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Background: Punicalagin (Pun) is one of the main bioactive compounds in pomegranate
peel, it possesses many properties, including antioxidant, anti-inflammation and immuno-
suppressive activities. The study was aimed to investigate the protective effect and mech-
anisms of Pun on lipopolysaccharide (LPS)-induced acute lung injury (ALI) in mice.
Methods and Results: Forty-eight BALB/c male mice were used to establish ALI by
intratracheal-instilled 2.4 mg/kg LPS, the mice were randomly divided into model and Pun
(10, 20, 40 mg/kg) groups. The other 12 mice were intratracheal-instilled same volume of
water as control. After 2 h of receiving LPS, mice were administered drug through intraperi-
toneal injection. Lung index, histopathological changes, white blood cells and biomarkers in
bronchoalveolar lavage fluid (BALF) were analyzed. The protein expression of total and phos-
phor p65, IκBα, ERK1/2, JNK and p38 in lung tissue was detected. The result showed that
Pun could reduce the lung index and wet/dry weight (W/D) ratio, improve lung histopatholog-
ical injury. In addition, Pun decreased the inflammation cells and regulated the biomarkers
in BALF. Furthermore, Pun dose-dependently reduced the phosphor protein levels of p65,
IκBα, ERK1/2, JNK and p38 in lung tissue, which exhibited that the effect of Pun related to
mitogen-activated protein kinases (MAPKs) pathway. More importantly, there was no toxicity
was observed in the acute toxicity study of Pun.
Conclusion: Pun improves LPS-induced ALI mainly through its anti-inflammatory proper-
ties, which is associated with nuclear factor-κB (NF-κB) and MAPKs signaling pathways.
The study implied that Pun maybe a potent agent against ALI in future clinic.

Introduction
Acute lung injury (ALI) is a clinical syndrome caused by pathological changes in lung tissue by various
factors [1]. The main pathological features are diffuse pulmonary damage, increased permeability of cap-
illary basement membrane, massive protein-rich edema fluid infiltrating into pulmonary interstitium or
alveoli [2,3]. The main clinical manifestations were severe respiratory distress and intractable hypoxemia.
Clinically, the morbidity is very high, and the mortality rate is as high as 50% [3]. Acute lung injury/acute
respiratory distress syndrome (ALI/ARDS) is an acute, progressive respiratory disorder or respiratory
failure caused by a variety of cardiogenic and extraneous factors such as trauma, infection, shock and
diffuse coagulation in blood vessels [4,5]. The essence of the disease is a syndrome caused by systemic
inflammatory response [4,5]. The pathophysiological changes in ALI and ARDS are similar, but they are
at different stages, and ARDS is more serious than ALI. ARDS occurs rapidly and progresses rapidly, thus
early detection, early treatment and early intervention are emphasized in the treatment of ARDS [6]. At
present, although a variety of clinical treatment measures have been taken, no effective treatment has
been achieved, and its pathogenesis has not yet been fully clarified. Therefore, it is urgent to find effective
therapeutic drugs.
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Figure 1. Chemical structure of Pun

Punica granatum L. (Pomegranate), a healing food, has been known for hundreds of years. Pomegranate and
its peel have many pharmacological properties, which were widely used in folk medicine for the treatment of res-
piratory diseases, diarrhea, parasite infection, hemorrhage and ulcers [7–10]. Punicalagin (Pun, 2,3-hexahydroxy
diphenoylgallagyl-d-glucose, Figure 1) is one of the main active tannins isolated from P. granatum L. fruit and Ter-
minalia catappa leaves. It is the largest ellagitannin and polyphenolic antioxidant molecule with water solubility and
high bioavailability. Pun was proved to be an important bioactive constituent in pomegranate peel, which has been
reported to possess antioxidant, reduces oxidative stress, anti-inflammation, anti-proliferation, apoptosis, immuno-
suppressive activities [11–14], and also shows hepatoprotective activity in rats [15].

In addition, current research reported that in in vitro experiments, Pun could attenuate mitochondrial dysfunc-
tion and inflammatory responses, which exert beneficial functions in 6-hydroxydopamine-treated SH-SY5Y cells
[16]. Seok et al. reported that Pun could rescue cell viability and attenuate inflammatory responses of human epider-
mal keratinocytes, exposed to airborne particulate matter PM10 [17]. In in vivo animal experiment, Pun exhibited
decreased serum glucose levels, increased PON1 activity and HDL anti-inflammatory values in BALB/c mice with
a high-fat diet [18]. Wang et al. reported that Pun could reduce the oxidative stress marker, restore the angiogenic
balance in a rat model of pregnancy-induced hypertension [19]. Furthermore, Pun also displayed that it can suppress
the obesity and obesity-induced inflammatory responses through the Nrf2/Keap1 signaling pathway [20]. The work
of El-Beih et al. showed that Pun had a protective effect on some key regulators of insulin resistance and oxidative
liver injury in streptozotocin-nicotinamide type 2 diabetic rats [21].

Above all, to the best of our knowledge, although Pun has many pharmacological activities, the information about
its effects on ALI is limited in the literature. Therefore, in the present study, we aimed to investigate the protective
effect and elucidate the possible potential mechanisms of Pun on lipopolysaccharide (LPS)-induced ALI in mice. The
results of the study would clarify the properties of Pun on ALI and provide a theoretical basis for its future potential
use in clinic.

