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(# ZE] HB: LS (Zn) WA (N) sbEm ks (TiO,) 99kkEF (NPs) KAl =%
BO(ALOy) (yAH, 20 nm) fENIGSRIEUEL, HI BB A RIE G, RETFN ILHUATE M . PUMERE |
B RE A A W ek, R RO S PO IS S RAFPUBOR B R A REE SRR . 5 % Zn-N-TiO,
NPs Fl4r £l AL,O, NPs #% A [6] 57 & LA =R AR HE BT b, il & ih SR A SR, 20wl XFBRZE (JoHg
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H1:2) M3 (Zn-N-TiO, : ALOs N 1+ 3) . 2K VM 18 % 1 80 4G D 25 241 52 4 W1 2 1 266 B 7 1
B RPUR R, ARA T R (SEM) WL E 5 MR RE R MRS R, T7aealm L
BEAAEGWIEM Bt TR E (FS) Mittkis (EM), SEM W& HE WIS AL S RN, B
FCRSE JBE ASCI 2 5 2L 5245 Y i 4 UG S Bl 8,k 0 e B £ S WSO 35 01 115306 4K 20 s 9 BUER % 1k %
(DC) B a5 A5 4 W i 0 AL UR B, 7K I A 0 (S s /K 4% il fy (WCA), 4k 45 21 52 65 4 i 14 I K
5 (WSP) MMM (WSL), AMIHEGAF &8 (CCK-8) HiTAh 4 4l & & W g i 42 Wi 85 7% /1 UK
SFHEL-929 N5 1. 35 R AYAXT A% (RGR) JE#E HAA SN I e 25 2 . S5, PRI %
THECE, SRR R, A SRR AR b T VR B W s, o T VR B D . SEM IR, X
W2 vhn] WL 4R HIE S R A28 SR ER T 5 O RN 3 41 B 40 T St /N i BSR4, 40 i 8 o o 0 1M 65
120 R 2 2 0% 4 TR 43 A B, A B IR T S A, PEREZR N A i . 1S 2 R VR TR 3
ZRTGFE L (P>0.05), HHMLFHAML (P<0.05) . Ui L5842 4 W AR P05 258 i
85%, Ho 1AM2AZAWIRMPIEFER 9% UL, RIBMEFMBREIEE. OHFSHEM. MHE
A ALALOBIIMA, THM2HE GRATFS T, Hh 24 M FSikm, m TXIMAMOo4 (P<<0.05),
SHEARRFSE 2ABEAL, (A0 m T HA4 N (P<<0.05). SEMEM&, F#glh &bk (SiO,)
UKL F2 TG WY, S AR T I Y B L ATV O, R L2 T 1/ 2 BRI ORI AR R R IS s 041 S XS IR 41 A
L, HAT RO R4 KA Zn-NTiO2 NP B H i, 99Kk 75 R IR 4 SR E%, Kkt
Wigds 1. 2R 34, BEAEHE A [ R B2 1 6 B T Si0, 0k K i, 2T 1/2 BRI BUR M 8% ) R 5570
B VRIE 22 T8 111 0™ RS 5 2 21 mT DA B W 4 G STO, BRI s 1A 2 4 0K 0 A 3o 3450, 3 4 v D 4 >k
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ALOF BN, 2 A4 G 2k G 0 R BE R H in, 2 4R 3 41 42 45 W i 4 K. Sl (o 38 2R 1k 45 HV, 43
S R G AR EE B T 29. 73% F133.82%, BROME AW AgHE®m T 51.34% F156.28% ., SHEE
MR B DC Lk 22 R RG22 L (P>0.05) . AR AW AGEALIRE >4 mm, 400 HEER LG0T
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nanoparticles/mesoporous alumina composite resin and its
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ABSTRACT Objective: To prepare novel dental composite resins using zinc (Zn) - and nitrogen (N) -
modified titanium dioxide (TiO:) nanoparticles (NPs) and mesoporous alumina (Al.O3, r type, 20 mm)
NPs as reinforcing fillers, systematically evaluating their antibacterial activity, mechanical strength, basic
performance, and biosafety to obtain the dental composite resins with excellent antibacterial activity and
mechanical strength. Methods:Zn-N-TiO: NPs and mesoporous Al:O; NPs were added into a resin matrix
at varying mass ratios to prepare five composite resins : control group (no filler) , group 0 (Zn-N-TiO;:
Al:03=1:0), group 1 (Zn-N-TiO:: Al:Os = 1:1), group 2 (Zn-N-TiOz: ALO;=1:2), and group 3 (Zn-N-
TiO.: Al;O3;=1:3). Plate colony counting method was used to detect the number of adhered bacteria on
composite resin surfaces in various groups and calculate the antibacterial rate; scanning electron microscope
(SEM) was used to observe the morphology of adhered bacteria in various groups; universal testing
machine was used to measure flexural strength (FS) and elastic modulus (EM) of composite resins in
various groups; SEM was used to observe fracture surface morphology of composite resins in various
groups; microhardness tester was used to determine Vickers microhardness of the composite resins in
various groups; Fourier transform infrared spectroscope was used to detect double bond conversion rate
(DC) after 20 s photocuring and calculate curing depth; water contact angle meter was used to measure
water contact angle (WCA), water sorption property (WSP), and water solubility level (WSL) of composite
resins in various groups; cell counting kit-8 (CCK-8) method was used to evaluate relative growth rate
(RGR) of the mouse fibroblast 1.-929 cells cultured in composite resin extracts on days 1, 3, and 5 and
determine ¢n vitro cytotoxicity grade. Results: The plate colony counting results showed that compared
with control group, the colony counts on agar plates in the other groups were significantly reduced, with
group 1 showing the lowest count. The SEM images results showed densely distributed and
morphologically intact Streptococcus mutans in control group ; small clusters of bacteria with depressed cell
membranes in group O and group 3; sparsely distributed bacteria with obvious membrane shrinkage and
cytoplasmic leakage in group 1 and group 2. No statistically significant difference in colony counts was
found between group 1 and group 2 (P=>0.05), but both were lower than the other groups (P<C0.05). All

