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of Formulation Strength and Effect of Colloidal Oatmeal (Aveeno®)
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Abstract. Fingolimod (FNGL) is an immune-modulatory agent prescribed for relapsing forms of multiple
sclerosis. Because of its mechanism of action, FNGL is potentially a treatment for chronic, non-curable T-
lymphocyte-driven inflammatory skin diseases (TLDISD) such as psoriasis and atopic dermatitis. Since
severe side effects limit the systemic administration of FNGL, the objective of this study is to develop a
hydroxypropyl cellulose (2%) FNGL gel for dermatological applications. First, the effect of FNGL
strength (0.05%, 0.10%, 0.50%, and 1.00%) on skin permeability and retention was investigated. We
carried out several permeation studies with vertical Franz diffusion cells and (i) cellulose or (ii) excised
dorsal porcine ear skin (EDPES) as membrane. We also quantified FNGL in the stratum corneum and in
dermis with the tape-stripping method. Permeability parameters as well as the amount retained in skin
increased significantly (p<0.01) with strength; however, there was no statistically significant difference
between the 0.50% and 1.00% gels for both cellulose and EDPES. Therefore, we selected the 0.50% gel to
investigate the effect of colloidal oatmeal (0%, 1%, 3%, 6%, and 10%) on FNGL in vitro permeability and
skin retention. Colloidal oatmeal has beneficial dermatological properties for TLDISD and may comple-
ment FNGL activity. Permeability increased significantly (p<0.001) with colloidal oatmeal at the 6% and
10% strength with an enhancement ratio of 3.5 and 2.4, respectively, whereas the amount retained in the
skin decreased significantly (p<0.001) compared to the base gel. In conclusion, the 0.50% FNGL.HCL gel
with 6% Aveeno® has very promising permeability characteristics for delivery of FNGL to the skin.

KEY WORDS: colloidal oatmeal (Aveeno®); fingolimod; gel topical formulation; in vitro release; skin
permeability.

INTRODUCTION

T-lymphocyte-driven inflammatory skin disease
(TLDISD) such as psoriasis and atopic dermatitis (AD) are
chronic, non-curable ailments of the skin (1) that affect several
millions of patients worldwide (2,3). Topical corticosteroids
(TCS) are usually the first line of defense in treating TLDISD
(4). However, TCS only suppress symptoms and do not cure
the disease (5). In addition, long term use of TCS is associated
with several cutaneous side effects (6) that lead many patients
to stop taking their medication (7). Therefore, much research
effort is currently focused on exploring alternative approaches
that are safer, more effective, and allow for longer remission
periods. In particular, the discovery of the relationship be-
tween most chronic inflammatory skin disorders and T cell
pathogenesis has prompted the investigation of immune-
modulatory compounds as possible therapeutic agents for
these diseases (8,9).

Fingolimod (FNGL, Fig. 1) is a structural analog of sphin-
gosine and a non-selective sphingosine-1-phosphate receptor
(S1PR) agonist (S1P1-S1P5 except S1P2) currently approved for
relapsing forms of multiple sclerosis (10) (0.5 mg capsule once
every 24 h). Because of its immune-modulatory properties,
FNGL also has potential for the treatment of TLDISD. In-
deed, FNGL in the skin may inhibit the ability of dendritic
cells to migrate to draining-lymph-nodes and present antigens
to naïve lymphocytes, leading to the anti-inflammatory action
(1,11). FNGL may also inhibit keratinocytes proliferation
(12). Systemic administration of FNGL has so far been limited
because of its narrow therapeutic index and severe adverse
effects, in particular bradycardia, infection, and macular ede-
ma (13,14). Topical delivery of S1P and FNGL as methanol
solutions showed promising results in an animal model of
psoriasis lesions (11,15). Nakashima et al. (16) hypothesized
that topical administration of FNGLmight even be superior to
systemic administration of FNGL in the treatment of
TLDISD.

