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Abstract
Background
Lung cancer remains a major global health concern, with a notable increase in new cases in recent years.
This study aims to investigate the cytotoxic effects of polymeric turmeric-gold nanocapsules on A549 human
lung cancer cells, utilizing green-synthesized gold nanoparticles from Curcuma longa L. and ethyl cellulose-
based nanocapsules.

Methods
Gold nanoparticles were synthesized using the aqueous root extract of Curcuma longa L., and the resulting
nanoparticles were characterized using UV-Vis, fourier transform infrared spectroscopy (FTIR), transmission
electron microscopy (TEM), and energy dispersive x-ray (EDX) techniques. Subsequently, polymeric
nanocapsules of turmeric with encapsulated gold nanoparticles were prepared. The cytotoxicity of these
nanocapsules was evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) assay on both A549 lung cancer cell lines and normal cell lines.

Results
The turmeric-gold nanocapsules exhibited a half maximal inhibitory concentration (IC50) value of 40 μg/ml,
while the gold nanoparticles alone showed an IC50 value of 60 μg/ml when tested on A549 cells.
Furthermore, apoptosis was observed in A549 cells treated with turmeric-gold nanocapsules. The
combination of gold nanoparticles and turmeric polymer (gold turmeric nanocapsules) demonstrated a more
potent anti-cancer effect on the lung cancer cell line, with an IC50 value of 40 μg/ml compared to green-
synthesized gold nanoparticles (IC50 of 60 μg/ml).

Conclusion
The utilization of polymeric nanocapsules of turmeric, with green-synthesized gold nanoparticles, presents
a promising solution to overcome the limited water solubility of turmeric. The results suggest that the
combination of gold nanoparticles and turmeric enhances the cytotoxic effects on A549 human lung cancer
cells. These findings contribute to the potential application of turmeric-gold nanocapsules as a novel
therapeutic approach in lung cancer research.

Categories: Oncology, Pulmonology, Healthcare Technology
Keywords: nanomedine in cancer, lung cancer cell line, a549 cell line, green synthesis, anticancer drugs,
nanotechnology in lung cancer, ethylcellulose, gold nanocapsule, gold nanoparticle, turmeric

Introduction
Lung malignancy is the most common cancer in the world after breast cancer. Abrupt variations in way of
life, natural contamination, and smoking have been firmly identified as the cause of lung malignant growth
[1]. Handling lung malignant growth is normally driven by phase, albeit singular components, for example,
general well-being and coinciding ailments, are likewise significant. Chemotherapy is advantageous in most
phases of the malady, although it and radiation treatment are curative in just a handful of patients. Even
though these treatments are highly fruitful still they come up with serious side effects as a by-product [2].
Medicinal plants find themselves a great source of a good number of bio-actives that act as excellent agents
against cancer as they have the adeptness to synchronize the molecular mechanisms and various signaling
pathways involved in carcinogenesis such as oxidation, inflammation, apoptosis, cell proliferation, cell
cycle, invasion, metastasis and angiogenesis [3]. This problem has been resolved with the arrival of
nanotechnology, which has made a noted impression on the development of novel drug delivery systems [4].

