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W%, B BAXDZELYE (Polygonum divaricatum L. polysaccharides, PSPDL) &AM 78 ik 4 M2 HAE FHHL
Hilo Tk WX RINEHE, KA EBGIGEE O SR T .l B HAR e AN . XS ERATET
WL RIS F ARSI F A5 M AT RAE, FF@ g 2 W5 S RAW264. T4 48 EAL T PP Al FAR M PT 9 75 18 K AR F AL
#il. 45R: PSPDLEJEY T B N59.475 kDa, LEMHFaME. WA, WA PR, AR, Wa.
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T ZHE; Refg bl 20 T IR U A RmRNA R IL, SRR, R p38. p-p38. IkB-a. p65Hip-p65%
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Structural Characterization of Polygonum divaricatum L. Polysaccharide and Its Inhibitory Effect on

Lipopolysaccharide-Induced Inflammation in RAW264.7 Cells

CUI Yanyan', YUAN Yongxu', GUO Mingkun', HE Wenbing', LI Ming', PEI Shichun"**, LI Dajun®*
(1. Changbai Mountain Edible Plant Resources Development Engineering Center, Antibody Development Jilin Province University-Enterprise
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2. Jilin Shuangzheng Diagnostic Monoclonal Antibody Scientist Studio, Jilin Surge Medical Technology Co. Ltd., Tonghua 134001, China;
3. School of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China)

Abstract: Objective: To explore the in vitro anti-inflammatory activity and action mechanism of a polysaccharide extracted
from Polygonum divaricatum L. (PSPDL). Methods: The structure of PSPDL was characterized using high-performance
gel permeation chromatography (HPGPC), high-performance liquid chromatography (HPLC), Fourier transform-infrared
spectroscopy (FT-IR), X-ray diffraction (XRD), and nuclear magnetic resonance spectroscopy (NMR). The in vitro anti-
inflammatory activity and action mechanism of PSPDL were investigated in lipopolysaccharide (LPS)-induced RAW?264.7
cells. Results: PSPDL had a relative molecular mass of 59.475 kDa and consisted mainly of mannose (Man), rhamnose
(Rha), glucuronic acid (GlcA), galacturonic acid (GalA), glucose (Glc), galactose (Gal), and arabinose (Ara), with a molar
ratio of 1.69:4.95:1.04:21.79:19.01:31.68:19.84. PSPDL was an a-pyran polysaccharide containing (1—4)-a-D-Glcp
linkage. PSPDL inhibited the release of inflammatory factors and related gene mRNA expression, ameliorated oxidative

stress, down-regulated the protein expression levels of p38, p-p38, IkB-a, p65, and p-p65. Conclusion: PSPDL exhibited
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anti-inflammatory activity, perhaps by regulating inflammatory mRNA expression and modulating the mitogen-activated
protein kinases/nuclear factor kappa B (MAPK/NF-kB) signaling pathway. This finding provides a scientific basis for the
development and utilization of PSPDL resources.

Keywords: Polygonum divaricatum L. polysaccharide; lipopolysaccharide; RAW264.7 cells; inflammation; mitogen-
activated protein kinases/nuclear factor kappa B signaling pathway
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X433 (Polygonum divaricatum L.) J&T3EF}
(Polygonaceae) & (Polygonum) FLARFEY), HIFREE
N TR () K. XEE, R, RS, KET
LR, WATRE S, WERILEEY. Wik
MR, fREEEN—MEE, THRE®EITAY, BA
B ERL ERab, BEEEDIRG WA SRIEIT
Ry WP BRISSEERN, RS A RE MY et
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AR EY), F IR AR E R A
Bk 2 VR YN SLAR MDA -MB-23 1 40 Ji B3 I 52 T X
43 35 T W B AT BT I A AR S 5 S e
2,4,6- = fH FE R IR/ £ BE5 50K BRI 57 1R 425 M 28 A58 o)
T Xy ZERBREUY XS 5 MR 45 W R iR T AR R ALE . 2%
b SO BAE AN R R B B AR AN Rb FE IR 9T 245 A
Y, D51 T R TAER FIRER .
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Giri A% OIER . REE PR RS AR, 1R 4
i 2 0 WL = A R s, EE A SRRE . S KSR
Ty BER OB PRI S Ak 2 0 KBRS 2 B S R
AP RIEAYIR . —, S5 A2 BEENAGETRE.
Ak, 2 WEAE BT R A 7 R 45 2 35 Th 3 B A Ot 9
47 #R1E: Huang Yaoguangs!'" N+ 1K% rh R 2 4,
H % F K F«xB (nuclear factor kappa B, NF-xB)
S5 REI A IE 2 B (lipopolysaccharides, LPS)
HIBRAW264. 7401 1) S EB 5 40 45 R 5 R L
IR IR SEHE B WS A I LPS U5 FRAW264.7 RUE [ o % T
ZHETEIE N E FR A a5 b, AL DA X 3 2R kL,
R aifbH 1§ X B L (Polygonum divaricatum L.
polysaccharide, PSPDL) , it @it fieiziE (il Chigh

