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# E: BRY HiHMZ R R GMP-AMP &5l (CGAS) /THREILHA A T (STING) 15 Sl 4 A 4 KR MEIT
Y. 753  BX SD KRBT XU b AR — BE F 30 R 4 LR g oL F J AR, BEAL AR, Al K 50, 100 molkg 4%
hh iz & 100 mo/kg+ A BERE (RocA) 0.67 mglkg 4, F4H4 10 K, FHE 10 RIEH KR AMAEEE AXTIRH. WEAKRTE
FAEIRIELL Micro-CT 93P A, RIS EIRISERE (PD). SRS (SBD. FREEWILE . H2%E. BikH
HSE/NEHE: VIR - 4 (HE) SHEARRIESIRE (TRAP) Y/ ik R4 A HLUREIZA . R4
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HREEET R, BEE. SRS NEE NESH B ERK (P<0.05); HHEMAMNK, fEESHEHKR PD. SBI.
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Effect of naringenin on periodontitis rats by regulating cGAS/STING signaling
pathway
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Abstract: Objective To investigate the therapeutic effect of naringenin on periodontitis in rats by regulating the cyclic GMP-AMP
synthetase (cGAS)/stimulator of interferon genes (STING) signaling pathway. Methods Periodontitis model was established by
ligation of bilateral maxillary first molars in SD rats, and the rats were randomly divided into model group, naringin 50, 100 mg/kg
groups, and naringin 100 mg/kg + RocA 0.67 mg/kg group, with 10 rats in each group, and 10 normal rats were selected as control
group without treatment. The symptoms of periodontitis in rats were observed and their alveolar bone was scanned with Micro CT.
The probing depth (PD), gingival sulcus bleeding index (SBI), alveolar bone resorption, bone density, bone volume fraction, and
trabecular bone number were evaluated in each group. HE and TRAP stainings were applied to detect the pathological morphology,
inflammatory cell count, and alveolar bone osteoclast count of rat periodontal tissue, respectively. Enzyme linked immunosorbent assay
(ELISA) was applied to measure the levels of inflammatory factors C reactive protein (CRP), IL-8 and, IL-6 in serum and periodontal
tissue of rats in each group. Immunoblotting was applied to detect the expression of cGAS/STING pathway proteins in the periodontal
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tissues of rats in each group. Results Compared with control group, the PD, SBI, alveolar bone resorption, inflammatory cell count,
osteoclast count, serum and periodontal tissue CRP, IL-6, IL -8 levels, cGAS and STING protein expression in the model group were
obviously increased, but the bone density, bone volume fraction, and number of trabeculae were obviously decreased (P < 0.05).
Compared with model group, the PD, SBI, alveolar bone resorption, inflammatory cell count, osteoclast count, serum and periodontal
tissue CRP, IL-6, IL-8 levels, cGAS and STING protein expression in the each dose of naringenin groups were all reduced, while the
alveolar bone density, bone volume fraction, and number of trabeculae were increased (P < 0.05), and it was dose-dependent. Compared
with naringenin 100 mg/kg group, naringenin + RocA group showed an increase in PD, SBI, alveolar bone resorption, inflammatory
cell count, osteoclast count, serum and periodontal tissue CRP, IL-6, IL -8 levels, cGAS and STING protein expression, and a decease
in alveolar bone density, bone volume fraction, and number of trabeculae (P < 0.05). Conclusion Naringenin can inhibit inflammation
in periodontitis rats by reducing cGAS/STING signaling activity, thereby reducing periodontal tissue damage, alleviating alveolar bone

resorption, repairing bone microstructure, and ultimately improving clinical symptoms.
Key words: naringenin; periodontal disease; cGAS; STING; CRP; IL-6
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MR % . RocA kT 0.9% & ALEN R, il

24 5+ 10 mg/mL A 57 2 245 A1 0.067 mg/mL RocA
25, Ml 2 50, 100 mg/kg #H ig 50, 100 mg/kg Al
&, Mhi% R +RocA HKHR ig 100 mg/kg il 2,
[F] I ip 0.67 mg/kg RocAlC1, 2015 1 ¥k/d 4524,
REAIAE . WHIEZH K B LA 0.9% S AL BN IR T T TRAL BE,,
FAHOR R b B 2 JH .
1.2.2 KB FE SAERANF FE 1 S 2 A A I s A
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PRI R A B B % (SBD: iR H AR L
T, PF 0 s FERER R K 2 BERVATRS B
M, P15 FERBERER K. Bty B2
RUIRHI, V72 4y FERHE R K BESeE. K
Bpiz i HERIZ ML, VP 34y TR KRR, Hifh
S, KRS HERIZ I, 17 4 485 TR K™
B, FIOAE. KA E . IR H A kv,
P 5 A,

