An in vitro study on the cytotoxicity and genotoxicity of silver
sulphide quantum dots coated with meso-2,3-dimercaptosuccinic
acid

Mezo-2,3-dimerkaptosiksinik asitle kaplanmis gumus sulfit kuantum
noktalarinin sitotoksisitesi ve genotoksisitesi Uzerine bir in vitro calism

Short Title: DMSA/Ag2S QDs lead to cell death via apopt S
at very high doses.

Abstract
Objectives:Silver sulfide (Ag2S) quantum dots (QDs) are€hi anomaterials in
bioimaging system due to their great activities on for both imaging livery. There are

d ic acid (DMSA).
In this study, we aimed to determine the cytotoxicity of Ag ed with DMSA in Chinese
hamster lung fibroblast (V79) cells over a wide range of concentrai 000 pg/mL).

Materials and Methods: The cell viability was d by 3-(4,5-dimethylthiazol-2-yl)-2,5-
RU) assays. The genotoxic and
apoptotic effects of DMSA/Ag2S QDs were also et assay and real time polymerase

chain reaction (RT-PCR) technique, respectiv

Results: The cell viability were found to
pg/mL) of Ag2S QDs using MTT and NRU spectively. Although the cell viability decreased

80C assay), it was observed that DNA damage was
not induced by DMSA/Ag2S QDs 3 died concentrations. The mRNA expression levels of p53,

caspase-3, caspase-9, bax, B

totoxic effects of DMSA/Ag2S QDs may occur at the high doses

through the apoptotic p ever DMSA/Ag2S QDs appear to be biocompatible at low doses,

which make them we i or cell labeling applications.
Keywords: me ercaptosuccinic acid coated silver sulfide quantum dots, genotoxicity,
apoptosis

Uyuk aktiviteleri nedeniyle biyo-goruntileme sisteminde oldukca gelecek vaad eden
Izemelerdir. Mezo-2,3-dimerkaptosiksinik asit (DMSA) ile kaplanmis Ag2S QD'lerin toksisitesi
inda yeterli calisma yoktur. Bu c¢alismada Cin hamster akciger fibroblast (V79) hicrelerinde
SA ile kaplanmis Ag2S QD'lerin genis bir konsantrasyon araliginda (5-2000 pg/mL) sitotoksisitesini
elirlemeyi amacladik.

Gereg ve Yontemler: Hicre canliigi 3-(4,5-dimetiltiyazol-2-il)-2,5-difeniltetrazolium bromid (MTT) ve
noétral kirmiz alim (NRU) deneyleri ile belirlendi. DMSA / Ag2S QD'lerin genotoksik ve apoptotik etkileri
sirasiyla comet analizi ve gercek zamanli polimeraz zincir reaksiyonu (RT-PCR) teknigi ile
degerlendirildi.



Bulgular: Ag2S QD'lerin en ylksek dozlarinda hiicre canhihdi MTT ve NRU deneylerinde sirasiyla
54.0+4.8% ve 65.7+4.1% olarak bulundu. Ancak hicre canliigi 400 pg/mL (MTT deneyi) ve 800
ug/mL (NRU deney) lizerinde azalmistir. incelenen konsantrasyonlarda DNA hasarinin DMSA/Ag2S
QD'ler tarafindan induklenmedigi belirlenmistir. P53, kaspaz-3, kaspaz-9, bax, Bcl-2 ve survivin
genlerinin mMRNA eksprsyon diizeyleri 500 ve 1000 ug /mL DMSA / Ag2S QD'lere maruz kalan
hicrelerde degismistir.

Sonug: DMSA / Ag2S QD'lerin yuksek dozlarda sitotoksik etkilerinin apoptotik yollarla ortaya
ctkabilecegi gorulmektedir. Bununla birlikte, DMSA / Ag2S QD'ler, dusuk dozlarda biyolojik olarak
uyumlu goriinmektedir, bu da onlari hiicre gérintileme uygulamalari igin uygun kilmaktadir.

