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Abstract

Background: Panax japonicus (P. japonicus) belongs to the Panax genus of Araliaceae and is used as medicine mainly with the
bamboo whiplike rhizome, which has the functions of dispelling blood stasis and hemostasis, attenuating swelling and pain,
eradicating phlegm and relieving cough, tonifying, and strength.

Objectives: This review intends to summarize the chemical constituents and pharmacological activities of P. japonicus to
provide a scientific and systematic basis for better utilization of its rational applications.

Methodology: The literature was searched using PubMed, Baidu Scholar and Science Hub search engines.

Results: The chemistry components isolated from P. japonicus are mainly saponins, besides also including polysaccharides,
amino acids, volatile oils, inorganic elements, etc. P. japonicus exhibits extensive pharmacological activities including anti-
inflammatory, antioxidant, lipid lowering activities, and therefore show extensive protective effects on the central nervous
system, cardio-cerebrovascular system, digestive system.

Conclusion: This article included a thorough summary of the botany, phytochemistry, and pharmacology of P. japonicus and

provided evidence for its further research and clinical applications.
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Introduction

Panax japonicus C. A. Meyer belongs to the Araliaceae
Panax family in the plant kingdom (China Pharmacopoeia
Commission, 2020). At an elevation of 1,800-2,600 m, it
thrives in valley broadleaf forests and is distributed in the
south of the Yangtze River basin, east to Japan, and west to
the Hengduan Mountains (Jia & Zhang, 2016; Lin et al.,
2007). The typical characteristics of P. japonicus are the
transverse rhizomes in the shape of bamboo whips which can
be used as medicine. They have the functions of dispelling
blood stasis and hemostasis, attenuating swelling and pain,
eradicating phlegm and relieving cough, tonifying, and
strength (Song, 1999).

The advancement of technology in separation and
identification has allowed for the successful isolation and
identification of over 100 compounds (College of Traditional

Chinese Medicine of Nanjing Pharmaceutical University, 1976;
He etal., 2019; Ohtani et al., 1989; Wang, 2020; Wu & Yi, 1992;
Xiang, 2009; Yang et al., 2014). Modern pharmacological
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research on this plant has demonstrated that its primary
ingredients, which include volatile oils, polysaccharides, amino
acids, and saponins, have extensive pharmacological effects on
the central nervous system, cardio-cerebrovascular system,
digestive system, immune system, and so on.

This review intends to summarize the chemical constituents
and pharmacological activities of P. japonicus to provide a
scientific and systematic basis for better utilization of its
rational applications.

Methodology

The literature search was conducted using PubMed, Baidu
Scholar, and Science Hub search engines. The search was
performed using keywords such as Panax japonicus and
phytochemistry, Panax japonicus and pharmacological
activities, Panax japonicus and cardioprotection, Panax
japonicus and hepatoprotective, Panax japonicus and
metabolic system, Panax japonicus and obesity, etc. In total,
approximately 75 articles on 118 compounds from 1976 to
2023 were compiled. This article aimed to compile literature
focused solely on P. japonicus.

Botany

P. japonicus is a perennial herbaceous plant that has
transverse rhizomes and grows to a height of 30—60 cm. The
petiole is slender and 4-9 cm long. The central leaf is
obovate or elliptic obovate with 5-15 cm long, 2-5.5 cm
wide, base cuneate, rounder or subcordate, margin serrate,
double serrate or incised-serrate, glabrous above and
sometimes pilose below. Umbel: single terminal, rare few
branches; the peduncle is about 12 cm. The flowers are
small and in clusters of 20-50. The calyx is cup-shaped with
five parts. There are five pale yellow-green petals and an
oval triangle. The drupe is berry-shaped, and red when ripe

and often black at the apex. May through June is blooming
time, while July through August is fruiting time (Institute of
the Academy of Medical Sciences of China, 1979), as shown
in Figure 1.

Chemical Constituents

This review identifies over 120 chemical components isolated
from P, japonicus based on the literature, including saponins,
saccharides, amino acids, volatile oils, and inorganic elements.

Saponins

Saponins are considered to be the main bioactive ingredients
of P. japonicus, and their contents vary with different
producing areas. It was reported that the content of saponins
in the rhizome of P. japonicus was about 5% in China and that
in Japan was 23.6%. Up to now, 118 triterpenoid saponins
have been isolated from P. japonicus (Table 1), which were
mainly oleanane type and dammarane type. They could be
classified into oleanolic acid (OA), ursolic acid (UA),
dammarenediol I1I  (DD-II), protopanaxadiol (PPD),
protopanaxatriol (PPT), ocotillol (OCT), and miscellaneous
subtypes, as shown in Figures 2 and 3.

Saccharides

Zhao et al. demonstrated that the total saccharide content,
reducing sugar content, and total polysaccharide content in
P japonicus were 70.011%, 5.819%, and 64.192%,
respectively, through 3,5-dinitrosalicylic acid colorimetric
method (Zhao et al., 2010). Ohtani et al. isolated two
reticuloendothelial system-activating polysaccharides, which
were mnamed tochibanan-A and tochibanan-B, from
P, japonicus. One is -1,4-galactosan with a molecular weight
of about 23,000, and the other is a complex polysaccharide
with a molecular weight of about 40,000 containing 7.9%

Figure 1. The Leaves (a), the Fruits (b), and the Rhizomes (c) of P. japonicus.

Source: Yuan et al. (2015).
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Table I. The Saponin Constituents from P. japonicus.

No. Compounds Parts References

I Oleanolic acid 28-0-B-D-glucopyranoside Rhizomes  Cai etal. (1982)

2 28-Desglucosylchikusetsusaponin Via Fruits Yoshizaki et al. (2012)

3 28-Desglucosylchikusetsusaponin VI Rhizomes  Zhou et al. (201 1),Yoshizaki, Devkota, Fujino et al. (2013)

4 Chikusetsusaponin II Lin and Shoji (1979)

5 28-Desglucosylchikusetsusaponin VIa methyl ester Zhou et al. (2011)

6 28-Desglucosylchikusetsusaponin Vla butyl ester Liu etal. (2016)

7 Zingibroside R, Zhou et al. (201 1),Yoshizaki, Devkota, Fujino et al. (2013)

8 Zingibroside R; methyl ester Yoshizaki, Devkota, and Yahara (201 3)

9 Baisanqisaponin C Liu et al. (2016)

10 Chikusetsusaponin Ib Lin et al. (1976)

I Pseudoginsenoside Rp, Morita et al. (1985)

12 Chikusetsusaponin Vla Rhizomes,  Zhou et al. (201 I),Yoshizaki, Devkota, Fujino et al. (2013),
fruits Yoshizaki et al. (2012)

