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WE  Z L5 AER = FAINMET) % Toll# % 4k 4(TLR4)/4% B F kB(NF-kB){Z 5 i #3F F
JB Ko RKIER L 697500, MEF B Kb RAER G, ) B A xF B 48 (Control 48 ), 424! 48 (Model
), —FIME. P, HFTLAMET-LZL. MET-MZ8. MET-HZA)A= & 7] & = ¥ SR+ TLR4# % 7
28(MET-H+LPS4R). /i Micro-CTA=HE &2t I~ 4 B 4042 9w B 5 SLHEATILES; ) qQRT-PCRAZ ) T 3]
L G mia -k -1B(L-1P). & w@fesE -6(IL-6). ItJEIRILE F -0 TNF-o) mRNA KA KT ; %95
LR F SRR T B 4L 8 A% B F kB AR EALE FBeAk (RANKL). B PR3P % (OPG)R A L, i PP
T #5 M TLR4/NF-xBAZ 5 i@ 3448 % & & Z A 7L, 5 Control 28 bb3R, Model28+ s R, F 485 A B SR,
TR RIBEK, FRABREEE, AT RAE LR E XM @mIRiZ8; IL-18. IL-6. TNF-o mRNA
VAZ TLR4. p-NF-kB/NF-kB. RANKLFZK-FH &, OPGHEILK-F TFHE(P<0.05). 5 ModelZarbiz,
MET-L. MET-M. MET-H4L F A& B FMR ATV, KMz idm y, T B R RETE %, TNF-a.
IL-6. IL-1B mRNAZK-F 2 H| 4R B EAK, TLR4. p-NF-kB/NF-kB. RANKL& A K-F T4, OPGL
K EF(P<0.05). 5MET-HZEA48 b, MET-H+LPS4E T 4& B Folhn &, B B0k R 34a K, Rk amie
R A¥E Ay TNF-a. IL-6. IL-1B8 mRNAVAZ TLR4. p-NF-kB/NF-kB. RANKL & AK-FH 3, OPGL
KK TFH(P<0.05). = AKE 1347 %] TLRA/NF-kB12 5 18 34 7 & J&) £y ROKIERURL
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Effect of Metformin on Inflaimmatory Response in Periodontitis Mice
by Regulating the TLR4/NF-kB Signaling Pathway

MA Yu'*, LIN Jian?, YANG Shu', ZHAO Pei'

("Department of Orthodontics, Kunming Stomatological Hospital, Kunming 650000, China,
*Graduate School of Kunming Medical University, Kunming 650000, China)

Abstract This study aims to investigate the effect of MET (metformin) on the inflammatory response in
periodontitis mice by regulating the TLR4 (Toll-like receptor 4)/NF-kB (nuclear factor-kB) signaling pathway.
A periodontitis mouse model was constructed and the mice were separated into Control group, Model group,
low, medium, and high dose metformin groups (MET-L group, MET-M group, MET-H group), and high-dose
metformin+TLR4 activator group (MET-H+LPS group). The pathological changes of periodontal tissue in mice
were observed by Micro-CT and HE staining. The mRNA expression levels of /L-1f (interleukin-1p), /L-6 (inter-
leukin-6), and TNF-a (tumor necrosis factor-a)) in periodontal tissue were detected by qRT-PCR. The expression

of RANKL (receptor activator of nuclear factor-«B ligand) and OPG (osteoprotegerin) in periodontal tissue was
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detected by immunohistochemistry. The expression of TLR4/NF-kB pathway-associated proteins was detected
by Western blot. Compared with the Control group, the alveolar bone of mice in the Model group showed ob-
vious absorption, with a larger bone absorption area, more severe periodontal lesions, and a large amount of
inflammatory cell infiltration; the /L-1f, IL-6, TNF-oo mRNA, and TLR4, p-NF-«kB/NF-xkB, RANKL expression
levels increased, while OPG expression level decreased (P<0.05). Compared with the Model group, the MET-
L, MET-M, and MET-H groups showed a gradual decrease in alveolar bone resorption, reduced infiltration of
inflammatory cells, and gradual relief of periodontal lesions; the TNF-a, IL-6, and IL-1 mRNA levels gradually
decreased in a dose-dependent manner, the TLR4, p-NF-kB/NF-kB, and RANKL expression levels decreased,
while the OPG expression level increased (P<0.05). Compared with the MET-H group, the MET-H+LPS group
showed increased alveolar bone resorption, larger bone resorption areas, and more inflammatory cell infiltration;
the TNF-a, IL-6, IL-1f mRNA, and TLR4, p-NF-xB/NF-kB, RANKL expression levels increased, while OPG
expression level decreased (P<0.05). Metformin inhibits the TLR4/NF-kB signaling pathway and improves the