Keywords: mezo-2,3-dimerkaptosuksinik asit kapli gimuis silfir kuantum noktalari, ge i
apoptoz

INTRODUCTION
The number of commercial products containing nanoparticles plgly ihcreasing
and nanoparticles are already widely distributed in a|r cosmei edicines and
even food. As one of the leading nanomaterials, €mag Oparticles have
currently gained considerable research attention dug [ , applications
such as drug and gene delivery, biosensors andy di i . The use of
functional nanomaterials in biology and biomedicine extensively explored
and it has become one of the fastest moving a earch directions. 1

A key issue in evaluating the utility materials is assessing their

herent chemical composition
(e.g., inhalation of particulate
aterials such as carbon nanotubes,

potential toxicity, which may result fro
(e.g., heavy metals) or their nanosca
carbon nanotubes). 2 To date, a vag fn
silicon nanowires, gold/silver nano rt|cIe and quantum dots (QDs), have been
studied and used in a wide r ical applications.>® Nanoparticles have
unique features such as hij cé-to-volume ratios, surface curvatures, and

surface high reactivities. n also be produced with different sizes, chemical
compositions, shapes agd su rges, which affect their passage across the cell
membranes, biodistri and toxicity.”® Recently, the use of nanomaterials has
also attracted consi ble Mterest in biomedical fields.

r-scale semiconductor crystals and are defined as particles
smaller than the exciton Bohr radius. QDs, which are
to VI or lll to V elements, are often described as “artificial
9it" discrete energy levels, and their band gaps can be precisely
modulatéd by f@rying their size. .12 1n 2002, Applied Spectroscopy published its first
Dsy“Quantum Dots: A Primer,” by Murphy and Coffer."® The applications
scent nanocrystals have evolved tremendously over the last decade,
in bioimaging and bioanalysis. Since the first demonstration of QDs for
ical imaging in 1998, 15 thousands of research articles on QDs have been
ed. Researchers have exploited the brightness, photostability, size-dependent
electronic properties, and superior multiplexing capabilities of QDs for a myriad
applications.'®?" Some of prominent applications include in vitro diagnostics,
energy transfer-based sensing, cellular and in vivo imaging, and drug delivery and
theranostics.'® 22 23 |n parallel with these advances in bioimaging and bioanalysis,
QDs have also evolved to provide greater flexibility and capability.?*
QDs are usually synthesized using group II-VI materials, for example,
cadmium telluride (CdTe) or cadmium selenide (CdSe).?> 26 Structurally, QDs are
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consisted of a metalloid crystalline core and a “cap” or “shell” that shields the core
and renders the QD bioavailable. QD cores can be fabricated by using different
materials with different band gaps for luminescence in the visible or near-infrared
region (NIR). Cd or Zn chalcogenides such as CdS, CdSe, CdTe, and ZnS are
examples of group 1I-VI series of QDs?” 28 with luminescence in the visible range;
indium phosphate and indium arsenate are examples of group llI-V series QDs with
emission in the red to NIR 2930

A major limitation with respect to the clinical use of QDs is their potenti
toxicity due to their chemical composition and nanoscale features.?® The
popular QDs for biological applications are still based on CdSe core materials,
offer high quality and control over the spectroscopic properties of the Naneek

P

satisfying both at these criteria.?”> 38 Hocaoglu et al. meso-2,3-
dimercaptosuccinic acid (DMSA)-coated Ag2S QD ost strongly
luminescent, anionic, NI-emitting QDs. These particles\uere S|gn| IGantly internalized
by HelLa cells and provided strong intracellulag S, suppressing
autofluorescence. No reduction in the viability of He d only 20% reduction
in NIH/3T3 cells at concentrations up to 840 eported, which is quite
unusual for a non-pegylated QD. QDs were emocompatible, as well.

cells, concerns remain regarding the cytotoxicity of released cadmiu
associated oxidative stress still remain unsolved.3'-36
Within the last decade, tremendous efforts have been de

This composition is of special interest @i ct 10 numerous applications since
surface carboxylic acids can be conjug et ligands or drugs, producing
theranostic nanoparticles.

