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The skin, our largest organ, acts as a formidable barrier
against the external environment. This barrier function,
primarily attributed to the stratum corneum (SC), the
outermost layer of the epidermis, presents a significant
challenge for the topical delivery of drugs and cosmetics.
Overcoming this challenge requires employing
percutaneous penetration enhancers (PPEnhancers),
substances that modify the SC structure and properties,
thereby improving the permeation of active ingredients.
This article delves into the chemical methods used to
modify the stratum corneum and enhance percutaneous
penetration, exploring the mechanisms, applications, and
future directions of this crucial field.

Understanding the Stratum
Corneum and its Barrier Function
The stratum corneum's remarkable barrier properties stem
from its unique structure. It's a complex, multi-layered
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structure composed of corneocytes, dead keratinocytes
embedded in a lipid matrix. These lipids, primarily
ceramides, cholesterol, and free fatty acids, are organized
into a bilayer structure, creating a highly impermeable
barrier. This intricate arrangement effectively prevents the
entry of foreign substances while simultaneously retaining
water and protecting against environmental insults.
Chemical penetration enhancers work by disrupting this
lipid organization or interacting with the corneocytes,
thereby increasing the permeability of the SC.

Chemical Methods for Penetration
Enhancement: Mechanisms of
Action
Several chemical methods exist for modifying the stratum
corneum and enhancing percutaneous absorption. These
methods target different aspects of the SC's structure and
function. Key mechanisms of action include:

Lipid Disruption: Many chemical enhancers disrupt
the lipid bilayers of the SC, increasing the fluidity and
permeability of the stratum corneum. Surfactants,
such as sodium lauryl sulfate (SLS) and polysorbates,
are a prime example. They reduce the intercellular
cohesion of the lipid matrix, creating pathways for
drug molecules to traverse. This approach is a classic
example of chemical penetration enhancement in
action.
Solvent Effect: Certain organic solvents, like
propylene glycol and ethanol, act as penetration
enhancers by dissolving the lipids in the SC and
altering the corneocyte hydration. This process creates
temporary voids in the lipid structure, allowing easier
passage of the drug molecule. This is a common
technique used in transdermal drug delivery systems.
Extraction of Lipids: Some enhancers function by
extracting lipids from the SC, reducing the overall
barrier resistance. This method disrupts the structural
integrity of the SC, though it might lead to potential



Percutaneous Penetration Enhancers Chemical Methods In Penetration
Enhancement Modification Of The Stratum Corneum

Percutaneous Penetration Enhancers Chemical Methods In Penetration
Enhancement Modification Of The Stratum Corneum

3

skin irritation if not carefully controlled. Azone (1-
dodecylazacycloheptan-2-one), for instance, is a
well-known enhancer that works via lipid extraction.
Hydration of the SC: Increasing the hydration of the
stratum corneum can also improve permeability. This
approach works by increasing the spacing between
corneocytes, creating pathways for drug diffusion.
Humectants, such as glycerol and urea, are
examples of such enhancers. They increase water
content, leading to enhanced permeability.

Types of Chemical Penetration
Enhancers and their Applications
The selection of a suitable chemical enhancer depends on
several factors, including the nature of the drug being
delivered, the desired level of penetration, and potential
skin irritation. Different chemical classes offer diverse
mechanisms and efficacy profiles:

Alcohols: Ethanol and propylene glycol are frequently
used due to their solvent properties and ability to alter
SC hydration. They find application in various topical
formulations, but high concentrations can cause skin
irritation.
Surfactants: These amphiphilic molecules reduce
surface tension and disrupt the lipid bilayer. They are
widely used in both pharmaceutical and cosmetic
products but can be irritating at higher concentrations.
Azones: These compounds, like Azone, extract lipids
from the SC, increasing permeability, making them
suitable for transdermal drug delivery systems.
However, they can also cause irritation if not
formulated carefully.
Terpenes: Derived from essential oils, terpenes
demonstrate penetration-enhancing properties. Their
use is growing in natural and organic formulations, but
their safety profile requires careful consideration.
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Challenges and Future Directions in
Percutaneous Penetration
Enhancement
While chemical enhancers offer a powerful tool for
improving topical drug delivery, several challenges remain:

Skin Irritation: Many enhancers can cause skin
irritation, inflammation, or allergic reactions. This is a
significant limitation, especially for long-term use.
Toxicity: Certain chemical enhancers possess
inherent toxicity, limiting their applicability. Research
focuses on developing safer alternatives with minimal
adverse effects.
Formulation Complexity: Optimizing the formulation
of enhancers with the active drug requires careful
consideration of compatibility, stability, and efficacy.
Variability in Skin Permeability: Individual skin
characteristics vary significantly, affecting the efficacy
of penetration enhancers. This necessitates
personalized approaches to enhance delivery.