Materials and methods
Materials and reagents
Pun (>90%) was purchased from Beijing Huanyu Kechuang Biological Company (Beijing, China). LPS (Escherichia
coli O55:B5) was purchased from Sigma–Aldrich (Darmstadt, German). Mouse tumor necrosis factor-α (TNF-α,
Batch No 978941030), interleukin (IL)-10 (IL-10, Batch No 132111031116), IL-6, (Batch No 1321213119) and trans-
forming growth factor-β1 (TGF-β1, Batch No 9711891510) were purchased from Wuhan Boster Biology Technology
Co. Ltd. (Wuhan, China). Total-antioxidant capacity (T-AOC; Batch No A024) and malondialdehyde (MDA; Batch
No A003-1) were purchased from Nanjing Jiancheng Biotechnology Company (Nanjing, China). Mouse anti-human
nuclear factor-κB p65 (NF-κB p65, #8242), phosphorylated nuclear factor-κB p65 (pNF-κB p65, #3033), IκBα
(#9242), phosphor IκBα (#2859), ERK1/2 (#9102) and phosphor ERK1/2 (#9101) were purchased from Cell Sig-
naling Technology; JNK (sc-7345), phosphor JNK (sc-6254), p38 (sc-7972) and phosphor p38 (sc-7973) antibody
were purchased from Santa Cruz (CA, U.S.A.). β-actin antibody was purchased from Sungen (China). Anti-rabbit
IgG, HRP-linked antibody (7074S) and anti-mouse IgG, HRP-linked antibody (7076S) were purchased from Cell
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Signaling Technology. Enhanced chemiluminescence detection kit was obtained from Merck Millipore (Darmstadt,
Germany).

Animals
The male BALB/c mice with body weight 20 +− 2 g and age: 8 weeks were provided by the animal experimental
center of the Fudan University (Shanghai, China). Six mice were raised in one polyacrylic cage, and all the mice were
quarantined for 1 week before use. All the mice were reared in the animal experimental center of Fudan University in
SPF grade environment with free access to food and water (24 +− 1◦C, 50 +− 5% of humidity and 12-h day/night cycle).
The mice received human care in the terms of National Institutes of Health Guidelines, U.S.A. (National Research
Council of U.S.A., 1996) and the university ethical regulations of Fudan University.

Experimental design
Sixty male BALB/c mice with the age of 8 weeks (22 +−2 g) were randomly divided into five groups (n=12): control
group, model group, Pun 10 mg/kg, Pun 20 mg/kg and Pun 40 mg/kg groups. The mice in model and Pun treated
groups were intratracheal-instilled with 2.4 mg/kg LPS in saline under the anesthesia using sodium pentobarbital (40
mg/kg). The mice in control group were intratracheal-instilled with saline. After receiving LPS 2 h, the mice were
administrated with Pun (10, 20, 40 mg/kg) or saline (control and model group) through intraperitoneal injection, re-
spectively. After 12 h of drug treatment, all the mice were executed by cervical dislocation. Then, the bronchoalveolar
lavage fluid (BALF) and lung tissue for biomarker detection were harvested.

Forty male BALB/c mice with the age of 8 weeks (22 +− 2 g) were used for acute toxicity study. All the mice were
randomly divided into four groups (n=10): Control group, Pun 100 mg/kg, Pun 500 mg/kg and Pun 5000 mg/kg
groups. All the group mice except control group were orally administered with Pun 100 mg/kg, Pun 500 mg/kg and
Pun 5000 mg/kg, respectively. The control group mice were orally administered with saline. After drug treatment,
all the mice were fed normally, their mental status and survival were observed for 14 days. All animal studies were
carried out at the animal center of Fudan University, and all the experiment protocols were approved by the animal
care and use committee of Fudan University with the approval number YZ201905.

Histopathological analysis
Right lower lobe of lung tissue in each group was fixed in the 40 g/l formaldehyde solution overnight. The fixed
lung tissues were embedded in paraffin, cut into 5-μm-thick sections and then stained with Hematoxylin and Eosin
(H&E) in terms of the routine histopathological examination. The final stained sections were photographed under a
light microscope (BX-50 Olympus) at 200× magnification.

Effect of Pun on lung wet/dry weight ratio and lung index
At the end of the experiment, the body weight of mice was collected, lung tissues in all groups were harvested, the
surface water of lung with filter paper was absorbed and the lung was weighed by precise electronic balance, the data
were named wet weight of lung. Then the lung was completely dried in an oven at 80◦C for 48 h until the weight of
lung tissue did not change, the dry lung was weighed and the data were named dry weight of lung. Then the ratio
of wet/dry weight (W/D) of lung tissue in mice was calculated in order to evaluate the degree of pulmonary edema.
In addition, lung index (lung index % = wet lung weight/body weight × 100) was calculated to further confirm the
degree of pulmonary edema.

