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Research progress in the role of active components of
traditional Chinese medicine in ameliorating type 2 diabetes
mellitus by regulating gut microbiota

YANG Ting', DI Qiannan’, DING Jiayan', NA Lixin"?*"

1 Graduate School, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China
2 College of Public Health, Shanghai University of Medicine & Health Sciences, Shanghai 201318, China

Abstract: Type 2 diabetes mellitus (T2DM) stands as a chronic metabolic disorder posing a
challenge to global public health, owing to its widespread prevalence. The intricate interplay
between gut microbiota and the onset and progression of T2DM, along with the potential
therapeutic benefits of modulating gut microbiota, has emerged as a focal point in
contemporary research. Recent studies have underscored the capacity of traditional Chinese
medicine to ameliorate T2DM by inducing alterations in gut microbiota. Nevertheless, the
precise mechanisms underlying the pharmacological actions of traditional Chinese medicine via
gut microbiota regulation remain elusive. The diverse bioactive compounds in traditional
Chinese medicine play pivotal roles in eliciting its pharmacological effects. This article
systematically reviews the advancements in the research concerning the modulation of gut
microbiota for T2DM intervention by a spectrum of bioactive components in traditional
Chinese medicine, encompassing polysaccharides, alkaloids, flavonoids, saponins, and other
compounds. The objective of this review is to furnish a comprehensive theoretical framework
supporting the preventive and therapeutic potential of traditional Chinese medicine in T2DM
management, thereby significantly contributing to the modernization of traditional Chinese
medicine.

Keywords: type 2 diabetes mellitus (T2DM); gut microbiota; active components of traditional
Chinese medicine; regulation; pharmacological effects
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3 T2DM AR TG HE Sl PRI TR 7 08T
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AT AR, SRR AME, T2DM
SR I 1 R A AN R A B AR, i
HXFEAL S T2DM R R WA R . SR
AT AR JRE S5 BRI AR ),
EEHEXT T2DM 15200 2 A S i 58 Sl
RS I TR AR B 5 K8 R 2 R 1 Y R BB Bl
Vi) 2 5% W) g 18 D AEF O W ) BT RE o AR )
K-, 4n % 4% g U5 BR (short-chain fatty acid,
SCFA). fEZMi(lipopolysaccharide, LPS), AH{1
2 (bile acid, BA)# 7 %% % JL ik (branched-chain
amino acids, BCAAs)Z:! 100 Pty , 4R 5% W] i
1 i 1 TR AR 2L SRR R O M 1 TR R A A KTk
U T2DM HA B XCEENE L,

HP 24 Y PR S O R R 24 R 2 B T A O B
Vi, o8k b 2P s T s T2DM
H AR RS, WA I iE bR, O
(1) 2 52 0 i B A QO = = A U8 R, 2
TR 2 T2DM AR S rh 2 84 M 18 AT
HEZ A — e AH DG BT R 43 1k 1
FVE ML AN AR, R, PR AR S 32
M4 T T2DM AR IEHUERERRRE . ey
T PR RS 23X B A TR R B4 R 9 A R DL K 2 T
W R IE A T2DM R0, X alif
RE AR 2 T 1843 - W B T RE-T2DM 1Y B i
RIS LIS

1 T2DM H fif & W # R AL

JUSE R IE WoR, B I B RER 4 1
YRR T S AT, Al E R
(Firmicutes) . fL#T 1] (Bacteroidetes) . ZETE 14
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I'] (Proteobacteria) . Jilt & B [ ] (Actinobacteria)
AT B ] (Fusobacteria), H:rh2 90%[H) 41 B4
Fli2%)J® F Firmicutes fil Bacteroidetes', H.7¢
2010 4F 5 A BT 4 A T2DM 1 A 3 7T
SRR ANBEE T 1K B B 5 22 2P0 @
X} T2DM B # i Wi 23, 5IEH AM
Fe, T2DM & i W2 FEERRAR, JF H
T2DM k444 Firmicutes/Bacteroidetes [t 3%
Thmf LR Mgk, T2DM Wil RS
A5 fk % T fE  Firmicutes . Bacteroidetes .

