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Abstract: Platycodon gmnd;ﬂonmlacq.) A.DC is a perennial single-species herb of Campanulaceae,
whose dried root is widely used to diffuse the lung, soothe the throat, dispel phlegm, and expel pus in
Chinese traditional medicine with a long history. Besides, P. grandiflorum is also a homology of medicine
and food approved by the Ministry of Health of China, and many related foods have come into mlrkel. It
has been reported that the glycosides of pentacyclic triterpenoids, al nown as saponins, are the main
biological active constituents of'P. grcd‘eloms. This present article offers a systematic review of newly
reported saponins. from P. grandiflorus over the past decade years covering the pieces of literature from the
begmning of 2017 through the end of 2022 and describes their structural diversities and pharmacological
studies. As far as knowledge. a total of 74 natural saponins and 131 references were updated and compiled
in this review, which may be of interest to pharmacognosists and natural product chemists. The review
provides new ideas forthe development and utilization of platycodon and clinical application in the future.
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1. Introduction

Platycodon grandiflorus (Jacq.) A. DC is the dried root of Platycodon grandiflorum, which
belongs to perennial single species of herbs. It is first recorded in the “Shennong Herbal Classic”
and is a widely used traditional Chinese medicine [1]. P. grandiflorus has the functions ofdi@ing
the lung, soothing the throat, dispelling phlegm, and expelling pus, which is mainly used for the
treatment of cough and phlegm, chest tightness, sore throat, dumb voice, and abscess of the lung
[2]. Additionally, it has been discovered that P. grandiflorus also has a good therapeutic effect on
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cardiovascular, diabetes, atherosclerosis, and other diseases [3]. P. grandiflorum is also a homology
of medicine and food approved by the Ministry of Health of China [4]. The fresh roots of P.
grandiflorus are widely used as edible vegetables in South Korea, North Korea, Japan, and
Northeast China, so the demand for P. grandiflorus is very huge in East Asia [5]. The healthcare
effects of P. grandiflorus are also the focus of attention [6].

In recent years, the phytochemical studies of P. grandiflorus have drawn considerable attention,
due to their potent and wide range of pharmacological activities in the aspect of anti-tumor [7], anti-
inflammatory [8], antioxidant [8], hypolipidemic [9], and anti-diabetic activities [10], etc. As early
as the beginning of the 20th century, Japanese researchers studied the chemical constituents of P.
grandiflorus. It has n previously reported that the glycosides of pentacyclic triterpenoids, also
known as saponins, are the main biological active constituents of P. grandiflorus [4]. In addition to
saponins, P. grandiflorus also contains flavonoids, fatty s, sterols, vitamins,.and a variety of
essential trace elements for the human body [11]. Several excellent reviews.on various aspects of
consﬂlents that are derived from P. grandiflorus have been published in.the past decades [5, 12-
13]. Howevefghthere is no work specifically aimed at pentacyclic triterpenoid saponins from the
grandiflorus. As part of our ongoing investigations of biological compounds from P. grandiflorus, a
detailed and comprehensive literature survey disclosed that the prewviously published structures
might not be adequately represented. This review aimed to update the latest research progress on
the phytochemical and pharmacological studies of natural saponins from P. grandiflorum.
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Figure 1. (A) The plant of P.grandifloras. (B) The medicinal part of P. grandifloras. (C) The
pickles of P. grandifloras.

2. Phytochemical Study

The literature survey disclosed that saponins of oleanane pentacyclic triterpene-type is the main
component of ‘P. grandiflorus [14]. Up to date, 75 different kinds of triterpenoid saponins with
oleanolic acid mother nuclei have been isolated from P. grandiflorus. More precisely, these
structures of triterpenoid saponins can be divided into five categories including platycodin genin (1-
28), platyconic acid (29-39), polygalacic acid (40-56), platyconic acid lactone (57-65) and other
mes of triterpenoid(67-75) [15]. For these compounds, glycosylation positions are mainly loc
at positions C-3 and C-28, while the glycol groups mainlcontainns L-rhamnose, D-xylose, D-
glucose, L-arabinose, and d-spinose, and their derivatives[16].

2.1. Platycodin genin-type saponins

Of all the five categories, Platycodin genins-type triterpenoids occupy the largest number in P.
grandiflorus. These saponins have the characteristics that the parent nucleus is oleanolic acid, two
hydroxymethyls (-CH>OH) are located at C-4 position, and a total of five methyl at C-25, C26, C-
27,C29, and C-30 positions, and a carbonyl at the C-28 position.

