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Abstract

To investigate the effect of Enteromorpha prolifera polysaccharide on ulcerative colitis. In this study,
E. prolifera polysaccharide (EP) was extracted and purified from E. prolifera by cold water extrac-
tion. EP had a molecular weight of 132.6 kDa, a total sugar content of 64.6%, and a sulfate group
content of 15.1%. Monosaccharide composition analysis revealed that EP was mainly composed of
rhamnose, followed by glucose and arabinose. In a mouse model of ulcerative colitis induced by
dextran sulfate sodium (DSS), EP intervention significantly improved body weight, colon length, and
DAI score, repaired colonic histopathological damage, reduced inflammatory infiltration, and pro-
tected goblet cells. EP upregulated the expression of tight junction proteins Z0O-1 and occludin to
enhance intestinal barrier function. It also alleviated intestinal inflammation by inhibiting NLRP3
activation, downregulating the levels of pro-inflammatory cytokines TNF-a and IL-1f, and promot-
ing the secretion of anti-inflammatory cytokine IL-10. Meanwhile, EP effectively increased the di-
versity of gut microbiota, decreased the Firmicutes/Bacteroidetes ratio, promoted the proliferation
of beneficial bacteria such as Faecalibaculum and Lactococcus, and inhibited the growth of patho-
genic bacteria including Escherichia-Shigella and Staphylococcus, thereby remodeling intestinal mi-
croecology. In conclusion, E. prolifera polysaccharide EP can effectively alleviate DSS-induced colitis
by repairing the intestinal barrier, suppressing inflammatory responses, and regulating gut micro-
biota. These findings provide experimental data for the application of E. prolifera polysaccharide in
ameliorating ulcerative colitis and a theoretical basis for the high-value utilization of E. prolifera
resources.

Keywords

Ulcerative Colitis, Sulfated Rhamnan, Anti-Inflammatory Activity, Intestinal Barrier, Gut
Microbiota

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

Btz M4 1 % (Ulcerative Colitis, UC)J& — R8I [ R AERIIHIE R MEB, T ERI NG 18
5 DA KA IVERER, 45 i 4% 10 R I AL 5 e B O VR RN 425 i B e B 5 6 9 [ 1] IR PRVAIT 254, I i
KEWE. S-FILKMIR A R IMH R, EiRIT S AR, tEEE™ERNERERR2]. Tk,
TR 22 W DR AT S5 0470 0 PR B 0 2R A 2 A VT 45 52 T

WHERBI, 767 BB R2 4 (Dextran Sulfate Sodium, DSS)i% S /N R &5 i R b, BRI AL £ KERENS
TR AT JORE N T HIFRIE . B I8 BRI ) BE 30 40 R 5 I 1 B RE SR AR S5 P R R . B, R R AR R
b 8 2 W ] R S B AR« M R PR TNF-o0 F1IL-18 B0, Y738 RAE[3]. fEGE I 9/
SRR o, VT R R > L SR T IR 2R 19 ZO-1 4 occludin AT MUC2 1263k, A% 3 il B BETh AE[4].
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WE &5

Ty I R X T 22 W BB 105 185 N i 1 B rh BT e 2 IR K J (A kkermansia) M FLIRAT 11 J& (Lactobacillus) ) - J&
P B0 W A IGTE - BB 8 (Escherichia-Shigella) F 7R J& (Enterococcus) AU [S], ZRAREE W 957N
BB AR 2R b, W RIE BRI AL 2 WEAE T I8 B RE . S0l B R Th RE . 2 ROE
T3 T R L AE R

WE NG TARAZ B, RARREE .. FKEM . ER@EESIERM6], 2o mEkE
LI WL, AR IIARSEIRIEhIX . FEFURY], WFE R &2, ZH. WSS IER, WETh K2
FE BRI R A7) WE ZRERA TR ORI PR AR ipiE W REAE 2 MR [6]. SR,
KT WME Z X UC EMAERTT D .

