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Chemical Penetration Enhancement: A Review
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ABSTRACT
Transdermal drug delivery system is now a promising drug delivery system. Modern transdermal drug delivery systems are products of basic
pharmaceutical research that took place during the last third of the 20th century. The literature on transdermal delivery of drugs has been
revised. The transdermal drug delivery system has potential advantages of avoiding hepatic first pass metabolism, maintaining constant
blood levels for longer period of time, decrease side effects, decrease gastrointestinal effect that occur due to local contact with gastric
mucosa and improved compliance. The success of dermatological or transdermal drug delivery systems depends on the ability of the drug to
penetrate into and/or permeate through skin in sufficient quantities to achieve desired therapeutic levels. In this article, the most recent
chemical penetration enhancers on transdermal delivery systems is intended to summarize the progress in TDDS research and development
(R&D).
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INTRODUCTION
Drugs are rarely administered as pure chemical substances
alone and are almost given as formulated preparation or medicines.
These can vary from relatively simple solutions to complex drug delivery systems1. The commonly employed drug delivery systems include tablets, capsules, pills, injections and some extent topical and
mucosal formulations. For most of the drugs, conventional methods
of drug administration are effective, but some drugs are unstable or
toxic and have narrow therapeutic ranges2. Oral delivery is by far the
easiest and most convenient way of delivering drugs especially when
repeated or routine administration is required3. While this has the
notable advantage of easy administration, it also has significant drawbacks namely poor bioavailability due to hepatic metabolism (first
pass) and the tendency to produce rapid blood level spikes (both
high and low), leading to a need for high and/or frequent dosing,
which can be both cost prohibitive and inconvenient4. To overcome
these difficulties there is a need for the development of new drug
delivery system; which will improve the therapeutic efficacy and safety
of drugs by more precise (i.e. site specific), spatial and temporal
placement within the body thereby reducing both size and number of
doses.
The goal of an ideal drug delivery system is to deliver a drug
to a specific site, in specific time and release pattern. The traditional
medical forms provide drug delivery with peaks, often above the required dose (Figure 1). The constant drug level in blood or sustained
drug release to avoid multiple doses and bypassing of the hepatic
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“first-pass” metabolism are the main challenges for every delivery
system5. This transdermal delivery system should not only control
the therapy of drug but also do so in a patient compliant fashion.
Effective delivery of the formulation in a physiologically compatible
manner is thus the next hurdle in the drug development cycle. Careful
selection of a delivery route or system is critical to success in the
further stages of drug safety and metabolism. Human skin is an attractive portal for administration of active pharmaceutical ingredients. This route, referred to as the Transdermal Drug Delivery, which
is an alternative route for systemic delivery of drugs through intact
skin to reach the systemic circulation in adequate extent to elicit a
desired therapeutic response6. The initiative of delivering drugs
through the skin is ancient, as far back as the 16th century B.C., the
Ebers Papyrus recommended that the husk of the castor oil plant be
crushed in water and placed on an aching head7.
In recent decades, transdermal drug delivery has been an
active field of biomedical research with rapid development in both the
extent and the depth of investigation. The success of transdermal
delivery depends on the ability of the drug to permeate the intact skin
in sufficient quantities to achieve its desired pharmacological action.
The first transdermal patch (0.5 mg Scopolamine, TTS-S, Novartis,
Basel, Switzerland) was approved by US Food and Drug Administration in 1979 to treat motion sickness8, 9. Depending upon the drug, the
time of duration of transdermal delivery is generally from 1 to 7 days10.
The transdermal route is one of the major pathways for delivering
potent therapeutic agents to the human body.
Advantages and Limitations
Transdermal drug delivery has many advantages over the
conventional drug delivery and also some limitations which can be
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The penetration enhancers (also called sorption promoters or
discussed as follows.
accelerants) which penetrate into skin to reversibly decrease the barrier resistance16. The impermeability of the skin has led to the develAdvantages1, 6, 7, 11-13
opment of a number of enhancement strategies.
¨

¨
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¨
¨
¨
¨
¨

¨
¨

Provides a noninvasive alternative to parenteral, subcutaneous and intramuscular
injections.
Avoids first-pass metabolism in the gastrointestinal tract and liver, which
allows drugs
having poor oral bioavailability and/or short biological half-lives to be
administered at most, once a day, and which can result in improved
patient compliance.
Avoid the problems of gastric irritation, stomach emptying and pH
effects.
To enable control of input, as exemplified by the termination of drug
delivery through removal of the device.
Suitable for patients who are unconscious or suffering from vomiting.
Decreases the dose to be administered.
Not affected by food intake.
Provides constant blood levels in the plasma for drugs with a narrow
therapeutic window,
therefore minimizing the risk of toxic side effects or lack of efficacy.
Sustained release of drug for long durations to reduce the dosing frequency.
Programmed delivery from conventional transdermal patches is not easy
but the techniques
that use active processes, such as an electric current, can deliver the
therapeutic agent in a time-dependent manner.

