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Chapter 2
How to Optimize Drug Delivery
in Dermatology?

Luiza Helena Urso Pitassi and Juliana Merherb Jordao

Introduction

The skin is the largest organ of the human body in which its main function is to be
the protection barrier against the infectious agents, allergens, chemicals, and drugs
and against the exit of endogenous substances, such as water. Because of the capac-
ity of the cutaneous absorption, it may be considered a safe and effective way for the
injection of several medicines.

The epidermis, the outer layer of the skin, is a divided epithelium into two differ-
ent areas: a hydrophilic layer containing 70% of water and the stratum corneum
which is a hydrophobic layer containing only 13% of water. The stratum corneum
is the main barrier for the drug penetration, and it represents the final product of the
differentiation of the initiated process on the basal layer of the epidermis with the
formation of keratinocytes by mitotic division. It is composed by dead keratinized
and flattened cells, which are called corneocyte and are involved by a lipid layer like
“bricks and grout.” Its main composition is rich in lipids (5—15%) including phos-
pholipids, glycosphingolipids, cholesterol sulfate, neutral lipids, and protein
(75-85%), especially keratin [19, 60].

The medicine absorption faces a big challenge which is the skin barrier function
that acts by limiting the absorption of many actives. Only few molecules have the
capacity to go through this barrier, and the cutaneous bioavailability of most drugs
varies from 1% to 5%, therefore being too low. The technique named drug delivery
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consists in finding methods to optimize the cutaneous penetration of the medicine,
and this objective can be reached through mechanic, chemical, and physical meth-
ods. These techniques provide a raise in the active principles number which can be
easily transported through the skin, with a growing importance for dermatology [11,
55,72].

The drug absorption in the skin can be affected by many factors, such as thick-
ness, temperature, hydration degree, skin cleanliness, blood flux, lipid concentra-
tion, hair follicles, sweat glands, race, pH on the surface of the skin, and integrity of
the stratum corneum [18, 79].

The drug administration through the skin can be achieved via topical in which
the main objective is a local therapeutic action and the transdermal via that has a
systemic therapeutic action. One of the biggest advantages of the topical drug
administration is to have a direct action in the target or very close to it, this way
needing least amount of active substance and with fewer side effects.

A substance topically applied has basically three possibilities of penetrating in
the intact stratum corneum of the epidermis through the transcellular or intracellular
vias (directly through the cells), the intercellular (around the cells), and the cutane-
ous attachments (sweat glands, sebaceous glands, or hair follicles). There might be
drug permeation through a combination of these vias, the highest flux being estab-
lished by the physicochemical properties of the molecule.

Once it has passed the stratum corneum, the active substance may have a target
in some of the layers of the epidermis and the dermis, or it may be absorbed and
have a systemic action. In the transepidermal penetration, the molecule passage
happens through the epidermis layers. More externally there is the stratum cor-
neum, made of rows of corneocytes soaked in lipid intercellular layer, representing
the main cutaneous barrier to the substance penetration. The intracellular passage of
the substances happens through the keratinocytes that allow the hydrophilic or polar
solute transportation. However the transportation through the intercellular spaces
allows diffusion of lipophilic or non-polar solutes by the lipid layer [55, 58, 68].

As aresult of the stratum corneum dead nature, the solute transportation through
this layer happens mainly by passive diffusion accordingly with Fick’s law.

By the transcellular via, the drugs go through the phospholipid membranes and
the cytoplasm of the stratum corneum keratinocytes; however they face a significant
resistance to the penetration, once they need to go through the phospholipid mem-
brane of each cell, the hydrophilic components of the keratinocytes, and again the
phospholipid membrane. Though this via is the most direct one, the most used via
is the intercellular, where the drugs go through the existent spaces between the dif-
ferent cells of the skin. The existence of hair follicles in the skin makes them also a
via for the drug penetration. But, since the area occupied by the hair follicles and the
sebaceous glands is small (approximately 0.1% of the area of the skin surface), this
is a factor that limits the available area for the medicine transportation [9, 12,
17, 40].

The intercellular via involves the drug diffusion through the extracellular lipid
layer. But this route has an obstacle because of the stratum corneum barrier which
is highly waterproof (“bricks and grout”) for most of the molecules, being that just
lipophilic drugs of low molecular weight penetrate in this via.
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Since the skin represents an efficient barrier to the penetration of molecules,
many chemical (passive) and physical (active) methods are being developed to
change the stratum corneum barrier properties and raise the permeability.

The strategies to develop the drug penetration vary since a simple occlusion to
the use of chemical or physical methods and technologies, or the combination of
them. These methods may include the application of many energy forms (e.g., heat,
sound, light, electric, magnetic, etc.) or break, reduce, or weaken the stratum cor-
neum barrier by mechanic means [64].

The chemical methods are represented by substances that raise the drug diffusion
through the stratum corneum and are known as chemical promoters of permeation.
The most common chemical substance is water, due to the stratum corneum hydra-
tion, usually when it accumulates during the occlusion process of the skin. After
2448 hours of occlusion, the corneocytes swell, the intercellular spaces distend,
and the lacunar network becomes dilated. This gap distention creates “pores” in the
interstices of the stratum corneum through which the substances can penetrate more
easily. As examples of the chemical promoters of permeation, the solvents (ethanol,
methanol, chloroform, acetone, and detergents) can extract the lipids from the stra-
tum corneum, maximizing the drug penetration in the skin [44, 64].

