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Abstract In this study, silver nanoparticles (Ag-NPs) have been synthesized using
extract of Chelidonium majus root in aqueous solution at room temperature. The
root extract was able to reduce Ag" to Ag® and stabilized the nanoparticles Dif-
ferent physico-chemical techniques including UV-Vis spectroscopy, transmission
electron microscopy and powder X-ray diffraction (PXRD) were used for the
characterization of the biosynthesized Ag-NPs obtained. The surface plasmon res-
onance band appeared at 431 nm is an evidence for formation of Ag-NPs. TEM
imaging revealed that the synthesized Ag-NPs have an average diameter of around
15 nm and with spherical shape. Moreover the crystalline structure of synthesized
nanoparticles was confirmed using XRD pattern. Furthermore antimicrobial activ-
ities of synthesized Ag-NPs were evaluated against Escherichia coli -ATCC 25922
and Pseudomonas aeruginosa ATCC 2785 bacteria strain.
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Introduction

In recent years, nanotechnology has attracted more attention in science due to its
different applications [1]. Size- and shape-dependent optical, electrical and
electronic properties of nano-materials make them effectively applicable in
different branches of science and technology [2, 3]. Among them, metal
nanoparticles have attracted considerable attention due to their unique properties
compared to bulk mater [4]. Potential applications of silver nanoparticles (Ag-NPs)
in different fields have introduced these particles as one of the most important
commercialized NPs [5]. Ag-NPs have been used extensively in industrial and
medicinal fields [6]. Imaging, water and air purification, cosmetics, household
appliances, textiles, energy sector, antibacterial and anticancer agents are the some
important applications of Ag-NPs [5, 7-9].

Various techniques including wet chemical reduction [10], photochemical
reduction [11], electrochemistry [12], X-ray [13], and UV irradiation [14],
ultrasound assisted [15], microwave [16], and laser ablation [17] have been
reported for the synthesis of Ag-NPs. Recently, biosynthesis of Ag-NPs using bio-
reducing and bio-stabilizing agents produced by different biological systems such as
bacteria, fungi, yeasts, algae or plants [18, 19] has received increasing attention due
to its environmentally benign nature. However, the exact mechanism of biological
reduction of Ag(I) to Ag is not completely understood. The ability of plant extracts
to reduce metal ions to nanoparticles has been widely used for the synthesis of Ag-
NPs because of its cost-effectiveness, simplicity and inherent safety [4, 20, 21].

Extracts of Cinnamomum camphora [22], Ficus benghalensis leaves [23],
Geranium (Pelargonium graveolense) leaves [24], Desmodium trifolium [25] and
Datura metel leaves [26] are some examples of plant materials used for the
biosynthesis of Ag-NPs. In these cases, the extract is mixed with silver salt solution
at room temperature. After a few minutes, the reduction reaction is completed.
While in chemical synthesis, a reducing agent such as NaBH, and a stabilizing or
capping agent such as polyvinyl alcohol are added to the silver salt for reducing the
silver ions and controlling the growth, size and aggregating of the synthesized NPs,
respectively [27]. Interestingly, the plant extracts used for the biosynthesis of Ag-
NPs contain both required agents.

Herein, the extract of Chelidonium majus roots has been prepared and used for
the green biosynthesis of Ag-NPs. The obtained NPs have been characterized with
spectroscopy and imaging techniques. Additionally, the antibacterial activity of the
Ag-NPs synthesized has been investigated.

Experimental
Materials and Instruments

AgNOj; was purchased from Merck. Roots of Chelidonium majus were collected
from Kerman, Iran. Deionized water was used in all experiments. All of the reagents
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and solvents were procured from sigma. UV-Vis spectrophotometer (scan drop
250-211F075) was supplied from Analytic Jena (Germany). Transmission electron
microscope (TEM) images were obtained using LEO912-AB, LEO Company. The
XRD patterns of Ag-NPs were obtained using X-ray diffractometer (X PERTPRO,
PANalitical, Germany) equipped Cu Ka (I = 1.54056 A) radiation source in the
range of 35°-80°, operating at 40 kV and 40 mA.

Synthesis of Nanoparticles

Roots of Chelidonium majus were washed with deionized water, and then dried at a
given temperature for a week. To prepare an extract suitable for the synthesis of the
NPs, 5 g of the roots was powdered and added to 100 ml deionized water. This
mixture was kept under vigorous stirring at 100 °C for 30 min and then centrifuged
twice at 4500 rpm for 20 min. The obtained extract was filtered through a
Whatman-40 filter paper. A clear light-brown extract was resulted which were
stored in refrigerator at 4 °C. For the synthesis of Ag NPs, 50 ml of the extract was
added to 100 ml aqueous solution containing 3.5 mM of AgNO;. After a few
minutes, the NPs were synthesized which were stable for a long time. The obtained
NPs solution was then stored at 28 °C for next experiments.

Antibacterial Activity

Antimicrobial activity of the Ag-NPs at the concentrations of 150 and 300 ppm was
investigated against one type of E-coli which was isolated from some patients
stricken with urinary tract infection (UTI), and two standard strains namely E. coli-
ATCC 25922 and Pseudomonas aeruginosa ATCC 27853. Ceftriaxone and
imipenem as positive controls were obtained from MAST Company.

In order to evaluate the antibiotic susceptibility of the compounds, agar disk
diffusion method was used [28]. According to CLSI protocol, samples were placed
in the Mueller—Hinton agar surface and then incubated at 35 °C. Finally, inhibition
zone was measured for all tested compounds after 16-20 h. According to well-
diffusion method, we made wells on the Mueller—Hinton agar surface using sterile
Pasteur pipette and then 100 pL of the Ag-NPs solution and water was poured into
the wells. After incubation at 37 °C for 16-20 h, the zone of inhibition was
measured.

