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Triterpenoids from Cyclocarya paliurus: structure, biosynthesis, 
biological activities
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A B S T R A C T

Cyclocarya paliurus (Batalin) Iljinskaja, as a unique and rare monocotyledonous plant in Southern China, is a 
promising and economical Chinese herbal medicine and functional food. People have conducted a number of 
research on C. paliurus because of its rich triterpenoids. However, no comprehensive review has illustrated 
the composition and pharmacological activity of triterpenoids from C. paliurus. This review summarizes 
177 triterpenoids from different parts of C. paliurus. The structures of compounds were elucidated, and their 
biosynthesis was inferred. The biological activities of compounds and triterpenoid-rich extracts, including 
anti-diabetes, antihyperlipidemia, anti-inflammatory, anticancer or cytotoxicity, antioxidation, etc., were 
discussed. C. paliurus can be an important and valuable supplement to the food market. This review provides 
a reference for the further research and application of C. paliurus triterpenoids in the fields of foods and 
pharmaceuticals.

© 2025 Beijing Academy of Food Sciences. Publishing services by Tsinghua University Press.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.　Introduction

Cyclocarya paliurus (Batalin) Iljinskaja, known as “sweet tea 
tree” because of the strong sweetness of its leaves, is an endemic 
species in China[1-2]. This tree grows in the cloudy and foggy 
highlands of Southern China, such as Jiangxi, Hunan, Fujian, and 
Sichuan Provinces[3-4]. C. paliurus, the only species of its genus, 
belongs to family Juglandaceae[5]. This plant is also used as a 
medicinal Chinese herb with the effect of “Qingrejiedu and 
Shengjinzhike,” and mentioned in the ancient Chinese pharmacopoeia 
Zhong Hua Ben Cao[6]. C. paliurus leaves have high nutritional value 
and health function, and they have been widely used as a tea drink in 
China[7-8]. In 2013, the leaves of C. paliurus were approved as a new 
food material by the National Health Commission of People’s 

Republic of China[9]. The plant’s leaves have been successfully 
processed into health tea products and have made breakthroughs in 
industrialization. Large-scale plantations for leaf picking have been 
established to meet the growing demand for medical leaves or tea 
production in China[10]. C. paliurus has gained increasing attention 
given its wide range of bioactivities, such as its antihyperlipidemic[11], 
antihyperglycemic[12], anti-inflammatory[13-14], antioxidant[15], anticancer[16], 
and hepatoprotective effects[17]. Empirical studies attribute these 
activities to the main active components of C. paliurus leaves, such as 
flavonoids, polysaccharides, triterpenoids, steroids, saponins, and 
phenolic acids[18].

To understand the research progress and trend of the main 
active components of C. paliurus, we used “C. paliurus”/
“triterpenoids,” “C. paliurus”/“polyphenols,” “C. paliurus”/“flavonoids,” 
and “C. paliurus”/“polysaccharides” as keywords to search the Web 
of Science database. Statistical analysis of relevant literature since 
2015 revealed a limited number of studies on triterpenoids (18.4%) in 
C. paliurus compared with those on polysaccharides (44.3%) and 
flavonoids (25.1%). Chen et al.[1] summarized 210 active ingredients 

A R T I C L E    I N F O

Article history:
Received 21 October 2023
Received in revised form 25 October 2023
Accepted 30 December 2023

Keywords:
Cyclocarya paliurus
Triterpenoids
Structure
Biosynthesis
Bioactivity

http://doi.org/10.26599/FSHW.2024.9250127
2213-4530/©2025 Beijing Academy of Food Sciences. Publishing services by Tsinghua University Press. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Contents lists available at SciOpen

Food Science and Human Wellness

journal homepage: https://www.sciopen.com/journal/2097-0765

Publishing services by Tsinghua University Press

* Corresponding authors at: State Key Laboratory of Food Science and Resources, Nanchang 

University, Nanchang 330047, China. 

     E-mail address: jhxie@ncu.edu.cn (J.H. Xie); yuanxingwang@ncu.edu.cn (Y.X. Wang)

1



H.T. Xi et al. / Food Science and Human Wellness 14  (2025) 9250127

in C. paliurus, of which triterpenoids accounted for 65.2%. Therefore, 
more attention should be given to the research and development of 
triterpenoids from C. paliurus.

Terpenoids are natural compounds formed by isoprene[19]. The 
basic nucleus of most triterpenoids is composes 30 carbon atoms, 
which can be regarded as the polymerization of 6 isoprene units 
according to isoprene rules[20]. Triterpenoids are important secondary 
metabolites in the plant kingdom and one of the most abundant 
phytochemical categories; they possess more than 20 000 known 
structures because their basic skeletons are modified through various 
ways[21]. They are widely distributed plant ingredients and generally 
considered nontoxic[22]. Terpenoids offer many health-promoting 
properties, such as antidiabetic[23], antitumor[24], and antinociceptive 
activities[25]. These compounds exert a strong cytotoxic effect on 
human cancer cells, and thus, the research on terpenoids has attracted 
considerable attention[26]. The search for anticancer agents based on 
natural terpenoids has become an interesting challenge for 
chemists[27]. Previous articles have primarily reviewed polyphenols[28] 
and polysaccharides[29] from C. paliurus, and pay little attention to 
triterpenoids. The current research on triterpenoids from C. paliurus 
mainly centers on the separation, purification, and identification of 
their biological activity. However, data from these studies are 
relatively scattered, and no summary has been provided regarding its 
future application trends, which hinders the development and 
utilization of triterpenoids from C. paliurus. The pentacyclic 
triterpenoids extracted from C. paliurus have wide application 
prospect in drug and food exploitation, food additives, aquaculture, 

and so on. Therefore, an in-depth study of triterpenoids from C. paliurus 
is very important to explore new strategies for the application and 
promotion of the efficient use of resources.

In this review, we summarize the research progress on the 
structure, biosynthesis, and biological activity of triterpenoids from 
C. paliurus. The structure-activity relationship of triterpenoids was 
discussed in depth, and a variety of biological activity mechanisms 
were systematically summarized. We prospected other potential 
functions and applications of triterpenoids from C. paliurus. This 
review provides a reference for the further research and application 
of C. paliurus triterpenoids in the fields of functional foods 
and pharmaceuticals.

2.　Structures of triterpenoids from C. paliurus

A total of 177 triterpenoids, including triterpenes and their 
saponins, were isolated from different parts of C. paliurus and 
identified via strict identification methods. Triterpene saponins 
originate from triterpenoid aglycones, and their glucose and/or other 
sugar molecules are linked to the skeleton through hydroxyl 
dehydration between sugars and glycans. The triterpenoids found 
from C. paliurus are mainly tetracyclic and pentacyclic triterpenes 
and their saponins. Tetracyclic triterpenoids include 3,4-seco-
damaranes and dammaranes, and pentacyclic triterpenoids consist of 
oleananes, ursanes, lupinanes, and taraxeranes. Table 1 summarizes 
the triterpenoids from C. paliurus, including their names, molecular 
formula, and plant organ. Figs. 1-5 show their chemical structures.

Table 1
Chemical structures of triterpenoids from C. paliurus.

Dammaranes

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Cyclopalitin A

Cyclopalitin B

Cyclocarioside I

Cyclocarioside H

Cyclocarioside B

Cyclocarioside J

Cyclocarioside N

Cyclocarioside K

Cyclocarioside Z7

Cyclocarioside Z8

(24R)-3β-[(4-O-Acetyl-α-L-arabinopyranosyl) oxy]-25-hydroxy-20,24-epoxydammaran-12β-yl 6-deoxy-β-D-glucopyranoside

Cyclocarioside A

Cyclocarioside C

Cyclocarioside Z13

Cypaliuruside M

Cyclocarioside Z18

Cyclocarioside Z19

Cypaliuruside V

Cypaliuruside N

Cypaliuruside O

Cyclocarioside L

Cyclocarioside M

Cyclocarioside Z13

Cyclocarioside Z14

C27H46O3

C28H47O5

C28H47O5

C43H72O13

C42H72O12

C41H70O12

C44H74O13

C41H70O12

C41H70O12

C42H72O12

C43H72O13

C43H72O13

C42H69O13

C41H70O13

C42H72O12

C41H70O13

C43H72O14

C43H72O13

C36H62O8

C40H68O12

C38H62O12

C40H64O13

C42H72O12

C41H70O12

Stems, leaves

Stems, leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

[30]

[30]

[116]

[120]

[121]

[122]

[37]

[120]

[34]

[34]

[80]

[123]

[121]

[124]

[125]

[126]

[126]

[56]

[81]

[81]

[37]

[37]

[126]

[126]

No. Compound Molecular formula Plant organ Reference
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25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

3,4-Seco-dammaranes

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Cyclocarioside O

Cyclocarioside P

Cypaliuruside L

Cyclocarioside Z11

Cyclocarioside Z5

Cyclocarioside Z12

Cyclocarioside Z6

Cyclocarioside Z9

Cypaliuruside P

Cypaliuruside Q

Cyclocarioside Z10

3β-(α-L-Arabinopyranosyloxy)-24,25-dihydroxydammar-20-en-12α-yl 6-deoxy-β-D-glucopyranoside

Cyclocarioside Q

Cyclocarioside Z15

Cyclocarioside Z16

Cyclocarioside Z17

Cyclocarioside Z12

(23E)-(12R,20S)-12,20,25-Trihydroxy-3,4-seco-dammara-4(28),23-dien-3-oic acid

Cyclocariol E

Cyclocariol F

Cyclocariol A

Cyclocariol B

Cyclocariol C

Cyclocariol D

Qingqianliusu L

Qingqianliusu M

Cyclocarin A

Cyclocariol G

Ovalifoliolide B

Cyclocariol I

Qingqianliusu A

Qingqianliusu B

Qingqianliusu C

Qingqianliusu I

Qingqianliusu D

Qingqianliusu E

Qingqianliusu F

Qingqianliusu G

Qingqianliusu H

Pterocaryoside A

Pterocaryoside B

Cyclocarioside D

Cyclocarioside F

Cyclocarioside P

Cyclocarioside Z3
Cyclocarioside Z1

Cyclocarioside Z10

Cyclocarioside X

Cyclocarioside Y

Cyclocarioside E

Cyclocarioside G

C40H66O11

C41H68O11

C41H68O11

C41H68O12

C40H66O11

C41H68O11

C41H70O11

C36H62O8

C43H72O13

C40H68O12

C43H74O14

C41H70O12

C42H72O12

C42H72O12

C41H70O12

C44H74O13

C35H58O11

C30H50O5

C31H52O5

C32H54O5

C31H52O5

C31H52O5

C30H50O5

C30H50O5

C32H54O5

C32H54O5

C31H50O4

C31H50O4

C30H48O4

C31H52O5

C30H48O4

C30H48O4

C31H52O5

C32H54O5

C31H52O5

C31H52O5

C31H52O4

C30H50O4

C30H48O5

C36H60O9

C35H58O9

C37H62O9

C36H60O9

C36H60O9

C37H62O9

C36H60O10

C37H62O9

C38H64O9

C39H66O9

C38H64O9

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Stems, leaves

Stems, leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

[107]

[107]

[125]

[126]

[34]

[124]

[34]

[126]

[81]

[81]

[126]

[80]