Curcumin (turmeric) is a polyphenol procured from the most part of turmeric, the rhizome of Curcuma longa
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L, which is generally utilized in culinary as a flavor and shading added substance because of its trademark
taste and profound yellow coloration [5]. Due to several medicinal properties like antioxidant and anti-
inflammatory activity, turmeric is utilized in pharmacy sectors [6]. And also curcumins had shown an
assortment of natural properties, for example, cancer prevention agents, antimicrobial, and antitumor
properties. Nanoparticle-primarily based targeted drug transport method has the ability for rendering
curcumin in particular at the usage of an outside magnetic field [7,8]. It can also enhance availability and
keep away from the pitfalls of terrible solubility [9,10]. Gold nanoparticles have excellent antibacterial &
anticancer activity [6]. The green gold nanoparticles from C. longa show less cytotoxicity and helps in cancer
study [11]. To preserve and improve human health, nanomedicine has got a distinct and significant place as
it uses molecular tools and molecular knowledge of the very human physique [12]. Nanoparticles are
developed aiming at improvising the pharmacokinetics of modern drugs by refining their competence,
solidity, and solubility, reducing their toxicity, besides the target site specificity [13]. It is a piece of science
wherein we can make 100 nm held onto particles and it gives generally changed different materials. Novel
metal nanoparticles like gold nanoparticles (AuNPs) are an assuring response to malignant therapy
[14]. Gold nanoparticles hold an area of attention considering the exceptional properties (optical-based
morphology, electrical, and alluring ability) that can be linked with anticancer therapies, materials for
biosensors, composite fibers, cryogenic conducting materials, and electronic fragments [15]. In ongoing
decennary, polymer-based nanocapsules have been read and implemented for fundamental and also topical
medication conveyance. The primary scholarly investigations announcing the arrangement of nanocapsules
go back to the 1980s. Nanocapsules are frameworks in which the medication is limited to a depression
encompassed by a one-of-a-kind nontoxic polymer layer. When polymer-based nanoparticles contain a
polymeric divider made out of non-ionic surfactants, macromolecules are named nanocapsules [16].
Nanocapsules consist of a polymer membrane and an oil core containing drugs that can diffuse in response
to environmental, chemical, thermal, or biological triggers under appropriate conditions [17]. Nonetheless,
seen from a general level, they can be characterized as a nano-vesicular framework that displays a regular
core-shell structure in which the medication is kept to supply or inside a core encompassed by a polymer
film or covering and suitable for quality drug delivery of hydrophobic drug like curcumin. The core can
contain the dynamic substance in a fluid structure or as a sub-atomic scattering. In like manner, this
repository can be lipophilic and hydrophobic as indicated by the readiness strategy and crude materials
utilized. Biodegradable polymer ethyl cellulose comes as one inside the list of the supreme helpful polymer
utilize for tranquilizing conveyance purposes [18]. Ethylcellulose shares cohabitation with an extremely
modest sum of water-indissoluble polymers that are affirmed for global pharmaceutical usages and is most
as often as possible utilized in broadened discharge strong dose definitions. Notwithstanding being helpful
in an assortment of pharmaceutical applications, ethylcellulose likewise gives definition adaptability by
obliging a scope of sub-atomic loads and can be mixed for the middle of road viscosities. The nearness of oil
in the nanocapsules prompts a vesicular structure which gives a matricidal association of the polymeric
chains [19]. In light of the above foundation, the expansive point of this theory was to investigate the
capability of nanocapsules in the conveyance of herbals or their bioactive in lung malignant growth cells.

Materials And Methods
Materials
The following materials were obtained from Sigma-Aldrich: Dulbecco's modified eagle medium (DMEM),
fetal bovine serum (FBS), 0.25% trypsin-ethylenediamine tetraacetic acid (EDTA), streptomycin, penicillin,
dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (MTT),
phosphate buffer, acridine orange, ethidium bromide (AO/EB), Chloroauric acid/gold chlorides (HAuCl4),

ethylcellulose (EC), dichloromethane (CH2CL2), and polyvinyl alcohol (PVA). A549 lung cancer cell lines were

obtained from the National Center for Cell Sciences (NCCS), Pune, Maharashtra, India.

Biological synthesis of gold nanoparticles and gold nanocapsules
Curcuma longa roots were obtained from the market, washed with double-distilled water, dried in the shade,
and ground to a fine powder. The powder (2 g) was mixed with 30 mL of sterilized distilled water and placed
in a water bath for 45 minutes. The extract was then filtered using Whatman filter paper. A solution of
HAuCl4 (1 mM, 9 mL) was gently mixed with the filtrate and incubated overnight at room temperature in the
dark. Turmeric gold nanocapsules were synthesized using the solvent evaporation method [20]. The polymer
solution was emulsified into a liquid phase in the first step, followed by the evaporation of the polymer
solvent, resulting in the precipitation of the polymer as nanocapsules. For the EC/turmeric-Au investigation,
different concentrations (20, 40, 60, 80, and 100 µg/mL) of turmeric were added to 1 mL of the nanogold
solution, and the mixture was then added to the ethyl cellulose dichloromethane solution (300 mg ethyl
cellulose + 5 mL dichloromethane) along with 1% polyvinyl alcohol for emulsification. The solvent was
evaporated until it turned clear. The synthesized gold nanocapsules were collected after filtration, washed
with demineralized water to remove any impurities, and stored overnight at 40°C. The nanocapsules were
stored in desiccators at 25°C.

