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ABSTRACT: Green synthesis of nanoparticles plays an important role in their efficient therapeutic effects in various biomedical
applications. Here, we prepared gold nano bioconjugates (GNBCs) from the ethyl acetate fraction of onion peels and investigated
their anti-inflammatory activity in lipopolysaccharide-stimulated RAW 264.7 macrophages. The GNBCs were characterized by UV−
visible spectroscopy, dynamic light scattering, and transmission electron microscopy. Comparative studies have been conducted
among GNBCs, fractionate alone [onion peel drug (OPD)], and the standard drug dexamethasone in various anti-inflammatory
assays. It was observed that GNBCs showed comparatively good therapeutic efficacy than the fractionate alone. At the lowest 10 μg/
mL concentration, the GNBC and OPD exhibited 70.86 and 91.98% of reactive oxygen species production, 10.88 and 20.97 ng/μL
of nitrite production, 337 and 378 pg/mL of TNF-α production, 27.1 and 30.64 pg/mL of IL-6 production, respectively, by
maintaining a satisfactory cell viability. Moreover, to understand the mechanistic pathway of GNBCs in their entry into the
macrophages, their localization, and duration, uptake studies have been performed where a caveolar-mediated endocytosis pathway is
found to be prominent. Hence, this study will lead to the development of cheap, green synthesis of nano bioconjugates and their role
in inflammation.

■ INTRODUCTION

Inflammation is a complex defense mechanism of a living
organism against invading pathogens, insect bites, or irritants
that encompass various immune cells such as macrophages,
dendritic cells, mast cells, blood vessels, and molecular
mediators.1 Primarily, inflammation is a body’s protective
response that eliminates necrotic cells and damaged tissues
from the inflamed site and facilitates tissue repair.2 However,
prolonged and repeated chronic inflammation can eventually
lead to the damage of healthy cells, tissues, and organs which
ultimately leads to the development of various diseases such as
cancer, rheumatoid arthritis, obesity, cardiovascular diseases,
type 2 diabetes, asthma, and so forth.3,4 Among various
immune cells, macrophages are more commonly used in
understanding the immune pathways and investigation of
various anti-inflammatory agents. Lipopolysaccharide (LPS), a
vital component found in the outer cell membranes of Gram-
negative bacteria plays a major role in the activation of

macrophages. Consequently, leading to the generation of
copious pro-inflammatory cytokines and mediators such as
tumor necrosis factor (TNF)-α, IL-1β, and IL-6, nitric oxide
(NO).5

In nature, there are several plant secondary metabolites such
as flavonoids, terpenoids, and alkaloids that play an important
role in preventing various diseases. Quercetin, one of the major
flavonoids found in onion peels 20 times higher when
compared to the edible part of the onion,6−9 takes part in
the regulation of scavenging free radicals, inhibition of lipid
peroxidation, and inhibition of proinflammatory cytokines and
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mediators via modulating various cell signaling pathways.10,11

The outer layer, that is, the peel of red onions contains
elevated antioxidant properties when compared to other
varieties.12 Due to such good antioxidant properties, onion
peels can be used in the treatment of cancer, stress, and so
forth.13,14

Preparation of metal nanoparticles by conventional
approaches often employed toxic reducing agents and organic
solvents, which ultimately led to the release of noxious
environmental waste.15 Green synthesis of nanoparticles
nowadays is a major attraction in the field of bionanotechnol-

ogy. Because the biosynthesized nanoparticle utilizes natural
resources, this approach can be considered as eco-friendly,
cost-effective, energy-efficient, and biocompatible that can
overcome the limitations of physiochemical synthesis by
avoiding the use of toxic chemicals, and by reducing side
effects.16,17

The onion peel, although a waste, it contains many-fold
quercetin as compared to onion flesh.18 Instead of using
commercially available quercetin as a capping agent for gold
nanoparticle (gold NP) synthesis,19 in our earlier report,20 the
onion peel was used as a cheap source of quercetin which can

Scheme 1. Schematic Representation of GNBC Synthesis from EA Fractionate of the Onion Peel Extract and Its Subsequent
Inhibitory Effect on Inflammation in RAW 264.7 Macrophage And Cellular Uptake of GNBC with Different Time Intervals has
Been Evaluated by Both Qualitative (Fluorescent Microscopy) and Quantitative (FACS) Method

