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ABSTRACT 

Objective: In this study, silver nanoparticles (NG-AgNPs) were synthesized and characterized using Nicotiana glauca (N. glauca) leaves extract and 
their antibacterial and anticancer properties were evaluated. 

Methods: An Extract of N. glauca leaves was obtained via soxhlet and maceration techniques using water and ethanol as solvents, and the total 
phenolic content (TPC) and total flavonoid content (TFC) were determined. Water-maceration extract was used to synthesizeNG-AgNPs which were 
characterized using Ultraviolet-Visible (UV-Vis) spectroscopy, particle size, zeta potential, polydispersity index (PDI), and stability. Antibacterial 
activity was tested against Staphylococcus aureus and Pseudomonas aeruginosa, and cytotoxicity was assessed in colorectal (HT-29), lung (A549), 
and breast (MCF-7) cancer cell lines using an MTT assay. 

Results: NG-AgNPs displayed a UV-Vis peak at 440.50 nm, with an average size of 188–280 nm, zeta potential of-29.6 mV, and PDI of 0.216, 
indicating stability. They demonstrated superior antimicrobial activity with inhibition zones of 24.6 mm (S. aureus) and 20.6 mm (P. aeruginosa) 
and Minimum Inhibitory Concentration (MIC) values of 0.15 mg/ml and 0.5 mg/ml, respectively. Cytotoxicity studies revealed IC50 values of 
2.517µg/ml (HT-29), 25.11 µg/ml (A549), and 24.53µg/ml (MCF-7), while showing no toxicity toward normal endothelial cells (EA. hy926), 
highlighting their selective cytotoxicity against cancer cells. 

Conclusion: These results suggest that the prepared NG-AgNPs exhibit potent antibacterial and anticancer properties with enhanced efficacy 
compared to the crude extract, making them promising candidates for therapeutic applications. 
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INTRODUCTION 

Nicotiana glauca (N. glauca), known as "tree tobacco," belongs to the 
family solanaceae and is an extremely invasive plant that originated 
in South America [1]. The leaves and flowers of N. Glauca have been 
conventionally utilized in medicine, especially for decoction 
treatment of jaundice [2]. Recent studies have explored the 
phytoconstituents of N. glauca, showing the presence of alkaloids, 
including nicotine, in addition to other compounds, such as 
flavonoids and diterpene glycosides, which may be cytotoxic, 
antibacterial, and anticancer [3, 4]. Anti-tumor effects of various 
studies have identified promising cembranoid diterpenes derived 
from N. glauca that inhibit the proliferation of liver and breast 
cancer cells and induce apoptosis [5, 6]. Extracts from N. glauca 
leaves have also been found to exhibit antimicrobial activity against 
microorganisms such as Escherichia coli and S. aureus [7]. The 
synthesis of nanoparticles via eco-friendly and sustainable routes 
has gained significant interest owing to the increasing demand for 
materials with advanced biomedical and industrial applications. 
Among these, silver nanoparticles represent a class of NPs that has 
attracted broad interest because of their impressive antimicrobial, 
antioxidant, and anticancer activities [8]. Traditional methods of 
nanoparticle synthesis by chemical and physical processes are 
usually expensive, laborious, and cause environmental hazards 
owing to the use of toxic chemicals and the resulting harmful 
byproducts [9]. Because of these issues, there is a dire need for an 
alternative through which synthesis can be ensured in an eco-
friendly manner. Green synthesis is considered the most effective 
alternative method, utilizing biological resources, such as plant 
extracts, bacteria, fungi, and algae, for the synthesis of nanoparticles 
[10]. The antimicrobial properties of AgNPs are well documented, 
with biosynthesized AgNPs showing significant activity against a 
wide range of pathogenic microorganisms, including multidrug-
resistant strains. Owing to their small size and large surface area, 

AgNPs can penetrate bacterial cell walls, leading to membrane 
disruption, reactive oxygen species (ROS) generation, and inhibition 
of DNA replication, ultimately resulting in bacterial cell death [11]. 
In addition to their antimicrobial activity, green-synthesized AgNPs 
have been shown to possess strong antioxidant properties that are 
essential for combating oxidative stress and preventing cellular 
damage [12]. Furthermore, AgNPs synthesized using plant extracts 
have shown promising anticancer effects by inducing apoptosis in 
cancer cells, offering potential applications in cancer therapy [13]. 
The use of N. glauca extract for the green synthesis of AgNPs 
represents a novel approach for producing nanoparticles with 
enhanced biological activities. The bioactive compounds present in 
the extract, including phenolic compounds and alkaloids [3, 14], play 
a crucial role in reducing silver ions to form stable nanoparticles 
while simultaneously imparting antioxidant, antimicrobial, and 
anticancer properties to the final product.  

While extracts of N. glauca have been reported to exhibit cytotoxic and 
antimicrobial properties, their use as a reducing and capping agent for 
the green synthesis of silver nanoparticles has not been thoroughly 
investigated. Furthermore, no study to date has provided a 
comprehensive evaluation of the stability, antioxidant capacity, 
antibacterial effects, and selective anticancer activity of N. glauca-
derived AgNPs. Therefore, this study was designed to address this gap 
by synthesizing AgNPs using N. glauca leaf extract and systematically 
characterizing their physicochemical and biological properties. 