Future research will focus on developing novel enhancers
with improved safety profiles, targeted delivery systems,
and personalized strategies. This includes exploring the use
of nanocarriers, liposomes, and other innovative
technologies to enhance penetration and reduce the
potential for adverse effects. Chemical modification of
the existing enhancers is also a promising area of research.
The field of percutaneous penetration enhancement is
constantly evolving, offering new possibilities for the
transdermal delivery of therapeutic agents and cosmetic
ingredients.

FAQ: Percutaneous Penetration
Enhancers
Q1: Are all chemical penetration enhancers safe for
the skin?
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A1: No, many chemical penetration enhancers have the
potential to cause skin irritation, inflammation, or allergic
reactions. The safety of an enhancer depends on its
chemical structure, concentration, and duration of
application. Careful selection and formulation are crucial to
minimize the risk of adverse effects.

Q2: How do chemical penetration enhancers compare
to physical methods of penetration enhancement?

A2: Physical methods, like iontophoresis and ultrasound,
use physical forces to enhance drug penetration, while
chemical methods modify the SC structure directly. Both
approaches have their advantages and disadvantages.
Chemical methods can be simpler to implement, while
physical methods offer more precise control over drug
delivery. Often, a combined approach may provide the best
results.

Q3: Can penetration enhancers be used with any
drug?

A3: Not necessarily. The compatibility of a penetration
enhancer with a specific drug is critical. The choice of
enhancer depends on the drug's physicochemical properties
and the desired delivery profile. Incompatibilities may lead
to reduced efficacy or unwanted side effects.

Q4: What are some examples of commercially
available products that use chemical penetration
enhancers?

A4: Many over-the-counter and prescription topical
medications utilize penetration enhancers. Examples
include transdermal patches for nicotine replacement
therapy and pain relief medications. Many cosmetic
products also incorporate enhancers to improve the
absorption of active ingredients. Specific examples are
often proprietary and not explicitly listed on the label.

Q5: What are the ethical considerations surrounding
the use of percutaneous penetration enhancers?
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A5: Ethical concerns revolve around the potential for
adverse effects, particularly skin irritation and sensitization.
Transparency in product labeling, thorough testing for
safety and efficacy, and careful monitoring of patient
responses are crucial ethical considerations.

Q6: What are the future trends in percutaneous
penetration enhancer research?

A6: Future research directions include developing
biocompatible and biodegradable enhancers, designing
targeted delivery systems, exploring the use of
nanotechnology, and improving our understanding of
individual skin variability. Personalized medicine
approaches will likely play an increasingly significant role.

Q7: How are percutaneous penetration enhancers
regulated?

A7: The regulation of percutaneous penetration enhancers
varies depending on the intended use (pharmaceutical or
cosmetic) and the geographic location. Regulatory
agencies, such as the FDA in the US and the EMA in Europe,
assess the safety and efficacy of these substances before
market approval.

Q8: Can I use a penetration enhancer I found online
at home without consulting a doctor or pharmacist?

A8: It's strongly advised against using penetration
enhancers without professional guidance. Improper use can
lead to skin irritation, allergic reactions, or other adverse
effects. Always consult with a healthcare professional before
using any topical product, especially those containing
penetration enhancers.

Percutaneous Penetration
Enhancers: Chemical Methods in
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Penetration Enhancement
Modification of the Stratum
Corneum
The skin's outer layer – the stratum corneum – acts as a
formidable impediment to the permeation of various
substances . This biological safeguard is crucial for
protecting the body against harmful environmental factors .
However, this same impermeability presents a significant
obstacle for the delivery of therapeutics through the skin,
limiting the effectiveness of topical and transdermal
therapies . To bypass this constraint, researchers have
extensively investigated methods for improving
percutaneous penetration. This article will delve into the
fascinating world of chemical penetration enhancers and
their role in modifying the stratum corneum to facilitate
drug delivery.

