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Abstract: To explore the structural characteristics of Evodia rutaecarpa polysaccharide and its lipid-lowering potential in
vitro, Evodia rutaecarpa crude polysaccharide (WPER) was extracted by microwave-assisted extraction technique. Three
fractions of WPER, including WPER-1b, WPER-2a and WPER-3a, were isolated and purified by DEAE-52 cellulose ion
column and Sepharose G-100 gel column. The physicochemical properties, structure and lipid-lowering activity of the three
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fractions were characterized. Physicochemical properties showed that the three fractions were mainly composed of Man,
Gal and Ara. The total sugar content and uronic acid content of WPER-2a were the highest, which were 66.44%+0.64% and
32.41%+0.99%, respectively. Congo red assay showed that WPER-2a and WPER-3a had a triple helix structure. XRD
analysis showed that all the three polysaccharides existed in an amorphous crystalline state. TGA and Zeta potential showed
that WPER-2a was more stable than the other two polysaccharides. SEM showed that WPER-1b and WPER-3a were bulk
and lamellar, while WPER-2a showed a rough, porous, fragmented shape. The results of the lipid-lowering activity in vitro
study showed that the highest lipid adsorption capacity of WPER-3a was 22.96 mg/g at a concentration of 10 mg/mL. When
the concentration of WPER-1b, WPER-2a and WPER-3a was 10 mg/mL, the inhibition rates of pancreatic lipase were 65%,
62.33% and 64.31%, respectively. WPER-2a (10 mg/mL) had the better adsorption effect on cholic acid and taurocholate,
which were 75.89% and 72.29%, respectively. All the isolated and purified polysaccharides of Evodia officinalis had certain
lipid-lowering activity in vitro, and the WPER-2a fraction had the better activity. The results provide reference for
improving the development and utilization level of Evodia officinalis polysaccharide, and provide theoretical basis and

reference for the application of Evodia officinalis polysaccharide in lipid lowering.
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20254 4 A

activity in vitro

SZ2WE (Evodia rutaecarpa) N 2R 52 42 9 g
LSRR N S e o e o n d B L B3 ) I I A
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Sy s alifh; Xt 54 5 24 43 00 B PR SR A ARG,
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R AR A R A
UWave-2000 Z U BERIE & MZEBUL 1T

AU AR A BR 2S5 V-1100D AT UL 6
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1.2 SEWHE
1.2.1 SRZEGHZHEIZE  RIETH 2R HI &
SR FH MO S B AR GRS, AR EUNTR . o 5e X SR 2
BT PAL R, K S A BRI, 1of 40 H I, PR SR A
PO AR S ZEEAK LA 1:30(W V) ISt IR &, &
THETEIN , 185 FH Z D REIAIR 5 AR U SR R A B
M, O 1% 480 W, SR IEE 70 °C, IR s [R]
5 min, )X 2B K, &I PR BOR, $R ORI A
3ETCIK Z L, 4 °C BEDT 48 h, BEUTEAWE 4000 r/min
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( Water extracted polysaccharide from Evodia rutae-
carpa, WPER) .

1.2.2 RZEY 2K DEAE-52 £ 4 Z4: 2 Wit 45
X} 5 2 SO 2T A B RAE, o DEAE-52 £F
AEZE O TEATE (98x60 cm) LA 30 mL/min [ It 18 -1 9
AFEART, SRFEHG SRAS UM e LAE, LAEE R 3 g,
BB W 3 S 15 mL/min, 43 % L 0. 0.2, 0.4 Fl
0.7 mol/L NaCl % AE R el W A T35, 545 80
mL, RV 70 45, T PR I R R TR A I A
T 490 nm Ab A CREARL, £ e th 2k, Wedls 3258
WEAE 1Y) W TR D . R T HRAS 2 DU SR 28 bk
ZH43, 0 mol/L NaCl Beflii i) Ziifin 45~ WPER-1, 0.2
mol/L NaCl¥t it 19 2 ¥l #iir 44 WPER-2, 0.4 mol/L
NaCl &I i £ 86y 44 WPER-3, 0.7 mol/L NaCl 3§
Wi Z W45 WPER-4,
1.2.3 SRZE% L WHAY Sepharose G-100 & HE Z T
Il A T AR sl R I SRS 2 4y, SR
JH Sepharose G-100 EERAEZHTXT iR U4~ 2 Hh2H
Sr AT AR, S Sepharose G-100 #E i+
(92.6%60 cm) F4 7P, Pt id 4 1.0 mL/min, &
J& B WPER-1. WPER-2 Fl WPER-3 45 51| R HC
300 mg, ¥ T 20 mL 28 /K, & JH Sepharose G-100
BEICAE DA TV, 2R KAE M PR T, e i 3
0.5 mL/min, & 10 mL & 1 4, G- MEE R 60 2,
et FH R P A R 125 AN 547 7E. 490 nm AL W S'G EE(E,
2GR I 2R, I ISeAE 3= B0 AY 2 HES 1584l
b J5 1 = 28 % £ Hi 41 4 WPER-la, WPER-1b,
WPER-1c, WPER-2a, WPER-2b f1 WPER-3a,
1.2.4 SR8 Z 4 S BRI BT A2 RO 2H B a8 i 72
SRR - B R 1%} SR A BE A L A TR B
HEMEN, S PERTIIIIGE, SRR SRR A ]
PHIE TR S, B T W v A R T &
HEIHE T, AR SCR I A 728 P & e S
el 2R HPLC W %2 WPER-1b. WPER-2a Al
WPER-3a 1% S ki, X = Ff Z2 8 2H 50 51 7R K i
AT, FREL 5 mg MMM 0.5 mL PMP
F1 0.5 mL 0.3 mol/L NaOH HR-G W b, Bt £k
7,70 °C 7K¥ 30 min, fEHFRAF N o 0] S B
ANA 0.5 mL HCI % # (0.3 mol/L) F1 0.5 mL ## 4l
7K, SRIGINA 1 mL &5 2585k PMP, 3RA9/K)Z, FHi
o 0.22 pum PERESEAT L P8, (A% 44 SR A Ulti-
mateXB-C,q @ i #1:; Wi 8 AH: A 2 0.05 mol/L ¥
KH,PO,( pH6.7) ; By & JIif 5 A:B=82:18; ¥ i# :
1.0 mL/min; A& : 35 °C; #EFEE . 10 pL; % K.
250 nm,
1.2.5 SR WA a5 FRAE
1.2.5.1 40T OGR4 Hr  dEFAFREL 4 mg
YT SOWEH Sy, T 2 mL ZEME/K, 7E 200~400 nm
PR A R SRS b- 1T WG REE T, 2l i<k .

