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Abstract

This study was concentrated on the biosynthesis of silver nanoparticles from Penicillium auran-
tiogresium (IMI 89372) with a focus on its cytotoxicity in MCF-7 and MCT cancer cell lines as well
as Vero (normal) cell line that was assessed by crystal violet assay after treatment with various
concentrations (0.44 - 145 pg/ml) for 24 h. The cell morphology was examined by inverted light
microscopy. Further, the radiosensitizing effect of silver nanoparticles (AgNPs) on MCF-7 was also
demonstrated by assessing cell morphology, cell proliferation of MTT assay, LDH activity and in-
duction of apoptosis through checking of some apoptotic genes that altered during carcinogenesis,
including caspase-3, Bax and Bcl-2. Caspase-3 activity was also estimated. Synthesis of AgNPs was
determined by UV-Visible spectrum and it was further characterized by TEM, FT-IR and X-Ray
analysis (EDX, XRD). The biosynthesized AgNPs were spherical and of 12.7 nm in size as recorded
by direct electron microscopy visualization. The biosynthesized AgNPs showed variation in cyto-
toxicity against MCF-7, MCT and Vero cell lines in a concentration dependant response with a var-
ied degree of alteration in cell morphology. The result showed that AgNPs were highly toxic to-
wards MCF-7 with IC50 value of 10.5 pg/ml. Treatment of MCF-7 (10.5 pg/ml) prior to irradiation
improved the effect of irradiation dose (6 Gy) via increasing alteration of cell morphology, inhibi-
tion of cell proliferation, activation of the lactate dehydrogenase (LDH) and caspase-3 leading to
induction of apoptosis which was further confirmed through increasing nuclear DNA damage and
up regulation of caspase 3 and Bax genes and downrgulation of Bcl-2 genes. In conclusion, the
present findings clearly indicated that AgNPs showed dose dependant cytotoxicity and verified
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that AgNPs acted as a potent radiosensitizer and could enhance gamma irradiation induced Killing
of MCF-7 breast cancer cells.
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1. Introduction

Numerous complications are associated with the use of conventional anticancer drugs, including insolubility in
water, rapid clearance, and lack of selectivity, resulting in non-specific toxicity regarding normal cells and in-
sufficient dose of drug delivered to the cancer cells [1].

Nanobiotechnology is the most promising field for generating new kinds of nanomaterials for biomedical ap-
plications [2]. Because nano-particles (NPs) have the affinity to an acidic environment, which characterized tu-
mor tissue, it is believed that selective targeting strategies with NPs facilitate more effective cancer detection
and treatment with minimized side effects to normal cells [1].

Various natural resources have been used for green synthesis of NPs: plants, plant products, bacteria, fungi,
algae, yeast, and viruses [3]. The most commonly preferred method is using bacteria or fungi due to the fact that
they are easy to handle, and the possible genetic manipulation [4].

“Green synthesis” of nanoparticles makes use of environmental friendly, non-toxic and safe [5]. Silver nano-
particles are of particular interest for applications in medical devices and healthcare products because of their
antibacterial activity and low toxicity to human cells.

AgNPs have gained much interest in the field of nanomedicine due to their unique properties and obvious
therapeutic potential in treating a variety of diseases [6] and have a great potential in cancer management be-
cause they have selectivity involved in disruption of mitochondrial respiratory chain leading to the production of
reactive oxygen species (ROS), induced the expression of genes associated with DNA damage, and enhanced
apoptosis of tumor cells [7]. AgNPs induce cell damage in a dose- and size-dependent manner; a higher dose
and a smaller size lead to increased cytotoxic effects [8].

On the basis of the aforementioned, this study was designed to assess the cytotoxicity of the mycosynthesized
AgNPs in MCF-7, HCT human cancer cells as well as the non-cancerous (Vero) normal cells. We also attempt
to provide concentrated insight into AgNPs as a radio sensitizing agent.

2. Materials and Methods
2.1. Microorganisms

The Fungal type of Penicillium aurantiogresium (IMI 89372) strain used in this study and was kindly provided
by the culture collection unit of the Regional Centre for Mycology and Biotechnology (RCMB), Al-Azhar Uni-
versity, Cairo, Egypt. The culture strain was maintained and sub cultured on malt extract agar (MEA) slants and
plates containing; 20gm malt extract; 20 gm glucose; 1 gm peptone; 20 gm agar (Ingredients in one litre of dis-
tilled water).

2.2. Biomass Production and Biosynthesis of Silver Nanoparticles

The biomass of biosynthesized AgNPs was prepared previously [9]. In brief, the fungus was grown aerobically
in a liquid medium containing (g/l) KH,PO,—7.0; K,HPO,—2.0; MgSO,—0.1; (NH,4),SO,—1.0; yeast ex-
tract—0.6; and glucose—10.0 (pH: 6.2 £ 0.2). The flasks were inoculated and incubated on orbital shaker at
25°C and agitated at 150 rpm. The biomass were harvested after 72 hours of growth by sieving through What-
mann filter paper No.1 followed by extensive washing with distilled water to remove any undesired component
from the biomass.

To prepare extracellular fungal cell-free extract for the synthesis of AgNPs, 20 g of fresh, clean fungal bio-
mass was brought in contact with 100 ml of de-ionized water in an Erlenmeyer flask and incubated at 25°C in
dark shaking incubator (150 rpm) for 72 hours. After incubation, the cell filtrate was obtained by passing it
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through Whatmann filter paper no.1. For synthesis of silver nanoparticles, 50 ml AgNO; (1 mM) was mixed
with 50 ml of extracellular fungal cell-free extract in a 250 ml Erlenmeyer flask and agitated at 25°C and pH 4.0
in the dark shaking incubator at 150 rpm for 72 hours. Two controls were used; first negative control containing
only biomass without the silver ion, and second positive control containing 1 mM AgNOs; that run along with
the experimental flasks.