Figure 1. (A) UV−visible spectrophotometer of GNBC, (B) particle size distribution by DLS measurement, (C) representative TEM image of
GNBC, (D) zeta potential measurement of GNBC.
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act as a strong reducing agent and capping agent that also
checked the synergistic antioxidant and anti-inflammatory
activities in L6 skeletal muscle cell line. The whole onion peel
crude extract was purified into four fractionates which are as
follows ethyl acetate (EA), butanol, methanol, and water.
Different types of antioxidant assays were carried out from the
prepared fractionate. Among them, EA fractionate exhibited
the highest antioxidant activity.
Therefore, in this current work, the anti-inflammatory

activity of onion peel-derived gold nano bioconjugates (B)
labeled as GNBCs was further evaluated in in vitro macrophage
RAW 264.7 cells and also investigated their cellular uptake by
qualitative and quantitative measurement via fluorescent
microscopy and flow cytometry analysis. Furthermore, various
inhibitors have been used to explore the actual mechanism of
cellular internalization to better understand the interaction
between the cell and nanoparticle for future effective
biomedical applications. Scheme 1 shows the schematic
representation of the protocol adopted to study the use of
the GNBC as a potential anti-inflammatory drug along with
their underlying cellular uptake mechanism and hence, such
study will lead to the development of nano bio-conjugates as a
therapeutic agent.

■ RESULTS AND DISCUSSIONS

Characterization of GNBCs. The GNBCs which has been
prepared from EA fraction of onion peels adopted from earlier
protocol20 were characterized by UV−visible absorption
spectroscopy, zeta potential analyzer, dynamic light scattering
(DLS) technique, and transmission electron microscopy
(TEM). The prepared GNBC exhibits a ruby red color,
characteristic of Au nanoparticles which is due to surface
plasmon resonance at 540 nm.20 As shown in the UV−vis
spectra Figure 1D a distinct surface plasmon peak at 540 nm
has been observed. The zeta potential of GNBC was found to
be ζ = −21.2 mV. The negative surface charge of GNBC
indicates a negative charge on the nanoparticles. The size of
the GNBC was determined to be 7.8 nm from the DLS
measurement. Furthermore, the characteristic morphology was
analyzed by TEM, and Figure 1C shows that the synthesized

GNBC is spherical and sizes are below 20 nm. The synthesized
GNBC is stable for months without agglomeration. Figure S2
in Supporting Information shows the representative TEM
images of GNBC taken after 30 days, 60 days, and 120 days.
The TEM images clearly show that the particles are below 10
nm. Similarly, particle size analysis (Figure S3 in Supporting
Information) and zeta potential analysis (Figure S4 in
Supporting Information) of GNBC measured after 30 days,
60 days, and 120 days show that the size remains almost same
(below 10 nm) and zeta potential is almost same. This further
confirms that the synthesized GNBCs are stable for long
period of time.

Effects of the GNBC and Onion Peel Drug in the Cell
Viability Assay of RAW 264.7 Macrophages. It is first
important to check the cell viability of GNBC and onion peel
drug (OPD) in the RAW 264.7 cell line. The cell viability assay
has been performed along with the standard drug dexametha-
sone with 10, 50, 100, 150, and 200 μg/mL concentration for
24 h of the incubation period. Cell viability assays are
essentially used for screening the response of the cells against a
developed drug. The results showed that (Figure 2A) both
OPD and GNBC exhibited good cell viability such as 99 and
100% at the lowest concentration (10 μg/mL) and 93 and
88.62% at the highest concentration (200 μg/mL), respec-
tively. However, the standard drug dexamethasone showed
89% at 200 μg/mL. (Figure 2A). The superior cell viability of
GNBC and OPD showed its biocompatible nature and safest
therapeutic application in in vitro living organisms.