The objective of this study is to develop an optimal
fingolimod gel for topical dermatological applications. We
selected a gel formulation because its contact time on skin is
much longer than that of a methanol solution; moreover, it is
generally well accepted by patients (17).
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Specifically, we first investigated the effect of FNGL con-
centration on the permeation and retention of FNGL across
cellulose membrane and EDPES. Then, we studied the effect
of several percentages of colloidal oatmeal (Aveeno®) on the
skin permeability and retention of FNGL. Colloidal oatmeal is
a natural product with a long history of beneficial effects in
dermatology (18). Therefore, it may add advantageous syner-
gistic effects to the FNGL dermatological gel in vivo, such as
reduced dosage of FNGL and improved healing rate. In addition,
some of the components of colloidal oatmeal, i.e., polysaccha-
rides, proteins, lipids, saponins, enzymes, or vitamins (19), have
known penetration-enhancing capability (20,21). Therefore, col-
loidal oatmeal is an ideal candidate to be used in topical gels for
patients with TLDISD because it may promote skin repair on its
own and enhance drug penetration (22,23).

MATERIALS AND METHODS

Chemicals

Fingolimod hydrochloride (FNGL.HCL) was purchased
from LC Laboratories (Woburn, MA, USA). Spectra/Por®7
regenerated cellulose membranes from Spectrum laborato-
ries, Inc., (Laguna Hills, CA, USA). Dulbecco’s phosphate
buffered saline (DPBS), bovine serum albumin (BSA), 9-
Fluorenylmethyl chloroformate (Fmoc-Cl), calcium chloride,
magnesium chloride, 1, 4-dioxane (dioxane), and potassium
chloride were from Sigma–Aldrich (St. Louis, MO, USA).
HPLC grade acetonitrile, alcohol-anhydrous (ethanol), and
methanol were from J.T. Baker (Phillipsburg, NJ, USA). So-
dium chloride was from EM Science (Gibbstown, NJ, USA).
Hydroxypropyl cellulose (Klucel®) was from Hercules Inc.
(Wilmington, DE, USA). Potassium phosphate monobasic
and sodium phosphate dibasic anhydrous were from VWRTM

International (West Chester, PA, USA). Colloidal oatmeal
fine powder (Aveeno®) was purchased from a local pharmacy
store.

Fingolimod Hydrochloride Gel Formulation

Klucel® (2%) gels were prepared in batches of 20 g each.
We weighted accurately the appropriate amount of
FNGL.HCL to obtain final concentrations of 0.05% , 0.10%
, 0.5% , or 1.0% w/w; dissolved it in 5.07 ml (equivalent to 4 g)
of HPLC grade ethanol and brought to final weight by addi-
tion of distilled water. The mixture was continuously stirred
for 10 min using a magnetic stirrer (Corning®PC-220, Pitts-
burgh, PA, USA). Finally, 0.40 g of hydroxypropyl cellulose
(HPC) was added to the resulting mixture and stirred contin-
uously until the formation of a homogeneous clear gel. The
gels were left overnight at room temperature (25°C) before
use. For the formulations containing Aveeno®, the accurately
weighed amount of Aveeno® to obtain final concentrations of

1.0%, 3.0%, 6.0%, or 10% w/w was added before the HPC
and stirred. The pH of gels was in the range of 5.02–5.73 with
no adjustment (Thermo Scientific® Orion 2-star pH meter,
Sunnyvale, CA, USA). Stability of FNGL in the prepared gels
was tested measuring the concentrations in gels kept at room
temperature (22–25°C) and standard humidity conditions
(16%–18%) after 3, 6, and 12 months and comparing it with
the concentrations of freshly prepared gels (n=3). FNGL con-
tent was within the acceptable range (90%–110%) at 3 and
6 months and significantly (p<0.05) decreased at 1 year (−16
±2%). Since this information was not available at the time of
the permeability studies, all gels were freshly prepared the day
before the experiments.

