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B RIEFF KT RIEFEAE (P<0.01). 58 FH/TBIKEER AT 897 OPG . NF-kB i
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Protective effect of carvacrol hydrogel on the alveolar bone in rats with periodontitis
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[Abstract] Objective This study aimed to investigate the protective effect and mechanism of carvacrol hydrogel
on the alveolar bone in rats with periodontitis. Methods A thermosensitive hydrogel supported by carvacrol was pre-
pared using poloxamer and hydroxypropyl methyl cellulose as matrix. SD rats were randomly divided into blank
group, periodontitis group, blank hydrogel group, and low-, medium-, and high-dose hydrogel groups. The periodonti-
tis symptoms and the CT structure of the alveolar bone were observed. The changes in liver, spleen, kidney, and peri-
odontal tissues were observed. The related indexes of bone metabolism in serum were detected. The expression of os-
teoprotegerin (OPG) and nuclear transcription factor-kB (NF-«xB) pathway proteins was determined by Western blot.
The levels of inflammatory factors were assessed by quantitative reverse transcription polymerase chain reaction (QRT-
PCR). Results Carvacrol hydrogel had good slow release, biocompatibility, and cell adhesion. The periodontitis of
rats in the carvacrol hydrogel group was significantly alleviated, the expression of OPG protein in gingival tissue was
significantly increased (P<0.01), and the levels of receptor activator of NF-«xB ligand (RANKL), receptor activator of
NF-xB (RANK), NF-«B protein, and inflammatory factors were significantly decreased (£<0.01). Conclusion Car-

vacrol hydrogel can regulate the OPG and NF-xB pathways, reduce alveolar bone absorption, and improve periodontal

inflammation.
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FRRIENEH L —Fg s itk . dEfL
PV, FEINIR RN AWM E k. F
S RN | N2 D B AN o 1 = 17 S SN 1 R R & 2 S L
AL . PORSEIG, JUE I R, AT
TR ARG Z P NI 2 5 R G500 % VT
K, QORI A SRR SRR MEICTT RS IR
VAR, HET, IR 2 i MLARE Q1A P A
RIRIT A RS, SR, M bt R EAY),
WaFRBUN YR . WA LA R
R, H, SR EAIRA R, R
it 251 . AIRE% B 0 R SRAH ) 25 WA bk R R
R, JE AR R IR YT AU 1) AF 58 FR5 R IR
Ko

M (carvacrol) JE—ZRIE 1z . MR
B A SR A I, BAT
WL buge . PriAAl . IR A EEPE DL R R AR AR
W B A B K R KD
1T BERE . HMAEZ5Y T, HRIGTT A i igUsk
FR G FRER S D EE WEHRY, HiTHE
A B KME DA RO FRE PR AR A0, BRI T =259
WIT AN . Kb, FEREAIEMNEZ R
Ge B T LACGE s oK T, B e AR A
Vst

T B K A S — i B SR KM Y = 4
ARBERE, PRI RAFA A YRR ZSPE . BRI
SRR, E R o Rk, R
Y, HA TS AL ZMH %
(poloxamer, PEO-PPO-PEO) J&—Fhif &M &
BCREY, W FH R 45 AT K BE Y, 5 H A
WBKEE R, e RuE . EUIRRSFEAA L,
TGV K EE R /R T2, N IR A 28l )
A, AT XA s AT IR B vk, IR F
THPR =i Bty , i RA — @ iR kR,
BENEIE N i By (s f v o (HOR A —IMIg U 1y
il g5 K EERS , Tl fF e B FREPE 2 . DIREA— .
G R R 1 g 1 S A @ R R U
407 (F127) 51361013 188 (F68) WE&fliH, kK
PE e BRI S, RN EEH R 4E R (hydroxy-
propyl methyl cellulose, HPMC) 1 K5 % 7 AL
AT LS K BE AR R (RN PE IR BE T s I IR
B, A K BE AR R AR R AR AR )Y, AR
W FEIAT VO 407 (F127), 188 (F68) FIHP-
MCAER LT, il 28 T A I 19 1% Uk R /K B e
DLSEI R R S M 25 24 o 45 2507 O AT DLk
o R HIE T o 8007 1717 36 24 28k /D . 22 IR 4 245

