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Abstract: Lipid metabolism disorders have emerged as a global health challenge, and gut
microbiota dysbiosis, along with the consequent metabolic endotoxemia, are key factors promoting
this pathological process. This review summarizes the molecular mechanisms by which natural
active components (NACs) improve lipid homeostasis through targeted modulation of gut
microecology. At the microecological intervention level, NACs optimize the microbiota structure
by increasing the abundance of functional bacteria such as Bifidobacterium and Akkermansia
muciniphila, while inhibiting the proliferation of opportunistic pathogens like Desulfovibrio. At the
“metabolite-host™ interaction level, the lipid-lowering mechanisms mainly involve two aspects.
The first is the targeted effects of metabolites, wherein short-chain fatty acids, secondary bile acids,
and phenolic acid derivatives specifically modulate metabolic targets including 3-hydroxy-3-
methylglutaryl-coenzyme A reductase and fatty acid synthase. The second is the host signaling
responses, wherein the aforementioned metabolic mediators synergistically modulate key signaling
nodes, such as adenosine 5'-monophosphate-activated protein kinase (AMPK)/sterol regulatory
element-binding protein-1c (SREBP-1c) and peroxisome proliferator-activated receptors (PPARSs),
to inhibit de novo lipogenesis and promote fatty acid f-oxidation, while simultaneously inhibiting
the Toll-like receptor 4 (TLR4)/nuclear factor-kappa B (NF-kB) pathway to alleviate inflammation-
associated abnormal lipid deposition. The “component-microbiota-metabolite-host signaling”
regulatory mechanism outlined herein provides a theoretical reference for elucidating the
pharmacodynamic material basis of NACs and developing gut microecology-based personalized
nutritional intervention strategies.

Keywords: natural active components; gut microbiota; lipid metabolism; metabolites; signaling
networks

M1, DAEEAAE SIS F(non-alcoholic i1 [ ¥ (gut microbiota, GM)/E A1 EAR G A 1
fatty liver disease, NAFLD) MR K MG BRI 2R 028 LA, HARRAS KA 508 i I 5
LR AR 2 ERE AL A GHL, 2RI feE AL A8 MR RE VA P, g
FERE C R 6.512, BB ARSI 39%" . EH, GM NMISS5EFRYRTHE LW, i
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TG B 53 A S BE AR T 2 (short-chain fatty
acids, SCFAs). HHV1 R (bile acids, BAs) } iy FR 11T
A= A ORI RN 43, M) AR A R
I 1 1k 25 F 3% [ (adenosine 5’-monophosphate-
activated protein kinase, AMPK) . i %8 1k ¥ il 1A
HA B W) 100G 37 K (peroxisome proliferator-activated
receptors, PPARs) & Toll ¥ 5% K 4 (Toll-like
receptor 4, TLR4)/# [H 1--xB (nuclear factor-kappa
B, NF-«B) 35205 5 AL, DT 2052 1 i o
MG, s SiE PO, ik, #m &Y
0 3 AR 2 R T T P R 1Y B AT Y
D7l

K SR 3 M A 43 (natural active components,
NACs)ZE T HAF Kb iE . RA 2
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Ko+, HHRER, XEEHEER T A BUAL .
Proe . iy . AR | i R
P2 AR R S B HOoR IR Z et
W3, WY CGEE ., 28, w2 EY 2
B SR CRRERR T MR SO T AR D R
FAREW IR (TR 288 . IR R) &5 2128
SO M T2 A B2 A AR ) AR )
B B i 24P XU S5 P, NACs AR R 1Y
YA ERRERIEN, BAESKREES
25 T Fil g 50 v NACs i i DA HUY (22 o pL 4R
W) 55 52 2 53 T AU R R VR 5 XA« 2
G- 280 - 2238 B )RR G R T A A s o A
AL M TE A S R A PR T A R SRS T
Hemgl Pl B B HARM A E, NACs HIBF
5% 1F DAL 38 1 28 50 1k 1 38 20 TR A 28 1 1Y
SRR, RSN, b G A
-1 B HAE R L8 UGS IR B i Ay B
EL A 2 i AT A 5T s el

BT, A SO A S -1
T EAE 2 4R, 45 NACs B FEEHLH]
TEWRFSS M2, B AT NACs Wfel i i §2
T XU #F 5 J& (Bifidobacterium) 5 W % 85 H Bl v
2 [ (Akkermansia muciniphila, AKK) %5 31 5 B
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15 FAEHEEEY 2z, T E)R(Enterobacter)
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citrinopileatus) RV 1) B-H MM, HEA R
oy 1 R o7 SRS W ZE R RRAE , (i 2 A
BORMPUIHAYE, BER RN, T oA
FPHECIR B (Blautia) . % W5 LR & (Roseburia)
T R BRI, X ST R W
B- I SR BRR FLR A R I SRME , sFmife i iz
25 T AR AR RO R T A ) AT VA S OR AT v
PEZH A3 SE[RIME T, TSV ER 20 an 4 4 22 0% ) B
PRTRE R T, AN T A L 0 ) 3 o 48 o BB AR R
U B I Bl G [ B R R AR K R B
DLZZ ff B B o AR I B BEZE R A, LU A =il
HAHY C-24 WIS AS,7 XUHLEH 1] 44 R
(Clostridium) 35 40T ) {5 B SR S
A R R D R L, JfE s
P00 R I R e 5 A A ) 4 PR B
PP EBELS H B VE R Z 2R A X GM Y
AR AE F 3 2 e T il 2 R 0 B Mt oo
SERRRAE, IS A 3 AR R R '
IR AT Ao SRR AR T R A AR T
(Clostridium perfringens) % if 85 H A 3G PE ;1
i S A3 AR C-7 52 I8 8D 76 265 W R P e XL
AT AT e Sfe TR P AR Tl AR e MK, BRI TR
PEF T, HF MR oE U AT B m B B 0 5 S 3
FZ, A, RIS SRS -4 B /-1
TER A 45 A 30T 4% B IR R B} (Lachnospiraceae) 3§
AR 0 8 1 R e M TR T R, 2B L /N IR
5% B & FL R 1] Ry K OB KT B (Bifidobacterium
longum) % 5 A WAL R IR, i1 72 W] B 5B 5
W R WA RIS T RN, 3™ T IR A A 3
BE 5 R BTIA A]AE O 5 IR R SUAT IR (Bacteroides
ovatus) (WS K fE B AH B AEH, #F— 20 0%
AKK )58 B 242

NACs it i:f B2 5 (Al )8 45 4 B Il 4 HH 52 R
X GM € [n) B8, H 2200w R BT LA
WU KT T & (Bifidobacterium) . AKK DA N 7= J5 4%
Jg W5 R 8 (U Blautia . Roseburia %5) RHCER A
i A A BE 5 DR AR IR T R R AR TR A
AER R ; BT SRR

8, MIMRE BRI is T &L e GM R,
A (] SR 5 1) 398 M 00 e DR A AL ) A7 e 3
P, (HHAE SRR 2 A S5 A
1.1 EEPEERE

NACs %} GM &5 i) E RPN A L2
BT HAC M RRE a5 R R &
HEREHER 0 F AR SE IR . X — i B 1%
O TE T L5 -0 S0 MR R 5 45 G filan,
“E R £ Bl (Morchella esculenta polysaccharide-1,
MEP-1) A8 H 5 Y B-(1—3) 4 1 B ] oy 5
PERBIIFES G SUBAT & (Bifidobacterium) FR i ]
WA E A (galectin-3-binding protein 4, GBP4),
T O TR N P ZLBE O (galK) . 4 R R %
16 8 (glud) % S BRI I IE R ek, A
1P I TEOT, e, RZR A FrEAN
6 6 b AU PO PR = R AR AR 8 5 R A O 1 R
(Desulfovibrio) i LK I (1) B & 1 AU 18 R A2 &
(scavenger receptor class B type 1, SR-B1)%5 5,
A 3- 73 R - ot S A4 2R 1 B K B (fab Z) |
TR A RACER B RE N B 5 (aceD) 55
20 A IR G 3R DR A 2 K R o) e A BT
ARSI B 2R . 228030 B9 AT it e
C IR Sy e B v 5 S S A 35 TR 3R T A T A
M AR 58, SCRE B OSUB AT B J& S AU AT B
J& (Bacteroides) IBE 1T BEFEME , FERHOEYE T Tk
MR 35 PG

#B43 NACs FIAE N I B AT 25 T 1Y & T i Ui
AT, EIEME SRR S 2T
() BT R - A WS- 0 5 G A ] B B IR A R
(Lachnospiraceae) & T 5 5 11 43 Wb 1) A 5 4k il
(XynA) 5 B HEAFOHEH B (AraB) AR, FITREIAY 5
BEVE G REREIC Y, ACREEH % W& 2T,
W BE 18 T R & B (But) JE K 1) 26 35, B
H i 85 4 (Pleurotus citrinopileatus) )15 14 22 bl J
W R o3 TEAR S0 e I S s A 8 p AR Ky
A R R A DU A I R S T AL LR
PRAEA G b, 3 ) A RO R A TR - AR IR
(Escherichia-Shigella) % 4 11 SR B 1Y 185 55120,
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Hh 243 R A A BT AT A GML R IA Y Z Rl
K fifp T DI [R) 4 A6 Ry 06 PR B A A 4, A
T L A A AR g B

BEAh, FR T s R R A ) 1 A
TG . FLAT A AR b B 25 A Y i L R fE
W3R 7= R IERRAR B (Clostridium perfiringens) ) 2
B SE R, i T A RS R ofa 1Y
F IR B AR T B RO L i
2R -3-O- ] ) B DU ] 00 ] ke fg 2 ) oA iy A
B (Oliverpabstia intestinalis) 5 4 # 1 DNA & il
FHSCHEH (dnad . dnaB)f3RIL, IR0 H
B,

w1 RARTEMER T B R R SR BEEREEER

g bk, g 1 s, NACs it By
SRS SO . $RUEE JE a5 AR
Y. B TR E LS, REfSA
EREPE LR T O D RE T B Y B 5O E, A
i 3 fi 9 1) A A R S AR T T
Wt
1.2 [EFFIEERE
NACs Br HAEVEH TR e WHESL, e nTiE i
WU e 3 18 GO B S0 T TR TR A AR
Vi) 22 52 Wl TR A B AR G854, 2 AN ROk IR R A 4
V3 AL o 1% 38 448 o 3l ok ol 35 P I
B ERAL AT, S 45 TR ] A ) sS4y

Table 1 Direct regulatory effects of natural active components on the structure of intestinal microbiota
Regulatory Active Structural Target/key gene Target microbiota and effect References
mechanism ingredient composition
Specific Morchella B-(1—3) glycosidic  Bifidobacterium GBP4 Promote Bifidobacterium [26]
binding and esculenta bond backbone protein, ga/K and gluA proliferation
targeted polysaccharide genes
recognition (MEP-1)

