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ABSTRACT

Background: Bacterial infections are a major cause of chronic infections and
mortality, and antibiotics are the preferred treatment for bacterial infections. However,
studies show that widespread use of antibiotics has led to the emergence of multidrug-
resistant bacterial strains. Hence, the need to develop new and alternative strategies
for the production of effective drugs has become an important issue. Recently, the use
of nanotechnology has been widely common in various fields. Materials in the
nanoscale have unique physical and chemical properties. Silver nanoparticles have
different applications and their antimicrobial properties have been confirmed in
several studies. This study aimed to investigate the antibacterial properties of silver
nanoparticles synthesized by berberine and Hypericum perforatum extract.

Methods: In this experimental study, the antibacterial effects of synthesized
nanoparticles on standard strains of Escherichia coli [ATCC 25922], Pseudomonas
aeruginosa [ATCC 27853], Klebsiella pneumoniae [ATCC 9997], and
Staphylococcus aureus [ATCC 29212] were investigated. The MIC content of silver
nanoparticles alone and in combination with berberine and Hypericum perforatum
extract was investigated for the studied bacteria using the broth microdilution method.
Results: The results of the evaluation of the minimum inhibitory concentration [MIC]
of the synthesized compounds on the studied bacteria showed that the nanoparticles
synthesized by berberine and Hypericum perforatum extract had the highest
antibacterial effects. However, each of the compounds Berberine and Hypericum
perforatum extract alone did not show significant antibacterial properties. The results
of this study also showed that the highest inhibitory concentration of nanoparticles
synthesized by berberine and Hypericum perforatum extract was related to
Pseudomonas aeruginosa [0.0375 mg / ml] and the lowest inhibitory concentration
was related to Enterococcus faecalis [0.185 mg/ml].

Conclusions: The results of the present study showed that silver nanoparticles
synthesized with berberine and Hypericum perforatum extract have significant
antibacterial effects. As a result, nanoparticles, including silver nanoparticles, can
become one of the most important alternatives to antibiotics due to their unique
properties in targeting bacteria. However, achieving definitive results requires further
studies in this area.
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Extended Abstract

Background: infectious diseases are one of
the most important topics and challenges in
the 21st century. The high prevalence of
infectious diseases and the indiscriminate
administration of antibiotics have led to the
creation of antibiotic resistance, difficulty in
the treatment of diseases, and an increase in
the costs of the health care system. Increasing
drug resistance is an important global health
challenge, as it is predicted that infections
caused by resistant bacteria will cause more
than 10 million deaths and 100 million trillion
dollars in financial losses by 2025. Bacterial
infections are a major cause of chronic
infections and mortality, and antibiotics are
the preferred treatment for bacterial
infections. However, studies show that
widespread use of antibiotics has led to the
emergence of multidrug-resistant bacterial
strains. Hence, the need to develop new and
alternative strategies for the production of
effective drugs has become an important
issue. Recently, the use of nanotechnology
has been widely common in various fields.
The materials in the nanoscale have unique
physical and chemical properties. Silver
nanoparticles have different applications and
their antimicrobial properties confirmed in
several studies. One of the desirable
medicinal plants in this area is raei flower
with the scientific name of Hypercum
Perforatum , a plant from the Hypericaceae
family, that grows in Western Europe, Asia
and North Africa. This is an herbaceous and
permanent plant whose flowering branches
are the valuable part of the plant in terms of
medicine and it is one of the most widely
used medicinal plants in the world. The
effective ingredient of this plant includes:
pseudohypericin, precursor of hypericin,
flavonoids such as kaempferol, quercetin,
hyperoside, isoquercetin, rutin, aminoflavone,
cations, biflavonoids, adihyperforin tannins,
caffeic, chlorogenic and volatile oils such as
geraniol, myrcene, limonene, humiolene,
caryophyllene., myristic, palmitic, stearic,
carotenoids, choline and nicotinamide.

Today, this plant has a significant use for the
treatment of mild to moderate depression. It
has also been shown that this plant has
antiviral, antibacterial and wound- healing
properties. Therefore, this study aimed to
investigate the antibacterial properties of
silver nanoparticles synthesized by berberine
and Hypericum perforatum extract.

Methods: In this experimental study, silver
nanoparticles were produced using the green
synthesis method and various methods
including DLS, FTIR, XRD and vis-UV
spectroscopy were used to characterize them.
The antibacterial effects of synthesized
nanoparticles on standard strains  of
Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 27853),
Klebsiella pneumoniae (ATCC 9997), and
Staphylococcus aureus (ATCC 29212) were
investigated. The MIC content of silver
nanoparticles alone and in combination with
berberine and Hypericum perforatum extract
was investigated for the studied bacteria
using the broth microdilution method.

In the broth microdilution method, a sterile
96-house plate was used to determine the
MICs. First, 100 microliters of successive
dilutions of each compound of berberine,
gerbera extract, chemically synthesized silver
nanoparticles, silver nanoparticles
synthesized with gerbera extract, and silver
nanoparticles  synthesized with gerbera
extract and berberine in Mueller Hinton Broth
medium. Each well was poured and 100 pl of
microbial ~ suspension  with a final
concentration of 10° CFU/ml was added to
each well. Then the plate was incubated at 37
degrees Celsius for 18 to 24 hours. Culture
medium alone and bacterial suspension alone
were used as negative control and positive
control, respectively. It should be mentioned
that the antibiotic tetracycline was used to
compare its antibacterial effects with the
studied compounds and to check and control
the bacterial strains. The minimum
concentration of the compound that inhibits
the growth of the bacterial agent was reported
as MIC pg/ml.
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Results: Synthesized silver nanoparticles
with Hypericum perforatum extract have
maximum plasmonic absorption at 440 nm.
The zeta potential of the samples was 10/08
and the average hydrodynamic diameter of
nanoparticles after 1 month of storage was
around 140 nm. FTIR spectroscopy
confirmed the presence of biological
compounds around silver nanoparticles as
stabilizers. The diffraction peaks in the XRD
pattern confirmed the fcc crystal structure of
the nanoparticles. The exact size of
nanoparticles based on TEM results was
about 30 nm. The results of the evaluation of
MIC of the synthesized compounds on the
studied bacteria showed that the nanoparticles
synthesized by berberine and Hypericum
perforatum extract had the highest
antibacterial effects. However, each of the
compounds Berberine and  Hypericum
perforatum extract alone did not show
significant antibacterial properties. Based on
the results of the present study, the MICs of
the nanoparticle synthesized by berberine and
gerbil for E. coli, S. aureus, P. aeruginosa, E.
faecalis and K. pneumoniae bacteria were
equal to 0.15, 0.075, 0.0375, 0.185 and 0.039
mg/ml respectively. The study of Gudari and
his colleagues was conducted on the
antimicrobial effects of gerbil on food-borne
bacteria. The findings of this study showed
MIC values of 0.0078, 0.5, and 0.001 mg/mi
for Pseudomonas aeruginosa, Escherichia
coli, and Staphylococcus aureus, respectively,
which were not consistent with our study.
This inconsistency can be due to various
reasons, including the use of methanol
compounds in this study.

Results of this study also showed that the
highest  inhibitory  concentration  of
nanoparticles synthesized by berberine and
Hypericum perforatum extract was related to
P. aeruginosa (0.0375 mg/ml) and the lowest
inhibitory concentration was related to E.
faecalis (0.185 mg/ml).