PL 1.2.1 TR 7 &K R B K30
fikH R B, W i, TR iEFE-80 C
VKA R CO2 AbAE R 2H KRR, 43 B 3L
SRS — B AN R L, XA 0 RS
VeJa FVER Micro-CT #H7 =4ef3#, i1
HEERE. BOREE. FERRSE, HFNERT
R VR T 28 b 2 R T I R RS R 9 O R R .
FAF LB R ) 300 mg AAAEREF, RBET
JERUF R B S Ve SR TN 10% H S [E 52, 24 h
JE TN & & DY 2, B LA , DL 30% 84 i 7K 48 h,
WA LA OCT QM EA I A SR EY R (& 4
um) % H .

1.2.3 HE 5 TRAP Hti 55 A IR B34 41 230
HIEA . RYEAEMECS RS RE 4ii g 1 1.2.2
TR B AR R B A 2R D) A B G =06 N &
& 5 min T EE, UAREECES %S HE
A1 TRAP 443, 181 HE F1 TRAP Je a7 & ik i

T T e, TETE. B A B T
a8, FEG 5 Hri4d: Image-pro plus 6.0 SEALALET
P Rl B A (R e A B IR AR 4L
AN 5 500 um X 300 pum &5 45 20 25 A 985
Y%L
1.2.4  ELISA & &4 KR IG5 7 B 2HZ 5 0E
TP HUH 1.2.2 TR AR A A R, 1
VKK SRR . S1K . &, e
TESHLFENW, 1% BCA RN ER R EAKRE, &
ZHHY 200 pL 4% ELISA 3277 & 1t B 45 o 5 ikl &
W SER T CRP. IL-6 /K°F; HUH 1.2.2 TR AL
T, TEVKKIB s, RRHEL 200 uL $2[FIRE T 20
wH A JRERF CRP. IL-6. IL-8 7/KF
1.2.5 G ENIREAT I & 4H K B A JH 2023 cGAS/
STING M@ FEARE B 1.2.4 TUREIRM T A
SURE SR, ARYE AR VR I B 45 SR 4N 40 pg 2
FREARREAT B EK i B0, 8 RIFEPTAR anti-
cGAS. anti-B-actin. anti-STING —¥i (FJFik 2000
& 4 °C. 13h), F U a0 B lebs bt (Fikt
1000 f5. =i 3h), oG a5 &0k
FEEA, BRGNP RE S HE B BB IR
Image-pro plus 6.0 FAF &b AKX FIk
1.3 BUESH

SEIGKHE ] GraphPad Prism 8.0 %34T 4t 1t
M, FIRFEL x x5 (B RFEIR, R BRE T %
SIMT IR 2 A 22 S, P (A 22 e il — 20 e At
1T SNK-q #8556

2 R
2.1 MEZENKRIFBEXIGKRIETREIE N
5T, A KR PD. SBI. FAEE

W BT S (P<<0.05); SHERIAH L, Hh
FEREFIEH KR PD. SBI. FHEERICEY EE
FEfK (P<<0.05), HEFFIEAHIGME: Shifkz 100
mo/kg 21 HLEE, M E +RocA 41 KB PD. SBI.
MEE R ESBEAE (P<0.05), W% 1.

#1 KHAKRPD. SBI SFEBRKE ( x+s, n=10)
Table1 PD, SBI and alveolar bone absorption of rats in each group ( X £s,n=10 )

ZH 5] 7 &/(mg kg™ SBI PD/mm FREE I E/mm
o — 0.0040.00 0.2440.03 0.2240.04
R — 4.10+0.83" 1.204+0.12" 0.9140.10"
itil-a 50 2.30+0.67% 0.71+0.09% 0.6240.06%

100 0.60+0.49%& 0.28+0.05%& 0.25+0.03%&
Hil % 2 +RocA 100+0.67 3.9040.76@ 1.17+0.11@ 0.87+0.08@

S EA R "P<0.05; HEAA L *P<0.05; LMl 50 mg kgt ELEL: &P<<0.05; Lk 3 100 mg kgt HELE: @P<<0.05.
P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs naringenin 50 mg kg~' group; @P < 0.05 vs naringenin 100 mg kg~' group.
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22 MEEZEXTEEBREGHNEIN
xR, BRARKRTETEEE. &

ERSEL BN EBEERK (P<0.05); 5

BRI LR, Ml RS AR K R B %

AR E /N BEE S (P<0.05),
HEFIEAKME: S5 E 100 mg/kg ZHELEL, Al
F# +RocA KRR % B EL &
INREEH BERHE (P<0.05), WL 2.

