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Abstract

In this investigation, the anticancer potentiality and biological mechanism of gold nanoparticles
(AuNPs) was studied in SUDHL-4 cell line. Metallic AuNPs were prepared and stabilized with
ethanol clove (Syzygium aromaticum) extract. The green synthesis of AuNPs was characterized
and evaluated by UV-Visible Spectroscopic, X-ray Diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FTIR), Transmission electron microscopy (TEM), Dynamic Light Scattering (DLS)
and biological activities using various biochemical assays. Green synthesis of AuNPs was con-
firmed by instrument method. The TEM images show polydisperse, mostly spherical AuNPs parti-
cles of 12 - 20 nm. AuNPs were decreased the growth and viability of SU-DHL-4 cell line and in-
creased the apoptosis. The treatments of SU-DHL-4 cells with AuNPs resulted in a moderate con-
siderably increase in Reactive oxygen species (ROS) production. We measured apoptosis by An-
nexin-V/propidium iodide (PI) in the existence and nonexistence of the antioxidant N-acetyl-L-
cysteine (NAC), the glutathione-depleting agent buthionine sulfoximine (BSO), or caspase inhibi-
tors to determine the mechanism of cell death. AuNPs are unique potential anticancer agents that
cause ROS-dependent apoptosis in SUDHL-4 cell line which was improved by depletion of glu-
tathione (GHS) and inhibited by N-acetyl-L-cysteine on Z-VAD-FMK.
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1. Introduction

The past twenty years have seen a convergence of nano-engineering and biomedical research, giving rise to
many new technologies and ideas about what can be achieved in medicine [1]-[4]. We have to accept that the
present day nanotechnology is not something new, but it represents a series of technologies, some of which dat-
ing back to thousands of years [5]. It is only in recent years that these traditional practices are subjected to scien-
tific scouting, understood and improved, at least in some instance. It is expected that the development in
nanotechnology will lead to a new scientific revolution that could change the live and future of people [6]-[8].

The new or modern nanotechnology embraces all the medical clinical application, green synthesis technique
and improvements made in the new nanotechnological process [9]-[11]. In recent years, synthesis of nanoparti-
cles by using plants is gaining importance due to its effortlessness and eco-friendless [11]-[13]. Recently the
biological synthesis of gold nanoparticles using many spices such as black seed (Nigella sativa), garlic, curcu-
min, Cinnamomum zeylanicum and clove (Syzygium aromaticum) has been reported [14]-[23]. The development
of green metallic nanoparticles in present research is associated with field of applied microbiology, industrial
and medicinal field [12] [13].

Biodegradable polymers like chitosan [24], cellulose [25] starch [26] and gum arabic [27]-[33] were also used
as stabilizing agents in the preparation of AuNPs. Recently, lower concentrations of AuNPs have been explored
by researchers for biomedical applications as it does not modify the chemical and photo-physical properties.
Additionally, different AuNPs synthesized by different precursors must be stable under an in vitro environment
that mimics in vivo conditions for any potential biomedical applications like potential treatment for cancer
[34]-[37]. In addition, however, the detailed biochemical mechanism of action, regulatory protein cascades and
efficacy against most cancer types are still unclear.

In this present day research programme, we desire to report the green synthesis of AuUNPs using the ethanol
clove (Syzygium aromaticum) extract and characterized. The potential effect of gold nanoparticles was studied in
SUDHL-4 with some surprising results. There are several parameters that need to be considered for appropriate
growth, proliferation and maintained of cell in culture.

2. Materials and Methods

All chemicals were used of analytical grade laboratory reagents. All solutions were prepared with deionised wa-
ter obtained from a Millipore Milli-Q water system excluding media, which was prepared with distilled water.
The chemicals were purchased from Nobel enterprises, used for synthesis of gold nanoparticles (AuNPs). A
SUDHL-4 cell line was maintained in School of Biotechnology, KIIT University, Odisha, India. It was grown in
medium (i.e., RPMI-1640) supplemented with 10% foetal calf serum in a humidified incubator at 37°C along
with 5% CO,. Collagen coated culture flasks were used when necessary and water was always used in deminer-
alised form, HAuCl, was purchased from Himedia. The compounds were dissolved at 10 mM in ddH,O and
DMSO as a stock solution, and then further diluted to desired concentrations for in vitro experiments. Cell Titer
96A Queous One Solution Cell proliferation Assay, Promega, 2’7’-dichlorofluo- rescein diacetate (H,DCFDA),
Tetra-methyl-rhodamine (TMRE) (Invitrogen, Carlsbad, CA) were purchased from Biogenix, India.

