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3. FPH TG E B AR Y AR TR e, BIK 400067]

B E: B IR R ATCC 4356 XTHURE O 1 96 /N A% F «B (nuclear factor kappa-B, NF-xB)
{3 B TR BT RO . Bk SR X2 Am BN RSk S0 g v s v 1 s A, il o i)
07 /) B AL T 19 S A 107 SR 56 A Ak 48 A T 5 R AH DG 20 R DL KO, TSR 52 B 9% Ol i e SR T SN
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Study on the anti-inflammatory effect of Lactobacillus acidophilus ATCC 4356
on mice with radiation-induced oral mucositis by regulating the nuclear
factor kappa-B signaling pathway

ZHAO Yuan-Zhuo'?, SHI Yuan'?, LUO De-Han’, CHEN Yan-Nan'*’

(1. Department of Stomatology, Chongqing General Hospital, Chongqing University, Chongqing 400014, China;
2. Chongqing Academy of Medical Sciences, Chongging 400014, China; 3. College of Biological and Chemical
Engineering, Chongqing University of Education, Chongqing 400067, China)

ABSTRACT: Objective

nuclear factor kappa-B (NF-«B) signaling pathway in mice with radiation-induced oral mucositis, as well as its

To investigate the regulatory mechanism of Lactobacillus acidophilus ATCC 4356 on the
anti-inflammatory effect. Methods The experiment established a radiation-induced oral mucositis model in mice by
irradiating their head and neck with X-rays. The levels of oxidative stress-related biochemical indicators and
inflammatory-related cytokines in the mice’s serum were measured using kits. Subsequently, the messenger RNA
(mRNA) and protein expressions in the mice’s oral tissues were determined by quantitative real-time polymerase
Lactobacillus acidophilus ATCC 4356 reduced the

oral mucositis score in mice with radiation-induced oral mucositis. Lactobacillus acidophilus ATCC 4356 also

chain reaction (QRT-PCR) and western blot methods. Results

increased the levels of superoxide dismutase (SOD), catalase (CAT) and glutathione (GSH) in the serum of mice with
radiation-induced oral mucositis and reduced the levels of NF-«xB, tumor necrosis factor-alpha (TNF-a), interleukin-1
beta (IL-1p), interleukin-6 (IL-6) and malondialdehyde (MDA). Further experiments showed that Lactobacillus
acidophilus ATCC 4356 could up-regulate the mRNA expression of SOD1 (Cu/Zn-SOD), CAT, glutathione
peroxidase 1 (Gpx1) and inhibitor of kappa B alpha (IxBa) in the oral tissues of mice with radiation-induced oral
mucositis and down-regulate the mRNA expression of heme oxygenase 1 (Hmox1), NF-«B subunit p65 (NF-xB p65),
toll-like receptor 4 (TLR4) and NF-xB1 (NF-xB p50/p105). At the same time, Lactobacillus acidophilus ATCC 4356
also down-regulated the protein expression of NF-xB p65 in the oral tissues of mice with radiation-induced oral
mucositis and up-regulated the protein expression of IxBa. Conclusion The experimental results confirmes that
Lactobacillus acidophilus ATCC 4356 has the effect of alleviating radiation-induced oral mucositis under laboratory
conditions, and it is closely related to its regulation of the NF-xB signaling pathway.

KEY WORDS: Lactobacillus acidophilus; radiation-induced oral mucositis; oxidative stress; inflammation; nuclear

factor kappa-B signaling pathway
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0 3

JEC P 11 S 4R (radiation-induced oral mucositis, RIOM)
R S SR e A M IR S R TR S O T AL R e H LAY
HERIEZ—, BENIO BRI . BEEFbig, Rt
WA IR, CERm R H R, fRE A
T TR R R, B A R R AT B R
JRCYT (¥ S 2505 e £ 5 v, RIOML (19 R A 38 R ik 50%~70%,
Horp e E R0 H R UE A B O R M g m . R
IR IRTT R AT BAEARW L, (HIA T 88 02
EEMIRITTZE, RIOM T AT AT R R 32 e rp i
TR ff 1 ) B

RIOM R IRPLEIE R F, TR e e S BLR
41l DNA G FIFET, [6] B4 1F K 16 4 4 (reactive
oxygen species, ROS)TEHUA LK, 51k —FRIIHEALR
PRI SR A AR AR I I R R I 0 — A B A% TN kB

(nuclear factor-kappa B, NF-xB){5518 %, #4424 A+
AN SR BEIH F--a (tumor necrosis factor-alpha, TNF-a), [
B A2 -15 (interleukin-1 beta, IL-18)F1 41 M/ & -6
(interleukin-6, TL-6)45 & BIREL, ffi Ik FR A9 RAE AP,
NF-xB 1E R4 0E S 1) 5% 0% s IR -, 78 RIOM A
AR T ER, MUAIERIRETF, NF«B S5t
il & [ NF-xB 1] 221 o (inhibitor of kappa B alpha,
IkBa) 45 & AAAE T I b SRS % 1kBa BERR LI
fit, REBIA NF-«B W3t p65 (NF-xB subunit p65,
NF-xB p65)W B AN, M o0 T UiF R AE 5 R %,
TE 1SR B - S ) SRR RIS DR, JE4E NF-«B
55l R T PR K RIOM Biif B EELAFSE 1] o

