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A B S T R A C T

The aim of this research was the development and characterization of three gel dosage forms of Halobetasol
propionate loaded lipid nanoparticles (HB-NLC) for the treatment of inflammatory skin diseases. A Pluronic gel
(Pl-HB-NLC), a Carbopol gel (Cb-HB-NLC) and a Cremigel (Cg-HB-NLC), were characterized for stability,
swelling, degradation, porosity and rheology. The biopharmaceutical behavior of in vitro release and ex vivo
permeation, along with microbiological stability were also evaluated. Tolerance and therapeutic efficacy were
determined in vivo. The gels proved to have eudermic pH and to be effective to improve HB-NLC stability for
more than 6 months. In vitro drug release profiles were adjusted to a first order (Pl-HB-NLC, Cg-HB-NLC) and
hyperbola (Cb-HB-NLC) kinetic models, revealing sustained drug release. Ex vivo biopharmaceutical behavior
showed slow drug penetration through skin, delaying the drug entrance into systemic circulation. The for-
mulations were effective in reducing inflammation with a lower drug dose in comparison with existing treat-
ments, obtaining the fastest effect when using Pl-HB-NLC. After application of the formulations in volunteers, no
irritation, redness or edema reactions were detected, plus, an enhancement of the biomechanical properties of
the skin was evidenciated. Therefore, the results indicate that these formulations are a suitable alternative to
current treatments.

1. Introduction

The skin is the largest organ in the body and its principal function is
to separate the external from the internal environment. In the face of
external (and sometimes internal) stimuli or aggressions, the skin re-
sponds in a non-specific and innate way, triggering the inflammatory
process (Pasparakis et al., 2014). This process is generally characterized
by the presence of edema, increased temperature, itching and redness of
the area. Diseases such as psoriasis, allergies, atopic dermatitis and

eczema usually produce this type of symptomatology chronically
(Boguniewicz and Leung, 2011; Eyerich and Novak, 2013). Due to their
great anti-inflammatory action, corticosteroid are drugs of choice for a
wide variety of skin diseases (Al-Dabagh et al., 2014). They have sev-
eral mechanisms of action which allow them to produce local and
systemic effects (Ramamoorthy and Cidlowski, 2016). Derived from its
multiple mechanisms of action, together with the desired treatment,
undesirable local effects such as pigmentation and skin thinning or
systemic effects such as metabolic alterations like Cushing’s syndrome
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can be produced (Dhar et al., 2014). To improve their characteristics,
whether controlling their potency, increasing their desired effects or
reducing side effects, different semisolid dosage forms for topical ad-
ministration have been developed. Creams, gels and lotions have been
used for the treatment of diverse skin diseases (Herz et al., 1991;
Mancuso et al., 2003; Lowe et al., 2005). Along with this, there are
other more technological methods of dosage forms such as the first and
second generation of lipid nanoparticles, known as solid lipid nano-
particles (SLN) and nanostructured lipid carrier (NLC), respectively
(Müller et al., 2000, 2007). Lipid nanoparticles have been extensively
studied to control the penetration and effects of corticosteroids gen-
erally considered “high potency”, because they are the most likely to
cause severe adverse effects, reason why, traditional treatments are
recommended for short periods of time (two weeks) despite many
times, treating diseases with chronic symptoms (Coureau et al., 2008;
Jensen et al., 2010; Bikkad et al., 2014; Carvajal-Vidal et al., 2019).

With the aim to allow prolonged treatments reducing potential
systemic side effects, improve skin characteristics and promote the local
effect of a “super potent” corticosteroid, over its systemic action, three
topical gel dosage forms based on Pluronic (Pl-HB-NLC), Carbopol (Cb-
HB-NLC) and Sepigel® (Cg-HB-NLC), containing Halobetasol propionate
(HB) loaded nanostructured lipid carriers (NLC), with a 20% of the
regular dose have been developed to obtain a new controlled release
system of HB as an alternative to current topical treatments.

2. Materials and methods

2.1. Materials

HB was obtained from Capot Chemical Company Limited
(Hangzhou, China), LAS (PEG-8 caprylic/capric glycerides) and Precirol
ATO® 5 (Glyceryl distearate) were kindly gifted from Gattefossé
(Madrid, Spain). Tween® 80 (Polysorbate 80), Isopropyl myristate and
Glycerin, were purchased to Sigma Aldrich (Madrid, Spain). Sepigel®
305 (Sep) was bought from Seppic (Paris, France). Polymers Carbopol®
940 (Cb) and Pluronic® F-127 (Pl) were obtained from Fagron Iberica
(Terrassa, Spain). All others chemical reagents and components used in
this research were of analytical grade. A Millipore Milli-Q Plus system
was used to obtain purified water.

2.2. Gel elaboration

HB-NLC suspension was previously produced by high-pressure
homogenization method (Homogeniser FPG 12800, Stansted, United
Kingdom) (Neupane et al., 2014) with Tween® 80 as surfactant and LAS
and Precirol ATO 5® as liquid lipid and solid lipid respectively, as de-
scribed elsewhere (Carvajal-Vidal et al., 2019).

