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Nanotechnology has opened new possibilities for designing materials with unique properties at
the atomic and molecular scale, but conventional synthesis methods often rely on toxic
chemicals, high energy consumption, and hazardous by-products that raise serious
environmental and safety concerns. Green nanotechnology offers a cleaner, more sustainable
alternative by using biological resources—particularly plants—to produce nanoparticles
through simple, eco-friendly reactions. Among the many plant sources explored for this
purpose, Ayurvedic medicinal plants stand out as an especially promising option, given their
long history of therapeutic use and their rich content of bioactive phytochemicals such as
flavonoids, alkaloids, terpenoids, and polyphenols. These naturally occurring compounds not
only reduce and stabilize metal ions during nanoparticle formation but also carry over their
own antimicrobial, antioxidant, anti-inflammatory, and wound-healing properties into the
resulting nanomaterials. This study explores how traditional Ayurvedic knowledge can be
meaningfully connected to modern nanotechnology, focusing on well-known medicinal plants
such as Neem, Tulsi, Turmeric, Ashwagandha, Giloy, Amla, Aloe vera, Brahmi, and
Shatavari.

Green Synthesis, Biomedical
Applications.

ARTICLE HISTORY
Received: 15 September 2026
Revised: 28 September 2026
Accepted: 15 October 2026
Published: 26 October 2026

CITATION

Rawat, S., (2026). Ayurvedic
Medicinal Plants in Green
Nanotechnology: From Traditional
Knowledge to Modern Biomedical
Applications. Journal of Indian
Knowledge Studies (J. Indian Knowl.
Stud.), 1(2), 54-63.
https://doi.org/10.71371/jiks.54-63

Introduction

Nanotechnology has emerged as one of the most
transformative fields of modern science, enabling the design
and fabrication of materials with dimensions typically
ranging from 1 to 100 nm. At this nanoscale, materials
exhibit unique physicochemical properties, including high
surface area, enhanced catalytic activity, tuneable optical
behaviour, and improved biological interactions. These
properties have significantly expanded the applications of
nanomaterials in medicine, pharmaceuticals, environmental
remediation, agriculture, food technology, catalysis, and
different classes of

biosensing [1]. Among the

nanomaterials, metal and metal oxide nanoparticles have

attracted  considerable attention because of their
antimicrobial, antioxidant, anticancer, anti-inflammatory,
and drug delivery capabilities [2]. However, conventional
physical and chemical synthesis methods often require toxic
reducing agents, hazardous organic solvents, and high-
energy processing conditions, which raise concerns
regarding environmental safety and sustainability. Green
nanotechnology has emerged as an environmentally
sustainable alternative that integrates the principles of green
chemistry with nanomaterial synthesis. This approach
promotes the use of renewable biological resources, aqueous
reaction  systems,

energy-efficient  processes, and
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environmentally benign reducing agents while minimizing
hazardous waste generation . Plant-mediated synthesis has
become one of the most widely investigated green
approaches because plant extracts contain abundant
flavonoids,

phytochemicals—including polyphenols,

terpenoids, alkaloids, tannins, proteins, and
polysaccharides—that simultaneously reduce metal ions and
stabilize the resulting nanoparticles [3]. Compared with
conventional synthesis, green methods are generally simpler,
cost-effective, scalable, and produce nanoparticles with
improved biocompatibility for biomedical applications.