Harvesting the BALF and the cell numbers statistics
At the end of the experiment, mice were killed by cervical dislocation and fixed on the operating table. They were
then disinfected by alcohol and the trachea was fully exposed, 18G trocar was inserted and fixed with silk thread. The
chest of mice was opened to expose the lung tissue, and the right lung was ligated with silk thread. The left lung was
slowly lavaged with 0.5 ml PBS at 4◦C. The lavage was repeated three times, and withdrawn 30 s per time. The lavage
solution was collected and transferred to the centrifugal tube, centrifuged at 4◦C, 700×g for 5 min. The supernatants
were harvested into the sterilized EP tubes, and stored at −80◦C for use. Then the precipitated cells were suspended
with 50 μl PBS, and stained with Diff-Quik stain. The total cells, neutrophils and macrophages in BALFs of mice in
all the group were counted by cell counting plate under optical microscope (300 cells per smear).
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The levels of TNF-α, IL-6, IL-10 and TGF-β1 in BALF detection
The levels of TNF-α, IL-6, IL-10 and TGF-β1 in BALF of mice in all the group were detected according to the in-
structions of ELISA kit (Wuhan Boster Biology Technology co. ltd., Wuhan, China).

The activity of T-AOC and the contents of MDA in lung tissue assay
The lung tissue homogenate was prepared by electric grinder: 50 mg of lung tissue with 200 μl cold RIPA lysis buffer
(P0013B, Beyotime) was added, and homogenized in ice bath. Then centrifuged at 4◦C, 10000 rpm for 5 min. The
supernatants were collected, and measured the protein concentration with BCA protein assay kit (71285-3, Merk).
The activity of T-AOC and the contents of MDA were detected according to the kit protocol from Nanjing Jiancheng
Biotechnology Company (Nanjing, China).

Western blot assay
The protein expression of total NF-κB p65 (dilution ration 1:1000), IκBα (1:1000), ERK1/2 (1:1000), JNK (1:2000),
p38 (1:2000) and phosphor NF-κB p65 (1:1000), IκBα (1:1000), ERK1/2 (1:1000), JNK (1:2000), p38 (1:2000) in lung
tissue were assayed by Western blot. First, the lysate of lung tissues were prepared: 50 mg of lung tissue with 200
μl of cold RIPA lysis buffer, homogenized in ice bath, centrifuged at 4◦C, 10000 rpm for 5 min. The supernatants
were harvested and measured the protein concentration with BCA protein assay kit, then 5× SDS loading buffer was
added, boiled for 5 min at 95◦C. Then, 20 μg of protein samples were taken to load at 12% SDS/PAGE electrophoresis
gel for running. Then the protein was transferred from gel to PVDF membrane at 110 V for 1.5 h on ice bath. The
membrane were then blocked with 5% FBS solution at room temperature for ∼1 h. The primary antibody was diluted
with 5% FBS solution, and incubated the PVDF membrane under the diluted primary antibody at 4◦C for overnight
(∼12 h). Then the membrane was washed with 1× TBST solution for 10 min at room temperature, and repeated three
times. The second antibody of anti-rabbit (1:10000) and anti-mouse (1:5000) were diluted with 1× TBST solution,
and incubated the membrane at room temperature for 1 h. The membrane was washed with 1× TBST solution for 10
min at room temperature, and repeated three times. Finally, the membrane was imaged at Syngene GBO X gel scan
imager after ECL reagent visualization.

Statistical analysis
Values were represented as mean +− standard deviation (SD). All statistical comparisons were calculated by means
of a one-way ANOVA test followed by Dunett’s t test with SPSS19.0 statistical software (IBM Corporation, Armonk,
NY, U.S.A.). All experiments were performed at least three times independently. P<0.05 was regarded as statistically
significant.

Results
General situation and survival observation of all the mice
At the end of the experiment, all mice were alive. The mice in control group had a high activity and normal diet. The
mice in model group had a general activity and reduced food intake. The behavior of the mice in Pun-treated groups
was basically between the control group and the model group, it was better than the model group mice, and a little
worse than the control group mice, especially the low-dose Pun-treated group.

In the acute toxicity study, after 14-day observation, all the mice were alive, and had a high activity and normal
diet. Through anatomical observation, all organs including lung, liver, spleen, kidney, stomach, intestine and heart
did not observe morphological changes. In addition, there were no significant differences in body weight between
drug administered group mice and control group mice.

Effect of Pun on the number of total cells, neutrophils and macrophages
in BALF of ALI mice
From Table 1, we could see that, compared with the control group, the number of the total cells, neutrophils and
macrophages in BALF were significantly increased in model group (P<00.01). While after Pun treatment, the number
of total cells, neutrophils and macrophages in BALF of ALI mice were dramatically decreased, compared with model
group (P<0.05, P<0.01), especially in the high-dose (40 mg/kg) Pun-treated group (P<0.01). These results suggest
that Pun can reduce the number of total cells, neutrophils and macrophages in BALF of LPS-induced ALI mice in a
dose-dependent manner (Table 1).
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Table 1 Number of total cells, neutrophils and macrophages in BALF of mice in each group

Group Total cells (×107/ml) Neutrophils (×107/ml) Macrophages (×106/ml)

Control 2.21 +− 0.13 0.54 +− 0.13 1.06 +− 0.12

Model 4.47 +− 0.231 3.46 +− 0.441 3.41 +− 0.401

Pun 10 mg/kg 3.34 +− 0.262 2.83 +− 0.722 2.70 +− 0.352

Pun 20 mg/kg 2.95 +− 0.413 2.04 +− 0.613 2.21 +− 0.233

Pun 40 mg/kg 2.14 +− 0.223 1.21 +− 0.433 1.16 +− 0.103

Data are presented as mean +− SD (n=12).
1P<0.01 vs control group.
2P<0.05.
3P<0.01 vs model group.