inflammatory response in periodontitis mice.
Keywords

pathway; inflammatory response

T JA 9 R — i e 4 TR DK B ) 10 28 PR
AT A A RIS B M R 9% RFAE & AT 1
JR 8 ARE RN R B 2R, A SCHESS ) (W T )
W BRI, S EH I RE T T R
v e HAT, 7R %A HEI T J7 ik AR R A
JVRIT AANEEF R TT , DA S BRI PLAE =6
I7, (B AT SR AN AN AER . — H XU (metformin,
MET) 2 —MEFZIRHENAY, &2 —F 0
JR 370 v KR 2659 , 72 BAARG 2 289K FR IS (type 2 diabetes
mellitus, T2DM) & MUKV I E ik — & 2459 . —
FOOUIT R M2 B T 4 (Galega officinalis) FHEHUTT
DRLHE R o B3 0P O 1T e o 42 T 0 Bk s R 3 v I
PEKF B FRAE L) . PadiilE, — I EA B
&g % B (lipopolysaccharide, LPS)I{EH , i AT i
5 LPSHIH B A Wi 12, T mTORMIERIL, K4
I — W BUNCRT BE 20697 4 T R I AE 5 ™). SR
RO 2 JA 48 /0 B 28 i L PR 52 W] 1y A B A
TLR X% 1] Toll# 52 {& 4(Toll-like receptor 4, TLR4)
Al LURR R MR A LPS, S 515 5 7% A 90 R+ %
J, HAE LPS S (1) 2 A SRR Hh R ¥ B B E .
¥ KT kB(nuclear factor-kB, NF-«xB)/2 & TLR2 Al
TLR4M) EEAE 5K . WOH I NF-«BA5 5 il % nf
PAE— P Rk SORE IR 7 I S R MR AR, 3 R RIE R
Rio HbAk, NF-xkBROE AT LA B2 M1 AR AL
DAY 58 28 i S S, 5] INHB0E TLR4. BEER I, K
J#k -1 (cannabidiol, CBD)if i #l1 il TLR4/NF-kBif

periodontitis; metformin; TLR4 (Toll-like receptor 4)/NF-«B (nuclear factor-kB) signaling

PSR R R AL S 0 A 2 LPST5 3 1)
N F ) 40 HE (human periodontal ligament cell,
hPDLC) 4 "o A 738 5 2 37 2 J 98 /N BRBEAY
PRIT — H O AE 7538 5 1 42 TLR4A/NF-k Bl B % 7
J 98 71N GRS SRR AR S

1 #RER*®
1.1 #8
HWD: 6w HEESPFBALB/C/N B[ VF AT HIE 5
SCXK(#%)2022-0001], 90 X, 145 £#30~35 g, W H %
BEERIRE . ABFAE BT C s B bt B i 23
2 B LE R (kv 5 KHLL2023-KY027).
FEGF] IR H R (185 YZ-100664)H
B 24 SR E B AT B 5 TLRAWUE 77 LPS(1%
51 40328ES25)1 [H X AEWIRHS (L) A B IR
AT FPINF-kB(F25 1 ab220803). p-NF-kB($7 5 :
ab239882)Fi A& [ Abcam/A 7 ; %l TLR4(H1 5
48-2300)P1A& N H ThermoFisher Scientific/A 7] o
1.2 75
12,1 A% 0/NRIERRGH B, a2 R
BB NG SRR BRI IE 8 10° CFU/MLIK o #R
NRRRER LR (ATCC33277) LA S 2% 2 R B 4T 4l 3R, 4%
F3 IR, BaRAEAT, SRN SE R . X R AL/ SR AEEFH
2% AR . M4 G, T BB g
507 L N 1 A7 B = B A 7 B N e e
T, LAR 8 2 ) 98 A2 5 B2 o
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Table 1 Primer sequences

