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Content Analysis and Classification for Polygonati Odorati Rhizoma
and Polygonati Rhizoma by Steroidal Saponin

Sungun Kim, So Young Shin, Ye Ji Moon, Ji Yoon Seo, Ho Kyoung Kim* and Wan Kyunn Whang”

College of Pharmacy Chung-Ang University, Seoul 156-756, Korea
*Korea Institute of Oriental Medicine, Daejeon 305-811, Korea

Abstract — In present study, classification and quality control of Genus Polygonatum were developed using the isolated
from Polygonati Odorati Rhizoma and Polygonati Rhizoma. 3 components were isolated from Butanol fractions of Polygonati
Rhizoma, and 2 components were isolated from Hexane and Butanol fractions of Polygonati Odorati Rhizoma. All the com-
ponents were obtained using silica gel and ODS column chromatography. The compounds were identified as adenosine, 14-
hydroxylfurost-5-ene-3-0-B3-D-glucopyranosyl-(1—2)-0-B-D-glucopyranosyl-(1—4)-O-p-D-galactopyranosyl-26-O-f-D-glu-
copyranoside, 22-O-methyl-14-hydrocxyfurost-5-ene-3-0-B-D-glucopyranosyl-(1—2)-0-B-D-glucopyranosyl-(1—4)-O-B-D-
galactopyranosyl-26-O-B-D-glucopyranoside, B-Sitosteryl-3-O-B-D-D-glucopyranoside, 14-hydoxylfurost-5-ene-3-O-B-D-
glucopyranosyl-(1-2)-O-[B-D-xylopyranosyl-(1-3)]-O-B-D-glucopyranosyl-(1—>4)-0-p-D-galactopyranoside through phys-
icochemical data, spectroscopic methods (‘H-NMR, *C-NMR, Mass) according references. The quality control of genus
Polygonatum were conducted using HPLC quantitative analysis of 14-hydroxylfurost-5-ene-3-O-B-D-glucopyranosyl-(1—2)-
0O-B-D-glucopyranosyl-(1—4)-O-B-D-galactopyranosyl-26-O-B-D-glucopyranoside, 14-hydoxylfurost-5-ene-3-O-B-D-glucopy-
ranosyl-(1-2)-0-[B-D-xylopyranosyl-(1-3)]-O-B-D-glucopyranosyl-(1—4)-O-B-D-galactopyranoside in 30 samples collected
throughout Korea and China. This method provided a tool for standardization of mix or misusing the commercial Odorati
Rhizoma and Polygonati Rhizoma. As a result, contained quantity of 14-hydroxylfurost-5-ene-3-O-B-D-glucopyranosyl-
(1-2)-0-B-D-glucopyranosyl-(1—4)-0-B-D-galactopyranosyl-26-0-B-D-glucopyranoside was measured 0.008+0.006% and
14-hydoxylfurost-5-ene-3-0-B-D-glucopyranosyl-(1—2)-O-[ B-D-xylopyranosyl-(13)]-O-B-D-glucopyranosyl-(1—>4)-O-p-D-
galactopyranoside was measured 0.026+0.012%.

Keywords [] Polygonati rhizoma, Polygonati odorati rhizoma, steroidal saponin, origin, content analysis
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5|82 I(adenosine) — (-FAB-MS(m/z): 266[M-H], 'H-
NMR(DMSO-dy) dppm: 8.35(1H, s, J=8.75Hz, H-8), 8.15
(1H, s, H-2), 5.89(1H, d, J=6.2 Hz, H-1), 4.62(1H, dd, J=
49, J=10.0 Hz, H-2"), 4.15(1H, d, J=2.0 Hz, H-3"), 3.97(1H,
dd, J=3.2Hz, J=6.4Hz, H-4), 3.68(1H, m, H-5), 3.56(1H,
m, H-5), ®C-NMR(DMSO-dg) Sppm: 152.40(C-2), 149.08(C-
4), 119.37(C-5), 156.17(C-6), 139.93(C-8), 87.93(C-1'), 73.46
(C-2", 70.67(C-3", 85.90(C-4"), 61.69(C-5").