The formation of silver nanoparticles was detected by turning the color of the mixture after incubation from
light yellow to dark reddish brown. The reduction of silver ions was confirmed by qualitative testing of the su-
pernatant by UV-visible spectrophotometer (Spectronic Milton Roy 1201 UV). 1 mM of AgNO; was mixed
with 50 ml of the cell filtrate in a 250 ml Erlenmeyer flask at 25°C and pH 4 and agitated in the dark. Optical
density was measured each 10 min starting of incubation until 72 hours and at different wavelength ranging
from 200 to 800 nm and plotted the values on a graph.

2.3. Characterization of the Biosynthesized Silver Nanoparticles (AgNPs)

The characterization of silver nanoparticles was carried out according to Helmy and Mekawy (2013) using dif-
ferent instruments and techniques including visual observation, UV-Visible spectrophotometer, X-ray diffrac-
tion (XRD) of TEM, energy-dispersive X-ray (EDX) of SEM, Fourier transform infra-red (FT-IR) analysis and
TEM.

2.3.1. UV-Visible Spectroscopy

The UV-Visible spectrophotometer has proved to be a very useful technique for the analysis of some metal na-
noparticles and is a significant technique to authenticate the formation and stability of AgNPs in aqueous solu-
tion.

2.3.2. Transmission Electron Microscopy (TEM) and X-Ray Diffraction Analysis

Silver nanoparticles (AgNPs) size diameter and shape were reported and determined by Transmission Electron
Microscopy (TEM JEOL 1010, Japan) and the crystalline AgNPs were determined by X-ray diffraction analysis
using X-ray diffraction (XRD) of (XRD/TEM JEOL 1010, Japan). Samples for TEM were prepared by putting a
drop of the AgNPs solution onto a conventional carbon coated copper TEM grid (400 meshes, Plano Gmbh,
Germany), allowing the drop to dry overnight at room temperature before imaging. X-ray diffraction analyses as
well as the TEM images of the samples were obtained using an accelerating voltage of 30 KV and 80 KV, re-
spectively. At least three images of each sample were taken to have a clear representation of its morphology.

2.3.3. Scanning Electron Microscope (SEM) Analysis

For SEM imaging, a sample of a solution was placed on a carbon strip attached to an SEM brass support and
dried at 50°C for 5 min. The energy-dispersive X-ray (EDX) spectra (SEM/EDX, JSM-5500 LV JEOL, SEM,
Japan) were used to examine the dimension, morphology, and chemical composition of the samples. Surface
binding elements were analyzed with X-ray photoelectron spectroscopy. Silver nanoparticle which was excited
by an electron beam showed the peak values of Ag element.

2.3.4. Fourier Transform Infra Red (FT-IR) Spectroscopy Analysis

The infrared analysis of the nanoparticles was performed on a Fourier transform infrared (FT-IR) spectrometer
(IRPrestige-21®, German) to understand the protein—nanoparticle interaction and to identify the possible bio-
molecules which are responsible for reduction of Ag* ion and capping of the bio-reduced nanoparticles synthe-
sized by the fungal cells. Prior to analysis, the fungal filtrate containing nanoparticles was stirred at a speed of
5000 rpm for 10 min, and it was then washed with deionized water three times and air-dried. The dried samples
were pressed into pellets. The sample pellets were placed into the sample holder and FT-IR spectra were rec-
orded in the range of 450 - 4000 cm * at a resolution of 4 cm ™.

2.4. Determination of Nanoparticle Concentration

Accurate determination of the size and concentration of nanoparticles is essential for the biomedical application
of nanoparticles and was determined according to the method previously reported [6]. The concentration of
AgNPs to be administered at the level was determined by a method which has been previously reported. The
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calculation was as follows: Initially the average number of atoms per nanoparticles was calculated using the

formula:
3
N =D
6M
. 1x105x(50x107) x6.023x10%

6x107.868

where N = number of atoms per nanoparticle, = = 3.14, p = density of face-centered cubic silver = 10.5g/cm®, D
= average diameter of nanoparticles = 50 nm = 50 x 10’ cm, M = atomic mass of silver = 107.868 g, Na =
number of atoms per mole (Avogadro’s number = 6.023 x 10%).

Therefore, assuming 100% conversion of all silver ions to silver nanoparticles:
i.e., N =3837233.003, then the molar concentration of the nanoparticle solution determined by

B 1x6.023x10%
3837233.003x1x 6.023x10%
where; C =molar concentration of the nanoparticle solution, Nt = total number of silver atoms added as AgNO;
=1 M, N =number of atoms per nanoparticle (from the calculation above), V =volume of the reaction solution in

L, Na =Avogadro’s number (6.023 x 10%).
The required concentrations were thereafter made up from the obtained values.

2.5. Mammalian Cancer Cell Lines

Colon (HCT), breast (MCF-7) human cancer cell lines, and Vero (normal cell lines) were obtained from the tis-
sue culture unit of the Holding Company for Biological Products and Vaccines (VACSERA), Giza, Egypt and
supplied through the American Type Culture Collection (ATCC).

2.5.1. Subculture of Cell Lines

Cultures were viewed using an inverted microscope to assess the degree of confluence and to confirm the ab-
sence of bacterial and fungal contaminants. Cell monolayer washed with PBS using a volume equivalent half of
the volume of culture medium. Trypsin/EDTA was added on to the washed cell monolayer using 1 ml per 25
cm? of surface area. The flask was rotated to merge the monolayer with Trypsin/EDTA. The flask was returned
to the incubator and left for 2 - 10 minutes. The cells were examined using an inverted microscope (CKX41;
Olympus, Japan) to ensure that all the cells were detached and floated.

2.5.2. Culture Media
The cells were cultured in a humid environment at 37°C and 5% CO, atmosphere in RPMI-1640 medium sup-
plemented with Penicillin (100 IU/ml), Streptomycin (100 pg /ml) and 10% fetal bovine serum.

2.6. Irradiation Conditions

In order to investigate the enhancement the radiosensitivity of MCF-7 cell lines, the cells were exposed to
AgNPs at a concentration of 10.5 pg/ml for 24hrs then exposed to 6 Gy irradiation at a dose rate of (0.657
Gy/minute) in the Canadian Gamma Cell-40 (137Cs) at the National Centre for Radiation Research and Tech-
nology (Cairo, Egypt).

