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Article Type ~ ABSTRACT

Research Paper ~ Background and Objective: Silver oxide nanoparticles have very high activity against a wide range of
microbes and parasites and also have lower toxicity to human cells compared to other biocides and heavy
metals. The present study was conducted to determine the cytotoxic effects of silver oxide nanoparticles
on gingival fibroblasts.

Methods: This experimental in vitro study was conducted on 15 samples in 4 groups at concentrations of
10, 20, 30 and 40 pg/ml within 2, 24, 48 and 72 hours. Dynamic light scattering (DLS) and scanning
electron microscopy (SEM) were used to determine the properties of silver oxide nanoparticles, and the
MTT technique was used to determine the toxicity of silver oxide nanoparticles.

Findings: According to the results, after 2 hours of proximity to silver oxide nanoparticles, the mean
difference was statistically significant between the control group (0.19+0.01) and the 40 pg/ml group
(0.17+0.01), and also between the 10 pg/ml group (0.1940.01) and the 40 pg/ml group (0.17+0.01)
(p<0.001). After 48 hours of proximity, the mean difference in OD between the control group and
concentrations of 40 pg/ml (0.25+0.01) and 30 pg/ml (0.25+0.01) was statistically significant (p<0.001).
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Conclusion: The results of the study showed that the highest viability was related to the concentration of
Dec 18" 2023 10 pg/ml and after 2 hours. Therefore, this concentration of silver oxide nanoparticles has acceptable
Accepted: biocompatibility.

Mar 2" 2024 Keywords: Silver Oxide Nanoparticles, Gingival Fibroblasts, Cytotoxicity.

Cite this article: Mozaffari A, Sharifyrad M, Ranjbaran M, Radpour M. Synthesis and Toxicity Study of Silver Oxide
Nanoparticles on Human Gingival Fibroblasts. Journal of Babol University of Medical Sciences. 2025; 27: e20.

@ Copyright © 2024 Babol University of Medical Sciences. Published by Babol University of Medical Sciences. This work is licensed
under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
BY NC

Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://orcid.org/0000-0001-9016-1630
https://orcid.org/0000-0003-1258-1212
https://orcid.org/0000-0002-0313-3373
https://orcid.org/0009-0009-6600-9079

Journal of

w.
Babol University of Medical Sciences J‘u" {,("’ # s ¥

o-ISSN: 2951-7170  p-ISSN: 1561-4107

Sl SIS SLCwMig yd (595 2 058 daST O 1390 Lt oy 5 g S

CIT(PND) ol i, s 7 *T(PRD) o, sy o 8 y1.n0 1 1 (DDS, MS) s yiio dopus]

Ol 0938 «0ng B (S pole oKl ((Sdjild 0ASUED (uSilag: 2 095 )
obel (il el Sy pole ol (29 (5599l Clados 39 pe Y
Ol o8 0938 Sy pole oSty (Sl Slaislons I (6 eSiy 00Sdingy (Sl slag Lo Slasios S po ¥
Olpl 958 n9 38 (S pole oD (ool Gliiod 4ias ¥
S Jo g4
Croml Caows o5 g Mtud bS] g oy S 51 glod s il ol 55 5b5 Hlaas cudled (gl 0,85 1T @l )3l 18R g alalw dgi dlio
208 3081 SRl A8 gl SIS (e adllae cpl B 515 (IS a3 SIS b & S Gl sl b
il o sl glacasMigyud (o)
P HIMEEe gxe e 0 lacdile bog)S ¥ )0 aiges V0 2as 59y p (aBislojl bulps )3 (o5 adlllas oyl 1 o9,y 9 g0
3SwsSee g (DLS) (Sealiss )5 (SuSly 5l o) 38T )39l Sluoguas e (gl 3 plodl ol VY 9 FA F ¥ (gla e
5 03zl MTT () 0,8 s i3 Cous iz rizpon (SEM) (g, (39,580
Foochle 098 L ((NETN) S8 095 G e ol )8 ST D39 b cpglne sl ¥ 5 @ls pelul sl

yglme el FA {3 (D74 +1) 395 I dime (ylol jas 51 (/N /1) Fr clale 09,8 L (+/VAE/+ V) Ve il 09,5 o (+/VVE-/+Y) el
VY 55 cpioman (P<t/ 1) 390 I ine (ool as I (+/YOE/ V) Yo g (+/¥OE/N) ¥ lackale b JyiS o OD (Sibe cglis YEYIVVA
(Pt +3) s s gime solol Jlas 5l (+/¥NE /N ¥o g (/¥ e/ V) Fr slacdale b 58 o OD Sike gl sceslos Mol

