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oABSTRACT o

Alginate biopolymer has been used in the design and development of
several wound dressing materials such as (foams, topical formulations,
nanofibers, films) due to its favourable properties, such as biocompatibility and
non-toxicity. It has been particularly attractive in wound healing applications to
date. Additionally, it can be loaded by antibacterial materials such as antibiotics,
antibacterial plant extracts and metal nano-oxides. The aim of this study was to
design sodium alginate (SA) based zinc oxide (ZnO) nanoparticles as
antibacterial film for wound healing applications. The ZnO nanoparticles, with
an average particle size of about 16.75 nm, were synthesized by sol-gel method
and characterized by scanning electron microscope (SEM) and Fourier-
transform infrared spectroscopy (FTIR). They were then incorporated as
antibacterial into sodium alginate with different concentration (0, 5, 7.5, 10%).
Effectiveness of antibacterial activity was carried out against Gram-negative
bacteria (Escherichia coli, Pseudomonas aeruginosa) and Gram-positive
bacteria (Staphylococcus aureus) to characterize the sample. The prepared
ZnO/SA film presents a promising potential for applications as novel wound
dressings.

Keywords: ZnO nanoparticles; sodium alginate; sol-gel method; antibacterial film;
medical gauze.

*masters student- department of biochemistry and microbiology , Faculty of Pharmacy-al baath
University-homs

**Ph.D, Analytical and Food chemistry department, Faculty of Pharmacy, Tartous University
***Ph.D, department of biochemistry and microbiology, Faculty of Pharmacy-al baath University-
homs

YoA



Tartous University Journal. Health Sciences Series ¥« Y¥ (Y) aall (V) alad) dniall aglall @ (gl daals Ao

- -

dadia

o a3l i) peaie a5 T10.VY (/MOl) (@A Aijes Yo (A sare el jeaie el
JKah 3l aalging 1] AV 858 3 Dils ealiall SSIC YT peatall oes ae¥ 43,50 Jil
Rocksalt, zinc blende, ) 4w JIKal 4D jeda @) Gl ol lgie daphll a0
e (FDA) Gudlall clgally daaall daliia didiom Mg ¢ pagy S8 Lalle @lijll aus] aadny . (wurtzite
o el cdaald 401330 Zaill o 13 aladall d8las 53LS Caardin) Lads ((GRAS) did 52k aif
s ¢ oshilly aflhall sl Gl al aatieg LS LY Y]oaall Gailads 4gSilly jelad) (s
5l doveedl) lilglly Jaeatll Clpianiies tlging (agadll 4ay Ao duhll cldadil) e waad)
bl e ladll pgailly s dags ) ALaYl cnaiidl (35 i daleg Aall didajag dpylas
L] ol i) eal

127 sl 6 (0 )M o sl 2ol ) Slepeal) el Ll Cilasa) G
o s ailiad gl agaall ) ot lgans (e L) die Cilasall ods iy i) e
G iy gl olid Aee (o ol B3ie Jaloe Ligilll Msall fas Al LIS Basa ailiad
oalsal) edag gl duasi Ao 1l Liads cpaall Zailly daiipall mlandl Ao Jie 8233l Lgiliaa
Clasall Galsd waaill dag oy calal) il J€85 salely ua¥sSl G e mad o S
lero Je iy =g pal) Jal Cargl) sanae Culiia aiaaly ceans 1305 Zgsall 52 Aa1als gl mans Logildl)
OSar il BLRYL o]t aai o S5 Laa amse IS dugal SLE) ) gl Jelil) P e
s A ldsan e Lee Sl o liles (Ka @llng gl Clasall Gaa dugall s
Ol ADle dugeall sl Cilasall o (6 csthaall oaslanll LB Glanly Leujas (e Caxgd)
D8l e 8yally LU saliaall Adledll 28Uyl adlhall saliaal) Zaledll sgny S3 Zgsal) clad dilee
Ledall WAL Ly (the extracellular matrix (ECM)) suaall LAY 4<s (S5 e e
o]yl

b Aaliy ) Qlaedl dilide jilias (e e Jpean) i g el Slal) i
bl Glaladill (e el Leds [1] Leie 88 GlaS o (ggind dumy Al Qlladall aplall lasl)
Laginll (goaad) A 3 giallady (dyha)ll Lgting Winew aaey (gl Gl Jie lpailiad s 45l
G ls can A Aalgd) Jalsall e a3 pailiadll sda o Gy iyl Al Lgulladl ALYl
o gk Lealaiinl &5 Cuny 13 Lagy s Al clalacall 3 Slal¥) alasind 5 @il L olel)
abens (Ko 3 demial) ga il IS (DUl -dadel) Jie degiiag dibide JISak okl (sl
Uy el Ll 3gi 43581 ALY «Gyoally o) elad Gouat doleny a5ty LS cafihall Balias alse
N ERENEY PRUPN RN
Giad) daa]

daipe Gy gl zym Onbadll gl (gl gl clalall aladnn Aol dasall o) L)
Ll dalie il alaa) (S

