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ABSTRACT

We aim to evaluate cytotoxic effect of silver anttignetallic nanoparticles (AgNPs & AuNPs) on huncanasian
hepatocellular carcinoma cell line model (HepG2)atheir possible aniproliferative activity. This new class of
engineered nanoparticles with desired physicochahpecoperties can be applied as new therapeuticrapphes
against human liver cancer disease. HepG2 was asedmodel of human liver cancer cells. Metalliooparticles
were characterized using UV-visible spectra andchsraission electron microscopy (TEM). Cytotoxic at$feof
metallic nanoparticles on HepG2 cells were followmd colorimetric neutral red and SRB cell viabiliagsays.
Further investigation of cytotoxic effect of oummanaterials were further investigated on a celludaad molecular
level using cell cycle analysis , DNA and some &papgenes expression on a level of mRNA for Ba&, Bax,
BCl, and # actin was served as housekeeping gene. TreatnigiémG2 with different concentrations of 22 nm
diameter of AgNPs did not show alteration of cetirphology after 24 h of cell exposure. Also, whehliscwere
treated with high concentration of AQNPs (viabilitas 78% after cell treatment with 10 uM and deseghto 46%
after treatment of cells with 1000 pM). Cellularagyation of AgNPs revealed progressive accumulatiothe S
phase of the cell cycle correlating with decreaseanber of cells in the G2/M phase followed by ¢alIiDNA
fragmentation. Extensive evaluation of cytotoxfeafof AgNPs showed mRNA apoptotic genes expneR&S,
Bak, Bax, BGl) without expression of mRNA of caspase 3 genehwirs expressed in untreated cells, suggesting
involvement of intrinsic apoptotic caspase indemarighathway. Treatment of HepG-2 with differentagamrations
of 34 nm diameter of AUNPs did not show alteratibrcell morphology after 24 h of cell exposure. ISotetallic
nanoparticles did not reveal toxic effect at cortcation up to 50uM after 48 h of cell exposure. Cellular
evaluation of AUNPs revealed progressive accumaradit GO/Gland at G2/M phases of cell cycle. Atebsame
results were obtained by treating cells with AgNWBere the expression of mMRNA of P53, Bak, Baxy B@hout
expression of mMRNA of caspase 3 gene was obsemvégated cells, suggesting intrinsic apoptotic ase
independent mechanism but may be induced by diffenelecules than that exerted by AgNPs. Our ergate
silver nanoparticles at size of 22nm revealed gexioteffect on human liver carcinoma cell line Hep@rough
intrinsic apoptotic caspase independent mechanisingher quantitative analysis and investigationiwifpact of
time on genotoxic effect are required before reagla final conclusion and starting in vivo assays.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth mostown and the third most fatal cancer in the wowlith

782,000 new cases occurring and 746,000 deathlid Rorldwide. The distribution of HCC varies geayfnically,
and is related to the prevalence of hepatotropigsvjl]. In Egypt, hepatocellular carcinoma (HG€)Yhe most
common type of cancer, dramatically increased énldst few years making it the 4th in ranking amahdypes of
cancer, and the second only in males after car@nofithe urinary bladder [2].

The increase in incidence of HCC among Egyptianutadjpn parallels the marked increase in incideoc&lCV
infection which is expected to at least doublehia hext 20 years [3]. However, there are manyegias available
for treatment of HCC [3]. All present modalitieearery expensive and time consuming. Thereforerdthatment
modalities are required for managing such aggregsgiye of cancer.

In the last two decades, a number of nanopartiaeth therapeutic and diagnostic agents have beetoged for
the treatment of cancer, diabetes, pain, asthriesggl infections, among others [4].

Metallic nanoparticles are known as plasmonic niterthey have a marked ability to absorb andtscéight at a
frequency that is resonant with their surface plasroscillation. This resonance frequency dependganticle
shape, size, and the density of the particle’steladistribution and the surrounding dielectrizvieonment. Thus,
it provides very useful information regarding peldiproperties.

Several reports have demonstrated antiproliferaéiotvity of metallic nanoparticles against diffetetypes of
human cancers. There is a need for extensive di@uaf the mechanism underlying cell death viaeistigating
some apoptotic genes expression in response tdreatment with metallic nanommaterials [5,6,71. has been
demonstrated that the oxidative stress paradigmambmaterials that induces cell death is linkedntansic
apoptotic network [8]. Therefore, the aim of therent study is to investigate some of apoptoticegegxpression in
response to metallic nanoparticles that may linleetheir anti- proliferative activities against hamliver cancer
cells (HepG2). This will encourage further expltida studies in vivo assay as a newer therapeppcaach against
one of the commonest cancer diseases among Egymanation.

EXPERIMENTAL SECTION

Preparation and characterization of silver nanopartcles

Spherical silver nanoparticles (AgNPs) were syntlegks in an aqueous medium by the chemical reduation
AgNO3 [9] with minor modification. The reduction et NaBH4 as the reducing agent while sodium citeate
polyvinyl pyrrolidone (PVP) served as capping malsrto prevent aggregation and excessive growthehascent
particles. A mixture of 3x10-4 MM of tri-sodium citte and 0.2 g PVP was dissolved in 10 ml distilleder and
mixed well, with stirring. A 100 mL volume of 10-3MgNO3 solution was added to the stirred solutibmen, 0.5
mL of aqueous solution of 1x10-3M NaBH4 was addeap by drop. The color of the solution changeaiir
colorless to yellow. UV-VIS absorption spectra weseorded (Perkin-Elmer Lambda 40 spectrophotometgng
1 cm matched quartz cells.

