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ABSTRACT

Background: Platycodin D (PLD) comes from the main triterpenoid saponins
in the dry roots of Platycodon grandiflorum, which has been used in traditional
Chinese medicine in the treatment of respiratory disease. This study aimed
to evaluate the therapeutic effects of PLD on mouse alveolar macrophages
induced by influenza A virus (IAV) in vitro and to investigate the PLD of its
action. Materials and Methods: Raw264.7 mouse alveolar macrophages
were grown in culture and the Cell Counting Kit-8 assay determined cell
viability. Cells were treated for 24 h with increasing doses of PLD (0, 5, 10, 20,
40, 60, 80, 100 uM). The apoptosis was detected by Annexin V-FITC/PI and
Tunel assay. Levels of interleukin (IL)-1 B, Il-6 and tumor necrosis factor (TNF)-oc
of supernatants were assessed using enzyme-linked immunosorbent assay.
The numbers of phagophores, autophagosomes, and autolysosomes and
the ultrastructure of cells were assessed using transmission electron
microscope assay. The relative protein expression of microtubule-associated
protein light chain (LC) 3I, LC3II, Beclin-1, and B cell lymphoma (Bcl2) was
evaluated by Western blotting. The localizations of Beclin-1 and Bcl2 were
viewed with a fluorescence microscope. Results: PLD treatment resulted
in significant dose-dependent inhibition of the growth of Raw264.7 cells
with the half-maximal inhibitory concentration of 115.74 uM at 24 h. After
Raw264.7 cells infected by influenza virus, PLD (2.5, 5, and 10 uM) can
improve the activity of cells, reducing apoptosis of cells, decreasing the
concentrations of Il-1 B, I1-6, and TNF-a in the supernatant of cells, reducing
autophagic injury of cells and regulating the protein expression of Beclin-1
and Bcl2. Conclusion: PLD could inhibit excessive apoptosis and autophagy
of macrophage cells induced by IAV in a dose-dependent manner and then
inhibits the secretion of inflammatory factors caused by influenza virus
infection caused by apoptosis and autophagy and then ultimately regulate
the pathogenesis of influenza virus.
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SUMMARY

* To sum-up, platycodin D could inhibit excessive apoptosis and autophagy of
macrophage cells induced by influenza virus in a dose-dependent manner.
Thus, ultimately regulate the pathogenesis of influenza virus, which was
probably through up-regulating the expression of Bcl2, down-regulating the
expression of Beclin1, Bcl-2-associated X protein and inhibits the secretion of
inflammatory factors caused by influenza virus infection caused by apoptosis
and autophagy and then ultimately regulate the pathogenesis of influenza
virus. However, detailed mechanism of action remains to be studied.

INTRODUCTION

Influenza virus (IAV) is a highly transmitted common respiratory
pathogen, and it can lead to seasonal and periodic global influenza
epidemics.!"! According to the latest data of the WHO in February
2019, there are high levels of influenza epidemics in many countries
and regions around the world, with influenza A accounting for more
than 60%. The more serious pathogenicity of influenza A virus and the
more complex mechanism of action is a major reason.**! Autophagy
is one of the pathways through which the body degrades intracellular
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damaged proteins and macromolecules under normal conditions.
However, autophagy is a double-edged sword. Autophagy plays a vital
role during influenza A virus infection.*” When influenza viruses
invade, they induce autophagy of host cells, which further aggravates
the pathogenicity of influenza viruses, and autophagy plays a vital role
in regulating the production of cytokines during influenza A virus
infection. In the apoptotic family, B lymphoma-2 (Bcl2) can bind with
autophagy-related protein 6 (Atg6, also known as Beclin-1) to form a
Beclin1-Bcl2 polymer, which can inhibit autophagy.®*!

Although Western medicine plays a leading role in anti-influenza, the
large demand for mainstream drugs increases the risk of mutation and
drug resistance of influenza viruses. Because of antigenic variation, the
preventive effect of common vaccines is also affected.%'? Therefore, it
has been a top priority for the antivirus industry to continue to study the
pathogenesis and mutation mechanism of influenza viruses and to find
or develop new and more effective anti-influenza drugs.

