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Abstract Silver nanoparticles (NPs) have been demonstrated
as a promising antibacterial candidate to fight against resistant
pathogens. In this study, different shapes of silver nanostruc-
tures (i.e., sphere, rod, and cube) were synthesized by green
methods. Morphology, size, and crystalline structure of the
produced structures were characterized by UV–visible spec-
troscopy, scanning electron microscopy (SEM), and X-ray
diffraction (XRD). For evaluation of antibacterial activity of
silver nanostructures with various shapes, measurement of
minimum inhibitory concentrations (MICs) was carried out
against Gram-positive (Staphylococcus aureus and Bacillus
subtilis) and Gram-negative (Pseudomonas aeruginosa and
Escherichia coli) bacteria. The results showed that the con-
centration of silver nanostructures that prevents bacteria
growth is different for each shape, the cubic and rod shape
(with sharp edge and vertex) in lower concentrations being
more effective than spherical nanoparticles. MTT assay to
assess the toxicity of silver nanoparticles showed a concentra-
tion and shape-dependent decrease in cell viability in cancer
human cells (MCF-7), signifying shape- and dose-dependent
toxicity. In addition, the interaction of different nanostructures
with serum albumin was evaluated. According to these results,
AgNPs with sharper geometry resulted in protein degradation
and higher toxicity as compared with smooth or spherical

geometries. The results showed that the geometry of silver
nanostructures can have quite a significant role in the defini-
tion of biological and antibacterial efficacy of NPs, which has
significant implications in the design of NPs for various anti-
bacterial applications and will require more consideration in
the future.
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1 Introduction

The antibiotic resistance among microbes is one of the biggest
challenges in many fields such as medicine, healthcare set-
tings, and wastewater treatments. Therefore, development of
antimicrobial compounds is urgent and a priority to improve
bactericidal potential. In this regard, the nanomaterials due to
their physical and chemical properties are considered as an
effective and potential antimicrobial drugs. It has been under-
stood that metal particles in the nanometer size range exhibit
properties that are different from both the ion and the bulk
material. Among nanomaterials, silver nanoparticles (NPs)
are emerged as a promising candidate to fight against patho-
gens because of their high surface area-to-volume ratio and
the unique chemical and physical properties [1, 2]. It was
proposed that the high specific surface area and high fraction
of surface atoms of silver NPs will lead to high antimicrobial
activity [3]. Experimental evidences suggest that silver ion
react with proteins by combining the thiol (SH) groups, which
leads to the inactivation of the proteins and bacterial inactiva-
tion [3]. However, the detailed antimicrobial effects of silver
NPs were not fully investigated.
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Chemical reduction is the most applied method for
the preparation of silver NPs. However, this method
involves using or generation of highly toxic and hazard-
ous materials, which can limit the use of silver NPs for
biomedical applications. Consequently, to avoid the use
of organic solvents and toxic reducing agent, using bi-
ological compounds or green synthesis of nanoparticles
has been investigated as a biocompatible method for the
synthesis of such particles. The green synthesis of silver
NPs involves three main steps, which must be evaluated
based on green chemistry perspectives, including (1)
selection of solvent, (2) selection of environmentally
reducing agent, and (3) selection of non-toxic sub-
stances for the silver NPs stability [4]. Most of these
methods were carried out in water, an environmentally-
friendly solvent. In polysaccharide method [5], silver
NPs are prepared using water as an environmentally
solvent and polysaccharides as a capping agent or in
some cases polysaccharides serve as both a reducing
and a capping agent. Eco-friendly bio-organisms includ-
ing plant extracts and microorganism such as proteins of
fungi, which act as both reducing and capping agents
forming stable and shape-controlled silver NPs. We have
recently developed green methods for synthesis of silver
NPs. In our previous studies, green synthesis of silver
NPs was accomplished by using fungal species includ-
ing Fusarium oxysporum [6–8] and Neurospora
intermedia [9].

