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Research progress on chemical constituents and pharmacological effects of
Ophiopogon japonicas

PENG Wan, MA Xiao, WANG Jian, ZENG Nan, DONG Tai-wei, LI Lei, LI Min
College of Pharmacy, Key Laboratory of the Ministry of Education in China on the Standardization of Chinese Materia Medica,
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Abstract: Ophiopogon japonicus is widely distributed in China and rich in resources, and is a kind of medicinal plants with great
utilization value. It could nourish yin, promote body fluid production, moisten the lung, ease the mind, and clear away heart fire.
Modern research showed that there are several secondary metabolites, such as steroidal saponins, homoisoflavonoids and
polysaccharides. Its pharmacological research mainly focused on the hypoglycemic effect, cardiovascular protection, enhanced
immunity, anti-aging, anti-inflammatory, and antitumor effect. In this paper, the chemical compositions and pharmacological activities
of O. japonicas were summarized, in order to provide reference for further study and application of O. japonicas.
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Fig. 1 Skeleton structure of steroidal saponins in O. japonicus
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Table 1 Steroidal saponins in O. japonicas

el &M AR B SR
1 glycoside C Ri=0-rha(1—2)fuc, R-=R3=R4=Rs=R¢=R7=H, C-25(S) 1 4
2 LS-10 Ri=0-rha(1—-2)xyl(1—3)fuc, R2=R3=R4=Rs=R¢=R7=H, C-25(S) 1 4
3 nolinospiroside F Ri=0-fuc, Ro=rha, R3=R4=Rs=Re=R7=H, C-25(S5) 1 5
4 25(S)-ruscogenin Ri1=0OH, R>=R3=R4=Rs=R¢=R7=H, C-25(S) 1 6
5 25(R)-ruscogenin Ri=OH, R2=R3=R4=Rs5=R¢=R7=H, C-25(R) 1 6
6 FHABIB Ri=O-tha(1—2)fuc, R>=R3=R4=R5=R¢=R7=H, C-25(R) 1 7
7 EXEHD Ri=0-rha(1—2)xyl(1—3)fuc, R2=R3=R4s=Rs=Rs=R7=H, C-25(R) 1 8
8 FAEBHA Ri=0-[Ac-rha(1—2)]fuc, R-=R3=R4=Rs=Re=R7=H, C-25(R) 1 9
9 FHBHC Ri=0-rha(1—2)xyl(1—3)fuc, R>=Ac, R3=Rs=Rs=R¢=R7=H, C-25(R) 1 9
10 ruscogenin 1-O-sulfate Ri1=0-S03M, R2=R3=R4=Rs=R¢=R7=H, C-25(R) 1 4
11 (25R)-ruscogenin-3-yl-o-L-thamnopyra- Ri=O-rha(1—2)xyl(1—4)glc, R2=R3=R4=Rs=R¢=R7=H, C-25(R) 1 10

nosyl-(1—-2)-[B-D-xylopyranosyl-
(1-4)]-B-D-glucopyranoside
12 (25R)-3B-hydroxyspirost-5-en-1-B-yl-3- Ri=O-rha(1—2)xyl(1—3)ara, R=R3=R4=Rs=R¢=R7=H, C-25(R) 1 10
O-0-L-thamnopyranosyl-(1—2)-O-f-
D-xylopyranosyl-(1—3)-o-L-arabino-
pyranoside
13 (238S,248,255)-23,24-dihydroxy-rusco Ri=O-rha(1—2)xyl(1—3)ara, R=R3;=R4=Rs=H, R=OH, R7=fuc, 1 4
genin-1-O-[o-L-thamnopyranosyl(1—  C-25(R)
2)][B-D-xylopyranosyl(1—3)]-o-L-
arabinopyranoside-24-O-B-D-
fucopyranoside
14 (238,248,255)-23,24-dihydroxy-rusco- Ri=0-[Ac-rha(1—2)]xyl(1—3)ara, R>=R3=R4=Rs=H, R¢=OH, 1 4
geninl-O-[0-L-2,3 4-tri-O-acetyltham- ~ R7=fuc, C-25(R)
nopyranosyl(1—2)][B-D-xylopyran-
osyl(1—3)]-a-L-arabinopyranoside-
24-0-B-D-fucopyranoside