Yod



P‘Aic@‘}su.aamh ‘_!Ah.“ Lﬁw p.ﬁj)a.u Saliaall Alladll :\Mj)é

clolall el daglid)l duagiall CYMAN e el el Y
agibing il daial sargall Hhalaall SIS Lgaviats Llla dariioud) Ligall

Ul b adlall saliae 4llad clla oS alagy daldl dalsl) Ry
aihall olas Alladl) Lgaall caliall dach 8 o lucall bl

Gaaall e gl

o Wk (as Ll il Glaws o ggind agagall cliall o D juimas
Lled (A acbuall (g ally 75 2l

Jandl (3l g 3lgall

A gall—

(Loba chemie) chagll AU clijll eBls O

(d=1.84 g/cm?), (M=219.50 g/mol), [Zn (CH3COO) 2.2H20]

g/cm®) «(NAOH]  (M=39.997 g/mol)] agagall 24 0 O
2.13=d)

(Chem—)%99P=). (M=46.07 g/mol)cCH3CH20H] ]Jstuy! O
lab) (d=0.789 g/cm?)

L 2lig) £ g3ie pina e sl 0

gl iyl cilasal Aibae 3805 o Lglal Spmad) Jilladl) O

—omll) GLUY) e gulall dalall Lgall clilall jal gl O
(Abtek Biologicals Itd)( sl sl g cyiae oY1

Muller Hinton &3l Jaug [

(M=216.12 g/mol «d=1.0 g/cm?) [CcHgNaO]) asmsuall cilinall O
)

(d=1.261 g/ecm?)¢( (M=92.09 g/molcC3H8O3] | Js mule 0

(d=2.15 g/em?®).Cacl2] ( ( M=110.98 g/mol ] asaud\<l) 6K O

e b s 0

EPAR

dogilil)l clijll Cilasus juiasd

DA Alatind @ Guns ALl (dinJsea) I Ayl Lol il Cilasen s
Aaladd) 33y cllyg [A] daeS haiad) elally CaSlSS Jgili¥ly aolh oSS clyagl) 45U @iyl
)

(Zn (CH3C00),.2H,0) + 2NaOH— ZnO + 2NaCH3;COO + H,0

Ssine e ) \glaly gl A8l Sl EDA e @)+ Ojp Dl (e sl S
aey 3283 10 sl Plad)) sl s SLeS cwdalind) dad) Lo gy ke cle Jo VO

Y


https://pubchem.ncbi.nlm.nih.gov/#query=C6H9NaO7
https://pubchem.ncbi.nlm.nih.gov/#query=C6H9NaO7
https://pubchem.ncbi.nlm.nih.gov/#query=C6H9NaO7
https://pubchem.ncbi.nlm.nih.gov/#query=C6H9NaO7
https://pubchem.ncbi.nlm.nih.gov/#query=C6H9NaO7
https://pubchem.ncbi.nlm.nih.gov/#query=C6H9NaO7

Tartous University Journal. Health Sciences Series ¥« Y¥ (Y) aall (V) alad) dniall aglall @ (gl daals Ao

e Baaly dady Sl DA Jglae ) %(A+) asmsall 2Sgi0m Jolae dila) cua Pladyl ols
Jyash Jin bl el ) (3ki=5)kd) Loy (sllaall Joil) dilia) cass Dl clypatls ey
o ¥or Bha dan od caf Ay call) A Judl) s Gugid) ) Gl pea L) o=ph )
[8] . (ZNO-NPs) (1)<l disilill il cilamnd Gl (dsaase o Jsmanll & Cam dels ) 52l
DOVY.N 25 6 VTN G je3ye e Jsanll 5 il (eaasal O &

l ;-.
Aagilil) claswad) (8 gaiwa :(1)JSE

Al o) Chua s
Fourier-transform infrared spectroscopy (FT— ¢lall a3 ) dble -
g5t e FTIR 4adY) dlbae Slea dauls ellyy el delill mil e SHlly Jidaill &5 IR):
Loyl a0ns 2 sy o(Eevr s Yoeem TN ) D g cluldl el & Gus SHIMADZU
cehenll it LaiY) Cila 3 Lgaaliaiial gilse DA (e Luialasll Cile senally 2l
nead 23 Scanning Electron Microscopy (SEM): mulall g fSNI jgadl Y
(Scanning Electron  X50000 iyl 5,08l <ld lea dauls ) Gsadl (o L
- Al Clasadl <G (e bl Microscopy Tescan VEGA)
Lgilil) Sl ilassny Jasall agageall cliall 2l juzas
Aldg (%) V.o 0 ) Ll il skl Glass o dide 3€HE SEY) juaan s
il pdad ol 38l 5 Gl ey %) 0 S5 ke Gpmalilly %Y S5 asgeall cliall aladaul
Baal HUAEY )y il (385 (5LS Aadad JS0 Al el (g Ja Yo dlaly (A*VT) CMP anas dains
sl alatinly (Ll algall danylay DY) e Jgean) 23 hal L Jolaall Galal (opin Wiy 3l Y
by Aaie Auagipn gl IO e D1 ode cids 285 .(2) U< %0 385 o gaudl)
Pseudomonas aeruginosa ATCC 9027e
Escherichia coli ATCC 8739e
Staphylococcus aureus ATCC 6538e