T AR BAE g R Re v | i, AT I EMAES
A L B R J E Br b ORI EE . BRI A
(Lactobacillus acidophilus)f&—35 35 4= 18 & HE R, REEE
AT AT T S PR 4% B ) BB 2 T B AR,
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FH1TE

MERRFLFT B ATCC 4356 11 Jy [ Brbm e B bk, ALE BT
R, 8 B g B0iE H HLAT B2 BT S AR 0 38 1) A 3 1k
YEF o s S ik s RERR FLAF I ATCC 4356 WA R
NF-xB #9151k . 187> kBa BIFEME, TGS Apok mbi/N
BB K RERE AL RR RS, [RIHS BEAIR /N BRUML Y TNF-a 7KF-F1
T4 ¥ (malondialdehyde, MDA) %1, J52 25 48 A Ak 4k
1L B (superoxide dismutase, SOD)IE LY, 75 B e i F-3E
T 0 S TR R TP IR PR FLFF IR ATCC 4356 #fei vl
FHHFEAL TNF-a. IL-18. HZMIN K-8 (interleukin-8,
TL-8) AL 42 IR T+, Bl B A 4 A RE A =i, LR S5 e
SEAL R AR AT X0, BeAh, FErd T TIFFTE A SR E
R A AR S g b, PERRZLAT I ATCC 4356 i b
I NF-«B 7& 16 IL-8 2 fE I A5 3 BoR g
FRFLFF IR ATCC 4356 HA T NF-«B {5551 % M & 7
HPTREHMRE T . WERRFLIT I ATCC 4356 nIamad 4 il
NF-xB p65 R Kb 1ieB-a @A BHWT NF-xB {551
WG, MRS TNF-a, IL-8 ZEfi 42 72K F0 M eah, %
FRIMRAE Al P 40 (A R [ RE T 18 NF-,B HDER
SEMH SRR S ST SRR ATCC 4356 724
SETHF AR, AT 1 IR RRFLAT I ATCC 4356 4l
WA T ER B TOIFSE, FERIHOR AR AL .

FEIRFLFT R ATCC 4356 TR A4 sLie & 2k
WIHAESE HAT i NF-«B 55 30 B VR o (H 2t o
i 9 5 LAt AR 1 R LR LA i R TR), BB AR BA F
LY RIOM RAE AN HE— 2 BE . Ik, ABF5E
HEST O 1 e /N, SR R RRFLFF I ATCC 4356
HEAT T, 30 3k A D/ BRUSEU Ak I R AR KT, R 1
Jis FhME 2 21 8T [ 163K . NF-xB p65 #5517 M IxBa Ffiit
0, RGVEAEERRFLAT B ATCC 4356 38 3 4% NF-xB {5
53 OIS T RN BRI PR BOR, B 758 RIOM 1
TR A 11 £ A= TR T I s R At

1 MR5ERZE

L1 #ME5RF

FETRZLAT I ATCC 4356(RYIFFHE MR A B A /),
7N J8 W SPF %% M M CS7BL/6T /N B[4 W E 5
SCXK({1)2022-0005, KLY ARFR A,

e BRI I (de Man, Rogosa and Sharp, MRS)
BR LS BT HAR B A R AR, 4 miF & E . By
B A st ZREF R A A H]); NF-«B, TNF-a, IL-18. IL-6
SOD ., i & 1k S il (catalase, CAT). 2t H ik (glutathione,
GSH) . MDA K57 & . RNAzol i%7 . BeyoRT™ III cDNA
ARIRFIE . BeyoRT™ Q M-MLV Z#55:# . Taq SYBR®
Green qPCR Premix (High Rox) . - J5¢ B R 414 58 179 4 Tk Jiig
%E B¢ HL YK (sodium dodecyl sulfate polyacrylamide gel
SDS-PAGE) . Jif 4F % & ¥l ¥& %

electrophoresis,

(radio-immunoprecipitation assay, RIPA)Zf# . A< B JLAifmE
Ji(phenylmethanesulfonyl fluoride, PMSF) . Beyo bicinchoninic
acid (BCA)HE PR EE PRl i 150 & — R AL L e thine
Eh[tris(hydroxymethyl)aminomethane hydrochloride, Tris-HCI]

R K poly(vinylidene difluoride), PVDFiit, timfk 2k
Yt (enhanced chemiluminescence substrate, ECL)( /42 =
KAYFAAGRAF]); NF-xB WH: p65 (NF-xB subunit p65,
NF-«<B p65) (F: 5-CCGTCTGTCTGCTCTCTCT-3', R:
5'-CGTAGGGATCATC  GTCTGCC-3") . IxBa (F:
5-CTTGGTGACTTTGGGTGCTGA T-3', R:
5'-GCGAAACCAGGTCAGGATTC-3"), Toll #£5Z{& 4 (toll-like
receptor 4, TLR4) (F: 5-TCCCTGCATAGAGGTGTG AAA-3',
R: 5-TCCACAGCCACCAGATTCTC-3') . NF-«xBl (F:
5'-ATGGCAGACGATGATCCCTAC-3', R: 5-TGTTGACAGT
GGTATTTCTGGTG-3"). SODI1 (F: 5'-GTGATTGGGATTGCG
CAGTA-3, R: 5-TGGTTTGAGGGTAGCAGATGAGT-3") .

