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Preparation and properties of asymmetric porous antimicrobial nZnO/P34HB
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[ Abstract | Objective  To develop an asymmetric porous guided bone regeneration ( GBR)
membrane made from antibacterial zinc oxide nanoparticle ( nZnO)/poly ( 3-hydroxybutyrate-co-4-hydroxy
butyrate) copolymer ( P34HB), and detect its osteogenic performance. Methods  Ultrasonic dispersion

technique, solvent displacement method and freeze-drying technique were used to prepare P34HB composite
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GBR membrane loaded with nZnO at different doses (0%, 0.5%, 1.0% and 1.5%).
microscopy (SEM) and energy spectrometry ( EDS) were conducted to determine the load of nZnO and

Scanning electron

observe the structure of the prepared membrane. Then MC3T3-E1 cells were implanted in a 24-well culture
plate with the prepared GBR membrane pre-laid in the well. Thus the experiment included blank control group
(no membrane) and groups with membranes composing 0%, 0.5%, 1.0% and 1. 5% nZnO, respectively.
CCK-8 and cell scratch assays were used to detect cell proliferation capacity and migration ability. The protein
adsorption capacity of GBR membrane was detected by protein adsorption experiment. The in vitro degradation
of GBR membrane was tested; the activity of alkaline phosphatase ( ALP) was detected with chemical test.
And calcified nodules were observed with alizzarin red staining; the antibacterial ability of GBR membranes
Four groups of nZnO/P34HB composite GBR
membranes with 0%, 0.5%, 1.0% and 1. 5% nZnO were successfully prepared. SEM results showed that the

was tested with in wvitro antibacterial experiments. Results

composite membrane was porous on one side and dense on the other side. EDS indicated the incorporation of
zinc elements in the composite membrane. The results of cell proliferation assay showed that 0. 5% and 1. 0%
nZn0/P34HB group promoted the proliferation of MC3T3-E1 cells, when compared with the blank control
group and 0% and 1. 5% nZnO/P34HB groups (P<0.05). The results of cell scratch assay showed that
MC3T3-E1 cells in the 0. 5% nZnO/P34HB group migrated significantly over the scratch edge, with the cell
mobility higher than that of the other 3 membrane groups in 48 h after culture (P<0.01). Protein adsorption
experiment displayed there was no significant difference in optical density of the 4 group of membrane,
indicating that the addition of nZnO had no effect on the protein adsorption capacity of the material itself. The
results of enzymatic experiment showed that though the quality of the 4 membranes was continuously decreased
with elapse of time, the degradation rate was still relatively lower after 28 d of treatment. ALP staining and
alizarin red staining displayed that the 0. 5%nZn0O/P34HB group obtained the strongest ALP activity and the
largest amount of calcified nodules when compared with the other 3 groups (P<0.01). Higher mineralization
was observed in the 0% and 0. 5%nZn0O/P 34 HB groups than the other 2 groups (P<0.01). The results of
in vitro antibacterial experiments showed that the number of colonies in the 0. 5% nZn0O/P 34 HB group was
significantly less than that in the blank control group and the 0% nZnO/P34HB group (P <0. 01).
Conclusion  Our prepared P34HB composite GBR membrane loaded with nZnO is in asymmetric porous
structure, and can promote cell proliferation, facilitate cell osteogenesis and have bacteriostatic ability.
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1.2 X5 fe 22

AT R F G 32 25256055 : P34HB #y oK (]
W15 K RV RHEA R W] 5nZn0O oK (b [ Baf
P T AT s AP FITEK Sl NGB 27 B RHE BT
L) ;a-MEM 355 5L G4 1035 (FBS) (JBEEE (EDTA) |
H-5E5E 2 (PS) Fl PBS (v [ P 1| 2 5 XU AR PR
AR ; CCK-8 il 128 71) & 78 1 5 2 14 ( alkaline
phosphatase, ALP) & & S £ Ui 7 & . Western J¢ 1P
SRR (P EVE IR 38 = R A ) 5 VS T I L DR K 5
R OE R & RS B H B i
% C.LB W iARiG F5E (LB [ ARG 55 8 (rh E b i &k
Foaw]) s JACT S B E (CPC) oK iR = —
(B2 AR AT o

