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ABSTRACT

To enhance the bioavailability and absorption of drugs, scientists have created compounds
referred to as "permeation enhancers." These molecules are specifically designed to simplify
passage of drugs through biological barriers like stratum corneum. Functions of these
enhancers include increasing skin pliability, modifying lipid structures, interacting with
intracellular proteins, and enhancing drug partitioning. Formulation optimization is crucial in
the development of these enhancers, with polymers and nanoparticles playing a key role.
Scientists employ various mechanical and chemical techniques, like -electroporation,
sonophoresis, laser ablation, microneedles, mechanical abrasion, thermal ablation,
iontophoresis, pressure augmentation, hyperthermia, and nanotechnology, to rise drug
penetration into body. Chemical permeation enhancers encompass surfactants, fatty acids,
esters, alcohols, terpenes, azone, sulfoxides, nonsteroidal anti-inflammatory drugs (NSAIDs),
lecithin, chelating agents, hydrotropes, penetration-enhancing polymers, and cyclodextrins.
Natural permeation enhancers like essential oils (e.g., peppermint, lavender, and eucalyptus)
find application in topical formulations to improve absorption of active substances by skin.
Careful formulation design is imperative to ensure both efficacy and safety. The use of
permeation enhancers represents diverse and evolving field, subject to ongoing research efforts

aimed at expanding drug delivery options and enhancing therapeutic outcomes.
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INTRODUCTION:

The largest organ in the human body, the
skin, acts as a barrier to keep water within
and hazardous environmental elements out
[1]. Because of its protective barrier function,
skin is a major barrier to the absorption of
drugs. There have been several attempts to
devise methods to get drugs through stratum
corneum (SC), which is impermeable [2].
For medications to be effectively delivered
dermally or transdermal, it is necessary to
overcome this barrier [3]. The medicine is
absorbed through the stratum comeum,
dermis, epidermis, and finally bloodstream
during the percutaneous absorption process,
which is facilitated by a concentration
gradient between the drug and the skin [4-
6].

Penetration means increasing the ability of a
medicine, chemical, or other material to pass
through a biological barrier such as the skin,
mucous membranes, or cell membranes by
using a substance or compound known as a
permeation enhancer [7-8]. These boosters
are used to raise the bioavailability of
medications, the efficiency of topical
applications, or the absorption of diverse
chemicals [9].

To the penetrating molecule, the skin acts as
a passive barrier [10]. Even though it has the
highest penetration resistance, the stratum
corneum is where percutaneous absorption
reaches its limiting stage [11]. Substances

known as penetration enhancers temporarily

lower the skin's permeability, allowing
penetrants to be absorbed more easily [12-13].
These materials should be affordable,
odorless, tasteless, colorless as well as
compatible with medicine and excipients.
When the enhancer is removed, the skin
should rapidly resume its barrier function to
prevent forfeiture of electrolytes, fluids, and
other endogenous materials. There is no
such thing as a perfect penetration booster.
Yet numerous enhancers have been tried and
true in clinics and labs, displaying many of
these characteristics. The effects of various
amplifiers on transdermal penetration of
various drug moieties are being studied by
researchers. This review aims to classify
penetration-improving  substances  and
explain their mechanism of action to help
choose the right ones for transdermal
absorption of medications.

Permeation enhancers play a pivotal role in
pharmaceutical and cosmetic formulations
by augmenting the penetration of active
compounds through biological barriers, such
as the skin or mucosal membranes.
Understanding the mechanisms and significance
of these enhancers is paramount for optimizing

drug delivery systems and improving
therapeutic outcomes [13]. By modulating the
physicochemical properties of the barrier
and/or the drug molecules themselves,
enhance

permeation  enhancers  can

solubility, disrupt lipid structures, or alter
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membrane fluidity, ultimately facilitating
drug permeation. Moreover, they can
mitigate enzymatic degradation and efflux
mechanisms, thereby prolonging drug
retention within the target site. Mechanisms
of permeation enhancers are crucial for the
development of novel formulations with
enhanced bioavailability, reduced side
effects, and improved patient compliance.
Therefore, research endeavors focusing on
permeation enhancers hold immense
promise for advancing the field of
pharmaceutical and cosmetic sciences,
ultimately translating into enhanced efficacy
and patient care. Overall, writing a review
on permeation enhancers is necessary for
advancing our understanding of drug
delivery science and promoting the
development of more efficient and safer
therapeutic interventions [14].

This review indicates that alpha-bisabolol
possesses several characteristics that make it
a promising candidate for enhancing drug
permeation across biological barriers.

