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ABSTRACT

Silver nanoparticles (SNPs) were phyto-synthesized from silver nitrate solution using the Ferulago
macrocarpa flower extract. The UV-Visible, FT-IR, SEM, EDX, XRF and XRD analysis were used to
characterize the SNPs. The optimum conditions of SNP synthesis were TmM silver nitrate volume
ratio 1.3, pH 11, temperature 80°C and incubation time 2.5 h. The dark brown color formation
and UV-Visible spectrum with a characteristic peak at 429 nm confirmed the SNP synthesis. The
FT-IR spectroscopy showed the capping of the SNPs by compounds contained in the extract. The
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average size of the spherical -shaped SNPs was 17 nm ranged between 14 and 25 nm. EDX and
XRF spectra revealed a strong signal in the silver region. The SNPs exhibited activity towards
Staphylococcus aureus, Klebsiella pneumonia, Bacillus cereus, Escherichia coli, and Candida albicans.
However, they did not show toxicity on normal peripheral blood mononuclear cells at

concentrations up to 250 pg/mL.

1. Introduction

Nanoparticles (NPs) are small substances in the range of
1-100 nanometers in at least one dimension. They have a
large surface to size ratio as opposed to bulk materials.
This leads to their unique physical and chemical proper-
ties. For instance, the increased surface area of the nano-
particles enhances their chance to interact with
surrounding molecules (7). Metallic NPs have a wide
range of applications in areas such as catalysis, plasmo-
nics, electronics, biotechnology, and medicine (2-9).

Among noble metal NPs, silver nanoparticles (SNPs)
play a significant role in the medicinal field. Their anti-
bacterial, antifungal, antioxidant, anti-inflammatory,
anti-angiogenesis, and anti-cancer activities have been
reported (70-14). Due to their high antimicrobial proper-
ties, they have been incorporated into a wide array of
consumer products including wound dressings, clothing,
cosmetics, paints, apparel, footwear, and appliances
(15,16). There are a variety of chemical and physical
approaches to the production of NPs. However, overall
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these methods are expensive, time-consuming, energy-
demanding and not eco-friendly. Thus, there is a
growing interest to develop fast, economical and eco-
friendly procedures to nanoparticle synthesis. In recent
years, the biosynthesis of NPs using natural resources
including microorganisms, plant extracts, polymers,
sugars and enzymes as reductants and capping agents
has been achieved (717-20). Biosynthesis of NPs has
many advantages over other methods. It is simple,
cost-effective, eco-friendly, and there is no need to use
high energy, pressure, temperature and toxic chemicals
(21). From biological alternatives, plants seem to be the
best candidates. They are easily available, safe in most
cases, have an extensive diversity of secondary metab-
olites, are faster than other organisms in the synthesis,
and the produced NPs are often stable (22, 23). Various
plants like Myrmecodia pendans, Tectona grandis, Syzy-
gium cumini, Rhynchotechum ellipticum, Alternaria alter-
nate, Ziziphora tenuior, Beetroot, and Erythrina indica
have been used successfully in the biosynthesis of nano-
silver (24-31). Different parts of plants such as leaf,
flower, stem, fruit, seed, shoot, bark, peel, root and
callus have been studied in this direction (32-37). Feru-
lago macrocarpa (Fenzl) Boiss, known as Chavil-e-
Roshan ball in Farsi, is a wild medicinal plant from the
Apiaceae family which grows in the west of Iran and is
used as traditional medicine, food protectant, and
flavoring agent (38-40). The present study aims at the
biosynthesis of SNPs using F. macrocarpa flower
aqueous extract and evaluation of their antibacterial,
antifungal and toxicity effects.

2. Experimental procedure
2.1. F. macrocarpa extract preparation

The plant was collected from its local region in Lorestan
province, Iran. It was washed with tap water, followed by
distilled water and then shade-dried at room temperature.

The dried F. macrocarpa flowers were powered with
the help of a grinder. Ten grams of powder was mixed
with 100 ml of deionized water in a 250 ml Erlenmeyer
flask and heated in a water bath at 80°C for 40 min.
After cooling down, the mixture for 20 min at
12,000 rpom was centrifuged. The supernatant was
filtered and kept at 4°C for further analysis.

2.2, Antioxidant assay

Antioxidant capacity of the F. macrocarpa flower extract
was evaluated regarding DPPH (1, 1- diphenyl-2-picrylhy-
drazyl) radical scavenging activity (RSA) and calculated as

follows (471):

RSA(%) = A=A 100,
Ac
Ac is the absorbance of the DPPH solution as control
and Ag is the absorbance of DPPH solution in the pres-
ence of the extract. The extract concentration required
to neutralize 50% of DPPH radicals was measured as
IC50.