Results and Discussion
UV-Vis Spectra Analysis
One of the most interesting features of NPs is their optical properties. UV-Vis
absorption spectroscopy is a useful technique to characterize the NPs synthesized.
For metallic NPs, absorption wavelengths in the range of 300-800 nm are normally

used for the characterization [29]. It has been demonstrated that Ag-NPs exhibit
brownish colors originated from the excitation of surface plasmon resonance (SPR)
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of the NPs [30]. This color strongly depends on the concentration and size of the
Ag-NPs. However, typical Ag-NPs show maximum absorption peaks in the range of
400-500 nm [31]. UV-vis absorption spectrum of the Ag-NPs synthesized here
using the extract of Chelidonium majus root, is depicted in Fig. 1. As it can be seen,
characteristic absorption band of SP for 3.5 mM of the Ag NPs varies with
increasing the interaction time, owing to increasing the production of Ag NPs which
in turn resulted in the increase of absorption at 431 nm. On the other words, with the
increase of reaction time, the SPR absorbance of the formed Ag nanoparticles gets
stronger and the absorption value in Ay, rises from 0.64 to 1.46 indicating the
formation of more Ag NPs. The reaction starts within 30 min when the SPR shows a
detectable peak at 398 nm and ends after 24 h with an absorption peak at 431 nm. A
1-month-old sample also exhibits a peak at 431 nm.

X-ray Diffraction Analysis

Figure 2 shows the XRD analysis of the Ag NPs biosynthesized. The purity and size
of the NPs were determined with X-ray diffraction using Ko radiation of Cu
(A = 0.15406 nm) in the angle range of 35°-80°. The XRD pattern confirms the
crystalline structure of the NPs. In the spectrum, peaks observed at 38.1°, 44.3°,
64.5° and 77.4° are corresponded to (111), (200), (220) and (311) planes of pure
silver confirming the successful biosynthesis of Ag-Nps. The average crystallite size
of the biosynthesized Ag NPs has been estimated using Scherer formula [32, 33]:

D =0.94/pCos0

where D is the crystallite size, A is the wavelength of the X-ray source
(0.15406 nm), B is the

FWHM and 6 is the angle of diffraction. According to the formula, average size
of the Ag NPs has been calculated to be 21 nm. Some unassigned intense diffraction
peaks are also observed in the spectrum which can be related to the crystallization of
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Fig. 2 The XRD patterns of silver nanoparticles synthesized (Color figure online)

bioorganic phases on the surface of the NPs. In addition, other crystallographic
impurities such as AgCl are present in the XRD profile [34, 35]

Transmission Electron Microscopy (TEM) Analysis

Transmission electron microscopy (TEM) was also used for the determination of
shape, average size and particle size distribution of the NPs. As it can be seen from
Fig. 3, the synthesized particles are spherical. Also, particle size distribution
analysis determined the average size of the NPs to be 15.42 nm (Fig. 4.) and
approximately the synthesized Ag-NPs are homogeneous in nature.

Antibacterial Activity

Antimicrobial activities of the Ag-NPs against Escherichia coli which was isolated
from clinical sample, E. coli -ATCC 25922 and Pseudomonas aeruginosa ATCC
27853 were assessed by evaluating the presence of inhibition zone (IZ). The
inhibition zone pictograms are listed in Table 1. As shown in Fig. 5, the
biosynthesized Ag-NPs could inhibit different pathogenic bacteria, including P.
aeruginosa [35], and E. coli [36] previously reported. As it is clear from the results,
the E. coli species isolated from the patients are sensitive to the Ag NPs at 150 and
300 ppm similar to the other tested species, P. aeruginosa and E. coli. Ag-NPs as
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Fig. 3 TEM images of the Ag-
NPs synthesized using the
extract of Chelidonium majus
root

90 nm
]

20 nm
E—

well-known antibacterial agent have been demonstrated to act against bacteria with
different mechanisms. Alteration of membrane permeability and respiration is the
reported mechanism of the action of Ag-NPs against E-coli and P. aeruginosa.
However another possible mechanism against the latter is irreversible damage on
the bacterial cells [37].
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Fig. 4 Particle size distribution of the Ag-NPs

Table 1 Diameters of the inhibition zones corresponded to human pathogenic and standard strains after
treating with different agents

Bacteria Ag-Nps Control negative Control positive

150 ppm 300 ppm Water IMI CTR

Inhibition zone(mm)

E. coli ATCC 25922 12 12 NA 26 24
P. aeruginosa ATCC 27853 12 12 NA 26 26
E. coli 13 13 NA 25 24

NA not appeared, IMI imipenem, CTR Cefteriaxone

Ag-NPs Ag-NPs
(150 ppm) (300 ppm)

Control Imipenem Ceftriaxone

P. aeruginosa
ATCC 27853

E. Coli
ATCC 25922

E.Coli

(clinical sample)

Fig. 5 Antibacterial activity of the biosynthesized Ag NPs against human pathogen and standard strains
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Conclusion

We have developed a novel approach for the synthesis of silver nanoparticles which
is green, low-cost, fast and simple compared with the other methods like physical
and chemical synthesis of nanoparticles that consume high energy and hazardous
chemicals. Extract of chelidonium majus root contains compounds which can act as
reducing and capping agents for the synthesis of silver nanoparticles. The
nanoparticles synthesized have been characterized to have mean diameter of
15.42 nm while the chemical and physical synthesized Ag-NPs has possesses a
good significant antimicrobial effect against both Gram-positive and Gram-negative
bacteria.
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