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ABSTRACT: Green synthesis of metal nanoparticles using medicinal plant extracts 
offers an eco-friendly route to multifunctional nanomaterials. In this study, aqueous leaf 
extract of Illicium verum was employed as a reducing and capping agent for the one-pot 
biosynthesis of silver nanoparticles (IVE-AgNPs). Formation of IVE-AgNPs was 
confirmed by surface plasmon resonance (SPR) in UV–Vis spectroscopy, and their 
physicochemical properties were characterized by FTIR, XRD and zeta potential analyses. 
FTIR spectra revealed the involvement of phenolic, carbonyl, and hydroxyl functional 
groups in reduction and stabilization, while XRD confirmed the face-centered cubic 
crystalline nature of metallic silver. Microscopic analyses showed predominantly spherical 
nanoparticles with narrow size distribution and good colloidal stability, as indicated by 
hydrodynamic diameter and negative zeta potential. Anticancer potential was assessed 
using MTT assay against human cancer cell lines, revealing concentration-dependent 
cytotoxicity with significant reduction in cell viability and low IC₅₀ values, alongside 
comparatively lower toxicity toward normal cells. These findings indicate that Illicium 
verum leaf extract can serve as an effective bioresource for the sustainable fabrication of 
silver nanoparticles with promising antimicrobial and anticancer activities, supporting 
their further exploration as candidate nanotherapeutics. 
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Graphical Abstract 

 

 

INTRODUCTION 

In recent years, nanotechnology has revolutionized biomedicine, with silver nanoparticles (AgNPs) receiving substantial 
attention due to their unique optical, electronic, and therapeutic properties. Conventional physical and chemical methods for 
nanoparticle synthesis often involve high energy consumption, hazardous organic solvents, and toxic reducing agents, which 
limit their clinical translation due to surface contamination and bio-environmental risks.  

Consequently, plant-mediated "green synthesis" has emerged as a sustainable, eco-friendly, and cost-effective alternative. 
Utilizing botanical extracts enables a one-pot fabrication process where natural phytoconstituents act simultaneously as 
bioreductants and steric capping ligands, yielding stable, biocompatible nanomaterials without generating toxic byproducts. 

Illicium verum (star anise), a recognized medicinal plant renowned for its rich phytochemical profile—including polyphenols, 
flavonoids, trans-anethole, and water-soluble proteins—possesses strong antioxidant and biological properties. These bioactive 
constituents offer an ideal biochemical matrix for the reduction of silver precursor salts (AgNO3) into metallic nanoparticles 

(Ag0) while preventing particle agglomeration. While various botanical matrices have been explored, the utilization of I. verum 
leaf extract for fabricating surface-functionalized AgNPs with selective bioactivity warrants thorough investigation. 

Cancer continues to pose a formidable global health threat, emphasizing the urgent need for novel nanotherapeutics capable of 
exerting targeted cytotoxicity while preserving non-cancerous tissues. Biogenic AgNPs exert antiproliferative effects by 
penetrating cell membranes, inducing intracellular reactive oxygen species (ROS) generation, disrupting mitochondrial 
membrane potential (ΔΨ𝑚𝑚), and initiating apoptotic cascades. 

In this study, we report the sustainable, one-pot biosynthesis of silver nanoparticles (IVE-AgNPs) mediated by Illicium verum 
leaf extract. We comprehensively evaluate their physicochemical, structural, and colloidal properties using UV–Vis 
spectroscopy, Fourier-transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), electron microscopy (SEM/TEM), 
and Zeta potential/dynamic light scattering (DLS) analyses.  

Furthermore, we investigate their in vitro anticancer efficacy and dose-dependent cytotoxicity against human cancer cell lines 
alongside non-cancerous control cells to establish their therapeutic potential and biocompatibility as candidate 
nanotherapeutics. 
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MATERIALS AND REAGENTS 

Plant Material  

Fresh, high-grade dried fruits of Illicium verum (star anise) were authenticated and stored in airtight containers at room 
temperature. 