Effects of GNBC and OPD in the Production of ROS in
LPS Induced RAW 264.7 Macrophages. ROS generation is
an indication of oxidative stress and progression of various
inflammatory diseases and plays an important role in signaling
molecules and a mediator of inflammation.21 Figure 2B
showed the gradual reduction of ROS generation with an
increase in the concentration of GNBCs. The result showed
that at the lowest concentration of10 μg/mL, GNBC and OPD
showed 70.86% and 91.98% ROS generation, respectively.
While at the highest concentration of 200 μg/mL, GNBC and
OPD showed 27.57 and 46.88%, respectively, when compared
with untreated control. However, the standard dexamethasone

Figure 2. (A) Cell viability of GNBC in RAW 264.7 cell line in comparison with standard dexamethasone drug and OPD (onion peel fractionate)
(B) reactive oxygen species (ROS) scavenging assay in RAW 264.7 cells in bar diagram, (C) fluorescent images of ROS scavenging assay. Data
represent the results of experiments conducted in triplicates, n = 3. Values are the mean ± standard deviation of three independent experiments.
The statistical significance of the difference between treated and control groups was analyzed using one-way ANOVA followed by all pairwise
multiple comparison procedures (Student−Newman−Keuls method). An asterisk (*) represents a significant difference when compared to control
values at *p < 0.05 (*p < 0.05; **p < 0.01; ***p < 0.001).
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showed 61.26 and 15.36% ROS generation at 10 and 200 μg/
mL concentrations, respectively. The reduction of ROS
generation was also confirmed by fluorescent microscopy.
Figure 2C shows the fluorescent microscope images of ROS
production and subsequent visual decrease in ROS production
in GNBC, OPD, and dexamethasone-treated cells as compared
to control (untreated). It is clear from the fluorescent
microscopic images that the GNBC is quite effective in
decreasing ROS.
Cellular Uptake of GNBC by RAW 264.7 Cell. To

establish an effective therapeutic efficacy, it is important to
understand the interaction between the macrophages and
GNBCs. Cellular uptake of the GNBC has been performed by
both qualitative via fluorescent microscopy and quantitative
measurement via flow cytometry. The GNBC was fluorescently
labeled with rhodamine B (RhB) for quantifying the cellular
uptake because an undraped metal nanoparticle does not
possess fluorescent properties. The investigation has been
carried out by considering different time intervals such as 0.5,
2, 4, 6, and 8 h under the serum-free medium conditions.
Because the serum protein of media efficiently takes part in the
“protein corona” formation. A group of proteins that binds to
the surface of the nanoparticle is known as the protein corona,
thereby causing changes in particle size and leading to some
sort of magnificent inhibitory effect on the uptake of gold NPs
by phagocytic cells.22 The time-dependent study is essential to
examine how much time is required for saturation of RAW
264.7 cells by GNBCs.
Figure 3A,B shows fluorescent microscopy images of cells

that have been stained with RhB labeled GNBC and with

nuclear staining dye DAPI. It is evident from the images that
cells showing their localization and merged images (Figure 3C)
reveal that GNBCs are localized inside the cell reside nearby
the nucleus where internalization of GNBCs occurrs gradually
and it increases correspondingly when the incubation time
increases from 0.5 to 8 h.
Although the side scattering channel (SSC) of flow

cytometry has been used in the application of nanoparticle
uptake because SSC indicates cellular granularity or cell’s
internal complexity, however, Choi et al.23 investigated some
different aspects in SSC intensities regarding nanoparticle
uptake. The SSC intensity enhancement depends on the
surface charge of the nanoparticle. They showed that

measuring side scattering for negatively charged nanoparticle
uptake allowed a negligible change in SSC because the cell
membrane exhibited a negative charge. Furthermore, an
important observation was noticed where SSC intensities
depend on the diameter of the particle size; the larger the
particle size the more the intensities of SSC. However, the
increase in intensities of SSC is due to the light scattering it
depends on the size of the nanoparticle rather than the
cumulation of nanoparticles inside the cell.
In this study, the side scattering of RAW 264.7 cells did not

alter after the incorporation of GNBCs(Figure 4A), maybe
because of negative surface charges and small size particles as
shown by the zeta potential of GNBC Figure 1A,B and DLS
measurement, respectively. On the other hand, the fluores-
cence intensities of GNBC-treated cells increase gradually with
a longer incubation period from 0.5 to 8 h (Figure 3A).
Therefore in this case, a fluorescence channel has been used to
quantify the nanoparticle uptake instead of a side scatter
channel.24

