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Abstract

Introduction: "Klebsiella pneumonia” is an opportunistic human pathogen known
for its ability to form biofilms, which contribute to multidrug resistance. This study
investigates the green synthesis of silver nanoparticles and their effects on the
expression of biofilm-related genes in "Klebsiella pneumonia" strains.

Material and method: In this cross-sectional descriptive study, 60 urine samples
were collected and subjected to biochemical verification tests. Ethanolic extract of
garlic ("Allium sativum') was prepared for the green synthesis of silver nanoparticles.
Characterization of the synthesized nanoparticles was performed, and "Klebsiella
pneumonia” biofilm formation was assessed by measuring color intensity associated
with biofilm presence. The resistance pattern of the bacteria was determined using
the disk diffusion method, and the minimum inhibitory concentration (MIC) of silver
nanoparticles against biofilm-forming strains was evaluated using the microdilution

method. Multiplex PCR was conducted to identify the genes "mrkD", "sugE", and
"luxS", and the expression levels of these genes were analyzed using Real-Time PCR.

Result: Among the 60 samples, 36 were confirmed as "Klebsiella pneumonia",
and all strains tested positive for biofilm formation. Most isolates were classified as
multidrug resistant (MDR). The synthesized silver nanoparticles exhibited a spherical
shape, black color, and an average size of 60 nm. They demonstrated antibacterial
activity against all isolates, with MIC values ranging from 6.25 to 100 pug/ml. The
highest frequency of the "luxS" gene was found in 30 isolates (83.33%), while "sugE"
and "mrkD" were present in 23 isolates each (63.88%). Notably, the expression of
"mrkD", "sugE", and "luxS" genes significantly decreased in cells treated with silver
nanoparticles compared to the control group.

Conclusion: The study concludes that silver nanoparticles effectively inhibit biofilm
formation and antibiotic resistance in "Klebsiella pneumonia" isolates, suggesting their
potential utility in managing multidrug-resistant infections in hospitalized patients.

Keywords: Klebsiella pneumoniae, Biofilm, Silver Nanoparticle, Antimicrobial
Resistance, Gene Expression

How to cite this article: Mirzaii A, larijani K, Parkan N. Investigating the effects of silver
nanoparticles synthesized by the green method on the expression of biofilm genes in Klebsiella
pneumoniae strains. Alborz University Medical Journal 2024; 14 (1) : 1-16

Alborz Univ Med J (AUMJ) Winter 2025; 14 (1): 1- 16

https://aums.abzums.ac.ir


https://aums.abzums.ac.ir/article-1-1782-fa.html

V=17 sloazio ) o lats VF 0,90 NP Y i o5l (Sippsle olKails 4y 05 AUMJ

Alborz University of Medical Sciences

csokdgm (61 (35 ol (595 2 e (g 42 00 e 0,85 O 393 O 51 o 2
Aigoghy S (gld d1gaw 5

oA 108 5 0,5
b el
P . . 0o R . . TSl U seelS
SAL ol e 2l S S ol LSS c Sl Clbes 3 055k G ad 5o 5 U IS 1aa e
2OV s 50,8 S350 o 2w casdllan (pl 3 ol 03 g1 Slalllae I (sles 28 i 3w
238 N3 s 550 48 g0 g S glad s 55 elid g b0 Ol 555
uw_.ﬂ\pj@j@a@\);l 300 3l ases W slaws abate — s g andllae ol 53 )8 Gy, g sl
o )las (g3 3 S a0 ALS SO o oS g Sl g LS o bt s b sle
(@‘Owﬁﬂdﬂﬁ)}ybdbwJ\.vdCLW‘JQ“NJ:M‘.);I})@dﬂﬁ);yhﬁaﬂjww‘ﬂk}yu‘
A)J};L ;MMW&L&&L& .L:;Jv.:.;gj),.us &_..MJJ b&j)muyﬁwdujuﬁ 6;{”
PCR oS Ale dd oL 1 s o 5 WS b g W ge las 5w (S35 0 tshlos Sn gy 4085
4o 50 5 UeecdS TuxS s mrkDesugE (glg 5 Olo camed j5 .03 (abu‘ luxS s mrkD sugE slg 5 QJ“LMLM: e
LS oy 5 Real Time PCR %95 45 0,8 0,5 530 L odd jles

Uay g ol o Aol 5 m 5y UnerdS (55 5505 ¥V 0l (6 sTmar @553 N 3l aalllan ol s slaasdly
A.Lir_}f.l..,.:aja.} a)':};LJ .JJJ}f (MDR))J‘}.L'&;M.(:jULA LAQ}MJTSl JQJ};QALAP.L&}:) kﬁ;‘}ﬁg\_mjjbj‘
Glaalir oles ©55 2 o8 05350 g sl ple S0le s 5 K alw 5 (55,8 Sl (51l
Voo Ol i VYO L plpMic clale o 2aS Jy o dls oL sStas cools addlas 5,5 )
L _ (Dlide 5 e sl Al o alid Do S )

A IS A e 0S5 S Ol 05 e gl 15T ol 3l5

Oead (ol (Lo, s VYY) ol Yo s 1uxS O 4 bgy o sl 3 o 2l oS sls OLES @L:; :6;4".‘5‘; &S5 iy Ay il 3 g3 05 5 Y
Ol e s e ol 5151
aml:‘uuggjr,bb\}‘w.h,;r
C_A,..M..; GJL' OJ:}JL' L' ol )Lo.:; 6[.@.5}1_.\,4 DL luxS 9 mrkD¢ sugE L;L@"'.S QL:.' G| dj LY JA 6‘)') dl.d‘}».ﬂ! Qlj-_(] ﬁOlJéj ‘J‘u__ﬂl JUT

g gy el ol (S5 g 5T Con gl 5 Wb g LS5 o2y g 5 BB 2alS J S 05 S

ﬁlﬂ)swl.béu@}&.odjzs);&:bdﬁu LAl 0,8 LnST Ol 60 4 ASTs s S5 sba

o5k 4 (Ao 3 WAA) alir TV 5l 5 050 (Ao, AMVAT) il YT 6lUS™ 8 mikD s sugE sl s Slsl 3

1 shsanding g3
Amir.mirzaie@piau.ac.ir

ASL e Ll 55 oo (8 5 Ol 53 (MDR) 503 Lo

03 Ol co 5 05350 ¢ S g ST sl codd g et o 51y S 1 g AdS” SLadS

1=15 41 0 Lo I F 0,93 I Fo oy lino j oyl i 30 e ol iy sole 4y pil

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

¥ oo 61 05 Ol (59 2 e U9y 4 00D s 0,8 360 SIS (o

LS laoslas Sl eslinal Cuge op St ol (S 30 Sl o
s 33 L 3 pe S 53 8 el 0,8 S35l e
LS il yie oS Wl o site o silte 5 Ak o 5 youl
S e el e Sor 4 S 5 S SaS o8 bl s
L i aids | QJA);L;}LNC)GDJEQ!)';};U.(%)JJM&
(SUSL 3l 3555 5T olgesssm Sl 53 ol Slds e
Aole (5518 D3 U LS 0y eSS S 55 50 5 4 po gy Ul
SASLAS ol ap S 5o p S5 Sk 53 o sl il e 8
5 bl el 8 oS b sla by cslan 51.0V0) dsl axils
ol 4y 2l Oy goody Cab 3 aS Gl pl S e Wil |y edeS S
gl Syl glad (So gl Corge ale s 5 dila e L
Lile ¢ s 5 b Jelse g o8 D5 5L W)fw\)p-\
oo ol Slaadlas ol 53 (Vo) Sl ad ) 3 Oliises 4 535 50 QLS
A eslanal o, O3 6 s s S

