[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

g sallio

[ QN o9 b J3900ueib plid b3y g ol
AT Oleasd (59 w1/ duwl &g 590Ld

» Lol jl cddablon a5 1) o] Sle 5 Sles Sl o cwg slduw] 1802 5 dius
e Sl Geslie g 935 S g I S ST jled il oo s jlon Jalse ol
Slp 5o pld G udgs ddlllas pl 5l Gua sl cpiisce gla il ojlaod Cungy

D9 Ghe 085 e o)
$U dl Sigplldl S gy iz 1 Jionen ok pols B o iyl (o9
L pled s jobate (ol (gl ol asls gy o3 plgisdr 308 jshaieds (55 AT
35 A S (g5 asB; by jledliul b ol S5 CluS 5 5l wglite (slano
DS gafl g MTT XRD SEM FTIR (sla 901 §1 ot b o 55ias (sladiges

bl 4 oxie g9y AT 39l Gl a8 3l lis badiges (53gls8y90 ()2 AL

Job 3Ll aioyd 48 u0d )3 asuie e A5 bagld 3 bl ojll ws,y g s
o) Glie Cawl @Bl ol 58] dpwl Kdgyelld g (69, dunST l)d b Liol58l L b Wb

(=39 2o V0 9 Ve D) Gy U 59y dmSTgls o (2 3205 (6l i s Jsbo oLl
YU Jolws leoss; | (Sl MTT aalllae 395 ZYY 4 V58 SN L ol s 5y

D92 wlid s 2y LA

el 13 3)lS el srlio (5435 Sl 595 2S00 (o5l ol 206 5 Aot
Al Cungy CBL (wdige 5 L SSgies

WAV /Y i (hpdy VYAR/A/-R alie iy

Job a4 VY 5l i (o y loy &5 oloes

03 939 LS.)'L\’ Co Ve
@wabbw J.:.bbjS:

) F?‘k’ do.{.ﬁé‘.}l) ‘USM))J (ewARo °9)§
oMl oljT oKl (S (slas ysid

(g (50 g3
2T SR WA LV

Sl olRisly e gyl duaed ol S 3o

el 3l oKl oS jlas (cligis

Sligis 5 pole 3l

i Seig Sl oy
nahid_hasanzadeh@yahoo.com

Cool 04 FM.cl @La.n uo)bu

~

douado

Y = .

FasS o0 oo v 1) el
) £ 4 Az b canlin lansly bl
=5 e S e e 5O i 5 IS sla L
o le siw slolonily (igd oo (o pund
ol 55 e slaplomdly 4ty 5 andily 55 i
LaJigmms g Lacluill dapy s daa3slSy un
YL iz clls s 0em sl ol Sl o

) Slodes Ot WS oo L5055 9 (030 Slap™)
aSly> \“—.’.L@ Sbml (% (Siede b samb &g, 50
=l e Le placs! 5l cctadlrs cangy (Sl o, Sles
e el iy a3l Sl sl else
5 $Seeill Jloaizbos o 20 1) 035 Olsion o0
Lo 09,5 55 au Lol s Ol €y (53,Skos
W (ol &5 olaes 0 ped 3> g (e
g ol o |y ol oo Sguge alan A-VY e o

P sosled A (5095 A VAR Ylinse) tetbictj g Cmanigy


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

YOV (i 03l 9 03 039, (5 ,bl>

slop—=) 4 sad o plis iy Slalllas
S5 83y y3a 50 (S gw ;51 50 eaelogzsay
Maslb oo (e ST sl Isl 0 5wl oo

Iz 4l ) S 5 Imaan
iy aallas gl sl gy, anSTeil o IS
ol czge (59, W STgl jga > as ol lis
Jplie iz (ials g (0o, AV - 0) OT i
Mogi e (2o, VYY)

39008 b o8 ]l g Mirhosseini
Tz J5 Js gy 41y 55 e oS
Lo S 855 2 CjgealS Bl (] (29Kl
5 9-d ol eyl eSS shdlil 5 U 0
Mecs s 8 el sl eoals
ST 539381 51 ], K ¢ Soubhagya -y
2533,8" ey 2 | S OlwginS slapld 4 )
» AL JLpSh sl ool j5eb azgle Gl
ol sladisel & Cud (55, ST S5l slapks
Zn0 ol )34 as asiols lis slaal a5
a2l oo Lo )6 5 g S 4 Jlail L oS Gl
Jse |, DNA &, Slos g silu pp o] oo 0,152
Eled sy 1, Uy o Sl 5 0,5
51 iy STy ST slotisS s 5 S 553
Moy o

S0l (SujeelS J39 0 o Sen s WU
L asged aussbow |y o USTSIN s g o/ o]
PR WS VARV, S WP | V-SRI RV N VSRS
S yd Glie Cn i O e yo N Sl s b
Sk Jgds (n e 9 (92,0 OFY) Jo b sl
T azals 1, (¢Y/\Mpa)