Quantification of Fingolimod Hydrochloride

FNGL was quantified using a high-performance liquid
chromatography (HPLC) method adapted from Andreani
et al. (24). FNGL was labeled with the fluorescence agent 9-
fluorenylmethyl chloroformate (Fmoc-Cl) to ensure high se-
lectivity and enhanced sensitivity. The HPLC system consisted
of a Water® 717plus Auto Sampler, waters 474 scanning fluo-
rescence detector, Hitachi 2100 elite Lachrome pump, Waters
Millipore interface module, and the Millennium Software
(Version 3.20; Waters Corporation) data handling system. A
reversed phase C18 column (250×4.6 mm KromasilTM 100–5
C18) was used at 25°C equipped with a guard column
(Phenomenex® security guard TM, Torrance, CA, USA).
The mobile phase consisted of methanol, 70 mM K2HPO4

buffer (pH 9) and water (90:5:5 v/v). Flow rate was 1.5 ml/
min. Excitation wavelength was λ=263 nm and emission wave
length was λ=316. Typical retention time was 20 min. Peak
height was used to determine FNGL concentration.
FNGL.HCL standards were prepared in the same vehicle as
the receiver solution of Franz Cells (DPBS containing 5%
bovine serum albumin at pH 7.00) and subjected to the same
extraction and derivatization procedure as the samples. Brief-
ly, 350 μL were added with 1.05 mL (three times the volume of
the sample) of acetonitrile to precipitate albumin. The mixture
was vortexed (Fisher vortex genie 2TM, Bohemia, NY, USA)
for 2 min and centrifuged for 20 min at 12000 rpm (Beckmen
Coulter Allegra X-22Rcentrifuge with F2402 hermetically
sealed rotor). One milliliters of supernatant was withdrawn
and transferred to a glass tube (VWRTM International, lime
glass disposable tubes 13×100 mm, West Chester, PA, USA).
The sample was dried under vacuum and nitrogen gas at a
temperature of 50°C (PIERCE Reacti-Therm® Heating mod-
ule; Champaign, IL, USA). Extraction efficiency was 85%–
90%. After evaporation, the samples were reconstituted with
200 μl of dioxane, 200 μl of di-potassium hydrogen phosphate,
followed by addition of 200 μl of the derivative agent (18 mg
Fmoc-Cl dissolved in 5 mL dioxane). Finally, the resulting
solution was filtered through B-D precision glide® filter nee-
dle with 5 micron filter (1.1 mm×40 mm, Mettawa, IL, USA)
and 10 μl were injected onto the HPLC column. The assay
was linear in the range 1–0.005 μg/ml (r2≥0.99), and the
lower limit of quantification was 0.005 μg/ml. The CV (%)
for inter-day assays at 5 ng/mL (lowest limit of quantifi-
cation LLOQ) and 500 ng/mL was 12.57 and 0.11, respec-
tively. Since Fmoc-Cl is highly light sensitive, all Fmoc-Cl
standard solutions and samples were always freshly

Fig. 1. Fingolimod chemical structure
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prepared and protected from light with aluminum foil or
amber colored glassware.

Quantitative Determination of FNGL in Gel Formulations

All the formulations were evaluated for content of FNGL
present in the gel. One hundred milligrams of the gel were
accurately weighed in an Eppendorf tube (Celltreat®, 2 mL
sterile micro centrifuge tube, Shirley, MA, USA) and diluted
to 1 ml with HPLC grade methanol. The mixture was vortex-
mixed and then centrifuged for 25 min at 12000 RPM. The
resulting supernatant was diluted 1000 times by taking 100 μl
and diluting it to 1 ml with methanol thrice. Finally, 100 μl of
the solution were evaporated under nitrogen gas at 50°C and
subjected to the same derivation procedure with Fmoc-Cl as
described in the previous section. The stock solution (1 mg/
mL) was prepared by dissolving the accurately weighed quan-
tity of FNGL.HCL in methanol. Standard solutions were pre-
pared by diluting the stock solution with methanol. The assay
was linear in the range of 1–0.01 μg/mL (r2≥0.99), and the
lower limit of quantification was 0.01 μg/ml.

