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Introduction
The development in the field of pharmaceutical dosage forms
results in discovery of additional highly sophisticated drug delivery
systems that allow maintaining constant level of active substance in
organism. Transdermal administration of drugs represents an excellent
alternative to conventional pharmaceutical dosage forms. However,
transdermal drug delivery often faces the problem of insufficient or no
penetration of active pharmaceutical substances through the skin.
The aim of this contribution is to describe advantages and
disadvantages of transdermal administration of drugs and the structure
of the skin as a barrier preventing penetration of any heterogeneous
substances into the body. The main part of the article is devoted to
classification and brief characterization of techniques affecting the skin
barrier, including up-to-date ones.
The skin consists of three basic functional layers: the upper layer
(epidermis), curium (dermis), and subcutaneous tissue (hypodermis).
The skin has a number of different functions; the most important
is protection from excessive water loss and mechanical, chemical,
microbial and physical impacts. The most important is the outermost
layer of epidermis, the horny layer (stratum corneum, SC), which is in
fact the skin barrier. The structure of the SC can be described as “bricks
and mortar” model: corneocytes rich in keratin represent hydrophilic
“bricks“, and the lipid matrix represents hydrophobic “mortar”. The
penetration through the least permeable layer, the SC, is limiting. The
epidermis acts as a barrier only to penetration of extremely lipophilic
compounds. Generally, there are three main possible routes for
penetration of drug molecules through the intact skin or the SC: i)
appendageal route (transport via sebaceous and sweat glands and the
transfollicular route – through hair follicles), ii) transcellular route
(through corneocytes), iii) intercellular route [1,2].
At present transdermally applicable drugs include glycerol
trinitrate, scopolamine, estrogens (in combination with gestagens),
testosterone, fentanyl, buprenorphine, flurbiprofen, clonidine,
propranolol, nicotine, rotigotine [3,4], sildenafil [5], sumatriptan [6],
various (non)-steroidal anti-inflammatory drugs and antimicrobial
chemotherapeutics [7]. A number of new pharmaceuticals are
developed, or under clinical evaluation, for example, physostigmine
[8], selegiline [9], paroxetine [10] insulin [11], and 5-fluorouracil [12].
However, the number of drugs that can be applied transdermally is
limited more than it was originally expected. The use of transdermal
administration is limited by some requirements on the drug. The
ideal properties of a molecule that effectively penetrates through the
SC include drug solubility, penetrability (drug gets into the skin),
permeation (drug passing through the skin), and resorption in blood
or lymphatic vessels. The applied drug dosage cannot be higher than
25 mg/day; drug molecular weight should be < 500 Da; log P from 1 to
3 (ideal 2.5) and drug melting temperature should be less than 200°C.
Besides, the drug should not cause any skin irritation or immunity
reactions. Only about 5% of drugs are suitable for administration
through the skin [13,14].
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The advantages of transdermal administration include, above all,
good pharmacokinetic properties of application systems, the ability
to maintain long-lasting steady-state plasma concentration of active
substances, including drugs with short biological half-lives, which
reduces undesirable side effects occurring as a result of considerable
fluctuations of drug plasma concentration. In contrast, the plasma
levels achieved with the use of conventional dosage forms exhibit peaks
and may even reach a toxic level leading to complications. Presystemic
elimination of the applied dosage (hepatic first-pass effect) and effects
such as pH change in the GIT or interactions with other simultaneously
applied pharmaceutics or food are also effectively prevented here.
Transdermal administration also provides possibility to apply drugs
with a narrow therapeutic window and to interrupt drug delivery into
the system immediately when an undesirable effect occurs (in contrast
to other conventional dosage forms, which do not provide such
possibility). Another important advantage is very simple and painless
application. This way of administration is a non-invasive alternative
to parenteral, subcutaneous, and intramuscular injections. One of the
major disadvantages of transdermal application is possibility of local
skin irritation or allergisation by an active substance or excipient. Other
disadvantages include variable intra and interindividual absorption
depending on skin conditions and, partly, on the place of application.
Differences in skin structure and thickness on different body parts
cause great absorption diversity. Long-term transdermal application
on the same place can damage the skin by affecting its microflora
and enzymes. Further disadvantage is a longer time of effect onset
connected with the need to overcome the skin barrier [15].