2.1. Preparation of Clove (Syzygium aromaticum) Ethanol

Preparation of Extract: Dried fruits of clove (weight—50 g) (Figure 1(a)) were ground with the outer shells to
obtain a coarse powder using an electric mixer. This was then taken in a muslin bag and subjected to Soxhlet
extraction using ethanol (90%) as solvent maintained at 60°C for 20 hours. The ethanol extract of Clove (Syzy-
gium aromaticum) were made free from the solvent by using rotary evaporator. The yield obtained was 7%
(w/w). Several scientific investigations are that clove (Syzygium aromaticum) contains high levels of antioxidant
polyphenols, including euginol (Figure 1(b)), which is major constituent (72%), have prevent the progress of
various diseases. The eugenol compounds from ethanol extract were determined by GC/MS analyses.

2.2. Synthesis of Gold Nanoparticles

1 mM HAuUCI, solution was added followed by the addition of ethanol clove (Syzygium aromaticum) extract
(Figure 1(c)) solution with continued stirring. After changing the colour of the solution to reddish purple,
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Figure 1. (a) Clove (Syzygium aromaticum); (b) Composition of various phytochemicals
in clove; (c) Extract of clove (Syzygium aromaticum); (d) Schematically synthesis of
gold nanoparticle.

continuous stirring was sustained for a minute without heating. The ratio of extract and auric acid solution in
above procedure is 10:1, similarly 5:1 and 1:1 ratios were followed for optimization of protocol [18] (Figure 1(d)).

3. Characterization
3.1. UV-Vis Spectroscopy

The study of UV-vis spectroscopy measurements of the gold nano triangles were carried out using Shimadzu
1600 UV-vis Spectrophotometer (Kyoto, Japan).
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3.2. X-Ray Diffraction

It was done by using BEDE D-3 system with Cu Ka radiation at a generator or voltage of 40 kV and a generator
current of 100 mA. The samples were scanned from scanned from 20 = 1° - 100° at a scanning rate of 2°/min.

3.3. Fourier Transform Infrared Spectroscopy Analysis

A Perkin-Elmer Model of FTIR spectrophotometer, USA within the range of 4000 - 400 cm™* was used for the
samples analysis. Approximately, sample of 5 mg was with KBr (100 mg) and condensed into pellet using hy-
draulic press. The KBr pellet methods were used for all FT-IR spectra analysis.

3.4. Transmission Electron Microscopy

It was performed on a JEOL model 1200EX instrument operated at an accelerating voltage at 80 kV.

3.5. Zeta Size and Potential Analysis

A Malvern Instrument, MAL 1037088, USA was used to determine the standard size of particle and zeta poten-
tial of nanoparticles. Disposable zeta cells measurement was carried with ultra-pure water at 25°C with a =50
mV latex standard calibrated frequently. The mean zeta potential was carried out using phase analysis light
scattering technique.

3.6. Cell Viability

The cytotoxicity and viability effect of AuNPs against SUDHL-4 cell line were study by MTT assay. MTT
based cytotoxic assay was carried out according to the instruction of kit providing by the manufacture. The ab-
sorbance was calculated at 490 nm using a micro plate reader. OD values were expressed as % over the control
group. Each data point was calculated in triplicate and all assays were performed at least three time.

3.7. ROS Measurement

The basic principle under lining the ROS accumulation in treated and untreated cells was measured by FACS,
SU-DHL-4 cell line were incubated in 10 um 2’7’-dichlorofluorescein diacetate (H,DCFDA) for 30 min at 37°C
in the dark. Cells were suspended in 1 ml cold Propidium lodide (PI) (200 ng/ml)/PBS for 5 minutes in order to
test. Fluorescence intensity was read by flow cytometry using the Beckman counter EPICS XL-MCL Cytometer
on the FL1 channel.