Nanoparticle parameters

Particle size, shape and size distribution prafiéze determined using the transmission electromasiopy (TEM)
(Nanotech. Company for Photo-Electronic, Dreamld&@ctober). A drop from a very dilute sample solu was
deposited on an amorphous carbon-coated copperagddleft to evaporate at room temperature. Imagvag
accomplished using a Joel JEM-2100 microscope l@eting voltage 200kV; Gatan Erlangshen ES500aigit
camera) [10].

Preparation and characterization of gold nanopartides

Spherical gold nanoparticles (AuNPs) were chemjcatepared by the citrate reduction of HAuCl4.3H2Bere
sodium citrate serving as a capping material tovgme aggregation and further growth of the parsidlel]. Tri-
sodium citrate (0.0388 M, 10 mL) was added quicklya boiling HAuCI4 solution (1x10-3 M, 100 mL). &lcolor

of the solution changed from yellow to colorlessl dimally to wine red which was considered as afidation of
the formation of AUNPs. The solution was then pedldi for an additional 15 min, then the heater wased off and
the solution was stirred until it reached room tenagpure to control the particle size and thus aghiea narrow
particle size distribution. The absorption spectrwh the obtained sample was measured via UV-VIS
spectrophotometer, and the particle shape andv&me characterized using TEM.
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Nanoparticle parameters

Particle size, shape and size distribution prafiége determined using the transmission electromasiopy (TEM)
(Nanotech Company for Photo-Electronic, Dreamlaf)ctober, Egypt). A drop from a very dilute saenpl
solution was deposited on an amorphous carbonaazaipper grid and left to evaporate at room tenipeza
Imaging was accomplished using a Joel JEM-2100asgope (accelerating voltage 200 kV; Gatan Erlamgsh
ES500 digital camera) [12].

Cell Culture

Human liver cancer cell line (HepG2) and normatdtiast cell line (WISH) were obtained from America@issue
Culture Collection (ATCC), USA. The Cells were cumttd and maintained in RPMI 1640 media(Biowest)
supplemented with 10% fetal bovine serum (Biowesty] antibiotics (2% penicillin-streptomycin (100/inl), and
0.5% fungizone (Biowest).The cells were maintaimedionolayer culture at 370C under a humidified agphere

of 5% CO2. The cells were sub-cultured by trypsitian (0.025% trypsin and 0.0025% EDTA; Biowestda
maintained in tissue culture laboratory at the &l Cancer Institute, Cairo University, Egypt withyogenic
banking of low-passage cells to maintain unifornofycell properties through the study [13]. Cellmers and
viability were monitored by standard Trypan blues ddclusion procedures. Growth curves for HepG2 \Afh8H
were determined under baseline conditions pridgntestigation of cytotoxicity.

Cell culture and treatment with metallic nanoparticles (AgNPs & AuNPSs)

All our metallic nanomaterials were sterilized undi&/ irradiation for 3 hours before their appliaatiin tissue
culture. Serial dilutions were prepared in 2% RPIN®O giving AUNPs concentrations 100, 50, 25, 1@ GuM.
Cytotoxicity was investigated through measuremdntedl viability using Sulforhodamine B assf4]. Positive
and negative cytotoxicity controls were run in eatdte. Negative controls (cells with media onlgfreated cells),
were set as 100% viability. Cells subjected to dsmshock (treated with distilled water) were takas positive
controls (zero viability) were used to subtractkmaound from all OD values. Morphological changésells were
followed by phase contrast microscopy (40x magaifans). Neutral red colorimetric assgp] was performed to
investigate cytotoxic effect of AgNPs according dar previous repor{16], cells were treated with different
concentrations of AgNPs at different time interv2#sh,48 h and72 h. The percent of viability waihested based
on the following equation:

% viability=(mean OD of test sample) x100
(mean OD of negative control)

Sulforhodamine B (SRB) assay

The cytotoxicity of the nanomaterials was testeairagt HepG-2 cells and WISH cells by SRB assay.oBgptially
growing cells were collected using 0.25% TrypsinI2Dand plated in 96-well plates at 1000-2000 ce#dl. Cells
were exposed to nanoparticles for 72 h and subsdguixed with 10% TCA (Trichloroacetic acid, SigmAldrich,
UK) for 1 h at 4 °C. After several washings with$RBells were exposed to 0.4% SRB solution for #®ima dark
place and subsequently washed with 1% glacial @eeid. After drying overnight, Tris-HCI was usexddissolve
the SRB-stained cells and color intensity was meagsat 540 nm wavelength using micro plate reaBaték
Model: ELX 800, USA) [14].

