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Abstract: To investigate the repair effect of Lacticaseibacillus rhamnosus cultured with mulberry galacto-oligosaccharide (MGO) on
intestinal inflammatory cells, a lipopolysaccharide (LPS)-induced HT-29 cell inflammation model was selected in this study. Detection was
performed using CCK-8 assay, enzyme-linked immunosorbent assay, real-time quantitative polymerase chain reaction, and western blotting. The
results were shown that after treatment with 1.00 ug-mL™ LPS, the secretion and mRNA levels of pro-inflammatory cytokines in HT-29 cells
were significantly increased. Compared with the control group, the expression levels of inducible nitric oxide synthase (iNOS),
cyclooxygenase-2 (COX-2), interleukin-14 (IL-18), and nuclear factor kB p65 subunit (NF-xB p65) in the model group were increased by
347.76%, 384.72%, 245.55%, and 283.42%, respectively. Intervention with 10* CFU/mL of Lacticaseibacillus rhamnosus, using 30 pg-mL™
dexamethasone solution as a positive control, significantly inhibited the expression of pro-inflammatory factors induced by LPS. The best
anti-inflammatory effect was observed under the treatment of Lacticaseibacillus rhamnosus cultured with MGO. Compared with the model
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group, the mRNA expression levels of IL-6, IL-8, IL-18, TNF-a, and iNOS were decreased by 76.39%, 81.31%, 63.88%, 84.63%, and 49.46%,

respectively. Its anti-inflammatory effect was comparable to that of dexamethasone, effectively alleviating LPS-induced inflammatory damage in
HT-29 cells. This study provides a theoretical basis for the resource development of mulberry prebiotics and the clinical treatment of intestinal
inflammatory diseases.
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VIRESG, B FEnl g m A niE . DR ATIARI € B, S s Al 15 31— b B SR
— FAYREE LI (Mulberry Galacto-Oligosaccharide, MGO). S5HFRAEE R, MGO Ay #— U 1 1)
—(KEHE, T TR 987 Da, AEEARSUMLHIR, HARG =Bgiesi®, st—Pmasil, MGO 5
BAEHEFLIEEAT BT (Lacticaseibacillus rhamnosus) $t355%)5, BT HEEAST, ELIKEEN 4 wt% MGO Hi95%
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A G BE AT B 20 AR AR o 1X 7R 2 A TR S D RE A SR AE TR 5 I AR 38 G2 il 20 77 T i th BRI 7
AFFEET R MGO 5 RZVEABAT LR IR EAE b, 0y REMIERE, R T TESFLESATHE Zhang

(Lacticaseibacillus casei Zhang). FEIFLIEAT# GDMCC 1.191 (Lactiplantibacillus plantarum GDMCC 1.191)
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[ AN e AT BRI I FLAT i vk, B R E R RS ) 5 e s ), M FLRATH GDMCC 1.191
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ICREITERAE, MY FMATE GDMCC1.191 (Lactiplantibacillus plantarum GDMCC 1.191), |~ & &4t 72 e
R AR s R AL AT BNCC137725 (Lactobacillus reuteri BNCC 137725), il 44 TIVIHZE VI Fh TRER
ABFFHL; MRS J973E, BORBUIRK, |20 Rca IR AT p-HERRE (50 Umg™), ik
IR R A IR L4 HT-29, FEE M LAV ARBAG AR AF]; McCoy’s Sa 5415775 (10%
(p) FBS), DMEM J:flils 775, MR8 TAV AR F TAER AR O BERRZE I ER 1A (Phosphate Buffered
Saline, PBS), Gibco Life Sciences A]; ARZ## (Lipopolysaccharide, LPS), L2 KAEVIFIABRAT; Hb
FEKH, (Dexamethasone, Dex), iR T AEMNFHIRM AR AR IL-6. IL-8. IL-13. TNF-a. IL-10 BgH%
P FHRLE (ELISA) WFFI&, IR AR AR AR PCR R K mix W7 & sl &, Wi R
M THEARAF

