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HE iHd 16S rRNA 5 &0 7 AR 4 24 B R BF9T 31 24 ( Angelicae Dahuricae Radix polysaccharides, RP)
RIT B LS I ¢ (ulcerative colitis, UC) MIFEMMLEI . R 2.5% M MR EREA ( dextran sulfate sodium, DSS) if
TR UC B, REES A/ NIRRT AL . BTG sh#5 4k (disease activity index, DAIL) | %51 8 Fnfm BRAS (L1
fli RP XF UC /NRIIATT RO . RT-qPCR IERGIN /N ZE I H A A R (interleukin, IL) -6, IL-18. JREIRSER T
(tumor necrosis factor, TNF ) -a. #fid %8 /LY# ( myeloperoxidase, MPO ) | #ifEH 2 (mucin 2, Muc2 ) FlE% &
#HE A Oceludin, Claudin2 & ZO-1 B9 mRNA FRik, FFIAAEM % (ELISA) SR/ RE5 428! IL-18. TNF-a
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Angelicae Dahuricae Radix polysaccharides treat ulcerative colitis in mice by
regulating gut microbiota and metabolism
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Abstract  This study employed 16S rRNA gene high-throughput sequencing and metabolomics to explore the mechanism
of Angelicae Dahuricae Radix polysaccharides (RP) in the treatment of ulcerative colitis (UC). A mouse model of UC was
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induced with 2.5% dextran sulfate sodium. The therapeutic effects of RP on UC in mice were evaluated based on changes in
body weight, disease activity index (DAI), and colon length, as well as pathological changes. RT-qPCR was performed to
assess the mRNA levels of interleukin (IL)-6, IL-18, tumor necrosis factor (TNF)-a, myeloperoxidase (MPO), mucin 2
(Muc2), occludin, claudin2, and ZO-1 in the mouse colon tissue. ELISA was employed to measure the expression of IL-15 and
TNF-a in the colon tissue. The intestinal permeability of mice was evaluated by the fluorescent dye permeability assay.
Immunohistochemistry was employed to detect the expression of Muc2 and occludin in the colon tissue. Changes in gut
microbiota and metabolites were analyzed by 16S rRNA sequencing and ultra-high-performance liquid chromatography
coupled with quadrupole-orbitrap mass spectrometry (UPLC-Q-Exactive Plus Orbitrap MS), respectively. The results
indicated that low-dose RP alleviated general symptoms, reduced colonic inflammation and intestinal permeability, and
promoted Muc2 secretion and tight junction protein expression in UC mice. In addition, low-dose RP increased gut microbiota
diversity in UC mice and decreased the relative abundance of harmful bacteria such as Ochrobactrum and Streptococcus.
Twenty-seven differential metabolites were identified in feces, and low-dose RP restored the levels of disturbed metabolites.
Notably, arginine and proline metabolism were the most significantly altered amino acid metabolic pathways following low-
dose RP intervention. In conclusion, RP can ameliorate general symptoms, inhibit colonic inflammation, and maintain
intestinal mucosal barrier integrity in UC mice by modulating gut microbiota composition and arginine and proline
metabolism.

Key words Angelicae Dahuricae Radix polysaccharides; ulcerative colitis; gut microbiota; metabolomics

BB S 96 Culcerative colitis, UC) & — 3 B B K 25 B B I 0 15 14 Ak 4 3 14k 9 RE 1 A s
LR 9P R AT N S b DX AT PR RS KR B 0 AR DL R B IER . RRYE « BRI Dy 32 B PR A
fERY, AR RT JAK FI 7 A I - 1B TR 2 A 1A T R0 S5/ o T 25K R B R A UC BT E bR
F 24 R 5 093 2% A 1) I8 B TR 9T 7 ) AL 22 A R R S R B, R Nk, UC B 3 1 28 i e AT oK T
30%1 BRR, 5 2SR B AR H BT UC e T MBI,

Z MR 10 AN DL b o e R A EOE TR R — AR TR B, 2R A . B
JHRE . P RS 2 PP A ELE ], Tk, ZREXT UC BUIRITAE R CONIE R, BRI, B2
PEEFUPERE R . o BbE . RRME. WEIGRME. MKW, EEAMR 2R, iRy UC HA YT AU
Pl 2ed . ARRMNADER ST, SHRRN, SR @R, BEHmEERRE. U7 i E S
BRZM UCkl,

SR TERHEYI A B AR, B ERKOESE, M2 Th, RIEREIT UC B A s 2l
BRATHAZR . FRRETEIE . [AIE O RS A 0E E B A Re A SR iR UC /NRUIN 45 i 2 e 012, (o
Z % (Angelicae Dahuricae Radix polysaccharides, RP) J& [ IEMIA RSS2 —. HIREY, AL
B GE 05 1 50 o 2 A R /N BRI FE RS e v e SR e G B, B AT R RBLA TEZ T 1 UC ML A
Fio FET UM, AWFFLEEMET 16S rRNA =y &l Fr A AQ U 2H 2 B2 R Bl B 1 2 H0A 776 UC /NI
2 AERINLEL, AImIRTE T UC S 45 B0 AN S 46 BL Al .