2.7. Cytotoxicity Assay

Crystal violet assay as described previously [10] was applied to demonstrate the viability of MCF-7, HCT and
Vero cell lines under the effect of silver nanoparticles (AgNPs). Briefly, cells were plated in 96-well culture
plates and exposed to various concentrations (0.44, 0.88, 1.75, 3.5, 7.0 and14 pg/ml) of AgNPs. In addition to
control untreated cells. All cultures were incubated for 24 hours at (37°C, 5% CO, in a humid atmosphere) in a
humidified incubator. At the end of the incubation period, the plates were inverted or aspirated to remove the
medium. The wells were washed with 100 pl of PBS. Finally, the dye was extracted from the cells by adding
and mixing glacial acetic acid (33%) to the contents of each well. The absorbance was measured in triplicates at
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490 nm using ELISA Reader system (SunRise TECAN, Inc., USA). The cytotoxicity was evaluated as crystal
violet reduction end point. The survival percentage was calculated as the ratio of the percentage optical density
according to the following equation:

Survival% = OD yeq /OD cgnyor X 100.

control

The quantitative external morphology of exposed cells under the effect of AgNPs of 14 pg/ml concentration
was analyzed using an inverted microscope (Leica, Germany) equipped with the digital microscopy camera to
capture the images representing the morphological changes in MCF-7, MCT and Vero treated cell lines cells in
relation to control cells.

2.8. Enhancing the Radiosensitivity of MCF-7 by Mycosynthesized AgNPs

The MCF-7 cell lines were selected to evaluate the potential effect of AgNPs to enhance the killing effect of ra-
diotherapy. The cytotoxic activity of combined treatment with y-ray irradiation and AgNPs in comparison to the
cytotoxic effect of each treatment applied alone. Thus four sets of treatments were prepared. 1% is the negative
untreated MCF-7 cells, 2" is MCF-7 with 10.5 pug/ml AgNPs for 24 hrs. 3" group: cells was exposed to 6 Gy of
gamma rays alone at a dose rate of 0.675 Gy/sec. 4™ group is the combined treatment, AgNPs was added to the
cultures 24 hrs prior exposure to 6 Gy irradiation.

Cell morphology under the effect of different treatments was analyzed by the inverted microscopy as men-
tioned in the cytotoxicity set.

The radio sensitizing effect of AgNPs in MCF-7 cell lines was demonstrated in cellular and molecular levels
via estimation of cell proliferation, membrane integrity (LDH assay), DNA fragmentation, caspase-3, Bax and
Bcl-2.

2.8.1. Cell Proliferation Assay

Cell proliferation of MCF-7 cells of all groups was determined using the MTT (3-[4,5-dimethylthiazol-2-yl]-2.5-
diphenyl tetrazolium bromide) cell proliferation kit (Trevigen Inc., Gaithersburg, MD, USA) as per manufactur-
er’s protocol. Briefly, cells were plated in 96-well tissue culture plates in a range of 10° - 10° cells/well in the
presence or absence of AgNPs (10.5 pug/ml) in a final volume of 100 uL of medium and were allowed to attach
overnight. The MTT reagent was added (10 pL per well) and the plate is incubated for 2 to 12 h to allow for
intracellular reduction of the soluble yellow MTT to the insoluble purple formazan dye. Detergent reagent is
added to each well to solubilize the formazan dye prior to measuring the absorbance of each sample in a micro-
plate reader at 550 - 600 nm. Six wells were used for each group. The sham control (irradiated) group was as-
signed a value 100%. Inhibition of cell proliferation (%) of the treated cells (AgNPs + IRR) was determined rel-
ative to that of irradiated cells set as 100%. The results are presented as the mean + standard error (SE) of three
independent experiments.

2.8.2. LDH Assay

Lactate dehydrogenase (LDH) was assayed in the current investigation to evaluate the capability of AgNPs to
enhance the IR induced membrane damage of MCF-7 cells with the leakage of LDH out of the cell. The radi-
osensitivity of MCF-7 was examined by quantitative measurement of the activity of LDH in the supernatant and
compared with the IR treatment.

In brief, 50 ul of the culture supernatants from each well were transferred to the corresponding well in another
microtitre plate. The LDH activity of the supernatant was measured by an LDH cytotoxicity detection kit, ac-
cording to the manufacturer’s instructions (Takara Biochemicals, Otsu, Japan). The LDH activity was monitored
by the reduction of a tetrazolium salt (yellow) to formazan (red). One hundred microlitres of diaphorase/s-nico-
tinamide adenine dinucleotide (NAD+, oxidized form) dissolved in 2-(4-indophenyl)-3-(4-nitrophenyl)-5-
phenyltetrazolium chloride/Na-lactate was added to each well, and the plate was incubated for 30 min at room
temperature. After incubation, the absorbance was measured at wavelengths, 490 nm with microplate reader
(Model 550, BioRad Laboratories, Hercules, CA, USA).

2.8.3. DNA Fragmentation Assay

To investigate the potential of AgNPs to enhance the radiosensitivity of MCF-7 to the IR dose induce internuc-
leosomal DNA fragmentation, the standard method for DNA laddering assay [11] was performed. In brief, cells
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from each treated group were collected and then mixed with extraction buffer (10 mM/ITris-HCI [pH 8.0], 0.1
M/l EDTA [pH 8.0]) and 0.5% SDS, was first incubated for 1 hour at room temperature and then digested in the
same buffer with 200 pg/ml proteinase K (Sigma) at 50°C. An equal volume of phenol equilibrated with 1
mol/ITris buffer (pH 8.0) was then added, and the tubes were placed on a roller apparatus for 1 hour. After the
two phases were separated by centrifugation at 5000 g for 30 minutes at room temperature, the viscous aqueous
phases were transferred to clean tubes, and the extractions were repeated with an equal volume of phe-
nol/chloroform. After the second extraction, the aqueous phase was transferred mannitol, 70 mM sucrose, 5 mM
Hepes (MSH) buffer, pH 7.5. The extracted DNA was separated on agarose gel electrophoresis to assess frag-
mentation. The bands were visualized using a UV transilluminator of a gel documentation system (BIO-RAD,
Gel Doc 2000).

