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The aim of this study was to characterize the stability of new vehicles for the undecylenoyl phenylalanine
that is used as skin-lightening agent in the melasma treatment. The purpose of this research was also to
analyse the release kinetics of phenylalanine derivative from topical preparations through different syn-
thetic membranes. Topical formulations such as two different macroemulsions, hydrogels (based on car-
bomer and hydroxyethylcellulose) and microemulsions were characterized in terms of stability by laser
diffraction method. Additionally, multiple light scattering assessed the stability of macroemulsions. The
release rates of active substance through different membranes (such as Cuprophan, nitrocellulose, cellu-
lose acetate and Strat-M) were determined using enhancer cell. In order to explain the mechanism of
release process the results were fitted with different kinetic models. New stable vehicles for Ude-Phe
were successfully obtained. The results proved that the membrane structure had the influence on the
release rate of undecylenoyl phenylalanine. The slowest release rate of Ude-Phe was observed when
Strat-M membrane was applied. The highest amount of active substance was released from the hydrogel
based on carbomer. The release of undecylenoyl phenylalanine from both macroemulsions and hydrogel
based on hydroxyethylcellulose followed the Higuchi model. Whereas the release results of Ude-Phe from
both microemulsion-based hydrogels and carbomer hydrogel can be described by using Korsmeyer-
Peppas model. Hydrogels and microemulsion-based hydrogels could be recommended as proper vehicles
for the derivative of phenylalanine.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The active substance is one of the most crucial factors that influ-
ence the effectiveness of pharmaceutical products because it is
responsible for their therapeutic effect. In recent years cosmetics
and pharmaceutical industries have focused much attention on
the application of amino acids and their derivatives as active sub-
stances (Burnett et al., 2017). Amino acids are components of the
natural moisturizing factor as well as exhibit regenerative and
anti-inflammatory activity (Lintner, 2007; Robinson et al., 2010).
Additionally, they exhibit anti-free radical activity by the inhibiting
the breakdown of collagen and elastin, which prevents skin aging.
Amino acid derivatives are present in the preparations devoted for
skin and hair applications (Burnett et al., 2017). In recent years N-
undec-10-enoyl-L-phenylalanine (Ude-Phe, Fig. 1) has been used in
dermatology to treat melasma. This derivative of phenylalanine
inhibits the activity of alpha-melanocyte-stimulating hormones
(MSH) that function is to stimulate skin cells to produce melanin,
which is the pigment responsible for skin color. The stimulation
of MSH induces the production of melanin, whereas inhibition of
melanotropin can be an effective method for skin depigmentation.
In dermatology, phenylalanine derivative is used in the treatment
of melasma, skin problem associated with the appearance of brown
spots on the face, commonly occurring in women (Katoulis et al.,
2014). In order to minimize the skin hyperpigmentation the for-
mulations containing a phenylalanine derivative in combination
with niacinamide were tested in in vivo studies. The results
showed that the combination of the emulsion containing 5% niaci-
namide and 1% phenylalanine derivative were much more effective
in reducing the hyperpigmentation than vehicle control and prepa-
rations without Ude-Phe (Bisset et al., 2009). The formulations con-
taining Ude-Phe were also used to minimize the solar lentigo. The
study proved that the Ude-Phe could be used as a novel depig-
menting agent because a significant lightening of the lesions was
observed (Katoulis et al., 2009). In other study formulations con-
taining Ude-Phe turned out to be more effective in reducing lesions
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Fig. 1. Chemical structure of the N-undec-10-enoyl-L-phenylalanine.

Table 1
The chemical composition of semisolid formulations.

Sample name Composition Company Quantity
(%, ±0.01)

Macroemulsion 1 1. Tego Care 450 (polyglyceryl-
3 methylglucose distearate)

Evonik 4.5

2. Tego Alkanol 1618 (cetearyl
alcohol)

Evonik 3.5

3. Tegin 4100 Pellets (glyceryl
stearate)

Evonik 3.5

4. Cetiol 868 (ethylhexyl
stearate)

Cognis 10.5

5. Glycerin Chempur 5.0
6. Distilled water 72.5
7. Ude-Phe Seppic 0.5

Macroemulsion 2 1. Creagel EZ IN (sodium
polyacrylate/sodium
acryloyldimethyl taurate
copolymer, isononyl
isononanoate)

Créations
Couleurs

10.0

2. Alphaflow 20 (hydrogenated
polydecene)

Créations
Couleurs

16.5

3. Distilled water 73.0
4. Ude-Phe Seppic 0.5

Hydrogel 1 1. Tego Carbomer 134 FD
(carbomer)

