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Introduction

In the present scenario, nanometer-size materials are expect-
ed to have a revolutionary impact on biology[1] and medi-
cine.[2] Polymeric nanoparticles, dendrimers, liposomes, and
metal nanoparticles are being widely explored[3] especially
for drug delivery, bioimaging and biosensing.[4] Among
these, metallic nanoparticles, especially gold nanoparticles
(AuNPs), have attracted significant attention and are objects
of great interest. Due to their unique shape, size, and sur-
face-dependent properties, AuNPs have been exploited for
their potential application in hyperthermia of cancer cells
and in several other applications.[5] In clinical applications,

AuNPs may have advantages over other metallic particles in
terms of biocompatibility and non-cytotoxicity,[6] and can be
readily conjugated to a large range of biomolecules, such as
amino acids,[7] proteins/enzymes,[8] DNA,[9] and other molec-
ular species without altering the biological activity of the
conjugated species. More importantly, their facile bioconju-
gation and biomodification[10] has opened the door to wide
biomedical applications encompassing colorimetric assays,[11]

cell imaging,[12] immunostaining,[13] biosensing,[14] and DNA/
drug delivery.[15] For example, antibody-modified AuNPs dis-
played a million-fold higher sensitivity than conventional
ELISA-based assay in the detection of prostate specific anti-
gen.[16] Perhaps, the most emerging application of AuNPs is
for drug delivery. Recent reports in this category include in-
sulin delivery by a nasal route,[17] enhanced antimicrobial ac-
tivity against E. coli strains,[18] and ciprofloxacin-protected
nanoparticles showing the ability to release the drug mole-
cule over an extended period of time.[19]

Even though numerous synthesis methods have been em-
ployed[20] to fabricate AuNPs, lack of sufficient stability in
water under strong electrolyte conditions and pH changes
has impeded the applications of AuNPs. Thus, there is a
need to explore various substances for the synthesis of non-
toxic, biocompatible AuNPs that can control particle size,
prevent aggregation, and introduce functionality to the par-
ticle surface for the conjugation of biomolecules; the search
is on to look for a one-step solution to all these.[21] In this
context, we have initiated our explorations to synthesize and
stabilize AuNPs by using gellan gum (Kelcogel

�

).[22] Gellan
gum (GG) is a linear, anionic heteropolysaccharide secreted
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by the microbe Sphingomonas elodea (formerly known as
Pseudomonas elodea). GG is water soluble and is commer-
cially available as a free-flowing off-white powder. It is ap-
proved for food, non-food, cosmetic, and pharmaceutical
use in the United States, Canada, Australia, and many other
countries in Latin America, South America, Asia, and the
European Union. According to the FDA, GG may be safely
used as a direct food additive for human consumption as per
21 CFR 172.665 and appears as E418 in the European Com-
munity Directive. GG is a widely accepted ingredient within
the food and pharmaceutical industry and is used in many of
food products. Its water solubility, thickening, gelling, and
stabilizing agent properties are some of the reason for its
wide application in food and pharmaceutical industry; it is
currently used in bakery fillings, confections, dairy products,
and so forth. GG is also used as an ingredient in personal
and oral care applications like hair-care products, creams,
sunscreens, and so forth. In addition to its non-toxic proper-
ties and wide acceptance within the human food chain, GG
has unique structural features that attracted our attention.
Its structure consists of four linked monosaccharides (i.e.,
simple sugars), including one molecule of rhamnose (a sugar
found in various plants), one molecule of glucuronic acid
(an oxidized glucose molecule), and two molecules of glu-
cose (a component of sucrose, which is common sugar).[23]

Though gums such as gum arabic[12] have been used for sta-
bilizing colloids for a long time, the reduction of metal
nanoparticles by the gums and their utility in drug delivery
is largely a new and unexplored area.[24] Thus in this paper
we report the synthesis of Au NPs using GG as the reducing
and capping agent, unraveling the superior stability they
impart on the synthesized nanoparticles under various con-
ditions. As mentioned above GG is characterized by many
carbohydrate units and thus their capping on AuNPs should
make the surface carbohydrate rich. This should enable
drug loading, especially for drugs that bear many hydroxyl,
amine, and other functional groups capable of forming hy-
drogen bonds.