KLt AW I v KSR A I & TR AR I B, W 2RI B BT AR 7 TR T R
fiE; #AL DSS R EA M 9 /NRAEAL, M GURELS: . SOMERI. W18 BT 5 T R A W 18 R R S5
AR TOHF & 2N S5 RIS EIT . e iR AL 2 WE s 45 1 R P2 IR ik dhE .

2. SCIOERSy
2.1. RS

WE, FRiERAEMERRMAERAR: ETREE S T& 3500), HgEMAEVREARAA,
P2t T EAREMN (6.3 9.8. 22, 49.7. 107. 216. 348 J¢ 739kDa), HAMAIE TR 4, HighE
BEIR . H s pEmElg . HaxpE. ARG, LIRS, WA PERERG. CRILRE. EAN . RN, BTRa
BE. ARPERIE M, 25[E Sigma A#]; ZO-1. occludin. S-actin. HRP bric il £ 4% 1gG Pk, Rz
YeIR BB R AR NLRP3 $iif, TRBHTRAEMREA R A A R BEmR(DSS, 36~50kDa), 3
MP Biomedical 24 & ; ELISA IR 7 & (TNF-a. IL-18 F1 1L-10), _E#8E5w ml A ¥ R G BR A 5] ; DNA
U &, EEYLA.

7 RS HENE CSTBL/6) /N R (R EE 20~22 g), B R 1t SE IR s W) % & A R A =] (VF AT IE 5 : SCXK(E)2023
0002).

DHG-9036A Y e R 5 X T-HRAR , kG 2 SR ie i & A IR A A s TGL-20K M & il B 0dl, b
WS RHFAER) s Entris 1T 87 R°F, EEZEZFMIAF; JB-LS AL, RMARNETFHIR
AF]l; SM2010R BURIEYI AL, PR RAGESA R A F; DYCZ-24DN A5k B k1. WD-9405F fiitff,
IR, JbHN—AVRHEA R AR DSX1000 A2 B s, HARBME R4 NicoletiS 10 f#H
AR T AR TR . Multiskan FC BUEEAR(C, 25 EZEBR CRHE AR MR (i, 2 E iR E
FRAH; Heidolph e 28 R AL, fEEMEE /R KA H .

22. AESENRERSSEAL

BHFEBRREE TR RE, FREL 100 g T8, $20RRAEE 1:15 InANZEEEK, SIRHE 2h, Ll 4000 r/min 2
L 5 min. T3 UEE EE R 1 . & IFRBORIFIRAR, M 95% CBEBATREDT, M LAWK EIR 75% (v/v).
4CURFAFE I, B O UTE ERE T 280K, 18 70788 3500 Da KIENTEE T 720, WK46)5
AT, BRI KIS 2.

FREC 300 mg W& ZHE, ¥ T 10 mL 217K, RH Q Sepharose Fast Flow 58 [J] 55+ 22 5 (.3
FE(2.6 x 40 cm) 73 B, LAZEA#E/K. 0.5, 1.0 A1 2.0 mol/L NaCl UM R BEAT Ve, B8 35 US4 e it
W, BRER - ZREHEA I LRI (8], QIR B AT, BHFE 28417 EPO. EP0.5 Al
EP1 (4] 1(a))»

K Fil Sephacryl S-400 HR A5 15 (4 (2.6 x 100 co) X 15 3 55 1) 2 B 4173 EP 1 #EAT#E— 2P 2k,
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WiE &5

PL 0.1 mol/L ) NH4sHCO; W BENE, BRlR - 2Kpvidaill, W 2 HE4 (K 1(b)), AR TESETE 25
(Enteromorpha prolifera polysaccharide, EP).

