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Preparation of zinc oxide/polyvinyl alcohol nanofibers and its therapeutic effects on

wound in rats

Hu Min', Li Chenwen®, Ming Yue”, Shi Sanjun’, Li Ziwei’, Lu Laichun' (' Teaching Experimental Center, College of
Pharmacy, Third Military Medical University, Chongqging, 400038; *Department of Pharmacy, Institute of Surgery
Research, Daping Hospital, Third Military Medical University, Chongqing, 400042, China)

[ Abstract | Objective To prepare a new wound dressing based on zinc oxide/polyvinyl alcohol
(ZnO/PVA) nanofibers by electrospinning, and determine its properties and effects on promoting wound
healing. Methods The Zinc Oxide nanoparticles (ZnONPs) were prepared by a solution-gel method. ZnO/
PVA nanofibers containing nano-Zinc Oxide (1%, 3% and 5% respectively ) were prepared by
electrospinning followed by a cross-linking process. The appearance features of ZnONPs and nanofibers were
observed by scanning electron microscopy ( SEM ) and transmission electron microscopy ( TEM ). The
permeability and water absorption of ZnO/PVA nanofibers were also measured. The antibacterial effect of
Zn0O/PVA nanofibers on Staphylococcus aureus and its cytotoxicity to human fibroblast cells were investigated.
The skin wounds on rat model were established and the effect of ZnO/PVA nanofibers on the wound healing
was investigated. Results The size of ZnONPs was 64. 69 +20. 47 nm, and the diameter of ZnO/PVA
nanofibers was 324.22 + 144. 80 nm. The nanofibers were thin and uniform with obvious crosslinking, with

better permeability and water absorption when compared with non-woven fabrics (P <0.05). The results of
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bacteriostatic test showed that ZnO/PVA nanofibers had strong inhibitory effect on Staphylococcus aureus. No

cytotoxicity was observed on human fibroblast cells by 1% ZnO/PVA nanofibers. In wvivo study showed that

ZnO/PVA nanofibers could promote wound healing and its promoting wound healing ability was better than

woundplast. Conclusion

Electrospinning-prepared ZnO/PVA nanofibers possess good permeability, strong

water absorption and effective antimicrobial activity. ZnO/PVA nanofibers can promote wound healing, and

are expected to be a new wound dressing.
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NEREAGIFEE L

2 HR

2.1 7ZnONPs #9240 T R AE

ZnONPs JE 35 Z B BK0E, 3873 B R (18 1A)
ZnONPs BRi4% M (64. 69 £20.47 ) nm ( [§] 1B) ;ZnONPs
SHM IR WO an & 1C R, H s R W KA
377. 00 nm,
2.2 7ZnO/PVA Gk 44

ARG HARB/ N BN —, LB £ . SEM
WUEEARAZIR PVA 9K EFAER) S5 R R (1 2A ~C)
PVA 9K 2T 4E AR B/, 2T Y 58 AL 56 s ] 4 (&1 2B
Hisk/R) , L HEE A2 (227, 18 +85.96) nm; SEM ML %¢
SEHK PVA QR AERZ5R BoR (18 2D ~ F) (40K eF 4k



2502 B = ZEBE K AERER ,2016,38(23) http: //aammt. tmmu. edu. cn

SE ALK R (J 2B #5008 ) AOREFAEETRE 2.3 4R AALE Zn0/PVA 9 K 4 2 b ZnONPs 49

F7(315.75 +146. 29) nm, 3 K3 BE PVA 40 K £F 4k 11 5
HEEVRIEI(P <0.05) ;SEM WEALHL ZnO/PVA 4l TEM 25 5 7« 5 BRZH AU FEIR 3% W 9 K 2F

KEFYEMZR LR (26 ~ 1) . ZnO/PVA GOKREF4EE. 4k, IF LR AAPIORL (18] 3A) 5Zn0/PVA 9K EF4E P 1Y
F274(324.22 £144. 80) nm, 55ZHE PVA ZOKREF4ER) ZnONPs [R] I 73 A T4 K Z2E 32 1 AP 8 (141 3B 7k
HAEZEFBAGI 2 E o T WPRG LR EA  7R);TSEK ZnO/PVA YK EF e ) ZnONPs £ 27y

ZnONPs (& 2H #i3k/R ) o ARTEGUREF R (] 3C Hiskw) o
S 1 42=64.69 nm

N =50 0.8
i

£ 0.6
kg
D

0.4

100 200 3(')0 4(')0 5(')0 660
ZnONPs Bi4% (nm) WK (nm) ©

A;SEM HLZ ZnONPs 44 7% 4 ; B ZnONPs #4 %542 447 ; C; ZnONPs #4 % 51 6 B 3%
1 ZnONPs IRk 14 B RAE