Flow cytometric cell cycle analysis

HepG2 cells (5x105cells/well) were plated in 6-welicroplates. After treatment with IC50 concentratiof
metallic nanoparticles (AgNPs & AuNPs), cells warashed twice with PBS, suspended in datf PBS (pH 7.3),
and finally fixed with 4ml of ice-cold 70% ethandlo stain with propidium iodide (PI), Cells sedinaion was
performed by centrifugation, the ethanol was rendoaed cells washed once with PBS. The cell pellete then
resuspended in 1ml of PI/Triton X-100 staining $olu (0.1% Triton X-100 in PBS, 0.2 mg/ml RNase A,
and10mg/ml PI) and incubated for 30 minutes at réemperature. The stained cells were analyzed wsiMgFlo
flow cytometer (Dako Cytomation, Glostrup) to cdéta the percentages of cells occupying the diffephases of
the cell cycle [17].

Imaging of cellular uptake of metallic nanoparticles (AgNPs & AuNPS)

HepG2 and WISH cells were treated with 100 uM oNRg or AuNPs for 24 h. Cells were washed with PBfeb
then fixed with 2% glutaraldehyde for 2 hours arakhed twice with PBS before fixation in 1% OsO4 Tbour.
Following agarose (1.5%) enrobing, Spurr’s resirbedding, and ultrathin (50 nm) sectioning, the despvere
stained with 2% aqueous uranyl acetate and 25 mdéat citrate and imaged with a JEOL 100S electron
microscope [18].
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DNA fragmentation

Fragmentation of cellular DNA was investigated doling treatment of MCF-7 cells with AgNPs at lowdalnigh
concentrations (1@M and 100uM, IC50 respectively) compared to estimated IC50t BNA fragmentation was
investigated following treatment of MCF-7 cells wiAuNPs at low and high concentrations (i and 100uM,
IC50 respectively) compared to estimated IC50. ¥edi amount (100 ng) of cellular DNA (Genomic DNA
Purification Kit, Amersham Biosciences) extracteai treated and untreated cells was subjected58 hgarose
gel electrophoresis in Tris-acetate buffer pH &@ined with 0.5ug/ml ethidium bromide. The bands were
examined under UV transillumination and photograbh®mearing, or presence of many low molecular kteig
DNA fragments, is a characteristic feature of aptiptcells [19].

Detection of cellular apoptotic genes expression lyne-Step Reverse transcription polymerase chain agtion
(RT-PCR)

Apoptotic signaling genes include; P53, Bak , Bad &£aspase 3 were detected by In- house RT —PGHy. aRise
housekeepin@-actin gene was used as internal control. This eydsnized according to protocol of Gopinath and
colleagues [20] which included:

a.lsolation of cellular RNA

Total RNA Total RNA was isolated from treated amdreated cells using QlAamp RNA Blood Mini Kits (&jen,
USA) according to manufacturer’s instructions. Thieral RNA extracts were placed on ice and usedediately
for RT-PCR or stored at -400C until analysis. Theant of cellular RNA was measured by spectrophtomesing
a Nano-Drop 2000 spectrophotometer (Thermo Sciefti, Canada) and 500ng of RNA template was usehld
RT-PCR assays.

b.Amplification of cellular RNA

This step was performed using QIAGEN One Step RRKI (USA) that contains a mixture of three enzgne
two engineered reverse transcriptases and a hat Bt DNA polymerase. This kit allows both reverse
transcription and subsequent amplification of tB&NA& produced in the same tube in one step; thisdsvine risk

of carryover contamination. The extracted RNA (5§@eaction) was included in the reaction mixturataming 5x
PCR buffer (Qiagen), 5x Q- solution, 200 p M dNTBgs1 of enzyme mixture (Qiagen) along with 0.6 piMyene
specific upstream and downstream primers accorirgrevious prorocol [20], in a final volume of p5%in Gene
Amp PCR system 9700 (Applied Biosystems, USA). Bamples were overlaid with mineral oil to prevent
evaporation. First cycle is 370C for 50 min to cer\all RNA into cDNA followed by inactivating enme at 950C
for 10 min , then this was followed by amplifyingogram include: Initial denaturation at 940C fomth, followed

by 35 PCR cycles of denaturation at 940C for 1&nsiealing at 55C for 30 s, extension at 6& for 1min with a
final extension at 6& for 5min.

c. detection of PCR product by agarose gel electrophoresis

Fifteen ul of PCR product was subjected to elettoopsis on a 1.5% agarose gel (Sigma) in 1X Tristéte buffer
(TAE) pH 8.2, stained with 0.5ug /ml ethidium bral®i After electrophoresis, the gel was examinedeunhdl/

transilluminator and photographed. Gene expressismquantified based on the band intensity meadwyeénhage
software and the expression of reference geneifRsaat considered 100%.

