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POTENTIAL FOR INCORPORATION INTO PHARMACEUTICAL GEL FORMULATIONS
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Curcumin, a phytochemical, exhibits several biological properties and has been studied for the treatment of psoriasis. To facilitate
its transdermal permeation, permeation enhancers such as choline and geranic acid ionic liquid (CAGE-IL) have been studied. From
this perspective, the research effort entertained herein aimed at developing and evaluating the stability of an emulsion prepared with
curcumin (phytochemical from Curcuma longa L.) and locust bean gum (extracted from the seeds of the carob tree, Ceratonia siliqua),
with CAGE-IL as a facilitator of transdermal permeation. Stability studies were carried out for six months, with analyses being
performed at time intervals of 0 (24 h), 30, 60, 90, and 180 days. The samples were kept at 40 + 2 °C, with 75 + 5% relative humidity
(RH). The parameters analyzed were morphological characteristics, pH (5.8-6.0), and spreadability. The samples were shown to be
stable during the timeframe studied, maintaining adequate physicochemical characteristics and meeting quality specifications for
cutaneous applications. CAGE-IL, in addition to facilitating permeation of the active substance, also favored the formation of a stable
emulsion encompassing nanosized particles (134.3 + 2.6 nm) in a simple fashion and with only a few components.
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INTRODUCTION

Curcumin is a symmetric molecule, with IUPAC (International
Union of Pure and Applied Chemistry) nomenclature (1E-6E)-1,7-
bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione, molecular
formula C,;H,,0, and molecular weight of 368.385 g mol™'. Curcumin
is the main component of turmeric rhizomes. Commercially, it can
be purchased as a complex mixture of curcuminoids formed by
curcumin (~77%, w/w), desmethoxycurcumin (~17%, w/w), and
bisdemethoxycurcumin (~3%, w/w)."> These curcuminoids are
structurally analogous, differing only in the number of methoxy groups
(OCH,) in their chemical structures, as can be observed in Figure 1.3
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Figure 1. Structural formulas of curcuminoids. (a) Curcumin; (b) desmetho-
xycurcumin, (c¢) bisdemethoxycurcumin
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Curcumin is an active compound extracted from turmeric
(Curcuma longa L.) displaying a wide variety of biological activities,
such as antioxidant, anti-inflammatory, antitumoral, antimicrobial,
and antiparasitic, among others,"* being used in the treatment of
various disorders.

In addition, curcumin has also been employed in photodynamic
therapy for the putative treatment of cancer’ and bacterial infections.®
The photodynamic therapy technique involves the activation of
curcumin (photosensitizer), resulting in the production of reactive
radicals capable of inducing cell death.

Due to its antioxidant action, several research studies have
evaluated its therapeutic potential in the treatment of psoriasis, with
quite promising results.”!!

Psoriasis is a chronic, autoimmune, recurrent systemic disease in
which inflammatory processes are characterized by the appearance
of red itchy rashes, lesions, and scales.'>!* From a pathological point
of view, it consists of chronic dermatitis, with rapid and uncontrolled
proliferation of epithelial cells, hyperemia, and dense lymphocytic
infiltration. This disease can start at any stage of life and persist for
a long time with permanent or periodic eruptions.'*!

For the treatment of psoriasis different drugs are commonly used,
such as corticosteroids, calcineurin inhibitors, antihistamines, topical
applications, immunosuppressants, and biological molecules for
systemic treatments.'® However, there is no cure for this disease and
none of the currently available treatments provide excellent clinical
results without the risk of significant side effects.!> Thus, alternatives
have been evaluated, such as the use of active compounds from plant
species such as Aloe vera, Indigo naturalis, Mahonia aquifolium,
Curcuma longa, and capsaicin (a chemical compound found in
peppers).'7!8 Among the different natural antioxidant molecules,
curcumin has attracted great attention due to its large number of
important and beneficial biological activities.'!

