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The Microsponge Delivery System (MDS) for Tretinoin: A First
Attempt at Reducing Irritation

The Microsponge Delivery System (MDS) is a controlled drug
delivery system that encapsulates the active drug, releasing it
over time; and in response to a trigger such as rubbing, changes
in pH, or increased temperature.The technology was developed
over 30 years ago,’ and is widely used in cosmetics, skin care
products available over-the-counter or through prescription,
and sunscreens.?

It consists of porous, polymeric microspheres (polyol-prepoly-
mer-2) forming multiple interconnecting spaces that serve as
a drug reservoir and mimicking a rigid sponge. Microspheres
vary in size from 5-300um and the sizes of these porous struc-
tures determine the amount and rate of drug release. For
example, a typical 25um sphere can have as many as 250,000
pores. Microspheres do not penetrate the skin; they sit on top
of the skin and slowly release tretinoin to potentially reduce any
irritation. The empty spheres may stay on the skin and collect
lipophilic materials such as sebum and be washed away when
the skin is cleansed.

Microspheres delay the onset of irritation, but do not reduce
the cumulative irritation when compared with other tretinoin
formulations.® Another safety concern is the potential bacte-
rial contamination of materials entrapped in the microsponge.
Bacteria cannot penetrate into the tunnel structure of the micro-
sphere because the pore diameter, which ranges from 0.007 to
0.2um, is smaller than bacteria. In addition to any drug delivery
benefits, they are capable of absorbing skin secretions, reduc-
ing oiliness and shine from the skin. In the case of tretinoin
microsphere formulations, the drug is encapsulated in copoly-
mer particles measuring 17-27um and released gradually into
the skin.

Additional benefits of the MDS include improved photostability,
improved compatibility with benzoyl peroxide (BP), and reduced
irritation potential. Tretinoin formulations (ie, gels, creams, and
lotions) have been reported to be unstable on the skin under
bright artificial light or sunlight. When combined with a strong
oxidizing agent such as BP and antibiotic such as erythromy-
cin, and subjected to fluorescent light for 24 hours, tretinoin
photodegradation in tretinoin 0.025% gel increased to 89% and

95%.4*Tretinoin in a microsphere formulation did not undergo
such degradation; 98% of tretinoin tested remained stable after
24 hours exposure to fluorescent light, incandescent light, or
darkness.® A similar protective effect was seen after exposure
to simulated solar UV irradiation for 6 hours; 84% of the ini-
tial tretinoin remained stable in the microsphere formulation,
compared with only 10% in tretinoin 0.025% gel.® Irradiation of
a tretinoin microsphere-BP-erythromycin combination resulted
in a 94% to 95% tretinoin recovery rate after 8 hours and 86%
to 87% recovery rate after 24 hours of exposure to incandes-
cent or fluorescent light.5After 6 hours of simulated solar light,
81% of the combination remained stable compared with 0% in
tretinoin 0.025% gel.’ The practical benefits of these findings
were demonstrated in a phase 4 study of tretinoin microsphere
0.04% plus BP 5% wash, where patients who cleansed their face
with BP 5% wash followed by tretinoin each morning and those
who cleansed in the morning and applied tretinoin microsphere
0.04% gel each evening had a similar response.”

Application of the MDS to the skin has demonstrated the ability
to reduce the irritancy of tretinoin. However, one disadvantage
of tretinoin microsphere 0.1% gel is its rough or ‘gritty’ texture
when spread onto the skin, due to the nature of the micro-
sponges and some patients find this unpleasant. Also, a ‘burst
effect’ can occur as tretinoin is released from microspheres at-
tributed to the deposition of drug at or close to the outermost
parts of the microsphere walls.8This burst delivery of tretinoin
may cause drying and peeling that could progress to uncom-
fortable scaling and redness of the skin and impact adherence.
This new technology may be able to improve on the advances
already made with the MDS system.

Micronization of Tretinoin

The role of particle size reduction and particle engineering is
another important aspect of formulation development in acne.
Micronization is a valuable technique for products with poor
water solubility and bioavailability. It increases the dissolution
rate of drugs through an increased surface area. However, as
compared to the effect on dissolution properties, decrease in
particle size has comparatively little effect on the solubility of
the drug substance as it does not alter the solid-state properties.
Tretinoin has a very low water solubility (<0.2ug/ml) which can
limit its utility without formulation technology.® In addition, the
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FIGURE 1. Cryo scanning electron microscopy (SEM) imaging of polymeric matrix.