The increasing industrial production of nanomaterials has
highlighted the need for sustainable synthesis strategies that
minimize environmental impact while maintaining product
quality. Conventional synthesis methods frequently employ
hazardous chemicals such as sodium borohydride and
hydrazine, consume substantial amounts of energy, and
generate toxic by-products that require costly disposal
procedures [4]. Sustainable nanoparticle synthesis addresses
these limitations by utilizing renewable plant resources,
reducing chemical waste, lowering energy consumption, and
improving process safety. Furthermore, phytochemical-
coated nanoparticles often exhibit enhanced colloidal
stability and biological activity because naturally adsorbed
biomolecules contribute to antimicrobial, antioxidant, and
anti-inflammatory functions. Consequently, green synthesis
supports the principles of sustainable development and the
circular bioeconomy while expanding opportunities for
biomedical innovation.Ayurveda, one of the world's oldest
traditional systems of medicine, represents an extensive
repository of medicinal plants rich in biologically active
phytochemicals suitable for green nanoparticle synthesis
[5,6]. Medicinal plants such as Azadirachta indica (Neem),
Ocimum tenuiflorum (Tulsi), Curcuma longa (Turmeric),
Withania somnifera (Ashwagandha), Tinospora cordifolia
(Giloy), Emblica officinalis (Amla), and Aloe vera contain
diverse secondary metabolites, including flavonoids,
phenolic acids, terpenoids, alkaloids, glycosides, and
polysaccharides, which function as natural reducing and
capping agents during nanoparticle synthesis . In addition to
facilitating nanoparticle formation, these phytochemicals
may enhance antimicrobial, antioxidant, anti-inflammatory,

and cytoprotective properties, thereby increasing the

therapeutic potential of green-synthesized nanomaterials
.The Indian Knowledge System (IKS) encompasses
traditional scientific knowledge related to medicine,
agriculture, metallurgy, biodiversity, and environmental
stewardship that has evolved over centuries.

2. Fundamentals of Ayurveda Relevant to
Nanotechnology

Ayurveda, meaning "the science of life," is one of the oldest
holistic healthcare systems, originating in the Indian
subcontinent over 3,000 years ago. It emphasizes the
maintenance of health through a balanced interaction
between the body, mind, spirit, and environment. Unlike
conventional medicine, which primarily focuses on disease
treatment, Ayurveda adopts a preventive and personalized
approach aimed at restoring physiological equilibrium and
enhancing overall well-being . In recent years, growing
scientific interest in natural products and sustainable
technologies has led to the integration of Ayurvedic
principles with modern nanotechnology [7]. Medicinal
plants extensively described in Ayurvedic literature contain
diverse phytochemicals capable of reducing, stabilizing, and
functionalizing metal nanoparticles, thereby providing an
environmentally friendly platform for green nanotechnology
.Several fundamental concepts of Ayurveda—including
Panchamahabhuta, Tridosha, Rasayana, and Dravyaguna—
provide a scientific framework for understanding the
therapeutic value of medicinal plants and their potential
applications in nanoparticle synthesis. Although these
concepts originate from traditional medicine, contemporary
research increasingly correlates them with phytochemical
composition, biomaterial

biological  activity, and

development.

2.1 Principles of Ayurveda

Ayurveda, often called the "Science of Life", is one of the
world's oldest holistic systems of medicine, originating in
India more than 5,000 years ago. Unlike modern medicine,
which often focuses on treating a disease after it appears,
Ayurveda emphasizes maintaining health, preventing illness,
and restoring balance in the body, mind, and spirit. It views
every individual as unique, and therefore healthcare should

be personalized according to a person's physical
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constitution, lifestyle, diet, and environment. The
fundamental principles of Ayurveda are explained below in
a simple manner.

(a) Panchamahabhuta- (the five basic elements —
Akasha/space, Vayu/air, Agni/fire, Jala/water, and
Prithvi/earth) forms the foundational framework of
Ayurvedic physiology. According to this principle, every
substance in nature, including the human body and
medicinal plants, is composed of varying proportions of
these five elements, which govern their physical properties
and biological actions [8].

(b) Tridosha theory - comprising Vata, Pitta, and Kapha —
represents the three fundamental biological forces derived
from the Panchamahabhuta that regulate all physiological
and metabolic activities in the body. Health is understood as
a state of dynamic equilibrium among these three doshas,
while disease arises from their imbalance .

(c) Rasayana- one of the eight classical branches of
Ayurveda, refers to rejuvenation therapy aimed at promoting
longevity, immunity, and overall vitality. Rasayana herbs
such as Ashwagandha, Guduchi (Giloy), and Amla are
widely  recognized for their potent antioxidant,
immunomodulatory, and anti-aging properties, largely
attributed to their rich phytochemical composition.

