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, RO SRR ER FRIA L JOIEAE S i S A R 1,
AT S5 P 08 A B 1 4 R4l B, 6T
T E o 5 T8 i R T AR R T R B,
HANF) SR oy (R FIALI > O L R 2, BRZ R GeME
M S8 a. BT, ACREEYZHE. 28,
WIS AEVIbR. A R (TR KSR A A i
YRRy, ZRGELRA HLAE I FL B i f R b i i 2 1
RMBABAE T AL, H A X B Rt fmiE e
b K% e B DI RE H IR LA, ASSCRENIR N BRI
Ve A BT RE SRt L EK Y, oy ThREVE B Aot
<24 R TR SRS 1) L AR B R Sy, BT H 2
FRAF A AN R A

1 B =R B DRRE S RAE
B

i T8 fid R PR A4 R MM T 22 = R s A R 1) T R AR
H, Hor, B GRS B AR A R AL, F= 5 B eam
i () 2 R M 1 B B e 1, T A 2 N H i 4T
REAR DA B K R IE I T £ T R R s,
=L R - ) A X R R AE S, XL
AR AR A S BB Je RE R B FL A e sE PR RE .
BT R RS T A R AL B R A B A
WERIN, 5| K JSRE M 799 (inflammatory  bowel  dis-
ease, IBD). W% %4 ik (irritable bowel syndrome,
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AMPs)FVH A A%, 8 it 1 4% 3 IS 3R T A o e 4T o
YR 2 B A2 28R 0) A B ) A 2 A R AR
W= ARG, H TR AR 7 b 40 P e = A
HREERERAGHK, BERREREREER B
T fi R (1) 4 RIS OB T S 2 5 JORE s S8 R AR 4 1A 4%,
T 98 95E R~ S HAH OG5 5 38 B A0 i A2 R R O 8
HUEAML BARTT S, R R 2, MiEmsemke
2H 4 (gut-associated lymphoid tissue, GALT) &4 & K
IRG AR SR ZH 2R, B dl T HRp = A S 2 RUR 4
RAEFFAR NP1, IX LG RN 4 i 24 B =
T8, YRR R A2 5 G 9 1 1 Bh A P g
o, T T (regulatory T cells, Treg)5 % B
THIMI17(T helper 17, Th17)2 18] (PB4 A N A& U g
PONE N ) ) OSBRI 2R Treg 2 Mo a1t 43 Wb 1 40 Al
41 %-10(interleukin-10, IL-10)F1%E 4L K K F-B(trans-
forming growth factor-B, TGF-B)&5EHT 4 K7, )i &
G S5 LI AERF R RN 325 T Th1 7200 H i 3 36 s
AT 3 PR FE Rl F-o(tumor  necrosis factor-o, TNF-
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LAk B (histone deacetylase, HDAC), {£#£Z0-1, oc-
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factor-la, HIF-l1o) LS EREARE LT ST
b R B ARG R (I B-Bi N ), M5 I TE P E AL
5 B (020500701 ol E /N GE g AR, B
ZHE. REZHE. W2, SKHALE 2 HE ] B2
®EZ0-1, occludin & A [Fclaudinil Y (claudin-5 8§
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¥z, BT FEWTNF-«BIE # S5 NODH: 32 448 F 3(NOD-
like receptor protein 3, NLRP3)#E/IMATEL B8, 5@
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nase-1, HO-1){5 5188, P&{KPT % (malondialdehyde,
MDA)FI—% & (nitric oxide, NO), Ft AL
1L (superoxide dismutase, SOD). T %tk 5 K (cata-
lase, CAT). Mt H KT ALY (glutathione peroxi-
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DRIE R DT R INAE. TR E I, AHY 2 NE 2 R S
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Figure 1 Regulation of mammalian intestinal health by plant polysaccharides
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Table 1 Regulation of mammalian intestinal health by plant polysaccharides

Y2 b

YR

PR

54~ % ¥ (almond
polysaccharide, AP-1)

DSS# S HIUC/N R A #I3)

BEfE: MPOJ, NO|
Hufis: IHINF-BIE 58 B /INOS/COX-2(p65], p-IkBa); TNF-a, IL-1p],
IL-6|, T-SOD?1, GSH-Px1, IL-101

B Z W (Astragalus
polysaccharide, APS)

W AT 4% /N R & 10194

W #E: Lactobacillus?, Bifidobacterium?, Allobaculum?, Bacteroides S24-71,
Anaerostipes?, L. amylovorus?, Lactobacillus gasserit, Firmicutes?, Negativi-
cutes?, Escherichia coli|, Clostridiales|, Firmicutes/Bacteroidetes|, SCFAs?
BifE: ZO-11, occludin?, claudin-11
G JHINF-xB JZNLRP3 # i /MA(TNF-a, IL-1B], IL-6], IL-17], IL-18]);
IgA1, IgM?

T A YL B¥ (dandelion
polysaccharide, DP)

DSS#% S HIUC/ B AR 7410

BERE: MPO|, F4/80™ EE 4 iz |
Yo s FNHINF-kBIE 5B B (p-IkBoul, p65IZHENT | ); MHINLRP3 4 /MA;
TNF-a, IL-1B}, IL-6}, MDA |, NO|, Nrf2/HO-11

TREZ Wi (Poria cocos
polysaccharide, PCP)

DSS#% 5 {JUC/N BRI

B#E: Lactobacillus?, Akkermansia?, Oscillospira?, Prevotellat, Ruminococcus?,
Pseudomonas |, Erysipelotrichaceae|
BEB%E: ZO-11, occludint, claudin-11
G MHINF-«BIE 588 (IkBal, p-IkBal, NF-kB p6]); IL-18], IL-6],
TNF-a, IL-107

=IN35 Z W (Tetrastigma
hemsleyanum
polysaccharide, THP)

DSS#% S HIUC/ B AR 74

BT Lactobacillus?t, Lachnospiraceae NK44136_group?, Lachnospiraceae
UCG-0061, Alistipes?, Bacteroides|, Streptococcus|, Escherichia-Shigella|,
Firmicutes/Bacteroidetest
BEF: claudin-117, MUC21, slgAf, B-Biffi1, Ki671, IREVTAR |, b R A
T-|, D-3.f#|, DAO|
Yu s I TAK2/STAT3 8 B (p-JAK2 |, p-STAT3]); IL-6], TNF-a], IL-17A|,
MCP-1|, IFN-y|, Foxp31; % & Th17/Treg F 1

Hb3% 2 WE (Rehmannia glutinosa
polysaccharides, RGP)

RN R

W #E: Lactobacillust, Akkermansia?, Lachnospiraceae?, Ruminococcaceae?,
Bacteroidaceae?, Rikenellaceae?
BtfE: ZO-11, occludin?, SCFAs?

g CD3™ TAHfT, CD19" BAHfEY, CD4"/CDS LL{AY, sIgAT, IgA 4fJii1,
IL-21, IL-67, TGF-B1, APRIL}

a8 2 W (Houttuynia cordata
polysaccharides, HCPs)

DSS# S HIUC/ R AR ALY

BT Firmicutes?, Bacteroidetes?, Lachnospiraceaet; Proteobacterial,
Enterobacteriaceae|
Bk ZO-11, MUC21, MRAIMLT; i b e Ao =)
g I TLRA/NF-«BIE 6 (TLR4|, p65.); 1] 5 W20 3= 30 2 M1 Bz Ak
(F4/80"], iNOS|, NO|, TNF-a|, IL-1B|, IL-6]); &7 Th17/Treg i
(p-STAT3|, RORyt|, IL-17A}, IL-22|, Foxp31, IL-101)

P25 % Hl(aloe polysaccharide)

TNBS# SUCK F 15

GaBE: FHITAK2/STAT3 M H(JAK2], p-JAK2|, STAT3|, p-STAT3|);
IL-6]. £l b e i Ty

SEBH AN £ B¥(Laiyang pear
residue polysaccharides, LPP)

DSS# S HIUC/N FAE AT

BB Firmicutes/Bacteroidetes|, Lactobacillus?t, Verrucomicrobiota],
Turicibacter|, Romboutsia|, a5 Ff1H1
BEkE: Z0-11, occludint, claudin-11, FRIRZH
Ha g NHINF-«BIE B (p-NFKB/NFKB|, iNOS|, COX-2}); IL-1B, IL-6],
TNF-a|, MDA|, SOD?, CAT1, GSH-Px{

I L HE(Coptis chinensis
Franch. polysaccharides, CCP)

IEH R RO

B Firmicutes|, Proteobacteriaf, Bacteroidetes?, Actinobacteriaf,
Lactobacillus |, Romboutsia?, Turicibacter?, Streptococcus?t
%9%: IFN-y1, IL-41, IL-171, TGF-B1; “F#Th1/Th2 &% Th17/Treg

R 5 TR, PRI - S5 KR i

JEEEGE ] R AAT B R BT XU RS A A
Z AR RE T R A R R AE, R e AU R ]

TR 9N o AT | TR AT 56 i (Helicobacter) &5 2 A 2507
INSZ B M, 38 B A0 ) R RE TR 1] b A 26 Bk R
KR FF 15 J& (Turicibacter)« AT B J& (Fusobacterium)
7 B B & (Enterococcus) 510 A E 1# Wi & 18
AU A vl S A RO T R B o B R

TR BE, WHATHEE . % IK ICH B (Prevotel-
La) N 53T BH(Muribaculaceae) 4718, FEINZ fh 5
SCFAsF= L2 V)M G 1 JEBE B T T 50, A0 46 AR 1 X
(Clostridia) #1476 & J& (Dubosiella) HIFEF )&
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(Alistipes) R ELHH B J& (Rikenella)Ss, MTAEH 70 2 By
T 105 AF T A2 3 i 3 SCFA s A T o 38 B AR AR U 3
Sl 30130 i R e 1, 2o T T L L R
A WA IR S A A0 M R ) I s 0L, s it
W FUE Sl L EAIE RS, (RS R
& M 1(specificity protein 1, SP1). i & H-1(activator
protein-1, AP-1) X GATAZ: & % 5% KT (GATA-binding
transcription factor, GATA)%} claudin-43& K J5 8l F I 45
aE RO I M, M Eifclaudin-4 /)%
K330 S i 48 38 occludin e 5 2 B Al 22 S R 7 553 (1)
1k, MIMmEH#EZ0-2, occludin X claudin-1 ] 5% %
BRI, eRp LA IR S R P g g8
K F (W TNF-a, IL-6) 0 i G 4 18 75 2 1 I 1/2
(extracellular signal-regulated kinase 1/2, ERK1/2) A i
e L UL 3 -3 ¥ (phosphoinositide 3-kinase, PI3K)if #%
A R FLE A claudin-2, 3 m7EmENE, M2 i
A4 ERK /23544 T fclaudin-2%, A%
B E B IE MR 0w R T
M, fEREARIRAE R ARG R 1 i, LR AR
PR A 2R A)IE ] @ I WOE 75 7 52 AR (aryl  hydro-
carbon receptor, AhR)-Nrf2{5 5, FIHMUC2KIA
I3 R UZ 0L, RN BRAE I R, S
R AR EWINZO-1, occludin, claudin-3 & Muc2(#j#
IEU2 yhis s R ] 3% FiHZ0-1, occludin, claudin-1
(2 KU, e ¥ R K B A B 3% EMUC2,
MUC1 EMUCHE AR L,  [FIH 3 InFeR 4 i A=)
it R T2 R EIERR R A Z0-1, claudin-1/5R
SZ R (S EY =N - C/E AL LIBEANE MEES- 37
OoF T I R AN ) i I EE SRR BB, I I A e 4 i
WAk 5 T AT 1l LA 4 RF i S e AR s UL i g 4
TLR4Xt JIg % ¥ (lipopolysaccharide, LPS) I A 52 14
TR R, FHIITLR45MyD88IM 45 &, M| =
WEE 5 RERM) A 3, 6| kBB (kB kinase,
IKK)E &R 3EME, Jl/D IkBal B 16 5 B4k, BH1Ep6s
BT BAZ LA™ ), s ik M MAPK I i H1p38, ERK,
c-JunZ 2 R Uiy A (c-Jun N-terminal kinase, JNK) i
R A0 DL A 15 PI3KY/ 2 BB (protein  kinase B,
Akt BT HE S 5 GO 4419 i
HIINLRP3 4 SE/IMA I 2H 20 584k, 92D 2 Dk R A 1i- 1
(caspase-1) I BI TGS, MM BHWTIL-1B51L-18 1 R 2
B, A AR T S U AK/STATIE

P MHIIL-6/ S ISTAT3BE IR AL 5 A% 56 67, FRAK
RORytRIE, MMHIHIFIGETH M W Th1 7540 BeE
AhRE 5 I8 B2 4 Treg4f fi 434k, BE3EIL-10F1TGF-B
3, KR Th17/Treg G Pt 121, il s N2/
KelchFEECHAH 2% & 1 1 (Kelch-like ECH-associated pro-
tein 1, Keapl)i@ %, {E#ENrf2 A%, 5 FHO-1, SOD,
GPx, CAT &4 e H Ak (glutathione, GSH)Z i AL BE %
I, BEAR SR 5 990 S B2, g, 72/
A R, T FRRANHIp65, IkB-a, STAT3H#%
TR AL 7K T T 0 NF -« BIE % fISTAT3 I8 %, T
TNF-a, IL-1PB, IL-6554i 48 40 ff IR 1 A 15 5 2 — S AL &
4 fiff(inducible nitric oxide synthase, iNOS). ¥4 1L /iff-
2(cyclooxygenase-2, COX-2)%5 RIEAT T HIRIE, FFIK
L E ALY (myeloperoxidase, MPO)VE I, Yk
CD68 PHIEAN IR, RIEF FAlERA, 2R EEIE
T ARFIERK S 5l B, (EaENeR2 R 1b 5 1%
A7, WEENC2/40 A A S TG (antioxidant response ele-
ment, ARE)i@E#, LifISOD, CAT, GSH-Px%5#1 AL
%‘:'{J‘i[l%].

g b, W22 W 2R I H R ) SO 1 4 5N (B B
5 a5 A LRI (E2). — 7 ¥R R 43 i fFA . DNA
(RJiElE FIFO-ATP& M S B AN R G, e R 20 1 e
SEREE L P AE R AT S DNAK B, 30 4 S0% #;
55— I XUSAT B LA 18 S 4 B 1) PAZymes X i
KNG TR (IR AT 2. E ), (i E or 8 4
A GG, BB R R R (E B B, A
W22 Toyil i 1 4% #% 3% [N F-(SP1, AP-1, GATA) I ficlau-
din-43R15, {E i B EBE H(ZO-1, occludin, claudin-
D2, FRHHclaudin-2 5 AUIEFE S N, 7R 805
AhR-Nr2iil B (R FH R o i, 2 Yk netb i iEa i Et 5
12 BEbE. R ETH, FEY) 2 B R TLR4/MyD8S/
NF-kB, MAPK, PI3K/Akt}JAK/STATZ £ 415518
%, PO SRE R R (A E I S HINLRP3 28 hE /)
PRIEA . AP Th17/Treg P4 . i HEM2 7 5 05 41 g i
0 SBE N2 BT A B B, R G M 5 Wl S e AR
BER2).

