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ABSTRACT:

Eight fungal species were screened for
mycosynthesis of silver nanaoparticles
(AgNPs), by visual observation of fungal

filtrate only six fungal species were found to
reduce the silver salt into silver nanoparticles.
The UV-visible spectra of the biosynthesized
nanoparticles (AgNPs) by Aspergillus
ochraceus (RCMB 036254) cell filtrate showed
characteristic surface plasmon absorption at
420 nm. Transmission electron microscopy
(TEM) micrograph showed the formation of
spherical AgNPs ranging from 5.5 to 24.5 nm
diameter. The Qualitative, as well as
guantitative status of elemental silver was
characterized by Energy Dispersive Analysis
of X-ray (EDX). The optimum conditions for
maximum production of AgQNPs were obtained
using 0.75 mM silver nitrate at 40°C and pH 6.
The antimicrobial activity of the
mycosynthesized nanoparticles under
optimum conditions were investigated alone
and in combination with commonly used
antibiotics against Methicillin-resistant
Staphylococcus aureus (MRSA). Out of
thirteen commonly wused antibiotics, the
antibacterial efficiency of only five antibiotics
has been increased as a result of combination
with AgNPs. Biosynthesized silver
nanoparticles showed dose-dependent
antitumor activity with IC50 at 1.4, 2.1, and
1.2 pg/ml against human colon carcinoma,
human breast cancer and human hepato-
cellular carcinoma cells, respectively, while
39.6 pg/ml was required to induce 50% of
normal Vero cell mortality.
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INTRODUCTION:

The prefix nano is derived from the
Greek word Nanos refers to things of one
billionth (10°m) in size (Narayanan and
Sakthivel, 2010). A nanoparticle is defined as
having one dimension 100 nm or less in size.

Environmentally toxic or biologically
hazardous reducing agents are typically
involved in the chemical synthesis of

nanoparticles (Ghorbani et al., 2011).

There has been a search for greener
production alternatives of metal nanoparticles
(Abou EI-Nour et al., 2010) many researches
have shown that microorganisms, plant
extracts, and fungi can produce nanoparticles
through biological pathways (Ahmed et al.,
2003; Abou EI-Nour et al., 2010; Popescu et
al., 2010).

Both unicellular  and multicellular
organisms are known to produce inorganic
materials either intra- or extracellularly
(Shankar et al.,, 2004). The ability of
microorganisms like bacteria and fungi to
control the synthesis of metallic nanoparticles
is employed in the search for new materials.
Biosynthesis of nanoparticles of different
elements is reported from both pathogenic
and nonpathogenic fungi (Vigneshwaran et
al., 2007).

The fungal systems or myco-
nanofactories have been exploited for the
synthesis of metal nanoparticles of silver,
gold, zirconium, silica, titanium, iron
(magnetite) and platinum. A large number of
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fungal strains are capable to synthesize silver
nanoparticles (AgNPs) extracellulary, among
which Fusarium oxysporum (Ahmad et al.,
2003), Aspergillus fumigatus (Bhainsa and
D'Souza, 2006), Aspergillus niger (Gade et
al., 2008), Fusarium semitectum (Basavaraja
et al., 2008), Penicillium brevicompactum
(Shaligram et al., 2009), Cladosporium
cladosporioides (Balaji et al., 2009), and
Aspergillus clavatus (Verma et al., 2010) have
been previously described. Fungi are more
advantageous compared to other
microorganisms in many ways. Fungal
mycelial mesh can withstand flow pressure
and agitation and other conditions in
bioreactors or other chambers compared to
plant materials and bacteria. These are
fastidious to grow and easy to handle and
easy for fabrication. The extracellular
secretions of reductive proteins are more and
can be easily handled in downstream
processing. And also, since the nanoparticles
precipitated outside the cell is devoid of
unnecessary cellular components, it can be
directly used in various applications
(Narayanan and Sakthivel, 2010).

Methicillin-resistant Staphylococcus
aureus (MRSA) is one of the major
nosocomial pathogens responsible for a wide
spectrum of infections, including skin and soft
tissue infections, pneumonia, bacteraemia,
surgical site infections (SSI), catheter related
infections (de San et al., 2007). Intensive
care unit characteristically has higher rates of
infections and increased transmission rates,
high antibiotic use and large numbers of

vulnerable patients. The emergence of
bacterial resistance to antibiotics and its
dissemination, however, are major health

problems, leading to treatment drawbacks for
a large number of drugs (Schito, 2008).
Consequently, there has been increasing
interest in the use of inhibitors of antibiotic
resistance for combination therapy (Gibbons,
2008).

It has been demonstrated that AgNPs
have effective antimicrobial activity (Aymonier
et al., 2002; Sondi and Salopek-Sondi, 2004;
Baker et al., 2005; Melaiye et al., 2005; Lok
et al., 2006). AgNPs have been applied to a
wide range of health care products, such as
burn dressings, scaffold, water purification
systems and medical devices (Thomas et al.,
2007).

In vitro cytotoxicity testing procedures
reduce the use of laboratory animals and
hence use of cultured tissues and cells have
increased (Byrd et al., 2000). The discovery
and identification of new antitumor drug with
low side effects on immune system has
become an essential goal in many studies of
immuno-pharmacology, it is a challenge to
find drugs for the effective treatment of
various types of cancers (Xu et al., 2009).
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In the present study, we attempted to
evaluate antibacterial and antitumor activities
of mycosynthesized AgNPs; evaluation of the
antibacterial activity singly and in combination

with  commonly used antibiotics against
Methicillin-resistant Staphylococcus aureus
(MRSA); while antitumor activity was

evaluated against different cancer cell lines in
vitro.