(d) Dravyaguna- the

Ayurvedic  equivalent  of

pharmacology,  systematically  classifies  medicinal
substances according to Rasa (taste), Guna (properties),
Virya (potency), Vipaka (post-digestive effect), and
Prabhava (specific action). This framework provides a
structured method for predicting and understanding the
therapeutic action of a plant-derived substance [9].Together,
these four principles offer a conceptual bridge between
classical Ayurvedic pharmacology and the phytochemical
mechanisms underlying green nanoparticle synthesis —
since the same bioactive compounds (flavonoids, alkaloids,
tannins) that define a plant's Rasayana or Dravyaguna
properties are often the ones responsible for reducing and

stabilizing metal ions during nanoparticle formation.

2.2 From

Nanotechnology:

Traditional Knowledge to  Green

In the Indian Ayurvedic tradition, bhasmas (calcined metal

and mineral preparations) have been used therapeutically for

millennia, and modern characterization shows that they
contain particles in the nanometer range [4]. These examples
show that traditional knowledge, built on empirical craft and
passed down through generations, was already working with
nanoscale matter, even without an understanding of its
structure. Modern nanotechnology was formally envisioned
in Richard Feynman’s 1959 lecture “There’s Plenty of Room
at the Bottom” [5], and it has since grown into a major field
spanning medicine, energy, agriculture, electronics, and
environmental remediation. However, many conventional
routes to nanomaterials, such as chemical reduction, laser
ablation, and chemical vapor deposition, depend on toxic
reagents, high energy input, and hazardous waste streams
[6]. This tension between technological promise and
environmental cost has driven interest in green
nanotechnology, which applies the principles of green
chemistry [7] to design nanomaterials and nano-enabled
products that reduce or eliminate hazardous substances
across their life cycle. Green synthesis uses biological
resources such as plant extracts, bacteria, fungi, algae, and
biomolecules as reducing, capping, and stabilizing agents in
place of harsh chemicals [8, 9]. Early demonstrations
include the synthesis of silver nanoparticles by living alfalfa
[10] and the rapid biosynthesis of gold and silver
nanoparticles using neem (Azadirachta indica) leaf broth
[11]. Neem is a plant long valued in Indian traditional
medicine. Phytochemicals such as flavonoids, terpenoids,
phenolic acids, and proteins carry out both reduction and
stabilization in a single, mild, aqueous step [12, 13]. The
resulting nanoparticles have shown promise in antimicrobial,
catalytic, sensing, and biomedical applications [14]. The link
between traditional knowledge and green nanotechnology is
therefore more than historical curiosity. Ethnobotanical
knowledge identifies plants with known bioactivity and safe
handling histories, and so offers a rational starting point for
selecting biological sources for nanomaterial synthesis.
Traditional preparation methods such as grinding,
calcination, and aqueous or alcoholic extraction parallel
modern green synthesis protocols. At the same time,
challenges remain, including batch-to-batch variability of
biological extracts, incomplete mechanistic understanding,
scalability, and the need for rigorous toxicological and

regulatory assessment [15].This work traces the path from
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traditional knowledge systems to modern green
nanotechnology. It covers historical and indigenous uses of
nanomaterials, the principles and mechanisms of green
synthesis, key applications, and the open challenges and
future directions needed to turn traditional wisdom into

sustainable, safe, and scalable nanotechnologies.

2.3 A handful of species show how traditional use turns
into laboratory research:

Ayurvedic medicinal plants constitute one of the richest
sources of bioactive phytochemicals for the green synthesis
of metal and metal oxide nanoparticles. These plants contain
a diverse array of secondary metabolites, including
polyphenols, flavonoids, tannins, terpenoids, alkaloids,
glycosides, proteins, polysaccharides, and organic acids,
which act as natural reducing, capping, and stabilizing
agents during nanoparticle synthesis [10]. Unlike
conventional chemical methods that rely on toxic reducing
agents and organic solvents, plant-mediated synthesis offers
an environmentally benign, cost-effective, and sustainable
alternative while producing nanoparticles with enhanced
biocompatibility and biological functionality [11]. The
phytochemicals present in Ayurvedic medicinal plants
donate electrons to metal ions such as Ag*, Auv**, Zn**, Cu*,
and Fe*, reducing them into their corresponding zero-valent
or oxide nanoparticles. Simultaneously, these biomolecules
adsorb onto the nanoparticle surface, preventing aggregation
and improving colloidal stability. This dual functionality
simplifies the synthesis process by eliminating the need for
separate reducing and stabilizing chemicals . Furthermore,
the phytochemical coating often imparts additional
antimicrobial, antioxidant, anti-inflammatory, and anticancer
properties, making these nanoparticles particularly attractive

for biomedical applications.

