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Structural characterization and antidiabetic activity study of polysaccharides
from Polygonatum odoratum prepared by fractional alcohol precipitation
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Abstract: Objective This study systematically elucidates the fine structural characteristics of graded ethanol-precipitated
Polygonatum odoratum polysaccharides (POPs), predicts their therapeutic mechanisms against diabetes through network
pharmacology, and evaluates their antioxidant and a-glucosidase inhibitory activities. Methods Four POPs fractions (POP-35, POP-
55, POP-70, POP-85) were isolated by gradient ethanol precipitation (35%, 55%, 70%, 85%). Their physicochemical properties and
molecular structures were characterized using Fourier-transform infrared spectroscopy (FT-IR), gas chromatography-mass
spectrometry (GC-MS), nuclear magnetic resonance (NMR), high-performance gel permeation chromatography (HPGPC), and high-
performance anion-exchange chromatography (HPAEC). Network pharmacology and molecular docking were employed to predict
antidiabetic mechanisms. Antidiabetic activities were assessed via DPPH/ABTS radical scavenging assays, ferric ion reducing power

assay, and a-glucosidase inhibition assay. Results ~All four POPs fractions were low-molecular-weight (1.8 X 103—2.4 X 10°) neutral
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heteropolysaccharides composed of fructose (84%—86%) and glucose (14%—16%). The homogeneous polysaccharide POP-55

exhibited a backbone of —2)-p-D-Fruf~(1— glycosidic linkages with minor a-D-Glep-(1—6) branched side chains, as confirmed by

GC-MS and NMR. Network pharmacology analysis revealed that POP-55-related antidiabetic genes were significantly enriched in

pathways such as carbohydrate digestion and absorption, insulin resistance and so on. Topological analysis identified six core targets

(STAT3, CASP3, IL2, etc.) among these genes, which were further validated by molecular docking to exhibit strong binding affinities

with POP-55. Conclusion Graded ethanol-precipitated POPs are inulin-type fructans exerting hypoglycemic effects through dual

mechanisms: competitively inhibiting a-glucosidase to delay carbohydrate hydrolysis, and regulating IL2-mediated inflammatory

signaling to alleviate oxidative damage in pancreatic B-cells.

Keywords: fractional alcohol precipitation; Polygonatum odoratum polysaccharides; diabetes; nuclear magnetic resonance; network

pharmacology; molecular docking; a-glucosidase; pancreatic p-cells
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AT TR O B BB 2 5.29 14, & 2050 4,
ERBER W B R RS B, B eIaE] 131 12,
Hodr — AR PRIE  (type 2 diabetes mellitus, T2DM)
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hydrochloride, GleN, #it'5 A22S6X3606, Jfi & 434>
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HEERELS TR (M) U0 TE (M) M
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Fig.1 Schematic diagram of POPs fractionation process via alcohol precipitation
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glucopyranoside, pNPG) ¥ (7.5 mmol/L), 37 C
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5 o-FE R A pNPG WRIRE S 51 4.
215 Fitoth

BT SIS B A 3 IR, SEREHE R X+ s KR
K H GraphPad Prism 8 HE{T 8 /347, Giit# 4T
K H GraphPad Prism 8 #4175 [K & 77 £ 47 #r
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(R?=0.999), m[#3H POP-35. POP-55. POP-70.
POP-85 [ Mo /1N 1997, 2461, 1931, 1840, ik
BH 388 o 23 SR DT T 3R AR B RE i AR 23 ol B A
SN RS . B Mo/M, THERE R B R B
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0.14 : 0.86 (POP-55). 0.15 : 0.85 (POP-70). 0.16 : 34 FEEHH#HSW
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Fig. 2 Molecular weight distribution (A), FT-IR spectra (B) and monosaccharide composition analysis of POPs
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LB HIEH 8 F PMAA HIIEAL~=W. HRAEED
PMAA 7= ¥ 1) J53 15 A v P B o % 2 i vl 4 BT L
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R AT IHE . 0/ "TH-NMR % (& 4) i1, 7 §5.31
BRIENE S, d6 PR Irg R rTH, 5531
Al EEIHJE TR a-D-Glep-1—)7k& . M o
3.5~4.2 BEERGERNE S0, HARYE 'TH-NMR
W UEAT VR, R 4 A HAR RS 3EAT 43 1 9 )5
J& o BC-NMR i) 57k X 7374 6105.04. 104.55.
102,91, 99.41 155U, AR4f FH A0 A 45 5K v 4,
TEALRAS SN Z I JE T R AL . 7E 6 93.55.

