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Abstract:

Silver nanoparticles are well recognized for itsitzacterial activity, especially against
pathogenic bacteria. In the present study, silagroparticles (AgNPs) were biologically
synthesized by using the aqueous leaves extra®atdra stramonium followed by
capping with one of the hydrophilic polymers: pdtydene glycol (PEG) and polyvinyl
pyrrolidone (PVP). The biosynthesized nanopartiglese characterized by UV-Visible
Spectroscopy, X-ray diffraction (XRD) and TransnossElectron Microscope (TEM).
Antibacterial activity againsEscherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Enterococcus sp. andtaphylococcus aureus was determined by a microtitre
well method and disc diffusion method. The restdigealed that the antibacterial activity
of silver nanoparticles is dependent on their catre¢éion and were active against Gram
negative and Gram positive bacteria. The antibadtexctivity of coated AgNPs was

increased in comparison with uncoated.

. silver nanopatrticles, antibacterial activiyatura stramonium, hydrophilic

polymers.
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I ntroduction

Biological synthesis of nanoparticles using nontpxco-friendly approaches is gaining
importance due to the growing need to develop clean, nontoglemicals,
environmentally benign solvents and renewable nas$ddi]. Among the all noble metal
nanoparticles, silver nanoparticles are an arcllypbfrom the field of nanotechnology
which has gained boundless interests. Silver comg®u silver ions, and silver
nanoparticles (AgNPs) have been validated extelysfoe their antibacterial, antifungal,
and antiviral activities [2, 3]. The nanoparticlesed for all the aforesaid purposes, the
metallic nanoparticles considered as the most mioigpias they contain remarkable
antibacterial properties due to their large surf@@a to volume ratio, which is of interest
for researchers due to the growing microbial rasis¢ against metal ions, antibiotics and

the development of resistant strains [4].

Plant leaves, flowers, seeds, tubers, and barla@xtnediated biological process for the
synthesis of silver nanoparticles has been extelysixplored and compared to other
bio-inspired processes [5]. Biomolecules preserglamt extracts can be used to reduce
metal ions to nanoparticles in a single-step gregmhesis process. This biological
reduction of metal ion to base metal is quite rapddily conducted at room temperature
and pressure, and easily scaled up [6]. Synthesmsdliated by plant extracts is
environmentally benign. The reduction and stahtliraof silver ions by combination of
biomolecules such as proteins, amino acids, enzypodgsaccharides, alkaloids, tannins,
phenolics, saponins, terpinoids and vitamins wldoh already established in the plant
extracts having medicinal values and are environahdrenign, yet chemically complex

structures [7].



The present research has prompted for further eqmdo in the use of plant extracts for
the of silver nanoparticles fronbatura leaves extractDatura (family
solanaceae) is widely grown all over the world, asdd in several traditional medicinal
purposes [8]. In contrast to bulk material, theresponding nanoparticles exhibit high
surface energy values, due to their small sized,lmnce often congregate. Therefore,
selecting an appropriate capping agent is oftereeequisite for stabilizing nanoparticles
[9]. To prevent aggregation of particles, differeniating materials, such as carboxylic
acids, polymers, polysaccharides, and surfactdmise been exploited to increase
stability of the particles [10]. Polyethylene glyedPEGSs) are stable, hydrophilic and
have been used as an organic capping agent tdiz¢aBigNPs and control further
growth of the particles [11]. Mekkawy et al., [Bund that PEG coated AgNPs showed
higher stability of particles in their water disp@ns. Polyvinyl pyrrolidone (PVP) was

used as stabilizing agent and prevent the aggmyatfisilver atoms [13].

Due to the important and critical roles of plamtgproduction of metal nanoparticles, the
present research deals with green synthesis oérsihanoparticles (AgNPs) using
agueous leaves extract Datura stramonium. To maintain the nanoparticles dispersed in
solutions and prevent their sedimentation, the ic@ppagents tested included
polyethylene glycol (PEG), polyvinyl pyrrolidone \(P) and then the antibacterial
activity of uncoated and coated AgNPs against soatieogenic bacteria was studied.

Material and methods:

Biosynthesis of silver nanoparticles:

Aqueous leaves extract dbatura stramonium (Jimson weed) was used for the
preparation of the silver nanoparticles. Five graingesh leaves were boiled in 100 ml
distilled water for 5 minutes. After cooling theteact was filtered with Whatman number
1 filter paper. Different concentrations were prepafrom the extract 5%. The silver
nitrate (AgNQ) as a source for silver nanoparticles was purch&®en Sigma-Aldrich



Chemicals. The extract incubated with silver iomfa) for 24 hoursControl without the

AgNO3; was also kept in the samenditions[5].

