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Preprotective Effect of Polysaccharide-Polyphenolic Conjugate from
Echinacea purpurea on Ulcerative Colitis in Mice

MU Wengian', GONG Ruigi >, WANG Yuxin®, XU Mengmeng®, YAN Jingjing®, GUO Qingbin'
(1. College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China;
2. College of Biological Science and Engineering,, Shaanxi University of Technology, Hanzhong 723001, China)

Abstract: Ulcerative colitis (UC) treatment drugs are expensive and often associated with varying degrees of side effects.
Therefore, we extracted and isolated the polysaccharide-polyphenolic conjugate (WEPC) from the medicinal plant Echinacea
purpurea, and characterized its structure using UV-vis spectroscopy, molecular weight distribution analysis, monosaccharide
composition analysis and methylation analysis. We further investigated the in vivo anti-inflammatory activity of WEPC
against dextran sulfate sodium (DSS)-induced UC in mice through a pre-treatment approach. The results showed that the
molecular weight of WEPC was 1.103 x 10*, and its main chain mainly composed of 4-Glcp. Moreover, WEPC could effec-
tively inhibit colon length shortening of UC mice, reduce oxidative stress, and alleviate inflammatory responses associated
with UC. The results of this study can provide a theoretical basis for the prevention and treatment of UC with WEPC as well
as the development of related drugs.
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BERIE R IRITRCR AN FARSE [ 8, R R SR
YIRS A RS T T AT JC

LHE2G (Echinacea purpurea) S )57 F b 36 1 i
FELAF AN, JB T AR R AR Ay —
PR IRZS AR, A Z P0G PRy, A0 20 | wmE
AT A | S | B SRR 500, HAT B Bk
YL T I RS 2R A s I o R, SRS H 4552
BB T A TET

WA N S HE A T Y A TR R
—, BRHEA Z W REFEAR AL, 2 SRR T
Keapl-Nrf2-ARE {553 ™) i A3 8 bk £ 40 ffa s
FE AN 55010 , s ML G o RE!s i 0T LA
il Toll FEZ2 1Ak 4(TLRA) {5 Sid e, i UC!™ it
b, BEHEAG AT Z RIS, AnMERR | 35 R |
LRIGE | BTERLER R SEE R R E R,
A VAL PURESIEVEY, 3 B RS R AE
AR v B (R BT AR AT SR A T ),

N T R AR Z R YA R, BFTE N Gl
AR SE RS Z I R 20 b, SR ek
ASNN O RARRIR B & A B ARk | g
A B P IN | FR IR 2B s Y
TR AIATE , RIRBES -5 W HA BN B AT
AARTENE . A, 00T LIRS 2 B i 38Uk, R
TE T A R A B A L DA T X A 22 1 72 B il v i
W, B T 2 R R

FKARWE Iy 5251 A0 $2 SO 1B 45 24 AR ) By
T EIFAETRIE N J5ORE, ol P POK 505 B T (V2
SR, PR IO FEA TR R A IOE SR I BRI Z b, —
SRR R B T 525 Wt 2 £ TR P DBl B R i
BB R AR, (R R AR G P A 2% | AL IS
I | T ) SRR 4 B A LR S A i

N T FEOTAZ IR SR HE S B 5 5 S ) (water-
soluble polysaccharide-polyphenolic conjugates from E.
purpurea, WEPC) BE it , DL HESE 1y Ikt , 1 7
FEWESEIY B WEPC, XL F 25 T 3RAE , I
W AR N BT I

1 MES5AE®

11

SCHERG I B AR L E AR M 2541 G o AR 6 ~
7 JRRIIEYE C57BL/6 /N A b dEl ARS8 s
FARA AR (NO. 110011231111112423) .

AEHEEREEE F408 Foll

MR PEREREN (DDS) , £EMP Biomedicals /Al ;
A F ELISA A&, bt R ERHEA TRAFL.

RID-20A RUSRORAREIE R UV-2550PC #Y
A1 WA, H A S HYA F] 5 1ICS-5000+7
B AR, E LA 7000C TS BT
X, SR BRZN 7] ; Nikon Eclipse CI 1E & %2
W, HARREAH] .
1.2 WEPC HJREL

et Zhang ZEPV Ty Bt A TR LA . S04
BGFFAETR o Sead M 2K 4y, SRIG TR ad i . FHA
ik (PE) AR 24 h, BHALA 1010, BHE 2 R
KREETJE, AT 80% LT W HE P $ B 25 % CRHAL L
1:10, T1% 600 W, i 40 °C), 4000 r/min 5.0
15 min, WCEETTYE , TUVEFET 5 R A HE 1 Hd Ui 25 190 7
LHEAGH AR . TER AR FINA 3% AREHEE, 60 CK
% 30 min CRHEEL 1 :10), 4000 r/min B5.0> 15 min,
FIBWRE AR R WA G I 3 FEIRE 80% £ P
W, B0 A W DTYE I 2RI K Fe i i, ZE K h
BN 2 dGEMTASIEA 4 3500) o AR TR B,
BTSRRI WEPC,
1.3 WEPC HZ#5r 17
1.3.1 fuFiapagm e

