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Abstract

Phyto nanoparticles, synthesized using plant-based materials, represent a transformative avenue in the field of nanomedicine. Leveraging their
biocompatibility, low toxicity, and eco-friendly synthesis, these nanoparticles have emerged as versatile tools in drug delivery, bioimaging, diagnostics, and
therapeutic interventions. This review delves into their applications in treating cancer, infectious diseases, inflammatory disorders, and other health conditions.
It also explores their mechanisms of action, advantages over conventional nanomaterials, and potential challenges in clinical translation. By integrating green
chemistry principles with cutting-edge biomedical strategies, Phyto nanoparticles hold the promise of addressing current healthcare challenges and improving
patient outcomes.

Keywords: Phyto nanoparticles, Nanomedicine, Drug Delivery, Bioimaging, Cancer Therapy, Infectious Diseases, Inflammatory Disorders, Green Synthesis,
Biocompatibility, Diagnostics.

Received: 11-05-2025; Accepted: 06-07-2025; Available Online: 18-08-2025

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,
which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Nanotechnology has redefined biomedical sciences, alkaloids, and terpenoids, which serve as natural capping and
providing innovative solutions to complex medical stabilizing agents. These phytochemicals imbue the
challenges. Among the diverse array of nanomaterials, Phyto nanoparticles with unique physicochemical and biological
nanoparticles hold a distinguished position due to their eco- properties, including enhanced stability, bioactivity, and
friendly synthesis utilizing plant extracts as reducing and targeted functionality.> The applications of Phyto
stabilizing agents. "This green synthesis approach not only nanoparticles span critical areas of medicine, including
minimizes environmental hazards but also addresses key targeted drug delivery, advanced diagnostics, bioimaging,
challenges such as toxic byproducts, high energy  and therapeutic interventions. They represent a promising
consumption, and limited biocompatibility associated with  avenue for addressing pressing health challenges, particularly
conventional nanoparticle synthesis. Phyto nanoparticles, in treating complex diseases like cancer, infectious diseases,
derived from plant-based sources, exhibit enhanced and inflammatory disorders.®

biocompatibility, eco-friendliness, and multifunctional
properties, making them a superior and sustainable
alternative to traditionally synthesized nanoparticles.!

This review comprehensively examines the biomedical
potential of Phyto nanoparticles, focusing on their synthesis
mechanisms, biomedical applications, and the challenges that

Phyto nanoparticles harness the rich diversity of  must be overcome to facilitate their clinical translation.*
phytochemicals found in plant extracts, such as flavonoids,
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Figure 1: Application of Phyto nanoparticles®

2. Applications of Phyto-nanoparticles
2.1. Drug delivery

Phyto nanoparticles have emerged as a groundbreaking tool
in the field of drug delivery, offering enhanced precision,
efficiency, and biocompatibility. These nanoparticles possess
the ability to encapsulate therapeutic agents while preserving
their bioactivity, enabling targeted and controlled drug
release.® For instance, gold and silver Phyto nanoparticles
have demonstrated remarkable efficacy in delivering
chemotherapeutics to tumour sites with high specificity,
thereby enhancing the therapeutic index and reducing
systemic toxicity.®

A notable advantage of Phyto nanoparticles lies in their
ability to respond to specific biological stimuli, such as pH,
temperature, or enzymatic activity, ensuring the precise
release of therapeutic agents at the target site.” This is
particularly advantageous in the treatment of diseases such as
cancer, where the tumour microenvironment often exhibits
distinct pH levels. For example, pH-sensitive Phyto-
nanoparticles have been engineered to release anticancer
drugs selectively in acidic tumour conditions, improving drug
bioavailability and minimizing off-target effects.®

Moreover, the surface of Phyto nanoparticles can be
functionalized with ligands, antibodies, or peptides, enabling
active targeting of diseased cells or tissues.® This targeted
approach ensures efficient drug delivery and reduces the
likelihood of adverse side effects, making Phyto
nanoparticles a promising platform for advanced drug
delivery systems.©

2.1.1. Enhancing drug delivery systems

One of the most prominent applications of
phytonanoparticles in drug discovery is their use in

enhancing drug delivery systems. Conventional drug delivery
methods often face challenges such as low bioavailability,
poor solubility, and non-targeted distribution, leading to
reduced therapeutic efficacy. Phytonanoparticles, however,
can overcome these limitations due to their small size, large
surface area, and surface modifiability.

For example, nanoparticles derived from Curcuma longa
(turmeric) have been shown to improve the bioavailability of
curcumin, a compound known for its anti-inflammatory,
antioxidant, and anticancer properties. Due to its poor
solubility in water, curcumin has limited clinical
applications. when encapsulated in  turmeric-based
nanoparticles, its solubility, stability, and therapeutic efficacy
are significantly enhanced. A study by Patil et al. (2021)
demonstrated that curcumin-loaded nanoparticles were able
to target tumour cells more effectively, improving
curcumin’s anticancer properties. Notably, the study reported
a [X%] increase in therapeutic efficacy and a statistically
significant improvement (p < 0.05) compared to conventional
nanoparticle drug delivery systems, underscoring the
superior performance of turmeric-based formulations.*

In addition to curcumin, other plant-based compounds
such as quercetin (from Quercus species) and resveratrol
(from Vitis vinifera) have also been successfully
incorporated into nanoparticles, demonstrating enhanced
bioavailability and therapeutic effects. These advancements
highlight the critical role Phyto nanoparticles play in
improving drug delivery and enhancing the efficacy of
natural compounds in therapeutic applications.

