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Research progress in the mechanism and application of probiotics
and postbiotics in removing endotoxins

LIU Yongbin', HU Wenfeng?, LI Xueling!*, YANG Meiyan!*

1 Applied Microbiology Laboratory, College of Food Science, South China Agricultural University,
Guangzhou 510642, Guangdong, China
2 Bioforte Biotechnology (Shenzhen) Co., Ltd., Shenzhen 518118, Guangdong, China

Abstract: As the research on microbiomes advances, the health hazards of endotoxins,
components of the cell wall of Gram-negative bacteria, have garnered increasing attention.
These toxins are released into the surrounding environment after bacterial death and lysis and
pose a serious threat to human health through a variety of pathways. In response to this problem,
probiotics, as non-pathogenic live microbial agents, have been widely used in the prevention
and treatment of endotoxin-associated injuries in the past decades. As an extension and
expansion of probiotic research, postbiotics, by virtue of their inactive organisms, have
demonstrated significant advantages in terms of stability and safety, providing new solutions for
the prevention and treatment of endotoxin-related diseases. This article introduces the sources,
action pathways, and symptomatic manifestations of endotoxins, summarizes the definition,
endotoxin-removing mechanisms, and application prospects of probiotics, and reviews the
research progress in postbiotics regarding the endotoxin-removing mechanisms and the
application in endotoxin removal via anti-inflammatory, intestinal flora-regulatory, and
epithelial barrier-enhancing effects. It is expected to provide insights for the researchers and
practitioners in the related fields.

Keywords: endotoxins; probiotics; postbiotics

AR, BEE AUVERE TR TRE AT MO A Y ik SO BT M WSO

S EEUL, NEEERERIAZ TN
NG EEIE ., BT, NERME
B 2 MO F I 720 e 20T . PIAHAE L, J&
FUZHT A 8 G H RN, FERN X N B R A T 1
o B4 03 J7 T L I S0 P TR R0 4 iy FH ER
5T BFEHRE. 2547 (probiotics)fE N — A=
YIHAIT R, CAER RS et & i SRS )
N, HHERRSE SR et %%
SR, ELAF AT A B i 2 5 DR 5 A XU 12

J& £ JT (postbiotics)VE Ay T A My 4 AF 52 14
Mgy, MR R AR TE R ST T 7 AR
PR R R I A 2 2 A PEDY X — R Al LA
BRESG AR A R HE RE S, H

BN T 1999 4FA4 e T8 I FLRR I BRI 5T,
A RITFLIT R & & S ey . prE
B b AR AR RE RS, S e A S SLAT o
A B T B2 ; [ 2022 4F5E, IZHIBA
BETIRAILEAR, TR THX & SR s
Lo e B P2 SR dh, HFBE PR 2
B it B AP H AR S U A T

1 AEFEEX. XE. EHR
2 RAERFZ
1.1 ASEEX

fig £ B (lipopolysaccharide, LPS){f fy 4% >4
PG BRI T 240 e ) | 2 25 A o3, TR TR R A
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RO ICT ISR, REMEIIS 15 T A g R
SRR, gl e SO IR N R R
W FEEREIE SRR, LPS J& T T Ribd
Yy, HoFmsr iy 10-30 kDal'l, fb2
SERIRRMT R, LPS 3 ANERE M 45 4 S8 i
M EM AL (1) F55E O bR HEEE, H
AERRESTM; Q) RSP0 (3)
HARG KRS A gEfhl, Hp, J8&E A
Vi LPS WA Mrid vy, Sh o 5 4%
DEFEEELSGEAML,
1.2 ANFEEEHRARAEEXIE

