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Abstract: The human nail is a unique barrier with a keratinized constitution that favors protection and
fine touch. However, many disorders can affect the nail, among them, are the onychomycosis and pso-
riasis. Systemic oral therapy has been applied to treat these diseases, even presenting disadvantages,
including side effects, drug interactions, contraindications, toxicity, high cost and low patient compli-

ARTICLE HISTORY ance. A great option to succeed in dealing with the problems associated with oral therapy is the topical

administration of drugs. However, nail composition, low diffusion through ungual route and reduced
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tissue bioavailability for topical treatments are limiting factors. These drawbacks can be overcome by
promoting penetration through the nails by employing penetration enhancers. The review focuses on

DoI: patents that highlight permeation enhancers applied to nail drug delivery for the treatment of onycho-
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mycosis and psoriasis. Literature and patent searches were conduced regarding the topic of interest.
The substantial literature and patent search revealed that permeation enhancers, especially chemicals,
are great strategies for promoting the ungual delivery of drugs. Nail topical therapy containing permea-

tion enhancers is an attractive option for delivering localized treatments.

1. INTRODUCTION diseases topically, using mechanical, physical, chemical and
formulation agents [13]. Despite being the preferred admini-
stration route for drug delivery to the nail, topical therapies
also have difficulties. Due to its keratinized composition and
rigid structure, the diffusion of drugs through the nail plate

and tissue bioavailability are reduced, leading to low concen-

The nail is a unique barrier, constituted by many strands
of keratin held together by disulfide bonds, which behaves
like a hydrogel and has a compact nature with a particular
thickness [1].

Some disorders can affect the nail by altering its colora-
tion and thickness or causing deformation [1, 2]. The condi-
tions with clinical importance are onychomycosis and pso-
riasis [3]. The first consists of a fungal infection, mostly
caused by dermatophytes, with a worldwide prevalence of
5.5%, while the second is an autoimmune disease character-
ized by an abnormal proliferation and differentiation of kera-
tocytes [4, 5]. Both are persistent diseases whose treatments
include mainly oral and topical therapies [6, 7]. The most
effective treatment of onychomycosis is orally administered
antifungal substances, while psoriasis is effectively treated
by systemic steroids [5, 8]. However, oral treatments with
antifungal and steroids are often associated with some disad-
vantages including resistance, long treatment, drug interac-
tions, side effects, contraindications, toxicity, low patient
compliance and high cost [3, 9-12]. A great alternative to
overcome the drawbacks of oral therapy is to treat these
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tration in the nail bed [14-16]. Moreover, the binding of the
drug to the keratin in the nail plate impairs free active drug,
diminishing the concentration gradient and limiting the pene-
tration into deeper tissues [17]. In this sense, topical applica-
tions fail on delivering an effective concentration of drugs to
the affected tissue. Recently, approaches aiming for the en-
hancement of drug permeation through the nail barrier have
been investigated [13].

Permeation enhancers are strategies with the ability to
increase the diffusion gradient and permeation through the
dense keratinized nail plate by disrupting it mainly by me-
chanical, physical, chemical and derived from the formula-
tion agents itself [13, 18]. This review brings an overview of
the literature and patent search regarding existing and ap-
plied permeation enhancers for the treatment of onychomy-
cosis and psoriasis.

2. NAIL ANATOMY AND PHYSIOLOGY

Besides its cosmetic features and social impact, the human
nail is an important organ, being analogous to mammalian
hooves and claws and acting as a protecting coverage for the
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tips of fingers and toes. In addition, it provides the ability to
manipulate objects and improves tactile sensation. The most
apparent part of the nail apparatus is the nail plate, which var-
ies amongst individuals but normally is presented as a thin,
hard, slightly elastic, translucent and convex structure [3].

At first, despite its function and keratinized composition,
due to remarkable characteristics as hardness and imperme-
ability, there were attributed differences between the nail and
the stratum corneum of the skin. The human nail is approxi-
mately 100 times thicker than the stratum corneum, being
the toughest barrier structure of the human body [19, 20].
The molecular structure of the nail plate, comprising keratin
molecules interacting through disulfide linkages and the low
lipid content gives to this structure a hydrogel-like behavior,
distinguishing it from other body barriers [13].

The nail unit is composed of the nail plate, nail bed, nail
fold, nail matrix and the hyponychium, presented in Fig. (1).

e  Nail matrix: located underneath the skin at the proximal
end of the nail, is the only living part of the nail appara-
tus and comprises germinative epithelial tissue, whose
cell division gives rise to the nail plate [21];

e Nail bed - very thin epithelium on which the nail plate
lies, strongly adheres to and slides over during its
growth [1];

e Hyponychium - is the space below the free edge of the
nail plate where the latter starts to detach from the nail
bed [1];

e Nail folds - proximal and lateral, are skin structures that
enclose the nail plate at its lateral and proximal edges.
From proximal nail fold, extends the cuticle, which is a
physical seal against the entry of exogenous materials
(1];

e Nail plate - the most visible part of the nail apparatus, is
a thin stratum (0.25-0.6 mm) and is made up of ap-
proximately 25 layers of dead, keratinized and flattened
cells tightly bond to each other [3];

In general terms, the nail plate is produced by the nail
matrix, residing on the nail bed, and is framed and en-
sheathed by the nail folds and the hyponychium [1, 3, 22].

The hardness and rigidity attributed to the nail plate are
especially due to this “sandwich orientation” of the keratin
fibers, which are arranged into three layers: dorsal, interme-
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diate and ventral. The dorsal layer is a few cells thick, with
skin-type keratin filaments, oriented at the transverse and
perpendicular directions to the growth axis. The intermediate
nail layer is a softer, more flexible, thicker layer, accounting
for the majority of the nail thickness, presenting hair-like
keratin filaments, oriented perpendicularly to the growth
axis. Meanwhile, the ventral layer is very thin, consisting of
a few layers of cells, connecting the nail plate to the nail bed,
with keratin filaments similar to the dorsal layer [23]. Hair
keratins differ from epithelial keratin (skin-type) by their
much higher content of cysteine, which forms numerous
chemical cross-links between the filament and the nonfila-
mentous matrix, increasing keratin stability [24].

In addition, the nail plate is a highly hydrated barrier,
which confers its elasticity and mobility [25]. Although there
is no consensus on the amount of water comprised in the
nail, being between 7-12% [9], 5-30% [25] and 10-30% w/w
[18], it is known that this content impacts positively the dif-
fusion of molecules across the nail plate [1]. The nail plate
also has the ability to absorb water from the environment,
reinforcing the hydrogel feature of the nail. Hydration of the
nail plate is an important parameter in nail plate health and
for ungual drug delivery [1]. On the other hand, the nail plate
has a low lipid content, varying between 0.1-1%, against
about 10% for the stratum corneum of the skin, which can be
found mostly in the ventral and dorsal layers and are orga-
nized in bilayers in parallel to the surface [3, 19]. The nail
plate lipids consist of cholesterol sulfate, ceramides, free
sterols, free fatty acids, triglycerides, sterol and wax esters,
and squalene [26]. In the case of nail disease, the homeosta-
sis of the nail apparatus may be altered, thus modifying the
hydration parameters and lipid content [27, 28].