M5 Sl e G alend Gla s, eslle ol
SO Wlatl x5 o 18 e Lo 39, Ol oy (6516 L3 50
3 eslial ¢ (S ST gl 5 b W5 L ablie gla Sl )
O ) g eslinal 5y 50 D50 51 S ile (542 SS S ol
oS Sl 0556 V) dle 0,8 3 50 ¢ ol S by 03
.wlaw)rl?u'\gajacgljsjjuwﬁu;;l;lw)ﬂuf)‘);

st 4 Ghye e (S5 1 21 Sl a3l eslizad L Oletils
Aol e (55 M (63 oS sl Lol an el w63 LT (53 oS 5
OS5 sl Ol Ol e LS A | J:jTstj
s (OY) el 2 Bus 5 L SLas ol s sdeleinsa
SR DS 5 ks s ol ol ol o8 (63 555 <S5
ol D g gl I tslind dgd oS Jotslind gl il Jo3
4 Ol e 93 25 5o S8 Sl dis o 3 55 50 ol Gle
SUBS (glgos 5T 51 o 3 53800 JSC 0 3 S cp e T e
S50 2 S Jolse 3 (SASIuS! ol LaS o)l sy e 2
QYN LcLe ey S Sl 5k

33353 DNA ke ol 55 slad sh ol s3I b 3 56
) g e X35 e JiSem 3 B a1 5 a5

dndle

el Sl eal Sl a Glate (i 0,5 (65 4 sa s UenlS
s glacisie Eol Ll Clbes b 0550 Olyea o ol
SR e 5 Syegn e (Sl oy isie Al
L absben 75 b sk 4 () 530 S Olo 5o
g Sk pand 5 Wldsn 25 UlS Ll ol o5 6Ll b
bole G a8 spt e e Ssm ST i 4 OF Cglie 55 &
Type Y oSuS mrkA &5 (Y) 355 0 A 55U gl s loss e
@fi‘)ﬁj.x\s&Js\)@.méé)ubw:jﬂ:&Fimbriashaﬁ
105 (rlos (1) ol on b s S5 6l 5 4 6 S s
3 gt Olslbons 53 (6 s (slaci she A 5 4y s s 5o 5 Ul lS

S8 K 5348 S LSl a5 LsugE 5 treC el
mrkDO3 () X038 o J kb IS5 5 lgs 0 ol
A Shdlall g0 53 5 US 0 IS ) 4 e SOl (235
Aol ks b sugE s reC g0y ol s o ld 5 AP
A s LS55 Lo e oldse SIS b3 S JseS
SIS slad e 51 oslinad b b SL glad s L5138 0
RIS e g o it S 05,5 Ol o o o lani(Ol o)
s JS e oL SL lacg s s 5 S e 13 DL
5 S 35 213 3 ge sla03 3 (S LuxSO3 s et
(0 V)l b 5 LSS

Wl Ul el o, 350 U g5sks Sl pames 51 S
5 SSdm B B b i S50 Skl 5 b 5l
2 St e s 0,8 D3G5 e e UL OF s Snks
G052 o 3w o35 53 (V) 3503 0355 oy oy 0,8 D3 L an i
Sleb e S5 STy S Upnmn oS S 5 51 aslind L 536
0,350 4 oSl Jalss ple 5 SOl 4 5L Ol S 03
oz 5l OlLS oolae 55 s Jld SLS 5 5 slge dipd o fS
Gl a5 e o s Jloms Jla e sl plie ol 5 Lads 5553
NG ,E 3 eslizad 5550 BB les 5o 3 50 w4 (658 sl L)

53 o8 S e s s p3lie 08 ol o3 Lags SL 51
St 055 3 03 5 Ol s Ao YO 550 B a gt Jokevo s

e 353G 5 Ll Ol eslial adiasOlis cnl 5 LS meor 35

=15 £10 Lo 1 Fo 19 £ Fo ¥ oy Lianno j o pudl (S g ook oL (iiutrg 3o coke dy i


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

Qb&m&_jf)ls).;:)‘;”a‘ f

S S slas (sl edd 4 3y LA IS Gl
L g sdelocnsas ojlas A oslitul O gl pule 3, 5l eslizad L
Slp Jol= J5blojlas 5 a2l (OLIT &Y caily) o Jels
O A3 (e o Sl a3 £ (glos s (sbay slaiules]

Slesbinal b & D3 5l st o o 595 420 425 0,3 6L
o ol J 56l las lav 085 glals s Sl b (OIS s s
bosbas 2l e ¥ 05553 Lo, D3 sl o &y ol 40t ol
T ples Lol b o (Ol oS o) o, &l 2o 3imM /e eV cdale
A i 03500 5 3 8l a5

st Jams Sy S Lo 8 33 50 w08 5l s JolS (gl
2zl b Jslos ol Ole (55,2 S5) D scaliie Cgor 350
<L shimadzu UVYeo+ Jue) (UV=Vis) e 525 525l oSz
S 35 U3 e s el Vet essdon s (045
a5 s Jghoe KOy iS5 ST 0l 3l sl G e 23S
TP 553 L piied ol 085 el e DL s (5055
Al (Hettich, Germany) } s yolos 4235 Yo oo a5 VYo on
3y oo ol el 52 0 S Sl e Gle s Sulg 2
EQRYAW-

by () ey oS o 0,4 0,5 80 gliavasils
FJC P G FU RRPPLICE P * JEGER RO YRS RE M
les 3 O DABSLES Sl g 5 o3l 13 oS ohd 0 S s 2
(TEM) 0,138 s iU sy Sn ol&aes 5 eslizad b ool
S e Tl A el 0,8 DS 50 (5558050 o o s
Yooolas clle GUseds Vo8 il i chale 550,80 3 60 e
ol 3 Sl a3 80 glos 54 L ol pH Y S

553 Al SASSS Lo o o 5 3 St
05 Seeles (S WS andl Gl e B0 ssle (o i b
o Sl oK Se 5 (Dynamic Light Scattering)
LLs oy (TEM)

sskea 0,8 S350 gl XRD Y SO 55 5l 56T el
S ot ol 3l eslinal b 30 S Yoy S Sletla s

BL) A(Aoi'o-\/\=}\°)CU—K(X J:JU oo PWoAVY J.LA ngd_\

1 X-ray powderdiffraction

Alborz Univ Med J (AUMJ) Winter 2025; 14 (1): 1- 16

https://aums.abzums.ac.ir

5 0San il e Sl ol dacd s S sl Ul
b st 0l b 0l o 1y o g 025 V6) 548 055 53 i
AL (St Sl 5 30 il s bl al 5 Sl 350
5350 A3l il s a ka3 5l ol SLis Cools L o
38 s O35 slags Sl galans oL S old s (5515 0,8
Slas AS o s lgn sl 0 3 6 S 5l 0L gl (10)
5 s oS S Il (g eSs UK 535 3T i go 50 s
(10) 355 0 45 30 52 oS 55 55 o

