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ABSTRACT: Gold nanoparticles (AuNPs) have gained impor-
tance in the field of biomedical research and diagnostics due to their
unique physicochemical properties. This study aimed to synthesize
AuNPs using Aloe vera extract, honey, and Gymnema sylvestre leaf
extract. Physicochemical parameters for the optimal synthesis of
AuNPs were determined using 0.5, 1, 2, and 3 mM of gold salt at
varying temperatures from 20 to 50 °C. X-ray diffraction was used
to evaluate the crystal structure of AuNPs, which came out to be a
face-centered cubic structure. Scanning electron microscopy and
energy-dispersive X-ray spectroscopy analysis confirmed the size
and shape of AuNPs between 20 and 50 nm from the Aloe vera,
honey, and Gymnema sylvestre, as well as large-sized nanocubes in
the case of honey, with 21−34 wt % of gold content. Furthermore,
Fourier transform infrared spectroscopy confirmed the presence of
a broadband of amine (N−H) and alcohol groups (O−H) on the surface of the synthesized AuNPs that prevents them from
agglomeration and provides stability. Broad and weak bands of aliphatic ether (C−O), alkane (C−H), and other functional groups
were also found on these AuNPs. DPPH antioxidant activity assay showed a high free radical scavenging potential. The most suited
source was selected for further conjugation with three anticancer drugs including 4-hydroxy Tamoxifen, HIF1 alpha inhibitor, and
the soluble Guanylyl Cyclase Inhibitor 1 H-[1,2,4] oxadiazolo [4,3-alpha]quinoxalin-1-one (ODQ). Evidence of the pegylated drug
conjugation with AuNPs was reinforced by ultraviolet/visible spectroscopy. These drug-conjugated nanoparticles were further
checked on MCF7 and MDA-MB-231 cells for their cytotoxicity. These AuNP-conjugated drugs can be a good candidate for breast
cancer treatment that will lead toward safe, economical, biocompatible, and targeted drug delivery systems.

1. INTRODUCTION
Gold nanoparticles (AuNPs) are promising candidates for
biomedical applications due to their unique physicochemical
properties.1 Their applications include optics for medical
diagnosis,2 radiosensitizing, photothermal, and antioxidant
properties for therapeutics,3 targeted drug/gene delivery,
catalysis, sensing,4−6 and electronic conductance among others.7

AuNPs as drug delivery vehicles can target specific cells5 due to
their easy surface modification,6−8 biocompatibility,9 and
quenching efficiencies.10,11 Various AuNP-based chemother-
apeutic drugs such as Aurimune (CYT-6091),12 DNA-
conjugated silver nanoclusters (DNA-AgNCs), carbon nano-
tube3 (La(OH)3-OxMWCNT) nanocomposites, copper nano-
particles (poly T30-Cu NPs), auroshell,16 nanoemulsions,
dendrimers, to count a few, are being progressively employed
as treatment strategies.13−17

Chemical methods are more frequently used for the synthesis
of AuNPs.18 However, shortcomings of this approach are the use
of compounds such as ethylene glycol, ascorbic acid, and
NaBH4, which result in the production of toxic residues during
the synthesis and functionalization of nanoparticles (NPs).
These toxic residues can be harmful to human health through

the food chain and ecosystem contamination.19 Therefore,
during the last couple of decades, biological methods have
gained considerable interest in the synthesis of various types of
NPs.20−22 Biological methods using microorganisms, organic
compounds, insects and their products, and most popularly
plant extracts have been explored due to their ability to reduce
chloroauric acid (HAuCl4).

23 These methods are eco-friendly,
cost-effective, and biologically compatible.24 Chandran et al.
used Aloe vera extract to produce gold nanotriangles. The
authors attributed the formation of nanotriangles to the slow
reduction of gold ions and shape-directing carbonyls in the
extract.25 Talib et al. prepared the Aloe vera extract, which
reduced and stabilized AuNPs, and studied their physicochem-
ical properties under different physiological conditions.26 They
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have reported stable complexes at neutral or slightly acidic pH
ranges. Philip used honey for the green production of AuNPs for
the first time.27 The author found that the reduction was
probably due to fructose followed by protein stabilization of the
NPs. Nakkala et al. produced silver and gold NPs using
Gymnema sylvestre extract.28 They found that the synthesized
NPs exhibited substantial antioxidant activity and toxicity
against the Hep2 cell line. A detailed review of other studies
on plant-based reduction of silver and gold NPs can be found
elsewhere.29 Despite its significance, very few reports have been
presented on the green synthesis of AuNPs using plant extracts.
Furthermore, no comparative study exists on the chosen sources
as done in this study. Excessive data are available regarding the
synthesis of AuNPs from organic sources, which proves the
essentialities associated with organic methods of synthesis.
However, we found a gap in the literature pertaining to the most
appropriate physicochemical parameters that are useful for the
synthesis protocols of selected organic sources. To overcome the
gap, this study focused on the effect of different parameters such
as precursor concentration and temperature to get optimized
conditions for the preparation of AuNPs with controlled size and
morphology.