Its amphiphilic nature allows it to interact
with both hydrophilic and lipophilic
components of biological membranes,
thereby potentially disrupting the barrier
integrity and facilitating the passage of
drugs or active compounds. Additionally,
alpha-bisabolol exhibits anti-inflammatory
and skin-soothing properties, which can

contribute to reducing barrier resistance and

improving drug penetration. Studies have

also suggested that alpha-bisabolol may
modulate the expression of proteins
involved in tight junction formation, further
enhancing paracellular transport.
Furthermore, its low cytotoxicity and
biocompatibility make it an attractive option
for incorporation into pharmaceutical and
cosmetic formulations. However, further
research is warranted to fully elucidate the
mechanisms underlying its permeation-
enhancing effects and to optimize its
formulation and dosage for various
applications. Overall, alpha-bisabolol holds
promise as a natural and safe permeation
enhancer, with the potential to improve the
efficacy of drug delivery systems and
enhance the therapeutic outcomes of
pharmaceutical and cosmetic products.
Mechanism of permeation enhancer

It's common knowledge that penetration
enhancers make it easier for drugs to pass
through the skin. But the precise mechanics
of it is only partially understood how
penetration enhancers work [14]. The
following mechanisms, or combinations
thereof, may be responsible for the actions
of skin penetration enhancers: Solvent
action is the initial proposed mechanism.

1. The penetration boosters make the
skin and tissue components more
pliable or easily soluble.

2. The second mechanism postulated is
that enhancers interact with intercellular

lipids, causing the highly structured
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lamellar structure to be disrupted and
so boosting the diffusivity of
medicines from lipid domain.

3. The third theory proposes that
enhancers promote drug penetration

within corneocyte layer by interacting

with intracellular proteins.

4. The fourth theory proposes
increasing the stratum corneum's
partitioning of medications, co-
enhancers or co-solvents. The latter
three steps are explained by the LPP
theory, which stands for lipid-

protein partitioning [15].

Methods to progress drug skin penetration

Methods to enhance drug skin

penetration
1
[ I I I |
Formulation Physical Natural Prodrug Chemical
Optimization Enhancers Enhancers Approach Enhancers
Essential oil I
Oleic Acid ,
Polym@ g Ethanol,
Nanoparticles, == Terpenes
Liposomes
lontophoresis
Nanocarriers = Sonophoresis

Formulation optimization

Polymers and nanoparticles are crucial in the
development of permeation enhancers for
delivery of drug [16]. Polymers enhance the
permeation of pharmaceuticals through
biological barriers like skin, mucous, or cell
membranes [17-18]. Nanoparticles play a
flexible role in these systems, providing
benefits

and activating pathways for

improved permeation and delivery [19-21].

Nanocarriers, such as liposomes, are
essential components in permeation
enhancer  formulations, encapsulating,

protecting, and transporting drugs and
enhancers, enhancing efficacy and reducing
side effects [22-23]. Liposomes are
microscopic vesicles with a central water
core and a bilayer or bilayers of lipids.
Overall, nanoparticles and nanocarriers play
vital roles in improving drug delivery and
delivery [24]. In some of diverse ways, it is
utilized to improve the efficiency as well as
the durability of permeation enhancers:

a) Controlled Release: The production of

"controlled-release" medication delivery

systems can be accomplished with help of
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polymers. It is possible to regulate the rate at
which an active component is released from
polymeric matrices if pharmaceuticals and
permeation enhancers are first encapsulated
within those matrices. This results in a
therapeutic effect that is maintained
throughout time [25-27].

b) Enhanced Adhesion (enhanced
adhesion): Adhesion of drug delivery
system to skin is absolutely necessary for
transdermal administration of drugs. It is
possible to add polymers into adhesive
layers in order to strengthen the system's
adhesion to the skin and ensure that drugs
and enhancers are distributed effectively
[28].

¢) Protection and Stabilization: Polymers
can protect sensitive medications and
permeation enhancers from environmental
variables such as moisture and oxygen,
which can damage them. Polymers can also
stabilize the drugs and permeation
enhancers. In addition to that, they lend the
formulation a higher level of physical
stability [29].

d) Controlled Release of Permeation
Enhancers: Polymers can be employed to
control release of permeation enhancers by
themselves. This is referred to as the
controlled release of permeation enhancers.
Because of this, the augmentation of drug
penetration

may be more precisely

controlled and maintained [30-31].