DL (Gle) AR i, SRR B R T I
WEPC A4 s & 1P DI TR M bR , SRS
PR-B M E WEPC (R & 1) LR SUR RS RR
(GalA) JFRIEN, SRR ILPREME WEPC (1)
BB IR S0 LA I R AR, R D
Wi W B E WEPC (78 115 & 27
1.3.2 RN ILBOBCE 8 5 #1

FHIRIUR (KRR 30% /R 5 95% L)
BRI WEPC 30 min, F40- AT WA EHEETTHTE
200 ~ 600 nm I 43 BBl I e OB o
133 o-Fzane

K FHHEBH 33532, LT 2 T4 (1 x 10* 4 x
10*.7 x 10*.5 x 10° . 2 x 10°) (45 BB AR v 5,
& WEPC 4> & . >k Waters Ultrahydrogel Col-
umn {4354 (10 um , 7.8 mm x 300 mm) , i 30 AH 4
0.1 mol/L NaNO; ¥ W , ¥ W & & 40°C , ¥ &
0.6 mL/min, iz47HJ ] 25 min, #FAER 20 pl.
134 FH RN

FREC 1.5mg FEME FLMMP, A 2mL
2mol/L =3 LR (TFA) , F 100 ‘C/Kf# 2h J A
AT A 0.5mL HEE (MeOH) %5 TR T,



20254 12 A

B, e SHEBGRIm A S Y/ N7 TS I 98 0 B <11

25 W Ak R S , R BTk
AN WEPC [ SUBHZL . 45X 500 L 1 mg/mL Ff
Z5fE (Rha) | BTRLAABE (Ara) | 2 FLHE (Gal) | 3 %45 b
(Gle) « R B XyD) . T #& BF (Man) | 2 ZL b i iR
(GalA) ., I ZHIEE R (GlcA) AR KR, TRA K
% SmL, ¥HREA W MNHEEZR 50,100,200, 300,
400, 500 mg/L , ATk B R AL bR , 45 BOBEAR I
) e 1T AR PN AR B, B S AR ME RN R . B Carbo
PACTM PA10 (4.0 mm x 250 mm) [ 25 T3 A 460
PEFERE A 10 L
13.5 WA AT

¥ 3mg WEPC # F 500uL — H 3 i
(DMSO) , RAFI, MR IMA 20mg F %A1k
BIBEEE 2 h, JIA 300 puL B BERERE 2.5 h, 1.5 mL
“HAF L (DCM) T 3 IKJEMA 4 mL /KEERG 44
KIZ, EE 3 R AR AR TR RN 5 AR
T, A 500 uL 4 mol/L TFA FE4» /K fiftJ &/ K
T, A 300 L 7K 5 pl 5% 24K F1 3 ~ 5 mg BR Ak
W, EERREEREIMA R, AW T; A
500 uL 75 5% ZFRIY MeOH, FHAE/SWK T, HE 3 IK;
HIA 500 uL ZBRHET, 100 CTH#k 2 h, AEJ5 LR
I, BAWT . (R 500 uL DCM i, 170
IKBRERENAEFN 0.25 pm A HLIEES , B
PEAT R o AW 25 - A sp-2330 #F (30 mL x
0.25mL, 0.22 mm) , YA 2 ul.
1.4 WEPCHIERIAE
141 %44

FEREE H OISR A S5 1 T i) 35 /N, 3 N B —
JJE a2 5 KA /R BERL A 4 41, B4l 10
H, 43 MIEH 4 (Control #1) , DSS 4 (Model #1) .
DSS+{I 1 £ 15 1 (150 mg/kg) 40 (WEPCL) . DSS+15
FIHEHBERS (300 mg/kg) 2 (WEPCH) ., #1836 1 S35
RUEATER 2y, LIRSS o, S AL PE /N R, Wi dE
P S G 25 NS NSS4, i 451
K, IFE-80 CIRAE, FIB S5 I AL ETE 4%
PERR/R DAk, TR 2ot .