The physical methods include the ones that destroy the stratum corneum barrier
and the ones that act through an external force impacting the active ingredients in
the skin. These techniques provide an increase in the number of the active ingredi-
ents which may be efficiently transported through the skin, with a growing impor-
tance for dermatology. As an objective to improve the cutaneous permeability and
the substance penetration through the stratum corneum, many techniques have been
associated with the transdermal via of drug absorption, such as ultrasound (cavita-
tional and non-cavitational), iontophoresis, electroporation, microdermabrasion,
thermal ablation (laser, microneedled, radio frequency), and medicine microinfu-
sion in the skin using the tattoo machine and microneedling [1, 5, 70].

Factors That Influence the Transdermal Drug Delivery

Physicochemical Properties of Permeation [23, 38, 74]

e Permeation coefficient: The transcellular route predominates for the most hydro-
philic molecules.

* Molecular size: There is an inverse relation between the transdermal flux and the
molecular weight of the molecule. The molecule that goes through the skin bar-
rier tends to have a molecular weight between 100 and 500 dalton.

e Solubility/fusion point: The lipophilic molecules tend to permeate the skin faster
than the hydrophilic molecules.

e lonization: Only the ionized form of the drug can permeate significantly by the
lipid barrier.
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Physiological and Pathological Conditions of the Skin [23, 38, 74]

e Lipid film: The lipid film on the skin surface acts as a protective layer to avoid
the skin humidity loss and to help maintain the function of the stratum corneum
barrier.

e Skin hydration: The hydration may be reached simply by occluding the skin with
plastic film, leading to a sweat accumulation and improving the active
penetration.

e Skin temperature: The increase in temperature increases the permeation rate of
the skin, due to the energy availability needed for the diffusibility.

* Regional variation: The difference between the nature and thickness of the skin
barrier can cause a permeability variation.

¢ Individual skin metabolism: The catabolic enzymes present in the epidermis may
turn the drug inactive by the metabolism and slow down the drug topical
bioavailability.

e Skin barrier properties: The physiological pH of the skin is acid and is between
4.2 and 5.6. It varies with age, being higher in the newborns when compared to
adult skin. Substances as acid as the skin acidity are more absorbed, for they are
less ionized.

e Body skin: The skin of the genital region usually provides the most permeable
spot for the transdermal drug delivery. The skin of the head and neck is also rela-
tively permeable if compared with other spots of the body like arms and legs.
Intermediate permeability for most drugs is found in the upper body.

e Pathological injuries of the body: Injuries that change the stratum corneum con-
tinuity, removing part of the protection barrier, increase the permeability due to
the vasodilation increase.

Methods That Optimize the Drug Delivery in the Skin

Mechanical Methods
Adhesive Tape

One of the easiest mechanical methods to improve the drug penetration in the skin
is using the adhesive tape, inserted in transdermal studies in early 1970s. In this
method, the outer layer of the skin, the stratum corneum, is progressively reduced in
thickness by a series of tape application and removal. The theoretical considerations
based on the first diffusion law of Fick show that the flux through a membrane is
inversely proportional to the membrane length or thickness. If the stratum corneum
thickness is reduced by the tape application, there will be an increase of the drug
diffusion.
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Massage

Studies suggest that massage can be a useful tool in the increase of the transdermal
drug delivery. The skin heating may increase the stratum corneum permeability due
to structural changes in the lipids by the temperature increase (20—40 °C) [69].

Lademann et al. investigated the nanoparticle transportation in hair follicles on
pigskin in vitro and suggested an ideal size (300-600 mm) for the particles to pen-
etrate in the follicles, based on the hair cuticle thickness. When the massage was
applied, the particles penetrated more deeply in the follicles and remained there for
10 days. The hair follicles act as an efficient vessel for the long-term drug storage if
compared to the stratum corneum, creating a possibility of a sustained drug deliv-
ery [43].

Skin Abrasion

The skin abrasion refers to the skin surface layer removal by abrasive methods.
These methods may include rubbing the skin with electrical sand paper or devices
that use abrasive spheres, like a process of “sandblasting” using a flux of crystalline
particles such as aluminum oxide. The process was used for the skin rejuvenation
but also to increase the penetration of the topically applied substances. The skin
abrasion has demonstrated to increase the delivery of a variety of hydrophilic mol-
ecules in the skin (caffeine, acyclovir, 5-fluorouracil, vitamin C, aminolevulinic
acid, small peptides, and vaccines) [21, 24, 26, 48].

Chemical Methods

The chemical methods act by maximizing the drug penetration in the skin, through
mechanisms that change the lipid structure of the stratum corneum, including sol-
vents (propylene glycol, DMSO - dimethyl sulfoxide), esters of fatty acids (oleic
acid), and surfactants. These compounds interact with the stratum corneum lipid
layer to change its nanostructure and, this way, to increase the skin permeability by
many mechanisms: (1) interruption of the stratum corneum lipid organization, turn-
ing it permeable (such as the example of the fatty acids, DMSO, and alcohol); (2)
extracting the lipids, turning the layer more permeable through the formation of
water channels (DMSO and ethanol); and (3) interacting with the corneocyte keratin
and opening the protein structure, turning it more permeable (e.g., DMSO, ionic
surfactants) [45, 56, 60].

Though there are no ideal permeation chemical promoters yet, these must pres-
ent the following properties: be pharmacologically inert, nontoxic, non-allergic,
non-irritating; have immediate and reversible action; and must allow the drugs to
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penetrate the skin but, at the same time, need to avoid the loss of body fluids, elec-
trolytes, and other endogenous substances [17].

However, only a small number of chemical potentializers have demonstrated to
induce a significantly therapeutic improvement in the drug transportation. These are
often associated with skin irritation or toxicity when present in high concentration
and with a longer time of skin exposure.

