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Abstract 
Nanoparticles (NPs) have been widely studied in various fields due to their unique properties and 
potential applications. Among the various types of nanoparticles, bimetallic nanoparticles have gained 
significant attention due to their enhanced catalytic activity and stability compared to monometallic 
nanoparticles. Various physical and chemical methods have been developed for the synthesis of 
bimetallic nanoparticles. However, these methods have several limitations such as the use of toxic 
reducing agents, high energy consumption, and the need for multiple steps. Therefore, developing a 
simple, eco-friendly, and cost-effective approach for the synthesis of bimetallic nanoparticles is highly 
desirable. Plants contain a variety of chemicals that work not only as potential treatments for cancer, 
among other illnesses, but also as powerful reducing and stabilising agents in the synthesis of 
nanoparticles. This paper discusses the use of Catharanthus roseus (Madagascar periwinkle) leaf 
extract in the synthesis of non-toxic, environmentally-friendly and inexpensive bimetallic silver-zinc 
NPs. The synthesized NPs were characterized using techniques like infrared (IR) spectroscopy, UV-
visible spectroscopy (UV-Vis), dynamic light scattering (DLS), scanning electron microscopy (SEM). 
The NPs were discovered to be 8 nm in size with a zeta potential of -38 mV, illustrating their stability. 
UV-Vis confirmed the presence of Ag-Zn NPs in an alloy structure with absorption peaks at 416 and 
380 nm. These Ag-Zn NPs were tested for antimicrobial and anticancer activity. The synthesized 
nanoparticles showed promising anticancer and antimicrobial activity, which may have potential 
applications in various fields, such as biomedical, biosensors, and nanomedicine. 

 
Keywords: Bimetallic nanoparticles, green synthesis, anticancer activity, antimicrobial activity, 
Madagascar Periwinkle 
 

1. Introduction 
Progress in nanotechnology has had benefits in the biomedical world, ranging from diagnosis 
of ailments to treatment for fatal disorders such as cancer. Due to its unique physiochemical, 
electrical, catalytic and optical features, [1-3] and therefore plethora of applications, 
nanotechnology has attracted the attention of researchers [4] in fields such as sewage 
treatment, food, optoelectronics and cosmetics [5-8]. Bimetallic nanoparticles (NPs) have 
notably caught the interest of research in recent years due to their significant differences in 
their properties [9]. For instance, they have different structures and morphologies due to their 
composition of two different metal elements [10]. 
Different methods of NP synthesis include chemical and biological/green synthesis. In 
chemical methods, various chemical precursors are used to synthesize NPs, which can have 
detrimental effects on the environment due to their toxicity [11]. Moreover, these chemicals 
limit the colloidal agglomeration and restrict the application of NPs in clinical and 
biomedical fields [12]. A less expensive method of NP synthesis is the green method, which 
uses environmentally friendly reducing agents – such as plant extracts – to aid NP synthesis. 
[13, 14] This method is also eco-friendly, simple, rapid, and renewable [15]. 
In the green synthesis of bimetallic NPs, two aqueous metal precursor solutions are mixed 
with a plant extract. The plant’s phytochemicals present in the extract are believed to act as 
reducing and stabilizing agents, effectively reducing metal ions into metal NPs. In theory, 
metal ions with a stronger reduction potential are reduced faster than metal ions with a 
weaker reduction potential, thereby forming a core-shell structure with the faster-reduced 
ions being the nucleus [1, 16]. 
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C. roseus, an evergreen plant with origins in Madagascar, is 
widely used in traditional Ayurvedic medicine due to its 
antitumor, antimicrobial and antioxidant effects. It contains 
various phytochemicals such as alkaloids, flavonoids, and 
terpenoids, which have been reported to have various 
biological activities. It is known to contain vincristine and 
vinblastine, which are used as treatments for various types 
of cancers such as breast cancer, and lymphoblastic 
leukemia. [17-23]. The plant shows potential for the synthesis 
of silver NPs but requires investigation in the synthesis of 
bimetallic NPs [24-28]. 