Characterization of nanoparticles and nanocapsules
The formation and stability of gold nanoparticles (AuNPs) were confirmed using UV-Visible spectroscopy.
The absorbance spectra of the synthesized AuNPs and the aqueous extract of C. longa roots mixed with the
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chloroauric acid solution were recorded in the range of 300 to 700 nm using a Hitachi U-2900
spectrophotometer. Transmission electron microscopy (TEM) was performed by drop-casting the gold
nanoparticle suspension onto a carbon-coated copper TEM grid (Ted Pella). The grid was air-dried at
ambient conditions for two minutes and stored in a desiccator. The size distributions of the nanoparticles
were determined using image analysis with the ImageJ software package. TEM analysis was conducted using
a Hitachi 4800 transmission electron microscope. The presence of various elements and the elemental
composition of the gold nanoparticles (AuNPs) were determined using energy dispersive x-ray (EDX)
analysis. The synthesized AuNPs were centrifuged, and the supernatant was discarded. The pellet was
collected, incubated at 50°C to remove excess water, and allowed to settle at ambient temperature. X-ray
diffraction analysis was performed using a SEIFERT JSO-DEBYE FLEX 2002 powder x-ray diffractometer to
study the crystalline form of the gold nanoparticles (AuNPs). Lyophilized gold nanoparticles were analyzed
using x-ray diffractometry in the 2θ range of 30° to 70° with a step size of 0.04° per second. Fourier
transform infrared spectroscopy (FTIR) was conducted to identify the biomolecules present in the gold
nanoparticle sample derived from Curcuma longa. The prepared lyophilized gold nanoparticles were analyzed
using FTIR spectroscopy (Hitachi 270-50) in the range of 400 to 4000 cm−1 using KBr pellets. The free
radical scavenging activity of the synthesized gold nanoparticles was assessed using the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay [21]. Different concentrations of the gold nanoparticles were mixed with a
DPPH solution (0.002% in methanol) in separate tubes. After incubation in the dark at room temperature for
30 minutes, the absorbance was measured at 517 nm using a UV-Vis spectrophotometer. The scavenging
activity was calculated using the formula: Scavenging Activity (%) = [(A − B)] × 100/A, where A is the
absorbance of the DPPH control and B is the absorbance of DPPH in the presence of the extract/standard.
Transmission electron microscopy was used to detect the prepared nanocapsules (EC-Au) morphology using
TEM analysis (Hitachi 4800 TEM). The gold nanocapsules were characterized using FTIR. The presence of
specific functional groups in the nanocapsules was confirmed by FTIR analysis.

Cell line based experiments
The A549 cells were cultured in DMEM supplemented with 10% heat-inactivated FBS, streptomycin,
penicillin-G (100 µg/mL), L-glutamine (2 mM), sodium bicarbonate (1 mM), glucose (4.5 g/L), HEPES (10
mM), and NaHCO3 (1.5 g/L). The cells were incubated at 37°C in a CO2 incubator. Cell confluence was

determined using the trypan blue exclusion method. When the cell confluence reached 80-95%, the cells
were sub-cultured. The culture medium (DMEM) was discarded, and the cells were washed with phosphate
buffered saline (PBS) buffer. Trypsin solution was added to the culture flask and incubated at 37°C in the
CO2 incubator for three to five minutes to detach the cells. After incubation, the cells were observed under a

microscope to ensure detachment. To initiate subculturing, 5 mL of culture medium (DMEM) supplemented
with 10% heat-inactivated FBS was added using a serological pipette. A549 cancer cells were seeded in 96-

well flat-bottom microtiter plates at a density of approximately 106 cells per well. The plates were incubated
in a CO2 incubator for two days.

