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Research progress on immune regulation mechanism of traditional Chinese
medicine polysaccharide
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Abstract: Traditional Chinese medicine polysaccharide has been widely concerned by medical practitioners at home and abroad in recent
years because of its clear role in immune regulation. However, the research of traditional Chinese medicine polysaccharide is still in the
exploratory stage, lacking authoritative structural characterization methods and multi-faceted immune regulation mechanism. In this paper,
the immunomodulatory effects of traditional Chinese medicine polysaccharides on immune organs and immune cells, the research progress
of polysaccharide receptors and the potential of traditional Chinese medicine polysaccharides in regulating intestinal flora were reviewed
in recent years, to provide ideas for further research, development and utilization of polysaccharide in immune regulation.
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PEARE S RPN e TR, 2 RS2 A Bt
F ik e vh 24 22 WEAE R YT R T B A T T ek
ITERIR, b 2 050 Gz TR T AL IR NI AT
FFF R R AR -
1 PHZENRERGRATIER

Hh 24 2 0 AT DL B S A B R S 4 )
ALK, JREd SRR TN 2RSS, BE2
s, FATPURE R T PLR T AEN
Rl F7KF, R T e R0l 2= KU IR
R IEE 5 SR ARG E . s a4 R -
2 (interleukin-2, IL-2). IL-6. IL-10. IL-12 K&,
FERMUAR S B D RE . VEHEFE SR I TR 22 0 ] ol
WOk AP ST, R EAR A S y- TR IL-
4 FIRIREIAFEIA F-a (tumor necrosis factor-o, TNF-
o) Frik, {RdE B bk AR ARy M ) S R IR AR
M (immunoglobulin M, IgM) F1IgG. Chen %!
RILCENISEZ PR AZ K F«B (nuclear factor-
kB, NF-«B) {55 il #% 7t /0 SIS B0 40 i
INF-o~ IL-1B. IL-6. —% /A5 mRNA Kik,
MR RPERTTER - Li SR BUE (LA it 2 e
Tk 5 R 24 B 5 T ) Toll #5244 4(Toll-like receptor
4, TLR4) ¥UiE NF-«B. 225560 A MG
(mitogen-activated protein kinases, MAPK) 5t
JUEE 3-3%0% (phosphatidylinositol-3-kinase, PI3K) /
S HP B (protein kinase B, Akt) {5 5iHEs, it
TGS ELRR4H .
L1 MRERFRERETER

G IE AR E o RSN AR, PR
aE OSSR AR, AR SR
AP, AME S BRI, &R
T 4AffI A B AR E ST, R, G s B I
FREOAT LU LA S DI BE A 2R S5 o XV SE R I
MR ZHFE FARATE a5 PR U 2 B A Re 3R = A
ke It Mg e ) /) BRLPR S 8 T FR 4, M99 B bR 2
A IGEE . B E AR (natural killer, NK) i
P, BN T IL-2. IL-6. TNF-a & IgG Bl .
LR S U2 Ik 4 R R 22 W AT I 2 42 /) R
PRI AR R 2, (ks ds B AR, IME A R R
Pk SRR Z e A m L. A, 7
W40 7K~ o Ayeka SEISVRBLH BL 2 B ] 2 CT26
fiiJ BALB/c /INER /B IRFE 2, 0% CD4' Al
CD8* e, B4 T kA ks, B IL-2.
IL-6. IL-7 K3F, F#AK TNF-o HOKF. XISCar 4504

RIS L ERETH = CT26 T8 /1N BRI A i+
., M sEyU AR R TIRe, KEDUMBEER . Li
FUShE A LA RT 5 B S 2 R AR, K
LA f5 2 MR E s, (HARALRT IS B A 2 R
Pem /MR AZ R E IR TR y- TR IL-6.
IgG 1 IgM Kk etk A e . Lin S5E0005H
b B M 2K B 2 BN R G I i AU B (muscovy
duck reovirus, MDRV) JEYLAERS G032 JJ 1520, K
P Sk 7 22 W ] 5 R L A R RV O HE L I
I R S Fe N RSO, TR R A et g5 AR
M Sk 355 2 BE T LAYAR. MDRV X4 S G 28 25 B 1145
157, DNA W22 (1) JE A7 AR b 13RI A0 T2 R e AR A
DA I Sk s 22 B AT LA4H] MDRV 4L J 1 ez
AR T

1.2 MREMEAETHIER

121 XHREEM RS ER Ry
DB B0 A R A e B TR, S — 7 T
AT CURIEOM L 40 M o i A IR T, R A DGR 3R
K, I SEB e T . R 20 AT i b /N R
Go/G HAZMHBE . (233 DNA A, M ek e
I HEN T e 2 2 W AT R /N R T 40 CD8*
K, e T I CD4Y/CDS HIME, 4ERF T ik
EL 20 T, HRBU AL T AR TR FUS) . SRS
22 W 38 I T PR B M 175 3 1) S e 1 AR XS A L bk
Bt S A GyM 3, Wb ARIET:, B
IL-2+ IL-6 M y-TIRERMFEF LR, (RiFFME M T
WRESA ARG FED . 2R D7 K TR 22 B ] E a3 i L A
/NBR TNF SRR e s 38 9 NK 20 B4, (R {0
53 IL-2+ TNF-a, s 5% 20, Zou 52H
R 30 2 22 WK R 9 &~ FUPE I B v B 10 v
B, RHIE R BeT LB N BRR AL, s i
IL-6. A4 K F-B (transforming growth factor-
B, TGF-B). TNF-o. IgA & &H1 CD4"/CD8 /K,
B U (0 S A