For this study we selected doxorubicin hydrochloride
(DOX), one of the most potent and well-known anticancer
drugs; it is a member of the anthracycline ring antibiotics
and is widely used in various cancer therapies.[25] Despite
being widely used, the drug has a very narrow therapeutic
index as its clinical use is hampered by several undesirable
side-effects like cardiotoxicity and myelosuppression. More-
over, as DOX is a hydrophilic molecule, restricted transport
is observed through the cellular membrane leading to mini-
mal drug internalization and its ability to overcome biologi-
cal barriers, such as the blood–brain barrier, is rather negli-
gible. Due to this fact, free DOX cannot successfully be
used for the treatment of brain tumors. Thus, various ap-
proaches have been made to target DOX to tumors, improv-
ing its efficacy and safety. One of the approaches we envis-
aged is the use of colloidal metal nanoparticles, especially
AuNPs, for the delivery of biomolecules. Colloidal AuNPs
incorporating anticancer agents can overcome resistances to
drug action, thus reducing the need for higher doses and

therefore reducing their toxicity towards normal cells. De-
spite this very few studies have been reported regarding the
possibility of applying AuNPs in drug-delivery applica-
tions.[26] Here the most important obstacle is the effective
loading of the drug molecules on the nanoparticle surface,
their stability in physiological conditions, and the drug�s
availability for action when needed. Here the attachment of
the drug molecule through electrostatic or hydrogen bonds
may be a better strategy than covalent linkages.[27] Accord-
ingly we report here the use of GG as reducing and stabiliz-
ing agent simultaneously for the synthesis of AuNPs and
subsequent DOX loading. The bare AuNPs and DOX-
loaded AuNPs were characterized in term of size, zeta po-
tential, drug-loading efficiency, and so forth. In addition, the
cytotoxicity of the DOX-loaded AuNPs was evaluated by
using two different well-established glioma cell lines, that is,
LN-18 and LN-229, by in vitro MTT assays.[28] Gliomas are
the most common primary brain tumors in adults.[29] They
are highly invasive and are resistant to most conventional
therapies including chemotherapy and radiation therapy. Im-
munofluroscence studies were conducted for further confir-
mation of apoptosis induced by DOX-loaded AuNPs in
these cell lines.

Results and Discussion

In the present study, we took advantage of the reducing, sta-
bilizing, and biocompatible properties of GG for the synthe-
sis of AuNPs. It was envisaged that this strategy would also
provide sufficient exposed functional moieties on AuNPs
that will aid in the subsequent attachment of large number
of biomolecules for drug-delivery applications (Scheme 1).
The AuNPs synthesized were thoroughly characterized by a
range of techniques including UV/Vis spectroscopy, powder
X-ray diffraction (XRD), transmission electron microscopy

Scheme 1. Schematic diagram showing anionic gellan gum gold nanopar-
ticles and subsequent loading of cationic doxorubicin HCl on gellan gum
capped gold nanoparticles.
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(TEM), and selected area electron diffraction (SAED) as
displayed in Figure 1. It is known that AuNPs exhibit sur-
face plasmon resonance at 520 nm,[20] clearly seen in Fig-
ure 1A. The TEM images recorded from as-synthesized
AuNPs (Figure 1C and D) reveal that the nanoparticles are
well dispersed with a narrow size distribution and an aver-
age size of 13�1 nm (inset, Figure 1D). The SAED pattern
(inset Figure 1C) of the AuNPs is indexed to the 111, 200,
220, 311 Bragg reflections of face-centered cubic (fcc) gold
structure; this is also confirmed from the powder X-ray dif-
fract gram recorded from the sample (Figure 1B).