Here, the uptake has been elucidated by quantifying the
RhB-GNBC containing a percentage of cells compared with
the control (untreated) cells. A significant change has been
found in the fluorescent intensities which are significantly
higher as compared to the control. Figure 4C indicates that
during the uptake of the 0.5 h period, fluorescent hikes quickly
11.36% as compared to the control group (containing only
bare RhB without GNBC/untreated). Likewise, the percentage
increased gradually by 21.51, 28.98, 33.16, and 40.11% for 2, 4,
6, and 8 h, respectively. Figure 4B shows the percentage of
cellular uptake that occurs gradually when increasing the
incubation period which is maximum at 8 h 63.89 and 17%
minimum uptake at 0.5 h. Hence, fluorescence intensity from
the PE-A channel showed a shift to larger intensities in a time-
dependent manner demonstrating RhB-GNBC cell uptake.

Effects of GNBC and OPD in the Production of Nitrite
in LPS Induced RAW 264.7 Macrophages. Next, we
examined the efficacy of the GNBC and OPD against the
production of nitrite. LPS is a well-known potent activator of
inflammation by triggering the release of various cytokines
from macrophages. It is a major component of Gram-negative
bacteria which is found to be a common practice among
researchers for checking anti-inflammatory drug analysis in
RAW 264.7 macrophage cells as an in vitro model system. To
examine the nitrite production level by the GNBC and OPD,
cells were pre-incubated with 100 ng/mL LPS for 2 h before
the incorporation of various concentrations (10, 50, 100, 150,
and 200 μg/mL) of drug treatment. However, the result
(Figure 5A) showed that GNBCs significantly reduced the
nitrite production level up to 6.11 ng/μL at its highest
concentration 200 μg/mL and is almost comparable with the
standard drug dexamethasone which is 5.93 ng/μL at the same
concentration. Similarly, the EA fraction of OPD showed a
7.63 ng/μL production at the respective concentration.
Nevertheless, at a lower concentration, 10 μg/mL GNBC
exhibited 10.88 ng/μL and dexamethasone possessed 9.59 ng/
μL production whereas the OPD showed 20.97 ng/μL nitrite
production in comparison with the control (without treatment
contains only LPS) in a dose-dependent manner. Hence, it can
be concluded that GNBCs showed significant nitrite reduction
by producing very less nitrite level which can be compared
with the standard drug dexamethasone even at the lowest
concentration.

Figure 3. (A) Fluorescent microscopic images of RhB loaded GNBC
(50 μg/mL) (red) in macrophages with different time intervals (0.5,
2, 4, 6 and 8 h). (B) Cells were stained with nuclear staining dye 4′,6-
diamidino-2-phenylindole (DAPI) (blue) (C) merged images of
GNBC and DAPI.
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To ascertain the role of GNBCs in significant nitrite
reduction, we examined the efficacy of gold NPs prepared from
sodium borohydrate against the production of nitrite (Figure
S1 in Supporting Information). It was observed that in same
concentration range of LPS, it was not able to reduce nitrite,
demonstrating the role of GNBCs.
Effects of GNBC and OPD on LPS-Induced Pro-

Inflammatory Cytokine Production. To evaluate the pro-
inflammatory cytokine production of GNBC and OPD, cell
lysates were collected and ELISA was performed. It is evident
from Figure 5B that at 10 μg/mL, GNBC and OPD showed
337 and 378 pg/mL TNF-α production, respectively, and has
been markedly decreased at its high concentration (200 μg/

mL) such as 251 and 288 pg/mL by GNBC and OPD,
respectively.
Similarly, in IL-6 generation assay, the GNBC reduced the

level production by 27.1 and 7.29 pg/mL at 10 and 200 μg/mL
concentration, respectively, which is quite significant than
OPD (30.64 pg/mL in 10 μg/mL and 14.92 pg/mL in 200 μg/
mL doses) (Figure 5C).
However, at 200 μg/mL concentration, standard drug

dexamethasone showed 228 and 5.84 pg/mL TNF-α and IL-
6 production, respectively. The data clearly explain that the
level of TNF-α and IL-6 were significantly low in all treated
cells (GNBC, OPD, dexamethasone incubated with LPS)
when compared to control (LPS alone).

