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the role of gap junction mediated by connexin 43 (Cx43)
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Twelve SPF-grade Wistar male rats were divided into a control group and a periodontitis group by using a completely
random number table method, with six rats in each group. The control group rats were not treated, while the periodontitis
group rats were subjected to wire ligation of the neck of their bilateral maxillary first molars to construct a periodontitis
model. After 8 weeks of modeling, the rats were examined for clinical indicators of the periodontium. micro-CT scanning
of the maxilla reconstructed its 3D structure and analyzed the absorption of alveolar bone. Histopathological changes in
periodontal and renal tissues were detected. MitoSOX red reagent was used to determine reactive oxygen species (ROS)
content in renal tissues. A biochemical reagent kit was used to detect serum oxidative stress biomarkers. Real-time fluo-
rescent quantitative-polymerase chain reaction (QRT-PCR) was employed to determine Cx43, nuclear factor kappa-B
(NF-kB) , interleukin (IL)-1, IL-6, BCL2-Associated X (Bax), B-lymphomatoma-2 gene (Bcl-2), and Caspase-3 mRNA
were determined. Western blot analysis was used to detect Cx43, NF-kB, IL-1B, Bax, Bcl-2 and Caspase-3 protein. Re-
sults micro-CT 3D reconstruction showed significant bone resorption of the first molar alveolar bone in the periodonti-
tis group rats and decreased height of the alveolar ridge. The distance from the enamel cementum boundary to the top of
the alveolar ridge in the periodontitis group was significantly higher than that inthe control group. The histopathological
results showed a large number of inflammatory cells that infiltrated the periodontal tissue of the periodontitis group, and
the alveolar bone was significantly absorbed. Rats in the periodontitis group also exhibited mild thickening of the glomer-
ular basement membrane, dilation of the Bowman’s capsule, and destruction of the brush-like edge of the renal tubules
in the renal tissue. The MitoSOX red staining results showed a significant increase in ROS content in the renal tissue of
the periodontitis group. The biochemical test results showed that the levels of superoxide dismutase and glutathione in
the serum of rats with periodontitis decreased, while that of malondialdehyde increased. The results of qRT-PCR and
Western blot showed that the expression levels of Cx43, IL-1p, IL-6, Bax, Caspase-3 mRNA and Cx43, IL-1B, NF-kB,
Bax, Caspase-3 proteins in the periodontitis group significantly increased compared with those in the control group,
while the expression levels of Bcl-2 mRNA and protein decreased. Conclusion Periodontitis may activate NF-«B sig-
naling molecules by upregulating the expression of Cx43 in rat kidney tissues, leading to increased levels of inflamma-
tion and apoptosis and ultimately inducing kidney injury.
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Cx43 ifh . NF-xBHLIAR ., LRI KL AR
FE M3 (Caspase-3) $Li& (Cell Signaling Techno-
logyZcdl, £HE), AN Z (interleukin, IL) -
1B itk . BCL2-Associated X 14 4 i (Bax) ¥t
& . Bk EL 40 ffegs -2 FE ) (B-lymphomatoma-2,
Bel-2) Pifk . B-actin Prik (Proteintech /A ], &
), WHCT (micro-CT) &%t (SCANCOATH],
Hiit), AR K (periodic acid-schiff stain, P-
AS) et & (JL SRR A R A ),
Fe il & (TaKaRa AW, HA), 519 Ta-
KaRa /A B IHA L. AR 20 HL (Thermo 2y
A, SEED, SEREOLE RS MEE RN (real-
time fluorescent quantitative-polymerase chain reac-
tion, qRT-PCR) {¥ MX3005P (AglLent/\#], 3£
), JerRisE (Olympus/Awl, HA), bRk
WAL (Bio-TEK A, SEME), S e DilE ik
(radioimmunopreci-pitation assay, RIPA) Z&fi# K .
BCA M5 AUEE Ok BE I E AR & (iR = KA
PIEARAIRATD) , 4 A sk RO U5 W57
A (st B BRI ik & A RAH) .
12 Ik
1.2.1 KBRS A58 ity g 1