15 diosgenin Ri1=R2=R3=R+=R5=R¢=R7=H 1 11
16 H&XBHB Ri=H, Ro=[Ac-rha(1—-2)]xyl(1—3)glc, R3=Rs=Rs=Rs=R7=H 1 9
17 HFABEC Ri=H, Ro=rha(1—-2)glc, R3=R4=Rs=R¢=R7=H 1 9
18 FABID Ri=H, Ro=rha(1—-2)xyl(1—3)glc, R3=R4=Rs=R¢=R7;=H 1 9
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19 diosgenin-3-O-[2-O-acetyl-a-L-rhamno- Ri=H, R:=[Ac-rtha(1—2)]xyl(1—4)glc, R3==Rs=Rs=Rs=R7=H (isomer)
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43

44

pyranosyl-(1—2)][B-D-xylopyranosyl-
(1—4)]-B-D-glucopyranoside
HXBIP
FLABEQ
sprengerinin A
sprengerin C
ophiogenin
ophiogenin3-0-a-L-rhamnopyranosyl-
(1-2)-p-D-glucopyranoside
bornyl-7-O-a-L-arabinofuranosyl
(1—6)-p-D-glucopyranoside
cixi-ophiopogon A

cixi-ophiopogon B

cixi-ophiopogon C
(25R)-14a,17a-hydroxyspirost-5-en-3[3-
y1-3-O-0-L-thamnpyranosyl-(1—2)--

D-glucopyranosyl-(1—3)-B-D-glucopyra

noside
LB O
FABER
ophiopojaponin A

FEABHFE

pennogenin-3-0-0-L-rhamnopyranosyl-

(1-2)-B-D-xylopyranosyl-(1—4)-B-
D-glucopyranoside
floribundasaponin B

pennogenin-3-O-[2-O-acetyl-a-L-thamnopy

ranosyl-(1—2)][B-D-xylopyranosyl-(1—

4)]-B-D-glucopyranoside
(25R)spirost-5-ene-3,14a-diol-3--O-B-

L-rhamnopyranosyl-(1—2)-[3-D-xylo-

pyranosyl(1—4)]-B-D-glucopyranoside

FRBHES
14-hydroxydiosgenin3-O-o-L-rhamnopyrano-
syl-(1—2)-B-D-glucopyranoside

14-hydroxydiosgenin3-0-a-L-rhamnopy-

ranosyl-(1—2)-p-D-xylopyranosyl-(1—
4)-B-D-glucopyranoside

prazerigenin A

ruscogeninl-O-a-L-rhamnopyranosyl-
(1—-2)-4-O-sulfo-a-L-arabinopyrano-
side-3-O-B-D-glucopyranoside

ruscogeninl-O-[2-O-acetyl-a-L-rhamno-
pyranosyl(1—2)]-B-D-xylopyranosyl-
(1—3)-B-D-fucopyranoside

Ri=H, Ra=[Ac-rha(1—-2)]xyl(1—4)glc, R3==R+~Rs=Rs=R7=H (isomer)
Ri=H, Ro=rha(1—2)[Ac-xyl(1—4)]glc, R3=R4=Rs=R¢=R7=H
Ri=H, Ro=xyl(1—4)glc, R3=Rs=Rs=R¢=R7=H

Ri=H, Ro=rha(1—2)xyl((1—4)glc, R3=R4+=Rs=R¢=R7=H
Ri=R>=R3=R¢=R7=H, R+=Rs=0H, C-25(R)

Ri=R3;=R¢=R7=H, Ro=rha(1—2)glc, R&=Rs=0H, C-25(R)

Ri1=R3=R¢=R7=H, Ro=ara(1—6)glc, R4+=Rs=0OH, C-25(R)

Ri=R3s=Re=R7=H, Ro=rha(1—-2)xyl(1—3)glc, R&=Rs=OH, C-25(R)

Ri=R3=Re=R7=H, Ro=rha(1—2)xyl(1—3)glc(1—4)glc,
R+~Rs=OH, C-25(R)

Ri=Rs=Re=R7=H, Ro=rha(1—2)xyl(1—4)glc, R—Rs=OH, C-25(R)

Ri=R3=R¢=R7=H, Ro=rha(1—2)xyl(1—3)glc, R+=Rs=0OH, C-25(R)

Ri=Rs=R¢=H, Ro=rha(1—2)xyl(1—4)glc, R=Rs=OH, Rr=glc, C-25(R)

Ri=R&=R-=H, Ro=rha(1—2), Ri=glc, Re=Rs=OH, C-25(R)

Ri=Rs=Rs=Re=R=H, Ro=[Ac-rha(1—2)]xyl(1—3)glc, Rs=OH,
C-25(R)

Ri=Rs=Rs=Re=R7=H, Ro=xyl(1—4)glc, R==OH, C-25(R)

Ri=Rs=Rs=Re=R-=H, Ro=rha(1—2)xyl(1—4)glc, Rs=OH, C-25(R)

