RESEARCH ARTICLE

@/f'j&m@ %me &(&M@d/

ISSN: 0253-8318 (PRINT), 2074-7764 (ONLINE)
DOI: 10.29261/pakvetj/2021.043

The Therapeutic Effect and Mechanism of Physalin on LPS-Induced Acute Lung Injury in Rats

Qiu Zhong?, Yaogui Sun?, Yinlan Xu!, Ajab Khan?, Jianhua Guo?, Zhirui Wang?, Na Sun! and Hongquan Li'"

IShanxi Agricultural University, No. 1, Mingxian South Road, Taigu County, Jinzhong City, Shanxi Province, P.R.
China; 2USA Texas A&M university, College Station, TX, USA,; *University of Colorado Denver Anschutz Medical
Campus RC2-6013, Mail Stop 8621 12700 E 19" Ave. Aurora, CO 80045

*Corresponding author: livets@163.com

ARTICLE HISTORY (20-536)

ABSTRACT

October 24, 2020
Revised: December 31, 2020
Accepted: January 01, 2021
Published online: May 11, 2021

Received:

Key words:
LPS

lung injury
MAPK
NF-xB
Physalin

Physalin is the main component of Physalis alkekengi L.var.franchetii. Based on
research on Chinese herbal medicine, it is mainly used to treat respiratory diseases.
LPS-induced acute lung injury (ALI), characterized by pulmonary edema and
respiratory distress, was treated with Physalin. Firstly, Rats were treated with LPS
followed by the gavages of Physalin. In vitro, Physalin was applied to RLE-6TN
cell line pre-treated with LPS. LPS caused inflammation, hemorrhages, and lung
dysfunction and apoptosis in rats. Physalin significantly attenuated these adverse
effects, decreased the expression of IL-1B and TNF-a in lung tissues. Increased the
expression of inhibitor of NF-xB (IkB), decreased the translocation of NF-kB and
its downstream protein (COX-2 and IL-1B), and MAPK phosphorylation. In vitro,
Physalin increased alveolar epithelial cells viability, inhibited activation of MAPK
and release of inflammatory factors. Physalin can achieve the effect of treating
inflammation caused by LPS in rats through reducing the phosphorylation level of
IxB, NF-xB, ERK1/2, INK and p38 MAPK, thereby reducing the expression of
inflammatory factors TNF-a, COX2 and IL-B, and reducing the apoptosis of
alveolar epithelial cells both in vivo and in vitro.
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INTRODUCTION

Acute lung injury (ALI) is a diffuse lungs lesions
caused by severe infection, shock, trauma, severe
hypoxemia and respiratory distress. Sepsis caused by
lipopolysaccharide (LPS) is the most common cause of
ALI (Dong et al., 2008). ALI is characterized by
inflammatory  cell invasion, alveolar epithelium
destruction and leakage of proteins into the alveolar
cavity. Results in alveolar and interstitial effusion,
pulmonary edema and ultimately respiratory failure
(Abraham et al., 2000; Coimbra et al., 2006). Acute
respiratory distress syndrome (ARDS) is the most serious
state of ALI (He et al., 2012). Therefore, the development
of new drugs to treat LPS-induced ALI has become very
important.

Currently, protective mechanical ventilation, optimal
fluid management and nutritional supports are some of the
measure adopted for the prevention of ALI/ARDS
(Raghavendran and Napolitano, 2011; Nieman et al.,
2015). Low-tide pulmonary ventilation strategies (6-8mg
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/kg) have been shown to significantly improve survival
among non-drug therapies (Samransamruajkit et al.,
2005). Treatment with exogenous surfactant (Infasurf)
extracted from bovine lungs has been proved to
significantly improve survival in patients with ALI/ARDS
caused by pediatric direct lung injury. Therefore, the
development of highly effective treatment drugs for LPS-
induced ALI has become urgent.

