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Research progress on chemical constituents and anti-metabolic disease
pharmacological effects of Cyclocarya paliurus
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Abstract: Qingqianliu (Cyclocarya paliurus) belongs to the genus Cyclocarya in Juglandaceae family, with the function of engendering
liquid and quenching thirst, lowering blood pressure and strengthening heart. Metabolic diseases are recognized as a group of diseases
characterized by metabolic disorder, including diabetes, hyperlipidemia, hypertension, high uric acid and liver disease, and are the main
cause of sub-health conditions worldwide. Cyclocarya paliurus is rich in active ingradients such as triterpenes, flavonoids and
polysaccharides, and has hypoglycemia, hypolipidemic, antihypertensive, anti-uric acid, liver protection and other effects. This article
reviews the chemical composition and pharmacological effects of Cyclocarya paliurus against metabolic diseases, in order to provide
reference for the subsequent research, development and utilization of this resource.
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Table 1 Triterpenoids from C. paliurus

G5 WEY SCik G5 wEM SCHR
1 R A 12 16 HEMIE D 20
2 MAE A 13 17 HHMIE E 20
3 %% B 13 18 HHAMT F 20
4 HEANE 1 14 19 HEMIT G 20
5 HEMITR A 16 20 HHMIT H 20
6 HHMIE B 17 21 HHMIZ A 20
7 KT RS = 1 17 2 AfER 21
8 FHURR 15 23 BRI 21
9 195 15 24 I 7 LR 21
10 E il 15 25 AT J 22
11 HHMIT B 18 26 HHMITE K 23
12 HEMITF C 18 27 (23E)-(12R 20S)-12,20-dihydroxy-3,4-secodammara- 24
13 o-FLAFR 19 4(28),23,25-trien-3-oic acid-12-0-a-L-arabinopyranoside

14 B-F W I 19 28 (12R,205,248)-20,24-dihydroxy-3,4-secodammara-2(28), 24
15 B-F W i 19 25-dien-3-oic acid-12-0-a-L-arabinopyranoside
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29 (205,24R)-(3at,12p)-20,24-epoxydammara-25-0l-12-0-B-D- 24 | 65 FHEAEREE 29
quinovopyranosyl-3-0O-a-L-arabinopyranoside 66  2a,3p-dihydroxyllupeol 29
30 FHHEMITL 25 | 67 EHETR 29
31 FHEMHEM 25 | 68 3p-hydroxy-11-oxo-oleana-12-28-oic acid 29
32 HEMEN 25 | 69 olean-12-en-2a,3p-diol 29
33 3p,23-dihydroxy-1,12-dioxo-olean-28-oic acid 25 70 20,3p,23-trihydroxyolean-12-ene 29
34 3B,23,27-trihydroxy-1-oxo-olean-12-ene-28-oic acid 25 71 (208,24R)-20,24-epoxy-25-hydroxy-12p-(a-L-arabinopy- 30
35 CWAHBEH 25 ranosyloxy)-3,4-seco-dammara-4(28)-en-3-oic acid
36  2a-hydroxyursolic acid 25 72 (208,24R)-20,24-epoxy-25-hydroxy-12p-(a-L-arabinopy- 30
37 3B,23-dihydroxy-12-ene-28-ursolic acid 25 ranosyloxy)-3,4-seco-dammara-4(28)-en-3-oic acid
38  2a,3p,23-trihydroxy-12-ene-28-ursolic acid 25 methyl eater
39  2a,30,23-trihydroxyurs-12-ene-28-oic acid 25 73 (208,24R)-20,24-epoxy-25-hydroxy-12p-(B-D-quinov- 30
40  20,3p,23-trihydroxyoleana-11,13(18)-dien-28-oic-acid 25 opyranosyloxy)-3,4-seco-dammara-4(28)-en-3-oic acid
41  20,30,23-trihydroxyurs-12,20(30)-dien-28-oic acid 25 methyl eater
42 BRI 25 | 74 3B,190,23-trihydroxy-1-oxo-olean-12-en-28-oic- acid 30
43 20,3p,23-trihydroxyurs-11-o0xo-12-ene-28-oic acid 25 75 1a,3p-dihydroxy-olean-12-en-28-oic acid 30
44 FHEMIEE A 26 | 76 A 30
45  FHHMIEB 26 | 77 olean-12-en-1p,3p,28-triol 30
46  FHHMIE C 26 | 78 cyclopalitin A 3]
