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ABSTRACT

The noninvasive route of delivery systems has many advantages over the conventional delivery
systems. Although its applications are limited by low skin permeability and physicochemical properties
of drugs The permeation of drugs through skin can be enhanced by various methods including physical
methods such as iontophoresis (application of low level electric current), phonophoresis (use of ultra
sound energy), eletroporation and by chemical penetration enhancers etc. The transdermal route has been
recognized as one of the highly potential routes of systemic drug delivery and provides the advantage
of avoidance of the first-pass effect, ease of use and withdrawal (in case of side effects), and better
patient compliance. However, the major limitation of this route is the difficulty of permeation of drug
through the skin. Studies have been carried out to find safe and suitable permeation enhancers to
promote the percutaneous absorption of a number of drugs. The present review highlights various
categories of penetration enhancers; the involved mechanism leading to a judicious selection of suitable
penetration enhancers for improving the transdermal permeation of poorly absorbed drugs.
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Introduction

Currently, hypodermic needles are the only available mode for systemic delivery of macromolecular
drugs into humans. Transdermal delivery offers an attractive alternative to needle-based drug
administration. However, evolved to impede the flux of exogenous molecules, stratum corneum (SC),
the topmost layer of the skin, provides a strong barrier to molecular delivery. This is especially
problematic for relatively large drugs (molecular mass > 500 Da), which represent a large majority of
active agents for therapeutic applications1. Over 350 molecules, termed chemical penetration enhancers
(CPEs), have been identified to perturb the SC barrier to facilitate molecular delivery. However,
incorporation of CPEs into products has been mitigated by safety concerns related to the health of the
skin membrane2-5. 

Objectives/Rationale for Opting Penetration Enhancers

To deliver a therapeutically effective dose transdermally using a TDDS with a reasonable size (e.g.
< 20 cm2), the barrier properties of the skin for drug permeation must be overcome to effectively
deliver the drugs transdermally at a controlled rate. There are the following necessities for penetration
enhancement of drugs6.
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- To maintain the therapeutic level in blood.
· To improve the battery of less potent drugs with higher dose e.g. oxymorphane.
· High molecular weight drugs like peptides (insulin), proteins and hormones (LHRH) can be

delivered through transdermal route.
· To increase the delivery of ionizable drugs at physiological pH, e.g. Timolol maleate.
· To deliver the impermeable drugs e.g. TRH, LRH, heparin, aminoglycosides antibiotics.
· To reduce the lag time of TDDS e.g. lignocain, asido-thymidine (AST).

Delivery via Transdermal Route: Various Approaches

1.CHEMICAL APPROACH 
a) Synthesis of lipophilic analogs
b) Delipidization of stratum corneum
c) Co-administration of skin permeation enhancers
2.BIO-CHEMICAL APPROACH
a) Synthesis of bio-convertible pro-drugs
b) Co-administration of skin metabolism inhibistors
3.PHYSICAL APPROACH 
a) Iontophoresis
b) Sonophoresis : Ultrasonic energy
c) Thermal energy
d) Stripping of stratum corneum
e) Hydration of stratum corneum

Use of penetration enhancers

The skin is very effective as a selective penetration barrier. Percutaneous absorption involves the
passage of the drug molecule from the skin surface into the stratum corneum under the influence of
a concentration gradient and its subsequent diffusion through the stratum corneum and underlying
epidermis, through the dermis, and into the blood circulation. The skin behaves as a passive barrier
to the penetrant molecule. The stratum corneum provides the greatest resistance to penetration, and it
is the rate-limiting step in percutaneous absorption7. 

Penetration Enhancers: A Debt into Past

For many years, chemical, toxicological, and clinical investigators have suggested the usefulness of
compounds which could temporarily diminish the barrier resistance of structural elements of the physical
outer layers such as skin and gastrointestinal towards impermeable drugs, such compounds could be
used to in dosage form designed to enhance the permeability of drugs and even to be administered
systematically to patients by various, providing that they are clinically safe and non-toxic.