Proteobacteria, Actinobacteria, Fusobacteria #ll
PE B 1] (Verrucomicrobia) . M3 1 Fis,

T2DM A B Firmicutes |)H 5k 53 75 2 R BR 1
T BR #® W (Clostridium
butyricum) . 42+t )& (Faecalibacterium) . %
11 FF Fii [ 71 J® (Roseburia) . 55 BT 1) 37 45 1 &
(Dialister) #1935 [ Afi 55 47 [C 4 (Blautia wexlerae)
LR FERAL, T Firmicutes Bl 1HH 5K
BRI JE (Veillonella) . LT 1% J& (Lactobacillus) .

5% K 1 J& (Qreptococcus) . A & 1T FE i [%
(Roseburia hominis) . 7% & £ 4T 1 (Eubacterium
limosum) . ¥ & 5 %€ K Bk W (Veillonella
denticariosi) . fji 75 4 [C & J& (Blautia) . 7 H ¥k
J& (Ruminococcus) %5 B J& 4 3= B 7t i 22280

Bacteroidetes ] H* B BF [T A) ok 5 fifg
(Porphyromonas bennonis) . ¥ & ik K & &
(Prevotella) . %38 14T 1% (Bacteroides vulgatus) .

% 14 AT 4 (Bacteroides rodentium) &5 B4 1Y = B
WETE L WA R (Alistipes) . S E R
(Bacteroides) T R [22-24,2629-30]

Actinobacteria [ ] XUE#T [ (Bifidobacterium) £l
Verrucomicrobia [ ] fif 52 & [X 7 (Akker mansia)
A %5 W 222428 proteobacteria R L
B 382 7y [C T4 J@ (Escherichia) . 5 % K @
(Shigella) Fl 4 ] B2 4T 1% (Helicobacter pylori)%5

(Veillonella dispar) .
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Table 1

Characterization of gut microbiota in type 2 diabetes mellitus patients

Types of phylum

Microbiota with increased abundance in T2DM

Microbiota with decreased abundance in T2DM

Firmicutes

Bacteroidetes

Roseburia hominis??, Eubacterium>,
Peptostreptococcus™, Veillonella denticariosi®”,

Blautia®*!, Ruminococcus®¥, Eubacterium limosum®],

Veillonellal*®!, Lactobacillus™®, Sreptococcus®

Porphyromonas bennonis??!, Paraprevotella
unclassified, Prevotella copril®®, Bacteroides
vulgatus™!, Bacteroides rodentium™”, Bacteroides

Coprobacillus unclassified, Veillonella dispar®?,
Clostridium butyricum®!, Faecalibacterium?®*,
Enterococcus faeciumi®®, Blautia lineages®,
Roseburia®*?%, Dialister®®, Flavonifractor®,
Faecalibacterium prausnitzii>®, Clostridium
sensu strictol™”!, Blautia wexlerag®®
Bacteroides®¥, Alistipes®

xylanisolvens®, Prevotellal*”
Proteobacteria

Collinsella®®!
Verrucomicrobiota —
Fusobacteria Fusobacterium?¥

Actinobacteria

Desulfovibrio piger!®, Escherichia®®", Shigella®**?”), Haemophilus?®’
Enterobacteriaceae’®”, Helicobacter pylori*!

Bifidobacterium longum{??, Bifidobacterium{**
Akkermansial®*, Akkermansia muciniphilal®®!

— indicates no record.

BOR N2 DL iR, T2DM
T R FERRAE R B0 PR R Bk A, AT 5 A
B A5 i 0 T LA 22

T2DM 535 i 18 B R B A e s 51 TR
EAFROCT, JUHIE I TR 4 W P RE 4 AR
WIXT T2DM IVERIEA TS . Bl AT £
Akker mansia muci ni phila A fE 43 74 v
T Amuc_1100 S ei38 158 5 Z= HLHT g 18 S
FEIIfE, BREMEE SCFA A=A KA VER S 2R
SIS SCFA & il W REE RE & 44 . 1
B M o0 e A AR = 2 —, SCFA TE(R
N BEHG BRI A B S SCFA 1] R 1ok Jik /= I A
EAHEAK 1 (glucagon-like peptide-1, GLP-1)41 1
5y 2 A W RGOk R T B kO PO
Bifidobacterium/g ' Bifidobacterium longum, %
W #T # (Bifidobacterium breve) . 75 2 AUEL FT
1% (Bifidobacterium adolescentis)fEfi ik SCFA 7=
AL HESER RS R BUSE L D AR AR L 2
HEEBE A G, RIS T2DM 7 18 BE AR