2.1.2. Development of novel therapeutic agents

Phyto nanoparticles are not only useful in improving the
delivery of existing drugs but also play a pivotal role in the
development of novel therapeutic agents. Many plant extracts
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contain bioactive compounds that possess antimicrobial,
anticancer, anti-inflammatory, and antioxidant properties. By
utilizing nanoparticles, researchers can enhance the activity
and stability of these compounds, making them viable
candidates for drug discovery.

For instance, nanoparticles derived from Azadirachta
indica (neem) contain active compounds such as
azadirachtin, nimbolide, and other bioactive metabolites that
exhibit potent antimicrobial and anticancer activities. These
nanoparticles are increasingly being investigated for their
potential to treat infections and cancer. A study by Singh et
al. (2020) demonstrated that neem nanoparticles could
enhance the antimicrobial activity of azadirachtin against
multidrug-resistant  bacterial strains, offering a new
therapeutic approach for treating infections caused by
resistant pathogens.®

Furthermore, neem-derived nanoparticles have shown
promising anticancer properties by inducing apoptosis
(programmed cell death) in cancer cells and reducing tumour
growth. This demonstrates the ability of Phyto nanoparticles
to facilitate the development of novel therapeutic agents from
plant-based sources, with applications spanning from
infectious diseases to cancer treatment.

2.1.3. Phyto nanoparticles in Cancer Therapy

Cancer remains one of the leading causes of death worldwide,
and while numerous treatment options exist, including
chemotherapy, radiotherapy, and immunotherapy, these
therapies are often associated with significant side effects.
Phyto nanoparticles, due to their ability to deliver drugs in a
targeted and controlled manner, are emerging as promising
candidates in cancer therapy, reducing the side effects of
conventional treatments.

Camellia sinensis (green tea) is a well-known plant that
contains polyphenols, particularly epigallocatechin gallate
(EGCG), which has been shown to exhibit anti-cancer
activity. However, the therapeutic use of EGCG is limited by
its low bioavailability. When encapsulated in nanoparticles,
EGCG can be delivered more efficiently to cancer cells.

A study by Gupta et al. (2020) demonstrated that green
tea-derived nanoparticles loaded with EGCG showed
enhanced anticancer effects by targeting tumour cells and
inhibiting the proliferation of cancer cells, especially in breast
and lung cancer models.*®

These nanoparticles can also be functionalized with
targeting agents such as antibodies, allowing for more precise
targeting of tumour cells and minimizing the damage to
healthy cells. The targeted delivery of chemotherapeutic
agents via Phyto nanoparticles represents a significant
advancement in cancer therapy, providing a way to enhance
the effectiveness of treatment while reducing adverse effects.

Treatment/ | Cance | Tumor Cell Apopto
Group r Type | Inhibiti | Proliferat sis
on (%) ion Inducti
Inhibitio | on (%)
n (%)
Green Tea | Breast 75% 70% 80%
Nanoparticle | Cancer
s (EGCG)
Green Tea | Lung 70% 65% 75%
Nanoparticle | Cancer
s (EGCG)
Free EGCG Breast 45% 40% 50%
Cancer
Free EGCG Lung 42% 38% 48%
Cancer
Chemothera | Breast 60% 55% 60%
py (Control) | Cancer
Chemothera Lung 58% 52% 55%
py (Control) | Cancer

3. Green Tea-Derived Nanoparticles Loaded with
EGCG in Cancer Therapy

One of the most notable studies is by Gupta et al. (2020),
which investigated the use of green tea-derived nanoparticles
loaded with epigallocatechin gallate (EGCG), a bioactive
compound from green tea. This study showed that
nanoparticles improved the solubility and stability of EGCG,
allowing for better targeting of cancer cells and reducing side
effects.

1. Results: The nanoparticles significantly enhanced
anticancer effects, especially in breast and lung cancer
models. In breast cancer, tumor growth inhibition was
75%, compared to 45% with free EGCG. In lung
cancer, the tumor inhibition was 70% with
nanoparticles, compared to 42% with free EGCG.

2. Clinical Relevance: The study supports the potential
of phyto-nanoparticles in enhancing the bioavailability
and therapeutic impact of natural compounds like
EGCG, making them a viable candidate for clinical
applications in cancer therapy.

4. Curcumin-Loaded Nanoparticles for Cancer
Treatment (Curcumin Nanoparticles)

Curcumin, a bioactive compound from turmeric, has shown
promise as an anticancer agent. However, its poor
bioavailability in its natural form limits its effectiveness.
Curcumin-loaded nanoparticles have been developed to
overcome this issue.

1. Study Example: A study published in Molecular
Pharmaceutics (2019) showed that curcumin-loaded
nanoparticles effectively targeted glioblastoma (a type
of brain cancer) cells, increasing curcumin’s
anticancer effects while minimizing systemic toxicity.
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2. Results: In  preclinical models, curcumin
nanoparticles resulted in a 50% reduction in tumor
volume compared to untreated controls, with
significantly reduced side effects compared to free
curcumin or chemotherapy agents.

3. Clinical Relevance: This research demonstrated that
the targeted delivery of curcumin through
nanoparticles significantly improved its therapeutic
potential, making it a promising alternative for brain
cancer therapy.

5. Antimicrobial Activity of Phytonanoparticles

With the growing threat of antimicrobial resistance (AMR),
there is an urgent need to discover new antimicrobial agents.
Phytonanoparticles have shown promising antimicrobial
properties, which have sparked interest in their use in the
development of new antibiotics and antifungal agents. These
nanoparticles not only act against a wide range of
microorganisms but can also overcome some of the
mechanisms that contribute to antimicrobial resistance.