Studies have indicated that curcumin can minimize the oxidative
stress of psoriatic lesions, reduce the proliferation of skin psoriatic
cells (by down-regulating pro-inflammatory cytokines), and inhibit
potassium channels expressed in T cells, which seem to be involved


https://orcid.org/0000-0002-0198-7076
https://orcid.org/0000-0003-0772-2834

Vol. 46, No. 3
O CH; CHy
M/\/\
HyC CHs HO™ 7 ZCHy
HON-N® + O CH; CHs
CH, HO™ 2 7 CH,
Choline . i
. Geranic acid
bicarbonate

Nanostructured curcumin with choline and geranic acid ionic liquid (CAGE-IL) 251

HaC
Ho’i/\ NéCH3 ©9 CHy CH,
—— ' oF F 7 CHy
CO; (g) + H;0 (9) cs
* > O CHy CH,
HO™ 7 Z CH,

Choline and Geranic acid
Ionic Liquid (CAGE-IL)

Figure 2. Schematic diagram: synthesis of choline and geranic acid ionic liquid (CAGE-IL), from the reaction between choline bicarbonate and geranic acid

in a 1:2 molar ratio

in the onset of psoriasis.!***?* However, curcumin has low aqueous
solubility and low oral bioavailability due to rapid first-pass
metabolism, thus limiting its usefulness as an orally-administered
drug. Notwithstanding this, it can be used for topical administration.
The transdermal permeation of bioactive molecules offer a painless
administration option that avoids the first-pass effect of metabolism.
To overcome the skin barrier and to improve drug transport through
the stratum corneum, substances such as ionic liquids have been used
for facilitating skin permeation.!®!'2+27 A large variety of approaches
has been explored over the years to improve the skin permeation of
diverse medicines and cosmetics,”® and ionic liquids have proved
their value when used as functional excipients, particularly in drug
delivery applications.!®!1:252

Ionic liquids are salts in a liquid state prepared from inexpensive
materials with GRAS (Generally Recognized As Safe) status.
These compounds increase drug permeability through the skin
barrier, by sliding through the fatty acids that makeup the stratum
corneum, creating small transient openings through which bioactive
molecules transported by the ionic liquid can permeate.>?%% In the
pharmaceutical field, ionic liquids have been successfully used in
nano and microemulsions®**? for topical and transdermal delivery of
insoluble or poorly soluble drugs.*>** In some cases, ionic liquids act
as both solvent and surfactant or as both dispersed.*

In particular, ionic liquids prepared from choline bicarbonate
and geranic acid in a 1:2 molar ratio (Figure 2) (CAGE-IL) showed
positive results in improving the transdermal delivery of various
molecules, from low to high molecular weights.!0-12:3¢-38

Among the various topical pharmaceutical forms available,
gels and hydrogels are very popular and have great acceptance
by patients due to their ease of application. Gels based on natural
polysaccharides can be produced without the presence of toxic
substances, which makes them interesting for the development of
delivery systems for bioactive molecules.*® A biopolysaccharide
that has attracted attention is locust bean gum (LBG), a vegetable
galactomannan extracted from locust bean seeds (from the
carob tree, Ceratonia siliqua).** LBG has a linear chemical
structure consisting of a backbone of B(1-4)-mannose with
D-galactopyranosyl units linked via ou(1-6) bonds as a side branch,
in a ratio of 4:1 of mannose:galactose*' (Figure 3). This polymer
has a series of attractive characteristics for biopharmaceutical
applications including its high gelling capacity, biodegradability,
low toxicity, and low-cost availability.*

AL

Figure 3. Chemical structure of locust bean gum

Based on the above reasoning, the major goal of the research
work described herein was to evaluate the stability of nanostructured
curcumin in a locust bean gum with CAGE-IL nanoemulsion, with
potential for integration in gel formulations aiming at the topical
treatment of psoriasis.

EXPERIMENTAL PROCEDURES

In this work, analytical grade and/or pharmaceutical grade
reagents were used. Tap water was ultrapurified to a final resistivity
of 18.18 MQ cm and conductivity of 0.05 uS cm™ in a Master System
All MS2000 (Gehaka, Sao Paulo, SP, Brazil).

Synthesis of choline and geranic acid ionic liquid (CAGE-IL)

Choline geranate was prepared according to the procedure
described by Jorge et al.,” Banerjee et al.*® and Zakrewsky et al.”’
In a 1000 mL volumetric flask, 48 mL geranic acid (CAS No. 459-
80-3; Sigma-Aldrich, St. Louis, MO, USA), 20 mL of 80% (w/v)
choline bicarbonate (CAS No. 62-49-7; Sigma-Aldrich, St. Louis,
MO, USA) and 20 mL of methanol (CAS No. 67-56-1; Chemco,
Hortolandia, SP, Brazil) were added. The mixture was magnetically
stirred at room temperature (25 °C), in an open system fashion,
overnight, until CO, production ceased (=12 h). The solvent was
then removed using a rotary evaporator (Biichi Labortechnik AG,
model R-215, Flawil, Switzerland) at 60 °C for about 20 min. The
ionic liquid thus prepared was transferred to a 50 mL Falcon tube,
the headspace flushed with nitrogen, and the tube capped and sealed
with Parafilm™ (Bemis Flexible Packaging, Neenah, WI, USA).
The ionic liquid thus produced was analyzed via Nuclear Magnetic
Resonance ('"H NMR).»