ARy



aldiea je abddlc (bl (ELEN o)l Babiaal) Adledl) dulys

Lagiall dladll o

(Well Diffusion jaalls jLasy) A (e Lagilil) @izl Glaswad daaghal) dladl) L))
Method) .
s Aabra Hlia) il dandgs saalsll Ball ¢ 1 MM ki o)) ke IS (8 s € sha) 5 Cus
Gins G i S e V) vl 38T 35 8 e Bl Al Alanlgy 3l (he ddlal) dgall o Lgad
Hle OIS+ o) duall Cuny A3l 31 Aalsall Byal) 3 lgrugy (ALAD o leduls J8 ddlad) e
san o dagin U9 Galia ganye @ Sha (o Bl sy el 2als Al 5 Lads ol sl oo

) () (ELED (Y) S

La8Lal)y gty

dogill) ilasaadl 39350

g clahe Ve A il jaad cilhugd) 4608 il cDA aadiu) e DY) S
e i L%V Lsie dawy (gl Ll Glamal) (e sl VYT e Al 8 Joeanl)
Libesll Azphlly Ll Glewal) pias Pla [1] ade dias 3 29254l ae 35054l
Asilil) Clamal) aviead & et P auis Calll ade Joan 3 390l W ¢(%AY. 1Y)
oo IS JiT S8 24.30%)) caludls 24.66%)) L) e (AN dgaall dayhall,
2011 Cnlll anallh W o juasill 8 £8hasl) &aphall ¢ Lol g ddle Jgean) &5 (530 39354l
) 25my 85 %A0 Loy faa Ule ade Joas 63) 2505l S 3@ S. L'opez-Cuenc
il 0kayy Y+ YY Qiang Wang et al Gl 26 L [V« Jaiail) 8 4ibeS A2k ac LY
PhJ) (e Allie Jagpd ks die 3930 Juadl o Jguanl 235 cBogdl) (sl (e Al dasybally
Aolall daplall agaladin Cund) dgay By China 3g05all 138 iiag (%EY.0) sa Bhall A3 )35

D] gl 8

y 1y



Tartous University Journal. Health Sciences Series ¥« Y¥ (Y) aall (V) alad) dniall aglall @ (gl daals Ao

elpeall Cint LasY) Cids (ilas

() sHIMADZU

6/26/2022 1:41:15PM

Bashar nano

100
%T
75 | D
C-Cat
50 990 cm ™!
€-0 1413 cm
25 between 3200 9" to 3500 m 1€ )
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
1mg/150mg KBr/Anal:CH Basima /B No:(—--Nano) cm-1
- 3pasilly &) U8 dugilil i) clasaend FTIR Cigda () Jsial
1A aadll Jlghal aay o3
JU You g ¥Y e omT A Joha o ol IS5 e 2] saad Ad A
O-H aLi)ll A
C=0 ah)l e JuV1¥Yem ™! die (alawy) daugic 4 .B
C-O il dalb Y VY em™1 e aliaia) saad 4ad .C
C—C il dai 49 om™ 1 2ic dbas 4ad .D
Zn-0 a1 dali $VA cm™ dic (aliaia¥) saad A .E

a8 U DY) lede doas ) el pe (¥) KA 8 Lo Jgemall 5 a3 FTIR o cygilis
(7)) b lgde Jseanl 5 ) FTIR add iila LS L4500 clijll cilapn g lilacaY dgilia 4,k
2wy e Lage apulinll wuSne abadiul GOl aail) dayh el aadiul @3 VY] ae
Agalal) Jelis ehaY ol (a8 aggeall

355 A Al Aadll aele € IS dbie FTIR adf el ai [)¢] calll dually U
o 2 (g g lilaal dah Gl pladin Gl ) S5 ((ZNO J gl Glijll Slagsal
Aspergifllus niger . ¢lagu)l duiliyll Hhs ddau)s ganial

oabaiaY) el iyl Ll e Lleall 5 ad ) £) J<E awelly danl) s aedll dpills W
bl Gl Gy AL aabiall e daedl ae dnil) o2 iy Zn—0 abayl Al YA cmTt
Jgaall 2icg (Deverra tortuosa) aus aladiuls dglall skl Lgll) elijll Glawes aaial [V 0]
GUNT] calll iy Zn-0J sailall Liny ae Al Zadll 35 25 e silly Lgilil) Slasal) e
pia W [1V] Calll Lads (Photocatalytic) sl sl ik Clawall sy o6
.Becium grandiforum ) &l 4,5 ZaMa (e L ilapusall