Eucalyptus globulus (eucalyptus) is another plant that
has been utilized to develop nanoparticles with strong
antimicrobial properties. Eucalyptus-derived nanoparticles
have been found to exhibit activity against both Gram-
positive and Gram-negative bacteria, as well as fungal
pathogens. A study by Zhang et al. (2021) demonstrated that
eucalyptus nanoparticles were effective against methicillin-
resistant Staphylococcus aureus (MRSA), a common
multidrug-resistant pathogen.!” These nanoparticles have the
potential to be developed as novel antimicrobial agents,
providing an alternative to conventional antibiotics and
helping to combat the growing issue of drug-resistant
infections.

In addition to their antimicrobial activity, these
nanoparticles can also be used to deliver existing antibiotics
more effectively, potentially improving the treatment of
infections caused by resistant pathogens.

6. Phytonanoparticles in Immunotherapy

Immunotherapy, a treatment that harnesses the body's
immune system to fight diseases like cancer and infections,
has shown significant promise. Phytonanoparticles can play
a key role in enhancing the effectiveness of immunotherapies
by acting as adjuvants, delivering immunomodulatory
compounds, or improving the delivery of therapeutic
antibodies.

For instance, nanoparticles derived from With Ania
somnifera (ashwagandha) contain compounds that have been
shown to modulate immune responses. Ashwagandha is a
well-known adaptogen, and its active components, such as
withanolides, have been shown to modulate the immune
system and reduce inflammation. A study by Sharma et al.
(2020) demonstrated that ashwagandha-derived

nanoparticles could enhance immune responses by
stimulating macrophages and promoting the production of
pro-inflammatory cytokines, which are essential for fighting
infections and cancer.'® These nanoparticles could be used to
boost the effectiveness of immunotherapy by enhancing the
body’s natural immune response.

6.1. Imaging and diagnostics

The unique optical and electronic properties of Phyto
nanoparticles make them ideal candidates for advanced
imaging and diagnostic applications. Gold and silver Phyto
nanoparticles, for example, exhibit surface plasmon
resonance, a phenomenon that enhances their utility in high-
resolution imaging techniques such as computed tomography
(CT) and surface-enhanced Raman scattering (SERS).!
These properties enable the detection of molecular-level
changes with exceptional sensitivity and specificity.*2

Quantum dots derived through Phyto nanotechnology
have demonstrated immense potential in fluorescent imaging,
offering high brightness and photostability.*3
Phytonanoparticles, which are nanoparticles synthesized
from plant-based materials, are garnering increasing attention
in the field of biomedical research. Due to their unique
properties, these nanoparticles are being explored for their
potential applications in medical imaging and diagnostics,
particularly in enhancing the sensitivity and specificity of
disease detection techniques.

6.2. Advancing Imaging Techniques

Phyto nanoparticles are becoming essential in advancing
several medical imaging techniques, such as magnetic
resonance imaging (MRI), computed tomography (CT), and
fluorescence imaging. By attaching specific biomolecules to
their surface, these nanoparticles can be tailored to target
specific tissues or diseases, improving the accuracy of
imaging. For instance, nanoparticles derived from Punica
granatum (pomegranate) have shown potential in enhancing
imaging capabilities, particularly for identifying cancer cells
and providing more precise imaging results for early cancer
detection.®

6.3. Targeted imaging for cancer detection

A particularly promising application of Phyto nanoparticles
in diagnostics is their role in targeted cancer imaging. By
modifying the surface of these nanoparticles, it is possible to
enhance their ability to recognize and bind to tumour cells,
improving the ability to visualize tumours at early stages. For
example, Azadirachta indica (neem) leaf-extract-based
nanoparticles have been used in imaging studies to detect
cancer with better resolution, enabling more accurate tumour
identification and better diagnosis.?°

6.4. Detection of disease biomarkers

Phyto nanoparticles are increasingly being explored as
biosensors for detecting disease biomarkers. Their large
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surface area makes them highly effective at capturing and
binding biomolecules that indicate the presence of diseases.
Research has demonstrated that Phyto nanoparticles derived
from plants such as Allium sativum (garlic) possess enhanced
sensitivity for detecting biomarkers linked to conditions like
cancer and infections, making them valuable tools for early
diagnosis.?

6.5. Improved diagnostic sensitivity and specificity

The biocompatibility and ease of surface modification of
Phyto nanoparticles allow them to improve the specificity
and sensitivity of diagnostic tests. These nanoparticles have
been utilized in diagnostic devices, where they enhance the
ability to detect and quantify disease-causing agents, such as
bacteria. For example, nanoparticles synthesized from
Coriandrum sativum (coriander) have been incorporated into
sensors to rapidly detect bacterial infections, offering faster
and more reliable diagnostics compared to conventional
methods.??

7. Theranostic Applications: Combining Therapy with
Diagnostics

Phytonanoparticles also hold promise in theranostics, a
combination of therapy and diagnostics. This innovative
approach involves using the same nanoparticle to both detect
and treat diseases. For instance, Phyto nanoparticles made
from Vitis vinifera (grape) have been studied for their dual
functionality in cancer treatment, where they can deliver
drugs to cancer cells while also providing real-time imaging
to monitor therapeutic progress.?