1 #e

1.1 Zim5idH

HIEZ W (185 Wkq22072710, DY)l am AR AR A A D o # R ER IR (dextran
sodium sulfate, DSS, %5 160110, & MP Biomedicals A %)) ; 5-&F/KER (5-aminosalicylic
acid, 5-ASA, Tt A79809, I[H Sigma-Aldrich A#]) ; HAME W (115 G1101, By FE4E/RAE
VIR ER AT ; RNA #£BGRF & . HiScript® I RT SuperMix. ChamQ SYBR Master Mix for
gPCR (%5 R711. R323-01. Q311-02/03, m R i MEB MBI H AR AR + HYHEN K-1B
Cinterleukin-18, 1L-18) « BB IRIE A T -a (tumor necrosis factor-a, TNF-a) (525 EK201B.
EK282, WUMBARMEMHARGIRAFD 3 FMEBR X EH-H %R (fluorescein isothiocyanate-dextran,
FITC-dextran, %75 46944, Z[H Sigma-Aldrich A %) ; Occludin Fiif&. k& [ 2 (mucin 2, Muc2)
itk (385 GB111401. GB11344, WX FELE/REMBAR AT + /K LEE (525 100092683,
[ 25 S A il A A PR A A
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1.2 {U=F

Centrifuge 5810R & M id A4 2.0l (f#[E Eppendorf A &) ; Direct-Q #li/k{% (3£ [E Millipore
NF]D) 3 AF-103AS #lUK#HL (& KF] Scotsman A &) 5 LightCycler® 96 SZif %8¢ g & PCR X (Hit:
Roche A#]) ; NanoDrop2000 & 73 ot it (3£ [E ThermoFisher A wF]) ; CKX41 {3 # &4
(HA Olympus 2 #]) ; JB-P5 AL GNARABETFAHIRARD : RM2016 Y HL ( EiEpk KA
HIRAAD ; Multiskan FC (IVD A 5) ZIhgeltsil (£E ThermoFisher A F]) ; Nexera X2 LC-
30AD & ERAGREIY (HA Shimadzu A7) ; Q Exactive Plus Jfii%{% (3£[E ThermoFisher 2
CIDRS
1.3 ¥

48 R MHEPE C57BL/6 /N (SPF 24, 6~8 Jiug) , A& (2022) g, W EHWIL4EEF LA RA
ml, VA[UES SCXK () 2021-0006, 1% T/ i H 2 KM ER ALk 0, SES
SYXK (F5) 2022-0070, iEFE 25 °C, MIXTHESE 55%+45%, 4 HOGHR/EEE 12 h, BHEEHK. &
S22 3k R HP R 2K SR B R R B SE B sh W Ae BE R L s ikl shiie B AR5 2022DW-61-01.

2 FHiEk

2.1 EERBHFE

ENHRFE 7 d 5 48 HUNRBENL XTI (Ctrl, n=8) 4. M (DSS, n=10) 4. 5-% K%
KR (5-ASA, n=10) 41, AEZHLME (RPL, n=10) 4H. AEZH&ME (RPH, n=10)
U, S5 L. SR 1-7 FALLE MU AREK, FoA R 4L E K 2.5% DSS Wi, 7RI 4.
% 814 FAUUNRE U ARA. MRS 1 RITH, wIREAATHIALS F 2 TSR 08 ik
R, 5 EIEKMRAEIAT 100 mekg” 5ASA HEH, LS BHIGHE AR RS 04 5% T
200, 400 mg-kg? F1IE L MEHE R, FELEVER 14d. P15 % 4 260 2 I Bl 26 21 SR [14].
22 INR—RERR K DAL S

15 FILG N OB B AL IS R R (BB, P4 A IO, SH TN R
DAI V4081, P4 brifk W3 1.

#1 DAIS
Table 1 DAI scores
/53 TR R B2/ % RATHEAR 7 M550
0 7 1EH 1EH
1 1~5
2 6~10 LGid T
3 11~15

>15 N5 S I

4

23 HARE-RLI (HE) 6
WKEMALET 4%Z KPR E, CWEE6E TGRS, Bl 2K, AWKk, K

UAE 3R R G AN L gl et K3 F, Rl sik, REOWE B B

2.4 EEEHEE PCR ( quantitative real-time PCR, RT-qPCR )

% FreeZol Reagent-R711 RNA #& B 77 & Ui B 15 20 Wi A17 5 W 2 218 RNA 428, A
HiScript® III RT SuperMix ¥ # 3  &dk T 54 3¢ . 24 ChamQ SYBR gPCR Master Mix PCR #&ill
WA AU ECH 10 pL R BAK FR, 7E LightCycler® 96 S2i %6 % & &8 PCR X BT G E & HT .
DA g-actin AN S, Wi 288CH KRR A R IA & . SIF ALK 2.



