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Percutaneous absorption: 

 It is a step-wise process of penetration of substances into various layers of 

skin and permeation across the skin into systemic circulations and can be 

divided into three parts: 

Penetration The entry of a substance into a particular layer.  

Permeation The penetration from one layer into another, and is 

different both functionally and structurally from the first layer. 

Absorption The uptake of a substance into systemic 

circulation.  
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Factors affecting Permeation 

 The principle transport mechanism across mammalian skin is by 

passive diffusion through primarily the trans-epidermal route at 

steady state or through trans-appendageal route at initially, non-

steady state.  

The factors that affect the permeability of the skin are classified 

into following three categories: 

I. Physicochemical properties of the permeate molecule 

II. Physicochemical properties of the drug delivery system  

III. Physiological and pathological condition of the skin 
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A. Physicochemical properties of the permeate molecule 

        Partition co-efficient  Drug possessing both water and lipid solubility are favorably 

absorbed through the skin.  

           Transdermal permeability co-efficient shows a linear dependence on partition 

coefficient.  

           Varying the vehicle may also alter a lipid/water partition co-efficient of a drug 

molecule.  

            The partition co-efficient of a drug molecule may be altered by chemical modification 

without    affecting the pharmacological activity of the drug.  

         Molecular size There is an inverse relationship existed between transdermal flux and 

molecular weight of the molecule.  

        The drug molecule selected as candidates for transdermal delivery tend to lie within 

narrow range of molecular weight (100-500 Dalton). 
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Solubility Lipophilicity is a desired property of transdermal candidates as lipophilic 

molecules tend to permeate through the skin faster than more hydrophilic molecules.  

Melting point Drugs with high melting points have relatively low aqueous solubility at 

normal temperature and pressure. 

pH condition The pH mainly affects the rates of absorption of acidic and basic drugs 

whereas unchanged form of drug has better penetrating capacity.  

 Transport of ionizable species from aqueous solutions shows strong pH dependence.  

 According to pH partition hypothesis, only the unionized form of the drugs can 

permeate through the lipid barrier in significant amounts.  
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B. Physicochemical properties of the drug delivery system  

The affinity of the vehicle for the drug molecules  

 It can influence the release of the drug molecule from the carrier. Solubility in the 

carrier determines the release rate of the drug.  

 The mechanism of drug release depends on whether the drug is dissolved or 

suspended in the delivery/carrier system and on the interfacial partition co-efficient of 

the drug from the delivery system to skin tissue.  

Composition of drug delivery system  

 Composition of drug delivery system may affect not only the rate of drug release but 

also the permeability of the SC by means of hydration.  

Enhancement of transdermal permeation:  

 Due to the dead nature of the SC the release of the drug from the dosage form is less.  

 Penetration enhancers thus can cause the physicochemical or physiological changes in 

SC and increase the penetration of the drug through the skin.  
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C. Physiological and pathological condition of the skin:  

Skin age: Foetal and infant skin appears to be more permeable than mature adult skin and 

therefore percutaneous absorption of topical steroids occurs more rapidly in children than in 

adults whereas, water permeation has shown to be same in adults and in children. 

Lipid film: The thin lipid film on skin surface is formed by the excretion of sebaceous 

glands and cell lipids like sebum and epidermal cell which contain emulsifying agent may 

provide a protective film to prevent the removal of natural moisturising factor from the skin and 

help in maintaining the barrier function of the SC. 

Skin hydration: Hydration of SC can enhance transdermal permeability. The rate of 

penetration study of salicylic acid through skin with dry and hydrated corneum 

showed that when the tissues were hydrated, the rate of penetration of the most 

water-soluble esters increased more than that of the other esters. 
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Skin temperature: Raising skin temperature results in an increase in the rate of skin 

permeation.  

 Rise in skin temperature may also increase vasodilation of blood vessels, which are 

in contact with skin leading to an increase in percutaneous absorption.  

Cutaneous drug metabolism: After crossing the SC barrier, some of the drug reaches the 

general circulation in active form and some of this in inactive form or metabolic form, 

because of the presence of metabolic enzymes present in the skin layers.  

Species differences: Mammalian skin from different species display wide differences in 

anatomy in such characteristics as the thickness of SC, number of sweat glands and hair 

follicles per unit surface area.  

Pathological injury to the skin: Injuries to the skin can cause the disturbance in the 

continuity of SC and leads to increase in skin permeability. 
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Permeation Enhancers 

 These are compounds that promote skin permeability by altering the skin as a barrier to the flux of a 

desired penetrant.  

 Penetration enhancers are incorporated into a formulation to improve the diffusivity and solubility of 

drugs through the skin that would reversibly reduce the barrier resistance of the skin.  

 Thus allows the drug to penetrate to the viable tissues and enter the systemic circulation. 

