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ABSTRACT

Fe;0, nanoparticles (MNPs) have great advantages in eaapplications due to their unique structure amisg
magnetic properties. In this study, the formulatpgercetin (Q) loaded MNPs were mediated by Asdesyil
oryazae. FeSQused as a substrate to prepare MNPs in a single, ste-friendly biological method. UV- Visible
spectrophotometer, X-ray diffraction, Fourier trémsn infrared analysis and Transmission electrorcnmgcopy
were used to study the morphology and structutbeformulated MNPs as well as QMNPs. The cytotiyxaf the
formulated NPs was examined against different hun@ater cells. The enhancement of the most sensiincer
cells in response to radiation therapy (RT) by QMNFas demonstrated via several cytotoxicity asgagtading
cell survival, intracellular ROS levels, early DNfamage and cell apoptosis in sub G1 phase andoyele
distribution were measured with MTT assay, Electtmin Resonance (ESR) Spectroscopy, flow cytoruedtysis,
respectively to evaluate the biocompatibility cf formulated the nano-structure. The results resgdhat Q was
loaded on the surface of the prepared MNPs to ob@WINPs suggesting that ferric ions are locatedyliobular
nanoparticles chelated by quercetin. The formulatfes were amorphous with size ranging from 40 ton60
Biological investigations displayed that QMNPs wamcentration dependent and cell specific cytoibxiwith
IC50 values of 11nM/ml, 75.4 nM/ml and 104 nM /onIMCF-7, HepG2 and A459 cell lines respectiveljINPs
also, appeared to be a potent enhancer for radmti@atment as evidenced by the increased radiisetys of
MCEF-7 cells in comparison with RT alone.

Key words: cancer cell lines, Magnetite-Quercetin NanopariclRadieSensitivity, Targeted-Drug Delivery,
anticancer agents.

INTRODUCTION

According to the World Health Organization (WHO)1-3 million women are diagnosed with breast cameash
year [1]. In Egypt, the incidence of breast canmpresented 25% of all newly diagnosed malignanf2¢s
Radiotherapy (RT) is commonly used in cancer therejther alone or in conjunction with surgery amd/o
chemotherapy. Since X- angrays result in lethal alterations of the tumorthé subcellular level [3], the
preservation of the surrounding healthy tissue fesna challenge. The use of radiosensitizers haa baggested
for achieving this issue [4]Thus, radiosensitizers cold identified as therapeott inert agents that enhance the
effects of radiation therapy. They are composeleafvy elements with a tendency to absorb ionizadfjation and
can be exploited for preferentially depositing ghhdose in the tumor area [5-6] while a significatdwer dose is
absorbed in the surrounding healthy tissue [7]. @dger the interaction between the radiosensitizerd the
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ionizing beam produces a shower of secondary el&hearticles (photons and electrons) [8-9] whigbduce

highly reactive radicals [10]. These reactive ratliceact with water (the main component of thésgaind oxygen
resulting in the interruption of the activity ofdmholecules in adjacent of the tumor site [11]. Pheferential dose
deposition in the tumor and the resulting biomolacalterations can therefore lead to the deattaoterous cells
[12].

Reports of the literature emphasized that adjuttseriapies in combination with RT are more likelyiriorease the
overall effectiveness of radiotherapy in patientgshwbreast cancer and caused better survival. Tée af

radiosensitization agents is one of the ways t@eoé the radiation treatment outcome [13]. Irraaifakills cancer
cells by inducing DNA damage and generation of R@&h in turn leads to the damage of the biomoles(iL4].

Besides, the accumulation of ROS can deregulataploptotic signaling pathway, ultimately inducingoatosis
[15-17]. Since most of radiosensitizers can upraguROS which considered as a potential targatfproving RT

[18-19]. In recent years, naturally occurring digteompounds or daily food ingredients have reatigeeater
attention and brings a new hope in the field ofceaprevention and treatment research due to saéty and lack
of discernible toxicity to normal cells. This aketive approach has been used to treat a widerspedf cancers
[20].

Quercetin (3,5,7,3¥-pentahydroxy flavone) represents the most abundietdary flavonoid found in a broad range
of fruits, vegetables and beverages, with antioxidend anti-inflammatory properties have been assstiwith the
prevention, inhibiting and reversing the progressid cancer [21-22]. Several reports have been esigd that
Quercetin is able to inhibit the growth of tumorlige prevent cancer metastasis and suppress camder
proliferation by inducing tumor cell apoptosis @llaycle arrest at a certain stage within the eysliggesting that
the compound has potential for use in the treatnoéntancer [23-25]. Literature studies demonstratieat
combination of quercetin with radiotherapy can emeatumor radiosensitivity both in vitro and in @ivHowever,
therapeutic applications of quercetin have beemicésd to oral administration due to its sparidubility in water
and instability in physiological medium [26-2Tih order to overcome these issues, an efficieng delivery system
should be formulated based on the naturally aviglabljuvant therapeutic agents.

