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Abstract 

The green synthesis of metal nanoparticles using plant-based phytochemicals has emerged as a sustainable 
alternative to conventional physical and chemical approaches, offering eco-friendly, cost-effective, and scalable 
solutions. Pterocarpus marsupium, a medicinally significant plant, contains diverse phytoconstituents such as 
flavonoids, phenolics, and terpenoids, which act as natural reducing and capping agents in nanoparticle synthesis. 
This comparative review investigates and evaluates the synthesis, physicochemical characterization, and 
biomedical applications of gold (AuNPs), silver (AgNPs), zinc (ZnNPs), and copper (CuONPs) nanoparticles derived 
from P. marsupium bark extract. Characterization techniques including UV-Visible spectroscopy, FTIR, SEM, and 
XRD revealed unique structural and morphological features of the nanoparticles. The AuNPs displayed SPR at ~535 
nm, indicating effective formation and stability. AgNPs and CuONPs showed peaks around 435 nm and 442 nm, 
respectively, while ZnNPs showed characteristic absorption near 370 nm. FTIR spectra confirmed the presence of 
phytochemicals responsible for bioreduction and stabilization. Biologically, AuNPs demonstrated potent 
anticancer activity against oral squamous cell carcinoma (OSCC), attributed to ROS generation and mitochondrial 
apoptosis pathways. AgNPs exhibited significant antioxidant and cytotoxic effects on ovarian cancer cells, while 
CuONPs were most effective against Gram-positive and Gram-negative bacteria. Although ZnNPs have been less 
explored in the reviewed studies, they are widely recognised for their antibacterial and antioxidant properties. 
This study highlights the multifunctionality and therapeutic potential of phyto-synthesised metal nanoparticles, 
with a particular emphasis on P. marsupium as a valuable green nanofactory for biomedical applications. 
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1. Introduction 
Nanotechnology has emerged as a frontier in 
modern science, offering solutions that span 
disciplines including medicine, energy, agriculture, 
and environmental sustainability [1]. Among its 
most promising branches is the field of 
nanomedicine, where metallic nanoparticles have 
shown extraordinary potential due to their unique 
physicochemical properties such as high surface-to-
volume ratio, quantum confinement effects, tunable 
optical behavior, and enhanced catalytic activity. 
These nanoscale materials have opened new 

avenues in drug delivery, cancer therapy, imaging, 
biosensing, and antimicrobial formulations [2]. 
Traditional physical and chemical methods for 
synthesizing nanoparticles often involve harsh 
reaction conditions, toxic solvents, expensive 
equipment, and energy-intensive procedures, which 
significantly limit their utility for biomedical 
applications. As a result, the scientific community 
has shifted its focus toward “green synthesis” 
routes—eco-friendly,sustainable, and biocompatible 
approaches that utilize biological systems such as 
plant extracts, bacteria, fungi, and algae as reducing 
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and stabilizing agents [3]. Among these, plant-
mediated synthesis stands out due to its simplicity, 
rapidity, and the rich diversity of phytochemicals 
capable of reducing metal ions into stable 
nanoparticles [4, 5, 6]. One such plant species that 
has garnered substantial interest in this context is 
Pterocarpus marsupium Roxb., commonly known as 
Indian Kino, Bijasal (in Hindi), or Raktahonne (in 
Kannada) [7]. This medium to large deciduous tree is 
native to the Indian subcontinent and traditionally 
used in Ayurveda for its antidiabetic, anti-
inflammatory, hepatoprotective, and antioxidant 
properties [8-12]. The heartwood, bark, and leaves 
of P. marsupium are abundant in polyphenols, 
flavonoids, tannins, terpenoids, and stilbenoids such 
as pterostilbene and marsupsin—compounds that 
possess potent pharmacological activities and redox 
potential suitable for nanoparticle synthesis [8, 13-
15]. The polyphenolic structure of these 
phytochemicals allows them to function both as 
reducing agents, converting metal ions into zero-
valent metal atoms, and as capping agents, 
stabilizing the resulting nanoparticles and 
preventing their agglomeration [5]. This dual 
function makes P. marsupium bark extract a 
particularly efficient and cost-effective biological 
substrate for the synthesis of a variety of metal-
based nanoparticles, including gold (AuNPs), silver 
(AgNPs), copper oxide (CuONPs), and zinc oxide 
(ZnNPs) [16-20]. 
 
