were reduced 
compared with those in the LPS-induced or vehicle-treated 
ALI groups. Furthermore, the LDH activity, ALI score and 
protein concentration in the lung BALF were all increased 
by LPS stimulation compared with those in the PBS-treated 
healthy control group, which was inhibited by naringenin 
pre‑treatment. These results confirmed the protective effect 
of naringenin on lung histological changes.

Growing evidence supports that anti‑inflammatory and 
anti-oxidant agents protect against LPS-induced ALI (32-34). 
LPS invokes the inflammatory response, subsequently 
resulting in increased production of ROS that are also 
responsible for LPS-induced ALI. In the present study, 

naringenin pre-treatment inhibited LPS-induced increases of 
TNF-α, IL-1β, IL-6, and MIP2, as well as MPO, neutrophil 
count, and H2O2 and MDA activity in BALF. These results 
were similar to those of Fouad et al (17), who suggested that 
naringenin pre-treatment against reduced LPS-induced ALI 
via its anti-inflammatory and anti-oxidant protective. In 
addition to the above results, the present study observed that 
the PI3K/AKT pathway was activated in ALI, which was 
consistent with the findings of previous studies that proved 
that the PI3K/AKT signaling pathway served as an impor-
tant regulator of LPS‑induced acute inflammatory responses 
in vitro and in vivo (9,35). However, naringenin pre-treatment 
markedly decreased the ALI-induced phosphorylation of PI3K 
and AKT, indicating that naringenin pre-treatment protected 
against ALI by inhibition of the PI3K/AKT pathway.

In conclusion, the results of the present study suggested 
that naringenin pre-treatment ameliorates LPS-induced ALI 
in mice through its anti-oxidative and anti-inflammatory 
activity and by inhibition of the PI3K/AKT pathway.
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