[107]

[126]

[126]

[126]

[126]

[57]

[57]

[57]

[57]

[57]

[57]

[57]

[31]

[31]

[127]

[57]

[57]

[128]

[31]

[31]

[31]

[31]

[31]

[31]

[31]

[31]

[31]

[32]

[32]

[127]

[127]

[129]

[34]

[104]

[99]

[99]

[127]

[127]
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75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

Oleananes

118

119

120

121

122

123

124

125

126

Cypaliuruside S

Cypaliuruside H

Cypaliuruside I

Qingqianliusu J

Qingqianliusu K

Cyclocarioside K

Cyclocarioside I

Cyclocarioside U

Cyclocarioside V

Cyclocarioside W

Cypaliuruside B

Cypaliuruside F

Cypaliuruside E

Cypaliuruside J

Cypaliuruside G

Cypaliuruside A

Cyclocarioside J

Cyclocarioside Z2

Cyclocarioside Z9

Cyclocarioside Z11

Cyclocariol H

Cyclocarioside R

Cyclocarioside S

Cyclocarioside T

Cypaliuruside R

Qingqianliusu N

Cyclocarioside Z4

Cyclocarioside III

Cyclocarioside Q

(20S,24R)-20,24-epoxy-25-Hydroxy-12β-(α-L-arabinopyranosyloxy)-3,4-seco-dammara-4(28)-en-3-oic acid

Cypaliuruside U

(20S,24R)-20,24-epoxy-25-Hydroxy-12β-(α-L-arabinopyranosyloxy)-3,4-seco-dammara-4(28)-en-3-oic acid methyl ester

(20S,24R)-20,24-epoxy-25-Hydroxy-12β-(β-D-quinovopyranosyloxy)-3,4-seco-dammara-4(28)-en-3-oic acid methyl ester

Cypaliuruside T

Cyclocarioside Z2

Cyclocarioside Z3

Cypaliuruside C

Cypaliuruside D

Cypaliuruside K

Cyclocarioside II

Cyclocarioside O

20,23,24-Trihydroxy-12α-O-β-D-quinovopyr-anoside-3,4-secodammara-4(28),25-dien-3-oic acid

Cyclocarioside Z1

Oleanolic acid

Hederagenin

Maslinic acid

Arjunolic acid

β-Amyrin

Olean-12-en-1β,3β,28-triol

2α,3β,23-Trihydroxyolean-12-ene

α-Boswellic acid

Octyl ursolate

C38H64O9

C36H60O9

C36H60O9

C39H64O10

C41H68O10

C36H58O8

C35H56O8

C36H58O8

C37H60O8

C37H60O10

C36H58O8

C37H60O8

C36H58O8

C36H58O9

C37H60O8

C35H56O8

C35H58O9

C36H60O9

C35H58O10

C36H60O10

C36H60O9

C36H60O10

C36H60O10

C37H62O10

C36H60O9

C39H64O10

C35H58O9

C36H60O9

C36H60O10

C35H58O9

C35H58O9

C36H60O9

C37H62O9

C37H62O9

C37H62O9

C38H64O9

C36H60O9

C37H62O9

C38H64O9

C35H56O8

C34H54O9

C36H60O10

C35H58O10

C30H48O3

C30H48O4

C30H48O4

C30H48O5

C30H50O

C30H50O2

C30H50O3

C30H48O3

C38H54O4

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Stems, leaves

Leaves

Leaves

[56]

[125]

[125]

[31]

[31]

[81]

[107]

[99]

[99]

[99]

[125]

[125]

[125]

[125]

[125]

[125]

[120]

[34]

[104]

[104]

[57]

[99]

[99]

[99]

[81]

[31]

[34]

[33]

[129]

[77]

[56]

[77]

[77]

[56]

[99]

[99]

[125]

[125]

[125]

[33]

[129]

[56]

[34]

[130]

[80]

[130]

[130]

[130]

[77]

[131]

[131]

[126]

No. Compound Molecular formula Plant organ Reference
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127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

Ursanes

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

Lupinanes

171

172

173

174

175

176

Taraxerane

177

23-trans-p-Counmaroyloxy-2α,3β-dihydroxyplen-12-en-28-acid

3β,23,27-Trihydroxy-1-oxo-olean-12-ene-28-oic acid

3β,19α,23-Trihydroxy-1-oxo-olean-12-en-28-oic acid

1α,2α,3β,23-Tetrahydroxyolean-12-en-28-oic acid

1α,3β,23-Trihydroxy olean-12-en-28-oic acid

2α,3β,23-Trihydroxyoleana-11,13(18)-dien-28-oic acid

3β-Hydroxy-ll-oxo-oleana-12-en-28-oic acid

3β-O-trans-Caffeoyl-morolic acid

3β,23-Dihydroxy-1,12-dioxo-olean-28-oic acid

Cyclocaric acid B

Cyclocaric acid A

1α,3β-Dihydroxy-12-oleanen-28-oic acid

1α,3β-Dihydroxy-olean-12-en-28-oic acid

Punicaone

Epikatonic acid

2α-Hydroxyursolic acid

β-Amyrone

Olean-12-en-2α,3β-diol

23-Hydroxy-1-oxo-olean-2,12-dien-28-oic acid

1α,3β-Dihydroxyl-olean-12-en-28-oic acid

Arjunglucoside II

Chebuloside II

1-oxo-3β,23-Dihydroxyolean-12-en-28-oic acid 28-O-β-D-xylopyranoside

1-oxo-3β,23-Dihydroxyolean-12-en-28-oic acid 28-O-β-D-glucopyranoside

2α,3β,23-Trihydroxyurs-12,20(30)-dien-28-oic acid 28-O-β-D-glucopyranoside

Ursolic acid

3β,23-Dihydroxy-12-ene-28-ursolic acid

Corosolic acid

Asiatic acid

2α,3α,23-Trihydroxyurs-12-en-28-oic acid

2α,3α,6β,19α,23-Pentahydroxyurs-12-en-28-ursolic acid

2α,3α,20β,23-Tetrahydroxyurs-12-en-28-ursolic acid

19α-Hydroxy asiatic acid

1β,2α,3β,23-Tetrahydroxyurs-12-en-28-ursolic acid

Actinidic acid

2α,3α,23-Trihydroxyurs-12,20(30)-dien-28-oic acid

1β,2α,3β,23-Tetrahydroxyurs-12,20(30)-dien-28-ursolic acid

β-Boswellic acid

2α,3β,23-Trihydroxyurs-11-oxo-12-ene-28-oic acid

2α,3α,23-Trihydroxy-urs-12-en-28-oic acid 28-O-β-D-glucopyranoside

Quadranoside IV

2α,3α,23-Trihydroxy-12, 20(30)-dien-28-ursolic acid 28-O-β-D-glucopyranoside

2α,3β,23-Trihydroxyurs-12,20(30)-dien-28-oic acid β-D-gluco-pyranoside

2α,3β,22α-Tirhydroxyurs-12-en-28-oic acid 28-O-β-D-glucopyranoside

Calenduladiol

Lupeol

Betulinic acid

Betulin

2α,3β-Dihydroxyllupeol

Alphitolic acid

Taraxerol

C39H54O7

C30H46O6

C30H46O6

C30H48O6

C30H48O5

C30H46O5

C30H46O4

C39H54O6

C30H46O6

C30H46O5

C30H46O3

C30H48O4

C30H48O4

C30H44O4

C30H48O3

C30H48O4

C30H48O

C30H50O2

C30H44O4

C30H48O4

C36H58O10

C36H58O11

C35H54O9

C36H56O10

C36H56O10

C30H48O3

C30H48O4

C30H48O4

C30H48O5

C30H48O5

C30H48O7

C30H48O6

C30H48O6

C30H48O6

C30H46O5

C30H46O5

C30H46O6

C30H48O3

C30H46O6

C36H58O10

C36H58O10

C36H56O10

C36H56O10

C36H58O10

C30H50O2

C30H50O

C30H48O3

C30H50O2

C30H50O2

C30H48O4

C30H50O

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Stems, leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Stems, leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Stems, leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves

Stems, leaves

Stems, leaves

Stems, leaves

Stems, leaves

Stems, leaves

Stems, leaves

Leaves

[80]

[37]

[77]

[81]

[133]

[128]

[38]

[132]

[37]

[77]

[134]

[39]

[77]

[77]

[135]

[136]

[132]

[38]

[128]

[77]

[122]

[80]

[106]

[81]

[128]

[130]

[38]

[130]

[77]

[37]

[106]

[106]

[106]

[106]

[127]

[127]

[106]

[130]

[37]

[106]

[122]

[106]

[137]

[81]

[38]

[38]

[38]

[38]

[38]

[38]

[39]

No. Compound Molecular formula Plant organ Reference

Table 1 (Continued)
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Fig. 1　Structure of dammaranes from C. paliurus.
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Fig. 2　Structure of 3,4-seco-dammaranes aglycone from C. paliurus.

Fig. 3　Structure of 3,4-seco-dammaranes saponins from C. paliurus.
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Fig. 4　Structure of oleananes from C. paliurus.

Fig. 3 (Continued)
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Fig. 5　Structure of ursanes, lupinane, and taraxerane from C. paliurus.

Fig. 4 (Continued)
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2.1　Dammaranes

The structural characteristics of damarane-type triterpenoids 
include a 6/6/6/5 carbon ring skeleton with a β-type angular methyl at 
the C-8, 10-position, a β-H at C-13, a β-side chain at C-17, and a 
configuration that can be R or S at C-20. Compounds 1–41 are 
dammaranes-type triterpenes, of which compound 2 is dammaranes-
type triterpene acid, and compounds 3–41 are dammaranes-type 
saponins. These substances were first discovered in C. paliurus. 
Cyclopalitins A and B (1, 2) are rare trinordammarane triterpenoids 
that undergo rearrangement deformation and contain a C-12, C-13 
double bond[30]. Dammarane-type triterpenoids are the main source of 
sweetness in C. paliurus. The sweetness of cyclocariosides I (3) and A (12) 
is about 250 and 200 times that of sucrose, respectively. Most 
dammarane saponins in C. paliurus are linked to sugar-containing 
side chains at C-3, C-11, or C-12, and the sugar units mainly include 
Qui, Glu, Ara, Xyl, Rha, and Ara(f). Different oxidation methods 
produce 2 main types of side chains at C-17: the chain and epoxy 
structures. Based on the analysis of the β-side chain of C-17, C-20, 
and C-24 oxidative cyclization, compounds 3–22 are called 
epoxydammarane. Other compounds vary depending on the position 
and number of double bonds and hydroxyl groups on their side chain. 
The dammarane-type triterpenes found in ginseng possess hydroxyl 
substitution at the C-3 and C-12 positions of their skeletons and a C-20 
with an S-configuration. These triterpenes can be categorized into 
2 groups based on hydroxyl substitution at the C-6 position. The first 
category is derived from 20(S)-protopanaxadiol and the second from 
20(S)-protopanaxatriol. Cyclocarioside Z9 (32) features the basic 
triterpenoid skeleton of panaxadiol.