Table 2 Effect of Pun on the levels of TNF-α, IL-6, IL-10 and TGF-β1 in BALF

Group TNF-α (ng/ml) IL-6 (ng/ml) IL-10 (ng/ml) TGF-β1 (ng/ml)

Control 0.37 +− 0.01 0.11 +− 0.03 0.41 +− 0.10 0.36 +− 0.10

Model 1.87 +− 0.231 1.44 +− 0.201 0.06 +− 0.011 0.08 +− 0.011

Pun 10 mg/kg 1.43 +− 0.212 1.03 +− 0.102 0.09 +− 0.102 0.09 +− 0.102

Pun 20 mg/kg 1.01 +− 0.113 0.87 +− 0.103 0.18 +− 0.053 0.18 +− 0.133

Pun 40 mg/kg 0.54 +− 0.093 0.32 +− 0.073 0.40 +− 0.113 0.29 +− 0.053

Data are presented as mean +− SD (n=12).
1P<0.01 vs control group.
2P<0.05.
3P<0.01 vs model group.

Table 3 Effect of Pun on the levels of T-AOC and MDA in lung tissues

Group T-AOC (U/mg) MDA (nmol/mg)

Control 267.35 +− 20.52 3.64 +− 1.30

Model 123.16 +− 15.341 9.03 +− 1.271

Pun 10 mg/kg 175.20 +− 11.262 7.55 +− 1.052

Pun 20 mg/kg 198.75 +− 10.413 5.41 +− 1.153

Pun 40 mg/kg 231.70 +− 17.693 4.37 +− 1.223

Data are presented as mean +− SD (n=12).
1P<0.01 vs control group.
2P<0.05.
3P<0.01 vs model group.

Effect of Pun on the levels of TNF-α, IL-6, IL-10 and TGF-β1 in BALF of
ALI mice
Since the inflammation in ALI disease, here, we detected the levels of pro-inflammatory factors of TNF-α and IL-6,
and the anti-inflammatory factors of IL-10 and TGF-β1 by ELISA. The results showed that the levels of TNF-α and
IL-6 in model group were significantly increased, while the levels of IL-10 and TGF-β1 were dramatically decreased
in model group, compared with the control group (Table 2, P<0.01). After Pun (10, 20 and 40 mg/kg) treatment,
the levels of TNF-α and IL-6 in BALF were significantly reduced, and the levels of IL-10 and TGF-β1 in BALF were
increased compared with the model group (Table 2, P<0.05, P<0.01). The result exhibited that Pun can decrease
the levels of TNF-α and IL-6, increase the levels of IL-10 and TGF-β1 in BALF, which suggested that Pun has an
anti-inflammatory effect in ALI mice.

Effect of Pun on the activity of T-AOC and the content of MDA in lung
tissue of ALI mice
Due to anti-inflammatory effect of Pun showed above, we continued detection of the antioxidant activity of Pun.
From Table 3, we can see that the activity of T-AOC was significantly decreased in model group, compared with

© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

5



Bioscience Reports (2022) 42 BSR20212196
https://doi.org/10.1042/BSR20212196

Figure 2. The lung W/D ratio and lung index in ALI mice (n=12)

(A) The values of lung W/D of each group. (B) Lung index of each group (lung index % = wet lung weight/body weight × 100).
##P<0.01 vs control group, *P<0.05, **P<0.01 vs model group.

the control group (Table 3, P<0.01). After Pun treatment, the levels of T-AOC were markedly increased, compared
with the model group (P<0.05, P<0.01). In addition, the content of MDA in model group was significantly increased,
compared with the control group (Table 3, P<0.01). Pun significantly decreased the content of MDA in three dosages
of treated group, compared with the model group (P<0.05, P<0.01). The results showed that Pun possessed the
antioxidant activities and also can reduce the lipid peroxidant products in a dose-dependent manner.

Effect of Pun on the lung W/D ratio and lung index of ALI mice
In order to detect the effect of Pun on pulmonary edema, we assayed the lung (/D)ratio and lung index. Compared
with the control group, the W/D ratio and lung index in model group were significantly increased (Figure 2, P<0.01).
Compared with the model group, Pun (10, 20 and 30 mg/kg) treated groups dramatically reduced the elevate W/D ra-
tio and lung index (Figure 2, P<0.05, P<0.01) in a dose-dependent manner. The results displayed that Pun treatment
can relieve the degree of pulmonary edema in ALI mice.

Effect of Pun on lung histopathology in ALI mice
Furthermore, we assayed the changes of lung histopathology in each group. From Figure 3A, we can see that the struc-
ture of lung lobules in control group was intact, normal alveolar wall, no alveolar cavity exudation, no inflammatory
cell infiltration, no transparent membrane formation. In Figure 3B of the model group, there showed a large number
of infiltrated inflammatory cells in lung tissue, the alveolar septum became thicker, the transparent membrane was
formed, alveolar cavity exuded, pulmonary interstitial edema, the alveolar structure was destroyed and bleeding focus
was found. While from Figure 3C–E, we can see that the interventions of Pun at the doses of 10, 20 and 40 mg/kg
could remarkably alleviate the pathological damage of lung in ALI mice, especially in the high dose of Pun.