SlgtE II(14-hydroxylfurost-5-ene-3-0-B-D-glucopyranosyl-
(1->2)-0-B-D-glucopyranosyl-(1—4)-O-p-D-galactopyranosyl-
26-0-B-D-glucopyranoside) — (-)FAB-MS(m/z):  1031[M-HT,
lH—NMR(Pyridine-d5) Sppm; 0.8(3H, s, H-18), 0.88(3H, s, H-
19), 1.08@3H, d, J=7.0 Hz, H-27), 1.16(3H, d, J=7.0 Hz, H-
21), 491(1H, d, J=7.5Hz, H-1), 5.19(1H, d, J=8.0 Hz, H-

Water 22
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1", 5.26(1H, d, J=7.5Hz, H-1"), 559(1H, d, J=7.5Hz, H-
1), 13C-NMR(Pyn'dine—d5) dppm; aglycone: 37.95(C-1),
30.48(C-2), 78.69(C-3), 39.71(C-4), 141.49(C-5), 122.11(C-6),
32.64(C-7), 32.12(C-8), 50.74(C-9), 37.51(C-10), 21.58(C-11),
40.34(C-12), 42.94(C-13), 57.10(C-14), 32.75(C-15), 81.82(C-
16), 65.57(C-17), 15.37(C-18), 21.58(C-19), 40.92(C-20), 16.84
(C-21), 110.23(C-21), 30.60(C-22), 30.60(C-23), 28.03(C-24),
34.49(C-25), 75.56(C-26), 19.86(C-27) Sugar: Gal-103.22(C-1),
73.66(C-2), 75.80(C-3), 80.36(C-4), 76.71(C-5), 61.04(C-6),
Glc(inter 4 Gal): 105.32(C-1), 81.67(C-2), 87.22(C-3), 70.96
(C-4), 79.23(C-5), 62.95(C-6), Glc(terminal 2Glc)- 105.43(C-
1), 71.24(C-2), 78.21(C-3), 71.51(C-4), 79.13(C-5), 63.18(C-6),
26-0-Glc:  105.64(C-1), 75.48(C-2), 78.80(C-3), 71.51(C-4),
78.30(C-5), 63.47(C-6).

slgrE  III(22-0-methyl-14-hydrocxyfurost-5-ene-3-O-f3-
D-glucopyranosyl-(1—2)-0-p-D-glucopyranosyl-(1—4)-O-
B-D-galactopyranosyl-26-0-3-D-glucopyranoside) — (-)FAB-
MS(m/z): 1063[M-H], 'H-NMR(Pyridine-d;) Sppm; 0.82(3H,
s, H-18), 0.893H, s, H-19), 1.08(3H, d, J=7.0 Hz, H-27),
1.193H, d, J=7.0Hz, H-21), 4.87(1H, d, J=7.5Hz, H-1),
5.21(1H, d, H-1"), 5.26(1H, d, J=7.5Hz, H-1"), 5.59(1H, d,
J=75Hz, H-1"), 13C_NMR (Pyridine-d;) dppm; aglycone:
38.02(C-1), 30.70(C-2), 79.481(C-3), 39.80(C-4), 141.78(C-5),
122.39(C-6), 32.47(C-7), 32.16(C-8), 50.82(C-9), 37.58(C-10),
21.57(C-11), 40.28(C-12), 41.36(C-13), 57.14(C-14), 32.82(C-
15), 82.02(C-16), 64.79(C-17), 16.80(C-18), 19.93(C-19), 41.05
(C-20), 16.96(C-21), 113.41(C-22), 31.58(C-23), 28.73(C-24),
35.07(C-25), 75.73(C-26), 18.14(C-27), 47.97(C-22-OMe),
Sugar: 103.42(C-1), 73.85(C-2), 76.19(C-3), 80.59(C-4), 76.94
(C-5), 61.15(C-6), Glc(terminal 4Glc)- 105.63(C-1), 81.99
(C-2), 87.24(C-3), 71.39(C-4), 79.31(C-5), 63.06(C-6), Glc
(terminal2Glc)- 105.84(C-1), 75.89(C-2), 79.12(C-3), 71.57(C-
4), 79.31(C- 5), 63.43(C-6), 26-O-Glc- 105.95(C-1), 75.48(C-
2), 78.80(C-3), 72.36(C-4), 78.30(C-5), 63.63(C-6).