1.2.2 XFEREHM IR ER 22 e DA
BRI AW e /7, BG5m B EAn i e, e
W0 441 . 0 5 e B AR DG I AR IR 7, S s ATLAAR 1 4
B AE /1121, Zhang SEPAM LS R ELAS 2] —Fh
H 77.85% i A BEL AL, EHEN 1,4-a-BET7HE, SBE
N 1,4,6-0-FEH B L2 2 HE4H 4 o] B 2R A B
YHMIAE TS AR T RE, (e — A BRI, 19
IL-6+ IL-12 1 TNF-a [J31A, 8 250 E R4 i
JAB SRR TR VE F o] Be 5 A AT BEAD o B B
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Ko MHHH R TE A — TR RS HE N AR TFBERS BRI
A ENARRZBORE, "WTHARAE, Lk
S SUNSPS E2 RIRTE 3SR lHE P s S
W 240 . A R U S2 AR R R RIS R IR R %2
f£-1 (lectin-like low density lipoprotein receptor-1,
LOX-1) J IL-1B+ IL-6 Al TNF-a [f] mRNA i,
i BRI ARE B R, B A R T RS I
TANML, U PTG SR RIERT, B
BEN A ZUE B I SR W] LAk — 28 73 A oy B
AL, Z S5 GRE . Minato 25241 BURS A 22 FE ]
DA 32E R A 4 D 1) B A 4 R T R A 1 1) I 4
WAL AL XN ML 8% THP-1 40 704 5
BV AH R 25 T lG 2 BE A0 y-T IR B RAE, K
DU A 25 0 T 0 1) I 22 AT - P02 R B
24 53 s TNF-o F1 IL-6 {5 IL-10 73 W, IRl ¢
Ao Park SEPRHLA B 2 08 W] DL I 2 HE 5
(¥ /I8 B A% LR A 11 ML RAW264.7 455
B —HAMNE A (inducible nitric oxide synthase,
iNOS) FIIAAWE-2 (cyclooxygenase-2, COX-2)
EARERIE, WWH) IL-1p. IL-13. TNF-a. IL-6. y-
THRKIEL.

1.2.3 X SOIRZIM (dendritic cells, DCs) [
YEH] DCs ] LLIE I 3 Fug A2 4 ot G 5 R G D e -
R AR B B AR K R B R IR S 4 o Tk EE A
JRER) T 4 W RAERET, 5 T Aok

NEIBIYE T 4l ffd (T helper cells, Th) Fl4H g 75 4
T 200, # DCs M T 40t — 25 RIE G Th
RO, AP STV A AC 22 B8 ] LRI DCs R
—SALE, Wi IL-6. IL-10. HiZdupiatb i E-1
(monocyte chemo-attractant protein-1, MCP-1). y-+
PLFE A TNF-o & &, fiidk DCs K4+ CDlle. &
BHLMAEMEE AR 1T (major histocompatibility
complex II, MHCID. CD80 il CD86 1%, {i¢it DCs
. FERALELIRE TR IAMIIC 2 220 R
ZEWE. HEEZPE. ERZHEY N LR/ B
DCs K ff] CD80. CD86 Al MHCII 43 F3Ki&, fieidk
/NRBERME DCs B IL-6 IL-12. p40 Al TNF-o.
Feng S5V LA EE Z B {2iE DCs i, {2
CD4*, IL-6. IL-10. y-T#i%. TNF-a 401,
H5 TLR4 ZAA&AHKH) NF-xB 342 H Ko

HAT, R ereds B IE2 a4, i1/ 5
PEBRE /KT OO PR 24 2 08 S g A E I
WHFB . HRRZIEERA P4 2w 2
By 22U, ZEEAILRRE R RTEM . T
ZHET LI I 2 524k B R Ui (S 5 il R S
BE MR AR, WIPURERE T Fik
BR 7 FH AL R 77K SF, 11 L3 S e 3k F KR
MR 1. HLERRSES, EFELEEST4EY
L REBERHEAR . EARAEEREARMNZ AR
PEAS 5B EIR N S HAE L o

*1 ZRENREREREEARNOER

Table 1 Effects of polysaccharides on immune organs and immune cells

E2 HLA il TEFIRLAH SCHR
REZHE HEBERE %S BALB/c MM/ 30 mgkg™! WO, MRRTRA. BT ERRAL (GEbHREgRE N
G B BANMEAF IL-2 L6+ 1gG. TNF-a Bl
PREIRRZHE A S R R 3ME] 100 mgkg™! AR, MRS i IL-18. 1L-6 12

HEA
HEZHE CT26 FiJ8 BALB/c /MR 500 mg-kg! PmE/NRIE, MRS BOE CD4TRI CDS e AiaEE, 13
BN T ARE KSR, By IL-2. IL-6. IL-7 KF,
F&A% TNF-o 7KF
SPES 25 CT26 TR/ R 100~400 mg-kg™ AR MiRTEE. SR AT A g v, i 14
BT IL-2 A y-FH % SHA ML CD4Y/CD8*KF, s i
Jif TLR4. NF-kB p65 & H#iAKT
W E A2 MBS S RN RAZEME 25~100 mgkg!  BCEREMRTIREL REMES -THE. 1L6. 1gG A 15
bt IgM &8, (kb ah g e
kL hE MDRV YL 02gL™ [[1f MDRV YL GEE. B B RORRAEs640, & 16

RSB &% B M R A T
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E2. L = &AL SCHR
RAT LB 1E# BALB/c /MR 4T 25~400 pgmL™' MG/ BRI SIS SE, 98> Go/G R4 BELA L (R1E 17
DNA &, 4EFF y-THR/AL4 (ThU/Th2) shasFHir
WL SULTTIRA TS S M BALB/C /MR 100~500 mgkg™ FIR/MR T 41 CD8/KF, #2m T E4E CD4/CD8" 18
R {H, 4EFF T WA T A, HEHTEL AT RRA T HAE
LV EZ PRI SO G MR R I (800 {RuEGE A E AN S A GyM 1, HIEEIRE. 0 19
mg-kg™) AR ) 40 PR T
VLA EZ AN 80 mg-kg™! SR A B AN — S AR JRAE NK ORI T 40 20
Hi i, FFREME IL-2. TNF-a. IgA. IgG A1 IgM /K°F,
[ A B EE i S R E S HEAE DR KT
WE LN WP C3H/Hel /MR 100 mg-kg ™! THEMR a4, T M TGF-p. TNF-a. IL-6. IgA & & 21
Al CD4*/CD8* T itk 40 A
A EA RAW264.7 411 100~400 pg-mL™" 427 EWEAN A7 i R A EEA A A I T e, (R —FMLE 22
B 9% IL-6. IL-12 A1 TNF-o [H1%3%
EVES | I 55 K RAW264.7 4L 64~128 gL WAV o 25 B RS R ) Bt s IR ) 52 44 LOX-1 /- 23
TWRAER T IL-1+ IL-6 F TNF-a mRNA &
YES G2 B +y-THFEFHFE THP-1 0.1~1pgmL 0% THP-1 48/ TNF-a. IL-6. IL-10 BI703, WRZHIZM 24
Y i ) R A0 3 A B A TR
G L HEFESHN RAW264.7 MK 4~32pgmL ™! M 2 W% S 10 RAW264.7 4112 iNOS 1 COX-2 &AM 25
PR L] Fik, ¥ IL-1B. IL-13. TNF-o. IL-6. y-THEKE
LlES 1E% C57BL/6 /NEE6IR DCs 25~200 pg'mL™"  BII—%A L% IL-6. IL-10. MCP-1. y-T-H &M TNF-0 & 27
&, fit#k DCs M4 T CD1lc. MHC-II. CD80 £l CD86
Rk, LMEHE DCs Hih
Mifd =2 R 1E% CSTBL/6 /M BER DCs 100 pgrmL™! /NGB BERIR DCs R ) CD80. CD86 Al MHCII 431 28
Z R Fik L, /N REEJE M DCs BRI TL-6.1L-12 1 TFN-
[EZ a3
WHH LR MEME CS7BL/6 /N DCs 41l 200~800 ng'mL™" {23 DCs gMM A, Fha/ MBI IL-4. IL-12, y- 29