53 08 3 S s (S35 e oS e las s
asdlles ol 5l Gda ool Lol e, sl e Sl Sl ¢
sugclux glals ok g Lo S 3wy 50,8 38 s s
b M5 el adga gy WeedST U Sleg sl 55 2 mrkA
Sl by 4 ge g WeldS 53 Ol slacsl 4 Jlasl Uls
S 3 ol s ge |y L siae I 1S ux s mrkA csug Jole iz
O s g slse

e = o 5 alllas ol 5319 S O gralls ) 5 (5S4 g
Ol Joli olisla3T 5s 0550 s Clisen (Slads sl 3l 4 gad T sl
5 il Ol 4 oS anxl e Dbl 3 o555 5 bl g i
olslo3T @ add o JU! 51 ey L;)}I@,T Ol sl Slass
Sl lacd 5l eslinad U (355 Ll slasises Sl o i
S 55 5 IS 5 5l wSle ala iy 5 iy S
W o & o TSI SIMc MR-VP 28 slalamass sloand s
Ll 5 (g5l 45 g yo WS (slage SL(OLITS oS 2) a4l
.Jgsjfu.a.?'ui.?

UnlS (sl e 245 90 553 UmodS 0l 531 (5l gow (5510655
(LIl S o 8 ,0) Sl (g Sty 5 om0 0 W) a5
adllas (g slacens planil (sl o Sl a3 Ve 53 Jg el
Sk et e

et b gy pl3 S 0 ALS (SSU 5 o olS e oS 45
A oM 5 s VA0 e gl e

38 O 3 1l ol slsm ol e J 5T 05 lue (g5Lmeslal
oo olKis s 5 ks it WelS b 53 s 5 0305 13

slace b Ogys gedd o Wals (IKA MY+ Universal, China) 3,


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

b oo 61 05 Ol (59 2 e U9y 4 00D s 0,8 360 SIS (o

Rl 3 E Gl ol da 5 el slie 0 ST 0
(7 mE) oyl (Ol b 33k) S ST 25 51 sy,
(s M) 0 ST i (V0 M) ol (0 M) ol S o oo
T4t Sl 5 (7 M) oS s (s M) (S
BT Ogmen S CiS Jame S35 p Osoksd S Shgs 4 (Mg
Sas i 4 G S B s Sods 36 S s ealind
OA) s Gl 8T 05 s
mrkD. sugE slad; plolids cgr PCR S Al fl’u‘
IuxS 5

oo STy asl i sla iy, 3l S PCR SUlle
38 o 3 sy 30 55 o i O )3 &S S PCR Sl ek
o n 2050 15 ol cpdiny Ol e il (sla el Sl eslizal L
Sy g esliial iS5 G ol el s i i Sl g sls Sl 3
i e g 55 Yl Ll e g g Wl (5580 2B 31
3ol ol s s gslulas PCR plil 5 DNA £l sl g
A o3l Cote 28 Ol sioas ATCCY ¥ 5 5o g US55

el Sl eslaad U luxS 5 mrkDe sugE glads isS
Al el ey sla sy STy ras a5 () Jsd) olans
tools/primer— ;51 4 primer-blast Jaw 55 b ool 03 52 olazst]
Lo ol 55U Jlle o8 L 5,0 blasthitpy/www ncbinih.gov
L 4, oligo analyzer | e by
PCR Sy (Al plonil g g5 J s 3 Soslal

2 2l Jpame 25 Sa 00 STy ole bl
sl 2 3l A S T b ek s DNA ;5 .
0++UTaq DNA 5T 315 aslial 25 Koo\ om0 33,
V+XPCR 3L 3105 S 33,5 5l 5 a5 S +/A on L polymerase
VA wz o U go Lo MECIY 00 51155 )18 25 Ko V/0 o 4
51l o s S /0 630l ANTP Y e IM Jslos 5 205 Seo
W S s S VE OAAGE S 6l 5 il ke

$a05 5l PCR S e (gl AL g 5 ol&ans (653 5000
DNA OLL ;s s S w5 5 aslp Gllas luxS s mrkD. sugE
J5 835 2 AS LT ks PCR 2Sly Lo iS5 5l Lol
s 53 s, e (slaandsd 2S5 A3 55585580 doys Y 58T

Sl 03 5dms 23 S el JUINIPR T PR PN o T
ol 3 ol il s 5 ek A esls 15 s A=) YO
plowil Y,+,0 a5 XPERT high score plus i35l p 5 a5 O a3l
DUl 50 3 Ogsle g 5SSl b o ly3 U St oy
L (el Dl o, I3 50 oIl w555 o3Il o2 (FTIRON 5 58
ST smmen 5 A3 plndl 33 (DLS) Salus (5o 8 SAS1, o
350 pegVer BY e o (UVSVIS) il b= 50 i b
OVNESS 5 sy

UeodS (Sl 0 (end S 1ohd g M 55 (8 553 ot S5
S )T 5, K8 i Lo 55 p g b g W go 45054
s YV los s ol Y8 Sode 4y 5 LS eals oS (LT —
O3 GBI gles 55 sl YE e 4 s 5 LS 43S0l 5 Kl
A S 5 ol e (slaes s O st Sl (slgilS s S
OA) LB gl o s 2505 36 slaey o Ol oty 0505

L;u@k:dwuu%,;,ay,,wg,ﬁﬂww
Lasee 555l Salo am 3 YV (glos 3 sl YE ks a4 45 50 50 Ul
Yo s 3 S 5, (LS (I 58) (TSB) & s (6 3 S 5 S
Sk s Son slacale 4 UL Lo 51 (5 8L O gl g 1 25 S0
& 505553 TSB jds Ko WA U a8 e ailsl 5l il 41
s Jlis S .0 45500 5l Klos a5 YV glos 3 sl YE ke
A esliad Ll 65005, (gl 4ids 0 Ss & (CV) Ao ps V/e
e ) Ol i shitony 5 s Lot 5 s LgSlalr s
Il St ol lilia You 35 o8 s Ol o liSOllad oS ol
W o gdse 53 (OD) (6,50 ol i Bl Sals a4 s o TV
L g, Seslul LSS YL (BioTek, USA) 15Ul oliws b e 5l

e 55 0D :3ke 5 2ty slme Sl il 4 Ul 5284, ODe
oz 3148 Wb 4 B 5 55 ol (g (51205 S sl A s
<Y i Jlasl b slacs 5L (€ODe OD) ol Juaze (slags ;S
(£4xODc ODc <ODxY) Lo 320 Jlasl b slas SL (ODe <OD <OD
(OA) &l (ODe <ODXY) (5 55 Jlasl b (slags SUL ol 5o s