stgtE IV(B-Sitosteryl-3-0-B-D-D-glucopyranoside) — (-)
FAB-MS(m/z): 575[M-HJ, IH-NMR(Pyn'dine-dS), dppm; 5.68
(1H, m, H-3), 1.27(3H, s, H-18), 1.32(3H, d, J=7.0 Hz, H-
21), 1.22(3H, d, H-27), 1.203H, d, H-26), 1.193H, m, H-
29), 0.993H, s, H-19), 568(1H, d, J=7.5Hz, H-1), “C-
NMR(Pyridine-ds;) dppm; aglycone 37.8(C-1), 30.6(C-2), 78.5
(C-3), 39.7(C-4), 141.3(C-5), 122.3(C-6), 32.4(C-7), 32.6(C-8),
50.7(C-9), 37.3(C-10), 21.6(C-11), 40.3(C-12), 42.9(C-13),
57.2(C-14), 24.9(C-15), 28.9(C-16), 55.6(C-17), 12.3(C-18),
19.6(C-19), 36.8(C-20), 19.3(C-21), 34.6(C-22), 26.8(C-23),
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46.4(C-24), 29.8(C-25), 19.8(C-26), 20.3(C-27), 23.8(C-28),
12.5(C-29), Sugar- 102.9(C-1'), 75.7(C-2"), 78.8(C-3"), 72.1(C-
4", 78.9(C-5", 63.2(C-6".

SlgHE V(14-hydoxylfurost-5-ene-3-0-B-D-glucopyranosyl-
(1-2)-0-[p-D-xylopyranosyl-(1—3)]-O-B-D-glucopyranosyl-
(1-4)-0-p-D-galactopyranoside) — (-) FAB-MS(m/z): 1047
[M-HI, 'H-NMR(Pyridine-ds) ppm; 1.283H, d, H-21), 1.05
(3H, d, H-27), 0.84(3H, s, H-18), 0.84(3H, s, H-19), 5.61(1H,
d, J=75Hz, H-1), 5.28(1H, d, J=7.5 Hz, H-1"), 5.23(1H, d,
J=75Hz, H-1"), 54.83(1H, d, J=75Hz, H-1"), C-NMR
(Pyridine-d;) dppm; aglycone- 37.30(C-1), 29.96(C-2), 78.58
(C-3), 39.08(C-4), 141.02(C-5), 121.66(C-6), 32.03(C-7), 32.16
(C-8), 50.09(C-9), 36.86(C-10), 20.84(C-11), 39.55(C-12),
40.63(C-13), 56.40(C-14), 32.09(C-15), 81.34(C-16), 61.05(C-
17), 16.07(C-18), 19.20(C-19), 40.33(C-20), 16.22(C-21), 112.68
(C-22), 31.44(C-23), 28.73(C-24), 34.34(C-25), 65.89(C-26),
17.40(C-27), Sugar: Gal- 102.69(C-1), 73.12(C-2), 74.99(C-3),
79.85(C-4), 76.21(C-5), 60.43(C-6), Glc(terminal 4Glc)- 105.23
(C-1), 81.25(C-2), 86.50(C-3), 70.84(C-4), 78.74(C-5), 62.32
(C-6), Glc(terminal 2Glc)- 105.10(C-1), 75.26(C-2), 78.52(C-
3), 71.62(C-4), 79.31(C-5), 62.90(C-6), Xyl(terminal 3Glc)-
104.91(C-1), 75.48(C-2), 78.06(C-3), 70.41(C-4), 67.27(C-5).
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Table I - Sample list for experiments of Polygonati Odorati Rhizoma