®1 HYRBHA

Tab.1 Animal experiment protocol and design

20 5] 1~7d 8~14d 15~21d
Control FEN 1 J& 7 H A FEER K HE B A K

Model &Ny 1 JE #H A FEERK
WEPCL &Sy 1 HEEEE
WEPCH &N 18 BN

B AR K+2.5% DSS
2.5% DSS-+HE B RE b,
2.5% DSS-+HIE B RE b,

142 WKRELRBEHHH

FESCIGHA R, R KPR /N IR e 5. e
7 R, Wi PREIE SR (DAD PEAPERE UC AR
PR DL, /808 SLUNT - (a) IR T FRIE BLIES>
000~1%)  1(>1% ~5%) . 2(>5% ~ 10%) .3 (>
10% ~20%) . 4(>20%) ; (b) ZEfE MR 0GE
) 2 CGBRAE) 4 R 5 (o) (RIS BLIF5 R 0 OGfl
i) 2 i) 4 CREfEIm) o
143 %M MDA, MPO K-F4= T-SOD &

P

HRAE N (MDA) 5 A I a5 S idd BH 5 |
i AL P (MPO) Fa A0 G i B L Bl b
157 AL i (T-SOD) A8 I 1) 6 158 BH A3 %/ BRU45 i 4L 48
417 MDA  MPO 7K>F-Fi1 T-SOD i P (il 2
1.4.4 Zpas P SRR -F4F0n e

KA ELISA B &2 WEPC X4 4 241 it R+
TNF-, IL-6 . IL-18 ML R AN T 1L-10 431105
M, FREX 0.1 g Z5M4HEUs , IATA I PBS ZZ i
(pH = 7.4) A1 A 10% BYZHLUSI3 . R AR = D 4
MO RS GHEA T LSRR , 8 000 r/min B5.0> 10 min, B
ISR AR RS ELISA 3R] & Ui B % R A 1
Er A TINE o
145 ALF5H

i A BHE 10% AR 2R H bR i
24h DL bSPTIR AR A s D) R i
K, AR AR Z YLk (Harris) 4% 3 ~ 8 min, 4k
JE LY A R | MRS D IR A A% . R
EARARY 87 i DTN 7T Dl | G2 i S D X €
WEE
1.5 HIBESH

it FH bR VR 2% 2 X6 W T B 2R R R AT Ao i
Origin FXPFXIEE AT 5% L A FEIFAER] . ] SPSS
WA AT B EE . #8785 Control ZHAHLL, *3&
5 Model 4UAH L ; *P<<0.05, **P<0.01, #P <
0.05, ##P<<0.01.

2 HR5HH

2.1 WEPCHIIREV S =AM

WEPC 115% 4 (3.70 + 0.75) % , WEPC i sk
RN (25.570.72) %, M E 8 (18.15 +0.10) %,
PHRARR il (6.44+0.77) % , BB~ (11.94 +
0.43)% o 25 FH, 4lifb)5 1 WEPC HATEE MR



« 12 -

2.2 WEPCHIZH4Hr
221 BIhAk ki

FIFHLE SN EE TR WEPC 9847 T 44k
K434, AMiHERR (CA) A% 0% (Gle) VR b i it
AT, G55 1 Bz, oA lnmERR 48 I K
243 nm Fl 326 nm., & 1 AT, #EBELE 200 ~
600 nm % 1 I [l Y LT 3% A 5/ it K, T
WEPC 7£ 200 ~ 600 nm %K 75 N HA 5 m 1584
Wk, HILAE 326 nm HATHR AW, Ui WEPC
W 2 AFTE

—CA
— Glc
— WEPC
>
£ 3
i
5 OOf
4t
ot
0 BEe——
200 300 400 500 600

K /nm
B 1 WEPCHIZEIE R KM
Fig.1 UV-vis spectra of WEPC

222 HFEME

HRHEARAE S 1) 201 K/ INFVR B IR IE] , SR sk
WAL E WEPC I H A 43 344y 1, 1
HRZERNAR (RD A FRENAE S 3450 TR R,
LAMEINZS (UV) FFRIAR 5 o 8 A S 2
MIAETE, WA 2 Bk, WEPC HYIETEBA— HXTFK, &
P BAF R —1E . i B, WEPC 94> F i
1,103 x 10°, HH IR S UV K28 S 4Rt ]
—3, R ZWHALEY 5 200 DS & 500 5 X
fETE

—RI
— UV

0 5 10 15 20
t/min

B2 WEPCHISRiKIE&IEE
Fig. 2 HPLC chromatogram of WEPC
223 HAEERASHT
BT C 2 R R B SR 2 A, 22 WK
Jei AT R A A LA R AT A T R AL A

AEHEEREEE F408 Foll

SEPIAS PR /> S . TFA JKfi# WEPC J&, FIH & T
X WEPC JF47T BB ZH A M A 1 B
ST R IE 3 fiE 1 iR, WEPC H Rha, Ara,
Gal . Glc, Xyl fil Man ZHAL, YA LR 1.00 :
0.58 : 8.08 : 44.12 : 0.16 : 2.55, s 2kl Fn2p 31,
Bi/& WEPC H =20 U Al A7