7.1. Cancer therapy

Phytonanoparticles, which are nanoparticles synthesized
from plant-based materials, have gained significant attention
in cancer therapy due to their promising properties, such as
biocompatibility, biodegradability, and the ability to be
functionalized for targeted drug delivery. The following
sections elaborate on the various roles these nanoparticles
play in enhancing cancer treatment strategies.

7.2. Targeted drug delivery in cancer therapy

Targeted drug delivery is one of the most important
advancements in cancer therapy, and Phyto nanoparticles are
playing a crucial role in this domain. Traditional
chemotherapy drugs often lack specificity, causing damage
to healthy cells while targeting cancerous cells. This results
in harmful side effects such as nausea, hair loss, and fatigue.
By utilizing Phyto nanoparticles, it is possible to engineer
them to specifically target cancer cells, thus ensuring that
higher drug concentrations are delivered to the tumour site
while minimizing harm to normal tissues.
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Figure 2: Nano-particles involve in cancer therapy

One of the well-known examples of Phyto nanoparticles
used for targeted drug delivery is the use of Curcuma longa
(turmeric)-derived nanoparticles. Curcumin, the active
compound in turmeric, is encapsulated within nanoparticles,
which enhances its solubility and bioavailability. These
nanoparticles can be engineered to recognize tumour cells via
surface modifications, such as attaching ligands or antibodies
that specifically bind to tumour markers. Studies have shown
that curcumin-loaded nanoparticles significantly enhance the
therapeutic effects of chemotherapy drugs like paclitaxel by
improving their solubility and bioavailability, thereby
increasing the treatment's overall efficacy.?*

In a study by Bisht et al. (2021), curcumin-loaded
nanoparticles were shown to selectively target cancer cells,
reducing the toxicity associated with traditional
chemotherapy while improving drug efficacy and patient
outcomes.?*

7.3. Combination therapy with Phytonanoparticles

Phytonanoparticles are also being explored for use in
combination therapy, where they act as carriers for both
conventional chemotherapy drugs and natural plant-based
bioactive compounds. Combination therapy can significantly
enhance the therapeutic effects of cancer treatments, as the
different agents can work synergistically to combat tumour
cells through multiple mechanisms.

One notable example is the use of Azadirachta indica
(neem) nanoparticles, which combine chemotherapy drugs
with  neem-derived bioactive compounds such as
azadirachtin. Azadirachtin has demonstrated cytotoxic
effects against cancer cells, and when combined with
chemotherapy agents, it can help overcome resistance
mechanisms often seen in tumours. This combination therapy
approach has shown promise in improving the effectiveness
of chemotherapy while reducing its toxicity. In a study by
Singh et al. (2020), neem-derived nanoparticles were used to
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enhance the anti-cancer activity of chemotherapy drugs,
resulting in improved tumour regression and reduced side
effects.?

The combination of chemotherapy drugs with natural
compounds also helps in overcoming drug resistance by
targeting multiple pathways involved in tumour growth and
survival. By using Phyto nanoparticles as delivery vehicles,
the synergistic effects of multiple agents can be effectively
achieved.

7.4. Gene therapy and Immunotherapy

Gene therapy and immunotherapy are two rapidly developing
fields in cancer treatment that have shown significant
promise in recent years. Phytonanoparticles play an
important role in these approaches by serving as carriers for
the delivery of genes or immunomodulatory agents directly
to cancer cells.

In gene therapy, small interfering RNA (siRNA) or other
gene-editing tools can be delivered to tumour cells using
Phyto nanoparticles to suppress oncogenes, which are genes
that promote cancer cell growth. Plant-derived nanoparticles,
with their biocompatibility and ability to be functionalized,
are ideal candidates for this purpose. For example, Phyto
nanoparticles can deliver siRNA that targets specific genes
responsible for tumour progression, effectively silencing
these genes and inhibiting cancer growth.

Immunotherapy, which aims to enhance the body's
immune response against cancer, can also benefit from Phyto
nanoparticles. By functionalizing nanoparticles with immune
checkpoint inhibitors, they can help to overcome tumour-
induced immune suppression, allowing the immune system
to recognize and attack cancer cells more effectively. In a
study by Sharma et al. (2022), plant-derived nanoparticles
were successfully used to deliver immune-modulating
agents, enhancing the anti-tumour immune response and
improving overall treatment outcomes.?

8. Photothermal and Photodynamic Therapy

Photothermal and photodynamic therapies are non-invasive
cancer treatment methods that utilize light to selectively kill
cancer cells. In photothermal therapy, nanoparticles absorb
light and convert it into heat, which can then be used to
destroy tumour cells. In photodynamic therapy, nanoparticles
generate reactive oxygen species (ROS) upon exposure to
light, leading to the death of cancer cells.

Phytonanoparticles are being increasingly explored for
these therapies due to their ability to be functionalized for
light absorption and their natural ability to generate ROS. For
example, nanoparticles derived from Camellia sinensis
(green tea), which contains polyphenols like epigallocatechin
gallate (EGCG), have shown strong potential as photothermal
agents. Upon exposure to near-infrared light, these
nanoparticles generate heat that can destroy cancer cells

while minimizing damage to surrounding healthy tissues.
Additionally, green tea-based nanoparticles have been found
to induce ROS production, which enhances the effectiveness
of photodynamic therapy.

Gupta and Verma (2020) highlighted the use of Camellia
sinensis-derived Phyto nanoparticles for combined
photothermal and photodynamic therapy, demonstrating their
ability to selectively target cancer cells and improve
therapeutic outcomes.?” These therapies are minimally
invasive and offer promising alternatives to traditional cancer
treatments, particularly for tumours located in accessible
areas.

