Loy S oo dlone
\vay )\.@.3 (\/\ J‘Lﬁ) JJ‘ AJLQJ» V.‘lAJh JL»
VO-AF Ol=ap

Review
Article

b 815 S LT 31 5 i g S 53 8l AeeST 3 50 5 0,18

¥ . R Yo, . ToEYN . .
(ool pske i S e ) pd (S pske oKl sl T (K (535S s 03,8 Sy oISl Lk (S ke oKl lslead |
: ¢ .. . e ‘. Yo . e . , < c. Y
65})}&{3}:{a);g‘sjbj)bem\bgj\ﬂééﬁf}l&am‘:;:uwl ‘6)Jj§b)baj;‘§ﬂﬁe.)v<,wq\bcwé.ﬂﬁf}l&ambc)‘i:um\
ol pske DS S e 5 0l

e
Sl SN e 53 45 o5k 4l a2ils JUs 4 1) T (3l (ol il o ke o3kl b Sl eslizad 5 xS
Gt 3 ol ST 3 0 Sl eslinal ol gls Jl sl o eslizale 8 Sgs 5U o Kol ol 51 o5t
o e s Mebds Slasgls alite 4 Ol e 3L nl Sl 03 4 ase gls w505 5l s Sn sl ke
YL eal S e Sl See 53058 ol ST 3L G 1 MBIy nl 3 3 gad eslinad S sde fous
Lo el e 5L 55 50 oAl O el e Oy iy Sl gls chle s oAl STl 3 6 el ls 5
eols G sl b Wl e o S sl Jsbee 55 3 50 ol (Vb (be il Lol 13 S ol a3 5035 Jes
Lo Sl oSl a5 G b 51 3B opal STl 3 6l s a3 33,8 Jsho i) 288 oo b
s Sl SU JUSl s S fate mlan sz false a5 4Bl Jlail s Ss sl Dshe o)ls 4 S shasde
st o Bl 215 ol el 4 e Sl s sTanyS 0 sloul Ol ses sl sk 40 b il 15 S Jlail s oedans
Sl T 358 5 008 sl I sl L s Shas 53 L 551 ke o)l 4 ol AeST S350 s
235 n o Sl AuT B 633l 2 5 g0 JUEEH I Com gl s s

sl D153 50 ¢ 15 Golew (ko S (s LA (o llS DT

Y ol o il sl B Y slo 3 rallis sl s

238 5 Sy s el G 4o ,e 4 b bkl g6
4 dedde Slaggsls Cgr (S 03,8 sl ragn
Wl davly 4 Ol5 o 65 4 8 el Sl la L,
w S ogb ol Sl end oo eslimal 55 glagls
V) culs Lagyls pl Sl SIS s Al S ge s Jovs
s, Osp g Ll BBl e 4 S S
e e s S S ams S oo sl gl S
S OV b S ST pslie sla Sl e
o s 19 S hd ol Sl i s S ST Sl
5 Coem s 4 S5l ) eslanad Ll s S e eslanad

4o dde
S sl ket g sk 4 5L s 5l gl 3l
)‘ oslaiul o)'jf\ Ll ol wﬁ = )‘J:% oslaial S48
M\}JJOM J‘.’.’\"j w}.vwlﬁd.!u)t}uybjab.)fb
RERRSI 0 S by i ke sl as e elas
QYW a).j‘)ﬂ\ S 4:\3[;_ 4&..«4); L>UT G ‘_gjjj‘}a.{;jdb
s Satar 58 s 6l @3S Lol
5 e ke gl 4 e GPpSHL anas

Bﬁj—( \j_i_.ﬂj_ s SESls (Lus \}SMJ_ f}l.; N (ool i) sl _,AJ;Y (s
S SIS s

a.ebrahiminezhad@fums.ac.ir : s xSl oy VFV-YYYLAQY 14l


www.sid.ir

O 5 315 apalpl Lo ids a1 S T 5 il s S o oaT ST 3 50 5308 ATAY Ly sl eslad onin Il o Son sl

55 O3l LB gle 3,08 L esdle ((YF) Kpd e
S8 53 SR ey sl asl (S ek
LS5 ol il 03538 Sap o ol St st
e (S3daze DLES1S s 50 o5 S L ol gl
05 sl sSLade D3 Gl s S A DA
135y (W) b 206 o 5 (Y7 5 Y0) ke p S 5 e
@il U 5w (Gidams S w0 ol ST Sl sk
2 wsSsee s Jike o Hike 4 o3l l Ll
sle Sol Gl b5 ool whs (e sla anl 3
SS9 cpl (YASY) Wil a § 518 sslinl 3550 05 ,Ss
Sl olastl b w Oly e oS o5 S S i bul b
Ll soben b oSl S b5 ol i85 S
sole 4 A Il ol dlis 55 (7)) 3500 g3lulis
wn;r,»lfwiw\ S eb el sy o sl
S 5 S sma S phe 3 el la 58 4 aalsl s

oA AST O3 Skl
3 ol gle SIS 5 Jslae 51 S (Magnetite) S
3L o Jalize cuxSe O3l gess fae) dtwy
Al SIS AL e us sl 355 Al 4]
G Sl B S S5 S i e
ol Gl dauly 4 O3St L 5 a5l sl
J3 e 4 5 o SETIT ol deeSTLTT a4
AeST L (T 5 D pal aeeSt a5 6,503 o ol o
OF IUPAC ol Ll a3l oo et 5 S s b
whesd Jse 2 L a5 ol iron(ID) di-iron (III) oxide
xS Jhus S 358 e eols 0lis FeO'Fe,05 (Fes04)
oal s (D) ol (03nst 5l SKaze S Sl S glls
55 (@D ol gle Os 3l e O 5 &8 ol (D
Ogemlin; 558 55 K03 o8 5 s Db Ogrmliys 558
Lo 53 () JS3) Asls 18 O3St e ST L s Ll
s oAl sla W10 Jlsl gls Ji sl sl