(a) Neem (Azadirachta indica)

Neem (Azadirachta indica) has been closely associated with
traditional Indian healthcare for centuries and remains one of
the most widely investigated medicinal plants in modern
phytochemical research. Almost every part of the plant—
including the leaves, bark, seeds, flowers, and fruits—
contains biologically active compounds. These constituents

include limonoids, flavonoids, phenolic compounds,

terpenoids, tannins, and several other secondary metabolites,
although their concentration can vary considerably with the
plant part and growing conditions [12]. The chemical
richness of neem has also made it interesting for green
nanotechnology. In recent years, researchers have explored
neem extracts as biological reagents for preparing metallic
and metal oxide nanoparticles. Among these, silver
nanoparticles have received particular attention because of
their strong antimicrobial properties and their potential use
in biomedical materials. During nanoparticle synthesis,
compounds naturally present in the neem extract can interact
with metal ions and may assist in their conversion to
nanoparticles. Other molecules can adsorb onto the newly
formed particle surface and act as natural capping or
stabilizing agents, thereby reducing aggregation. An
important advantage of using neem extract is that several
functions can potentially be achieved within the same
biological system: phytochemicals may contribute to the
reduction process, while other constituents help stabilize the

nanoparticles.

(b) Turmeric (Curcuma longa)

Turmeric (Curcuma longa) is one of the most familiar
medicinal plants associated with the Indian traditional
healthcare system. Its rhizome has been used for generations
in Ayurveda and traditional practices for various health-
related purposes. The biological properties of turmeric are
mainly linked to curcuminoids, particularly curcumin,
together with desmethoxycurcumin, bisdemethoxycurcumin,
essential  oils, phenolic compounds, and other
phytochemicals. The rich phytochemical composition of C.
longa has also attracted attention in green nanotechnology.
Molecules containing hydroxyl, carbonyl, and other
functional groups can interact with metal ions and
nanoparticle  surfaces[13]. During  plant-mediated
nanoparticle synthesis, these compounds may contribute to
the reduction of metal ions and subsequently become
associated with the surface of the newly formed
nanoparticles, where they can influence particle growth and
stabilization. Turmeric extracts have been investigated for
the biological synthesis of metallic and metal oxide
nanoparticles, including silver and gold nanoparticles. These

systems are of interest because the nanoparticles can provide
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their own physicochemical and biological properties, while
plant-derived molecules associated with their surfaces may
further influence stability and biological interactions. Such
combinations have been explored for antimicrobial,
antioxidant, wound-healing, drug-delivery, and other

biomedical applications.

(c) Tulsi (Ocimum tenuiflorum)

Ocimum tenuiflorum, commonly known as tulsi or holy
basil, has a long history of use in Ayurveda. Its leaves
contain essential oils, phenolic compounds, flavonoids, and
other secondary metabolites. These constituents make tulsi
extracts interesting candidates for  plant-mediated
nanoparticle synthesis.Tulsi-mediated nanoparticles have
been investigated for antimicrobial and antioxidant

applications [14].

(d) Ashwagandha (Withania somnifera)

Ashwagandha is an important Ayurvedic medicinal plant
containing steroidal lactones known as withanolides,
together with other phytochemicals.lts extracts have been
explored in nanotechnology because of their chemical
diversity and biological properties. Nanoparticle systems
based on W. somnifera may offer opportunities for studying
antioxidant, antimicrobial, anticancer, and drug-delivery

applications [15].

(e) Aloe vera (Aloe barbadensis / Aloe vera)

Aloe vera is widely recognized for topical and wound-
related applications.lts gel contains polysaccharides,
phenolic constituents, amino acids, vitamins, and other
components. Aloe-derived extracts have been investigated as
biological media for nanoparticle synthesis. The combination
of aloe-derived biomolecules with nanoparticles is
particularly interesting for wound-management research
because the plant matrix and nanoparticles may provide

complementary biological functions.

