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A number of dermatology conditions including skin photodam-
age, atopic dermatitis, and rosacea involve skin barrier impair-
ment and first line therapies for these conditions including
retinoids and steroids further impair skin barrier function. We
have evaluated the compatibility of myristyl nicotinate, an agent
that enhances skin barrier function, with drugs used to treat condi-
tions where skin barrier impairment is present including photo-
damage (retinoic acid), atopic dermatitis (hydrocortisone,
triamcinolone acetonide), rosacea (metronidazole), and seborrheic
dermatitis (ketoconazole). Myristyl nicotinate wasfound to be com-
patible with each of the drugs examined when formulated together
and also was shown to be photocompatible with retinoic acid. Our
results suggest that the combination of myristyl nicotinate with
these drugsisa feasible therapeutic development strategy.
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INTRODUCTION

The skin plays many roles in maintaining homeostasis
including providing barrier protection from the environment
(Tobin, 2006). The importance of the skin barrier to human
health is becoming increasingly apparent as impairment of the
barrier function is associated with a number of pathological
conditions that include skin photodamage (Bissonauth et al.,
1999; Gilchrest, 1996), atopic dermatitis (Hollmann et al.,
1988; Park et al., 2006), and rosacea (Tronnier et al., 2004).
Additionally, front line therapeutic agents for dermatology con-
ditions including retinoids (Tadaki et al., 1992) and steroids
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(Fluhr et al., 2003) can cause skin barrier impairment as a side
effect of therapy. Myristyl nicotinate, anicotinic acid derivative
developed for optimal delivery of nicotinic acid to skin (Kim
et al., 2005). This agent enhances normal epidermal differentia-
tion leading to increased epidermal and stratum corneum thick-
ness with a resulting increase in skin barrier function as
determined by significantly reduced rates of transepidermal
water loss (Kim et al., 2006b), indicating its potential for treat-
ment of conditions with impaired barrier function and/or to mit-
igate the side effects of current therapies that impair barrier
function. For example, myristyl nicotinate has recently been
shown to mitigate skin barrier disruption associated with retin-
oic acid therapy for skin photodamage (Kim et al., 2006a).

One possible therapeutic development strategy that could
capitalize on the skin barrier benefit provided by myristyl nicoti-
nate would be to combine it with agents that are currently used
to treat conditions where impaired skin barrier integrity contrib-
utes to the condition and/or to combine it with drugs that cause
skin barrier impairment to mitigate undesired side effects that
result from drug induced barrier impairment. The feasibility of
this approach depends upon the compatibility of myristyl nicoti-
nate with a particular drug. Thus, we report here compatibility
studies of myristyl nicotinate with drugs currently used for the
treatment of dermatology conditions associated with skin barrier
impairment including photodamage (retinoic acid), atopic der-
matitis (hydrocortisone, triamcinolone acetonide), rosacea (met-
ronidazol€), and seborrheic dermatitis (ketoconazol e).

MATERIAL AND METHODS

Myristyl nicotinate was provided by Niadyne, Inc. (Tucson,
AZ). Tretinoin and trifluoroacetic acid (TFA) were purchased
from Sigma Chemical Co. (St. Louis, MO). Acetonitrile and
methanol (HPLC grade) were purchased from EMD Chemicals
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Inc. (Gibbstown, NJ). Hydrocortisone, triamcinolone ace-
tonide, ketoconazole, metronidazole, Brij-58, glyceryl
monostearate, cetostearyl alcohol, white petrolatum, sorbic
acid, butylated hydroxytoluene, simethicone, sorbitol 70%
solution, propylene glycol, and polyethylene glycol were pur-
chased from Spectrum Chemical Mfg. Corp. (Gardena, CA).
Double distilled deionized water was used.

Compound
Mobile phase
wavelength

Column
Flow rate
Detection

HPLC Instrumentation and Chromatographic Conditions

An HPLC system consisting of Varian Pro-star solvent
delivery system model 230 (Varian Chromatography systems,
CA), connected to a UV/Visible Spectroflow 757 absorbance
detector (ABI, NJ) and HP 3395 integrator (Hewlett Packard,
DE) was used for all separations. The injector was fitted with
an injection loop of 50 ul. Chromatographic separation condi-
tionsfor each compound used in this study are shown in Table 1.
All mobile phases were filtered through a 0.45 um cellulose
nitrate membrane filter (Advantec MFS Inc., CA) prior to use.
The HPLC assay for each compound was quantified in term of
linearity, precision, and accuracy.

