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Abstract 
In this current study, copper-oxide nanoparticles (Cu-ONPs) were produced via an eco-friendly approach with A. 
graveolens (dill) seed aqueous extract as a stabilizing and reducing precursor. This process was revealed by a visible 
colour transformation from light green to dark green and also confirmed by UV-Vis spectroscopy. Characterization was 
conducted using techniques that included FTIR, XRD, SEM with EDX, and TEM. UV-Visible spectroscopy revealed broad 
peaks at 342–380 nm.  FTIR spectral analysis revealed the involvement of various functional groups in stabilization. 
XRD also confirmed the crystallinity of AG-CuONPs, and SEM images showed a predominantly spherical shape with a 
relatively smooth surface morphology, with agglomeration. TEM images revealed uniformly distributed particles with 
an average diameter of 45 nm.  The AG-CuONPs showed strong anti-bacterial activity against P. aeruginosa, E. Coli, and 
S. aureus, with increasing efficacy at higher concentrations.  Furthermore, it showed promising antioxidant properties 
(DPPH assay), anti-inflammatory potential (BSA and EA denaturation tests), and potential anticancer properties 
against A549 lung cancer cells, with low cytotoxicity toward HEK293 normal cells. These results highlight the potential 
of dill seed-mediated CuONPs' eco-friendly approach towards the development of novel antimicrobial and anticancer 
agents. Additional research is required to discover its anticancer activities under an in vivo system. 

Keywords: Anethum graveolens, Antibacterial, Anticancer, Anti-Inflammatory, Antioxidant, Copper Oxide 
Nanoparticle (CuONPs). 
 

Introduction
Modern research is increasingly turning to natural 

plant-based therapeutics as alternatives to 

synthetic drugs due to their side effects and long-

term toxicity (1). The growing menace of 

resistance to antibiotics and anticancer drugs has 

further boosted interest in this direction (2). 

Chemotherapy is most commonly used in the 

treatment of a large variety of cancers. Their use is 

often limited because of drug resistance, undue 

toxicity, and organ damage. Due to the resistance 

and high toxicity, there has been a growing need to 

explore other, safer forms of therapy (3). 

According to some research, using plant-based 

materials in conjunction with nanotechnology for 

medication delivery would increase treatment 

effectiveness and reduce harm (4). In recent years, 

the rapid evolution of the global market in 

nanomaterials has increased demand in 

biomedical applications, in diagnostics, drug 

delivery, anticancer therapy, and treatments of 

microbial infections (5, 6).  

In this context, nanotechnology gained 

considerable attention due to special 

physiochemical and biological characteristic 

properties, especially metal and metal-oxide 

nanoparticles, have drawn a lot of interest to 

nanotechnology. Among these, copper-oxide 

nanoparticles (CuONPs) are significant interest 

because of their broad-spectrum antibacterial 

action, affordability, potential anticancer 

characteristics, biological relevance and low-

toxicity (7). However, the conventional method of 

synthesis of nanoparticles through chemical and 

physical processes involves dangerous chemicals 

as well as lots of energy, thus creating health and 

safety concerns. This rendered such processes 

ineffective, hence the development of biogenic 

synthesis, which was an eco-friendly and effective 
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way to synthesize nanoparticles using plant 

extracts (8). The phytochemicals of plants serve as 

natural stabilizing and reducing agents that 

minimize toxicity while facilitating controlled 

nanoparticle formation and green synthesis 

minimizes chemical wate and energy consumption 

(9). 

Recent research in plant mediated copper oxide 

nanoparticles revealed enhanced antimicrobial 

and anticancer properties compared to chemically 

synthesized. These effects attributed to improved 

surface area and biological affinity (10). And 

moreover, CuO nanoparticles known to interact 

with cellular metabolism by inducing oxidative 

imbalance, disruption of cellular membrane 

integrity, and alteration of intracellular signalling 

pathways, supports the exploration of biologically 

synthesised CuO nanoparticle in multifunctional 

therapeutic agent. There are extensive studies on 

plant-mediated synthesis of copper oxide 

nanoparticles, the use of Anethum graveolens as a 

biological reducing and stabilizing agent remains 

largely unexplored.  

Dill, or Anethum graveolens (A. graveolens), is an 

annual herb used for therapeutic purposes (11). 