1 sl el ¥ gloj 0 g yid o o pyS9ySun Vo clale & bgyye VIADIIILY l50 o 5 VL 48 5l lts adlllae gulss 3.5 g5 domi YELY/AITY
) 98 BB ) (6) 5l 0)8 ST gl jl clale ()l PR

ok Coms ] g pod 0,5 dpanST 350 1 5S04 19 VESYNIYNY

pole ol8sily ale aloto . Jlusl (gl (clacewMig b (g9, 3 058 ST OlPg5L Coons oy g Color yoadly oo o)l p0y (cape oy sy 0 pedas (6 yalao dwl DU
Y. XY AFF L Koy

Al e 558 (S e ol (S I axhy (5 meils 5505 dammn 4sl DL 51z intees Alie oy [E]
Sy o ghae S tallie J gt
M.rad4294@gmail.com : 4.t CTFYPEVIRYD 0l 5,15 (555 5T 56 Dlaios S e Ol (S ke oKl Oy 2w ysT


https://orcid.org/0000-0003-1258-1212
https://orcid.org/0000-0001-9016-1630
https://orcid.org/0000-0002-0313-3373
https://orcid.org/0009-0009-6600-9079

Synthesis and Toxicity Study of Silver Oxide Nanoparticles on Human Gingival .../ A. Mozaffari, et al Y

doddo

WSle 3,8 &4 patio g ol Cooll olewd 5 (S3d (oled I 4 dlge U .5)l> 0Ll pegil Voo BV S8 b 5y del> ) 4.35\190;4 Slge b
2 Sl it S Jlosel (6351w slagleys o @Bl Jhll pberd gpdy GSTy 5 S5 a4 s Cod (S sS jly slaojll
dga )3 e 9y 18 sl Glsie 4 08 S (TIPS Syt b (VoF) Wgdion odlistal Lo opefg) (S5 53 (0L 4 B g W) 392 Cunnlo
Cal u_da.uo xSy Lilodds L;)M L;)Lu; ulwl L;LQ” (ﬁl)’ 9 W.Lﬁ}u M )l d),591> d‘)’ ‘L;“\“‘”ﬁ’ g.aﬁ?: dl).: 4&%‘ 9 L&n.,w.o BT
(7)) 28 ) s g ol sl slacudlye )3 ene Lids s AGNP (NAnoparticle) «osp oanl ;3 45 59 i

2 S3Pnid S5y 9005 soe (Sidlom GBLES S5 9 (0 3 3290 (S 90 (0 SasS | Al o Wian S8 (B8 4 gl
> 5 () ool o &l (ol oSz i g 48 Jlxb (oS (scdl 1 o] Cuns e LIS s (F50) il Sge o > Joko g9
0935 Mo oS g (omnas (Ll da (5135 Lolwl p (Y1) A8 o jgue (c5h0 duo | yrogil Ar 5l j2aS ad L oyd5 ol )3gil ol o asuiio
s 5 i) e Jleo S S5 (1o 1Y) it S5 3l ool 5 S5 et S o I3 5o By 55
g 090 (Jsho Coow Sllllae )3 &5 oo ol | (o i alesel BB g 5l 1SS S0l WSS ol il oo due Jl (Sbjls dlge
Mgzl g CusMsgiionw 4 1ilg5 oo &S Cawl cousdilio (slo Jolw g (5N glaaid ) JuSuis g i )0 (duol Joluo a5 sl CuwDig pusd ol 428 )3 13
(IV=V0) 205 s3leite

gl 5l g 23,8 5t 0,8 Olynd Vge e V5 oalizul L SUaEda Monoica (S.monoica) S, jl 1, ol el (o Son ¢ Satyavani
03y 59y 2 0y8 gl Baialy )3 bl 5yee MTT (o S5, SSS ) oolinl b ylasl Adge il o ymis by (Jobos 03y o 1y 0 jiaw 0,85
3 (1C50) 78+ 4 HEP-2 (slaJsba iloosss 5 o5 s exd ialefl Jsbo sl s 535 & Aty pmo (lad] 250t o5 b Jho
(VF) cdl yuals )Yoogils 0+ + clale

el Wlg o Jobs (o)l clapiuanw > Slydgil 0,8 a8 Sy doecs (pl 4 0,85 Slydgib 1 edlaiwl b liienisls 51 (S ) gl
95590 35 Syl drwgi sl (o) 65l B L i slag)ls S el US55 358 Lol (e (2)lse (iR 5 1 ygegt oS e i3Sl
(V) 25l 0 ool s