3.8. Quantitation of Apoptosis

After incubations and washing, 1 x 106 cells were marked with Annexin V-FITC and Pl reagent in the binding
buffer as per the instruction provided by invitrogen manufacturer. The detection of fluorescent signals of FITC
and P1 was carried out at 518 nm and 620 nm respectively by using Beckman coulter FACS machine (Beckman).
For each analysis 30,000 events were recorded. The FCS Express V3 software (De Novo Software, Canada) and
Excel (Microsoft) was used for calculation and analysis of results. The % apoptosis was the sum of (Annexin
V-FITC+/PI-) and (Annexin V-FITC+/P1+) cells.

3.9. Western Blotting

SDS-PAGEand Western blotting are two methods used to detect proteins. For this analysis, PBS was used for
washing the cells followed by centrifugation and cell pellets treated with lysis buffer containing protease and
phosphatase inhibitors. Bio-Rad protein assay kit (Bio-Rad, Hercules, CA) which was used to determine the
concentrations of protein. Cell lysate was used for protein assay 25 - 50 pg total protein samples were subjected
to 12% SDS-PAGE electrophoresis. Proteins were electrophoretically transferred to a nitrocellulose membrane.
Blocking of the membrane was carried out by 5% w/v BSA in TBST. Blocking can proceed at 4°C with agita-
tion with secondary antibody for 1h at room temperature followed by washing thrice with TBST. Immune com-

plexes were visualized by ECL kit.



U. K. Parida et al.

3.10. Preparation of Mitochondrial and Cytosolic Fractions

Different hours (0, 3, 18 and 24) were used for treated cells with AuNPs, NACand Z-VAD-FMK. Preparation of
mitochondrial and cytosolic fractions was performed by using a mitochondria isolation kit for cultured cells as
per the manufacturer’s instructions. The mitochondrial pellet was re-suspended in sample buffer for SDS-gel
electrophoresis and analyzed by western blotting for BAX antibody (Cell Signaling). COX IV (Cell Signaling)
is used as an internal control for the mitochondrial fraction, and GAPDH (Chemicon) for the cytosolic fraction.
Cytosolic fractions were also subjected to western blotting for BAX.

3.11. Mitochondrial Membrane (Ayym) Measurement

To make it final concentration of 250 nm by adding Tetramethylrhodamine (TMRE) (Invitrogen, Carlsbad, CA)
just prior to the end of the incubation time. Further, cells were incubated at 37°C for 30 minutes. Then washed
the cells in PBS twice and re-suspended in FACS buffer containing 20 nm TMRE and 2% FBS. Fluorescence
intensity was measured on the FL-2 channel of a flow cytometer. The FCS Express V3 software (De Novo
Software, Canada) and Excel (Microsoft) was used for calculation and analysis of results.

3.12. Statistics

All results are expressed as means = SD. Comparisons among two values were performed by t-test. For various
comparisons between diverse groups of data, the significant differences were determined by the Bonferroni
method. Significance was defined at p <0.05.

4. Results
4.1. UV-Visible Absorption Spectrum of AuNPs in Different Medium

Figure 2(a) shows the, UV-visible absorption spectrum of the clove (Syzygium aromaticum) extract, AuNPs,
AUNPs-RPMI cell culture medium. The characteristic absorbance peak at 391 nm, 546 nm and 559 nm (indi-
cated by an arrow) is clearly observed in AuNPs in water and in cell culture medium. This data indicates that the
biological media to be used for the cell culture studies did not change the stability of the AuNPs [14]. The sym-
metric peak indicates that the solution does not contain any aggregated particles. The stability of the AuUNPs was
determined by measuring the absorption spectrum at 24-h intervals for 30 days. The stability of nanoparticles is
demonstrated in Figure 2(b) that shows the linear dependence of absorbance at Amax on the concentration of
gold in accordance with Beer-Lambert’s Law. It was found that both Amax and A are unaltered for clove-AuNP
concentration ranging from 2.4 - 0.24 nm [27].

4.2. Size of AuNPs Determinate by TEM

Formed nanoparticles were characterized by absorption and TEM measurements. The average size of the
spherical clove-AuNPs was estimated by TEM images and found to be 12 - 20 nm (Figure 2(c)). TEM analysis
was carried out at 1.4 A resolutions, which is optimal for NP size analysis [27]. Next, DLS analysis revealed that
the formulated AuNPs had an average diameter of 18 + 1.2 nm (Figure 2(d)). The values clove- AuNPs are
comparable with AuNPs of similar sizes synthesized by different methods in literature [38].