16 -2 H4%=227.18 nm
12
‘ 4
- | §
1000 m - 0" 100 200 300 400 500
1y i . PVA GKEF4E 4% (nm)

¥ E4£=315.75 nm
n=50
20

DO

, 4 1000 \
1, 000mm _ ' . ‘ 0 200 400 600 800

W PVA PR (om)  ©

S E4£=324.22 nm

1*000 nm 1 000 nm . 0 LN
— ; \ s — \ 200 400 600 800
- ZnO/PVA K4 B A% (nm)

A~C:PVA 94 R 47 %D ~F; 508 PVA 49 R 47 %G ~ H, 5088 ZnO/PVA 43R 4 4 ;A D .G x5 000;B .E H; x20 000;
C.F I:Image J Fi#L4iit B.EH B PARF L AZES A (n=50); BEATKTPVAARFHEIRLREARL, KL A
A E Bk F XK PVA AR FEIR LR AR RS H B k7 PVA R4 A &TIL Y 5 ZnONPs

2 SEM MZBMAFENESRANKFTENERSH



http: //aammt. tmmu. edu. cn

W T E KRR, 2016,38(23) 2503

A:PVA 45K 2 % ;B: ZnO/PVA 9K 4 % | 47 3k & ZnONPs 27 f£ 4k K 45 4 @ A= 1 355 C: 5B ZnO/PVA 43 K 4F

Y, §7 5k 7 ZnONPs £.F2F J£ 24 K &F 4 1 31

B3 TEM M2 ZnONPs 7£ ZnO/PVA 4k F RS %

2.4 7ZnO/PVA 9k 44 Atk

PVA ghk&14E 1% ZnO/PVA K EF4E 3% ZnO/
PVA QK LF4EH1 5% ZnO/PVA 49K £F 4k 4 21 (1) /K
BAIBEN R ERBAGA L [RITCYiix B AH
., PVA 4 K2F4E 1% ZnO/PVA YK 214k 3% Zn0/
PVA Y KEF4ER 5% ZnO/PVA 9K 215 S M 8 3
HHN(P <0.05, & 4) , 30 ZnO/PVA 4K £ 4t BA7 5
y FRAR B S ERE

7.

=)}
2

KRB

[(g/h+cm®+mmHg)x107]

4 5

3
il

1. % 5 A7 P B8 28, 2. PVA 20:3:1% ZnO/PVA i,
4.3% 7n0/PVA #1;5.5% ZnO/PVA #8; a.P <0.05,

5 K45 A 3 BB LA L3R
4 ASTME 96 FEFEMZE ZnO/PVA GuK F 41
BESMHE(n=3)

2.5 ZnO/PVA 44 K 4 4 i Bk

PVA 9k e7-4E 1% ZnO/PVA 4K E-4E 3% ZnO/
PVA 9 KEF4EFD 5% ZnO/PVA 4K 4F4E 4 412 a1y
WK #8255 Toge T2 S {H R TC 25 A W BEZ AR L,
PVA 9K &4 1% 7ZnO/PVA 40K 27 48 3% 7Zn0O/
PVA Y KLF4EF 5% ZnO/PVA 4K 21 4 20 1) " 7K fE
TR, EZR AR E (P <0.05,E5) 3%
W] ZnO/PVA ZKEF 4 HA R oK M RE .

500+

WK R (% )
g B
e e

o3

(=3

(=}
1

(=)
(=}
1

1.5t R& 402, PVA 28;3.1% ZnO/PVA #1;4.3% ZnO/PVA
2035.5% ZnO/PVA #41; a.P <0.05, 5 st fg 20tz
5 ZnO/PVA KFHMBAKRNE(n=3)

2.6 7ZnO/PVA #h R4 4oy ZARBFRE

K HIAEHE ZnO/PVA YK 4E (1% ZnO/PVA) 1E
37 C 75 v/min SIHPRG 25 AR EE 120 h J5 0 B9 1A
Co(#2h) N 1.98 g/L,

ZnO/PVA YR EFLEAE 24 h BRI T R A8l W
i, BE R AR AT 70% 1) ZnONPs ;24 h Z J5 B iAT>
B AR G2 Ng, 78 72 h RIS 2 83% (1) ZnONPs
(E6),

80
60

40

PR (%)

201

0 20 40 60 80

B TE] (¢/h)
6 ZnO/PVA 4k 4F4Eh ZnONPs B (n =3)



