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Extraction process optimization, purification and anti-aging activity
investigation of Polygonatum kingianum polysaccharides

GUO Hai-tao", JIANG Yuan-yuan®, LIU Hao', HUANG Zhi-xing', CHEN Heng',
LI Shu-gi', YU Shao-jun', YIN Cui-ran', LIU Yong-gang'", MA Tao"

(1. School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 100029, China;
2. Bei Gene, Ltd., Beijing 100022, China)

Abstract: This study aimed to optimize the extraction process of Polygonatum kingianum polysaccharide
(PKP), purify it to obtain the component PKP-1, analyze its chemical composition, and evaluate its anti-aging
activity based on the Caenorhabditis elegans (C. elegans) model. Single-factor and orthogonal tests determined the
optimal extraction conditions as follows: extraction time 2 h, liquid-to-material ratio 10:1 mL-g", and 3 extraction
cycles. Subsequently, PKP was purified through ethanol precipitation, decolorization, deproteinization, dialysis, and
DEAE-52 cellulose column chromatography, yielding the major fraction PKP-1. Analysis using the phenol-sulfuric
acid method, BCA assay, sulfuric acid-carbazole method, Fourier transform infrared spectroscopy (FT-IR), and gas
chromatography-mass spectrometry (GC-MS) revealed that PKP-1 had a total sugar content of 86.36% =+ 3.16%,
contained no detectable protein or uronic acid, and its monosaccharides were primarily composed of fructose,
glucose, and arabinose. Anti-aging activity assays in the C. elegans model demonstrated that PKP-1 significantly
enhanced the worms' stress resistance, reduced the accumulation of reactive oxygen species (ROS) and lipofuscin,
and effectively prolonged their lifespan. The results demonstrate that the optimized extraction process is efficient
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and feasible, and the purified PKP-1 exhibits high purity, is primarily composed of fructose, glucose, and arabinose,

and possesses significant anti-aging bioactivity.

Key words: Polygonatum kingianum; polysaccharide; process optimization; Caenorhabditis elegans; anti-

aging
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TGN H A FHEYIE K Polygonatum kingianum
Coll. et Hemsl.. % {£ # & Polygonatum cyrtonema Hua.
B Polygonatum sibiricum Red. )T IR 25 . ¥R
TS 2 FE RV A MUY, BRE R
2 B MUBE B R AZ SR ST Hodr, 2 N1
FEAG By, T E 2 b RE 288 D9 SR ) B E AR
Y. CHMIARY, Y2 HER 2 R0, 6
FE VA AR B i A L OB A B B R L A B R
HOEES (BT i B S O S A BE 1 5%
FER B 2 B R 22 A AU, W 5 L O S SRR K
R ISR 2 08 1) T 28O B, KRB UL RIS
BT TR A5V 187 B8, A SCRAR YR FH T 15 B 5 i e
Ry R BRVEEAT 2 B e B I AT M, IR I PR K
52 =R R =K1 TR A8 B A6 S O B S DR A L
H ¥ K 2 B (Polygonatum kingianum polysaccharide,
PKP) W 2. ZJa, #id i ta  Sevage B 85 H & T
BT Ak R A 4 L 3RS 41 2 B PKP-1, JF 4 i 2L
2 o

AL, 7510 B AT 4 ) R 20 A K& 5 N5
FEDRI RV o Fh T AR R R R T A B R AR
2 HAE TS BREE, 5 TN B AT 22 AR AT L 21
P Y SRAG T2 N T AHIE SR @ T S T B AT £
v, BE5T PKP-1 P2 0E M, MRSt it it 2% .
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M HERSR B o B Rk E AR 2 R A
PR 2 A, 28 b 5 B 24 K520 K W 3085 46 52 9 & R
K JE T W VE R (Polygonatum kingianum Coll. et
Hemsl.).
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(C16211172) M (C16724267) JILEE (C16246464), =
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Eh R F2 % (RH584036), i 5 BAL S H ARG IR A ]
DEAE-52 (DEL2309S), F&il 8 8 (b a?) RHEARAF] .