2.8.4. Caspase Activity Assay
A Caspase-3 level was demonstrated in plasma using ELISA kit [Cat No. MBS261814] and according to manu-
facturer’s instruction provided with the Kits.

2.8.5. Detection of Apoptotic Gene Expression by Real-Time Polymerase Chain Reaction (RT-PCR)
Apoptotic signalling genes include; Caspase-3, Bax and Bcl-2 were detected by RT-PCR. The housekeeping
S-actin genes were used as internal control. Total RNA was extracted from each frozen sample using TRIzol®
reagent (Invitrogen) according to a standard protocol. The isolated total RNA was converted into complementa-
ry DNA (cDNA) using Moloney murine leukemia virus (M-MLV) reverse transcriptase (Promega, Madison,
USA).Real-time PCR was performed using an ABI 7500 Real-Time PCR System (Applied Biosystems, Foster
City, CA, USA) and an SYBR® Green PCR Master Mix (Applied Biosystems) in a final volume of 10 ul with
the following thermal cycling conditions: 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for
1 min. The sequences of PCR primer pairs used for each gene are shown in Table 1. Data were analyzed with
the ABI Prism sequence detection system software and quantified using the v1-7 Sequence Detection Software
from PE Biosystems (Foster City, CA, USA). The relative expression of studying genes was calculated using the
comparative threshold cycle method. All values were normalized to the S-actin genes as an invariant endogen-
ous control (reference gene). The relative quantification was then calculated by the 27**“* method.

2.9. Statistical Analysis

Statistical evaluation of the data was performed using one-way analysis of variance (ANOVA), one-way analy-
sis of variances using the SPSS package program, version 14. The results were shown as mean + SE and P <
0.05 accepted as the minimum level of significance.

3. Results

3.1. Characterization of the Biosynthesized Silver Nanoparticles (AgNPs)

Extracellular biosynthesis of silver nanoparticles by Penicillium aurantiogresium (IMI 89372) was carried out
during this work. After incubation for 72 hours with sterilized deionized distilled water, the fungal biomass was
separated by filtration. The fungal cell free filtrates incubated with silver ion at the beginning of the reaction.
The flasks being incubated in the dark in an environmental shaker showed a gradual change and increasing in
color intensity of the medium to brown during the incubation period. The result showed synthesis of silver na-
noparticles of silver ions appeared in contact with the filtrate (Figure 1).

Table 1. The sequences of PCR primer pairs.

Parameter Primer sequence
F: CTGGACTGCGGTATTGAGAC-3’

R: CCGGGTGCGGTAGAGTAAGC-3’
F 5’-ATGGACGGTCCGGGGAGCAGC-3’

Caspase-3

Bax R 5’-CCCCAGTTGAAGTTGCCGTCAG-3’
Bel2 F 5-GGTGCCACCTGTGGTCCACCTG-3'
R 5"-CTTCACTTGTGGCCCAGATAGG-3

peactin F: (forward) TGTTTGAGACCTTCAACACC-3’

R: (reverse) TAGGAGCCAGGGCAGTAATC-3’
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Figure 1. Culture filtrate with silver ions: (a) at the beginning of reaction and (b)
after 72 h of reaction.

The change in color of the medium was noted by visual observation. The solution remained as hydrosol and
no precipitation was observed. Control (without silver ion) showed no change in colour of the cell filtrate when
incubated in the same environmental condition.

The present results revealed that the fungal isolate Penicillium aurantiogresium (IMI 89372) formed nanopar-
ticles with silver nitrate in extra cellular filtrates.

In the current study, TEM micrograph of AgNPs was obtained at 25°C and pH 4 as a control (directly from
fungal filtered) and in 37°C and pH 6.0 as an optimum conditions for the AgNPs biosynthesis process (Figure 2).
The direct electron microscopic visualization allows measuring the size and shape of the silver nanoparticles
formed. The micrograph showed nanoparticles with spherical in shape and measured 12.7 nm in size.

Silver nanoparticles from the all used fungal extracts have been characterized using XRD by various investi-
gators. The size of silver nanoparticles can also be determined by laser diffraction. Selected area electron dif-
fraction (SAED) spots that corresponded to the (from inside to outside of the central ring) planes of the face-
centered cubic (FCC) structure of elemental silver are clearly seen in Figure 3(a). The silver particles formed
can be achieved by measuring the XRD-spectrum of the samples. X-ray diffraction occurred to confirm the
crystalline nature of the nano-particle and the XRD pattern obtained has been represented in Figure 3(b). The
XRD pattern showed intense peaks in the whole spectrum of 20 values ranging from 20 to 80.

Currently, FTIR measurements of AgNPs were carried out after 24 h of incubation with the fungus to identify
the possible biomolecules responsible for the reduction of the Ag” lons and capping of the bio-reduced AgNPs
synthesized by fungal filtrate. Representative spectra of obtaining nanoparticles manifests absorption peaks lo-
cated at about 1045, 1245, 1299, 1361, 1377, 1488, 1550, and 1631 in the region 1000 - 1800 cm™*. The FTIR
spectra reveal the presence of different functional groups like C-N, C-O—C, amide linkages, 1400 to 1700 cm *
region provides information about the presence of “C=0" and “N-H" groups, these may be between amino acid
residues in polypeptides and protein in synthesized silver nanoparticles and give rise to well-known signatures in
the infrared region of the electromagnetic spectrum (Figure 4(a)).

Energy dispersive X-ray spectrum (EDX) analysis shows the peak in the silver region confirming presence of
elemental silver. The optical absorption peak is observed approximately at 3 KeV, which is typical for the ab-
sorption of metallic silver nanocrystalline due to surface plasmon resonance, from this we confirmed the pres-
ence of nanocrystalline elemental silver (Figure 4(b)).