CAT (F: 5-CAAGTACAACGCTGAGAAGCCTAAG-3', R:
5'-C CCTTCGCAGCCATGTG-3"), # Mt H ikt &k 1
(glutathione peroxidase 1, Gpx1) (F: 5'-CCTTGCCAACACCC
AGTGA-3', R: 5'-CCGGAGACCAAATGATGTACTTG-3"). IfiL

LI ZIN%E 1 (heme oxygenase 1, Hmox1) (F: 5'-CGCCTTCC
TGCTCAACAT-3'", R: 5-~ACGAAGTGACGCCATCTG-3"), H
TE-3-BERR N E i (gly ceraldehyde-3-phosphate dehydrogenase,
GAPDH) (F: 5'-TCACCACCATGGAGAAGGC-3', R: 5-GCTA
AGCAGTTGGTGGTGCA-3)514) . NF-B p65 . IkBa., f-actin

ok, IEHT R —PiGE EFERR R A FD).
12 UFE5EE

Sorvall Legend MicroCL 17 #.0:#L. Multiskan FC
liE#R4L . QuantStudio 1 3R & 4%/ ) (polymerase chain
reaction, PCR){¥ . iBright CL1500 & f& & 58 GEEFEBR K
HH/RFHE 23 7]); Rad Source RS2000 X 5tk A= Wyia BAN (2
& Rad Source Technologies, Inc.A Fl)o
1.3 IWFFE
13.1 EBHERH4&

BUBRRFLAT R ATCCA4356 HlAa s Fok gk, H
PERIIABERUE R RIZE T MRS Bil§FAR, 37 °CFE:FE 48 h,
SRIGPRIUEE TS AT 2 5 mL MRS R, 37 °C R #5595 24 h,
T 2% (mem)BEFP AR, P55 3 UG HIETR I
ALJE T 4 °C, 4000 r/min Z.0> 10 min, & L7, EK
TUTE PSR A FRIC B A BHER 7K (0.85% NaCly &I 5.0 BRI,
FE IR A LBRIRARIE SR AL, Tl — IR0 5 LIS TR AR B
IKEEE, SR T BOE R 22 1x10° CFU/mL £
132 #HEk

# 40 H SPF 2% C5TBL/6J /NECF-343A 4 21, 4332
IEHA ., FBRIZH . ATCC 4356 {K5&4H(ATCC 4356-L 4)
Fl ATCC 4356 B 741 (ATCC 4356-H 41), H41 10 2, 1%
MR — RS, BRIEH AN AL 3 T /N B =
400 mg/kg bw BE ST 4% (m: V) KA EBEA RO /N RS2
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ORI, SRIFRE/INEUMENIA X2 pdm B, 28 /M Ek
FER, FAMERO AR bR Rl 2, SRS 1.30 Gy/min
HRRETR, RESE 250 stV /NEUBET TR A4S 2 d A IE H AR
RULH/NREA T IE R IR MIROK, ATCC 4356-L 401 ATCC
4356-H 20/ F 57 10° CFU/kg bw 1 10° CFU/kg bw #E
BIEIRFLFF T ATCC 4356 1B, F5EEE 14 do 25908 R
JE 2 dORE/INEUFR U SRR, SR BT/ NEUE R A Co R
IMRAE/NEUMAFE S AEFE/IN, S/ IR S (6 1)JFHL
JINERCTE TS A A< 1 D4 ) ke B A A A T S5

®1 MRAERXKTSRE
Table 1 Scoring criteria for oral ulceration in mice

MR PIRFRRIRAL R O 1 [P IBE 5 07 17 DL

0 ToSH ToHH
1 T, TS To5H
s BELT | FAMOIERE W UG T B AR i AR
T2 i ik it 25%
RAL. OWRARI shpp iR O b R A AL
3
PR Ak 25%~50%
. [EF AR iy R A M, Bz

Jif ik FURT MR S m AR ) 50%

1.3.3 R iF AR 2

B /NRIMBELE 4 °CZM4 F LA 4000 r/min #.0> 10 min,
SR I R M, R FH T B 4 9% W B 22 (enzyme-linked
immunosorbent assay, ELISA) iz 7l & I & /N K 1L 3 1
NF-«B. TNF-a. IL-18. IL-6 ¥§HRAIRFHAE ALidF] & e
/NI AY SOD, CAT., GSH. MDA F&¥5.
1.3.4 SEEFREZZE PCR F#A A 0 4815142 RNA
Ak