performance gel-permeation chromatography, HPGPC) .
BRSO B3 Chigh performance liquid chromatography,
HPLC) . XHHEATH (X-ray diffraction, XRD) . #%
WEALIRIEHE (nuclear magnetic resonance spectroscopy
NMR) {0 HLE5HHBEATRAE, FIFILPS%FRAW264.74
J 9 RE AR AL PR 78 AR AT 2 5 %, I AR RN B 1 R 4%
AR HAE B, LAy PSPDLI) RE £ f S 25
TR S H S (LR e St .

1 ME5EH%

L1 AR B

FAX pE2EXMAFHRELTIX (R4
125°10"~126°44", JL4i40°52'~43°3") , LB
BEAE B0 RIN S, TEPE BT BREECR, &

LR (trifluoroacetic acid, TFA) (f&i3Eg)
E 25 LR RAAN A RA T ;s MR Eh 22 (phosphate
buffered saline, PBS) . DMEM & R I3 . R
MigE 0.25%H- 2, &Y £ (ethylene diamine
tetraacetic acid, EDTA) % [ GibcoA#]; LPS. MEME
¥ (methyl thiazolyl tetrazolium, MTT) . — H 3K
(dimethylsulfoxide, DMSO) LR REERH AR
~FE; NO. FSFH—EMWE AW (inducible nitric oxide
synthase, iNOS) . % AM§-2 (cyclooxygenase-2,
COX-2) L EY) TRER TR A = 1B
(interleukin-1B, TL-1B) . A4HMfIfr %6 Cinterleukin-6,
IL-6) . JJRIAIEA Fa (tumor necrosis factor, TNF-a)
WeilfaE  REREAEMRHERA R,
12 S5 R&

LC-12608HPLCAY  £[HAgilentA 7]; XRD-7000
BXRDIX  HAShimadzu/A & ; AVANCE III NMRAY
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i [H Bruker A 7 ; 311124CO, %48 . NanoDrop2000/
MES L 2K EEThermo Fisher
Scientific/A @ ; HR30-IIA2AM) %4 /R R By
HIM/AH; Infinite F200 PROYGHEFRAX it Tecan
A#E; CEXW e &R A M R M (polymerase chain
reaction, PCR) ¢  ZE[EBio-RadAw]; CKX41%¢ 13
BEME  BEAEH CGPED HRAF.

1.3 ik

1.3.1  PSPDL#ill#%

Fz B AU 4 T SIE A0 7 iR 4R B PSPDL . A
KL B Wl i €, % SevagiZ i & 1, DEAE-5271
Sephadex G-1004F ZA4r 4> B alifth, @i iENTESkRE . iR
PLECING FHER, W4 iR 1.

132  PSPDLZE KA
1.32.1 ST sl

K FHPGPCH AW s PSPDLIY 4> i &' 435
V4 25151 B ARV 5 FNPSPDL I A T 28 18 /K rh IE 1] R
BIREENS mg/mLIER, £0.22 pmEREEIE, FIH
it % Ultrahydrogel i #£ (300 mm X 7.8 mm, 6 pm)
MI24147% ZH 6K 28 I HPLC R G 4T 5E . IR EhAH
790.02 mol/L KH,PO &, ¥ii#E 40.6 mL/min, #iHi%
B 40 C.

