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microbiota dysbiosis, and other pathological factors, has led to the current lack of effective therapeutic agents in
clinical practice. This study focused on extracting and characterizing polysaccharide components from the Rhubarb-
Astragalus herb pair (GJ-2 and GJ-3) and evaluating their therapeutic effects on dextran sulfate sodium (DSS)-
induced UC in mice. Crude polysaccharides were extracted from Rheum palmatum and Astragalus membranaceus
via aqueous extraction-alcohol precipitation. Two polysaccharide fractions (GJ-2 and GJ-3) were isolated and
purified using anion-exchange cellulose column. Structural characteristics, including total polysaccharide content
(phenol-sulfuric acid method), uronic acid quantification (m-hydroxydiphenyl assay), infrared spectral features
(FT-IR), and monosaccharide composition analysis 1-phenyl-3-methyl-5-pyrazolone (PMP) derivatization coupled
with HPLC were systematically characterized. /n vivo, a DSS-induced UC model was established using 2.5%
dextran sulfate sodium (DSS). After intragastric administration of different doses of polysaccharide fractions,
pathological changes of the colon tissue were observed by hematoxylin-eosin (HE) staining, while the levels of
inflammatory factors in mouse serum and myeloperoxidase (MPO) activity in colon tissue were quantified by
enzyme-linked immunosorbent assay (ELISA). Tight junction proteins (ZO-1, claudin-1) were analyzed via
immunofluorescence, and tumor necrosis factor a (TNF-a)/interleukin 6 (IL-6) mRNA expression was quantified by
qRT-PCR. Gut microbiota composition was evaluated through 16S rDNA sequencing of cecal contents. Consequently,
two weakly acidic polysaccharide fractions, GJ-2 and GJ-3, were isolated from the Rheum palmatum-Astragalus
membranaceus herb pair. Monosaccharide analysis revealed GJ-2 was composed of glucose (Glc), galactose (Gal),
and arabinose (Ara), whereas GJ-3 predominantly contained Gal and Ara, both exhibiting carboxyl groups and
pyranose configurations (FT-IR). In DSS-treated mice, GJ-2 and GJ-3 significantly ameliorated colon shortening,
body weight loss, and elevated DAI scores. Histopathology demonstrated reduced mucosal damage, while ELISA
and qRT-PCR showed decreased TNF-a and IL-6 levels in serum and colon tissues. Moreover, the polysaccharide
fractions significantly upregulated the expression levels of ZO-1 and claudin-1 and restored gut microbiota diversity
in DSS-induced mice, and enriched beneficial taxa, including f. _ Clostridiales and g.  Vagococcus. In conclusion
polysaccharide fractions from the Rheum palmatum-Astragalus membranaceus herb pair exhibit therapeutic potential
against UC, likely serving as a key material basis for the efficacy of this herb pair. The animal operation was
approved by the Zhejiang Center of Labortory Animals (No: ZJCLA-IACUC-20011023). All experiments were
conducted in accordance with relevant guidelines and regulations.

Key words: Rhubarb; Astragalus; traditional Chinese medicine polysaccharide; structural characteristics;

ulcerative colitis; gut microbiota

o YE 45 I %% (ulcerative colitis, UC) J& — g Pk
e 7 1 SOREPE I, Il R 2 30y 45 48 B 52K AE Y
G MRS B VR LA B S S A (R AR R 1 4 B
IR, 97 1 AL 2 M, HORAA B e A R AR
oK, I R UC 1) 28 25 H s 2 4 BRYE Bl N AN i, 2 Rl
A R G WL AHE VR 9 . UC 98 BRLRIT R 9 B Al
W R T A A, BRI 22 (1) Bt 9T 2R B R R W B
B 2R L T o B 0 5 R 98 RE A5 4 e P Tl e B vl e
HFERZWEERY. HillkK LA THTUC g
WASEPLR 2] (I E KR R W R TR« S e 410
TRl 24 ) F0 AR 1 7] (14T TNF-a 558 BT
) ZEPT IX Be 25 ) AR AE — 8 FE B B 2R AR UC E IR,
EAFER B R IRT K o KA B A E T
DIae it i 251 S5 . BRI, o — 20 S SRAR A
A B R IT A R A L L.

AT A SR K B I R S e R B, rh R 24 ]l i 22 7
NEMAEIT UC, Ia RT3 W 5, HT K22 i, o>

RN, H B R UC & AR 27 AR A1
e S, R LA B AR SE, CAME R 58 A, IR AR
() TR A AT SR U IR LA DR, R A e R
Bk, fn SRR SRR . BT Ry i
) JTE AR I ORI S50 A UL, 2 R 30 N 3 fk
RN N =P NN A T AT LE N W G RN
B K g NiasT UCH 252 —, Bt
“URANEE " AL, T T A A PR EORT B S
UC SV B A B iR e Th 253008 (Va1
JiE il 22) A1 DR )T UC I e S 267 S 3o 4 B 2 <
DL 37 A i L2 I DL 5 57 i 226 170 A8 52 8 R e B
B UC 18 M 1 1 R 2R 2 RS . KRB A 3 i i A
YENIRIT RAEVEZIR 2 20 &, 7T 3 IR N A P45 B
BH™ . BUARZ B 2B R 0, KB B KRR e R
A B35 BT A AE I RE A S AL R e Ab, I
TR TR, A ZHERA PR PR BT
1B R 2L GAEAR Y, AT AT R 3 5 G e R 1R



