Kathole et al. Journal of Drug Delivery & Therapeutics. 2025; 15(3):133-141

Available online on 15.03.2025 at http://jddtonline.info

Journal of Drug Delivery and Therapeutics

Open Access to Pharmaceutical and Medical Research

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the CC BY-NC 4.0 which
permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original

") Check for updates

author and source are credited
m

Nano technology-based drug delivery systems and herbal medicine
Khushi S. Kathole *, Pooja R. Hatwar “*/, Ravindra L. Bakal

Shri Swami Samarth Institute of Pharmacy, At Parsodi, Dhamangaon Rly, Dist -Amravati (444709) Maharashtra, India.

Open Access Full Text Article Review Article

, Vaishnavi G. Karule

Article Info: Abstract

E-l' |E Article History:

- = Received 11 Dec 2024

i':'- : - Reviewed 24 Jan 2025

—'F Accepted 20 Feb 2025
I - Published 15 March 2025

Nanotechnology has revolutionized the field of herbal medicine by enhancing the bioavailability
and efficacy of phytoconstituents. This review article discusses the application of nanotechnology
in herbal medicine, including the use of nanoparticles, liposomes, and nanoemulsions for targeted
drug delivery. The advantages of nanotechnology-based herbal formulations, such as improved
solubility, stability, and bioavailability, are highlighted. Additionally, the review discusses the
potential of nanotechnology in enhancing the therapeutic efficacy of herbal medicines, including
their anti-inflammatory, antioxidant, and anticancer properties. The article also explores the
various types of nanocarriers used in herbal medicine, including polymeric nanoparticles, solid

Cite this article as:

Kathole KS, Hatwar PR, Bakal RL, Karule VG,
Nano technology-based drug delivery systems
and herbal medicine, Journal of Drug Delivery
and Therapeutics. 2025; 15(3):133-141  DOI:
http://dx.doi.org/10.22270/jddt.v15i3.7017

lipid nanoparticles, and nanostructured lipid carriers. The role of nanotechnology in enhancing the
permeability and retention of herbal medicines in the body is also discussed. Overall, the review
provides a comprehensive overview of the application of nanotechnology in herbal medicine,
highlighting its potential in enhancing the therapeutic efficacy and bioavailability of
phytoconstituents.
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Introduction

Throughout human history, different groups of people
have known about and used plants as herbal treatments.
It started when people learned how to choose plants for
food and to treat diseases.! The study of nanotechnology
involves looking at, designing, making, and using
substances and materials on the nanoscale. It has been
used a lot in biological fields.? To get health benefits like
nutritional benefits, medical benefits, and cosmetic
benefits, herbal dosage forms contain certain amounts
of plant ingredients or components. The progress made
in plant-based medicine has shown that herbal drugs
are very important and can help find cures for diseases
that are still not able to be cured.? The ability to
transform less soluble, poorly absorbed, and unstable
chemicals into promising pharmaceuticals is one of the
many special qualities and enormous potential of herbal
medicines that use nanotechnology-based delivery
methods. Nanotechnology-based delivery methods are
therefore a good idea.# (a) Improved delivery of poorly
soluble drugs; (b) targeted drug delivery in a cell- or
tissue-specific manner;(c) drug transcytosis across tight
epithelial and endothelial barriers;(d) delivery of
massive macro-molecule drugs to intracellular sites of
action;(e) a combination of more than one medication
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or therapeutic modality for combination therapy;(f)
visualization of drug delivery sites through the
combination of therapeutic agents with imaging
modalities; and (g) real-time display on the in vivo
efficacy of a therapeutic agent all could be accomplished
with the support of nanotechnology. In addition, generic
medicine companies might discover hard to rapidly
produce identical medicines due to the manufacturing
complexity of therapeutics that utilize nanotechnology.>
To deal with these problems, nanotechnology-based
drug delivery is becoming more popular as an
alternative way to make treatments work better by
changing the physical and chemical qualities of antiviral
drugs.t

History and Development

Natural products, such as plants, have been utilized to
cure human diseases since long ago. Traditional
treatments and medicine continue to serve as the base
for the development of modern medicine. A lot of parts
of the world, especially ancient China, Egypt, Africa,
America, and India used plants for medicinal purposes
long before written record was born. The early 19th
century marked the creation of chemical analysis, which
led for the extraction and modification of botanical
constituents. Due to their lack of scientific backing and
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processing challenges, including standardization,
extraction, and identification of specific medicinal
substances in complex poly herbal systems, herbal
medicines were long neglected for development of
creative mixtures.”