Ganoderic Lanostane-type Desulfovibrio SR-B1 Inhibit Desulfovibrio growth [27]
acid A tetracyclic triterpene  receptor, fabZ and accD
skeleton genes
Flavonoids C-ring benzopyrone  Pathogen adhesion Block pathogen colonization, [28]
(e.g., structure, phenolic proteins, probiotic promote probiotic proliferation
quercetin) hydroxyl groups glycosidases
Providing Flammulina Arabinose-xylose- Xylanase (XynA), Promote Lachnospiraceae [29]
exclusive velutipes glucose complex arabinosidase (AraB), but-  proliferation and butyrate
carbon source  polysaccharide structure synthesis-related genes synthesis
and metabolic  preyrons Galactan linked by ~ Carbohydrate-active Promote the proliferation of [30]
substrate citrinopileatus  1—4 glycosidic enzymes (CAZymes) and  Bifidobacterium, Lactobacillus,
polysaccharide bonds and a sugar metabolic pathways  etc., and significantly increase
and polysaccharide- of gut beneficial bacteria SCFAs (especially acetate and
glycopeptide  peptide backbone butyrate) production
Typhaneoside  Flavonoid glycoside =~ Multi-enzyme system Regulate the direction of [31]
(rhamnose/glucose including gut bacterial microbiota metabolism after
substitution) glycoside hydrolases transformation
Direct Cordycepic Ergostane-type cfa gene (membrane lipid ~ Disrupt the cell membrane of [32]
inhibition of  acid structure synthesis) Clostridium perfringens and

harmful reduce its abundance

bacteria Auricularia Quercetin- dnaA and dnaB genes Inhibit the proliferation of [33]
auricula-judae 3-O-glucoside (DNA replication) pro-fat-storing bacteria
flavonoid
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Sk PR 558 g 2%, TR R R A
() 208 59 5 AT BRI A B AN 5, R A AR
NACs FE B MA S LEA T LA
1.2.1 BAEMEMIMERNE

NACs RS 1 M08 1 18 P BRI N A 75
PR E B B A A A . LR Y iR AR AR R
KR FE RS e S UL B e s 2 MR . 7E
S B DL 1 5 T, AR 220 3 o YRS W i 1 L e
3-1 /75 1 1% B (phosphatidylinositol 3-kinase/
protein kinase B, PI3K/Akt) {5 i i 5 4 4y i 7
# B-H M. SERNE S A I R i
FE(ZO-1, Occludin)AYR1k, MG 5% BE fE 5¢
VIRl b R AR AR, ] e XL
BT B S AR G A0 A, MR R
T B AR S 2 L BROBE S A BRI 5T i T A
IS BEA S A1 2 1 4T A (protein kinase A, PKA)
M PE B9 7K 38 18 5 3 (aquaporin 3, AQP3) it
FEERA, JF A o K% & R H(ZO-1.
Occludin), #F M7 FEAKEE 15 35 b e, BEHWT A
FEMGMBSBEP, EY Gz, SRR
AT TG LT 4e (R R | P4 R) B H S,
oy W 38 R AR, A AR 5 i 1 5 3 O 44
TN w e, A FERRE S
AR
122 BEWFEMIFMERIEE

NACs 3 1 9875 7 18 b 22 A48 (E AL i
R . IH IR T B pH ) X6 AR 45 440 it o i 2%
YERE ). B2, TEEALR)R S pH Fa 8 5
M, HZmrhamHEm: 2 TR EA B ER
H S BRAE 1, BB A RN I7 18 A Ak A
R, T BRI T DR AR TR [ A0 3 AW 24T T
(Faecalibacterium prausnitzii)| & ¥a W S, IF
I JE L S Ak W 57 Ak i (superoxide dismutase,
SOD) AL {1 2E ™ BE )38 13 b 7] A 18
pH H 58RI HAL, s T IR [AniniE 2
7 7 Fii [C B (Roseburia intestinalis)| B9 T T2 5 i
(butyrate kinase, BK)& hii 4, H I b iz 14
R SCER 358 A 2 il T e IR A 1Y B AT T B

(Enterobacteriaceae) 5P, Hoyk, 7R ERAR
T WO T, A s 2055 A4 e R i 15 1
JHAIE B4 v 45 5 250 B A BT R 1Y L A8 e 2 T
Jo B B BT R AL 2 R 5 3K A B AR Ak T
9t & 7= RE R /K f# T (bile salt hydrolase, BSH)
(K4UFT T J& (Bacteroides) , HH SN LT HE 5
PAREACI ™ A8 B IR R R i — A A5 5 45
FRIRE SR T 16 £ G B AR BRI AR sZ 1k 1
(G-protein coupled bile acid receptor 1, TGRS)
N R 8 B 7o- 2 46 B (cholesterol 7a-hydroxylase,
CYPTAN)IE RS, JE M FReE- s HE -1 32 i AR a
VEiE B,
1.2.3 EHEIRRXEERIET

B T ek A% i 18 W B 2E TOA B H T GM,
NACs B3 o) 7 ) 2R S TR I 285 | A )
1G5 250 1 A ] 2 e A8 TR R A A o 3K B A W Y
PL = 2R o O B 5% . g HEw S &
RAS 3. B, A ESREE, Rt
2 M 8 o R Sk AR A 7 TN R TR [ 025 P AT R
(Phascolarctobacterium)| ¥4 %t , ' % & F W 18
W IKF 5 NIR A 28 15 £, HAER
ORI S AR AT R PR R RE B, XM S SR
A O W A B AR T I3 H 9l = g (triglyceride,
TG) 5 IR i e AR Hk, NACs 5 i B
i) B e LA | e TR R R, 20 il 9 AR At T A
A 3-F3E-3-H I S R A (3-hydroxy-
3-methylglutaryl coenzyme A, HMG-CoA)if J5 fiff
(W ELAE MR, RERHL A % = (W0 Clostridium
perfringens) W W F2 IR IE I, HI 55 HTE g
XA A SR A BE = ACHE 5 (AMPK) Y 5
WML, S A AT R (Lactiplantibacillus
plantarum) &AL THFEEHEI, WAL, FEEFHE
FETE BRI R T R IR SR 2, R L
Myl ) B AR AKK, FIHZ AR Qi 6E
P I R, T 7 TR T AR O
WO T8 IR JE R X 2 AR AT A i A K R 15

(farnesoid X receptor/fibroblast growth factor 15,
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FXR/FGF15)# IR 8 #5), fcJi, NACs iR REA
S TERE-fE R SBR[, ARk T b
SR TF R ST & (Oscillibacter) £ 1, 5515 3
TR B FH A & (interleukin, 1L)-10, £
it e BE A, I ()42 Desulfovibrio
SRR E I LPS A S v,

25 BTk, NACs i 424 H 5 Ry
(FE 2B E T, SEELT X GM 45K 5 ThRERY
E AP o R R B L R AR T o e
AR U S BAE, W8 TmiE FAk
IR A0 K A 25 X 28 DA T T o5 ) 3 L B
W, —HMILFEE R R T ImiEmES
SR EH,

2 NACs By 3 B 7= 4 %t Bg i
R 3 B Y 1E A

BB R RS RS, H 3 A AN K
B 15 2 A ()RR AE PEFE AR . NACs 3« Ji
51 - TR - AR > 1 G I RN AR A 4R
ke iH %, S50 SCFAs. BAs Kk
SR W R A RS R R A U
YRR GM 515 BRI S BIb A E 1, X

2 RAREMR D XA ERE BB EE(ER
Table 2

S AR WG AT AR ) AR TR E AR, T AE
ARSI N OCEE S, NS 5T
TR A A R Y

YT, AT I S AR I 0] VA 9 i
JE B AC T 2 5 7R NACs B AR A FIAL ) A0 S gt
SR, PR — AR TR E -8 E M4 rh B A
2, MELUFHZRTEBARMERG . TS0 2 4R
eIt M U RS S M BRI SCFAs. BAs 4%
SCHREAR I e R S M TR AR A s A
U E R A, AT LA BT AR AT P ]
J447 AMPK/SREBP-1c, PPARs } TLR4/NF-«B
EMINAE T 5 TN 45 R A AR L
N 50 BTN, AR SCRES T M R
PR RS A3 F-HIL
2.1 EBRHEAYEASN ST FRER
AL

i GM R} NACs i fis A= B R AR = 9
R RN F N SEN DS A= SR D\
SCFAs. BAs MMy RATAEM AR I A
REAS 5 S AR ] T RE SR IA AR, @ e v i%
12 B 1T g S O G 2R 1 e SRR A ik 1
TR e S5 AT

Indirect regulatory effects of natural active components on the structure of intestinal microbiota

Regulatory Active Core mechanism and target Key effector  Effect on gut microbiota References
pathway ingredient molecule/
gene
Improvement of  Poria cocos Activates PI3K/Akt pathway, Z0-1, Promotes proliferation of [34]
physical polysaccharide  upregulates tight junction protein Occludin Bifidobacterium; reduces
microenvironment expression, enhances barrier translocation of harmful
function bacteria
Oat B-glucan, Upregulates tight junction Occludin, Reduces translocation of [35]
apple dietary protein expression, consolidates ~ ZO-1 harmful bacteria
fiber physical barrier
Edible fungal Increases chyme volume by - Reduces retention and [21]
insoluble structural rigidity, stimulates attachment of harmful
dietary fiber intestinal peristalsis, shortens bacteria in the intestine
transit time
(F525)

P4 actamicro@im.ac.cn, 7 010-64807516
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Regulatory Active Core mechanism and target Key effector  Effect on gut microbiota References
pathway ingredient molecule/
gene
Pleurotus Inhibits PKA-dependent AQP3,PKA  Increases water content of [36]
citrinopileatus ~ overexpression of aquaporin 3 intestinal contents and
polysaccharide  (AQP3), regulates intestinal promotes emptying,
mucosal water permeability, physically reducing the
significantly improves intestinal retention and colonization of
motility and propulsion rate harmful bacteria (e.g.,
Escherichia-Shigella) in the
intestine
Regulation of Snow Scavenges reactive oxygen SOD Promotes proliferation of the [37]
chemical chrysanthemum species (ROS), reduces intestinal antioxidant beneficial
microenvironment polyphenols redox potential (Eh) bacterium Faecalibacterium
prausnitzii
Resveratrol Regulates pH and SCFAs Butyrate Promotes proliferation of [38]
concentration, reduces redox kinase gene  butyrate-producing bacteria
potential, activates butyrate (Bk) (e.g., Roseburia intestinalis);
synthesis pathway inhibits Enterobacteriaceae
Lentinus Regulates bile acid (BAs) BSH Increases abundance of [39]
edodes enterohepatic circulation, Bacteroides
polysaccharide  promotes secretion of BAs
hydrolase by microbiota, alters
proportion of secondary BAs
Taurine (amino  Regulates the conjugated/free CYP7A Increases abundance of [40]
acid derivative) BAs ratio, enhances BSH Bacteroides fragilis
activity, activates TGRS receptor
pathway
Regulation of Mulberry leaf  Specifically promotes - Promotes growth of [41]
microbial polysaccharide  proliferation of propionate- Phascolarctobacterium and
cross-feeding producing bacteria, increases symbiotic Bacteroides
intestinal propionate level,
establishes a nutritional
symbiotic network
Monascus Interferes with bacterial hmgcr, ampka.  Promotes proliferation of [42]
lovastatin mevalonate pathway, inhibits Lactiplantibacillus
(terpenoid) HMG-CoA reductase activity, plantarum; inhibits
activates AMPK pathway Clostridium perfringens
Black raspberry Enriches Akkermansia - Inhibits growth of [43]
polyphenols muciniphila, remodels BAs Clostridium perfringens
metabolic profile, activates host
FXR/FGF15 pathway
Hericium Promotes production of anti- IpxC Indirectly inhibits growth of  [44]
erinaceus inflammatory cytokine IL-10 by the pro-inflammatory
polysaccharide  Oscillibacter, inhibits harmful bacterium Desulfovibrio

http://journals.im.ac.cn/actamicrocn



4716

WU Piao et al. | Acta Microbiologica Sinica, 2026, 66(10)