Evonik 0.5

2. Sodium hydroxide (10%
solution)

Chempur 1.0

3. Isopropanol Sigma
Aldrich

25.0

4. Distilled water – 73.0
5. Ude-Phe Seppic 0.5

Hydrogel 2 1. Hydroxyethylcellulose Sigma
Aldrich

2.5

2. Glycerin Sigma
Aldrich

10.0

3. Distilled water – 87.0
4. Ude-Phe Seppic 0.5

Microemulsion 1A 1. Isopropyl myristate Sigma
Aldrich

40.0

2. Tween 80 Sigma
Aldrich

37.5

3. Isopropyl alcohol Sigma
Aldrich

12.5

4. Distilled water – 9.0
5. Ude-Phe Seppic 0.5

Microemulsion 2A 1. Oleic acid Sigma
Aldrich

10.0

2. Tween 80 Sigma
Aldrich

37.5

3. Isopropyl alcohol Sigma
Aldrich

12.5

4. Distilled water – 39.5
5. Ude-Phe Seppic 0.5
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than the pristine vehicle (Katoulis et al., 2014). So far the formula-
tions containing Ude-Phe were tested only in in vivo studies, how-
ever to our best knowledge there has been no research concerning
the stability of these preparations and in vitro release test of active
compound from these topical semi-solids. Moreover, in all publica-
tions mentioned above the efficiency of Ude-Phe were tested only
when emulsion was used as a vehicle for the active compound. We
suggest that the application of other formulations can influence the
release rate of Ude-Phe. Hydrogels could be a proper candidate for
delivery of active compound (Vashist and Ahmad, 2013). On the
other hand it is believed that microemulsion-based hydrogels
enhance topical delivery of poorly soluble drugs (Shalviri et al.,
2011).

Therefore, the aim of this study was to develop and characterize
the stability of new vehicles (macroemulsions, hydrogels and
microemulsion-based hydrogels) for the undecylenoyl phenylala-
nine and to compare the release rate of phenylalanine derivative
from topical preparations through different synthetic membranes.

2. Materials and methods

The chemical composition of the macroemulsions and hydro-
gels is presented in Table 1.

2.1. Preparation of topical formulations

2.1.1. Preparation of macroemulsion 1
The ingredients of the oil phase (1–4) were heated to 70 �C. At

the same time water with the active substance was heated to 70
�C. When all of the oil phase ingredients were melted, water phase
was added. The obtained mixture was stirred and cooled to 50 �C.
Afterwards the emulsion was homogenized (Yellow Line DI 25
basic, IKA-Werk, Germany) and cooled to 30 �C. Afterwards glyc-
erin was added and the formulation was homogenized.

2.1.2. Preparation of macroemulsion 2
Creagel EZIN and Alphaflow 20 were mixed in a beaker until the

phase becomes homogenous. Water and Ude-Phe were heated to
70 �C. Afterwards, the water phase was added slowly to the oil
phase and mixed, until the proper viscosity was fully developed.

2.1.3. Preparation of hydrogel 1
Tego Carbomer 134 was dispersed for 2 h in water by a mag-

netic stirrer. Then isopropanol with Ude-Phe was introduced and
next NaOH was added until a pH of 6.5 was reached.

2.1.4. Preparation of hydrogel 2
Water was mixed with glycerin and with Ude-Phe. The mixture

was heated to 80 �C. Afterwards hydroxyethylcellulose was added
and stirred until the hydrogel formulation was obtained.

Additionally, the base of each formulation without the active
compound was also prepared.

2.1.5. Preparation of Ude-Phe loaded microemulsions
The microemulsion composition was selected based on phase

diagrams previously developed by Malakar et al. (2011). The com-
position of the microemulsions is shown in Table 1. Ude-Phe was
dissolved in isopropyl alcohol. Then Tween 80 was added to the
tube and mixed on a magnetic stirrer for 15 min at a speed of
2500 rpm. Afterwards isopropyl myristate (1A) / oleic acid (2A)
was added and stirred for 15 min. Finally, water was introduced
to the tube and mixed until the desired consistency was reached.
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In order to increase the viscosity of the formulations, that was
necessary for the release tests of Ude-Phe, Tego Carbomer 134 in
an amount of 0.75% was added to the obtained microemulsions
and the semisolid formulations were left for 24 h to reach the con-
sistency of a hydrogel. Additionally, the microemulsions without
the active compound were also prepared.