Nanotechnology-Based Drug Delivery System
for Phytochemical Compounds

The study states that 70% of the active ingredients that
come from plants are hydrophobic. Effective disease
prevention and treatment need the consumption of
phytonutrients. These methods of delivery, which have
the ability to increase the bio-activity of Phytochemical
substances, include lipid- and polymer-based delivery
techniques.5 Also, the application of nanotechnology
offers a strong plan for TCM development in the future
in addition to a technological basis for modernization.8

Nanosuspension

The only components in nanosuspension (NS) are pure
drug crystal and a polymer for consistency. A variety of
techniques, include high-speed homogenization,
sonication, pearl-milling, high-pressure homogenization,
and nano precipitation, were used to prepare. The
created nanosuspensions significantly lowered blood
glucose levels while demonstrating good stability and
improved flavonoid absorption.? Only submicron
colloidal dispersions of medicine nanocrystals make up
the nanosuspension. It is one of the most promising
methods for delivering poorly soluble active ingredients
since it is surrounded by stabilizers.10

Nanoemulsion

A nanoemulsion is a transparent or translucent system
with sizes ranging from 20 to 500 nm that is
thermodynamically unstable yet kinetically stable. In
accordance with the distributed classification.10
Transdermal administration and oral administration are
the two main methods of administering nanoemulsion.!?
There are now three primary methods by which natural
medicines can be delivered using nanoemulsions. First,
utilizing  nanoemulsion  technology, = monomeric
chemicals with anti-tumor activity that were extracted
from herbal remedies were directly encapsulated.!!
Because they are structurally straightforward from a
composition standpoint, nanoemulsified systems are
incredibly adaptable. They come in a variety of dosage
forms, including sprays, liquids, creams, gels, and
aerosols, and they can be administered through a
variety of routes, including ocular, topical pulmonary,
intravenous, and intranasal.’2 Drugs having a high first-
pass metabolism, and hydrophilic properties can have
their bioavailability improved by using nanoemulsions.
Water soluble cosolvents, oils, lipids, surfactants, and
water make up the nanoemulsion system's
constituents.> Oil/water nanoemulsions, which are
biocompatible and extremely stable at nanoscales (10-
1000 nm), are often employed to ensnare and enhance
the distribution of hydrophobic medications and
pharmaceutically active substances.13
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Liposomes

Liposomes are spherical vesicles which are often used
for carrying medicines since they have lipid bilayers.
Drug release is more efficient when liposomes are used.
Low concentrations of NPs (below the WHO
recommended dosage) aided in the sustained release of
stavudine for up to 12 hours while boosting the
likelihood that the NPs would reach the reservoir sites
in a novel liposome-based system developed by Nayak
et all* Because of their unique characteristics,
liposomes have been employed for medication delivery
for a very long time. A liposome is a region of aqueous
solution surrounded by a hydrophobic membrane that
stops hydrophilic solutes from dissolving and
accumulating lipids. Due to the fact that hydrophobic
compounds can dissolve into the membrane, liposomes
can receive both hydrophilic and hydrophobic
molecules.!> Artificial membranes referred to as
liposomes are primarily composed of chemicals that are
amphiphilic, forming a bilayer structure like that of skin
cell membranes. Liposomal lipid-like bilayers have
medications encapsulated in a hollow portion that
makes them  sophisticated nano-carriers  for
medicines.’®In the last few years, liposomes have been
the subject of numerous investigations for regulated
drug delivery. Liposomes are made of biodegradable
components and are comparatively stable. The
liposome's inner core entraps the medications. Because
of its biocompatibility, low toxicity, biodegradability,
and ability to incorporate both hydrophilic and
hydrophobic medicines, it has proven to be an excellent
carrier system for delivering a range of therapeutic
agents.l7 First reported by Bangham and associates in
1964, liposomes are the first closed bilayer
phospholipid structures. They have been suggested as
DDS for enhancing encapsulation, stability, and
circulation time and specific = modification.18
[Phosphatidylcholines (PCs),  phosphatidylserine,
phosphatidylglycerol, and sphingomyelin are
indications of cylindrical-shaped lipids which are often
used in LIP formulations since they possess a tendency
to form a stable bilayer in aqueous solution 19. Its
composition is primarily composed up of phospholipids,
sterols, and antimicrobial agents, and it offers beneficial
characteristics such as variable surface charge,
biocompatibility, biodegradability, membrane fluidity,
and low toxicity. These characteristics allow these
systems to be used in the biomedical, pharmaceutical,
and bioengineering fields.!? A significant advance in
nanoscale drug delivery systems is represented by
liposomes, which are spherical vesicles with a lipid
bilayer structure.2 In pediatrics, liposomes are the most
extensively researched nanotechnology-based
formulations.2! The first class of nanocarriers used in
academia and the pharmaceutical industry for
medication delivery is liposomes.22 One benefit of
utilizing liposomes as vehicles is that they quickly
accumulate in phagocytic cells, which identify them as
foreign particles and allow liposomes to be present .23
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Figure 1: NPs based drug delivery systems. 24