It is recognized that antibacterial properties of silver
NPs are dependent on their physicochemical properties
such as composition, size, and shape. Therefore, synthesis
of silver nanostructures with suitable shapes and size is
required. To the best of our knowledge, there is no evi-
dence on the synthesis of different shapes of nanosilvers
by green methods. In this study, different shapes of silver
nanostructures were synthesized by using green methods.
The produced structures were characterized by UV–visi-
ble spectroscopy, SEM, and XRD analysis. The silver
nanostructures of known shapes were further used for
studying the antibacterial effects against Gram-positive
and Gram-negative bacteria. In addition, the biological
activity and toxicity on human cell were investigated.

2 Materials and Methods

2.1 Materials

Chitosan with mediummolecular weight, starch, silver nitrate,
and β-D-glucose were purchased from Sigma-Aldrich.
Bacterial strains and the fungus F. oxysporum were obtained
from Iran Zistdaru-Danesh and Persian Type Culture
Collective, respectively.

2.2 Synthesis of Silver Nanostructures with Different
Shapes

2.2.1 Synthesis of Cubes

Chitosan was dissolved in 1% acetic acid solution [10]. A
mixture of 4 ml of AgNO3 (0.2 M) and 4 ml of glucose
(0.2 M) was added to 10 ml of chitosan solution (3.46 mg/ml)
under stirring at room temperature. Then, 20 μl of HCl (2 M)
was added and, subsequently, the reaction mixture was
autoclaved (121 °C, 15 psi) for 1 h. Finally, the reaction mix-
ture was centrifuged (at 15000 rpm for 10 min) and the result-
ed NPs were washed two times with distilled water to remove
the excess amounts of chitosan and AgNO3. The resulting
solution was dark green in color, indicating the formation of
silver cubic structures.

2.2.2 Synthesis of Spheres

For the synthesis of sphere nanoparticles, a modified green
method was applied by using the fungus F. oxysporum and
starch [8]. Briefly, 1 ml of a starch solution (1%, w/w) was
added to 1 ml of an aqueous solution of AgNO3 (0.08M), and
the final pH was adjusted to 6.8 using a phosphate buffer.
Then, the culture supernatant of F. oxysporum was added to
the above solution. Finally, the reactionmixture was incubated
at 50 °C and agitated at 200 rpm for 24 h to complete the
biosynthesis of the nanoparticles. After incubation time, the
mixture was centrifuged (at 15,000 rpm for 10 min) and the
resulted AgNPs washed two times with distilled water. The
resulting solution was yellow in color indicating the formation
of silver spherical nanoparticles.

2.2.3 Synthesis of Nanorices

The experimental procedure of silver nanorice resembled the
synthesis of sphere nanoparticles except for the pH of solu-
tion, concentration of AgNO3, incubation time, and tempera-
ture. The concentration of AgNO3 was 1M, while the final pH
of solution was adjusted to 3 using HCl. Keeping the ratio
between culture supernatant and AgNO3 unchanged, the reac-
tion mixture was incubated at 30 °C and agitated at 200 rpm
for 3 days to complete the biosynthesis of the nanoparticles.

2.2.4 Synthesis of Nanorods (Blunt Ends)

The experimental procedure resembled the synthesis of
nanorices except for the concentration of AgNO3. In this ex-
periment, the concentration of AgNO3was increased to 1.2M.
The orange silver nanorice particles turned to red, indicating
the formation of silver nanorod structures.
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2.2.5 Synthesis of Nanorods (Sharp Ends)

The blunted end nanorods prepared at a previous stage were
incubated with the same condition for 10 days. After 10 days
of aging, the solution of nanorods changed to brown.

2.3 Characterization of Silver Nanoparticles

2.3.1 UV–Visible Spectral Analysis

The color changes of reaction mixtures were used as evidence
for the formation of different shapes of silver nanostructures.
Therefore, 1-ml samples were withdrawn at various intervals,
and the absorbance was measured by a double beam UV–
visible spectrophotometer (Cary 100, Varian) at a resolution
of 1 nm in the range 200–800 nm.