2.3. IE{LIE RS

PARR 2B bR e i, RHIORIY - BRIERVEDIE EP ROEHE & & DU B & FOARRMEM, SR AR AR
FIE BP R A B AR DU AR AR AE S, SR AR R I E EP HhBEREIR & s DABRER N
prdEdh, RSO - B LA E EP i R L 5 58],

2.4. PPEERNE

K 1-Z85E-3-F FE-5 -1 LIk (1-Phenyl-3-methyl-5-pyrazolone, PMP)HEFTfTAE — 5 R0BOAH €6 12
SEZ PRI RNEL L, S8 Li (017 AR NiAEE . B 2 mg ZFEFES, 12 mL 2 mol/L =548, 105°C
JKf#E 8h, JI 120 uL PMP A1 100 uL 0.3 mol/L [¥] NaOH %7, 70°C/K# N 1h, A 100 pL 0.3 mol/L
() HCL VB b e B . A2, EIEWE 0.22 um MR I8 5 ik RE . (0i 46 F: ZORBAX SB-C18
}£(4.6 mm x 250 mm), Vs pH 6.7 BEEE SR &P - £ M (83:17), Al 35°C, ik 1.0 mL/min, #EFF
H9 10 uL, AP 245 nm. H#EHE(Man). ZEEH G FE(GIeN). 25 HE(Rha). & FEEBR(GleA) 2
FPEBS R (GalA) HETFE(Gle) EFUHE(Gal). ABEXyl)« BilHiAFHE (Ara) FE FEHE(Fuc) 5 BOpE br o 5 72 AR
) %A N AT AT AR RIAS I o 388 Ik 43 BT BB A 1A T 1 L U T ) RO TRIARL,  TAE ot P B 2L e A0 JBE JR L AT
3T

25. FFENE

K R R 25 BV (HPGPC) I 8 2 WK 7y &, S8 Li S [9] 1 7 ¥ A & 24 Bie i) 5 mg/mL
Z R WGAT b, B2 N: Shodex SB-804 il #4:(7.8 mm x 30.0 cm), LA 0.1 mol/L AR EREN NI 5
F, FEREEN 10 pL, WEN 0.6 mL/min, FEIEA 40°C, fHH/RZEI KN B BT . Bk 5 mg/mL
W 2 AR BVA(6.34 9.84 221 49.7. 107, 216. 348. 739 kDa)LA /T EXF B ALKR, 7B I A] Sy
BEALKR, 2HlbrAEfZk, HHE NS TR
2.6. {EIIAHETIMEENIE

SKH KBr JEA7[10], S 2855 TEA KBr R4S, WHEEANRE, JE ) 5 R Nicolet iS 10 {# H.i
AF AT I REALAE 4000~400 cm™ Y8 ] A RE S HEAT R I
2.7. IIER 5 5r4RET

INRIAFELEIRE N 25°C £0.5°C {BE 40%~60%- YelEAZE 12/12h () SPF G/ s o 38 o7 1 M 9%
— &, HBBEEUOK, KRB ML M = 8): BN IRl (Control). FLFY LT (Model) FH M &£
(Positive) FlF & Z PE4H(EP). FIEH 44N, AR/ NRES: 5d & 3%DSS YUK SE K. FH
i, SIS R, B R 53 & 2 A/ R 3B 50 mg/kg 1 5-2 23 /KR (5-Amino Salicylic
Acid, 5-ASA)F1 EP, #F4E 8 d (14 2(a)). TESEIRIAN], FRICT/DNRIVARER ., SRS FVE 15 b,
PR 15 B 48 £ (Disease Activity Index, DAI) [5]. SEIRZE G, /IS BSR4 56 B2 bl 22 400 BRI i AR 3Kk HL
I, SHOAE B F AL BB /N BR WS ER 45 i 4L 2R RN 25 iy N 25 0 S5 64T 20 BT
2.8. {RLAFRIBFSE

B2 4% %2 BRI 2 s AL AT A A, JRUIA 4 pm MR . D) 4 H 2R BRI RRE 5 P R
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WE &5

KR FTRARER - L (H&B) MBI ALET I (AB)EAT S t, et Jm Ul 2B B K . — HoRIE Al
VERS RS e, Tt s N WA .

2.9. REHELEE

AR SRS KIS, ERTERINGE R (pH = 6.0) T EEHUE, L 3% Ak SAB0RE
W Py YR I I A . T 5% 10 SE I A 30 min FEBTARRR SEVESE & . RKIRLL—PT ZO-1. occludin /%
MUC2 AR MCHI AT R 1gG Uik TG . 8 3,3- R EBRIRE 6, RS D Mg
AT T
2.10. SRR AERETHM

KL AL E T PBS )¢, 78 4°C, 8000 r/min B50» 10 min, W FiEW, FH BCA ENE
FEAR SR, %8 ELISA W& B, 8/ R85 A 2 25 R 7 (TNF-a. IL-14 A1 IL-10)17K .