1.2.52 fHEH LM EER % 1 mgfER S
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N RN LTAMERE ST,
1.2.53 WISRerstsy  BARLEEW T, Bidl 1 mg/
mL (1Y) 22 W8 75 W, B 2= 00 % R W SR AT % W
(80 umol/L)FZH8 1:1 M L FI4% 1 mL SEAF1R 2T, I
A 2 mL AR[E]HFE Y NaOH(0~1 mol/L), #1555
SNV ) NaOH He 2 0~0.5 mol/L, I EE T
JZJ% 10 min Ji&, 7E 400~600 nm ¥ 90 2 f R
W (A0 )
1.2.5.4 X SHRATSH (XRD) KM FHZRIE B RE &
JESF-, SR X°Pert3 Powerd I 2 I HE X-GF AT 5
(P22 BAZABIA T, Cu #E, 2=1.54056 A) S HrkeSh iy
rm ARG, MBI I A 0.02626°, 441 & N
0.6565°/s, FAHTEFEIl 5°~90°,
1.2.5.5 FESCE  7EHHATPRREL 10 mg HEA, A
PEAHTAAITT Y, A 25 °C FHELZE 400 °C, FHR
B A 20 °C/min. 5 4l T (99%) 1E R R <
(20 mL/min), 2 W (50 mL/min) ., it ZZ8EM) 5
AR IS ORISR X s
1.2.5.6 Zeta i/ BECHlHEE N 1 mg/mL 28K
YRR, AT 0.22 pm ARG 0E EHLSI .
1.2.5.7 HIAEBE(SEM) ML BGE AL WCE T
T L (F e EBRIR Je 2 ARE AL, B4 30 s, SR
JH SU 5000 =134 Ho 7 b S A 7RG I, s e, o Ay
5 kV, JRAEF A 100 1% F1 1000 175, WLEEZHHEE G
MISISRIERS o
1.2.6 SRESH ARSI NSRS IT G AT
1.2.6.1 ZBEXHHARIRBER  SRa 8 il
SR IHVE T2 SCRR [16—17] J71%. BREUTR: 768
B TP RECZE AL NS 20 me, KT 2.0 mL 7%
KA, A 1 g fE4EW, T 37 °C, ¥ E 2 h, 4000 r/min
B0 20 min, BRI . PAATEEAZFERGH, A
FEM =R (2 1 IRGZERO, ¥R 5 min, G IFZEBUK,
FEAEBORAE 70 °C 11k, B & A koS 445 &, FREL
TRRIT, 15 20 ZBE e BHm i B . DAZRIRARYE N
25 TR, B wth oA BT B, SRS s xR
W B B g LA A v 22 0 1 W B AR DT =2 v 20 (mg/g)
PR
1.2.6.2 ZHEXTIBVHRR MR ZpEIETHER S
5 07 1% B WTH AL : FREX 1.24 g NaCl, 045 g
KCl1. 0.06 g CaCl, % 0.24 g NaHCO; #7T 400 mL 7%
17K H, 2 mol ERRRIETT pH2+0.5, J5 A 47.2 mg,
3 mL [i{% >y 10 U/mL 19 8 & A B# 1 1 mL CH,C-
OONa(1 mol, pH5), J#H75 pH2+0.5, 152 B 7 7H
. B FEMAFERE(2, 4. 6. 8. 10 mg) FH
1 mL 0.01 mol/L HCI1 Bl 1E H AARIE B i iH b
1 h, 2R)5, B PFREEINA 0.1 mmol/L HREZER 4 mL F1
$NFENE(10 mg/mL)5 mL, 37 °C LR IEE 1 h,
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5.0 4000 r/min, 40 min J5UCHE L IEROH T2 A
AR Pt e

