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Advances in chemical constituents and pharmacological effects of Polygonati Rhizoma
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Abstract ; Polygonati Rhizoma belongs to the Polygonatum Mill. in the Liliaceae family. It is used as a Chinese drug with rhi-
zomes , with the functions of tonifying the spleen, moisturizing the lungs,and invigorating qi. Polygonati Rhizoma is not only a
precious nourishing medicine in the past dynasties,but also a medicinal material with the same origin of medicine and food.
This paper provides a summary of the research advances on chemical compositions, pharmacological effects and product appli-
cation of P. sibiricum , P. kingianum ,and P. cyrtonema recorded in Chinese Pharmacopoeia in 2020, and lays the foundation for
further exploration of Polygonati Rhizoma.
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Fig. 1  The biosynthesis of PSP
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Fig. 2 Structures of saponins in three kinds of Polygonatum
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Fig. 3 Sugar moiety skeletons of steroidal saponin in three kinds of Polygonatum
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Table 1  Saponins from three kinds of Polygonatum
Jrs &2 AR kIR ek
No. Compound name Substituent Source  Ref.
41K FF Steroidal saponins
(25S) -Spirost-3-en-12-one-3-0-B-D-glucopyranosyl-(1—2 ) -8-D-
1 glucopyranosyl-( 1—3) -B-D-glucopyranosyl- R, =Sy,R, =R, =Rs =R, =R, =H,R; =0 PC 21
(1—4) -B-D-galactopyranoside
2 Neoprazerigenin A 3-0-B-ycotetraoside R, =S¢,R, =R; =R, =R4, =R, =H,R, =0OH PS 22
3 (AR 2L A Neosibiricoside A R, =S,,R, =R; =R, =R5,R¢ =R, =H PS 23
4 HPAAEZEAT B Neosibiricoside B R, =S,,R, =OAc¢,R; =R, =R; =R, =R, =H  PS 23
5 FPEAAF 24 C Neosibiricoside C R, =S;,R, = Ry =R, =R; =R, =R; =H PS 23
6 B AR 2L D Neosibiricoside D R, =S;,R, =R; =R, =Rs =R¢ =R, =H (25R,S) PS 23
7 (258S) -Pratioside D, R, =Ss,R, =R, =Rs =R =R; =H,R; =0 PK 24
8 (255)—2E/§I\:*§ﬁ: A (255)—Kingian0side A R] =S4 ,Rz :R4 :RS :RG =R7 :H,R3 =0 PK 24
9 H RS FF H Kingianoside H R, =S,,R, =R, =Rs =R¢ =H,R; =0,R; =OH PK 25
10 lﬁﬁﬁﬁ: 1 Kingianoside I R] = S5 5 Rz = R4 = R5 = R5 =H ,R3 =0 5 R7 =OH PK 25
11 H R K Kingianoside K R, =S PK 26
12 Sibiricogenin 3-0-B-lycotetraoside R, =S¢,R, =R; =R =R, =H,R,; =R¢ =OH PS 22
13 Huangjingenin R, = R, =Ry =R¢ =R; =H,R, =R; =0H PS 27
14 Huangjinoside C R, =-Ara,R, =Ry =R4; =R; =H,R, =R; =0OH PS 27
15 Huangjinoside D R, =-Fuc,R, =Rs =R¢ =R; =H,R, =R; =OH PS 27
16 Huangjinoside E R, =S,,R, =Ry =Ry, =R, =H,R, =R; =0OH PS 27
17 Huangjinoside F R, =S,,R, =Ry =R¢ =R, =H,R, =R; =0OH PS 27
18 Huangjinoside G R, =S,,R, =Rs =R¢ =R; =H,R, =R; =OH PS 27
19 Huangjinoside H Rl = S2 ,R4 = R5 = R5 = R7 = H, R2 = R3 =0H PS 27
20 Huangjinoside 1 R, =S;,R, =R; =R¢ =OH,R, =R; =R, =H PS 27
21 Huangjinoside J R, =S,,R, =R; =R¢ =OH,R, =R; =R, =H PS 27
22 Huangjinoside K R, =S,,R, =Ry =R4 =0H,R, =R5 =R, =H PS 27
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No. Compound name Substituent Source  Ref.
23 Huangjinoside L R, =S,,R, =R; =Ry =R, =0H,R, =R, =H PS 27
24 Huangjinnside M Rl = Sl ,Rg = R3 = RG = R7 =0H ,R4 = R5 =H PS 27
25 Huangjinoside N R, =S,,R, =R; =R, =0H,R, =Ry =H,R; =0CGlec  PS 27
26 Huangjinoside (0] Rl = S[ 5 Rz = R3 =OH s R4 = Rs = Rﬁ =H 5 R7 =0Gle PS 27
Spirost-5-en-38, 14a-diol-3-0-8-D-glucopyranosyl-(1—2 ) -
27 [ B-D-xylopyranosyl-(1—3) ]-8-D-glucopyranosyl- R, =S¢,R, =R; =R5 =R4 =R; =H,R, =OH (25R,S) PS 23
(1—4) -B-D-galactopyranoside
Spirost-5-en-33-0l-3-0-B-D-glucopyranosyl-
28 (1-2) -[ B-D-xylopyranosyl- R, =S¢,R, =R; = R, =Rs =R¢ =R; =H (25R,S) PS 23