UAJMJ}J)K LJ [XW) d)l,\f)b o).m ul).)yb 9 (AgNPS) o)_m ul).)yl.: giu}by’l?)) ul)Jl 9 GB)S.A& Ao ‘u)ug).w Ao L;LQUJL:B IR N TUHQ
9 ).Mgu Ao CJ‘).:] .)9.«.: o3ldw! FTIR 9 EDX'STEM ‘DLS le.mu,vs) )l W i ul).)yl.: J.l?u 9 U.JL»L.M: LSI)J u}l.)); (AgNPS'Car)
MIC s 29,50 15 cullsd Liomiw sy omiomen 03,5 b5l ANNEXIN V g XTT (cla ilojl 5 elial b jo ldgil ol Soguglon
(sl i poisas ) S953l) MCF-7 claJsb ;5 AGNPS-Car Jlbyuw ao cullsd a8 sl ol zols b 48,5 )5 4 (048 )l cdale J3las)
uLMAJ 4041 » oa)’t& A5 edalio CG dlﬁ’J?‘L" JLl u)l?u;l Myw u...nd u)).u.uu D9 \/l.: )L.M.u (lepw F}AK) C6 9 (ul.m.)‘ Q) PW)K) A549
295we 2l b5l 53 55,5 e b Jolw )3 jemal il Bl cage coles ;5 g ons DNA @55 cel, AGNPS s AgNPs-Car o5 15 ool
cprtee AGNPS-Car a8 sy L gols (g yose slag,)BB g bio 5 Cuto p)5 595L slapuwil)lg,Sue 5, » AGNPs-Car ; AgNPs
s 3,Shas ¢ gk J515 4 gyl5 3959 Juti b CB 05 (sl Johor (¢ wSdan 3 AGNPS-Car IS job 4 .cusls dlge 95l 1505 4 s | golis
Jd 4 0g b [ byl Cyow a5 by g YU AS49 § MCF-7 (sla g > @ly3gilb o) b yw 1o clled fpimen cuild adge
(\A) Dgud 0 ol >y Jval> Ls’iﬁ)l') LSLQW ubl).‘o LS‘)-’ .)l}n ‘_y‘ 0 45 ul)byb Cude ul).:l 9 LDL;).:ﬁ

3908 Cpicron g ddllas (g 1al BB 30 g b glon | 6 pSin 0 Jos g Cuodd ) ookl el 55 g 0,8 3T 1 edliin] Cuenl JJo 4
saple; > calisee slacdale j5 (sladd Dy b (g9 048 JuwST Ol el diwS ggnle Gl 3l s Bua b adllas (pl e opl > Glalllae

W g, g 3130

bl bls » JR.QUMS.REC.1400.415 45 L g5 S pole olKiils U3 dieS 15 cugas jl (255 adllas ]
Lo 1505 4 PPM F- g ¥ g ¥+ O+ slackle 15 AG2O @l )3gl i 35l diges 10 dlas ¢ g )lol lalllas 4 an g5 b .3 ploal (IN Vitro)

Journal of Babol University of Medical Sciences, 2025; 27: 20



v Ol 5 (5 pilae apusl [ Glusl (sladd (SlocasMigyued (595 2 08 3pnST S S (0 9 s

Sl gy Jlaisl (M lsis 4y o by SISl oolizal &g 53 1y b oslil @ly3sil j1 5l 5,90 clale 350 s &y gly FBS g0y s
(1) €85 1,8 odlisal 3,50 3l o piyeal olgie 4 RPMEII 0)ls g5 Gilojl Gl (555 86 5 3150 () 298 S g5