No. Origin Place of purchase No. Origin Place of purchase
1 North Korea Kyungdong market 16 Domestic Jechun market
2 Domestic Kyungdong market 17 Domestic Daegu market
3 North Korea Kyungdong market 18 Domestic Daegu market
4 China Kyungdong market 19 Domestic Daegu market
5 Domestic Kyungdong market 20 Domestic Daegu market
6 North Korea Kyungdong market 21 Domestic Daegu market
7 Domestic Kyungdong market 22 North Korea Daegu market
8 Domestic Kyungdong market 23 Domestic Youngchun market
9 Domestic Kyungdong market 24 North Korea Youngchun market
10 Domestic Kyungdong market 25 China Youngchun market
11 Domestic Kyungdong market 26 Domestic Youngchun market
12 Domestic Jechun market 27 North Korea Youngchun market
13 Domestic Jechun market 28 Domestic Youngchun market
14 Domestic Jechun market 29 Domestic Youngchun market
15 Domestic Jechun market 30 Domestic Youngchun market
Table II — Sample list for experiments of Polygonati Rhizoma
No. Origin Place of purchase No. Origin Place of purchase
1 Domestic Daegu market 16 Domestic Jechun market
2 Domestic Daegu market 17 Domestic Jechun market
3 China Daegu market 18 China Jechun market
4 Domestic Daegu market 19 Domestic Jechun market
5 Domestic Daegu market 20 China Jechun market
6 Domestic Daegu market 21 Domestic Youngchun market
7 Domestic Daegu market 22 Domestic Youngchun market
8 Domestic Daegu market 23 Domestic Youngchun market
9 China Kyungdong market 24 China Youngchun market
10 Domestic Kyungdong market 25 China Youngchun market
11 Domestic Kyungdong market 26 China Youngchun market
12 Domestic Kyungdong market 27 China China
13 Domestic Kyungdong market 28 China China
14 China Kyungdong market 29 China China
15 Domestic Kyungdong market 30 China China
Table III - HPLC analytical condition on Polygonati Odorati Rhizoma B9 t)sle] ICH 7ol &= F/} 0l 71502 HPLCE °]&
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Fig. 1 - Structure of Compound I~V.
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26-0-B-D-glucopyranoside, 3}3E IS  22-O-methyl-14-
hydrocxyfurost-5-ene-3-0-B-D-glucopyranosyl-(1—2)-O-B-D-
glucopyranosyl-(1-4)-0-B-D-galactopyranosyl-26-0-3-D-
glucopyranoside, 3}3E IVE  P-Sitosteryl-3-O-p-D-D-glu-
copyranoside, 3}3t& VE 14-hydoxylfurost-5-ene-3-O-p-D-
glucopyranosyl-(1-2)-0-[B-D-xylopyranosyl-(1—3)]-O-B-D-
glucopyranosyl-(1->4)-O-p-D-galactopyranoside® ¢4 3}
A2 (Fig. 1).

] A e 7 sEE s} Ve EFEAE o] 9

I, ez aHhe V7F Srso] Sl 21e lsigith. o]
= AR BEEAER A4t HPLCE o83 241 A5,

S99 9% BUEPE A4 sk,

il

HPLCE 0|E8} 24 ZZ(validation)
£0| M (Specipicity) - 2% HPLCEZHA 2 #4I3F 972}

0] AEEA S 19}V, 2714 2] viiE ke 35
$E Ih ok 123, S8E V7 oF 3023 ©)9ln 9169 34
S2Eo) e YREE (S v ke 2o o

o ThE Ao 1ol flgo] I

Z|MM (Linearity) — 35H 119} VE 0.01~1 mg/mi] HElol
A R Axsto] e HPLC 2708 248 Xk
X F2 5, yH2 JIAHH 07 sto] AFs 2ds Ay,
Table Vol vERt 213} o] AR R?) o] 2714 A% 2%
0.999 odo® Fast M-S YERNICHFig. 2, Table IV).
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Fig. 2 — Calibration curve of standards. A) Compound II B)
Compound V.

Table IV — Calibration graphs, Linear ranges and LOQ

Lineaer Correlation Q
Compound  range  Slope Intercept coefficient (ng/ml)
(mg/ml) ®?

Compound II  0.01~1 109572 240.35 0.999 200
Compound V  0.01~1 672574 1622.7 0.999 200

LOQ=10 * o/S(c: WH-&-9] EFHAF S: A ] 71270,

HMEBHAI(LOQ) - A= WH-e-2] w=Hate}l fHaFae] 7]
710 TATRE RIS A AEst Aof| osto
] S5HE 119k VO] LOQ#ES 0.2 pg/mi= g3kt

HeM (Accuracy) — Y B0 e EIs]
alo] BIHE 19} Vo) 371X so] Bl 38 S3IiaL, 3
S Hiel o] gt R BHEaks 71K FE
i 1|9 MR-E(%)EA T8I0, 11 3k BE V) 98.2~
102.2%, 335 V7F 99.4~103.60.% 7H2}e] 5ol okt
e HERIRITE. o1F B3l EATHe S FHsiirk(Table V).