Physical Methods

The physical methods to increase the cutaneous permeability include the ones which
destroy the stratum corneum barrier and the ones that act through an external force
impacting the active ingredients in the skin. These techniques provide an increase in
the number of the active ingredients which can be efficiently transported through
the skin, with growing importance for dermatology.

Electroporation

In electroporation the cells are temporarily exposed to high intensity of electrical
pulses that lead to the formation of watery pores in the stratum corneum lipid bilay-
ers, allowing the drug diffusion in the skin. The treatment uses high voltage electri-
cal pulses (50-500 V) for a short period of time (milliseconds) with the objective to
increase the drug transportation of high molecular weight (until 40 kDa) [69]. The
best fluxes have been observed with synthetic molecules and small macromolecules
(<10 kDa), for example, the lidocaine. It has also been used successfully to improve
the molecule permeability with different lipophilicities and sizes, including the ones
with high molecular weight (proteins, peptides, and oligonucleotides) [37].

The electroporation in the skin has the benefit of being minimally invasive and
usually well tolerated. The gene transference by electroporation has been used suc-
cessfully to deliver genetic material in the in vitro cells as well as the in vivo cells
[20, 37].

Iontophoresis

The iontophoresis is a noninvasive technique based on the application of a low
intensity electrical current (until 10 V) to facilitate the drug permeation with the
help of two electrodes put on the skin surface, through an electrolyte solution which
contains the drug. The main changes in the skin after the iontophoresis are the
increase of stratum corneum hydration and a decrease of the skin electrical resis-
tance. The iontophoresis applications can be therapeutic and also a diagnostic
method to control the levels of blood glucose [1, 69]. The iontophoresis is used with
ionizable drugs, and it is more effective to molecules with a low molecular weight.
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The iontophoresis disadvantages are the difficulty of the drug stabilization in the
means of application, the complexity of the drug release system, and the prolonged
cutaneous exposure of an electrical current. Clinically the iontophoresis has been
used to treat hyperhidrosis and deliver the lidocaine to relieve the pain and pilocar-
pine to induce sweat (as a diagnostic test) [64].

The iontophoresis used to be applied in dermatology to treat patients with hyper-
hidrosis has been practically abandoned [16, 69].

Ultrasound

The ultrasound technique (sonophoresis, phonophoresis, or ultraphonophoresis)
increases the drug permeation in the skin due to an increase of the drug therapeutic
concentrations on the selected spot. The use of low-frequency ultrasound, between
20 and 100 kHz, has proven to be a promising technique in increasing skin perme-
ability, facilitating the macromolecules and hydrophilic drug permeation through
the epidermis, dermis, and cutaneous attachments. The mechanism involves a lipid
rupture of the stratum corneum allowing the drug to go through the skin [49].

In this technique, the drug is associated with a coupling agent (gel, lotion, oil)
which helps to transfer the ultrasound energy to the skin, leading to the stratum
corneum rupture and supporting the transdermal absorption of the drugs [47, 49].

Traditionally, the ultrasound used in high frequencies (f > 1 MHz, therapeutic
echography) was a popular choice for the sonophoresis in the physiotherapy treat-
ment. The sonophoresis was used to facilitate the topical delivery of medicine in
polyarthritis treatment [1].

With the use of low frequencies (<1 MHz), the ultrasound can be used to make
bubbles, known as “cavitation.” The cavitation bubbles oscillate creating shock
waves on the skin and then creating submicroscopic defects in the stratum corneum.
These defects increase the skin permeability for water-soluble molecules and some
macromolecules. Recent studies show that cavitation is a mechanism which maxi-
mizes the transdermal drug delivery result in the ultrasound treatment [47, 49, 59].

Microneedles

The needles create a duct in the skin that allows substances (from small hydrophilic
molecules to macromolecules) to penetrate. Used in isolation or with other meth-
ods, the microneedles have shown to be a promising method in many clinic applica-
tions, such as insulin administration, peptides, genetic material, and also
transcutaneous immunization [73].

The microneedling is a fundamental tool so that the product used as drug deliv-
ery can act on the dermis in enough quantity to reach the results quickly and effec-
tively. The technique provide a stratum corneum rupture, and that is microscopically
proven by the channel visualization and increase in the transepidermal water loss
(TEWL) (Fig. 2.1). Consequently, there is a hydrophilic molecule, and
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Fig. 2.1 Micro-channel
created after the stratum
corneum disruption,
reaching the papillary
dermis, with 1.5 mm
microneedles. Histological
section of swine skin
stained by hematoxylin
and eosin with a total
increase of 40x. (Figure:
Personal file Dr. Luiza
Pitassi)

macromolecule increased permeation in the applied formulations after the perfora-
tions by the microneedling. The duration of the drug delivery is limited by the life-
time of these pores, and it depends on the area of skin treated, on the drug solubility
in the delivery vehicle, on the drug diffusion capacity in the pores, and other factors
[25, 29, 61].

The micro-channels facilitate the drug delivery in a very efficient way and can
increase in until 80% the absorption of bigger molecules.

The microneedling technique makes thousands of controlled microscopic micro-
perforations in the papillary and reticular dermis. The objective is to perform a
mechanical stimulation of the dermis, leaving the epidermis intact, promoting the
collagen formation, and increasing the angiogenesis. A dermal vasodilation hap-
pens, and immediately there is a keratinocytes migration to restore the epidermal
damage, resulting in a cytokine liberation such as interleukin-1, interleukin-8, inter-
leukin-6, TNF-«, and GM-CSF [6, 50, 65].