X% BIPX-WB26 [HE /KB (U s & LR
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HFECKE A (LW RSV A R A R BRI ST ).
LHEEW BAEMFHIRA L N2 (C. elegans
wild-type) £k HUbk; SRS NE 1B AL B K AT 1 (E. coli
OP50), ¥ 1y B % E CGC (Caenorhabditis Genetics
Center).
ZWEEEMNE 25 Zhang E 77k, @B
bR it b 22, 452X (1) THE PKP SR BUR ) 2 B 452

LR (%) =
LHRRIE x BRI * TR
x 100% 1
2561 At o

FEZESL KSR mL B 2R S AW,
% BRI H AR, S E 6 X, #3X (2) THH RSD
fH.

b
RSD (%) =—"""—x100% 2

SR @
T N T

o R S /E, £ 0.10.20.30.40.50.60 min Ji5 I
B, #%30 (2) i RSD1H.

BEEMEI 6 A R R B R 2
WK 1 mL, #% PRSI AR, 4250 (2) 115 RSD1A..

PFEEISEEE A5 2 B9 0 CL AR ISR £
BEVA R 1 mL, 7379 9 H 5 & 80%+ 100% - 120% Y
- %2 0 (1) R A MG R A, i BB S BE R AR, 44K
(3) THE A Y % IE 42 20 (2) 15 RSDfH .

IEEEICE (%) =

S RS R - OV BERE S 20

T A BEAR U i 7

% 100%

3)

BERIE  FRICGEFORFE SRR 20 g, 0k
EE 10010025 B oK, S BURE IR, T 75 °C, H HL)
18] 2> 5 9 0.5.1.0.1.5.2.0.2.5 h, 7> 5] 5 %5 1 000 mL,
W22 19 285 ARLHE A 3R 52 56 J7 vk, [ SR E R 1R,
PEHUAS 0] 2.0 h, #5 B 75 °C, WKL 23 A 611,81 1.
1001123141451, 43 B 5E 28 1 000 mL, I £ 4155 41
P H0 IR S50 77 vk, [ 8 WOREEE 1001, $2 BT 8] 2.0 b,
T BE 75 °C, FREUREIT 7 1.2.3.4.5 1K, 4 A E 4
1500 mL, | 2 152K .

ERZRIE  LL2 WA R RN E bR, 32 B ()
(A) K £ & (B) IR IR EL (C) WERRFZ&, Wit =
K2 =K HAT L) IERR i, REKTFREILEL
AT

HZENSEE Tl IR R RS U v
PEEUZ W, 55 CCHEZE W AR, AR BN N TEIK LB 28 2%
WRIE R 80%, B IR, B0, AR VLTE, 95% LB PE U
DUUE =K, B3R 2 B o . KDl & B KRS

Table 1 Factors and levels of orthogonal experiment design

A B C
Level Extracting time/h  Liquid-solid ratio/mL-g"  Extracting times
1 1.5 10 2
2 2.0 12 3
3 2.5 14 4

Jo, TN 4% ()3 14 7% A R Mt 2, 40 °CHR % 1 h, &0
(4 000 r'min”, 20 min) W 2E FiHWR . & IF EIERE N
N5 EIEWAAALE 411 1) Sevage W7 (&4 1ET g =
4:1) A, &% 20 min J5 550, B HIEW, EREES
ZHEH T E L A OBEEAR. 543 500 DaiE
PraSiE N, VR T3 20015 4l ik J5 PKP, T 5 42505

BFXHMESE IR TS PKP KK
500 mg % T 10 mL % 55 17K, i 0.45 um JEME )5, ke
F Wi kb B 5 i) DEAE-52. 4% YA A it <5 10 288 1
7K~0.1F110.5 mol- L™ Y NaCLIF W P Mt - 45 10 mL Uit €
— &, 4 i FH Ry — B R VAU RO E, 22 1) e M o 28,
TRV I, R IR AR, BT IR AR, W VR TR

PKP-1 BRHEREME K% FEL 10 mg PKP-1 T
10 mL &3, BCE 9 1 mgmL VAW . K KB —Ri ik
W SpEE &, B =K.