2.1.1 23ERSRAER(SCFASs)IE B%

SCFAs J2 Iy 1 1 A= W) I i £ 28 2 S5 A 31
FEPERR KA & W77 e 0 2R, EE A
ETRR. WRMOm . ENEREERESE 1R
RS AL, e AR 5155 20 T RN
HIPE, Horp, T RAENR AR G
i, FEE T NGNS g E AR
fit 1A 3 58 W) 00 52 14 PPAR EI’J%%J‘_LJTFD?E'JBEHJ‘?
Eﬁfc [Fi] 1] 2 1 R A4 T 8 LA 23 v IR IR

95 A A PR s IR N E?%‘WXW 43 W
ﬂﬂw , R E LA S50 K 1% K (peptide
YY, PYY) 5 JiE & 1 B% A K -1 (glucagon-like
peptide-1, GLP-1)>R = B Ak S g w5 ; 1Mo
FRAE RO 24 v 42 B fe = (19 SCFAs, B2 5h A
IR . i S UL 2SR FHD, SCFAS i
w2 SRe A 4RI B R ST i s S 1
SRS TR B A A 4 B AR

o FHLHN Zm (& 1), T]REZEHE
W2 & Bl (Lachnospiraceae) . ¥ G W 3% #T 1
(Faecalibacterium prausnitzii)y X T R &

BVE I T - It iy 2805y . B, 7
JiB ey, T RS bR AR Y G AR EK
Z 1K 43 (G protein-coupled receptor 43, GPR43) &
41 B AME 5 U8 1 B 1/2 (extracellular regulated
protein kinases 1/2, ERK1/2)i %, it ik %% % 1%
H I (ZO-1, Occludin) A5 5 BEE N, AT 1Y
5if ) # e B B R N B R S IR S 2
(SR, FEFREAR S AR, el TR
JHR T R S B s 2 ) 2Rl BT IRRRRAE
1 G 3 H H B 57 1K (G-protein-coupled receptors,
GPRs) (R S PERCAA , XBE R A R 11 25 S
1k, fif (hlstone deacetylase, HDAC) 1 il 5] /) T
ﬁb[‘” SR BEE L B Y AMP/ATP H % &%

Elﬁfl}ir[ﬂ]o Xy Er Y shiny
%ﬂﬁﬁ%ﬂ? . e B ) 90 1 3 R N A AMPK
Y5 PPARs S5 SCHEAFE 57 a5, 38 E S A0 S5 FH
Sk, A A BT BT\ Sk B O I s R
B4 LIS,

Z M NACs JiE 52 7] 38 5 4 9 F# FF -SCFAs™
WORYERENR IR . FLDE IR 4 5t 4k 20 S5 A ) R

(Clostridium butyricum) 3 ILA =R, HFE AL S GHIE L e 7 1 & 4 B IR S
{ Gut Liver
/ - — Dietary fiber - SCFAs (Butyrate) \
W) ¢ Source microbiota AN
Gut microbiota L’ Histone d 1 || AMP-activated protein
(GM) e eacy e 8 kinase (AMPK)
. \ \ //
Butyrate Propionate Acetate Portal vein \{ L @
— ]
l SCFAs =Ty h_*_j =
| (Butyrate) — Rate-limiting enzymes
GPR43 receptor 1 il } of cholesterol
ERK1/2 51gnahng —»fgg ’ synthesis
pat way ‘
Tight junction proteins Enhanced fatty acid Reduced cholesterol /

(Z0O-1, Occludin)

Enhanced barrier function reduces
endotoxin/lipid translocation

[El1 SCFAs7 SR RS EIE L
Figure 1

P4 actamicro@im.ac.cn, 7 010-64807516

B-oxidation biosynthesis /

|

Improved hepatic lipid homeostasis

Regulatory mechanisms of lipid metabolism mediated by SCFAs.



R GE | BUEYSAR, 2026, 66(10)

4717

PTRRWRE, $2FHm1E T RKF-, S isas
JIE AMPK i %, 25 B AR g H- b = A s R
[i] /% (total cholesterol, TC)P0 ) 522 25Mpl, FA
B-(Auricularia polytricha) " 435 W HE £E H RE IS 18
o TG s cE s FIRRRRS, 9%
4 & (WY 2 85155 0 405 S g A 25
BT mbAh, AR R UL RE TR T RIS, i
PR T R A I A HE B B DI e, A 3R
fI% %% 1 A5 25 H AH [# B (low-density lipoprotein-
cholesterol, LDL-C)7KF-58,

2.1.2  BEER(BAs)fX i§iE %

BAs {4 B [ R Qg ) 222287, FEAR
R 1) A 2 M 2 AL AE i N 2L AR R BT LA A B
THACMZI, TR A AR 2R T 5 2 0] 7 L I [ et
ZEMmUTIE. GM 2 BAs RIS EZES 5%, FF
AR S (Clostridium) AT 1 )& (Bacteroides),,
T 28 53 WA RF PR 7K A Tl (BSH) S Tou- I 58 S TR
ZEETINIZ BAs FeAb i B Kk 2% BAs (Wi
AR . AR, X —EWH A 8 2 it
ACEHHFE” 5 (5 514 T DU i A2 U3 [R50 15
F AR RSP,

FARPEATHLH a2 frs, ZEfe 2B CE
FEOT I, WS BAs AR BB N T
HARZEME v B HEM Fe 9], A 208> T BAs 19
JHAEEA 5 33 ol [n1 3 e i 2 gk B 1 %ok U g s A5t
M, BRI ERE 7o-FRLERCYPTA ) AU
A, AR AR I AR S 22 E [ B LA S
B BAs, AT R A 1L 375 5 FFF 0 AR 1 e K SO
A S R)ZM, e BAs 53 F1E A W EE
B A T B 18 L R A R PN Y L e BE X A2 IR
(FXR), i/ de g A= N1 15 (FGF15)HY
S, BlJE, FGF1S 1E R R e o3 Wi 3= 4
TR B BRSO T 45 G 20 e
JBE S THT () 12T 4% 240 it A 4 [F 7 3244 4 (fibroblast
growth factor receptor 4, FGFR4) 5 H. % B 37 1k
B-Klotho, W —=Ju2 KB EGY), &E G Wit
WG NN SRS, REHIH CYPTAL 1)
Tk, VIHERRIRVHIR B G AR A s WIS ey i

JRiEB, FGF15 T i I [ Bt W i 4844 NPCIL1 1Y
FE, VD B R E A EUOT A, BAs
JE B9 2L S A 72 A B T TR A I Bl T P, RZ
G P 3ot W AL 14 Bl 5 L)

MAPFFRUESS, 2 NACs Al 3@ i 657 -
AL A HERENR O . Hodr, R 285 30
e S T Ll Sy M i e AW = e B W
BT R R AR W B IR T BSH IS N
# BAs HE, SR AN _LREE CYP7AL
Foik, WA FEUMKE SH FEEEREALCL Hah,
358 P AE B T AR 5 s e,
o A T FULFT TR 1 B AR R e BAs B, BT
FXR-FGF15 #li L4410 il NPCIL1 4 5 9 Jig Jot W
Welool 2w 2K ) e B ok 2 FhARAE, At
il I8 838 I TR (Desulfovibrio) %5 47 % W 2% I I
W, A AR BE 2 0 HE 0 W] aEoa 0 E B B
PUARLOT68]

2.1.3  ERERITHE i

15 R 2 177 Ak ) 2 NACs 843 15 BRI il 3
— R AR T A R L AR A D R
R B A= R FH B AR R BR M . GM 92 e
PR e #5 HA  i PE Y SR B R . AE BT R
o, 8 E BR BB (Ruminococcus) 53U (1) T i 17 52
A T 2 B R K f R Ui B 2L, T AT 8
(Bacteroides) W3 i AR | F2 FL 5 S S g
it — 2 AL R B TR . PR IR T A
) 56 T R AR = O SRR A B
A= ARG A A BT I R % A R A5 1) ) i
it o AL BB E HERT A AR S
W5 5 A - - E A B A AR T
Jg B

TEPPEI NG B & o, I AT A Y RE A AL
P00 B o1 2k B e sk S TS, BTN RESD
il HE W7 R & 1l i (fatty acid synthase, FASN) [ {4
s, WHE T E R T s A E A e
(SREBP-1¢) i L S A% 56 407, T AE5E 5% K-
L7 1 15 152 5 1 1 72 1 XSk 5 UL il
ZETRRE G AT /N 22 Bk H BT 25 A 400 0k 52 g

http://journals.im.ac.cn/actamicrocn



4718 WU Piao et al. | Acta Microbiologica Sinica, 2026, 66(10)
Gut Liver
) Natural bioactive
Dietary fiber components
2 Secondary free bile Fecal excretion
® ®acids(cg, Blocking
S eoxycholic acid,  enterohepatic
| lithocholic acid) circulation
Metabolic
consumption

|
|
Blle salt hydrolase
(BSH)
! ‘ A—-‘\

7a-dehydroxylase

Clostridium, Bacteroides

Fibroblast growth Inhibition

Farnesoid X factor 15 (FGF15) | of CYP7ALl

receptor (FXR) & FXR

‘UHIU\HH\HHH 1!1 1T VUV VYUY U

‘ ® @ ® € Reduced cholesterol Reduced serum/hepatic cholesterol

gllgllct,lliqn of f absorption
E2 BEERAHNSHHEt-RE”5<Z5K-55" WEREAEHLH

Figure 2 Dual lipid-lowering mechanisms of “excretion-compensation” and “receptor-signaling” mediated by

bile acid metabolism.
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Table 3 Lipid metabolism regulation mechanisms mediated by gut microbiota metabolites
Metabolite  Specific Core lipid-lowering mechanism Key target/ Representative natural References
class effector gene source
molecule
Short-chain  Butyrate Inhibits histone deacetylase (HDAC), PPARGa, Auricularia polytricha [49-57]
fatty acids relieves PPARa transcriptional repression; CPTI1A, glycoprotein,
(SCFAs) activates AMPK pathway, inhibits cholesterol HMGCR Flammulina velutipes
synthesis polysaccharide
Propionate  Stimulates intestinal L cells to secrete satiety PYY, GLP-1  Asparagus officinalis [44,56]
hormones, regulates energy balance stem polysaccharide
Bile acids  Secondary  Blocks enterohepatic circulation, relieves CYP7AL (1) Morchella esculenta [64-65]
(BAs) BAs feedback inhibition, induces compensatory polysaccharide, taurine,
synthesis to consume cholesterol oat B-glucan
Activates FXR receptor, inhibits the FXR, Inulin, curcumin [62,66-68]
expression of intestinal lipid absorption NPCIL1
carriers (signal blockade)
Phenolic Ferulic acid Inhibits fatty acid synthase activity, blocks de FASN Wheat bran [74-75]
acid metabolites  novo lipid synthesis
derivatives  Urolithins  Activates PPAR« pathway, drives PPARa, Ellagic acid, black [84-85]
mitochondrial fatty acid B-oxidation CPTIB raspberry polyphenols
Chlorogenic Activates PKA signaling axis, induces HSL Coffee, carnosic acid [82-83,87]
acid hormone-sensitive lipase phosphorylation
metabolites
¥
s < - )
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Figure 3 Regulatory mechanisms of gut microbiota metabolites on lipid metabolism mediated by NACs.
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Figure 4 Molecular mechanisms of lipid metabolism regulation by NACs via the AMPK/SREBP-1c¢ pathway.
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Figure 5 Molecular mechanisms of NACs regulating PPARs signaling network via gut microbiota metabolites.