B/ B2 SIFEEI(5'—3")
Primers name Primer sequences (5'—3’)
TNF-a F: TGG GCT CCC TCT CAT CAG TTC
R: TCC GCT TGG TGG TTT GCT AC
IL-1B F: GTC CAC CAA ATT CAATAC CG
R: TCA GAA TGG CCT CCT GAG GA
IL-6 F: ATT GTA TGA ACA GCG ATG ATG CAC
R: CCA GGT AGA AAC GGAACT CCA G
B-actin F: ACC CAG AAG ACT GTG GAT GG

R: TTC AGC TCA GGG ATGACCTT

122 %i4am FRMIETRZENER S 0T
I8 ZH (Control2H ). E7UZH (Model4H ). 254 AL FRAH [,
FE& T HOOAIK (MET-L4 ). (MET-M4). &=
1 (MET-H41) A 2% e 5751 2 1+ TLR A4S 5 ZH(MET-
H+LPS4)], Frdl 153 . H4E 22 S0k [9], X MET-L
4. MET-M41. MET-HZH/] 58 20 B BE i v 5 100,
200 400 mg-kg '-d' HXUIK; % MET-H+LPSZ1/)N i
WSR3 5400 mg-kg-d™ I XUIT £20.58 mg kg™ -d ')
LPSUOZ 575 B AR A /)N BRI A0 o 46 50177 7521 ); Con-
trolZH 5 Model 4H G I3 S S5 IS AR BE 2R K, IESE
ARG, X /IS B St 2 SR AT

1.2.3  Micro-CTH#ULEF FIAAL T X F /)
BRUZE T ATES R OF B A R A AT B A
SR JE X IE R A E AT Micro-CTHH, BG 3 # R
N1 02418 % x1 02415 %, HIE N 70 kV, BN
114 pA. HBRHEGHIT = AL DT,
X 1 BR AT 73 AT .

124 HEREMR AT HAALKE HEHASH
NERI T FRLAHL AR, hise 118, FH 4% FR R =0 ] 7 24 h,
AT o K& /N B AR )
F - RZRIZ 20K, FHK10 min, 95%. 85%. 75%
BEEE CRERIRKA3 IR, BER30 s, FRAKIREE, INFRA
R = IR0 min, JIHLL €30 s, P, B LB
K, ZHZRIE, TR R, B EE

1.2.5 qRT-PCRA& M A B & &L PEEL4H
SHUNB A F F AU RNA, F H 0 5% N cDNA,
Pt 8 B PCRYEAL M /N B 2 F 4 239 (1 4t i A
#-6(interleukin-6, IL-6). 41/ 2-1p(interleukin-
1B, IL-18)« &R FEIAF -a(tumor necrosis factor-o,
TNF-0) mRNAFKIEKF-o LLB-actin NS, RN
T 95 °CTRAZE10 min; 95 °CAEME10 s, 55 °CIE K

35's, 72 °CHEAH60 s, 40 MG . FH2YETHEIL-6,
IL-1B. TNF-o mRNAREIEIK-o 5175 WKL,
1.2.6 #IELALALFHESM RANKL. OPGE A
oo /N ALY AT KA, IR
B, ITH,0, iR ACFE 10 min PARR 2551 AL BTG PE,
PBSiE¥E 20K, Inds A 2= 5 % E 30 min, S
(Al kB2 A4 T AL R F- FC A& (receptor activator of nu-
clear factor-xB ligand, RANKL)(1:1 000). B3 %&
(osteoprotegerin, OPG)(1:1 000)—#i T4 °CiI K I%H,
T, IONCER R —Hi(1:2 000)E IR E 1 h. DABE
0, JR AR IR S min, B RKMHPEIREE, 1% 28
K, —HZER, B, BAEEE, Kl RANKL.
OPGHIWL 6% (DYH -
1.2.7 Western blot#en & & & A 1L £ i E S
HSR/ANRMF AARED, WEHKE. EH
#f, 47 SDS-PAGEHLIK 7 B, KL 2
PVDFJE b, BiE2F W= 03 A2 h, TBSTHME.
TLR4(1:200). NF-kB(1:1 000). p-NF-kB(1:1 000)—
Pi, 4 CCTFERFEE, IN=Hi(1:2 000), EHFHE2 h.
ECLKR It W5, B-actinfE N2, 774 TLR4. NF-kB.
p-NF-kBE H &K A& .
1.3 ZiEaH