93.46. 97.26 I S UEN Z 8 T @ Misk L. LAt
POP-55 Wi kfE 5 kKA THEK R T, KW
POP-55 &4 B UM FEE . 'H-"H COSY 4K i

*1 POP-55 EERER S
Table 1 Glycosidic bond type analysis of POP-55

tr/min B YA FEREF (miz) YRR R
23.819 1,3,5,6-Me4-Manf/Glcf 87, 101, 129, 145, 161 0.217 Fruf-2—
27502 2,3,4,6-Me4-Glcp 43,71, 87,101, 117, 129, 143, 161, 205 0.055 Glep-(1—
37535 1,3,5-Me2-Manf/Glcf 99, 129, 145, 161, 189 0.069 —6)-Fruf-2—
38.515 3,5,6-Me3-Manf/Glcf 43,71, 87,99, 101, 129, 145, 161, 189 0.399 —1)-Fruf-2—
40.239  2,3,6-Me3-Glcp 43, 87,99, 101, 113, 117, 129, 131, 161, 173, 233 0.020 —4)-Glep-(1—
41.739  2,3,4-Me3-Glcp 43, 87,99, 101, 117, 129, 161, 189, 233 0.105 —6)-Glcp-(1—
53.888  3,5-Me2-Manf/Glcf 43, 87,99, 129, 159, 189, 233 0.135 —1,6)-Fruf-2—
A \ B 1ca, 3G ga
Eflg JC5 4 C6
D I—‘II \ J ?2
JHI ‘ l |
‘i . “I,“J"\J\]. EC2 ECS EC?ZFC2 EC]
| THI LT AR “ DC.ZT GClacr BCs|DC3||FC5 BCI
Wm0 "\ 2 T e T B |l ber
s4 50 46 42 38 34 18 o4 s w 64
on | dc " h i
| A k bl I o
<j BHI/Cl_AHYCO o P ' . | 2(5)
{ ° D HI/CI 3l _ euecs | 60 - - ° s
— T Ha/C e “ A - ﬁsfc@ 65 ___—= L 65
— T gefl ile | =) 7
3 P g Yolam, FRimce | . T 75
é EH3/C3 .@J}:ﬁgfég 1:15/c5§1-12/c2‘3 [ 75 L 80
o piycs” o %\F;HMCAFHMC}FHZ/CZ P80 & 85
= BH;/C‘j& T~ | 85 1CUF H6 L 90"’%
D 1is5/C5 B H5/C5 | > seimx @ (99.39/3.92) JC2EH6  J C2/H6 F C1/H2
, CSasics 90 . o lcume LD s l 95
] o ‘I Y pne'® 9 b (1(];2(3)21//?132) 100
o [ 3 ® ° ”‘ _~ ECyiHe [ 105
j{ ”_”/éf \F‘HI/CI 100 W D H2/c4 BCZ/'HI bt 349110
S — 105 —— (105.043.61) (10455360} 115
54 52 50 48 46 44 42 40 38 3.6 34 32 3.0 5.6 5.2 438 44 4.0 3.6 32
On On

A-"H %R, B-Ci%&; C-HSQC i%F; D-HMBC i,

A-'H spectrum; B-*C spectrum; C-HSQC spectrum; D-HMBC spectrum.

B4 POP-55 HR%EiILIRBE 74
Fig. 4 NMR spectroscopic analysis of POP-55
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] H1-H2. H2-H3. H3-H4 fAHRfE 50, nfH)E
3 H2. H3. H4 B0 # . 4 "H-1*C HSQC
Wi HI/Cl. H2/C2. H3/C3. H4/C4 FIAH <0G ml 4
Wrih C1. C2. C3. C4 ML B AK IR N 693.55.
73.59. 73.98 Fl 72.63. LtAh, fiT 6 4.10/3.98. §