Compounds 1-8 were isolated and identified as eight Platycodin genin-type fEnins by Ishii et
al, of which compounds 2, 3, and 5 were reported for the first time. Notably, the O-acetyl groups at
C-2 or C-3 positions of rhamnose in these three compounds are easily reversibly migrated [17].
Compounds 6-8 are three saponin methyl esters, the difference of which is the sugar moiety at C-4
position [18]. Compounds 9 and 26 are two new compounds first identified from P. grandiflorus
based on spectroscopic and chemical evidence. There are two same CH>OH moieties located at the
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C-4 position of 9, while a CH3; and a CH,OH groups at the C-4 position of 26 [19]. Compounds 10,
11, and 28 were purified and identified by He et al., of which 11 and 28 were reported for the first
time. The biggest difference between these two new saponins is that 11 has two CH,OH groups at
C-4, while 28 possesses two OH groups at the same position [20]. Compounds 12 and 13 were first
isolated and identified by Fu et al, of which monosaccharide was characterized as glucose alcohol
acetate detected by gas chromatography |. Compound 14, named as Deapio-platycoside E, is a
disaccharide saponin with different sugar chains at the positions of C-4 and C-28 [22]. The structure
of compound 15 is similar to that of 16, which was first isolated by Choi et al. Their difference was
that the C-3 substituent of 15 was Glc>-Glc, while that of 16 was Glc®-Glc [23,24]. Compounds 17-
19 were identified as three new compounds purified by silica gel column. The C-3 position of 18
and 19 is linked to a glucuronic acid (-GlcA) and contains an O-acetyl group at the 2.3-position of
the rhamnose unit [25]. Similarly, the rhamnose of compound 21 is also substituted by an O-acetyl
group [26]. The structures of compounds 22 and 23 are the same, except for the positions of O-
acetyl sugar moiety. Additionally, the C-28 position of compound 24 is a disaccharide, which is
different from that of compound 25 [27,28]. Different from compounds 1-26, both' compounds 27
and 28 have two -OH groups attached to their C-4 position [29].

2.2. Platyconic acid-type saponins

There are only 10 Platyconic acid-type saponins isolated from P. grandiflorus (compounds 29-
39). These saponins have the characteristics that the parent nucleus is oleanolic acid, a COOR group,
and a CH,OH group are located at C-4 position, and a total of five methyl at the positions of C-25,
C-26, C-27,C-29, and C-30, while two carbonyls at the positions'of C-4 and C-28.

Compounds 29-31 were first isolated by Ishii et al. in 1981, The ditference between compounds
29 and 30 is that the C-2 position of 29 was substituted by an H, but that of 30 is a CH;, while the
C-2 and C-28 positions of 31 were substituted by an H group and a CH; group, respectively [22].
Compounds 32, 33, 35, and 36 were simultaneously isolated from P. grandiflorus by Choi et al for
the first time [30]. The structures of 32 and 33 is almost the same, except the C-2 and C-28 of 32
substituted by a CH3 group. The difference between compounds 35 and 36 is that the C-28 position
of 35 is substituted by a COOH group, while that of 36 is replaced by a sugar group. Compounds
37-39 were first reported in 2010, of which 37 and 39’s rhamnose moiety are acetylated [25].

2.3. Polygalacic acid-type saponins

To date, a total of 17 Polygalacic acid-type saponins have been isolated from P. grandiflorus.
These saponins have the charaeteristics that the parent nucleus is oleanolic acid, a CHs gmand a
CH:OH group are located at C-4 position, a total of six methyl groups at the positions of C-24, C-
25,C-26,C-27,C-29, and C-30, while a carbonyl at the position of C-28.

This type of saponin was isolated from P. grandiflorus as early as 1978 (compounds 40-44) [25].
Among them, the rhamnose moiety of 42-44 is acetylated, while those of the others are not. The
structures of compounds 45 and 46 were the same except for the substituents at C-3 position, both
of which were first isolated in 1981 [22]. As the characteristic constituent of P. grandiflorus in
Chinese pharmacopeia, compound 47 (Platycoside D) is a disaccharide glycoLamside with seven
sugar groups and is first isolated Nikaido et al [23]. Different from compound 47, the C-3 position
of compound 48 (Platycoside G3) is substituted by a disaccharide chain [21]. The structures of
compounids 49-51 have the same structures except for the C-3 sugar chains [25]. Compound 52,

ed -B-D-laminatedibiosyl Polygalacic acid, was characterized as a group and COOH group
linked to the C-3 and C-28 position, respectively [31]. Different from compounds 51 and 52, the
rhamnose moiety of compound 53 is acetylated [32].

2.4. Platyconic acid lactone-type saponins

There are only 9 Platyconic acid lactone-type saponins isolated from P. grandiflorus. These
saponins have the characteristics that the parent nucleus is oleanolic acid, -CH>OH at C-4 position
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and OH at C-2 position dehydrated to be a lactone structure, a total of five methyl at the positions of
C-25,C-26,C-27,C-29,and C-30, while two carbonyls at the positions -23 and C-28.

Compound 57 was characterized as a -Glc group and CH; group linked to the C-3 and C-28
position, respectively, which was purified by silica gel chromatography [22]. Compounds 58-60
were first reported in 2006, and the main differences between them were the number of sugars at C-
28 [33]. The structures of compounds 61-64 are very similar. Specifically, the difference between
compounds 61 and 62 is that 61 has one more D-apiose at C-28 position than those of 62, while
compound 63 has one more D-apiose than that of compound 64 [30]. The structure of compound 65
was characterized by the disaccharide groups located at both C-3 and C-28 [29].