FRELZ 200 mg /)N B P RS i 5 T80 JE 30 08 < 4 ) ke
TRATLHE, A 9 mL A= FRER K SEATAI3K . BfiJE, B 0.5 mL
RNAzol i N 15 5 2 LR RNA, 3830 e 53
cDNA J&, #3720 puL i F&: HA a5 1 pl cDNA
Mg . 10 L Taq SYBR® Green qPCR FiiR K . 7 uL ToTH ZE48
KA R BRI 1 pl, f8E & PCR {U#EATH"
RN FERFANR : 95 °CHAE 1 60 s; 95 °CAEME: 155, 55 °C
Bk 30s, 72 °C JEff 35 s, b 40 MEI; )5 95°C 30 s,
55°C 35 s #A TR MZE 30T . L GAPDH M NS, R
FA 278AC A H AL R B A ek U
1.3.5 Western blot 34 /s R 2 B8 & & £k

FREXZY 50 mg /INBRL P o 5 18D S 0 1 < 1 o ] e
ALY, A FABEDH R (PMSF ¥ 1 mmol/L)fY
RIPA 243 300 uL, VKIESI2K)G7E 4 °C 12000 r/min 2514
TEAYES 15 min, W EESEAW. RAH BCA il
FEREWEE, BRI AR R A 07E AR
b M 5 (0~2000 pg/mL)%& 20 pL fin A 96 FLiR o, 4FLm
A 200 pL A M3 E A E CAEWR (AR I 18 1 S iR R v
WRHARTRLL 50:1 1R A), RGIESIE 37 °CFF 30 min,

BRI E 562 nm AEMOGRE, DAbRdE SR SOG4
TARAEm L, AR M 24tk | U5 BTSRRI S
WHE . FHHC30 pg SREUKEAZ 10% + " Le SRR R
I Tk Jiie B Ji5C Fi, 1k (sodium  dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE)EEK LIk 5 J5, 200 mA
{Z%% 90 min % PVDF [ 7EH 5% (m:V)BilR Wk 2 i 4 ]
L hJi, J TBST BCiil S%B AR Wik i, inA—¥i(1:500
ke, V:VETE 4 CIFE 1%; TBST YEEN=Ehi e —Pt
J5i 25 °CI#H 1 ho ECL b2 K6 R A, iBright BUE RER
RS, Imagel 1.54 BAFSHTIRBEAE, LA B-actin H NSt
S H B AR AR Feak e

1.4 HIEAE

TR AE 3 MEYFER . RASSRUSEER
W22 2R B8R AL HEf ] SPSS 19.0 Gt ok b fuse i, %t
FLAM MM LR, W@ Duncan £ U BRI #1T
ST, BRI FUE R E N 0=0.05,

2 HER5HH

2.1 OFERNMNBRETESER
SFHERABERTA A/ N R LR AR, A4/ RAE
FEATHR 04332 2), BILRALRIR 14 d, L FERRFLFF IR ATCC
4356 AR, ATCC 4356-H 414U s TIEw 41,
FET ATCC 4356-L H(P<0.05), TiRETILH (98 RE TS i o
®2 BENRRETHER

Table 2 Inflammation scores of each group of mice

2051 RE2 Rz i} LA R R
IEHH 0.00£0.00 0.00+0.00¢
ETRIZH 0.00£0.00 3.70+0.48°

ATCC 4356-L 4 0.00+0.00 2.80+0.42°
ATCC 4356-H 41 0.00:£0.00 1.30+0.48¢

TE: MF/NG T RER IR £ 4 22 A JC .35 2% 57 (P>0.05), ARI/NE
FRFIRS A Z A LFEFEFH(P<0.05), £ 3, 4,

2.2 OfFE&R/DMRIMBERKRHKE

% 3 Won IEH 4/ BUMIE 9 SOD | CAT R 71 F1 GSH
IKF-fRc i, MDA KPR ik A RLAL/NEUALTE 79 SOD
CAT 15 S GSH /KA AK, MDA 7K F-Heim . Al HLAAY
4, VERRFLFTE ATCC 4356 RENS o 25 45 o S 28 HE S /D sl
T 1 SOD ., CAT M J1F1 GSH /K, [AlAffd MDA /K- &
ETFRE(P<0.05); H ATCC 4356-H 495 31 5 B 5@ f 754k,
SOD. CAT H§i& J3#1 GSH /K23 & F ATCC 4356-L 4,
MDA 7K % T ATCC 4356-L £H(P<0.05).

