ISSN: 0970-020 X
CODEN: OJCHEG
2024, Vol. 40, No.(6):
Pg. 1603-1611

ORIENTAL JOURNAL OF CHEMISTRY

An International Open Access, Peer Reviewed Research Journal

www.orientichem.org

Est. 1984

Eco-friendly Fabrication of Polymer Encapsulated Gold
Nanoparticles with Anticancer and Antimicrobial activities

MANSI CHAUDHARY'™, LEELA CHAUDHARY", NIDHI PATEL",
HIMANI MOGA', KOKILA A. PARMAR?and CHIRAG MAKVANA'

'Department of Chemistry, Gokul Global University, Siddhpur, Gujarat 384151, India.
2Department of Chemistry, Hemchandracharya North Gujarat University,
Patan, Gujarat 384265, India.

*Corresponding author E-mail: chaudharimansi284 @ gmail.com

http://dx.doi.org/10.13005/0jc/400611

(Received: October 16, 2024; Accepted: December 14, 2024)

ABSTRACT

Polyvinylpyrrolidone (PVP) encapsulated gold nanoparticles (AuNPs) have gained significant
attention in biomedical research due to their unique physicochemical and therapeutic properties.
This study outlines an eco-friendly approach for synthesizing PVP-AuNPs using Gymnema sylvestre
extract as a natural reducing agent. By optimizing the extract to HAuCI ratio, effective synthesis was
achieved at a 3.0% extract concentration producing spherical AUNPs with an average size of 33 nm
as confirmed by transmission electron microscopy (TEM). Fourier transform infrared spectroscopy
(FTIR) analysis validated the successful encapsulation of AuNPs with PVP revealing characteristic
peaks corresponding to PVP and functional groups from the plant extract. Furthermore, X-ray
diffraction (XRD) patterns confirmed the crystalline nature of the synthesized AuNPs. The PVP-
AuNPs exhibited cytotoxic activity against HeLa cancer cells, with an IC, value of 32.42 pg/mL after
48 hours. Additionally, the nanoparticles demonstrated significant bactericidal activity against
pathogens such as Pseudomonas aeruginosa, Escherichia coli, Bacillus subtilis, and Staphylococcus
aureus, showing concentration-dependent antimicrobial effects. This work underscores the potential
of green-synthesized PVP-AuNPs as a versatile platform for cancer therapy and antimicrobial
applications providing a sustainable pathway to advancements in nanomedicine.
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INTRODUCTION molecules including drugs, oligonucleotides and

antibodies. AuNPs possess a distinct surface

Among other nanomaterials, gold
nanoparticles (AuNPs) have unique and
advantageous properties that make them extremely
important in the field of biomedicine. AuNPs are
highly versatile and find broad applications due
to their capacity to readily conjugate with various

plasmon resonance (SPR) that offers remarkable
photo stability and effective light absorption.
Because of this property, AUNPs are perfect for a
variety of biological and medicinal uses, including
gene and drug delivery, tissue engineering and
cancer nanotechnology".
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Green synthesis is a relatively recent field
of research that focus on creating environmentally
friendly techniques for producing nanostructures that
are of high quality and can be sustained commerecially.
Biological systems including plant extracts, fungi
and microbes are considered highly effective and
economical approaches for synthesizing AuNPs
primarily because of their straightforward and
sustainable nature. This technology is ecologically
sustainable since it completely eliminates the
utilization of hazardous chemicals throughout the
synthesis process. Several plant species and their
extracts have been recognized as possible agents
that can reduce and cap AuNPs during manufacture.
The synthesis of AuNPs employing plant extracts such
as Sorbusaucuparia, sugar beet pulp, Hibiscus rosa-
sinensis, Mangifera indica, Syzygium aromaticum,
Anacardium occidentale and Murrayakoenigii has
been well documented in literature?®.

The ability of bacteria, chemicals, insects
and their byproducts and plant extracts to synthesis
AuNPs has been thoroughly studied. Various
synthesis techniques utilizing plant extracts can yield
AuNPs with distinct characteristics. The efficacy of
each plant extraction process is mostly determined
by the unique composition and characteristics of
the plant species employed which subsequently
impact the size and properties of the produced
AuNPs. These methods are well-known for being
environmentally friendly, economically efficient and
compatible with living organisms®°.