2.3.2 XRD

X-ray diffraction was carried out using a Philips PW-1730
System (Philips, the Netherlands) operating at the Co Kα
wavelength of 1.7889 A, 30 mA, and 40 kV. The
diffractograms were recorded over 2θ range from 20° to 80°.
Samples were prepared by casting silver solutions on a silicon
substrate.

2.3.3 SEM

The size and morphology of the synthesized silver nanostruc-
tures were accomplished by SEM (ΣIGMA/VP). The SEM
images were recorded at 15.00 kV. Thin film was prepared by
drop coating of purified green synthesized nanosilver from all
prepared solutions onto carbon-coated copper SEM grids.

2.4 Antibacterial Activity of Different Shape Silver
Nanostructures

The minimum inhibitory concentration (MIC) values for
Gram-positive (Staphylococcus aureus and Bacillus subtilis)
and Gram-negative (Escherichia coli and Pseudomonas
aeruginosa) were determined by a standard microdilution
method in liquid medium (Mueller–Hinton broth), using 96-
well plates. The inocula of these bacteria were adjusted to 0.5
MacFarland densities. Stock solutions of nanosilvers
(1 mg/ml) were prepared in sterile distilled water and diluted
to the required concentrations using Mueller–Hinton broth.
Appropriate concentrations of nanosilvers were added to the
bacterial cultures in each well to obtain respective concentra-
tion (2 to 100 μg/ml) of silver NPs and incubated for 48 h. The
lowest concentration that completely inhibited the growth of
the microorganism as compared with the growth in the culture
control well was taken as the MIC of silver NPs.

2.5 Cytotoxicity Assay

The cellular cytotoxicity of silver nanostructures was mea-
sured usingMTTassays against MCF-7 cell line. MCF-7 cells
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) cell culture medium supplemented with penicillin
(100 μg ml−1), streptomycin (100 U ml−1), and 10% heat-
inactivated FBS. The cells were kept in at 37 °C humidified
atmosphere with 5% CO2. Cells (10

5) were seeded into each
well of 96-well culture plates for 24 h. The cells were exposed
to different shapes of silver nanostructures, all at concentra-
tions of 5, 10, 25, 35, 50, and 75 μg ml−1 in DMEM supple-
mented with 10% FBS incubated for 24 h at 37 °C and 5%
CO2. Following incubation, the test mediumwas removed and
the culture wells were washed twice with 1× PBS buffer. The
cell viability was determined using the MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay.
Viable cells are capable of metabolizingMTTwhile dead cells
are not. The cells were incubated with 100 μl of MTTsolution
(0.5 mg ml−1 MTT diluted in PBS) for 4 h at 37 °C and 5%
CO2. Subsequently, the MTT solution was discarded and
DMSO (100 μl) was added to every well. The optical density
(OD) was measured at 600 nm. The cell viability for each
treatment was calculated as the ratio of the mean OD of sep-
arate wells (n = 3) relative to that of the control, where only
cell culture medium was added. Values are calculated as
mean ± standard deviation.

2.6 Evaluation of Protein Interaction

In order to define the interaction of various shapes of silver
nanostructures with proteins, SDS–PAGE (12%) was
employed. To this end, 0.9 ml of human serum albumin
(HSA) (0.1 mg/ml) was prepared and 0.1 ml of various silver
samples with the same concentration (30 μg/ml) were added
and incubated at 37 °C for 1 h. The samples were centrifuged
at 16,000 rpm for 20 min to separate the protein-coated
nanosilver. The protein-coated nanosilver was resuspended
in 500 μl of phosphate-buffered saline (PBS) pH 7.4 and
centrifuged again to remove not adsorbed HSA. Finally
protein-coated nanosilver dispersed in 40 μl of PBS followed
by the addition of 6 μl of loading buffer, containing β-
mercaptoethanol, and the samples were loaded to SDS–poly-
acrylamide gel electrophoresis (12%) for analysis [11].