¢) Enhanced Skin Penetration: Polymers
have ability to interact with stratum corneum
of the skin and change its characteristics,
hence increasing the skin's receptivity to the
absorption of drugs. They have ability to
alter microscopic structure of skin, which in
turn facilitates permeability.

f) Muco-adhesion: In mucosal drug
administration, certain polymers are
engineered to stick to mucous membranes.
This improves drug and enhancer retention
while also making absorption easier. [32]

g) Enhanced Permeability: The ability of
certain polymers, when paired with
permeation enhancers, to intensification
permeability of drug molecules through
biological barriers. Modulating the barrier
characteristics of the mucosal or skin tissues
is the means by which this goal can be
accomplished [33].

h) Matrix Systems: Polymers can be
utilized to construct matrices for use in
systems that distribute drugs topically.
These matrices have the ability to regulate
the release of medicines and other
substances that enhance penetration over
time [34-35].

i) Patch Formulations: Polymer matrices
are frequently used in transdermal patches;
these matrices house the active substances as
well as the enhancers. Polymers are used to
regulate release of drugs, improve adherence,
and shield formulations from the effects of the

surrounding environment [36-37].
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j) Hydrogels: Hydrogels which are
constructed of water-absorbing polymers,
are utilized in a number of drug delivery
applications, with transdermal and mucosal
delivery. Hydrogels are used in delivery of
drugs through mucosal and transdermal
routes. They have the ability to make the
environment more humid and to enhance the
rate at which medicines and enhancers are
released [38-40].

k) Targeted Delivery: When combined
with permeability enhancers, functionalized
polymers containing ligands or targeting
molecules can accomplish site-specific drug
delivery. This can be done to achieve site-
specific drug delivery [41-42].

Physical permeation enhancers

It is also known as physical methods or
techniques, are approaches used to improve
the penetration or permeation of drugs,
compounds, or other substances through
biological barriers. These methods involve
the application of physical forces or
technologies to improve delivery of
therapeutic agents. Some common physical
permeation enhancers include [43-47].

a) lontophoresis: It is technique that uses a
low-level electrical current to drive charged
molecules, including  drugs, across
biological barriers. It is often used in
transdermal drug delivery for conditions
such as pain management and local

anesthesia [48-50].

By passing a small electrical current through
an iontophoretic chamber containing an
electrically charged active drug and its
carrier, iontophoresis is a mnon-invasive
system that increases skin penetration of
pharmaceuticals [51]. It is iontophoretic
device that houses the iontophoretic
chamber. The quantity of drug molecules
absorbed through the skin can be
significantly affected by the delivery
system's composition and the medication's
release characteristics. Organic solvents and
surface-active compounds can alter skin
permeability, which in turn can enhance
percutaneous absorption. The two most
important methods for increasing the flow of
medicine through the skin are electro
repulsion and electroosmosis. A positively
charged chemical is repelled from skin by
positively charged chamber, whereas a
negatively charged chemical is repelled
from skin by negatively charged cathode.
This allows for effective delivery of
chemical. In presence of an electric field,
two primary modes of mass transfer are
referred to as electromigration and
electroosmosis, respectively. The process is
predicated on the idea that opposite charges
attract one another and involves dissolving
the drug in an electrolyte that surrounds an
electrode with a polarity that is analogous to

that of the drug. Iontophoresis makes use of

a very mild current, and as a result, patients
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report feeling very little or nothing at all
during the process [52].

b) Electroporation: It is a method that uses
brief bursts of high-voltage electric current
to transiently open up cell membranes,
resulting in the creation of pores through
which medicines and other compounds can
be introduced. @ The potential of
electroporation as a method for transdermal
medication  administration is  clearly
demonstrated by this research. The use of
electroporation to enhance the efficiency
and expand the variety of substances that
can be transdermal administered has
revolutionized the delivery of medicines in
both laboratory and living organism
settings. It could be a good substitute for
invasively delivering macromolecules (up to
40 kDa) and delivering them quickly and/or
pulsatilely through the skin [53-54].

The utilization of electroporation in
conjunction with various other physical
enhancers is expected to result in the
production of data that is both helpful and
fascinating. As a result, the attempts to
investigate electroporation as a method of
transdermal drug delivery will likely be
increased.

The reader needs to be aware that there is
biochemical, and

multiple chemical,

physiological  processes involved in
electrically aided drug delivery, and that
there is overlay in systems elaborate in

transport via electroporation [55-56].

It is one of physical and chemical ways that
can be used to transfer genes and drugs. It is
superior in a number of ways, although
having a number of deficiencies as well. It is
still the approach of choice in various
circumstances, as demonstrated by the vast
body of relevant scholarly research. In the
not-too-distant future, further innovations
are anticipated that will make this method
even more flexible. It is necessary to perfect
both the pulse protocol and the electrode
design in order to minimize the most
significant detrimental consequence, which
is muscular contraction. This method is used
in gene therapy and certain drug delivery
applications [57].