RESULTS

1. Silver nanoparticles (AgNPs)

Following reflux, the silver nitrate solution appead yellow; inspection of the uv-visible spectruavealed a peak
at 405 nm characteristic of small-diameter AgNHgufe 1A. A representative TEM image of the AgNf#Sgure
1B) demonstrates the presence of approximatelgriagath particles, although a few prismatic fragnsewere also
present. The zeta size of AgQNPs used in this stvaty 22nm as shown in Figure 1C. The zeta potenftiAlgNPs
was found to be -9.45 mV as illustrated in Figube 1

2. Gold nanopatrticles (AUNPS)

The visible absorption spectra of the wine redaiddl AUNPs showed a well-defined absorption baridrex=522
nm (Figure 2A), Figure 2B demonstrates TEM imagspiferical AUNPs. The zeta size of AUNPs usedimstiudy
is 36nm as shown in Figure 2C. Zeta potential oNRa was found to be -33.6mV, this could be dueetgative
charges of the citrate capping agent (Figure 2D).
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Interaction of metallic nanoparticles (AgNPs & AuNPRs ) with HepG2 cells

Light microscopy

HepG2 cells treated with 1QM AgNPs for 24 h (Figure 3A a) did not show profdumorphological changes and
hence did not reveal any characteristic of cytatibyxi also, treatment with 1@M AgNPs (Figure 3A b)
demonstrated no significant differences comparexbtdrol cells.

HepG2 cells treated with 1M AuNPs or with 1@M for 24 h (Figure 3B a) did not show profound musjpgical
changes as well, hence didn’t reveal any charatiesiof cytotoxicity (Figure 3B b).

Transmission electron microscopy

Transmission electron microscopy (TEM) images destrated binding and internalization of silver naatjgles in
HepG2 cells. Aggregation of AgNPs to form nanopdeticlusters on the cell membrane is evident (Eigih).
Examination of images at higher magnification shomisacellular nanoparticle clusters, mainly asatesd with
membranes, with most of the dispersed nanopartiolése cytoplasm. Treatment with AgNPs is assedatith
disruption and fragmentation of intracellular orgb@s; localization of AgNPs into the nucleus angclear
membrane is also apparent.

Figure 4B demonstrated internalization of gold nanopartigtesiepG 2 cells. It was observed to be internalized
into cytoplasm, nucleus and into mitochondria

Cytotoxic effect of metallic nanoparticles (AgNPs &AuNPs ) in HepG-2 cells

The cytotoxic effect of various concentrations ibfes nanoparticles (10 uM, 100 uM, 1000 uM) wasessed in
HepG2 cell cultures using Neutral red colorimetigsay at different time intervals; 24 h, 48 h, 72 Results
showed that cytotoxic effect increased when cedlated with high concentration of AgQNPs (viabilitgs 78% after
cell treatment with 10 uM and decreased to 46% &iatment of cells with 1000 uM).

Regarding cytotoxic effect of gold nanoparticle(150, 25, 12 and gM), our results showed that our engineered
metallic gold nanoparticles was safe up to a fawadcentration of 5QM after 48 h of cell exposure.

Effect of metallic nanoparticles (AgNPs & AuNPSs) orthe cell cycle

The nature of AgNPs action was further investigdtediow cytometric analysis of cell cycle and DNAntents of
cells treated with 1M or 1 mg/L of AgNPs for 24 h. Untreated cells slealthe expected cell cycle pattern for
continuously growing cells, whereas treated cdltsred a progressive accumulation in the S phasieeafell cycle
correlating with decreased number of cells in ti2#NGphase.

Regarding the effect of AUNPs on cell cycle, treaibof HepG2 at concentration of 100 uM for 24 ¢indi show
that toxic effect exerted by AgNPs, but in contiaistffected cell proliferation as evidenced byl eelcumulation at
G2/M phase (8.5% for AuNPs versus 3% for AgNPgbl&3, Figure 6.

DNA fragmentation of metallic nanoparticles (AgNPs& AuNPs )

DNA fragmentation analysis was carried out to itigete the toxic effects of AgQNPs on cell stabildpd DNA
replication. DNA fragmentation characteristics afel apoptosis was observed after treatment of eétlsa high
concentration of AgNPs (108M), while much less significant changes were seaemthe AgNPs concentration
was reduced to 10M. DNA fragmentation was not observed in untreatelis (cell control); as shown in Table 4,
Figure 7A). These results explain our previous ltesaf flow cytometric analysis and accumulationcefls in S
phase.

Regarding effect of AUNPs on cell stability and lepation investigated in parallel to the effecfsAgNPs. DNA
fragmentation characteristic of apoptotic effectsvabserved after treatment of cells with high cotregion of
AuNPs (10@M, 35.8mg/L), while much less toxic effect was sedren the AUNPs concentration was reduced to
10 uM compared to untreated cells, as shown in Tabkgdure 7B).

Apoptotic genes expression as detected by One-SRep PCR

Extensive evaluation of cytotoxic effect of metaltianoparticles on expression of apoptotic geng8,(Bak, Bax,
BCI2 and caspase 3) at a transcriptional levelgu€ine-Step RT PCR was performed after treatmeHepG2 with
each of AgNPs and AuNPs at concentration of 100faM24 h. pB-actin house keeping gene was detected in each
run to ensure RNA integrity. Our results showed #ibselected genes were expressed in untreatpGRieells but
cells treated with metallic nanoparticles showepression of P53, Bak, Bax, BCI2 but didn’t show mgsion of
caspase 3 .Results are shown in Figure 8(A,B,CH),E,
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Table 1. Comparison between the cytotoxic effect odlifferent concentrations of AgNPs (10, 100, 100M) on HepG-2 cells after 24,48,
72 h of cells exposure by neutral red assay

