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Antidiabetic mechanism of polysaccharides in traditional Chinese medicine and

its development prospect
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Abstract: Polysaccharides from traditional Chinese medicine (TCM) are one of the main chemical components of TCM, characterized

by their rich structures and high safety profile. In recent years, there have been numerous reports on the biological activities of TCM

polysaccharides, demonstrating their broad potential for development. Diabetes is a group of metabolic diseases primarily characterized

by high blood glucose levels. It is reported that China has the largest number of people with diabetes in the world, accounting for

approximately 22% of global total. By reviewing the structure-activity relationships, mechanisms of action, and development prospects

of TCM polysaccharides in the treatment of diabetes, this article provides a theoretical basis for the development and research of TCM

polysaccharides in the field of diabetes treatment.
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A- network diagram of research hotspots related to prevention and treatment of diabetes mellitus by traditional Chinese medicine polysaccharides (TCMP);

B-keyword burst analysis of TCMP on prevention and treatment of diabetes; C-trends in publications on prevention and treatment of diabetes with TCMP

in PubMed and CNKI databases over past decade.
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Fig. 1 Visualization and analysis of TCMP in prevention and treatment of diabetes mellitus based on CiteSpace
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B (protein kinase B, Akt) {55 1@#%] {17 5G5S
UM TS, PRI SAEM, KBRS . Btk
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Mty , (BRI RN R HE B AR . B RN,
mEFEM R 2R PKC iE1k, FEUZ ¥ -«xB (nuclear
factor-xB, NF-kB) /=i, HE13BOH /R K W %
I M g S AR ALY . Li DR AR 221 2 B v DL
AT PKC @42, FIRBERIE K SR m AR
Al PKCa. PKCP M P-selectin 321k, Il m=bE4n
M AP P2 A, BT NF-xB 5 518 2% 18 75 4 PR
iR BRI R . Bt kIR 2 2 i H 5
ZRECO, RH T Z W4 R LU R HDL-C 7K,
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PRI /N BRI A SR A, RSP B 4 g F Al
ABIIRE. Li SRR 2 220t n] fe i it 4%
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1 IR, 3E5E CAT V&M, #Hl AR 7R, &M
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TN T BRI, LA, SR A B A T PR A
A PRSI R R WA A K D) Re
PR 0],

NF-«B 7E 58 PRI 98 9 s B oA B AR
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FEWERR AL IRS1U0); 55— 751, {# NF-xB #)141] 7] (NF-
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JiR By 2 DRI, Cai S5USUR I A 22 8 v] Read it
W Nrf2/HO-1 3%, R IR-/N BRI IG B2 4 3T3-
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i S0 [ B 2 AS 5%, b T BELRS 448 T 4] 267 %
(PP EN Y . w24 22 W e 1 i 1 B A ) 45 A A 2
J8, WG si R LL, S R . Yang S52K
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18 bR SRR E N (AR ASNEEA ]
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B IR D Re A R U, BRI, APS-1 Tl
A PAXEN/NER ZO-1.+ occludin 1 claudin-1 f3RIA,
B WiES . TG 2 B BoE NF-«xB 1) FiFR 2
—, TLR4 1EAMGZHE L824k, wIHH0E .
Chen 28 Tk S A it 20 (Dendrobium officinale
polysaccharide, DOP) &Il ¥E/EH &I, DOP HEif
R PRI /N RS AL I, A, (R A
PEIEE, EEGE R, A, BRI claudin-1.
occludin F1 ZO-1 ] mRNA £k, 4EFFHE bk
Bt kDR HAE LS, 4R R, DOP Af
fEJE It g 2 5/ TLR4/TRIF/NF-«B i & 5 it bz,
UGN ZHETN, Dk i JERE A AL SR
SRR AU 2 EL. 7E 7 — I Fi R, Sun YK
L DOP mJLLdEIEHEIN Bifidobacterium WIF-FE, 3
DA = EER, TGS I71E G & EREZ AR
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109a (G protein-coupled receptor 109a, GPR109a),
RmpIE R RE, M8 IR. 25 LRTIR, 2 b
AT DL I i T R S A [R)4E S i T g 1E
Frkg, BEHEEEE.
372 T EREE, SeEAWTY ORI
2 2 BE AT DL 9 iz 38 T R A AR ), anki BN
iR (short-chain fatty acids, SCFAs). JHVIFREE,
HGEBEPRIFREIR o Zhang S5EUR I EE R 22 AT LAY
2 T2DM KR miE E#H o 2R, BRIREDRE (W
Prevotella 1 Escherichia) fHXT -, $&5A o B W1
Akkermansia WAHX F-E, AR SORE RV, 285 iR )
FHPU. SCFAs 2 & A 4L i N R B~ A AR
W, aTLUBd S G EAMBE, iz sS
BRI IEER (W1 GLP1) B0, 1875 B 2= i
BN, B OE R T5180), Zhang SEI871R B AR A MBI
HAK B, BT E R 2050 R 52 3 3 A
T2DM & FEEAE R 5o, 45 /3%
B, HiEAWmmiieE. S48k, RS
Bifidobacterium 53 EAHG . HAARZHEAT L@
VAT TE B R , E BRN PR O R T T P R e
B BRI & Bifidobacterium, 1 SCFAs. JJLEEA!
WAL KT, (R E PR, AT 2 A hE PR
TR o X ek BB R 22 W ] Re i 1A 5 il
PR B 5 P 3 A P SCE R R E AR . B IR R
AN WR Y E S LN U 4 LR S RIP UL
SE N R ATE SR, BENr* SCFAs WA, &
LBt rEDIRe, (PR IHI TR A2 AH I )
ARB=0, LA SR ETHE IR 5T F e B R AR
A, Hfgld 5HKZAREHE FXR 24N G HHA
RECIRVT PRS2 A4 1 AH BAE R 3E GLPL (™4, M
TR B R 1o wh, PR IBE KO, Liu 25021
RIS ZHE PLP 1] FF b PR K BRI 3E
5 SCFAs AEW-6 BORH RE R A R AH 5 T 3 AH X 3=
BE, AT RV ER A2 R . SCFAs BI7K-F, AT i
GLP1 FUREI, H9h0BE & 2 ARG PR IR, el
T2DM.