2.3 HEAwER

TG 2 — S i 7 R e s IE L R A S5 1E
e BRI EY, Tz T4 REIR 2. R
2 MM KOS B GER . B R AR,

7



TS5 KA P S 7 VA LBl 0 P T £ R R LA 7 7 3 e

mlﬁﬂi?&r‘ AT R
Emel 1 1 »
AR 7, ’ M ﬁm-PAZymes
- o % m @ ﬁ ,,,éoc c2 ‘ Pouna o HIEE
p oo s B OEDNA RATP Toa g 10 po--eoln -
& Soroen O SRR eﬁgg ;;*M =y = f: '
i
W THET TUNER AWTEE J gien nresn sevesn T
55 1 SERRDISE NHBOHW BNHREE
R f ;é;;i,g 5?%/ v 1) f
% @ [ ﬁi« ﬁ@%ﬁ{)ﬁ, " “\ 7 < “ ‘\ -
JIJ o ooo ooooc
(VWY (VY wmm‘ OOMAVALHAAUATY,
+ i R R AhRNM2ESEE | FEREILEE }
Z0s - ORDEEN ‘
% OC(IdinT T @—'@ — - FESRZE
= Claudin-1/3/4 , - SEREEIEE 0
JITO ranmmosEne § ‘ @ ‘

ﬁ@%@@%‘
= TLR4/NFkB]§% MAPKERS | Nrf2/keapl &% TNF- 0‘ lL1B¢ ||_1s¢
‘ ! (7
s (@ @ BB wo, .
= '"_Nﬂﬁzﬁ_a_ié%mf]Xni/é}]\}l%"{nr_’fak_//_\k{;ééém IL-10T TGF-ﬁf GSHT
Th17éHﬂF@¢ TregéBﬂﬁE]T | o o
| ) @@ 0
— {EERE — BHEE — WEER - > KE/BBER «~— 185{EMA

B 2 )2 B R AL 0 (i R A £

Figure 2 Regulation of mammalian intestinal health by plant polyphenols
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Table 2 Regulation of mammalian intestinal health by plant polyphenols

M2

EIkZE

LaEEtilhdl

RBETILRREE TIRER

(epigallocatechin gallate, EGCG)

ZR/DSSFEFHUC/IN AR
bt [130,153]

Wi #E: Akkermansiat, SCFAs?t
R MORAIARY . BRI
o f: AMHINF-«BIE % |; TNF-a|, IL-18], IL-6], IL-8], MPO|, MDA |,
T-SOD?, CAT?

JiU ) LZR TR (protocatechuic
acid, PCA)

LPSTE S ({7 g A0

B #¥: Firmicutes/Bacteroidetes?, Prevotella|, Holdemanella|, Ruminococcus
torques group|, Roseburia?l, Desulfovibrio?, Megasphaerat, Fibrobactert
BEE: ZO-11, claudin-11
49%: TBARS|, GSH-Px|, TL-6|, TL-2, TNF-a|

FHEALH F (mulberry
anthocyanins, MAS)

DSS#SIUC/ FUE 123

HE#E: a-Z P, Firmicutes/Bacteroidetes?, Bacteroidetes?t, Akkermansia?t,
Muribaculaceae?, Allobaculum?, Proteobacteria|, Escherichia-Shigella)
BEfE: Muc2?, ZO-11, occludint, claudin-31, SOD?1, GSH?, CAT?; MDA |
40%: TNF-a, TL-1B], TL-6}, TL-101

JT3¢ % (apigenin, Api)

DSSI 3 {IUC/ AR

BEFE: ZO-11, occludint, MOtREHfLT;
g FHINLRP3, NF-«Bill i (p-IxBal, p-p65]); MPO|, iNOS|, COX-2],
TNF-al, IL-1B], IL-6], NLRP3|, cleaved caspase-1|, GSDMD |, pro-IL-1B|,
cleaved IL-1), MDA|; GSHY, T-AOC?}

#i} 52 F (quercetin)

DSS#% S (fJUC/ AR A7)

Citrobacter rodentiumid; 5 {17\ E,

BRI 45 ¢ 125

B Firmicutes/Bacteroidota|, Bacteroides?, Alistipes?, Mucispirillum?,
Duncaniellat
BtBE: occluding, claudin-11, ZO-11, #IRZH M1
Gg%: Wi AhriE B (Ahrt, Cyplalf, CYP1BI?1); #lIfi|NETs(MPO|, PAD4|,
CitH3|, NE|); #I#|NF-«xBifi #%(p-p65|); TNF-a, IL-1B], IL-6], IFN-y|,
IL-17AY, "R |
B B¥: Bacteroides?, Bifidobacterium?, Lactobacillus?, Clostridiaf,
Fusobacterium|, Enterococcus|
g% IL-101; IL-17], TNF-a, IL-6

% (baicalin)

TNBSiE FHIUC/ AR RIS

B #: Firmicutes/Bacteroidetes|, Proteobacteria|, Butyricimonas spp.1,
Roseburia spp.1, Subdoligranulum spp.t, Eubacterium spp. SCFAs?T
BEkE: Z0-11, occludint, MUC2E % 1
3% : Th17/TregZliff|, ROS|, MDA|, GSH?t, SOD?t

i Z W (wampee
polyphenols, WPE)

DSS#E S HIUC/ B A1)

B #¥: Firmicutes/Bacteroidetes|, Kineothrix|, Peptococcus|, Muribaculum?,
Ligilactobacillus?, Intestinimonas?t, Alistipes?, SCFAs?T
BifE: ZO-11, occludint
g% fMHITLR4-p38 MAPK/NF-«Bf5 58 (TLR4|, p38], p65]);
IL-1B{, IL-6], TNF-a|

W& (chebulagic acid, CA)

DSS#E S HIUC/ AR A1)

% #f: Firmicutes/Proteobacteriat, Faecalibacterium?, Dubosiella?,
Muribaculaceaet, Clostridium_sensu_stricto_1|, Streptococcus |,
Escherichia_Shigella|
BEBE: ZO-11, occludint, i R 4HMIJH T |, Bel-21, Bax|, cleaved caspase-3]
s MHIMAPKGE S (p-ERK |, p-JNK |, p-p381); #HINF-kBif % (p-p65.);
BENRF2/HO- Ll % (%NRF21, HO-11); SODt, GSH-Px1, MDA |, MPO|,
TNF-al, IL-1B}, IL-6]

XA TR (ellagic acid, EA)

DSS#E S HIUC/ B A 41160

% #f: Firmicutes?, Bacteroidetes|, Proteobacteria|, Lactobacillus?,
Lachnospiraceae_ NK4A4136_group?, Ligilactobacillus?t, Bacteroides |
FRBR: MORGEMIY . B R
g% FHIROS/NLRP3# #(Romol |, NLRP3|, ASC|, caspase-1], IL-1B,
IL-18], GSDMD); #Ii|NF-kBiE & (p-p65], TNF-a); #i%Nr2if i
(Keapl|, Nrf21); MPO|, MDA/, IL-6], T-AOC?, IL-101

—Z WM % (dihydromyricetin,
DMY)

DSS# SIUC/ Lk Ao1

i Bacteroidotat, Muribaculaceae?, Parabacteroidest, Muribaculumf,
Lachnospiraceae. NK4A136_group?, Desulfovibrionaceae|,
Erysipelotrichaceae|, Turicibacter|, Clostridium_sensu_stricto_1|,
Desulfovibrio
B#fE: occludin?, mucin2f, mucin31
g% FHINLRP3 JSE/MA(NLRP3 |, ASC|, cleaved caspase-1],
cleaved TL-1B); ##IMAPKIE ¥ (p-ERK |, p-INK|); iNOS|, MPO/,
COX-2], TNF-a}, IL-6], CXCL1|, CXCL10|, F4/80" E.I 2 Ji1 2 3 |
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PR TR, SEATPERZIHLREAE FRER
LU0 1090, R A S AT 1 0 B A SRR N A 5 40 (U
R 2 AR N R G R EE ), A B TR)E v A AR
VIR TR B, 1E— 0 B 55 5 1 BU% 1§ 1 £ 25 5% e
UL B R, WA R NIRRT ] B ER
J&(Streptococcus)~ = AT B J&(Campylobacter)&H
FHE, IHEN TR EHRKERE. 8UHEE
(Parabacteroides) 5T, VLRASTEEET T KA
AT EFH PN R R R TN ST R
SFEFT BB SR AT BT AR E . S E IR IR
B EH(Prevotellaceae) S5 B #F « it &k AT B '] (Deferribac-
teres) | 2602 B JB (Mucispirillum). 2 TEH 1 )L K
B J& (Thauera), VNJIRZEE ] XUEA 1 & 55 DI RE T
BER LTV i, RS R /s R RL R, A
AL TR, )RR ] AT A
EREUPL R RABZ NRBIA T, B-HE N RS
BETHABWAAREE. BEFEE. KKRHEE. &
WHIRKEE. BIBEEE. M iE. Bl s
2T 7 Rl R e 1, A AR S R A ) SO A
T LA PR SO, AT T4 b 5
HH(ZO-1, occludin, claudinZFK%E)FRIE. EMEEA
(MUC1HIMUC2) & IR T B KK, [R)B 4 1)
W bR AR T ek 4 B R JORE 5 AR A, A
11 58 A i 1 BRI D R 9/ i sd s L 77 T
fltn, FESE RN R, DA IR AR E
Z0-1, occludinflclaudin- 17K VI P& 7 EE N, ©8
EHW AR s LR E B i, A2 4R R
S Rl TS U2 R AT B R R (ZO- 1,
claudin-3) [ 33E, W b B, SRR GE B
= FIAREIEREA(ZO-1, occludin, claudin-1))3E
%, BRGNS FER K, BT
AHICHH FE 245 B 15 SIS R T G b 4, HE
20 R0 S RS A E AL AT = R B, 7R g%
VA2, YR 2 JE G 26 T R R 4% 9 0 S
I ARG S A Th e, TR I8 St
A I IcBoBER 1L 5 B A, BEIBTp6S 5 A% 4% AT,
EETTINF-«BI5 5@ %, #5 w 2L n) d i o i
AN BEARIE T YD 0 52 My (peroxisome  proliferator-
activated receptor gamma, PPARY)3E 4+ HI%|NF-«xB
FSRUETE, I miR-214, miR-29a%5miRNA{E
STAT3 JNF-kB mRNA ] [ fiff sl JL 7, MiAE

10

S5 KT ) 6 E S g A 177170 823 ]
MAPKG#E % HHp38, INK X ERKERIL, FHIKrTAP-1351k,
M98k 20 i 26 PR 0 2 s 5 R g L7930 @ il 4]
NLRP3. {10 S BE 55 FF 55 H (apoptosis-associated
speck-like protein containing a CARD, ASC) /& caspase-1
FIBEIE, JB/DIL-1BFITL- 18 Aok, SRAR JORE /IMA
SR AET RS, i SN2/ HO- B R, et
Nrf2 \Keapl & & W i B H AN, 55 FHO-1,
SOD, CATKGPxZEHAEERIL, EFITEROS, M
7 << BT IS 8- 28 RE JBOR R I S AR 821801870 g A
Al HMHI TAK/STATIE B HIL-6 /v S I STAT3 W R AL A2
RORytRIE, BHBITh 770 IFDIL-1777 4, R
B Tregsr X IL-10, TGF-B4rih, K Th17/Treg ¥
(TS P U M o 9 2=8/¢: )7 NEIk (3 E R A ST
TNF-a, IL-1B, IL-6, IL-8, IL-17A, IL-18, IFN-yZ£{Z %
B, LFFEIL-1059L R A ¥, FHEMKINOS, COX-2,
MPOZE R HEAN TG, TSI f 1 4 0E 1) R Ge bk
PR RLTLITRITSTSI00 i fEIBS-D/N AR, A2
H AT HIHINF-xB(p65) /- F FFINLRP3 48 JiF /M 57 0 3
5, FRIL-1p, IL-18, TNF-a ik, 7 45 1 4 /N B
Rirh RORG T R HINF-«BIE B354k, T TNF-o,
IL-1B, IL-6, IL-87K°F, /> MDAFR 2077, e FiRiA
A _iHSOD, CAT, GSH-Px, GSHiF %, FEAKHA 7T
F190B(heat shock protein 90 beta, HSP90B) H 15> MDA
RN B gy N Zu#IHINF-xB, COX-2, IL-17/
STAT34H, N2k, B aA I E 2 R ) B4 o
(thiobarbituric acid reactive substances, TBARS) £,
B MGSHE &8,

Zk b, FEDHREJZ 1, 2 A Ve Ve 45 R N 41 B
JBE, SRR S AR BOR B (WAL R ] R
J&), HF PR, MR 247, ek SCFAs
SR BRI AT B (D BT IR Bl o 2 1R R ) & 4R,
KB B, fEBE R E T, Wik FIHZO-1, oc-
cludin, claudin%s %% EHE IR B =AW, &
RGBS, )RR, WS 2 B R SORE MY 2%
HHZIHINF-xB, MAPK &,NLRP3i#E %, Jik/>TNF-a,
IL-1B, IL-6%E & K7 [FIRTEEENM2/HO- 15T &R
4t, JEFRROS; IS T FIAK/STATIE B 55 Th17/
Treg -1, fEHEHTIR B FIL-10, TGE-prilh. Lk =)2
LA B R], SRR s R i3 B A8 A 1) 4 1 2
fih(EI3AIE3).
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Figure 3 Regulation of mammalian intestinal health by plant terpenoids
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Table 3 Regulation of mammalian intestinal health by plant terpenoids

TP 2 BRI AL
BT Bacteroidetest, Akkermansia?; Firmicutes|, Proteobacterial,
#5265 (paconiflorin) DSS# S HUC/ BB ELA D 1% Lactobacillus Helicobacter),
=IHp #E B Porphyromonas gingivalis!"*” Yoyt FHIIL-6/STAT3/IL-17i8#; Th17/Tregtb K& ; Th1740/E],
TL-6, IL-17A|, ROR-yt|, TGF-B|, SAA2|, SAA3|, STAT3|
" . i 1167] BBt Oscillospira), Erysipelotrichaceae|, Clostridiaceae,
M (geraniol) IBSHF Faecalibacterium?, Ruminococcus?
B #¥: Firmicutes|, Proteobacteria|, Escherichia-Shigella), Enterococcus
faecalis|, Enterobacter hormaechei|, Lachnospiraceae|, Oscillospiraceae,
Bacteroidotat, Verrucomicrobiotat, Akkermansia muciniphilat,
D-#7 15 )% (D-limonene) DSSi% S UCK R AR RL7E-182] Muribaculaceae?, Ligilactobacillus?, Candidatus Saccharimonas?