2.2　3,4-Seco-dammaranes

3,4-Seco-dammaranes include dammarane-type triterpenoids with 
a broken chemical bond between C-3 and C-4 of the first 6-carbon ring 

of the parent nucleus. Oxidization at the C-3 position results in the 
formation of a carboxyl group, which forms methyl ester or ethyl 
ester easily. The double bonds formed at the C-4 and C-28 positions 
are relatively rare in natural products[1]. Most of 3,4-seco-dammarane 
triterpenoids only exist in C. paliurus, which indicates that the unusual 
3,4-seco-dammarane triterpenoid glycosides can be considered a 
reliable classification index for C. paliurus (Juglandaceae)[31]. 
According to the Human Taste Group, pterocaryosides A and B (64 
and 65, respectively) are approximately 50 and 100 times sweeter 
than 2% sucrose (a natural sweetener source) [32]. Compounds 42, 44, 
47, and 48 are referred to as 3, 4-seco-dammarane triterpene acids, 
and they are known for the oxidation of their C-3 positions into 
carboxyl groups. Compounds 64–77, 80–99, 102–113, and 115–117 
comprise glycosides that mainly contain glycosyl groups at C-11 or 
C-12, where sugar units mainly include Ara, Glu, and Qui. In 
particular, the C-24-linked glycosyl of cyclocarioside II (114) on the 
side chain is Ara[33]. Compounds 78, 79, and 100 are linked to 
glycosyl Ara(f) at the C-20 position of the side chain. The C-20 side 
chain of cyclocarioside Z4 (101) is linked to a rare ribose[34]. The 
chain structure of 3, 4-seco-dammaranes include side chains that are 
mostly connected to different numbers of hydroxyl groups and double 
bonds. Dehydration of the hydroxyl groups at the C-23 or C-24 
positions of the side chain of cyclocarioside Z1 (117) results in the 
formation of an epoxy ring[34]. Cyclocariosides Z3 and Z1 (69) share 
the same structure. Compounds 54 and 102–108 possess epoxy side 
chains, which feature an epoxy furan ring at the C-20 and C-24 positions. 
Compounds 53, 55, and 56 exhibit a rare 3,4-seco-dammarane 
structure with a seven-membered lactone ring at C-3 and C-11[35].

2.3　Oleananes

Oleanane-type triterpenoids (β-amyrin-type triterpenoids) are the 
most common and extensive type of triterpenoid skeleton in the plant 
kingdom, and they generally exist in the form of aglycones or 

Fig. 5 (Continued)
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glycosides. These triterpenes feature a structure that generally 
includes 5 six-membered rings, with the A/B, B/C, and C/D rings 
being trans-fused. Oleananes contain 2 types of C/D rings, namely, 
cis and trans, and all the C/D rings found in C. paliurus are cis. 
Oleanane triterpenoids from C. paliurus usually comprise different 
functional groups at various positions of the skeleton. The skeleton 
often contains eight methyl substitutions that can be oxidized to 
form carboxyl groups. The C-28 of compounds 118–121, 127 –140, 
142, 145, and 146 is oxidized to carboxyl groups. The oxidized 
carboxyl groups, such as compounds 13 and 126, are also often 
aglyconized, esterified, or lactonized. The carboxyl group of C-28 
easily forms glycosides, for example, compounds 147–151, whose 
sugar units mainly include Glu and Xyl. Compounds 119, 121, 124, 
130–132, 135, 136, 145, and 147–151 possess C-23 methyl groups 
that are oxidized to hydroxymethyl groups. According to biosynthetic 
pathway analysis, the unsaturation of such a structure may originate 
from the deprotonation of the carbocation after skeleton cyclization. 
Most oleanane triterpenoids from C. paliurus form double bonds 
between C-12 and C-13 positions. Another feasible phenomenon is 
the oxidization of the hydroxyl and double bonds at the C-1, C-3, 
C-11, and C-12 positions to carbonyl groups[1]. The C-3 of cyclocaric 
acid A (137) possesses a substituent that reacts with the skeleton 
to form an oxetane ring. However, Wright et al. observed that the 
compound originally reported as cyclocaric acid A (37) was in 
reality hederagenin (119)[36]. An independent semisynthetic method 
was conducted, and the results confirmed that “cyclocaric acid A” 
was not previously isolated from this plant, and the compound 
originally reported as the isolate was actually hederagenin. Such 
errors are easy to incur given the similarity of the NMR data 
combined with the finding of mass spectrometry techniques available 
at the time.

2.4　Ursanes

Ursane-type triterpenes or α-amyrin-type triterpenes are similar to 
oleanane-type triterpenes in terms of structure. These compounds 
possess trans-fused A/B, B/C, and C/D rings and a mainly cis-fused 
D/E ring. The main difference in the 8 methyl substitution positions 
of oleanane and ursanes is the replacement of 2 methyl substitutions 
at C-20 at the C-19 and C-20 positions, respectively. The C-28 methyl 
groups of compounds 152–163 and 165 are oxidized to carboxyl 
groups. The C-24 methyl group of compound 164 is oxidized to a 
carboxyl group. The C-23 methyl groups of compounds 153, 
155–163, and 165–169 are oxidized to hydroxymethyl groups. The C-2 
carboxyl group of compounds 166–170 forms glycosides with the 
glycosyl group, in which the sugar unit is mainly Glu. The ursane 
triterpenoids from C. paliurus contain double bonds between C-12 
and C-13. C-1, C-2, C-3, C-19, and C-20 are often substituted by 
hydroxyl groups, with C-1 and C-20 being substituted by β-OH and C-2 
and C-19 being substituted by α-OH[1]. The C-11 position of compound 
165 contains a carbonyl group[37].

2.5　Lupinanes

In the structure of lupine-type triterpenoids, the E ring is a 
5-membered carbon ring. In addition, an isopropyl substitution with 
an α configuration exists at the C-19 position of the E ring. The A/B, 

B/C, C/D, and D/E rings are trans-arranged. The C-2, C-3, and C-16 
positions are usually substituted by a hydroxyl group, and the 
substituted hydroxyl group at the C-2 position is generally presents an 
α configuration. Lupine-type triterpenoids skeleton generally contain 
multiple methyl substitutions. Compound 174 possesses a C-28 
methyl group that is oxidized to hydroxymethyl group[38]. Meanwhile, 
compounds 173 and 176 possess C-28 methyl groups that are further 
oxidized to carboxyl groups.

2.6　Taraxeranes

Taraxerane is also known as so-oleanane. Similar to oleanane 
triterpenoids, taraxeranes have trans-arranged A/B, B/C, and C/D 
rings. However, the double bond in taraxeranes can be found at the 
C-14 position, and the methyl group at the C-27 position is converted 
for connection to C-13. To date, only 1 taraxerane triterpenoid has 
been found in C. paliurus[39].

3.　Biosynthesis of triterpenoids from C. paliurus

Triterpenoids have complex and diverse structure, which are 
determined by the diversity of their biosynthetic pathways[40-41]. 
Although a number of studies have been conducted on triterpenoids 
from C. paliurus, over the past few decades, the specific biosynthetic 
pathway is still rarely reported. Here, we have excavated reports 
related to the biosynthesis of triterpenoids to speculate on their 
biosynthesis process in C. paliurus.

In the early 1950s, studies inferred the similar biosynthesis of all 
known C30H50O triterpene alcohols; thus, it was proposed the 
biogenetic isoprene rule, which is a set of dominant principles that 
can explain the biosynthesis of each triterpene skeleton[42-43]. 
Extensive efforts in the separation of natural products have resulted in 
the discovery of many additional triterpenoids, whose structures can 
be rationalized through the biogenetic isoprene rule; the results of 
these efforts provided further support for refining the biogenetic 
isoprene rule. A few experimental studies have focused on the 
formation of triterpenoid rings, and the enzymatic cyclization of 
squalene or oxidized squalene under the law of biosynthesis is the 
most reliable source of these triterpenoids. In addition, the biogenetic 
isoprene rule predicts that the product structure is remarkably 
consistent that the credibility of the newly allocated structure can be 
evaluated based on its derivation from the biogenetic isoprene rule[44]. 
Triterpenoids are mainly synthesized by squalene through the MVA 
pathway[45]. Triterpenoids derive from the triterpenoid skeleton, 
which is produced by multiple cyclization, rearrangement, and 
degradation reactions involving complex chemical intermediates. 
Two precursors, namely, squalene and oxidized squalene, produced 
the triterpenoid skeleton[46]. Further glycosylation of plant 
triterpenoid aglycones on hydroxyl or carboxyl groups is catalyzed 
by UDP-glycosyltransferases (UGTs). Specific saponins are 
endowed with various properties, such as taste and biological activity, 
due to differences in the number, type, and position of these 
glycosyl groups[47].

The biosynthetic pathway of triterpenoids includes 3 stages: 
1) biosynthesis of active isopentenyl phosphate (IPP) and Dimethylallyl 
pyrophosphate (DMAPP); 2) biosynthesis of triterpene carbocyclic 
system; 3) complex functionalization process on the ring that can 
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eventually form a complete triterpene compound. Cyclization of 
2,3-oxidosqualene introduces an internal bond into the squalene oxide 
skeleton to form a predominantly polycyclic molecule that contains 
varying numbers of 5- and 6-membered rings[48]. In the biosynthesis 
of triterpenoids, the oxidosqualene cyclases (OSCs)-catalyzed 
cyclization cascade involved is characterized by the initial orientation 
of the 2,3-oxidosqualene backbone in a chair-chair-chair-chair-
conformation. Therefore, dammarenyl cation skeletons the first 
intermediate in the cyclization process of all triterpenoid[49-50]. 
According to the biosynthesis analysis, Peng et al.[30] showed that 
cyclopalitins A and B (1 and 2) may originate from different 
dammarane precursors, which can be produced by oxidosqualene. 
Oxidosqualene is cyclized in a boat-chair-chair conformation to form 
3-α-OH-dammarenyl and 3-β-OH-dammarenyl cations in a chair-
chair-chair conformation[51-53]. Different types of tetracyclic triterpenoids 
form the 1,2-migration rearrangement of the C-20 carbocations. The 
formation of compound 2 involves the multiple 1,2-migration 
rearrangements of 3-β-OH-dammarane carbocation and multistep 
oxidation of C-2, C-28, and C-24. Compound 1 form through the 
multiple 1,2-migration rearrangements and oxidation of 3-α-OH-
dammarane carbocation. The functionalization of carbon skeleton 
mainly is a result of oxidation, such as that of hydroxyl, carbonyl, and 
carboxylic acids, which can be found in many positions of the 
molecule[49]. P450s are monooxygenases that introduce an oxygen 
atom from molecular oxygen into their substrates, which results in the 
functionalization of the triterpenoid skeleton[47]. Dammarane-type 

triterpenoid sapogenins usually undergo modifications before 
glycosylation. The most common sapogenins are modified with 
small functional groups, such as hydroxyl, ketone, aldehyde, and 
carboxyl groups, at different positions of the backbone, and may 
involve more complex side groups[48]. Compound 32 is formed by 
3-β-OH-dammarane-type carbocationic double-bond rearrangement 
and C-11, C-20, and C-23 oxidation and C-11-OH further linking 
sugar groups. The oxidosqualene undergoes cyclization to form a 
C-20 carbocation, which attacks the oxygen atom to form a 
C-24 carbocation and thereby form a 20,23-furan tetracyclic 
triterpenoid compound[54-55]. The 20,23-furan tetracyclic triterpenoids 
obtained by the boat-chair-chair and chair-chair-chair conformational 
cyclization are modified at different positions using small functional 
groups and via glycosylated secondary modification to generate 
compounds 3−10 and 11−22. The C-3-OH of dammarane-type 
carbocation is speculated to be oxidized to a carbonyl group, and 
20-hydroxydammar 24-en-3-one is converted to intermediate A via the 
Baeyer-Villiger oxidation reaction. The 3,4-seco-dammarane 
triterpenoid precursor is obtained after hydrolysis, dehydration, and 
dehydrogenation (Fig. 6)[56]. The double bond at C-24 of the 3,4-seco-
dammarane triterpenoid precursor undergoes a hydration reaction. 
Given that the hydration reaction is not stereo-controlled reaction, 
2 polymers (24R and 24S) are formed[57]. The 3,4-secodammarane 
triterpenoids are modified using small functional groups at different 
positions and secondary modification of glycosylation to form 
compounds 42−117.