2.5. Other types of triterpenoids saponins

There are 10 saponins whose structures are difficult to be divided into any of the above four
categories. Compounds 66 and 67 were first isolated from P. grandiflorus by Ma et al.in 2013. The
difference between them was the sugar moiety (a Glc group or a Xyl group) docated at C-22
position [34]. The structural feature of compounds 68 and 69 is the lactone ring formed by the
COOH group at C-28 and an OH group at C-13 [35]. The main difference of compounds 70-72 was
the substituent groups at C-4 position, while those of 73-75 were the substituent groups at C-3 and
C-28 positions [36].
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Figure 2. Chemical structure of natural saponins isolated from P. grandiflorus.

3. Pharmacological Study

The literature survey disclosed that the previous pharmacological studies of P. grandiflorum
mainly focus on its.crude saponins extract and the indicator components Platycodon D (compound
3), which exhibited potent anti-tumor, anti-inflammatory activity, antioxidant activity, and so on.

3.1. Anti-tumor activity

3.1.1.Effects on cell apoptosis

i) There are three main ways to induce apoptosis of P. grandiflorus saponins, which are
mitochondrial pathway, death receptor pathway, and endoplasmic reticulum (ER) stress pathway
(Figure 3). By consulting a large number of kinds of literature, we found that one of the ways that P.
grandiflorus saponins induce apoptosis of various cancer cells is through the mitochondrial
pathway. As we all know, the B-cell lymphoma2 (Bcl-2) family is a very special presence for the

mitochondrial apoptosis

ay, which can regulate cancer cell apoptosis through complex

interactions. At present, it 1s divided into two categories: pro-apoptotic factors and anti-apoptotic
factors and the representative ones are Bax and Bcl-2. A549 cells were used as the research object

to study the anti-cancer mec
cells had obvious apoptosis

sm of PD. It was found that after PD (compound 3) treatment, the
estern blot showed that the expression of pro-apoptotic factors Bax

and Bak protein in the cells inced, and the expression of anti-apoptotic factors Bcl-2 and Bel-x1
protein decreased. resulting in a decrease in mitochondrial membrane potential. and activation of
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led to cell death, eventually [41]. For A549 cisplatin-resistant cells (A549/DDP),
xpression and down-regulate Bcl-2 expression to induce apoptosis
amily plays an important role in mitochondrial pathway-induced
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ptosis. Of course, in addition to lung cancer cells, it can also induce a osis by regulating the
mitochondrial pathway of Bcl-2 family proteins in prostate cancer cells (RC-58T/h/SA#4), human
sitional cell carcinoma cells (5376 cells), rat adrenal pheochromocytoma cells (PC-12 cells),
uman breast cancer cells (MCF-7) and human liver cancer cells (HepG2 cells) [43-47]. Reactive
iMygen species (ROS) are mainly produced in mitochondria, and excessive ROS can lead to
tochondrial dysfunction and activate the mitochondrial apoptosis pathway. Zhang et al. stu
the mechanism of PD-induced apoptosis in PC-12 cellggg@id found that after PD treatment, the
increase of intracellular ROS level caused the decrease of mitochondrial membrane potential, which
led to cell apoptosis. In another experiment with MG-63 cells as the research object, it was also
found that the mechanism of PD-induced apoptosis was similar to this [48].
In addition to single drug use. Zheng et al. found that PD combined with doxorubicin can
enhance the anticancer activity of doxorubicin in vitro. Further study of its mechanism found that
PD up-regulated the expression of ASKI protein after action, thereby premoting doxorubicin-
induced ROS to phosphorylate ASK1 protein and activate JNK activation, eventually causing JNK-
dependent apoptosis in liver cancer cells (PLC cells) [49]. In addition, Xua al. found that PD
can inhibit the resistance of HepG2 liver cancer stem cells to 5-fluoreuracil, which provides a new
idea for the clinic treatment of tumors [50]. For 5637 cells, Li et al. found that PD induced
apoptifis not only through the mitochondrial pathway but also through the death receptor pathway
[51]. death receptor pathway (fas) is also one of the important pathways of apoptosis. As we
know, tumor necrosis factor-related apoptosis-inducingligand (TRAIL) can induce tumor cell
apoptosis, but some tumor cells are not sensitive to TRAIL. Zhang et al. found that PD can enhance
the sensitivity of TRAIL, form a death receptor complex, and then activate Caspase 8, which
initiates the apoptosis process of A549 cells finally [52]. Huang et al. proved that PD can
effectively induce apoptosis of human lung adenocarcinoma cell line H1975, which is the first time
to verify it. Exploring its mechanism found-that PD can promote the extracellular release of PD-L1
[53]. In other words, PD can act as a cholesterol-dependent lipid raft regulator to promote the
formation of PD-L1 in extracellular vesicles [54], which provides therapeutic ideas for natural
products used in anti-cancer. In another study, apoptosis was detected by flow cytometry and
Western blot analysis. All the results showed that the apoptosis of human gastric cancer cells (AGS
cells) caused by PD can activate p38 expression [55]. Yu et al. found that PD can induce the up-
regulation of GRP78/Bip and CHOP/GADDIS53, which play a role in the downstream of ER,
thereby activating Caspase 4. This also reflects that PD can induce cancer cell apoptosis through ER
[56]. Of course, they were also found to have an inextricable link between PD-induced apoptosis
and the MAPK pathway. [55,56]. In addition to the above common pathways, studies have found
that PD can also reduce telomerase activity [57], cause cell vacuoles [58] and enhance immune
response [59], which are the reasons why PD can induce apoptosis. It is also believed that PD does
t induce apoptosisthrough a single pathway but through multiple pathways. Kong et al. detected
the expression level of apoptosis-related proteins by Western blot. The[Skperimental results can be
summarized as follows: after PD treatment, PARP was cleaved in cells, and the expression of active
cleaved caspase-3 and -8 Bas up-regulated to activate the fas pathway. At the same time, the Bcl-
2/Bax ratio was reduced, and the expression of cleaved caspase-3 and-9 was up-regulated, so that
PARP was cleaved to activate the mitochondrial pathway, and the expression of P53 protein was
inhibited to induce apoptosis [60]. In general, inducing apoptosis is still the main way for P.
grandiflorum saponins to exert anti-tumor effects.