MM (Precision) — % AP o] wiEAS ERIH] ¢
sto] 2714 AR EFEEAE P2 kol diste] dul(Intra-
day), ¥7F(Inter-day) o2 o] 63] HHE Adsiol om A3} gk
o] Az} A=) ANEFHAXNRSD%)YE F8l LS 78I
o}, duli(Intra-day test) 87 LA} 52 W 1.81%, 3}
& Vi 197%2, A7H(nter-day test) A AP AV} 3heE
IV} 1.65%, 3tEtE Vi 1.83%9] #hs YERN] 25 2% old
S RSAIA A AHdE 81 & 5 ASUTH(Table VI).
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Table V — Accuracy of analytical result

Conc. (%) Area Recovery (%) Bias (%) RSD

Compound II

1 43799 100.7 0.7

80 2 43218 99.4 -0.6 1.22
3 44293 101.8 1.8
1 54599 100.3 0.3

100 2 55296 101.6 16 0.97
3 55658 102.2 2.2
1 64359 98.5 -15

120 2 64208 93.2 -1.8 0.56
3 64910 99.3 -0.7

Average 100.22 0.22 0.92

Compound V

1 273430 102.4 2.4

80 2 265784 99.6 04 1.70
3 265254 99.4 -0.6
1 344393 103.1 3.1

100 2 339348 101.0 1.0 1.03
3 340691 102.0 2.0
1 415678 103.6 3.6

120 2 404392 100.8 0.8 141
3 410986 102.5 2.5

Average 101.60 1.60 1.38

Table VI - Precision (Inter-day & Intra-day) of analytical results

Conc. %) Compound II Compound V
1 60124 3689551
2 61567 6545712
100 3 62338 6546960
Inter-day 4 63214 3702312
(n=6) 5 61989 3596145
6 63012 3672052
Mean 62040.67 3625289
SD 1123.32 71377.45
RSD(%) 1.81 1.97
1 59599 360080
2 59296 369384
100 3 60493 354393
Intraday 4 61845 360691
(1=6) 5 61449 3576348
6 60658 370967
Mean 60556.67 362143.8
SD 997.68 6628.93
RSD(%) 1.65 1.83

2 E BAHE St 2Ret 83 &E DL EE

Q)frollA Ee)gk 313HE 11(14-hydroxylfurost-5-ene-3-0-B-D-
glucopyranosyl-(1—2)-0-B-D-glucopyranosyl-(1—4)-O-p-D-
galactopyranosyl-26-0--D-glucopyranoside)7} Rt 12 min®jl 4]
@ a2 vehdS R 3 4 QUlar 3073el tiEt SjHE 1
o] ke H3t 0.008+0.006%= FEFSTE

A oA B3k 315 V(14-hydoxylfurost-5-ene-3-0O-p-D-
glucopyranosyl-(1-2)-0-[B-D-xylopyranosyl-(1—3)]-O-B-D-
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Table VII-The compound II and V contents from 30 samples
Polygonati Odorati Rhizoma and Polygonati Rhizoma

No.  Origin CO?%““ No.  Origin CO?‘%““
1  North Korea 0.017 1 Domestic 0.052
2 Domestic 0.001 2 Domestic 0.043
3 North Korea 0.023 3 China 0.038
4 China 0.011 4 Domestic 0.015
5 Domestic 0.004 5  Domestic 0.010
6  North Korea 0.031 6  Domestic 0.028
7 Domestic 0.002 7  Domestic 0.033
8 Domestic 0.010 8  Domestic 0.011
9 Domestic 0.005 9 China 0.008

