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Formation and Characterization of Liquid
Crystals of Aceclofenac for Transdermal Delivery
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ABSTRACT: Aceclofenac is a phenylacetic acid derivative classified as a nonsteroidal anti-inflammatory drug (NSAID) used to
relieve pain caused by inflammation. It has potential for topical application through a transdermal delivery system. One promising
approach is the use of liquid crystals as carriers in transdermal dosage forms. This study aims to develop a simple liquid crystal
cream formulation for aceclofenac, using glyceryl monostearate as a mesogen and Pluronic as a stabilizer. The aceclofenac liquid
crystal cream was characterized using Polarized Light Microscopy (PLM), Attenuated Total Reflectance-Fourier Transform Infrared
Spectroscopy (ATR-FTIR), and Differential Scanning Calorimetry (DSC). Evaluations included drug release, permeation, viscosity,
flow properties, zeta potential, and freeze-thaw stability. The optimal formulation consisted of oil: glyceryl monostearate-Pluronic
P123: water in a 5:15:80% ratio. PLM results showed birefringence and a lamellar phase texture. FTIR analysis confirmed no new
chemical bonds, while DSC indicated a reduced melting point and increased enthalpy of fusion. The release and permeation of
aceclofenac after 6 hours were 27.849 + 0.5479 pg/cm? and 21.093 + 0.5761 pg/cm?, respectively-higher than non-liquid crystal
preparations. The cream exhibited thixotropic flow behavior, a zeta potential of-50.8 mV, and remained stable after six freeze-
thaw cycles. In coclusion, Aceclofenac can be formulated into a liquid crystal cream with glyceryl monostearate as a mesogen,
showing a birefringent lamellar phase that enhances its release and permeation.
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Introduction

Aceclofenac, 2-[2,6-dichlorophenyl) amino] phenyl
acetoxyacetic acid, is a derivative of phenylacetic acid
which is classified as a nonsteroidal anti-inflammatory drug
(NSAID) [1]. Aceclofenac is useful in various pathological
conditions such as osteoarthritis, theumatoid arthritis and
ankylosing spondylitis as a treatment for pain associated
with inflammation [2].

Aceclofenac is practically insoluble in water and
based on the Biopharmaceutical Classification System
(BCS) is included in BCS class 11 [3]. The low solubility and
dissolution of aceclofenac are rate limiting steps that have
a negative impact on its bioavailability when administered
orally. Therefore, through this study aceclofenac will
be developed as an anti-inflammatory therapy with
a transdermal delivery system. However, to achieve
therapeutic effects, the drug must be able to penetrate the
skin barrier in order to reach the target of drug action
without injuring the skin. This system has the advantage
of being able to avoid first-pass metabolism, allowing
controlled release, and increasing patient compliance [4].

Several studies on aceclofenac as a transdermal
preparation have previously been conducted, including

using the nanoemulsion system, the results of which
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indicate that the nanoemulsion system has great potential
to increase the transdermal delivery of aceclofenac
[5]. In addition, the microemulsion system has also
been conducted, the results of which indicate that the
transdermal aceclofenac microemulsion system can
increase skin permeability and efficacy for the treatment
of muscle damage [6]. However, no research has been
found on the liquid crystal system as a transdermal delivery
system for the active substance aceclofenac. Liquid crystals
are a state of matter that is between crystalline solids
and amorphous liquids. The formation of liquid crystals
can be done by 2 methods, namely the thermotropic and
lyotropic methods. The thermotropic method forms liquid
crystals by heating the crystalline solid or cooling the
isotropic liquid and is highly dependent on temperature,
while the lyotropic method is influenced by increasing the
concentration of mesogen [7]. Currently, lyotropic liquid

crystals are promising candidates as transdermal delivery
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increasing skin permeability [8].

Liquid crystals can be formed by mesogens. Mesogens
in pharmaceuticals are surfactants, drug molecules
themselves and polymers [9]. Mesogens are divided into
2 categories, namely: i) non-amphiphilic anisometric
mesogens which often display thermotropic liquid
crystal phases; i) amphiphilic mesogens which usually
show lyotropic liquid crystal phases such as surfactants
[10]. Surfactant-based liquid crystal systems are excellent
potential formulations to improve drug dissolution
and bioavailability [11]. Liquid crystal systems that are
bioadhesive and physically stable have been developed for
transdermal dosage formulations [12].