MATERIAL AND METHODS:
Fungal species:

Fungal organisms namely, Aspergillus
fumigatus (RCMB 02568), Aspergillus flavus
(RCMB 02426) Candida albicans (RCMB

05031), Penicillium italicum (RCMB 03924),
Syncephalastrum racemosum (RCMB 05922),
Fusarium oxysporum (RCMB 08213),
Alternaria  solani (RCMB 07324) and
Aspergillus ochraceus (RCMB 036254); kindly
provided from the Regional Centre for
Mycology and Biotechnology, Al-Azhar
university, Egypt were screened for

production of silver nanoparticles AgNPs.
Biomass preparation:

Fungi were grown on malt extract broth
at 28°C on a rotary shaker (120 rpm) for 96 h.
The biomasses were harvested by filtration
using Whatman filter paper No. 1, followed by
washing with distilled water to remove any
components of the medium. The biomass (25
g) wet weight was placed in individual flasks
containing 100 ml water and incubated for 24
h. The biomass was filtered, and the cell

filtrate was collected and used for
biosynthesis of AgNPs (Devi and Joshi,
2012).

Biosynthesis of AgNPs:

For biosynthesis of AgNPs, 50 ml of cell
filtrate was mixed with 10 ml AgNO; solution
(ImM) and reaction mixture without AgNO;
was used as control. The prepared solutions
were incubated at 28°C for 24 h. All solutions
were kept in dark to avoid any photochemical
reactions during the experiment. The AgNPs
were purified by centrifugation at 10,000 rpm
for 10 min twice, and collected for further
characterization (Devi and Joshi, 2012).

Characterization of AgNPs:

After 24 hours of synthesis, the sample
of AgNPs was centrifuged at 14,000 rpm for
30 minutes at room temperature. Repeated
rinses were performed to remove impurities.
The residue of AgNPs was re-suspended in 1
ml sterile water. The production of AgNPs in
aqueous solution was monitored at the
Regional Centre for Mycology and
Biotechnology (RCMB) using:

i UV-visible Spectroscopy Analysis:

Change in colour of the cell free filtrate
incubated with silver nitrate solution was
visually observed over a period of time.
Absorption measurements of the filtrate were
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carried out after 24 h. using UV-visible
spectrophotometer (Milton-Roy Spectronic
1201). UV-Visible analysis of several weeks
old samples was also carried out to check the
stability of synthesized AgNPs (Ingle et al.,
2008).

ii. Transmission Electron Microscopy (TEM):

For TEM analysis, a drop of the cell
filtrate was placed on the carbon coated
copper grids and dried by allowing water to
evaporate at room temperature. Electron
micrographs were obtained using GEOL GEM-
1010 transmission electron microscope at 70
kV (Jain et al., 2011).

iii. Energy Dispersive Analysis of X-ray (EDX):

The presence of elemental silver was
confirmed through EDX. The EDX
microanalysis was carried out by X-ray micro-
analyzer (Oxford 6587 INCA) attached to
JEOL JSM-5500 LV scanning electron
microscope at 20 kV. The EDX spectrum
recorded in the spot profile mode from one of
the densely populated silver nanoparticles
region on the surface of the film. The nano
crystallites were analyzed using Quanta 200
FEG (Devi et al., 2012).

Effect of reaction parameters on the
production of AgNPs:
To obtain the optimized reaction

parameters giving maximum synthesis of
AgNPs, firstly, AgNO; ranging from 0.25 to 7
mM (final concentration) was added to the
fungal filtrate and incubated for up to 120
hours. After this, AgNO; was added to the
fungal filtrate and incubated at (5 C-50C)
and at pH (2-10) for temperature and pH
optimization, respectively. Then UV-Vis
spectra were carried out to study the
production with varying reaction parameters.

The antimicrobial activity of AgNPs:

The antibacterial activity of synthesized
AgNPs was investigated against Methicillin-
resistant Staphylococcus aureus (MRSA). The
overnight grown MRSA culture was plated on
Muller-Hinton agar (MHA). Wells were cut on
the plates using cork porer and 50 pl of AgNP
solution was dispensed in each well. The
mycelia-free water extract alone and AgNO;
were used as control. The plates were
incubated overnight at 37'C for 24 h. and
observed for the presence of zones of
inhibition. The minimum inhibitory
concentration (MIC) of mycelia-free water
extract alone, AgNPs and AgNO; were
determined by broth microdilution method
given by the Clinical Laboratory Standards
Institute  (CLSI, 2004). Two-fold serial
dilutions of AgNPs were made using Muller-
Hinton (MH) broth (Roy et al. 2010).

Antibiotic susceptibility:

Thirteen antibiotics, namely, Ampicillin
(AM10), Penicillin (P10), Oxacillin (OX1),
Amoxicillin (AX25), Amoxicillin/clavulanic acid
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(AMC30), Cephalothin (KF), Cefoxitin
(FOX30), Ceftriaxone (CRO30), Vancomycin
(VA30), Amikacin (AK30), Tobramycin
(TOB10), Erythromycin( E15) and

Ciprofloxacin (CIP5) were used to assay the
antibacterial efficiency of commonly used
antibiotics alone and their combined effect
with extra-cellularly mycosynthesized AgNPs
against MRSA using disc agar diffusion
method (DAD) on Muller-Hinton agar,
according to the guidelines recommended by
the National Committee for Clinical Laboratory
Standards (NCCLS, 2002). To determine the
combined effects, each standard paper disc
was further impregnated with sub-inhibitory
concentration of AgNPs. A single colony of
MRSA was grown overnight in Muller-Hinton
broth medium on a rotary shaker (200 rpm) at
37°C. The inocula were prepared by diluting
the overnight cultures with 0.9% NaCl to a 0.5
McFarland standard and were applied to the
plates along with the standard antibiotics
alone and that combined with sub-inhibitory
concentration of AgNPs. After incubation at
37°C for 24 h., the zones of inhibition were
measured. The assays were performed in
triplicates.

The antitumour activity of AgNPs

The activity of AgNPs was assayed on
three tumour cell lines and normal Vero cells.

Cell lines:

Human colon carcinoma (HCT-116)
cells, Human breast cancer (MCF-7) cells and
Human hepatocellular carcinoma (HepG2)
cells were obtained from the American Type
Culture Collection (ATCC, Rockville, MD). The
cells were grown on RPMI-1640 medium
components supplemented with 10%
inactivated foetal calf serum and 50 pg/ml
gentamycin. The cells were maintained at
37°C in a humidified atmosphere with 5% CO,
and were sub-cultured two to three times a
week (Mosmann, 1983).