47 HEMED 26 | 79 cyclopalitin B 3]
48 HEMIEE 26 | 80 FHEMITR 32
49  FHEMIEEF 20 | 81 FHEMIFS 32
50 HHMEG 26 | 82 HHMITT 32
51 HHMEH 26 | 83 HEMITU 32
52 HHMEO 27 | 84 HEMIEV 32
53 HHEEIEP 27 | 85 HHMITW 32
54 HHMEQ 27 | 86 HHMIH X 32
55 1B,20,3P,23-tetrahydroxyurs-12-en-28-ursolic acid 28 87 HEMIFY 32
56  20,30,60,190,23-pentahydroxyurs-12-en-28-ursolic acid 28 88 HEMITH Z, 32
57 20,30,20B,23-tetrahydroxyurs-12-en-28-ursolic acid 28 89 HEMIT 22 32
58 1B,20,3p,23-tetrahydroxyurs-12,20(30)-dien-28-ursolic 28 | 90 EHEMIF Zs 32
acid 91 FHHMIH Z1 33
59 20,30,23-trihydroxy-12,20(30)-dien-28-ursolic-acid-28-0- 28 | 92 FHEMIFF 72 33
B-D-glucopyranoside 93 FHEMIT 23 33
60  1-oxo0-3B,23-dihydroxyolean-12-en-28-oic acid 28-0O-f- 28 94 HEMIT 24 33
D-xylopyranoside 95 HEMIT Z5 33
61  2a,30,23-trihydroxy-urs-12-en-28-oic acid 28-0-B-D- 28 | 96 HEMIT Z6 33
glucopyranoside 97 HEMIF 27 33
62 19a-hydroxyasiatic acid 28 98 FHERMIF Z8 33
63 lup-20(29)-ene-3p,16p-diol 29 99 (23E)-(12R,20S)-20-hydroxy-25-0x0-12-0-a-L-arabinopy- 34
64 PG 29 ranosyl-3,4-secodammara-4(28),23(24)-dien-3-oic acid
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100 (23E)-(12R,205)-20,25-dihydroxy-12-O-a-L-arabinopyranosyl- 34 | 123  Bibkikm 38
3,4-secodammara-4(28),23(24)-dien-3-oic acid methyl ester 124 MEHEER I 38
101 (12R,208,24R)-25-hydroxy-20,24-epoxy-12-0-B-D-glucopy- 34 | 125 23-trans-p-counmaroyloxy-20,3p-dihydroxyplen- 38
ranosyl-3,4-secondammara-4(28)-en-3-oic acid 12-en-28-acid
102 (12R,208,23R,245)-20,23 24-trihydroxy- 12-O-a-L-arabinopy- 35 126 HERMIT Zo 39
ranosyl-3,4-secodammara-4(28),25(26)-dien-3-oic acid 127 HEMIHE Z1o 39
103 (23E)-(12R,205)-20,25-dihydroxy-12-O-p-D-glucopyranosyl-3,4- 35 | 128 FHHMH Zu 39
secodammara-4(28),23(24)-dien-3-oic acid 129 HEMFH 21 39
104 (12R,205,248)-20,24-dihydroxy-12-0-B-D-glucopyranosyl-3,4- 35 | 130 HEMIT Z13 39
secodammara-4(28),25(26)-dien-3-oic acid 131 HEME Zu 39
105 (208,23E)-30,12p,20-trihydroxy-12-0-B-D-qunovopyranosyl- 36 | 132 HEMIT Zis 39
dammara-23,25-diene-3-0-0-L-arabinopyranoside 133 HEME Zis 39
106 (208,24R)-20,24-epoxy-3a,128,25-trihydoxy-12-0--D- 36 | 134 HEMT 21 39
glucopyranosyldammarane-3-0-a-L-arabinopyranoside 135 FHMHE Zis 39
107 HHH A 37 | 136 HHMIT Zio 39
108 FHEH B 37| 137 FHEHES 40
109 HE&H C 37| 138 HHET 40
110 FEFH D 37| 139 FHHEHFU 40
11 FHHE 37| 140 FHHEV 40
112 HHHF 37| 141 WFER 41
113 HEHFG 37 | 142 23-hydroxy-1-oxo-olean-2,12-dien-28-oic-acid 4
114 H&EH 37 | 143 (205,24R)-20,24-epoxy-11a,25-dihydroxy-3,4- 4
115 HEFI 37 secodammara-4(28)-en-3-oic acid methyl eater
116 HEE 37 | 144  1la,2a,3p,23-tetrahydroxyolean-12-en-28-oic-acid 43
117 HETK 37 | 145 2a,3B,22¢-trihydroxyurs-12-en-28-oic acid 28-0-p- 43
118 HHHEL 37 D-glucopyranoside
119 HH&HFM 37| 146 FHEIFN 43
121 (24R)-3p-[(4-O-acetyl-a-L-arabinopyranosyl)oxy]-25-hydroxy- 38 147 HEEFO 43
20,24-epoxydammaran- 12p-yl-6-deoxy-p-D- glucopyranoside 148 FHEE P 43
122 2a,3B,23-trihydroxylurs-12,20(30)-dien-28-oic acid-p-D- 38 149 HEEFQ 43
glucopyranoside 150 FHEER 43
1.2 EiR B-D-H #ehH (155, 156). SRERIGEFHOINF ERANM
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1 R, =f-0-0~(5"-O-acetyl)-u-L-Ara, Ry,=H, Ry =0-0-L-Ara