AWFFER B FE LI A B ROF (12 [
Sartorius 2\ ] ) 5 % 1450 FE Al (H E R R %A1 52 55 A0 A
BRRAE]) ;MR B R ERH R SE g A g A PR
A)) s FLAS VR R TR AL (TEE Christ 23] ;s #4712
i (36 [E Thermo 24 ) ; REIEAX (& Oxford 24 F]) 5
{5 8O0 WA L E B R SR ( H A Olympus 22 ] ) 5
Z UIRelEn X ( 22 [E Biorad A w]) 5 fH IR 4R #% ([
] R ASC g ) 5 A PR WD) 5 1E L B 77 4 (b LR 3 S 3
IEFABRAFD) .
1.3 Rtk % 3L4H nZnO/P34HB 5.4~ GBR 64 %) &

¥ 0.5 g P34HB ¥y RIFHAE 10 mL &5,
T 3450 FF A5 00 TE XS 50 55 W5 2 i FREC 0, 0. 05
0.10.0. 15 g nZnO ¥k, 5 3R P34HB ¥ K f&i 5%
BRI ST A3 IR A o TR B A A 75 s R L P i

10 min, ISR nZnO B2 001 KRR 27
JRBC LA, G E S ming £EKBHE ML A fE 4 500 mL
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FeriR B, I — R E R 1L JOK SRR R . R
L2y 6 h Ji, nZnO/P3AHB-G 5 ¥ W e 78 1 0
L] fASE , T =80 “C UK TR , T B L2 v VR TR LR
48 h 15%] 0% .0.5% 1. 0% .1. 5% nZnO 1§ & ) nZnO/
P34HB &4 GBR JE(E 1),

IEMH Wl
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B
1 nZnO/P34HB £ 4 GBR Rl #I&

1.4 S£ipa

SEE Ay S A A AR REZH AN 4 A IR A R A (0% |
0.5% .1.0% 1. 5%nZn0O/P34HB £ 4) . 25 4% R
A AR T AS & R, T CCK-8 S5 | Al 52
B B S s SEIR AR AR nZnO By K 15 50N
0% .0.5% .1.0% .1.5% nZnO/P34HB 4,
1.5 nZnO/P34HB £ 4- GBR B 64 0L EAEB R 5T