The nanoparticles (NPs) have been attracted lobwes$ideration as a drug targeted and delivery systeallow the
administration of the required therapeutic actismpound concentration at the tumor site for a corere period of
time [28] at a controlled and sustained rate tositeeof action and to increase therapeutic bengfitle minimizing

side effects [29]. Chemical and physical methodsHe synthesis of nanoparticles are the commonoagpes, but
their use is limited because they are costly amthhad to the environment. The biogenic synthesighsrefore, the
best choice. In this methods the biological systeoth as bacteria, fungi, plants were used to foemsthe organic
metal into metal nanoparticles via the reactiveacitp of proteins and metabolites present in tlwrganisms [30].
The use of fungi in the green synthesis of metabparticles has been reported [31]. Since fungtaiorenzymes
and proteins as reducing agents and can be inlpatigbd for the synthesis of metal nanoparticlesftheir salts.
Since some fungi are pathogenic, one has to béaauwhile working with them during experiment [32]

Nanoparticles (NPs) have unique characteristios $ifnall particle size, large surface area, andcpability of

changing their surface properties. Therefore thayehseveral advantages over other delivery syst&dh [
Additionally, it has been proven that NP-based dielivery systems assure passive (size-based itaggdtie to

their size up to ~100 nm) as well active target{sgrface funtionalization by targeting ligand) aedhanced
therapeutic efficacy of anticancer agents [34]. Nf@ssess good biocompatibility, they can restriwt bio-

distribution profile and target the drug to the tunmegions, which increases therapeutic efficieaod reduces
nonspecific toxicity of anticancer drugs [35].

Magnetite nanoparticles (MNPSs) constitute an imgoartlass of nanomaterials widely studied for tpeiential use
as a targeted drug delivery in biomedicine fiel88-87]. The physicochemical properties of quercietided MNPs
confirmed their utility as anticancer agent for ddgjivery applications [38]. Magnetic nanoparticlesve been
emphasized as a new drug delivery system to coqtretcetin releasing for breast cancer therapy. [B® use of
Fe304NPs as nanocarriers for drug delivery has breported. Gallo and co-workers substantiate that t
concentration of magnetic microspheres containig ¢h the brain was 100-400 higher than its levieén taken in
a solution dosage form [40] indicating the succefsmagnetic particles as a drug delivery. Moreowbe
encapsulated quercetin on the dextran coated Fed@d-carriers was testified as one of the potetd@tiniques to
get rid the mentioned problems and it enhance thg'sl bioavailability. The quercetin entrapped podric
micelles (PEG-OCL) also, has an excellent solybditd inhibits the growth of cancer cells via inhgccell cycle
arrest in G2/M phase [41].

759



O. E. El-Shawyet al J. Chem. Pharm. Res., 2016, 8(8):758-771

In the present research quercetin loaded magn@&swas formulated using magnetite®g The magnetite R©,
was synthesized biologically by using simple prigatpd method and mediated for the first time bydsgillus
Oryazae usingreSQ as a substrate to yield Fe304 NPs.

Thus, we intended to conduct this study to charazetéhe formulated QMNPSs to be used as a new daligery
system for adjuvant cancer therapy into tumor wigmonstration of its antitumor activity in humamecar cells and
its efficacy to enhance the tumor radiosensitiirityitro, with a focus on assessing the critical mechanisr@ved
in this antitumor and radiosensitizing activities.

EXPERIMENTAL SECTION

Biological Synthesis and Characterization of Querdm-Magnetite Nanoparticles (QMNPS):

Microorganisms

Aspergillus oryzadungus was kindly provided by the culture colleatiunit of the Regional Center for Mycology
and Biotechnology (RCMB) Al-Azhar University, Caikegypt. The fungal isolate was sub-cultured andntaied
on Sabouraud’'s Glucose agar (SGA) medium contairfgil); glucose—20; peptone-10; agar—20 and dstill
water,1000 ml; at temperature of 25 (+2)°C andpHewas adjusted at 5.4 + 0.2.

Biomass production

The biomass of the extract of the fungus was pezgbaiccording to the method previously described. [4Be
fungus was grown aerobically in a liquid medium teaming (g/l) KHPO,~7.0; KHPO~2.0; MgSQ-0.1;
(NH,),SO,~1.0; yeast extract—0.6; and glucose—10.0 and Hhewps adjusted at 6.2 + 0.2. The flasks were
inoculated and incubated on orbital shaker & 2d agitated at 150 rpm. The biomass was hadvaster 72 h of
growth by sieving through Whatmann filter paperinmllowed by extensive washing with distilled wate remove
any component from the biomass.

Biological synthesis of magnetite Nanoparticles (N?S)

In the present study, MNPs were prepared by use®(H as a substrate and mediated biologicalljspergillus
oryzae.At 1% the extracellular bioextract of the fungal waspamed for biosynthesis of Fe304. For this purpéase,
g of fresh clean fungal biomass was brought in acnvith 100 ml of deionized water in an Erlenmefjask and
incubated at 25°C in dark shaking incubator (15@)rfior 72 h. After incubation period, the cell fdte was
obtained by passing it through Whatmann filter pape1. Secondly, for synthesis of the MNPs by g$teSO4 as
a substrate, 100 ml of cell free water extract ajrjzae wereexposed to 10 mM FeS@queous solutions at (pH
3.1) in 500 ml Erlenmeyer flasks and kept on a sh&R00 rpm) at 2. The reaction was carried out for a period
of 120 h in place of the iron cyanide complexethefearlier experiment. All of The bio-transformegho-products
were centrifuged at 10,000 rpm for 15 min, follogriwhich the pellet was re-dispersed in sterileiltist water to
dispose of any uncoordinated biological moleculBise process of centrifugation and re-dispersion wams in
sterile distilled water and repeated three timesetmsure better separation of free entities from mhetal
nanoparticles. The purified pellets were then saeit for 30 min using ultrasonicator (united Jevedls supplies,
Italy) for more disparity. Finally samples weredre dried using a lyophilizer (Thermo Electron gooation,
Micro Modulyo 230 freeze dryer). The lyophilizedvpaer was ready for further analysis and charactédn.