AP TEREME N SCFA Z—, BEAMH AT IE
2H & H & O WAL (histone  deacetylase, HDAC)
TG PEFNAE 2E IR 5 2R 2 AR -1 i3t B 2 ek

M B3 0 B S A RN R R B

Faecalibacterium prausnitzii & =% ) T iRk~
AW Z—, HACE™ A B HUAE IR 7 F
AP R DL R K % i e ) R IR R K
iZ T2DM [l ot 2B M AT RE 4 B gt
AR B BCAAs 7KF- 55 T2DM SR H RIS 3R
P A %, Prevotella copri BES Y5 BCAAs 4
W& B, G @) 8L 7 (Parabacteroides
distasonis);” A= B G ) M R 2 — Fh B EE 1 AE D)
WP+, BEdEiEmE G EAMEKZIK
109a (G protein coupled receptor, GPR109a)4: 1
sz E BRI AE, MM T2DM Ak 24K
3, sk, Parabacteroides distasonis fit % —
A 4y s o N M TR, AT BT O R 32 AR (aryl
hydrocarbon receptor, AhR)fi5 51 %, 40140
Jfi 4 % -22 (interleukin-22, TL-22)F) 3 1k /K F-Fl
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B 18 R ARG TR ERIE NI/ i 1 T
BEEALS R M RAE, & UEE RS R,
Blautia wexlerae fig il 528 & 1R AH AT Filh K
fLEREE, AImEGEIE AR T2DM /MR
JTHERR . JBE S RACHL . A S AR AR
A LPS MFRNBER, FA7E T 4% [BAMEAN
AN FR Y BIFSE L B LPS BB S Toll AE
AR K AT, AR U JB 5 AR,
YEREHIEIP® LPS 4, Helicobacter pylori 7E

T2DM & hahnn] 2l 8 LPS hnE s

R,

*x2

2 P E R R
X E T2DM W1EF 3§

2l 255 0 T U B A AR RPN
B, 78 T2DM Z5¥0F &bz 2IRR . HH2is
PER 2 25 B RRAE 43, AL T 48 0 2544
A TSR, R R T 2 R AR 2 ERAE I DGR
Heresnng A MGE T2DM A9 2536 P o0
T A, WS BT, ©
TTBE AT U AT 38 in e 15 2 Stk R I ¢
REKSERO gk 2 FR, X A28 s

PENEM RSB EE R N E 2 BERR R EZERIE

Table 2 Active ingredients of traditional Chinese medicine (TCM) regulate gut microbiota to improve type 2
diabetes mellitus and their main mechanism

Active components Subject

Administration

Changes in gut microbiota Main mechanism

of TCM investigated route and dosage

Ganoderma Male 400 mg/(kg-d), ig; Blautia, Dehalobacterium, Restoring amino acid metabolism,

lucidum Sprague-Dawley Parabacteroides, Bacteroidest; carbohydrate metabolism,

polysaccharides[57] (SD) rats Aerococcus, Ruminococcus, inflammatory levels, and nucleic
(HFD+STZ) Corynebactrium, Proteus| acid metabolism in the body

Polygonatum Male db/db mice 1.0 g/(kg-d), ig Turicibacter, Regulating the expression of genes

rhizoma

polysaccharide®®

Astragalus Male C57BL/6J 400 mg/(kg-d) and
membranaceus mice (HFD+STZ); 600 mg/(kg-d), ig

polysaccharides®”*” Male db/db mice

Lycium barbarum

Male C57BL/6J 50 mg/(kg-d),

Polysaccharide!®'®! mice (HFD+STZ) 100 mg/(kg-d) and

200 mg/(kg-d), ig

Ruminococcust;
Lachnospiraceae,

involved in liver glucose storage
and utilization, and promoting

Romboutsia| hepatic glycogen formation
Akkermansia, Promoting SCFA production to
Faecalibaculum, activate G protein-coupled

Bifidobacterium, Romboutsia, receptors 41/43 (GPCR41/43),
Allobaculum, Lactobacillus,
Prevotellaceae UCG-001, GLP-1 secretion and restoring
Oscillospiraceae UCG-0051; intestinal barrier function
Escherichia, Shigella,
Odoribacter,
Lachnoclogtridium,
Lachnospiraceae UCG-006,
Lachnospiraceae A2|
Bacteroides,
Ruminococcaceae UCG-
014, Intestinimonas,
Mucispirillum,
Ruminococcaceae UCG-
009, Allobaculumf;
Dubosiella, Romboutsia|

thereby indirectly stimulating

Promoting the production of SCFA to
stimulate peptide YY (PYY) and
GLP-1 secretion, enhancing the
activity of catalase (CAT),
superoxide dismutase (SOD), and
glutathione peroxidase (GSH-Px),
and mitigating inflammation