BEkE: Z0-11, occludin?, claudin-11, R4, ZEE A1
Yo IMHINF-BIE B (p65]); TNF-a, IL-1B|, IL-6], iNOS|, COX-2],
PGE2|, TGF-B|, MMP-2/9], p-ERK1/21, SOD?1, GSH1, MDA1

B B &M (thymol, THY) % FHIBDA & B4 ki 74 1183

B #E: Escherichia coli O157:H7|, Listeria monocytogenes|, Salmonella,
Clostridium perfringens|, Streptococcus|, Campylobacter), Treponema,
Proteobacteria|, Clostridium?, Bacteroides?, Lactobacillust
J#fE: ZO-11, occludin?, claudin-31, Z5¥%4idi1, DAO|, D-LA|
g I TLRA/NF-xBiE#(TLR4], p-IxBal, p65]); HHIMAPK:HE &
(p-p38), p-JNK|, p-ERK); ¥iENrf2/HO- 13l #%(Nrf21, HO-11); TNF-a/,

IL-1B), TL-6], TL-8}, iNOS|, COX-2|, PGE2|, NO|, MPO|, SOD{, CAT{,

GPx1, GSHY, f&# Treg/r 4 5 Th1/Th17/Treg -1

B BE: Allobaculum?, Roseburia?, Intestinimonas?, Prevotellaceac UCG_0011,

AOM/DSS 5 1145 it 5 #H 5%

{8 17 % (menthol) CE H /N BB R L1O1]

Thauera?, SCFAs?T
Y )% : B-catenin|, Ki67|, IL-6), TNF-a|, MPO|, CD45" 41|,
CD45"Gr!1 i PERi4if |, TL-101

FEUR R (oleanolic acid, OA)  DSSHESHUC/ AR

BEBE: ZO-11, occludint, claudin-11
G IHINF-«xBil % (p-IKKa/B|, p-p65], IkBal, iNOS|), IL-1B|, IL-6,
TNF-0|, MDA, PPARy?, SOD1, CAT?1, GSH-Px?, GSH1, GSH/GSSG1

B-#35 b (B-carotene) DSSFSIUCK AL

B BE: Actinobacteriaf, Faecalibacterium?, Staphylococcus|, Sutterella],
Parabacteroides|, Alistipes|, Phascolarctobacterium|, Veillonella|,
Enterococcus |, Butyricimonas|, Proteobacteria|
G MHINF-kBIEEK (p-p65/p65]); HIMAPKIEH (p-p38/p38., p-Erk/
Erk|, p-INK/INK); TNF-a, IL-6}, TL-1B}, IFN-y|, D-LA|

DSS/Z 275 F NUCK//N RS

B 5 (oleuropein, OLE) F177.154]

B aZ FEMEY, B2 FETET, Bacteroidetes?, Desulfovibriot, Helicobacter?,
Lactobacillus?, Turicibacter?, Alistipes?, Bifidobacterium?, Ruminococcus?
BfE: ZO-11, claudin-31
G MIHINF-xBi# # (p-p65], p-IkBal); MDA |, MPO|, NO|, TNF-a/,
IL-1B|, IL-6], IL-8, COX-2], iNOS|, TGF-B1], MCP-1|, Bax|, Bcl2}

F % & FBH(Lachnospiraceae) 55 2% A5 205 W F £ [FIR I
WEREE T T IATHE . WEREE. PHREE.
THRERE R AT B, BB 1R XA &, PEfl
EIT TR e 2 wE, DA ETT M EE. 7R
FURF 1R 25 Th B B R R 72012071 i, 7EDSSH S 1Y
ZERg 9 /N RASER A, B AT R 3 PR R AT 1]
B, HFEINIEAT R E . XU o JE A I B S
i P R RO, NBERR AT B2 PR AT B R AR
SNEEJE . EAT BB AT B R I =E B, RIS 8 s
FFHE B B0, 70 fipld o 2 1T, A A i R e =
HFRA I EL B E R SR A, (H RTS8 D S8 A0 B RN 48 i

12

BT, AT T2 Ry S o I R L S5 5 T RE . 18
@mww BEBIAEBIAN I IE B RS, Q15 ST
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Figure 4 Regulation of mammalian intestinal health by plant alkaloids
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Table 4 Regulation of mammalian intestinal health by plant alkaloids
pEkERYITY SRR IRFEHL

B Firmicutes?, Bacteroidetes?, Proteobacteriaf, Actinobacteriaf,
Lactobacillus?t, Ruminococcus?, Shrektoniaf, Prevotella|, Peptostreptococca-
R L i gt 3] [203] ceae|, Clostridium|
DSSi 5 HIBDAH KL i B ZO-11, ZO-21, occludint, E-cadherint, MOR4HA1, N-cadherin|
Ha g NI TLRA/NF-xBif #%; IL-6], IL-1B|, TNF-a|, MDA |, T-AOCY,
GSH?, CAT?, SODt

B #¥: Firmicutes?, Lactobacillus?, Lactococcus?, Butyricicoccus?,
Roseburia?, Tyzzerellat, Alloprevotella|, Eisenbergiella|, Bacteroidetes |,
. " UDCA/DCA?®, SCFAst, 5-HT], M8|1|
o 2 £ 1197 . s » > Il .
DSSTFHUCH R W38 Mi: MUC21, MUC31, occludind, FRR48 M/ & 51
Yo % B E-IH VT BR-FXR/TGRS4H; TNF-al, IL-1B|, TGR5], p-ERK,
FXR?, TGR5?

B Bacillif, Mollicutest, Peptostreptococcaceae?, Methylobacteriaceaet,
Sphingomonadaceae?, Lachnospiraceae?, Bifidobacteriaceaet, Firmicutest,
TNBS/DSS# 5 [(iUC/N & Bacteroidetes?, Proteobacteriat, Lactobacillus?, Akkermansia?,
4 7711 [201,202 Mycoplasmataceae |
HLRY01,202 NV . .
JiE BB ZO-11, occludint, AR
Gu g FHITLR4/MyDSSIE % (TLR4|, MyD88); TNF-a, IL-6], IL-1B|,
IL-17A|, NOJ|, iNOS|, MDA |, IL-101, SOD?, CAT?1, T-AOC?, Th17|

B o FEE1, Firmicutes/Bacteroidetes?, Actinobacteriotat,
Verrucomicrobiotat, Dubosiellat, Anaerotruncus?t, Enterorhabdus?,
Faecalibaculum?, Bifidobacterium?, Campylobacterota|, Deferribacterota |,
HHMR (piperine) DSS - FUC/) B 1204205 Cyanobacteria|, Bacteroides|, Alloprevotella|, Alistipes|, Helicobacter|
WpiB B claudin-11, claudin-31, ZO-11, occludint, MUC2%
G g% WIEPXR, MIHINF-kBi##; CCR2|, ICAM-1], IL-1B|, IL-6,
TL-10}, iNOS|, MCP-1], TNF-a|, COX-2|, TFN-y|

BT Proteobacteria|, Epsilonbacteraeota], Escherichia-Shigella],
Helicobacter|, Eisenbergiella|, Deferribacterest, Bacteroidetest,
Muribaculaceae unclassified?, Ruminiclostridium 51
AR T (sanguinarine) DSS# S HIUC/IN f g Ry 12142151 & BEF%: ZO-11, occludint
G PEIENIf2i@ M (Nrf27, HO-11, Keap-11); #IH|NF-«xBIE % (p-p651);
FIHINLRP3 4 it /IMA B 2 (NLRP3 |, caspase-1]); IL-41, IL-101, TNF-a/,
IL-1BJ, IL-6], ROS|, MDA]

F T Bacteroidotat, Verrucomicrobiotat, Akkermansia muciniphila?,
Bacteroides acidifaciens?, Bacillota|, Lachnospiraceae|, Alistipes|,
Clostridium XIVa|, Oscillibacter|
T (coptisine) DSS 5 HIUC/ B i 7741206.207] [ BEkE: ZO-11, occluding, claudin-41, MUC21, FOMR 41
g WE AR, PHINF-«BIE B (p-p65)+ p-TkBol); M TXNIP/NLRP3 %
JiE/NMAIE B (TXNIP|, NLRP3|, ASC], caspase-1], IL-1B|, IL-18]); DAO|,
D-LA|, IL-6], IL-1B|, TNF-a}, IL-8), IL-18], ROS|, MDA |, SOD?

W B a2 HE1, Lactobacillust, Romboutsia_B?, Turicibacter?,

/NEERH (berberine)

T 2 7g(matrine)

\ ' . Streptococcus?t
L M ; " \a s .
FERHR éli%ﬁ)ﬁi(total alkaloids DSS -5 HIUC/ N BLHA216217) Wit B iE: ZO-11, occludint
of Corydalis yanhusuo, YTA)

G fE: JHIMAPKI#E B (p-p381); 0] EL W 4H fEM 142 1L.(CD86|); TNF-al,
IL-1B}, IL-6], NOJ, MMP-9], MDA |, MPO|, IL-101, SOD1{

—— . o e p 1] G WIENT2/NQO- LBl (Nrf2 %4 4z, NQO-11, HO-11); SOD?1,
7 JEHf(sinomenine) DSS# S HIUC/N AR INF-a), IL-6, iNOS,

cis-12-octadecenoic acid, HYA)N|if it GPR40-MEK- B PRS2 AR . RS 5 A% AR
ERKE % 16 B PE 04| TNFR2, 331 _F i occludin, ZO-1 oy, RS AOREA OG5 T g A A R 3Rk, AR
Fclaudin-3, NIAMLCKFI R Tt E fclaudin-1, k& ZFEAL P lIHINF-«BAINLRP3 28 RE/MATE RS . FEAK
15 I J7 H1 FH (transepithelial electrical resistance, TER), R R ANPE T /KT EamprE LB ae 1, KELE
PRAKFD-438 3 M, 78 Gups i 5 2T, A4 I AT AR 6 R G 2 TR T 41 2 1S-219239-2361 gyl R AT 3
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Figure 5 Regulation of mammalian intestinal health by fatty acids
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Table 5 Regulation of mammalian intestinal health by fatty acids

MR TR YR

IR

B BE: Faecalibacterium?, Roseburiat, Lachnospiraceae?, Bifidobacterium?,

IR S A A A

?EE @ﬁ(oleic acid) %ﬁL/J\ ﬁ*ﬁﬂ[no]

Lactobacillust, Firmicutes/Bacteroidetes|
BB ZO-11, occludint, claudin-11

Gt BIEGPR120-B-arrestin-2 il ¥, FHINF-«BAZH7; TNF-al, IL-6],

IL-1B}, IL-101

B #E: Turicibacter?, Blautia?, Bifidobacterium?, Bilophilat, Parasutterella),

T IR & (HFD)I% S 1T/
AR FEFEL R

Rikenellaceae_RC9_gut group|, Alistipes|
BtB: Occludint, ZO-11, Muc2?, CD14|, CB1|, TLR4|

Yo% I TLRA(S 58 M (TLR4/CD14/CB1%); TNF-a, IFN-y|, MCP-1,

IL-1B), IL-107

STZ-JABE % SRR BRI 40 M GPR120-B-arrestin-238 4, FEMINF-«B% {k; iNOS|, TNF-a|, NLRP3|,

KB AR AL
o-EJ#R P (alpha-linolenic

acid, ALA) N (=0

b T2 S0
e

ASC|, caspase-1], IL-1B|, IL-18|, TNF-a/, IL-6], CD68"|, Arg-11, IL-101

W Prevotellal, Parabacteroides?, Lactobacillus|, Clostridium cluster XIVal,
Lachnospiraceae|, Streptococcus|, Anaerotruncus|, Anaerovorax|, Olsenella|

Bl RBAIED, BB, R AN, MR LL] |, W A bt

LR A (Ki67)]

B Lactobacillus?t, Bacteroides?, Bifidobacterium?, Paraprevotella?,
Macellibacteroides?, Enterobacteriaceae?, Proteobacteriat, Shigellat,

Enterococcus?t
B#RE: occludint

G JHIMyD8S/NF-kBifll % (p-NF-kB p65]); IFN-y|, TNF-a|, IL-1B|, IL-6]

BiBE: occludint, ZO-11, ZO-21, claudin-31, TER?, claudin-1|, MLCK,

DSSi% S HIUC/ AR
iR (linoleic acid)

FD-4iEiE M|

G WUEGPR40-MEK-ERKIE #; #1i TNFR2%1A X NF-xBiE b (IxkBa|,

p65]); IL-8]