23 OFRXR/DRMBEREMREFKE

# 4 BoRIEF A/ NF-xB., TNF-a, IL-15 #il
IL-6 2 AL N 7K S A A, AR 20 /)N B 3 D) 3 0 H A e Y
NF-«B. TNF-a. IL-18 #1 IL-6 47K -, WEmLAFm



192

B 2 4 A I 2 A

FH1TE

ATCC 4356 HEfS B2 FRARBIDIRES T /N BUMLIE 9 NF-«B .
TNF-a IL-18 F11L-6 /K-, HH ATCC 4356-H 41/ NF-«B .
TNF-a, IL-18 Fl 1L-6 /K4 A F /K 2 KT ATCC
4356-L 41 (P<0.05).

{5 RNA (messenger RNA, mRNA)# iAH#, Hmoxl
mRNA k5, SR HRG RS B/ (BRI ) F s H 2 1Y
SODI1 ., CAT. Gpx1 FKikIgF5H1 Hmox1 FikHEHH(P<0.05), Fg
FRFLFFI ATCC 4356 W] LAMIHIFTZR BRE 1  SODL . CAT.

24 ORKXPMRORABLESURBMABEEE RNA  Gpx] RiAWMES I Hmox 1 FikHiiE, H ATCC 4356-H 4R
Rk FORHR, i ATCC 4356-H 21/MNEUK SOD1. CAT. Gpxl il

1 BRER AN O EHSH Y SOD1, CAT., Gpxl

Hmox1 Fikom B M EEI 4.

%3 HBE/MRME SOD. CAT. GSH F1 MDA 7k
Table 3 Levels of SOD, CAT, GSH and MDA in the serum of each group of mice

21 5 SOD/(U/mL) CAT/(U/mL) GSH/(mg/mL) MDA/(nmol/mL)
R 574.36+42.10° 52.35+5.67° 21.25+2.94° 2.67+0.21¢
LA 21 73.99+18.87¢ 5.65+1.99¢ 3.64+0.51° 8.57+0.31°
ATCC 4356-L # 207.28+49.18° 26.42+4.56° 9.39+1.78° 6.84+0.38"
ATCC 4356-H 4 436.95+56.72° 40.85+6.34° 14.96+2.47° 4.37+0.28°

%4 KUENPNRIE NF-kB. TNF-a. IL-14 50 IL-6 0B E F 7K F (pg/mL)
Table 4 Levels of cytokines NF-¥B, TNF-a, IL-1f and IL-6 in the serum of each group of mice (pg/mL)

41 5 NF-«B TNF-a IL-18 IL-6
ER A 236.82+46.10¢ 100.98+9.13¢ 3.14+1.28¢ 11.63+2.60¢
R 2] 956.54+76.51° 271.45+14.69* 24.91+1.81° 114.32+6.58"

ATCC 4356-L 41 738.73+£61.93° 222.82+13.06" 17.70+1.60° 74.48+6.49°
ATCC 4356-H 41 414.61453.92¢ 152.48+11.58° 8.73+1.33° 38.45+5.14°
A 60r B 60
2 _ 5ol pot ®_sof 3
%g 4.0 iﬂ%% 4.0} ]
< < i
Eg&% 3.0 it % 3.0 c
ER 2.0 & 2.0 :
BE d BE d
ZE 7 10} ’_|_| B 1ot |——t—|
R X R S
) WV R 35
/gl )@L ‘7‘0 ‘)b /g’ ’i%‘ 5‘0 c)‘O
W W W e
¢ ¢ ¢ ¢
O O O O
> v w v
215 25
C 50 a D 12
i i a
B 400 b w10 3
By 1 K
Y RE 08 ;
e Pr I
S¥ 2.0 { 5% 00 t
- R L L - Py
%a‘gﬁ . e 04l 9
=& d BE e
= 1.0} T B~ 020
E .
0 0
&@ R lj& R %‘& ,§§%> '\\}‘3& Q&‘f@
e & o o % &G o o
5 el e e
¢ d) ¢ d)
O o) S 9
S S
25 ZH5

:: A. SODI; B. CAT; C. Gpx1; D. Hmox 1. H[RIF-EEF R %241 2 [ JC i 3 2% 57 (P>0.05),
AN PR FRR AL Z A 2 25 5(P<0.05), T,
Bl 1 &4/hEID 4L SOD1, CAT. Gpxl Hl Hmox1 mRNA AH X} 23510 B

Fig.1 Relative expression intensities of SOD1, CAT, Gpx1 and Hmox1 mRNA in the oral tissues of each group of mice
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2.5 OfER/RORERRAERERXEFE RNA Fik
Bl 2 R 2N BRI /N ER R IR s ) 1T 21
NF-«B p65. TLR4, NF-«xB1 mRNA FEHERSSHY IkBa 765,
FERRFLAT R ATCC 4356 REMS I N IRSTZEIRS/ MR 24t
) NF-xB p65 . TLR4 NF-«xB1 ZikH1 i iBa ik, H. ATCC
4356-H HHTETVEF BERT ATCC 4356-L £(P<0.05). {2
ATCC 4356-H 2H/NGUY NF-xB p65. TLR4., NF-«xB1 Fik{lk