3kl (sl slns st 5L a8 0 g S 2o gl (g S o

g g s pde s 3 bl 5 5058 CLSI Y414

1 Fourier Transform Infrared Spectroscopy

=15 £10 Lo 1 Fo 19 £ Fo ¥ oy Lianno j o pudl (S g ook oL (iiutrg 3o coke dy i


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

e 5 08 0 2 4

;ldedeae-);VY)@Ub dlﬂslﬁ&u@ﬁVY}%jU‘h e

) 2 plonil a5 2 70 s 436 A gl

@l £0 (gl ol Sl ax 53 AE adgl O sl 505 4l L Corbet

‘_;\J.!;\Jfg”.ll...;u_-):'h @Y 6|ﬁ>\J§JJL.A4;_-)3‘\i Jels 35

luxS g mrkD. sugE gla O3 jasets Cgor (0)odd osliwl sla joul 5 -\ Jgi

(3—>75 Jg

mrkD

F : ACACCACCAACTATTCCCTCG

R : ATGGAACCCACATCGACATTC

Yya

sugE

F : TGGTTCCCAGCGTTATCACCA
R : TCACGATACAGACAAGGCTGG

VaA

luxS

F : ACTTACACCATGCACTCGCTG
R : CAGTTCGTCGTTGCTGTTGATG

Slglal plawl gl a3 =AY 38 53 0 gl Sl (sladi gl A
L g S

g Aumls s 55, L Nano drop oSews L RNA clile
OLLS e ol 53 o =l Sl GLRNA oS cble s g Sl
Lol 5 el e (slad go _salad 53 YTH/TAY (655 ol e 5l
alsl gl p 503y a5 Safp Sl 00r ke Bl L 1/30 UL
Azes b Real time PCR 3 cDNA o |~ s

bioFact =S 3l jass ol ;3 cDNA jiw Cgr eDNA i
ulbe 5,5« Real-Time PCR 2815 .45 oslanad ((bioFact, korea
w238 plowil Corbett olSaws 3l oslizul L o S

Olsabsl 5 ol iS5 ankas Coms Aol slate 4 1gd sowte
oo Sl pobait o AL L pals el psa pde b sl )
ABI VY« (Applied oKius Conlst @ a5 L eslizal Cgd
Osae Sl pess (6,8 o3l aesy 0 gd oo o (Biosystems
o Kl a3 001 55l i s cilsen slgiles s il 4l
ROUR U

Real 5 (Ct (AACt s Ws 4cules o 5> 5 Fold change prehe
L 3 105 S8 Ok Ol 4SS b k) 2iSTs s : time
05 S 53 05 01 ks Oljn Ol oy 0 2 A0S o s 3,5

Oles fold change  s¢is .ol fold change K05 4 ges 4 S

Alborz Univ Med J (AUMJ) Winter 2025; 14 (1): 1- 16

https:, b ac.ir
'p

ok Hled 4 30 5 U JS TUXS ymrkDesugE (lays Ol asllas
Real Time PCR 55, 40,8 0,350 L

xS 5 mrkD. sugEl slad5 Oby Oz 5 08 avslie ) shaiaes
RELISE fl;._}lPCR—RealTime Do a5 05 Oly ey
PCR -Real Time ;s J=tls J 25 03 Ol sioas VISIRNA 05 3 asllas
on S el (b ol ) s e A sl
oS (650) Lo 51 IS RNA iz 55 0y el 53 3500
ol oS 3 S5 b s RNX-PLUS b5, 5l slinal U (g0 5
b S Gl oS el Sl eslid b5 45 ) sl AnaCell
L 2SS Real time PCR a5 4 cDNA o s a5 cDNA
0,8 03350 b bl Cr O01) a8 e s, 50 05 Ol
luxS 5 mrkD SugE al5 Oy Ol 1 (fom3 Shs & 0dd 52w
Ol e VISPRNA 05 3l aadllas () 53 .4 lowi| Real time-PCR 3T
SSly K YO s oslanal PCR —Real Time s JA=1s J =8 03
3 ok adalie (sladily S| sl ugli 5 g 45 il PCR s
Real time-PCR | casdllass 3o sa05 Ols (s3leaeS  shieas PCR
A ool 5 s 5 eslinad

0,550 5ISUbMIC oS 5 el slad slad sl RNA | 5z
KSR TR WAL PV FCH PP ESGIRA QLI 7 S vl § SRGIRV PR -H

55554550 5 L5l (5 Sl 4 3a3 & RNX-PLUS J glome 215 o


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

v obdsm sle 05 Ole 59y 2 e b9y 4 00 3w 0335 3L DI (o

P 1 a5 g g Ul Ol ey 503 bt g (sl o
53558 St oo J caalllan ) 55 ik oy i 5 o
Sate o sy Slas L oslinad (b g 553 s 81 ST
s L5 (las L S 553 WiSCn M5 ) (St (sleslS
b e YU 0o Sl iilae (3L 550 3 o sl Il Olas
3 5 e o g o 58 D ) 3l L e led e s gy UdS
CLSLY N Jaally grws b (S5 gy 5T Sl Cos il
sy UodS dsm a5 0l DL o5 S Sl ol 6
Lo 3 A0 3l i 03 o site S genit] Cnslie (g1 0l (g 5Ll

(Y Jsd) sl OLis 56 51, (MDR) 5ls dr a5 e slas baas 5o

IS gladigad 53 i se 05 Oy Soasbear col "l s
el 4l LA L 5 Rl ki ke sl 4 o

&5 35 5o SPSSYY I3l 5 Jas 5 Waesls el sl el 55,
g One-way ANOVA & bSC b ls 00310 S5 g bl
o 53 sy 50 05 Oy ) sdelcesas oalis ls e &gl dglin
=5 1 o3l (DMRT) (S5l (glasals i 0o 5T 5 3 0 (gl
b e S s s e p< /00 5 5yl SMean £ SD ) son
]

£ ga 3145 Glggas N0 3l ) e — s 55 axllae sl s
Obbe Sl @5 5 kel g e ol Jald 55050 il sla

a;u;.ﬂtpgﬁa,\.:@jc‘,?,o\,@;,@.z;u,omjuﬁmmw\f

4 90 54 FomrdS (5 7 (K5 g0 5T ol s s =Y J o

(0,5 W) £

(a,o BIOD) Y

(Lo, > AYIYY) Y

CRO (30p1g) ;551 i

(Qo,0 AIYY) ¥

(2,5 YIVY) )

(20,3 AAAA) TY

CAZ (301g) ppaystii

(20,5 AYT) ¥

(M)Q ©) .