Effect of Pun on NF-κB signaling pathway in ALI mice
Next, we further detected the influence of Pun on NF-κB signaling pathway in ALI mice (Figure 4 and Supplementary
Figures S1–S5). The result showed that the levels of phosphorylation NF-κB p65 and phosphorylation IκBα in lung
tissue were significantly increased in the model ALI mice, compared with the control group (Figure 4, P<0.01). After
Pun treatment, the protein expression of phosphorylation NF-κB p65 and phosphorylation IκBα were apparently
reduced, compared with the model group, especially in the high-dose Pun group (Figure 4, P<0.01). This result
exhibited that the effect of Pun on ALI mice related with the NF-κB signaling pathway.
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Figure 3. The lung histopathology images of lung tissue for ALI mice (H&E staining, scale bar 50 μm)

(A) Control group, (B) Model group, (C) Pun 10 mg/kg, (D) Pun 20 mg/kg, (E) Pun 40 mg/kg.

Figure 4. The protein expression of total and phosphor p65 and IκBα in lung tissue

The data were repeated by three independent experiments.

Effect of Pun on mitogen-activated protein kinases signaling pathway in
ALI mice
In addition, based on the NF-κB signaling pathway, we continue detection of the mitogen-activated protein kinases
(MAPKs) pathway (Figure 5 and Supplementary Figures S6–S12). The levels of phosphorylation ERK1/2, phospho-
rylation JNK and phosphorylation p38 in lung tissue of ALI mice were detected. The results showed that the levels of
the phosphorylation ERK1/2, phosphorylation JNK and phosphorylation p38 in lung tissue were markedly increased
in the model group, compared with the control group (Figure 5, P<0.01). Pun-treated group (10, 20 and 40 mg/kg)
showed a reducing expression of phosphorylation of ERK1/2, phosphorylation of JNK and phosphorylation of p38,
compared with the model group, especially in the high-dose Pun group (Figure 5, P<0.05 and P<0.01). These results
suggested that Pun alleviate the ALI mice related with the MAPKs signaling pathway.
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Figure 5. The protein expression of the total and phosphor ERK 1/2, JNK and p38 in lung tissue

The data were repeated by three independent experiments.

Discussion
ALI is a kind of respiratory tract infectious disease characterized by neutrophil infiltration, destruction of the integrity
of endothelial cells and alveolar epithelial cells, and diffuse injury of alveolar capillaries [22]. The clinical manifesta-
tions of ALI are pulmonary edema and acute respiratory distress [23]. LPS is a major bioactive component of the cell
wall of Gram-negative bacteria and has been widely used to induce the pulmonary inflammation in ALI mice for a
long time [24]. Because of the small size, rapid growth and simple source, the mouse model of ALI induced by LPS
through intranasal perfusion is a practical and effective tool in the experimental study of ALI.

Pulmonary edema is the central link of the pathogenesis in ALI. In this experiment, the degree of pulmonary edema
was evaluated by measuring the W/D ratio of lung and lung index [25]. The results showed that Pun could significantly
inhibit the development of pulmonary edema in ALI mice. Neutrophils play an important role in the pathogenesis of
ALI. The previous studies showed that removal of neutrophils can reduce the damage of ALI. In the study, we found
that Pun could significantly decrease the numbers of total white cells, the neutrophils and the macrophages in BALF,
especially in the high-dose Pun-treated group (40 mg/kg).

Cytokine is a low molecular weight soluble glycoprotein, secreted by various tissues and cells [26]. Cytokine is
an important inflammatory mediator in inflammatory response [27]. It can regulate innate immune response and
participate in specific immune responses. Studies have confirmed that both pro-inflammatory (IL-6, TNF-α) and
anti-inflammatory cytokines (IL-10, TGF-β1) play an important role in the development of ALI [28]. LPS, as the
main component of the cell wall of Gram-negative bacteria, has the function of activating macrophages in vivo and
inducing multiple active factors from target cells [29]. When LPS acts on the body, TLR4 signal transduction pathway
is activated firstly, which promotes the expression of inflammatory factors of TNF-α, IL-6, IL-1β, and interferon
(IFN), to induce strong inflammatory response, increases the activity of downstream NF-κB and MAPKs [30]. In the
study, Pun significantly reduced the levels of pro-inflammatory cytokines (IL-6 and TNF-α), and at the same time,
Pun also remarkably increased the levels of anti-inflammatory cytokines (IL-10 and TGF-β1), which reflected that
Pun can regulate the inflammation cytokines in order to protect the lung injury.

NF-κB is a kind of nuclear transcription factor existing in the form of homologous and heterodimer, mainly com-
posed of P50 and P65 proteins. It has been found that NF-κB can participate in the regulation of inflammatory re-
sponse and inflammatory cytokines, and play an extremely important role in the body’s defense and resistance to
inflammatory response [27]. IκBα is one of the important member of IκB family, which plays an important role in
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NF-κB signaling pathway, and mainly regulates the activation and transcription of NF-κB. In the present study, we
found that treatment with Pun can significantly reduce the protein levels of phosphor p65 and IκBα in lung tissue,
which means that the effect of Pun on lung injury was associated with the NF-κB signaling pathway.