FWR A mE, 1 B R Re A B T 4
2R TIC ) B[] AR e 2 21

W UER, H P& (osteoprotegerin, OP-
G) /BT -xBZEIEHHETHAR (receptor acti-
vator of NF-xB ligand, RANKL) /#[HF-«xB3Z{k
WAL A ¥ (receptor activator of NF-xB, RANK)
{5538 % S ] F-xB  (nuclear transcription factor-
kB, NF-xB) {55 76 4 6 & 0 & il 72 vh &k
HHEZRERMEN, NMIS5RE RN IR,
PG S WS ST RN SR, A X
B BB, B RTHARE IR RIE . A,
AW PLE A KR A R RSP, W E
T 1 7K e 6 R Bl B B B AR, R
BT RE B HLH

1 M#FTTIE

A S i B v T K B R S iR AR L Bh S
Bl I T AR AL AR ML R S S A B AR 2 B oy
(SRM-11) HYINF] (4i'5 . NEAUEC20230341).
1.1 2R sh) Jeor i

H1 AL T AR A YR A RS W43 SPF 2% fi
e HEPE SD KL 100 H, 2y 4 )4, fAH 180~
200 g, HUBZEE K SCXK (3I) 2020-0001, A
A2 TORI . IR RS ERIRE
WFRe, VRZ )G, TR . REALPkIELD 15
HARBAENX L] (control group, C), FIAAEN
BV, T E A J AL
1.2 FE25H i)

FITH (ZEHE99%, FF A SSAEYFHA
BT 5 IS VDA 407 (F127), 188 (F68). HP-
MC (Sigma Aldrich 23], JE[E); S iAok S 7R
(Porphyromonas gingivalis, P. gingivalis, BNCC-
353909, LA EWRIECA RA R s BB W
(Fusobacterium nucleatum, F. nucleatum, TS273-
849, TIBWAH AWM ARARITAEL ) 5 WUKF
(creatinine, CRE). AN &M (glutamic pyru-
vic transaminase, ALT) . 7 555 % [ (aspartate
transaminase, AST) Wil & (pd i@ EY) T /42
W52 HT); —$i OPG., RANKL., RANK. p-P65,
p-IKBa. p-IKKo/B (P ZAEYRHHCABRA ) 5
9 B-actin (R FELEIRAEYRHLABRA A )
OPG. RANKL. RANK, H#iffifr% (interleukin,
IL) -1B. MBS F o (tumor necrosis factor-a,
TNF-a). IL-6. HyHEE-3-BFMR I A (glyceralde-



555 3 L s S R PN W R e S TR (R D *595

hyde-3-phosphate dehydrogenase, GAPDH) 5|4
(il TAEY TR AR A .
1.3 FEAUAR

fER KB (L —EREAES A RA ) ;
UKL (B REERHEABRA R 5 FRA (bt
HnEYHAFRATF); Western blot 4= H 31 &t
BUE RS (KRR A RAR); Sl 29t E
w R A WEE . (polymerase chain reaction, PCR)
1 (EETEER CHRBHEAF]D .
1.4 ik
1.4.1 IRBOMAEE I B 1 4

R VS TR A TR AR K B e 0 FRBBUE i
M F127. F68 MHPMC, ¥ Fili iz MK, i
F127 : F68 : HPMC (f&FHLL) =7 : 1@ L5 L7
TS, 4 °CCUKFaIIR, Tk Bl 1525 HoK
e, MM RS % w25, 50, 100 uL 7 7 )
AR 10 mL 25 KR, IR, 19
i, . EFERE T KEE o
1.4.2 ZKEEMEIERERAEN it