®2 BREAARTEBBEZE. BARIH. BNRHE ( x*s, n=10)
Table 2 Bone density, bone volume fraction and trabecular number of alveolar bone of rats in each group ( X %s, n =10 )

Epil #E/(mg kg ™) % Z/(mg em ) H AR % H/NEHE L mm )
ot R — 930.48+39.86 98.05+4.12 5.5640.21
it — 419.15+25.37" 75.21+2.83" 3.71+0.13"
Tl R 3 50 668.32+30.61* 86.13+3.35 4.60+0.14*
100 917.65+34.95% 95.30+3.64%& 5.4940.15%&
Fi1 7 & +RocA 100-+0.67 431.14+31.75@ 78.01+2.91@ 3.76+0.12@

Sx A "P<<0.05; SEIAIALLE: #P<0.05: Skl &K 50 mg kgt ALELE:: #P<<0.05; Sl 100 mg kgt A ELE: @P<<0.05,
*P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs naringenin 50 mg kg~' group; @P < 0.05 vs naringenin 100 mg kg~' group.

2.3 MERERIARIFEBLRER SIS
TR R R R SURASIEM . 585, 1IE% H
JOR BRI SXTRELAH LG, BB R R R 4 2R
KA RREIINR: b iR B A4
FIZEREL, R A B SRS HL R AT LB R
e, AR
A

AR RN
AN L8
2’1&\}.‘\\&\ \ ‘,‘\‘t\'«.\'u"-‘.ﬂ‘“\
]

L]

BRETE (P<0.05); SEAALLE, MRS
ALK R 2 S0 B AR, 8 M 23
FEAIC (P<<0.05), HEFFIEAHIGME: Shlifz 100
mg/kg 4L EEEE, Fili R 2 +HRocA ZH K B B 230 3
W, R EE ETHE (P<0.05), LA
1. £ 3.

|

. \{1 e
il 4

1 HE ZBRNZERRITEAHEARERLS (X400)
Fig. 1 HE staining to detect the pathological morphology of periodontal tissue of rats in each group (= 400)

£33 BAARLMMAH ( xxs, n=10)
Table 3 Number of inflammatory cells in rats in each
group ( X #s,n=10 )

5 FEI(mg kg RREAIREUA
ot Het — 41.82+12.25
(it — 294.13+23.31"
il B2 50 172.95+18.76*

100 49.60+11.95%¢
Hili % 2 +RocA 100+0.67 278.96121.65@

xRS : "P<<0.05; SHAILLLEL: *P<<0.05; S & 50
mg kg L 41EEEL: #P<<0.05: Sl % 100mg kgt 4ltbEL: @p<
0.05,
"P < 0.05 vs control group; P < 0.05 vs model group; &P < 0.05 vs
naringenin 50 mg kg~' group; @P < 0.05 vs naringenin 100 mg kg™
group.

24 MWEEMNKRIESHEHEBERFN

X A AR L, AR ZH K BT A i A e 2
BEFE (P<0.05); SHAIAHLLE, Mk EH &7
T2 K SR R B R AN ) 2 PR AIR (P <<0.05),
HEFEAECM: Sz 100 mg/kg 4 ELE, il
B % +RocA 4K R FEE B R Al i A 3 T
(P<<0.05), WK 2. % 4.
25 MERMARMESFREBLRERFKF
ZppA

xR AR L, ALK B IE S R R
CRP. IL-6. IL-8 /K F¥EZETHE (P<0.05); S
RALE, MERSFEARRMES T HAHN
CRP. IL-6. IL-8 7K F-#4 &3 FFK (P<<0.05), HE
FIEARSME, ShliE & 100 molkg LS, Rl R+



+ 1958 - FI0HFESH 202448 H AR &GwEkA  Drugs & Clinic Vol. 39 No. 8 August 2024
[ VAN U _‘\‘ N < AP O A R
N0 R Y \EQ , NZITPEN
d by w19, "l.v ‘“'i ‘ \ ‘ { u'. l(r \

: ‘ }j ) \"\\ !’ Y ‘“\-s‘"\ 3

-t ,A' / .ﬂ [ AN \ 2 ‘fl -‘ \! ' .K"} N e

Y AN I » ) [ “,_ NS

AL "‘4‘\"‘\'\:\‘; Mg " .\‘ \ v ‘EU‘“‘?“’?
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i e *HU'"%E 50 mg kg % 100 mg kgt Hl 2 # +RocA

El 2 TRAP REHNSEXRIEEHEMAE (X400)
Fig. 2 TRAP staining detection of alveolar osteoclasts of rats in each group (><400)

R4 BAARHBTEAEE ( xxs, n=10)
Table 4 Number of osteoclasts in each group ( X #s,n =10 )

RocA H K IG5 7 441 CRP. 1L-6+ IL-8 /KT
SEAE (P<0.05), W#ES.

