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Abstract: In this paper, the polysaccharides fingerprints of Polygonatum cyrtonema Hua. were constructed, combined with
various chemometric methods, to evaluate the differences of P. cyrtonema polysaccharides from different origins. The 1-
pheny-3-methyl-5-pyrazolone (PMP) pre-column derivatization-HPLC method was applied to analyze the monosaccharide
composition and total polysaccharide content of P. cyrfonema. Furthermore, the fingerprints were further evaluated by
chemometric methods, including similarity analysis (SA), cluster analysis (HCA), and principal component analysis (PCA).
The results showed that the composition of monosaccharides was galacturonic acid, glucuronic acid, galactose, glucose, and
xylose. The similarities were ranged from 0.781 to 0.945. In addition, the content of total polysaccharides was in the range
of 7.18% to 16.27%. HCA and PCA all divided P. cyrtonema polysaccharides from different origins into two categories, the
samples collected in Cili County, Hunan Province were a separate one. These results indicated that the polysaccharide
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fingerprints of P. cyrtonema were quite different. Establishing the standardized cultivation technology system of P.

cyrtonema is necessary to ensure clinical efficacy and safety.

Key words: pre-column derivatization; Polygonatum cyrtonema;polysaccharide; quality evaluation; fingerprint; chemometrics

AN R E GRS EBAAY) Polygonatum
cyrtonema Hua., X 422K, fy 2020 FFEpRH4E
N BEILANE 24 L YRS 244 ) IR R AR ) = —, & H A
gy FEORE 0 AR A, BAARMIIRE, (e, aE
i, 2 "B 2 B REN, ARG N B 2 & [RIR SR,
T H R A58, AR 2 T B A AR
AP, BAHFRERM, SIEEbF i 2 hs
ZHE, SRR IR SE Y, o 2R A
A BT E AR AR, R E 2 s i pr s il e
PR, A PUEE . BRI BEImS . e &5 25 BfE
FHES, RO fa e i R TR A R, R T 2
ZEJF A (s P AR HE 2 S an ™, B aniidg bAeAE R
PR BEORS 2207 S AN BEORSFY . RS UOREE ™ i, PRI
RE Z2 AEBEORE 7 o Y BT B A RN EURE LA S EE
WA T 15— BRI A M - A R 2 R JE T - e P 2 100
PSRN, TG A0 28 i, {2
ST P B ERR 25, AN A R A 5] BB
i, 3 VBRI A RO SEM PR e, AR b,
PP 0RO 2 BT &L, X B0k 2R B R 1Y b
FAFF R BRI E L.

FEOUEFE T AR T b 2 pr i s il i —Fh A
2. AIATRY TS, B iz TR g B L 25R08
SripsE il T, PR R AR — TS
Yy, G5 2=, HANE A ILYugs, il & Rl E S0k A
THAE R KN (High-performance liquid chroma-
tography-diode array detection, HPLC-DAD) J5 7% JC
AR . OAT 5 R FH S RO A (% - 22 & S1GHK
. SRS A e A% - Dk i 22 B 1 AN R Mg 25 =X
F& %% (Charged aerosol detector, CAD) X 45 4) £ H#
A ERUBEZH A T T RS 1O, A2 R S AR ARSI P TS
FHPE R R P ARSI, K ivp2 d A ) ) S AR 35 v
Fasg P2 H X g S5 2R B 48U, CAD il
ALESAS B B, (i FH 32 2] —2 I BRIN 1, A5 Bk
V8 B FAE Y 0 Fe SRS ST U 1E, HATC A %3
XT{E ¥ KF P. kingianum Coll. Et Hemsl. Fll 5 A P.
sibiricum Red. ZHE 0+ 8BS #EAT T 052720500
XTFZIEERS P. cyrtonema W38 2L R S WF 55 5 18,
A DL JE 2, M5 S5 2B HOkE Sl B da s
TERFFER ), MR WL 22 AR ok T 00 22520 53 n 4 e S0
TEAHRIE . PRI, AT BERAEZ AL WS Th Z2HE 2010
I EAEERE X, BT, A SCRAERTMA A1
HPLC X 22 AL Ok 25 8 1 48 SRS AN EpE 28 it A T
W 5%, 3545 & FHALEE 4387 (Similarity analysis, SA) |
522543 M71 (Hi-erarchical cluster analysis, HCA) Fl1 3=
J&X.5353 47 (Prin-cipal component analysis, PCA ) %51k,
gt aa e FB, LIS Z2 B Boks 250 19 B i 44