Ri=Rs=R4=R¢=R;=H, Ro=rha(1—4)glc, Rs=OH, C-25(R)
Ri=R3=R4=R¢=R7=H, Ro=[Ac-rha(1—2)]xyl(1—4)glc, Rs=OH,
C-25(R)

Ri=Ri=Rs=R¢=Rs=H, Ro=rha(1—2)xyl(1—4)glc, R«=OH, C-25(R)

Ri=R3=Rs=Rs=R7=H, Ro=xyl(1—4)glc, R+~OH, C-25(R)

Ri=Rs=Rs=R¢=R7=H, Ro=rha(1—2)glc, R+~OH, C-25(R)

Ri=Rs=Rs=R¢=R7=H, Ro=rha(1—-2)xyl(1—4)glc, R+=0, C-25(R)

Ri=R>=R3s=Rs=R¢=R7=H, R4+=OH, C-25(R)

Ri=0O-rha(1—2)-4-O-sulfo-ara, R>=glc, R=R4+=Rs=Rs~R7=H,
C-25(R)

Ri=0-[Ac-rha(1—2)]xyl(1—3)fuc, R=Rs=Rs=Rs=R=R,=H,
C-25(R)
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45 ruscogeninl-O-[B-D-glucopyranosyl-(1— Ri=glc(1—2)xyl(1—3)fuc, R==Rs=R+=Rs=R¢=R7=H, C-25(R) 1 26