Y g as oaly olans] (cels VY 5 YA XF Y Gl slalo sly) ol B3 Sals dw Jilis (il 390 g slaclale ) oS (ol
Clis VF 51 g 5 45 0003 51,8 Causdlig s oo Voo v v ol Johoo S clals O oy Sals oy 5 a33,5 Jai )5 S 09,5 (sl s Sals
g o Ve e slackle LAGO @lydgl L A adss gy cuiS lame (3,5 ke 45 )3 ¥V clos AN cugby LCO2 70 jLid) yauwbisSl
Thee ole Ky e 4 JolS cutS lame Jm8 Sl ¥ 55 g 0ns ool 1 b Jbe g9y a5 A5 ol slacSaly y> cuiS e ,> PPM ¥-
D ) S §
(Human Gingival Fibroblast=HGF) C\st (slad casdgyd slo ol 5| oo cpl sl sly Cug pd (Jobw CuiS
» (GIBCO RPMI) cuiS Lo L g 005 )l tasio Condg 1 ool 1anl &8 i ot 5 oozl o)l jsioly gicad] 5l ond (5l 5
S MeST o T clale g /N e Cagby il K HLid o] )5 il dn )3 YV (lod cod ygiloSSl ygy0 g ok 031y CusS ¢ oguate (sl KNS
ass a4y ol sy g ool 1S5 pglate 4y Jobo Lol 285 )18 sl 350 Sy So g oo Sl Glsly alo o ya 5l S5 a8 518
Ol lgme 9 45 03l gt S 1 5 (£55k5e8 iy b s 9 @IS Sdlb (59,0 S lamo Lzl (Jokos SLly plosl (gl 05 plosil p5Y
oM g oM glgions | ogd 1 o 3l i S Lases 5 plonl ly S 5 b (gilolis doe cppn i s EDTAL ugus 05 a5 490
Veree ol e Joho Sl 1 laebol g 5loly als jo diz (0 (ol an 28,518 ,95LaSl (49,0 i ) e 4 babazre (e 9 008 S (6503
olyed 4 Joho 0335 cax RPMI iy JolS oS o b b Jgho aoes s - 8505 033 51,3 (lails 48 el clacSaly 1 S5 pa 9,0 Jobw dae
o Bl g 08 osiby WY Ve 4 b8 a3l pSgle Car il e ) 259500 Ver mmlogiy sl g e 53 d2lg Ve o (5
Sy o 5 (o 055 Ioaoxa 5 1 ol caly IS 4 Ia gl (pnmy (An CORLING Joe te ol (o 128,518 ,9bsSil 3 sl Ve Ly i
13 ool lias sln] gy i) adllas ol 53 @ydsil i sl s L) acSals plos

5590 o skt 4 izmen b odlitul FE-SEM oSt Sie 5 (DLS) (Seslias s (S8l 1 o) ldgib ol adllas (4l
() JS3) 05 0lizl FE-SEM GsSss,Sao )l prgeas jl o a0, <ly3gil

SEM MAG: 200 kx Det: InBeam L |

WD: 5.02 mm BI: 7.00 200 nm
View field: 1.04 pm |Date(m/d/y): 04/16/21

KX Yoo o, boand jur AQ20 1,35 51 (FE SEM) (ivgy (o9 sl gy ySun y g .Y JSUd

Journal of Babol University of Medical Sciences, 2025; 27: 20



Synthesis and Toxicity Study of Silver Oxide Nanoparticles on Human Gingival .../ A. Mozaffari, et al I

3 Lo dy90 MTT cass jl onlazul b @l 33l b pglome 5l s cesls YT g ¥A FF Y (clacloj )3 b Jobu (6 pd Canj g (Slo 0355 (glp
Saly 5 & ool () w2 w23 S 9 035 @l ylsSil 1 1y Jobo a8 clolams a5 390 clagle; CadS ) s o iy onl & 85
6,3 5148 ,5beSSl > celu ¥ eote 4 ol ¢ 05 48Lsl Dimethylthiazol-2 yl 2-5 diphenyl tetrazolium bromide (MTT) sl
sk 3 015 sl gililess S5y ity (b g S U 0 LT sl Blhganal nSaly & (29 baome 008 b g 03,9l gy ) Sy s
ELISA o3 jl asliul b o Gds 903,8 Jiie V] el clacSals a1, (S5) mlo ol b sl 819 S5y aole 9 o o cilosslo o155 48
& b, (Optic Density=0D) &, )5 JBo o p dhols mls .as <8l B 5V L3, jild b yiegl OV+ g0 Job o READER
L MTT clol Joe wlaasly (o ptn JbynS giue slom 1 im 3¢ yuio ELISA-TEAdEr olSiws g oni <ol sie anya 45 &g
L o]