China has a heritage of many classic traditional Chinese medicine
compounds derived from the fighting of diseases for thousands of years,
making diseases well treated and controlled." Especially in influenza
prevention and control, it has obvious advantages. Platycodin D (PLD)
comes from the main triterpenoid saponins in the dry roots of Platycodon
grandiflorum, which has been used in traditional Chinese medicine in
the treatment of respiratory disease. The main pharmacological activities
of PLD are anti-inflammatory, expectorant, antitussive, sedative,
analgesic, and antipyretic.!"*'? The effection of PLD in inhibition of the
cell damage induced by IAV and the specific roles of PLD in autophagy
remain unclear. To clarify that issue, we investigated the effects of PLD
on autophagy and progression in macrophages induced by IAV in this
study.

MATERIALS AND METHODS
Cell culture and the influenza virus

Raw264.7 macrophages were derived from the American Type Culture
Collection, it was cultured and preserved in our laboratory. The cells
were maintained in RPMI 1640 medium (Hyclone, China) containing
with 10% fetal bovine serum (Hyclone, China) under 5% CO, at 37°C.
The influenza virus (type A, IAV, A/PR/8/34) was provided by the Virus
Research Laboratory of Hunan Normal University. After 10 days of
culture and passage in the allantoic cavity of 10-day-old chick embryo,
the viruses with a titer of more than 1:640 were used for the study.

The half-maximal inhibitory concentration of
platycodin D

Raw264.7 cells were seeded into 96-well plates (6000 cells/well).
Then, the «cells were incubated with different concentrations
(0,5,10,20,40,60,80,100 uM) of PLD D (PLD, Shanghai Yuanye
Biotechnology Co., Ltd. Shanghai, China) were used for 24 h,
respectively. The cytotoxicity was measured using the Cell Counting
Kit-8 (CCK-8) assay (7sea, China) according to the kit instructions.
The optical densities (ODs) were measured at absorbance 450 nm. The
cell inhibition rate (IR) was calculated according to the OD as follows:
IR (%) = 1-(OD treatment group/OD control group) x 100%.

Cell viability analysis by Cell Counting Kit-8

Raw264.7 cells were seeded into 96-well plates (6000 cells/well). Then,
the cells were stimulated by IAV (multiplicity of infection [MOI] = 0.1)
for 12 h and incubated with PLD (2.5, 5, 10 uM) for 24 h. After that, the
cell activity was examined by CCKS8 assay. The percentage of cell viability
was calculated according to the OD as follows: cell viability (%) = (OD
treatment group/OD control group) x 100%.
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Enzyme-linked immunosorbent assay

Raw264.7 cells were seeded into 6-well plates (8000 cells/well).
Following different treatments approach the same as before, the
cells were collected supernatant of different groups, secretion
levels of interleukin-1beta (IL-1 ), IL 6 and tumor necrosis
factor-alpha (TNF-o) (eBioscience, USA) were assessed using
enzyme-linked immunosorbent assay (ELISA), according to the
manufacturer’s instructions.

Cell apoptosis analysis by flow cytometry

Raw264.7 cells were seeded into 6-well plates (10,000 cells/well).
Following different treatments approach the same as before, the cells
were collected and detected using annexin V-FITC and propidium
iodide kit. The apoptotic percentages of the treated cells were analyzed
by flow cytometry using a Beckman Coulter CytExpert.

TUNEL assay

Raw264.7 cells were seeded into 6-well plates (8000 cells/well). Following
different treatments approach the same as before, the number of
apoptotic cells was detected using TdT-mediated dUTP-biotin nick end
labeling assay (TUNEL). The number of positive cells was calculated in
five fields of view selected at random for each cell sample by biological
microscope (CX31, Olympus). The integrated OD of samples was
analyzed using Image-Pro Plus 6.0 software. (Media Cybernetics,
Maryland, USA).

Transmission electron microscope

Raw264.7 cells were seeded into 6-well plates (8000 cells/well). Following
different treatments approach the same as before, the cells were collected
and fixed with 2.5% glutaraldehyde for 2 h at 4°C and by 1% osmic acid.
Then, the cells were carried out at room temperature (RT) in a graded
series of 50%, 70%, and 90% acetone and soaked in propylene epoxide
and resin for embedding and subsequent polymerization. 50-100 nm
ultrathin sections of specimens were made with an ultramicrotome
and a diamond knife. After 3% uranyl acetate and lead nitrate double
staining, the specimens were examined and photographed on an electron
microscope (HITACHIHT7700, Japan).