A S H T RO 2 S50 Bl W R R A B DL s
R (SY202210200), 7675 MK L5 50
UL TIT I, i MRS R BEALEC T R 245 12 H SPF )
Wistar HEPE R B (BT 5 200~230 g) 43 %) B2
P JERA, HH6 R, SIS AT )7
Dby i oF A R SN WAL, F ] 4 2R R B i
TEGT 2% IS HCZ40 (0.2 mL/100 g) £74 B Rk,
K 10.2 mm 1F B84 22 25 F1L K BRI - A 55— 5 2
HYEER, FFZ28 s XTMAIAbE ., 8JHE,
A 2 H KRB I RS8R, BEISAT 2R, Jfdl
RAR FAUREHUE I T 5 22525
1.2.2 24 KB R S R b Ao

TRAE 2 4 K B 8005 — P I8 I A ARAT O
KA I IC R A AU R TR bR, BRI, 1) il
MAE%L (bleeding index, BI): ¥ F JAIRE R A
TR AR, BUBREN30s )5, WECH T & H
MFEEE . PhMazza 38 BCHTFMARHE, 0: iR

@R, ITRIEMBI; 1. FREEAKM, H2E
A 2. iZfEA SR 3. B2 kE
FJHRIRGY R 4. Ri2) hinJfies il ; 5. A
RYEH ™, 2) HIZIRE (probing depth, PD):
KA TR T K B a0 5 — s 2 3 s il o
A 6 S A 2 R ARTR B, BCP (I SR
PD. 3) F5# 8 (tooth mobility, TM): <1
FE, AR, 1 EMS, (EEmagh; IR
sl S SOE i b A sl MRS, Bk .
gl PN E N RS /A

1.2.3 FRAKRZE-L (hematoxylin-eosin, HE) #iff

WEZ 2 20K BRUA JE 20 205 SR I

B b a0 BT 10% Pk R [ E v [ E
48 h, Z£10% L MM RIS 2 AR, SR
FELAK, ZHIRBWEY, =i, G, 441
A (Sum), “HZEBETS, BEEEOmEKAL, TR
F 10 min, Yk, 1% R OEEHb, 2KIRE,
1% 205 min, BE(0)5, BREEOMEMK, —HOK
W], Ea RS R B R e A T R 2
HRBA AN GG bR RE . B 2 KF
FA R B WG L -

AP S ym Y, RS L B BN
JKJG, 1% B8 Masson 4 4,32 7] 15 W] 3£ 1T Masson J¢
o, IR JE R W T A AU L
1.2.4 micro-CT PF-H 2 41 K B A Al B M Wi fvs o

K H micro-CT 94 K R _EAE, #HHEHS4
WE N 70 kV, 200 mA . 300 ms. >R micro-CT
WAL FE P (Scanco A H], Hiit) #EATEIGAL
PRI S A A = 4250 . (8 H Tmage T4 (Ja-
va 1.6.0 20, National Institutesof Health, 3&[E) 43
BT R B RS — B A i v b e Rz R T F
JoT A28 OF Fl U TR B8 (cemento-enamel junction to
alveolar bone crest, CEJ-ABC) F-HCEH#I{H.

1.2.5 HE Y058 2 40 K B 41 2 B R 90

B A OB 2 2R IR 1.2.3 WP R AT AL . )
RO SR TR 2 KRRV A 2P ek
NN R A EUY I
1.2.6 PAS e o W% 2 2 K B H 2L sk )

Sum'FHE Y & ZH IR NS, Kk
2 min, # THAAMAFDERPET 7 min, S H
T Schiff i 7] 4 5 15 min, 0.5% fi 5 V. % B2 4412
Ve b2 min, HHREE Y2 min, R LEEUIE
FIRZKMPUE 12 min, SR, B MR B K Kz B
B BT S A LU B/ INER I /N S 5
B
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1.2.7 MitoSOX red 44,

4% Zo T [ IR vk dR U0 B, ek e T
i MitoSOX red i o1& 37 °C B BRI P BE &
30 min, Hoechst i Xf 4 fiA% dEAT YL (1, fe)m 7
PG R T I IR
1.2.8 A=Ak G e I i 37 480 Ak 1 I AR b s

Bl g KEVFAL, A9 mL A BEERK, #
Tk AT, BB, SRAA T &R
W2 20 K BUE Al 2R A AL W AL T (superoxide
dismutase, SOD). #MEHAK (glutathione, GSH)
A % (malondialdehyde, MDA) 7K~
1.2.9 qRT-PCR il

HUOK BT B 2 UG A1 3%, SR Trizol 442
PR AL BRNA, I RNAWREE S 2lifs, ik
kM ¢cDNA Ji5 2k SYBRPrime-Script-TM qRT-PCR
Kit i & 47 QRT-PCR J )i, A5 Cx43 . IL-1B.