The cytotoxicity of synthesized AuNPs from the watery root extract of Curcuma longa and turmeric gold
nanocapsules was assessed against Vero cells and malignant A549 cells using the tetrazolium (MTT) assay
[22]. The cells were freshly cultured in 96-well flat-bottom plates and incubated overnight. The culture
medium was then replaced with different concentrations of synthesized gold nanoparticles or turmeric gold
nanocapsules and incubated overnight in a CO2 incubator. After overnight incubation, the cells were

washed with phosphate buffer solution. Next, 20 µg/mL of tetrazolium dye was added to each well, and the
plates were incubated for four hours in the dark. At the end of the incubation period, dimethyl sulfoxide (100
µL) was added to replace the tetrazolium dye, and the absorbance was measured at 595 nm using an enzyme-
linked immunosorbent assay (ELISA) reader. The analysis of morphological changes and determination of
the half maximal inhibitory concentration (IC50) value, which represents the concentration inhibiting half
of viable cell development, was conducted to assess the cytotoxicity. A total of six well-flat-bottom cultured

plates were used for the cultivation of A549 cancer cells (5 × 104) along with turmeric gold nanocapsules.
The cells were incubated overnight in a CO2 incubator. After the incubation, the cells treated with turmeric

gold nanocapsules were washed for 10 minutes using an acetic acid and methanol solution. Subsequently, a
counter stain of propidium iodide (50 μg/mL) was added to the culture plates, and the cells were incubated
for 20 minutes. Following the incubation, the cells were observed under a fluorescence microscope. The
staining procedure using acridine orange (AO) and ethidium bromide (EB) was employed to identify and
evaluate the concentration of apoptosis and necrosis under a fluorescence microscope [23]. Six well flat-
bottom plates were used for culturing the cancer cells, and they were incubated with turmeric gold
nanocapsules overnight in a CO2 incubator. After the overnight incubation, the cells treated with turmeric
gold nanocapsules were washed with phosphate buffer solution. Then, 5 μL of acridine orange was added as
the primary fluorescent stain, followed by the addition of 5 μL of ethidium bromide as the counter stain. The
cells were observed under a fluorescent microscope.

Analysis of DNA fragmentation
The technique described by Bortner et al. was utilized to isolate DNA from lung cancer cells treated with
turmeric gold nanocapsules, followed by separation through agarose gel electrophoresis [24]. The DMEM
growth medium containing a flat-bottom culture plate supplemented with fetal bovine serum was used to
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culture the lung malignant cells, which were incubated overnight in a CO2 incubator at the optimal

temperature of 37°C. After the overnight incubation, the malignant cells treated with turmeric gold
nanoparticles were washed with phosphate buffer solution. Next, a lysis buffer solution was added to the
plates and gently mixed, followed by incubation at 37°C for 30 minutes. After the incubation period, the
suspension was transferred to a centrifuge tube and proteinase-K was added for protein digestion, followed
by incubation at 50°C for one hour. Subsequently, the sample was centrifuged with a combination of phenol-
chloroform and isoamyl alcohol solution. The supernatant was collected in another centrifuge tube and
incubated with a mixture of ethanol and sodium acetate at a low temperature for 30 minutes. After the
incubation, centrifugation was performed, the supernatant was discarded, and the pellet was collected and
incubated for an additional 30 minutes. The isolated DNA sample was loaded onto an agarose gel and
separated through electrophoresis for one hour at 90V. Finally, the gel was visualized using a gel doc system.

Results
In our experiments, the color transformation of the gold nanoparticles from a light yellow aqueous solution
to a ruby red shade within six hours demonstrated their ability to undergo a significant change in optical
properties. This color change is often associated with the formation of gold nanoparticles and indicates the
successful synthesis of nanoparticles in the solution (Figure 1). 