SR P R 5 K e e DA S 28 24 7K T
T 37 cCtEi /K wa b, W H R BERT ] ;. pH It
o I 2% 7K 58 e pHAEL 5 326 FH 4% b 284 5 104 3 S e 00l
FE A K BEIC R BT VE 5 B RS BE LT R K BE R U H Ry
1 mmx2 mmx5 mm /N, R, BT,
T R S WU T WL L2 [R] 45
1.4.3 {HHEM204807%  (Fourier transform infrared

spectrum, FTIR) ilE

B il 28 25 UK BE RS S 32K BERE , 2803 Uk
TGO E AR, SRR 12015,
B AT e R b3, RS it (B A AR B e A
LT AN ETEAL P A T S M, SEERXT 3 FPAE A
(I T B A 400~4 000 em™, JF LEHEATLI AN
VRIS
1.4.4 JKEERE 2459 2% B

P HHAFUS B M 0, 0.25%. 0.5%. 0.75%.
1%, 125 %, 1.5%. 1.75%. 2% 07 /T B i,
TE 276 nm T R IAS [R5 B0 ) 19 () DG 2
J£ (optical density, OD) fA, 15BIZAMERIH .
TCR B L mL Ik, . e T M K A
A 5VE T A 9 mL 40% SRR O, —3
By, F 37 cCEIRFPEIR H L) 80 t/min LW H . 7F
05. 1.2, 4. 6.8, 12, 24, 48, 72hH}, Wl
1 mL (% 40% CEEAERAEAS, P 1) P A SE R FR
40% P, DhAERE1E E AR SR TR . B AR Y
TEAT By e RSO A I 2 OD R, FH 1|1 A 7 2

THE A5 5] (8] 15 40% & e I 1) 75 1 B R R
R 2l R RO
1.4.5  FKEE ARSI R gl

TR FE mLfk. . &Rl E T EBK
BEIE Ay & T A 9 mL 40% LB B0, —
34, F37 CEEER T L 80 r/min ELEMFH -
05, 1,2, 4, 6,8, 12, 24, 48, 72hA},
BB AT A, HUEAUE T R Ko e
PEATRREE, RS 3 4K SR 1Y F ik .
HEPKH = (R ER-GREER) A%
FEATHE X 100%
1.4.6 ZiWRELSN )1

K FH Origin 2021 X 4% 41 7 - W3 7K 358 152 1R 91 [
it FN 27 R OB AR H 2 9 . — 24 F Higuchi J7 2
TS, T b 25 RO K.
1.4.7  AHEERE 3R BRI 1 30 B 1

B P. gingivalis T F. nucleatum $%Fh T 508 L
M B FHe b, 37 CCIREE; 3% 2~4 d, PRI 7%
ZIJCW Y PBS A B . & L e
PR, FHIJCTE PBS I R R SE AT B6 BE R R, I
2k JEJH %4l 10° CFU/mL, 4 °C# . B 200 uL
[ i =i (o 2 A0 1855 = R P e R
PRCE TR, 45 A 200 pL 1955 FH 7K BE i
PLRAK . v, S o KB, 4837 °CTL
WS 72 h e WS TR 45 4L, IR 0.02 mm
TR AR RO 2 1 R P AR
1.4.8 7K 5E 5 4 M AH 2514 B 26 B 1A

K CCK-8 B 45 ity 55 Y o 10 e 00 40 b A 25 1
FFGB D, o — i e R i 1 2 K B
2 KEE TR E 12 fL 12 B [, 37 °CHs
FAAEERL 0.5 h, FPERBERZ )G, BALER 6x10°
) 5 WU B T ros 1728, 5%CO, 155548, 37 °CHs
F224 he — Oy FHIN CCK-8 X FN 4k LEHFF 1 h,
PRSI 22 OD B, T3 7K Pk e 3 1 8 R 40345 240 i
B n— I TA SRR E, WEOKEER R
Z80 R 194 155 41
1.4.9 KR R ()44 3 5 2591 il