Fig. 6　Biochemical pathways for the synthesis of dammarane from 2,3-oxidosqualene in C. paliurus.
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Further rearrangement of the dammarane-type carbocation causes 
the formation of tirucallanyl or the baccharenyl cation. Continued 
cyclization of baccharenyl cations results in pentacyclic lupanyl 
cations, whose backbone is commonly found in lupane-type 
triterpenoids. The 5-membered E-ring of the lupanyl cation is 
reopened and extended to a 6-carbon ring to form an intermediate 
cyclization product called germanicyl cation. The germanicyl cation 
can be further converted to oleanyl (oleanane-type sapogenins), 
taraxasterenyl (taraxasterane-type sapogenins), or ursanyl cation 

(ursane-type sapogenins)[49,58]. Unsaturated bonds (double bonds) 
usually form through the deprotonation of carbocations formed after 
skeleton cyclization (Fig. 7). Single or double unsaturation may occur 
at different positions of the molecule[49]. Compounds 118−151 are 
obtained through deprotonation, oxidation, and glycosylation of 
oleanyl cation. Saponins are produced by the introduction of specific 
sugar groups into a specific position of the saponin skeleton through 
the UGT family[59]. Two types of ursanyl cation are generated by 
2,3-oxidosqualene boat-chair-chair and chair-chair-chair conformational 

Fig. 7　Biochemical pathways for the synthesis of other triterpenoids from dammarenyl cation in C. paliurus.

13



H.T. Xi et al. / Food Science and Human Wellness 14  (2025) 9250127

cyclization, followed by oxidation and glycosylation to generate 

compounds 156−158, 162, 164, 166, and 168 and 153−155, 159−161, 

163, 165, 166, 167, 169, 170, respectively. The lupanyl cation is 

protonated to form compound 172, which is then oxidized to 

compounds 171, 173−175. Compound 173 is further oxidized to 

compound 176. Compound 177 is obtained via the deprotonation and 

rearrangement of the taraxasterenyl cation. However, further gene and 

protein studies are needed to verify the accurate biosynthetic pathway 

of triterpenoids.

4.　Biological activity of triterpenoids from C. paliurus

C. paliurus has been widely studied because of its antihyperglycemic 
property. In addition, other pharmacological effects, such as 
antihyperlipidemia, anticancer, antioxidation, anti-inflammatory, liver 
protection, and antibacterial properties, have been evaluated[1]. 
Triterpenoids or triterpenoid-rich extracts from this plant exhibit rich 
biological activities, as shown in Table 2. In previous pharmacological 
studies, the total triterpenoid content of CPAE was 0.05−0.15 mg/g, 
and that of total triterpenoids in the CPE was 4.39−8.15 mg/g[60].

Table 2
Bioactivities of triterpenoids from C. paliurus.

Anti-hyperglycemic

Extracts

EAE

CPE

CPE

CPE

CPE

TAE

CPT

CPT

TAE

CPE

CPE

TAE

ChE

Compounds

112, 77, 88 and 113

9, 10, 29, 31, 65, 67, 
69, 81, 101 and 117

91 and 92

66, 73, 67, 74, 4 
and 51

120 and 162

151

25, 50 and 
100 μg/mL

2, 4 and 8 g/kg

20, 40 and 
80 mg/kg

1 g/kg; 0.5, 2.5 and 
5.0 μg/mL

100, 200 and 500 mg/kg; 
100, 200 and 500 μg/mL

40 and 160 mg/kg; 
20 and 5 μg/mL

40 and 160 mg/kg; 
20 and 5 μg/mL

0.25 and 0.5 g/kg; 
2, 4 and 8 μg/mL

50 and 200 mg/kg; 
15 and 45 μg/mL

0.5 and 1.0 g/kg; 80 and 
160 μg/mL

−
40 and 160 mg/kg; 1, 10, 

25, 50 and 100 μg/mL

25, 50 and 100 mg/kg; 
0.05, 0.10, 0.15 and 

0.20 g/L

−

0.39−100 μmol/L

0.39−100 μmol/L

−

10 μmol/L

1 μmol/L

−
HFD and 

STZ-induced type 2 
diabetic rats

db/db mice

STZ-induce ICR 
mice (200 mg/kg)

Mac-CM-induce 
rats

STZ-induce rats

STZ-induce type 1 
diabetic rats

db/db mice

STZ-induce rats

STZ-induce rats

−
C57BL/6J mice

ICR male mice

−

−
−

−

−

−

α-Glucosidase inhibitory 
activity

−

−

C2C12 cells

3T3-L1 cells

HK-2 cells

H2O2-induced GEnCs and 
HUVECs

HepG2 and LO2 cells

Primary hepatocytes

NIT-1

α-Glucosidase inhibitory 
activity

HepG2 cells and primary 
hepatocytes

Mice peritoneal 
macrophages and 3T3-L1 

pre-adipocytes

α-Glucosidase inhibitory 
activity

3T3-L1

3T3-L1

α-Glucosidase, lipase, 
DPP-IV, and aldose 
reductase inhibitory 

activity

HK-2 cells

HK-2 cells

α-Glucosidase activity↓
Insulin level↑;

BUN, CREA and GSP↓
TG, TC, LDH, CK-MB, AST, cTn-I, MDA, and 
blood glucos↓; SOD, GSH-Px, CAT, TNF-α, 

IL-1β, IL-6↑
Glucose intake and PI3K↑;

p-Akt and p-AS160↑
TNF-α, IL-6, MCP-1, and p-IRS-1↓; p-Akt↑
Urinary microalbumin, serum creatinine, blood 

urea nitrogen, glomerular fibrosis and 
p-mTOR↓; p-AMPK↑

Blood glucose, microalbumin, BUN , mesangial, 
VCAM-1, ICAM-1, and ROCK and Arg2↓;

p-Akt and p-eNOS↑
IL-1β, IL-6, and TNF-α↓

TC, TG,G6Pase, PEPCK, cAMP, p-PKA and 
p-CREB↓; p-AMPK and p-PDE4B↑

FBG, IRI, MDA, and ROS↓;
body weight, FINS, ISI,SOD and GSH-Px↑

IC50 = 17.81 μg/mL

ALT, AST, TG, TC, blood glucose, and 
HOMA-IR↓; p-PI3K, p-Akt and p-GSK-3β↑

Glucose consumption and uptake↑;
p-AMPK↑; IKKβ↓

IC50 = (24.25 ± 0.39) μmol/L;
IC50 = (65.97 ± 1.62) μmol/L;
IC50 = (2.22 ± 0.13) μmol/L;

IC50 = (175.31 ± 0.86) μmol/L

At 50 μmol/L, consumption of glucose↑
At 100 μmol/L, consumption of glucose↑
α-Glucosidase, lipase, DPP‐IV, and 

aldose reductase activities↓
Fibronectin↓;

the inhibition rates were (6.09 ± 0.57)% and 
(27.66 ± 2.77)%, respectively

Fibronectin↓;
(17.74 ± 5.83)% inhibition rate

−

−

PI3K/Akt

IRS1-PI3K-Akt

IRS1-PI3K-Akt

AMPK-mTOR

ROCK

Rho/ROCK/
NF-κB

cAMP/PKA/
CREB

−
−

PI3K/Akt/
GSK3β

IRS-1/PI3K/Akt

−

−
−

−

−

−

[126]

[63]

[66]

[73]

[138]

[75]

[76]

[68]

[69]

[64]

[139]

[71]

[83]

[125]

[34]

[34]

[127]

[128]

[128]

Compounds/extracts Dosage uses
Models

In vivo In vitro
Effects

Possible 
mechanism

References
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119

104

3, 5, 129 and 155

121

162 and 120

169

35

32, 23, 24, 38, 40, 
25, 21, 22 and 6

39, 16, 17, 4 and 3

28, 41 and 26

118, 164, 125, 122, 
143 and 134

19, 20, 3 and 80

13

121

155

136 and 4

63, 78, 79 and 100

Anti-hypolipidemic

Extracts

TAE

CPE

CPE

ChE

EAE

BuE

CPE

CPE

ChE

TAE

Compounds

6, 7, 64, 65, 119, 
121, 135, 136, 153, 

155 and 156

−
10 μmol/L

10 μmol/L

10 μmol/L

10 μmol/L

1 μmol/L

20, 10, and 5 μmol/L

−
−
−

−
−
−

10 μmol/L; 20 and 
80 mg/kg

10 and 30 mg/kg; 1 and 
5 μmol/L

2, 5, 10 and 20 μmol/L

25 mmol/L

200 and 400 mg/kg

2, 4 and 8 g/kg

0.37, 0.75 and 1.50 g/kg

1.5 g/kg; 10, 20 and 
50 mg/L

1.5 g/kg; 10, 20 and 
50 mg/L

1.5 g/kg; 10, 20 and 
50 mg/L

1.5 g/kg; 10, 20 and 
50 mg/L

2, 4 and 8 g/kg

2, 4 and 8 g/kg

25 and 100 mg/kg; 1, 10, 
25, 50 and 100 μg/mL

10 μmol/L

−
−
−
−

−

−
−
−
−
−

−
−
−

STZ-induce rats

Male SD rats

−

−

HFD-induced rats

HFD and STZ-
induced rats

HFD-induced rats

HFD-induced rats

HFD-induced rats

HFD-induced rats

HFD-induced rats

HFD-induced rats

HFD-induced rats

HFD-induced rats

−

HEK-293 cells

C2C12 myoblasts and 
3T3-L1 preadipocytes

3T3-L1 preadipocytes

Mouse C2C12 myoblasts 
and 3T3-L1 preadipocytes

HK-2 cells

HK-2 cells

α-Glucosidase inhibitory 
activity; RAW 264.7 cell

α-Glucosidase inhibitory 
activity; RAW 264.7 cell

RAW 264.7 cell

α-Glucosidase inhibitory 
activity

Glucosidase and glycogen 
phosphorylase inhibition 

activities

HK-2 cells

HK-2 cells

αTC1-6 cells

HK-2

3T3-L1 
pre-adipocytes

α-Glucosidase inhibitory 
activity

−
−
−

LO2 cells

LO2 cells

LO2 cells

LO2 cells

−

−
HepG2 cells

Caco-2 cells

11β-HSD1↓;
IC50 = (0.16 ± 0.04) μmol/L

Glucose uptake↑
Glucose uptake↑
Glucose uptake↑

Fibronectin↓;
the inhibition rate was (27.66 ± 2.77)% and 

(6.09 ± 0.57)%, respectively

Fibronectin↓;
the inhibition rate was (17.74 ± 5.83)%

α-Glucosidas, NO, iNOS, NF-κB, COX-2, 
IL-6, IL-1β and TNF-α↓
α-Glucosidase and NO↓