Therefore, in this study, we present a one-pot synthesis of 
biologically active bimetallic Ag-Zn nanoparticles using 
Madagascar periwinkle as a reducing and capping agent to 
explore the possibility of a safe and environmentally-
friendly anticancer treatment option. The synthesized Ag-Zn 
nanoparticles showed promising biological activity, which 
may have potential applications in various fields. A simple 
schematic representation of the method is depicted in Figure 
1.  

 

 
 

Fig 1: Schematic representation of one-pot synthesis method of bimetallic nanoparticles 
 

2. Material and Method  
In this study, Madagascar periwinkle leaves were gathered 
from Solapur and meticulously cleaned. After drying at 
60°C and grinding into powder. Bimetallic Ag-Zn 
nanoparticles were synthesized using high-quality silver 
nitrate and zinc sulfate obtained from Sigma Aldrich, 
INDIA. The entire process involved the use of double 
distilled water as a solvent. 
 
2.1 Preparation of Madagascar Periwinkle Extract 
The methodology for extracting a plant extract from 
Madagascar periwinkle leaves involved the following steps: 
 
Leaf Grinding: The desiccated Madagascar periwinkle 
leaves were meticulously pulverized into a finely powdered 
state using a mortar and pestle. 

 
Suspension Preparation: Approximately 7.5 grams of the 
powdered leaves were amalgamated with 100 ml of 
deionized water inside a round-bottom flask. 

 

Reflux Process: The resulting mixture was subjected to a 
reflux process, maintained at a temperature of 60°C for a 
duration of 2 hours, with continuous agitation. 
 
Filtration and Filtrate Collection: Subsequent to the 
reflux, the mixture was subjected to filtration using 
Whatman filter paper, facilitating the accumulation of the 
filtrate in a designated beaker. 

 
Concentration via Rotary Evaporation: The obtained 
filtrate underwent concentration using a rotary evaporator, 
operating under conditions of reduced pressure and at a 
temperature of 40°C. 

 
Formation of Concentrated Extract: The outcome of the 
concentration process resulted in a concentrated extract, 
which was subsequently harnessed as a reducing agent for 
the synthesis of Ag-Zn nanoparticles. 
This synthesized extract was subjected to characterization 
through UV-Vis spectroscopy, verifying the existence of 
phytochemical constituents within the extract. 

 

 
 

Fig 2: Plant extract preparation method 
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2.2 Preparation of Bimetallic Ag-Zn NPs 
The procedure for creating bimetallic Ag-Zn nanoparticles 
using Madagascar periwinkle extract as a reducing agent 
encompassed these steps: 

 
Preparation of Metal Solutions: Solutions of 12 mM silver 
nitrate and 6 mM zinc sulfate were separately crafted using 
deionized water. 
 
Mixture Formation: Within a round-bottom flask, 10 ml of 
each solution were combined and subjected to magnetic 
stirring at room temperature. 

 
Addition of Extract: Gradually, 6 ml of Madagascar 
periwinkle extract were introduced dropwise into the 

mixture. The reaction was sustained for 24 hours at room 
temperature under constant stirring. 
 
Color Change as Reaction Indicator: Over time, the 
mixture's color transitioned from colorless to a deep brown, 
indicating the successful formation of Ag-Zn nanoparticles. 

 
Centrifugation for Purity: To eliminate unreacted 
materials and residual plant extract, the resulting 
nanoparticles were purified through centrifugation at 10,000 
rpm for 10 minutes. 
This systematic process yielded bimetallic Ag-Zn 
nanoparticles, evident from the color shift and the 
subsequent purification procedure. 