In this study, AuNPs were synthesized using raw honey, leaf
extracts of Gymnema sylvestre, and Aloe vera gel at varying
temperatures, and gold salt concentrations. Green synthesis of
AuNPs from these sources was chosen to overcome the
limitations such as cytotoxicity, high cost, and environmental
pollution. These parameters strongly influence the distribution
of the size and shape and hence their physicochemical properties
of NPs.30,31 AuNPs were further characterized via ultraviolet−

visible (UV−vis) spectroscopy, X-ray diffraction (XRD),
Fourier transform infrared (FTIR) spectroscopy, and scanning
electron microscopy−energy-dispersive X-ray spectroscopy
(SEM−EDX) and checked for their antioxidant properties.
Finally, these nanoparticles were coated with polyethylene
glycol (PEG) followed by conjugation with three FDA-approved
anti-cancerous drugs 4-hydroxy Tamoxifen, HIF1-α inhibitor,
and ODQ, and their anti-cancerous effects were assessed on
MCF-7 and MDA-MB-231 cell lines. The results have been
analyzed to help future research on anti-cancerous drug delivery
vehicles and to modify the targeted drug delivery protocols.

2. RESULTS AND DISCUSSION
2.1. Effect of the Gold Salt Concentration and

Temperature on AuNP Synthesis. The size distribution
and physicochemical properties of NPs depend on parameters
such as metal salt concentrations, varying temperatures, pH,
reaction time, and concentration of reducing agents. In a
traditional approach, one factor is varied at a time while keeping
all other factors constant. Four different concentrations of gold
salt were incubated with the extract of each biological source.
These reaction mixtures were incubated at different temper-
atures to optimize the conditions for the formation of AuNPs by
these sources. The initial transparent to pale-yellow color of the
reaction mixture was noted at time t = 0. The reduction of gold
ions was monitored through the color change of the reaction
mixtures after 24 h. This color change from pale yellow to brown
and dark purple demonstrated the formation of AuNPs32,33 from
Aloe vera, honey, and Gymnema sylvestre leaf extract (GYLE)
(Figure S1A−C). In contrast, control samples with pure extract

Figure 1. (A−D) UV/vis spectrum of AuNPs prepared from Aloe veragel extract against different salt concentrations and temperatures.
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of the sources or HAuCl4 showed no change in color when
incubated under similar conditions. The sample of Aloe vera gel
extract incubated with 1 and 2 mM gold salt solution at 40 and
50 °C showed a grayish-purple color (Figure S2A and Table S1).
Contrarily, honey extract incubated with 0.5 mM gold salt
solution at 30 °C demonstrated a color change from pale yellow
to reddish-purple, (Figure S2B). GYLE showed a desired color
change to wine and brownish red when incubated with 1 and 2
mM gold salt solution at 30 and 40 °C (Figure S2C)
respectively. The GYLE and honey extracts reduced the gold
ions, Au3+, to Au0 due to the presence of one or more oxidizable
molecule(s) in the reaction mixtures under the desired
physiological conditions.34

2.2. Characterization of AuNPs. 2.2.1. UV−Vis Spectral
Analysis. The controls consisting of Aloe vera gel extract, honey,
and GYLE, and the reaction mixtures incubated for 24 h with
different concentrations of salt solutions and varying temper-
atures were subjected to UV−vis spectroscopy with wavelengths
ranging from 200 to 800 nm. The controls showed no peak
around 500 nm, which is a region of interest for AuNPs, as
shown in Figure S2. The absorbance peak observed in the
wavelength region of 500−570 nm for the synthesized AuNPs
from three different sources is due to the collective oscillation of
electrons on their surface caused by the surface plasmon
resonance (SPR) phenomenon.35 Furthermore, a single peak
indicates spherical-shaped NPs while the occurrence of two or
more plasmon bands represents the anisotropic shape of the
AuNPs.36

2.2.2. Optimization of Physio-Chemical Parameters for
AuNP Biosynthesis. High temperatures increase the reaction

rate for the uniform synthesis of AuNPs.37 Moreover, the
geometry and dimension of the NPs are defined by each physical
and biological parameter. Cell-free extracts are sources of
reducing and stabilizing agents, which can affect the growth and
nucleation of NPs. A higher concentration of reducing agents
can be attributed to the high concentration of proteins coming
from the extract.38 In contrast, an increased concentration of
gold ions in the reaction mixture produces nanoparticles which
are thermodynamically unstable.39 In the case of Aloe vera gel
extract, the temperature played a critical role in determining the
best condition for the synthesis of AuNPs, analyzed by UV/Vis
spectroscopy (Figure 1A−D). It can be observed that as the
temperature of the reaction mixture increases, the absorbance
also increases, indicating a high yield of AuNPs. The increase in
absorbance with increasing temperature was similar for AuNPs
synthesized from 1, 2, and 3 mM salt solution concentrations
except for 0.5 mM concentration where its absorbance
decreased at 50 °C (Figure 1D). Overall, the best reaction
temperatures were 40 and 50 °C (Table S1), and the optimum
gold salt solution concentrations were 1 and 2 mM.