Evaluation of the antitumor activity:

The antitumor activity was evaluated on
MCF-7, HCT-116 and HepG2 cells. The cells
were grown as monolayers in growth RPMI-
1640 medium supplemented with 10%
inactivated foetal calf serum and 50 pg/ml
gentamycin. The monolayers of 10,000 cells
adhered at the bottom of the wells in a 96-well
microtiter plate incubated for 24 h. at 37°C in
a humidified incubator with 5% CO,. The
monolayers were then washed with sterile
phosphate buffered saline (0.01 M pH 7.2)
and simultaneously the cells were treated with
100 pl from different dilutions of the test
sample in fresh maintenance medium and
incubated at 37°C. A control of untreated cells
was made in the absence of the test sample.
Six wells were used for each concentration of
the test sample. Every 24 h., the observation
under the inverted microscope was made. The
number of the surviving cells was determined
by staining the cells with crystal violet
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(Muthumary, 2007) followed by cell lysing
using 33% glacial acetic acid and read the
absorbance at 490 nm using ELISA reader
(Sun Rise, TECAN, Inc, USA) after well
mixing. The absorbance values from untreated
cells were considered as 100 % proliferation.
The number of viable cells was determined
using ELISA reader as previously mentioned
and the percentage of viability was calculated
as [1-(ODt /ODc)] x 100% where ODt is the
mean optical density of wells treated with the
test sample and ODc is the mean optical
density of untreated cells. The 50% inhibitory
concentration (ICs0); the concentration
required to cause toxic effects in 50% of
intact cells, was estimated from graphic plots.

RESULTS AND DISCUSSION:
Biosynthesis of silver nanoparticles (AgNPs):

Out of the eight fungal species
screened, only six fungal species; namely
Aspergillus fumigatus (RCMB 02568),

Candida albicans (RCMB 05031), Penicillium
italicum (RCMB 03924), Syncephalastrum
racemosum (RCMB 05922), Fusarium
oxysporum (RCMB 08213) and Aspergillus
ochraceus (RCMB 036254) were found to
reduce silver salt into silver nanoparticles by
visual observation of the fungal filtrates.
These six fungal filtrates exhibited a gradual
change to brown colour, clearly indicating the
formation of AgNPs. The colour of the culture
filtrate with silver nitrate solution changed to
intense brown after 24 h. of incubation,
whereas, the control (without silver nitrate
salt) did not exhibit any colour change.
Aspergillus  ochraceus (RCMB 036254)
exhibited the most intense brown colour
compared to the other five fungal species
(Fig. 1). The colour changes observed can be
attributed to the surface plasmon resonance
of deposited AgNPs (Mulvaney, 1996).
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Fig. 1 Colour observed in fungal extract of different fungal
species after exposure to silver nitrate solution.
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Characterization of Ag NPs:
- UV-visible spectroscopy analysis:

The UV-visible spectra of Aspergillus
ochraceus (RCMB 036254) filtrate treated
with the silver nitrate solutions showed
characteristic surface plasmon absorption at
280 and 420 nm (Fig. 2). The absorption at
280 nm indicates the presence of tryptophan
and tyrosine residues present in the protein,
this observation indicates the release of
proteins into filtrate that suggests possible
mechanisms for the reduction of silver ions
present in the solution as demonstrated by
Bhainsa and D’Souza (2006). Fungal cell
filtrate treated with silver nitrate solution is
known to show peak around 420 nm with high
absorbance as demonstrated by Ingle et al.
(2008), which supports our finding of the
peaks observed for absorbance at 420 nm,
indicating the bio-synthesis of nanoparticles
by A. ochraceus (RCMB 036254).
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Fig. 2. UV-visible absorption spectra obtained for silver
nanoparticles synthesized by Aspergillus ochraceus
(RCMB 036254)

- Microscopic characterization by TEM:

The data obtained from transmission
electron-micrograph showed distinct shape
and size of nanoparticles. The particles were
spherical in shape with mean of 13.88 + 4.11
nm (Fig. 3 & Tablel). AgNPs uniformly
distributed with some agglomeration which
revealed pattern similar to the biosynthesized
AgNPs by Kathiresan et al. (2009) and Jain et
al. (2011).
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Fig. 3. TEM micrograph of the silver nanoparticles
synthesized by A. ochraceus. Scale bar = 100 nm
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Table 1. Statistical measurements AgNP5 ranging
from 5.5 — 24.4 nm

Statistical function Distance (nm)

Count 53
Mean 13.88
Minimum 5.5
Maximum 24.43

Standard deviation 411

- Energy Dispersive Analysis of X-ray (EDX):

EDX gives qualitative, as well as
guantitative status of elements that may be
involved in the formation of AgNPs. Figure 4
shows the EDX spectrum recorded in the spot-
profile mode. The optical absorption peak is
observed at 3KeV, which is typical for the
absorption of metallic AgNPs by Magudapathy et
al. (2001). Strong signals from the silver atoms
are observed, while weaker signals from Na, Si,
S, P, Cl, and Ca atoms are also recorded. From
the EDX spectrums, it is clear that AgNPs
reduced by Aspergillus ochraceus (RCMB
036254) have the weight percentage of silver as
52.91% (Table 2).
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Fig. 4. EDX spectra of Ag NPs. Silver X-ray emission
peaks are labeled. Strong signals from the atoms
in the nanoparticles are observed in spectrum
and confirms the reduction of silver ions to
AgNPs

Table 2. The element composition of the AgNPs of
EDX spectra

Element Element%
Na 14.22
Si 4.93
P 2.52
S 4.08
Cl 14.89
Ca 6.44
Ag 52.91
Total 100
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Effect of reaction the

production of AgNPs:

Optimization studies revealed the
significant effects of concentration of
reaction parameters on the rate of bio
reduction of silver ions to AgNPs. At a fixed
temperature of 28°C, variation in reaction
kinetics was observed for the synthesis of
nanoparticles by varying the AgNO;
concentration and reaction time (Fig. 5).
Beyond 72 h. of incubation, no further
increase in intensity was recorded indicating
complete reduction of silver ions by the
fungal cell filtrate. Maximum synthesis of
nanoparticles occurred at 0.75 mM AgNO; in
the reaction mixture, followed by 0.5 mM
AgNO;. Highest concentration (7 mM) AgNO3;
showed the least bio-reduction of silver ions
to nanoparticles. This can be explained on
the basis of enzyme-substrate kinetics; i.e.
the active site in the key biomolecule
responsible for reduction is already saturated
with the silver ions, and no site is available
for excess ions to get reduced, hence there
is no further increase in synthesis of AgNPs
despite the addition of more salt (Singh et
al., 2013). As compared with the UV-Vis
spectrum obtained for different concentration
of AgNO; after 72 h., 420 nm was the
optimum wavelength for all concentrations
(Fig. 6). At  the optimized AgNO;
concentration of 0.7 mM, rate of synthesis
was found to increase with an increase in
reaction temperature up to 40°C, which
showed maximum synthesis (Fig. 7) after
which a decline in the synthesis was
observed and that may be due to deviations
from the optimized parameters resulted in an
increase in size and poly dispersity of AgNPs
as demonstrated by Singh et al. (2013). pH 6
was found to provide optimal conditions for
the maximal synthesis of nanoparticles (Fig.
8). Despite a large number of reports on the
synthesis of Ag NPs, only few reports are
available on the optimization. One such
study was reported by Gurunathan et al.
(2009) for E. coli-mediated Ag NPs
synthesis, where 5 mM AgNO;, 60°C
temperature, and pH 10 were reported to
provide optimal conditions for the maximal
synthesis of small sized nanoparticles. In the
present study, the enhanced rate of
synthesis of AgNPs at optimized conditions
might be the direct result of the effect of
substrate (silver ions), pH and temperature
on a key biomolecule responsible for the
reduction present in the aqueous filtrate of A.
ochraceus.

parameters on
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Fig. 7. Optimization of reaction temperature for AQNPs synthesis

ISSN: 1687-7497 On Line ISSN: 2090 - 0503 http://www.egyseb.org



Magdy et al., Biosynthesis of Silver Nanoparticles Using Fungi and Biological Evaluation of Mycosynthesized Silver Nanoparticles 7

Absorbance

20

Fig. 8. Optimization of reaction pH for AgNPs synthesis

Antibacterial activity of AgNPs:

Silver and its compounds are known for
their antimicrobial properties and for the
treatment of burns and chronic wounds
(Shakibaie et al., 1998). High surface area to
volume ratio cause high bactericidal activity
of AgNPs compared with bulk silver metal
(Cho et al., 2005; Panyala et al., 2008).

It is well known that Ag ions and Ag-
based compounds have biological activities
(Furno et al., 2004). In the current study silver
nanoparticles exhibited moderate antibacterial
activity against MRSA better than that of
AgNO; with zone of inhibition of 16.7 mm and
13.2 for AgNPs and AgNOj, respectively,
while the fungal extract did not show any
activity against MRSA (Table 3). The reason
for this is the structural composition of Gram-
positive bacteria (Gram-positive bacteria
possess a thick layer of peptidoglycan (20—
80 nm), making it difficult for AgNPs to
penetrate). Owing to their small size, AgNPs
impair the sulphur and phosphorus containing
essential macromolecules such as proteins
and DNA (Wei et al., 2009). Thus, action of
AgNPs appears to be a consequence of
adherence to and penetration inside the cell
of the target cells.

Table 3. Zone of inhibition (mm) and Minimum

inhibitory concentration (MIC) of AgNOs;,
AgNPs and aqueous extract against MRSA

Test Aqueous Reference drugs
organism AGNOs  AgNPs extract Ciprofloxacin
Zone of inhibition (mm)
13.2 16.7 0 8
MRSA
MIC (ng/ml)
31.25 15.63 0 62.5

The effect of AQNPs on the antibacterial
activity of thirteen antibiotics was investigated
against MRSA using disk diffusion method.
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The antibacterial resistance of MRSA against
various antibiotics decreases with nanoscaled
AgNPs. The diameter of inhibition zones (mm)
around the different antibiotic discs with and
without AgNPs against MRSA are shown in
(Table 4 & Figs 9 and 10). It should be
pointed out that the AgNPs content of 7.81
Mg/ disc was chosen to guarantee that the
effect produced was due to the combination
and not to the effect of the AgNPs itself. The
antibiotic efficacy of some of tested
antibiotics has been significantly improved in
the presence of nano size silver against
MRSA. The highest antibacterial activities
increases in area were observed for
Ceftriaxone (13 mm) followed by Amoxicillin/
clavulanic acid (10 mm) followed by Amikacin
and Ciprofloxacin (6 mm in each). The lowest
increase in inhibition zone area (3 mm) was
reported for Tobramycin, Conversely,
Ampicillin, Penicillin, Oxacillin, Amoxicillin,
Cephalothin, Cefoxitin, Vancomycin and
Erythromycin AgNPs showed no effect on the
antibacterial activity of these antibiotics
against MRSA. So the effect observed in this
condition is due to the antibiotic-AgNPs
combination. It is believed that
microorganisms carry a negative charge while
metal oxides carry a positive charge. This
creates an “electrostatic” attraction between
the microbe and treated surface. Once the
contact is made, the microbe is oxidized and
dead instantly. Generally, it is believed that
nanomaterials release ions, which react with
the thiol group (-SH) of the proteins present
on the bacterial surface. Such proteins
protrude through the bacterial cell membrane,
allowing the transport of nutrients through the

cell wall. Nanomaterials inactivate the
proteins, decreasing the membrane
permeability and eventually causing the

cellular death (Zhang and Chen, 2009).
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Table 4. Zone of inhibition (mm) of different
antibiotics against MRSA in the presence
and absence of AgNPs

Inhibition Inhibition
I Zone of ZO.“‘? qf Increas_ed
Antibiotics Symbol .- . Antibiotic Zone size
Antibiotic .
with AgNPs (mm)
(mm)
(mm)