\i4d

Gl b s 3ps ol weslinal 350 S3L 5 KO, ks
Dy b s S e 0,8 g Sl eslinad s S s i
Sl IS0 S (ST a palie gl eSS 0
oo 0,8 S350 285 13 a5 5550 05ls5 o8
sl oalial 5, 50 3L 5o 5 andls o & O 4 Cad (5 508
oo sose o adllas ks (A 5 A) WS Las Ky e
o s D360l s Seds ol 5 ctle gla
o, Db el o Sl ole ojs el 5 cdl 5 2lS
S e b play 50 536 p (e (YY) 510 alel (gl
dals 0S| e &S celles S 0y bl B oo E
CVFTYe SRCHE g4l P IPRPLEPERRP JIES T JRel
S5 S S 5 s Bl S Al Sl oS
ol SU DL 0N 5 V) el sl eslind b5
233 e 0,8 D3k 4 (Shn s e eske
S5 ol ST 3 60 5l es 1S sl dals S5 ek
poke 4 ol ST S350 2555 55 el 5w e
Lils ady (pl praeasiie (i ae 53 (S5 5 S
53 OS5l Gl ) a5 e plS Oliis w
S gl 36 Pl bocbly Sin s e sk
el otz 5 14 Olesle Sapel 4 b s S o0
Gl Ol aaSs iS5, L el st o35l s (FDA)
Sl Y 3IY) ol exgas LU (Sa 5 ool S olas
S S sl bl sla S35 s 0 olS 5
G P oot g 5 W s 85 (Sl
Ll esg opiime axg 2y mhe Koo Sb3SL 4

(¥=14 )

Magnetic resonance ()l » psad 53 Sly3E00
Conl xS saiS sl el Olge 4 imaging (MRI)
Sl b Jhe gilalir 5 18 Gl s (YY) 5 YY)
3 Lejile sl iy 5 () dwbds Gl sls (YD)
Ll gl o3 zlS slas o8 Sl e layse s Oleys
sboosls b ol wa 3 Sigl ) fames (YY)

Losls (pl (o S RIB s 5 Al O s


www.sid.ir

OLan 5515 el ol Lo de s M_;@)b;fﬂw Sy ol s e 55 ol ST 3 b 5,8 AYAY L Ul

S S GOl Ll Wl s Al e g Ol
5205 Ol 6 Al LG oS el Ll Olses 5 5
2o lerd S5 s (Shs (D30 abliae mul

OF) YY) Al 5 g o phbae

b AL gl dghe oo 5 al ST o350
ol 5L bl (e 0 5 5 ate 0 5) oL SL gl sk
Tl oo 2 B Gble Ll Grames 5 ooy e
b sl @ O,JM Sl S ol (FF) w2l e sss
o sk 4 Jlasl O L SU
chaw & LB Sy cpes 3l eslind boolsEl S

Som A o |y il

O——-VFe

//\

Fe—0
\ /

O—Fe

.c,:;;ia‘_g)ﬁy)l:}l.w:\ IS

AT 33 50 SHTEM) 6,0 s Sl s S g g Y S
(FY 5 ¥ XY) ool

\'A%

oolot (o2da Jl ey S slis

JeSosdn gl 0 b5 of gla U0 L Sl3st
S s e Oselusn S SIS (OH)
deSh D3 5L e 8 335 (o0 ss DlasSS
(FY) doles Jesl —OH sla o5 S 1, cyal

DL Sl placd 58 5l el st st
LaST e 4 1ga 0581 ol s LS 5l dxas
Moo old ol ) s S e bdd FerOs 4 5 o
2> S s Sl pblae 5 Ko ol il
ol oo AILL sl SSen 5 ol Gl e
Coge w4 oal LSl Sl olans 500 ollis
b el S0 5 b gk sl o ol s w28
s el T 4 e Gl end 3 S s
o Bl o 3VE0S U al 5l eslizal gl 4 ool b
S i g Sl S 5 S asdes DS 5 L
Olpnss lile S5l cans glo idy 5l esliad L
(FA) JsSIS st L (v 5)8) JSUI s L ((FF-TV)
() ke cO0F) ool SeS 5 5318 o (65 (T4) OV 5k ¢
5 () pwesdl dSbe ol s, 5 (FY) Laaewd sl
ol St O3 sl e Sl Ol o (FF) o il 5
o s JalS (oL Ol 4 b s Bl oS b @
Lt s 55 1 T bt S0 Sl s Ul
be 3 sz G N A - (T YY)
s oAl S| way S3HL phae oS sla
AY) 390 0 O3l e SIS a5 LB alS
23 bt S5 58 soll
OF 5 A4S o wlad S G sl ool ST 350
Ll D3l b pbline Olbs 4 el Olje S
O Ol 5 g8 4 aly (pblie 015 53 1l Ol
o Llg o ke b ek DS Sl eslinal el

