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Abstract: Nanotechnology has revolutionized drug delivery systems, improving bioavailability, specificity,
and therapeutic efficiency. Phytonanoparticles (PNPs), that are among the numerous kinds of nanoparticles,
having attracted people’s attention, are made from plants, and that are using bioactive compounds such as
polyphenols, etc. Thus, these eco-friendly, biocompatible nanoparticles not only have enhanced therapeutic
potential but also have reduced toxicity and the environmental impact. Phytonanoparticles (PNPs) are an
novel class of nanoparticles synthesized using plant extracts as reducing, capping, and stabilizing agents,
representing an eco-friendly and biocompatible alternative to conventional nanoparticle synthesis
techniques. This review investigates the process of phytonanoparticle synthesis through “Green Synthesis”
methods, focusing on the utilize of bioactive compounds from plants to produce nanoparticles. The process
involves selecting appropriate plant material, extracting phytochemicals, and mixing them with metal salt
solutions to create nanoparticles. The review further discusses different types of nanoparticles utilized in
targeted drug delivery, including liposomes, polymeric nanoparticles, and more. Phytonanoparticles exhibit
key characteristics that make them suitable for drug delivery, such as biocompatibility, targeted drug
delivery potential, and more. Their unique features include targeted drug delivery through functionalization
with precise ligands, minimize drug accumulation in non-target tissues, and natural biodegradation,
decreasing long-term damage. This paper highlights the role of phytonanoparticles in cancer therapy,
antimicrobial treatment, etc. For example, Moringaoleifera gold nanoparticles can target cancer cells, and
Aloe vera zinc oxide nanoparticles can also help insulin delivery. The findings indicate that
phytonanoparticles hold significant promise in enhancing therapeutic efficacy, reducing side effects, and
offering cost-effective and eco-friendly drug delivery applications.

Keywords: Phytonanoparticles (PNPs), Green Synthesis, Targeted drug delivery, Eco-friendly
nanoparticles, Nanotechnology in drug delivery, Biocompatibility, Cancer Therapy.
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INTRODUCTION:

Nanotechnology has played vital role in drug delivery systems, allowing the development of novel methods
for improving the bioavailability, specificity, and therapeutic efficacy of drugs. One of the various types of
nanoparticles which have become prominently visible in recent years. Phytonanoparticles are a kind of
nanoparticles that are made by using materials that come from plants, specifically utilizing plant extracts as
reducing, capping, and stabilizing agents in the production process. (1) This technique not only diminishes
the utilization of toxic reagent but also incorporates bioactive compounds from plants, which consequently
have better therapeutic characteristics of the nanoparticles. Polyphenols, flavonoids, and alkaloid are the
ususal plant based substance which work quite well with them, as well as their antioxidant, antimicrobial,
and anti-inflammatory features. (2) These nanoparticles contain unique properties and are combined by a
method that is ecological. Therefore, they are normally biocompatible, nontoxic to the environment, and
can be employed in areas such as drug delivery, antimicrobial therapies, and cancer treatment.
(3)Nanoparticle synthesis using plant extracts, also known as “green synthesis” is a sustainable and
environmentally benign process that uses naturally occurring molecules taken from plants to produce
nanoparticles. This method is an alternative to conventional chemical and physical methods, which
frequently call for the application of harmful materials and energy-intensive procedures. (4)The most
important attribute of phytonanoparticles is their potential to attach to target specific tissues or cells. By
functionalizing the nanoparticles with specific ligands, like antibodies or peptides, they are able to adhere
exclusively to the receptors on the target cells. This focused strategy is the reason that drug collection in
non-target tissues, become minimized so that drug adverse effects are decreased and the therapeutic effect
is aimed. For example, phytonanoparticles have displayed hopeful results in the targeting of cancer cell
while not causing harm to healthy tissue and thus can be favoured in oncology applications.
(5)Biocompatibility and chronic biodegradation are one of the crucial features of phytonanoparticles. (6)The
most recent breakthroughs in the field have most impressively underscored the general capacity of the
phytonanoparticles to deliver an extensive range of therapeutics, among which the most widespread are
chemotherapeutic agents. (7)This is possible, although it can still be a serious challenge to scale up the
synthesis procedure while maintaining the uniformity of size, shape, and functionalization of the particles.
Moreover, this is important that there would be the establishment of the regulatory guidelines aimed at the
approval of phytonanoparticles-based treatments. (8)Phytonanoparticles offer a sustainable and effective
alternative to the traditional methods in targeted drug delivery systems which are selected for their potential
therapeutic treatment. Besides, these biocompatible systems are particularly targeted to diseases that are
mostly diagnosed by excessive consumption of some substances. Eco-friendly synthesis of the nanoparticles
is another unique property that makes them the healers of the future. It is well-organised logic but must be
tested, and followed to maximal the application and boosts the green chemistry functions. (9)
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Discussion:

