
rita vieira >>    
school of pharmacy : university of london

Passive permeation enhancement remains the most 
widely used approach to optimize topical and (trans)

dermal drug delivery. In this article, the major routes by which these 

examples of enhancers which are currently used in commercial 
formulations are provided and future directions for the development 

proportion of the world pharmaceutical market, considering the 
few years of actual commercialization of TDD products (1). The 
development of topical drug delivery systems designed to have a 

for a number of drugs on account of the several advantages that 
transdermal delivery offers over conventional routes of drug 
administration. The advantages of drug delivery via the skin include: 
low risk of side effects because of a more constant delivery of the 

targeted delivery; and enhanced patient compliance; whereas the 
major limitations of this route include: potential local skin irritation 
and restricted to relatively potent drugs. Because of the relative 
impermeability of the skin, extensive preformulation studies are 
generally needed in order to optimize both release of the drug from 
the topical vehicle and skin permeation. Enhancement strategies 

approaches are often used to overcome skin barrier function. In this 
article, the former approach will be emphasized and a brief review 
of some of the more commonly used compounds used as chemical 
enhancers in topical and transdermal formulations will be provided. 
Moreover, it will be mentioned possible mechanisms by which these 
compounds promote drug delivery through and to the skin.

Chemical penetration enhancers

Chemical penetration enhancers (CPE) are also commonly referred 
to as accelerants, or absorption promoters.  The ideal properties of 
an enhancer are described in Table 1.

Table 1: Properties of an ideal penetration enhancer (2)
pharmacologically inert
non-toxic, non-irritating and non-allergenic
rapid onset of action and for predictable and suitable duration 
according to the drug
reversible

chemically and physically stable
colorless, odorless and tasteless
inexpensive and cosmetically acceptable

The outermost layer of the skin, the stratum corneum (SC) forms the 
major permeability barrier and is the major rate-limiting barrier to the 
molecular diffusion through mammalian epidermis (3). Structurally, it 
is a thin (~15-20 µm) and heterogeneous layer comprised of stacked 
layers of terminally differentiated and keratinised epidermal cells, 
separated by intercellular spaces distributed in a complex, lamellar, 
intercellular lipid domain (4). These intercellular lipids are regarded 
as the major determinant for the resistance of the skin to passive 
drug diffusion. Therefore substances that perturb the highly ordered 
arrangement of the intercellular lipid bilayers are likely to reduce the 
diffusional resistance of the SC to most drugs. 

Mechanisms of action of penetration enhancers

The various mechanisms of action of permeation enhancers may 
be summarised as follows: 1. Interaction with the polar head groups 
of the lipids (Site A); 2. Interaction in the aqueous domain of the 
lipid bilayers (Site B); 3. Interaction with the lipid alkyl chain (Site 

sites where CPEs can interact (5). Some CPEs may also cause lipid 
extraction (6). 

Those compounds that interact with the polar head group (Figure 1, 
Site A) by establishing H-bonding and/or ionic forces may perturb 
the hydration spheres of the lipid bilayers (7) and subsequently 

lipid domain and increase the water volume between layers, thus 

hydrophilic and lipophilic penetrants. The expansion (or swelling) of 
the nearby lipid head groups may be facilitated by the presence of 
cholesterol sulphate and carboxylic acids (7), thus increasing the 
area in site B (Figure 1) for polar diffusion. 
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Some enhancers may insert themselves directly between the 
hydrophobic lipid tails (Figure 1, Site C). As a result they are able to 

drug permeation (7). In some situations, lipid disturbance is also 
accompanied by some degree of disorder in the polar head group, 
thus facilitating the permeation of solutes in this region. Several 
reports suggest that the ability of these enhancers to disturb the 
packing of the lipid alkyl chains is related to structural features such 
as their polar head and long saturated alkyl chain; 9 to 14 carbon 
atoms appears to be optimal (8,9). For unsaturated long fatty chains, 
C18 appears to be optimal, as for oleic acid (10).

A number of enhancers may act in the aqueous domain (Figure 
1, Site B) by increasing the solubility of this site for the permeant. 
Solvents such as propylene glycol and ethanol are believed to act in 
this way (11). These solvents modify the skin permeability by altering 
the solubility parameter of the skin (11). As a consequence, the 
partitioning of the drug from the vehicle into the SC increases.

Figure 1: Schematic representation of the proposed sites of action of 
penetration enhancers

Types of penetration enhancers 

Penetration enhancers encompass a diverse range of chemical 
classes, examples of which are given in Table 2.

Alcohols
Ethanol and isopropyl alcohol are used in a range of gels, creams 
and patches for both topical and transdermal delivery. In terms of 
direct effects on the skin, permeation of ethanol into the SC can alter 
the solubility properties of the tissue with a consequent improvement 
in drug partitioning into the membrane as already mentioned (11). 
Ethanol is also known to extract lipids from the skin which will also 

the skin and to disrupt the bilayer structure of the intercellular lipids 
(12).   

Table 2: Representative penetration enhancers used in topical and          
transdermal delivery
alcohols ethanol, isopropyl alcohol
fatty alcohols oleyl alcohol
glycols propylene glycol, dipropylene glycol

fatty acids oleic acid
fatty acid esters isopropyl myristate, isopropyl palmitate, 

glyceryl monoleate, glyceryl monolaurate, 
lauryl lactate, ethyl oleate, methyl oleate, 
sorbitan oleate

carboxylic acid esters octyl salicylate, triacetin
amides diethyl toluamide
lactones pentadecalactone

Fatty alcohols and fatty acids
The mechanism of permeation enhancement of the unsaturated 

lipid alkyl chains. Oleic acid-induced skin penetration enhancement 

as transdermal preparations. 

Glycols 
Propylene glycol (PG) is a commonly used solvent, applicable in a 
wide variety of pharmaceutical formulations. As well as competing 
for the solvation sites of the polar head groups of the lipid bilayers 
and increasing the drug partitioning into the SC a number of other 
mechanisms of action have been suggested for this CPE. DSC 

in a smaller and broader transition with increasing concentrations of 
PG (14). In addition, slight changes to two other major lipid transitions 
have also been observed, suggesting that PG may also increase the 

Fatty acid esters
Isopropyl Myristate (IPM) is commonly used as an oily liquid in topical 
preparations and in cosmetics as a substitute for natural oils because 
it is absorbed easily into the skin and has excellent spreading 
properties. Based on its chemical structure and properties, this 
aliphatic ester is expected to act mainly in the SC lipids, increasing 

vehicle of both the drug and solvent (16).

Carboxylic acid esters
Octyl salicylate (OSAL) is a lipophilic ester and is a commonly used 
sunscreen. It has been shown to enhance the permeation of a 
range of drugs and is currently used as a penetration enhancer in 
a commercial metered dose transdermal spray formulation (17-19). 
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of the SC surface lipids, resulting in a lower resistance to drug 
transport and reduction of the intercellular lipid organisation of 
the SC (18). 

Future developments

drug penetration enhancers and several theories have been 
put forward to explain their mechanism of action. However, 
no guidelines exist in order to pre-determine the most suitable 
solvent in a formulation. Furthermore, a lack of studies 

particularly under predicted conditions of use in vivo exist. 
Research towards the basic biophysical analyses of commonly 
used penetration enhancers should lead to the development of 

the instrumentation and data analysis associated with the major 
spectroscopic should allow the real time monitoring of actives 
and excipients in the stratum corneum and provide new insights 
into how these compounds can be harnessed for topical and 
transdermal applications.
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