2.2. Characterization of the obtained topical formulations

2.2.1. Determination of pH
The pH values were determined by a pH-meter (pH 10 Pen,

VWR International, USA). The measurements were performed at
RT three times.

2.2.2. Centrifugation test
Centrifugation tests were performed by MPW-360R Centrifuge

(MPW MED Instruments, Poland) for macro- and microemulsions
directly after preparation. Physical stabilities of formulations were
evaluated by centrifugation at 4000 rpm for 10 min and then the
phase separation was examined.

2.2.3. Stability test by multiple light scattering
The stability measurements were conducted directly after

preparation of the macroemulsions and at different times for 60
days by Turbiscan Lab Expert (Formulaction, France). Multiple light
scattering was used to measure the stability of the macroemul-
sions at 4, 25 and 37 �C. Between the measurements the samples
were stored at 4 �C, 25 �C. Additionally, the macroemulsions were
also stored at 37 �C and 80% relative humidity in climate chamber
(Binder GmbH, Germany). All of the emulsions were compared
using Turbiscan Stability Index (TSI) that gives information regard-
ing the general behavior of emulsions obtained. TSI is calculated as
the sum of all of the destabilization processes occurring in the sam-
ple (Zhao et al., 2014; Carbone et al., 2015).

2.2.4. Particle size distribution analysis by laser diffraction
The particle size distributions of the formulations were deter-

mined by Mastersizer 2000 (Malvern, UK) equipped with a hydro
dispersion unit. The measurements were carried out five times at
RT in distilled water. The mean droplet diameter was presented
as d3,2 known as the Sauter diameter that gives information about
the average of particle size of formulation (Pérez-Mosqueda et al.,
2015; Olejnik et al., 2015a).

2.2.5. The zeta potential of microemulsions
The zeta potential of microemulsions was measured in tripli-

cate using a Zetasizer Nano ZS (Malvern, UK) at 25 �C. 100 ml of
microemulsion was diluted in 10 ml of distilled water and then
the zeta potential was determined.

2.3. Release studies of Ude-Phe

The release studies of Ude-Phe were performed by the USP
Apparatus 2 (Agilent Technologies DS 708, USA) connected with
the UV–Vis spectrophotometer (Cary 50 Bio, Varian, USA). Each for-
mulation was placed into the enhancer cell. The analysis was per-
formed in the medium mixture of potassium phosphate buffer at
pH 5.8 (J.T.Baker, USA) and ethanol in the ratio of 65:35. The med-
ium was maintained at 32.0 �C ± 0.5 �C and stirred at 100 rpm. In
these studies different synthetic membranes such regenerated cel-
lulose – Cuprophan (Agilent Technologies, USA), nitrocellulose (GE
Whatman, USA), cellulose acetate (GVS Filter Technology, UK) and
Strat-M (Merck Millipore, Germany) were used. The concentration
of the released Ude-Phe was spectrophotometrically monitored at
258 nm.
2.4. Kinetics calculations

The release results were fitted with different kinetics models
such as zero order (% Ude-Phe release vs. time), first order (log of
% Ude-Phe remaining vs. time), Higuchi’s model (% Ude-Phe release
vs. square root of time) and Korsmeyer-Peppas model (log of% Ude-
Phe release vs. log time). For each model R2 values were calculated.
The n value determined on the basis of Korsmeyer-Peppas model
enables to characterise the release mechanism of Ude-Phe as
described – n < 0.5 – quasi-Fickian diffusion, n = 0.5 – diffusion
mechanism, 0.5 < n < 1 – non Fickian diffusion, n = 1 (0.89) – case
II transport (zero order release), n > 1 (0.89) – super case II trans-
port (Sahoo et al., 2012; Dash et al., 2010; Goscianska et al., 2016).

2.5. Comparison of release profiles – Model independent method

The release profiles were compared using the dissimilarity fac-
tor (f1) and the similarity factor (f2) which were calculated using
the following equations:

f1 ¼
Xn
t¼1

Rtj � Ttjj
" #

=
Xn
t¼1

Rt �
( )

� 100

f2 ¼ 50� log 1þ 1
n

Xn

t¼1

ðRt � TtÞ2
" #�0:5

� 100

8<
:

9=
;

where n is a number of points, R is the dissolution value of reference
at time and T is the dissolution value of the test (Moore and Flanner,
1996). These factors provide a measure of similarity between pairs
of release profiles. According to the FDA guidance f1 values of 0–15
and f2 values of 50–100 ensure sameness or equivalence of the two
dissolution profiles (FDA, 1997). When the f2 value is 100 the test
and reference profiles are treated as identical. As the f2 value
becomes smaller, the dissimilarity between release profiles
increases (Pillay and Fassihi, 1998).