3.1.2 Effects on cell autophagy

reading the literature, we found that PD plays a protective autophagy role in HepG2, and
the activation of the extracellular signal-regulated kinase (ERK) plays an important role in this
process [61]. In another study, Xu et al. found that after PD treatmethe up-regulation of BNIP3
expression in HepG2 cells induced mitochondrial changes increased the expression of autophagy-
related protein Beclinl, and converted intracellular LC3-I into LC3-II, resulting in autophagy of
liver tumor cells. These prove that autophagy is a major way to induce apoptosis [62]. In another
liver cancer cell called Bel-7402, PD activates ERK and JNK pathways to induce autophagy [63].
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In the study of lung cancer cells, it was also found that PD could up-regulate the expression of Atg-
3 and Atg-7 to promote the expression of LC3-II and induce autophagy, finally [64]. When the n-
butanol fraction of platycodon grandiflorum (compounds 40 and 41) was applied to A549 cells, it
was found that it could also up-regulate Beclin-1 and down-regulate Blc-2 to activate the AMPK
pathway to induce autophagy [65]. In terms of traditional Chinese medicine, the guide can guide the
treatment of drugs to the disease so that the drugs play a better effect. Studies have shown that
platycodon grandiflorum has a significant effect on the prevention and treatment of lung cancer
[66]. For example, PD can promote cell gap junction communication and lysosomal function,
promote auto y and autophagy degradation, and inhibit cell P-gp expression, thereby exerting a
guiding role in the treatment of lung cancer in mice with doxorubicin [67]. Therefore, it is
necessary to elucidate the autophagy mechanism of P. grandiflorum saponins, which will contribute
to the clinical anti-cancer application of P. grandiflorum.
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Figure 3. The pharmacological activity mechanism of natural saponins from P. grandiflorus.
3.1.3 Effects on cell cycle arrest

Zhou et al. first demonstrated that prostate cancer cells were highly sensitive to PD and
verified it with three different cells. All the results showed that the adenocarcinoma cell lines
showed a downward trend in the S phase. The difference was that DU185 cells and LNCaP cells
were blocked in GO/G1 phase as well as other cells, while PC-3 cells were blocked in the G2/M
phase [68,69]. U251 cells and MDA-MB-231 cells also had the same cycle arrest. The difference
between the two is that U251 cells inhibit the PI3K/AKT pathway [70], while MDA-MB-231 cells
inhibit cell proliferation by up-regulating MDM2 downstream proteins (p21 and p51) to achie
cyele arrest [71]. Yi et al. found that P. grandiflorum total saponins could inhibit the cell cycle of
A549 cells in GO/G1 phase in a dose-dependent manner by flow cytometry [72]. After that, Zhao et

found that PD can also block A549 cells in GO/G1 phase, and the mechanism is that PD inhibits
e expression of cell cycle downstream regulatory proteins E2F1 Rb [42]. In this study, it was
also found that for A549/DDP cells, PD blocked their cell cycle in the G2/M e through this
mechanism. By reviewing the literature, we found that PD can also inhibit PC-3 cells in the G2/M
phase [68]. In addition, we found that after PD acted on SW620 cells, the expression of cyclin D1 in
the cells decreased in the G1 phase, and the expression of CDK6 also decreased, making the cells
unable to enter the S phase [73]. Ma et al. also proved that PD can block Hela cells in the G1 phase.
The mechanism may be due to the down-regulation o overexpression of YAP and TAZ the
downstream of Hippo pathway and the up-regulation of the expression of pro-apoptotic factors Bax,
P53, and Caspase-3. thus causing the G1 phase arrest in Hela cells [74].