1.1 Rationale for Choosing Pterocarpus 
marsupium 
The selection of P. marsupium for nanoparticle 
synthesis is grounded in both traditional knowledge 
and modern scientific evidence. The presence of 
pterostilbene, a natural analog of resveratrol, is 
especially significant due to its documented 
anticancer, antioxidant, and anti-inflammatory 
properties [9, 21, 22]. The bark extract of P. 
marsupium has been shown to exhibit excellent 
reducing capabilities owing to its rich phenolic and 
flavonoid content [12, 23]. This biochemical 
composition not only enables efficient nanoparticle 
formation but also imparts biomedical functionality 
to the synthesized particles. 
Moreover, the use of P. marsupium aligns with the 
principles of green chemistry by avoiding hazardous 
chemicals and enabling the biosynthesis of 
nanoparticles under ambient conditions [3]. The 
biosynthesized nanoparticles are biocompatible and 
often demonstrate synergistic therapeutic 
properties inherited from the phytochemicals 
involved in their synthesis. Hence, they are 
promising candidates for translational research in 
nanomedicine [24]. 
 
 
 

1.2 Nanoparticles of Biomedical Importance 
The four metals—gold, silver, copper, and zinc—
were selected for this comparative review due to 
their extensive use and proven efficacy in biomedical 
applications [2]. 
 Gold Nanoparticles (AuNPs) are particularly 
valued for their biocompatibility, stability, and ease 
of surface functionalization. They have been 
employed in drug delivery, photothermal therapy, 
imaging, and as diagnostic agents. Recent studies 
have shown that P. marsupium-derived AuNPs 
possess cytotoxic properties against oral squamous 
cell carcinoma (OSCC), making them a novel 
candidate for cancer therapeutics [24]. 
 Silver Nanoparticles (AgNPs) are among the 
most studied metal nanoparticles due to their broad-
spectrum antimicrobial activity. In addition to 
antibacterial and antifungal properties, AgNPs have 
demonstrated anticancer and antioxidant effects [4, 
15, 24]. P. marsupium-derived AgNPs have shown 
cytotoxicity against SKOV-3 ovarian cancer cells and 
notable antioxidant activity via DPPH radical 
scavenging assays [25]. 
 Copper Oxide Nanoparticles (CuONPs) are 
gaining recognition for their antimicrobial, 
antifungal, and wound-healing properties [18, 26]. 
Their synthesis from P. marsupium has been 
reported to yield particles with potent antibacterial 
activity, particularly against Gram-negative 
pathogens like Escherichia coli and Klebsiella 
pneumoniae. Copper’s redox properties make it a 
candidate for inducing oxidative stress in microbial 
and cancer cells alike [16, 26]. 
 Zinc Oxide Nanoparticles (ZnONPs), while not 
fully explored in the available P. marsupium 
literature, are well known for their UV-blocking, 
antimicrobial, and antioxidant properties. ZnNPs are 
frequently used in sunscreens, wound healing 
creams, and drug delivery systems [20, 26]. The 
incorporation of P. marsupium phytochemicals in 
ZnNP synthesis could potentially enhance their 
bioactivity and widen their applicability in 
biomedicine [20, 26]. 
 
1.3 Scope of the Review 
This review critically analyzes the phytochemical-
assisted synthesis and characterization of AuNPs, 
AgNPs, CuONPs, and ZnNPs using P. marsupium bark 
extract. It includes a detailed comparison of: 
 Synthesis methodology – including reaction 
conditions, precursor salts, and observed color 
changes during synthesis; 
 Characterization techniques – such as UV-Vis 
spectroscopy (used to confirm SPR peaks), FTIR (to 
identify functional groups involved in capping), 
SEM/TEM (for morphology and particle size), and 
XRD (for crystallinity); 
 Particle morphology and size distribution – 
which influence stability and biological reactivity; 
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 Biological activities – focusing on anticancer, 
antioxidant, and antimicrobial properties supported 
by in vitro assays. 
By presenting this comparative study, the paper aims 
to highlight P. marsupium's versatility in 
nanoparticle synthesis and the diverse biomedical 
utilities of the resulting nanoparticles. It also aims to 
identify knowledge gaps, such as the 
underrepresentation of ZnNPs in current studies, 
and suggests future directions for research [1]. 
 