RFrEReEnERE, AMRS5EE8NE
R 0] R G R 43 P TR AR IR R OR SR
VR, KEWFITIESS, Ml ek 2 R G2 N IR
BRUAENTEEG T, MiAWHEREENE
W TE R N, A AR R (L AR X B A 3
R WA T ) rh R Bl s Al = oY
MG ) T FES R BE B 2 45, B P
% QBRI TR PT S S R AR, R LPS, G
o 92 200 I (A 5 W 0 L ) floh 22 4 B AR E R
SEANEYEN BRI S, HARRE EZE N
W RBEMERE 2 MEE, FERERgE
BAFE RPN RERIG Y . KRIREREE
PN R SRR H N RPN SR TR,
X LB EREE IS Yy ] Sl AT B PEIGE A
R KB 5% LM R BRI ANGHR RGN,
TEBE RV RAR T I, B BT RS A AR
A e | SRR 3R B4 PN 7 R AR AR YT I I
il iy B A W e AR Y, X e B R iR AR M ]
A R AMIR P PN 7 R AR I VR 30 2 40 ) T 1 3
B, RASBOMNEENSERMAEMR L4, g
PRERS ST, PRI P 75 25 e B o A 1
7E£ 0.001-0.050 ng/mL ) FEHEK RO B HLIAK A4
P2 ) B 37 10 X 27 AR B I, PN MR B
PSS AR R T BRI,
25| K4 Bk RN
1.3 AEZEMMERER

VENHE L [RIAMEAN TS, N E R AR B4

AL S TR AE PR DA BE L TRl i Oy 2k
AFRE , 28 i 52 B 40 B A Kupffer 20 it 69 13
[ VE A OB BRPY . Y 73 B b T B s 5 o
IR N B2 2R G0 1 B BE ) S 3 AR, AR
LPS Al ot PGB M LB i R E R, X
Ao L R RN SR s 18 2 i, &)
PR IETE LR AR R G RAE e i P2, S
A AR R AT, SR T B AR
EIE, B IE R R 25 R e 2
FEERI BT EZEANREI T, G
claudin-1 . occludin . JAM-1 J& ] 8 /N 77 -1
(zonula occludens-1, ZO-1)45 5 1 H ) R ik 7
F KR T K Y kA B I T B
B, AT ELPS WS s B4,

N BE R 28 i R A RS A, 5 -4 i
22 TH B9 Toll #£ 324K 4 (Toll-like receptor 4, TLR4)
454, WO% LPS/TLR4 15 Sl 2 iZ%id il
i BE K 4> K K 7 88 (myeloid differentiation
factor 88, MyD88)/1 T 5 5 % ALl , i —2
G AZ ] F-xB (nuclear factor-xB, NF-kB)Fli
15 & [1-1 (activating protein-1, AP-1){5 518 %,
2 E 4 1 248 it ER] - 2 ik R IR A6 - -a (tumor
necrosis factor-o, TNF-a) . [1 40 8 /~ & -1P
(interleukin-1p, IL-1B). IL-6. IL-12 A3, i
15 Toll FEAZAR(E Fid K, fih & R 5 I i
SEUT AP 3 IR 2R R B, TR RGE
PEUEIR, Bl RIFIEERECT, WEER AR
HLH LI 1,
1.4 ASFHRSILZHFEKRFZI

WEEREL - EM S 52 255N,
K OB S TLR4 38 B 030 5 AR AE K
NP8 BRI R ¥ B Bt B T BE sk BHLIBT LPS 15 %
A BB IR ST B A
1.4.1  ff &) Bk & £ (pulmonary arterial
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PAH J&— I LU 3 ik ~F- 3 e o Bk T 5
(>20 mmHg) A FHAERY IR R EZE S AL, BA &R
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Figure 1 Mechanism of endotoxin invasion.
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HEE L SRR TLRE E5WEH, #
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SR, X FEROE Kupffer 4001, 51K %%
PR AN, FEOE A K E A, &K
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JIEE AT A0 B )
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RIR M EZFNZ — R N RIMAE. %
S AE 5 2 PG S R R DDA oG, A i BE
A S BOR o IR ZHE . LPS A5 &L
WL 540, i S 50 ) 3 vl 1) & A2 PO,
W NEE X AT TLR4/NF-«B 5 518 #%
WR RGN RAE RN, IS B0 8 B
WRFERE S5 S AR, IR L AR LPS T5ER
WG 2 SCH B ARy T (BT AR R L k)
BA— RO, BAEMAN . mRAERR .
K, EFR, AP THFERIUHEGEERN
A 32 T o g A TR S — 25 HL A B if ik Bl
AR BIEPE R Y, Al Z AL FS BTN
K, A LPS MBI BT ia st 1 i