13 Chikusetsusaponin Vla methyl ester Rhizomes ~ Chen et al. (2016), Liu et al. (2016), Zhou et al. (2011)

14 Chikusetsusaponin Vla ethyl ester Liu et al. (2016)

I5 Chikusetsusaponin Vla butyl ester

16 Chikusetsusaponin VI Zhou et al. (201 1), Morita et al. (1983),Yoshizaki, Devkota,

Fujino et al. (2013)

17 Chikusetsusaponin VI methyl ester Liu et al. (2016), Zhou et al. (201 I)

18 Chikusetsusaponin VI Rhizomes,  Zhou et al. (201 I),Yoshizaki, Devkota, Fujino et al. (2013),
fruits Yoshizaki et al. (2012)

19 Chikusetsusaponin VI methyl ester Rhizomes  Liu etal. (2016), Zhou et al. (201 )

20 Chikusetsusaponin VI ethyl ester Liu et al. (2016)

21 Chikusetsusaponin VI butyl ester Liu et al. (2016)

22 Pseudoginsenoside Rt Cai and Xiao (1984), Chen et al. (2016)

23 Pseudoginsenoside Rt; methyl ester Chen et al. (2016)

24 Pseudoginsenoside Rt, butyl ester Liu et al. (2016)

25 Baisangisaponin A

26 Baisanqisaponin B

27 Taibaienoside |

28 Taibaienoside Il

29 Pjs-4 Cai and Xiao (1984)

30 Hemsgiganoside B Chen et al. (2016), Zou et al. (2012)

31 Maslinic acid 28-0-B3-D-glucopyranoside Zhao et al. (2010)

32 Cynarasaponin C Zou et al. (2012)

33 20(S)-Protopanaxadiol Xu et al. (2015)

34 Ginsenoside F, Chen et al. (2015)

35 Chikusetsusaponin la Lin et al. (1976)

36 Chikusetsusaponin Il Kondo et al. (1969)

37 Chikusetsusaponin FK Rhizomes,  Yoshizaki, Devkota, Fujino et al. (2013), Yoshizaki, Devkota,
fruits and Yahara (2012)

38 Ginsenoside Rd Rhizomes,  Zhou et al. (201 I),Yoshizaki, Devkota, Fujino et al. (2013)
leaves

(Table 1 continued)
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(Table 1 continued)

No. Compounds Parts References
39 Gypenoside XVII Rhizomes  Zhou et al. (201 I),Yoshizaki, Devkota, Fujino et al. (2013)
40 Notoginsenoside Fe Yoshizaki, Devkota, Fujino et al. (2013), Zou, Zhu, Meselhy
et al. (2002)
41 Notoginsenoside R, Zou, Zhu, Meselhy et al. (2002)
42 Ginsenoside Rb, Zhou et al. (201 1),Yoshizaki, Devkota, Fujino et al. (2013)
43 Ginsenoside Rb; Rhizomes,  Yoshizaki, Devkota, Fujino et al. (2013), Yoshizaki, Devkota,
44 Ginsenoside Rc fruits and Yahara (201 3),Yoshizaki and Yahara (201 2a)
45 Chikusetsusaponin VII Rhizomes  Yoshizaki, Devkota, Fujino et al. (2013)
46 Chikusetsusaponin VI Rhizomes,  Yoshizaki, Devkota, Fujino et al., (2013),Yoshizaki and Yahara
fruits (2012a)
47 Chikusetsusaponin FK, Fruits Yoshizaki et al. (2012),Yoshizaki and Yahara (2012a)
48 Chikusetsusaponin FK;
49 Notoginsenoside Fa Rhizomes  Zou, Zhu, Meselhy et al. (2002)
50 Notoginsenoside Fc
51 Yesanchinoside |
52 Chikusetsusaponin FK; Fruits, leaves Yoshizaki, Devkota, and Yahara (2013), Yoshizaki and
Yahara (2012a)
53 Yesanchinoside H Rhizomes  Zou, Zhu, Meselhy et al. (2002)
54 Chikusetsusponin FM, Fruits Yoshizaki and Yahara (2012a)
55 (20R)-Ginsenoside Rhl Rhizomes  Liu etal. (2016)
56 (20S5)-Ginsenoside Rhl Zhou et al. (201 1), Yoshizaki Devkota, Fujino et al. (2013)
57 Ginsenoside Rf Zhou et al. (2011)
58 Ginsenoside Rg, Lin et al. (1976), Yoshizaki, Devkota, Fujino et al. (2013)
59 Notoginsenoside R, Zhou et al. (201 1), Yoshizaki, Devkota, Fujino et al. (2013)
60 20(S)-Protopanaxatriol Xu et al. (2015)
61 Chikusetsusaponin Lg Fruits, leaves Yoshizaki, Devkota, and Yahara (2013),
Yoshizaki and Yahara (2012a)
62 Chikusetsusaponin LM, Leaves Yoshizaki, Devkota, and Yahara (2013)
63 Chikusetsusaponin LM,
64 Chikusetsusaponin LM;
65 Ginsenoside F, Yahara et al. (2008)
66 Ginsenoside F, Yoshizaki, Devkota, and Yahara (2013)
67 Ginsenoside F;
68 Ginsenoside F,
69 Notoginsenoside R, Rhizomes  Zou, Zhu,Tohda et al. (2002)
70 Ginsenoside Rg, Rhizomes,  Zhou et al. (201 1), Morita et al. (1985), Yoshizaki, Devkota,
fruits Fujino et al. (2013)
71 Yesanchinoside D Rhizomes  Zou, Zhu, Tohda et al. (2002)
72 Yesanchinoside E
73 Yesanchinoside F
74 Notoginsenoside R, Rhizomes,  Zhou et al. (201 1), Yoshizaki, Devkota, Fujino et al. (2013)
fruits
75 20-0-Glucosylginsenoside Rf Rhizomes  Zou, Zhu,Tohda et al. (2002)
76 Ginsenoside Re Rhizomes,  Yoshizaki and Yahara (2012b), Zou, Zhu,Tohda et al. (2002)
fruits
77 6"-O-Acetylginsenoside Re Rhizomes  Zhou et al. (2011)

(Table 1 continued)
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(Table 1 continued)

No. Compounds Parts References

78 Pseudoginsenoside Rs, Fruits Yoshizaki and Yahara (2012a)

79 Floralquinquenoside E

80 Chikusetsusaponin FK

8l Chikusetsusaponin L, Fruits, Yoshizaki, Devkota, and Yahara (2013),
leaves Yoshizaki and Yahara (2012a)

