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Phyto- occurring in herbal drug formulations, particularly the application of novel drug delivery
pharmaceuticals, systems like liposomes, phytosomes, and nanoparticles to improve bioavailability and
Nanotechnology, therapeutic targeting. The synthesis of nano-metallic Ayurvedic medicines is also
Novel drug, Nano- discussed, revealing how ancient knowledge is merging with modern pharmacology to
metallic. yield promising solutions for complex diseases like cancer, neurodegeneration,
cardiovascular disorders, and gastrointestinal diseases. The article presents an
integrated view of phytopharmaceutical innovation with scientific rigour and Ayurvedic
wisdom, urging further clinical studies and standardization protocols for global
acceptance.
INTRODUCTION
Phytopharmaceuticals, derived from - The advent of nanotechnology and novel

botanical sources, have been used for centuries  formulations has allowed scientists to encapsulate
across civilizations in Asia, Africa, and Europe.  these active ingredients into various carriers,
Systems like Ayurveda, Traditional Chinese  significantly improving their pharmacokinetic and
Medicine (TCM), and Unani have long established pharmacodynamic profiles.

the therapeutic potential of herbs. However, recent
advancements in pharmaceutical technology have
introduced new ways of enhancing the delivery,

efficacy, and safety of these bioactive compounds. and standardized fraction of a plant extract

The chemical complexity of plants, with thousands  .optaining at least four bioactive compounds. These

of secondary metabolites such as flavonoids,  grygs are meant for oral or topical use and are
alkaloids, tannins, and terpenoids, makes them ideal developed through scientific validation

candidates for therapeutic applications. Yet, the
bioavailability of these comp.ound.s remains 1.1m1ted Components of Herbal Medicine
due to poor water solubility, instability in the Herbs: R , s ik bark
gastrointestinal environment, and rapid metabolism. e nerbs: Raw plant materials like roots, bark,

flowers, or leaves.
Access this article online ‘

Quick Response Code e Herbal materials: Include essential oils, dried
powders, and processed forms.

Phytopharmaceuticals: Concept and Significance

According to the Indian regulatory
framework, a phytopharmaceutical drug is a purified

standardization, and quality control.

https://doi.org/10.47070/ayushdhara.v12i3.2146

e Herbal preparations: Extracts made using various
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Herbal medicine aims to stimulate the body’s
healing mechanisms rather than simply suppress
symptoms. As such, phytopharmaceuticals are often
tailored to individual constitution and disease
patterns, in line with Ayurveda’s principle of
personalized medicine.

Phytotherapy vs Ayurveda: A Comparative

Glance

Similarities

e Both systems rely heavily on herbs and natural
formulations.

e They prioritize restoring balance in the body over
symptomatic relief.

e They emphasize synergistic action of multiple
herbs and compounds.

Differences

e Ayurveda is a complete healthcare system with
diagnostic and treatment protocols, whereas
phytotherapy is often practiced as a
complementary modality.

e Ayurveda uses various solvents like ghee, honey,
and decoctions; phytotherapy typically employs
alcohol-based extractions.

e Dose and administration schedules are more
individualized in Ayurveda than in standard
phytotherapy.

Limitations of Traditional Herbal Therapy

Despite the growing popularity of herbal medicines,

several limitations restrict their clinical efficacy:

e Poor solubility and permeability.

Low systemic bioavailability.

Lack of standardization in formulations.

Rapid degradation in physiological environments.

Poor patient compliance due to large doses and

frequent administration.

Nanotechnology in Phytopharmaceuticals
Nanotechnology  offers  groundbreaking

opportunities for improving the delivery of plant-

based therapeutics. By converting herbal extracts

into nanoparticles or incorporating them into

nanocarriers, many pharmacological limitations can

be addressed.

Advantages of Nanocarriers

o Enhanced solubility and stability.

Improved absorption and bioavailability.

Targeted drug delivery to specific organs or
tissues.

Reduced dosage and side effects.