2)]-[B-D-xylopyranosyl-(1—3)]-B-D-
fucopyranoside

46 ophiofurospiside A Ri=rha(1—-2)xyl(1—4)glc, Ro=glc 2 27
47 ophiofurospiside B Ri=man(1—2)ara(1—4)glc, R=glc 2 28
48 ophiopojaponin B Ri1=Rs=Rs=H, Ro=rha(1—2)glc, R+=OH, Re=glc 3 19
49 EAREI] Ri=Rs=Rs=H, Ro=rha(1—2)xyl(1—>4)glc, R&=OH, Re=glc(1—>2)glc 3 18
50 FEABHFL Ri=Rs=H, Ro=rha(1—2)xyl(1—4)glc, R==R+=OH, Re=glc 3 18
51 FHABHEN Ri=Rs=Rs=H, Ro=rha(1—2)xyl(1—4)glc, R«=OH, Re=glc(1—>6)glc 3 18
52 FEAEHFK Ri=Rs=H, Ro=rha(1—2)glc, R+=Rs=0H, Re=glc(1 —2)glc 3 18
53 FEABEHM Ri=H, Ro=xyl(1—>4)rha(1—>2)glc, R+=R:=Rs=OH, Res=glc 3 18
54 FEXBEHEHF Ri=R3=Rs=Rs=H, Ro=xyl(1—4)rha(1—2)glc, Re=glc(1—2)glc 329
55 FEABHG Ri1=Rs=Rs=Rs=H, Ro=xyl(1—>4)rha(1—2)glc, Re=glc(1—6)glc 3 29
56 FARBHH Ri=Rs=R4=Rs=H, Ro=rha(1—2)glc, Re=glc(1—>2)glc 330
57 ophiofurospiside C Ri1=Rs=Rs=H, Ro=rha(1—2)xyl(1—4)glc, Rs=OH, Re=glc(1—6)glc 3 30
58 ophiofurospiside D Ri=H, Ro=rha(1—2)glc, R==Rs+=Rs=OH, Rs=glc 3 30
59 ophiofurospiside E Ri=Rs=H, Ro=rha(1—2)xyl(1—4)glc, R«=Rs=OH, Re=glc 3 30
60 ophiofurospiside F Ri1=Rs=H, Ro=rha(1—2)glc, R&=Rs=OH, R¢=glc 3 30
61 ophiofurospiside G Ri=R3=Rs=H, Ro=xyl(1—4)glc, R«=OH, Re=glc(1—6)glc 3 30
62 ophiofurospiside H Ri=Rs=Rs=Rs=H, Ra=xyl(1—>4)glc, Re=glc(1—>2)glc 3 30
63 ophiofurospiside I Ri1=Rs=Rs=H, Ro=rha(1—2)glc, R+=0OH, Re=glc(1—2)glc 3 30
64  ophiofurospiside J Ri=R:=Rs+=Rs=H, Ro=glc, Re=glc(1—2)glc 3 30
65 ophiofurospiside K Ri1=Rs=Rs=Rs=H, Ro=rha(1—2)glc, Re=glc(1—6)glc 3 30
66 ophiofurospiside L R1=0H, Ro=rha(1—2)xyl(1—4)glc, R==Rs=Rs=H, Re=glc 3 30
67 ophiofurospiside M Ri=0OH, Ro=rha(1—2)glc, R3=R+=Rs=H, Re=glc 3 30
68 ophiofurospiside N Ri=0O-rha(1—2)rha(1—3)fuc, R==Rs=R+=Rs=H, Re=glc 3 30
69 26-0O-B-D-glucopyranosyl(25S)-furost-5- Ri1=O-rha(1—3)rha(1—2)fuc, R=Rs=R+=Rs=H, Re=glc 3 22
ene-1p,3B,22a,26-tetraol1-O-B-D-xylo-
pyranosyl-(1—3)-[a-L-rhamnopyranosyl-
(1-2)]-B-D-fucopyranoside
70  26-0O-B-D-glucopyranosyl-(25R)-furost-5- Ri=Rs=H, Ro=rha(1—2)glc, R+=Rs=OH, Re=glc 3 31
en-3f,140,170,220,26-pentaol-3-O-a-L-
rhamnopyranosyl-(1—2)-B-D-gluco-
pyranoside
71 ophiopogonin I Ri=glc(1—2)glc, Ro=rha(1—2)glc 4 30
72 (25R)-26-[(O-B-D-glucopyranosy-(1—2)-B- Ri=rha(1—2)xyl(1—4)glc, R=glc(1—2)glc 4 32
D-glucopyranosyl)]-20a-hydroxyfurost-5,
22-diene-3-O-a-L-rhamnopyranosyl-(1—
2)-[B-D-xylopyranosyl(1—4)]-B-D-gluco-
pyranoside
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Fig. 2 Skeleton structure of homoisoflavonoids in O. japonicus
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Table 2 Homoisoflavonoids in O. japonicus
75 EY AREE BRSO
73 WEEZLEEB Ri=Rs=OH, R:=R+=CHs, Rs=Re=H, R7=OCHj3 5 36-37
74 FZAmEAEE B Ri=Rs=OH, R>=CH3, Rs=Rs=R¢=H, R/=OCH; 5 38
75 6-MEHF 4R B Ri=Rs=0OH, R>=CHO, Rs=CH3, Rs=R¢=H, R7=OCH; 5 39
76 5,7-dihydroxy-3-(4'-hydroxybenzyl)-6- Ri=R:=OH, R=CH3, Re=Rs=Rs=H, R7=OH 5 40
methylchromone
77 EWEFR A B Ri=Rs=OH, R>=Rs=R¢=H, R«=CH3, R=OH 5 40
78 A w5 D Ri=R3=Rs=R7=OH, R>=CH3, R+=R¢=H 5 41