2 R, =p-0-0-L-Ara(f), R,=H, R;= O-p-D-Qui

11 R} = B-O-p-D-Qui, R, —H, Ry = O-p-D-Qui
12 R, = [3-O-u-L-Ara, R, =H, Ry= O-u~(5"-0O-acetyl)-L-Ara
20 R, =[-0-(5"-O-acetyl)-o-L-Ara, R,=
25 R =[-0-0-L-Ara, R, =H, Ry=0-B-D-Qui
29 Ry =a-0-u-L-Ara, Ry =H, Ry = O-f-D-Qui

32 R, =-0-(4-O-acetyl)-f-D-Qui, R,=H, R;= O-B-D-Qui

H, Ry=0-f-D-Qui

R,00C,
(.

3R, =R,

=R,=H, R;=0--D-Qui
4R, =R,=R,=H, Ry=0-0-L-Ara

16 R, =R, =H, Ry=0-p-D-Qui, R;=CH,
17R= CHZCH-A_ R,=H., R;= 0-p-D-Qui, Ry =
18 R, =R,=H, Ry=0-g-L-Ara, R;=CHjs

19 R,;=CH,CH;, Ry=H, Ry=0-0-L-Ara, R,=

48 RI—CH R,=R,=H, R;=0H
1

H9R= H;, R,=H, R;=OH
7R, = 0-0-p-D-Xyl. R, =H. Ry =0-p-D-Qui 86 R, — R qu Ro—H, R:fg-u-,t-Ara
98 R, =0-0-B-D-Qui, R,=H, Ry=0-B-D-Qui 87 R:=R:—CH"R; H R.=0-p-D-Qui
106 R, = g-0-0-L-Ara, R, =H, Ry =0--D-Glu 88 R, =CH,, Ry R, =H. R, =0-p-D-Qui
:il R;=[- ?)-()—;a'cclyl -0-g- ."(-)Aral)Rz H, R;=O-p-D-Glu 93 R, =CH;, R,=R,=H, R; = O-p-D-Qui
R, Za-O-u-L-Ara, R, =0-f-D-Glu, Ry~ H _ .. 100 R,=CH;, R,=R,=H, R;=0-u-L-Ara
136 R) = 0-0-(5-O-acetyl)-u-L-Ara, Ry=0-B-D-Glu, R;=H |3 R,=R,=R,=H, Ry=0-p-D-Glu
140 R, =f-0-(4-0-acetyl)-a-D-Xyl, R,=O-f-D-Qui, R;=H {14 R:=C§1‘ R.=0-u-l-Ara Ry=R,=H
146 R) = 0-0-u-L-Ara(l), R, = O-u-L-Ara, R;=H 115R, :Ra':RJ’: H, R2=()-['}-1)-Qui
137 Ry =R,=CHj, R,= 0-p-D-Qui, R3=H
Ry .

R,00C, Ry p% = om
28 R, =R,=H, Ry=(0-0-L-Ara, Ry;=u-OH 5
44 R,;=CH,, R,=H, R,=OH, R,=p-OH 22R,=Ry=H, R,=COOH
45R,=CH;, R,=H, Ry=0H, R;=a-OH — = et

63 R,=H, R,=CH,, Ry =0H
46 R,=R,=H, R;=0H, R,=[-OH o >

64R,=R;=H, R,=CH,
47 R, =R,=H, R;=0H, Ry;=0¢-0H SR =R =11 R—CH
51 R, =CHs, R, =H, Ry=0-0-L-Ara, R,=f}-OH D _

66 R,—OH, R,=CH;, R;=H
92 R, =R,=H, R3= 0-B-D-Qui, Ry =0-OH 67R, —OH. R,=—COOH. R.=H
94 R, =R,=H, Ry=0-§-D-Rib, R,=¢-OH ! 2 T
149 R, =CH,, R,=0-0-L-Ara, Ry=H, R,=f-OH HO,

52 R, =g-O-u-L-Ara(f), R,=H, R;=0-g-L-Ara

53 Ry =0-0-0-L-Ara(f), R,=H, Ry = O--D-Qui

95 R = 0-0-0-L-Ara, R,=H, Ry = O-0-L-Ara
105 R, = 0-O-a-L-Ara, R, =H, Ry = O-B-D-Qui
118 R = B-0-B-D-Qui, R, = O-B-D-Qui, R;=H
128 R; =g-0-0-L-Ara, R,=0-p-D-Glu, Ry;=H

HOOC

1
1
1

HOOC

96 Ry = o-L-Ara, R, =Ry =H, Ry = O-p-D-Qui
130 R, =g-L-Ara, R,=O-B-D-Qui, R;=H, Ry =
131 Ry =o-L-Ara, R,=0-B-L-Qui, R;=H, Ry=

OCH;4
OCH;4

"

78 R, =a-OH, R, =CHj
79 R, =B-OH, R,=COOH
OH
R,00C

71 R,=R,=H, R;=0-g-L-Ara
72 R;=CH;, R,=H, Ry=0-0-L-Ara
73 R, =CHj, R;=H, Ry = 0-B-D-Qui
01 R, —R,—H,R;—0- |3 -D-Glu
38 R, =CH;, Ry=0-B-D-Qui, R;=H
39 R,=R;=H, Ry,=0-u-L-Ara

126 R, =p-OH, R,=p-D-Qui
147 R =0-0-0-L-Ara(f), R, =
148 R, —0-O-u-L-Ara(f), R,

B-D-Qui
=uo-L-Ara

129 Ry =o-L-Ara, R,=

f-D-Glu

21 R,=CH;, R,=R,=H.R;=0H
26 R,=R,=R,=H, Ry=0-f-D-Qui
27 R, =R,=R4=H, Ry=0-g-L-Ara

83 R,=CHj;, R,=R,=H, Ry=0-u-L-Ara

84 R, —CH;. R,—R,—H, R; = O0-f-D-Qui

85 R, =CH;, R, =R, =H. Ry = O-p-D-Qui
107 R,=R;=R,=H, R,=0-g-L-Ara
108 R, =CHj;, Ry = 0-0-L-Ara, Ry =R, =
111 R, =R;=R,=H, R, = 0-B-D-Qui
112 R;=CH;, R,=0-§-D-Qui, R;=R,=H
113 R, =R,=H, R, = O-p-D-Qui, R,=CHj
116 R,=R,=R,=H, R,=O--D-Glu

CH,4

CH;
H

R,O'

30 R, = a-L-Ara(f). Ry = -D-Qui
31 R, =u-(5-~0-acetyl)-u-L-Ara, R, = B-D-Qui

R,

R,00C 3
N H

S0 R;=CH;3, R,=
89 R;=CH;. R,=H, R
90 R,=CH,, R,=H, Ry=0-g-L-Ara, Ry=
109 R, =H, R,=0-0-L-Ara, Ry3=H, Ry=

110 R, =CHs, R, =0-0-L-Ara, Ry=H, R,=
117R, = H.R,=

R3=Ry=

H
3= 0-0-L-Ara, R;=0CH;

OCH;
OCH;

OCH;

OCH;

CH;, R; = 0-g-L-Ara, R;—

OCH;,4
54 Ry =0-0-L-Ara, R,=H, Ry =0-f-D-Qui
132 R =0-0-L-Ara, R, = O-f-D-Qui, R;=H
133 R =R,=0-u-L-Ara, R;=H
134 R = O~(5"-0-acetyl)-o-L-Ara, Ry = O-p-D-Qui, R;=H