FI SPSS 25.0% 73t i 4hs , FH I bR 2=
(xts) RN FF A IEA 0 A0 B SE 305U, BRI 3R 2 57
M T He e £ 4] 22 5%, SNK-gA 36 H T Hh e i 41
[0 Z 5. P<0.05SERERTE.

2 H#HR
2.1 /R Micro-CTHM

5 ControlZHAH EL , ModelZH /)N B 2 Fti - H 20 B 35
WS, BRI X IR 5 5 Model 41 EL %L, MET-L.
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MET-M. MET-HZH /)N iU Bl 25 25975 & T s, B W
X 3k ik, S MET-H4LAH EL, MET-H+LPSZHL/N i
FHEE R 2, BRI X IR (B,
2.2 HEZE&WE/NRFEAALRERS

5 ControlZHAHLY , ModelZH./)N B 7 #8851 .
W, R SLRYE, F R AR, R PRI R
T IN; S5 Model41 Eb%:, MET-L. MET-M. MET-H
SN BT R TRSOE D, 98 YR IR IR D,
JEIRAS W %, 5 MET-HZLAH H , MET-H+LPSZH
/INBR P R RSO B, 58 MR PRI I (B12)
2.3 ZEXANXS AR TNF-a IL-18. IL-6
FRIEEMEM

5 Control4H L%, Model4H /s B & 4 23 v
IL-6. TNF-o. IL-18 mRNAF LK LTt (P<0.05);

Control group

Model group

5 ModelZ1L EL %, MET-L. MET-M. MET-HZ41/) i
FRIMELAPIL-6. TNF-a IL-1f mRNAE LK TFZ
Wi R FE(P<0.05); SMET-HZLAH tb, MET-H+LPS4/)
R AR IL-6. TNF-a. IL-18 mRNAZ LK
T P<0.05)(K3).
2.4 ZEWALXFEHELHFRANKL, OPGEH
FRIERIF2

5 ControlZHAHEr , ModelZH /) B J 4H 21
OPGHiL/K T F P&, RANKLEIA/K - ETF(P<0.05);
5 Model4H Eb%, MET-L. MET-M. MET-H# /)
B A 4 23 OPG R IA /K P |7+, RANKLEIE K
S BB AR BRIG (P<0.05); 5 MET-H4LM EE,
MET-H+LPS#1/N iR 7 i 4143 OPGRIA /K T [,
RANKLFRIE KT 5 (P<0.05)(KEI4F1ELS) .

MET-L group

Fig.1

Control group

Bl ZFREHELAMicro-CTHEN
Micro-CT detection of periodontal tissue

MET-L group

Fig.2 HE staining of periodontal tissue
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*P<0.05, 5 Control 2 L 4%; *P<0.05, 5ModelZl Lb 4 4P<0.05, SMET-LAL L4 ©P<0.05, SMET-M41 L4 £P<0.05, SMET-HZ Lb 45 .
*P<0.05 compared with Control group; “P<0.05 compared with Model group; “P<0.05 compared with MET-L group; ®P<0.05 compared with MET-
M group; ©P<0.05 compared with MET-H group.
E3 WX TNF-a. IL-18. IL-6 mRNAZIARISN
Fig.3 Effects of metformin on the expression of 7TNF-a, IL-1f and IL-6 mRNA

Control group

MET-L group

Model group MET-M group

RANKL

MET-H group

MET-H+LPS group

E4 %EELNRANKL, OPGERRILIER

Fig4 Immunohistochemical detection of RANKL and OPG protein expression
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D value of OPG

1.5 =

D value of RANKL

&

*P<0.05, 5 Control41LL#; “P<0.05, S5 Model4l HLEL; “P<0.05, SMET-LALLLEL; ©P<0.05, SMET-M41LL#; #P<0.05, SMET-H4L L.
*P<0.05 compared with the Control group; “P<0.05 compared with the Model group; “P<0.05 compared with MET-L group; “P<0.05 compared with

MET-M group; “P<0.05 compared with MET-H group.