Extended circulation time in the body.
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Common Nanocarrier Systems

Liposomes

Phytosomes

Niosomes

Marinosomes

Photosomes

Solid Lipid Nanoparticles (SLNs)

Polymeric Nanoparticles (PLGA, chitosan, etc.)

. Metallic Nanoparticles (Gold, Silver, Iron oxide)
Phytosomes: Enhancing Bioavailability
Phytosomes are lipid-compatible complexes formed
between phytoconstituents (especially polyphenols)
and phospholipids. These complexes improve
membrane permeability and are thus better
absorbed in the gut.

Advantages

e Higher systemic absorption.

o Reduced dosage with enhanced efficacy.

e Better skin penetration (ideal for cosmetic
applications).

e Increased stability due to complex formation.
Phytosomes have shown improved results in
conditions like liver disorders, inflammation, and
oxidative stress-related diseases.

Niosomes and Liposomes

e Niosomes are non-ionic surfactant-based
vesicles that encapsulate drugs and increase their
residence time in the system.

o Liposomes are bilayered phospholipid vesicles
capable of entrapping hydrophilic and lipophilic
compounds. They are especially useful in cancer
therapy, brain targeting, and chronic disease
management.

Both these systems offer sustained release and
enhanced cellular uptake of plant-based compounds.
Metallic Nanoparticles in Rasashastra

Ayurveda’s ancient science of Rasashastra is
perhaps the earliest documented use of nano-
metallic formulations like Bhasmas (calcined metal
preparations). When prepared using traditional
incineration and purification processes, these nano-
metallic medicines offer:

o High bioavailability.

e Minimal toxicity when properly processed.

e Powerful rejuvenative and immunomodulatory
properties.

Recent studies have confirmed that these bhasmas

contain particles within the nano-range (50-200

nm), supporting their efficacy and safety claims.
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Novel Formulations in Therapeutic Applications
Neurological Disorders

Curcumin-loaded liposomes, chitosan-PLGA
nanoparticles, and silk fibroin nanocarriers have
shown promise in treating Alzheimer’s and
neuroinflammation. Ginsenosides combined with
magnetic nanoparticles can penetrate the blood-
brain barrier and promote synaptic function.
Cardiovascular Diseases

Quercetin, resveratrol, magnolol, and
berberine have shown enhanced therapeutic
outcomes when delivered via nanocarriers. These
include antioxidant, anti-hypertensive, and anti-
thrombotic effects.

Gastrointestinal Disorders

Nano-formulations of Berberis vulgaris,
Curcuma longa, and Toxicodendron vernicifluum
have demonstrated anti-amoebic and anti-H. pylori
activity, critical in managing ulcers and colon cancer.
Clinical Challenges and Future Perspectives
Despite the advances, several hurdles need to be
addressed:

o Standardization: Lack of consistent protocols for
phytochemical analysis and dosage.

e Regulatory clarity: Countries vary in their
definitions and acceptance of
phytopharmaceuticals.

e Toxicological  studies:  Long-term  safety,

particularly of metallic nanoparticles, must be
evaluated.

e C(linical validation: Preclinical results often fail to
translate into clinical success due to poor
reproducibility.

Research Focus Areas

e In-vitro and
elucidation.

in-vivo studies for mechanism

e Pharmacokinetic profiling of phytoconstituents.

e Scale-up production using Good Manufacturing
Practices (GMP).

e Assessment of nanotoxicity and biocompatibility.
CONCLUSION

The convergence of ancient herbal wisdom
with cutting-edge nanotechnology marks a new era
in global healthcare. Phytopharmaceuticals, when
reformulated through modern drug delivery
systems, hold the promise to address both chronic
and infectious diseases with enhanced efficacy,
safety, and patient adherence. While the integration
of nanomedicine into Ayurvedic practice is still in its
nascent stages, the initial results are encouraging

and warrant further scientific and clinical
exploration. Collaborative efforts  between
traditional healers, pharmaceutical scientists, and
clinical researchers will be key to unlocking the full
potential of these novel phytopharmaceutical
innovations.
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