Anethum, from the Greek term aneeton for strong 

and distinctive odor, indicative of the plant's 

typical scent from its essential oils. It belongs to the 

family of Apiaceae, and is indigenous to 

southeastern Europe, the Mediterranean, and Asia 

(12). The chief cultivated species of dill are Indian 

(A. graveolens) and European (Anethum sowa). The 

A. graveolens essential oil comprises a variety of 

phytoconstituents, including coumarins, oleic acid, 

stearic acid, phenolic acids, tannins, flavonoids, 

palmitic acid, triterpenes, and capric acid. The chief 

components of total oil composition were 

limonene, carvone, cis-dihydrocarvone, and trans-

carvone, as well as α-phellandrene, dill ether, 

sabinene, and α-oleic acid (13). 

Studies have established that A. graveolens 

possesses various bioactivities, such as anti-

inflammatory, anti-diabetic, anti-oxidant, 

antimicrobic, antispasmodic, and antitumor 

activities (14, 15). Additionally, its essential oil and 

seed extracts have demonstrated antimicrobial 

activity against a range of pathogens, including 

Salmonella spp., Bacillus cereus, Enterococcus 

faecalis, Escherichia coli, Pseudomonas aeruginosa, 

Mycobacterium spp., and Staphylococcus aureus, 

Shigella flexneri (16). 

The present study demonstrates an eco-friendly 

approach to synthesizing CuONPs using aqueous 

seed extract of A. graveolens. An evaluation of their 

antibacterial activity in S. aureus, E. coli, and P. 

aeruginosa. Additionally, anti-oxidant, anti-

inflammatory activity, and cytotoxic efficacy 

towards A549 and HEK293 cell lines. 
 

Materials and Methodology 
Materials 
All the necessary antibiotics and analytical-grade 

chemicals required for microbiology assays were 

obtained from Hi-Media. DPPH (CAS: 1898-66-4) 

from SRL, Mumbai, India. Dulbecco’s Modified 

Eagle’s Medium (DMEM; 11965092, Gibco, 

ThermoFisher Scientific USA) with high glucose, 

along with DMEM without phenol-red (Cat; 

31053028, Gibco, ThermoFisher Scientific, USA), 

antibiotics (penicillin-streptomycin, Cat; P4333, 

Sigma-Aldrich, St. Louis, MO, USA), 0.5% 

Dissociation reagent (Trypsin-EDTA, Cat; 

15400054, Gibco, Grand Island, NY), and Fetal 

Bovine Serum (FBS, Cat; 26140095, Gibco, Brazil). 

3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-

tetrazolium bromide (MTT, Cat; V13154, 

Invitrogen, Thermo Fisher Scientific, USA). Cell 

lines HEK293 (Human Embryonic Kidney) and 

A549 (lung cancer) were procured from NCCS 

Pune, India. 

Methods 
Overall experimental workflow employed in this 

study is summarised in Figure 1. 

Collection and Authentication of Seeds: The A. 

graveolens seeds bought from a nearby 

marketplace, validated by the Central Council for 

Research in Siddha (CCRS), pharmacognosy 

specialists (Specimen voucher number: A. 

graveolens L. #A04022506G), Chennai, Tamil 

Nadu, India. 

Preparation of Dill Seed Extracts: The seeds 

were cleaned with distilled water (DW) and dried 

in a shed. The dried seeds were powdered using a 

mortar and pestle. These fine powder specimens 

were stored in an airtight bottle in a dry place 

(Figure 2). Aqueous extracts of seeds were 

prepared by dissolving 1 gram of the above-

prepared powder into 100 mL of DW heated at 60º 

to 70℃ for 20 minutes (17). The clear extract was 

collected through filtration (Whatman No. 1), and 

this extract was utilized to synthesize copper oxide 

nanoparticles (AG-CuONPs).
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Figure 1: Workflow for the Biogenic Synthesis and Biological Evaluation of AG-CuONPs 

 

 

 
Figure 2: Green Synthesis of Copper Oxide Nanoparticles using A. graveolens (AG) Seeds 

 

Preparation of Copper Oxide Nanoparticles 

(AG-CuONPs): 30 mM copper sulphate (CuSO4) 

was prepared in 100 mL of DW (Figure 2). 20 mL 

of extract was mixed with 80 mL of 30 mM CuSO4 

solution, and then shifted to a magnetic stirrer for 

20 minutes at 800 RPM. Then placed in an orbital 

shaker at 37ºC with continuous shaking, and 

observed for any colour change (18). The 

absorbance was measured from 200 to 700 nm 

using a UV-Vis spectrophotometer (Shimadzu UV-

1900i, Shimadzu CORP, Japan). Synthesised AG-

CuONPs was centrifuged at 8000 RPM for 15 

minutes, and the pellet was dried under 70℃ in a 

hot air oven, used for further analysis. 

Characterization: The UV-Vis spectrometer 

analysis was used as primary confirmation. 