B-lactams
Ampicillin AM10 NA NA 0
Penicillin P10 NA NA 0
Oxacillin OX1 NA NA 0
Amoxicillin AX25 NA NA 0
Amoxicillin/  — Apezg 2 12 10
clavulanic acid
Cephalosporins
Cephalothin KF NA NA
Cefoxitin FOX30 NA NA
Ceftriaxone CRO30 6 19 13
Glycopeptides
Vancomycin VA30 NA NA 0
Aminoglycosides
Amikacin AK30
Tobramycin TOB10
Macrolides
Erythromycin E15 NA NA 0
Flouroquinolones
Ciprofloxacin CIP5 8 14 6
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Silver ions have been used in many
kinds of formulations, and recently it was
shown that hybrids of AgNPs with amphiphilic
hyperbranched macromolecules exhibit
effective antimicrobial surface coating. The
most important application of silver and
AgNPs is in the medical industry, such as
topical ointments to prevent infection in burns
and open wounds. Newly devised AgNPs-
coated wound dressings have been a major
breakthrough in the management of wounds
or infections. To prevent or reduce infections,
a new generation of dressings incorporating
antimicrobial agents like silver has been
developed. Impregnation of wound dressings
impregnated with colloidal silver resulted in a
strong decrease of pathogen-specific
alterations in infected epithelium. The delivery
of silver and AgNPs to infected keratinocytes
in a moist healing environment is efficient,
fast, and active as compared to wound
dressing without silver. Similar results with E.
coli were obtained with AgNPs (Mudasir et al.,
2013).

Antibacterial activity of AgNPs and its
combined effects with antibiotics was
assessed by disk diffusion method. Each disk
was impregnated with 20 pl of AgNPs, to
check the combined effect the disk was
impregnated with 10 pl of the antibiotic and
10 upl of AgNPs. AgNPs showed enhancing
antibacterial property  when used in
combination with an antibiotic (Mudasir et. al.,
2013). In the present study also, combined
effect of AgNPs with antibiotics is assessed
and the use of AgNPs is found to be useful in
most results.

Antitumor activity:

The anti-tumor effect of AgNPs and Ag+
was reported (Ahamed et al., 2008; Rahman
et al., 2009). In this study, in vitro antitumor
activity of the AgNPs was evaluated against
HCT -116, MCF-7 and HepG2 cell lines at
different concentrations. The cytotoxicity
analysis of the AgNPs showed a direct dose-
response relationship; cytotoxicity increased
at higher concentrations (Tables 5& 6). The
result revealed that AQNO; and AgNPs have
potent antitumor activity with 1C50 values of
12.4 and 1.2 ug/ml, respectively against
HepG2 cells; 14.9 and 1.4 pg/ml, respectively
against HCT -116 cells; 3.0 and 2.1 pg/ml,
respectively against MCF-7 cells (Fig. 11).
The enhanced cytotoxicity of AgNPs may be
due to their size which facilitates their
subsequent penetration in tumor cells. The
cytotoxic effects of AgNPs, probably due to
the fact that AgNPs are likely to interact with
thiol rich enzymes (Morones et al., 2005),
other researchers suggest that AgNPs may
interfere with the proper functioning of cellular
proteins and induce subsequent changes in
cellular chemistry (Rogers et al., 2008);
Therefore, it is possible that once penetrated
into cells, AgNPs may attack functional
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proteins of cells which results in partial
unfolding and aggregation of proteins as it is
the case in the bovine haemoglobin. Toxicity
of silver nanoparticles is concentration-size-
shape dependent; In the green process for
synthesis of nanoparticles, these factors are
affected by chemical compositions of fungal
extracts, accordingly this will lead to
variability in the biological activities of such
extracts (Elechiguerra et al., 2005; Morones
et al., 2005; Okafor, 2013).
Table 5. In vitro cytotoxicity effect of AgNO3, Ag
nanoparticles and aqueous extract on HCT -
116 and MCF-7 cell lines

The effect of cytotoxicity was compared
with a normal Vero cell line on which the
same concentrations were used. The results
indicated that the sensitivity of human cancer
cell line for AgNPs is higher than that of Vero
cell line (Table 6) for the same cytotoxic
agents (AgNPs). It was found that 39.6 pg/ ml
are enough to induce 50% of cell mortality
(Table 7 & Fig. 12). These results are
potentially promising because they suggest
that, by using non-cytotoxic amounts of silver
salt with a convenient, eco-friendly and cheap
method using Aspergillus ochraceus aqueous
extract; AgNPs can be synthesized with good
anticancer activities.

Sample Viability% of HCT-116  Viability % of MCF-7 - )
Cor(](l:g/“mt)ion AGNO, Ag NPS Ag;tfgc‘f AGNO, Ag NPS AS;;::;S TablﬁnYe. Cytotoxicity of Ag nanoparticles on Vero cell
100 1152  1.34 87.52 9.74 3.2 85.18 Viability % of Vero cellline  Ag NPs concentration ( pug/ ml)
50 1586 436 9214 1246 675  91.36 18.46 100
25 3464 891 9867 1918 1194 96.23 39.81 50
12,5 53.67 13.74 10000 26.29 1831  98.92 64.29 25
6.25 68.90 2811 10000 37.92 37.43 100.00 89.12 125
3.125 7423 37.25 10000 4816 4594 100.00 96.48 6.25
1.56 8362 47.38 10000 67.98 5211 100.00 99.22 3.125
0.78 9128 59.82 10000 7542 63.78 100.00 100 1.56
0.39 9620 7334 10000 8137 79.34 100.00 100 0.78
0 100.00 100.00 100.00 100.00 100.00 100.00 100 0.39
IC 50 149 14 - 3.0 21 100 0
Table 6. In vitro cytotoxicity effect of AQNO3, and Ag 39.6 IC 50
nanoparticles aqueous extract on HepG2 cell line
Sample Viability % of HepG2 120 1
concentration
pg/mi AgNO; AgNPs Aqueous extract 100
100 11.43 2.33 68.94 X
50 13.94 4.92 83.16 2 80 1
25 24.85 8.74 92.68 3 60
12.5 49.74 10.22 98.32 g
6.25 71.38 26.98 100.00 40 1
3.125 80.24 38.46 100.00 20 1
1.56 87.34 46.74 100.00 0 e
0.78 94.15 53.16 100.00 I I G I I S
0.39 98.22 64.47 100.00 Q'Q Q‘:b Q"\ '\?J '5"\ 6‘} \W(? qf)'Q bQ'Q QQ'Q
0 100.00 100.00 100.00 Concentration (ug/ mﬁ)
IC 50 12.4 1.2 > 100 Fig. 12. Cytotoxicity of Ag nanoparticles on Vero cell line
7 BAgNo3  OAg NPs CONCLUSION:

IC50 Concentration

HCT MCF-7

Different cell lines

Fig. 11. IC50 con centration of AgNPs against different cell
lines
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Nanoparticles can be produced by
physical-chemical methods but it requires
involvement of hazardous chemicals and many
sophisticated techniques which are not easy.
On the other hand, the biosynthesis of
nanoparticles by microorganisms is quick,
consumes less time, it provides satisfactory
biosynthesis of nanoparticles and the whole
process is very cheap and effective without the
involvement of hazardous chemicals. In the
present study, Aspergillus ochraceus (RCMB
036254) was exploited to biosynthesize silver
nanoparticles by reducing silver nitrate. These
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AgNPs were found to be more active against
MRSA when used in combination with
antibiotics. It is known that the nanoparticles
are so small in size that they can pass through
the cell membrane easily. This property is
exploited to treat diseases like cancer which is
a fatal disease. Chemotherapies which are used
to treat cancer have many side effects so there
is a need to find some other alternative which
could treat it without causing side effects. The

REFERENCES:

Abou El-Nour MM, Eftaiha A, Al-Warthan A, Ammar
RAA. 2010. Synthesis and application of silver
nanoparticles. Arab. J. Chem., 3(3): 135-140.

Ahamed M, Karns M, Goodson M, Rowe J, Hussain
SM, Schlager JJ, Hong Y. 2008. DNA damage
response to different surface chemistry of
silver nanoparticles in mammalian cells.
Toxicol. Appl. Pharmacol., 233(30): 404-410.

Ahmad A, Mukherjee P, Senapati S, Mandal D, Khan
MI, Kumar R, Sastry M. 2003. Extracellular
biosynthesis of silver nanoparticles using the
fungus Fusarium oxysporum. Colloids Surf. B.
Biointerfaces, 28(4): 313-318.

Aymonier C, Schlotterbeck U, Antonietti L, Zacharias
P, Thomann R, Tiller JC, Mecking S. 2002.
Hybrids of silver nanoparticles with amphiphilic
hyperbranched macromolecules exhibiting
antimicrobial properties. Chem. Commun.
(Camb). 24: 3018-3019.

Baker C, Pradhan A, Pakstis L, Pochan DJ, Shah SlI.

2005. Synthesis and antibacterial properties of

silver nanoparticles. J. Nanosci. Nanotechnol.,

5(2): 244-249.

DS, Basavaraja S, Deshpande R, Mahesh
DB, Prabhakar BK, Venkataraman A. 2009.
Extracellular biosynthesis of functionalized
silver nanoparticles by strains of Cladosporium
cladosporioides fungus. Colloids Surf. B.
Biointerfaces, 68(1): 88-92.

Basavaraja S, Balaji SD, Lagashetty A, Rajasab AH,
Venkataraman A. 2008. Extracellular
biosynthesis of silver nanoparticles using the
fungus Fusarium semitectum. Mat. Res. Bull.,
43(5):1164-1170.

Bhainsa KC, D'Souza SF. 2006. Extracellular
biosynthesis of silver nanoparticles using the
fungus Aspergillus fumigatus. Colloids Surf.
B.Biointerfaces, 47(2):160-164.

Byrd JC, Lucas DM, Mone AP, Kitner JB, Drabick JJ,
Grever MR. 2000. A novel therapeutic agent
with in-vitro activity against human B-cell
chronic lymphocytic leukemia cells mediates
cytotoxicity via the intrinsic pathway of
apoptosis. J. Hematol., 101(11): 4547-4550.

Cho KH, Park JE, Osaka T, Park SG. 2005. The

study of antimicrobial activity and preservative

effects of nanosilver ingredient. Electrochim

Acta, 51(5): 956-960.

2004. Performance Standards for Antimicrobial

Susceptibility Testing (M7-A70C), Clinical

Laboratory Standards Institute.

de San N, Denis O, Gasasira MF, De Mendonca
R, Nonhoff C, Struelens MJ. 2007. Controlled
evaluation of the IDI-MRSA assay for detection
of colonization by methicillin- resistant,
Staphylococcus aureus in diverse
mucocutaneous specimens. J. Clin. Microbiol.,
45(4): 1098-1101.

Balaji

CLSI.

ISSN: 1687-7497 On Line ISSN: 2090 - 0503

Egypt. J. Exp. Biol. (Bot.), 10(1): 1 — 12 (2014)

mycosynthesized AgNPs showed remarkable
anticancer activity against human colon
carcinoma, human breast cancer, and human

hepato-cellular carcinoma cells. With the
application point of view, a suitable
pharmaceutical formulation using these

nanoparticles, as well as studies on different
biological activities in different fields should be
strengthened in future studies.

Devi JS, Bhimba BV and Ratnam K. 2012. In vitro
anticancer activity of silver nanoparticles
synthesized using the extract of Gelidiella sp.
int. J. Pharm. Pharm. Sci., 4(4): 710-715

LS, Joshi SR. 2012. Antimicrobial and
synergistic effects of silver nanoparticles
synthesized using soil fungi of high altitudes of
eastern himalaya. Mycobiology, 40(1): 27-34.

Elechiguerra JL, Burt JL, Morones JR, Camacho-
Bragado A, Gao X, Lara HH, Yacaman MJ.
2005. Interaction of silver nanoparticles with
HIV-1. J. Nanobiotechnology, 3: 6.

Furno F, Morley KS, Wong B, Sharp BL, Arnold PL,
Howdle SM, Bayston R, Brown PD, Peter D.
Winship PD, Helen J. Reid HJ. 2004. Silver
nanoparticles and polymeric medical devices:
a new approach to prevention of infection? J.
Antimicrob. Chemother., 54(6): 1019-1024.