250%x4.6 mm
(Phenomenex,
(15:85 v/v)

1.0 ml/min

Acetonitrile
342 nm

Retinoic Acid
Nucleosil 5um
C18 100A,

CA)
0.01% TFA:

100A, 250%4.6 mm
(Phenomenex, CA).
Acetonitrile

(2:98 viv)

Myristyl Nicotinate
2.0ml/min

Nucleosil 5um C18

0.01%TFA:
254 nm

Preparation of Dermatological Formulations

Cream formulations of retinoic acid, hydrocortisone, triam-
cinolone acetonide, ketoconazole, and metronidazole were pre-
pared in the presence and absence of myristyl nicotinate from
the following materials as a cream base: water, propylene gly-
col, sorhitol 70%, sorbic acid, butylated hydroxytoluene, sime-
thicone, white petrolatum, cetostearyl alcohol, Brij-58, glyceryl
monostearate, and polyethylene glycol 400. The concentration
of myristyl nicotinate and the drugs studied and the ratio of oil
phase to agueous phase for each cream formula are shown in
Table 2. The water phase was composed of water, propylene
glycol, sorbitol 70%, sorbic acid, butylated hydroxytoluene,
and simethicone while the oil phase was composed of white
petrolatum, cetostearyl alcohol, Brij-58, glyceryl monostearate,
and polyethylene glycol 400. The water phase was mixed and
placed in one container at 65-75°C and the oil phase was
melted and mixed in another container at 65-75°C. The ail
phase was then added to the water phase and mixed until a
cream was formed using an IKA mixer model RW 20DZM
(IKA-works Inc. NC). Retinoic acid, hydrocortisone, triamci-
nolone acetonide, and ketoconazole were dissolved in the oil
phase while metronidazole was dissolve in the agueous phase.
The cream was cooled to room temperature while stirring.

Hydrocortisone
300%x3.9 mm
(Waters, CA)

C18 uBondapak,10 um,
(34:66 v/v)

Water : Acetonitrile

1.0 ml/min
254 nm

Triamicinolone
Acetonide
10 um, 300x3.9 mm

C18 uBondapak,
(Waters, CA)

Water : Acetonitrile
(43:57 viv)

1.0 ml/min

TABLE 1
Chromatographic Conditions for HPLC Analysis of Compounds
254 nm

K etokonazole
10 pum, 300x3.9 mm
(Waters, CA)
(66:34 viv)
1.0 ml/min

Acetonitrile
225 nm

C18 uBondapak,
0.01%TFA:

Extraction of Dermatological Formulations

A sample of each cream formulation was weighed into
50 ml conical centrifuge tube using a Mettler balance model
PB-303S (Mettler-Toledo, Switzerland). Myristyl nicotinate
was extracted by addition of mobile phase used for HPLC anal-
ysis of myristyl nicotinate followed by vortex mixing for 3 min.
An aliquot of 1.5 ml was transferred to a microcentrifuge tube

10 um, 300x3.9 mm
(Waters, CA)
(85:15 v/v)

0.5 ml/min

Acetonitrile
315 nm

Metronidazole
C18 uBondapak,
0.01%TFA:
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TABLE 2
Composition of Drug and Myristyl Nicotinate (MN) Formulations

Cream Formulation

MN Concentration % w/w

Drug Concentration %o w/w  Qil : Aqueous Phase Ratio

Retinoic acid 0
Retinoic acid and MN 5%
Hydrocortisone 0
Hydrocortisone and MN 10
Triamcinolone acetonide 0
Triamcinolone acetonide and MN 10
K etoconazole 0
K etoconazole and MN 10
Metronidazole 0
Metronidazole and MN 10

0.025 275725
0.025 28.0:72.0
1.0 28,5715
1.0 30.5:69.5
0.1 30.5:69.5
0.1 30.5:69.5
20 29.5:70.5
20 32.0:68.0
1.0 28.5:71.5
1.0 32.5:67.5

and subjected to centrifugation at 10,000 rpm for 5 min using
an Eppendorf microcentrifuge (Brinkmann Inst Inc., NY). An
aliquot of 50 ul of the supernatant wasinjected directly into the
HPLC. The same procedure was followed to extract each of the
drugs examined except the extraction solvent was acetonitrile
for retinoic acid, and methanol for hydrocortisone, triamcino-
lone acetonide, and ketoconazole. The extraction solvent for
metronidazole was composed of 60% methanol and 40% of the
mobile phase used for analysis of metronidazole.

Characterization of Dermatological Formulations
Physical Characterizations

The prepared cream formulations were stored at both room
temperature and 40°C for a period of 6 months and at intervals
of 2 weeks, the organoleptic characteristics were evaluated for
color, texture, phase separation as well as the feel upon appli-
cation to skin in term of stiffness, grittiness, greasiness, and
tackiness. Additionally, a small quantity of each cream was
pressed between the thumb and the index finger and the consis-
tency of the cream was noted (whether homogenous or not)
and the presence of any particles were examined for by rubbing
asmall quantity of the cream on the back of the hand.

