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ABSTRACT

Grass waste was used for transform an inexpensive waste into health. Silver nanoparticles (AgNPs)
have been synthesized using waste material (dried grass). The average size of silver nanoparticles
observed in transmission electron images was estimated to be about 15 nm. The anticancer,
antifungal and antibacterial effect of AgNPs were studied in vitro. The minimum inhibitory
concentration of AgNPs against Pseudomonas aeruginosa and Acinetobacter baumannii was
calculated about 3 pug/ml. The highest level of inhibitory effect of AQNPs against Fusarium solani
was close to 90% at a concentration of 20 ug/ml of AgNPs. An inhibitory effect on the cancer
cell growth is reach, by increasing the concentration of AgNPs to 5 pg/ml; the cancer cells
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survival decreases about 30%. Western results showed that the expression of Cyclin D1 protein
of MCF-7 cell line decreased after treatment with the effective concentration of AgNPs.
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Introduction

Cancer is a defect in the mechanisms of regulating of
normal growth, proliferation and cell death (7,2).
Cancer cells lose their control over the cell cycle and con-
tinue to proliferate in a continuous way, regardless of cel-
lular messages and growth factors (3). They can invade
the adjacent tissues and ultimately spread to other
areas of the body (metastasis) (4). Cancer has been a
common term to describe all tumors, and its main
action is the growing out of cell control, cell death resist-
ance and the ability to invade other tissues (5,6). It is the
second leading cause of death in the world (7). In a broad
sense, therapies often in the cancer combat do not work
well and have harmful side effects on the patient (8).
Researches are essential in discover of the new therapies
for treating this disease. In this way, resistance to conven-
tional antimicrobial agents in the market has been
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weekly reported at fungal species, leishmaniasis and
pathogenic bacteria every week (9). Patients with
cancer can undergo serious risk of infection as function
these resistant infectious agents, in especial at the burn
centers of many hospitals around the world (70). There-
fore, research on the discovery of potential anticancer,
antimicrobial (aseptic) and antifungal agent brings a
clear vision for controlling and treating these diseases.
Nanotechnology is the manipulation or self-assembly
of the atoms, molecules or molecular chains, in such a
way that the formed structures lead to the production
of materials and structures with new or completely differ-
ent properties (717-17). Metallic nanoparticles (particles
with at least one dimension between 1 and 100 nm)
show different electrical, magnetic, catalytic and optical
properties in comparison with the bulk state of the
same metal (78-26). Among metallic nanoparticles,
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silver nanoparticles have strong, light, catalytic and anti-
microbial properties (27,28). One of the goals of research
in the field of green technology (environmentally
friendly) in the field of nanoparticles synthesis is to mini-
mize potential risks in the production process and use for
humans, as well as the environment (29,30). One of these
measures is finding a route to synthesize nanoparticles
that decrease the potential risks and dangerous by pro-
ducts of synthesis and optimize the use of these nano-
materials. This field of nano-studies is in the early
stages, and research on the development of this
branch of science is very effective and valuable, and
will bring us a bright future (37).

The biosynthesis of nanoparticles is consistent with
the principles set of green chemistry (32). Green
method of preparation or green production (biosyn-
thesis) of silver nanoparticles was investigated using
waste material (dried grass).

During the synthesis of nanoparticles biomolecule,
microbial biomass, fungi, plants or their derivatives (bio-
synthesis) act as both reducing and stabilizing agents of
synthesized nanoparticles (33-35). These reactions can
be considered as a green chemistry process that can
minimize the environmental hazards in the chemical syn-
thesis processes (36,37). In comparison of the different
biosynthesis methods of nanoparticles, it should be
noted that the synthesis of nanoparticles by microbial
agents has the following disadvantages:

¢ The need for specialized facilities and long-term main-
tenance to protect the growth of microorganisms.

» Problems in proper control of the size, shape and crys-
tallization of nanoparticles.

e The manipulation of reaction parameters such as pH
and temperature may interfere with the microbial
growth and biological induction processes.

e A special precaution is required when the user is
going to work manually on the bacteria.

 Biosafety issues should be considered in microbiologi-
cal work as well as large-scale nanoparticle microor-
ganisms and in commercial applications (33).

o Nanomaterials may be harmful to human or may lead
to the spread of dangerous bacterial diseases.