Gade AK, Bonde P, Ingle AP, Marcato PD, Duran N,
Rai MK. 2008. Exploitation of Aspergillus niger
for synthesis of silver nanoparticles. J.
Biobased Mater. Bioenerg., 2(3): 243-247.

Gangadevi V, Muthumary J. 2007. Preliminary
studies on cytotoxic effect of fungal taxol on
cancer cell lines. Afr. J. Biotechnol., 6: 1382-
1386.

Ghorbani, H, R, Safekordi, A, A, Attar H, Rezayat
Sorkhabadi SM. 2011. Biological and non-
biological methods for silver nanoparticles
synthesis. Chem. Biochem. Eng. Q., 25(3):
317-326.

Gibbons S. 2008. Phytochemicals for
resistance--strengths, weaknesses
opportunities. Planta Med., 74(6): 594-602.

Gurunathan S, Kalishwaralal K, Vaidyanathan
R, Venkataraman D, Pandian SR, Muniyandi
J, Hariharan N, Eom SH. 2009. Biosynthesis,
purification and characterization of silver
nanoparticles using Escherichia coli. Colloids
Surf. B. Biointerfaces, 74(1):328-335.

Ingle A, Gade A, Pierrat S, Sonnichsen C, Rai M.
2008. Mycosynthesis of silver nanoparticles
using the fungus Fusarium acuminatum and its
activity against some human pathogenic
bacteria. Curr. Nanosci., 4(2): 141-144.

Jain, N., Bhargava, A., Majumdar, S., Tarafdar, J.C.
and Panwar, J. 2011. Extracellular
biosynthesis and characterization of silver
nanoparticles using Aspergillus flavus NJPOS8:
a mechanism perspective. Nanoscale, 3(2):
635-641.

Kathiresan K, Manivannan S, Nabeel MA, Dhivya B.
2009. Studies on silver nanoparticles
synthesized by a marine fungus, Penicillium
fellutanum isolated from coastal mangrove
sediment. Colloids Surf. B. Biointerfaces,
71(1): 133-137.

Devi

bacterial
and

http://www.egyseb.org



Magdy et al., Biosynthesis of Silver Nanoparticles Using Fungi and Biological Evaluation of Mycosynthesized Silver Nanoparticles 11

Lok CN, Ho CM, Chen R, He QY,Yu WY, Sun
H, Tam PK, Chiu JF, Che CM. 2006. Proteomic
analysis of the mode of antibacterial action of
silver nanoparticles. J. Proteome Res., 5(4):
916-924.

Magudapathy P, Gangopadhyay P, Panigrahi BK,
Nair KGM, Dhara S. 2001. Electrical transport
studies of Ag nanorystallites embedded in
glass matrix. Physics B., 299(1-2): 142-146.

Melaiye A, Sun Z, Hindi K, Milsted A, Ely D, Reneker
DH, Tessier CA, Youngs WJ. 2005. Silver(l)-
imidazole cyclophane gemdiol complexes
encapsulated by  electrospun tecophilic
nanofibers: formation of nanosilver particles
and antimicrobial activity. J. Am. Chem. Soc.,
127(7): 2285-2291.

Morones JR, Elechiguerra JL, Camacho A, Holt K,
Kouri JB, Ramirez JT, Yacaman MJ. 2005.
The bactericidal effect of silver nanoparticles.
Nanotechnology, 16(10): 2346-2353.

Mosmann T. 1983. Rapid colorimetric assay for
cellular growth and survival: application to
proliferation and cytotoxicity assays. J.
Immunol. Methods, 65(1-2): 55-63.

Mudasir AD, Ingle A, Rai M. 2013. Enhanced
antimicrobial activity of silver nanoparticles
synthesized by Cryphonectria sp. evaluated
singly and in combination with antibiotics.
Nanomedicine: Nanotechnol. Biol. Med., 9(1):
105-110.

Mulvaney P. 1996. Surface plasmon spectroscopy of

nanosized metal particles. Langmuir, 12(3):
788-800.
Narayanan KB, Sakthivel N. 2010. Biological

synthesis of metal nanoparticles by microbes.
Adv. Colloid Interface Sci., 156(1-2): 1-13.

NCCLS. 2002. Performance Standards for
Antimicrobial ~ Susceptibility ~Testing, 12"
Informational Supplement M100-S12, National
Committee for Clinical Laboratory Standards,
Villanova, PA, 2002.

Okafor F, Janen A, Curley M. 2013. Green Synthesis
of Silver Nanoparticles, Their Characterization,
Application and Antibacterial Activity. Int. J.
Environ. Res. Public Health, 10(10): 5212-
5238.

Panyala NR, Pena-Mendez EM, Havel J. 2008. Silver
or silver nanoparticles: a hazardous threat to
the environment and human health. J. Appl.
Biomed., 6(3): 117-129.

Popescu M, Velea A, Lérinczi A. 2010. Biogenic
production of nanoparticles. Digest J.
Nanomate. Biostruct., 5(4): 1035-1040.

Rahman MF, Wang J, Patterson TA, Saini
UT, Robinson BL, Newport GD, Murdock
RC, Schlager JJ, Hussain SM, Ali SF. 2009.
Expression of genes related to oxidative stress
in the mouse brain after exposure to silver-25
nanoparticles. Toxicol. Lett., 187(1): 15-21.

Rogers JV, Parkinson CV, Choi YW, Speshock JL,
Hussain SM. 2008. A preliminary assessment
of silver nanoparticle inhibition of monkey pox

| ISSN: 1687-7497

On Line ISSN: 2090 - 0503

virus plaque formation. Nanoscale Res. Lett.,
3(4): 129-133.

Roy AS, Parveen A, Koppalkar AR Prasad A. 2010.
Effect of nano -titanium dioxide with different
antibiotics against methicillin-resistant
Staphylococcus aureus. J. Biomater.
Nanobiotechnol., 1(1): 37-41.

Schito GC. 2008. The |Importance of the
Development of Antibiotic Resistance in
Staphylococcus aureus. Clin.  Microbiol.