82 Chikusetsusaponin LM, Leaves Yoshizaki, Devkota, and Yahara (2013)

83 Chikusetsusaponin LMy

84 Chikusetsusaponin LM,

85 Yesanchinoside R, Rhizomes  Zhou et al. (201 1)

86 Yesanchinoside R,

87 Chikusetsusaponin Lg,. Leaves Yoshizaki, Devkota, and Yahara (2013)

88 Notoginsenoside | Rhizomes ~ Zhou et al. (2011)

89 Vinaginsenoside R

90 Chikusetsusaponin L, Leaves Yahara et al. (2008), Yoshizaki, Devkota, and Yahara (2013)

91 Ginsenoside Rh, Rhizomes  Liu etal. (2016)

92 Ginsenoside Rk, Wang (2020)

93 (24S)-Pseudoginsenoside F|, Zou, Zhu,Tohda et al. (2002)

94 (24S5)-Majoroside R,

95 (24S)-Pseudoginsenoside Rt,

96 (245)-Vinaginsenoside R,

97 (24S)-Vinaginsenoside R,

98 (245)-Vinaginsenoside R,

99 (24S5)-Yesanchinoside A

100  (24S)-Yesanchinoside B

101 (24S)-Yesanchinoside C

102 (24R)-Pseudoginsenoside F, Morita et al. (1983)

103 Yesanchinoside | Zou, Zhu, Meselhy et al. (2002)

104  Notoginsenoside G Zhou et al. (2011), Zou, Zhu, Meselhy et al. (2002)

105  Yesanchinoside G Rhizomes  Zou, Zhu, Meselhy et al. (2002)

106  Prosapogenin Leaves Dun and Yuan (2006)

107  Chikusetsusaponin FK, Fruits, Yoshizaki, Devkota, and Yahara (2013),Yoshizaki et al. (2012),
leaves Yoshizaki and Yahara (2012a)

108  Chikusetsusaponin FK; Fruits Yoshizaki, Devkota, and Yahara (2013), Yoshizaki et al. (2012)

109  Chikusetsusaponin LTg Leaves Yahara et al. (1978)

110 Chikusetsusaponin FT, Fruits Yoshizaki et al. (2012)

Il Chikusetsusaponin LT Leaves Yahara et al. (1978)

112 Chikusetsusaponin FT, Fruits Yoshizaki et al. (2012)

113 Chikusetsusaponin FT,

114 Chikusetsusaponin LN, Fruits, Yahara et al. (1978),Yoshizaki et al. (2012)
leaves

15  Chikusetsusaponin FH, Fruits Yoshizaki et al. (2012)

116  Chikusetsusaponin FH,

117  Chikusetsusaponin FT, Fruits, Yoshizaki, Devkota, and Yahara (2013), Yoshizaki et al. (2012)
Leaves

118  Ginsenoside Rhg Fruits Yoshizaki et al. (2012)
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R, R; R; Ry
Ry Ry R, 55 H Gle H H
1 H Gle H 56 H Gle H H
2 H H GleA 57 H Gle2-'Gle H H
3 H H GlcA*-'Ara(f) 58 H Glc?-'Rha H H
4 H H GleAS-Gle 59 H Gle2-'Xyl H H
5 H H GleA®-CH; 60 H H H H
6 H H GlcAS-butyl 61 H H H -GIc®-! Ara(p)*-'Xyl
7 H H GleA-'Gle 62 H H H ~Gle®-'Xyl
§ H H [°-CH;]GleA?-'Gle 63 H H H -GleS-'XyP-"Xyl
9 H H 6-X]GlcA2-'Gle 64 H H H -Gle-' Ara(s-' Xyl
65 H H H Gle
6_1, 4.1
10 H H [ G;c}GIcA Ara(f) R, Ry R, % H H H G Arap)
11 H H GlcA*-'Xyl 3 H H H 67 H H H -Gle®-!Ara()
12 H Gl GlcA _Gleb.!
34 Gle H Gle 68 H Gle H Glc®-' Ara(f)
13 H Gle GIcA®-CH; © H Gle H G5 laGle
35 GleS-'Xyl H H
4 H Gl GleAS-ethyl < . 70 H Gle H Gle
15 H Gl GleAS-butyl 36 [6“IXY']G'°2’]G'° H H 71 H Gle®-Ac H Gle
16 H Gl GleA*' Ara() 37 [‘f{']G'C‘G'C H Gle 7 H Gle? 'Rha H Gle® 'Gle
17 H Gl S-CH;)GlcA*Ara() 38 Gle™-Gle H Gle 73 H [*-Ac]Glc>-'Rha  H GleS-'Gle
18 H Gle GleA2Gle 39 Gl H Glc®-'Gle 74 H -Gle2-'Xyl H Gle
9 H Gl [-CH,]GIcA>- Gl 40  Gle H Gle®-'Ara(f) 75 H -Gle*-'Gle H Gle
20 H Gl [C-ethyl]GlcA2-Gle 41 GleX'Gle H Gle®-'GlcS-'Xyl 76 H -Gle*-'Rha H Gle
21 H Gl [C-buylGleA-IGle 42 Glc-IGle H Glet-1Gle 77 H flc“m-:l H Gle®-Ac
2 H Gl GleA'Xyl 5 Gl-'Gle H Glcs-Xy1 78 H [6Ac)GIc> 'Rha  H Gle
21 61 79 H Gle*-'Rha H Gleb-'Xyl
23 H Gle [6-CH;]GlcA>-"Xyl 4 Gle*-'Gle H Gle®-"Ara(f) 21
61 61 80 H Gl*-'Rha Gle H
24 H Gl [“-butyl]GleA>-'Xyl 45 Gle®-'Xyl H Gle®-'Gle 81 H H Gle H
25 H Gl GIcA®-X 46 [-'XylGle>-'Gle  H Glet-'Gle 8 -Gl-Gle H Gle H
26 H Gl [-XIGleA™'Ara() 47 [-XylIGle*!Gle  H Gle™'Ara() g3 .Git'Gle H H GIcS-1Ara(f)
27 H Gle [C-ethyl]GlcA*-'Ara(y) 48 [--'XylJGle>-'Gle  H GlcS-"Xyl 84 -Gl2'Gle H H IS Ara(p)'-' Xyl
28 H Gl [C-butyl]GlcA*-'Ara() 49  Glc®-'Gle>-'Xyl H Gleb-'Gle
29 H Gle Ara(f) 50  Gle2-'Gle>-Xyl H GleS-'Xyl
H GI*'Glc  GleA 51 [*-Ac] Glc*-'Gle H GleS-'GleS-'Xyl
OH Gle H 52 Gle-'Gle Gle H

6_1
O,Glc Xyl o/Glcs_1 Xyl

85 R=Glc
86 R=Glc>-'Xyl

OH

OR,

89 R;=Gle Ry=H Ry=Glc
9 Ri=H  Ry=Glc Ry=H

92

91

Figure 2. Structures of Compounds 1-31 (OA-subtype of Oleanane Triterpenoids), 32 (UA-subtype of Oleanane Triterpenoids), and
33-92 (PPD-subtype of Dammarane Triterpenoids).