The use of dried grass to synthesize nanoparticles is rela-
tively simple and cost-effective compared to microorgan-
isms of even some other plants. Use of agricultural wastes
can be an alternative to remove waste. This feature can be
used for converting “waste to wealth,” in especial if it is
made with low waste. The biosynthesis of nanoparticles
can be both in the living plant and biomass (38-40). In
order to facilitate the biosynthesis of nanoparticles by
plant extract, it is recommended that plant extracts

should be used instead of live plants, in which the com-
pounds are needed to reduce the metal ion, which are
extracted and added to the reaction mixture to produce
extracellular nanoparticles. Nanoparticles are produced
with a specific size range and shape by setting reaction
parameters such as pH, concentration and temperature
(41-45). The ability of various plant systems to synthesize
silver and gold nanoparticles has been reported in
various forms by various research groups. These studies
have proved the effect of these parameters on the struc-
ture of nanoparticles in some studies.

In this study, the fast and simple synthesis of silver
nanoparticles was performed using a waste material
(dried grass). The antibacterial and antifungal were
determined. The cytotoxicity effects of the Ago Green
synthesized nanoparticles is discussed.

Materials and method
Reagent

Silver nitrate (Merck), 2-4,5 dimethyl-thiazole 2,5-diphe-
nyl-tetrazolim bromide (MTT), an initial monoclonal
antibody beta-actin (B-actine) (Sigma, USA), 2-mercap-
toethanol, sodium chloride, Tween 20, Glycine, acryl-
amide, blue color, 2-propanol, ethanol, methanol,
orthophosphoric acid and sodium docksilate (Merck,
Germany); Dulbecco’s modified Eagle’s medium (DMEM),
calf fetal serum, penicillin-streptomycin and trypsin
EDTA (Biosera, UK); Polyvinylidene Difluoride film and
paper laminate (Roche, Germany); Protein and ECL
Advance and non-fat dry milk (GE-Healthcare, UK);
Primary polyclonal antibody (Mouse) Caspase-3 Primary
antibody Cyclin D1 (Mouse), the primary polyclonal anti-
body (Rabbit) cytochrom ¢, secondary antibodies, polyclo-
nal anti-rabbit (Goat Anti Rabbit) and anti-mouse (Goat
Anti Muose) (Santa Cruz Biotechnology, United States).

Synthesis detail

The waste based on the dried grass was washed with clean
water. Their surface was disinfected for 4 min by sodium
hypochlorite solution. Then, the grass was washed twice
with distilled water for 2 min. The specimens were then
placed in alcohol 70% for 2min and immediately
washed with sterilized deionized water (DI) for three
times. 20 g of clean and dry waste grass was added to
an Erlenmeyer flask (250-ml) containing 100 ml of deio-
nized water and boiled for 15 min at room temperature.
The resulting extract was filtered with Whatman® Cellu-
lose Filter Paper No. 42 and kept at 4°C.

Different volumes of silver nitrate 0, 450, 1125, 1800
and 2250 pl form silver nitrate solution stock (0.1 mol)



was added to 15 ml of the extract; then, the final volume
of reaction mixture (extract+ silver nitrate) reached
45 ml with deionized water which lead to prepared
final concentrations of silver nitrate at 0, 1, 2.5, 4 and
5 mM pg/ml, respectively. The reaction mixture was
kept in the dark at 28°C.

Physicochemical characterization of
nanopatrticles

The biosynthesized Ag nanoparticles were characterized
using UV-Vis spectrophotometer (Analytik Jena;
Germany), X-ray diffraction (XRD), (PANalytical X'Pert
PRO; The Netherlands) and Transmission electron
microscopy (TEM), (Carl ZIESS, Germany) to determine
the physicochemical properties of biosynthesized
nanoparticles.