¢) Sonophoresis:

Sonophoresis, also known as phonophoresis, is
process of using ultrasound at a frequency
that is optimal for purpose of considerably
enhancing the delivery of medications
through skin [58]. This method was initially
implemented in physiotherapy and sports
medicine, but later it was adapted for use in
research on transdermal drug administration
[59]. On the other hand, it has been
demonstrated that a low frequency (less than
20 kHz) rather than therapeutic ultrasound
(less than 1 MHz and higher) results in a
thousand times greater enhancement [59]. It
has been suggested that the enhancement
achieved using a combination of ultrasound
and chemical enhancers may be superior

than that achieved using either enhancement

IJBPAS, March, Special Issue, 2025, 14(3)

599



Patil PT" And Karmarkar RR,

Research Article

approach separately [60]. The process of
sonophoresis involves the use of ultrasonic
waves to advance skin's ability to absorb
drugs. The stratum corneum can be made
more permeable to drugs by use of
mechanical  vibrations produced by
ultrasound [61-63].

d) Microneedles:

Microneedles are tiny, minimally invasive
needles that create micro-channels in the
skin, allowing for improved drug delivery
[64]. They can be used for transdermal drug
administration and have applications in
vaccines and diabetes management.
Microneedles have several advantages over
transdermal drug delivery techniques, most
significant of which is improved skin
permeability achieved by avoiding the
stratum corneum [65]. A trans-epidermal
delivery system that causes minimum pain is
paired with penetration augmentation
techniques such as physical and chemical
procedures in order to boost flow of
permeation. Deeper penetration of the skin
is achieved by employing these techniques
[66-67]. To improve the physical properties
of topical drug administration, many
approaches can be employed, such as
iontophoresis, sonophoresis, and
electroporation. The stratum corneum can
be disrupted or new pores and
microchannels can be created in the skin
using these methods [68]. When these

methods are used in conjunction with

microneedles, the  permeability  of
medications across the skin is five to ten
times greater than when microneedles are
used alone.by the administration of a large
number of active components, macromolecules,
antibodies, genes, proteins, and peptides with
the use of microneedle delivery. In the near
future, microneedle systems will be able to
treat cancer, diabetes, Alzheimer's disease,
and cardiovascular problems with tailored
medicine delivery, skin-sealable administration,
and less intrusive immunization conveyance
[69-70].

e) Laser Ablation:

Laser ablation techniques involve use of
lasers to create micropores in skin, enabling
enhanced drug delivery through the treated
area. Laser ablation (LA) is gaining
popularity as an alternative to surgical
resection for specific cancers, aiming to
reduce suffering and improve outcomes
[71]. However, challenges include accurate
applicator  placement and treatment
planning. New HTP tools and monitoring
tools are gaining attention and clinical
acceptance for improving safety and
outcomes. Recent developments include the
use of new lasers with different wavelengths
and modes of operation, improved
understanding of laser-tissue interactions,
and advancements in targeting nanoparticles
to tumor cells [72]. To realize these
technologies, further improvements and
clinical use

translation  for require
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interdisciplinary ~ collaboration. =~ Mass
spectrometry imaging has also gained
interest in biomedical questions, particularly
in metallomics [73-75].

f) Mechanical Abrasion:

Mechanical abrasion methods, such as
dermabrasion  or  microdermabrasion,
involve the physical removal of stratum
corneum. This enhances drug penetration
and is often used in cosmetics and
dermatology. A simulation of dentin
demineralization was performed in EDTA
solution for 13 hours as part of a study that
investigated the responses of silver and
fluoride with dentin [76]. According to the
findings, silver phosphate was produced
alongside the mineral phase, and fluoride
interactions with dental hydroxyapatite led
to the formation of fluoro-hydroxyapatite
crystals as well as a substance with
properties similar to calcium fluoride. The
rapid discoloration was caused by silver ions
that attached themselves to the collagen in
the dentin and formed a protective coating.
The silver-based dentin, also known as SDF,
was able to profoundly penetrate dentin,
with the largest concentration occurring on
the surface of the dentin. Brushing the
surface with a mechanical tool can remove
some of the silver compounds there, but it is
not nearly as effective on demineralized

dentin [77].

g) Thermal Ablation:
Thermal ablation methods, such as
radiofrequency and laser-induced
thermotherapy, use heat to disrupt or
penetrate biological barriers. These methods
have applications in skin rejuvenation and
medical treatments. Thermal ablation, a
method of selective removal of the
superficial layer of skin (SC) through
microsecond heat pulses, is a potential
alternative to mechanical abrasion, tape-
stripping, or chemical therapy [78]. This
method allows for the apoptosis of cells and
the formation of microchannels or pores,
allowing for the delivery of various
medications via transdermal delivery.
Lasers for thermal skin ablation have gained
interest due to their ability to control the
depth of the ablated skin. Ultrasound can
impact tissues and cells through cavitation
and heat radiation, with the temperature rise
and thermal effect directly proportional to
the absorption coefficient of the medium
[79]. Radiofrequency ablation involves
inserting a thin needle electrode into the
patient's skin, resulting in the formation of
microchannels and increased drug transport
across the skin. However, these methods
have drawbacks, such as difficulty in
regulation, reproduction, and skin irritation
[80].