2.6. Statistical methods

Statistical analysis was performed using Statistica v. 12.0 PL
software (StatSoft). The results were considered significant for p
< 0.05. The comparison of the release results between formulations
was performed using the Kruskal-Wallis test followed by the Mul-
tiple Comparison Test. The non-parametric test was used because
the variables were not normally distributed as confirmed by
Shapiro-Wilk’s test.

2.7. ESI mass spectrometry

The ESI-MS measurements of Ude-Phe were performed by the
Waters/Micromass (Manchester, UK) ZQ equipped with a Harvard
Apparatus syringe pump. ESI mass spectra were acquired in both
positive and negative mode by scanning over the m/z range 100–
500 with unit mass resolution.

3. Results and discussion

The study was conducted on six different formulations consti-
tuted by macroemulsions, hydrogels and microemulsions contain-
ing Ude-Phe. It was recommended by the producer of Ude-Phe,
that the active compound should be introduced into the aqueous
or oil phase at temperature higher than 60 �C. In both macroemul-
sions Ude-Phe was soluble after cooling the formulations. After
preparing each semisolid pH values were measured. The pH of
macroemulsion 1 and macroemulsion 2 was 5.00 ± 0.05 and
6.40 ± 0.05, respectively. The pH value of both hydrogels and
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microemulsions + carbomer was 6.50 ± 0.05. The pH values of all
formulations resemble the skin’s pH, therefore they can be
intended for topical applications.

In order to check the stability of formulations the centrifugation
test was performed for macroemulsions and microemulsions. It
was found that all macroemulsions and microemulsions were
stable.

Additionally, stability studies of the macroemulsions obtained
were performed by multiple light scattering measurements (MLS)
which enable to detect the destabilization process that occur in
formulation much faster than by human eye without sample dilu-
tion (Trujillo-Cayado et al. 2014; Santos et al., 2013). This tech-
nique enables to observe phenomena associated with migration
(creaming, sedimentation) and the changes in the particle size such
as coalescence and flocculation (Olejnik et al., 2015b). As a result of
the experiment transmission and backscattering profiles versus
sample height were obtained. For all macroemulsions only
backscattering profiles were analyzed (Fig. 2A) due to the high con-
centration of formulations. In order to monitor changes in the sam-
ple, the results are analyzed in the reference mode in which each
measurement is compared with the first collected data. Then the
graph shows the relationship between the delta backscattering
(DBS) and sample height. (Fig. 2B). In all of the macroemulsions
stored at different temperature conditions no migration phenom-
ena were detected. Only the changes in the backscattering inten-
sity along the whole sample height were observed that could be
related to the slight particle size variation such as flocculation.
On the basis of all changes occurring in the samples TSI was deter-
mined which is an essential tool to compare the stability of differ-
ent emulsions. The lower the values of the TSI, the more stable the
analyzed sample (Olejnik et al., 2015b). The Fig. 3 shows the graph
Fig. 2. The backscattering (A) and delta backscatterin
TSI over time for the macroemulsions 1 and 2 stored at different
conditions. The results proved that macroemulsion 2 was much
more stable than macroemulsion 1 irrespective of the storage con-
ditions. For macroemulsion 1 the smallest changes in the TSI value
were observed when the sample was stored at RT (Fig. 3A). Slightly
higher TSI value was reached when macroemulsion 1 was stored at
4 �C. However, the highest variation in TSI value was observed for
macroemulsion 1 stored at 37 �C. On the other hand, for
macroemulsion 2 stored at different conditions (Fig. 3B) only slight
changes in TSI value were observed. According to Celia et al. no
changes in particles size occur when the backscattering profiles
are within the interval of ±2% (Celia et al., 2009). Additionally, sam-
ples are treated as unstable when the variation of BS is higher than
10% (Mengual et al., 1999). Therefore, the macroemulsions 1 and 2
stored at different conditions can be considered as stable. Fig. 4
presents the results of TSI value of formulations with and without
Ude-Phe stored at different conditions after 60 days. On the basis
of the analysis it can be concluded that the macroemulsions 2 pre-
pared at RT were more stable than macromulsions 1 obtained at
high temperature. The preparation method and composition of
the emulsion could have an impact on the better stability of the
macroemulsions 2. The greater stability of this formulation can
be explained by the presence of the auto-emulsifier (Creagel EZIN).
In addition, the results of TSI value proved that the addition of
Ude-Phe to both the macroemulsion 1 and macroemulsion 2 con-
tributed to better stabilization of the preparations obtained. In
particular, it was observed for macroemulsion 1 subjected to
accelerate stability tests. After 60 days TSI for macroemulsion 1
with Ude-Phe was two times lower than in the case of the base
of macroemulsion 1. A similar pattern was also observed for
macroemulsion 2 stored at elevated temperature. It could be
g (B) profiles of macroemulsion 2 stored at 4 �C.



