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The choice of vehicle is an important consideration in the treatment of acne and rosacea. Agents used to treat these common conditions may be
limited by multiple factors, including poor stability during storage, limited residence time in the skin and follicular unit, and high potential for skin
irritation. Novel drug delivery systems have been developed to address these problems, including microencapsulation, liposomal encapsulation,
and the use of a variety of nanocarriers. New vehicle technologies for acne and rosacea treatments have appeared over the past 20 years and have
somewhat improved stability, tolerability, and possibly efficacy. One of the latest vehicle technologies in acne and rosacea to enhance efficacy,
stability, and tolerability is microencapsulation of benzoyl peroxide and tretinoin, which resulted in significant efficacy and good tolerability in
patients with each of these two diseases. Other new vehicle technologies include a polymeric form of tretinoin and a microsphere product that
combines tretinoin plus clindamycin. It is likely that there will be more reports of clinical success as experience with the rapidly evolving delivery
technologies increases. This review summarizes drug delivery systems that have been developed with the aim of improving outcomes for patients

being treated for either acne or rosacea. It also focuses, where possible, on formulations that have been evaluated in clinical studies.
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and adjunctive therapy with oral medications. This approach

to treatment has important advantages, including the ability
to achieve high concentrations of medication to the target tissue and
decreasing or eliminating systemic exposure that may lead to adverse
events (AEs).* Although topical therapy should avoid AEs associated with
systemic medication administration, the efficacy, safety, and tolerability
of topical therapy is influenced by percutaneous penetration, retention
at the target for a sufficient time to obtain the desired therapeutic effect,
and avoidance of adverse local reactions that may affect adherence.> It
has been noted that the drug product is only one of multiple components
that determine the efficacy and tolerability of topically applied therapies
such that the performance of a topical medication is also influenced by
characteristics of the vehicle formulation that may influence penetration,
permeation, irritancy, and patient preference.’

The effects of the active drug ingredient in a topical medication are
influenced by the vehicle base employed for delivery (e.g., ointment,
cream, lotion, gel, foam, spray), and it has been repeatedly shown that
vehicle selection can influence both adherence to therapy and treatment
outcomes.>" Drug performance is also significantly impacted by the

Topical agents for acne and rosacea are used as both first-line

delivery system in which it is packaged (e.g., microcapsules, liposomes,
transferomes, water-in-oil-in-water emulsions, chitosan nanoparticles,
solid lipid nanoparticles, cellulose acetate nanofibers, polyvinyl alcohol
conjugates, silicone capsules, etc.) prior to mixing with the vehicle.'>
Drug delivery systems have been shown to influence efficacy, tolerability,
and adherence for topical therapies.™' Many different delivery
technologies have been applied to topical treatments, but only a few have
translated into commercial products for dermatologic diseases. This may
be due to the inability to economically scale the technology and failure to
achieve desired controlled release.'"

This review summarizes drug delivery systems that have been
developed with the aim of improving outcomes for patients being treated
for either acne or rosacea. It also focuses, where possible, on formulations
that have been evaluated in clinical studies.

MICROENCAPSULATION

In general, encapsulation creates a barrier between the medication
and the skin. The slow migration of medication from the microcapsules
also provides sustained delivery. Microencapsulation techniques typically
result in microspheres with a fine coating of inert, natural, or synthetic
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polymeric materials deposited around solid
or liquid micronized drug particles.” When
microspheres are applied to the skin, the
amount of free drug in the preparation
penetrates the epidermis. Catabolized drug is
replaced by continued release of the product
from the microspheres.” The controlled release
of drug from microcapsules has the potential to
extend the time over which it is delivered to the
skin after a single application and to decrease
the risk for very high concentration of the drug
to produce local adverse reactions. 2
Microencapsulation can be achieved with
a sol-gel process in which drug molecules are
entrapped in the inner porosity of a silica-based
matrix.” In this process, amorphous silica is
made by forming interconnections among
colloidal particles (the “sol”) under increasing
viscosity until a rigid network, the silica shell
(the“gel”), is formed with pores of submicron
dimensions. Drug encapsulation is achieved by a
technique known as interfacial polymerization.
The process results in a drug core surrounded
by a silica capsule shell.Z This technology has
been employed in an effort to enhance the
efficacy, tolerability, and compatibility of two
drugs that have been used extensively in the
treatment of acne: benzoyl peroxide (BPO)
and tretinoin. In the combination treatment
for acne, encapsulated tretinoin is protected
from oxidative decomposition by BPO, which
enhances the stability and shelf life of tretinoin.
The silica shells also create barriers between
both tretinoin and BPO and the skin, which
have the potential to decrease the irritation
that often follows topical application of BPO
or tretinoin. For BPO, skin lipids control the
rate of release from the silica capsule since
the release mechanism involves migration
of the skin’s natural secretions through the
silica pores into the capsule. The skin lipids
dissolve the BPO crystals, carrying it to the skin
surface. The controlled release of BPO may be
particularly important for the treatment of
rosacea. Application of “free” BPO to the skin
of patients with rosacea leads to significant
skin irritation, such as erythema, burning,
and stinging. Microencapsulation has the
potential to decrease the occurrence of these
AEs and permit use of an agent that has been
shown to be efficacious but poorly tolerated in
patients with rosacea.?** The combination of
microencapsulated BPO and microencapsulated
tretinoin and microencapsulated BPO alone

have both been evaluated in large-scale, Phase
3 trials, and each has demonstrated efficacy at
least equivalent to that for other topical and
systemic treatments for these conditions and
tolerability comparable to that for vehicle. %