P4 actamicro@im.ac.cn, 7 010-64807516



REAE | MAEYER, 2026, 66(10)

4723

Intestinal lumen and barrier

&3 &
@D Gram-negative y
bacteria ——>  LPS

e <

Natural bioactive components
(e.g., Poria cocos polysaccharides, tea polyphenols, lactoferrin)

Source control

C:) J LTBtf idobacterium, Akkermansia, Roseburig]_l—l Desulfovibrio

l JJ'
nslocatlon '
culatlon T

— s Tea polyphenols/lactoferrin

Poria cocos polysaccharides

Impaired intfastinal l eyl T Tlghrt ojtlérllrcl:gon TShort-cl}aiL Reduction of
mucosa/barrier expression (Occludin, ZO-1) | fattylamds intestinal pH
Blood circulation \> LPS \
77 - = S, Natural bioactive components
Hepatocytes/macrophages LPS P Targeted blockade

TLR4 receptor n }—se—C-2. tea polyphenols, lactoferrin,

NF-kB (p65) phosphorylation

Tea polyphenols —x—-l
(NF-xB) «— (Cvpial «— [ MyD8S] K"\ Lactoferrin/Auricularia

uricularia auricula polysacchandes

Competmve bmdmg to the extracell
ular domain of TLR4 and the

and nuclear

 Systemic low-grade inflammation | auricula polysaccharides

MyD88-dependent pathway

B o
; O NFcB)
translocation ]

l Transcriptional

Cell nucleus cytokines

__Inflammation-

‘ (TNF-a, IL-1pj > metabolism [ e novo;(i;gof;ﬁ:iisé réletabolic J s
NANTNONGS, Pro-inflammatory Cm& : : . — .

Direct blockade of NF-kB p65
phosphorylation to inhibit
inflammatory cascade activation

ICYP7A1
FASN

[ Inflammation-driven ] [Reversmn of lipid accumulation/ ]

metabolic disorders hypercholesterolemia

&6 NACsZTLR4/NF-kBi& & 1H15“ 518 B &f- 2 fE-BE X 18 M 4L 89 43 F L%

Figure 6 Molecular mechanisms of NACs regulating “gut microbiota-inflammation-lipid metabolism” network

via TLR4/NF-xB pathway.

o $F9 E, AKK 85 £ AR 4 17 bt i 58
bk, WA B R G Y I, — T,
FLAR ™ A= 19 T R AT BTG AMPK {5 538 %
E%%K%ZTﬁHaHﬁﬁ&ﬁﬁi*H?é%I%%%_
(WL 221 799)s J3—J7ml, %01 s AR TR
YL il FXR-FGF1S fil(W 1.2.3 49)#01
REMTZHZY FXR, DA 0046 AEL [ sz e 5 i o &5
., Bt B, AKK 72 AE g e-3-2L iR
(indole-3-lactic acid, ILA) A i i No- B & i 4
(N6-methyladenosine, m®A) & Hfi 4 455 AT JIE [ i
12a- 7% 1k 1§ (sterol 12a-hydroxylase, CYP8B1) %

— MU IR R 4H T HE 5 FXR & L
AR J:iifﬁiﬁﬁﬁ%%b‘:%Fﬁﬁ?ﬁﬂﬁ%ﬂﬂlﬁlﬁf)ﬂ
I T LPS Sy for M HAH S I ARAE RV o

TE5r FHE SIS Z 10, AR 0 BE B )
TS I OGS A 2 M IR S RETE P
454 TLRA MIAMASRIER, 3852 (8] 057 PEAS
LPS 522 R4 A, dEm 0l MyD88 i 1ty

NF-«B A% 5% 0 S JFFHE 9 e 3 P k01122 3Lk
B R 22 ) = 0 P S A
3 1t BT 39 BHLT NF-xB p65 (9 2 £k 1805 1) 7 46
Eé&@éfiﬂ? AT 4 3 PR AR LT TNF-a, TL-1B

K, s i ARE A S 1 R AR B AR
%ﬂﬂ@?ﬂﬂﬁ [17.123]
RS FEB], TLR4/NF-«B i /% 2 NACs

il i 1B R R - ARE - A G I 48 A% O BT
R FCAE AR T b B R B T R
Wio RRGE LA TS 25 5%, NACs
PP OGRS PR A R RE IR ML S T3 4,
25 LR, NACs i@ iy GM B T
DI 77 9 kg 5 B A I 0 90 [ 6 g 8 4 o 45
— 7T, FIH SCFAs. K% BAs A0 431
5 e A QI A% DG B il 5 AR (Can i ] HMGCR 1
£, T8 NPCIL1 3&iK); 73—, @l i
AMPK/SREBP-1c. PPARs 2 TLR4/NF-xB 43¢
R, TEFE K R GEPE AT IR LA A

http://journals.im.ac.cn/actamicrocn



4724

WU Piao et al. | Acta Microbiologica Sinica, 2026, 66(10)

x4 KRESEERNTSHEERERIFEIS

Table 4 Host lipid regulation mechanisms mediated by key signaling pathways

Core signaling Regulatory  Specific molecular mechanism/site of Key target ~ Representative References
pathway strategy action gene/protein  component
AMPK/SREBP-1c¢c Upstream SCFAs bind to GPR43/41 receptors, p-AMPK Monascus-fermented [90-93]
(energy sensing and activation activate CaMKK/LKBI1 cascade; alter (Thr172) rice, Flammulina
synthesis regulation) AMP/ATP ratio, allosterically activate velutipes
AMPK polysaccharide
Downstream Phosphorylates ACC (Ser79) to acc, fasn Inulin, sea [95-98]
effect inactivate it, unblocks B-oxidation; (1), buckthorn, curcumin
phosphorylates SREBP-1c¢ (Ser372), cptla (1)  metabolites
blocks its nuclear translocation
PPAR family PPARa Inhibits HDAC, relieves epigenetic cptla, Butyrate, Cordyceps  [99-101]
(oxidative activation repression; promotes PPARa-RXR acoxl militaris
decomposition and dimer binding to PPRE elements polysaccharide
differentiation) PPARy Inhibits excessive activation of PPARy  ap2 (), Ergosterol, [102-107]
bidirectional in adipose tissue, blocks adipogenesis; abcal, pomegranate peel
regulation activates hepatic PPARy, promotes cyp7al (1) polyphenols
cholesterol efflux
TLR4/NF-xB Source Downregulates LPS synthase genes in IpxC, Poria cocos [115-117]
(inflammation- control Gram-negative bacteria; upregulates occludin, polysaccharide,
metabolism crosstalk) tight junction proteins, blocks LPS Z0-1 lactoferrin
translocation
Target Competitively binds to the TLR4 NF-«xB Tea polyphenols, [119-123]
blockade extracellular domain, causing steric (p65), Auricularia
hindrance; directly inhibits NF-kB p65 TNF-a, auricula-judae
phosphorylation and nuclear IL-1B polysaccharide

translocation

3k B AR AE o7 25 445

X — i PR AL U T ML AR R (TC . TG,
LDL-C) ¥t . JHEIERE BTt AR iy sl 2 e R Gebk
RAE M Rl o HAE FHAL AT HESE N Bl o — B
BE QU™ W) — 52 R — 38 s — 30 bR 5L R — i o
TR BB B N . A 7 fs, R R
I NACs 1EH TS kiR 4 5%, |
HOR ML B SR RRAE , BMRIC i
FE-RU = -1 A5 51X — R 42 S8 T %
(FEN AN SENSEZ WSS 2=/ ¢ - R T

LR FHLH P RGP, AMUNZLE
FAENT T NACs W FREAR1E R4S, BN R 2L0F
TR TR 5 A5 S B SR T
WG BT T o PR LA

P4 actamicro@im.ac.cn, 7 010-64807516

3 RES5EZ

31 BLESELTE

ASCHEL T NACs 2l “BUr— i A8
PE A BRI P ) (SCFAS/BAS/B R — 1 3256
5 55 5 (AMPK/PPAR/TLR4)— I i Fa A K%
S IRBRRT RS, REEBE T A
AR Z R R e . A, A SR
W -z 5 EEAEN, Wl TEBE
J i B B L DR A P 2R IME A I
BT AC I 16 M (R DGR, T ARRE AT
MIRERRPEHE T 0 FKHE . 3% — A A8 -1 290k
PR ARG 3] T AL F I 2R 80 0T 5% 1 S
YA, W1, 120 K200 Rk, DI
Rt e et . BARHSE) G2 T R R



R & | AR, 2026, 66(10)

4725

e _ ot L
Natural bioactive @J% @0 '§ '?‘ \
components NACs ./@ ) o0

=Y e ® g i
N Short-chain é e
v Beneﬁcialt fatty acids /
i y bacteria (e.g., (SCFAS) - SMEKSREE ST
) ‘ Oral Bifidobacterium) E‘m‘_‘ f Lipogenesis |/oxidation 1
administration = = S
.Q
oy 38 e —(&
(NG ' Secondary
& bile acids PPARs
Harmful l CcYP7A1 \ Lipid combustion 1
bacteria (e.g., S (Homeostatic
Desulfovibrio) regulation ~) ~
[‘5’ IlOllC derivatives —_—
JUU P
& TLR4/NF-kB pathway mediates
Polysaccharides LPS = anti-inflammation via LPS
(endotoxin) K blockade

polyphenols

¥ SerumTC |, TG |, LDL-C |

Outcome: restoration of lipid homeostasis }

E7 NACs&“RpEmaf-RiE~=Y-EEE

SV ERRE RS S YR RE

Figure 7 Multi-dimensional regulatory model of NACs remodeling lipid metabolic homeostasis via “gut

microbiota-metabolite-host signaling” axis.

B, SR T REAR IR UL T 18 8 45 25 T 1
BEIFAR B SCFAs A=, Jf-3 i 18 7 7Kl 1 8
(AQP3) 5 X % i 2 5 (H (ZO-1) R iK% g 1B AL
WOGE R, e -t s AR I IR 7 AR
TR Y TR AN IR T A S B A S AR SO Y
FHELR PR At 1 LR
32 MIRRE

U B RTET NACs 355 A5 B A A 52
EUAS —E FE R, (B i DA S 56 2 5 1 i
IR FASTAAELLT 3 DT IR A

(1) 5 K AF 5 i, DA< Sl 3 g << R S
PEPBUE . A DT 5E 258 T B 3 AR A iy Ok
AT, B2 R ST R A R BRIE . SRR
CHIATH SRR BB AR R T
PRAE T SC 5, W 7E B Al ik A v 4 DG B
ITRERFE, HEBRPEREAE LA TR AR, AT
1 7 AR TR S LA ™ ) A B AR A0 i 1A

THA

Q)RR A SR T A2 -18 £ BAEMM Z5 4 E
Ve 525080 et . RS AR =T
WO T g, (R A R I HL ] A
BT o J5 SR BIF 5 I A AT R SR B0 A7 2B A IR AR
e 5 15 12K (4 GPRs, FXR. PPARs)%:
A SE SR, IR TR 28 7 0 A R R
¢ﬁ¥ﬁ%%§ﬁ%ﬁﬁ@ﬁ%ﬁﬁ% Jig Wi

AUER N A B 2503 5 72, DA B
wwwWQQﬁ%ﬁofﬁiﬁXWﬂwﬁﬁ,
AR AT B, REE B A nl i 1
P P T RO 1 3275 JE R X ZK(FXR), #F
SRR A IR TR S IR B>, Pk,
fiff B B 22 DL TR R AC T A TE A 1 52 AR 728 1 T
BILH AR Y FEELAF 58 07 1] o

()75 K TETE T 18 R 2k i 09 S e S 3L
(AR IR Ry 22 5, BF X R — RAR LAy, LR
U TR VA s Rl WV s o A S A2

http://journals.im.ac.cn/actamicrocn



4726

WU Piao et al. | Acta Microbiologica Sinica, 2026, 66(10)

EEZIEE iSSP NIRRTV A PN
O HE W AL 0 S SR RE LR R AR AL, A T A
B, T R 5 AR i ol A SRR AR A TR £
AR .