Exposure time (h)

24

48

72

IC50

899.3

111.2

65.4

3

Table 2.Comparison between the cytotoxic effect @uNPs on HepG-2 and Wish cells, viability (%) in he concentration rang (0-100uM)
for 48hrs incubation period

absorbance

(Conc (uM AuNPs on HepG2 | AuNPs on Wish
(48hrs) (hrsA8)
0.D %Viabl | O.D | %Viabl
0 1 100 1 100
6.25 1.016 101 1.02 102
12.5 0.894 89.4 1.07 107
25 0.813 81.3 1.2 120
50 0.894 89.4 0.99 99
100 0.75 75 0.96 96

Table 3. Flow cytometric analysis of effect of 50uM of AgNPand AuNPs

% GO0-G1 | % G2-M | % G2/G1-Phase| % S phasel Diploid
Control of AgNPs 65.14 6.78 1.91 28.08 0.12
AgNPs 52.12 3.05 1.94 44.83 0.01
Control of AuNPs 65.14 6.78 1.91 28.08 0.12
AuNPs 70.52 8.54 191 20.94 0.01

Figure (1A) Characterization of silver nanoparticle
preparation. UV-visible spectrum

Figure(1B) Characterization of silver
nanoparticle preparation. (Transmission
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Figure 2A The UV-Vis
spectrum of gold nanoparticles

Absorbance

e T T m
Wavelengthinm

Figure 2B. TEM of gold nanoparticles
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Silver Treated HepG?2

Figure (3B) HepG2 with of AghPs Effect of Figure (3C) Effect of AgNPstreatmenton
AgNPs treatment on HepG2 cells. Light Elc?rﬁf;sfeﬂli}Lligdijagﬁlﬁ;f:ﬂnpﬂﬁahta;im
microscopy (phase contrast, 40x) 24 hours M (b if'ldDS-E}ﬂgNPE P

exposure to 10uM (low dose) AghlPs. K & )

Gold Treated HepG?2

Figure (3E) Effectof AuNPs treatment on
HepG2 cells. Light microscopy (phase

Figure (3D) HepG2 with of AuNPs Effect of contrast, 40x) 24 hours exposure to 100
AgNPs treatment on HepG2 cells. Light HM (high dose) AUNPs.

microscopy (phase contrast, 40x) 24 hours

exposure to 10uM (low dose) AuNPs.
Table 4. Genomic DNA content of DNA fragmentation asay after treatment of cells with AgNPs

Sample Conc ng/ul| Ratio (260/28()
Au low conc (10 pM) 67.5 1.86
Au high conc (100 pM) 40 1.75
Control (untreated HepG-2 69 1.85
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Figure 4A. HepG2 cells by transmission electron microscope
Indicated : N (nucleus), NM (nuclear membrane), CM (cell membrane),
Ch (chromatin), Cvto (cytoplasm)

Fig { ) TEM images of untreated (control) HepG2, with a magnification of 15000 times

Figure 4A. HepG-2 cells by transmission electron microscope
Indicated : N (nucleus). NM (nuclear membrane). CM (cell
membrane),

Ch (chromatin), Cvto (cytoplasm)

TEM images of untreated (control) HepG2, with a magnification of 30000 times
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Figure 4 B. TEM images of AgNPs treated HepG2, with a magnification of 30000
times.
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Figure bB. Concentration dependence of AuNPs on HepG-2 cells, as detected
by SRB assay after48hrs of cell exposure
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Table 6. Primers used for apoptotic genes expreesi

Forward: 5_-TTTGTTTGTGTGCTTCTGAGCC-3_
Reverse: 5 -ATTCTGTTGCCACCTTTCGG-3_
Forward: 5_-TCCAGATGCCGGGAATGCACTGACG-3

Caspase-3| 399 bp 399 bp

Bak 1056 bp| 1056 bE—g 0o oo 5 TGGTGGGAATGGGCTCTCACAAGG-3_
Forward: 5_-TGGCCCCTCCTCAGCATCTTAT-3_

P53 540bp | 540bp IR o 5 (GTTGGGCAGTGCTCGCTTAGTG3

o 526bp | 326 bp| FOWard:5_AAGCTGAGCGAGTGTCTCAAGCGC-3_

Reverse: 5 -TCCCGCCACAAAGATGGTCACG-3_

480



Samah A. Loutfy et al J. Chem. Pharm. Res,, 2015, 7(6):470-487

Figure. 6A. Flow cytomatric anabesiz, shows four distinet phasas could be recognized in a proliferating cell population: the G1-, 8-
(DMNA svnthesiz phass), G2- and Wi-phasze {mitosis). Howewver, G2- and Wlphase
which both have an identical DMA content, could not be discriminated based on their differences in DNA content. S0uhd of AsNPs

Y
3
N H Control{untreated
iH AgNPs ] hepG-2)
. k
‘ L
] H
R S |
) “Channels™ e ! ) 1!::-@-.%:. i m]

The silver nanoparticles treatment of HepG2 cell line caused diploid cells of 100% to be
arrested in G0/G1 phase by about 5212 %, and G2/M: 3.05 % while S phase was
arrested by about 44 83 %, the G2/G1 phase: 1.94%. diagram.