The microneedling can also be useful to improve the ALA (aminolevulinic acid)
or MAL (methylaminolevulinate acid) penetration in the photodynamic therapy
(PDT), being a safe and effective method. This association produces superior results
when compared to the conventional photodynamic therapy with the use of the MAL
photosensitizer agent to improve the skin damaged by light and the results of the
actinic keratosis treatment [71, 80].

The microneedling combined with the drug delivery in embryonic stem cells
(hESC-EPC CM) showed to be effective in reversing aging signs and can also be a
great option for skin rejuvenation. An accomplished study with human embryonic
stem cells in vitro showed a significant increase in the proliferation and migration
of dermal fibroblasts, besides the epidermal keratinocytes, supporting collagen syn-
thesis by fibroblasts [46].
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The microneedling technique can be associated with the drug transdermal admin-
istration for chest rejuvenation providing an improvement on global appearance of
the skin on the anterior chest region, with high tolerability and satisfaction [39].

Clinical studies performed in diabetes patients showed an increased insulin phar-
macokinetics after the injections with microneedles in the skin when compared to
the conventional subcutaneous infusions [62].

In vitro experiments showed that the use of microneedles could increase the per-
meability in the skin, enhancing transdermal delivery of a variety of substances,
including oligonucleotides, insulin, vaccines, proteins, DNA, and human growth
hormone [14, 42].

Fractional Ablative Lasers

Recently, the use of lasers as drug delivery promoters has shown excellent results
for a homogeneous and controlled skin medicine delivery. Since the beginning of its
therapeutic use in the last decade, the ablative Erbium 2940 nm and CO2 10.600 nm
lasers have been useful in the skin photoaging and scar treatments. As both have
great affinity with water, they are ablative lasers, removing the epidermis and pro-
moting residual sharp heat, which makes the water contained in the dermis heated
until approximately 100 °C [13, 41, 51].

The fractional ablative lasers are used mainly to soften wrinkles, photoaging,
cutaneous laxity, and scars, without the disadvantages and risk related to the long
exposure of the traditional ablative laser epithelialization. With the fractional laser,
a big part of the skin remains intact and surrounded by microablation columns. With
this, the postoperative has gotten less intense and shorter, besides the fact that there
is lower risk of adverse effects [3].

The ablative lasers remove the stratum corneum without damaging the deeper
tissues, forming micro-channels called microthermal zones (MTZ) that increase the
hydrophilic and lipophilic substance permeability (Fig. 2.2). Both lasers facilitate
the drug delivery through the MTZ and also through thermal effect of the laser in the
tissue. The Er:YAG 2940 nm laser has bigger affinity with water, allowing a more
superficial penetration and minimum heat production. The CO2 10600 nm laser
penetrates more deeply and produces higher heat quantity. The characteristic of the
fractional ablative laser is to act through tissue ablation columns surrounded by
coagulation tissue [22, 31].

These channels penetrate the stratum corneum facilitating the drug delivery of
substances applied on the skin. In vitro studies evaluated the CO2 10600 nm laser
as well as the Er:YAG 2940 nm with different formulations containing vitamin C
showing the increase of over 200 times in the active penetration when compared to
intact skin [33]. A study conducted by Huang et al., in 2013, with three different
forms of stabilized vitamin C evaluated the ascorbic acid permeation after the CO2
ablative laser application, demonstrating that this laser is effective in delivering
vitamin C to the skin [34].
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Fig. 2.2 Demonstration of
the fractional ablative laser
irradiated on the skin,
forming micro-channels
called microthermal zones
(MTZ) that increase the
hydrophilic and lipophilic
substances permeability.
(Figure: Personal file Dr.
Luiza Pitassi)

In 2016, Waibel et al. evaluated the use of CO2 laser for the drug delivery of a
non-sterile formulation containing 15% of vitamin C, 1% of vitamin E, and 0,5% of
ferulic acid in serum vehicle and demonstrated that the hemiface in which the for-
mula was applied showed faster healing. There were no adverse effects reported
resulting from the applied formulation [77]. Recently, reports about the functional
and quality improvement of traumatic scars, including keloids, have emerged in the
literature with the use of fractional laser. In atrophic scars, a depth decrease was
observed, that is, volume or surface irregularity improvement. In two cases of burn
sequels, the use of the CO2 fractional laser provided the contracture relaxation and
surface irregularities and color and texture improvement. In post-traumatic or path-
ological scars, there are reports about texture, tone, and skin appearance improve-
ment, with low incidence of dyschromia, leading the authors to conclude that it is a
safe and effective technology for the scar treatment in general [4, 32].

Recent studies demonstrate the topical application of poly-I-lactic acid after the
CO2 fractional laser for the atrophic scar treatment [67].

Another article showed the use of ablative CO2 fractional laser for the hypertro-
phic scar treatment with application of drug delivery containing triamcinolone
10-20 mg/ml immediately after. There was a considerable scar improvement after
6 months evaluating the following parameters: global improvement, atrophy, and
dyschromia [76].

Mahmoud et al. described the use of CO2 fractional laser followed by botulinum
toxin application in a topical way as drug delivery in the periorbital area in split-face
study. The evaluation, 30 days later, showed a significant improvement on the side
that was associated with the botulinum toxin application [54]. Similar results were
described by Zhu et al. in 2016; the topical application of the botulinum toxin as
drug delivery after CO2 fractional laser in the facial areas chosen by randomization
was compared to the saline solution application after the laser [82].