UTAER, - oAU il 7 22 oo 28 4 5 T3 FHAR
U T I 7 AT AN T 52 31 5T o - - A X A T
DL3E I i 38 B A S K 48 AR G AR AR R XL
AR R, 1 FINE DI RE 5 AR T RE3. H
200 AT JE A O LR R R B B I A R T
7 ARE BRI PR K B, RPN T
ok -2 S - B R PR 0 DA T R T i TR R 4

J AR =40 SCFAs, 520 T2DM K BN 1)
REAI B4,

gi b, B R AEYERENL A e A S LA
H, W2 2R e AL Az U R A T BRI A
Histe AT EEE PRSI L. A, 21
K, PRI T A REdE— P IG IR T -

24 22 WE BV HE R B AR AL LI 2.
4 PAHZBENARITS

HZ 2R —JORIE) . R, MR, &
HVEMEEE YIRS T, BA 2R AGEIRITIN
RE AL — I I IS ARG R S, SRS
BT I8 I AR AR 26 R R R T e T Re . 2 2Bk
FH 2 AT IS PR BE T F B, B RE T DU &7
B, R DA BIGTEA R . fE—T0FAT . X
B BENL RIS, Tay SOOI TR
i 22 W I R AT DAY 3 A T DORE R o R DG Y
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T2DM /) AR # tH B A R IS A - JFC s R ]
RE 54 B 2 @ 0T RR/GLP-1 il 35 fpiE for
Bk R T N RO 0% X e AR,
Z BT RE SRV I BRIT 7

T 20 B A LY Bt . S B ImmaERs
H R CZ 7 BN 250 1% R LA A L 3T
TR BHFRY, T2 2R YT HE IRIE LI
RE 5 TR B BT R TT R - Guo S5 18R FH T
YA % T T2 I 2 0E RN T R 2 0 VR AL A
WEMRIAIA, & pH 254F T 5712k Pue AT LA
HERA IR B AS B AL, Zhang 20915} 55 3% 22 B i
PEIFCAHORZE BT, 4 T 2 DhReKEER, RAhsk
56 2 Bl R J s N ThT B AR B R T AR
R PR BT 8 S AR A T TE R B A R

SR, ZHEEIESE R, fRetk . EE
PG, AKIEMEZSE NS, HHEHBTEAN Bl
2SI SR RIRIG R D o IR e ) 8, A5
BT 5 AR AE 22 W8 1) 45 R A& SOk IR B O R
] R b, 3K R R 22 Y 2 B A )
4.1 ZENEEEN

WL R, 2B (R S, LBk
HAEA T A HRSED 2 BT Dhd i o 2R 2 i 45
FA) DT EXCAE 22 3 F A P S5 R A 3 1 5 8 v 22
B RE I . He SEUOORIH NaOH- Z BRI i) %
LAk R B 2 Cacetylated Houttuynia cordata
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Fig.2 Mechanism of action of traditional Chinese medicine polysaccharides in prevention and treatment of diabetes

rhizome polysaccharide , Ac-RHCP ), Ac-RHCP
(75.40%) X o~ %) W5 H B A0 25 T RHCP
(44.68%), o 7 HAE bl MUsE D Rett & i
W . FRNEENOA IR F AR AR A 20 5 R B
ZRERLE, X o-UE A BT o1 267 4 T IS 12 410 )
SR T 2 2 BRI A MR AR R PRI S0 S
BRIRCEAR R B D, X AT DM E AR RS T 2 2 hiG
I PRI A A FH RE RO BIE 7T 07 171
42 ZEENFIFITA