80 R, =
81 R, =

CHj;, Ry=o-L-Ara, R3=R, = p-OH
CH;. R, =q-I-Ara, Ry =R, = 0-OH

82 R,=CH,, R,=B-D-Qui, Ry =R, =[-OH
102 R, =H, R,=0-L-Ara, R;=-OH, R, =0-OH
104 R, =H, R,=f-D-Glu, Ry =H, R, =0¢-OH

OH
120 R, =o-L-Ara, R, =p-D-Glu

127 R, =(5"acetyl)-o-L-Ara, R,=f-D-Qui  OH
OH
v

COOCH;  HO
A




FEH 2023FE58 $554% B 9W  Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 9

* 2967 »

rRH N R;

6 R, =p-OH, R,=CH,0H, R, =COOH, R,=CH, 7R, =0-OH, R,=CH,0H, R;=COOH
15R,=H, R,=R;=CH;. R,=COOH 8 R =H, R,=CHj;, R;=COOH
24 R, =0-OH, R,=CH;, R,=COOH
35R,=H, R,=CH,0H, R;=COOH
69 R, =0-OH, R,=R;=CH,
70 R, =0-OH, R,=CH,0H, R;=CHj
124 R, =0-OH, R, =CH,0H, R; =COO0--D-Glu

10 R, =pB-OH, R, =CHj,, R;=COOH 141 R, =0-OH, R,=OH, R;=COOH
13 R,=a-OH, R,=COOH, R;=CHj HO R,
14 R, =p-OH, R,=R;=CH; -

COOR;

CH,OH
41 R;=R;=H, R,=¢-OH
42 R, =R;=H, R,=}-OH
58 R, =R,=[-OH, Ry=H
59 R, =H, R,=a-OH, R;=[-D-Glu
122 R;=H, R, =[-OH, R; =[-D-Glu
123 R,=R,=H, R,=p-OH

34 R, =H,R,=CH,0H, R;=H
60 R, =H, R,=CH;, R;=0-B-D-Xyl
74 R,=a-OH, R,=CH;, Ry;=H

0]

HO

R
55 R, =p-OH,
56 R,=H, R,=0-OH, R;=CH,0H, R,=Rs=0H, R,=R,=H
57R,=H, R,=0¢-OH, R;=CH,OH, R;=Rs;=R,=H, Rg=0H
61 R, =H, R,=0-OH, R;=CH,0H, R;=Rs=R;=H, R,=B-D-Glu
62 R, =H, R,=B-OH, R;=CH,0H, R,=R,=R,=H, Rs=0H

145 R, =H, R,=f-OH, Ry=CH;, R, =Rs=R=H, R,=f-D-Glu

4 68
R,=p-OH, R;=CH,0H, R,=R;=R;=R,=H HO

77 142

Bl FHiih=iERX U EYrIEN

125 R, =0-0OH, R, = CH,0-p-hydroxycinnamoyl, Ry =

9 R, =H, R,=-OH, Ry=CHj
23 R, =0-OH, R,=p-OH,R; =CHj,
36 R, =0-OH, R,=f-OH, R;=CHj
37R,=H, R,=pB-OH, Ry =CH,OH
38 R, =0-OH, R,=[-OH, Ry=CH,OH
39 R,=R,=0-OH, Ry;=CH,0H

HO

: H

i, €00
75R,=H., R,=CH;

144 R, =¢-OH, R,=CH,0H

150 R,=H, R,=CH,OH

Fig. 1 Structures of triterpenoids from C. paliurus

AAGE, R UXOPh B BERE B A BUR R BT &
M. BN RN AT AR R LR 2
AE 2,
1.3 %9

TN BE LR A U BTRLATE
KBE. BRAPE. FIH SRS RN . Xie B84
FH B T2 i 2 B A 1S B A 2 b . BT hz AR
FFUE. HERRE. RASERIACHE 2 R) H ER 2 h
CPP (203), HXI7F &N 9.00X 10%. [fif5, it
AR E B T A Tolb A= 77 AT R P ) 2 T 1
HRA B 4 PP 7 iR AE 6.00X 103~3.00 X 10
(KIZHER Sy, 235N CCPS-A~D (204~207) 19,
F/INTEOUR FH /KRB LE 70 5, B4 3 T3S i

Re4i ik 1555551 2 BE CP50 (208), FIX} 2 T E N
590X 104 HF-FUMERR. FATHE. FFUE. PR
B H R ABE. WP AR, HAR
B ERUF o AR R0 HE . X CP50 HE—3P
A AT 2 — Pl 8RR FE 2 ¥ CP-IIT (209) ©1, AH
SFAr TR 7.27 X 104, X MA] ¥ T-7K I8 FE 304k
2 hE CP-II ] FAEZ) k. An SO
PERUEEIUUE 43 BS HH — PP BRI 2 B CPP (210),
— > H DEAB-£4F4E & 4li4618 5] CPP-D (211), H
CPP AHXZ> TRy 1.15X 105, AN R 2
Wi BTRERE. AKE. HEEME. AR AL
CPP-D X 7 F &N 9.10 X 103, HHH Z&4 . 6
2] R AN FLBE ZE R
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Table 2 Flavonoids from C. paliurus