4 ] o 24 7

®2 514
Table 2 Sequences of primers

L SIS (531
mouse-IL-6 F: 5-CCACTTCACAAGTCGGAGGCTTA-3’

R: 5-AGTGCATCATCGTTGTTCATAC-3'
mouse-IL-14 F: 5-AATGCCACCTTTTGACAGTGATG-3'

R: 5-GGAAGGTCCACGGGAAAGAC-3'
mouse-TNF-a F: 5-AAGGCCGGGGTGTCCTGGAG-3'

R: 5-AGGCCAGGTGGGGACAGCTC-3'
mouse-MPO F: 5-GAGTCCCACTCAGCAAGGTC-3’

R: 5-TCTGGCGATTCAGTTTGGCT-3'
mouse-Muc2 F: 5-TGTGTTTCAGGCTCCATCAC-3'

R: 5-TGCAGCCATTGTAGGAAATC-3'
mouse-Occludin F: 5-ACAAAGAGCTCTCTCGTCTCG-3'

R: 5-CATAGTCTCCCACCATCCTC-3'
mouse-Claudin2 F: 5-GTCAGCTTGCCAGAGACACT-3’

R: 5-TGGCAGTGTCTCTCCAAATCCG-3'
mouse-ZO-1 F: 5-AGTTCTGCCCTCAGCTACCA-3’

R: 5-GCTTAAAGCTGGCAGTGTC-3'
mouse-f-actin F: 5-CTCATGAAGATCCTGACCGAG-3'

R': 5-AGTCTAGAGCAACATAGCACAG-3'
2.5 EEEXEEWMIME ( enzyme-linked immunosorbent assays, ELISA ) 3EI&

&5 i 4043 30 mg, J 300 uL PBS, 2135 12 000>y, 4 °C &0 10 min, B b3 200 pL 4
%, -80 °CLRAF#%H . IL-18 Al TNF-a ) ELISA #5ill Z HE X S i 03 k47 o
2,6 MFEREMIE

RIRGHEEEE 4 h, 8 H/NRS T FITC-dextran 400 mgkg #EH . 4 h 5K, BEHEE 1h, 4
000>y, 4 °CE5» 10 min, WEEME. BEFROCRIIRACE (A FHE SR FITC-dextran 7%
o
2.7 REAK

A Ry B K, ) 5 Occludin A1 Muc2 itk (1: 2000 7E 4 °C R E R, FAHN
PR P, FIEWEE 50 min. HAREY 3 min, b, RESERUKMYE, BOEE . BREEEEIK
B B % . R Imaged B 45 B A7 2 s o
2.8 16S rRNA HiEENF

¥ /N B E A Bk 2 B FS AR R A IR A " 3T 16S rRNA M. {FH DNA $2HGA
A S DNA, FRild 1,205 IR0 B Uk A Il DNA $REUS & . 8 4r € 51 0% 16S
rRNA J:[H V3~Vv4 mJ4F[X5Ljfi PCR #7314, KA Vazyme VAHTSTM DNA Clean Beads #E{7 =44l
tb, F{EH Quant-iT PicoGreen dsDNA Assay Kit #1772 &4 #T. KM Illumina A% TruSeq Nano
DNA LT Library Prep Kit 4l 5 3% . {# ] illumina NovaSeq “F- & Al NovaSeq 6000 SP Reagent Kit
HEATI T o
2.9 RigteAZE

/N R B E PN Ak 2 IS AR A BR A R AT AR AR A A . SRR T 4 °CiE
%, FREL 50 mg FEdh, IO 400 pL FRAKIHEE-K (4: 1, viv) B0, 78 SR IR 21 2 05
W, I 600 L A HEL-/K (4: 1, viv) B, IRS), UKIGHEE A 20 min, -20 °CFFE 1 h, 16
000>y, 4 °CESLr 20 min, HCbiEW, bl re mol BSR40 B O ALE T B A IR iNA 100 pL i
ARFE-K (1. 1, viv) ERER, 20 000xy, 4 °CE L 15 min. i ERHWH ACQUITY
UPLC® HSS T3 (2.1 mm>100 mm, 1.8 pm) fi4: ) SHIMADZU-LC30 & R AH il R4t . HEFE
&4 uL, FEIR 40 °C, W# 0.3 mL-mint; BIGRBIH AR 0.1%FER/KER, BN 0.1%HIRIK LG
W AR AR, 0~2 min, 0 B; 2~6 min, 0~48% B; 6~10 min, 48%~100% B; 10~12
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min, 100% B:; 12~12.1 min, 100%~0 B, 12.1~15 min, 0 B. % H Wi % H % (electrospray
ionization, ESI) XtFEMBEATIE. fB P . UPLC 4> 55 A QE Plus Ji il A% Xt #f i HEAT T i 43
Bro R MSDIAL v4.9 A4 H0 s dhAT 0 SR H . A5 4 %5 5 SR RS 1 ol +2 0 DC Jc A0 — 2 % I DT I 11
Ji. FE HMDB. MassBank. GNPS %522 3% e K 5 1% 5 AU b vh ot e 48 e AR P 25 44 o
fEH Python B f4xt i i £ 48 ik 47 2 4Gt o A e
2.10 SEitEsS

TR ZRER B B r % ( x4SEM) %R, fiii] GraphPad Prism 8.0.1 % 4% 20 $ths i 47 %
KT Z0 4. P<0.05 NZERAHS¥E L.