N ZEYIFI L, e ZGPIFEAR N B
FHIFIE], SEIRRPsREen 2y, W EATIES TITK
AL RSB, Zhao SO T Mifd £
PEDKARL T, A 1A oSk, T HA]
PUR IR 5 2 B A R0Bik . INVZUSIRI I K2
Bl K S T R E [ P ) 2 1 RmR 22 BB IR DA
S R W] Rs 2 W i i B SRR Y, HLAR I g
PEFMESR. 25 b, h2G ZHEERIR YU B A R
TERETS, AR, BT 2REERESR, HRis%
ZREER, RIS A, B, bt
HIF R -

5 HiEE5RE

AT A Ok i o 3 R e B AR 0 7 ORI IR B 4 4 Y
B3, BRIV ROR ABAE BT, P E G TR R,
AL A NHORDTE fidH . dR4TTt, 2025 FF3E
PR SRS B EECR A 2] 4 000 75 A D04,

TEG 2RISR I L SRR BV
HAMREE. SHAGSRTIR A BT, 2/
24 22 B LT FUIE S L BE RN BRI B PR
fER, ARG B n] LOE M HI RS 4R T Bt
BERPUR A TR A, BEESARIIRE, W
HEACHR S & i, CSCE R IRIAE IR . P2 22 A
M A FH B B 245 W I AT DU e R i A
&, [N SR B . OB RO R SR T
Bihikese, BAEAESE L.

HAT, P2 LA (D 7
% T2 20 S AT AR R TR RO AR FI LR
RIEW, AT 252 TOA S AR AR S
K, BRZNERIET . (2) 4TI 32 E A 2
RIGEHIRFE, HARTON—REEMHHIE, KT 2R
T AR RAE S EA RO R AE R . WETE 2RI



© 2192«

FED 2025638 $56% H 6  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

ZRFFIEACH M TIPS R R, haH T2
B B OB T . it — D AT 2 R e s
Ky, AR FEE TR R Z R BRI BEE. X-
SEATHNE B ik, iHEERIEE . (3

HT R REA R, HA= B kA A

W, SNHERE. AR SEEfEAEANEME, MR

BB IR 55, e T EE— D0 Fif B i

Jiithe (4) BEERIZGHORIIKE, 24 28 i il 77

WLk sEAE, EhFrh2sr 2%, %

M. MR SRATTE IRBUTESEZ IR

SO, JREAEAEARRE N, F b R R 32 BIBR ) o

PRl 752 E LR, R 2R

TR, PREE 2 50 2 G 7 B PR ) 22 A PR AT

Mtk &b, TR —FRIRK T, (EHE

PRI BRI SR EAE Ry, @it PIRA

WHot.

RBAR AR ERARAELEZFR

SE R

[1] American Diabetes Association Professional Practice
Committee\n. 2. diagnosis and classification of diabetes:
Standards of care in diabetes-2025 [J]. Diabetes Care,
2025, 48(Suppl1): S27-S49.

[2] Araki A. Individualized treatment of diabetes mellitus in
older adults [J]. Geriatr Gerontol Int, 2024, 24(12): 1257-
1268.

[3] Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas:
Global, regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045 [J]. Diabetes
Res Clin Pract, 2022, 183: 109119.

[4] Allawadhi P, Singh V, Govindaraj K, et al. Biomedical
applications of polysaccharide nanoparticles for chronic
inflammatory disorders: Focus on rheumatoid arthritis,
diabetes and organ fibrosis [J]. Carbohydr Polym, 2022,
281: 118923.

[5] Zhao C, Zhao H, Zhang C C, et al. Impact of Lycium
barbarum polysaccharide on the expression of glucagon-
like peptide 1 in vitro and in vivo [J]. Int J Biol Macromol,
2023, 224: 908-918.

[6] Chen X X, Chen C, Fu X. Hypoglycemic activity in vitro
and wvivo of a water-soluble polysaccharide from
Astragalus membranaceus [J). Food Funct, 2022, 13(21):
11210-11222.

[7] Chen X X, Chen C, Fu X. Dendrobium officinale
polysaccharide alleviates type 2 diabetes mellitus by
restoring gut microbiota and repairing intestinal barrier via
the LPS/TLR4/TRIF/NF-kB axis [J]. J Agric Food Chem,

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[18]

[16]

[17]

[18]

[19]

2023, 71(31): 11929-11940.
Xia T, He W, Luo Z Y, et al. Achyranthes bidentata
polysaccharide ameliorates type 2 diabetes mellitus by gut
fatty
activation of the GLP-1/GLP-1R/cAMP/PKA/CREB/INS
pathway [J]. Int J Biol Macromol,2024,270(Pt2): 132256.
Wang Y N, Zeng T T, Li H,

characterization  and

microbiota-derived  short-chain acids-induced

et al. Structural

hypoglycemic  function of
polysaccharides from Cordyceps cicadae [J]. Molecules,
2023, 28(2): 526.