3.98/3.75.53.79/3.64 b1 3 AL S AL #% 43 mARER
FLPER AL | H3-H4. H4-H5 M1 H5-H6 [AH 1 .
X} 7 IS 5 N 078.39 75.69. 82.43 . [ H Al #E
Wi #5 H ASBE R AL A RS, AR A g R
2 iR

=2 POP-55 SHEEHMNLEBM

Table 2 Chemical shifts of glycosidic bonds in POP-55

BEGR AL Hia,b/C1 H2/C2 H3/C3 H4/C4 H5/C5 H6a,b/C6
a-D-Glep-1— (A) 5.31/93.55 3.45/7359  3.69/73.98 3.45/72.63 3.76/75.74 3.75,3.65/61.77
—1-p-D-Fruf-2— (B) 3.61,3.78/61.86 -/105.04  4.10/78.39 3.98/75.69 3.75/82.43 3.74,3.64/63.56
B-D-Fruf-2— (D) 3.80, 3.60/61.17 -/10455  4.11/77.13 4.14/75.98 4.00/82.56 3.76, 3.71/63.56
—1,6-p-D-Fruf-2— (E)  3.73,3.52/63.76 -/102.91  4.12/76.73 4.00/75.84 3.76/82.03 3.55,3.72/65.75
—6-p-D-Glcp (F) 4.54/97.26 3.12/75.32  3.35/77.28 3.64/73.45 3.44/72.21 3.92, 3.61/66.04
—6-0-D-Glcp (G) 5.11/93.46 3.41/70.81  3.79/69.11 3.74/73.41 3.77/72.11 3.92,3.61/66.04
—6-a-D-Glep-1— (D 4.57/99.39 3.19/7556  3.70/77.50 3.65/73.65 3.58/74.99 3.46, 3.62/66.57
—6-B-D-Fruf-2— (J) 3.92, 3.61/65.24 - 199.41 3.89/70.56 3.79/71.01 3.69/68.91 3.60, 3.46/65.24

FLUR, AR AZ O R A ¢ B TH-13C HMBC
NOESY 41K, JFZE RIS H SRR BS540,
e B RE R S, o0 AT 2B
P E LR AT R 5

HMBC K, B E—1-p-D-Fruf-2— 1) C2
5B S HIT AR XAAE— R F 8 X C2(—1-
B-D-Fruf:2—)-H1(—1-B-D-Fruf-2—), FHAEIE—2-
B-D-Fruf-1—2-B-D-Fruf-1—-.

W 4 —1-B-D-Fruf2— 1] C2 5 —1,6-B-D-
Fruf-2— ] HI JL4R X A7 AE — > 9 210 58 g
C2(—1-B-D-Fruf-2—)-H1(—1,6-B-D-Fruf-2—), FH
{7 1E —2-B-D-Fruf-1—1,6-B-D-Fruf-2—

BEH B —1,6-p-D-Fruf-2— ] C2 5—1,6-B-D-
Fruf-2— 1) H1 JLHR X A7 7E — > 3 20 1) 58 S0
C2(—1,6-B-D-Fruf-2—)-H1(—1,6-B-D-Fruf-2—), &
W37 7E —1,6-p-D-Fruf-2—1,6-B-D-Fruf-2—.

W 4 —1,6-B-D-Fruf2— ) C2 5 — 6-0-D-
Glep-1— 1) H6 L4 X A7 75 — /> 5 Z4 (1 28 X
C2(—1,6-B-D-Fruf-2—)-H6(— 6-0-D-Glep-1—), F*
WIF-7E —1,6-p-D-Fruf-2— 6-0-D-Glcp-1— .

P54 3t — 6-0-D-Glep-1— 1] C1 5 — 6-a/B-D-
Glep ] H6 HLARIXAEAE— A3 228 g C1(—6-
a-D-Glep-1—)-H6(— 6-0-D-Glep-1—), FHITE{E—~
6-a-D-Glcp-1—6-a/B-D-Glep.

BEE B B-D-Fruf-2— 53k it C2 5—6-B-D-Fruf-
2 H6 HARXAFAE—A 3R ELH 2 g C2(B-D-
Fruf:2—)-H6(—6-B-D-Fruf:2—), £ W AFAE B-D-Fruf-

2—6-B-D-Fruf-2—,

Wi B —6-B-D-Fruf-2— 73k it C2 5—1,6-B-
D-Fruf-2— ) H6 FLHR X A7 4L — /N5 241 58 I
C2(—6-B-D-Fruf-2—)-H6(—1,6-B-D-Fruf-2—), W
1E1E—6-B-D-Fruf-2—1,6-p-D-Fruf-2— .