h) Enhancement:

The application of mechanical pressure to

the skin, as in massage or compression
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devices, can improve penetration of topical
agents. It is used in physiotherapy and sports
medicine [81].

i) Hyperthermia:

Hyperthermia involves the application of
heat to the skin or tissues. It can increase
blood flow and permeability, potentially
improving drug delivery to the affected area
[82].

j) Nanotechnology:

Nanoparticles, as discussed earlier, are
another form of physical permeation
enhancers. They can interact with biological
barriers at the nanoscale and improve drug
penetration.

Physical permeation enhancers offer
advantages in terms of non-invasiveness,
localized drug delivery, and the potential for
improved bioavailability. The precise use,
the compound's composition, and safety and
patient comfort factors all play a role in
determining the method of choice. Careful
consideration of the medication delivery
scenario at hand is required when choosing
from among various physical modalities,
each of which has its own benefits and
drawbacks [83].

Chemical permeation enhancers
Biological barriers include the skin, mucous
membranes, and cell membranes; chemical
permeation enhancers boost the ability of
medications,  chemicals, and  other

substances to penetrate or permeate these

barriers [84]. These chemical enhancers

function by interacting with the barrier to
make it more permeable [85]. Chemical
permeation enhancers are widely used in
pharmaceuticals, cosmetics, and various
other applications. Here are some common
types and examples of chemical permeation
enhancers:

a) Surfactants:

The term "surfactants" refers to a class of
chemicals that are able to lower the surface
tension of various biological barriers.
Surfactants are already present in an
extensive variety of chemical formulations
used in medicine, cosmetics, and
agriculture. Many transdermal drugs have
had their penetration rates increased in
recent years with application of surfactants.
High penetration barrier across stratum
corneum layer of outermost layer of skin
limits transdermal method of administration
to a limited variety of drugs and makes it
impractical to do so very frequently.
Surfactants have power to change
permeability properties of various biological
membranes, including skin. In stratum
corneum, they can make the lipids more
soluble. In order to know whether a
surfactant molecule can cross the stratum
corneum's lipid lamellae, it is important to
know its partitioning behavior and how well
it dissolves in water. Surfactants with
different hydrophobic and hydrophilic

properties have been studied and tested as

permeation enhancers. Improving drug
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distribution is the driving force for this
study. In order to improve the rate of
permeability, many surfactants are utilized.
These include sodium lauryl sulfate, tween,
span, and sorbitan monopalmitate [86-87].
b) Fatty Acids and Esters:

Fatty acids and their esters are known for
their ability to disrupt lipid structures in cell
membranes, enhancing the penetration of
drugs. Oleic acid is often wused in
transdermal drug delivery [88].

¢) Alcohols:

Alcohols can enhance drug penetration by
troublemaking lipid organization in stratum
corneum. Examples include ethanol and
isopropyl alcohol [89].

d) Terpenes:

Essential oils contain terpenes, which are
natural substances. They improve drug
penetration by causing disruptions to the
skin's lipid composition. Skin penetration
enhancers (PEs) [90] derived from terpenes,
which are abundant in plants, show a lot of
promise. There have been at least 28
terpenes studied and used as TDDS Pes. The
most popular ones are nerolidol, menthone,
limonene, menthol, and 1,8-cineole.
Synthetic polyethylene glycol (PE) has
lower enhancing activity than natural
terpenes for both lipophilic and hydrophilic
chemicals. The interaction between these
terpenes, the majority of which include
oxygen, and the lipids in the skin dictates
how efficient they are as PEs. Both the

terpenes and the medication molecules'
lipophilicity impact the enhancing effect. A
low boiling point and a chain structure may
increase the penetration augmentation
impact of amphiphilic terpenes, which
already has a high effect. When compared to
chemical skin PEs, natural terpenes seem to
be safer because to their less irritancy
potential. The following are some examples:
menthol, o-bisabolol, limonene, cineole,
Anethole, Borneol [91-92].

Terpenes, which are often isolated from
medicinal plants, are finding more and more
use as penetration enhancers (PEs) in
various  formulations used in the
pharmaceutical industries. In comparison to
synthetic polyethylenes (PEs), these volatile
chemicals, which are made up of atoms of
carbon, hydrogen, and oxygen, are generally
regarded as being safer. According to a
number of studies, the penetration of
hydrophilic and lipophilic substances is
enhanced by the presence of naturally
occurring terpenes.