Types of nanoparticles used in targeted drug delivery systems:

Types of
Nanoparticles

v

Metal Carbon-based
nanoparticles nanoparticles

Polymeric
nanoparticles

Liposomes Dendrimers

Figure 1 Types of Nanoparticles

1. Liposomes:
These are spherical vesicles made of lipid bilayers, similar to cell membranes. Liposomes can have both
hydrophilic and hydrophobic substances encapsulated, making them versatile for drug delivery. They
can be modified with targeting ligands to improve specificity for certain cells or tissues. (10) (11)

2. Polymeric nanoparticles:
These nanoparticles are made from biocompatible polymers like polylactic-co-glycolic acid (PLGA) or
polyethylene glycol (PEG). Polymeric nanoparticles offer tunable properties such as size, surface
charge, and degradation rate. They can encapsulate drugs and protect them from degradation while
facilitating controlled release kinetics. (12) (13) (14)

3. Dendrimers:
Dendrimers are highly branched, symmetric molecules with well-defined structures. Their multivalent
surface allows for precise control over drug loading and targeting ligand attachment. Dendrimers can
penetrate cellular barriers and deliver drugs intracellullary. (15) (16)

4. Metal nanoparticles:
Metal nanoparticles like gold, silver, or iron oxide have unique physicochemical properties that make
them attractive for drug delivery implementation. They can be functionalized with targeting ligands and
imaging agents for thermostatic applications, combining therapy and diagnostics. (17) (18)

5. Carbon-based nanoparticles:
Carbon nanotubes and graphene oxide are examples of carbon-based nanoparticles used in target drug
delivery systems. They possess large surface area and unique mechanical, electrical, and thermal
properties. Functionalization with targeting ligands enables specific drug delivery to desired cells or
tissues. (19) (20)
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Important Stages in Nanoparticle Synthesis Using Plant Extracts:

Preparation of Plant Extracts:
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Figure 2 Preparation of Plant Extracts

e Selection of Plant Material:
The procedure begins by selecting a suitable plant species. Leaves, etc. can be used depending on
the required nanoparticles qualities. (21) (22)

e Extraction Process:
The plant material is cleaned, dried, and then ground into a very fine powder. This powder is then
combined with a solvent, to extract bioactive substances. The mixture is filtered to yielding a clear
plant extract. (23) (24) (25)

e Mixing with Metal Salt Solutions:
Metal Salt Selection: Metal Salt including silver nitrate etc., are utilized for synthesizing several
types of nanoparticles. (26) (27)

e Reduction Process:
The plant extract is mixed with the metal salt solution. The bioactive compounds in the extract,
including flavonoids, etc. Function as reducing agents, converting metal ions into metal
nanoparticles. (28) (29)

e Stabilization of Nanoparticles: Capping Agents:
The same bioactive substances also act as capping agents, stabilizing the nanoparticles and
preventing them from aggregating. Capping ensures the stability of the nanoparticles in suspension.