2.11. EARBENTIRLE

W E T RIPA 2R 2138, ZHEYIAE 10000 r/min, 4°CZH4 R EC 10 min, W LER-
f#F BCA & Al e il A&l S A S &, BB 10%F GGG Bk r & A0 8, JFREE
PVDF fIi. 5%/t fiG #0hkr £ A 30 min, TBST #H47%E%:, L NLRP3 K B-actin HUAZIRIFE 2 h, TBST
FRRBES . I HRP ARic L 29t 1gG 9T, (=R N E 2h, FH TBST #4718, DAB A
BOJE, BLERRERGME, Image J AR A &0 IR EE AT 28T

2.12. FiEEHSEENRF

K DNA $HGE /N BRI TE A 257042 BV B RF (0 S R 2H . DL 338F AT 806R 51 447 3t i
16S rDNA ] V3-V4 0] A8 [X I8 . 7 Illumina Miseq PE300 & EIF, @it EisE 4= F G173
Worire XEREEER o ZHPE. B ZFEIEFAER BT /T K], @ AR EORVTAG TR F 8
IV B TE T LSS A4 o SR FH 2 40 31 2 M R0 8 (LE£S @) T Pl 3 A % 201 1) 225 37 o T T 110 = 5 RN 2L il

2.13. ¥iEibIe

s DL AME + AR ZE(SD)E R, K GraphPad Prism 9.0 #AF X0 EE HEAT Gu it 2% 0. 4R A
R Z 0N, ] Tukey 34T 2 EELBUG R, P <0.05 POl N EA BEIEZES

3. BRS N
3.1. Z¥E EP MIAHRIE

KA KIEIEE NI E Pl b, HASEN 11.0%. ZHELiENTE, K Q Sepharose Fast Flow [f
AT S Sephacryl S-400 HR #EARSIE (1B 0 B 4lif, 1521 —M 2 HE4 5 EP. BRALPE 4
Mridzs, EP MIEHESEAN 64.6%, PR SEN 143%, EARSEN 3.6%, MRESEN 15.1%.
HPGPC (/4 1(c))7r#1 &I EP 4> 8N 132.6 kDa. HPLC Z3#7((&] 1(d)) &l 1(e))fErr, EP o2
WL AT REA R ATRE LR, BEIREE A 2.63:1.45:1. FELLAMEE(E 1(D)F, 3420 cm™ S ECANFERS O-H 1)
REPRENIE . 2920 cm™ 5 1620 cm™ P E7JVJ& T C-H 1 C=0 W 43R 3h1E[9]. 1254 cm™ 5 852 cm™!
B HNBREREE S=0 5 C-O-S M f4afikahg, XRMZHE EP TRiERIE R MAELE[S]. £ 1612 cm ' 5
1428 e LT N R REE C=0 5 C-O B AiHRaNE[4], X UL EP & ARERERR. 45 b, EP F¥ K
AR TR 1R R Ak R 2= TR
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Figure 1. Isolation, purification and structural characterization of EP. Q Sepharose Fast Flow chromatogram detected by sul-
furic acid-phenol method (a) and Sephacryl S-400HR gel permeation chromatogram of polysaccharide EP1 detected by sulfu-
ric acid-phenol method (b), HPGPC chromatogram of polysaccharide EP (c), HPLC chromatograms of monosaccharide stand-
ards (d) and EP (e), Fourier transform infrared spectrum of polysaccharide EP (f)

E 1. FE SN D BaL R MR, Q Sepharose Fast Flow BIEFTRESR - REME M Lk (a)F1ZHE EP1 B9 Sephacryl
S-400HR EFZIEIE & AT REE K EM QM BhZk(b). ¥ EP f) HPGPC &i%El(c). BIEFRAEM(d)F EP ()R HPLC &
EE . ZHE EP ISMEIERE(D

