¢ %4 Chinese Traditional and Herbal Drugs 3 48 % #5137 201741 A -1

HIF R AR R EREREYRITN 7347

EA2M 2, REEY MmwE? 22T, 11gx”
1 B KA R A b, Wil | 325035
2. REZWBIF BT, K 300193

W . BRERTEERNTEM, EES A TGRS AALERG, T a6 TRER T KX . BEESEAZGE. 2459
127 RN R FEIRIE SR, R SR AR TS PR A S AR I S N B 29 R T . 35 B ORGSR 22y
FEAEESIT AL BN EMER Y, B2, SRR, = AW, KIER. . MY SRS, $h2
PER SR BIF R MRS P B, AR EEANR Y. IR L, ERErs . R 2 630 B 0 £ B L R
ZES M, B E EAE R EAR EM I AUKIE: T AR 2. AR R R IR S F A TR . BT RN
JREARERUR BAR TR, R TEORS 2 0. SRR I A W e R, N R E
il 78 FR BER 22 E A

KRR TR W SRR RERME; RERED

hESZES: R282.71; R284 MERFRERD: A XERS: 0253 -2670(2017)01 - 0001 - 16

DOI: 10.7501/j.issn.0253-2670.2017.01.001

Research progress in Polygonati Rhizoma and predictive analysis on Q-marker
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Abstract: Polygonati Rhizoma (PR) is a traditional Chinese herbal medicine, mainly distributed in the North Temperate Zone and
North Subtropical Zone, widely spread over the south China. As the progress of PR in pharmacology, medicinal chemistry, and clinical
research, the study of Polygonatum’s active site and effective components are attached much attention in new drug research and
development. In this paper, the resources, chemical composition, pharmacological activity, and clinical application of PR are
summarized. Literature research suggests a variety of chemical composition in PR, including polysaccharide, steroidal saponins,
terpene, alkaloid, wooden fat element, flavonoids, and phytosterols, in which polysaccharides and steroidal saponins class are the main
efficacy components. On the base, the difference of the main chemical composition are compared in P. sibiricum, P. kingianum and P.
cyrtonema, to provide experiment basis for Q-maker determining; And the contribution of polygonatum polysaccharide, steroidal
saponins and isoflavone compounds to the main therapeutic effects were been studied. It is suggested to carry out the quality standard
and Q-marker research in PR-the qualitative and quantitative analysis of polysaccharide, steroidal saponins and isoflavone compounds
in the high quality PR and compare the quantitative limit of different batches, to provide scientific data for quality standard setting.
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Fig. 1 Structural skeletons of steroid sapogenin in P. sibiricum, P. kingianum, and P. cyrtomema
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Table 1 Steroid sapogenin in P. sibiricum, P. kingianum, and P. cyrtomema
95 a4 G R
1 (258)-spirost-5-cn-12-one-3-O-B-D-glucopyranosyl-(1—2)-  R;=S,, R,=R;=Rs=Rs=R;=H, R;=0 EXIN- Vi
B-D-glucopyranosyl (1—3)-B-D-glucopyranosyl-(1—4)-f-
D-glucopyranoside