MSE TR B 2.5 mL B3 T, inA
7.5 mL 60% H,SO,, 70 °C /K#F 25 min, {#H.F553 )2
B, B EI IR, 7E 387 nm AL KOGREE, LIZE vh

A2 R R R

BRI I (%) = (1 _ ﬂ) X 100
Ay
ey Ay el TR (I 5 22 o e A 5 M e v

W5 Ay FESH 2L Ay s VA (BEFR S vhids WA
FESR D) o

1.2.6.3 ZHEXTRAG Wi B o 0 HIE 2000 R
AR 2.4, 6.8, 10 mg/mL, 43 B HL 50 uL 1Y
50 mmol/L BEFRZZ vh ¥ (pHS.0) F1 10 mg/mL JEAE
B 50 pL MKHNA R 5 mL ARE Rk £
WA, IAJEY) 0.5 mmol/L A FERR 4-fil FEAE NS
50 pL, J&4J)5 37 C ¥ E 20 min!"?, & 405 nm
[ OD fH . LABLR] Bt AE A BH AT IR, $22 B8R T2
Eawa g il

A,

X2 (0, — _L
?fﬂﬁ%ﬂim)_(l A A)xlOO

Kb A, Shas U (G ph AR RS ) 5 A, 25
P 52l (B v s A O L - PBS AR ERAR VI ) 5
Ay HEESH A A, BESH T S 4L (PBS AR BRAR i B ) o
1.3 HEAIE

R Excel 2019 #7438 H, 2558 LISEFYI(HAAR
W22 (X£SD) JE R . R Origin8.0 554
HE AT B HE Ak B 22 H K15, SR A SPSS Statistics
27.0 A AN 2 ANOVA K56 P XS B 4656 (Duncan's
text) X B a] (14 22 5 4 R 743 4T (P<0.05) .
2 GREHH
2.1 REHESHE DEAE BFHERHER

WPER (4] 2 43 25 e i fi e an &1 1 i . DA
0. 0.2, 0.4 1 0.7 mol/L NaCl ¥ AE N BENE I 5=
ZEYTFL Z 0 WPER AU, 15 21 DU =2y liing,
0 mol/L NaCl # ¥ Pt 4l 53>/ WPER-1, 0.2 mol/L

3.09 r0.8

5 WPER-2
1 0.6
£ 2.0/ t
15 f | L0.4
[ '
]

1.01 ‘
WPER-L - L] FY Loa
05{ 4 | [ A

07 7’3@#-

WG OD,,
=
[a~]
s
=
W
NaCl#J% (mol/L)

Kl 1 WPER () DEAE £F4E 2 VEM R
Fig.1 DEAE cellulose elution diagram of WPER

NaCl ¥E R BELZH 43" WPER-2, 0.4 mol/LNaCl i&#
VENRZH 4> 5 WPER-3 Fl1 0.7 mol/L NaCl ¥& i 25 43
4 WPER-4, H & 1 7] A1, WPER-2 >k & 2 41 45,
WPER-4 M 53 & i /b . R Z W4 DEAE-
52 LR AR 43 B LH 43 AR SR ANFR 1 fTas, WPER-1.
WPER-2., WPER-3 Fll WPER-4 45343 %1] 9.07%=+
2.57%.68.50%+6.32%.8.26%+2.40%.5.44%+0.16%
Horft WPER-2 193 % 155, WPER-4 [ AIK, A~
[F Bt 2H 43 14538 Z 0] B A I E P 25 5 (P<0.05) o
M E HLAT I ET HE R B IR I 2 S AR A P e,
far 3 H L, i 2 v SR EAS BRI, FHZEIE K
AT LABENE T3, 24 ] NaCl S W ie ik S8t 457
TS B L RS T ok, i Sl el .

#£ 1 ZWiY DEAE-52 A4 &R ZMER

Table 1  Yield of polysaccharide on DEAE-52 cellulose
column chromatography
i WPER-1 WPER-2 WPER-3 WPER-4
HR(%)  9.07£2.57°  68.50+6.32°  8.26+2.40°  5.44+0.16°

% ﬁlﬂ*ﬁ*, AR FEER R A0 2 AT B3 22 57 (P<0.05), K2~
3A.