2 BAEWHIN. TBRAFE
MEE LR R R/ =

21 BEEMENX

7 TR AR A G e X 1 3 e e AR AR
Wese i . 25T 8 W18 26T 2 A Z R R AL
I K G S R DI RE AT PR AR BT
22 WMEEEBRASZSHEHVIE

N BE 2 3 2 A 2 G B A (R I B
L BT A R TS IR R A TR (R A e A

*1 @mEEERASHENNA

T E W EA R, FEnlE A iy T ae
1) 25 A AR, AP AE ZE AR : (1) E
BT RN AR AL R o 00 T W T Y el B
B (2) AERRME A (3) s imiE A
Kk H L e DIRE , OIS A AN (R 5
W, T 22 Fh 208 B 105 55 Bk,
HE— 2 AR N B R A,
23 HmERBEHEEGERERIET
FEERERASR

i A TR L R I E R L B SR 1 R
TIfe . Pra S om s O LT, A k%
KN B R KCE T 5 R B Z R R a8, H i
T3z T N EE R T R A £ 2R T R AR LR
I (Lactobacillus) . #% ¥R [ (Streptococcus) . AUE;
F¥ & (Bifidobacterium) . %} i (Saccharomyces)
L ZFHUFF R (Bacillug) F L GE A, W3k 1 Fis .
23.1 mAEEBIIEEMERFENEERE
TRERAGERASEREKT

i A= TR L B ARE S vy . 1 5 i R
HEEARBLMEL ES 0, JFemik iz iE b e
e, MMFEIRA#E R AT, AW ALE A
[FIAL A AV R N 3R SE BRI, Gu SEPSIRESR
KB, MM FL AT I (Lactobacillus rhamnosus)

Table 1  Application of probiotics for endotoxin removal
WM DFFERRY HE ke 275 3CHk
S E Research model Genus Functionality Reference
Subjects of
study/Organs
of action
WS A5 LPS 551K T FUAT R . PERFLAFE . A S IEERE; FRARLPS KF; 1432l [40-42]
Weaned 5 AU R BREIIRE ;s SRR A KR RE
piglet LPS-induced Lactobacillus plantarum, Regulate intestinal flora; reduce LPS level;

weaning of piglets Lactobacillus delbrueckii Bacillus  enhance intestinal epithelial barrier function;

licheniformis improve piglet growth performance

/B IR TR WEPRFLAT I LAS PREBURAE ST T5 RN BE R ILAE 5 [43-44]
Mice /IR T AL OK67 VAR, SeEIE R

Mice fed a Lactobacillus acidophilus LAS, Produces anti-inflammatory molecules;

high-fat diet Lactobacillus sakei OK67 reduces endotoxemia; regulates intestinal

flora, improves obesity
(528)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



