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Abstract: Objective To study the effects of Atractylodes macrocephala polysaccharide (AMP) on ulcerative colitis (UC) mice, and
investigate the metabolic pathways and possible mechanisms of AMP intervention in UC. Methods A mice UC model was induced
with dextran sulfate sodium (DSS), after the intervention of AMP or mesalazine, body weight, disease activity index (DAI) score and
colon length were recorded; Levels of tumor necrosis factor-a (TNF-a), interleukin-10 (IL-10) and activities of superoxide dismutase
(SOD), myeloperoxidase (MOP) in serum of mice were measured by ELISA; HE staining was used to observe the pathological changes
of colon tissue; The levels of endogenous metabolites in serum of mice were detected by ultra performance liquid chromatography-
tandem triple quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS), the differential metabolites were characterized by
principal component analysis and orthogonal partial least squares-discriminant analysis, and the potential differential metabolites were
screened out. The website of MetaboAnalyst 5.0 was used to analyze the possible metabolic pathways. Results AMP significantly

improved the symptoms and pathological damage of colon tissue in UC mice, increased IL-10 level and SOD activity in serum (P <
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0.05, 0.01), decreased TNF-a. level and MPO activity (P < 0.05, 0.01), modulated the abnormal metabolites in UC mice by a-linolenic

acid, steroid hormone biosynthesis, primary bile acid biosynthesis, glycerophospholipid metabolism, pantothenic acid and coenzyme

A biosynthesis and unsaturated fatty acid biosynthesis metabolic pathways. Conclusion AMP has a preventive and curative effect on

UC, and its mechanism may be related to balancing pro-inflammatory factors and anti-inflammatory factors, enhancing antioxidation

and regulating lipid metabolism.

Key words: Atractylodes macrocephala polysaccharide; ulcerative colitis; metabolomics; pro-inflammatory factors; anti-inflammatory

factors; oxidative stress; lipid metabolism
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1 BARZE UC MRAEREENLE (A). DALY B) MEFKE (C) WEM (X+s,n=12)
Fig. 1 Effect of A. macrocephala polysaccharide on body weight change rate (A), DAI score (B) and colon length (C) of UC

mice (X +s,n=12)
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2 BARZHEX UC MRIMERERFRENHIERIFME (X+s,n=12)
Fig. 2 Effect of A. macrocephala polysaccharide on inflammatory factors and oxidative stress indicators in serum of UC mice

(Xts,n=12)

SRR SO AR i
arrows indicate infiltration of inflammatory cells
B3 BAARZEI UC /MNREMELFETLHFNG (HE, X40)
Fig. 3 Effect of 4. macrocephala polysaccharide on pathological changes of colon tissue in UC mice (HE, x 40)

3.5 BARZEX UC /MRIEREEF AT FHIETE VG TAFE— B 25, R/ R P8
351 IiEMQEERE N UPLC-Q-TOF/MS #H7 /R &k 4281k

MLFERE S 2> B A R, BRI &A/NRIMENR  3.52 REEHESH KM PCA 205 L&KL
BERE (B4, SHMFEMSE FREEAML, H SRR, SR IE 5. SAHFEARETT 95%

t/min
4 BEHRRBETFRE

Fig. 4 Total ion current diagram of samples in each group
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Fig.5 PCA scores of samples in each group ZE, BB AR ZHE R R X DSS 175 5178 R
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Fig. 6

6 #&%H OPLS-DA B4 E. 200 XREIRIIEE. S-plot HTTE X Scatter

OPLS-DA score, 200 displacement test plots, S-plot load map and Scatter diagram of samples in each group
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group vs A. macrocephala polysaccharide medium-dose group E-model group vs 4. macrocephala polysaccharide low-dose group

7 BHEFRMBREIALE

Fig. 7 Volcano plots of serum metabolites of samples in each group
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Table 2 Differential metabolites in serum of samples in each group