(o,0 NV/EF) YY

CTX (30Ug) wanSligin

(o, B/OB) Y

(22,0 YIYV) N

(30,5 1\ /5F) YY

NA (30pg) opul SuS0db

(20,5 BIOO) Y

(‘-\-*9)> °)

(400 AF/FF) Y

CP (30pg) (sl slg s

(20,5 ¥4 100) 1)

(M)° o) o

(30,0 £/TF) YO

IMP (30ug) s oo

(2s,0 YIVY) )

(ao s YIVY) )

(40,0 AF/FF) Y

FOX (30pg) (niensSsan

L;blég&)al,:w}é};)b}-b‘_gbba.\.ﬁ:}l'v.ﬂajﬁa).zjluASJl:QL:.J

() JS2)3 5 20560 Jlms S ol b e i1 e Sls

S5 b o3Il 5 bidse ;56T 5 s s shaeas: TEM 0T

TEMGL.‘Mo:W\TEMJJfQ‘%J)&jJ&AJ‘aM]MeJL

=15 £10 Lo 1 Fo 19 £ Fo ¥ oy Lianno j o pudl (S g ook oL (iiutrg 3o coke dy i


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

e 508 5 & s A

ok o 0, 0,3 56 TEM al&aws 507\ s

(Dynamic light scattering) L 5. ;5 & & | DLS 56T

23 ol (Salus s des st odasOlis &5 Lsg el YWY L D5 o 258 G Swnlius S 5l eslinad Lo, o )3 40
ST N CEOu HPCRFOVRY) SERCH P S R G v B oY Sl 0 s 3 LY s el 53 edalie BB il i iz S
G PSP NP GUNIK S WP FCF PRV LS K R e slal 53 3 (Salusgoden s e iasOlis a8 L g 2o 5LV 08 L
5,5 Wl o 5 o3 56 oS was_e 0Lis TEM 5 DLS (gla ;0T s 5 oSG w355 s asDLIS 4 5 5 2 AOA 33 w5 el el U
il e el Yoo 3 doen 3 Ll o3Il 5oz g IS FYTPYFLICH PSPV FRUFPUN I GUNIK <« WIPRCIU FCE B F EPS R

LS‘)b ol Jlu.u C)\)J}JL Al )leAJ BLl thﬁJJJ_G CLLU JAL»:\ »

Calculation Results

Peak No. S.P.Area Ratio Mean S. D. Mode
1 0.88 277.6 nm 17.3 nm 275.8 nm
z 0.12 6571.2 nm 565.5 nm 6789.6 nm
3 — - nm — nm - nm
Total 1.00 1064.0 nm 2090.7 nm 275.8 nm
Cumulant Operations
Z-Average : 626.7 nm
Pl : 0.858
i I | ! T . / 100
| | | L1 —90
50— T T — T T 7 =
] |. || ! Sl 80
= | | | | 2 =
o« i | 11 | 111 L —60 ®
&' 30— 11 | | _ _|.__.. R _._...| |1 I iy E
g 1] | il s
g | | | | o 3
tra 20— N T T 1Tt = =
| || ] L L[] -0
| || || A0 1 O N A
o“l—l' Pra r||| I"Il"rIIITI‘l L 1 'l"|l'll11 """ rJ 1 'l']'ll||l ""'l’"l'i'Al;-
0.7 7 100 1000 10000

Diameter (nm)

Alborz Univ Med J (AUMJ) Winter 2025; 14 (1): 1- 16

https://aums.abzums.ac.ir


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

N oo 61 05 Ol (59 2 e U9y 4 00D s 0,8 360 SIS (o

Calculation Results

Peak Mo. S.P.Area Ratio Meaamn 5. D, BModa
1 LN =13 Z7¥5.1 om 6.8 nim 2722 nm
2 0.34 5826.5 nm B9Z2.5 mm G23B.5 nm
3 — — nm —nm === Mm
Total 1.00 2177.2 nm 2E68E.0 nm 272.2 nm
Cumulant Operations
Z-Average : 6021 nm
Pl : 1.00D2
——— 700
S5 I I T —50
o 1 : | / | —80
a5 I | [ —Fo
= 30 I I Zso =
fy J | T =]
2 25 T —50 =
2 | - r P
‘:‘a' 20 1 —gn g
[ T | B =
15 I l 1 —50
10 i 20
5 \ { /( —10
o . . - e ey Ak : e
o7 ) T T Faao TG
Driametber [mrm)
DLSufo':})QeMPQbSJJU&\QAJJMﬁwJﬂ—Y}\Jla".u'
Ol e 23L 208 05 S CT Oljpe a8 ol 2815 51 53 s () 13503 : Real time-PCR 0S5 5l eslanal L O3 Oby oors 2
el i 05 0L Sl S50 oluwd O pl 55 0 lasOLS CT 5 k8 5ae S 2

Amplification Plet

30,000

27,500 1 -

25,000

228004
20,000
'17.5[1:] P WUV ) P . WU, | S .

15,000

ARN

10,000
FEO0 ] bt
6,000 4 -+-erme b eeremeenbed

=155 R S

2 4 ] a 10 12 14 18 18 20 22 2 2 28 30 a2 34 3 38 &0
Cycle

Lagend
. S2-Mon-Treat D NTC D House-Treat S1-Mon-Treat E S3-Treat D House-Non-Treat : :SB-Non-Treat D S1-Treat

[ s2-Treat

xS s mrkD sugE 05 ;iS govw )13 403 =Y ls 503

=15 £10 Lo 1 Fo 19 £ Fo ¥ oy Lianno j o pudl (S g ook oL (iiutrg 3o coke dy i


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

OlSan 5018 53 0 2l Ve

8l Koo b xS 5 mrkDe sugE slgs Ol ialS s
o slos Sledshos 3 Lilim 0,8 053 50 Lol Jlacs a0 5y Ul
oY s YO/ s 5 4 luxS s mrkDsugE \g5 Ols o2 0,3 50 L

Ll ails falS s s

alises ol led 3 uxS 9 mrkD . sugE 5 Ols dwslis
mrkD. L5 Ol ols 0LaS Leasls SIUTUGE 5 sl s yas ollas
JSes S candoiod il bodd Jlos sl sl s uxS 5 sugk

03356 UL LU sduas OLES &S ol andly x5 BB ialS

Relative Expression

12

0.54841249

control

treatment

45 30 55 WS’ 4 5 53 Real time-PCR CisS 5f oslinad b mrkD O3 Ol —£ 1 53

12

Relative Expression

control

0.651423047

treatment

4 30 5 US4 5oy Real time-PCR ST 5 eslanal LsugE 05 0Ly =0 s el

Alborz Univ Med J (AUMJ) Winter 2025; 14 (1): 1- 16

https. b ac.ir
p



https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

" obedses 6lo (55 Lo 59y 2 e gy A 00 s 0, Sl SIS casy

Relative Expression

control

0.478525154

treatment

45 0 5 UedS 4 g 53 Real time-PCR CisS 5f eslazal b uxS 05 Oly =1yl g3

S TNAAYA G/ YEA A L TuxS g mrkDsugE sWad )
3P <00 e Lad§ ol 55 el s 0 s 5 a0 ¢/ YAV
Sl sdims OLES 4 el s 4 6,8 6,3 56 Lo o (slad b