MAPK family is relatively conservative in evolution and has the function of regulating cell differentiation, prolifer-
ation and death. Various subtypes have been identified, such as ERK1/2, JNK and p38 [31]. Studies have shown that
endotoxin can activate the MAPK signaling pathway, regulate cytokines TNF-α and IL-6, recruit and activate white
blood cells through the production and activation of inflammatory mediators. These cascades of inflammation in-
duced by activation of inflammatory signaling pathways promote the occurrence and development of ALI [32]. While
in our study, we found that Pun can reduce the protein levels of phosphor ERK1/2, phosphor JNK and phosphor p38
in lung tissue, which implied that the effect of Pun involved in the signaling pathway of MAPK.

In the present study, we explored the effects and the potential mechanisms of Pun in ALI mice in vivo. The re-
sult of the study showed that Pun can significantly reduce the expression of phosphor NF-κB p65, phosphor IκBα,
phosphor ERK1/2, phosphor JNK and phosphor p38 in lung tissue. In addition, Pun can also dramatically decrease
the cytokine levels of the pro-inflammation (TNF-α and IL-6), and increase the cytokine levels of anti-inflammation
(IL-10 and TGF-β1). Furthermore, Pun also alleviate the histopathological injury of lung in ALI mice. The current
results exhibited that the effect of Pun on ALI maybe associated with the signaling pathway of NF-κB and MAPK,
while the cross-talk between these two signaling pathways, and the direct mechanism/action target of Pun in ALI are
the underway work in our laboratory, which will be reported in due course.

In conclusion, Pun showed a significant protective effect on ALI mice, it can reduce the levels of inflammation
cytokine, alleviate the lung histopathology, reduce the white blood cells and enhance the antioxidant capacity, mainly
related with the influence on the signaling pathway of NF-κB and MAPKs.

Data Availability
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
The study was supported by the Natural Science Foundation of Shanghai, China [grant number 16ZR1430800].

CRediT Author Contribution
Yibin Zeng: Conceptualization, Resources, Data curation, Software, Formal analysis, Validation, Investigation, Visualization,
Methodology, Writing—original draft. Hongying Zhao: Resources, Data curation, Software, Formal analysis, Validation, Investi-
gation, Visualization, Methodology, Writing—original draft. Tong Zhang: Data curation, Formal analysis, Validation, Investigation,
Visualization. Chao Zhang: Resources, Data curation, Validation, Investigation, Methodology. Yanni He: Data curation, Formal
analysis, Validation, Investigation. Lingbo Du: Data curation, Formal analysis, Validation. Fuguo Zuo: Conceptualization, Super-
vision, Project administration, Writing—review & editing. Wuqing Wang: Conceptualization, Supervision, Project administration,
Writing—review & editing.

Ethics Approval
All the animal study protocols were approved by the animal care and use committee of Fudan University with the approval number
SYSU-201802.

Acknowledgements
We thank the animal facility of Fudan University for the animal care.

Abbreviations
ALI, acute lung injury; ARDS, acute respiratory distress syndrome; BALF, bronchoalveolar lavage fluid; IL, interleukin; LPS,
lipopolysaccharide; MAPK, mitogen-activated protein kinase; MDA, malondialdehyde; NF-κB p65, nuclear factor-κB p65; Pun,
Punicalagin; SPF, specific pathogen free; T-AOC, total-antioxidant capacity; TGF-β1, transforming growth factor-β1; TNF-α,
tumor necrosis factor-α; W/D, wet/dry weight.

© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

9



Bioscience Reports (2022) 42 BSR20212196
https://doi.org/10.1042/BSR20212196

References
1 Hong, C.Y., Zhang, H.D., Liu, X.Y. and Xu, Y. (2019) Attenuation of hyperoxic acute lung injury by Lycium barbarum polysaccharide via inhibiting NLRP3

inflammasome. Arch. Pharm. Res. 42, 902–908, https://doi.org/10.1007/s12272-019-01175-4
2 Spadaro, S., Park, M., Turrini, C., Tunstall, T., Thwaites, R., Mauri, T. et al. (2019) Biomarkers for Acute Respiratory Distress syndrome and prospects for

personalised medicine. J. Inflamm. (Lond.) 16, 1, https://doi.org/10.1186/s12950-018-0202-y
3 Butt, Y., Kurdowska, A. and Allen, T.C. (2016) Acute lung injury: a clinical and molecular review. Arch. Pathol. Lab. Med. 140, 345–350,

https://doi.org/10.5858/arpa.2015-0519-RA
4 Thompson, B.T., Chambers, R.C. and Liu, K.D. (2017) Acute respiratory distress syndrome. N. Engl. J. Med. 377, 562–572,

https://doi.org/10.1056/NEJMra1608077
5 Famous, K.R., Delucchi, K., Ware, L.B., Kangelaris, K.N., Liu, K.D., Thompson, B.T. et al. (2017) Acute respiratory distress syndrome subphenotypes

respond differently to randomized fluid management strategy. Am. J. Respir. Crit. Care Med. 195, 331–338,
https://doi.org/10.1164/rccm.201603-0645OC

6 Ibrahim, A.S., Akkari, A.M., Raza, T., Hassan, I.F., Akbar, A. and Alatoum, I. (2019) Epidemiological and clinical profiles of patients with acute respiratory
distress syndrome admitted to medical intensive care in qatar: a retrospective analysis of the data registry for the year 2015. Qatar Med. J. 2019, 3,
https://doi.org/10.5339/qmj.2019.3