PKP-1EEHREEME M BCA B &z £
Wi R, DU IS VA T (BSA) AnitE i, 1R
ANBEE77 RN E AR &, EE =K.

PKP-1 EEEER 2 EME  FRHLS mg ZHE T 50 mL
SO, AR E 2, R B ER - R e 2 B
HOERE R O &, R ALPERE R (GalA) B An il £k .
DRI iy Hp P A 2 1 00 1 T I s B, i DA SR Oy
FIx R, R =R

FT-IREEME R Fidk, SRR S b AT {8 B 21
SRk (FT-IR) 73 #r, 7£ 400~4 000 cm™ N 34T 3514,
RAFEE

BEE R R LB A BRE 4 4 D E SR GC-
MS L E, 2% Li %P1 J7 & RN bR LEE 7S 1R
I (1S), 7% Qin WL T AT A4k, FHiE i % 75
90 °C N 2 mol-L" TFA (2 mL) /K fi# 5 mg PKP-1 % %
8 h, Bk LEE AN TFA. St T-BEHE, KR4 5 Eh R 2
iz W e Y39 (0.5 mL, 10 mg) 90 °C 2 3 30 min, Bt J5 5
0.5 mL ZFRHF 90 °CJ N 30 min. Xt Bl b, H /K gt 7=
W R A i R TR R ML E VR (0.5 mL, 10 mg) 70 °C
S 60 min, I 5 0.5 mL ZBR BT 45 °CHi74E 60 min, #4
LI 7S 2RI FHAE AR (IS)e AR 4% {0 1 i 1 0 I ]
AT 75 SR S B8 2E R, AR Ve T AR AT 4% 5K (4) B
B R BE R B o w BE S A E AR BB R (mg);
w: AR (mg); A, A;: FE & B S P9 10 T
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P f BOIE DR T, Sl br R i 3RAT (w,: AR TR A AR

S

mn I THIAR) o
A, X w, A xw,
w,= A X[ fﬁiAiXWS 4)

SREMH  GHCSR A HP-5 SAH G (30 mm x
0.32 mm, 0.25 um). BEFFE 1 pL, 2Rtk 5001, B
4l A, TR 1 mL-min™'; 27 AR #9648 170 °C
Fr 4 5 min, L4 °C-min™ T+ & 180 °C{£#F 5 min, FF LA
5 °C-min” F+ & 225 °CH£#F 3 min, 5 Jg PL 20 °C-min™ P
TETHIE 28 280 °C; ¥R B W #EFE LR B 250 °C, MSD
L4618 IR FE 150 °C, Rl 25 15 230 °C, DY 24 i 2
150 °C.

LASMEUWEHEE Z% Wang 527 5
FRLR B IE DAL, J5 K 5 4k 22 L4 W 2 1o 5ol 3
T4 0.0.5.1.0.2.0 mg-mL" PKP-1 {8 3% 3 rfr | b 78
4R AP0 KL I T 4% H,0, 1 NGM 15 77 2,
20 °ClEHIEE 77, FIHFE 1 hid RATE N EE 2 23
T2, BT H AT S 3K

LAARMMRNHEE % Pang E I TIE, B
TR AT 4 R 54, A k30 2% T K OPS0 1Y
NGM K 77 5, 15 37 °CH 72460 15 57, B /N s A7
RESHRBET:, EE L3 K.