1.4 Significance and Future Implications 
The integration of traditional medicinal plants with 
advanced nanotechnology represents a novel and 
synergistic approach to developing next-generation 
therapeutics [27-33]. As the global focus shifts 
toward eco-friendly and sustainable development, 
green nanotechnology offers a path forward that is 
both scientifically robust and environmentally 
responsible [7]. The exploration of P. marsupium for 
nanoparticle synthesis not only validates the plant's 
medicinal potential but also offers scalable solutions 
for low-cost production of biocompatible 
nanoparticles [27-33]. The therapeutic 
functionalities—anticancer, antibacterial, 
antioxidant—of these nanoparticles suggest 
potential use in treating infectious diseases, chronic 
wounds, and cancers, particularly in low-resource 
settings. 
In conclusion, this review sets the foundation for a 
broader understanding of metal nanoparticle 
synthesis from a single plant source and paves the 
way for future translational research and industrial 
applications of green nanotechnology in 
biomedicine. 
 
2. Methodology 
2.1. Green Synthesis Methodologies 
The synthesis of four different types of nanoparticles 
(NPs): gold nanoparticles (AuNPs), silver 
nanoparticles (AgNPs), copper oxide nanoparticles 
(CuONPs), and zinc nanoparticles (ZnNPs) with the 
help of precursor salt used for each synthesis, the 
associated colour change observed, at the specific 
synthesis conditions (Table 1) [7].  
 
2.1.1. Gold Nanoparticles (AuNPs) 
The synthesis of AuNPs uses hydrogen 
tetrachloroaurate (HAuCl4) as the precursor. When 
synthesized, a colour change is observed from the 
initial yellow of the precursor solution to a 

characteristic purple colour, which is indicative of 
the formation of AuNPs. This change is a result of the 
reduction of gold ions (Au3+) to neutral gold atoms 
(Au0). These atoms then aggregate to form 
nanoparticles. The purple colour is due to the surface 
plasmon resonance (SPR) phenomenon, which is a 
collective oscillation of the free electrons on the 
surface of the gold nanoparticles when they are 
excited by light. The table specifies the synthesis 
conditions as being at room temperature with 
magnetic stirring for 30 minutes [18]. 
 
1.1.2. Silver Nanoparticles (AgNPs) 
Silver nanoparticles are synthesized from silver 
nitrate (AgNO3) [5]. The reaction results in a colour 
change from the colourless precursor solution to a 
reddish-brown solution. This colour change is a key 
indicator of the formation of AgNPs and is also a 
result of the surface plasmon resonance (SPR) effect. 
The synthesis conditions listed are a 24-hour 
reaction at room temperature. This relatively long 
reaction time may indicate a slower, more controlled 
growth process, leading to the formation of stable 
nanoparticles [22]. 
 
1.1.3. Copper Oxide Nanoparticles (CuONPs) 
The synthesis of CuONPs uses copper sulfate 
pentahydrate (CuSO4⋅5H2O) as the precursor [19]. 
The colour of the solution changes from colourless to 
greenish, which signifies the formation of CuONPs. 
This synthesis is performed under specific 
conditions: a temperature of 50°C for 15 minutes 
with magnetic stirring. The elevated temperature 
and stirring facilitate the reaction, ensuring a more 
uniform and faster formation of the nanoparticles. 
The change to a greenish color is consistent with the 
optical properties of copper oxide nanoparticles 
[19]. 
 
1.1.4. Zinc Nanoparticles (ZnNPs) 
Zinc nanoparticles are synthesized using zinc acetate 
dihydrate as the precursor [26]. The synthesis is 
accompanied by a colour change from a pale-yellow 
solution to a brownish solution. This colour changes 
signals the formation of the ZnNPs. The synthesis is 
carried out at a higher temperature range of 
45°C−50°C. Such high temperatures are often 
required for solid-state or thermal decomposition 
methods to facilitate the reduction of the zinc 
precursor and the subsequent nucleation and 
growth of the nanoparticles [20, 26]. 