'y



@‘Aic@js‘famh {_!Ak.“ u.‘a'nw p.ﬂj)a.“ Saliaall Alladll :\Mj)d

4 ‘ B o el L .. =l
4000 3500 3000 2500 2000 1750 1500 1250 1000 750
1mg/150mg KBr/Anal:CH.Fadi /8.No: (NaNo 500) .ispd

"y
dpailly AN wa Augilil) i) clasad FTIR gl £(£)JSa) |
ol 39 S gmal) 8y90m s
J<al) Ay € Glars @lllia sag (0) JSA dngad) dalidl jpa b page 2 LS
L1=25nm, L2=21nm, :Jull il o culSy lgie Aol olad Gl & Cam gl
1Yo nmbssiw L3=9nm, L4=12nm

€ Bany gl il Clasend aalal) g SN jgaall 8 gua 10 IS

D) Legr Gl Ohe¥) (3ag (gl Cilasal) slady U3 maldll g S eaal) el

03555 axiiusall weldlly dua il Bl dagag Jelil) (he) Leie guiall ol sac
ob Clahall el G (il clgha S Eigaal AP gl sag el e
gl salall haas iy (63 aeall bl dilia) any (3580 DA oy sl clawal) (<
@iy Glases Jgria il V9] caonn Laads DA] cans delal) o) o) WIS Laas slagis
) Caiat w5 camubisll 0uSyna ae @il Sl aladiul Lbesl) Cuusl) Ayl digls
e e A daball Zliay duball ol 6 &g cclels A add 12C° s dajn xie gl
Olsi DA Alajal) oda g ¢ Jg¥1 Alayall L gpull Asye @l Gun gl Gl (K
L) Aayall Al W Mo KU gatll WS i ) sl J<am Gusy Jelal) 4y (g
b Lad b Zlaad 2y (0.Y)NM g5kl anall Jasgial) (358 Al Clagual) gai Cpanaid

¢



Tartous University Journal. Health Sciences Series ¥« Y¥ (Y) aall (V) alad) dniall aglall @ (gl daals Ao

i alal e Dl 2y Lgdy 2N Alayall Tad 5 Gag Ol DAa L Alspall oda g [Y 4] dual
b2 g & gl V.YIM L 0.Ynm e 2L Clasal) s fay baie (Joladl b
M obl Glaws oisll @ g oS aaas Ll Glaws o Joaall (5350 Jabal)
Aelu (Y,6,7,A) quball g CDIEA) e quinall Ay Jag pill iy il die (FY,Y0,¥A,£Y)
daiii e opfie L Baal bl die dagill cajlig Glaseall aas 3 delil) ey 3 WS (6l ¢ sl e
ol sl Gus e M) i)

Aald Ly )i Gaca dassae Blha dana Sl dlebe 4h wasill Copm tuasll Hha dapy Y
e ey [Y] cauny Glldy (sl aaall daling Las 3oy asill DA Glawal) meati Gas
Bie e (505 A Al llic paall i Bl Glaall o Cus clamall ity ohaY)
aasll il luhal) e el gl cCanlie IS Al HSY) aaall G Glawal) ae d3al
G [YY]auh b elld At ay cAbbaslly ALl pailadd) o oyl Jally cilewal) IS8 e
SOl= 1) dayyhay lasall piia Cuny Augilll Glassal) (aibad o awgll ha il Ay Lad
5385 CF v v Bl dajay awell die (YE-YYNM) G sl gl 6l Cilasun <jedid 450U gel
e Jgeanll & (Al @l ae lgadl gy Jag pall (uting lgeldl & Al ddphall Gl (& ARkl
@sll) aaall Aa)) Coov v 1) asagll Aapy ady ae Aibidl diyylall (i Gilaseal) Ginldl giia Laticg
L vonm )

Lilaal wieail Ayl iy Al 6l Slaseal Sl ¥ lialll aia [Y7] <l ALyl
o Yo )ladie gl & ) Bhall clays 1 JEIS pill) il i sl Ay GDS) s
aan o aagll Bha dayn il oK sl sdag (NMY, €Y, € 8)Clasall aas zils i€y (Co0
gl Cilaseall

il jnadS dahie #O aladiud 6 [$]Cald) maag 10855 axdiud) mll s ik Y
25l mle Cnlll aadiil Laie (Hexagonal structure) oulaw J<e IS4 clawall iyl
Ghuy oS J< st die a4l Gus @l G Cuddl Calll gy ((ZnCI2)els)
o Jpea) ool JSEI Jaadd G il Y Bw I ae ety Zn5(OH)8cl2.h20

Slo laaaal jsehs sy (l<E i) culael (Zinc nitrate) el s alasiuly aieal) dieg
Nano ) Gl i clameall ek (VoFM(@lmill (o Gamidie 35 aladiul aied el €5
el (8 e ediny LSl U< Glaall aaind (OM)aine 355 ladiul xies (sheets
[24].4u)55 ae iy 5il535 ((Nanorods)