Characterization of Magnetite (Feo,) and Quercetin-Magnetite Nanoparticles

Characterization of the prepared MNPs and QMNPsvearried out by different instruments and techesqu
including, visual observation, UV- Visible specthopometer, X-ray diffraction (XRD) of TEM, Fouri¢ransform
infrared (FT-IR) analysis and TEM.

UV-visible spectrophotometric analysis

The qualitative reduction of iron ions for the fahdpiosynthesis of MNPs and QMNPs was confirmedteging
the supernatant by UV-visible spectrophotometere¢8pnic Milton Roy 1201 UV). The optical densityasv
measured each 10 min from the beginning of incabatrocess at different wavelength ranging from 200to 500
nm and the relation between the concentration @éisorbance was plotted on a graph.

X-ray diffraction and Transmission Electron Microsipy (TEM) Analysis

MNPs and QMNPs diameter and shape were determimgdegorted by Transmission Electron Microsc¢pgM
JEOL 1010, Japanand X-ray diffraction (XRD) (XRD/TEM JEOL 1010, Jap). Samples for TEM analysis were
prepared by puting a drop of prepared solution @ntmnventional carbon coated copper TEM grids (@@8hes,
Plano Gmbh, Germany), allowing the drop to dry aigint at room temperature before imaging. X-rayrddtion
analyses as well as the TEM images of the sampdes abtained using an accelerating voltage of 3@k 80 kV,
respectively. At least three images of each sample taken to have a clear representation of itphadogy.
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Fourier Transform Infra Red (FT-IR) Spectroscopy atysis

The infrared analysis of the resulted MNPs and QRsNvere performed on a Fourier transform infrafet-R)
spectrometer (IRPrestige-21®, German) to verify phetein—nanoparticle interaction and to identifig possible
biomolecules which are responsible for reductionFef* ion and capping of the bio-reduced nanoparticles
synthesized by the fungal cells. Prior to analysie,sample powder pellets were placed into thesahmolder and
FT-IR spectra were recorded in the range of 40@@iin" at a resolution of 4 cth

Biological Activity of Quercetin -Magnetite (Fe0,) Nanoparticles

Cytotoxicity of QMNPs

In the current study he cytotoxicity of the formeld QMNPs was evaluated against three of humanecametls
included Hepatocarcinoma cell line (HepG2), Humegabt adenocarcinoma cell line (MCF-7), and Humeecdar
adenocarcinoma cell line (A-549), with the deteration of IC50 which is the concentration of thetéesmaterial
that caused 50% death of the cells.

Cell Culture

HepG2, MCF-7 and A-549 were purchased from theudissulture unit of the Holding Company for Biologjic
Products and Vaccines (VACSERA), Giza, Egypt andpsead through the American Type Culture Collection
(ATCC). The cytotoxic effect of QMNPs against thesds was evaluated. Cells were routinely cultire®MEM
(Dulbecco’s Modified Eagle’s Medium), all media wesupplemented with 10% fetal bovine serum (FBSn\2
L-glutamine, containing 100 units/ml penicillin Gdum, 100 units/ml streptomycin sulphate and 250mh
amphotericin B. Cells were maintained at sub-canfly at 37C in humidified air containing 5% GOFor sub-
culturing, monolayer cells were harvested afterpiy /EDTA treatment at 37°C. Cells were used wtanfluence
had reached 75%. Tested sample was diluted instseeygo begin with the indicated concentration.c&ll culture
material was obtained from Cambrex BioScience (@bpgen, Denmark). All chemicals were from Sigmaristal,
USA. All experiments were repeated three times.

Cell viability assay and estimation of kg
Reagents preparation:
MTT solution: 5mg/ml of MTT in 0.9%Nacl, acidifiedopropanol (0.04 N Hcl in absolute isopropanol).

Procedure:

MTT metabolic assay was applied according to [48]demonstrate the cytotoxic potential of the engied
QMNPs on the viability of the three human cancdisamentioned above. The cells were plated sepsrate96
well plates at a concentration of 5 x*I&lls/well. After 24 h, cells were washed twicahwl00 pL of serum-free
medium and starved for an hour af@7 After starvation, cells were treated with 20ofikerial concentrations of
the tested material for 48 h at 37° C, in a hunadis% CQ atmosphere. After incubation, media were removed
and 40 ul MTT solution / well were added and indedafor an additional 4 h. Spectrophotometricaloalbance of
the purple blue formazan dye was measured in aopletie ELISA readefELx808 Absorbance Readegt 570 nm.
The experiment was carried out in triplicates dreldaverage of the viable cells was calculated.aplgwas plotted
between the percentage of the viable cells andigliuData were expressed as the percentage adiveeldability
compared with the vehicle control.

Calculation
Percentage of relative viability was calculatedhgghe following equation:

[Absorbance of treated cells/ Absorbance of control cells)] X@0

Further, in our study, according to the IC50 vathe, most sensitive cells were used for deternonatf the
optimal irradiation dose that causes optimum irttdhiof cell proliferation. Then, the radiosensition of these
cell lines by QMNPs was also examined.

QMNPs and enhancement of radiation sensitivity:

Radiation Sensitivity Test and Estimation of the @pal Irradiation Dose

Radiation sensitivity test was performed to detaarthe Proliferation of MCF-7 cells under the efffet4, 6, 8 and
10 Gy y- irradiation doses using the metabolically actieTT (3-[4,5-dimethylthiazol-2-yl]-2.5-diphenyl
tetrazolium bromide) dye cell proliferation kit @igen Inc., Gaithersburg, MD, USA) as per manufaats
protocol after 24 hr of the initial irradiation eogure. This assay is based on the capacity of twetlisduce 3-(4,5-
dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromsido formazan, a purple crystal metabolized by chitmdria
that can be easily visualized in the viable cejlsnverse optical microscopy.
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Briefly, 10°-1C cells/well were loaded in a 96-well plate and iia&ed with the different doses gamma rays. After
the irradiation the cells were maintained in 5%,@037 °C. Cell viability was evaluated 24 hourgemfnitial
irradiation exposure. At the of the incubation pdricells were incubated in MTT (5mg/mL) for 4 heuns at
37°C. The optical density was measured at 570-630maniELISA reade(ELx808 Absorbance Readawith the
solubilization buffer as blank.