Chemical Characterizations

For storage stability studies, each of the cream formulations
(Table 1) was divided into two parts and placed into tightly
closed glass containers and protected from light by covering
the storage container with aluminum foil. One container was
left at room temperature (22 £ 1°C) and the other container was
placed in an oven cabinet at 40 = 2°C. A sample in triplicate
was taken every 2 weeks for up to 6 months and subjected to
extraction and analyzed for drug concentration and, if present,
myristyl nicotinate concentration.

Photostability Sudies
A kilowatt (KW) large area light source solar simulator,
model 91293, from Oriel Corporation (Stratford, Connecticut)

was used, equipped with 1000W Xenon lamp power supply,
model 68920, and a VIS-IR band pass blocking filter plus an
atmospheric attenuation filter (output 290-400 nm plus residual
650-800 nm, for SSL). A sample of retinoic acid cream or ret-
inoic acid cream containing myristyl nicotinate was spread uni-
formly over acover of 35 mm tissue culture dish and exposed to
irradiation with solar simulated light (SSL) at 36.5 cm from the
SSL light source. A sample of 0.5 g cream was taken from each
cream at selected time intervals, extracted with acetonitrile, and
analyzed for retinoic acid as described above.

RESULTS AND DISCUSSION

Physical Characterizations of Drug Formulations

All formulations were examined at the day of preparation
and at 2 weeks intervals with regard to gross physical charac-
teristics. All cream formulations remained white, smooth,
semisolid, and homogenous with no phase separation at either
room temperature or 40°C during the 6 month period. The
cream formulations remained free from any detectable parti-
cles, they were neither greasy nor tacky, and they spread easily
over the skin.

Compatibility of Myristyl Nicotinate with Retinoic Acid
Formulation Compatibility

The chemical compatibility of cream formulations contain-
ing retinoic acid alone and in the presence of myristyl nicoti-
nate was investigated by measuring the concentration of
retinoic acid and myristyl nicotinate recovered from cream
samples stored at both room temperature and 40°C. Retinoic
acid cream formulations were stable at room temperature with
and without the presence of myristyl nicotinate for the 6 month
period of the study (Figure 1A). However, a significant rate of
degradation of retinoic acid was observed at 40°C but the
presence of myristyl nicotinate decreased the rate of degrada-
tion, a difference that was statistically significant (p < 0.01).
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For example, the formulation containing only retinoic acid was
52.8% degraded after 120 days while the formulation that also
contained myristyl nicotinate showed only 15.9% degradation
in that time period (Figure 1B). Myristyl nicotinate was shown
to be stable when present in retinoic acid cream formulations
both at room temperature and 40°C (Figure 1C). These results
demonstrate that the presence of myristyl nicotinate is not
only compatible with retinoic acid in a cream formulation
but also may stabilize the drug in formulations under stressed
conditions.
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FIGURE 1. Stability of retinoic acid (RA) when formulated alone (triangles)
or together with myristyl nicotinate (MN) (squares). Panel A shows
formulations stored at room temperature and panel B shows formulations
stored at 40°C. Panel C shows MN stability in the formulations containing RA
stored at room temperature (triangles) and at 40°C (squares). (N = 3).
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Photochemical Compatibility

Retinoic acid is well known to undergo degradation upon
exposure to light. Therefore the photocompatibility of myristyl
nicotinate with retinoic acid cream was investigated. For that
purpose, the photostability of retinoic acid cream formula in
the presence and absence of myristyl nicotinate was studied by
exposing thin films of creams containing retinoic acid or both
retinoic acid and myristyl nicotinate to solar simulated light
(SSL) for periods up to 45 min. The rate of degradation was
followed by measuring the concentration of retinoic acid as a
function of time. The rate of disappearance of retinoic acid in
the presence of myristyl nicotinate appeared to be slower than
in the formulation containing retinoic acid alone (Figure 2A),
although the difference was not statistically significant at the
level of p=0.05. The rates of disappearance were examined in
more detail by plotting the reciprocal of retinoic acid remain-
ing as a function of time (Figure 2B). This analysis revealed
that the degradation of retinoic acid followed second order
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FIGURE 2. Stability of retinoic acid (RA) formulations following exposure
to solar simulated light (SSL). Panel A shows RA levels as a function of time
for RA when formulated aone (squares) or in the presence of myristyl
nicotinate (MN) (triangles). Panel B shows a kinetic analysis via a plot of the
reciprocal of RA remaining vs. time for RA aone (squares) or in the presence
of MN (triangles). (N = 3).
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kinetics and that the rate of photodegradation of retinoic acid
was two times higher in the absence of myristyl nicotinate.
These results show that myristyl nicotinate is not only photo-
compatible with retinoic acid but may stabilize the drug fol-
lowing topical application.