Three gels were prepared at room temperature with the HB-NLC
suspension used instead of pure water. Cg-HB-NLC was prepared by
driving the aqueous phase (HB-NLC and glycerin 10%) over the oil
phase (Sep 3%, isopropyl myristate 3%) under constant magnetic agi-
tation until mixture homogenization. Cb-HB-NLC was made with 2%
(w/v) of polymer and 1% (w/v) of glycerin dissolved directly in HB-
NLC suspension under magnetic stirring for 24 h. After, the formulation
was stabilized with triethanolamine to ensure a eudermic pH. Pl-HB-
NLC was made gradually dissolving the polymer (20%) into the HB-NLC
suspension under continuous agitation until there was no residual
powder. All formulations after preparation were stored at 4 and 25 °C
until following studies.

2.3. Macroscopic and microscopic determinations

The gels were macroscopically studied for color, viscosity and odor
immediately and six months after being prepared, to detect visual
changes or any instability signs such as phase separation, precipitation
or creaming. Fresh formulations were microscopically analyzed to

evaluate their droplet size and homogeneity degree using an optical
Leica DM 1000 LED light microscope (Leica Microsystems, Wetzlar,
Germany) with a camera Leica EC3 (Leica Microsystems, Wetzlar,
Germany) at 40x magnifying power, images were taken directly from
the formulations without dilution. Meanwhile, the pH was measured
with a CRISON micro-pH 200 microprocessor controlled pH-meter
(Crison Instruments S.A., Barcelona, Spain) at room temperature
(25 °C).

Additionally, the structure of the formulations was studied by
Scanning Electron Microscopy (SEM) with a J-7001F (JEOL Inc., MA,
USA) with a secondary electron detector (Everhart-Thornley type). The
sample was deposited directly on the microscope sample holder, and
the subsequent observation was carried out, without the need to coat
them, under high vacuum and low voltage (1 kV) conditions (Barshack
et al., 2004).

2.4. Rheological behavior and extensibility

Rheological measurements were determined for each formulation
using a rotational Haake RheosStress RS1 rheometer (Thermo Fisher
Scientific, Karlsruhe, Germany) prepared with a cone-plate geometry
(Haake C60-2° Ti, 60 mm diameter, 0.106 mm gap between plates)
connected to a temperature control devise at 25 °C (Thermo Haake
Phoenix II + Haake C25P). The data were recorded with samples under
a program consisting of 3 steps. First, a period of ramp-up from 0 to
50 s−1 for 3 min. Second, a constant shear rate period at 50 s−1 during
1 min. Third, a ramp- down period from 50 s−1 to 0 during 3 min. From
the constant shear stretch at 50 s−1, the steady-state viscosity was also
determined. Pl-HB-NLC sol-gel transition temperature was determined
placing the gel in a water bath under continuous stirring with a mag-
netic bar. The temperature of the gel was gradually increased from 20
to 38 °C. It was considered that the gelation temperature was reached
when the magnetic bar stopped (Brugués et al., 2015). The experiment
was accomplished by triplicate.

The extensibility index was determined at room temperature by
setting 25 mg of gel between two millimeter microscope slides. The
samples were compressed by placing increasing weights (2, 5, 10, 20,
50 and 100 g) on it for 30 s. The diameter (mm) of the formed circle by
the gel was noted. For each weight, a diameter of gel was obtained with
which the increase in surface area (mm2) of the formulation was cal-
culated as a function of the increasing weights applied (Campaña-
Seoane et al., 2014). The experiment was accomplished by triplicate.

2.5. Swelling, degradation and porosity index

The swelling ratio (SR), the degradation tests and the porosity index
(P) were evaluated by a gravimetric method. To evaluate the SR of each
formulation, a specified weight of dried gels were immersed in PBS
solution (pH = 5.5 at 32 °C) for 1.5 h. for Cb-HB-NLC, 24 min. for Cg-
HB-NLC and 4 min. for Pl-HB-NLC. At defined times, previously de-
termined, the samples were taken out from the solution and the weight
gain due to PBS uptake was measured. The test was performed in tri-
plicate and the SR% was calculated based on the following equation:

= − ∙SR Ws Wd
Wd

% ( ) 100 (1)

where Ws represent the weight of swollen gel at different times and Wd
is the initial dried gel weight (Zhao et al., 2005; Lee and Bucknall,
2008).

Degradation test was calculated as percentage of weight loss (WL)
by immersing weighted amounts of fresh gel in a PBS solution
(pH = 5.5 at 32 °C) during 6.5 h. for Cb-HB-NLC, 1 h. for Cg-HB-NLC
and 80 min. for Pl-HB-NLC. At regular time intervals, the samples were
withdrawal, the excess of water was removed and the weight was
measured. WL was calculated using the equation:
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= − ∙WL Wi Wd
Wi

(%) ( ) 100 (2)

where, Wi is the initial fresh gel weight and Wd is the gel weight at
different time intervals (Mallandrich et al., 2017).