Based on the description above, researchers are
interested in forming aceclofenac liquid crystals as a
transdermal dosage delivery system by forming lyotropic
liquid crystals using surfactant mesogens. The surfactant
to be used in this study is glyceryl monostearate (GMS).
Glyceryl monostearate is reported to form a liquid crystal
system only at low concentrations [13]. The liquid crystal
preparation of aceclofenac formed was characterized using
Polarized Light Microscopy (PLM), Fourier Transformed
Infrared Spectroscopy (FI-IR), and Differential Scanning
Calorimetry (DSC), then the evaluation of the transdermal
preparation included in vitro drug release, permeation
tests, determination of viscosity and flow properties, zeta

potential, and stability tests.
Methods

Materials
Aceclofenac  C16H13CI2NO4 (BOC  Sciences,
USA), ethanol pro analysis (Merck, Germany), glyceryl
monostearate (PT Sumber Berlian Kimia, Indonesia),
Pluronic P123 (Sigma Aldrich, USA), sunflower oil
(Mazola, Indonesia), Aquadest (Kafarma, Indonesia),
stearic acid (Zonakimia, Indonesia), triethanolamine
(CV Kimia Jaya Labor, Indonesia), glycerin (Zonakimia,

Indonesia), KH2PO4 (Merck, Germany), NaOH (Merck,

Table 1. Liquid crystal cream formula.

Germany), and Shed snake skin. (Python reticulatus).

Methods
Formation of Aceclofenac 1iguid Crystal Cream

The manufacture of aceclofenac liquid crystal cream
begins with the optimization of the cream formulation,
so that a liquid crystal cream is formed when viewed
under a polarizing microscope (Axioscope 5, Germany).
Optimization is carried out by varying the concentration
of glyceryl monostearate (GMS), Pluronic P123, sunflower
oil, and distilled water. The ingredients of the liquid crystal
cream can be seen in the table 1.

To make liquid crystal cream, GMS is dissolved in
sunflower oil (as the oil phase) at a temperature of 80°C,
then the Pluronic P123 stabilizer solution and distilled
water (as the water phase) are heated on a hotplate
magnetic stirrer (Thermo Scientific, US) to a temperature
of 80°C. Mixing is done by pouring the water phase into
the oil phase slowly at the same temperature on a magnetic
stitter (Thermo Scientific, US) at a speed of 500 rpm.
After all the water and oil phases are mixed, the cream
is homogenized using Ultra-Turrax (IKA, Tiongkok) at a
speed of 6000 rpm for 3 minutes, then the cream is stirred
until cold. Before being observed birefringence with a
polarizing microscope (Axioscope 5, Germany), the cream
is left for 24 hours. A small amount of each sample is then
placed on a microscope slide and covered with a coverslip
for observation under a polarizing light microscope
equipped with crossed polarizers. The presence and type
of liquid crystalline phases are identified based on their
characteristic birefringent textures, such as the Maltese
cross for lamellar phases or fan-like patterns for hexagonal
phases. The results are then used to construct a ternary
phase diagram, mapping the mesophase regions within the
system.

Formula 1 to 6 were tested for stability using the
centrifugation (Joanlab, China) for 30 minutes at a speed
of 3000 rpm. Formulas that showed no separation after

the centrifugation test were made into aceclofenac liquid

No Formula Sunflower oil (%b/b) GMS (%b/b) Pluronic P123 (%b/b) Aquadest (%b/b)
1 F1 5 4 1 90

2 F2 10 4 1 85

3 F3 5 8 2 85

4 F4 10 8 2 80

5 F5 5 12 3 80

6 F6 10 12 3 75
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crystal cream preparations.

The best formula that meets the requirements of the
centrifugation test is then made by mixing 1% w/w of
aceclofenacinto the oil phase and heating it to a temperature
of 80°C. Then the Pluronic P123 stabilizer solution is also
heated to the same temperature and then the solution is
poured into the oil phase slowly to avoid phase separation.
This finished preparation is called aceclofenac liquid

crystal cream and will then be characterized and evaluated.