Infect., 12(1): 3-8.

Shakibaie, M.R., Dhakephalkar, P.K. and Kapadnis,
B.P. 1998. Plasmid mediated silver and
antibiotic resistance in Acinetobacter
baumannii BL54. Iran. J. Med. Sci., 23: 30-36.

Shaligram, N, S, Bule, M, Bhambure, R, Singhal, R,
S, Singh, S, K, Szakacs, G, Pandey A. 2009.
Biosynthesis of silver nanoparticles using
aqueous extract from the compactin producing
fungal strain. Proc. Biochem., 44(8): 939-943.

Shankar SS, Rai A, Ahmad A, Sastry M. 2004. Rapid
synthesis of Au, Ag, and bimetallic Au core—Ag
shell nanoparticles using Neem (Azadirachta
indica) leaf broth. J. Colloid Interface Sci.,
275(2): 496-502.

R, Wagh P, Wadhwani S, Gaidhani
S, Kumbhar A, Bellare J, Chopade BA. 2013.
optimization, and characterization of silver
nanoparticles from Acinetobacter
calcoaceticus and their enhanced antibacterial
activity when combined with antibiotics. Int. J.
Nanomedicine, 8: 4277-4290

Sondi I, Salopek-Sondi B. 2004. Silver nanoparticles
as antimicrobial agent: a case study on E. coli
as a model for Gram-negative bacteria. J.
Colloid Interface Sci., 275(1): 177-182.

Thomas V, Yallapu MM, Sreedhar B, Bajpai SK.
2007. A versatile strategy to fabricate
hydrogel-silver nanocomposites and
investigation of their antimicrobial activity. J.
Colloid Interface Sci., 315(1): 389-395.

Singh

Verma VC, Kharwar RN, Gange AC. 2010.
Biosynthesis of antimicrobial silver
nanoparticles by the endophytic fungus

Aspergillus clavatus.
5(1): 33-40.

Vigneshwaran N, Ashtaputre NM, Varadarajan PV,
Nachane RP, Paralikar KM, Balasubramanya
RH. 2007. Biological synthesis of silver
nanoparticles using the fungus Aspergillus
flavus. Mater. Lett., 61(6): 1413-1418.

D, Sun W, Qian W, Ye Y, Ma X. 2009. The
synthesis of chitosan-based silver
nanoparticles and their antibacterial activity.
Carbohyd. Res., 344(17): 2375-2382.

Xu H, Yao L, Sung H, Wu L. 2009. Chemical
composition and antitumor activity of different
polysaccharides from the roots Actinidia
eriantha. Carbohyd. Polym., 78: 316-322.

Zhang H, Chen G. 2009. Potent Antibacterial
Activities of Ag/TiO2 Nanocomposite Powders
Synthesized by a One-Pot Sol-Gel Method.
Environ. Sci. Technol., 43(8): 2905-2910.

Nanomedicine (Lond),

Wei

http://www.egyseb.org



12

Egypt. J. Exp. Biol. (Bot.), 10(1): 1 — 12 (2014)

WL U s>9lgudl puriidlg WU bl plasuiuwl augill]l @l (§5LBN Sguzdl sl
anigi LJI

M)l e abuao 69,0 « Sl dad] (s> oo Saxo doxo D
yao o3V agols psilaubig wlyhell (seuddVI ;S 0l

Dlas suire &W o oo Ul Wyl @ypbl 285 (Luw o)
) oab) u.]a.c| bhad Ggu> wlslao @ A=>9 L:9.a.>
aelll auaell 5BAL Lhls sie (ug)Saell 1o blaull
LMzl aniodl Lpins awasll Bl el lal cawnl
0lSg awnsll 5Bl 58,5 sde 8,08) ol vousig @l yull
Ip>9,5a01.2 ;2.1 1.4 9& LMzl sac waai ol 35,4l
Sl olbywy wglesll Ulbyw LS oo JS 2o silo
ol 58,0l Ol gu> 8, sl sde LUl Olb,ws
wslo [nmraySao 39.6 68 sl LU Lo %50 domi)
u.o CugJLu aund d;bb CLU| Cl.ulS.n| Cl_w|).\J| &l u.z.o3| .\99
w.uu.cll uwb R ul),s)u_ byl LMl e
olslaal dogliall &g Sundl 1o lpolaziw! laly dusubll

gzl

1ugosS=xoll

UMAOU U.A.C/OQLC 1;5\>9J9»9)S...0J|p.u19 u...\JIp,S :L..:b_,.” D. |
Ua.a.lopgl.c 1uLuJ|p.u19 JJ)9J|Q\s.la.mc\1£ >|

ISSN: 1687-7497

On Line ISSN: 2090 - 0503

ole 15,08 > o dbd elyl aolos Hlasl g

Quigall @5,Jl b>g) 189 49Ul duasll $ill BB gla]
Ju loo csidl 0l @lyhd aind syhall auslll ogl
olyhall ST e 0lSs aglll aunall $Bal lp=Lo] (sl
Lo Ug) (sl sy gl Ssl iyl 59 90 Bl
o3 g kel eloll ly &ylie Shall el USls
)Jas CL]a.w|9J Cl.zuuo.” CUQJL.” Cbua.o.” L_9JL‘3.!J| uu..ay
/OI.\m_quJS ).uog.:l.u 420 S\>90 dg]o e Lolasl ).9Jo| >
BB gas oSol VI gVl oSwg,Suoll slp>
245 . 55 o0 lo ahd zoly a8y Lwldy &undll
Azl adll paiell (wislly oSIl Julzdl pis. yingil
w9SawgySaoll lozr Bxdoll S| sl H=all sle>
Ab Y biodl Sg,bll i 5 Lanly .aawlall CsigSIYI
ol Jelxo) Jgo wslo 0.75 35,5 csby awasll 56l
HART o3 P 09 -6 >0 ywly £°40 =) Jic dnsll
gl 0id v GBIl el dug,Suoll an alelall
asilidl agumll clslasll go lphlsy g 83,800 lpalasiwly
oalrngiol) doglaodl Gulysl LwSeSelidliw LSy 2o

http://www.egyseb.org