Full fingernail growth occurs in approximately 6 months,
whilst the toenail takes about 12 to 18 months to grow com-
pletely [3]. The nail growth rate figures about 0.1 mm/day
for fingernails and 0.03-0.05 mm/day for toenails, and it can
be subject to the influence of several factors, such as gender,
age, pregnancy, local and systemic disease, nutrition,
trauma/nail biting, hand dominance, weather and chemical
exposure [3, 29].

3. NAIL DISEASES AND TREATMENTS

A wide range of diseases and disorders can affect the
nail, varying from pigmentation or discoloration to chronic
inflammation and fungal infections [30].
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Fig. (1). Top (A) and lateral (B) view of the nail. Adapted from OpenStax College [CC BY 3.0 (https://creativecommons.org/licenses/by/3.0)].
(A4 higher resolution / grayscale version of this figure is available in the electronic copy of the article).
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Mainly, alterations on nails are caused by disorders in the
nail plate size and shape, onychomycosis (fungal infections
of the nail plate and/or nail bed) and psoriasis [3]. As a result
of genetic disorder or birth defects, the nail plate may be
totally or partially absent in newborns and children. In other
conditions, the nail plate may be excessively long or short,
excessively large or small, thickened or hypertrophied,
spoon-shaped, with different curvatures, dysmorphic surface
and present abnormal color in comparison with the normal
ones. All of those disorders are associated to nail plate size
and shape and might be related to genetic inheritance, sys-
temic diseases, trauma, nail-biting, occupational hazard, ex-
posure to water and chemicals and infections [1, 30]. Ony-
chomyecosis and psoriasis are the most common diseases that
affect nails [3]. In this review, those conditions and their
associated treatments are approached, mainly because the
drug treatments of diseased nails available today have been
focused on these two disorders.

3.1. Onychomycosis

Onychomycoses are fungal infections of the nail plate
and/or nail bed responsible for almost 50% of all disorders
which affect the nail and occur, especially in the elderly
population rather than in children [31-33]. Toenail onycho-
mycosis is 4 to 10 times more frequent in comparison with
fingernail infection, and requires a longer treatment period
[34]. It is caused mostly by dermatophytes, but also by non-
dermatophytes and yeast, being the most common nail disor-
der noticed in clinical practice with a worldwide prevalence
of 5.5% [4]. Almost 70% of these infections are attributed to
dermatophytes, predominantly Trichophyton rubrum (>50%)
and T. mentagrophytes (about 20%). Other etiologic agents
involved in nail infection are Epidermophyton floccosum,
Microsporum spp., Aspergillus spp., Fusarium spp., Scy-
talidium spp., and Candida spp. [4, 35].

Patients affected by onychomycosis complain of local
pain, difficulty in fitting shoes, nail discoloration, nail separa-
tion, brittleness or thickening that often worsens with time,
becoming a physical and social inconvenience, causing embar-
rassment and impacting negatively on the quality of life [36].

Onychomycosis can be divided clinically into five cate-
gories related to the first location of the infection: a) distal
and lateral subungual onychomycosis; b) superficial white
onychomycosis; ¢) proximal subungual onychomycosis; d)
endonyx onychomycosis; and e) total dystrophic onychomy-
cosis [3, 4]. The first one is the most frequent type, being
characterized by distal onycholysis with hyperkeratosis, nail
plate thickening and yellowish to brownish discoloration [4].
The second one is the most common in the pediatric popula-
tion, usually caused by 7. mentagrophytes, Aspergillus spp.
and Fusarium spp., involving the nail plate in localized or
wide regions, giving the nail a chalky white appearance and
with or without black patches and transverse striate [4, 35,
37, 38]. The third one is a relatively uncommon subtype in
which the fungus infects the proximal nail fold and pro-
gresses distally, exhibiting lesions containing diffuse patches
or transverse striate patterns [4, 39]. The fourth one is com-
monly caused by Trichopyton soudanense and T. violaceum
characterized by fungal invasion of the nail plate without
infection of the nail bed, presenting lamellar nail split and
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milky patches of the nail plate [4]. Finally, the last one is
considered the last stage of onychomycosis with the entire
nail plate and bed infected by the fungus characterized by
nail plate dystrophic and crumbled aspect [3, 4].

There are basically four treatment protocols for onycho-
mycosis, which consists of oral drugs, topical drugs, a com-
bination of oral and topical drugs and mechanical removal of
the nail plate. The last one can be the most effective option
in cases of lateral nail plate infection. However, since the
introduction of newer treatments, it is rarely indicated to the
treatment of severe onychomycosis [6]. Oral systemic treat-
ments with antifungals are highly recommended for patients
affected in at least 50% of the distal nail plate, in the nail
matrix, or in multiple nails, and for patients whose condi-
tions have not responded after 6 months of topical therapy.
The main oral treatments for onychomycosis are terbinafine,
itraconazole and fluconazole [8]. Topical monotherapy is
indicated for superficial white onychomycosis, and is an
interesting alternative in distal subungual onychomycosis,
which affects less than 50% of the surface area without ma-
trix involvement [40]. Almost 75% of all onychomycoses
fall into this category [6]. Furthermore, it is recommended
when a few nails are infected and indicated for children due
to the facility [6, 39]. Topical antifungals currently used are
mainly ciclopirox and amorolfine [8]. The combination of
oral and topical therapies may also be prescribed and is an
attractive option for onychomycosis as it can improve prog-
nosis and help in reducing systemic exposure [6].

3.2. Nail Psoriasis

Psoriasis is a chronic, autoimmune and incurable skin
disease that impacts significantly on the patient’s quality of
life and social interactions. The degree of severity varies and
is influenced by genetic and environmental factors. Manifes-
tations on the skin are the most characteristic findings in
psoriasis, while disorders and symptoms on nails provided
from the disease are often neglected [5]. Around 80 - 90% of
the patients suffering from skin psoriasis develop nail psoria-
sis, which brings with it even more pain and aesthetic con-
cerns [41]. Its pathogenesis is associated with the abnormal
proliferation and differentiation of keratinocytes due to im-
mune response. Exogenous and endogenous antigens that
provoke immune responses activate dendritic cells and the
last ones interact with the T cells located in the upper epi-
dermis in perivascular location resulting in the generation of
inflammatory response. Once the T cells migrate into the
skin, they are now capable of inducing changes within the
keratinocytes. CD8" cytotoxic T cells and type 1 CD4" T
helper cells release large quantities of type 1 cytokines, inter-
leukin-2 (IL-2), interferon-gamma (IFN-y) and Tumor Necro-
sis Factor-alpha (TNF-a) that results in keratinocyte hyperpro-
liferation, angiogenesis and inflammatory response associated
with the characteristic lesions of psoriasis [5, 42, 43].

The most common nail psoriasis manifestations are pit-
ting, onycholysis, nail bed discoloration, subungual hyperk-
eratosis, abnormalities of the nail plate and splinter hemor-
rhages [22].

Regardless of many recent advances in terms of treat-
ments being proposed to skin psoriasis, no “gold standard”
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of treatment is recommended and the options for nail psoria-
sis are still limited [44]. The great difficulty recognized in
clinical studies is that the existing treatments have restricted
patient compliance and short-lived remissions. As nail pso-
riasis tends to be persistent and refractory, the treatment de-
pends on patient motivation and compliance and it is often
restricted to nail dystrophy [5].