Preparation of Aceclofenac Non-Liquid Crystalline Cream

The non-liquid crystal cream in this study was made
by modifying the vanishing cream formula, an o/w type
emulsion. The aceclofenac vanishing cream formula can
be seen in Table 2.

The manufacture of aceclofenac vanishing cream is
done by dissolving the active substance in the oil phase
(stearic acid and sunflower oil) at a temperature of 80°C,
then the water phase solution (TEA and distilled water)
is heated to a temperature of 80°C. Mixing is done by
pouring the water phase into the oil phase slowly at the
same temperature on a magnetic stirrer at a speed of 500

rpm.

Mesophase Analysis with Polarized 1ight Microscopy (PLM)

The liquid crystal sample to be tested was placed on
a glass slide and covered with a cover glass, then examined
under PLM (Axioscape 5, Germany) at room temperature
(25°C % 0.5°C) with a magnification of 50x [21].

Analysis with Fourier Transformed Infrared Spectrophotometry
(FTIR) (Shimadzu IR-Tracer 100 AH, Japan)

IR spectrophotometer (Shimadzu, Japan) analysis
was carried out with the sample placed on top of the
ATR crystal so that it covered all the crystal surfaces.. The
sample was closed by applying a little pressure, then tested
in the 650-4000 cm™ waveform [8].

Differential Scanning Calorimetry (DSC) Analysis
The liquid crystal sample was tested for its thermal

properties with a DSC (Shimadzu DSC-60 Plus, Japan)
device programmed in the temperature range of 20-
200°C with a heating rate of 10°C/min under atmospheric
conditions. The sample was placed on a closed aluminum
holder as much as 2-14 mg and used an empty aluminum
holder as a reference. The thermal profile of the sample was
carried out by analyzing the endothermic or exothermic
peaks obtained [8].

In vitro Release Test

The release test in the study was carried out using a
static Franz diffusion cell (modification) device where the
recipient fluid can only be taken at 1 time and then must
be replaced completely. The release test used cellulose
acetate as a membrane with a diffusion area surface area of
1.910376 cm? The hydration process was cartied out first
before using the membrane by inserting it into a pH 7.4
phosphate buffer solution. The receptor compartment was
filled with 13.5 mL of pH 7.4 phosphate buffer which was
stored in a water bath with a temperature maintained at 37
+ 0.5. The test membrane was placed between the donor
cell and the receptor cell. Aceclofenac liquid crystal cream
and aceclofenac vanishing cream to be tested were placed
on the donor component as much as 1000 mg. After 6
hours the receptor fluid was taken and measured using the
UV-Vis spectroscopy (Shimadzu UV-1700, Japan) method
at maximum wave length of aceclofenac (277nm) [22].

The cumulative amount of active substance
permeated per unit area of the membrane (Q) in pg/cm?2

is calculated using the following formula [23].

Q= (CnxV)/A

Description:
Cn = Concentration of active substance (ug/mL)
V = Volume of Franz diffusion cell (mL)

A = Membrane atea (cm?)

After that, the flux calculation is carried out based on
Fick's I law with equation [23]:

Table 2. Aceclofenac vanishing cream formula.

No Material Formula (%b/b)
1. Aceclofenac 1

2. Stearic acid 12

3. Sunflower oil 5

4. Triethanolamine (TEA) 3

5. Aquadest ad 100
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J=Q/t

Description:
J = Flux (ug/cm? hout)
Q = Cumulative amount of aceclofenac released per arca

(ng/cm?)
t = Time (hout)

The release of aceclofenac in liquid crystal cream
was compared with aceclofenac in vanishing cream as
a comparison of non-liquid crystal preparations. Data
analysis was carried out using an independent sample
T-test using SPSS 29.

