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INTRODUCTION 

Nail is hard and durable epidermal. The nail plate is 

responsible for penetration of drug across it. As it is hard 

enough the penetration becomes difficult, only a fraction 

of topical drug penetrates across it. Human nail do not 

only have decorative role but can also considered as 

alternative pathway for drug delivery especially in nail 

disease such as onychomycosis or psoriasis. Human nail 

mainly contain three parts nail bed, nail plate & nail 

matrix. Nail is complex structure as it protects nail bed, 

the part below the nail plate. The part under nail bed is 

filled with vessels and nail matrix.
[1,2,3,4]

 

 

Some disorders can affect nail by altering its 

collaboration and thickness or causing deformation in its 

structure. The condition with clinical importance are 

onychomycosis and psoriasis. Both the diseases are 

persistence diseases whose treatment mainly include oral 

and topical therapies fungal infection of nail is mainly 

caused by dermatophytes with worldwide prevalence of 

5.5%.
[5,6]

 Topical therapy is lucrative option due to its 

non–invasiveness, drug targeting ability to the site of 

action. The importance of nail permeability to topical 

therapy has been realized primarily in treatment of 

onychomycosis which affects approximately 19% of 

population.
[1-6]

 

 

 

Anatomy of Nail
[7-9]

 

The nail apparatus, schematically shown in Fig. 1, is 

composed of the nail folds, nail matrix, nail bed and the 

hyponychium, which together form the nail plate. The 

nail plate, produced mainly by the matrix, emerges via 

the proximal nail fold and is held in place by the lateral 

nail folds. It overlays the nail bed and detaches from the 

latter at the hyponychium. The nail plate is a thin (0.25–

0.6mm), hard, yet slightly elastic, translucent, convex 

structure and is made up of approximately 25 layers of 

dead, keratinised, flattened cells which are tightly bound 

to one another via numerous intercellular links, 

membrane-coating granules and desmosomes. The 

human nail plate consists of three layers; the dorsal & 

intermediate layer derived from the matrix, & the ventral 

layer from nail bed. The intermediate layer is three - 

quarter of the whole nail thickness & consists of the soft 

keratin. The upper layer, dorsal, is only a few cell layer 

thick but consist of hard keratin, with a relatively high 

sulphur content, mainly in the form of amino acids 

cysteine, which constitutes 94 % by weight of nail.4 The 

upper layer of the nail mainly diffuses into & through the 

nail plate. The ventral layer consists of soft hyponychial 

in which many pathological changes occur. Thus, in the 

treatment of these nail diseases; an effective drug 

concentration in the ventral nail plate would be of great 

importance.
[7-9]
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ABSTRACT 

Human nails don‟t have only protective and decorative role, but can even be considered as an alternative pathway 

for drug delivery, especially in nail diseases like onychomycosis or psoriasis. The nail disorders are mainly due to 

the fungal infection. The topical therapy is high desirable in treating nail disorder due to it localized effect and 

possibly improve adherence. The aim of the review is to explore the difficulties in penetration of drug across nail 

plate and enhancement of bioavailability of antifungal drug. Synergistic combination of systemic with topical 

delivery is generally preferred for efficient treatment of onychomycosis, a condition most affecting nails. 

Sophisticated techniques like nail abrasion, keratolytic enhancers, ultraviolet light, Iontophoresis has been found 

to enhance the nail penetration. The current review article on nail plate permeation focusses on altering nail, nail 

plate barrier by means of chemical treatment, penetration enhancers further as physical and mechanical methods. 
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Fig.1: Structure of human nail. 

 

Advantages 

 It cannot be easily removed by rubbing or washing. 

 Depot formation. 

 In addition, the effect is long lasting; single 

application of lacquer provides protection for one 

week. 

 Release and rate of diffusion can be optimized by 

selecting the components of lacquer (solvents, 

polymer, and plasticizer). 

 Preparation is easy as compared to oral dosage form. 

 Minimal or no systemic side effects. 

 Considering nail pharmacokinetics a very small 

portion of oral dose reaches nails.  

 Localized therapy thereby helps in reducing dose 

formulation. 

 

Disadvantages 

 Rashes relate to adverse effects such as periungual 

erythema and erythema of the proximal nail fold 

were reported. 

