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Abstract Objective; To determine the polysaccharide hydrolysates from Polygonati Rhizoma under glycoside
enzymatic hydrolysis’ HPLC fingerprint. Examine the variations among the polysaccharides produced by the
various varieties of Polygonati Rhizoma and provide references for the assessment of the polysaccharide quality.
Methods: After the polysaccharide from Polygonati Rhizoma was hydrolyzed by fructose enzymes, its fingerprint
was established by HPLC — ELSD. The fingerprint was then analyzed using similarity analysis (SA), hierarchical
cluster analysis (HCA) , and principal component analysis (PCA) to determine the differences between the poly-
saccharides from various Polygonati Rhizoma varieties. Results: Polysaccharides from various strains of Polygonati
Rhizoma had different HPLC — ELSD fingerprints, and a total of 17 distinct oligosaccharide fragments were discov-

ered, all of which contained fructose, glucose, and sucrose. Analysis revealed that there are significant intra
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species differences, minor differences, and high levels of similarity between the three types of Polygonati Rhizoma.

The real Polygonati Rhizoma differs significantly from the imitation in several important ways. Conclusion: Polygo-

nati Rhizoma can be successfully classified according to varieties, using the fingerprint of polysaccharide hydroly-

sates of the various varieties of Polygonati Rhizoma and its adulterants. The developed HPLC method can be used for

the differential analysis of polysaccharides in Polygonati Rhizoma and is straightforward, precise, and repeatable.

Keywords : Polygonati Rhizoma; polysaccharides; enzymatic hydrolysis; fingerprint; differences; chemometrics;
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3.2.1. 26,35 J21M11K10978 ) , i 5 M- A= Rl +5
ABRAF . =W Le (4145 10006818 ) (iE T B (Ht=
20211026) | L (L5 20211026 ) 13 4y 73 Hr 4k, [ 2Y
S MO A BR 2 Wl 5 L (Ait5 F22M7D201) (4
TG, Fisher Scientific 23 w5 B0M 25 b4 H1 22 U8 & b
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F1 KEseiER
Tab.1 Detailed list of test materials

G 1) G e

(number) (habitat) (number) (habitat)
St JLVGERE (Ruichang, Jiangxi) D3 SEMEET (Bijie, Guizhou)
2 RN (Lu’ an, Anhui) D4 = F B W] (Kunming, Yunnan)
S3 RN ( Chizhou, Anhui) D5 DY 135 ( Dazhou, Sichuan)
s4 23N ( Chizhou, Anhui) cl VU J1| 36 Chengdu, Sichuan)
ss M ( Chizhou, Anhui) ] WALEI (Wuhan, Hubei)
6 WHTHiM (Hangzhou, Zhejiang) c3 T 75 ¥ BH ( Luoyang, Henan)
s7 WiVLAH (Hangzhou, Zhejiang) c4 {H R 1% H ( Luoyang, Henan)
S8 WHTHiM (Hangzhou, Zhejiang) cs T 75 ¥ BH ( Luoyang, Henan)
9 WYL ( Hangzhou, Zhejiang) H1 W L P ( Yueyang, Hunan)
S10 WA M (Quzhou, Zhejiang) H2 W45 P ( Yueyang, Hunan)
byl eI EEF ( Bijie, Guizhou) H3 LM ( Chizhou, Anhui)
7 2 ( Chizhou, Anhui) H4 2 ( Chizhou, Anhui)
3 11 #& % (Tai” an, Shandong) Hs RN ( Chizhou, Anhui)
14 3T FHEF ( Fushun, Liaoning) 71 [#]4} (abroad)
15 [RGB ( Luoyang, Henan) 72 [#] 4} (abroad)
Dl DU I ji 45 ( Chengdu, Sichuan) X1 VU 1| 55 Chengdu, Sichuan)
D2 WAL ( Wuhan, Hubei) X2 DU 11 8¢S ( Chengdu, Sichuan)

1 (note) : S1 ~ S10. Z1E K5 ( Polygonatum cyrtonema Hua)  J1 ~J5. #4E ( Polygonatum sibiricum Red) D1 ~ D5. JH #¥K5 ( Polygonatum kingianum

Coll. et Hemsl. ) C1 ~C5. PUJI|#5 ( Sichuan Polygonati Rhizoma)

HI1 ~ H5. b #KS ( Polygonatum zanlanscianense Pamp. ) 71 ~72. i 1 #0K;

(imported Polygonati Rhizoma) X1 ~ X2. /NI #5# ( Polygonati Rhizoma microphylla)