In vitro Permeation Test

The permeation test in the study was conducted using
a static Franz diffusion cell device where the recipient fluid
can only be taken at 1 time and then must be replaced
completely. The permeation test used a shed snake skin
(Python reticulatus) as a membrane with a diffusion area
sutface area of 1.910376 cm® The hydration process was
carried out first before using the membrane by inserting
it into a pH 7.4 phosphate buffer solution. The receptor
compartment was filled with 13.5 mL of pH 7.4 phosphate
buffer which was stored in a water bath on modification
of Franz diffusion cell with a temperature maintained at 37
+ 0.5. The test membrane was placed between the donor
cell and the receptor cell. Aceclofenac liquid crystal cream
and aceclofenac vanishing cream to be tested were placed
on the donor component as much as 1000 mg. After 6
hours the receptor fluid was taken and measured using the
UV-Vis spectroscopy (Shimadzu UV-1700, Japan) method
[22].

The permeation of aceclofenac in liquid crystal
cream was compared with aceclofenac in vanishing cream
as a comparison of non-liquid crystal preparations. Data
analysis was carried out using an independent sample
T-test using SPSS 29.

Determination of Viscosity and Flow Properties

Determination of viscosity was measured using a
Brookfield viscometer (DV2T, USA) with spindle 5 at 50
rpm. Prepare 50 mL of sample in a beaker, dip the spindle
into it for 5 minutes. Then take a reading (24). The speed
of the tool is set at 0.5; 1; 2; 5; 10; 20; 50; 100 rpm, then
reversed 100; 50; 20; 10; 5; 2; 1; 0.5 rpm sequentially. Flow
properties can be obtained by making a curve between

shear stress (dyne/cm?) and shear rate (second™).

84

Determination of Zeta Potential

The zeta potential value of the sample was determined
using a Particle Size Analyzer (Horiba Scientific SZ-100,
Japan). The sample was diluted and the zeta potential value

was estimated from the electrophoretic mobility [25].

Stability Test

The stability of the samples was determined using
the freeze-thaw method or cycling test for 6 cycles. In each
cycle, the samples were stored at 4°C for 24 hours and at
40°C for 24 hours [24]. After 6 cycles, the samples were
tested including physical observation, zeta potential, and

characterization by polarization microscopy.
Result and Discussion

Liquid crystal cream is made using glyceryl
monostearate (GMS) as a single-tailed amphiphilic
substance, where GMS is able to self-assemble through
intra- and intermolecular interactions, one of which is by
forming hydrogen bonds. The presence of hydrogen bonds
will encourage the formation of vesicles because hydrogen
bonds have hydrophilic head groups for hydration will be
reduced [14]. In this study, with a concentration of GMS-
Pluronic P123 used as much as 5%, birefringence has
occurred. Birefringence is a phenomenon in which light
passing through a material is split into two perpendicular
polarized rays. The six formulas that have been made appear
to have a birefringence texture after being observed under
a polarizing microscope which indicates the formation
of an anisotropic liquid crystal phase. The six formulas
are plotted into a ternary phase diagram to describe the
cream phase that is formed which can be seen in Figure
1. Figure 1 is completed by displaying the birefringence
texture of six liquid crystal cream formulas. All the
formulas were shown the Maltese cross that indicating
lamellar mesophase was formed. Birefringence from the
biphasic structure of liquid crystals adjacent to isotropic
areas can usually be detected by PLM. In previous studies,
birefringence events have also been reported with a GMS
concentration of 5% [13].

Six liquid crystal cream formulas were made, then
centrifugation tests were carried out to see the stability of
each liquid crystal cream formed. This centrifugation test
was carried out to see whether or not there was a phase
separation in the cream formed, so that the most optimal
formula could be selected to proceed to the evaluation
stage. From the results of the centrifugation test of the
6 cream formulas, five of them showed a separation of

the water and oil phases. The formula that showed a
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Figure Caption:

A. Sunflower oil

B. Water

C. GMS-Pluronic 123

Figure 1. Ternary phase diagram of 6 liquid crystal cream formulas and observation under polarizing microscope.

homogeneous preparation without phase separation was
formula 5. Formula 5 which had been added with active
substances was then called aceclofenac liquid crystal cream.
In this study, the non-liquid crystal cream made was
vanishing cream with the aim of being a comparison.
Aceclofenac vanishing cream is made with the same
treatment as making aceclofenac liquid crystal cream.
From the polarization microscope analysis in Figure
2, it can be seen that the birefringence event still occurs
after the active substance is added to the liquid crystal. This
event is supported by the results of the vanishing cream
only showing an isotropic area under the PLM. Based on

the results of observations under the PLM, in this study

the liquid crystals formed are thought to form a lamellar
phase. This is supported by the observation of lamellar
liquid crystals from GMS which have a birefringence form
by previous studies [13].

