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Abstract In recent years, the green synthesis of silver
nanoparticles using various plant extracts has attracted
great attention. This is because, these methods are simple,
inexpensive and, eco-friendly. In this study, it was
observed that silver ions were reduced by phlomis leaf
extract after 5 min, leading to the formation of crystalline
silver nanoparticles. Phlomis species is known as a rich
source of flavonoids, phenylpropanoids and other phenolic
compounds. The silver nanoparticles produced by the
phlomis extract were characterized by different techniques
including UV-vis spectrophotometry, X-ray diffraction,
scanning electron microscopy (SEM), transmission elec-
tron microscopy (TEM), and FT-IR. The SEM and TEM
results indicated that AgNPs were predominantly spherical
in shape with an average particle size of 25 nm. In addi-
tion, the antibacterial activity of biologically synthesized
nanopartilcles against Gram-positive (Staphyloccocus
aureus and Bacillus cereus) and Gram-negative (Sal-
monella typhimurium and Escherichia coli) bacteria was
proved. This study, therefore, showed that the phlomis leaf
extract could be used for the green synthesis of silver
nanoparticles with the appropriate antibacterial activity.
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Introduction

One of the most important fields of research in nanotech-
nology is the synthesis of different nanoparticles such as
silver, gold, iron, etc. [1-4]. There are various chemical and
physical methods for the synthesis of metallic nanoparticles
for example, one can mention reduction of solutions, pho-
tochemical reactions in reverse micelles, electrochemical
reduction, heat evaporation and radiation assisted methods,
among others. Physical and chemical methods have usually
been successful in the synthesis of nanomaterials in large
quantities in short periods of time, as well for specific size
and shape. However, most of these methods are extremely
expensive and they also involve the use of toxic, hazardous
chemicals as the stabilizers which may pose potential
environmental and biological risks [5-8].

In recent years, the use of biological methods for the
synthesis of metallic nanoparticles has received consider-
able attention, because these are inexpensive and eco—
friendly; also, they can be carried out in one step [9]. Green
synthesis methods utilize miscellaneous biological natural
substances such as microorganisms, whole plants, plant
tissues and fruits, plant extracts, marine algae and micro—
fluids for the reduction and stabilization of nanoparticles.
Synthesis of nanoparticles using plant extracts has several
advantages over other environmentally green synthesis
methods, because plants are broadly distributed, read-
ily scalable, easily available, safe to handle and less
expensive [2].

Among diverse nanaoparticles, silver nanoparticles due
to various properties such as catalysis, electrochemical
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conductivity and antimicrobial activity, can be used in
different applications like biomedicine, agriculture, photo
chemicals and food chemistry [10, 11]. Since ancient times,
the silver has been known to be efficient against a wide
range of microorganisms [12]. Nowadays, the most
important applications of silver nanoparticles in biotech-
nology science correspond to their antibacterial and anti-
fungal activities [13].

Phlomis is a perennial native herb plant belonging to
Lamiaceae family with more than 100 species in the world.
This genus plant is mostly grown in Turkey, Iran, Asia,
North Africa and Europe. About 17 species of this plant are
in Iran, of which 10 are endemic. A review of several
studies shows that phlomis species have unique aromatic
compounds, medicinal properties and antimicrobial activity
[14, 15].

A large number of plant leaf extracts like Cinnamomum
camphora [16], Chenopodium album [17], Stevia rebau-
diana [18], Murraya koenigii [19], Annona squamosal [20],
Desmodium gangeticum [21], Pulicaria glutinosa [22],
Brucea javanica [23], Artocarpus heterophyllus [24],
Caesalpinia coriaria [25], Abutilon indicum [26], Rosa
indica [27], Tephrosia tinctoria [28] have been employed
by several researchers for the synthesis of silver
nanoparticles.

In this research, the leaf extract of phlomis was used for
rapid, simple and biosynthetic synthesis of silver
nanoparticles. Furthermore, green synthesis Ag nanoparti-
cles were characterized by FT-IR, XRD, TEM, and SEM
techniques. Finally, its antibacterial activity was investi-
gated by the disk diffusion method.