The% of cell viability is determined by the follavg formula:
% of cell viability= [OD s79.6300f the treated cells / Ol3;q.6300f the untreated control set]

QMNPs Sensitize MCF-7 cells to radiation therapyTR

In order to estimate the enhancing killing effe€tRY to MCF-7 cancer cells by QMNPs, the inhibitioh cell
proliferation after 24hr of initial treatments wasmonstrated by MTT assay. The culture medium efcdntrol set
remained without any treatment. For the other tneats the culture media were removed and repladtddtiae
QMNPs at a concentration of 11nM/ml for the solagdtreatment, another two sets were exposed toebtBgr
alone or in combination with the tested nano makgi1nM/ml QMNPs+6Gy irradiation). All the expermts
incubated for 24hr. Thereafter, MTT assay test w@pplied to analyze cell proliferation by using 3-G
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bradge. In brief, 20uL of MTT (5 mg/mL in PBS) was added to
each well and samples were incubated for 4 h a€3The MTT solution was removed, and 100 detergent
reagent was added into each well to dissolve theipitate. Then, optical density of the wells wasasured at 570-
306 nm and photographs were taken and analyzedthdtiNikon (Japan) bright field inverted light nmascope.
The% of cell viability was determined by the formgjiven above.

Electron Spin Resonance Spectroscopy analysis fatedtion of the formulated nanomaterial-mediated
generation of reactive oxygen species (ROS):

To analyze whether QMNPs enhances the generatiRO& by RT glectron Spin Resonance (ESR) Spectroscopy
also, known as Electron spin (paramagnetic) restm@BPR) which is a powerful technique for studyamgmical
species or materials that have one or more unpaiextrons ESR detects the absorption of microwave energy,
which occurs on transition of unpaired electronsmnapplied magnetic field. The amplitude of theRESgnal is
proportional to the number of the unpaired elecrpresent in the sample, allowing quantificatiorireé radicals.
ESR measurements were performed at room temperédréC) on a Varian E-109 spectrometer (Stefkalgt
2012) equipped with a Bruker ER 041 XG microwavide. The ESR measurements were performed with the
following settings: frequency 9.27 GHz, field swegpnT, microwave power 4.9 mW, and modulation atagk
0.11 mT. The galvinoxyl free radical was used asavenging object in ESR radical-scavenging measemts. The
stability of its freshly prepared ethanol solutims measured for 30 min, and no significant lossighal was
detected. A loss of signal of about 7% was deteafet 24 h. Therefore, the fresh radical solutiaese prepared
daily. AMFJ solution was added to the freshly prepagalvinoxyl solution in ethanot € 0.15 mmol/dr) in order

to obtain various juice concentrations (0.1, 0.8, @nd 1.0 vol %). The same final concentratiothef galvinoxyl
radical in all samplesc(= 0.12 mmol/drf) was obtained by addition of adequate amount ®émwa he juice solution
was quickly mixed with the radical solution in tHask and immediately put into the capillary whielas then
placed in a standard ESR tube. Depending on thelsaconcentration, ESR spectra were recorded asctidén of
time starting from the juice and radical solutimntact. Recording intervals were 0.5 min and 1.0, depending
on the sample activity. The signal intensities af/goxyl radicals were calculated by the doubkegmnation of ESR
spectra, using the EW (EPRWare) Scientific Softwaeevice program and expressed in arbitrary umhe. signal
intensity of the pure 0.12 mmol/drgalvinoxyl solution, measured just before starting sample measurement, was
taken as the reference signal intensigy for the reaction timé= 0 min. The normalized signal intensity)(after
the reaction timé, expressed as a percentage, was calculated as:

I, = (/) x 100

Wherel is the signal intensity of galvinoxyl radicalsjirice solution measured at tiheEach sample was analyzed
in triplicate. The results are presented as meharesa

Early Apoptosis and Cell cycle Analysis

MCF-7 cells (1.3 x 10 were seeded in 6-well microplates. Prior to asialycells were washed with PBS After
incubation for 24 hr with Ig concentration (11nM/ml) of the tested nano-compmbufo stain with propidium
lodide (PI), cells were suspended in 425 ul of RBE 25uL of propidium iodide (1 mg/mL, Sigma-Aldrich, St.
Louis, MO, USA). The cell pellets were then resusfeal in 1mg/ml PI/ Triton X-100 staining solutio®.1%
Triton X-100 in PBS, 0.2mg/ml of RNase A (Sigma-Att, St. Louis, MO, USA), and incubated on ice 26rmin.
The DNA content of 10000 cells was analyzed by FAGber flow cytometery (Becton Dickinson, CA, Ubtd
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calculate the percentages of cells occupying tfferdint phases of the cell cycle determined by gisiee Mod Fit
LT software (Jhi et al., 2014), samples were ruttiplicate and each experiment was repeated timess.

RESULTS AND DISCUSSION

Visual characterization of the formulated MNPs adlws the QMNPs was achieved by observing theraafithe
A. oryzaecell free water extract was a pale yellow before d@ddition of iron nanoparticles (Figure 1 A), thias
changed to a golden brownish color on completiothefreaction with FeSdor 28h (Figure 1 B). Later, the color
was turned to dark brownish as magnetiteQzequercetin forming complex achieved by the timigFre 1 C).