the composite resins in experimental groups exhibited >>85% antibacterial rates, with group 1 and group 2
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exceeding 99% . The composite resins in group 0 showed the lowest FS. With addition of mesoporous Al-Os,
the FS of the composite resin in group 1 and group 2 were significantly increased, with the composite resin
in group 2 showing the highest FS among all groups. Although the FS of the composite resin in group 3 was
lower than that in group 2, but it remained higher than other groups (P<C0.05). The SEM images results
showed that in control group, the smooth-surfaced sillicon dioxide (SiO:) particles exhibited clear fracture
interfaces with resin matrix, with =>50% particle exposure; the composite resin in group 0 showed similar
morphology and large Zn-N-TiO : agglomerates with tight filler-matrix bonding; the composite resin in
group 1, 2, and 3 showed resin adhesion to SiO- surfaces (<50% particle exposure ) and uneven fracture
surfaces. Fractured SiO; spheres were observed in group 2. Filler distribution was uniform in group 1 and
group 2, while the minor NP agglomeration occurred in group 3. The composite resin in control group
showed the lowest EM. The EM was significantly improved in experimental groups, with group 3 having
the highest value. Group O exhibited the lowest Vickers microhardness, showing statistically significant
differences among other groups (P<C0.05). The Vickers microhardness of the composite resion was
gradually increased with the rising of Al,Oj; content. The resins in group 2 and group 3 achieved >45 HV
hardness, representing increases of 29.73% and 33.82% compared with control group, and 51.34% and
56. 28 % compared with group 0. No significant differences in DC of the composite resin were found among
groups (P=>>0.05). The depth of cure for all composite resin groups exceeded 4 mm, with no significance
differences observed between various groups (P>>0.05). The composite resin in group 0 showed the
smallest WCA. The hydrophobicity of the composite resion was increased with the rising of Al:O3 content,
but all the WCA values remained <80°. The composite resin in group 3 had the largest WCA without
statistical significance compared with group 2 (P>>0.05). Filler incorporation reduced the water sorption/
solubility. The composite resin in the CCK-8 assay results showed the composite resins in all groups had
RGR>75%, meeting in vitro safety standards. Conclusion : Reinforcing fillers impart superior antibacterial
activity and mechanical properties to composite resins. Under experimental conditions, group 2 composite
resin achieves optimal comprehensive performance in antibacterial efficacy and mechanical strength,

demonstrating promising clinical application potential.
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1 HESH®