 

 
 

Fig 3: Preparation method of Ag-Zn bimetallic nanoparticles 
 

2.2 Evaluation of Anticancer activity by MTT assay  

Requirements: 
1. MTT Powder (the solution is filtered through a 0.2 μm 

filter and stored at 2-8 °C for frequent use or frozen for 
extended periods) 

2. DMSO 
3. Trypan blue 
4. Phosphate Buffered Saline (PBS) 
5. Trypsin 
6. CO2 incubator 
7. Centrifuge 
8. Hemocytometer 

 

Assay protocol 

Cell Preparation: Cervical Cancer cells 
HeLa cells (Grown in DMEM media supplemented with 
10% Fetal Bovine Serum), harvested using trypsin, and 
counted using Trypan blue and a hemocytometer.  
 Collected the cells when they reach about 70-80% 

confluence 
 Checked for the viability and centrifuged the cells 

 
Procedure: Day 1, seed 2,500-5,000 cells/well (HeLa) in 
their exponential growth phase in 100 µL volume in a flat-

bottomed 96-well polystyrene coated plate (Thermo 
Scientific Nunc 96-well plate, Nunclon Delta-white color 
with lid). Incubate overnight at 37 °C with 5% CO2 to allow 
cell adhesion. 

1) Day 2, after 24 hours of seeding, the concentration of 

nanodrugs (test compounds) were diluted in cell culture 

medium at different concentration (5, 25, 65 and 100 

µg/ml) in DMEM without FBS containing a final 

volume of 100 µl/well. Incubated for 24 hour. 

Experiments done in triplicate. 

2) Day 3, after 24 hour of incubation, added 10 µL of 

MTT solution (5 mg/10 ml of MTT in 1X PBS) into 

each well. Wrapped the plate in aluminium foil and 

incubated for 3-4 hours at 37 °C, 5% CO2 incubator, 

protected from light.  

Note: Depending on the individual cell type and 

concentration used, longer incubation times may be 

necessary. 

3) Formazan crystals formed after 3-4 hours in each well 

were dissolved in 100 µl DMSO solution (solubilizing 

buffer).  

4) Read absorbance at 590 nm. Read plate within 1 hour 
[32-34]. 
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5) The positive control wells contain untreated cells, MTT 

solution and a solubilizing buffer. 

6) The blank in the MTT assay is a cell-free medium plus 

an MTT solution and a solubilizing buffer.  

7) Experiments were repeated three times for the average 

calculations. 

 

Viability is defined as a percentage of live cells in a whole 

population or in other words, cell viability is defined as the 

number of healthy cells in a solution.  

 

% Viability = Sample/Control x100 

Sample: Mean value of the measured optical density 

(OD)/Absorbance of the Nanodrugs 

 

Control: Mean value of the measured optical density 

(OD)/Absorbance of the Control 

 

Result and Discussion 

Dynamic Light Scattering (DLS) 

The size of nanoparticles is measured using DLS, and their 

stability in suspension over time is also assessed. 

 

 
 

Fig 4: DLS measurement for Ag-Zn core-shell 

 
Figure 4 depicts the size distribution of the nanoparticles 
that were prepared. Using dynamic light scattering (DLS) 
analysis, the size distribution and polydispersity index (PDI) 
of the Ag-Zn nanoparticles were determined. The analysis 
revealed the existence of smaller particles measuring 8 nm, 
constituting 69% of the distribution, and particles measuring 
16 nm, making up the remaining 31%. Additionally, the Z-
average size and PDI values for the synthesized 

nanoparticles were measured as 15.1 nm and 0.39, 
respectively, as reported in reference [35]. This data provides 
further insight into the average size and the extent of size 
variation among the nanoparticles. Such measurements are 
crucial for understanding the uniformity and dispersion of 
nanoparticles in a sample, which in turn can impact their 
behavior and performance in various applications. 

 

 
 

Fig 5: Zeta potential of Ag-Zn NPs 
 

Figure 5 displays the zeta potential distribution concerning 
the Ag-Zn nanoparticles. Zeta potential is a crucial 
parameter that indicates the surface charge and stability of 
nanoparticles in a solution. In this case, the zeta potential 
value for the synthesized nanoparticles was determined to be 
-31 mV. This negative zeta potential suggests that the 
nanoparticles possess a sufficient surface charge to prevent 
aggregation or coagulation, thereby enhancing their stability 
in the dispersion. A more negative zeta potential indicates a 

higher repulsive force between nanoparticles, leading to 
improved suspension stability. The observed zeta potential 
value of -31 mV underlines the adequate charge on the 
nanoparticle surfaces, promoting their even distribution and 
minimizing the potential for undesirable agglomeration. 
This characterization of zeta potential contributes to a 
comprehensive understanding of the colloidal behavior and 
potential applications of the synthesized Ag-Zn 
nanoparticles. 
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UV-Visible spectroscopy 