Liu CW, Song X M, LiY Z, et al. A comprehensive review
on the chemical composition, pharmacology and clinical
applications of Ganoderma [J]. Am J Chin Med, 2023,
51(8): 1983-2040.

Geng X Q, Pan L C, Sun H Q, er al. Structural
characterization of a polysaccharide from Abelmoschus
esculentus L. Moench (okra) and its hypoglycemic effect
and mechanism on type 2 diabetes mellitus [J]. Food
Funct, 2022, 13(23): 11973-11985.

Jing Y S, Yan M, Zhang H, et al. Effects of extraction
methods on the physicochemical properties and biological
activities of polysaccharides from Polygonatum sibiricum
[J]. Foods, 2023, 12(10): 2088.

Lin B F, Deng X H, Xu P C, et al. Structural
characterization and anti-osteoporosis effect of an
Arabinomannan from Anemarrhena asphodeloides Bge
[J]. Int J Biol Macromol, 2023, 231: 123324,

Md Yusoff M H, Shafie M H. A review of in vitro
antioxidant and antidiabetic polysaccharides: Extraction
methods,  physicochemical and  structure-activity
relationships [J]. Int J Biol Macromol, 2024, 282(Pt 4):
137143.

EIRH, BEARAR, XOKREE, &5 s ZHh SRS
A B B LB 3 AR S A A (0], R RRAE, 2024,
45(8): 122-133.

Li L, Xie J C, Zhang Z M, et al. Recent advances in
medicinal and edible homologous plant polysaccharides:
Preparation, structure and prevention and treatment of
diabetes [J]. Int J Biol Macromol, 2024, 258(Pt2): 128873.
Long J L, Li M, Yao C C, et al. Structural characterization
of Astragalus polysaccharide-D1 and its improvement of
low-dose metformin effect by enriching Staphylococcus
lentus [J]. Int J Biol Macromol, 2024, 272(Pt 1): 132860.
WRETHE, 6TEE, 258, 55 A BRI, ek,
Bie IBE IS VE e LB FL kR (], SRRt s 50T
K, 2022, 34(1): 153-163.

FEJKER, TR, RN, & BT MBI AR
WIZRBEZEXT 2 BB PR R T LD (9], he



FED 2025638 $56% H 6  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

#2193 -

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

2, 2024, 55(9): 2976-2986.

Jittaes, JRE, TRMEK, . AR B AT By
2B PR FURERE (7], 294N WEIE, 2023, 46(8):
1819-1826.

Yang B, Luo Y X, Wei X Y, et al. Polysaccharide from
Hovenia dulcis (Guaizao) improves pancreatic injury and
regulates liver glycometabolism to alleviate STZ-induced
type 1 diabetes mellitus in rats [J]. Int J Biol Macromol,
2022, 214: 655-663.

Shan Q L, Liu J Y, Qu F, et al. Polychlorinated biphenyls
exposure and type 2 diabetes: Molecular mechanism that
causes insulin resistance and islet damage [J]. Environ
Toxicol, 2024, 39(4): 2466-2476.

Zhang Y J, Fang X Y, Wei J H, ef al. PDX-1: A promising
therapeutic target to reverse diabetes [J]. Biomolecules,
2022, 12(12): 1785.

Li L, Li R C, Song Y H, et al. Effects of a Ganoderma
atrum polysaccharide against pancreatic damage in
streptozotocin-induced diabetic mice [J]. Food Funct,
2019, 10(11): 7227-7238.

Duan Z D, Chen H L, Miao W, et al. Scutellarin alleviates
microglia-mediated neuroinflammation and apoptosis
after ischemic stroke through the PI3K/Akt/GSK3f
signaling pathway [J]. J Cell Commun Signal, 2024, 18(2):
el12023.

Aslam B, Hussain A, Faisal M N, et al. Polyherbal extract
improves glycometabolic control in alloxan-induced
diabetic rats via down-regulating the MAPK/INK
pathway, modulating Nrf-2/Keap-1 expression, and
stimulating insulin signaling [J]. Iran J Basic Med Sci,
2024, 27(2): 170-179.

Du X X, Tao X, Liang S, et al. Hypoglycemic effect of
acidic polysaccharide from Schisandra chinensis on T2D
rats induced by high-fat diet combined with STZ [J]. Biol
Pharm Bull, 2019, 42(8): 1275-1281.

Rosen N, Mukherjee R, Pancholi P, et al. Diet induced
insulin resistance is due to induction of PTEN expression
[J]. Res Sq, 2024: rs.3.rs-4021885.

Zhang J, Chen X Y, Han L, ef al. Research progress in
traditional applications, phytochemistry, pharmacology,
and safety evaluation of Cynomorium songaricum [J].
Molecules, 2024, 29(5): 941.