Microencapsulation has also been employed
to enhance the properties of retinol, a vitamin
A derivative that has been used to treat acne.”
This drug is limited by both degradation and
toxicity at high concentrations.*' A sol-gel
formulation of retinol has been shown to
provide slow release of the drug over several
hours. Assessment in healthy volunteers showed
that this formulation was less irritating than
retinal delivered via microsponge particles and
was associated with lower levels of interleukin-
1o

LIPOSOMAL FORMULATIONS

Liposomes. Many different liposomal
drug formulations have been developed.
These vesicles are formed by ordinary
phospholipids found in living systems. They
have a hydrophilic environment in the core
and a lipophilic environment between the
layers of phospholipids.” Liposomal drug
formulations have been reported to deliver high
concentrations of drug to the desired site of
action (thus potentially improving efficacy) and
to decrease the frequency of local AEs versus
unencapsulated formulations. 2323

Liposomal encapsulation has been used for
multiple agents employed in the treatment
of acne and/or rosacea. The combination of
liposomal BPO gel and liposomal tretinoin gel
has been shown to be effective for treatment
of comedones, papules, and pustules in
patients with acne and had a lower incidence
of AEs, including erythema, itching, burning,
scaling, and irritation than observed with
unencapsulated BPO and tretinoin." Tretinoin-
loaded liposomes alone have also demonstrated
greater efficacy than free drug in patients with
acne, and liposomal BPO has been shown to
have a significantly greater antibacterial effect
than free drug in patients with this disease >**
More recent studies in experimental animals
have demonstrated increased anti-acne efficacy,
lower transepidermal water loss (TEWL), and
less skin irritation with liposomal BPO plus
adapalene versus free drug.®

Flexible liposomes. Novel elastic liposomal
vesicles are superior to conventional liposomes
because of their improved interactions with
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skin and better drug penetration.® These
deformable or elastic vesicles are referred

to as transfersomes. They are comprised of
phospholipids and edge activators, such as
polysorbate or sodium cholate, which produce
elastic carriers.”” The constructs are spherical,
but they have the ability to deform in shape.
Members of this “class” include transfersomes
(phospholipids with the surfactant sodium
cholate), ethosomes (phospholipids with a
high proportion of ethanol), proniosomes
and niosomes (flexible non-ionic surfactant
vesicles), invasomes (phosphatidylcholine,
ethanol, and a mixture of terpene penetration
enhancers), and SECosomes (surfactant,
ethanol, and cholesterol).’

Niosomal formulations have been developed
for multiple agents used to treat acne or
rosacea, including BPO, tretinoin, clindamycin,
and azelaic acid.** This approach has been
shown to lower the doses of BP0 and tretinoin
required to achieve efficacy in a rat model.®®
Tretinoin has also been encapsulated in
pronisomes, and clinical evaluations in human
subjects showed greater efficacy and less
irritability versus commercial formulations.”
An ethosome formulation of azelaic acid has
been demonstrated to decrease the minimum
inhibitory concentration for the drug against
Cutibacterium acnes from 500 to 250 pg/mL.*

Penetration Enhancer-containing
Vesicles (PEVs). Another promising variation of
liposomal drug delivery combines a permeation
enhancer with a flexible liposomal formulation.
These constructs consist of phospholipids and
penetration enhancers, such as diethylene
glycol mono ethyl ether, or propylene glycol.
These combinations of ingredients reduce
stratum corneum barrier function and improve
in vesicular bilayer fluidity.®>*4 This approach
has been employed in a deformable liposomal
formulation of tretinoin that also included
diethylene glycol monoethyl ether.* Preclinical
assessment of this tretinoin delivery system
indicated that it enhanced penetration of the
drug through the skin versus conventional
tretinoin cream and resulted in milder
hyperkeratosis without hyperplasia, suggesting
less skin irritation.* A PEV formulation of
retinoic acid has been evaluated in patients with
acne and demonstrated improved tolerability
and patient adherence versus conventional
delivery of the drug.™