Fig. 5. The particle size distribution for the marcoemulsion 1, macroemulsion 2,
microemulsions 1A and microemulsion 2A.

Fig. 4. Turbiscan Stability Indexes of macroemulsions (ME) after 60-days of storage at different conditions (red – formulations containing Ude-Phe, blue – formulations
without Ude-Phe). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 3. Turbiscan Stability Index over time of macroemulsion 1 and 2 stored at different conditions.
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explained by the structure of Ude-Phe, which consists of amino
acid and lipid residue.

A significant impact on emulsions stability has the particle size
distribution. All formulations were analyzed by laser diffraction
method. Additionally, ultrasounds were applied to break up the
potentially existing agglomerates and to obtain the dispersion of
the primary particles. In the case of macroemulsion 1 after ultra-
sound treatment the volume fraction of particles of smaller size
increased which means that the existing agglomerates were bro-
ken down. However, hardly any changes in particle size were
detected in the case of macroemulsion 2. The formation of agglom-
erates was not observed. This indicates the greater stability of
macroemulsion 2 compared to macroemulsion 1. These results
are in accordance with the experiments performed by MLS.
Additionally after ultrasound treatment no variations in particle
size distribution was observed in the case of microemulsions.
The introduction of Ude-Phe to microemulsions did not change
the monomodal distribution pattern. The determination of particle
size distribution of formulations provides important information
not only about its stability, but it can be also used in the planning
the release experiments. A comparative analysis of the particle size
distribution of macro- and microemulsions containing Ude-Phe
was presented in Fig. 5. Macroemulsion 1 had broad particle size
distribution in the range of 5–500 lm, while in the case of
macromulsion 2 the particle size distribution was in the range of
0.1–9.0 lm. The particles with the smallest size in the range of
0.1 and 0.5 mm were detected in microemulsion 2A. A monomodal
data distribution between 0.1 and 1.0 lm was observed for
microemulsion 1A. The particle sizes in the case of microemulsions
partially overlapped and were in the range 0.1–5.0 lm, whereas for
macroemulsions they were included in the range of 0.1–500 mm.
The obtained results of both macro- and microemulsions are
consistent with literature reports (Talegaonkar et al., 2008).

Zeta potential is an important parameter indicating the stability
of colloidal systems (Mikolajczyk et al., 2015). When zeta potential
value is greater than ±25 mV the colloidal system is treated as
stable (Lee et al., 2007). Zeta-potential value of microemulsion
1A was �28.4 ± 0.3 mV. It was observed the addition of Ude-Phe
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increased the zeta potential value. However, in the case of
microemulsions 2A the zeta potential value was �22.5 ± 0.7 mV.
The addition of Ude-Phe changed only slightly the zeta potential
value in comparison with microemulsion 2 without the active
compound.

After determining the physicochemical parameters of the for-
mulations the release studies of Ude-Phe were performed. It
should be mentioned that the release experiments are important
for development of novel formulations and are applied for screen-
ing of products prior to in vivo testing (Olejnik et al., 2012). Fur-
thermore, the selection of the appropriate membrane is a crucial
step in the development of methodology of release studies. There
is no standard membrane, which is recommended for each active
compound (Olejnik and Nowak, 2015; Shah and Elkins, 1995; Hg
and Rouse, 2010). Therefore, the influence of four different mem-
branes on the Ude-Phe release from the selected formulation such
as hydrogel 2 was studied. Depending on the applied membrane
the release profiles of the active compound were different
(Fig. 6). The highest amount of Ude-Phe was released through
Cuprophan membrane within 24 h about 80% was transferred to
the receptor fluid. Slightly slower release rate with similar profile
was observed when phenylalanine derivative was released through
cellulose acetate membrane. Whereas, when Ude-Phe penetrated
through the nitrocellulose membrane after 15 h 70% of active com-
pound was released and this level remained constant until the
experiment was finished. On the other hand the slowest release
rate of Ude-Phe was observed when Strat-M membrane was
applied. This membrane is used as non-animal based model in
transdermal experiments to predict the diffusion of active com-
pound in human skin. The obtained results proved that the struc-
ture of synthetic membranes could influence the release rate of
Ude-Phe. Strat-M is a skin-mimic artificial membrane, which com-
posed of double-layer structure (Uchida et al., 2015), therefore the
release profile of Ude-Phe through this membrane was completely
Fig. 6. The influence of membrane type on the release of Ude-Phe from hydrogel 2.