(30)
Characterization of Nanoparticles:

Table 1: Characterization of Nanoparticles

Technique Properties

UV-Vis Spectroscopy To established the nanoparticles formation by
detecting surface Plasmon resonance peaks. (31)
Transmission Electron Microscopy (TEM) | To analyse the size, shape, and morphology of the
and Scanning Electron Microscopy (SEM) nanoparticles. (32)

X-ray Diffraction (XRD) To determine the crystalline structure of the
nanoparticles. (33)

Fourier Transform Infrared Spectroscopy | To identify functional groups on the nanoparticle
(FTIR) surface, confirming the presence of capping agents.
(34)
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Characteristics of Nanoparticles in Drug Delivery:

Table 2: Characteristics of Nanoparticles in Drug Delivery.

Characteristics Description

Particle size Nanoparticles typically have sizes range from 1 to 100 nanometers. Size affects their
circulation time biodistribution and cellular uptake. Smaller nanoparticles can
penetrate tissues more effectively and may escape immune system detection (35)

(36)
Surface Surface properties like charge, hydrophobicity, and functional groups influence
Properties of interactions with biological environments, cellular uptake, and circulation time.

Nanoparticles Surface modification can enhance targeting, stability, and reduce toxicity. (37) (38)

Drug Release Controlled drug release kinetics from nanoparticles is crucial for maintaining
therapeutic levels over time, reducing side effects, and improving patient
compliance. Factors like nanoparticle composition, structure, and environmental
conditions influence drug release profiles. (39) (40)

Targeted Drug Nanoparticles can be engineered to target specific cells, tissues, or organs, enhancing
Delivery drug efficacy while minimizing systemic toxicity. Targeting ligands, like antibodies or

peptides, can facilitate selective binding and uptake by specific cells or tissues. (37)
(41) (42)

The mechanism by which (Phytonanoparticles) PNPs function in targeted drug delivery involves
several key steps:

Targeting Mechanism
Passive Targeting:

This mechanism based on the increased permeability and retention effect, which is characteristic of tumor
tissues or inflamed areas. PNPs can build in these regions due to leaky vasculature and poor lymphatic
drainage.

Active Targeting:

PNPs can be functionalized with particular ligand, like antibodies, peptides, or small molecules, that
specifically bind to receptors overexpressed on the surface of target cells (e.g., tumor cells). This
guarantees that the PNPs selectively bind to and are internalized by the targeted cells. (43) (44)
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(a) Passive targeting (b) Active targeting
Figure 3 Targeting Mechanism
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Phytonanoparticles are gaining significant attention in drug delivery systems for several compelling
reasons, particularly in targeting specific tissues or cells:

1. Biocompatibility and Reduced Toxicity
Phytonanoparticles are made plant based materials, which are generally more biocompatible and less
hazardous than synthetic nanoparticles. This lowers the risk of adverse reactions, making them safer
for drug delivery, particularly for long-term treatments. (45) (46)

2. Targeted Drug Delivery
Phytonanoparticles can be constructed to target specific tissues or cells. The altering surface of these
nanoparticles with ligands that recognize and bind to receptors on particular cell types, allowing for
precised delivery of medicinal agents. This is especially useful in cancer therapy, where medication
an be directed specifically to tumor cells, minimizing damage to healthy tissues. (47)

3. Enhanced Drug Stability and Bioavailability
Many phytonanoparticles can encapsulate drugs, protecting them from deterioration before they
reach their target. This encapsulation enhances the stability of medications, particularly those that
are delicate to environmental factors like pH or enzymatic degradation. Moreover,
phytonanoparticles can increase the bioavailability of poorly dissolvable drugs by improving their
solubility and absorption in the body. (48)

Phytonanoparticles, which are nanoparticles synthesized using plant-based methods, offer several
advantages:

1. Eco-friendly and Sustainable:
The synthesis of phytonanoparticles is environmentally friendly since it eliminates hazardous
chemicals and reduces waste, aligning with green chemistry principles.