In Vitro Permeability Studies Through Cellulose Membrane

A modified Franz Diffusion Cell Apparatus with a 1-cm2

diffusion area was used to perform the in vitro permeation
studies. A Spectra/Por®7 (Laguna Hills, CA, USA) regener-
ated cellulose membrane (60–65 μm thickness; molecular
weight cutoff 1000) saturated in Dulbecco’s phosphate buff-
ered saline (DPBS) containing 5% bovine serum albumin
(BSA) was sandwiched between the receiving compartment
and donor compartments and secured in place with the pinch
clamp. The receiving compartment (volume 8 ml) was filled
with DPBS containing 5% bovine serum albumin (pH 7.00).
The system was maintained at 37±0.5°C with a water bath
circulator (VWR™ heating circulating bath, Lawrence, KS,
USA) and a jacket surrounding the cell. A Teflon™ coated
magnetic bar continuously stirred the receiving medium to
avoid diffusion layer effects. A 0.5-g gel sample was placed
evenly on the surface of the membrane in the donor compart-
ment that was sealed with aluminum foil and Parafilm® to
prevent evaporation. Three hundred fifty microliters of recep-
tor fluid were withdrawn from the receiving compartment at
0.5, 1, 1.5, 2, 3, 4, 8, and 24 h and replaced with 350 μL of fresh
solution. Each sample was processed with the same procedure
described for the standards.

Preparation of Excised Dorsal Porcine Ear Skin

The fresh porcine ear was purchased from a local butcher
shop. Excised Dorsal Porcine Ear Skin (EDPES) was imme-
diately cut into pieces with a surface area of approximately
3 cm×3 cm with scissors. Then, the skin was separated from
the connecting tissues with a surgical scalpel and frozen im-
mediately. Skin was always used within 15 days from the
preparation. The thickness of the obtained skin was measured
with an electronic digital caliper (Fowler electronic digital
calipers, Fernley, NV, USA). It ranged from 0.07 to 0.12 cm.
The skin was used immediately after thawing and hydrated in
DPBS containing 5% bovine serum albumin pH 7.0 for 45 min
at room temperature. Integrity of the skin was checked by

visual examination and inspection of the cumulative amount
versus time profiles to ensure that no holes or other imperfec-
tions were present.

In Vitro Permeability Studies through EDPES

The EDPES was mounted between receiving and donor
compartments of the Modified Franz Diffusion cells. The
same apparatus and experimental procedure described for
permeation study through cellulose membrane was used.
The skin was set in place with the stratum corneum facing
the donor compartment and the dermal side facing the recep-
tor compartment. The sampling times were the same as the
cellulose membrane studies.

Quantification of FNGL in EDPES

At the end of the experiment (24 h), the skin was re-
moved from the Franz-cell assembly and the remaining gel
was washed away with DPBS containing 5% bovine serum
albumin pH 7.00 followed by gentle patting with paper tissues.
In the first set of experiments testing the strength of FNGL,
we determined the total skin retention with the following
procedures: skin was cut into four pieces and placed in a vial
containing 2 mL methanol and sonicated for 30 min. A mag-
netic stirrer was placed in the vial and stirred constantly at 500
RPM for 24 h to allow the methanol to evaporate and ensure
complete extraction of FNGL from the skin. At the end of
24 h, the remaining traces of methanol were evaporated under
influence of nitrogen gas at 50°C. The vacuum dried samples
were reconstituted, fluorescent labeled, and filtered as de-
scribed above; 10 μl of the resulting solution were injected
onto the HPLC. In the experiments testing the effect of
Aveeno® strength on the permeability of FNGL base gel,
we determined FNGL retention in stratum corneum and in
epidermis/dermis using the tape-stripping procedure to re-
move the stratum corneum. Adhesive tapes (Scotch 3 M Gloss
Finish Transparent Tape, Pleasant Prairie, WI, USA) were
applied with uniform pressure on the skin surface and then
removed. The procedure was repeated for 35 times. FNGL
was extracted from the adhesive tapes by immerging the tape
in 2 mL methanol followed by 15 min of sonication. This
solution was then transferred to a new vial and the methanol
was evaporated under nitrogen gas at 50°C. The entire sample
was reconstituted with subsequent addition of 2.8 mL of diox-
ane, 200 μl of di-potassium hydrogen phosphate, followed by
addition of 200 μl of the Fmoc-Cl. Finally, the resulting solu-
tion was filtered through B-D precision glide® filter needle
with 5 micron filter (1.1 mm×40 mm, Mettawa, IL, USA); 10 μl
of resulting solution were injected onto the HPLC column.
The remaining skin, consisting mostly of epidermis and der-
mis, was treated with the procedure described above for the
whole skin.