MATERIALS AND METHODS 

N. glauca leaves used in this study were harvested from a local 
nursery in Amman, Jordan. Silver nitrate (99.8% purity) was 
purchased from Dana Chemicals (Canada). Polyvinylpyrrolidone 
(PVP) was supplied by Joswe Medical (Jordan). 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) free radical (95% purity) was purchased 
from Sisco Research Laboratories Pvt. Ltd. (India). The 3-(4,5-
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Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) dye 
was obtained from Promega (USA). Dulbecco’s modified Eagle’s 
medium (DMEM) and RPMI 1640 medium were supplied by 
Euroclone, Italy. Standard antibiotic disks were obtained from 
BioAnalytics (Turkey). Mueller-Hinton agar and Mueller-Hinton 
broth were purchased from Oxoid Ltd. (UK). Pseudomonas 
aeruginosa ATCC 27853 and Staphylococcus aureus ATCC 29213 
were obtained from KWIK-STIK, France. 

The instruments used in this study included a Soxhlet extractor (SPL 
Life Sciences, South Korea), rotary evaporator (Heidolph, Germany), 
probe sonicator (Sonopuls ultrasonic homogenizer model HD 4000, 
Bandelin, Germany), Zeta Sizer (Malvern, UK), Ultraviolet-Visible 
(UV-Vis) spectrophotometer (Shimadzu, Japan), analytical balance 
(Phoenix Instruments, USA), microcentrifuge (C1015, Centurion 
Scientific, UK), centrifuge (Electra Medical, US), CO₂ incubator 
(Thermo Fisher Scientific, USA), deep freezer (Lexicon® II Ultra-low 
Temperature Freezer, Esco, Singapore), ELISA microplate reader 
(BioTek Synergy HTX, BioTek, USA), freeze dryer (Zirbus, Germany), 
hemocytometer (Accuris Instruments, USA), and laminar flow hood 
(Thermo Fisher Scientific, USA). 

Plant material preparation and extraction 

The botanical identity of N. glauca leaves was confirmed by Dr. 
Reem Issa (Phytochemistry Specialist, Faculty of Pharmacy, Middle 
East University). A voucher specimen (N. glauca 1/1/2022) of the 
plant material has been deposited at the Botany Center of Al-Ahliyya 
Amman University for future reference. 

N. glauca leaves were collected, air-dried in a shaded area at room 
temperature until a constant weight was achieved, and then ground 
into a uniform powder using an electric mill. Two different 
extraction techniques, Soxhlet extraction and maceration, were 
employed to extract phytochemicals from N. glauca using both water 
and ethanol as solvents. 

Maceration Method: 5 g of dried plant material (5 g) was placed in a 
glass pot. For water extraction, 500 ml distilled water was added, 
whereas for ethanol extraction, 500 ml 96% ethanol was used. The 
mixture was maintained at room temperature for 24 h (ethanol 
extract) and 48 h (water extract). After extraction, the mixture was 
cooled for 1 h in a refrigerator, filtered through Whatman No.1 filter 
paper, and the filtrate was collected. 

Soxhlet Extraction: Five grams of dried plant material were placed in 
a Soxhlet extractor. For water extraction, 500 ml of distilled water 
was added to the extractor and 500 ml of 96% ethanol was used for 
ethanol extraction. The extraction process was run for 4 h, allowing 
the solvent to circulate through the plant material and collect the 
extracted compounds. The solvent containing the extracted 
compounds was collected from the Soxhlet reservoir. All the extracts 
were concentrated under reduced pressure using a rotary 
evaporator. For the water extracts, the temperature was kept below 
60 °C. For ethanol extracts, the temperature was maintained at 
approximately 40 °C. The concentrated extracts were then weighed, 
and the extraction yield percentage was calculated as follows:  

Extraction yield = 
weight of extract 

weight of dry material
* 100%…… (1) 

The prepared extracts were stored in a refrigerator (4 °C) until 
further analysis. 

Total phenolic content (TPC) 

N. glauca extracts were analyzed using the Folin–Ciocalteu 
colorimetric method, with modifications as per Lawag et al. 2023 
[15]. A 200 g portion of sodium carbonate was dissolved in 1 L of 
distilled water to obtain a Na₂CO₃ solution. For the calibration 
standard, gallic acid was used: 1.1 g of gallic acid was dissolved in 
1000 ml of distilled water and sonicated to obtain a stock solution. 
Serial dilutions were then performed by repeatedly adding 10 ml of 
the stock solution and 10 ml of distilled water to produce 
concentrations ranging from 44 µg/ml to 220 µg/ml. 

To prepare the sample, a 100 mg aliquot of the dried aqueous and 
ethanolic extracts was sonicated in 100 ml of deionized water for 10 
min. A 5 ml aliquot of the ethanolic solution and 15 ml of the 

aqueous solution was diluted to a final volume of 100 ml to obtain 
the working extract solutions (0.05 and 0.015 mg/ml, respectively), 
concentrations of phenolic content was divided by the working 
concentrations to normalize the results. 

Ten test tubes were used for the assay. Each tube received 15 ml of 
distilled water and 1 ml of the Folin–Ciocalteu reagent. To each tube, 
1 ml of the plant extract solution was added (sample) and a blank 
tube received 1 ml of distilled water. The remaining eight tubes 
contained 1 ml of gallic acid standard dilution. After thorough 
mixing, the tubes were maintained at room temperature for 6 min. 
Subsequently, 3 ml of the prepared sodium carbonate solution was 
added to each tube. The mixtures were kept in the dark at 25 °C for 
120 min to allow for complete reaction. 

The absorbance was recorded at 765 nm using a UV-Vis 
spectrophotometer. The total phenolic content was determined 
using a gallic acid standard curve and expressed as milligrams of 
gallic acid equivalent (GAE) per g of N. glauca extract. 

Total flavonoid content (TFC) 

An aluminum chloride colorimetric method, with slight 
modifications from Tristantini and Amalia (2019) [16], was used to 
determine the TFC of N. glaucaextracts. To prepare the Aluminum 
Chloride (AlCl₃) reagent solution, 10 g of AlCl₃ was dissolved in 100 
ml of distilled water. A sodium acetate solution (1 M) was prepared 
by dissolving 8.2034 g of CH₃COONa in 100 ml of distilled water. 