Fourier Transform Infrared Spectroscopy (FTIR) 

analysis was carried out, using an FTIR-1500 

spectrophotometer (JOSVOK, China) for functional 

groups. Crystalline nature was examined by X-ray 

diffraction (XRD) (BRUKER, Germany), with the 

incident source of radiation being Kα (λ = 1.54060 

Å). Surface morphology was evaluated under 

Scanning Electron Microscope (SEM) (Carl Zeiss 

Supra-300, Germany). Energy-Dispersive X-ray 

(EDX) with a Sigma ZEISS Field Emission was used 

to validate the elemental composition. The particle 

size was determined by High-Resolution 
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Transmission Electron Microscopy (HRTEM) 

(Talos F200S-G2, Thermo Scientific). 

Anti-Oxidant Assay (DPPH): The antioxidative 

potential of AG-CuONPs was evaluated using the 

DPPH reagent reported earlier, with minor 

modifications (19, 20). 4 mL of 0.3 mM DPPH 

(prepared in MeOH) reagent was mixed with 1 mL 

of AG-CuONPs (10, 20, 30, 40, and 50µg/mL) and 

ascorbic acid (standard), which were prepared in 

methanol. The combination was left in the dark at 

30℃ for 30 minutes after vigorous shaking. 

Absorbance O.D. was measured at 517 nm against 

methanol. The decreased absorbance indicated an 

increased percentage of free radical scavenging 

activity, using equation [1]. 

 

Radical scavenging activity (%) = (
𝐴𝑏𝑠 𝑜𝑓 𝐶𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝐶𝑜𝑛𝑡𝑟𝑜𝑙
) × 100                        [1] 

 

Where, Abs = Absorbance or Optical Density (O.D.); control = with methanol (MeOH); sample = on addition 

of AG-CuONPS or standard 
 

Anti-Inflammatory Activity: BSA Denaturation 

Assay - AG-CuONPs nanoparticle was assessed 

using the BSA denaturation method, with slight 

modifications (21). 100µL of various 

concentrations of AG-CuONPs (10, 20, 30, 40, 50 

µg/mL), and standard (diclofenac sodium), mixed 

with 1 mL of 1% w/v BSA prepared in phosphate 

buffer saline (PBS, pH 6.4), left for 15 to 20 min 

incubated at 37ºC, then the samples were shifted 

to water bath for 20 minutes at 60ºC. After getting 

to room temperature, control was maintained with 

PBS. Absorbance was recorded at 660 nm. The 

formula below in equation [2] was used to 

calculate the % inhibition of BSA denaturation.
 

Inhibition of BSA denaturation (%) = (
𝐴𝑏𝑠 𝑜𝑓 𝐶𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠 𝑜𝑓 𝐶𝑜𝑛𝑡𝑟𝑜𝑙
) × 100                    [2] 

 

Where, Abs = Absorbance or Optical Density (O.D.); control = with PBS; sample = on addition of AG-CuONPS 

or diclofenac 
 

Egg Albumin Denaturation Assay - In this method, 

egg albumin (EA) solution (1%, 200µL) was mixed 

with PBS solution (2.8 mL, 1x, pH 6.4), to which 2 

mL of AG-CuONPs (10, 20, 30, 40, 50 µg/mL) and 

drug diclofenac sodium (standard) were added. 

This reaction was incubated for 15minutes at room 

temperature, shifted to a water bath at 60℃ to 

induce denaturation for 20 minutes (21, 22).  The 

absorbance was taken at 660 nm. The inhibition of 

EA denaturation was determined using the above 

formula. 

Antibacterial Activity: The antibacterial activity 

of AG-CuONPs was assessed against strains of P. 

aeruginosa, E. coli, and S. aureus, respectively, in 

terms of zone of inhibition (23). 200µL of the 0.5 

McFarland inoculum was spread over the Mueller-

Hinton agar plate. Wells (8 mm diameter) were 

created using a sterilized 1 mL micropipette tip 

and filled with 0.1 mL of 25, 50, and 100µg/mL 

concentrations of AG-CuONPs. The plates were 

incubated up to 24 hours at 37°C, and the clear 

zone was measured using an antibiotic zone 

reader. The common antibiotic Amoxicillin (25 µg) 

was used to compare the antibacterial activity of 

bacterial strains. 