3 Results and Discussion

3.1 UV–Visible Analysis of Silver Nanostructures

UV–visible spectroscopy was used for evaluation of shape
related optical properties of synthesized structures. Several
studies revealed that optical properties of silver NPs are
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strongly dependent on both size and shape. Overall appear-
ance and compartment of optical absorption spectrum of silver
NPs including wavelength region of surface plasmon absorp-
tion peak, number of absorption peaks, and spectrum broad-
ening are predominantly related to the shape of nanoparticle;
however, details of the optical absorption curve including fine
position of surface plasmon peak are dependent upon the size
of the nanoparticle. Figure 1 demonstrates the dependency of
absorption spectrum on the symmetry of silver NPs morphol-
ogy, so spherical silver NPs exhibits absorption spectrumwith
only one absorption peak at wavelength 447 nmwith symmet-
rical absorption intensity around peak position. In addition,
the absorption intensity at long wavelengths is imperceptible.
Generally this is the optical spectrum characteristic of silver
spherical nanoparticles. For non-spherical structures, optical
absorption demonstrates a broad spectrum with main absorp-
tion peaks at 470, 436, 391, and 406 nm for nanorice, nanorod
with sharp ends, nanorod with blunt ends, and cubic nano-
structures, respectively. All absorption spectra in comparison
with optical absorption spectrum of spherical silver NPs dem-
onstrated non-symmetrical absorption intensity around sur-
face plasmon absorption peak position. Due to the broad size
distribution of non-spherical nanostructures, the quadrupole
modes and longitudinal plasmon peaks for different nanopar-
ticles are located at different wavelengths near each other;
therefore, the second plasmon peak has been disappeared.
This is the main reason of spectrum broadening. However,
some morphologies such as monodisperse nanorod with sharp
ends exhibits longitudinal and transverse plasmon resonance
peaks at 436 and 551 nm, respectively. In addition, nanorod
with blunt ends demonstrates longitudinal and transverse plas-
mon resonance peaks at 391 and 506 nm, respectively. The
similar optical properties for non-spherical silver NPs were
reported before [11, 12].

3.2 Crystal Structure

The crystalline phase and purity of synthesized nanostructures
were examined by XRD analysis. The results for spherical,
cubic, nanorice, and rod samples are illustrated in Fig. 2. The
peaks appeared at 2θ = 38.17, 44.34, 64.55, and 77.45 which
are assigned to the (111), (200), (220), and (311) planes, re-
spectively, and correspond to the formation of silver phase
according to card no. 01-089-3722 from JCPDS.
Crystallographic data obtained from XRD pattern shows the
formation of the metallic silver of face center cubic (fcc) lattice
structure in all synthesized structures. In order to further iden-
tify different shapes of silver nanostructures based on the
XRD results, we considered the intensity ratios between the
(200) and (111) planes, between the (220) and (111) planes,
and between (311) and (111) planes which are shown in
Table 1. The intensity ratios of (200)/(111), (220)/(111), and
(311)/(111) for four different shapes were all smaller than the
standard values (Table 1). This result reveals that the all
shapes were abundant in (111) crystalline planes. In other
words, the (111) planes are predominant as the basal face in
four different shapes of silver NPs [13]. In a similar study,
Ashkaran et al. reported that by orienting the Ag structures
in some specific directions, especially for rod-like structures,
the intensities in some particular directions increase, indicat-
ing the preferential growth in those directions [11].

3.3 Size and Morphology of Various Shapes of Silver NPs

In order to determine the size and shapes of synthesized silver
NPs, SEMwas used. Figure 3 shows SEM images of different
shapes of silver NPs including nanorice, nanorod with sharp
ends, and nanorod with blunt ends, spherical and cubic. The
dimensions of nanoparticles are presented in Table 2.
Spherical silver NPs are the smallest, and both nanorods with
blunt and sharp ends have the maximum aspect ratio.