ZAHAR ROSIKFAM 27 Wang 5275 %, #4
T FE AT 5 R J5 (2% s MO B e R, B L iE R, O
Ve 3. B J5 M DCFH-DA % Y6441 (10 pmol-L™)
100 pL, 20 °C#EYEHEH 2 h, Yeik 3 5 mREE 2 .
{31 B 9¢ Ot BB 41 B, Image] BC1F 8 B0 T L5k S,
T 60 sk 2k, EH 3K,

LA ABERRN 2% Pang E T IE, B
G AL 5 KA 2kt MO e T, B BV,
FEUEVR 3 W E BRI E . (8] B 9Ot BB 1A TR
Imagel ¥ {1 7€ & 43 #1598 S i i, 40 60 25 4k |
23

ZRBFEGLI % Song LN ITE, KBRS E
L4 W2 B 5 T4 50 pmol-L™ 5-4 /R IE (5-fluoro-
2-deoxyuridine) & A [A] % £ (0.0.5.1.0.2.0 mg'mL™")
PKP-1 [ 73E o, 140 30 4%, 20 °CH5 9%, B H SL it 4735
MR R RIET LR iR, B LR R 30T, EE 3K,

HKitFFHE Gt 47 H7 i3 GraphPad Prism 9.5.0
FIBM SPSS Statistics 27 #E4T, &5 & LLIME + brifk 2
(x+5) Tono WMFFEIES A K7 255V ANOVA
77 22 53 it AE 1A 40 A WK A Wilcoxon #E AR 3 5 Xf
T3 i il i€ , 381t Kaplan-Meier 25 17 73 #7 J2 % Bk 6
5 (Mantel-Cox) WAL R EME, P<0.05 hEREE .

ER
1 FEFER
1.1 BEESW RBEEI] mL 2R R IER,
FH R Iy B R VR R 22 5 6 7%, 5L RSD 4 0.177%, %
BHAZ I 52 T V2 G 2 P AT
1.2 REMSLW K% EI mL ¥k 2 0SS
W, FH 2R~ R B2 1E 0102030405060 min J& ]
BOGEE, tFH RSD N 0.231%, % % & J5 54 &
MR
1.3 EEEMESIIE K5 260 AH [R5 10 5 R 22 H
W1 mL, B KBy B BR VA DN 52, 1157 RSD N 3.192%,
FWZM 7k EE M R AT
1.4 fNAEEIWCSEEE  nRE el Se gl TH 5 A o1 38 iR
[E] i A 102.089%, RSD 2K 2.200%, 5256 45 J 3% 1%
JEA AT
2 BEERIWER
2.1 fMAKBEEMNEEZREESENEM HET5°CTF,
PEEL 1K, BEUR2 h, W E A FRVRREEE (62181141021,
1201, 14:1) N BRS 2 W15 3, OB L AN 611 31 1211 1,
LR R, IR 120 1 AR oK. BEWCRIEE
BN, PG L 25 7K R TR PR B A P 1K, AT ik %
PP . ELBRT 1201 B, 2SR R, i RE & B
Rk R A LA B2 5 Y, RS 2 BE AR R . WO BRIk
SE10:1.12:1.14:1 %52,
22 IEBMENEEZESENEZMW HE 75 °C
L WORHEE 1071, $EEL 1 2, I E AS [R5 B A (0.5,
1.0.1.5.2.0.2.5 h) B} 50k5 2 Wi 15 2, $2HUR [ )L 0.5 h
£12.0 hiF, 2 bEfS 200 A2 &, HAE 2.0 h i I8 2 5 oK.
AR AE KT [H) J5, 2019 28 T 1%, 1T AR 2 UK 8] /&
TR B W A, T 2 2 RS 2. WOk PR
BRI A] 1.5.2.0.2.5 h % %2,
23 REVABMEBZHESENEM EE TS5 °C
T, R 1001, RERFREL 2 h, W5 AS R B B E (1.
2.3.4.5 %) IR 2 B4R 2, SRELCEON 1 21 3 IR,
Z WS R AL, MAE 3 WKE ZHE R NI, g
RN 3 KA, 350RE 2 08 O LF 58 AV, 39 n ik
fEAFEINR . WOEFESEEURE 2.3 4 IRF 5L,
3 EXRRIER

