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Mechanism of traditional Chinese medicine regulating Akkermansia muciniphila
to improve inflammatory bowel disease from perspective of gut microecology
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Abstract: Akkermansia muciniphila (AKK) is a key commensal bacterium colonizing the intestinal mucus layer, playing a crucial role
in maintaining intestinal barrier integrity, regulating immune homeostasis and participating in metabolic control. Recent studies indicate
that the abundance of AKK is significantly reduced in the intestines of patients with inflammatory bowel disease (IBD), with its
dynamic changes closely correlated with disease activity. Animal experiments demonstrate that supplementing this bacterium or its
functional proteins can alleviate intestinal inflammation by regulating the “intestinal barrier-immune inflammation-metabolism” triple
pathway. However, under specific pathological conditions, AKK may also exacerbate barrier damage by excessively degrading the
mucus layer, suggesting that they exhibit significant context-dependent bidirectional regulatory characteristics. Traditional Chinese
medicine (TCM) and its active components can bidirectionally regulate the abundance and function of AKK through multiple pathways,
including the direct supply of nutritional substrates, promotion of mucus secretion, remodeling of the microbial community structure
and regulation of metabolic interactions, thereby maintaining the homeostasis of the gut microbiome and exerting an anti-IBD effect.

This article systematically reviews the dual mechanisms of action of AKK in IBD and their roles in intestinal barrier repair, immune
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regulation and metabolic remodeling. It focuses on summarizing research progress of TCM in improving IBD by targeting the AKK-

mediated “microbiota-barrier-immunity” axis, with the aim of providing a theoretical basis and research directions for TCM microbiota

intervention strategies based on the regulation of key bacteria.
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FH NS940 AKK 3o 55 B4 5 1581,

HEZ T, REESTFILERET TR
(epigallocatechin gallate, EGCG). £%JiR%E 2 M2k
A ) 2 T A P P ““ e e e 4 7 A, o,
EGCG fghy 23 %4 AKK %577 SCFAs WHIEE, H
FITAZiE SCFAs A2, AMY AT B L7 FZ
B R EE DS R B BB D RE, 38 nT P R R T
% PUAWAN, B EEMEEI % T SIEBES, IF
H FMT SESGUFSEZH4E W 98 BN EAT 56 4% B B AR
k. BbAh, SRIRER R AR IR LA SE AR
(R, 50T & 48 AKK, FH40ifiI NF-xB SR B
by FIEIERAF (A0 IL-6. TNF-o. IFN=y ). I
DR AR R A (CD3' T 40fd. CD177 v
FIZNHAN FA/80 EMELNAR) HUIRIE, @I A i
HELE 0 5 G35 S Sk A 23 IBDISO-611,

2R TR IR R 2RI “TE R
I yEIMAREE” 2 2, HAUH T AKK FFREE AT
MR “ B RHR” VR I7 SR A A AR . s
T 24 o B A ) A P 1 T AR ) A B R R AR T
REONL, KRBT HREE CURRIFARE” R AR % AR
PEFRIEL AKK A2 B i  alE ) & AL E
ARSI, MR T Z2EZ%E IBD I OCHIT.
224 HREEDER S YD R
CUIRAYFI I FE 3, HIB97 IBD 3508 3 B AR 5
T il R A S R Y, Hnt AKK (1R 45
SERBENLI 2 — o CABE R, 32 BE 1 sy Cn
SRR/ INBERR 5 HOE R AR T I R 4 i 4 41
TR PR T Bl R LI S A LK T
RIFGRITER©, HAONUIAE T BB e T 45 %6
RN IZTE R AKK FRE0-04, DUk R HEal, F
YBITNE T 2 B A FE S TEE S AKK [
NI A B A B B 25 AL 105670, ik S () TR A D e ] 3
T8 E KA SRS S Z R RS0, R
RE 0] TXNIP/NLRP3 #8REAIMASEE 415 5 18 4 2%
R0, i 7 @ “ -l -
P27 AR AL .