NO↓
IC50 = (290.84 ± 0.99) μmol/L;
IC50 = (578.77 ± 0.94) μmol/L;
IC50 = (274.77 ± 1.13) μmol/L

Glucosidase and glycogen phosphorylase↓
Fibronectin↓

Fibronectin and α-SMA↓;
E-cadherin expression↑

Glucagon secretion and blood sugar↓; p-EPhin-A1, 
p-EphA4, p-PI3K, p-Akt, and GLUT4 ↑

Urinary albumin, blood urea nitrogen, p-Smad3, 
collagen I, fibronectin and α-SMA↓;

LC3 and LAMP1↑
Glucose consumption, p-AMPK, p-IRS-1 and 

p-Akt↑; p-IKKβ and p-IRS-1↓
IC50 = (4.97 ± 0.63) μmol/L;
IC50 = (19.62 ± 0.70) μmol/L;
IC50 = (7.08 ± 0.53) μmol/L;
IC50 = (3.76 ± 0.77) μmol/L

HDL-C↑;
apoB48, MTP, TNF-α, and p-MAPK↓

TC, TG, LDL-C, and FFA↓;
HDL-C↑

TC, TG, LDL-C, MDA, TNF-α and p-MAPK↓;
HDL-C, SOD and GSH-Px↑

TC, TG, HMG-CoA, ALT, AST, BUN, CRE, 
and UA↓; HDL-C↑

TC, TG, ALT, AST, BUN, CRE, and UA↓;
HDL-C↑

ALT, AST, BUN, CRE, and UA↓
TC, TG, and HMG-CoA↓;

HDL-C↑
Weight gain, food utilization, visceral fat mass, 

apoB48, LDL-C, TC and TG↓;
HDL-C↑

Weight, blood lipid, TNF-α, SREPB 1c, 
ACC-1 and FAS↓

SOD, HO1, HO-1, NQO1and GSH/GSSG↑;
CYP2E1, MDA and PCO↓

ApoB48↓

−
AMPK-p38

−
−

−

−
NF-κB

−
−
−

−
−

EMT

PI3K/Akt

−

IRS-1/PI3K/Akt

−

TNF-α/p38 
MAPK

−
−
−
−
−
−

−

−
Activating Nrf2

−

[80]

[77]

[77]

[77]

[128]

[128]

[126]

[126]

[126]

[126]

[132]

[81]

[81]

[78]

[82]

[83]

[31]

[89]

[63]

[90]

[91]

[91]

[91]

[91]

[92]

[95]

[96]

[37]
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121

Anti-inflammatory

Extracts

EAE

CPT

Compounds

6, 8, 26, 69, 96, 98 
and 83

97, 82 and 84

71 and 72

95, 25, 3 and 4

153

136 and 156

118

155

120

55, 56, 59,61,78 
and 79

Anti-cancer and cytotoxicity

Extracts

CPE

CPE

Compounds

96

68, 69, 81 and 80

85

87

86

89

113

80 mg/kg; 5, 10, 20, 40 
and 80 μmol/L

−
10, 15, 20, 25, 30 μg/mL

−

−

10−40 μmol/L

−

1−50 μmol/L

1−50 μmol/L

5−100 μmol/L

5−100 μmol/L

5−100 μmol/L

25 mmol/L

−

−

0.39−100.00 mmol/L

0.39−100.00 mmol/L

0.064−5.000 μmol/L

0.064−5.000 μmol/L

0.064−5.000 μmol/L

0.064−5.000 μmol/L

0.064−5.000 μmol/L

HFD-induced rats

−
−

−

−

−

−

−
−
−
−
−

−

−

−

−
−
−
−

−

−

−

Mouse primary 
hepatocytes

RAW 264.7 cell

THP-1

RAW 264.7 cells

RAW 264.7 cells

RAW 264.7 cells

RAW 264.7 cells

THP-1 cells

THP-1 cells

RAW 264.7 cells

RAW 264.7 cells

RAW 264.7 cells

Activity against COX-2

HeLa cell line and 
HEK293

HEK293, HCT-116, 
HeLa, HepG2, MCF-7, 

A549 and PANC-1

MCF-7, PC-3, Du145, 
NCI- H1975, PC-9, 
SKVO3 and HepG2

MCF-7

Lovo, NCI-H460, T47D

HepG2

Lovo, HepG2, Hela, 
NCI-H460, T47D

Lovo, HepG2, NCI-H460

Lovo, HepG2, Hela, 
NCI-H460, T47D

Lipid, TC, TG, ALT, AST, ALP, IL-6, IL-1β 
and TNF-α↓; p-AMPK/AMPK↑

NO↓
IL-1β↓

NO↓; IC50 > 40 μmol/L

NO↓;
IC50 = (22.30 ± 0.42) μmol/L;

IC50 = (30.77 ± 0.21) ) μmol/L;
IC50 = (34.57 ± 0.62) ) μmol/L

NO, TNF-α, PGE2, and IL-6, COX-2, iNOS, 
and NF-κB/p65↓

NO↓; IC50 = (18.53 ± 0.33) μmol/L;
IC50 = (32.88 ± 0.43) μmol/L;
IC50 = (25.78 ± 0.32) μmol/L;
IC50 = (33.25 ± 0.47) μmol/L

IL-1β, Caspase-1, pro-IL-1β, pro-Caspase-1, 
and NLRP3↓

IL-1β↓
NO, iNOS, IL-6, Keap1, p-ERK1/2, p-P38, and 

p-JNK1/2↓; P-Nrf2↑
NO, iNOS, IL-6, p-ERK1/2, p-P38, and 

p-JNK1/2↓; IL-10↑
NO, iNOS and IL-6↓;

IL-10↑
The inhibition rates were 12.11%, 15.73%, 

10.23%, 20.62%, 17.44% and 35.83%, 
respectively

The growth of HeLa cells↓
HeLa: IC50 = 0.13−0.42 mg/mL, 

HepG2: IC50 = 0.25−0.57 mg/mL, 
PANC-1: IC50 = 0.52−0.86 mg/mL, 

A549: IC50 = 0.35−0.96 mg/mL, 
HCT-116: IC50 = 0.44−0.80 mg/mL, 
HEK-293: IC50 = 0.21−0.68 mg/mL, 

MCF-7: IC50 = 0.22−0.44 mg/mL

IC50 = 11.31−29.51 μmol/L;
MCF-7: IC50 < 40 μm

IC50 < 40 μm

Lovo: IC50 = (29.21 ± 2.73) μmol/L;
NCI-H460: IC50 = (13.40 ± 5.17) μmol/L;

T47D: IC50 = (37.21 ± 9.84) μmol/L

IC50 = (21.12 ± 4.10) μmol/L

Lovo: IC50 = (11.86 ± 0.27) μmol/L; 
HepG2: IC50= (4.61 ± 0.13) μmol/L;
Hela: IC50 = (15.23 ± 3.88) μmol/L;

NCI-H460: IC50 = (5.47 ± 0.54) μmol/L;
T47D: IC50 = (8.65 ± 1.38) μmol/L

Lovo: IC50 = (14.10 ± 0.55) μmol/L;
HepG2: IC50 = (9.08 ± 0.52) μmol/L;

NCI-H460: IC50 = (37.02 ± 1.80) μmol/L

Lovo: IC50 = (8.96 ± 0.07) μmol/L;
HepG2: IC50 = (9.19 ± 0.24) μmol/L;
Hela: IC50 = (10.78 ± 0.85) μmol/L;

NCI-H460: IC50 = (6.48 ± 1.18) μmol/L;
T47D: IC50 = (10.76 ± 1.73) μmol/L

Sirt1 / AMPK

−
−

−

−

NF-κB

−

PI3K-AKT-
mTOR

−
MAPKs-NF-

κB-Nrf2

MAPKs-NF-
κB-Nrf2

−

−

−

−

−
−
−

−

−

−

[97]

[99, 126]

[101]

[99]

[99]

[99]

[99]

[101]

[101]

[102]

[102]

[102]

[31]

[103]

[140]

[104]

[104]

[125]

[125]

[125]

[125]

[125]
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27

15

68

75, 4 and 7

30 and 14

45

67

47, 52 and 42

43

95

53

118, 119 and 121

30

14

121, 119, 136 
and 118

49

50

57

62 and 78

Anti-oxidation

Extracts

CPE

Compounds

163, 168, 149 
and 166

142

Hepatoprotective effect

Compounds

105

65

25

Others

CPT

0.064−5.000 μmol/L

0.064−5.000 μmol/L

−

5−80 μmol/L

−
10 μmol/L

10 μmol/L

10 μmol/L

10 μmol/L

10 μmol/L

10 μmol/L

10 μmol/L

−
−
−
−

−

−
−

−

5 mmol/L

1 mmol/L

10 μmol/L

20 μmol/L

−

−

−

−

−

−
−
−

−

−

−
−
−

−

−
−
−
−

−

−
−

−

−
−

−
−
−

−

HepG2, NCI-H460

HepG2, Hela, NCI-H460, 
T47D

ASPC-1, HCT116, 
HEPG2 and SNU5

HepG2

MCF-7

SMMC-7721, 
BT-549, HCT-116

BT-549, HCT-116

BT-549

BT-549, HCT-116

BT-549, HCT-116

SMMC-7721, BT-549

SMMC-7721

MCF-7, PC-9

MCF-7

HeLa cell line

HCT-116

BGC-823, MCF-7, 
HCT-116, and HepG-2

BGC-823, HCT-116

BGC-823

Antioxidant assay

HepG2 cells; FFA-induce 
hepatic steatosis

HepG2 cells; FFA-induce 
hepatic steatosis

HepG2

HepG2

RAW 264.7 and HepG2

Saccharomyces cerevisiae 
strain Sc131

HepG2: IC50 = (28.31 ± 3.67) μmol/L;
NCI-H460: IC50 = (39.15 ± 6.85) μmol/L

HepG2: IC50 = (37.39 ± 1.92) μmol/L;
Hela: IC50 = (14.54 ± 4.77) μmol/L;

NCI-H460: IC50 = (15.53 ± 4.11) μmol/L;
T47D: IC50 = (5.87 ± 1.59) μmol/L

ASPC-1: IC50 = 93.94 μmol/L,
SNU5: IC50 = 93.54 μmol/L,

HEPG-2: IC50 = 62.21 μmol/L,
HCT116: IC50 = 56.62 μmol/L

Strongly cytotoxic

IC50 < 35 μmol/L

SMMC-7721: IC50 = (16.73 ± 1.02) μmol/L.
BT-549: IC50 = (15.84 ± 1.05) μmol/L.
HCT-116: IC50 = (6.53 ± 0.5) μmol/L

BT-549: IC50 = (21.64 ± 1.29) μmol/L.
HCT-116: IC50 = (4.94 ± 0.42) μmol/L

IC50 = (17.78 ± 1.54) μmol/L;
IC50 = (21.92 ± 1.62) μmol/L;
IC50 = (20.03 ± 1.38) μmol/L