lises gbayloj o redale )3 Cundigyud (sbo Johw Gl (liie dulie Caa .ad plodl YO aowus SPSS l58le 5 ealizl b baosly o g 4550
oslizwl (TWO-Way ANOVA) b bgs il )l 5JUT 51 ol g cldale clojen 51 oy o (ONE-WAy ANOVA) &b S il g 56T )
A5 a5 L5 > ly xe P<4/00 g i plool TUKEY casii (y905] b 93 4 93 dunlio .0

> adly

(P=+/+1¥) 1 oanlie Optical Density (OD) (Sl ,as 3l 0,85 1nST > 93l aliseo (slmog,S cy (6yl5 sime BT el ¥ loj po
23,8 bas 1) 568 Sl b Sl ZAAAD a8 sl o (+/VAE/4V) Ve cdlale b caodlgpud sla Joho 6k Cumj g Slo o) i oy
i P clale 09,8 LV lale 0g)8 5 (/WS N) ¥ Clals 05,5 b S 08,5 e (il sl L cilises slaclale s 95 &) 93 dulio
() Jgiz) 390 I sizme 5Ll

Sl b Jolo Z88IVY &8 0l po (</VYE/ V) Ve clale b cundbgyud slaJsle (sl G 5 Slo 035 lime oy i ccelos V¥ loj
(Y Jgis) (P=-/¥YY) i osalin OD 1 Sike s jl 0,8 4 )3 gl calises (cliog )3 oy (6y5 cime BWB] S 1ol a3, Lads | 565

ol ¥ (loj 3 Cowdlig pd S Johw (600 Comnj 9 (Slo 0j (3o ) Jgua
. RKEY ..
(72) Bawdlyg o (Hg/ml) & 35 JuS'

p-value MeantSD ¢

o[+\¥ NALEVAY Voo 0 Jyss
A NALEAAL AA/AD I Yo
oJoNE I NAE [y 20/YY ) Y
WA VAN av/vy 5 Y.
Y N N L Q. /vy ) ¥

il o0 415 gxe (5 Lol AW pus suwidd i alive Ko o5 B9y

ol YE loj 55 Cowdbgpud S Jghw G pdy S 9 (Flo 05 Hlime Y Jo>
D Ls)i:”': M)‘ 9 ‘:;LQ‘DJJ} b,MS Q‘)s 93U "" s
() ewsMg md (Hg/MI) 2 )% apus'

p-value MeanzS

< JFYY CIYEE/Y Voo 1y 5
- JFYY YY) % 1y Ve

< [FYY YY)y 0/¥A Iy v

< JFYY NIEA /Yy 5 Y.
< J£YY CIYYE[Y .00 5 ¥

Journal of Babol University of Medical Sciences, 2025; 27: 20



7 Ol 5 (5 pilae apusl [ Glusl (sladd (SlocasMigyued (595 2 08 3pnST S S (0 9 s

Vo (I L) Ve e b ] S 5 U] Coglonn ielin TA 5 Sl cslo oo sy ot 5 e 0255 oljne (i
b JyiS 09,5 o OD (4S5l coglis ccilisee (glacdale (o 95 4 93 duwlio ;0 0535 Lais 1) 395 il ln Jgho ZAV/SY oS wib o (+/YVE-/+Y)
(Y Jgd) (P<e/o 28 ) dgs Jls gime (bl s 51 (+/¥OE/N) Yo g (+/VOE/)) T glackle

Sl sk Z8Y/00 oS wib o (+/YFE/V) Ve clale b cundlgud slaJobo (ol a9 Sl 03] Glime oy b celos VY loj ,
(1NN Yo g (/L) B lacdale b S 09,5 cpw OD ke @olis caliste (slacdale 95 4 93 dunlio ,d 133)S Lads | 365
(¥ Joao) (P<<e/v o)) casls ()l gime oglés (+/¥YE/+N) Vo g Ve clale L ¥e cbale puman g b dme g)lol L