2.2 ZREBEZHE Sepharose G-100 EERAE SRR

Sepharose G-100 &EEAEPEML T an &l 2 PR,
& 2(A) 2 WPER-1 PYBEMG £k, G 3 - 1%(H, 43
FIEE 3 NIE(EAVE S WPER-1a, WPER-1b, WPER-
leo B 2(B) S~ WPER-2 ({7 pli gk, i BE 2 -ild
H, 53 AR IR IE(E, 745 WPER-2a, WPER-
2b. & 2(C) > WPER-3 ROVENE R ZR, A — 1%
B, VP EZEHR 1 Mo Em, WERmE N
WPER-3a, WPER-1b 1 WPER-2a [ EA R
P, ORI R 20 H A YRR, e 1 mT g,
WPER-4 Z Wl 41 43 43 85 159 R L K, WA B 9E 47
Sepharose G-100 #& & A Ve B WF 58 . X WPER-1,
WPER-2, WPER-3 =24 sy fralifth, RYEVE
J5t T RS e 3= WA TS x T 52, A3 B P3R4
T2l Y 2R i, A 15 A5 2 R A= E i vk
ME P HERGE . B A0 =D ZHEEE S WPER-1b,
WPER-2a I WPER-3a 3 3R {1 3¢ 2 Fr 7~ , 43 51l N
39.34%+6.62%. 57.10%+10.84%. 52.51%+12.95%,
ARG R Z 0] A7 W 3 4k 22 5 (P<0.05),, WPER-
2a HLAT e A58, 78 2 EE AT i s ad f v, 355
SIRESIE BUTHE, FECEEMHR . EUEliaT R, £
W RN (B S AR T B TR B AT |, &
HHVRNL Tk, 2RI ai B,

%2 ZPERY Sepharose G-100 BT E MR
Table 2 Yield of polysaccharides on Sepharose G-100 gel
column chromatography

FEH WPER-1b
R (%) 39.3446.62°

WPER-2a
57.10+£10.84*

WPER-3a
52.51+12.95°
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Fig.2 Sepharose G-100 gel column elution curves of WPER-1,
WPER-2 and WPER-3

7: (A): WPER-1; (B): WPER-2; (C): WPER-3,

2.3 RFEHEZHEASIBLMEFRAINE

=R WL A3 RO T i . AR i IR
TSR 3 s, BSOS RS IN 59.32%+0.73% .
66.44%+0.64% . 57.69%+0.88%, H: 1 WPER-2a [
JEOBES B R, WPER-1b A1 WPER-3a 1y S & &
WEAIK T WPER-2a, —FhZ0H 14 S0bH & S HAT WM
225 (P<0.05) . BHEIEENR & 5350 7.48%+0.89%
32.41%+0.99%.31.78%+0.96%. WPER-2a FIWPER-
3a PFHEE IR & e AN HAT W 3 M 25 5, Horh WPER-
Ib (AR R 5 5 U S 0K T i B P o It v ok ot iy =2

T3 S AS N E MR

Table 3 Chemical composition of polysaccharide components

2 5y WPER-1b WPER-2a WPER-3a
RS (%) 59.32+0.73° 66.44+0.64 57.69+0.88°
WEREIR & 1 (%) 7.48+0.89" 32.41+0.99° 31.78+0.96
HEEFTE R (%) 2.61+0.29° 2.3340.23° 2.12+0.24°

i, ULBHLT4E 2R /K P AT AP L BH R S s e (IR0
ZWh. EEEE RSN 2.61%+0.29% . 2.33%+
0.23%, 2.12%=+0.24%, 4K 1 i & B HR %, REA &
ErE2ER, Hidh WPER-3a B R & ok,
24 REEZFEESBBVERR ST

38 1 RO AR (HPLC) A6 10 22 B 2H 43 A4 BA b 2H.
A%, I 4 B . WPER-1b =238 2 o, WPER-
1b Ay BBE 20 i Man. Rha, GlcA. GalA. Glc. Gal,
Ara U BEJR kb o 2.25:1.29:1.11:2.81:4.29:29.56:
16.81, Gal /&= WPER-1b f £ Z 41 )% 5 k% . WPER-
2a BB 2H ik, Man. Rha. GIcA. GalA. Glc. Gal.
Ara Y BE JR kb S 9.20:3.54:3.46:8.72:0.38:10.20:
23.24, WPER-2a FZZH Man. Gal 1 Ara FLF] 2H
o WPER-3a [l s Man, Rha, GlcA . GalA .
Gle. Gal, Ara I FEEJK 28 10.79:4.75:2.63:5.44:
2.75:9.19:23.71, WPER-3a = Man. Ara 21 )ik,
FEEIT S Ll S . ANV 5B 22, BRI
BB SR — 2o, 15 5 rROEEAH B BE SR A
—E 25 5P, X AT Re AR R 04 B O AN [ G,
B Fim R S e B W ISR N AT B AR,
T AR R R L A8 f b

R4 ZHEAS IR EE R T
Table 4 Molar ratio of monosaccharide composition
of polysaccharide component