Lee SM, Park SY, Kim J Y. Comparative evaluation of the
antihyperglycemic effects of three extracts of sea mustard
(Undaria pinnatifida): In vitro and in vivo studies [J]. Food
Res Int, 2024, 190: 114623.

Ozcan U, Cao Q, Yilmaz E, ef al. Endoplasmic reticulum

stress links obesity, insulin action, and type 2 diabetes [J].

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Science, 2004, 306(5695): 457-461.

Khalid M, Petroianu G, Adem A. Advanced glycation end
products and diabetes mellitus: Mechanisms and
perspectives [J]. Biomolecules, 2022, 12(4): 542.

Eckstein S S, Weigert C, Lehmann R. Divergent roles of
IRS (insulin receptor substrate) 1 and 2 in liver and skeletal
muscle [J]. Curr Med Chem, 2017, 24(17): 1827-1852.
Liu W J, Li Z Z, Feng C X, et al. The structures of two
polysaccharides from Angelica sinensis and their effects
on hepatic insulin resistance through blocking RAGE [J].
Carbohydr Polym, 2022, 280: 119001.
Yue X X, Hao W, Wang M,
polysaccharide ameliorates insulin resistance in HepG2
cells through activating the STATS/IGF-1 pathway [J].
Immun Inflamm Dis, 2023, 11(11): e1071.

MABE, EFEFE, 7 AN [e) B A £ e T 22 A )
SERRAE S AMNEYE (7], AR, 2024, 24(3):
276-286.

FEJTHR, HEASEN, BRI, . THEIRE 2RI
e ARSI PRSP (0], BB AR, 2024,
31(3): 51-58.

TRER, A, XTSRRI IR ISR AR
MU BE MBS PR AT [J]. B dh Tk RHY, 2024,
45(7): 15-24.

Zhu'Y Z, Wang D, Zhou S B, et al. Hypoglycemic effects
of Gynura divaricata (L.) DC polysaccharide and action

et al. Astragalus

R

— =, =F.

mechanisms via modulation of gut microbiota in diabetic
mice [J]. J Agric Food Chem, 2024, 72(17): 9893-9905.

Shi Q W, Li XY, He ] Y, er al. Effects of Auricularia
(Bull.) Quél.
hydrolysate on glucose metabolism in diabetic mice under
oxidative stress [J]. Phytomedicine, 2024, 128: 155485.

Li Z R, Jia R B, Luo D H, et al. The positive effects and

underlying mechanisms  of

auricula-judae polysaccharide acid

Undaria  pinnatifida
polysaccharides on type 2 diabetes mellitus in rats [J].
Food Funct, 2021, 12(23): 11898-11912.

Norton L, Shannon C, Gastaldelli A, et al. Insulin: The
master regulator of glucose metabolism [J]. Metabolism,
2022, 129: 155142.

Zhao X L, Lin G Y, Liu T. Anti-diabetic effect of
Ornithogalum caudatum Jacq. polysaccharides via the
PI3K/Akt/GSK-3f signaling pathway and regulation of
gut microbiota [J]. Heliyon, 2023, 9(10): e20808.

YulJ Q, Zhao L, Wang Z Q, et al. Correlations between the
structure and  anti-diabetic  activity of novel
polysaccharides from raw and “Nine Steaming Nine Sun-
Drying” Polygonti rhizome [J]. Int J Biol Macromol, 2024,

260(Pt 2): 129171.



© 2194

FED 2025638 $56% H 6  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

Feng X J, Zhang Q, Li J Y, et al. The impact of a novel
Chinese yam-derived polysaccharide on blood glucose
control in HFD and STZ-induced diabetic C57BL/6 mice
[J]. Food Funct, 2022, 13(5): 2681-2692.

Zhao Y F, Song P L, Yin S, et al. Onchidium struma
polysaccharides exhibit hypoglycemic activity and
modulate the gut microbiota in mice with type 2 diabetes
mellitus [J]. Food Funct, 2023, 14(4): 1937-1951.

Pick A, Clark J, Kubstrup C, ef al. Role of apoptosis in
failure of beta-cell mass compensation for insulin
resistance and beta-cell defects in the male Zucker diabetic
fatty rat [J]. Diabetes, 1998, 47(3): 358-364.

Schultze S M, Hemmings B A, Niessen M, ef al. PI3K/Akt,
MAPK and AMPK signalling: Protein kinases in glucose
homeostasis [J]. Expert Rev Mol Med, 2012, 14: el.

Zhou 'Y J, Chang Y N, You J Q, et al. Cold-pressed canola
oil reduces hepatic steatosis by modulating oxidative stress
and lipid metabolism in KM mice compared with refined
bleached deodorized canola oil [J]. J Food Sci, 2019,
84(7): 1900-1908.