Terpenes are absorbed through the skin,
which increases their level of diffusion
across the lipids that separate the cells.
Altering structure of keratin and disrupting
packing of hydrophobic lipids in stratum
corneum (SC) are two other uses for these
agents. It was shown that there was a
positive link between the uptake of terpene
and SC partition coefficient [93].
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e) Azone:
Azone, also known as 1-
dodecylazacycloheptan-2-one, is a synthetic
permeation accompaniment commonly used
in transdermal drug delivery [94].

f) Sulfoxides and Sulfoxide Derivatives:
Dimethyl sulfoxide (DMSO) and its
derivatives can enhance drug penetration
through skin and mucous membranes.
DMSO is used in topical formulations for its
penetration-enhancing properties [95-96].
g) Ibuprofen and Salicylates:

Some NSAIDs, such as ibuprofen, and
salicylates, like salicylic acid, can act as
permeation enhancers themselves and are
used in topical formulations [97].

h) Lecithin:

Lecithin, a naturally occurring phospholipid,
can be used as a permeation enhancer,
particularly in liposomal formulations [98].
i) Chelating Agents:

Chelating agents, such as ethylene-diamine-
tetraacetic acid (EDTA), can disrupt the
tight junctions between cells, enhancing
permeability of mucous membranes [99].

j) Hydrotropes:

Hydrotropes are compounds that advance
solubility of poorly water-soluble drugs,
making them more amenable to mucosal or
transdermal delivery [100].

k) Penetration-Enhancing Polymers:
Certain polymers PEG and PVP, can be used

to improve penetration of drugs and are

sometimes classified as chemical permeation
enhancers [101].

1) Cyclodextrins:

Inclusion complexes formed by
cyclodextrins and pharmaceuticals enhance
the solubility and translocation of the former
through various biological membranes.
Many things must be considered before
settling on a chemical permeation enhancer,
including the type of medicine or molecule
that needs to be given, the intended use, any
necessary safety measures, and any
applicable regulations. Careful formulation
design is necessary to optimize the use of
these enhancers while ensuring efficiency
and protection of product [102].

Natural permeation enhancers

Natural permeation enhancers, such as
essential oils, are compounds derived from
plant sources that have been used
traditionally and in modern applications to
improve the penetration or permeation of
drugs, compounds, or other substances
through biological barriers. One of the many
medicinal uses for essential oils-volatile,
fragrant molecules derived from plants-is to
improve the absorption of other medicinal
substances [103]. Here are some essential
oils that are used as natural permeation
enhancers.

a) Lavender Essential Qil: The soothing
and relaxing effects of lavender oil are well-

known. It has been applied topically to

improve the skin's ability to absorb specific
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chemicals. It can also have anti-

inflammatory effects, which can be
beneficial in topical formulations [104].

b) Eucalyptus Essential Oil: Eucalyptus oil
contains compounds that can increase skin
permeability and improve the absorption of
topical formulations. It is often used in
products like ointments and creams [105].
¢) Peppermint Essential Oil: Peppermint
oil has a cooling and refreshing sensation
and can improve penetration of active
essentials through skin. It is used in various
topical products for pain relief and skin care.
d) Tea Tree Essential Oil: Tea tree oil is
recognized for its antimicrobial properties
and is often used to enhance the penetration
of other antimicrobial or anti-inflammatory
compounds in topical applications.

¢) Rosemary Essential Oil: Rosemary oil is
believed to improve circulation and can
potentially enhance delivery of drugs
through skin or mucous membranes.

f) Lemongrass Essential Oil: Lemongrass
oil is sometimes included in formulations to
enhance the permeation of other active
ingredients. It has a fresh, citrusy aroma.

g) Ginger Essential Oil: Ginger oil may
have properties that can improve skin
permeation. It is often used in products for
pain relief and relaxation [106].

It's important to note that while natural
permeation enhancers like essential oils can

offer advantages in terms of being derived

from natural sources and having various

therapeutic benefits, their use should be

carefully  considered. = Safety, skin
sensitization, potential allergic reactions,
and interactions with other compounds in a
formulation should be evaluated. The
specific essential oil chosen may depend on
the application, the intended effect, and the
compatibility with the active ingredient. The
effectiveness of natural permeation
enhancers can vary depending on the
specific essential oil, the formulation, and
the desired outcome. In many cases,
essential oils are used in combination with
other excipients or techniques to optimize
their permeation-enhancing properties.
With their 'Generally Regarded As Safe'
rating from USFDA, natural terpenes have
advantages over more conventional
enhancers including alcohols, Azone®, fatty
acids, sulfoxides, and pyrrolidones. In
addition to their excellent penetration-
enhancing properties, they also have
minimal systemic toxicity and low skin
irritancy.