& STk FR

R LRV G HEARBT . SO R 5 0 i |
BoLWERE | RSB E R R . SCEREE
5or28 . IFSOCHIRE; SEAEA: SE OB I S5 1%
ARG, KRB SBYG SR B3CHE;
B CRRIEAILL . SRR B BT
TR R EE T IR SCH B S B

1EZ MR AT ERR

VR PR WA AEAT AT ] BE 22 RO MR AS SR 3 A
DRIy IE T N S

S

[1] GBD 2015 Obesity Collaborators. Health effects of
overweight and obesity in 195 countries over 25 years[J].
New England Journal of Medicine, 2017, 377(1): 13-27.

[2] Wang YH, Wang M, Chen JX, Li Y, Kuang Z, Dende C,
Raj P, Quinn G, Hu ZH, Srinivasan T, Hassell B, Ruhn
KA, Behrendt CL, Liang TB, Dou XB, Song ZF, Hooper
LV. The gut microbiota reprograms intestinal lipid
metabolism through long noncoding RNA Snhg9[J].
Science, 2023, 381(6660): 851-857.

[3] Xu HY, Xue ZX, Wang PY, Lee Q, Chen ZH, Liu B, Liu
XY, Zeng F. Edible fungi polysaccharides modulate gut
microbiota and lipid metabolism: a review[J].
International Journal of Biological Macromolecules,
2024, 283: 137427.

[4] Morrison DJ, Preston T. Formation of short chain fatty
acids by the gut microbiota and their impact on human
metabolism[J]. Gut Microbes, 2016, 7(3): 189-200.

[5] Canfora EE, Jocken JW, Blaak EE. Short-chain fatty
acids in control of body weight and insulin sensitivity[J].
Nature Reviews Endocrinology, 2015, 11(10): 577-591.

[6] B WAL, BRARZR, 164, A8 /NGE . 21 % LI 4% AMPK/
PPARY/GPAT3 {5553 [ f FF YA 28 K BUIR A 55
AV R, T, 2024, 46(2): 611-615.

[7] Kui L, Wang GY, Huang JQ, Yang XN, Yu JS, Li X, Peng
HM, Leng BF, Jiao YM, Zhang ZJ. Therapeutic efficacy
and mechanisms of gentiopicroside in various diseases[J].
Frontiers in Pharmacology, 2025, 16: 1634722.

[8] Yao XP, Zhang KQ, Zhang XK, Lu SX, Hu JY, Wang
YX, Lin JY, Wu Y, Zhang WD, Chen HZ, Liu X, Wang
B, Luan X. Glycyrrhiza polysaccharide-adjuvanted
liposomal vaccine potentiates tumor immunotherapy

P4 actamicro@im.ac.cn, 7 010-64807516

through lymph node-targeted modulation of the DC-T
cell axis[J]. Journal of Experimental & Clinical Cancer
Research, 2026, 45: 4.

[9] Chen L, Zhao SJ, Chen QY, Luo P, Li XH, Song YX, Pan
SH, Wu QM, Zhang Y, Shen XC, Chen Y. Poria cocos
polysaccharides ameliorate AOM/DSS-induced colorectal
cancer in mice by remodeling intestinal microbiota
composition and enhancing intestinal barrier function[J].
International Journal of Biological Macromolecules,
2025, 315: 144477.

[10] KA, 2R A, 250, XI5, BUHOR, 228845, e . 4R

LA I 5 A S PRI T RS D). LA ROR -

2B AE, 2019, 21(2): 220-233

Zhang N, Li ZX, Li J, Liu J, Dai JM, Li YW, Li SX.

Advances in the research of constituents and

pharmacological effects of Poria cocos (Schw.) Wolf[J].

World Science and Technology-Modernization of

Traditional Chinese Medicine, 2019, 21(2): 220-233 (in

Chinese).

WREF, IhEEAX, TR EE, A, AT IR TR AR TR

FE ) PR 43 0F 5% E JRE [J/OL. £ i Tl BHE, 2026.

https://doi.org/10.13386/j.issn1002-0306.2025070391.

YE S, SUN JY, ZHANG YF, LI WJ, LI L. Research

progress on plant active ingredients with uric acid-

lowering effect[J/OL]. Science and Technology of Food

Industry, 2026. https://doi. org/10.13386/j.issn1002-0306.

2025070391 (in Chinese).

[12] Fuica-Carrasco C, Olivares-Caro L, Parra-Sepulveda C,
Pérez AJ, Mardones C, Garcia-Cancino A, Hernandez V.
Assessing chemical composition and biological activity
in Eucryphia cordifolia Cav. (Cunoniaceae): a study
applying the ecological niche centrality hypothesis[J].
Food Bioscience, 2024, 62: 104990.

[13] Z=pig, TR, 3L, 507, £ 04, BRI 298

[Fi) 58 4= 0 5 P 0 Do o i s ML o B 5 0 R [0, it 2
SRR, 2022, 13(22): 7407-7414.
Li YY, Yu LX, Pei HS, Hu XF, Wang SK, Zhai XN.
Progress in understanding the lipid-lowering and weight-
reducing mechanism of medicinal and edible homologous
compounds[J]. Journal of Food Safety & Quality, 2022,
13(22): 7407-7414 (in Chinese).

[14] TF5E4T, BeBSE, AT, s dm, IR 154, Bfi, T,

TN e 24 e g T TR R AT R RE S H A AR
RS PR LI BT S 2R R (7). i b BR 2 2%k,
2023, 57(2): 1-7.
Wang ZX, Xue QW, Luo YX, Jiang JR, Xu SY, Yang L,
Wang ZT, Ding LL. Research progress on mechanisms of
traditional Chinese medicine in improving obesity and its
related metabolic diseases through gut microbiota[J].
Shanghai Journal of Traditional Chinese Medicine, 2023,
57(2): 1-7 (in Chinese).

[15] Z24RaX, MU, R ARG, FE00a . b 241845 i T
K B s A A FH BIL S AF 35 [0]. 25 4 W6 IR, 2021, 10(4):
203-208.

Jiang ZW, Huang HQ, Wu HT, Cai WH. Research on the
mechanism of lipid-lowering and anti-obesity effects of
traditional ~Chinese medicine by regulating gut

[1

—_



RH %

WA AR, 2026, 66(10)

4727

(18]

[19]

[20]

(22]

(23]

[24]

(27]

microbiota[J]. Pharmaceutical Information, 2021, 10(4):
203-208.

Wang Y'Y, Shi YN, Xiang H, Shi YM. Exploring nature’s
battlefield: organismic interactions in the discovery of
bioactive natural products[J]. Natural Product Reports,
2024, 41(11): 1630-1651.

Wu DT, Nie XR, Gan RY, Guo H, FuY, Yuan Q, Zhang
Q, Qin W. In vitro digestion and fecal fermentation
behaviors of a pectic polysaccharide from okra
(Abelmoschus esculentus) and its impacts on human gut
microbiota[J]. Food Hydrocolloids, 2021, 114: 106577.
Xu N, Luo J, Chen WY, Xiang WW, Zhai Y, Jiang W, Wu
JL, Hao YQ, Chen MR, Yu QH. Bifidobacterium longum
subsp. longum dipro-O: a potential therapeutic agent for
ameliorating metabolic disorders in high-fat diet-induced
obesity mouse model[J]. Frontiers in Endocrinology,
2025, 16: 1519058.

Wang ZN, Klipfell E, Bennett BJ, Koeth R, Levison BS,
DuGar B, Feldstein AE, Britt EB, Fu XM, Chung YM,
Wu YP, Schauer P, Smith JD, Allayee H, Tang WHW,
DiDonato JA, Lusis AJ, Hazen SL. Gut flora metabolism
of  phosphatidylcholine  promotes  cardiovascular
disease[J]. Nature, 2011, 472(7341): 57-63.

Murphy EJ, Rezoagli E, Major I, Rowan NJ, Laffey JG.
p-glucan metabolic and immunomodulatory properties
and potential for clinical application[J]. Journal of Fungi,
2020, 6(4): 356.

Yu CX, Dong Q, Chen MJ, Zhao RH, Zha L, Zhao Y,
Zhang MK, Zhang BS, Ma AM. The effect of mushroom
dietary fiber on the gut microbiota and related health
benefits: a review[J]. Journal of Fungi, 2023, 9(10): 1028.
Nes WD, Chaudhuri M, Leaver DJ. Druggable sterol
metabolizing enzymes in infectious diseases: cell targets
to therapeutic leads[J]. Biomolecules, 2024, 14(3): 249.
Espin JC, Gonzélez-Sarrias A, Tomdas-Barberan FA. The
gut microbiota: a key factor in the therapeutic effects of
(poly)phenols[J]. Biochemical Pharmacology, 2017, 139:
82-93.

Amaretti A, Gozzoli C, Simone M, Raimondi S, Righini
L, Pérez-Brocal V, Garcia-Lopez R, Moya A, Rossi M.
Profiling of protein degraders in cultures of human gut
microbiota[J]. Frontiers in Microbiology, 2019, 10: 2614.
Shrivastava M, Aishwarya A, Fontes CMGA, Goyal A. A
novel bifunctional type I a-L-arabinofuranosidase of
family 43 glycoside hydrolase (BoGH43 35) from
Bacteroides ovatus with endo-B-1,4-xylanase activity[J].
Carbohydrate Research, 2025, 552: 109432.

T HEk, EEMR, 2, TR, BTN, M, fL
F . VR AU RO/ B LRI B 2R SR (7).
JTERRE2ER, 2021, 41(3): 471-475.

Ding MR, Wang GD, Yuan PC, He SG, Shao TL, Liu CY,
Kong X. Research progress in the role and mechanism of
polysaccharides in regulating glucose and lipid
metabolism[J]. Journal of Southern Medical University,
2021, 41(3): 471-475 (in Chinese).

Zhu T, Liu B, Chen N, Tian X, Li WL. A review of the
bioactivities and biosynthesis of Ganoderma Ilucidum

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

triterpenoids[J]. Mini-Reviews in Organic Chemistry,
2025, 22(7): 738-755.

2R, PR ARIRYL . BRI R AR P W R B A
R JERE R o B WSS R JRE [T, T R Tl R4l (A
SRR, 2020, 41(3): 118-129.

Li M, Lu H, Xu ZJ. Research progress on inflammatory
bowel disease alleviation by flavonoids natural products
through regulating intestinal microbiota[J]. Journal of
Henan University of Technology (Natural Science
Edition), 2020, 41(3): 118-129 (in Chinese).

Yang YT, Zhang Y, Zhang WY, Lu KP, Wang LP, Liu YF,
Du LN, Yang J, Guan LL, Ma HX. Flammulina velutipes
residue polysaccharide alleviates immunosuppression and
intestinal injury by modulating gut microbiota and
associated metabolites[J]. Journal of Agricultural and
Food Chemistry, 2025, 73(13): 7788-7806.

