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Abstract – Transdermal drug delivery system (TDDS) aims to deliver the therapeutic moiety via the skin into the systemic 

circulation for its therapeutic effect. 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, due to resistance of this route is the difficulty of penetration of drug 

through the skin. Studies have been carried out to select safe and suitable penetration enhancers to promote the percutaneous 

absorption of a number of drugs. The present review contains the different penetration enhancers; thus, it will help in the 

selection of appropriate enhancers for increasing the permeation of poorly absorbed drugs through skin. 
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1. Introduction 

The skin is the largest organ of the body covering the 

entire body. It makes up about 16 % of the total body weight 

with a surface area of 1.8 m
2
. For a long period of time the 

skin was considered as an impervious membrane, thus 

preventing any sort of movement of substances into the body. 

Due to this reason the skin was not studied as a potential 

route of the drug administration for a long period of time. 

Later on it was found that substances with a specific set of 

properties can be transported across the skin. However due to 

the natural barrier functions of the skin it must be accepted 

that only few substances are suitable candidates for the 

conventional TDDS. Many substances will be absorbed 

through the skin, but in such a small concentrations that their 

level in the blood will never rise to the concentration required 

for the therapeutic activity. Many other substances will not be 

absorbed at all. 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 absorption. Penetration enhancers (or 

absorption promoters) are the substances that facilitate the 

absorption of penetrant through the skin by temporarily 

diminishing the impermeability of the skin. Several scientists 

are engaged in transdermal permeation studies using various 

enhancers for several drug moieties. This review discusses a 

few important permeation enhancers used in transdermal 

drug delivery. 

Ideal characteristics of enhancers  

An ideal penetration enhancer should have following 

properties [1].  

 The effect of enhancer on the skin should be 

reversible, and it should not damage the viable cells. 

 It should be pharmacologically inert, non-toxic, non-

allergenic and non-irritating. 

 It should be compatible with the drug and other 

additives. 

 It should show their effect rapidly; with predictable 

and reproducible duration of effect. 

 It should have unidirectional enhancing effect; 

allowing the drug molecule to pass through the skin 

while preventing the loss of endogenous materials 

like body fluids, electrolytes etc. 

  It should be economical. 

No single penetration enhancer possesses all these 

properties; however some penetration enhancers may 

possesses some of the above attributes [2].  

 Mechanism of penetration of enhancers [1] 

 The penetration enhancers may show their effect any one 

or combination of the following mechanisms. 

 By disrupting the structure of stratum corneum 

lipids. 

 By interacting with intercellular proteins. 

 By improving drug partitioning, co-enhancer or 

solvent into the stratum corneum. 

The chemical enhancers show their enhancing effect by 

bringing alterations in, at least any one three pathways. The 

polar pathways are altered by solvent swelling or 

conformational changes in proteins. The fatty acids show 

their effect by increasing the fluidity of lipid protein portion 
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of the stratum corneum. Some enhancers act on both polar 

and pathways by altering the multilaminate penetration 

pathway.  

The following equation for the penetration rate (flux) 

explains the factors which could affect the drug permeation 

rate.  

dm/dt = D Co K /h 

Where; 

dm/dt represents steady state flux 

C0 is the constant concentration of the drug in the donor 

solution 

D is diffusion coefficient  

h is membrane thickness  

K is the partition coefficient of the permeant between the 

membrane and the bathing solution. 

It is clear from the above equation that following factors 

may affect the rate of drug permeation across the skin. 

 Molecular mass of the permeant, preferably less 

than 600 Da.  

 Solubility of drug molecule in oil and water which 

determines its membrane concentration gradient. 

Adequate oil and water solubility develops high 

membrane concentration gradient. 

 Melting point; as low melting point correlates with 

good solubility of drug as described by ideal 

solubility theory. 

 Site of application; as the thickness of the 

membrane varies throughout the body. The sites 

with less skin thickness are preferred for more 

permeation. 

 The value of K; It should be high (but balanced) 

for good permeation as if it is too large it may 

inhibit clearance by viable tissues.   

 

 Methods for Enhancing Transdermal Drug 

Delivery  

In last two decades the barrier properties of the skin have 

been reduced by a number of ways. These may be of two 

types; active method and passive methods. 

 Active methods for enhancing transdermal 

drug delivery 

Active transdermal delivery enhancing methods increase 

the transdermal delivery by using an external energy as a 

driving force. Active methods make possible the permeation 

of larger molecules which can’t be permeated otherwise. 