A very important stipulation for the drug delivery applica-
tions of nanoparticles is their stability over time and under
different pH and electrolytic conditions.[30] The GG-reduced
AuNPs were extremely stable over time and did not show
any noticeable variation in either UV/Vis spectra, particle
shape and size even after few months of storage at room
temperature (data not shown). Significantly they showed no
discernible change in the intensity or position of the absorb-
ance at �520 nm in the pH window of 3–10 (Figure 2A).
Even the addition of NaCl up to 0.1 m caused no major ag-

gregation (Figure 2B), thus meeting the stipulations laid out
for the utility of these particles for drug-delivery applica-
tions. As the surface plasmon resonance position is very sen-
sitive to the aggregation, the minimal change in its position
under the above experimental conditions indicates the extra
stability of GG-capped AuNPs. In comparison other AuNPs
systems obtained by borohydride or citrate reduction routes
aggregate at the slightest change in their pH and electrolyte
environments.[30]

Having established the formation of stable nanoparticles,
we subsequently proceeded to investigate the drug loading.
Based on the UV/Vis absorbance studies (see Experimental
Section for details), the loading efficiency of DOX on GG-
reduced nanoparticles was determined to be 75 %. At neu-
tral pH the zeta potential of GG (pKa = 3.1)-reduced AuNPs
was �38.25 mV. This clearly indicated that the AuNPs were
wrapped with the anionic GG, which helps nanoparticles to
attain stability by electrostatic means. The zeta potential of
DOX (pKa=8.2) loaded AuNPs was �30.00 mV. The slight
decrease in the zeta potential is ascribed to the presence of
positively charged DOX. The small decrease in the charge
even at 75 % loading of DOX indicates that other attractive
forces including hydrogen bonding could be playing a major
role facilitating the drug-loading process. It is clear that
even after DOX loading, the AuNPs remain in suspension
by their electrostatic repulsion and maintain the negative
charge on the surface. We studied the pH dependent stabili-
ty of DOX-loaded nanoparticles (Figure 3A). It was ob-
served that these AuNPs were very stable between pH 4.0
to 8.0. Below pH 4.0 and above 8.0, the addition of DOX so-
lution to the colloidal AuNPs caused the particles to aggre-
gate. The retention of absorbance intensity corresponding to

Figure 1. A) UV/Vis absorption spectra of gellan gum reduced gold nano-
particles. B) XRD patterns of the gold nanoparticles. C),D) HRTEM
images recorded of blank gold nanoparticles reduced by 0.02 % gellan
gum. Inset C),D) shows electron diffraction pattern and particle size dis-
tribution of gold nanoparticles respectively.

Figure 2. The pH (A) and salt (B) studies of gellan gum reduced gold
nanoparticles.

Figure 3. A) pH study of DOX-loaded gold nanoparticles. B) Fluores-
cence spectra of a) DOX solution and b) DOX-loaded gold nanoparti-
cles. C) FTIR spectra of a) DOX solution and b) DOX-loaded gold
nanoparticles. D) HRTEM image of redispersed DOX-loaded gold nano-
particles.
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DOX also shows that the drug is stable in this pH window.
The stability of DOX molecule after loading on AuNPs was
studied by using fluorescence spectroscopy. The emission
spectra of DOX in solution and DOX-loaded AuNPs were
recorded from 490 to 800 nm at a fixed excitation of
480 nm; the spectra recorded are shown in Figure 3B. There
was no major change in the spectral profile in DOX-loaded
AuNPs, and the peaks at 597 and 635 nm, which are ob-
served for pure DOX, were retained. The decrease in peak
intensities after interaction with GG-reduced AuNPs can be
explained by slight quenching of DOX emission that is
known occur when fluorophores are close to metal nanopar-
ticle surface.[31] However, the preservation of the fluores-
cence signature supports the claim that DOX structure is re-
tained following complexation with nanoparticles;[32] this
fact is very important for its biological activity. The hydro-
gen-bonding hypothesis between protonated amine group of
the DOX molecule with GG on the surface AuNPs is also
supported by FTIR; N�H stretching of the pure DOX at
3777 cm�1 is shifted to 3374 cm�1 in case of DOX-loaded
AuNPs (Figure 3C). The TEM images of DOX-loaded
AuNPs also retain their morphology, giving credence to the
assertion that DOX loading neither cause much change in
their size nor lead to any aggregation (Figure 3D).