SCISHIXS B A K RS AR E, RREE R, R
LA EMSE [ K BTS2 8m 5, PR 2 3 L 45t
BB ARG A LS, O ST R R,
T WU 1 AR 2, R A 0.2 mm (1) 1E By 9 22
ZEFLRUIN 55 — 85 F 23, WRYA N3 P, gingivalis
N E nucleatum &AW 20 uL, &2k, [ 4HE
M 10% M REREZK , 55 4 R REEATE . B8
EAEFLL L 2K, AN S E R A L. 45 L
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BFIE R 4 J, DASFRRZIMP . FR2 il K2 AT 1
VB2 A TR 56 2l R AREY Bl f5 Pk i 75 H ik
BERD KB, BEWL A S, 200k i 5 A
(periodontitis group, PZ1). Z5 /KB AL (blank
hydrogel group, B41) . {7 & 7 A W /K &K 4
(low dose carvacrol hydrogel group, L#). H5|&
B K EEREZH (medium dose carvacrol hydrogel
group, M4l) . @iifl & T KEELL (high do-
se carvacrol hydrogel group, HZH ), #4015 H SD
Ko diFL4 )5 LBRIER P22, BRXTIAISN, H
Al 5 2 3 551120 3000 R0 000 2 J 42 oA S AR 1 25 )
50 puL, @HOR WG AT . B 24K,
L5254
1410 ZF i FEbsAs i

AR THs , DO BUF JR A e 46 45
PRIH AR LA K Bl W s 2 2 B SRS 50 % R
AR R 2B B = B 5 24 i IR 28 50 = At
M2 53¢ .

SR 48 % (sulcus bleeding index, SBI) :
WO — B A v, B I o 3 A XY,
JABREH I B RIEAR AT A4S, 78 34 XIS B
L WSS I SR, I AR DL A fE ST OF
Y004y, AERMERE, JCRAE Mt 14y,
EAR RPN, ENE, KATTin, 2455, AR
ik, HRZEHIRT A SR 343, RiZEA
M, WERSGSEE; 40, WiZJEA I, iR
s 5495, FESEBHE, A HAPET 0.

FEASTRE (pocket depth, PD): i ZI
B 2 FEL R A D At 3 A DX IR 2% 2 28 JR 4% G 1 #E
B RO B, O S KA T
L4111 FREFZBR KA

R PREE 2 DR, #3H EaUA R SR A i AT
& 5 Ab B, B S #EFT Micro-CT $14fi . F S 5L
e PP 200 pA, HLE 85 KV, HHIEAY
A, FIE R 10.153 741 um, BRG] 384 ms,
A 180°, i A — 4 A 4K {4 NRecon (4K {4
JRAS V1.7.4.2, Bruker AW, fEE) X4k KGR
18, CT Analyser 2381 4 #8155 O
1.4.12 JKEEBARN L PIAR 22 PEAG I

KRR R E JE, T 45 2R B E SR 1l 24
3mL, ##E 0.5 h/5ECaR By , a5 E e I i
IEH CRE, ALT HIAST (& &, BiE 4541 K BT
BFIIfeEm T E, FRIMIE-80 CCIRAFEH . B
SEFEAH R B, S BEARBUIE . BN ML,
ET 4% HEET, 24h)5, BEEE, VR, K