B WPER-1b WPER-2a WPER-3a

H & 5l (Man) 225 9.20 10.79
2% (Rha) 1.29 3.54 475

I BETETR (GleA) 1.11 3.46 2.63
EFUBHIERR (GalA) 2.81 8.72 5.44
Hi%B%(Gle) 429 0.38 2.75
LZLbE (Gal) 29.56 10.20 9.19

B AF14 (Ara) 16.81 23.24 23.71

25 RETEZPEA SNSRI

2.5.1 RS WM ISR T £

HE 2R A s W B 3(A) TR o 260 nm Fl
280 nm 43 | J& A% IR 1 & R A4 W i I% , WPER-
2a Fl1 WPER-3a P Z 854 5376 260 nm F1 280 nm
A AN B A e W g, 58 BH 20 BE 457 . WPER-1b 7E
260 nm F1 280 nmAbAT H /N LG, 156 BH =k B
WA ZZ A — IR A AR I EFH . SR

W S LT AN EIE I E 3(B) B . WPER-1b,
WPER-2a I WPER-3a 7£ 3425, 2935 cm™' Bff i 4b
B A6 R O-H Fil C-H BIP PR sh>2, =Rkl
ZH3AE 1620, 1470 F1 1327 ecm™' TR S5 5=
B C=0. CH, 1 C-O I 4§ fiF & e s, 7E 1078,
1077 cm ' [ I WU & F C-O-C Fl1 C-O-H 19
AEPRENPY . GEEREREH, =S Sy AR A
&, iR E i AL I AT AR 2R BEAT

2.5.2 RIZEHE MR S0 —IRBELEA T KIEREAT
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Fig.4 Thermogravimetric analysis of WPER-1b, WPER-2a
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1E: (A): WPER-1b; (B): WPER-2a; (C): WPER-3a, [&] 5 [d],
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Fig.6 Scanning electron microscope image of polysaccharide
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Fig.7 Adsorption of polysaccharide components to oil
T AR 72 (8] 3 m BA 122 57 (P<0.05) .

2.8.2 ZBEXTNHIT ROV MAER  RASEH Z0ELH )

Xt ABPR W MR, A0l 8(A) BTN, BT M2 43
AR PR £ H A — 5 19 e BHE P BE > 10 mg/mL A,
WPER-1b, WPER-2a, WPER-3a Fl1RH X I8 X H R
B B35 71.40% . 75.89% . 57.13%. 88.25%,
FEF— e FERT, ARV St X HELR A 1 o =3 L B e 28 1

255 (P<0.05). WPER-1b. WPER-2a, WPER-3a X
AR HAT — 5 W BRHEH, AEZ R B T8 A

—EFESE ., SEAEEE St AR Tk H R 14 W% BRHE F 4n

&l 8(B) T/, ZEHHARE ft Xe 2 i JIE PR 14 W% o 3 D JHL e
JE 2 (a2 BIE AH 3E, £ 10 mg/mL B, WPER-1b,
WPER-2a, WPER-3a F1BH A%} BE ] 4 fiff I0 72 114 2 e
RN 59.53%. 72.29%. 67.57%. 75.69%, A [FIEE i

o 2 JIEL P Ay TR o) 5 2 B i S M 22 R (P<0.05) o 7E

= RPZWEEE T, WPER-2a X JIH % (14 W% [ g 7 5
4f-, A WPER-2a 55/ i BB &5t FIDBEIRE R & e —
RE MK FR, WPER-2a [RIH HA 45 i fase vk, [ HE
5 KAETEYE. WPER-2a 1 WPER-3a 4 HA —2iE
Lk, — B IR RS A B TR P E R A, X T
BB WPER-2a 1 WPER-3a X241l [JH WA 5 4 W2 )
YERII A

2.8.3 ZHIXTBARWIME RISV VA PR

ZZ WPER-1b B WPER-2a

(A) 100{ TIWPER-3a = B ) fil
bR
s ¥ ‘'
S .
¥ 604 § \ £
= F N
= 40 §
= 20 §
N
e (mg/mL)
FZ WPER-1b B WPER-2a
(B) 80{CIWPER-3a 22 WUFIFfil a
a b ]
~ ; b 7] cy
é dag dbc'( ¢ C,, d l
& Z .
% Z
= 7 1
& 1
g
2
2 4 6 8 10
W fE (mg/mL)

B8 ZWEXTARER (A) FA-RE AR (B) W B
Fig.8 Adsorption of polysaccharides to cholic acid (A)
and taurocholic acid (B)

H: ER—WRET, ARIFRHZHERAEGREE LS
(P<0.05), & 9 [F],

Wy aT LIAE A R R 1y e i 400 ot 7610, AT 38 2] B g 109 H

Mo 5% 28 00 220 2H 43 X8 IR g s e 1) 0 s 4 A an

& 9 Jr7, BEAG Z2 W BE i I, IR s Tt o) SR i
Z T, PR E 10 mg/mL B, WPER-1b, WPER-
2a, WPER-3a F1SHAH: X BE X A Uy ) 00 ol 25250 31
H 65%. 62.33%. 64.31% F11 89.85%, BH: X+ A& FnAf
dit 22 0] XF JEE A M I g 00 ) 230 5t R ) = M 22 R (<
0.05), =FhZ A RN Uy B I/ E I, B 5=
BT ZHEE RS NENR T 71 o