LJ,i_l\J-_él Cr g 31 eslazul

b s bl ssd wblae Oy Jals Corge (g5l i
s dalse ol )s bl Fob o Sl SIS e

b GAsls ol e g sle iy s Sk


www.sid.ir

OLMSan 5505 antl ol Lo e s o815 Sn r Ll Wl 5 i g o 53 ol ST 3 50 5 18 ATAY Sle Ul osled s Jlo o S sl

s 215 288 0 edmail eS8 SLS
5 (Yu-Guang) KK -5 s K5 jhasn 53 .(YA) 555
RO p?;yi Sida b ool St st sl (i Kes
3 oma) S sS S S
Slas s b D35l onl ks S e3linud DBT & seuil 3 5l g
SAL e 4 S0 lie Sl Jols ol 5 Koo
Sin b Al ST 3L Sl e S el e Jlal e
b 2bst e Je o5 07 Wl e DUl p s sl
Sasbasder 5 Slal s i slag o 51 (M) Lled o
Sl gl b (685U mhaw 5 Al A4St I3 S0

3503l Wsas 5 e Slpe ST S solen e (5L

Cel o lp

Lile Jalge 4 gslalam Sy op) ea3l ianl sl el
bow Su o oy8 5 pH wslaal 5,5 oIyl cble
6 Lt el 3 esbinal b 1 il e 2)l5 iy

(Y) woled galudas oy 44/ LAAD oa3L L1, s

0 IS8 al Jlatl s Son sls sk K03 5 s (5,50
o 4 AT ST S350 il pebline 13 56 Sl
Sl B335 o cmse s S sl Db
ols 55 SSU Sl sla slS 15 S wlie (g3, L
osba ST ol s S e eblite Ol G 4
sl sk St sk 4 il i bus o0l
el a3 S )3 sl 350 s See

Looal 4SSl olsgsb s Kas 5 (Ansari) (s lasl
Sl S el LAy S culpnl 2S5,
B2 S e 4 S sis s 5 Sl I
S esls JLast (Rhodococcus erythropolis) o s 5 i/
(Ol 3353) s 23 2555 sshie w0 U
.5 S skl (DBT - Dibenzothiophene)

g ¢ oAl ST O3 b Jlasl oS Wl esls olis Ll

ol amD g s Lie g pdidsd Il Corge (o SL

(FF 5 YA) b SL sl Il oo a0 ol STl 536 Uil 51 s oSl s S sl ¥ IS0

YA

wwWw.SID.ir


www.sid.ir

O 5315 el ol Lo e s i85 S s

St M5 Sz o 5 Db S el Sy plds
o355 b dolie nl gl y (OF 5 OF) Kyls 5,8 2egs
e e 5 (ST a3 S 3l Al e
TN NS I S IR JE RV RSP TSR R
b Sy ol gl g Joloe clle il s oS
LT3 55 e wgsa Rl Com g ol en 5 03 Gl S
Jiho 3lultor jsie 63550l 338 o ps ol ol
Ol fed Gty Sl il Sl Sy 5l Sy glo
G st o el S s s 0SS
o B S I3 e sl gle dl s S K
oAl St D305 eslid b b Sy 3lala
b Sy 6l S e S350 ) (00) el
5 Ol Tl s olde s T A 5 (OF 51Y) iyl
LnST O35l s Cuse b mesdle Lol 46,0 45 0,40
Sios Lond MG bl Ol 5l eslizal b ol 4 oyl
S b el 551 O niaS Spo L OIS o 5 o8
Cll O3t ! (00 5 YY) 5 S sl R
LSl gls Jshe mhav o Jlail gl Sl
U Sobe s 0155 o s sl Sl I slay i 3 osbinad
330 o |y Sl s sla S 228 s 4 T 035381
ol OV VLl & i Sl S sl (00)
o35 sl o O o Ol S ules o eal 3 1) o
L bas s onl opds DH s S0l as b 8 5,50 e
b st e g lilai) 5l ealizl | 5 els 2als
e3lial 30 Iadee 5 (3ol Sl 515 sla Jshos a1
o6, gl Laas w0 ol St Sl3 et L OV) sl 1B
dbe sl gy o 8 @ Sl sl Jsho s g
Grd Al S L Shrs, gle Jde Ols
ol oS gla Jshes 3500 Sl ST S350 g4l
Sl eslial b ol 4 Ol8 o | eSSl e o