Source: He etal. (2019) and Xu et al. (2015).
Note: Ethyl, CH,CH;; butyl, CH,CH,CH,CHj3; X, polyacetylenic; Ac, acetyl; OA, oleanolic acid; UA, ursolic acid; PPD, protopanaxadiol.
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R, R, Ry
106 H H Gle
- 107 Glc*-'Gle H Gle

93 248 R=Glc"-'Rha 108 [*-'XylGIe®-'Gle H Gle
94 248 R=GIc™'Xyl 19 Gl 1 Gle
95 248 R=Glc 110 Gic®-'Xyl H Gle
96 24S R=[*-Ac]Glc*-'Rha 1l Gle H Gle™-'Gle
97 248 R=[*-Ac]Glc>-'Xyl 12 [-'Xyl|Gic-'Gle H Gle-'Gle
98 24S =[>-'aGlc]Gle2-'Xyl 13 [-'XylGIc*-'Gle H Gl Ara(p)
99 245 R=[*-Ac]Glc>-1Glc 114 Gi®-'Xyl H Gle®-'Ara(p)
10 245 Re[“'aGlIGI*'Gle N ChlaleceH ‘(‘;,‘Z'.';"‘,,‘{,’)

- 1G1e2.) c =
o ™ o v i @ o

105 R=GIc®-'Xyl s H OH Gle

Glc®-'Gle-"xyl
o/

Figure 3. Structures of Compounds 93—102 (OCT-subtype of Dammarane Triterpenoids), 103 (DD-II subtype of Dammarane

Triterpenoids), and 104—118 (Miscellaneous).
Source: He et al. (2019) and Xu et al. (2015).
Note: Ac, acetyl; OCT, ocotillol; DD-II, dammarenediol Il.

L-arabinose, 87.1% D-galactose, 1.6% D-glucose, and 3.5%
galacturonic acid (Ohtani et al., 1989). Yang et al. isolated
five kinds of polysaccharides with different molecular
weights from P. japonicus, and PP1-PP5, and all of them
have activities of scavenging free radicals and protecting
DNA damage (Yang et al., 2014).

Amino Acids

A large number of amino acids had been obtained from
P, japonicus, including aspartic acid, glutamic acid, arginine,
lysine, valine, leucine, isoleucine, proline, phenylalanine,
tyrosine, and histidine. Among them, seven compounds such
as methionine, threonine, and phenylalanine are essential for
human health, which indicates that P. japonicus has high
nutritive value (Wu & Yi, 1992; Xiang, 2009).

Volatile Oils

The volatile oils were isolated from P. japonicus using steam
distillation and identified by gas chromatography—mass
spectrometry (GC-MS) as reported in the literature. The
volatile oil content of P. japonicus was 0.016% (Dun & Yuan,
2006), and the main components were [(-sandalene and
B-farnesene (Zuo & Yuan, 2005).

Pharmacological Activities

Mounting studies have demonstrated that P. japonicus exhibits
extensive pharmacological effects such as antioxidant,
lowering lipid, and anti-inflammation, and therefore show

extensive protective effects on the central nervous system,
cardio-cerebrovascular system, digestive system, and so on.
We summarized the pharmacological activities in Table 2.

Effects on the Central Nervous System

With aging, the structure and function of the human central
nervous system gradually undergo degenerative changes.
Several studies have demonstrated that P. japonicus confers
neuroprotection in naturally aging rats. Saponins from
P. japonicus (SPJ) can reduce cognitive dysfunction in aged
rats by upregulating microglial M1 to M2 polarization,
resulting in reduced microglial inflammation and increased
microglial autophagy capacity (Pi et al., 2021). Deng et al.
indicated that SPJ has antineuroinflammatory effects in aging
rats via regulation of the mitogen-activated protein kinase
(MAPK) signaling pathway (Deng et al., 2017). And Wan et
al. reported that SPJ can reduce age-related apoptosis and
promote antioxidant enzyme activities and mitochondrial
function (Wan et al., 2020).

Furthermore, substantial studies have found that
P, japonicus shows therapeutic potential for drug- or disease-
induced models by regulating multiple signaling pathways.
D-gal-induced animal models are commonly used in brain
aging studies. It has been reported that SPJ can ameliorate
D-gal-induced neuronal injury and cognitive impairment,
which may be related to nuclear factor erythroid 2-related
factor 2 (Nrf2) and silent information regulator 1 (SIRT1)-
mediated antioxidant pathways (Wang et al., 2015).
Chikusetsusaponin IVa, the main monomers of SPJ, was
reported to improve sevoflurane or isoflurane-induced
cognitive impairment and neuroinflammation through



(panunuod 7 219ny)

(6107) 'Ie 32 Buepp

(€207) '|e 30 Bueny

({4l 4NLECETS

(¥107)
‘|e 39 SueyzZ pue ISAA

(1207) '|e 30 Bueyz

(9107) e 32 UBNQ

((YATANIEERLN

(£107) e 3 Buey

(1707) ' 32 Buepp

(£200) '&e 30 [ ‘Buepp

(S107) 'Ie 30 Buepp

IMTN-d “YOL-wdoLw-d
(1) MdWVIdVIN-d ‘Tuipag ‘€57 (1)

NdVINdVIN-A ‘@r-4N
‘eqd“1zd (1) YoL-wyoLw-d HdWY
PIdVIW-d ‘Tuipeg -£D7/11-€D7 (1)

ados ‘yaesp |22 deipJed
‘azIs 104yl ‘g-asedse)) (1) ‘z-12d (1)

P-4N
T D-ANL 1-dDW (1) “1.0d1S (1)

a8ewep elIpuUOYd0IW
‘SOY (1) 01-29d ‘1 LIS MdIWv-d (1)

/I 49ye Aunfur |92 ‘Bz1s
wugyut (1) ‘§6ASd ‘IEHISD MWV (1)

g1-11'81-11 ‘€d¥IN ‘€-osedseD (1)

sisoazdode uounau
[edwesoddiy (1) ‘z/143-d ‘| LIS (1)

g1-11|-osedsed
‘€dYIN (1) ‘TvnIO “Ivnio (1)

uone.ajyui 93 Asorewwejyui (1)

agewep uounau [edwedoddiy ‘yqiA
(1) “(®1/8w 00z ‘001) 1.L4IS ‘TN (1)