Chandran et al., created gold nano
triangles using aloe vera extract, attributing their
formation to the extract's carbonyl compounds
and the gradual reduction of gold ions.” In a
similar manner, Talib et al., utilized aloe vera
extract to diminish and stabilize AuNPs examining
their physicochemical characteristics in different
physiological circumstances. They discovered that
stable complexes were predominantly generated
within the pH range of neutral to slightly acidic'.
Philip et al., conducted a groundbreaking work where
they utilized honey to carry out the green synthesis
of AuNPs. The study indicated that fructose played
a role in facilitating the reduction process while
proteins were responsible for stabilizing the AUNPs'3.
In their study, Nakkala et al., utilized Gymnema
sylvestre extract to manufacture Ag and AuNPs. They
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discovered that these NPs had significant cytotoxicity
and antioxidant action against the Hep2 cell line.™

Significant research has explored the use
of AuNPs in chemotherapy, cancer cell diagnostics,
and as probes for microscopic analysis of cancer
cells. Researcher have underlined that the cytotoxic
and anti-proliferative effects of these substances
can differ depending on factors such as the kind of
cells, the size of the particles, and the concentration.
Priya and lyer observed that the effectiveness
of biosynthesized NPs against MCF-7 breast
cancer cell lines varied depending on the dosage.
Nevertheless, the utilization of Sphagneticola
trilobata leaves for the synthesis of AuNPs has
not been previously investigated. Their work was
to produce AuNPs using the process of green
synthesis, utilizing a water-based extract derived
from the leaves. Additionally, the study attempted
to evaluate the effectiveness of these AuNPs in
combating colon cancer cell lines (HCT-15) with
potential anticancer capabilities’.

Recently, there has been a significant
increase in the integration of ethno-botanical
knowledge into the study of medicinal plants
particularly within certain scientific communities.
Gymnema sylvestre was chosen as a key plant
traditionally used by the Kanitribals in the Tirunelveli
hills of the Western Ghats, Tamil Nadu in India due to
its historical significance and therapeutic properties’®.
Gymnema sylvestre also known as "Meshasringi" is
extensively found in India and is highly esteemed in
traditional medicine for its stomachic, diuretic and
anti-diabetic properties. This adolescent shrub is
distinguished by its young stems and branches. It
has leaves that grow in pairs in a certain pattern with
each leaf being either oval or elliptical in shape and
measuring between 2.5 and 6 cm in length. The plant
exhibits the production of little yellow flowers arranged
in clusters known as umbellate cymes. Additionally,
its elongated follicles, which have a lanceolate shape
can reach a length of up to 3 inches' 8,

Gymnema sylvestre is renowned for its
adaptability in traditional medicine particularly in
India where it has been extensively utilized for
the treatment of diabetes'. Gymnema sylvestre
possesses diverse bioactive components that
effectively treat various conditions including asthma,
eye disorders, snakebites, cough, respiratory
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issues, pain, heart ailments, hemorrhoids and
hepatosplenomegaly in addition to its anti-diabetic
properties. Additionally, it is employed in the
context of family planning. Antibacterial, anticancer,
anti-obesity, anti-inflammatory, anti-hyperglycemic,
antiulcer, anti-stress and anti-allergic qualities are also
demonstrated by it. Utilizing bioactive components
derived from medicinal plants which frequently
imitate chemical substances continues to be a crucial
strategy in the treatment of diverse disorders®.

Gymnema sylvestre extract was used as
a natural reducing agent in this study to create
AuNPs which were then encapsulated with PVP
to increase their stability and biocompatibility. The
produced PVP-AuNPs were fully characterized
using a range of analytical techniques to assess
their optical, morphological and structural properties.
The biological potential of these PVP-AuNPs was
further explored focusing on their evaluation of the
cytotoxic effects of the PVP-AuNPs on Hela cells
and antimicrobial activity which opens new avenues
for biomedical applications.