B Firmicutes/Bacteroidetes|, Tyzzerella|, Alistipes|, Lachnoclostridium?,

ob/obfITL B /)N B Ak 74 1232

Roseburia?, Dubosiellat, Oscillibactert, Anaerostipes?
BEFE: occludint, ZO-11

1% % b B 41 IPEC-J2 K
FFEIO157: H7 i B A 127)

TR (caprylic acid, C8).
T (nonanoic acid, C9)

G IMHIHDACH; £ (H3K9Act); pBD-11, pBD-21

3 BEi5RY

WA FIEER, EHYZE. 285, Wk, &
VIR B A G (R 1D R ) B AR T AN 27 45 1) 5 K R 7 T
TEAER 2R, (XY s R e 2
L B« = B RS R AE LY, R DU E TS
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WEe A A 0 75 1 1 iR R0 U o e e s A A R 4%
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18, TL-6%{R &R F3RIE, [R5 1 7 ik 5E 1 15
Th17/Treg F#i H AN N S PUEA DI R 5, M
T8 i 18 9 E I 0255 58 A BB 4. el kel L, AT
FNRE DI VE RSy BAE R R, (R AR
BRI IX —JL R A28 5.
AT VE BT E RIS E RIS, SR
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R I -5H BB TR (SCFAs)AE i sUR FEE I, B IR
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Figure 6 Regulation of mammalian intestinal health by plant bioactive compounds

G A R sm M A i, AT JE R iR N 40 I 4 P T
P AR e e R AR, IR FURIESL R S PUAAE
FH ;R A= s ) B4 1) T << I i Y 2 R 4 A
Al B 44E F T'NEK7, TXNIP/NLRP3}PXR, AhR,
FXR/TGRS& 117 AL, R BOR NG 5 8 i
T-Tiee 77, A NG (I8 07 ) W) 35 2 K i GPR 120,
GPRA0%E I 51 &N 32 T 18 2 RE W% 5 bF &
52, a5 4 B A AL S AR RN, 2 5 g A

18

HI

TG R P S R 4 o T A R R IT T 2 A
R, R HIRIT TS T e T R AR SR 1] AL
B, ZHMANIRRT R —ln 58 3R,
XA TR 6 W TR B A B = R GE PP AL, Rk
A LENE ST G P 1 B, iR 226
FEL D3 1 RS 73 8 P T A 25 5 2 AR ) B 2
2. F K, 73 5 AE IR R AR R AT AN T 7. 2



R R

i, ZHEWTFUED TE SEBEACT AR, WS RN R AR B A A [ S5 f5 A AT ik
MERE R E A LM B B e b Rk ZRGRE, RAE— @R LIRS T ot e a5ie i &
i G AR A A A BOR, Ny TR RS N R, ARORBE TR AE DU AL SE 6 v v (1 2 Ak
R -4E R A BRI AR, IRt — PR aii b, s SRR [ BRI TT I, HESh AL A
e A iE PR RO R A AN, REMEVE RN B FUBCR A D R B i A 24 R R K T AR
TERIBN AR M SAEBRE T FEN R ZR, L i

%k

10

11

12

13

14

15

16

17

18

19
20

Sekirov I, Russell S L, Antunes L C M, et al. Gut microbiota in health and disease. Physiol Rev, 2010, 90: 859-904

Stecher B, Conway T, Cohen P. The roles of inflammation, nutrient availability and the commensal microbiota in enteric pathogen infection.
Microbiol Spectr, 2015, 3: 3.3.12

Afzaal M, Saeed F, Shah Y A, et al. Human gut microbiota in health and disease: unveiling the relationship. Front Microbiol, 2022, 13: 999001
Chen X, Pan S, Li F, et al. Plant-derived bioactive compounds and potential health benefits: involvement of the gut microbiota and its metabolic
activity. Biomolecules, 2022, 12: 1871

Zhu C, Wu Y, Jiang Z, et al. Dietary soy isoflavone attenuated growth performance and intestinal barrier functions in weaned piglets challenged
with lipopolysaccharide. Int Immunopharmacol, 2015, 28: 288-294

Narayanankutty A, Famurewa A C, Oprea E. Natural bioactive compounds and human health. Molecules, 2024, 29: 3372

Zhu Y F, Wu A G, Chen M Y, et al. Plant-based strategies against aging: focus on bioactive compounds from medicine-food homology plants.
Phytomedicine, 2025, 145: 157052

Niu X Y, Xing Y Y, Li D B. Advances in regulation and mechanism of plant bioactive compounds on intestinal barrier function in animals (in
Chinese). Acta Vet Zootech Sin, 2024, 55: 1467-1477 [4-Ber, BURLE, 2= K%, REVDE M 543 X 3l e B s 1) e R 48 i B O pL .
BHCEEE2EIR, 2024, 55: 1467-1477]

Latif R, Nawaz T. Medicinal plants and human health: a comprehensive review of bioactive compounds, therapeutic effects, and applications.
Phytochem Rev, 2026, 25: 2299-2342

Wang Q, Huang H, Yang Y, et al. Reinventing gut health: leveraging dietary bioactive compounds for the prevention and treatment of diseases.
Front Nutr, 2024, 11: 1491821

Akanyibah F A, He C E, Wang X, et al. The role of plant-based dietary compounds in gut microbiota modulation in inflammatory bowel disease.
Front Nutr, 2025, 12: 1606289

Benameur T, Porro C, Twfieg M E, et al. Emerging paradigms in inflammatory disease management: exploring bioactive compounds and the gut
microbiota. Brain Sci, 2023, 13: 1226

Neurath M F, Artis D, Becker C. The intestinal barrier: a pivotal role in health, inflammation, and cancer. Lancet Gastroenterol Hepatol, 2025,
10: 573-592

Di Vincenzo F, Del Gaudio A, Petito V, et al. Gut microbiota, intestinal permeability, and systemic inflammation: a narrative review. Intern
Emerg Med, 2024, 19: 275-293

Han X B, Yuan X N, Fang J, et al. Role of lactic acid bacteria in maintaining animal intestinal health (in Chinese). Sci Sin Vitae, 2023, 53: 464—
479 [BEEUK, JUERE, TR, 5 FLRE ARSI IER RO L. hERE R AR, 2023, 53: 464-479]

Wang Q, Meng Q, Chen Y, et al. Interaction between gut microbiota and immunity in health and intestinal disease. Front Immunol, 2025, 16:
1673852

Di Sabatino A, Santacroce G, Rossi C M, et al. Role of mucosal immunity and epithelial-vascular barrier in modulating gut homeostasis. Intern
Emerg Med, 2023, 18: 1635-1646

Xie H, Yu S, Tang M, et al. Gut microbiota dysbiosis in inflammatory bowel disease: interaction with intestinal barriers and microbiota-targeted
treatment options. Front Cell Infect Microbiol, 2025, 15: 1608025

Shen Y, Fan N, Ma S X, et al. Gut microbiota dysbiosis: pathogenesis, diseases, prevention, and therapy. MedComm, 2025, 6: ¢70168

Younis N K, Alfarttoosi K H, Sanghvi G, et al. The role of gut microbiota in modulating immune signaling pathways in autoimmune diseases.

19


https://doi.org/10.1152/physrev.00045.2009
https://doi.org/10.1128/microbiolspec.MBP-0008-2014
https://doi.org/10.3389/fmicb.2022.999001
https://doi.org/10.3390/biom12121871
https://doi.org/10.1016/j.intimp.2015.04.054
https://doi.org/10.3390/molecules29143372
https://doi.org/10.1016/j.phymed.2025.157052
https://doi.org/10.1007/s11101-025-10194-7
https://doi.org/10.3389/fnut.2024.1491821
https://doi.org/10.3389/fnut.2025.1606289
https://doi.org/10.3390/brainsci13081226
https://doi.org/10.1016/S2468-1253(24)00390-X
https://doi.org/10.1007/s11739-023-03374-w
https://doi.org/10.1007/s11739-023-03374-w
https://doi.org/10.1360/SSV-2022-0032
https://doi.org/10.3389/fimmu.2025.1673852
https://doi.org/10.1007/s11739-023-03329-1
https://doi.org/10.1007/s11739-023-03329-1
https://doi.org/10.3389/fcimb.2025.1608025
https://doi.org/10.1002/mco2.70168

AR5 KA P S 7 YA L B 0 A £ R (I LA 7 Tt e

21

22
23

24
25
26
27
28

29
30
31
32
33
34

35

36

37

38

39

40

41
42

43

44

45

46

47
48

49

50
51

20

Neuromol Med, 2025, 27: 65

Wang H, Liu N, Yang Z, et al. Preventive effect of pectic oligosaccharides on acute colitis model mice: modulating epithelial barrier, gut
microbiota and Treg/Th17 balance. Food Funct, 2022, 13: 9999-10012

Kho Z Y, Lal S K. The human gut microbiome—a potential controller of wellness and disease. Front Microbiol, 2018, 9: 356589

Koh A, De Vadder F, Kovatcheva-Datchary P, et al. From dietary fiber to host physiology: short-chain fatty acids as key bacterial metabolites.
Cell, 2016, 165: 1332-1345

Guo C, Huo Y J, Li Y, et al. Gut-brain axis: focus on gut metabolites short-chain fatty acids. World J Clin Cases, 2022, 10: 1754-1763
Buffie C G, Pamer E G. Microbiota-mediated colonization resistance against intestinal pathogens. Nat Rev Immunol, 2013, 13: 790-801
Garcia-Gutierrez E, Mayer M J, Cotter P D, et al. Gut microbiota as a source of novel antimicrobials. Gut Microbes, 2019, 10: 1-21

Hrncir T. Gut microbiota dysbiosis: triggers, consequences, diagnostic and therapeutic options. Microorganisms, 2022, 10: 578
Acevedo-Roman A, Pagan-Zayas N, Velazquez-Rivera L I, et al. Insights into gut dysbiosis: inflammatory diseases, obesity, and restoration
approaches. Int J Mol Sci, 2024, 25: 9715

Chae Y R, Lee Y R, Kim Y S, et al. Diet-induced gut dysbiosis and leaky gut syndrome. J Microbiol Biotechnol, 2024, 34: 747-756

Di Tommaso N, Gasbarrini A, Ponziani F R. Intestinal barrier in human health and disease. Int J Environ Res Public Health, 2021, 18: 12836
Turner J R. Intestinal mucosal barrier function in health and disease. Nat Rev Immunol, 2009, 9: 799-809

Matar A, Damianos J A, Jencks K J, et al. Intestinal barrier impairment, preservation, and repair: an update. Nutrients, 2024, 16: 3494
Suzuki T. Regulation of intestinal epithelial permeability by tight junctions. Cell Mol Life Sci, 2013, 70: 631-659

Camilleri M, Madsen K, Spiller R, et al. Intestinal barrier function in health and gastrointestinal disease. Neurogastroenterol Motil, 2012, 24:
503-512

Raya Tonetti F, Eguileor A, Llorente C. Goblet cells: guardians of gut immunity and their role in gastrointestinal diseases. eGastroenterology,
2024, 2: 100098

Paone P, Cani P D. Mucus barrier, mucins and gut microbiota: the expected slimy partners? Gut, 2020, 69: 2232-2243

Hamer H M, Jonkers D, Venema K, et al. Review article: the role of butyrate on colonic function. Aliment Pharmacol Ther, 2008, 27: 104-119
Peng L, Li Z R, Green R S, et al. Butyrate enhances the intestinal barrier by facilitating tight junction assembly via activation of AMP-activated
protein kinase in Caco-2 cell monolayers. J Nutr, 2009, 139: 1619-1625

Ma J, Piao X, Mahfuz S, et al. The interaction among gut microbes, the intestinal barrier and short chain fatty acids. Anim Nutr, 2022, 9: 159—
174

Bamias G, Corridoni D, Pizarro T T, et al. New insights into the dichotomous role of innate cytokines in gut homeostasis and inflammation.
Cytokine, 2012, 59: 451-459

Mowat A M, Agace W W. Regional specialization within the intestinal immune system. Nat Rev Immunol, 2014, 14: 667-685

Bemark M, Pitcher M J, Dionisi C, et al. Gut-associated lymphoid tissue: a microbiota-driven hub of B cell immunity. Trends Immunol, 2024,
45: 211-223

Flach M, Diefenbach A. Development of gut-associated lymphoid tissues. In: Mucosal Immunology. San Diego: Elsevier, 2015. 31-42
Omenetti S, Pizarro T T. The Treg/Th17 axis: a dynamic balance regulated by the gut microbiome. Front Immunol, 2015, 6: 639

HuY, Yang Y, Li Y, et al. Th17/Treg imbalance in inflammatory bowel disease: immunological mechanisms and microbiota-driven regulation.
Front Immunol, 2025, 16: 1651063

Yan J B, Luo M M, Chen Z Y, et al. The function and role of the Th17/Treg cell balance in inflammatory bowel disease. J Immunol Res, 2020,
2020(1): 8813558

Zhao J, Lu Q, Liu Y, et al. Th17 cells in inflammatory bowel disease: cytokines, plasticity, and therapies. J Immunol Res, 2021, 2021: 1-14
Eastaff-Leung N, Mabarrack N, Barbour A, et al. Foxp3" regulatory T cells, Th17 effector cells, and cytokine environment in inflammatory
bowel disease. J Clin Immunol, 2010, 30: 80-89

Macpherson A J, McCoy K D, Johansen F E, et al. The immune geography of IgA induction and function. Mucosal Immunol, 2008, 1: 11-22
Wei J, Feng J. Signaling pathways associated with inflammatory bowel disease. Recent Pat Inflamm Allergy Drug Discov, 2010, 4: 105-117
Mukherjee T, Kumar N, Chawla M, et al. The NF-«B signaling system in the immunopathogenesis of inflammatory bowel disease. Sci Signal,
2024, 17: eadh1641

Hollenbach E, Neumann M, Vieth M, et al. Inhibition of p38 MAP kinase-and RICK/NF-kB-signaling suppresses inflammatory bowel disease.