To solve this critical issue various approaches for overcoming
the skin barrier were developed. These approaches can be classified
as chemical (modification of drugs, using transdermal chemical
penetration enhancers) or physical (modification of drug particles
size to nanosize, physical enhancement techniques). Another
classification can be based on optimization of drug/vehicle or on SC
modification. Optimization of drug/vehicle consists in preparation/
application of i) lipophilic prodrugs or ion-pairs, ii) eutectic systems,
iii) complexes of drugs with cyclodextrins, iv) liposomes and other
vesicles (transfersomes, ethosomes, niosomes, etc.), v) solid lipid
nanoparticles and other nanoparticles and/or nanodelivery systems,
vi) saturated and supersaturated solutions. Modification, i.e.,
hydration/lipid fluidization/disrupting of SC, means i) application of
transdermal chemical penetration enhancers, ii) overall optimization
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of formulation using non-hydrophobic excipients or iii) application
of physical enhancement techniques (electrically assisted methods),
such as iontophoresis, electroporation, acoustic methods – ultrasound
(phonophoresis, sonophoresis), microneedles, magnetophoresis or
photomechanical wave [2,7,10,14-23].
The disadvantage of these methods is their relatively complicated use
requiring special apparatuses for application and their cost. A number
of authors mention combination of these physical methods with the
use of chemical penetration enhancers as a very effective method of
transdermal drug application [16,24]. Ganga et al. [25] described
a synergistic effect of Azone® and iontophoresis on penetration of
metoprolol through human epidermis in vitro. The synergistic effect
of ultrasound and chemical substances was demonstrated by the use
of polyethylene glycol, isopropyl myristate, linoleic acid or sodium
lauryl sulphate [26,27]. Several authors mention a combined effect of
electroporation and macromolecular substances which should increase
and stabilize formed pores [28,29]. Iontophoresis, electroporation,
acoustical methods and microneedles that show considerable promise
are briefly mentioned below.
Iontophoresis is a physical method using a low-level direct
current to deliver substances through the intact skin. Typically a
few milliamperes of current (15–30 mA) are applied to a few square
centimetres of the skin, which generally causes no pain or irritation
[30]. A drug reservoir is placed on the skin under the active electrode
with the same charge as the penetrating drug, and an indifferent
counter electrode is placed elsewhere on the body. The active electrode
repels the drug molecules and forces them into the skin. The quantity
of molecules crossing the barrier correlates directly with the applied
current. Iontophoresis can facilitate substance transport through the
skin by a number of possible mechanisms, including an electrophoretic
driving force and an electroosmotic driving force causing an increase
of skin permeability [31]. Extensive studies mention the possibility
of the use of iontophoresis for a wide range of pharmaceuticals
including antiinflammatory compounds, hydrophilic molecules,
hormones and macromolecular compounds [32]. The U.S. Food and
Drug Administration (FDA) approved sumatriptan iontophoretic
transdermal system for acute migraine treatment of adults [6].
Electroporation temporarily increases skin permeability by
short-term application of high-voltage pulses to the skin. In contrast
to iontophoresis, where low voltage is used, electroporation requires
higher voltage within short-time interval from 10 μs to 100 ms.
Electroporation creates micropores in the lipid bilayer, enabling
penetration of hydrophilic substances and macromolecules [33].
Among the compounds studied in connection with the use of
electroporation for transdermal application, e.g. heparin [34], insulin
[35], and vaccines [36].
For facilitation of drug transport through the skin, ultrasonic and
short-duration shock waves can also be used. The method using different
frequencies of ultrasound from 20 kHz to 16 MHz for the improvement
of skin permeability is designated as sonophoresis [37]. Ultrasonic
waves affect the skin by a number of mechanisms. One of the effects
is formation, oscillation, and sequent collapse of gaseous bubbles (gasfilled cavities) in the liquid. This process indicated as cavitation results
in formation of holes in corneocytes, enlargement of the intercellular
space and perturbation of SC lipid bilayers. Also thermal effect as a
result of ultrasound absorption by the skin is observed. There is usually
temperature increase within several degrees; it enhances lipid fluidity
and molecule diffusion through the skin barrier [38,39]. Numerous
authors mention application of sonophoresis for enhancement of
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skin permeability for different pharmaceuticals, including insulin,
erythropoietin, γ-interferon, and heparin [40,41].
Needles of microscopic size (microneedles) can penetrate into the
skin surface and create holes large enough for drug molecules to enter
but simultaneously small enough to avoid pain and significant damage
to the skin. The length of microneedles connected to a reservoir is
within 10–200 μm; they can be solid or hollow, with a channel through
which drug solutions flow into the skin. Microneedles penetrate
through the SC and epidermis without reaching the upper layer of the
dermis where nerve endings are situated. Experiments conducted in
vitro demonstrated that small drug molecules, big macromolecules and
nanoparticles can be administered using this method [42-45].
The problematics of transdermal application of drugs, transdermal
therapeutic systems and methods of overcoming the skin barrier is
extensive, and, of course, it is not possible to cover all aspects in this
short article. Nevertheless, after a certain stagnation, transdermal
drug application is currently extensively investigated as a perspective
noninvasive drug administration method. The subject of this short
review was brief but comprehensive introduction of this interesting
problematics bridging medicinal chemistry, pharmaceutical technology
and biophysics with emphasis on the use of physical enhancement
techniques.
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