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[ Abstract] Objective To investigate the antibacterial properties, hiocompatibility and mechanical properties of
Cu-ZnO-loaded dental veneering porcelain to provide an experimental basis for the development of new dental veneer-
ing porcelain. Methods Cu-ZnO nanoparticles were added to IPS E.max Ceram for restorative veneer porcelain at dif-
ferent mass percentages of 0 wt%, 1 wt%, 2 wt%, 3 wt%, 4 wt%, 5 wt%, and 6 wt% using ball milling in ceramic pow-
der. A cylindrical specimen with a diameter of 20 mm and a thickness of 2 mm was prepared by high-temperature sinter-
ing. Scanning electron microscopy was used to observe the surface morphologies of nano-Cu-ZnO and the specimens.
The antibacterial effect of Escherichia coli (E. coli) was quantitatively studied by the plate colony counting method. The

CCK-8 method was used to evaluate in vitro the cytotoxicity of the tested piece to mouse fibroblasts (1.929). Live and
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dead cells were observed by fluorescence microscopy. The mechanical properties of modified IPS E. Max Ceram veneer-
ing porcelain were tested by a three-point bending strength test. Results  Under the scanning electron microscope, Cu-
7Zn0 appears with a block-like structure and can be seen dispersed in the veneering porcelain. When the nano Cu-ZnO
loading was 1 wt%, 2 wt%, 3 wt%, and 4 wt%, the antibacterial rates of the specimens were 24.85%, 67.94%, 96.92%,
and 99.99%, respectively, and the difference between the experimental groups and the control group was statistically sig-
nificant (F = 23.308, P = 0.001). The relative growth rate of each group was greater than 80% after coculture with
mouse fibroblast cells (L929) for 1 day and 3 days, and there was no significant difference between the groups. The mor-
phology of 1.929 cells was normal after coculture for 24 hours. With the increase in the Cu-ZnO concentration, the flex-
ural strength of the specimen exhibited an increasing trend followed by a decreasing trend. The bending strength of the
specimen loaded with 3 wt% nano Cu-ZnO reached the maximum value (84.728 + 6.82) MPa, and there was no statisti-
cally significant difference between groups (F = 0.633, P = 0.702). Conclusion The antibacterial rate of IPS E. max
Ceram veneering porcelain loaded with 3 wt% nano Cu-ZnO was more than 96% against E. coli after high-temperature sin-
tering at 750 °C. The bending strength reached the maximum (84.728 + 6.82) MPa, and there was no obvious cytotoxicity.
[Key Words] nano copper; nano zinc oxide; nanometer material; nano copper-zinc composile antibacterial
agent; antibacterial properties; biocompatibility;  bending strength;  thermal expansion coefficient; IPS E.max
Ceram veneering porcelain;  veneering porcelain
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Table 1  Rating criteria for cytotoxicity

Relative growth rate  Cytotoxicity grade Biological security

=100% 0 Qualified

80% ~ 99% 1 Qualified

50% ~ 719% 2 Cell morphology analysis
30% ~ 49% 3 Unqualified

0% ~ 29% 4 Unqualified

0% 5 Unqualified
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a: the SEM image of nano Cu-Zn0 (x40 550),
at the microscopic level, zinc oxide shows
block-like and petal-like structure, and the
attached granular structure is nano-copper;
b: the SEM image of veneering porcelain
specimens loaded with 5 wt% nano Cu-ZnO
(x18 020); c: the SEM image of 5 wt% nano
Cu-ZnO veneering porcelain after cutting

(x10 170). It can be seen that Cu-ZnO dop-

ing with block-like structure is embedded in the veneering porcelain. SEM: scanning electron microscope

Figure 1  Mirco surface morphology of antibacterial agent nano Cu-ZnO and antibacterial veneering porcelain(SEM)

B 1 YUK Cu-ZnO B i i B oW IfT 1 5L (SEM)