ALl UMY kg™ BE AR A A 26 MEEIKRFEEL cGAS/STING iBEHEHH
tif — 0.164+0.05 2 BB
iR — 3.504+0.24"
w7 50 1.91+0.16* S5XHEAMEL, A KR BEHL cGAS 5
100 0.43+0.13% STING FEARZEETE (P<0.05); HEMAHLL
Hh 2 2 +RocA 1004-0.67 3.2440.20@

B, MR R SN B R JE 4121 cGAS 5 STING
EAFRELEERM (P<0.05), HEMEMEHE
(P<<0.05); Hhli = 100 mg/kg 4LLb%:, Ml &R+
RocA ZH KB F 2R cGAS 5 STING E KA
SETE (P<0.05), WA 3. %6.

5L S "P<<0.05;
mg kgt 4 Eb#
0.05.

*P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs

SRR LR *P<<0.05; Shli Z 50
&p<0.05; Skl Z 100mg kg L4l ep<

naringenin 50 mg kg~' group; @P < 0.05 vs naringenin 100 mg kg™
group.

®5 RUAARMBESFEHAL CRP, IL-6, IL-87KF ( x+s, n=10)
Table 5 Levels of CRP, IL-6 and IL-8 in serum and periodontal tissues of rats in each group ( x s, n =10 )

Mi&/(ug mL™) F AL (pg mL™Y)

# F &/ (mg kg )

CRP/(ug mL™) IL-6/(pg mLY) IL-8/(pg ML) CRP/(ugmL™) IL-6/(pgmL™?Y) IL-8/(pg mL™)
payid — 4063+11.38 516711418 4063+1217 746311839 80.14+21.15 71.76+15.03
it — 151.72+2095" 19349+26.37" 21345+21.39" 24659+30.12" 279.43+34.56" 263.48+26.12"
il 50 98.31+1563* 12753+20.95% 12952+ 17.94% 162.35+23.61% 188.72+27.32% 167.56+ 20.13*

100 46.80+12.24% 5802+ 15.64"% 4501+13.60% 81.73+20.12% 87.63+23.04"% 78.01+ 14.95%&
Mif & +RocA  100+0.67 14315+19.72€ 18298+ 25.86@ 204.14+20.83@ 23597+29.18%9 265.87+35.13@ 254,80+ 25.31@
@4 R "P<0.05; M4 HE . P<0.05; HhliHz % 50 mg kg4 ELE: &P<<0.05; iz & 100 mg kgt AL @P<<0.05,

P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs naringenin 50 mg kg~' group; @P < 0.05 vs naringenin 100 mg kg~' group.

*6 BEARITREEL cGAS 5 STING EAKIA
( X#s, n=10)
Table 6 Expression of cGAS and STING in periodontal
tissues of rats in each group ( X %s, n =10 )

CGAS —- e -- 5.8X10¢
stve e WD D e B 5o

2H 5 7 g/(mg kg™ cGAS/p-actin STING/B-actin
%o} 1 0.16+0.03  0.23+0.06
B-actin - - - - - 42%10° LAY — 1.08+012° 1.1640.14"
MR & 50 0.62+0.07*  0.7040.09*
X R 50 100 AhBZE+RocA 100 0.18+0.04%& 0.25+0.07%
HilB3R(mg g) %% +RocA 1004067  1.05+4011€  1.13+012@

B3 REENTHEINELEKREF AL cGAS/STING g
EA=E S

Fig. 3 Western blot detection of cGAS/STING pathway

protein expression in periodontal tissues of rats in each group

Sxt iRt "P<0.05; SR #P<<0.05;
mg kg1 ZH LA

0.05.

LB E 50

&p<0.05; Skl & 100 mg kg L4t @P<

*P < 0.05 vs control group; *P < 0.05 vs model group; &P < 0.05 vs
naringenin 50 mg kg~! group; @P < 0.05 vs naringenin 100 mg kg™

group.
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BETT 51 R S R BERIA B, 5 R —
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Frim, HSERERTRE, RIRT R
Z—, T Liu ZEROVFIHT FL N Al iz 28 T i
CGAS/STING {55518 4% Jt 1 90 1) 2 i PRl 1R TR
T PR MR U 75 5 ) S B A R e MR, [
T T A K 229697 2 i 28 K B KI/E AL AT g =2 4

il cCGAS/STING {55 B IS . AL RER,
AHEEX IR ZH R B, B KR 2L cGAS 5
STING AR B ZEF =, UMIE RGBT EHER
A FaB P, R cGAS/STING {5 5l s 5
VAl B Z0 T JE 98 KR IVR T VE s DIt 2 320
CGAS/STING {5557 RocA BA 1104 A 4K
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