1322 FRELA R E

ZHSCHR[14] R I 1- 28 -3 - W1 2K - 5 - it me b
(1-phenyl-3-methyl-5-pyrazolone, PMP) fiT4=HPLC%
ME BpEA . 2 HEKAR: FREX10~20 mg PSPDL
A2 mol/L TFAVEW, T100 CHATH/KM2 h, A HJEH
I mLip AN/ & EE, 70 CKRBZMHTFTHASKT, &
H2 WLLEFTFA, )50 1 mL 0.3 mol/L NaOH% i
L SE R . TR L K5400 WL VR B PR s 4 Y B
Z WK RS AR PMP-H BV IR 21, B 170 CH#
KA S2 h, A S HIA400 pL 0.3 mol/L HCIA W 1 Al
(pH 6~7) , Jm/K1.2mL, FIISERFIA =& F ke, i
WIRAIFRE, FEANAE, W2 K, £0.45 pmK R
FLIBLIE JE S5 A 1 48 GraceSmart RP18 (A [ HPLCA #H 4T
Iy M. I ARE A E T, B R AR R HE
&SR RS =,
1.3.2.3  (HEIHAR L AMGiE (Fourier transform-infrared
spectroscopy, FT-IR) lj5E

$1~2 mg PSPDLF F 1100 mgiR L # A
W BS o BEBE R 4 05 R A TN FE S A, FHFT-IRAYAE
4 000~400 cm ™ ' EL L N AT 0T
1.32.4  XRDIlE

%W Jiang LianZ5" 7735 . K HIXRDAXAE 536 461

Nl E5°~70° (20) JEFE APSPDLI d AL, Cu-Kads
P N0.154 06 nm,  BKFNE #4375 240.01°A11°/min.
1.32.5 NMRi# K g

#50 mg PSPDL%f# T-1.0 mL D,O1, FINMRAH
HLHET HAPCRE 3 H7
133 4R 544

BRI U IRAW264. 741 26 N TE B 85 78 0,
NEHI0DGF MG 1% W (BEHERMEER) W
DMEM gl 7258, BT 85% CO,MI37 CHIffuk: 77 48
R, EWIE R IR, WA AE KGN . Mg
AR K B — S I TR R R RS SR, 0.25 % i B 1 i AN
0.01% EDTAVAL, £ R 5E NSRS, 2
JEIIANPBSHEM, B0 a7 FIGH, &G HEM B IRI
rgkRIE TR, U HCAE K A g AT S
134 ZHHIE 7700 €

N T VEAL PSPDLI) 40 i 2 11 5 i e 5 224 F 4 i
R IE, BRAW264. 740 (10° AN/FL) R 5196 LI
i, JEFE3T CL 5% COME 9724 he RS, TN
AN BT VR FEPSPDLA . (3125, 6.25, 12.5, 25,
50, 100, 200. 400. 800 ug/mL) 4b¥E24 h. )5, MOA
5 mg/mL MTTHEE4 h. 1§ )5 LRI DMSO
B FL, IRE 5 IHE B PR ACAE490 nmE K
ARG RE, LUK ITPSPDLYA I 40 A 5t IR 4, it
HAMATE .