BEBTIEFH, M kB FAN EEETIEH4(P<0.05).
A 1.2+

a

1.0+

0.8

0.6 -

0.4r

AHXTMRNAZR AT
(8, MR =1)

02F

0

@}

AHXTMRNAZR AT
(%, MR 2 =1)

205

AHXTmRNA FE K88 BF
(f5 %%, BRIE=1)

S
o

AHXTmRNAFE K08 BF
(f55, BRI
(=)

2.6 OfFEXR/DMF O NF-xB HXEBFRIX
i 3, it western blot SZH6 i 7N 1F 2/ B I i 4.
) NF-xB p65 & [R5 w5, M [kBa Fikmim, HAIH
N PR S AT I, NF-xB p65 25 A ik B, kBa 35
59, MMERIZH, ATCC 4356-L 2HH1 ATCC 4356-H 234
HEf% 12 T IR NF-xB p65 & A i [kBa ik, H ATCC
4356-H figfi NF-xB p65 Fl IxBa F2ik [t ATCC 4356-L ZH 3

ST IE 4. (P<0.05).
7.0

w

a

e A
o o o o o

—_
(=]

(=]

D
5

e
%

I
~

R
o

(=]
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Fig.3 Relative expression intensities of NF-«xB p65 and IxBa proteins in the oral tissues of each group of mice

3 Wit5%R

TS T 5 S Sk SR Ay ST 7 A R v i DL 1 i S
g, H AL 5 S AR SR S RE S N ) &R 2 3 LA
YIRS oy s A P c i 4 P Ve LA AR, el
MU K& 4E ROS, SN Eib-Pr b F i dTag,
PR 51 % A% o S Ak A At WURRI BT SE L RS
S ARG Y AL [k K, SOD ¥ EZEDIRE R IE bR
HARAE T, Ko A A, CAT 1 Gpx1 NIRERS
PRl Rl EAL E K, Hid Gpxl k¥ IIRETE BN FE
GSH Rl B 7202, Hmox1 VEWHTE LA, FACS
YINHLT A AT [ s RRAE 12, 24 R b AL s
RESCEERT, MDA IRAYEHFEMKT; 2z, PUELBh ek
WA MDA &K BB, Bk 42 3 8>l

[, 138 ROS REUSILIE NF-«B {55 I, M4
FECH, FE#REIRA T, NF-xB p65 Fl NF-xB1/p50 T —
RIKY NF-xB MHIE A kBa 254, 1EMIKhBIRP 2,
O I AR RS A TLRA JE a5 55 S, 128 IxBa BY
WAL R, KR NF-«B 3 A40RRE S Sh iR 2 035
TNF-a, IL-15., IL-6 7£ N 40 R 745 12728 s fit 4
HFINRI SRR IR, [ HLUH45, SRI5H ROS HL
Mg, TR B -NF-kB JEAE S B ER), ff
TSP OO S R

A SCHkHE B R ZLFT B R AR L 4 = HUA BT AL
BEILhEE, RPN ROS /K, MTHBHKT ROS /S
NFE-«B {5 530 #% 19 3% A6 B . 3% k9 o ik ] DA i b3
Nrf2/HO-1 {5 S B4 K141 SOD . CAT. GPx Z547i A Ak EEY
ik, PEMiIA0H TLR4/MyD8S/NF-«B ik ioiis =2, A&
5T ERRZLFT B ATCC 4356 AT GEi i b R HLH SR o
MUEBTE A LRE ST, NI BEWr A AL N NF-«B S E 5o

Fok, WEERFLM A AT AR B DR T B NF-«B il %

PG R RLRR . PERR LT R BE NS I 1 R T A 1 B R . 1
S i 8 BF R TR, D8/ TR 22 R AR 48 ) SR I VRO 3R,
MM LPS/TLR4 451 NF-xB i s 27 kA w5
WoREEA A W RESE T EIE eBa Fak sl IKK
SEAYNEE, BEHERHT NF-xB il J& 105 28, AFsE i
ST LS R R RRFLITE ATCC 4356 XF NF-xB il %A
BH S R, DT 6 800 sk SR R R A

AT RN X S A Py RSB v g R 2L
& ATCC 4356 X 5Bt o O R B B & W T
TRRCE, WETRFLIFIA ATCC 4356 165250 28 414 T B it
V95 NF-xB 38 8% e PR U 2 i i /DN BRUTLAAS LAk P
M S RN AR AE &, LIS 6 R R R, SCR A B
Fto LT I A IR FLAF B ATCC 4356 HA&1E R4l
BT IO 11 4% 1 25 A D s A Pl R0 A o, I R
D€ B OF 300w TN e X i B0 - W= S DA 3£ LK i
B, AHILERA I R AL 500 75 i — 2 TP e

SE

[1] Tian Li, Zhang Zimo, Wu Songbo, et al. Evidence-based nursing practice
of radiation-induced oral mucositis in patients with head and neck cancer
[J]. Asia-pacific Journal of Oncology Nursing, 2025, 12: 100802.