Similar reaction patterns were observed for AuNPs prepared
from the honey extract and the results of UV−vis in this case are
shown in Figure 2A−D. The details of the reaction mixture
responding to varying temperatures and molarity of gold salt
solution can be observed in Table S1 (SupplementaryMaterial).
In the case of honey, only 0.5 mM gold salt concentration at 30
°C temperature gave the best peak (Figure 2B). Therefore, both
these conditions were selected for further synthesis of AuNPs
from the honey extract. Honey is a complex material containing
400 different compounds including alcohols, ketones, aldehydes,

Figure 2. (A−D): UV/vis spectrum of AuNPs prepared from Honey against different salt concentrations and temperatures.
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Figure 3. (A−D): UV/Vis spectrum of AuNPs prepared from GYLE against different salt concentrations and temperature.

Figure 4. Comparison of XRD spectra of AuNPs synthesized from different sources. Aloe vera (A), honey (B), and GYLE (C).
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acids, terpenes, hydrocarbons, benzene, and furan derivatives.
However, the two main monosaccharides, fructose and glucose,
in honey act as reducing agents. Therefore, honey-reduced
nanoparticles existed in various shapes and sizes.40

UV/vis spectroscopic analysis of AuNPs synthesized from
GYLE (Figure 3A−D) showed that the effect of varying
molarities of the gold salt solution is more prominent at different
temperatures of the reaction mixture. At all four temperatures,
the absorbance of the AuNPs increased with increasing gold salt
concentration up to 2 mM. Overall, the results showed that the
optimum salt concentration for the high yield synthesis of
AuNPs from GYLE was 1 and 2 mM at 30 and 40 °C,
respectively. Details of various reaction mixtures have been
elaborated in Table S1 (Supplementary material). Interestingly,
GYLE-reduced AuNPs showed a weak shoulder around 650−
700 nm, which is an indication of anisotropic particles.

2.2.3. XRD Analysis. Figure 4 shows the XRD spectrum graph
of the three best samples chosen after the optimization of
physicochemical experiments. The graph represents 2θ values of
38.34, 44.27, 64.64, and 77.94° corresponding to crystalline
planes (111), (200), (220), and (311) facets, respectively. The
peaks are slightly shifted toward larger 2θ values in the case of
nanoparticles synthesized from honey, which indicates a
decrease in the lattice constant.

The lattice constants for the three samples have been
calculated and are presented in Table 1. The calculated lattice
constants are close to the value reported previously.28 The broad
amorphous peaks below 20° correspond to the (100) facet of
SiO2 due to the inhomogeneous coverage of the glass substrate.

2.2.4. SEM Analysis. SEM analysis confirmed the size and
shape of the NPs synthesized by three sources. The AuNPs
synthesized from Aloe vera gel extract were observed to be
uniformly dispersed and spherical with the diameter ranging
from 30 to 45 nm (Figure 5A−C). AuNPs synthesized from
honey were of varying sizes and shapes; large-sized gold
nanocubes and small-sized gold nanospheres are shown in
Figure 5B. This can be attributed to the simultaneous reduction
of AuNPs by fructose and glucose in honey. For instance, the
growth of more intricated nanostructures such as nanotriangles
and nanoprisms has been reported using honey.40 The reaction
kinetics of such systems can be described by the stretched
exponential function. Furthermore, a few nanocube dimers
(indicated by yellow circles) were also observed in the sample.
AuNPs synthesized from GYLE were spherical with an average
particle size of 30−40 nm (Figure 5A−C). GYLE is known for
its free radical scavenging ability. The antioxidant activity of
GYLE-reduced AuNPs has been already reported previously.41

These NPs have shown remarkable cytotoxicity against Hep2
cells. Optimized reaction conditions may lead to the controlled
agglomeration of NPs which may prove to be beneficial for long-
term storage and sensing applications.42 GYLE-reduced AuNPs
also exhibited dimer formation, as indicated by yellow circles in
Figure 5C.

2.2.5. EDX Analysis. EDX spectroscopy of AuNPs was
performed for all the samples shown in Figure 6A−F. The

corresponding percentage weight for Au in Aloe vera, honey, and
GYLE-derived AuNPs was found to be 21, 25.8, and 34.68%,
respectively.

2.2.6. FTIR Analysis. FTIR analysis was conducted to evaluate
different functional groups in the samples. These functional
groups, present in chemicals and enzymes, are required for the
biosynthesis of NPs because they act as stabilizing and capping
agents for them. The functional groups encompassing AuNPs
derived from the Aloe vera gel extract showed sharp bands at
1627, 3423, and 3562 cm−1 representing the stretching
vibrations of the amine group (N−H) and alcohol group (O−
H); while medium broad and weak bands at 1101 and 2906
cm−1 depict aliphatic ether (C−O) stretching and alkane (C−
H) stretching vibration, respectively (Figure 7).