2 neoprazerigenin A 3-O-B-lycotetraoside R,=S¢, R=R;=Rs=R=R-=H, R,=OH Vi

3 FHEFNEZEE A (neosibiricoside A) R;=S,, R,=R;=R,=Rs, R=R,=H WK

4 FaEFEZEE B (neosibiricoside B) R =S¢, R,=0Ac, R:=R,=Rs=Rc=R,=H WK

5 FHEFNEZEE C (neosibiricoside C) R,=S;, R,=R;=R,=Rs=R(=R,=H Wk

6 FFAFIE S D (neosibiricoside D) R,=Ss, R,=R;=R,=Rs=R¢=R,=H (25R.S) kG

7 (258)-pratiosideD, R,;=S;, R,=R,=Rs=R¢=R,=H, R;=0O VE PSS

8 (258)-HHFETF A [(255)-kingianoside A] R;=S4, R,=R,=Rs=R¢=R,=H, R;=0 A

9 PR H (kingianoside H) R,=S,, R,=R;=R,=Rs=H, R;=0, R,=OH E B
10 VSRS 1 (kingianoside I R;=Ss, R,=R;=R4=Rs=H, R;=0, R,=OH TR
11 VHHFSTF K (kingianoside K) R,=S R
12 sibiricogenin 3-O-B-lycotetraoside R,=S¢, R,=R;=Rs=F,=H, R,=R,=OH v
13 huangjingenin R,=R,=Rs=R¢=R,=H, R,=R;=OH PG
14 huangjinoside C R,=Ara, R,=Rs=Rs=R,=H, R,=R;=OH v
15 huangjinoside D R,=Fuc, R,=Rs=Rs=R,=H, R,=R;=0OH v
16 huangjinoside E R,=S,, R,=Rs=Rs=R,=H, R,=R;=OH PG
17 huangjinoside F R,=S4, R,=Rs=Rs=R,=H, R,=R;=OH PG
18 huangjinoside G R,=S,, R,=Rs=Rs=R,=H, R,=R;=OH PG
19 huangjinoside H R,=S,9, R,=Rs=R¢=R;=H, R,=R;=OH PG
20 huangjinoside I R,=S;, R,=R;=R=0OH, R,=Rs=R,=H PG
21 huangjinoside J R,=S,, R,=R;=R=0OH, R,=Rs=R,=H PG
22 huangjinoside K R,=S4, R,=R;=R=0OH, R,=Rs=R,=H PG
23 huangjinoside L R,=S4, R=R;=Rs=R(=0H, R,=R,=H PG
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24 huangjinoside M R,=S,, R,=R;=R=R,=OH, R,=Rs=H i
25  huangjinoside N R,=S;, R,=R;=R¢=OH, R,=Rs=H, R=0Glc i}
26  huangjinoside O R,=S;, R,=R;=OH, R.=Rs=R=H, R=0Glc i}
27  spirost-5-en-3p,140-diol-3-O-B-D-glucopyranosyl-(1—2)-[B- R;=S¢, R,=R;=Rs=R¢=R;=H, R,=OH (25R.S) &I
D-xylopyranosyl-(1—3)]-B-D-glucopyranosyl-(1—4)-B-D-
galactopyranoside
28  spirost-5-en-3B-0l-3-O-B-D-glucopyranosyl-(1—2)-[B-D- R,=Ss, R;=R3;=R,;=Rs=R¢=R;=H (25R,S) i
xylopyranosyl-(1—3)]-B-D-glucopyranosyl-(1—4)-B-D-
galactopyranoside (PO-2)
29  3-O-B-D-glucopyranosyl-(1—4)-[a-L-thamnopyranosyl-(1—  R;=S;;, R,=R;=R4=Rs=R¢=R,=H Vi
2)]-B-D-glucopyranosyl-diosgenin (PO-3)
30  3-0-o-L-thamnopyranosyl (1—4)-[a-L-rhamnopyranosyl-(1— R;=S,4, R,=R;=R4;=Rs=Rs=R,=H i
2)]-B-D-glucopyranosyl-diosgenin