1355 5 JS1 Jtzg oy el S gl
oy b o 5l 2b 90 SlaS 5 O jg0a (g9, dens]
aalllas 390 )5 035 sl idigy 5o K0S Gl L
Slallae ol 51 605l50 4y YUy yo &5 wilazs 5 18
3o ol oyl j a1 le e colaiul Ll ol o Ll

P soslod N (50,95 A VAR Ylinse) tetbictj g Cmanigy

E9= 90 2 sl Lalawsl cpl il ]y Ol 53l
3 osla ! .94._;)|.> 3,)lS (ols g (yo3—) o3
Pl opmils Jdo a0 sl g o)
S olml g loyd Wig)y gy JeBl (60,840 pazie
-V*"M’“u-é)f P axg 890 s dgnl lae

as (Polyvinyl Alcohol [PVA]) JSUI Jasg b
o Mass asle Herman Lwg 1AYY o o
e L ophd o dey e bB L (6 pduce miicans
5 by e i ply 3 adom ) Culie  SeilSe
e IS g b

4o (Hyaluronic Acid [HA]) S_sg,9lla ool
(oo aiile (60,150 0 Joku slo JUS o Jlal

N e . .

Sl o)l @l i v 5 e 5 g ol
lodzr aUly Jodl aleShy Sis,slln
o el gt 5 40, sl 95516 3y el lon
\Y L
cyls Jek v calisie (g0 5

= (Zinc Oxide [ZNnQ]) (55, dwST @l,d 46
&l 0aiS Sgaeas oole S lgicas (FDA) Liﬁ,oi
J RO PSS 30 EPSRONG L P GUR ISt ¢
(ol Soe @ Ol o0 S5 ST e sla S
Vo . .. . e .
g (S S SREA S () (G4 35 Sl
L it 5 5y ol 05 eal o Jl st sl
iS5 50 89w STl 365 o IS Sla a >y
ao bao e ZN0 ol 3gls oL oSL oo o)l
4 e Ailgi so a5 el ] 51 ZN2+ slacygs Lac]

. W, g e

)J );A_«c O‘B_A . »)9_»34 ‘fnqﬁ‘ (i )é J)L_>|
)9»5_> r:A_.C .Ia.J‘J.w )9 (pH=V) ‘_,’J.M.‘o pH oéjm

\id & . PRt & .~.:.. .
S il e C g B reling i o OS50 98


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

Oo =) Olgieds (59, SumST/ Sl g alln/ JSUI Stz by Ji9s3ua9l YOA

z5—e Jsb 0 ooliiul PW1730 Jus (XRD) oS!
S 1l g o T e ST OF/) oS0l (g x|
Y/ ol gojlail gl ) s o 0 el o) 09
a3 VoA G (V8) i) (o090 9 4y
0,8 ol

s Lags Lagh § (SolSe ol )
Lo ks o8, plowl SMT-20 Joro alSoia] o
Sy = £ XV oM bl 44 1S0 6824 s lasbiw! b
Al (ygey] o 5 el sl (3L LB
NICEIE & SSENPR L UL SRECT I SN e SRR ¢
Fosl 55,5 L gyt gl ¥ (s ol b s
WSS o ek Vo S S (g )
S ol sl gz o YYY los 9 /Y- Cugh,
od 3

Cdz el 5l oz g )58 Gl gy sl
ol (59 Wdiged lall gl ol Ho o solawl Ol
Al Sed Jodoxe )0 (555abse 5l G (S35 (59)
S5 03l (3n39) T s fsazme ((PBS)  sliws
P55 &0 b ol iz (e ) (s Wolae 15 05 o0
1] anlgs Cawsas (SwW)

%SW = [(W-WO)/WQ] x\ -+« :\ galoles

2 kb 033 W g Sas 053 WO Loyl o a5
wblb o 5 el

S5 o3l g (gl Gl (o H9taieny
O35 5l 09 ta e j0 e 5 ey
Ol o o ool (Seitds s (g e PO

Sde A g (S (539) b ()59 oS 5 Il 90
3 .cd S |8 (PBS) slawsd 3L Sai ,0 59, VF
A (6 S 03Il diges S 59 el Y L2 o)LL
3 oolaiwl b ldiges (WL) (5 58 Cam ) do po
el Cewsds ¥ galolae
YWL = [(WI-WF)/WI] x) -+ ) saloles
Sz 59 WE g Sz 59 Wi Ll o oS

Al ge e B 5l A digal

S90S U ) by Ol ol S0 SJB
cElo yols addllas l Gus ol €8 55 )13 ow)
S P g5, Gy, 5l eolainl b J5g 000 ol
FU Tl Soig, il S s by (oo oS 5
TSl (sl 3Y (slage3T el (55, dnS]
9= =) Olemean 0 )8 sl 5953w old Gﬂ)lf
Lo LB sSie oS 5 59, 0 izl ol plox
=) e 9 smwgy Lol sl 1) s 00