2504

5 =B K2EF R ,2016,38(23)

http: //aammt. tmmu. edu. cn

[
(=)
3

—
=)}
1

—_
(3]
N

oo
N

A~
1

= WAL A+ MBI (nm)

(=]
—_

2 3
4151

A I IRLE R (R A Y dd R4S BLAZ Y 14.00 mm) ;B 47 3 3R K 431

05] —-PvaA A

: ——7n0/PVA(1%)4H
=a=7n0/PVA(3% )4
044 =v=ZnO/PVA(5%)4

I

0 6 2 18 240
1] e/ )

1:PVA #1;2:1% 7ZnO/PVA #1;3:3% ZnO/PVA 41;

4.5% 7ZnO/PVA #41;a:P <0.05,55 PVA 201b45(n=3);C. 2 ¥ AL RE R E ZnONPs &4 Fag £ ¥k W& (n=3)
7 ARERE ZnO/PVA PR AHMME WL R

2.7 7ZnO/PVA #h K 4F 4 Fp P Ak

Z A ZnONPs (1) 94K 27 4EA7 B b 1) 30 0 34, Sk
1) PVA YR A MR R (B 7TA) o #A ZnONPs
LN KT 4 (R0 B R %S PVA 9K £F 4 28 i 18
(P<0.05) 71 1% 3% F11 5% {#) ZnO/PVA 4 K £ 4
HzEA R 2E S (B 7B) . 1% ZnO/PVA 4K
EF 2 0) 4 0 60 A BK A A AR AL T PVA gkt
4t 3% 7ZnO/PVA 4 5% 7ZnO/PVA #HIY 1% 7ZnO/
PVA 21 B4 B A P i (65 RO, 200 v S e ke,
PIEAE RS ) (B 7C) o AL ZnO/PVA 409K £ 4 X
S A BRI R EH
2.8 7ZnO/PVA % R 4F Yt tm o 14

MTT 455 B (8 8) : PVA 4K 474 1% ZnO/PVA
YORAAE SR IRAA L, 2 5 RS X ;3% Zn0O/
PVA F15% ZnO/PVA YKL AELH A A KRS I i 52
FIFPH], XA 22 S HA St 2 (P <0.05) .

MTT 25 LI KL 4E & A IR BE ZnONPs 15 X}
MU IEAS TO T 5 3G g KR e B, 20 M B RS .
PRI, IR BE 1Y ZnONPs HAG A0 1) A= W AH 251, izt
B 1% ZnO/PVA G REFAEIA TSN SL5

mpoicEil
1004 - —T CEIPVA 4

W ZnO/PVA(1% )4
B Zn0/PVA(3% )41

80+ W Z00/PVA(5% )41

‘QQ

* 604 -

e

=

= 401

.

=<

=

204 a

A1) (2/d)

a:P<0.05,5 s B4 b3k
E 8 MTT #illl ZnO/PVA 4 4T 43t N B2 Bk A 7 4 4R BRI
HMAEiEE(n =3)

2.9 ZnO/PVA %k 4 43 4) @ 69 & &4 A

BIHA A AR R (K 9) AED 2555 7,14
KANEE 21 K, ZnO/PVA HOREF A2 i B e e (&
VED) 5B 5, B TS 4 R0 PVA 90 K 21 4 20 6 1o i 4
FEEESS T ZnO/PVA GREFYEA , UL 1 3 A A A
MY BT A .

A~D: % 0 X4l @R, E~H. % 7 X4 @K% 4% N
I~L:% 14 el @K A HIUM~P. % 21 R4l@KLRE
A E I M2 A 20;B F.J N:PVA 44 k¢ %:40;C .G K,
O:4) 7T Ms28;D H L P:Zn0/PVA #h K 4F %48

9 KHEAERESEEESD XREEREER

Bl AR R W (B 10) RN E5 7,14
KNG 21 K, ZnO/PVA K £F 4t 41 0 45 11 1 B AT
R ENT A PVA 4B Al G4 (P <0.05)
25 2L I 1 G R A ) ] () SRS T )N



http: //aammt. tmmu. edu. cn

8 AR, 2016,38(23) 2505

IS

W PVA 4
809 My
W 700/PVA 41
&)

= 604

-

4o

& 40-

e

=

i

K 201

1 2 3
2 JE N (R)

a:P<0.05, 54 A a4 ;b P <0.05, 54 T ih 4 re 4k
10 Zb754H PVA 4 IR 5870 ZnO/PVA AR T
RAEE(n=5)

