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ABSTRACT
BackgroundBackground: Research into natural chemicals and nanotechnology has attracted considerable 
interest in the pursuit of novel treatment methods for infectious diseases and cancer. Aim:Aim: The 
current study intended to synthesize and analyse the potential of Copper Nanoparticles (CuNPs) 
with the aqueous extract derived from the Indian sarsaparilla leaf, Hemidesmus indicus (R. 
Br.). Materials and Methods:Materials and Methods: Apart from the current research was focused on characterizing the 
synthesized copper nanoparticles, utilized multiple analytical techniques, including UV, FTIR, SEM, 
SEM-EDAX and TEM. The synthesized nanoparticles that possessed the potential antimicrobial 
activity were performed against the nine organisms and compared with the crude plant extract. 
It was found that the nanoparticles exhibited a significant zone of inhibition than the crude plant 
extract. Moreover, examined the potential ability of the synthesized CuNPs using H. indicus (R.Br.) 
on MTT analysis performed in lung cancer cell lines (A549). Apart from the anticancer study 
further revealed that apoptotic induction of synthesized nanoparticles treated in vitro cell-based 
apoptosis progressed to its late stage, Cells emitted orange fluorescence, signifying condensation 
of chromatin or fragmentation, leading to uniform red/orange-stained nuclei of cells. Results: Results: 
The significant nuclear changes seen in H. indicus CuNP-treated cells, such as condensation of 
chromatin and nuclear disintegration, further confirmed the trigger of cell death through apoptosis. 
Furthermore, to elucidate the molecular level alterations of significant candidate anti-apoptotic 
targets-AKT and mTOR, the gene expression analysis was performed using RT-PCR. Notably, 
the current research results proved the efficacy of the synthesized copper-based nanoparticles 
from H. indicus in lung cancer A549 cells by initiating the apoptotic progression compared to the 
crude plant extract. It was well proven by apoptotic staining assays and molecular level analysis. 
Conclusion:Conclusion: The present findings highlighted the promising visions and therapeutic potential of the 
combination of nanoparticles of copper coupled with the aqueous extract, hence H. indicus-based 
nanoparticles possessed empirically antimicrobial effect and anti-cancer properties.

Keywords:Keywords: H. indicus,  Copper nanoparticle, Lung cancer, Crude extract, Gene expression

INTRODUCTION
Natural chemical and nanotechnology research 
has garnered significant attention in the search for 
innovative treatment techniques against infectious 
illnesses and cancer. One specific plant that has 
piqued interest in traditional medicine is H. indicus, 
referred to as Indian Sarsaparilla, due to its wide array 
of  pharmacological qualities. Traditional Ayurvedic 
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medicine has long recognized the numerous benefits of  
H. indicus, attributing its powerful anti-inflammatory, 
hypoglycemic, antipyretic and hypolipidemic  
properties.[1,2] Hemidesmus indicus roots, with their woody 
structure, offer a cooling effect and exude a pleasant 
phenolic flavour and fragrance.[1] This experimental 
plant species is extensively distributed throughout 
India and boasts many essential oils and phytosterols 
in its composition. A noteworthy chemical compound 
found in the roots of  this plant is 2-Hydroxy-4-
Methoxybenzoic acid (HMBA), which has been isolated 
and proven to have strong anti-diabetic, antibacterial and 
antioxidant activities. The high phytochemical content 
and documented potent activities of  the H. indicus plant 
suggest its potential use as a reducing agent in the metal 
nanoparticles manufacturing process. Notably, silver 
and zinc metals have been successfully synthesized into 
nanoparticles using H. indicus as a green plant source, 
particularly using its leaves, stems and roots.[3]  
Concurrently, CuNPs have appeared as promising 
candidates for numerous biological applications. Kumar 
et al., 2016; Shankar et al., 2019 previously described the 
antibacterial and anticancer characteristics of  synthesized 
CuNPs with H. indicus extract, with a particular focus 
on their potential impact in lung cancer cells, while also 
exploring the associated alterations in gene expression 
of  anti-apoptotic genes. H. indicus, a perennial herb, only 
because of  the plethora of  bioactive phytoconstituents 
such as alkaloids, flavonoids and triterpenes, which 
contribute to its proven antibacterial efficacy against a 
range of  microbial infections. Previously, Iadav et al., 
2001 described the inherent properties of  H. indicus, 
including its anti-inflammatory and immunomodulatory 
characteristics, which position it as a potential agent 
for combating infectious disorders. While extensive 
research has also been done by several researchers 
about crude extract applications, investigations into the 
manufacturing process of  nanoparticles with different 
metals and their antitumour potential, specifically its 
effectiveness against lung cancer, remain relatively scarce 
in scientific literature.[4-6] Given that lung cancer poses a 
significant global health concern with the low efficacy 
of  current advanced therapies, researchers are aiming 
towards alternative approaches. Understanding the 
impact of  Hemidesmus indicus on gene expression within 
lung cancer cells is vital for elucidating the molecular 
mechanisms underlying its therapeutic actions.[7] 
The integration of  CuNPs with natural substances 
opens the potential for a synergistic medicinal strategy. 
However, the precise synergistic effects of  these entities 
in the context of  lung cancer therapy and their impact on 
gene expression remain largely unknown, necessitating 

further investigation. Studying the gene expression 
changes resulting from the synthesized CuNPs using H. 
indicus (L.) R.Br. extracts of  lung cancer cells will provide 
a crucial understanding of  the molecular mechanisms 
governing their anticancer activities. This insight can 
lead to the invention of  more effective and specific lung 
cancer treatment regimens, benefiting patients all over 
the world.