FTIR analysis was conducted to identify and confirm
the presence of intra- and intermolecular interactions,
particularly hydrogen bonding, involved in the formation
of liquid crystals with glyceryl monostearate as an
amphiphilic substance. In Figure 3, the FTIR spectrum of
the formation of aceclofenac liquid crystals can be seen.
In the liquid crystal spectrum, several typical peaks are
visible, such as at 3354.44 cm! indicating the presence of
an O-H stretch, at 2913.85 cm™ indicating C-H stretch, at

Figure 2. PLLM observations of (A) aceclofenac, (B) liquid crystal cream formula 5, (C) liquid crystal cream aceclofenac,
(D) vanishing cream aceclofenac, and (E) GMS literature lamellar liquid crystal [13].
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Figure 3. FT-IR spectra of (A) liquid crystal cream formula 5, (B) aceclofenac, and (C) aceclofenac liquid crystal cream.

1635.13 cm™ indicating C=O stretch, and at 1471.19 cm!
indicating C-H bending. The manufacture of liquid crystals
with glyceryl monostearate as an amphiphilic substance
occurs through intra- and inter-molecular interactions, one
of which is by forming hydrogen bonds [14]. Because of
the interaction through hydrogen bonds, this causes the
emergence of a typical O-H stretch spectrum in the area
of 3750-3000 cm™ in liquid crystals. The active substance
aceclofenac added to liquid crystals is expected not to
have interactions that result in new bonds. Because the
active substance will be absorbed between the oil phases,
without changing the structure of the active substance

or liquid crystals [15]. This can be seen in the spectrum

which shows the absence of the typical aceclofenac peaks
seen in aceclofenac liquid crystals, only a shift in several
absorption peaks.

DSC testing is carried out to determine the heat
changes in samples when heated or cooled. In Figure 4,
it can be seen that there is a decrease in the melting point
and an increase in the fusion enthalpy value in aceclofenac
liquid crystals. The decrease in the melting point is in the
pure substance 153.79°C to 99.73°C. This can occur due to
the physical interaction between aceclofenac and the liquid
crystal components. Then there is an increase in the fusion
enthalpy value, namely in the pure substance 132.4 J/g to
1408.0129 J/g. This indicates that the amount of energy
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Figure 4. Overlay thermogram (A) Aceclofenac, (B) Aceclofenac liquid crystals.
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Table 3. Release test result data.

Sample Average concentration Average amount of Average Q (ng/cm?) Average J
P (ng/mL) substance (pug) +SD (ng/cm? hour £ SD
Aceclofenac liquid
3.941 53.202 27.849 + 0.5479 4.641+0.0913
crystal cream
Aceclofenac vanishing 2.192 29.598 15.493 £ 0.785 2.582 +0.1308

cream

needed by liquid crystals to melt the compound is greater
than pure aceclofenac [106].

Aceclofenac liquid crystal cream as a transdermal
drug needs to be tested forrelease to determine the
drug's ability to release form dosage form..This test is
carried out in vitro using a Franz diffusion cell which
aims to determine the cumulative amount of aceclofenac
permeated over a certain time. The membrane in this study
used cellulose acetate with pores measuring 0.45 pum with
a diffusion surface area of 1.910376 cm?® Befote testing,
the membrane was first hydrated in a phosphate buffer
solution of pH 7.4 which is considered to have similarities
with the pH of human biological fluids. The temperature
on the instrument is set to 37°C+0.5 which is considered
to be the temperatureof the human body. Samples taken
after 6 hours will then be tested to determine their levels
with a UV-Vis spectrophotometer.