¥ AR mlz TR vs XTHE A BRI vs 25 24520
Ci16H2s0: FLHE IR 253.22 1 !
C14H20 4-(1,1,3,3-PU R LT 288 207.17 T !
CisH2502 SRR LM 277.22 1 l
CasHsoNO7P W U NE I IHAR[ 18 & 1(92)/0 : 0] 522.35 1 l
C30HsaNO7P YR I NEMEARAR[22 © 4(7Z,10Z,13Z,162)/0 : 0] 572.37 1 !
CasHsoNO7P W LB NE IR ARARI0 & 0/18 : 1(92)) 522.36 1 l
Ca5H3604 11-R B -4 F =W 401.27 1 !
C3oHeoNO7P ¥ MU NEEARBR[22 © 1(132)/0 : 0] 600.40 1 l
CisH250: 19-2 F I £ i 277.22 1 l
Ci1sH3003 13-2/X ODE 295.23 1 l
C14H2602 5 V0 H - g i 227.20 1 !
C14H20 2-B& IR IR 209.19 1 1
Ci4H22 1,3- T 3R 191.18 1 !
CioH3005S T FR =R I ) 388.21 1 1
Ca6HasNO7P VA IMBEAETERHAR[18  3(62,92,122)/0 : 0] 518.32 1 1
C27H4605 E 468.37 1 l
C30HsoNO7P YR I NETEARAR[22 © 6(4Z,72,10Z,13Z,16Z,192)/0 : 0] 568.34 1 !
CxHuNO/P  JEIMBEARTE L BEIZ[22 @ 4(72,10Z,13Z,162)/0 : 0] 530.32 1 l
C23H41NO4 9,12--F 7Tk I ik AL 396.31 1 !
C25Ha004 1R R - B 422.33 1 !
C23H43NO4 2 RN -2 T L PO 398.33 1 !
C25sH47NOs 3-FR - 11Z- )\ BRI THE A B 44235 1 !
C12H202 SZ-+ IR 199.17 1 !
C27H4604 30,70- ~FEHLE R H IR 45237 1 !
C30H2NO/P  VEIBEARTEIERN[22 & 5(42,7Z,10Z,13Z,16Z)/0 : 0] 570.35 1 l
CoHuNO7P VA I AEIE L BERZ[22 © 6(42,72,10Z,13Z,16Z,192)/0 : 0] 526.29 1 l
C24H47NO4 TR IR 41436 1 l
CoHyNO/P  VEIBEARTE L BFIZ[22 1 5(42,7Z,10Z,13Z,16Z)/0 : 0] 528.31 1 }
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431 R miz FETYE vs XTHEZE BERYAH vs 452540
C39H420s ZERIEH 14 1 1(92)22 © 6(42,72,10Z,13Z,16Z,192)/0 : 0]  633.45 1 !
C30Hs3N3Os BTl &5 & 552.40 1 !
Ci1sH3002 o- U PR ER 296.26 1 !
CasHasNOs W i1 B Pk 446.33 1 I
C12Hi502 4-FRIETA 195.14 1 !
CisH3403 10-5A8 1 )\ be iR 299.26 1 !
C17H220; 5-FA%E-4-[(1R,6R)-3-F J-6-(1-F # 2 )5 5)-2-3F o ffis- 1 - 259.17 1 !
FE]-1,3- R
Co7HasNOs  FE4E DI L P Bs 470.33 1 !
C22H3202 I W way 1174 329.25 ) !
C20H3403 15(8)-#2 35—+ =1 R 323.26 1 l
CoH1204 B, 202.11 1 !
CoH17NOs 2R 220.12 1 l
C11H15N306 Ny- LB 286.10 1 |
CisHulsNOs  HURHEZR 777.69 i l
C21H250s e i 361.20 1 !
C20H2304 7R Ayt E IR 333.21 1 l
C21H37NOs 3-F23E-5 8- DU M ok 3 P 384.27 1 !
C21H3004 21-F23-5B-F145¢-3,11,20- = 347.22 1 !
C23H3604 FBERH MBS0 © 0/20 : 5(5Z,82,112,14Z,172)/0 : 0] 394.29 1 !
C21H3204 7B F-a- A H WY 349.24 i l
CsHasNOs 332 5E-9-+4-75 Bk ATk 414.32 1 l
C23H45NOs 32 IS B E A 438.32 i l
CoHaNOP I IEBEIRAI20 © 5(5Z,8Z,11Z,14Z,172)/0 : 0] 542.32 1 !
C2iH39NOs -2+ DY B PRk 370.29 1 !
CosHuNO-P VA LB AETE LB 1Z([20 © 4(8Z,11Z,14Z,17Z)/0:0] 524.28 T l
CasHuNO/P VA IR ETE L BEHZ([0 © 0/20 © 4(8Z,11Z,14Z,17Z)] 524.28 1 l
CioH3sNOs -2~ BRI T A 342.26 1 )
C2iH3oNOs 333 5L -5 - DY 475 Tk PO st 386.29 1 1
C290H34014 R 624.23 1 !
CoHsoNOP LB IEIE G20 © 4(8Z,11Z,14Z,172)/0 : 0] 566.32 1 !
C21H3205 B 5 365.23 1 !

47 RN B, ¢ ORI TR

“1” means that the model group is up-regulated, and ““|” means that the model group is down-regulated
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Fig. 8 Effect of A. macrocephala polysaccharide on

metabolic pathways in UC mice

4 Tig
4.1 BARZHEXT UC /IR IES W RIBAIF T
JORE IR N ANEAL R UC KRB MEERE,
FESE W JIE X3, T ORE A o 1R 38 22 A R [ 1
), — 7T, 2 R = A R OK BT
PG R — 7T X 2SR B AR SOD SN
PERRAK, PE S EIEEECAWIR R, AT 5] gk
P 450, X2 UC 1 FhE R E0% R &1,
MPO & 5% 20 M A1 b PRI A 1) — Fe s 23, AT =2k
B KPS PR 4 MPO TR R _F 8 4 FH VB I 52 H
o 4 B 21 R 28 B R b S 80, AN 9 45 SR RO
HARZHEREDS 3% &K UC /MR MPO & 1E, 5
SOD i tE, REAHUEMI 2 B ARZHERE UC (1)
WLz —.
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4.2 BARZHEX UC PMRIMFRMEEFHIFI