The inflammatory response produced by LPS
mediated by the NF-«kB signaling pathway can damage
lungs (Gris et al., 2008; Fan et al., 2015). Increase in the
expression of inflammatory cytokines and activation of
MAPK pathway causes inflammatory response, and lung
injury induced by the NF-xB signaling pathway
(Mukhopadhyay et al., 2008; Wu et al., 2015). Due to
accumulation of inflammatory factors, a large amount of
fluid exudes from the alveoli accompanied by
hemorrhage and results in the formation of micro
thrombi. Anti-inflammatory substances in this regard
can increase resistance to LPS induced lungs tissue
injury.
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Recently, use of natural compounds against
pathological ~conditions has gained considerable
popularity. Physalin is the main component of Physalis
alkekengi L. var. franchetii. According to the TCM
treatment concept, it is mainly used to treat respiratory
diseases. The 50% EtOH extract of Physalis alkekengi
L.var.franchetii. showed good anti-inflammatory and
antioxidant activity in  THP-1 cells induced by
lipopolysaccharide (LPS) (Zunpeng et al., 2016). The
methanol extract of Physalis alkekengi L.var.franchetii.
showed a good therapeutic effect in ovalbumin-induced
mouse asthma model, effectively reducing the number of
inflammatory cells and the production of IL-4, IL-5 and
IL-13 in the alveolar lavage fluid (Li et al., 2017).
Januério et al. (2010) and Pinto et al. (2010) have also
confirmed that Physalin has good anti-inflammatory
activity (Januario et al., 2010; Pinto et al., 2010).
However, the underlined hidden molecular mechanism of
Physalin treatment involved in LPS-induced lung injury is
still unclear.

In this study, we investigated the effect of Physalin
on the production of inflammatory factors, lung tissue
injury, and cell apoptosis, as well as the role of the
activation of the NF-kB signaling pathway.

MATERIALS AND METHODS

Physalin: Physalin isolated from the stems of Physalis
alkekengi L.var.franchetii. The plant was identified by Dr.
Qiongming Xu from Collage of Pharmaceutical Science,
Soochow University. Physalin was purified and the purity
of Physalin is 72.39% by chromatography. The chromato-
graphic results are shown in Appendices Fig. 1 A.

Culture of alveolar epithelial cells: RLE-6TN cells
(ATCC® CRL-2300™) were seeded in 96-well plate and
incubated for 24h. The various concentrations of Physalin
(100, 75, 50and 25pug/mL) were added and incubated
again for 24h. The maximum non-toxic concentration
(MNTC) of Physalin was determined using CCK8 kit. To
calculate cell proliferation, different concentrations of
LPS (10, 8, 4, 2, 1, 0.5 and 0.25pg/mL) were added to a
24h grown RLE-6TN cells in 96-well plate and incubated
for the next 24h. To develop a cellular inflammation
model, LPS (1pg/ml) was added to each well except the
blank group and incubated for the next 24h. Different
concentrations of Physalin (50, 25 and 12.5ug/mL) were
added as treatment and incubated again for12h.

Animals and treatments: Sixty male SD rats (220+20g,
6~8weeks) were purchased from Experimental Animal
Centre of Shanxi Medical University and were randomly
divided into blank, Model and three Physalin treatment
groups (high, medium and low dose). The rats were
housed under basic environmental conditions (20+2°C,
50+5% relative humidity with 12h-dark/light-cycle) with
standard maintenance diet. LPS (2mg/kg) was
administered via trachea to each group except the blank
one. After 24h of LPS administration, rats were treated for
7 consecutive days with Physalin by gavages (100, 50 and
25 mg/kg). The equivalent volume of saline was given to
the blank and model groups by gavage. At day 1, 3, 5 and
7of treatment, blood and lungs from 3 rats within each
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group were collected. All animal experiments were
conducted in accordance with the guidance of the Animal
Experiment Ethics Committee of Shanxi Agricultural
University.

Complete blood count: The whole blood was collected
from the tail vein of rats and complete blood count was
obtained immediately using an Auto Hematology
Analyzer HF-3800Vet (Healife, China).

Lung inflammatory factor levels: Lungs from
euthanized rats were collected and homogenized. Then,
levels of TNF-a and IL-1B were measured with ELISA kit
(MSKBIO, China).