FIGURE 1: UV-Visible spectrum of Gold nanoparticles synthesized from
Curcuma longa.
 A: Before synthesis of nanoparticles; B: After synthesis of nanoparticles

To optimize the synthesis process, different time intervals were tested to achieve the maximum yield of gold
nanoparticles. The reaction was monitored at various time spans ranging from 24 hours to 25 days. UV-Vis
spectral absorption pattern was observed to assess the stability and formation of the nanoparticles over
time. Minor alterations in the absorption peaks at 520 nm, 522 nm, and 527 nm were observed post-48 hours
which remained consistent for 25 days, indicating the robust stability of the biosynthesized gold
nanoparticles. Transmission electron microscope (TEM) analysis was carried out to examine the morphology
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and size of the photosynthesized gold nanoparticles. The TEM images revealed that the gold nanoparticles
exhibited a spherical shape, and their size was found to range between 25-35 nm (Figure 2).

FIGURE 2: UV-Vis spectra of synthesized nanoparticles at different time
intervals.

Energy dispersive x-ray analysis (EDX) was performed to determine the elemental composition of the
synthesized gold nanoparticles. The EDX results confirmed that the integrated nanoparticles were free from
impurities, as only a single signal corresponding to gold (Au) was detected. Additionally, the presence of
oxygen (O) and carbon (C) peaks alongside the gold signal suggested the presence of phytoconstituents on
the surface of the synthesized gold nanoparticles. This indicates that the nanoparticles were capped or
surrounded by organic molecules, which may contribute to their stability and potential bioactivity (Figure 3).

FIGURE 3: Energy dispersive X-ray analysis of phytosynthesized gold
nanoparticles.

X-ray diffraction studies (XRD) were conducted to analyze the crystal structure of the gold nanoparticles.
The XRD pattern exhibited characteristic peaks at 28.0°, 33.04°, 38.3°, and 48.2°, which corresponded to the
(200), (350), (450), and (205) miller indices, respectively. The absence of additional peaks indicated that the
synthesized gold nanoparticles were highly pure and did not contain any impurities. Furthermore, the
average size of the gold nanoparticles was determined to be 11 nm, which falls within the desired nanoscale
range (Figure 4).
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FIGURE 4: X-Ray Diffraction analysis phytosynthesized gold
nanoparticles.

Fourier transform infra-red (FTIR) analysis was performed to investigate the functional groups responsible
for the proper binding of the gold nanoparticles with turmeric powder. The FTIR spectra showed minimal
changes in the coupling groups, suggesting that the binding interactions between the nanoparticles and

turmeric powder remained relatively stable. Notably, a peak shift around 3200 cm-1 was observed, indicating
the presence of carboxyl or alcoholic groups that were responsible for the effective binding of gold
nanoparticles with turmeric powder, facilitating the formation of gold nanocapsules (Figure 5).
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FIGURE 5: FTIR spectrum analysis
The graph above in red represents the Fourier Transform Infrared Spectroscopy (FTIR) spectrum of synthesized
Gold nanoparticles from Curcuma longa root aqueous extract. Whereas the graph below in black represents the
FTIR spectrum of ethyl cellulose (EC) mediated gold/turmeric nanocapsules.

The DPPH free radical scavenging assay was conducted to evaluate the antioxidant activity of the
synthesized gold nanoparticles. The results demonstrated that the incorporated gold nanoparticles
exhibited concentration-dependent radical scavenging activity. This indicates that the synthesized
nanoparticles possess potential antioxidant properties, which can be attributed to the presence of
phytoconstituents from Curcuma longa extract (Table 1). 
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Test tube DPPH(ml) GNPs Incubation Time (min) Absorption % Inhibition

Control (1) 2 0 30 0.861 0%

2 2 25 30 0.770 10.50%

3 2 50 30 0.710 17.50%

4 2 100 30 0.510 40.70%

5 2 250 30 0.345 59.90%

6 2 500 30 0.200 76.80%

TABLE 1: DPPH free radical scavenging assay for anti-oxidant activity.
DPPH: 1,1-diphenyl-2-picrylhydrazyl; GNPs- gold nanoparticles

TEM analysis of the gold nanocapsules confirmed their spherical shape and revealed a diameter ranging
from 10-20 nm. The images also showed that the polymer-based nanocapsules contained dispersed metal
nanoparticles. This suggests that the encapsulation process successfully incorporated the gold nanoparticles
within the polymer matrix, resulting in the formation of stable gold nanocapsules (Figure 6).