In the present study, we performed ailed toxicity analysis to investigate

the potential cytoxicity, genotoxicityand ptosis induced by DMSA/Ag2S QDs in
s. To have a relatively thorough toxicity
analysis of DMSA/Ag2S NI : and NRU assays were performed to evaluate
the potential cytotoxici assay was performed to assess the potential
genotoxicity; the real 4 ase chain reaction (RT-PCR) technique was used
to evaluate the re MRNA expression of tumor suppressor gene (p53),

S resented here is the first data that gives a cytotoxic,
tic effects of DMSA/Ag2S QDs in vitro. Since there is no
oh, their toxicity, this study provides remarkable information for human

and survivin)
genotoxic an
enough
health.

| D METHODS
icals

chemicals were purchased from the following suppliers: hydrogen peroxide
5%) (H202) from Merck Chemicals (Darmstadt, Germany), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT), acetic acid, dimethyl sulfoxide (DMSO),
DMSA, Dublecco’s modified eagle’s medium (DMEM), ethanol, ethidium bromide
(EtBr), fetal bovine serum (FBS), low melting point agarose (LMA), L-glutamin,
neutral red (NR), sodium chloride (NaCl), sodium hydroxide (NaOH), N-lauroyl
sarcosinate, normal melting point agarose (NMA), Silver nitrate (AgNQO3), trypsin-



EDTA, triton X-100, penicillin-streptomycin, phosphate buffered saline (PBS), from
Sigma-Aldrich Chemicals (St. Louis, MO, USA). Sodium sulfide (Na2S) was
purchased from Alfa-Aesar (Thermo Fisher Scientific, Karlsruhe, Germany) . Milli-Q
water (18.2 MOhm) was used as the reaction medium.

Preparation and Characterization of DMSA/Ag>S NIR QDs

DMSA/Ag2S NIR QDs were prepared in a one-step reaction. A detailed descriptiop
and characterization were reported previously by Hocaoglu et al.38 Briefly, 42.5
AgNO3 (0.25 mmol) was dissolved in 75 mL of deoxygenated deionized w
113.89 mg of DMSA (0.625 mmol) was dissolved and deoxygenated i
deionized water at pH 7.5 and added to the reaction mixture. The pH was ac
7.5 by using NaOH and CH3COOH solutions (2 M). Reaction mixture

dried in freeze-drier. The concentration of the QDs solution ¥ ined as 4.6
UV-vis-NIR
spectrometer in the 300-1000 nm range (Figure 1a).
was obtained described in detail previously by HQ

800 S8amples were
eXC|ted W|th a DPSS laser operatlng at 532 nm anc %
. o

3, was recorded by an

with a lock-in amplifier. QDs have an emissio at 790 nm with about 129 nm
full-width at half maximum (Figure S1b lv izer nano ZS was used for the
measurement of hydrodynamic size (2. ) ous QDs and zeta potential of
aqueous QDs as -30mV. Hydrod ic ize, was measured by dynamic light
scattering (DLS). No agglomeration fif cell medium was observed.
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Figure 1 (a) Absorbance spectra, (b) ra of colloidal DMSA/Ag2S QDs.

Cell culture
V79 cells were obtain thel American Type Culture Collection (ATCC;
Rockville, MD, USA). ce grown in DMEM medium supplemented with

10% heat-inactivat
penicillin and 10 m
a humidified atg

4 days. The p ﬁ ~

0 ptoxicity by MTT assay

F 1% penicillin-streptomycin solution (10000 units of
strept@mycin in 0.9 % NaCL), and 2 mM L-glutamin at 37°C in
of 5% COz. 3° The culture medium was changed every 3 to
ers used in our study were between 6 and 10.

Determifiation

e method of Mosmann 4 with the modifications of Hansen et al.*’

a et al.*? was carried out. The cells were disaggregated with trypsin/EDTA
thenWesuspended in the medium. The suspended cells (a total of 10° cells/well)
lated in 96 well tissue-culture plates. The experiment was performed for 12 h,
h,"and 48 h before and there were no time differences (data not shown). To get a
e range for the further experiments, 24 h incubation was selected. After the
cubation of 24 h, the cells were exposed to different concentrations of DMSA/AQ2S
QDs (5, 10, 25, 50, 100, 200, 400, 200, 800, 1000, 2000 pg/mL) in the medium for 24
h. Then,, the medium was removed and MTT solution (5 mg/mL of stock in PBS) was
added (10 uL/well in 100 pL of cell suspension). After the incubation of the cells for
an additional 4 h with MTT dye, the dye was carefully taken out and 100 yL of DMSO
was added to each well. The absorbance of the plate was measured in a microplate
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reader at 570 nm. The experiment was repeated three times. Results were
expressed as the mean percentage of cell growth. ICso values represent the
concentrations that reduced the mean absorbance of 50% of those in the untreated
cells.