BT-549: IC50 = (15.61 ± 0.93) μmol/L.
HCT-116: IC50 = (8.24 ± 0.56) μmol/L,

BT-54: IC50 = (20.56 ± 1.63) μmol/L
HCT-116: IC50 = (6.48 ± 0.45 m) μmol/L

SMMC-772: IC50 = (21.45 ± 2.11) μmol/L.
BT-549: IC50 = (15.69 ± 1.19) μmol/L

IC50 = (20.48 ± 2.18) μmol/L;
SMMC-7721: IC50 = (19.41 ± 1.42) μmol/L;

IC50 = (20.04 ± 1.92) μmol/L

MCF-7: IC50 < 35 μmol/L
PC-9: IC50 = 75.85 μmol/L

IC50 < 35 μmol/L

Bax, cytochrome c, Caspase-3 and 
Caspase-9↑; Bcl-2↓

IC50 = (11.24 ± 0.22) μmol/L

BGC-823: IC50 = (8.86 ± 0.38) μmol/L;
MCF-7: IC50 = (9.19 ± 0.78) μmol/L;

HCT-116: IC50 = (8.80 ± 0.36) μmol/L;
HepG-2: IC50 = (13.41 ± 0.90) μmol/L

BGC-823: IC50 = (7.69 ± 0.21) μmol/L;
HCT-116: IC50 = (9.45 ± 0.93) μmol/L;

IC50 = (8.47 ± 0.41) μmol/L;
IC50 = (9.04 ± 0.61) μmol/L

It had significant effects on the scavenging 
capacity of DPPH and ABTS radical and 

reducing power

SOD↑; MDA↓
SOD↑; MDA↓

Sirt1 activities↑
Sirt1 activities↑

TNF-α↓

Filamentous and invasive growth↓

−

−

−

−
−
−

−

−

−
−
−

−

−
−
−
−

−

−
−

−

−
−

−
−
−

−

[125]

[125]

[129]

[56]

[124]

[57]

[57]

[57]

[57]

[57]

[57]

[57]

[124]

[124]

[103]

[31]

[31]

[31]

[31]

[140]

[106]

[106]

[56]

[56]

[107]

[108]
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Note: -, This item is not mentioned in the reference; HFD, high fat diet; STZ, Streptozotocin.
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4.1　Antihyperglycemic

Glucose metabolism disorders can promote diabetes, which is a 
systemic metabolic disease that impairs organ functions, including 
those of the heart, liver, and kidney[9]. Triterpenoids from C. paliurus 
can reduce glucose uptake, regulate blood lipid levels and insulin 
signaling pathways, reduce oxidative stress levels and β-cell 
apoptosis, increase insulin synthesis and secretion, and inhibit liver 
gluconeogenesis and α-glucosidase inhibitor activities, which improve 
glucose metabolism disorders.

Type 2 diabetes mellitus (T2DM) is the most common metabolic 
syndrome in the world, and it accounts for more than 90% of diabetes 
cases[61]. The rat model of diabetes induced by high fat diet (HFD) 
and low-dose STZ showed similar metabolic characteristics to human 
T2DM[62]. Wang et al.[63] showed that CPE can reduce the mortality 
and blood glucose level in T2DM rats, improve insulin sensitivity, 
and revert the changes in BUN, CREA and GSP levels in rat kidneys. 
Moreover, CPE can improve insulin level, glucose tolerance, and 
insulin sensitivity and reduce insulin resistance in DM mice[64]. 
Hyperglycemia is a known key driver of oxidative stress and 
inflammation, which lead to cardiac fibrosis and decreased cardiac 
function[65]. Wang et al.[66] proved that CPE can prevent structural and 
functional changes in the heart tissue of diabetic mice. This 
cardioprotective activity is attributed to the antioxidant, antiapoptotic, 
anti-inflammatory, and antifibrotic activities of CPE. Oral administration 
of CPE to db/db mice prevents cardiac hypertrophy, myocardial 
fibrosis, and related oxidative stress and inflammation. CPE further 
reduced the blood lipid levels in treated animals, which resulted in a 
dose-dependent increase in phosphatidylinositol 3-kinase (PI3K) 
expression and Akt phosphorylation. These results indicate that the 
decrease in nuclear factor κB (NF-κB) expression may be attributed 
to CPE-induced changes in the PI3K/Akt pathway activity. In T2DM, 

chronic inflammation is the key driver behind the pathogenesis of 
liver injury[67]. Jiang et al.[68] revealed that triterpenoid-enriched 
fraction from C. paliurus (CPT) improved diabetes-induced liver 
inflammation through the Rho/ROCK/NF-κB signaling pathway. 
Triterpenic acids-enriched fraction from C. paliurus (TAE) not only 
improves insulin sensitivity, but also inhibits liver gluconeogenesis 
and balance systemic glucose homeostasis[69]. In vivo studies have 
shown that TAE can inhibit the cAMP/PKA/CREB pathway by 
activating adenosine 5′-monophosphate activated protein kinase 
(AMPK), and this condition effectively inhibits liver gluconeogenesis 
and reduces liver glucose production (Fig. 8). Insulin resistance is the 
main pathophysiological abnormality in patients with NAFLD[70]. 
TAE not only reduced liver lipid content but also insulin resistance by 
upregulating the PI3K/Akt/GSK3β pathway[71]. Under insulin 
stimulation, skeletal muscle undertakes about 75% of glucose 
uptake[72]. The mouse muscle cell line C2C12 has been widely used to 
study the effects of various drugs on glucose transport. CPE treatment 
promoted glucose uptake and transport of glucose transporter 4 
(GLUT4) from the endoplasmic reticulum to the plasma membrane in 
C2C12 myotubes[73]. CPE activated the insulin signaling pathway 
(IRS1-PI3K-Akt) in an insulin-independent manner, which led to 
increased glucose uptake by inducing GLUT4 translocation in C2C12 
cell lines. CPE promotes glucose treatment by improving the insulin 
sensitivity against inflammatory injury. The involved regulatory 
mechanism is the positive regulation of the function of insulin 
receptor substrate-1 (IRS-1) by CPE, which leads to the improvement 
of phosphatidylinositol 3-kinase (PI3K) signal, as shown by the 
recovery of Akt phosphorylation in insulin response. Epidemiological 
studies have shown the gradual development of end-stage renal 
disease in 30%−50% of diabetic patients[74]. TAE effectively increases 
the level of microtubule-associated protein 1 light chain 3 II (LC3II) 
and the phosphorylation of AMPK and reduced the phosphorylation 

Fig. 8　C. paliurus triterpenoid extracts and compounds regulate glucose metabolism disorders.
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of its downstream effector mammalian target of rapamycin (mTOR)[75]. 
Thus, TAE can prevent diabetic nephropathy (DN) through autophagy 
and AMPK pathway. Diabetes mellitus (DKD), which originates from 
endothelial injury, is a serious microvascular complication caused by 
diabetes. CPT can considerably reduce the excessive activation of 
Rho-related coiled-coil protein kinase (ROCK) in vivo and in vitro 
and inhibit the activity of transforming growth factor-β (TGF-β), 
which is a key driver of fibrosis[76]. The possible mechanism is reduction 
of endothelial to mesenchymal transition (EndMT) by CPT through 
the inhibition of the ROCK pathway, which prevents the progression 
of DKD. Although the hypoglycemic activity of C. paliurus extract 
has been recognized to a certain extent, the specific molecular 
mechanism remains unclear. In addition, further studies must be 
conducted to determine whether hypoglycemic activity is the 
overlapping effect of hypoglycemic substances, such as polyphenols, 
polysaccharides, and triterpenoids, in the extract deserves.

Compound 104 caused the significant enhancement of the glucose 
uptake ability of C2C12 myotube cells and mouse embryonic 
fibroblasts 3T3-L1 (3T3-L1) adipocytes under insulin stimulation and 
the phosphorylation levels of IRS-1, Akt and glycogen synthase kinase-3β 
(GSK-3β) in 3T3-L1 adipocytes under insulin stimulation, and 
activated the AMPK-p38 pathway[77]. Compounds 3, 4, and 5 also 
remarkably promoted the insulin-stimulated glucose uptake in 3T3-L1 
adipocytes. Therefore, the addition of sugar units can improve the 
glucose uptake capability of 3,4-seco-dammarane and dammarane 
triterpenes in 3T3-L1 adipocytes. Compound 121 selectively inhibited 
glucagon secretion in pancreatic α cells and showed a protective 
effect on T2DM in vitro and in vivo[78]. The mechanism may involve 
compound 121 promoting the interaction between ephrin-A1 and 
erythropoietin-producing hepatocellular carcinoma A4 (EphA4), 
which subsequently activate the PI3K/Akt signaling pathway. The 
glucose uptake capability of pentacyclic triterpenes requires the 
presence of 3-hydroxy and 23-hydroxymethyl groups. The 
overexpression of 11β-hydroxysteroid dehydrogenase type 1 
(11β-HSD1) in mouse adipose tissue can lead to insulin-resistant 
diabetes, which illustrates the importance of selective inhibition of 
11β -HSD1 in key metabolic tissues (especially adipose tissue) for 
the treatment of type 2 diabetes and metabolic syndrome[79]. 
Compound 119 showed a moderate inhibitory effect on mouse 
11β-HSD1 with an a half maximal inhibitory concentration (IC50) 
value of (0.16 ± 0.04) µmol/L[80]. However, compound 120, which 
had a similar structure to compound 119, showed no inhibitory 
activity against mouse 11β-HSD1, which indicates that the hydroxyl 
group on C-3 inhibited the activity. Compound 13 can significantly 
downregulate the expression of E-cadherin in high-glucose and TGF-β1 
induced HK-2 cells; meanwhile, the expression of α-SMA and 
fibronectin was significantly up-regulated, which reversed the changes 
in epithelial-mesenchymal transformation (EMT) and significantly 
reduced the mRNA levels of snail and twist[81]. Compound 155 can 
substantially reduce the urinary protein level of DN rats and 
activate the autophagy-lysosomal pathway through direct interaction 
with transforming growth factor beta receptor 1 (TGF-βR1)[82]. In 
addition, in vitro experiments showed that compound 155 can 
inhibit the expression of TGF-βR1 and alleviate high glucose (HG) + 
TGF-β1-induced renal fibrosis. Compounds 3, 13, 19, and 20 
considerably inhibited the level of fibrosis, which indicates that the 
20,24-epoxy side chain contributed to the inhibitory effect. 
Compounds 161 and 162, with the same skeleton, have different 