3.1.4 Effects on cell metastasis
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As we know about tumor diseases, the metastasis of cancer cells is the main cause of death in
patients. Controlling cancer cell metas?is has become a clinical anti-tumor method. Si et al.
proved that PD could effectively reduce the migration and invasion of gastric cancer BGC823 cells
in a dose-dependent manner by the transwell chamber experiment and scrath method [75].
According to the literature, Chun et al. [76] first proved that PD can inhibit cell migration and
invasion by inhibiting the expression of MMP—9 proteolytic enzyme associated with cell
metastasis). The mechanism was related the inhibition of ERK, p38 MAPK, JNK, and
PI3K/AKT signaling pathways. In the study of non-small cell lung cancer (A549, H460), Zhao et al.
also confirmed this Bw and also found that PD can inhibit the expression of p-AKT [77]. In
addition, PD reduced the expression of MMP-2 and MMP-9 in OSCC cells [78] and HCCLM3 cells
[79]. And for OSCC cells, the mechanism was also related to the phosphorylation of NF-xB p65,
which was confirmed by [Ekperiments in vivo and in vitro. In addition, Cao etal. demonstrated that
PD can also inhibit the migration and invasion of endometrial cancer cells.by regulating KLF4
expression [80]. In addition, Wu et al. also found tifff] PD can inhibit-NF-kB and JAK2/STAT3
pathways after acting on multiple myeloma cells, and can enhance the sensitivity of cells to BTZ to
inhibit cell migration and invasion [81].

In addition to the above anti-tumor mechanisms, there are some other mechanisms. By reading
the literature, PD is currently mainly found through animal experimental studies that it can inhibit
angiogenesis to achieve anti-tumor effects [§1-84]. It has.also been found that PD can reverse the
resistance of acetylase inhibitors (HDACIi) in human hepatocellular c?noma cells (HCC cells)
[85], or as a new Hsp90 inhibitor [86], which is also a new direction for the treatment of tumor
diseases. Moreover, Lee et al. found that PD can induce apoptosis of highly metastatic breast cancer
cells and induce apoptosis of mature osteoclasts in mice, which inhibited breast cancer-induced
bone destruction [87]. The combination of PD and doxorubicin also showed the effect of inhibiting
glucose metabolism in Hela cells which is also a new anti-tumor mechanism [88]. In addition, in the
treatment of anti-tumor diseases, the inhibition of feedback regulation has certain limitations [89],
and the combination of drugs has become a hot spot in clinical practice. The study also found that
PD in combination with different drugs will have different effects on different types of tumor cells
[90-82]. Choi et al. also found that the anti-tumor effect of P. grandiflorum extract on A549 cells
was achieved by inhibiting the expression of mucin 5, subtypes A and C (MUC5AC) induced by
acrolein, which was related to the inhibition of ROS-PKCd-MAPK pathway [93]. Chen et al. found
a new strategy for PD treatment of bladder cancer, targeting the LncRNA-XIST/miR-335 axis [94].

Some compounds have been found to have good anti-tumor effects when they were discovered.
For example, compound 14-has been found to inhibit a variety of tumor cells [95].

3.2. Anti-inflammatory activity

According to the literature we reviewed, since 2001, PD has been found to exert anti-
inflammatory effects by inhibiting COX-2 protein and subsequently reducing 2 production in
rat.peritoneal macrophages [96]. Subsequently, compounds 2, 3, 10, 40, and 42 exhibited significant
anti-inflammatery activity against LPS-induced RAWZ@ cells [97,98]. Wang et al. discovered
that in LPS-induced bMEc cell inﬂammata"], PD exerts anti-inflammatory effects by upregulating
the expression of EXRa, which reduces the release of pro-inflammatory factors and inhibits its
induced activation OfNF—KB pathway [99]. In another study, Fu et al. proved that PD exerts an
inhibitory effect on inflammation by activating the LXRa-ABCA aling pathway, which
disrupts lipid rafts and prevents TLR4 from being transferred to inhibit E—induced inflammation
in primary rat microglia cells [ 100]. By up-regulating the expression of LXRa, PD can also inhibit
the inflammatory response of human osteoarthritis chondrocytes induced by IL-1p [101] and it can
also inhibit the LXRw/NF-kB signaling pathway of BV-2 cells induced by AP to exert anti-
inflammatory effects [l102]. Even for MPP" -induced BV-2 cells, PD inhibits the
LXRo/MyD88/NF-kB signaling pathway for anti-inflammatory [103]. Wang et al. utilized IL-13 to
induce an inflammatory response in RPMI2650 cells, confirming the anti-inflammatory mechanism
of PD, which their findings demonstrated that PD reduced protein expression of GM-CSF and
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eotaxin, inhibited p-NF-xB p56 expression in induced cells, and suppressed MAPK pathway
activation [104]. Ye et al. also found that PD can also inhibit S100A8/A9-induced 4T1 cell
inflammation by inhibiting the expression of NF-kB p56 [105]. In addition, more studies have
found that PD can inhibit IAV-induced apoptosis and autophagy of RAW 26“7 cells, thereby
inhibiting influenza virus apoptosis and autophagy pathways to inhibit the secretion of
inflammatory factors induced by influenza virus infection, and ultimately regulate the pathogenesis
of influenza virus [106].