L1 AR ZZ2RAFNE

R EERK R (UVI159, MR I B B A=)
FRERAT ), ANBURE g (1-929 40,
MR A 11 S B 40 B St 0 = DR AE ) o AR
(silicondioxide, SiO,, 5pm). RAHFIALO, (Y4,
20 nm) W A L Aladdin 22 &), BUEy A-T4 = BE )
F 3L TN J4 12 B8 (bisphenol a-glycidyl methacrylate,
Bis-GMA) . #% fi§ifiit (camphorquinone, CQ) . H 3TN
fis R — W & k& TR [2- (dimethylamino) ethyl
methacrylate, DMAEMA ] 13X H 3 9 B R — 45 =
Z B OBR
TEGDMA) ¥y [ 5% [E Sigma-Aldrich 28 7], %
(Zn)-E (N)-TiO, hy i PR 27 43 1 b 2% 52 9 = I
7, BHIE; 3% 3 f 3 5 W B 1% ] BioFroxx 2~ Al ,
DMEM #% 3% £ . W40 . i 4 13 (fetal bovine
serum, FBS) Fl# iR+ 22 " (phosphate buffer
saline, PBS) W F g v B A= Wy Akl s (b 5T)
HRRAF, T EGRF & 8 (cell counting kit-8,
CCK-8) W H RN FE R AW BEARGIRA T . #i 1
TP 25 W B TR A L ST T AR A IR TR A )
Speed mixer /= & #7% A& AL H 3% E Hauschild 23 &,
R LED JG AL AT 18 B A AR IEOR 5 B2 57 8% WA R
2\, COLTHE I 40 M 55 S 48 1 A H A SANYO 2
m), A B VLR B LT R A AR A PR A
Hi B 7 B 8 (scanning electron microscope,
SEM) W H HA H AR, 23 6e B bs W B &
BioTek {X#% 2 ), LAMBDAZ25 0] W36 435
B i [ 26 E PerkinElmer 23 7, 7 AR 46 AL F1 4k
FGRE & {X g B 4% Shimadzu A &, £ T 45 RE
H AR & 7] B RS W], 8 E AR e 2T AR R AN
4 A 7 = Bruker 24 A .
1.2 HBEEWRGH L

IR BT 1 Bis-GMA | #i B3] TEGDMA | O
g1 &5 CQ M By 51 & K DMAEMA i i 49:49:1: 1
B Fe 2 R, SR G 3 B FE AL 58 20 TR A 1 20 e DTG
it 77 45 FH o BB 2 T o7 BT &Y 400, JEORE S
60% . BURLA R . HESRBOR (Zn-N-TiO,, ALO,)
R HLECRE (SIO,) FIRBTE L 12 94l . MR
526 R T 2 1S i EORE LU A1) ) S (W] 43 A XoF E A
LHA (0. 1. 2/ 34), B ILE]L.
fdi FH Speed mixer & 3 {E & AL E0RH Y 5 70 BT B
R, O R AR .

(triethylene glycol dimethacrylate,

®1 EAWIRKSHMAR

Tab.1 Groupings and compositions of composite resins

(/%)
Mass ratio
Group
Zn-N-Ti0, ALO, Sio, Resin matrix

Control 0 0 60 40
Group 0 6.0 0 54 40
Group 1 3.0 3.0 54 40
Group 2 2.0 4.0 54 40
Group 3 1.5 4.5 54 40

