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The anti-bacterial effects of magnetic iron oxide nanoparticles
produced by biological method and the kinetic study of mortality of
common strains in clinical infections
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Abstract. New properties of nano-materials have made nanotechnology the leading part of biology and medical
sciences. Due to their various biomedical properties, iron-based magnetic nanoparticles (MNPs) have been highly
considered by biological researchers. Nowadays, increasing resistance to antibiotics is a major problem in treating
clinical infections. Finding new antibacterial agents is therefore essential for the treatment of resistant strains. In this
study, the iron oxide MNPs were produced using culture-medium supernatant of a newly isolated bacterium to
investigate the inhibitory effects of the NPs on strains with a major role in clinical infections. Biosynthesis of iron oxide
MNPs were detected by UV-Vis spectroscopy and the average size of particles was estimated by dynamic light
scattering technique. The anti-bacterial activity of these NPs against E. coli and S. aureus was investigated using
methods for the calculation of bacterial sensitivity coefficient. In the presence of NPs, the highest sensitivity coefficient
value was observed for E. coli in 1XMIC concentration. On the other hand, S. aureus showed the lowest value. The
death rate of the two strains in contact with NPs followed the first order kinetic equation and the survival rate decreased
with the increase of exposure time. The results of this study as well as the high functionality of iron oxide MNPs, make
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its application desirable in the prevention and treatment of clinical infections.

Keywords. antibiotic resistance, minimum inhibitory concentration, nanoparticles biosynthesis, nanotechnology,

sensitivity coefficient

ol Aiidu 3 gy 5 Amey |y 35 Geslie eslSe s e
355 AL Oad ol 5 ey (ST e Ity 5 0328
Sl ol Calibes (Glady g )5 2eslae L;Lavﬂ:sli.a ol S g
Nasrollahi et al., 2009; Panacek et al., 2009; Seil & )
A s L .(Webster, 2012; Thukkaram et al., 2014
Caols (glyls Lo 3lge 5 baoly Bl (Bgp (sladzudls o 8
Jolse Caslin 05530555 il b odblas ol SGsw =T
Olge o Sl 1 eslizael .ol Coeal il (g0l S gl
bbb aals =y 5L o 51 @b Sh A 5 Gste A Jelse
5 e i 1S oS5 s Dode eSS (ST sk
5Ol O e G SISl g L A 5 e
ol bde 6l el sl g5 WOT I Jool- LS 5
G i ol Gladle 53 5 adldS bl b4 5, Chas
sl 53 5l g0 b ol (2287 OT (g 55 5 S ple oS o
O3plsy Cuaslie JSie WIS pdiee boAs el U
oy S 5 O350 s ) ssles 6‘-“;»—*_5\?)‘))@‘
5 50 i Sls g ils L osde (o5 I3 g aS”
e D6 (S ) sl s YU il
O e e B LOT 31 Jool a0y 5 il
Stoimenov et al., 2002; Thukkaram et al., ) tx.s
©adxe sla,lsle 6l 068 6 .(2014; Ismail et al., 2015
lesT 550 2B Ao 5 SU S As Lol gzl b
1SS onl b o)l gon Ll gl cpl (55 6 43 8 13
23 (0,8 5 S5y cme Osmman) OB S a8 Iy HI 3 L s
wins o 53y 05 3 295 (BT Ceols e I
B g o 3 (AT ST asle) s s oSST J
Lo sla iy sb dm 55 Js evp 09,5 ST Cowls
Seil & Webster, ) uas s 55555 5l B As 5 5L S
4 axg b 5o s kuly opl 55 .(2012; Arakha et al., 2015
4 s DL b ST s S Ssline SlST p 55