Calculation of wet/dry lung weight ratio: Half of the
lungs from euthanized rats were collected and weighed
after removing adipose tissues. After 48 h of drying in
oven at 80°C, the lungs were weighted again and wet/dry
weight ratio was calculated.

Lung histopathology: The Bouin’s Fluid-fixed 7" day
lung tissues were embedded in paraffin. The paraffin-
embedded tissues were cut into 5-pum-thick sections and
stained with hematoxylin and eosin. The histopathology
was observed using a light microscope (Olympus BX51).

TUNEL staining method to detect apoptosis: Apoptosis
on the 7" day lung tissue was observed by TUNEL
staining (Promega, Beijing, China). The apoptosis of lung
tissue was observed in each sample using fluorescence
microscope (Olympus BX51).

Western blot: RLE-6TN cells and Lung tissues were
homogenized with RIPA lysate (Solarbio, China). 40pug
equivalent protein samples were separated by SDS-PAGE
gel electrophoresis. GAPDH protein (Sanying, China) was
used as loading control. The antibodies for ERK1/2, p-
ERK1/2, JNK, p-IJNK, p38, p-p38, IkB, p- IkB, NF-xB
p65, p- NF-kB p65, COX2, IL-1p were purchased by
Abcam (UK). All secondary antibodies were from
Sanying. Protein expression was analyzed by scanning
densitometry using Image J software.

Statistical analysis: The data are represented in the
figures as the mean + SEM. The differences between
groups were tested with a t test with statistical processing
by SPSS 19.0 software. A P-value of P<0.01 was taken to
indicate statistically significant differences.

RESULTS

The effect of Physalin on RLE-6TN pretreated with
LPS: The working concentration for Physalin in RLE-
6TN was determined. The result was shown in Fig.1A,
compared with the blank group, RLE-6TN cells treated
with 75ug/mL Physalin for 24h, resulted in a significant
reduction in cell viability, while 50ug/mL Physalin had
negligible effect on cell viability. Therefore, we choose
50pg/mL Physalin as the working concentration.

Then we determined the concentration of LPS used in
RLE-6TN. From Fig.1B we can see that RLE-6TN cells
treated with LPS 1pg/mL for 24h resulted in a significant
decrease in cell viability.
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Fig. 1: Cell viability (CCK8) assay results of RLE-6TN cells A: Physalin-induced cell proliferation rate; B: LPS-induced cell proliferation rate; C: Physalin
treatment of the LPS challenged cells. Low: 2.5 pg/mL Physalin treatment group; Mid: 25 pg/mL Physalin treatment group; High: 50 pg/mL Physalin
treatment group, the same as below. Compared with the control group, *p< 0.05, ¥p< 0.01, *** p< 0.001. Compared with the LPS + 0% physalin
group, #p<0.05, ## p<0.01, ###p<0.001.
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Fig. 2: Effect of Physalin on TNF-a and IL-1B expression in rat lung tissue. Compared with the control group, *p< 0.05, **p< 0.01. Compared with
the LPS + 0% Physalin group, #p< 0.05, ## p< 0.01.
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Fig. 3: Efficacy of Physalin on LPS induced Lung (rats) histopathological and apoptosis. A: W/D ratio in lung tissue; Representative digital micrographs
of histological sections of formalin-fixed paraffin-embedded lung tissue with H&E staining (B) and TUNEL staining (C).

Finally, we first used 1ug/mL of LPS to treat RLE-  significantly reversed the cell viability reduction caused
6TN and then added Physalin to the cells to examine the by LPS in a dose dependant manner, and 50pg/mL
cell viability. As shown in Fig.1C, Physalin had Physalin shows the strongest effect.
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Fig. 4: Effect of Physalin on NF-kB pathway proteins expression level. A: kB, NF-kB, COX2, IL-I1B and GAPDH protein expression in RLE-6TN cells
and the quantified band intensity data. B: 1kB, NF-kB, COX2, IL-IB protein expression in lung tissue of rats and the quantified band intensity data. C:
p-IkB, 1kB, p-NF-kB and NF-kB protein expression in RLE-6TN cells and the quantified band intensity data. D: p-IkB, 1kB, p-NF-kB and NF-«kB protein
expression in lung tissue of rats and the quantified band intensity data. Compared with the control group, *p<0.05, **p<0.01. Compared with the LPS
+ 0% Physalin group, #p<0.05, ## p<0.01.