Conclusions: In this study, a simple one-step
green synthesis method for stable silver
nanoparticles using extracts of gerbera and

berberine is presented. The preparation and
synthesis of nanoparticles showed more
efficiency in terms of stability as well as time
and the wuse of additional stabilizing/
regenerating agents compared to chemical
synthesis. It was confirmed that this synthesis
method is environmentally friendly and a fast
approach for synthesis and provides a cost-
effective and efficient solution for the
synthesis of silver nanoparticles. The silver
nanoparticles synthesized in this method were
monodisperse, spherical, with a size of about
30 nm and a crystalline structure. The XRD
study confirmed the FCC crystal structure in
them and the TEM analysis showed that the
particles have a spherical shape and good
dispersion. The prepared nanoparticles are
surrounded by the natural compounds found
in the extract of gerbera and berberine and are
protected by a protective layer made of
molecules in the plant extract [containing
hydroxyl functional groups]. The results of
the present study showed that silver
nanoparticles synthesized with berberine and
Hypericum  perforatum  extract  have
significant antibacterial effects. As a result,
nanoparticles, including silver nanoparticles,
can become one of the most important
alternatives to antibiotics due to their unique
properties in targeting bacteria. However,
achieving definitive results requires further
studies in this area.


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

Juayl sy pgle aliila alyg

\E-Y )‘.ﬁL__!A[D,MO)LAJi)s[D}-UJ}MQ)ﬁ.)

Jwol allis

21029 (20909 9 e U5 o pliac )l osliswl by 0 )i <1y 936 juuws jiduws
LT by LIus

S AT ol M s i lingeo il asdpal 1S (s pSumc dodold

Ol a0 3 o Kby e ol oIS (S ghe Sliplew wlisass 35 e )
Ol pal iy i i 55y e sle oIS (5 5lw 9IS 03I (5)5U8 53L 5 s gmle s 09,5 ¥
VbRl 3 o da o SSib 5y pole olfiuls ( J9fse 5 Slobe wliniss 35 s ¥
Ol pal iy i 55 3y pole oIS (2 9itils wlinions aieS £
a.tavakoli@bums.ac.ir :s s, g OFFPEAIOYD :juSls - OFYPYANDYD i(yals . J plummo oy 55 *

oS>

2l sladluw )s aiiS 5o oy (plowd 5 S5 548 3,8 4 jo=io (pled 3L Slasl )3 Slgo aASiyl 4y Ax g5 L 183D 9 ddus )
23 0,85 393l plao el VS Ll 03,5 oy Silsl 38 3 ) Silwls alea Jl caliko SlR0)on VS 95U (5 9Ld Jl oslaiwl
Sl 36 (olen w s bl aslloe 538 351438, 1S 3w 3 g0 0T (529550 3w (plsd s I (s3asie wlalloo
Db 5o e r 9 el S ooliac douw g3 oauh jitiun oy il 936
Mwﬁﬁbﬁfﬁ)scﬁnﬁgd@@ucl)Jfo)bac)lo)hhulleo)jjal)iﬁjb‘d)zsd.d&.oO._\.I)A:)Uk)i»g)
03 093le )98 Jlanl 98w s il [DLSTbgy 0 g5 bl [TEM] 098 (559 5580l o 95w 5Sae Sl b9, Joaw 55 5 030
SLRd s (590 pmr 03 jiicw 0 i )3 93linl )i b 3md w3l 53 (b desive [XRD] (usl asil § a5 5 [FTIR]
w58 55 5,58l 5 559l w5 55 Sludlinnl s 50 55 MammlS ) 5239 )3T (i 5093 s ( SUS s pasbsl (S JiS s 3 )1 33Liawl
LsLQLs)ifl_;le)_;u_cl)deyg.,;)J)sguﬂL@A.,o).é."o)';,jl.'\[M|C]L§)Lw.;dblédél_x;..;‘.é)f)l)§uw)).3;),,o
8,8 1S ) Sge il cpibshlss xSae by Jl oslatwl b asllas 3) g0

S o8 Sl )5 Jlials 9 0393 Hiesil ¥ Seaa S ojlasl sls Ylis esub juiw o x5 w39l (b dasuie Fili :Ldaisl
=3935 MIC jslae L)l and )5 1S 3wl 3 )50 FTIR Jloslatwl b (eals Slole sl 09,5 )gbn prizmead .Siibls
Sl g i SIS el S 5 (20 00 i gy 03U jitius (5003 636 Sl ylis aslllbos 350 Sl )L 590 2 03db i
53185 LS e 55 Sl Al pIS L ol a5 @ el S 5 00 S 5 I A5 5 855550095 S 9uly 351y 6
L Dsiado 5T oubigesssm o b 5SS ol p3l o piis e 9 G S b o jiias w3536 asllbe ol s (bl
33l glis MG/MI-/YAS MIC U Gudlss 58 55 9 551 5 5585L o 1) 5 aiiS Hle yl ¢y 308 5 +/-¥Yd mg/ml MIC
B Ly Lass w3l SIS 200 5 el JS eolas b o jiiw 0585 w3 556 313 plits pols aslloe mlis 5 a5 Azl
SLaT s dn an s b asllloe )90 08 w3 eil azums 0> Siiwd Rl & (o m 5 el S5 ooloe 4 s i 95
g wlsllae @l b s bwols g (Kb 5o S )l ) Aislel S0 A1 L (5 8L s 1S Bad Hs AT (63,8 & juaxie
35 8 )13 oslatwl )90

b)) Gl wddle JBlaa (b S L 3 ey 3 2 seh) S 0 i wml)d o3l 35 S (sladve jly

VE-V/F/¥AiGhaady  VE-V/E/VA redlyys

sl i 5L o8 Creative Commons Attribution-Non Commercial 4.0 International License layl i vz allis ¢yl



http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

Y77 Obled 5 »38 (5 Suwc aobld

en© )5 R PR 3_\[.\ D jddaw

Lo —isls o 9Mb 5o spu9) woypisw 355 5 54
Sl Loyl Sy 95 puasl s ngioMs
O e o) sl DIys slayes) 5 S IS
wSiadly St pro (yaad 93LS () 940 940 (g3 90
el 3ol (59585 9 il o8 B 9i LS S )ikl
L [o..).ll.n &S S bl Ylo s s ol (yl 09 yol [VY]
o3y Ylis (yzxed SIS (S 95 JoBB > )8 o gie
(w528 35 uola SIS oSyl AT el ooub
IV E] Sbliso ) 5 S o x5 5 ol piS s
S b (olod b GOLS 0 850 o3le 5e 98 (200 0
OLALS )3 a il jo 098 e 3T (ol .acibl oo
Blaoslgila )3 a)Is So a9 awlag i, oslgila
o awbis) 5 awl)sbl laawy oS 6sl) aisle lals
Slors il 63k wilsllas ¢ 9iS 15 .35 gib 50 8l
aloa OT JIVO-VAT aslosls @lis ) ¢y 000 »5e 5
endles  Silag ST 55T (598 sl oyl & ols3 e
).)ra_f»;b.bo_woé,_} DIs 9 03 yiuws (b S bas
IR A N SV IRV R FRe - S TRY