31  3-O-B-D-glucopyranosyl-(1—3)-B-D-glucopyranosyl(1—4)-[0- R;=S;,, R,=R;=R4;=Rs=Rs=R,=H i
L-rhamnopyranosyl-(1—2)]-B-D-glucopyranosyl-diosgenin
32 (25R)-spirost-5-en-12-one-3-O-B-D-glucopyranosyl-(1—2)-B- R;=S¢, R,=R4=Rs=Rs=R,=H, R;=0 EXiN -y
D-glucopyranosyl-(1—3)-B-D-glucopyranosyl-(1—4)-B-D-
galactopyranoside
33  spirost-5-en-12-one-3-O-B-D-glucopyranosyl-[(1—2)-B-D- R,=Sg, R,=R,=Rs=R¢=R;=H, R;=0 (25R,S) LTI
glucopyranosyl-(1—3)]-p-D-glucopyranosyl-(1—4)-p-D-
galactopyranoside
34  3-B-hydroxyspirost-5-en-12-one R,=R,=R4=Rs=Rs=R,=H, R;=0 (25R.S) EZiN vy
35 AFKH A (kingianoside A) R;=S4, R,=R,=Rs=R=R;=H, R;=0 TE A
36 EPMT B (kingianoside B) R;=S,;, R=Rs=Rs=Rs=R;,=H, R;=0 EER
37  funkioside C R,=S., R=R;=R,=Rs=R,=R~=H VRN
38  (25R)-EFEFEH G [(25R)-kingianoside G] R,=Ss, R,=R,=Rs=R,=H, R;=0, R=OH PEg v
39  pratioside D, R,=Ss5, R,=R,=Rs=R¢=R;=H, R;=0 EER
40  (25R)-spirost-5-en-3p,17a-diol-3-O-a-L-thamnopyranosy-(1—  R,=S;s, R,=R,=Rs=R,=H, R;=0, Rs=OH VEE NG
4)-a-L-rhamnopyranosyl-(1—4)-[o-L-rhamnopyranosyl-
(1—-2)]-B-D-glucopyranoside
41  (25R)-spirost-5-en-3p,17a-diol-3-O-B-D-glucopyranosyl-(1— R;=S;;, R,=R,;=R=R;=H, R;=0, Rs=OH VETE K
3)-[a-L-rhamnopyranosyl-(1—2)]-B-D-glucopyranoside
42 polygonatoside C, R;=S;6, R,=R,=R¢=R;=H, R;=0, Rs=OH VEE NG
43 ophiopogonin C R,=S,0, R,=R,=Rs=R¢=R;=H, R;=0 VRN
44 gracillin R,=S,7, R,=R3=R,;=Rs=Rs=R;,=H VETE K
45  dioscin R,=S;s, R,=R5=R,=Rs=R=R,=H VRN
46  saponin Tb R,=S;0, R,=R;=R,~R,=R,=H, Rs=OH THHAE
47  saponin Pa R;=S14, R,=R;=R;=Rs=R¢=R;=H EER
48  parissaponin Pb R,;=S;s, R,=R;=R,=Rs=R=R,=H PEgy
49  huangjinoside A R,=Ara BORG
50 huangjinoside B Ri=Ss BORG
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51  FEFGETF A Csibiricoside A) R;=S4, R,=R;=R,=H, Rs=OMe RS
52 HEKSEA A (sibiricoside B) R,=S4, R,=R;=H, R;=0, Rs=OMe WK
53 (258)-EFERE T C [(255)-kingianoside C] R,=S,, R,=R,=H, R;=0, Rs=OH PEg v
54 (258)-JEFREH D [(255)-kingianoside D] R,=S,, R,=R,=H, R;=0, Rs=OH PEg v
55 (258)-JEFREH E [(255)-kingianoside E] R,=Ss, R,=R,=H, R;=0, Rs=OH PEg v
56  22-hydroxylwattinoside C R,=S,, R,=Rs=0H, R;=0, R,=H PEgy
57 (258)-JEFREE F [(25S)-kingianoside F] R,=Ss, R,=Rs=0H, R;=0, R,=H PEg v