Ml;@u:..ﬁ)}iw‘)éw)fb)fé&djdl:;d&lf))d)b}:b

s glales 53 xS 9 mrkDc sugE 5 Ol s \as
0 a3 Sy glasls iz O g3l bl 2 LapSOls alis
mrkDe sl 05 3l s 5T slaesls llas A ool (<0 0) Aoy
05 Ok L3 Laesls S0k cad o 5ty WS (Gl g > xS 5 sUGE

value-P )\.,LE.A @ g )‘} L;M GJ.E..: a).)}..)u L' oL )L«:.? 6LAJ}1-' B

House
N ame CT CT Pverage [ ST 3
Treat 15. a4 15.947 15. 455
Plon—Treat 157 15. 77 15. 755
Gene (mrkD)
Sample 1 Treat 1. 65 14. 67 1. E7TS
Sample 2 Treat 4. 95 4.7 14. 86
Sample 2 Treat 1=. 39 1.5 1. 97S
Sample 1Ron-Treat 1421 1421 1. 21
Sample 2 Ron-Treat 4. 0 . dq a14.25
Sample Z MRon-Treat aa.=27 3. 31 aa. =9
HACT Method
Sample 1 Treat 1== o.rFads O Sa666TS TS
Sample = Treat 1405 [ == 0. 53533514115
Sample 3 Treat 1.5= o 3ass 0. S1=2=27TS54 1=
Sample 1 Ron-Treat o475 0O
Sample 2 Fon-Treat ER=AE [=]
Sample 2 Mon-Treat 0.555 0.0

Mg Fold change 0. 543952
P—wvalue Significant aor Mot

I O aozd4s0301 I

Sianificant |

mrkD 3 Real time-PCR (sla osls 5JUT-Y J 5o

=15 £10 Lo 1 Fo 19 £ Fo ¥ oy Lianno j o pudl (S g ook oL (iiutrg 3o coke dy i


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

e 508 5 & s

House
Wl e | | (5 o | CT | Average [ X 3
Tre=t | | Pl ) | P | p= T
Mdori— T et | | o oo | =T} | 5. San

Sample 1 Treat

Gene (SugE)

=673 5. =3

Sample = Treat =5. 9 =Z25. 95 =5.95
Sample 5 Trear =6 .55 === =553
Sample 1 Mon-Treat =5. <1 =5.43 =545
Sample Z Mon-Treat =5. S Z25. 53 Zz5. 455
Sample = MRMon-Treat Z25. 45 =5.03 E5.=TS

Sample 1 Trear 1 a3 0555 O. G566 3533
Sample & Treat 15 [WN=T=] D. 552875307
Sample * Treat 1.5 0. 51 0. E5S136 702
Sample 1 Mon-Treat 0. 9a0s D OAGEEEESES T
Sample 2 Ron-Treat 0.3 D.O0S1I66E556 7T
Sample = MRon-Treat O. 735 —OLAZSS3S33S

Avg Fold change

P —raluae

O ES1S7TS

Significant or o

O OOs1035

Significant

sugEy5 Real time-PCR (gla osls 56T £ J i

House

Pl o e | | =5 o I (=5 | Average =1 3
Tre==r | I A= a1 | A=. =< I = =05
Frdo— Treot | | A= e | REN=1=] | A= 0

| Sene (LuaxS)

Sample 1 Treat A= =9 A= =9 A= =23
Sample & Treat A= a5 REN=TS] 1= 555
Sample = Treat REN=T=] A= 57 AS. 7=
Sample 1 Ron-Treak A= 51 A=~ A=_7F
Sample &= FMon-Treat A= a5 A= 57 a=_91
Sample F FMon-Treat A=.5= A= 01 =N =1=]

ST Method

Sample 1 Treat 0915 (WS [ ==y = T=w =T b=j
Sample & Treat RERI=] (W RE=ra=] O SO0S 77339545
Sample = Treat 1555 1 =a5s O a4 75sI6166
Sample 1Mon-Treat -0 O0s —D.OINISE555T
Sample 2 FMon-Treat o. =05 DO INSSS3555

[ =T -0 a

Sample = Fon-Treat
arcy B oolal s

Pr—r ol

Signiaficant or Mot

0. 00551750

Sigrific=nt

IuxS 35 Real time-PCR (sl ssls 5JGT -0 J g

gl Coglin aS s S OL oY Jla s 50 0L 5,658

WY

—w

Cremtloliir A g 5T 4 ol 4 0 g U oy etiS i 5
b o sl 51y VT s Sl s ST i
(Y0 dins o OLES n skl Sl A 5

WdS sl 5l T Il s OLSan 5 ol axlllas
ke L0k slay 4 sdiSanx o Oley ) sdeliousts 4 g5
Conslie oy iy ke GLalid ot s slaced L 0, sle
4 gl (2S5 (Aosn TY) ST st 5 sl 4 S
,:)b@\}ﬁ-(.ﬁf;!bwumpAS(Y\)J,ZULJ\).?V;UJAJ(,;@W\

S sl OLES Olp e Slllas pla b asdlas @tj wor b

ot UL (S5 ST eeslie Gl whid gy 0 eSS 5 (slaagli

Alborz Univ Med J (AUMJ) Winter 2025; 14 (1): 1- 16

https://aums.abzums.ac.ir

Lighe oS ol Gladl b B 055l S 4 sy UeedS

e 03 Sl g 5 LS e sl el (6 s Ol 5o AU
Sigie Sl B S e (V) 5pd e a5 s 2ilagy s
S B 5 Sl Une Oy 3 Lo 00 550 4505y UeedS
2 e s SO g pobdr Caglie gl Ll
Aol aadlae 53 (V) 308 e (A il Glan e lagtew
Rl 33 A AE s gy S lanlir S5l e glie
S g 3 eS8 gl 5 s S gl ) Ceslie ity anlllae
(ho,3 W/EE) (e S gl 0 Canglis ( 2aS 5 (deoy3 48/84)

Al S


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

W obedses 6lo (55 Lo 59y 2 e gy A 00 s 0, Sl SIS casy

ol S Sy 3 3 gad bogs o s o gu3 Slistlis 4y Jadd )3 46
AL by e 50 O3S b s S U 5 5 oo OsaellinS) s 4

Realtimef})hﬂ}}w@ﬁéhdjokﬁw)ﬂ@uAW
033 50 U os ot s oS olKis 0,8 I3 56 oS sl oLis PCR
ohid s JoS U5 LS 0 03 (SSlen o 3 Bl 530 8
QL) sl sme a8 uxS s mrkDosugE O v a1 55 60,1051,
514.35]_5/&)\)5aJZ.'.g)S}JUQ)}l?mﬁLmq}w4SL$AL<:AL~)_1\J;.\;,35JJ>\>
L5 0 el 53 55 o Cnilas Lo s ol 53 8L 55510 5
b8 et Ol ol s 05 Ol s i 5L s LSS (b e
53 o 03 ) S lin 5ol 5 e 0 340 oS
Al 4 e 5 Lo dS (Slaes 5