3 #£83

3.1 BIEZHEX UC/MR—REKEF I

el e, xRN RIEF R JOK, BRAGE, RMAS, KEIER, KRR TRE
Ko DSS /NSRS 5 RITU BRI . MESF M RRFE, /DN BRAR R ERFEE T REEEE 10
K, H10~14 RARAE R EREZE . Sx AL, DSS 41/ AR & & 2 [%(K, DAl P52 Tt

L, K ERESE, 5 DSS Ak, RPL. RPH I 5-ASA Y477 5 /N BAA R & 221, DAI i
SRERE, SKESENN. SREH, AIEZHETTUEZEZM UC NRAET R, ShKE
a4, FRFEE DAL VES, WHE 1.

Ctrl. X[ 4H; DSS. A ; 5-ASA. 5-EIL/AKMIRA (100 mgkg?) 5 RPL/H. HIEZHHR/FEFEM (200, 400 mgkeg?) (B 2~
7 . K8 ;. HHEEAMIELP<0.05, 7P<0.01, "P<0.001, 5xfM4LHEL*P<0.05, *#P<0.01, *#P<0.001,

B o e v 4 I 4 RUR TR . S5 K AT DAT W 2 ( x+SEM, n=6~8) B

Fig.1 Effects of Angelicae Dahuricae Radix polysaccharides on body weight, colon length and DAI in ulcerative colitis mice ( x+SEM, n=6-8)
3.2 BESHEN UC /MNREHFRIERG T

HE Jetags IR, XHHRA/NREMAN MR, FEMBEHSIAF, LraifKif. DSS 4/h
Rl b A iR st, ReEdlEEl, 2k, FRAFETET L KEREMEIRE. 5
DSS @Ak, RPL. RPH F1 5-ASA ZH/)N R &5 i 4 200 B0 405 2 2 0 e, ROV L HEvI A
Bouod 25 MR 0 e B, ROAEANMDRIER D . 2R EW], BAIEZ MR AR UC /N EE A SR,
LK 2,

B2 AR 2 0 i Mk S5 1 28 /N R S5 1 BE 4R 105 OS2 (CHE #e, x100)
Fig.2 Effect of Angelicae Dahuricae Radix polysaccharides on colon pathological damage in ulcerative colitis mice (HE staining, x100)



33 BESHEX UC /INRE IR ERI M
5xiAMEL, DSS H/NREmHS 1L-6. IL-18. TNF-a F1 MPO ) mRNA FRiA/KTFEZE L
W; 5 DSS @Ak, RPL. RPH fil 5-ASA /MR & MZHZ IL-6. IL-18. TNF-a il MPO ] mRNA 7K
PFEETIHE. SOIRAMLL, DSS H/NR4EmAL IL-1p F1 TNF-a FIE ARIEKFE#H FiH; 5 DSS
AL, RPL. RPH 1 5-ASA #/NREEMAA IL-18 1 TNF-a HIEARXKTFEE TH. 45858
B, BIEZ MRS A RENH] UC /N R &I SOE R 7 IR0, B4 2%00E, WLk 3. 4.
#3 LSRR TSI RN R HAELUL-6. 1L-18. TNF-a. MPO mRNAE X /KF M ( x4SEM, n=6)

Table 3 Effect of Angelicae Dahuricae Radix polysaccharides on mRNA expression levels of IL-6, IL-1f, TNF-a and MPO in colon tissues of mice
with ulcerative colitis ( xSEM, 7n=6)

) FillE/mg-kg!-d! IL-6 mRNA #ik IL-18 mRNA £ik TNF-o mRNA ik MPO mRNA #ik
it e - 1.000£0.329 1.000+0.196 1.000+0.137 1.000£0.219
R - 14.780+2.693% 46.620+8.313% 4.559+0.818% 6.763+0.785%
S-EILKGR 100 0.502+0.122% 2.343+0.403%’ 0.783+0.059%’ 0.824+0.181¢
SN 200 0.728+0.096°’ 8.943+1.533¢ 0.985+0.045% 0.668+0.078°’

400 2.043+0.543% 17.580+4.859¢’ 1.231+0.093¢ 0.880+0.167%

W SRHBAMEL" P<0.05, ¥ P<0.01, ¥ P<0.001, SHEBAMELY P<0.05, ¥ P<0.01, © P<0.001 (& 4~8 [ .

Rd ATEZREXBBIEL I 5D R A LAUL-18. TNF-oiR B &AM ( X2SEM, n=6)
Table 4 Effect of Angelicae Dahuricae Radix polysaccharides on protein expression levels of IL-15 and TNF-a in colon tissues of mice with
ulcerative colitis ( X+SEM, n=6)

2070 7 & /mg-kg!-d! IL-15/pg-mg’! TNF-a/pg-mg’!