Huang YH, Gao Y, Pi XE, Zhao S, Liu W. In vitro
hepatoprotective and  human gut  microbiota
modulation of polysaccharide-peptides in Pleurotus
citrinopileatus[J]. Frontiers in Cellular and Infection
Microbiology, 2022, 12: 892049.

Ren W, Yang YS, Duan HM, Nong W, Tang AH, Lin HS,
Li L, Wang CL, Feng XT. Inhibitory effects of the
flavonoids extracted from Pollen typhae on palmitic

acid-induced NLRP3 inflammasome activation in
macrophages involving AMPK-mediated lipid
metabolism[J]. BMC Complementary Medicine and

Therapies, 2025, 25: 315.

Zhao HJ, Li M, Liu L, Li D, Zhao LJ, Wu Z, Zhou MX,
Jia L, Yang F. Cordyceps militaris polysaccharide
alleviates diabetic symptoms by regulating gut
microbiota against TLR4/NF-xB pathway[J].
International Journal of Biological Macromolecules,
2023, 230: 123241.

Zhou Y], Jia YZ, Xu N, Tang LH, Chang YN. Auricularia
auricula-judae (Bull.) polysaccharides improve obesity
in mice by regulating gut microbiota and TLR4/JNK
signaling pathway[J]. International Journal of Biological
Macromolecules, 2023, 250: 126172.

Song MY, Zhang SS, Gan YX, Ding T, Li Z, Fan X.
Poria cocos polysaccharide reshapes gut microbiota to
regulate  short-chain  fatty acids and alleviate
neuroinflammation-related  cognitive impairment in
Alzheimer’s disease[J]. Journal of Agricultural and Food
Chemistry, 2025, 73(17): 10316-10330.

Pham VT, Seifert N, Richard N, Raederstorff D, Steinert
R, Prudence K, Mohajeri MH. The effects of
fermentation products of prebiotic fibres on gut barrier
and immune functions in vitro[J]. Peer], 2018, 6: ¢5288.
Gao Y, Deng L, Chen YY, Qin PY, Zhao YY, Zhao XY,
Liu W, Wang D, Zhao S. Therapeutic efficacy of a
galactoglucan  from  Pleurotus  citrinopileatus  in
constipation: modulation of aquaporin signaling and
intestinal barrier[J]. Frontiers in Nutrition, 2025, 12:
1635487.

Zhang MH, Zhao NY, Xie MH, Dong DQ, Chen WL, He
YP, Yan DL, Fu HY, Liang XL, Zhou L. Antioxidant

http://journals.im.ac.cn/actamicrocn



4728

WU Piao et al. | Acta Microbiologica Sinica, 2026, 66(10)

[38]

[39]

[41]

[42]

[43]

[44]

properties of polyphenols from snow Chrysanthemum
(Coreopsis tinctoria) and the modulation on intestinal
microflora in vitro[J]. Pharmaceutical Biology, 2022,
60(1): 1771-1780.

Wang P, Gao JP, Ke WX, Wang J, Li DT, Liu RL, Jia Y,
Wang XH, Chen X, Chen F, Hu XS. Resveratrol reduces
obesity in high-fat diet-fed mice via modulating the
composition and metabolic function of the gut
microbiota[J]. Free Radical Biology and Medicine, 2020,
156: 83-98.

Jia W, Wang HM, Feng T, Liu XX, Liu ZD, Li ZP, Wang
WH, Zhang JS. Structural characterization of
polysaccharide from Flammulina velutipes and its impact
on hyperlipidemia through modulation of hepatic
cholesterol metabolism and gut microbiota[J]. Foods,
2025, 14(19): 3452.

Miyata M, Tanaka T, Takahashi K, Funaki A, Sugiura Y.
Cholesterol-lowering effects of taurine through the
reduction of ileal FXR signaling due to the alteration of
ileal bile acid composition[J]. Amino Acids, 2021,
53(10): 1523-1532.

Jiang WQ, Gu ZY, Qian LJ, Lu SY, Mu QQ, Lin Y, Miao
LH, Ge XP. Mulberry leaf polysaccharides ameliorate

lipid metabolic disorders in high-fat diet-fed
Megalobrama amblycephala: changes in intestinal
transcriptome, metabolome, and  microbiota[J].
International Journal of Biological Macromolecules,

2025, 320: 146006.

Song J, Zhang JJ, Su Y, Zhang XY, Li J, Tu LN, Yu JP,
Zheng Y, Wang M. Monascus vinegar-mediated
alternation of gut microbiota and its correlation with lipid
metabolism and inflammation in hyperlipidemic rats[J].
Journal of Functional Foods, 2020, 74: 104152.

Lim T, Lee K, Kim RH, Cha KH, Koo SY, Moon EC,
Hwang KT. Black raspberry extract can lower serum
LDL cholesterol via modulation of gut microbial
composition and serum bile acid profile in rats fed
trimethylamine-N-oxide with a high-fat diet[J]. Food
Science and Biotechnology, 2022, 31(8): 1041-1051.
Yang Y, Ye HQ, Zhao CH, Ren L, Wang CN, Georgiev
M1, Xiao JB, Zhang TH. Value added immunoregulatory
polysaccharides of Hericium erinaceus and their effect on
the gut microbiota[J]. Carbohydrate Polymers, 2021, 262:
117668.

BT, TR, B, OGS T, RIS, AR, St
. TE N T R AN M T R A BRI RE A RIS
HERR[J]. A= 2=  3R, 2021, 48(3): 948-959.

Liang SN, Ke CX, Huang H, Guan JQ, Zhao LN, Li BL,
Huo GC. Butyrate-producing bacteria in the intestinal
tract and the physiological function of their metabolite
butyrate: a review[J]. Microbiology China, 2021, 48(3):
948-959 (in Chinese).

XU BRIR, Wi, SKOKUE, BHIRSR, ] iRk, Sk T R
TNFa ST80 b 5t Bt O i G4V 1], BRI RER
2FEEAR, 2023, 44(10): 10-17.

Liu LQ, Chen T, Zhang YJ, Xie ZR, He CL, Huang YK.
Butyric acid protects intestinal epithelial barrier from

P4 actamicro@im.ac.cn, 7 010-64807516

[47]

[48

—_

[49]

[50]

[51]

[52]

[53]

[54]

[55

—_

[56]

[57]

injury induced by TNFa[J]. Journal of Kunming Medical
University, 2023, 44(10): 10-17 (in Chinese).

Zheng JZ, Li ZY, Xu HY. Intestinal microbiotas and
alcoholic hepatitis: pathogenesis and therapeutic value[J].
International Journal of Molecular Sciences, 2023,
24(19): 14809.

Matheus VA, Oliveira RB, Maschio DA, Tada SFS,
Soares GM, Mousovich-Neto F, Costa RG, Mori MA,
Barbosa HCL, Collares-Buzato CB. Butyrate restores the
fat/lean mass ratio balance and energy metabolism and
reinforces the tight junction-mediated intestinal epithelial
barrier in prediabetic mice independently of its anti-
inflammatory and epigenetic actions[J]. The Journal of
Nutritional Biochemistry, 2023, 120: 109409.

Chriett S. Essential roles of four-carbon backbone
chemicals in the control of metabolism[J]. World Journal
of Biological Chemistry, 2015, 6(3): 223.

Torun A, Enayat S, Sheraj I, Tunger S, Ulgen DH,
Banerjee S. Butyrate mediated regulation of RNA
binding proteins in the post-transcriptional regulation of
inflammatory gene expression[J]. Cellular Signalling,
2019, 64: 109410.

Hao FQ, Tian MM, Zhang XB, Jin X, Jiang Y, Sun X,
Wang Y, Peng PH, Liu J, Xia CY, Feng YP, Wei M.
Butyrate enhances CPT1A activity to promote fatty acid
oxidation and iTreg differentiation[J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2021, 118(22): e2014681118.

Maruta H, Yamashita H. Acetic acid stimulates G-protein-
coupled receptor GPR43 and induces intracellular
calcium influx in L6 myotube cells[J]. PLoS One, 2020,
15(9): e0239428.

Yoshida H, Ishii M, Akagawa M. Propionate suppresses
hepatic gluconeogenesis via GPR43/AMPK signaling
pathway[J]. Archives of Biochemistry and Biophysics,
2019, 672: 108057.

Huang LL, Gao L, Chen C. Role of medium-chain fatty
acids in healthy metabolism: a clinical perspective[J].
Trends in Endocrinology & Metabolism, 2021, 32(6):
351-366.

TOEHG XUE H, SRS, DI, TR . S g S )
FVP6OB 38 i 3 15 fIEL [T 553 A1 A 1 FF 40 25 i O .
SiE W FE[CY/AR + 25 FL TR 2 R 218 5308
FRM, 2023: 191.

Sun WL, Jia JH, Liu GP, Liang SF, Huang YH, Xin ML,
Chang ZK, Liu XX, Ma C, Song XH, He FT, Song YD,
Wu MY. Polysaccharides extracted from old stalks of
Asparagus officinalis L. improve nonalcoholic fatty liver
by increasing the gut butyric acid content and improving
gut barrier function[J]. Journal of Agricultural and Food
Chemistry, 2025, 73(11): 6632-6645.

Zhao S, Gao Y, Wang HX, Fan YY, Wang P, Zhao WT,
Wong JH, Wang D, Zhao XY, Ng TB. A novel mushroom
(Auricularia polytricha) glycoprotein protects against
lead-induced hepatoxicity, promotes lead adsorption,
inhibits organ accumulation of lead, upregulates
detoxifying proteins, and enhances immunoregulation in



RH %

WA AR, 2026, 66(10)

4729

rats[J]. Frontiers in Nutrition, 2023, 10: 1144346.

Dong YY, Li XL, Liu YL, Gao J, Tao JH. The molecular
targets of taurine confer anti-hyperlipidemic effects[J].
Life Sciences, 2021, 278: 119579.

Kenny DJ, Plichta DR, Shungin D, Koppel N, Hall AB,
Fu B, Vasan RS, Shaw SY, Vlamakis H, Balskus EP,
Xavier RJ. Cholesterol metabolism by uncultured human
gut bacteria influences host cholesterol level[J]. Cell
Host & Microbe, 2020, 28(2): 245-257.¢6.

[60] Vourakis M, Mayer G, Rousseau G. The role of gut

microbiota on cholesterol metabolism in
atherosclerosis[J]. International Journal of Molecular
Sciences, 2021, 22(15): 8074.

Chiang JYL, Ferrell JM. Up to date on cholesterol 7
alpha-hydroxylase (CYP7Al) in bile acid synthesis[J].
Liver Research, 2020, 4(2): 47-63.

Song LT, Hou YS, Xu D, Dai XJ, Luo JY, Liu Y, Huang
ZB, Yang MM, Chen J, Hu Y, Chen CC, Tang YL, Rao
ZH, Ma JJ, Zheng MH, Shi KQ, Cai C, Lu MQ, Tang
RQ, Ma X, et al. Hepatic FXR-FGF4 is required for bile
acid homeostasis via an FGFR4-LRH-1 signal node
under cholestatic stress[J]. Cell Metabolism, 2025, 37(1):
104-120.¢9.

Li TG, Chiang JYL. Bile acid signaling in metabolic and
inflammatory diseases and drug development[J].
Pharmacological Reviews, 2024, 76(6): 1221-1253.

Wang DD, Zhang ML, Zhang YW, Yin ZQ, Zhang S,
Zhao ZW, Duan YJ. Hepatoprotective effects of
polysaccharide from Morchella esculenta are associated
with activation of the AMPK/Sirt] signaling pathway in
mice with NAFLDI[J]. International Journal of Biological
Macromolecules, 2025, 301: 140444.