(1-3) ]-B-D-glucopyranosyl-(1—4 ) --D-galactopyranoside ( PO-2 )
3-0-B-D-Glucopyranosyl (1—4)-

29 [ @-L-rhamnopyranosyl (1—2) ]- R, =S,,R, =R;= R, =Ry =R¢ =R, =H PS 28
B-D-glucopyranosyl-diosgenin (PO-3)

30 3-0-a-L-Rhamnopyranosyl (1—4)-[ a—L—'rhamn.opyranosyl R, =S;s,R, =Ry = R, =Rs =R, =R, = H s 28
(1— 2) ]B-D-glucopyranosyl-diosgenin

31 3-0-B-D-Glucopyranosyl (1—3 ) -8-D-glucopyranosyl ( 1~>4 ) —[ a-L- R, =S53Ry =R; =R, =Rs =Ry =R, = H s 28

rhamnopyranosyl (1-—2) ]-8-D-glucopyranosyl-diosgenin
(25R) -Spirost-5-en-12-one-3-0-8-D-glucopyranosyl-
32 (1-2) B-D-glucopyranosyl R, =Sy,R, =R, =Ry =R4=R; =H,R; =0 PC 21

-(1-53) 4B-D-glucopyranosyl-(1—4 ) -8-D-galactopyranoside
Spirost-5-en-12-one-3-0-B-D-glucopyranosyl-
33 (1-2) -[ B-D-xylopyranosyl-
(1-3) ]B-D-glucopyranosyl-( 1—4 ) -B-D-galactopyranoside