Characterization of silver nanoparticles:
UV-Visible Spectroscopy analysis
The qualitative testing for confirmation of silveanoparticles, the optical properties of
silver nanoparticles were carried out on Ultravidlesible Spectroscopy (UV-Vis)
(Evolution 300- UV-Visible spectrophotometer- Engi at a resolution of 1 nm and
scanning the spectra between 300-900 nm [14].

(AAS)
The concentration of silver nanoparticles were mieitged using the atomic absorption
spectrometer (Buck model 210 VGP Atomic Absorpt®mectrometer-USA) equipped
with a silver hollow cathode lamp and air-acetyléiaee. Standard silver solutions were
also prepared and measured.

Transmission Electron Microscope (TEM)

The morphology and sizes of silver nanoparticleseveetermined by TEM micrographs
using the TECNAI G2 Spirit Twin (MRCE center, Assiniversity, Egypt). The sample
was prepared by placing a drop of synthesized rsite@oparticles on a negative carbon
coated copper grids and dried in air [5].

X-ray diffraction (XRD)

The structure of the biosynthesized silver nanagag was checked by X-ray diffraction

technique using an X-ray diffractometer (Philipsngterdam, Netherlands).

Coating of AgNPs

Effect of coating agent polyethylene glycol (PEG}@ad polyvinyl pyrrolidone (PVP)
on the AgNPs antibacterial activity was studiedGP&nhd PVP solutions were prepared
by dissolving its powder separately in distilledtera Then, the prepared solution was
added directly to the freshly prepared AgNPs susiparto obtain final concentrations of
5 mM of PEG400 and 1 mM PVP coating agents [12jreft at AC till used.



Antibacterial activity of the biosynthesized silver nanoparticles:

Bacterial strainsand growth condition:

The test bacterial strain&scherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Enterococcus sp and Saphylococcus aureus were provided from
microbiology Lab at the Hospital of Assiut Univeysi Nutrient agar and nutrient broth
media were used for growing the tested bacteria.
The antibacterial activity of uncoated and coatgdNRs was monitored with the time (0-
10 weeks) againdt. coli. The MIC, MBC and diameter of inhibition zone fall tested
bacteria were determined after 8 weeks from prejoawraf AgNPs.
Detection of minimum inhibitory concentration (MIC):
To investigate the antibacterial effect of AgNPstested bacteria the double fold micro-
dilution method on some common pathogens of humas wsed [12]. Ten
concentrations using twofold serial dilution of kaof uncoated and coated silver
nanoparticles (10@l in each well) in the 96-well microtitre plate @rplate for each
plant extract and one plate for silver nanopaicleere prepared to begin with 100 ppm
for silver nanoparticles. To each concentration 1D@f 5 x 1F cfu/ ml of the tested
were added in a final volume of 2@0. Pure bacterial inoculum in broth was taken as
positive control and nanopatrticles and AgNPs withHmacterial inoculum was taken as a
negative control. The plates were incubated at 36?24 hours and examined for the
lowest concentration show no detectable growth (MIC
Detection of minimum bactericidal concentration (MBC):
After MIC determination osilver nanopatrticles, aliquots of 1i0from all wells in which
no visible bacterial growth was observed were sgedenutrient agafl2]. The plates
were then incubated overnight at 30°C. The platesnéned for the lowest concentration
of antimicrobial agent showed no colony growth bé ttested bacteria on the plates
(MBC).
Disc diffusion method:
The antibacterial spectrum of the synthesized sihamoparticles was determined by the
disc diffusion method on plates inoculated with tbsted bacterial strains [15]. A single
colony was inoculated into nutrient broth and omigiht cultures of the bacterial strains
5



was prepared in nutrient broth and diluted to £x@BU|mI, 200ul were stirred well in
nutrient agar plates. After solidification, stendaper discs were placed on the surface of
each agar plate and were impregnated withul6f the silver nanoparticles. The plates
were then incubated at 30°C for 24 hours, and theiameters of inhibition zones were
measured to estimate their inhibitory effects. Tiean values of inhibition zones were

recorded.

Statistical analysis

It was performed by using the SPSS 11 Software.

Results and Discussion

Silver ions and silver salts were used as antibattagents [16]. Using plants for the
synthesis of silver nanoparticles are ecofriendigsily available, safe to handle and
possess a broad variability of metabolites that melper in reduction [5]. In our study,
the leaves extract @atura was used for the green synthesis of silver nanicfes. The

plant extract incubated with silver ion (1mg). Rhpippearance of a yellowish —brown
colour in the reaction mixture suggested the foromabf colloidal silver nanoprticles

(Ali et al. 2015). Visual observation showed tha thanged in intensity giving brown
colour after 24 hours of incubation. This increaseintensity could be due to the

formation of more nanoparticles [17].