58 JHFEKET C (kingianoside C) R;=S,, R,=R,=H, R;=0, Rs==OH TR
59 AR D (kingianoside) D R;=S;, R,=R,=H, R;=0, Rs<=OH TR
60 JEIEFGH B (kingianoside E) R;=Ss, R,=R,=H, R;=0, Rs==OH TR
61  (25R22)-FIEISEIFIFHTE [(25R,22)-hydroxylwattinoside C]  R;=S4, R,=Rs=0H, R;=0, R,=H EER
62 EWRT F (kingianoside F) R;=S;s, R,=Rs=0OH, R;=0, R,=H EER
63 huangjinoside P Ri=S; HRE
64  huangjinoside Q R;=S; BORG
65  huangjinoside R Ri=S; BHE
66  polygonoide A Ri=Si3 BHE
67 polygonoide B Ri=Sy BHE
68  (25R)-3B-hydroxyspirost-5-en-12-one Ri=H EZiN v
69  (3B,25R)-spirost-5-en-12-one-3-[(O-B-D-glucopyranosyl-(1— R;=S;o EZiN v
2)-O-[B-D-glucopyranosyl-(1—3)]-O-B-D-xylopyranosyl-(1—
4)-B-D-galactopyranosyl) oxy]
70 (3B,25R)-3-hydroxyspirost-5-en-12-one R;=H EZiN v
71 (3PB,25S)-spirost-5-en-12-one-3-[(O-B-D-glucopyranosyl-(1—  R;=S, EZiN v
2)-O-[B-D-glucopyranosyl-(1—3)]-O-B-D-glucopyranosyl-
(1—4)-p-D-galactopyranosyl) oxy]
72 (3PB,25S)-spirost-5-en-12-one-3-[(O-B-D-glucopyranosyl-(1—  R;=S;o EZiN v
2)-O-[B-D-glucopyranosyl-(1—3)]-O-B-D-xylopyranosyl-(1—
4)-B-D-galactopyranosyl) oxy]
73 JEIEFET T (kingianoside J) R,=S, EER
74 HEHFEH K (kingianoside KD Ri=8y THEN
75  daucosterol R,=Glc EF G
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(GSH-Px) &1, FEIKH =8 (MDA) M&E. X
w06 I B BERS 2> /N BRI IE A SOD i
RS (P<0.01), ki H H R AU =%t
MU, 980 R A R 2 I R Al 5 | A PR i 280 4
AT X A L F T s AR 2 o AR S 36
B SRS 7K R E A /N B TN v 2L 21 P 2L R it S
TP AR R T A S B0 B O T LAy D
TENRIWAHL A MDA K724, AT i 2H 241
A E R A, RIERRA E HERE S, 1R
ENLRPUAAL I RE 7, FERET AR S AT Na',
K'-ATP fi§ & Ca®*-ATP BEIEYE, B4 Ca®™
HEMMTRBPTEZEN . MBS Ry
RG220 K REIR o-Z5EREERY (ANAE) %t
IR R, . Wi, SRR
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A H9F e 2 YN K o i 30 A 3 B 1 1 R
A o ity hr R St A 4 4 S N R R AP A )
MHER . 25 ocslimat sSEib sh iy, it
7N R 2 i L 0 7 P 0K 119 A8 A B SRR 2 R i R
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G HEMEF IR o BA2D 5 T 0 3% B SRS 2 B
—Fh RGP EE A BraKEPIs2me RN R ig
TORS DR s AU 2 EH . 1A, 2
R AT 2 B I b VR 2K BT B0 493 /S BRI 4H 4
MDA =, FE3 /R AFH A+ GSH-Px &, H 257
Bk 207,