R, =S¢,R, =R, =R; =R, =R, =H,R; =0 (25R,S) PC 21

34 3-Hydroxyspirost-5-en-12-one R; =R, =Ry =Rs =Rs =R; =H,R; =0 (25R,S) PC 21
35 MK H A Kingianoside A R, =S,,R, =R, =Ry =R, =R, =H,R3=0 PK 29
36 EERSH B Kingianoside B R, =S,,R, =R, =Rs =R, =R, =H,R3=0 PK 29
37 Funkioside C R, =S,,R, =Ry = R4y =Ry =R¢ =R; =H PK 29
38 (25R) -HEHEH G (25R) -Kingianoside G R, =Ss,R, =R, =Rs = R, =H,R; =0,Rg =0OH  PK 24
39 Pratioside D, R, =S5,R, =R, =Rs= R¢g=R;, =H,R; =0 PK 26
(25R) -Spirost-5-en-38,17 a-diol-3-0-a-L-rhamnopyranosyl-
40 (1—4) -@-L-rhamnopyranosyl- R, =Si,R, =R, =R¢ =R; =H,R; =0,R; =OH  PK 25
(1—4) -[ a-L-thamnopyranosyl-(1—2) ]-8-D-glucopyranoside
w SRS T g (1) s S 0RO
42 Polygonatoside C, R, =S,;,R, =R, =R¢ =R, =H,R; =0,R; =OH  PK 25
43 Ophiopogonin C’ R, =S,,R, =R; =Ry =Ry =R, =H,R; =0 PK 25
44 Gracillin R, =S,R, =R; =R, =Rs =R¢ =R, =H PK 26
45 Dioscin R, =S5S,4,R, =R; =R, =Rs =Ry =R, =H PK 26
46 Saponin Th R, =S,,,R, =R; =R, =R; =R, =H,R; =OH PK 26
47 Saponin Pa R, =S;5,R, =R; =R, =Rs =R¢ =R, =H PK 26
48 Parissaponin Ph R, =S,,R, =R; =R, =Rs =Ry =R, =H PK 26
49 Huangjinoside A R, =-Ara PS 27
50 Huangjinoside B R, =S¢ PS 27
51 FRG A A Sibiricoside A R, =S,,R, =R; =R, =H,R5; =0Me PS 22
52 K5 2T B Sibiricoside B R, =S,,R, =R; =H,R, =0H,R5 = OMe PS 22
53 (25S) -HEHREH C (255) -Kingianoside C R, =S,,R, = R, =H,R; =0,Ry =0OH PK 27
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54 (258) -HEFHEH D (255) -Kingianoside D R, =S,,R, = Ry =H,R; =0,Rs =OH PK 27
55 (258) -HENEF E (25S) -Kingianoside E R, =S5,R, = R, =H,R; =0,R; =OH PK 27
56 22-Hydroxylwattinoside C R, =S,,R, =Ry =0H,R; =0,R, =H PK 27
57 (258) -JHEHEH F (255) -Kingianoside F R, =S;,R, =R =OH,R; =0,R, =H PK 27
58 JH T C Kingianoside C R, =S,,R, =R, =H,R; =0,R; =0OH PK 29
59 JHHEREF D Kingianoside D R, =S,,R, =R, =H,R; =0,R; =OH PK 29
60 E R E Kingianoside E R, =Ss,R, =R, =H,R; =0,R; =0H PK 27
61 (25R,22) -Hydroxylwattinoside C R, =S,,R, =Ry =0H,R; =0,R, =H PK 27
62 E KT F Kingianoside F R, =S5,R, =Ry =0OH,R; =0,R, =H PK 27
63 Huangjinoside P R, =5, PS 27
64 Huangjinoside Q R, =S4 PS 27
65 Huangjinoside R R, =5S; PS 27
66 Polygonoide A R, =S, PS 30
67 Polygonoide B R, =S, PS 30
(25R) -Spirost-5-en-38,17 a-diol-3-0-B-D-glucopyranosyl .
’ R, =S,,R, =OH(25R
68 (1—4) -B-D-fucopyranoside PoTeR ( ) bs 3
6 (258) -Spirost-5-en-38,17 a-diol -3 -O—BTD—glucopyranosyl( 1—4)- R, =S, ,R, = OH(255) s 31
B-D-fucopyranoside
70 (25R) -Spirost-5-en-33, 17a—diol—3—O—B—D—glucopyranf)syl( 1-2)- R, =S,,R, = OH(25R) s 31
B-D-glucopyranosyl (1—4 ) -8-D-fucopyranoside
(258) -Spirost-5-en-3B-0l-3-0-B-D- .
R, =S C
n glucopyranosyl (1—4) -B-D-fucopyranoside e Ps 3
(25R/S) -Spirost-5-en-383,128-diol-3-0-8-D- .
’ R, =S,,R, =OH(25R,S
2 glucopyranosyl (1—4 ) -8-D-fucopyranoside P ( ,5) bs 3
73 (235,24R ,25R) -1-0-Acetylspirost-5-ene-13,33,23 ,24-tetrol 3—0—[3—- R, =S,,R, =OAc,R, =R, = OH S 0
D-glucopyranosyl-(1—2 ) -8-D-glucopyranosyl-( 1—4 ) -8-D-fucopyranoside ’
(258) -1-0-Acetylspirost-5-ene-18,3B-diol3-0-8-D-
74 glucopyranosyl-(1—2) -[ g-D- R, =S4 ,R, =0Ac,R; =H(25S) PS 32
xylopyranosyl-(1—3) ]-8-D-glucopyranosyl-( 1—4 ) -8-D-galactopyranoside
(258) -Spirost-5-en-3a-o0l3-0-B-D-glucopyranosyl-
75 (1-2) -[ B-D-xylopyranosyl-(1—3) ]- R, =S,0,R, =Ry =H(25S) PS 32
B-D-glucopyranosyl-( 1—4 ) -2-0-acetyl-B-D-galactopyranoside
76 (25R,S) -Spirost-S-en-3,8-013-()-,B-D-glucopyranosyl-( 1—2)-B8-D R, =Ss,R, =R =H(25R,S) s 0
-glucopyranosyl-( 1—4 ) -8-D-galactopyranoside ;
=R
Triterpene saponins
77 Kingianoside Z R, =S; PS 33
YA paT AT S g B e 30 ;
78 3B FHE-(3—1) HEBE-(4—1) B A0 - PR b 3B-Hydroxy R = -Gle(4—1) Gle Ps 27
(3—1) glucose-(4—1) glucose-oleanane
A A A o L5 332 .
79 3P M- (21 ) i - SPRURRS 36-Hydroxy R =-Gle(21) Gle Ps 27
(3—1) glucose-(2—1) glucose-oleanolic acid
3p-F2HE-(3—1) WHENE-(4—1) FAEHE-(28—1) BIRifF -
(2—1) B AP SECR R 3B-Hydroxy-
y R, = -Gle(2—1)Gle,R, = H
80 (3—1) glucose-(4—1) glucose-(28—1 ) arabinose ! ¢(2=1)Cle, R, ps 27
-(2—1) arabinose-oleanolic acid
Qv e A et s
81 38,30B-JEIE-(3H1) AT RE-(2 1) M RBEFERCREE 36,308 R _ _Glo(41)Gle, R, =-Ara(2—1) Ara ps 27
-Dihydroxy-(3—1) glucose-(2—1) glucose-oleanane
82 Polygonoide C R, =-Gle(4—1)Gle(2—1)Rha,R, =H PS 27
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83 Polygonoide D R, =-Glc(4—1)Gle(2—1)Rha,R, =CH; PS 27
84 Pl e B R, =-Gle[ (2—1)Rha] (4—1)Gle(3—1) - -