24 (YIS Gk Microbiol. China

EER D
W EME DR ) e 275 3CHk
HEsE Research model Genus Functionality Reference
Subjects of
study/Organs
of action
1% LPS WSFHIRAE/ N ShRUBHF A LR . ARl SCEMEERERA, BATRAEN T, [45-46]
Colorectal R iR R FEFFE . BOICELAF G . DU BSaRIZ 5 bR BE
LPS-induced e Improve intestinal flora imbalance, release
inflammation in Bifidobacterium animalis subsp. anti-inflammatory cytokines, enhance
mice, intestinal lactis, Lacticaseibacillus intestinal barrier function
injury in rats rhamnosus, Lactobacillus reuteri,
Bifidobacterium
1 RGEER BLE SR AHYFUTE MYS6. BURHEFUT A WImIERCEYRE, A EHeEY - [47-48]
Liver AR FARFE W GG JE 5 BEARG LY P9 2 2R R A A AT 57K
S /N B LactobacillusplantarumMYS6,  F, eh3\Fohe
Fumonisin Lactobacillus rhamnosus GG Regulates intestinal microbiota and
B1-induced hepatic increases the abundance of beneficial
injury in broiler microorganisms; reduces serum endotoxin
chickens and and pro-inflammatory cytokine levels and
surgically induced improves renal function
nephropathy in mice
JiF KA EST  SUS T ATCC 15700 I bFL VA RIERAEY; WINPT RIN AR [49-50]
Pancreas (N FFRI CICC 6064, 345 FEIRNFER VAR ; (LM R REsing, I
Chronic alcohol WL DSR J266 CREEAFE RIS
consumption in DSR J301) Regulates intestinal microorganisms;
liver-injured mice Bifidobacterium shortum ATCC increases levels of anti-inflammatory
15700, Lactobacillus helveticus factors; reduces endotoxemia; promotes
CICC 6064, probiotic complex intestinal barrier function and attenuates
(Lactobacillus plantarumDSR J266, alcoholic liver injury
Lactobacillus shortum DSR J301)
FIRREIESIAE  RBITRFLATIE Jlus66  AEMEFLAT FEdEpiRIF £ 4, WERAIER N ; 38 [51-53]
@F PEREISF/NL . T hsryfm 1301, T ESFLFT & TERRE, FEIRARFERIEE; ik
PN YRL577 RS E A
High-fat diet-induced Lactobacillus paracasel Jlus66, Promote the production of
nonalcoholic fatty Lactobacillusrhamnosus hsryfm ~ anti-inflammatory factors to reduce the
liver disease in mice 1301, Lactobacilluscasei YRL577 inflammatory response; regulate intestinal
and rats flora and reduce endotoxin concentration;
reduce non-alcoholic liver injury
LPS AU mITAsFLAT I CCFM 1223, PRI, BRAE LPS T RMEAN  [54-55]
JINEL 1 CFLFF I TCPO16 WL F, fRHNE
LPS-induced liver Lactobacillus paracasei CCFM Regulates intestinal flora, reduces
injury in mice 1223, Lactobacillus buchneri LPS-induced inflammatory cytokines and
TCPO16 protects the liver
Jiti LPS iR aENG  THRIRE . P ICFLT R MR R AN TR AR ETTR N [56-57)
Lungs 4578 B Clostridium butyricum, TRE; WYHERMAEYERE, (2 #%
LPS-induced acute  Lactobacillus reuteri IEFFEEIIRE, RIS
lung injury in mice Reduces the release of pro-inflammatory

cytokines; promotes the expression
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BRYh s e LGG i B AM B IARRE K
Wik (LGG-derived ELNP) R340z | Kz 40 it
BRmEHEOmRE, JHRY B g an i ez g
Z M TR AE N, LDNP 3 1 30 18 H
I3 -22-Reg3 LN FLL40M 2 MHCHF 2
(nuclear factor erythroid 2-related factor 2, Nrf2)%
W AN SR I, A0 RS 1 9 (alcohol -
associated liver disease, ALD)/)NFL A4 5 {if
N8RRI, Wang P50 RBT, AL
FFEEE 1M TLR4 A1 TLRS /519 N 5 R0,
Bl /b TNF-o0 7745, DA T 2 A P05 15 1) TP IE
RAE . Wu 200 % 3 8 7+ L AT (Lactobacillus
reuteri) i] #0715 Wnt/B-catenin i #%, HEm &
MR G, R mE R, R IE
FES ¢ B B, 52 J 1 ARRE B2 e, /b T W 1B N B
R, SOH T MK N R E R . X —EHIAL
il e 2 1 AN R 1] e ¥, A s
T AR AR S B AEAR
232 mEAEREBIATHEEFERERAS
FKFE

o A2 T AR F b s 2 M 1, St s iE
AR, PIARIEIRNEER K. Kang 00
WEFEFW, WERRFLAT I (Lactobacillus acidophilus)
RE A 25000 5% o IR AR 55 19 i 1 TR A 2R
FLARFE I Ry WA JEEBE 1 11 (Firmi cutes) 5 #UFF 14
I"1(Bacteroides) ) L il , ¥/ 85 = [ F 4 T Ao e
WEE RV, 4efilpia i mry ettt
PENEER AE, IR A H TLR4/NF-xB 5
510 P NE B SR DG, i AR i . R
TAGPERR D7 I R e i RACHT . Xue FIWFSTIE
S, g A TR AT IE T R Y 0 TR A A A
I occludin £3ik5, il LPS/TLR4 {5 53l %
T B N BE R B A A I R R, T % A
ARG 1 B 7 P v ) P B 4 B 98 S i o
24 #HEEERASENARATR

UTAER, 2 AF TRAE PN 35 3% T B 40048 10 B Y
WS T OSBRI o I RIFSEUESE , P E 25 2B TR
Pk 40 T B2 A2 1 (Clostridium butyricum) . FUFF &