(P<e/e o) w35 oamlio il Slaclale (g cuwdhgyesd slasho sl Cum 5 Slo 0k Glie Jai | (o) gime ol o 31 J S L
iz glackale 3 ploj Jobo 3 ks S g Slo 0f (ke D92 I3 e Jituwe yobo &) loj s wdale ST adal b (ppiznen () )l3909)
Dy Ve chle a4 byye (g pdy G g Glo 05 (1o oyt daglej (oled ) (imen cully (ctlBl 685y,

Celw £A loj 43 CowMig wmd s ViaDIlity (a0 ¥ Jouo

pvalue Meantsp ViAot = o oldglcuie
(%) oy yud (Lg/ml) &5 wms'
ofse) NAREAY Yoo 0 Je8
ofeen oI¥YE. [\ Qy/sy ) ye
ofeey oYY\ ay/sy ) i
o[y LI¥aE./ P ASIAY ) .
ofeey .I¥aE./-\P AE/YY ) .

Wil o I3 gire (g o] BWIET sus s i alive Ko gS gy

Sl VY Gloj 55 Cumwdigpud (s Johw (6 s Comaj 9 (Jlo 8355 ylime £ Jou>
End Cumjg Floony | o ol gl cdils
(%) el pud (1g/ml) &, s

p-value Mean+SD

offoso) JysE.[yR Yoo o Jsss
N et Qv/00 ) ye
R N AE D ay/s. b Y.
N  RE AL AD/YA ) Y.
R AY/5+ ) 2
120
100
80
E‘ M Control
% 60 40 pg/ml
; 30ug/ml
40 20pg/ml
20 w10 pg/ml
0

2 hours 24 hours 48 hours 72 hours
Culture Times

Pk g1 9 S0 £ g Fo o Vo (GBS b CasMlgusd (s Jgbos (524 S 5 (Jlo 855 103 il ) loged
Celw VY 9 €A 9 YE oY slaglej 5

Journal of Babol University of Medical Sciences, 2025; 27: 20



Synthesis and Toxicity Study of Silver Oxide Nanoparticles on Human Gingival .../ A. Mozaffari, et al v

S5 4ol g Cou

Cle b o) 18T S0 b ol @pglone Clis ¥y uasdligyd (slaJshoo (s pdy G 5 Slo 0355 (e (0 45 0D (L5 adlllas gl
53,8 Laas [y 568 Sl Lo Jsls ZAAAD 45 5l 0 Ve

Sl saow PPM V- 5l a8 lacdale B sl ol Jame (93 sldimn S sla ol 59, » o Kan 3 MOhSENZadeh adlbe gl
D) Slgan polo adlae ol L o5 a3l oo Vel yiaS il g oS loj ) Curoms (a8 (IS s 53 . (V4) 3,5 3929 s Jolus

Syl g3y 53 Sy b Lawgie o)) 4y Cans ba3lag Slo 4y SvgS 31 b 35l SnnS gigians 3 b o3l Lt )y an 5 YEN adlllas 5
38 (el 1y 0,8 Sldeil s el miomed Wbl sl o)l o sls AGNP & s (i 155 s AUNP 5 canl 55,0 Mb ¢ 0,8
(Vo) 2l (Slgan polo adllae golis b 4 253,87 (300ui PPM N+ ) 5iaS 593 )3 (09,800

oo a1y 393 obSbas cld wdale il58l b aslg e (NPS) 0,8 @l )3l a8 a5 ooy (i ol o Kea 9 XINPING adllae b
(YY) 3yl Slaeon pils adllas b jlas ol 5148wl oo ialal ccdale T30 b byl Coonn 15 dimd il 33l a9 BB

2 Cesdlig b slagles 1 bl S yam S35 (Llalo IS Jolos oo 285 &0 o Kan 5 SNANOON Loy o (cladllas 5>
(YY) cély 2als b Jobo Sl culled u85boe «dale g oloj (y2l580 b ol Lis ol g b awyp VY 9 FA FF Y (o loj )3 5 ciliseo claclale
Dl Slgsren Lo dslllas b oS