79 8-formyl-7-hydroxy-5,4'-dimethoxy-6- Ri=OCH3, R=CH3, R==OH, R+~=CHO, Rs=R¢=H, R=0OCH3 5 42
methylhomoisoflavone
80 8-MEHF AN B Ri=R;=OH, R=CH3, R—~CHO, Rs=R¢=H, R=0OCH3 5 38
81 IR AW A Ri=Rs=OH, R=R+=CH3, Rs=H, Re—~R=0-CH,-O- 5 38
82 FA AN A Ri=Rs=OH, Ro=H, R=CH3, Rs=H, Re—~R7=0-CH-O- 5 38
83 6-MEFERA AT A Ri=Rs=OH, R==CHO, R+=CH3, Rs=H, Rs—~R7=-0-CH2-O- 5 39
84 Z AR A Ri=Rs=OH, R=CH3, Re=Rs=H, R¢—~R7=0-CH2-O- 5 41
85 Z A& C Ri=R:=R3=OH, R+=CH3, Rs=CHO, Rs—R7=-0-CH>-O- 5 43
86 2'-FRAE-HIHAE LW A Ri=Rs=Rs=OH, R;=R+~CH3, Rs—~R7=0-CH>-O- 5 44
87 5,7,2'-trihydroxy-6-methyl-3-(3',4'- Ri=Rs=Rs=OH, R,=CH3, R=H, Re—R7~=0-CH>-O- 5 40
methylenedioxybenzyl)chromone
88 5,7,2'-trihydroxy-8-methyl-3-(3',4'- Ri1=Rs=Rs=OH, R»=H, R+=CH3, Re—>R7=0-CH2-O- 5 40
methylenedioxybenzyl)chromone
89 5,7,2'-trihydroxy-6,8-dimethyl-3-(3',4'- Ri1=R=Rs=OH, R>=R+=CH3, Re—>R7=0-CH>-O- 5 34
methylenedioxybenzyl)chromone
90 5-hydroxy-7,8-dimethoxy-6-methyl-3-(3’, Ri=R&R7~=0OH, R=CH3, Rs=R4+=0OCH3, R=Rs=R¢=Ri;=H 6 40
4'-dihydroxybenzyl)chroman-4-one
91 A SR wElii E Ri=Rs=Rs=OH, R>=CH3, R=R=OCH3, Re=Rs=Ro=R1=H 6 43
92 5,8,4'-trimethoxy-6-methyl-7,2"-dihydroxy-  Ri=R+~R~OCH3, R=CH3, R7=Rs=OH, R7=Rs=Ro=Ri;=H 6 43
3-benzylchroman-4-one
93 5,7-dihydroxy-6,8-dimethyl-3-(4"-hydroxy-  Ri=Rs=R7=OH, R==R4=CH3, Rs=R~Ro=R10=H, R&=OCH3 6 45
3’-methoxybenzyl)chroman-4-one
94 5-hydroxy-7,8-dimethoxy-6-methyl-3-(3",4'-  Ri=R7=Rs=OH, R;=CH3, Rs=R+~0OCH3, Rs=Re=Ro=Ri0=H 6 45
dihydroxybenzyl)chroman-4-one
95 5,7-dihydroxy-6,8-dimethyl-3-(4"-hydroxy-  Ri=Rs=R7=OH, R=R+=CH3, Rs=Rs=Ri¢=H, R=Rs=OCHj3 6 45
3'5'-dimethoxybenzyl)chroman-4-one
96 5,7-dihydroxy-6-methyl-3(R)-(2,4- Ri=R:=Rs=R7=OH, R=CH3, Re=R~Rs=Ro=Ri;=H 6 41
dihydroxybenzyl)chroman-4-one
97 8-formyl-5-O-methyl ophiopogonanone B Ri=R#~R7~0CHj3, R>=CH3, R=OH, Rs=R¢=Rs=Rs=Ri¢=H 6 39
98 5,7,2'3'-tetrahydroxy-6-methyl-8-methoxy-  Ri=Rs=Rs=Re~OH, R-=CH3, R+~R7~=0OCH3, Rs&=Ro=Ri0=H 6 46
3-(4"-methoxybenzyl)chroman-4-one
99 HWIEZ XLl B Ri=Rs=OH, R=R+=CH3, R&=Re=Rs=Rs=Ri;=H, R=OCH3 6 37
100 2,5,7-trihydroxy-6,8-dimethyl-3-(4'- Ri1=Rs=R¢=OH, R=R+=CH3, Rs=Re=Rs=Ri;=H, R=OCH3 6 45
methoxybenzyl)chroman-4-one
101 8-FEH: 5wl B Ri=Rs=OH, R=CHjs, R+=CHO, R=RsRs=Ro=Ri=H, R=OCH3 6 39
102 FEEAZ AT LR A Ri=Rs=OH, R=Rs=CH3, Rs=R¢=Ro=Ri¢=H, Rs~R/=-0-CH2-O- 6 37
103 & A MR EE A Ri=Rs=OH, R=CH3, R=Rs=R¢=Ro=Ri¢=H, Rs~R7/=-0-CH2-O- 6 47
104 FE&X _AERHEN C R1=R3=0H, R>=CH3, R4=CHO, R5=Rg=Ro=R10=H, R¢—> 6 42
R7=0-CH>-O-
105 Z& A& EE °H Ri=Rs=R1=OH, R:=R+=CH3, Rs=Rs=Ro=H, Re—~R/=0-CH2-O- 6 48
106 5-methoxy-6-methyl-7-hydroxy-8-aldehydo-3- Ri=OCHj3, R3=0OH, R2=R4=CH3, R5=Rs=R¢=Ri0=H, R¢— 6 43
(3",4"-methylenedioxybenzyl)-chroman-4-one R7=0-CH»-O-
107 2,5,7-trihydroxy-6,8-dimethyl-3-(3',4'- Ri=R:=R¢=OH, Ro=R+~CH3, Rs=Rs=Ri¢=H, Re>R7~=0O-CH2-O- 6 45
methylenedioxybenzyl)chroman-4-one
108 5,7-trihydroxy-6,8-dimethyl-3-(2"-hydroxy-  Ri=R;=Rs=OH, R=R4=CHj3, Re>R7~=0-CH2-O-, Rs=Re=Ri=H 6 45