[2] Dai Manqiong, DaiXingzhu, Liang Yuee, et al. Keratinocyte necroptosis
promotes the progression of radiation-induced oral mucositis [J]. BMC
Oral Health, 2025, 25(1): 941.

[3] Meddows-Taylor R, Smith S. A critical review of microbial influence upon
the severity of radiation-induced oral mucositis in head and neck
squamous cell carcinoma, and its potential impact on future management
[J]. Radiography, 2024, 30(S3): S2.

[4] Bahadur S, Koushal D, Eesh A, et al. Systemic versus topical
administration of antioxidants in radiation-induced oral mucositis [J].
Bioinformation, 2025, 21(7): 2149-2152.

[5] Nguyen T N T, Kim B H. Cold atmospheric plasma promotes anti-
inflammatory and regenerative responses in oral soft tissue through
redox-driven mitochondrial regulation [J]. ACS Omega, 2026, 11(2):
3544-3557.



15 i, 4

WERRFLAT T ATCC 4356 i3

SN F B A5 0 I X IR 111 48 /N B T R BRI 5E

195

(6]

(7]

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Farooqi M A, Sahu K K. Signaling pathways and molecular mechanisms
of lupeol in colorectal cancer: a comprehensive review [J]. Journal of
Ayurveda and Integrative Medicine, 2026, 17(1): 101270.

Petrascu F M, Matei S C, Olteanu G E, et al. Canonical NF-kB pathway as
a central regulator of obesity-associated inflammation: a narrative review
[J]. Biomedicines, 2025, 13(12): 3050.

rhie NRALFIE AR AT. PAERDPATRFEL CATHFEM,
R TR R4 50 ) ;. T & (2010 ) 65 S [EB/OLY]. (2010-04-22)
[2010-04-28]. https://www.nhc.gov.cn/wjw/gfxw;j/201004/af77e760cf2
b4989a40dc8641d3cf263.shtml.

General Office of the Ministry of Health of the People’s Republic of China.

Notice of the general office of the ministry of health on issuing the “list of
strains available for use in foods”: Weibanjiandufa (2010) 65 [EB/OL].
(2010-04-22) [2010-04-28].
af77e760cf2b4989a40dc8641d3cf263.shtml.

Chen Lihua, Liu Wenen, Li Yanming, et al. Lactobacillus acidophilus

https://www.nhc.gov.cn/wjw/gfxwj/201004/

ATCC 4356 attenuates the atherosclerotic progression through
modulation of oxidative stress and inflammatory process [J].
International Immunopharmacology, 2013, 17(1): 108-115.

Zhang Peng, Han Xiuwu, Zhang Xin, et al. Lactobacillus acidophilus
ATCC 4356
antioxidant stress and anti-inflammatory responses and improves intestinal
microbial distribution [J]. Frontiers in Nutrition, 2021, 8: 667695.

R, ST, &M, % FLRFTE Hopylori SS1 %S SGC7901 41
i NF-xB {&EALFIGHB IL-8 M3 E R, DR # R (BE AR,
2007, 38(5): 799-802.

Ma Fengzhen, Ma Hongsheng, Yu Qian, et al. Effects of Lactobacilli on

alleviates renal ischemia—reperfusion injury through

regulating NF-kB activation and IL-8 secretion in SGC7901 cell impacted
by Helicobacter pylori [J]. Journal of Sichuan University (Medical
Sciences), 2007, 38(5): 799-802.

Liang Yan, Zhao Lili, Zhang Xu, et al.

myocardial

Lactobacillus ameliorates

ischemia reperfusion injury by attenuating apoptosis,
inflammation, oxidative stress, and ferroptosis [J]. BMC Medicine, 2025,
23:377.

WAL, BREH, Z%A#ZZ . RILBFEXS S D 4
PUAALRLMIEIT). BE215 ., 2024, 37(7): 89-92, 109.

Xie Xiaohong, Li ngXIan, Wei Hongfa, et al. Anti-inflammatory and

NV EE i

anti-oxidative stress effects of epicatechin on radiation-induced stomatitis
in mice [J]. Journal of Medical Information, 2024, 37(7): 89-92, 109.
BRELAE, Axelf, Britbly. e /2% Sl i (R ShpT SUAk B 10 e i 40 bk
HN4 JT- P SROR[T]. B BRI ~# 41, 2025, 16(21): 313-322.
Chen Kaiyan, Yu Meichan, Duan Shijun. In vitro antioxidant and
apoptosis-inducing effects on oral cancer cell line HN4 of Hawk tea
flavonoids [J]. Journal of Food Safety & Quality, 2025, 16(21): 313-322.
KR, BEE, RLL, A5 SEH SR RYUE LR 2% 2 g
LSRR IEN]. B BT AIZER, 2026, 17(2): 237-247.
Zhang Yi, Yue Ruixue, Zhu Hong, et al. Network pharmacology and
cellular evidence for purple sweet potato anthocyanins against oxidative
stress [J]. Journal of Food Safety & Quality, 2026, 17(2): 237-247.