Preparation of nanoemulsions

The nanoemulsions were produced by stirring solutions of
2% (w/w) CAGE-IL and 2% (w/w) curcumin in water, using an
UltraTurrax homogenizer (model T25D from IKA Werke GmbH &
Co. KG, Staufen, Germany). The stirring speed was set at 12000 rpm
for 5 min.*

Determination of particle size, polydispersion index and Zeta
potential

The particle hydrodynamic size (HS), polydispersion index (PDI)
and Zeta potential (ZP) of the curcumin nanoemulsions were gathered
via dynamic laser light scattering (DLS) in a ZetaPALS equipment
(model NanoBrook 90PlusPALS, Brookhaven Instruments,
Holtsville, NY, USA). Sample dilutions (1:400) were prepared using
50 puL of curcumin nanoemulsion in 20 mL of ultrapure water.* All
tests were performed in triplicate.
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Preparation of curcumin (either pure, from Sigma-Aldrich, or
commercial turmeric) and CAGE-IL gels

Gels were prepared by dispersing locust bean gum (from
Ceratonia siliqua seeds) (2%, w/w) (Ref. No. G0753; Sigma-Aldrich,
St. Louis, MO, USA) in ultrapure water. The suspension was heated to
80 °C and stirred until the gum was fully*® dissolved using a magnetic
stirrer with heating (model TE 0181, Tecnal, Piracicaba, SP, Brazil).
Subsequently, methylparaben (0.1%, w/w) was added as antifungal
agent. After cooling to room temperature (25 °C), pure curcumin
[purity: > 95.0% (Ref. No. C1386; Sigma-Aldrich, St. Louis, MO,
USA)] or commercial turmeric (purity: 95%, CAS 458-37, Lot:
CJH-A-915549, China), previously solubilized in CAGE-IL at a
concentration of 2% (w/w), was added at a concentration of 2%
(w/w), under manual stirring and at room temperature (25 °C) after
which the mixture was transferred into sterile (via ionizing radiation)
80 mL-flasks of opaque polypropylene (brand Cralplast, Cotia, SP,
Brazil), duly screw-capped and stored.

Stability studies

Stability studies were carried out for six months, with analyses
at 0 (24 h), 30, 60, 90, and 180 d.*’ The gel samples were kept in
a climatized chamber (model AL5100, American Lab, USA) at
40 £ 2 °C, with 75 + 5% relative humidity (RH). The parameters
analyzed were morphological characteristics, pH and spreadability.
To perform each test, samples of ca. 10 g were withdrawn from the
original vials at the predetermined time intervals.

Morphological features
The gel samples were visually analyzed for possible changes
in color, odor, homogeneity, and the existence of phase separation.

Spreadability

The spreadability tests were carried out using a set of glass plates
of different dimensions and weights, a circular glass mold plate with a
central hole (1.2 cm in diameter) and a support plate. The set (support
plate, mold plate, and glass plate) was placed on a millimeter-scale
paper. A gel sample (2 g) was introduced into the hole in the mold
plate and properly leveled with the aid of a spatula. The mold plate
was removed and a glass plate of known weight was placed over the
sample in order to spread it out on the support plate. The diameters
covered by the product sample were read on the millimeter scale of
the paper and the average diameter was calculated. All determinations
were performed in triplicate at 25 °C.*® The spreadability (Si) was
then calculated using Equation 1.

d*xm
S,-:( % (1)

where Si = sample spreadability for a given glass plate mass
(mm?), d = mean diameter (mm) and © = 3.141592654. Plate 1
weight =162.41 g; Plate 2 weight = 135.26 g; Plate 3 weight =95.23 g;
Plate 4 weight = 61.47 g; Plate 5 weight = 34.65 g; Plate mold with
central hole weight =22.91 g.

pH

The pH measurements were performed in a pH-meter (Analyzer-
model 300, Sdo Paulo, Brazil), previously calibrated. For pH
measurements, a 1 g sample was dispersed in 9 mL of neutralized
ultrapure water. Measurements were performed in triplicate.