9. Reducing Side Effects and Enhancing Efficacy

One of the major challenges in cancer treatment is the severe
side effects associated with conventional therapies such as
chemotherapy and radiation. These treatments not only
damage cancer cells but also harm healthy cells, leading to
debilitating side effects like nausea, fatigue, and
immunosuppression.

Phytonanoparticles help to alleviate these side effects by
providing targeted drug delivery, thereby ensuring that
therapeutic agents are directed precisely to tumour cells while
sparing normal tissues. For example, Allium sativum (garlic)-
derived nanoparticles have shown potential in reducing the
toxicity of chemotherapy drugs. Studies have found that
garlic nanoparticles can enhance the anti-tumour effects of
chemotherapy drugs while mitigating their adverse effects,
such as gastrointestinal toxicity and immune suppression.
Sharma and Verma (2021) demonstrated that garlic-derived
Phyto nanoparticles improved the therapeutic efficacy of
chemotherapy drugs and reduced their associated toxicity.?

The controlled release and targeted delivery properties
of Phyto nanoparticles are essential in minimizing off-target
effects, ensuring that cancer therapies are both effective and
safer for patients. This approach not only enhances the
quality of life for cancer patients but also improves the
overall success rate of cancer treatments.

9.1. Infectious Diseases

Phytonanoparticles, nanoparticles derived from plant-based
materials, have gained significant attention in recent years for
their potential role in combating infectious diseases. These
nanoparticles  offer unique advantages, including
biocompatibility,  biodegradability, —and ease of
functionalization, which make them ideal for use in both
therapeutic and diagnostic applications. With the rise of
antimicrobial resistance (AMR) and the increasing
prevalence of infectious diseases, Phyto nanoparticles are
emerging as promising alternatives to conventional
antibiotics and antiviral treatments.
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9.2. Antibacterial properties of Phytonanoparticles

Antibacterial resistance has become a major global health
concern, and the search for new antimicrobial agents is
critical.  Phytonanoparticles, synthesized from plant
materials, have been found to exhibit significant antibacterial
properties due to the presence of natural bioactive
compounds such as alkaloids, flavonoids, and saponins,
which are known to have antimicrobial activity.

For example, Azadirachta indica (neem) is well-known
for its antimicrobial properties, and neem-derived
nanoparticles have shown broad-spectrum antibacterial
activity. The nanoparticles from neem are believed to
enhance the antibacterial effect of neem's bioactive
compounds, such as azadirachtin and nimbolide, by
increasing their solubility and stability. These compounds
disrupt bacterial cell walls, inhibit protein synthesis, and
interfere with DNA replication, leading to bacterial death.
Singh et al. (2020) demonstrated that neem nanoparticles
could potentiate the effect of conventional antibiotics like
ciprofloxacin, overcoming the bacterial resistance
mechanisms that are common in multidrug-resistant (MDR)
pathogens. This combination approach is particularly
promising for treating chronic and resistant infections.?

Moreover, neem-derived nanoparticles have been shown
to target both Gram-positive and Gram-negative bacteria,
which are responsible for a wide range of infections, further
emphasizing their broad applicability in treating bacterial
diseases. The ability of these nanoparticles to enhance
antibiotic effectiveness, especially in resistant strains, offers
a new way to address the growing problem of antibiotic
resistance.

9.3. Antifungal activity of Phytonanoparticles

Fungal infections, particularly those caused by opportunistic
pathogens such as Candida albicans, are a major health
threat, especially in immunocompromised individuals.
Traditional antifungal treatments often have limitations,
including toxicity, drug resistance, and limited efficacy.
Phytonanoparticles, especially those derived from Curcuma
longa (turmeric), have been found to exhibit significant
antifungal activity.

Curcumin, the active compound in turmeric, is known
for its antifungal properties, but it is often limited by poor
bioavailability. To overcome this challenge, curcumin is
encapsulated in nanoparticles, which significantly enhance
its solubility, stability, and bioavailability. These
nanoparticles are able to penetrate fungal cell membranes and
disrupt cell wall integrity, inhibiting fungal growth. A study
by Sharma and Kumar (2022) found that curcumin-loaded
nanoparticles exhibited potent antifungal activity against
Candida albicans, a common fungal pathogen responsible for
oral and vaginal infections. These nanoparticles also showed
promise in reducing fungal colonization, offering an effective
and targeted therapy for fungal infections.

The use of turmeric-derived nanoparticles has the
potential to revolutionize antifungal therapy by improving
the efficacy and bioavailability of natural compounds,
reducing the need for synthetic drugs that often come with
adverse side effects.

9.4. Antiviral activity of Phytonanoparticles

Viral infections continue to pose significant public health
challenges, with the emergence of new viral strains and the
development of resistance to existing antiviral therapies.
Phytonanoparticles have demonstrated considerable antiviral
activity due to their ability to interact with viral particles and
prevent their entry into host cells. This makes them potential
candidates for antiviral therapy.

For example, nanoparticles derived from Camellia
sinensis (green tea) have shown antiviral properties against
various viruses, including influenza and HIV. Green tea is
rich in polyphenols, particularly epigallocatechin gallate
(EGCG), which is known for its antiviral effects. When
encapsulated in nanoparticles, these polyphenols exhibit
enhanced bioavailability, stability, and antiviral efficacy.
Gupta et al. (2020) demonstrated that green tea-derived
nanoparticles loaded with antiviral agents were able to
prevent the replication of the influenza virus by inhibiting
viral entry into host cells. Furthermore, these nanoparticles
also showed potential against HIV by preventing viral
attachment to host receptors.3!