MATERIALS AND METHODS

Materials and reagents

The dried leaves and stems of Gymnema
sylvestre were sourced from local herbal markets.
Gold (Ill) chloride trihydrate (HAuCI,*3H,0, 99.9%
purity) was obtained from Sigma-Aldrich. All
other reagents used in this study, including
ammonium hydroxide, Dulbecco’s Modified Eagle
Medium (DMEM), phosphate-buffered saline
(PBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), fetal bovine serum (FBS),
dimethyl sulfoxide (DMSQ), nutrient broth, Mueller-
Hinton agar, and bacterial strains (Pseudomonas
aeruginosa, Escherichia coli, Bacillus subtilis,
and Staphylococcus aureus) were procured from
Sigma-Aldrich and ACROS Organics. Additionally,
polyvinylpyrrolidone (PVP) and Alamar Blue
(Resazurin) were also sourced from the same
suppliers for immediate use.

Preparation of aqueous extract

The Gymnema sylvestre leaves were
thoroughly washed, shade-dried for two weeks and
ground into a fine powder. A 20 g portion of the
powder was combined with 100 mL of distilled water
and heated at 60°C for 30 minutes. The resulting
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mixture was then agitated in the dark at 30°C. After
filtration the extract was collected and stored in a
sealed container for future use.

Green synthesis of PVP-AuNPs

Gymnema sylvestre extract was added
in different amounts to a flask containing 1.0 mM
HAuCI,»3H,0 at pH 2.75. For one minute, the
mixture was circulated at 250 rpm while being
maintained at 30°C. With a total volume of 20 mL
the extract concentrations ranged from 1.0% to
6.0% (%vV/v). The final samples were classified as
AuNPs 1.0%, AuNPs 2.0%, AuNPs 3.0%, AuNPs
5.0% and AuNPs 6.0% based on the extract ratio.
The solution containing AuNPs was centrifuged for
30 min at 10,000 rpm. It was then stored for later
use in a volume of 20 mL of Milli-Q waterat 4°C after
undergoing multiple washes with the water.2!

Synthesis of PVP Encapsulated PVP-AuNPs

A total of 0.5 g of PVP was dissolved in
250 mL of Milli-Q water and stirred for one hour at a
temperature between 60 and 80°C. AuNPs solution
(150 mL) was progressively mixed with aqueous
PVP. An hour or so later, a color shift was noticed.
Centrifugation of the PVP-AuNPs-containing solution
was performed for 30 min at 10,000 revolutions per
minute. Subsequently, it was subjected to several
washes using Milli-Q waterand then stored in a
volume of 20 mL of Milli-Q water at a temperature
of 4°C for future utilization?'.

Characterization

The optical properties of the synthesized
PVP-AuNPs samples were evaluated using a
UV-Visible spectrophotometer (Shimadzu-1800)
over the wavelength range of 450 to 650 nm.
Their morphology, including size and shape was
characterized through transmission electron
microscopy (TEM) using a JEM1010-JEOL model.
A small amount of the re-dispersed PVP-AuNPs
suspension in water was placed on a carbon-coated
copper grid and air dried prior to TEM analysis.
The crystallinity of the samples was assessed by
X-ray diffraction (XRD) with a Miniflex Rigaku 600
instrument, operating at 30 kV and 2 mA, with
a scanning speed of 10° per minute. The XRD
measurements were taken across a 2 range of
3-90° utilizing Cu-Ka radiation and a graphite
monochromator. Fourier transform infrared (FT-IR)
spectroscopy (Shimadzu-8400) was employed to
identify the main functional groups on the surfaces
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of Gymnema sylvestre and PVP-AuNPs with spectra
recorded in the range of 4000-500 cm™.

Anticancer activity by MTT assay

The MTT assay was used to measure the
IC,, in HeLa cells in order to assess the anticancer
activity of the PVP-AuNPs. The test formulation
was sterilized with a 0.22 pm filter and sterility was
confirmed by incubating 10 pL of extract in DMEM at
37°C for 24 hours. If no contamination was observed
the extract was used for cell culture. On the day of
treatment the test compounds were added to the
wells and after incubation the media was replaced
with 100 pL of PBS. Following two rounds of washing
20 pL of MTT solution and new medium were added
and the mixture was then incubated for three hours
at 37°C. The unbound MTT was then removed and
the cells were washed with PBS before adding
100 pL of DMSO to dissolve any insoluble compounds.
Absorbance was measured at 570 nm. The results
(mean + SD, n=3) were analyzed using Excel, with
groups assigned to control and treatment conditions.