Data Analysis

Data obtained by HPLC analysis have been corrected for
sampling effects. Cumulative amount of FNGL collected in
the receiver (μg/cm2) was plotted as a function of time. The
flux value (Jss, μg/cm2/h) for each experiment was obtained
from the slope (steady state portion) of the linear portion of
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the data fitted by regression analysis (25). Lag-time (Tlag) was
determined from the X-intercept of the regression line. The
diffusion coefficient was obtained using the formula: D=L2/
6×Tlag, where L is thickness of the skin. The apparent perme-
ability coefficient (Kp, cm/h) was obtained by dividing Jss by
the donor concentration (Cd). The partition coefficient (P, no
unit) was obtained using formula; P=L×Kp/D. For release
data analysis, cumulative permeation (μg/cm2) was plotted as
a function of square root of time, where linearity is indicative
of first order release (25). Release rate was estimated as the
slope of such plots (μg/cm2/t0.5). Penetration-enhancing activ-
ities were expressed as enhancement ratios (ER), i.e., the ratio
of the flux value with enhancer to that obtained without
enhancer. Mean, standard deviation (SD), coefficient of vari-
ation (CV%), percentage error (E %), ANOVA, and paired t
test were calculated with Microsoft Excel 2013 (Microsoft,
Seattle, WA, USA).

RESULTS

In Vitro Permeability Studies

Figure 2 (top panels) shows the permeation profiles
through cellulose membranes. Table I reports Flux (Jss), lag-
time, permeability coefficient (Kp), and release rate (RR)
calculated from the same studies. Figure 2 (lower panels)
shows the permeation profiles through EDPES. Table II re-
ports the corresponding Flux (Jss), enhancement ratio (ER),
lag-time, diffusion coefficient (D), partition coefficient (P),

permeability coefficient (Kp), and release rate (RR), total
skin retention (TR), stratum corneum (SC) retention, and
epidermal (E) and dermis (D) retention (ED) of Fingolimod
gels from the same studies.

Effect of Strength. The left panels in Fig. 2 show that the
permeation profiles exhibit a similar trend through both cel-
lulose and EDPES membranes. The overall permeability was
higher when we used cellulose membranes since they offer
little resistance to permeation and mostly permit to identify
possible negative interactions among the components of a
formulation. Specifically, for both membranes, Jss, lag-time,
and RR were similar between the gels containing 0.05% and
0.1% FNGL (p>0.18) and increased significantly for the 0.5%
and 1% FNGL gels (p<0.01). However, no significant differ-
ence was observed also between the 0.5% and 1% FNGL
(p>0.54). For this reason, the 0.5% FNGL strength was select-
ed as the base gel strength on which the effect of the perme-
ation enhancer was tested.