Antibacterial effect study

Both Pseudomonas aeruginosa and Acinetobacter bau-
mannii culture medium, (ATCC 19606) strains, containing
standard amounts (5. McFarland) were added to ELISA
plate wells separately. After incubation, the absorbance
of the above systems was measured by spectropho-
tometer at 530 nm, and the antimicrobial effect was eval-
uated after the comparison with the negative controls.
Also, to determine the antimicrobial effects of the sub-
stance, the broth macro-dilution method was used to
determine minimum bactericidal concentration (MBC)
and minimum inhibitory concentration (MIC). In this
experiment, for each bacterial strain, a series of 10
tubes containing one milliliter of the culture medium
of the broth Muller was prepared serially at different con-
centrations (1.56-800 pg/ml) of silver nanoparticles. One
milliliter of one-day-old cultivated bacteria was added to
all dilutions in the tubes. It was then incubated at 37°C
for 24 h. After incubation, the turbidity of the tubes
was examined with naked eyes. The turbidity was
caused by bacterial growth. To ensure the bacterial cell
death and determine the lowest bactericidal concen-
tration, the tubes that were free from turbidity were cul-
tured on Hinton agar medium. The lowest concentration
of silver nanoparticles that prevents microbial growth
has the MIC and the MBC is the lowest concentration
of nanoparticles that results in more than 99.9% killing
of the bacteria being tested.

Antifungal effects of synthesized nanopatrticles

The antifungal effects of the synthesized silver nanopar-
ticles were evaluated using the agar dilution method on
Fusarium solani and Rhizoctonia solani cultures as
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previously described by Khatami et al. (32,46). Briefly,
different concentrations (0, 2, 5, 10 and 20 ug ml) of
AgNPs were mixed with Potato dextrose agar (PDA)
medium in Petri plates. The Petri plates were inoculated
with a 6 mm agar plug of F. solani and R. solani at the
center of each Petri plates and incubated at 28°C. The
fungal growth in all treatments was recorded, when
the fungus mycelia on control plates relatively covered
the entire surface of the PDA medium.

Cytotoxic effects of silver nanoparticles

Cell culture

Cancer cells (MCF-7 cell line) were cultured in DMEM
medium with 25 mM of glucose, 10% of fetal calf
serum (FBS), penicillin (100 U/ml) and streptomycin
(100 pg/ml). The cells were kept in a humidified incuba-
tor with 5% CO, at 37°C. 200 ul complete DMEM and
5000 counted cells were added to each well of ELISA
plate. It was kept in the incubator for 24 h so that the
cells stock to the bottom. Twenty-four hours after incu-
bation, the wells were completely drained, and various
cell groups were treated with waste material extract
alone, AgNPs and a new DMEM environment.

The well containing the cells was returned to the incu-
bator and incubated for 24 h. Wells were completely
evacuated and replaced with a new culture medium.
The MTT stock solution (15 mg/ml) was provided, and
then 20 pl was injected to the wells with the capacity
of 200 ul, and the MTT value in each well was 0.25 mg/
ml. After adding MTT, the plate containing the cells
was kept in the incubator for 2 h. All of the liquid con-
tained in the wells was drained and 100 pl Dimethyl sulf-
oxide (DMSO) was added to each of them. By penetrating
the cell membrane and dissolving Formosan in itself, its
purple color spread in the wells. The plate was shaken for
a few times; it has been reported that the purple color
has been thoroughly distributed in the wells. The
optical absorbance of purple color in the wells was
read by an automatic spectrophotometer at a wave-
length of 540 nm.

Tested samples in MTT test:

(1) Control group: No treatment was performed on the
cells in this group. Wells containing the control
cells were filled with only 200 ul of complete
DMEM medium (at concentration of 25 um glucose).

(2) Cell groups treated with extracts: Wells containing
the cells of this group were treated with different
concentrations (1-5 pg/ml) of grass extract and com-
plete DMEM medium.

(3) Cells treated with extract containing synthesized
silver nanoparticles: Wells containing this group of
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cells were treated with different concentrations (1-
5 ug/ml), including an extract containing silver nano-
particles and a complete DMEM medium.

Finally, all the tested samples were kept in the incuba-
tor for 24 h.

Western blot

The extraction of protein from mCf7 cells

TNE (Tris—HCI, NaCl and EDTA) lysis buffer was used to
extract the total protein of the MCF7 cells. This buffer,
by breaking down the tissues and cell components,
caused the proteins to be separated from other parts
of the cell. In addition, this buffer has protease inhibitors
to prevent the destruction of cell proteins by protein
digestive enzymes.