ik Y SR | S AR Sk
151 i 44 | 178 k&R 55
152 M= 44 | 179 IZEF-3-0-3-0- LB H-o- LM R AR H) 55
153 SR 44 | 180 EEEXHD 48
154 (L ZEM)-3-0-p-D-Mt W3 i s 1 46 | 181 EEEXHE 48
155 1 Z&E-7-0-0-L- R 2= HE 45 | 182 EEEKHTF 48
156 L4~ FE$-7-0-B-D-H #& B H 45 | 183 EEEKHG 48
157 3,6,3,5"- P 2E-5,7.4- = 5 A s B 49 | 184 EEEREH 48
158 Mt &-3-0-0-L-R A HEH 47 | 185 EBEEWKHI 48
159 1l 2F3-3-0-B-D-MH: i 4 4 B8 B 4 26 50 | 186 EEFIRTI 48
160 Mt K-3-0-p-D- R HEEBR AWk 50 | 187 EEERHFK 48
161 #i&-3-0-p-D-E #i R A £k 50 | 188  8-(3,3-dimethylallyl)-5,7-dihydroxy-4"-methoxyflavonol-3- 48
162 % R -3-0-a-D-I T A 46T RS R 51 [0-2-C-carboxy-3,5-dideoxy-B-D-erythro-pentofuranosyl-
163 it K 3 -3-0-B-D- M W B BT 1R 51 (1-2)-0-L-rhamnopyranoside]-7-(B-D-glucopyranoside)
164 #HEER-3-0-B-D-ML W % IS R 51| 189 H¥EKHB 48
165  7-hydroxyl-4'-methoxy isoflavone 52 190 HEE A 48
166  4'-methoxyisoflavone-7-O-[a-L-thamnopyranosyl 52 191 #EEB 48

(1-6)]-B-D-glucopyranoside 192 #fEEC 48
167 Wiz 52 | 193 EFEREL 56
168 11128 Fh-3-0-0-L-MH TR 5 2 M 53 | 194 EEFEXKEM 56
169 1L ZEM}-3-0-p-D-IL W FLFEH 53 | 195 EEEREN 56
170 1L Z5F)-3-0-a-L-(4"-E-p-75 T RE3E )b Irg 2 4 53 | 196 EEENKRETO 56
171 1L Z5[3-7-O-p-D-H Mo 7 2 B 23 | 197 Y EHB 56
172 1122 E}-3-0-B-D- M e i 457 b 23 198  FREY 56
173 1 ZEB}-3-0-a-L-MH o o] o AP 23 109 quercetin-3-O-(4"-methoxy)-a-L-rahmnopyranosyl 57
174 & 54 | 200 EepkE 57
175 REEEER 54 | 201 1l ZER-3-0--D-ME I AT SRR T e 57
176 3,7,8,3"-PUszHe-4-FF A FE R 54 | 202 VEEENEH E4 57
177 3,5-ZFHk-7-F A B304 — S SO AR T 54

JrNA

X AR 2 W AT R B R B, W
b BRERAL . R W RAL N 2 B AL 18 sk 63-06), AT IR
T I TE AR (AW 0 1, XA T R 22 Bl AT 7T A
M2 o Xie ZE ] = REERR AN AR B BR AN A
BRI 2 W BEER AL AT AE W) P-CP, JRIE R P-CP fEd2
= RAW264.7 BI4HMLE 71 I 4 Bk P A i e
77. Han 56438 io GURSTR -ME E V2008 5 AR MR 22 0%
CPP 44k Z # CPPo.os BEAT IR .15 5] S-CPP H
S-CPPoos, KL CPP X /)~ B i A Y5 SROIR 248
B 2 T E 98T CPPoos, S-CPP JEHLH TH1F

(PE P o Xie SE0SIR B R 1 FH 2 HY A4kt 5510 40 31
1l % T B 2 WE R R AL AT A2 ) S-CP R H B4k
fiTtEY) CM-CP, RSMIF LR & A R E
HFEIE BRAE 11, RETRTY RAW264.7 41 %52 H 3
i, FEE—EFE B E AR 4 PRV E 7T - Meng
S 106 il F] 2, TR T 1) 45 5 00 2 M 1) R AR AT ZE
Ac-CPPo1, AMIFFLHR B Ac-CPPo, W IHIL#% A F
E2 5% [AF 2/Kelch £ ECH Ml A 1 5 5@ %
PEEYI PR RE ST . TR B AR 47
HS5HRMEE IR 3.
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OH O OH O
151 R;=0H, R,=R;=H 155 R, =H, R,=q-L-Rha, R;=H
152 R;=OH, R;=H, R;=0OH 156 R, =H, R,=f-D-Man, R; =CHj;
153 R, =0-p-D-Glu, R,=OH, R;=H 171 R, =H. R,=p-D-Glu, Ry=H

154 R;=O0-p-D-Glu acid. R,=OH.R;=H |7 R,=p-D-Glu, R,=R;= ].[
158 R; =0-0-L-Rha, R,=OH, R;=H 173 R, =q-L-Ara, R,=R;=H
159 R, =0O-p-D-Glu-Na, R,=R;=H OH

160 Ry = O-B-D-Glu-Na, R,=H, R;=0H
161 R, = O-p-D-Glu-Na, R, =R;=0H
162 R} = 0-g-L-Glu acid, R,=H, R;=0H
163 Rl—() B-D-Glu acid, R,=H, R;=0H
164 lef) p-D-Glu acid, R,=R;=0H
167 R, =R,=O0H, R;=H

168 RL=O u-L-Rha, R, =R3;=H

169 R; = O-p-D-Gal. R,=R;=H

R,0

OH O
170 R| = O-g-L-(4"-F-p-coumaroyl)-Rha, R,=R;=H q1g¢ R, = a-I-Rha-(1,2)-a-L-Rha, Ry = p-D-Glu

174 R, =R,=R;=H

179 Ry = O-acetyl-o-L-Rha, R, =R;=H

199 RL—U (4"-methoxy)-o-L-Rha, R=0H, Ry=H
200 R, = O-p-D-Gal, R, =H, Ry;=0H 189 R, =
201 Ry =O-B-D-butyl-Glu, R,=R;=H

R, =[-D-Glu

181 R, = p-D-Xyl-(1 2)-a-L-Rha, R,= p-D-Glu
182 R, =p-D-Glu-(1.4)-0-L-Rha, R, =p-D-Glu
183 R; = B-D-Glu-(1,2)-u-L-Rha, R, =p-D-Glu

OH O

184 R =C-carboxy-3,5-dideoxy-f-D-erythro-Pen-(1,2)-0-L-Rha, R, =f-D-Glu, Ry=H
185 R = B-D-Qui~(1,2)-v-L-Rha, R, =f-D-Glu, R; = CH;