X i - 126.600:£14.980 131.100+30.050

[t - 410.300+76.430% 679.200+139.900%

S-EIEKIR 100 143.8004+22.030% 98.720+11.640°’

SRS 200 215.300+43.510% 94.790+19.270%
400 165.900+31.690° 102.200+31.890°"

3.4 HESHEX UC /MNRIARIRRER G

ExtEH AL, DSS ZH /)N B3 8 K VR K FITC-dextran WK R E THE: 5 DSS 4AAEL,
RPL. RPH /N MG FITC-dextran ¥WKFERE N, W3R 5. HXTEAMLIL, DSS 4/ W45 WA R
Muc2. Occludin. ZO-1 mRNA %% Fiff; RPL. RPH 1 5-ASA J&JT7 AEW & i Muc2. Occludin.
Z0O-1 mRNA Fik. S5XTHAMLEL, DSS H/NR&5 2 Claudin2 ) mRNA FRiAE#E FiF; RPL.
RPH Al 5-ASA 7577 J5 66" .2 T Claudin2 ) mRNA £ik, W#E 6. HRZEAMEE R ER, S4H/K
i 2H 23 Muc2 Fil Occludin B AR IE S mRNA RKIAKF—3, WK 3. £7. LidgREH, HIE
ZpEferimid Ll UC ANRIBIE R IEREAMRE, MINEE AR 5w, M fe 2k iz 26 B2
=

RE FIES R B EA ) & D BRLTEFITC-dextran g0 ( x2SEM, n=3)
Table 5 Effect of Angelicae Dahuricae Radix polysaccharides on serum FITC-dextran content in mice with ulcerative colitis ( X+SEM, n=3)

45 7l E/mg-kg'-d! FITC-dextran/pg-mL"!
pagict - 1.269+0.026

TR - 2.909:0.407"
S-RAIEKGIR 100 2.708+0.400

EHEE2 200 0.966+0.333%

400 1.177+0.059%
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S
D

6 MIEZ X BH L &N R AL Muc2, Occludin, Claudin2, ZO-1 mRNAZIEKFIIFLIT ( X45EM, n=6)
Table 6 Effect of Angelicae Dahuricae Radix polysaccharides on mRNA expression levels of Muc2, Occludin, Claudin2 and ZO-1 in colon tissues of
mice with ulcerative colitis ( X+SEM, n=6)

2453 5l &/mg-kg!-d! Muc2 mRNA 7K>F Occludin mRNA 7K~ ZO-1 mRNA /K Claudin2 mRNA 7K
o i - 1.0000.137 1.000+0.123 1.000+0.100 1.000+0.161
[t - 0.466+0.065 0.411+0.055%’ 0.579+0.122% 1.880+0.285"
S-RAIEKMIR 100 2.384+0.317% 0.946+0.085% 0.988+0.053¢ 0.835+0.126°’
SHES 200 3.449+0.111¢ 1.139+0.130° 0.945+0.028% 0.832+0.055°

400 3.106+0.618°’ 0.932:£0.084°%’ 0.956+0.069% 1.184+0.071%

B3 FIE 2R s M I 4 R4 4121 Muc2. Oceludin 2 [ RIAK T ( x:SEM, n=6)
Fig.3 Effect of Angelicae Dahuricae Radix polysaccharides on protein expression levels of Muc2 and Occludin in colon tissues of mice with
ulcerative colitis ( X+SEM, n=6)

R AT X B4 I 56/ R 45 4 4Muc2, Occludinik 834 7K PRI ( x4SEM, n=6)
Table 7 Effect of Angelicae Dahuricae Radix polysaccharides on protein expression levels of Muc2 and Occludin in colon tissues of mice with
ulcerative colitis ( X+SEM, n=6)

k| FE/mg kg!-d?! Muc2 AR ik Occludin BHHEAH X FE
Xt - 0.149+0.024 0.270+0.022
Y - 0.054+0.006"’ 0.120+0.022%
S5-I 100 0.129+0.018%’ 0.224+0.014%
SN 200 0.140+£0.016% 0.252+0.012%

400 0.13120.010%’ 0.207+0.012%

3.5 BIESHEX UC /MNRIFE B B L Mp &2 0
35 BESHESWN

HEHUN REZH . DSS 4R (I 2 BT = 4/ B R0 N A9 1T 16S rRNA &id 7. Chao 8
BARIFIEREE R I FE & S, Faith e E8UAIIA 3 R ZFEME, WHH THEEEDT o 2T
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flio HXTHEALLH, DSS 41 Chao 18U Faith FEEWEEFEML: 5 DSS 4ltbik, AEZ A=A
Chao f5 %A1 Faith #5 % & % . 2T weighted unifrac ¥ 2 5 3% 2 ] 32 AL b5 2 #r  Cprincipal
coordinates analysis, PCoA) K, WFASAHFEAZ MIHBEEMMZESR (B 2 . RER, 55X
HEALAHEL, DSS 470N il W R Sh /) R B84k, DSS A0 A fw B 7 X HRLL, 1 (A 05 2 AR ) B 4 ) A
B Tx A, WE 4. RRGRERY, QIEZERAE TR KE UC /N IGIE R, ff
UC /NRIGIETERE a ZFEVER B 2 FEVE 17 6 HE 418400

Ctrl. %JH&4l; DSS. M4 RP. HIEZHGHFEH (200 mgkg™) (E5 [FD

B4 [ 2000 T 45 1 2%/ B A B 2 R PR R R B ( x+SEM, n=6) B
Fig.4 Effect of Angelicae Dahuricae Radix polysaccharides on intestinal microbiota diversity and composition in ulcerative colitis mice ( x+SEM,
n=6)