In the case of AuNPs synthesized from honey, bands shown at
3440.8 cm−1 are due to the stretching vibration of the aliphatic
primary amine group (N−H). The band at 2347 cm−1

represents (C�O�C) stretching. Bands for primary alcohol
(C−H) appear at 2395 cm−1. C�O represents the carbonyl
group in the amide linkage in proteins. A sulfate linkage is
present due to sulfur-containing amino acid residues at 1057
cm−1. Microbial-mediated AuNPs possess a binding affinity to
amides and thiols, present in proteins. The presence of these
functional groups confirms that free amino groups can form a
capping layer on AuNPs, thus preventing them from
agglomeration (Figure 7).

For AuNPs derived fromGYLE, the band shown at 3445 cm−1

is due to the stretching vibration of alcohols (O−H) that shows
strong bonding and the band appeared is broad. Bands for
primary alcohol (C−H) appear at 2892 cm−1. The band at 2078

Table 1. Miller Indices, Crystallite Size, Lattice Parameter, and Lattice Strain for All the Samples Calculated from the XRD Data

sample

angles corresponding to the (hkl) indices

crystallite size (Å) dhkl = λ/2sinθ (Å) lattice parameter, a = dhkl * √(h2 + k2 + l2) (Å)(111) (200) (220) (311)

Aloe vera 38.34 44.27 64.64 77.94 78.524 2.346 4.063
honey 38.37 44.55 64.66 77.45 78.527 2.345 4.062
G. Sylvester 38.35 44.45 64.91 77.96 188.136 2.346 4.063

Figure 5. SEM images of AuNPs derived from Aloe vera extract (A),
honey (B), and GYLE (C).
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cm−1 represents (N�C�S) stretching, which indicates an
isothiocyanate group with strong bonding. C�C represents the
conjugated alkene group in amides linkage in proteins. Halo

compound (C−Br) stretching is seen at 649 cm−1 due to the

initial mixing of the sample with KBr.

Figure 6. (A−F) EDX analysis of all the samples. (A−C) SEM images of AuNPs synthesized from Aloe vera, honey, and GYLE, respectively. D−F
represent the corresponding EDX micrographs for the three samples.
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The alcohol functional group is present in all the samples.
Amine appeared as a functional group in honey and Aloe vera-
derived AuNPs. Alkane and aliphatic ether functional groups
were unique to the Aloe vera-derived AuNPs while carbonyl and
sulfate groups were features of AuNPs synthesized using honey.
As for GYLE-synthesized AuNPs, isothiocyanate and alkene
groups had distinct characteristics, while Halo compound (C−
Br) stretching was seen at 649 cm−1 which was due to the initial
mixing of the sample with KBr for processing. These groups
prevent AuNPs from agglomeration due to the capping of free
amino groups on AuNPs and provide stability to the
biosynthesized gold nanoparticles (Figure 7).

2.3. Antioxidant Activity. 2.3.1. DPPH Assay. Results of
the DPPH assay revealed that the scavenging ability of AuNPs
and ascorbic acid increases with the increased concentration of
AuNPs and ascorbic acid. AuNPs prepared from Gymnema,
honey, and Aloe vera showed a maximum of ∼83.29, 90.4, 9, and
93% scavenging ability at 2000 μg/mL, respectively, as
compared to 94.4% of the maximum scavenging ability shown
by ascorbic acid (positive control). These results showed that
AuNPs possess significant antioxidant ability compared with the
natural antioxidants, but there exists a significant difference in
their percentage scavenging activities. Figure 8 shows the
scavenging ability of Aloe vera, honey, and Gymnema sylvestre
AuNPs against ascorbic acid at the 517 nm range (Figure 8).

2.4. Drug Conjugation: Confirmation of PEGylation
and Drug Conjugation. (Z)-4-Hydroxytamoxifen, Hypoxia
Inducible Factor-1 alpha (HIF-1-alpha) Inhibitor, and H-[1, 2,
and 4] oxadiazole [4, 3, −a] quinoxaline-1 (ODQ) were used to

treat breast cancer. One milliliter of (10% PEG) was added to 9
falcon tubes containing 5 mL of NP pellet suspensionmixed well
through vortex mixing at a high speed. The PEGylation of the
prepared NPs was confirmed through a peak shift of the
plasmonic peak at 540−560 nm. However, PEGylation was
unsuccessful in all 9 reaction tubes since no specific increase in
the absorbance value was observed in any reaction tubes. After
thorough vortex mixing of pellets and probe sonication, the
pellets containing PEG and bound drugs were suspended in
deionized water. Both pellet solutions along with the separated
supernatant solution were checked under UV−vis. An increase
in the size of AuNPs from 540 to 550−560 nm (PEGylated
NPs) and finally to 570−580 nm (drug-conjugated NPs)
confirmed the conjugation of drugs.