UV-Visible Spectroscopy analysis

The silver nanoparticles were subjected to speetnalysis by UV-Vis Spectroscopy.
The absorption spectra were measured in the raf@§9@0 nm. AgNPs showed
symmetric single-band absorption with peak maxinatrd40 nm for 24 h of incubation
of cell filtrate with AQNQ which steadily increased in intensity as a funcid time of
reaction without any shift in the peak (Fig. 1)typical nanoparticles absorption band in
the visible region between 350 and 550 nm, Plasrasonance peak obtained at 420 nm

is well-documented for various metal nanopartieléth sizes from 2-100 nm [18]. The



silver nanoparticles band remained around 420 rhcating that the particles were well

dispersed without aggregation [14].
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Fig. 1: UV-Visible absorption spectrum of the silver nanjcées shows a broad absorption
band at 440 nm for silver nanopraticles after 2dradncubation.

Transmission Electron Microscope (TEM)

TEM micrograph of silver nanoparticles revealedt tttee nanoparticles were mostly

spherical in shape and these particles were seplagaid are not aggregated, indicating
stabilization of the nanoparticles and can be usegveral applications (Fig. 2). There is
a variation in particle sizes from 6-23 nm with average size approximately 15 nm.
Most particles are smaller than 15 nm. This sma# sange of silver nanoparticles adds
to its antibacterial property, since it can eagiBnetrate bacterial cell membrane and
thereafter damage the respiratory chain, affecN&, RNA, and division of the cell,

and finally lead to cell death [3].



Fig. 2: TEM images of biosynthesized silver nanopkasicusingDatura leaves extract. The
particles are spherical with varying size (AgNPshia range from 6-23 nm).

X-ray diffraction (XRD)

Due to the crystalline nature of silver nanopaeiclintense X-ray diffraction (XRD)

peaks were observed corresponding to the(111)),2220), and (311) planes for silver
at % angles of 38.02°, 46.12°, 64.6° and 77.26°, rdspyg (Fig. 3). The XRD analysis

confirmed the presence of Ag nanocrystals and mia ekffraction peaks of oxidation or

other crystalline phases present, indicating the pure silver nanoparticles are
crystalline in nature. The obtained data was matetieh the Joint Committee on Powder
Diffraction Standards (JCPDS files no. 03-0921)c@mparison of the obtained XRD
spectrum with the standard confirmed that the sipaaticles formed in our experiment
were in the form of nanocrystals. The XRD spectinnthe present study agrees with

Bragg's reflection of silver nanocrystals, simitaported in other literature [19].
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Fig. 3: The XRD images of biosynthesized AgNPs uflatura leaves extract.

Antibacterial activity of biosynthesized silver nanoparticles:

The preliminary study of the antibacterial activitly biosynthesized silver nanoparticles
which synthesised by using plant extract, it wasced that the antibacterial activity of
AgNPs was decreased with the time. In this study aintibacterial activity of the
uncoated or coated AgNPs was moitored with the {{@&0 weeks) by disc diffusion
method againsk. coli. The coated AgNPs exhibited more dispersion antbacterial
activity in comparison with uncoated AgNPs (datda sbown). The MIC, MBC and
diameter of inhibition zone of bacterial strainstéel were detemined after 8 weeks from

the preparation of all AgNPs.

The biosynthesized AgNPs showed high inhibitoreetffagains€.coli (Table 1). This
may be due to the action of AQNPs on the DNA amdtination of cellular protein [20].
Moreover, it was suggested that silver ions bindfunctional proteins, resulting in
protein denaturation [21, 22]. Also, highly reaetimetal oxide nanoparticles, lead to
significant increase in permeability of bacterisdmbrane, resulting in the incapability of



bacterial cells of properly regulating transporbtigh plasma membrane and causing cell
death [22].

The antibacterial activity of uncoated AgNPs ana@ted AgNPs with capping agents
was studied against five bacterial specigsclerichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Enterococcus sp. and Staphylococcus aureus) Table 1. Coated
AgNPs with PEG and PVP showed 34¢/mL MIC againstE. coli andS aureus and
6.25 ug/mL MIC againstK. pneumoniae, P. aruginosa and Enterococcus sp. On other

hand uncoated AgNPs showed lower MIC against alldsel strains tested.