T4t Z A TNF-a K, 1 CD40.CD80.CD86 A1 MHC-
11 /K

2 PHZREEAERRBPTIERBEXZN

bEE ZHEEFUIRAN, A IR I 2 i n]
SYRE IR EZ A [ TLR. #MAZ/A 3 (10
type complement receptors, CR3). Dectin-1 5244
H#& B 24K (mineralocorticoid receptor, MR). &5 1H
KRR (scavengerreceptor, SR) | Z551Y, g2
TG T, (A S PR 1 R BORI A O
AR AR ERBY. 1Ak, Ca>
AT AT Ho 5 AH o0 18 Bk 3 S R VR
2.1 TLRs

TLRs jf&— MBI E H 5, HoAr mo2 Rl LT
A AR ) TR AR AR BRI G A5 54 Hh OB

WOE A OGBS, PR ITFEIRIER 2
] TLR N % 2 8 NF-«B @B, Wi 1 pow,
Wi 2 BEBAT ) TLR2 1 TLR4 324425 B0 BERE 704k
¥ 88 (myeloid differentiation factor 88, MyD88),
MyD88 5 IL-1 %2 & A#H G ¥ (IL-1 receptor
associated kinases, IRAK) 254, Wid TNF SZ4&4H
KKF 6 (TNF receptor-associated factor 6, TRAF6)
A B FlEE ik, LR G B #ilE B (inhibitor
kB kinase B, IKKPB) 755 NF-xB #)iil| & 5 [xB
PR AL, 3N TNF-a. IL-1. IL-6 254 RIE .

Zhang FFP3R I 4 HUE B BTG I RAW264.7 41
AN C5TBL/6 /I B Jin 28 Fi b E 45 e B 240 i — 254k
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N\ MAPK. MyD88. PCK
IRAK PI3K-Akt. IRAK4. NF-kB

TRAF IKKa IKKpB IKKy

— IKKc

-, &%

1 BXZENSHSERZBETIERLE

Fig. 1 Mechanism of immunomodulatory action of related receptor-mediated polysaccharides

%~ TNF-a Al IL-6 (1724, 0 /N BRBE IR A
}d (bone marrow-derived macrophages, BMDMs)

90 FfL A5 5 R T RS 172 Cextracellular signal-
regulated kinase 1/2, ERK1/2). c-Jun Z(J&: K ¥ i
(c-Jun N-terminal kinase, JNK) £l p38 & H BEER 1L,
BEMEOE p38 MAPK {5 5 i@ B, TLR4 017
(TAK-242) 0] & EHH] RAW264.7 4iijfd TLRI.

TLR4 fl TLR6 [ 1E IL-6. TNF-a ff] 54 Fl1 p38
MAPK [, 1Mi%5F TLR1/2 $5 & 0 AT
fgemg . (EARNSEIR R, TLR4” /NRA1 TLR27 /)N
B ig X HEHLZHESFE BMDMs Zii#E{T Griess
W T IR G P T B N s A AN B R A, R IR
TLR27/Nii, BMDMs ) —% 4t TNF-o Al IL-6 )
WABETN, TLR1.TLR4 F1 TLR6 ik _Eif, ifj TLR47~
/NE BMDMs 40 7Rk 52 A H—8, KM%
& W 2 WAl E T TLR4 SZ24K30% p38 MAPK 15
SR RIEVER . Zhou ZEBIE LI I HE E LM X
RAW264.7 4 M1 1 & & M# %8 ( esophageal
adenocarcinoma, EAC) MR #E5 /N R ATRZ A, K I
TS RET] LI RAW264.7 20 i A1 98 /0N B — 4
L&~ TNF-o. IL-1p Al IL-6 Fik, {H TAK-242 Al
MyD88 Il 7] (ST-2825) AJ UL i Rk ik, &
HH 35 1 2 4 AT A2l 0 TLR4 /-5 MyD88 Kk
RS T I B PR TR e . TR S BSR IR A
ZFE T DUIHI IR 2 085 S /N R E R J774A.1
Y1 #RE R TNF-o A1 IL-6. IL-1P M0, BEAK
RIE JT74A.1 ZHfl COX-2. TLR4. IRAK4. MyD88
J NF-xB # HRIEKF, B FON IR L BEH ] 585
S8 5 0] TLR/NF-kB 3l 5%, 7R T 2Pt