Bl5s —EXAIXIRANKL, OPGEHRIAAIFM
Fig.5 Effects of metformin on RANKL and OPG protein expression

A B

C

D E F

TR e D - e —
pNF-B e (D D D S D
NF-xB D G D G N
factin - N GHED D D D

A: Control4l; B: Model#l; C: MET-L41; D: MET-M41; E: MET-H41; F: MET-H+LPS41,
A: Control group; B: Model group; C: MET-L group; D: MET-M group; E: MET-H group; F: MET-H+LPS group.
&6 Western blotf&;UTLR4, p-NF-xB. NF-xBEHFIAIESR
Fig.6 The expression of TLR4, p-NF-kB and NF-kB proteins was detected by Western blot

2.5 Z—HXWANG TLR4/NF-kBI5 S i@ IR HIS2 00
5 ControlZHAH Er , Model4H /) B4 B 4 21
TLR4. p-NF-kB/NF-kB#IAKFFt & (P<0.05); 5
Model4L L%, MET-L. MET-M. MET-H41/)
JAHZAHTLRA . p-NF-kB/NF-kBZE A 7K 328 T %,
HEFEMR I (P<0.05); 5 MET-HZH AL, MET-
H+LPSZ/N R A H LI TLR4. p-NF-kB/NF-kB
BT (P<0.05) (6 AT 7).

3 Wig

T J 45— b ety 2 J 4L 4 e 4 A B
R0 9 RE PR, LT R, (Et R T LR 7
AR, PRIRIE , AER 10%~15%I) A TT AE B4 7 (1)

FRAR o A RAHKIH R 2 T HOF A AL = A
I, WA R, SBCE R, I b
PRI Y A AL AR 1, OF ) R AT R e R
Go PO R IHGE , SBUE KA T RAR A5 5 7
T A N Rk, T 2 R R J R YT SR
W

OB RN A E . FAE AL
S BRI 2T, —HXUIRRA ST M R AE A
WRE e . BRI, — WU A fRIP O i8R 4R
RS HORIAG . (2 HE R A AL 2 AR
J3U, Br T REMOBECE AL, — HOXUNGE B A LR
Yo A HOOAIGR S AT e Sl Bh 25 . ot
FOUESE, — FOBUIGRAR 7B AL, b 7 RRER A K



1678

1.5 =

TLR4

1.5 =

p-NF-xB/NF-kB

*P<0.05, 5 Control4l EL#4; *P<0.05, S5 Model 1 Hh4; 4P<0.05, SMET-LALELEL; ©P<0.05, SMET-MALEL#E; 2P<0.05, 5MET-HZLEL#
*P<(.05 compared with the Control group; *P<0.05 compared with the Model group; “P<0.05 compared with MET-L group; “P<0.05 compared with

MET-M group; “P<0.05 compared with MET-H group.