3.2. EP M4 3¢ BRI FRHI RN

a b
L Adaptation | 3%DSS | Water 1204
a 0 5 8 K 1104
Adaptati 3%DSS Wat g
Vo) L Adweadon | S%DSS ) Water | % 1004
-7 0 5 8 s
” L Adaptation | 3%DSS |  Water s 9% :
- o 4
7 g 5 8 z 80 ‘= Model :
5-ASA g g0 *rositve
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¢ e
41 Control Model Positive EP 9 kKK
e T | rwre———
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Figure 2. EP improved the clinical symptoms of colitis mice. Mice experiment design diagram (a); Body weight change (b),
DAI score (c); Representative pictures of colon tissues (d), Colon length (¢). All data were shown as the mean + SD. *p < 0.05,
*p<0.01,™p <0.001

[E 2. Z¥E EP MEDREHRIERTMIEF . SIS RIZE (), NERIFE(D) DAL TFS(0), FIHEARKM
BRE). EHKEC). RARIEUTHNE £+ FREERR, p<0.05, "p<001, "p<0.001
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WiE 5%

AN E AR REORDE . FSEREAA T L 552 50 1 45 ) 98 RS R Th 1 B R AR AE (3] i) 2(b)
FlizR, TESERHAE, Control ZH /) 5 1A B il 45 1 [A] A K S 454L b THEH, Model 417545 T DSS Ja, /MR
TRE R RK, 255 8 RIFIRE TR EWIH/KFHIZ) 4%, SHEE 5-ASA FEP J5, /NRAKER T
FI A RSz, B AL/ BRI AR S AR AL A AR L S T B R HU(D AT A S B 45 1 98 /)N BRIV 2 IRAS [ 1]
s 2(c)fs, (ESKIGIE], a4 T DSS HI/NEL, H DAI ¥4y 21KE%, 15 Model 4UAHLL, EP
Z A Positive ZH/)N B[] DAL ¥F43 ETHEHAI ERZE, I H 2 EACT Model 2H. 45 148 5 2 W iE #5E 51 K
(R UL BEAFAE[ 12]. AHEL T Control 2H, Model 40/ R &5 7K FE R 455, EP 21 Positive ZH/)N R 45
PR W S a, H EP 4N S E L Control (1K 2(d) K 2(e)). LiRZERFN, EP Al
REWE DSS T4 % /N IO E N, DAL VP2 THaE f 4 a4 i S R WAER,  H BP FIEHL T 5-
ASA.

DSS AW 51 IE KIE N TR e b A0 5245, S EUE RN RS TR 2 5, A
gl /NRARE TR DAL VFo s M S5 K FE AR R SEREAR [ 13]. T EP AL NGE TIX S8R, 427~ EP 7]
REE i O, (R I EF R e SRS R ER .. CATARRIL, AR RRR R
ZERFERR AT DSS SR M RE B, (B AEAMCR AR B 1 MUC2 HISRIE, 125 TIHIEFHE,
HABRE T 450 96 /N R IARE N RE[14], X S5ERATIBE TS RAH— B, MeAh, S5 M%e R 2 i 20 51 K /M)
BRI TS, TR IR (0 BRI A 5 5 22 W v e I ) 41 ¢ PR - P i AN 5 2 e )
WA, ZfRAEN N R H LA R3]

3.3. LRt RIEE AT

a Control Model Positive EP b 05
SR ™ i

Histological score

Percenting of blue area(%) Q-I

Figure 3. Effect of EP on histopathology changes of colon tissues of colitis mice. Images of H&E staining (a) and histopatho-
logical scores (b); Images of Alcian blue staining (c) and percentage of AB positive staining area (d). All data were shown as
the mean + SD. **p < 0.001