Figure 1. A; The color of the A.oryzaecell free water extract, B; Iron nanoparticles with FeSQ, substrate, C; magnetite (FgD,)-quercetin
NPs using FeSQas a substrate

UV-Vis Spectrum Analysis of MNPs and QMNPs

The features of the UV-vis spectrum of the formedaMNPs as well as QMNPs as mediated\xyryzaeusing the
FeSQ substrate indicated in two curves and illustratedrigure 2. Two intensive absorption bands of métme
were observed in curve 1 centered at 360 nm, addn23. In curve 2, two absorption peaks of QMNPsewer
observed at 256 nm and 377 nm. The absorption lb@dlcurve 2 was shifted 2 and 17 nm respectively.
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Figure 2. The chromatogram of UV Spectrophotometry of MNPs (arve 1) and QMNPs (curve 2) mediated by A oryzae ahFeSO4 as a
substrate

Transmission Electron Microscope (TEM) Analysis dMNPs and QMNPs

The size and morphology of our formulated nanoplagi were analyzed with TEM are presented in figur&he
size of the nanoparticles was measured with the -BBflvare analysis system. TEM images showed that t
particles were spherical in shape and uniformlyritisted (monodispersed) without significant aggéwation. The
formulated MNPs were 11 nm in diameter of (fig. B.Aeanwhile QMNPs were spherical in shape andmMdm

diameter (fig. 3.B).
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Figure 3: TEM images of the mycosynthesized QMNPs nanopartielmediated byA.oryzaeand FeSO4 as a substrate. (A) MNPs and (B)
QMNPs. Magnification (X= 200 000k for A and X=100 00K for B)

X-Ray Diffraction Analysis of MNPs and QMNPs

From the XRD image, one can observe diffractiortguas for all samples. The Fe304 NPs were pure aidgn
(F&0O,4) with a cubic inverse spinel structure (Figure Bhe diffraction peaks belong to Fe304 NPs prejgre
FeSQ substrate (Figure 4A) were (111); (220); (31¥0Q); (422); (511); (440), (533); (553). The difftian
peaks belong to QMNPs prepared by FgSabstrate were (220) ;( 311) ;( 400) ;( 422); (51440) (Figure 4B).
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Figure 4: XRD patterns of the mycosynthesized (A) MNPs and (BQMNPs mediated by Aauyrzaeand FeSQ as a substrate

Cell viability assay:

The cytotoxic effect of the synthesized QMNPs oe Wmebility of HepG-2, MCF-7 and A459 cancer cellas
evaluatedin vitro after 48 hrs exposure and their IC50 values weterthined from a graph of cell viability
measured over a range of concentrations from 5i20nl in comparison with untreated control celkeln For this
purpose, a line graph was plotted between condentga (X-axis) versus % inhibition (Y-axis) and than
intersection drawn at 50% inhibition on Y-axis @hdn correlated to the concentration value on >&axi

(Figure 5) and (Table 1) showed the percentageebfviability and the IC50 values after exposureMEF-7,
HepG-2, and A459 cell lines to different concetitras (5, 10,15 and 20 nM/ml) of QMNPs comparedaatrol
untreated cells. A significant decrease in the %iability of MCF-7 cell lines was recorded with 3G value of
11nM/ml. Meanwhile less cytotoxicity was observediards HepG-2 with IC50=77.5 nM/ml and A459 withbIC
value of 104nM/ml. Our results clearly suggest RMNPs exhibited cell specificity and concentrataependant
cytotoxicity. Taking into account these data, MCEe€ll lines and its IC50 value 11 nM/ml of QMNPsre/eised in
the subsequent experiments.
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Figure 5: Cytotoxic effect of sample N1 against MCF-7, Hep-Gand A-549 cells using MTT assay, (n=4). Data expsed as the mean
value of cell viability (% of control) £ S.E

Table 1: Comparison between cytotoxicity of QMNPs in differat human cell lines after 48 of initial exposure byMTT assay

Cell lines | 1C50 (nM/ml)
MCF-7 11.2
HepG-2 77.5
A459 104

Radiation Sensitivity Test and Estimation of the @pal Irradiation Dose

The MCF-7 cell lines were exposed to differgmtlys doses to demonstrate the optimal radiatice doat cause the
optimal inhibition of cell viability using MTT asgaThe absorption percentage of treated cells coadpe control
cells was used to calculate cell viability. Figwerevealed that MCF-7 cell lines showed variablgrees of
viability after 24h of exposure to the differgntays doses. Nevertheless, the greater decredie inability of the
cells was observed in cells exposed to 6 Gy irtautialose for 24 hr. The photomicrographs in briiglt inverted
light microscope associated with the reduction @RA7 cells viability after 24 hr of initial exposuto the different
irradiation doses as investigated by MTT assaglation to control untreated MCF-7 cell. As illetd in (Figure
7), the control cells (A) appeared round, meanwBi]€,D and E showed formation of formazan crystaith
variable degrees of reduction in viability of MQFeell 24 hr post exposure to 4, 6, 8 and 10 Gpeetively. The
formation of formazan crystals were more pronounte®Gy exposed cells than that of the other sEtese
morphological changes were closely correlated withinhibition of cell proliferation and reductiari the viable
cells. Thus the 6Gy irradiation dose was used sequent investigations.
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Figure 6: Determination of optimal irradiation dose caused optimal death of MCF-7 cell lines. Each datpoint was an average of results
from three independent experiments performed in trplicate