Figure 4. (A) Side scatter plots of flow cytometry in RAW 264.7 macrophages incubated with 50 μg/mL RhB loaded GNBC for different hours
(0.5, 2, 4, 6 and 8 h) (B) quantitative analysis of percentage cellular uptake in different hours (0.5, 2, 4, 6 and 8 h) (C) kinetics uptake of GNBCs
via measuring of fluorescence intensity analyzed by flow cytometry.

Figure 5. (A) Nitrite production assay in LPS treated RAW cells (B,C) Effects of GNBC and OPD in the production of TNF-α and IL-6 in RAW
264.7 cells respectively. Cells were pretreated with LPS (100 ng/mL) for 4 h and then subjected to various concentrations (10, 50, 100, 150, and
200 μg/mL) of GNBC, OPD (EA onion peel fractionate), and a standard Dexamethasone drug. For 24 h. Control was kept untreated only
stimulated with LPS alone. Data represent the results of experiments done in triplicates, n = 3. Values are the mean ± standard deviation of three
independent experiments. The statistical significance of the difference between treated and control groups was analyzed using one-way ANOVA
followed by all pairwise multiple comparison procedures (Student−Newman−Keuls method). An asterisk (*) represents a significant difference
when compared to control values *p < 0.05, ***p < 0.001 vs the control group (LPS alone) (untreated group).
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Investigation of Internalization Pathway of GNBC. To
attain an excellent therapeutic efficacy, the successful route of
entry into the cells is very important for the nanoparticle to
magnify the effect. The route of entry of nanoparticles often
occurs via endocytosis which divides into four main pathways.
Clathrin-dependent endocytosis, caveolae-dependent endocy-
tosis, macropinocytosis, and phagocytosis.25 During endocy-
tosis, nanoparticles may get absorbed and consumption by
lysosomes often occurred which involved a complicated
process.26 Internalization of a ligand is also a kind of
endocytosis; and therefore, blocking pathways by using
different endocytic inhibitors is thought to be the most
feasible and straightforward method for checking the uptaking
pathway.

In general, almost entire endocytic pathways are involved in
energy-dependent mechanisms and can be easily inhibited by
applying various endocytic inhibitors and low-temperature
treatments. To check whether the GNBC possessed active or
passive uptake, here, RAW cells were first treated with 4 °C
and then treated with various inhibitors each for specific
pathways. Some conventional endocytic pathway inhibitors
such as sodium azide (inhibits phagocytic pathway), hyper-
tonic sucrose solution (inhibits the clathrin-dependent path-
way), methyl-β-cyclodextrin (MβCD) (inhibits the caveolae-
dependent pathway), Nystatin (inhibits the caveolae-depend-
ent pathway), and chlorpromazine (inhibits the clathrin-
dependent pathway) have been used to evaluate the uptake
pathway. As shown in Figure 6A,B, cellular uptake is inhibited

Figure 6. (A) Histogram representation of cellular uptake mechanism in presence of different inhibitors (B) percentage inhibition of cellular uptake
of GNBC.

Figure 7. Mechanism of cellular internalization of GNBC through caveolar-mediated endocytosis by escaping the lysosomal encapsulation.
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by 47% at 4 °C, which indicates the energy-dependent
internalization process involved in the GNBC uptake.
However, chlorpromazine and hypertonic sucrose solution
showed insignificant inhibition by 9.19 and 5.94% which
indicates the clathrin-mediated endocytosis pathway is not
responsible for GNBC uptake. Likewise, sodium azide showed
4.25% inhibition that indicates that it is not completely
responsible for a phagocytic pathway. On the other hand,
among various inhibitors, MβCD and nystatin (inhibits the
caveolin-dependent pathway) markedly reduced the uptake by
showing 37 and 37.53% inhibition during the period; which
can be recognized as a major internalization pathway.
Therefore, the data indicate that the caveolin-dependent
pathway significantly inhibits the GNBC uptake among the
other pathways.
During the internalization via caveolae-dependent endocy-