To extract the protein from the MCF7 cells, the cells
were cultured in six wells in equal proportions. The
plate was kept in the incubator for 24 h. Then, the
wells were completely discharged. Cells were washed
once with Phosphate Buffered Saline (PBS). The cell
plate was placed on ice to prevent the cellular proteins
from altering and degrading.

Inside each well, 350 pl of TNE buffer was poured. The
buffer was kept in a plate for 10 min. The broth was pur-
ified from the bottom of the wells for all cellular residues
and was poured into separate tubes. The tubes were cen-
trifuged 14,000 at 4°C for 15 min. After centrifuging, the
contents of the tubes were separated into two phases of
the material and solution. Cell proteins were in the fluid
phase (upper). The liquid portion (by sampler) was care-
fully separated and placed in other tubes; the specimens
were transferred to the freezer —80 for storage (until
used in the test).

Investigation of the amount of proteins involved
in apoptosis (Cytochrome C, caspase 3) and cell
proliferation (Cyclin d1) using western blot
method

In order to perform the electrophoresis of proteins on the
SDS-PAGE gel, 40 ug of each sample was used. At first, pro-
teins were boiled for 5 min with a Laemmli sample buffer
at 100°C to break down the spatial structures of the pro-
teins. Under these conditions, the SDS is joined to poly-
peptide strands (for each molecule of the amino acid, an
SDS molecule binds to the polypeptide). This causes the
entire polypeptide to be negatively charged, and hydro-
phobic proteins are easily soluble. In addition, the disul-
fide, hydrophobic and hydrogen bonds break down; as a
result, the protein structure is completely open from one
another, and the polypeptide strands only maintain their

linear structure. The samples were loaded and electro-
phoresed in 12% SDS-PAGE gel. Electrophoresis was
carried out in a running-buffer with a voltage of 120.
Protein markers were used to determine the protein
content based on molecular weight on SDS-PAGE. After
electrophoresis, the proteins separated in the gel were
transferred to PVDF (Polyvinylidene Difluoride) paper.

Blocking

Non-fat dry milk (2%), which completely covers all the
binding sites of the protein on the PVDF paper, except
for the area where the antigen is located, had no effect
on proteins fixed on paper.

The PVDF paper was placed in a small glass plate
and immersed in the blocking solution for a period;
Caspase 3, Cyclin D1 and p-actine antibodies need
1 h to block (room temperature); and BAX and BCL2
antibodies need 4°C overnight. The refrigerator incuba-
tor was used to keep the temperature of the blocking
solution overnight and uniformly spread on paper.

Addition of the initial antibody

After washing, PVDF paper was immersed in a solution
containing the primary antibody. First, the antibody
was diluted in the blocking buffer (Caspase 3: 1000/1,
BAX: 1000/1, BCL2: 1000/1). For Caspase 3 and Cyclin
D1 antigens, the PVDF paper was kept in a solution con-
taining primary antibody for 1 night (4°C) and the same
process was done for BAX and BCL2 antigens at 25°C
(with shaking by shaker) for 3 h. After this step, the
paper was washed three times with TBS-T solution. The
secondary anti-rabbit antibody was used for Caspase 3
and BAX, and anti-mouse antibody was used for Cyclin
D1, B-actine and BCL2. At first, the secondary antibody
was diluted 1:15,000 in the blocking buffer. After this
step, the PVDF paper was washed three times with T-
BST solution. Finally, the image of the bands recorded
on the film was evaluated using lab work software in
terms of density.

Statistical analysis

All the tests were repeated three times. SPSS software
(version 15) was used for statistical analysis. T-test was
used to compare the groups. A p-value of <.05 was con-
sidered to be significant.

Results

The change in the color of the dried grass extract from
light yellow to reddish black was the first visible sign
for the synthesis of silver nanoparticles (Figure 1).
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The XRD pattern of AgNPs is shown in Figure 3.
Based on the XRD pattern, it has been determined
that the highest synthesis phase is related to the silver
element, which indicates the formation of Ago in the
sample. The diffraction lines positioned 38°, 44°, 64°
and 78° are respectively related to the (111), (200),
(220) and (311) (hkl) planes of metallic silver and the
extra peak of 54.6 (noted by *) is related to other com-
pounds that are probably in the extract and have a crys-
P talline structure. Based on studies and according to set
a (hkl) planes of the crystal, there is further evidence that

Figure 1. Color change of grass extract treated with silver nitrate. silver is crystallized in the face-centered cubic FCC.
From left to right, there are grass extract 48 h after treatment ~ Results of this study were consistent with previously
with 0, 1, 2.5, 4 and 5 mM pg/ml of silver nitrate. reported researches.