1.3 A4 EAERAFREKGR KR
1.3.1 A B 75 T B0k K I & G A IR 3R T 2 B
WA B AL B R R B R AR B AR A, d=
6 mm, h=2mm, »=3, HfdNEKL, hIEE,
5 1.5 mL¥#E N 1X10" CFU-mL " 1Y 48 5 4% BR 7
Wk (BHIREFRIL) g T 24 fLAn st , 7
5% CO,, 37 CHrgfi iz 24h, RA 1 mL
PBS 28 M % 22 1 vk bRl R R AR B N L
H#ERZE & 1 mL BHIR 2. 5 mL EP&, #RiE. #
FE A BB R G TR . K LM AR R 1 X 10°4%
BC100 pL ¥ F BHIZ AR M L, 48 h 17 W 7% 11

BOMRB A XGHRPUE R . TR R= (Ac—Ae) /
AcX100% o Ac X IZH - T 50, Ae N 5E
36 ZH A 1 24 1 R

1.3.2 SEM W% 5 & W 3R 1 A2 5 4 Bk W B &
T R 103017 B IR B L BRAE BB B 9 ik
PR R ) 24 FLANMI B ot . R A% Z R H
B ACTEE10h, LEEMERK, T, BMaR
K F SEM WLg%
1.4 5 A HHg 69 UK 3% E A
1.4.1 TJ5eeik 5 AL & 2% 41 52 & W 08 e ih o
(flexural strength, FS) Fl g4 4% & (elastic modulus,
EM) il fE 2 mm X2 mmX 25 mm A9 £ 7 43 14
(ISO 4049 5 ), T 37 CE B T /K TR 24 h,
KT 68 J1 2 S ALK, B O 20 mm, gk
JEH I mm-min ', iggtiREM (F), BAH N,
FS Ml EM #% B8 22 0158, FS=3FL/2bh’, EM=
FL'/4bdh* Hi, L (mm) HKZ#FEREE, b (mm)
il sEE, h (mm) MIAHEE, d R 58EMF
(N) HIXF Rz i FSo
1.4.2 SEM W% 4% 45 4 W ig i W 18 8 & R
i i SEM WLEER 7 28 = 0525 ih i 58 5 A9 By 2L i
AR,
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1.4.3 ZERBHME RN HAEER6 mm, =
4mm @B A, T 37 CEMR K kG R 1F
24 h)5, SR S GORE B T R A R gk
980 mN, Jn#kmfE 10s), A HV,
1.5 E4-#Rg e 3K el b 4848 m)
1.5.1 W% 4k %R (degree of conversion, DC) i
W R A L 21 AP S5 A 1 45 41 52 A AR Ot [
fERTIE (20s) RUEER SR (1637 cm '), ARIFIK
W EE (1608 em ) fEAMER, RAEAXITHEDC:
Al 637),/A(1608)f}><100%’
A(1637),/A(1608),
Ho, A (1637) ,F1 A (1637) , Nt E LT G
Bis-GMA Hufkrh C=C B (1637 cm ') By MUK
5 BE o
1.5.2 [FMEBEEERN % B ISO 4049 prifE, R H]
BRI o 45 A 52 5 B ) A DR B Ll DG T4k
ST RRINE AR EIHE R R (=4 mm,
mE=10 mm) W —M M5 20 sJE, @IBR R AL
war, RETARWERAKE FEifZ20.01l mm),
B b R, A mm. 45 2H 5 A IR
=5k,
1.5.3  JK % fih /4 (water contact angle, WCA) K&
o i (EAE=15mm, mE=1mm) FHiHE
I3 pl 2 B oK, SR FH A A 0 S SO o 45 A1 R
AR WCA,
1.5.4 WK AH ( water sorption property, WSP) Fl
7 fi# {1 (water solubility level, WSL) & i 3 4 il
| “1.5.37 A BR. Kl TR 2 AR A
0. 1mg (M), MEEM (V). EELEFKH
Bi7d, idspRWERE (M,) FERTRER
Bt (M) . MRHEAXTHE WSPFIWSL, A7y
WSP= (M,—M,) /V, WSL=