FIGURE 6: Transmission electron microscopy (TEM) Analysis of gold
nanocapsules.

Cytotoxicity studies were performed on the human lung cancer cell line A549 using both the gold
nanoparticles and gold nanocapsules synthesized with turmeric. The results indicated that the gold
nanocapsules exhibited stronger cytotoxic effects compared to the gold nanoparticles. The IC50 values for
the gold nanocapsules and gold nanoparticles were recorded at 40μg/ml and 60μg/ml, respectively. These
concentrations resulted in a significant decrease in cell viability compared to the control group, indicating
the potential of the synthesized nanoparticles for cancer therapy applications (Figure 7).
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FIGURE 7: Cell survival analysis using MTT assay
MTT Assay showing the effect of different concentrations of gold nanoparticles and gold nanocapsules on A549
cell lines at 24hrs. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

Fluorescence microscopy analysis using propidium iodide dye revealed an increase in propidium iodide-
positive cells in the gold nanocapsule-treated A549 cells, indicating apoptotic changes and potential
mitochondrial damage. This suggests that the gold nanocapsules induce apoptosis in the cancer cells,
leading to cell death. Further morphological analysis of A549 cells using acridine orange and ethidium
bromide staining provided additional evidence of apoptotic changes in the gold nanocapsule-treated cells
compared to the control group. The gold nanocapsule-treated cells displayed distinct morphological features
characteristic of apoptosis, such as nuclear condensation and fragmentation (Figure 8).
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FIGURE 8: Cellular morphological changes for apoptotic analysis by
fluorescence microscopy
A  - A549 control cells stained with propidium iodide; B - effect of gold nanocapsules at 50 ug/ml on A549 cells at
24 h with propidium iodide stain; C- A549 control cells stained with acridine orange (AO) and ethidium bromide
(EB); D - effect of gold nanocapsules at 60ug/ml on nuclei of A549 cells at 24 hrs stained with acridine orange
(AO) and ethidium bromide (EB). Arrowheads indicate positively stained nuclei in figures B and D.

 

DNA fragmentation analysis further supported the occurrence of apoptosis in the gold nanocapsule-treated
A549 cells. The presence of fragmented DNA in the treated cells indicated the activation of apoptotic
pathways and the potential efficacy of the gold nanocapsules in inducing programmed cell death (Figure 9).
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FIGURE 9: DNA Fragmentation Analysis
A - 1kb DNA ladder (wide range from 250bp (base pairs) to 10,000bp serving as control; B - total genomic DNA
from untreated A549 cells; C - total genomic DNA from treated A549 cells.

Discussion
The synthesis and characterization of gold nanoparticles (AuNPs) and gold nanocapsules using Curcuma
longa extract have been successfully carried out in this study. The UV-Vis spectroscopy results confirmed the
formation of AuNPs, as evidenced by the absorption peak at 520-530 nm, which corresponds to the surface
plasmon resonance of gold nanoparticles (Mie's hypothesis) [25]. The color change of the gold nanoparticles
from light yellow to ruby red within six hours indicates the successful synthesis and stability of the
nanoparticles. The absorbance of Curcuma longa watery solution with AuNPs was observed under UV-Vis
spectrum, showing absorption at 530 nm after six hours of incubation. This suggests that the nanoparticles
have strong absorption properties within the visible range. To optimize the synthesis process, various time
intervals were tested, and the results showed that the maximum amalgamation of AuNPs was achieved
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within 48 hours of incubation. UV-Vis analysis revealed slight modifications in the absorption peaks at 520
nm, 522 nm, and 527 nm, indicating the stability of the biosynthesized gold nanoparticles. The absence of a
peak at 0 minutes suggests that the nanoparticles require a certain incubation time for their formation and
stabilization.