Materials and methods
Materials

Silver nitrate was obtained from Merck Company for this
study. All glassware were washed in dilute HNO; acid and
rinsed with distilled water and dried in a hot air oven before
use. During the period of flowering and the vegetative
phase, samples of phlomis Arial parts consisting of leaves,
stems and flower buds were collected. By comparing the
collected voucher specimen with that of a known identity
available in the herbarium of the Department of Natural
Resources, Isfahan University of Technology, Iran, the
taxonomic identity of the plant was confirmed.

Microorganisms and growth conditions
In this study, Gram-negative bacteria like Escherichia coli

(ATCC 35218) and Salmonella typhimurium (ATCC
14028) and Gram-positive bacteria like Staphylococcus
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aureus (ATCC 29213) and Bacillus cereus (ATCC 14579)
were employed as bacteria strains for the antimicrobial
experiments. These bacteria strains were cultured at 37 °C
on Luria-Bertani (LB) agar.

Preparation of the plant extract

The phlomis leaf extract was employed to prepare silver
nanoparticles. The aerial parts of the fresh collected plant
were washed several times with distilled water, to remove
dust particles and any dirt. Leaves of the plants were dried
in the shade and at room temperature. About 40 g of its
leaves was subsequently ground into fine powder and
boiled for 2 h in 250 ml of distilled water. The extracts
were cooled to room temperature and filtered through
whatman filter paper No. 1. The filtered extract was stored
in refrigerator at 4 °C until it was used as the reducing and
stabilizing agent.

Synthesis of silver nanoparticles

To synthesize AgNPs, 5.0 ml of the phlomis plant extract
was added into 45.0 ml of 0.01 M of silver nitrate solution
at room temperature. The change from pale yellow and
dark brown indicated the formation of colloidal silver
nanoparticles.

Characterization of silver nanoparticles

UV-visible absorption analysis was carried out using a
SUV-S2100 spectrophotometer. FT-IR spectra of silver
nanoparticles were performed using a JASCO FTIR (680
plus, Japan) spectrometer with KBr pellet in the range of
4000-400 cm™'. The crystallaine nature of silver
nanoparticles was investigated by XRD analysis. X-ray
diffraction data of AgNPs were obtained using a Philips—
X’Pert Pro MPD with Cu ko radiation (1 = 1.54 10\) in the
20 range of 20° to 80°, and with a steps size of 0.02° at
40 kV and 30 mA. The morphology of the AgNPs was
examined by TEM (cm30-Philphs). Furthermore, SEM
(HITACHI S-4160) study was carried out to investigate the
shape, size and the surface area of the AgNPs.

Antibacterial assay

The antibacterial activity of bio—synthesized AgNPs was
tested against various positive and negative bacteria by the
standard agare well diffusion method. To examine the
antibacterial activity of biosynthesized AgNPs, Muller-
Hinton agar plates were sterilized and allowed to solidify.
After solidification, 30 pl of each bacterial suspension was
inoculated on the petriplates by a strile glass rod. Then,
0.1 g of synthesized—AgNPs powder were dissolved in
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1.0 ml (100 ppm) autoclaved distillated water to provide
the suspension of AgNPs. Sterilized paper disks (diameter
6.4 mm) were impregnated with 30 pl of suspension and
placed on Muller Hinton agar plates. The negative (dis-
tilled water) and positive (AgNO;3) controls, and the
phlomis leaf extract were also employed for the antibac-
terial assay. The plates were incubated at 37 °C for 24 h.
After the incubation period, the zones of inhibitions were
observed around the discs. Antibacterial activity was
investigated by measuring the diameter of the zones of
inhibition after using the plant extract.