Many experiments in vivo have demonstrated the potent anti-inflammatory activity of P.
grandiflorum saponins, particularly in the context of lung inflammation. Wu et al. and Tao et al.
have demonstrated that PD exerts a significant protective effect against acute lung injury (ALI), as
evidenced by its ability to attenuate pulmonary pathological damage induced by LPS or BLE.
reduce the expression of inflammatory mediators in bronchoalveolar lavage fluid; and inhibit NF- k
B signaling pathway activation following PD treatment [107,108]. Further research has revealed
that PD treatment for ALI also suppresses the IRF3 signaling pathwayand induces cholesterol
depletion, which disrupts lipid raft formation and impedes TLR4 transportation to lipid rafts,
thereby inhibiting inflammation [109]. P. grandiflorum saponins have also been shown to have
excellent anti-inflammatory effects in vivo for carrageenan-induced lung inflammation. The study
proved that after drug treatment, the levels of PEG2, TNF-q, and COX-2 in rats, and the paw water
caused by modeling were also well inhibited [ l For cigarette smoke-induced pneumonia in mice,
PD also activates the Nrf2-HO-1 pathway and inhibits the activation of the NF-kB pathway [111].
Even for the novel coronavirus pneumonia in the past two years; PD prevents.membrane fusion by
destroying meml:ale cholesterol, thereby preventing the entry of SARS-CoV-2 to prevent
pneumonia [112]. Studies have substantiated that PD has a significant effect on ovalbumin-induced
asthma. They found that PD not only reduces the proportion of macrophage cells and eosinophils in
the Mouse airway, inhibits the production”of pro-inflammatory factors, but also inhibits NF-kB
activation to play a therapeutic role in _asthma [113], and it can also inhibit the production of
transcription factor Th2 to inhibit airway inflammation in mice [114]. In addition, PD has also been
shown to have a significant effect on BLE-induced pulmenary fibrosis [115]. For skin inflammation,
studies have found that both PD and crude extracts can significantly reduce the degree of dermatitis
in mice [116]. Moreover, Guo et al. studied the effect of PD on dextran sulfate sodium-induced
colitis and found that PD reduced the inflammatory response in mice by activating AMPK signaling
pathway cells [117]. For inflammation caused by pathogenic microorganisms, studies have found
that PD can inhibit.the adhesion of Mycoplasma pneumoniae to the host and down-regulate the
expression of pl and p30.to nhibit the development of inflammation [118]. In addition, PD can also
inhibit the inflammation of oral mucosal epithelial cells caused by Candida albicans [119].
Undoubtedly, the isolated compounds 27 and 65 were studied for the activity of LPS-induced Raw
264.7 cells to secrete TNF-p. It was found that both compounds showed inhibitory activity at 50
uM and the inhibition rate of Platycoside Q (65) was slightly larger, that is, both compounds
showed good anti-inflammatory activity [29].

As we all know, the inflammatory response is one of the results of the body's severe immune
response, that is, the process of inflammation is the process of immunity. The immune effect of PD
is mainly achieved by acting as an adjuvant. Alum is a common adjuvant. To compare the adjuvant
activity of PD and Alum, two adjuvants were used to immunize mice to evaluate the antigen-
specific cellular and humoral immune responses. PD was found to increase cellular and humoral
immune responses and has the potential to serve as an adjuvant for the prevention and treatment of
the hepatitis B vaccine [120]. Not only that, but PD can also be used as an adjuvant for the chicken
infectious bronchopneumonia vaccine, and experiments have shown that PD can not only improve
the chicken’s s cellular and humoral immune response but also have no side effects [121]. PD was
also added to the Newcastle disease virus recombinant avian influenza vaccine ds adjuvant to
improve the immunogenicity of the vaccine [122]. In addition, PD can promote the proliferation of
mouse spleen lymphocytes and promote the phagocytosis of mouse peritoneal macrophages,
thereby enhancing the immune response of Thl and Th cells in immunized mice [123].