— WEPC
— i £

0 10 20
t/min
El 3 WEPCHIEIEAMNETFRBILE
Fig.3 Chromatogram of WEPC

£ 1 WEPCHJBIEARK
Tab.1 Monosaccharide composition of WEPC

AR £ WEPC HRYYIB Y & 5 /%
Rha 1.77
Ara 1.03
Gal 14.31
Gle 78.09
Xyl 0.29
Man 4.51

224 FRALSH

Fl AU R B S R 5 4 SR AT, WEPC &k
W o G5 G FRBRAL B 25 L | 38 B S o A itk — 2B
7% WEPC WIHEAZS MRS, 258 W4 2. WEPC Hif)
FE M Gle A T-Glep ., 3-Glep . 4-Glep | 6-Glep |, 3,
4-Glep . 3, 6-Glep . 3, 4, 6-Glep X 7 g7 17
16, Gal Ll T-Galp.3-Galp.4, 6-Galp &7 A7E7E,
Hh 4-Glep R Y FL Bl , HoAth PR 4 75
R, VI HIWT 4-Glep AW F L5 B T4
B, LR 2L
2.3 WEPC B R iE
23.1 4hERZ DAL #F4H

WEPC %f DSS # UC /NEAIAE B
DAI PF4r 2 AN 4 Frs . i 4 (a) ATAL 54170
U RE Y RBE FTHE TR, 5 Model 41
FHH, WEPCL 411 WEPCH ZH/)N B4 T T [ a3
BN, B 7 KIE, Model ZH/)N B IR H i 3 A A1
(P<<0.01), [FIE| AR 84.68% , WEPCH Z1Fl
WEPCL 4I/NRMIRE /5 FRERIS 1 RIKED
95.83% F1 90.94% . XF ELMIMERRXT UC /MR 5E 45
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R, B WEPC WA A F AL 718 b R S5 Wl
A DL R N R AR E RS

M & 4 (b) AI I, Control 4I/NRAEE B K
ARG IEWT ETE, T Model ZH/NEUNES 3 KIFHA
A E SR IR X ATRREH T DSS AR T I
THALW I RE, BI26 7 KB REETH 1 KM
64.29% , WEPCH #1H1 WEPCL 41/)Bliis it S
Je b FHE NS, UL WEPC A7 B X nisiE
HAE, (eI E AN, T DSS /KiEB s tEAE
i, R FIR T /DR E R . 5 Model
A, WEPCL 41 WEPCH 2H/)N RO A i R I
IEEER/IN, UL WEPC A B T25f# DSS 5T H%iE
LB, s b aE

&2 WEPCHIRENLSHT
Tab.2 Methylation analysis of WEPC

i TS BT Yy Rk Ho A7)

T-Glcp 13.44

3-Glep 3.45

4-Glep 48.47

Gle 6-Glep 4.57
3,4-Glep 6.41

3,6-Glep 2.74

3,4,6-Glcp 1.09

T-Galp 4.68

Gal 3-Galp 1.48
4,6-Galp 8.19

Rha T-Rhap 0.42
4-Rhap 1.19

Ara 3-Araf 0.56
Man T-Manp 1.11
4,6-Manp 1.13

Xyl 2,4-Xylp 1.07

& 4(c) T4, Control ZH/NRMIERERE I
Tb, FEEMRRIE S, WA MM EE 4 RIFLE,
[T Control ZH, HAYZHAY DAL W44 AR AR E
BT, BARHEKF DSS KV T Uf i A )RR B 1)
SRR FESS 7 KRBT, Model 4M/NREGAS2,
ZHEMRE , AR R E IS, DAL oM, A
3.67, Uil DSS i/ NS5 K . WEPCL 41y
DAI 43 % T WEPCH 41, UiH = i (300 mg/mL)
() WEPC A] Lk /INERUARER ol 2 | (58 1, 0 bR 1
T, W/ N R EE i , BA A IR
232 LZmKEL SRR

SEI K B AN UC T RAEFERE S K HE,
Feng 25 BIF5E M, AR 20T LAV A 45 1 K%, 2%
fif 2 B K B N ARE B T L o WEPC % DSS % UC /)

BRI 45 i K B A IR A s an i’ S BT R o
Control ZH/NER A4S Ik (8.43 + 0.38) cm, Model
H/NR A FAE TR, 25 LY Control 2 i 2545
% (P<0.01), & (517 + 0.50) cm . WEPCL 4{ Fl
WEPCH 4/NRINES K EE B 2E KT Model 4 (P<
0.05) , WEPCL ZH B2 B pye , 18] WEPC AT LA
AN, AREEL MR . DSS &
5 MU bR E B  T , REEFR EIOT LAPEAS /N BRI
I EY, & 5(c) ATHL, 5 Control ZHAHI,
Model ZH /Iy BRI AL 4 $5 e 2 75 (P<0.01) . 5
Model #HAH L, WEPC 0] LIAS 85 AR AR 1 % (P<
0.01) .