The P was measured by solvent replaced method. A total of 0.5 g of
the dried gel was submerged in absolute ethanol. During different
periods of time, the sample was weighted until constant weight. P was
calculated based on the following equation:

⎜ ⎟= ⎛
⎝

−
×

⎞
⎠

∙P W W
ρ
2 1

V
100

(3)

where, W1 is the weight of the dried gel. W2 is the final weigh of the gel
(with ethanol), ρ is the density of absolute ethanol and V is the volume
of applied gel to the test.

2.6. Stability test

Cg-HB-NLC, Cb-HB-NLC and Pl-HB-NLC were stored at 4 and 25 °C
for 6 months. During this time, the physical stability of the formulations
needed to be assessed. For this purpose, stability studies were carried
out through the analysis of light backscattering (BS) by using a
Turbiscan®Lab equipment to identify possible destabilization phe-
nomena such as sedimentation or creaming (among others). A sample of
10 g of each gel was placed in a glass measuring cell. The radiation
source used was a pulsed near infrared light-emitting diode LED
(λ = 880 nm) read by a backscattering detector located at an angle of
45° from the incident beam. Measurements (one scan every five minutes
during 15 min) were taken 1 day after preparation of the formulation
and at 1, 2 and 6 months.

2.7. Microbiological stability

6 months after being prepared, the microbiological load in the gels
was measured. The counting of viable mesophilic microorganisms was
carried out through inoculation by inclusion in plates of TSA (Triptona
Soy Agar, OXOID Ref. CM131B) and Sabouraud Dextrose Agar sup-
plemented with chloramphenicol (OXOID Ref. CM CM0041) for fungi
and yeasts. The sample was incubated at 30 ± 2 °C for 5 days. To
verify the absence of E. coli, Staphylococcus aureus and Candida albicans,
1 mL of each sample was inoculated in TSB broth tubes (Triptona Soy
Caldo de OXOID, Ref. CM0129B) and incubated at 35 ± 2 °C for 72 h.
After that, striae by exhaustion were made in selective media for the
microorganisms previously described (Ratajczak et al. 2015).

2.8. Biopharmaceutical behavior

2.8.1. In vitro release
To determine and compare the in vitro HB release of each gel, a

study was carried out in Franz-type diffusion cells (FDC 400, Crown
Glass, Somerville, NY, USA) (Gonzalez-Pizarro et al., 2019). A cellulose
dialysis membrane, MW 12000–14000 Da (Iberoamerica, Spain) was
selected and after hydration was placed between the donor and the
receptor compartment with a diffusion area of 2.54 cm2. For hydrating
the membrane and as a receptor medium a solution of Transcutol®/
water (70:30) was used. When starting the experiment, in the donor
compartment, 300 mg of each gel were added in complete contact with
the dialysis membrane. At determined times, samples of 300 µl were
collected from the receptor compartment with a syringe and replaced
with new receptor medium. The test was carried out during 335 h.
assuring sink conditions and a constant temperature of 32 ± 0.5 °C.
The HB content in the samples was analyzed by RP-HPLC by a meth-
odology described elsewhere (Carvajal-Vidal et al., 2017). The release
test was performed by triplicate and the cumulative amount of HB,
Akaike’s information criterion (AIC) and correlation coefficient (r2)
were calculated to determine the best fitting release model (Ramos

et al., 2016) and to compare release characteristics between formula-
tions.

Kinetic equations used to fit the amount of HB released:

∞
= ∙Zero order: Qt

Q
(%) k t

(4)

∞
= − −eFirst order: Qt

Q
(%) 1 kt

(5)

= ∙
+

dQ
dt

Vm Q
Km Q

Hyperbola:
(6)

∞
= ∙tHiguchi: Qt

Q
(%) kh 1/2

(7)

−
∞

= ∙tKorsmeyer Peppas: Qt
Q

(%) k n
(8)

where Qt corresponds to the amount of drug released at time (t), Q∞
corresponds to the maximum amount of drug released, “k” is the release
rate constant (concentration/t), and “n” is the diffusion release in-
dicative of the drug release mechanism. (Costa & Sousa Lobo, 2001).
Vm represents the maximum process speed and Km corresponds to the
amount of drug relative to a speed that is half of the maximum speed
(Berrozpe et al., 2008).