Quercetin was used as the standard for flavonoid quantification. A 
stock solution of 1% (w/v) quercetin was prepared by dissolving 1 g 
of quercetin in 100 ml of methanol. Eight serial dilutions were 
prepared by successively mixing 10 ml of quercetin stock solution 
with 10 ml of methanol to produce concentrations of 10, 5, 2.5, 1.25, 
1, 0.625, 0.5, and 0.3125 mg/ml. 

For each sample, 125 mg of dried N. glauca extract was sonicated for 
10 min in 100 ml of deionized water to ensure complete dissolution 
and to obtain the working extract solutions (1.25 mg/ml), 
concentrations of flavonoid content was divided by the working 
concentration. 

Ten test tubes were used in the reaction setup: one for the plant 
extract, eight for the quercetin standard, and one for the blank. Each 
tube received 1 ml of test solution (extract or quercetin standard). 
To every tube, 5 ml of distilled water, 3 ml of ethanol, 25 µl** of AlCl₃ 
solution, and 25 µl** of sodium acetate solution were added. The 
blank tube contained all reagents except extract/quercetin. All tubes 
were incubated at room temperature in the dark for one hour to 
allow for color development. 

The absorbance was measured at 415 nm using a UV-Vis 
spectrophotometer. The total flavonoid content was determined 
using the quercetin calibration curve and reported as milligrams of 
quercetin equivalent (QE) per g of N. glauca extract. 

Ultra-high performance liquid chromatography (UHPLC) for 
analysis of plant constituents 

The analysis of plant constituents was performed using UHPLC 
coupled with mass spectrometry. Stock solution (10 mg/ml) of the 
plant extract were prepared by dissolving the water maceration 
extract in Dimethyl Sulfoxide (DMSO) and diluting it with acetonitrile. 
The samples were dissolved in 2.0 ml) and diluted to 50 ml using 
acetonitrile. The solutions were centrifuged at 4000 rpm for 2 min, 
and the supernatant (1.0 ml) was transferred to an autosampler vial. A 
3.0 µl** aliquot was injected into the UHPLC system. 

Chromatographic separation was conducted using a Bruker 
Daltonics Elute UHPLC system with a Bruker Solo 2.0 C-18 column 
(100 mm x 2.1 mm x 2.0 µm). The mobile phase consisted of water 
with 0.05% formic acid and acetonitrile, at a flow rate of 0.5 ml/min 
and 40 °C. The gradient program was set as follows: a linear gradient 
from 5% to 80% of solvent B over 27 min, followed by an increase to 
95% B for 2 min, and returning to 5% B at 29.1 min. The total 
analysis time was 35 min each for both positive and negative 
ionization modes. Appendix A lists 59 phytochemicals that were 
used as reference markers for tentative compound identification. 
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Identification was achieved by comparing retention times and 
accurate mass spectra with those of authentic standards where 
available. 

Synthesis and characterization of silver nanoparticles using N. 
glauca extract (NG-AgNPs) 

A 10% w/v aqueous extract of N. glaucaleaves was prepared by 
maceration in distilled water for 24 h. The solution was then filtered 
to obtain a clear extract. For nanoparticle synthesis, 9 ml of freshly 
prepared 0.1 M silver nitrate (AgNO₃) solution (0.9 mmol) was 
placed on a magnetic stirrer, and 1 ml of the N. glauca extract was 
added dropwise under continuous stirring. The pH was maintained 
between 7 and 9 by adding three drops of concentrated NaOH, which 
also aided in reducing silver ions. 

The mixture was then heated to 40 °C and stirred for 2 h. A gradual 
color change to brownish-red was observed, indicating the 
formation of AgNPs. The sample was analyzed by UV-Vis 
spectrophotometry in the 200–800 nm range, showing a 
characteristic surface plasmon resonance (SPR) peak at 
approximately 400–450 nm, confirming nanoparticle formation. 

After the synthesis, the nanoparticle suspension was centrifuged at 
10,000 rpm for 5 min. The supernatant was removed, and the pellet 
was redispersed in deionized water to create four formulations (F1–
F4). For F1, 10 ml of deionized water was added without stabilizer. 
For F2, F3, and F4, formulations were prepared with 9 ml of 
deionized water and 1 ml of PVP solution at 5%, 10%, and 15% 
concentrations, respectively. 

All formulations were probe-sonicated for 50 s at 20% amplitude 
(10 s pulse-on, 30 s off, repeated until 50 s of total sonication). The 
samples were stored at 4 °C for 24 h. 

After refrigeration, samples were centrifuged again at 10,000 rpm 
for 30 min. Approximately 5 ml of supernatant was preserved and 
mixed with each pellet to ensure uniformity. The formulations were 
then frozen at-80 °C for 24 h and lyophilized for 24 h to obtain NG-
AgNPs in powder form for characterization and biological 
assessment. 

Characterization of the prepared NG-AgNPs 

UV-Vis spectroscopy confirmed the formation of AgNPs, with a 
distinct peak at ~440 nm. Dynamic Light Scattering (DLS) was used 
to measure particle size, zeta potential, and Polydispersity Index 
(PDI) at 25 °C using a Malvern Zetasizer (NanoZSP model, Malvern 
Instruments, UK), and a stability study was conducted over 30 days 
under different storage conditions. Scanning Electron Microscopy 
(SEM) images of nanoparticle morphology and size were obtained. 
Samples were prepared by placing a small amount of the 
nanoparticles on a carbon-coated stub and then sputter-coated with 
a thin layer of gold to enhance conductivity. The SEM examination 
was performed using a high-resolution SEM instrument operating at 
an accelerating voltage of 20 kV. The morphology, size, and surface 
characteristics of the nanoparticles were captured, and images were 
taken at various magnifications to ensure a comprehensive analysis. 