Limitations1, 6, 11, 14
¨
¨

¨
¨
¨

¨

¨

Chemical Permeation Enhancers
Chemical enhancers also referred to as Chemical Penetration
Enhancers or Chemical Permeation Enhancers (CPEs), are the moieties that can alter the stratum corneum barrier to promote the flux of
therapeutic molecules across skin. The most enhancers interact with
the intercellular lipid domain of the stratum corneum. The general
mechanism by which skin permeation improve are the intercellular
lipid matrix in which the accelerants may disrupt the packing motif,
the intracellular keratin domains or through increasing drug partitioning into the tissue by acting as a solvent for the permeant within the
membrane16. The chemical enhancement mechanism is to use solvents that permeate into the skin and act essentially as a carrier for
the active. The other mechanism is one in which a component of the
formulation permeates into the intercellular lipids where it intercalates
and disrupts their structure17. This creates a region where diffusion is
faster and permeation through the stratum corneum is improved.
I) Water
Earlier approach to improve transdermal and topical delivery
of therapeutic agents is to use water. The water content of human
stratum corneum is typically around 15-20% of the tissue dry weight,
although clearly this varies depending on the external environment
such as humidity. Soaking the skin in water, exposing the membrane
to high humidities or, as is more usual under clinical conditions, occluding the tissue so preventing transepidermal water loss can allow
the stratum corneum to reach water contents in equilibrium with that
of the underlying epidermal skin cells. Hence, on occlusion, the water
content of this outer membrane can reach to 400% of the tissue dry
weight. Generally, increased tissue hydration appears to increase
transdermal delivery of both hydrophilic and lipophilic permeants.

The variability in transdermal absorption owing to site, disease, age and
species differences.
Only relatively potent drugs are suitable candidates for transdermal
delivery as the natural limits of drug entry imposed by the skin’s impermeability.
Some patients develop contact dermatitis at the site of application from
one or more of the system components, necessitating discontinuation.
TDDS cannot achieve high drug levels in blood/plasma.
The metabolic enzymes in the skin can may create a trouble, and some
drugs are almost completely metabolized before they reach the cutaneous vasculature.
II) Sulfoxides
Another problem that can arise, which is sometimes overlooked, is that
some drugs can be broken down before penetration through the stratum
Dimethylsulfoxide (DMSO) is an aprotic solvent that has
corneum (SC) by the bacteria that live on the surface of skin.
the
ability
to induce cell fusion and cell differentiation and enhance
The use of transdermal delivery may be uneconomic.

the drug permeability of lipid membranes18. Considering the small

For better understanding of transdermal drug delivery, the struc- highly polar nature of this molecule it is feasible that DMSO interacts
ture of skin should be briefly discussed along with penetration through skin with the head groups of some bilayer lipids to distort to the packing
and permeation pathways.
geometry19. Further, DMSO promotes permeation by reducing skin

PERMEATIONENHANCEMENT
Transdermal permeation, or percutaneous absorption, can
be defined as the passage of a substance, such as a drug, from the
outside of the skin through its various layers into the bloodstream.
The success of dermatological or transdermal drug delivery systems
depends on the ability of the drug to penetrate into and/or permeate
through skin in sufficient quantities to achieve therapeutic levels15.

resistance to drug molecules or by promotion of drug partitioning
from the dosage form. DMSO can induce water pores in dipalmitoylphosphatidylcholine (DPPC) bilayers and propose this to be a possible pathway for the enhancement of penetration of active molecules
through lipid membranes18. It has been postulated that DMSO denatures the intercellular structural proteins of the stratum corneum by
disrupting the structure of the lipid chains. Furthermore, DMSO may
alter the physical structure of the skin by elution of lipid, lipoprotein
and nucleoprotein structures of the stratum corneum20.
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III) Pyrrolidones
A range of pyrrolidones and structurally related compounds
have been investigated as potential penetration enhancers in human
skin. Azone (1-dodecylazacycloheptan-2-one or laurocapram) was the
first molecule specifically designed as a skin penetration enhancer.
Azone enhances the skin transport of a wide variety of drugs including steroids, antibiotics and antiviral agents.
Azone is most effective at low concentrations, being employed typically between. Azone probably exerts its penetration enhancing effects through interactions with the lipid domains of the
stratum corneum. Considering the chemical structure of the molecule
(possessing a large polar head group and lipid alkyl chain) it would be
expected that the enhancer partitions into the bilayer lipids to disrupt
their packing arrangement; integration into the lipids is unlikely to be
homogeneous considering the variety of compositional and packing
domains within stratum corneum lipid bilayers16. Azone is known to
show significant accelerant effects at low concentrations for both
hydrophilic and hydrophobic drugs20.
IV) Alcohols