Polymeric matrix traps
micronized tretinoin particles

more lipophilic the vehicle used to suspend the tretinoin is, the
greater the concentration of tretinoin at the surface of the skin
and higher the risk of potential irritation. A novel formulation of
micronized tretinoin 0.05% gel has been developed that poten-
tially enables more efficient penetration into the crevasses and
follicular openings of the skin because of its optimal particle size.

The development of this novel aqueous gel formulation that
incorporates micronized active drug, suspended in a moisturiz-
ing hydrogel vehicle provides a number of advantages; limiting
the concentration of tretinoin in solution and by limited solubil-
ity-controlled release at the surface of the skin and improving
delivery to the pilosebaceous units. In such a hydrogel, hydro-
phobic drugs like tretinoin are not in solution but a solid state,
dispersed and suspended by a polymeric gelling agent. The gel
is alcohol-free, contains humectants and moisturizers (soluble
collagen, sodium hyaluronate, and glycerin), and produces
very little or no additional skin barrier disruption.The sustained
delivery of tretinoin, which can eliminate the burst-release
characteristics of some tretinoin formulations, and the humec-
tants/moisturizers used in the formulation allow for controlled
release over time and should help minimize tretinoin-associat-
ed irritation, dryness, scaling, and redness.

Tretinoin particles normally range in size from 200 to 300um in
more traditional formulations. In this formulation of tretinoin
0.05% aqueous gel, at least 85% of the micronized particles are
smaller than 10um. Having such a small particle size could al-
low for easier penetration into the follicular openings, which
are typically 11 to 77um, with resultant direct uptake into the
sebum.®" A more efficient penetration of micronized tretinoin
particles into the epidermis/dermis has been reported when
compared to tretinoin microsphere 0.1% gel. Micronized treti-
noin in this aqueous gel had a three-fold greater efficiency for
epidermal and dermal deposition of tretinoin (21% and 3% of

the applied dose, respectively, with tretinoin 0.05% aqueous
gel, compared with 7% and 1% with tretinoin microsphere 0.1%
gel).”?The total amount of tretinoin delivered is depending upon
the concentration of tretinoin as well as the efficiency of its de-
livery. In this in vitro 24-hour percutaneous absorption study,
the epidermal deposition with micronized tretinoin 0.05% aque-
ous gel was 0.526 pg/cm? compared with 0.336 pg/cm? with
tretinoin microsphere 0.1% gel.™

Inaddition, photodegradation of micronized tretinoin 0.05%
aqueous gel is reduced, and the lowest seen with tretinoin for-
mulations so far, and there is no apparent degradation when
used with BP. Photodegradation of tretinoin appears to corre-
late with specific light conditions and formulations used. This
phenomenon may also be clinically relevant.’®'® Photodegra-
dation of micronized tretinoin 0.05% aqueous gel was minimal
after eight hours exposure to UVA light, the major contributor
to tretinoin photodegradation. The 9% degradation observed
(compared with 72% degradation of tretinoin 0.025% gel) was
lower than that seen in other studies with tretinoin 0.1% micro-
sphere gel exposed to a stimulated solar UV light source for a
shorter period of time.®

Polymeric Matrix to Deliver Micronized Tretinoin

A number of different strategies have been proposed to achieve
efficient drug delivery systems. Hydrogels are the latest ad-
vance; they are three-dimensional, cross-linked networks of
water-soluble polymers commonly used in cosmetic formu-
lations for skin care. Different polymers can be selected to
formulate these hydrogels; some of the most commonly used
gelling agents are carbomers, high molecular weight polymer
of acrylic acid. In formulating these hydrogels product spread-
ability for correct dosage transfer to the target site, ease of
application, extrudability from the proposed packaging, and
most importantly consumer preference, must be considered."”
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The adhesive capacity in dermal administration is important to
ensure retention at the site of application, and active ingredi-
ent-release key for the product to exert its action either at the
skin surface or within deeper layers.™