4.3. Chemical Functional Group Determinate by FTIR

FTIR analysis was performed to characterize any chemical changes that occurred during the synthesis of NPs.
The FTIR data shows presence of following groups for ethanolic extract; 3129.13 cm * -OH, 1645.43 cm*
—-C=C, 1410.09 cm* -N-H, 923.99 cm™* -C-C, 1512.33 cm * CgHs, 1211.41 cm * —C-O, 2106.43 —alkynes.
From above data one can confirm the presence of eugenol in clove (Syzygium aromaticum) by phytochemical
analysis and chemical test which is further reconfirmed by Rf value and FTIR in Figure 3(a) shows. Clove
(Syzygium aromaticum) extract is after reaction with gold ions, this absorption band shows shift towards higher
wave number with the loss in intensity [16] [17]. This observation indicates that eugenol molecules may be in-
volved in the reduction of the surface of gold ion. It was observed that clove extract acts as a reducing and stabi-
lizer to keep the nanoparticles segregated for a longer period.
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Figure 2. Synthesis and Stability of gold nanoparticles: (a) UV-visible spectrum of clove (Syzygium aromaticum) extract
solution, colve-AuNPs, RPMI-AuNPs; (b) Stability of clove-AuNPs over time; (c) TEM of clove-AuNPs; (d) DLS of AuNP.

4.4.XRD

In Figure 3(b), the XRD pattern of AuNPs, in addition to these three peaks there are some unidentified peaks
appeared in the XRD pattern. The distinguishing peaks corresponding to (111), (200), (220) of Au are located at
20 = 38.6°, 42.43° and 63.9° respectively. The result indicates that the sample is composed of crystalline gold.
The zeta-potential or net surface charge, of the Clove -AuNPs was also measured. The zeta-potential to be posi-
tive, with a value of 2.3 + 5 mV in (Figure 3(c)) [16] [17] [38]. The neutral colve extract effectively coats the
positively charged surface of the AuNPs, but the particles retain their positively charged characteristic. This data
confirms that the clove-AuNPs are homogenously coated [27].

4.5, Effect of AuNPs on Cell Proliferation of SUDHL-4 Cells

To know the effect of AuNPs on the colony-forming ability of SU-DHL-4 cells which were treated with in-
creasing concentration of clove extract, HAuCl, and Clove-AuNPs separately for 72 h. clove extract did not
cause any significant growth inhibition in the cells at any concentration. HAuCI, caused significant cell death in
a concentration-dependent manner, with a maximum cell death of 50% observed at 200 uM. Interestingly, dose-
dependent cell death was noted, with AuNPs attaining maximum cell death of 84% at 200 uM (Figure 4(a)).
ICs, (achieved 50% inhibition of cell viability) a broader range of concentrations were used in the same cell line,
and the ICsq obtained was 150 uM (Figure 4(b)). This data clearly indicates a decrease of cell survival in SU-
DHL-4 cells by means of AuNP exposure [39]-[41].

To further confirm the above results from the assay, a MTT cell viability assay was performed. Figure 5(a)
illustrates the effect of clove extract, HAuUCIl, and AuNPs on viability of SUDHL-4 cells by MTT assay. In
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Figure 3. Characterization of clove-AuNPs-based nanoparticles: (a) FTIR of
cove extract and clove-AuNPs; (b) XRD of AuNPs; (c) Measurement of

zeta-potential (surface charge) of AuNPs.

agreement with the data from cell survival assay, clove extract did not show any Kkilling effect on these cancer
cells. HAuCI, alone caused a drop in survival of 20%. At the same concentration (200 uM), AuNPs caused a
dramatic drop in cell viability of more than 84% (Figure 5(a)) [40] [42].