To explore the potential of AuNPs as drug delivery carri-
ers, we first determined the cytotoxic effect of GG-reduced
AuNPs as well as the sensitivity of DOX-loaded AuNPs on
human glioma cell lines. The in vitro cytotoxicity of different
formulations, namely, free DOX, DOX-loaded AuNPs, con-
trol AuNPs with no drug, and only culture media for nega-
tive control, was investigated in human glioma cell lines
(LN-18 and LN-229) by using an MTT assay. The results
after 24 and 48 h are shown in Figures 4 and 5.

The wells that received only media were regarded as a
negative control with a cell viability of 100 %. No cytotoxici-
ty effect of GG-reduced AuNPs was observed on either cell
lines as the cell viability did not decrease, even after 72 h of
experiment. It showed that the AuNPs were well tolerated
by both cell lines and had no effect on cell viability, which
further confirmed the biocompatibility of the AuNPs.[6] Fig-
ure 4A and B show the percent viability of LN-18 cell line

after exposure to DOX, in pure solution form and as loaded
on nanoparticles for 24 and 48 h, respectively. It is to be
noted that at each concentration the drug-loaded Au NPs
were taken such that the DOX concentration was similar to
that in free solution, making a direct comparison possible.
At the end of 24 h, the pure DOX solution had not caused
any significant inhibition of the cell growth, whereas DOX-
loaded AuNPs exhibited strongly enhanced cytotoxicity,
with values ranging from about 50 % at 7.5 mg mL�1 to 40 %
at 15.0 mg mL�1. After 48 h of incubation, all the LN-18 cells
cultured in the presence of DOX-loaded AuNPs within the
checked concentration range (5.0–15.0 mg mL�1) showed
more significant reduction in viability. At the highest con-
centration 15.0 mg mL�1, the cell viability was decreased to
5 % at the end of 48 h. The maximum decrease in cell viabil-
ity achieved with 15.0 mg mL�1 free DOX solution was 40 %
at the end of 48 h, indicating a slower rate of decrease (50 %
to 40 %) as compared to the DOX-loaded GG-Au NPs
(40 % to 5 %). In case of human glioma cell line LN-229
(Figure 5), free DOX and DOX-loaded AuNPs gradually in-
crease their cytotoxicity with increasing concentration; how-
ever, the cytotoxicity was dominated by DOX-loaded GG-
Au NPs. At the end of 24 h and 48 h incubation, the de-
crease in cell viability with DOX-loaded nanoparticles in
the concentration range studied (5.0–12.5 mg mL�1) was be-
tween 57–34 % and 31–10 %, respectively. Many groups
have studied the incorporation of DOX in colloidal carriers.
The increase of DOX cytotoxicity compared to the solution
has already been observed with polymeric nanoparticles, mi-
celles, and liposomes carrying doxorubicin.[33] The AuNPs
employed here also turn out to be very effective DOX carri-
ers, comparable to the intricate systems mentioned above.
In our study we observed a steep increase in the cytotoxicity
in both the cell lines when AuNPs loaded with DOX were
used. This indicated that DOX-loaded AuNPs are more
potent than free DOX. A possible explanation for the activi-
ty enhancement of DOX-loaded AuNPs is the improved in-
ternalization of drug-loaded NPs by an endocytosis mecha-
nism, compared to the passive diffusion mechanism of free
DOX into cells.[34] Moreover, it was found that binding of
doxorubicin to nanoparticles increased the efficacy against
glioma tumors.[25a]

Figure 4. Viability of LN-18 after 24 (A) and 48 h (B), after exposure to
(from left to right): control (media), blank nanoparticles, DOX solution,
and DOX-loaded gold nanoparticles.