Sesquiterpenes are pretty big molecules that
are separated from the parts of essential oils
that have higher boiling points. Researchers
looked into how well sesquiterpenes which
were picked because they are safe and don't
irritate the skin can get into it. They used the
water-loving drug 5-fluorouracil as a test
drug.

Particular sesquiterpenes involved following:

[107]
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e Hydrocarbons: [-caryophyllene, (+)-
longifolene, (+)-B-cedrene and (+)-
aromadendrene

e Alcohols: (—)-guaiol, (—)-isolongifolol
(synthetic derivative), (+)-cedrol, (—)-o-
bisabolol, farnesol and nerolidol;

e Others/miscellaneous: (+)-cedryl acetate
and B-caryophyllene oxide which are
together synthetic derivatives.

The cyclic compounds (—)-isolongifolol,
(—)-guaiol, and (+)-cedrol exhibited weakest
boosting effects of alcohols studied because
they lacked distinct hydrocarbon tails,
which made them less effective at disrupting
the lipids. Given its status as a monocyclic
alcohol, (—)-a-bisabolol displayed
intermediate activity and would fit more
snugly into lipid domain. Most effective
enhancers were nerolidol and farnesol,
which are acyclic alcohols with properties
that can disrupt lipid packing [108]. By
comparing their structures, we found that the
enhancer activity was  dramatically
increased when the alcohol was changed
from primary to tertiary. We are
concentrating on a-Bisabolol as an enhancer
of permeation.

Some aromatic plants, such as Eremanthus

erythropappus, Smyrniopsis aucheri, and

Vanillosmopsis species, have subsequently

been found to contain the sesquiterpene

alcohol o-bisabolol, which was first
chamomilla

discovered in Matricaria

(Asteraceae) in the 1900s [109]. It has been
determined that there could be four potential
stereoisomers of a-(-)-bisabolol. There are
several cosmetic and dermatological items
that include bisabolol [110]. The term a~(-)-
bisabolol is wusually suggested when
bisabolol is mentioned. German chamomile,
sage, Vanillosmopsis sp., Myoporum
grassifolium, and other plants can be hydro
distilled to produce a-(-)-bisabolol, which is
also called levomenol. The percentage of a-
(-)-bisabolol in Matricaria chamomilla is up
to 50%, whereas in S. runcinata it is up to
90%. Candeia  wood  (Eremanthus
erythropappus) is another little investigated
source of a-bisabolol that could contain as
much as 85% of the compound [111].
Bisabolol, with the molecular formula
CisH260, is a sesquiterpene alcohol. Its
alternative names include alpha,4-dimethyl-
alpha-(4-methyl-3-pentenyl)-3-
cyclohexene-1-methanol. Bisabolol has a
subtle, floral scent [112]. At 12 Torr, its
boiling point is 153°C, and it has a
comparatively low density of 0.93. The
liquid is colorless. Because of its high
oxidation potential, bisabolol is a lipophilic
compound. Though soluble in ethanol, it
almost insolubilizes in water. Mainly
bisabolol-oxide A and B are byproducts of
oxidation. Synthesized version of o-(%)-
bisabolol is typically a combination of the less

common enantiomer o~(-)-bisabolol [113].
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(+)-a-Bisabolol

Applications

In most cases, an increase in melanin is to
blame for the darkening of skin that occurs
in hyperpigmentation. Hyperpigmentation
can be produced by number of different
reasons with inflammatory skin conditions,
allergic and irritating contact dermatitis.
Hyperpigmentation of epidermis and dermis
has been linked to an increase in
melanogenic enzyme activity or the number
of melanocytes. Production of a-
melanocyte-stimulating hormone (a-MSH)
is known to require the cAMP response
element (CRE). Two assays, a cAMP
response element luciferase reporter assay
and a melanin test, were used to determine
whether or not a-bisabolol had a
depigmenting impact. The data showed that
a-bisabolol counteracted the effects of a-

MSH on CRE activation. Similarly,

H,C CHj
(-)-epi-a-Bisabolol

(+)-epi-a-Bisabolol

substance reduced the melanin
concentration caused by a-MSH [114].
Melanin synthesis is catalysed by the
enzyme tyrosinase. Many studies have
demonstrated that a-MSH promotes
tyrosinase gene expression via activating
MITF (Microphthalmia-associated
transcription factor) gene expression.
Scientists examined the impact of -
bisabolol on the a-MSH-induced MITF and
tyrosinase gene expression and discovered
that it had an effect, indicating that a-
bisabolol hinders melanogenesis through the
reduction of intracellular cAMP levels
[115].