3.2. Mycosynthesized AgNPs Induced Dose Dependant Cytotoxicity

In the present investigation the cytotoxicity of the biologically synthesized sliver NPs using Penicillium auran-
tiogresium (IMI 89372) was evaluated under in vitro conditions in MCF-7, HCT and Vero cell lines. This was
assessed in term of cell viability by crystal violet assay for 24 hour in human cancer cells MCF-7 and HCT as
well as in the normal Vero cell lines using concentrations ranging from 0.44 pg/ml to1l4 pg/ml. Depending on
AgNPs concentration, a significant differential cytotoxic effect was testified towards the examined cells. The
results showed that the synthesized AgNPs was found to be potentially cytotoxic against MCF-7 and MCT cell
lines. However, MCF-7 viability were significantly inhibited by AgNPs agent with IC50 value 10.5 pg/ml of the
concentration and MCT cells with 1C50 12.3 pg/ml of the concentration. The results also demonstrated that the
sensitivity of the two cancer cell lines examined in the current work was higher than that of Vero cell lines

(IC50 77.4 pg/ml) (Figure 5).
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Figure 2. TEM micrograph of synthesized silver nanoparticles (scale bar: 50 nm) from tested fungal extracts measured 12.7
nm.
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Figure 3. (8) & (b) Selected area electron diffraction (XRD) showing the characteristic crystal planes of elemental silver
from all fungal extracts used in the present study.
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Figure 5. Cytotoxic activity of AgNPs on MCF-7, HCT and Vero cell lines as assayed by crystal
violet method. The values are the mean of three separate trials + SE.

3.3. Cellular Morphology Analysis

The morphological changes of MCF-7, HCT and Vero cell lines were analyzed using inverted microscope after
incubation with the highest concentration of AgNPs (14 pg/l) used in the current investigation for 24 hr. Both
MCF-7 and HCT cancer cells showed profound morphological changes characteristic of cytotoxicity. The cells
appeared aggregated, irregular in shape, detached from the substratum and floating in their culture media.
Moreover, the cells showed typical apoptotic features characterized by chromatin condensation close to the nuc-
lear envelope, associated with cytoplasmic vacuolization. These morphological changes are less pronounced in
Vero cells (Figure 6).

3.4. Silver Nanoparticles (AgNPs) Mediated Radiosensitivity of MCF-7 Cancer Cells

To determine whether AgNPs enhanced the therapeutic effect of radiotherapy and resulted in better cytotoxic
effect than radiotherapy alone, the cytotoxic effect of combined treatment with y-irradiation and AgNPs was
evaluated in comparison with the cytotoxic effect of irradiation treatment alone. The cells were treated with
AgNPs of 10.55 pg/ml concentration for 24 hr then irradiated with 6 Gy. The radiosensitizing effect of AgNPs
in MCF-7 cells was demonstrated 24 hours post irradiation exposure through a demonstration of its antiprolife-
rating effect (MTT assay), cell membrane integrity (via LDH release) and DNA damage as well as apoptotic
gene expression (caspase-3, Bax and Bcl-2) as well as caspase activity.

3.5. MTT Assay

The MTT assay implies that incubation of MCF-7 cell lines with AgNPs (10 pg/ml) caused significant (P < 0.01)
inhibition of cell proliferation (65.5 + 2.6) and to (65.2 + 5.7) when irradiation treatment applied alone (P <
0.01), Mean while, combination of AgNPs with IR increased the inhibition of cell proliferation (P < 0.001)
compared to control set. It is worth of mentioning that the combined treatment caused a pronounced increase in
inhibition of cell proliferation compared to irradiation treatment alone (P < 0.05) (Figure 7).

3.6. LDH Assay

The LDH assay is a cytotoxicity assay that measures the membrane damage by quantifying the amount of LDH
released from the cytoplasm. In the current study the results revealed that AgNPs in its own and IR treatment
alone caused significant (P < 0.01) membrane damage with the leakage of LDH enzyme which correlated as in-
dicated by the increase of the absorbance reading in LDH assay. The cyto-damage was further increased with a
substantial increase in LDH release was observed in AgNPs combined with IR treatment compared to IR treat-
ment alone (P < 0.05) (Figure 8).

3.7. DNA Fragmentation in MCF-7 Cell Lines

To demonstrate the apoptotic effect of AgNPs and its enhancing capacity of IR therapy, DNA laddering assay
was performed on agarose gel in MCF-7 treated cells. The results imply the presence of clear fragments in
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AgNPs and IR treated cells. These fragments increased when the cells exposed to the AgNPs combined with IR
therapy confirming that AgNPs induce cell death and enhance apoptotic cell death by IR (Figure 9).
3.8. Caspase-3 Activity in MCF-7 Cell Lines

To investigate whether AgNPs induced apoptosis is mediated via caspae-3 pathway and enhancement of the
apoptotic effect of radiotherapy via enhancing the activity of caspase-3. The data presented in Figure 10 showed
significant (P < 0.01) increase in caspase-3 activity after each of the sole treatment of AgNPs or IR. Further

> | MCF-7 14 pgimr

HCT 14 pg/mi-

VERO Control VERO 14 pg/mi

Figure 6. In vitro cytotoxicity of AgNPs. Microscopic photographs of the tested cell lines: cells were treated
with or without AgNPs (14 pg/ml) for 24 hours using an inverted microscope at x40 magnification.
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Figure 7. Radiosensitizing effect of AgNPs on cell proliferation in MCF-7 cells. The results represent the
means of three separate experiments + the mean of standard error. Treated groups showed statistically sig-
nificant differences from the control group at ™"P < 0.001, “P < 0.01. AgNPs + IR showed statistically sig-
nificant differences from the IR group at P < 0.05.
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Figure 8. Radiosensitizing effect of AgNPs in MCF-7 cells as indicated by LDH activity. The results
represent the means of three separate experiments + the mean of standard error. Treated groups showed sta-
tistically significant differences from the control group at P < 0.0 01, P < 0. 01. AgNPs + IR showed
statistically significant difference from the IR group at °P < 0. 05.
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M 1 2 3 4