3'.4"-methylenedioxybenzyl)chromone
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1.3 ZHEA

FEAYMHEHEENZHE, 242 HAE
AR ERFERAL G, 4R RN A 2 E KRR
2% HAARRMPE. JUMR . ProlUBRi . 358 52 |
Priafe. o, RN IREZEER M, B
A L N2 AR AL B I 11 Fh 2 0, 046
Md-1 (109). Md-2 (110) B, MDG-1 (111) B,
FOJ-5 (112) B2, Opaw-2 (113) 1, OJP-1 (114).
OJP-2(115). OJP-3(116). OJP-4 (117)54, POJ-Ula
(118) B3, OJP1 (119) B¢,
1.4 HibERH

EAPIEEHEAIR. PEE. B ZIRER .
HAT S NELRIREH 13 FEIER, SHKR
(120). MEIEEFR (121 B, FHEER (122).
YRR (123). MEHEER (124). IR
(125). T/ (1260). —t+ =i (127) B8, X}
g (128) PO LR AR (129) U7 9,12+ )\
B IR TER (1300 AFHEIR (131D, \BRME-6-12
(132) 100 4 Fpitr, QIEFELAEFE A (133) O]
T E R (134) ), 3 4-dihydroxy-allylbenzene-
4-0-0-L-rthamnopyranosy(1—6)-p-D-glucopyranoside

(135) % ophiopojaponin D (136) [7l; ¥ K@%
cyclo-(Phe-Tyr) (137) F1 cyclo-(Leu-Ile) (138) 5%, L
K HABSEE S o-7E 5 (139). N-[2-(4-hydroxyphenyl)
ethyl]-4-hydroxy-cinnamide (140) U4, B-75 & B (141).
Tl (142). P-sitosterol-B-D-glucoside (143) 621
Kigly (144) KRR (145) B,
2 HIEEA
2.1 FRIEE

&KV 2 0EIE I 5 % e % KT -«B
(NF-xB) i@, {Edb@ER. RKEREBRIE, 0
o} i 5 2 AU MR SRR AR N P A K BR B S A 4 P A
FFEMAEEH (£ 3).
22 RIPICIMERS

FAR R H R Z 0 V] 5o Y
(MDA). Wi SRR (FFA) BX 1-5% IR 44 =B
(SIP). AT 4EA A K AT (bFGE). #
B (Akt). AEANATE Al (ERK). WEH
—HMEEGE (eNOS) FRIEH RO IME RS
A (R 4.
2.3 EEGRE

A WE N A R AT TR S B A T A RAGA

&3 FEmMyEER
Table 3 Hypoglycemic effect

3% ZA R 7 MLl SCHR
FEKGEY) BRI/ R 15 gkg™! i e S FEEL I i 4t 63
INZEEA 2 DS 352 R R /D B 200~400 mgkg ™! I 5 # K 64
ERES 2 TUHE PRI K A R 200~800 mg-kg™" p47phox | - NF-kB | 65
ERSES 2 T PRI K SR AR Y 50~200 mg-kg™! R RBEEREA VIR EA L. 66

=WEH W (TG V. BRS RS
(HOMA-IR) |
ERSES B 3T3-L1 ZHMufkAMAE S0 1X106~1X10%mol L™ &2 ¢ . JEHEE 1+ . MRIRIEHE F-a 67
PSP g P77 4 (TNF-0) | . #EHTE |
FAIKIEY  BEIRF KBRS B 4l 2.4 mgkg™! NF-«xB { . C fik t 68
FEALHE B YR S B ) B ASE Y 125~500 mg-kg ™! fEIEE T 69

e ey P oz . P C

1 means up-regulation, | means down-regulation, same as below

x4 RIPLMERSZIER

Table 4 Protection of cardiovascular system

eI %iy AN B Bl Bl Sk
FREB FAY EREESRONEUN KRR — MDA | , FFA | 70
FXALZHEMDG-1 IRk LK SR 3~30 mg-kg™! SIP1 t, bFGF { 51
FXBHD O LA AE H9c2 10 mg-kg™! WS (ROS) 71
FRLZHEMDG-1 LU I K RS 20 mg-kg™! HEE FIRE R RGAEA 72
FA4EHD HOc2 4Hjif 50~100 pmol-L™'  FERPEAEKEK mRNA 73
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A D% BE S TG T 37 e A 51 RS G B AR A
CENEE-=N I ERSE 27 PP €N Sk IR
ZLAMM SR H W N, R R g, R
A ZREAT G SR/ N AR R M TR ). WEAC
R BB HREN R B A —E B R E
A, TR RE A5 E MR A i D e 2 Uelid i
RICEE 2 Z BRI BT I 5K SR A R Zh REAN D4R

TREEJIIIREIE, RIS 4 22 BT 4R s 6 A )1 5
KRG Thne, S E A FE R I #e 0,
A RUFMFF R AT 5.