(f) Amla (Phyllanthus emblica)
Amla, or Indian gooseberry, is traditionally valued for its
nutritional and medicinal properties. It contains high levels

of polyphenolic compounds and other antioxidant

constituents. Its phytochemical richness makes amla a
promising candidate for green nanoparticle synthesis.
Moringa oleifera contains flavonoids, phenolics, proteins,
vitamins, and other biologically active components. Leaf
and seed extracts have been investigated in green synthesis
approaches. Moringa-mediated nanoparticles are of interest
for antimicrobial, antioxidant, catalytic, and biomedical

applications.

(9) Giloy (Tinospora cordifolia)

Tinospora cordifolia is another important Ayurvedic plant. It
contains alkaloids, diterpenoids, glycosides,
polysaccharides, and other constituents. Its potential in green
nanotechnology is associated with the ability of its extract to
provide biomolecules that can participate in nanoparticle
formation and surface modification.Plants that have made

the journey.

2.4. Phytochemicals Involved in Nanoparticle Formation
The ability of plant extracts to synthesize nanoparticles is

largely associated with their phytochemical composition.

2.4.1 Phenolic compounds

Phenolic compounds can participate in electron-transfer
reactions and may contribute to the reduction of metal ions.
Their hydroxyl groups can also interact with nanoparticle
surfaces.Phenolic  compounds are plant secondary
metabolites built around one or more hydroxyl groups (-OH)
attached directly to an aromatic ring. They range from
simple phenolic acids to large polymers such as tannins [16].
They are the main source of the antioxidant, anti-
inflammatory and enzyme-modulating activity attributed to
many Ayurvedic herbs. Plants make them for defence
against UV, pathogens and herbivores, and for pigmentation

and signalling.

Biosynthesis:

Shikimate pathway: produces phenylalanine, which is
converted to cinnamic acid by phenylalanine ammonia-lyase
(PAL). This leads to the phenylpropanoids, including
hydroxycinnamic  acids,  coumarins,  lignans  and
eugenol.Phenylpropanoid plus malonyl-CoA (polyketide)

route: chalcone synthase builds the flavonoid skeleton. This
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gives flavones, flavonols, flavan-3-ols and
anthocyanins.Gallic acid comes from the shikimate pathway
and is the building block of hydrolysable tannins.Content in
a plant varies with species, tissue, season, soil, light stress
and harvest time. This is why standardization is such a

problem.

2.4.2 Flavonoids

Flavonoids are particularly interesting because their
hydroxyl and carbonyl groups can participate in reduction
and stabilization processes. Flavonoids are the largest group
of plant phenolics, with over 6,000 known structures. All
share a C6-C3-C6 skeleton: two aromatic rings (A and B)
joined by a three-carbon bridge that usually closes into a
heterocyclic C ring. They occur mostly as glycosides, with
sugars attached, and sometimes as free aglycones [17]. They
contribute to flower and fruit colour, UV protection,

pathogen defence and signalling.

Biosynthesis:

e Phenylalanine enters the phenylpropanoid pathway and
becomes 4-coumaroyl-CoA.

e Chalcone synthase combines it with three malonyl-CoA
units to form a chalcone, the entry point to all
flavonoids.

e Chalcone isomerase closes the ring to give a flavanone
(such as naringenin), which is then modified by
hydroxylases, reductases and synthases into the
different subclasses.

e  Glycosyltransferases, methyltransferases and
acyltransferases add the decorations that change
solubility, stability and activity.

o Light, UV exposure, nutrient stress and pathogen attack
raise production, so content varies widely between

batches.

2.4.3 Terpenoids

Terpenoids may interact with metal ions and nanoparticle
surfaces and can contribute to particle stabilization.
Terpenoids (isoprenoids) are the largest class of plant natural
products, with tens of thousands of known structures. They

are built from five-carbon isoprene units, and the term

“terpenoid” covers both pure hydrocarbons (terpenes) and
their oxygenated or otherwise modified derivatives. In plants
they act as defence compounds, attractants, membrane
components (sterols), hormones (gibberellins, abscisic acid)
and photosynthetic pigments (carotenoids). Many of the
best-known Ayurvedic markers, such as withanolides,
bacosides, guggulsterones and nimbolide, are terpenoids

rather than phenolics.