Figure 9. An agarose gel electrophoresis show the DNA fragmentation pattern which was monitored in dif-
ferent studied groups. Apoptotic strand breaks/streaking DNA was observed in the treated groups (2, 3 & 4)
and minimal apoptotic breaks in group 1 (cancer untreated cells).
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Figure 10. Radiosensitizing effect of AgNPs on caspase-3 activity in MCF-7 cells. The results represent the
means of three separate experiments + the mean of standard error. Treated groups showed statistically sig-
nificant differences from the control group at P < 0.0 01, “P < 0. 01. AgNPs + IRR showed statistically
significant differences from the IR group at °P < 0. 01.

pronounced increase in caspase-3 activity was observed after the combination of combination of both treatments
compared with IR treatment alone (P < 0.01) (Figure 10).

3.9. Expression of Apoptotic Genes in MCF-7Cell Lines

Evaluation of the radio sensitizing effect of AgNPs on expression of apoptotic genes caspase-3, Bax and Bcl-2
at a transcriptional level using RT PCR was performed after treatment of MCF-7 with either AgNPs at a con-
centration of 10.5 uM for 24 h or irradiation at a dose of 6 Gy IR and their combination. The altered expression
of the apoptotic genes is shown in Figure 11. The results showed that the mRNA expression of caspase-3 and
Bax were significantly (P < 0.01) up regulated and the expression of anti apoptotic gene Bcl-2 was significantly
(P < 0.001) down regulated in AgNPs as well as IR treated MCF-7 cell lines. More prominent alteration was
noted in caspase-3, bax (P < 0.01) and Bcl-2 (P < 0.05) after treatment of AgNPs combined with IR treatment in
relation to IR treatment alone (Figure 11).

3.10. Radiosensitizing Effect of AgNPs and Cellular Morphology Analysis

Furthermore, the radio sensitizing effect of AgNPs on cellular morphology was also demonstrated upon treat-
ment with 1C50 of silver NPs (10.5 pg/ml) alone, IR treatment (6 Gy) alone and the combination of both. The
photographs (Figure 12) showed that control (without treatment with AgNPs or radiation), the tumor cell was
composed of sheets or cords of irregularly sized and shaped cells with no tendency to keratinization. Mitotic
figures were commonly encountered and the tumor cells were clearly surrounded by the stroma (Figure 12(a)).



0. E. Elshawy et al.

3 Control B AgNPs IR OAgNPs+IR

12 4

*Hkg

10 A '|'

2 T *kk ***a

-

Bax relative expression Bcl-2 relative expression

Figure 11. Radiosensitizing effect of AgNPs on the expression of the apoptotic gene Bax and an-
ti apoptotic gene Bcl-2 in MCF-7 cell lines. The results represent the means of three separate ex-
periments + the mean of standard error. Treated groups showed statistically significant differ-
ences from the control group at “"P < 0 .001. AgNPs + IR showed statistically significant dif-
ferences from the IR group at °P < 0. O1.
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Figure 12. Radio sensitizing effect of AgNPs on cellular morphology. Microscopic photographs
of (a): untreated MCF-7 cell lines and (b): cells treated with AgNPs (10.5ug/ml) for 24 hour
alone; (c) cells treated with 6 Gy irradiation alone and (d) cells treated with the combination of
both, using inverted microscope at x40 magnifications.

The cells were gradually keratinized after treatment with AgNPs occasionally showing malignant squamous
pearls (Figure 12(b)). The individual cell keratinization and cancer pearls were more prominent after treatment
with either AgNPs or radiation (Figure 12(b) and Figure 12(c)).

After treatment with both, almost all the tumor cells were degenerated to necrosis, with only a pearl-like
structure and very few cellular elements remaining remarkable nuclear hypochromasia were enmeshed within
the fibrous stroma (Figure 12(d)).

4. Discussion
The conventional methods, particularly chemical and physical procedures have been widely used to synthesize
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metal nanoparticles (NPs). However, the procedures of these methods are usually cost and potentially hazardous
to the environment. Nowadays, there is a growing need to develop clean, nontoxic and eco-friendly methods.

The growing success and ease of formation of nanoparticles using micro-organisms have been paid much at-
tention, because of their advantages over the chemical and physical methods. Therefore, it was of great signific-
ance to explore a novel fungi strain for synthesizing AgNPs based on the biodiversity.

To the best of our knowledge, this the first report on the biological synthesis of AgNPs using a strain of Peni-
cillium aurantiogresium (IMI 89372). In this study the fungal biomass was exposed to an aqueous 1 Mm Ag-
NO3 solution resulted in the reduction of the metal ions and formation of silver nanoparticles. The synthesized
AgNPs were spherical in shape and 12.7 nm in size as characterized using UV-visible spectroscopy, TEM, XRD,
EDX and FTIR analysis.

It has been demonstrated that different species of fungi are extremely good candidates in the synthesis of sil-
ver nanoparticles (AgNPs) [12], this is because of the secretion much higher amounts of bioactive substances,
which made fungi to be more suitable to produce large-scale nanoparticle. In addition, the process of extracellu-
lar nanoparticle biosynthesis using fungi is much easier than bacteria production [13]. The present results are in
consistent with studies reported the nanoparticle biosynthesis using fungi (Fusarium oxysporum) [14]. The me-
chanism of silver nanoparticle production by fungi is the trapping of Ag+ ions at the surface of the fungal wall
and the subsequent reduction of the Ag® by the nitrate enzyme present in the fungal cell wall membrane into
AgNPs [15].

In the present investigation the cytotoxicity and radio sensitizing capacity of the AgNPs were demonstrated
under in vitro conditions.

The cell viability assay which is one of the important methods for toxicology analysis which explain the cel-
lular response to toxic materials, it can provide information on cell death, survival, and metabolic activities [7].