DL W15 RN PPN R AR, IEAC S5 LR 2, =
C >A>B, £ = ANH 26 5 2 B 3R B 52 ma 4 F
N FEEIR L > SRS E] > WORHEE

JEIT IBM SPSS Statistics 27 % 1F A2 38 56 $ 45 #E 47
T7 M, S5 R IR (K 3), PR (] RO EO SEI6
GERE R EMEN (P <0.001), WEHARZE P=
0.068 > 0.05). FRHU ] AT A A, $REUKEL C, I
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Table 2 Orthogonal test results of extraction method. X and X;: Table 3 Results of ANOVA (df=2). df: Degree of freedom
The polysaccharide yield of two parallel experiments at each factor Source  Sum of squares Mean square F Sig.
level; A: Extracting time; B: Liquid-solid ratio; C: Extracting A 0.009 0.005 14.223 <0.001
. B 0.002 0.001 3.471 0.068
times; D: Blank column
C 0.010 0.005 15.416 <0.001
Polysaccharide yield /%
No. A B C D
Xl XZ
1 ! 1 ! ! 18.91 19.83 Velli, 7y B 15 20 3 > 2 HEAL 5y, 73 ) fir 44 O PKP-1.
2 1 2 2 2 25.79 26.71 N r
; s 3 2666 62 PKP-2.PKP-3, JL 1 PKP-1 A 1 {4 £ §#, PKP-2. PKP-3
4 2 ! 2 3 32.39 345 NBRVEZBE, PKP-1 77 2 f i, H T R 8585 .
5 2 2 3 1 27.36 25.6 s N
6 2 3 1 2 28.92 27.54 5 PKP-1EILFAMR
7 3 ! 3 2 2329 2279 51 PKP-1HESHERE PKP-1 W bl & Eilnd
8 3 2 1 3 23.89 24.26 S N N
9 3 3 5 : 5837 2926 KWy - BRIERVEN €, 15 LA BH T RN y = 0.005 7 x +
K1 2402 2529 2389 24.89 0.037 8, R*=0.999, {l & % R 4. HEh& 7t H A
K2 29.39 2560 29.50 29.72
P (O = R 0 0
K3 2531 27.83 2532 2798 i PKP-1 22 (065 5 504 86.36% + 3.16%.
Range 537 254 561 483 5.2 PKP-1H9ERRAE PKP-1 ZHHHEAREGE

i3 BCA R &ME, L AE RNy = 0.936 x +

T C\Cyo IALEEHIEI ) J BRI A, R  0.1822, R2=10.999 7, & 15 RLIT . 7 I3k R v e il
1201 /3R, (5107 1 TR KOE R REVEINFE, B R P, T S R R
PRV FE T2 AB,C,, B SR W 2 bR EE 1001 5.3 PKP-1RIEREBR S PKP-1 2 Wi (KM o

(mL-g™") $RHL 3 s Ol AR - R, SRR A TR Ny =
4 ZPEDEAE-524hi{k 0.001 3 x+0.045 7, R*= 0.999, # &% B 1T . HEbg b

Ve 28 an B 1A FroR, SR B DEAE-52 B 122 #t 25 [ MR RO 2 TS, El (8] A1 7 R T 2 A A 00 381 1 1
HE, 4RI BLE B F K. 0.1 1 0.5 mol-L NaCl ¥ ik & 5FTIR &5 R —34.

Figure 1

A — Absorbance (490 nm) 1o B
54 _ ——PKP-1
— Concentraition of NaCl (mol-L"! Los Q
e T =g S
< e °
2 0.6 8 g
= 31 £ 8
o g =
5 g 5
£, F04 8 g
2 g 5]
Z g 3
1 PKP-2 ro2 2
PKP-3 =
B e e NI - T - T - 7 T
0 10 20 30 40 50 60 70 80 4000 3500 3000 2500 2000 1500 1000 500
Tube numbers Wavenumber / cm’!
IS
g 51x 10° D 51x 10°
4 4 Fru
8 Man m/z:168 g - B
£3 Gle Gal §3
£ i m/z:145 g
=
22 mlzi129 <2 mlz:168
1 LA 1 miz:115 1 L miz:101
0
6.0 80 100 120 140 160 18.0 20.0 22.0 60 80 10.0 12.0 140 160 18.0 20.0 22.0
Time / min Time / min
E 3 IS F 51x10°
x 10°
4 o 4 IS
g, miz:168 g3 Fru
=1
g Gle miz:145 g n
22 el " < = £?2 I mlz:168
< " m/z:129 ’
I . m/z:101
Ara 1 miz 115 . i
60 80 100 120 140 160 18.0 20.0 22.0 6.0 80 100 120 140 16.0 18.0 20.0 22.0
Time / min Time / min