To evaluate the effect of AuNPs on cell viability, we treated SUDHL-4 cells with 0 - 100 uM for 24, 48, and
72 h. AuNPs resulted in loss of cell viability in cell lines within a dose and time dependent manner (Figure
5(b)). I1Cx, (defined herein as that concentration that achieved 50% inhibition of cell viability) at 48 h was 30
uM for SUDHL4. These data indicate that AuNPs inhibits cell viability in SUDHL-4 lymphoma cell lines in a

dose and time-dependent manner and antiproliferative activities against SUDHL-4 cell.
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Figure 5. Cytotoxicity of gold nanoparticles in SU-DHL-4: (a) Treated cells with increasing concentrations of clove
HAUCI, and AuNPs for 48 h cell survival assay. The graph was plotted as percentage viability against AUNP concentration;
(b) Percentage viability of cells after treatment by increasing concentrations of AuNPs for 24 h, 48 h and 72 h.

4.6. AuNPs Induces ROS Accumulation in SUDHL-4 Cell Line

To examine whether AuNPs affects the oxidative function of the cell, we quantified ROS at different time points
by measuring the fluorescent signal of DCF using fluorescence activated cell sorting (FACS). Cells treated with
AUNPs were indicated dose and time period (Figure 6). We demonstrated significant (p < 0.05) ROS accumula-
tion at 4 h for SUDHL-4 (Figure 6(a)). A shift to the right (red) indicates ROS accumulation. Figure 6(b)
shows quantification of ROS accumulation in cell lines. The data shown represent percentage increase compared
to control and represents the mean + standard deviation. Taken together, these data demonstrate that AUNPS in-
duced ROS accumulation is dose and time-dependent in lymphoma cell lines [43].

The earliest intracellular events were occurred in apoptosis due to disruption of the mitochondrial membrane
potential. It has been shown that AUNPs results in loss of MMP in a cell line. To investigate whether AuNPs af-
fects Aymin lymphoma cell lines, we measured Aym in v SUDHL-4 (16 h) (Figure 6(c)). We start to see the
change of Aymat 19 hours (Figure 6(c)). These data show that AUNPs results in dose-dependent loss of Awm.

4.7. AuNPs Induces NAC-Reversible, Caspase-Dependent Apoptosis in SUDHL4 Cell Lines

In order to find out whether AuNPs-induced loss of cell viability was related to apoptosis, we quantified apoptosis
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Figure 6. AuNPs-induced ROS accumulation and y change in cell lines were dose depen-
dent: (@) AuNPs induced ROS production in SUDHL4 cell lines; (b) Quantification of
ROS accumulation in cell lines. The data shown represent percentage increase compared
to control and represents the mean + standard deviation of experiments completed in trip-
licate. * = p < 0.05 control vs. AuNPs; (c) Quantification of Aym in cell lines. The data
shown represent percentage decrease compared to control and represents the mean + stan-
dard deviation of experiments completed in triplicate. (* = p < 0.05, control vs. AuUNPS).

by FACS after staining with Annexin V-FITC and Pl (Figure 7). We found that AuNPs resulted in significant (p
< 0.05) dose-dependent apoptosis in SUDHL-4 at 48 h. The AC50 (defined herein as that concentration that
achieved 50% apoptosis) was 30 uM for SUDHL-4 at 48 h [44].

To determine if apoptosis was related to ROS, we co-incubated cells with the anti-oxidant NAC. In cell lines,
NAC completely abrogated AuNPs-induced apoptosis (Figure 7(a)) (p < 0.05). These data suggest that apop-
tosis was related to the cellular redox state, perhaps as a consequence of depletion of the endogenous antioxidant
GSH, since NAC restores intracellular GSH. We further investigated the involvement of ROS in AuNPs induced
apoptosis by pre-treating cells with the reduced GSH depleting agent BSO (100 uM), and then added AuNPs or
AuNPs and NAC at the indicated dose and time periods (Figure 7(b)). We found that BSO greatly enhanced
AuNPs-induced apoptosis, and apoptosis was again completely inhibited by the antioxidant NAC. With the ad-
dition of BSO, the AC50 was significantly lower in cell lines (48 h, 20 uM in SUDHL-4) compared with AuNPs
alone. Next, to determine if AuNPs induced apoptosis was caspase-dependent, the caspase inhibitors Z-VAD-
FMK, Ac-LEHD-CHO, Ac-IETD-CHO and Ac-DEVD-CHO, were pre incubated with SUDHLA4 cell lines, then
AUNPs added at the indicated doses and time periods (Figure 7(c)).