186 R, =B-D-Xyl(1,2)-g-L-Rha, R, =0-L-Rha-(1,2)-B-D-Glu, Ry =CH;

187 R| =B-D-Glu~(1,3)-u-L-Rha, R,=f-D-Glu, Ry =H

188 R, = (-carboxy-3,5-dideoxy-b-D-erythro-Pen-(1.2)-0-L-Rha, R, =[-D-Glu, Ry=CH;
190 R}, = a-L-Rha-(1,2)-a-L-Rha, R, = [-D-Glu, R;=—CHj;

191 R, =p-D-Xyl-(1,2)-g-L-Rha, R,=B-D-Glu, R;=CH;

192 R, =p-D-Glu-(1.2)-0-L-Rha, R,=R-D-Glu, R;=CHs

197 R, = o-L-Rha-(1,2)-0-L-Rha, R; = p-D-Glu, R~,:H

198 R =p-D-Xyl-(1,2)-g-L-Rha, Ry,=(-D-Glu, R;=H

RO

OCH;4

165 R=H
166 R=q-L-Rha-(1,4)-p-D-Glc

193 R, = g-L-Rha, R, = p-D-Glu, Ry =0-OH

194 R, = g-L-Rha, R, =-D-Glu, Ry =[-OH
195 R, =@-L-Rha-(1,2)-0-L-Rha, R, =[-D-Glu, Ry=f-OH 0\

196 OH

202

2 BHRUREZEUAYRNGN

Fig. 2 Structures of flavonoids from C. paliurus

14 BERMERER

HEMP A AR B B, NIRRT

WERILE, EEHTZ N NEA RED) R
BIUER, G B . %\% . A, &
£ S UV 0 B R 1) R R R R T 4
E%ﬁﬁ,kmﬁﬁmmw$ﬂmaﬁWﬁ$§%
NR e, A e, 8 45 0 i & 2 205 T 3000
ug/g, v BRIRESECN 100~1000 pg/g, .
. B BRITE S ECN 10~100 ng/g, 5 i
GRS 43 505 4.804 0.68+ 5.66 pg/g. HLERT
Bl A R R T Rm R A, RMERE TR
BEHRE R, R ZEDZ RS EFEE R

RO EPL WHIUHE B SR S S IR
MEITCRILZIEE, KITTRMAHL. THIEE

FEIX 2 PPAERGR I AR G A — e 257, BRI
R A R mm%mwﬁmﬁhmﬁ¢miﬁ

L PSS R BTSN S, RUAF
iﬂﬁﬁT%%ﬁ%%ﬁ%%Tﬂ%wﬂﬁﬁﬁf
AT, oAb, JEILHTFUE BN TR R
W BR BREE TR AN R T VA R, I
5 R LU AR IR B, Housm e AL
%@*%%ﬁ%ﬁﬁ BREE RONZAEA) BRI 2454
FIRIF R SR LB SRR,
HTKE%%HE&T%%ﬁﬁﬁmﬁ%%ﬂ
P& M, AN [FLRA AL FREOMIR ST 18] 7
BT R SR B ERRER . UM
TEHERA A B B Bk B L B
TOER BRI, RILH BRI X E IR R
MrE SRR, B AR TR IR AL P AR
HRMTRN S ESAMF, I EAER—FhER—
MIERCT 4 A0 RERF BRI FERTRER

o
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Table 3 Polysaccharides from C. paliurus
%5 [E2 HFEER (R ELD RS 23 Sk
203 CPP 701 28 - B2 -BTHAT W - AR - H 3R - 7L (32,7 0933130613481 9.00X 10° 58
104 :13.5)
204 CPPS-A  — >3.00% 10 59
205 CPPS-B  — 1.00X 105~3.00X 10° 59
206 CPPS-C  — 6.00X 103~1.00X 10° 59
207 CPPS-D  — <6.00% 103 59
208  CP50 P FUEBR- A A WL FURE-PURLACORE- L SRR AR - AR (29.10 5.90X10¢ 60
256:165:93:67:6.1:4.1:26)
209 CP-III P U B R AR - FURE R - RS HE-H EEME (31.1:27.5:220:67:58 1 727X10° 61
38:3.1)
210  CPP R 2 - LA B - AW - H B B AR - FLRE (0,021 00237000200 1.15X10° 62
0.036 : 0.454 : 0.231)
211 CPP-D HER A (02351 0.677 1 0.088) 9.10X 10 62
212 CPpP SRS - BT R AF RS - ACHE - T i B AT M- 7L (1,000 2.23 10,640 0491 1.35X10° 67
0.63 : 4.16)
213 CP BT RLAA - UM - G- AURE R (10146 :3.5:45) 1.36X 106 68
214 UCP Bl RLAG - AU &R AR R (10059 :3.9 1 44) 1.34X 106 68
215 CPP-3 R 25 -] B AW - H B M- AT R SLBE (0.060 1 0.109 1 0.053 1 5.69X 104 4.94X10° 69
0.128 1 0.293 : 0.357)
216  CPP-2 SRS H B M- - AU (1,00 0078 13221 0.45) 3.07X10%, 3.70X 103 70

2 BFHHXRE M RRI S EER
2.1 BERRIR

SARZY B 2 5T 3 W35 B Mo R PR s S P 1
AARGF RIPR IR RSOR, BB I 2 o)
ZHE L ZHTIRE R, =R B, 2 HE
FAEY) LR T R 5 H EEREVE AT E . Lin
SISV T ) 8% 28] B 2 B E 75 R ThOns B PR TR 9T
RORA HEAEMK 7 A =wi L&Y, BFERTINA
# 1. o-FLEFMR. 3B,23-dihydroxy-1,12-dioxo-olean-
28-oic acid + 23-trihydroxyurs-11-o0xo-12-ene-28-oic
acid MFFEMITF K 55, JEAMEH #1555 S A
KPOE R ¥ 3 (signal transducer and activator of
transcription 3, STAT3). PRI AK LMK & H -
3 (cystein-asparate protease-3, Caspase-3). FE52 A
HAMZEIRBERES 1 (protein tyrosine phosphatase
non receptor type 1, PTPN1). BRMEBEEREE 1. A%
IR N A Gl 20 I A R AE KR A 55 15
LR E AR 15 K05 S, MBS LR
FHERMZ R A 2B MLk R . BE