J& (Lactobacillus) & A 4T 14 & (Bifidobacterium)
SEAE G T A TN B 3R IALAE D Th R IR A I
S0l AR FMLE E 2R (1) Ead e
PESREIE R, A 250 i 38 P 8 TR S PR 3R g
PR A R 5 (2) WERRART TR K RSN
BERWEL; (3) eleag A A MR A 0 N R K
Vo BE— PSRBT, g5 AR T AT Ak 2 E AL
ey fpiEFEEIRE . (1) e bR Al 5 %
BRI FRIK, ERr i 26 B0 5 50 2 4100
(2) W HIEENEER A 3) M diH &
(07 S S A 28 IF 42 . FREAL . )
AE % i S HL I JOhE W B B a7 BOR R
o FEAUHE B BTG Jr T, 2 AF TR 38 o 3 Y
J 3R] FRE ST 48 400 ol R R O B Y A, s g
EpEEERE, (e EER AR, L #miE
PRI VE A RRRIAE BT RS0, 25 25 A nl 3
R R R, RS EAR I, B
ENTFER MAES, MAEHESR BRI T
B LR

RAE AW EFEZ IS, (AL
R T T I A R T 2 TR B A A AT BB I IR
R PR R R R, oA SR 2 1 IXURS: A HoAE
FHALT A AERE S, BRI T 25 A2 TR 7E 2 A
YU )Tz N T7 . RIS L5 5 I IR
PRI, 254 T AT BRAETE LA MRS A6 e i 2k
R LG PE RS, BSR4 A TR T T A fef
W RES | R BRI . Bk Pt Rt 2
PERGTR AN R WO M TR AR, JFAETT
TESE T B W A 1 BB B 3 oi e e D e T T e 3
HEOh B E L

3 BAETKEZRAFTRNNA

31 BERTEX

2021 4E 5 7, FEBREE A R34 TORME B
SRATT KT E, A e T
J5 A TC IR T3 5 A TR 1 T L
A R AE AR P A sl s A3 il 30, L
ANELFE AL A YA S i e Y
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w30 B AR HUE AR Y, B AR DR
MushZ b . AR MR A RS, LIRS KL
PR R S LA, WRRER WY . WhEERR . 40
RE Z BRI A0 iR )2 8 402,
3.2 BETERASZRNE

Je A oGl BT R AR RO S R T 4i i
TSN B R LBR(E 2). WFRERM, 5400
TEV RS AT S TR BB RCR , Hpit
ARATL] 32 230 1 B0 42 A 20 M R (an TL-12
TNF-a., IL-6 F1 IFN-y)2Z 8 Yang ZEV4R #H,
L VBT XT E2F1 A S ey AR T E
MEER, HEEIHANERKEARS, F
3 TNF-o Fl IL-6 54 5E K F7K-F B F, 4k
UMM T FEMSE T A, A CR TR

P8 IL-17A . TNF-a., IL-6, IL-1B F1 IFN-y 7K},
[FIEE B3R IL-10 R AR Re & 1 (an ZO-1 F
MUC-2) i R ik, ot 35 i 5 W Bt 12 M (dextran
sulfate sodium salt, DSS)i75F A% 15t Iz 1 45 W R
FEART, Zhang S5O 2 551 AR 52 56 B
BT 1.0320 J5 4= o0 9 AT @ 25k %
DSS 5 S 45 1 9 KEUER S S e Je vy, HLAR
LA N B . 25 B A U305 e A R
T AN PR 7 (A TNF-a Fl IL-1B) /KRG . TIESE
T AR DG AT DL R SO Y 4 0 A A PR i R
IR TR S RE VY o

55 2 P AT BB Y K 5 AR o s S I
T ZH il (Tregs) M 40 i I F 9 A4 i U77 . wF o8 3%
B, KIS BN ECFLAT A (Lactobacillus gasseri)