2.8.2. Ex vivo skin permeation
For each formulation, a permeation test with human skin was per-

formed in Franz-type cells (FDC 400, Crown Glass, Somerville, NY,
USA) (Gonzalez-Pizarro et al., 2019) for a period of 36 h. The human
skin was voluntary donated under informed consent by a female patient
undergoing an abdominal plastic surgery. The procedure and the ex-
perimental protocol were approved by the Bioethics Committee of the
Barcelona-SCIAS Hospital (Barcelona, Spain). Once obtained, the skin
was frozen at−20 °C to facilitate its manipulation. Subsequently, based
on international guidelines (Organization for Economic Co-Operation
and Development; European Centre for the Validation of Alternative
Methods), 0.4 mm thick pieces of skin cut with a dermatome (Model GA
630, Aesculap, Tuttlingen, Germany) were used as a permeation
membrane. The skin was placed in the Franz cells between the donor
compartment and the receptor compartment, with the stratum corneum
facing the upper chamber and with a diffusion area of 0.64 cm2. Once
assembled, the skin barrier integrity was evaluated by measuring
transepidermal water loss (TEWL) (TEWL-meter TM210, Courage &
Khazaka, Koln, Germany) with the probe placed in the donor com-
partment very close to the skin. Human skin pieces exhibiting TEWL
values below 10 g/(m2·h) were used for the experiment (Mallandrich
et al., 2017). The temperature of the system was kept constant at
32 ± 2 °C by a thermoregulated water bath during the complete ex-
periment, and a solution of Transcutol/water (70:30) was used as a
receptor medium in the receptor compartment. A total of 300 mg of
each formulation were placed on the donor compartment in direct
contact with the skin membrane. At certain times, an aliquot of 300 µl
from the receptor chamber was withdrawn and replaced with fresh
medium solution until 36 h. of contact. The quantity of permeated HB
was determined by RP-HPLC. Later, permeation parameters such as flux
(J), permeability coefficient (Kp), permeated amount at 36 h (A36),
were calculated using a linear least-squares regression model. The
samples were performed by triplicate and evaluated in skin from the
same donor to avoid variations in the response due to biological dif-
ferences of the skin, and only detect differences due to characteristics of
each formulation.

2.9. In vivo and ex vivo assays

2.9.1. Animals
Following the existing international guidelines (Organization for
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Economic Co-Operation and Development (OECD), 2019), New Zealand
male albino rabbits of 2.0–2.2 kg weight were used for the in vivo ex-
perimentation. Rabbits were kept in standard cages with food and water
ad libitum and under controlled ambient conditions (25 ± 1 °C,
50–60% relative humidity). According with the Catalonian government
regulations, the experimental protocols were approved by the Animal
Research Ethical Committee of the University of Barcelona.

2.9.2. In vivo and ex vivo skin tolerance
Two squares of 5 × 5 cm2 (left and right) were shaved with an

electric razor on the back of the rabbit. One section was used as a
control and the other was scraped with a lancet. 24 h later, 0.5 mL of
the formulation (each separately) were applied to the shaved segments
and left uncovered. After 24 h of contact between the formulations and
rabbit skin, the excess was removed and the skin was macroscopic
evaluated for edema and erythema according to a graduated scale of 0
to 4 in both cases. The individual primary irritancy index was de-
termined for each rabbit based on the scale originally described by
Draize (Draize et al., 1944; Zuang et al., 2005). The results allow to
determine if a substance is “non-irritant”, “mildly irritant”, “moderately
irritant”, or “severely irritant”. The test was performed by triplicate.

2.9.3. Histological studies
After macroscopic evaluation and to corroborate the results of the

Daize test, histological evaluation of the tissue in contact for 24 h with
the formulations was performed by optical microscopy. The samples
were obtained and fixed in 4% formaldehyde, included in paraffin and
stained using the eosin/hematoxylin technique (Jörundsson et al.,
1999).

2.9.4. In vivo efficacy
The anti-inflammatory efficacy of each gel was individually eval-

uated using the histamine-induced wheal suppression test, in order to
compare the kinetic parameters between them (Abidi et al., 2010). The
procedure consists of shaving the back of the rabbit to leave an area
clear of hair that allows direct visualization of the skin. Subsequently, a
control site and a treatment site were determined. A total of 0.5 g of gel
were applied in the treatment area, and 0.5 g of gel without HB were
applied in the control area, for equality of conditions in both zones.
After 1 h, with a cotton swab, any superficial excess of formulation was
delicately cleaned and the test was performed. A total amount of
0.05 mL of histamine dihydrochloride solution (0.1%) were intradermal
injected with an insulin syringe in both sites. 10, 20 and 30 min. after
the injection, the size of the blebs generated were measured (cm2) with
a caliper and compared, treatment zone versus control zone. Con-
sidering the approved protocol and the 3Rs principles (Passantino,
2008) the test was performed by triplicate.