Z WPER-1b B WPER-2a
1007 [IWPER-3a [ | wIi
a

=
N

JBENE T REEI ] (%)

2 4 6 8 10
W% (mg/mL)

B9 ZoBIn R i e A 400 6 478

Fig.9 Inhibitory effects of polysaccharide on pancreatic lipase

3 g

DL HE 85 SN RIS E R G2, X HCHEA T4 B ik
LR FAE L ARG NN VERT Y, L5 T 2 il
S B B I IR £ WPER, YEAT4EAL AT 15



%465 5 8

PIKHE , % RACHS PR s alifl | SRR RSN T 41 -

2 =4~ Z Wi 2H 4> WPER-1b, WPER-2a, WPER-3a,
BT AR 45 33 45 51 A 39.34%+6.62% . 57.10%+10.84% .
52.51%=+12.95%, WPER-2a [ 25 R 0, Lkl
AT R TT GR A BAT — 2 AR B AN it
Ko REEW KRB LSS R0 =S BARL TR
TR B & I, JE—25400E T A4l B 3= .
PR NS BT A SR W =N Sy 28 S i Man,
Gal 1 Ara 2H )%, WPER-2a 14 S0BE 2 B FIOBH SR &
R AT RIN 66.44%+0.64% . 32.41%+0.99%., 4%
T FAE I, 43 B i A AN S e AR 20 B E A 4544,
WPER-3a HAT = IRIELH, I3 H =Fh 2 LIHEE
U 28 AR, Hoh A SCEG N Zeta HL NV FRAH,
WPER-2a 2@ M I i = T HALPI1~2H 57 . SEM 3R
H] WPER-1b 1 WPER-3a & I Jy B IR 1 /oK, i
WPER-2a RIS . Z2FLARRACIR . MRSMRERRTS
PERIBFST 45 S8 W], WPER-3a X HE 14 W B B 72
Sh 22.96 mg/g, WPER-2a X [JH & F1 4= it JIH i HL AT %58
- 1 Wz BRFVE FH 23 50 75.89% . 72.29%, WPER-1b,
WPER-2a, WPER-3a F1 %7 [l I [y Tt 114 3170 55 =% 43~ 531)
H 65%. 62.33% Fll 64.31%, LI 45 KA e 4l
T Z AT —E RINENRTE M . ARTFTRACN R
ZE B IR M LR A R PR AR T, 18 HIF & AR
SR JCTE BIAE FH 9 B 1 i 24 4 O A ol 32 L e
A -

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Sk
[1] TIAN K M, LIJJ, XU S W. Rutaecarpine: A promising car-
diovascular protective alkaloid from Evodia rutaecarpa (Wu Zhu
Yu) [J]. Pharmacological Research, 2019, 141: 541-550.
[2] LIM, WANG C H. Traditional uses, phytochemistry, pharma-
cology, pharmacokinetics and toxicology of the fruit of Tetradium
ruticarpum: A review[J], Journal of Ethnopharmacology, 2020, 263:
113231.
[3] SUXL,XUS, SHAN Y, et al. Three new quinazolines from
Evodia rutaecarpa and their biological activity [J]. Fitoterapia, 2018,
127:186—192.
[4] HUWC,ZHAOY Q, YANG Y, et al. Microwave-assisted ex-
traction, physicochemical characterization and bioactivity of
polysaccharides from Camptotheca acuminata fruits[J]. Internation-
al Journal of Biological Macromolecules, 2019, 133: 127-136.
[5] ZHENG Y, YANJY, CAO C Y, et al. Application of chro-
matography in purification and structural analysis of natural polysac-
charides: A review [J]. Journal of Separation Science, 2023, 46(18):
2300368.
[6] ZHUM Q, HUANG R M, WEN P, et al. Structural characteri-
zation and immunological activity of pectin polysaccharide from ki-
wano (Cucumis metuliferus) peels[J]. Carbohydrate Polymers,
2021, 254(56): 35-37.
[7] INGY S,MA Y F, PAN F B et al. An insight into antihyper-
lipidemic effects of polysaccharides from natural resources[J].