10 Domestic 0.008 10  Domestic 0.015

11 Domestic 0.004 11  Domestic 0.023

12 Domestic 0.004 12 Domestic 0.030

13 Domestic 0.004 13 Domestic 0.029

14 Domestic 0.004 14 China 0.024

15 Domestic 0.004 15  Domestic 0.043

16 Domestic 0.004 16  Domestic 0.019

17 Domestic 0.008 17 Domestic 0.026

18 Domestic 0.007 18  Domestic 0.017

19 Domestic 0.006 19  Domestic 0.014

20 Domestic 0.004 20 China 0.023

21 Domestic 0.007 21 Domestic 0.010

22 North Korea 0.009 22 Domestic 0.027

23 Domestic 0.006 23 Domestic 0.018

24  North Korea 0.012 24 Domestic 0.030

25 China 0.005 25  Domestic 0.042

26 Domestic 0.006 26 Domestic 0.026

27  North Korea 0.018 27 China -

28 Domestic 0.010 28 China -

29 Domestic 0.010 29 China -

30 Domestic 0.006 30 China -

Mean 0.008 Mean 0.026
SD 0.006 SD 0.012

glucopyranosyl-(1-4)-O-p-D-galactopyranoside) & X &2 =
alo] -8 & 307l thsh SHiAs Akl W 2 Rt
39.2 minellA & T % vEpde &l & 5 3l3lar 303
st 3tk Vel S At 0.026(+0.012)% % Ve T
(Table VII).
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e FrEsto] AR 9 FElsket] Hisle] FujelE o152 7|
GAEo] thgde E7ekal "saEhe o5 % &85k AF
atal ole AHow, Afet S AT, dEF L 14
S o] &k FRHIAS Bato] fet S RS BRoR
2 ATE JPoit. A TS A7190E 2] Agekel] o
sto] A% Al WS Foto] 579 sRHES ekl
om Z+E 7]7] X NMR, Mass)S %38}9] adenosine, 14-
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hydroxylfurost-5-ene-3-0-B-D-glucopyranosyl-(1—2)-0-B-D-
glucopyranosyl-(1—4)-0O-B-D-galactopyranosyl-26-0O-B-D-
glucopyranoside, 22-O-methyl-14-hydrocxyfurost-5-ene-3-O-p-
D-glucopyranosyl-(1—2)-O-B-D-glucopyranosyl-(1—4)-O--D-
B-Sitosteryl-3-O-
14-hydoxylfurost-5-ene-3-O-f-D-glu-
copyranosyl-(1-2)-0-[B-D-xylopyranosyl-(1-3)]-O-B-D-
glucopyranosyl-(1-4)-O-B-D-galactopyranoside® 29157 3}53ct.

ol A T el e 7T e AR R 14-
hydroxylfurost-5-ene-3-0-B-D-glucopyranosyl-(1—+2)-0-B-D-

galactopyranosyl-26-O-B-D-glucopyranoside,
B-D-D-glucopyranoside,

glucopyranosyl-(1—-4)-0-B-D-galactopyranosyl-26-0-B-D-
glucopyranoside ¥} 14-hydoxylfurost-5-ene-3-O-B-D-glucopyranosyl-
(1-2)-0O-[B-D-xylopyranosyl-(1—3)]-O-B-D-glucopyranosyl-

(1>4)-0-B-D-galactopyranoside 77} ‘&5 o]&3ste] TLC
3l HPLCE ol8sto] &}l & A} 3hgha Iz Slrelrwt, 3t

T Vi Bl g selskgc,
ICH 7Jo] =201 71502 HPLCE o] #471 4% 2

7} 7} so] RIS Wk S7ske] 5o (Specificity), 2141
A (Linearity), 4 %3HA1(LOQ), 78 &9 (Accuracy) W A4
(Precision) Z7dsto] 49| eFAS HSsI8lth

9l WS Esto] HPLC #41& AAIs 43 91+ 14-
hydroxylfurost-5-ene-3-0-B-D-glucopyranosyl-(1-—-2)-0--D-

Jl

[e

glucopyranosyl-(1—-4)-0-B-D-galactopyranosyl-26-0-B-D-
glucopyranoside”} E7t 0.008+0.006%°.% ER O, 72
14-hydoxylfurost-5-ene-3-0-f-D-glucopyranosyl-(1—2)-O-[ -
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galactopyranoside”} 0.026+0.012%% -5 oS
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