hydroxyl configurations on C-3, which indicates that α-OH may 
contribute to antifibrosis. Compound 169, obtained by the addition of 
a sugar group to the structure of compound 161, has evident 
antihepatic fibrosis effect, which suggests that the access to sugar 
groups may promote the antifibrosis effect. Compounds 4 and 136 
improve glucose uptake and reduce insulin resistance through an 
insulin-independent pathway[83]. The improvement of insulin 
resistance under inflammatory stimulation may be attributed to AMPK 
activation. Compounds 63, 88, and 100 exhibit strong inhibitory 
activities against glucosidase. Further analysis of their structure 
and biological activity revealed the desirable antiglucosidase activity 
of 3,4-seco-dammaranes and oleananes. For the 3,4-seco-
dammaranes aglycones, the aldehyde group of the C-4-substituted 
methyl group of compound 63 is considered the key to inhibiting 
glucosidase activity. Compound 79, which possesses a similar 
structure to compound 78, has a stronger inhibitory activity. Given 
that the hydroxyl group of C-25 is replaced by ethoxy, the extension 
of the side chain can enhance the inhibition of glucosidase. Similar 
to compounds 78 and 79, compound 100 has an Ara(f) substitution on 
the side chain. Ara(f) contributes greatly to the inhibition of 3,4-seco-
dammarane saponins in terms of glucosidase activity. Compound 
88 lacks a longer side chain but presents the strongest inhibitory 
activity against glucosidase due to the presence of Glu. Compounds 
112 and 113 manifest different glucosidase inhibitory activities due 
to their varied glycosylation. Therefore, the sugar units affect 
glucosidase inhibitory activity in the following order: Glu > Ara(f) > 
Ara > Qui. Compound 118, as the compound closest to the 
oleanane-type triterpenoid skeleton, exhibits a strong inhibitory 
activity against glucosidase. As the carboxyl group at the C-3 position 
is oxidized to ester (compound 134) and carbonyl (compound 143) 
groups, the glucosidase inhibition activity decreases continuously. 
For oleanane triterpenoids, modification of the skeleton weakens 
the glucosidase inhibition activity. Compounds 81 and 91 reveal 
potential hypoglycemic activity, and they increased the glucose 
consumption of 3T3-L1 preadipocytes by 27.32% and 29.27% at a 
dose of 3.125 µmol/L, respectively[34]. Therefore, 3,4-seco-dammarane 
saponins may be the key to the increased glucose consumption 
of C. paliurus by 3T3-L1 preadipocytes. The biological activity 
of triterpenoids is closely related to their molecular structure. 
Further research is needed to obtain compounds with a strong 
hypoglycemic activity and reveal their molecular mechanism and 
structure-activity relationship.

4.2　Antihyperlipidemia

According to the latest “Dietary Guidelines for Chinese Residents 2022” 
issued by the Chinese Nutrition Society, the prevalences of 
overweightness and obesity among residents over 18 years old in 
China have reached 34.3% and 16.4%, respectively[84]. Obesity, which 
showed an exponential growth trend, has gradually become a threat to 
public health. Therefore, urgent action is needed to address the 
problems of overweightness and obesity. With the support of 
pharmacological research results, triterpenoids from C. paliurus 
improve lipid metabolism disorders through regulation of blood lipid 
levels, inhibition of the excessive production of intestinal 
apolipoprotein B48 (apoB48), promotion of cholesterol excretion, 
and inhibition of HMG-CoA reductase activity.
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Hyperlipidemia, a lipid metabolism disorder, is considered one of 
the major risk factors for cardiovascular diseases (CVDs), such as 
atherosclerosis, myocardial infarction, and stroke[85-86]. The intestine 
plays a key role in the regulation of dietary fat. ApoB48 is an essential 
structural protein of chylomicrons (CMs) that transports exogenous 
fat to blood circulation and other parts of the body[87]. The excessive 
production of apoB48 may lead to excessive absorption of exogenous 
lipids in the intestine, which eventually leads to hyperlipidemia, 
obesity, and atherosclerosis[88]. TAE can not only reduce the elevated 
levels of triglyceride (TG), total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C) and increase the levels of high-
density lipoprotein cholesterol (HDL-C), but also improve 
dyslipidemia by inhibiting the excessive production of intestinal 
apoB48[89]. The underlying mechanism may be related to the 
downregulation of MTP expression and the TNF-α/p38 MAPK 
signaling pathway. CPE can restore lipid metabolism disorders in 
diabetic rats[63]. CPE showed a significant lipid-lowering effect on 
hyperlipidemic mice by reducing the TC, TG, and LDL-C levels and 
increasing the HDL-C levels[90]. The lipid-lowering effect may be 
related to the excessive inhibition of apoB48 production, which is 
mediated by the TNF-α-induced MAPK pathway. Different polar 
extracts improved lipid metabolism in HFD-induced hyperlipidemia 
mice, and chloroform fraction from C. paliurus (ChE) may increase 
the activity and mRNA expression level of cholesterol 7α-hydroxylase 
(CYP7A1) by promoting the excretion of cholesterol, a bile acid 
metabolite. In addition, 3-hydroxy-3-methylglutaryl-coenzyme A 
(HMG-CoA) reductase activity, mRNA expression level, and 
cholesterol biosynthesis were inhibited[91]. CPE can prevent HFD-
induced hyperlipidemia and obesity in SD rats. In addition, CPE 
treatment can reduce serum TC, TG, LDL-C, free fatty acids (FFAs), 
and leptin levels, increase HDL-C and adiponectin levels, and 
substantially reduce body weight gain, visceral fat mass, and fat 
storage levels[92]. The early stage of nonalcoholic fatty liver disease 
(NAFLD) is hepatic steatosis (HS), which is characterized by TG 
accumulation in the cytoplasm of hepatocytes and increases the 
susceptibility of the liver to various causes[93]. HS may result from the 
imbalance between lipid utilization and output in the liver and 
between lipid uptake and synthesis[94]. Therefore, the regulation of 
related signaling pathways can be a potential strategy to improving 
HS and blocking the progression of NAFLD. ChE exerts a certain 
reversal effect on HS, and its mechanism may be related to the 
reduction of serum non-esterified fatty acids (NEFAs) levels and lipid 
intake, and inhibition of lipid de novo synthesis in the liver[95]. ChE 
can also reduce HFD-induced liver oxidative stress and inflammatory 
response, which results in the prevention of NAFLD. TAE can 
improve the antioxidant activity and repair the mitochondrial 
respiratory chain in HFD-induced rats and FFA-induced HepG2 cells 
by activating the Nrf2 pathway, which reduces NAFLD[96]. In 
addition, studies should further explore the effect and mechanism of 
triterpenoids from C. paliurus extract on antihyperlipidemia activity.

Compound 121 restores impaired autophagy and improves 
intestinal barrier function by indirectly triggering Sirt1/AMPK-
regulated lipid metabolism, which effectively counteracts FFA-
induced lipid accumulation and HFD-induced obesity, HS and 
inflammation, lipid disorders, insulin resistance, and liver injury[97]. 
Compounds 119, 135, 136, 153, 155, and 156 significantly decreased 
the oversecretion of apoB48 (P < 0.05)[37]. Further analysis of their 
structure and biological activity showed that the hydroxymethyl 

group at the C-4 position promoted their inhibitory activity. 
Compounds 6, 7, 64, and 65, which contain a pyranose group showed 
stronger inhibitory effects on the excessive secretion of apoB48 than 
compounds 3, 4, 21, and 22, which contain a furan sugar group. This 
finding indicates that the sugar part may have different effects on the 
compound’s inhibitory activity. Compounds 132, 161, and 162, 
which contain 2 double bonds, and compounds 128 and 165, which 
have a- and b-unsaturated ketones, revealed no effect on apoB48 
secretion. Therefore, the decrease activity of pentacyclic triterpenoids 
may be due to the presence of double bonds and a- and b-unsaturated 
ketones. Further studies are needed to confirm the specific and 
accurate structure-activity relationship.

4.3　Anti-inflammatory

Inflammation refers to a defense or immune response of the body 
to external stimuli, and excessive or persistent inflammation can lead 
to a variety of inflammation-related diseases[98].

EAE showed a significant inhibitory effect on the release of NO 
from lipopolysaccharide (LPS)-activated RAW 264.7 cells, and this 
result is comparable to the inhibitory effect of the positive control 
dexamethasone[99]. With in-depth understanding of the pathological 
mechanism of gout, researchers inferred that the release of IL-1β can 
induce the production of proinflammatory cytokines and chemokines 
by interacting with IL-1R, which leads to the infiltration of 
neutrophils in the inflammatory site, accompanied with severe pain 
and swelling[100]. CPT (10 µg/mL) can significantly reduce the level 
of IL-1β[101]. This inspired the development of green and safe anti-
inflammatory agents.

Compounds 71, 72, 109, and 110 present significant inhibitory 
effects on the production of NO and the expressions of cytokines NO, 
TNF-α, prostaglandin E2 (PGE2), and IL-6[99]. In addition, compound 
71 significantly inhibits the expression levels of cyclooxygenase-2 
(COX-2), inducible nitric oxide synthase (iNOS), and NF-κB/p65 
proteins, which indicates that the compound exerts anti-inflammatory 
effects by inhibiting the NF-κB signaling pathway. Therefore, the methoxy 
group on the side chain is possibly related to the high-efficiency 
inhibition of endotoxin-activated NO release in RAW 264.7 cells. 
According to the literature on the inhibitory activity of dammarane-type 
triterpenoids during NO release, the type of sugar group is important 
in inhibiting the effect of NO release. The Ara(f)-containing 
compounds 3, 4, and 25 have a weak inhibitory activity. Compound 
83, which has a similar structure to compounds 82 and 84, has a Qui 
sugar unit at C-12. Similarly, compound 26 weakly inhibits the 
release of NO. Qui is speculated to exert a certain inhibitory effect on 
this activity. Compounds 136, 153, and 156 significantly reduce the 
levels of IL-1β. Compound 153 can effectively improve NLRP3 
inflammasome-mediated gout through PI3K-Akt-mTOR-dependent 
autophagy[101]. The inhibition rate of compound 79 on COX-2 reached 
35.83, which is half that of the positive control. Compound 78, which 
also contains Ara(f) at C-20, showed a certain inhibitory activity on 
COX-2. C-20 glycosylation is speculated to play an important role in 
the COX-2 inhibitory activity. Compound 118 significantly inhibited 
the LPS-induced phosphorylation of P38 mitogen-activated protein 
kinase (P38), JUN N-terminal kinases 1/2 (JNK1/2), and extracellular 
regulated protein kinases 1/2 (ERK1/2). Compound 155 considerably 
reduced the phosphorylation of JNK1/2 and P38, but did not change 
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the total protein expression levels of JNK1/2, P38, and ERK1/2[102]. 
Compounds 118 and 155 mediate the NF-κB and MAPK pathways 
together, and compound 120 only mediates the former. Compared 
with compounds 120 and 155, compound 118 had the strongest 
inhibitory effect on LPS-stimulated NO production in RAW 264.7 
cells. Such result was observed possible because the C-4 methyl 
group was not further oxidized to a hydroxymethyl group. More in-
depth anti-inflammatory mechanisms and structure-activity relationships 
await further exploration and discovery.

4.4　Anticancer and cytotoxicity

The cytotoxicity test is the basic content of studies given that 
C. paliurus is a raw material for healthy food. Zhou et al.[103] 
investigated the inhibitory activity of CPE leaves from different 
habitats on HeLa cells, and observed that C. paliurus from Anhui and 
Guizhou populations, which had the highest triterpenoid content, 
showed the strongest inhibitory effect on HeLa cells. These results 
provide a basis for the rational selection of suitable planting areas for 
C. paliurus to maximize its function and nutritional value.