22IW Ul SISOJqLy JBIPJED PIdNPpUI
-auljeuaadosi jo Juswuredwi pasnpay

sieJ 3uie A|jeanieu

ur uondunysAp selpJed pue adfyousyd
SuiSe deipaed sy 1eJoldWE A|9ANISY]
sjed

Aanful Blwaydsi [eIpJedoAw uo s109ye
aAnoaoadolpJaed A|[enyauaq pallaxy

S1Bd |
UO $323}§3 9AIID104dOIp.Ied palUsx]

Aanlur y/|D paaenuany

92IW d>naqelp padnpul-7Z 1S

ul Auanfur y/| [e4ga4ed pazenusly
SUBIN[JOASS O3 dunsodxa syed page

ul uonouNnysAp |e3180j04nau paIBIAS||Y
Juawredw) 9ARIUSOD pue A31DIX0)
-0JN3U PadNpUI-3UBIN|JOS| dILIOISWE
‘Adowaw [eneds juadsajope paroadu]
sJ0lAeY3q jI|-uoissaadap

pue jusw.iedwi aAnudodau
padnpul-g4H pa1BIA9| Y
snij@Awojeydasua

sunwwiolne [ejuswiiadxa Aq pasned
Juswiredw [e3180[0IN3U PAJRIAD||Y

sisoadode pue ssauis
SAIIEPIXO pPadnpul-[es-q padnpay

SS°.43S SAllEpIXO

skep 07

40} A|[eao Sy/3w g| pue g

syauow g Joy

Aj[eto ‘38w og pue g

So9Mm | Joy

Ajjeao 3x/8w go| pue 0§

sAep ¢ Joy

Ajjeao ‘8x/3w 00| pue 0§

390lur ‘38w 0g

$99M 4 10} 8eAes
By/3w 0z| pue‘09 ‘0€

393fur ‘By/8w og

393fur ‘By/8w og

S)oaMm g Joj}

Aleao Bj/3w gy pue g

Ajreto ‘8x/3w ¢/ pue g'9¢

S)99Mm g 1oy A||edo

B1/8w 00T PU ‘00| ‘0S

lw 5/g1vg

(PIo-yauow-47)
syeJ Ao|me(g-andeudg

sjed A9|meq-andeuds

syeJ Aojme-andeads

sjeJ A9|meq-andeudg

s919qeIp 92npul 03

uojozoydaass paidalul

‘(Plo-1oom-7|-8)
221w 9/79/5D 3Bl

(P1o->29Mm-(g) sae
Aajmeq-angeads ajely

(P1o->}22Mm-0g) 38
Aajmeq-angeads ajely

(P1o->e2M-9)
21w 2/g7vg e

(Plo-1eem-g—9)

1w [9/1g £§D dewad

B4 JRISIAA D[

eA| uluod
-esns3asmyIyd

snojuodol 4
wouy suiuodeg
Auluod
-esnsiasm{Iyd

eA| uluod
-Bsns1asmjIyD

A1Anoe
aAndaoudoipaed)

VAW (1) 3o uonenpow sy ysnouys Ap.ed syed syauow g Joj A|jelo (pjo-yauow-g|)

(0707) ‘1B 3@ UBAA  “1UI23g ‘|I€DT ‘BEOX04 ‘| 1¥IS‘AOS (1) SuiSe ui uondsioadounau pauisyuord) /8w 09 pue Qg ‘0l sjeJ A9|meg-andeudg

P-4N uoneWWe[jUIoINdU syauow 9 Joy A|jeJo (plo-yauow-g|) saed

(£107) Te 32 8uag ‘uoneAnde [endoudiw ‘T-XOD ‘SON! (1) paonpul-3uide pajenusny 351/8w 09 pue‘pE ‘0l Kame-andeads ajely
Juawredwi (plo-yauow-g|) smjuodof 4 AjAnoe
(1207) 832 |d 794 (1) sy |upag ‘geD (1) aAu8od paonpui-3uide pajenuany B/8w g pue g syed Aojmeg-ondeads wouy sujuodeg  aAndsI0doInBN
S9OUDI9J0Y s9nd3joly 3984e] sj|nsoy saso@ S|9poW [ejuswiiadxy punodwo) £31Aandy

|esi3ojodewiaeyd

*smojuodpl ‘4 Y Jo saNIANDY [ediSojodrwWLIeyd *T d|qe L



(ponunuod 7 21qny)

(£100) '|& 3 ueny

(1707) e 32 NID

(zz07) e 3@ NH

(5007) 'Ie 32 ueH
(S100) B39 AN
(S107) e 39 IND

(8107) le 32 UnQ

(12707) e 39 A'0nD

(6100) le 32 Ung

(8107) '|e 30 ueny

(1707) e 32 1eQ

(0107) 1830 1N

(1707) e 32 NN

(9107) e 32 1@

921W Ul UolBWWE|UI

£4YIN ‘08/54 ‘890D -ANL‘J1-11 (1) anssn ssodipe pasnpui-q4H paroidu|

Co_um_srcsuum
pidi‘D>-1@1'DL (1) ‘D-1aH (1)

19491 (1) ©1-DDd ‘Auvdd (1)

AAnoe ased|
oneatdued ‘[oa924|8AoeLi ewsed (1)

FLOTO “1-LdD dWY (1)

oga4 (1) ‘154 (1)

P-4N
D-4NLG1-T1 (1) ‘uipnja20 ‘| -uipnep (})

8.dYD ‘Uks-0
(1) P41V 0Td1e-d | 391 ‘NneN (1)

MIN[-d
‘1341 °8£d¥D (1) P41V 0TdIe-d (1)

MIN[-d
dWILVINSD 19D dOHD ‘824D (1)

LSVv (1) ‘TN
‘GEASD/IENSD-d LIV/ LMV (1)

s|edipe. 9aJy/sa1ads uadAxo
aandeal (1) 1D XdD ‘dos (1)

€4YIN ‘| -osed
-seD ‘g 111 ‘1 9DWH ‘08/#4 ‘AN (1)

8€d ‘@t-4N “D-4NLLSV 1TV (1)

1Y319MI2A0 padNpuUl-Q4H PRIBIAS|Y

Aisaqo paroadu
pue siso.qy anssiy asodipe pa1eIAd||Y

CRIIIT
Q4H Ul 109y8 Asaqonue ue palasxy

UOINEPIXO pIdE
Aey pue djeadn asoon|3 pajenday

A1Anoe d1Wwad4|8odAy
pue an308e12453S UJ|NSU] pasSasSOy

sjed 3uide ul a3ewep uonoun|

142 [el@yaids [eunsalul pateUOlPWY
sied 3uide jo snxa|d druakw
21UOJOD B3 Ul UONIBJNWNIIE UAS-0
wo.y 3un|Nsad SSO| [BUOINAU PasJaASY
syeJ 3uide Jo saNnssi dIUO|