The management of nail psoriasis can be divided into
topical, intralesional, radiation, systemic and combined
therapies. Systemic therapy is an alternative for patients
whose nail disease tend to be resistant to the other therapies
and is only indicated to ones that also present skin symptoms
[5]. Methotrexate, cyclosporine and acitretin are used as
conventional systemic treatment options. New biological
agents such as adalimumab, entracept, infliximab and usteki-
numab have also been indicated for nail psoriasis therapy [5,
7, 45]. Topical therapy can be a convenient alternative to
oral therapy, being supported by the use of S-fluorouracil,
anthralin, tazarotene, cyclosporine, glucocorticosteroids
(e.g., betamethasone, clobetasol propionate, fluocinolone
acetonide and triamcinolone acetonide) and vitamin D3 [1,
5]. Radiation, such as UVA (ultraviolet A light photother-
apy), PUVA (UVA potentiated with psoralen, a photosensi-
tizer), SRT (superficial radiotherapy), Grenz rays, electron
beam, UVB (ultraviolet B light) and NB UVB (narrowband
UVB) can also be employed in order to treat psoriasis [5,
46]. Intralesional therapy consists of injecting small doses of
a corticosteroid directly into or near the region of the nail
apparatus that has the nail dystrophy [5]. This kind of ther-
apy has relevant limitations associated with atrophy of the
nail plate and the underlying nail bed and bone, hematomas
and pain [47, 48]. The most frequently used steroids are
triamcinolone acetonide, triamcinolone diacetate, betametha-
sone, methyl-prednisolone and prednisolone tebutate [5].
Despite the fact that monotherapy can often be a successful
approach, many patients frequently require a treatment
method that combines the use of two or more treatment mo-
dalities in the association, which has the potential of being
more successful in managing nail psoriasis [5].

4. LIMITATIONS ON NAIL TREATMENTS

Nail disorders can have various origins, including expo-
sure to chemicals agents, infections, trauma and congenital,
hereditary, systemic and local diseases [1]. The appropriate
treatment will depend, obviously, on the cause, severity of
the disease, patient population and choice, and cost-
effectiveness [1, 6]. As aforementioned, the long period of
treatment, recurrence in high rates and low compliance of the
patients are important remarks in therapeutic conduct [16].

In the case of onychomycosis and psoriasis in nails, the
current standard of treatment is oral therapy due to the suc-
cess rate [7, 11]. However, in systemic treatments several
aspects concerning therapeutical safety, such as side effects,
drug interactions and risks associated with hepatic injury
may limit their desirability, especially in the elderly popula-
tion that is the most affected by comorbidities, being an ob-
stacle for managing these diseases [3, 10-12]. Furthermore,
systemic treatments for onychomycosis have a significant
limitation related to poor blood circulation in the nail appara-
tus, leading to poor drug transport [49]. In this sense, oral
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therapy has found a restricted success rate due to drug inter-
actions, side effects, contraindications, toxicity and high
treatment cost [9].

To overcome the disadvantages associated with oral
treatment, topical therapy is desirable especially due to its
local effect, resulting in reduced or inexistent adverse sys-
temic events and side effects, as nausea, vomiting and liver
dysfunction, and improved treatment compliance [13]. Topi-
cal treatment is also appropriate for patients who are reluc-
tant to oral medicines or have swallowing difficulties [6].

Nevertheless, topical nail therapy has been underesti-
mated mainly due to poor penetration of drugs into the nail
plate and difficulty in achieving adequate bioavailability of
therapeutic agents in the nail [15, 16]. The low efficiency of
topical formulations may also be related to patient reduced
compliance [12]. To accomplish the pharmacological effect
overcoming the disadvantages associated with the nail pene-
tration and to improve patient acceptance, new treatments
have been emerging for ungual administration with a focus
on altering the nail plate barrier by means of physical and
mechanical methods, chemical treatments, formulation char-
acteristics and penetration enhancers [13].

5. PERMEATION ENHANCERS APPLIED TO
TOPICAL ADMINISTRATION TO THE NAIL

With regard to the topical nail administration of drugs,
many nail diseases can be effectively treated only if the ad-
ministered drug is able to penetrate through the dense kerati-
nized nail plate [9]. However, there are several aspects that
impact in drug transport across the nail plate, such as nail
physical conditions (hydration and thickness), physico-
chemical properties of the drug molecule (shape, conforma-
tion, size, charge and hydrophobicity), formulation charac-
teristics (drug concentration and vehicle), presence of per-
meation enhancers, and interactions between permeant and
nail plate keratin network [1, 3, 13]. Most strategies for pro-
moting the ungual delivery of drugs rely on the use of nail
permeation enhancers [1]. With absent or few side effects,
commonly associated with transitory local rash and sensitiv-
ity, most permeation enhancers can be easily removed from
the nail if necessary and they are a great alternative over sys-
temic delivery for onychomycosis and nail psoriasis [50, 51].
In order to improve the penetration of drugs through nail,
some approaches are proposed, comprising mechanical,
physical, chemical and those intrinsic to formulation [13].

5.1. Patent Search Methodology

In order to assess the current status of the development
concerning permeation enhancers of drugs across the nail
barrier, a patent search was carried out. Patent database
Espacenet (worldwide.espacenet.com) was employed in the
search, which consisted of a patent survey sort by priority
date over a period of 10 years (2008 - 2018). At first, a pat-
ent search matching the terms “nail”, “fungal”, “antifungal”,
“psoriasis” and “antipsoriasis” with truncation symbol (*) in
the title or abstract was performed in order to evaluate the
number of patent priority requests over the cited lapse time,
from which 244 results were retrieved. Furthermore, a patent
search with keywords “nail”, “fungal”, “antifungal”, “psoria-
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sis”, “antipsoriasis”, “enhancer”, “permeation” and “penetra-
tion” with the truncation symbol (*) in the title or abstract
was also made to assess the number of patent priority re-
quests focused on enhancers to nail drug delivery and were
disregarded from the patent search the ones out of scope,
with missing information or confusing translation. From this
search, 31 results were retrieved of which 25 were consid-
ered relevant within the subject of the present review. The
results are summarized in Tables 1 and 2.
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Fig. (2). The number of patent priority requests over 10 years,
matching the search terms “nail”, “fungal”, “antifungal”, “psoria-
sis” and “antipsoriasis” with the truncation symbol. (4 higher reso-
lution / colour version of this figure is available in the electronic copy
of the article).

As it can be noted in Fig. (2), the number of patent prior-
ity requests increased gradually over the years, peaking in
the last 4 years with about 30 requests each year. The year
2018 presented only 17 patent priority requests, since some
patents were still unpublished and, consequently, unlisted.
These findings denote the recently increasing interest in de-
veloping new ways to treat fungal infections and psoriasis,
since these diseases are persistent. The development of new
forms to evaluate drug retention in nails and sensitive ana-
lytical equipment also influenced this raise over the years

(2].

Despite the increasing interest of treatments of nail dis-
orders, this result does not necessarily reflect the interest in
the use of permeation enhancers. Fig. (3) presents the num-
ber of patent priority requests over 10 years containing terms
“enhancer”, “permeation” and “penetration” with truncation
in the patent title or abstract. A decline in the use of these
terms in the title or abstract in 2018 in comparison with 2008
is noticeable. This effect may be attributed to the fact that
inventors sometimes do not declare in the title or abstract the
details of the invention, making it often only possible to find
the terms associated with permeation enhancers in the patent
body. Even so, it can be noted that permeation enhancers are
still in vogue when it comes to treatment against fungal in-
fections and nail psoriasis.