MATERIALS AND METHODS
Plant collection
H. indicus plant root samples were obtained from 
Kaliakkavilai. The root sample was powdered and 
stored in an aseptic condition.

Preparation of plant extract 
Preparation of plant extract and Synthesis of CuNPs

250 mL of  distilled water was combined with 25 g of  
plant powder and boiled for 1 hr at 60ºC. After cooling 
to room temperature, the extract was filtered using 
Whatman filter paper no.1 and refrigerated. Copper 
sulphate and plant extract were employed as precursors 
in the manufacturing process of  Cu nanoparticles. The 
production process for CuNPs was prepared through 
magnetic stirring with optimum heating for the reaction. 
A copper sulphate solution (50 mL) was added with 150 
mL of  plant extract and shaken well until the colour 
changed to dark green and brown precipitation at the 
end. Synthesized nanoparticles were collected and rinsed 
utilising distilled water to eliminate impurities and then 
dried out at room temperature to achieve the powdered 
state of  CuNPs.[8]

Characterization of synthesized CuNPs
To comprehend the morphological features of  the 
manufactured CuNPs, certain analytical-based methods 
were carried out.[9] Characterization methods include 
Bio spec Nano (Shimadzu), which measures the surface 
plasmon resonance of  nanoparticles. ATR-FTIR 
spectrometer was utilised to regulate the functional 
group of  extracts accountable for decreasing the silver 
nitrate and consequently for forming the nanoparticles 
(Shimadzu IR affinity). These particles have been 
enclosed in an ATR (ZnSe) substrate. The crystalline 
nature of  nanoparticles has also been studied by the 
X-ray diffractometer (XPERT-PRO). The scanning 
electron microscope (FESEM, TESCAN) and 
transmission electron microscope (JEOL Ltd., Japan) 
were employed to figure out the surface characteristics 
of  the nanoparticles. The particle size and zeta potential 
in liquid suspension were both assessed using the 
Zetasizer Nano ZS (Malvern Instruments).
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Anti-microbial activity
The primary resolution of  the research was to evaluate 
the effectiveness of  synthesized CuNPs using H. indicus 
extract in combating a broad spectrum of  bacterial 
pathogens, which included both gram-negative and 
gram-positive strains, as well as fungi. To ensure a sterile 
environment, the autoclaving on the medium, reagents 
and glassware at a temperature of  121ºC for 20 min 
was performed. The bacterial pathogens and fungi 
were obtained from Clinbiocare Technology, Research 
Centre, Tenkasi and sub-cultured for 24-42 hr at 37ºC in 
a selected medium broth. To conduct the antimicrobial 
experiment, a fresh overnight broth culture was utilized 
on a Muller Hinton Agar Medium (MHA) in a petri dish. 
The surface of  the medium was evenly covered with a 
sterile autoclaved cotton swab and the plates containing 
the bacterial strains were left to dry for a short period. 
Using a sterilized cork boring tool with a diameter of  
approximately 8mm, wells were created on the MHA 
medium. To conduct the antibacterial experiment, 
multiple test solutions were employed, including green-
generated CuNPs with plant extract, crude plant extract 
in predetermined quantities and Ampicillin (25 mcb 
disc) as a positive control. Subsequently, the Petri dishes 
were placed in a chamber set at 37ºC for about 24 hr and 
the clear zone of  inhibition (ZOI), which represents the 
area surrounding the antimicrobial agent where bacterial 
growth was inhibited, was measured in millimetres. The 
nanoparticles that exhibited antibacterial properties 
effectively dispersed into the MHA agar medium, thereby 
inhibiting the growth of  the test strains. To measure the 
ZOI, a ruler was utilized and the measurement was taken 
from the bottom of  the Petri plate without opening it, 
adhering to strict experimental procedures.[10]

Cytotoxicity study on A549 cancer cell line
Cell culture

 The A549 cell lines were bought from the National Centre 
for Cell Sciences (NCCS) in Pune, India. Dulbecco's 
Modified Eagle Media has been supplemented with 
10% foetal bovine serum to maintain cell viability. 
Antibiotics, including penicillin (100 U/mL) as well as 
streptomycin (100 μg/mL), were employed alongside 
the medium. These cell lines were maintained in humid 
conditions containing 5% CO2 at 37ºC.