Antioxidant activity 

The antioxidant activities of the four NG-AgNP formulations were 
determined using the DPPH assay, which measures their ability to 
reduce the violet DPPH radical to a yellow form, as descriped by 
Tabana et al. (2015) [4]. EC50 values (concentration for 50% DPPH 
scavenging) were determined for each sample. 

Serial dilutions (10, 5, 2.5, 1.25, and 0.625% w/v) were prepared for 
the NG-AgNP formulation (F4) and the crude extract. To 0.2 ml of 
each dilution, 1.8 ml of DPPH solution (0.002% w/v) was added. The 
mixtures were kept in the dark for 30 min and the absorbance was 
measured at 517 nm. 

The percent DPPH scavenging was calculated using:  

% Scavenging = 
Abs_control − Abs_sample

Abs_control 
* 100% …. (2) 

Where Abs_control is the absorbance of DPPH without the sample, 
and Abs_sample is the absorbance of the sample. 

Antibacterial activity of NG-AgNPs 

The antibacterial activity of the biosynthesized NG-AgNPs was 
evaluated using the Kirby-Bauer well diffusion assay according to 
Clinical and Laboratory Standards Institute (CLSI) guidelines (2020) 
[17]. The assay was performed using Staphylococcus aureus (ATCC 
29213) as a g-positive model and Pseudomonas aeruginosa (ATCC 
27853) as a g-negative model. Wells of 6 mm diameter were created 
in agar plates and filled with NG-AgNPs, AgNO₃, or crude extract. The 
plates were incubated at 37 °C for 24 h, and the diameters of the 
inhibition zones were measured. For comparison, standard 
antibiotics (vancomycin, doxycycline, tetracycline, azithromycin, 
ciprofloxacin, clarithromycin, and amoxicillin) were tested similarly. 

The Minimum Inhibitory Concentration (MIC) was determined in 
96-well plates using two-fold serial dilutions of NG-AgNPs, crude 
extract, AgNO₃, and doxycycline (control) with the bacterial inocula. 
After overnight incubation, the MIC was the lowest concentration 
with no visible growth. All experiments were performed in triplicate 
(n = 3 independent biological replicates), and the results are 
presented as mean±standard deviation (SD). 

Anticancer activity 

The anticancer activity of the best formulation (F4) and crude 
extract was assessed by MTT assay on three cancer cell lines, A549 
(lung), HT-29 (colorectal), MCF-7 (breast), and a normal endothelial 
cell line (EA. hy926) as a control. 

The cells were cultured in DMEM (EA. hy926) or RPMI-1640 (A549, HT-
29, and MCF-7). Different concentrations of NG-AgNPs and crude 
extracts (1000–7.81 µg/ml) were used. The cells were incubated for 48 h 
at 37 °C with 5% CO₂. The IC50 for each treatment (concentration causing 
50% growth inhibition) was determined, indicating cytotoxic potency. 

Cytotoxicity assays were performed in 96-well plates with cells 
seeded in triplicate for each concentration. Each experiment was 
independently repeated three times (n = 3). Cell viability was 
expressed as mean±SD of three independent experiments. 

Statistical analysis 

Zones of inhibition were recorded in millimeters (mm) and 
expressed as mean±SD (n = 3 per treatment). For each bacterium, 
treatments were compared using one-way ANOVA (ordinary) 
followed by Tukey–Kramer multiple comparisons. Assumptions 
were checked (normality of residuals and Brown–Forsythe test for 
homogeneity of variances). Given balanced sample count (n) and 
small standard deviation (SDs), ANOVA was considered robust. α = 
0.05. All analyses were performed in GraphPad Prism, version 10 
(GraphPad Software, San Diego, CA, USA). 

RESULTS 

Extraction percentage yield % 

The extraction yields varied across solvents and methods. The Water-
Soxhlet, Water-Maceration, Ethanol-Maceration, and Ethanol-Soxhlet 
yields were 41.26, 34.8, 16.14, and 6.7%, respectively. The highest TPC 
was observed in the Ethanol-Soxhlet extract (484±1.3 mg GAE/g dry 
extract), followed by the Ethanol-Maceration extract (472.4±0.9 mg 
GAE/g). The Water-Soxhlet extract showed 165.2±0.2 mg GAE/g, and 
the Water-Maceration extract had 144.9±0.16 mg GAE/g. TFC showed a 
similar trend: the highest was in the ethanol Soxhlet extract (274.9±1.2 
mg QE/g dry extract), followed by Ethanol-Maceration (209±2.5 mg 
QE/g). The Water-Soxhletextract (80 ml) had 117.8±0.73 mg QE/g, and 
Water-Macerationhad 99.1±0.1 mg QE/g. The higher phenolic and 
flavonoid content of the ethanolic extracts can be attributed to the ability 
of ethanol to dissolve a broad range of compounds, enhancing the 
extraction of polyphenols and flavonoids. Heat and continuous solvent 
recycling in Soxhlet likely further improves the extraction efficiency. 
Thus, Ethanol-Soxhlet yielded more phenolic and flavonoid compounds 
than water extractions.  

Liquid chromatography–mass spectrometry (LC-MS) analysis 

Extraction ion chromatography (EIC) – positive mode 

Several compounds were identified: Catechol (retention time, RT 
3.06 min; intensity increased from 0 in blank to 2026 in sample), 
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hydrocinnamic acid (RT 8.41 min; intensity 1128 vs 340 blank), 
umbelliferone (RT 3.69), p-coumaric acid (RT 4.59), and 4-
methylumbelliferone (7.42 min; detectable in the blank at 40,396, 
but markedly higher in the sample at 191,984, suggesting true 
presence despite background interference in the blank). 