P‘&c@}s@mh ‘_!Ah.“ Lﬁw p.ﬁj)a.u Saliaall Alladll :\Mj)é

& ) Jag yilly Ayl ety Ll @li) Clamn it ey bas [V Y] Gl (50l
Sl WS el s P e Jpanll 5 W diilaie il apal cjglag Gnall 138 3 Lge Ll
sag L aaly &S Al LSl Guity Jeall Byl s Ipalatind Gl Gfiall) i g
lady g€ lgrses Claall JIKE culSy ailK Jgliy) e Lase Jsilisall alasa
Maly JSAIL Gl 13 @l e BES culin Al sl Yo N Ve cilS el
LYol gl cilasal) I e il 4l o o RS s of 6 L lasnl)

Bagiall Adladll

case b LS aball Aula Vs dnbud) o8hall saliae Allad Lglil) @il Clasen Sl
adlall sabiadll dulladl) cul€y ([26-28] dnlull Gluball e waall ae @l Lee (TJSAY)
s Escherichia coljxilyal salad) 4l (4 Al Staphylococcus aureus (+G) olxs
IS adiat Ll Sl e Adlad ol Gle LS LS, «((Pseudo aeruginosa (-G
o (Gla lan b ol Aylad adhall Cum (gl (sall Jlaall we lglelis o s
Gl el A Al Bl a8hall DA o GSlesatal) e saaete il (e G5y
[29]. 1S sssalll o S s (Dl dbalae OIS g2l (o Aa) s (pany Sine



Sarlally Japinl) Uadf

30

25

20

adil_all 5aliaal) Aglladl) s

26

18

° E—

. |

. |

y e |

B |

. |

. |

. |

5 s |

N |

. |

. |

. |

N |

0 Escherichia Coli pseudolmonas staphylococcus
aeruginosa aureus

B 0 mg ZnO-NPs 0 0 0
® (0.50 mg ZnO-NPs 16 13 21
2 0.75 mg ZnO-NPs 18 16 23
B 1mg ZnO-NPs 23 18 26
B el ALl 18 18 20

B0 mgZnO-NPs ®0.50 mgZnO-NPs ®0.75mgZnO-NPs M 1mgZnO-NPs M 2 ull slal

Ailide Luagin &lﬁi sail Al K:U-"L"-“ A ] linn dallad : 7 (&)

vy




P‘Aic@‘}su.aamh ‘_!Ah.“ Lﬁw p.ﬁj)a.u Saliaall Alladll :\Mj)é

Vs Ll ekl ae Ll @il lass Jelim aball dula) afhall dlls
Jalal clginall ilagall 038 3)als oyl Slgs Dlase (05 ) alsall (g0 € 220 by
il gabing o5 LT 5aas doagipad) Glal) cugal Cillaall Ailg (8 iy Lea cdgla

esiall golal) jlaall ae Ll Gl ilasn Jelim caball Al aflal) dlla 8 L
A5 Al ity ellly dSull cladlly duysbesdll Clalll o Glak 330 e GsS S3
Caanall 13Ty A0l Auglall loSall e Lgle Wiy Aaagiyall Ldal) Jala ) jsuad) (e ilasual)
Ol g (sl ahall dulad) adhall me Al Sl daglie phall dulu adhall (sas
Jadn Sl ey Lgill) Alijl) Cilasen] adihall saliaal) Zledll Jiasig [F) oFe] daladl bl
st Al il sl ) jat Bal) AoV Hsiall A

g9 (BaShal lgamiliads st Lglladl aflall o sall LimuSo¥) ol e 3503
G St slgaY) Glaal sl Hoaall 03 agis Cum [FY]laball (e daall 8 Glld - Liay
Gl il Lglsaal dam€ clisigydly DNA I 5 clandll Jie Lglal) lisSall jaadiy aghy 05
& U Lipid peroxidation) ) sauS5e (358 clad s duaghall cilanll) sl Lady (5lal
Mg dganl) duglal) Cilagl) Algilly Jany (31 (gslall eliall b i yuaill ) cowil) Jalal)
osaall b o cluball cun LS [YY] gl Glawall aan e WIS duagiall Al
Baliaall Aladlly (ygistll Jelis o Uali)) Joasidly ZNO-NPS Il s (3o oy Ball LianSsY)
7] adhall

ailall saliad) LU Al CLWY) ol g8 dmsll A48 @l bl e W
eesiall gl jlaall G cnlaling ¢S cadlad sy Cus [YV-T0] digilill clijl) Cilagal
A s it Jolemy sl ol s 5 ums Tolad Bipatd) Gl Cligly W gt
aihall Il laall e cDlass I Chud laysn Al Lala) Lmas ) aushs
sl g b (2N77) it A58 gl gl G b oSl L Slaball e el Slia
Gl )ty Claseall aaa G liad (e il Ciangg silill Daandl e Aghane aginal
Ball LK) dall LS

pailadll L Gty O Gl (207) ligl) SHA o8 [YA] Galdl 2l o
Lg,S0 Al i Glasal) of [F4] Gialll agl L Je bl Jansg AilasSs cilasndl A LaS 5l
rod )agesill Zadl @iy Glwall o ST JS8 (zn") iy ke (spherical shape)
.(shape