Cell viability assay 
To examine the effects of  a plant extract and nanoparticles 
on A549 lung cancer cell lines, a series of  experiments 
were conducted using various concentrations of  both 
crude plant extract and synthesized CuNPs using H. 
indicus (L) R. Br. extract (100, 150, 200, 400 and 600 

µg/mL) for 24 hr. The experiments were carried out 
repeatedly thrice to ensure the accuracy and reliability 
of  the results. Following the 24 hr incubation period, 
the cell viability was assessed using the MTT assay. This 
analysis involved the addition of  MTT to each well of  
the microplate. By utilizing this assay, the viability of  
the cells will be determined and any potential changes 
induced by the crude plant extract and synthesized 
nanoparticles. This comprehensive approach sheds light 
on the impact of  these substances on A549 lung cancer 
cells and allows for a more thorough analysis of  their 
effects. The cytotoxicity of  the chosen nanoparticles 
on A549 cells was carried out following Riss et al 2004. 
Further values for IC50 were determined using the 
MTT assay.

AO/EB staining 
A549 cells were placed at 5x104 cells for each well in a 
plate of  six wells as well as maintained for 24 hr. After 
24 hr of  being treated with HI-CuNPs (10 and 15 μg), 
cells were separated, rinsed using PBS, and stained by 
a combination of  a 1:1 ratio of  AO (100μg mL-1) and 
EB (100μg mL-1) at room temperature for 5 min. A 
fluorescent microscope was used to study the stained 
cells at a magnification of  20x. Dual AO/EB fluorescent 
staining is a widely employed technique that enables the 
identification and examination of  crucial morphological 
alterations occurring in apoptotic cells. By utilizing this 
method, we can distinguish between early apoptotic 
cells, late apoptotic cells, necrotic cells, and normal cells 
therefore providing a comprehensive understanding of  
various stages of  cellular death. Consequently, AO/
EB staining has emerged as a dependable and versatile 
approach for accurately detecting apoptosis in cellular 
or tissue samples. Furthermore, its reliability lies in its 
ability to not only identify the presence of  apoptotic 
cells but also to provide valuable insights into the extent 
and distribution of  apoptotic cells within a given sample. 

DNA fragmentation assay
The DNA from the control and treated A549 lung 
cancer cell lines (Control and 311 µg-plant extract/32 
µg-synthesized copper nanoparticle) were taken for 
analysis as per the manufacturer’s protocol (Apoptotic 
DNA Ladder kit, Roche, Basel). The A549 cell lines 
were first implanted into the six welled microplates, 
after which 15 µg/mL of  crude plant extract and 
CuNP were added. Following the 24 hr incubation 
period, the culture medium is then taken, and the cells 
are retrieved by scraping around 1 mL of  Phosphate-
buffered solutions. Further, the steps were carried out 
using the kit protocol as suggested by the instructions 
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of  the manufacturer. The final eluted DNA was run in a 
1% agarose gel electrophoresis to visualize the banding 
pattern in the treated cells.

Quantitative real-time PCR
RNA was obtained from untreated and treated (Control 
and 311µg-plant extract/ 32µg-synthesized copper 
nanoparticle) A549 cell lines by using an RNeasy kit 
(Qiagen, USA) as per the guidelines by the manufacturer. 
Quantitative Real-Time PCR (qPCR) analysis was 
performed by using Quantitect Reverse Transcription 
and SYBR-Green mix (Qiagen, USA) on Rotor-Gene Q 
5plex HRM Platform (Qiagen, USA) for measuring the 
expression of  mRNA of  two genes (PI3K and mTOR) 
and the primers utilised for qPCR analysis are mentioned 
in Table 1. Universal thermal cycling conditions were 
followed as described earlier.[11]

Table 1: RT Primer Sequences for selected targets
Sl. No. Primer Name Primer Sequence

1 ACT F GATGATGATATCGCCGCGCT

ACT R CCTCGTCGCCCACATAGGAA

2 pI3K F GTATCCCGAGAAGCAGGATTTAG

pI3K R CAGAGAGAGGATCTCGTGTAGAA

3 mTOR F GTGGAAACAGGACCCATGAA

mTOR R CCATTCCAGCCAGTCATCTT

RESULTS
Researchers are fascinated by nanoscale materials due 
to their unique optical features. Nanoparticles take 
on a variety of  hues throughout their production. 
Plant extracts include a variety of  phytochemicals that 
produce copper nanoparticles by a reaction with copper 
sulphate. The key indicator of  CuNP generation is a 
shift in colour from blue to brown within an hour of  
the reaction. After 24 hr, the colour change ceases and 
the nanoparticles precipitate, showing that the synthesis 

process is completed. Examining the produced CuNPs, 
UV-Vis absorption spectra were collected at various 
wavelengths spanning from 200 to 600 nm. These 
nanoparticles were created using copper sulphate and 
H. indicus leaf  extract as reduction agents. It is worth 
mentioning that the H. indicus leaf  extract contains 
physiologically active phytochemicals that play a 
significant role in the green manufacture of  CuNPs. The 
absorption peak resulting from the synthesis process 
was observed at 443 and 586 nm, as clearly shown in 
Figure 1 which provides a visual representation of  this 
phenomenon. 
In addition to studying the UV-Vis absorption spectra, 
the FT-IR spectrum was also utilized in this research 
to determine the functional categories of  the active 
components by considering its peak value of  the 
infrared region. The findings regarding the FT-IR 
peak values and corresponding functional groups are 
accurately displayed in the comprehensive Figure 1, 
enabling a detailed examination of  these important 
results. The information derived from the FTIR spectra 
is particularly valuable as it demonstrates that the H. 
indicus aqueous leaf  extract possesses specific functional 
groups, including hydroxyl, carboxyl, or amine groups, 
which are known to contribute to the synthesis of  
CuNPs. These groups within the leaf  extract can serve 
as reducing agents, facilitating the transformation of  
copper sulphate into CuNPs. The presence of  such 
active phytochemicals in the H. indicus leaf  extract 
further supports its potential significance for the eco-
friendly manufacturing of  CuNPs. 
Overall, the combination of  UV-Vis absorption spectra 
and FT-IR analysis has provided compelling evidence 
to suggest that the H. indicus leaf  extract contains key 
comp H. indicus CuNP (in cm) onents essential for the 
successful manufacturing of  CuNPs