Mg 452 (10038 3k 5 S M 2 ol 2 e 55 LR 3 5 38
TN, RIS B T R VR AL, R B
MR LL 250 R AN R 2R S5 A% 0 iy R A I
iR A2 A 2 PTPNL B85 428 25 (1 §5-2 (matrix
metalloprotein-2, MMP-2). MMP-9. Jii & &kEEK
[K-¥- 1 524K (insulin-like growth factor 1 receptor,
IGFIR) i A Wi -3 S5 5wt 1 15 ML
WHFUR I RN WE . B B 7y B R L1
S K BRI AT ARG DY 4 g 175 3 R B PR
T /N BRABEARY (1 IR, AR 07 458 38 b PR s 7
BRUXS 6 6 W 52 77+ A0 o761 6 W EF RS 0L AR
JE 5 B 4 SET6-801, R A SR H R T4 A
BEREH 3 (streptozotocin, STZ) 4% 2 T R Ip
KR, FEMIKIZEY) ig 4525 4 FEEALK

B 2 AT R 5 B KT R B BRI, BRI SR UK AR

BATRIE, HIEBR S RS2k, iR R 2RI 2
(insulin receptor substrate 2, IRS2) H] mRNA 7K>F
T 5o VLBTIE S0 5 ke I BRI B 28 5 vT
B JR 3 K BRI 7 H R A A P B A B (superoxide
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dismutase, SOD) FIZPEH KA, FRAK [ |
F 40/ % -1P Cinterleukin-1B, IL-1B) FIfRI ¥R 5
[A ¥ -a (tumor necrosis factor-a, TNF-0) F&iE/KF,
TR AT R AE ORGP R S 20, AT 2
TR PRI K BT e B TR AR TR 52 15 0 o i 5555
(8312 375 B3 A0 = s P 308 e A o) 0 o A T PR A, 1
5 PSRBT AU Bl 2 IO T TR S5 AL P C glutathione
peroxidase, GSH-Px). SOD. % L5 M (catase,
CAT) (G PERE STZ 53 1K SRR &5 241 M 8 INS-
1 ZHBE Y E WEFIRE T . Yoshitomi ZES4F 57 3R B 4R
10 4 B P W] S IRS1/ B e BE UL EE 3- 3% A
(phosphatidylinositol-3-kinase, PI3K) /& ¥ B
(protein kinase B, Akt) /1.60 X 10* ] Akt JE4)
(AS160) {55 HE R AE B S R, 7T BUK
L C2C12 4t i it /i & B iz EE H 3 (glucose
transporters 3, GLUT3) Z) 5l & ke, 5 Bl
YU P JR 15 2 R A FH T 92D 0 R 8 i e MR
o e WE R IR YT BT B AR S 1 25 R P E SRR
T AR 5 A SSTI o A A1 S B AR T8 T M = il R 0k R
B FEHEILIE B o2 PR JR w5y LW 2% 2 WA R 52 e, B
1% iy AT S IRS/PI3K/ Akt 15 5 18 1 o4 35 e
FIT B IR 5 o A0 B 5 2 AR
BT O AH TR, Wi g 5 H . 4
PRSI A P A0 A ST A AU PR B (diabetic
nephropathy, DN) &, 5 —&MHEEEH. TR
1 25 SO I I 78 BRMIK SR B DN K BRI 5%
Wiy, R I B K S ) e 2 2 B AIK DN K BRUE I
W = H IS BE R 2R I BB (low density
lipoprotein-cholesterol, LDL-C). ¥if & JRiHE (free
fatty acids, FFA) &8, HfEmm&ENREEH
[ %% (high density lipoprotein-cholesterol, HDL-C)+
5 I PSSR BT B S 5 A 0 A I Y ST A L i PR
B, 2Pgei R EPRARAEAL LU St I e S5 I [)
FLiE . APt LRE /] (total antioxidant capacity, T-
AOC). SOD. GSH-Px 1 CAT /KF, #7~ MK
FEEYI6T DN BEAR BRAT PRI . File Bt b
BRI IE RGN T ERI B DI RE RO
F o Yang STV 3075 SR A0 — ik n] " U 4 B 18] 26 B A
-1 FIME AR AT -1, SegE N DR,
Z2f# HoO2 -SRI B0, VA EE T 35 B il =i
Xt Akt AP B — A AR B BRI AL 7K T & Rho
TABEARS ZIREE 2 WA /K-FI N R{ER . Zhang
L (88891 T 7 A o Y R 5 e A o R A 1R X

DN K AR BRI T E R, S SR 5%
A KR F-BA2 4R 1 (transforming growth factor-f3
receptor I, TGF-BRD) &5 1k #514%: FHIB TGF-BRI 5
Smad3 HHEAEA, I T collagenl, £Fi%EHE A o-
I NUILEN B B AL YA B B I RIE , WO B R -
Bk R Gt A 2 44 . BV IR IR v i@ AMP
WA E B ( AMP-activated protein kinase ,
AMPK) /M FLZN 1 E W5 & 2B 1 (mammalian
target of rapamycin, mTOR) /I £1 Z 8 & -1 (heme
oxygenase-1, HO-1) IBF2LRYHIL I 40 i .52 STZ
SRR RN RAE, AR AE . Wang
SELONIRIE B 35 Bt 1) SRR VY AT B B sk 4e
U988 2 (B-cell lymphoma 2, Bcl-2) 7K-F-3f[£{% Bel-
2 #i5¢ X & . Caspase-3+ Caspase-9, /RO
21437 SOD GSH-Px #l CAT &1, %K TNF-a.
IL-18 F IL-6 5 28 FE K T, 77 PIBK/AkUA% K F-«B
EE SR R P /N B ) B o JRE A7
2.2 SBEME

T EAMNE o AT Ul 2 Mg AR AR . 3
WP S 01, IR S 020, 2R304, i) S SRS,
A0 B A S5 DORIE 5T HAE S 75 BRI AT PRI i I AR
YRS R ERE . =Bt H W, LDL-C /K7, [H
i) 7t = HDL-C 7K~F, Had itk SisffhiT .