Voo cbale @ byye o oyt 9 PPM YAYE clale & bgype (SuiiS 5 Coow olie op 58 o Ko o MOVagharnia adlbe las
ol a5 oyl dddllas b (YY) b o ]38l Con cldale 21580 b aSiy) 5y90 53 s 3 ol PPM

03y b duslio > aub HEKYAY (gla Jsho 5 i o o yids S (VO 1/« +) cdale b 0y &35l aws Il oy 4 oS 4 LU
oS sl Jolo slaody ole 55 s AGNP (¢l 0-1C jluie Jolus i) Lo 15 p)S9,Sue +/F &S w3 s g aishy HeLa gl yw Jobo
3yl o 1y bl Cuenw Lol (ol )3l cdale (ol ols adllae b gueds doeis )3 (YY) Kgb o 43,5 s )5 b

& Cud (Syidn w4 w0, Gl ¢l a5 Lol il e (Salite @l (clyls okd i Sldel amd e i YU mls &S jeb s
il b wilg o 0,8 @l 6 bigd o Jias ol ojig p 8 4 6t (i 4 5 035 b (aliand a5l bl iyl 08 555 slaejl]
38> pbsl )3 Lo adlllas gd dlad WWigh Jolo S po cel g aibl atsly (5msT ol gla JSGol) Wde s 4 oy g oo Iyl 5 00 Bb Calises
Ot SIS s ol Cinds ol S o i ptne |) gl o8 20 (S Jolye ples sl psian 5 5, 4 (sloelStins jl oslitl 5 (2l8tlesl ldllas
oS 03liol diges pos JBlas 51 3903 yume |y Lo 4 345 4Lai 590 Slge g ilwg A ]

Ny 315 peesilSin yidey Sl )15 3525 (sloul i Sl Jsl 5 il cgiian ol | (Folite oY (e bame )3 oSyl 4y s
Folo 1Y S 69y g Cand g 23b e 2Kl adlhe K pols adlas Sl 4 dr g b bl dals i, |y dilise glacdl p @ldgl b
355 Oygo dlblizs 1b b bl 4 adllas opl gl guess 11 )8 plol o o2l cuiS

P g b

235 (o (1,48 9 ST (g8 (b pale oKl BUST dieS g ()5l 5 Dl Coglen ] Alewgiy

Journal of Babol University of Medical Sciences, 2025; 27: 20



A ul)[{\cﬁgd)ﬂ@oM-‘/‘juldludlbw%9)dd9)):o)i;w‘ul))ybA«de)):9u>lw

References

1.Saafan A, Zaazou MH, Sallam MK, Mosallam O, El Danaf HA. Assessment of Photodynamic Therapy and
Nanoparticles Effects on Caries Models. Open Access Maced J Med Sci. 2018;6(7):1289-95.

2.Schmalz G, Hickel R, van Landuyt KL, Reichl FX. Nanoparticles in dentistry. Dent Mater. 2017;33(11):1298-314.
3.Noronha VT, Paula AJ, Durdn G, Galembeck A, Cogo-Miuller K, Franz-Montan M, et al. Silver nanoparticles in
dentistry. Dent Mater. 2017;33(10):1110-26.

4.Mirkin CA, Taton TA. Semiconductors meet biology. Nature. 2000;405(6787):626-7.

5.Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: green synthesis and their antimicrobial activities. Adv Colloid
Interface Sci. 2009;145(1-2):83-96.

6.Jung WK, Koo HC, Kim KW, Shin S, Kim SH, Park YH. Antibacterial activity and mechanism of action of the silver
ion in Staphylococcus aureus and Escherichia coli. Appl Environ Microbiol. 2008;74(7):2171-8.

7.Petica A, Gavriliu S, Lungu M, Buruntea N, Panzaru C. Colloidal silver solutions with antimicrobial properties.
Mater Sci Engineer B. 2008;152(1-3):22-7.

8.Pricop DA, Popescu CM, Tartau L, Creanga D. Study of silver nanoparticle interactions at the interface with
biological tissues. Appl Surf Sci. 2023;621:156837.

9.Panacek A, Kvitek L, Prucek R, Kolar M, Vecerova R, Pizirova N, et al. Silver colloid nanoparticles: synthesis,
characterization, and their antibacterial activity. J Phys Chem B. 2006;110(33):16248-53.