 The flux of drug across the skin can be written as: 

J = D [dc/dx]  

J = The Flux, D = diffusion coefficient, C = Concentration of the diffusing species, X = Spatial 

coordinate. 

The methods employed for modifying the barrier properties of the SC to enhance the drug penetration 

(and absorption) through the skin can be categorized as chemical and physical methods of 

enhancement. 
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Chemical Enhancers: 

Chemical permeation enhancers can work by one or more of the following three principle 

mechanisms:  

 Relaxation of the extremely ordered lipid structure of the stratum corneum.  

 Interacting with aqueous domain of bilayer of lipid.  

 Enhanced partition of the drug, by addition of co-enhancer or solvent into the stratum 

corneum.  

 Promoting penetration and establishing drugs reservoir in the stratum corneum. 
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Chemical permeation enhancers exert their effect through above modifications in the skin structure.  

 Various Chemical permeation enhancers interact with the polar head groups through hydrogen bonding 

and ionic interactions.  

 The resultant disruption of the lipid hydration spheres and change in head group properties cause the 

relaxation at the head portion.  

 This relaxation can decrease the resistances of this lipid-enriched domain for polar molecules.  

 Another aspect can be an increase in the volume of the water layer resulting in more water flow to the 

tissue, a process known as solvent swelling, leading to increased cross sectional area for diffusion of 

polar molecules. 

  A portion of free water becomes available, besides the water in structure, at the lipid interface.  

 This process can also occur due to simple hydration.  

 Some of the most widely studied permeation enhancers are di-methylsulfoxide (DMSO), di-

methylacetamide (DMA), and diethyltoluamide (DEET), propylene glycol (PG). 

 The penetration enhancers, such as DMSO, urea and surfactants, can also interact with the keratin 

filaments present in corneocytes which leads to disruption within the cell thereby increasing diffusion 

coefficient and permeability. 
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2. Physical Enhancers:  

Electroporation  

 The use of electro-permeabilization as a method of enhancing diffusion across biological 

barriers dates back as far as 100 years.  

 Electroporation involves the application of high voltage pulses to induce skin 

perturbation. High voltages (≥100 V) and short treatment durations (milliseconds) are 

most frequently employed.  

 The technology has been successfully used to enhance the skin permeability of molecules 

with differing lipophilicity and size (i.e., small molecules, proteins, peptides, and 

oligonucleotides). 
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Iontophoresis  

 This method involves enhancing the permeation of a topically applied therapeutic agent by the 

application of a low-level electric current, either directly to the skin or indirectly via the 

dosage form.  

 Increase in drug permeation as a result of this methodology can be attributed to either one or a 

combination of electro-repulsion (for charged solutes), electro-osmosis (for uncharged 

solutes), and electro-perturbation (for both charged and uncharged) mechanisms. 

Ultrasound  

 Ultrasound involves the use of ultrasonic energy to enhance the transdermal delivery of solutes 

either simultaneously or through pretreatment, and is frequently referred to as sonophoresis.  

 The proposed mechanism behind the increase in skin permeability is attributed to the 

formation of gaseous cavities within the intercellular lipids on exposure to ultrasound, 

resulting in disruption of the stratum corneum. 
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Magnetophoresis 

 This method involves the application of a magnetic field that acts as an external driving force to enhance the diffusion of a 

diamagnetic solute across the skin.  

 Skin exposure to a magnetic field might also induce structural alterations that could contribute to an increase in permeability.  

Thermophoresis  

 The skin surface temperature is usually maintained at 32°C in humans by a range of homeostatic controls. 

Microneedle-based devices 

 One of the first patents ever filed for a drug delivery device for the percutaneous administration of drugs is based on this 

method.  

 These micro-needles of length 50 to 110 mm will penetrate the stratum corneum and epidermis to deliver the drug from the 

reservoir. 

Needleless injection 

 Needleless injection is reported to involve a pain-free method of administering drugs to the skin.  

 This method therefore avoids the issues of safety, pain, and fear associated with the use of hypodermic needles. 
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The ideal properties of  penetration enhancers  

  It should be pharmacologically inert. 

 It is should be nontoxic, nonirritating, and non-allergenic to the skin. 

 It should produce rapid onset of action; predictable and suitable duration of action for the drug 

used. 

 Following removal of the enhancer, the stratum corneum should immediately and fully recover 

its normal barrier property. 

 The barrier function of the skin should decrease in one direction only i.e., they 

should permit therapeutic agents into the body and efflux of endogenous materials 

should not occur. 

 It should be chemically and physically compatible with the delivery system. 

 It should be non-damaging to viable cells. 

 They should be Inexpensive and cosmetically acceptable. 

 The Penetration enhancer used should be economical.  
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