Determination of cytotoxicity by NRU assay

Determination of the cytotoxicity of DMSA/Ag2S QDs using NRU assay wa
performed according to the protocols described by Virgilio et al.*3 and Saquib et @™
V79 cells were treated with DMSA/Ag2S QDs as described in MTT assay.

incubation for 24 h, the medium was aspirated. The cells were washed ty

PBS and incubated for an additional 3 h in the medium supplemented
pMg/mL). The absorbance of the solution in each well was measured i
reader at 540 nm and compared with the wells containing untr
experiment was repeated three times. Results were expressed

Determination of genotoxicity by comet assay

V79 cells were treated with DMSA/Ag2S QDs as de
the disaggregation of the cells with trypsin/EDT.
the medium, a total of 2x10° cells/well wer
After 24 h of incubation, cells were@Qi
DMSA/Ag2S QDs (5-2000 pg/mL) for a
(50 uM H202) was also included in ents. The cells were embedded in
agarose gel and lysed. Fragmefted trands were then drawn out by
electrophoresis to form a comet. A ele€trophoresis, the slides were neutralized
and then incubated in 50% : 98% of alcohol for 5 min. The dried
microscopic slides were stai itMEtBr (20 pg/mL in distilled water, 60 pL/slide)
and were examined a Lei€e res€ence microscope under green light.

The microsco connected to a charge-coupled device camera and a
personal computer lysis system (Comet Analysis Software, version 3.0,
Kinetic Imaging Ltd, , UK) to determine the extent of DNA damage after
f the DNA fragments in the agarose gel. In order to
visualize DN/ , 100 nuclei per slide were examined at x400 magnification.
Results 2d as the percent of DNA in tail “tail intensity”. The experiment
was pe in duplicate and repeated three times.

h different concentrations of
h at 37 °C. A positive control

f apoptotic genes by RT- PCR

cells were treated with DMSA/Ag2S QDs at concentrations of 125, 250, 500 and
00%ug/mL in 6-well plates for 24 h. After the completion of exposure time, total
was extracted with the Qiagen RNeasy Plus Mini Kit (Valencia, CA, USA)
cording to the manufacturer’s protocol. The RNA content was estimated using the
Nanodrop 8000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA),
and the integrity of RNA was visualized on a 1 % agarose gel using the gel
documentation system (Thermo Fisher Scientific, Wilmington, DE, USA). First-strand
cDNA was synthesized using the RT? First Strand Kit (Qiagen, Valencia, CA, USA)
according to the manufacturer’'s instructions. Quantitative real-time PCR was




performed by QuantiTect SYBR Green PCR kit (Qiagen) using the Corbett
RotorGene Sequence Detection System (Thermo Fisher Scientific, Wilmington, DE,
USA). Two microliters of template cDNA was added to the final volume of 20 uL of
reaction mixture. RT-PCR cycle parameters included 10 min at 95 °C followed by 40
cycles involving denaturation at 95 °C for 15 s, annealing at 60 °C for 20 s, and
elongation at 72 °C for 20 s. The sequences of the specific sets of primer for p53,
caspase 3, caspase 9, bax, bcl2, and survivin utilized in the present investigation are
given in our previous study.*® Expressions of selected genes were normalized t
gapdh gene and then used as controls. The experiment was performed in dupli
and repeated three times.

Statistical analysis

Statistical analysis was performed with the SPSS for Windows420.0 ter
program for alkaline comet assay. Differences between the means data were

compared by the one-way variance analysis test and post 2 of group
differences by least significant difference test. The RT-PCR @ ere analyzed
using the T-test statistical method. Significance in thegRT-PCR artaywas determined
based on fold change from the control AACt value. results wele expressed as
the mean * standard deviation. A p value of les .05 was*€onsidered as
statistically significant.