Al asls

Il ol gy
cilu g adgl Slgo gdatkiu

Sl S—g)0lln gool e d s —»
J— s 5L (C14H2INO11)n
$9Jgi (63, duST 56 g (AR+ - QA+ -+ g/mal)
Lo Cans U plid an ivg g, ol LK &5 1
G5 aBy by Jleslaial LY Jeux b calise

6‘)—’ b cudoslaiwl ZNO )L.\.o./a MWW J)l?'
V0udls o Ol Johoo (sl (Jg (oo 65T
LS g L ZN0 Sglie (slaas o wolses! 1
Slys oy aloxil 231, Sn ¢ Soubhagya i iss
30 Celw YV Suse a9 ol alBn, G065 (9,0
Ladsse 5 s SblS Pl b o ools 1,3 s
Seabazlu slodsses olodasuin ¢l
o (FTIR) 4z y98 hos 508 gl (eimcil
23,5 ool AIS2100 Jos (SEM) s,
=S5 e 5 (S L (6 addllas

il 8w a5 JUST S dlsa Seas 5L

kb (5,555 ) Jgar

(539 20 3) ©luS 55 Wgod &5
85%PV A-10%HA-5%Zn0O A
70%PV A-20%HA-10%Zn0O B
55%PV A-30%HA-15%Zn0 C

P sosled A (50595 A VAR Ylinse) tetbintj g Cimanigy


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

YO (S 03y 9 03 039, (5 ,bl>

Ladast
Sigyglea (JSI gy FTIR il ) IS
3 e e lis |y alls g9, 0T gl g ol

=S5 sllSle 4 by FTIR (b 55 Y S
5 ZN0 &l 36l Jloia! Jolss Sy (5l
w‘ OM—‘ PVA-HA LJ)S)M uw.s).’Lc

| . |
At il |
] s off | L S
wit ! [
| |:d | | |
| ! i |
o | \ |
W S | |
1 | s b
A = [| s ) |
il | al A - 1mE
"1 , et v
afomw
%] k
il i
| 3L
. [
w . E #1 n 1 (e @
o e
| -
= - =5 7 L
. P \*\ o i
Ay =Y me |
s TRt Y
=R TR |
i
|
|
||
f |
¥
L
kol pus = X I a0
e—
Pl =5
LH "
n L
H I
W |
| /
al | i
1 [ EE
1 | a
i |
I witry, oo
Ry
n
it
i i o 3 =
S asiml

ST (B oSl iy sl (A 5IFTIR gl 1) JSois
Al Saigylls (C <59,

P soslod N (50,95 A VAR Ylinse) tetbictj g Cmanigy

Sl 35790 e ue Slo b9, (n e 3 (S
J=s il Jeie 60 o303 ok oLl s
= 45 Cwl (MTT, Sigma, USA) wyleg » poelysl s
sbaJban S @ podgslys S5)9)5 99 yets b
2 a8 Sl lile 98 ol any ble ity Jolorals
2 L ooy ol esliiul 55 pol> feg
15 05 ge il 5l ooliial Uy g 003y sla sl
Bl 5U59, 0000 SlewnS g pliay Lol 6,005 gl
T 5 oolizal b lskey58 (ol Jlinns S ol oo
(OD) )5 S8 9 w35 Jo KB Jsibisnonl S
yo,y oY oo leslawl Lo ] 51 J—ol>
S& ol .l oailes (STAT FAX 2100, USA)
Ol 48 il lileyg CAle b e Cud (5590
Lol 0855 slo Jobo ( SIglie dlad b cnliie o2
2 ol 5T 5 gl Coan oy jslite (rman
4t (L929) codlig b slo Jslow 2255 5 o)
szl ol el gl (Jobw SSL 5l end
ool )+ QY0 451 0 libial olslys g S0 lae
2 el il dised ;o ol b aSa
b il e S lade il @ pe o Bl ¥
C3E ) dmy e 30,5 4Ll (DMEM) S
Sealx b 03958 Lo Jobw 42 9 )15 Jaoma 59, ¥
o S VL )9 S i sla Jsbe il
SolF s bl aos oo 0L a8 Jobo b Sals
) i Jobo Jlaie )b Salz ) satlal,
ged duglie LS saigei b g 9,5 atie
¥V ol
mean OD of aample) 1

mean OD of control
%Viability = 100 - %Toxicity :f sasls

Gadolas g Caonw )0 ¥ gdlolao 3l oolaxwl U

Toxicity % = (1-

D9 o0 Ao b Jol gloodiy sy ¥


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

U9 o) Olgieds (59 damST / Sl g rllaa/ JSUI Jus o by Ji9oduagil Y-

oo ool Lass ¥ USs 1o XRD (glagSl b
>3 (MP) (s (e 550 JS0 )3 e
Olyao oy eS A ol sl onsl Job obosl sy
ZNO lime Lial3 b Ll oo ls ) (8VEY) OT i
355 iy Stz il o i s HA
IYANYE L C o B cladiged gl e i 45 (5 y5boay
0,55 Hle goasmolis £ S g plp LY g
Sl pasmics Jogai 10 4 jshiles .l adiges