In the current work, crystal violet assay was used to assess the effect of AgNPs at different concentrations
ranging 0.44 pg/ml - 14 pg/ml for 24 hr on the viability of MCF-7 and MCT cancer cells and normal Vero cell
lines.

In agreement with others, our results revealed that AgNPs exhibit significant cellular cytotoxicity which sig-
nificantly reduced the cell viability of the treated cells as a function of AgNPs concentration [16]-[18].

Of note, finding of the present study revealed that AgNPs showed cell specific cytotoxicity, where MCF-7
appeared to be more sensitive to AgNPs toxicity (IC50 values 10.5 pg/ml) over MCT cell lines (IC50 values
12.3 pg/ml), meanwhile, the Vero cell lines exhibited the less cytotoxicity with IC50 77.4 pg/ml.

In line with our results, many investigators showed that AgNPs induce in vitro cytotoxic responses often spe-
cific to cell types [8] [19] [20] resulting in varying degrees of toxicity and was depending on nanoparticle size,
concentration, and exposure time [21] [22].

In correlation with the cytotoxicity results and in agreement with other reports [23], analysis of microscopic
cell morphology in Figure 6 revealed the morphological changes of the cell lines treated with AgNPs (14 pg/ml)
for 24 hr. As visualized under the inverted light microscope, the cells appeared to be shrinking, detached from
substratum, and nuclear condensation and fragmentation were evident.

The in vitro cytotoxic potential of AgNPs could attribute to the generation of ROS which have been shown to
play an important role in induction of apoptosis [24]. Other investigators endorsed the cytotoxicity of AgNPs to
the oxidative stress caused by their release of Ag”™ in cells as both silver nanoparticles and silver ions which
could trigger the production of hydroxyl radicals in acidic endo/lysosomes [25] and induce membrane fluidity
[7]-[25].

Radiosensitization makes cancer cells to be more susceptible to radiation damage, allowing a low dose of
radiation to be used during radiotherapy [26]. It has been demonstrated to improve treatment outcome and re-
duce the side effects [27]. The interaction between AgNPs and ionizing radiation may enhance the therapeutic
effects, thus allowing a reduction in ionizing radiation dose and thereby lowering the potential side effects [28].
For this reason, in the current study, the radio sensitizing effect of AgNPs in combination with radiation therapy
induced inhibition of MCF-7 proliferation and induced apoptosis was evaluated.

Cell proliferation has been suggested as an important factor in the prognosis of malignant tumors [29]. In the
present study, the MTT assay was used to investigate the enhancing antiproliferative effect of AgNPs at a con-
centration of 10.5 pg/ml combined with radiotherapy (6 Gy). Our quantitative analysis revealed that the percen-
tages of cell proliferation were significantly lower in the AgNPs and radiation combination groups than that in
the irradiation treatment alone indicating that AgNPs enhanced the antiproliferating effect of radiotherapy in
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MCEF-7 cell lines. In agreement with our results, several investigators evidenced that AgNPs have been reported
to possess radiation dose-enhancing effects [30] [31].

Lactate dehydrogenase (LDH) is a soluble cytosolic enzyme, which is released into the extracellular medium
due to membrane damage consequently lead to apoptosis. Thus the content of AgNPs induced cytotoxicity was
determined quantitatively by measuring measuring the activity of LDH in the supernatant as an indirect method
[19]. LDH leakage into culture supernatant was measured in MCF-7 cells treated with AgNPs and/or irradiation
to determine cell membrane damage. Moreover, we examined whether AgNPs enhanced irradiation induced
MCF cell death through augmenting of irradiation—induced the membrane leakage. In this study, the LDH activ-
ity in the medium was significantly higher in cells treated with the sole AgNPs or IR treatment alone compared
to the untreated control cells. In close relationship with our results, other investigators reported that AgNPs sig-
nificantly affect the cell membrane integrity and caused LDH leakage in a concentration dependent manner and
after 24 hour of AgNPs exposure in liver rat cells and in L929 fibroblasts [32] [33]. Furthermore it has been
evidenced that IR-induced apoptotic cell death was most likely associated release of LDH [34].

It is worth mentioning that, in combined treatment AgNPs enhanced the cytotoxicity of MCF-7 cells to the
radiation dose and caused more Killing of cells than that observed in the sole AgNPs and irradiation treatments.
In line with our results, other studies emphasized that PEG-GNPs could enhance the therapeutic sensitivity in
breast cancer EMT-6 cells [34]. Also, Zhang et al. [35] evidenced the radiosensitizing effect GSH- and BSA-
GNPs in HeLa cells. They attributed this effect to the enhanced DNA damaging effect induced by the photoe-
lectric effect and Compton scattering of the heavy metal.

Apoptosis is a well-recognized cell death mechanism in cancer treatment, through which cytotoxic agents kill
tumor cells [31]. DNA considered as one of the important characteristics of cell death. Radiotherapy and che-
motherapy are important integral parts of breast cancer treatment which result in DNA damage and can lead to
apoptotic death [36]. In the present investigation, the MCF-7 cell lines were treated with the sole treatments of
AgNPs (10.5 pg/ml), irradiation (6 Gy) and their combination (AgNPs + IRR) for 24 hr. DNA was then ex-
tracted from cell lysate followed by detection by agaros gel.

The laddering pattern showed DNA fragments in MCF-7 cells treated with AgNPs alone or irradiation by it-
self. Adding strengthen to the fact, more pronounced fragmented DNA ladders was observed after applying the
AgNPs combined with irradiation (IR) therapy, suggesting that AgNPs enhanced IR induced apoptotic cell death.
In close relationship with our findings, other studies have been reported that when cancerous cell lines treated
with AgNPs exhibited formation of DNA ladder [37] and resulted in DNA damage [38] caused induction of
oxidative stress [39].