SR B S FEWE ) 1 ANRRIE A R 7 v 67 A7 E
PSR, /£ NOESY BEiEH, Bt i o-D-Glep-1—
) 5 Sk A 5 H —1-p-D-Fruf-2— i) H1 Ak 5 1
(5.31/3.61), FHIELE a-D-Glep-1—1-p-D-Fruf-2—

gi LTk, ZE WM EREN: —1-B-D-Fruf
2—1-B-D-Fruf-2—, FFA] LIEWT i 2 B 454 20,
LK 5.

3.6 MEHGEBZES

3.6.1  JEREEE ST FIH SwissTargetPrediction
Bl e, TA35] POP-55 [ 147 MNRERIEE S . [
IF, {8 GeneCards 45 % 1 DisGeNET #35 %,
K ZHE R AE G RO A, TR R G R, T
EAHRMEVE >4 AR, SRR EAHE, 3R
2 008 MW BRI 92 T 22 DRI Ao

3.6.2 PPIMZEEMIEIN 508 X 147 4> POP-
55 HE 55 2 008 AN PR 2 T 5 DR B AT RS SR s
B EEAE ST Gl T BE, AT 54 M
SR, WE 6-A. ¥ 54 MEEHF S STRING
W25 F- &, R PPI LS, %M 4REE 54 A1 s Al
165 %34, PPI MZ&Infhantrai R WK 6-B, 7
KAMEE A TP RIS AR P48 A o oA
W R R B AR A BRI AR D, B R I B A
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5 POP-55 fZEHI
Fig. 5 Structural formula of POP-55

CRPER B AE I 28 v BB AH R R 49 s 0, 39 sUBoR
HBERRIR, RIZHESAE POP-55 1697 HE IR Wbl
il Hh R A% AR T AT B s . AR S A O
PE FEE AR O EETRE Y POP-55 YR IT H# KRR
(¥ 6 MZOEE AL Wil 6-B LI R

£5 R3], POP-55 V6T W PR 1220 A5 5
S5 HBEER T 3 (signal transducer and activator
of transcription 3, STAT3). MM KL Z IR EH
3(Caspase 3, CASP3). H 4/ -2 (interleukin-
2, IL-2) 2, FREIEK 3. XERZ O R
EAN R 2 P A B R R E AR, B pE
AT YIAHSC. LA STAT3 Mfl, POP-55 5 STAT3
it a, PTREWTTIRE RS SIS, (RikgH i
BRI A 0, P LA B 7KF- . T POP-55 5
CASP3 #5¢, InlReimt i Tanmm T, s B
M ) D Re PR IR IEEARAS ORISR & 2R SE LA P43
W, AT IR 75 77 AR AR AR IR FH R
3.6.3 GO fll KEGG EHE2HT GO DRItk
31087 MEEXH, HPAY¥idE (biological
process, BP) 880 Jii. 4l ffiZH 4} (cellular component,

CC) 76 Tji. 4 IhEE (molecular function, MF) 131
T, AHRESEE SIEEER R (B 6-C~E).
BP 737, POP-55 FEIMBEAE R OC R i 32 2
BT AR &Y o AR R (carbohydrate
catabolic process). X AMEVERIELIKI R (response
to exogenous stimulus ) A& & -7 4% (homeostasis
of body fluid) AT FE. XEK B POP-55 7] fEil
AR A A R 0 00 A A R B PR b /K
() R 48 BT Xof AU e 0 77 40 110 IS 38 7 DA 4
RS, I AT RE I8 R 5 JR B 22 70 b S A 2R R
T 2 AR S5 AR VRO DR 2= (R e AR A A R

CC BT BN, 4 TUHARE (neuronal cell
body membrane) HHHFRZ4 K (axon terminal) £
BEEERE. X—KIWHR POP-55 Alfgilt 2
Fhph 2 LR R MR . — 7R TR
fli 5 K T R By B AR RE, 53— 7 T 5
B R I R (I GLUT XKD R85 Dy Re
SER AN 2H 23 4 BE S e