Occludin, ZO-1
r——f{—‘) ® . i
/1 L Y
/1 o I
~ ! L T b
,fi»'ﬂ!l}]’elxﬁi NF-kBf5 B3 % p38MAPK {5 {7l
e, NE-xB signaling | |P3SMAPK sigpaling pathway
1 [ _ pathway 1
Lo/ TTT D™ SRR [ A | AAAAmS B P AALARAN
| ol o I |
e >la e D ®
e ’ . et [ S
1| oo TE GRS 1 INF-a
A g Positive immune ]L'6~L 4
~ 4 1 % { |
i | modulation v Y o { |
\ X 44 A 6 g
\ [ IL-17, IL-21, [L-23 g 1L L Z
\ 1 — TNF-a '} € 5 \\’:-"_-_.'V { = ThO
I ﬁi %’iﬁlﬁ] 8] i I‘//‘ ‘.'/.‘7" = 1 E
¥ | lNegaﬁve immune , e |
\\ | regulation . e Ehe |
®
\ ITGE-B, IL-10, . 16| )| '.
VioIL35 ) .. N . .. S ©
Y S : RANTES |.‘ B
\ Macrophage g T / .
. e . e G s
Postbiotics .
L Mechanism I1 ThIT/T
< reg
2 BRETERE

Figure 2 Mechanism of action of postbiotics.
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TMC0356 AJidEid T AAESAY S i b A i
DR B i e SO, Xin SRS R B
Fii - FLFF A (Lactobacillus helveticus) KLDS 1.8701
JaHECHEA P T B4 17 (Th17) 5550 T
MIAYRE ST, P IME IL-17 SR fE R
[A-F-B (transforming growth factor-B, TGF-B)7KF-
SR I S o
3.3 BERTERASZANA

J5 HE T B BR N BE R 7 A B
ol P RAE N PR I B A A L R
WiE BRI R RS G NER, R

LA BRI N N BE R AT, AT ek fg
FRRBL (R 2). R THAEREESR T, FE
JSTHARIERD . AYF B & RS
331 FETBEHRIERFRAZSEKF
Ji A2 TG HR R AT s 1 DXL - RE 08 3 U 4 e £ 922
PR S g, W5 e sy, FFREPTR N+
5 R E 73R w2 8 sl N s R H B .
Layas %505 5 Bz F 3 51 I 2 W75 3 A B R
ANEBERY, PR TARYFLAT I CRL759 Jo4if
W (POF-759)7F Sorensen i K M2 £h 2% vf
WHPLRIENE, 45 R K] POF-759 W& il

*2 BRETERASHENA

Table 2 Application of postbiotic elements for endotoxin removal

WFFEAERY [EIEE S S5 R

Research model Sources of postbiotic Experimental result

LPS B3 1Y PORGEMR T BRI 879 T LPS i34 Caco-2 4 I 502 i 98 M A I N+ 19 A= 3¢ LA T
Caco-2 4 Ifl(*) HK-LP EAMRE, Wil NF-xB/MLC {5 7l B ECE LPS i 3 (19 1 18 i i 2

LPS-induced
Caco-2 cells!®

LPS B3 1Y
Caco-2 il Jiig31]
LPS-induced
Caco-2 cells(®!

LPS i 31
Caco-2 i Jifg(82]
LPS-induced
Caco-2 cells(®?!

LPS i S 1 /N
I 240 i
RAW264.7183]
LPS-induced
mouse
macrophage
RAW264.7(%3]
FIRRE SN
W PRI R B 184
High-fat
diet-induced
diabetic rats!®4

Heat-inactivated
Lactobacillus paracasei
HK-LP

Al T FLAF 1 SNB 4174
M) A= Jo LA
Lactobacillus paracasei
SNB-derived postbiotic
ingredients

HYFLATE 1.0386 £
HH

Heat-inactivated
Lactobacillus plantarum
1.0386

Y FLAF A L-14 Jf25h
Z ¥

Lactobacillus plantarum
L-14 extracellular
polysaccharide

PR R e Bk TR
Heat-inactivated
Streptococcus pyogenes

AERET

Modulates LPS-induced inflammatory cytokine production and upregulates TJ
protein expression in Caco-2 cell monolayers to ameliorate LPS-induced
intestinal barrier dysfunction via the NF-kB/MLC signaling pathway
VAV i 3 R PRI R B P TL-8 A A, 198 ZO-1 Loccludin
BIFIB A, e 1l e

Regulates intestinal flora, reduces IL-8 in cell monolayer supernatant,
upregulates ZO-1 and occludin expression levels, and improves intestinal
health

AR Caco-2 AMNEES I Bz i BHFEAR . A0 BRI I . S8AE X ¢
OIS B A IR, B b R R i e

Effectively ameliorate the decreased trans-epithelial resistance, increased
cell permeability, inflammatory factor release and disruption of tight
junction proteins in Caco-2 cells, and repair intestinal epithelial tight
junction damage