Lan Y, Sun Q Y, Ma Z Y, et al
polysaccharide ameliorates high-fat diet-induced obesity
by gut microbiota-SCFAs-liver axis [J]. Food Funct, 2022,
13(5): 2925-2937.

LiDL, XuZN, Li YY, et al. Polysaccharides from

Callerya speciosa alleviate metabolic disorders and gut

Seabuckthorn

microbiota dysbiosis in diet-induced obese C57BL/6 mice
[J]. Food Funct, 2022, 13(16): 8662-8675.

XuN, Zhou Y J, Lu XY, et al. Auricularia auricula-judae
(Bull.) polysaccharides improve type 2 diabetes in
HFD/STZ-induced mice by regulating the Akt/AMPK
signaling pathways and the gut microbiota [J]. J Food Sci,
2021, 86(12): 5479-5494.

kg, 1T, WL, . K ZPEH{E FXR-SHP
I % A W SRR K B AL OB IR AR I AT (0], R
I R 25 22 28 5, 2024, 40(17): 2538-2542.

Shukla R, Banerjee S, Tripathi Y B. Pueraria tuberosa
extract inhibits iNOS and IL-6 through suppression of
PKC-a. and NF-kB pathway in
nephropathy [J]. J Pharm Pharmacol, 2018, 70(8): 1102-
1112.

Li X P, Zhao Z L, Kuang P Q, et al. Regulation of lipid
metabolism in diabetic rats by Arctium lappa L.
polysaccharide through the PKC/NF-«B pathway [J]. Int J
Biol Macromol, 2019, 136: 115-122.

Ye J M, MaJ, Rozi P, et al. The polysaccharides from seeds

diabetes-induced

of Glycyrrhiza uralensis ameliorate metabolic disorders

and restructure gut microbiota in type 2 diabetic mice [J].

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Int J Biol Macromol, 2024, 264(Pt 1): 130622.

Guo P, Chen M, Wang W Z, et al. Exploration of
polysaccharides from Phyllanthus emblica: Isolation,
identification, and evaluation of antioxidant and anti-
glycolipid metabolism disorder activities [J]. Molecules,
2024, 29(8): 1751.

Pan Y N, Zhang Y, Li J Q, ef al. A proteoglycan isolated
from Ganoderma lucidum attenuates diabetic kidney
disease by inhibiting oxidative stress-induced renal
fibrosis both in vitro and in vivo [J]. J Ethnopharmacol,
2023, 310: 116405.

Swiqtkiewicz I, Wréblewski M, Nuszkiewicz J, et al. The
role of oxidative stress enhanced by adiposity in
cardiometabolic diseases [J]. Int J Mol Sci, 2023, 24(7):
6382.

Yang M H, Yang Y, Zhou X, et al. Advances in
polysaccharides of natural source of anti-diabetes effect
and mechanism [J]. Mol Biol Rep, 2024, 51(1): 101.
David J A, Ritkin W J, Rabbani P S, et al. The
Nrf2/Keapl/ARE pathway and oxidative stress as a
therapeutic target in type II diabetes mellitus [J]. J
Diabetes Res, 2017, 2017: 4826724.

Ijaz M U, Shahid H, Hayat M F, et al. The therapeutic
potential of isosakuranetin against perfluorooctane
sulfonate instigated cardiac toxicity via modulating Nrf-2/
Keap-1 pathway, inflammatory, apoptotic, and histological
profile [J]. Cell Biochem Funct, 2024, 42(4): e4060.
Zhang Y D, Wang H L, Zhang L, et al. Codonopsis
lanceolata polysaccharide CLPS alleviates high fat/high
sucrose diet-induced insulin resistance via anti-oxidative
stress [J]. Int J Biol Macromol, 2020, 145: 944-949.

Li HN, Zhao L L, Zhou DY, et al. Ganoderma lucidum
polysaccharides ameliorates hepatic  steatosis and
oxidative stress in db/db mice via targeting nuclear factor
E2 (erythroid-derived 2)-related factor-2/heme oxygenase-
1 (HO-1) pathway [J]. Med Sci Monit, 2020, 26: €921905.
SRERAR, WEe, PN MUAC 2 BE T Nef2/HO-1/
GPX4 BRIET &AL XS (R AR IIHE P K B & 3R HRHT A
AR (9], thkiZy, 2024, 46(2): 626-630.

Correa F, Mallard C, Nilsson M, et al. Activated microglia
decrease histone acetylation and Nrf2-inducible anti-
oxidant defence in astrocytes: Restoring effects of
inhibitors of HDACs, p38 MAPK and GSK3p [J].
Neurobiol Dis, 2011, 44(1): 142-151.

Wang H, Yang Y, Wang S M, et al. Polysaccharides of
Floccularia luteovirens alleviate oxidative damage and

inflammatory parameters of diabetic nephropathy in db/db
mice [J]. Front Biosci, 2023, 28(4): 82.