Figure 1: UV-visible spectra and FTIR spectrum of green synthesised CuNPs with H. indicus
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These findings give a broader comprehension of  green 
manufacturing processes and the utilization of  natural 
resources in nanoscience and technology. In Figure 1, 
the FTIR spectra of  CuNPs produced by H. indicus are 
presented. The spectra were recorded between 601 cm-1 
to 555.50 cm-1, revealing various interesting features. 
Notably, the NP peak of  Plant extract is visible at 601 cm-1 
and 555.50 cm-1, providing evidence of  C-I stretching. 
Furthermore, the existence of  a peak at 1643.35 cm-1 
suggests the involvement of  C = C stretching and 
unsaturated ketones, indicating the presence of  certain 
chemical compounds in the nanoparticles. It is worth 
mentioning that all the spectra exhibit prominent peaks, 
which are significant in determining the molecular 
atmosphere of  the copper-based materials present on 
the nanoparticle's surface. For instance, the –OH peak at 
3348 cm-1 specifies the occurrence of  hydroxyl groups, 
while the stretching vibration of  the C = O group at 1635 
cm-1 signifies the involvement of  copper compounds. 
These findings highlight the valuable information that 

can be obtained from FTIR spectroscopy when studying 
copper-based nanomaterials. 
Moving on to Figure 2, the SEM images depict the 
clammy cherry-stabilized CuNPs. These images convey 
useful information regarding the morphology and 
structure of  the particles. It is intriguing to observe 
that the clustered CuNPs develop well-defined 
sphere-shaped microstructures. Furthermore, these 
microspheres are covered with a thin film consisting 
of  different phytoconstituents found in the gum of  the 
aqueous extract of  the cherry. This coating adds an extra 
layer of  complexity to the nanoparticles and may have 
important implications for their potential applications. 
The morphology of  CuNPs’ surface and their elemental 
configuration were thoroughly explored by employing 
SEM in combination with energy dispersive X-ray 
spectroscopy (EDX) analyses. The SEM micrograph 
images revealed intriguing aggregations of  spherical 
nanoparticles (depicted in Figure 2). 

Figure 2: SEM, EDX and TEM of CuNPs synthesised using H. indicus leaf extract.

It is important to mention that these aggregates were 
most likely formed because of  the isolation procedures 
employed for separating CuNPs from the reaction 
mixtures, which involved a combination of  centrifugation 
and freeze-frying techniques. Furthermore, the EDX 
analysis provided valuable quantitative and qualitative 
information regarding the chemical composition of  
the CuNPs. Upon closer inspection at a magnification 
of  2 µm, the nanoparticles exhibited an agglomerated 
spherical form, while at a magnification of  200 nm; 

they presented a distinctive segregated spherical-
shaped structure. To decisively determine the elemental 
composition of  the biosynthesized nanomaterial 
surfaces, EDAX spectroscopy was employed. The 
findings garnered from the EDAX spectroscopy 
showcased the undeniable existence of  the copper 
element, verifying that the biosynthesis process 
successfully yielded H. indicus CuNPs. This finding  
further bolstered the credibility and efficacy of  the 
biosynthesis technique employed to produce the 
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nanomaterials. Figure 2 displays a Transmission 
Electron Microscopy (TEM) micrograph, which 
effectively portrays the CuNPs that were synthesized. 
To delve deeper into the characteristics of  the 
synthesized nanoparticles, the researchers conducted a 
thorough investigation, employing TEM to study their 
morphology and crystal structure.

Through the TEM image, we were able to identify a few 
instances of  agglomerated CuNPs at specific locations, 
compelling them to utilize TEM to analyse the size, 
structure, dispersion, morphology and orientation of  
both biological and physical materials. Consequently, 
this analysis indicated the possibility of  sedimentation 
occurring later in the process upon closer examination; 
it became evident that there existed significant variation 
in the particle sizes, with the estimated average falling 

within the range of  10 to 20 nm. Furthermore, it was 
observed that the enhanced electrostatic attraction 
between particles played a significant role in their 
strong aggregation. The smaller size as well as narrower 
size distribution observed in these nanoparticles was 
attributed to the rapid reduction facilitated by Microwave 
(MW) irradiation.[12] 
In this study, extensive research to evaluate the 
antibacterial properties of  the CuNPs that were 
synthesized in vitro. The experimental plant sample 
activity studies against Gram-positive and Gram-
negative bacteria, as well as fungal strains. To test this, we 
utilized the Mueller-Hinton Agar (MHA) well diffusion 
method. The bacterial variants with crude plant extract 
and synthesized CuNPs and then kept for 24 h in 
the dark at 37ºC. The results are represented in 
Figures 3 and 4.