%% Sun YaniZU' g5k, BEMTTE AL T A
] Ji & ik B PSPD LY LP S S 41 g 48 JiE f 410 ) 76 T o
RAW264. 741 )1 7E96 FLIR i B 24 hfg, MR A[E BT &
W fIPSPDL (3.125~800 pg/mL) HMILPS (1 pg/mL)
fEF24 he REINAMTT (5 mg/mL) FIEE4h. HH
G R prE IR, IREDMSOR AL, BEIHE
FHAE490 nmP KA T B LI, BAAR IIPSPDL
FILPS 40 A6 R, THE A RARIE %
1.3.5  SREAHOGIA (il s

KRAW264.74187E6 FLAK (10° MIf/mL) i E
24h, F4rAIH12.5. 50, 200 pg/mL PSPDLAE 124 h,
W JE AR B FREE, FILPS (1 pg/mL) #5524 h, Y840
RS 0 S P £ 5 7 e A B 1 S
FINO& /Al Mg IL-1p. IL-6. TNF-o2 . 4ifiur
iNOS. COX-2. IL-1B. IL-6F1TNF-a. mRNA[)Zi5/KTH
SYBR Green¢ € SEPCRAGHEAT I &, mRNAFHXFEIZA
SR 2T NYETE, BT S iR SR R AR R
FRARIREE, VE4H5IFFI R,
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Table1 Primer sequences used for gPCR
SR SFA (5°-37) K /bp
F: CAACAGGAACCTACCAGUTCACT
iNOS 253

R: AGUCTGAAGTCATGTTTGUCG

COX-2 F: GAAATATCAGGTCATTGGTGGAGA 205
i R: ATGUTCCTGUTTGAGTATGTCG

i F: AGGUTCCGAGATGAACAACAAA 206
) R: GTGUCGTCTTTCATTACACAGGA

s F: CCCCAATTTCCAATGUTCTCC Ll
) R: CGUACTAGGTTTGUCGAGTA

INF F: CTCTTCTGTCTACTGAACTTCGGG 12
“ R: GGTGGTTTGTGAGTGTGAGGGT

F: CCTCGTCCCGTAGACAAAATG
GAPDH 133
R: TGAGGTCAATGAAGGGGTCGT

13.6  SEAREEOKF e

M E SAFRL.3.4%, FARLEE D
ol 85 WL 22 AN [ R = 9k B PSP DL AL B (1) 40 B8 A 9 1
4 (reactive oxygen species, ROS) wItE%, &
FUH T4 M N ROS G BRBe 71, Mb4b, RHA %G
it b A 7€ 40 B RO S /K-, 4% HEA R & 1 9 Ak
02 B A AL B AL B (superoxide dismutase,
SOD) . A H Ak (glutathione, GSH) . A

(malondialdehyde, MDA) DL 4 b 37 LR M S
(lactatedehydrogenase, LDH) 7K,

137 SAEM G A RIS E

K EE ) P B VA A MINF -k BAE 5 18 6 AH G B
p38. p-p38. p65. p-p65HIIKB-aff) KLk, HHEH
B ) P RIPAZE R AE VK E2AEZMI30 min. 58
SRR AES "Cy 12 000 r/minZk{F F #5010 min, Y4
IEW, RIS A s B R VR . FIBCA SR A I 7]
NS EAREREE, @i+ R EmRMN-EN
075 R M 5 Jsz FRLUK 73 5 2R I o 9T % A% 30,45 pum 2%l — 36
ORI BIEE T SARBYEE/ES, SR%Ss
30 min. ARAEPUA B ARG — WA CREIR T E T
R A B AL VB AR 0 9 — A B 30 min.
¢ i FH & Tween-20 1) Tris G2 R B3 I, A FHECLAT I
PTG AT 0 S R P AR 43 #T
L4 HAEgEiHa i

A ES3 R, BIRE R U +sFER.
GraphPad Prism 8.02% /4 fJOne-way ANOVA X £ 4 i3t
Tt e, AR EZR LA,

2 HR5H0
2.1  PSPDLIEHE 54tk

K F 7K B B W0 vk AN S 43 28 e B A B £ b
MHERE SN (20.24+1.05) %, ZW B FG &

20405, Mt DEAE-52F4i 38153 M2 HE4k
4%, A RINP-1. P-2AIP-3 CEI1A) , JLsomsF &4
BrmN (56.71+£2.18) %. (15.884+0.63) %Al
(13.474+0.62) %. ¥P-1414r f H Sephadex G-100
Faith, v WEIB, HEABRES KN
(80.32£2.60) %, H—LiEH%+13%|PSPDL.,