With regard to the number of patent priority requests
sorted by the applicant (Fig. 4), the predominant stratum of
interest in permeation enhancers for nail drug delivery re-
sides primarily on companies, followed by independent ap-
plicants and lastly, the universities. This demonstrates the
great interest of private companies regarding the use of per-
meation enhancers for nail drug delivery.

Recent Patents on Drug Delivery & Formulation, 2019, Vol. 13, No. 3 207

6
- 54—
2%
23 4
w0
= 3l
iz
£5 2
z2 )
L] RININIRININ

Year

Fig. (3). The number of patent priority requests over 10 years,
matching the search terms “nail”, “fungal”, “antifungal”, “psoria-
sis”, “antipsoriasis”, “enhancer”, “permeation” and “penetration”
with the truncation symbol. (4 higher resolution / colour version of

this figure is available in the electronic copy of the article).
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Fig. (4). The number of patent priority requests over 10 years sort
by the applicant, matching the search terms “nail”, “fungal”, “anti-
fungal”, “psoriasis”, “antipsoriasis”, “enhancer”, “permeation” and
“penetration” with the truncation symbol. (4 higher resolution /
colour version of this figure is available in the electronic copy of the

article).

Additionally, the percentage of patent priority requests
sorted by country (Fig. 5) was also evaluated. It is important
to highlight the United States of America when it comes to
patent filings containing permeation enhancers for nail drug
delivery, with almost 50% of patent priority requests. Japan
and China also filed significant patent priority applications,
with about 30% of the total. Other applicants come from
countries of the European and Asian continents. These re-
sults denote a hegemony of applicants of the aforementioned
continents together with the United States of America. No
South American, African, or Oceanian applicants were
found.

Moreover, it is noticeable in Tables 1 and 2 a much
higher interest in promoting permeation for the treatment of
onychomycosis than psoriasis. This fact is believed to be
related to the worldwide prevalence of onychomycosis, as
aforementioned, being the most common nail disorder in
clinical practice [4].

In view of these results, it is imperative to better under-
stand which permeation enhancers are used and how they
work.
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“psoriasis”, “antipsoriasis”, “enhancer”, “permeation” and “penetration” with the truncation symbol. (4 higher resolution / colour version of

this figure is available in the electronic copy of the article).

5.1.1. Mechanical Permeation Enhancing Techniques

Mechanical methods to enhance nail penetration include
abrasion and nail avulsion. Those methods are invasive and
can be extremely painful. The nail abrasion implies in a pro-
cedure of thinning the nail plate with sandpaper in order to
decrease its thickness or remove it completely and to de-
crease the fungal mass in cases of onychomycosis. This
technique impacts on the aesthetic aspects of the abnormal
nail, by improving its contour, and also makes the nail bed
more prone to the contact with antifungal chemicals [13, 30].
Furthermore, the nail avulsion is a surgical procedure that
involves the total or partial separation of the infected nail
plate from the nail bed [13]. No patents were found concern-
ing this approach.

5.1.2. Physical Permeation Enhancing Methods

Physical methods to increase penetration of drugs include
iontophoresis, etching, lasers, electropulsation, ultrasound,
ultraviolet light, microneedle, hydration and occlusion.
These procedures are considered superior to chemical meth-
ods in terms of delivering hydrophilic and macromolecular
agents [13, 17]. Patent search results comprising physical
permeation enhancing methods are shown in Table 1.

Etching consists of a formation of profuse microporosi-
ties allowing the therapeutic agent to penetrate due to rough-
ness and increased surface area [13, 30, 52]. Microneedles
are also applied to offer an increased permeation of drugs
creating pores and holes in the nail plate, which provides
sites that able drugs to penetrate [53]. In order to enhance
penetration by  promoting pores in the nail,
US2014371751A1 patent reflects a device for automatically
controlling the drilling through a nail infected with onycho-
mycosis. In this invention, the control system advances the
cutter through the nail whilst monitoring the position of the

cutter and automatically stops from advancing preventing the
entrance on the nail bed, which can cause pain. As the device
consists of a physical permeation enhancer, once the cutter
has perforated the nail, a suitable antifungal agent can be
applied [54]. Moreover, US2018207414A1 patent presents a
nail treatment kit for onychomycosis comprising a cap hav-
ing a 1 mm thickness circular blade and a container with
antifungal treatment, removable from each other. When at-
tached, the device can be inverted, contacting the circular
blade with the surface of a nail infected with a fungus, ro-
tated, teasing holes in the nail, and the container can be com-
pressed, dispensing the antifungal treatment. The treatment
kit can be used in various nails, limiting the application re-
gion to the infected parts [55].

Electropulsation technique may enhance drug delivery
due to permeabilization caused by structural changes in the
dorsal layer of the nail plate, which depends on the voltage,
length of electrical pulses and frequency [1]. Furthermore,
ultrasound-mediated delivery proposes the drug distribution
to the target site by cavitation from a low-intensity ultra-
sound [1, 56].

Phototherapy by ultraviolet light consists of the incidence
of a radiation beam forming craters into the nail by disrupt-
ing the molecular bonds through ablation [57]. Besides, la-
sers and pulsed lasers expose the nail to a specific electro-
magnetic beam, which may disrupt the integrity of keratin
chains removing nail layers, making holes in nails favoring
the delivery of the drug on the target site [13].
US2013211481A1 patent is related to a handheld antifungal
treatment for onychomycosis comprising a light source that
generates visible light which can be directed to an infected
area such as a beam of light. The light source can form a
beam of light in a range of the electromagnetic spectrum
between 100 - 1200 nanometers, including infrared radiation,



Recent Patents on Permeation Enhancers for Drug Delivery Through Nails

Recent Patents on Drug Delivery & Formulation, 2019, Vol. 13, No. 3 209

Table 1. Physical permeation enhancers.
Priori Type of Description of Pe
Title Publication Number Priority Number riority Propose Technology | Permeation 1:1p ! "
Year meation Enhancer
Enhancer
JP20080292958
20081117
Simple device | US2011245785A1; TP20090107244
2009042
for treating US8814837B2 ’ 2008 Onychomycosis Device Physical Positive pressure
tined unewuinm JP20090205412
€ [62] 20090907
WO2009JP05808
20091102
US20080137925P
20080805
US20080135960P
20080725
Enchanced | WO2010011354A2; | US20080135984P
20080725
trans-keratin WO2010011354A3 2008 Onychomycosis Device Physical Heat
drue delive US20080137262P
g detivery [64] 20080729
US20080135961P
20080725
US20080135983P
20080725
Controlling
drug transport US20100755989
d ti US2011066134A1 2010040
e‘m curren ‘1n ’ 2009 Onychomycosis Device Physical Tontophoresis
iontophoretic [59] US20090167261P
onychomycosis 20090407
treatment
Bubble-type
; ; JP2012115596A
t P20100270402
tmed ungu‘mm ! / 2010 Onychomycosis Device Physical Positive pressure
treatment im- [63] 20101203
plement
Medical device US2014371751A1; GB20120000005 Electromechanical
20120101 t d a singl
for controlled US9826983B2 2012 Onychomycosis Device Physical systert én asmele
nail penetration WO02012GB53174 use cutting compo-
P [54] 20121218 nent
Hand held US2013211481A1; US201313766577
Visible electr -
sysFem for US8888829B2 20130213 2012 Onychomycosis Device Physical st ‘e © ec‘ 9mag
antifungal US201261598838P netic radiation
treatment (58] 20120214
Nail penetra-
tion device for US201815877759
: US2018207414A1 20180123 . . . I mm-thickness
delivery of 2017 Onychomycosis Device Physical .
ti-fungal [55] US201762449245P circular blade
anti-
20170123
treatments

with the ability to illuminate and heating the target area. The
inventors proposed that the radiation is able to penetrate
through the nail without damaging it and heat the fungus to
the point that it dies [58].