5 =l o )3 GO L 9l (so9lid 09 p—al
Adsl 633 oly A L slge 9 wluS )5 s ge
9039 3,84 paxie L (wlade .l 05,5
Jolio 0> eseslie (elxiasl Jud Sl 515 wolpo guad
B3 Ol mgb) Lo )T 3945wl s
o8l A ymie 95U yulidie )3 03 o)lasl uixed
osles il 391 5 ol Sl el ez S sl &y o
slelloo [Y1] 35 50 =393 (5 3 yiuisTs 5
engols DI 0y’ w3 9ils s sslesls lais
bl o ooMe 3 gil ¢yl iswd (ol yIT LS
b s Lages s Lo 8L agle SF il =l il
Y 15 L e pige sl 4S5 o pusilSls sSao
3= L YL OB )l g5 935 03 5 3 S
o Sl ol Lo jw 9 00 0) wldg—n g0

A1 (5oL) slad o)l 5 009 Sm) sladsSse

'Nanoparticle

Ao

9 by peue Jl (S9-2c slasilop 0)5 ,—l
GYL £ guib i VY o8 )3 d9a 90 Sl s
Lo im0l auois joxs 5 Sisae slasiles
Olo)d 9 0ab Sen BT wmeslie sl & j=xie
S Jl 9wl 039 ni aalge JSie L) L1 ILw
Sble el Laa o Gl 8l & e )55
o slie ©9 3-89, Linl 38l [V] ol oasi Sile s
 pbie mbw )3 pe Gblae Gl S (R0l
Do 5o iR Qi A Bog-b A 39y (50 Il
F-P0 Jlw s pslie slas yi8L Jl (bl sl gac
stk Usthe V1 v 9 pue 5 ST o Usale V1 Ul Gl
[¥]a)sT aaled Vb & Slo wolwd HYs

A ol ylals Jl oslaiwl 38Nk sla sy I
SLaab S Jl a5l (b S baws S )35 ylgie
Las)lon uleys 5 (6 oSy (ausaids 0 [Yi&] oo
203 (2w Il [0F] ol a3 )5 )l 43 oslaiwl )90
A s (52901 LS I (s piiu Judiuwl olples
OIS b A shn )l (lewd slas)ls
P ) Jl 30 Al Giues wublage Sl ole jlw
Il oslaiwl [V] 348 o oalaiwl (SaLS slagils Jl Lss
ol po 9IS VLS L amslio )3 plewis slagls
g 48 pu0 Ay P9 Mo 9 03 9r piiy Bk as)le b
wlers sla ey sl jl oslaiuwl wde pod 4
slasilen ulo)s mua 5L 5 JoSo b Aisle
LAV 2T 39 50 Sl (594

o S 0iss (nl s wgllbe (als plalS Il S5
Jl el HypercumPerforatum —ole Pl Lo
LT Lol o e 0> &5 =l Hypericaceae oslgils
ol Se3ls 5 ale ol (pl 39050 L 9T Jless 5
JlolsS i)l L cewd (oT 1Al (slaaalis juw oS
OLALS (2 )58yt g Sl 9 3bb 5o oIS Hlas
olS =l 035w oole [NVAY] wwl Lis LS (ol
(O ) 03Lo Gl (s )1d 93 9w 1 Jols
S) 5 (i 5 55 U9 papelS ki (LRI 9358


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

Y7V ol 5 18 (5 sSuwc dobld

en© )5 R PR 3_\[.\ D jddaw

wldinlo T plaxsl sl oplac )3 g dnd o 339
Wols” s,Emlas aa s O+ slos )3 Jools opliac
IERPURNL LN

05 393U juww jdiuw

aus WNoo o V- opis ol y s Jodxe laml ps
opluacio pis i Vil - s L Gugw 9 03903
9 3l a )oY slos o i . a33ub bolxo
plosl aido ¥ oo an IPM B - V93 b v jed
ot il jl oslaiuwl Ly <)pdesls w0 b
03l gdimd sz JLygd BT Lo 9 osud ilwlan
o)buac jl oslaiwl b 0 85 «il)3930 jiiw g 3335
Ailed GuiSly Joal jib (320 20 Jgdze 5 2 JS
V O Ustzme b Bads (g0 0 0 09 i o)
aslisl i STy by e 4y 9 03ib s MWse o
¥ man Jl Gu shSmle ax s Ve slos ) a0 )5
Il oslaiwl Lo s oo osaliie S5) pnss aiuds
UV TS Y REGEN PAYY] FRp PYIPT{

1) 3g3L (b Auastire

Il oslaiwl Ly Joud ads yo ) 0asib jiiw o355l
S50 Sleud 5 58 peled i Ol ) slagibs)
S DS )

29— 5 351 y3 jl oslaiwl b <)y 93b 01331 (yuuss
b2

DLS)Y olfiws Jjl s 93l o jlasl s e
NanoBrook 90plus PALS analyzer, ]
LT el oo oslaiwl [Brookhaven, USA
S Seolbdgraud s (s 5o jlasl sl DLS
Ls) Jussliy 5 [PDI] 5 auiST 5 (el [Z loww gie]
b o3laiul 0o i 0 38 =393l =l
95wy )Suo odlaiwl Ly wul)yd g5ls JSub 9 o)lasl
[TEM] so94e (5393l

5 S5 98) 90 @A (pumms s SIS p2 p2 905
Lo oab jaiw o 85 wld o3l Sl e s)

! Dynamic Light Scattering

00929 Jus8 Jl @uislils pSue 4355 70+ Jl Gl &5
IPY] 205 50 08 jilb s ) 8L 5

S g e Slheub 9 58 alize sLayh)
Ll Jolis Ygosmo pleawds i 313 3939 wh3 gl
Jloslaiwl b o wlin bou =0 )3 (S92 LA o3
AT PUSENIING IV PURVAREN ST KV PRV PN
So LauT wsdbe (plgs bis 5 5 sy Jl
0y o=l [PY] 39 50 a8Lal LA T &y cauis Jlssk
5 ) sllbols Sl G 035: 3basdl i
Al gig s [PE-YF] 5 5o Syl b )
ol Lo e »T 8 el ly 5o Jl oslenwl ylas=xe
obs) Vle—ie au b SalS slao)luac (o 5
G 5 Glerb slagb) Rl JBE e )
Sles )8 Shdiw 3 jaw jaiw plgdie wxs
o=l plzmil Dl Ba $98 oaud 53 llhe 4 an il
Il oslanul b o 85 w3 6l juw i ouw ) asllas
e ezl Jl vy 5 (0 5 5<b JS oolac
Sile caliste Loy Jl oslaiwl Ly w3 gils
i b [TEM] (50 5e (55 53801 o 989 )50
Lags oo blm [FTIR] 30 8 woslo asss Jlasl
ol w0 [XRD] GuSal asibl il s 5 [DLS]
Do lagT b s baws

LS 1))

ot JS oliS o lac aug

Jl Odm 9 03 Al (293 4y lawl s el JS oS
S b obue T e 4 BBl sles Dy Yaubh Ska
Voo d._gl)UT)oH)I[o)_f\ucl)Jfo)bo.cw
Ve e 4 9 03,5 adlal pubais Jbss T i) She
PMd: - yss 5 3LTwlaw A )s 7 slos ) aids
Jod=e dxy als o 03 L3ub 03I JIS )y S0 2
50313 e 5o JE I s 9 Ju il JB 11
il oslaiwl Ly ¢ guwwlyilid AT ads 1o )3
ol s 0 pluac Ls b ol pio s »Sae +/E8 (55 pu pus

GIluwlan cins @3 9 oa ol caws 4y dla s


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

\E-Y )‘ﬁL_?A[D}wo)LQjJA[D}wﬁ\LWQ)B.)