22 HAEBRER

0 wt%~3 wt% Cu-ZnO 2H & 20 1% 90 0 T8 V& 25
S SPSS 26.0 # A4 H B s BUE AF A IR A HAT
HITEFFELS 1 wi% Cu-ZnO 4H .2 wi% Cu-ZnO 241 .
3 wt% Cu-ZnO 20 5 0 wit% Cu-ZnO 2H ¥ 1715 i E 1k
# 5 (F=23308,P=0.001), 32 KE2n]5,
YK Ca-ZnO s h0 vk BE 09 38, b K W 1
(Escherichia coli , E.coli) VIR B4t 5. 24
YK Cu-ZnO BWIN L BRI A 1 wit% ~ 6 wt% ), Bt
BB X E.coli $L T8 2 43 5l Ry 24.85% . 67.94% .
96.92% .99.99% .99.99% .99.99%

2.3 RSN RE AT

B2 0 B Z (R 10% i 4 135 15 57 3% )
5 & W AR R IR PR 37/ B 1929 4 i, 1;
F2 1.3 d G BEAEAT & B0 By 26550 R
FHEA 2R 5 22508, L5 5758 1 RBR T 0 wi%dd ,
ARSI A G 5 7S N IR 2 [l A AR g
PR (F=4.128,P=0.009), L5555 3 K 4 wi% .
5 wi% .6 wi% 6% B 5 25 0 BT 2 (R A7 AE

F2 HAFHEEGK Cu-ZnO M 1 E X E.coli (TR
Table 2 Antibacterial effect of different concentration of nano

Cu-ZnO loaded in the veneering porcelain on E.coli

Nano Cu-ZnO  Number of recovered  Antibacterial

content(wt%) colonies/(CFU/mL) rate (%) P
0 165.53 +46.92 - 23.308 0.001
1 124.40 + 30.15 24.85

2 53.07 + 18.42 67.94

3 5.10 + 2.67 96.92

4 0.00 = 0.00 99.99

5 0.00 = 0.00 99.99

6 0.00 £ 0.00 99.99

a: 0 wt% Cu-Zn0O; b: 1 wit% Cu-ZnO; c:
2 wt% Cu-ZnO; d: 3 wt% Cu-ZnO; e: 4
_‘ wt% Cu-ZnO; f: 5 wt% Cu-ZnO; g: 6
A % Cu-ZnO

Figure 2 The results of the co-cul-
ture of E.coli with different concen-
trations of nano Cu-Zn0O loaded in
the veneering porcelain

2 A [ e BE 4 K Cu-ZnO
M T B 5 E.coli 2E 5% 37 5 U B 1)
g5

ittt 5 (F =6.144,P = 0.001) , KA hH 5
HEX A Z BTG #2255 LRFHEE 1R
B 3 K e, 45 SC 4l 5 25 P BREAL 10 200 b A %o 34
BTG D 22 5 (P> 0.05) , FL4% 20 1] 40 Jfa 134 %
R > 80% , FEIEP P II<1 9 (£ 3) . PLHEIPS E.
max Ceram i T %5 32 $2 W 5 /)N BB £ 4 41 it 1.929
FeE 3% 24 h )5 48 H 2¢O W U5 5% 1.929 1 SE4H
i e (0, 55 SRR L - 523 (et B AT FE , 45 S5 40 4
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RT3 KU Cu-ZnO BUTEEXT 1929 I35 FE 1.3 d BYGE5 B 20 388 58 5 Kz 4 i 754 45 4%

Table 3 The optical density, relative growth rate and cytotoxicity grade of 1.929 cells cultured for 1 day and 3 days by different groups

of Cu-ZnO antibacterial veneering porcelain

Nano Cu-ZnO Day 1 Day 3

content(wi%) Optical density Relative growth rate(%) Cytotoxicity grade Optical density Relative growth rate(%)  Cylotoxicity grade
Blank control group  0.279 + 0.021 100 0 0.454 = 0.011 100 0
0 0.272 £ 0.010 97.49 1 0.482 + 0.009 100.06 0
1 0.253 £ 0.010 90.68 1 0.455 + 0.033 100 0
2 0.254 + 0.007 91.04 1 0.456 + 0.282 100 0
3 0.259 + 0.004 92.83 1 0.467 + 0.002 100.02 0
4 0.257 = 0.125 92.11 1 0.422 +0.028 92.95 1
5 0.239 + 0.004 85.66 1 0.415 +0.012 91.41 1
6 0.246 = 0.009 88.17 1 0.399 + 0.032 87.89 1
F 4.128° 11.698 6.144" 16.638