2.3. Preparation of silver nanoparticles (SNPs)

The F. macrocarpa flower extract was mixed with TmM
silver nitrate solution in different volume ratios (1:1, 1:2,
1:4, 3:4 and 3:2), reaction pH (4.5,7, 9 and 11) and temp-
erature (30°C, 60°C and 80°C). The mixture was incubated
in darkness to complete the reaction. The formation of
silver nanoparticles in the reaction mixture was moni-
tored by visual observation and Ultraviolet-Visible (UV-
Vis) spectroscopy at different reaction time intervals.
The precipitated particles were separated by centrifu-
ging at 10,000 rpm for 20 min, washed with deionized
water by repeated centrifugation and dried in the oven
at 60°C.

2.4. Characterization of synthesized SNPs

The formation of SNPs was periodically monitored by
measuring the UV-Visible spectrum of the NP suspen-
sion diluted with an equal volume of deionized water
using JENWAY 6405 spectrometer at 350-700 nm.
Fourier transform infrared (FT-IR) analysis was per-
formed to identify biomolecules that could play a
role in the reduction of silver ions or capping of the
resulting SNPs. FT-IR spectra were recorded on Shi-
madzu 8400S spectrophotometer using the potassium
bromide (KBr) technique at 400-4000 cm™' with
4cm™ resolution. The surface morphology and size
of the NPs were determined with Tescan Mira 3 LMU
Scanning electron microscope (SEM) equipped with
Energy-dispersive X-ray (EDX) spectroscopy at 15 kV
with 1 nm resolution. The crystalline structure of the
NPs was determined by a Philips X'Pert Pro MPD X-
ray diffractometer in a 2-theta range of 20°-80° with
Cu Ka radiation. A GNR TX2000 X-ray fluorescence
spectrometer (XRF) was used to define the compo-
sition of materials.

2.5, Antimicrobial activity of SNPs

The antibacterial capacity of produced SNPs was assayed
on Escherichia coli (ATCC 8739), Bacillus cereus (ATCC
11778), Klebsiella pneumonia (ATCC 10031) and



Staphylococcus aureus (ATCC 6538) using disc diffusion
method (42). The suspension of overnight bacterial
culture was adjusted to 0.5 McFarland solution and
swabbed on the Muller Hinton Agar (MHA) petri dishes.
The impregnated discs with 35 pL of different concen-
trations of the SNPs colloidal suspension (20-1000 pg/
mL) were placed on the inoculated dishes surface. Fol-
lowing 24 h maintenance at 37°C, the diameter of inhi-
bition holes was measured (mm). The minimum
inhibitory concentrations (MICs) were evaluated by the
broth microdilution method (43). The minimum bacteri-
cidal concentrations (MBCs) were then determined.

Antifungal property of the SNPs was also tested
against Candida albicans (PTCC 10261) by agar well
diffusion method (44). The C. albicans suspension was
swabbed on the sabouraud dextrose agar dishes. The
6 mm diameter wells were punched on the surface of
the sabouraud dextrose agar dishes. Each well was
filled with 60 pL of the SNPs colloidal suspension at
different concentrations (50-1000 pg/mL). The dishes
were then kept at 35°C for 48 h. By measuring the
diameter of inhibition holes, the antifungal function
of the particles was determined. The lowest SNP con-
centration that resulted in visual inhibition of fungal
growth was considered as minimum inhibitory concen-
tration (MIC).

2.6. Toxicity test

Peripheral blood mononuclear cells (PBMCs) isolated
from healthy blood donors were cultured in 96-well
flat-bottom plate at a concentration of 2x10* cells per
well. After 4-h spreading, the cells were exposed to the
SNPs suspension and kept in a humidified atmosphere
with 5% CO, at 37°C for 24 h. At the end of the treatment
period, the cell viability was detected by methyl thiazolyl
diphenyl tetrazolium bromide (MTT) assay (45). The per-
centage of viable cells was calculated using the following
formula:

A fT
CeIIViabiIity(%):( bsorbance o reatment) 100.

Absorbance of Control

A concentration of the SNPs that inhibits the growth
of cells over 50% was considered to be toxic (46).