 Other adverse effects which were thought to be 

casually related include nail disorder such as shape 

change, iritation, in grown toe nail and discoloration. 

 It has to be applied regularly until all the affected 

nail tissues have grown out. This takes 9-12months 

for the toe nails and 6months for fingernails. 

 

Some Common Diseases of Nail
[9-18]

 

The nail plate may appear abnormal as result of a 

congenital defect, disease of skin with involvement of 

the nail bed, systematic diseases, reduction of blood 

supply, local trauma tumors of nail fold or nail bed, 

infection of the nail plate. 

Leuchonychia- white spots or lines appears on one or 

more nails & grow out spontaneously. 

Onychomychosis- yellow brown patches near the lateral 

border of the nail. Beneath the masses of soft horny 

debris accumulate & the nail plate gradually becomes 

thickened, broken & irregularly distorted. One or many 

nails may be affected and there may be associated 

infection of the skin. Most of the infections are caused by 

Trichophytonrubrum, T.inerdigitale. 

 

Tinea Unguis or ringworm of nail 

It is characterized by nail thickening, deformity and 

eventually results in nail plate loss 

Onychatrothia- It is an atrophy or wasting away of the 

nail plate which causes it to lose its luster, became 

smaller and sometimes shed entirely. Injury or disease 

may account for this irregularity. 

Onychogryposis are claw-type nails are categorized by a 

thickened nail plate and are often the result of trauma. 

This type of nail plate will curve inward pinching the 

nail bed and sometimes requires surgical intervention to 

relieve the pain. 

Oychorrhexis are brittle nails which often split vertically, 

peel and have vertical ridges. This irregularity can be the 

result of heredity, the use of strong solvents in the 

workplace or the home, including the house hold 

cleaning solutions. Although oil or paraffin treatment 

rehydrates the nail plate, one may wish to confer with a 

physician to rule out disease.  

Onychauxis- it is evidenced by over thickening of the 

nail plate and maybe the result of internal disorders. 

Beau‟s lines- It is a disease which is characterized by 

horizontal lines of darkened cells and linear depression. 

The disorder may be caused by trauma illness, 

malnutrition or any major metabolic condition, 

chemotherapy or other damaging event, and is the result 

of any interruption in the protein formation of the nail 

plate. 

 

Koilonychias-It is usually caused through iron deficiency 

anaemia. These nails show raised ridges and are thin and 

concave. 

 

Melanonychia are vertical pigmented bands, often 

described as nail „moles‟, which usually form in the nail 

matrix. It could signify a malignant melanoma or lesion. 

Dark streaks may be a normal occurence in dark- skinned 

individuals, and are fairly common. 

 

Psoriasis – It is characterized by raw scaly skin and it 

sometimes confused with eczema. When it attacks the 

nail plate, it will leave it pitted, dry and will often 

crumble. The plate may separate from nail bed and may 

also appear red, orangeor brown, with the red spot in 

lunulado not attempt salon treatment on clients with nail 

psoriasis. 

 

Factors which affect drugs transport into nail
[18-21]

  

1. Molecular size of diffusing molecule 

Molecular size has inverse relationship with penetration 

into nail plate. Larger molecular size harder it is for 

molecules to diffuse trough keratin networks. 

 

2. Nature of vehicle 

Water results in swelling as it hydrates the nail plate 

leads in greater permeation of molecule. While non polar 

solvent will not hydrate the nail plate ultimately decrease 

the drug permeability. 
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3. pH of vehicles and solute 

pH of aqueous formulation affects the ionization of 

weakly acidic/ basic drug which influence the drug 

hydrophilicity/ hydrophobicity, solubility in drug 

formulation, solubility in nail plate and its interaction 

and its keratin matter. 

 

Some requirements for local therapies are:-  

 Potential active agent 

 High concentration of drug in formulation 

 Diffusion at levels exceeding MIC 

 Ease and convenience of application 

 

There are some methods given for the improvement 

of nail drug delivery system:- 

Electro chemotherapy for nail disorders
[22-24]

 

It is local treatment that through the application of cell 

membrane permeability of electric impulse. The goal of 

this therapy is to develop an active method of drug 

delivery across the nail plate which intern is believed to 

increase success rate of topical monotherapy decrease 

duration of treatment of nail disorder. 