Figure 6B. Flow cyvtometric analvsis, shows four distinet phases could be recognized in a proliferating cell population: the G1-, 3-

(DMA synthesis phass), G2- and WM-phase {mitosis). However, G2- and MM-phase,
which both have an identical DINA content, could not be discriminated based on their differences in DINA content. 30uMh of AulNPs

Y
L J
" AuNPs : Control(untreated Hep G2)
1 K
H s
1]
H i
3 — $
1 W, o @ ]
U -'_ ,.‘.’ﬁb_,.. r T .L,“

The gold nanoparticles treatment of HepG2 caused diploid cells of
100% to be arrested in GO/G1 phase by about 70.52 %, and G2/M: 8.54
% while S phase: 20.94 % the G2/G1 phase: 1.91%, diagram ().
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Figure 7A. EB-stained gel electrophoresis of genomic DNA extraction at conc. of
150ng from untreated and treated Hepg2 cell line with different concentrations
of AgNPs. Lane 2 (treated cells with 10 uM/ml), Lane 3 (treated cells with 100
uM/ml), lane 4 untreated Hepg2 (cell control), and 100 bp ladder in lane 1.

Figure 7B. EB-stained gel electrophoresis of genomic DNA extraction from untreated and treated

Lane3 (treated HepG-2 with 10uM/ml), lane 4 untreated Hepg-2 (cell control), and 100 bp ladder
in lane 1

Figure8A EB-stained gel electrophoresis of genomic f actin RNA
house keeping gene from untreated and treated HepG2, Lane 1:
Untreated HepG2, Lane 2: HepG2 treated with 100pAuNPs, Lane 3 :
HepG?2 treated with 100pM AgNPs (253bp)

Figure 8 B. EB-stained gel electrophoresis of genomic P53
RNA expression from untreated and treated HepG2. Lane 1:
Untreated HepG2, Lane 2: HepG2 treated with 100pAuNPs,
Lane 3 : HepG2 treated with 100pM AgNPs 366 bp
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C b
Figure8 C.EB-stained gel electrophoresisof Figure8D. EB-stained gel
cenomic Caspase 3 RNA expression from electrophoresis of genomic BCL2 RNA
untreated and treated HepG2,Lane 1: treated expression from untreated and treated
HepG2d with 100pAuNPs, Lane 2 : HepG2 HepG2, Lane 2: Untreated HepG2,
treated with AgINPs, Lane 3 : untreated cells,  Lane 3: HepG2 treated with

Lane 4 : 100 bp ladder, Caspase at 399 bp 100puAuNPs, Lane 4 : HepG2 treated
with 100pM AgNNPs | lane 11s 100 bp
ladder,

BCI2 at 366 bp

Figure8 E. EB-stained gel Figure8 F. EB-stained gel
electrophoresis of genomic BAK RNA electrophoresis of genomic BAX RNA
expression from untreated and treated expression from untreated and treated
HepG2, Lane 2: Untreated HepG2, HepG2, Lane 1: Untreated HepG2,
Lane 3: HepG2 treated with Lane 2: HepG2 treated with
100pAuNPs, Lane 4 - HepG2 treated 100pAuNPs, Lane 3 - HepG2 treated
with 100pM AgNPs | lane 1 1s 100 bp with 100pM AgNPs | lane 1 1s 100 bp
ladder, ladder,
BAK at 1056 bp BAX at 326 bp

DISCUSSION

Previous studies have demonstrated biomedical agjains of metallic nanoparticles especially asnaiotobial
and antitumor activities [21]. In the current studgpG2 in vitro model of human liver cancer cefl2][was used
because this disease is considered one of the coeshoancer diseases among Egyptian populationisasitien
fatal. The available traditional treatment is nffeetive and subjected to resistance; thereforeetlie a need to

newer treatment approaches.
However several studies have shown that metalloparticles may induce genotoxicity and cytotoyicit cancer

and normal cell lines and they emphasized the# iolcancer therapy [23,24,25] most of them haveatstrated
fragmentary and conflicting results when explainiagoptotic mechanisms [26]. This was due to the non
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homogeneity of the studies in terms of physicocleahproperties of nanomaterials and experimentahaus used
for their preparation and type of cells [8]. It Hzeen reported that the physicochemical propedfiggmnoparticles
control all interactions of nanoparticles with th@logical environment such as: activation of deltustress-
dependent signaling pathways, direct damage of csllblar organelles such as mitochondria and DNA
fragmentation in the nucleus, resulting in cellleyapoptosis, and inflammatory response [27,28kr&fore, we
found it is quiet relevant to have some knowledgeuh mechanistic basis of cytotoxic effect of ongieeered
metallic nanoparticles (AgNPs & AuNPSs) in HepGZ2l digle on a cellular and molecular levels beforartihg in
vivo assay. This has been performed by investigatinalitative fragmentation of HepG2 DNA, microsimop
imaging followed cell cycle analysis and some dfgtptic genes mMRNA expression after 24 h of ceflosure. In
our previous study, we have established in vitnatra red colorimetric assay that can investiggtetoxic effect of
our engineered nanomaterials which was based omlili¢y of viable cells to incorporate and bindutral red
(NR). A weak cationic supravital dye penetrates eceémbranes by non-ionic diffusion and accumulates
lysosomes. Any alterations in the cell surface ymosomal membrane that lead to lysosomal fragitsult in
several changes. Such changes cause decreasinigdingbof NR, permitting differentiation betweenabie,
damaged, or dead cells via spectrophotometric meamnts [16].