Cytoplasmic Leakage Analysis: The bacteria 

colonies were cultured in Nutrient Broth overnight 

in centrifuge tubes (24). Then treated with 

different concentrations (10, 20, 30, 40, 50 µg/mL) 

of Amoxicillin (Positive control) and Ag-CuONPs, 

for 24 h. The negative control was maintained with 

Normal saline. The supernatant was collected into 

an Eppendorf after centrifugation at 3000 RPM for 

10 min. 200 µL of supernatant was loaded into a 

96-well ELISA plate, and the Optical Density (O.D.) 

was recorded at 595 nm. 

Protein Leakage Assay (Bradford Assay): In a 

96-well plate, 25µL of the previously made 

supernatant and 200µL of Bradford reagent were 

mixed, followed by incubation at 37℃ for 30 – 40 

min in the dark, and the absorbance was taken at 

595 nm (24). The protein leakage was calculated 

using equation [3]. 
 

 

y=mx+c    [3] 
 

Where, y = absorbance; m = slope from standard curve; x = concentration of sample; c = intercept 
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Antibiofilm Activity: The bacterial culture was 

incubated at 37℃ for 72 h in BHI broth, then this 

broth was loaded in a 96-well plate, 300 µL per 

well, incubated for 48 hours with AG-CuONPs (10, 

20, 30, 40, 50 µg/mL) along with a positive control 

(amoxicillin) and one negative control (Methanol). 

The biofilm formation was observed under the 

microscope, and the remaining cell debris was 

removed by washing with 1x PBS. The biofilm 

fixation was done using 99% methanol, then 

crystal violet stain (0.1%) for 20 to 30 min (24, 25). 

Excess stain was rinsed with sterile distilled water 

for 2-3 times, 250µL of ethanol was added to each 

well to dissolve bound stain for 20 minutes, and 

the intensity of colour was recorded at 590 nm 

using an ELISA microplate reader. 

In Vitro Anticancer Activity: Cell Culture - A549 

and HEK293 cell lines were cultured in DMEM 

media (10 parts of FBS and 1 part of antibiotics) in 

a CO2 incubator at 37°C with 5% CO2 supplement. 

Once cell growth attained 80% confluence, cells 

were passaged using trypsin and utilised for 

further experiments.  

Cytotoxic Assay (MTT) - A549 and HEK293 

monolayers were trypsinized, and 200µL of 

(10,000 cells/well) cell suspension was loaded to 

96-well plates, and allowed to adhere overnight in 

a CO2 incubator. The drug treatment was carried 

out by substituting media with 100 µl of AG-

CuONPs (0, 20, 40, 60, 80, 100 µg/mL) in various 

concentrations that had been prepared in culture 

media. After 24 hours of drug treatment, to each 

well, 10μL of MTT reagent was added, and the 

incubator was set for 4 hours. The formed 

formazan crystals were dissolved by adding the 

crystal dissolving (100µL) solution, left for 4 to 18 

hours of incubation (26). The absorbance of purple 

colour was measured using an ELISA reader 

(imark, Biorad, Japan) at 570 nm. The cell viability 

was calculated using below equation [4]. 
 

 

Cell Viability (%) = (
𝑀𝑒𝑎𝑛 𝑎𝑏𝑠 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠

𝑀𝑒𝑎𝑛 𝑎𝑏𝑠 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑒𝑙𝑙𝑠
) × 100  [4] 

 

Where, Abs = Absorbance or Optical density (O.D); Control = without drug treatment; Treated = cells 

treated with AG-CuONPs 
 

Statistical Analysis 
The mean ± SD was calculated to present data. The 

control and treated cell groups' mean was 

compared with an unpaired t-test, with more than 

two individual groups, carried out by ANOVA. The 

P ≤ 0.05 (*) was considered significant, significant 

was cited as asterisk p ≤ 0.001 (**), p ≤ 0.0001 

(***), and p < 0.0001 (****). All statistical analysis 

were performed using GraphPad Prism (Ver: 

10.4.0, San Diego, CA, USA), and the IC50 values for 

cytotoxicity assay were calculated using non-liner 

regression analysis with dose-response curve-

fitting module in GraphPad Prism. All 

experimentations were done in triplicate (n=3). 
 

 

 

Figure 3: Observational Changes During A. graveolens Copper Oxide Nanoparticle Synthesis: A) Initial 

Colour Change of Copper Sulphate on Addition of A. graveolens Extract at 0 hour; B) Colour Changes After 

24 hours of Incubation; C) Colour Change from Light Green to Dark Green on 48 hours of Incubation 
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Figure 4. UV-Vis Spectrum of the Synthesized AG-CuONPs at Different Time Points 

 

Results and Discussion 
Visual Assessment 
On addition of dill seed extract to a 30 mM copper 

sulphate solution initially turned it yellowish-

green from blue (27). During the reaction, from 12 

to 48 hours, a deep greenish colour with sediment 

was observed (Figure 3), indicating the copper 

oxide nanoparticles formation (27). This was also 

confirmed by UV-VIS spectrophotometry. 