3.3. Anti-oxidant activity
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P. grandiflorus saponins have an excellent s nging effect on free radicals, that is, it has a
strong antioxidant capacity, and it is different due to the structure of the aglycone and the number of
sugar groups [124]. With the increase in concentration, its ability to scavenge free radicals becomes
stronger, and it can be close to the antioxidant capacity of VC at a certain concentration [125].
Wang et al. used oxidized low-density lipoprotein to induce human venous endothelial cells
(HUVECS) to study the antioxidant effect of PD, and found that PD could increase the release of
NO, reduce the expression of malondialdehyde (MDA), VCAM-1 and ICAM-1, and reduce cell
adhesion [126]. PD also activates the Akt/Nfr2/HO-1 signaling pathway to protect cardiomyocytes
from injury [127]. When PD acts on hypoxia/glucose deprivation/reperfusion-induced oxidation,
Wang et al. found that its role is achieved by regulating the PI3K/Akt/mTOR pathway in cortical
neurons [128]. Not only that, but PD also has a good effect on age-dependent endogenous oxidative
damage. It can prevent premature aging caused by H0,, mainly by improving mitochondrial
biosynthesis [129].

3.4. Hepatoprotective activity

It was found that the anti-hepatic fibrosis effect of PD may be due to the fact that PD reduced
TGF-Bl and increased the expression of BMP-7, and inhibited the proliferation and activation of
hepatic stellate cells [120]. Other studies have found that PD can achieve anti-hepatic fibrosis by
activating JNK and c-Jun cell apoptosis and autophagy in hematopoietic stem cells, which is also
considered to be an effective mechanism for anti-hepatic fibrosis [131]. Li et al. first discovered
that PD possesses a good protective effect on alcohol-induced liver injury by reducing oxidative
stress and inflammatory response [132]. For.acetaminophen-induced hepatotoxicity, PD exerts a
protective effect by regulating oxidative stress, inflammatory response, and hepatocyte apoptosis
associated with the MAPK pathway [133] and the other study proved that CKS also can prevention
of eth induced liver injury [134]. For alloxan-induced liver injury, PD has been shown to
reduce the phosphorylation of JAK‘and STAT-3 and reduce the expression of RORy and Foxp3 to
play the role [135]. Other than that, the activities of platycodonoids A (compound 72), polygalacin
D (compound 44), and PD isolated from P. grandiflorus were studied, showing good
hepatoprotective activity [25].

3.5. Cardiovascular protection activity

Many studies have shown that P. grandiflorus saponins have a good cardiovascular pmtecmz
effect. Lin et al. studied the effect of PD on cardiac complications caused by hypertension. The
results showed that PD could inhibit the transcription and translation of IGF-IIR, thereby inhibiting
the expression of PHSF1 and pIJNF, and up-regulating the expression of SIRT1, which proved that
PD could protect cardiomyocytes from diseases caused by hypertension [136]. In another study, it
was also found that the protective effect of PD on myocardium was also related to the inhibition of
cardiac ﬂbrosaand the reduction of myocardial hypertrophy [137]. For acute myocardial infarction,
PD inhibits left ventricular end-diastolic diameter and left ventricular end-systolic diameter,
increases left ventricular short-axis systolic rate and left ventricular ejection frequency, and inhibits
ATI1-CARP signaling pathway ta'educe the reduction of cardiomyocyte apoptosis and finally
improve cardiac function [138]. Studies have shown that PD has shown a protective effect on
cardiovascular and cerebrovascular in many ways. In order to explore the neuroprotective effect of
P. grandiflorus saponins, one study explored the effects of five components and demonstrated that
PD and 2"-O-acetyl Platycoside D2B:0mpound 53) have a good protective effect on the ischemic
injury of neurons in the CA 1 region in vitro and in vivo [32].

In addition to the protective effect on the heart, it has a good effect on some vascular diseases.
Studies have shown that PD has a good effect on atherosclerosis and found that PD combined with
simvastatin has a synergistic effect on the treatment of atherosclerosis, which provides molecular
evidence for the first time for the treatment of atherosclerosis with PD [139]. Naturally, there are
studies that have shown that PD in the anti-atherosclerosis, also the role of cholesterol-lowering,
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two diseases are very potential drug candidates [140]. Studies have found tFit PD can resist
atherosclerosis partly because PD can increase NO concentration, reduce the expression of cell
adhesion molecules in endothelial cells induced by OX-LDL, and the adhesion of endothelial cells
to monocytes [141]. Similarly, because PD prevents platelet aggregation and activation, reduces
arterial thrombosis, and can impair hemostasis, PD is considered to be an effective antithrombotic
drug [142].

3.6. Other activities
5

It was previously !:portcd that the protective effect of PD on cisplatin-induced
nephrotoxicity has been studied at both cellular and animal levels. At the cellular level,
studies using HEK-293 cells found that PD can regulate oxidative stress, apoptosis, and
inflammatory responses in the cell [143]. Another study used mouse experiments to verify
the effect of PD on cisplatin-induced nephrotoxicity. It was found-that the renal injury of
mice treated with PD showed signs of improvement, which further verified the protective
effect of PD on the kidney [ 144].