Effect of Aveeno®. Figure 2 right panels show the per-
meability profiles of FNGL gels added with various concen-
tration of Aveeno®. In the cellulose membrane studies,
addition of colloidal oatmeal at 1%, 3%, and 6% did not show
any significant effect on the steady state flux of FNGL com-
pared to the control gel (0.5% FNGL). However, the addition
of 10% colloidal oatmeal significantly decrease flux compared
to control (p<0.05) probably by increasing the viscosity of the
gel formulation. The release profiles of gels followed a matrix
diffusion kinetics confirming that FNGL completely dissolves

Fig. 2. Permeation profiles: effect of FNGL strength (left) and Aveeno® concentrations (right) on the permeation profiles of FNGL through
cellulose membranes (top) and excised porcine dorsal ear skin (bottom). The FNGL 0.5% strength was selected as the base gel concentration

when testing the effect of various concentration of the permeation enhancer Aveeno®
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or suspends in the gel and that the membrane and excipients
have no significant effect on the release of the drug. When
EDPES was used, the addition of 1% Aveeno® did not affect
steady state flux, whereas the 3%, 6%, and 10% Aveeno®
gels showed an increase in permeability parameters (p<0.001),
although not in a linear way, with the 6% gel displaying the
highest effects (Fig. 2). The 10% Aveeno® gel significantly
reduced the steady state flux compared to the 6% colloidal
oatmeal preparation although it was still higher than that
observed for the 3% and 1% gels. In conclusion, the enhance-
ment ratio (ER, Table II) was maximum with addition of
Aveeno® at the 6% level.

Quantification of FNGL in EDPES

Table II also reports the results for the skin retention
studies. The total amount of FNGL retained in the skin
(TR) showed a trend similar to that observed for permeability
parameters, with the 0.05% and 0.10% strength gels and the
0.50% and 1.00% gels having similar retention data. The
addition of Aveeno® significantly decreased the total amount
retained (TR) in the skin at the 3%, 6%, and 10% level, with a
minimum for the 6% gel. Specifically, the amount retained by
the stratum corneum decreased similarly in all the gels con-
taining Aveeno®, whereas the amount retained by the epider-
mis and dermis (ED) reached a minimum for the 6% gel
(Table II). In summary, addition of colloidal oatmeal at the
6% level significantly increased FNGL flux across EDPES
compared to the other gels, whereas the corresponding skin
retention was significantly lower.

DISCUSSION

The present investigation explores the possibility to de-
liver therapeutically relevant amounts of FNGL to the skin
with a gel formulation. We selected hydroxypropyl cellulose as
a gelling agent because the solubilization of FNGL requires a
substantial portion of organic solvent (ethanol). Indeed, al-
though Fingolimod hydrochloride powder is freely soluble in
water, Fingolimod is a base (pKa=7.82), and its solubility
decreases with increasing pH (e.g. <0.01 mg/mL at pH 6.8
(26)). The free base has a high partition coefficient (Log P,

4.06), and it is very soluble in organic solvents (10). Therefore,
FNGL.HCL was dissolved in a mixed solvent (ethanol/water)
where the proportion of ethanol was kept constant at 20%
w/w, whereas water was adjusted qs to final weight. In addi-
tion, ethanol improves the appearance and spreadability of
the gel and has its own penetration-enhancing properties (27).
No precipitation or cloudiness was observed in the obtained
gels even at the highest strength (1.0% FNGL.HCL). The gels
containing Aveeno® were opaque as expected because of the
presence of colloidal particles. The gels, however, maintained
a consistent appearance with time.

The poor solubility of fingolimod in water at physiolog-
ical pH presented a challenge to the selection of the solution
for the receiver compartment of the Franz-cell apparatus.
We preferred to maintain this solution similar to the physi-
ological condition of the skin and avoid the use of organic
solvents and surfactants. For this reason, we selected DPBS
(pH 7.0) added with 5% albumin as the receiving solution.
Fingolimod has high affinity for albumin and in plasma is
more than 99.7% bound mainly to albumin (26). The solu-
bility of FNGL.HCL in DPBS containing 5% BSA is higher
than 0.2 mg/mL that is the concentration of the stock solu-
tion we prepared by dissolving 10 mg of FNGL.HCL in
50 mL of solvent. The solution was obtained by adding the
solvent in small aliquots of 5 to 10 mL each and vortex
mixed after each addition. Adding all the solvent at once
resulted in precipitation. The solution was stable and clear
when stored in the refrigerator (4°C) for at least 3 weeks.