UV–Visible Spectroscopy: The copper oxide 

nanoparticles exhibited a decrease in absorption 

(Figure 4) with an increase in reaction time (12, 24, 

36, 42 hours), suggesting a progressive reduction 

in copper ions (Cu²⁺ → Cu⁰). This slight shifting and 

decrease in intensity over time indicate growth 

and aggregation of nanoparticles, leading to a 

change in optical properties (28). The broad peaks 

were observed at 342 and 380 nm, possibly due to 

polydisperse or slightly aggregated nanoparticles, 

corresponding to the SPR of Cu-ONPs, confirming 

the formation of AG-CuONPs (18, 29). The 

phytochemicals, such as terpenoids, flavonoids, 

and phenolic compounds, may aid as reducing and 

stabilizing properties, preventing excessive 

aggregation (30). The absence of a sharp peak 

supports the presence of a polydisperse system. 

Fourier Transform Infrared Spectroscopy 

(FTIR): The FTIR spectrum reveals several intense 

peaks (Figure 5), identifying various functional 

groups in the synthesis and stabilization process. A 

broad and highest peak at 3160 cm-¹ is due to 

hydroxyl (–OH) groups from phenolic compounds, 

which were observed to reduce the copper ions. 

The highest peak at 1632 cm⁻¹ corresponds to 

carbonyl (C=O) or amide (N-H) groups, 

representing the proteins in the extract. Similar 

results were observed in previous study, synthesis 

of copper oxide nanoparticles from Psidium 

guajava leaf extract (31). Further, the peak at 1425 

cm⁻¹ due to C–H bending vibrations shows the 

involvement of organic compounds in 

stabilization, and that at 1224 cm⁻¹ represents C–

O stretching, and 1073 cm⁻¹ indicates C–N 

stretching vibrations, indicating the involvement 

of amino groups. Moreover, the peaks at 873 cm⁻¹ 

and 610 cm⁻¹ may be due to interactions between 

functional groups and copper Cu–O bonding. These 

results were aligned, with research conducted on 

biosynthesis of CuO-NPs using durian husk extract 

(32).

 



Kumar et al.,                                                                                                                                          Vol 7 ǀ Issue 1 

 

805 
 

 
Figure 5: FTIR Spectra of AG-CuONPs 

 

X-ray Diffraction Analysis (XRD): The XRD 

diffraction pattern showed 23 sharp peaks (Figure 

6), confirming partial crystallinity, with the most 

intense peak at 22.4° (823.85 counts). Major 

reflections at 24.1°, 31.7°, 32.8°, and 29.2° suggest 

a face-centered cubic (FCC) copper structure (18, 

27). A broad background indicates amorphous 

organic material from phytochemical capping 

agents. Quantitative phase analysis revealed 

13.4% crystalline and 86.6% amorphous content, 

suggesting effective reduction and stabilization of 

CuONPs (27). The crystallite size was calculated by 

utilizing of Scherrer equation [5].  
 

 

D = 
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
   [5] 

 

Where, D = crystallite size (nm), K is a constant = 0.9, lambda (λ) = 1.54, beta (β) = FWHM, and theta (θ) = 

Bragg angle in radians (half of 2θ) 
 

The calculated average particle size is 65 ± 23 nm. 

Similar outcomes have been reported using the 

chemical liquid deposition method to synthesize 

CuONPs, while an FCC crystal structure was 

observed in earlier study on CuNP synthesis 

utilizing Hagenia abyssinica Leaf Extract (33).
 

 
Figure 6: AG-CuONPs XRD Pattern 
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Morphology Analysis  
Scanning Electron Microscope (SEM) with 

Energy-Dispersive X-ray (EDX): The SEM 

analysis of AG-CuONPs (Figure 7), characterised by 

an average particle size range from 40 – 80 nm, is 

fairly monodispersed, exhibiting predominantly 

spherical shape, having a relatively smooth surface 

with agglomeration (34). Elemental analysis by 

EDX showed a dominant presence of carbon (C) 

and Oxygen (O), indicating the presence of organic 

compounds, possibly plant biomolecules, 

flavonoids, and phenols. Importantly, 0.87% 

copper (Cu) was detected, confirming the 

successful synthesis of copper nanoparticles. 