Gl Ol 4 w8l e Sl cp g LSS s ST

dodo
Jor cSlados ple ol pli Ulge 4 S5 ESS L o)
RIS (G g 4y Ly s 53 psle I (At Slaoj - (N
gl e B O3 ol rals Lol il L e e
o Ol gl s S el pls B8 ST
5 038 s odel ol 5 e ole labee o I8
Shils S o3Iul Hs S35 L 54U clu); oy slis OOl
4 D3L s dal (635 4 pemie gla il 5 (S5
Sliions plas (6 403V (SIS 5L 3 g, ab 5 4l Ol
Fow s g gl Sy sy cpl Sl s s o5 pl Gl e s
oblie D3 gL el oy 6l 0y Caeal I QT
G o ,e 3 Ol lajbslosl des I 8T £
oty b ol CAB 4 ey LS s S
LS 53 bl ool omen 5 YU 5L 6,8 5L
35 dates 5 cwle Il &K Olge 4 56 skl gl Sh
Bharde et al., ) wus iz 4> 5 3550 0 S US (sladia

2006; Bhabra et al., 2009; Hulkoti & Taranath,
@ ol Gl sy 0,e) 3 esb slal ys S5 e i (2014
S0 s sy s b awlie 53 5 o3y D356 A 55 YL
Fow SRy Sl Sl s BB Ll Sl ot
S5l a8 FaVT s 4 5 03wl 5 &S 0151 5w
Bharde et al., 2005; Bharde ) .5 Cuw j Laes b (5 28w
(et al., 2006; Lloyd et al., 2011
G 2 S Gste Jal e Caslie S 31 ol gladle o
23 s Sl 1SS sl Sl S ST £l b Oles &
ool oks 0T )5 s Jolse ol b ablie S5 85 L b3
mag e b s Ml Ol (51 (STl ey DLIF
Sl ans 53 BOT 5 (86 e 5 5 e 5 pslie B sla
5 g ,SL (Nel et al., 2009; Seil & Webster, 2012)
Iy Coaglie LSS g (ST 4 Sl (3umi0 (gla S 3 b
Cose > 3B VL e g e 18l L 0T (ST
b S ST gl 92 S S IS o Ol 0

31/


http://dx.doi.org/10.29252/nbr.6.1.30
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.1.4.9
https://ndea10.khu.ac.ir/nbr/article-1-2806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-10-31 ]

[ DOR: 20.1001.1.24236330.1398.6.1.4.9 ]

[ DOI: 10.29252/nbr.6.1.30 ]

Nova Biologica Reperta 6(1): 30-38 (2019)

AT Sl cunadolito 193956 Jiw ) i

Lo CIBU s ) ealizul b T dnST wbliie I3 50
O3lee (slagyls p &gas jl aS okl I wshenls (6 L S
3l Sl 5 il 5 Bl 5 53 (Kusy g b
DNA (s A5 sladslp b Olojen o dd g g ol
S a5 okd el 0 35 A g8 s 4 8 LS e S
4 KUB55428.1 . s 45 L NCBI ol 55 JIg e
CoFs olibul CAS b 5o 5 S0 8L e, O
b @b SU rsm o chd o3l S8 Cole YF Gle 4 Ol
et 5 Oliebl shie 4 3 8 e 3B pe 1 55k L
& s Sen /YT b 5 S Lase ) ‘le)‘bgr‘ )
Ab gy 4 (D) aT IS 68 03551 L i ol ) pe
S5 0T o 53 5 Jslons SsdS il il 5 5y ok codds
LS D30 i 43S sdalin &) (sl 056 Sls)
e b ST s @ ) Jool O gl g 3 T
S ) 3 a3l ol (gl aalsl 3 5o olulis UV-Vis
ol O3 woren s oslizul (DLS) Salus 45 SaST,
3 95 nl ) g eals Ol STl LT 4 O sl 5
38 o BOT 53 mbline ool
Sl g (TS 0T

B35 o Sl (K ey S (Salus 4y SasT,
abﬁGﬂjg’)j;uﬂ..@&j}d‘.@‘hd;&)bbﬁf&bs
@ 09,50 b 2 b i (g 03 gutoue 53 )3 o3Il s () 5
5 s il Ko o)d sy 2Sen 4 sy ol 23y o S
S 4 WIS (o 45 AST (o i Dlej b e 3 ek ST,
56T ¢l (Brar & Verma, 2011) ssi osls Lyl o3
3 Ol A3 5 e ¢S b 0 ey SSBL g 51 DLS
0355 0350 sl Jolown Lan S oslinal (5,05, b Ladis )
Sl b e o) 2 (e YO e Lol aid S
PON om0 Jsb 53 5 db iy (e e FEXVY/OXVY/D
O3l 557 ol ges a3 13 et 3550 ST IV 55 e il
AT Sz 4 S5 L
S AL Sdiges