P4 actamicro@im.ac.cn, 7 010-64807516
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Active components Subject Administration Changes in gut microbiota Main mechanism

of TCM investigated route and dosage

Coix seed ICR male mice 24 mg/(kg-d), ig Lactobacillus, Activating the IGF1/PI3K/AKT

polysaccharides®*) (HFD+STZ)

Cordyceps militaris Male C57BL/6J 400 mg/(kg-d), ig
polysaccharide!®®  mice (HFD+STZ)

Dendrobium Male C57BL/6J 200 mg/(kg-d), ig
officinale mice (HFD+STZ)
polysaccharidel®”-*%

Fructus mori Male C57BL/6J 600 mg/(kg-d), ig

polysaccharide®”  mice (HFD+STZ)

Berberine®*"*7!  Male SD rats 100 mg/(kg-d) and
(HFD+STZ); Male 200 mg/(kg-d), ig
GK rats; Male
Zucker Diabetic
Fatty (ZDF) rats

1- Male C57BL/6J 20 mg/(kg-d), ig
deoxynojirimycin™"™ mice (HFD+STZ)

Akkermansia, Bacteroides,
Bifidobacteriumt

Allobaculum, Alistipes,
Lachnospiraceae NK4A136
group, Muribaculaceaeft;
Enterococcus, Ruminococcus
torques_group|
Parabacteroides distasonis,
Parabacteroides,
Ruminococcus, Dorea,
Allobaculum, Bifidobacterium,
Lactobacillust; Helicobacter
pylori]

Allobaculum,
Bifidobacterium;
Escherichia, Shigella]

Faecalibacterium, Roseburia,
Clostridium, Clostridium
XIVa, Ruminococcus 2,
Dorea, Parabacteroides,
Paraprevotella,
Butyricimonas, Alistipes,
Gemmiger, Butyricicoccus,
Coprococcus, Bacteroides,
Oscillospira, Akkermansia,
Aggregatibacter,
Eubacterium?t; Helicobacter
pylori, Prevotella copri|
Akkermansia,
Bifidobacterium,
Lactobacillust;
Enterococcaceae,
Lachnospiraceae|

signaling pathway to decrease
blood glucose levels, elevating
SCFA levels, and increasing the
expression of tight junction
proteins for intestinal barrier repair
Inhibiting the TLR4/NF-kB
pathway and enhancing the
expression of intestinal tight

junction proteins

Activating intestinal GPR109a
and indirectly upregulating the
expression of tight junction
proteins through the
LPS/TLR4/TRIF/NF-kB axis to
repair the intestinal barrier
Suppressing the activation of the
TLR4/MyD88/NF-kB pathway to
alleviate intestinal inflammation
and oxidative stress levels, thereby
indirectly promoting the expression
of tight junction proteins for
intestinal barrier restoration
Promoting the production of
SCFA to activate the bile acid
receptor Takeda G
protein-coupled receptor 5
(TGRSY) and stimulating the
secretion of GLP1/2, while
concurrently suppressing
lipopolysaccharide (LPS)
production and inflammation

Inhibiting the expression of
suppressor of cytokine signaling 3
(SOCS3) and the activity of the
TLR4/NF-«B signaling pathway,
while also enhancing the
expression of claudin and the ratio
of phosphorylated insulin receptor
substrate 1 (p-IRS1) to IRS1

http://journals.im.ac.cn/actamicrocn
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Bk 2)

Active components
of TCM

Subject
investigated

Administration
route and dosage

Changes in gut microbiota Main mechanism

Myricetinl’®

Luteolin!””

licochalcone A"

Pelargonidin-3-O-
glucoside!”’
Lycium barbarum
flavonoidst™”

Epigallocatechin-3-
Gallate™"!