4.8. AuNPs Induces PARP and Caspase Cleavage

To further investigate the mechanism of apoptosis, we examined caspase activation and PARP cleavage by
AUNPs using immune blotting (Figure 8). After 24 h of AuNPs exposure in SUDHL-4, we found that cleavage
of PARP, caspase 3, and caspase 8 was dose dependent and completely inhibited by NAC (Figure 8). We also
demonstrate time-dependent cleavage of PARP, caspase 8, caspase 9 and caspase 3 at 30 uM in SUDHL-4 cells,
at concentrations that have been shown to induce apoptosis (Figure 7). These data provide further evidence that
AUNPs induced apoptosis is ROS and caspase-dependent, and may proceed by both intrinsic and extrinsic path-

ways [44]-[46].
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Figure 7. Dependence of apoptosis on ROS and caspases: AuNPs induced apoptosis was inhibited
by the anti-oxidant NAC, or caspase inhibitors, but enhanced by BSO in SUDHLA4 cell lines. Cells
were treated with AuNPs, AuNPs + BSO, AuNPs + NAC, or AuNPs + caspase inhibitors at the in-
dicated dose and time period. Annexin V-FITC and PI reagent were added and analyzed by FACS.
(a) AuNPs induced apoptosis is dose-dependent. NAC completely inhibited AuNPs-induced apop-
tosis in cell (p < 0.05); (b) Cells were pre-treated with BSO (100 uM) overnight, and then treated
with AuNPs or AuNPs + NAC at the indicated dose and time period; (c) Pre-treated cells with 50
uM of the indicated caspase inhibitors (Ac-DEVD-CHO, Ac-IETD-CHO, Ac-LEHD-CHO or
Z-VAD-FMK) for 1 h, and then AuNPs was added at the indicated concentrations for 48 h. All of
the caspase inhibitors significantly inhibited AuNPs-induced apoptosis (p < 0.05).
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4.9. AuNPs-Mediated Apoptosis Depends on Mitochondrial Pathways

In order to examine the participation of mitochondrial pathways in lymphoma cell death, we determined the role
of BAX/BAK in AuNPs-induced apoptosis. BAX is a “multi domain” pro-apoptotic protein of the Bcl-2 family
that is triggered by BID to undergo homo-oligomerization with BAK, resulting in discharge of cytochrome ¢
from the mitochondria . To explore the role of Bcl-2 family proteins in AuNPs-induced apoptosis in lymphoma,
however, we then investigated conformational change of BAX following mitochondrial translocation during
apoptosis. Use of BAX monoclonal antibody, which exclusively binds the BAX protein with conformational
change. AuNPs induced BAX conformational change in the SUDHL-4. These data demonstrate an increase of
BAX fluorescent staining at 16 - 18 h in AuNPs treated cells, (Figure 9(a)). In addition, BAX conformational
change was ROS and caspase-dependent, as treatment with NAC or pre-treatment with the pan caspase inhibitor
Z-VAD-FMK eliminated the AuNPs induced BAX conformational change in cell lines (Figure 9(b)). These
data indicate that AuNPs-induced apoptosis in cell lines depends in part on Bcl-2 family proteins and is ROS-
and caspase dependent. To further investigate mitochondrial events during AuNPs induced apoptosis, we ex-
tracted cytosolic and mitochondrial fractions for immune blotting. In the SUDHL-4, we found BAX accumula-
tion in the mitochondrial fractions of cell lines by 3 h, while BAX in the cytoplasm was reduced (Figure 9(b)).
Thus AuNPs induces BAX conformational change and mitochondrial translocation from the cytoplasm in lym-
phoma, leading to cellular apoptosis [46].