The drug delivery technique assisted by laser has been used a lot in photody-
namic therapy (PDT). The PDT is an effective treatment for superficial skin cancers
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non-melanoma, actinic keratosis, and acne. The thicker lesions have shown to be
more resistant to the TFD due to low depth penetration of the topical photosensitiz-
ing agents. An in vivo study using human skin revealed that the ALA and MAL
often do not penetrate the depth of the tissue above 1 mm. The pretreatment with the
laser in the skin can increase the penetration of these photosensitizing agents in the
case of Bowen disease, reducing the incubation time without compromising the
treatment efficiency [30].

The most used and studied substances for the drug delivery with laser are vita-
mins C and E, ferulic acid, hyaluronic acid, polylactic acid, botulinum toxin, metho-
trexate, S5-fluorouracil (5-FU), imiquimod, ingenol mebutate, minoxidil, growth
factors, MAL, and ALA [10, 27, 30, 33, 54, 67, 77].

Besides that, the technique is an excellent association with the laser effects for
rejuvenation and dermatological disease treatments.

Fractional Microneedled Radio Frequency

Another ablation method of the tissue associated with the drug delivery technique is
accomplished by radio frequency with needles. In this procedure the energy appli-
cation under the high-frequency alternating current form (~100 kHz) is performed
by thin needles in the skin, with the formation of micropores (Fig. 2.3) that allow
the hydrophilic drug and macromolecule transport, being used with the drug deliv-
ery technique for the same indications as the ablative laser [63].

Issa et al. (2013) evaluated the efficiency, safety, and satisfaction of the patients
treated with fractional microneedled radio frequency associated with 0.05% retinoic
acid on stretch marks on the breasts. The retinoic acid drug delivery was performed
through an ultrasound device with acoustic pressure waves. There was significant

Fig. 2.3 Demonstration of
the fractional microneedled
radiofrequency application
in the facial skin. (Figure:
personal file Dr. Luiza
Pitassi)
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improvement in the treated stretch marks’ appearance in all the patients, with low
incidence of collateral damage and a high level of patient satisfaction [35].

In another study conducted by the same author, the fractional ablative radio fre-
quency was used in the hypertrophic scar treatment associated with the ultrasound
with acoustic waves. The objective of ultrasound use was to increase the active
permeation, and in this case, the drug delivery was performed with triamcinolone
acetonide. The result of this study was a complete resolution of the scars with only
one treatment session [36].

Transdermal Adhesive Systems

Transdermal Patches

The transdermal patches act in the skin by promoting a long release of the drug with
the objective to keep the plasma concentrations constant throughout time. The
development of these systems is considered a multidisciplinary activity that involves
a drug selection, the development of the most suitable therapeutic system taking
into account the physicochemical properties of this drug, and in vivo and in vitro
permeation studies, besides the patches’ stability [66].

The main advantage of the transdermal patches is to provide an ongoing release
of the drug, without the occurrence of plasma peaks, this way decreasing the drug
adverse effects. For a better absorption, the molecular weight of the drug should not
exceed 400 Da. The molecular size is inversely proportional to its cutaneous diffu-
sion; in other words, smaller molecules diffuse better in the skin. The proteins and
other macromolecules as the peptides are not indicated for the administration in
transdermal adhesive systems because they present a high molecular weight [8].

Though they have a great potential to allow the drug permeation, the transdermal
adhesives present a big limitation, once they only allow administrating lipophilic
drugs of low molecular weight. The use of chemical permeation promoters and
nanotech systems has been studied as a way to increase the spectrum of the trans-
dermal route [17].

Nanotechnology

Currently, new technologies for dermal and transdermal nanoparticles applications
are being used in dermatology, such as liposomes and other vesicular systems.
These new drug transporter systems optimize the formulation, maintaining the drug
molecular structure. They present, among many other advantages, the increase of
the substances’ bioavailability facilitating the cutaneous permeability and directing
them to the tissue or target organ [28].
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The nanomedicine has a main objective to create a drug delivery system with
great efficiency, in specific targets, minimizing possible secondary effects. This sci-
ence dedicates itself to research, developing and manipulating material, systems,
and nanometric dimension devices, comprised between 1 and 1000 nm [15, 53].

The nanotech is the material engineering that uses the nanoscale for technologi-
cal or scientific applications. The nanoparticles have many forms (spheres, rods,
dendritic) and can be soft or hard, soluble or insoluble [15]. For being useful in
therapeutic applications, the nanoparticles must penetrate the cutaneous barrier,
deliver the material, and be eliminated from the body without damages. The
researchers study the conditions in which the nanoparticles can penetrate the stra-
tum corneum barrier and how the physicochemical properties of the nanoparticles
can influence the penetration, the systemic translocation, and toxicity [7, 75].

The liposomes, for example, are nanometric vesicles containing lipid bilayers
made by phospholipids, with similar structure of the cellular membrane, designed
for the transcutaneous hydrophilic and lipophilic drug administration. The lipo-
somes were the pioneers in nanotech applicability in cosmetic area. The well-
succeeded nanomedicine application was already shown in many neuroinflammatory
disease, cancer, and rheumatoid arthritis studies, besides many other disorders [52,
53,78].

The advantages related to the substance placement through the nanotech are
countless, for they not only allow the substance transport but also can protect these
substances from oxidation reaction, hydrolysis, and photolysis. This way, the nano-
tech provides tools that allow more stable formulation production during its use and
storage. For the effective therapeutic use, the nanotech must be capable of breaking
the stratum corneum, and many techniques have been used to facilitate this penetra-
tion, such as ultrasound, electroporation, ablative laser, and microneedles. The nan-
otech and its therapeutic applications in dermatology are growing research areas
[15,57, 81].