Vortex-Genie 2 BUiEiRiE A1, £ SI /A F]; Spectra Max plus384 ik, 3%E MolecularDevices 23 ;
Centrifuge 5430 R B4 B0, f4[E Eppendorf AF]; MS105DU AY534fr KF, 3% Mettler Toledo 23 7]
CFX Connect 5L %2 8 PCR AL, 3£[E Bio-Rad Aw]; 3110 Series %Lk 774d, £ Thermo A#]; THZ-D
MEXERIRG S, THAKCTEEEMNE .
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FEEEE 18 he HEFREEHUSHUAT, PHCTERENEEREL, 4 °C. 6 000>y B0 10 min Y54, Jow DMEM
HEIHABE 1108 CFU/ML, 4 CIR-AFE&H .
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5% (@) CO, %537 24 h ZHUZNGEE, FFREFRE, PBS ¥k 2 WAl 1 mL AFEJFARFR Ge/idsin MGO £
F8) MR (1108 CFU/ML), 4540 4 7L, 37 °C. 5% (p) CO, 0¥ HE 2h. FHK, PBS ¥k 3 IREMARZIHE,
A 1mL0.3% () Triton X-100/PBS £&f# 10 min. ZLEEHL MR EIRAT MRS AR, 37 ‘CH5F% 48 h 114, %
% MRS H5FREEH N MGO 5 FLBEAT I, BRI ZE R, RIS R A HLRR:
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HT-29 4 AR T 510* N3 FE BT 96 LI, 4541 100 uL, 353% 24 h MEES PBS ¥ 2 k. R
ANEFR R LPS VA (050, 1.00. 10.00. 20.00 pgrmL™) 100 pL. B (10%. 10°. 10°CFU/mL) 100 pL =%
N [ R AR P M ZE K KAV (104 304 50 pg-mL™) 100 pL, FRKEE 4 550, IS A4 CEdiD a4 (CKD.
37 C. 5% (p) COfEH 12 h J53F i, PBS ¥t 2 X, &:fLIN 100 uL 7% 10% () CCK-8 ) DMEM }5574E, 37 C
BOLIEE 2 h, $%I8 CCK-8 IRXFIE UM, fii FHEEFRIAE 450 nm K AEROERE A, # R I E4IAuis 11, #iE LPS.
TRV FERAA IS AR PR, W CRAN S50 4 I AN RSB B8 47

C::;MXIOO%

b— Ac (2)

AF:
C—meBEE, %:;
As—— K ILAE FAH;
Ab—— BB LA TR AAE
Ac——= @ LAR KA.

16 ZEf3E MG AR AL A 7

BB KA HT-29 4R A2 T 1.000° MRS BERERR T 6 FLBRP, SRFLANN 2 mL 15953, 374 37 C.
5% (p) CO, FIEF-M I E 24 h, fHHNGEE, M 1.5 520645 5, SZIG4LIAN 1 mL B &K E N 1.00 pg-mL* (¥
LPS ¥, W%E 12h, LLFE AN JORE [N o

L7 2R 3R A A ST AT B 2 T S 0

R TREIRE N 1.00 pg-mL™ (¥ LPS I T AN AR F M SL06 . HT-29 4HH LT 2>10° M35
ERDT 24 FLBRL, BE4L 1 mL, 37 'C. 5% () CO, 1595 24 h ZHLZNGRE, FEREFEFE, PBS ¥ 2 UM 1mL  1.00
ngmL™* LPS YW E 2h, 3% LPS AW, PBS ¥t 2 5, I 1 mL £ MGO AbFEsit e MRS 1597 11 &
Wi (1x10° CFU/ML), 434 4 4L, 37 C. 5% (p) CO, M 2h. FF, PBS ¥ 3 X EMAFME, A 1mL
0.3% () Triton X-100/PBS %% 10 min. RARBEEEMREGIRTT MRS i), 37 ‘CH;F% 48 h 114l 87t MRS 15
FREHPRIN MGO 51 I M FLESAF I TE LPS W S e MR =5, BMES R E 2 LR,