 
Table 1: Synthesis of four different types of nanoparticles 

Nanoparticle Precursor Salt Color Change Synthesis Condition 
AuNPs HAuCl4 Yellow → Purple Room temp; stirred for 30 min [18] 
AgNPs AgNO₃ Colorless → Reddish-brown 24 hrs reaction at room temp [22] 
CuONPs CuSO₄·5H₂O Colorless → Greenish 50°C, 15 min, magnetic stirring [24] 
ZnNPs Zinc acetate dihydrate Pale yellow – Brownish  450C-500C [26] 
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2.2. Characterization Techniques 
The characterization techniques used to analyze the 
synthesized gold (AuNPs), silver (AgNPs), copper 
oxide (CuONPs), and zinc (ZnNPs) nanoparticles. It 
outlines the findings from UV-Vis spectroscopy, 
Fourier-transform infrared spectroscopy (FTIR), 
scanning electron microscopy (SEM)/field-emission 
scanning electron microscopy (FE-SEM), X-ray 
diffraction (XRD), and Zeta potential measurements 
for each type of nanoparticle. Each characterization 
technique reveals the physical and chemical 
properties of the nanoparticles [18]. 
 
2.2.1. UV-Visible (UV-Vis) Spectroscopy 
UV-Vis spectroscopy is used to confirm the formation 
of nanoparticles in a solution. The technique works 
by measuring the absorption of light by the 
nanoparticles. A characteristic surface plasmon 
resonance (SPR) peak is observed at a specific 
wavelength, which is dependent on the type, size, 
and shape of the nanoparticles. The table shows 
distinct SPR peaks for each nanoparticle type: 
 AuNPs: A peak at ~535 nm, which is a typical 
absorption band for spherical gold nanoparticles 
[18]. 
 AgNPs: A peak at 435 nm, a common absorption 
wavelength for silver nanoparticles [22]. 
 CuONPs: A peak at 442 nm, indicating the 
presence of copper oxide nanoparticles [24]. 
 ZnNPs: A peak at 360 nm, which is consistent 
with the bandgap absorption of zinc oxide [26]. 
 
2.2.2. Fourier-Transform Infrared (FTIR) 
Spectroscopy 
FTIR spectroscopy is a powerful tool for identifying 
the functional groups present on the surface of the 
nanoparticles. This is particularly important for 
nanoparticles synthesised using biological or plant-
based methods, as it helps confirm the role of 
biomolecules in capping and stabilising the 
nanoparticles. 
 AuNPs: The FTIR data confirmed the presence of 
biomolecule capping, suggesting that the 
biomolecules acted as both a reducing and 
stabilizing agent [18]. 
 AgNPs: FTIR identified specific functional groups 
that are responsible for the stabilization of the 
nanoparticles [5, 22]. 
 CuONPs: The technique verified the interaction 
of phytochemicals with the nanoparticles' surface 
[24]. 
 ZnNPs: The data identified specific functional 
groups present on the surface of the zinc 

nanoparticles, likely from the precursor or any 
capping agents used [26]. 
 
2.2.3. Electron Microscopy (SEM/FE-SEM) 
Scanning electron microscopy (SEM) and field-
emission scanning electron microscopy (FE-SEM) 
are used to determine the morphology (shape) and 
size of the nanoparticles. 
 AuNPs: The particles were found to be spherical 
with a size range of ~50–100 nm [18]. 
 AgNPs: The particles were also spherical, with a 
size range of 15–30 nm in the case of individual 
particles but formed larger aggregates of up to 240 
nm [5, 22]. 
 CuONPs: The size was determined using High-
Resolution Transmission Electron Microscopy 
(HRTEM), indicating a size of <40 nm [24]. 
 ZnNPs: The particles were spherical with a size 
range of 20–60 nm [26]. 
 