_A . _
ii A —u— G EE 1o 2
4+ Pl NaCLK
ol 7 NaClyf & L 0.8 é
i 1.0 0.6 %
20384 &
= 0.6 -0.4 ~
g
0.4 o2 S
0.2 'y
0.0 4 0.0
0 20 40 60 80 100 120 140 160 180 200
B
164
1.4+
1.2-
1.0
3R 0.8
= 0.6+
0.4
0.2
0'0_ T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
B

1 HIZHI{EDEAE-52FE EIOERE BRI INEE (A) CARP-1253 1
Sephadex G-100FE FigsE)B Ik (B )
Fig.1  Gradient elution curve of crude polysaccharides on DEAE-52
cellulose column (A) and elution curve of fraction P-1 on
Sephadex G-100 column (B)

2.2 PSPDL&EHZAF
221 ST HE

B2A SR 1 ME— 0 FRIG, RIUIPSPDLZ—Fi)5]
(2K, BT8R N59.475 kDa, ¥4 TRE AR
124.649 kDa, WE{H 4y ¥ ii & 9102.006 kDa, £ 7 &
HLR2.100 AL 55 X2 FEE T ERMEY,
HATEEW RS AN, 2" et s LB vk
LW, HEL S TR N134.45 kDa;  Fan Jing% "™ A\ fi]
T g ) 2 B Ly 7 R 24530 kDa. 4 F
JR AR N 2 HE 1 — A R E R AR S RS T R A
K, TR ZRKEERZE, TURINERE S
B, ANRIT A P WSCR R, PR G A s e R A
iMi 2 064> 70 B RRE o F N A EIE RS, &F
B2 i AR, AR RS AR AR,
Zheng QiaoranZ5™ W FEAESZ, 4> T B H /N AL BT
i B AT LPS 5 5 I RAW264. 741 il 3¢ L H A8 5 1 it
RAEH
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222 HBEARL

WK 2B~ , PSPDL MMM K435 H & b
(mannose, Man) . [ Z=#f (rhamnose, Rha) .
W% SRR (glucuronic acid, GlcA) . 3L HH S 2
(galacturonic acid, GalA) . i %i## (glucose, Glc) .
7L (galactose, Gal) . [i[Hi{¥# (arabinose,
Ara) , PRI SR N1.69:4.95:1.04:21.79:19.01:
31.68:19.84, HUMEZH B Fp 2 I & B R R AL 2 W45 1
MEEZH, TRAEYZEREEAaR. S8&4RF.
Yoy E A B A Y3 3 fiMan. Rha. GlcA. Gal. Glc.
Ara 6 FiEFEAL K™Y Gou YanZP R AR IAMT 15 2 £
B BB 2H BV B #5Man. Rha. GalA. Glc. Gal. Ara; [
k£ ¥ Rha, GlcA. GalA. Glc. Gal. AraZfheflizy
B TS, GalAS B, SR R,
223  FT-IRFIXRD%r#r

WIE3AfT7, PSPDLYE3 200~3 400 cm ™ i [ 4
I—A-5R RIS, B R BT M A N Es—OH 5| i
(IR ATUG s 2 900 em ' B IT HE B A PR A0 v i S B C—H
gEREN 5P, 1713 em™ 'Lb 16 y—COOHH 45 4 5
Mg, 1641 em™ & FHC= O FRAN 4 R 2 51 W
Yl s 1300~1 400 cm ™' kb J9C—HZS il 4% 5 W Ui 17,
1 000~1 200 cm ™ 'X 3 W i £ HEC—OH 5
C—O—C IR IEDY, 844 cm ™" kb fity W Wig s 158 B B 0% 7>
TG Eo-PEH . WE3BHIR, 1E20°F130° (20)
BT SN S [ R AR B AN A I, T 7 A 2078 il N A WL
LR, XK HIPSPDLLL 4 A7 7E T0 58 B AN 45 i X 45§
Clegh Shas i), R A KR8 m, e iEHE
R AW,

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
BHUem™!