2.10. Skin integrity parameters (in vivo tolerance in humans)

Based on the recommendation of the Declaration of Helsinki
(General Assembly of the World Medical Association, 2014), the ex-
perimental protocol for this assay was approved by the Ethics Com-
mittee of the University of Barcelona (IRB12300003099). 20 volunteers
with healthy skin, 10 men and 10 women, aged between 25 and
55 years old, gave their informed and written consent for their parti-
cipation in the study. Two days before measurements and during the
study, volunteers were instructed to avoid using skin care products or
skin lotions on the area to be tested. On the day of the measurement,
volunteers were asked to stand in the test room for at least 30 min. to
stabilize at ambient conditions (25 °C and 50–60% humidity). Bio-
mechanical properties measurements were made on the inside of the
forearm, before and 2 h after that the formulation was uniformly ap-
plied (0.1 g/cm2). Skin temperature was measure with a Skin Ther-
mometer® ST500 (Courage-Khazaka electronic GmbH, Cologne, Ger-
many) as a general control parameter. The TEWL was measured with a

Tewameter® TM 300 (Courage-Khazaka electronic GmbH, Cologne,
Germany) to determine the integrity of the skin barrier function and
hydration of the stratum corneum was measured using a Corneometer ®
CM 825 (Courage-Khazaka electronic GmbH, Cologne, Germany).

2.11. Statistical analysis

The statistical analysis and data comparisons were achieve using
two tailed t-test with a significance of α < 0.05. To confirm the nor-
mality of the data and the equality of the variances, F test was ac-
complished. In cases where the data had abnormal distribution,
Wilcoxon paired test was performed with a significance of α < 0.05.
For the data treatment GraphPad Prism® 6.01 software (GraphPad
Software Inc., San Diego, CA, USA) was used and the results are pre-
sented as mean value ± standard deviation (SD).

3. Results and discussion

3.1. Gels characterization

The three gels formed containing HB-NLC, presented characteristic
odor due to the components and opaque white color probably due to
the suspension of HB-NLC used instead of water. Cg-HB-NLC and Cb-
HB-NLC showed high viscosity and low fluidity when inverting the
container tube. Pl-HB-NLC was liquid at room temperature, and gelled
at skin temperature (32 ± 0.5 °C). The pH, determined at 25 ± 1 °C,
was maintained in the eudermic range between 5.2 and 6.5 (Jiménez
et al., 2002) just after preparation and until 6 months of storage at room
temperature (25 ± 2 °C) and 4 ± 2 °C.

The results of optical microscopy (Fig. 1) show that Cg-HB-NLC is a
monodisperse emulsion with droplets between 4 and 5 µm, the dark
spots that are seen, have a size smaller than 1 µm and could be HB-NLC
accumulations. The gels Cb-HB-NLC and Pl-HB-NLC present a thin and
homogeneous framework with particles smaller than 500 nm.

On the other hand, SEM results show for Pl-HB-NLC a moderately
lax matrix generated in the aqueous HB-NLC medium by the cross-
linking of the polymer fibers. These spaces of approximately 600 µm
size would allow the entry of water and the subsequent mobilization of
nanoparticles (Zav ~ 200 nm) into the gel matrix, promoting their re-
lease from the formulation.

3.2. Rheological studies and extensibility test

The rheological results (Fig. 2) revealed that Cg-HB-NLC and Pl-HB-
NLC had a pseudoplastic behavior in the ascendant and descendant
stretch, having Cross equation as the best fitting model in both cases
(r2 > 0.9998). Thixotropic behavior was not detected in these two
formulations. The viscosity at 50 s−1 was 4053.11 ± 9.10 mPa·s and
325.42 ± 1.61 mPa·s, respectively. Meanwhile, Cb-HB-NLC presented
a very high initial viscoelastic behavior (critic shear 8 s−1) and due to
thicker crisscross of the system, the viscosity could not be determined at
50 s−1. However, the viscosity comparison between gels could be
performed in the ascending sections for a shear rate value of 5 s−1.
Being respectively higher to lower viscosity Cb-HB-NLC
(167.70 ± 5.03 Pa·s) > Cg-HB-NLC (22.35 ± 0.40 Pa·s) > Pl-HB-
NLC (0.60 ± 0.01 Pa·s). The rigidity of the polymer network, what
determines the viscosity of the formulation, induces the resistance to
flow, therefore, more rigid and compact framework presents greater
viscosity, as can be seen in Cb-HB-NLC (Fig. 2c), while in more fluid
formulations, it assume that crosslinking is more lax as seen in the case
of Pl-HB-NLC (Fig. 2b). Before being incorporated into the gels, HB-NLC
presented a Newtonian behavior and a viscosity of 1.75 ± 0.02 mPa·s
regardless of the shear rate. An increase in viscosity due to the addition
of gelling components could favor the stability of the HB-NLC system
(Tohver et al., 2001). Repeatability was very good for Cg-HB-NL, Pl-HB-
NLC and HB-NLC suspension exhibiting variations< 2%.
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The extensibility results performed at 25 ± 2 °C are shown in
Fig. 3. The linear zone of the graph where the extensibility response is
proportional to the weight used, is between 20 and 100 g. It can be seen
that at this temperature and 50 g compression the order of decreasing
extensibility is Pl-HB-NLC (3276 ± 15 mm2) > Cg-HB-NLC

(771 ± 14 mm2) > Cb-HB-NLC (328 ± 17 mm2). Inverse classifi-
cation to that obtained with viscosity values. This is logical given that
the more fluid the system, the more extensible is (Suñer-Carbó et al.,
2017). In this sense, Pl-HB-NLC is the most extensible and less viscous
formulation, contrary to Cb-HB-NLC, where a strong elastic behavior is

Fig. 1. Images by optical microscopy of (a) Cg-HB-NLC, (b) Cb-HB-NLC, (c) Pl-HB-NLC and (d) SEM image of Pl-HB-NLC.