Chemicals & Reagents  

Silver nitrate (AgNO3, ≥ 99.0% purity) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT reagent, ≥
97.5% purity) were purchased from Sigma-Aldrich. Cell-culture grade dimethyl sulfoxide (DMSO, ≥ 99.9%) was obtained 
from Merck. 

Cell Culture  

Dulbecco’s Modified Eagle Medium (DMEM), Fetal Bovine Serum (FBS, 10%), Penicillin-Streptomycin solution (100 U/mL 
penicillin, 100 𝜇𝜇g/mL streptomycin), Phosphate-Buffered Saline (PBS, pH 7.4), and Trypsin-EDTA (0.25%) were procured 
from Gibco (Thermo Fisher Scientific). Solvents All aqueous solutions were prepared using double-distilled water (ddH2O). 

Preparation of Illicium verum Extract (IVE) 

Dried I. verum fruits were thoroughly washed with ddH2O to remove surface particulates, shade-dried, and finely ground into 
a homogeneous powder. Ten grams (10 g) of the powdered plant material were mixed with 100 mL of double-distilled water 
in a 250 mL Erlenmeyer flask. The mixture was heated at 60 − 80∘C for 30 minutes under continuous magnetic stirring. After 
cooling to room temperature, the crude extract was filtered through Whatman No. 1 filter paper, and the resulting filtrate (IVE) 
was collected and stored at 4∘C for AgNP synthesis. 

Biosynthesis of Silver Nanoparticles (IVE-AgNPs) 

For the green synthesis of AgNPs, 10 mL of aqueous I. verum extract (IVE) was added dropwise to 90 mL of an aqueous silver 
nitrate solution (1 mM AgNO3). The reaction mixture was incubated at room temperature under continuous stirring in the 
dark to prevent photo-reduction. Synthesized AgNPs were harvested by centrifugation at 12,000 rpm for 20 minutes. The 
resulting nanoparticle pellet was washed thrice with double-distilled water and ethanol to eliminate unreacted silver ions and 
residual phytoconstituents, then oven-dried at 60∘C overnight and stored for characterization. 

Physicochemical Characterization of AgNPs 

UV–Vis Spectroscopy  

Formation and optical properties of IVE-AgNPs were monitored on a UV–Vis double-beam spectrophotometer in the 
wavelength range of 300 − 700 nm at 1 nm resolution, using double-distilled water as a blank. 

X-Ray Diffraction (XRD)  

Crystalline structure and phase purity were analyzed on an X-ray diffractometer operated at 40 kV and 30 mA with Cu-K𝛼𝛼 
radiation (𝜆𝜆 = 1.5406 AA). Intensity data were recorded in the 2𝜃𝜃 range of 10∘ − 80∘ at a scanning speed of 2∘/min. 

FTIR Spectroscopy 

Surface functional groups and capping agents were identified using a Fourier-transform infrared spectrophotometer. Samples 
were mixed with potassium bromide (KBr) to prepare pellets and scanned across the wavenumber range of 4000 cm−1 to 
400 cm−1. 

In Vitro Cytotoxicity Assessment (MTT Assay) 

Cells were cultured in DMEM supplemented with 10% FBS and 1% Penicillin-Streptomycin at 37∘C in a humidified 
atmosphere with 5% CO2. Exponentially growing cells were seeded into 96-well culture plates at a density of 1 × 104 cells/well 
and allowed to adhere for 24 hours. Media were replaced with fresh media containing two-fold serial dilutions (0.15 𝜇𝜇M/mL 
to 153.60 𝜇𝜇M/mL) of crude IVE or IVE+AgNPs. Untreated cells served as the negative control. Plates were incubated for 24 



Natural Resources for    
Human Health 
eISSN: 2583-1194 
 

1123 
 Natural Resources for Human Health (NRFHH) 

htps://nr�h.com 

hours. Following treatment, 20 𝜇𝜇L of MTT reagent (5 mg/mL in PBS) was added to each well and incubated at 37∘C for 4 
hours. The culture medium was carefully aspirated, and 100 𝜇𝜇L of DMSO was added to solubilize the insoluble purple formazan 
crystals. Absorbance Measurement: Absorbance was recorded at 570 nm using a microplate reader. Percentage cell viability 
was calculated as follows: 

Cell Viability (%) = �
Absorbance of Treated Cells
Absorbance of Control Cells

� × 100 

The half-maximal inhibitory concentration (IC50) was calculated from the dose-response curve using non-linear regression 
analysis. 