Table 1: Experimental design of MTT assay

No Group Dose conc. Dose Media Final dose  No. of
(ng) (uL)  (pL) conc.(ug) replicates
1 Control 0 1 199 0 3
2  Dose 10 1 199 10 3
3  Dose 25 1 199 25 3
4  Dose 50 1 199 50 3
5 Dose 75 1 199 75 3
6 Dose 100 1 199 100 3
7 PC 40.7 1 199 40.7 3

Antimicrobial activity

The antimicrobial activity of biosynthesized
PVP-AuNPs was tested against Gram-positive and
Gram-negative bacteria. In brief, 50 pL of broth
medium was placed in each well of a 96-well plate,
and the test materials were serially diluted in broth
to concentrations ranging from 0.254 to 5000 pg/
mL. A final inoculum of 0.5-2.5 x 10 CFU/mL was
added. Controls included media only, bacterial
growth control, and solvent control. The plates were
incubated at 37°C for 20 h, followed by the addition
of 30 pL of resazurin and 30-min incubation. By
monitoring the color shift, the minimum inhibitory
concentration (MIC) was ascertained.

RESULTS AND DISCUSSION

UV-Visible spectrometer
UV-Visible absorption spectroscopy,
a highly effective method is frequently used to
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observe the optical characteristics of particles
that are quantum-sized®. Fig. 1 demonstrates that
the highest band associated with the distinct SPR
occurs at around 545 nm. The existence of a maximal
absorbance band at around 545 nm verifies the
formation of PVP-AuNPs as it is a particular signal
of their presence. Furthermore, the alteration in
color of the solution from yellow to ruby-red following
the reaction indicated the successful formation of
PVP-AuNPs?52¢, Furthermore, the SPR band
displayed a little displacement towards a longer
wavelength when the extract ratios from Gymnema
sylvestre increased, which is in line with the
observed alteration in color. The data shows that the
size of the AuNPs grew as the extract ratios climbed
from 2.0% to 6.0%, with the exception of the 1.0%
ratio (Fig. 1). The average diameters of the AuNPs
rose in the following sequence: 2.0% < 3.0% < 5.0%
< 6.0%. Singh and srivastava reported comparable
phenomena. Significantly, the SPR band exhibited
increased width when the extract ratio beyond
3.0% (specifically, at 5.0% and 6.0%) as a result
of the formation of sizable anisotropic particles® .
Therefore, the sample PVP-AuNPs 3.0% was
chosen for more investigations into its properties
and its ability to inhibit cancer growth.

Fig. 1. UV-Visible spectra of the synthesized PVP-AuNPs

Fourier transforms infrared spectroscopy (FTIR)

The purpose of doing FTIR analysis
was to examine the biomolecules present in
Gymnema sylvestre extract that contribute to the
synthesis of PVP-AuNPs was shown in Fig. 2. The
band seen at 3429 cm~' in PVP-AuNPs generated
from Gymnema sylvestre matches to the stretching
vibration of alcohols (O-H), indicating a strong
connection. The band appears broad in nature.
The major alcohol bands appear at 2935 cm™',
while the band at 1720 cm~' corresponds to the
N=C=S stretching. The C=C band is associated
with conjugated alkenes found in amide bonds
within proteins. The Gymnema sylvestre produced
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PVP-AuNPs exhibited clear characteristics of
isothiocyanate and alkene groups. The C-Br
stretching observed at 638 cm~' was a result of
the initial mixing with KBr during processing. The
presence of these groups on PVP-AuNPs prevents
them from clumping together by covering the
unbound amino groups, which in turn makes the
biosynthesized PVP-AuNPs more stable?®®.