g adhall ssbaal Adladll o weil) Bl dapal skl Ll Lad [£0] caldl oy
Aide e Claydy gl @iy Glapas judasty o8 Cuay 450l SOI-gel ) diylay juiasill
5aliae dlad ol cidael Ally i Aoy duadl 4 ) Jeagis adhall saliadll gudled 3y
adlall saliaall Lol Aladll 3 o) ()5S5 Mg Gandl 138 pe il g COF 0 v o ol
Gl gl Cumy (Y £ ) MM &gl Glasadl b Adledl) CDER) s 3520 38 LS
Glapall e i LalS 4l Cumy adlall saliaal Gledl) 8 L ysg cilasall slad il [€)]

YA



Tartous University Journal. Health Sciences Series ¥« Y¥ (Y) aall (V) alad) dniall aglall @ (gl daals Ao

A el gl S sall ALYl adhall ae ST ke () B (pas/phan dabig) das S
sabadll dladll 3 )90 Lgd Al Reactive Oxygen Species (02—, HO2— ,H20;), dusdll
-0k afiball
adhall 5aline ddled cilael Axilbasll dalll of [£7 ¢2Y] 8 LS Cluball (e uaall gl
Al Azl ae A3)lally Juadl
alabmuy)
Al Gl e aoiat Jlae 3 Lage s 4Ll (Sol-gel) dayl [
Gadail) Alguss Aiaidia 4dlSis %VY.T Taa aa 2935
olat daagiall sam afhall salias dulled lgasiat & ) Augll) @il ilawn @
(E.coli, S.aureus, P. aeruginosa) adiha
Gl (535 plaie JS LA e (3idae asageall Ciliall (e ald o Jgeanll 5 [
Llgall Mgally Jaesill Jlag Canslia
sl il Cilass aaiad Jlae b Lage 1o Lilel) (Sol-gel) dayh < [
VWM s ol danigiass G S JICa1

Sila yiRally il gil)

aball e gl il e dul N

(in=vivo) daall wlilgs =gy Ao dagas Ay O

(PVP) Jie GLal) jacasil (Al e gy Jlexiad O

Ll Aadas A yla€ Al il ilasuss sl Akall dasylal) oo 0

LY Jie Al A¥aa JKE jpasal Ll @il Glaws Hlasiul O
Ledlad d5)lia g bisells

Adlad 3 Baclue (A1 Jgay Ll @iy Cilasen (gging (b LS jaaas 0
Lokl SladAl) Jie adilall salias

Glpladll e gl clasaal) 8l 4y 0

-

aaildl)
& st I A Agill) il Glasa e Dglall agngeall ciliall alay Jesall okl lal

Pseudomonas ) alall dulus dulay) adhall (e sase glel Saliae daaly dlled jelsl Al o2a

Cua (e Bacly 52l oyliie) (Ko <IN caeruginosa, Escherichia coli, Staphylococcus aureus)

clahal dalas el o Y] e Je ddsaladly 3galls ol Al e aopedll Lgaladin) 4l

(in=Vivo) Ll mudl) e aguds U8 Ol lill gl gl

)l

[1] K. Kaur, R. Gupta, S. A. Saraf, and S. K. Saraf, "Zinc: the metal of

life," Comprehensive Reviews in Food Science and Food Safety, vol. 13, no. 4, pp.
358-376, 2014.



P‘Aicpjs‘rdm‘c ‘_!Ah.“ Lﬁw p.ﬁj)a.u Saliaall Alladll :\Mbé

[2] A. Kotodziejczak-Radzimska and T. Jesionowski, "Zinc oxide—
from synthesis to application: a review," Materials, vol. 7, no. 4, pp. 2833-2881,
2014.

[3] V. Parihar, M. Raja, and R. Paulose, "A brief review of
structural, electrical and electrochemical properties of zinc oxide nanoparticles,"
Reviews on Advanced Materials Science, vol. 53, no. 2, pp. 119-130, 2018.

[4] S. Majumder, P. Basnet, J. Mukherjee, and S. Chatterjee, "Effect
of zinc precursor on morphology of ZnO nanoparticles,” in AIP Conference
Proceedings, 2020, vol. 2273, no. 1, p. 040006: AIP Publishing LLC.

[5] I. De Luca et al., "Nanotechnology development for formulating
essential oils in wound dressing materials to promote the wound-healing
process: A review," Applied Sciences, vol. 11, no. 4, p. 1713, 2021.

[6] X. Gao, C. Guo, J. Hao, Z. Zhao, H. Long, and M. Li,
"Adsorption of heavy metal ions by sodium alginate based adsorbent-a review
and new perspectives,” International journal of biological macromolecules, vol.
164, pp. 4423-4434, 2020.

[7] B. A. Aderibigbe and B. Buyana, "Alginate in wound dressings,"
Pharmaceutics, vol. 10, no. 2, p. 42, 2018.