Chemical Methods for Modifying the Stratum
Corneum:

Chemical penetration enhancers work by altering the
structural characteristics of the stratum corneum, thus
increasing its porosity. These compounds achieve this via
diverse pathways , including:

Disruption of the Lipid Bilayer: The stratum
corneum's lipid bilayer is a essential component of its
barrier function . Many chemical enhancers destabilize
this lipid organization, creating spaces and improving
flexibility within the membrane. Examples include
wetting agents like sodium lauryl sulfate (SLS) and
polysorbates, and alcohols such as ethanol and
propylene glycol. These agents can leach lipids from
the stratum corneum or disrupt their arrangement ,
compromising the barrier's resilience. The analogy
here is similar to weakening a brick structure – it
makes it easier passage.

Extraction of Corneocyte Proteins: The
corneocytes, the dead cells of the stratum corneum,
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are connected by proteins. Some chemical enhancers
can leach these proteins, separating the corneocyte
network and enlarging pores. Azelaiic acid can operate
through this mechanism. Imagine this as loosening the
mortar between bricks, enabling easier passage .

Alteration of Corneocyte Hydration: Water content
within the stratum corneum greatly influences its
porosity. Some chemical enhancers raise moisture
levels by attracting water molecules, causing
enlargement of the corneocytes and enlarging the
intercellular spaces. Glycerin and propylene glycol are
commonly used examples. Think of it like increasing
the moisture content – it makes it more porous.

Enhanced Partitioning: Chemical enhancers can
improve the distribution of the substance into the
stratum corneum, therefore increasing its
concentration within the skin and driving the
penetration process . This is especially crucial for polar
drugs that have poor solubility in the lipid bilayer.

Practical Benefits and Implementation Strategies:

The use of chemical penetration enhancers offers numerous
pluses in drug delivery systems. These include improved
drug penetration, reduced dose requirements , increased
patient adherence , and the development of novel drug
delivery systems . However, careful thought must be given
to the possible adverse effects of these enhancers, as well
as their compatibility with other ingredients within the
formulation . Careful picking of an enhancer and its amount
is paramount, often requiring extensive lab and clinical
testing.

Conclusion:

Percutaneous penetration enhancers offer a valuable
instrument for overcoming the resistance of the stratum
corneum and improving the delivery of drugs through the
skin. Understanding the diverse mechanisms by which these
chemical enhancers change the stratum corneum's
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structure and properties is key for the design of more
efficacious topical and transdermal drug delivery systems.
However, a balanced approach is essential, carefully
weighing the benefits against the potential risks associated
with enhancer usage. Ongoing research continues to
explore new compounds and improved delivery methods to
further enhance skin penetration and optimize drug
delivery.

Frequently Asked Questions (FAQs):

1. Q: Are all chemical penetration enhancers safe for
skin use?

A: No, not all chemical penetration enhancers are safe for
skin use. Some can cause irritation, allergic reactions, or
other adverse effects. Careful selection and testing are
crucial.

2. Q: How are chemical penetration enhancers chosen
for a specific drug?

A: The choice of enhancer depends on factors like the
drug's properties (e.g., solubility, molecular weight), the
desired penetration depth, and the potential for skin
irritation. Extensive testing is required to determine the
optimal enhancer and concentration.

3. Q: What are some future directions in the research
of chemical penetration enhancers?

A: Future research focuses on developing novel, safer, and
more effective enhancers with targeted delivery
capabilities, minimizing side effects, and improving the
efficacy of transdermal drug delivery systems for a wider
range of therapeutic agents. This also includes exploring
combination strategies and advanced formulation
techniques.

4. Q: Can chemical penetration enhancers be used for
cosmetic products as well?
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A: Yes, chemical penetration enhancers are also used in
cosmetics to improve the delivery of active ingredients like
antioxidants or peptides to deeper layers of the skin for
enhanced efficacy. However, safety and regulatory
considerations remain critical.
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