28 Gl mle Jaoes I bl Ol
O3 Jos b Sl Sl LS 5 (Eroglu) 5185 )
Gla b o skate 4 al ST O3 56 551 (PVP)

va

ol 3 5 ol oy Sn 3 oal A8 350 3,8 AYAY ey Il oslect omis Jlo s Koo gl

L Sk olal alubd 5 g5luli
Sl Ol 53 13 Sobem sla 6 SL bl 5 plubis
Gl GO 5 Sl Loy ole 8 4 5L O 5 Sl
oo il Gl a0 ol Sl e
Sospl dolize gl ST 55T e wald (65 s S
CFUML 3l jS la clale 55 s 5L slald o 56
oslinl U 45 Sl Jm s ol i 3l 2 O Vo
ot e Jelse Loadd el el 350
Vo CFUMI spum Bl U 1, & 5,5 6,50 Olg
L3S Sl s gl 5o (F0) s olulr 5 Ll
oba] bl oS SUS 5 L edd els (hdy el 4]
osbinal ol o bl ol SU la Joho (daws Jul 5o 4
S 51 15 WIS o olan| SLS 5 ol 25
5 JUHS e 3L ST L 5 el Cpla S35 e La
S35 eSSl s (Y 5 FE ) sl s )
b pasie 5L lp eld polastl pal 1S
G oasd (oo oals o3lal 5 o 03358 (Jhoo O gl s
Sua J e Jalse 5 D3H0 G p3Y sla 2SI
S O gl b 3 56 (55 sloe Ol 3,8 ol
el Gua la oo ST 6 558 e Ol g 4
Coo 35 sobastl b ONEIG J e 55 5 el
sb 4 Gaa sl Jlo 4 ebline Sl b Jlasl 5K
35 AS e el wblis Ol 4 | T ol
B S Camaxr 2 2 se b Jile Koo 8 J-
Ol s Zulg 3 2l Ll Ol & el 4655
5o 63l 13 bl Olds 53 S350 ol en 4 Jshe

.stjffclﬁmh_é.uéudjb

(b S 32,) Jobo S b J b s
3 e S5 ams S os YL sl il b S
L Cr mbe Olse w by Jgho ol 515 (655 555 5
(FA) aw @F;’Jﬁ L;u.)w\ Qj?_;.a.h dmj‘)‘ CJL:SJJ

6“ J“"i” L(OY _50\) LA 4.;‘.)..<.':) c(O' jVA) Lﬁ U"j‘.’.ﬁj'i


www.sid.ir

O 5315 el ol Lo e s i85 S s

Jase ol (il 5w ekipd fate b o oS
s (PV) dsles S8l s s Olgee I gl S &
Al ekiS Ll sla Bl 5 b a5l e eSS
wolantl b 4 ((FY) diS sl 1) Jkous ol gla O
reeeikiisl Sl (6 S S cl el esls OLAS
4 (@-Fey0;) cslen ol 46U 5l (Shewanella oneidensis)
el 1) S sla O 5 038 ealinad 055801 o S Ol s
s s Gl el LlST Sl3 40 (F) A4S e
GSas 2 Ol O S W gle clale j3 5 s S s
Lol ool Wl dde LA 1 2t b il S
sdins (Bl ot DG ol 4 D3 S ke
S W, Sl eSS cwles Sl 5 al K Al
(FY) Lsd o

b S 5T ot 3l Sl o e ol ST 350
ol 56 Olge a4 al ST D360 ) eslinal sl
et Bl S Sl U255 g0 o g (S T sla
YO Jle o3 &8 aash o b il Ko sl b
ol osls Oli (23 S el JH1L s 5 (Cotar) U S ba s
(el g 1l e o el oaT QSIS S el
clle Bl Ghls moeSUpin 5 b (ples 2
S 4 s 65 b MIO) A oS il
) ks oles 0 s S

Ol b Jgho 5 s Calb wdlas! ¢l 2 LAMK)UJ&:»
o 4 (Adhesion Factors) >l sdlicns sla ltlo 5
5 Tl oilsus w sl St ol sl Jlasl L, s
s JRal o e b Bl S elan bl L
o 55 5 0l adlEls Sos e gla 558U OUS Jld
ol S e Cmiles Olgme ke 6l s 40 T Jlas!
5 (S, aureus) sty sl s S sS pllen) sl Jh 3 30
el sl Sl & (Candida albicans) Sl L Ll
sla 65,5 Ll ol oAl ST Sl 56 Jlasl (YY)
Fsirersise byt St Sl S mha 4 sl mlan
e BT e R P P JRCIS G P

ol 3 5 ol oy Sn 3 oal A8 350 3,8 AYAY ey Il oslect omis Jlo s Koo gl

otz (Chlorella vulgaris) o 55 YIS S5,
YA sla Jshor a5 il esls Olis s oul 55 s S

(O/\) .L.»Lu o.b'j '\-‘4‘}; & J.&f—lﬂ U’ff;: J>‘J DL U'“:’JK/-}

oA S S350 o S A Ol

Lad 51 505adms OlSY Ciis Lo e ool ST O3 5L
R S I N N T IR
Aisd o (ROS) 03815031 gla Ity 5 5 passas S
(s 3 5511 LS G ol 0581 SlT gls IS,
OgprldenS o 5 035 o adly Jshe Olas! 2T
Sl oSsn 6 b Pl OpnliS (ol gl a
s alg 03 s DNA sl 0l annss (ol
oAl ST S SV 500 OY) Ksd e Jske S
ST B eals ralS | s candls S LSS wa
G35 5 SxS a e ol Gl S e ) Jke
o ge L3 ol 08 5T X)) 558 e s Jule DA
b e b Ol S ety Lie il b
sl L olastl g addsi 5 Il 5 ol
(0 578 Wpd e