352 FBAEM ST

R KCE B, N B OB 8 W BE £ B Erysipelotrichaceae . S24-7 . Lachnospiraceae -
Ruminococcaceae . Bifidobacteriaceae %5 ZH it . 7E J& /K7 b, /N & W B = 2 1 Allobaculum .
Bifidobacterium. Bacteroides. Ruminococcus. Lactobacillus 540 5%, UL 4.
3.53 BB E RS KR KEGG KRigHE 17

WA T35 F= BERT 50 A7 ()8 I B AR s ) SRR . SR EoR, SXTIA AL, DSS 4
Bifidobacterium. Sutterella. Streptococcus. Allobaculum. Ochrobactrum. Streptomyces %5 B #f it #H it
F R ¥ Eif, Odoribacter. Coprococcus. Dorea. Oscillospira. Dehalobacterium 25 B #¥ 1A % = B
WETH. 2adaEZHBERAETIE, EREHFENAR 7TREE. X EEZRKHNESHS DSS
M2 UM ET KEGG AR B Tl 734, S5 R Ew, K KEGG AR F L a5
FRARHT . oK G AU A A Z4E A R AR wiR Y. SRR & A i R AC A e
=AY, WA 5. ARERH, AEZHEAGHET I UC /N BRI A /)N BV 18 B 3 AR T = FE [m) 0 HE 48
i, HAFEFAUR AT g S A BB AR R
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Fig.5 Species differences of intestinal microbiota and KEGG metabolic pathway analysis of mice in each group
3.6 HIEZHEXT UC /NRZE(E R BEHE R 20
3.6.1 {@E/INZFFIFIS5HT ( partial least squares discriminant analysis, PLS-DA )

DSS H 5 PLS-DA 37> EI58 4270 15, iZMAL R?Y=0.997, Q*=0.799, K WIHLA il fE
Baf o NP B B A, AT 200 B BRI AL AT A ERIRE, R* 5 Q7 B LU AL
(R?=0.974, Q* =-0.760) , H[EIHLF FLIKT 0. HIESHHCAELLS DSS 4111 PLS-DA #5473 F 58
A E, ZBR RY=0.985, Q*=0.168, 200 KEMMIGLIREIR, RZE Q*HS5HMMEL (R?=0.997,
Q*=-0.110) , HEIHLMEH AT 0, WE 6. FiRZE R ZBEA TG RIF, B HIEHE
I

& 6 #2518/ B ZSAF AR I PLS-DA 157 & & 200 X B He kb 36 &

Fig.6 PLS-DA score plots and 200 iterations permutations test of fecal metabolites of mice among groups

3.6.2 ERKMEE
4 FC>1.50 Hi<0.67 H. P<0.05 HIbruELE & VIP>1. 0 fik 2w, 48R ExR, S/ R
el 27 MERREY, WE 8. N T B E IR & 4 FEA A YA ALK B2 1, ik
TEMAR SR, B LR, I [ S A SC 8 5 i S A k. DL B gE IR, AIEE
FEAR = T B 6% 8 UC /N BRES B AR T /K- g 3o BEZH /) BRI
X8 FAFH 2 A K 2 S b

Table 8  Identification and analysis of differential metabolites in the feces

DSS vs Ctrl RP vs DSS
R tp/min ¥ BT

VIP P FC VIP P FC

methylpyrazine 2.02 CsHgN» [M+H]* 2.04 0.00 5.45 2.48 0.00 0.39
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2-hydroxy-3- (2-hydroxyphenyl ) 6.62