Polygonatum
sibiricum
saponin(®*-*%

Ginsenoside
compound KB4

Male C57BL/6J
mice (HFD+STZ)

Male Kunming
mice (HFD+STZ)

Male C57BL/6J
mice (HFD+STZ)

Male db/db mice

Male C57BL/6J
mice (HFD+STZ)

Male db/db mice

ICR male mice
(HFD+STZ)

Male db/db mice
diabetic patients
and healthy
subjects

75 mg/(kg-d), ig

100 mg/(kg-d), ig

35 mg/(kg-d), ig

150 mg/(kg-d), ig

100 mg/(kg-d) and
200 mg/(kg-d), ig

100 mg/(kg-d), ig

1.0, 1.5, and 2.0
g/(kg-d), ig

40 mg/(kg-d), ig

Alistipes, Lachnospiraceae Elevating the levels of superoxide
UCG-006, Odoribacter, dismutase (SOD)

Alloprevotella, Bacteroidales

S24-7, Bacteroides, Delftia,

Faecalibaculum,

Lachnospiraceae NK4A136

group, Ruminiclostridium 91;

Corynebacterium 1,

Erysipelotrichaceae

uncultured, Lactobacillus|

Lactobacillus, Alloprevotella, Regulating aberrant glucose
Alistipes, Bacteroides,
Rumi nic:!os{ridi um proliferator-activated receptor
Brevundimonas, Pseudomonast (PPAR) signaling pathway
Bifidobacterium, Turicibacter, —

Blautia, Faecococcust;

Enterococcus, Dorea,

Arachnococcus|

Bacteroidales, Prevotellat; Enhancing SCFA levels and
Firmicutes|

metabolism via the peroxisome

safeguarding intestinal barrier integrity
Bacteroidales S24-7_group, Enhancing overall organismal
Lachnospiraceae,
Ruminococcaceae,
Clogtridiales vadinBB60 _
group, Allobaculum,
Turicibacter,
Coriobacteriaeceae,
Enterococcus|
Lactobacillus gasseri, -

Lactobacillusintestinalis,

Lactobacillus reuteri,

Christensenellaceaet;

Enterobacteriaceae,

Proteobacteria|

Lactobacillus, Regulating both carbohydrate and
Lachnospiraceae NK4A136 amino acid metabolism

_group, Intestinimonas,
Bifidobacteriumt;
Firmicutes, Enterococcus,
Enterobacteriaceae,
Clostridium perfringens|
Lactobacillaceae,
Akkermansiaceae,
Lachnospirace,
Ruminococcaceae, Alistipes,
Parabacteroidest;
Bacteroidaceae,
Enterococcaceae|

glucose and lipid metabolic

functions

Activating the gut microbiota-bile
acid-TGRS5 pathway to enhance
GLP-1 secretion

<l actamicro@im.ac.cn, & 010-64807516
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Changes in gut microbiota Main mechanism

Active components Subject Administration

of TCM investigated route and dosage

Ginsenoside Rb1%¢ Male KKAy rats 200 mg/(kg-d), ig
(HFD)

Ginsenoside Rd®” Male SD rats 300 mg/(kg-d), ig
(HFD+STZ)

Ginsenoside Rg1® Male SD rats 100 mg/(kg-d), ig
(HFD+STZ)

Ginsenoside Rg5®” Male db/db mice 90 mg/(kg-d), ig

Ginsenoside T19° Male C57BL/6J 30 mg/(kg-d) and
mice (HFD+STZ) 60 mg/(kg-d), ig

Astragalus Male SD rats 80 mg/(kg-d), ig
saponinst®"! (HFD+STZ)

Astragaloside IVP? Male Kunming 25, 50, and
mice 100 mg/(kg-d), ig
(HFSD+STZ)

Bacteroides, Parasutterella, Reducing the levels of metabolites
Marvinbryantia, such as alpha-linolenic acid, oleic
Erysipelatoclostridiumt;  acid, arachidonic acid, palmitic
Firmicutes/Bacteroidetes, acid, stearic acid, and others
Helicobacter, Alistipes,

Prevotellaceae unclassified,

Odoribacter, Roseburia,

Mucispirillum, Coprococcus,

Anaeroplasma|

Enterococcus, SMIBS3, Activating the Akt pathway to
rc4-4, Turicibacters, enhance glycogen synthesis and
Ruminococcust; suppress hepatic gluconeogenesis

Lactobacillus helveticus,
Clostridium celatum|,
Lachnospiraceae NK4A136
group, Lachnoclostridiumt;
Lactobacillus|
Bacteroidalest; Firmicutes, Restoring the intestinal barrier and
Proteobacteria| reducing systemic levels of LPS
Probacillus, Sreptococcus,  Activating the AMP-activated
Lactobacillus, Ruminococcus, protein kinase (AMPK) and
Anaerotruncus, Roseburia,  phosphoinositide 3-kinase (P13K)