VI) Esters
Esters such as ethyl acetate are relatively polar, hydrogen
bonding compounds that may enhance permeation in a similar manner to the sulphoxides and formamides by penetrating into the stratum corneum and increasing the lipid fluidity by disruption of lipid
packing. A similar mode of action is proposed for isopropyl myristate
and, in addition, the aliphatic esters may influence partitioning between vehicle and skin by solubilization effects20.
VII) Urea
Urea is a hydrating agent (a hydrotrope) promotes
transdermal permeation by facilitating hydration of the stratum corneum and by the formation of hydrophilic diffusion channels within
the barrier20. Urea alone or in combination with ammonium lactate
produced significant stratum corneum hydration and improved barrier function when compared to the vehicle alone in human volunteers in vivo. Urea also has keratolytic properties, usually when used
in combination with salicylic acid for keratolysis16. The modest penetration enhancing activity of urea probably results from a combination of increasing stratum corneum water content, the keratolytic activity and lipid disruption mechanisms.

Alcohols may influence transdermal penetration by a number of mechanisms. The alkyl chain length of the alkanols is an imporVIII) Surface active agents
tant parameter in the promotion of permeation enhancement.
Ethanol can exert its permeation enhancing activity through
various mechanisms. Firstly, as a solvent, it can increase the solubility of the drug in the vehicle16. Further, permeation of ethanol into the
stratum corneum can alter the solubility properties of the tissue with
a consequent improvement for drug partitioning into the membrane21.
Disruption of the stratum corneum integrity through extraction of
biochemicals by the more hydrophobic alcohols contributes to enhanced mass transfer through this tissue20. As with water, ethanol
permeates rapidly through human skin with a steady state flux of
approximately 1 mg cm2/h. Ethanol has been used to enhance the flux
of levonorgestrel, estradiol, hydro-cortisone and 5-fluorouracil
through rat skin16 and of estradiol through human skin in vivo22.
V) Fatty acids

Surface active agents function primarily by adsorption at
interfaces and thus interact with biological membranes contributing
to the overall penetration enhancement of compounds20. Anionic surfactants include sodium lauryl sulphate (SLS), cationic surfactants
include cetyltrimethyl ammonium bromide, the nonoxynol surfactants
are non-ionic surfactants and zwitterionic surfactants include dodecyl
betaine. Anionic and cationic surfactants have potential to damage
human skin; SLS is a powerful irritant and increased the trans
epidemeral water loss in human volunteers in vivo and both anionic
and cationic surfactants swell the stratum corneum and interact with
intercellular keratin16.
IX) Essential oils and terpenes
Terpenes are found in essential oils, and are compounds
comprising only carbon, hydrogen and oxygen atoms, yet which are
not aromatic16. Both the mono and sesquiterpenes are known to increase percutaneous absorption of compounds by increasing
diffusivity of the drug in stratum corneum and/or by disruption of the
intercellular lipid barrier. A further mechanism of activity that has been
postulated is that the terpenoids increase electrical conductivity of
tissues thereby opening polar pathways within the stratum corneum20.
Cyclic monoterpenes generally showed stronger enhancement of
curcumin than other terpenes, flavanoids and cholestanol18. Terpenes continue to be a popular choice of enhancer for delivering materials across skin membranes. For example, L-menthol has been used
to facilitate in vitro permeation of morphine hydrochloride through
hairless rat skin16, imipramine hydrochloride across rat skin23 and hydrocortisone through hairless mouse skin24.

Percutaneous drug absorption has been increased by a wide
variety of long chain fatty acids, the most popular of which is oleic
acid. More specifically, oleic acid has been found to decrease the
phase transition temperatures of the skin lipids with a resultant increase in motional freedom or fluidity of these structures20. It is clear
from numerous literature reports that the enhancer interacts with and
modifies the lipid domains of the stratum corneum, as would be expected for a long chain fatty acid with a cis configuration oleic acid at
higher concentration can also exist as a separate phase (or as ‘pools’)
within the bilayer lipids18. The formation of such pools would provide
permeability defects within the bilayer lipids thus facilitating permeation of hydrophilic permeants through the membrane. These enhancers can be used to promote delivery of both lipophilic and hydrophilic permeants.
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