Physalin affected the complete blood cell count of rats
LPS treated with LPS: Red blood cells (RBCs) counts,
hemoglobin concentration (HGB) and blood platelet
(PLT) are specific Indicators for anemia and white blood
cells for inflammation and infection. As shown in Tablel,

in the LPS-treated group, RBC and HGB showed
significant decrease while PLT and WBC were increased
as compared with blank group. Physalin treatment

significantly reversed
dependent manner.

all LPS-induced effects in a dose
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Fig. 5: Western blot analysis of MAPK pathway protein. A:ERK1/2, p-ERK /2, [NK, p-JNK, p38, p-p38 and GAPDH protein expression in RLE-6TN
cells and the quantified band intensity data. B:ERK1/2, p-ERK1/2, JNK, p-JNK, p38, p-p38 and GAPDH protein expression in lung tissue of rats and the
quantified band intensity data. Compared with the control group, * P<0.05, ** P<0.01. Compared with the LPS + 0% Physalin group, # P<0.05, ##

P<0.01.

Table I: Complete blood count of rats
Complete blood count of rats in each group on day | of Physalin treatment

Index Reference Blank Model Low Mid High

RBC (x10%/L) 5.0~9.0 7.02+0.33 5.31+0.21% 5.57+0.24* 5.85+0.48* 6.01£0.29%

HGB (g/L) 100~170 155.36+3.43 100.56+3.98* 108.34+4.42* 112.17+6.21%* 116.33+£5.37*

PLT (x10%L) 700~1500 688. 4+23.57 989.3+32.19% 954. 5+33.24* 928. 1+34.18* 900. 6+29.86*

WBC (x10%L) 3.0~15.0 9.00+0.67 34.81+2.07* 31.27+1.99* 30.29+1.85* 29.28+1.34*%
Complete blood count of rats in each group on day 3 of Physalin treatment

Index Reference Blank Model Low Mid High

RBC (x10%/L) 5.0~9.0 7.57+0.49 5.52+0.21* 5.88+0.31* 6.02+0.51* 6.22+0.44*

HGB (g/L) 100~170 148.28+3.68 108.88+4.41* 113.35+3.85* 115.45+3.97* 123.38+4.08*

PLT (x10%L) 700~1500 703. 7+25.38 952.25+34.41* 917.7+28.86* 894.4+30.31* 855.2+33.35*%

WBC (x10%L) 3.0~15.0 9.17£1.03 29.22+2.88* 26.24+1.89* 22.25+£2.21% 17.91+251*
Complete blood count of rats in each group on day 5 of Physalin treatment

Index Reference Blank Model Low Mid High

RBC (x10%/L) 5.0~9.0 7.31+0.29 6.02+0.36* 6.28+0.44* 6.42+0.29* 6.82+0.31

HGB (g/L) 100~170 157.73+4.48 116.68+6.62* 122.34+5.51* 135.31+3.98* 142.41+5.02

PLT (x10%L) 700~1500 665.2+18.89 914.4+40.12* 866.3+£33.31* 810.2+£39.21%* 755.9+31.35%

WBC (x10%L) 3.0~15.0 8.85+0.97 25.42+2.43* 21.23+£2.02% 17.89+1.88* 12.21+1.43*
Complete blood count of rats in each group on day 7 of Physalin treatment

Index Reference Blank Model Low Mid High

RBC (x10%/L) 5.0~9.0 7.48+0.42 6.65+0.54 6.86+0.31 7.02+0.49 7.17+0.33

HGB (g/L) 100~170 152.88+4.79 128.21%5.17* 137.194£4.52 148.2943.18 155.53+4.12

PLT (x10%L) 700~1500 692.3+22.47 803.3+11.83* 752.4+15.24 707.1x13.44 699.1+21.25.