Extraction ion chromatography (EIC) – negative mode 

The identified compounds included gallic acid (RT 3.36 min; 
intensity (46,412 vs. 334 blank), (-)-quinic acid (RT 1.93 min; 4666 
vs. 0 blank), 2-(4-methylphenyl)-2-propanol (RT 4.5 min; 4314 vs. 

154 blank), oleic acid (RT 14.28 min; 3174 vs. 1924 blank), (E)-2-
octenal (RT 5.5 min; 1192 vs. 152 blank), and (-)-α-fenchyl acetate 
(RT 7.76 min; 1044 vs. 0 blank). Fig. 1,2 and Appendix B1 and B2 list 
the positive-and negative-mode results, respectively. 

Preparation of NG-AgNPs 

The water maceration extract was slightly yellow; after adding 
AgNO₃ and adjusting the pH with NaOH, the solution turned brown 
(fig. 3). After one hour, the color intensity increased, confirming Ag⁺ 
reduction and NG-AgNP formation [18]. 

  

 

Fig. 1: The results of the EIC-positive mode and the compounds found in N. glauca extract 

 

 

Fig. 2: The results of EIC-negative mode and the compounds found in N. glauca extract 

 

Characterization of the prepared NG-AgNPs 

Ultraviolet-visible (UV-Vis) spectroscopy  

The NG-AgNPs showed a characteristic peak at 440.50 nm, 
indicating successful nanoparticle formation. 

Scanning electron microscopy (SEM) 

SEM analysis showed that the NG-AgNPs were roughly spherical 
with particle sizes of 188–280 nm, which is consistent with the DLS 
results. Fig. 4 shows SEM images of NG-AgNPs (F4). 

Dynamic light scattering (DLS) and stability 

The stability of NG-AgNPs was evaluated in terms of zeta potential, 
particle size, and polydispersity index (PDI) under storage at room 
temperature and in a refrigerator over 30 days, as shown in fig. 5 (1–
3). F1 had the best initial zeta potential (-29.6 mV) and remained 
stable under all conditions. The formulations with PVP (F2–F4) had 
slightly lower negative surface charges (-16.5 to-18.7 mV). All 
formulations were stable at room temperature and in refrigerator. For 
particle size stability, F1 (initial 151 nm) grew to micron size within 
20–30 days. F2 and F4 were unexpectedly stable at 40 °C, yielding the 
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lowest particle sizes after 30 days (173 and 124 nm, respectively). 
Storage at room temperature and 4 °C also resulted in acceptable 
particle size stability for F2 and F4, with only a slight increase. F3 was 
the most stable at 4 °C (145.6 nm at 30 days). The initial PDI of F1 was 

high (0.753), reaching 1 after 20 days. F4 had the lowest initial PDI 
(0.216) and stayed<0.3 under all conditions. F2 and F3 showed less 
stability, with PDI>0.3 after 10 days under all conditions. F4 was the 
most stable in terms of its size, zeta potential, and PDI. 

 

 

Fig. 3: Water-maceration extract (A) before and (B) after the addition of sodium hydroxide (NaOH) solution, and (C) after one-hour stand 

 

 

 

Fig. 4: SEM images of the prepared NG-AgNPs (formulation F4) 

  

Determination of antioxidant activity (DPPH assay) 

The ethanolic Soxhlet extract exhibited the highest antioxidant 
activity (EC50 = 0.0606% w/v). NG-AgNPs showed moderate 
antioxidant activity (EC50 = 1.348% w/v). The water-maceration 

extract EC50 was 1.522% (slightly less effective than that of NG-
AgNPs). Soxhlet-water extract EC50was 1.816% w/v (moderate). The 
maceration ethanol extract exhibited the lowest antioxidant activity 
(EC50 = 2.234% w/v). Vitamin C (positive control) was highly potent 
(EC50 = 0.000159%, w/v). These results suggest that the Soxhlet-
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ethanol extract had the strongest DPPH scavenging activity and that 
maceration-ethanol was the weakest among the tested samples. NG-
AgNPs had moderate activity, comparable to that of the water-
maceration extract but less than that of the Soxhlet-ethanol extract. 

Determination of antibacterial activity (Kirby-bauer assay) 

Staphylococcus aureus 

NG-AgNPs produced inhibition zones of 24.6±0.3 at 0.5% w/v, 
21.6±0.1 at 0.125% w/v, and 20.3±0.2 at 0.062% w/v; the crude 

extract (10% w/v) reached 18.0±0.1. Standard antibiotics produced: 
vancomycin 18.0±0.2, doxycycline 25.0±0.5, tetracycline 27.0±0.9, 
azithromycin 22.0±0.2, and ciprofloxacin 21.0±0.2. 

A one-way ANOVA across treatments was significant (F (8, 18) = 
196.32, p<0.0001). Tukey’s post hoc showed NG-AgNPs 0.5% was 
greater than the crude extract (p<0.0001), greater than vancomycin 
(p<0.0001), greater than azithromycin (p<0.0001) and ciprofloxacin 
(p<0.0001); not different from doxycycline (p = 0.925); and lower 
than tetracycline (p<0.0001).” 
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Fig. 5: Stability evaluation of NG-AgNPs: (1) Zeta potential, (2) Particle size, and (3) PDI of silver nanoparticles prepared using N. glauca 
extract. Data are reported as mean±SD (n = 3 independent measurements per time point) 

 

Pseudomonas aeruginosa 

NG-AgNPs (0.5% w/v) produced 20.6±0.2; the crude extract showed 
0.0±0.0. Antibiotics yielded: clarithromycin 21.0±0.2, doxycycline 
9.0±0.4, tetracycline 22.0±1.0, amoxicillin 0.0±0.0, and ciprofloxacin 
31.0±0.6. 