18 MIE B T4l

TR 1.6 MZEAEIEAAERGER, 2RI 1 mL 22 MGO ALBREA R MRS £557 (0 B (1<10° CFU/mL)
FHBZERFAVEI, 37 °C. 5% () CO, M E 12 h, YR FIFW, 1000 >g. 4 ‘CE.Lr 10 min, -80 ‘CiffF. 1% ELISA
BAET BAS I AE EsH IL-6. IL-8. IL-18. TNF-o & IL-10 & &

19 REFTHERZEENE

UMM R SR 1.8, 35 FISWUSE , FIH FastPure Cell/Tissue Total RNA Isolation Kit V2 &7 &2 BV 1R RNA,
T5E RNA VR K2R 8T 1 w9 ikt i ik 36 1E RNA 528, FIF Evo M-MLV RT Mix Kit with gDNA
Clean for qPCR Ver.2 {75 &k 47 ;e #s3%, MI5E IL-6. 1L-8. IL-18. TNF-a. iNOS & IL-10mRNA /K°F-. L GAPDH
NWSHATE R ] 27 2Rk L H R AR RIA R, I bR A R A TR A 7 &K
FFHIAEE 1.
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Table 1 Primer sequences for quantitative real-time PCR

HEZ] Forward(5-3") Reverse(5°-3”)
GAPDH ACCCAGAAGACTGTGGATGG TTCTAGACGGCAGGTCAGGT
IL6 CATGTGTGAAAGCAGCAAAG GGCAAGTCTCCTCATTGAATC
IL8 CTGTGGTATCCAAGAATCAGTGAA GCATCTGGCAACCCTACAA
IL-15 GACTTGTTCTTTGAAGCTGATG TAGTGGTGGTCGGAGATT
TNF-a GCTGCACTTTGGAGTGAT GGTTCGAGAAGATGATCTGAC
ILIO AAAGAAGGCATGCACAGCTC AAGCATGTTAGGCAGGTTGC
iNOS CGGTGCTGTATTTCCTTACGAGGCGAA GAAGG GGTGCTGCTTGTTAGGAGGTCAAGTAAAGGGC

110 REAHFE A FKEAFNE

ARALEE IR 1.6, 7 ZHACIR S SARAMY, (A & A 2 ISR RIPA 2HEYIFEUK FRARAAY 30 min. 52
SRURSELE 4 °C. 12000 r min™ 40 R B0 10 min, WA BiEW, HAIIRASE AR, BCA RIS EAR &
WS PEREEE IRE ERFEARRTL 1S g MR SR B R, 2R 150 V, £ 60 min. T8
JiEE, TEJE 25V, WA 14 min, BRIEE PBCE AT 15 mine 4 CHEE —Hid . =EME P 1 h. RitE R
GrivF kAT, i Imaged BAFIEAT K FEAE /04T lE INOS. COX-2. IL-18 J& NF-«B p65 & &R IE/KF-.
PLH I H 467 KM 5 N2 -actin B8 1 %6 AR FEAE I LA E A H IS AR RIS &

111 Qi 47

i BdE I EHREZ (Mean#SD) %o, KF IBM SPSS Statistics 31.0 #7461 04 . 2 4H 8] LR
BRI 7 2047 (One-way ANOVA), 17 255 LA LSD-t i B HEAT R PI EL#E, 5 22 AR55NS% A Dunnett’s T3 2.
PLXUN P<0.05 A Z 5 BA Fiit2rE o

2 HR50Mh

2.1 MGO 355 1 [ FLEE AT B % 28 fe 25 P 5 89 %2 71

AR FLEEAT A AR E A AR 2R, RN MGO Jt853%)5, HAM. RS iE hSE AR 1
SO EFEERE R WA 1 R, FUBTES MGO i 9%)E, TSI E 5 R IL AT A IR 5%
P (P<0.05), ZEBZED7HIM 11.37%F1 10.07%_ETFZ 24.9%F1 27.97%, AL IR 2~3 1. ik, Bhik
B RE TR R FLEAT BV E N J5 S5 B0 B

1 7500 MGO [E xS IUFELAT B BRI RS0
Fig.1 Effect of adding MGO on the adhesion rates of four Lactobacillus strains
E ARFHERFEREE (P<0.05), MRAFHFRTFEFARE (P>005). B 1~5F.
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22 fMLE AR R LPS % 5 5 ZE M