4 2SI MR LG VR TR S, WA Ab B, 7E 20 kV
A F T, SR 44 F - 278058 ( scanning electron
microscope , SEM ) i< GBR JE R R HES . R BRI
¥ (energy dispersive spectrometer, EDS) X #4 4} 2 1 i
X8 TC R RT3 o
1.6 nZnO/P34HB £ 4 GBR i A 4 48 5 3R
1.6.1 4ifgEsF¢ MC3T3-E1 $: 5 T 10% FBS
1 1%PS 1) «-MEM ¥ 353 rh | 5235 F 37 C .5%CO,
F14) VR0 RO B
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MYV EAE S 24 FUARFLR/IMHVERC R B /-, S5
B2 h, 2RISR, bR 4 A8mAHst, ik
SEAS PN HRAL B MC3T3-E1 L 1x10* A4t/ fL i 2%
JEFERDTE 24 FLARMRIGE TR P Y GBR B | f2 a5 1 0 B
b MR 1.5.7 d g, B35 A 197 4%, PBS ¥t
WK 100 WL IR A ¥ W (CCK-8 58l 5 o-MEM 58 4>
LA ILAE S 1:9) s Bl , 37 CF
BEE 3 h 5 F % 96 fLARJS , i 450 nm i K AE bR
I E R L D(450) ],
1.6.3  4iRIIE L 55 4 4 S M R SR SRR
B, A PR ITE o-MEM }5353EH1 24 h, #3208 3x10°
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AN/ LY BEKE MC3T3-E1 4l d2eFh 2 6 fLARH , Fr 4
%% B3R 80% 22 A7 I, K T ) 1 mL A 2 78 40 i A=
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17,14 .21 .28 d 5, UK AR S, 258 1K PR, B R
T PRl s R AR Ak, 2 o AR AR, AR A AT
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Ak
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FHC B 4 e e il o il o €2 2000 s e B 0T A R, 5
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Bt b, SRS TE 37 C a3 240 o 8] & 3G 9
W fHFHTC RN PR N BAR AR b BB A TR 7%, 4 4y
BT 5 mL 1) LB iR BE SR 5k 7E 37 C A E I Ak
Giew h 3597 10 b il 2 B . AR I
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1.8.2 MRSEs  f Bk AW A S0 R
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PR 5 25 DO BREEL AR LR HOIA 2 mLL R 7E
37 CHEMRBESRAR 1557 12 he o B B 4w A7
BEEERR RS, I 100 WL B 51 iR A 7E LB [E A B
MR b B B SR 2 d A S SR VR R U OO, JF TR
I U
1.9 %o

{#i F| GraphPad Prism 9. 4. 1 Image J(10.0.7)
Origin 2021 L) X Adobe PhotoShop 23. 0 % 7~ 55 56 4 4
PTG BTz R TR LA x+s RoR,2 4
] LR ST AR AR ¢ K56, 22 20 0] B30 LU 80R
WERT 250 M. P<0.05 WA Ny 22 5 B A G it

2 #R

2.1 ALY L5 M EAE B T

P25 R Won , 4 415050 AR AL IE T R 6
WAL ALK, ¥ 5] HAH %4 (B 2A) |35
1 I 2 ALE5 e (18 2B) o IEBIE Bl & T B
A ARXSFR Z AL 45 H 5 FHOR[R K BE nZnO (1) P34HB
DU,

EDS 1% GBR B 85 (C) 4 (O0) JBE(Zn)
JEZE . ¥F 0% nZnO/P34HB 4, H A5 21 {6 Fn s o nf
U5 MAES nZnO 1y P34HB Hr, A] WLEE A1) Zn 53 HAE
LB b, R nZn0 B8 A F| P34HB 4

(E2C),
2.2 HAMREIRIN A AR
2.2.1 gfMfadgEScEe CCK-8 KRl 45 R, &

0.5% .1. 0% nZnO [#) nZnO/P34HB & 4 GBR i %t
MC3T3-E1 fit) 38 585 4 42 ¥ 1E . 0. 5% . 1. 0% nZn0O/
P34HB 2H (%) 20 Jfa £ 1 [ 1% 33 6 18] 4 i 3 o,
1. 5%nZn0/P34HB 2 4fi ff £ & bl 15 55 0 (] 9 2D, 56
1 Ki},0% 1. 0% 1. 5% nZnO/P34HB 4 2 fifd 4% 58 15
DU T A FIXBRZH (P<0.05) ;55 5 R, 545 FO AR
4] 1. 5%nZn0/P34HB 2 .4 ,0% 0. 5% 1. 0%nZn0/
P34HB 41 40 fd % & 9 £ (P <0. 05), H 0% nZn0/
P34HB 41 £ T 0. 5%nZn0/P34HB 41 ( P<0. 05) ; [fi &5
7 REF, 525 (X R4 0% | 1. 5% nZn0/P34HB 4 Lt
#,0. 5% 1. 0% nZnO/P34HB 41 [ 4 sk & £ (P <
0.05) , H 0. 5%nZn0/P34HB 4 ¥ £ T 1. 0%nZn0/
P34HB 4 (P<0.05,[ 3) .
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