30

25

L0
W 20
=
—=— Control
15F —e— Model
—— WEPCL
—— WEPCH
10 + + + . + + .
1 2 3 4 5 6 7
R )/d
(a) MREAZAL
4
3 -
20
1z
iﬂ 2
= —=— Control
1k —e— Model
—— WEPCL
—— WEPCH
0 L L L L L L L
1 2 3 4 5 6 7
i) /d
(b) EHEERZL
4
—=— Control
—e— Model
3 | —— WEPCL
—+— WEPCH
< 2
)]

I} [a)/d

(c) DAL ¥4
T #85 Control HAHEL, *# /RS Model 4HAHEL ; ¥P<<0.05,**P<
0.01,#P<<0.05,##P<<0.01,
4 WEPC 3t DSS B UC/MNRIEE BEE=EH DAI
FESTHIR 00
Fig. 4 Effects of WEPC on body weight , daily feeding
amount, and DAI score in DSS-induced UC mice
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233 #mas T MDA, MPO 424 T-SOD &1
MDA 25 it A I B 2=, e el 2 4
EBGFERE . MPO & 5 214U Pokr 40 At 50 i AE L
(AT, S SAE | 2H 2L 0 I rh PR R 20 9 A A ks
Y. SOD J&—Fp S48 A H VG FRA , REAEI R 4R
B & AEBARPER . 72 DSS #5531 UC H, i
PR PR 4 BT B B 26 W RGBS ARG Y
ROS 7KV Fmr, MG 25 2 r Ak
N8t Ak, ZEmHZ ) MPO 1 MDA /K F-2s 82T+
5, T-SOD HUIEPERAG, S804t i 4o me s
WEPC %} DSS # UC /NE45iH MDA . MPO

FUHBLEEHB F40% FHoll

1 T-SOD HIZMANE 6 Pz, 5 Control A,
Model 41 MDA &t i3 (P<<0.01) , MPO i
PERE FTF(P<<0.01), T-SOD (1)3& 1 B IR (P<
0.01) , Z5 A 2L AL B 45 7™ B , i o ad SR AV A 4
T, RAEANMETEAL. 5 Model 4HAHIL, WEPC fER %
/N 45 T MDA Al MPO 7K F-f)_E T+ (P<
0.05) , ZEff Hp kLA IR AR B, BRI AL 3 K
o B, mHE (300 mg/mL) B WEPC 4 B T4
T-SOD {1k, IRIPES AR 2454 . (K, WEPC
X DSS FEFH UC /NRAT A Iinge A AL i, 3l
FALN RN ZS IR L 2007 , IR 25 I S AR B

Control e - . aE ¢
Model t > E) . i
B 6}
WEPCL c -—— - W A
L 5
WEPCH t’ ®
gl 0

ERl? 3 4 5 6 7 8
st

() AL/ NS )T

Control Model WEPCL WEPCH
215

(b) HAUNRARIZEIGIE

##

4t ok ok

VI Fi £

0
Control Model WEPCL WEPCH
205

() #£H/IN B USRS £

#3278 5 Control 44 I, *R/R 5 Model 41AH 5 *P<<0.05,**P<<0.01,#P<<0.05, ##P<<0.01,
B5 WEPCXf DSS % UC/NRIZEEA < B A RR AR HE SR S I
Fig.5 Effects of WEPC on colon length and spleen index in DSS-induced UC mice

= g * 16}
g o
= g
g 08t sk \5/ 12
= W8
i} <«
ﬁg 0.4+ 8
% =

0 Control Model WEPCL WEPCH
215

(a) HA/NRET MDA i

##

0 Control Model WEPCL WEPCH
215

(b) HL/NEE T MPO i

IS N
S S

T-SOD{F 4/ (U/mg)
(3]
(=}

0
Control Model WEPCL WEPCH
215

(o) 4N Z M T-SOD it

1 #3785 Control 4L, *#/R15 Model 4141 H ; *P<<0.05,**P<<0.01,#P<<0.05,##P<<0.01,

6

WEPC f DSS 2 UC /MR £5 5 5 MDA .MPO #0 T-SOD By &2Ma

Fig. 6 Effects of WEPC on MDA , MPO and T-SOD in the colon of DSS-induced UC mice

234 ZMARKERTFHELE

TESRRE N IE | A A G5 B ) AR Ak 2 — A
(A9 B A B2 S, 1 AR A L IR /K Y- P 1 2 L A
BRI, WEPC %f DSS 3 UC /N Z5#H TNF-
a. IL-6  IL-18 A1 IL-10 AYsZmuniE 7 iR, 5
Control ZHAH !, Model ZH{ER 4057 TNF-ar.
IL-6 . IL-14 4 il K 3R 357K i 2 T s (P<<0.01)
SEOP MR ANMRAE , TH NO 43, BN 9 e
JN o TL-18 4l B 72k K F B THR , & 380k e
L R AR S E RN, SR A TE RS . 55 Model Z1AH
e, FHEE (300 mg/mL) WEPC HE i Z ik TNF-cr,