FAh, EXZHERBTET PR ALE B
(MAO-B). A4/ %&-2 (IL-2). TNF-0. IL-6. vy
THE (IFN-y) J IL-10 mRNA [ 3553855 % 2% )
(£ 5.

*5 HEEEEER

Table 5 Enhanced immunization

=I5 %) arwaEd FlEss B SCik
FX LN DM E/NREA 02~04mgg! MAO-B | 77
HENFELZHE HBBREGERT /RS 0.5~2.0 gkg IL-2t. TNF-at . IL-6 1 78
FEZHE NOD /MR 0.025~0.100 gkg™! &5 &E: [FN-y t \IL-10 t FF . &E5FI&: IL-101 79
FELEZAZHE DEIERERAR 62.5~500.0 ygmL™" TNF-af. IL-61 80
24 WERRTE 25 WK

FARIERA N B R, (REEEREESS
B fH R RSB R, PR AR, RE Y
kN, RN NI RS, FrEER
P, PEEHUARRBIThRE, ATk B L% k2
() B i g3 47 2203 ok W 5 57 A4 2 B 3
B R S B RE P M RE R, RINFZ A Z Ml mT A 2
P WM 2 2 /N BB R ol R AL Bl
(SOD)¥E /1 K F2 iz R ) &, I8 MDA i &= [F1IK,
VLA Z B A YL IR ZER . TR
R 222 06 A0 R A AL/ IN BRI LR 3 1R
M, RIS 55 405 BA T KGR TRe,
FCAL AT BE 2 8 T v RS Rz bk A ) 3% B T R
(HA). SOD FIg it H kit Skl (GSH-Px) 7%
PE, PEAK MDA IR R FEIE -

T A R R RS B R B U A SORE A
RAFHIVER, RS T U il 28 I pia, FREM
ZIREA AR L, A FIFREE b0 S s il
IR R P, LK 6.

Th S E ARSI R I, AR R
JCE T A] A 76 ] R 2 0 40 B R TNF-o 75 5 (1)
SVE A P HL-60 405 A5k N B2 ECV304 4H
Mz (A1 RE AR TR ST 28 05 1
2.6 BB

F2 A RFEBUIIRE A FH 1A RG AT 2 B R A
1, HETEZ@ESHEF MR~ . %
NF-«B {5 5 BB RIAERIFEEH GR 1.

AL R, F4ZMA B TR
BApMIEIER . VPR %N LL HeLa 4l 05T

*6 MRIEH
Table 6 Anti-inflammatory effect

WS ’RE i ZAN R fEss Bl Sk

B AOKIEY ZHIKE SN RE MK A R 336~672mgkg! Ak L . EAME (PKC) | 84

(Lm-a). BRI IRE4LEEE S/ RS I KR R

(Lm-s) N EBERK

4> Lm-3

FAWER CSTBL/6 /I B 1 i 46 A% 784 3 mgkg! IL-6 |« TNF-0 | . HULEKET-P1 85
(TGF-B1) | . SOD. 4 /8E
HE§-2 (MMP-2) | . EFR&RE
ARSI -2 (TIMP-2)

FA BRI e 2 ¥EHA S E A RAW264.7  25~800 ugmL™  TNF-a | 86

Bl HFAHN TRV MK SE | B SN 937.5~1562.5  SOD 1. MDA | . —&4LE (NO) | 87

BRI A A P

mg-kg!
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Table 7 Antitumor activity
WS K25 ZRA G H i Bl SCHR
AT C57BL/6 /N Lewis filigd; il 14~123 pgml™ HS/EHE 89
A549 4l
TARE (A RE) A9 4l 1.6~64gkg! NF-xB ! 90
TRE (EA RE) N-F R NS G -N- A EE T 6~12 gkg! NF-kB { 91
(MNNG) B A8 K R A
TAE (FEARL) SRR SR N R R 2.5~10gkg!  TNF-al. IL-10} . TGF-p1} 92
TAE (FEARL) SRR S N R R 0.78~1.56 gkg™! TNF-o. } \IL-6 § \IL-10 { .Foxp3 ¢ 93
Frimib2 247 C57 BL Mt/ R SCARARAL; MR 0.1~0.4 mL — 94
Fhatk S180. Lewis Jiifis. EAC JI§
K IR
FAEHB Jifi e NCI-H157 4. KRAMI%E 5~20 pmol'L!  p-Akt ! 95
H460 41l A549 41/
HELFLBETC L MDA-MB-435 417 0.1~100 pmol- L' A EK avB3 | « MANFEIHEHLRE 96
(DT-13) F (TF) mRNA | . MMP-9 |
FINAGTEHEZED AS49 41 1~100 pgmL"! EGFR/ERK { 97
Bt 1 2 B ZE U A
FRIIY) (FUMIR Lewis il (C57 /MO L615 (615 1~3 g-kg™! — 98
I5) AN NE UM PG Sfd (B
RO Y
HZXBH B A549 4HHE 10 pmol-mL™! miRNA-34b 1 . fRi#i2&E (MET) | 99
FABHC S180 PAJJ&E A1 I 7K e /) BRUAR Y 20 mg-kg™! — 100