Jeaol S5 5 Io}l.c olisls ad=o YZA

ol o dBlEl (9 550 © gamibuw gas Il il s pSae
0 ey s b a8Lal Sals o &y 10°CFU/MI

axelaw PE JNA @mow & sSKule aa ) VY sles
5 s Ay b Jou e 1.3 ;5 a5l
ls—ie 4o i3 & (U 4 (HLHBL O sl g
253 Job ash eslaiwl eade J S 5 Shie J S
a|)J|A_w,gL5.og5|).gcﬁ_JSng|)33-_({33{a_uﬁT)|m|

5 ooz 9 asllbae 350 Sl 35 b oT Sl S Lo
Sble JBlaa o oslaiwl (b L sladsgw J s
A dgub (b IS L Jole i) Dle o &5 s 3
23,5 i3S pg/ml MIC ylgie

Wodls Judxi 9 333 gy

03 jiiw 0 )-8 B3 gl ojlasl &y b gy yo slaosls
5 65031351 )1, )b aw b DLS olSuws aduns
sl dsllbe (-l VS i wlgie & Jools (Sle
o3 ,8

Layassl
oslaiwl b juws o) & 0 w393l asllas ¢yl )3
adlled 5 B33 S (0 5 G=b S eolac
)90 (b L A0 O Jolio o YT RS LA
bl )5 Jaw Sl b)) )3 )8 DS )
Jeoc oS Ll ylgic 4 AL o lac )3 Sea g0
ild b sl slodish JuSds aage 5 03,8
)34 3¢ b 50 05 6LQI0J|)I by 9 pliaiwe
J=lro .._\,)3Tu_o S99 & boyd whd o3l el
od—b o3y Ylis V' JSb 0> 0,8 w3l jaw i

ren |

39S 95w 9 3Kae il oslaiml b alize sldo lac
[Zeiss - EM10C - 100 KV: olfuws Jao] sosue
b el

[FT-IR] jop3 093lo 4398 JUisl zim b julBT
FTIR micw—iyb jl oslaiwl b asges FTIR Cab
gsl_Qog)_Td_YJ.onéAgATRMQ)W
L oaud jiiw b3 956 slaas gl o  sxlouws ( liowis
Lo oo jiiw w3 93U ey U5 o bac jl oslaiwl
4o opliac Y39y ol jod & (o o 2 9 opliace Jl oslaiuwl
OB Az o3ib i w3 93l 5 () 2 (RS
ainls )3 (3 e oS e ek 1) (Saliowis
Ombsl9) OB —Ex -+ CM™T Ly Sase slasac
sdub e ECMT

[XRD] yuSol dsuiol  yol pa 3BT

ol I oslaiuwl Ly o pds ol pdoils Il 55 Lo
w8 55 )8 ) 2 ) g0 Vb SuSas = a8 L XRPD
ol 5 3Ly L Cu Kot 55,50 5 taie ol 4y
J—ld5 2 .aib oslaiwl ¥- -MA 5 Ed KV Sllec
YO Lol a9y b BBl sles ) o pas w3 sl bl 0
253 s 9T gen /41 Juolgs oAe-) -
SHLIISL 346 )3l gy

23 (MIC) 5 oS )lo entile JSlacs ¢yuuss (sl o
Jooiowl Sl A7 ey Sl sl b shls s )She (shs)
I oo a8y Sl pid9 3Sae V- -+ 1okl .oub o3l
0039555 (e U oobac (o 0 Sl 5 1 0
o 85 )3 93l ( plaeuis o) A 03 jdiuw © 85
i 0 )83 =lp393b 9 5el) JS oplac b oauhs jiiuw
Ho—s buzxe )3 iy 2 9 <l JS oobac by osis
Voo ol sy Sals 0 ws)S B v


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

Y74 OblKed 5 13 (5 Sme dabls

en© )5 R PR 3_\[.\ D jddaw

-

o,
:‘ééﬂ O

Wi’ 2 }‘u
Lo

Hypericum perforatum

Dionized water

10 minat80C

0.451m filter

N
-

® +
O/ N L=
= )
CH:
Berberine AgNO 3 solution Plant Extract AgN03 solution

w

- - %% - —_
30minat70C ® @ 10 minat 70 C
#®

Nucleation & Growth

\

Green synthesized Ag Nanoparticles -

W0 9 5eb U5 oolas b 0588 39l juss jiia Silesds pagaas | JSib

2 @bd Fa S 9 Solivag oo ) bs
L5 b w3 DLS Sl eslaiwl b ¢ gamilias gan
oo i )3 93l Krolisd 53t Hhad as sls Gl
0eaLib 9 5o gsl VWA/VYEE/DA L ol e JS L
O 9wk s > Lo T [PDI] a5,
0)1asl DLS 3T a8 ol jl .59 +/1OVE-/+ ¥
=T Y S 515 )3 b 5 wgmmslun g S b =3
=315 01351 Loluse 338" s (5 a5 031l Lo T w8l bl
odol s & Spoliad o340 pbd Jl HiSs o8 whd
SlsSoe S se SS9 SN o pSu g Sae 5 Sblse
PDI .a_as pluis Soba el pa by =8l o jlal

pl=sl Jl plisebl ) g daie 4 w3 o35 jiiaw JI
5 5o md Plgd (s p 9 jiiww jel waiSge
Lo Jloa el w4 w3 eils  olosis
XRD 5 . TEM DLS FTIR e lixe ooz
03 D39 b S Laws olsd uuw .dub o3l
)90 pleowb b)) & 0k jiuw )3l b dunlie
w8 ,5 DS w2

Silpdgila slidbow pbedis 5 (S sbduasuie
o )i

29 5 351 ys )l odlaiwl b by g3l 01361 yaes

L2


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

Transmitance (%)

\E-Y )ﬁkﬁfﬁwo)b&‘fgwpwo)gb

Jeaol S5 5 Io}l.c oluls ad=o YV -

5 AL o lac jl axs 55 Lie 43956 slagilio 5
aa bopss wbdsil olsly (e V5 rized
S o Lall 5L 5 Sisliulg a8l el y 3l Al s
D sbhd JuwS 50308 09,5 sola Guw) sladsUse
IPD] 3iif o wdadlxe (5 55V sb o) e sl
1osb J5 eolac i 0 e )8 wssle b ¥ S
oxsb i AGNPS 5 el J5 b o s AgNPS

8350 Yl D e s e JS L

owlie S50 oaias s ju odwl wawddy
bl 5o grmlaw g VS 3

FT-IR 0,3 09sle 4398 Ja3ui oxiw b julGT
Il slany )osn sl yshie & FTIR Siiw b
S a9 b33 mhw 590 ) AT lus s
g j 53 ) Sos Loy )5 Jl SileMbl v3)5T
3539 FTIR Lomiss cinbs 3 9 o oslaiul =iy g5
Il Olsie &5 0,8 w3 eil Blybl i el 5
i) 5L s g0 .38 50 VS Sl 3 )50 1) oais