IL-6 1 IL-18 B3 (P<<0.01) , A RN 45 i 48 i
&

IL-10 £ 38 B B o e Il 5 v R PR B AR A
BRI HTARFIE R AN 7= A, 5 A EE e A e
BEA AR AR fy & 7 (d) W1, Model 4 1L-10 4
Ji DK 2235 7K F- b Control 4H 5 &M (P<<0.01) , &
B 73 18 48 9 i W 3B . WEPC g S8 2540 1L-10 fIRE
fRFERE (P<0.05) .

235 SHARREFHE

2 2R P 2R A A BES B S 4 B A A B

FEHLCOL NG I A SO G A 4 SR AN 1A] 8 B



20254 12 A

B, e SHEBGRIm A S Y/ N7 TS I 98 0 B <15 -

Control ZH/NRZS A K AR A0, B b5 20
MuHES R 5T H K%, K/NERIE R, WA A0 4
MR AL T . Model ZH RS 25K, AR 40
ML, SAE AR A A A= ™ IR, IF B AT 4R
BRNA—ZEL, VA 20E K42 . WEPC £ Bl

1000
##

800 F
ED L
s 600 |
=
= T
]
O
Z
F.

200 F

0
Control Model WEPCL WEPCH
21 53]
(a) #4I/NERE5 T TNF-a (R KKF
4000 i
3k

~ 3000
on
E
on
E 2000}
s
’_'] ek
M l

(=]

WEPCL WEPCH
Eikl]

Control Model

(o) BH/NREE A IL-18 MK

FORAEE I Es ke, FLREE MR (3G N, 250 56 24 i
R o AN, WEPC W] LAZE A 53 E A AR , R AIG
PRARAH O ES L (980, By 1 B s G5 A K IR . X 3%
Bl WEPC AI LIRS UC /DR INBFRIREE ), B#AR
RAEi

160
##
120}
en
E * %k
)
s 80
°
=)
40}
0
Control Model WEPCL WEPCH
205
(b) HL/NREEH IL-6 FIFIEAKF
400 % «
2 300F idid
&
=
S 200f
=
100 |
Control Model WEPCL WEPCH
45

(d) &4/NREEH T IL-10 f3ikKF

1 : #3085 Control 4 I, *#/R 5 Model 41 L5 *P<<0.05,**P<<0.01,#P<<0.05,##P<<0.01.
E7 WEPCXt DSSE UC/MNRZFH TNF-or. IL-6 . IL-18 30 IL-10 F 550
Fig.7 Effects of WEPC on TNF-¢, IL-6,IL-1fand IL-10 in the colon of DSS-induced UC mice

R

£

100 pm

(a) Control 41 (b) Model 21

(¢) WEPCL (d) WEPCH 4

B8 /INNREHALAKREFRELER

Fig. 8 Histopathological examination results of mice colon

3 W #

LHERIREE 5 A (WEPC) W7 (5 BHIERR &
R/, BHERLGSE RRE, 20 20 UL
Wi e A, 250 4-Glep iEHERNL
MR A A R 3 e g 25y X, &3 WEPC X

DSS i3 UC /INERE I AR b BRI SR A1 38
Wi/ TNF-ar, IL-10 1 IL-18 FO43 W48 1L-6 4943
W, ARG 1L DSS XS i LU , Db RAE S
N o 7L WEPC HAT 5B S OR3P VR, mT LA
il UC WK . ARG R KRR S e &
s R 245 S5 O AR T — s B S

KHEA TP 205 £ 2@ R M TLR4/NF-xB 15



+ 16

SN UCPT . S 3 o T LI K R4,
Wi, T R LY SRE A M R KO, RS Al
Z1h TLR4 , MyD88 FI NF-kB F251k , M i 1 il
TLR4 {55 %, BB ES R . TEHEA P
2 g R A e 1R ST L R N R P N2
HO-1 F1 NQO1 ) mRNA ik, ##7E Nrf-2/HO-
1 S8 FEA I A O AR AT S, o o — T 32 BT R 4
R AT LT 8 K BV R fb A% Rl F-—«B (p-NF-xB) 3%
KA, R I S A il A 1 5 8 2 AR (PPAR-
P IIZRBIKFE, W PIBK/AKT 1 NF-«B {5 5%
AR, M AR 8 i B Y

AR VIEIRR T LA E A UC 1
T ER, R E A% UC B VE LR IE
DL RARPT UC PR{da it A2y i mik 2 348 18 i
B PR TR ARG TR R MM E 5 S
I RZG W (R %6F e SIEI: K 2048 K40 0 e -5 P R A LB
F%o WAk, AT DMRFTH Z R LY WEPC 21205 FR2# i
5%, R PRI FH B B B R R UEE -

SE Lk

(1] Wby XA, BXLLLT, 55, SRUDRIRIR G 25 (R B
WA IGYT Itz T 45 I A S T RORE (1], T E AL 245k
2024,44(3) : 43-45.