FG-PJH4L (hematoxylin-eosin, HE) ¥eff, & iHEs
WG 25 L e 2 A oo Bk E
1413 F AL =G
B R B R A8, 4% RS E 2 h
J& . WiKFPE24 h, 10% 19 EDTA 45 v B 45 8
J, CEERER KIS, T AR WA, JRE
PS5 pm, EZU A, B BOKAEE, 1T
HE FIH0I F R PR PE W5 IR 1§ (tartrate-resistant acid
phosphatase, TRAP) Z{f, @it Wi mies . K
(L€ SR
1.4.14 i e ACSAE S8 bR AGs
i 1 £ 22 W% 6 30 5% (enzyme-linked immuno-
sorbent assay, ELISA) i3] & I 4% 4 K B i
45 (osteocalcin, OCN) . G PEBEEREE (al-
kaline phosphatase, ALP) LA TRACP5b 7K,
1.4.15 Western blot & il 4 it 41 41 H 19 8 11 19
ik
AbFE A5 2R B, B b AR 2 — s 2 2
1 mm FHRAILY, BT -80 °CUKH AR5 I, B
H— BB A R 2T B AT A b, % A
I R RO . R R BEA (phenylmethyl-
sulfonyl fluoride, PMSF) LA KB B i 9 i 571, 7
UK& B, LR, HIBCA R &t
FrEARSEINE, B IAL R PBS I Buf-
fer, fiH:¥&JE M 3 pg/ul, 100 °C K 10 min J5 ,
P T-80 °CORAF . BEIE, mFE, BALIA 7 L
e, @RIk ENR, BHEENCE L, B
IV E A, —$i. P E, Btk kot (elec-
trochemiluminescence, ECL) & @ {0, & Hi 1%
RGO RAFE AT, SEE0 25 R Image J HfF
HEAT oM, A LD B R E AN S A KA
eFn 4 H B R IR
1.4.16 &5 2% 5 B 5 M45E 2 N (quantitative re-
verse transcription polymerase chain reac-
tion, qRT-PCR) &l 7 #f £ 41 OPG.
RANKL., RANK K J5E K 5 AH ) 25
TRIZOL % 5 BUF AL 2L RNA, il 8 736
GBSO Uk B, 5 Bt s3] 0 LA 5 eD-
NA. LANZ GAPDHAE M X, R A qRT-PCR £
AL RGN R B R ZH 21 b OPG {5 5 % LA S AR AE
A7 IL-1B. TNF-o. IL-6 FUAHXT FeikHa ., SCHFE
P E R 95°C, 5min, 95°C, 155, 60 °C.
30s, 72°C. 20s, 404 EE, 7872 °CF Kl
55, BMEAEL 61K, LIEFEA CHEIEE
filf, A 2YE, FT PSR L,
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£ 1 qRT-PCR3|#FF!
Tab 1 RT-PCR primer sequences

B[ S (57-37) TR (5737

OPG CTCACTTGGCCTCCTGCTAA TCGCACAGGGTGACATCTATT
RANKL TTCTCAGGAGTTCCAGCTATGATG GCCCAGCCTCGATCATGGTA
RANK GCTCAACATCCCTTGCAGCTC GTCCCTTGGTGTGCTTCCAT
TNF-o. GGGTGATCGGTCCCAACAAG GCTTGGTGGTTTGCTACGA

IL-1B GCTTCCTTGTGCAAGTGTC TGGACAGCCCAAGTCAAGG

IL-6 GTTTCTCTCCGCAAGAGACTTC TGTGGGTGGTATCCTCTGTG
GAPDH AGTGCCAGCCTCGTCT CCGTGGGTAGAGTCATACTGG

L5 geiteeobr

% F Graphpad Prism 9.5.1 3 {24F X} 552 56 %5 4 oF
g It B K . TR RS — R P
Pigabr i 22k Ron, (A A R A8 S 8O0 AN R 4
B 22 S BT 08T, FFF H Tukey A8 5075 X 20 9 1)
SR T DR Y, P<0.05 S BAT 2
2E5t, P<0.01 HEAAENR W2