T B R~ ¥ 2 W 2 73 2 P % AR 159 1k 45 1 9% A RO 5 - 3171 -

ol A 2 T R 5 R, e o M Y S RE AN 5 1, (i
¥ & % 5 2 4 1K) ST T R T, AT AE UC IR T Hh R
TR E B0 S A B SR AL AT IR T h R A K
- R R A B PR R R AR,
ZHEA T RE AR T E BRI, d D R B -
Z B 7 T RER IR YT UC RN A 7 o BRIE, AT 7E
K-S B SR I B 4L 73, JF S L2 Bl J 2 i
UC 1 AT BT, DL B 22 21 0 36 K3 -3 1R 9T
UC (5 ZE5THR, I 245 25 3000 o SE Rt 78 b 25 %
BT AR IR (st S B 4

MRS HEE

Zim5IRF KEUOr (iS5 23070) 1 B #TLH
BRZTR MR T, RO (65 23011201) 1
BSR4 A IR A E], ST = 25 K5
L TS e A . BT IR D-JEK R AT (LS
13950, JF 5051 > 98%)D-F-FLbE (L5 15075, & 4>
$ > 98%)D-FiT RifF A (b5 18234, Jii & 4340 > 98%)-
L-FRZEHE (L5 15151, i fE 40 40 > 98%) D(+) 5 i Hl
(5 18235, i /0 # > 98%) . D-H FE M (it 5 13641,
JL &5 3 > 98%) D-F-FLFE I IR (65 16068, Jit & 77
# > 98%) D HEEE R (L5 16235, =35 > 98%)
P06 B e P bR R R IR 55 A PR A F]; DEAE-52
AR (5 52L2401S) W F 3k 5T 5 i 15 8 B K
H R A #; %P ER 8 (dextran sulphate sodium,
DSS, #it 5 YD11024) 4 H MP Biomedicals 2 & ; il
BRI UE J7 ¥ /T (sulfasalazine, SASP, #t5 09230808)
T H (5 KT 2 BRA A /N BRUBE S A i
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Table 1 The assessment of the disease activity index. DAI:

Disease activity index

Score Body weight Fecal property Fecal occult blood
loss/%

0 0 Normal Occult blood ()

1 1-5 Between normal and semi- Occult blood (+)
loose stools

2 6-10  Semi-loose stools Occult blood (++)

3 10-15  Between semi-loose and ~ Occult blood
loose stools (+++)

4 > 15 Loose stools Bleeding
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FH qRT-PCR 546 M 45 i 2H 23 1 TNF-a. IL-6 ] mRNA

Table 2 Pathological score of colonic mucosa

Indictor Judgement standard Score

The severity of  Intact crypt structure

mucosal damage
Crypt loss <1/3 (local mild injury)
Crypt loss >1/3 but <1/2 (mild injury)
Crypt loss >1/2 but <2/3 (moderate injury)
Complete crypt loss with intact epithelium

Complete crypt loss with epithelial

wm A W N~

destruction
Extent of disease No damage (0%)
1%-20%
21%-40%
41%-60%
61%-80%
81%-100%

wn AW N = O
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2RIE (ST HIHE 3).

Table 3 The primer sequences of real-time quantitative PCR.
TNF- a: Tumor necrosis factor a; IL-6: Interleukin 6; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase

Gene Primer sequence (5'-3")
TNF-a Forward AGCCTCTTCTCATTCCTGCTTGTG
Reverse GATCACCCCGAAGTTCAGTAGACA
IL-6 Forward CTTCTTGGGACTGATGCTGGT
Reverse CTCTGTGAAGTCTCCTCTCCG
GAPDH Forward TGTGTCCGTCGTGGATCTGA
Reverse TTGCTGTTGAAGTCGCAGGAG
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Figure 2 Polysaccharides mitigated DSS-induced murine colitis. A: Experiment design; B, D: Body weight changes in each group during

experiment periods; C: DAI of mice in different groups; E: Terminal body weight variation at day 11 post-induction; F: DAI scores evaluated
P <0.001, P <0.000 1. NC: Negative control; SASP:

Fk Eeeey

on day 11; G, H: Colon length measurement. n = 6, ¥ £ 5. "P < 0.05, "P < 0.01,

Sulfasalazine; DSS: Dextran sulfate sodium; ns: No significant difference

B
*
ns
*
workk
10
o
-
§ 8
= 6
2
24
=)
2 2
et o
(0 d—segss
NC DSS SASP GJ-L GI-H
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Figure 5 Polysaccharides reduced colonic mucosal damage and maintained intestinal barrier function. A, B: Immunofluorescence staining
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