Fig. 2. Rheograms of the tested formulations measured at 25 °C. (a) Cg-HB-NLC, (b) Pl-HB-NLC, (c) Cb-HB-NLC, (d) HB-NLC suspension.
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evidenced, making this gel behave more like a solid than a liquid.

3.3. Swelling, degradation test and porosity index

The swelling process of the three gels, Pl-HB-NLC, Cb-HB-NLC and
Cg-HB-NLC, follow a first order kinetics (Fickian kinetic) (Fig. 4) re-
presented by the kinetic constant (k) 1.48 min−1, 0.05 min−1 and
0.14 min−1, respectively. The swelling kinetics can be affected by the
pH, temperature and the ratio and concentration of the gel cross-linking
(Abdul and Rajab, 2014). The results show that Pl-HB-NLC is com-
pletely solubilized in 4 min reaching a Qmax = 1.75%. Meanwhile, Cb-
HB-NLC has a Qmax = 7.39% at 90 min and Cg-HB-NLC reaches a
Qmax = 1.5% after 24 min. It has been described that the rate and
amount of PBS captured are related to the amount of functional groups
of the gelling structures, influencing the mobility of the polymer chain,
thereby decreasing or increasing the SR (Samuel and Bhise, 2017). In
this case, the gels have similar pH (~5), same HB-NLC water base
concentration and they were treated under the same temperature which
would lead us to consider that the differences are due solely to the
matrix intercrossing. Cb-HB-NLC has a high cross-linking level with low
flexibility (Tang et al., 2005) this would make it a more compact gel,
endorsing the slower but higher PBS uptake found in comparison to Pl-
HB-NLC and Cg-HB-NLC which show lower level of crosslinking.

The degradation process for the studied gels showed first order ki-
netics (Fig. 4). This means that the weight loss depends on the con-
centration of polymer (gel) and therefore, that at higher concentration,

greater degradation velocity, decreasing the speed of the process over
time. For Pl-HB-NLC the process occurs in 80 min. with a
k = 0.04 min−1. Whereas, for Cb-HB-NLC it occurs in 6.5 h with a
k= 0.25 h−1 and for Cg-HB-NLC in 60 min with a k= 0.12 min−1. The
differences between the gels could be due to the level of cross-linking of
the polymer, for Cb-HB-NLC, the polymer has a high level of cross-
linking with low flexibility (Tang et al., 2005) which could influence
reducing the speed of the process. While for laxer cross-linking for-
mulations such as Pl-HB-NLC, the process would be favored
(Mallandrich et al., 2017).

The results of P in decreasing order were 5.82 ± 1.04% for Pl-HB-
NLC > 0.89 ± 0.12% for Cg-HB-NLC and 0.48 ± 0.07% for Cb-HB-
NLC. A decreased P could occur due to an increase in the concentration
of the cross-linking agent, increasing the association between the
monomer and the polymer (Bukhari et al., 2015). On the other hand,
gels with a small pore size have a strong viscous coupling between the
formed network and the solvent, suppressing the movement of the
polymer network in relation to the solvent (de Cagny et al., 2016).
These P results are in agreement with the viscosity values where Cb-HB-
NLC has lower P and high viscosity, contrary to Pl-HB-NLC, where a
higher P correlates with a lower viscosity.

3.4. Stability test

The physical stability of the samples stored at 4 and 25 °C revealed
that the gels are highly stable for more than 6 months at both tem-
peratures (Fig. 5). However in comparison, Cg-HB-NLC showed slightly
changes at 25 °C (Fig. 5d), probably because its composition is more
complex than Pl-HB-NLC and Cb-HB-NLC. The temperature would alter
the interaction between the lipid and polymer components, promoting
cross-linking alteration and therefore promoting the instability of the
sample (Limón et al., 2015; Ji et al., 2015). Considering the obtained
results, even if both storage temperatures are adequate, the tempera-
ture at which the formulations remain more stable is at 4 °C, which is
consistent with the temperature storage for HB-NLC suspension. Before
incorporation into the gels, HB-NLC proved to be stable by itself for one
month (Carvajal-Vidal et al., 2019). So, the incorporation of the HB-
NLC into the gel matrix, improves their storage stability 6 times. These
results are in accordance and could be explained by viscosity changes. A

Fig. 3. Extensibility values measured at 25 °C of the Cb-HB-NLC, Pl-HB-NLC
and Cg-HB-NLC formulations. Results represented as mean value ± SD.