Since 1964, transdermal delivery of organic liquids such as DMSO, DMF and DMAC has been
investigated as potential penetration enhancing compounds. These organic compounds were called
“penetration enhancers” by Katz and Poulsen, which when applied had a direct enhancing effect on
transdermal permeability and the compounds that improve the absorption of impermeable drugs
administered to the GIT. had been called “absorption promoter” or “absorption enhancers”. The
penetration enhancers are agents, which increase the permeability of the skin or temporally reduce the
impermeability of the skin. According to Chien et al. 38 Penetration enhancers or promoters are agents
that have no therapeutic properties of their own but can transport the sorption of drugs from drug
delivery system onto the skin and/or their subsequent transdermal permeation through skin. Numerous
harmless and non-toxic penetration-enhancing compounds were found from both natural substances and
synthetic products.

Penetration Enhancers: Desirable Characteristics

Penetration enhancers are the substances that facilitate the absorption of penetrant through the skin
by temporarily diminishing the impermeability of the skin. Ideally, these materials should be
pharmacologically inert, nontoxic, nonirritating, nonallergenic, compatible with the drug and excipients,
odorless, tasteless, colorless, and inexpensive and have good solvent properties. The enhancer should
not lead to the loss of body fluids, electrolytes, and other endogenous materials, and skin should
immediately regain its barrier properties on its removal. No single penetration enhancer can possess
all the required properties. However, many enhancers exhibit
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Penetration Enhancers: Routes of Penetration

The possible pathway for a penetrant to cross the skin barrier is depicted in Figure-1. Accordingly,
a molecule may use two diffusional routes to penetrate normal intact human skin: the appendageal
route and the transepidermal route. The appendageal route comprises transport via the sweat glands and
the hair follicles with their associated sebaceous glands. These routes circumvent penetration through
the stratum corneum and are therefore known as shunt routes. Although these routes offer high
permeability, they are considered to be of minor importance because of their relatively small area,
approximately 0.1% of the total skin area. The appendageal route seems to be most important for ions
and large polar molecules, which hardly permeate through the stratum corneum.

 

Fig. 1: Possible pathways for a penetrant to cross the skin barrier. (1) Across the intact horny layer,
(2) through the hair follicles with the associated sebaceaous glands, or (3) via the sweat
glands

Transepidermal transport means that molecules cross the intact horny layer. Two potential micro-
routes of entry exist, the transcellular (or intracellular) and the intercellular pathways (Figure-2). The
principal pathway taken by a penetrant is decided mainly by the partition coefficient (log K).
Hydrophilic drugs partition preferentially into the intracellular domains, whereas lipophilic permeants
(octanol/water log K > 2) traverse the stratum corneum via the intercellular route. Most molecules pass
the stratum corneum by both routes. However, the tortuous intercellular pathway is widely considered
to provide the principal route and major barrier to the permeation of most drugs.

Fig. 2: Schematic Diagram of the two Microroutes of Penetration

Potential Penetration Enhancers for Tdds

Terpenes, Terpenoids, Essential Oils

Terpenes and terpenoids are usually the constituents of volatile oil. Their chemical structure consists
of repeated isoprene (C5H8) units and is classified according to the number of isoprene units:
Monoterpenes have two isoprene units (C10), sesquiterpenes have three (C15), and diterpenes have four
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(C20). Terpenes may also be classified as acyclic/linear, monocyclic, and bicyclic. Terpenes have been
utilized for a number of therapeutic purposes, such as in antispasmodics, carminatives, perfumery, and
others, but a few reports also suggest their potential as percutaneous absorption enhancers8. l-Menthol
(present in a high proportion in peppermint oil) has been shown to increase the skin absorption of
testosterone by forming a eutectic mixture with the drug, thereby lowering its melting point drastically
from 153.7ºC to 39.9ºC, as reflected by differential scanning calorimetry (DSC) studies, increasing its
solubility and hence its absorption. In further studies, menthol also has been shown to increase the
absorption of ceramides and cholesteryl oleate. Menthol affects skin permeation by a dual mechanism:
by forming a eutectic mixture with the penetrating compound, thereby increasing its solubility, and by
altering the barrier properties of the stratum corneum 9. Hydrogel-based patches of propranolol
hydrochloride were formulated with and without menthol as an enhancer (in concentrations of 1%, 5%,
10% w/v). Permeability of propranolol hydrochloride across hairless mouse skin was significantly higher
from patches containing menthol. Menthol preferentially distributes into the intercellular spaces of
stratum corneum and possibly causes the reversible disruption of lipid domains, thus enhancing the
permeation of drugs10.