Immunofluorescence

Raw264.7 cells were seeded into 6-well plates (8000 cells/well).
Following different treatments approach the same as before, the
cells were collected and fixed with 4% polar formation algorithm for
30 min at 4°C and washed three times by cold pico base station (PBS).
The cells were incubated with primary antibodies (Beclin-1 and
bcl2) at 4°C overnight then incubated with goat anti-mouse
Alexa-594 (1:500; Invitrogen, Carlsbad, CA, USA) or goat anti-rabbit
Alexa-488 (1:500; Invitrogen). Immunofluorescence was viewed
with a fluorescence microscope (LSM780, Zeiss, Germany). Five
visual fields of each sample were randomly selected and analyzed at
a high magnification. The fluorescence intensity of each group was
analyzed statistically.

Western blotting

Raw264.7 cells were seeded into 6-well plates (8000 cells/well). Following
different treatments approach the same as before, the cells were washed by
cold PBS and completely lysed by lysis buffer (CWBIO, China) containing
protease inhibitor mixture. The concentration of protein was determined
using the BCA kit (CWBIO, China), and 50 pg of total protein sample was
loaded for sodium dodecyl sulfonate-polyacrylamide gel electrophoresis
(SDSPAGE) electrophoresis. Then, protein samples were separated by 10%
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SDS-polyacrylamide gel and transferred onto polyvinylidene difluoride
membrane with a diameter of 0.22 m. The membrane was blocked in
the blocking buffer for 1 h and incubated with primary antibodies:
microtubule-associated protein light chain (LC) 3 Rabbit antibody (Ab),
Bcl2 mouse Ab, Beclin-1 Rabbit Ab and 3 Rabbi mouse Ab (1:1000) at 4°C
overnight and anti-mouse or anti-rabbit secondary antibodies (1:3000)
for 1 h at RT. After electrochemiluminescence, the blots were examined
by A Bio-Rad Gel Dol EZ imager (Bio-Rad, USA), and the images and
the relative protein expression was analyzed with Image Lab 5.0 software
(Bio-Rad, USA) for statistical analysis.

Statistical analysis

Measurement data are expressed as mean + standard deviation (x+S),
data were tested for homogeneity of variance. When the variance was
homogeneous, one-way ANOVA test was used, and multiple comparisons
were made among groups. When the variance is uneven, Kruskal-Wallis
H test is used to compare the total difference, and Mann-Whitney U
test is used to compare the difference between the two groups. Data
were processed using SPSS 21.0 statistical software (SPSS, USA), and
significance was determined as P < 0.05.

RESULTS

The half-maximal inhibitory concentration of

platycodin D

The PLD inhibited Raw264.7 cells proliferation in vitro was examined by
CCK8 assay [Figure 1a]. As shown in chart, PLD inhibited Raw264.7 cells
proliferation in vitro in concentration-dependent manners with the
half-maximal inhibitory concentration values of 115.74 uM at 24 h,
respectively.

Platycodin D improving the activity of cells infected
by influenza virus

The cell activity was examined by CCK8 assay [Figure 1b]. IAV
resulted in significantly decreased cell viability compared with the
control group (P < 0.05); however, the cell viability of Raw264.7 cells
stimulated by IAV (MOI = 0.1) were significantly higher than those of
PLD (2.5, 5, 10 uM) (P < 0.05) and the viability of PLD presented an
approximate dose-dependent manner.

Platycodin D decreasing the concentrations of
interleukin-1 {3, interleukin-6 and tumor necrosis
factor-o. in the supernatant of cells infected by
influenza virus

The concentrations of IL-1 (3, IL-6, and TNF-o in the supernatant
were examined by ELISA assay [Figure 2]. IAV resulted in significantly
increased the concentrations of IL-1 {3, IL-6, and TNF-o in the
supernatant compared with the control group (P < 0.05); however,
this influence of IAV were significantly inhibited by those of PLD
(2.5, 5, 10 uM) (P < 0.05) and the curative effect of PLD presented an
approximate dose-dependent manner.