MF 7317 %8, POP-55 Y&J7 Bl R 1% 00 73
DR S ik & 44 (carbohydrate binding)+
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A-POP-55 FlIE IR ACHRIL R F B IE ;. B-22 8L K PPI 4536 4h 2017 C-BP BT UL D-CC H &M IEE: E-MF B&E5 ek
F-KEGG &4

A-Venn diagram of intersecting genes between POP-55 and diabetes-related genes; B-topological analysis of the PPI network for intersecting genes; C-
Bubble diagram of the BP enrichment analysis; D-Bubble diagram of the CC enrichment analysis; E-Bubble diagram of the MF enrichment analysis; F-
KEGG enrichment analysis diagram

6 MLZAIRFE I
Fig. 6 Analysis of network pharmacology

BpESE 4 (monosaccharide binding) % 4 #i 45 & Reil i EAES SR PR E A B AR
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&3 POP-55 AT HERHRIZ DI RIRINE
Table 3 Topological parameters of core targets for POP-55

in diabetes treatment

o s

i bt HrOlE BE RETEER WARHE AEREHE
STATS 45001 055 U 08 1807 183214
CASP3 32418 055 U 15 2088 192121
HSPYOAAL 35225 052 2% 954 1271 118752
IL-2 30250 051 % 923 1367 110760
OPRM1 26228 046 2 5,09 746 535.01
HRAS 22852 048 2% 1015 1354 118085
J 7 T 3 T T S 3 iR R A TS A M A A

TOIRAS DTG 92 158 5 AU T OR 4P B 5 B 4T
it

KEGG 1l & £ ik 3kee 85 sk W&k,
AHREE R ILE 6-Fo B B A 35 e ¥y 5 e plA QU
( starch and sucrose metabolism ) . = . ¥# 1€ i}

( galactose metabolism )« Hifk 7K A& & 1 ¥ 46 W 4
(carbohydrate digestion and absorborption) A fif & 2%
HHT Cinsulin resistance) <571, FERRZK AL G HAK T
EEgH, POP-55 W] REMEIt S o 4705 H 5K
BEBEREYE, HIHEIERKAEYRTE A SR, S
5 MUBEK-F IR, AT RE I 400 i e e
ZHE A TR AR SRR . B0 R B R AR PTE
B, POP-55 Al REid I an AR BULAE 3-3i/ & A
P B (phosphatidylinositol 3-kinase/protein kinase
B pathway, PI3K/AKT) {55 Hhi s 5 25 5%
FRE . AEFE R AL, WIHE AL ) - ST
HA L= W) 524K (advanced glycation end products-
receptor for advanced glycation end products, AGE-
RAGE) 5 5 il % 1) i 3% & 4R~ POP-55 Rl L4
il AGEs 5H. 521k RAGE HIFHEAEH, W2k PRI
M RAREEFERE IR AR I 2R ) RS2 % f T %
W2, SLRIYERE MAERRAS, b ey - e AU g
FRRE TINS5 R 7 R EFRIED .

Trehalose  [32.1.93] ‘

32128
5| { ) 24164 g
allse-
igpse

ID-Glucose-6P

iycogen|
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Fig. 7 Starch and sucrose metabolism pathway

3.7 SFRTIERIE

B PR POP-55 5% 0048 45
(STAT3. CASP3. HSP90AA1l. IL-2. OPRMI.
HRAS) [AH BAE B TIE, 456 Rett B85 R
K 8 . 454 REMKT 0 keal/mol (1 cal=4.21])
i B FLAR-S2 AR ST S DT U R TS, B A
M5 POP-55 ¥R UL g5 A RE, HA IL-2 eIl
ORI 4E &8 71 (—6.4keal/mol), IXTH]HES HI)

RE IR ROR 2IEFC. [EREENE, IL2 1R
R S VAT IR -, B T bk G 5
34k K B 4HM D REAERR G AR o 7EHE SR 3
RETF, IL-2 Fik KW 51 K AE R F ¥ (41 TNF-
o~ 1L-6) [ BERRA, nfe ik i R AP S5 AR
BRI T (B 9) BIR, POP-
55 (LLtFIRGEH) HHLE TGOS (BB g
¥ GBS ST R EAER GEEEL) Kt e
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Fig. 8 Binding energies between POP-55 and core targets
M= R . XA HGRIER] SR 4E S
SR RHIAR T S AR R, POP-55 REREHEHE
TR E A R A, BET TR & RS T I
FREACHRE S R S