-

N \/’”‘"
sl JF olacve i 3l

spprtesely J5 ojlaste, i ol isils

—

T

400.00 900.00 1400.00 1900.00 2400.00

el 5 ojlae
2900.00 3400.00 3900.00 4400.00

(I/em) 230 s0s
a0 ) 393L 9 ely U5 0)bas b o.3ubs 53ias 0)d85 ) 393U iy (oE) S 00Las 503 Y9 Sle A1)gd Jadui T b G Y JSubs
Q222 9 ol U5 oplac b o s

Ol oy .ol 50 opliac S s s (ald UI,J:.,
Lo 0355 w5 woliblss)l I 1 (531585 3 oIS Juins
N TRV P SV Y L L+ S T A PIE S TR K PR W
Jodis Jl oz Glid JauwS 50300 sldoy 5 4 by pe

[PV] 3ub Jaas 35508
YE-+ 393 )3 i (=0 & boy o cab )
Ssa90 Loy 5035 N-H stretch a glsie cm™
C-H Siom 4y gy o PA- +-¥- - -CM™ 03500 o
03 S 09N .aubb oo CH3 5 —CHy slaes )5 s
[C=N"] Po—tieedl Jgn & gy yo 17+ - cm’ S93a
5 0)luac as bgs yo (el Loy [YA] wowl

L u_]} .)}_mo_n o lie © )83 a|).')}il.'s PANS P P

Poeeo¥de - Mt ssaa sa b dis S opluac
SLdos )5 i blss)l 4y glsie a5 sls olis
WP M7 so0a s oda ool 5wl JuwS 5040
nmanl JawS 90308 sloy )T Sied Gblei)l 4 $lsie
09 )— wlbleipl 3L Ylj—so VS 5 ) )—wss
i 085 B39l &y gy yo i VS JuwS 50300
L oo o wl3gils 9 s<b U5 oplac b oouis
4 b o aS Sbbise Jeizxe el (20202 9 0)las
5 GRS Py VS JuwS 50340 Loy )5 S b
oLl Jless ol oe w393 Sl bl wbsdlxe
Db el VEY -1 5Y e em™T s oo slaaals
V5o CM™ 3500n )3 Juisn xS 05,8 (s blss)l


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

VY obKed 5 58 (5 Sme dobls

en© )5 R PR 3_\[.\ D jddaw

D353 psla 5 Al )S a5 aF =8 )T Az
Jiabw Ygda an boo jo 495l JL b Hluw
Lol obles Gblys 655 ol o> s AGCI
£5/£9° XY/¥A° YA/-€° 6L ls5 3 XRD
Al b e aS VD/-4° 5 7Y/DE° DY/DA° DE/AQ°
S5 A EY 9 £ L PYY VLYY Y )
43556 3 AGCI .ssloass osls glits 7905 & Siiud
i olo) 03 b sk &5 bl oe slosb aislis
I¥] S omibsmo Sils3 SALS (slaolac I ol b
i SLBGLIS )3 Ygane a5l Sl ol S5
655 353 50 L3S 5ok 3 g b e )5S oo
oo byl b 5 i by &5 32550 plis XRD
AY/AGCT a4, 556 HLS s o Sy ) sy oslaiwl

3000 .
—
—
=
2500 -
2000
g
=
1500 - -

Intensity (a.u.)

1000

500

Jalas s opluac o Hlws S )5 g dn & dags
Dbl o JSiie SuSa5 a5 LT (Soles luwlih Loy
Sl )5 HEELw () 22 9 X 933 Ol HaIBT

) 3g3L
J=S oolae Ls oo i o i w393t XRD 43I
Jbalw .ol oaib ools luis ¥ JSb s —<b)
XRD 555 )3 0 085 3 555 Sus8 i 5
2313905 590 = b= BlaSy &Sl Haskie
Gsio YY/EQ 9 7E/7E °EE/AQ ° XA/VE ° sUils)
we—iio a3 A YY) 9 VY- V- V) a
fee' s 5 Hlalus (bl o Loy ol slosdds
fee Jlialaw L slgo ) .o i 5o 0B b wdgsl
A ges S A4S Al WV axmao Jl ol bl g HiSTas

Vlsiise 9 b el o plac b oauh jiiw =34l

! Face-centered Cubic

20 30 40

50

60 70 80

26 ()

ot S o bae b odub jiiaw 0 s <ulp39il XRD (s93U1.Y JSuds

¥e 393 TEM azuns (ulowl po w3 gils (§—ids
2905 > =lpdgils Jl (Jleexs .ablb 5o pie 9L
O VS oo s 4 Jilg3 5o aF S g 5o 03B Lie
Dbl gl Sl )8 plo) VS 9 Aiges SilwosleT
093 DLS M . TEM T )s w3 esL o jlasl
013l 5 A bl o prml s 4y i85 ks s

Dosbse 5 S 01l (5 518 5 e

P95 wg )Suo )l o dlaiwl Ly ey 3 5L (b dvastine

Sogc P9
Il oslaiwl L o p85 «il )3 93l o lassl 9 5998 90
=9 I8 Lacsl ) 5,50 .53 b 4=l TEM
ol b o 8 )33 )l (ples & JSb s o sue
wlio l0L 5 (S5 aiST TEM asllias RS 50

o)lasl 5 325 50 lis ) oaud jiiuw (59,5 wly3g3L


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

YYY Obled 5 538 (5 xSuwc aobld

en© )5 R PR 3_\[.\ D jddaw

k& - *00 nm

30nm

ol S o)bas l-.» 03 jiiww 0 )i -—»I)-\sil-" I Gogae P9 )8l agSamg pSao pagles & JSb

Sy Plis udized dzlloe (ol @l .asslas plis
owlisessgw & b po 5 S o aldl oy phibasy
e dale oy iaS 9 (+/-¥YO Ma/ml) Lis i je 5T
) QS w55 o 5 05l 5 )b &3 b g po (5 S o
S MIC ml 554 wlie s s35:(-/YAOMG/MI
251 as 388 50 Ylis aslllbo 3) 9o lizke SlOA g
690 2 e US 5 r e g 03ub jiiaw 093556
Jsie ade 0 )5 SO )L 9 i £ 5 sl 5L
e9lis Ly w395l poil o gly )3 .ol i
Olosise 1) wslas ¢yl aidl 13uiby oo wslate Lags »iSb
5 ol o)lg 3 Hlosb S 3 9 Jinlw Lo
LsL.Qro_.ug_.slf)lp).i_p olled LS 890 LSL.Q[o.ouL:n

Y] cusls Jogs yo asllbos 3) g0 calise

RLHISL 306 DSl s I Juols glaaidl
oyl 3 03 i ol )3 b pISL 36 il yuss
Mo wnbale J8lan cpuss l oslatwl b (525 asllas
(M i il Sl 5 S350 2 [MICT s ooiis
ListoSs T polisos35w i yusiisl pusT oS shuslinl
39— dtisgosh s 5 Judl B oS 559 riil

w38,5 )8 w2
b 03l e wbale JBlaa uolae (LI G:Lu
390 SLG B 550 o ob i wlus 3 [MIC]
Oobiled .l oadhs o3ls Ylis ¥ Jsax ) asllbs
Ay g 03h jiiw 093935 39 5o 03 Lie AF
) LS Sy b SIS e S 5 2
5 =2 SlaS 55l plaS )8 S (S50 VS Jbb e
S 95 J=B SL,sl a6 elea lds & el JS