Centrifugal test
About 5 g of sample were placed in 15 mL-Falcon tubes
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and centrifuged at 3000 rpm for 30 min (Universal-320, Hettich,
Germany). Subsequently, the samples were visually inspected for
their appearance, presence of precipitation, and phase separation.*
In each centrifugation test, three aliquots were used.

Statistical analysis

The results were expressed as average + standard deviation
(s). All data was statistically analyzed via -student or analysis of
variance (ANOVA) tests. All statistical tests were carried out using
GraphPad Prism 8.0 software (San Diego, USA). p-values < 0.05
were considered indicative of statistical significance.

RESULTS AND DISCUSSION

Gels are formed as a continuous spatial network of molecules
connected to each other by the crosslinking of polymeric molecules
or small molecules via covalent/non-covalent bonding and with
a rheological behavior similar to a solid.** In the research effort
entertained herein, locust bean gum was used as a crosslinking
substance, requiring heating for its complete dissolution.’’ Hence,
a dispersion containing water and locust bean gum was heated up
to 70 °C for ca. 2 h until complete dissolution and, afterwards, the
curcumin nanoemulsion was incorporated. Curcumin, a slightly
hydrophilic molecule with low solubility in water (particularly in
an acidic or neutral environment, where it remains fully protonated)
needs, before its incorporation into an aqueous matrix, to be
dissolved in some solvent or hydrophobic substance.’> Some authors
use ethanol,™ complexes with cyclodextrin,™ polyethylene glycol
(PEG),% among others, to solubilize curcumin. In the present research
work, the use of CAGE-IL allowed full solubilization of curcumin
with formation of a nanoemulsion, with particle hydrodynamic sizes
within the nanometric scale.

Locust bean gum has the ability to form very viscous solutions
at relatively low concentrations, which are almost unaffected by pH,
salts or temperature.*” Hence, this gum is adequate as a carrier of many
compounds. In addition, it was observed by Panahi et al.’ via Fourier
Transform Infrared Spectroscopy (FTIR) analysis, the occurrence
of only hydrogen bonds between locust bean gum, curcumin and
CAGE-IL, in the gel formulation, possibly allowing the maintenance
of the antioxidant action of curcumin.

A putative mechanism of hydrogen bonding interactions between
CAGE-IL, locust bean gum, curcumin and solvent species is displayed
in Figure 4.

When preparing the nanoemulsion with pure curcumin
(acquired from Sigma-Aldrich) and CAGE-IL, the average particle
hydrodynamic size produced was 95.1 + 2.8 nm with a PDI of
0.230 + 0.008, whereas the use of commercial turmeric dissolved
in CAGE-IL led to particles with average hydrodynamic size of
134.3 £2.6 and a PDI of 0.260 + 0.005, as can be observed in Figure 5.

As can be observed from inspection of the data displayed in
Figure 5, commercial curcumin (turmeric) led to larger particles
in the nanoemulsion when compared to the use of pure (Sigma-
Aldrich) curcumin. The use of CAGE-IL proved to be effective in
the solubilization of curcumin in aqueous medium with the formation
of a stable nanoemulsion. Even with differences in average particle
size between the nanoemulsions produced with different curcumin
samples, the results reported herein are similar and even better than
other studies reported in the literature that used other nanostructured
systems for the delivery of curcumin in masterful formulations,>”’
indicating the effectiveness of CAGE-IL for the intended purpose.

The polydispersity index (PDI) allows for inferring the
homogeneity of the system. A lower PDI value (preferably < 0.2)
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Figure 4. Putative mechanism of interactions between CAGE-IL, locust bean gum, curcumin and solvent species (dotted lines representing hydrogen bonding);
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Figure 5. Average particle hydrodynamic sizes of the nanoemulsions produced
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with curcumin dissolved in CAGE-IL (mean + s, n=3), obtained via dynamic
laser light scattering (DLS) analysis

indicates homogeneity of the system.® The results obtained in
the present research work indicated a high degree of nanoparticle
homogeneity.