lygonorde Gle,R, =-Gle(3—1) Gle(31) Gle
85 FUEE B Asiaticoside R, =H,R, =-Glc(6—1) Glc(4—1)Rha PS 27
86 BRI FHF Madecassoside R, =O0H,R, =-Glc(6—1)Glec(4—1) Rha pS 27
87 AZAF Re Ginsenoside Re R, =-Gle(2—1)CGle,R, =-Gle(2—1) Ara PK 27
88 ANZFF Rb, Ginsenoside Rb, R, =-Glc(2—1)Gle,R, =-Gle(6—1)Gle PK 27
89 A NS BAF F) Pseudoginsenoside F,, R =-Glec(2—1)Rha PK 27

TE PS80k s PC. ZAE TR s PKL L EERS

Note ; PS; Polygonatum sibiricum ; PC ; P. ¢yrtonema; PK; P. kingianum.
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Fig. 4 The biosynthetic pathway of steroidal saponin biosynthesis in Polygonatum
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Fig. 5 Structures of flavonoids in three kinds of Polygonatum
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Table 2 Flavonoids isolated from three kinds of three kinds of Polygonatum

R &Y 2R Bt KU ik
No. Compound name Substituent Source Ref.
R NI AL
Homoisoflavones
' C¥AHLG R L2 B
% 45T B S —— s N
4',5,7-Trihydroxy-6 ,8-dimethyl-homoisoflavanon
' AL R EL
91 , 4 ’f’j Ag%m#ﬁ@ﬂ R, =R, =H S 31
4',5,7-Trihydroxy-homoisoflavanon
' L YA G F LR Bl
9 ’ 4 ,5.»7 =RH-6 ﬁag?rm#.ﬂiﬁﬂ R, =CH, R, =H s 31
4',5,7-Trihydroxy-6-methyl-homoisoflavanon ’
, ¥z ' A — B Bl e
93 , 2',5.7 49&%4 qﬂik%-ﬁ,g_ 4H3%[nm.ﬂﬂ R, =R, = CH, Ps 31
2",5,7-Trihydroxy-4'-methoxy-6 ,8-dimethyl-homoisoflvanaone
' CYARL A CFH A LR B
94 ’ 2 5.7 #%;254 tﬁﬂgﬁﬁjﬁﬁﬂ R, =R, =H S 31
2',5,7-Trihydroxy4'-methoxyl-homoisoflvanaone
’ ¥R " P 4 L8 B EL e
95 , 2'.3.7 4%%,%4 P4 58 qa%lnj#ﬁlf@ﬂ R, =CH; R, =H Ps 31
2",5,7-Trihydroxy-4'-methoxyl-8-methyl-homoisoflvanaone
96 Disporopsin - PK 38
97 (3R)-5,7-Dihydroxy-8-methyl-3-(2’-hydroxy-4'-methoxybenzyl ) -chroman-4-one - PC 36
S E T A
Isoflavones

4',7- "R Ik-3 - B A S T
%8 4" ,7-Dihydroxy-3'-methoxyisoflavone N PK »