Platycodin D reducing apoptosis of cells infected by
influenza virus

The apoptotic percentages were examined by flow cytometry
assay [Figure 3]. IAV resulted in significantly accelerated apoptotic
percentages compared with the control group (P < 0.05); however,
this influence of IAV was significantly inhibited by those of PLD
(2.5, 5, 10 uM) (P < 0.05) and the curative effect of PLD presented an
approximate dose-dependent manner. The apoptosis of the PLD-treated
cells was further confirmed by TUNEL assay [Figure 4].

Platycodin D regulating the protein expression of
Bcl2 and Bcl-2-associated X protein

The protein expression of Bcl2 and Bcl-2 associated X protein (Bax) was
examined by Western blotting [Figure 5]. IAV resulted in significantly
up-regulated the protein expression of Bax and down-regulated the
protein expression of Bcl2, compared with the control group (P < 0.05);
however, this influence of IAV were significantly inhibited by those of
PLD (2.5, 5, 10 uM) (P < 0.05) and the curative effect of PLD presented
an approximate dose-dependent manner.

Platycodin D reducing excessive autophagy of cells
infected by influenza virus

Evaluate the ultrastructure within cells to analyze the effect of PLD during
TAV-induced autophagic injury by TEM assay [Figure 6]. Numbers of
phagophores, autophagosomes, and autolysosomes increased in the IAV
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Figure 1: (a) The half-maximal inhibitory concentration of platycodin D were examined by Cell Counting Kit 8 assay, n = 5. (b) The cell activity were examined
by Cell Counting Kit 8 assay, n = 5. *P < 0.05 versus control group; *P < 0.05 versus IAV group; PLD: Platycodin D; IAV: Influenza A virus (multiplicity of

infection = 0.1). Data are expressed as the mean =+ standard deviation
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Figure 3: The apoptotic percentages were examined by flow cytometry assay, n = 5. *P < 0.05 versus control group; *P < 0.05 versus IAV group; PLD: Platycodin
D; IAV: Influenza A virus (multiplicity of infection = 0.1. Data are expressed as the mean + standard deviation

group, at the same time, the ultrastructure of mitochondria swelled, the
structure was destroyed, vacuoles increased, nuclear pyknosis, and so on.
However, PLD treatments are able to decrease the numbers of phagophores,
autophagosomes, and autolysosomes and protect the ultrastructure of cells.
Theseresultsindicated that PLD decreased IAV-induced excessiveautophagy,
and the curative effect of PLD presented an approximate dose-dependent
manner. The proteins related with autophagy (LC3II/LC3I and Beclin-1)
were further confirmed by Western blotting [Figure 7].

Platycodin D regulating the balance of Beclin-1 and
Bcl2

Endogenous Beclin-1 and Bcl2 were localized in the cytoplasm [Figure 8].
The localization was dramatically decreased when IAV was added to the

Pharmacognosy Magazine, Volume 16, Issue 67, January-March 2020

medium, and the relative protein expression of Beclin-1 was increased,
then autophagy was promoted. However, it decreased following PLD
treatment. These results indicated that PLD decreased IAV-induced
autophagic injury by regulated the protein expression of Beclin-1 and
Bcl2. Furthermore, the curative effect of PLD presented an approximate
dose-dependent manner.

DISCUSSION

In the process of influenza virus infection, pulmonary epithelial
cells act as the first line of defense against influenza virus infection,
quickly respond to influenza virus infection, and activate alveolar
macrophages. Activated alveolar macrophages are produced by
cytokines such as TNF-q, IL-1 3, IL-6, and IL-8. Excessive immune
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Figure 4: The integrated optical density by TUNEL assay, n = 5. *P < 0.05 versus control group; *P < 0.05 versus IAV group; PLD: Platycodin D; IAV: Influenza A
virus (multiplicity of infection = 0.1). Data are expressed as the mean + standard deviation
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Figure 5: The proteins related with apoptosis (Bcl2 and Bcl-2 associated
X protein) by Western blotting, n = 5. *P < 0.05 versus control group;
#P < 0.05vs.lAV group; PLD: Platycodin D; IAV: Influenza A virus (multiplicity
of infection = 0.1). Data are expressed as the mean + standard deviation