2.5. Cytotoxicity Assay. MCF7 (ATCC-HBT-22) and
MDA-MB-231 (ATCC-HTB-26) cell lines are both invasive
ductal carcinoma breast cells. MCF7 cells are estrogen and
progesterone receptor positive and respond to the selective
estrogen receptor modulator tamoxifen while theMDA-MB-231
cell line is of triple-negative breast cancer. The lack of estrogen
receptor has renderedMDA-MB-231 insensitive to antiestrogen
treatments widely used in breast cancer endocrine thera-
pies.43−45 MCF7 cells rely on ATP production from oxidative
phosphorylation under normoxic conditions but increase their
glycolytic activity under hypoxia, whereas MDA-MB-231 cells
rely on glycolysis for ATP production under both normoxic and
hypoxic circumstances.46 The AuNPs generated from Aloe vera
and GYLE were conjugated with (Z)-4-Hydroxytamoxifen,
Hypoxia Inducible Factor-1 (Alpha) (HIF-1-alpha) inhibitor,
and H-[1, 2, and 4] oxadiazole [4, 3, −a] quinoxalin-1 (ODQ)
for targeted delivery of drugs to breast cancer cells by reducing
cytotoxicity against normal cells. For control, saline in themedia,
unbound drugs, and AuNPs alone, while for treatment, AuNPs
conjugated with these drugs individually were used. AuNPs
derived from both Aloe vera and GYLE did not show any
cytotoxic effects and hence proved to be biologically safe. In the
case of AuNPs derived from Aloe vera, a significant difference
was observed in the case of (Z)-4-Hydroxytamoxifen-treated cell
lines (P < 0.001 ***) and (Z)-4-Hydroxytamoxifen conjugated
with GYLE AuNP-treated cell lines (P < 0.001 ***), and other
free or conjugated drugs comparatively induced no significant
difference in both cell lines (Figure 9). In the case of AuNPs
derived fromGYLE, a significant difference was observed in (Z)-
4-Hydroxytamoxifen-treated cell lines ((P < 0.01**) and (Z)-4-
Hydroxytamoxifen conjugated GYLE AuNP-treated cell lines (P
< 0.001***) compared with GYLE AuNPs free and conjugated
with other drugs.

3. DISCUSSION
This research was a part of a comprehensive study and its aim
was to compare different methods for the formation of AuNPs to
establish the best method. Evidently, three sources were used to
synthesize AuNPs from a biological source, i.e., Gymnema
sylvestre extract, Aloe vera gel extract, and raw honey. All these
sources showed very similar results, i.e., a good yield of mono-
dispersed AuNPs with ease of synthesis and without the addition
of harmful chemicals for reduction, capping, or functionalization
of AuNPs. These NPs were highly stable at elevated temper-
atures for a long time. This was established by autoclaving the
reaction solutions before characterization and biological activity
analysis and the results are still outstanding. While conducting
the analysis of physicochemical parameters for the formation of
AuNPs from different concentrations of chloroauric acid

Figure 7. Infrared spectra of AuNPs synthesized from Aloe vera, honey,
and GYLE. Aloe vera (black line), honey (blue), and GYLE (green).

Figure 8.DPPH assay showing percentage radical scavenging activity of
different conc. of ascorbic acid vs AuNPs prepared from all three
biological sources. Blue line for (ascorbic acid), gray (Aloe vera), green
(honey), and orange (Gymnema sylvestre).
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solution, it was observed that lower molarities of gold salt gave a
higher yield of nanoparticles compared to elevated molarities.
The role of incubation temperature on the synthesis of AuNPs
from dif ferent organic sources was analyzed by placing samples at
20, 30, 40, and 50 °C. The optimum temperature was found to
be near 40−50 °C for all the samples while the most optimum
concentration of gold salt solution, i.e., 1−2 mM, 50 °C
incubation temperature yielded the most amount of AuNPs.

Newly synthesized AuNPs were subjected to various
characterization techniques, such as UV−vis spectral analysis,
SEM, XRD, FTIR, and EDS. UV−vis elaborated that these
particles fall in a wavelength range of 500−600 nm with a peak
absorbance value around 540 nm, which is the characteristic
peak absorbance value of AuNPs. The size and shape of the
AuNPs varied from different sources. However, SEM analysis
revealed that mostly the particles are spherical in shape and
range from 30 to 50 nm in size. FTIR analysis delineated the
functional groups in the samples of AuNPs synthesized, which
ensure their conjugation with other biomolecules and help in
providing them with protection and stability.

AuNPs are considered safe and nontoxic to all kinds of living
cells and are not believed to show any toxicity, as reported by
many scientists.5,46,47 AuNPs do not show the effect of the
reactive oxygen species formation mechanism in the host cell,
unlike the mechanism of action of other nanoparticles, which
may be the reason why they are considered a safer option.4

However, for positively charged AuNPs of extremely small size,
the toxicity was reported to be dose-dependent while the
cationic AuNPs of the same size were rendered nontoxic.