99 R Tectoridin - PS 40
27, T-T R AT WU R e _
100 2',7-Dihydroxy-3',4’-dimethoxyisoflavanoside R=-Cle PK 37
20,73 4 S B S -
101 2" ,7-Dihydroxy-3",4’-dimethoxyisoflavan R=H PK 37
il 24 7. 78
Chalcones

102 S HFE Isoliquiritigenin R=H PK 37
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%23 2 ( Continued Tab. 2)
b ALy PN B KU SCHk
No. Compound name Substituent Source Ref.
103 B H W Neoisoliquiritigenin R =-Gle PK 39
A RS Y
Dihydroflavones
104 HrH HH Liquiritin R =-Gle PK 37
105 HHE ZE Liquiritigenin R=H PK 39
e D e N
Rosandalanes
106 (6aR,11aR)-10-¥23£-3,9- — HU UL S _ PK 37
(6aR,11aR)-10-Hydroxy-3 ,9-dimethoxypterane
B2 AY
Flavones
07 JERER T-0-p-D-H R R, =-Gle,R, =R, =R, =H PS 42
Apigenin-7-0-8-D-glucoside
108 11451 Kaempferol R, =R, =R;=H,R, =0H PS 42
109 WHFZE Myricetin R, =H,R, =R; =R, =0H PpS 42

TE - PS: BT s PC: 2 AL B0 ; PKC FURORS
Note ; PS: Polygonatum sibiricum ; PC; P. cyrtonema ;PK: P. kingianum.

1.4 £YHEEREBRELED

A=W S A G W AR RS TR AR ) A U
Kun %0 JHORE b 43 85 45 81 7 R 47 (112) | Sun
L NHRS P 4L 43 B A5 E) polygonatine A (110) Al
polygonatine B(111) , Sun 25" i ) HEHE th 43 12575
B —FpPh B R Y, B AW A ~ C
(117) . Wang " AR th oy 85 4 11 F/E 4, 1
A 3 LAY — N KRR h o A5 3,
TR 7 B A5 B A LE MR A kingaone (123) (N-
trans-p-coumaroyloctopamine (116 ) %) | Ren Z'*")
NZZAE BN HE it B it b S e 6 T AR e (AL
Kl6.%3),

H, o) o
N x N\>
nonc E
110 R=Ft OH
111 R=H
123 R=Bu 112 113

o)
0 0 KR
R & HY AR+R'=Cy Hs,
N T OH i
, H on GleO R BIRHR=CyHsg
Ho \/\(g-l\’ C:R+R*=Cy7Hsy

116 R=H 117

124 R=OCH;

AL RS T I 5 A B b RS T Y 2R R
SEERALEY, ARG SHURTE il %
PV A LR MR A S
1.5 KEE=

KN Z AW R G W, Tz A AE T
WA, — g i W T 2 TR R SR A T R
2001 4F,Sun RS B ARE] T 4 N EREARNE R
AEA 53 3 h A5 R I -0 -B-D -tk Il 485 2 A 22 (6
—1) B-D-ME IR A A7 HE T A MG 2 0 32 4k sk
A T 75 Hig 2 -0-B-D-ik I 745 25 1 41 ; B %) 2020
A, Chen %50 DBEHE o 2085 1 A3 78 2K B ok

RIARNRR IR HAr 2 R AR R AT A,
\ 2 - \ OCH,
N /
H HO OH H o o
114 115

121 R=CH,
122 R=CH,CH,CH,

118 R=H
119 R=COOH

120

6 3 MEBEMHEBNEY
Fig. 6 Structures of alkaloids in 3 kinds of Polygonatum
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Table 3 Alkaloids in 3 kinds of Polygonatum

Fre &2 R E S Sk
No. Compound name Source Ref.
110 Polygonatine A PS . PK 38,44
111 Polygonatine B PS . PK 38,44
112 21 Adenosine PS 43
113 2,3,4,6-Tetrahydro-1 H-8-carboline-3-carboxylic acid PS.PC 45,49
114 5-(9H-B-carbolin-1-yl) -pentane-1,2 ,5-triol PS.PC 45,49
115 4-(9H-B-carbolin-1-yl ) 4-oxo-but-2-enoic acid methyl ester PS . PC 45,49
116 N-trans-p-coumaroyloctopamine PK 38
117 WGP ZHHF A ~ C Sibiricumcerebroside A-C PS 41
118 1-(5-Hydroxymethyl-2-furyl ) 9H-pyrido[ 3 ,4-b ] indole PS 45
119 1-(5-Hydroxym-ethyl-tetrahydro-furan-2-yl ) -9H-B-carboline-3-carboxylic acid PS 45
120 5-Hydroxy-pyridine-2-carboxylate PS 45
121 5-Oxo-pyrrolidine-2-carboxylic acid methyl ester PS 45
122 5-Oxo-pyrrolidine-2-carboxylic acid butyl ester PS 45
123 Kingaone PK 46
124 N-Bi BRIt EL ¥ iz N-feruloyloctopamine PC 47