TEM was used to determine the characteristics of par-
ticles including the shape, size, and distribution of par-
ticles. TEM images show that the nanoparticles exhibits
spherical-oblate profile with a size ranging from 4 to 34
nm. The average size of nanoparticles was estimated to
be about 15 nm (Figure 4).

=

The ultraviolet spectroscopy of nanoparticles syn-
thesized by waste material extract showed maximum
peak absorption in the range of 430-450 nm. The
spectra were measured at different concentrations and
over different times, as shown in Figure 2.
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Absorbance (a u)

4 4 5 0
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Figure 2. UV absorption spectra of (A) reaction mixture treated by different concentrations a: 1, b: 2.5, ¢: 4, d: 5 mM of AgNOs and (B) at
different times a: 0, b: 1 day and c: 5 months.
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Figure 3. XRD pattern of silver nanoparticles biosynthesized via waste dried grass extract.
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Figure 4. TEM image of biosynthesized silver nanoparticles.

Table 1. The MIC and MBC of silver nanoparticles.
Concentration of AgNPs (ppm)
50 25 125 625 312 15 078 039

A. baumannii - - - - — — + +
P. geruginosa -  — - - - b_ 2 +
AMIC.

°MBC.

Results of both minimum inhibitory concentration
MIC and minimum bactericidal concentration MBC
studies are listed in Table 1.

The inhibitory results of waste material extract con-
taining silver nanoparticles on both F. solani and
R. solani fungi are as follows:

The highest growth-inhibitory effect of AgNPs against
R. solani was about 55% at a concentration of 20 pg/ml.
The lowest growth inhibitory area was reported about
5% at a concentration of 2 pg/ml. Concentrations of
5 ug/ml and 10 pg/ml have been reported with growth
inhibitory of 29% and 43%, respectively (Figure 5, part 1).

The highest growth inhibitory effect of AgNPs against
F. solani was about 90% at a concentration of 20 pug/ml of
AgNPs. The concentrations of 2, 5 and 10 pug/ml of the
treated AgNPs were reported with an inhibitory growth

mmm Waste grass extract
=== Biogenic silver nanparticles

100 —- ke B | %
80 N

60

Viability %

40

0 1 2 3 4 5
Concentration (ug/ml)

Figure 6. The effect of different concentrations of AgNPs and
grass extract on MCF-7 cell survival using MTT test.

percentage of 20%, 38% and 60%, respectively. Accord-
ing to results, the inhibition zone of fungal growth
depended strongly on the increase in AgNPs’ concen-
tration in the growth medium (Figure 5, part 2).

Evaluation of the effects of different doses of waste
material extracts on MCF-7 cancer cells in the MTT assay.
First, the effects of different concentrations of waste
grass extract on MCF-7 cell survival were investigated
using the MTT test. The effects of different concentrations
of the extract and AgNPs showed that increasing the con-
centration had a negative effect on the survival of MCF-7
cells. By increasing of the concentration to 5 ug/ml, the
number of cancer cells’ survival decreased to about 30%
(Figure 6).

The expression of Cyclin D1 protein was investigated
to determine the effect of the extract on growth and
MCF-7 cell division. As shown in the Figure 7, the
expression of this protein decreased after treatment

Figure 5. Mycelium growth of: (1) R. solani cultures at concentrations of (A): 0, (B): 2, (C): 5, (D): 10 and (E) 20 ug/ml of silver nano-
particles. (2) F. solani cultures at concentrations of (A):0, (B): 2, (C): 5, (D): 10 and (E) 20 pg/ml of silver nanoparticles.
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Figure 7. Reduced expression of Cyclin D1 protein after treat-
ment with a dose of 20 pg/ml.

with the effective dose of AgNPs. The reduction was
64.42% at a concentration of 20 pg/ml.