Figure 5. Viability of LN-229 after 24 (A) and 48 h (B) after exposure to
(from left to right): control (media), blank nanoparticles, DOX solution,
DOX-loaded gold nanoparticles.
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DOX is known to induce apoptosis (i.e. , programmed
death of tumor cells) by blocking the cell cycle and inhibit-
ing the DNA polymerase enzyme.[35] We analyzed the apop-
tosis on LN-18 and LN-229 induced by DOX-loaded–GG-
reduced AuNPs by using phase-contrast and confocal micro-
scope techniques. For comparison, the morphology of the
untreated cells was initially observed by phase contrast mi-
croscope. After incubation of both cell lines with DOX-
loaded AuNPs, free DOX solution, and blank AuNPs (con-
centration same as MTT cytotoxic assay) for 24 h, the mor-
phology of both cell lines changed significantly as compared
to the untreated cells (Figure 6 and SI-1 in Supporting Infor-

mation). The cells shrunk to a spherical shape and most of
them were detached from the cover slip. The cytoplasm of
the cell was distributed badly and formed the apoptotic
bodies, and some of the cells were budding. Because of
apoptosis most of the cells were detached from the cover
slips and washing further removed the apoptotic cells, but
the main apoptosis features like cell shrinkage, chromatin
condensation, and nuclei fragmentation were clearly ob-
served with the help of confocal microscopy. CLSM images
clearly demonstrated the apoptosis-induced cell death by
DOX-loaded AuNPs on human glioma cell lines LN-18 and
LN-229.

In conclusion, we have reported a novel method for syn-
thesis of gold nanoparticles by using natural, biocompatible
GG and the feasibility of using AuNPs as carriers for the de-
livery of the cationic anthracycline drug, doxorubicin hydro-
chloride (DOX). We have demonstrated the successful load-
ing of DOX onto AuNPs and their concentration-related in-
creased cytotoxicity in human glioma cell lines. Confocal
images confirmed the apoptotic-induced activity of DOX.
These results are promising and warrant further investiga-
tion to reveal the in vivo cytotoxic capacity of DOX-loaded
AuNPs in cancer therapy, especially brain tumor. The carbo-
hydrate-rich nanoparticle surface may facilitate better trans-
port of the loaded drug across blood–brain barrier. As such,
this is very generic and can be expanded to include the de-

livery of other biologically active molecules as well. Our
group has been exploring other naturally occurring gums,
also as reducing and capping agents for gold nanoparticle
synthesis, some of which showed very promising results
greatly enhancing the attractiveness of the present study.

Experimental Section

Materials : Doxorubicin hydrochloride was a gift sample from RPG Life
Sciences Limited, Mumbai (India). Hydrochloroauric acid (HAuCl4) was
obtained from Aldrich Chemicals. GG was a gift sample from CP Kelco,
Atlanta (USA). The human glioma cell lines LN-18 and LN-229 were
procured from American type culture collection (ATCC, USA). The
yellow tetrazolium MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetra-
zolium bromide) was obtained from Sigma-Aldrich (USA). All the sam-
ples were prepared in a Millipore milli Q water system.

Synthesis of gold nanoparticles : In a typical experiment, an aqueous solu-
tion of HAuCl4 (1 � 10�4

m, 100 mL) was reduced to gold nanoparticles
(AuNPs) by heating in a an aqeuous solution of GG (100 mL) using
0.02 % w/v. After addition of HAuCl4 the pH of the solution was adjusted
with sodium hydroxide to between 11–12 to yield ruby-red AuNPs on
boiling. The ruby-red solution yielded an absorbance maximum at
518 nm. Control experiments revealed that the optimum particle size dis-
tribution and stability were all achieved at the conditions specified
above. The dependence of particle size on temperature and pH has been
studied in detail and will be reported elsewhere.