WBC (x10%/L) 3.0~15.0 8.98+0.67 20.24+3.31* 15.3542.18% 11.27£0.59 7.71x1.26

*P<0.05 vs. Blank group, **P<0.01 vs. Blank group.

Physalin reduces the expression of inflammatory
factors in the lung tissue of rats treated with LPS: The
content of IL-1pB and TNF-a are important indicators for
detecting inflammation in rats. In LPS-treated group, the
content of IL-1p and TNF-o in rat lung tissue was
significantly increased as shown in Fig. 2. After Physalin
treatment, the level of inflammatory factors in the lungs of
rats was significantly reduced.

Therapeutic effect of Physalin on LPS induced rat
ALI: The changes of wet—dry (W/D) ratio in lung tissue

reflects permeability of alveolar blood vessels and degree
of interstitial changes in lungs. In LPS-treated group, W/D
of lung tissue was significantly increased as shown in Fig.
3A. In contrast, Physalin treatment showed significant
decrease in W/D ratio of LPS treated lung tissue in a dose
dependent manner. Histopathology results showed clear
alveolar space, absence of edema and inflammatory cells
infiltration in blank group. In LPS treated group, Alveolar
wall edema and hemorrhage, pulmonary interstitial wall
thickening, numerous inflammatory cells infiltration in
alveolar cavity, destruction of alveolar structure and other



obvious lung injuries were observed. In contrast, Physalin
treatment significantly alleviated these LPS induced
damages in lung tissue. The results were shown in Fig.
3B. Surprisingly, high-dose Physalin treatment has almost
restored the structure of damaged lung tissues as that of
the blank group.

Physalin mitigates LPS-induced apoptosis in lung:
TUNEL staining method was used to detect the effect of
Physalin on LPS-induced apoptosis of alveolar epithelial
cells. As shown in Fig. 3C, compared with the blank
group, LPS caused apoptosis of alveolar epithelial cells,
which can be observed from the increase in the number of
TUNEL-positive cells. However, after Physalin treatment,
the apoptosis of alveolar epithelial cells was significantly
reduced.

The effect of Physalin on NF-kB-dependent signaling
pathway in LPS-induced lung injury: NF-«B signaling
pathway proteins were detected by Western-blotting. LPS
in vitro treatment significantly reduced the expression of
IxkB while increased the expression of NF-kB,
simultaneously enhanced the activation of IxkB and NF-
kB. LPS treatment can also increase the expression of
COX2, IL-1p and related inflammatory products as shown
in Fig.4A and 4C. However, Physalin treatment has
significantly reversed these effects induced by LPS. The
results obtained from rat tissues are consistent with that of
the in vitro (Fig. 4B and 4D).

The effect of Physalin on MAPK-dependent signaling
pathway in LPS-induced lung injury: As ERK1/2 is a
key protein involved in NF-kB signaling pathway
initiation, therefore the level of ERK1/2 and MAPK
signaling pathway proteins were checked. LPS treatment
showed no significant change in total amount of ERK1/2,
JNK and p38 but significantly increased the level of their
phosphorylation as shown in Fig. 5A. On contrary,
Physalin treatment significantly reversed all these effects
induced by LPS. The in vivo results are also in alliance
with these results as shown in Fig.5B.

DISCUSSION

Various intrapulmonary factors lead to pulmonary
injury and uncontrolled inflammatory response, which is
one of the important pathogenesis of ALI/ARDS. Edema
and hemorrhage are the prominent features of pulmonary
inflammatory injury(Guo et al., 2012). The results of this
study show that LPS treatment leads to lung injury, edema
and bleeding. Erythrocytopenia and leukocytosis suggest
inflammation and bleeding. The higher wet - dry weight
ratio of lung tissue further indicates the occurrence of
edema. Histological observation provided further
evidence of lung injury induced by LPS. However,
treatment with Physalin can reduce pulmonary
hemorrhage and edema caused by LPS, confirming its
excellent anti-inflammatory activity.