The aim of the first set of experiments was to find the
optimal strength for the gel. The effective skin concentration
that is necessary for the treatment of TLDISD is currently
unknown; therefore, a series of gels of increasing, albeit arbi-
trarily chosen, strength was tested, where the maximum
strength of the range was determined by the solubility of
FNGL.HCL in the solvent mixture selected. The results of
these experiments showed that there was not a significant
difference on the overall permeability parameters between
the gels containing 0.50% and the 1.00% FNGL.HCL, when
either the cellulose membrane or the EDPES were used. It is
possible that, at the highest strength, FNGL precipitates in the
formulation when the gel gets in contact with the hydrated
cellulose membrane or the EDPES. Another possibility is that
at the higher concentration, the amount of FNGL penetrated
exceeded its solubility in DPBS in BSA (5%). However, as
previously reported, solubility of FNGL in such solvent was at

Table I. Flux (Jss), Lag-time, Permeability Coefficient (Kp), and Release Rate (RR) of Fingolimod Gels Through Cellulose Membrane (n=3)

Gel Jss (μg/cm2/h) Lag-time (h) Kpx10−3 (cm/h) RR (μg/cm2/h1/2)

Effect of strength 0.05% 0.29±0.02 0.40±0.10 1.13±0.15 0.61±0.06
0.10% 0.33±0.04 0.44±0.04 0.71±0.09 0.69±0.1
0.50%a 0.66±0.02 0.53±0.03 0.26±0.01 1.38±0.05
1.00% 0.67±0.02 0.54±0.03 0.13±0.005 1.41±0.04

Effect of Aveeno® on 0.5% FNGL gel Control gela 0.62±0.03 0.51±0.03 0.26±0.006 1.32±0.03
1% Aveeno 0.61±0.01 0.51±0.02 0.24±0.005 1.28±0.03
3% Aveeno 0.59±0.01 0.52±0.02 0.23±0.006 1.24±0.02
6% Aveeno 0.59±0.01 0.50±0.04 0.23±0.005 1.24±0.02
10% Aveeno 0.48±0.01 0.54±0.03 0.19±0.005 1.01±0.04

a Same gel: data collected in different set of experiments
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least 0.2 mg/mL, whereas the maximum concentrations at 24 h
observed in the permeability studies were in the 0.51–1.93 μg
range. Therefore, the 0.50% FNGL.HCL gel was selected as
the base gel to investigate the effect of Aveeno® as penetra-
tion enhancer. The addition of permeation-enhancing com-
pounds to topical drug delivery systems may improve the
penetration of drugs by modifying the thermodynamic activity
of penetrant (e.g., changes in partitioning tendencies) or by
altering skin barrier properties (e.g., changes in the fluidity of
extracellular fluids) (28). However, many commonly used
penetration enhancers have also disadvantages mainly when
added to formulations meant to treat skin condition such as
AD. For example, Transcutol® may cause drying of skin by
leaching fats (29). Oleic acid is known to increase
transepidermal water loss (TEWL) and also cause disruption
of stratum corneum lipids (30,31), which is very undesirable in
pathological condition like eczema, where skin barrier function
is already compromised. Topical menthol treatments can cause
skin irritation, rashes, or allergic reactions. Camphor can enter
the body quickly throughout broken skin and reach concentra-
tions that are high enough to cause poisoning (32,33). Because
of the disadvantages mentioned above, we selected colloidal
oatmeal (Aveeno®) as penetration enhancer because of its
gentle action and possible synergistic effects with FNGL (22).
Colloidal oatmeal is a fine powder obtained from grinding oat
kernels until no more than 3% of the particles exceed 150 μm
(19). Being a natural product, it is a mixture of several compo-
nents, such as polysaccharides (65%–85%), proteins (15%–