Recently, a polymeric honeycomb matrix (using carbomer
cross-linked polymers, carbomer copolymer type B and ho-
mopolymer type A), which helps structure the active drug and
provide a uniform distribution of both active and moisturizing/
hydrating ingredients (sodium hyaluronate, soluble collagen,
glycerin) at the surface of the skin, has been deployed for the
delivery of micronized tretinoin (Figure 1). The formulation also
contains small amounts of mineral oil. Mineral oils are used
in skin care products due to their excellent skin tolerance, as
well as their antimitotic and cleansing properties and the broad
viscosity options they provide. Mineral oils are not percutane-
ously absorbed and with an absence of dermal uptake do not
become systemically available; at low concentrations they
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exhibit no comedogenicity potential.?®> The concomitant use
of moisturizers and humectants can enhance efficacy, allevi-
ate dryness, and improved skin comfort. Sodium hyaluronate
is a powerful humectant that attracts and holds onto water, is
smaller than hyaluronic acid, and able to penetrate more freely
into the deeper layers of the skin. Unlike some moisturizers,
sodium hyaluronate doesn’t leave a “greasy” feel to the skin.
Collagen, too, is an important component for cosmetic for-
mulation, where it is an effective natural humectant with high
substantivity. Glycerin has been shown to have a number of ad-
ditional benefits beyond increasing the hydration of the stratum
corneum (SC) structural elements. It prevents SC phase transi-
tion, is keratolytic, influences the protective function of the skin
against irritation and penetration of substances through the SC,
plasticizes the SC, reduces tissue scattering, stabilizes skin col-
lagen, and accelerates the healing process.

This polymeric matrix and vehicle lotion formulation provide

FIGURE 2. Skin moisturization assessment over 24 hours. (Corneometer method).”
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FIGURE 3. Skin barrier assessment over 24 hours. Trans epidermal water loss method (TEWL)*
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an effective skin barrier by reducing epidermal water loss and
improving skin hydration. Skin hydration and barrier protection
of the lotion were assessed through corneometry and tran-
sepidermal water loss (TEWL) in 30 female healthy volunteers
(aged 35-65 years) over 24 hours, using the test material ap-
plied to the volar forearm, with an untreated site serving as
a control. Measurements using Tewameter® and Corneometer®
were taken at baseline, 15 and 30 minutes, and 1, 2, 3, 8, and 24
hours post-application. In addition, at the 8-hour study period
15 subjects applied the test material to the right side of their
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face and completed a customer perception evaluation of the
novel formulation. Adverse events (AEs) were noted through-
out and irritation assessed at pre- and post-application. There
were no AEs or skin irritation reported throughout the study.
At baseline, mean corneometry scores were 29.2 + 2.4 and 28.1
+ 2.7 units (test material and untreated control, respectively).
There was an immediate improvement in water content that
was maintained throughout the study with the test material. Af-
ter 15 minutes, the mean score had increased to 59.4 + 4.3 units
(Figure 2). There was no improvement at the control site and

FIGURE 4A. Customer perception results: hydration, moisturization, and absorption properties of vehicle lotion.
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FIGURE 4B. Customer perception results: vehicle lotion properties and attributes.
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FIGURE 5. Microscopic image and volumetric distribution of tretinoin 0.05% lotion microparticles.
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FIGURE 6. Follicular penetration an important aspect of acne treatment: schematic representation of tretinoin 0.05% lotion entering follicles.

differences between the two sites were significant at all post-
application assessments (P<0.001). At baseline, mean TEWL
scores were 12.32 + 0.43 and 12.42 + 0.44 g/hm?, respectively
(Figure 3). There was an immediate improvement in TEWL with
test material that continued throughout the study. At 8 hours,
the mean score had reduced to 5.98 + 1.01, a 51.5% change over
baseline. There was no improvement at the control site and
differences between the two sites were significant at all post-
application assessments (P<0.001). Customer perception of the
novel lotion formulation was very positive with the majority of
subjects responded favorably to all questions relating to the
various attributes of the test material (see Figures 4A and 4B).

The main benefits of the polymeric matrix reside in its ability to
deliver micronized tretinoin in a more homogenous and highly

Tretinoin
particles

dispersed form onto the skin to potentially avoid ‘hot spots’ and
help deposition into skin crevasses. The polymeric network will
remain at the surface of the skin and only change as a result of
variationsin pH, temperature, or by the act of rubbing on the skin.