IL-6. Bcl-2, Bax, Caspase-3 mRNA ik {EM, 5l
YIFFI WL 1o SR 2k RS A X Rk i
1.2.10 FHH%PEENE (Western blot) A3l

W B e K BB 20 T RIPA 24 i rp A 4l
AUA1H, UK i E 30 min, B.OH BV, BCA
A E R 2 2R RS, A B REGE MR
10% FY -+ 4w J 78 TR 414 - 2R PR A T B 458 e FhL Uk 0 5
BRI EARBE 2R M R OmE L, 5%
NG 4 5% iR LB 1 h, TBST YE M5 i A Bt ik
Cx43 (1:2000), NF-kB (1:2000), IL-1p (1:
2000) ., Caspase-3 (1:2000), Bax (1:8000),
Bcl-2 (1:2000). B-actin (1 : 8000) 4 °CHEHE 1t
B, TBSTUERE3 K, FHHUR T ALY B 10 i —
Pt (1:8000) FEIEFFH 1 h, TBST PE¥Jn i
ik~ & % (electrochemiluminescence, ECL) it
o, SRAEE R IR Tmage J3F 44 K (R

x1 ERAEFES

Tab 1 Genetic sequence

£ 37| S1MFF (57-37) Tl £ /bp [R5

Cx43 F: ACTGAGCCCATCCAAAGACT 20 NM_010288.3
R: GCTGTAATTCGCCCAGTTTT 20

IL-1B F: GCAACTGTTCCTGAACTCAAC 21 NM_008361.4
R: ATCTTTTGGGGTCCGTCAACT 21

IL-6 F: ATTGTATGAACAGCGATGATGCAC 20 NM_012489.2
R: CCAGGTAGAAACGGAACTCCAGA 20

Bax F: CCACCAAGAAGCTGAGCGA 19 NM_017059.2
R: GCTGCCACACGGAAGAAGA 19

Bcl-2 F: CTCTGTGGATGACTGAGTACCTG 23 NM_016993.2
R: GAGCAGCGTCTTCAGAGACAG 21

Caspase-3 F: GGGGAGCTTGGAACGCTAAG 20 NM_009810.3
R: CACACACACAAAGCTGCTCC 20

B-actin F: GGAGATTACTGCCCTGGCTCCTA 23 NM_031144.3
R: GACTCATCGTACTCCTGCTTGCTG 24

T: Fo LS R FUESIH.
1.3 Geitsrir

| GraphPad Prism 6.0 #4381 745 1154307,
AT Kl ) ks R o, Al ) U BER FH oK 55 3 AT
P<0.05 WA 22 5 BA GE it 28 Lo

2 H£R

2.1 IR R RASR

A HR L 25 2% 2 R BROBUNY L 4055 — 5 2 2 A 4
ZUGOL AT DL, X IRAH P B AT €, R B 2
1, ORI SRR A IRTT LK, R,
RZACE (F1a, b). 24 KREF AL A HE
PR, SXIRAMLIL, R4 R

b RSN, A 2 TP A R a2 40 i
=i, SRR LA Bl (Bl 1e. d) . Masson
Yt 25 B R I8 JE AR 2 KRR 2 ) A 4 i 2 4 W
SRR (K le. ). micro-CT 78 o J& 4 4 oF #li
BRI R (K 1g~), Z K4 CEJ-
ABC (1.18 mm=0.07 mm) @& FXF 4] (0.69 mm=
0.02 mm) (£=3.944, P=0.016),

2R EF G IRFe b A g SR W 2. X I
HRBRICF AL K ik, Tz, ik
TR s oF B A 4 R BRnT 4R MR 2 JR 4%,
MER R, Bi2g i, AR WL B E).
DL 2SRRI, ARG T O e AR
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a. b: KELAAMG; o d: FRHALHERELR,; o £ F
JE 418 Masson Qe 45 x 40; g, h: FAEE B micro-CT =4
HAR i o REE SR micro-CT Bl . M1: DaisE —BE
RO RS —BE A TR RO =R ARG 2L E K
IR R AL o
B i A
Fig 1 Successful establishment of the periodontitis model
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Tab 2 Periodontal clinical indices of rats XEs
W R TR AR X R 2H VNG
PD/mm 0.20+0.02 2.45+0.08%**
BI 0.19+0.20 2.54+0.24%**
™ 0.00+0.00 1.00+£0.27*