These results were further confirmed by the morphological analysis of the treated cells (Figure 12) which re-
vealed that the cells were shrunken, irregular in size, detached from the substratum and became floated in the
culture media which appeared greater after exposure to the combined therapy. All these observation of the cell
morphology emphasized induction of apoptosis and appeared in a good correlation with our results evidenced by
MTT assay, LDH leakage assay and DNA laddering pattern. The results could be explained as a result of the
production of ROS and the subsequent induction of oxidative stress which play an important role in cell injury
which lead to DNA damage and consequently apoptotic cell death [7] [18] [40].

In the same line with these results, many investigators demonstrated that AgNPs resulted in DNA oxidative
damage suggesting AgNPs mediate ROS-induced genotoxicity and play important role in AgNPs-induced toxic-
ity [41]. Moreover, Zhang and colleagues reported that y-radiation can be absorbed directly by DNA, leading to
ionization of both the nucleobases and sugars, directly generating DNA damage [35].

Caspase-3 is known to be the major effector of the apoptotic machinery and plays an important role in the
apoptotic pathway [20]. To investigate whether apoptosis is mediated by caspase-3, was demonstrated its
MRNA level and caspase-3 activity at the biochemical level after treatment with the sole AgNPs (10.5 pg/ml),
irradiation alone (6 Gy) or in combination.

In agreement with the present finding, a work done by Satyavani and colleagues revealed that AgNPs induced
cell death via activation of caspase-3 activity and DNA fragmentation which are both apoptotic events [42]. The
increased level of caspase-3 activity was observed in human breast cancer cells MDA-MB-231 in response to
the cytotoxic potential of the biologically synthesized AgNPs treatment [21]. The activation of caspase-3 was
also demonstrated following irradiation [43]. Of note, the results displayed that combined treatment of AgNPs
and irradiation enhanced activation of caspase-3 activity compared to either of sole treatment. These results are
in a good correlation with up regulation of caspase-3 gene expression after incubation with AgNPs alone, irradi-
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ation alone. Compared with the groups treated with AgNPs alone, irradiation alone, we noticed that combined
treatment of AgNPs plus irradiation triggered the expression of caspase-3 genes.

These finding suggest that p-irradiation in combination with AgNPs up regulate caspase-3 gene expression
and modulates caspase-3 activity and triggered apoptosis following the loss of membrane integrity and DNA
damage, thereby enhancing apoptotic cell death in a caspase-3 dependant pathway.

The expression of genes that regulate apoptosis such as Bax promoting apoptosis and Bcl-2 promoting sur-
vival [44] are responsible for the induction of the mitochondrial pathway, leading to the activation of caspase
proteins [45].

Regulation of caspases as well as Bax, and Bcl-2 gene expression considered to be of the important regulatory
mechanisms of cell apoptosis [46]. In the current study, an inverse relationship between the Bax and Bcl-2 gene
expression was noticed under the effect of each of the sole treatments of AgNPs (10.5 pg) and irradiation (6 Gy)
and the combined treatment with AgNPs plus irradiation. However, the Pro-apoptotic Bax gene expression was
significantly increased and showed that Bax and Bcl-2 gene expression are regulated differently with AgNPs
alone and irradiation alone. More pronounced alteration of these genes expression was noticed after the com-
bined treatment. The results suggest the radiosensitizing effect of AgNPs enhanced radiation induced up regula-
tion of Bax and down regulation of Bcl-2 cell, thereby increasing the cell killing effect beyond either of the sole
treatments alone. The results also, pointed to that the expression of these genes might be responsible for the con-
trol of the apoptotic cell death.

Our observations are in consistent with studies demonstrated that AgNPs have been reported to possess radia-
tion dose-enhancement effects on different human cancer cell, including MGC-803 [31], U-231 breast cancer cells
[47] and A549 lung cancer cells [48]. Liu and co-workers found that AgNPs treatment followed by radiotherapy
resulted in antiproliferative and proapoptotic effect [30]. Colasanti and Co workers explained the enhancing effect
of AgNPs to the radiation dose. They evidenced that combination of cytotoxic agent could enhance the dose of
ionizing radiation to generate an additive effect that could be more useful in reduction of the therapeutic dose of
radiation to obtain the same therapeutic effect [51].

The mechanism of radiosensitization by AgNPs could be due to disrupting normal cellular function and also
due to affecting the membrane integrity, induced various apoptotic signaling genes of mammalian cells leading
to programmed cell death [49]. Su and co-workers reported that the radiosensitizing potential of AgNPs may be
related to the release of Ag* cation from the Ag nanostructures inside cells. Ag” cation has the ability to capture
electron and thus functions as an oxidative agent, which could further reduce the ATP content of the cell and in-
crease production of ROS [50].

Moreover, it has been emphasized that the cytotoxicity of y irradiation therapy is due to the generation of ROS
and is a direct consequence of DNA double strand breaks and ultimately provoking the cell death [51]. As radia-
tion and AgNPs inhibit cell proliferation and consequently induce cell death by the same mechanisms, thus the
radiosenthetizing effect of AgNPs could attribute to a synergistic effect.

5. Conclusion

In the present study, we have successfully synthesized and prepared stable, spherical AgNPs of 12.7 nm in size
using the fungus Penicillium aurantiogresium (IMI 89372) which is green, environmentally friendly, cost effec-
tive, and rapid method for synthesis of AgNPs. The prepared AgNPs showed cell type specific cytotoxicity and
could reduce cell viability in a dose dependent manner with significant morphological changes in MCF-7 and
HCT cancer cells. AgNPs were more cytotoxic towards MCF-7 than MCT cell lines. These observations are less
prominent in Vero cell lines. Based on our results, the combination of AgNPs and irradiation treatment could
enhance gamma irradiation induced killing of MCF-7 cancer cells by inhibiting proliferation of the cells, in-
creasing of LDH and caspase-3 activity and alteration of caspase-3, Bax and Bcl-2 genes expression. The radi-
osensitizing effect could be endorsed to the synergistic effect of free radicals induced by the combination of ir-
radiation and AgNPs that increased the oxidative stress and induced apoptotic cell death. Further systemic and
comparative studies are required to achieve the best in vivo radiosensitizing effect with a focus on the exact un-
derlying molecular mechanisms.
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