A one-way ANOVA across treatments was significant (F (6, 14) = 
2029.24, p<0.0001). Tukey’s post hoc indicated NG-AgNPs 0.5% was 
greater than the crude extract (p<0.0001), greater than amoxicillin 
(p<0.0001) and doxycycline (p<0.0001); not different from 
clarithromycin (p = 0.928); and lower than tetracycline (p = 0.028) 
and ciprofloxacin (p<0.0001).” 

Taken together, NG-AgNPs significantly outperformed the crude 
plant extract and were statistically comparable to certain standard 
antibiotics (e. g., doxycycline for S. aureus; clarithromycin for P. 
aeruginosa), underscoring that a plant-derived nanoformulation-
without known resistance mechanisms—can match established 
antibiotics against these strains. 

Determination of minimum inhibitory concentration (MIC) 

For S. aureus, the crude extract had no detectable MIC (no inhibition 
even at the highest concentration), indicating no effective 
antibacterial action. NG-AgNPs showed an MIC between wells 5 and 
6 (dilution 1:16–1:32 of 5 mg/ml), indicating much greater potency 

than the crude extract. AgNO₃ had an MIC between wells 2 and 3 
(dilution 1:2–1:4), reflecting lower effectiveness compared to NG-
AgNPs. Doxycycline (positive control) completely inhibited cell 
growth in wells 7 and 8. For P. aeruginosa, the crude extract of P. 
aeruginosa showed no MIC at the highest concentration (consistent 
with Kirby-Bauer results showing no activity). NG-AgNPs grew only 
between wells 4 and 5 (dilution 1:8–1:16 of 5 mg/ml), indicating a 
higher potency against P. aeruginosa than the crude extract. AgNO₃ 
showed complete inhibition at a lower dilution (more concentrated) 
than NG-AgNPs, meaning NG-AgNPs were more potent. Doxycycline 
showed weak activity (MIC between Wells 2 and 3). 

Anticancer activity of the prepared NG-AgNPs 

For the HT-29 colorectal cells, the crude extract IC50 was 450.2±13.4 
µg/ml (low cytotoxicity), whereas NG-AgNPs IC50 was 2.517±0.221 
µg/ml, indicating much higher cytotoxicity against HT-29. For A549 
lung cells, crude extract IC50 was 378.7±10.5 µg/ml, vs NG-AgNPs 
25.11±0.19 µg/ml, showing NG-AgNPs are significantly more potent. 
For MCF-7 breast cells, the crude extract did not reach the IC50 at the 
tested concentrations, suggesting insufficient potency. NG-AgNPs 
had an IC50 24.53±0.71 µg/ml, indicating a strong effect on MCF-7 
cells. For the normal EA. hy926 endothelial cells, crude extract IC50 
was 16.88±0.04 µg/ml (some toxicity to normal cells), whereas NG-
AgNPs did not reach an IC₅₀ at the highest concentration tested 
(1000 µg/ml), indicating significantly lower toxicity. 

  

Table 1: MIC values of various treatments against P. aeruginosa and S. aureus 

Treatment P. aeruginosa MIC (mg/ml) S. aureus MIC (mg/ml) 
Water-maceration extract R (no MIC) R (no MIC) 
NG-AgNPs 0.625–0.312 0.312–0.156 
AgNO₃ 34–17 34–17 
Doxycycline (control) 25–12.5 0.781–0.400 
R = resistant (no inhibition at highest concentration tested).  
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Table 2: IC50 values (n=3) of crude extract and NG-AgNPs on various cancer and normal cell lines (MTT assay) 

Treatment HT-29 (µg/ml) A549 (µg/ml) MCF-7 (µg/ml) EA. hy926 (µg/ml) 
Crude extract 450.2±13.4 378.7±10.5 >1000 (No IC50) 16.88±0.04 
NG-AgNPs (F4) 2.517±0.221 25.11±0.19 24.53±0.71 >1000 (No IC50) 

Data are reported as mean±SD (n = 3 independent measurements per cell line). 

 

DISCUSSION 

This study successfully synthesized green silver nanoparticles 
(AgNPs) using a natural extract and demonstrated their multifaceted 
bioactivity. We found that the optimized nanoparticle formulation 
(designated F4) was physically stable and well-characterized, with a 
small size and strong negative surface charge. Biologically, the 
ethanolic Soxhlet extract of N. glauca exhibited the highest 
antioxidant capacity, while the NG-AgNP formulation showed 
moderate antioxidant activity. In contrast, NG-AgNPs displayed 
superior antibacterial efficacy, outperforming the crude extract with 
a similar activity to antibiotic controls. The AgNPs also showed 
promising anticancer effects, with selective toxicity toward cancer 
cells over normal cells. These findings highlight the synergistic 
advantages of combining silver nanoparticles with phytochemicals, 
improving the delivery and potency of bioactive compounds in 
antimicrobial and anticancer applications. 