RESULTS

Cytotoxicity of DMSA/Ag2S QDs by MTT

The V79 cells were treated with DMISA/A; s and free DMSA to determine the
cytotoxicity of the QDs itself an e goating material over a wide range of

concentrations between 0-20 4 h. The cytotoxicity was then evaluated
by MTT assay. Data provi igure 2a exhibited no significant cytotoxicity
between 5-200 pug/mL a ation dependent decline in the survival of cells
exposed to DMSA/ Ds at higher concentrations (400-2000 ug/mL) when

compared to the unireate ntrol. 1Cso of DMSA/Ag2S QDs was not determined at
these concentrations.“Bhe cell viability were found to be 54.0+4.8 % at the highest
doses (2000 s shown in Figure 2b, free DMSA did not cause any significant
cytotoxicity in within the same concentration range.
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Figure 2 Influence of DM (a) and free DMSA solutions (b) on viability of
V79 cells using MTT ility was plotted as percent of negative control
(assuming data obt om untreated cells as 100%). Results were given as the
mean + standard iationBifferences between the means of data were compared

by the one
difference
compared t

nificant difference (LSD) test. *Significant difference as
ative control (p < 0.05). Negative control (1% PBS), positive

icity at the concentrations between 5 and 400 ug/mL when compared to the
eated control, but a clear dose-dependent toxicity at higher concentrations (800-
000 ng/mL) was observed (Figure 3a). ICso of DMSA/Ag2S was not determined. The
cell viability were found to be 65.7+4.1% at the highest dose (2000 pug/mL) of Ag2S
QDs. Similar to the results obtained from MTT assay, DMSA alone did not show
cytotoxicity in V79 cells within the same studied doses (Figure 3b).
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Figure 3 Effects of DMSA/A QDS (a) and DMSA solutions (b) on viability of V79
cells using NRU a Cel ity was plotted as percent of negative control
(assuming data o e untreated cells as 100%). Results were given as the
mean + standard d tion. Differences between the means of data were compared
iaRee analysis (ANOVA) test and post hoc analysis of group

ast significant difference (LSD) test *Significant difference as
egative control (p < 0.05). Negative control (1% PBS), positive
H202). The cell viability of positive control was 53.6 %.

xicity of these QDs were evaluated by comet assay (Figure 4 and Figure 5).

damage expressed as “DNA tail intensity” in V79 cells were presented in Figure

No significant DNA damage was observed, since DMSA/Ag2S QDs treatments (5-
2000 pg/mL) for 24 h did not change DNA tail intensity in V79 cells (Figure 5).
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Figure 4 DNA damages expressed as tail intensity in the V79 cell

DMSA/Ag2S QDs. Results were given as the mean + standard deyiation®
between the means of data were compared by the one wa

(ANOVA) test and post hoc analysis of group differences byileast s

difference (LSD) test. . p < 0.05, statistically differen@ifrom negative control. # p <
0.05, statistically different from positive control. Neg ntrol (1%®BS), positive
control (50 uM H20:2

gnificant

Figure 5 The comet¥icroscopic images of V79 cells. (a) Undamaged cells treated
with DM and (b) damaged cells treated with 50 yM H202 were
examined at x400 magnification.

Effects MSA/Ag.S QDs on the expressions of apoptotic genes

trations of 125, 250, 500 and 1000 ug/mL for 24 h was analyzed by RT- PCR

y.
e results demonstrated that the mRNA expression levels of apoptotic genes p53,

caspase 3, caspase 9, and bax were up-regulated, while the expressions of anti-
apoptotic genes Bcl-2 and survivin were down-regulated in V79 cells treated with the
highest concentration of DMSA/Ag2S QDs (1000 nug/mL) (p<0.05) (Figure 6). No
significant changes were observed in lower concentrations. The ratio of bax/Bcl-2
gene expression levels in the cells treated with DMSA/Ag2S QDs (Figure 7) suggests
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that these two genes may play a significant role in the pathway of DMSA/Ag2S QDs
via apoptosis.