https://doi.org/10.1007/s12017-025-08883-9
https://doi.org/10.1039/D2FO01448C
https://doi.org/10.3389/fmicb.2018.01835
https://doi.org/10.1016/j.cell.2016.05.041
https://doi.org/10.12998/wjcc.v10.i6.1754
https://doi.org/10.1038/nri3535
https://doi.org/10.1080/19490976.2018.1455790
https://doi.org/10.3390/microorganisms10030578
https://doi.org/10.3390/ijms25179715
https://doi.org/10.4014/jmb.2312.12031
https://doi.org/10.3390/ijerph182312836
https://doi.org/10.1038/nri2653
https://doi.org/10.3390/nu16203494
https://doi.org/10.1007/s00018-012-1070-x
https://doi.org/10.1111/j.1365-2982.2012.01921.x
https://doi.org/10.1136/egastro-2024-100098
https://doi.org/10.1136/gutjnl-2020-322260
https://doi.org/10.1111/j.1365-2036.2007.03562.x
https://doi.org/10.3945/jn.109.104638
https://doi.org/10.1016/j.aninu.2021.09.012
https://doi.org/10.1016/j.cyto.2012.06.014
https://doi.org/10.1038/nri3738
https://doi.org/10.1016/j.it.2024.01.006
https://doi.org/10.3389/fimmu.2015.00639
https://doi.org/10.3389/fimmu.2025.1651063
https://doi.org/10.1155/2020/8813558
https://doi.org/10.1155/2021/8816041
https://doi.org/10.1007/s10875-009-9345-1
https://doi.org/10.1038/mi.2007.6
https://doi.org/10.2174/187221310791163071
https://doi.org/10.1126/scisignal.adh1641

SR e

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

FASEB J, 2004, 18: 1550-1552

Yang L, Wen K S, Ruan X, et al. Response of plant secondary metabolites to environmental factors. Molecules, 2018, 23: 762

Scalbert A, Johnson I T, Saltmarsh M. Polyphenols: antioxidants and beyond. Am J Clin Nutr, 2005, 81: 215S-217S

Duda-Chodak A, Tarko T, Satora P, et al. Interaction of dietary compounds, especially polyphenols, with the intestinal microbiota: a review. Eur
J Nutr, 2015, 54: 325-341

Wang X, Yu C, Li Y, et al. Dietary polysaccharides as gut health regulators: structural characteristics and regulatory mechanism. Trends Food
Sci Tech, 2025, 161: 105074

Wang X, Li X, Zhang L, et al. Recent progress in plant-derived polysaccharides with prebiotic potential for intestinal health by targeting gut
microbiota: a review. Crit Rev Food Sci Nutr, 2024, 64: 1224212271

WuXY,YeY Y, Ren WK, et al. Research progress of plant polysaccharides: functional activities and potential mechanisms (in Chinese). Sci
Sin Vitae, 2023, 53: 808-824 [Ellhetts, M4R1A, AE3CH, 5. YL HEOT SO R DhREIEE A ENLE]. b EBLE: A RlaF, 2023, 53: 808
824]

Huang Y, Guo H, Liu Y, et al. Effects of natural polysaccharides on the gut microbiota related to human metabolic health. Mol Nutr Food Res,
2025, 69: 202400792

Zhang J, Ma Y, Chang R, et al. The interplay of plant polysaccharide structure, gut microbiota metabolism, and host health: mechanisms and
perspectives. Life Sci, 2026, 395: 124383

Liang H, Tao S, Wang Y, et al. Astragalus polysaccharide: implication for intestinal barrier, anti-inflammation, and animal production. Front
Nutr, 2024, 11: 1364739

YuL,LinF, YuY, et al. Rehmannia glutinosa polysaccharides enhance intestinal immunity of mice through regulating the microbiota. Int J Biol
Macromol, 2024, 283: 137878

Huang Y Y, Chen H G, Xie W, et al. Interaction between polysaccharide and intestinal flora and its structure-effect relationship: a
review (in Chinese). Microbiol China, 2022, 49: 2325-2346 [$URUE, MRAEE, WISC, 5. 2055 i pREAR FLAE ) R MR R BT AUk
A IR, 2022, 49: 2325-2346]

Alvarez-Mercado A 1, Plaza-Diaz J. Dietary polysaccharides as modulators of the gut microbiota ecosystem: an update on their impact on health.
Nutrients, 2022, 14: 4116

Wan J, Wang F, Xiao Y, et al. Poria cocos polysaccharide alleviates dextran sulphate sodium-induced ulcerative colitis in mice by modulating
intestinal inflammatory responses and microbial dysbiosis. Int J Biol Macromol, 2024, 283: 137450

Song X, Wang W, Liu L, et al. Poria cocos attenuated DSS-induced ulcerative colitis via NF-kB signaling pathway and regulating gut
microbiota. Molecules, 2024, 29: 2154

Yuan M, Gao K, Peng K, et al. A review of nutritional regulation of intestinal butyrate synthesis: interactions between dietary polysaccharides
and proteins. Foods, 2025, 14: 3649

Cui L, Guan X, Ding W, et al. Scutellaria baicalensis Georgi polysaccharide ameliorates DSS-induced ulcerative colitis by improving intestinal
barrier function and modulating gut microbiota. Int J Biol Macromol, 2021, 166: 1035-1045

Rong X Q, Shu Q L. Enhancing immunomodulation in cyclophosphamide-induced immunosuppressed mice through targeted modulation of
butyrate-producing gut microbiota via oral administration of astragalus polysaccharides. Food Sci Nutr, 2024, 12: 7683-7695

ShiJ Y, Wang Y J, Bao Q W, et al. Polygonatum cyrtonema Hua polysaccharide alleviates ulcerative colitis via gut microbiota-independent
modulation of inflammatory immune response. Carbohydr Polym, 2025, 356: 123387

Cen L, Yi T, Hao Y, et al. Houttuynia cordata polysaccharides alleviate ulcerative colitis by restoring intestinal homeostasis. Chin J Nat Meds,
2022, 20: 914-924

Wei F H, Xie W Y, Zhao P S, et al. Crataegus pinnatifida polysaccharide alleviates DSS-induced colitis in mice by regulating the intestinal
microbiota and enhancing arginine biosynthesis. Phytomedicine, 2025, 142: 156794

Cheong K L, Biney E, Wang M, et al. Polysaccharides and the colon mucus barrier: a review of biophysical interactions and functional impacts.
npj Sci Food, 2026, 10: 98

Bao X, Tang Y, Lv Y, et al. Tetrastigma hemsleyanum polysaccharide ameliorated ulcerative colitis by remodeling intestinal mucosal barrier
function via regulating the SOCS1/JAK2/STAT3 pathway. Int Immunopharmacol, 2024, 137: 112404

Fan L, Zhu X, Zhang D, et al. In vitro digestion properties of Laiyang pear residue polysaccharides and it counteracts DSS-induced gut injury in

21


https://doi.org/10.1096/fj.04-1642fje
https://doi.org/10.3390/molecules23040762
https://doi.org/10.1093/ajcn/81.1.215S
https://doi.org/10.1007/s00394-015-0852-y
https://doi.org/10.1007/s00394-015-0852-y
https://doi.org/10.1016/j.tifs.2025.105074
https://doi.org/10.1016/j.tifs.2025.105074
https://doi.org/10.1080/10408398.2023.2248631
https://doi.org/10.1360/SSV-2022-0071
https://doi.org/10.1360/SSV-2022-0071
https://doi.org/10.1002/mnfr.202400792
https://doi.org/10.1016/j.lfs.2026.124383
https://doi.org/10.3389/fnut.2024.1364739
https://doi.org/10.3389/fnut.2024.1364739
https://doi.org/10.1016/j.ijbiomac.2024.137878
https://doi.org/10.1016/j.ijbiomac.2024.137878
https://doi.org/10.3390/nu14194116
https://doi.org/10.1016/j.ijbiomac.2024.137450
https://doi.org/10.3390/molecules29092154
https://doi.org/10.3390/foods14213649
https://doi.org/10.1016/j.ijbiomac.2020.10.259
https://doi.org/10.1002/fsn3.4386
https://doi.org/10.1016/j.carbpol.2025.123387
https://doi.org/10.1016/S1875-5364(22)60220-6
https://doi.org/10.1016/j.phymed.2025.156794
https://doi.org/10.1038/s41538-026-00750-6
https://doi.org/10.1016/j.intimp.2024.112404

AR5 KA P S 7 YA L B 0 A £ R (I LA 7 Tt e

76
77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98
99

22

mice via modulating gut inflammation, gut microbiota and intestinal barrier. Int J Biol Macromol, 2024, 267: 131482

Yoo J Y, Groer M, Dutra S V O, et al. Gut microbiota and immune system interactions. Microorganisms, 2020, 8: 1587

Singh N, Gurav A, Sivaprakasam S, et al. Activation of Gpr109a, receptor for niacin and the commensal metabolite butyrate, suppresses colonic
inflammation and carcinogenesis. Immunity, 2014, 40: 128-139

Huo J, Wu Z, Sun W, et al. Protective effects of natural polysaccharides on intestinal barrier injury: a review. J Agric Food Chem, 2022, 70:
711-735

Wenying Y. Dual-pathway mechanisms of plant-derived polysaccharides in ulcerative colitis: integrative roles of microbiota modulation,
immune regulation, and barrier restoration. Front Pharmacol, 2026, 17: 1772007

Liu M, Xie W, Wan X, et al. Clostridium butyricum protects intestinal barrier function via upregulation of tight junction proteins and activation
of the Akt/mTOR signaling pathway in a mouse model of dextran sodium sulfate-induced colitis. Exp Ther Med, 2020, 20: 1

Terra X, Valls J, Vitrac X, et al. Grape-seed procyanidins act as antiinflammatory agents in endotoxin-stimulated RAW 264.7 macrophages by
inhibiting NF«B signaling pathway. J Agric Food Chem, 2007, 55: 4357-4365

Chen C Y, Kao C L, Liu C M. The cancer prevention, anti-inflammatory and anti-oxidation of bioactive phytochemicals targeting the TLR4
signaling pathway. Int J Mol Sci, 2018, 19: 2729

Yuan J, Che S, Ruan Z, et al. Regulatory effects of flavonoids luteolin on BDE-209-induced intestinal epithelial barrier damage in Caco-2 cell
monolayer model. Food Chem Toxicol, 2021, 150: 112098

Luo X, Yu Z, Deng C, et al. Baicalein ameliorates TNBS-induced colitis by suppressing TLR4/MyD88 signaling cascade and NLRP3
inflammasome activation in mice. Sci Rep, 2017, 7: 16374

Kadioglu O, Nass J, Saced M E, et al. Kaempferol is an anti-inflammatory compound with activity towards NF-kB pathway proteins. Anticancer
Res, 2015, 35: 26452650

Lin H, Honglang L, Weifeng L, et al. The mechanism of alopolysaccharide protecting ulceralive colitis. Biomed Pharmacother, 2017, 88: 145—
150

Zhao L, Jiang T, Zhang Y, et al. Epimedium polysaccharides ameliorate ulcerative colitis by inhibiting oxidative stress and regulating
autophagy. J Sci Food Agric, 2025, 105: 2655-2670

Shen J, Ma X, He Y, et al. Anti-inflammatory and anti-oxidant properties of melianodiol on DSS-induced ulcerative colitis in mice. PeerJ, 2022,
10: e14209

You CY, Xing J F, SunJ Y, et al. Anti-inflammatory and anti-oxidant impacts of lentinan combined with probiotics in ulcerative colitis. Mol
Biotechnol, 2024, 66: 2778-2791

Wang S, Wu P, Fan Z, et al. Dandelion polysaccharide treatment protects against dextran sodium sulfate-induced colitis by suppressing NF-xB/
NLRP3 inflammasome-mediated inflammation and activating Nrf2 in mouse colon. Food Sci Nutr, 2023, 11: 7271-7282

Cui L, Wang W, Luo Y, et al. Polysaccharide from Scutellaria baicalensis Georgi ameliorates colitis via suppressing NF-«kB signaling and
NLRP3 inflammasome activation. Int J Biol Macromol, 2019, 132: 393-405

Wang D, Shao S, Zhang Y, et al. Insight into polysaccharides from Panax ginseng C. A. Meyer in improving intestinal inflammation:
modulating intestinal microbiota and autophagy. Front Immunol, 2021, 12: 683911

Peng Y, Zhu J, Li Y, et al. Almond polysaccharides inhibit DSS-induced inflammatory response in ulcerative colitis mice through NF-kB
pathway. Int J Biol Macromol, 2024, 281: 136206

Yang C M, Han Q J, Wang K L, et al. Astragalus and ginseng polysaccharides improve developmental, intestinal morphological, and immune
functional characters of weaned piglets. Front Physiol, 2019, 10: 418

Chen Q, Ren R, Zhang Q, et al. Coptis chinensis Franch polysaccharides provide a dynamically regulation on intestinal microenvironment,
based on the intestinal flora and mucosal immunity. J Ethnopharmacol, 2021, 267: 113542

Fraga C G, Croft K D, Kennedy D O, et al. The effects of polyphenols and other bioactives on human health. Food Funct, 2019, 10: 514-528
Abbas M, Saeced F, Anjum F M, et al. Natural polyphenols: an overview. Int J Food Properties, 2017, 20: 1689—1699

Wang X, Qi Y, Zheng H. Dietary polyphenol, gut microbiota, and health benefits. Antioxidants, 2022, 11: 1212

Chu S Y, Qian L S, Chen H M. Research progress on the regulatory effects of tea components on gut microbiota and their health effects (in
Chinese). Nat Prod Res Dev, 2024, 36: 357-367 [fif 320, &AL, WRIHEL e B o0 nd Il TR e D TR 43 415 P B2 KL At RRE SN2 RO WE Tk g . R AR
YIRS K, 2024, 36: 357-367]


https://doi.org/10.1016/j.ijbiomac.2024.131482
https://doi.org/10.3390/microorganisms8101587
https://doi.org/10.1016/j.immuni.2013.12.007
https://doi.org/10.1021/acs.jafc.1c05966
https://doi.org/10.3389/fphar.2026.1772007
https://doi.org/10.3892/etm.2020.9138
https://doi.org/10.1021/jf0633185
https://doi.org/10.3390/ijms19092729
https://doi.org/10.1016/j.fct.2021.112098
https://doi.org/10.1038/s41598-017-12562-6
https://doi.org/10.1016/j.biopha.2016.11.138
https://doi.org/10.1002/jsfa.14037
https://doi.org/10.7717/peerj.14209
https://doi.org/10.1007/s12033-023-00878-w
https://doi.org/10.1007/s12033-023-00878-w
https://doi.org/10.1002/fsn3.3653
https://doi.org/10.1016/j.ijbiomac.2019.03.230
https://doi.org/10.3389/fimmu.2021.683911
https://doi.org/10.1016/j.ijbiomac.2024.136206
https://doi.org/10.3389/fphys.2019.00418
https://doi.org/10.1016/j.jep.2020.113542
https://doi.org/10.1039/C8FO01997E
https://doi.org/10.1080/10942912.2016.1220393
https://doi.org/10.3390/antiox11061212