Figure 3: Antimicrobial activity of H. indicus plant extract against 9 Organisms.

To present our findings, we organized the results into a 
table (Table 2) to illustrate the antibacterial properties 
of  the crude plant extract and H. indicus CuNPs 
against several gram-positive and gram-negative 
organisms, as well as fungi. At a concentration of  75 µL 
of  H1 plant extract, we observed the creation of  a zone 
of  inhibition, indicating the effectiveness of  the extract 
against gram-positive microbes including S. aureus, 
Bacillus subtilis and S. epidermidis. The corresponding 
inhibition zone measurements for these bacteria 
were approximately 0.7, 1 and 0.9, respectively, when 

compared to the control group treated with ampicillin 
antibiotic. 
Similarly, we found that the gram-negative organisms 
and fungal strains exhibited a high occurrence of  
zone formation when treated with green-synthesized 
copper nanoparticles (H. indicus CuNPs), as depicted 
in Figure 4. The effectiveness of  the CuNPs was 
significantly higher than the crude plant extract as 
antifungal agents was further supported by the results 
Figure 4.
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Figure 4: Antimicrobial activity of H. indicus-based CuNP against Gram-Positive Organisms

Table 2: Antimicrobial activity of HI plant crude and HICuNP against 9 Organisms.
Sl. 
No.

Bacterial
name

H. indicus PLANT EXTRACT (in cm) H. indicus CuNP (in cm)

25 µL 50 µL 75 µL Ampicillin Ampicillin 10 µL 20 µL 30 µL

Gram Positive

1 B. subtilis 0.5 ± 0.01 0.6 ± 0.02 0.7 ± 0.02 0.8 ± 0.04 0.4 ± 0.02 1.5 ± 0.04 1.9 ± 0.03 2.1 ± 0.05

2 S. aureus 0.6 ± 0.02 0.9 ± 0.04 1 ± 0.05 1 ± 0.02 0.3 ± 0.01 1 ± 0.04 1.2 ± 0.03 1.4 ± 0.04

3 S.epidermidis 0.4 ± 0.01 0.6 ± 0.03 0.9 ± 0.03 1 ± 0.03 0.4 ± 0.01 1.8 ± 0.05 2 ± 0.05 2.1 ± 0.05

Gram Positive

1 B. subtilis 0.5 ± 0.01 0.6 ± 0.02 0.7 ± 0.02 0.8 ± 0.04 0.4 ± 0.02 1.5 ± 0.04 1.9 ± 0.03 2.1 ± 0.05

2 S. aureus 0.6 ± 0.02 0.9 ± 0.04 1 ± 0.05 1 ± 0.02 0.3 ± 0.01 1 ± 0.04 1.2 ± 0.03 1.4 ± 0.04

3 S.epidermidis 0.4 ± 0.01 0.6 ± 0.03 0.9 ± 0.03 1 ± 0.03 0.4 ± 0.01 1.8 ± 0.05 2 ± 0.05 2.1 ± 0.05

Gram Negative
4 E. cloacae 0.6 ± 0.01 0.9 ± 0.02 2 ± 0.04 1 ± 0.04 0.6 ± 0.04 - - -

5 K. 
pneumoniae

0.6 ± 0.01 0.6 ± 0.01 1 ± 0.02 1 ± 0.04 0.6 ± 0.04 - - -

6 E.coli 0.8 ± 0.03 1 ± 0.03 1.1 ± 0.03 0.7 ± 0.03 0.4 ± 0.01 1 1.3 ± 0.03 1.5 ± 0.03

7 S. 
Typhimurium

0.4 ± 0.01 0.7 ± 0.01 0.9 ± 0.01 1.2 ± 0.04 0.8 ± 0.04 - 0.9 ± 0.03 0.5 ± 0.04

Fungi 
8 C. albicans. 1 ± 0.04 1.8 ± 0.04 1 ± 0.03 0.6 ± 0.02 0.4 ± 0.01 1.1 ± 0.05 1.2 ± 0.05 1.3 ± 0.03

9 C. glabrata 1 ± 0.04 1.4 ± 0.04 0.9 ± 0.03 0.5 ± 0.02 0.4 ± 0.01 - 0.7 ± 0.04 0.8 ± 0.03

Furthermore, we also evaluated the in vitro cytotoxicity 
of  the CuNPs and crude plant extract in A549 cell 
lines (Figure 5). The evaluation was conducted using 
various concentrations of  the plant extracts (ranges 
from 100 to 600 µg/mL) and CuNPs (varies from 10 

to 50 µg/mL). Each concentration was incubated for 
24 hr. To compare the results, we included a control 
group. The IC50 value was then plotted by relating the 
concentration of  crude extract and CuNPs on the 
X-axis to the percentage of  cell viability on the Y-axis. 
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The samples proved considerable cytotoxicity against 
the A549 cell proliferation was inhibited by CuNPs 
having an IC50 value of  32 µg/mL. The microscopic 
analysis demonstrated a reduction in cell density as well 
as the substrate adhesion ability, along with membrane 

shrinking, subsequently exposure to a plant extract 
and H. indicus plant-derived CuNPs, with the processes 
becoming more intensive after 24 hr. The MTT test was 
utilised to decide the cytotoxicity of  CuNP leaf  extract 
on Lung Cancer A549 cells. 