-0 Ul SUOIBUD|E 3 dY N POIBINPOLY
391p 384-y31y 4q

pasnpui sisoaqy onedsy A1ey Jsurese
1299 9An2310.d [ennuslod e peH
92IW U| SIS0.qL JSAI| PI2NpUl
-9PIIO|Y2E11D) UOGIBD PAIBIAD||Y
adewep Janl|

P92Npul-|OyOd[e WOo.y 921W pa1d910.d
a3ewep sa1ho>ojeday

01 UonUBAJINU| 9ANISOd B passassod
921w Ul Aunful JsAl paonp
-ul-aplieydoesAjododi| pajenusiny

S)99M 9| 0}
Ajreao ‘8x/3w 00| pue 0§
YoM | | J0y

a3eAe3 /8w 0o | pPue §T
Seam

01 4o} Ajjeto ‘By/8w 06
$>|99M ¢ J0} ‘uluodes
-NS1aSN|IYD |8101 %€ pue
| 8uiureauod 1a1p 1e}-ysiH
sAep | Joj A|[e.o ‘3

/3W 00T PUB‘001 ‘0§ ‘ST

3/8w 08| pue ‘6 Sy
skep (g 1o} A|[e1o
31/3w 09 pue‘pg ‘0l

syuow 9 4oy
399lur ‘3y/8w og pue Q|

syjuow g| 40}
399lur By/8w og pue 0|

$)99M | | Joj a3eAed
‘3)/8w 00g PUe 00|
S)39M § 10}

Ajjedo 3)/8w 00| pue 0§
sAep g Joj a3eAes
‘By/8w 0§ PUB ‘ST ST

3/38w 00T PUE‘001 ‘05

sAep 4 10y}
Ajjeao ‘B5y/8w oz pue‘g| ‘g

(Plo->eom-})
221w 9/79/5D 3Bl

(P10
-[9aM-9) d1W 9/19/5D
W 9/19£5D 3B

(Pro
S[PaM-g) W YD el

184 JRISIAA OB

IBJ JRISIAA OB

164 Ao|meq-an3euds sel
(P1o-ypuow-g|) 1e4

As|meg-angeudg ey

(plo-yauow-9) e
Aame-andeads ajely

921w >/g1vg
W Y|
21w YD)
(Plo->j@am-0 | -8)

221w 9/1445D

2w /g 1vg 2[el

eA| uluod
-BSNs19sm|IyD
Auluod
-Bsns1asmjIy>D

smjuodol g4
wouy suluodeg

eA| uluod
-BSNSIDSM|IYD

snojuodof ¢
wouy suiuodeg

smojuodof ¢
wouy sujuodeg

Autuod
-esns1asmjIyD

Aanoe Ayisaqonuy

AIAnoe d1j0qeId|

AIAnDE 9AN
->3304d |RUNSAIY|

A3Anoe
aAnoajosdojedaH

S9OU3J9)9Y

sa|nd9joly 3984e]

sy|nsay

sasoq

s|opol |e3uswiiadxy

punodwo)

Aoy
[esi3ojodewaeyd

(panunuod g 21qny)



-aseun| snuef Yy ¢ uondidsue.l JO SI0IBANDE pue s9dNpsue) [USIS ‘€| V| S SAIIYLIR PadNpul-uade||od ‘y[D 0 |-4032e) 9|qianpul BIXodAY ‘0| -4|H 'V 40128} YIMO.S [BI]9YI0pUS JBJNJSBA

‘V4DIA ‘uiroadojersw xinew ‘g ‘usSoaniu eaun poojq ‘NNg 9seun] auspuadsp ulaAd ‘gD 0[-ubjnajaaaul ‘9| -7 ‘g-4019e) yamous Suiuriojsuen ‘g-49 | ‘A-ao01dedsu pareande-doredsyijold swosixodad ‘Ayvdd
¢|-oseJd3sue) [Kodiwied suniuied ‘|-] 4D ‘Jedns poojq Sunse} ‘g4 ‘ulnsul 3unse; ‘|S4 4 410108y uondlidsuea SunBANDE JUBLIQUIODAU ‘b4 |V ‘Oseulaloadojeaaw Jo Joaiqiyul anssi ‘diN|L 8/ uteroad parendsu-asoon|d
‘8/dyD ¢| ueoud dnoud Apgow y3iy | gOINH ‘Bydje 10138 sisoadau Jowny “D-JN | ‘9SeUlWEsUE.) S1eLIedsE ‘| G ‘OSBUIWESUERI] SUlUBR ‘| TV ‘g 9seup] uisloud ‘] Yy ¢| aseun| Suneande ASeyd3oaue ay)i-| goUN N
toseup| uie10.4d paieAnde-usSolW YA 0| -101BAIEOD A-101ded94 pareAnde-sioleJajijodd swosixodad 0 |-DD( ‘G4-uteroad Aisusp ondeudsisod ‘GeASd ‘g g-oseUD| aseyauAs usBodA|8 ‘Je-HIsD ‘aseun uiproud
Po1BANDR-dV IdWY (soseun| uiioud paiejnda. Jejn||9e.axe Y7 g |-upjnajueaul ‘g | -] ‘oseureoad oydads sreriedse |Auieishd ‘osedser) ‘g uieiouad pajedosse urewop uelo.dd [ewasys doadedsd aI-AON ‘€dYIN
£ 1010%) Pa1E|RJ-7 PIOJYIAID 101D’ JBS|INU ‘TYIN DPAYSPIBIPUOIEW YA ‘|- Ureyd 3ysi| ‘D7 ‘eg 40108y uondiidsuedy Xoq peayuo) ‘B OX O ‘| 4103enda.4 uonew.Ioul JUIJIS ‘| | Y|S ‘9seanwsip apixodadns ‘qOs ‘g
eddey| 103108} JBaPNU ‘@I-N (7-95BUIBAXO02AD ‘7T-X O ©SBYIUAS SPIXO dLIU 3|qIdNpul ‘SON! ¢| dwosoisanbas ‘z9d ‘g uieioud parepu-ASeydoine ‘g31y ‘¢ ureyd 1ysi| uieroad pajedosse-s|ngniodiw ‘ggdT 930N