2 * ® Control
1,8 A 125 pg/ml
1,6 - H250 ng/ml

=500 pg/ml

1,4 -
12 - B 1000 pg/m
0,8 -
0,6 1
0,4 -
0,2 -

mRNA level (fold change)

0 -
P53 caspase-3  caspase-9 bax bel2
Figure 6 DMSA/Ag2S QDs-induced apoptosis in V gre exposed to
DMSA/AQ2S QDs at the dosages of 0, 125, 250, 500 r 24 h. At the
end of exposure, mMRNA levels of p53, caspase 3, ¢ bax, bcl2 and survivin
genes were measured as described in materials 5. Results were given as
the mean + standard deviation. The real time hain reaction (RT PCR)

od. Significance in the PCR
ontrol AACt value. *Significant

arrays were analyzed using the T-tes
array was determined based on fold ch

difference as compared to the ne
PB

n E
Q
9
O 0 125 250 500 1000

DMSA/Ag,S QDs (pg/mL)

re 7 The ratio of Bcl2/Bax mRNA in V79 cells. Cells were exposed to
S QDs at the dosages of 0, 125, 250, 500 and 1000 pg/ml for 24 h.
*Signiificant difference as compared to the negative control (p < 0.05). Negative
control (1% PBS).

SCUSSION
There has been increasing concern regarding the toxicity of QDs, however further
effort is needed to make them safe for biomedical application.*® The toxic effects of

different QDs have already been investigated in vitro 3#47-%1 as well as in vivo. 5% 52
QDs are suggested be cytotoxic and/or change gene expression® and the cores and
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coatings of QDs may be responsible for their toxicity.>* Ag2S QDs were considered to
be much less toxic than the QDs such as PbSe, PbS, and CdHgTe QDs, because of
the lack of toxic metals, such as Pb, Hg, and Cd. AgS QDs are promising
fluorescent probes with both bright photoluminescence in the NIR and high
biocompatibility, which makes them high selective in vitro targeting and imaging of
different cell lines.>® Ag2S QDs are reported to have no significant effects in altering
cell viability, triggering apoptosis and necrosis, forming reactive oxygen species
(ROS), and causing DNA damage in in vitro toxicity studies. 38 %

In recent years NP applications towards cell apoptosis have been
increasing focus. Unfortunately such widely usage may pose unwanted thre
human health and calls for the necessity of a precise analysis of NP cytotexieit
living cells. The understanding of how their exact properties (size, shap

charges, dispersion/agglomeration status) play in the decision of @ d
suitability is necessary. In addition, some aspects of surface modifi€ati pay’ be
able to reduce the bio-reactivity of NPs, thus alleviating their [ in certain
circumstances. This may provide a way to design even more rticles of
minimum undesired toxicity.

In the present study, it was aimed to evaluage the cyto notoxic, and

apoptotic potentials of DMSA/Ag2S QDs in V79 cell
NRU cytotoxicity assays, since they are generell
cytotoxicity of nanoparticles in different cell lines. %5
on the different mechanisms leading to cell de , it is important to check
nanotoxicity with different protocols. NRU a orimetric assay measuring
the uptake of the dye by viable cells mdlation in functional lysosomes,
while MTT assay is based on the enzy on of MTT in the mitochondria.
80 The lung fibroblast V79 cell line u in our experiment. The rationale for
choosing this cell line is that it has b&en wi udied in many nano-cytotoxicity and
nano-genotoxicity assays, because@f excellent properties in colony formation and
also high sensitivity to ma . 6165 The question of dose becomes
important when compari eshand when developing predictive models of
i portant when comparing in vitro and in vivo
studies, where physi mic arameters make simple comparisons difficult.
Consistent with th studies 6165 24 h of exposure was selected to be
ments of the effects of nanoparticles on cell viability. It has
high concentrations of NM solutions are used in in vitro
in the literature. % There are no cytotoxicity studies for the