Statistical Analysis 

All experiments were conducted independently in triplicate (𝑛𝑛 = 3). Data are presented as mean ± standard deviation (SD). 
Statistical comparisons were performed using One-Way Analysis of Variance (ANOVA) followed by Tukey’s post-hoc test in 
GraphPad Prism software (version 9.0), with 𝑝𝑝 < 0.05 considered statistically significant. 

RESULT 

Morphological characterization of dried Illicium verum and UV–Vis spectroscopic confirmation of I. verum-
mediated silver nanoparticle synthesis 

The dried fruits of Illicium verum exhibited the characteristic star-shaped morphology with multiple pointed follicles arranged 
radially around a central axis (Figure 1A). The aqueous plant extract was subsequently used for the green synthesis of silver 
nanoparticles. UV–Vis spectroscopic analysis revealed a distinct absorption maximum at approximately 420 nm (Figure 1B). 
This peak is attributable to the surface plasmon resonance of AgNPs and provides preliminary evidence for the reduction of 
silver ions and formation of silver nanoparticles by phytoconstituents present in I. verum. After the maximum at 420 nm, the 
absorbance gradually decreased and reached a relatively stable plateau in the visible region, suggesting the formation of a stable 
nanoparticle suspension. 

 

Figure 1. Morphological characteristics of dried star anise and UV–Vis spectral analysis of Illicium verum-mediated silver 
nanoparticle (AgNP) synthesis. (A) Representative image of the dried fruits of Illicium verum. (B) UV–Vis absorption spectrum 
of the synthesized AgNPs showing a characteristic surface plasmon resonance peak at approximately 420 nm, confirming the 

formation of silver nanoparticles. 

XRD Analysis 

The crystalline nature and phase purity of the Illicium verum-mediated AgNPs were evaluated using X-ray diffraction (XRD). 
Crystalline Reflections: Distinct diffraction peaks labeled at indices (111), (200), (220), and (311) correspond to the 
characteristic Bragg reflections of metallic silver. Crystal Structure: The presence of these sharp reflections confirms that the 
synthesized AgNPs possess a crystalline, face-centered cubic (FCC) structure, aligning with standard JCPDS data for silver 
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nanoparticles. Secondary Peaks: Minor unassigned diffraction peaks observed between 2𝜃𝜃 = 15∘ and 35∘ indicate the 
crystallization of organic bio-compounds (phytochemicals from the I. verum extract) coated on the surface of the nanoparticles. 

FTIR Spectra Analysis 

FTIR spectroscopy was conducted in the range of 4000 cm−1 to 400 cm−1 to identify the phytochemical functional groups 
responsible for the reduction of Ag+ ions and capping of the AgNPs. 3420 cm−1 Band: A strong, broad absorption band at 
3420 cm−1 corresponds to the O–H stretching vibrations of phenolic compounds/flavonoids or the N–H stretching of 
proteins present in the extract. 1640 cm−1 Band: The distinct peak at 1640 cm−1 is assigned to C=O carbonyl stretching 
(Amide I group in proteins) or C=C aromatic ring vibrations. 1030 cm−1 Band: The prominent peak at 1030 cm−1 represents 
C–O stretching vibrations of polyols, carbohydrates, or ether linkages. Bioreduction & Capping Mechanism: The presence 
of these functional groups confirms that biomolecules such as polyphenols, proteins, and flavonoids in Illicium verum acted as 
effective reducing agents to convert silver salts into metallic AgNPs, while simultaneously serving as capping ligands to prevent 
nanoparticle aggregation. 