S Gl S S b ST s SlaleT pll g
(ATCC 25923) . 5555 55 55 skl 5 (ATCC 25922)

o la3T 51 5 s (eSS 0 3kd s oy g 4 oS LS a5zl

QYRR T--FA ) 5L & ale o cisjpsle 45 cngi sloaidly

O3S 6,8 15 sl 5 gy 3550 VU ol b 5 o sllas
s e A Al s e D3
Oljen sl azsls S auSlge 3115 glew L;uwfjt,;\,a
Gk lsd e 5 6L e b e LU ST G
o dlen (8T ST bline S1y3 50 55, o OLS L350
Sl g 2SN gla 2SOl b S s (sladnSTT S5 5L
5 @lid conT bl b s oals 28Ty 6L Johe glis o
228 0T & ot e Joho 0555 sl ol I
(Tran et al., 2010; Ismail et al., 2015)
LS| bl OlH360 oL STL s S tags ol s
5 KLaal ade Ll ols Wy s Sy 4 S el
s M F 8 E N E g 255 o) oS S S
Gl iy ple Aol 53 35 ge gla Sy 13l S350 ol
4 Oghn comle (A35L 4 ar s b g ey gled 5 (S
) M s talie glatasn b awlis 5y Ll 4,0
4 glows dulp s Clggw ed anllae cpl )5 eslizal 5550
Oljee 53 am g JB a3l 50U S Olej Cuse 95 51 el 3 6L
Blse s Jolss 51 (S o)lsen ol 6,0 5 o0 M5
6 Sy Slaoj g 55 Sly3 b 3l eslitel aaw g S35 iy &
adllas opl ysodd W g T ST 053 U el 03 Olays 5
O3 5 GeSa 5 o pws 53 il iy Sl eslizl L
ST D3 50l edeT S (310 360 e 4 s
Catl (sl bl Gl b S350 sgdms 1 oaT
5 a5 S )5 55 ol Sl o S a5 bl
03 Syl ol ) Sl il 51 655 po g el Slays
A0l G35 a5 (oo o Oleys b oS je et
Slaa g dax 51 Ll 615 Solew &S S35 !
Ol jer s pad b andllan ol js ol 2L s sie s GL&
S ok Ay D5HL 4 Tl g 55 ol Sl
g b3S sy SIS e 53 s S e 5
CAL ool 5 by )l ST g ekl ey S
Glas 8 51 es 28 (b 45 Ol o Sy gb ol )6 8
S Lo Gla i g b e s g Sloygols 51 (S5 S

e Bl 5 o e 6l

lkufag) 9 olgo

32/¥Y


http://dx.doi.org/10.29252/nbr.6.1.30
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.1.4.9
https://ndea10.khu.ac.ir/nbr/article-1-2806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-10-31 ]

[ DOR: 20.1001.1.24236330.1398.6.1.4.9 ]

[ DOI: 10.29252/nbr.6.1.30 ]

Fatemi et al. Antibacterial effects of magnetic iron oxide nanoparticles

5 Oh3 5L ol sad I e (W)l Jo5 e i 5 4 A
Y Oloj ST 5 4ids 5 593 YAY OV °C les s (oS
Ol g 3 llasee aen 53 s 108 LF celn
A8 o3l A6 S o5 )5S b ST
O 9 135 slow S 5L o o i dalllae Ol lo3T
T ST cunbliio D33 936 49 BOT Camlu 3ltie

O sl g Jsloms oS S St sy Gl
5355 G ble b olys b sl iS4 oL ST
533 W) s So 5L Sl s a5 LI MIC Sldis i,
G LS (Cele YF Ol STus 5 ¥ °C (gles caids s
O gl g 51 (Lol O U j200) B 5500 0L 5 LS
Gl S5) » 5 edkd (S)la s dged BT STl 03 Sl ST
walsl 55 L e osls CiS LSBT Cn 5y CiS Lase (g4l
ChlE a3 s a5 0l a sl e S S gla S
S SRl 5 (IS A G Sl SBle )
s 51 (NINO) iy i i3 8 25 5 2ol (o
sl 5 (N) (gyls s sad Ol s S la IS slaw
AT ST S5 56 8 ol g b olad 1 S 0le5 5o b S
65 e dslae Sl g S o5 e oSt L33 8 acloee (No)
Pl 25 D) 5 g St Aslan s o ZnS Il ey
dN
— =k