BEAh, At A 24 SRR I AR B A Bt S B
FAARIE R TT RS, B, Hh 25 PR T AT AR A HL
VI AR DB B o BEAR T AKK 55F 2 1 = %
I [E % PPAR/NF-kB/INOS 2575 & 4 i {5 58
Pl08], T N I B E A, N AKK R
FLERAT R 556 o I AR XS £ B, 11 2 AR SR 46
W de: RS EREARELSRGERE . K
5 Treg/Th17 ST, FRARME 2 R F7KF DL Ak
HAMWNBECRES, g8 EATR, %, A &
SER AR EE Ry, Al AKK X
— KRB, PhIF e IE MR SRR
Wi Ty e 428 S 0 g JONE I B, e 4 K HE ST IBD
RLo MR ZPEEIR KT, VRN 2 B
CHEFETE A BHRAREE” MR, ATE I SRS
SR AKK FERIEER . %R MTER
AR E TR AT BRI TSGR B
T8 R FEIREE, AT B0 i iR A A
225 HFHREFERS PEFNR MERER
2R, A SRR IE R R B 12 L IhRE RO
PRI IR, MEARZE. 1E I AR DR
ZOP SR, 2R 2 B REr, WA BT,
=R AT 20074, 34k e I n] i R
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AKK, M7 B i A 5 AR, I AT
IBD i1, X AL gh e im i A # R B LUG 7
PR T IR A e R, TR EPIAS R Rg M
CK HJRedeIt AKK 5A it F 12, Heikta iR
WP A 0T, FE—22 1) FMT SRR, AZ
A CK X IBD FIZZ A E AT 50 5 1) B i 1w
i, Zr B R E B AKK RIELR 8
Lactobacillus = J& VAo§ 35 Izl o8 B i, st e
AT R UR S R ARU I & i, NS 75 & 12
TR FE SR, Rt EREE, KIETIR
TERUY. NZVEENERE, ASREE MM
ZRERE, JLOCAEMRARERT ROSRR, IERE TE
A AKK DS EGERE . RE “MBEih”
Y B Al R R R, RVRUZE I 7R 8 B 4F MUC 1
AKK $2 4t T RAF i 54 S .

H5ANSB2H CK K8l, = tBHRENEmR
TE PRI T e B I i s S AT TSR
Ht/DSS 75 345 1 2 dk R & it il b, =t
HATRE M L AKK FJ, [FIR I 5m in h i 5%
HERE F R TERRACIR R 4B M PR 17K, AT ik
BEE AU, AKK ENZHEEE PR ORI SRS E R,
RAMSEIGIESE AKK 7] BB FRAR 2 4815 5 1 4
IL-1B Al TNF-o 7KF-0 X — 4IRS =LA R 7R

AP R RN B AT, R AKK 2 =-EE 2
HRETE RN 38 . KA
A I B AR RZ (AN i e 28 S A B AT A
%, RN AR REER, 2 TR
PR AKK, JEId BB E A, DLV e R
WG 7 BN HISECR M Th7 4034, FHE R 52
W b R BEbE TR, EH %M IBD SR
I, 34 RE A 25 i o AH < 45 L e 1) i 8 AR ik
PR, g b, RAEREMMEN AR, FRIE
[ A7 AR, ArE e Bt AKK 7€ 15 R e
B2 REE IBD VGIT/EH, AE “MBEANFERZ
A7 BRAE T BN E AR RS R S

Hh 24 FRLR 24 I AT BB o3 A 25 W 9% Hh A H
PR 2.
3 HiESRE

WABFEY, HETr. BRIRE R ISR
SriEI AR PR SRS AR S IR R A
V¥ SCFAs AR B HFE SRS Thl7/Treg
52 @%, WFRMEIELL AKK AR RIS
AWML, AILT ) BT 2T W
BRI, N “ENERIAR” “TEILR” &
TR RS TR AL ATIE R IR A
SRIMT, RV SCECR AT I, i AUEAT) b T AL

®2 PHBERGREBYESEEHRKFEERHLE

Table 2 Mechanisms of TCM single herbs and their active components in colitis

25 FARZY AL AKK T E 9 il FERETheedl  feEmRii oo
EHE S 2
LWL RS DSS%ES 1 ng%  |IL-17a. IL-6. IL- — 1SCFAs 42
22, TNF-a, 1IL-
10. TGF-B
WL DSSiES 1 %% |IL-6. IL-1p. TNF- 1ZO-1.Occludin. | $SCFAs 44
o, 1IL-10 FRARGH A
EEL N DSS#ES 1 12 JIL-6 . TNF-a , fMUC2. #4R4H — 11
11L-10 i £
LY RES DSS#%ES 1 0%  |TNF-a . IFN-y. 1ZO-1. #iR4i — 41
MCP-1. PGE2 e
KM ZH  DSSIEST 1 %%  JIL-1p . IL-6 . 1Claudin-1. ZO- 1SCFAs 44
TNF-a. MPO 1
HARZ B DSS#ES | n%%  |TNF-a . IL-18. - i3 SCFAs. 46
IL-1p RAER. M
RS
hRTZ b DSSiES | %  |TNF-a. IL-6. IL- — 1 SCFASs 47