The results of the membrane release test showed the
cumulative amount of aceclofenac in liquid crystal cream
and non-liquid crystal cream (vanishing cream) released
per membrane area (QQ) at 6 hours which can be seen
in Table 3. Based on the test results, it can be seen that
the liquid crystal cream has a better release rate than the
non-liquid crystal preparation (vanishing cream). This is
due to the formation of liquid crystals using amphiphilic
compounds, so that an increase in the permeability of the
stratum corneum is achieved. The results of the statistical
analysis with the independent sample T-test using SPSS
29 obtained a p value <0.005 (0.001) which means that

it indicates a significant difference in the permeation of

Table 4. Permeation test result data.

the cumulative amounts of substances permeated per unit
surface area of the membrane used.

Aceclofenac liquid crystal cream as a transdermal
drug needs to be tested for permeation to determine the
drug's ability to cross the skin, especially in the stratum
corneum. This test is carried out in vitro using a Franz
diffusion cell which aims to determine the cumulative
amount of aceclofenac permeated over a certain time. The
membrane in this study used a snake skin release (Pyzhon
reticulatus) with a diffusion area sutrface area of 1.910376
cm?.

The settings and testing methods are the same as
those used in the drug release test, with the only difference
being the membrane used.

In general, liquid crystal cream has better aceclofenac
permeation than vanishing cream. This is evidenced by the
high average Q (cumulative amounts of active substances
permeated per unit area of membrane) in liquid crystal
cream compared to vanishing cream which can be seen
in Table 4. The results of statistical analysis with an
independent sample T-test using SPSS 29 obtained a
value of p <0.005 (0.001) which indicates a significant
difference in the permeation of the cumulative amounts
of substances permeated per unit area of membrane used.

Increased permeability in the stratum corneum
can be achieved through the use of liquid crystals. This
liquid crystal system shows good permeation due to the
low sutface tension of oil/water. High diffusion of active
substances is also influenced because liquid crystals have

a structure that shows similarities to the lipid membrane

Sample Average concentration Average amount of Average Q (pg/cm?) Average J
P (ng/mL) substance (ug) +SD (ng/cm? hour + SD
Aceclofenac liquid 2.985 40.296 21.093 +0.5761 3.516 £ 0.096
crystal cream
Aceclofenac vanishing
1.928 26.032 13.627 £ 0.6532 2.271+0.1089

cream
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Figure 5. Flow properties of (A) liquid crystal cream, (B) liquid crystal cream of aceclofenac, (C) vanishing cream, and
(D) vanishing cream of aceclofenac.

between cells in the skin, thus allowing increased
partitioning of the drug to the stratum corneum [17].

Determination of viscosity is carried out using a
Brookfield viscometer. The value of viscosity indicates the
resistance of the liquid to flow, the higher the viscosity or
the thicker the preparation, the more difficult the liquid is
to flow. Viscosity can be influenced by the composition
of the preparation. The flow properties of liquid crystal
cream and vanishing cream can be seen in Figure 5.

The flow property curve formed in the liquid crystal
cream sample, aceclofenac liquid crystal cream, vanishing
cream, and aceclofenac vanishing cream show thixotropic
flow properties. This is indicated by the decreasing curve
being to the left of the increasing curve, which means that
the preparation has a lower viscosity at one shear rate on
the decreasing curve when compared to the increasing

curve. In thixotropic flow, the structure of the material is

damaged due to the shear rate and recovers upon standing.
This flow property is a desired property in pharmaceutical
preparations, because pharmaceutical preparations should
ideally have high viscosity in the container but can be easily
poured or spread during use [18].

Zeta potential measurement provides a precise
analysis of the electronic state of the nanoparticle surface,
and the data obtained can be used to predict the stability
of formulations containing these nanoparticles. Zeta
potential testing needs to be done to assess the stability of
products containing nanoparticles such as liquid crystals.
Stable conditions are at values greater than +30 mV and
lower than -30 mV, while unstable conditions indicate that
the system will easily flocculate at values between +30 mV
and -30 mV [19]. The results of the zeta potential test of
the liquid crystal cream showed a value of -50.8 & 5.80747

mV which can be seen in Table 5. This value is above the

Table 5. Results of zeta potential testing of aceclofenac liquid crystal cream.

Replication Zeta potential
1 -54.5
2 -42.6
3 -55.3

Average * SD

-50.8 +5.80747
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Figure 6. Observation results of stability tests of aceclofenac liquid crystal cream cycle 0 and cycle 6.

ideal value of -30 mV which means that the liquid crystal
cream shows a stable condition.