Sl b5 (5,8 ot gm0, 53 U sl 0L andllas ol ol
T P o o g oy A NANESIRY
3N g LuxS s mrkd 05 0Ly 5 LS o0 Jlge 45 50 52 UsnrdS MDR
ol s 5 B b e e, 5SS iles lale Bl b jles
b s fs s 52l sl L aS (TV) Al o 2IS Laey 5
Ol ot S 51 (ga)ls i b ol s o, &3 50 (g SLas
303y S ilasee Jliu s (oolgidey (SR By A anglie J 1S
(YA 3503 1y S 530 ol 53 0, 3 6l A 55 (61 eslinad okl

oS Wyl Ve 518 izl Olo YOOA Jlo 3 0L an 5 gl g
4 plod 45 s gy @b g oS ) 5 Ao 53 A) (ol 3 0 4 se 5y
fimA 5 fimD. mrkAc ecpA s 05 lyls g S A5 gla
PR st i b oS () Ly fimH 05 sl el Ao s AY
Sl Cllas
S

45 g0 5 UlS (Slaay s (535 2 0,8 D35 30 Aol eilSe
ol S oy o 55 5 S s DNA & ol G b
5l aJUS 5 sy o8 Sld el oS Wl oli Slalllas
SLa (il 4 e 5 LS A 5 05T o SIS, Ll 5 e
Joe 15 680 Jsho slie S LSS 8155 X5 ol 8Ll
2330 (S 5 355 0 5 S S Sl e RIS sl 5 03 500
s g EalS | lanST el ol s Caglis sla0))

L3 g1 Dte o hid sy g 58 Lo 351 ;5L (B glaey g oled

S glie Ol e Dl Ls s s WS g 8 glaglis 4
Chﬁbjsajwyagmfow&swﬁu&;ﬁgﬂgw
L s b s I 55 5o (68 ad sl Jlasl (b, 586 Ol b 5 (5 SL adsl
P VR VR T B ORI U V- VO Ve [Py VNS Laed 505 ae
ST Sl past ccilizn glags SU 53 galsdir e slis
o (5535 e Dlalllan (slaaes o Sege 5 S 5B 35
(YY) el

Artemisia oS ojlas 3 eslmal L ELKaa 5 Gswse
a8 aly QLS andllas C’L" L5 S s |y 0,8 &y 6L turcomanica
Caolt (ghyls 50350 20 gl VY o3l o S0le (gl ol 2w 0,3 50
(V) ol (sl 5 Sols

LS Glag e 53 pals lacieslie sl 5 WLdse A5
93 Qe 33 50 5 ool Dl S (SG 40 g0 553 UndS 0 5atey
e Olsisas o, 33 50 A 5 (sl OALS sl sslial ol s s e
4 S B ol a3 50 a3 3 g 510 s g )5 s
0,8 D3 U e o oy il Sl Tt o)l (YE) ol
53 ok s 51803 0l (55 2 0T B oy 5 s oS Sl el
1235 S5 sl 8l 4 50 WS slan e

oslaas Slesbizad L1y 6,8 &3 5B Yo WV Jlu s SR 5 0
L b SUas Sl 3 0iss ol s S s Artemisia quitensis oS
o1 0L anlllae ol ol 5 inls )3 anllans ) go o1t skl s Ko L5 b
Sd mls (Y0) ol oL Slds ool (sl o, 0,350 &S
Sl s 0,8 D3 5L oS sl OLES ol a5 oy Sedl
S Sosba Sl ohdsn Wse laasw olad Gy 5 s SeedS
ke 53 058 Ve BVY0 e Sl eds g B St
Al ES s Son ool

S A els QLA YYr Jle s LK 5 sl adllas s
4 g0 5 UodS (s Bl ade o, 350 (Ss jlee clale Bl
LsOTMBC e 45 Jl 5 5 ol 2 oo 2 p 55,80 1Y0 5 YON
o Shasn kS el s 4 e 0 S5 e 000 5 YOS
SR i Dladllas 53 MIC Ol 53 osles (YV) 55l csllas
30350 o310 (35U gilueslel (sla iy 53 i s 4 o

0 o L o 3L allaes s o o S sl e 3 sl

=15 £10 Lo 1 Fo 19 £ Fo ¥ oy Lianno j o pudl (S g ook oL (iiutrg 3o coke dy i


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

e 508 5 & s ¥

S8 g S

Ry ol 4 L) B8 4bOLL Sl e e
o2y ha % (gl s 3 45 I TTTAYOATY 114 £ ) VIV OAQVEA
Sl ooy S
e 2,5l

03y e 3L aallas ol 5
Sl Sl

ol ule olKiils (gaaS plas 3 Sl antlas - 55
Sl
OB iy 5 25 L

s ols 5JUT 5 Gadioms (gl 2l 1018 0 O 2

Ao 2ol s 5 g se (ool b 2l el
e 2 5 g bl 50T Gl U s

References

. Gupta M, Didwal G, Bansal S, Kaushal K,
Batra N, Gautam V, et al. Antibiotic-resistant
Enterobacteriaceae in healthy gut flora: A report
from north Indian semiurban community. The Indian
journal of medical research. 2019;149(2):276.

2. Wyres KL, Wick RR, Judd LM, Froumine R,
Tokolyi A, Gorrie CL, et al. Distinct evolutionary
dynamics of horizontal gene transfer in drug resistant
and virulent clones of Klebsiella pneumoniae. PLoS
genetics. 2019;15(4):¢1008114.

3. Geller BL, Li L, Martinez F, Sully E, Sturge CR,
Daly SM, et al. Morpholino oligomers tested in vitro,
in biofilm and in vivo against multidrug-resistant
Klebsiella pneumoniae. Journal of Antimicrobial
Chemotherapy. 2018;73(6):1611-9.

4. Juan C-H, Chuang C, Chen C-H, Li L, Lin Y-T.
Clinical characteristics, antimicrobial resistance and
capsular types of community-acquired, healthcare-
associated, and nosocomial Klebsieclla pneumoniae

bacteremia. Antimicrobial Resistance & Infection
Control. 2019;8(1):1-9.

5. Masoudian S, Hosseini F, Amini K. Investigating

the Effects of Iron Oxide Nanoparticles on the

Alborz Univ Med J (AUMJ) Winter 2025; 14 (1): 1- 16

https://aums.abzums.ac.ir

‘(M)JV‘\)ngée}jfTurL:sﬁJ@&U)S wb\flﬁé}fb}
33 53 (MDR) 315 Ao 4 p5lia aay gov 535148 313 QLS S5 gt
d)})l&}béb\}ﬂﬂ)w Ja,wj}' a.,\.:}l&.w}:.wajﬁ a).:}}U
}Mﬁcjﬁo).)jju.:ﬁJIAJ)U/\-\/-\}ib;}:{}L:A&b\:jgi")ol?wj
wl)&b‘fsbu\.ﬁ@:.&[}wbb)yéuq\bJWL&j)faM
€;jj_,<:n\" }W/Yobf‘f)‘mwM}MIcwwﬁAs}
Al Vo s S5 s bgy e Sl 3 o i a5 5 p 2 e
plis » mrkD 5 sugEslgs sl b momen (ol (Ao ys AYAY)
ssbas (Lo s WAA) i YY sliss 5 03 55 (Ao s TW/AA) ol YY
luxS 5 mrkD sugE s\gs Oly L3l 0 OF 4w o hyls Olejen
J;UULASJJLSA};MWbJLnjijbboM)L«.::éL@_LJZSLJ‘)J

Expression of Biofilm Production Genes and
Antibiotic Resistance in Klebsiella pneumoniae
Strains. Biological Journal of Microorganism.
2021;10(38):17-26.