Fig. 2. FTIR spectra of (A) Gymnema sylvestre
extract and (B) PVP-AuNPs
X-ray diffraction (XRD)

The higher crystallinity observed in the
PVP-AuNPs 3.0% sample, as indicated by the
distinct XRD peaks, can be attributed to the effective
stabilization and controlled growth of AuNPs. PVP
acts as stabilizing agent facilitating the formation
of well-ordered crystalline structures during NPs
synthesis. The specific XRD peaks at 26° values
corresponding to the (111), (200), (220) and (311)
planes suggest that the NPs have adopted a highly
regular, face-centered cubic (FCC) lattice structure,
which is typical for gold. This crystallinity is essential
for the stability and functional properties of the
NPs.% According to Malik et al., standard diffraction
bands demonstrated that the cubic phase of AuNPs
displayed a face-centered orientation®.

Fig. 3. XRD pattern of PVP-AuNPs

Transmission electron microscopy (TEM)
The synthesised PVP-AuNPs' size, shape,
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and morphology were examined using the TEM
technique. Fig. 4 demonstrates that PVP-AuNPs
3.0% displayed spherical shapes. Singh and
Srivastava have reported similar observations when
synthesizing PVP-AuNPs using black cardamom?.
The plant extract likely contributed to the successful
stabilization of the particles, resulting in strongly
mono-dispersed and non-agglomerated spheres
or triangles?'. These compounds have the ability to
function as important ligands that enclose the PVP-
AuNPs. Prior research has shown that the round
structure of typical NPs can amplify their ability to kill
germs, as observed with silver NPs and gold NPs3'32,
The PVA-AuNPs' particle sizes ranged from 17 to 45
nm, according to TEM examination. The majority of
NPs were between the 30-35 nm range with a central
value of 33 nm (Figure 4c).

Fig. 4. (A and B) TEM images of PVP-AuNPs and
(C) distribution of its particle diameter
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Anticancer activity of PVP-AuNPs

PVP-AuNPs are substances used in cancer
treatment that are becoming more and more well-
liked in the medical community. There is a lack
of study on the deadly impacts of biosynthesized
PVP-AuNPs on cancer cell lines®. The impact
of PVP-AuNPs on the proliferation of HelLa cells
was evaluated using the MTT assay. This study
suggests that the inhibition of cell proliferation by
biosynthesized PVP-AuNPs may be attributed to
the induction of various forms of cell death. The test
formulation's results were shown to differ based on
its capacity to inhibit cellular dehydrogenase activity.
The concentration of 10 ug demonstrated the most
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minimal inhibition, with a measurement of around
33.18 + 1.56%. The highest degree of inhibition was
seen at a dosage of 100 pg, with an approximate
inhibition rate of 95.11 + 1.32%. The IC_, value was
calculated using the equation y = 0.6709x + 28.247,
yielding an approximate value of 32.42 ug. The
harmful effects of test chemical were assessed on
the Hela cell line using the MTT assay. The study
found that the mortality rate of cells, or the degree
of inhibition of cell growth in the HeLa cell line, was
contingent upon the dosage. To summarize, the
experimental results showed the impressive ability
of PVP-AuNPs to effectively combat cancer in the
Hela cell line.

Table 2: Data of MTT assay against HeLa cell line

Sr. No Treatment (ug) Group 1 (%) Group 2 (%) Group 3 (%) Avg (%) SD SE
1 10 30.15 34.02 35.37 33.18 2.71 1.56
2 25 50.05 47.88 45.18 47.70 2.44 1.41
3 50 58.69 63.91 59.86 T60.82 2.74 1.58
4 75 80.56 79.12 76.87 78.85 1.86 1.07
5 100 97.66 94.42 93.25 95.11 2.28 1.32
%of cell growth inhibition
Sr. No PC(5FU)(ug) Group-1 (%) Group-2 (%) Group-3 (%) Avg. (%) SD SE
1 40.7 50.25 48.82 51.77 50.28 1.47 0.85

The outcomes show a dose-dependent
increase in cell viability with the treatments,
suggesting a clear pattern in which higher
concentrations lead to increased cell viability.
The positive control consistently demonstrated
an inhibitory effect on cell growth, in accordance
with anticipated results. These data indicate that
the therapies used had a substantial effect on the
survival of cells, and the variations shown at different
concentrations are statistically significant due to the
small standard errors.