propanoic acid CoH1904 [M-H] 1.94 0.00 6.97 2.03 0.02 0.52
imidazolepropionic acid 2.02 CsHgN,O, [M+H]* 1.90 0.00 12.84 2.34 0.00 0.29
S-aminopentanoate 1.64 CsH{1NO, [M+H]* 1.93 0.00 5.12 1.80 0.05 0.44
PC (20:4/20:4) 11.76 C.sHgoNOgP [M+H]* 1.83 000 0.04 213 002 929
5-methylpyrazine-2-carboxylic acid 2.01 C¢HeN,O, [M-H] 1.81 0.00 0.47 2.32 0.00 2.01
2;??““2’z'dimethylpmpan"ic 1.41 CsH;NO, [M+H]* 174 000 5091 223 001 031
gibberellin A110 9.21 C;oH2505 [M-H] 1.80 0.00 041 1.96  0.03 1.98
medicagenic acid 10.88 C30H4606 [M-H] 1.65 0.00 472 1.98 0.02 0.38
oryzalic acid A 10.71 CaoH3005 [M-H]~ 1.71 0.00 0.20 2.27 0.01 4.51
ophthalmic acid 1.72 C11H9N306 [M+H]* 1.66 0.00 8.85 1.93 0.03 0.27
spermidine 1.12 C7H 9N; [M+H]* 1.69 0.01 0.27 1.84 0.05 5.07
3-methylpentanoylcarnitine 8.12 C13HsNOy4 [M+H]* 1.59 0.01 3.47 1.87 0.04 0.44
3-methylnonanedioylcarnitine 8.13 C7H3NOg [M+H]* 1.60 0.01 11.49 2.12 0.01 0.16
Oct-5-enedioylcarnitine 6.87 C5HasNOg [2M+H]* 1.60 0.01 26.46 1.96 0.03 0.21
27-hydroxyisomangiferolic acid 12.67 C30H4304 [M-H] 1.55 0.01 4.55 2.08 0.02 0.30
maltotriose 1.47 CisH3,046 [M+Na]* 1.56 0.01 0.26 1.94 0.03 7.00
S-adenosylmethionine 1.38 C15H2NgOsS [M+H]* 1.57 0.02 0.30 1.88 0.04 4.85
Glu-CA 9.39 CyoH47NOg [M+H]* 1.39 0.02  44.16 1.83 0.04  0.13
acetylleucine 7.88 CsH5NOs [M+H]* 1.42 0.02 1.66 1.95 0.03 0.61
GABA 1.35 C4HgNO, [M+H]' 1.45 0.02 1.76 2.11 0.01 0.50
cellobiose 0.95 C12H2,01y [M-H]~ 1.41 0.02 0.37 2.16 0.01 3.37
maltose 0.93 C12H20y, [M+CI] 1.40 0.03 0.25 1.87  0.04 7.32
asiatic acid 11.57 C30Hyg05 [M+H-H,01* 1.37 0.03 4.81 1.83 0.04 025
ganolucidic acid E 11.64 C30H4405 [M-H,O-H]~ 1.35 0.03 6.16 1.80 0.05 0.23
biliverdin 10.60 C33H34N4O¢ [M+H]* 1.42 0.03 4.74 1.86  0.04 0.27
taurine 1.23 C,H7NO;S [M—H+2Na]" 1.29 0.04 1.91 1.89 0.03 0.46

VE: VIPAREEENHRY: FC.EREH.
3.6.3 RigH@EE D
HE— PR 1 = AR T KEGG JEES B, B P<0.05 A% %k A 1 2 BRI & T T
UC /MR 2 AR TS % . 45 R EB7R, HIEZ PG T 95 52 5 032 1 KEGG AR il 2% 73 2K
AN JERRACH . KSR, TERRWEE. KEGC = UHEM 4 RE7n, A
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TREESE BT TE T A AR AL S IR 1 T 2 WX 1 4 M 2% /0 R iR T & LA R LA 11

il R AR R I 2 BT & T P s f 35 A R IR A iR A, WK 7. DLESERERW], AiE®
AR B ) eI I 2 UC /D B S (SR U I AT AR U PR A B i A R 456 7T UC IR

n FoR P KA R B 0 7 R AR R K EE J R B BEAR R % KEGG AT il % .
7 ZRREMETE KK KEGG X i %
Fig.7 KEGG metabolic pathways involved in differential metabolites

3.64ZBANRHEEREHNESSEBRREMABEELES T

XoF i 326 1) 22 S T R FOR 2 R AN I 2 B AH G AT 2R 1T spearman AH G 2 R S50 #r, LK 8. S-
JREF AR Z B2 (S-adenosylmethionine) % V%% (spermidine) 5 Bifidobacterium. Ochrobactrum.
Streptococcus AHXT R B FH A G, p-FIHE T (GABA) 5 Ochrobactrum . Streptococcus .
Sutterella. Allobaculum. Turicibacter AH X} 3= & 5 & 2 1FAH %,

8 /I B 3 72 SR AT AR R A 22 SR AU U F) S BB 0 T

Fig.8 Correlation analysis between intestinal differential microbiota and fecal differential metabolites in mice

4 g

UC Z—FRERME. SR m& .. dintEwmiel, Gz m. Ewmn. B hgr
WL R A AS WIS BT R A Ot B VR YE UC EBEIRME T E 2 e Tk, RE W
B, VR B R BG  L A T S e P, e R A R NS A LR R BE AR (0 RS, AR R S 1 B
TR XS, KR A E R N T R, BRL SRR A SRR B RO R w2, AR R
NAEIETT UC 1550 254 1 1 PR I FH 52 31— 5 PR

HENAN UC M BB B AR 7S iu s, AR LM mE . X UEm 2 Tha, &)
T UC WIGIT 25, WHARTTIRIE Z K ATEL. THRHERR 2 FE R B 8. FC R B ARS8, A4 i 3
W REW, FAAERENE UC NREHRIE, MIMARI M EE, 4517 55 b e e %
PEOST, AR 2 hE DN H 22 & ZR0Hs 5, A BYIF R oNIEIT UC MR ZY, {2 RP X UC /NRIIIRIT
1 F e AH AL i AN B

K 2.5% ) DSS 3 H AR 7 d 2 B i BTSSR UC BRI 7420, AR Scl i M # uc
AN, B RP FHIA UC /ANER — BCREIR A 45 W RIERI R . SRIR s R, SxFRAML,
DSS /MR E S E T, BEMNEYE, DAl WS EREIE, ShKEHESMN. B T4ERE
N, DSS WH/NRE AR E M KM, EEssaxal, B KERIELIMIRTE, U0 &5 R
Tj. RP #l 5-ASA T ilgets W2 /> UC /MR & T M4k, K DAI PF4, FFoiE UC /b
B ER M . A ntk, RP A1 5-ASA TR E kD T UC /NREE AL IL-18. TNF-o 55 %8 K+ 1)
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ik, KW RP F 5-ASA T-THH] LA ZEZEfE UC /N —MAEAR A5 i 28 5 . BEAKTT S, RPL 297 RUHR
T RPH 241, RP 97 24T 5-ASA 4.