Aslloo 390 S HSL 59 2 03ub jiiuw lus x5 [MIC] Sub) 03455 )le wlblé 313 H35lio dumlio ) Joda

e 093556 ©0395b + 5eb S + 2o o35l b IS b IS oen
/v -\ -\ V- V- W Ly il
v/d -/-VD /¥ V. Ik Dwsiasl o sl oS sl
\/¥d -/-PYVD AT V- > Lisiis T ulises gus
Y/o AV /-4 VYD /YD S uaSars il
L) -/-¥q </=YA o) \/Y0 Awig0 90 Weuels”



http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

YYY obeg 5 58 (5 xSuc aobld

en© )5 R PR 3_\[.\ D jddaw

93 A ilgs 5o (g3l Sldmmdg0 ) JuwS 9 340
OiSly wlis slayssT L 5 3 suss 039 2
Lall) o)l 052 93 i 555 Jsflse S Gimy S
sl malie ssla s<b) J5 opluac .aiS 50
wanl (4536 slaed galie b Ly plewd giud) o Jis b
o=l SIS 59 9 JuwS 5 340 sLooy 5 as
Lol A Joaie JuuS 52)5 09,5 K AT wlyS )3
o8 slays b asls SwlogpT asla po B
M o,i slags 9 a5 STy duml plgic
2=l 03 T Jl s aiiS oo Lual 93U 013l )3 o 8
ole) B aish 3 (ol .adles 5o bbdlxo Do) 9 ReX3
aolsl o p s (i 5 wlxi o dnd (gobaial Jub)
wilxéio 3 o pluoe Jl 0o i Hlagl ( gizs (ol 50
2393 pmal 5 )5 dalsd Dl YL () 5l L 505l
D e 4 Qb Dgw) 9 g A Joles o b5
o 5L opluac )S Soa g0 ) sladsTge
olgie & 9 03ub H3x Vb () 4l b Sl )5 wilxao
iy A )l essilow o 0adilS wlbdlxe Jole
VL slawble ) gda oyl ol S (50 Jos
o393 g 03l wbidlxe 5 oaiiSlal Juolge
S350 Jl 38 o8 ojlasl & y=ie 9 A8 (50 VLo b

[¥ -5 i 50 0 a5
)90 dn wlHdeils Hb L ruwlzo Jaat
SHloial Lo pullo Lol cawl 03 i 2bs
ook Ay sl 43,5 D3 (b a3y )50 QT 3 )Slec
ol 5 JSio b 393l (b yiSL sw6 3 Ses SIS
w3l pain 8 AT Srsb G osgr bli)l s layT
uladmﬁz;oqékmmg)ﬂ%go)lxl
MK)'))&&AMM'}BUAKSM Jleial & sibb
DN T 335 OT 690 »m b 353 @il 5 0aus Juaie
bl DIS a5 S5 8 ojlassl Juds a4y w3 el
o= 9 Db sy )Sae Sl iab) Ay Sdslgs 50
&3 pSlac Lo iso an Juasl L oT as 3905 )l
Slaswl e JLasl uizzed 5 505 00 GGG 2
B39 LagT 3 )Slec > JMAl can g0 SilS o

Sl yo S oslw juw jiiuw (oo aslloo pl )
J= oolbuac jl eslaiwl Ly Hlagls o 485 o393l sl e
w9 6)LAUO)L°T. sl 035 aSDI oy 39 20 5 <l
Jleslaiwl 9 plw) j—5 9 ilal )b Jl =l)345L
w4 ol S8Lsl eaiiS lal /oauis )laul Jwolsc
b 3wl el oyl ol Ylis g psins (2B | S2loss
G3,%9) 9 ) buzmo Dl s i b opl &5
A8 o & Y9 pie SR 5 Jbbi 5o jiimw Sl @ o
83 e Al o i 363U i s LS
ob9) Ol VS o b jii w85 wdgil S
5 Hegili ¥ 3938 0JaSl b w598 (e ppund 990
Al XRD a_sllloe .33 93 Sl »5 sl
TEM 34T 5 05,5 awb LayT )a 1) FCC Jluw ,5
owlio T3Sy 5 59,8 JSib w3 a8 sls ol
Sonse b b 53 L oad ans wh3 gl a5l
aliws 4y 9 oud ablal (93 9 (52l S5 oplac s
23 39390 Lo g0 Jl oo JuSis Sibddlxoe a0
63 )p—Slac Loy, s5la] SalS o)lac

b e abdlre [ s 3040
23 39a90 sladad b s JawS 90340 slaey S
Joime 3iilgs 5o WIS 559N Jud Sl seb) JS oolac
See ol bl 085 3636 4y 0 85 slagss Lal
Al 55 o=l G e 9595 U samle) sausil )5 S sl
ST )5 STy ST slag s 8l 938 a3 Josl o9
1 55 0,8 & 0,85 SLaw s LW Ul a5 SuS
aS sy yluis aslloe ¢yl )3 S9a g0 Aol L35 1S
SILw)lal Jstme el J5 oplac Jl ladsge (ol
9 wbdgsls FTIR cab ) 9 A o i w3l
Qe 63 ) Soe slaos )3 Hgda LS a3 oplac
sl Suwe) sladsSdgo el 03 o3ls ylis
bl e Jasl olla S 1 i (5l oadél oS
Jsd Sl 2SSl ) L 959 »3 Sl g3 0 45
Lt Jsi90 S - S 5 LT w558
095 93 by Ly JoSLS 5 (Jui 52 )5~ uS 50340


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

\E-Y MQL?”Q)M)Aﬁ}M}WQ)})

Jea)l Kb 3y psle ol ad=o YYE

adon Jl [PE] wblas Silsed puols asllbae gl
5 b)) Jxe 03 wslds 4 plsise wsles ol He
-oloc jh) 0> wolas (yuizes 9 obS sosTzen
S 903 0 bl (5 )8

Olise a5 3 Ol Oed 5 " gis - il juw asllos )3
GO 69 p— 03w whIgil s MIC
vl sl alisl —wl 5 (7/YOUY/ML) ATldig ail
Il a8 Slacel ol &S 365 (7/YOUG/ML) Lwoissf
e [¥0] 35 pols aallbn )3 o LIS mls
E- L b )0 plsS5e b SiloRed pae (ol Slol
wasls dellbo 93 (pal VS ol jiiuw 03 53L

23 a8 3 ol vlSad 5" Sl sasllias s
Sl bl 3y pac ala (BUG/ISC) plwsy wlale
Ay pae alld Jl yxeS (V-MM) A7 Luig aadl &3 gan
23 395 (\\/DMM) Lug 529l w oS oS s lusliwl & gan
2o 3L ol pieS ik il i lis Az
Qo Ao s w9l (el s lsliwl a9 (S5
rola allbe mlis b S abb o (A Luio rid/
Y71 sls Sloxed