Table 2
Kinetics release models used to describe the release of Ude-Phe from hydrogel 2 through

Membrane type Zero order First order

Regression coefficient

Nitrocellulose 0.683 0.776
Cellulose acetate 0.993 0.990
Cuprophan 0.979 0.995
Strat-M 0.996 0.996
different than thorough other membranes. On the other hand
according to our previous studies Cuprophan membrane consists
of longitudinal cellulose fibres separated by irregular and inho-
mogenous pores (Olejnik and Nowak, 2015). It is believed that this
kind of organization resembles the disordered structure of stratum
corneum (Donnelly et al. , 2006). The pores of nitrocellulose and
cellulose acetate membrane are distributed inhomogeneously
across the surface (Olejnik and Nowak, 2015) that can also have
an influence on the release rate of Ude-Phe. The experimental data
were fitted with various kinetics models. Depending on the mem-
brane type the results could be described by different models
(Table 2). The data obtained from the release of Ude-Phe through
Cuprophan membrane can be fitted with Higuchi equation
(Higuchi, 1961; Higuchi, 1963). On the other hand when the
phenylalanine derivative permeated though nitrocellulose and cel-
lulose acetate membrane the release results could be described by
using Korsmeyer-Peppas model. While for Strat-M membrane the
highest correlation coefficient was observed for zero and first
kinetics order.

The release kinetics of the active compound can be also influ-
enced by the type of formulation (de Oliveira Gomes et al.,
2004). Moreover, the effectiveness of topical products is dependent
on drug release from the formulation (Shah and Skelly, 1993).
Therefore, the release of Ude-Phe was performed from different
semi-solids through one selected membrane (Cuprophan mem-
brane) (Fig. 7) to check which formulation will be the best vehicle
for the phenylalanine derivative. A comparative analysis showed
that the highest amount of active substance was released from
the hydrogel 1. After 10 h about 80% of the Ude-Phe was perme-
ated through the membrane. Then, the percentage of phenylala-
nine derivative slightly increased to reach a constant level ca.
90%. However, for hydrogel 2 a continuous increase of active com-
pound released was observed which after 24 h reached about 80%.
Additionally, it can be noted that muchmore Ude-Phe was released
different membranes.

Higuchi model Korsmeyer–Peppas model

n

0.824 0.990 0.20
0.991 0.997 0.63
0.999 0.997 0.47
0.972 0.984 0.94

Fig. 7. The influence of formulation type on the release profiles of Ude-Phe through
Cuprophan membrane.



Table 4
The dissimilarity (f1) and similarity factors (f2) for each comparison.

Comparison f1a f2 Release profile

Hydrogel 1 �Macroemulsion 1 83.62 12.57 Not similar
Hydrogel 1 �Macroemulsion 2 49.97 or

99.90
23.99 Not similar

Hydrogel 1 � Hydrogel 2 41.87 or
72.03

27.81 Not similar

Hydrogel 2 �Macroemulsion 1 71.83 27.21 Not similar
Hydrogel 2 �Macroemulsion 2 13.94 or

16.20
62.93 Similarity

demonstrated
Macroemulsion 2 �

Macroemulsion 1
67.26 31.68 Not similar

Microemulsion 1A �
Microemulsion 2A

12.07 or
10.77

68.36 Similarity
demonstrated

a The first f1 is obtained when the first formulation on the left is set as reference.
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from macroemulsion 2 than 1. After 24 h 60% of total mass of
active compound permeated to the receptor medium while in the
case of macroemulsion 1 only 20% of Ude-Phe was released. The
differences in release rates of phenylalanine derivative from vari-
ous semi-solids through the membrane to the receptor fluid could
be explained by the different physicochemical parameters of the
formulations. The release profiles of Ude-Phe are influenced by
particle size distribution and also by solubility of the active sub-
stance in the formulation. The largest amount of active substance
in the shortest time was released from the hydrogel 1 based on car-
bomer, while the smallest amount of Ude-Phe was diffused from
macroemulsion 1. We suggest that it could be attributed to better
availability of Ude-Phe in hydrogel than in macroemulsion. How-
ever, further in vivo studies are required.