o3k (Sl Al ST D3 SL S e Ol
2 b eSS S (B) 5 Selesl 3550 eS|
L ele= 50 585l Cany Side L olbEl il
e il o ge D3 U ol s s Ll L(TF)
Cesls 29,8 My Gl Ol (A 5Y0) 55 5 e )
Sl sl (Sul gla chale s 5 sy Sldsl bl o
b asse ol Oy el g e Olse 0 WIS e
(FY) dize s 1) L) 5 038 Jes w15 S
Al @23 gl sl iz Sl b il S
SAL AL ol bS5 S L 0 257 DL 205
st Jod Sl cal oS oo SLS 5 b sl
Sislp e a4 dnl o I T ol sla 0 0 &S )
Lot 5L 15 olew Glo sl S (S (s

Sheslasal b 6,56 (Listeria monocytogenes) ;5 s o 30


www.sid.ir

O 5 315 apalpl Lo ids a1 S T 5 il s S o oaT ST 3 50 5308 ATAY Ly sl eslad onin Il o Son sl

Sl s SRS 15 0L sla J gk 4 3485 55
s U'l‘ LSJJTJ; B ole oldlas @L'«'-v QLAJ-;J-G )f.iS 9 éﬁfb CJ’l\ ol &‘f}kﬁk«uélﬁjbﬁ-b Jlesl JCJJ

sl 1 Ol JWS ol axils i (F0) il o ool ST S35k b 5

References

1. Arap W, Pasqualini R, Ruoslahti E. Cancer treatment by targeted drug delivery to tumor
vasculature in a mouse model. Science. 1998; 279(5349): 377-380.

2. Gopinath V, MubarakAli D, Priyadarshini S, Priyadharsshini NM, Thajuddin N, Velusamy P.
Biosynthesis of silver nanoparticles from Tribulus terrestris and its antimicrobial activity: A
novel biological approach. Colloids Surf B Biointerfaces. 2012; 96: 69-74.

3. Prabhu S, Poulose EK. Silver nanoparticles: mechanism of antimicrobial action, synthesis,
medical applications, and toxicity effects. Int Nano Lett. 2012; 2(1):1-10.

4. Rai M, Deshmukh S, Ingle A, Gade A. Silver nanoparticles: the powerful nanoweapon against
multidrug-resistant bacteria. J Appl Microbiol. 2012; 112(5): 841-852.

5. Bankura K, Maity D, Mollick M, Mondal D, Bhowmick B, Bain M, Chakraborty A, Sarkar J,
Acharya K, Chattopadhyay D. Synthesis, characterization and antimicrobial activity of dextran
stabilized silver nanoparticles in aqueous medium. Carbohydr Polym. 2012; 89(4): 1159-1165.

6. Zhang H, Smith JA, Oyanedel-Craver V. The effect of natural water conditions on the
anti-bacterial performance and stability of silver nanoparticles capped with different polymers.
Water Res. 2012; 46(3): 691-699.

7. Yang G, Xie J, Hong F, Cao Z, Yang X. Antimicrobial activity of silver nanoparticle
impregnated bacterial cellulose membrane: Effect of fermentation carbon sources of bacterial
cellulose. Carbohydr Polym. 2012; 87(1): 839-845.

8. Asghari S, Johari SA, Lee JH, Kim YS, Jeon YB, Choi HJ, Moon MC, Yu IJ. Toxicity of
various silver nanoparticles compared to silver ions in Daphnia magna. J Nanobiotechnol. 2012;
10(14): 1-14.

9. Beer C, Foldbjerg R, Hayashi Y, Sutherland DS, Autrup H. Toxicity of silver nanoparticles-
Nanoparticle or silver ion? Toxicol Lett. 2012; 208(3): 286-292.

10. Ragaseema V, Unnikrishnan S, Kalliyana Krishnan V, Krishnan LK. The antithrombotic and
antimicrobial properties of PEG-protected silver nanoparticle coated surfaces. Biomaterials.
2012; 33(11): 3083-3092.

11. Liu Y, Zheng Z, Zara JN, Hsu C, Soofer DE, Lee KS, Siu RK, Miller LS, Zhang X, Carpenter
D. The antimicrobial and osteoinductive properties of silver nanoparticle/poly (dl-lactic-co-
glycolic acid)-coated stainless steel. Biomaterials. 2012; 33(34): 8745-8756.

12. Singh N, Jenkins GJ, Asadi R, Doak SH. Potential toxicity of superparamagnetic iron oxide
nanoparticles (SPION). Nano Rev. 2010;1.

A


www.sid.ir

O 5 315 apalpl Lo ids a1 S T 5 il s S o oaT ST 3 50 5308 ATAY Ly sl eslad onin Il o Son sl

13. Viota JL, Arroyo FJ, Delgado AV, Horno J. Electrokinetic characterization of magnetite
nanoparticles functionalized with amino acids. J Colloid Interface Sci. 2010; 344(1): 144-149.
14. Ge YQ, Zhang Y, Xia JG, Ma M, He SY, Nie F, Gu N. Effect of surface charge and
agglomerate degree of magnetic iron oxide nanoparticles on KB cellular uptake in vitro.