 

Misosscissoning technology 

Mesoscissioning technology creates a micro conduit 

through skin on nail within specified depth range fully 

open pathway can be painless lysized through stratum 

corneum of skin through the nails. 

 

Iontophoretic nail drug delivery 

Process of transdermal drug delivery by use of voltage 

gradient on enhancing the antifungal drug several fold 

over phase delivery but only high molecular weight 

enhance the delivery across the nail plate. 

 

Nanopatch nail fungus 

Nanopatch nail fungus uses AC/DC electrochemistry 

fungal targeted drug delivery to actively push antifungal 

right to nail cuticle. To activate location of fungus 

growth this would be the first treatment option to directly 

target as its social growth. 

 

Table No.1 formulation prepared using nail drug delivery system. 

Sr. no. Name of product 
Name of 

Company 
Name of drug 

Use and 

Indications 

1 
Penlac nail 

lacquer 

Dermic 

Laboratories 

Ciclopirox Topical 

Solution 

Broad spectrum 

antifungal agent 

2 Eco- nail lacquer 
MacroChem 

Corporation 

5% econazole +18% 

SEPA nail lacquer 

Promote release of econazole 

from SEPA act as percutaneous 

Penetration enhancer 

3 Zalain nail patch Labtec Setranazolenitrate 
Used on onychomycosis and 

Onychodystrophy 

4 Loceryl nail film 
Galderm 

austrelia Pty Ltd 

Antifungal drug, 

amorolfine 

Allows the drug to permeate 

easily in the nail Plate 

5 Tazorac 0.1 % gel Allergan Tazarotene 
Used in treatment of finger nail 

psoriasis. 

6 Umecta nail film 
JSJ 

Pharmaceutics 
Urea 40% 

Psoriatic nails, Brittle and thick 

nails 

 

Mechanical methods to enhance nail penetration
[25-37]

 

Mechanical methods including nail abrasion and nail 

avulsion have been used by dermatologists and 

podiatrists1 or many years- with varying results. 

Additionally, they are invasive and potentially painful. 

Thus, current research focuses on less invasive chemical 

and physical modes of nail penetration enhancement. 

 

Nail abrasion 

Simply stated, nail abrasion involves sanding to the nail 

plate to reduce thickness or destroy it completely. 

Sandpaper number 150 or 180 can be utilized, depending 

on required intensity. Sanding must be done on nail 

edges and should not cause discomfort. An efficient 

instrument for this procedure is a high-speed 

(350,000rpm) sanding hand piece. Additionally, dentist's 

drills have been used to make small holes in the nail 

plate, enhancing topical medication penetration. Nail 

abrasion thins the nail plate, decreasing the fungal mass 

of onychomycosis, and exposing the infected nail bed. In 

doing so, it may enhance the action of antifungal nail 

lacquer. The procedure may be repeated for optimal 

efficacy.
[25-28]

 

 

Nail avulsion 

Total nail avulsion and partial nail avulsion involve 

surgical removal of the entire nail plate or partial 

removal of the affected nail plate, and under local 

anaesthesia. Keratolytic agents such as urea and salicylic 

acid soften the nail plate for avulsion. Urea or a 

combination of urea and salicylic acid has been used for 

nonsurgical avulsion (chemical avulsion) in clinical 

studies, prior to topical treatment of onychomycosis. Nail 

abrasion, using sandpaper nail files, prior to antifungal 

nail lacquer treatment may decrease the critical fungal 

mass and penetration.
[22-37]

 

 

Chemical methods to enhance nail penetration 

Studies examining the efficacy of chemical compounds 

with transungual penetration properties are currently 

underway. As would be expected, skin penetration 

enhancers do not usually have the same effect on nails. 



Motule et al.                                                                    European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com            │         Vol 8, Issue 2, 2021.           │          ISO 9001:2015 Certified Journal         │ 

 

107  

Thus far, only a few chemicals which enhance drug 

penetration into the nail plate have been described. 