SR e

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

Huang Q, Yang B Y, Yan B, et al. Biological effects of tea polyphenols and their application in animal production (in Chinese). Feed Res, 2025,
48: 139-143 [H%5, MUKkate, F, 55 K2 MK LA F ARSI A th S AT, AT SE, 2025, 48: 139-43]

Li W H, He Z B, Chen X Y, et al. Research progress on biological functions of tea polyphenols and their application in poultry production (in
Chinese). Guangdong Feed, 2025, 34: 31-33 [Z:1i %%, falJkAE, BRIBLE, 55 KM AT R AER AR N R, T Rk,
2025, 34: 31-33]

Wen Q, Yang R R, Jin X L. Research advances on the beneficial effects of plant polyphenols on intestinal health in farm animals (in Chinese).
Sci Sin Vitae, 2020, 50: 914-926 [3CHK, %Hikhi, &bef. MM L BIxT & &HER BN R ERTI R, fER Y LakE, 2020, 50:
914-926]

Rodriguez-Daza M C, Pulido-Mateos E C, Lupien-Meilleur J, et al. Polyphenol-mediated gut microbiota modulation: toward prebiotics and
further. Front Nutr, 2021, 8: 689456

Yang N J, Hinner M J. Getting across the cell membrane: an overview for small molecules, peptides, and proteins. In: Site-Specific Protein
Labeling: Methods and Protocols, New York: Humana Press, 2014. 29-53

Kang S S, Kim J G, Lee T H, et al. Flavonols inhibit sortases and sortase-mediated Staphylococcus aureus clumping to fibrinogen. Biol Pharm
Bull, 2006, 29: 1751-1755

MATIASEVIC D, PantiC M, RaSkoviC B, et al. The antibacterial activity of Coriolus versicolor methanol extract and its effect on
ultrastructural changes of Staphylococcus aureus and Salmonella Enteritidis. Front Microbiol, 2016, 7: 1226

Fathima A, Rao J R. Selective toxicity of Catechin—a natural flavonoid towards bacteria. Appl Microbiol Biotechnol, 2016, 100: 6395-6402
Ollila F, Halling K, Vuorela P, et al. Characterization of flavonoid-biomembrane interactions. Arch Biochem Biophys, 2002, 399: 103—108
Wang R, Peng J, Shi X, et al. Change in membrane fluidity induced by polyphenols is highly dependent on the position and number of galloyl
groups. Biochim Biophys Acta, 2022, 1864: 184015

Bandele O J, Clawson S J, Osheroff N. Dietary polyphenols as topoisomerase II poisons: B ring and C ring substituents determine the
mechanism of enzyme-mediated DNA cleavage enhancement. Chem Res Toxicol, 2008, 21: 1253-1260

Oblak M, Kotnik M, Solmajer T. Discovery and development of ATPase inhibitors of DNA gyrase as antibacterial agents. Curr Med Chem,
2007, 14: 2033-2047

Plaper A, Golob M, Hafner I, et al. Characterization of quercetin binding site on DNA gyrase. Biochem Biophys Res Commun, 2003, 306: 530—
536

Bae J Y, Seo Y H, Oh S W. Antibacterial activities of polyphenols against foodborne pathogens and their application as antibacterial agents.
Food Sci Biotechnol, 2022, 31: 985-997

Chinnam N, Dadi P K, Sabri S A, et al. Dietary bioflavonoids inhibit Escherichia coli ATP synthase in a differential manner. Int J Biol
Macromol, 2010, 46: 478-486

Gill A O, Holley R A. Inhibition of membrane bound ATPases of Escherichia coli and Listeria monocytogenes by plant oil aromatics. Int J Food
Microbiol, 2006, 111: 170-174

Chun S S, Vattem D A, Lin Y T, et al. Phenolic antioxidants from clonal oregano (Origanum vulgare) with antimicrobial activity against
Helicobacter pylori. Process Biochem, 2005, 40: 809-816

Cueva C, Moreno-Arribas M V, Martin-Alvarez P J, et al. Antimicrobial activity of phenolic acids against commensal, probiotic and pathogenic
bacteria. Res Microbiol, 2010, 161: 372-382

Cetin-Karaca H, Newman M C. Antimicrobial efficacy of plant phenolic compounds against Salmonella and Escherichia coli. Food Biosci,
2015, 11: 8-16

De Rossi L, Rocchetti G, Lucini L, et al. Antimicrobial potential of polyphenols: mechanisms of action and microbial responses—a narrative
review. Antioxidants, 2025, 14: 200

Braune A, Blaut M. Deglycosylation of puerarin and other aromatic C-glucosides by a newly isolated human intestinal bacterium. Environ
Microbiol, 2011, 13: 482-494

Selma M V, Beltran D, Garcia-Villalba R, et al. Description of urolithin production capacity from ellagic acid of two human intestinal
Gordonibacter species. Food Funct, 2014, 5: 1779-1784

Selma M V, Tomas-Barberan F A, Beltran D, et al. Gordonibacter urolithinfaciens sp. nov., a urolithin-producing bacterium isolated from the
human gut. Int J Syst Evol Microbiol, 2014, 64: 23462352

23


https://doi.org/10.1360/SSV-2020-0046
https://doi.org/10.3389/fnut.2021.689456
https://doi.org/10.1248/bpb.29.1751
https://doi.org/10.1248/bpb.29.1751
https://doi.org/10.3389/fmicb.2016.01226
https://doi.org/10.1007/s00253-016-7492-x
https://doi.org/10.1006/abbi.2001.2759
https://doi.org/10.1016/j.bbamem.2022.184015
https://doi.org/10.1021/tx8000785
https://doi.org/10.2174/092986707781368414
https://doi.org/10.1016/S0006-291X(03)01006-4
https://doi.org/10.1007/s10068-022-01058-3
https://doi.org/10.1016/j.ijbiomac.2010.03.009
https://doi.org/10.1016/j.ijbiomac.2010.03.009
https://doi.org/10.1016/j.ijfoodmicro.2006.04.046
https://doi.org/10.1016/j.ijfoodmicro.2006.04.046
https://doi.org/10.1016/j.procbio.2004.02.018
https://doi.org/10.1016/j.resmic.2010.04.006
https://doi.org/10.1016/j.fbio.2015.03.002
https://doi.org/10.3390/antiox14020200
https://doi.org/10.1111/j.1462-2920.2010.02352.x
https://doi.org/10.1111/j.1462-2920.2010.02352.x
https://doi.org/10.1039/C4FO00092G
https://doi.org/10.1099/ijs.0.055095-0

AR5 KA P S 7 YA L B 0 A £ R (I LA 7 Tt e

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

24

Mo J, Ni J, Zhang M, et al. Mulberry anthocyanins ameliorate DSS-induced ulcerative colitis by improving intestinal barrier function and
modulating gut microbiota. Antioxidants, 2022, 11: 1674

Wan F, Zhong R, Wang M, et al. Caffeic acid supplement alleviates colonic inflammation and oxidative stress potentially through improved gut
microbiota community in mice. Front Microbiol, 2021, 12: 784211

Lin R, Piao M, Song Y. Dietary quercetin increases colonic microbial diversity and attenuates colitis severity in Citrobacter rodentium-infected
mice. Front Microbiol, 2019, 10: 1092

Bai X, Gou X, Cai P, et al. Sesamin enhances Nrf2-mediated protective defense against oxidative stress and inflammation in colitis via AKT and
ERK activation. Oxid Med Cell Longev, 2019, 2019: 1-20

Zhang Y, Chang H, Shao S, et al. Anthocyanins from Opuntia ficus-indica modulate gut microbiota composition and improve short-chain fatty
acid production. Biology, 2022, 11: 1505

Ding H, Liu J, Chen Z, et al. Protocatechuic acid alleviates TMAO-aggravated atherosclerosis via mitigating inflammation, regulating lipid
metabolism, and reshaping gut microbiota. Food Funct, 2024, 15: 881-893

Cao S, Guo X, Xin M, et al. Sesamin ameliorates ulcerative colitis by modulating the DUSP1/ERK feedback loop and restoring gut microbiota
homeostasis. Phytomedicine, 2025, 147: 157188

Wu Z, Huang S, Li T, et al. Gut microbiota from green tea polyphenol-dosed mice improves intestinal epithelial homeostasis and ameliorates
experimental colitis. Microbiome, 2021, 9: 184

Ma H, Wang Y, Wei J, et al. Stabilization of hypoxia-inducible factor la and regulation of specific gut microbes by EGCG contribute to the
alleviation of ileal barrier disorder and obesity. Food Funct, 2024, 15: 9983-9994

Tian B, Geng Y, Wang P, et al. Ferulic acid improves intestinal barrier function through altering gut microbiota composition in high-fat diet-
induced mice. Eur J Nutr, 2022, 61: 3767-3783

Han X, Li M, Sun L, et al. p-Hydroxybenzoic acid ameliorates colitis by improving the mucosal barrier in a gut microbiota-dependent manner.
Nutrients, 2022, 14: 5383

Noda S, Tanabe S, Suzuki T. Quercetin increases claudin-4 expression through multiple transcription factors in intestinal Caco-2 cells. J Funct
Foods, 2014, 10: 112-116

Noda S, Tanabe S, Suzuki T. Naringenin enhances intestinal barrier function through the expression and cytoskeletal association of tight
junction proteins in Caco-2 cells. Mol Nutr Food Res, 2013, 57: 2019-2028

Manda B, Mir H, Gangwar R, et al. Phosphorylation hotspot in the C-terminal domain of occludin regulates the dynamics of epithelial junctional
complexes. J Cell Sci, 2018, 131: jcs206789

Suzuki T, Tanabe S, Hara H. Kaempferol enhances intestinal barrier function through the cytoskeletal association and expression of tight
junction proteins in Caco-2 cells. J Nutr, 2011, 141: 87-94

Suzuki T, Yoshinaga N, Tanabe S. Interleukin-6 (IL-6) regulates claudin-2 expression and tight junction permeability in intestinal epithelium. J
Biol Chem, 2011, 286: 31263-31271

Mayangsari Y, Suzuki T. Resveratrol enhances intestinal barrier function by ameliorating barrier disruption in Caco-2 cell monolayers. J Funct
Foods, 2018, 51: 39-46

Yasuda T, Takagi T, Asaeda K, et al. Urolithin A-mediated augmentation of intestinal barrier function through elevated secretory mucin
synthesis. Sci Rep, 2024, 14: 15706

Wu K, Liu X, Meng X, et al. Sauchinone alleviates dextran sulfate sodium-induced ulcerative colitis via NAD(P)H dehydrogenase [quinone] 1/
NF-kB pathway and gut microbiota. Front Microbiol, 2023, 13: 1084257

Zhang H X, Li Y Y, Liu Z J, et al. Quercetin effectively improves LPS-induced intestinal inflammation, pyroptosis, and disruption of the barrier
function through the TLR4/NF-xB/NLRP3 signaling pathway in vivo and in vitro. Food Nutr Res, 2022, 66: 8948

Shakoor H, Feehan J, Apostolopoulos V, et al. Immunomodulatory effects of dietary polyphenols. Nutrients, 2021, 13: 728

Lee S B, Shin J S, Han H S, et al. Kaempferol 7-O-B-D-glucoside isolated from the leaves of Cudrania tricuspidata inhibits LPS-induced
expression of pro-inflammatory mediators through inactivation of NF-kB, AP-1, and JAK-STAT in RAW 264.7 macrophages. Chem-Biol
Interact, 2018, 284: 101-111

Fan J, Li B R, Zhang Q, et al. Pretreatment of IEC-6 cells with quercetin and myricetin resists the indomethacin-induced barrier dysfunction via

attenuating the calcium-mediated JNK/Src activation. Food Chem Toxicol, 2021, 147: 111896


https://doi.org/10.3390/antiox11091674
https://doi.org/10.3389/fmicb.2021.784211
https://doi.org/10.3389/fmicb.2019.01092
https://doi.org/10.1155/2019/2432416
https://doi.org/10.3390/biology11101505
https://doi.org/10.1039/D3FO04396G
https://doi.org/10.1016/j.phymed.2025.157188
https://doi.org/10.1186/s40168-021-01115-9
https://doi.org/10.1039/D4FO02283A
https://doi.org/10.1007/s00394-022-02927-7
https://doi.org/10.3390/nu14245383
https://doi.org/10.1016/j.jff.2014.06.004
https://doi.org/10.1016/j.jff.2014.06.004
https://doi.org/10.1002/mnfr.201300045
https://doi.org/10.1242/jcs.206789
https://doi.org/10.3945/jn.110.125633
https://doi.org/10.1074/jbc.M111.238147
https://doi.org/10.1074/jbc.M111.238147
https://doi.org/10.1016/j.jff.2018.10.009
https://doi.org/10.1016/j.jff.2018.10.009
https://doi.org/10.1038/s41598-024-65791-x
https://doi.org/10.3389/fmicb.2022.1084257
https://doi.org/10.29219/fnr.v66.8948
https://doi.org/10.3390/nu13030728
https://doi.org/10.1016/j.cbi.2018.02.022
https://doi.org/10.1016/j.cbi.2018.02.022
https://doi.org/10.1016/j.fct.2020.111896

SR e

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162
163

164

165

166

167

168

169

170

Boaru D L, Fraile-Martinez O, De Leon-Oliva D, et al. Harnessing the anti-inflammatory properties of polyphenols in the treatment of
inflammatory bowel disease. Int J Biol Sci, 2024, 20: 5608-5672