Molecules, 2022, 27(6): 1903.
(8] wiie, ke, ¥ R E, ¥ HOLMB SUKANRIE & 5 4k
8 T LA RS R AE ], A & Tk A, 2023, 44(21):
227-233. [TIANY H, YANG Z Y, LUO A G, et al. Optimization
of microwave assisted aqueous two phase extraction of lily polysac-
charides and its structure characterization [J]. Science and Technolo-
gy of Food Industry, 2023, 44(21): 227-233. ]
(9] AR, 2%, k|, BB S M5 Bl M FIER
A E WA A 1] A% Tk A 3, 2022,43(23): 71-78.
[ZHAO J C, LIU H'Y, FANG H T. Study on isolation, purifica-
tion, structure characterization and antioxidant activity of polysac-
charide from Zizyphus jujuba cv. Junzao[J]. Science and Technolo-
gy of Food Industry, 2022, 43(23): 71-78. ]
[10] 4o, #ER, Fib, F FREZHEG LS BB EHE
JER F R BAE AT [T]. &5 T kAL, 2022, 43(22): 61-67.
[LI Z M, XIE J Z, LUO D, et al. Separation, purification, struc-
tural characterization and antioxidation effects of a polysaccharide
from Nervilia fordii[J]. Science and Technology of Food Industry,
2022,43(22): 61-67. ]
[11] DUBIOS K A, GLILES J K, HAMILTON P A, et al. Colori-
metric method for determination of sugars and related substances
[J]. Analytical Chemistry, 1956, 100(89): 350-356.
[ 12] BLUMENKRANTZ N, ASBOE H G. New method for quan-
titative determination of uronic acids[J]. Analytical Biochemistry,
1973, 54(2): 484-489.
[13] BRADFORD M M. A rapid and sensitive method for the
quantitation of microgramquantities of protein utilizing the principle
of protein-dye binding[J]. Analytical Biochemistry, 1976, 72(1):
248-254.
[14] M=, B4, G, F ARRL S B LRI
B APE & AT [J]. & T kA, 2024, 45(10): 1-7. [ CHEN
Y Y, PING H, GAO'Y, et al. Isolation, purification, structure charac-
terizatio and antibacterial activity of polysaccharides from proso
millet bran[J]. Science and Technology of Food Industry, 2024, 45
(10): 1-7. ]
[15] SUNY J, YANG K, ZHANG X, et al. In vitro binding capac-
ities, physicochemical properties and structural characteristics of
polysaccharides fractionated from Passiflora edulis peel[J]. Food
Bioscience, 2022, 50: 102016.
[16] LIN S, GUO H, LU M, et al. Correlations of molecular
weights of -glucans from Qingke (Tibetan Hulless Barley) to their
multiple bioactivities [J]. Molecules, 2018, 23(7): 1710-1715.
[17] IRk, Bkt M3, . 2T S0 S4B R L H Bedh ih 1k
SPBEBLE A AR e fe A S A B ERA R ], R
4 F AR F 3R, 2023, 14(8): 128-137. [SHI Y J, LIAO S T,
YANG Q, et al. Study on simulated digestive characteristics in vitro,
hypoglycemic/hypolipidemic and probiotic proliferation activities of
polyphenols, polysaccharides from mulberry leaves and their com-
pounds[J]. Journal of Food Satety and Quality, 2023, 14(8): 128—
137.]
[18] GAO J, LIN L, SUN B G, et al. A comparison study on
polysaccharides extracted from Laminaria japonica using different
methods: Structural characterization and bile acid-binding capacity
[7]. Food & Function, 2017, 8(9): 3043-3052.
[19] 2K, ZEde, & 216, 5. LR & QRSN ENe1E R
o4 [J]. & e T A3, 2020,41(11):316-321. [ GONG S J,
MENG Y F, CAO HY, et al. Hypolipidemic effects of protein from
Penaeus vannamei in vitro[J]. Science and Technology of Food In-
dustry, 2020, 41(11): 316-321. ]


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.phrs.2018.12.019
https://doi.org/10.1016/j.fitote.2018.02.003
https://doi.org/10.1016/j.ijbiomac.2019.04.086
https://doi.org/10.1016/j.ijbiomac.2019.04.086
https://doi.org/10.1002/jssc.202300368
https://doi.org/10.3390/molecules27061903
https://doi.org/10.1016/0003-2697(73)90377-1
https://doi.org/10.1016/j.fbio.2022.102016
https://doi.org/10.1016/j.fbio.2022.102016
https://doi.org/10.3390/molecules23071710

- 42 - £ Tl B4

20254 4 A

[20] SUY, LIANG L. Structural characterization and antioxidant
activity of polysaccharide from four auriculariales[J]. Carbohydrate
Polymers, 2020, 229: 115407.

[21] GUO XY, GUO H B, WU S Y, et al. Extraction, bioactive
composition, and antioxidant activity of polysaccharides from the
mushroom Rugiboletus extremiorientalis[J]. Starch-Starke, 2022,
74(5-6): 87-91.

[22] WANGFL,JIY B, YANG B. Sulfated modification, charac-
terization and monosaccharide composition analysis of Undaria pin-
natifida polysaccharides and anti-tumor activity[J]. Experimental
and Therapeutic Medicine, 2020, 20(1): 630-636.

[23 ] NEP E I, CARNACHAN S M, NGWULUKA, N C. Struc-
tural characterisation and rheological properties of a polysaccharide
from sesame leaves (Sesamum radiatum Schumach. & Thonn.) [J].
Carbohydrate Polymers, 2016, 152: 541-547.