SLIL 26 polsd YK 5 (uwed JT asllbs o
L as 203,85 bl Oludy bl 5 )35 L adde ¢y 22 02
asllos )3 [YY] cbls Silsxed puols asllbe mbis
3535 sl 36 csled GlSas 5 el yoc
Vs Shie S 9 e 0,8 SO I adde (2 9 2
R R R 08 )33l asllae (pl VS el oaub o5l
53w °(EPN 5 APSP) Lo lizo b9, 93 b
aslbo cypl )3 e MIC Guw) o mlis 5303,
ovsosl eI s s lisliwl Lo »iSL sl sls i
MIC Jlaio Lisgisjo T wlisosd suw 9 A Luius aibl
Slr— s HO/ML Y37 5 0\Y DAY ol yo i p3 4y

2 Serrano-nino

® Ozgen

* Umar Khayam

® Anti-solvent Precipitation with a Syringe Pump,
and Evaporative Precipitation of Nanosuspension

oo il slal a e adilgise wbdsil uizes
o sl gl A 03t S )ls xSee )3 suiluns]
SpSloe )3 popsds o 5o Al oo S sl s
aaldl )3 o sl )ly )Sue 509 0 SIS 2
9 3 p—Slac o uwilS )ly ySae )3 YN AL il 81 L
O Il pewsill9 )Sh0 9 ATl puuss Liie (5 00393 585
Y1390 50

0,355 MIC ylyse pils asllbone mlis bl
Slo— o< J=5 5 2o Al g 03 i
5l pwsS o8 slusliwl (MU Luio sl Sl )35
5 S8 g o0 sl Lis—io o 5T ywlisos 5
/YO /N pmlpr 3 3 A A g0 oy M wnls”
il oie p e r S o dae </ YA 5 /VAD /YYD
a3l 690 » ulled 9 (53338 asllos el wawds
Slae sLas 5L 69 1 oeb U5 Jlss sSae 25
MIC ;3o Sl asllias oyl slaaisly .28 5 plxil
A st = e )T Ge /s ) 9 /B s/ VA
)9in3s )3T wligesssw Lo 8L sl wus s
L 45 39 ustosl puss o8 shidliwl 5 ALy ol
RPN P o=l bl as SilgRed ol aslloe
oS »3 Jl oslaiwl adea Jl calizxe Jo¥s 4 Slg3 50
[¥Y] 3bl asdlos oyl )3 Sgilie

L IL 36 wlled ohlses 5 ' S aslbows s
2= b U5 ooliac bouwgd oo i o )8 )3 9L
by pai 5051 58 55 s LSl S\ 500 5 9)
Iod o S50 LiskJs 5T pulisesssw 5 A
P &y yhad Sl Ylis asllboe ¢l s a5 8,5
5> psosl pusT oS sbsliwl SLas )i )5 sy
Ao s 5 piolie A ol List o 5T pulisesssw
Do phoghe VY ml i SIS Lty bl dy5u by e
U bdig bl a3 900 (590 2 0y DI 9SL Az )
DT s ol Ay gm 93 &y s (S ity (b S
L as ssals plis Lisi o T julisosdsw 5 weissl

! Gitea


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

YVO wbled 5 18 (5 Sme dobls

en© )5 R PR 3_\[.\ D jddaw

i 0 )85 3 o3 by gluds jols aslloe mlis
b3l SIS 93— 23 9 o<l J5 oolbac L oo
D335 Azt ) Adwd > 95 JB (b S Laws
0345 (63,8 4 juaxio GBS a9 4 anes Lo i
ulsHe & Jilg3 50 IS G L wls JI S o
OBl s SLadss slaainS grSeie Il R
Pzl aidl . 3l LS 0 5T 5l cunlio i3Sk
e Jixo slawbble )l oslaiwl 9 asliie wlellas
Sl Vs (s=bd 9 b wlio e bale 4y Hliws
L b3 gl 95 o=l Jl oslaiwl 93903 (53 )8

33,5 50 Sl (LT L w6 slawylss

SB35 9 S
A8 Ly S iy @lasie anls bl I aid )5 5 allas oyl
S—ibb —» IR.BUMS.REC.1399.507 syl
ol —iinle ) T Yl—uwlisd )15 1 & Jlie 9l 3wy o5
S Sy Sy pa-de olSisls )9 gn s SSae
) 13033 5 S5 JleS wlinle)T plil )s )

apls

References

MIC Jla_sie .0 535 HO/ML YA 5 9E AYA ol
Sh— EPN 09 L o jiiw ¢y o o 3955
> G i piil oy 55051 55 5T s hiSliawl S5 )5S
HOIML 7E 5 ¥Y FE ol Lisido T polisosssw
Pl e iasplis & sllas (ol ol i .3 535
L oo i (g0 00 23936 5 (200 0 LS LS
Silsad rools asllbe mlis b &5 355 Gbs) 95 b

[PA] cbls
delloo 3) g0 aliko lady g VS MIC s auwlie
A g 03b jiiw 003935 3l aS s oy e plis
5 e )5 LG HBL 590 2 = IS 5 2
Olae &ly )3 . aubly 50 jusie wude p I SO HSL
Al 1aubby 5o s glaie S )L wslis b lhd5b )3l
heah oS 3 9 oale L glsSoe b wglas ol
odled s 59 o 6Lmin_umKo 9 Fel—wolg s
b po aslllae 3 )50 iadizte (Sl wslS l5 »Seo

[P wasls

1- Zare Bidaki M, Arab M, Khazaei M, Afkar E. Anti-bacterial effect of Mentha spicata L. essential
oil on eight standard species of gastrointestinal pathogens. J Birjand Univ Med Sci. 2014; 21 (3) :274-
282. [Full text in Persian]

2- Dakhili M, Zahraei T, Torabi M, Khavari A. Evaluation of antimicrobial effects of 4 medicinal
plants against Salmonella typhymurium and comparision them with common antibiotics in veterinary
medicine. J Med Plants. 2006; 5(20): 21-6. [Full text in Persian]

3- Mohammadi Sichani M, Amjad L, Mohammadi-Kamalabadi M. Antibacterial activity of methanol
extract and essential oil of Achillea wilhelmsii against pathogenic bacteria. Zahedan J Res Med Sci.
2011;13(3): €94008. [Full text in Persian]

4- Qussalah M, Caillet S, Saucier L, Lacroix M. Inhibitory effects of selected plant essential oils on
the growth of four pathogenic bacteria: E. coli O157: H7, Salmonella typhimurium, Staphylococcus
aureus and Listeria monocytogenes. Food control. 2007;18(5):414-20.

5- Rezaeizadeh H, Alizadeh M, Naseri M, Shams M. The traditional iranian medicine point of view
on health and disease. Iran J Public Health.2009; 38(1):169-172.

6- Sarhadynejad Z, Sharififar F, Pardakhty A, Nematollahi MH, Sattaie-Mokhtari S, Mandegary A.
Pharmacological safety evaluation of a traditional herbal medicine “Zereshk-e-Saghir” and assessment
of its hepatoprotective effects on carbon tetrachloride induced hepatic damage in rats. J
ethnopharmacol. 2016;190:387-95.


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

\E-Y MQL?”Q)M)Aﬁ}M}WQ)}) d.g._».))|k7(&).__\_[o}l.co@b¢l._zovvf

7- Serrentino J. How natural remedies work: Hartley & Marks; 1991.

8- Burt S .Essential oils: their antibacterial properties and potential applications in foods-a review. Int
J food microbiol. 2004;94(3):223-53.