G JZ AE P ATV 5 AT BE S U (1)« KB A 2 Dol ik
TLR4 ZARH0E RAW264.7 40 A 1) MyDSS, it
AN IKKB IFRIL, FR NF-xB p65 V312 3|
YHfAZ A, Bn—4% 4k & IL-1B+ IL-10. MCP-3 %%
Ko AN B 2 BERTIE B [RIK P Bl i TLR4
5L S0 MyD88 MK i Pk & 42, M
RAW264.7 4lfifif TLR4. TRAFG6. IKKp 3R ik,
FEAE SIS T L  AKZE 2 BB B8E . TLR2 A TLR4
ZAK A S NF-«B Ml MAPKs 15 5 & 12 B0 0%
RAW264.7 40il, i F40EN p65. IkBa. p38-
ERK1/2 Fl JNK [FBEEAL ;s FEAR—%0 . IL-10 #1
TNF-0 ik, TLR4 B G i FALH] LR 2.
2.2 CR3 Z{F

CR3 &P BRI A dn i i s2 4k,
Fi T EVELIN. NK 4088, 4istt T 4008 B 41
M, 254 HRE G514 R 2B, Lan 25640
R 22 58 o] B2 8 IR 2 WS 21 RAW264.7
AR AR D) RE, MG n—% 4%, IL-1B. IL-6 AH
TNF-a F/=4E, 75BN T2 mA CR3
Ca¥ Pk J5 EMELHM TL-1p. IL-6 F1 TNF-o £ik &
F PG, RNA M P& R IMA CR3 # Ca? fifk
) LW 4 AL o MAPKs AT PI3K/Akt 38 % 1t 3 K 2 ik
SERN, Fi, RIRZEERERERTEERS
Wi MAPKs 1 PI3K/Akt 15 5@ #% A5 5% . Talapphet
GUIRINAETH AL HE T = RAW264.7 41
INOS. IL-6. IL-1f. IL-10 1 TNF-o. mRNA FEiX,
H MAPK SR WG N, RAW264.7 4 30
¥ AR TLR2. TLR4 A CR3 24K MAPK
A NF-«B {5 5l B K e 15 /EH o Liao &5142)
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Table 2 Immunomodulatory mechanism of polysaccharides mediated by TLR4 receptor
E2L ] LAY 1E i il % 1EFHLH SR
SWES ZERATE CT26 iR /NG NF-kB FrE/NRARE . MORRIRE. RUEAR AR, SIS 14
HIL-2 Al y-FHEE . A I CD4T/CD8 /K, 38 i A
TLR4, MyD88. NF-kB p65 & 4% ik
WHZEZHE  C57BL/6 /N DCs 4l NF-«B fe5t DCs 4uffa i, Fhm IL-4. IL-12. y-THREM INF- 29
o 7KF, i CD40. CD80. CD86 Al MHC-II 7KF*
XHMERELZHE RAW264.7 4. C57BL/6 /MR p38 MAPK  #i1 RAW264.7 Zi i fl WT BMDMs ' —%{b%& . TNF-a 33
TLR2 B, TLR4 % I B B A IL-6 B4, % ERK1/2. INK Fil p38 WEERIL T
CS7BL/6 /MR BT p38 MAPK 15 538 %
EAES RAW264.7 4Hfill. EAC fiiJ8/N i, NF-kB WoE TLR4 /21 MyD88 KA Sk, Hhn—%4t 34
&~ TNF-a. IL-1p Al IL-6 FKiE
B LZRE  1774A1 411 NF-«B 3N TNF-o f1 IL-6+ IL-1B M43, FEAIG J774A1 Aifah 35
COX-2. TLR4. IRAK4. MyD88 J NF-xB & &Kk
KMAEZHE RAW264.7 4iIH NF-«B et MyD88. IKKp Ff NF-xB p65 WHRHEBIIMMEY 36
o, 44L& IL-1B. IL-10. MCP-3 Z/KF
b NEZHE  RAW264.7 414 NF-«B W5 TLR4. TRAF6 J IKKp HREA K TLR4. MyD88. 37
TRAF6 [ HRIE
UEED RAW264.7 #fid NF-kB. INK. #%5 p65. IkBa. p38. ERK1/2 fl INK HIBER 1L BME— 38

MAPKs

FALE . IL-10 A1 TNF-a Fi&

RIRATIRT- SR Z i mT LIS T RAW264.7 41
KM H) CR3 324K, Fhm—28 4% TNF-o #1 IL-6 [¥)
SRR, T RS R R
2.3 Dectin-1 Z{K

Dectin-1 71 FLB )& 1 DCs 11— 7
ZAk, R E V28 DCs M5 C BG4 R AF
(C-type lectin-like domain, CTLD) Zk[#], %%
AAE 2 MiE R 40N 36 Rk, Dectin-1 & 7 AT LA
SEAINRPEZRE, EnT LSS T 4R T I PR
PERCAR, FAAXCE FEAIEH 4. Dectin-1 @i iR 51
H B-1,3 Al B-1,6 5 k& H20m i B-Hi 5K bE, 15
T2 PhA PR 7 AR AR B FE A, BOE LA
SR . Deng SFWVRIIAT IR Sk 2 4 vl il i
TLR4 52 R0 B0 240 B AW vG Ve, 38 TIL-1p A1
TNF-o ({43, 0% MAPK @, £ NF-kB p65
(B RE A AN A% 5667, T Dectin-1 Ho44 ) AT BEAR% H:
T, R INT R Z HE 8 Dectin-1 A1 TLR4
ZARIL A0S MAPK Al NF-«B 38 1, 855 F 40
Jf G P T A
2.4 MR FiK

MR &F 11 B4R (fibronectintype
II, FNID. &M 8 M HIER CTLD 454

B, ATRLR A BR RS AR L- OBt E & b, ©
B RAERFRAGE 46 MR 5 2 04545 ] DL
I E R AH M AR 1, PR ARTE PR, oE BN
H NF-xB, i SAIME T, ZRIRZE S
N IWN—E2 YIETEES KSpil-Yi g SV 411} Y 1]
Ry MRS & SO B D Re B 520, R I K 3R 2 Bl
4 U5 22 00wy DU 3k 5 s R 4t i 2304 TNF-au T
MR SZ A4 B 45 o) H 85 0 v] DL 52 4 BH W oK 5 22 b
XTI EVEAN D TNF-o ()50 W BGa/E . 35045
FUHIHZHEXS TNF-a (70w syE M, 3R
ZHERIY T Z BT MR RIEVER, B2 2 Fh2hE
X IL-4 [ 70 WA RENR, 150 BH K3 22 AN 2 ) 22
FEIEIT Th R4 e RKAEVER . D/ NS ESIR 5T
RILE R Z 2 M LT AR 2 585 5 00/ BRUIE iz
B e RE J1 . IL-1B £k, 1) MR Pk A
Re R IAHRIE, 4T AR B R Z 2 P
TLR4 1 MR mRNA K& T+, RMEAEDRIEREE
WEAH AP, NF-kB p65 2 [ 1% 5% TLR4 fl MR 3%
ERGR
2.5 SR Z{k