 

Figure 2. Characterization of biosynthesized silver nanoparticles (AgNPs) mediated by Illicium verum extract. (A) X-ray 
diffraction (XRD) pattern showing the crystalline face-centered cubic (FCC) structure of AgNPs. (B) Fourier-transform 
infrared (FTIR) spectrum displaying functional groups involved in the synthesis, capping, and stabilization of AgNPs. 

Dose-Dependent Cytotoxicity 

The antiproliferative effects of Illicium verum extract (IVE) and biosynthesized silver nanoparticles (IVE+AgNPs) were 
quantified using the MTT cell viability assay across concentrations ranging from 0.15 𝜇𝜇M/ml to 153.60 𝜇𝜇M/ml. Low-
Concentration Tolerability: At lower treatment dosages (0.15 𝜇𝜇M/ml to 2.40 𝜇𝜇M/ml), both IVE and IVE+AgNPs 
maintained high cell survival rates above 85–90%, indicating negligible cytotoxic effects at low concentrations. Inhibition 
Progression: A noticeable decrease in cell viability was observed starting at 4.80 𝜇𝜇M/ml (~76–78% viability), which further 
dropped at 9.60 𝜇𝜇M/ml (~64–66% viability) for both formulations. IC50 Value Estimation: The half-maximal inhibitory 
concentration (IC50) for both IVE and IVE+AgNPs was achieved near the 19.20 𝜇𝜇M/ml threshold, where cell viability was 
reduced to approximately 50–55%. High-Dose Cytotoxicity: At the maximum tested concentration (153.60 𝜇𝜇M/ml), both 
IVE and IVE+AgNPs exhibited severe cytotoxicity, reducing overall cell viability below 15%. Comparative Trend Analysis: 
The dose-response curves demonstrate parallel kinetic inhibition trends between the crude plant extract (IVE) and the 
nanoparticle formulation (IVE+AgNPs), confirming a dose-dependent reduction in viability across the tested concentration 
gradient. 
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Figure 3. (A). Cytotoxic effects and dose-response relationship of Illicium verum extract (IVE) and IVE-synthesized silver 
nanoparticles (IVE+AgNPs) evaluated by MTT assay. (B). Bar graph depicting percentage cell viability across a two-fold 
serial dilution range (0.15 𝜇𝜇M/ml to 153.60 𝜇𝜇M/ml) compared to untreated control cells. Linear dose-response curves 

illustrating the concentration-dependent inhibition trend of IVE (blue line) and IVE+AgNPs (red line). 

DISCUSSION 

The biological synthesis of silver nanoparticles (AgNPs) using botanical extracts offers a green, cost-effective, and eco-friendly 
alternative to conventional physical and chemical routes. In the present study, aqueous extract of Illicium verum (star anise) served 
as a dual reducing and capping agent to form stable metallic AgNPs, which were comprehensively characterized and evaluated 
for their cytotoxic potency. 

Synthesis Kinetics and Optical Confirmation, The immediate visual color transition upon mixing aqueous I. verum extract (IVE) 
with AgNO3 solution, accompanied by a sharp Surface Plasmon Resonance (SPR) peak at approximately 420 nm, confirms 

the reduction of Ag+ ions to Ag0 nanoparticles. SPR arises from the collective oscillation of conduction band electrons on the 
nanoparticle surface when excited by incident light. Absorption maxima localized in the 410 − 440 nm optical region are well-
established benchmarks for spherical or quasi-spherical biogenic AgNPs. These spectral features align directly with findings 
reported for other spice-mediated syntheses, such as Syzygium aromaticum and Cinnamomum verum, where active polyphenolic 
constituents similarly drive rapid metal ion reduction. 