[8] J. Hasnidawani, H. Azlina, H. Norita, N. Bonnia, S. Ratim, and
E. Ali, "Synthesis of ZnO nanostructures using sol-gel method," Procedia
Chemistry, vol. 19, pp. 211-216, 2016.

[9] J. L. Venkataraju, R. Sharath, M. Chandraprabha, E. Neelufar, A.
Hazra, and M. Patra, "Synthesis, characterization and evaluation of
antimicrobial activity of zinc oxide nanoparticles,” Journal of Biochemical
Technology, vol. 3, no. 5, pp. 151-154, 2014.

[10] S. Lopez-Cuenca et al., "High-yield synthesis of zinc oxide
nanoparticles from bicontinuous microemulsions,” Journal of Nanomaterials,
vol. 2011, 2011.

[11] Q. Wang, S. Mei, P. Manivel, H. Ma, and X. Chen, "Zinc oxide
nanoparticles synthesized using coffee leaf extract assisted with ultrasound as
nanocarriers for mangiferin,” Current Research in Food Science, vol. 5, pp.
868-877, 2022.

[12] V. Keerthika, A. Ananth, and M. Rajan, "Synthesis,
Characterization and Antibacterial Activity of Zinc Oxide Nanoparticles,"
Journal of Nanoscience and Technology, pp. 439-442, 2018.

[13] N. M. Shamhari, B. S. Wee, S. F. Chin, and K. Y. Kok,
"Synthesis and characterization of zinc oxide nanoparticles with small particle
size distribution," Acta Chimica Slovenica, vol. 65, no. 3, pp. 578-585, 2018.

[14] V. Kalpana, B. A. S. Kataru, N. Sravani, T. Vigneshwari, A.
Panneerselvam, and V. D. Rajeswari, "Biosynthesis of zinc oxide nanoparticles
using culture filtrates of Aspergillus niger: Antimicrobial textiles and dye
degradation studies,” OpenNano, vol. 3, pp. 48-55, 2018.

[15] Y. A. Selim, M. A. Azb, I. Ragab, and M. HM Abd EI-Azim,
"Green synthesis of zinc oxide nanoparticles using agueous extract of Deverra
tortuosa and their cytotoxic activities,” Scientific reports, vol. 10, no. 1, pp. 1-9,
2020.

[16] T. Varadavenkatesan, E. Lyubchik, S. Pai, A. Pugazhendhi, R.
Vinayagam, and R. Selvaraj, "Photocatalytic degradation of Rhodamine B by
zinc oxide nanoparticles synthesized using the leaf extract of Cyanometra

YV



Tartous University Journal. Health Sciences Series ¥« Y¥ (Y) aall (V) alad) dniall aglall @ (gl daals Ao

ramiflora,” Journal of Photochemistry and Photobiology B: Biology, vol. 199, p.
111621, 20109.

[17] M. H. Kahsay, "Synthesis and characterization of ZnO nanoparticles
using aqueous extract of Becium grandiflorum for antimicrobial activity and
adsorption of methylene blue," Applied Water Science, vol. 11, no. 2, pp. 1-12, 2021.

[18] K. Chitra and G. Annadurai, "Antibacterial activity of pH-dependent
biosynthesized silver nanoparticles against clinical pathogen," BioMed research
international, vol. 2014, 2014,

[19] U. Manzoor, F. Tuz Zahra, S. Rafique, M. T. Moin, and M. Mujahid,
"Effect of synthesis temperature, nucleation time, and postsynthesis heat treatment of
ZnO nanoparticles and its sensing properties,” Journal of Nanomaterials, vol. 2015,
2015.

[20] I. S. Smolkova, N. E. Kazantseva, V. Babayan, J. Vilcakova, N.
Pizurova, and P. Saha, "The role of diffusion-controlled growth in the formation of
uniform iron oxide nanoparticles with a link to magnetic hyperthermia,” Crystal
Growth & Design, vol. 17, no. 5, pp. 2323-2332, 2017.

[21] A. J. Ruys, Alumina ceramics: biomedical and clinical applications.
Woodhead Publishing, 2018.

[22] R. Ashraf, S. Riaz, Z. N. Kayani, and S. Naseem, "Effect of calcination
on properties of ZnO nanoparticles,” Materials Today: Proceedings, vol. 2, no. 10,
pp. 5468-5472, 2015.

[23] M. R. Parra and F. Z. Haque, "Aqueous chemical route synthesis and
the effect of calcination temperature on the structural and optical properties of ZnO
nanoparticles,” Journal of Materials Research and Technology, vol. 3, no. 4, pp. 363-
369, 2014.

[24] R. Singh and S. Dutta, "The role of pH and nitrate concentration in the
wet chemical growth of nano-rods shaped ZnO photocatalyst," Nano-Structures &
Nano-Obijects, vol. 18, p. 100250, 2019.

[25] G. Singh and S. P. Singh, "Synthesis of zinc oxide by sol-gel method
and to study it’s structural properties," in AIP Conference Proceedings, 2020, vol.
2220, no. 1, p. 020184: AIP Publishing LLC.