B4 LA

2 #R

2.1 RN KB B A R R AE

LR A R WA A K BEIE DL R 45 A
FEM KB (K1), 4 °CIRA T 28 FIKBER 2 30
THRCEIPIR, &4 T WK B 2 BT

HZH

1 ALK BRI R P
Fig 1 Gelation diagram of each group of hydrogels

P37 CCARMBARMT , a5 FUKBER 5 45 & T
13 7K 358 JiC 1) M 8 (i) 2 ok 150 s, HipH (K 6.4~
6.5, HEFIAFIALNS By S Sk, R K E I AT
W, NG JCRE ), Ui A R A A S
T BB R R, KBRS H A MR £
fLZEy, HALBRARE (K 2). 325 KB ik
DA EALBR TP A& I 25 (AL BN, %
2K B8 I RE A AR - b 1 40 ey, ELA R 24
PR
2.2 FTIR M E S5 R

R 4 0 A it 21 AR 3 T WSO TR IR L o
ERERE, oIy R E RE A E R . E 3
N, a AT ELANGEIEE, 3 200~3 664 cm™
OH LA AW Ik I, 3 100~2 790 cm™ & CH, £ 4111

WU . b A A T B K EE RS 2L ARG IE L, 3 000~
3 664 cm™' i OH FE A W e b, 5 ¢ i 25 H K
JE ) 21 A5 1 AR AR ARL, 33X 2 PR R 2 1 K
W E i TR, BT Bk
W IBE 35 5 S5 — 7 T, b A OH JE AT A HY 6 7 B
(3391 ecm™) Hec (3420em™) MLHIARE, £
WA A5 A OH JE AT 51 A, Bb4h, b5 et L,
g (R iR B Al AN R A A8 Ak, X AT BB R R R B
Wy 525 (K BERS Z AR AR A, il T &k
AR T,
2.3 RSN RE SR B K ik 45

FEASTR) MR 5 7 B /K O 5 v A o 1 1) R ik 3
R, 48 h NI REZ B B, H R
TR R ] A 5 80%, FE48 hn, 45 4H/K BRI
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MRECRINEE G5 KEER MM B ERER 2 AR (K4).
WO RET, v I AT 0 7 o 3 o I e AL A

¥

A: B4l; B: L4l; C: M4l; D: HAl. 7E42Y/KEEN T WA EFLBR & e 259 (LLalEm).
2 S KEE B T B s LR

Fig 2 Scanning electron microscope image of hydrogel in each group

2 2.4 YIRS 2R
K H] Origin 2021 X 75 - 13 7K B JKE A &1 56 ik Al
L RO AT I A L R 2G ) B ORI L A
g TG B — G LR 3
WL LA A4 Higuchi B0 HOBHONL i )
c JfBOHLEI, 2 UL, RO KA — g

:\\//”//—“W\$“v"ﬂw ), LB i L
N MY 2.5 AEHIRE NS AE R
VB9 0 AL L FE K BT P

4000 3600 3200 2800 2400 2000 1600 1200 800 400 gingivalis . F nucleatum i’gﬁ}fﬂ%‘@ s Fﬁ%‘ﬁ @ﬁﬂ%
ar B b FEBIKEE: o % FKEEE. FERRG I, MR EAR 0 R, B TR
3 A4UKIEER FTIR W5 MEEM (K5).
Fig 3 FTIR of hydrogels of each group
041 y=0.007 310X+0.009 133 1oo -o-HZH =M% L4 0 -o-HZ] #-M4{ + L4
034 S <
20s }_%( 60 = 60
o o B
= 40 = 40
B 5
Lt 20 20
0 T ¥ T T 1 0 T T T T 1 O T T T T 1
0.5 1.0 1.5 20 25 20 40 60 80 20 40 60 80
A R EU% B i ] /h C i 5l /h

A: FHBZERENL; B FABKBIRERM; C. FremKBE e L
B4 BEBKEEIR B SNTERR B b i 2
Fig 4 Results of sustained release and degradation of carvacrol hydrogels in vitro

2.6 ZKEE RS 240 L AH 250 B 7l B I ARG 5 M. H LB TE 4l A 5 7E 90% LA b, 4%
K P25 S5 e €0 WL 45 ZH K RIS VT A OB BN A /I BB M %o i 400 it X B A B A 400 R A
M, R BRYEA RENFME (F6Z). R HMH WA, HoI% 40 i h B R o S 3

JH CCK-8 VAR ZL M A i i B, IRPEIARAOD  IEHBIS K (K64fi).