el A g Bl iy C plid 50 o 55 ol

ars
1A Zn0t

.14
0
e
10200
T
192 2a0
. s
1 \
A
e Tl
5000 ,22:"3 2] % H
| I &
J- ] me g
g b 4
] ; Lot
. T | | 4o [””“
11157 o WL | €578
St Tl L
. LI § N .
= =0
38544
10030
a0
3
%)
5090 3474
oy Zold
o4 654
ok ™0 Ha
i i mpd 8
‘a«rll i Iy WRJU
P | 1
2 ol 1 | | 22
5 il g W | J[
et Wt sl ) ]
10000 4% 25
En
5
5000 HA Lu
B 4 20
‘| 5 Al
| | i
|I Sl I Ha  Ha
| ) 650 enne
| | 0
P /,;’ HA !?"9
i 24 A Y 44 6520 | 1
'\.v‘/ e b et H U
L R IR PR LS | Mo i |
] T T T T J
1 20 k) 40 50 5 e

Postion ["ZThata] (Teper (Cul)

(XRD) S| (gazmi| 8 5a5 (ol y 36T :F JSCio
85%PVA-10%HA-5%Zn (A : gl— 3

55%PVA-(C g 70%PVA-20%HA-10%ZnO (B
30%HA-15%Zn0O

- e .-'I i . ; [l
: it ) ""'Jhrd : ,ﬂ{}&fr'?” ’r | ’ m{'%.ll
: ‘l fﬂwf-' f';.l[‘ '| f )lllfj .'lJ |
IR I il Vi

: /] (e

: ‘\,\ f , ;N"(MM' ;\w; J‘ ‘ UJH

. Vo * i Wl%w\ I

% H|, J ! ||| fll o l ll

: \1'1‘ ,II | L%N ' Ill'I

B ‘1‘\h,a’nﬁ =) gl = u J

N

B85% PVA-(A :slapbd JIFTIR (b .Y JS—i
9 710%PVA-20%HA-10%Zn0O (B <10%HA-5%Zn
55% PVA-30%HA-15%2Zn0 (C

S D5y S pgal 4 b o AT IS
o (85%PVA-10%HA-5%Zn) A sloe i,

pgad odaslis i pa (C-Y 4 B-Y) s
(70%PVA-20%HA-B a5 5| SEM
(55%PV A-30%HA-15%Zn0) C 4 10%Zn0O)

v e fif -::.',..r ¢ 28 3 .
(A :slapld 5| SEM GeSwg Koo pgua :¥ JSCi
70%PVA-2000HA-(B 85%PVA-10%HA-5%Zn
S55%PVA-30%HA-15%2Zn0 (C 410%Zn0O

Fsosled A (5095 A VAR Glinse) gttt j g Cimasigy


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

Y2V (S 03 9 03 039, (5 ,bl>

SS9 ol 655 2 1929 Joho Slo ooy gl
B-A JS_) 55,V 5 @A JS_3) celw YE 5 A
o blass saslin b Jolw oS5 0 Sz Solas
gl € pled yo Jolow (Glsonss 59, ¥ cuddS
el ools lis 1y (P<+/+0) s,lo sine

0.8

o7
§ 06 I
gu.s :
£ 04 4
w03
-
8§02

0.1 4

o~ " . :

A B c control
Sample

0.25
- 0.2
E
£
_E 015
=
5 01
g‘ 0.05

04
A B € control
Sample

Yf o mls @MTT bl Geiw Hlog—0i :A JSCo
gl Y+ yoi ©ax ol 59, ¥ 50 s (b g celu
70%PVA- (B 85%PVA-10%HA-5%2Zn0O (A

55% PVA-30%HA-(C 4 20%HA-10%ZnO
15%2Zn0O

(C-H) Yarfm-1 slaao LY S VSRS

5 (Bo—igm e — OH o5 o Sb) Yvayem-1
39y =0 il .ol onaline B (OH) YYPCmM-1
e Jo¥se G 9 FNge 09,0 (Shaee sladisy
loo,oy oles (598 (Gmgdo] slog i Lo
(C-0) V-arem-1 S awo 59, )N Lt b
Sl o)l Il Glsieds 0l cpl ol o 5,0k
Crpnd Sy 055 o0 1,8 eoliiul 090 ST fg b
Sliwl Ly 09,5 L (C=0) VYY-Cem-1 oogae o

P sosled A (50595 A VAR Glinse) it bictj g Cimasigy

[N ] EETTI RN S S SN (AR oS AR SN -

o 20 40 B0 B0 100 120 140 180 180 200 220 240 260 280

Jsh abn )l "