DC= {1 —

 pgrmm
(M,—M,) /V,
1.6 E4#MEe LT Hln

Fi B ISO-10993-5 bR e, #4240 &2 & fg i 1
(H#£15mm, mE 1mm) 5DMEM#353E (4
10% FBS F1 1% ®Ht) #% 1.25 cm?: 1 mL 2
P24 h, HIEEMEER . WKL T X EA KB
L-929 2 il LA 5L 2 000 A~ /Y %5 BE #2 Fh T 96 L 41 iy
REgetirh, 595 24 g 2R G N 403 38 T R o 1 9%
B, A HMNBA, TH 1. 3M5 KA CCK-8
W, R FH B BRI B 450 nm OB E (A) H,
R A KB & A2 A W RR B AR X R gl AR

(relative growth rate, RGR), RGR=5Z5K; 4] A {i/
X REAL A {H X 10006, 20 Hi 35 1 53 M 2 A VRV
W32,

R2 HMEESEMESEITYN
Tab. 2 Cytotoxicity gradings and safety evaluation

Toxicity grading RGR Safety evaluation
Grade 1 =100% Safe
Grade 2 75%—99% Safe
Grade 3 50% —74% Unsafe
Grade 4 25% —49% Unsafe
Grade 5 1% —24% Unsafe
Grade 6 <1% Unsafe

1.7 %itF 5

K H SPSS 27. 04t i+ Ak AT e it 2= 0 b o 4%
HEEITE, EAWIEMFS. EM. 4K W i i#
. DC. EALEE ., WCA, WSP, WSLHIRGR
BIPL x5 FoR, L ULIRAEA B AR B R R Oy
20T, AL IR REAS S EORT B LLBR  LSD-1 K56 . LU
P<0.05 A ZSAGITFE X,

2 & R

2.1 BRUEFAMBHRAETH

50 AL L g, S0 A BN AR L 1Y TR A B
W, o T B> . SEM B BoR: X
M b WL A HE A R0 AR S 883k 5 041N
3 ZH Y A TR SN T RS A AN I A R T R R TYT R
1210 2 4 0 20 T 53 AT W B, A R T Y A 4
PEFEAN N 2SR . 1405 2 ZH BRIE MR b Ry R TR
W EZES LG8 X (P>0.05), HIK
FHAB L (P<<0.05). S5 4158 &0 5 0 i d %
B# it 85% , Hih T4 24152 & WIS P R ik
#:99% UL b, RIAMIMEREHETEME. WE 1
M 3.
2.2 BUEAMEGIWEE

O AR FS AL, BEAE AL ALOIMA ,
Hod i, 1AMmM2A8 AWIEFS T (P<
0.05), H 28 FSm. SHEGRIEFSE 24
FEA%, (B @ TR M 04] (P<<0.05). *fHd4]
AR EM A%, B RGREDR A, &5
HEAWIEMEM TS, 3dm, 24z, 04
G A T A T S R R A, 5 b R s R
Giit#E X (P<<0.05). BfE AL ALO, & &3
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Red bacteria indicated cells with significant damage and deformation.

1 HHEAWIBMERERFEIIERGHUREE RN SRAN SEM BR

Fig. 1 Photographs and SEM images of bacterial colonies in various groups after co-cultured with composite resins

and S. mutans

#3 HREEEITERPER

Tab. 3 Colony counts and antimicrobial rates of adherent

F4 BAREAWIEK FS. EM 4k K g
Tab. 4 FS, EM, and Vickers microhardness of composite

bacteria (n=3, x3s) resins in various groups (n=5, x=s)
Group Co}lony count . Antimicrobial rate Group ES (P/MPa) EM(P/GPa) Vickers micro-
(X10° CFU-mL ") (9/%) hardness (HV)
Control 83.8345.38 — Control 93.0744.01 2.2440.14 35.2841.81
Group 0 10.77£1.04" 87.1641.24 Group 0 80.8948.03 2.80£0.11" 30.214£1.29°
Group 1 1.20+0.36™ 98.57+0.43" Group 1 112.26+5.08%  3.274+0.11"  39.414+1.28"2
Group 2 3.0340.85% 96.38+1.01° Group 2 129.8444.52"4  3.5740.13"%  45.774£0.57"
Group 3 8.304+1.15" 90.10%1.37 Group 3 123.837.37""  3.724+0.11""  47.2140.98"

“—": No data. "P<C0.05 compared with control group; “P<C
0.05 compared with group 0.