Various active methods used for enhancing transdermal 

delivery are discussed here below; 

i. Iontophoresis: Iontophoresis utilizes electrical potential as 

driving force for permeation of ionizable drug 

molecules through the skin. In iotophoresis a small 

electric current, usually 0.5 mA/cm2, is applied either 

directly to the skin or through the dosage from [3].  

The drug permeation is caused by any one or combination 

of following mechanisms. 

 Electro-repulsion (for similar charged solutes) 

 Electro-osmosis (for uncharged solutes) 

 Electro-perturbation (for both charged and 

uncharged solutes)  

Iontophoretic techniques may vary in electrode type, 

current intensity, type of permeant, pH of the system and 

competitive ion effect [3]. 

 

 
Figure 1. Diagrammatic representation of Iontophoresis with       

modification [4] 

ii. Eletroporation: In electroporation the transdermal delivery 

of the drug molecule is increased by the application of a 

high volatage (100 volts) in the form of direct currect 

(DC). This high voltage produces transient pores in the 

skin through which macromolecules can pass to the 

intercellular spaces by combination of diffusion and 

local and electrophoretic mechanism [5].  

 

 
Figure 2. Diagrammatic presentation of Electroporation [5]  

 

iii. Sonophoresis: Sonophoresis, Phonophoresis or Ultr-

Phonophoresis are used alternatively for this active 

transdermal delivery enhancing method. In this method 

ultrasound, (20 KHz-16 MHz) is used as a driving for to 

increase the permeation of drug molecules through the 

skin [6]. In this method the drug is mixed with a 

coupling agent in the form of gel, cream or ointment. 

The coupling agent acts as a medium for the transfer of 

phonophoretic energy from the device to the skin [7]. 

Sonophoresis causes disruption of stratum corneum by 

cavitation, microscreening and heat sensitization [8]. 

High frequency ultrasound in the range 1-16 MHz is 

less effective than low frequency ultrasound in the range 

20-100 KHz. 

 
   Figure 3. Diagramatic presentation of Sonophoresis 
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iv.  Microneedles: Micrneedles technique may also be called 

as microscopic projection. As the name indiactes the 

device contains microprojections which are arranged in 

array. These microscopic prejections are 10-100 μm in 

length and 10- 50 μm in width. These microneedles are 

made up of cilicone and have very shorp tip (Radius of 

curveture <1 μm). When the device is applied to the  

skin the microneedles produce micropores which are too 

larger to allow the drug molecules to pass through them 

but are to small to cause pain [9].  

 

 
Figure 4. Microneedles based drug patch 

 

v. Magnatophoresis: Magnatophoresis is an active 

transdermal delivery enhancing method which utilizes 

the magnetic field as a driving force. This technique can 

be used for the permeation of diamagnetic molecules. 

This method has been implemented for the transdermal 

delivery of benzoic acid. The diffusion flux is in direct 

proportion with intensity of the applied magnetic field 

[10].  

vi. Skin abrasion: In this technique the transdermal drug 

delivery is facilitated by producing micro channels in 

the skin by removal of upper layers of the skin. Special 

type of devices is used for this purpose. Microderm 

abrasion device (developed by Med Pharm Ltd., 

Charbury, UK) is an example of such devices. This 

technique has increased the permeation of angiotensin 

by 100 folds as compare to the untreated human skin 

[11].  

vii. Laser Radiations: This technique involves the direct 

exposure of skin to a controlled beam of Laser 

radiations which removes stratum corneum without 

damaging the underlined epidermis. The transdermal 

delivery of lipophilic and hydrophilic drug molecules 

can be increased by this technique [12].   

viii. Thermoporesis: In this technique the skin permeability is 

increased by increasing the skin surface temperature. 

First of all Blank et al. [13] reported the effect of 

elevated temperature on the transdermal permeation in 

1967. It has been demonstrated that every 7-8°C rise in 

temperature increases the permeability by 2-3 folds 

[14]. The following mechanisms may be involved in 

increasing the skin permeability in thermophoresis 

technique; 

 Increased lipid fluidity which in turn increases drug 

diffusivity in vehicle and in the skin as well [15]. 

 Vasodilatation of the subcutaneous blood vessels 

[16].  

It has been reported that an exposure to low (freezing) 

temperature may reduce the barrier function of the skin [17]. 