SR TEBN KA FERE AL I3 A2 oA R TR 40 BT ik
IR A B T BRI, Hardta 3 286
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FIANFZERI SR, 374 A B4 (SR-A1. SR-A2 Fil
MARCO). B (SR-B1 Al CD36) Fl5is C B0,
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Fig. 2 Immunomodulatory effects of polysaccharides through regulation of intestinal microecology

Ae. AR, CRAT LA RGE RARHT,
] i B0 T A IR P DA Bl T e
W HEIR DAY T RRER R (22t B 1B 0 I bt s 1) 578
#PE; SCFAs it ) 240 25 A I . BEBE Chistone
deacetylase, HDAC) Al NF-kB, % IL-1B+ TNF-

o SN TR, FRAREE R L AR ML R
S 5YEfFiniEThRe . Gl bR AMIEAS, etk
WAL 7990, gt A T AR b e A 7 A A i 2
BEEYI ARG Db EARNAR 81 i RN
TIERE SRR IE B R ThRel0, KRR



- 3344 -

FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

1 (tightjunctions, TJs) &7 &5 5F i HZE H,
CIRVNY RIS I/ ) N 7 R 2 s R ks d 17
(ulcerative colitis, UC) /NS Iz BERRAZ 40, 7 A
TIs H5H ZO-1+ occludin. claudin-5 3R F1AEAK,
IL-1B+ IL-6 Fl TNF-a. 43 1. Cui Z00R I35 %
Z ¥ YL E1 TIs 85 A« occludin claudin-5 3R]
FKisBREmiE R, BE(S IL-1p. IL-6 1 TNF-o 7K
DL ER 28 9 . Ren SFO2VR I PGS Z 4l nT LLiE
B#A IL-1B+ IL-6+ IL-17A fl TNF-a /K7, Hijngs
g 14 F1 1L-10 KF, 30 occludin Al
claudin-1 [} FRIERARY Wi e, 0] MAPK 2 E
5T E S LA RIEIRE . Xie ZEOVRBLUE 1A it
ZPEiEE B TIs. -2, B-Bi M [gA R
1 R R I D) R, I U A R PR AR A
P2 S MLV D e B KR T i e BR R D RE . AR
WA TR IARZE B 22 2 Wi iEd Ak TIs FFEE
MRIBKE G BERIhRe, AR 15 5 1) B
R 1041
32 ETBEMEYEHEERERE~Y

ZHERG R —FIRE RV, B IE B R
Ji T CACK AR i T B R R 2540 . AR =, A
M SEITHUA S . BEFRIN, LR R A2
ERRE PAEBTEYIT,  BH R A R AN RS
iy Z5UEE A PR 7K P R0 )9 5
PRI RE , W8 R FUAT B R SR04 e 23 Wit 8 DR -1~
TNF-B A IL-10), BUSA 1 7] 175 T e 40 i 43 W 1gG
FT TgAloS), 3 B 4 25 AF T H AT ALK S % Th R
IVER o Li SFOHRTT | BB 1 Z B AN KR i
WAEYIRE A RS, R T 2 AT DA iE
B BE/M i SCFAs, iX 6 SCFAs £l i A=
X RBURE AT R CGER KRB AERE R, (i
Aaidip (FUATFEEJE. AT wE . 5 A B A3
AR, A HEE. A RESS TR
FREFRY B W18 . 572 2 R I TE R R
2 v FLER AT BRI AT 1 AR 8 B, FERRAIRAT 55
QB A ZEBR B AR = B, (R KRR TE 4544 1
YA, AR SRR ] 85 25 5 S AR DG I Vs A B R
KW, Z TR RIRZ BRI PUA A R R B AL
TR, Luo FEOTIH T K I ORS00 mT LI &
FUF MR, FRFLERIFI AT R F R, B0k
22 M2 29 /N RIS R TR AN T R 17K -~F
BEE, HERMEAEFE2EIEMG, RUPBHE
W22 0 R DAVR Y i R R R, T AR A A R T

e AT SCFAs #EA MK Zhou ZE6STR HLMIFC £ b
A AR /N BRI B AR R FE 2, 38 yE  TGF-B
FIL-6 WAL N P b il 2 TgA KRB, RIS
Ji P 2 2 T K U B A LR AT B R R B, A
IS 2 HE ) g T E R A B S LR B R A G

AR N /N FE T AR 300 m2, i PN 5
DM T vHIITAERD, W TE AR R R A A
W5 gAY, DR 22 HE S e/EA T
WiiE, 2 iERICA BerE T HAEAr, g
Je 25 2 WE R AR G T E I I B, IR
TP AE ML B
4 HiESRE

BIRCA KE WA [F J7 TE B o 24 2 4
BAGZRER, (AXT 2R 3E S 551
R ITIE A, KEFIR SN TR E.
PEEFEERA . BREM]. EBEKIESHEI S 2 b2
PSP, Zx bR, ZRE TR R R R
Tk, R (5 5EEE, TRLEIR. 2L,
2B MU R AT . AR AR E 2
TN, FET I, VO 2 2 T
IV SEAY IR TR
4.1 ZRENZFEHEHR

] P T 22 7 G2 1R 1 THD PR 9 0 B T 24 BEUR
4RO, X 2 WE AL R A SR S . (H AR
TOAMIRE R, 2R FER R EE %
R RE 5 2REE AU, X/ FRETE 1 X104~
IX10 I HEH RS 5 TLR4 26454, SHRR
BRI OB ZHEE R 5 5 TLRA ks &,
R P PP RS PP H R BB o i) TS MR &5
G, M ERE S S bn T 5 TLR 24446, &
ARIEMZ ARG 52086 Bk, #Hrd
LA B R 2 2 R e Y S A A
P B R 20K 3 A2 v 24 22 B VR NI 9 A AR oA 4 1D X
R, TAAEE 2 0 o A U BoK I fgA 45 il
Aefe — R BRI A BOEE .
42 ZRERBAEIRR