[26] B. Lallo da Silva et al., "Relationship between structure and
antimicrobial activity of zinc oxide nanoparticles: An overview," International
journal of nanomedicine, pp. 9395-9410, 2019.

[27] K. S. Siddiqi, A. ur Rahman, n. Tajuddin, and A. Husen, "Properties of
zinc oxide nanoparticles and their activity against microbes,” Nanoscale research
letters, vol. 13, pp. 1-13, 2018.

[28] D. Rutherford et al., "Growth inhibition of gram-positive and gram-
negative bacteria by zinc oxide hedgehog particles,” International Journal of
Nanomedicine, pp. 3541-3554, 2021.

[29] P. Kanmani and J.-W. Rhim, "Properties and characterization of
bionanocomposite films prepared with various biopolymers and ZnO nanoparticles,"
Carbohydrate polymers, vol. 106, pp. 190-199, 2014.

[30] B. L. da Silva et al., "Relationship between structure and antimicrobial
activity of zinc oxide nanoparticles: An overview," International journal of
nanomedicine, vol. 14, p. 9395, 2019.

[31] M. G. Demissie, F. K. Sabir, G. D. Edossa, and B. A. Gonfa,
"Synthesis of zinc oxide nanoparticles using leaf extract of lippia adoensis (koseret)

YV



P‘Aicpjs‘rdm‘c ‘_!Ah.“ Lﬁw p.ﬁj)a.u Saliaall Alladll :\Mbé

and evaluation of its antibacterial activity," Journal of Chemistry, vol. 2020, pp.
1-9, 2020.

[32] A. Sirelkhatim et al., "Review on zinc oxide nanoparticles:
antibacterial activity and toxicity mechanism,” Nano-micro letters, vol. 7, no. 3,
pp. 219-242, 2015.

[33] N. Padmavathy and R. Vijayaraghavan, "Enhanced bioactivity of
ZnO nanoparticles—an antimicrobial study,” Science and technology of
advanced materials, 2008.

[34] Y. Xie, Y. He, P. L. Irwin, T. Jin, and X. Shi, "Antibacterial
activity and mechanism of action of zinc oxide nanoparticles against
Campylobacter jejuni,” Applied and environmental microbiology, vol. 77, no. 7,
pp. 2325-2331, 2011.

[35] M. Li, L. Zhu, and D. Lin, "Toxicity of ZnO nanoparticles to
Escherichia coli: mechanism and the influence of medium components,"
Environmental science & technology, vol. 45, no. 5, pp. 1977-1983, 2011.

[36] M. Premanathan, K. Karthikeyan, K. Jeyasubramanian, and G.
Manivannan, "Selective toxicity of ZnO nanoparticles toward Gram-positive
bacteria and cancer cells by apoptosis through lipid peroxidation,"
Nanomedicine: Nanotechnology, Biology and Medicine, vol. 7, no. 2, pp. 184-
192, 2011.

[37] B. Aydin Seving and L. Hanley, "Antibacterial activity of dental
composites containing zinc oxide nanoparticles,” Journal of Biomedical
Materials Research Part B: Applied Biomaterials, vol. 94, no. 1, pp. 22-31,
2010.

[38] J. Pasquet et al., "Antimicrobial activity of zinc oxide particles
on five micro-organisms of the Challenge Tests related to their physicochemical
properties,” International journal of pharmaceutics, vol. 460, no. 1-2, pp. 92-
100, 2014.

[39] X. Peng, S. Palma, N. S. Fisher, and S. S. Wong, "Effect of
morphology of ZnO nanostructures on their toxicity to marine algae," Aquatic
Toxicology, vol. 102, no. 3-4, pp. 186-196, 2011.

[40] A. Ismail, A. Menazea, H. A. Kabary, A. EI-Sherbiny, and A.
Samy, "The influence of calcination temperature on structural and antimicrobial
characteristics of zinc oxide nanoparticles synthesized by Sol-Gel method,"
Journal of Molecular Structure, vol. 1196, pp. 332-337, 2019.

[41] Q.-u.-A. Naqvi et al., "Size-dependent inhibition of bacterial
growth by chemically engineered spherical ZnO nanoparticles," Journal of
biological physics, vol. 45, no. 2, pp. 147-159, 2019.

[42] H. M. Abdelmigid, N. A. Hussien, A. A. Alyamani, M. M.
Morsi, N. M. AlSufyani, and H. A. Kadi, "Green synthesis of zinc oxide
nanoparticles using pomegranate fruit peel and solid coffee grounds vs.
chemical method of synthesis, with their biocompatibility and antibacterial
properties investigation,” Molecules, vol. 27, no. 4, p. 1236, 2022.

[43] K. R. Ahammed et al., "Microwave assisted synthesis of zinc
oxide (ZnO) nanoparticles in a noble approach: utilization for antibacterial and
photocatalytic activity,” SN Applied Sciences, vol. 2, pp. 1-14, 2020.

YVYY