6 B (1) i b JEL JF 1 2R 406 e 6 A7 A7 L i s o %) 06 i B AN A T A O R A MR S b R A, O ey
BUAR AR ERRS . KEARED . FRELE. R%EREARE TR, B LA RerEg . S5unk
IRl A 2 K 2% 0 20 IR 3 T S B B B A IR, i e RS R, IR EUINE uCk, A
R, WEshl UC BH S MALFMIRMMEEEZE T, KREZ O8RS Muc2 77k, K%iE
BEARE T, MEBEEER MR-, Rk, 4efein 85k se v, (REFEE S uC 1A
TR CHEE ., AR RER, RP Ml 5-ASA FHiReW AL UC /NG L4 Muc2 73k, 3%
i Occludin 2 H&RIAKF, L pEENE, #27x RP M 5-ASA T 1A UC /) Bz & 1 e s B A
TRAEH

WmiEwEEAZS S UC MKkERE. AR, UC B IHE R B o 208 E e Foo 2 5 3%
BEAICI), Az gf R R, DSS 41 o ZFEIEFEEL Chao f5 4% Faith FRECEON AL 2 3 FEAC, 17 RP
IR & T TRE RS 2% 18 Chao 8%k /¢ Faith 1848, Samimmf s —2. #— L4 . DSS
H. RPL 4 3 A/ ERYF, SRER, SXHEAMI, DSS 4/N Bifidobacterium.
Sutterella. Streptococcus . Allobaculum. Ochrobactrum. Streptomyces % b B [ AH X = & B 2% i,
M Odoribacter . Coprococcus . Dorea. Oscillospira. Dehalobacterium %5 5§ &£ AH X £ Z 8 & F
W o RP K FH & 58 0% 0] I AH OC B BE I AH 6 35 . BF SR W, Sutterella . Streptococcus
Allobaculum, Ochrobactrum, Streptomyces R #FFEE/E UC HHFBUNR A EE B, #IANEE T
2 AL I (E R K 126301, Odoribacter . Coprococcus - Dorea. Oscillospira. Dehalobacterium 5@
WA N REGIER RE, IHFRREME I FAERS, HE— DX ZR Y 3IT KEGG &£, FllK
KEGG 2 AR iE % 1= B9 & B . DL EWF A 45 AR B RP KA & T TR 08 R 15 g 18 e R 45
R, PO B R AR, BRI W B R EE, 2 fE U,

PRI BET 122 518 R R, F2manE 32 6% 10 R iz 36 0 o2 B MBS, S AR 4 2R 5
RER, RPGHIET IR W2 & UC /DN RIMEMRIHIE. Xt RP THi5 1% R T KEGG
RN, SRERATERARY R ZE R REENREEE, QBB ERAE. HEikR. K&
ARMB AR p-IWA R PRI EZ RS, o, WMARMMAR/ASZ RP K
TP 22 5 b e 3 AR RN AR, W AR BIAHSCURYAE 5-a B R, S-IRE IR |
WAGNE . p-RA T RS-

WAL RN, S-RRtF HAR S R AU RS i RE s 2 iR UC /N RR45 i A RS3T1, T p-2 0 T BR AL A 1 5 /N
UG DSS 75 T 1145 7 95 16 5 BEME R, R e 4 R, RP R 20 % 05 38 i 52 /) B 180 R A
Tz BRACH s UC, RIONEZE Bl UC /NERFEME S-JRH H I 2 IR ANV RS i IR B, [ IR 6 38 R i
PR BT IRV IE . R B TE 2B E T AT BAKE UC /) BRUAS 2 B A il 2 B A 1 1T

BE—B 0 RP ARG & T TG 1 22 53 1 38 B 8 5 RS 20 R A i 2 BR AR A DA A O AR O, 25 1
SR, S-HRTE B R F VRS %5 Ochrobactrum. Streptococcus £575 3 1 fR A X =F BF 5 8 3 7k 2,
M y-2 % THRE Ochrobactrum. Streptococcus 543 3 B MM FE 2 W EMHK. FiRL RERH RP
ARSI UC /NERIIE R0, Rl A 5 B AR 3= B, R 7Y S (RS U IR AN T 2 R AR, T 4%
fit UC.

Zi bR, RP RERSIENL G 45 g RAE, (Lt ln R b 2 R 2 UC. LA AT e 2 i 4 0
TEHBELZ FEME, #H] Ochrobactrum. Streptococcus %574 3 W IG4H, 1A 7 Rs 2R A 2R A 1 S B 1Y o
AW AN RP & —Fh 24, GRNEBRZAY, N RP I RFIH & UC MG T7 #2477 Seig ki .
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