Concerning silver nanoparticles, our results shothead antiproliferative activity of such sphericanoparticles at
size of 22 nm and at different concentrations (M, 100 pM and 1000 pM) increased by increasing tivhe
exposure as evaluated by neutral red colorimetsaya Also, our results showed that IC50 conceatravas 111
MM (10.78 mg/L) after 48 h of cell exposure. Sutfeat was better than that previously reported layita and his
colleagues , who observed that treatment of Hep@2 AgNPs at size of 7-10 nm exhibited significamss of

viability at concentration of >1.0mg/L [29]. Thaeiesults support involvement of physicochemicalperties as a
crucial factor affecting cellular proliferation ahénce antitumor activity. Our results was almdsse to Lara and
team work [30] but they used different types olgelvho reported that IC50 of AgNPs of 30-50 nmnalider was
1.12+0.32mg/ml against human PBMC, andH0358mg/ml against MT-2 cells.

Regarding gold nanoparticles, our results showatittkatment of cells with such spherical nanoplediat size of
36 nm and at concentration of 50 uM (15 mg/L) did show much toxic effect (10%) by using SRB catutric

assay which is more preferred than MTT assay [Bfjen comparing cytotoxic effect among AgNPs and RaN
our results showed that AUNPs was safer on celtteasame concentration (50 pM) based on SRB coétric

assay, This agreed with what has been reporteddiaganon toxic and biocompatibility of gold nanofpees in

vitro and in vivo [16]. But the conflicting cytotax results might be due to (1) inability of lightiacroscopy to
distinguish toxic effect of nanomaterials, (2) Rbkesinterference of nanoparticles with dye molesulsed in
traditional colorimetric assay and (3) the cytotogffect obtained by colorimetric assay represktesevent. Such
reasons encouraged us, to perform further anadydte cellular and molecular levels to analyzesitibs genotoxic
effect of our engineered metallic nanoparticlesr @sults revealed internalization of AGQNPs and RsNin cellular
organelles, cell membrane, cytoplasm, nucleus,andndria as shown by TEM.

Regarding cell cycle analysis, Austin and his @aglges have observed that interaction of nanoswitr DNA
leads to cell cycle arrest at G2/M phase [32]. Mueg, it induced G1 arrest and completely blockphase,
therefore inducing apoptosis [33,26]. This was airia accordance with our results which showed r@sgjve
accumulation of cell population in the S phase elating with decreased number of cells in the Gpise after
treatment of cells with 100 uM of AgNPs for 24 huc8 results were also confirmed by results of tzllDNA
fragmentation which showed lower concentration eflutar DNA extracted from treated cells compared t
untreated one.

In our previous report, we have reviewed the pdsdarctors linked to cytotoxic effect of AgQNPs [1&) addition to
mitochondrial dysfunction, and ROS generation. Masland his colleagues have found that treatmertt wit
nanosilver could induce the release of cytochromet@ the cytosol and subsequent translocation &t ® the
mitochondria, indicating that nanosilver acts tlylotlROS and C-Jun N-terminal kinase to induce apipioa the
mitochondrial pathway [33]. The close relatiopshietween p53 activation and DNA damage makes p83 t
molecular marker of choice for assessing genottyxigihmed and his coworkers have observed thatnvesat of
mouse embryonic stem cells and mouse embryoniollbst with AgNPs increased the level of p53 protei
expression within 4 h of cells exposure [34].

In the current study, our results showed that esgiom of mMRNA of p53, BAX, BAK, BCI2 as well sactin were
observed in untreated and treated HepG2 cells aften of cell exposure to AgNPs at concentratiol@® uM
(10.78 mg/L). But, mRNA of caspase3 was not detkaiehe treated cells at the same time intervhis Tould be
explained by the following,
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(1) Splicing of caspase-3 produces a short isoftaapase-3s that antagonizes caspase-3 apoptotitydd6]

(2) caspase independent pathway

(3) Results needed to be repeated after longerdfell exposure,48 ,96hr on a quantitative ldafbre reaching a
final conclusion.

Regarding apoptotic effect of gold nanoparticleaNRs were previously reported to have no toxicoéf¢s], but
others found that they induce apoptosis in cextalhtypes [36,5,37,38]. It has been observeddbHular uptake of
gold nanoparticles depends on size, cell type ¢eatnation and time of exposure [39].

our previous study (In press) showed that treatroéhtiman breast cancer cells (MCF-7) with our ragred gold
nanoparticles at size of 34 nm and at concentratfdmg/L was associated with increased cell pajuh in the S
phase of cell cycle and decrease in G2/M phaseelbfcgcle after 24 h of cell exposure and preseoteell

population in sub G-1phase of cell cycle. In costiran the current study, where HepG2 was usedréatment of
AuNPs at the same concentration and the same ammsjitesults showed accumulation of cell populatinG0/G1
and in G2/M phases of cell cycle.