The use of AuNPs for drug conjugation is not a new concept
as several studies have been conducted to use nanoparticles for
antibacterial drug conjugation, antifungal drug conjugation, and
drug delivery vehicle for antiviral and anticancer drugs.48

Because of the side effects of the chemotherapeutic drugs,
different drug delivery agents have been introduced and
developed.49,50 Among them are liposomes, dendrimers,
nanoparticles, and nanotubes that are used as drug carriers.
AuNPs have a high surface area that results in their high binding
ability to different molecules and have a high half-life in the
body. Therefore, they attach with a high payload to the
chemotherapeutic drugs, decrease the requirements for
administering high doses of the drugs, and decrease their toxic
effects on noncancerous cells in the body.38,47

After a complete analysis of the results presented in this study,
it can be clearly understood that the AuNPs have a huge
potential regarding cancer treatment as delivery vehicles. The
synthesis of nanoparticles can be further checked at different pH,
time intervals, and various light intensities that might affect their
stability. The nanoparticles can also be subjected to further

sensitive testing such as charge detection by zeta potential,
morphological analysis with transmission electron microscopy
(TEM) and studies on the properties of materials from the
atomic to the micron level could also be conducted by atomic
force microscopy (AFM).

Another important step further is the cytotoxicity testing and
bioactivity analysis of the nanoparticles on cancerous cell lines.
Most of the pathways of nanoparticle synthesis, their bioactivity,
and cytotoxicity are still unknown. Moreover, interactions of the
AuNPs with tumoral biochemical components are yet to be
modeled as well. Therefore, in future, studies could be designed
to study the underlying mechanisms behind the action of
nanoparticles and the biochemical pathways that they target;
this could be checked through in silico approaches such as
Petrinets or other comparative analysis software. Further
information on cell cycle genes and proteins can provide useful
information about their molecular pathways and functioning
that leads to the cytotoxicity of AuNPs.

4. CONCLUSIONS
The current study investigates the synthesis of AuNPs from
three biological sources. A large number of experiments were
conducted to configure the best parameters for the synthesis of
AuNPs from the three selected sources. After a thorough UV−
vis spectral analysis, we proposed that the overall best reaction
temperatures were 40 and 50 °C, and the optimum gold salt
solution concentration was 1 and 2 mM for all three sources of
synthesis. Additionally, other techniques helped established the
characteristics of manufactured nanoparticles. UV−vis elabo-
rated that these nanoparticles exhibit the plasmon peak in the
wavelength range of 500−600 nm with the characteristic peak
absorbance value at around 540 nm. SEM analysis revealed that
mostly the particles are spherical in shape and range from 30 to
50 nm. Furthermore, FTIR analysis delineated the presence of
functional groups present in the samples of the synthesized
AuNPs, which ensure their stability and could help conjugate
drug adjuvants on the surface of nanoparticles. Additionally, the
analysis of the free radical scavenging activity of AuNPs using
standard antioxidant DPPH revealed that the prepared AuNPs
exhibit highly significant antioxidant activities which could add
in value for designing nanomaterial-based anti-cancerous drug
protocols.

The purpose of this study has been to establish essential
protocols for AuNP synthesis from plants and organic sources. A
cytotoxic profile of these protocols has been outlined, which will
help the scientific community in future to set up experiments on
the best conditions, to save time and resources, and to configure
the best study outcomes. By establishing these protocols, we set

Figure 9. Percent viability of MCF-7 and MDA-MB-231 cells using free and drug-conjugated AuNPs derived from (A) Aloe vera and (B) GYLE.
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forth a doorway for cancer biologists to further work on
conjugation protocols of anti-cancerous drugs with AuNPs to
carry further experiments for targeted drug therapeutics designs.
Studies should continue on the highlighted domain of science,
so that in future, better therapeutic options are availed for the
reduction of cancer-associated healthcare burden.

Furthermore, AuNPs were also conjugated with three
anticancer drugs, namely, ((Z)-4-Hydroxytamoxifen, Hypoxia
Inducible Factor-1 (Alpha) (HIF-1-alpha) Inhibitor, and H-[1,
2, and 4] oxadiazole [4, 3, −a] quinoxalin-1 (ODQ)). UV−vis
spectral analysis revealed that these AuNPs can carry anticancer
drugs and therefore can act as anticancer drug carriers for
targeted treatment of breast cancer. For future studies, it is
highly crucial to develop uniformly sized and shaped AuNPs,
with enhanced and long-term stability along with biological
safety, and adjustable features to ensure the synthesis of best
candidates for the nanotechnology-based development of
healthcare practices and more effective and personalized
nanomedicine in future.

5. EXPERIMENTAL SECTION
5.1. Materials. Chloroauric acid (HAuCl4·3H2O, 99.99%),

potassium bromide (KBr, 99%), polyethylene glycol 6000
(PEG), 2,2-diphenyl-1-picrylhydrazyl (DPPH) (99%), 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT), 4-(1-[4-(dimethyl aminoethoxy) phenyl]-2-phenyl-1-
butenyl) phenol (4 Hydroxy Tamoxifen) were purchased from
Sigma-Aldrich, USA. Solvents such as methanol (99%), ethanol
(99%), phosphate buffer, RPMI 1640 media, penicillin−
streptomycin (10,000 U/mL), and fetal bovine serum (FBS)
were purchased from Fisher Scientific, UK. HIF-1-alpha
inhibitor and ODQ (1H-[1,2,4]oxadiazolo [4,3, −a] quinoxa-
line-1) were purchased from Chem Cruz, USA.