Compounds 68, 69, and 96 showed extensive cytotoxic effects on 
cancer cells[104]. Compounds 118, 119, 121, and 136 significantly 
reduced the proliferation of HeLa cells by inducing their apoptosis 
and regulating mitochondrial membrane potential (MMP), reactive 
oxygen species (ROS) production, and apoptosis-related proteins 
through the mitochondrial pathway[103]. RNA sequencing showed that 
ACTB, ATF4, TUBA1B, and TUBA1C genes may be the key genes 
involved in the apoptosis induced by compounds 119 and 136. 
Compounds 15, 86, and 113 showed a stronger inhibitory activity 
against cancer cells than the positive control cisplatin (DDP). Further 
analysis of their structure and biological activity revealed that the 
sugar unit Qui connected to C-11 contributes greatly to their 
anticancer activity. Similarly, compounds 18, 27, 75, 86, 87, 89, 108, 
and 133 exhibit anticancer activities to some extent. The presence of 
ester groups at the C-3 position exerts an important cytotoxic effect. 
Compounds 50 and 78, which have ester groups at the C-3 position, 
exhibit a strong anticancer activity. In addition, the presence of 
compounds 15, 86, and 113, which also possess a strong anticancer 
activity, indicates the potential of C. paliurus as an anticancer drug. 
However, the lack of in-depth mechanism research, such as the 
inhibition of different types of cancer cells, hinders the development 
of drugs. Thus, further research is urgently needed to fill this clinical 
transformation gap.

4.5　Others

Cancer, aging, or other diseases are mainly related to the 
excessive production and accumulation of free radicals[105]. Therefore, 
studying antioxidants can result in the effective elimination of the 
harmful effects of free radicals. CPE had a significant effect on the 
scavenging capabilities and reducing power of DPPH and ABTS free 
radicals[103]. Yang et al.[106] observed that compounds 142, 149, 163, 
166, and 168 can greatly increase superoxide dismutase (SOD) 
activities and decrease malondialdehyde (MDA) levels in FFA-
induced HepG2 steatosis cells. Compound 142 showed a better 
potential effect on the inhibition of MDA production than the positive 
control (vitamin E). Further structural and biological activity analysis 

revealed that compounds 160 and 163 have the same chemical 
skeleton but different C-30 functional group. However, their varying 
activities suggest that terminal double bonds may be the key to their 
antioxidant activity. Notably, compounds 161 and 162, which have 
double bonds at the end exhibit no antioxidant activity, and this 
finding indicates that 1-hydroxyl may influence their antioxidant 
activity. Compounds 65 and 105 showed inhibitory activity against 
Sirt1, with IC50 values of 20 and 10 µmol/L, respectively[56]. 
Compounds 25, 26, and 37 inhibited the activity of TNF-α in LPS-
induced mouse peritoneal macrophages (RAW 264.7) and exerted 
hepatoprotective effects by inhibiting the proliferation of HepG2 
cells[107]. The addition of triterpenoids reduces the filamentous 
and invasive growth of cells, which is beneficial to redox balance 
and glycolysis[108].

In summary, triterpenoids from C. paliurus have incalculable 
health effects. A large number of studies have revealed their 
antioxidation, antihyperglycemic, antihyperlipidemia, antibacterial, 
and anti-inflammatory activities. However, the current research 
usually involves cells, mice, and rats, and related clinical reports are 
lacking. In addition, further exploration is needed to determine the 
biological activity and structure-activity relationship of the remaining 
active substances.

5.　Applications of triterpenoids from C. paliurus

In traditional Chinese medicine, C. paliurus leaves are used for 
the treatment of hyperglycemia, hyperlipidemia, inflammatory 
diseases, cancer, DN, and as antioxidants. Triterpenoids are an 
important contributors to the pharmacological activity of C. paliurus, 
and they have potential applications in the field of food and medicine.

Triterpenoids, which are natural compounds that widely exist in 
nature, have attracted people’s attention due to their various 
biological and pharmacological activities. However, their application 
in the clinical drug and food markets is greatly hindered by their low 
bioavailability, poor targeting, fast metabolism, and other 
shortcomings. With the development of nanotechnology, the loading 
of functional small molecules into nanosystems to form targeted 
delivery systems has become a trend in drug development. 
Pentacyclic triterpenoids comprise natural amphiphilic products with 
a rigid skeleton and several polar functional groups, such as hydroxyl, 
carbonyl, and carboxyl groups. This amphiphilicity enables the 
assembly of complex nanostructures, which have been widely 
concerned and applied in various fields[109]. Chu et al.[110] utilized Ag+-
modified chitosan (CS-Ag) nanoparticles (NPs), which resulted in the 
formation of CS-Ag-L-NPs, to deliver lupeol (172). CS-Ag-L-NPs 
showed good antibacterial activity in an infectious wound model and 
promoted wound healing. In addition, small-molecule compounds can 
be used as carriers to assemble NPs through load interaction, which 
will improve the stability and biological activity of the load. The 
preparation of asiatic acid (155)-caffeic acid phenethyl ester 
NPs (ASA-CAPE NPs) enabled CAPE to obtain better water 
solubility, stability, and biological activity[111]. ASA-CAPE NPs also 
allowed CAPE to exhibit a good release effect during in vitro 
gastrointestinal digestion. The construction of ursolic acid (152)/
Tween 80 nanovesicles (V-UA) caused ursolic acid (152) not only to 
act as an active component in the nanovesicle drug delivery system 
but also a part of the carrier for the stabilization of UA/Tween 80 
nanostructures[112]. Therefore, NP drug delivery systems can not only 
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reduce the hydrophobicity of certain terpenoids but also improve the 
precise targeted therapy involving such compound, such as those for 
antiwound infection and anti-liver disease.

Terpenoids possess many biological activities, such as antioxidation, 
anticancer, antibacterial, and so on. Therefore, in food production, 
these compounds can be used as an antioxidant, a bacteriostatic agent, 
and so on to prolong the preservation of food. soy protein/chitosan-
based microsphere (SCM), as a stable biocompatible vehicle of 
compound 118, was constructed under acidic conditions and showed 
high stability and enhanced antibacterial and antioxidant properties[113]. 
The potential application of the SCM-OA delivery system was 
evaluated using microprocessed apples as test materials. The results 
reveal that the SCM-OA delivery system had evident effects on the 
reduction of weight loss rate, maintenance of the total phenol content, 
and inhibition of the browning of microprocessed apples. This past 
study provides new ideas and a basis for the application of 
triterpenoids in fruit and vegetable food processing. Triterpenoids can 
be used not only as antioxidants but also as antibacterial agents in 
food. Compound 152 is not only present in C. paliurus, but is also the 
main antibacterial active ingredient in blueberry cuticular wax. 
Compound 152 can inhibit the growth of Botrytis cinerea in vitro and 
in vivo[114]. Therefore, this compound has great potential as a 
fungicide for the control of blueberry gray mold.

The ursolic acid (152) water/oil pickering emulsion based on 
rapeseed oil not only accelerated the digestion process of oil but also 
improved the bioavailability and bioactivity of ursolic acid (152)[115].

The development of natural compounds as sugar substitutes has 
been a constant concern in the food industry. The sweetness of 
C. paliurus is mainly attributed to the presence of dammarane-type 
triterpenoid saponins. Compounds 3 and 12 have a sweetness that is 
around 200 and 250 times that of sucrose, respectively[116]. 
Compounds 64 and 65 are dammarane-type saponins with a sweet 
taste. Thus, they can be potentially used as natural sweeteners and 
sugar substitutes in the sweetness test and have great development 
prospects in the food raw-material market (Fig. 9). Given that 
compounds 64 and 65 differ only in terms of their glycoside unit, 

changing the glycoside unit will affect their perceived sweetness; 
derivative sugar units with longer or branched may be more effective 
as sweeteners than 64 or 65[32], as observed in other glycoside 
analogues, such as stevioside and dolomite[117]. In May 2023, the 
World Health Organization (WHO) released an updated guide on 
sugar substitution. WHO recommends not to use nonsugar sweeteners 
(NSS) to control body weight, because in the long run, replacing free 
sugars with NSS has no contribution to weight control; long-term use 
may also have some potential adverse effects, such as the increasing 
risk of type 2 diabetes, CVD, and death in adults[118]. Therefore, the 
triterpenoid saponins from C. paliurus, given their certain health 
benefits, provide prospects, opportunities, and challenges for the 
development of sugar substitutes. In addition, in-depth studies are 
required to gain insights into the safety and long-term effects of 
triterpenoid saponins derived from C. paliurus to ensure their 
sustainable application across various industries.

Compound 120 can act as a growth factor when added to the trout 
diet. The trout fed with compound 120 showed higher whole-body 
weight, liver weight, and growth rate of than the control group, which 
proves the application prospect of terpenoids as feed[119].

6.　Conclusion and prospect

Triterpenoids are important secondary metabolites in the plant 
kingdom and considered one of the most abundant categories of 
phytochemicals. Their strong physiological activity provides broad 
prospect and opportunity for the research and application of 
C. paliurus. Several prospects that need to be addressed may 
stimulate more far-reaching research work in the future include the 
following: (1) Despite the emergence of new triterpene compounds, 
the research on triterpene compounds remains in the stage of 
extraction, identification, and purification. Therefore, the future 
challenge is the development of efficient separation and purification 
methods and accurate structural identification strategies and equipment. 
(2) The long extraction and purification time and the low yield of 
secondary metabolites from natural plants have been persistent 
challenges for researchers. Therefore, other methods, such as fermentation 
of engineered microorganisms expressing the mevalonate pathway 
and callus culture, must be developed to increase the yield of 
triterpenoids. (3) Preliminary studies have shown the important 
contributions of triterpenoids in terms of hypoglycemic, lipid-
lowering, and antioxidant effects and other aspects, but more research 
on their mechanism of structure and biological activity is still needed. 
(4) Strong evidence verifying these pharmacological activities is 
limited. Therefore, virtual docking, animal experiments, and clinical 
trials are needed to further gain insights into the biological effects, 
bioavailability, and safety of these triterpenes or saponins. (5) Although 
some studies focused on the application of triterpenoids from 
C. paliurus, many potential compounds, such as sweet substances and 
biologically active compounds, wait comprehensive excavation and 
research. (6) Industries should be encouraged to promote the commercial 
application of C. paliurus triterpenoids in food and medicine. Greater 
emphasis should be placed on the improvement and upgrading of 
enterprise standards and regulations. Despite multiple challenges, the 
great potential for the development of triterpenoids as active ingredients 
of C. paliurus in the field of food and medicine cannot be ignored.

In this review, we have summarized 177 triterpenoids from different 
parts of C. paliurus. We elucidated the structures of these compounds Fig. 9　Future development and application of triterpenoids in C. paliurus.
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and inferred their biosynthesis. The biological activities of these 
compounds and triterpenoid-rich extracts were discussed, including 
antidiabetes, antihyperlipidemia, anti-inflammatory, anticancer or 
cytotoxicity, antioxidation activities, etc. Applications of related 
triterpenoids in the fields of food and medicine have been described. 
C. paliurus can be regarded as an important supplement to the food 
market, and it offers a diverse and invaluable resource for the development 
and optimization of natural products and new drugs. Further research 
on the quality control, toxicity studies, and pharmacological activity 
of triterpenoids from C. paliurus is needed to establish a strong 
theoretical foundation for the market development of this plant.
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