5. Discussion

The knowledge gained from the experiments done in this research work opened new avenues to further research
in the design and development of new methods to make gold nanoparticles with desired properties to aptly suit
cancer diagnosis and therapy applications. Recently, scientist reported that AUNPs are capable of reducing tu-
mor cell growth in vivo and in vitro [4] [5]. However, there is a lack of literature regarding the use of AuNPs as
anticancer agents against cell line. Moreover the detailed biochemical mechanisms of the anticancer activity of
AUNPs were not known. In the present report, we have shown for the first time that AuUNPs exhibit anticancer
activity in SU-DHL-4 cells and determined the mechanism of action.
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Figure 9. AuNPs resulted in BAX conformational changes in SUDHL4 cell lines:
(a) AuNPs induced BAX conformational changes in cell line; (b) All BAX confor-
mational changes were blocked by NAC or Z-VAD-FMK. Mitochondrial and cyto-
solic fractions were separated as described in Materials and Methods and analyzed
by western blotting for pro-apoptotic BAX protein. GAPDH and COX IV were
used as internal controls for mitochondrial and cytosolic extracts, respectively.
AuNPs-induced BAX translocation from cytoplasm to mitochondria was time-de-
pendent. Abbreviations: Mito BAX, mitochondrial-related BAX; Cyto BAX, cyto-

solic-related BAX.
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For this study, we prepared a stable purified form of AuNPs using clove extract as a stabilizer agent, which
showed remarkable stability and uniform distribution throughout the test period without any sign of aggregation
and precipitation (Figure 2 and Figure 3). Thorough physiochemical characterization of the AuNPs revealed
excellent average size and uniform surface charge. Cell viability experiments clearly indicated that AuNP
treatment was toxic to SU-DHL-4 cells, while affecting SUDHL-4 cells to a much lesser degree (Figure 4 and
Figure 5) [14]-[23].

We hypothesized that AuUNPs might inhibit cell proliferation and cause apoptosis in lymphoma cell lines and
in primary lymphoma cells by mechanisms that involved cellular redox systems, caspase activation, and mito-
chondrial pathways. Indeed, we found that the effects of AUNPs were dose and time related, and were accompa-
nied by ROS generation (Figure 6). That ROS played an important role in apoptosis of lymphoma cell lines
SUDHL-4 was demonstrated by near complete abrogation of apoptosis by the antioxidant NAC and by en-
hancement of apoptosis by the GSH depleting agent BSO. These observations were not restricted to cell lines
[43].

We further postulated that AuNPs induced apoptosis in cell lines through intrinsic caspase pathways and mi-
tochondrial regulation would be required. We also found that AuNPs induced Aym change in SUDHL-4
(Figure 6(c)) [43].

We hypothesized that AuNPs, might inhibit cell proliferation and cause apoptosis in lymphoma cell lines and
in primary lymphoma cells by mechanisms that involved cellular redox systems, caspase activation, and mito-
chondrial pathways. Indeed, we found that the effects of AuNPs, were dose and time related, and were accom-
panied by ROS generation (Figure 9). That ROS played an important role in apoptosis of lymphoma cell lines
SUDHL4 was demonstrated by near complete abrogation of apoptosis by the antioxidant NAC and by enhance-
ment of apoptosis by the GSH depleting agent BSO [43] [45] [46].

We found that AuNPs induced BAX conformational change in lymphoma cell lines (Figure 9). BAX con-
formational change is known to follow caspase 8 activation and is accompanied by pore formation in the outer
mitochondrial membrane and precedes the release of cytochrome ¢ from mitochondria, an important early step
in mitochondrial mediated apoptosis [47]-[49]. We found no increase in total BAX, but found NAC-inhibitable
conformational change in lymphoma cell lines. These data suggest the potential clinical relevance to lymphoma
biology and suggest that clove-AuNPs may have antitumor activity with lymphoma.

Based on the above observations we have drawn a scheme of the mechanism of action and signaling cascade
for AuNPs in SUDHL-4 cells (Figure 10). We have demonstrated that AuNPs, the active component of the
AUNPs, causes cell death in lymphoma cell lines.

AuNPs

‘f\ |
NAC \
S |
X
{ lreans Q W‘

Mitochondria

Apoptosis

Figure 10. The mechanism of action of AuNPs. AuNPs cause apoptosis in SU-
DHL-4 cells by affecting multiple signaling cascades. The central mediator of
AuNP-induced apoptosis in SU-DHL-4.
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6. Conclusion

The possibility of shape control of metallic nanoparticles was achieved at a level equal to chemical routes by
purely green chemistry approach. These data were providing strong evidence that AuNPs should be studied fur-
ther as potential novel anticancer agents to treat SUDHL-4 with an interesting mechanism of action.
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