921W y|D Ul UOIIdNIISIP (pjo->joam-g—9) eA| uluod
(1707) e 32X ‘0N 171 A-Nd1 vl ‘e1vLs (1) 3U0Q pue UOREBWWENUI PRAGIYY| 31/3w 001 Pue 0§ oW /] vaQ -esnsIvsmiyd
skep Q| o}
(0207) 'Je 3@ ono VLI G- 01-dIH V4ADIA (1) 9o1w D jo swordwiAs sys paasijey oSeaes ‘By/8w 0G| pue 0§ 1w /] vaa
g1-11 V-dNLTPRWS ‘g-4D L syauow 9 Joy (Plo-yauow-g|)
(1207) '[e 3 o IAWIL VNSO (1) ‘6dININ TAIWIW (1) sisoaqy [eusu paiejel-a8e pajelolpwy  a8eAes Sy/Sw g9 pue (| 164 A9|me(-onde.adg
21w
(s200) 5139qRIp Ul uonduNy [euad 339304d 03 S)99M 9 U0} (pjo->1oam-g) smojuodof g
‘[e 39 7] 7] ‘SuBAA NNg‘DLDL(1) uonisodap 3} d1do3ds [euss paeins)ly  Ajjedo S/Sw Gj pue | d1W [9/79/£5D 3Bl wody suluodeg AIAnoe JeynQ
J93159 [Ayrew
TPg S||92 J22UBD UBLIBAO UBWINY BA| uluodes
(9107) e UBYD  ‘9AAD TIAD ‘1@ WIRAD (1) xeg (1) jo uoiseAu; pue uoneJSiW a3 paAqIyy| WM 0T PUB‘Q| “p 1192 AJH PU® |[92 08TV  -NsIesmiiyD
snojuodpl
d Jo sawoziyJ
Aianoe 33 WOy sapld
(8107) e 3@ nys O1=T11 %=1 (1) ‘siI®3 MIN ‘slie> 1 (1) AJojejnwnsounwwi Jowniiue peH  399(ul ‘8y/8w Q| pPUe 0§ 901w Sulwuny| del]  -ByddesA|od
APuE
Pg (1) s||92 godaH ut sisoadode |22 WM 009 Al utuodes Aianoe
(zz07) ‘e 30 onz ‘€d ‘| 7d ‘xeg ‘g-osedse) ‘c-asedse)) (|) Sunowoud uo 1d9ys Jualod € pamoyg PUB‘00€ ‘051 ‘0L ‘S’ LE JI92 420ued gHdaq  -nsiasmjiyD Jowninuy
S9OU.43)9Y sa[nd9joly 3984e] sy|nsay saso@ S[9po [ejuswiiadxy punodwo) Aianoy

|es18ojodewuieyd

(panunuod g 21qny)



374

Pharmacognosy Magazine 21(2)

activation of the SIRT1/extracellular regulated protein
kinases (ERK)1/2 pathway and inhibition of the NOD-like
receptor thermal protein domain associated protein 3
(NLRP3)/cysteinyl aspartate specific proteinase (caspase)-1
pathway (Fang et al.,2017; Shao et al., 2020). In STZ-induced
diabetic rats, Chikusetsusaponin IVa can also prevent cerebral
ischemia-reperfusion (I/R) injury via phosphorylating
glycogen synthase kinase-3f (GSK-3B) through the APN-
LKB1 pathway and AMP-activated protein kinase (AMPK)
(Duan et al., 2016). Another active component of SPJ is
Chikusetsusaponin V, which has been found to alleviate
cerebral I/R injury through attenuating oxidative stress and
mitochondrial damage, enhancing the deacetylation of
peroxisome proliferators-activated receptor-y coactivator-la
(PGC-1a), and activating AMPK and SIRT-1 (Zhang et al.,
2021). SPJ could alleviate the neurological impairment
caused by experimental autoimmune encephalomyelitis. The
mechanism could be associated with modulation of the gut
microbiota and nuclear factor kappa B (NF-xB) pathway
(Wang, J. et al., 2023). In addition, SPJ can prevent cognitive
deficits and depressive-like behaviors induced by a high-fat
diet (HFD) by inhibiting the NLRP3 inflammasome, which
increases AMPA receptor expression and influences the
CaMKII-CREB pathway (Wang et al., 2021).

Effects on Myocardial Injury

Several studies have found that P. japonicus has protective
effects on myocardial injury. SPJ can improve myocardial
ischemia injury and attenuate myocardial apoptosis through
multiple signaling pathways, including NF-xB, SIRTI, and
MAPK. SPJ decreased the serum TNF-o and MCP-1 levels,
increased the Bcl-2/Bax expression ratio, and inhibited NF-xB
p65 expression, ERK1/2, and p38 MAPK, and enhanced the
SIRT1 protein expression (Wei and Zhang et al., 2014). SPJ
can also maintain oxidative and antioxidative balance through
Nrf2 pathway (Wei and Yuan etal., 2014), eventually alleviating
cardiac cell death and myocardial ischemia injury (He et al.,
2012). In naturally aging rats, SPJ can improve cardiac injury
through enhancing autophagy and activating AMPK pathway
(Huang et al., 2023). Additionally, Chikusetsusaponin IVa
alleviated isoprenaline resulted in myocardial fibrosis mediated
by up-regulation of p-AMPK and inhibition of p-mTOR,
thereby decreasing the phosphorylated ULK1 757 and
enhancing autophagy (Wang et al., 2019).

Effects on the Liver Injury

SPJ has been proven to exert protective effects on liver injury
of different models through some important pathways such as
anti-inflammation, antioxidation, and regulation of
endoplasmic reticulum stress (ERS). It was found that SPJ
prevented alcohol-induced liver damage by preventing
Kupffer cell activation and decreasing toll-like receptor 4
(TLR4) expression, subsequently alleviating ROS production

and inflammatory insult (Yuanetal.,2013). Chikusetsusaponin
V can decrease the lipopolysaccharide (LPS)-induced
production of inflammatory cytokines by inhibiting the
MAPK/NF-kB pathway, ultimately improving liver injury
(Dai et al., 2016). In addition to regulating the neutrophil
extracellular traps, Chikusetsusaponin V also suppresses the
high mobility group protein 1 (HMGBI1) release and
Caspase-1 activation, thereby reducing the neutrophils
recruitment and the inflammation as well as the mitochondrial
oxidative stress, which contributes to improving the liver
damage caused by acetaminophen (Liu et al., 2021).

SPJ also protected liver injury through antioxidant
effects. SPJ can directly scavenge oxygen free radicals and
upregulate the expression of antioxidation enzymes
superoxide dismutase (SOD), Cat, GPX, etc., thereby
attenuating alcohol-induced liver injury (Li et al., 2010).
SPJ enhanced intracellular antioxidant capacity through
regulating protein kinase B (AKT)/GSK-3B/Nrf2 signaling
pathway, thus ameliorating CCL,-provoked hepatic fibrosis
in mice (Dai et al., 2021). Moreover, P. japonicus modulates
ERS to attenuate hepatic fibrosis by decreasing glucose-
regulated protein 78 (GRP78) and CHOP expression (Yuan
etal., 2018).