2.7. Statistical analysis

The experiments were performed in triplicate, and the
results expressed as means+SD. Statistical analyses
were performed using one-way ANOVA by SPPS
version 15.0 and Excel 2016. The p-values of less than
0.05 were regarded as significant.
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3. Results and discussion
3.1. Synthesis of SNPs

The F. macrocarpa flower extract exhibited significant
antioxidant activity with a DPPH IC50 value of 3784 +
0.1 pg/mL. Thus, its agqueous extract was used as a redu-
cing agent in nanosilver synthesis. To derive the
optimum  conditions for SNP  synthesis, the
F. macrocarpa flower extract and 1mM silver nitrate sol-
ution were mixed at different ratios. These mixtures
having pH value around 4 were incubated at room temp-
erature. With the passage of time, the color of the sol-
ution changed slowly from colorless to yellowish-
brown and finally dark brown, which may be due to
the excitation of surface plasmon vibrations in SNPs. To
examine the formation of nanoparticles, a small
amount of the mixtures was diluted with deionized
water (1:1) and monitored by measuring UV-Visible
spectra at different time intervals. After overnight incu-
bation, the absorbance peaks around 390-410 nm
were formed. As shown in Figure 1(a), with increasing
the silver nitrate volume ratio, the absorption peak
shifted towards lower wavelength, indicating a decrease
in the particle size (47). At the volume ratio of 4:3, a
narrow band was observed. This ratio was further used
for optimization purposes.

To investigate the influence of temperature on nano-
particle synthesis, the reaction was carried out at various
temperatures in the range of 30°C-80°C. As the reaction
temperature increases, a faster change in the samples
color occurred, the absorption intensity increased, and
the absorption band shifted towards lower wavelength
(Figure 1(b)). Increasing the reaction temperature
increases the kinetic energy of the molecules, which
result in faster consumption of silver ions, and thus
leaving less possibility for particle size growth (48).

The medium pH was another factor that affected the
rate of reaction. To study the effect of pH on the syn-
thesis of SNPs, the extract and 1mM silver nitrate solution
were adjusted to different pH and mixed 4:3 (v/v) at 80°C.
By increasing the reaction pH, the absorbance band
exhibited a red shift from 410 to 429 nm (Figure 1(c)).
An enhancement in absorption intensity was also
observed. Changing the reaction pH alter the electrical
charges of biomolecules which might affect their redu-
cing and capping abilities and subsequently the NPs
growth (49).

The results indicated the presence of both alkaline pH
and high temperature are more favorable for the SNPs
synthesis using the F. macrocarpa flower aqueous
extract. The maximum surface plasmon resonance
band intensity was detected at pH 11 after 25h
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Figure 1. (a) Absorption spectra of the SNPs colloidal solution
obtained at the various volume ratio of 1 mM silver nitrate. (b)
Absorption spectra of the SNPs colloidal solution obtained at
different reaction temperatures. (c) Absorption spectra of the
SNPs colloidal solution obtained at different reaction pH.

incubation at 80°C. The formed NPs showed a sharp
absorption peak at around 429 nm specific for SNPs.
The sharp peak demonstrates spherical shape SNP syn-
thesis [20]. The color and absorbance of the solution
did not change after this time. This absorbance peak
even after 21 days was observed, indicating the stability
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Figure 2. (a) FT-IR pattern of the F. macrocarpa flower extract. (b)
FT-IR pattern of the phyto-synthesized SNPs.

of NPs. It is concluded that F. macrocarpa flowers extract
acts as both reducing and stabilizing agents.

FT-IR spectroscopy was used to identify the com-
pounds in the extract which may act as a reducing
agent for Ag* ions or as the SNP capping agent.

In Figure 2(a), F. macrocarpa extract displays the main
absorbance bands at about 3326, 1627, 1407 and
1054 cm™". The broadband at 3326 cm™' is due to O-H
stretching in alcohols and phenols or N-H stretching of
amines. The bands at 1627 and 1407 cm™' arises from
the C=0 stretching in carbonyl group and -C—O stretching
of esters, respectively. The existence of a band at
1054 cm™' is probably related to -C-O-C- stretching
mode (50-52). As shown in Figure 2(b), the FT-IR absor-
bance peaks of the SNPs have a high degree of similarity
to those of the F. macrocarpa flower extract, for instance,
the peaks at about 3413, 1631, 1417 and 1033 cm™". The
shift in the bands revealed that silver nitrate was reduced
by biomolecules present in the extract. The presence of
the hydroxyl (—OH), amine (N-H) and carbonyl (-C=0)
groups in the extract proposing that the compounds like
phenolics, terpenoids and proteins are involved in the syn-
thesis, capping and stabilizing of the SNPs. The existence of
terpenoids like terpinolene, limonene, pinene and selinene
in the F. macrocarpa flowers essential oil was confirmed by
GC/MS analysis (data not shown). The phenolics and pro-
teins in the extract may act as a reducing agent to
produce nanoparticles from silver nitrate, and coating
agent for stabilization of the SNPs, respectively.