KH CCK-8 i£LAZMuIE /184, Tttt LPS. B Dex MR, AEFREN HT-29 4 48 fifi

R, 0 2a R, 24 LPS A B EEAE 0.5~20 pg mL ™ S A, ZHM0E ) 2 AR T %, 527 A x i
(ARARIE /12979 100%) AHLE, 0.5 pgmL™ LPS ZEIMHI4IE 77 (P<0.05); 4 LPS FiEWREAH] 1 g mL™ i

YHHEIE 1% 2 38.92% (P<0.05). 4Bk EAE 10 g LY, AR5 1 g mL BRE %S (P>0.05), FLL LPS
JREWREN 1 pgmLt i, TSR SO B I RN R R 05T, S AN O ARl A
JRERIEAE 10°~10° CFU/ML I (& 2b), MRS H4RMIE /1256 R R . Hrb, 10 CFU/mL 5 10° CFU/mL
JR R ARSI BES 2R (P>0.05), HEFEE T 10° CFUMML 4 (P<0.05). %45 BiRiZikiE
X (I TCAR A RE M F T R SR BRI T RS R AE R VE R, 5 Lee 251203 it B2 Wl FLISRAT 14 T o 38 5 40 84
ST S BR G SR L Ry BRI ENIE. MGO H:3R4H 10° CFU/mML 411 10° CFU/mL ZH4HfE /145 KT 100%,
Horp 10 CFUIML 2035 Jyfmily 140.59%, T 10°~10° CFU/ML mik L, XAl Ag2 T MGO i i As T ik i)
FEIH AT e I Bh IR RE IV AR KOIRAS, BT SEm EAR SRR AR ELVE S ERIR I N YIRS 1 Ak ks 3
o ZEAIPE, 10° CFUMML 7E PRI -1 R R BB IOARS 77, 5T 95%, JCHIEERUG, PRkt
5E 5 B SZI FRB A B RT- TIRFEE &1 2¢ v, 25 Dex [t R FEAE 10~50 g mL™ I, B 25800k B (1 T,
APIE 1 EAE BT R RS, b 30 g mU 4LIMARRRTE S . BRIk, EHR 1 g mLT LPS 57 HT-29 4
KRR, DL 10° CFU/MML BT T, FELA 30 g mL ™ Dex 1 ABHMERTIE, 34T 5 220 40 525 .

RN 1 pg mL™ LPS WM SRR, R I MRS B3R L FF N MGO 1557 1 B EFLIR AT 8, 78 4
TIFIN R B ST MRS Bi3R40 (P<0.05, &l 2d).

a
150 b 250
a
- 200
g = b
R = 150 be
o b I N
2 ¢, x & 1001 d
s E
% 50 %
! f 00— L T T
CK 05 1 10 20 CKi10" 10° 10%i10" 10° 10°}
LPS B E (ng'mL™) i MRS i MGO

VA B HEHEE (CFU/mL)
€ 200

CK 10 30 50 MRS MGO
b 7 A I B KBS (ng-mL) sl

& 2 YRAETE I E B RN AR AR B R R 2R
Fig.2 Cell viability assay graph and Cell adhesion rate in inflammation model
Z: (a) R} LPS T #REAT HT-29 tafii& /1 %vm; (b) REIERR EREA HT-29 tfeiE A#0h; (¢) TRMERAN T EA
BREXT HT-29 mfitid Heq%em; (d) @mfe SORAEA A F, CK: *484L; MRS: i@ MRS 3#4748; MGO: ZAMKRFIUEIE A
2,