Colloid Surface B. 2009; 73(2): 294-301.

15. Karlsson HL, Gustafsson J, Cronholm P, Mdller L. Size-dependent toxicity of metal oxide
particles—A comparison between nano- and micrometer size. Toxicol Lett. 2009; 188(2):
112-118.

16. Mahmoudi M, Simchi A, Imani M, Shokrgozar MA, Milani AS, Hifeli UO, Stroeve P. A new
approach for the in vitro identification of the cytotoxicity of superparamagnetic iron oxide
nanoparticles. Colloids Surf B Biointerfaces. 2010; 75(1): 300-309.

17. Patlolla A, Berry A, Land D, Tchounwou P. Determining cytotoxicity of nano iron oxide in
HepG2 cell line using MTT assay. Sixth International Symposium on Recent Advances in
Environmental Health Research; September 13-16; Marriott Hotel, Jackson, Mississippi.
USA.2009. p. 53.

18. Reddy LH, Arias JL, Nicolas J, CouvreurP. Magnetic nanoparticles: design and
characterization, toxicity and biocompatibility, pharmaceutical and biomedical applications.
Chem Rev. 2012; 112(11): 5818-5878.

19. Colombo M, Carregal-Romero S, Casula MF, Gutiérrez L, Morales MP, Béhm IB,
Heverhagen JT, Prosperi D, Parak. WJ. Biological applications of magnetic nanoparticles.
Chem Soc Rev. 2012; 41(11): 4306-4334.

20. Huang J, Zhong X, Wang L, Yang L, Mao H. Improving the magnetic resonance imaging
contrast and detection methods with engineered magnetic nanoparticles. Theranostics. 2012;
2(1): 86-102.

21. Yigit MV, Moore A, Medarova Z. Magnetic nanoparticles for cancer diagnosis and therapy.
Pharm Res. 2012;29(5): 1180-1188.

22. Andreas K, Georgieva R, Ladwig M, Mueller S, Notter M, Sittinger M, Ringe J. Highly
efficient magnetic stem cell labelling with citrate-coated super paramagnetic iron oxide
nanoparticles for MRI tracking. Biomaterials. 2012; 33(18): 4515-4525.

23. Asin L, Ibarra M, Tres A, Goya G. Controlled cell death by magnetic hyperthermia: effects of
exposure time, field amplitude, and nanoparticle concentration. Pharm Res. 2012; 29(5):
1319-1327.

24. Jing H, Wang J, Yang P, Ke X, Xia G, Chen B. Magnetic Fe;O, nanoparticles and
chemotherapy agents interact synergistically to induce apoptosis in lymphoma cells. Int J
Nanomedicine. 2010; 5: 999.

25. Ramteke C, Ketan Sarangi B, Chakrabarti T, Mudliar S, Satpute D, Avatar Pandey R.
Synthesis and broad spectrum antibacterial activity of magnetite ferrofluid. Curr Nanosci.
2010; 6(6): 587-591.

AY


www.sid.ir

O 5 315 apalpl Lo ids a1 S T 5 il s S o oaT ST 3 50 5308 ATAY Ly sl eslad onin Il o Son sl

26. Grumezescu AM, Mihaiescu DE, Mogosanu DE, Chifiriuc MC, Lazar V, Calugarescu I,
Traistaru V. In vitro assay of the antimicrobial activity of Fe304 and CoFe204 / oleic acid -
core/shell on clinical isolates of bacterial and fungal strains. Optoelectron Adv Mat. 2010;
4(11): 1798-1801.

27. Chifiriuc C, Lazar V, Bleotu C, Calugarescu I, Grumezescu AM, Mihaiescu DE, Mogosanu
DE, Buteica AS, Buteica E. Bacterial adherence to the cellular and inert substrate in the
presence of Cofe204 and Fe304/Oleic Acid - Core/Shell. Dig J Nanomater Bios. 2011; 6(1):
37-42.

28. Ansari F, Grigoriev P, Libor S, Tothill IE, Ramsden JJ. DBT degradation enhancement by
decorating Rhodococcus erythropolis IGST8 with magnetic Fe304 nanoparticles. Biotechnol
Bioeng. 2009; 102(5): 1505-1512.

29. Huang YF, Wang YF, Yan XP. Amine-functionalized magnetic nanoparticles for rapid
capture and removal of bacterial pathogens. Environ Sci Technol. 2010; 44(20): 7908-7913.

30. Li YG, Gao HS, Li WL, Xing JM, Liu HZ. In situ magnetic separation and immobilization of
dibenzothiophene-desulfurizing bacteria. Bioresour Technol. 2009; 100(21): 5092-5096.

31. Jin Z. Bioconjugated magnetic nanoparticles for rapid capture of gram-positive bacteria.
J Biosensors Bioelectronics. 2012; S11(005).

32. Ebrahiminezhad A, Ghasemi Y, Rasoul-Amini S, Barar J, Davaran S. Impact of amino-acid
coating on the synthesis and characteristics of iron-oxide nanoparticles (IONs). Bull Korean
Chem Soc. 2012; 33(12): 3957-3962.