Jl 453 e 58 0 Ol ol oS 0Ly (K) YU dslas s

o S L sla ST sl Ny (6 STL ad sl sla 2IS™ sl No
Ol Cid8 51 G 8T ST S5 41 O gamiloms g b ol |
2 (D) Syd 5L Gl o b andllas 5l 5s 30 51l
YOON Lo 5 a8 5 dlaly a0 2 oo 2 05 5,80 oo
YOONnet) b7 o Cands 035 0l Ol 5§ oy 30 4 OIS0

«@al., 2007
—In (%)

7 =
C

bl 5 b STL gla ST sl NG el o
C 5 adsl ob,SL o S sluss No ol asT oily3 b
Ak 2 08550 oy adlas 355 S350 bl

BT ST cbliie &350 b 2Shas Sl 3o San 5 ool

V! Sl 4 ar g b o gy o 4 (S 55508 S
B Bl 2T ST ablite S5 56 o5 S A Clled
05 AL es S 52 I el s ST Sk o)l s
Sl Sl ST plonil (gl (6 8Tl 500 &K it p B 5 e
- otslT bl S (gL AL O il g g et S
Lo mhw 51 oL S ladsle bl (ol S A sl
}Lefzjé:ﬂ‘giﬁﬁdjﬂc«?-&fw‘%ﬁ“& _
o DS L ksl b s S bk b sl Slind (S
—CFU ) (& o 2 55 (S sl V=10 x VM) ud b oS
o3leT Usloms ol Oliabl ol 1 2353 4 (S S5 s
Tor Jsb eagutome 53 I e n sy il dlos 4 0
A= /Y e3gdoes 43 de Ol 5 6,8 03Il e gl FYH
s S ks
AT Sl o lido S350 b 5L Ao 03T

1o Jole K Olse 4 S3sE S S Ol e
LOT G b 51 & Sl AR LT sla s,y a3l ¢ s, Se
e 32 B A ) QLAY Gl ok Ol Ol
O sl g Bl Spad 53 13505 (6,5 051 I35 4 cayd sl
b omblie 2T ST S50 Sogline glachle gyl
Chle Blas s 6l 0T 516 wd ag Jo il bl 5 Sole,
2 &l (MBC) 25" 68k ke oy 208 5 (MIC) 5l
sdiasplis MIC 548 eslizal 5 355 slagg S 51 &S
ol (i 5550 03 5 sl 53) (6 5SL o o3le 1 ltie JSla>
g o gte CiS L 53 o SL b (BlE 0T 53 S
2 oodle OT 55 &Sl b 5,40 0350 51 bl ;5 MBC
S Lames 53 3590 S STL | doys A9/8 (d, CaS 5
Lo o= 3

Lo 23 o ¥ sl S a ST SINY Sl ol )
23S Sypo p s £ sl g el Sy s 5
L) B sy5e 0350 Opeibmge 2 (e B LB Jsl A
e ok b gl 5 sy (5 a8 5 Sa Ve r e il
Les 905 U0 gunilow g 2d S ¥ (g9l a5 o leis A4 5
A opl 5l s LI Y jlad A 4 g axsls y 1) o Yooy ciS
IV A G b pen a5 Bl G 4 2 e Y
ome2313 B Jgl ) 51 Sla b glachile) ws § 1S Jee

33/¥v


http://dx.doi.org/10.29252/nbr.6.1.30
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.1.4.9
https://ndea10.khu.ac.ir/nbr/article-1-2806-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-10-31 ]

[ DOR: 20.1001.1.24236330.1398.6.1.4.9 ]

[ DOI: 10.29252/nbr.6.1.30 ]

Nova Biologica Reperta 6(1): 30-38 (2019)