TE:PS: HHE s PC: AL 0N s PR I ATHS
Note: PS: Polygonatum sibiricum; PC ; P. cyrtonema; PK: P. kingianum.
1.6 FERMEHR

ORGP R ST A D, H T RAEZ 4R
BORTARAR 25 b 2 BRI o, o R R Y
95.97% ,JFiB 5 U TE Y 16 Fh L5 ¥, aniE B8 b |
FLERIE T HEAIE+ e
1.7 #EMEEE

) S B S I AR B AR T
P 0 2 ML, BEORS FIEL SRS vh R L T 4 AbiE
Y EEAL S, 73500 B4 1 B AR AR TIR-38 4+
s BHE DY (22S) -cholest-5-ene-13,38,163,22-
tetrol 1-0-q-L-rhamnopyranosyll16-0-B8-D-glucopyrano-
side "
1.8 SEBMPETER

HKG B A IR R AR M TR
5T BN AS s AR 25 J2 AR th g 5 A7 14 Rl
LR, UK 4 TR (K Ga Mg P) , 5 I [F]
i, R & BARZE A 16 Rl LR . L Ah, Wang
A IO T N AR M R R R LiY
TR B U B G B R 70 o0 B vh e B, R i e
11 Al i AR, Horh & A e AR T =R 2H &=

MR AR e AR ST se E R 6 Fh AR TG L
2 EHREMAEER
2.1 BEMmMPEER

H R, BEORS X5 PR AL I & AT I S A
YERITE B0 0 Z2 B | RS T LR B, e, R
LTI 2 . Wang"™ Bl PKP Fil PSP % a-
R WA R VR, H PSP Ag B0 R H 5 T
PKP, Bi J5 1 #& F) FH PSP X 4% Ik {4 18 2 (STZ) 5 %
(14 £ /N BRUSIEHE 1 % P o3 i s S 36, 495 2R % L fel
PSP J5 , /NRKOK & IR MBS TC AR AL, (R EE A
AN =TI i Ao (IR = = N (1R R i =1

S 8T B S %) B I WS A, 5 6 R A L, 100 A
200 mg/kg TFP %} STZ 55 () T1DM /N B [ I A
YEFIS 20 mg/kg B - R WA AL, 5 10 480 185 I 11 ey
BRI S 1Y T2DM /) B 1,200 mg/kg iy TFP E
A 5 15 mg/kg (% F AR R B 1E H
Wang 2570 % BUEORS 2 ] FAIK STZ i S04
PR 7N BRI HP B4 2 I I AR RO A it 2T 25 1 K,
T e Lo 2 0 3 ZE AN C KK, TR B 388 T 1 3
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i, PPAR-o( 1 AL B VR B I 2 M- ) Fe 35
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T AT 200 388 1 45 o e AR TR B s T B A
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SR MAPK/NF-«B {5 538 6 s 45 HHomAE il 76
it B o, A E L6, LB, IL-12p70 F1 fit
TNFa 25400 B T~ 19 43 I BB 2005 . oAb, 248
EORSHEAEZE (PCL) V5 SN U TR W (L BT 5E
#EEAY Bax I Bel-2 & 11, 51 R4 R 20 Ak, 41 i
42 ¢ BRI R 2 (A BEEOT , b5 PCL fEfg 4 1
I H T AL 2R 58 937 S Lok 1 ™ A 35 1 S B

2, T S8 p38-p53 1EAL
2.4 WERKXIER

Cao 251 % B HORS 22 W) 42 5 (0 A 2 BR T . K
J KT TR L Rl o 2 A0 AT B S5 AR A B S B 9 AR
Debnath 251%" % B kG /K B2 IO BE 8 A /1N B 10
AN 2 g NO, FEHH] T iNOS (i S — S L A&
fit) F1 TNF-o 25 1A 3K, DAESCHTZ51EH o
2.5 RIAT

Yelithao 2517 Fi| Ff RAW264. 7 4 ffd A1 NK 41 g
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