7 Xu, Y., Shi, C., Wu, Q., Zheng, Z., Liu, P., Li, G. et al. (2017) Antimicrobial activity of punicalagin against Staphylococcus aureus and its effect on biofilm
formation. Foodborne Pathog. Dis. 14, 282–287, https://doi.org/10.1089/fpd.2016.2226

8 Al-Gubory, K.H., Blachier, F., Faure, P. and Garrel, C. (2016) Pomegranate peel extract decreases small intestine lipid peroxidation by enhancing
activities of major antioxidant enzymes. J. Sci. Food Agric. 96, 3462–3468, https://doi.org/10.1002/jsfa.7529

9 Boroushaki, M.T., Rajabian, A., Farzadnia, M., Hoseini, A., Poorlashkari, M., Taghavi, A. et al. (2015) Protective effect of pomegranate seed oil against
cisplatin-induced nephrotoxicity in rat. Renal Fail. 37, 1338–1343, https://doi.org/10.3109/0886022X.2015.1073496

10 Hosseini, B., Saedisomeolia, A., Wood, L.G., Yaseri, M. and Tavasoli, S. (2016) Effects of pomegranate extract supplementation on inflammation in
overweight and obese individuals: a randomized controlled clinical trial. Complement Ther. Clin. Pract. 22, 44–50,
https://doi.org/10.1016/j.ctcp.2015.12.003

11 Chen, B., Tuuli, M.G., Longtine, M.S., Shin, J.S., Lawrence, R., Inder, T. et al. (2012) Pomegranate juice and punicalagin attenuate oxidative stress and
apoptosis in human placenta and in human placental trophoblasts. Am. J. Physiol. Endocrinol. Metab. 302, E1142–E1152,
https://doi.org/10.1152/ajpendo.00003.2012

12 Shin, J.S., Cho, J.H., Lee, H., Jeong, H.S., Kim, M.K., Yun, H.Y. et al. (2017) Dual hypopigmentary effects of punicalagin via the ERK and Akt pathways.
Biomed. Pharmacother. 92, 122–127, https://doi.org/10.1016/j.biopha.2017.05.070

13 Mun, S.H., Kang, O.H., Kong, R., Zhou, T., Kim, S.A., Shin, D.W. et al. (2018) Punicalagin suppresses methicillin resistance of Staphylococcus aureus to
oxacillin. J. Pharmacol. Sci. 137, 317–323, https://doi.org/10.1016/j.jphs.2017.10.008

14 Li, G., Yan, C., Xu, Y., Feng, Y., Wu, Q., Lv, X. et al. (2014) Punicalagin inhibits Salmonella virulence factors and has anti-quorum-sensing potential. Appl.
Environ. Microbiol. 80, 6204–6211, https://doi.org/10.1128/AEM.01458-14

15 Lin, C.C., Hsu, Y.F., Lin, T.C. and Hsu, H.Y. (2001) Antioxidant and hepatoprotective effects of punicalagin and punicalin on acetaminophen-induced liver
damage in rats. Phytother. Res. 15, 206–212, https://doi.org/10.1002/ptr.816

16 Chu, J. and Han, W. (2018) Punicalagin exerts beneficial functions in 6-hydroxydopamine-treated SH-SY5Y cells by attenuating mitochondrial
dysfunction and inflammatory responses. Med. Sci. Monit. 24, 5905–5913, https://doi.org/10.12659/MSM.909969

17 Seok, J.K., Lee, J.W., Kim, Y.M. and Boo, Y.C. (2018) Punicalagin and (-)-Epigallocatechin-3-gallate rescue cell viability and attenuate inflammatory
responses of human epidermal keratinocytes exposed to airborne particulate matter PM10. Skin Pharmacol. Physiol. 31, 134–143,
https://doi.org/10.1159/000487400

18 Atrahimovich, D., Samson, A.O., Khattib, A., Vaya, J. and Khatib, S. (2018) Punicalagin decreases serum glucose levels and increases PON1 activity and
HDL anti-inflammatory values in Balb/c mice fed a high-fat diet. Oxid. Med. Cell. Longev. 2018, 2673076, https://doi.org/10.1155/2018/2673076

19 Wang, Y., Huang, M., Yang, X., Yang, Z., Li, L. and Mei, J. (2018) Supplementing punicalagin reduces oxidative stress markers and restores angiogenic
balance in a rat model of pregnancy-induced hypertension. Korean J. Physiol. Pharmacol. 22, 409–417, https://doi.org/10.4196/kjpp.2018.22.4.409

20 Kang, B., Kim, C.Y., Hwang, J., Jo, K., Kim, S., Suh, H.J. et al. (2019) Punicalagin, a pomegranate-derived ellagitannin, suppresses obesity and
obesity-induced inflammatory responses via the Nrf2/Keap1 signaling pathway. Mol. Nutr. Food Res. 63, e1900574,
https://doi.org/10.1002/mnfr.201900574

21 El-Beih, N.M., Ramadan, G., El-Husseiny, E.A. and Hussein, A.M. (2019) Effects of pomegranate aril juice and its punicalagin on some key regulators of
insulin resistance and oxidative liver injury in streptozotocin-nicotinamide type 2 diabetic rats. Mol. Biol. Rep. 46, 3701–3711,
https://doi.org/10.1007/s11033-019-04813-8