(A 1 slp gl Job 3l dus s/ o5 i 1 S5
70%PVA-20%HA- (B 85% PVA-10%HA-5%Zn
55% PVA-30%HA-15%ZnO(C g 10%Zn0O

o8

ofa

0f2 LL\‘H‘\N‘.
a

D0 DI D2 D3I D4 D5 DeE DY D8 D9 DI0 D11 D12 D13 D14
Time (days)

—p | | i
A :glaples 59, 1F 5l o i 5 # S50
70% PVA-20%HA- (B :85% PVA-10%HA-5%2Zn
55% PVA-30%HA-15%Zn0 (C 3 10%Zn0O

9 Lok 5l (5590 @Sy S jgas V S
a2 50, Vsl o Lol (xaw (659958550 (om ) 2

. {
a5 59y V3l (5590 QeSwg S pguai IV S
70%PVA-B 85%PVA-10%HA-5%Zn (A :pl-d
55% PVA-30%HA-(C 4 20%HA-10%ZnO
15%2Zn0O


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

Oo =) Olgieds (595 dumST/ dgml g palla/ JSUI Juisg by Jigrduagil  YEY

3l oile (59, dmmnST goamolis sl
L «(Zn-0) AYYcm-1 4 A¥Fem-1 AYOCM-1
C-B-V sla i )3 (59, demST lode 2l
(C=0) yavacm-1 5 Vof-cmrl oo slacs
RHIWIARVRY

9 Gy See pslas 545 e bilea
9 S 5 A5soms Sl paie (AT S8) (st
g IMaan el oanls 95294 zdaw (55, » SowSl
solie Gol> 45 Glaiges 45 W S Hleie s o, Ken
5 e w55, 9emST S350 ) (Sl o
e G331 b Mol (6 lgenls 5 (Sl oS 3
S35y Sl Sig sl 9 (59, S ST D555
(C 4 B-Y) i el o] 35294 (5 lgenl Zolaw
500 33U il 59y 0 SIS sl iz en
Lsgie 503l amil o 00 53 osls 55 Lialsil
YW L ol e 5an C g B slaphd o oo o>
Ol 5 Szl wil oo yieg S YIAS 5 oy Sre
Sigslen 5 S5y w1 i3l Gl b a5
Sybies 555 alogz gy Julss s

laa s (F JS_s) XRD clasSIl PVA ol
AATARRPY S VAR R VAT R < NS IR SN
aS aas e L C s B A Glaphsd sl oo S
ol G ygal L8 JgSge oy alols gonimsslis
Sl Y e ams se lis |y phd Jhies Saes conbe
L Lol ol o (558 sl A s 0 YA Sy
= Sop al B (old 0 PVA vs o (s oS
FOWIIRS 7} SRl VIR {: I SVIPU SRV IR VN g

5 s gy Ly Sy Sl oy
Ceel a5 i ZN0 ol )3 ol jea> gonumo L
ks slaé slas o Jley S 5Ls sl

'WQ}:JGA 0“\“"’)“"‘“’

azgly ;0 ZNO &l gl 4y beo e sl
NFYEC DAY VAUYN 1, Y0 gogo >
e slaasges )5+ FIFAT 5 FAIOFT OF/FYC

Yy .
o2 . Sl il | S J—9
(C-C) 4 (CH2) Vy#fYem-1 5 VFOVEM-1 slaSs

RPNV R0
(ZnO) 6f-em-1 oL ,o (59, S-S5l
Cc=0 os)j UJLD...ALs 9 UJLM ,M“S W u,ul.au)‘ J.:JQ 4
§05 S oty 6 als M aas e lis 1, ZNO plas
eiinS ole )l s 4 YEY oMl sgus (o cars
yayeem-1 5 vovfem-1 ¥ vem-1 slasy
Oyizie CH g NH OH slasigy a5 b e od i
GQ‘S—"" e < )| Q)l a3 CH2 3
e Fa s \YYYCM-1 5 \YYYem-1 A FP\em-1

Loy il o 1 g 1 ol ay gy e
3V (C-0)) Yyyorem-1 .y Lae (C-O) VFYYem-1
a by e )-YACM-1 51V V0cm-1  (COOH
Losdalolid slacsty aailos boung S
T8l il o) Sen 5 Chen clulas

S Gy g (F JS2) FTIR Joloss 5 4y 5o
YYYYem-1 4 YYAACM-1 YYYACM-1 slacsty a5
AY-aem-1 slaS—y OH o9, S ay by 0
il )| gedmslas YYYaem-1 5 \VYYem-1
ay by Vo AYOMEL 698 Sy s C=0 oS
JA-fom-1 sl oS il o C-O o5, 5
5 oyt CH & by 5,0 YA £CM-1 4 Y4+ 9CM-)
S (AY) | S5 )5 i oy L CH2
ol S g b yion Jlade cde 4y YA Fom-l
Goamaslas Sl ses slo Sy el a2l (g in
blsn whd s o JSI s 3 5