Coprococcus, signaling pathways
Lachnospiraceaet;

Firmicutes/'Bacteroidetes|

Bifidobacterium, Elevating the expression levels of
Ruminococcaceae UCG-  hepatic IRS-1, PI3K, PDK1, and
0141; Lactobacillus, phosphorylated AKT (p-AKT),
Turicibacter | while diminishing the protein

expression levels of
phosphorylated glycogen synthase
kinase 3 beta (p-GSK-3p), thereby
ameliorating glucose and lipid
metabolism associated with
T2DM and insulin resistance
Anaerobacter, Romboutsia, Elevating butyrate levels and
Alkalibacteria, Canadidatus activating the PI3K/Akt signaling
stoquefichus, Oligobacterium, pathway to diminish hepatic

Brautella, gluconeogenesis and
Erysipelatoclostridumt; glycogenolysis, while enhancing
Bacteroides, Oscillibacter, glycogen synthesis and fatty acid
Parabacteroides, synthesis
Roseburia, Muribaculum|

(F58)

http://journals.im.ac.cn/actamicrocn
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Bk 2)

Active components Subject Administration

of TCM investigated route and dosage

Changes in gut microbiota Main mechanism

Andrographolide!®®! Male db/db mice 150 mg/(kg-d), ig

Curcumin™ Male SD rats
(HFD+STZ)

200 mg/(kg-d), ig

Akkermansia, Prevotella,
Adlercreutziat; Odoribacter,
Alistipes, Dehalobacterium,
Defluviitalae, Oscillospira,
Parabacteroides|

Restoring the intestinal barrier and
lowering systemic levels of LPS

Bacteroidea, Increasing Occludin and ZO-1
Bifidobacterium; expression levels to preserve
Firmicutes, intestinal barrier integrity, thereby

Enterobacterales| reducing LPS production and

ameliorating insulin resistance

HFD: High fat die; HFSD: High fat/high sugar diet; STZ: Streptozotocin; ig: Intragastric gavage; — indicates no record;

1 indicates increase; | indicates decrease.

WAEY AL . A &5 AT DA FH T, g
R BEE PG IE ks T2DM W R FE IR
FERRER
2.1 HHEL

Z I YR Ee W], b2 2 A W 18 R A
RYE SRR, ATE At W R A L IR R
AR A B TR A . R 2 2 b e L
T2DM K B 18 @404 1 & (Par abacteroides) #l
PIFF 7 )& (Bacteroides)=£ &, T 7 Ruminococcus
Fil Corynebactrium £, FfI877 15 - P 3t
R, DAk T2DMP7, Chen 250811 % B ¥k
ZZWEREVA 1Y db/db /I FRUFFIE A S o e i A
RyZik, IE T RBEREFSEZ2IETKE
Z ISR~ Z 0% T2DM R 5
fieif SCFA A, [RIBFIARERNH LPS M4
W, BEmEREEZS, 23E T2DM RS R HK
Pio WE 20 | MRS 2R S 2 pEe A
T2DM /U i 25/ N 141 8 (Faecalibaculum) |
Wl K¢ ¥ B J@ (Allobaculum) . Akkermansia .
Bifidobacterium FiI Lactobacillus %54 %5 B )&,
fledt SCFA j=/E LARIEAE #E GLP-1 - FE
BN RPN TP =R B 2 i N R a) e
MIZZEZWERE I T2DM /MR Allobaculum,
Alistipes . Bifidobacterium % # 5 &, T

<l actamicro@im.ac.cn, & 010-64807516

Helicobacter pylori, Escherichia Fll Shigella %53
WEBE IR, JEHI I LPS/Toll KE5ZA 4 (Toll-like
4, TLR4) ¥ # 3 ¥ (nuclear
transcription factor, NF-kB )i 72 [B] 42 04035 il & &
HEHCRE 5 3 B 00, 2 Z 455 T2DM
4 e A 55 M 0 TR A 2 DAL G o R B A R 22
MSEFE R D L T2DM /R K-
i ICTE T2DM /NI, JLF IR 3CR
X RN IE R —F % T2DM Hh B2
LHEON L, Wi R AT h 2 2 R
TR E B TEN, X — &K AP
ZWELEIRYT T2DM Jy T i AR L T B2
AR
2.2 £