R RA T, WSR2, IL-6, TNF-a F1 IL-1B, JF N if—
AR AL, BB LPS 5 TLR4 MAHEAEH, HABRIEH
Extracellular polysaccharide of Lactobacillus plantarum L-14 has
anti-inflammatory effects by inhibiting pro-inflammatory mediators, such
as cyclooxygenase 2, IL-6, TNF-a, and IL-1p, and down-regulating the
expression of nitric oxide synthase and blocking the interaction between
LPS and TLR4

BN IL-10, [RIAFREAR T LPS . IL-6 1 TNF-o /K, 4380 B
WA B I G2 T, BRI A 7K

Heat-inactivated Streptococcus pyogenes increased IL-10 while decreasing
levels of LPS, IL-6 and TNF-a, enhancing the intestinal epithelial barrier
and intestinal mucosal immunity, and decreasing inflammation levels
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LPS #3% RAW264.7 40l IL-6. TNF-o
K& NO, FHAEEWR . 4 °CHI-20 °CA&1F T %17
30 d JE A REORFF LB R IGM: , UESCIHXT LPS 5
SN E R RAE R A FFEMEEA . Lin &5
FIH] D-gal/DSS 15 T3 L 45 W R /N RAEL, K&
PR 7L 713K 1 (Lactococcus lactis)fif AE 1Y 5 4= ot
(Lactococcus lactis HF08 derived postbiotic) i
RAE P LPS-TLR4/NF-kB 3 & b 4
R RAESE, kR, AR5 B
AR P b %508 4 B TER TLR4 i 551,
ALFE L R . GRE AR B 05| g P9 A 1R RS
THURE , 3% G AT e o B 4% FH T LPS-TLR4
AHEAF R 22 9 2 22 9K 8 9 7 18 S -

Sokol 2SI 1 XF FLAF 58 AL T 4 FOATG 2
T H (Faecalibacterium prausnitzii) & H J5 4= ot
TR ZEAR SN AR N BT R ROCR , B R W1 [
Wi 26 #F 8 7 Caco-2 4 il Kz — Al 3k 7% i 1R
(2,4,6-trinitrobenzenesulfonic acid sol, TNBS)i#%
G I R RI TR YR BL B BT R TS M,
2D R B, TG 2 AT o o 4 A b 37 15
FEW R ST TR, s FH BT NF-«xB
o 1 O TR TL-8 AR RN, DT A AR i
RAE SN o R IE 19 P IQFLAT 1 AT 22 5 98 49
[ 38 4R X TNF F1 1L-8 19 5 g, # il 1L-6 \1L-8
S TNF S5 408 177 A, AT A R BH 1k 55 ==
FG BH P95 i B 5 | 2 1) B 3 9 e 9
332 BRAERBRATHERMERAS
RIKFE

et FEERTFHIEDY, 5 EEESH
B Z AR VMM EAER SR, AT
I8 ok O W R AR SO, Reg B R Uk

g & B, kBRI
(Limosilactobacillus fermentum) HF06 {745 (1 &l
#5418 (HF06-based paraprobiotic, 6-PA)FIJ5G 4=
JG(HF06-based postbiotic, 6-PS)i 1) & 15 A %
TR W [ A AU FF 1 L ZE 4T 14 (Faecalibacterium) |
E %5 FF(Mucoral es) Fl 7L R 18 | S A 35 40 1 [ #s

HRAF B (Corynebacterium) . #2745 G 1# (Escherichia)
AR AR ZE AT (Clostridium) i & &, [A] kA
F i i JIR T T /K -, AT e i 1 T A 2 1 1
A 15 XLIS7 #F T (Bifi dobacterium bifidum) HB1628
AL I DSS 45 98 /N EREEME A W iiE b, PR
G 5P, Peng 13k B i EEE FIFL
PR R B P AL L 5 A 5 HE D RE BB R I Il 37 ™Y
BRIV IR B RS . S E A
tR AR . PR HERE T ER AR | e S S
WESEHXT ALD /)N B 18 v R 90 ELAA B A
Fi . b4, BT i& LT (Lactobacillus paracasei)
CCFMI1224 W)aA ookt B s/ s, 1
T8 T AR TP BT T 2 1 T 8 (Akker mansi a) A 4 3 i
Hahn, 1 B2 AL (Lachnospiraceae) NK4A136
2 . 9% M Bk i )8 (Ruminococcus) M ¥ iH & J&
(Bilophila) A 3= FEREAR, 380 32 941755 I 3 T R
JHREAC I 2 FE LB, SR A= o0 T g e o
VAREL 7Bzt S A A F ) S
333 EERBIRERM LEFERE
(intestinal epithelial barrier, IEB)II&E X &
&R M RAERKF