Iontophoresis is a non-invasive technique that delivers
compounds across the nail by applying an electric field [13,
30]. US2011066134A1 patent discloses an iontophoretic

treatment system for onychomycosis using drug applicators
targeting either nail only or nail and surrounding tissue. Si-
multaneous iontophoretic delivery with terbinafine admini-
stration improved the antifungal concentrations and transfer
efficiency to the nail [59].

Meanwhile, hydration and occlusion play an important
role on the enhancement of penetration, since hydrated nails
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have increased pore size which may be related to transungual
penetration, and occlusion reduces water loss, tend to nor-
malize ceramide concentration and water binding capacity,
leading to the reconstruction of water and lipid homeostasis
in dystrophic nails [60, 61].

Other physical penetration methods are being developed
in order to improve topical efficiency [13]. One of them is
US2011245785A1 patent consisting of a dome-shaped appli-
cator, constituted by an elastic material, which has an open
part provided with a flange for adhesion. The device can be
filled with liquid containing antifungal agents under pressure
using an injector, which allows drug therapy to penetrate
deeply in the nail by positive pressure. As suggested by an
inventor it is possible to let the antifungal agent penetrate
into a deep part of the nail by merely hermetically bonding
the dome-shaped applicator, avoiding evaporation or leakage
of the solvent of the liquid antifungal agent. The rubber ma-
terial constitution may be with polybutadiene-based rubber,
butadiene-acrylonitrile-based rubber, chloroprene-based rub-
ber, acryl rubber, acrylonitrile-butadiene rubber, isoprene
rubber, silicone rubber and others, preferably butyl rubber
[62]. Moreover, JP2012115596A patent demonstrates a bub-
ble-type onychomycosis treatment device consisting of a
capsule with a structure in which the antifungal drug is in-
jected and that can be easily released by pressing it. The cap-
sule, having a portion with low bonding strength being con-
stituted of resins such as polypropylene or polyethylene, is
inserted in an elastic applicator having the fringe part which
hermetically adheres to the nail surface affected by onycho-
mycosis. The content of the capsule is leaked by pressing
and pushing the applicator releasing the antifungal agent in
the nail, thus allowing the drug to penetrate into the nail [63].
Additionally, WO2010011354A2 patent describes a system
and method for enhancing permeation of “anti-infective”
agents using heat to improve “trans-keratin drug delivery”
through the infected nail in a dark, warm and moist environ-
ment and consists of a device in which a holding apparatus
attaches a drug delivery mechanism to the digit. The drug
delivery mechanism consists of the anti-infective-agent in its
pharmaceutical dosage form and a heating device, where the
anti-infective agent is in direct contact with the dorsal sur-
face of an infected nail [64].

In addition, there are chemical permeation promoters,
which turn drugs able to penetrate by disrupting keratin
bonds from nail but maintaining its integrity [1]. These en-
hancers are the main focus of this review and are best ex-
posed in sequence.

5.1.3. Chemical Permeation Enhancers

Chemical permeation enhancers are chemical substances,
which act by destabilizing and weakening the physical
and/or chemical bonds of the nail keratin and so increasing
penetration of active compounds through the nail plate [2,
65]. Chemical permeation enhancers for ungual delivery are
discussed in a few reviews [1, 13, 18], however, there is no
consensus among them when it comes to the classification of
these permeation enhancers. The ungual penetration en-
hancers existing up to date were categorized as solvents,
keratolytic agents, compounds that cleave the disulfide
bonds, enzymes, miscellaneous and etchants [1], and are
described below and summarized in Table 2.

Kreutz et al.

5.1.3.1. Solvents

Solvents as water, dimethyl sulfoxide and methanol have
the ability to enhance permeation of drugs to the nail plate

[1].

The aqueous pathway plays a leading role in drug pene-
tration through the nail. Since the nail plate has the tendency
to hydrate and swell similarly to hydrogels, the increased
distance between the keratin fibers due to swelling results in
enlarged pores and thus, enabling molecules to diffuse
through the nail [3]. After hydration, the nails become more
elastic and more permeable to substances applied topically
[66, 67]. The increase in nail plate hydration can enhance the
drug diffusivity within the nail plate, as previously reported
for ketoconazole by Gunt and Kasting [66].

Dimethyl Sulfoxide (DMSO) has been proposed as a nail
permeation enhancer after some reports have described its
ability to facilitate drug transport as antimycotics and caf-
feine [68, 69]. Despite its mechanism of action still uncer-
tain, it is proposed that the presence of DMSO alters the lipid
concentration of the nail plate improving transungual drug
delivery [1].

Methanol proved to be an effective penetration enhancer
when employed on formulations. This solvent may induce
structural changes on the dorsal nail surface, increasing its
roughness, and thus increasing the penetration of caffeine
across the nail plate, as demonstrated by Vejnovic and
coauthors [68]. Despite being a good solvent for lipophilic
drugs, its toxicity limits its use [68].

5.1.3.2. Keratolytic Agents

Keratolytic agents are chemicals with the aptitude of
breaking disulphide bonds, which connect keratin strands. In
other words, they have the ability to disrupt the tertiary struc-
ture and hydrogen bonds in the keratin, destabilizing the
keratin network enlarging diffusion pathways and helping on
drug permeation [1, 2, 70]. Keratolytic agents are mainly
urea and salicylic acid [71]. Quintanar-Guerrero and
coauthors studied the influence of keratolytic agents on the
in vitro permeation of imidazole antimycotics finding that
these permeation enhancers can fracture the surface of the
nail creating pathways for drug penetration [71].

5.1.3.3. Compounds that Cleave the Disulfide Bonds

Compounds that cleave the disulfide bonds are mainly
composed of thiols sulfites and hydrogen peroxide groups

[1].

Thiols are a class of compounds that contain sulthydryl
groups (-SH) with a promising ungual penetration potential.
Their mechanism of action involves reducing the disulfide
bonds in the keratin on the matrix of the nail, destabilizing
the fibers and promoting transungual drug delivery [3]. In
this sense, permeation enhancement is attributed to the
cleavage of disulfide bonds by reduction or oxidation [65].
Some of the chemicals comprised in this group are py-
rithione, n-acetylcysteine, cysteine, thioglycolic acid, 2-
mercaptoethanol, and N-(2-mercaptopropionyl) glycine [18,
70].

Moreover, sulfites also have the ability to increase the
transungual flux by interacting with the nail keratin and re-
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ducing the disulphide bonds [2, 18]. They react with the di-
sulfide bonds in proteins or peptides to produce thiols and
thiosulphates, and those last ones, after formation, reduce the
disulfide bond in the keratin matrix infringing on the barrier
property [1]. Sulfites agents are sodium sulfite and sodium
metabisulfite [18, 72].

Hydrogen peroxide is also a transungual penetration en-
hancer, being the only oxidizing agent, whose mechanism is
related to oxidizing and cleaving the disulfide bonds, thus
enhancing nail permeability [1]. It can be associated with
other penetration enhancers to improve permeation through
the nail plate [73].