tosis, the plasma membrane fused with the caveosomes that
occupied neutral pH27 and relatively takes longer time than the
clathrin-mediated endocytosis and can directly transport the
proteins or genes or bioactive molecules to the Golgi or
endoplasmic reticulum bypassing the endosomal entrapment
and preventing the lysosomal degradation which is followed by
clathrin-mediated endocytosis.28 Nanomaterials in the endo-
plasmic reticulum can penetrate the cytosol and then enter the
nucleus through nuclear pre complex. Thereby, the nano-
particle follows the caveolin-mediated endocytosis that can
deliver the substances by escaping the lysosomal degradation
and plays an important role in therapeutic delivery. The
proposed mechanism of cellular internalization of GNBC
through caveolar mediated endocytosis is shown in Figure 7.
Moreover, the size and charge of the nanoparticle also

influence the uptake mechanism. Because GNBCs exhibited
7.8 nm size and generally smaller size (60−80 nm)
nanoparticles are more likely to be utilized by caveolin-
mediated endocytosis.29 Previous studies have shown that gold
NPs with (5, 20 nm) exhibited caveolin-dependent pathways.22

Among several factors, the surface charge of nanoparticles
plays a significant role in the process of cellular uptake. The
zeta potential showed that the uptake may be due to GNBC
exhibiting a negative surface charge (−21.2 mV); thereby, they
can interact with the cationic sites in the membrane via
electrostatic interaction and lead to the formation of
nanoparticle clusters.30 The electrostatic interaction further
causes a localized neutralization of nanoparticle and lead to the
curving of the cell membrane for utilization of endocytic
cellular uptake.31 The substantial negative charge of the cell
membrane domains and their interaction with the negative
charge nanoparticle generates a repulsion force and may
provide the fuel for the rapid internalization of the nanoparticle
by the cells.32 Thereby, surface properties may influence the
cellular uptake of nanoparticles and their intracellular
distribution.33,34

■ CONCLUSIONS
In summary, in this work, facile synthesis of GNBC from EA
fraction of onion peels was successfully demonstrated which
played an important role by implementing the anti-
inflammatory effect in RAW 264.7 cells. The GNBC has
successfully reduced the pro-inflammatory cytokine production
such as TNF- and IL-6, nitrite production level, and ROS
generation by maintaining the good viability of RAW
macrophage. Additionally, the cellular uptake mechanism of
GNBC by fluorescent microscopy and flow cytometry reveals

that nanoparticles can efficiently go into the cell and their
accumulation inside the cell increases with an increasing
incubation period and reside near the nucleus. Furthermore,
inhibitors pathway blocking studies showed that GNBC
utilized active or energy involving endocytosis pathway;
where a caveolar-mediated endocytosis pathway takes place
as a major route of nanoparticle uptake. However, extensive
studies are required to investigate the behavior and interactions
of nanoparticles inside the cell with different organelles for
their commercial and efficient biomedical applications.

■ MATERIALS AND METHODS
Reagents. The RAW 264.7 macrophage cell line was

purchased from NCCS Pune, India. LPS was purchased from
Sigma-Aldrich. Prolong gold antifade mountant with DAPI
from Thermofisher Scientific, and paraformaldehyde was
purchased from Merck. Gold(III) chloride trihydrate
(HAuCl4·3H2O) was obtained from Himedia, Dulbecco’s
modified Eagle’s medium (DMEM), antibiotic-antimycotic,
fetal bovine serum (FBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), dimethyl sulfoxide
(DMSO), and Griess reagent were all purchased from
Sigma-Aldrich. The mouse TNF-α and IL-6 ELISA kits were
both purchased from Invitrogen. The other reagents for the
experiments were of analytical grade and utilized as received.
Ultrapure water produced from a Millipore-Q water
purification system.

Instrumentations. The size and surface charge or zeta
potential were measured by the Malvern Zetasizer Nano series,
Nano-ZS90. Measurement of UV−vis spectrum was performed
by using a Shimadzu UV 2600, UV−vis spectrophotometer.
Detailed morphology was analyzed by a TEM JEOL 2100 plus
instrument. Flow cytometry analyses were performed by BD
FACS Melody. Cell imaging experiments were conducted by
using fluorescent microscopy LEICA DMI3000 B.