Purification and characterization of PKP-1. A: Elution profile of crude polysaccharides separated from DEAE-52 column;

B: FT-IR spectrum of PKP-1; C: Typical extracted ion chromatograms of mixed aldose standards; D: Typical extracted ion chromatograms

of ketose standard; E: Typical extracted ion chromatograms of PKP-1 aldose; F: Typical extracted ion chromatograms of PKP-1 ketose.

PKP: Polygonatum kingianum polysaccharide; Ara: Arabinose; Xyl: Xylose; Rha: Rhamnose; Fuc: Fucose; Man: Mannose; Glc: Glucose;

Gal: Galactose; Fru: Fructose; IS: Inositol hexaacetate
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6 FT-IR K& o4

FT-IR 73 #r &5 SR &l 1B B, A1 3 285.52 em™ 4k
15 UE Sy O-H PR a4k 0, 2 929.51.2 871.82 cm™ 4t
5504 S C-HARZEIRENIE, 1 640.51 cm™  O-H 25 R 5
U, K LA AR R R AE R S . 1 413.40F11 318.87 cm™
5359 C-H A C-O 2 i #Rz)IE . 1 150.00~1010.00 cm™
Bty C-O-C ARG R BN, A 3 ARSI gt i, B
A 2 ARSI R, PKP-1 5451 123.68.1011.36 cm™
AEPRAN R WS U, AIE B A7 LERR PR B . 922.35 F1810.64 cm”
10 W i e 2 B LA p- T SREBE IR S . 1 730.00 em! /2
H A B, UEBA AN B BRI R, SRR S B A
S S
7 EIELPERPEEM S

GC-MS 73 Hr & 5 W 1C~F. a] WL PKP-1 £ #
T 3 R AR, 40 9 Fru.Gle. Ara, H B R H 70 B
N Fru:Gle: Ara = 87.74%:8.69%:3.56%, 1] W, PKP-1 /&
AN DASEBE g 5 U 2H IR SR SR
8 PKP-1xt N2 ZtHin S A BE B9S2

AR, R EA B M hrE s, B
i ST ik PKP-1 H A & RS & (87.74%), ZH MK
SCHRPOAS S B6 ¥ B S (4 /% 0.5.1.0.2.0 mg-mL" =4~
AN[F] VR BE 1) PKP-1 45 25 20, 3 3 43t PKP-1 X 26 Pt
S SRR 7 I B AR B, AR 1 PKP-1 e 45 25K B
T, NG s IR ARG . S5 R NE 2A R . WRIE
90.5(P<0.01).1.0 (P<0.01).2.0 (P<0.001) mg'mL"'
(1) PKP-1 ¥ 1 3 e Sl 2 25038 N2 28 e (1 P14 8L I R
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Figure 2 Effects of different concentrations of PKP-1 on C.elegans. A: Survival curve of C. elegans under acute oxidative stress; B:

Survival curve of C. elegans under the stimulation of high temperature stress (37 °C); C: Survival curve of C. elegans. n = 30, via Kaplan-

Meier survival analysis and log-rank test (Mantel-Cox); D: Representative fluorescence micrograph for reactive oxygen species (ROS)

production; E: Effect of PKP-1 on worm ROS production; F: Representative fluorescence micrograph for lipofuscin accumulation; G: Effect

of PKP-1 on worm lipofuscin accumulation. n = 60, ¥ £s. "P < 0.05, "P < 0.01,

P <0.001 vs control
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