Z R R G H A AT ER, HE2X
T I%E RA R HIE RS At 2 AR
1) BR g B ME 1 L6 RBL-2H3 20 RS i B2 0t
CURE TR . AR 30 40 5 AN B S8 A 25 o o B )
WEEDY, (R Z T TLR4/NF-B 15 530 B ik 3
I ITT SN RIF IR A L 2 ORI AN S 1
P72, B L W > AN 1gE RS EEfi#



FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

* 3345

INEREPIERCIRE), 28 1, R 5% KGRI
YER W Refd 2 HEEAVRIT B 5 e i g 77 -
43 ZPEIENAA R

IAFERAZ R T H 2 ZHER P RS BA
BITEARRIE, O R 25 2 Hind it CR3
ZARA Dectine-1 3244&401#| NF-xB Wik, HAHL
FIARVEF o R 2 2 BHiE R NF-«B 3 B/ iR AR
7R, AR 22 i E sk 1 5 Rl e ke BB
AREIVEFUSY, IRZ 228 T AR 1 AN AT Tk il A
BN NF-xB Al TNF-a fFEIL, f840H 2 5
Z ENE 5-F (i AR 18U, rh2i ZHEn Re sy
FHEE RGUI (PR TT He BB 1) R %, (AR A 9T

FBAR PIAVHEHFRAREEF TR

SE R

[1] kg, 24, FOHPE. b2 2 WE R G B 7K o B 1R
ML IR SR 8 [J]. 24, 2022, 53(23): 7553-
7565.

[21 xUf, RILF, =P, &5, rpgh 22 0 =l RS 1 g 1y
PEIF S0 1 L R LI o Feadt e (0], whRegd, 2022,
53(23): 7566-7574.

[3] Wang Y, Han J, Yue Y, et al. Purification, structure
identification and immune activity of a neutral
polysaccharide from Cynanchum auriculatum [J]. Int J
Biol Macromol. 2023, 237: 124-142.

[4] Wu C, Shan J F, Feng J C, et al. Effects of dietary Radix
Rehmanniae Preparata polysaccharides on the growth
performance, immune response and disease resistance of
Luciobarbus capito [J]. Fish Shellfish Immunol, 2019, 89:
641-646.

[5] Tang C, Ding R X, Sun J, et al. The impacts of natural
polysaccharides on intestinal microbiota and immune
responses-a review [J]. Food Funct, 2019, 10(5): 2290-
2312.

[6] Niu X F, YuJ B, Huang Q X, et al. Immunoenhancement
activity of Bletilla striata polysaccharide through MAPK
and NF-«B signalling pathways in vivo and in vitro [J].
Autoimmunity, 2022, 55(8): 650-660.

[71 ZRGE, FH, 16, % KA/ Rk
9 8 U T AR BRI T (9] R R R, 2021,
29(1): 141-147.

[8] VEMERE. LUk T ZHERI L AR K R iR AT
[D]. VEBH: PERAARNL R, 2012.

[9] Chen XM, Yu G Q, Fan S R, et al. Sargassum fusiforme
polysaccharide activates nuclear factor kappa-B (NF-kB)
and induces cytokine production via Toll-like receptors [J].
Carbohydr Polym, 2014, 105: 113-120.

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Li F, Cui S H, Zha X Q, et al. Structure and bioactivity of
a polysaccharide extracted from protocorm-like bodies of
Dendrobium huoshanense [J]. Int J Biol Macromol, 2015,
72: 664-672.

XIFE, Brase, JEM, 5. RZ LML) DNA i
XN BB e B iR T T IR (0] b R AR, 2022,
22(5): 84-91.

B, ®HiEH, BSOS PhEuUR 2R S
/N B G DR B S [0 b A AR B, 2022,
49(2): 731-737.

Ayeka P A, Bian Y H, Githaiga P M, et al. The
immunomodulatory activities of licorice polysaccharides
(Glyeyrrhiza uralensis Fisch.) in CT26 tumor-bearing mice
[J]. BMC Complement Altern Med, 2017, 17(1): 536.
RISCAL, Ffg . 2 B T G A FH 4 25
s CT26 fiffd /R AR (1], PR,
2021, 37(8): 941-945.

Li S X, Bao F Y, Cui Y. Immunoregulatory activities of the
selenylated polysaccharides of Lilium davidii var. unicolor
Salisb in vitro and in vivo [J]. Int Immunopharmacol, 2021,
94:107445.

Liu Z N, Liao L Y, Chen Q, et al. Effects of Hericium
erinaceus polysaccharide on immunity and apoptosis of
the main immune organs in Muscovy duck reovirus-
infected ducklings [J]. Int J Biol Macromol, 2021, 171:
448-456.

&5, FHOL, 8, RSN/ Bk E g
GEERTTER MBI [J]. 8 DA, 2021, 42(4):
301-306.

Deng X L, FuY J, Luo S, et al. Polysaccharide from Radix
Codonopsis has beneficial effects on the maintenance of T-
cell balance in mice [J]. Biomed Pharmacother, 2019, 112:
108682.

Shu G, Xu D, Zhao J, et al. Protective effect of
Polygonatum sibiricum polysaccharide on cyclophosph-
amide-induced immunosuppression in chickens [J]. Res Vet
Sci, 2021, 135: 96-105.

Zheng Y, Zong Z M, Chen S L, et al. Ameliorative effect
of  Trametes  orientalis  polysaccharide  against
immunosuppression and oxidative stress in cyclophosph-
amide-treated mice [J]. Int J Biol Macromol, 2017, 95:
1216-1222.

Zou 'Y F, Zhang Y Y, Fu Y P, et al. A polysaccharide
isolated from Codonopsis pilosula with
immunomodulation effects both in vitro and in vivo [J].
Molecules, 2019, 24(20): 3632.

Zhang X Y, Liu Z J, Zhong C, et al. Structure

characteristics and immunomodulatory activities of a



* 3346 «

FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

polysaccharide RGRP-1b from Radix Ginseng Rubra [J].
Int J Biol Macromol, 2021, 189: 980-992.