XI5, RN A RH B MU ER LS, K
F MTT Al i =Ngu A A 1Y nE b6 e

Lyso-TrackerRed 444}z HeLa-GFP-LC3 % 44l i 51
5%, Arkedl HeLa ZHARAVIGHE. T )L FME. 45
RFRE, EZAEH B [fI4EIgsE, HFAET
MO T RIS AR A, RO BRI
[ Beclin-1 A1 N & LC3T #7454 LC3IT: H Wil
HFF) 3-FEISEARAERS (3-MA)D AR AP 4
BB EWAER, 1H LT 5840 % b
EH, $RFELEH B X HeLa 44 K H0Hi/E H
N EWERHYE; Western blotting #& I &5 KB, 22
A BT B it Akt WAV EIREREEA
(mTOR) F1 p70S6K & [ MR 14 I b8 49a E A
PTEN [ H Rk, (HIFAGIHE Caspase-3 £ H MG
1 K R IR R0 2 5K (PARP) BIYI#]. 1%
FRY, FARE B i HeLa 403E5E 51T
X, A Akt/mTOR 15585 S H AL
AW, kANFENNKIEE L 20 WPOT #4173
AL, I BAE R T BERAL A, B
FREE ] 3 MR A RO, SR )5 R MTT 2%
PEOTIX 3 Mg A 2 AR 5 1 22 & 22 BB 0P ed 2%
R, GRFWBME 3 iz & 2R bR RO

AR RN, HPURPELBNEZELAS
W LA 5 58 1) 400 e 4 P 8 B PR R D
27 EHAEA

FRAR DO 57 27 4 2 MDG-1 X i & 175 5
JEJHE/IN B3 a6 2E B RF 2 BEPE R 2, I MDG-1
ATE— e R /N Bl AR B R, R
& B VST B R FUAT R, R 50 i T B R 2 A
P, (et i Tl 25 AR B A3 B

TR0 I 27 4 2 MDG-1 7] DLz e o
ANERBARUS 2R L, FLAE LI AT e -5 80/ T i iR
[ e S R R A AR A B 8 T A ) A A K
3 iEERE

FRPEA R RAF 72 Fh, BRI S 2 AT
$SETFE, HAERRMNE . PO UG5 SR i
B AsAG i EE PURE AT S y T A
FHTRG A IR A 36 B, EPTAE/N AL
fifideE O LRSS BR A 3RS T R A B
ST R0 ZAZHE 11 M, REZLPUOIIEL . B IR
AN T T Y R Sl 22 & LR U
T B 25 A 54 S % RS B B L % 7 R 1
JH, 3 A e ek S e 4 e 1 R T A AR A
2 A I SR RIS L IR SR A T e R B R A
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MIVEFT e A e TR PR i AR BB e 1 T, AN
LA R L, ASFIFERE L 0] e il
TR RAIES R -

RE HAD A HE M RRZ, HZH
RTZA DR 2L 2, 1 HXHERBLIK
BT, PR PR ) 10 AR BT A SR
FERBREEES RN, BH VNN NEERRHT 7T
SEALRI ] 2 AN T7 T BE— 200 22 L AT (D1
FERBIEFUT IR, 224 HOG P oy S 25 B P AL A4
FEEE RN RIRE ST, AT T IR R I e &
LHZ IR B AL A5k, 2 RAE (H)
ARAFLE) ThHI o L, AEG HRE R AR AT 7 05100
W2 A KRR AT BEAFAE TR Ao DRI ORI IE #5
by T RA MR RE, MBI TR .
QFERALN T, AR T O ik K 246
AR RAE RS R, EMIZE LR R ) 5F
BRI . ey R R EA E, WSO T
2R KRBT KA, " AR M
CUBCRBHBE IR T PR o $REDD . A 2 i)
JERH s AIRFE T < HEKR . TR ST Al

ITRERE, CATKEL GAP FEMIE NS,
B S B B
S 30k
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