Synthesis of GNBC. The preparation of GNBC was
following by our earlier method20 where 2 mL (1 mg/mL) EA
fraction of the onion peel extract was added in 10 mL of 1 mM
concentration of gold chloride solution (gold chloride
dissolved in sterile Milli-Q-water) for 10 min. During the
period, the solution was placed at 33 °C on a magnetic stir and
stirred vigorously until any color change appears. Finally, a
ruby red-colored solution was obtained. Furthermore, the
GNBC was found to be stable for several months and was
preserved at 4 °C for various biological assays.

Synthesis of Gold NPs. Gold NPs have been prepared by
adding 500 μL of 1 mM concentration of sodium borohydride
dropwise in 4 mL of 1 mM concentration of gold chloride
solution in a water medium. 2 mL of 2 mM trisodium citrate
was added to the mixture as a stabilizing agent under vigorous
stirring on a magnetic stir plate at room temperature. A fine
pink color solution was obtained.

Cell Culture. RAW 264.7 cell line (macrophage) was
obtained from National Centre for Cell Sciences (NCCS),
Pune, India. Cells were cultured and maintained in DMEM
(4.5 g/L) with 10% heat-inactivated FBS, 1% antibiotic−
antimycotic, cultured in a T-75 cm2

flask, and kept at 37 °C in
an incubator with 5% atmospheric CO2 and observed daily at
an inverted microscope Leica DMi1.

Cell Viability Assay (MTT Assay). 2 × 104 per well-
seeding density were maintained for RAW 264.7 cells in a
growth medium of 200 μL for 24 h incubation period. After
the incubation period cells were treated with GNBCs, OPD,
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and the standard drug dexamethasone with varying concen-
trations (10, 50, 100, 150, and 200 μg/mL). The treated cells
were then washed with phosphate buffer saline (PBS) and
replaced the old media with fresh media and MTT was added
to the cells for checking cell viability. Cells were kept in dark at
37 °C for a 4 h incubation period. After that, 100 μL of DMSO
was added and immediately kept in dark for 2 h. An insoluble
formazan product was formed and measurement of absorbance
was conducted at 570 nm using a microplate reader. Untreated
cells were considered as the control. The experiment was
performed in triplicates. The percentage of cell viability was
calculated by the following formula

A V C/NO NO NO2 2 2
=− − −

Measurement of NO. RAW 264.7 cells were seeded with a
density of 1 × 105 per well and cultured in 6-well plates by
maintaining 2 mL of total cell culture media. After 24 h of
incubation at 37 °C, the cells were treated with the GNBC,
OPD, gold NPs, and dexamethasone drug at various
concentrations (10, 50, 100, 150, and 200 μg/mL) for 24 h
in a serum-free medium, and subsequently 100 ng/mL LPS
was added. After 2 h, cells were washed with PBS and the cell
lysates were collected for the measurement of NO production
using a nitrite assay kit (Sigma-Aldrich). Generation of NO
was measured as the cumulation of nitrite metabolite and
analyzed spectrophotometrically at an optical density of 540
nm absorbance using Griess reagent. The amount of nitrite
production was calculated as follows

% of ROS control (treatment blank /control) 100= − ×

where ANO2
− = amount of nitrite in the sample well (nmole)

from nitrite standard curve. VNO2
− = sample volume (μL)

added into the well. CNO2
− = concentration of nitrite in sample.

ROS Scavenging Assay. A ROS scavenging assay was
performed by using 2′7′-dichlorodihydrofluorescein (DCF-
DA) a cell-permeable fluorogenic probe that is deacetylated by
the cellular esterases after their diffusion into the cells into a
non-fluorescent compound; and later, in presence of oxidative
compound such as intracellular ROS, it is oxidized to a bright
fluorescent 2′,7′-dichlorofluorescein (DCF). RAW 264.7 cells
were seeded with a density of 1 × 105 cells per well in 96 well
plates for 24 h. Then, the cells were treated with various
concentrations (10, 50, 100, 150, and 200 μg/mL) of GNBC,
OPD, and dexamethasone for another 24 h 100 ng/mL LPS
was incorporated in the cells for 2 h. Untreated cells with 100
ng/mL LPS were remain kept as a positive control. Cells were
washed two times with 1× PBS and 100 μM DCF-DA was
added and incubated for 30 min at 37 °C CO2 incubators. The
production of ROS was observed by an increase in the
fluorescence intensity of DCF dye at 485 nm excitation and
535 nm emission by using a fluorescent plate reader. The
amount of ROS production was calculated by the following
formula % of ROS control = (Treatment-blank/control) ×100,
treatment = drug-treated cells, blank = cells with PBS solution
only, control = cells with DCFDA without drug or treated
compounds.
Measurement of Pro-Inflammatory Cytokine Expres-