Marquez-Flores Y K, Villegas I, Cardeno A, et al. Apigenin supplementation protects the development of dextran sulfate sodium-induced
murine experimental colitis by inhibiting canonical and non-canonical inflammasome signaling pathways. J Nutral Biochem, 2016, 30: 143-152
Yarla N S, Bishayee A, Sethi G, et al. Targeting arachidonic acid pathway by natural products for cancer prevention and therapy. Semin Cancer
Biol, 2016, 40—41: 48-81

Moon S'Y, Kim K D, Yoo J, et al. Phytochemicals targeting JAK-STAT pathways in inflammatory bowel disease: insights from animal models.
Molecules, 2021, 26: 2824

He Y, Yue Y, Zheng X, et al. Curcumin, inflammation, and chronic diseases: how are they linked? Molecules, 2015, 20: 9183-9213

Fan F Y, Sang L X, Jiang M. Catechins and their therapeutic benefits to inflammatory bowel disease. Molecules, 2017, 22: 484

Fang W, Zhu S, Niu Z, et al. The protective effect of syringic acid on dextran sulfate sodium-induced experimental colitis in BALB/c mice.
Drug Dev Res, 2019, 80: 731-740

Al-Qarni A M, Eid A A, Albalawi A M, et al. The therapeutic benefits of epigallocatechin gallate in rats with experimentally induced ulcerative
colitis are achieved by influencing inflammation and apoptosis. Ann Gastroenterol, 2025, 38: 526-536

HuR, He Z, Liu M, et al. Dietary protocatechuic acid ameliorates inflammation and up-regulates intestinal tight junction proteins by modulating
gut microbiota in LPS-challenged piglets. J] Anim Sci Biotechnol, 2020, 11: 92

Zhou M, Mao X, Zou L E, et al. Natural dietary flavonoid apigenin mitigates ulcerative colitis via modulating the AMPK/NF-xB/NLRP3
signaling axis. J Agric Food Chem, 2026, 74: 983-997

Wei Q, Jiang H, Zeng J, et al. Quercetin protected the gut barrier in ulcerative colitis by activating aryl hydrocarbon receptor. Phytomedicine,
2025, 140: 156633

Xiong M, Kuang W, Liu Z, et al. Quercetin alleviates ulcerative colitis via regulating gut microbiota and tryptophan metabolism. mSystems,
2025, 10: e00703-25

ZhuL, Xu L Z, Zhao S, et al. Protective effect of baicalin on the regulation of Treg/Th17 balance, gut microbiota and short-chain fatty acids in
rats with ulcerative colitis. Appl Microbiol Biotechnol, 2020, 104: 54495460

Shang K, Zhao Z, Chen H, et al. Anti-inflammatory potential of wampee (Clausena lansium (Lour.) Skeels) polyphenol extract in ulcerative
colitis: gut microbiota and TLR4-p38 MAPK/NF-«kB signaling axis regulation. Foods, 2025, 14: 619

Xiong Y, Cheng Z, Zhang Y, et al. Ellagic acid alleviates DSS-induced ulcerative colitis by inhibiting ROS/NLRP3 pathway activation and
modulating gut microbiota in mice. Eur J Nutr, 2025, 64: 64

Chen J, Ding S, Yang H, et al. Dihydromyricetin improves ulcerative colitis by suppressing NLRP3 inflammasome activation caused by
dysbiosis of gut microbiota. J Inflamm Res, 2025, Volume 18: 17401-17420

Tholl D. Biosynthesis and biological functions of terpenoids in plants. Adv Biochem Eng Biotechnol, 2015, 148: 63-106

Araruna M E, Serafim C, Alves Junior E, et al. Intestinal anti-inflammatory activity of terpenes in experimental models (2010-2020): a review.
Molecules, 2020, 25: 5430

Niu C, Zhang J, Okolo 3rd P I. Plant terpenoids in combination with conventional therapeutics in colorectal cancer: a promising option. Curr
Oncol Rep, 2025, 27: 1041-1053

Masyita A, Mustika Sari R, Dwi Astuti A, et al. Terpenes and terpenoids as main bioactive compounds of essential oils, their roles in human
health and potential application as natural food preservatives. Food Chem-X, 2022, 13: 100217

Ricci C, Saracino I M, Valerii M C, et al. Very-low-absorbable geraniol for the treatment of irritable bowel syndrome: a “real-world” open-label
study on 1585 patients. Nutrients, 2025, 17: 328

Ricci C, Rizzello F, Valerii M C, et al. Geraniol treatment for irritable bowel syndrome: a double-blind randomized clinical trial. Nutrients,
2022, 14: 4208

Garcia C J, Garcia-Villalba R, Moreno D A, et al. 3.10-gut microbiota interactions with dietary terpenoids and nitrogen-containing
phytochemicals. In: Comprehensive Gut Microbiota. San Diego: Elsevier, 2022. 124-148

Huang W, Wang Y, Tian W, et al. Biosynthesis investigations of terpenoid, alkaloid, and flavonoid antimicrobial agents derived from medicinal
plants. Antibiotics, 2022, 11: 1380

Myszka K, Schmidt M T, Majcher M, et al. Inhibition of quorum sensing-related biofilm of Pseudomonas fluorescens KM121 by Thymus

25


https://doi.org/10.7150/ijbs.98107
https://doi.org/10.1016/j.jnutbio.2015.12.002
https://doi.org/10.1016/j.semcancer.2016.02.001
https://doi.org/10.1016/j.semcancer.2016.02.001
https://doi.org/10.3390/molecules26092824
https://doi.org/10.3390/molecules20059183
https://doi.org/10.3390/molecules22030484
https://doi.org/10.1002/ddr.21524
https://doi.org/10.20524/aog.2025.0985
https://doi.org/10.1186/s40104-020-00492-9
https://doi.org/10.1021/acs.jafc.5c15405
https://doi.org/10.1016/j.phymed.2025.156633
https://doi.org/10.1128/msystems.00703-25
https://doi.org/10.1007/s00253-020-10527-w
https://doi.org/10.3390/foods14040619
https://doi.org/10.1007/s00394-024-03577-7
https://doi.org/10.2147/JIR.S545159
https://doi.org/10.3390/molecules25225430
https://doi.org/10.1007/s11912-025-01674-2
https://doi.org/10.1007/s11912-025-01674-2
https://doi.org/10.1016/j.fochx.2022.100217
https://doi.org/10.3390/nu17020328
https://doi.org/10.3390/nu14194208
https://doi.org/10.3390/antibiotics11101380

AR5 KA P S 7 YA L B 0 A £ R (I LA 7 Tt e

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

26

vulgare essential oil and its major bioactive compounds. Int Biodeterior Biodegrad, 2016, 114: 252-259

Ma Z, Wen X, Zhang Y, et al. Thymol alleviates colitis by modulating intestinal barrier damage, gut microbiota, and amino acid metabolic
pathways. J Agric Food Chem, 2025, 73: 7211-7127

Fan Y, Chen Y, Yang H, et al. Carvacrol attenuates mucosal barrier impairment and tumorigenesis by regulating gut microbiome. Transl Oncol,
2025, 58: 102431

Xue C, Jia H, Cao R, et al. Oleanolic acid improved intestinal immune function by activating and potentiating bile acids receptor signaling in
E. coli-challenged piglets. J] Anim Sci Biotechnol, 2024, 15: 79

Honarbakhsh M, Malta K, Ericsson A, et al. B-carotene improves fecal dysbiosis and intestinal dysfunctions in a mouse model of vitamin A
deficiency. Biochim Biophys Acta, 2022, 1867: 159122

De Fazio L, Spisni E, Cavazza E, et al. Dietary geraniol by oral or enema administration strongly reduces dysbiosis and systemic inflammation
in dextran sulfate sodium-treated mice. Front Pharmacol, 2016, 7: 38

Luo L, Yan J, Chen B, et al. The effect of menthol supplement diet on colitis-induced colon tumorigenesis and intestinal microbiota. Am J Transl
Res, 2021, 13: 38

Zang R, Zhou R, Li Y, et al. Oleuropein regulates bile acid metabolism via modulating the gut microbiota, thereby alleviating DSS-induced
ulcerative colitis in mice. Foods, 2025, 14: 1863

Yu L, Yan J, Sun Z. D-limonene exhibits anti-inflammatory and antioxidant properties in an ulcerative colitis rat model via regulation of iNOS,
COX-2, PGE2 and ERK signaling pathways. Mol Med Rep, 2017, 15: 2339-2346

Tian G, Dong F, Fu A, et al. Preventive effect of oleanolic acid on ulcerative colitis caused by dextran sulfate sodium via a PPARy-involved
mechanism in mice. Drug Des Devel Ther, 2025, Volume 19: 11641-11657

Yuan Y, Tian Y, Zhao Z, et al. Oleanolic acid alleviates ulcerative colitis by remodeling Th17 cells via targeting HSP90B-ODC1 pathway-
mediated polyamine synthesis. Phytomedicine, 2025, 148: 157441

Trivedi P P, Jena G B. Mechanistic insight into beta-carotene-mediated protection against ulcerative colitis-associated local and systemic
damage in mice. Eur J Nutr, 2015, 54: 639-652

Xu W, Wang H, Sun Z, et al. Limonene alleviated ulcerative colitis via anti-inflammation, anti-oxidation and regulating intestinal
microenvironment in vivo and in vitro. Inflammopharmacology, 2025, 33: 6287-6305

Liu Y, Yan H, Yu B, et al. Protective effects of natural antioxidants on inflammatory bowel disease: thymol and its pharmacological properties.
Antioxidants, 2022, 11: 1947

Motawea M H, Abd Elmaksoud H A, Elharrif M G, et al. Evaluation of anti-inflammatory and antioxidant profile of oleuropein in
experimentally induced ulcerative colitis. Int J Mol Cell Med, 2020, 9: 224-233

Venkataraman B, Almarzooqi S, Raj V, et al. Molecular docking identifies 1,8-cineole (eucalyptol) as a novel PPARYy agonist that alleviates
colon inflammation. Int J Mol Sci, 2023, 24: 6160

Yang N, Xia Z, Shao N, et al. Carnosic acid prevents dextran sulfate sodium-induced acute colitis associated with the regulation of the Keap1/
Nrf2 pathway. Sci Rep, 2017, 7: 11036

Cheon H J, Nam S H, Kim J K. Tussilagone, a major active component in Tussilago farfara, ameliorates inflammatory responses in dextran
sulphate sodium-induced murine colitis. Chem-Biol Interact, 2018, 294: 74-80

Zhu Q, Zheng P, Chen X, et al. Andrographolide presents therapeutic effect on ulcerative colitis through the inhibition of IL-23/IL-17 axis. Am J
Transl Res, 2018, 10: 465-473

QuR, Li M, Li P, et al. Mitigation of P. gingivalis-exacerbated intestinal inflammation by paeoniflorin through alteration of the gut microbiota.
Microbiol Spectr, 2025, 13: 0000224

Ke W, Wang Y, Huang S, et al. Paconiflorin alleviates inflammatory response in IBS-D mouse model via downregulation of the NLRP3
inflammasome pathway with involvement of miR-29a. Heliyon, 2022, 8: 12312

Luo L, Yan J, Chen B, et al. The effect of menthol supplement diet on colitis-induced colon tumorigenesis and intestinal microbiota. Am J Transl
Res, 2021, 13: 38-56

Zhu L, Song Y, Liu H, et al. Gut microbiota regulation and anti-inflammatory effect of B-carotene in dextran sulfate sodium-stimulated
ulcerative colitis in rats. J Food Sci, 2021, 86: 2118-2130

Alves de Almeida A C, de-Faria F M, Dunder R J, et al. Recent trends in pharmacological activity of alkaloids in animal colitis: potential use for


https://doi.org/10.1016/j.ibiod.2016.07.006
https://doi.org/10.1021/acs.jafc.4c10406
https://doi.org/10.1016/j.tranon.2025.102431
https://doi.org/10.1186/s40104-024-01037-0
https://doi.org/10.1016/j.bbalip.2022.159122
https://doi.org/10.3389/fphar.2016.00038
https://doi.org/10.3390/foods14111863
https://doi.org/10.3892/mmr.2017.6241
https://doi.org/10.2147/DDDT.S560422
https://doi.org/10.1016/j.phymed.2025.157441
https://doi.org/10.1007/s00394-014-0745-5
https://doi.org/10.1007/s10787-025-01974-w
https://doi.org/10.3390/antiox11101947
https://doi.org/10.3390/ijms24076160
https://doi.org/10.1038/s41598-017-11408-5
https://doi.org/10.1016/j.cbi.2018.08.022
https://doi.org/10.1128/spectrum.00002-24
https://doi.org/10.1016/j.heliyon.2022.e12312
https://doi.org/10.1111/1750-3841.15684

SR e

194

195

196
197

198

199

200

201

202
203

204

205

206

207

208

209

210

211

212

213

214

215

216

inflammatory bowel disease. Evid-Based Complement Alternat Med, 2017, 1: 8528210

Peng J, Zheng T T, Li X, et al. Plant-derived alkaloids: the promising disease-modifying agents for inflammatory bowel disease. Front
Pharmacol, 2019, 10: 351

Yang Y, Xiao G, Cheng P, et al. Protective application of Chinese herbal compounds and formulae in intestinal inflammation in humans and
animals. Molecules, 2023, 28: 6811

Habtemariam S. Berberine pharmacology and the gut microbiota: a hidden therapeutic link. Pharmacol Res, 2020, 155: 104722

Sun X, Zhang Y, Cheng G, et al. Berberine improves DSS-induced colitis in mice by modulating the fecal-bacteria-related bile acid metabolism.
Biomed Pharmacother, 2023, 167: 115430

Domadia P N, Bhunia A, Sivaraman J, et al. Berberine targets assembly of Escherichia coli cell division protein FtsZ. Biochemistry, 2008, 47:
3225-3234

Khameneh B, Iranshahy M, Soheili V, et al. Review on plant antimicrobials: a mechanistic viewpoint. Antimicrob Resist Infect Control, 2019,
8: 118

Beuria T K, Santra M K, Panda D. Sanguinarine blocks cytokinesis in bacteria by inhibiting FtsZ assembly and bundling. Biochemistry, 2005,
44: 16584-16593