There are several studies on green synthesis of silver and
gold nanoparticles; however, the dominant shapes of the green
synthesized silver NPs are reported as spherical or quasi-
spherical [4, 10, 14–16]. To the best of our knowledge, there
have not been any efforts on the green synthesis of different
shapes of silver nanoparticles similar to what is presented in
this research.

For the synthesis of silver with various shapes, the temper-
ature, concentration of AgNO3, pH of solution, and time of
synthesis are the factors affecting on this process. When nu-
cleus are formed, some of planes are stabilized by interaction
with capping or surfactant agents, then other planes will grow.
It is possible that atoms of crystallographic planes have differ-
ent interactions with polymers and surfactants, which lead to
anisotropic growth. In this case, asymmetric particles will be
formed [17, 18].

Fig. 1 The corresponding UV–Vis spectra of different shapes of silver
nanostructures: a sphere, b cubes, c rods with sharp ends, d rod with blunt
ends, and e nanorice

BioNanoSci. (2018) 8:72–80 75



In order to synthesis the cubic nanoparticles, concentration
of precursor must be high (more than 0.05 M in polysaccha-
ride method and more than 0.1 M in combinatorial method)
and the amount of stabilizer should be low. In this case, the
nucleation will be fast and time for format of twin defects will
be very low. Chitosan like other similar chemical compounds
(such as PVP) can reduce surface energy of the planes (100)
by interacting and bonding with them, and then surface energy
of the (100) is lower than (111) and twin formation will not
happen. In this case, cubo octahedron single-crystal seeds will
be formed and finally (111) planes will grow. When cube is
formed, all the planes have the same surface energy; therefore,
growth rate of all planes will be the same [11, 17, 19].

For the synthesis of other shapes of silver nanostructures by
green methods, in low concentration of precursor (0.1 M in
combinatorial method), chemical potential for crystallization
is reduced, and multiple twined decahedra seeds is formed,
because they are the most thermodynamically stable seed. In
this study, starch and culture supernatant of Fusarium fungus
were used, which act in a way similar to CTAB that covered
(100) facets and act as both of stabilizer and reducer. Starch

and supernatant of F. oxysporum bond more with (100) facets
than (111). When pH of the solution is acidic and at short
period of time (3 days), nanorice will be synthesized and by
increasing the synthesis time (21 days), nanorod with sharp
ends will be formed, because with increase the time, silver
ions have more time to place on two ends of nanorice and then
will grow.

During nanorod formation as aforementioned for
nanocube, early nucleus will be single-crystal and stages of
growth repeat. When cube formed, growth of nanoparticle
will be on (110) axis. In combinatorial method, starch and
supernatant of F. oxysporum covered (100) facets will lead
to the preferential addition of silver atoms to other facets and
early nucleus will have growth on (110) axis [20].

The size of silver nanostructures can be controlled by
changing the concentration and ratio of capping agent to
AgNO3 [11]. In this study, spherical silver nanoparticle was
obtained at low concentration of silver nitrate (0.08 M) rela-
tive to concentration of starch as capping agent; in this case, a
thick film of starch covers the entire surface of the formed
seeds and prevents the growth of nanoparticles.

Fig. 2 XRD pattern of different
shapes of silver nanostructures

Table 1 Intensity ratios between
the (200) and (111) planes,
between the (220) and (111)
planes, and between the (311) and
(111) planes for different shapes
of silver nanostructures

Shape of NPs Intensity ratio of (200)/(111) Intensity ratio of (220)/(111) Intensity ratio of (311)/(111)

Sphere 0.35 0.21 0.21

Cube 0.22 0.13 0.12

Rice 0.24 0.19 0.19

Rod 0.22 0.16 0.17

Standard value 0.45 0.22 0.22
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3.4 Antibacterial Activities

The MICs of different shapes of silver NPs for the test bacte-
rial strains were used to determine and compare their antibac-
terial potencies. Figure 4 shows the results of this assay. All
shapes of silver NPs showed antimicrobial activities against
both the Gram-positive and Gram-negative bacteria. When
bacterial strains were exposed to different concentration of
nanosilver solutions, silver solution of lower than 10 ppm
for cubic structure was enough to inhibit all viable cells of

bacteria within 24 h. However, this low concentration for oth-
er shapes of nanosilver was not enough to inhibit bacteria, and
at higher concentration, the growth inhibition happened.