A, WK, R, F ARSI SRS
BRI AAE KT (9], 75 BKE A4l BRoARR,
2022, 58(5): 662-666.

Minato K I, Laan L C, van Die 1, et al. Pleurotus
citrinopileatus polysaccharide stimulates anti-
inflammatory properties during monocyte-to-macrophage
differentiation [J]. Int J Biol Macromol, 2019, 122: 705-
712.

Park J, Cha J D, Choi K M, et al. Fucoidan inhibits LPS-
induced inflammation in vitro and during the acute response
in vivo [J]. Int Immunopharmacol, 2017, 43: 91-98.

Zhang W, Park H B, Yadav D, et al. Comparison of human
peripheral blood dendritic cell activation by four fucoidans
[J]. Int J Biol Macromol, 2021, 174: 477-484.

WR¥tor, BgE, £, & AT EAHIIC 2 A
I3 0 AR TR A0 M R B BT S e (0] b S e A,
2021, 37(4): 385-388.

AR, IR, KRR, 55 IMEYIH 2RSS/
B R VRS SR 41 L e A TR AR e ], o B
BE2EZe ik, 2020, 30(11): 23-27.

Feng S S, Yang X M, Weng X, et al. Aqueous extracts from
Y. C. Ma as

polysaccharide adjuvant promote immune responses via

cultivated Cistanche deserticola
facilitating dendritic cell activation [J]. J Ethnopharmacol,
2021,277: 114256.

Leung M K, Liu C, Koon J M, et al. Polysaccharide
biological response modifiers [J]. Immunol Lett, 2006,
105(2): 101-114.

Yu Q, Nie S P, Wang J Q, et al. Signaling pathway involved
in the immunomodulatory effect of Ganoderma atrum
polysaccharide in spleen lymphocytes [J]. J Agric Food
Chem, 2015, 63(10): 2734-2740.

Yang HY, Song X S, Wei Z M, et al. TLR4/MyD88/NF-
kB signaling in the rostral ventrolateral medulla is involved
in the depressor effect of candesartan in stress-induced
hypertensive rats [J]. ACS Chem Neurosci, 2020, 11(19):
2978-2988.

Zhang Q W, Liu M, Li LF, et al. Cordyceps polysaccharide
marker CCP modulates immune responses via highly
selective TLR4/MyD88/p38 axis [J]. Carbohydr Polym,
2021,271: 118443.

Zhou L J, Liu Z J, Wang Z X, et al. Astragalus
polysaccharides exerts immunomodulatory effects via
TLR4-mediated MyD88-dependent signaling pathway in
vitro and in vivo [J]. Sci Rep, 2017, 7: 44822.

KR, ERR, 5Kk, & FOREZ RN 2 0SS

[36]

[37]

[38]

[39]

(40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

AN JT74AT BRGSO SN AT (9],
HRmETalk, 2021, 47(12): 117-122.

Hou L H, Meng M, Chen Y Y, et al. A water-soluble
from  Grifola frondosa
macrophages activation via TLR4-MyD88-IKKf3-NF-xB
Oncotarget, 2017, 8(49): 86604-

polysaccharide induced
p65 pathways [J].
86614.

AH, 28, T5tEk TLR4-MyDS8S {555 S@an 3
AN B W S AT FHLBIBIETE (0], IR ARl oK 22
W ERBISEIR, 2021, 47(4): 419-423.

Chen Y, Zhou R G, He L X, et al. Okra polysaccharide-2
plays a vital role on the activation of RAW264.7 cells by
TLR2/4-mediated signal transduction pathways [J]. Int
Immunopharmacol, 2020, 86: 106708.

Tan S M. The leucocyte B2 (CD18) integrins: The
structure, functional regulation and signalling properties
[1]. Biosci Rep, 2012, 32(3): 241-269.

Lan H B, Cheng Y X, Mu J J, et al. Glucose-rich
polysaccharide from dried ‘Shixia’ Longan activates
macrophages through Ca?* and CR3- mediated MAPKs
and PI3K-Akt pathways [J]. Int J Biol Macromol, 2021,
167: 845-853.

Talapphet N, Palanisamy S, Li C S, ef al. Polysaccharide
extracted from Taraxacum platycarpum rtoot exerts
immunomodulatory activity via MAPK and NF-xB
pathways in RAW264.7 cells [J]. J Ethnopharmacol, 2021,
281: 114519.

Liao W Z, Luo Z, Liu D, et al. Structure characterization
of a novel polysaccharide from Dictyophora indusiata and
its macrophage immunomodulatory activities [J]. J Agric
Food Chem, 2015, 63(2): 535-544.

Ariizumi K, Shen G L, Shikano S, et al. Identification of a
novel, dendritic cell-associated molecule, Dectin-1, by
subtractive cDNA cloning [J]. J Biol Chem, 2000, 275(26):
20157-20167.

Deerhake M E, Shinohara M L. Emerging roles of Dectin-
1 in noninfectious settings and in the CNS [J]. Trends
Immunol, 2021, 42(10): 891-903.

Deng C, Fu H T, Shang ] Y, et al. Dectin-1 mediates the
immunoenhancement effect of the polysaccharide from
Dictyophora indusiata [J). Int J Biol Macromol, 2018, 109:
369-374.

Allavena P, Chieppa M, Monti P, et al. From pattern
recognition receptor to regulator of homeostasis: The
double-faced macrophage mannose receptor [J]. Crit Rev
Immunol, 2004, 24(3): 179-192.

SIRZE, XUF, FRAERE, . ORI, HEZ WX E WM
PRH BB 2 AR A FTIOBE T ()], AR5 70 1 e s ok



FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

* 3347

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

&, 2008, 24(5): 514-516.

UM/ T E S A 0 TR R 2 2 G B A
JHLHFIHETE [D). B E: B EKE, 2015.

Greaves D R, Gordon S. Thematic review series: The
immune system and atherogenesis. Recent insights into the
biology of macrophage scavenger receptors [J]. J Lipid
Res, 2005, 46(1): 11-20.

Peiser L, Mukhopadhyay S, Gordon S. Scavenger
receptors in innate immunity [J]. Curr Opin Immunol,
2002, 14(1): 123-128.