3. Z¥EEP MK/ REMALNRIET LM . HKE () RFEFIT(0); AB RE()REEMHRMEETREL
fil(d). HABLAFEHEHREERR, ™p<0.001

KM H&E 5 AB YO iPAd 224 EP X/ B 45 i 20 205 B9340 1 e 1 00 - 1 1 3(a)~ 1 3(b) T 4,
Control ZH/NR &ML GE M SELT, b A2 5688 H R a8 1 L, 17 Model 41/ R 4541 2 2™ E 1)
TRERER S, EHE bR SRR AN B R AN IR, SR E T BT S . 5 Model 444HEL, EP
H/NRREE I 2 23 B 58 5 40 S IR T S W B s, 8 PRI IR B 3 ek« AB St (1 3(c)~ B 3(d) R,
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55 Control 4LAHEL, Model 20 AB %4 €5 [0 P40 B RO AR 240 i i 5B B SR/ . T EP T-HlE AB ZL
PRI 2, MR ECE W R3Gm,  H EP XIAMIRGE M i) S A AL T 5-ASA. BLESSREW], EP +
TilRe A RIE & DSS 5l ke 145 W 20 2300 B2 0040 o W3l B e b 2 40 5 b R 20 B 52 B A AR OAS e i MR 45
¥ 98 R MG A00 (A% O TR BRARRAE [ 13 o TE VR 5E B v B 2 AR DR 4 )40 - &2 1 32 2 e AR IR 4l i & e A
3, MORGEMBCEAE ORI AR R, SR E 2R T R PR EEMERI[15]. BEFURIL, 8 kiR
IR AL 5 8 22 BB 0. 25 2% DSS BN &5 I Rt (1 Kk A2 S5 bR AR BB 16]. A 26 RIS R
1o B 2= TRWH B S PR A I R AR AL, R IERNRZ B, b RIEA IR [14]. X PR,
TR Ak 22 WELE DR 45 i 41 23 50 B 1M FMOIR 40 o R #5555 B AR A o

3.4. BBiERESH

Jir 8 5t B e B M X IR DU R S B A e FE . I B A et XN BRI R B T e AT
M 4 FTAI, Control /R A5 I 2H 2 K% R H ZO-1 M occludin I = K%, HHIER 4/
PRl U I R 52 % . %A T DSS J&, Model 41/ 4520414 ZO-1 Al occludin fIFIEKF
BE AL, XL DSS w51 H 2Nk D aedi A . T EP ZH/N A5 4H 28 ZO-1 Al occludin ]
FRAHET Model R E N, 450KV, EP GEA At UC /N RI%iE bt i fi .

e
B4
&

2

S
dokk T kK
—r—

a‘ Contro] »
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Figure 4. Effects of EP on intestinal barrier changes in colitis mice colon tissues. Immunostaining images of tight junction
protein ZO-1 (a) and statistical analysis of ZO-1 positive area (b); Immunostaining images of occluding (c) and statistical
analysis of occludin positive area (d). All data were shown as the mean = SD. *p < 0.01, ™*p < 0.001

[l 4. %¥E EP MM/ D RAMFENRG. ZREEES 20-1 REAUREQRFEITFESH(b); occludin &
PFURBCORGEITFEDT(D). BIEUTHE + fREERT, “p<001, "p<0.001

W B Wi SZ AV A A A 45 I 9 1 R BERAIE . R EEREEE A ZO-1 M occludin [13RIA B> RER I N
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Figure 5. Effects of EP on inflammatory responses in colonic tissue of colitis mice. Expression levels of IL-1£ (a), TNF-a (b),
IL-10 (c) in colon tissues of colitis mice. Western blot results of inflammation related protein NLRP3 (d) and its relative protein
expression levels compared with S-actin (e). All data were shown as the mean + SD. *p < 0.01, **p < 0.001
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Figure 6. Effect of EP on gut microbiota of colitis mice. Alpha diversity analysis of the gut microbiota in mice: Ace index (a),
Sobs index (b), Shannon index (c), and Chaol index (d); Beta diversity analysis: PCoA (e) and NMDS at the OTU level (f);
Venn diagrams (g)
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Figure 7. Effects of EP on the composition of gut microbiota in colitis mice. Relative abundance of gut microbiota at the
phylum level (a) and genus level (b); Linear discriminant analysis (LDA) (c¢) and community heatmap (d) at the genus level
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