2.2.4. X-ray Diffraction (XRD) 
X-ray diffraction (XRD) is a technique used to 
determine the crystallographic structure and phase 
purity of the nanoparticles. 
 AgNPs: The XRD pattern confirmed a Face-
Centered Cubic (FCC) crystalline structure, which is 
characteristic of metallic silver [5, 22]. 
 ZnNPs: The XRD pattern showed a hexagonal 
crystal structure, which is the typical structure of 
zinc oxide [20, 26] 
 AuNPs and CuONPs: The table does not provide 
detailed XRD data for AuNPs and CuONPs, but their 
crystalline structure can also be determined using 
this technique. 
 
2.2.5. Zeta Potential 
The Zeta potential measures the electrical charge on 
the surface of the nanoparticles in a colloidal 
dispersion. This value is a crucial indicator of the 
stability of the nanoparticle solution. A high negative 
or positive zeta potential value typically indicates 
greater stability. 
 AuNPs: The zeta potential was −25.3 mV. This 
negative value indicates that the nanoparticles are 
stable in solution due to electrostatic repulsion, 
which prevents them from aggregating [13]. 
 AgNPs, CuONPs, and ZnNPs: The zeta potential 
values for these nanoparticles are not mentioned in 
the table, but this measurement would provide 
valuable information regarding their stability [5, 24, 
26]. 

 
Table 2: A Comprehensive Overview of the Synthesis and Characterization of Various Nanoparticles 

Method AuNPs AgNPs CuONPs ZnNPs 
UV–Vis Peak at ~535 nm [18] Peak at 435 nm [22] Peak at 442 nm [24] Peak at 360 nm [26] 
FTIR Confirmed biomolecule 

capping [18] 
Identified functional groups [5, 
22] 

Verified phytochemical 
interaction [24] 

Identified Functional 
group [26] 
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SEM/FE-SEM Spherical, ~50–100 nm 
[18] 

Spherical, 15–30 nm (SEM), 
240 nm (aggregated) [5, 22] 

<40 nm (HRTEM) [24] Spherical, 20-60nm 
[26] 

XRD Not detailed FCC structure [5] Not specified Hexagonal structure 
[20, 26] 

Zeta Potential −25.3 mV [18] Not mentioned Not mentioned Not mentioned 

 
2.3. Biological Activities of Green-Synthesized 
Nanoparticles 
The biomedical applications of nanoparticles 
synthesized using Pterocarpus marsupium bark 
extract, with a focus on their anticancer, antioxidant, 
and antibacterial properties. The phytochemicals 
from the plant extract play a crucial role in both the 
formation and the therapeutic efficacy of the 
nanoparticles. 
 
2.3.1. Anticancer Activity 
The anticancer potential of the synthesized 
nanoparticles is primarily evaluated by their ability 
to induce cytotoxicity, or cell death, in cancer cells 
while sparing healthy, non-cancerous cells. This 
selective action is a key characteristic of a promising 
therapeutic agent. 
 
Gold Nanoparticles (AuNPs) 
Gold nanoparticles (AuNPs) synthesized from P. 
marsupium (Pm-AuNPs) demonstrated robust 
anticancer activity against three different oral 
squamous cell carcinoma (OSCC) cell lines: SCC29b, 
SSC154, and OECM-1. The IC50 values (the 
concentration required to inhibit 50% of cell 
growth) were reported as 25 ± 1.2 µg/mL for 
SCC29b, 45 ± 1.5 µg/mL for SSC154, and 75 ± 2.1 
µg/mL for OECM-1.  These values indicate a dose-
dependent effect, with SCC29b being the most 
sensitive cell line. Mechanistic studies confirmed 
that Pm-AuNPs induce apoptosis (programmed cell 
death) by generating intracellular reactive oxygen 
species (ROS), which subsequently disrupts the 
mitochondrial membrane potential (ΔΨm) and 
activates caspase-mediated apoptosis pathways. 
Importantly, these AuNPs showed no significant 
cytotoxicity against non-cancerous cells (HEK293 
and MCF-10a), highlighting their selective toxicity 
towards malignant cells [13]. 
 