Additionally, trace elements like Na, Mg, Al, Si, Cl, 

and Ca were detected, which may originate from 

the seed extract (18, 35). These high carbon and 

oxygen levels suggest that phytochemicals of dill 

extract effectively reduce, cap, and stabilize copper 

ions. The average size of CuNPs was estimated 

between 10 – 50 nm, consistent with similar green 

synthesis studies (27). 

Transmission Electron Microscope (TEM): The 

TEM micrograph (Figure 8) revealed that the AG-

CuONPs exhibit irregular, predominantly quasi-

spherical to oval shapes that tend to form 

branched and chain-like aggregates. The particle 

diameter ranges from 40 to 120 nm, with an 

average of 45 nm (27). The nanoparticles exhibited 

smooth and well-defined boundaries, which were 

supported by the crystalline nature confirmed by 

XRD analysis. Similar findings were observed in 

CuNPs synthesised using Camelia sinensis, yield 

particle size range 70 to 80 nm, and an average 

particle diameter was 60 ± 6nm (35). The observed 

aggregation into clusters up to ~300 nm suggests 

the presence of phytochemicals from the extract 

that aid in stabilization while promoting particle 

association (18, 36). 

Anti-Inflammatory Activity  
Concentration-dependent percentages of inhibito-

ry activity were observed with AG-CuONPs and 

standard in both the BSA denaturation and egg 

albumin assays (Figure 9). In both assays, the AG-

CuONPs demonstrated better anti-inflammatory 

activity than sodium diclofenac; in the egg albumin 

assay, half of the protein denaturation inhibition 

was achieved at 10 µg/mL, whereas in BSA, it is 

approximately 13.8 µg/mL (37). AG-CuONPs 

significantly reduced protein denaturation and 

demonstrated a potent anti-inflammatory effect. 

 

 
Figure 7: SEM Analysis of AG-CuONPs at Different Magnifications: A) 1µm; B) 400 nm; C) 200 nm; D) EDX 
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Figure 8: TEM Image of Green-synthesized AG-CuONPs A) Shows Predominantly Spherical Particles with 

Slight Aggregation at 100 nm Scale, B) Average Particle Size Distribution 
 

 
Figure 9: Anti-Inflammatory Activity of AG-CuONPs: A) BSA, B) Egg Albumin (EA) 

 

Bioactive compounds such as chlorogenic acid, 

linoleic acid, and elaidic acid may reduce the 

inflammatory response by suppressing the NF-κB 

pathway by preventing the generation of NO, iNOS, 

and COX-2 (12). Consequently, inflammatory-

promoting cytokines (TNF-α and IL-1β) are 

expressed at a reduced level. According to the 

results above, AG-CuONPs exhibit a strong anti-

inflammatory effect. 

Antioxidant (DPPH): AG-CuONPs exhibited 

notable free radical scavenging activity, but their 

antioxidant potential is lower than the standard 

(Figure 10). The EC50 was observed at 11.25 µg/mL 

for the standard ascorbic acid, while AG-CuONPs 

had an EC50 of 35.06 µg/mL, higher than the 

standard (38). It shows that a higher concentration 

is required for 50% inhibition. however, the free 

radical scavenging activity may be due to the 

bioactive compounds carveol, perillyl alcohol, 

limonene, and sabinene (39). A previous study 

indicated that aqueous dill seed extract presented 

50% radical scavenging potential at a lower 

concentration than ethanolic extract (39, 40), and 

in another study, silver nanoparticles synthesized 

from Dill seed extract exhibited Maximum 

inhibition at 200 to 250μg/ml (41).
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Figure 10: DPPH Radical Scavenging Activity of AG-CuONPs 

 

Antibacterial Activity  
AG-CuONPs exhibited concentration-dependent 

increase in zone of inhibition against all tested 

bacteria. At concentration of 25µg/mL, the mean 

zone of inhibition was 7.0 ± 0.44 mm for S. aureus, 

11.0 ± 0.50 mm for E. coli and 16.13 ± 0.81 mm for 

P. aeruginosa, with increase in concentration at 50 

µg/mL inhibition was increased to 8.97 ± 0.38, 13.0 

± 0.20, and 20.5 ± 0.70 mm. Maximum activity was 

observed at 100 µg/mL, with zone of inhibition 

11.8 ± 0.65, 17.1 ± 0.47 and 29.9 ± 0.78 mm 

respectively. The standard drug showed inhibition 

zones of 19.0 ± 0.79, 28.8 ± 0.76, and 17.0 ± 0.80 

mm. Overall results, S. aureus demonstrated 

extensive variance across all AG-CuONPs 

concentrations, indicating reliable antibacterial 

effects (Figure 11, 12). The P. aeruginosa exhibited 

great antibacterial activity, followed by E. coli, and 

the lowest activity against S. aureus (28, 42). The 

antimicrobial mechanism of copper nanoparticles 

was well documented (9). Reactive oxygen species 

produced by CuONPs can cause oxidative stress, 

which can damage bacterial cell proteins. 