Using uncoated AgNPs showed MBC value for all haaltestrains tested at
concentration 5Q,g/mL and their MIC was 25g/mL exceptSaphylococcus showed the
same MBC and MIC. In respect to AgNPs coated wi¥P PagainstE. coli and
Pseudomonas MBC (6.26 and 12.5) was higher than MIC (3.12 &rb), respectively.
There are various values of MIC reported for AgN&gainstStaphylococcus or
Sreptococcus strains in the literature, most probably due tféfedences in the size,
physicochemical properties and methods of syntH@dk The average of MIC value
4.86 ng/mL was reported for 28m AgNPs agains®&reptococcus mutants [24]. Sherma
et al., [25] found that MIC and MBC fdE. coli were 0.62 and 1.25 respectively. In
addition Espinosa-Cristébal et al., [26] found muggher MIC agains&treptococcus:
101.98, 145.64, an®20.63ug/mL for AgNPs with the size of 8.4, 16.1, and a6,
respectively. Fo&aphylococcus andE. coli MIC and MBC values were in the range 0.9-
3.75 and 3.75-4.pg/mL, respectively [12].

Table 1: Susceptibility of bacterial strains to silvemoparticles (AgNPs).
MIC (ug/mL) MBC (ug/mL)

Bacterial strain | Uncoated Coated AgNPs| Uncoated Coated AgNPs

AgNPs | PVP PEG | AgNPs PVP PEG
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E. coli 25 3.1 3.12 50 6.2 6.25
Klebsiella 25 6.25 6.2 50 125 125
Pseudomonas 25 6.25 6.2 50 6.25 125
Enterococcus 25 6.25 6.2 50 6.25 6.25
Saph. Aureus 25 3.12 3.12 25 6.25 6.25

MIC s Minimun Inhibition Concentration, MBC Minimum Bacterial Concentration,
PVP is polyvinyl pyrrolidone, PEG polyethylene glycol.

The antimicrobial activity exhibited by silver ngvasticles is shown in the graph of
inhibition zone of five bacteria as a function n€ieasing concentration of nanoparticles.
In general PEG or PVP coated AgNPs showed moréitohy effect against all bacterial
strains tested than uncoated AgNPs (Fig. 4). Howellebacterial strains excefR.
aergunosa was highly inhibited by AgNPs coated with PEG whidggNPs coated with
PVP showed the highest effect agaifsaergunosa. Similar to the current result, Amato
et al., [27] demonstrated that the coated AgNPsbéeld higher antibacterial activity
than the uncoated AgNPs. It is worthy to mentioat,tPAgNPs capped with beta-
cyclodextrin enhanced the inhibitory effect of npadicles againgt. coli, P.
aeruginosa andStaph. aureus[2]. PEG-coated AgNPs showed greater stability as
indicated by a decreased sedimentation rate ofcfetin their water dispersions and
MIC and MBC values foSaph. aureus andE. coli were in the range of 0.93-7.5 and
3.75-15ug/mL, respectively [12].

The results also indicate that an increase inctirecentration of silver nanoparticles
reduced the survival of bacteria. In this respBet, et al., [28] reported that, the AgNPs
undergo shape-dependent interaction with Gram-neght coli and were being used as
bactericidal agents, and also agrees with Kim.e{20] investigated the inhibitory effect

of AgQNPs on microorganisms.
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Fig. 4: The mean value of inhibition zone caused Wbyedint AgNPs. Control is uncoated
AgNPs, PEG is AgNPs coated with polyethylene glyoad PVP is AgNPs coated with polyvinyl
pyrrolidone.

Although, the exact mechanisms by which silver pamticles act as antibacterial agent
are not fully understood, there are several theofs@ver nanoparticles can anchor onto
bacterial cell wall and with subsequent penetratperforate the cell membrane (pitting
of cell membrane) ultimately leading to cell de@®]. The dissipation of the proton
motive force of the membrane ki coli occurs when nanomoles concentration of silver
nanoparticles is given [31]. Earlier studies willec&ron spin resonance spectroscopy
revealed that free radicals are produced by sinagroparticles in contact with bacteria,

which damage cell membrane by making it porougnalely leading to cell death [32].

Conclusions

In the present study, the silver nanoparticles AgMre biosynthesized by using leaves
extract ofDatura stramonium. TEM and AAS were used to study the morphologze si
and concentration of AgNPs. The silver nanopasiaehibited distinct antimicrobial
property on AgNPs coated with capping agents oleseto be the most stable and to
display the highest antibacterial activity. The foghilic polymers PEG and PVP
maintained the stability and enhanced the antibattctivity of AQNPs. The described
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microtitre plate assay could be used as a rapidsamditive method for detection of
bacterial growth inhibition. This eco-friendly, ¢asffective extracellular biosynthesis of
silver nanoparticles with potent antimicrobial aittes from the plant extracts has the
potential to be utilized on a large scale for watead industrial or medical application.
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