33. Colombo U, Gazzarrini F, Lanzavecchia G, Sironi G. Magnetite oxidation: A proposed
mechanism. Science. 1965; 147(3661): 1033-1033.

34. Berry CC, Wells S, Charles S, Aitchison G, Curtis ASG. Cell response to dextran-derivatised
iron oxide nanoparticles post internalisation. Biomaterials. 2004; 25(23): 5405-5413.

35. Berry CC, Wells'S, Charles S, Curtis ASG. Dextran and albumin derivatised iron oxide
nanoparticles: influence on fibroblasts in vitro. Biomaterials. 2003; 24(25): 4551-4557.

36. Cengelli F, Maysinger D, Tschudi-Monnet F, Montet X, Corot C, Petri-Fink A, Hofmann H,
Juillerat-Jeanneret L. Interaction of functionalized superparamagnetic iron oxide nanoparticles
with brain structures. J Pharmacol Exp Ther. 2006; 318(1): 108-116.

37. Muller K, Skepper JN, Posfai M, Trivedi R, Howarth S, Corot C, Lancelot E, Thompson PW,
Brown AP, Gillard JH. Effect of ultrasmall superparamagnetic iron oxide nanoparticles
(Ferumoxtran-10) on human monocyte-macrophages in vitro. Biomaterials. 2007; 28(9):
1629-1642.

38. Gupta AK, Wells S. Surface-modified superparamagnetic nanoparticles for drug delivery:
preparation, characterization, and cytotoxicity studies. IEEE Trans Nanobioscience. 2004; 3(1):
66-73.

39. Gupta AK, Gupta M. Cytotoxicity suppression and cellular uptake enhancement of surface
modified magnetic nanoparticles. Biomaterials. 2005; 26(13): 1565-1573.

AY


www.sid.ir

O 5 315 apalpl Lo ids a1 S T 5 il s S o oaT ST 3 50 5308 ATAY Ly sl eslad onin Il o Son sl

40. Ebrahiminezhad A, Ghasemi Y, Rasoul Amini S, Barar J, Davaran S. Preparation of novel
magnetic fluorescent nanoparticles using amino acids. Colloid Surface B. 2013; 102: 534-539.
41. Akbarzadeh A, Mikaeili H, Zarghami N, Mohammad R, Barkhordari A, Davaran S.
Preparation and in vitro evaluation of doxorubicin-loaded Fe304 magnetic nanoparticles

modified with biocompatible copolymers. Int J Nanomedicine. 2012; 7: 511-526.

42. Ebrahiminezhad A, Davaran S, Rasoul-Amini S, Barar J, Moghadam M, Ghasemi Y.
Synthesis, characterization and anti-Listeria monocytogenes effect of amino acid coated
magnetite nanoparticles. Curr Nanosci. 2012; 8(6): 868-874.

43. Dickson JS, Koohmaraie M. Cell surface charge characteristics and their relationship to
bacterial attachment to meat surfaces. Appl Environ Microbiol. 1989;55(4): 832.

44. Chwalibog A, Sawosz E, Hotowy A, Szeliga J, Mitura S, Mitura K, Grodzik M, Orlowski P,
Sokolowska A. Visualization of interaction between inorganic nanoparticles and bacteria or
fungi. Int J Nanomedicine. 2010; 5: 1085-1094.

45. Gu H, Ho PL, Tsang KW, Wang L, Xu B. Using biofunctional magnetic nanoparticles to
capture vancomycin-resistant enterococci and other gram-positive bacteria at ultra low
concentration. J Am Chem Soc. 2003; 125(51): 15702-15703.

46. Gu H, Xu K, Xu C, Xu B. Biofunctional magnetic nanoparticles for protein separation and
pathogen detection. Chem Commun. 2006; 9:941-949.

47. Akin D, Sturgis J, Ragheb K, Sherman D; Burkholder K, Robinson JP, Bhunia AK,
Mohammed S, Bashir R. Bacteria-mediated delivery of nanoparticles and cargo into cells. Nat
Nanotechnol. 2007; 2(7): 441-449.

48. Doughman SD, Krupanidhi S, Sanjeevi CB. Omega-3 fatty acids for nutrition and medicine:
considering microalgae oil-as a vegetarian source of EPA and DHA. Curr Diabetes Rev. 2007,
3(3): 198-203.

49. Rasoul Amini S, Ghasemi Y, Morowvat MH, Mohagheghzadeh A. PCR amplification of
18S rRNA, single cell protein production and fatty acid evaluation of some naturally isolated
microalgae. Food Chem. 2009; 116(1): 129-136.

50. Becker E. Micro-algae as a source of protein. Biotechnol Adv. 2007; 25(2): 207-210.

51. Ye ZW, Jiang JG, Wu GH. Biosynthesis and regulation of carotenoids in Dunaliella:
Progresses and prospects. Biotechnol Adv. 2008; 26(4): 352-360.

52. Macias-Sanchez M, Mantell C, Rodriguez M, de la, Martinez de la Ossa E, Lubian L,
Montero O. Comparison of supercritical fluid and ultrasound-assisted extraction of carotenoids
and chlorophyll a from Dunaliella salina. Talanta. 2009; 77(3): 948-952.