H eyl PN T B 2 B AR AN A A A
. s RS B & BTSSR R B A Ak P2 )
MDA AR, XA H B RE BEBERIEM. i
TR, R 2B AT A8 T 2 B B SON BT bk 9 B 4
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'fﬁ .LESI. [61-62] .

BORE BRI R 58 B T 77 U1 25K B UL L A
P b e 710 K ATP i PE RS2 Ml 78 A B, B0RG
FEE T AR E K B Mn-SOD. GSH-Px. CAT i
PE, P&k MDA Al HyO, &, $LBHHXH iz 3™
A2 ) B RS S LR I A A R A R AR AR
s BERSSE YD REAE KR BEI 77 I 25K RO L2k
Fifk Py Na'-ATPase fl Ca’"-ATPase [#13EVE, H#EmiL
HA LR IEW T SR H AP E A
A BH I R B S S A R R O LR R A4 45 44 5
L,

NG 22 B8 ] DL R 99 A5 28 /)N BRI 2 A 1)
cAMP & K cAMP/cGMP {8, RN Z WA B
IR PR AR O,

3.2 HIHZERRINEE LI

W 700V L2 B 22 BT T (R0 R/ BRI

T CAl XA BEIG N, ZRRLAR S TEFE A%,
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IR 2% APP B 5E DR/ RS RUZ S 4 I 5, BAIK B-
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BV R K R DL 10% 38088 O IR R25 2, 45
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LR P P S K R 2 STATAZ B 0 O OO0, 3%
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WAL FEIRE 7T, BRARAR R IR E

PN 1 2LV Y B £ 3 R 3 I 2 0o R 3
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DAAE /) BR Tk I £ i 0B BR SR e D s BEORS B E (0.4
g/kg) AR B I B/ BRI IZ 3RS B RS A B R 2
H1EH.
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PV HERE 22 8 6 IR 7 AT A2 S8 i ) o
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) 260 W T B0 TR /)N SRS 7K PR — o FRAAE A
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BRI, 42 e i i R ARk, LI AT e A iR
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USRS K95 8 B SR U I /N B
G LA % EH B JIR 5 255 IR T v 1 /D BRUORH S350 %
MEER . Fag7 LU RE # 2 (STZ) EohE R
o/ BRI SO 5, 2 R TEORG e B R PRI 1
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5K A COVHIF 7t 2% W RS 22 0 A PR AEORE PR K R
(R KT ek 22 0K 22 RREIR, 380K BRAA o &
HGE B IEIE RAR B IR IE HEEH (mAlb) . L
B (SCr). JREE (BUN) /K, FR 2 A AT B
SEWE PR AR, AR B SR SR
KPR E I 3 8 1T BH PR R & A HTR B GLUT
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SERFRGE, MR R R IR R . R REShE
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ARSI FE R, SRS K RN 2 BRI R R
PRI R R I D B, R I 5 AT L 7 o A ] e e —
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R SEZI6: P G 0 Ik S AP AR A L/ P L 40 PR 28 B 4
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G I A Z-6 F1 C-J N ER 17K, o
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I R FEBTSN KA RERE Ak (1 FH o
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1 e 2 24 2V 0 52 1 v 24 ) 4 s K T 7 T B
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jkFE 1 (AT-D AL ETKE 11 (AT-ID &, ]
MW, PRI F7, 38 h0'E i 3 A 20U i &
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28 41 i A AN [F A F
3.7 mAIERMER

wF 70 P31 R B EE RS R (100, 200, 400
mg/kg) AEAEHIARKERL/IN R (1) B F2 76 ) Al )il
128877 o TERE 22 08 ] LS A8 1t S AT ABE B /) B
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47 VOV LR B R S SRR I B T A

BT R BRI R R i 5 2 I3 Sy BR AR 1 (TgA
IgG. IgM) M IL-2 {5, AJ 1G5 08 M B S AR AR
TR BRI e DR
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Zeng S5URE SR DLERS 2 HERE NS KR
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IEFH o SR FH o 8 ) 7 44 L 1 43 e 4 A A
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@é[lO?ﬁ—lOS] 3
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T4 FA AUV 6 R S 06 1 e L AT
ZLAHML C3b 2RI R R H A1 (1C) fLH3R
R o SEI60 R W3R 2 0 Ve T gy, 3o%
CLANAIE C3b SZARGEME, 41 20 G 2 6 I Th g3
5, I H2IEMCR. R ip PR
SR IR, R SRR 2
BRI /IN R P S e B o I ¥ 0 3R R B s
4 75 W ThRE RO SE MR TG 22 00 5 35 2 I s
G AT s RN A AR 4, T ) 8 O P I
H BN R B e ThRe .