Although there are benefits to administering
medications via the percutaneous route
compared to intravenous or oral routes, the
stratum corneum acts as an architectural

barrier to topical and transdermal drug

IJBPAS, March, Special Issue, 2025, 14(3)

607



Patil PT" And Karmarkar RR,

Research Article

distribution. Use of penetration enhancers is
common practice for lowering stratum
corneum permeability. Because of their non-
toxicity, extensive usage for transdermal
distribution, and all-natural composition,
these are GRAS. The a-blocker dapiprazole
is used topically on the eyes to treat chronic
uncomplicated glaucoma, prevent miosis
before

surgery, and reverse

pharmacologically-induced mydriasis.
Lower dosages, maintained plasma levels
and more patient compliance are all
potential  benefits of  transdermal
administration compared to oral methods in
patients with various diseases. The
permeability coefficient of dapiprazole was
dramatically increased when tested in the
presence of terpenes such y-limonene, o-
bisabolol and terpinolene compared to other
vehicles. Changes in bisabolol's activity
show how different functional groups affect
a compound's pharmacological profile
[116].

The sesquiterpene alcohol a-bisabolol,
which is present in essential oils, has been
discovered to possess anticancer properties
in relation to pancreatic cancer. Akt activity
was inhibited and apoptosis was promoted
in pancreatic cancer cell lines by a-bisabolol
therapy.  Additionally, the therapy
significantly reduced tumor growth in
xenograft nude mouse models placed
subcutaneously and peritoneally [117]. The

compound a-bisabolol derivative effectively

reduces pancreatic cancer cell proliferation
and apoptosis, inhibiting tumor growth and
reducing pancreatic cancer dissemination to
peritoneal nodules. It suppresses AKT
expression, indicating an anticancer effect,
making it a promising new anticancer drug
for pancreatic cancer [118].

The apoptotic induction, cell cycle arrest,
suppression of cell migration and invasion,
and activation of the P13K/AKT signaling
pathway are the mechanisms by which a-
Bisabolol exerts its anticancer effects in
human non-small cell lung carcinoma cells
[119].

Other applications

The optically active sesquiterpene alcohol
(—)-a-bisabolol is made by distilling the
essential oil of plants like Matricaria
chamomilla and Vanillosmopsis erythropappa.
(-)- a- Bisabolol's

gastroprotective properties, along with its

antibacterial and

subtle floral aroma, have attracted a lot of
attention from the economic community
[33]. Using a modified single sucrose-gap
approach, the researchers analysed changes
in the properties of compound action
potentials (CAPs) in the peripheral nerve
systems of mice to determine the
pharmacological effects of (-)-a-bisabolol
[34]. Dementia and cognitive decline in the
elderly are symptoms of Alzheimer's disease
(AD), a neurodegenerative illness that can
be fatal. This work looks into the effects of
AP25-35

o-bisabolol on caused
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neurotoxicity in PC12 cells, namely its anti-
amyloidogenic and anti-apoptotic
capabilities. The therapy decreases the
tendency for AP aggregation and the
intensity of fluorescence, according to the
results [120].

Preclinical models of chronic pain
were examined for the antinociceptive and
anti-inflammatory effects of (-)-a-bisabolol
alone and in combination with J3-
cyclodextrin (BCD). Swiss mice were given
BIS, BIS-BCD, or vehicle treatment and
their spinal cord was examined. Results
indicate BIS and BIS-BCD decrease
mechanical and thermal hyperalgesia, TNF-
o production, and IBA-1 expression.
Complexation of BIS in BCD lowered
therapeutic dose, indicating BIS as a viable
chronic pain therapy molecule [121-123].
CONCLUSION:
Substances that improve a drug's
permeability to biological barriers include
permeability  enhancers. To develop
efficient medication delivery systems,
optimization of formulation is essential.
Some methods that can increase physical
include

penetration iontophoresis,

microneedles, electroporation, sonophoresis,
and electroporation. In treatment of cancer,
diabetes,  Alzheimer's  disease, and
cardiovascular issues, microneedle devices
provide targeted medication delivery, self-
sealable administration, and less invasive
reduces

Immunization. Because it

discomfort and speeds up recovery, laser
ablation is a preferred choice for treating
some tumors. Chemical substances that can
improve the rate of penetration include
terpenes, esters, surfactants, fatty acids,
synthetic polyethylenes (PEs), chelating
agents, hydrotropropes, and PEs. Essential
oils and other natural penetration enhancers
offer medicinal qualities, however there are
concerns about their use due to skin
sensitization, allergies, and chemical
interactions. Terpenes like a-Bisabolol have
several possible applications, a low toxicity
level, and are GRAS classified, making
them attractive choices for drug permeation.
These chemicals have great potential for
transdermal drug administration, but further
study and clinical trials are essential to
determine their full potential.
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