Silver Nanoparticles (AgNPs) 
Silver nanoparticles (AgNPs) were evaluated for 
their anticancer effects on SKOV-3 human ovarian 
carcinoma cells. The MTT assay revealed a dose-
dependent reduction in cell viability, confirming 
their cytotoxic potential [5]. The anticancer 
mechanism of AgNPs is attributed to their ability to 
interact with cellular thiol groups, disrupt 
mitochondrial function, and generate ROS, leading to 
cell death. The phytochemicals adsorbed onto the 
nanoparticle surface likely contribute to this 
enhanced cytotoxicity through a synergistic effect. 
 

Copper Oxide (CuONPs) and Zinc (ZnNPs) 
Nanoparticles 
CuONPs and ZnNPs are known in scientific literature 
for their anticancer properties—primarily by 
inducing oxidative stress and DNA damage [20, 
24]—no specific anticancer assays were conducted 
on the P. marsupium-derived versions of these 
nanoparticles in the reviewed study. This represents 
a significant gap in the research, as their potential for 
cancer therapy remains unexplored in this specific 
context [24, 26]. 
 
2.2.2. Antioxidant Activity 
Antioxidant activity is crucial for therapeutic agents 
as it relates to the ability to neutralize free radicals 
and mitigate oxidative stress, a key factor in many 
diseases. The DPPH (2,2-diphenyl-1-picrylhydrazyl) 
assay was used to measure this activity. 
 
Gold (AuNPs) and Silver (AgNPs) Nanoparticles 
Both Pm-AuNPs and AgNPs exhibited strong 
antioxidant activity in a concentration-dependent 
manner, comparable to standard antioxidants like 
ascorbic acid [5, 13, 30]. The mechanism involves the 
scavenging of free radicals, which is largely 
attributed to the phytochemicals (such as 
polyphenols) from the P. marsupium extract that are 
capped onto the nanoparticles' surfaces. These 
functional groups donate electrons or hydrogen 
atoms to neutralize free radicals, thereby improving 
the overall antioxidant capacity. 
 
Copper Oxide (CuONPs) and Zinc (ZnNPs) 
Nanoparticles 
Antioxidant assays were not performed on the P. 
marsupium-derived CuONPs and ZnNPs in the 
reviewed study. Despite this, existing research 
suggests that both types of nanoparticles can have 
antioxidant potential. Further investigation using 
assays such as DPPH, ABTS, or FRAP is needed to 
confirm the antioxidant properties of these specific 
nanoparticles [24, 26]. 
 
2.3.3. Antibacterial Activity 
The antibacterial potential of the nanoparticles was 
assessed against various pathogenic bacteria using 
standard methods. Both AgNPs and CuONPs 
exhibited significant antibacterial activity [34]. The 
disc diffusion method showed that AgNPs had a 
strong inhibitory effect on several bacterial species. 
For CuONPs, the Minimum Inhibitory Concentration 
(MIC) and Zone of Inhibition (ZOI) assays provided 
quantitative evidence of their potent antibacterial 
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effects, with E. coli being particularly sensitive (Table 
2) [24]. 
 

Table 3: Antibacterial Activity of Nanoparticles Synthesized Using Pterocarpus marsupium Bark extract 
NP Type Target Bacteria Method Findings 
AgNPs S. aureus, E. faecalis, S. 

dysenteriae 
Disc 
diffusion 

Demonstrated strong inhibition at a 
concentration of 50 µg/mL [22] 

CuONPs E. coli, K. pneumonia, S. aureus, 
etc. 

MIC & ZOI Strongest MIC: 6 µg/mL for E. coli; ZOI: 24 mm 
for K. pneumonia [24] 

AuNPs Not tested for antibacterial – – 
 
3. RESULT AND DISCUSSION 
3.1. UV–Vis absorption spectrum 
The UV-Vis absorption spectrum is a crucial tool for 
confirming the successful synthesis of nanoparticles. 
Each type of nanoparticle exhibits a unique surface 
plasmon resonance (SPR) peak that is indicative of 
its composition, size, and shape (Figure 1). 
 AuNPs show a characteristic peak at ~535 nm, 
typical for spherical gold nanoparticles [13]. 