However, still low temperature hasn’t been implemented 

practically as transdermal enhancing technique. 

ix. Radio-frequency: This technique involves the exposure of 

skin to high frequency alternating current (~100 kHz) 

which produces microscopic passages in the stratum 

corneum by  a process called cell ablation. The drug 

delivery rate is influenced by the number and depth of 

these microchannels produced. It has been demonstrated 

from in vivo studies that plasma level of granisetron HCl 

after 12 hours was 30 times greater when exposed to 

radio frequency than the level recorded for untreated 

skin after 24 hours [18]. In the same research 

permeability of diclofenac through the skin was also 

observed [18]. 

 Passive methods for enhancing transdermal 

drug delivery   

In passive transdermal delivery enhancing methods the 

barrier properties are not fundamentally altered and a limited 

amount of drug can be delivered. These methods include; 

 The use of supersaturated systems [19]. 

 The use of chemical penetration enhancers [20]. 

 Prodrugs or using metabolic approaches [21]. 

 Liposomes and such other vesicles [22]. 

Chemical penetration enhancers (CPE) 

Permeation enhancers increase the skin permeability by 

reversibly damaging or altering the physicochemical nature 

of the stratum corneum to reduce its diffusional resistance. 

Some drugs have inherent capacity to permeate the skin 

without chemical enhancers. However when this is not case, 

chemical permeation enhancers are useful in transdermal 

drug delivery. Chemical penetration enhancers are now most 

desirably used as transdermal delivery enhancing method. 

Chemical penetration enhancers interact with the constituents 

of the skin and alter the barrier functions of the skin 

reversibly [20].  

 More than 275 chemical penetration enhancers have been 

identified and used in various researches. The major chemical 

penetration enhancers are given here below; 

Terpenes and 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 (C20). Terpenes may also be classified as 

acyclic/linear, monocyclic, and bicyclic. The effect of three 

essential oils (eucalyptus, peppermint, turpentine oil) on the 

permeation of 5-fluorouracil (5-FU) were studied using 

excised rat skin. Although all three oils enhanced the 

permeation of drug, their effect was less than that of azone. 

Eucalyptus oil was found to be the most active, causing a 60-

fold increase, while peppermint and turpentine oil showed 

48- and 28-fold increases, respectively. Mode of action of 

these enhancers may be due to a combined process of 

partition and diffusion, the latter being dominant [23]. Some 

cyclic terpenes have also been investigated as penetration 

enhancers. Cineole, d-limonene, and a-pinene were studied 
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using human cadaver skin for their absorption-enhancing 

effect on two neuroleptic drugs, chlorpromazine (CPZ) and 

haloperidol [24]. None of the three improved the penetration 

profile of CPZ; d-limonene even reduced its transdermal 

permeation. Permeation of haloperidol was increased by both 

cineole and d-limonene; a-pinene provided no change in its 

permeation profile. Coapplication of terpenes (1,8-cineole, 

menthone, limonene, nerolidol) with 5-FU, both at saturation, 

in a propylene glycol (PG)/water cosolvent system increased 

drug flux significantly [25]. Terpene activity depended on PG 

content, with maximum flux obtained with formulations 

containing 80% PG. A dual mechanism of permeation was 

proposed, one due to increased lipid disruption in the stratum 

corneum by terpenes and the second due to the increased 

drug partitioning contributed by the high PG content. 

 

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 formulation [26] and 

triethanolamine salicylate from a hydrophilic emulsion base 

[27]. It also acts as a vehicle for menthol in increasing the 

penetration of methyl paraben [28]. PG solvates the keratin of 

the stratum corneum, occupying the hydrogen bonding sites. 

When it is used in combination with azone, large amounts of 

glycol enter the tissue and promote intracellular diffusion of 

drugs [29]. Short-chain glycerides are also effective as 

permeation enhancers (e.g., TCP). For instance, glycerin 

tricaprylate (caprylic acid triglyceride) in combination with 

ethanol is used as a solvent system [30, 31]. TCP is an 

excellent hydrophobic vehicle and promoted the permeability 

of tegafur combined with ethanol [32]. Glyceryl 

monocaprylate enhanced the partitioning of papaverine 

across hairless rat skins [33]. Sefsol 318, a medium-chain 

glyceride, increased the permeation of papaverine 

hydrochloride by almost 820 times by increasing the fluidity 

of the lipoidal membrane of the stratum corneum [34]. 

 

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. [35] 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. 
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