Biosynthesis

e Mevalonate (MVA) pathway in the cytosol: makes the
precursors for sesquiterpenes, triterpenes and sterols.

e MEP (methylerythritol phosphate) pathway in plastids:
makes the precursors for monoterpenes, diterpenes and
carotenoids.

e Both routes yield isopentenyl diphosphate (IPP) and
dimethylallyl diphosphate (DMAPP). Prenyltransferases
join them into geranyl (C10), farnesyl (C15) and
geranylgeranyl (C20) diphosphates.

e Terpene synthases cyclize these into the carbon
skeletons. Cytochrome P450 oxidases,
glycosyltransferases and other enzymes then decorate
them, which creates most of the structural diversity.

e Triterpenes form from squalene, produced by joining
two farnesyl units. Oxidosqualene cyclases fold it into
scaffolds such as dammarane, oleanane and ursane.

e Content varies with plant part, developmental stage,

season and stress, which affects standardization.

2.4.4 Alkaloids

Alkaloids possess nitrogen-containing functional groups that
may participate in interactions with metallic surfaces.
Alkaloids are a diverse group of nitrogen-containing plant
metabolites, usually basic (the nitrogen can be protonated)
and often strongly physiologically active. Over 20,000
structures are known. In plants they mainly serve as defence
against herbivores and pathogens. In medicine they supply
some of the most potent drugs ever derived from plants, and
also some of the most dangerous toxins. Unlike the
phenolics, flavonoids and terpenoids covered earlier,
alkaloids are not the defining class for most of the headline

Ayurvedic herbs (turmeric, tulsi, amla, guggul). They matter
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more in other plants of the tradition, such as Rauvolfia,

Berberis, Tinospora, Adhatoda and Piper.

Biosynthesis

e Most alkaloids derive from amino acids: tryptophan
(indole alkaloids), tyrosine (isoquinoline alkaloids),
lysine (piperidine and quinolizidine), ornithine (tropane
and pyrrolizidine) and others.

e Decarboxylation gives an amine, which is then
condensed, cyclized, oxidized and methylated by
specific enzymes. Strictosidine synthase, which joins
tryptamine and secologanin, is the entry point to the
large monoterpenoid indole alkaloid family that
includes reserpine and ajmaline.

e Pseudoalkaloids have the carbon skeleton from non-
amino-acid precursors, such as the terpenoid-derived
steroidal alkaloids (conessine) and diterpenoid alkaloids
(aconitine).

e Production often occurs in specific tissues (roots, bark)
and rises with stress, so content varies widely with part,

age and harvest.

2.4.5 Proteins and amino acids

Proteins and amino acids present in plant extracts may act as
natural capping agents. Their functional groups can bind to
the surface of newly formed nanoparticles and reduce
uncontrolled aggregation. Proteins are chains of amino acids
folded into functional structures, and peptides are shorter
chains. Amino acids are the building blocks, and plants also
make many non-protein amino acids that are never
incorporated into proteins but often have strong biological
activity. Unlike the phenolics, flavonoids, terpenoids and
alkaloids covered earlier, proteins are rarely the defining
actives of the headline Ayurvedic herbs, and they have
received less attention in standardization. Their importance

lies in a few notable cases (lectins, proteases, bioactive

peptides, L-DOPA) and in the nutritional value of protein-

rich plant parts.

2.4.6 Carbohydrates

Sugars and polysaccharides can contribute to nanoparticle
stabilization and may influence particle growth.
Carbohydrates are polyhydroxy aldehydes and ketones and
the polymers built from them. In plants they serve as energy
stores (starch, inulin), structural material (cellulose,
hemicellulose, pectin), and protective or water-retaining
substances (gums and mucilages). Most are not “active
constituents” in the sense that curcumin or withanolides are.
Their medicinal importance comes from a few specific
effects: immune modulation by certain polysaccharides, gut
and metabolic effects of dietary fibre, soothing and
protective properties of mucilages, and a large practical role
as excipients and carriers in formulations. The last point
matters for drug delivery, because gums and other plant
polysaccharides are widely used to build nanocarriers,

hydrogels and mucoadhesive systems.