 

 
 

Fig 6: UV-Visible spectrum of bimetallic Ag-Zn NPs 
 

The UV-Vis absorbance spectra were recorded using a UV-
2450 instrument from Shimadzu, as depicted in Figure 6. 
Notably, a pronounced absorption peak was identified 
around 420 nm for the silver component. This absorption 
peak is attributed to the phenomenon of surface plasmon 
resonance (SPR) absorption, which is characteristic of silver 
nanoparticles. In contrast, the UV spectrum of pure zinc 
exhibited its own SPR band, notably peaking at 360 nm. 
Interestingly, the UV spectrum of the Ag-Zn bimetallic 
nanoparticles demonstrated an absorption peak ranging from 
390 to 400 nm. This absorption profile falls between the 
distinct peaks of pure silver and zinc nanoparticles. This 

observation strongly suggests the coexistence of both silver 
and zinc within a single particle, providing compelling 
evidence for the formation of an alloy structure. These 
results from the UV-Vis spectra provide valuable insights 
into the composition and structural characteristics of the 
synthesized Ag-Zn nanoparticles. The absorption peaks 
observed at intermediate wavelengths confirm the successful 
synthesis of bimetallic nanoparticles and underscore the 
presence of an alloyed structure, where both silver and zinc 
components contribute to the optical properties of the 
material. 

 

Fourier Transform IR Spectroscopy 

 

 
 

Fig 7: IR spectrum of bimetallic Ag-Zn nanoparticles 
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In Figure 7, the FT-IR spectrum of the synthesized Ag-Zn 
nanoparticles is depicted, revealing the presence of distinct 
functional groups within the Ag-Zn particles. The observed 
IR spectrum of Ag-Zn nanoparticles showcased broad and 
robust peaks at 3321 and 1631 cm⁻¹, respectively. These 
peaks serve as conclusive evidence for the binding of 
polyphenols and amino acids [36]. This finding aligns with 
the notion that polyphenols and amino acids have played a 
crucial role in reducing silver and zinc ions, facilitating the 

formation of silver-zinc bimetallic quantum dots. The 
presence of these specific functional groups indicates the 
involvement of bioactive molecules from the synthesis 
process, contributing to the stabilization and formation of 
the bimetallic nanoparticles. This FT-IR analysis provides 
valuable insights into the chemical interactions and 
mechanisms that underpin the successful synthesis of Ag-Zn 
nanoparticles, shedding light on the role of biomolecules in 
nanoparticle formation and stabilization. 

 

Scanning Electron Microscopy 

 

 
 

Fig 8: SEM image of synthesized bimetallic Ag-Zn NPs 
 
The SEM images of the Ag-Zn bimetallic nanoparticles 
depict predominantly spherical or quasi-spherical particles 
spanning a size range of 8 to 13 nm. These images also 
potentially unveil agglomerated nanoparticles, a 
phenomenon attributable to their elevated surface energy. 
It's important to note that the morphology and size of the 
nanoparticles could exhibit variations contingent on the 
specific synthesis method employed and the experimental 
parameters [37-38]. This observed diversity underscores the 
sensitivity of nanoparticle characteristics to the intricate 
interplay of synthesis conditions, highlighting the need for 
precise control over these factors to achieve desired 
properties. The SEM imaging provides crucial visual 
insights into the structural attributes of the Ag-Zn 
nanoparticles, shedding light on their size distribution, 
shape, and potential aggregation tendencies. 
 