INATE K & B (12 R ) 2 & Bk B2 ok 80% ,
4 CYKFE HHCE 24 h, B0, 8 2 BIE W Dl
95% LEGEV 2 K, BEIR 10 mL, B0, AR UTEY,
POKMTTIERAR BT B SRR T8 .
2.2 RS A

ICHKE 205 10 mg, JinK 20 mL, il 55 5 ik 32
}0.5 mg - mL~"F BEORE 2255 T D9 O I
10 mg(100 U - mg™") , % & 10 mL &, K
Vgt e W B Z05, AL 100 U - mL ™" ) SR 0 15 il
VW, BUERS Z M S mL 5RO A
(100 U - mL™")5 mLig &, IRAWENRG & $ K
f# (55 °C,200 r - min~',3 h), If7£ 80 C F fin i
20 minfifi i A5 P, B0 (4 500 ¢ -
Je B EIEW, T R AE2 mLORE - /K (1: 1) %
Wt , LAk T HPLC 4347 .
2.3 IR TR A

HCRE RS A 2R A ) R A5 2 10 mg, K
BWRRE A BIHER E 10 mL S, K@ &
HEZNE, WG,
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min~', 15 min)

2.4 S5

U3000 71 /&5 0 W AR 0 3 { (B %5 Allech-
ELSD6000 7 & )t 5 5 #r il £ ) , €8 3% 4 5 Hypersil
GOLD™ PEI HILIC HPLC (250 mm x4.6 mm,5 pm),
TN CHE (A) =K (B) , B BEBEME (0 ~ 25 min,
85%A—65% A ;25 ~35 min,65%A—50%A) , i
1.0 mL + min ™" F:{E 35 °C, #FRER 10 pl,
2.5 JrikeEsR
2.5.1 MEEBAL WS S —1, & 2. 27 I
T A B SR 3 S 6 Y AE Tl ok
5 LA W P R 6T % B s () AR A X 0 T R ( A SR R 1Y
E WS (1) 0 068 1T FHU 228, JH A 45 0 11 0 s i) AT g
TR S LAY LUARL, R [R]) 005 H: A 0 R 0 £ B st
[ FAR XTI T AR A RSD 1 <3. 0% , K WA A 5
RIF PG HRSUEIE 2K .
2.5.2 EAEMERE  HBCS2 SN 6 )y, #5712, 27 T
Oy A AR, $ 2. 47 TR A A A T
W, DA A e 1% R X 3¢ B B [0 R0 A X 06 TrT AR
1) RSD 14 <3. 0% , [m]—H i RO EUZ (B A 25 SR 1L



JPA, zwmswmz=

Chin J Pharm Anal 2024, 44(2) . 327 -
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HR ST A UL PN AR 48 (2012 R BT, A2 3
Tl B T ROHE () 0 BT o 34 HIERE 5 43 0] 5 B0RG L TE
SRR 22 A8 SRS X P 3 LU, TH AR, L2
AEBOR RS BRI TE ], el 2 3 froR S5 2RILER 2.

400 "

A N A Ao .

0 2 4 6 8 10 12 14 16

1. BB (fructose) 2. Fj %4 (glucose) 4. i (sucrose)

a. Z ALK ( Polygonatum cyrtonema Hua)  b. JE #4% ( Polygonatum kingianum Coll. et Hemsl)

18 20 22
¢/ min

24 26 28 30 32 34 36 38 40 42 44 46

c. # ¥ ( Polygonatum sibiricum Red)  d. PU)I| #54%

(Sichuan Polygonati Rhizoma) . #iJt 35 ¥ ( Polygonatum zanlanscianense Pamp)  f. 3£ 11 %% (imported Polygonati Rhizoma) g. /N84 ( Polygo-

nati Rhizoma microphylla)

1 FEMMERSENREEEME

Fig. 1 Overlay map of control map of Polygonati Rhizoma polysaccharide from different varieties
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HE SRR (AU B 10 b2 48 3O AU > 0. 93
(F2) s EEOR A EORT 5 HAH L (3 - A) [ BR 1 AL
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BR 1AL (C4) ZAh ALY <0. 860 M BORTHIUE
1 <0. 82 s /NS FHLUE 1 <0. 5,

EIRSEIRARW], 2 BLCR Y 3 b A [R] oK IR A
UM RIFR A RR S TE A U B, 22 5 B0/0N 3 M2k
TR B] 22 S K . TRIL, A [ BORS 20 10 254