(2] 5k, XUB], Rr %, 544 Jm 25 AR s ik (1],
2, 2001, 32(9) : 87-90.

(3] JAZEL, /K B, 55, SHER 2R OR
07 S /N B B i (D). BRARE O I, 2024, 4 6-
11.

[4] MIRJALILI M H, SALEHI P,BADI H N, et al. Volatile
constituents of the flower heads of three Echinacea spe-
cies cultivated in Iran[J]. Flavour and fragrance journal,
2006,21(2) :355-358.

[5] BALCIUNAITE G, JUODSNUKYTE J, SAVICKAS A,
et al. Fractionation and evaluation of proteins in roots of
Echinacea purpurea (L.) Moench[J]. Acta pharmaceu-
tica, 2015, 65 (4) : 473-479.

[6] LIQ,YANG F,HOU R, et al. Post-screening characteri-
zation of an acidic polysaccharide from Echinacea pur-
purea with potent anti-inflammatory properties in
vivo[J]. Food & function, 2020, 17(9) : 7576-7583.

[7] XU W,ZHU H,HU B, et al. Echinacea in hepatopathy :
a review of its phytochemistry , pharmacology , and
safety[J]. Phytomedicine, 2021, 87: 153572.

[8] HOU R, XU T,LI Q,et al. Polysaccharide from Echina-

cea purpurea reduce the oxidant stress in vitro and in

9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

AEHEEREEE F408 Foll

vivo[J]. International journal of biological macromole-
cules, 2020, 149:41-50.

RIZZELLO C G,CODA R,MACIAS D S, et al. Lactic
acid fermentation as a tool to enhance the functional fea-
tures of Echinacea spp.[J]. Microbial cell factories,
2013,12:1-5.

ZHAI Z,SOLCO A,WU L,et al. Echinacea increases
arginase activity and has anti-inflammatory properties in
RAW 264.7 macrophage cells, indicative of alternative
macrophage activation[J]. Journal of ethnopharmacol-
ogy, 2008, 122 (1) : 76-85.

JIANG W,ZHU H,XU W,et al. Echinacea purpurea
polysaccharide prepared by fractional precipitation pre-
vents alcoholic liver injury in mice by protecting the in-
testinal barrier and regulating liver-related pathways[J].
International journal of biological macromolecules ,
2021, 187:143-156.

YAO L,BAI L, TAN Y,et al. The immunoregulatory
effect of sulfated Echinacea purpurea polysaccharide on
chicken bone marrow-derived dendritic cells[J]. Interna-
tional journal of biological macromolecules, 2019, 139:
1123-1132.

MOLAVEISI M, NOGHABI M S,PARASTOUEI K, et
al. Fate of nano-phytosomes containing bioactive com-
pounds of Echinacea extract in an acidic food bever-
age[J]. Food structure, 2021,27:100177.

FHESC, =R, XU5aAE, 55 SRR SR A5 TR IV - 44
EfRiE T PPAR {5538 X SD KEUFIEA 2R &
SRR [J]. PR, 2024, 44 (1) £ 135-140.
ONISZCZUK T, ONISZCZUK A,GONDEK E,et al.
Active polyphenolic compounds, nutrient contents and
antioxidant capacity of extruded fish feed containing pur-
ple coneflower Echinacea purpurea (L.) Moench[J].
Saudi journal of biological sciences,2016,26(1) : 24—
30.

GUO Q, XIAO X, LU L, et al

polysaccharide complex : preparation , characterization ,

Polyphenol-

and potential utilization in food and health[J]. Annual
review of food science and technology, 2022, 13: 59-87.
PENG K,LI'Y,SUN Y, et al. Lotus root polysaccharide-
phenol complexes: interaction, structure, antioxidant, and
anti-inflammatory activities[J]. Foods , 2023, 12(3) :
577-594.

DONG R, LIU S,ZHENG Y, et al. Release and metabo-
lism of bound polyphenols from carrot dietary fiber and
their potential activity in in vitro digestion and colonic
fermentation[J]. Food functure , 2020, 11(7) : 6652—



<17

2025412 A B, % S E AU R L R RS
6665.
[19] WU N,LI H,TAN B,et al. Free and bound phenolic

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

profiles of the bran from different rice varieties and their
antioxidant activity and inhibitory effects on a~amylose
and o-glucosidase[J]. Journal of cereal science, 2018,
82:206-212.