TEM analysis was performed to analyze the morphology and size of the synthesized AuNPs. The images
confirmed that the AuNPs were spherically shaped, with sizes ranging from 25-35 nm. This is consistent
with previous studies reporting the size range of synthesized gold nanoparticles [26]. The spherical shape
and uniform size distribution are favorable characteristics for the potential applications of these
nanoparticles. EDX analysis confirmed the purity of the synthesized AuNPs, as only a single signal
corresponding to gold was detected. The presence of oxygen and carbon peaks alongside the gold signal
suggests that the nanoparticles were capped by phytoconstituents, which may contribute to their stability
and bioactivity. XRD analysis confirmed the crystalline structure of the gold nanoparticles, with peaks
observed at specific miller indices. The absence of additional peaks indicates the high purity of the
synthesized nanoparticles. The average size of the nanoparticles, determined through XRD analysis using
the Scherrer equation, was found to be 11 nm [27]. The absence of impurities further supports the suitability
of these nanoparticles for various applications. FTIR analysis was performed to investigate the functional
groups involved in the binding of gold nanoparticles with turmeric powder and the formation of gold
nanocapsules. The observed peak shifts in the spectra suggested the involvement of carboxyl or alcoholic
groups in the proper binding of the nanoparticles, leading to the formation of stable nanocapsules. This
finding is in line with previous studies that have reported the successful synthesis of gold nanocapsules
using turmeric as a bioactive compound [28]. The DPPH free radical scavenging assay demonstrated the
antioxidant activity of the synthesized gold nanoparticles. The concentration-dependent reduction of the
DPPH radical indicates their potential as effective antioxidants. This finding aligns with previous studies
highlighting the antioxidant properties of gold nanoparticles [29].

The cytotoxicity of the synthesized AuNPs and gold nanocapsules was evaluated against A549 lung cancer
cells. The MTT assay results showed concentration-dependent cytotoxic effects for both nanoformulations.
The IC50 values were determined to be 60 μg/ml for AuNPs and 40 μg/ml for gold nanocapsules, indicating a
higher potency of the nanocapsules in inhibiting the viability of A549 cells. These results are consistent with
previous studies that have reported the cytotoxic effects of gold nanoparticles on cancer cells [30]. The
enhanced cytotoxicity of the nanocapsules could be attributed to the sustained release of bioactive
compounds from turmeric, the size and surface properties of the nanoparticles, and their interactions with
the cancer cells. Fluorescence microscopy analysis using propidium iodide staining revealed an increase in
the number of positively stained cells in the gold nanocapsule-treated A549 cells, indicating apoptotic
changes and potential mitochondrial damage. The acridine orange/ethidium bromide dual staining assay
further supported the induction of apoptosis in the treated cells, as evidenced by distinct morphological
features associated with apoptosis. The DNA fragmentation analysis provided additional evidence of
apoptotic cell death in the treated cells, as fragmented DNA is a characteristic hallmark of apoptosis [24].
These findings collectively demonstrate the successful synthesis of stable gold nanoparticles and gold
nanocapsules using Curcuma longa extract. The nanoparticles exhibited strong absorption properties, good
stability, and cytotoxic effects against A549 lung cancer cells. The incorporation of turmeric into the
nanocapsules enhanced their anticancer activity, potentially through the sustained release of bioactive
compounds. These results align with previous studies highlighting the potential of gold nanoparticles and
turmeric in cancer therapy. Further studies are warranted to explore the underlying mechanisms of action
and evaluate the therapeutic potential of these nanoformulations in vivo.

Conclusions
In conclusion, the study successfully synthesized gold nanoparticles and gold nanocapsules using Curcuma
longa extract. The combination of turmeric gold nanocapsules exhibited more potent anticancer activity on
the lung cancer cell line compared to biologically synthesized gold nanoparticles. These findings highlight
the enhanced therapeutic efficacy of incorporating turmeric into the nanocapsules. The nanoparticles
demonstrated strong absorption properties, antioxidant activity, and concentration-dependent cytotoxic
effects on A549 lung cancer cells. The induction of apoptosis further supports their potential for cancer
therapy. Future research should focus on elucidating the underlying mechanisms and optimizing the
formulation of gold/turmeric nanocapsules to improve anticancer treatments.
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