response leads to high level and sustained expression of cytokines.
This “cytokine storm” ultimately causes alveolar macrophages to
amplify inflammatory response, release, and spread and invade
adjacent or distant host cells, accelerating the progression of lung
injury. Some patients can rapidly evolve into severe progressive
pneumonia, lung injury, and even acute respiratory distress
syndrome.'7*l In the present study, first, we demonstrated that
PLD inhibited macrophage cells damage; second, supernatants of
TAV-stimulated Raw264.7 cells in the presence of PLD were examined
for the production of the proinflammatory cytokines, IL-1 f,
IL-6, and TNF-a. These proinflammatory cytokines significantly
inhibited by PLD in a dose-dependent manner. These results were
confirmed by treating Raw 246.7 cells with PLD at various doses
after TAV-stimulated. These data indicate PLD may be interfering
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with the signal transduction pathway of proinflammatory cytokines
activation.

Apoptosis is widely considered to be the main mechanism regulating cell
death, which is often initiated when cells are damaged or stressed. In the
present study, we demonstrated that PLD inhibited excessive apoptosis
of macrophage cells induced by IAV in a dose-dependent manner. PLD
significantly increased expression of apoptosis inhibitor protein Bcl2
and decreased expression of apoptotic Bax, then regulated the balance
between Bcl2/Bax.

Autophagyisan important mechanism underlying the interaction between
influenza viruses and their hosts. Therefore, researchers have begun
to pay attention to the complex relationship between influenza viruses
infection and autophagy in recent years. More and more evidence shows
that the influenza virus can cause autophagy, which is a necessary process
of influenza virus replication.®”! In the present study, we demonstrated
that PLD inhibited excessive autophagy of macrophage cells induced by
TIAV in a dose-dependent manner. PLD treatments are able to decrease the
numbers of phagophores, autophagosomes and autolysosomes, protect
the ultrastructure of cells and down-regulate the LC3II/LC3I ratio and
the relative protein expression of Beclin-1. These results indicated that
PLD decreased IAV-induced autophagic injury, and the curative effect of
PLD presented an approximate dose-dependent manner.

Autophagy-related genes are the core molecular mechanism of autophagy.
As one of the key molecules in autophagy formation, autophagy-related
protein Beclinl is the key target of autophagy regulation.® As an
important autophagy inhibitor protein, Bcl2 protein in apoptotic family
binds to Beclin-1 and inhibits its autophagy-promoting activity.**?!
Under normal conditions, Beclin-1 binds to Bcl2 family proteins,
including Bc12, Bc1-XL, Bel-w, and myeloid cell leukemia-1 and inhibits
autophagy. Therefore, the formation and dissociation of Beclin-1-Bcl2
are crucial to the regulation of autophagy,*? which is also regulated
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Figure 7: The proteins related with autophagy (microtubule-associated protein light chain 3ll/microtubule-associated protein light chain 31 and Beclin1) by
Western blotting, n = 5. *P < 0.05 versus control group; P < 0.05 versus |IAV group; PLD: platycodin D; IAV: Influenza A virus (multiplicity of infection = 0.1).
Data are expressed as the mean =+ standard deviation

by many proteins and signaling pathways. In the present study, we the relative protein expression of Beclin-1 and up-regulate the relative
demonstrated that the localization and the relative protein expression protein expression of Bcl2 after IAV-stimulated and the curative effect of
of Beclin-1 and Bcl2. These data indicate PLD may be down-regulate  PLD presented an approximate dose-dependent manner.
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Figure 9: A potential unifying mechanism for the anti-IAV effects of
platycodin D

CONCLUSION

PLD could inhibit excessive apoptosis and autophagy of macrophage
cells induced by IAV in a dose-dependent manner. Thus, ultimately
regulate the pathogenesis of influenza virus, which was probably through
upregulating the expression of Bcl2, down-regulating the expression of
Beclin-1, Bax and inhibits the secretion of inflammatory factors caused
by influenza virus infection caused by apoptosis and autophagy and then
ultimately regulate the pathogenesis of influenza virus [Figure 9].
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