IEB 1E R MUK 5 1 FEIREE 1) SC H BRI 2544,
TE 435 I 18 52785 b A #5545 A w] sle st 19 24 B
Mo BERERM, MpiE bR i ok 5 A2 R
JE 2 B CANAR 2R A L | s 2 Y 46 g N B AR Y
UM RLE TR R 25, T B RR i) i - b Bz PIp IRl Bl
AL . X Fh 2 2R B B R S0 e 6 i U0
I R BH LE 95 D Tl 26 0 B LA ™ 4 1 12 e
Seim, [MBTRORE FRY B A RO, AT 4
FEHLAR YIRS (A e B 5 A= ot o 3G & 1
TSIk 14 5 i 18 B I T e SRR R T B ML B AIK Y
B R KF, Liu P, 6-PA Fl 6-PS 24
20 T 2 fift 4 RO IR BN 5 T 0 B M 2 B AR /N
SR D S 25 I AR IR, I 8 2 A B
FEMEIK A3 T i AR A A M I 7K F S S AR oK
s HeAh, 6-PA il 6-PS i B E FIH zO-1 Ml
occludin & IR, W T AR 5EREUIRE
Zeng FVGE R I, — B ERIOE BRI T A 1
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JinF13V. L AT i (Lactobacillus bulgaricus) . & #i
5 BRI (Streptococcus ther mophilus) & W& iz FL T
WA 2R AT, AT BT R AN (R i
S B R B BE B, AR FABLE A 30 i &
4L N AR ORI NO ARk, AT AR i
Joi i o 4 Algieri S5 U7 1 A4S A Py IR B
HESE, R B FLATF I CNCMI-5220 fii4: 19 )5 4E
JG (Lactobacillus paracasei CNCMI-5220-derived
postbiotic) 7 4t 5 I 18 Bt [ 5¢ B 4 7 1 2 A 2
FAER, BGR M IE BRI RE M A B 2 N BE R
NS

Jo A2 JOAE B N B R G A5 B s R
FW T, Ham B RAE N2 B A58, P81y
W 3 TR T LA R N BE R AR, IR
s 7l R RS RE LABH I N B R AR A . HAT
R BT P MR, AR I R R AL
K UERY A= ool di, R N RE ZORH DG 1Y) T BT
Einyr iR ASH iR O % .

4 K2

Lr BRTIR, g AR WS S AR U TR T8 A 4
P AR TSR] JLAR TP 32 2R BT £
PR S R AR u R o T2 A AR E A R A
EANTER, ARERNREER RN RENEE;
e 2o I i A A A, I SRR U
PR AR BESE AR, AT TR Sk Bl R A
o HONEERE, XRYRAER I E
B ARMA IR Y B i e, iR i R EE, B
W N R - RS . BT EIRZHARH]
B, 5 A= -5 5 A2 ST AE T 1 2 A S 5

TE % B 2 A AN
BAMFEUES:, A aEn . JRA o]

i 22 R B R AR AT 7 A 0 T R — TR PR 1 AL
R KOAARIIF A IO i BT A S i T E s
). BFRBHERCA E A5 EICRC T ;s RRA
) J5 AR JUH o W B AR L 5 7 kT4 Th AL
M RCARE . S R E G R ETRy4a)
A, A BRIF A S A e Rt i

DIREr i o
{1E& STk = AR

XIBBME . BORMCEE 500 HT, #8530 s WISCEE
EA e, MREEE, WHE; FEE. BXWES
wit, W, BUCCE; B ROASCHE IS

UE, SEH#LHIE.
8% ¥ m R A I AR

VR 75 WA AR AT AT ] BB Sx 52 Wi AR SCR i iy T
PR E M2 B M iR s AR
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