JE R R 2 Ay 2 02V B BORS W42 i 32 20
TR TR e A FER /)N R ) s KL R, 8 (1 4t R 2 4
fg Tt B R 2 AR R R, fRmE
Wik 24 B P T e
3.10 sEUEA

Hirai 25U PVIF 7090 S 80K 1) R R HR B LA o
OMER, RSN R A OB E S, [FE SLRES
RN cAMP FRTE P, RO FH sl i P 2
iR B LI R AR SIRER . VY
B 9 S0 — VR M KB B & 42 3 5 S O LA
ittiash AT TS, R AR FEORS 248 i 7 e AL
(1 g/d) A5 P bE E R LB (3G, PR it
W AT, TN 2 A R O L 4 R 4%
v AL HEA S AEIVER . AETFURIL 0.15%5
s T 1) 7510 P A0 8 A s o TR S48 38 58, (ELKT 00 2R
ToER LR, T 0.4% FaAR YR U ASE B 42 B o o0 200
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PO, s AT gt R Bk BV IR I &
75 BEEHR 73 e 5 o Hb A 1) 0078 55 7 3R T AL T v 12
M B A B A
3.1 MEMRFHEIER

WEFCFNA, RSN 22 Fh A v R0 o 18 25 5 A ]
TE . BRIV BB BEAR BUK I (R %>
2%) W EZFEEEAMBER, W EaERE. 4
0 R A, oK A A B R e R R R
BRI R R E BB md e . SR g
7 U FEORE X U R AT B S B0 PR B R TR A A
i, CABORE R EVRTT B B AT s e, H
W, VRS R, JT AR . W R B
Z AT AT BESEEIAE R B EN 5.0 g/L BEXT
S IR R IELI B (1 B 22 30 R B 70% LA b AR
At L2010 B B 22 T K 2 B v T2k R B4
FLE A ISR AR IR A R
FERI (12300 AMLFEMFIR . S o (i E BRE . 45
PAT B« T AT B S5 A AR o B /NIREE22T5 1
RGN 2 T R A= 3 S E . SRS KB
TEAR IO FEAT 1R 4 8 €071 %) 3K B A6 0 R 0 1)
TEF, % 22 Bl E0m BB IR A IHIE A . TEre el
M 22 28 TR 4 B A9 B — PR LB BT R B
zjqy610, FLRBERES R B H2Y e 50 Z 0] % A
BERE Y R B, WO & AR P TCRIELE B
TE R 96 58 B A% AT

Y 2T R R B 0.8% ik 22 KM IR BUA T
R AlYR B B R AR 2 B R IR IR T R,
DI 1 5 S 2 A 22 88 U PUR B I 5 G
Bt U0 SRSt 2 BIAR IR 2 B2y TR 2 0
(PD. PP), HE 725, Bl thith a5 21X
FhH Z M 247~ %) (RPD. RPP), FH e -5 0%
% 325 43 Sl 1) B 13X 7 e oRE 2 R D R R R AT AR
(PDS. RPS). Z533& M PD. RPD #HH —EHIPL
FidEiE e, PDS. PPS HIPUi#iiGES PD. RPD
FHECA W22 5, ORI Um 84 UK FELL PD.
RPD 1k 10 1%,
3.12 ibhE{ER

PR AR SO 7T R W TR 2 WELA 24 48 h ),
A N BE i Eca-109 4. N B HGC-27 4t
NE e HCT-8 4iff S W H 7 LhR BT,
Jib9ea 200 Pt T e 4 BEL T S BT IR PE T AR A S
o U7V B SRS 22 6 N B 3% HeLa 40 AHL
i MDA-MB-435 411, A A5 HL-60 4 &

N H14 4ud, ¥ R A7 B3 pg4mmifEH .

sk SIL B HOR L0 PSP RENE R IE 3 /N
By Sigo AR/ YEAHZENL (MNNG) 5% K iR
JERZE B A B S BRI (ILKD, Y58 RAR R A
A (NKC) S0 e T 4 (CTL) 3%
Yo EAGEE R BA —EMPUMREE L, SRR
JHe ) 22 adad 2 Fhigft: —RIEHE N 20
p38-p53 &ML, X —@ALRESs SRR P IE T
ARSI MR A EWER, X 2
MigRRRIEW TS, HERRIEERD,
313 HfER