5.2. Synthesis of AuNPs from the Aloe veraGel Extract.
The Aloe vera leaves were peeled to collect the viscous gel. This
gel was blended to get a uniform texture. A 30% dilution of the
gel was prepared by adding 30mL of the gel in 70 mL of distilled
water which was boiled at 100 °C for 5−10 min and filtered via
Whatman filter paper to get the Aloe vera gel extract. In a conical
flask, 10 mL of the gel extract was reacted with 10 mL of four
different concentrations (0.5−3 mM) of HAuCl4.3H2O. The
reaction mixtures were incubated at different incubation
temperatures (20−50 °C) to optimize conditions for the
formation of AuNPs. Thereafter, the flasks were shaken at a
rotation rate of 150 rpm in the dark. The color change of the
reaction mixture from pale brownish to purple color was
observed.

5.3. AuNP Synthesis from Honey. Organic honey with no
added preservatives was obtained from a local market in
Islamabad, Pakistan. The extract was prepared by dissolving 1
mL of honey with 50mL of distilled water in an Erlenmeyer flask
followed by heating on a hot plate with a magnetic stirrer at 60
°C. A total of 16 reaction tubes containing 10 mL of honey
extract were incubated at 20−50 °C with four different
concentrations (0.5−3 mM) of HAuCl4.3H2O and shaken at a
rotation rate of 150 rpm in the dark.

5.4. Synthesis of AuNPs from Gymnema sylvestre Leaf
Extract. The leaves were washed with distilled water followed
by oven-drying at 40 °C (ULE-500, Memmert, Germany).
Subsequently, the leaves were ground into a fine powder using
an electric blender (SM-2460, Sanyo, Japan). To prepare the
aqueous GYLE, one gram of its fine powder was mixed with 100
mL of double-distilled water in a 250 mL Erlenmeyer flask and

boiled at 60 °C for 30 min on a hot plate with a magnetic stirrer
(US152, Buch Holm, USA). The crude aqueous extract was
filtered using Whatman filter paper No. 1 and stored at 4 °C for
further experimentation.19 For biological synthesis of AuNPs, 6
mL of GYLE was mixed with four different concentrations of
gold salt solution at four different temperatures, as mentioned in
Sections 5.3 and 5.4.

5.5. Characterization of AuNPs. 5.5.1. UV−Vis Spectros-
copy. The reduction of the Au3+ ions was monitored by
measuring the UV−vis spectra of the aliquots of reaction
mixtures in a quartz cuvette at regular intervals on a UV-1650CP
Shimadzu spectrophotometer at a wavelength ranging from 300
to 800 nm. For baseline correction, deionized water was used as
blank.

5.5.2. X-ray Diffraction. XRD characterization was con-
ducted to determine the crystal structure of AuNPs using D8
Advance, BRUKER, Diffractometer, Germany. When an
incident X-ray beam is directed at the sample at a different
range of angles, it is diffracted in different directions due to the
crystalline structure of the material under investigation. The
sample on a glass slide was scanned at a 2θ range of 20−80° with
time and an increment of 0.02°/0.1 s interval. A voltage of 40 kV
and 40 mA current were applied with Cu-Kα radiation (λ = 1.54
Å) in the instrument. An average crystallite diameter was
measured from scanned samples using the Debye−Scherrer
equation:

D 0. 9 / cos= (1)

D (nm) is the size, λ (nm) is the wavelength of Cu-Kα radiation,
β (radians) is the full width at half maximum (FWHM), and θ
(radians) is the half of the Bragg angle.

5.5.3. Scanning Electron Microscopy. The morphology of
the bioreduced AuNPs and their size were studied by SEM
(VEGA3, TESCAN, Czech Republic) using a beam of electrons
focused on the samples. The samples were sonicated (EW-
04711-35 Ultrasonicator, Cole Parmer, USA) for 1 h at 37 °C to
avoid the aggregation of AuNPs. The accelerating voltage of the
microscope was set at 20 kV and a working distance of 15mm for
the sample was chosen.

5.5.4. Energy Dispersive Spectroscopy. The elemental
composition of biologically synthesized AuNPs was determined
by EDX equipped in SEM between the energy range of 0−20
keV.

5.5.5. Fourier Transform Infrared Spectroscopy. FTIR
spectra show a wavenumber shift of the functional groups of
extracts before and after the formation of AuNPs in the mixture.
A Perkin-Elmer Spectrum-100 spectrometer, USA, was used to
detect the presence of different types of functional groups on the
surface of Au-NPs present in the reactionmixture. Liquid sample
aliquots were mixed with KBr, a hygroscopic chemical, to
remove moisture from samples and were oven-dried at 200 °C
for 30 min. Fine powder of KBr mixed samples was obtained by
grinding manually in a pestle and mortar. A range of 4000−350
cm−1 infrared wavelength and 4 cm−1 resolution was applied to
the powder fixed in the pellet holder.