Nakamura T, Suzuki H, Wada Y, et al. Fucoidan induces
nitric oxide production via p38 mitogen-activated protein
kinase and NF-kB-dependent signaling pathways through
macrophage scavenger receptors [J]. Biochem Biophys Res
Commun, 2006, 343(1): 286-294.

MR, WELHEXT RAW264.7 E W4 P41
MiP SR-BI. PPARy K LXRo FIERIFLN [D]. KJE:
ITHEERER S, 2014,

Hu T J, Zheng R L. Promotion of Sophora subprosrate
polysaccharide on nitric oxide and interleukin-2
production in murine T lymphocytes: Implicated Ca** and
protein kinase C [J]. Int Immunopharmacol, 2004, 4(1):
109-118.

PuY W, Liu Z J, Tian H, et al. The immunomodulatory
effect of Poria cocos polysaccharides is mediated by the
Ca®*/PKC/p38/NF-xB signaling pathway in macrophages
[1]. Int Immunopharmacol, 2019, 72: 252-257.

Rooks M G, Garrett W S. Gut microbiota, metabolites and
host immunity [J]. Nat Rev Immunol, 2016, 16(6): 341-
352.

Xiao Z Y, Deng Q, Zhou W X, et al. Immune activities of
polysaccharides isolated from Lycium barbarum L. What
do we know so far? [J]. Pharmacol Ther, 2022, 229:
107921.

Peng LY, Li Z R, Green R S, ef al. Butyrate enhances the
intestinal barrier by facilitating tight junction assembly via
activation of AMP-activated protein kinase in Caco-2 cell
monolayers [J]. J Nutr, 2009, 139(9): 1619-1625.

Li P, Ge J B, Li H. Lysine acetyltransferases and lysine
deacetylases as targets for cardiovascular disease [J]. Nat
Rev Cardiol, 2020, 17(2): 96-115.

Koh A, De Vadder F, Kovatcheva-Datchary P, et al. From
dietary fiber to host physiology: Short-chain fatty acids as
key bacterial metabolites [J]. Cell, 2016, 165(6): 1332-
1345.

Tomasello G, Mazzola M, Leone A, et al. Nutrition,
oxidative stress and intestinal dysbiosis: Influence of diet

on gut microbiota in inflammatory bowel diseases [J].

[61]

[62]

(63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub, 2016, 160(4): 461-466.

Cui L, Guan X N, Ding W B, et al. Scutellaria baicalensis
DSS-induced

ulcerative colitis by improving intestinal barrier function

Georgi  polysaccharide  ameliorates
and modulating gut microbiota [J]. Int J Biol Macromol,
2021, 166: 1035-1045.

Ren D D, Li S S, Lin H M, et al. Panax quinquefolius
polysaccharides ameliorate antibiotic-associated diarrhoea
induced by lincomycin hydrochloride in rats via the MAPK
signaling pathways [J]. J Immunol Res, 2022, 2022:
4126273.

Xie S Z, Liu B, Ye HY, et al. Dendrobium huoshanense
polysaccharide regionally regulates intestinal mucosal
barrier function and intestinal microbiota in mice [J].
Carbohydr Polym, 2019, 206: 149-162.

Xie Z 'Y, Bai Y X, Chen G J, ef al. Immunomodulatory
activity of polysaccharides from the mycelium of
Aspergillus cristatus, isolated from Fuzhuan brick tea,
associated with the regulation of intestinal barrier
function and gut microbiota [J]. Food Res Int, 2022, 152:
110901.

SR, REER, ESRSF, A AR R S A R 5
Wiy Je FCAE B S e B ST (0], B Dol A
1, 2020, 41(5): 354-360.

Li X J, Guo R, Wu X J, et al. Dynamic digestion of
tamarind seed polysaccharide: Indigestibility in
gastrointestinal simulations and gut microbiota changes in
vitro [J]. Carbohydr Polym, 2020, 239: 116194.

Luo Y, Fang Q, Lai Y, et al. Polysaccharides from the
leaves of Polygonatum sibiricum Red. regulate the gut
microbiota and affect the production of short-chain fatty
acids in mice [J]. AMB Express, 2022, 12(1): 35.

Zhou F, Jiang X Y, Wang T, et al. Lycium barbarum
polysaccharide (LBP): A novel prebiotics candidate for
Bifidobacterium and Lactobacillus [J]. Front Microbiol,
2018, 9: 1034.

WK, R, BEM, & BT 2REZAERNEK
LR RV TR [1]. 52, 2019, 50(9): 2201-
2209.

Li M, Wen J, Huang X, et al. Interaction between
polysaccharides and toll-like receptor 4: Primary structural
role, immune balance perspective, and 3D interaction model
hypothesis [J]. Food Chem, 2022, 374: 131586.

X2, BER, K, & Q2. S5 RIE
VAR FU 8O 58 [0, RARTHER S IT K, 2021,
33(10): 1627-1634.

g, FERANE, WKW, S5 FIR R0 2 KU



* 3348 «

FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

[73]

[74]

RN RAEF S TLRA/NF-«B 15 538 B% (1] 5% 1
). ZBERIREAR, 2022, 57(4): 552-557.

Wang C, Ye Z Q, Wang Y B, et al. Effect of the harvest
period on the structure and anti-allergic activity of
Porphyra haitanensis polysaccharides [J]. Food Funct,
2022, 13(19): 10034-10045.

Li H R, Xiao Y H, Han L, et al. Ganoderma lucidum
polysaccharides ameliorated depression-like behaviors in
the chronic social defeat stress depression model via

modulation of Dectin-1 and the innate immune system [J].

[75]

[76]

Brain Res Bull, 2021, 171: 16-24.

Chen P, Hei M F, Kong L L, et al. One water-soluble
biloba with
antidepressant activities via modulation of the gut
microbiome [J]. Food Funct, 2019, 10(12): 8161-8171.
Huang Y J, Hsu N Y, Lu K H, et al. Poria cocos water

polysaccharide from Ginkgo leaves

extract ameliorates the behavioral deficits induced by
unpredictable chronic mild stress in rats by down-
regulating inflammation [J]. J Ethnopharmacol, 2020, 258:
112566.

[ttt RERE]