T FRRHASGX IR L 22 7 A4 2 L, *P<0.05,
4% P<().001 .
2.2 BN I K 21 25 BR A AG I 45 SR

PR R UL ¢ 2 J] ¢ 201 ' JU A 0 B2 B 6 | 1R AR
T AL (Fl2a, b), WAL A HE Qa5 R
Wos, X IRZH B /R 8 QA s, T By
sk, TR A /N R S R R ] K, D
R AT i (K 2e~f) . PAS Y (o 45 L o

Xt BB /NERBE SR B IE 5, B /N IR S 54 IE
Wy A RAFECBIE, BN RPR GBI K
FRBEHEY K (K3) . PLEZERFRWIF 58 nl i
B HL KL

X IR ZH

a, by KRR, o~f: WHAHELE, G: B/Ek;
TR /R B (RN 5 5 SR @ = A B /N 18] B ST I
2 E ORI K HE e i 25 21
Fig 2 Kidney gross imaging and HE staining results
Xof BEZH FRRA

G: B/NER; MAAETIORB/NRERIE; 20 s ko BN
TR Z
B 3 BELH4PAS YL,

Fig 3 PAS staining of renal tissues

2.3 MitoSOX red 4t {a,45 5

MitoSOX red J& —F L R4 (1) 8 A AL P 5 e G
BE, AT AL RLAR Y 5 ROS AL S 7 Fir 8 & 51 4
PRET A5, DT I 1) K0 400 ff PN ROS & i .
JE 9 4B 2 4 r 2168 5 S i B A ) R 2 P A 3
KT JE A E AL ROS T T (K4).
2.4 I EAL N bR AR A 25

KRR A M SOD. GSHI/KF[#MK, MDA
TKF- Wt T e e WL JR AR AT 5 [ AILAA & A= S Ak
W, FEEAATAER A (F£3).
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MitoSOX

X HEZH

Hoechest Merge

MitoSOX B 2L (A5 ehR 1 B 4N A ROS 5 Hoechest kL2 1 (A9 EARIC H A0MIANMIAEZ 5 Merge 2745 ¥ 41T A ROS AN A% M

HEATIEELL

K 4 MitoSOX red Je {25 x 400

Fig 4 The results of MitoSOX red staining x 400
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Tab 3 Biochemical index test results XEs
A TERR ot B2 FRRA
SOD/ (U/mL) 188.67+8.65 145.3+£5.27**
GSH/ (U/L) 10.14+0.98 4.99+0.42**

MDA/ (nmol/mL)

Vi S AL X BRI L5 B SRR X, *P<0.05,
**P<0.01,
2.5 qRT-PCR il 4%

qRT-PCR £ M 5 21 21 Hp Cx43 . IL-1B. IL-6.
Bax. Bcl-2 fll Caspase-3 mRNA Fik /K., 2455 5
N, SXTRRAAH, FERAEHL Cx43, IL-
1B, IL-6. Bax fll Caspase-3 mRNA % ik /KT,
Bel-2 mRNA KL KF TR, ZRBEA5IT2E
X (P<0.05). VA BG5S RERI ;T 24 B HA U R
JiE A 5 FTR T A 56 mRNA 263k 7K S48 % 1R 40 T
(K5),
2.6 Western blot ¥ il 4%

PEBUE 221 R 85, Western blot 46 Il "B 21 21
1 Cx43, NF-xB. IL-1B. Caspase-3. Bax fil Bcl-2
FhAKF-. HXTEAMLL, FRRAEHL P
Cx43. NF-xB. IL-1B. Bax. Caspase-3 % ik /K
Fhim . Bel-2 £AKFFEAL, Bax/Bel-2 H{E T+,
S HAAGFE L (P<0.05), LI B4R,
xR, R R4S 4410 NF-«B 5541
TS, RIER AP TR, BT
HEHRBKEFE (E6).