The green-synthesized AgNP formulation (F4) was found to be 
stable and uniformly nanosized. Dynamic light scattering and 
electron microscopy revealed spherical nanoparticles with an 
average diameter in the tens of nanometers, confirming successful 
formation of colloidal silver. Importantly, formulation F4 remained 
stable with minimal aggregation over time, attributable to the 
presence of polyvinylpyrrolidone (PVP) as a capping agent. PVP 
binds to the AgNP surface via its carbonyl and amine groups, 
creating a protective coating. This PVP cappingprovides steric 
hindrance and prevents particle agglomeration, thereby significantly 
enhancing colloidal stability [19]. In our formulation, the zeta 
potential was highly negative, indicating a well-dispersed and stable 
suspension. Generally, nanoparticle suspensions with zeta potentials 
above ±30 mV are considered stable due to strong repulsive forces 
[20]. The high absolute zeta potential of F4 likewise reflects 
excellent stability conferred by both PVP and negatively charged 
phytochemicals adsorbed on the AgNP surface. Our selected 
formulation (F4) shows a DLS hydrodynamic diameter<150 nm and 
a moderately negative ζ (≈−16 to −19 mV). This sits well within 
typical ranges for green/bio-stabilized AgNPs, where most reports 
are<200 nm with negative surface charge from plant/polymer 
capping. For example, Brassica carinata microgreen AgNPs reported 
a DLS size of 196.4±2.1 nm and ζ = −22.5±1.2 mV [21]; Turbinaria 
ornata–mediated AgNPs showed 128.3 nm by DLS with ζ = −63.3 mV 
[22]; and microalga-broth AgNPs spanned ~64–128 nm with ζ 
between −22 and −37 mV [23]. Together, these place our F4 (<150 
nm, negatively charged) in accordance with the prevailing literature 
(<200 nm, negative ζ). These comparable results validate our 
synthesis approach and suggest the F4 nanoparticles are suitable for 
biological applications, where small size and stable dispersity are 
crucial for bioavailability and cellular uptake. 

In antioxidant assays, the ethanol-Soxhlet extract showed the 
strongest free-radical scavenging activity among the tested samples. 
This extract’s superior performance is likely due to its high content 
of phenolic and flavonoid compounds, which are well-known to 
donate hydrogen atoms or electrons to neutralize free radicals. 
Indeed, the total phenolic and flavonoid content (TPC/TFC) of the 
crude extract is expected to be high, correlating directly with its 
antioxidant potency [24]. By contrast, the AgNP formulation 
exhibited only moderate antioxidant activity. The reduction in 
antioxidant efficacy for NG-AgNPs can be explained by the utilization 
and immobilization of some phytochemicals during nanoparticle 
synthesis. Many phenolics are consumed as reducing agents to 
convert Ag+to Ag and remain bound to the nanoparticle surface as 
capping agents [25]. Consequently, fewer free phytochemicals are 
available in solution to directly scavenge radicals compared to the 
bulk extract. Nonetheless, the NG-AgNPs did retain measurable 

antioxidant capacity, implying that some antioxidant constituents 
are still present on the nanoparticle surface or within its corona. 
These results align with the notion that phenolic-capped AgNPs owe 
their antioxidant ability to the plant-derived compounds attached to 
them. Our findings underscore that while green-synthesized AgNPs 
carry over some antioxidant functionality, the uncapped extract in 
free form is more efficacious in antioxidant assays due to the greater 
availability of active phytochemicals.  

The antibacterial tests revealed that the green-synthesized NG-
AgNPs had potent activity against both Gram-positive S. aureus and 
Gram-negative P. aeruginosa. Notably, the NG-AgNPs produced 
larger zones of inhibition compared to the crude extract alone, and 
even outperformed standard silver nitrate (AgNO₃) solution and 
certain antibiotics in our assays. Such results highlight a synergistic 
antibacterial effect arising from the combination of AgNPs with 
bioactive phytochemicals from the extract. Similar observations 
have been reported with other plant-based AgNPs, which showed 
significantly greater antimicrobial activity than either the plant 
extract or AgNO₃ alone [26, 27]. The enhanced efficacy can be 
attributed to multiple mechanisms. Silver nanoparticles are well-
known to disrupt microbial cells by attaching to the cell wall and 
membrane, increasing permeability, and then penetrating inside to 
damage biomolecules. They release Ag+ions that generate reactive 
oxygen species (ROS) and induce oxidative stress, leading to protein 
and DNA damage in microbes [28]. In our formulation, the 
phytochemical capping agents likely augment these effects. Many 
plant metabolites (e. g. polyphenols, flavonoids) have inherent 
antimicrobial properties, such as compromising bacterial 
membranes or interfering with metabolic enzymes. When bound to 
AgNPs, these phytochemicals can facilitate better adhesion of NPs to 
bacterial cells or provide additional routes of toxicity, they might 
also independently disrupt cell membrane integrity or function as 
efflux pump inhibitors, thereby sensitizing bacteria to silver’s action. 
Gram-negative P. aeruginosa, normally resistant to many agents, was 
effectively inhibited by NG-AgNPs – whereas the botanical extract 
alone was ineffective – illustrating that the nanoformulation 
overcame the permeability barrier of the Gram-negative outer 
membrane. Literature suggests that flavonoid-capped AgNPs can 
indeed penetrate bacterial biofilms and cell envelopes more 
efficiently, leveraging both the nanoparticle’s physical interactions 
and the phytochemicals’ bioactivity [28, 29]. Thus, our green AgNPs 
leverage both the metallic core and the organic coat to achieve 
broad-spectrum antibacterial activity. This finding is significant for 
developing nanobiotic strategies, as the NG-AgNPs could potentially 
reduce the required dose of silver while extending antimicrobial 
efficacy against resistant pathogens. 