Fig. 4. Swelling kinetics of (a) Pl-HB-NLC, (b) Cg-HB-NLC, (c) Cb-HB-NLC and WL% of (d) Pl-HB-NLC, (e) Cg-HB-NLC, (f) Cb-HB-NLC. Results represented as
mean ± SD.
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more viscous matrix would decrease the free movement of the particles,
and their aggregation or sedimentation could be delayed or even
avoided compared to the original aqueous system.

3.5. Microbiological assay

All evaluated products showed the same behavior at microbiological
level, those stored at room temperature and at 4 °C. Regarding the total
mesophilic, fungal and yeast count, we can conclude that the bacterial
load is less than 10 cfu/g in all samples. Seeding in the corresponding
selective media from the enrichments in TSB broth, allowed to verify
the absence of pathogenic microorganisms such as Staphylococcus
aureus, Pseudomonas aeruginosa, Escherichia coli and Candida albicans.
The gels were formulated without a preservative medium, therefore the
absence of microbiological growth, could mean that the amount of free
water in the formulations is not enough to promote the proliferation of
microorganisms or that the components of the nanoparticles (despite
being lipid) do not favor the microbiological multiplication.

3.6. Biopharmaceutical behavior

3.6.1. In vitro release
The in vitro release profile, determined by Franz cells are shown in

Fig. 6a. As can be seen, during the first h. there is a rapid release of HB,
reaching a 62.5% from Cb-HB-NLC at 100 h, which continues in-
creasing until it becomes sustained without achieving the plateau
during the study period. The same happens with Pl-HB-NLC, the plateau
is not evident, but it can be seen that the release process is much slower,
reaching only a 49.8% of HB released in 300 h. This behavior could be
due to the lipid characteristics of the drug, because its solubility in the
polymer matrix is disadvantaged in contrast to NLC matrix, thus de-
laying the diffusion of HB from the NLC (Roseman, 1972). In compar-
ison, Cg-HB-NLC seems to release a maximum of 65.3% of the total
formulation content at 220 h. Pl-HB-NLC and Cg-HB-NLC follows a first
order kinetics, with an initially rapid and subsequently sustained

release over time, characteristic of SLN (Venkateswarlu and Manjunath,
2004). Cb-HB-NLC kinetics correspond to a hyperbola model, although
it’s mathematically adjustment value is very similar also to first order.
The release of HB follows the same kinetics from gel, as when released
from the NLC, but slower (Carvajal-Vidal et al., 2019) because in this
case, the drug follows a series of events, which includes its release from
the NLC and then spreading between the gel matrix, thus slowing the
release rate from the total formulation (Joshi and Patravale, 2008).
Both, rapid release and sustained release are beneficial for dermal
treatment, the first one allows to exert an initial effect while sustained
release allows to provide the drug for a prolonged period of time.

3.6.2. Ex vivo permeation
The permeation study was performed on human skin for 36 h,

during this period, the stratum corneum integrity is guaranteed, and so,
its ability to act as a membrane is maintained intact (Mallandrich et al.,
2017). Fig. 6b shows at 36 h a penetration of 0.06, 0.61 and 0.97 µg for
Pl-HB-NLC, Cg-Hb-NLC and Cb-HB-NLC, respectively. Comparatively it
is observed that at 24 h. Cb-HB-NLC permeates 1.6 times more than Cg-
HB-NLC and 16 times more than Pl-HB-NLC, with an equivalent initial
sample concentration, this means that these values are in agreement
with the drug’s release profiles, in the face of a faster release, faster skin
penetration occurs in every measured time, what could indicate that the
permeation is mainly determined by HB diffusion from the gels. The
results indicate that the drug permeation from the gels is much slower
compared to the free drug and even the drug in an HB-NLC suspension
(Carvajal-Vidal et al., 2019), which might suggest that the drug stays
longer on the skin surface before going into systemic circulation.

3.7. In vivo and ex vivo tolerance

The results of the Draize’s test show that there was no evidence of
damage, no edema or erythema produced by direct contact with the
formulations, classifying them as non-irritants.

In the histological study (Fig. 7) can be observed that the skin

Fig. 5. Backscattering gels profiles of Pl-HB-NLC at 4 °C (a) and 25 °C (b), Cg-HB-NLC at 4 °C (c) and 25 °C (d), Cb-HB-NLC at 4 °C (e) and 25 °C (f).
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structures remain organized after application of the gels, there is no
significant damage at the histological level between the areas in contact
with the formulations in comparison with the control (Fig. 7a). This
confirms that the formulations do not incite any disruption in the skin

layers after 24 h direct contact, verifying that the mixtures of compo-
nents used to make the formulations have no negative effect and they
are safe for their intended use.

Fig.6. Biopharmaceutical behavior. (a) In vitro release profiles of HB from different gels (adjusted to kinetics), (b) Ex vivo human skin permeation profile of HB from
different gels and permeation parameters. Results represented as mean ± SD.