5.1.3.4. Enzymes

Proteases are specific enzymes that may hydrolyze kera-
tin bonds of the nail, leading to impairment of barrier charac-
ter thereby increasing transungual diffusion through nails

[2].

One of them is papain, a plant endopeptidase enzyme that
contains highly reactive sulfhydryl groups, which may de-
grade the surface of the nail and increase permeability for
drugs applied topically [71]. Keratinase is another protease, a
keratolytic enzyme, which may hydrolyze nail keratins act-
ing on both intercellular matrix and dorsal nail corneocytes,
thereby corroding and weakening the nail barrier, favoring
transungual drug permeation [74].

5.1.3.5. Miscellaneous Class of Penetration Enhancers

Inorganic salts, hydrophobins and dioxolane are included
in miscellaneous class of penetration enhancers [1].

As evaluated by Nair and coauthors, some inorganic salts
are able to enhance penetration through nail by increasing
the hydration of the nail plate. These salts investigated were
ammonium carbonate, calcium carbonate, potassium carbon-
ate, sodium sulfite and sodium phosphate [75].

Hydrophobins are amphiphilic fungal proteins, which are
able to reduce the surface tension and adhere to hydrophilic
and hydrophobic structures. There are currently three identi-
fied hydrophobins, hydrophobin A, B and C, which appear to
act as coating and protective agents, promoting permeation
of drugs by covering molecules, and acting as a surfactant to
increase nail drug delivery [65, 68, 76].

The 2-n-nonyl-1, 3-dioxolane, known as SEPA" (soft
enhancement of percutaneous absorption), is a compound
suggested to exert a plasticizing effect by promoting a film
formation, adhering to the nail and contributing to penetra-
tion of drugs [77].

5.1.3.6. Etchants

Etching agents are used to modify the nail by disrupting
its dorsal surface, causing microporosites within the nail
plate, so increasing surface area. Phosphoric acid and tartaric
acid are applied as etching agents [78, 79]. Repka and
coauthors have shown that phosphoric acid promoted the
penetration of ketoconazole in the nail, whereas for tartaric
acid, its use to effectively deliver topical treatments is sug-
gested based on studies due to the ability to modify the nail
surface [52, 79].
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5.1.3.7. Important _Patents _on__Chemical Permeation
Enhancers to Nail Drug Delivery

Several patents have been taken over on chemical per-
meation enhancers for nail drug delivery. Many of them ex-
posed more than one type of enhancer in the same request
and for this reason, they are summarized together below. In
addition, Table 2 also addresses the patents found.

US2016235847A1 patent consists of the use of a metal
chlorite salt (chlorine dioxide, a disinfectant agent) as a
penetration enhancer for antifungal agents for the treatment
of onychomycosis, with or without applying heat to the in-
fected nail [80].

JP2010126532A patent provides a solution comprising
an antifungal agent as terbinafine in combination with a plant
essential oil or a component of it as terpenes which may be
applied in the area and surrounding area affected by der-
matophytes fungi. Terpenes, in this case, are characterized
by molecules constituted with 10 carbon atoms (monoter-
pene) and 15 carbon atoms (sesquiterpene). Plant essential
oils comprised in this invention were palmarosa oil, lavender
oil, patchouli oil, while components were geraniol, linalool
and nerolidol. Inventors proposed that administering plant
essential oil or essential oil component combined with an
antifungal agent may increase the concentration of the anti-
fungal drug at the infected site [81].

CN102844026A patent discloses a nail composition
comprising a proton source in the form of an organic acid
(preferably citric acid or acetic acid), which may also present
a humectant, a film-forming agent, a penetration enhancer
agent (as thioglycolic acid, sodium thioglycolate, potassium
thioglycolate, urea or other keratolytic agents) and a solvent,
typically water. The formulation may also comprise other
excipients, as panthenol and preservative agent, additional
solvent and UV inhibitor. As described by the inventors, the
formulation developed was more effective against some fun-
gal infections than Loceryl”, a commercially available anti-
fungal, presenting a kill rate of 80% when applied weekly
and about 99% when applied daily, against ranges from 75%
and 80% at the same periods for Loceryl® [82].

JP2018048159A patent comprises a method of treatment
and treatment consisting on an anhydrous or substantially
anhydrous pharmaceutical formulation capable of permeat-
ing into a nail and treating fungal infection comprising at
least one therapeutic agent as iodophor, at least one antifun-
gal agent, dimethyl sulfoxide and a naturopathic substance,
such as tea leaf extract. The treatment exhibits good results
against nail infections [83].

RU2013136147A patent describes an anhydrous formula-
tion containing allylamino antifungal compound (as terbi-
nafine and naftifine), carboxylic acid or alkyl ester, diol (as
propanediol and butanediol) and a complexing agent of
amino acetic type. The formulation can also comprise per-
meation enhancers as urea, sulthydryl group-containing
amino acids and keratin degrading agents. The inventors
affirmed the invention provided an increased permeation of
the therapeutic agent in the nail, increasing the efficiency of
therapy [84].
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Table2. Chemical and intrinsic to formulation permeation enhancers.
L L. Type of Description of .
. Publication .. Priority A B Pharmaceutical
Title Priority Number Propose Technology | Permeation Permeation
Number Year Form
Enhancer Enhancer
US201615139075
20160426
US20090587495
20091007
. US20090387119
Nail fungus | US2016235847A1 20090428
treatment and 2008 | Onychomycosis | Formulation | Chemical Chlorine dioxide Non specified
. [80] US20080203375P
composition
20081222
US20090207268P
20090210
US20080125790P
20080429
Plant essential oils
as palmarosa oil,
Promotion of lavander oil, patch-
: JP2010126532A .
P20080328700 li oil, and -
antifungal : 7 2008 Onychomycosis | Formulation | Chemical oultofl, an corr% Solution
agent absorp- [81] 20081128 ponents of essential
tion oils such as gera-
niol, linalool and
nerolidol
Combination of
turpentine (pine
oil) and at least one
Penetrating of peppermint oil
carrier, anti- or mineral oil or
fungal com- one or more essen-
o ; WO2010037089A1 L . .
t 20080194508P tial oil alcohol! Liquid
Posttion using us 2008 | Onychomycosis | Formulation | Formulation 11 011 2ICONOTS 1que carrier
the same and [92] 20080929 (such as menthol, system
method for eugenol, eucalyp-
treatment of tol, cinnamyl alco-
dermatophytes hol, linalool,
charvicol, terpinols
anethole, geraneol,
and terpinols)
Thioglycolic acid,
Fungal nail WO02011GB50379 sodium thioglyco-
CN102844026A :
20110225 lat t;
treatment 2010 | Onychomycosis | Formulation | Chemical ‘a € potassiu Solution
" [82] GB20100003336 thioglycolate, urea
composition i
20100226 or other keratolytic
agents
US201161518709P
20110511
US201261600268P
20120217
Antifungal US201161627148P
composition JP2018048159A; 20110919
for treatment JP6273065B1 2011 | Onychomycosis | Formulation | Chemical | Dimethyl sulfoxide Solution
. US201161518689P
of skin and 83
: (83] 20110511
nail
US201161518690P
20110511
US201161457699P
20110516