P 0.009° 0.067 0.001" 0.072

a: compared in 1 wt%-6w% group and blank control group; b: compared in 4 wt%, Swt%, 6W% group and blank control group

Control 0 wt% Cu-ZnO 1 wt% Cu-ZnO
- - B A .

2 wt% Cu-ZnO

3 wt% Cu-ZnO 4 wt% Cu-Zn0O 5 wt% Cu-ZnO 6 wt% Cu-ZnO

;.;

green: live cells; red: dead cells

Figure 3  The relative growth rate and the observation of live and dead staining of .929 cells after 24 h with different groups of

Cu-ZnO antibacterial veneering porcelain (X2 000)
B3 44 Cu-ZnO HUH ¥ 5 1.929 AN AE LR S5 24 h (¥ 40 L 17 1 2 2 L% (X2 000)

MIIEZSIE® , JCHA R AE4niE (& 3) .
2.4 HARPERE

B4t BEZH K 44 R E Cu-ZinO ZH A 1 25 it 5 2
4 SPSS 314 26.0 T, WoR B4 & IE S 4
A HLJy 22550 R R 5 22504, 4 L m il 5
X B R i i B LU, B TE i 25 55 (F = 0.633,
P =0.702) ., IPS E.max Ceram 1ffi [fii & bifi & 0 1 77 s
S AR T, LS i g A S ST R BRI )
P UPUE R I NE N 3 wio% i il 5 B ik 3
e KAH (84.72 + 6.82) MPa, 24 s il KT 3 wi%hf
PL T TS ) S iR AR B R R A% S g e
5%, 4P NI N A 6 w9 25 i 5 BE T [ 3
(70.85 + 6.14)MPa(£ 4) .

R B

1 J v ) T B0 24 ) RRAE T iR R 4 3o e v %)
FHE BRI & R RS T 2 EEWEMN. &
AR EM B PR ERE , AT LA 8 5 K R T T
BEAEY B R A, LMP‘ {ZNIUECRELinN I P =]

R4 40K Cu-ZnO T2 4 1 e 25 i i A 5% i)
Table 4  Effect of nano Cu-ZnO addition on bendlng strength

of veneering porcelain xts

Nano Cu-ZnO content(wt%) Bending Strength/MPa F P

0 71.40 = 10.15 0.633  0.702
1 73.04 + 10.67

2 75.97 +7.68

3 84.72 + 6.82

4 72.76 + 16.35

5 72.30 + 12.00

6 70.85 + 6.14

MK%%EEAI M i 25 P R 2 R R T B AR M e
E k2 —. 5HAMPTE A, TP E
FIEA R ETE L et &EA kPt
BRI SR BTz b T BT s, Herp B T
?Elﬂ‘fftlﬁ%z)ﬁ;%?@ﬁfxg Zn’t Cu™ = Fp A
S SR S BRSO IS 1 1 45 La-TiO, 5 6 , 75 3Y -
TZP (B IR 5350 3% A Ak 42 Fa e WU 7 £ il 8 Ak 4 B
%)%Iﬂ?ﬁ]% [ 159579 7 (1) La-TiO, B, T E.coli



b

AlE&mBAE 202246108 %308 F108
+ 710 + Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2022, Vol.30 No.10 http://www.kqjbfz.com