TR, WL, BE R, KR, FROC, SR AR
IS PR DA B ity == 1 A L [ P QA Py S I 0], B i 22 4
JE RGN 2412, 2023, 14(8): 29-36.

Guo XZ, Cao XL, Zhao YX, Zhang J, Chen W, Guo JX.
Effects of taurine on triglyceride and cholesterol
metabolism in obese rats[J]. Journal of Food Safety &
Quality, 2023, 14(8): 29-36 (in Chinese).

Tawfick MM, Xie HL, Zhao C, Shao P, Farag MA. Inulin
fructans in diet: role in gut homeostasis, immunity, health
outcomes and potential therapeutics[J]. International
Journal of Biological Macromolecules, 2022, 208:
948-961.

Ruan D, Wu SW, Fouad AM, Zhu YW, Huang WJ, Chen
ZL, Gou ZY, Wang YB, Han YQ, Yan SJ, Zheng CT,
Jiang SQ. Curcumin alleviates LPS-induced intestinal
homeostatic ~ imbalance  through  reshaping  gut
microbiota structure and regulating group 3 innate
lymphoid cells in chickens[J]. Food & Function, 2022,
13(22): 11811-11824.

He YM, Chen XB, Li YC, Liang YY, Hong T, Yang J,
Cao Z, Mai HY, Yao JL, Zhang T, Wu KZ, Zou J, Feng D.
Curcumin supplementation alleviates hepatic fat content
associated with modulation of gut microbiota-dependent
bile acid metabolism in patients with nonalcoholic simple
fatty liver disease: a randomized controlled trial[J]. The

—_

—_

American Journal of Clinical Nutrition, 2024, 120(1):
66-79.

Hong KX, Wang JT, Kang XP, Xue HM, Gao YX, Liang
HM, Huang WD, Zhan JC, You YL. Ferulic acid and
protocatechuic  acid alleviate atherosclerosis by
promoting UCP1 expression to inhibit the NLRP3-IL-18
signaling pathway[J]. Food & Function, 2025, 16(1):
40-53.

Pereira GV, Abdel-Hamid AM, Dutta S, D’ Alessandro-
Gabazza CN, Wefers D, Farris JA, Bajaj S, Wawrzak Z,
Atomi H, Mackie RI, Gabazza EC, Shukla D, Koropatkin
NM, Cann I. Degradation of complex arabinoxylans by
human colonic Bacteroidota[J]. Nature Communications,
2021, 12: 459.

skEEL, B, Wk, 45K, BOKIL, &7, EE i
TR AR E A R R B A 2 o BT (0], Sh ) R
2, 2017, 29(11): 4151-4161.

Zhang HM, Xia HL, Huang Q, Xu X, Mao YJ, Cen N,
Yang ZP. Metagenomic analysis of microorganisms in
rumen of Haizi buffalo[J]. Chinese Journal of Animal
Nutrition, 2017, 29(11): 4151-4161 (in Chinese).

Pil Hwang Y, Gyun Kim H, Choi JH, Truong Do M, Tran
TP, Chun HK, Chung YC, Jeong TC, Jeong HG.
3-caffeoyl, 4-dihydrocaffeoylquinic acid from Salicornia
herbacea attenuates high glucose-induced hepatic
lipogenesis in human HepG2 cells through activation of
the liver kinase Bl and silent information regulator
T1/AMPK-dependent pathway[J]. Molecular Nutrition &
Food Research, 2013, 57(3): 471-482.

Zhao Z, Chen GJ, Li DY, Zhang Q, Xiong GY, Du CL,
Zeng XX, Chen CX. Metabolites of esterified derivative
3,5-dicaffeoylquinic acid dodecyl ester fermented by
Lactiplantibacillus plantarum in the gut mediate bile acid
metabolism and alleviate obesity via FXR/SHP/LRH-1
pathway in high-fat diet induced obese mice[J]. Food
Bioscience, 2025, 66: 106289.

Zeng ZC, Zhu YJ, Li YY, Chang XH, Lin J, Chen L, Lyu
QY, Chen X, Ding WP. Examination of the
bioavailability and bioconversion of wheat bran-bound
ferulic acid: insights into gastrointestinal processing and
colonic metabolites[J]. Journal of Agricultural and Food
Chemistry, 2025, 73(2): 1331-1344.

JUXR . IINAZ R B 22T R/ INAZ R B AR B S AL R
S U IE K2R A 1 T S AL BF S [D]. 5 8 AR SF: Bt B2 7}
K2, 2023.

Yan H. Mechanistic study of the weight loss and lipid-
lowering effects of wheat bran polyphenols and wheat
bran oil on diet-induced obese rats[D]. Urumqi: Xinjiang
Medical University, 2023 (in Chinese).

FEGR R, AR, 22 AR, SKRBRIE, A5, BRasfik, XCmm .
B 20 A 2 B1 S PR R R [0, T MIAL T, 2024, 52(6):
22-25.

Tang XX, Wen WX, Li JL, Zhang LN, Wang W, Chen JX,
Guan L. Research progress on biological activity of
ferulic acid[J]. GuangZhou Chemical Industry, 2024,
52(6): 22-25 (in Chinese).

[77] Lu SY, Cheng DY, An MD, Li HY, Wang J. Research

http://journals.im.ac.cn/actamicrocn



4730

WU Piao et al. | Acta Microbiologica Sinica, 2026, 66(10)

progress on metabolism of cereal ferulic acid mediated
by gut microbiota and its physiological effects[J]. Food
Science, 2024, 45(18): 307-314.

(78] Rftde, ZEUAtH, BRAE, ORRCEL, W, 253 . BTRLmR
LR HIERAE i 2 F 1677 L EAR S 1 251
HRAY R CN202210302481.6[P]. 2022-05-13.

[79] Chrigui S, Hadj Taieb S, Jemai H, Mbarek S, Benlarbi M,
Feki M, Haouas Z, Zemmel A, Ben Chaouacha-Chekir R,
Boudhrioua N. Anti-obesity and anti-dyslipidemic effects
of Salicornia arabica decocted extract in Tunisian
Psammomys obesus fed a high-calorie diet[J]. Foods,
2023, 12(6): 1185.

[80] Jeon HJ, Choi HS, Lee YJ, Hwang JH, Lee OH, Seo MJ,
Kim KJ, Lee BY. Seapolynol extracted from Ecklonia
cava inhibits adipocyte differentiation in vitro and
decreases fat accumulation in vivo[J]. Molecules, 2015,
20(12): 21715-21731.

[81] Abe T, Sato T, Murotomi K. Sudachitin and nobiletin
stimulate lipolysis via activation of the cAMP/PKA/HSL
pathway in 3T3-L1 adipocytes[J]. Foods, 2023, 12(10):
1947.

[82] TLAFEK, WG, sk, B, MRIATE, R & . RUZHE

P X e i TR /N BB 5 6 Tl A5 A R G S8 AT ) 95
FEFI. BUCE SR, 2025, 41(8): 51-60.
Shen MZ, Chen YR, Zhang J, Yin Y, Lin JY, Chen XX.
Regulatory effect of carnosic acid on genes related to
lipid synthesis and metabolism in mice on high-fat
diet[J]. Modern Food Science & Technology, 2025,
41(8): 51-60 (in Chinese).

[83] Wang Y, Sun J, Xue LM, Sun YJ, Zhang KL, Fan MC,
Qian HF, Li Y, Wang L. Chlorogenic acid improves high-
fat diet-induced skeletal muscle metabolic disorders by
regulating  mitochondrial ~ function and lactate
metabolism[J]. Journal of Agricultural and Food
Chemistry, 2025, 73(17): 10347-10357.

[84] WRfgal, skif—, sKF0 R, i, FElHiht, XIA4E7C. B4

T2 o e LA O 24 v O BB PR AP 1 D). R a2y, 2021,
43(9): 2331-2335.
Chen MC, Zhang JY, Zhang YC, Ye D, Yan KK, Liu SY.
Benifits of ellagic acid for rats with cerebral ischemic
stroke[J]. Chinese Traditional Patent Medicine, 2021,
43(9): 2331-2335 (in Chinese).

[85] Song SL, Attia RR, Connaughton S, Niesen MI, Ness
GC, Elam MB, Hori RT, Cook GA, Park EA. Peroxisome
proliferator activated receptor o (PPARa) and PPAR
gamma  coactivator (PGC-la) induce  carnitine
palmitoyltransferase IA (CPT-1A) via independent gene
elements[J]. Molecular and Cellular Endocrinology,
2010, 325(1/2): 54-63.

[86] AHEME, IR, MIRES, Wi R0, KRR . onmEGR A 4%
J I 0T g AR AR /I B BBt | IR 2R TR R I AR B AR
PR R[], iR, 2017, 38(9): 162-167.
Zhu YP, Yang LC, Lin LZ, Gan SX, Zheng GD. Effect of
caffeine and chlorogenic acid on body weight, lipid
accumulation and the expression of lipid metabolism-
related genes in high-fat diet-fed mice[J]. Food Science,
2017, 38(9): 162-167 (in Chinese).

P4 actamicro@im.ac.cn, 7 010-64807516

[87]

[88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

Arantes AA, Falé PL, Costa LCB, Pacheco R, Ascensio
L, Serralheiro ML. Inhibition of HMG-CoA reductase
activity and cholesterol permeation through Caco-2 cells
by caffeoylquinic acids from Vernonia condensata
leaves[J]. Revista Brasileira de Farmacognosia, 2016,
26(6): 738-743.

Zheng LP, Lu ZH, Ma YR, Cui PL, Zhang XX, Gan J,
Li GM. Hawthorn total flavonoids ameliorate
hyperlipidemia through AMPK/SREBP1-c and PPARw/
PGC-10/CPT-1A pathway activation and gut microbiota
modulation[J]. Journal of the Science of Food and
Agriculture, 2025, 105(8): 4326-4337.

A, T T, AR, R s . BT AMPK/SREBP-1c¢
3518 B B LR SRR T 2 R PR AR BIL A (0] £
R}, 2023, 44(15): 129-136.

Mi W, Yu M, Li N, Shi TL, Chen CY. Hawthorn
procyanidins regulate lipid metabolism through the
AMPK/SREBP-1c¢ signaling pathway[J]. Food Science,
2023, 44(15): 129-136 (in Chinese).

Zhang X, Guseinov AA, Jenkins L, Valentini A,
Marsango S, Schultz-Knudsen K, Ulven T, Rexen Ulven
E, Tikhonova IG, Milligan G, Zhang C. Allosteric
modulation and biased signalling at free fatty acid
receptor 2[J]. Nature, 2025, 643(8074): 1428-1438.

Wang GZ, Sun CY, Xie BJ, Wang T, Liu HW, Chen XL,
Huang QJ, Zhang CH, Li TH, Deng WQ. Cordyceps
guangdongensis lipid-lowering formula alleviates fat and
lipid accumulation by modulating gut microbiota and
short-chain fatty acids in high-fat diet mice[J]. Frontiers
in Nutrition, 2022, 9: 1038740.

Yang PX, Hsu YW, Pan TM, Lee CL. Monascinol from
Monascus pilosus-fermented rice exhibits hypolipidemic
effects by regulating cholesterol and lipid metabolism[J].
Journal of Functional Foods, 2024, 119: 106285.

Lan RG, Wan ZX, Xu YY, Wang ZL, Fu SD, Zhou YY,
Lin XG, Han XG, Luo ZH, Miao JF, Yin YL. Taurine
reprograms mammary-gland metabolism and alleviates
inflammation induced by Streptococcus uberis in mice[J].
Frontiers in Immunology, 2021, 12: 696101.