Additionally, copper ions released from the 

nanoparticle can interact with the cell membrane, 

causing structural disruption, increasing 

membrane permeability, and ultimately, cell lysis 

(27, 43). These findings suggest that green-

synthesized AG-CuONPs have effective 

antimicrobial activity, offering a promising 

alternative to conventional antibiotics.
 

 
Figure 11: Antibacterial Activity of AG-CuONPs with Amoxicillin Standard (Std). (A) S. aureus; (B) P. 

aeruginosa; (C) E. coli 
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Figure 12: Comparison of Antibacterial Effects between AG-CuONPs and Standard, with Zones of 

Inhibition (mm) 
 

Cytoplasmic Leakage Assay: The cytoplasmic 

leakage analysis showed a dose-dependent 

increase in absorbance in both treated groups with 

AG-CuONPs and Amoxicillin (Figure 13). The 

increase in absorbance for all tested bacterial 

strains, indicating enhanced cytoplasmic leakage. 

For amoxicillin absorbance at minimal 

concentration were approximately for S. aureus is 

0.08 – 0.09, for E. coli 0.09 – 0.10, and P. aeruginosa 

0.11 – 0.12. with increase in concentration, the 

absorbance was gradually increased, reaching 

approximately 0.19 – 0.20 in S. aureus, 0.20 – 0.21 

in E. coli, and 0.32 – 0.34 in P. aeruginosa at highest 

concentration. On treatment with AG-CuONPS 

markedly higher increase in absorbance across all 

concentrations. Baseline values for S. aureus, E. 

coli, and P. aeruginosa were 0.115, 0.125, 0.242, 

which increased substantially with concentration 

reaching 0.30 – 0.70, 0.57 – 0.70, and 1.32 – 1.39 at 

higher concentration. Interestingly, P. aeruginosa 

had the most cytoplasmic leakage, followed by E. 

coli and S. aureus. When compared with standard 

(amoxicillin), AG-CuONPs produced more 

cytoplasmic leakage (44). It could be explained by 

their multi-target mechanism, which compromises 

membrane integrity by interacting with the 

bacterial membrane, producing ROS, and releasing 

metal ions into the bacterial cell (9, 16, 45). Overall 

findings show that produced nanoparticles have 

strong antibacterial action through membrane. 
 

 
Figure 13: Cytoplasmic Leakage Assay; (A) Amoxicillin, (B) AG-CuONPs 
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Protein Leakage Assay: Protein leakage 

increased with concentration of standard drug and 

AG-CuONPs in all test strains (Figure 14). For the 

amoxicillin at 10 µg/mL, protein leakage increased 

to 66.8 in E. coli, 63.5 in S. aureus, and 77.0 in P. 

aeruginosa. At highest concentration of 50 µg/mL 

protein leakage was 75.3, 76.7, and 93.0 µg/mL 

among tested organisms P. aeruginosa exhibited 

consistently higher protein leakage. On treatment 

with AG-CuONPs at minimal concentration 

(10µg/mL), protein leakage was 155 µg/mL in E. 

coli, 107 µg/mL in S. aureus, and 222 µg/mL in P. 

aeruginosa, indicating early membrane damage. 

Further increase in concentration resulting 

progressive elevation of protein leakage. At higher 

concentration 30 – 50 µg/mL, protein leakage was 

reached to 192 – 224 µg/mL in E. coli, 117 – 250 

µg/mL in S. aureus, and 291 – 436 µg/mL in P. 

aeruginosa. Maximum leakage was observed with 

AG-CuONPs compared to amoxicillin in all 

concentrations. P. aeruginosa demonstrated the 

greatest vulnerability, followed by S. aureus and E. 

coli. According to these results, AG-CuONPs exhibit 

improved antibacterial potential by protein 

leakage through disrupting the cell membrane, 

leading to the malfunction of bacteria, which leads 

to death (9, 46).