ANBEGR 1 A BT Pl 2R 2 HA S T2DM
TEPER AR A YIRS 140, Y RE 15 1 1 TR
S5 MEE AIE R . AR IR, ZINEERORT
PhICTE T2DM /NRAIR P RCR 55 T35 18 T2DM
AINER, XA G A 7R W T TR N B R e 4 24 3
VEFA (R S B2 07 9% e B/ BE e E 4
T2DM KB H TERERAKE . BEAIK LPS 7K,
B W 1B A RE TR B B R, X 5 E b
Helicobacter pylori . Prevotella copri 45 LPS £{
S FE R AIL, Roseburia. Akkermansia il

receptor
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Bifidobacterium = T 2 B4 32 B Ay SeBYH 0 ity
Gh /N BERE AR JF R KB R AR, s
Bacteroides FlEi 12 [ J& (Oscillospira) £ &, I+#
WS4 L 4l G SRR RR3Z 1K 5 (takeda
G protein-coupled receptor 5, TGRS)ZAKLLAE i
GLP-1/2 (43U, 1-W A DL F et . &
HOE W FE R, A T2DM /b B Hp
Akkermansia, Bifidobacterium #1 Lactobacillus
LA HERE, BESERERH Enterococcaceae)
FIE 42 B FH(Lachnospiraceae) it = g7,
2.3 EFEEE

BRSSP b 2y b I AR — 2R YY)
T HO W B s A AR, gt ss . KBE
PR AIIGIE 25, FIREORE R, ke
AR MUK S04 T2DM 7N U 9RE s Yo7 H
TR 2 — T R A K A AT REAR
T2DM /)N FRUBR 5 2= HRPT 5 B LA S b A i fig 7K
-, i A ae 52 ¢k Bifidobacterium, Turicibacter
Blautia 1 Faecococcus %547 %5 b AE <, 0k
Enterococcus. Arachnococcus 2547 & & 4 KA
KU BT RAIER3-O- A A
M3% T2DM YEA, F8.3 [ Bacteroidales
JE, FEAK Firmicutes 13, {EiF SCFA j=E 3t
14558 i T 5 I A 2 B PR M AT B R T AR
T2DM /)N 36 H e B BR B B Ruminococcaceae) |
I BAT 1 & (Turicibacter) . Lachnospiraceae,
Allobaculum FI Enterococcus i 7= B DA M 4k g
JEAR AR 2 I i e AR R L
RERWETIREG T ZAETE T H AR A 2
WAy, HAERE T2DM /)R AR A RN 5
i Lactobacillus 7= B 5 1 AP,
24 BEE

P, BFEIRYT T2DM A RUEYTE
PEALG W, VR4 T TR AR R TS 1 T -1 R 3R
7K AT BB H A FEAE T A OB A2 Bk i 1Y

AE T T2DM /)UK AL ) P SRR A Gl
& i 18+ Lactobacillus . Lachnospiraceae
NK4A136 group F R B H B W J&
(Intestinimonas) i =%, Hare m, HAH%
% T2DM M NS Bt , AZBH K. AZ
B Rb, AZEH Rbl, ASEI Rgl IASE
1F RgS R IAIE R, NS 21T Rbl fiE
# T2DM /K. Bacteroides F1 &l i% 45 G @
(Parasutterella) 4 & , F H R A W J&
(Odoribacter) . Z& Bk [ J& (Coprococcus) il
Helicobacter pylori 8 1, LA JH 35 B8 5
FRACHE, TXTEhJCE T2DM /N B ol 46
W00, NS B ReS fEEGE T2DM /) B I
BEFWE T2DM /MR E R, EX T
Jor T2DM /NER, HOUP @b . N EE R ILAE |
SORE A BCEAE FA 230k 55, 13X 2 Tigh AR
AZ AT Rbl MAS AT Rg5 TE—ERE Ak
L AR N U MR M T2DM. A S B
T19 BE3E T2DM /NR I E AL, I
75 Lachnospiraceae, Lactobacillus, Ruminococcus
SR MAEXTFEEE, Hrh Lachnospiraceae + /&
SRR RN K SRR, peAh, B
SR Y RETR T i 1 A R I A, TGS AR
M ML BE O-3- W B/ O WM B
(phosphatidylinositol-3-kinase/protein kinase B,
PI3K/Akt) 5518 5 LA D 20 - e o 00 7 A DM
S i, YGRS AR T BRI
il T2DM HEBE AR B RSP
2.5 HSEMRS