As it is shown in Fig. 4, the obtained antibacterial results
suggest that physicochemical properties of nanosilver such as
shape have significant influence on the antibacterial activity of
silver nanostructures. More specifically, as presented in Fig. 4,
cubic and rod with sharp ends exhibited the most significant
antibacterial activity among the five shapes of silver nano-
structures against bacteria. The results demonstrated that the

Fig. 3 SEM images. a Rods with
blunt ends. b Rods with sharp
ends. c Nanorice. d Sphere.
e Cubic silver nanostructures

Table 2 The dimensions of
different shapes of silver
nanoparticles synthesized by
green methods

Shapes Diameter (nm) Length (nm) Aspect ratio (average)

Nanorod (blunt ends) 204 ± 47 nm 3.9 ± 0.5 μm 19

Nanorod (sharp ends) 181 ± 83 nm 4.3 ± 2.5 μm 23.7

Nanosphere 25 ± 17 nm – –

Nanocube 113 ± 51 nm – 1

Nanorice 61 ± 20 nm 95 ± 24 nm 1.5
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lowest MIC value was associated with these nanostructures
(cubic and sharp-rod) and may be due to the existence of sharp
vertex with less angle which causes increase in the strength of
electric field intensity. As a result, sharp vertexes in these
nanostructures have stronger interaction with bacterial cell
membrane which is in agreement of previously reported re-
sults [21]. Nanorice and spherical NPs showed the antibacte-
rial activities against bacteria after cubic and rod; however,
they have smaller size than cubic and sharp-rod. According
to these results, it turns out that the antibacterial activity of
nanosilvers is more dependent on the shape than size of nano-
structures. In another study, Pal et al. reported the effect of
spherical, rod, and triangular silver nanoparticles synthesized
by citrate reduction against E. coli at different concentrations.
It was found that triangular nanoparticles with a (111) lattice
plane as the basal plane displayed the strongest biocidal ac-
tion, compared with other nanoparticles [22].

3.5 Cell Viability Assay

The cell viability for silver nanostructures with different
shapes is shown in the bar char ts of Fig. 5 .
Interestingly, for concentrations lower and equal to
10 μg/ml, silver nanostructures have no significant ef-
fect on the cell viability. This indicates that silver

nanostructures with different shapes are not inherently
toxic to human cells at low concentrations. However,
for concentrations larger than 10 μg/ml, the silver treat-
ment limits cell viability in a shape and dose dependent
manner. Silver nanocube, nanorice, and sharp-nanorod
decreased cell viability at concentrations of 25 and
35 μg/ml as compared with the control (p value
<0.05), whereas nanosphere and blunt-nanorod showed
no significant cytotoxic effect at these concentrations (p
value >0.05). Within the tested range (5–75 μg/ml),
MCF-7 cells retained over 60% viability when exposed
to silver nanosphere up to 75 μg/ml over 24 h, whereas
cell viabilities lower than 30% can be observed with
silver nanocubes at this concentration. As it is shown
in Fig. 5, the results indicate that there is significant
differences between cytotoxicity of different shapes of
silver nanostructures. Silver nanosphere has lower toxic-
ity to human cells in comparison with cubic and sharp-
rod nanostructures.