Investigation of Antimicrobial Activity 
The antibacterial activity of various substances, namely 
Madagascar periwinkle extract, silver nitrate, and zinc 
sulphate, as well as bimetallic Ag-Zn NPs was evaluated 
against both Gram-positive and Gram-negative bacteria. The 
findings demonstrated that bimetallic Ag-Zn NPs, at a 
concentration of 1000 µg/ml, exhibited significant 
antibacterial effects against Pseudomonas aeruginosa, 
Escherichia coli, Bacillus subtilis, Staphylococcus aureus, 
and Enterococcus faecalis, resulting in inhibition zones 

measuring 24.2 mm, 16.6 mm, 30.1 mm, 20.7 mm, and 13.9 
mm, respectively. 
Additionally, Bacillus subtilis displayed the highest 
sensitivity to bimetallic Ag-Zn NPs, with a minimum 
inhibitory concentration (MIC) of 15.32 µg/ml, while 
Enterococcus faecalis exhibited the lowest sensitivity, with 
an MIC of 250 µg/ml. Furthermore, the MIC values of 
bimetallic Ag-Zn NPs against Escherichia coli, 
Pseudomonas aeruginosa, and Staphylococcus aureus were 
determined as 62.5 µg/ml, 125 µg/ml, and 62.5 µg/ml, 
respectively. 
On the other hand, Madagascar periwinkle extract displayed 
limited antibacterial activity, specifically against 
Escherichia coli and Bacillus subtilis. Neither silver nitrate 
nor zinc sulphate exhibited any antibacterial effects against 
the tested bacterial strains. These results indicate that the 
effectiveness of bimetallic Ag-Zn NPs cannot be solely 
attributed to their starting materials but rather to the 
properties and characteristics of the prepared nanoparticles 
themselves. 
The mechanism of action underlying the antibacterial 
activity of bimetallic Ag-Zn NPs appears to involve several 
factors. Electrostatic interactions may cause damage to the 
bacterial cell membrane, disrupt proteins and enzymes, 
generate reactive oxygen species (ROS), and induce 
oxidative stress. The NPs may also bind to proteins, 
disrupting cellular homeostasis, including the electron 
transport chain and signal transduction pathways, potentially 
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leading to genotoxic effects. Moreover, the rough external 
surface of Ag-Zn NPs may contribute to cell wall damage, 

allowing the nanoparticles to penetrate the bacterial plasma 
membrane and exert toxic effects on the bacteria. 

 
Table 1: Data for antibacterial activity of different samples 

 

Bacterial Strain Madagascar Periwinkle Extract Silver Nitrate Zinc Sulphate Bimetallic Ag-Zn NPs 

Pseudomonas aeruginosa 0 0 0 24.2 

Escherichia coli X 0 0 16.6 

Bacillus subtilis X 0 0 30.1 

Staphylococcus aureus 0 0 0 20.7 

Enterococcus faecalis 0 0 0 13.9 

 
(Please note that in the table above, "X" indicates limited 
antibacterial activity, and "0" indicates no antibacterial  

activity.) 

 
Table 2: MIC values of bacterial strains 

 

Bacterial Strain MIC (µg/ml) 

Escherichia coli 62.5 

Pseudomonas aeruginosa 125 

Staphylococcus aureus 62.5 

Bacillus subtilis 15.32 

Enterococcus faecalis 250 

 

 
 

Fig 9: MIC values of bacterial strains 
 

Investigation of Antifungal Activity 
The antifungal activity of the initial substances and 
bimetallic Ag-Zn NPs was examined against Candida 
albicans, Cryptococcus neoformans, Aspergillus 
brasiliensis, and Aspergillus fumigatus. The results 
demonstrated that the bimetallic Ag-Zn NPs possessed 
potent antifungal properties against both unicellular and 
multicellular fungi.  
The synthesized bimetallic Ag-Zn NPs exhibited inhibitory 
effects on C. albicans, C. neoformans, A. brasiliensis, and 
A. fumigatus, generating inhibition zones measuring 37.2, 
36.7, 31.2, and 20.7 mm, respectively, at a concentration of 
1000 µg/ml. 