Apoptosis is a kind of programmed cell death, which
is very important for maintaining lung homeostasis in rats
(Yang et al., 2014). CCK8 results showed that 50ug/mL
Physalin had no significant effect on the growth of RLE-
6TN cells, but 1pg/mL LPS could significantly inhibit the
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proliferation of RLE-6TN cells, and Physalin could
reverse the inhibitory effect of LPS on cell proliferation.
TUNEL assay has confirmed LPS-induced apoptosis of
alveolar epithelial cells, which was significantly blocked
by Physalin. Changes in apoptosis are known to occur
through a variety of pathways. Studies have shown that
the activation of JNK pathway is related to the effect of
promoting apoptosis (Kenyon, 2002; Zhang et al., 2014).
According to the results of this experiment, the
phosphorylation of JINK was significantly increased after
LPS treatment, while the phosphorylation of JNK was
decreased after Physalin treatment. This suggests that
Physalin may prevent apoptosis of alveolar epithelial cells
by reducing the phosphorylation of JNK.

There is growing evidence that the interaction of
inflammatory factors is a typical characteristic of many
acute pulmonary diseases(Gulngor et al., 2010; Kaczmarek
et al., 2010). LPS induces the progression of inflammation
by changing the expression of inflammation-related
proteins (Li et al., 2015; Lv et al., 2010). After LPS
activates NF-xB, it accelerates the inflammatory response
by inducing the release of pro-inflammatory cytokines
such as IL-1B and COX2 (Giorgi et al., 2012; Wu et al.,
2015). Our results showed that LPS-induced inflammatory
responses activate NF-xB. Physalin effectively inhibited
the activation of NF-«kB, reduced the expression of IL-1
and COX2, and alleviated LPS-induced inflammation. In
fact, phosphorylation of MAPK leads to phosphorylation
of IkB, resulting in depolymerization of IkB and NF-«B,
activates NF-kB and its nuclear translocation, which leads
to activation of the NF-«B signaling pathway. Therefore,
MAPK is an important target and key factor for the
therapy of LPS-induced lung injury.

The MAPK signaling pathway is mainly composed of
ERK1/2, JNK and p38 MAPK cascade reactions. After
being phosphorylation by growth factors, hydrogen
peroxide and other factors, ERK1/2 enters the nucleus and
exerts effects on factors such as NF-kB to regulate their
activities(Budagian et al., 2003; Liu, 2004). p38 MAPK
acts as an important regulator of the NF-xB pathway by
regulating the phosphorylation of IkB under physiological
and pathological conditions. There is increasing evidence
that the activated p38 MAPK moves from the cytoplasm
to the nucleus, promotes the phosphorylation and
degradation of IkB (Wei et al., 2008), regulates the
expression of specific genes, and participates in the
inflammatory response of cells under stress conditions
(Lin et al., 2009), thereby affecting the balance between
inflammatory and anti-inflammatory factors in the
organism, determining the process of inflammation that
causes tissues damage (Li et al., 2014). Our results
suggested that LPS can significantly increase the
phosphorylation levels of ERK1/2 and p38 MAPK,
Physalin  treatment  effectively inhibited  the
phosphorylation of ERK1/2 and p38 MAPK, reduced the
activation of IkB and inhibited NF-«kB nuclear
translocation. These results showed that Physalin
inhibited the activation of ERK1/2 /IJNK/p38 MAPK
signaling pathway and reduced the nuclear heterotopic
NF-xB, thus preventing LPS-induced ALI.

Conclusions: In conclusion, Physalin can achieve the
effect of treating inflammation caused by LPS in rats



through reducing the phosphorylation level of IxB, NF-
kB, ERK1/2, INK and p38 MAPK, thereby reducing the
expression of inflammatory factors TNF-o, IL-B and
COX2, and reducing the apoptosis of alveolar epithelial
cells both in vivo and in vitro. From the perspective of
treatment, Physalin with a great potential can be used as
an anti-inflammatory and anti-apoptotic agent. Therefore,
nutritional strategies in prevention and treatment for LPS-
induced lung injury may become an effective way to
replace antibiotics and reduce side effects in the future.
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