22 Li, P., Yao, Y., Ma, Y. and Chen, Y. (2019) MiR-150 attenuates LPS-induced acute lung injury via targeting AKT3. Int. Immunopharmacol. 75, 105794,
https://doi.org/10.1016/j.intimp.2019.105794

23 Song, Z., Li, S., Zhang, C., Yuan, L., Han, L. and Liu, Y. (2019) The therapeutic effect of verapamil in lipopolysaccharide-induced acute lung injury.
Biochem. Biophys. Res. Commun. 517, 648–654, https://doi.org/10.1016/j.bbrc.2019.07.090

24 Kasotakis, G., Kintsurashvili, E., Galvan, M.D., Graham, C., Purves, J.T., Agarwal, S. et al. (2020) Histone deacetylase 7 in murine Gram-negative acute
lung injury. Shock 53, 375–377, https://doi.org/10.1097/SHK.0000000000001431

25 Murray, D.D., Itenov, T.S., Sivapalan, P., Eklof, J.V., Holm, F.S., Schuetz, P. et al. (2019) Biomarkers of acute lung injury the individualized approach: for
phenotyping, risk stratification and treatment surveillance. J. Clin. Med. 8, 1163, https://doi.org/10.3390/jcm8081163

10 © 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

https://doi.org/10.1007/s12272-019-01175-4
https://doi.org/10.1186/s12950-018-0202-y
https://doi.org/10.5858/arpa.2015-0519-RA
https://doi.org/10.1056/NEJMra1608077
https://doi.org/10.1164/rccm.201603-0645OC
https://doi.org/10.5339/qmj.2019.3
https://doi.org/10.1089/fpd.2016.2226
https://doi.org/10.1002/jsfa.7529
https://doi.org/10.3109/0886022X.2015.1073496
https://doi.org/10.1016/j.ctcp.2015.12.003
https://doi.org/10.1152/ajpendo.00003.2012
https://doi.org/10.1016/j.biopha.2017.05.070
https://doi.org/10.1016/j.jphs.2017.10.008
https://doi.org/10.1128/AEM.01458-14
https://doi.org/10.1002/ptr.816
https://doi.org/10.12659/MSM.909969
https://doi.org/10.1159/000487400
https://doi.org/10.1155/2018/2673076
https://doi.org/10.4196/kjpp.2018.22.4.409
https://doi.org/10.1002/mnfr.201900574
https://doi.org/10.1007/s11033-019-04813-8
https://doi.org/10.1016/j.intimp.2019.105794
https://doi.org/10.1016/j.bbrc.2019.07.090
https://doi.org/10.1097/SHK.0000000000001431
https://doi.org/10.3390/jcm8081163


Bioscience Reports (2022) 42 BSR20212196
https://doi.org/10.1042/BSR20212196

26 de Oliveira, M.T.P., de Sa Coutinho, D., Tenorio de Souza, E., Staniscuaski Guterres, S., Pohlmann, A.R. et al. (2019) Orally delivered resveratrol-loaded
lipid-core nanocapsules ameliorate LPS-induced acute lung injury via the ERK and PI3K/Akt pathways. Int. J. Nanomedicine 14, 5215–5228,
https://doi.org/10.2147/IJN.S200666

27 Zhang, H., Wu, X., Ge, H. and Yuan, S. (2019) NF-kappaB expression changes and inflammatory changes in mice with acute lung injury. Panminerva
Med., Online ahead of print, https://doi.org/10.23736/S0031-0808.19.03710-8

28 Stormann, P., Lustenberger, T., Relja, B., Marzi, I. and Wutzler, S. (2017) Role of biomarkers in acute traumatic lung injury. Injury 48, 2400–2406,
https://doi.org/10.1016/j.injury.2017.08.041

29 Ehrentraut, H., Weisheit, C.K., Frede, S. and Hilbert, T. (2019) Inducing acute lung injury in mice by direct intratracheal lipopolysaccharide instillation. J.
Vis. Exp. 149, 1, https://doi.org/10.3791/59999

30 He, Y., Xu, K., Wang, Y., Chao, X., Xu, B., Wu, J. et al. (2019) AMPK as a potential pharmacological target for alleviating LPS-induced acute lung injury
partly via NLRC4 inflammasome pathway inhibition. Exp. Gerontol. 125, 110661, https://doi.org/10.1016/j.exger.2019.110661

31 Zhang, L., Li, Q., Liu, Z., Wang, Y. and Zhao, M. (2019) The protective effects of bone mesenchymal stem cells on paraquat-induced acute lung injury
via the muc5b and ERK/MAPK signaling pathways. Am. J. Transl. Res. 11, 3707–3721

32 Chen, Y., Guo, S., Jiang, K., Wang, Y., Yang, M. and Guo, M. (2019) Glycitin alleviates lipopolysaccharide-induced acute lung injury via inhibiting NF-κB
and MAPKs pathway activation in mice. Int. Immunopharmacol. 75, 105749, https://doi.org/10.1016/j.intimp.2019.105749

© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

11

https://doi.org/10.2147/IJN.S200666
https://doi.org/10.23736/S0031-0808.19.03710-8
https://doi.org/10.1016/j.injury.2017.08.041
https://doi.org/10.3791/59999
https://doi.org/10.1016/j.exger.2019.110661
https://doi.org/10.1016/j.intimp.2019.105749