Mao N, Yu'Y, He J, et al. Matrine ameliorates DSS-induced colitis by suppressing inflammation, modulating oxidative stress and remodeling the
gut microbiota. Int J Mol Sci, 2024, 25: 6613

LiP, Lei J, Hu G, et al. Matrine mediates inflammatory response via gut microbiota in TNBS-induced murine colitis. Front Physiol, 2019, 10: 28
CaoJ W, Chen M Y, Xu R, et al. Therapeutic mechanisms of berberine to improve the intestinal barrier function via modulating gut microbiota,
TLR4/NF-kB/MTORC pathway and autophagy in cats. Front Microbiol, 2022, 13: 961885

Hu Y, Wang Y, Gao H, et al. Piperine improves DSS-induced colitis in mice via inhibition of inflammation and modulation of gut microbiota.
Phytother Res, 2025, 39: 3197-3211

Hu D, Wang Y, Chen Z, et al. The protective effect of piperine on dextran sulfate sodium induced inflammatory bowel disease and its relation
with pregnane X receptor activation. J Ethnopharmacol, 2015, 169: 109-123

Tan B, Zhang J, Kang A, et al. Coptisine activates aryl hydrocarbon receptor to regulate colonic epithelial homeostasis in DSS induced
ulcerative colitis and TNF-a challenged intestinal organoids. Phytomedicine, 2025, 145: 157054

Li C, Deng L, Pu M, et al. Coptisine alleviates colitis through modulating gut microbiota and inhibiting TXNIP/NLRP3 inflammasome. J
Ethnopharmacol, 2024, 335: 118680

Cui H, Cai Y, Wang L, et al. Berberine regulates Treg/Th17 balance to treat ulcerative colitis through modulating the gut microbiota in the
colon. Front Pharmacol, 2018, 9: 571

Lv Q, Wang K, Qiao S, et al. Norisoboldine, a natural AhR agonist, promotes Treg differentiation and attenuates colitis via targeting glycolysis
and subsequent NAD"/SIRT1/SUV39H1/H3K9me3 signaling pathway. Cell Death Dis, 2018, 9: 258

Meng G, Li P, Du X, et al. Berberine alleviates ulcerative colitis by inhibiting inflammation through targeting IRGM1. Phytomedicine, 2024,
133: 155909

Zhou Y, Liu H, Song J, et al. Sinomenine alleviates dextran sulfate sodium-induced colitis via the Nrf2/NQO-1 signaling pathway. Mol Med
Report, 2018, 18: 3691-3698

Yan F, Wang L, Shi Y, et al. Berberine promotes recovery of colitis and inhibits inflammatory responses in colonic macrophages and epithelial
cells in DSS-treated mice. Am J Physiol Gastrointestinal Liver Physiol, 2012, 302: G504-G514

LiC, Xi Y, Li S, et al. Berberine ameliorates TNBS induced colitis by inhibiting inflammatory responses and Th1/Th17 differentiation. Mol
Immunol, 2015, 67: 444-454

Zhao N, Shen M, Zhao R, et al. Sanguinarine alleviates ulcerative colitis in mice by regulating the Nrf2/NF-kB pathway. J South Med Univ,
2024, 44: 1467-1475

Li X, Wu X, Wang Q, et al. Sanguinarine ameliorates DSS induced ulcerative colitis by inhibiting NLRP3 inflammasome activation and
modulating intestinal microbiota in C57BL/6 mice. Phytomedicine, 2022, 104: 154321

XiaHM, LiY, Li Y Y. Effect and mechanism of total alkaloids of Corydalis yanhusuo on ulcerative colitis in mice (in Chinese). Tradit Chin
Drug Res Clin Pharmacol, 2022, 33: 777-785 [ TH], 2, 280, JE BB MBI 52 1 46 0 98 /1N BRI AR T R LI WE 7. 22 5
PR 2453, 2022, 33: 777-785]

27


https://doi.org/10.1155/2017/8528210
https://doi.org/10.3389/fphar.2019.00351
https://doi.org/10.3389/fphar.2019.00351
https://doi.org/10.3390/molecules28196811
https://doi.org/10.1016/j.phrs.2020.104722
https://doi.org/10.1016/j.biopha.2023.115430
https://doi.org/10.1021/bi7018546
https://doi.org/10.1186/s13756-019-0559-6
https://doi.org/10.1021/bi050767%2B
https://doi.org/10.3390/ijms25126613
https://doi.org/10.3389/fphys.2019.00028
https://doi.org/10.3389/fmicb.2022.961885
https://doi.org/10.1002/ptr.8491
https://doi.org/10.1016/j.jep.2015.04.006
https://doi.org/10.1016/j.phymed.2025.157054
https://doi.org/10.1016/j.jep.2024.118680
https://doi.org/10.1016/j.jep.2024.118680
https://doi.org/10.3389/fphar.2018.00571
https://doi.org/10.1038/s41419-018-0297-3
https://doi.org/10.1016/j.phymed.2024.155909
https://doi.org/10.3892/mmr.2018.9378
https://doi.org/10.3892/mmr.2018.9378
https://doi.org/10.1152/ajpgi.00312.2011
https://doi.org/10.1016/j.molimm.2015.07.013
https://doi.org/10.1016/j.molimm.2015.07.013
https://doi.org/10.1016/j.phymed.2022.154321

AR5 KA P S 7 YA L B 0 A £ R (I LA 7 Tt e

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

28

Jin S, Cheng X, Han F, et al. Total alkaloids of Corydalis saxicola Bunting ameliorate ulcerative colitis through regulation of metabolite
networks and gut microbiota. Front Pharmacol, 2025, 16: 1721116

Jiang Q, Jiang C, Lu H, et al. Camellia oil alleviates DSS-induced colitis in mice by regulating the abundance of intestinal flora and suppressing
the NF-kB signaling pathway. J Funct Foods, 2023, 108: 105777

Thomas S S, Cha Y S, Kim K A. Perilla oil alleviates high-fat diet-induced inflammation in the colon of mice by suppressing nuclear factor-
kappa B activation. ] Med Food, 2020, 23: 818-826

Visioli F, Davalos A, Lopez de Las Hazas M C, et al. An overview of the pharmacology of olive oil and its active ingredients. Br J Pharmacol,
2020, 177: 1316-1330

Zheng C J, Yoo J S, Lee T G, et al. Fatty acid synthesis is a target for antibacterial activity of unsaturated fatty acids. FEBS Lett, 2005, 579:
5157-5162

Plecha S C, Withey J H, DiRita V J. Mechanism for inhibition of Vibrio cholerae ToxT activity by the unsaturated fatty acid components of bile.
J Bacteriol, 2015, 197: 1716-1725

Ripoll-Rozada J, Garcia-Cazorla Y, Getino M, et al. Type IV traffic ATPase TrwD as molecular target to inhibit bacterial conjugation. Mol
Microbiol, 2016, 100: 912-921

Garcia-Cazorla Y, Getino M, Sanabria-Rios D J, et al. Conjugation inhibitors compete with palmitic acid for binding to the conjugative traffic
ATPase TrwD, providing a mechanism to inhibit bacterial conjugation. J Biol Chem, 2018, 293: 16923-16930

Yang H T, Chen J W, Rathod J, et al. Lauric acid is an inhibitor of clostridium difficile growth in vitro and reduces inflammation in a mouse
infection model. Front Microbiol, 2017, 8: 2635

LiuL, He Y, Wang K, et al. Metagenomics approach to the intestinal microbiome structure and function in high fat diet-induced obesity in mice
fed with conjugated linoleic acid (CLA). Food Funct, 2020, 11: 9729-9739

Matsue M, Mori Y, Nagase S, et al. Measuring the antimicrobial activity of lauric acid against various bacteria in human gut microbiota using a
new method. Cell Transplant, 2019, 28: 1528-1541

Yamano H, Horike H, Taguchi Y, et al. Maternal administration of octanoate, a medium-chain fatty acid, improves feed efficiency of Japanese
black calves through influencing gut bacteriome structure. Sci Rep, 2025, 15: 33557

Balderrama-Goémez A, Muifioz-Pérez V M, Ortiz M 1, et al. Using caprylic acid for the prevention and treatment of Helicobacter pylori infection
and gastric cancer: a review. Metabolites, 2025, 15: 629

Zhu M, Zhang X, Zhang J, et al. The gut-bone axis: mechanisms through which oleic acid regulates bone metabolism and its potential in
preventing and treating osteoporosis. Front Nutr, 2026, 13: 1745125

Gao X, Chang S, Liu S, et al. Correlations between a-linolenic acid-improved multitissue homeostasis and gut microbiota in mice fed a high-fat
diet. mSystems, 2020, 5: €00391-20

Gao S, He Y, Zhang L, et al. Conjugated linoleic acid ameliorates hepatic steatosis by modulating intestinal permeability and gut microbiota in
ob/ob mice. Food Nutr Res, 2022, 66: 10

Miyamoto J, Mizukure T, Park S B, et al. A gut microbial metabolite of linoleic acid, 10-hydroxy-cis-12-octadecenoic acid, ameliorates
intestinal epithelial barrier impairment partially via GPR40-MEK-ERK pathway. J Biol Chem, 2015, 290: 2902-2918

Miao F, Shan C, Ma T, et al. Walnut oil alleviates DSS-induced colitis in mice by inhibiting NLRP3 inflammasome activation and regulating gut
microbiota. Microb Pathog, 2021, 154: 104866

Reifen R, Karlinsky A, Stark A H, et al. a-linolenic acid (ALA) is an anti-inflammatory agent in inflammatory bowel disease. J Nutral Biochem,
2015, 26: 1632-1640

Bartoszek A, Makaro A, Bartoszek A, et al. Walnut oil alleviates intestinal inflammation and restores intestinal barrier function in mice.
Nutrients, 2020, 12: 1302

Wang J, Huang N, Xiong J, et al. Caprylic acid and nonanoic acid upregulate endogenous host defense peptides to enhance intestinal epithelial
immunological barrier function via histone deacetylase inhibition. Int Immunopharmacol, 2018, 65: 303-311

LiuY, Guo M, Li Y, et al. a-Linolenic acid regulates macrophages via GPR120-NLRP3 inflammasome pathway to ameliorate diabetic rats. J
Funct Foods, 2022, 99: 105348

Todorov H, Kollar B, Bayer F, et al. a-linolenic acid-rich diet influences microbiota composition and villus morphology of the mouse small
intestine. Nutrients, 2020, 12: 732


https://doi.org/10.3389/fphar.2025.1721116
https://doi.org/10.1016/j.jff.2023.105777
https://doi.org/10.1089/jmf.2019.4675
https://doi.org/10.1111/bph.14782
https://doi.org/10.1016/j.febslet.2005.08.028
https://doi.org/10.1128/JB.02409-14
https://doi.org/10.1111/mmi.13359
https://doi.org/10.1111/mmi.13359
https://doi.org/10.1074/jbc.RA118.004716
https://doi.org/10.3389/fmicb.2017.02635
https://doi.org/10.1039/D0FO02112A
https://doi.org/10.1177/0963689719881366
https://doi.org/10.1038/s41598-025-18490-0
https://doi.org/10.3390/metabo15090629
https://doi.org/10.3389/fnut.2026.1745125
https://doi.org/10.1128/mSystems.00391-20
https://doi.org/10.29219/fnr.v66.8226
https://doi.org/10.1074/jbc.M114.610733
https://doi.org/10.1016/j.micpath.2021.104866
https://doi.org/10.1016/j.jnutbio.2015.08.006
https://doi.org/10.3390/nu12051302
https://doi.org/10.1016/j.intimp.2018.10.022
https://doi.org/10.1016/j.jff.2022.105348
https://doi.org/10.1016/j.jff.2022.105348
https://doi.org/10.3390/nu12030732

R 2 Al

240 Yang J, Liu S, Zhao Q, et al. Gut microbiota-related metabolite alpha-linolenic acid mitigates intestinal inflammation induced by oral infection

with Toxoplasma gondii. Microbiome, 2023, 11: 273

Advances in plant bioactive components regulating mammalian
intestinal health

FENG Chun, PAN XiaoPeng, ZHANG RuiYing, YU Li" & LIU ChunBing"

State Key Laboratory for Conservation and Utilization of Bio-Resources in Yunnan, School of Life Sciences, Yunnan University,
Kunming 650500, China
* Corresponding authors, E-mail: yuli@ynu.edu.cn; liuch@ynu.edu.cn

Intestinal health is fundamental to maintaining overall homeostasis of the body. Recent studies have confirmed that gut microbiota
dysbiosis, impaired intestinal barrier function, and abnormal immune and inflammatory responses are core pathological mechanisms
underlying the development of various gut-related diseases. In this context, plant bioactive compounds from diverse sources and with
high biological safety have become a research hotspot in the field of intestinal health regulation due to their unique advantages in
multi-target and holistic regulation. This review systematically summarizes the regulatory effects and potential molecular mechanisms
of five major categories of plant bioactive compounds—polysaccharides, polyphenols, terpenoids, alkaloids, and plant oils (fatty
acids)—on mammalian intestinal health. Our analysis reveals both commonalities and distinct regulatory biases in their mechanisms
of action. At the common level, these compounds generally act in synergy to maintain intestinal homeostasis by remodeling the gut
microbiota composition, enhancing intestinal barrier integrity, and regulating intestinal inflammation and immune responses. At the
specific level, polysaccharides mainly exert prebiotic-like effects through substrate fermentation and short-chain fatty acid
production; polyphenols display a dual role characterized by both prebiotic-like activity and signaling pathway regulation; terpenoids
mainly rely on their lipophilic structural properties to exert membrane-associated effects and anti-inflammatory activities; alkaloids
exhibit strong target-oriented immunomodulatory characteristics; and plant oils (fatty acids) are mainly involved in intestinal
homeostasis through G protein-coupled receptor (GPR)-mediated lipid signaling pathways. Collectively, this review provides an
important theoretical basis for further elucidating the physiological functions of plant bioactive compounds, and scientific support for
the research and development of functional foods and the application of the “medicine and food homology” strategy in maintaining
intestinal health, thereby holding significant academic value and practical application prospects.
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