TSIRIGOTIS-MANIECKA M, PAWLACZYK-GRAJA
I, ZIEWIECKI R, et al. The polyphenolic-polysaccharide
complex of Agrimonia eupatoria L. as an indirect throm-
bin inhibitor-isolation and chemical characterization[J].
International journal of biological macromolecules ,
2019,125:124-132.

LIU J,BAI R,LIU Y, et al. Isolation, structural charac-
terization and bioactivities of naturally occurring poly-
saccharide-polyphenolic conjugates from medicinal
plants: a reivew[J]. International journal of biological
macromolecules, 2017, 107:2242-2250.
ZHOU P, FENG R, LUO Z, et al

identification and bioavailability of Juglans regia L.

Synthesis ,
polyphenols-Hohenbuehelia  serotina
nanoparticles [J]. Food chemistry, 2020, 329: 127158.

PAWLACZYK I,CZERCHAWSKI L, PILECKI W, et

al. Polyphenolic-polysaccharide compounds from se-

polysaccharides

lected medicinal plants of Asteraceae and Rosaceae fami-
lies: chemical characterization and blood anticoagulant
activity[J]. Carbohydrate polymers, 2009, 77 (3) : 568—
575.

ZHANG X,ZHANG M, DONG L, et al. Phytochemical
profile, bioactivity, and prebiotic potential of bound phe-
nolics released from rice bran dietary fiber during in vitro
gastrointestinal digestion and colonic fermentation[J].
Journal of agricultural and food chemistry , 2019 ,
67 (46) : 12796-12805.

SINGLETON V L , ORTHOFER R , LAMUELA-
RAVENTOS R M. Analysis of total phenols and other
oxidation substrates and antioxidants by means of folin-
ciocalteu reagent[J]. Methods in enzymology, 1999,
299:152-178.

BLUMENKRANTZ N , ASBOE-HANSEN G New
method for quantitative determination of uronic acids[J].
Analytical biochemistry, 1973, 54 (2) :484-489.

WHE, EEE, B, . 23X 2P E SR
WE L], RS HEFENTSE, 2019, 36 (6) - 50-52
WAN F,ZHONG R, WANG M, et al. Caffeic acid sup-

plement alleviates colonic inflammation and oxidative

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

stress potentially through improved gut microbiota com-
munity in mice[J]. Frontiers in microbiology, 2021, 12:
784211.
FENG W,LIU J,TAN Y,et al. Polysaccharides from
Atractylodes macrocephala Koidz. ameliorate ulcerative
colitis via extensive modification of gut microbiota and
host metabolism[J]. Food research international, 2020,
138:109777.
TKRESE, AERE, PSS, . LHRXT DSS i
22 /1N Bl JILIEE bk T2 200 B 05 0 A s (0], PROE VI3 4
P%,2015(23) : 185-187
NAITO Y, TAKAGI T, YOSHIKAWA T. Neutrophil-
dependent oxidative stress in ulcerative colitis[J]. Jour-
nal of clinical biochemistry and nutrition, 2007, 41 (1) :
18-26.
SONG J,QIAN Y, LI G, et al. Anti-inflammatory effects
of kudingcha methanol extract(llex kudingcha C. J.
Tseng) in dextran sulfate sodium-induced ulcerative coli-
tis[J]. Molecular medicine reports, 2013, 8(4) : 1256—
1262.
ZHAO J,HONG T,DONG M, et al. Protective effect of
myricetin in dextran sulphate sodium-induced murine ul-
cerative colitis[J]. Molecular medicine reports, 2013,
7(2) :565-570.
GAN H,CHEN Y,OUYANG Q. Sulfasalazine inhibits
activation of nuclear factor-kappa B in patients with ul-
cerative colitis[J]. Journal of gastroenterology and hepa-
tology, 2005,20(7) : 1016-1024.
ML, MUBTH , PERKLL, A, DURIAL Iy X 5
5 S AEAY NS S VA 2R -6 P 3R -
10 J% TLR4/NF-xB 55 i #% 12 0 0], 57 2=,
2023,55(24) : 1-6.
DUTRANL S,DE BRITOT V,DE AGUIARM D I, et
al. Sulfated polysaccharide extracted from seaweed
Gracilaria caudata attenuates acetic acid-induced ulcera-
tive colitis[J]. Food hydrocoll, 2021, 111: 106221.
LIY,LIN Y,ZHENG X, et al. Echinacea purpurea (L.)
Moench polysaccharide alleviates DSS-induced colitis in
rats by restoring Th17/Treg balance and regulating intes-
tinal flora[J]. Foods, 2023, 12(23) : 4265
DI Y,SONG Y,XU K,et al. Chicoric acid alleviates
colitis via targeting the gut microbiota accompanied by
maintaining intestinal barrier integrity and inhibiting in-
flammatory responses[J]. Journal of agricultural and
food chemistry, 2024, 72 (12) : 6276-6288.
REGRE: R4