Conclusion

Many methodologies have been researched as an objective to improve the drug per-
meation in the skin. The advances in biotechnology established bases for promising
molecular targets, potent and highly specific therapies. The use of nanotechnology
in the development and production of drug delivery systems in dermatology has
been highlighted lately. Recent studies show that hair follicles can be a great medium
to increase the drug permeation efficiency. The genetic therapy has been considered
one of the most promising therapeutic ways of drug delivery [2, 44].



24 L. H. U. Pitassi and J. M. Jordao
References
1. Alkilani AZ, McCrudden MT, Donnelly RF. Transdermal drug delivery: innovative pharma-

10.

11.

12.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

ceutical developments based on disruption of the barrier properties of the stratum corneum.
Pharmaceutics. 2015;7(4):438-70.

. Amjadia M, Mostaghacia B, Sittia M. Recent advances in skin penetration enhancers for trans-

dermal gene and drug delivery. Curr Gene Ther. 2017;17:000-10.

. Anderson RR, Parrish JA. Selective photothermolysis precise microsurgery by selective

absorption of pulsed radiation. Science. 1983;220:524-7.

. Anderson R, Rox, et al. Laser treatment of traumatic scars with an emphasis on ablative frac-

tional laser resurfacing: consensus report. JAMA Dermatol. 2014;150(2):187-93.

. Arbache S, de Godoy CE. Microinfusao de medicamentos na pele através de maquina de tatu-

agem. Surg Cosmet. 2013;

. Bal SM, Caussian J, Pavel S, Bouwstra JA. In vivo assessment of safety of microneedle arrays

in human skin. Eur J Pharm Sci. 2008;35(3):193-202.

. Baroli B. Penetration of nanoparticles and nanomaterials in the skin: fiction or reality? J Pharm

Sci. 2010;99:21-50.

. Benson HA, Watkinson AC. Topical and transdermal drug delivery: principles and practice.

Hoboken: Wiley; 2012.

. Bolzinger M, Briangon S, Pelletier J, Chevalier Y. Penetration of drugs through skin, a com-

plex rate-controlling membrane. Curr Opin Colloid Interface Sci. 2012;17:156-65.

Braun SA, Hevezi P, Homey B, Gerber PA. Laser-assisted drug delivery: enhanced
response to ingenol mebutate after ablative fractional laser treatment. J Am Acad Dermatol.
2015;72(2):364-5.

Brown MB, Martin GP, Jones SA, et al. Dermal and transdermal drug delivery systems: current
and future prospects. Drug Deliv. 2006;13:175-87.

Brown MB, Traynor MJ, Martin GP, Akomeah FK. Transdermal drug delivery systems: skin
perturbation devices. Drug Deliv Syst. 2008;437:119-39.

. Carniol PJ, Hamilton MM, Carniol ET. Current status of fractional laser resurfacing. JAMA

Facial Plast Surg. 2015;17:360-6.

Cheung K, Das DB. Microneedles for drug delivery: trends and progress. Drug Deliv.
2016;23(7):2338-54.

DeLouise LA. Applications of nanotechnology in dermatology. J Investig Dermatol.
2012;132(3):964-75.

Dhote V, Bhatnagar P, Mishra PK, Mahajan SC, Mishra DK. Iontophoresis: a potential emer-
gence of a transdermal drug delivery system. Sci Pharm. 2011;80(1):1-28.

Dias ARP. Sistemas transdérmicos. Master’s thesis; 2013.

Donnelly RF, Singh TRR, editors. Novel delivery systems for transdermal and intradermal
drug delivery. Wiley; 2015.

El Maghraby GM, Barry BW, Williams AC. Liposomes and skin: from drug delivery to model
membranes. Eur J Pharm Sci. 2008;34:203-22.

Escobar Chdvez JJ, Bonilla Martinez D, Villegas Gonzdlez MA, Revilla Vizquez
AL. Electroporation as an efficient physical enhancer for skin drug delivery. J Clin Pharmacol.
2009:49(11):1262-83.

Fang JY, et al. Enhancement of topical 5 — aminolaevulinic acid delivery by erbium: YAG laser
and microdermabrasion: a comparison with iontophoresis and electroporation. Br J Dermatol.
2004;15(1):132-40.

Fang JY, Lee WR, Shen SC, et al. Transdermal delivery of macromolecules by erbium:YAG
laser. J Control Release. 2004;100:75-85.

Gaikwad AK. Transdermal drug delivery system: formulation aspects and evaluation.
Comprehensive Journal of Pharmaceutical Sciences. 2013;1(1):1-10.

Gill HS, et al. Selective removal of stratum corneum by microdermabrasion to increase skin
permeability. Eur J Pharm Sci. 2009;38(2):95-103.



25.
26.
27.
28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

How to Optimize Drug Delivery in Dermatology? 25

Gill HS, Prausnitz MR. Pocketed microneedles for drug delivery to the skin. J Phys Chem
Solids. 2008;69(5-6):1537-41.

Gold MH. Dermabrasion in dermatology. Am J Clin Dermatol. 2003;4(7):467-71.

Gomez C, Costela A, Garcia-Moreno I, Llanes F, Teijon JM, Blanco D. Laser treatments on
skin enhancing and controlling transdermal delivery of 5-fl uorouracil. Lasers Surg Med.
2008:40(1):6-12.

Gongalves JC. Nanotecnologia aplicada a pele. Master’s thesis; 2014.

Gupta J, Gill HS, Andrews SN, Prausnitz MR. Kinetics of skin resealing after insertion of
microneedles in human subjects. J Control Release. 2011;154(2):148-55.