2. Biocompatibility and Safety:
These nanoparticles are generally biocompatible, making them safer for medical and
pharmaceutical applications, by lowering the chance of adverse reactions.

3. Cost-effective Production:
Using plant extracts for synthesis can be more cost-effective compared to traditional chemical and
physical process, which often require costly materials and equipment.

4. Antimicrobial and Antioxidant Properties:
Many phytonanoparticles exhibit high microbicidal and antioxidant activities, making them efficient
for avoiding infections and oxidative stress-related disorders.

(49) (50) (51)
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Applications of Phytonanoparticles in Targeted Drug Delivery Systems:

Table 4: Applications of Phytonanoparticles in Targeted Drug Delivery Systems.

Therapy Applications Example

Cancer Phytonanoparticles can be designated to | Gold nanoparticles synthesized from

Therapy specifically target cancer cells. The plant- | Moringaoleifera leaf extract have been
derived nanoparticles are frequently | used for particular breast cancer cells.
functionalized with ligands that recognize | These gold nanoparticles are loaded with
and bind to cancer-specific markers. Once | the medication doxorubicin and are able
attached, they can deliver chemotherapeutic | to deliver the medication specifically to
agents directly into the cancerous tissue, | the tumor site, minimizing the adverse
minimizing adverse effects in non-targeted | effects tissue that is healthy. (52)
areas.

Antimicrobial | Phytonanoparticles can also be efficient in | Silver nanoparticles derived from

Therapy the specific delivery of antimicrobial agents. | Azadirachtaindica (neem) extracts have
They can enhance the delivery of antibiotics, | shown promising results in delivering
antifungals, and antivirals to infection sites, | antimicrobial agents directly to the
overcoming the obstacles offered by drug- | infection site, increasing the
resistant microbes. effectiveness of the drug against resistant

bacteria. (28)

Diabetes Phytonanoparticles can be utilized to | Zinc oxide nanoparticles derived from

Treatment improve the delivery of insulin or other | Aloe vera extracts have been studied for
antidiabetic drugs, ensuring a controlled | their ability to improve the delivery of
release and a prolonger duration of action, | insulin and other antidiabetic agents,
which can improve patient compliance and | potentially helping to control blood
effectiveness glucose levels more effectively. (53)

Future Scope:

Optimization of Synthesis Protocols: Green synthesis protocols must be standardized in order to ensure the
reproducibility, uniformity, and scalability of phytonanoparticles uncovered in the recent studies. One of the
potential remedies for the future of green nanobiotechnology could be through the discovery and use of
diverse plant species and bioactive compounds to expand the versatility and therapeutic potential of these
nanoparticles.

Enhancing Targeting Mechanisms: One way to achieve more specific cell and tissue targeting is the use of
antibodies, peptides with optimized functionalization techniques. Projects involve the development of
stimuli-responsive systems for controlled drug release that are activated by the current environment.

Conclusion:

Phytonanoparticles (PNPs) represent a promising frontier in targeted drug delivery systems, offering
numerous advantages over conventional methods due to their eco-friendly, biocompatible, and versatile
nature. Their green synthesis using plant extracts as reducing, capping, and stabilizing agents enables an
environmentally sustainable and scalable process. Nanoparticles get hold of bioactive compounds which are

a natural part of the plants, such as polyphenols, etc., and this is used as material to make safer and more
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efficient drug delivery platforms. This paper has highlighted the broad applications of PNPs in cancer

therapy, antimicrobial treatment, and more. Key characteristics such as particle size, surface properties, and

etc. capabilities make PNPs ideal candidates for enhancing therapeutic efficacy while reducing adverse side
effects. The unique ability of PNPs to provide both passive and active targeting mechanisms enhances their

specificity to diseased tissues or cells, thereby improving the precision of drug delivery. Additionally, the

low toxicity and biocompatibility of plant-based materials ensure safer drug delivery systems, particularly
for long-term treatments.
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