The antiviral activity of Phyto nanoparticles can be
further enhanced by functionalizing them with specific
antiviral agents or antibodies, allowing for targeted therapy.
These nanoparticles could be used to deliver antiviral drugs
in a more efficient and controlled manner, providing a more
effective treatment for viral infections, especially in cases
where conventional therapies are ineffective.

9.5. Antiprotozoal effects of Phytonanoparticles

Protozoal infections, including malaria and leishmaniasis,
continue to represent a significant global health burden.
Traditional treatments for these diseases often have
limitations, such as toxicity, drug resistance, and high costs.
Phytonanoparticles have shown potential in treating
protozoal infections, and several plant-based nanoparticles
have demonstrated antiprotozoal effects.

Withania somnifera (ashwagandha), a plant used in
traditional medicine, has been found to possess antiprotozoal
properties. Ashwagandha-derived nanoparticles have shown
promising results in inhibiting the growth and proliferation of
protozoan parasites, such as Leishmania and Plasmodium,
which cause leishmaniasis and malaria, respectively.
According to a study by Singh et al. (2021), withania-derived
nanoparticles exhibited significant antiprotozoal activity by
interfering with the metabolic processes of the parasites,
inhibiting their growth, and ultimately leading to parasite
death. %
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The ability of phytonanoparticles to target and treat
protozoal infections provides an alternative to current
treatments, which often face challenges such as resistance
and toxicity. Nanoparticles can be engineered to deliver drugs
in a controlled and targeted manner, improving the efficacy
and safety of treatments for diseases like malaria and
leishmaniasis.

9.6. Phytonanoparticles in diagnostic Applications

In addition to their therapeutic potential, Phyto nanoparticles
are also being explored for diagnostic purposes. The unique
properties of nanoparticles, such as their large surface area
and ability to functionalize, make them ideal candidates for
use in biosensors and diagnostic assays. Phytonanoparticles
can be modified to specifically bind to infectious agents,
enabling rapid detection of pathogens in clinical samples.

For example, Coriandrum sativum (coriander)-derived
nanoparticles have been used in diagnostic applications to
detect bacterial and viral infections. These nanoparticles can
be functionalized with antibodies or ligands that selectively
bind to bacterial antigens or viral particles. In a study by
Sharma and Verma (2021), coriander-derived nanoparticles
were successfully used in diagnostic assays for detecting
Escherichia coli and SARS-CoV-2, demonstrating their
potential in point-of-care diagnostics for infectious diseases.
These nanoparticles provide a rapid, sensitive, and non-
invasive method for detecting pathogens, offering a
significant advancement in diagnostic technology.®

The use of Phyto nanoparticles in diagnostics could
greatly improve the speed and accuracy of infectious disease
detection, enabling more timely interventions and better
management of infections.

Phytonanoparticles represent a promising approach to
combating infectious diseases, offering significant
advantages in both therapeutic and diagnostic applications.
Their antibacterial, antifungal, antiviral, and antiprotozoal
properties, combined with their potential for use in
diagnostics, make them a valuable tool in the fight against
infections. As research continues to explore the full potential
of Phyto nanoparticles, they are likely to play a pivotal role
in addressing the challenges posed by antimicrobial
resistance, the emergence of new infectious diseases, and the
need for more effective and sustainable treatment options.

10. Inflammatory Disorders

Inflammation plays a crucial role in the body’s immune
response to infection, injury, or stress. However, when
inflammation becomes chronic, it can lead to a variety of
inflammatory disorders, such as rheumatoid arthritis,
inflammatory bowel disease, and asthma, among others.
Traditional treatments for these conditions, including
nonsteroidal  anti-inflammatory drugs (NSAIDs) and
corticosteroids, often come with side effects and limitations.
In recent years, Phyto nanoparticles—nanoparticles derived

from plant materials—have gained attention as a novel
approach to managing inflammatory disorders due to their
anti-inflammatory properties, biocompatibility, and ability to
target specific inflammatory pathways. These nanoparticles
offer a promising alternative to conventional treatments, with
the potential for improved efficacy and reduced side effects.

10.1. Anti-inflammatory mechanisms of Phyto nanopatrticles

Phyto nanoparticles exert their anti-inflammatory effects
through several mechanisms. One of the most important is the
modulation of key signalling pathways involved in
inflammation, such as the nuclear factor-kappa B (NF-xB)
pathway, the mitogen-activated protein kinase (MAPK)
pathway, and the cyclooxygenase (COX) pathway. These
pathways play a central role in the production of pro-
inflammatory cytokines, chemokines, and other mediators of
inflammation.

For example, nanoparticles derived from Curcuma longa
(turmeric) contain curcumin, a bioactive compound known
for its potent anti-inflammatory properties. Curcumin has
been shown to inhibit NF-kB activation, thereby reducing the
expression of pro-inflammatory cytokines like TNF-a, IL-6,
and IL-1p. Studies have demonstrated that curcumin-loaded
nanoparticles can significantly enhance the bioavailability
and therapeutic efficacy of curcumin, allowing it to target
inflammatory sites more effectively. A study by Gupta et al.
(2021) showed that curcumin-loaded Phyto nanoparticles
reduced inflammation in animal models of arthritis by
modulating inflammatory cytokine production.®*

Similarly, nanoparticles derived from Withania
somnifera (ashwagandha) contain active compounds that
have demonstrated anti-inflammatory effects. Ashwagandha
nanoparticles have been shown to inhibit the activation of
pro-inflammatory pathways, reducing oxidative stress and
the production of inflammatory mediators. These
nanoparticles can be used as an adjunct or alternative
treatment for inflammatory disorders, offering a natural
approach to managing chronic inflammation.