tests to“determine the
assays differ depending

dy, DMSA/Ang QDs reduced the cell viability above 400 ug/mL
assay and above 800 pg/mL using NRU assay. Indicating dose
en toxicity in both assays. MTT seems to be more sensitive in detecting
c es in viability at low concentrations. ¢’ In both MTT and NRU assays, DMSA
onepdid not significantly induced cell death at the same concentration range
een 5 and 2000 pg/mL. It seems that the coating material may prevent the
totoxicity. It is the fact that the biocompatibility of DMSA coupled with the extremely
low solubility of Ag2S core prevents release of high concentration of Ag+ from the
core accounts for the biocompatibility of DMSA/Ag2S at least in short term exposure.
Munari et al.>* reported that methyl polyethylene glycol coated Ag2S (0.01-50 ug/mL)
showed neither genotoxic nor cytotoxic effects.
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It is important to use the appropriate method to measure the cytotoxicity of
interest without the false-negative or -positive misconstruction of the result. MTT and
NRU assays may sometimes suffer from severe interferences caused by interaction
of metallic nanoparticles with assay reagents. Serious consideration is critical to
obtain reliable and realistic data. %8 Interference with analytical techniques should be
considered in terms of nanoparticle intrinsic fluorescence/absorbance and
interactions between nanoparticles and assay components. Due to the unique
physicochemical properties and increased reactivity of nanoparticles (NPs), there is g
high potential for these materials to interfere with spectrophotometric
spectrofluorometric assays. NPs can bind to proteins and dyes and alter
structure and/or function, and it is probable that this process is occurring i i
toxicity assays. Aluminum nanoparticles showed a strong interaction wi
dye causing significant misreading of the cell viability data. ¢ 7© Som
(iron/graphite magnetic particles, super-paramagnetic magnetite/sili
bare and PEGylated silica nanoparticles and magnetic composite

zeolite) in culture medium in the absence of cells have the sa used in
MTT assays at 525 nm. This absorbance increases ¥V nanoparticle
concentration and can greatly interfere with MTT agsay results ever, in our

study DMSA/Ag2S QDs had the emission maxim with a broad
absorption up to 800 nm. In MTT and NRU assays t serbance were 570 nm and
540 nm, respectively. DMSA/Ag2S QDs appear no efiact with MTT reagent,
therefore there is no absorbance interference.
Comet assay, is a sensitive method tg @?
oxidatively damaged DNA at single ¢
damage is an important issue in mutati
other mechanisms may also be inv [ enotoxicity of NPs including direct
NP-DNA interactions, and disturbange of t tic spindle and its components. 72 73
In our study, DMSA/Ag2S QDs treatments f5-2000 ug/ml) for 24 h did not increase

DNA strand breaks as well as
e ) effect of NPs to cause DNA
ogenesis. Oxidative stress, but

DNA tail intensity in V79 h ay indicate no genotoxic effects. The
biocompatibility of Ag2S use fibroblast L929 cell line, including cell
proliferation, cell apopt n sisyy production of reactive oxygen species (ROS),
and DNA damage usi et assay were investigated by Zhang et al. (2012), which

is comparable withgf our ‘Study. °° They used different Ag2S QDs with different
targeting ligands_including dihydrolipoic acid (DHLA) and poly(ethylene glycol) (PEG).

uction, and DNA damage of L929 cells treated with 6.25,
g/mL of Ag2S QDs for 72 h were not statistically different from
the ne The results presenting negligible toxicity of Ag2S QDs at
concenfrationsgup 10 100 ug/mL show that Ag2S QDs are highly biocompatible in their
S s did not interfere with the cell proliferation, which makes them

eir use in the labeling of the in vitro systems. These observations
the biocompatible nature of Ag2S without side effects on the cell

12.5, 25, 50,

patibilities and low toxicities. 747® The coating material may suggested to
ce the cytotoxicty. Constisted with our study, Jebali, et al (2014) reported that
e fatty acids-coated Ag NPs had less toxicity, higher uptake, and less ROS
generation than unbound Ag NPs. Hocaoglu et al. 7 showed the biocompatibility of
2-mercaptopropionic acid (2MPA)/Ag2S QDs even at the highest concentration of 600
ug/mL in NIH/3T3 cells for 24 h incubation using XTT assay. Hocaoglu et al. 38 also
showed that DMSA/Ag2S QDs did not reduce cell viabilty up to 200 uyg/ml in HelLa
cells and showed only 20% reduction in cell viability of 3T3 NIH cells for 24 h.
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Apoptosis, via extracellular or intracellular signals, trigger the onset of a
signaling cascade with characteristic biochemical and cytological signatures with
nuclear condensation and DNA fragmentation.”® Several genes are known to sense
DNA damage and apoptosis. In the presence of DNA damage or cellular stress, p53
protein triggers cell-cycle arrest to provide time for the damage to be repaired or for
self-mediated apoptosis.’® The p53 gene maintain genomic stability via activating cell
cycle checkpoints, DNA repair, and apoptosis. ’® Survivin, described as an inhibitor of
caspase-9 and a member of the family of inhibitors of apoptotic proteins, functions a