2.3 MGO fie .2 4 FU B AT B 45 It 5 2 28 3RO B T & 09 R o

ELISA 455, LPS S /a4l Fig PR &7 IL-6. 1IL-8. IL-18 K TNF-a KFEH: CK 05Tt T
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59.72%. 71.55%. 76.69%. 65.94%, 753 (P<0.05, & 3a~d), IESLSAERA A BT . TTSLIR M, MRS
HE MGO I nIifi LPS i R RIEHRAMT: PR ACIE S A AR LI B 240 1IL-6. IL-8. IL-18. TNF-a 73l
I i IL-10 &5 (P<0.05, K 3e). Hdt, MGO 0%t TNF-a HIHIECR A, AU RIZ R % T 81.58%,
PR HARUT= Y] BeiE I R S A L s i b R S RE 4 . Dex A ARH IR REHAT LUEL, 224 @ T B iR
5, LIS SRS T @A O TR, RIEEA TS MBIR AN, N TR RS E S
a2 seab sk SR, MGO 47E IL-8. IL-18. TNF-a 255584847 1 5 Dex A2 R AR, RILHEMIH%
. i, MGO K530 AP ALES AT 7 il BB 25 @ LPS 510 HT-29 4Hi A 5E it , HAT1 5 IRKRBHTEZ4)
A2, HETEIE MRS £5774H .

a 54 b s00-
* a
20 —_ 400
] T
T s 'é 300
2 g
e 10 w® 200
= =
5 100
0 = ol
CK LPS MRS MGO Dex CK LPS MRS MGO Dex
S pag'il
= €
150 diso 3+
a
a o
o~ : s 2
7 = 2 7
'ﬂ 100 g 100 -
2 80 E
o
c 5 >
s B 50 2
= = =
0 i
CK LPS MRS MGO Dex CK LPS MRS MGO Dex CK LPS MRS MGO Dex
il Wi} o4

[E] 3 MGO 157+ R ZFHEFLERATEIXT HT-29 4R ASERE F& 2RI
Fig.3 Effect of MGO-cultured L. rhamnosus on the content of inflammatory factors in HT-29 cells
7E: CK: xfRe4m; LPS: A2AIZA; MRS: -Zi8 MRS 327R40; MGO: FEAMKEFFUAEIE AR, Dex: Fatizhipi,

24 MGO 17 2 4 LB AT T 26 P 5 344 K SUE 3847 MRNA SRk oy %71

gPCR £ EIR, LPS &3 i HT-29 40iffl IL-6. 1L-8. IL-18. TNF-a A1 iNOS f) mRNA 7K*F> (P<0.05, [
da~e), 5 ELISA Z55E%A—3, &/ LPS i IR R SAERE AP E 2 IEE T m . 1IL-6 /9 TLR4
F TR0 U AT, L mRNA 7E LPS 45 FAHZ) 9 £5 (] 4a), AT Rgdiifes JAK/STATS i1 Ak & 1,
FREBOR B B A W0, IL-8 78 LPS Z1rP EifldR s, B CK 41ETH4) 9.2 18 (18 4b), HEMIHLAE Ak
ARRaILE T ROS 5 SN R ISR EL S AEIREN IR, R WA HLAE bk JhE B b %O B, 118 A
TNF-a 73515 CK =4 4 150 6 % (Bl 4e. d), WRHAETE S FRAIMRIAT . BR R % LR 5 i 8
BPEFR h RO,

FHFRUH—EMEEH (NOS) TENIE RIS RsrF, Al —2 A (NO) =4 sl
BRI, HERRACT AR SRR I E B TAR SR, INOS mRNA THEE 5 1% (K 4e), #t—45
VLI NO i & A T RENNR L R it . AR, IL-10 25D LPS 155 o<t fu sk, @it ] NF-«B p65
ZEAr Jr ERKL2 BRIk, BEIEE 4 PR TR (R A s R Y. seigrh LPS 41 IL-10 mRNA /K15 CK 418 &
F#ER, BIURRIRIRE 11 MGO 2H K Dex 41577 1L-10 ) mRNA ik 845 LPS 2H53 1) 11/ 320.77%F11 159.66%,
ZridE (P<0.05, 4. 5 LPS 4Lk, MGO 4Hr]{fi IL-6. IL-18. TNF-a [ iNOS mRNA 43| % 76.39%.
63.88%. 84.63%7I1 49.46%, %7~ MGO W] RGEMEIGIZ LRI, IF HAE IL-10 ERILH SRR R/ER, IL-10
mMRNA Fiffim T Dex 41 1.6 £, 27~ MGO AMXUAHIE R, ILREMRMPTR FF e fim e,  SCIA 4%
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