B Rl Rl
1 MREREE
1.1 MRS

WORSZIAF 13 RS L84, puil . e 55
Hh, PR f, GRS Br R R IR e e A
BHEYIZAEEENS P. cyrtonema Hua., FiEHRZEV 5
T 40 C HARHET, FESVE B FEILER 1, FEUEPRAS LR
A TR A 2GR AS T F4 P (LS 171106) . H
5 ObE (L5 170921) | #h 1R &4 5 5 A ObE (Hit 5
171210) . *FZLBE ($E5 171206) . L-ER 2585 (3L 5
171024) | L-A3b8 (LS 170813) | 2 HmEng (it
B 170730) . ABEGEE 170912) | 2RLZUPHREERR (5
170903) . &% ¥F (#t 5 171103) . Bl $7 17 BF (=
171219) LA PABEALEE = 98%, Wy 3 _iFRIREEZy
B BRAS F]; 1-83E-3-H JE-S-nL ksl ( 1-pheny-
3-methyl-5-pyrazolone, PMP) BiHi T ; (aikek 20
(4t=- 085884) Fisher Scientific; 7K A#B 27K, HiAth
1R Ry [ = 43T Al o

Agilent 1200 /&30 A 5L 36 ELZHERFE
FAH R Al GH-252 TR HAS AND 2\ Al
AL204 LRV MR- R G () A BRA
Fl; SB25-12D B EEVENL TR A YRR R
A BRAF] o

x1FEEE

Table 1 Information of samples

i FeU i P37

S1 QG 220 S8 SN ARk T
S2 PuiIAg s T S9 WrE A LT
S3 WIFE A AR B B S10 Q CR R
S4 Y NIESZ e i) S11 fEEg T B
S5 IV MR S12 PNy S RA
S6 EINIFAREAS S13 I A5
S7 WrAEE R

1.2 XWFHE

1.2.1 {a% 41 Agilent Zorbax SB-C,q {& i¥% t1
(250 mmx4.6 mm, 5 um); M shAH. Z 5 (A) —
0.025 mol-L™" R Eh 22 vhi M (B) (pH7.5) 5 BHEEVE
A(0~10 min, 15%~17% A; 10~18.5 min, 17%~22.5%
A; 18.5~20 min, 22.5%~23.5% A; 20~32 min, 23.5%~
30% A); Jiii#: 0.8 mL -min~'; FEiE: 35 °C; Kz
250 nm; PR E: 20 ulo

1.2.2 AT BRI A A RS Sl X
RS, FHZRIE/K B A BE 2928 0.5 mg-mL ™' 19
BT RS . A R R AR R SRR 400 pL,
BT 5 mL LR, A2 IA 200 pL 0.6 mol-L™
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POK M TTIE R, e E 10 mL Hifh, SR Tk
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AR

1.2.3.2 ARSI RS PRE 5 mg A1
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BAS L, I, 785856 b 25 2 AN [R] v B2 Wi i £ 22 o