play an important role in both cell proliferation and apoptosis.'” Initially, survivin g
expression is transcriptionally repressed by wild-type p53 and can be dereguiated
cancer by several mechanisms, including gene amplification, hypon %

increased promoter activity, and loss of p53 function. 8 Downregula in
may cause a cell-cycle defect that leads to apoptosis. The Bax a ns
regulate apoptotic pathways. The Bcl-2 protein has an antiapoptotic.ac , While the

aprese ell death
@ an apoptotic
Sistange to apoptotic

of caspases leading to apoptosis.?3 84 Caspas : or cellular DNA damage
and apoptosis, are known to play a vital r th initiation and execution of
apoptosis in many cells.8®

The transcriptional data on modu
of caspases have strengthened
mitochondrial dependent apoptoti
characterized by mitochondrial d
activation of caspase 9, and

stimulus; an increased bax/bcl-2 ratio decreases the
stimuli, leading to apoptosis. It is crutial in the
permeabilization and the release of cytochrome @

nd bax/bcl-2 ratio and release
r f DMSA/Ag2S QDs in inducing
pathways. The main intrinsic pathway is
nctigh, with the release of cytochrome c
caspase 3 enzyme. 8687 Typically, p53 is
activated when DNA dama sfor cells are stressed, p53 is then translocated to
the nucleus, where it ca r@sapoptotic gene expression on the mitochondrial
membrane, activate caspases, accelerate cell death. 8 8 Survivin
inhibition induce t of caspase-3 and caspase-9 enzymes. & % Taken
together, up-regulati f p53 and down-regulation of survivin leads to activation of
pro-apoptotic
of the outer drial membrane, which releases soluble proteins from the
interme into the cytosol where they promote caspase activation. 84 °1
The expressi antiapototic protein bcl-2 was significantly lower, and the
S of Jpro-apoptotic protein bax was significantly higher in cells exposed
Ds, suggesting that these genes could be excellent molecular
to assess the apoptotic response of NPs. Our study, no significant
es in mRNA expression levels were observed between 125-500 pg/mL, but a
eareffect on the apoptotic/antiapoptotic gene expression levels was detected at the
of 1000 ug/mL. The mRNA expression levels of apoptotic genes p53, caspase
, caspase 9, and Bax were up-regulated, while the expressions of anti-apoptotic
genes Bcl-2 and survivin were down-regulated in V79 cells treated with the highest
concentration of 1000 ug/mL of DMSA/Ag2S QDs. The results show that the related
gene expression levels may change at only a very high cytotoxic dose, indicating that
DMSA/Ag2S QDs may lead to cell death via apoptotic pathways at very high doses.
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CONCLUSION

In our study, the potential cytotoxic, genotoxic, and apoptotic effect of DMSA/AQ2S
QDs in vitro were evaluated. Ag2S QDs coated with DMSA has high biocompatibility
and low toxicity, since heavy metal related cytotoxicity is eliminated by using quite a
biocompatible and insoluble Ag2S semiconductor core.

Our data show that DMSA/Ag2S QDs has neither cytotoxic nor genotoxic
effects in V79 cells in medically relevant doses. It may induce apoptosis via p5
survivin, Bax/Bcl-2 and caspase pathways at high dose. The underlying mechanig
of DMSA/Ag2S QDs should be confirmed by additional experiments in order to pf@
our results. It needs further investigation to determine whether in vivo expost
consequences may exist for DMSA/Ag2S QDs application and also to
widespread safety of use.
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