Stability testing was carried out using the fr Horiba
Scientific SZ-100eeze and thaw method which aims to see
the physical stability of aceclofenac liquid crystal cream
when faced with the influence of different temperature
stress as indicated by the separation of the oil and water
phases. Aceclofenac liquid crystal cream was placed at a
temperature of 4°C for 24 hours and at a temperature of
40°C for 24 hours for 1 cycle and was carried out for 6
cycles.

The results of physical observations can be seen in
Figure 6 which shows that the aceclofenac liquid crystal
cream does not experience oil and water phase separation.

The absence of cream phase separation in the freeze and

thaw cycle depends on the cream's ability to recover from
the crystal water pressure. At a temperature of 4°C the
water phase freezes and tends to shrink, resulting in a
narrowing of the water phase space and causing the oil
globules to be close together, resulting in an increase in
the viscosity of the preparation. In the thaw process or a
temperature of 40°C, the crystals will melt and will spread
back into the system. If the recovery rate of the cream is
slow, instability can occur [20]. The results of observations

in the form of zeta potential can be seen in Table 6. This

value is above the ideal value of -30 mV which means
that the liquid crystal cream shows a stable condition.
Furthermore, from the polarization microscope analysis,
it can be seen that the birefringence event still occurs after

going through 6 freeze and thaw cycles as seen in Figure 7.

|

Figure 7. PLM observations of (A) cycle 0 replication 1, (B) cycle O replication 2, and (C) cycle O replication (D) after 6
freeze and thaw cycles replication 1, (E) after 6 freeze and thaw cycles replication 2, and (f) after 6 freeze and thaw cycles
replication 3.
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Table 6. Zeta potential test results after 6 freeze and thaw cycles.

Sample

Zeta potential

Aceclofenac liquid crystal cream replication 1
Aceclofenac liquid crystal cream replication 2

Aceclofenac liquid crystal cream replication 3

-47.5
-38
-55.2

Average * SD

-46.9 £ 7.03468

Conclusion

The research findings demonstrate that aceclofenac
can be formulated into a liquid crystal cream using glyceryl
monostearate as a mesogen, exhibiting a birefringent
lamellar phase texture. The aceclofenac liquid crystal cream
possesses thixotropic flow properties, a zeta potential of
-50.8 mV, and stability with no phase separation after six
freeze-thaw cycles. Additionally, it enhances drug release
through a cellulose acetate membrane (Q 27.849 £ 0.5479
pg/cm?) and increases permeation through a snake skin
membrane (Q 21.093 + 0.5761 pg/cm?), outperforming

non-liquid crystal formulations like vanishing cream.
Conflict of Interest

The authors have no conflicts of interest regarding

this investigation.
Acknowledgement

This research was funded by the PSS Research Grant
from the Institute for Lembaga Penelitian dan Pengabdian
Masyarakat (LPPM) in 2024, Universitas Andalas. We
sincerely thank LPPM Unand for the support.

References

[1].  Sharma G, Saini MK, Thakur K, Kapil N, Garg NK, Raza K, et al.
Aceclofenac cocrystal nanoliposomes for rheumatoid arthritis with
better dermatokinetic attributes: A preclinical study. Nanomedicine.
2017;12(6):615-38.

[2].  Pekamwar SS, Kulkarni DA. Development and evaluation of
bicomponent cocrystals of aceclofenac for efficient drug delivery
with enhanced solubility and improved dissolution. Indian Drugs.
2021;58(8):54-60.

[3]. Sipos E, Kdsa N, Kazsoki A, Szabd ZI, Zelkdé R. Formulation and
characterization of aceclofenac-loaded nanofiber based orally
dissolving webs. Pharmaceutics. 2019;11(8):1-11.

[4].  Neupane R, Boddu SHS, Renukuntla J, Babu RJ, Tiwari AK.
Alternatives to biological skin in permeation studies: Current trends
and possibilities. Pharmaceutics. 2020;12(2).

90

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

Shakeel F, Baboota S, Ahuja A, Ali J, Agil M, Shafig S. Nanoemulsions
as vehicles for transdermal delivery of aceclofenac. AAPS
PharmSciTech. 2007;8(4):91-8.