765



O. E. ElI-Shawyet al J. Chem. Pharm. Res., 2016, 8(8):758-771

Figure 7: Morphological changes of MCF 7 cell linegjualitatively analyzed by MTT assay. Cells were gualized under inverted light
microscope. The photographs (A) represents MCF-7 Grrol cells and those treated with different dosesf gamma irradiation illustrated
in (B) treated with 4 Gy, (C) treated with 6 Gy, (D treated with 8 Gy, (E) treated with 10 Gy 24 hr 6the initial irradiation exposure.
QMNPs treated cells illustrated in photograph (F) ad combined treatment illustrated in photograph (G)

The Potential Effectiveness of QMNPs as Radio Sémer

In our investigation, the MTT survival assay wasdi$o determine the enhancement of MCF-7 radioteibsiby

QMNPs. The results showed inhibition of cell sualiand proliferation after the sole treatment of IQR$ at a
concentration of 11nM/ml to 67.6%. However, combliteeatment QMNPs +IR enhanced the killing effecthe

6Gy gamma irradiation as indicated by the greaticgdn of cells proliferation up to 39.5% compasmahlith 50.6%
reduction post exposure to 6Gy irradiation dosealand all compared to 93.7 % cells proliferatiorthie control
set (Figure 8).

The morphological changes associated with enhanteofenhibition of MCF-7cell proliferation were alyzed

under inverted light microscope. (Figure 7) illasérd the graphs of different treatments. The 6@diated cells
(C); QMNPs treated set (F) and combined treatm@ht The morphological analysis of all groups wasestigated
in relation to the control set (A). The images C&G& have distinct morphological apoptotic charaistees such as
cell shrinkage with intact membranes as well agleosed cytoplasm along with membrane blebbing wiedio

the formation of apoptotic bodies compared to thatrl set (A). It is worth mentioning that thespoptotic

characteristic features were more pronounced itélie received the combinatory treatment (G).

100
90
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80 -
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40 4
304
20
10 1

% of Cell Viability

Cantrol QMNP R QMNPs+IR

Figure 8: Radiosensitivity of MCF-7 cells treated vith 11 nM/ml QM NPs for 24 h prior to exposure to €y of radiation and 24hr post
irradiation exposure compared to control cells (norirradiated MCF-7 cells) and those received the selirradiation treatment
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Detection of ROS generation:

Detection of the intracellular ROS was assessetl thié ESR spectroscopy. As shown in (Figure 9)ethe a
significant elevation (P< 0.05) in the levels of 8h QMNPs-treated set at a concentration 11nMbomi24 hr
compared to the level of ROS in control set thraughthe experiment. Meanwhile, a high significalR&@.001)
increase was recorded in RT (6 Gy) treated celés pé hr of the initial exposure compared with contintreated
set. This elevation showed further significant (R€01) increase in the level of ROS after expodoreheir
combination compared with control untreated ceatid @<0.001) compared with RT treatment alone.

—&—TFRs (Radicals/g}= 10

1.82

QM MNPs+RT
ooo01 *
o.oo01 I

17 A
1iE -
14

T2

0= -

06

04 -

0.2

Figure 9: Determination of total free radicals by ESR, * Significant of treated groups from the contrd set, ¥ Significant from
QMNPs+RT from RT set

QMNPs caused early Apoptotic death and altered @altle Phases

Cell cycle distribution of nuclear DNA was determihthrough PI staining method followed by Flow-cytry
(FCM) analysis to measure the percentage of sulp@dulations and distribution of cell fractions iifferent
phases of the cell cycle. In this method the aglise less stained by DNA binding PI dye which idradicative of
early apoptosis that resulted from DNA fragmentatibhe cells were accumulated as sub-G1 populgiéak after
losing its DNA. In the present study, as shown kiggre 10) and (Table 2), 24 hr post QMNPs treatnatn
concentration of 11.2 nM/ml enhanced the cell pafoih (P<0.001) in sub-G1 phase (16.7%) comparél W%
in control untreated cells. whether, QMNPs in camkion with RT enhanced the accumulation of cell4®.4%
(P<0.01) compared with 6.2% in RT alone. The inseglaof cells in sub-G1 suggesting that combineaitriment
caused serious and irreversible DNA damage andcewiearly apoptotic cell death. Moreover, the effifcthe
early damage of DNA was observed in cell cycle peegion. The data in (Figure 10) and (Table 2) aladethat
QMNPs as sole treatment arrested 47.7% of celltinag at G1-phase compared to 37.7% in control set.
Meanwhile, RT alone arrested 38.9% at G1-phase38ri fractions at S1-phase compared to that o€dimérol.
Their combination reduced the cell population irpt&se (24.6%) with increased cell fractions in Gage
(45.7%). The cells arrested in G1-phase would Hadad into apoptosis. Our results suggest that Qd/thanced
the killing effect of RT in MCF-7 via induction alub-G1 apoptosis and G1- phase arrest.