3.6 Silver Nanoparticle–Protein Interaction

Silver NPs with various shapes were exposed to human serum
albumin for 1 h. The concentration of silver nanostructures
was the same (30 μg/ml) for all shapes. The comparison of

Fig. 4 Minimum inhibitory
concentration (MIC) of various
shapes of synthesized silver
nanostructures

Fig. 5 Cell viability analysis of
MCF-7 cell line after 24 h
incubation at increasing
concentration of different shapes
of silver nanostructures.
Experiments were compared with
the control, *P ≤ 0.05;
***P ≤ 0.001; ****P ≤ 0.0001
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SDS–PAGE analysis of protein interaction with various
shapes and morphologies of silver nanostructures is presented
in Fig. 6. The most prominent observation is that cubic nano-
structures show significant protein damage and band changes.
However, the protein patterns of other nanostructures (i.e.,
sphere, rods, and nanorice) have not significant change, sug-
gesting that these nanostructures have less binding affinity for
proteins. Indeed, cubic structures with sharp ends act as ag-
gressive binders and interact with protein lead to denaturation
of proteins. This result is in agreement with earlier study [11].
Ashkaran et al. demonstrated that the competition of proteins
for attachments to the sharp edges at the surface of silver NPs
is much higher than that of the smooth surfaces [11].

Since silver NPs as antibacterial agent should have high
toxic effect on bacteria and no toxic (biocompatible) effect
on human cells, the investigation on their corresponding pro-
tein interaction is of crucial interest.

It is noteworthy to mention that research on silver NPs to
date has been primarily focused on spherical nanoparticles and
little has been known regarding the various shapes of silver
nanostructures that have broad implications for understanding
the mechanism of action and their interaction with biological
environments. Here, it was shown how cubic shape of
nanosilver can degrade the structure of proteins. This obser-
vation is consistent with MTT assay data. According to these
results obtained from biological activity of various shapes of
silver nanostructures, the toxicity of these nanostructures is
shape and dose dependent. It seems that silver NPs can act
as a double-edged sword. Silver NPs can be used as antimi-
crobial agents in medicine to fight against pathogen bacteria.
On the other hand, the interaction with biological environment
and proteins can cause damage to the host cell. Therefore, in
designing of silver NPs-based antibiotic, this issue will require
more consideration in the future. It can be proposed that silver
nanostructures with smooth surfaces could be considered as
antibacterial agents in pharmaceutical fields, and silver nano-
structures with sharp edges and more aggressive activity could
be a promising candidates to fight against biofilm formation in
industrial instruments.

4 Conclusion

In this study, silver nanostructures with different shapes in-
cluding spherical, cubic, nanorice, sharp-rod, and blunt-rod
were synthesized by green methods and their biological activ-
ities were investigated. Since silver nanoparticles are finding
increasing applications in biological systems, for example, as
antimicrobial agents, the study of interaction of these nano-
particles with host cell and biomolecules is of considerable
importance. In this study, we conclude that silver nanostruc-
tures at concentrations higher than 10 ppm have the potential
to cause toxicity on human cells which is in a shape and dose
dependent manner. The present study concludes that cubic
silver nanostructure has antibacterial activity with MIC of
lower than 10 ppm and decreases the cell viability of human
cells in higher dose than MIC for bacteria. At concentration
that cubic nanostructures causes cell toxicity, the interaction
with protein was also investigated and showed that at this dose
(30 ppm), cubic nanostructure completely has degraded pro-
tein; however, at this dose, other shapes of nanosilver have no
denaturation effect on protein structure. On the basis of the
aforementioned results, we conclude that due to stronger ver-
tex in sharp ends of nanosilvers, some geometries of
nanosilver especially cubic structures have more interaction
with bacterial cell membrane and proteins which leads to
stronger biological activity. Future application of silver nano-
structures as antibacterial agent could be limited by the fact
that they are toxic to human cells. However, more investiga-
tions should be conducted in this field to achieve the deeper
understanding of nanosilver toxicity. We suggest that for the
synthesis and application of nanosilver as antibacterial agents,
shape and concentration should be considered accordingly to
maximize the antibacterial activity and minimize their toxicity
on host cells.
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