Haak CS, Christiansen K, Erlendsson AM, Taudorf EH, Thaysen-Petersen D, Wulf HC, et al.
Ablative fractional laser enhances MAL-induced PpIX accumulation: impact of laser channel
density, incubation time and drug concentration. J Photochem Photobiol B. 2016;159:42-8.
Haedersdal M, Sakamoto FH, Farinelli WA, Doukas AG, Tam J, Anderson RR. Fractional CO2
laser-assisted drug delivery. Lasers Surg Med. 2010;42(2):113-22.

Haedersdal M. Fractional ablative CO2 laser resurfacing improves a thermal burn scar. J Eur
Acad Dermatol Venereol. 2009;23(11):1340-1.

Hsiao C-Y, Huang C-H, Hu S, Ko Y-S, Sung HC, Huang S-Y. Skin pretreatment with lasers pro-
motes the transdermal delivery of vitamin C derivatives. Lasers Med Sci. 2011;26(3):369-76.
Huang C-H, Sung H-C, Hsiao C-Y, Hu S, Ko Y-S. Transdermal delivery of three vitamin C deriv-
atives by Er: YAG and carbon dioxide laser pretreatment. Lasers Med Sci. 2013;28(3):807-14.
Issa MCA, de Britto Pereira Kassuga LE, Chevrand NS, do Nascimento Barbosa L, Luiz RR,
Pantaledao L, Rochael MC. Transepidermal retinoic acid delivery using ablative fractional
radiofrequency associated with acoustic pressure ultrasound for stretch marks treatment.
Lasers Surg Med. 2013;45(2):81-8.

Issa MC, Kassuga LE, Chevrand NS, Pires MT. Topical delivery of triamcinolone via skin
pretreated with ablative radiofrequency: a new method in hypertrophic scar treatment. Int J
Dermatol. 2013;52(3):367-70.

Ita K. Perspectives on transdermal electroporation. Pharmaceutics. 2016;8(1):9.

Kadam AS, Ratnaparkhi MP, Chaudhary SP. Transdermal drug delivery: An overview. Int J
Res Dev Pharm Life Sci. 2014;3:1042.

Kalil CLPV, Campos VB, Chaves CRP, Pitassi LHU, Cignachi S. Estudo comparativo, ran-
domizado e duplo-cego do microagulhamento associado ao drug delivery para rejuvenesci-
mento da pele da regido anterior do térax. Surg Cosmet Dermatol. 2015;7(3):211-6.

Keleb E, et al. Transdermal drug delivery system- design and evaluation. Int J Adv Pharm Sci.
2010;1:201-10.

Khatri KA, Ross V, Grevelink JM, Magro CM, Anderson RR. Comparison of the Erbium: Yag
and carbon dioxide lasers in resurfacing of facial rythides. Arch Dermatol. 1999;135:391-7.
Kim YC, Park JH, Prausnitz MR. Microneedles for drug and vaccine delivery. Adv Drug Deliv
Rev. 2012;64(14):1547-68.

Lademann J, et al. Determination of the cuticula thickness of human and porcine hairs and
their potential influence on the penetration of nanoparticles into the hair follicles. J Biomed
Opt. 2009;14(2):021014. 44.

Lademann J, Richter H, Knorr F, et al. Triggered release of model drug from aunp-doped bsa
nanocarriers in hair follicles using irradiation. Acta Biomater. 2016;30:388-96.

Lane ME. Skin penetration enhancers. Int J Pharm. 2013;447(1):12-21.

Lee HJ, et al. Efficacy of microneedling plus human stem cell conditioned medium for
skin rejuvenation: a randomized, controlled, blinded split-face study. Ann Dermatol.
2014;26(5):584-91.

Lee KL, Zhou Y. Quantitative evaluation of sonophoresis efficiency and its dependence on
sonication parameters and particle size. J Ultrasound Med. 2015;34(3):519-26.

Lee WR, et al. Microdermabrasion as a novel tool to enhance drug delivery via the skin: an
animal study. Dermatol Surg. 2006;32(8):1013-22.



26

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74,

L. H. U. Pitassi and J. M. Jordao

Lepselter J, Britva A, Karni Z, Issa MC. Ultrasound-assisted drug delivery in fractional cutane-
ous applications. In: Lasers, lights and other technologies; 2016.

Lima EVA, et al. Microagulhamento: estudo experimental e classificagdo da injdria provocada.
Surg Cosmet Dermatol. 2013;5(2):110-4.

Lin CH, Aljuffali IA, Fang JY. Lasers as an approach for promoting drug delivery via skin.
Expert Opin Drug Deliv. 2014;11(4):599-614.

Liihder F, Reichardt HM. Novel drug delivery systems tailored for improved administration of
glucocorticoids. Int J Mol Sci. 2017;18(9):1836.

Maciel DMS. Cell-responsive nanogels for anticancer drug delivery. Doctoral disserta-
tion, 2014.

Mahmoud BH, Burnett C, Ozog D. Prospective randomized controlled study to determine the
effect of topical application of botulinum toxin A for crow’s feet after treatment with ablative
fractional CO2 laser. Dermatol Surgl. 2015;41(Suppl 1):S75-81.

Morrow DIJ, McCarron PA, Woolfson AD, Donnelly RF. Innovative strategies for enhancing
topical and transdermal drug delivery. Open Drug Deliv J. 2007;1:36-59.

Murthy S, Shivakumar H. Topical and transdermal drug delivery. In: Handbook of non-
invasive drug delivery systems, vol. 1. 1* ed. Elsevier; 2010. p. 1-36.

Naves LB, Dhand C, Venugopal JR, Rajamani L, Ramakrishna S, Almeida L. Nanotechnology
for the treatment of melanoma skin cancer. Prog Biomater. 2017;6:1-14.