YU (0.01, 0.02, 0.025 mol-L ") X 3354 43 55 55 5
M52 M, 25 HE R, Y R R R G vl i MRTR BE N
0.025 mol-L™" B, Arf5- (a5 eI i Kz 4385 BERCUT-, Tl
FEHEE 0.025 mol-L ' 15 18 £k 22 v 5 W AE Sl W G
.
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1.2.1 TR RS RE 6 U, A4 A 04 AR S 4
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Mo MFSLE SR, 25 HAT W AR X B8 Bt ) S AR YT
IETAFRY RSD #3/NTF 2.60%, FAHE L ME R4
2.2.3 FoEtse  BE-—HE S2 AbElih sk, 435
TE 0. 4. 8. 12, 18, 24, 48 h BEFEIN &, 7545 5 )
7N, 25 FA W Y AR XA B 1 ] 55 AR X I TR R Y RSD
Y/ NF 2.70%, FIAMHR S HAE 48 h ERE .
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¥ P. kingianum Coll. et Hemsl.) HPLC F84C[E{S
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iR RS A AR B S13 S A LR R AR
0.781, MN&E K I 5 HAWAE S AH L, S13 SRR AR ZER:
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Fig.1 Pre-column derivation HPLC characteristic fingerprint of polysaccharide hydrolysate from 13 batches of P. cyrtonema
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Table 2 Similarity evaluation of 13 batches of P. cyrtonema from different localities
e e S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13
S1 1.000
S2 0.951 1.000
S3 0.854 0.706 1.000
S4 0.888 0.862 0.617 1.000
S5 0.952 0.862 0.832 0.941 1.000
S6 0.590 0.485 0.819 0.247 0.469 1.000
S7 0.596 0.445 0.895 0.221 0.508 0.924 1.000
S8 0.744 0.718 0.797 0.446 0.580 0.925 0.807 1.000
S9 0.634 0.469 0.928 0.288 0.568 0.916 0.994 0.806 1.000
S10 0.975 0.979 0.765 0.910 0.920 0.524 0.483 0.737 0.523 1.000
S11 0.813 0.716 0.939 0.490 0.702 0.887 0.927 0.879 0.928 0.730 1.000
S12 0.963 0.858 0.899 0.895 0.989 0.585 0.621 0.670 0.676 0.919 0.793 1.000
S13 0.534 0.515 0.637 0.218 0.358 0.919 0.746 0.896 0.719 0.497 0.792 0.464 1.000
R 0.929 0.857 0.935 0.805 0.845 0.841 0.808 0.907 0.829 0.884 0.945 0.905 0.781
mAU ‘
250 | a 25 REERE
200 | | MR SO 25 B 1 TR bR AR, #2020
150 | “ AR HR AR N R ] 24 i )95 d 0 TR, T
100 | \ " S 208 LA JC /K A B (CH | ,04) 31, A5/ T
| 3 8 PR ; Sy A
504 | F | | Thoaalel 7.0%. AWETE IR, 13 HLAEHORT 2544 1) 2208 & ik
.y Jase i i . e
o VM, J W RO A FFEEER, TE 7.18%~16.27% JEFEIN, 252 0% 3. 7]
0 5 10 15 20 25 30 N Wk A . 3 3
t (min) VLB HE S s Y S3 5 G A AR BH L), Sl
mAU b S9 S (MR METT), Z94H22 1 A%, RUIA Rz
250 1 ) S S = N )
AT 20 S A W W25 5%, SARMRIEE S r 4 2] —
200 A e o . )
o “ r B DATHRFEEI, 7R G AR BRI S B 22
\
ol #3013 BRI R
| | | .. .
50 4 ‘!) \AJ‘* I \f' |\ ! b )l“ n.?78ﬁ b [ Table 3 Determination results of total polysaccharide content
Wy T AL V W\ f
0 =t WL NA AWML A of 13 batches of P. cyrtonema
0 5 10 15 20 25 30 — —
t (min) g5 WIEEE(Abs) AAEE(%) iS5 WOBE(Abs) HAEER(%)
K2 ZAEEks 25 A RS Ko Bt HPLC [ S1 0.654 14.11 S8 0.579 12.30
Fie2 HPLC fi . fp dch S2 0.516 10.78 S9 0.367 7.18
1g. ingerprints of P. cyrtonema and chromatograms $3 0.743 16.27 S10 0.441 397
of reference substances S4 0471 9.69 S11 0432 8.75
TE: a. X B G351 b, A6 BORT AR 1. Tl 2. % S5 0.390 7.73 S1I2 0584 12.43
B; 3. L-BRAHE; 4. 1 FUBEEIR; 5. ShmRa FEA A0, 6. i%im S6 0.559 11.82 S13 0.338 7.69
TERR; 7. ~FFUME; 8. ATATHE; 9. AHE; 10. BaTRLADRs; 11. L2t 87 0418 8.42
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AT (HCA) JE4% FEAABI R R X AR AR
AT —Fh i, LR — 2 AR TR B 5 i  AH
RLEET 13 HERR &S B BT B 25 A I i AR T i
1k, #45] 13x10 Wi EPEFE RS, SR FH SPSS 20.0 R4k
14, FLRTE: (Ward) 47430, 4558 LI 3. A by
FI BN ZAEREES N 10 B, 13 HEZ AL BORG 25 64 9l 53 il
e, T2 FE 12 R, S S1~S12 5, TT 221X AT
S13 S A ZER ), 2 IAHLUE 0.80 S PR, B
JSEE IR SRR RIS e S5 R — 3 AN R
eSS IS IO S X Sy, SRR RS Z A6 Hoks 2544
B Z AT 22 AN K, S13 SAEA R &5 04 S5 Pl T
BESERMAE PR . Fh B B P sl i B 22 S B,