6. Vuotto C, Longo F, Pascolini C, Donelli G, Balice
M, Libori M, et al. Biofilm formation and antibiotic
resistance in Klebsiella pneumoniae urinary strains.
Journal of applied microbiology. 2017;123(4):1003-
18.

7. Sanzari I, Leone A, Ambrosone A. Nanotechnology
in plant science: to make a long story short. Frontiers

in Bioengineering and Biotechnology. 2019;7:120.
8. Bognar S, Putnik P, Soji¢ Merkulov D. Sustainable

green nanotechnologies for innovative purifications
of water: Synthesis of the nanoparticles from

renewable sources. Nanomaterials. 2022;12(2):263.

9. Akintelu SA, Folorunso AS. A review on green
synthesis of zinc oxide nanoparticles using
plant extracts and its biomedical applications.
BioNanoScience. 2020;10(4):848-63.

10. Jamil B, Habib H, Abbasi SA, Ihsan A, Nasir H, Imran
M. Development of cefotaxime impregnated chitosan

as nano-antibiotics: De novo strategy to combat


https://aums.abzums.ac.ir/article-1-1782-fa.html

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

|

11.

12.

13.

14.

15.

16.

17.

18.

oo 61 05 Ol (59 2 e U9y 4 00D s 0,8 360 SIS (o

biofilm forming multi-drug resistant pathogens.

Frontiers in microbiology. 2016;7:330.

Martinez-Gutierrez F, Boegli L, Agostinho A,
Sanchez EM, Bach H, Ruiz F, et al. Anti-biofilm
activity of silver nanoparticles against different
microorganisms. Biofouling. 2013;29(6):651-60.

Liu S, Zhu L, Cao W, Li P, Zhan Z, Chen Z, et al.
Defect-related optical properties of Mg-doped ZnO
nanoparticles synthesized via low temperature
hydrothermal method. Journal of Alloys and
Compounds. 2021;858:157654.

Liu Y, Sun Y, Huang G. Preparation and
antioxidant activities of important traditional plant
polysaccharides. International Journal of Biological
Macromolecules. 2018;111:780-6.

SalomoniR,LéoP,Montemor A, Rinaldi B, Rodrigues
M. Antibacterial effect of silver nanoparticles in
Pseudomonas aeruginosa. Nanotechnology, science
and applications. 2017:115-21.

Ansari MA, Khan HM, Khan AA, Cameotra SS, Pal
R. Antibiofilm efficacy of silver nanoparticles against
biofilm of extended spectrum B-lactamase isolates of
Escherichia coli and Klebsiella pneumoniae. Applied
Nanoscience. 2014;4:859-68.

Kavoosi S, Yaghoubi H. Synthesis of silver
nanoparticles using green method of plant extract
european marjoram (Origanum majorana) and their
antibacterial effects. Cellular and Molecular Research
(Iranian Journal of Biology). 2017;30(2):161-73.

Lim W, Macfarlane J, Boswell T, Harrison T, Rose
D, Leinonen M, et al. Study of community acquired
pneumonia aetiology (SCAPA) in adults admitted to
hospital: implications for management guidelines.
Thorax. 2001;56(4):296-301.

Sabahi M, Hamdi S, Mirzaie A. Anti-biofilm activity
of synthesized silver nanoparticles using asphodelus
dendroides extract against antibiotic resistant and
biofilm forming Klebsiella pneumoniae clinical
strains: a laboratory study. Journal of Rafsanjan
University of Medical Sciences. 2020;18(12):1233-

19.

20.

21.

22.

23.

24.

25.

26.

52.

Navon-Venezia S, Kondratyeva K, Carattoli
A. Klebsiella pneumoniae: a major worldwide
source and shuttle for antibiotic resistance. FEMS

microbiology reviews. 2017;41(3):252-75.
Kaur K. Detection of Mrk D gene and Antibiogram

of Biofilm Producing Klebsiella pneumoniae from
Various Indwelling Devices. International Journal of
Microbiology Research, ISSN. 2020:0975-5276.

Shivaece A, Meskini M, Shahbazi S, Zargar M.
Prevalence of flmA, flmH, mrkA, ecpA, and mrkD
virulence genes affecting biofilm formation in
clinical isolates of K. pneumonia. KAUMS Journal
(FEYZ). 2019;23(2):168-76.

Altun E, Aydogdu MO, Chung E, Ren G, Homer-
Vanniasinkam S, Edirisinghe M. Metal-based
nanoparticles for combating antibiotic resistance.
Applied Physics Reviews. 2021;8(4).

Mousavi B, Tafvizi F, Zaker Bostanabad S. Green
synthesis of silver nanoparticles using Artemisia
turcomanica leaf extract and the study of anti-cancer
effect and apoptosis induction on gastric cancer
cell line (AGS). Atrtificial cells, nanomedicine, and
biotechnology. 2018;46(sup1):499-510.

Ahmad S, Munir S, Zeb N, Ullah A, Khan B, Ali
J, et al. Green nanotechnology: A review on green
synthesis of silver nanoparticles—An ecofriendly
approach. International journal of nanomedicine.
2019:5087-107.

Ghanbar F, Mirzaie A, Ashrafi F, Noorbazargan
H, Dalirsaber Jalali M, Salehi S, et al. Antioxidant,
antibacterial and anticancer properties of phyto-
synthesised Artemisia quttensis Podlech extract
mediated ~ AgNPs.  IET
2017;11(4):485-92.

Siddique MH, Aslam B, Imran M, Ashraf A, Nadeem
H, Hayat S, et al. Effect of silver nanoparticles on

nanobiotechnology.

biofilm formation and EPS production of multidrug-
resistant Klebsiella pneumoniae. Biomed research
international. 2020;2020:1-9.

=15 £10 Lo 1 Fo 19 £ Fo ¥ oy Lianno j o pudl (S g ook oL (iiutrg 3o coke dy i


https://aums.abzums.ac.ir/article-1-1782-fa.html

e 508 5 & s

27. Foroohimanjili F, Mirzaie A, Hamdi SMM,

Noorbazargan H, Hedayati Ch M, Dolatabadi A, et al.
Antibacterial, antibiofilm, and antiquorum sensing
activities of phytosynthesized silver nanoparticles
fabricated from Mespilus germanica extract against

multidrug resistance of Klebsiella pneumoniae

28.

\$

clinical strains. Journal of basic microbiology.
2020;60(3):216-30.

Heydari R, Rashidipour M, Azadpour M. Green
synthesis of silver nanoparticles using aqueous
extract of Rosmarinus officinalis L.: synthesis and
antibacterial activities. 2016.

[ Downloaded from aums.abzums.ac.ir on 2025-07-31 ]

Alborz Univ Med J (AUMJ) Winter 2025; 14 (1): 1- 16

https://aums.abzums.ac.ir


https://aums.abzums.ac.ir/article-1-1782-fa.html
http://www.tcpdf.org