B, BRELA, PMHELE, 5. SESEWRELIETE SOCS3/STAT3 {55
PR IR Z M S /N 2 RIE D], R R B R =4, 2024,
15(10): 90-98.

He Yue, Chen Hongli,
ameliorates lipopolysaccharide-induced neuroinflammation in mice by
modulating the SOCS3/STAT3 signaling pathway [J]. Journal of Food
Safety & Quality, 2024, 15(10): 90-98.

Patra M, Sadhukhan R, Allen E, et al. SIRT2 mitigates radiation-induced

Sun Yaxuan, et al. Chitosan oligosaccharide

oral mucositis by promoting homologous recombination-mediated DNA

double-strand break repair in epithelial stem cells [J]. Cancer Letters, 2026,

640: 218239.

(18]

[19]

[20]

[22]

[24]

[26]

[27]

(28]

[29]

[30]

[31]

‘Wu Yansheng, Li Hao, Yue Kai, et al. Ferroptosis in cancer: metabolism,
mechanisms and therapeutic prospects [J]. Molecular Cancer, 2025, 24(1):
303.

Essa H, Ashraf A, Elsheikh M. Rutin outperforms gallic acid in mitigating
carbon tetrachloride-induced nephrotoxicity: integrated in silico (docking,
MD simulations, DFT) and in vivo mechanistic validation [J]. Toxicology
Reports, 2026, 16.

De Oliveira CA, Iorio EL, Espindola FS. Redox system dysfunction as a
key mechanism in autism spectrum disorder pathogenesis [J]. International
Journal of Molecular Sciences, 2025, 26(20): 9850.

Urquizu E, Cuiller M, Papadopoulou G, et al. Neuroprotective effects of
N-acetylcysteine-amide (AD4) in a survival mouse model of paraoxon
intoxication: targeting oxidative stress, neuroinflammation and memory
impairments [J]. Antioxidants, 2025, 14(12): 1463.

Xu Jia, Chen Che, Yuan Hanying, et al. Reappraising heme oxygenase-1
as a ferroptosis modulator in atherosclerosis: a mechanism-focused review
[J]. Frontiers in Immunology, 2026, 17: 1737751.

Mateos-Corral I, Gonzalez-Gonzélez R, Gémez Palacio-Gastelum M, et al.
The role of oxidative stress and total antioxidant capacity in the
management of impacted third molars: a narrative review [J]. Dentistry
Journal, 2026, 14(1): 44.

Wada S, Nakano H, Sawai Y, et al. Mechanistic and therapeutic insights
into Nrf2-mediated redox regulation in periodontitis [J]. Antioxidants,
2026, 15(1): 72.

Jalali S, Dianat I, Baghi-Keshtan S, et al. Canonical and noncanonical
NF-«B signaling in uveal melanoma: mechanisms, microenvironment, and
therapeutic modulation [J]. Medical Hypothesis, Discovery & Innovation
Ophthalmology Journal, 2025, 14(4): 216-232.

Manickasamy M K, Vishwa R, Sajeev A, et al. The dual facets of MiRNA
in modulating NF-«B in breast cancer [J]. Cancer Cell International, 2025,
26(1): 55.

Wu Yuzheng, Cao Xiaoyan, Yu Lequan, et al. The improvement effect and
mechanism of traditional Chinese medicine on chemotherapy-induced
diarrhea: a systematic review [J]. Frontiers in Pharmacology, 2026, 16:
1648107.

Zhou Heng, Liu Yali, Ren Yanxian, et al. Polystyrene microplastics induce
radiotherapy resistance in lung cancer by suppressing ferroptosis through
NF-xB activation [J]. Antioxidants & Redox Signaling, 2026, 44(1-3):
118-133.

Li Bin, Yang Ting, Wang lJingteng, et al. Ziziphusjujuba ‘“Huizao”
polysaccharides exert immunomodulatory activity in vitro and in vivo by
modulating the TLR4/MAPK/NF-«B signalling pathway [J]. Foods, 2026,
15(2): 292.

Wang Jiaxin, Xu Dongyan, Hu Shiyao, et al. The impact of microbiome on
breast cancer and regulatory strategies [J]. Veterinary Sciences, 2025,
12(12): 1191.

Abouelhamd A, Abu-Baih D H, Abdel-Hafez S M N, et al. Investigating
the hepatoprotective properties of entresto in hepatic ischemia-reperfusion
injury in rats: the implication of TLR4/MYD88/NF-KB p-65 and
PPAR-y/HO-1/Nrf2 pathways [J]. Archivder Pharmazie, 2025, 358(11):
€70138.
Kritika,

Sood R, Sanjay, et al. Nobiletin reduces LPS-induced

neuroinflammation through TLR4/MyD88/NF-«xB and oxidative stress via
Nrf2/HO-1 signaling in human microglial HMC3 cells [J]. Molecular
Neurobiology, 2025, 63(1): 103.

(S Hersr FAUHK)