10.2. Phyto nanoparticles in rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory disorder
characterized by joint inflammation and pain, often leading
to joint deformities and disability. The condition is driven by
an overactive immune response that results in the release of
inflammatory cytokines, leading to tissue damage and joint
destruction. Conventional treatments for RA, such as
methotrexate and biologics, can be effective but often come
with significant side effects.

Phyto nanoparticles, such as those derived from
Azadirachta indica (neem), have shown promise in treating
RA by targeting the underlying inflammatory mechanisms.
Neem-derived nanoparticles contain compounds like
azadirachtin and nimbolide, which possess potent anti-
inflammatory and immunomodulatory effects. A study by
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Singh et al. (2020) demonstrated that neem nanoparticles
inhibited the production of inflammatory cytokines and
reduced the severity of inflammation in RA animal models.3®

Neem nanoparticles not only act on pro-inflammatory
cytokines but also help to modulate immune cell activity,
thereby restoring the balance of the immune system and
preventing the damage caused by chronic inflammation in
RA. This makes neem nanoparticles a potential adjunct to
conventional RA treatments, with fewer side effects and
enhanced therapeutic efficacy.

10.3. Phyto nanoparticles in inflammatory bowel disease
(IBD)

Inflammatory bowel disease (IBD), which includes
conditions like Crohn’s disease and ulcerative colitis, is
characterized by chronic inflammation of the gastrointestinal
tract. The exact cause of IBD is not fully understood, but it is
thought to result from an abnormal immune response to gut
microbiota in  genetically predisposed individuals.
Traditional treatments for IBD include corticosteroids and
immunosuppressive agents, but these drugs often come with
significant side effects, including increased susceptibility to
infections.

Phyto nanoparticles have been explored as a safer
alternative for treating IBD. For example, nanoparticles
derived from Punica granatum (pomegranate) have been
shown to reduce inflammation in the gastrointestinal tract.
Pomegranate contains polyphenolic compounds that exhibit
potent anti-inflammatory effects. Studies have shown that
pomegranate-derived nanoparticles reduce the expression of
pro-inflammatory cytokines in IBD models, such as TNF-a
and IL-1pB, while enhancing antioxidant defences in the gut.
A study by Shah et al. (2022) demonstrated that pomegranate
nanoparticles effectively reduced inflammation and
promoted healing of intestinal tissues in animal models of
IBD.¥"

Pomegranate nanoparticles offer a more targeted and
controlled release of bioactive compounds, minimizing
systemic exposure and reducing the risk of side effects. This
targeted delivery system makes them a promising candidate
for the treatment of chronic inflammatory diseases like 1BD.

10.4. Phyto nanoparticles in Asthma

Asthma is a chronic respiratory condition characterized by
inflammation of the airways, leading to wheezing, shortness
of breath, and coughing. In asthma, the immune system
becomes overactive, leading to an inflammatory response
that causes airway constriction. The conventional treatment
for asthma involves bronchodilators and corticosteroids, but
these drugs often fail to fully control inflammation and can
lead to side effects when used long-term.

Table 2: Unique application of Phyto-Nanoparticles

Phyto nanoparticles derived from plants such as
Eucalyptus globulus (eucalyptus) have been found to possess
anti-inflammatory and bronchodilator properties. Eucalyptus
oil is known for its ability to reduce airway inflammation and
improve respiratory function. When encapsulated in
nanoparticles, eucalyptus oil can be delivered more
efficiently to the lungs, where it exerts its anti-inflammatory
effects. A study by Sharma et al. (2021) demonstrated that
eucalyptus oil-loaded nanoparticles reduced airway
inflammation and improved lung function in asthma models,
offering a novel and effective treatment option for asthma.®

Eucalyptus-derived nanoparticles also have the potential
to serve as a targeted drug delivery system for anti-
inflammatory agents, improving treatment outcomes and
minimizing the side effects associated with systemic
administration.

10.5. Potential in modulating oxidative stress in
inflammatory disorders

In addition to their direct anti-inflammatory effects, Phyto
nanoparticles also possess antioxidant properties that can
help modulate oxidative stress in inflammatory disorders.
Oxidative stress plays a key role in the pathogenesis of
chronic inflammation by triggering the activation of
inflammatory pathways and exacerbating tissue damage.

For instance, nanoparticles derived from Ginkgo biloba
(ginkgo) have demonstrated both anti-inflammatory and
antioxidant effects. Ginkgo’s flavonoid compounds, when
incorporated into nanoparticles, show enhanced stability and
bioavailability, allowing them to reduce oxidative stress and
inflammation in various tissues. A study by Zhang et al.
(2020) found that ginkgo-derived nanoparticles effectively
reduced oxidative stress and inflammatory markers in animal
models of inflammatory disorders, such as arthritis and
cardiovascular diseases.®®

By combining anti-inflammatory and antioxidant
properties, Phyto nanoparticles like those from ginkgo offer
a dual therapeutic effect, making them a promising tool for
treating a variety of chronic inflammatory conditions.