AYYYem-1 o (I oDV FFYEM-1 slas
AfFAYem-1 g (1 oW VYYYem-1 4 VY)Y fem-1
(e 2. C-O)YFVYem-1 gV F- -cm-1

A Sl g0l jga gonims lid

P sosled A (50595 A VAR Ylinse) tetbintj g Cimanigy


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

YOV (S 03 9 03 039, (5 ,bl>

D)l Lagyg Calan )0 g SR 5 0I5 5B
Sl 0p b o lag colas cel wiljan glas
S WU Mg i o Lled o lagysy S o0 Liall el
e 2l Qi czge L HA fol8 (LS
.Y'A;.Slasa

aS ol ol g ol S 5l el iawsds gl
Jodzs i o jepb el a5 ZN0 iy Jlade
e Seisdsen saasl Jdoan HA 5 550 s
B9 oo phd S S p 58

AV JS2) 6595 295y )Sun gl 3550 5
1y eaiolul Ol e A Wld o S s oo
sl ot g 39 plaiz 59,V b A GLdas
bl B phd w55 an by e BV IS0
e B ot ey G el (hled &S jshailen
i g a1z aBle i Sl A oL
D Y oR A L S BRI
ghw 5 o)l 1, Laphd 00 4 Cons C o3 ity
Ao Glo oo sl 00 g 55 olid I xrsg
PSR [ 141 [© IRV [T U QIO
Loioie 59, 3l Olgsisr 258 S rocdy o w055
i C s B A slapld )l <d)5 axs
ilbise 59y V0 9 VY ogam Y Sl s

JS=2) Jsko (Sleoss; 5l Jol> gl (ogas 5
S5 9051 233 51 9 85 05 ol olee (A
210 ol iS5 5 0d) ( Faienz p (glimn b
VE A ol 69y = Jsbw Sloowss oo e
595 ¥ iS5l an 4 cosl TAVAY il ol el
Sial38l Uy sy PRIV &y g 00l 2aS e o]
slaphd )3 (59) 30T I3 b 5 sl Soigglln
g el aily il 8l sl Slesnij as,s C o B
S IXIAS Ll Jacie ool ol cele Y o ol iay
L =l 59, Vsl o as ccl sals Lo 7.+ 0/44
S5y Sk i3S ) am il e 135105 5 1SFIAQ

P soslod N (50,95 A VAR Ylinse) tetbictj g Cmanigy

Ll 00 0398

doie A Ghiges sl YAITY® Gosgamae jo S
aigad ;o ol (S weyd GialEl & el HA g
oo+ FIVY® sgu> YO jo Sy wois > B
HA salics 35 C old ;0 PAUYY 648 S .ol
g YAUPFT XAUPY° slacsy fuimed il o
VAPA® 5 VAU - FISTC A saiges sl AQ/FYC
olgS FIFA° 5 YAUPFC AQ/FEC L ol B oLd sl
Sldllae b saslcasods zuls .ociwa HA jga>
5,5 Gl ““Chen 4 "Nath

Sl e Sl (G j Slgo (SHLS (plg>
Sl sl IS5 g 18, 5 g B 85U a1
=S s &5 glacanls wleols lis wldams
aS Jlo0 vpo o S 1y 0,85 sla Jolo w5ylo
i 4 e 35l oYL sorw a5 Slacan )l
W9B s 0drdS 5 aile S0 Jolw sla S
Ol ,Shos g95 dn axsi b G sl 5 acdl,
S Sngy daad e i (Sslite Sl elss
45 seboles WS oo Jooui 1) (pgbite (S S5
ol oo i o C old el oy O S
slpkd slp codia Job sbojlas,s o)ls ) Job
o /P NEF A0 Ly el , 1, C 4B A
Ol Uil o, e dalisl aig, cpl 4 LYE/YY
Sl SiS S ;3 ZNO jpi > Eawl 0599 ZNO
Cosgazme PVA S oly lojaay sloidu o5 >
Frim Sl Sigeln jga > Ll S (oo olox
L Job sloosl oo, Sialidl .ol oog ol cae
Pl e Smlen )L Sen ¢ IMaan mLs
B sasges 4 bgrye (v Gl a2l (S0 S
slaJHlss jpa 4y a8 ol S0 diged 93 5l i

S9SN DSy S plal jo 4 cwl Gl Ho i

ccb HA §Zn0 e (ili8l .cwl g 35 oyl
slize! Lo g IMman el ool o G obs)



https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

O¥9 =) Ulgieds (595 dumST/ daml g palln/ JSUI Juis g by Jgsauagls Y

L Lok JLobog) o) p Sl (59, S5l
sy oeSal andl 8,85 il 5JUT 5l eoliul
SlSe oly 5 o0 ,S a sl |, Zno
sosl oo, e ZN0 isli 8l L oS ul asice
bse Gl Jsbo