TNF-o A& —Ff I EWRAHAL . Ik B2 40 A g o
LA M 55 22 P20 B 4 A PR SR AR S A M R 7, T e sk
AEN R, BUE UK bR AL, R A
R ARG, (RN TE . AR T i B A
FHPT, TL-10 & HH Treg 4. Th2 i, figiE b7 4
J R A 5 22 A 4 i - A )0 2% R 5110, AR
FEERKH AR Z AR B2 M UC /N R
TNF-a 7/KF, FFHIRH PR R T IL-10 KF, 47
HMUARI ST SR, (R, R0 28 508 2 R 711
P, AT RER AR ZBERR UC B X —HLH.
43 BARZHEXT UC /MR IE S = R A 5 188 B
oA

J£F UHPLC-Q-TOF-MS *f UC /M LB FEA
BT 2E i, EREAR TS ERE] 59 MER
R, FEAFE 7 MIEITRRATAY . 3 MIHT R
4 FhRMEBERE BT 201 7 FOANHORI AR R . 12 Pk
FERITE . O P M ol B I AEBR L 5 i KAk A 1k 2, 2
FERAb LA, SRR, AR 59 FhARs
MBI RERIE, #n UC /MNRIRNARBIKPEEL: &
FIARZ A B h TS, R A SR AR
APEIEAFFRRE MR, FEW K o-TRRERI i
K ARSI A BOR RS IR R A
BOBES . HMBEIRAU . ZERAAEE A S RE
P ANVLURIE TR (1) AR ) OB B S AR B % . JE I
X EEARE T 2 RN LR 2 B8 23 A, R
FIAR 2 4 24 5 /N SRS AR A 7K P B A ) - 5%
HREHFISEIDhRA, TR AR ZHE SR HIRIAL,
Al REEE SR AR AN AR,  KIEIRYT UC BITEA .
4.4 BARZHEIH UC )RILFER S =4 5 K5
BERESRVWXR

MR ENEB, (phosphatidylcholines, PC) Alf
HEWE . E£f% (phosphatidylethanolamine, PE) %5H
TS NE AV BRI 5y, (E4EFRENR S5
TRUE R4 & 8 B Tl IE 2 R i IR s i 2
WO E AR, B [ B R A0 B IR T R 4
At 121, 7 g 9% T R e R A T R AR S
H 13141, PC TERE R A2 1 R /K 7 A 3 i ik g
PR AELBRS) 7 AL i TR AR et A, m it
RER I G R AR RS2 AN G2 4 R V5 A PR A 1 A T
Z 5 R RN, 1 U A IR AR A 7 B iok vy B 2 xf
B AR 1, i R BRI AL, I
WA, AT FEEHSR . BT H

WER I C-2 I A MAI R IR, Bk, Hmk
NEAERE NG S A2 A FH N 52507 U AR 3 00 ) (R
W FEABAARITRRIE . AR, HXTIE
MR, BAYEABAARDITR . 7 M e I R B
W IBE IR Qi 22 AR IE I ThE, EAR
ZRAHERSERE NN, IR RZHE @
T TR R A AN AN R D IR AR, IR A S 453
i, RocdMugsty, SEaRgs M BERETDIRE, Mk
# UC /MR EAR R DAL 4K
NG SR B AL S R A

I [ WU R AT R R T IR 5 B ade A ML) P
U, BRI 19-2: FEE S ER . AR B AR |
Mg [T A5 4 PSS BEAR U LB IRIR . 30,7 a-—
FEIERTHIEIR S 10-5804K 1 )\ bl 3 FiIE AR AR
Y b SRR I E L S R E 4 N 2 A
FHEE A, 18 FEAZ I £ -«B (nuclear factor-kB, NF-
kB) fFZME 5 SRR USRALHE TNF-a TR K,
O IL-10 IR, ATIIREE S A A s R ERAR
U ELAE I 1 280 ke B EAE DY), nE S
NF-«B {5 5 # % % U AH XML e BE X %1k
(farnesoid X receptor, FXR) 20211, NF-«xB 175 %%
FIE N, AT S TNF-o f94 K122, TNF AU AT
PATS T SAES R ) 3RIL, B v fil R AT, A%
PP VR IR I AIRALE2 . AR FLEE R, 44T
FIARZHEE, LRSI EE, REaRZE
A 3 sk R 2 A 2 A R R R AR A R
] NF-xB @42, PR 52K 74, 6k
D IREA ARG, NI s UC.

R EAE R TR R ERRY, g%
B L AT EAAERTE DSS #38) UC ¥H ¥
SRR, B2 B AR ZPEA FFE AR 2R
. DALV Sl RE. AN B
AR 2H 27 53 8 65 S T7 A W H B 2 77 2 A
Kk, BARZHEHFIEHRUEC RS R SR8
1, DAL PF FEAL R IS R A S5 AR S, $2
NEARZHES AN RFEZR R

gx b, BRZFER] Lo i 5 IR AR )
PR R TS5 PUR I, SR A Te
i FRE B A DA STE S, M1 UC Bk,
RZFER 2RI Kt 7 BB ARYE .

FBAR PTAVEHESFAREEARZFR
&30k
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