Discussion

Waste grass extract acts as both reducing (electron
donor) and capping agent for ecofriendly synthesis
silver nanoparticles, without using any harmful chemical
compounds (Figure 8). Silver nanoparticles with an
average size 15 nm were synthesized by exposing the
waste grass extract and silver nitrate solution at
ambient laboratory condition.

For centuries, silver and its derivatives have been used
to treat acute burns and deep wounds. There are docu-
ments which prove that Egyptians used silver coins in
ancient wars to prevent the infections of their soldiers’
wounds. Historical texts mention that hundreds of
years ago, silver was used to disinfect drinking water.
Silver nanoparticles have been successfully applied
against a wide range of bacteria, viruses, protozoa and
fungi. Today, the nanostructures of silver have become
stable, for example, zeolite systems impregnated with
silver and activated carbon nanotubes systems contain-
ing silver. Silver zeolite is one of the antimicrobial
forms of silver. After the discovery of penicillin in the
1940s, the use of silver for the treatment of microbial
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infections was reduced. However, in the 1965s, when
Moyer used 5% silver nitrate solution to improve the
burns, silver again attracted attentions (47). Moyer
found that this solution did not interfere with the
growth and reproduction of the new skin and had anti-
microbial activity. Then, silver nitrate was combined
with sulfonamide to produce silver sulfadiazine (an anti-
microbial agent and a healing agent for burns) (48). Silver
Sulfadiazine (AgSD) is a combination of silver and sulfa-
diazine. This compound is used as a 1% soluble cream
in water. AgSD is a broad-spectrum antibiotic that is
especially used in the treatment of burn injuries. AgSD
acts like a silver-containing reservoir in the wound and
slowly releases silver ions. At around twenty years later,
in 1988, the antibacterial properties of colloidal silver
were expressed against other bacteria, viruses and
fungi. In 2006, food bags and containers containing anti-
bacterial silver nanoparticles were introduced and, sub-
sequently, the properties of silver nanoparticles were
widely used in the production of consumables such as
soaps and sprays. It is also known that silver nanoparti-
cles and Ag* are effective in improving diabetic ulcers.
Silver nanoparticles also have antiviral properties
(49,50). According to Elechiguerra et al. (57), silver nano-
particles with a diameter of 5-20 nm and a mean diam-
eter of 10 nm are inhibitors of the proliferation of the 1-
HIV virus.

The antibacterial effect of silver nanoparticles
depends on the size and shape of these particles (52).
In this process, various forms of nanoparticles can
exhibit a variety of antibacterial activities. Triangular
silver nanoparticles with a MIC of 1 g/ml can stop the
bacterial growth. While spherical nanoparticles with a
MIC of 12.5 g/ml, and nanosized pellets with a MIC of
100-80 g/ml can stop bacterial growth. The stability of
silver nanoparticles is influenced by the size and shape
of the nanoparticles, the covering factor, the pH, dis-
solved ionic strength of the specific ions and ligands,
and the coarse molecules.
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Figure 8. Schematic design of potential green synthesis mechanism of silver nanoparticles with waste grass extract.
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The antifungal power of silver nanoparticles with
amphotericin B and fluconazole, two of the strongest fun-
gicides, have been compared against several different
fungi (53). The results show that the antifungal power of
silver nanoparticles is similar to one of the strongest fun-
gicides (amphotericin B) and is much stronger than fluco-
nazole. They showed that the normal form of cell wall will
be damaged, or they completely destroy a part of the cell
wall and create a cavity in the fungus membrane.

Conclusion

Silver nanoparticles with an average size close to 15 nm
were synthesized by exposing the waste grass extract
and silver nitrate solution atambient laboratory conditions.
Waste grass extract acts as both reducing and capping
agent for ecofriendly synthesis silver nanoparticles
without using any harmful chemical compounds. The
physicochemical properties of the resulting silver nanopar-
ticles were characterized using UV-Vis spectroscopy, XRD
and TEM. Antimicrobial activity of Ago was verified
against P. aeruginosa and A. baumannii. Also, antifungal
was proofed. Significant level of cytotoxicity of the Ago
was derived in the expression of Cyclin D1 protein.
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