FC A S S %) b 2 3% P B A3 T TR, WSS A B
FEHF R IS T2DM /N7 E SRRk, 1)
TGN PR A 1 & (Anaerobacter) . JF AL K [T
J& (Romboutsia) . Alkalibacteria 32 i, FEA%
Odoribacter . Parabacteroides, Roseburia #1 i
IR R (Muribaculum) iy = EEP2 28,00 35 N g 2
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ZEDERRHETE 285, BB T2DM /Mg
T YIRE AL AL, ENAT 25 7 Akkermansia 1) 3=
BE, BASCHI SCRA KPSt FRAFAET %
W ARG Y R A, AT LB
PRIGR BRI BRI e . BRAR ML 37 A Rl 7K
UGENTERIMAE, FF34)0 Bacteroidetes/Firmicutes
FAE FN Bifidobacterium 4 3= g4

3 BHAERKYSREREE
B & K& T2DM 6] 3

WA BRI, 2 A S HOR RIS 259 B
PRI T2DM RS bR FE DY, T2DM &
FESE 16 JE R FH/NBER K A Bifidobacterium )5,
25 J A AR AL I 21 2 KSR R, R
Bifidobacterium .75 38 5 /)N BE i [ 11 4 1 FH 9
T8 P IRAFERS Lactobacillus reuteri 1-12 fifi
AT A Lactobacillus acidophilus, Lactobacillus
murinus %47 #5 F B, X5 BE T AIERN
-2 (autoinducer-2, AI-2)FiEHhA XL,
A, HEREE A Lactobacillus RE i & 48 & H 2R
FEVR P IR AE DR B, DT 38 i R i o)
T2DM ), 75 T2DM B il
At WA, IR R G E N AW 5
TEVE R BRG HD T8 7 58, X 38 5 rh 25308 M i o3 X
T2DM Y7 RCA B S X LR 45 Ry h
255 g WG NG T2DM Jy 4t T8
HRFEE B

4 ReE5R%E

T2DM 1) &R i 55 i 18 T R 22 [a) A E 2L
B, DRI D914 fi 2 R AR 18 7 B2 1 R X T B
T2DM H A 25 X 2y stk o ae v o i i
WRESS I, IKE WA, DLARGE T2DM
B E . R, FR53 o 2538 Ve o3 AR M A R EE AR
HRE & — (TR, X AT BE-5 1 18 TR R A
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VEFAA 5% DA I i iy 8 PR R 1) R 25 25 24 2]
RB2 LR — A AR T R

SRIM, MBI AR — D40 | STy
T VIR, TR A 08 53 A FHAE APIRES 52 Z2 0 A
RO, WK B KSR L AEIERET .
SR H 245 Y TR R 2L B IR W R 1 A S oY
W AEA 45 FVRR B o AR ZRBAE LT Jri - (1)
BEE B ERE S T2DM RS IAWRTEA ,
J 18 D REDE S IF IR B ) Z 2 BRI 16S
rRNA JE PS4 . 16S rRNA A
T P B0 A5 B 1 L2 5 T R TP 2 T 0 B
B w2 H 2 BRI REAT SRR D (2)
HZNE S Z R 28, FEXT T2DM R4
FATRE S — R R A ¢, X R F R &
R 2t s s> T T2DM A A ¢ b 15 1ff
No (3) AN AR R GE 2 [RIAF e &P 22
S, BRI HRTKE P25 E R X T2DM 1
TE A RN 2 A A 1) AR A 5 AT 8RR
FRTE S AR cp | £ X% T2DM A BERIF 58 ARG 85
o (&) KIS IEE S A T2DM 7B #
FERIHLRIBFRAEIRA , )R BRAER 8RR, T
AW - L G -Ra i AL AT

DR, SR R s A G i 243 M o0 76 i 18
BRI AFF 7 THT 119 22 20 24 0T 5% b 24 3 0 I DR
5%, WRAMR 2 T2DM BVERIMLET, LA
S s X i R s R R R i 18 AR P A R
S FIIRERIERZE , LI I R8T TR YT R g H 1t
Bl PE A= w o EE 2 BRI TS N 25, 4R
Th v = 2 7 B 155 27 45Ul H f 57 017 FH A {1
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