FORS Z WL FATIRYT K R IRESE R ER, B
TR T IR 0PN, gz AUk sh g R o
DS St P S v 2 i e S T s 18
4 REFREIEITUN S H

WA Z BR 26, TSt S 2.
(rREZH) 2015 FRAOIE T30k 2 B & 2R
B, HE s T R AR, L2 s
HilFa bR, M LU B BORS (1 0 B . Rl EAR
VIRAFAE T g A 257 5 GO R 2 RG]
PGSR TR IR D A ) BN R A
RN 525 D ReE MR DA S AL 5
MR, AN S B A 24 22 A A R O E R bR 7 1 A o
AT R BT, Rk, @i scEk i, X
SR EVHEAT IO, AR T LRSI R R o
T,
41 ETEREEVFRSEZRUERIHFEHIERERN
FREHREMTRN 447!

HRCORIE T HAREREZ MEY), HAEE
Polygonatum Mill. 25t 60 40, | A A6l
F BT TR E SR AR L bkt X . REA 31
Fh, HHFRFEEW 23 A, AWEZREAM, %8
PRI ARG ERERTE “JB” — b
()73 AR LGS, SR “FBE” FIE “HR” s
KRG X 77, AN EARRE. Hitk, 8
PN 5 B B 2 T RS 2500 SR RTTSE AL B 2R AR T BT T
ZJEAr N 2 AN, B Sect. Polygonatum F Sect.
Verticillata. Hi# &M R M RMEER: 5
FAFEMAE R SAER . MR R R .

PR EH Z PG, BEEZNE AR
=ik AEMIE. RARER. EE. Y EEESE, Hd
ZHEAE R B R TR TP RECOR, T
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AR E M2 e SRHEY I EEL IR EY
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AR =1, 2% )8 245 Y 1) 32 A B s 1
Yili. &% CMZEREYI 7 B3] 100 R PR 14
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£ C-3 Ao Bk BEREREEE, v 5O0E E IO OB 4
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R g 55 Joe 28 P B A 2 5 HL o) 7 R R 55 e 2R PR AR )
BT . SR B AR C-27 SR B HFEA 1%
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M, 3E4 R BERS IR R A S AR B o 1 IR AL
FEEE B rm N L E ALK (B 3D FEAN ALK
Vb, EEAEALE AR, TR T2

[+] YOS

BRI G, MK T s R SR B H o e
712 REPE. T AR R IO A KT LR B
iR 2 R 7 T ML IORR S, RSk C-27
4 2 T AR AL 7K1 21 s AL 7K1 1 23 1
e, AR T F 5 T 2Rk, i H S YR
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AT RAG SR T EENFELE . RIS
R TR, AT —ZERK T R E B
FICANZ) 5B H 02 WO R ) (S AR 2 7)1 itk AL
MIRTR, fEiZJE PR R IR I AR ™,
PUEH T I ECRE A2 SORS SR R K 3 oy . BRI,
X R R A IR R AL SRR AR ULEH
Ko I ZE R AR T, TR S
SE 1 HELUESR AT AT AT #E42

3 EREEVTEAEETMNENKTESTRENENS MR

Fig. 3 Oxidation level and possible biosynthesis pathway of steroidal sapogenins in genus Polygonatum

Crp [ 24 ) 2015 4F B I BV SR P
kingianum « ¥ ¥§ P. sibiricum X % 1€ ¥ K P.
cyrtonema 3 FHEPIVE N T 2 BORE I R AR . Horh,
ZRTHRERBEM R, 2R 1M, FTRESE

RERIL, ANRIFES AR TR X, 2 = A
B FERF —. ZlEEFESKREENE
R G RCHA . (AP ME R T CA
C-1 8 C-14 B, J8 g8 K. Bt R
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