UV/Vis spectroscopy measurements : The change in surface plasmon res-
onance of AuNPs, before and after loading of DOX, was monitored by
UV/Vis/NIR spectroscopy measurements, carried out on a V-570 model
Jasco Dual Beam spectrophotometer operating at a resolution of 2 nm.

Loading of doxorubicin hydrochloride onto gold nanoparticles : A calcu-
lated amount of DOX was added to a dispersion of AuNPs, obtained as
described above, resulting in a final DOX concentration of 10�4

m in solu-
tion. The solution was then incubated for 24 h at room temperature and
then centrifuged at 20000 rpm for 0.5 h. The pellets thus obtained after
centrifugation were separated from the supernatant solution and redis-
persed in milli Q water prior for further characterization. The free DOX
present in the supernatant was determined by measurements of its UV
absorbance and the percentage loading of DOX on AuNPs was estimated
by following formula: % loading= [(total amount of DOX add-ACHTUNGTRENNUNGed�amount of DOX in supernatant)/Total amount of DOX added] � 100.

X-ray diffraction (XRD) measurements : Films prepared on glass sub-
strates by simple solvent evaporation of dispersions of GG-reduced
AuNPs were used for X-ray diffraction measurements. The diffraction
measurements was carried out on a PANalytical Xpert PRO instrument
operating at 40 kV and a current of 30 mA at a scan rate of 0.388min�1.

High-resolution transmission electron microscopy (HRTEM) measure-
ment : Samples for HRTEM analysis were prepared by drop casting of
GG-reduced AuNPs and DOX-loaded AuNPs solutions on carbon-
coated copper grids and allowed to dry at room temperature. Measure-
ments were done on a TECHNAI G2 F30 S-TWIN instrument operated
at an accelerated voltage of 300 kV with a lattice resolution of 0.14 nm
and point image resolution of 0.20 nm. The particle size analysis was car-
ried out using Gattan software (Pleasanton, CA, USA).

Zeta potential measurements : The surface charge of AuNPs before and
after loading of DOX was determined by measurement of zeta potential,
determined by using a zeta potential analyzer, Brookhaven Instruments
Corporation, NY. The average zeta potential of nanoparticulate disper-
sion was determined as such without any dilution.

Fourier transform infrared spectroscopy (FTIR) measurements : FTIR
spectra of DOX bound to the AuNPs were recorded on a Perkin–Elmer
Spectrum-One instrument in the diffuse reflectance mode at a resolution
of 4 cm�1 in the range of 400–4000 cm�1 in KBr pellets. For comparison,
FTIR spectrum of pure DOX was also recorded.

Figure 6. A) LN-18, B) LN-229. Confocal microscopy images to demon-
strate the apoptosis induced by DOX-loaded gold nanoparticles. Cells
were initially cultured for 24 h, followed by addition of DOX nanoparti-
cles, then continually cultured for 24 h before examination.
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Fluorescence spectroscopy measurements : Fluorescence spectroscopy
measurements were carried out to study the stability of DOX after bind-
ing with GG-reduced AuNPs. Fluorescence spectra of free DOX solution
and DOX-loaded AuNPs were recorded on Cary Eclipse Fluorescence
Spectrophotometer, Varian.

In vitro cytotoxicity assay

Cell line and growth medium : Human glioma cell lines LN-18 and LN-
229 were cultured in Dulbecco�s modified eagle�s medium (DMEM) sup-
plemented with 1.5 gm L�1 sodium bicarbonate, 4 mm glutamine and 5–
10% fetal bovine serum (Gibco, USA) The cultures were maintained in
a humidified atmosphere of 5 % CO2 at 37 8C in an incubator.