Zeta potential is a measure of the particle’s surface charge in a
specific medium and is used to analyze and predict the interactions

of particles in suspension. Manipulation of these surface charge
loads constitutes a strategy to improve the stability of masterful
formulations.**! Particles present in a suspension with a high value
of Zeta potential, either positive or negative, tend to repel each other,
so there is no tendency to flocculate or aggregate, that is, the system
is stable. Particles with Zeta potential values equal to +30 mV or
larger are considered stable.®* The results obtained in this research
work indicated that the commercial curcumin (turmeric) sample
dissolved in CAGE-IL produced particles with an average Zeta
potential of -34.97 mV and that the pure (Sigma-Aldrich) curcumin
sample dissolved in CAGE-IL produced particles with an average Zeta
potential of -59.69 mV, as can be observed in Figure 6. These values
for the Zeta potentials of the two nanoemulsions indicate clearly that
fully stable particles were formed in either solution.

The use of CAGE-IL allowed formation of stable curcumin
nanoemulsions that may facilitate the transdermal permeation of
curcumin since this bioactive molecule is mostly insoluble in an
aqueous medium.***% Another interesting factor was the lack of
need to use surfactants such as Tween 80 or sodium lauryl sulfate,
which are used in pharmaceutical formulations to provide stability
and prevent coalescence phenomena in emulsions.®
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Figure 6. Zeta Potential values for the different curcumin samples nano-
structured in CAGE-IL (average + s, n=3), obtained by microelectrophoretic
analyses via dynamic laser light scattering (DLS)

To verify and confirm the preliminary stability of the gels produced
with the nanostructured curcumin in CAGE-IL, centrifugation tests
were performed and the results are displayed in Figure 7, where it
can be clearly observed that no distinct phases were formed, thus
indicating that there was no incompatibility between the components
of the formulations.

Figure 7. Images of formulated gels integrating nanostructured curcumin
in CAGE-IL, subjected to centrifugation testing: (a) gel produced with
commercial (turmeric) curcumin and CAGE-IL; (b) gel produced with pure
(Sigma-Aldrich) curcumin and CAGE-IL

Subsequently, stability tests were performed on both gels. The
results obtained regarding macroscopic characteristics (general
appearance, color, odor, and phase separation) indicated that there
were no significant changes during 180 d of storage. Figure 8
displays the appearance and pigmentation of both formulations at
the beginning and after 180 d of storage.
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Figure 8. Morphological characteristics of the two gel formulations after
180 days of storage (at 40 = 2 °C and 75 = 5% relative humidity (RH))

The evaluation of spreadability in the development of semi-
solid formulations is an important test as it verifies the ability of the
formulation to spread over a surface and, therefore, is related to the
application at the desired location. Both formulations showed an
increase in spreadability after 15 d of exposure under the established
conditions. After 120 d there were no changes. Most likely, the
presence of CAGE-IL, due to its oily characteristics, may have
contributed to the increase in spreadability,®® with changes in the
static residual tension and in the pseudoplastic behavior of the locust
bean gum.®” Figure 9 displays the results obtained in the spreadability
profiling of both gels produced. There was a statistical difference
between the results of both formulations (p-value < 0.05), perhaps
due to the difference in purity between the curcumin samples used
to produce the gels. However, one could not say that the use of
commercial (turmeric) curcumin would be harmful to the product.

Regarding the pH values of the two curcumin gels, both gel
samples did not show changes in pH over 180 d of storage with pH
remaining constant between 5.8 and 6.0 (data not shown). Both gels
presented a suitable pH for topical application products since the
“normal” pH of the skin surface in most parts of the human body
is acidic and in the range of pH 4.1-5.8.% In addition, the pH range
of the gels contributes to maintaining curcumin stable, as curcumin
remains stable in a pH range between 3 and 7 as a function of a
keto-enol balance.?

CONCLUSIONS

Choline and geranic acid ionic liquid (CAGE-IL) used as a
facilitator for transdermal permeation proved to be suitable for
solubilization of curcumin and its concomitant nanostructuration in
the form of a nanoemulsion. Based on the results of the DLS tests,
particles were produced at the nanometer scale. Both curcumin
formulations proved to be stable during a storage timeframe of
180 d, maintaining adequate physicochemical characteristics and
meeting quality specifications for dermal applications. Locust bean
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Figure 9. Spreadability values of the formulated gels as a function of the applied mass (g) (40 £ 2 °C; 75 + 5% RH) (mean + s, n=3): (a) commercial (turmeric)

curcumin gel (2%, w/w); (b) pure (Sigma-Aldrich) curcumin gel (2%, w/w)
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gum allowed formation of a stable gel with characteristics suitable
for topical use. In this sense, it can be concluded that the curcumin
gel formulations produced have the potential for topical applications
when the beneficial effects of curcumin are sought.
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