53. Singh J, Gu S. Commercialization potential of microalgae for biofuels production. Renew
Sustain Energy Rev. 2010; 14(9): 2596-2610.

54. Demirbas A, Fatih Demirbas M. Importance of algae oil as a source of biodiesel. Energy
Convers Manage. 2011; 52(1): 163-170.

A¥


www.sid.ir

O 5 315 apalpl Lo ids a1 S T 5 il s S o oaT ST 3 50 5308 ATAY Ly sl eslad onin Il o Son sl

55. Xu L, Guo C, Wang F, Zheng S, Liu CZ. A simple and rapid harvesting method for
microalgae by in situ magnetic separation. Bioresour Technol. 2011; 102(21): 10047-10051.

56. Kadar E, Rooks P, Lakey C, White DA. The effect of engineered iron nanoparticles on growth
and metabolic status of marine microalgae cultures. Sci Total Environ. 2012; 439: 8-17.

57. Prochazkova G, Safarik I, Branyik T. Harvesting microalgae with microwave synthesized
magnetic microparticles. Bioresour Technol. 2012; 130: 472-477.

58. Eroglu E, D'Alonzo N, Smith SM, Rastonl CL. Entrapment of microalgae cells within
magnetic polymer matrix. Nanoscale. 2013; 5:2627-2631.

59. Pisanic TR, 2nd, Blackwell JD, Shubayev VI, Finones RR, Jin S. Nanotoxicity of iron oxide
nanoparticle internalization in growing neurons. Biomaterials. 2007; 28(16): 2572-2581.

60. Brunner TJ, Wick P, Manser P, Spohn P, Grass RN, Limbach LK, Bruinink A, Stark WJ. In
vitro cytotoxicity of oxide nanoparticles: comparison to asbestos, silica, and the effect of
particle solubility. Environ Sci Technol. 2006; 40(14): 4374-4381.

61. Hartford T, Obrien S, Andrew PW, Jones D, Roberts IS. Utilization of transferrin-bound Iron
by Listeria monocytogenes. FEMS Microbiol Lett. 1993; 108(3): 311-318.

62. Conte MP, Longhi C, Polidoro M, Petrone G, Buonfiglio V, DiSanto S, Papi E, Seganti L,
Visca P, Valenti P. Iron availability affects entry of Listeria monocytogenes into the
enterocytelike cell line Caco-2. Infect Immun. 1996; 64(9): 3925-3929.

63. Bose S, Hochella Jr MF, Gorby YA, Kennedy DW, McCready DE, Madden AS, Lower BH.
Bioreduction of hematite nanoparticles by the dissimilatory iron reducing bacterium
Shewanella oneidensis MR-1. Geochim Cosmochim Acta. 2009; 73(4): 962-976.

64. Cotar Al, Grumezescu AM, Huang K-S, Voicu G, Chifiriuc CM, Radulescu R. Magnetite
nanoparticles influence the efficacy of antibiotics against biofilm embedded Staphylococcus
aureus cells. Bioint Res Appl Chem. 2013; 3(2): 559-565.

65. Ebrahiminezhad A, Rasoul Amini S, Davaran S, Barar J, Ghasemi Y. Impacts of Iron Oxide
Nanoparticles on the Invasion Power of Listeria monocytogenes. Curr Nanosci. [Accepted].

AD


www.sid.ir

Journal of Microbial World ReVieW
| Volume 7, No. 1, April 2014 Article

Applications of iron oxide nanoparticles in microbiology and the
effects on microorganisms

Alireza Ebrahiminezhad'?, Aydin Berenjian’, Amin Kouhpayeh®, Younes Ghasemi*

! Assistant Professor, Department of Medical Biotechnology, School of Medicine, Fasa University of Medical Sciences, Fasa, Iran.
2 Assistant Professor, Pharmaceutical Sciences Research Centre, Shiraz University of Medical Sciences, Shiraz, Iran.
3 Assistant Professor, Department of Pharmacology, School of Medicine, Fasa University of Medical Sciences, Fasa, Iran.

* Professor, Department of Pharmaceutical Biotechnology, School of Pharmacy, Shiraz University of Medical Sciences, Shiraz,
Iran.

Abstract

A broad application of nanostructures in various fields of science has led to their commercializa-
tion in different industries. For instance, application of the antimicrobial activity of nanosilver is
one of the consequences of such these strategies. Furthermore, iron oxide nanoparticles is
currently employed in microbial cell fixation. In addition, nanoparticles can be used for effective
targeted drug delivery to the site of infection..In this term, study on the effect of iron oxide
nanoparticles on the physiology of microorganisms is highly demanded. At low concentrations,
since iron oxide nanoparticles can act as iron source of microorganisms, they may be eliminated
from microbial environment. However, higher concentrations of these particles can result in cell
stress and reduction in microbial cell growth. These nanoparticles attach to the microbial cell wall
via electrostatic and hydrophebic forces, reducing microbial pathogenicity. The attachment of iron
oxide nanoparticles to bacterial cell wall interferes in functionality of cell membrane and thereby
increase membranes permeability. These phenomenon increases molecular transportation through

the cell membrane and increases productivity in industrial process.
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