Follicular penetration is also an important aspect. Hair follicles
contribute significantly to the penetration of topically applied
substances and can serve as an effective reservoir for dermal
drug delivery upon the topical application of particulate sub-
stances that extends up to 200nm into the underlying tissue.
In the past, follicular penetration was ignored because it was
assumed that hair follicles covered <0.1% of the total skin area
and were therefore not relevant. However, for the scalp and
face, the combined areas of follicular openings can be more
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FIGURE 7. Percent change in inflammatory lesions from baseline to week 12. Tretinoin 0.05% lotion compared with vehicle (ITT Population pooled data,

LS mean).
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FIGURE 8. Tolerability compared across tretinoin formulations (note different data sources).
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than 10% of the total skin area.?” A study of seven different
body sites found the average density was highest on the fore-
head (292 follicles/cm?), some 10-20 times greater than on the
back, thorax, upper arm, forearm, thigh, and calf." Encapsu-
lating compounds within oil-nanoemulsion droplets provides
increased transportation via this follicular route.?’ Eighty-six
percent of the micronized tretinoin are typically <10um, an ideal
size to penetrate through the follicle openings (Figures 5 and 6).

Clinical Benefits of Micronized Tretinoin Lotion in a Polymeric-
Matrix

Efficacy

Retinoids are the foundation of acne treatment because they
have been shown to reduce visible lesions and also inhibit

37 31
Hmo
0 |

Atralin Gel (0.05%) N=674

RAM Gel (0.04%) N=108 Altreno Lotion (0.05%) N=767

m Skin Burning  m Erythema

1Reports of application site pain with Altreno (3.1%) included stinging, burning or pain

the development of microcomedones and new lesions. How-
ever, evidence suggests they are under-used in acne. Many
physicians believe their utility is primarily restricted to treat-
ing comedonal acne; and concerns exist about cutaneous
irritation, including peeling, erythema, and dryness that have
limited use.” A key aspect of acne management has been the
ongoing evolution of optimal topical formulations using inno-
vation delivery solutions that help minimize irritation, without
compromising efficacy.

Recently, phase 3 data with tretinoin 0.05% lotion encapsulated
within a polymeric matrix were published.? Tretinoin 0.05%
lotion resulted in statistically significant reductions in both in-
flammatory and noninflammatory lesion reductions compared
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to vehicle as early as week 8 and week 4, respectively. Mean
percentage change (LS mean) from baseline to week 12 in in-
flammatory lesion counts was 52.1% versus 41.0% with vehicle
(P<.001, Figure 7), and in noninflammatory lesion counts 46.1%
versus 29.9% with vehicle (P<.001).

Although there are currently no direct comparative studies with
other tretinoin formulations, a phase 3 study with micronized
tretinoin 0.05% aqueous gel reported a reduction in inflamma-
tory lesions of 36% by week 12 (P<0.001 versus vehicle).?® A
comparative study of this micronized tretinoin 0.05% gel and
tretinoin 0.1% microsphere gel failed to show non-inferiority, al-
though numerically the reduction in inflammatory lesions was
greater with the higher concentration formulation of tretinoin.?*

Safety

The potential to cause irritation has been a major concern with
tretinoin, and other retinoids; it appears to be dose-dependent.
Micronized tretinoin 0.05% lotion in a novel polymeric matrix
was very well tolerated, with a low incidence of dryness, pain
(including stinging, burning, or pain), and erythema of 4%,
3%, and 1%, respectively (Figure 8). The same concentration
of tretinoin (0.5%) formulated in an aqueous gel, of a similar
concentration (0.04%) formulated in a microsphere reported
higher incidences of skin irritation (16%, 8% and 7%, and 12%,
10%, and 6%, respectively) in two separate studies.? A higher
concentration of tretinoin (0.1%) formulated in a microsphere
reported dry skin, skin burning, and erythema in 30%, 15%, and
18% of patients.

CONCLUDING REMARKS

The use of retinoids in the treatment of acne is well-established.
However, efficacy in inflammatory lesions and local irritation
have limited use. A number of formulation advances have been
deployed to address these limitations. The most recent is the
introduction of a novel polymeric matrix containing micronized
tretinoin (tretinoin 0.05% lotion) and a number of formulation
advances, including emulsifying agents and mineral oil. Effi-
cacy against inflammatory lesions appears much greater than
that reported previously, and tolerability better.
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