The proposed mechanism for the synthesis of SNPs
using F. macrocarpa flower extract may be explained as
follow: the silver ion in the silver nitrate solution is poss-
ibly attacked by the oxygen atom of the phenolics or ter-
penoids hydroxyl group leading to the formation of an
atomic form of silver. Also, the proteins containing the
carboxyl group have a potent chelating ability with
metal, signifying the formation of a covering layer on
SNPs and thus acting as a capping and stabilizing
agent to protect the agglomeration of NPs. Therefore,
the possible mechanism suggests that the phenolics or
terpenoids present in the extract are involved in the
reduction of silver ions, and the proteins are responsible
for the capping and stabilization of SNPs.

The morphological shape and size of synthesized NPs
were investigated by the SEM method. The SEM images
show the NPs are mostly spherical which agrees with UV-
Vis results. The particles diameter ranged between 14
and 25 nm (Figure 3).

Similar to our study, the SNPs synthesized using
aqueous flower extract of Cassia angustifolia exhibited
spherical shape with different sizes range from 10 to
80 nm (53). Nadagouda et al. (54) reported that the size
of nanosilver synthesized using the antioxidant constitu-
ents depends on the nature of extract and method of
preparation.

The EDX spectrum of prepared NPs shows an intense
optical absorption peak at about 3 keV which is typical
for metallic SNPs (55). Nearly 89% of nanosilver was
detected from EDX. The major contaminants are nitro-
gen (9.1%) and sulfur (1.2%) that may originate from
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Figure 3. SEM image of the SNPs.
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Figure 6. XRD pattern of the SNPs.

the proteins that are bound to the surface of the SNPs
(Figure 4).

The X-ray fluorescence analysis indicated the exist-
ence of silver as a major constituent element. The
elemental impurities in the sample were sulfur (14.79%)
and zinc (0.06%) (Figure 5).

XRD analysis was performed to confirm the crystalline
structure and the estimated size of synthesized particles
by the F. macrocarpa extract. As shown in Figure 6, the
XRD spectrum of SNPs exhibits four sharp and distinct
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diffraction peaks at 26 values of 38.45°, 44.54°, 64.64° and
77.65°, which correspond to 111,200,220 and 311 crystal-
lographic planes of silver (56). The XRD spectrum confirms
the crystal structure of SNPs (57). The average crystalline
size of SNPs was calculated from the XRD data using the
Debye-Scherrer equation (d=k. A / 8. Cos 8). Where d is
the particle size of the crystal, k is Sherrer constant (0.9),
M\ is the wavelength of X-ray source used in XRD
(0.15406 nm), B is the breadth of the observed diffraction
peak at its half maximum and 6 is the Bragg angle. From
Scherrer's equation, the average crystallite size of syn-
thesized SNPs was 17 nm, which is in agreement with
the particle size measured from SEM. The impurity
peaks were not observed in XRD patterns.

3.3. Antimicrobial activity

The SNPs exhibited activity against all tested bacteria. The
maximum non-growth halo diameter was 17 mm in
B. cereus bacteria followed by S. aureus, E. coli and
K. Pneumonia. Antibacterial activities were dose-dependent
and increased with the SNP concentration (Figure 7).
Table 1 shows that the results obtained from the
broth microdilution method corresponded to the disk

Table 1. Antibacterial activity of the SNPs colloidal suspension.
Zone of inhibition (mm) MIC MBC

Bacteria Concentration (ug/mL) (ug/mL)  (ug/mL)
100 250 500 1000

S. aureus 8+0.1 9+03 12+05 15+04 62.5 125

B. cereus 10+£05 11+04 15+04 17x0.7 62.5 62.5

E. coli 8+0.1 9+04 11+06 14+£03 250 250

K. Pneumonia - 8+04 1005 12+02 250 500

diffusion test results, where the antibacterial activity of
the SNPs was higher against the mentioned Gram-posi-
tive bacteria than the negatives. The synthesized SNPs
had both MIC and MBC values of 62.5 pg/mL toward
B. cereus bacterium.