[24] AER, ERA, ZRY, 5. hbREEBITLIEN S B
e, 2 M R AR B AR BACTE AR [T]. e T AHHE, 2024, 45(4):
53-60. [LIN Z C, PAN X M, WU Q C, et al. Isolation, purifica-
tion, structure characterization and antioxidant activity of alkali ex-
tracted polysaccharide from abalone viscera[J]. Science and Tech-
nology of Food Industry, 2024, 45(4): 53-60. ]

[25] GUOXY,KANG J, XU Z Y, et al. Triple-helix polysaccha-

rides: Formation mechanisms and analytical methods[J]. Carbohy-
drate Polymers, 2021, 262: 117962.
[26] k=AM, ARES, 2 &F, F. ML S 4509 Lt Am it &
FE W o A 0] & & Tk A 3, 2023,44(24): 207-215.
[ ZHANG Y M, XIN H Z, LIU H P, et al. Extraction, purification
and antioxidant activity of polysaccharides from Sophora japonica
[J]. Science and Technology of Food Industry, 2023, 44(24): 207—
215.]
[27] MOHAMMED J K, MAHDI A A, AHMED M I, et al. Prepa-
ration, deproteinization, characterization, and antioxidant activity of
polysaccharide from Medemia argun fruit[J]. International Journal
of Biological Macromolecules, 2020, 155: 919-926.
[28] SIVA S, JIN J O, CHOI I, et al. Nanoliposome based biosen-
sors for probing mycotoxins and their applications for food: A re-
view [J]. Biosensors and Bioelectronics, 2023, 219: 114845.
[29 ] HUANG F, LIU Y, ZHANG R F, et al. Chemical and rheo-
logical properties of polysaccharides from litchi pulp[J]. Interna-
tional Journal of Biological Macromolecules, 2018, 112: 968—975.
[30 ] HUANG K H, DU B, XU B J. Alterations in physicochemi-
cal properties and bile acid binding capacities of dietary fibers upon
ultrafine grinding [J]. Powder Technology, 2018, 326: 146—150.


https://doi.org/10.1016/j.carbpol.2019.115407
https://doi.org/10.1016/j.carbpol.2019.115407
https://doi.org/10.3892/etm.2020.8720
https://doi.org/10.3892/etm.2020.8720
https://doi.org/10.1016/j.carbpol.2016.07.036
https://doi.org/10.1016/j.carbpol.2021.117962
https://doi.org/10.1016/j.carbpol.2021.117962
https://doi.org/10.1016/j.ijbiomac.2019.11.050
https://doi.org/10.1016/j.ijbiomac.2019.11.050
https://doi.org/10.1016/j.bios.2022.114845
https://doi.org/10.1016/j.ijbiomac.2018.02.054
https://doi.org/10.1016/j.ijbiomac.2018.02.054
https://doi.org/10.1016/j.powtec.2017.12.024

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 吴茱萸粗多糖的提取
	1.2.2 吴茱萸多糖DEAE-52纤维素柱层析的制备
	1.2.3 吴茱萸多糖的Sepharose G-100凝胶柱层析的制备
	1.2.4 吴茱萸多糖组分理化性质及单糖组成的测定
	1.2.5 吴茱萸多糖组分结构表征
	1.2.5.1 紫外-可见光谱扫描分析
	1.2.5.2 傅里叶红外光谱扫描
	1.2.5.3 刚果红实验
	1.2.5.4 X射线衍射（XRD）检测
	1.2.5.5 热重实验
	1.2.5.6 Zeta电位
	1.2.5.7 扫描电镜（SEM）测试

	1.2.6 吴茱萸多糖体外降脂研究活性研究
	1.2.6.1 多糖对油脂的吸附作用
	1.2.6.2 多糖对胆汁酸的吸附作用
	1.2.6.3 多糖对胰脂肪酶的抑制作用


	1.3 数据处理

	2 结果与分析
	2.1 吴茱萸多糖DEAE离子柱层析洗脱
	2.2 吴茱萸多糖Sepharose G-100凝胶柱洗脱
	2.3 吴茱萸多糖组分理化性质的测定
	2.4 吴茱萸多糖组分的单糖组成分析
	2.5 吴茱萸多糖组分的结构表征
	2.5.1 吴茱萸多糖组分的紫外和红外扫描分析
	2.5.2 吴茱萸多糖组分的三螺旋结构分析
	2.5.3 吴茱萸多糖组分的XRD分析

	2.6 多糖稳定性分析
	2.6.1 吴茱萸多糖组分的热稳定性分析
	2.6.2 吴茱萸多糖组分的Zeta电位分析

	2.7 扫描电镜（SEM）分析
	2.8 吴茱萸多糖体外降脂研究活性研究
	2.8.1 多糖对油脂的吸附作用
	2.8.2 多糖对胆汁酸的吸附作用
	2.8.3 多糖对胰脂肪酶的抑制作用


	3 结论
	参考文献