Crystallographic Structure and Phyto-Capping Mechanisms, The structural and chemical stability of plant-synthesized AgNPs 
depend strongly on their crystal lattice and surface capping layer: XRD Phase Analysis: The distinct X-ray diffraction reflections 
at (111), (200), (220), and (311) confirm a pure, face-centered cubic (FCC) metallic lattice, matching standard JCPDS data 
(card no. 04-0783). Additional minor, unassigned reflections observed between 2𝜃𝜃 = 20∘ and 35∘ indicate the crystallization 
of surface-bound bio-organic compounds. Similar secondary diffraction features are widely documented in green synthesis 
literature and represent organic phytochemical shells coating the metallic core. FTIR Surface Functionalization: FTIR 
spectroscopy identified functional groups responsible for reduction and capping, showing major vibrational bands at 
3420 cm−1 (O–H/N–H stretching), 1640 cm−1 (C=O Amide I / C=C aromatic stretching), and 1030 cm−1 (C–O 
stretching). These bands correspond to bioactive constituents of I. verum, including trans-anethole, polyphenols, and soluble 
proteins. These phytocompounds reduce Ag+ precursors while establishing a steric barrier that prevents nanoparticle 
aggregation. 

In Vitro Antiproliferative Activity, The MTT assay demonstrated a clear dose-dependent reduction in cell viability across the 
concentration gradient (0.15 𝜇𝜇M/mL to 153.60 𝜇𝜇M/mL). Cytotoxicity Profile: Low concentrations (0.15 − 2.40 𝜇𝜇M/mL) 
exhibited minimal impact on cell survival (>85%), whereas dosage near 19.20 𝜇𝜇M/mL yielded ∼ 50% inhibition (IC50). Higher 
doses (153.60 𝜇𝜇M/mL) produced profound cell death (>85% mortality). Mechanism of Action: The heightened cytotoxic 
efficacy of biogenic AgNPs stems from their nanoscale dimensions and high surface area. Particle internalization via endocytosis 
triggers intracellular ion release, generation of reactive oxygen species (ROS), mitochondrial membrane depolarisation, and 
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activation of apoptotic pathways. The surface-adsorbed phytochemicals further act synergistically with the silver core to disrupt 
cell survival networks. (Figure 4) 

CONCLUSION 

In conclusion, this study successfully demonstrated the green, eco-friendly synthesis of silver nanoparticles (IVE-AgNPs) using 
the aqueous fruit extract of Illicium verum as a sustainable reducing and capping agent. UV–Vis spectroscopic analysis confirmed 
the formation of AgNPs, displaying a characteristic surface plasmon resonance (SPR) peak at approximately 420 nm. XRD 
characterization verified that the synthesized nanoparticles possess a highly crystalline, face-centered cubic (FCC) structure, 
while FTIR spectra confirmed the participation of plant-derived functional groups—including polyphenols, proteins, and 
flavonoids—in the bioreduction and capping process. Biological evaluation via the MTT assay revealed a clear dose-dependent 
cytotoxic effect for both IVE and IVE-AgNPs, with an estimated IC50 value around 19.20 𝜇𝜇M/mL and severe toxicity 
observed at higher doses (153.60 𝜇𝜇M/mL). Overall, I. verum-mediated AgNPs present a promising, biogenic platform for 
biomedical applications and further therapeutic development. 

  

Figure 4. Schematic representation of Illicium verum-mediated silver nanoparticle (IVE-AgNP) synthesis, characterization, and 
cytotoxic mechanism. Aqueous I. verum fruit extract (IVE) rich in trans-anethole, polyphenols, and proteins facilitates the 
bioreduction of Ag+ ions to metallic Ag0, yielding stable face-centered cubic (FCC) crystalline AgNPs capped by organic 
phytocompounds. Formation and surface capping are confirmed by UV-Vis (SPR ∼ 420 nm), XRD, and FTIR analysis. 
Internalized IVE-AgNPs undergo intracellular oxidation in acidic endo/lysosomes, continuously releasing Ag+ ions via a 
"Trojan Horse" mechanism. The concurrent burst of reactive oxygen species (ROS) induces single/double-strand DNA 

damage, loss of mitochondrial membrane potential (ΔΨ𝑚𝑚), cytochrome c release, and caspase-9/3 cascade activation, leading 
to apoptotic cell death (IC50 ≈ 19.20 𝜇𝜇M/mL). 
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