In the present study, the phyto-synthesized SNPs
were found to be more effective against the tested
Gram-positive bacteria than the negatives. The similar
results were found for the biogenic SNPs using bacteria
(58) and latex of Syandenium grantii Hook f (59).
Madakka et al. found that mycogenic silver nanoparticles
have more potent antibacterial activity against S. aureus
than E. Coli (60), whereas some researchers have
reported the reverse results (67-63).

Several studies have demonstrated the antibacterial
potential of silver nanoparticles is affected by their

Figure 7. Antibacterial activity of the SNPs against: (A) B. cereus, (B) S. aureus, (C) E. coli, (D) K. Pneumonia. Amikacin (AM) was used as a

standard.



shape, size, surface charge, concentration, and colloidal
state (64, 65). Furthermore, parameters such as the
nature of plant extract, pH, and reaction time strongly
affect the size, shape, and morphology of the AgNPs
(66). However, the specific response of each bacterium
depended on its metabolic characteristics.

Although an exact mechanism behind the biocidal
activity of SNPs is not yet fully known, several probable
mechanisms have been reported. It was suggested that
the toxicity of SNPs might be attributed to free radicals
derived from the surface of the nanoparticles, causing
a significant increase in membrane permeability and
leading to cell death (67). It is also suggested that in
the bacterial cells silver ions released from the SNPs
may interact with negatively charged phosphorus and
sulfur in macromolecules like DNA and proteins to
distort them. This leads to disturbances in metabolic pro-
cesses and eventual cell death (68).

The phyto-synthesized SNPs also showed significant
antifungal activity against C. albicans with a MFC value
of 500 pg/mL (Figure 8).

3.4. Toxicity assay

The effect of the bio-synthesized SNPs was studied on
the human PBMCs by the MTT method at concentrations
close to their MIC values (50 and 250 pg/mL). After 24 h
of treatment, the viability of cells treated with SNPs
decreased slightly to about 90% compared to that
shown by control cells. The SNPs exhibited about 10%
and 13% cell lysis at 50 and 250 pg/mL, respectively.
Therefore, the SNPs synthesized by F. macrocarpa

C. albicans

Figure 8. Antifungal activity of the SNPs against C. albicans.
Amphotericin B (AmB) was used as a standard.
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flower extract at the minimum inhibitory concentration
did not have a significant toxic effect on peripheral
blood cells. It was reported by Borase et al. (69) that
SNPs synthesized by J. gossypifolia extract showed amoe-
bicidal activity, but they were nontoxic at the minimum
inhibitory concentration with PBM cells. The SNPs at
50 pg/mL exhibited the maximum PBMCs inhibition
(22%). Barua et al. (70) have also reported that SNPs syn-
thesized by Thuja occidentalis leaf extract exhibited antic-
ancer activity against human breast and cervical cancer
as well as mouth epidermoid carcinoma cell lines at a
concentration range of 6.25-50 pg/mL, but they were
compatible with human peripheral blood mononuclear
cells and rat hepatocytes. In another study, SNPs syn-
thesized by glucose in the presence of PVP showed tox-
icity at 25 pg/mL and higher on monocytes. However, no
toxic effects on the T-cells were observed in the presence
of these concentrations of SNPs (77). Some researchers
have reported the toxicity of the plant-mediated SNPs
on human healthy cells (72, 73). In general, the toxicity
of SNPs depends not only on the cell type but also on
factors like particle shape, size, surface charge and the
capping agent (74).

4, Conclusions

In the current investigation, we reported a rapid, low cost
and environment-friendly procedure for the synthesis of
SNPs from silver nitrate salt using F. macrocarpa flower
aqueous extract. In this method, stable SNPs with a
high yield of 89% in the size range of 14-25 nm were
produced.

The size of these nanoparticles could be controlled by
varying the extract concentration, reaction temperature,
and pH. Phenolic compounds in the extract are possibly
involved in the silver ions reduction, and the proteins act
as capping and stabilizing agents. The phyto-synthesized
SNPs exhibited toxicity against both tested Gram-posi-
tive and negative bacteria that are usually involved in
hospital-acquired infections. The SNPs also displayed
antifungal activity against C. albicans. However, they
did not show significant toxicity on human normal per-
ipheral blood mononuclear cells at concentrations
equal to MIC values. The coating of the extract biomole-
cules on the surface of the SNPs probably reduces their
toxicity. Thus, the synthesized SNPs may be used in the
treatment and prevention of bacterial infections.
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