FED 2025638 $56% H 6  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

* 2195

(68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

Zhang Y, Yang B J, Sun W, et al. Structural
characterization of squash polysaccharide and its effect on
STZ-induced diabetes mellitus model in MING6 cells [J]. Int
J Biol Macromol, 2024, 270(Pt 2): 132226.

Weinberg Sibony R, Segev O, Dor S, et al. Overview of
oxidative stress and inflammation in diabetes [J]. J
Diabetes, 2024, 16(10): €70014.

Gao Z G, Hwang D, Bataille F,
phosphorylation of insulin receptor substrate 1 by inhibitor
kappa B kinase complex [J]. J Biol Chem, 2002, 277(50):
48115-48121.

Baker R G, Hayden M S, Ghosh S. NF-kB, inflammation,
and metabolic disease [J]. Cell Metab, 2011, 13(1): 11-
22.

Shoelson S E, Lee J, Yuan M. Inflammation and the IKK
beta/l kappa B/NF-kappa B axis in obesity- and diet-
induced insulin resistance [J]. Int J Obes Relat Metab
Disord, 2003, 27(Suppl 3): S49-S52.

Su J, Liu X Y, Li H Q, et al. Hypoglycaemic effect and

et al. Serine

mechanism of an RG-II type polysaccharide purified from
Aconitum coreanum in diet-induced obese mice [J]. Int J
Biol Macromol, 2020, 149: 359-370.

Zhang Z, Shan W, Wang Y F, et al. Astragalus
polysaccharide improves diabetic ulcers by promoting Ma-
polarization of macrophages to reduce excessive
inflammation via the PB-catenin/NF-kB axis at the late
phase of wound-healing [J]. Heliyon, 2024, 10(4): e24644.
Maedler K, Sergeev P, Ris F, et al. Glucose-induced beta
cell production of IL-1beta contributes to glucotoxicity in
human pancreatic islets [J]. J Clin Invest, 2002, 110(6):
851-860.

Mao D D, Tian X Y, Mao D, et al. A polysaccharide extract
from the medicinal plant Maidong inhibits the IKK-NF-«xB
pathway and IL-1B-induced islet inflammation and
increases insulin secretion [J]. J Biol Chem, 2020, 295(36):
12573-12587.

Wu Y H, Bashir M A, Shao C S, et al. Astaxanthin targets
IL-6 and alleviates the LPS-induced adverse inflammatory
response of macrophages [J]. Food Funct, 2024, 15(8):
4207-4222.

CaiJL,Zhu Y L, Zuo Y J, et al. Polygonatum sibiricum
polysaccharide alleviates inflammatory cytokines and
promotes glucose uptake in high-glucose-and high-
insulin-induced 3T3-L1 adipocytes by promoting Nrf2
expression [J]. Mol Med Rep, 2019, 20(4): 3951-3958.
Ribeiro D A S, de Aratjo A C, do Nascimento PK D S B,
et al. Effects of probiotic supplementation on the

anthropometric nutritional status of patients with type 2

[80]

[81]

[82]

(83]

[84]

[85]

(86]

[87]

(88]

(89]

[90]

[91]

diabetes mellitus: A systematic review and meta-analysis
protocol [J]. PLoS One, 2024, 19(12): ¢0314971.

Gan L P, Wang J R, Guo Y M. Polysaccharides influence
human health via microbiota-dependent and-independent
pathways [J]. Front Nutr, 2022, 9: 1030063.

Mtynarska E, Wasiak J, Gajewska A, et al. Exploring the
significance of gut microbiota in diabetes pathogenesis and
management-a narrative review [J]. Nutrients, 2024,
16(12): 1938.

Yang B, Xiong Z W, Lin M,
polysaccharides alleviate type 1 diabetes via modulating
gut microbiota in mice [J]. Int J Biol Macromol, 2023, 234:
123767.

Rochon J, Kalinowski P, Szymanek-Majchrzak K, et al.

et al. Astragalus

Role of gut-liver axis and glucagon-like peptide-1 receptor
agonists in the treatment of metabolic dysfunction-
associated fatty liver disease [J]. World J Gastroenterol,
2024, 30(23): 2964-2980.

Sun Y G, Nie Q X, Zhang S S, et al. Parabacteroides
distasonis ameliorates insulin resistance via activation of
intestinal GPR109a [J]. Nat Commun, 2023, 14(1): 7740.
Zhang H, Li H Z, Pan B C, et al. Integrated 16S rRNA
sequencing and untargeted metabolomics analysis to
reveal the protective mechanisms of Polygonatum
sibiricum polysaccharide on type 2 diabetes mellitus
model rats [J]. Curr Drug Metab, 2023, 24(4): 270-282.
Hunt J E, Christiansen C B, Yassin M, et al. The severity
of DSS-induced colitis is independent of the SCFA-
FFAR2/3-GLP-1 pathway despite SCFAs inducing GLP-1
secretion via FFAR2/3 [J]. Metabolites, 2024, 14(7): 395.
Zhang X, Ma Q, Jia L N, et al. Effects of in vitro
fermentation of Atractylodes chinensis (DC.) Koidz.
polysaccharide on fecal microbiota and metabolites in
patients with type 2 diabetes mellitus [J]. Int J Biol
Macromol, 2023, 253(Pt 3): 126860.