 AgNPs have a peak at ~435 nm [22] 
 CuONPs present a peak at ~442 nm [24] 
 ZnNPs show a peak at ~370 nm, which 
corresponds to the bandgap absorption of zinc oxide 
nanoparticles [26]. 
The presence of these distinct peaks confirms the 
formation of the respective nanoparticles in the 
colloidal solution. 

 
Figure 1: Comparative UV-Vis Absorption Spectra of Biosynthesized AuNPs, AgNPs, CuONPs and ZnNPs. 

 
 
3.2. FTIR Analysis: 
FTIR graph showing overlapping spectra of gold 
(AuNPs), silver (AgNPs), copper (CuONPs), and zinc 
(ZnNPs) nanoparticles. These regions show strong 
overlap, confirming similar phytochemical capping 
across different metal nanoparticles synthesized 
using Pterocarpus marsupium bark extract (Figure 
2). 
Fourier-transform infrared (FTIR) spectroscopy 
provides insight into the chemical functional groups 
present on the nanoparticle surfaces. The analysis 
confirms that the phytochemicals from the 
Pterocarpus marsupium bark extract are responsible 
for both the reduction and stabilization of the metal 
ions. The FTIR graph shows strong, overlapping 

peaks across all four nanoparticle types, specifically 
in these regions: 
 ~3300–3450 cm⁻¹: Corresponds to the 
stretching vibrations of O–H and N–H bonds, which 
are characteristic of phenols, alcohols, and amines 
found in the plant extract [13, 32]. 
 ~1580–1650 cm⁻¹: Attributable to the 
stretching vibrations of C=O or C=C bonds, which are 
present in flavonoids and polyphenols [13, 26]. 
The presence of these functional groups confirms 
that similar plant-based capping agents are present 
on the surface of all four nanoparticle types, which is 
essential for their stability and biological activity. 

 
 



Neuroquantology | August 2025 | Volume 23 | Issue 08| Page 348-357 | Doi: 10.48047/nq.2025.23.8.nq25038 
 Sanyogita Shahi, Pterocarpus marsupium as a "Green Nanofactory": A Comparative Review of Biosynthesized Gold, Silver, Copper, and Zinc 
Nanoparticles for Therapeutic Applications.  

 

eISSN: 1303-5150 
    

         www.neuroquantology.com 
  

   354 

Figure 2: Comparative FTIR spectra of AuNPs, AgNPs, CuONPs and ZnNPs. 

 
 
3.3. Comparative Biological Activities and 
Properties 
A comparative summary of the four nanoparticle 
types based on several key parameters, including 
their ease of synthesis, biological activities, particle 
size, and toxicity. 
 
3.3.1. Synthesis and Physical Characteristics 
The synthesis process varies in complexity and 
duration. CuONPs are the fastest to synthesize, with 
a reaction time of just 15 minutes [24], while the 
synthesis of AgNPs is noted as a slow, but simple, 
process [22]. The particle size also differs 
significantly among the nanoparticles, which is a 
critical factor influencing their biological 
interactions [24]. CuONPs are the smallest, with a 
size of less than 40 nm [24]. AgNPs are also small 
(15–30 nm) but tend to aggregate into larger 
structures [22]. ZnNPs fall in the 20–60 nm range 
[26], while AuNPs are larger, ranging from ~60–100 
nm [13] (Table 4). 
 
3.3.2. Biomedical Efficacy 
Anticancer Activity 
AuNPs demonstrate high anticancer efficacy, 
specifically by inducing targeted apoptosis 

(programmed cell death) [13]. This is a significant 
finding as it indicates a specific mechanism of action. 
AgNPs show moderate anticancer potential 
[5](Table 4). 
 
Antioxidant and Antibacterial Potential 
Both AuNPs and AgNPs exhibit a high antioxidant 
potential, which is valuable for combating diseases 
associated with oxidative stress [5, 13]. AgNPs and 
CuONPs show a high to very high antibacterial 
activity, making them excellent candidates for 
antimicrobial applications [22, 24] (Table 4). The 
antibacterial and antioxidant properties of ZnNPs 
and the antibacterial activity of AuNPs were not 
evaluated in this study [13, 26]. 
 