7 ZEWALK TLR4/NF-kB{5 S8 &AM
Fig.7 Effects of metformin on TLR4/NF-kB signaling pathway

BRI E BRI, — HORUICAT fE A& Y897 28 5 M 1
AR, AR T R 9N RS, K
BRI /)N 551D 5 R R s 0L S R A L A [X dl
K, FHH/NR 9w e, 58 M4 MR e e
IR EHLA S IL-6. IL-18. TNF-a. RANKL#
EACERE TR, OPGRIAKF NI, VLA & % /1N
AR O %, IR B . P AN
1) FEOSUON 28 A ¢ /DN BROEEAT Ab 38, B/ R T
ARG, AR Rk 56 A MR e,
15 55 | R o AR R IL-6. IL-18. TNF-a.
RANKLZFZIA/KF 2 257 S\ T %, OPGFRIL
AT, B FOBUICRE 6% 30 o &) 2% /)N BR A E
SN, UV R v M B 5, ) o R R, SR
JERAS, RIEFIRAEF . ALAZEUORF 548, — H X
FTC3 3 #0 1) AMPKFI NF-kB2 3k, 32511 #k1) 48 9E
I, FRORUNIC R % 24 4 506 40 1) MR M2 T 284 ]
(P17 o M O R A ) 2 2 sl T 9% o 4 M B 1
(UITNF-o, TL-1BFIIL-6)RIRET, FF38 58 1 P58 M
AT S A ) R OUAIC v i 30 ik 24 o s 400 Pl TR M2
N (1)~ R 15 Wk 4 W £ A0 ) 228 i 4 e B8] -
Ji, T RBH PR AE . TANSEUIRFFEAER], —
WA 2 4061 7 hPDLC 2 i b bk 56 g 4 i 22
SR AIE N, BN IL-1BAIL- 1843 WAk . X

SAM R RN . WTREI, @ity
BB TT S8 T 3002 AN FIA , IX BE LR J
NF-«Bif #% Ml TNF-oifl 2 45 145 Sl g e X
BH R OOUNICR] B 8 17 98 A AF D8 2 HH 1Y) 98 0 ik (R %
ik, NI RIETTRATEH .

TLR A 56 R S e FIE B G (1) G B oL, AE
& 28 R 7 N s = 5 R AE R Y. . NF-kB
e — M Z AT, TEANMR R B
TLR¥EJ5, NF-xBH AL 2 A%, 55— R V1%
DR R 2RI, X HeBE PR G 2 R A I RAT 14 S e 4
YU EE P 2E N . NF-kBIOE TNF-a. IFN-y.
IL-22, IL-4. IL-1pAIHARAN MR 1, T A X 5 4
J DR - B AE 98 SR H R HE OB R UV B R
L, $0i TLR4/NF-«Bif % Ge % Jek 2 4 Ji 9 gk e, 4
il 2 E SN, 9l N P2 R C (salvianic acid C, SAC)il
14 TLR4/NF-«Bil %A 208 % LPS 15 3 1 48 i F14H
WP T, SACTHI A ZURYT F J& 9 20, LIUSE PUE 5T
RIN, Wik TRIMS 23853 TLR4/NF-xB/E 5 i@ 1% Jil 4%
T LPSHE M SRESG, N A RAE 8 T H Zia
J7HE 55 . KIMSE PRIF FEAIE S, B il 2 i ) e ik
N ZF iR RS AT 4 40 B ) TLR4/NF-xBAS = 8 i
KA 2 R i AR L T R Al 22 R S 3 I R & R AR
11 - 1(matrix metalloproteinase-1, MMP-1)F1{¢ %
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YRR IR TR IE . AW FLIE I o T R BLTE R 2% 0
.t TLR4. p-NF-«kB/NF-kB_F i1k, 24— XN
AbFJE, TLR4. p-NF-kB/NF-kB3iA /K T-iZ i FAAIK,
Tt B B XU RE % 4170 1) TLRA/NF-xB 3 % M\ 11 417 1]
FRER L. (EIERE F | E4T I 5256, f#H TLR4
WOE R LPS A — FE XU [R] a3 25 J 28 /N B, 3
IR SEEG A RO AR T W UE S HORUICAT g
TLR4/NF-kBA5 5 18 # M T A 3] 5 JH 28 /1 B ) 28 0
SN o

g5 b, O FOSUNCA ) 2 T 98 /0N BRI 98ORE ) B
A A2 0 TLR4/NF-xB/5 538 I SE LK), AHE
FHL 7R — HOOUIE  F 2 HR iR 97 1 B2 it
THEWSE . SR A R R BN RO E e, A
W T B 53 A B Y LPSHA, JF Bt = H
W2 TLR4/NF-xB15 5 3 #% 1 737 ML 0T 75 19
R, FOOUNTRE 75 i HAth T % R A FH R mT
R
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