Biosynthesis

e Photosynthesis fixes CO: into triose phosphates, which
become glucose, fructose and sucrose.

e Nucleotide sugars (UDP-glucose, GDP-mannose,
UDP-galactose, UDP-arabinose and others) are the
activated building blocks.

e Glycosyltransferases assemble them into
polysaccharides in the Golgi (hemicelluloses, pectins,
gums) or at the plasma membrane (cellulose, callose).

e Starch is made in plastids, fructans such as inulin in
vacuoles.

e Gums and mucilages are often produced as a response
to wounding, drought or secretory-cell differentiation.
Plant polysaccharides therefore vary with species, plant

part, season, and growing and harvest conditions.

Table 1. Major phytochemical groups involved in plant-mediated nanoparticle synthesis

Phytochemical group Possible role Important functional features
Phenolics Reduction and stabilization Hydroxyl groups
Flavonoids Reduction/capping Hydroxyl and carbonyl groups
Terpenoids Surface interaction/stabilization Oxygen-containing groups
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Alkaloids Metal interaction/capping Nitrogen-containing groups
Proteins Capping/stabilization Amino, carboxyl and other groups
Amino acids Surface binding Amino or carboxyl groups
Sugars Stabilization Multiple hydroxyl groups
Tannins Reduction and capping Phenolic hydroxyl groups
2.5 Mechanism of Plant-Mediated Nanoparticle dissolved in water, giving Ag* or AuCls". Ions may bind first
Synthesis to functional groups (-OH, —-COOH, —-NH., —SH) on

The phytochemicals present in the extract may act as
reducing molecules, while other constituents adsorb onto the
nanoparticle surface and help prevent aggregation .However,
it is scientifically important not to assume that every
phytochemical present in an extract participates directly in
nanoparticle formation. Mechanistic conclusions should be
supported by appropriate analytical evidence.For example,
in silver nanoparticle synthesis, silver ions can be reduced to
metallic silver: Agh — Ag°

Fast reduction gives many small nuclei and small particles.
Slow reduction gives fewer, larger or more anisotropic
particles.Although the exact mechanism differs between
plants and nanoparticle systems, the general process can be

represented as in figure 1.

General sequence of events:
Metal ion availability: A salt such as AgNOs or HAuCls is

»

a

phytochemicals, forming metal-ligand complexes.
Reduction: Phytochemicals transfer electrons or hydrogen
atoms to the metal ion, converting it to the zero-valent atom
(Ag®, Au®. The extract’s redox-active molecules are
oxidized in the process, for example phenols to quinones.
Nucleation: Zero-valent atoms accumulate until the solution
is supersaturated, then cluster into tiny stable nuclei.
Growth: Remaining ions are reduced on the surface of
existing nuclei, and small particles can fuse or dissolve and
redeposit on larger ones (Ostwald ripening). Growth
determines final size and shape.

Capping and stabilization: Biomolecules adsorb on the
surface, blocking further growth and preventing aggregation
through steric hindrance and electrostatic repulsion.
Maturation: Particles may continue to change over hours,

and shape, size and surface chemistry depend on how long

the reaction runs.

»

«

igure 1: General Process for Nanoparticle Systems

3. Conclusion
Ayurvedic medicinal plants show how traditional knowledge

can become testable science. Turmeric, ashwagandha,

brahmi, neem, tulsi, guggul and amla all have documented
bioactive compounds, plausible mechanisms and a growing

body of laboratory and clinical work behind them. Their
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long history of use has proved a productive source of
hypotheses.The evidence is still uneven. Ashwagandha and
amla have the most human data, but many trials are small,
short and heterogeneous, and results differ across outcomes.
Neem and tulsi rest largely on preclinical work or a few
small trials, and some trials use proprietary extracts supplied
by the manufacturer. Curcumin illustrates the central
delivery problem: strong activity in the laboratory, but poor
absorption in people, which is why nanoformulations and
other delivery systems are an active area of research.Safety
and quality need the same attention as efficacy. “Natural”

does not mean harmless, as the reports of herb-induced liver
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