sion.Macrophages (RAW 264.7) were seeded at a density of 1
× 105 cells/well in 6 well plates. Cells were pretreated with
different concentrations of GNBC, OPD, and dexamethasone
for 24 h, after being washed with PBS cells were introduced
with 100 ng/mL LPS for 4 h. Afterward, the cell lysates were

collected carefully from the plate and measured the production
of mouse TNF-α, and IL-6 using an ELISA kit according to the
manufacturer’s (Sigma-Aldrich) protocol. The amount of
TNF-α and IL-6 production was obtained from standards by
plotting a standard curve.

Cellular Uptake of GNBCs by a Flow Cytometer. To
know the localization and detail internalization, nanoparticles
were analyzed via both quantitative and qualitative methods by
flow cytometry and fluorescent microscopy, respectively. For
the fluorescent detection of nanoparticles, 100 μL of RhB (1
mg/mL) solution in PBS was dropwise mixed with 5 mL of
GNBC solution under the ambient temperature and kept in
magnetic stirring at 400 rpm for 24 h in dark for preventing
photobleaching.35 The loaded RhB-GNBC were then sepa-
rated from unloaded RhB by performing centrifugation at 6000
rpm for 30 min, and several times of washing steps have been
performed for the release of excessive dyes. The RhB loading
was investigated by both UV−visible spectra and fluorometry
analysis. The cells were then seeded in a 6-well plate at a
density of 1 × 105 cells/well and cultured for 24 h. Then, cells
were treated with 50 μg/mL RhB loaded GNBC B solution for
different time intervals such as 0.5, 2, 4, 6, and 8 h. After each
time interval, cells were washed twice with 1× PBS to remove
unbound nanoparticles that may remain in the cell surface and
culture media. Then, cell lysates were collected with scrappers
and kept at 4 °C until flow cytometry analysis. GNBC uptake
was analyzed by using BD FACS melody. Untreated cells were
used as the control.

Mechanism of Cellular Uptake Pathway Studies. To
investigate the internalization pathway of GNBC; cells were
preincubated with different types of specific endocytic
inhibitors.36 Inhibitors are, namely, 3 mg/mL of sodium
azide (NaN3), 0.5 M hypertonic sucrose solution, 10 μg/mL of
chlorpromazine (CPZ), 5 mg/mL of methyl β-cyclodextrin
(MβCD) 50 μg/mL nystatin, and 4 °C temperature effect was
also analyzed. Then, cells were washed thoroughly to remove
the inhibitor effect and treated with GNBC (50 μg/mL) for 3
h in serum-free DMEM media. After the incubation period,
cells were washed repeatedly for two times and quantified by
FACS melody.

Qualitative Analysis by Fluorescent Microscopy. RAW
264.7 cells were seeded at 1 × 105 cells/well over the sterile
coverslips in 6 well plates and incubated for 24 h. Cells were
then washed with sterile 1× PBS and treated with GNBC (50
μg/mL) for different time intervals including 0.5, 2, 4, 6, and 8
h kept at 37 °C of 5% CO2 incubator. Cells were then fixed
with 4% paraformaldehyde for 10 min and stained with a
prolong DAPI antifade mounting stain (Invitrogen) for
mounting the coverslips. The cells were then imaged and
visualized with a LEICA DMI3000 B fluorescent microscope.

Statistical Analysis. Data of all results were presented as
mean ± standard deviation of three independent experiments
statistical analysis was analyzed by using Sigma Plot 12.
Software. In the graphical data, standard deviations were
presented as error bars. One way ANOVA test was performed
followed by all pairwise multiple comparison procedures
(Student−Newman−Keuls method). Statistical significant
difference was indicated as (*) and shown when treated
group compared to control and values at *p < 0.05 (*p < 0.05;
**p < 0.01; ***p < 0.001).
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