17« IL-23 . IL-
1B, 1IFN-y. IL-4
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#) woksy B AKK PRIl mROMAEH  RCETBEL ok
IR SR
ElTES HEIACEFE  DSS 1 0%  |TNF-a . IL-6 . 1ZO-1 . 1 FXR{E5@H 48-49
FN-y. IL-18. IL- MUC2, W A% R R
17a MoK A AR
e
HERAZE  DSS 1 %%  |TNF-o. . IFN-y .  {Claudin-1 . 1SCFAs 50
IL-6 . IL-1p Z0-1
LP . MCP1 . Occludin
PGE2 . TLR4/
NLRP3-NF-kB 1%
Eepiil
EEET DSS 1t n%%  |TNF-a. IL-6.NF- - - 12
xB 15 5@ %,
1p-p65/p65 1&
Mg & K HAT DSS 1 ng - - TNEARR S 28 52
A4 M10 e, A
Jlg Wi mR
—E R DSS 1 %% |IL-6. IL-1B. TNF- fOccludin . I fEMAET 53
o, 1IL-10, BOE Z0-1 PR A 5t
FXR/TGRS 15 5
S
FIRFE DSS | N%%  |IL-6. IL-1B. TNF- % 3% fip i it - 6
o EWE4IH M1 b e
WAk, 11IL-10
TNBS 1 ng% - MUC2  « 1A HAREYHE 5
MUC4, Pk W3- TR
AR R 4
E41iES SEI= TNBS 1t IZ%  |SAA.MPO. Lcn2. - TRTR 55
CD4TFN-y* T 41
Jifi. CD4'IL-17*T
MpHE, F5
Treg 4 & .
CD4'IL-10" T 4H
H &1
DSS | 0%  |GM-CSF. IFN-y. - — 56
IL-2. IL-1B. IL-
6 . KCIGRO .
TNF-o
FHIA R A DSS 1 m%  |IL-1B . MCP-1. 1Occludin . - 57
IL-6, 1TGF-B Z0-1
FHEH T B DSS | %% |IL-1B. MCP-1. IL- - 1SCFAs 58
6, B&{% D3+ T 41
Jil. CD177+H kL

4HR. F4/80" B
YHHIREFEE
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, , - J TE R ) o , . ,
255 Ak A AKK e TP 9 REFill BEERTIReEN  RUEMARMRET SOk
E4ES EGCG DSS 1t 1% |IL-6. TNF-a, 191 JiEEE 1SCFAs 59
AL S
Iinm{ERR DSS 1 n%%  |IL-6. IFN-y. TNF- — - 60
a~ NF-«xB 15 58
%, P& CD3*T
41 fe . CD177+
W kL 4T A
F4/80* B Mk 4
J R T AR
NGz DSS 1t %%  |IL-6. IFN-y. TNF- - - 61
a- NF-«xB 15 5 i@
%, B#{K CD3*T
L. CD177+H
L YA T
F4/80* B I 41l A
R TR
AV EiE DSS 1t ng - - 1SCFAs 63-64
TR DSS 1 %%  |TXNIP/NLRP3 # - - 65
JiE/MAE S IR R
/NBET, DSS 1 ng - 1Claudin-1 PRI R AU 66
TNBS 1 %%  |TNF-o. INF-y, IL- - — 67
4, IL-6. IL-17a,
CD4/CD8. Treg Lt
N E S
PR EFAR AR DSS 1 0% i % PPARyNF- - - 68
gy kB/ANOS {5518
B DSS 1 0% A9 Treg/Th17 T4  1Occludin . - 69
Z0-1
L= NS B R DSS 1 ng%  |IL-2. TNF-a - MOERAHY) 70
NS RBH CK DSS 1 1%  |IL-6. IL-1B, 1Trp/ 1Occludin . {EEBRNREY 71
AhR/IL-22 Z0-1
LR DSS 1 12 JIL-1B+ IL-17a+  1Occludin . - 73
TNF-a. Th17 % 20-1 . E-
&=, W Thi7/ cadherin .
Treg V- flif MUC2
IR DSS 1t 2% |Th17 Lt — — 74

AR, TER-MRAESG, b - nefeat, |-/ aamil], —Rigk.

I-dependent; II-highly relevant; f-increase or promotion; |-decrease or inhibition; —-not mentioned.

RS IR R AL SRR BE . B 102 20 7547 DA
KoM A, AKK 7EH 25T IBD i A2 1 “ 2
P 5“7t MARBRRERGRIE. AkFEd
WAREAE . RE R PERIS] . CEAIBE TR, W
B AEAS R A R R SR AL . Bbak, 5
% BY 2 ) A7 J 1 1R B 42 () Bl IR Bl d e Rk
N, DARGRm B A TR R B MRS

Ak, VyBRZIRNEMT, A RO R T AR B 1
HER

M ERBARE, ARSI 2% AKK 1
ISR I “TEIGR B, ANETHRE” HIZG PR E
HA WS &% “ k- BE- S g A B
RiR R, A EEER AL R T IR
Seft THTHIBE AR SR . A A SRR KRR T30
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RIZA 27 AR AL I b Th BT TE B BN A JE
52 2RI X R E IR, RGN T 25-AKK-15
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