(.
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Figure 10: Cell cycle analysis; (A) MCF-7 as contdowithout any treatment, (B) treated with 11.2 pM/m QMNPs, (C) treated with 6Gy
IR, (D) treated with their combination. Cell population % in each phase was quantified. Data are the ean of three independent
experiments

767



O. E. El-Shawyet al J. Chem. Pharm. Res., 2016, 8(8):758-771

Table 2: The percentage of cells as appeared inaaphase of the cell cycle as analyzed by Flow cgtetry

Groups
Parameter Control QMNPs RT QMNPs+RT

Mean +SD | 1.4+0.2 16.7+0.2* 6.2+0.2%  10.4+0.2*, §

(Apoptosis) % 0.02 0.001
P Value 0.001 0.007 0.007
Mean +SD | 37.7+0.1 47.7+0.1* 38.9+0.1 45.7+0.5% £

0

G1% P Value 0.001 0.01 %%011
Mean +SD | 37.6+0.5 22.5+0.4* 38.1+0.1 24.6+0.5% £

S% 0.001
P Value 0.001 0.001 0.001
Mean +SD | 19.940.1 2.1+0.1* 3.1+0.14 4.8+0.1*

0
G2/M % P Value 0.001 0.001 0.001

The results are the mean of three independent bigsa* is the significant of the treated sets wéhpect to control set. € is the Significant of
QMNPs+RT treated set with respect to RT treatmémtea The P values were presented in the tablenBi&hs Non Significant

Magnetite nanoparticles have been widely used ambdicine, as they proved to be stable, non-torit aon-
carcinogenic. Several studies revealed the celidaponses induced by magnetite nanoparticles (ykiekide
DNA damage, oxidative stress, mitochondrial memérdysfunction and changes in gene expression [@4éffect
depends on particle size, surface coating, expasutte and exposure duration [45]. The biomedipaliaations of
metallic nanoparticles particularly as dual antituragents refer to binding to complex biologicallecales in order
to improve their effectiveness and biocompatibil4$].

This work reports for the first time the potentibplicability of the mycosynthesized of iron oxidee304)
magnetic nanoparticles (MNPs) and the Fe304-quieri@@MNPs) which have been fabricated throughrap$e,
cheap and reproducible approach. This was achibéyeftee-cell extract of A oryzae and using FeSO4aas
substrate. FeSO4 contain pure iron oxide with aiccubverse spinal structure. The UV-Vis spectroscop
transmission electron microscope (TEM), X-raysrdiftion (XRD) and Fourier transform infrared spadffT-IR)
confirmed the size and shape of the fabricated panticles. Fourier transform infrared spectra (R)-tonfirmed
that these Fe304 nanoparticles could be successfoidited with active drug, quercetin. The MNPs @MNPs
were generally spherical, with an average dianmftél nm and 40nm, respectively. The funtional@athf surface
of the Fe304 nanoparticles was obtained by thdrekatically quercetin coating onto the nano biaposite of the
guercetin - Fe304 in order to enhance the sersitigpecificity, stability and reproducibility ohé QMNPs.

[47,48,49].
Fungal Enzyme i@: Quercetin %
‘ ’ - —

Fe Fe304—Protein Fe304- Quercetin
Coated Nano-Particles ~ Magnetic Nano- Particles

Figure 11: Schematic illustration of the reaction mechanismsdrr the overall synthesis process of the quercetindded Fe304
nanoparticles via A.oryzae

In the current study, the enhancement of the cyicity of MCF-7, HepG2 and A459 as in vitro modelfshuman
cancer cells by QMNPs was evaluated. The cells inengbated at concentrations of QMNPs in the rasfge—20
nM/ml for 48hrs. The results showed that QMNPs bithidose dependant and cell type specific cytotxiwith
IC50 values of 11.2nm/ml, 77.5nm/ml and 104nm/nml tfiese cells respectively. The results also gfesuggest
that the MCF-7 cell lines were the most sensitowards the formulated QMNPs as its IC50 was 11.2mim
compared with 77.5nm/ml and 104nm/ml for HepG-2 Ad89 which could be considered more resistancetdsy
our formulated QMNPs than the MCF-7 cells. The enéobservations are in agreement with other rebees
[50], who testified that QFe304NPs showed concéntradependant cytotoxicity. They endorsed thige&tfto the
rapid release rate of quercetin owing to the brgakaf ester bond from Fe304NPs which interact dfticular
cancer cells in acidic environment. Thus, it wasftmed that the loss of cell viability could be dwethe massive
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release rate of the quercetin from QFe304NPs. Hisy concluded that Fe304 NPs could be considesea a
sustained drug delivery system with quercetin whinproved the bioavailability for normal cells bgixic to the
cancer cells. The higher toxicity of the breastaea cells might happen due to the strong bindietyvben the
MCEF-7 cells and quercetin molecules due to theiglartlease of quercetin from the magnetite nanapes and
magnetic oxidation that resulted in DNA damage [8r results clearly indicate the conspicuousdpeutic effect
of the QMNPs which greatly enhances the MCF-7 antier activity than the other two examined ceédin

Treatment of cancer by radiation is a most commoudatity; however, the outcome is limited as heatikgues in
neighborhood of target tumor cells are adverselgcégd [51]. Clinical studies have demonstratedhiéeefits of
adjuvant radiotherapy for improving disease-freevisal, overall survival and local control, and teihg disease
recurrence after surgical resection in breast agpatents [52].

In this study we demonstrated the optimal doserafliation (IR) that results in potent cytotoxicity MCF-7 cell

lines. The cells were exposed to 4, 6, 8, and 1GaB®4 hr exposure. The sensitivity of MCF-7 deikes to the
different doses of IR was run by MTT assay. Ouultssevealed variation in the decrease of cebiiiy after the

initial 24 hr of IR exposure. The reduction in thiability was more pronounced in MCF-7 set expose@®Gy.

Many of in vitro studies have shown that irradiatimf MCF-7 cells with various doses has led toad#ht results.
Some studies have indicated the decrease in thdityian MCF-cell lines exposed to 1Gy and 4Gyt lthe rate of
the cell viability decrease was slower than thatloBy X-rays [53]. In consistence with our resukszel and
fellow-workers demonstrated the viability of MCFe@ncer cells after exposure to different RT dode2(4, 6, 8,
10, 20 Gy). They indicated that the percentagesdiiction in cell viability with 6Gy was more obvily than with
other doses [54].