 

N- acetyl- l- eysteine and mereaptan compounds 

N-acetyl-l-cysteine and 2-mercaptoethanol, 

incombination, enhanced permeability of the antifungal 

drug tolnaftate into nail samples. They suggested that 

these compounds may be generally useful in enhancing 

drug permeation across the nail plate. The penetration-

enhancing properties of N- acetyl- ecysteine with the 

antifungal drug oxiconazole in vivo. N- acetyl- l- 

cysteine promoted oxiconazole retention in upper nail 

layer.
[33]

 

 

2-n-nonyl-1, 3-dioxolane  

It enhances penetration of econazole (from a lacquer 

formulation) into the human nail, They demonstrated that 

econazole penetrates the nail Six times more effectively 

in a lacquer containing 2- n- nonyl- 1,3- dioxolane than 

in an identical lacquer without enhancer. Concentrations 

of econazole in the deep nail layer and nail bed were 

significantly higher in the "enhancer group than in the 

control group. Furthermore, in the "enhancer econazole 

concentration in the deep nail layer was 14,000 times 

greater than the MIC necessary to inhibit fungal 

growth.
[32]

 

 

Keratolytic Enhancers 

In the absence of keratolytic agents such as papain, 

thiourea and salicylic acid no transungual antifungal 

permeation was detected over a time period. Pre- 

treatment with the use of both 15% papain (for 1 day) 

followed by 20% salicylic acid (for 10 days) enhanced 

antimycotic permeation. Urea and salicylic acid are 

known to soften and hydrate the nail plate. The swelling 

and hydration of nail plate would enhance the drug 

permeation as a consequence of the formation of a less 

dense structure with large pores. Keratolytic agents were 

found to damage and fracture the nail plate surface. 

Presence of ethanol (as a co- solvent) did not promote 

flux. Although ethanol is an effective skin permeation 

enhancer, it does not have a similar effect on the nail. 

Ethanol acts on the SC by altering intercellular lipids; 

however, the lipid content of the nail comprises just 

0.15–0.76% of its total weight.
[35]

 

 

Physical methods to enhance nail penetration** 

Physical permeation enhancement may be superior to 

chemical methods in delivering hydrophilic and 

macromolecular agents. We discuss several physical 

enhancement methods, both established and 

experimental. 

 

Etching
[38]

 

“Etching” results from surface- modifying chemical (e.g. 

phosphoricacid). It results information of profuse 

microsporocytes. These microporosities increase 

wettability and surface area and decrease contact angle. 

They provide an ideal surface for bonding material. 

Presence of micro porosities improves “interpenetration 

and bonding of a polymeric delivery system and 

facilitation of inter diffusion of a therapeutic agent”. 

Etching involves the production of minuscule micropores 

on the surface of the nail plate. Certain surface- 

modifying agents such as phosphoric acid and tartaric 

acid or devices such as Path Former create 

microporosities on the nail surfaces, decreasing the 

contact angle and providing a better surface for the drug 

to bind. 

 

Carbon dioxide laser
[39]

 

CO2 laser may result in positive, but unpredictable, 

results. One method involves avulsion of the affected 

nail portion followed by laser treatment at 500OW/cm* 

(power density), Thus, underlying tissue is exposed to 

direct laser therapy. Another method involves 

penetrating the nail plate with CO, laser beam. This 

method is followed with daily topical antifungal 

treatment, penetrating laser- induced puncture holes. The 

first method is preferred. Usage of combination of 

fractional carbon dioxide laser therapy and topical ant- 

fungal treatment can be given. Nail plates were 

punctured using ablative carbon dioxide followed by 

topical application of anti-fungal cream leads to increase 

visual appearance. 

 

Hydration and occlusion
[40]

 

Hydration may increase the pore size of nail matrix, 

enhancing transungual penetration. Additionally, 

hydrated nails are more elastic and permeable. 

Iontophoresis studies have utilized this property to 

further enhance penetration. Solution pH and ionic 

strength have demonstrated no significant effect on nail 

hydration. Diffusivity of water and other materials (1.e. 

drugs) increases as human skin becomes more hydrated. 

Human stratum corneum retains up to - 300% of its 

weight in water, when SC is saturated, diffusivity 

increases several- fold. Hydration aids in enhanced 

transungual drug delivery, where as solution pH and 

ionic strength have no significant influence on nail 

hydration. 

 

New frontiers in physical penetration
[39-49] 

Enhancement Laser 

Laser wavelength in the near- infrared region (780–

3000nm) has the capacity to directly heat the target 

tissues. A patent has been filed for a microsurgical laser 

apparatus which makes holes in nails topical antifungals 

can be applied in these holes for onychomycosis 

treatment. Further work remains to characterize this new 

invention, termed the „onycholaser'. 