Sswyz 5o ) ) e85 lie (i €l
Hmo o WY 595 50 Cplid (39 S pdyen P
ks o5 HA 5 ZN0 ioli8l b .ol ooy 6,5
Y Sace b MTT s guls wilassly ol38l 5
pld 4o Lo e (ol (Slooas; YL a5 sls i
Sy Pl g dmar SleS 5 Sl sk s C
558 Ay Cand 55%PVA-30%HA-15%Zn0 oL
Wl 0028 5155 Semwlis oadarsly slagls
Olgsar o35 3kl goasly jo ol op)l5 Gl
b Gituasel Wlgioe G 02

References

Ay Caiged 1o by sl (Sleodi oo )s ()l
ST sla g SYL cdale sjls Slgsean (55, dunS]
M98 e olell slao 3 sDNA
slacchle sloslawl JJo an adllas ol o
MTT cass ,o iie 03U (9, duncS| (gainge
C B A oL aw addllas ol o sl ouis onalic
15 gl S Il IS Jatzs oy iz
o A lw Sglaie slacans L g9, S
PP 4,98 has 008 gole (b sladdl S
odle dw o 4y Lo o ele slaoy S )58
Lodsges (ol s59T98)90 (o p 0l s
Ao,y Gl Gioli 8l L oo oloul (gonums lis

1

Pereira RF, Carvalho A, Gil MH, et a. Influence of aoe vera on water absorption and
enzymatic in vitro degradation of aginate hydrogel films. Carbohydr Polym. 2013; 98(1):
311-20.

Johansen E, Lind R, §gbg B, et al. Moisture associated skin damage (MASD) in intensive
care patients: A Norwegian point-prevalence study. Intensive Crit Care Nurs. 2020: 102889.

Ghaderi R. Efficacy of epiglue, suture, honey and animal oil in accelerating healing of full
thickness wound of skin in mice. J Invest Dermatol. 2005; 125(3): 136-43.

Sandri G, Bonferoni MC, Ferrari F, et a. Montmorillonite-chitosan-silver sulfadiazine
nanocomposites for topical treatment of chronic skin lesions: in vitro biocompatibility,
antibacterial efficacy and gap closure cell motility properties. Carbohydr Polym. 2014; 102:
970-7.

Guillén-SolaM, Mieras AS, Tomas-Vidal AM, et al. A multi-center, randomized, clinical trial
comparing adhesive polyurethane foam dressing and adhesive hydrocolloid dressing in
patients with grade Il pressure ulcers in primary care and nursing homes. BMC Fam Pract.
2013; 14(1): 196.

Dong Y, Hassan WU, Kennedy R, et a. Performance of an in situ formed bioactive hydrogel
dressing from a PEG-based hyperbranched multifunctional copolymer. Acta Biomater. 2014;
10(5): 2076-85.

Moritz S, Wiegand C, Wesarg F, et a. Active wound dressings based on bacterial
nanocellulose as drug delivery system for octenidine. Int J Pharm. 2014; 471(1-2): 45-55.

Yahyavi M. Polyvinyl Alcohol Biodegradable Nanocomposites, Reinforced with
Nanocellulose.Besparesh 2014; 4(3): 82-90 (perian).

P sosled A (50595 A VAR Ylinse) tetbintj g Cimanigy


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

YOO (S 03y 903 039, (5 ,bl>

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Zeynali MR, Nazari M, Karimi S, et al. Prediction of polyvinyl alcohol (PVOH) properties
synthesized at various conditions by artificial neural networks technique. Iran J Chem Eng.
2017; 14(2): 3-16 (Persian).

Norouzi M, Ghasemi-Mobarakeh L, Morshed M. Fabrication of antibacterial poly (vinyl
alcohol) microfibers mat for wound dressing application. Iran J Polym Sci Technol 2016; 29:
15-25 (Persian).

Fotouhi Chahuki F, Aminzadeh S, Jafarian V, et al. Screening of HA-producing lactic acid
bacteria and culture condition optimization of selected bacterium by Taguchi method. J Cell
Mol Res (Iranian J Biol). 2018;31(4): 511-20 (Persian).

Ghanbari H, Sagharvania N, ZakeryM, et a. The histological study of the effect of hyaluronic
acid and curcuma longa-GHEE compound on the gingival healing following gingivalectomy
in dogs. J of Dentistry (Shiraz University of Medical Sciences) 2008; 9: 222-34 (Persian).

Mirhosseini M, Yazdani N, Dehghan Hamdan A. Investigation of antimicrobial properties of
chitosan-ZnO nanocomposite. Razi JMed Sci. 2016; 23(147): 104-14 (Persian).

Nakhaei Moghaddam M, Najafi M. Effect of zinc oxide nanoparticles on the pigment
production of clinical isolates of pseudomonas aeruginosa. SJIMU. 2017; 24(6): 107-16
(Persian).

Rajaie S, Mohammadi Sichani M, Mohammad Y ousefi H. Study on the inhibitory activity of
zinc oxide nanoparticles against Pseudomonas aeruginosa isolated from burn wounds. Qom
Univ Med Sci J. 2015;9 (1) :30-7 (Persian).