3004 B
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1 200 |

%ISOM

Euind

& 100
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Fig.3 FT-IR (A) and XRD (B) spectra of PSPDL

224  NMRAHHT

WEA4ARTR, 6 4.704 MRS 5 2 B E7ID,05|
2, JSAMHEEAES, BHPSPDLE — Rt £ pit";
8 5.30H15 5. 18 Kb 115 5 HEM 53 531 N Glep ARl a-D-Manp ] 57
JAME T 0 5.03480 1915 5%t Bia-D-Glep A I 2,
8 5.024b (115 5 FR-ManpEERY: 5 4.3940 145 5 HET 2
Galplt) 5L E5 57, 5 4.06~3.61510 34440 (145 54>
WML GlepHH-2. H-3, H-4. H-SHTH-65FE1E,
H2Z XM EPC NMRigH16 76.58, § 73.4~69.40L
5 16.564b (JU& 4 5 N GlepfjC-2. C-3. C-5. C-6f5 5
U333 5 3 741 545 5 Ok H B-GalAp 1 5 —COOH4 £
f—CH,P", 5 117815 1.1BHT ()i k [ Rhayth—CH, 15
TFHEHR, PC NMRiE AP AR LRI TES 17.584k, °C NMR
Hedo 171,775 53k H GlepAH 5 —CH, 45 & 11 C-6 2
EmPT, 0101591915 5 HEN 2 a-D-GalpE{a-D-Manp
fRIC-1{5 579, 5 82~ 883 [l A R BRBiiE S, FW
PSPDL{#E LI AL R 6 77,7, 5 77.1816 76.94k
(15 5 4 0 FL 4 Glep I BETF, AT Ag & C-33C-4pE Y,
BEAh, 6 100.0F10 99.64bA71E #.1 (1—4)-a-D-Glep A Ui
BAE S0, LA 98.690 i 4 a-D-Glep i A i i 5 1Y,
WESE T (1—4)-a-D-Glep I AELE o

A

vn =

/JJ .

T T T T T T T T T T T T
54 50 46 42 38 34 30 26 22 18 14 10
0
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2.3 PSPDLXIRAW264.741u3E /780 e 120F
WEISART R, S0IRZLMHEL, PSPDLJF &KL T 2 d
400 pg/mLIf, RAW264. 740 3% f1%em, 24PSPDLJF e sor
W 9400, 800 pg/mLET, RAW264. 740 HiE /1 5 25 B =
(P<0.05) . WIESBAT=, MALPSILEMERE, LPS = O R s 12
HIIRAW264. T2 L3 /1 BAR T2 4 (P<0.05) , jﬂsgﬁmim Wg’m”
UL LPS DN i & 1 4i i R 0E . SLPSZLAHLEL, PSPDL “ .
HUNfis BT (P<0.05) , LA [H R 2K E E a
(3.125~200 pg/mL) PSPDLXRAW264.741 il 247 K 4F ool
\ — C
PR E . PRI, 1%$812.5. 50, 200 pg/mLJ5 &k & =
IPSPSLEAT J5 £L 4 I 5256 o w40
E
160~ A - L L
b J =0 E e 125
x120 PSPDLE;J&E%/ (pg/mL)
R 205
§ 80 450
% w0 2 :
= 350+
0 800 400 200 100 S0 25 125 625 3125 % 250
PSPDLJFi &%/ (ug/mL) uﬂgﬁ
150 B ‘;; 150 F
Z
100 b gL -0 xﬂﬁ LPS 12.5
E PSPDLE;«WE/ (ug/mL)
2 “© 45
g 6 PSPDLXTRAW264. 721 45 A7 [ 5% 0
0 Fig. 6  Effect of PSPDL on NO and inflammatory cytokines in
M OLPS 200 100 50 25 125 625 3125 RAW264.7 cells
PSPDLJF &k 5/ (pg/mL)
2R 242 M RAEAH XmRNARKIAKF
4 4 .
A. PSPDLARAW204. AR I 1: B. PSPDLALPSI AN S WE7Hi~, SXWIAMLL, LPSREEERS
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