The results obtained for macroemulsion 1 could be explained by
the fact that the diffusion of active compound through oily phase
might be a limiting step for undecylenoyl phenylalanine release.
It should be added that it is generally known that emulsions such
as creams are mid-to-high viscosity (Kimball, 2016) and the viscos-
ity of hydrogels is smaller than that of o/w emulsions (Eros et al.,
2003). It could be suggested that due to the lower viscosity of
hydrogels compared to emulsions, higher amount of active sub-
stance can be released and therefore the effectiveness of these for-
mulations could be better. On this basis of these findings, it can be
concluded that hydrogels can be better vehicle for the Ude-Phe
than macroemulsions. The release profiles from hydrogels were
different and higher amount of active compound was release from
hydrogel 1. This could be also explained by different viscosity of
these formulations. According to Kulkarni and Shaw aqueous gels
(in our study hydrogel 2) have a higher viscosity than hydroalco-
holic gels (in our study hydrogel 1) (Kulkarni and Shaw, 2015).
Fig. 8. The release profiles of Ude-Phe from microemulsions 1A and 2A based
hydrogel through nitrocellulose membrane.

Table 3
Kinetics models used to describe the release of Ude-Phe from various formulations.

Formulation Zero order First order Higuc

Regression coefficient

Macroemulsion 1 0.970 0.975 0.994
Macroemulsion 2 0.945 0.985 0.996
Hydrogel 1 0.733 0.914 0.865
Hydrogel 2 0.979 0.995 0.999
Microemulsion 1A 0.985 0.983 0.994
Microemulsion 2A 0.977 0.966 0.990
In order to perform the release tests of Ude-Phe from
microemulsions, it was necessary to introduce a thickener
(Carbomer) (Špiclin et al., 2003) to increase the viscosity. During
the release experiments of Ude-Phe from the microemulsions-
based hydrogel, it was observed that at the same wavelength as
the active substance absorbs other component of the formulation.
For this reason, spectroscopic analysis of each component of
microemulsion was conducted. The studies proved that peak at
the same wavelength, as the Ude-Phe is present only in Tween
80. Polysorbate 80 is a fully saturated molecule with one carbon-
carbon double bond with a kmax at 195 nm (Gordon and Ford,
1972) and an alkyl ester group with a kmax between 195 and
210 nm and polyethylene glycol chain with a kmax in the range of
180–185 nm. Therefore, the presence of peaks in the range of
250–300 nm indicates the presence of impurities in the reagent.
According to literature the spectrum of Tween 80 may be different
depending on the supplier of the reagent (Wuelfing et al. 2006). In
order to overcome this problem, the release test was performed on
the microemulsions with and without the active compound. Taking
into account both results the percentage release of Ude-Phe was
calculated. Additionally, it should be mentioned that it was possi-
ble to perform the release studies from microemulsions only by
using nitrocellulose membrane. When other membranes were
applied the solution was not clear therefore the determination of
release rate of Ude-Phe was impeded.
hi model Korsmeyer-Peppas
model

Type of transport

n

0.984 0.30 Fickian difussion
0.995 0.44 Ficikan difussion
0.921 0.25 Ficikan difussion
0.997 0.47 Ficikan difussion
0.995 0.77 Non Fickian diffusion
0.999 0.72 Non Fickian diffusion

Table 5
The results of multiple comparison test.

Comparison p-value

Macroemulsion 1 � Macroemulsion 2 p < 0.001
Macroemulsion 1 � Hydrogel 1 p < 0.001
Macroemulsion 1 � Hydrogel 2 p < 0.001
Macroemulsion 2 � Hydrogel 1 p <0 .001
Macroemulsion 2 � Hydrogel 2 p > 0.05
Hydrogel 1 � Hydrogel 2 p < 0.001
Microemulsion 1A � Microemulsion 2A p > 0.05



Fig. 9. ESI-MS spectrum of the undecylenoyl phenylalanine.