Effects on the Intestine Injury

Recent studies indicate that P. japonicus may be an
effective treatment for intestinal diseases. SPJ can improve
intestinal pathology by regulating the intestinal tight
junction barrier and ERS in aged rats. SPJ can downregulate
GRP78 and URPER alterations, contributing to the
myenteric plexus neurons’ recovery in aged rats (Dun
et al., 2019; Guo, Y. et al., 2021). Additionally, SPJ can
remarkably modulate the damage of intestinal epithelial
tight junction by upregulating the expression of claudin-1
and occludin, and its mechanism might include the
reduction of inflammation, downregulation of NF-«B, and
inactivation of MAPK (Dun et al., 2018).

Effects on the Metabolic System

Research has shown that the ethanolic extract from the roots
of P. japonicus mainly inhibited a-glucosidase activity (Chan
et al, 2010). Six SPJ including Chikusetsusaponin IV,
Chikusetsusaponin IVa, Chikusetsusaponin V, Notoginsenoside
R1, Ginsenoside Rbl, and Ginsenoside Rd could exhibit
a-glucosidase inhibitory effect using a novel assay (L4, S. et al.,
2015). Recently, more attention has been paid to
Chikusetsusaponin IVa among the above six saponins. It was
reported that Chikusetsusaponin I'Va can decrease blood glucose
levels and increase serum insulin levels in type 2 diabetes
mellitus (T2DM) rats (Cui et al., 2015). Chikusetsusaponin ['Va
has also been proven to decrease the levels of low-density
lipoprotein-cholesterol (LDL-C), free fatty acid (FFA), and total
cholesterol (TC) in T2DM rats (Li, Y. et al., 2015).
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Effects on the Adipose Tissue

Numerous studies have confirmed the effects of P. japonicus
on adipose tissue. For example, SPJ exerts an antiobesity
effect in mice treated with HFD, which is possibly mediated
by preventing uptake of dietary fat from the intestines by
inhibiting the activity of pancreatic lipase (Han et al., 2005).
Hu et al. reported that SPJ could ameliorate obesity and
reduce adipose tissue fibrosis via activating peroxisome
proliferator-activated receptor-y (PPARy)/PGC-la and
suppressing transforming growth factor-f1 (TGFB1)/Smad2
pathway (Hu et al., 2022). Furthermore, Chikusetsusaponin V
significantly alleviated HFD-induced overweight (Qiu et al.,
2021). Meanwhile, Chikusetsusaponin I'Va inhibited NLRP3
inflammasome and NF-kB signaling pathway, thereby
improving HFD-induced adipose tissue inflammation in mice
(Yuan et al., 2017).

Effects on Tumor Cachexia

There is growing evidence that P. japonicus can show
antitumor activity and improve tumor cachexia in various
types of tumor models. Zuo reported that Chikusetsusaponin
IV and V promoted HepG2 apoptosis through the p53-
mediated apoptosis pathway (Zuo et al., 2022). Also, Shu

reported that polysaccharides isolated from the rhizomes of
P. japonicus (PSPJ) have antitumor immunostimulatory
activity, specifically as follows: PSPJ increased spleen/
thymus indexes and splenocyte proliferation induced by
ConA/LPS while reduced CD4'T cells of mice harboring
H22 hepatoma cells. PSPJ decreased the production of
immunosuppressive factors in tumor-associated macrophages
(Shu et al.,, 2018). Furthermore, Chikusetsusaponin IVa
methyl ester inhibits ovarian cancer cell proliferation, causes
cell cycle arrest, promotes apoptosis, as well as inhibits
invasion and migration (Chen et al., 2016).

Other Effects

Besides the biological activities described above, P. japonicus
was reported to have some other pharmacological activities.
Wang et al. reported that P. japonicus prevented renal cell
apoptosis through the Bcl-2/caspase 3 pathway and attenuated
renal injury in diabetic mice (Wang, T. T. et al., 2023). SPJ
also ameliorated age-related renal fibrosis through inhibiting
NF-xB and TGF-B1/Smad pathways and enhancing Nrf2
signaling pathway (Gao et al., 2021). Moreover, P. japonicus
has effects on rheumatoid arthritis via anti-inflammatory and
antiangiogenic biological properties. SPJ was reported to
modulate the hypoxia inducible factor-1a (HIF-1) or vascular
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Figure 4. The Mechanisms and Pathways Underlying the Major Pharmacological Activities of P. japonicus.

Note: Nrf2, nuclear factor erythroid 2-related factor 2; AKT, protein kinase B; GSK-3f3, glycogen synthase kinase-3f3; PPARy, peroxisome proliferator-
activated receptor-y; PGC-la, peroxisome proliferators-activated receptor-y coactivator-la; NF-kB, nuclear factor kappa B; MAPK, mitogen-activated
protein kinase; NLRP3, NOD-like receptor thermal protein domain associated protein 3; TLR4, toll-like receptor 4; JAK, Janus kinase; STAT, signal
transducers and activators of transcription; SIRTI, silent information regulator |; FOXO3a, forkhead box transcription factor 3a; AMPK, AMP-activated
protein kinase; mTOR, mammalian target of rapamycin; ULKI, unc-51-like kinase |.
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endothelial growth factor (VEGF) pathways via inhibiting
signal transducers and activators of transcription 3 (STAT3)
and non-receptor tyrosine kinase, which inhibited
angiogenesis and inflammation, and significantly reduced
the arthritis indices in collagen-induced arthritis (CIA)
mice (Guo et al., 2020). Guo et al. also reported that
Chikusetsusaponin IVa attenuated bone destruction and
inflammation mediated by Janus kinase (JAK)/STAT
pathway in CIA mice, contributing to the clinical treatment of
rheumatoid arthritis (Guo, X. et al., 2021).

Conclusion

In this article, we have summarized the botany,
phytochemistry, and pharmacological effects of P. japonicus.
Substantial evidence has shown that the total saponins are
the major active ingredient of P. japonicus, which have a
long history in traditional Chinese medicine because of
possessing the functions of dispelling blood stasis and
hemostasis, relieving swelling and pain, eliminating phlegm
and relieving cough, tonifying, and strength. Mounting
studies have demonstrated that P. japonicus exhibits
extensive pharmacological activities through multiple signal
pathways (Figure 4), and therefore shows extensive
protective effects on the central nervous system, cardio-
cerebrovascular system, and digestive system. But more
clinical trial supports are needed to further verify these
pharmacological actions of P. japonicus. Meanwhile, the
available data on the chemical composition of the various
parts of P. japonicus and their wide range of pharmacological
properties are scarce, which makes it more attractive to study
it in depth.
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