Compatibility of Myristyl Nicotinate with Drugs for
Atopic Skin Conditions
Compatibility with Hydrocortisone

Hydrocortisone was found to be stable at room temperaturein
absence and presence of myristyl nicotinate (Figure 3A). At
40°C, the presence of myristyl nicotinate showed a statistically
significant (p < 0.05) stabilizing effect as a cream containing
hydrocortisone alone lost 18.2% after 6 months of storage while
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FIGURE 3. Stability of hydrocortisone (HC) when formulated alone
(triangles) or together with myristyl nicotinate (MN) (squares). Panel A shows
formulations stored at room temperature and panel B shows formulations
stored at 40°C. Panel C shows MN stability in the formulations containing HC
stored at room temperature (triangles) and at 40°C (squares). (N = 3).
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the formulation containing only myristyl nicotinate lost 4.5%
(Figure 3B). Myristyl nicotinate was found to be stable in for-
mulations containing hydrocortisone at both room temperature
and 40°C (Figure 3C). These results indicate that myristyl nicoti-
nate is compatible with hydocortisone in cream formulations and
that its presence may stabilize the drug under stressed conditions.

Compatibility with Triamcinolone Acetonide

Triamcinolone acetonide was stable in absence and
presence of myristyl nicotinate at both room temperature and
40°C during the study period (Figure 4A, 4B). There were no
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FIGURE 4. Stahility of triamcinolone acetonide (TR) when formulated alone
(triangles) or together with myristyl nicotinate (MN) (squares). Panel A shows
formulations stored at room temperature and panel B shows formulations stored
a 40°C. Panel C shows MN stability in the formulations containing TR stored
at room temperature (triangles) and at 40°C (squares). (N = 3).
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FIGURE 5. Stability of metronidazole (MT) when formulated aone
(triangles) or together with myristyl nicotinate (MN) (squares). Panel A shows
formulations stored at room temperature and panel B shows formulations
stored at 40°C. Panel C shows MN stability in the formulations containing MT
stored at room temperature (triangles) and at 40°C (squares). (N = 3).

statistically significant differences that approached a p value of
0.05. Furthermore, myristyl nicotinate was stable in the triam-
cinolone acetonide cream formulation (Figure 3C). These
results indicate that triamcinolone acetonide and myristyl nico-
tinate are compatible in dermatological formulations.

Compatibility of Myristyl Nicotinate with Drugs for
Rosacea
Compatibility with Metronidazole

Metronidazole showed no detectable degradation at either
room temperature or 40°C in the absence or presence of myri-
styl nicotinate (Figure 5A, 5B) and myristyl nicotinate was
found to be stable in metronidazole cream formulation at the
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FIGURE 6. Stability of ketoconazole (KT) when formulated alone triangles)
or together with myristyl nicotinate (MN) (squares). Panel A shows
formulations stored at room temperature and panel B shows formulations
stored at 40°C. Panel C shows MN stability in the formulations containing KT
stored at room temperature (triangles) and at 40°C (squares). (N = 3).

two test conditions (Figure 5C), indicating formulation com-
patibility of myristyl nicotinate with metronidazole.

Compatibility with Ketoconazole

Ketoconazole showed no detectable degradation at either
room temperature or 40°C in the absence or presence of myri-
styl nicotinate (Figure 6A, 6B) and myristyl nicotinate was
found to be stable in ketoconazole cream formulation at the
two test conditions (Figure 6C), indicating formulation com-
patibility of myristyl nicotinate with ketoconazole.
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CONCLUSIONS

Myristyl nicotinate is compatible in dermatological formu-
lations with retinoic acid, hydrocortisone, triamcinolone ace-
tonide, metronidazole, and ketoconazole. The compatibility of
myristyl nicotinate with drugs used to treat conditions where
skin barrier impairment contributes to the condition demon-
strates that a drug development strategy combining myristyl
nicotinate with existing drugs is a feasible therapeutic develop-
ment strategy for improving the efficacy of treatment of skin
photodamage, atopic dermatitis, rosacea, and seborrheic der-
matitis. Combining myristyl nicotinate with retinoic acid is
also a feasible strategy to reduce side effects of treatment of
skin photodamage and acne. Combining myristyl nicotinate
with hydrocortisone or triamcinolone acetonide to reduce drug
related barrier impairment also appears to be a feasible devel-
opment strategy.
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