FEOUEATR] T X 0o
3.2 R

HT T ARARLBE 23 BT v A7 78 0 0 B it BA il il X
I3 BE AN B RN B0, Wk — 2B R R 2K 0 b
(HCA) XF 8K I BORS A 2 A0 moRs 0477028 0 I
20 LTRGBS R (5 TR L BORS L 2 AL EORE)
th Z B HPLC — ELSD 4 £ [&] 1% 1% 2L [7) 0 [rj £ 8%
BICIL 20 x U7 1) 03 6 1 o B 8000 1 2 A7 AR
a4 I 5 A IBM SPSS Statistic 23 JR 24, % A
Y AVIRHEAE S B2 07 ik, MR 4R > Ak 22 S X A A i
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Fig. 2 Polysaccharide fingerprint of 10 batches of Polygonatum cyrtonema Hua
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R1. ZAEEHE %] R &% (the control chromagram of Polygonatum cyrtonema Hua) DI ~ D5. JH #K5 ( Polygonatum kingianum Coll. et Hemsl. )  J1 ~J5. #%
A% (Polygonatum sibiricum Red) HI1 ~H5. WL RS ( Polygonatum zanlanscianense Pamp)  C1 ~C5. PUJI[3#4% (Sichuan Polygonati Rhizoma) Z1 ~Z72. ¥ 113#%
K (imported Polygonati Rhizoma) X1 ~ X2. /N2 ( Polygonati Rhizoma microphylla)

AL JEEORS  HORS % 3 (identification of Polygonatum kingianum Coll. et Hemsl. and Polygonatum sibiricum Red) — B. JH At # K5 % %1 (identification of

= BR

other Polygonati Rhizoma)
B3 KUSHEBRSHEISETRAMEBHIELEEL

Fig.3 Fingerprint of Polygonatum cyrtonema Hua polysaccharides as reference
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x2 ETFSHHEBSENREIGEHNARRMEFHEUE
Tab. 2 Similarity of different varieties of Polygonati Rhizoma
based on the comparison map of Polygonatum cyrtonema

Hua polysaccharide

FE FRALEE i AHABLEE
(sample) (similarity ) (sample) (similarity )
sl 0.937 D3 0.827
$2 0.998 D4 0.779
S3 0.997 D5 0.723
4 0.997 cl 0.762
S5 0.998 o) 0.858
S6 0.997 c3 0.824
s7 0.998 c4 0.901
S8 0.998 cs 0. 694
$9 0.997 H1 0. 896
S10 0.997 H2 0.877
J 0.755 H3 0.932
2 0.838 H4 0.913
13 0.770 H5 0.445
4 0.751 71 0.765
I 0.343 2 0.818
DI 0.933 X1 0.445
D2 0.773 X2 0.474

TE (note) : LAZAEBORE XS IR IET S (R1) @ik IR0 2 I3, R
PO EAT 20 R E A O BR B . A AR B 2 5 R A
(use the R1 chromatogram of Polygonatum cyrtonema Hua as the reference
spectrum, and use the median method for multi — point correction to gener-
ate the reference spectrum. The similarity of each batch is compared

to R1)

HCA Z5RUN1E 4 Firs , 20 i EORE e f g2 3
R B 1 2RALHE 10 HEZ B BORE , ™ b 20 ) & 2
INE BRI (3 A4) W TLAUN (4 A) Tl
MLV B B 5 50 2 2RA0HE 5 AU EOR , ™ o ) 2
UK DU ISR (2 A4 (AL s g R A A
YL 56 3 SEALEE S fHEDR, 7 H 0 il N
BB VBB L IN R 2R I TR, 45 R AR,
TN 20 W I i 7 ) 2 e 0 A e MU Bk O 3
5B —E BRI, HCA Y REAR v ] — 28 531
R ENEL R Lol s BA m A UE. 7
B3 20 D PR T RE SR A TR R U Y SRS 22 B A6 H H
AR X — R I BRI S 5 AR T
Iy M5k
3.3 ER

PRBL T 4 S8 A /Y 2 e 23 (PCA) , B 1K

5 10 15 20 25

—

N oW O O

—

11
14
12 1l
13
15

17
18
19

1 -10. Z K (Polygonatum cyrtonema Hua)

16
20 I mm
L

11 - 15. JE#KE ( Po-

2= ER

lygonatum kingianum Coll. et) 16 —20. ¥} ( Polygonatum sibiricum

Red)
4 20 #EHEZHE HCA RPRX R
Fig.4 HCA dendrogram relationship of 20 batches of Polygonati