Nano medicine

Many traditional drugs have been linked to inadequate
pharmacokinetics, bioavailability, and toxicity, all of
which restrict the scope of their use.’>It is a truth that
clinical translation of nanomedicine for cancer
treatment is still very difficult. Although nanotechnology
has made significant contributions to oncology by
reducing the harmful side effects of medications, patient
survival has not increased overall.25 The application of
nanotechnology in medicine, or "nanomedicine," has
already changed and influenced many facets of clinical
practice and research and has the potential to have an
important impact on human health. Materials based on
nanotechnology that have special physical, chemical,
and biological properties provide a range of novel ways
to treat, diagnose, and prevent a wide range of illnesses
and ailments.26 It has been suggested that
nanomedicine, which minimizes dose amount and
frequency while maintaining a similar pharmacological
profile and fewer adverse effects, is a new trend in the
medical and pharmaceutical fields.2?” Like all
pharmaceuticals, nanomedicines have unrealized
promise mostly due to their complex a priori design.28
The administration of medications and compounds that
would not otherwise be useful or viable therapeutics .2°
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Nano herbal formulation

Phytoconstituents and herbal medications are thought
to be safer and more effective than allopathic
medications. The usage of natural remedies is rising on
a global scale. To increase the bioavailability and
achieve targeted distribution of these naturally
occurring medications, principles of nanoscience and
technology have been utilized.3°

Nanotechnology for herbal drug delivery

Particularly in the medical industry, nanotechnology can
be utilized to create goods with unique and enhanced
actions and physicochemical features. Targeted therapy,
regulated release of phytomedicine, reduced
therapeutic dose and side effects, enhanced
bioavailability, and protection against degradation of
payload are all provided by nanocarriers.3! Ingredients
taken from plants, animals, microbes, or their
metabolites, among other sources, are known as natural
products. Their wide range of sources, high level of
safety, and variety make them extremely popular.32

Dendrimers

Dendrimers are an exciting group of systems for drug
delivery that could tackle some of the issues associated
with existing licensed anticancer drugs. They have the
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ability to decrease drug toxicity, overcome drug
resistance, and improve drug solubility and
bioavailability. Anticancer medications have been
integrated into dendrimers and micelles, which has
improved cellular absorption, sustained release of the
drug, reduced adverse effects, and increased anticancer
activity both in vivo and in vitro. Typically, dendrimers
are utilized to covalently bind certain targeting moieties
including folic acid, antibodies, sugar epidermal growth
factor, and biotin in order to successfully target drugs to
tumor tissues.?” When it comes to the therapeutic
effectiveness of new natural substances in cancer
treatments, nanotechnology is essential.33 Dendrimers
are three-dimensional branched nano polymers with
internal cavities, many branches, and a core. Despite
their distinct structure, they are referred to as a subset
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of polymeric NPs since they can be made in various
generations (layers) and be connected to polymeric
molecules in order to achieve particular objectives .14
Dendrimers are multivalent, tree-like macro-molecules
that are employed as nanocarriers to deliver a wide
range of medications and bio-active substances. They
have a well-branched, defined structure.3¢ Dendrimers
are spherical polymers with a high branching count.
Because of their small size and relative simplicity of
synthesis and modification as compared to other drug-
delivery systems based on nanotechnology, they have
gained popularity in the recent few decades as drug
delivery systems.3> Hyperbranched globular nano
polymeric topologies known as dendrimers have unique,
homogenous, and almost mono-dispersestructures.36
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Figure 2: Schematic representation of common nanocarriers for herbal drug delivery.31