25 Rl A 300 T 7 Bl 22 B e B 3 S il A
& Yy g 1A 5 5E W) OIS % AR o ( peroxisome
proliferator-activated receptor o, PPARo). PPARYy.
AE iR Al (fatty acid synthase, FAS). GLUT4 fll
=Wt H M ERE Cadipose triglyceride lipase, ATGL)
ST FRAR AR I K 1) mRNA RIAKT, b
fif iR MAE . Ma SECTIF TR S5 BRI L IF SR L)
A LA ) I R v i IELORE /) BRI P s S = I H
FIFLEERL G SR (apoB48) HIE 4. Jiang 2518
R RN A7 1 B 2 T A A R 4 v L I
P, FLER L D9 B i AE T I 7 o- 12 A I B35 1 A
mRNA &5, (3 H B R NIBH R, JHmfl ke
FHEE R LG A 30 5l DA BRI NH ] e 1 AR P
o AR E I MLAE /N B ig 5 Bl 2 B /K I
WS, /NI IEA S ) SOD 1 CAT PA L 728
i) SOD. GSH-Px ff] mRNA Fik/K-F 5% Tt
151 2 B T B 22 0 T a1 5 v T I /DS SR T AR
A R R (R aE s LR o fiE ot i A A e
7. VFOGIZEAE IO, FFA 15 3 (K B HA-TIE 41
J A A R AR 5 T B 2 T T 1D A ) s, 25
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SRR BT B T TR 3 PRI H4-TIE 20
IR BT, B S4B AMPK A 5 4 ik
A BALER SR A BERR ALK, PR AR [ B 8 25 ok 45
HHEHE lc A FAS mRNA FRIA/KF-. Zhai ZEHOUF|
FARG B 2H %L LI - 24 B4k 2 R ) &% 245 B4 2 7 32 T
D RN ) I T FHATL AR 2 5 B A i 12 ok 70
TR AE A5 Bel-2. PTPN1 58115 22 AH 5% 1 Jig it 41
ERBEAREESE K PLD2. PLA2G (s). PI3K SR
T3] BESE T B AT B PR 95 P I A S 7 AR S e 1
JRIA, FHERAI AT @R PI3K A1 MAPK 15 5 i % kb
JH- 248 16 P9 T R R SRR R PR /S BRI 24 T o
LS IS B PR I G 2 8 B A E . Yang S50102)
IE B T B A0 22 0 W] DL S 2 PR AEC 0 v o8 2R N ARz
A =k H i % s 2 R AR A S B R R B )
DNA HEEAL K, #E 15 H mRNA K, A
LERERINi=
23 &ilE

BIF 5 R I e %) e i P AP 7K B %o v I
JEA B S R 2 AR FH o SRR SN0 5K S HE i K
S AR HE R KA 0.1% 5 BMiA w5, K2
FRANKIME S 02 B, 1 RS ik
MY 7K, MEFuEmMS, MmN, RHE8N
X 5% i 2 REARAE A BAS J7 TH A B 2 1 G
[ I A BT A o B AN K IS o X1 504
T T B EMN KSR BN, N~ 28 70 RS 2R H
R ER IR ER 15 T 1 LR BRI s2 e, R IE G
I e L K R Wi R AR Tk R I PR, 54T
WRETT RRAT Y, ENORET] A BoR T Bia
ST O ERE NE AR R, Esh ik B R
MBAFEN T — € IG5/ R S DO 5 R I 75 4R
M B B —E R RAEH, BARERI B3 %
B RPE R IR R R AU R #75KE, SRR O
=N = 1N 23 S I ) 7 O A B i I A
HH. GSH-Px., —SHMEMN AN EAEGHSE, &
RIS MR IR S &, EREFRRRRE Bl 5
e L K R SR8 B A AR A
2.4 SKREGIIFE

PRI A& WAL S AU I 2R P24, WA
ORI AE S 2, BURBRARME g ) 25 5] %
mPRIRIMVAE, 5K & DIRERRNG « I8 A B 100, fi
T PRI 5 36 B B Bt R — e #HIVE R, L
HAFEIH XOD Al NOD Ff 52 R #VER 1 45 K3k
KEH 3 (NOD-like receptor thermal protein domain

associated protein 3, NLRP3) ZAE/MA, Ye 518
BT R 0 T B N 0 B EF AT )
XOD, HAEMERGFEEE R E MEEEX
H IXF XOD - H il 4 2 73 1l 9 (31.81 £2.20)
(29.71+3.69) pmol/L. XOD J&REAY& b —
Fh e B, AN A OB IENS,  E AR
JRER. 4 XOD R R FEURBRIE 4,
It XOD /2R 1 R MUAE 1) S BEHE £ o Xia S5E1O7IR
R TR Z WX STZ i S0 DN 5 — & M1
FH s R 4 ] 3 PR 2EL /N BR A PN R R KT )
FHim . B FHEENOSI] i JRIR MUE /) BROESE ig 4524 14
JA S E M-SR 75, NS KER . K
FRMNUEF KT PG, XOD. R4 it S B A1
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