Figure 5: MTT assay-Morphological changes in control, crude plant extract treated  
H. indicus CuNPs treated in Lung Cancer (A549) cells for 24 hr

These morphological alterations are typical for apoptosis 
and the study used the procedures described below to 
confirm apoptosis. The dyes used in the experiment 
were effective in counterstaining the ds-DNA found in 
the nucleus of  both inactive and active cells. Specifically, 
acridine orange was used by both active as well as dormant 
cells, while EtBr was exclusively used in nonviable cells. 
This distinction is because EtBr interacts with DNA 

and emits red fluorescence, making it a reliable indicator 
of  nonviable cells. The staining process using AO/EtBr 
supplied valuable insights into the effects of  H. indicus 
CuNPs at 32 µg/mL on lung cancer cells. After 24 hr 
of  treatment, it was seen that H. indicus CuNPs led to 
a higher rate of  cell death (apoptosis) in lung cancer 
cells compared to crude plant extract-treated A549 cells 
(Figure 6). 

Figure 6

A549 cancer cells, which are commonly used in cancer 
research, were subjected to treatment with crude plant 
extract at various concentrations of  200 and 400 µg/mL 
and H. indicus-based CuNPs at multiple concentrations 
of  20 and 40 µg/mL for 24 hr. Following treatment, the 

cells were carefully stained using AO/EB, a commonly 

used staining technique and then underwent analysis 

using a fluorescence microscope called the Bio-Rad Zoe 

Fluorescent Cell Imager.
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Interestingly, live cells showed green fluorescence and 
a normal nuclear appearance, showing their healthy 
state. On the other hand, cells in the initial stages of  
apoptosis emitted yellow fluorescence and displayed 
broken nuclei and compacted chromatin. As apoptosis 
progressed to its late stage, cells displayed orange 
fluorescence, representing condensation of  chromatin 
or fragmentation, ultimately leading to red/orange-
stained cell nuclei. The significant nuclear changes seen 
in H. indicus CuNP-treated cells, such as condensation 
of  chromatin and nuclear disintegration, further 
confirmed the trigger of  cell death through apoptosis. 
To support these findings, additional staining methods 
were employed to distinguish between normal and 
apoptotic cells. Another notable aspect of  apoptosis 
is the stimulation of  caspase enzymes, which play a 
vital role in breaking down essential cellular proteins, 
specifically targeting the cytoskeleton and nuclear 
scaffold. Furthermore, caspase enzymes activate 
DNase, which leads to the destruction of  nuclear DNA. 
To explore the biological markers of  apoptosis, a DNA 
fragmentation test was conducted. 
Lung cancer cells were treated with crude plant extract/
IC50 and HICuNP/IC50, following which DNA 
was isolated and examined by employing agarose gel 
electrophoresis. Through this technique, a characteristic 
ladder pattern of  internucleosomal DNA fragmentation 
was found in lung cancer cells after treatment with H. 
indicus CuNP/IC50-32 µg/mL (Figure 7). At 32 µg/mL, 
H. indicus CuNPs demonstrated its impact on lung cancer 
cells by increasing apoptotic proteins and suppressing 
the PI3K/mTOR pathway. This demonstrated the 
potential of  H. indicus CuNPs as a therapeutic agent 
against lung cancer. Furthermore, the evaluation of  cell 
regulators and apoptotic proteins in lung cancer cells 
revealed important insights into the cellular mechanisms 
involved in H. indicus CuNP's effects. This allowed for 
comparison and analysis of  the differential impact of  
each concentration on the lung cancer cells. Interestingly, 
it was observed that the highest concentrations of  leaf  
extract led to the arrest of  cell proliferation, ultimately 
inducing apoptosis. Building upon these findings, the 
concentration of  32 µg/mL of  H. indicus CuNPs was 
specifically chosen to further investigate its effects on 
apoptotic proteins and cell regulatory proteins of  the 
PI3K and mTOR pathway in lung cancer cells using 
RT PCR analysis (Figure 8). The aim was to intensify 
the activation of  the apoptotic pathway to promote 
cell death in A549 cells, a well-known lung cancer cell 
line. The results demonstrated that H. indicus CuNP 
treatment was successful in activating the apoptotic 
pathway in these cells, possibly offering a promising 

therapeutic approach for lung cancer treatment with 
more advanced studies.

Figure 7: DNA fragmentation assay.

Figure 8: Effect of H. indicus CuNPs and crude plant extract 
in lung cancer cells in down-regulating the anti-apoptotic 

gene expressions (PI3K and mTOR) by using real-time PCR.