Rhizoma polysaccharide

DURRRI R I Lo EAT 50 M, BE AT AL T 43 B ad 72, X
IRA e MR B T R TS B o K 20 HEUCHE B i
17 A A7 0 T AL S A SPSS 23, #f4:, 4T PCA,
FRIE(E R 22 STk 3 i, i R LI 5. DA
FRAEAE > 1 3R BORRAE" " ARECT 4 A F R4, AT 3
A5 5 B 2211 50. 1% 26, 5% F19. 1% , % B
3IAERT AT, AR ER 2P 17 S
Y 85. 8% {5 B, JE LATE U BERE 22 B 0 &
B B HRHE R A SIMCA Gt fFrp 3280 T 3 A&
WAy, ZAE I R X (cum) =0.844, Q° (cum) =
0.612,3>0.5, UiH] 1% PCA R ) i 58 77 8k 47
HORG Z M =4k PCA 1357 E (18 6) B, 20 #LEOKS
ZHEWT N 3 25,5 HCA 55 —5, ZAEHEN S1 ~
S10 B 2R 4 — 4, JH RS D1 ~ D5 B R4 I —
MG RS J1 ~ U5 B B05E 3 41, PCA i
N3 FORTR LR B PR AE T A N B 02, &
BH R IR /K ik 1) 5 95 6 F BORS 28 64T /0 A, BT DA
Xof AN 7] A U5 ) RS A T AR 1) 4530
3.4 s/ DA 5B

¥ 20 x 17 BB B 5 A SIMCA 13 G itk
PEHEAT A e/ — 3R H 43 B (PLS = DA) |, A~ 3%
g Xof e 1) 48 R 1 5 ) |y VIP (45 5% b i s o i B
M) E 2. MBI H R* X (cum) =0.909, R*Y
(cum) =0.863,0*(cum) =0.775,R*Y FI Q° {8
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%3 SEHERNAERRE
Tab.3 Characteristic value and variance contribution rate
W WG FHEAE (initial eigenvalue) FLELAR A 5 1 (extraction sums of squared loadings)
(principal Bt FEAL FM Bt TEAGL FEM
component ) (total ) (variance percentage ) (‘accumulate ) (total ) (variance percentage ) (‘accumulate)
1 8.522 50. 129 50. 129 8.522 50. 129 50. 129
2 4.519 26. 580 76.709 4.519 26. 580 76.709
3 1.553 9. 135 85. 844 1.553 9. 135 85. 844
4 1.129 6. 638 92.482 1.129 6. 638 92.482
5 0. 543 3.193 95. 675
6 0.317 1. 867 97.542
7 0. 144 0. 849 98. 391
0.102 0.599 98. 990
9 0.078 0. 457 99. 447
10 0. 042 0. 248 99. 695
11 0.020 0.116 99. 811
12 0.017 0. 100 99.911
13 0. 007 0.038 99. 949
14 0. 004 0. 025 99.974
15 0. 003 0.018 99. 992
16 0. 001 0. 007 99. 999
17 9.277 x10 73 0. 001 100. 000
H 28 TTRRAY K/, BLVIP > 1 i i bR, 15 1 5

AR A 22 SRS PR o N VIP (E R, (53
W 1.4.5.7 F18 [y VIP{H#AR > 1, Eid 5 4~
TG0 XT PLS — DA LR i) 4 1 o3 A F A BRI
TR o
4 g

AR SCRR IR BIF A B, 3 70 K i E 12 B T
HZ R AR R (ST AR Y T S T 2 £
BT E B By 0 | H AP s e
ZRE BB R 2L AL W 1 LA R ROR RIS S
TIHRA B BAAEAE BN AR ERE
SR TR, 503 4 AN B AR A Tl AL, (EE BE E 58
JIIE P BOR 20 B8 PR S W Y Rl O 30 LA e 2
PEIIDEAL , ELI B 5 T Bl A 12 060 T AN TR i b 20K

H¥AIF 44 (characteristic value)

T T T T T

r
1 3 5 7 9 11
ZH 145 (component No.)

ES5 20 #tEESEEGE
Fig. 5 Scree plot of 20 batches of Polygonati Rhizoma polysaccharide

13 15 17

LA >0.5 S, H RPY A Q* A E AR T 1, Ui
PLS - DA FE7 4 5100 g Syl o A0 bt S an
TR, 4 RE5 R 5 HCA il PCA A —2, Bl 8 &
B TR VIP R, VIP (B B K /N R 1Y 2 B4~
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Ellipse: hotelling’s T2(95%)

1. Z 1% ¥4 ( Polygonatum cyrtonema Hua)

2. JH ¥ K ( Polygonatum
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