Fullerton MD, Galic S, Marcinko K, Sikkema S,
Pulinilkunnil T, Chen ZP, O’Neill HM, Ford RIJ,
Palanivel R, O’Brien M, Hardie DG, MacAulay SL,
Schertzer JD, Dyck JRB, van Denderen BJ, Kemp BE,
Steinberg GR. Single phosphorylation sites in Accl and
Acc2 regulate lipid homeostasis and the insulin-
sensitizing effects of metformin[J]. Nature Medicine,
2013, 19(12): 1649-1654.

Jiang F, Li MH, Yao TT, Yi XJ, Gao HN. Research
progress on AMPK in the pathogenesis and treatment of
MASLDIJ]. Frontiers in Immunology, 2025, 16: 1558041.
Zhao ZH, Wang ZX, Zhou D, Han YM, Ma FG, Hu ZM,
Xin FZ, Liu XL, Ren TY, Zhang FF, Xue YQ, Cui AY,
Liu ZS, Bai JY, Liu YX, Cai GX, Su WT, Dai XZ, Shen
F, Pan Q, et al. Sodium butyrate supplementation inhibits
hepatic steatosis by stimulating liver kinase Bl and
insulin-induced gene[J]. Cellular and Molecular
Gastroenterology and Hepatology, 2021, 12(3): 857-871.



R

Par
23

WA AR, 2026, 66(10)

4731

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

Soetikno V, Sari FR, Sukumaran V, Lakshmanan AP,
Harima M, Suzuki K, Kawachi H, Watanabe K.
Curcumin decreases renal triglyceride accumulation
through AMPK-SREBP  signaling pathway in
streptozotocin-induced type 1 diabetic rats[J]. The
Journal of Nutritional Biochemistry, 2013, 24(5):
796-802.

Yu CB, Wang D, Shen C, Luo Z, Zhang HC, Zhang J,
Xu WN, Xu JX. Microbe-derived antioxidants enhance
lipid  synthesis by regulating the  hepatic
AMPKa-SREBPI1c pathway in weanling piglets[J]. The
Journal of Nutrition, 2024, 154(4): 1101-1108.

Yan ZJ, Zhang L, Han XY, Kang Y, Liu SM, Ma TP,
Xiao M, Xie YQ. Alpiniac oxyphyllac Fructus
ameliorates renal lipid accumulation in diabetic kidney
disease via activating PPARa[J]. Asian Pacific Journal
of Tropical Biomedicine, 2025, 15(1): 11-23.
AmeliMojarad M, AmeliMojarad M, Cui XN.
Discovering the lipid metabolism-related hub genes of
HCC-treated samples with PPARo agonist through
weighted correlation network analysis[J]. Scientific
Reports, 2024, 14: 19591.

Yu WQ, Wang XL, Ji HH, Miao M, Zhang BH, Li H,
Zhang ZY, Ji CF, Guo SD. CM3-SII polysaccharide
obtained from Cordyceps militaris  ameliorates
hyperlipidemia in  heterozygous = LDLR-deficient
hamsters by modulating gut microbiota and NPCI1L1
and PPARa levels[J]. International Journal of Biological
Macromolecules, 2023, 239: 124293.

Zheng ZG, Zhang YP, Zhang XY, Qin MY, Xu YY, Wu
H, Liu RQ, Wu QY, Wang MS, Zhang C, Zheng YQ,
Dai JY, Li P, Yang H. Ergosterol alleviates hepatic
steatosis and insulin resistance via promoting fatty
acid B-oxidation by activating mitochondrial ACSLI1[J].
Cell Reports, 2025, 44(1): 115203.

FEPHPE . 7 4 A2 1 155 I A B G D8O 5 (D). BRI VI
HR, 2019.

Cui DD. Study on the lipid-lowering effect of ergosterol
from  Lentinus  edodes[D]. Zhenjiang: Jiangsu
University, 2019 (in Chinese).

Mladenova SG, Savova MS, Marchev AS, Ferrante C,
Orlando G, Wabitsch M, Georgiev MI. Anti-adipogenic
activity of maackiain and ononin is mediated via
inhibition of PPARy in human adipocytes[J].
Biomedicine & Pharmacotherapy, 2022, 149: 112908.
PR, BPCTE, RAAL, 5KHa 0T, SRR . AR R At
5 138 B0 W B RO T R R (T]. B A RRS, 2025,
46(3): 306-317.

Yang XY, Wu QJ, Mi SQ, Zhang YZ, Guo JX. Research
progress on the interaction between taurine metabolism
and the gut microbiota[J]. Food Science, 2025, 46(3):
306-317 (in Chinese).

Rolver MG, Holland LKK, Ponniah M, Prasad NS, Yao
JY, Schnipper J, Kramer S, Elingaard-Larsen L, Pedraz-
Cuesta E, Liu B, Pardo LA, Maeda K, Sandelin A,
Pedersen SF. Chronic acidosis rewires cancer cell
metabolism through PPARa signaling[J]. International

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

Journal of Cancer, 2023, 152(8): 1668-1684.

Lv O, Wang LF, Li JK, Ma QQ, Zhao W. Effects of
pomegranate peel polyphenols on lipid accumulation
and cholesterol metabolic transformation in L-02
human hepatic cells via the PPARy-ABCA1/CYP7Al
pathway[J]. Food & Function, 2016, 7(12): 4976-4983.
Zhang K, Qin X, Qiu JH, Sun T, Qu K, Din AU, Yan
WH, Li TH, Chen YD, Gu W, Rao XC, Wang GX.
Desulfovibrio desulfuricans aggravates atherosclerosis
by enhancing intestinal permeability and endothelial
TLR4/NF-xB pathway in Apoe mice[J]. Genes &
Diseases, 2023, 10(1): 239-253.

Liu HL, Nie HP, Shi Y, Lai WQ, Bian LP, Tian L, Li K,
Zhuge X, Lin BC. Oil mistparticulate matter exposure
induces  hyperlipidemia-related  inflammation  via
microbiota/SCFAs/GPR43 axis inhibition and
TLR4/NF-xB activation[J]. Environmental Pollution,
2024, 344: 123331.

Fan H, Wang YN, Zhao KC, Su L, Deng C, Huang J,
Chen GZ. Incomplete knockdown of MyD88 inhibits
LPS-induced lung injury and lung fibrosis in a mouse
model[J]. Inflammation, 2023, 46(6): 2276-2288.

Huang CY, Liang YY, Jiang AL, Chen L, Sun C, Luo
DR, Xia ZF, Li L, Jiang Y. Dynamic proteome and

phosphoproteome  profiling  reveals  regulatory
mechanisms in LPS-stimulated macrophage
inflammatory responses[J]. Biochemical and

Biophysical Research Communications, 2025, 750:
151341.

Luo RQ, Yao YX, Chen Z, Sun XM. An examination of
the LPS-TLR4 immune response through the analysis of
molecular structures and protein-protein interactions[J].
Cell Communication and Signaling, 2025, 23: 142.
Liang YX, Qi J, Yu DM, Wang ZB, Li WT, Long F,
Ning S, Yuan M, Zhong X. Ferulic acid alleviates lipid
and bile acid metabolism disorders by targeting FASN
and CYP7A1 in iron overload-treated mice[J].
Antioxidants, 2024, 13(11): 1277.

Ito A, Suganami T. Lipid metabolism in myeloid cell
function and chronic inflammatory diseases[J]. Frontiers
in Immunology, 2025, 15: 1495853.

Lai Y, Yu HL, Deng HL, Fang Q, Lei H, Liu L, Wu NN,
Guo XR, Song C. Three main metabolites from
Wolfiporia cocos (F. A. Wolf) Ryvarden & Gilb
regulate the gut microbiota in mice: a comparative study
using  microbiome-metabolomics[J].  Frontiers in
Pharmacology, 2022, 13: 911140.

Qian M, Yang J, Xue Y, Wu JW, Li ZY, Luo JL, Zhao B,
Gao XJ. Tea polyphenol protects the immune barrier
and inhibits TLR2/NF-kB/MLCK signal activation to
prevent inflammatory injury in the intestines of common
carp (Cyprinus carpio L.)[J]. Animals, 2025, 15(3): 387.
Ye YS, Warusawitharana H, Zhao HY, Liu ZH, Li B, Wu
YY, He PM, Tu YY. Tea polyphenols attenuates
inflammation via reducing lipopolysaccharides level and
inhibiting TLR4/NF-kB pathway in obese mice[J]. Plant
Foods for Human Nutrition, 2022, 77(1): 105-111.

http://journals.im.ac.cn/actamicrocn



4732

WU Piao et al. | Acta Microbiologica Sinica, 2026, 66(10)

[118]

[119]

[120]

[121]

[122]

Liu JQ, Liu YH, Huang CQ, He C, Yang T, Ren RT, Xin
ZM, Wang XX. Quercetin-driven Akkermansia
muciniphila alleviates obesity by modulating bile acid
metabolism via an ILA/m°A/CYP8BI signaling[J].
Advanced Science, 2025, 12(12): 2412865.

Zhao Y, Wu JC, Liu XL, Chen X, Wang J. Decoding
nature: multi-target anti-inflammatory mechanisms of
natural products in the TLR4/NF-kB pathway[J].
Frontiers in Pharmacology, 2025, 15: 1467193.

Shi YR, Zhang XQ, Pei SJ, Wang YH.
Ethnopharmacological study on Adenosma buchneroides
Bonati inhibiting inflammation via the regulation of
TLR4/MyD88/NF-kB signaling pathway[J]. Natural
Products and Bioprospecting, 2024, 14: 36.

Liu XX, Li CC, Yang J, Zhang WG, Hu ZX, Zhang XL,
Jianati R, Tian F, Dai XB, Xu ZQ, Chen BQ, Zhu XJ.
Bufalin inhibits cytokine storm by regulating TLR4/
TLR3 signaling pathway[J]. Immunity, Inflammation
and Disease, 2026, 14(2): ¢70318.

Tour, ARE, B, kR, arikse, T5, %
TR 2 BRIy A S T /) U 3 T e ) A AL
(7). Fedb A 2447, 2019, 34(S1): 136-142.

P4 actamicro@im.ac.cn, 7 010-64807516

[123]

[124]

Wang YH, Bai CX, Yang KK, Zhang YC, Yu ZR, Wang
Y, Cai HY. Mechanism of green tea powder improving
intestinal barrier of immune stressed mice[J]. Acta
Agriculturae Boreali-Sinica, 2019, 34(S1): 136-142 (in
Chinese).

SRAESS, B SCH, WIS, XILL. BRARH K 2R
PR B e AR AL T8 T AR5 /E I ). P R
an2adle, 2021, 21(9): 89-101.

Zhang TT, Zhao WY, Xie BZ, Liu H. Effects of
Auricularia auricula and its polysaccharides on
hypolipidemic and regulating intestinal flora in
high-fat diet rats[J]. Journal of Chinese Institute of
Food Science and Technology, 2021, 21(9): 89-101 (in
Chinese).

AT EE . A 4 2 RERE T Il R Sz JE i X 32 1K FXR
P R AR TR/ N U A RS O AL AT S (D). A FH LI
JusEBE, 2025.

He Y. Study on the mechanism of Pleurotus
citrinopileatus polysaccharides regulating fat
metabolism in high-fat diet mice based on gut
microbiota and farnesoid X receptor FXR[D].
Mudanjiang Normal University, 2025 (in Chinese).