Table (2) contd....
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Publication Priori Type of Deseription of Pharmaceutical
Title ; Ilnbel Priority Number $e;1ty Propose Technology | Permeation Permeation rFo m“ !
u r r r
Enhancer Enhancer
Urea, sulthydryl
.| SE20110050107
Novel antifun- | RU2013136147A; 20110211 group-containing
gal c:mposi- RU2587064C2 WO2012EP52327 2011 | Onychomycosis | Formulation | Chemical kamiﬁo Zcids Zr-ld Solution
ion eratin degradin,
[84] 20120210 grading
agents
External prepa-
ration for treat- N- Hvd 1
rogel or
ing ringworm JP2012162511A JP20110040790 . . . methylpirrolidone, Yaros ..
2011 | Onychomycosis | Formulation | Chemical . patch containing
and method for 85 20110208 crotamiton and
. [85] o . hydrogel
applying the salicylic acid
same
Lauryl alcohol,
azone, borneol,
camphor, isopropyl
Film coating myristate, ethanol,
agent for treat- glycerol, isopro-
i homy- | CN102488702A 1 cN201110432920 I, polyethyl-
ne on‘yc omy ¢ 2011 | Onychomycosis | Formulation | Chemical panol, Polyery Polymeric film
cosis and [86] 20111221 ene glycol 400,
preparation dodecyl methyl
method thereof sulfoxide, urea and
ethylenedia-
minetetraacetic
acid
AU20170272269
Excipient 20171207
xcipien
.| AU20130227981
system for AU2017272269A1; 20130910 Alkyl lactate and
topical deliv- AU2017272269B2 2012 | Onychomycosis | Formulation | Chemical | Simmondsia chine- Serum
Foh US201261698898P sis seed oil
ery of pharma- S
ryt, ‘; ) [87] 20120910
ceuticalagents US201261698875P
20120910
Topical phar- Dimethyl sulfox- c |
maceutical ide, urea, N-methyl ream, ,ge ’
suspension
compositions EP2664327A1 EP20120003791 . . . pyrrolidine and N, ‘p ’
. 2012 | Onychomycosis | Formulation | Chemical lotion, foam,
comprising [88] 20120514 N- sorav. acrosol
terbinafide and dimethylacetamide pray, .
. and solution
urea mainly
Formulation
and evaluation
ofitraconazole | 1N3107DE2013A
IN2013DEL310
loaded nioso- 7 2013 | Onychomycosis | Formulation | Formulation Niosomes Gel
[93] 20131018
mal gel for the
treatment of
onychomycosis
Chemical penetra-
ti h lik
Treatment of | US2016008274A1 1 (59701414326186 Onychomycosis . . 1‘0n caneEs 1 ¢ .
oy 2014 L Device Chemical | dimethyl sulfoxide, | Pad or covering
nail disorders [89] 20140708 and psoriasis o
urea, salicylic acid

and others
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Publication Priori Type of Deseription of Pharmaceutical
Title ubiicatt Priority Number tority Propose Technology | Permeation Permeation utt
Number Year Form
Enhancer Enhancer
Improvers of hy-
drophilic property
. of the film mem-
Nail lacquer KR20150043724 .
. US2018104227A1 Chemical | brane such as poly-
composition 20150328 . . . . .
. 2015 | Onychomycosis | Formulation | and Formu- | vinylpyrrolidone Nail lacquer
containing 94] WO2016KR02333 .
) ) [ lation and alkyl cellulose,
ciclopirox 20160309 .
and penetration
enhancers such as
urea, salicylic acid.
Pharmaceutical CN105193726A;
iti N201510749055 luti
comp051‘10n CN105193726B ¢ 7 2015 | Onychomycosis | Formulation | Formulation | Vesicle solution Solution or
for treating 20151108 cream
leuconychia [95]
Nanoparticle
iti .| US201715415562
cor;xpos;hlo(rjls US2017209490A1; 20170125 Chemical Metal nanoparti- | Solution, cream,
andme .0 s US10201571B2 2016 | Onychomycosis | Formulation | and Formu- | cles mixed with a lotion, gel,
for treating US201662286768P . . .
96 lation penetrating solvent | powder, jelly
onychomycho- [96] 20160125
sis
External prepa-
: WO2019088005A1
tion for treat- P20170209136
r‘a 10n‘ ortrea ! 7 2017 | Onychomycosis | Formulation | Chemical Ethyl lactate Non specified
ing trichophy- [90] 20171030
tosis unguium
Composition Onychomycosis Chemical Microemulsion
P . WO2019105793A1 | £p20170204960 and topical . Microemulsion and | pure or incorpo-
for treating 2017 L. Formulation | and Formu- . .
. [97] 20171201 psoriasis (not . Urea rated in nail
onychomycosis lation .
ungual) varnish
Plant extrac-
tion formula | CN109303815A -
N20181154514 A licyl
applied to ¢ 7 2018 | Onychomycosis | Formulation | Chemical zone, S,a teyie Paste
. [91] 20181217 acid
onychomycosis
and tinea pedis

JP2012162511A patent demonstrates a pharmaceutical
preparation comprising a hydrogel base formed by synthetic
or natural water-soluble polymers (as carboxyvinyl polymer,
polyvinyl alcohol, guar gum, tamarind seed gum, gellan
gum) with dispersed liposomes loaded with antifungal agent
(as terbinafine, butenafine, neticonazole) and containing at
least one permeation enhancer such as N-methyl pyrrolidone,
crotamiton and salicylic acid. The liposomes developed pref-
erably may have 100 nm or less, which can pass through nail
pores delivering the antifungal drug. The formulation can be
applied as a pure gel or can be served as a patch containing
the hydrogel. The inventors indicate that the pharmaceutical
preparation exhibited better skin permeability than a com-
mercially available product (Lamisil®) [85].

CN102488702A patent reveals a formulation containing
11 - 30 parts by weight of the therapeutical agent, 3 - 8 parts
of plasticizer, 1 - 5 parts of a penetration enhancer, 3- 8 parts
of a film-forming agent, and 49 - 82 parts of solvent. The
pharmacological agents can be terbinafine, fluconazole, ke-

toconazole, clotrimazole, ciclopirox, salicylic acid, efc.,
while plasticizer is a mixture of one or more of glycerin,
polyethylene glycol-400. Permeation enhancers described
are azone, borneol, camphor, ethanol, glycerol, urea, dodecyl
methyl sulfoxide, efc., while film-formers consists of gelatin,
carbomer, corn mash, polyethylene glycol and cyclodextrin,
and as the pharmaceutical solvent is proposed ethanol, glyc-
erin, isopropanol and others [86].

AU2017272269A1 patent is related to a pharmaceutical
serum comprised of alkyl lactate, Simmondsia chinesis seed
oil and a pharmaceutical agent, such as antifungal, hormones
and others. In accordance with the invention, the antifungal
agent is absorbed by and incorporated into the nail matrix by
diffusing through the epithelium of the nail bed to reach the
nail bed hyperkeratosis, and it also penetrates into the ventral
nail plate, making the formulation highly effective against
fungal agents [87].

EP2664327A1 patent reflects a topical formulation con-
taining an antifungal agent (as terbinafine), urea and water,
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mainly, and which can also comprise other excipients as
permeation enhancers. In accordance with inventors, formu-
lations prepared with the constituents described above
showed a good penetration into and permeation through the
nails, also allowing the delivery for precise dosing to the nail
plate [88].

US2016008274A1 patent is associated with a device,
such as a pad or covering, that delivers a drug (antifungal or
anti-inflammatory) for treating nail disorders, secured to the
skin at the nail matrix and extended over the nail plate. To
the pad, a liquid or semisolid formulation can be placed with
the therapeutical drug. The device may also comprise a
chemical permeation enhancer as dimethyl sulfoxide, urea
and salicylic acid [89].