T dsb 03 el oSG Rasi al 03 ek el (5 LST
DLS ;LT 5l Juol slaosls () JK5) Ad sdaline 120 56 ¥90
L gl L (5153 (55l ¢ Jrol O il g 47 515 0L 33
(AY JS8) Cl s g s (SAST agl VYT
o 3 Ut L PH (150 L s etaliee s
el 0T b odd Ay S5 Lo ge 8 (UL g 4 6K
(BY JK8) wb o ialS
ol @ eds s T w3l b ST ds ol
el a5l 05 5 15 (Shs oK Olse 4 LIy o b
ol Gy gl bl 10335 G551 5 0 - Jas alaw
La,al 65U @lp MIC Hldie ¢ o5 S ds Clad )
S5 AT b U4 Lol sinsl S S ikl 5 S
BIREIEE L pR W PR B W G WA T APRL 1
o303 S S Akl 4 Lo SL 51 S s 0L MIC
3 U4 ok g Sl o3 Jla, S 6 Comles
A Slp Clee g b e )l Caslie S ol Ay
Sl 0 A Sl 5 D356 O gl g 5 s ST IS
s Y S s ik 3 s (513 630
03,51 ) U 53 anfllas ol 53 eslitul 5550 S350 a4 S
Sdie ol ok 0313 OLES Y Jgdr 3 &S 45,8 Olaa (ol ok

Sl L oaT wwST oy3 56 ol S, aureus Covlus o

QYRR T--FA ) 5L & ale o cisjpsle 45 cngi sloaidly

(N/No) o5 slas SL s € 3 Z poolaa 1 oslizul b .ol
o g SL a8 ol gme ol 4 Z (VL Hldie .ol iy iy b6
033 15,55 5 (6 e ol 1 0T WS S350 4 S
Sl AT ST O3 b &S ol ol Sl Kos Ojle 4

) (6 e 2 SL LS ool

W
(D) 2T K0 s sy w43 odd T oy s
S syse e 5o 0T Gl &S (golie 4 4T £ WIS
WS Jgloes 035590 bt 6lS) e, 0 MM 4 SSBL 5
Ky ) o3 Sarlm s 4 &Sy 555 5 Dlis LI g
b g 0 o OT (g (b 425 ¥ Sl im0l L5
i okl UV-ViS o sSus iSKl oins b g S5 136
w,c;).\mﬁmcm}g‘ywﬁauw@u)tf@p
(O3 03I 4 a5 0l ST el ST SlL3 50 S
Calite (635 3 9d U Ll 5 (oo mbw s g9 M S S
2 pals &y sy s mle 5 SV L pllee il
Gl AT ST S350 4 by e 2l Fro b ¥OY 03 sdome
il S e Sy ol (Makarov et al., 2014)
i8S Lo Jhoun 55 5 6K (T Jons & o S Lo
Lyl s .l 8T 4SS S35k W 5 edias Ol €SS

03
=g
P i
\\\/ - = o B
s T \ "
S 02 | : -==C
2 ¢ !
: it \
2 il A
P // B -~
\»kl > ~
0.1 / e
/ s
\ /
~
0 N L
250 350 450 550
Wavelength (nm)

+ESBL p gu) ook 5 D13 56 Gl OB g i Cab AL 2] sy 4 eld d 5 8T deSTT dblie S350 UVAVIS e ol —Y IS
D 2T +NB 8 Loes) NB i8S Lises 53 2T ¢S5 Jslons LC (0T & b JS (D) (2T Jglons) 02T ¢S5 ST Jslous B (078 0 )5 (D) 2T

(aTF )5

Fig. 1. UV-Vis absorption spectra of biosynthesized iron oxide MNPs. A. absorption spectra of supernatant
containing produced NPs (Supernatant+FeCls;.6H,0). B. aqueous solution of iron salt (FeCls.6H20 solution). C. iron

salt solution in nutrient broth medium (NB+FeCl3.6H,0).
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Fig. 2. Size distribution diagram of biosynthesized iron oxide NPs by DLS technique. A. Produced NPs in natural
supernatant with pH equal to 8.5. B. Produced NPs in alkaline supernatant with pH equal to 11.
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