The mechanism of 1-menthol as an enhancer was examined using diclofenac as a hydrophobic drug
(which permeated through the lipid pathway in the stratum corneum) and diclofenac sodium as a
hydrophilic drug (which permeated through the pore pathway) through ethanol-treated and untreated
silicone membranes, which are models for lipid and pore pathways of skin. Results indicated that it
enhanced the permeation of both salts of the drug by both the lipid and pore pathways11. Kobayashi
et al.12 studied the in vitro permeation of four drugs using excised hairless rat skin. Addition of 1-
menthol to water and 40% ethanol improved the diffusion coefficient of morphine hydrochloride,
atenolol, nifedipine, and vinpocetine in lipid and pore pathways of the stratum corneum, whereas the
addition of ethanol to water and 5% menthol improved the drug solubility in the vehicle and increased
the contribution of the pore pathway to whole skin permeation.

Pyrrolidones

Pyrrolidones and their derivatives have great potential to be used as transdermal permeation
enhancers. The most common N-methyl-2-pyrrolidone (NMP) has been used widely to enhance the skin
absorption of many drugs, for example, insulin13, ibuprofen, and flurbiprofen 14. By the use of NMP,
the flux of the anti-inflammatory drug ibuprofen increased 16 times and that of flurbiprofen increased
3 times through cadaver skin. Kim and Chien15,16 studied the effect of NMP on the skin permeation
of the anti-HIV drugs zalcitabine, didanosine, and zidovudine using hairless rat skin at 37°C. Addition
of 1% v/v of NMP in ethanol: tricaprylin (TCP) (50:50) cosolvent system could not significantly
increase the permeation rate of these drugs. Addition of viscous TCP probably reduced the
thermodynamic activity of the enhancer to distribute from the vehicle to the skin. NMP enhanced the
permeation of anti-inflammatory drugs like ketoprofen through mouse skin17 and produced satisfactory
analgesic and antiphlogistic effects pharmacodynamically, suggesting effective blood levels of ibuprofen
had been reached18.

Azone (1-dodecylazacycloheptan-2-one) forms one of the major classes of percutaneous permeation
enhancers. It has been reported that the choice of solvent is very important while using azone as a
permeation enhancer. When azone was used in combination with PG, the flux of methotrexate19 and
piroxicam 20 increased significantly. Patches containing 0.05% w/v of cyclosporin A, an otherwise
nonimmunosuppressive concentration, also showed good immunosuppression when azone was included
in PG21.

Fatty Acids and Esters

A large number of fatty acids and their esters have been used as permeation enhancers. A general
trend has been seen that unsaturated fatty acids are more effective in enhancing percutaneous absorption
of drugs than their saturated counterparts. Chi et al. 22 reported an increase of 6.5-fold to 17.5-fold
in the permeation rate of flurbiprofen through rat skin by unsaturated fatty acids, while no significant
increase was observed with saturated fatty acids. Moreover, they have a greater enhancing effect on
lipophilic drugs. When Carbomer 934P was used for making a patch, the maximum flux of ketoprofen
was obtained with 35% of oleic acid, while for Carbomer 940, 10% oleic acid produced maximum
flux through full-thickness human skin23. Moreover, oleic acid proved to be the best enhancer among
azone, NMP, and PG for the permeation of ketoprofen. Permeation of another nonsteroidal anti-
inflammatory drug (NSAID) was improved by the action of oleic acid and urea24. 

Oleic acid in PG was markedly successful in increasing the permeation rate of 5-FU and estradiol
through human skin. Results suggested that oleic acid remained in tissues for longer periods. Oleic acid
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(3%) was successful in enhancing the flux of the tetrapeptide melanotropin-hisetal across hairless mouse
skin and human skin, but enhancement across human skin was much less25,26 and oleic acid (50:50)
produced greater transdermal delivery of physostigmine than propionic acid alone 27.

Sulfoxides and Similar Compounds

Dimethyl sulfoxide (DMSO), the most important compound belonging to the category of sulfoxides
and similar compounds, enhances the transdermal permeation of a variety of drugs, like β-blockers,
ephedrine hydrochloride, and papaverine hydrochloride 27. It also enhances the release of azapropazone
from its ointments. Fourier transform Raman spectroscopic studies revealed that DMSO changes the
stratum corneum keratin from alpha-helical to β -sheet conformation. At concentrations greater than 60%
v/v, at which DMSO enhances the flux, there was evidence of its interaction with stratum corneum
lipids. It also produces alteration in protein structure, but may also be related to alterations in stratum
corneum organization besides any increased drug-partitioning effect28. In a study by Clancy et al. 29

using attenuated total reflectance–Fourier transform infrared (ATR-FTIR) and DSC, it was confirmed
that DMSO treatment (of human skin) causes extensive lipid extraction and stratum corneum protein
denaturation. DMSO showed a negligible enhancing effect on the diffusion of piroxicam. It was also
found to be less effective than lauryl chloride in increasing the flux of timolol maleate through human
skin.