20%), lipids (3%–11%), fibers (5%), and β-glucans (5%) (19).
It also contains small amounts of enzymes, vitamins (A, B, and
E) , sapon in s , and ant iox idan t s ( f l avono ids and
avenanthramides) (23). All the components contribute to the
beneficial effects observed in the skin (19), and some of them
have penetration-enhancing properties. For example, proteins
and polysaccharides absorb water and form a hydrophylic film
on the surface of the skin that contributes to moisturize the
stratum corneum. The moisturizing effect is usually associated
with improved barrier properties for patients with dry skin,
whereas SC hydration has been shown to improve transdermal
and topical delivery of medicaments (21). Saponins are glyco-
sides surfactants with a great potential as percutaneous perme-
ation enhancers (20). The lipid components of colloidal oatmeal
contain oleic, linoleic, and linolenic acids (34), which are bene-
ficial to the skin because they occur naturally in the stratum
corneum. These fatty acids are effective penetration enhancers
as well (21). Therefore, the overall permeability-enhancing
mechanism of colloidal oatmeal is likely due to a combination
of effects which may also result in reduced side effects.
Aveeno® is approved by the USFDA at concentration up to
10% and is included in many commercially available formula-
tions meant to treat atopic eczema. Therefore, the presence of
colloidal oatmeal may provide additional beneficial effects as
well as an improved penetration of FNGL throughout the stra-
tum corneum. Since the presence of a penetration enhancermay
also change the thermodynamic activity of the drug (FNGL) in
the vehicle and consequently alter its permeability, the formu-
lations containing Aveeno® were first evaluated on celluloseTa
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membrane to detect possible negative interaction between the
base gel and the colloidal oatmeal (28). A synthetic membrane
actsmostly as a support for the formulation without affecting the
release rate; thus, it is ideal to study the plain formulation
release and reproducibility (35). Figure 2 shows that the pres-
ence of 1%, 3%, or 6% colloidal oatmeal did not have a negative
effect on the release of FNGL from cellulosemembrane, where-
as the 10% gel release was lower probably due to the higher
viscosity. When the effects of colloidal oatmeal were tested on
EDPES as a barrier, the 6% formulation exhibited the maxi-
mum flux enhancement ratio (ER=3.5) compared to the base
gel. On the contrary, for the same formulation, the total amount
retained in the skin at the end of the experiments significantly
decreased by almost 50%. The tape-stripping technique permits
distinguishability between the amount retained in the SC and in
the epidermis/dermis (ED). Inspection of these data shows that
the presence of Aveeno® decreased the amount retained by the
SC to a similar extent across all the Aveeno® gels suggesting
that this process is independent of colloidal oatmeal concentra-
tion in the range tested. Conversely, the amount retained in the
ED was not affected at the 1% level and decreased for the 3%,
6%, and 10% gels with a maximum decrease at the 6% level.
This data suggests that colloidal oatmeal facilitates the release
of FNGL out of the SC and ED. At the lowest level (1%),
this phenomenon occurs only for the SC, whereas retention
by the ED is still similar to the base gel. As the concentration
of colloidal oatmeal increases, release of FNGL from the ED
also increases with a minimum retention for the 6% gel. The
EDPES experiments confirm the cellulose membrane finding
that increasing the Aveeno® strength to 10% does not im-
prove FNGL permeability. In conclusion, the presence of
colloidal oatmeal increases FNGL permeability across the
skin; however, it decreases retention by the skin (Table II).
Whether this has positive or negative consequences on the
therapeutic effects of FNGL can be determined only with
in vivo studies. Preliminary studies in an animal model of
Atopic Dermatitis showed that the prepared gels were indeed
successful in reducing biomarkers of inflammation (36,37).
The complete in vivo study will be presented in a forthcom-
ing scientific communication.

CONCLUSIONS

In conclusion, a series of FNGL.HCL, 2% hydroxypropyl
cellulose gels was successfully prepared and tested in vitro for
permeability and retention properties. The gel containing
0.50% Fingolimod hydrochloride showed optimal in vitro per-
meability and retention properties. The addition of colloidal
oatmeal significantly improved overall permeability at the 6%
concentration showing that colloidal oatmeal may have
penetration-enhancing properties.
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