Results and discussion
UV-Vis spectral studies and FT-IR analysis

The phlomis plant extract was employed for the green
synthesis of AgNPs. After the addition of the plant leaf
extract to the silver nitrate solution, it was observed that the
color of the reaction mixture was gradually changed from
light yellow to dark brown, indicating the formation of
silver nanoparticles. UV-Vis absorption spectroscopy is an
important method to detect the formation and stability of
metal NPs in the reaction mixture. Figure 1 shows the UV—
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Fig. 1 Formation of silver nanoparticles (AgNPs), a UV-Vis spectra
of synthesized AgNPs using phlomis leaf extract; and b photograph
showing the color change of AgNPs aqueous solution during

nanoparticle synthesis

Visible spectra recorded at different times of reaction. No
change in absorbance was observed after 30 min, indicat-
ing the complete conversion of Agt to Ag. In this work,
the UV-vis spectra of silver nanoparticles synthesized
displayed a strong broad peak around 440 nm due to the
formation of AgNPs. This peak corresponded to the surface
plasmon resonance of the synthesized AgNPs [29]. UV-
VIS absorption measurements for silver NPs further were
confiris in the range of 450-500 nm [2].

To determine the possible biomolecules and functional
groups involved in reduction, capping and efficient stabi-
lization of newly synthesized Ag nanoparticles, FTIR
spectroscopy was employed. The FTIR spectrum of stabi-
lized silver nanoparticles is depicted in Fig. 2. The spectra
showed absorption bands at 3419, 1749, 2927, 1625, 1383,
1235, 1069, 832 and 602 cm™!. The strong peaks at
3419 cm™' corresponded to —OH stretching due to phe-
nolic compounds present in the phlomis leaf extract. The
band at 2927 cm ™" was attributed to alkane C—H stretching
vibration. C=0 stretching possibly due to the presence of
carbonil group. The peak at 1625 cm™' corresponded to
C=C stretching vibration of aromatic rings. The peak at
1383 cm™' was corresponded to C—H bending. Further,
peaks assigned at 1235 and 1069 cm ™' were attributed to
C-N stretching possibly due to the presence of amines
group. Another intense band at 832 cm™' was character-
istic of the aromatic ring [30-33].

The precipitation stage during the reduction process
usually involves fast chemical reactions and nucleation
kinetics, thus the type of reducer a significant factor in the
particle size distribution of the product [34]. The results
previously reported indicated that the phlomis leaf extract
containing glycosides such as flavonoids, iridoids, diter-
penoids, phenylpropanoids, triterpenoids and other pheno-
lic compounds possibility contributed to the process of
nanoparticle synthesis [15]. Furthermore, based on the
above results, it was clear that the functional groups like —
OH (hydroxyl), -C=0 (Carbonil) and C-N (amine) present
in the leaf extract were involved in synthesis of AgNPs.

XRD analysis

The X-ray diffraction analyses were carried out to deter-
mine the known phase of the silver nanoparticles. Figure 3
demonstrates the XRD pattern of the dried synthesized Ag
nanoparticles by the phlomis extract. The spectrum
exhibited five distinct separate peaks at 20 = 38.10°,
44.37°, 64.17°, 77.57° and 81.67° that could be indexed to
(111) (200), (220), (311) and (222) planes, respectively.
The diffraction peaks data obtained were in accordance
with the reports of FCC structure from Joint Committee
Powder Diffraction Standards (JCPDS) file No. 04-0783.
The mean grain crystalline size of green synthesized
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Fig. 3 X-ray diffraction patterns of synthesized AgNPs using
phlomis leaf extract

AgNPs was calculated by employing Debye—Scherrer
formula.
KA
= (1)
Pcosb

where D is the average crystalline diameter size (A),Kisa
constant (0.9), ‘A’ is the X-ray wavelength used (4 = 1.54
10%), ‘B’ is the angular line width at the half maximum of
diffraction (radians) and ‘0’ is the braggs angle (degrees)
[11]. The average grain crystalline size of AgNPs was
estimated to be approximately 27 nm. A small number of
unassigned peaks (marked with stars) were also recorded
that might be due to the crystallization of bioorganic phases
present in phlomis extract on the surface of the silver

@ Springer

Wavenumber [cm-1]

nanoparticles. Similar results were also obtained for
AgNPs synthesized using the beetroot extract and Ixora
coccinea leaves extract [35, 36].

SEM and TEM analysis

SEM technique was employed to determine the surface
morphology and the topography of synthesized silver
nanoparticles. Figure 4 shows the size of silver nanoparti-
cles from 19 to 30 nm, with an average size 25 nm. SEM
image exhibited that the biosynthesized silver nanoparti-
cles were mostly spherical in shape. The shape and size of
the biosynthesized AgNPs were further analyzed by TEM.
TEM image (Fig. 5) demonstrated that the most AgNPs
were obviously spherical in shape and well dispersed, with
an average size around 25 nm. The obtained results from
TEM image were in a good agreement with the SEM data.