Alcohols, Glycols, and Glycerides

Ethanol is the most commonly used alcohol as a transdermal penetration enhancer. It increases the
permeation of ketoprofen from a gel-spray formulation30d triethanolamine salicylate from a hydrophilic
emulsion base31 also acts as a vehicle for menthol in increasing the penetration of methyl paraben.
Ethanol acts as a penetration enhancer by extracting large amounts of stratum corneum lipids. It also
increases the number of free sulphydryl groups of keratin in the stratum corneum proteins. Usually,
pretreatment of skin with ethanol increases the permeation of hydrophilic compounds, while it decreases
that of hydrophobic ones 32.

Miscellaneous Enhancers

Clofibric Acid

Esters and amides of Clofibric acid were studied for their permeation-enhancing property using nude
mice skin. The best enhancement of hydrocortisone-21 acetate and betamethasone-17-valerate was
observed with Clofibric acid octyl amide when applied 1 hr prior to each steroid. Amide analogues
are generally more effective than ester derivatives of the same carbon chain length 33.

Cyclodextrin Complexes

Cyclodextrin complexes of a number of drugs have been formed, and such a combination usually
enhances the permeation of drugs. For instance, an inclusion complex of piroxicam with β -cyclodextrin
increased the drug flux three times across hairless mouse skin, and a similar complex of clonazepam
with methyl- β –cyclodextrin improved its release profile from Carbopol hydrogel through cellulose
nitrate membrane. In solution, cyclodextrin forms a complex with enhancers like quaternary ammonium
salts and shifts their critical micellar concentration to higher values, thereby decreasing the toxic effect
of such enhancers34. Transdermal absorption of alprostadil (AP) from its β –cyclodextrin complex and
O-carboxymethyl-O-ethyl- β –cyclodextrin (CME- β -CD) complex was compared across hairless mouse
skin. HPE-101 (1-[2-(decylthio) ethyl] azacyclopentan-2 one) was included as a permeation enhancer in
both cases. Flux from the latter complex was 10 times higher than from the former one. It was
concluded that a combination of CME- β -CD and HPE-101enhances the topical bioavailability of the
drug35.

Dodecyl-N, N-Dimethylamino Acetate

DDAA increased the transdermal permeation of a number of drugs, like propranolol hydrochloride
and timolol maleate. It was found to be as effective an enhancer as azone, but it possesses an
advantage over azone: Skin irritation with DDAA is reversed in a short time compared to azone.
DDAA also increased the transdermal flux of 5-FU through snakeskin. Moreover, substitution of one
of the hydrogen atoms of the acetate moiety with a methyl group greatly increased its penetration
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power. The increase in the flux of tetrapeptidehisetal by DDAA was 1.5-fold more than azone across
hairless mouse skin. The permeability-enhancing effect was due to changes in the lipid structure of
the stratum corneum, like azone and oleic acid. The improvement in transdermal permeation of sotalol
by DDAA was the same as that produced by iontophoresis36. DDAA causes the disruption of the
lipoidal bilayer of the stratum corneum. Its duration of action is shorter than that of azone and
dodecyl alcohol because of the presence of hydrophilic groups. So, there is faster recovery of the skin
structure and hence less irritation potential. It also exerts a hydrating effect on the skin36.

Conclusion

An ideal formulation of noninvasive drug delivery system essentially comprises the involvement of
penetration enhancer(s). The enhancing ability of penetrants and their side effects are primarily governed
by their physico-chemical properties and percutaneous absorption behavior . Therefore a judicious choice
of penetration enhancer(s) in must to develop and optimized TDDS. Attempts are being made to direct
the research efforts to understand the behavior and mode of action of penetration enhancers both
mechanistically as well as on ‘molecular level’. Involvement of penetration enhancers in TDDS is
rapidly gaining massive attention from researchers now a days and their significant and vital role is
going to be established and identified in the world of pharmaceutical technology in forthcoming years.
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