5.6. Determination of Antioxidant Activity. 5.6.1. DPPH
Free Radical Scavenging Assay.Antioxidant activity of selected
AuNPs from different sources, each having different concen-
trations and incubation temperatures was determined by DPPH
(2, 2-diphenyl-1-picrylhydrazyl) assay according to a standard
procedure.47 The principle of this colorimetric method is a color
change observed via UV−vis spectrophotometry at 517 nm as a
result of the reduction of hydrogen donors or antioxidants
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present in a sample. Briefly, 1 mM DPPH was prepared in
methanol. Aliquots of 1.6 mL having varying concentrations of
AuNPs (20−2000 μg/mL) in distilled water were added to 0.4
mL of 0.1 mM DPPH. The reaction mixture was vortexed
properly and incubated at 37 °C in dark for a maximum of 30
min while shaking at 100 rpm. The following formula (eq 2) was
used to determine the percentage scavenging radical potential of
AuNPs from different sources.

A A A%Inhibition ( )/ 100control sample control= [ ] × (2)

where Acontrol is the absorbance value of the control and Asample is
the absorbance value of the test sample. Ascorbic acid was used
as a reference and tests were conducted in triplicate.

5.7. Conjugation of Drugs with AuNPs. 5.7.1. Selection
of Similar-Sized Nanoparticles via Differential Centrifuga-
tion. Synthesized AuNPs were further used for the conjugation
of (Z)-4-hydroxytamoxifen, Hypoxia Inducible Factor-1
(Alpha) (HIF-1-alpha) Inhibitor, and H-[1, 2, and 4] oxadiazole
[4, 3, −a] quinoxaline-1 (ODQ). For the separation of uniform
size AuNPs, differential centrifugation was carried out at 500,
1000, and 2000 r.c.f which gave different pellets. These pellets
were resuspended in 5 mL of deionized water after removing the
supernatant with each progressive step. After completing the
centrifugation at 3 different speeds, we concluded that the
second round of centrifugation at 1000 r.c.f gave the best results
in the form of thick visible and measurable pellets and light color
of the supernatant as an indication that most of the identical-
sized NPs have been settled down. Thus, these pellets at 1000
r.c.f were chosen for further experimentations of drug
conjugation.

Stock solutions of 50 μg/mL of all drugs, HIF-1-alpha
Inhibitor, ODQ, and 4-hydroxy Tamoxifen were prepared.
AuNP emulsions prepared from three different biological
sources were centrifuged at 500 rpm for 30 min at 4 °C. The
supernatant was shifted to another falcon tube and again
centrifuged at 1000 rpm at 4 °C for 30 min. Centrifugation
results in the separation of particles of uniform size from the
heterogeneous emulsion. The pellet of AuNPs obtained after the
second centrifugation was resuspended in 20 mL of deionized
water. Subsequently, 5 mL of AuNPs solution was shifted to six
falcon tubes labeled with anticancer drugs. PEG 60 μL was
added to each AuNPs tube, thoroughly mixed for 5 min on a
vortex at 250 rpm, and added to a cuvette to determine the
absorbance of Au-NP-PEG solution via a UV−vis spectropho-
tometer. Thereafter, 5 mL of 50 μg/mL of each drug was added
to the six falcon tubes bearing AuNP-PEG solution tubes were
vortexed for 5 min and then sonicated for 2 min. These AuNP-
PEG-drug solutions were transferred to a cuvette to determine
the absorbance. The sample tubes were centrifuged at 6300 rpm
for 30 min at 4 °C and the supernatant was shifted to a cuvette to
determine the absorbance of the unbound drug remaining in the
supernatant via the UV−vis spectrophotometer while the bound
drug remained in the pellet. The pellet was resuspended in 5 mL
of deionized water and stored in dark conditions at 4 °C.

5.8. Cytotoxicity Assay. MCF7 (ATCC HTB-22) and
MDA-MB-231 (ATCC HTB-26) cells were cultivated in RPMI
1640 supplemented with 10% fetal bovine serum and 1% of
penicillin−streptomycin. Cells were incubated at 37 °C under
95% moisturized air with 5% CO2. Before the experiment, cells
were trypsinized (0.25% Trypsin and EDTA) and seeded (1 ×
104 cells/well) on 96-well plates. The AuNPs, free and
conjugated drugs were measured using 5 mg/mL 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetrazolium bromide

(MTT) assay. The cells were treated with AuNPs, drug-loaded
AuNPs, and drugs only for 24 h. Cells were once again incubated
for 48−72 h followed by the addition of 10 μL of the prepared
MTT solution in each well. The plate was then incubated for
three more hours before 100 μL of DMSO was added.
Absorbance was subsequently recorded in a microplate reader
at 570 nm.MTT assay results were evaluated using the following
formula (eq 3):

%cell survival
absorbance of sample absorbance of blank
absorbance of control absorbance of blank

100

= [ ]
[ ]

× (3)

%cell inhibition 100 %cell survival=
5.9. Statistical Analysis. The results of experiments

performed in triplicate were expressed as mean ± standard
deviation and a two-way analysis of variance (ANOVA) was
used to determine the statistical significance of differences with
the help of the SPSS 17.0 statistical software and GraphPad
Prism 7.0.
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