Cell preparation : For cytotoxicity testing, the cells were utilized when
they reached 60–80 % confluent. The cells were diluted as needed and
seeded as 4� 103 for LN18 and 3� 103 for LN229 in 100 mL of media per
well, sequentially plated in flat bottom 96-well plates (Becton Dickinson
Labwane, USA). This number of cells was selected to avoid potential
over confluence of the cells by the end of the four-day experiment while
still providing enough cells for adequate formazan production. After plat-
ing, the 96-well plates were then incubated for 24 h to allow adherence of
the cells prior to the administration of various samples for testing.

Drug addition : The cells were incubated for 24 h at 37 8C and the details
are mentioned above. The culture medium were replaced with 200 mL of
solution containing fresh medium plus DOX-loaded AuNPs or free DOX
solution, so that the final concentration variations of DOX-Au NPs or
DOX were realized. To evaluate possible effect of blank AuNPs on cell
viability, cells were also incubated with blank AuNPs. Control wells con-
taining cells received only 200 mL of medium. After addition of all the
test samples, the plates were returned to the CO2 incubator. The study
was conducted further up to a period of 72 h to allow both time-depen-
dent and concentration-dependent drug-induced cytotoxicity. Further-
more, cells could be maintained in wells for this period without the need
for refeeding. The antiproliferative effect of DOX was analyzed by use
of the MTT assay[31] to assess the cytotoxicity of the DOX-loaded AuNPs
in comparison with free DOX and blank AuNPs. The percentage cell via-
bility was then determined. All experiments were performed in triplicate.

MTT assay : This assay was based on the measurement of the mitochon-
drial activity of viable cells by the reduction of the tetrazolium salt MTT
(3-(4,5-dimethyathiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) to form
a blue water-insoluble product, formazan. After addition of various con-
centrations of free DOX and DOX-loaded AuNPs, cells were again incu-
bated. After 24 h of incubation, MTT (5 mg mL�1, 20 mL) was added to
respective set of cells and the plates were incubated for an additional 4 h.
After 4 h of incubation, the medium was removed and DMSO (200 mL,
Sigma-Aldrich, USA) was added to dissolve the formazan crystals result-
ing from the reduction of the tetrazolium salt only by metabolically
active cells. The absorbance of dissolved formazan was measured at
570 nm using a Bio-Rad microplate reader (Model 680). Since the ab-
sorbance directly correlated with the number of viable cells, the percent
viability was calculated from the absorbance.

Confocal laser scanning microscopy (CLSM): Confocal laser scanning mi-
croscopy was used to detect the apoptotic activity and uptake of DOX
on cell lines. Before addition of various formulations, LN-18 and LN-229
cells were seeded at low density in 24 well plates (Becton Dickinson Lab-
ware, USA) on cover slips (ERIE scientific company, USA) and grown
for 24 h to achieve semiconfluent cultures. When the cells were attached
to the surface of the cover slips as a monolayer, they were incubated
with different concentrations of DOX-loaded AuNPs, free DOX solution,
and blank nanoparticles. The cells were further incubated for 24 h at
37 8C and 5% CO2 in a humidified environment. After incubation, cells
on the cover slip were washed with ice-cold phosphate buffered saline
(PBS, Himedia, Mumbai, India) and fixed in 4% paraformaldehyde
(Sigma-Aldrich, USA) for 10 min at room temperature. After two more
rinses in PBS, cells were blocked in 5 % BSA (ICN biomedicals, Germa-
ny) in PBS for 30 min at room temperature. Cells were washed three
times in PBS in the dark and then incubated with DAPI (Molecular
probes, USA) for 10 min. Cells were mounted with mounting medium
containing DABCO (Sigma-Aldrich, USA). Confocal images were ac-
quired using Zeiss LSM 510 confocal microscope (Germany). More rep-

resentative confocal microscopy images are available in Supporting Infor-
mation.
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