Fig. 7. Histological analysis of rabbitś back, blank and in contact areas. (a) No contact skin. Skin in contact with formulation for 24 h (b) Pl-HB-NLC, (c) Cb-HB-NLC,
(d) Cg-HB-NLC.
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3.8. Anti-inflammatory efficacy

In Fig. 8 it can be seen that from the 10 min of the application of the
gels, there is an anti-inflammatory effect in comparison with the con-
trol. The bleb formation is smaller in every case with a reduction of
35.0%, 17.5% and 40.0% for Pl-HB-NLC, Cb-HB-NLC and Cg-HB-NLC,
respectively. At 30 min, it can be seen that the effect does not present
statistically significant differences between gels, but the blebs are
87.5% reduced in comparison with the control. These results demon-
strate the anti-inflammatory efficacy of the formulations. Pl-HB-NLC
shows a constant and evident decrease of the inflammation, probably
due to the polymeric matrix, that allows the movement of the HB-NLC
out from the formulation, in comparison with Cb-HB-NLC, which, being
more viscous and with a thicker matrix, limits the output of HB-NLC,
therefore, causing a slower release and a slower anti-inflammatory
immediate effect. Considering the permeated parameters obtained in ex
vivo results, we could inferred that presenting lower values in

permeation parameters, would increase the drug time within the skin. A
slower drug penetration through the skin would probably be in ac-
cordance with a higher drug retention in the skin, which would lead to
reaching the drug needed amount to activate the local corticosteroid
receptors earlier, which would trigger faster initial local effect.

3.9. Skin integrity parameters (Tolerance in human)

TEWL values indicate no statistically significant differences between
the control and Pl-HB-NLC (tendency to decrease of 7.2%), but, the
formulations Cb-HB-NLC and Cg-HB-NLC showed a decrease in values
(p < 0.05) of 9.2% and 21.8% respectively, after 2 h of use (Fig. 9a, b,
c). The formulations are well tolerated and it can be considered that
they have protective action. Ever since TEWL measures the trans-epi-
dermal water lost, this parameter can be considered as a measure of the
integrity of the skin, where a maintenance or a decrease in value is
indicative that the tested formulations are suitable for use on skin, since
it maintains its barrier properties. On the contrary, an increase in TEWL
values would indicate that the evaporation of water through the skin
has increased and therefore, the stratum corneum is altered, decreasing
its protective barrier function (Akdeniz et al., 2018).

The hydration of the stratum corneum was determined measuring
the changes in the dielectric capacity of the skin by corneometry.
Fig. 9(d, e, f) shows a statistically significant (p < 0.05) increase of
55.7% hydration 2 h after application of Cg-HB-NLC, while Cb-HB-NLC
did not show a significant variations with respect to the initial value,
but had an increasing tendency of 2.7%. This could be attributed to a
possible immediate moisturizing effect of the gels (Bogdan et al., 2017).
The hydration decrease presented by Pl-HB-NLC (39.2%) could be at-
tributed to a superficial film formed by the gel, a film with an opaque,
dry and rough appearance, visible and evident to the touch that prob-
ably acted as an artifact, preventing the correct interaction between the
measurement probe and the skin, providing highly diminished hydra-
tion values. After application of the formulations, the biomechanical
properties indicate that they would have a protective and moisturizing
effect by maintaining/decreasing TEWL values and increasing

Fig. 8. Efficacy results. In vivo histamine-induced wheal suppression test results
represented as mean ± SD. Statistically significant differences are represented
with * (p < 0.005).

Fig. 9. Skin biomechanical properties. Measures made on 20 healthy volunteers. TEWL determinations: Pl-HB-NLC (a), Cb-HB-NLC (b) and Cg-HB-NLC (c). SC
hydration determinations: Pl-HB-NLC (d), Cb-HB-NLC (e) and Cg-HB-NLC (f). Due to the great variability of the skin for these type of measurement, the data does not
have a normal distribution. Non-parametric Wilcoxon matched-pairs signed rank was selected as the best statistical test for biomechanical properties analysis. Results
represented as mean ± SD.
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hydration, respectively, especially for Cg-HB-NLC. A wide variety of
skin diseases present dryness and irritation and as a result, it produces
itching and scaling of the stratum corneum, getting worse basal disease.
The results show that the formulations developed would be a suitable
vehicle for HB-NLC, but they could also reduce the physical discomfort
associated with the disease, helping to better control the symptoms.

4. Conclusion

The concentration and characteristics of the polymer used in a gel
dosage form loaded nanoparticles for topical administration constitutes
a key factor to determine if the drug will have immediate or sustained
effect, allowing to modulate its release, while acting on the properties
of the skin. The results of this research indicate that the Pl-HB-NLC, Cb-
HB-NLC and Cg-HB-NLC gels have anti-inflammatory pharmacological
effect and are suitable for their use on skin for prolonged periods of
time, making possible the administration of the drug in different ve-
hicles that offers the opportunity to select the most appropriate one,
according to the skin conditions of a specific patient, not only to treat
the underlying disease, but also to reduce the discomfort of the asso-
ciated symptomatology.
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