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Introduction

Herbal medicines have been used for centuries due to their
therapeutic potential, biocompatibility and minimal side effects.
However, the clinical efficacy of many herbal bioactives is often
limited by poor water solubility, low bioavailability and rapid
metabolism. To overcome these challenges, recent research has
focused on novel drug delivery systems, among which
nanoemulsions have emerged as a promising platform.
Nanoemulsions are submicron-sized colloidal dispersions
composed of oil, water and surfactants that encapsulate
hydrophobic  drugs, enhancing solubility, stability and
permeability. By integrating herbal bioactives into nanoemulsions,
it is possible to improve pharmacokinetics, protect sensitive
phytochemicals from degradation and enable targeted and
controlled delivery, thereby maximizing therapeutic outcomes [1].

Description

The formulation of herbal nanoemulsions requires careful
selection of components and optimization of preparation
techniques. The choice of oil phase, surfactant and co-surfactant
significantly influences droplet size, stability and drug-loading
efficiency. Natural oils such as coconut oil, olive oil, or medium-
chain triglycerides are commonly used due to their
biocompatibility and ability to solubilize lipophilic herbal
compounds. Surfactants, including nonionic agents like Tween 80
or Span 20, stabilize the nanoemulsion by reducing interfacial
tension, while co-surfactants such as ethanol or propylene glycol
enhance flexibility of the interfacial film. Preparation methods
may include high-energy techniques like ultrasonication and high-
pressure  homogenization or low-energy methods like
spontaneous emulsification. Optimizing process parameters-such
as surfactant concentration, oil-to-water ratio and energy input-is
essential to achieve nanoemulsions with uniform droplet size,
high stability and maximum drug encapsulation. In vitro and in
vivo evaluations are essential to assess the biological
performance of herbal nanoemulsions. In vitro studies typically
include drug release profiling, cell viability assays, antioxidant
activity tests and permeability studies across intestinal or skin
model [2].
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Characterization of herbal nanoemulsions is critical to ensure
quality, reproducibility and therapeutic efficacy. Key
physicochemical parameters include droplet size and size
distribution, zeta potential, viscosity, pH and drug content.
Dynamic Light Scattering (DLS) is widely used to measure
particle size, while zeta potential indicates colloidal stability and
predicts long-term shelf-life. Morphological assessment using
Transmission Electron Microscopy (TEM) or Scanning Electron
Microscopy (SEM) provides insight into droplet shape and
surface characteristics. In addition, encapsulation efficiency and
drug-loading capacity are quantified to evaluate the
nanoemulsion’s ability to carry the active herbal compound.
Stability studies under various storage conditions assess
potential phase separation, creaming, or Ostwald ripening,
which can impact bioavailability. Comprehensive
characterization ensures that the nanoemulsion is suitable for
further in vitro and in vivo studies [3].

Herbal nanoemulsions offer significant advantages in
enhancing drug delivery compared to conventional
formulations. The nanoscale size of droplets increases surface
area, improving dissolution rate and absorption through
biological membranes. Furthermore, nanoemulsions can
facilitate transdermal, oral, or nasal delivery, depending on the
intended route of administration. Controlled-release properties
can be engineered by modulating the composition or droplet
structure, reducing dosing frequency and enhancing patient
compliance. Studies have demonstrated that encapsulating
herbal compounds like curcumin, quercetin and resveratrol in
nanoemulsions significantly increases bioavailability, protects
against enzymatic degradation and enhances therapeutic effects
such as antioxidant, anti-inflammatory and anticancer activities.
The ability to co-deliver multiple bioactives in a single
nanoemulsion further expands the potential for synergistic
therapeutic outcomes. Moreover, histopathological and
biochemical analyses confirm safety and biocompatibility,
establishing the translational potential of these formulations for
human therapeutic applications [4,5].
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Conclusion

The development of novel herbal nanoemulsions represents a
promising strategy to overcome the limitations of conventional
herbal drug delivery. Through careful selection of formulation
components, optimization of preparation techniques and rigorous
physicochemical and biological evaluation, nanoemulsions
enhance solubility, stability, bioavailability and therapeutic
efficacy of herbal compounds. This integrative approach bridges
traditional herbal medicine with modern nanotechnology,
offering potential solutions for a wide range of clinical
applications, including chronic diseases, cancer therapy and anti-
inflammatory treatments. As research advances, the combination
of herbal bioactives with nanocarrier systems is poised to
revolutionize natural product-based therapeutics, paving the way
for safer, more effective and patient-friendly interventions.
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