DISCUSSION
Copper nanoparticles have Multiple uses in various 
industries, comprising cosmetics, biosensing, electronics, 
textiles, food processing and medical diagnostics.
[13-16] These applications stem from their unique pro-
perties and potential benefits. It is noteworthy that 
nanoparticles can be created using several methods, 
such as physical, chemical, and biological processes. 
Among these methods, biological approaches are 
increasingly considered more efficient and eco-friendly.
[17] The use of  green techniques in the manufacture of  
CuNPs brings the advantage of  improved stability.[4,7,18] 
Flavonoid biomolecules played a crucial role in 
the conversion and stabilization of  CuNPs. These 
biomolecules reacted with Cu2+ ions and formed 
CuNPs. They also stabilized nanoparticles by chelating 
with metal ions. Its ability to effectively convert metal 
ions into nanoscale particles with unique shapes and 



Deena and Sujatha: Synthesis of Copper Nanoparticles using H. indicus on Lung Cancer Cell Lines

Asian Journal of Biological and Life Sciences, Vol 13, Issue 1, Jan-Apr, 2024 129

sizes highlights the potential uses of  these particles in 
different fields such as medicine, energy and electronics. 
The irregular size and cylindrical shape observed in 
both studies demonstrate reproducibility and reliability. 
The process of  synthesizing nanoparticles has become 
an increasingly popular field of  research, with scientists 
constantly seeking new and more sustainable methods 
to produce these tiny particles. 
Overall, this study demonstrates that green synthesis is 
a promising method for synthesizing Cu NPs, with its 
ability to effectively produce pure and environmentally 
friendly nanoparticles. The evaluation of  the shapes and 
sizes of  biosynthesized nanoparticles is a crucial aspect 
of  understanding their potential applications. This data 
is crucial in determining the reactivity and behaviour 
of  these nanoparticles in various environments. The 
use of  copper nanoparticles as a means of  combating 
bacterial infections has acquired significant attention 
in recent years. This is due in part to the antibacterial 
properties exhibited by these particles, which are 
influenced by several key factors. There are three 
main mechanisms through which these nanoparticles 
exert their antibacterial action. Initially, they can cause 
degeneration of  the cell wall and cell membrane of  
bacteria. This is achieved via the interaction between 
the copper ions on the nanoparticle surface and 
the phospholipids in the cell wall of  bacteria. As a 
consequence, the structural integrity of  the bacteria 
is compromised, making it more susceptible to 
other forms of  damage. Another way in which these 
nanoparticles work is by infiltrating the bacterial 
cells and disrupting their normal functioning.[19,20] 
Approximately 90% of  the populations of  B. subtilis, S. 
aureus and other gram-negative bacteria were reduced. 
The specific mechanism by which nanoparticles interact 
with bacteria is not fully comprehended. It is believed 
that the production of  Reactive Oxygen Species (ROS) 
and the release of  Cu ions can disturb the structure 
of  bacterial DNA and cell membranes, leading to the 
eradication of  the bacteria. 
CuNPs possess the capability to attach to amine and 
carboxyl groups. Additionally, it has been observed 
that when copper nanoparticles are combined with 
commercial acrylic paint, they exhibit noteworthy 
antifungal properties. Moreover, copper nanoparticles 
have a well-documented history of  displaying potent 
antibacterial activity. Remarkably, a recent study proposes 
that when g-Cu NPs are combined with bioactive 
compounds derived from other sources, a synergistic 
effect occurs, resulting in a substantial reduction in the 
action of  pathogenic bacteria.[21] Thus, these findings 

highlight the potential of  using copper nanoparticles 
in various applications, such as in coatings or paints, to 
provide enhanced antifungal and antibacterial properties. 
The current study findings provide promising insights 
into the potential applications of  CuNPs and their 
bioactive compound counterparts in combating both 
pathogenic bacteria and cancer cells.  
Apoptosis is a highly regulated process that is essential 
for normal cell development and the elimination of  
damaged or undesirable cells. The Dysregulation of  
apoptotic pathways involved in the development and 
progression of  various human malignancies.[12,22,23] 
Among the intricate signalling pathways involved 
in cancer, the PI3K/ mTOR pathway stands out as 
one of  the most disrupted. In most malignancies, 
each core node within the aforementioned pathway 
exhibits aberrant activity of  Cancer Formation and 
Progression.[24] The activation of  PI3Ks, which are key 
enzymes involved in cellular signalling pathways, leads 
to the phosphorylation of  a specific lipid molecule 
phosphatidylinositol 4,5-bisphosphate (PIP2). This 
phosphorylation event converts PIP2 into another 
lipid molecule known as phosphatidylinositol-3,4,5-
triphosphate (PIP3). The formation of  PIP3 is 
significant as it triggers the activation of  a protein Akt, 
also called protein kinase B. When Akt is stimulated, 
it exerts its influence on various aspects of  cancer cell 
behaviour. One of  the main effects of  Akt activation 
is the promotion of  cancer cell proliferation, allowing 
tumours to grow and spread more rapidly. In addition, 
Akt activation also enhances the survival of  cancer 
cells by preventing apoptosis. Moreover, Akt activation 
plays a crucial function in regulating the cell cycle, 
ensuring that cancer cells can continuously divide and 
proliferate. Furthermore, the PI3K signalling pathway 
has been associated with a wide range of  physiological 
and pathological activities. In many cases, this pathway 
becomes dysregulated in cancer settings, leading to its 
hyperactivation. Numerous human cancers, including 
ovarian, gastric and breast cancer, have been shown 
to activate the PI3K/Akt/mTOR pathway and 
exhibit overexpression of  the mTOR, a downstream 
effector of  Akt.[24,25] This activation of  Akt influences 
different aspects of  cancer cell behaviour, including 
proliferation, survival and cell cycle regulation. The 
study by Zhang et al. found that the higher levels 
of  phosphorylated Akt and mTOR of  OLP tissues 
confirmed the presence of  stimulated Akt/mTOR 
autophagy of  OLP lesions. The dysregulation of  the 
PI3K/Akt/mTOR signalling pathway has significance 
in a variety of  physiological and pathological processes, 
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particularly in both the development and progression 
of  malignancies. The investigation on the impact of  
CuNPs on lung cancer cells revealed a significant 
decrease in the expression of  PI3K, AKT and mTOR 
proteins, suggesting that CuNPs effectively prevent 
the growth of  lung cancer cells and induce cell death 
in vitro.
Concerning the research findings with Hemidesmus indicus 
(HI), only a few reports were available for nanoparticle 
synthesis and characterization.[26] Some studies have 
attempted to understand the phytoactive compounds 
and antibacterial activities of  this plant extract. Recently, 
it was stated that HI-based gold nanoparticles showed 
significant antibacterial activity against P. aeruginosa.[27] In 
addition, the same reported that they exhibit nontoxic 
effects on the human embryonic kidney cells. Thus 
they proved the H. indicus-based gold nanoparticles to 
be an active antibiofilm agent against P. aeruginosa. 
In recent reports, HI extracts have been proven to 
show promising results in treating MRSA infection in 
combination with amoxicillin/clindamycin.[28] Many 
other reports also support the antimicrobial action of  
the H. indicus extracts including root and other parts of  
the plant against a broad range of  microbes.[6,29-33]