In Vivo Toxicity 
A crucial finding from the table is the in vivo toxicity 
data for AuNPs, which were shown to be non-toxic in 
rats at a high dose of 2000 mg/kg [12] (Table 4). This 
suggests a strong safety profile for AuNPs, which is 
essential for their potential clinical use. Toxicity data 
for the other nanoparticles is currently not available, 
representing a key area for future research [5, 24, 
26]. 

 
Table 4: A Comparative Summary of the Properties and Biological Activities of AuNPs, AgNPs, CuONPs and 

ZnNPs. 
Parameter AuNPs [13] AgNPs [5, 22] CuONPs [24] ZnNPs [26] 
Ease of synthesis Moderate  Simple, slow reaction Quick (15 min) Moderate  
Anticancer efficacy High (targeted apoptosis)  Moderate Not studied Not studied 
Antioxidant potential High  High Not tested Not tested 
Antibacterial activity Not studied  High Very high Not tested 
Particle Size ~60–100 nm  15–30 nm (crystallite), 

~240 nm (SEM) 
<40 nm 20-60 nm  

Toxicity in vivo Non-toxic at 2000 mg/kg (rats)  Not tested Not tested Not tested 
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4. CONCLUSION:  
The green synthesis of metal nanoparticles using 
Pterocarpus marsupium bark extract is a sustainable 
and efficient method that leverages the rich 
phytochemical composition of the plant as both a 
reducing and stabilizing agent. This process yields 
bioactive nanoparticles with distinct and valuable 
therapeutic properties. Some key findings and 
comparative efficacy: 
Gold Nanoparticles (AuNPs): Demonstrated potent 
anticancer activity against oral squamous cell 
carcinoma (OSCC) cell lines. The mechanism of 
action involves the induction of apoptosis via 
mitochondrial pathways and the generation of 
reactive oxygen species (ROS). AuNPs also exhibited 
strong antioxidant activity. 
Silver Nanoparticles (AgNPs): Showed significant 
cytotoxicity against ovarian cancer cells, in addition 
to impressive antioxidant and antibacterial 
properties. Their synthesis is straightforward, 
resulting in stable and functional nanoparticles. 
Copper Oxide Nanoparticles (CuONPs): Proved to 
be highly effective as antimicrobial agents against 
both Gram-positive and Gram-negative bacteria. 
However, their potential for anticancer and 
antioxidant applications remains unexplored in the 
current literature. 
Zinc Nanoparticles (ZnNPs): In this comparative 
analysis. Despite the known antimicrobial, 
antioxidant, and photocatalytic properties of ZnO 
nanoparticles, their therapeutic potential in the 
context of synthesis from P. marsupium requires 
further investigation. 
Comparative analyses using UV-Vis spectra and FTIR 
characterization confirmed the successful formation 
and phytochemical capping of all four nanoparticle 
types, underscoring the multifunctional role of the P. 
marsupium extract. 
 
Future Prospects: For nanoparticles synthesized 
from P. marsupium, future research should focus on a 
comprehensive evaluation of zinc nanoparticles 
(ZnNPs), including their physicochemical and 
biological properties, particularly their antioxidant 
and anticancer activities, to bridge an existing 
knowledge gap. In addition to the in vitro studies 
conducted so far, it is crucial to perform in vivo 
toxicity and biocompatibility assessments using 
animal models to understand the long-term safety, 
biodistribution, and pharmacokinetics of these 
nanoparticles. To fully elucidate their mechanisms of 
action, more in-depth molecular studies are 
required, focusing on specific cellular pathways of 
apoptosis and ROS generation via techniques like 
Western blotting and analysis of caspase and 
Bax/Bcl-2 ratios. Researchers should explore the 
synthesis of advanced nanostructures, such as 
bimetallic or hybrid nanoparticles (e.g., Ag-Cu, Au-
Zn), to enhance therapeutic efficacy. Beyond current 

applications, these nanoparticles should be 
investigated for new uses, including targeted drug 
delivery, antiviral and anti-inflammatory properties, 
environmental remediation, and biosensing. 
Addressing the challenge of scalability and industrial 
viability is essential for transitioning from lab-scale 
synthesis to cost-effective, large-scale production, 
ensuring the nanoparticles' long-term stability for 
commercial and clinical applications. 
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