Nino M, Calabro G, Santoianni P. Topical delivery of active principles: the field of dermato-
logical research. Dermatol Online J. 2010;16(1):4.

Ogura M, Paliwal S, Mitragotri S. Low-frequency sonophoresis: current status and future pros-
pects. Adv Drug Deliv Rev. 2008;60:1218-23.

Pathan IB, Setty CM. Chemical penetration enhancers for transdermal drug delivery systems.
Trop J Pharm Res. 2009;8(2):174.

Paudel KS, Milewski M, Swadley CL, Brogden NK, Ghos P, Stinchcom AL. Challenges and
opportunities in dermal/ transdermal delivery. Ther Deliv. 2011;1(1):109-31.

Pettis RJ, Ginsberg B, Hirsch L, et al. Intradermal microneedle delivery of insulin lispro
achieves faster insulin absorption and insulin action than subcutaneous injection. Diabetes
Technol Ther. 2011;13:435-42.

Prausnitz MR, Langer R. Transdermal drug delivery. Nat Biotechnol. 2008;26(11):1261-8.
Prausnitz MR, Elias PM, Franz TJ, Schmuth M, Tsai JC, Menon GK, Feingold KR. Skin bar-
rier and transdermal drug delivery. Dermatology. 2012;3:2065-73.

Prausnitz MR. Microneedles for transdermal drug delivery. Adv Drug Deliv Rev.
2004;56:581-7.

Ramteke KH, et al. Transdermal drug delivery: a review. J Adv Sci Res. 2012;3:22-35.

Rkein A, Ozog D, Waibel JS. Treatment of atrophic scars with fractionated CO2 laser facilitat-
ing delivery of topically applied poly-L-lactic acid. Dermatol Surg. 2014;40(6):624-31.
Schaefer H, Schalla W, Zesch A, Stiittgen G. Skin permeability. Springer Science & Business
Media; 2013.

Shimizu K, Kristof J. Enhancement of percutaneous absorption on skin by plasma drug deliv-
ery method. In: Advanced technology for delivering therapeutics. InTech; 2017.

Sivamani RK, Liepmann D, et al. Microneedles and transdermal applications. Expert Opin
Drug Deliv. 2007;4:19-25.

Torezan L, et al. A pilot Split face study comparing conventional methyl Aminolevulinate
Photodynamic Therapy (PDT) with microneedling assisted PDT on actinically damaged skin.
Dermatol Surg. 2013;39(8):1197-201.

Tran, Thanh-Nga T. Cutaneous drug delivery: an update. J Investig Dermatol Symp Proc.
Elsevier. 2013;16:S67-9.

Tuan-Mahmood TM, et al. Microneedles for intradermal and transdermal drug delivery. Eur J
Pharm Sci. 2013;50:623-37.

Uchechi O, Ogbonna JD, Attama AA. Nanoparticles for dermal and transdermal drug delivery.
In: Application of nanotechnology in drug delivery. InTech; 2014.



75.

76.

7.

78.

79.

80.

81.

82.

How to Optimize Drug Delivery in Dermatology? 27

Venuganti VV, Perumal OP. Nanosystems for dermal and transdermal drug delivery. In: Drug
delivery nanoparticles formulation and characterization. Informa healthcare, vol. 191 - Drugs
and The Pharmaceutical Sciences, 9; 2009. p. 126-48.

Waibel JS, Wulkan AJ, Shumaker PR. Treatment of hypertrophic scars using laser and laser
assisted corticosteroid delivery. Lasers Surg Med. 2013;45(3):135-40.

Waibel JS, et al. Laser assisted delivery of vitamin C, vitamin E, and ferulic acid formula
sérum decreases fractional laser postoperative recovery by increased beta fibroblast growth
factor expression. Lasers Surg Med. 2016;48(3):238—44.

Weiss MB, Andrew E, Aplin AE. Paying “particle” attention to novel melanoma treatment
strategies. J Invest Dermatol. 2010;130:2699-701.

Wokovich AM, Prodduturi S, Doub WH, Hussain AS, Buhse LF. Transdermal drug deliv-
ery system (TDDS) adhesion as a critical safety, efficacy and quality attribute. Eur J Pharm
Biopharm. 2006;64(1):1-8.

Yoo KH, Lee JW, Li K, Kim BJ, Kim MN. Photodynamic therapy with methyl 5SAminolevulinate
acid might be ineffective in recalcitrant alopecia totalis regardless of using a microneedle roller
to increase skin penetration. Dermatol Surg. 2010;36(5):618-22.

Zhang LW, Monteiro-Riviere NA. Mechanisms of quantum dot nanoparticle cellular uptake.
Toxicol Sci. 2009;110(1):138-55.

ZhuJ,Ji X, Li M, Chen X, Liu J, Zhang J, et al. The efficacy and safety of fractional CO 2 laser
combined with topical type A botulinum toxin for facial rejuvenation: a randomized controlled
split-face study. Biomed Res Int. 2016;2016:3853754.



	Chapter 2: How to Optimize Drug Delivery in Dermatology?
	Introduction
	Factors That Influence the Transdermal Drug Delivery
	Physicochemical Properties of Permeation [23, 38, 74]
	Physiological and Pathological Conditions of the Skin [23, 38, 74]

	Methods That Optimize the Drug Delivery in the Skin
	Mechanical Methods
	Adhesive Tape
	Massage
	Skin Abrasion

	Chemical Methods
	Physical Methods
	Electroporation
	Iontophoresis
	Ultrasound
	Microneedles
	Fractional Ablative Lasers
	Fractional Microneedled Radio Frequency


	Transdermal Adhesive Systems
	Transdermal Patches

	Nanotechnology
	Conclusion
	References