A0 A0 MO A S B R, BE A I IR fan 2.7 PRSI 4G
JiL 2 B R R 100%. S 2s X BRI L, BL L. 5 C4iMtk, P4lkK A SBIAIPD # i 3 M



ERE L s S R PN W R e S TR (R D

*599.

B (P<0.01), UERAZSFJE RACARIE LY. 5P
A, B4 KB A SBIAIPD L 481k (P>
0.05); L. M4 KA SBIMPD A ArfEfk (P<
0.05); HZH K ELA9 SBIAIPD i E A% (P<0.01)
(£3).
2.8 FHlE R AR A s R

MK 7R, METC4l, PHBHAFMEA
AR IR S IR, AR — . B R P AR R R R
EH L, FAUEOSERIX L (region of interest, ROI)
B A8 E B % (bone mineral density, BMD) . &
R (BV/TV) . B/NE% (Tb.N) FlE /b
IR (Tb.Th) BELT C4l, Wi &mAy sk
1 (BS/BV). H/NEGFEE (Tb.Sp) BEmTC
4, R SRR 1 B ) o 1 B A A R

B4 LZH

P. gingivalis

F. nucleatum

R, L. M, HA KRB &EA A FERER
A, Hh HARC R AW .
xR 2 HMERIHNFER

Tab 2 Results of sustained release Kinetics

4151 o AR
LA T5 2 R?

H4 21 Mt=28.94+1.09t 0.673 71
—% Mt=85.85 (1-¢*'") 0.965 10
Higuchi Mt=10.87t"2+10.49 0.858 14
M4 EX Mt=27.30+1.06t 0.710 49
—4% Mt=82.80 (1-¢™*'%) 0.971 86
Higuchi Mt=10.57t"*+9.30 0.869 72
L4 R4 Mt=24.77+1.02t 0.743 64
—% Mt=78.58 (1-¢ ") 0.971 73
Higuchi Mt=10.16t"*+7.68 0.892 19

M# H4

Bl 5 #AUKERNT P, gingivalis T F. nucleatum RN G PE

Fig 5 Antibacterial activity of hydrogels of each group against P. gingivalis and F. nucleatum

s SPHINBL Lo M. HZH/KEERO 40 25 B

4k HLES I ()

150+ 4
a

—_

(=

S
L

TH AR BB /%
3

O Ch Bel LU MU HAL

x100; £7: THANMIAHXIBERTR, ay P<0.05.

B 6 KEEMANNIAHZE X B
Fig 6 Cytocompatibility and adhesion of hydrogel

2.9 JKEEMAR N A W) 22 PRI 4 2R

&4 AR IMLTE CRE. ALT FlAST ¥ & 6
£5 (K8); HE YLt sl iR 45 20 K B4 4 41
MIEBIESR , 45w, TRMEAMMRE (E9).

SERBUE WK BEBE R AL IR
2.10 F AR AGOEIR I

HE %2 8, 1 7% P 21 Fll B 20 K R R 7L Sk T 2%
?ﬁ&iﬁ?ﬁ%ﬁj@k‘, g LRI ROT I A L TR,
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Fig 7 Maxillary alveolar bone absorption in each group

2.12 Western blot 4% 5434t
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Fig 8 CRE, ALT, and AST contents in the serum of rats in each group
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Fig 9 HE stained sections of rat organ tissues in each group
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Fig 10 Observation of HE and TRAP staining results in periodontal tissue of rats in each group
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Fig 11 Levels of serum bone metabolism related indexes in each group
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Fig 12 Pathway-related protein expression in gingival tissue of rats in each group
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Fig 13 Relevant pathways and relative expression levels of inflammatory factors in gingival tissue of rats in each group
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