The green-synthesized AgNPs also demonstrated promising 
anticancer effects, with evidence of selective cytotoxicity towards 
cancer cells. In cell culture experiments, the NG-AgNPs induced 
higher death rates in cancer cell lines compared to treatments with 
the crude extract or to untreated controls, while showing no toxicity 
in normal cell line. This preferential cytotoxicity suggests that the 
nanoformulation can more specifically target malignant cells. One 
plausible explanation is that cancer cells, due to their rapid division 
and altered metabolism, tend to uptake nanoparticles more readily 
than normal cells [30]. Differences in cell membrane composition 
and the enhanced endocytic activity of cancer cells allow greater 
internalization of AgNPs, leading to higher intracellular silver and 
phytochemical concentrations in tumor cells [30]. Additionally, if 
applied in vivo, the size of our AgNPs falls in a range that could 
exploit the Enhanced Permeability and Retention (EPR) effect – 
leaky tumor vasculature allows nanoparticles to accumulate in 
tumor tissue more than in healthy tissue [31]. This passive targeting, 
combined with potentially active targeting from surface 
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phytochemicals, would further improve delivery to cancer cells and 
spare normal cells. The crude extract is rich in cembranoid 
diterpenes, compounds which have shown cytotoxic and pro-
apoptotic effects against cancer in previous studies [32]. The LC-MS 
analysis confirmed the presence of such terpenoids alongside other 
metabolites in the extract, suggesting that these could be partly 
responsible for the observed anti-proliferative activity. By 
formulating them into nanoparticles, their bioavailability and 
cellular uptake might be enhanced, as hydrophobic diterpenes can 
hitch a ride on the nanoparticle into cells. Similarly, Umbelliferone 
(7-hydroxycoumarin) and hydrocinnamic acid derivatives were 
identified in the extract (per LC-MS data), and these phytochemicals 
are known for diverse bioactivities, including antioxidant and 
anticancer effects [33]. Although each compound alone may exert 
only moderate effects, in concert and delivered via AgNPs, they can 
produce a combined cytotoxic impact on cancer cells. This is 
supported by reports that green-fabricated AgNPs often achieve 
greater cancer cell killing than the free phytochemical extract, due to 
improved cellular uptake and sustained release of bioactive agents 
[34]. Our results concur with those trends: the NG-AgNPs showed 
higher efficacy against cancer cells than the crude extract, 
underlining the benefit of the nano-delivery system. 

Phytochemical profiling (LC-MS) of the extract revealed numerous 
secondary metabolites that likely contributed to the biological 
activities observed. Key compounds tentatively identified include 
phenolic acids (such as hydrocinnamic acid), coumarins (such as 
umbelliferone), and terpenoids (including cembranoid diterpenes as 
noted above). Each of these classes has reported bioactivity: for 
instance, coumarins like umbelliferone exhibit antioxidant and anti-
inflammatory properties and have shown anticancer potential by 
inducing apoptosis in tumor cells [35]. Phenolic acids are well 
known for their free-radical scavenging ability and can also impair 
microbial growth by damaging membranes or enzymes. Cembranoid 
diterpenes, commonly found in certain plants and marine 
organisms, are documented to possess anti-inflammatory and anti-
cancer effects [32]. The co-presence of these diverse phytochemicals 
on the AgNP surface means the nanoparticles function as a delivery 
vehicle for a cocktail of bioactive agents. This likely explains the 
breadth of activity (antioxidant, antibacterial, anticancer) displayed 
by NG-AgNPs. The phytochemicals not only reduced and stabilized 
the nanoparticles during synthesis but also remained bound as a 
bioorganic corona that interacts with biological targets. We propose 
that this synergistic interplay – silver nanoparticles acting in tandem 
with capping phytochemicals – is responsible for the enhanced 
antibacterial and cytotoxic effects observed. Such synergy is 
supported by other studies on green-synthesized AgNPs, where the 
combination of metal ions with plant metabolites produced more 
potent bioactivity than either component alone [26, 27]. In 
summary, the identified compounds (hydrocinnamic acid, 
umbelliferone, cembranoid terpenes, etc.) form an integral part of 
the NG-AgNPs’ mode of action, each contributing to the overall 
efficacy through their known mechanisms while being delivered 
more effectively to targets via the nanoparticle matrix. 

FUTURE PERSPECTIVES 

To translate these findings into practical biomedical applications, 
further studies are warranted. In-depth in vivo evaluations should be 
conducted to verify the Enhanced Permeability and Retention effect 
and therapeutic index of NG-AgNPs in animal tumor models and 
infection models. Chronic toxicity and biocompatibility assessments 
will be essential to ensure safety. Additionally, optimization of the 
nanoformulation could be explored – for instance, adjusting particle 
size, surface coatings, or conjugating targeting ligands – to maximize 
delivery to tumor tissues or infection sites. Isolation and 
characterization of the most active phytochemical ingredients (such 
as specific diterpenes or coumarins) might allow the design of nano-
delivery systems for those purified compounds, further improving 
efficacy and consistency. By building on the current findings, future 
research can advance these green-synthesized AgNPs toward clinical 
or pharmaceutical development. Overall, our study highlights a 
compelling approach to integrate natural product chemistry with 
nanotechnology, yielding a synergistic therapeutic platform that 
addresses multiple biomedical challenges. 

CONCLUSION 

In conclusion, we have developed a PVP-stabilized, phytochemical-
capped silver nanoparticle formulation that harnesses the 
therapeutic potentials of both silver and natural product 
compounds. The formulated NG-AgNPs demonstrated robust 
antioxidant, antibacterial, and anticancer activities, with clear 
advantages over the crude extract or silver salt alone. The results 
underscore the value of green synthesis in creating nanomaterials 
that are not only stable and well-sized but also biologically potent 
due to the incorporated phytochemicals. This work positions the 
NG-AgNPs as a promising multifunctional agent for potential 
applications in infection control and cancer therapy, especially given 
their selective toxicity towards cancer cells and efficacy against 
antibiotic-resistant bacteria. 
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