Zhang M, Yang L C, Zhu M M, et al. Moutan Cortex
polysaccharide ameliorates diabetic kidney disease via
modulating gut microbiota dynamically in rats [J]. Int J
Biol Macromol, 2022, 206: 849-860.

Wang J H, An G Q, Peng X Z, et al. Effects of three
Huanglian-derived polysaccharides on the gut microbiome
and fecal metabolome of high-fat diet/streptozocin-
induced type 2 diabetes mice [J]. Int J Biol Macromol,
2024, 273(Pt 1): 133060.

ZhaoY W, Liu J W, Sun S J, et al. Grain actives modulate
gut microbiota to improve obesity-related metabolic
diseases: A review [J]. Food Res Int, 2025, 199: 115367.
Gao R L, Meng X J, Xue Y L, er al. Bile acids-gut



* 2196

FED 2025638 $56% H 6  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 6

[92]

(93]

[94]

[95]

[96]

[97]

microbiota crosstalk contributes to the improvement of
type 2 diabetes mellitus [J]. Front Pharmacol, 2022, 13:
1027212.

Liu T T, Zhao M, Zhang Y M, et al. Polysaccharides from
Phellinus linteus attenuate type 2 diabetes mellitus in rats
via modulation of gut microbiota and bile acid metabolism
[J]. Int J Biol Macromol, 2024, 262(Pt 1): 130062.

Zhang Q, Jin K'Y, Chen B, et al. Overnutrition induced
cognitive impairment: Insulin resistance, gut-brain axis,
and neuroinflammation [J]. Front Neurosci, 2022, 16:
884579.

Chen S M, Zeng F S, Fu W W, ef al. White hyacinth bean
polysaccharide ameliorates diabetes via microbiota-gut-
brain axis in type 2 diabetes mellitus rats [J]. Int J Biol
Macromol, 2023, 253: 127307.

Hsieh C H, Lin C Y, Hsu C L, et al. Incorporation of
Astragalus polysaccharides injection during concurrent
chemoradiotherapy in advanced pharyngeal or laryngeal
squamous cell carcinoma: Preliminary experience of a
phase II double-blind, randomized trial [J]. J Cancer Res
Clin Oncol, 2020, 146(1): 33-41.

Tay A, Jiang Y N, Signal N, et al. Combining mussel with
fucoidan as a supplement for joint pain and prediabetes:
Study protocol for a randomized, double-blinded, placebo-
controlled trial [J]. Front Nutr, 2022, 9: 1000510.

Sun L, Jiang J, Zeng Y, et al. Polysaccharide NAP-3

synergistically enhances the efficiency of metformin in

type 2 diabetes via bile acid/GLP-1 axis through gut
microbiota remodeling [J]. J Agric Food Chem, 2024,
72(38): 21077-21088.

Guo CJ, Cao M, Diao N N, et al. Novel pH-responsive E-
selectin targeting natural polysaccharides hybrid micelles
for diabetic nephropathy [J]. Nanomedicine, 2023, 52:
102696.

Zhang L F, Yang J L, Liu W C, et al. A Phellinus igniarius
polysaccharide/chitosan-arginine hydrogel for promoting
diabetic wound healing [J]. Int J Biol Macromol, 2023,
249: 126014.

[100]He M Y, Tang S X, Xu T T, et al. Acetylation of the

polysaccharide from Houttuynia cordata rhizome and their

[98]

[99]

o-glucosidase inhibition mechanism [J]. J Food Sci, 2024,
89(5): 2672-2683.

[101] ZEhh, TREEE, XI-F, &5 MRASEZ MR PR
e BRI (1], Bt AR5 Tk, 2024, 45(6): 60-68.

[102] Zhao M M, Wu Y Z, Zhang F, et al. Preparation of Ribes
nigrum L. polysaccharides-stabilized selenium
nanoparticles for enhancement of the anti-glycation and a-
glucosidase inhibitory activities [J]. Int J Biol Macromol,
2023, 253(Pt 5): 127122.

[103] #NE. Kiws 2 WH AR A4 1) il % K B i A A L 9F 72 (D).
T INARAOR A, 2023.

[104] H A AR LA FE [ 55 e . b [ 9 96 1 A o A S R
(2017—2025 ) [J]. HESEH 2 MNEA & E, 2017,
24(11): 6-11.

[ttt RERE]