I, 2 E S T AR N, 2 LR 341 A IR
Y IG5 OB B A S 45 HV 43 85 0] BR 41 52 4 b
JEHE T T 29. 73% M133.82%, 404 E AW IR
T 51.34% F156.28% ., W4,

Xt BEA Hh S1O, 00k R DG, 5 IR 35 I Y
Wi 24 BT O, R L £ T 1/2 Bk R AR 87 0 B
%y 020 5 X RZH AL, Hoal DU %< 3] &8 K iy
Zn-N-TiO, NP [ He Wi 1w , 40 K b 7 5 B g 3% i (]
SRR EE, REAWSR,; 1. 2M34d, W
JIg 5 5 AS [ 2 B i 286 B SO, ks i, £ 1/2
BRUKIURL R 85 19 LG 85 /0 W i 7 224 T U1 O oF
240 T LAULEE 2 W 2410 SiO,BRIK ;1A 2 40 0B A
BRI, SHPEIGOREFARISE ., £45
AR T2 B SEM IR LI 2.

"P<<0.05 compared with control group;“P<<0.05 compared with
group 0.

2.3 BAF AR AN
FHEAWIER B E LR 2 5 XS &
L (P>>0.05) . £ 45 A W R0 AT BE H 4% 2% 55
TGI8 (P>0.05), Hri, XJHE4E 55
B AL B ek, SRR 4R A W IR Y AL TR AT B
TR, AR FAmm, KL A E AR E R
EHEZER TG E L (P>0.05), 0HZ AR
WCA /N, BEHENFLALO &R, E4RIEME
KPESE S, A WCAEIRHFAE SO LR . 3 E G
JEWCAfK, 524 EEF G ¥RE L (P>
0.05) . 345U I A BEAR 1 52 & B AE 0 WK /%
fit, 240 AW E WSP A WSLIM T Hifth 2 (P<
0.05), 1ZHFI 34K &R WSP Al WSLAHIE , 4
A2 R G EE L (P>0.05), W5,
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Fig. 2 SEM images of fracture surfaces of composite resins in various groups after three-point bending test

#F5 FUAEAWBKDC BEABEE WCA WSPH WSL

Tab. 5 DC,curing depth, WCA,WSP, and WSL of composite resins in various groups

(n=5, x+s)

Group DC(5/%) Curing depth(//mm) WCA (0/°) WSP (pg-mm™?) WSL (pg-mm ™)
Control 48.66-1.02 4.98+0.14 66.73+1.41 30.3040.78 0.6840.09
Group 0 47.52+1.14 4.3040.23" 65.06+1.28" 25.22+0.88" 0.7040.06
Group 1 49.66+0.73 4.4140.03" 70.51+1.55" 17.3140.74" 0.28+0.06™
Group 2 48.89-+0.89 4.514+0.18 75.34+1.80" 15.0340.48" 0.16+0.04™"
Group 3 48.62+1.12 4.54+0.09" 75.81+1.30" 17.0940.82"" 0.29+0.05"

'P<C0.05 compared with control group; “P<20.05 compared with group 0.

2.4 B AOWEBHAEHELEKE

CCK-8 75 22 25 5 W« 5256 4 1929 41 il 1Y
RGRY KT 75%, fiaMobaebrE, 14, 24
FI3A L9294 iy RGR & FXT A MO, B
R AN ARG,
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Tab.6 RGR and safety evaluation of cells in various groups

on 1st, 3rd, and 5 th days (n=3, x+s)

RGR (/%) Safety evaluation
Group
(¢/d) 1 3 5 1 3 5
Control 88.57+£1.91 89.44+4.94 88.64+4.94 Safe Safe Safe

Group 0 81.75+1.47 86.32+2.40 82.19+3.87 Safe Safe Safe
Group 1 90.35£1.90 95.64+4.72 92.46+£5.95 Safe Safe Safe
Group 2 93.98+1.77 97.94+4.21 95.44+4.67 Safe Safe Safe
Group 3 94.00+2.14 98.03+1.89 96.39+6.95 Safe Safe Safe
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