In recent years, it was found that PD has a good spermicidal effect. Researchers have found
that PD has an instantaneous killing effect on sperm and can quickly kill sperm [145]. For PD,
mainly destroys the sperm membrane, especially the sperm head membrane, eausing the sperm to
lose activity, thereby causing late sperm apoptosis [146,147].Leng et al. found that P. grandiflorus
saponins can protect against testicular dysfunction induced by heat stress, which also depends on
the regulation of the MAPK signaling pathway [148]. The results confirmed that PD has the
potential as a spermicide, and in the future may be used as'a clinical spermicide to achieve the
contraceptive effect.

Many studies have shown that P. grandiflorus saponins exhibit a good inhibitory effect on
obesity. Zhao et al. found that the lipid metabolism of obese rats treated with P. grandiflorus
saponins was controlled, resulting in a decrease in IDI cholesterol and a significant decrease in
calorie intake, demonstrating that P. grandiflorus saponins may be a candidate drug for the
treatment of obesity and hyperlipidemia [10]. Further studies have found that PD can induce the
activation of the AMPK pathway to up-regulate the expression of AMPKa, reduce the expression of
other related adipogenic factors, and finally improve lipid metabolism to control obesity [149,150].
On the other hand, PDrean also achieve the effect of obesity by inhibiting lipid accumulation [151].
For crude saponins, Han et al also found that it can be one of the activities of pancreatic lipase and
inhibit the decrease. of intestinal sucrase activity, thereby reducing the absorption of dietary fat
[152].

For UV radiation or pigmentation and pigmentation, studies have found that PD may be a good
inhibitor of melanin production because it can inhibit cAMP signal on melanin production and
melanocyte dendrites play an inhibitory effect [153]. PD can also participate in the activation of B-
catenin and the diff@/@ntiation of osteoblasts, regulate the process of osteogenic differentiation, and
provide a new idea for the treatment of osteoporosis [ 154]. PD was also found to induce apoptosis
of immortalize/lhuman keratinocytes HaCaT cells at the transcriptomeave] [155]. PD is also a
potential drug for the treatment of osteoporosis because PD can inhibit NF-kB and ERK and p38
MAPK pathways induced by NF-xB ligand (RANKL) receptor activators, thereby inhibiting
osteoclast differentiation [156]. In mice tail flick, writhing, and formalin tests, PD showed a strong
anti-nociceptive effect, that is, a certain analgesic effect, but the study had shown that this effect is
not mediated by opioid r@&§btor stimulation [157].

In addition, the anti-reSpiratory syncytial virus, herpes simplex virus 1, and influenza A virus
activity of the extracted P. grandiflorus saponins compounds (compounds 9., 10, 11, 28, and 48)
were tested. It was found that except for the weak anti-respiratory syncytial virus activity of
compound 10, the activity of other compounds was moderate [16].

4. Discussion
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P. grandiflorus, as traditional Chinese medicine, 1s widely used in the clinical treatment of lung
diseases. In recent years, the activity studies of P. grandiflorus mainly focus on anti-tumor activity
and anti-inflammatory activity . So far, saponins, polysaccharides, flavonoids, and other components
have been isolated from P. grandiflorus.

In this paper. we reviewed the saponin components isolated from P. grandiflorus in recent
years, and its extensive pharmacological activity, especially the activity of PD, was summarized
and described for the future pharmacological activity of P. grandiflorus research and clinical
development and utilization to provide a theoretical basis.

According to the literature we retrieved, the research on P. grandiflorus has penetrated into all
aspects, but there are still some shortcomings at this stage. First of all, the research on the
components of P. grandiflorus is mainly focused on the polysaccharides and saponins, but there are
relatively few studies on the flavonoids, polyphenols, and other components of P. grandiflorus.
However, studies have found that, like saponins, polyphenol compounds have good potential anti-
inflammatory activity [158]. Secondly, the current study mainly aimed at more P. grandiflorus
extract, and the pharmacological activity of its monomer components to' PD-based; but the ‘content
of PD in P. grandiflorus is relatively small, so the current study is somewhat one-sided. For other
monomer components, we should also pay more attention and explore. Third, it may be because the
medicinal part of P. grandiflorus is the root, so the current components are mainly separated from
the root part. Of course, the extract of pharmacological activity research is also based on the root
extract. Therefore, we think it is necessary to study different parts of P. grandiflorus. Of course,
some studies have explored the extract activity of the aboveground parts of P. grandiflorus and
obtained good feedback [159]. It is worth noting that modern studies-have shown that saponins are
the main active ingredients of P. grandiflorus,but in vivo, studies have found that these compounds
have low bioavailability and few pharmacokinetic studies in vivo. Therefore, the metabolism in vivo
of saponins should be widely studied [160].

In general, as a medicinal and edible Chinese herbal medicine, P. grandiflorus has a wide range
of clinical applications and small toxic and side effects and has excellent clinical development
potential. Various studies on it can provide a more reliable scientific basis for the subsequent
sustainable development and utilization of P. grandiflorus.
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