 

Phonophorosis 

The process by which ultrasound waves are transferred 

though a coupling medium into tissue surface. The 

induction of thermal, chemical, and/or mechanical 

alterations in this tissue may explain drug delivery 

enhancement. At a gross level, phonophoresis may result 

in improved penetration through the SC transcellularly or 

via increased pore size, at a cellular level, pores in the 
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cell membrane (secondary to lipid bilayer alteration) may 

enhance drug diffusion. There exist no studies 

documenting phonopheresis on nail penetration. 

However, it has been used to enhance percutaneous 

penetration to joints, muscle, and nerves. Enhanced 

penetration of anesthetics, luocinolone acetonide, and 

amphotericinB is recorded. Advantages of phonophoresis 

(and iontophoresis) include: enhanced drug penetration, 

strict control of penetration rates, and rapid termination 

of drug delivery, intact diseased surface, and lack of 

immune sensitization. 

 

Ultraviolet light 

A recently submitted patent discusses use of heat and/or 

ultraviolet (UV) light to treat onychomycosis; several 

different instruments and methodologies are discussed 

which may effectively provide exposure. One method 

involves heating the nail, exposing it to UVlight, and 

subsequently treating with topical antifungal therapy. 

Further studies examining heating and UV light in 

onychomycosis treatment will determine efficacy. A 

recently submitted patent discusses use of heat and/or 

ultraviolet (UV) light to treat onychomycosis; several 

different instruments and methodologies are discussed 

which may effectively provide exposure. One method 

involves heating the nail, exposing it to UV light, and 

subsequently treating with topical antifungal therapy. 

 

Photodynamic therapy of onychomycosis with amino 

levulinic acid 

Photodynamic therapy (PD) is a medical treatment based 

on the combination of a sensitizing drug and a visible 

light used together for destruction of cells. PDT based on 

topical application of amino levulinic acid (ALA) acid is 

used in oncological field. Topical PDT is being evaluated 

and modified to provide a once off curative treatment for 

onychomycosis. This would negate the need for 

prolonged topical orsystemic treatment regimens, with 

their associated poor success rates and potential for drug 

resistance, side effects, drug- drug interactions, and 

increased morbidity. 

 

Use of nail clippings as a model of nail penetration 

Nail clippings have been previously used as a model for 

the human nail plate. It is easier to obtain nail clippings 

from healthy volunteers and use them for in vitro testing. 

 

CONCLUSION 

Topical drug delivery was especially suitable for 

onychomycosis of nail plate and nail be and nail 

psoriasis. Topical therapy would adverse event and drug 

interactions of systemic antifungal agent and pain of 

infection when anti-psoriatic agents are injected into 

affected nail fold. However successful topical therapy is 

extremely challenging due to very low permeability of 

nail plate. The need for effective topical drug delivery to 

nail to beat the matter related to present treatment and 

the fact that there is few topical formulations for 

treatment of nail mycosis and also the even fewer 

effective formulation was highlighted. The factor which 

affect the drug uptake and permission through the nail 

plate like solute molecular size hydrophobicity or 

hydrophobicity, charge and nature of the vehicle are then 

discus followed by ways of enhancing drug transport into 

and through the nail plate. Addressing the particular 

characteristic of nail barrier is important to successfully 

delivering drug to nail. The permeability characteristics 

of nail plate are well understood and topical formulation 

can be designed to optimize drug delivery into the nail 

with the lack of understanding of both the barrier 

properties of nail and also the formulation. The delivery 

of drug constitutes major challenge to realize enhanced 

ungula delivery restricting efficacy of topical treatment 

of nail disorders. 

 

From the above study it may be concluded that nail 

disorders like parenchyma, nail psoriasis, 

onychomycosis, yellow nail syndrome etc. are 

successfully cured by using the nail drug delivery system 

and this is often also avoid the oral toxicity contact time 

at site of action. Topical therapy especially the medicated 

nail lacquer are often used because the handiest tool for 

trasungual drug delivery system especially in treatment 

of onychomycosis as its difficulty in Penetration is 

overcome by many strategies so nail drug delivery 

system was seen to be vehicle of future when topical 

products for the nail are desired. 
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