Norouzi MA, Montazer M, Harifi T, et a. Flower buds like PVA/ZnO composite nanofibers
assembly: Antibacterial, in vivo wound healing, cytotoxicity and histological studies. Polymer
Testing 2021; 93:106914 (Persian).

Ebrahimi S, Hayati Roodbari N, Parivar K, et al. Investigation of the effect of nano zinc oxide
on skin burns in adult female mouse. Medical Sciences 2015; 25 (4): 257-62 (Persian).

Imaan DU, Mir FQ, Ahmad B. Synthesis and characterization of a novel poly (vinyl alcohol)-
based zinc oxide (PVA-ZnO) composite proton exchange membrane for DMFC. Int J
Hydrogen Energy 2020; (in press).

Soubhagya AS, Moorthi A, Prabaharan M. Preparation and characterization of
chitosan/pectin/ZnO porous films for wound healing. Int J Biol Macromol 2020; 157: 134-45.

Wu X, Li W, Chen K, et a. A tough PVA/HA/COL composite hydrogel with simple process
and excellent mechanical properties. Mater Today Commun. 2019; 21: 100702.

Bromiley GW. The International Standard Bible Encyclopedia. Wm. B. Eerdmans Publishing;
1995.

Kumaraswamy S, Babaladimath G, Badalamoole V, et al. Gammairradiation synthesisand in
vitro drug release studies of ZnO/PV A hydrogel nanocomposites. Adv Mater Lett. 2017;8:
546-52.

Martinez CR, Joshi P, Vera JL, et al. Cytotoxic studies of PEG functionalized ZnO
nanoparticles on MCF-7 cancer cells. In: NSTI Nanotechnol. Conf. Expo, NSTI-Nanotech;
2011.

Chen H, Qin J, Hu Y. Efficient degradation of high-molecular-weight hyaluronic acid by a
combination of ultrasound, hydrogen peroxide, and copper ion. Molecules. 2019; 24(3): 617.
Chen K, Liu J, Yang X, et al. Preparation, optimization and property of PVA-HA/PAA
composite hydrogel. Mater Sci Eng C. 2017; 78: 520-29.

P soslod N (50,95 A VAR Ylinse) tetbictj g Cmanigy


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

Oo =) Olgieds (59, SumST /Sl S salln/ JSUI Stz by Jigsdungils Y EF

26.

27.

Nath SD, Abueva C, Kim B, et al. Chitosan—hyaluronic acid polyelectrolyte complex scaffold
crosslinked with genipin for immobilization and controlled release of BMP-2. Carbohydr
Polym. 2015; 115; 160-9.

Manuja A, Raguvaran R, Kumar B, et al. Accelerated healing of full thickness excised skin
wound in rabbits using single application of alginate/acacia based nanocomposites of ZnO
nanoparticles. Int J Biol Macromol 2020;155: 823-33.

P sosled A (50595 A VAR Ylinse) tetbintj g Cimanigy


https://journals.tums.ac.ir/jdc/article-1-5492-fa.html

[ Downloaded from journals.tums.ac.ir on 2024-10-28 ]

YOV (S 03l 9 03 039, (5 ,bl>

Synthesis and evaluation of nanohydrogel film containing
polyvinyl alcohol/hyaluronic acid/zinc oxide for wound
dressing

Malahat Khateri Roodbordeh, MSc ~ Background and Aim: Lesions of the skin can impair its

Nahid Hassanzadeh Nemati, PhD vital function to protect humans against external pathogens.
Department of Biomedical Enginesring, _Thergfor_e, producing a suitable wound dressing to repair
Faculty of Medical Science and injuries is always one of the challenges of researchers. The
Technology, Islamic Azad University, present study aims to Synthesize a hydrogel film for wound

Science and Research Branch, Tehran, Iran dress ng applications

Methods: In this research, a hydrogel film of polyvinyl
acohol / hyaluronic acid / nano zinc oxide was fabricated for
application as awound dressing. For this purpose, three films
with different percentages were prepared using the solvent
casting method. The synthesized samples were characterized
using FTIR, SEM, XRD, and tensile tests.

Results: Evaluation of the morphology of the samples
showed that the increase of zinc oxide nanoparticles led to
porosity and growth of their size in the films. It was also
characterized that the percentage of film elongation increased
with increasing nanoparticles of zinc oxide and hyaluronic
acid. The elongation percentage from the lowest amount of
nano zinc oxide to the maximum (5, 10 and 15% of weight
was 159%, 166%, and 230%, respectively. The MTT study
indicated the cell viability above 80% in all three films.

Conclusion: A film containing 15% zinc oxide can be a
suitable option for using in tissue engineering and wound
dressing.

Keywords: zinc oxide, polyvinyl acohol, solvent casting,
hyaluronic acid, skin regeneration
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