The discovery of novel agents which sensitize nmalig cells to radiation would increase tumor respomwhile
minimizing toxicity to the surrounding organs byvering the effective therapeutic dose. In this rdghe potential
mechanisms by which QMNPs enhanced the irradidiiting effect in MCF-7 cancer cell were furthergared by
quantifying the antiproliferative effect, the pration of ROS and analyzing the early apoptotic delath and
distribution of cell fractions in the different pdes of cell cycle in MCF-7 treated with QMNPs aadiation alone
or in combination.

The superparamagnetic properties magnetitgQjyeis of great important. These proprieties allowernthto be
directed and localized to a particular organ bygsixternal magnetic force [55]. These are alsavnim be highly
biocompatible with negligible toxicity to healthisgues allowing for usage in therapy [56]. Sciéntiindings by
Roa and colleagues have shown the Radiosensitizafi?tNPs and induction of cell death in the firgth2 after
initial treatments of the cancer cells [57]. In tlee with those, our results indicated that QMN&thanced
irradiation induced the lowering of MCF-7 growth esamined qualitatively by MTT assay. Other studibewed
that combination of cytotoxic agent with magnetiPNin combination with RT resulted in more cellikg and
inhibits cell survival consequently cell prolifei@at was inhibited [58] and induced DNA damagevitro [59]. This
effect could be endorsed to the intensifying thedpction of secondary electrons and ROS that in &thance
radiation therapy effects by these NPs [60].

Since radiotherapy treatment of tumor cells is eiséed with enhancing the generation of ROS. Henee of the
main objectives of our study was to quantify andemstand the enhancing effect of QMNPsyaays enhanced the
formation of ROS in irradiated MCF-7 cells. Ourults obviously demonstrated that, QMNPs on its @whanced
the production of ROS and are consistent with otftedies reported that Fe304 acts as radiosensitiza
enhancing the formation of ROS [39,61] which colbtldue to the presence of pro-oxidant functionalgs on
their reactive surface or due to nanoparticle-tedractions [62]. Other studies evidenced thagérgetin has been
described as a pro-oxidant and can induce the ptiotiuof superoxide anion, hydrogen peroxide, atheoreactive
oxygen species (ROS) which are responsible foraedith in some cancer cells [63]. Moreover, in study RT
treatment significantly enhanced the productiorR@IS (P<0.001) compared to control set as manifeistexir
results. In the same line with our observation, régearch findings showed that radiotherapy treatroé tumor
cells is associated with enhancing the free radmahation [64] which resulted in the generationR®S. These
ROS leads to the damage of biomolecules induce DiEMage and deregulate the apoptotic signaling @athw
ultimately inducing apoptosis [65]. In the curresiudy, the combination of QMNPs and RT treatmenilcto
potentiate the enhancing potential of RT treatmengenerate the ROS. In agreement with our findimgany
investigators reported that most of radiosenssizean upregulate ROS which is one of the impontaetiated
mechanism and is considered as a potential tavg@nproving radiotherapy [66-67].

Regarding the effect of the different treatmentgh@minduction of early apoptosis and alter thegpession of cell
cycle phases of the genomic DNA. The cells weratéed with 11.2nM/m of QMNPs and 6Gyrays either alone or
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in combination and were analyzed by FCM 24hr peastiment. Our results clearly demonstrated that @sllNs a
sole treatment and in combination with RT causegigeDNA damage and consequently enhanced thetioduaf
apoptosis at sub-G1 phase. Furthermore, the affetifferent treatments on cell cycle progressioMCF-7 cells
was demonstrated. The data in the present studgaley that QMNPs enhanced G1/GO growth arrest and
significantly augment the enhanced RT-induced Gdwgr arrest and reduced S-phase synthesis of DNA. O
results are consistent with previous reports wisicbwed that since NPs are able to penetrate &lsiifito cell
nuclei and hence may directly interfere with theisure and function of genomic DNA and can alderiere with
several sub-cellular mechanisms [68] depending laeir tsmall diameter which does not exceed a hundred
nanometers at maximum. As previously reported aquigrdias been demonstrated to play an importaatasla pro-
apoptotic inducer and blocks the growth of sevhtahan cancer cells at different phases of cellec{@®9]. Other
research results have indicated that metal oxide &¥pibit a dose-dependent effect on specific phaktse cell
cycle owing to the activation of metabolic streathwvays [70,71]. In a late study, it has been emsighd that QNPs
exhibited obvious anticancer effect towards camedis and has the potential to interact with DNAishhcaused
inhibition of the normal synthesis of DNA at sonevédls and made it to induce apoptosis [72]. Moreotre
interaction with DNA increased the capability obtHrug to inhibit cell proliferation and induce lceycle arrest
[73-74].

CONCLUSION

Altogether, the findings of this study conclude ttl@MNPs was successfully synthesized biologicalllyiolk

mediated byAspergillus OryazaeThe formulated QMNPs displayed concentration depeha@nd cell specific
cytotoxicity. Its radiosensitization towards MCFeélls was clarified through enhancing the inhilitiof cell

proliferation, abrogating the generation of ROS angmenting the DNA damage and induction of eaplypdosis
in sub-G1 phase, altering the progression of cgtlecphases and arrested the cells at GO/G1 phémazeby,

sensitize the cells to RT and finally enhancedapeptotic cell death. Further analysis must beireduo confirm

the antitumor activity of QMNPs and to explore thechanisms of action responsible for its capabittgnhance
the radiosensitivity in vivo.
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