0 5 1|0 1|5 2‘0 2§

il
34|

S2
S1
S8 1

S13
K3 AR Z RO R R I

Fig.3 The cluster analysis of P. cyrtonema from different

localities

2.7 EHSAR

ST HT (PCA) S 22 4 HLAA AH S 1 80 E
FEAR Ry O WA AR B ST B i e it ids, AT
R ETAF B AIRTHE R SZERRLE, P REEAR Z A1 25
5, ATl T s o 2 2R T B AT
RIMERS S TR N4 . REeHuIMT 13 L2 FEH 0k
Z IR 2E 5, R N TE G R, B IR 13x10 Z5E
MR SPSS 20.0 A HAARFIEE AN 22 5T, UL
2% 4, DLW REER T 1 AR 22 5Tk R
T 85%, VE Rk Fr £ A FARPEE, 45 9 /R AT —
AT RS TR 89.364% W E A&, % SIMCA-

K4 RFEEANTS 28 STk

Table 4 Characteristic value and variance contribution rate

Ay FEAEAE J7 2 BT (%) R Ir 22Tk (%)

1 4.551 50.565 50.565
2 1.950 21.668 72.234
3 1.542 17.131 89.364
4 0.296 2.277 98.624
5 0.125 0.963 99.587
6 0.027 0.21 99.797
7 0.018 0.137 99.933
8 0.009 0.067 100

9 3.21E-16 247B-15 100

P13.0 1143 PCA 1547l 45R ULE 4, 13 M Rek 5y
FEPZE, A SRAE T 4 28R B Y S13 SRR SR
MRy —25, 5 HCA S5 —2, WE & -5 HAMAE
AAH LY, S13 “SREARE S 4, AT REJE LA IR Sy —
pealiS)iFS N

8 4.9—‘4*‘8/\*4‘ 0 4

41 4
2 5o 053 l2

“. 70511, |
0 il o

! @13 518 1(S)4
-2 S )

‘ ) |
—4 T4
P . N

11" 8 4[2]
0 0
4
4 8

K4 ZA6HcKs PMP-HPLC [l PCA %5
Fig.4 PCA results of PMP-HPLC fingerprints of P. cyrtonema

3 4hg
ASSLEG UGS T AN R L Z2 A BORS T Z2 Wk
1) PMP-HPLC $52C 35, IF%0 H SO it 47 1
WFSE, TECEEA b, G5 548 SCRITEHEOR, SR AU 3
BT, BSNS54 Ao AR S B g R4 T 1 T
T, IR H G NS AT TINE . SEERSE R AR,
13 $b 22 AL OGS ZE Ry 5~ FUME IR IR | ) 4 b
BEMR . PZUBE . A28 . AOPE, HOB 2P e e
7.18%~16.27% =[], HCA Fll PCA 4 #1485 J— 3,
FEASY 530 2 2%, HOR, 13 HEZ AL B Fa S E S AH
L3 A%, £F 0.781~0.945 2 [a] , Ho b AH LU K F
0.90 FYRES S ETIFFEAE T Y 61.5%, —ERERE Fz
T ZAEERG M BT AN —, XS5 S R H Al
FEIF R ITTELE A2, FER ] GRSt
W AR AR FRAEFENR 1 22 ik, i AT Fr it
—LIRAMIE . LRE 7 ML SR SUEIEARE | A=
BEE B BROREZE A S PT, R R I AR,
WFFEFRI, ZAEEORGAS [RIE 9 18] A 080 B 28 5+
BRET, AN ) A= AT FIR B BRS04 HZ2 W3 A
—RE 22 5, PR SRR R AR SRR T B
ABENE BT 22 S R DRI, S R BEORE 22 A4 I PR
JHEG A RO 4, A7 BT Z2 AR I AR
FEHAAR R, LI PR ZAEBORE 2544 i BT i — 35 o
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