WO02019088005A1 patent is linked with a topical formu-
lation containing an antifungal agent as efinaconazole or
luliconazole, a volatile component as ethanol, a non-volatile
component such as a medium-chain fatty acid triglyceride
and a permeation enhancer such as ethyl lactate, and may or
may not contain water in low amounts and sodium edetate
hydrate as a stabilizer. /n vitro Franz diffusion permeation
with bovine hoofs showed a great improvement in penetra-
tion of antifungal agents, as well as in vivo efficacy in Har-
tley guinea pig, which demonstrated a reduction in fungal
colony-forming units [90].

CN109303815A patent proposes a pure extract prepara-
tion formula for onychomycosis comprised of 70 parts of
turpentine, 20 parts of petrolatum, 0.6 parts of chlorhexidine
acetate, 2.4 parts of belladonna extract, 1.5 parts of azone, 1
part of salicylic acid, 4.5 parts of sclerotium. In accordance
with the authors, the formula presented a good antifungal
effect and penetrated the nail surface [91].

5.1.4. Intrinsic to the Formulation

Murdan proposed that optimal drug formulation may be a
crucial point to deliver pharmaceuticals to the nail [18]. In
this view, several patents related to the intrinsic characteris-
tics of the formulation presented the permeation enhance-
ment profile. These features, often coupled with chemical
permeation enhancers, can potentiate the delivery of drugs to
the diseased tissue. Patents featuring formulation intrinsic
characteristics and those associated with chemical enhancers
to favor the delivery of drugs to the nail are described below
and summarized in Table 2.

WO02010037089A1 patent consists of a formulation of a
liquid carrier system comprising of combination of turpen-
tine (pine oil) and at least one of the following: peppermint
oil, mineral oil, or essential oil alcohols that may enhance
lipophilic antifungals (ciclopirox olamine, terbinafine, mi-
conazole, itraconazole, ketoconazole, econazole, tolnaftate
and fluconazole) through keratinized tissue, aiming the ap-
plication of the carrier system directly upon the nail surface
[92].

IN3107DE2013A patent comprises a formulation of
niosomal gel containing itraconazole for the treatment of
onychomycosis. The permeation results showed that the de-
veloped formulation with low vesicle size (around 260 nm)
can be an effective delivery system. To the inventors, the
penetration of the niosomes through the nail can be due to
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the detachment of the nail plate from the nail bed creating
cavities providing the drug delivery from formulation [93].

US2018104227A1 patent discloses a nail lacquer con-
taining at least one antifungal agent, at least one film-
forming agent, a solvent, and additives (as hydrophilic pro-
moters and permeation enhancers), which presented penetrat-
ing effect of the antifungal drug into the nail, without the
inconvenience in removing the film formed when reapplying
the drug solution [94].

CN105193726A patent reveals a pharmaceutical formu-
lation composed of weight of 1-15 parts of the fungal agent
terbinafine, 1-15 parts of fungal agent bifonazole, 15-60
parts of the capsule (one or a combination of one of sorbitan
fatty acid ester, sorbitan monooleate polyoxyethylene ether,
cholesterol and oleic acid), 5-50 parts of the hydration me-
dium (one or a combination of sodium cholate and sodium
deoxycholate), 10-80 parts of purified water. In another way,
the invention combines antifungal agents with excipients to
prepare a vesicle solution, which may present fast onset,
safety and reliability. On clinical trials, solution or cream
from the developed composition applied to the nails showed
superior results in comparison to the single terbinafine cream
and the bifonazole solution [95].

US2017209490A1 patent provides a nanoparticle compo-
sition consisting of spherical and/or coral-shaped metal
nanoparticles (such as silver and gold) mixed within a pene-
trating solvent, which can be employed to treat an infected
area in the nail without releasing metal ions. Due to the small
size of the nanoparticles, the inventors believe that the parti-
cles are able to be absorbed into and move quickly through
the nail region. Metal nanoparticles can be lethal to fungal
microbes by catalyzing the cleavage of disulfide bonds
within a vital protein or enzyme or through the production of
active oxygen species, which can oxidatively cleave protein
bonds. The penetration can also be facilitated due to a sol-
vent configured to promote the delivery of the nanoparticles,
having compounds that are able to enhance penetration, such
as dimethyl sulfoxide [96].

WO02019105793A1 patent proposes a pharmaceutical
composition in the form of a microemulsion comprising an
alcohol ethoxy sulfate, an ethoxylated glyceryl fatty acid
ester, an ethoxylated sorbitol or sorbitol anhydride fatty acid
ester, urea, and may contain carboxylic acids to adjust pH,
biotin to enhance the growth of nails, calcium chloride to
harden the nail, antifungal agent. The microemulsion pene-
trates into the nail and creates an acidic environment, which
effectively kills dermatophytes and other pathogenic fungi.
Although indicated for the treatment of topical psoriasis, the
treatment of nail psoriasis has not been covered [97].

As noted above, many modified delivery systems have
been approached to promote the permeation enhancement of
drugs in the nail. For skin permeation, this strategy has been
applied for enhancing drug skin permeation since these sys-
tems penetrate the stratum corneum through passive diffu-
sion [98]. Flores and coauthors developed a formulation con-
taining nanocapsules coated with chitosan and loaded with
tioconazole to treat onychomycosis [99]. Rocha and
coauthors presented a voriconazole-loaded nanostructured
lipid carrier capable of promoting drug penetration into
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deeper regions of hooves (mimicking the nail), possibly in-
teracting with keratin chains [100]. In general terms, modi-
fied systems are able to enhance the delivery of drugs at the
place of interest.

These recent researches only reinforce the tendency to
employ new modified delivery systems associated with the
intrinsic characteristics of the formulations.

CONCLUSION

Topical administration of drugs to the nail containing
chemical permeation enhancers is an attractive option as
being ideal topical drug delivery systems for localized deliv-
ery.

CURRENT & FUTURE DEVELOPMENTS

Onychomycosis and psoriasis are nail disorders that im-
pact significantly on patients’ quality of life and often cause
embarrassment in social life. Over the last decades, with the
development of new formulations to treat these diseases and
the advent of new methodologies in vitro to predict penetra-
tion through the nail barrier and determine the onychophar-
macokinetics, the ungual route has gained more emphasis.
Topical formulations seemed to be preferred over systemic
treatments due to localized action, reduction of systemic side
effects and higher patient convenience and compliance.
However, poor permeability of drugs through the nail plate
has proved to be a drag on drug delivery, not achieving the
expected pharmacological activity. As a suggestion to over-
come this feature, various studies proposed different meth-
ods for permeation enhancement of molecules through the
nail barrier, including chemical approaches. Chemical per-
meation enhancers are being employed even more frequently
to topical formulations since they are cost-effective, nonin-
vasive and do not require medical intervention. However, it
is challenging to develop topical formulations for proper nail
drug delivery in view of its unique dense keratin network.
The perspective for topical formulations for the treatment of
onychomycosis and psoriasis lies in the association of physi-
cal permeation enhancer methodology, providing tiny holes
in the nail with an adequate dosage form containing chemical
permeation enhancer and a potent drug in an appropriate
delivery system (immediate and prolonged release). In this
sense, chemical permeation enhancers play a pivotal role in
the development of formulations to deliver drugs through the
nail.
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