This was also observed in a study performed by Gépaund his colleagues [40] when comparing cytoibxiesults
of AuNPs in different human cancer cells, they juled a strong evidence that AuNPs act through rdisti
mechanisms to affect physiological process in wiffié cell types, depending on cellular context aeshetic
background, for example, AuNPs (size 10 nm x 41namd at concentration of 180 ng/ml, resulted in cgtle
delay in A549 (human lung adenocarcinma), whergexptatic cell death was observed in AGS (humanrigast
adenocarcinoma) cells. In their study they havendothat ROS involved in AuNPs induced apoptotid dehth in
AGS cells but played no significant role in celllade mediated by AuNPs in A549 cells [40]. Regardsame
apoptotic genes expression to have knowledge dimhavior of hepG2 cells in response to our engate&uNPs
capped with citrate, we found the presence of mRIXgression off actin, Bak, Bax, P53,Bcl2 without expression
of caspase mRNA in treated cells. From such obtiensawe speculated that the cytotoxic effect of designed
AuNPs may be through caspase independent pathwaydicg to the following explanations.

(1) Gold nanoparticles can gain access into mitochandrid stimulate ROS (caspase independent apoptosis
pathway) production via impairing electron trangpdain, structural damage, activation of NADPHe:lignzyme
system, and depolarization of the mitochondrial feme [41]. Many researchers have observed that som
compounds showed to be accompanied by AIF (proapiopfactors) production which can induce caspase
independent apoptosis. ROS is also involved irhswute as it can mediate poly (ADP-ribose) polyaserl
(PARP-1) activation, and PARP-1 activation is neeeg for AlF release from mitochondria.

(2) It has been observed that Au NPs of different §izam and 15 nm) can induce inhibition of cell jfievation
mediated by apoptosis, as well as chromosomal den@atguploidogenic events, DNA strand breaks, pgiimas
and purines oxidative lesions in human PBL andnmuaine macrophage cell line [42].

(3)Mironava and colleagues have speculated that apomifect of human dermal fibroblast exposed tifedent
sizes of AuNPs resulted from the number of vacuplesent in the cells, which is probably the maictdr that
disrupts the cytoskeleton causing cell area cotiracand decreases in motility [39]. Moreover, veest blot
analysis indicated the up regulation of mitochoaldaipoptosis proteins such as Bax and p53, dowalatgn of
Bcl-2 and cleavage of poly(ADP-ribose) polymeraBARP) confirming mitochondrial apoptosis and hene#
cycle arrest at the GO/G1 phase [43].

(4)Roa and his colleagues have concluded that Glu-Audtrild trigger activation of the CDK kinases |eagio

cell cycle acceleration in the GO/G1 phase and raatation in the G2/M phase. This activation wasoagpanied
by a striking sensitization to ionizing radiatiamhich may have clinical implications [44] such fings were close
to our observation where HepG2 treated with ourgihesl AuNPs showed accumulation of cell population
GO0/G1 phase and in G2/M phase ( 8% versus 6% oféateid cells).

(5) It has been observed that Bax might be an importadtiator of P53 dependent apoptosis. The ratBaof to
BCI2 can determine survival or death of the cefli§]] They have shown that the level of P53 expoesss
important to determine the cellular responses si@hlow levels of p53 expression resulted onlgeii cycle arrest,
and high levels of expression induced apoptosistheyg have concluded that P53 induced apoptosiactisation
of Bax dependent pathway [46].
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All previous explanations showed some anticancévigc of gold nanoparticles, but further analysssrequired
regarding AuNP size, morphology, functionalizaticoncentration and the cell types with the moshificantly
antitumor activity.

CONCLUSION

We conclude that our designed silver nanopartiatesize of 22 nm didn’t reveal cytotoxic effect rseged by
colorimetric assay, but it exerted genotoxic effastshown by cell cycle analysis and DNA fragméoat\We
suggested that apoptotic effect was intrinsic apiptaspase independent pathway via mitochondsisfunction
but further analysis on a quantitative level il stiquired to confirm our results before suggestintitumor activity
of our engineered silver nanoparticles against huliver cancer cells application. Also assessifgepparameters
like ROS production and time of cell exposure i Itquired.

Regarding AuNPs at size of 36nm, it did not plagyetal role in determining cytotoxicity. In constathe size, cell
type and time of exposure were fundamental fadgtonsducing genotoxicity. Our designed AuNPs aféecHepG2
cells at GO/G1 and at G2/M phases of cell cycld, exerted their apoptotic effect via caspase indeget pathway
but with different mechanism than that exerted ibes nanoparticles. Further quantitative analysisequired to
interpret scientific mechanism of apoptotic effeatsording to levels of apoptotic genes expresstanhing to final
conclusion.

We expect that a better understanding of apoptogichanism of metallic nanopatrticles will widen tHabmedical
applications. Our community is in bad need for cttited data on genotoxicity and immunotoxicity efeased
nanomaterials before biomedical application.
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