Antibacterial activity

The antibacterial activity of biosynthesized silver
nanoparticles, AgNOj3, phlomis leaf extract and distilled
water was studied against Gram-positive (S. aureus and B.
cereus) and Gram-negative (S. typhimurium and E. coli)
bacteria using the agar well diffusion assay, and the zone of
inhibition was tabulated as shown in Table 1 and Fig. 6.
The synthesized AgNPs displayed efficient antibacterial
activity against both Gram-negative and Gram-positive
bacteria. The silver nanoparticles synthesized by phlomis
leaf extracts showed the maximum zone of inhibition
around 15 mm for S. typhimurium and E. coli, which were
followed by S. aureus (14.7 mm) and B. cereus (12.1 mm).
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Fig. 4 Scanning electron microscopic analysis of AgNPs synthesized
using phlomis leaf extract

Fig. 5 TEM image of synthesized AgNPs using phlomis leaf extract

On the other hand, the negative control (distilled water)
and the leaf extract did not exhibit any zone of inhibition.
The positive control (AgNOj;) displayed antimicrobial
activity against all tested microorganisms, Gram-negative
bacteria, E. coli (11.3 mm) and S. typhimurium (9.5 mm),
and Gram-positive bacteria, S. aureus and B. cereus
(9.4 mm).

The mechanisms of efficient antibacterial activity by
silver nanoparticles against various pathogenic bacteria, are

Fig. 6 Antimicrobial activity of I silver nanoparticles, 2 AgNO;3, 3
phlomis leaf extract and 4 distilled water against Gram-positive
(Staphyloccocus aureus and Bacillus cereus) and Gram-negative
(Salmonella typhimurium and Escherichia coli) pathogenic bacteria

still unclear and required further investigation [30, 35].
AgNPs might have been attached to the surface of the cell
membrane of microorganisms, leading to the disturbance of
its functions like permeability and respiration. It is obvious,
therefore, that the binding of particles to the microorgan-
ism depends on the surface area available for intraction. In
general, small nanoparticles have a larger surface area for
intraction with bacteria, as compared to that of bigger
particles, due to greater antibacterial activity [35, 37, 38].
In our results, the Gram-positive bacteria showed the lower
zone of inhibition, as compared to Gram-negative bacteria.
This could be due to the cell wall of Gram-positive bacteria
composed of a rigid thicker multiple layer of peptidogly-
can, as it prevented the nanoparticles from entering into
cell wall [39].

Table 1 Zone of inhibition

(mm) of AgNOs, Ag NPs, Components Zone of inhibition (mm)
phlomis leaf extract and Staphylococcus Bacillus Escherichia Salmonella
deionized water against tested aureus cereus coli typhimurium
bacteria
AgNPs 14.7 12.1 15.1 14.9
Plant extract NA NA NA NA
AgNO; 94 9.4 11.3 9.5
Distillate water NA NA NA NA

The disc’s diameter was 6.4 mm
NA No activity
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Conclusion

In the present study, we showed, for the first time, the
biosynthesis of stable and nearly spherical silver nanopar-
ticles using the phlomis plant extract as a reducing and
capping agent. The biosynthesized nanoparticles presented
strong antimicrobial activity against Gram-positive (S.
aureus and B. cereus) and Gram-negative (S. typhimurium
and E. coli) bacteria. Also, we confirmed the formation of
silver nanoparticles using the phlomis plant extract from
UV-Vis, XRD, SEM, and FTIR. UV-Vis peak was
observed for AgNPs at 450 nm. The synthesized AgNPs
were found to have a crystalline structure as investigated
by XRD method. The particle size of the silver nanopar-
ticles ranged in size from 19 to 30 nm, with an average size
of 25 nm. Finally, the green synthesis of silver nanoparti-
cles using plant material was found to be the most eco—
friendly and conventional method, in comparison to
chemical and physical synthesis methods.
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