HE Je @25 0 R (B 11) : Zn0/PVA Gk LT 4E2H
BRI EFAETE B, A2 BT B ik ) B P 45 F Fn
B A RT 2 58 R 27 4 5 5% ZnO/PVA 9K EF 44l
HH S, B A A AR R 55, A R L PVA 40K
LT Y TCBBELE R AN 3 B 2B g, (FR R VR A0 i AR i 4K
20 A 2 PH S0, AT I S A A 24 S URINI A A A 5 1
YO A A BT I DRAT 4 A ZE L I S B, R TR AR
B L 4 55 T A A

DAL 853436 8 ZnO/PVA 4K 45 i e % {2 32 0
T3 0 A, AR @R FH R m] M Fn2b A T4

3 it

e ge i B UKL (1 an2b A5 2ROk 325 1k
IS P ) OOk ARk SOk HAT 75 5 0 R A Y

T S5 2041 2 T 85 90 R 3 B — W 0 A e
FRAR A0 O BoRk 2 A 3 SRR AT RIS TR RE
S IR SR AL Q0518 52 S e o WL 2 2248
ARG YT SIE R, R = He v 1) ik gk
TTWES R ARG AR BN A AR . R i F
A YHMIARASNE RO AR VE T 4 AT R L o1 K 1 g
i AEPEfE R E MR RE IR 45 Z AP0 2
il 2 i L 27 22 9K T R AE A B . R AR, TR
EYUERNA, SRR 25 B, oL
PO R AL Ao M RN e A R SR o T
TR . AP —FI bR TR (AR AR ¢
T TSR AL BT s AR} o A AR B R
J Tt RE TR B BB B R RE T T 44 K )
AR R A B BT ERE . AR
W EE (1Y) ZnONPs EAT BRI TR RE 7 LGS T 40 Jf v
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ZnONPs}i 121 (64. 69 +20.47 ) nm , 44 K 2% 51| 1) ZnO

A~D: x200;E ~H: x400;A E: 247 28;B F.:PVA 4K 4F 440;C .G 4] TE28;D H:ZnO/PVA 24k ¢F 4 40
11 HE :&aWZRMEAERE
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7 XoF 41 B B 4 S 5 5 K £F 2 ELAR /N LR
R ¥ —, PVA 9K 45 4k 4 28 BT IS 19 B AR 43 3o
(227.18 £85.96) nm F1(315.75 +146.29 ) nm, 2= 745
Gt (P <0.05) , R4k AR PRGN ; 58
QLR A Y il e L R A DY A S €
i, BRI PVA (¥R, 2F 1A F T ZnO/PVA gk
Y BRI RERIFSE o B MESE A R %
B ZnO/PVA G0K 21 4t 1) i R L T IC 45 1, 45 Bl
FANTH 5 5T A VEAT RS He e AR QM @
WK ARSI ZE R 7R ZnO/PVA K £F 2 1 W 7K 2R W]
WA T I u B, A B Tt 1B i, 2F
FERI T XA R RS A i R ER R AR A1
TR fe i LA 2 — , P S B0 25 S 32 B ZnO/PVA
YUK LT Gl Xof FLA A P 3 A B A, a0 T DR A 6] 16 AS 52
YL, MTT S2EG45 5 B8 : 1% ZnO/PVA 4K 27 4 1,
HoAh e A FH 28 4, TR DL 2R N B2 JBR & 4 400 Jif
AT B 5 90% LU I, S5X R 2 [ & A & 2=
B(P>0.05), FH, ABFFERA 1% ZnO/PVA 4k
Y TR B A IR TR .

BG4 5286 57 ZnO/PVA 40K 2 4 20 6] 1 i
A (AATERD) W, W8 00 T8I PTG 4L PVA 411
AR, W ZnO/PVA ik £F 4k e 4% fin 1 01 175 i 15
S5 BT AT A R 45 R R ZnO/PVA 4 K 2 4 41 1) i
A4 2 T IE 41 . PVA 4 FZb i 2, 504 45
FA—2GHE Je 25 R B oR Zn0/PVA 9K EF e
WY S ) S S 2T 2 B A5 H RN R K TR 1, B PT I 4 R p
MY PVA GREFHE2 1 RS IR LT 4t B S5H F R B2 A=
BB DL 55 T ZnO/PVA 44 K 27 4k 21, 1M 20 A5 28 1)
B Jok A B 10 B 55 T Al A

REGER SN ZnO/PVA 4K 25 4k HE A kB 15
PG, i LB AR ) 3 B A A Okt . AR AR
GER N7 BORE, AW 58 45 1Y ZnO/PVA YK 41 4 3%
SMERBLT , WK RE T 5, XoF 200 B I 1 U P , RE S i
PR3 ) G, A T ORI AT B 1 B FH T T
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