Furthermore, the minimum inhibitory concentration (MIC) 
of the bimetallic Ag-Zn NPs against each fungal strain was 
determined. The MIC values indicated that the bimetallic 
Ag-Zn NPs exhibited MICs of 7.81, 31.25, 62.5, and 125 
µg/ml against C. albicans, C. neoformans, A. brasiliensis, 
and A. fumigatus, respectively. These findings confirm the 
high efficacy of the bimetallic Ag-Zn NPs against 
unicellular fungi compared to multicellular fungi. Notably, 
C. albicans displayed the greatest sensitivity among the 
tested strains [39-41]. 
In contrast, silver nitrate and zinc sulphate displayed no 
antifungal activity, while higher concentrations (500-1000 
µg/ml) demonstrated weak antifungal activity 

 
Table 3: Fungal strains and inhibition zones 

 

Fungal strains Inhibition Zones (mm) Minimum Inhibitory Concentration (MIC) values (µg/ml) 

Candida albicans 37.2 7.81 

Cryptococcus neoformans 36.7 31.25 

Aspergillus brasiliensis 31.2 62.5 

Aspergillus fumigatus 20.7 125 
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Fig 10: Inhibition zones and minimum inhibitory concentrations 
Investigation of Anticancer Activity 

 

 
 

Fig 11: 20x magnified HeLa cells 0 hr and 24 hr after Ag-Zn treatment 

 
Potential anticancer properties of biologically synthesized 
bimetallic silver-zinc NPs against HeLa cancer cells were 
evaluated. The results obtained from this study unveiled 
significant anticancer effects of the bimetallic Ag-Zn NPs 
on the cancerous cell lines, with an IC50 value of 52.4 
μg/ml.  
Furthermore, a detailed assessment of the anticancer activity 
of the bimetallic Ag-Zn NPs was conducted by exposing 
HeLa cells to varying concentrations of 5, 25, 65, and 100 
μg/ml. The findings demonstrated that the bimetallic Ag-Zn 
NPs exhibited high effectiveness in inhibiting the growth of 
HeLa cells, with observed percentages of inhibition reaching 
97.7%, 97.6%, 93.2%, and 67.1%, respectively, 
corresponding to the aforementioned concentrations. 
These outcomes suggest that the biosynthesized bimetallic 
Ag-Zn NPs possess promising potential as an anticancer 
agent, particularly in combating the growth and proliferation 
of HeLa cancer cells.  
 

Table 4: Study of anticancer activity of Ag-Zn NPs 
 

Compound 

name 

Conc. 

(µg/ml) 
OD at 590 nm 

% Viability of HeLa 

cells 

Control 0 1.590  0.081 100 

Ag-Zn 

5 0.494  0.046 31 

25 0.404  0.100 25 

65 0.225  0. 055 14 

100 0.133  0.112 3 

Conclusion 
In conclusion, the one-pot synthesis of bimetallic Ag-Zn 
NPs using Madagascar periwinkle (Catharanthus roseus) 
extract as a reducing and stabilizing agent has been 
successfully demonstrated. The use of natural plant extracts 
as a green and sustainable alternative to traditional chemical 
methods for NP synthesis has gained significant attention in 
recent years due to their low toxicity and abundance of 
reducing agents.  
The synthesized bimetallic Ag-Zn NPs were characterized 
using various analytical techniques, including UV-Vis 
spectroscopy, DLS, and Fourier Transform Infrared 
spectroscopy (FTIR). The results showed that the NPs were 
spherical in shape and had an average size of 8-12 nm. The 
nanoparticles also exhibited excellent stability and 
biocompatibility, making them suitable for various 
biomedical applications. 
Furthermore, the synthesized nanoparticles displayed potent 
antimicrobial activity against both Gram-positive and Gram-
negative bacteria, indicating their potential use as 
antibacterial agents. The nanoparticles also exhibited 
cytotoxicity against cancer cell lines, demonstrating their 
potential use as anticancer agents. These results suggest that 
the nanodrugs Ag-Zn, have good potency in Cervical cancer 
(HeLa cells) with only 3% viable cells present in maximum 
concentration (100 µg/ml). 
Overall, the one-pot synthesis of bimetallic Ag-Zn NPs 
using Madagascar periwinkle extract offers a promising 
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green and sustainable approach for the synthesis of 
biologically active NPs with potential applications in 
various fields, including biomedicine and environmental 
remediation. 
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