 

 
Figure 14: Bradford's Protein Leakage Analysis by both Amoxicillin and AG-CuONPs 

 

Antibiofilm Activity  
All three bacterial strains showed a clear dose-

dependent increase in antibiofilm activity, 

progressive decrease in absorbance with increase 

in treatment concentration indicates reduction in 

biofilm mass (Figure 15). High absorbance was 

observed in control, noticeable decline in 

absorbance was notes at 10µg/mL concentration 

for S. aureus 0.75, 0.59, P. aeruginosa, and 0.58 for 

E. coli. With further increase in concertation from 

20 – 30 µg/mL absorbance values declined to 

approximately 0.47 – 0.36 for S. aureus, 0.53 – 0.50 

for P. aeruginosa and 0.50 – 0.45 for E. coli. A 

pronounced reduction was observed at higher 

concentration, absorbance values reached lowest 

approximately 0.16 for S. aureus, 0.12 for P. 

aeruginosa, and 0.33 for E. coli at 50 µg/mL. S. 

aureus and P. aeruginosa were the most 

susceptible strains among all those examined, 

whereas E. coli showed moderate activity, 

indicating greater susceptibility of S. aureus and P. 

aeruginosa (16). These results suggest that the AG-

CuONPs effectively inhibit biofilm formation, 

particularly at higher concentrations. It may be 

due to the precipitation of proteins in bacteria, by 

rupture of the cell membrane, through the 

limonene bioactive compound of A. graveolens, 

which was more effective against biofilm 

formation (13, 47). 
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Figure 15: Antibiofilm Activity of AG-CuONPs 

 

Anticancer Activity  
Cell viability was reduced in both A549 and 

HEK293 cell lines in a dose-dependent manner by 

the biosynthesized AG-CuONPs (Figure 16). In 

HEK293 cells, viability declined markedly from 

87% at 20µg/mL to 60% at 100µmL. however, 

A549 cells exhibited relatively more response, 

with viability decreased from 85% at 20µg/mL to 

40% at 100µg/mL. Significant differences were 

found between the cell lines (p < 0.001). The IC50 

in A549 cells was (68.7 ± 2 µg/mL) and in HEK293 

(137.2 ± 2 µg/mL), which was lower in the A549 

cell line. According to these findings, AG-CuONPs 

exhibited more cytotoxicity towards the A549 cell 

type compared to the normal HEK293. A previous 

study conducted using the ethyl acetate fraction of 

A. graveolens L in the hepatocarcinoma cell line 

(HepG2) had shown antiproliferative activity 

(16, 48). Another study using the A. graveolens 

ethanolic extract showed significant, dose-

dependent cytotoxicity against cell lines A549, 

MCF-7, and HeLa, with the most pronounced effect 

on MCF-7 breast carcinoma cells. The extract 

caused oxidative stress, initiated ROS production, 

lowered mitochondrial membrane potential 

(MMP), and activated caspase-3 and caspase-9, 

suggesting apoptosis through the intrinsic 

pathway, possibly through oxidative stress and 

mitochondrial dysfunction (40).
 

 
Figure 16: Cytotoxicity Assessment by MTT Assay Followed by Exposure to Various Concentrations of 

AG-CuONPs 
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Conclusion 
The green synthesized copper oxide nanoparticles 

(AG-CuONPs) from A. graveolens seed extract 

showed a distinct spherical shape with an average 

diameter of around 45 nm. AG-CuONPs exhibited 

dose-dependent antibacterial, antibiofilm, 

antioxidant, anti-inflammatory, and anticancer 

activity, protein leakage, and biofilm inhibition, 

and showed greater anti-inflammatory efficacy. 

Also, shown greater cytotoxicity to A549 cancer 

cells, minimal in HEK293 normal cells. These 

observations demonstrate the multifaceted 

potential in therapeutic applications, suggest their 

potential integration in antimicrobial therapies, 

wound care formulation, anticancer applications, 

additionally it may suitable for incorporation in to 

biomedical surface coatings and pharmaceutical 

delivery system. To improve their translational 

and clinical usability, more research on dose 

standardization and formulation optimization is 

necessary. However more studies were required to 

study the toxicity profiling, comprising 

hemocompatibility, long-term toxicity, and its 

molecular mechanism in anticancer activity, 

including regulatory pathways involved, necessary 

prior to application in clinical practice.  

Limitations 
Novelty of this study lies in linking green synthesis 

of CuONPs using A. graveolens with enhanced 

biological performance. Nevertheless, the 

investigations are limited to in-vitro assessment, 

and detailed mechanism and molecular pathways 

were not fully explored. Future research should be 

prioritizing in vivo validation, molecular-level 

studies, and improve specificity and safety. 
 

Abbreviations 
AG-CuONPs: Anethum graveolens mediated Copper 

Oxide Nanoparticles, DPPH: 2,2-diphenyl-1-

picrylhydrazyl, IC50: Half Maximum Inhibitory 

Concentration, MTT: 3- (4,5-dimethylthiazol-2-yl)-
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