Fig. 10. ESI-MS spectrum of Ude-Phe in receptor medium after the release studies.
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In Fig. 8 the results of release of Ude-Phe from microemulsions-
based hydrogel is presented. Initially, both release profiles were
similar, however, the significant change can be observed after
10 h. The% release from microemulsion 2A was higher and reached
about 95% after 24 h. In the case of microemulsion 1A 85% of
Ude-Phe was released. This can be explained by the different par-
ticle size distribution of both formulations. Additionally, in Table 3
the kinetics models used to describe the release of Ude-Phe from
different formulations are shown. For both macroemulsions and
hydrogel 2 the highest value of regression coefficient was observed
for the Higuchi model, which means that the release of Ude-Phe
followed this kinetics equation. On the other hand the release
results of Ude-Phe from both microemulsions and hydrogel 1 can
be described by using Korsmeyer-Peppas model.

The dissimilarity (f1) and similarity (f2) factors were presented
in Table 4. It was observed that release profiles of hydrogel 2 and
macroemulsion 2 could be considered equivalent because the
value of f1 was less than 15 and f2 was more than 50 (62.93).
According to the data presented in table 4 the release profiles of
microemulsion 1A and microemulsion 2A also demonstrated sim-
ilarity. Other compared pairs showed f2 values <50 which indicated
dissimilarity in release profiles. Additionally, the results presented
in table 5 indicate that there were no statistically significant differ-
ences in the release pattern between macroemulsion 2 � hydrogel
2 (p > 0.05) and microemulsion 1A �microemulsion 2A (p >
�0.05). Other compared pairs demonstrated statistically highly
significant difference in release results (p <0 .001).

In order to check the stability of Ude-Phe in the formulations
and after the release experiments the MS spectra of receptor med-
ium were performed. First of all the active compound was charac-
terized by ESI mass spectrometry (Fig. 9). The positive ion mode of
Ude-Phe (MW-331.1) shows a protonated molecular ion [M+H]+ at
m/z = 332.1 and a molecular ion associated with sodium [M+Na]+

at m/z = 354.2. An additional, signal at m/z = 370.1 corresponds to
the potassium adduct [M+K]+. In the case of negative ion mode,
mass a signal at m/z 330.1 corresponds to deprotonated molecular
ion [M�H]�. After the release experiment the receptor medium
was analyzed (see Fig. 10). In negative ion mode the deprotonated
molecular ion of Ude-Phe [M�H]� can be observed. Additionally, in
the positive ion mode a molecular ion with associated potassium at
m/z 370.2 was also detected. This demonstrates that the phenylala-
nine derivative remained stable in the formulations and during the
release studies.

4. Conclusions

Novel topical formulations containing the undecylenoyl pheny-
lalanine were successfully obtained. The pH values of all semi-solid
preparations resemble the skin’s pH, therefore they can be
intended for dermal applications. Moreover, the obtained results
proved that the storage conditions, preparation method and com-
position influenced the stability of formulations. The macroemul-
sion 2 prepared at RT was more stable than macroemulsion 1
obtained at high temperature. The results proved that macroemul-
sion 2 was much more stable than macroemulsion 1 irrespective of
the storage conditions. The preparation method and composition
of the emulsion could have an impact on the better stability of
the macroemulsion 2. The greater stability of this formulation
can be explained by the presence of the auto-emulsifier (Creagel
EZIN). Additionally, the presence of phenylalanine derivative
enhanced the stability of both macroemulsions regardless the stor-
age conditions. The in vitro release studies proved that the mem-
brane structure had the influence on the release rate of
undecylenoyl phenylalanine. The release profile of Ude-Phe
through Strat-M membrane was completely different than through
other membranes.
Furthermore, it was observed that with the increase in viscosity
of the formulation decrease the ability of Ude-Phe to diffuse
through the membrane. Therefore, hydrogels and microemulsion-
based hydrogels could be recommended as proper vehicles for this
active compound. Additional studies are required to assess the
influence of the formulation type on skin permeation of Ude-Phe
and to determine its bioavailability.

It should be added that in vitro penetration studies could be a
valid and easy test for formulations producer to employ during
screening for the best product (Soares et al. 2017). Moreover,
in vitro models presented in this study could be ideal in terms of
cost and simplicity. However, till now they are not fully accepted
by regulatory agencies to substitute in vivo bioavailability tests.
It is generally known that the in vitro release studies do not reflect
excipients interaction with uppermost skin structure that influ-
ences the drug penetration and its bioavailability. On the other
hand there are numerous studies that present extremely good cor-
relation between in vitro and in vivo protocols (Lehman et al.,
2011). Recently, FDA has introduced draft guidance for topical acy-
clovir cream where in vitro skin penetration tests are considered to
assess bioequivalence instead of clinical end-point study (FDA,
2016). Therefore, there is a hope that in the future in vitro models
may replace in vivo studies.
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