Lipid-based nanocarriers for herbal drug delivery

The Romans employed nanoparticles and structures in
the fourth century AD, demonstrating one of the most
intriguing applications of nanotechnology in antiquity.3?
Lipid-based nanoparticles are a particular kind of
nanocarrier system that has its own unique features.
Different lipid nanoparticles exist, include self-
emulsifying drug delivery systems, liposomes, solid lipid
nanoparticles, and nanoscale lipid carriers.38 Because of
their adjustable physiochemical and structural
characteristics, using nanoparticles (NPs) as drug
carriers can have several benefits over traditional
therapies.3? Liquid lipids cause the lipid matrix to
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become more disorganized to a greater extent, which in
turn increases the drug loading capacity and stability.12
The capacity of lipid-based delivery methods to
penetrate difficult physiological barriers, their ease of
synthesis, affordability, and ease of large-scale
production have garnered significant attention in recent
years.*? Lipid-based nano-structures was found to have
many advantages, like simple manufacturing, high
biocompatibility, and biodegradability, which makes
them a viable option for RNA-based therapeutic
delivery.#! Lipid nanoparticles of the second generation
are called nano-structured lipid carriers, or NLCs. Their
size is in the region of nanometers, allowing for deeper
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penetration into the skin's layers. The drug molecule
can be shielded by NLCs from external environment-
dependent degradation processes such as oxidative,
chemical, or physical degradation. When topically
applied to a psoriatic plaque model produced by
imiquimod, Sathe et al. reported that NLCs of dithranol
in a gel form enabled for considerably easier application
and increased efficacy over conventional preparations.*2

Herbal Medicines and Natural Compounds
Nanoformulations

Polymeric Nanoparticles (PNPs)

Because polymeric nanoparticles may carry large
amounts of medicine, the system can support and shield
the included drug against deterioration. While
nanocapsules are created by a thin polymeric envelope
enclosing an oil-filled chamber, nanospheres are dense
polymeric matrices created using micro-emulsion
polymerization.*3 Because these polymeric
nanoparticles can contain hydrophilic medications, they
may be employed as possible skin-transfer agents for
the treatment of psoriasis. used a new amphiphilic
polymer to create skin-permeating nanoparticles. In
comparison to the medication in its free form, they also
investigated the drug's long-term release from
nanoparticles.#2 A medicinal substance of interest is
encapsulated within the polymeric matrix, adsorbed, or
conjugated onto the surface of polymeric nanoparticles,
or polymeric NPs for short.18 The technique known as
nanoparticle tracking analysis, or NTA, is used to
measure particles that range in size from around 30 to
1,000 nm. #* Polymer Nanoparticles: Via monomers
polymerization,  polymerization  dispersion, or
spontaneous assembly of amphiphilic polymers,
synthetic or naturally biodegradable polymeric
materials may be made into are nanoscale, solid, and
spherical entities known as polymeric nanoparticles
(PNs).#> Natural or synthetic materials can be used to
create nanoparticles of polymer (NPs), which can have a
variety of shapes and properties.#¢ Particles with a
range of nanometric diameters are called polymeric
nanoparticles. They are made up of a polymer matrix
made of both natural and synthetic polymers.+47

Solid lipid nanoparticles (SLN)

Solid lipid nanoparticles (SLNs) are an instance of lipid-
based vesicular system that have grown more important
because of their ability to release medication at a
precise location and at a regulated rate. Due to its ability
to produce a lipid film on the skin, the lipid-based
vesicle's small size allows for deeper penetration into
the stratum corneum and skin hydration.#2 Lipid-based
nanoparticles have a solid lipid phase within. Lipid-
based NPs are classified into two groups based on their
internal structure: solid lipid NPs (SLNs) and nano-
structured lipid carriers (NLCs). SLNs, the initial
generation of lipid-based nanoparticles, are only made
of solid lipids; in contrast, NLCs, an upgraded form of

ISSN: 2250-1177 [137]

Journal of Drug Delivery & Therapeutics. 2025; 15(3):133-141

SLNs, are made of both liquid and solid lipids, with the
solid lipid in a comparatively large quantity to create
nanoparticles.#8 SLNs are prepared similarly to an oil-in-
water (o/w) emulsion, with the exception that the oil
phase is replaced by solid fat or a combination of solid
fats.. SLNs are composed of a solid lipid matrix that is in
a solid state at both room temperature and body
temperature. Waxes, fatty acid esters, and long-chain
fatty acids are examples of solid lipids found in SLNs.
SLN particle sizes (PS) range from 80 to 1000 nm.2?
Therapeutic peptides, proteins, and antigens can be
delivered in diverse ways via solid lipid particulate
systems, which include lipospheres, lipid microparticles,
and SLNs. Biodegradable and biocompatible lipids or
lipid molecules are used to create SLNs, the first
generation of lipid nanoparticles and the most
researched drug carriers. 4? Lipids that are solid at body
temperature and room temperature combine to create
SLN, which are then stabilized by surfactants.
Triglycerides, waxes, or mixtures of glycerides are the
lipids utilized to prepare SLN.1° Lipidic carrier systems
consisting of solid lipids and surfactants are known as
solid lipid nanoparticles (SLNs).50

Role of Administration of Ayurvedic herbs:

Because the BBB restricts access to the central nervous
system, getting beyond it is the largest obstacle to drug
delivery into the central nervous system. Many
therapeutic drugs have been ineffective for treating
brain-related illnesses and injuries, such as Alzheimer's
disease, stroke, brain tumors, head injuries, and other
CNS disorders, for decades because to the BBB. 51

Green-synthesized metal nanoparticles using plant

Metal-based nanoparticles find wide applications in a
variety of disciplines, including biology, chemistry,
engineering, and medicine. The biological uses of metal
nanoparticles in pharmacy and medicine are gaining
attention. Significant advancements in these growing
applications have led to the opening of new application
areas and creative synthesis routes for these
nanoparticles, including chemical and physical
approaches.>2 Because of their unique characteristics,
nanomaterials can function as nanocarriers for
specialized medication delivery systems. For
theranostic goals, the medicinal and/or diagnostic
substances can be conjugated to nanomaterials. 53

Nano-Drug Delivery Systems and Natural Products

The topic of using nanotechnology in natural products is
one that is expanding quickly. An increasing amount of
people believe that using nanocarriers to effectively
carry medications could be a safe means of delivering
therapeutic substances to certain regions within organs,
tissues, or cells. Since nanotechnology allows one or
more natural items to be loaded, the combination of
natural products and nanotechnology holds great
potential. 54
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Figure 3: The combination of natural products and nanotechnology promotes the development of the pharmaceutical
field.>

Emerging Natural Therapeutic Agents

New anticancer medications are mostly derived from
natural materials. It is believed that around 50% of
anticancer medications now in use, whether directly or
indirectly, come from natural products 55.

(1) Polysaccharides; (2) Terpenoids; (3) Terpenoid; (4)
Polyphenol; (5) Terpenoids.>>

Synthetic-herbal drug combination

Tacrolimus with curcumin: Curcumin is a well-known,
traditional medication with a number of advantageous
skin-related benefits. Numerous inflammatory cytokines,
including IL-1pB, IL-6, TNF-a, and cyclin E, have been
observed to be inhibited by it. Its anti-psoriatic actions
are typically mediated through the NF-«kB and MAPK

Liposome

Phospholipid
biolayer,

(mitogen-activated protein kinase) pathways. The
medicine tacrolimus suppresses the immune system. It
inhibits calcineurin, a cytoplasmic protein that binds to
calcium and is necessary for T-cell activation and
proliferation .42

Delivery Systems for Nutraceuticals

As a result, the distribution systems for them must be
chosen to generate goods with constant quality
characteristics.>¢ A wide range of opportunities for the
development of novel goods and requests in the food
system are jeopardized by nano-biotechnology. It can be
applied to site-specific delivery of active ingredients or
nutraceuticals using a variety of delivery methods,
including nano dispersions and nanoemulsions .57
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Figure 4: Schematic illustration the formation and application of LNP.58
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Advantages of nanomaterials

e Herbal by nutrition. They also increase longevity,
quality of life, and overall health. 57

* Because of their alleged safety, potential nutritional
value, and medicinal effects, nutraceuticals have
generated a lot of interest .57

e Growing trends in nutraceuticals include local
availability, environmental friendliness, production and
processing from renewable sources, and public
education. 57

» Because of their tiny size, they have better penetration
into biological membranes and can mix charged solutes
with both hydrophilic and hydrophobic drugs.*+

Application of Nanotechnology on herbal
nutraceuticals

These are beneficial for maintaining health as well as
helping with acute or chronic Disease

Herbal medicine

1. Herbal extract and nanoparticles work more
effectively to combat serious illnesses like kidney stones,
diabetes, cancer, and heart attacks. According to reports
on nano products, these green nanoparticles have
demonstrated antioxidant, anti-diabetic, anti-cancer,

antibacterial, drug delivery, and anti-arthritic properties
59

2. Important biomedical applications of NP-protein
interaction includes theranostic drugs and delivery
mechanisms.60

Conclusion

The integration of nanotechnology and herbal medicine
has revolutionized the field of drug delivery, enabling
the development of novel formulations with improved
bioavailability, targeted delivery, and reduced toxicity.
Nanocarriers such as liposomes, nanoparticles, and
dendrimers have been successfully employed to deliver
herbal extracts and bioactive compounds, enhancing
their therapeutic efficacy. The application of
nanotechnology has also improved the solubility and
stability of herbal compounds, facilitating their use in
various diseases, including cancer, diabetes, and
cardiovascular disorders. Furthermore, the use of
natural products and nanotechnology has opened up
new avenues for the development of safe and effective
therapeutic agents. Overall, the synergy between
nanotechnology and herbal medicine holds great
promise for the development of innovative treatments
for various diseases.
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