3.8 MEMXW
3.8.1 ABTS HHIIERAES LI RER, /£
JFR BT 0.25~5 mg/mL, POPs [{] ABTS H H1%:i#
Brie I RECH IR B OCHE, ELIERRAE SRR, (EAT
/N Ve, WL 10-A.
3.82 DPPH HHMEERAES LR ER,
POPs HH 4 DPPH H HIALIHERREE /1, HEIHK
FEARME BT, WL 10-B.
3.8.3 FeibJERES) SLI4EH BN, POPs [IEkE
FIEFRAESIBERE A B ST R, WA 10-Co
Gttt ion, 3 MprE SR g RIS
IEA A B 255, ANOVA 2 b o #H [F 24H %3
POPs 7EJfi &Ik Z 0.25~5 mg/mL ] 4 HERE#
(P<0.05), &ZEi&rgesss

El9 POP-55 5L R) FRIHHER
Fig. 9 Molecular docking results of POP-55 with core targets

PreEf it SR FEIRE R, AR5 POPs [f]
WR G FE I 22 S A Gt 2 L, X S AR 4
B R R E BE T R ORI 4 Bl 2 R R
FEAL AR 25 5 — 33, [RI e P&l SO0 AS [ R =k 5 POP-
55 SRR PR 22 5 0 B M AT AR R
3.9 o-HEFEEEIEIEM

BRI E 405 nm ARA A {8 R 5 1 o 4
PELFRE RS TE. HE 11 AT, 7E 0.25~4 mg/mL
POPs &5 ) B A RAFI o0 %1 Bl G 0 1)
P, HEARBEREM M. Gt oRsis
s RIES A B 255, Al — A0 AR R
FEI) A EARZEBA G5 X, (HAFY5 POPs
FERA R BE N1 A 2253 80H it 2, Rk

PO R R T 5 f AR FE POP-55 o8] &) Hli HF
BRI 1 22 S 11 2 PR RE 4T AR . POPs LK) a-
R 25 W A 1) 5 M ) % 24 B 2 43 T R R R
TRITE BiK A0 A P i 2 v B SR I 25 SR — 3
4 g

AHIFFER FH 3 REEDTE TN 47 25 4 Ff POPs
Y14y (POP-35. POP-55. POP-70. POP-85) , ifiit
R G 5 R AL R R 2% 24 B 24 03 BT 48 s L3R 97 B
PRI ITEAENL, FFI0AE H BT S o 2 FEF
PIHITENE . SEAIARNT R, 4 Fh 2 BERN AT 5
FRERERE (1.8X103~24X103) , HEp
(84%~86%) FIFZIME (14%~16%) M. FHE
M SRR ARSI . BB 5 NMR 3
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Fig. 10 Results of Antioxidation
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Fig. 11 a-Glucosidase inhibitory activity of POPs

SYMTUESE, POP-55 &M B-(2—1)-FHEFRIEF o-
(1—-6)-H Z HERIERL i, MEE T B-(2—6)- R hE ik Ik
FIRLSY o AT I IR 7R 7 R DT R AT 2 HE A
ST 2Ry B R T S REAE , MR S AT
PV PUA I T CAIE SE 490 B s A 1B
EHE RIS VR TT 1 51,

BT WK 25 24 T, POP-55 AT R i i 4 i)
STAT3. CASP3. IL-2 %R K IEFEEThRE . BN
Pridsn, XSO o 2w AR T i SRR, ik
KA E D H A RIS B, $&7x POP-55 T] Gt
ORI -7 4 WP T 1 AE SRR ST ALk, DR Ab,
Jif I 25 HE U A D% 38 2% R R L SR R R B TR
Mg B A0 IR Y ik B R I B E . X IR
S POP-55 iz Ll i B ma Ahe (5 IL-2 456
Refk) , ToNFLrT aeidsd B 1L-2 SRk HH] TNF-
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FF POP-55 Jii iof i) 1L-2 2588 o 5B S AR T
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