9- Mardaninejad S , Janghorban M, Vazirpour M. Collection and identification of medicinal
plants used by the indigenous people of Mobarakeh (Isfahan), southwestern Iran. J Herb
Drugs. 2013;4(1): 23-32.

10- Tabibnejad M, Arjomandzadegan M, Alikhani MY, Sadrnia M, Habibi G, Naseri Z. Comparison
of the effects of Hypericum perforatum extract and its microemulsion with Aloe vera extract on
Brucella melitensis. Avicenna J Clin Med. 2018;24(4):336-44.

11- Houghton PJ. The role of plants in traditional medicine and current therapy. J Alter Complement
Med. 1995;1(2):131-43.

12- Maskovi¢ PZ, Mladenovi¢ JD, Cvijovi¢ MS, Ac¢amovi¢-Dokovi¢ G, Soluji¢ SR, Radojkovi¢ MM.
Phenolic content, antioxidant and antifungal activities of acetonic, ethanolic and petroleum ether
extracts of Hypericum perforatum L. Hemijska industrija. 2011;65(2):159-64.

13- Farahani HA, Valadabadi SA, Daneshian J, Shiranirad AH, Khalvati MA. Medicinal and
aromatic plants farming under drought conditions. J Hortic For. 2009;1(6):086-92.

14- Naghdi Badi H, Amin G, Makkizadeh M, Ziai S. St. John's wort (Hypericum perforatum L.): A
Review. J. Med. Plants 2005; 4 (16) :1-14. [Full text in Persian]

15- Affuso F, Mercurio V, Fazio V, Fazio S. Cardiovascular and metabolic effects of Berberine.
World j Cardiol. 2010;2(4):71-77.

16- Imanshahidi M, Hosseinzadeh H. Pharmacological and therapeutic effects of Berberis vulgaris
and its active constituent, berberine. Phytother Res. 2008;22(8):999-1012.

17- Wang K, Feng X, Chai L, Cao S, Qiu F. The metabolism of berberine and its contribution to the
pharmacological effects. Drug Metab Rev. 2017;49(2):139-157.

18- YinJ, YeJ Jia W. Effects and mechanisms of berberine in diabetes treatment. Acta Pharm Sin B.
2012;2(4):327-34.

19- Birdsall TC, Kelly GS. Berberine: Therapeutic potential of alkaloid found in several medicinal
plants. Alt Med Rev. 1997;2(2):94-103.

20- Pinto-Garcia L, Efferth T, Torres A, Hoheisel JD, Youns M. Berberine inhibits cell growth and
mediates caspase-independent cell death in human pancreatic cancer cells. Planta med.
2010;76(11):1155-61.

21- Hajipour MJ, Fromm KM, Ashkarran AA, de Aberasturi DJ ,de Larramendi IR, Rojo T, et al.
Antibacterial properties of nanoparticles. Trends biotechnol. 2012;30(10):499-511.

22- Nickols-Richardson SM. Nanotechnology: implications for food and nutrition professionals. J
Am Diet Assoc. 2007;107(9):1494-7.

23- Azzazy HM, Mansour MM, Samir TM, Franco R. Gold nanoparticles in the clinical laboratory:
principles of preparation and applications. Clin Chem Lab Med. 2011;50(2):193-209.

24- Singh M, Manikandan S ,Kumaraguru A. Nanoparticles: a new technology with wide
applications. Res J Nanosci Nanotechnol. 2011;1(1):1-11.

25- Song JY, Kim BS. Rapid biological synthesis of silver nanoparticles using plant leaf extracts.
Bioprocess Biosyst Eng. 2009;32(1):79-84.

26- Thakkar KN, Mhatre SS, Parikh RY. Biological synthesis of metallic nanoparticles.
Nanomedicine. 2010;6(2):257-62.

27- Elshafie HS, Camele I, Mohamed AA. A Comprehensive Review on the Biological, Agricultural
and Pharmaceutical Properties of Secondary Metabolites Based-Plant Origin. Int J Mol Sci.2023
;24(4):3266.

28- Basavaraja S, Balaji S, Lagashetty A, Rajasab A, Venkataraman A. Extracellular biosynthesis of
silver nanoparticles using the fungus Fusarium semitectum. Mater Res Bull. 2008;43(5):1164-70.

29- Mulvaney P. Surface plasmon spectroscopy of nanosized metal particles. Langmuir.
1996;12(3):788-800.


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html

[ Downloaded from ejournals.arums.ac.ir on 2025-08-02 ]

[ DOI: 10.61186/jarums.23.3.262 |

YYY  0bed 5 58 (5 Sme dobls BCPU REN PRIPL LR VRS ¢ ¥

30- Durén N, Nakazato G, Seabra AB. Antimicrobial activity of biogenic silver nanoparticles, and
silver chloride nanoparticles: an overview and comments. Appl Microbiol Biotechnol.
2016;100(15):6555-70.

31- Soleimani F, Saleh T, Shojaosadati SA, Poursalehi R. Green synthesis of different shapes of
silver nanostructures and evaluation of their antibacterial and cytotoxic activity. Bio Nano Sci.
2018;8(1):72-80.

32- Dangi S, Gupta A, Gupta DK, Singh S, Parajuli N. Green synthesis of silver nanoparticles using
aqueous root extract of Berberis asiatica and evaluation of their antibacterial activity. Chem Data
Collect.2020;28:100411.

33- Ghodrati L, Ataie Kachoie M, Mousavi-Fard S, Moattar F. Study the antimicrobial effects of
methanolic extract of Hypericum perforatum on foodborne bacteria. J Food Microbiol. 2021; 8(4):56-
66.

34- Gitea D, Teodorescu A, Pantis C, Tit DM, Bungau AF, Bogdan M, et al. Green Synthesis of
silver nanoparticles using Hypericum perforatum L. extract and evaluation of their antibacterial
activity. Rev Chim. 2020;71(2):273-9.

35- Serrano-Nifio J, Contreras-Martinez C, Solis-Pacheco J, Zamudio-Ojeda A, Aguilar-Uscanga B,
Cavazos-Gardufio A. Optimization of the byosynthesis of gold nanoparticles using Hypericum
perforatum and evaluation of their antimicrobial activity. Rev Mex Ing Quim. 2020;19(2):889-902.
36- Ozgen A, Bilgic E, Aydin SG, Nizamlioglu M. Characterization of biosynthesized silver
nanoparticles using Hypericum perforatum leaf and determination of their antibacterial activity. Med
Sci. 2019;8(3):503-7.

37- Alkhamis Z, Mostafavi M, Hassani L, Mohammadi F, Mohammadi K. Antibacterial effect of
Berberin and Curcumin complexes on Escherichia coli and Bacillus pedillus bacteria and comparison
of their cytotoxicity on the cell line of bladder and stomach cancer cells. J Gorgan Univ Med Sci.
2018;20(3):82-9.[Full text in Persian]

38- Sahibzada MUK, Sadiq A, Faidah HS, Khurram M, Amin MU, Haseeb A, et al. Berberine
nanoparticles with enhanced in vitro bioavailability: characterization and antimicrobial activity. Drug
Des devel ther. 2018;12:303.

39- Ma XY, Zhang WD. Effects of flower-like ZnO nanowhiskers on the mechanical, thermal and
antibacterial properties of waterborne polyurethane. Polym Degrad Stab. 2009;94(7):1103-9.


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-en.html
http://www.tcpdf.org