From the traditional medicine reports, it was observed 
that H.indicus extracts are known to cure various skin 
diseases. Incoherent to that, few reports intended to 
synthesize zinc nanoparticles by using the H. indicus 
extract and characterized them to have a better impact 
in the field of  medicine as well as the pharmaceutical 
industry.[34] Reports also found that H. indicus extract 
possesses significant secondary metabolites and they 
were proven to attenuate the growth of  cancer cells in 
the colon.[35]

CONCLUSION
In this comprehensive investigation, an extract derived 
from the leaves of  H. indicus, a widely available 
plant was carefully used to synthesize Copper (Cu) 
nanoparticles. Advanced methods with FTIR, UV-VIS 
spectroscopy, SEM and XRD were employed to delve 
into the characteristics and properties of  the resulting 
Cu nanoparticles. Our results observed that the 
Cu nanoparticles produced through this innovative 
methodology displayed remarkable efficacy against a 
broad spectrum of  infections. The multifaceted benefits 
of  these Cu nanoparticles made them a promising 
solution for combating various infectious agents. 
Moreover, this ingenious approach boasts a significant 
advantage in terms of  cost-effectiveness. 

The researchers observed significant inhibition of  
bacterial growth with the utilization of  these nano-
particles, showcasing their potential as a potent 
antibacterial agent.  Through in-depth experiments and 
technological analysis, the researchers discovered that 
these nanoparticles induced apoptosis, or programmed 
cell death, in lung cancer cells of  humans. This 
discovery sheds light on the cytotoxic aetiology and 
apoptotic mechanism of  H. indicus CuNPs in A549 
cells, a commonly studied lung cancer cell line. This 
observation provides insightful information on the 
potential mechanisms through which H. indicus CuNPs 
exert their anticancer effects. The findings of  this 
research open exciting possibilities for the development 
of  environmentally synthesized H. indicus CuNPs as 
potent anticancer drugs against lung cancer in future. 
Overall, this comprehensive investigation serves as a 
valuable contribution to the field of  nanotechnology and 
its diverse applications. The environmentally friendly 
production of  Cu nanoparticles using H. indicus (L.) 
R. Br. not only highlights the potential for sustainable 
and cost-effective solutions but also showcases the 
immense promise these nanoparticles hold in various 
fields, including antimicrobial treatment and cancer 
therapeutics. 
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UV: Ultraviolet; FT-IR: Fourier Transform Infrared 
Spectroscopy; SEM: Scanning Electron Microscopy; 
TEM: Transmission Electron Microscopy; MTT: 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide; RT-PCR: Reverse Transcription Polymerase 
Chain Reaction; MHA: Mueller-Hinton Agar;

SUMMARY
Research into natural chemicals and nanotechnology has 
led to the synthesis and analysis of  copper nanoparticles 
(CuNPs) using Hemidesmus indicus leaf  extract, showing 
significant antimicrobial and anticancer potential. 
Characterization via UV, FTIR, SEM, SEM-EDAX and 
TEM revealed CuNPs' efficacy against nine organisms, 
surpassing crude plant extract. In vitro studies on lung 
cancer cells (A549) demonstrated CuNPs inducing 
apoptosis, confirmed by nuclear changes and gene 
expression analysis (RT-PCR) targeting AKT and 
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mTOR. This study underscores CuNPs derived from H. 
indicus as promising antimicrobial and anticancer agents, 
highlighting their therapeutic potential.
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