WoRH T RAFEIII R AR o (E A P e v
1) La-TiO, 8 B 7] B 77 6 45 B B 2 | 5 Rl 1T 485 5 &
LA S . FEMHME L FE T, SXTER R A M EY
1) JEE 452 75 By i N ) 25 20 T e T e R ) e A, e LA
RPN . A R A R
Ag NPs A B & A AL 2 As e iy S A B v, Xk
J R TR (2% FR A B ) Bk v (22 PR B )
F B BR T (LT ) FR AT S VAR R, 0 i
R AR A RAF R BURE AR . 0 Ag X GIE R
B, 75 5 A AL AR ) fE K i 5 5 Cl S0 4
B85 T BV 4 DT St R e i i M o A LR AT
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Rashid 251 HE Zn0 384 o 5, MEEE T 26 ZnO
FALJE FIA0 K Cu-ZnO 45 BY T4 85 ZnO B 6MEAL TG
PE, HOAE 4 58 ZnO XF 55 2% [C PH A TR B 0 1R 210
545 Zn0 M L , Zn0-CuO 44K 52 A R REXT I R 2358
[ 22 B i 2 4 05 (03 45 Bk i B A I B P TS
PESS Lin S8Vl 0 T B EH R EM 992K Cu-Zn0O
F AL PERE , 25 3 B n 22105 19 Cu-ZnO 49 K kL
FHIHE T Ag-ZnO G KK F K Au-ZnO 90 KK 1 H
A OIS PR RS E M . A PRI R I E
i 5 ZnO B N, BT LAA B0 T 3R AgO B
R TR A Y I B A Y i B B L AR S (A 4
K Cu-ZnO EA Cu A1 ZnO Wi ICHLYN KT ),
FhHT o 700 7 & 4P i A FH B RIS, ZnO RE TS A8 200
5 Cu X T 7 2R (1) 4 €6 [ A ik — 2005

A S ARYE FLAT B GB/T 2151044 K JCHLM K}
PG PR REA I T 3k ) L X e B A T K SR
FBE 3k R AT R o A A TS S BT B A A
3 wt% I, Xt E.coli BT H 5 5] 96.92% ., M4 Hh 4
B S0 R AR E 1C/T897-2014 (4t 1 W % il i
U PERE ) , 2P0 BR H KT 90% R T IA i ke i A
AR B HRIVE . Khalid 2510 % K #vk & 0 T
H CuO 1 Zn #8242 9 K HT B ] (CuO NSs) , AHEL T
BH— CuO, 2211 CuO NSs X4l R B E A &
TS A SRR R A R MR e T PR e . AR
558 Cu-ZnO 49K 2 A ARG 28 B 1 % 547 1)
REMEAE, Cu 5 ZnO Z44b )5 78 & 1T b R FE P IRl 41
wAEH .

CCK-8 &5 T PR 4 B A A 25 1, CCK-
8 AN TALGE B MTT 32 354 5 R i 4, HLi0 1)
R, HFHEREE®E R RAMLT,
1.929 241 i 52 A5 B0, A A SR R R A TR
TS HOE R AR, 8001929 4 AR 1 A 41 i

REFH AR R REAR . FREEFRES 1 R S 3 KA 4H il A
JLHE FE AR EY > 80% , B - <1 %, ZOL WA M
551929 15 /SE AN Y (25 SR T R, 5 25 X BRZH AR
FE, & 526 2H 1929 AU RIEASIEH , T AL, i
CCK-8 YL L5 Rl FI A0 K Cu-ZnO B ANE N 1 wi% ~
6 wt% 1 IPS E.max Ceram 11 [ X} /)N B 1929 41 fify
WTE S BN R R e . B 48K Cu-
ZnO Y JE A5 T, 470 T U 1A 8 110 25l i 38 52 S T
L a R, R R 2 — AT Re S T ALY K
KL~ AT 5 e 0 3R THTRE 24 TS0 R RIS , 52 3 4
TIHE I RE S W TCHLAN KR TR W, BEA S
ARG, GO OR8] & AR TSR IE O 3 B X
S E AU RE R T R Sy A AR sRRE
PR G KORL I A R & IR B R4S R K
PR A & R DL RE . R RS Ag 4K kL
G TR Z R A TR A RO, HLP (R
FETEAS [F) 1 A2 ik 22 80, A ) 5 B0R & be 4l Jn 1E
T b P A T BB AR R T, H R T
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