10.Ding Q, Cui J, Shen H, He C, Wang X, Shen SGF, et al. Advances of nanomaterial applications in oral and
maxillofacial tissue regeneration and disease treatment. Wiley Interdiscip Rev Nanomed Nanobiotechnol.
2021;13(2):e1669.

11.Fernandez CC, Sokolonski AR, Fonseca MS, Stanisic D, Araljo DB, Azevedo V, et al. Applications of Silver
Nanoparticles in Dentistry: Advances and Technological Innovation. Int J Mol Sci. 2021;22(5):2485.

12.Zimper U, Aaltonen J, Krauel-Goellner K, Gordon KC, Strachan CJ, Rades T. The Influence of Milling on the
Dissolution Performance of Simvastatin. Pharmaceutics. 2010;2(4):419-31.

13.Tavares AM, Louro H, Antunes S, Quarré S, Simar S, De Temmerman PJ, et al. Genotoxicity evaluation of
nanosized titanium dioxide, synthetic amorphous silica and multi-walled carbon nanotubes in human lymphocytes.
Toxicol In Vitro. 2014;28(1):60-9.

14.Kandemir Demirci G, Céven FO, Guneri P, Karavana SY, Nalbantsoy A, Kése T, et al. The solubility, pH value,
chemical structure, radiopacity, and cytotoxicity of four different root canal sealers: an in vitro study. Clin Oral
Investig. 2023;27(9):5413-25.

15.Bapat RA, Parolia A, Chaubal T, Dharamadhikari S, Abdulla AM, Sakkir N, et al. Recent update on potential
cytotoxicity, biocompatibility and preventive measures of biomaterials used in dentistry. Biomater Sci.
2021;9(9):3244-83.

16.Satyavani K, Gurudeeban S, Ramanathan T, Balasubramanian T. Toxicity Study of Silver Nanoparticles
Synthesized from Suaeda monoica on Hep-2 Cell Line. Avicenna J Med Biotechnol. 2012;4(1):35-9.

17.Paiva L, Fidalgo TKS, da Costa LP, Maia LC, Balan L, Anselme K, et al. Antibacterial properties and compressive
strength of new one-step preparation silver nanoparticles in glass ionomer cements (NanoAg-GIC). J Dent.
2018;69:102-9.

Journal of Babol University of Medical Sciences, 2025; 27: 20



Synthesis and Toxicity Study of Silver Oxide Nanoparticles on Human Gingival .../ A. Mozaffari, et al i

18.Tung T. Synthesis and characterization of silver nanoparticles loaded with carboplatin as a potential antimicrobial
and cancer therapy. Cancer Nanotechnol. 2024;15(1):2.

19.Mohsenzadeh S, Nazarymoghaddam K. Evaluation of Cytotoxisity of Nanosilver Particles on Monocytes of White
Blood Cells [Doctoral Dissertation]. Tehran, Iran: Dental Faculty of Shahed University of Medical Science; 2010.
20.Yen HJ, Hsu SH, Tsai CL. Cytotoxicity and immunological response of gold and silver nanoparticles of different
sizes. Small. 2009;5(13):1553-61.

21.Xinping L, Shengli L, Miaotao Z, Wenlong Z, Chuanghong L. Evaluations of Antibacterial Activity and
Cytotoxicity on Ag Nanoparticles. Rare Metal Mat Eng. 2011;40(2):209-14.

22.Shahoon H, Hamedi R, Yadegari Z, Al Majd Hosseiny V, Golgounnia P, Amiri S. The Comparison of Silver and
Hydroxyapatite Nanoparticles Biocompatibility on L929 Fibroblast Cells: An In vitro Study. J Nanomed Nanotechnol.
2013;4(4):1000173.

23.Movagharnia R, Baghbani-Arani F, Sadat Shandiz SA. Cytotoxicity effects of green synthesized silver
nanoparticles on human colon cancer (HT29) cells. Feyz Med Sci J. 2018;22(1):31-8. [In Persian]

24.Liu X, Shan K, Shao X, Shi X, He Y, Liu Z, et al. Nanotoxic Effects of Silver Nanoparticles on Normal HEK-293
Cells in Comparison to Cancerous HelLa Cell Line. Int J Nanomedicine. 2021;16:753-61.

Journal of Babol University of Medical Sciences, 2025; 27: 20


http://www.tcpdf.org