Fig. 5. % of cell growth inhibition at different
concentration of test compound PVP-AuNPs (X)

Furthermore, the HelLa cells treated

with PVP-AuNPs exhibited cytotoxicity that
was dependent on the dose. The findings
demonstrated that cell viability decreased as
PVP-AuNP concentrations increased, particularly
in the 100 pg/mL group, where almost all
cells were impacted, leaving only about 10%
viability. The biosynthesized PVP-AuNPs have
an inhibitory concentration (IC,,) value of
32.42 pg/mL after 48 h, resulting in a 50%
mortality rate of HelLa cells (Fig. 5). Previous
studies have shown that the amphiphilic nature
of PVP-AuNPs promotes efficient cell membrane
penetration and boosts metabolic activity.
These factors lead to the production of reactive
oxygen species (ROS), which subsequently
trigger a hypoxic condition in cancer cells. The
hypoxic condition exerts an inhibitory effect on
metabolic functions and disrupts endothelial
balance, ultimately suppressing cell growth
and proliferation at different concentrations3334,
Furthermore, it is believed that the components
of Celastrus hindsii extract also play a role in
preventing cancer®-¢, and when biomolecules
are applied on the surface of PVP-AuNPs, they
can be used to transport drugs®.
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Antimicrobial activity

Figure 6 illustrates the concentration-
dependent response observed in all bacterial strains
when the antimicrobial activity of PVP-AuNPs
against Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, and Bacillus subtilis was
assessed across a range of concentrations. At
lower concentrations, the PVP-AuNPs were either
ineffective or stimulated bacterial growth, as shown
by negative inhibition percentages, possibly due to
the insufficient NPs dose to disrupt critical cellular
functions. However, at higher concentrations,
PVP-AuNPs effectively inhibited bacterial growth,
with a shift to positive inhibition percentages
indicating the presence of a threshold concentration
where PVP-AuNPs become bactericidal. The

(a) Pseudomonas aeruginosa (b) Escherichia coli
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antimicrobial activity of PVP-AuNPs could be
attributed to several mechanisms, such as their ability
to penetrate bacterial cell walls, generate ROS, or
interfere with intracellular metabolic pathways. Gram-
negative bacteria typically have a more complex cell
wall structure compared to Gram-positive bacteria,
which might explain why a higher concentration of
PVP-AuNPs was necessary to observe a notable
inhibition for strains like Pseudomonas aeruginosa
and Escherichia coli. Moreover, the variance in
inhibitory percentages at lower doses may be
related to the NPs' size and surface chemistry,
which influence their interactions with bacterial cells.
Further investigations could focus on optimizing
NPs size and surface modifications to enhance
antimicrobial efficacy at lower concentrations.

(c) Staphylococcus aureus (d) Bacilus subtilis

Fig. 6. Antimicrobial susceptibility test against Gram-positive and Gram-negative bacteria

CONCLUSION

A successful method for synthesizing stable,
spherical-shaped PVP-AuNPs using Gymnema
sylvestre extract has been formed. This process is
straightforward, cost-effective, and non-toxic. The
extraction ratio had a critical role in regulating the
size distribution of the nanoparticles. The reduction
of Au® took place swiftly at ambient temperature,
and the resulting PVP-AuNPs remained stable over
a period of time. By looking for recognizable bands
in the XRD pattern, their crystalline structure was
confirmed. The extract's phenolic and polyphenolic
compounds were in charge of stabilizing and capping
the PVP-AuNPs, according to the FTIR spectra.
The abundant presence of phenolic compounds
in Gymnema sylvestre, combined with its strong
antioxidant properties, enabled the conversion of
Au cations into AuNPs. Furthermore, the cytotoxic
effects of PVP-AuNPs on Hela cells were proven
using cell viability and staining methods, thereby
verifying their ability to cause cell death. Additional
investigation is required to comprehend the

precise molecular processes that contribute to
the suppression of cell growth, thereby facilitating
the utilization of biosynthesized PVP-AuNPs
as agents for preventing and treating cancer. PVP-
AuNPs display promising antibacterial properties
at higher concentrations, and their effectiveness
across different bacterial strains suggests potential
applications in antimicrobial formulations.
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