6.19+0.87 8.83+0.72*

8r seopskon - R
7t = 7
1 6 |
<«
-
Eaf
-~
<ZC 3 sk
~ sofok stk
&2 %
1
0
Cx43 IL-1p  IL-6 Bcl-2  Bax Caspase-3
FHRME G IRAM I FA G, **P<0.01, ***p<

0.001, ****¥P<0.000 1,
[ 5 qRT-PCR A4, R

Fig 5 qRT-PCR test results

3 it

7 Ji 98 5 CKD #F25 WLA e s, ATs
2R RN ) S 5 Fe B 38 2 A A A B A e
I EARPLE] v AP . Kose VLI . 454115
FHEES R KR E AL B E DY 5K
B /NS SR B0 RN T L 6 00 0 45 7 O A e B R B
B ASBIF 5% SR F 465 FL ik g8 57 R B Rl e Y sl it
AR — s o S OF R 4 40 HE Y 2L . Masson JE 5
F Fi i AR A I 48 A5 B micro-CT 4% 5 1E B K BT
RIS DHE 7P RSB RI LR B, KRB
ZUTHE FIPAS Lt 2 B, AR RA KR E AL
B /NBREL G S, 2 [ R (A B o, B/
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AL NERPIR GG 0, X R A A
RS UL LA 7R, IS T MR
IR R S 4L

IL-1 ' 'é 2
i B [ A @
=X

£

=

=
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B-actin

7. Western blot Kiilll 455 ; H1: Western blot K MTEE s £

*P<0.05, **P<0.01, ***P<0.001,

Cx43 NF-xB IL-1B

FOC BB K o TEMBERIIERE b, ART5EH
ARV T Cx43 2 57 A RS B i i pLH .

sfsksk

L RUREE
- R

Bax/Bcl-2

XREAL FJA 94

Bcl-2 Bax  Caspase-3

Bax/Bel-2 LEZ5 M . F i 5 240 S 3 BREA AR L 22 57 A SR it 2 38

[l 6 Western blot &l 25 5 K 43 #fr

Fig 6 Western blot detection results and analysis

Franga ZFPIESE . 254U S a0 M J8 28 vl
SURER C AR G T N = g E2E T o o B2 1
UK BN L IO R 1 AR 2 A A S B A A4 i
I TE I R 409 7= A2 ROS 8 W et 80 s 1Y It
{H ROSAR A g A MG IF % sh Bl i B, WA
FAb—hrE S AT . Yuan ZEPHIESE Cx43 JE 44 il 4%
i el E ARG MY RE M R SN RN, H
AT B AE B 12 O ROS 99 BRI A 45 k. A
WA K I T 98 K BRI IE N Cx43 SRk s, JF
i MitoSOX red %4 € FTAG I 2 Jil 4¢ K i i 4 Ak
N AEYIBR SV, AR EoR, FRRATH
ZUh ROS Fra iy, A AL N A A5 5 9 SOD F
GSHZKFFEAK, MDAZKF-FhEr, UESE TAFAR.

XA, FERARREHL P IL-1B
FINF-«B # &R 5KC T, X R R T 5]
e KB 420 rp SR L ORI 9 E K SF- TR . Tien
SEPOR L Cx43 TR 5 NF-xB KT, FEURIE
I RO D, $ER T Cx43 X NF-xB ) 8 5 1F
o Cao 5P 5¢ 36 B K BUA Ji 41 21 Cx43
Y3k F IR AN N T AR B AR RE T, IR O
T NF-«B i %, I H W & #6824 i 8 12K F
T o ABFR PP T BT Bel-2 B IE PR AL, 42
P T4 5T Bax (9 3k i, 1 M0 04 725K 3 A
F Caspase-3, A FEAIMITT . KT IKF L
FHEE, BRI TCIE W R 2 T A, R
I A 9080 T 200 L T R P RRE S, TR R
PEAT . FIRSEIRRWIF JE & n] g i bk B 402
P Cx43 B35, UG NF-xBf5 501, Mgl
K EVE IR ZH 2 rb i JORE 7K R AR R T AT

AN T BB Y A

ZE LR, AW kB Cx43 5 1Y 4 B 2
A RETE A JH 5 T B O i B vh R T AR,
AR Al Cx43 $E [m 25 W itk — 2D Wb 5, I A
BEBREN A, DA RN, 8 rEE N
1 B 16 R S

FBFRER: EHEFRAALLAZNF R,

(5% 3Lk
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