NANOPARTICLES

Nanoparticles, or nanocarriers, like the
formulations described above, have multiple
potential advantages over conventional drug
delivery. These include enhanced solubility of
highly hydrophobic drugs, the ability to provide
sustained and controlled drug release, increased
stability of therapeutic agents, and enhanced
delivery of drugs to therapeutic targets (e.g.,
hair follicles). The most commonly used
nanoparticles for topical and/or transdermal
drug delivery are polymeric nanoparticles,
nano-emulsions, and solid lipid nanoparticles
(SLN). %47

Solid lipid nanoparticles. Solid lipid
nanoparticles (SLNs) are comprised of a solid
lipid matrix that may consist of triglycerides,
partial glycerides, fatty acids, steroids, or
waxes, and are optimal for protecting unstable
drugs and controlling medication release.*®
Solid lipid nanoparticles have been developed
for the delivery of multiple agents employed
for the treatment of acne and/or rosacea,
including BPO, isotretinoin, adapalene, and
tretinoin.*2 Incorporation of BPQ into SLNs
provided controlled release and reduced
irritation associated with the free drug as
demonstrated by results from Draize skin
irritation test performed on albino rabbits.”
A second nanoparticle formulation of BPO
has been developed, but it has not yet been
evaluated in patients or any in vivo or in vitro
model systems.” Formulation of tretinoin
in SLNs resulted in significantly superior
stability on exposure to light versus free drug.”
Tretinoin delivered in chitosan-SLNs also has
been shown to have improved stability and
to retain high antibacterial activity against C.
acnes and Staphylococcus aureus.** Delivery
of metronidazole via nanoparticles has been
shown to provide sustained release of the drug
on the skin over a period of eight hours and to
decrease systemic exposure to the drug.”

Polymeric nanoparticles. With polymeric
nanoparticles, the drug is dissolved and
attached to a matrix/membrane polymer
which increases stability and helps control drug
release.” Adapalene in polymeric nanoparticles
was shown to increase the aqueous solubility of
the drug and to provide sustained release versus
the commercial formulation ex vivo (on human
cadaver and porcine ear skin). In-vitro studies
demonstrated that encapsulation of adapalene
significantly reduced the irritancy of the drug to
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amonolayer keratinocyte cell line (HaCaTs) and
reconstituted human epidermis.”’
Nanoemulsions. Nanoemulsions are
colloidal particulate systems in the submicron
size range. These carriers are solid spheres,
and their surface is amorphous and lipophilic
with a negative charge. Similar to other
delivery systems, they are aimed at enhancing
therapeutic efficacy and tolerability.” A
nanoemulsion formulation of tretinoin is in
development for the treatment of acne.” Results
from a six-week split-face study in 10 patients
indicated that the nanoemulsion formulation
reduced inflammatory and non-inflammatory
lesions to a greater degree than conventionally
delivered drug, but that this difference did not
achieve statistical significance.”

DISCUSSION

A wide range of technologies have been
employed in the development of preparations
in an attempt to improve stability, tolerability,
and efficacy of topical pharmacotherapy for
acne and rosacea. Results from preclinical and
small scale clinical studies suggest that many of
these approaches have the potential to achieve
these goals, but only a small number of the
preparations developed have so far reached late
stage clinical development. Perhaps this is due
to significant limitations encumbering these
advanced formulations. A possible limitation
to microencapsulation is its inability to create
favorable conditions for drug encapsulation
or efficiency of encapsulation. Liposomal
formulations might be limited by instability
due to hydrolysis of phospholipids normally
used in their preparation, drug leakage, low
reproducibility, polydispersity, toxicity with
repeated administration, and capability of
inducing immunostimulation and complement
activation.5™® In addition, liposomes can
enhance or reduce skin penetration depending
on the molecular weight of the drug and
the liposome composition.® Other possible
difficulties that have been noted with respect
to the development of liposomal formulations
include restricted drug loading capacity and
technical difficulty in obtaining a sterile
preparation.®2 There are also limitations with
respect to the development of nanoparticle-
based formulations, such as requirement for
advanced manufacturing technology and
particle-particle aggregation resulting from
high surface areas, and the potential for

hypersensitivity reactions.

CONCLUSION

While limitations exist for all of the
delivery vehicles discussed, it is important
to underscore important successes that have
been achieved in bringing new formulations
to the clinic for patients with acne or rosacea.
Microencapsulation of BP0 and tretinoin with
the sol-gel process has resulted in products
that have demonstrated significant efficacy
and good tolerability in patients with each
of these two conditions.? Results from a
large-scale study have shown that a polymeric
formulation of tretinoin has a favorable safety
and tolerability profile with lower incidences of
erythema, dryness, and skin burning than those
reported previously for other formulations of
the drug.% Phase 3 results for a different type
of microsphere formulation of tretinoin plus
clindamycin have also indicated significant
efficacy versus either drug delivered as
monotherapy and good tolerability.” Greater
rates of clinical success are expected as these
advanced drug delivery systems continue to
improve, which, along with enhancements
in vehicle technology, serve to amplify the
product’s efficacy without sacrificing tolerability.
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