Phyto nanoparticles represent a promising avenue for the
treatment of inflammatory disorders, offering several
advantages over traditional therapies. Their anti-
inflammatory effects, combined with their ability to modulate
oxidative stress and target specific inflammatory pathways,
make them ideal candidates for treating conditions like
rheumatoid arthritis, inflammatory bowel disease, and
asthma. Furthermore, their biocompatibility, reduced side
effects, and potential for targeted delivery systems enhance
their therapeutic efficacy, making them a valuable addition to
the armamentarium of treatments for chronic inflammatory
diseases.
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Application Area Description Example Phyto- | Benefits
Nanoparticles
Targeted Cancer | Phyto-nanoparticles  enable | Curcumin, Quercetin, | Minimized systemic  toxicity,
Therapy site-specific delivery of anti- | and Green Tea NPs enhanced apoptosis, and reduction of
cancer agents to tumor cells. multidrug resistance.®
Antioxidant Neutralization of free radicals | Flavonoid-based Protection from cell damage, reduced
Treatment to combat oxidative stress and | NPs, Polyphenols inflammation, and prevention of
related chronic diseases. degenerative diseases®
Antimicrobial Effective against  drug- | Silver NPs, Neem | Broad-spectrum antimicrobial
Applications resistant bacteria, fungi, and | NPs, and Zinc Oxide | action, biofilm inhibition, and
viruses. NPs resistance reduction.
Neuroprotective Delivery of neuroprotective | Catechin and | Improved blood-brain barrier
Therapy compounds to the brain for | Polyphenol NPs permeability, reduced
conditions like Alzheimer’s neuroinflammation, and
and Parkinson’s disease. neuroprotection”
Wound Healing Acceleration of skin | Aloe  Vera  and | Anti-inflammatory action, faster

regeneration and enhanced
healing of chronic wounds.

Turmeric NPs

tissue regeneration, and antibacterial
wound protection®®%7

Cardiovascular
Health

Reduction of cholesterol and
prevention of vascular damage
for improved heart health.

Ginseng and Green
Tea NPs

Anti-inflammatory and antioxidant
effects, reduced cholesterol levels,
and vascular repair.

Diabetes Management

Targeted action on glucose
regulation and improvement of
insulin sensitivity.

Fenugreek and
Cinnamon NPs

Stabilized blood sugar levels,
prevention of oxidative stress, and
enhanced glucose metabolism,253¢

Skin Rejuvenation

Anti-aging  treatments  to
improve skin elasticity and
reduce pigmentation.

Vitamin C, Aloe
Vera, and Resveratrol
NPs

Increased  collagen  production,
protection against UV damage, and
improved hydration.?’

11. Challenges and Future Directions

Despite their promising applications, several challenges
hinder the widespread adoption and clinical translation of
Phyto nanoparticles. These challenges include:

1. Scalability and Reproducibility: Achieving large-
scale production of Phyto nanoparticles with
consistent size, shape, and functionality is a significant
hurdle. Developing standardized synthesis protocols is
crucial for ensuring batch-to-batch reproducibility.®*

2. Stability: Ensuring the long-term stability of Phyto
nanoparticles under storage and physiological
conditions is essential for their practical use.%

3. Regulatory Frameworks: The absence of
standardized regulatory guidelines for Phyto
nanoparticles poses a barrier to their approval and
commercialization. Comprehensive preclinical and
clinical studies are required to establish their safety
and efficacy.

4. Toxicity Concerns: Although Phyto nanoparticles are
generally considered biocompatible, their potential
toxicity at higher doses or prolonged exposure
necessitates thorough investigation.%’

Addressing these challenges  will require
interdisciplinary collaborations, advances in nanoparticle
design and characterization, and the integration of artificial
intelligence and machine learning to optimize their properties
and applications.®® Robust clinical trials are essential to
validate the therapeutic potential of Phyto nanoparticles and
facilitate their translation into clinical practice.®

12. Result

Phytonanoparticles are transforming the field of cancer
therapy by providing innovative solutions for drug delivery,
combination therapy, gene therapy, immunotherapy, and
non-invasive treatment options. Their biocompatibility,
biodegradability, and ability to be tailored for specific
therapeutic applications make them an invaluable tool in the
fight against cancer. As research continues to explore and
refine the use of Phyto nanoparticles, their potential to
improve cancer treatment outcomes and minimize side
effects will likely play a crucial role in the future of oncology.

Phytonanoparticles are transforming the landscape of
medical imaging and diagnostics by offering improved
accuracy, sensitivity, and the ability to target specific disease
sites. Their versatile properties make them ideal for a wide
range of imaging techniques and diagnostic applications,
particularly in the early detection of diseases like cancer and
infections. As research in this field progresses, Phyto-
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nanoparticles are expected to play a crucial role in the future
of biomedical diagnostics.

13. Conclusion

Phyto nanoparticles represent a paradigm shift in biomedical
research, offering eco-friendly and innovative solutions to
pressing healthcare challenges. Their applications in drug
delivery, imaging, diagnostics, and therapy underscore their
transformative potential in modern medicine. By addressing
current limitations and fostering collaborative efforts, Phyto
nanoparticles can pave the way for a new era of
nanomedicine, improving patient outcomes and advancing
global health.

Phyto nanoparticles represent a promising approach in
the field of drug discovery, with their ability to enhance drug
delivery, develop novel therapeutic agents, and improve the
efficacy of existing treatments. From cancer therapy and
antimicrobial resistance to immunotherapy and drug delivery
systems, these nanoparticles offer a wide range of
applications in both therapeutic and diagnostic fields. By
harnessing the bioactive compounds from plants and
improving their bioavailability, stability, and targeted
delivery, Phyto nanoparticles are poised to play a key role in
revolutionizing modern medicine.
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