Hua L, Weisan P, Jiayu L, Hongfei L. Preparation and evaluation
of aceclofenac microemulsion for transdermal delivery system.
Pharmazie. 2004;59(4):274-8.

Yogeshvar Tyagi. Liquid crystals: An approach to different state of
matter. Pharma Innov J. 2018;7(5):540-5.

Romeo, M.; Mazzotta, E.; Lovati, F.; Porto, M.; Rossi, C.O.; Muzzalupo,
R. Pluronic 123 Liquid Lyotropic Crystals for Transdermal Delivery of
Caffeic Acid—Insights from Structural Studies and Drug Release. Gels
2024, 10, 181. https://doi.org/10.3390/gels10030181
Miiller-Goymann CC. Physicochemical characterization of colloidal
drug delivery systems such as reverse micelles, vesicles, liquid
crystals and nanoparticles for topical administration. Eur J Pharm
Biopharm. 2004;58(2):343-56.

Hegmann T, Qi H, Marx VM. Nanoparticles in liquid crystals: Synthesis,
self-assembly, defect formation and potential applications. J Inorg
Organomet Polym Mater. 2007;17(3):483-508.

Kazemi M, Varshosaz J, Tabbakhian M. Preparation and Evaluation
of Lipid-Based Liquid Crystalline Formulation of Fenofibrate. Adv
Biomed Res. 2018;7(1):126.

Wesam, RK., Hiroarki, T., Kenji. Percutaneous Penetration Enhancers
Chemical Methods in Penetration Enhancement. New York: Springer
Berlin Heidel berg; 2015.

Yan YL, Jia XG, Meng M, Qu CT. Foam superstabilization by lamellar
liquid crystal gels. Chem Lett. 2011;40(3):261-3.

Marwah M, Magarkar A, Ray D, Aswal V, Bunker A, Nagarsenker
M. Glyceryl Monostearate: Probing the Self Assembly of a Lipid
Amenable to Surface Modification for Hepatic Targeting. J Phys
Chem C. 2018;122(38):22160-9.

Lancelot A, Sierra T, Serrano JL. Nanostructured liquid-crystalline
particles for drug delivery. Expert Opin Drug Deliv. 2014;11(4):547—
64.

Anantaworasakul, P; Chaiyana, W., Michniak-Kohn, B.B.;
Rungseevijitprapa, W.; Ampasavate, C. Enhanced Transdermal
Delivery of Concentrated Capsaicin from Chili Extract-Loaded Lipid
Nanoparticles with Reduced Skin Irritation. Pharmaceutics 2020, 12,
463. https://doi.org/10.3390/pharmaceutics12050463

Tambade SA, Aloorkar NH, Dabane NS, Osmani RM, Kale BB, Indalkar
YR. American Journal of Advanced Drug Delivery Formulation and
Evaluation of Novel Gel Containing Liquid Crystals of Naproxen. Am J
Adv Drug Deliv. 2014;2(3):364—-86. Available from: www.ajadd.co.uk
Reeves, S.J.; Patel, D.; Harris, PJ.F; Mitchell, G.R.; Davis, F.J.
Enhancing the Properties of Liquid Crystal Polymers and Elastomers
with Nano Magnetic Particles. Materials 2024, 17, 5273. https://doi.
org/10.3390/mal7215273

Chiari- BG, Silva BL. Physicochemical characterization of drug
nanocarriers. 2017;4991-5011.

Ronald Marquez, Ana M Forgiarini, Dominique Langevin, Jean-Louis
Salager. Instability of Emulsions Made with Surfactant—Oil-Water
Systems at Optimum Formulation with Ultralow Interfacial Tension.

Langmuir, 2018, 34 (31), pp.9252-9263. https://doi.org/ff10.1021/
acs.langmuir.8b01376ff

Jurnal Sains Farmasi & Klinis | Vol. 12 No. 01 | 2025


https://doi.org/10.3390/gels10030181
https://doi.org/10.3390/pharmaceutics12050463
http://www.ajadd.co.uk 
https://doi.org/10.3390/ma17215273
https://doi.org/10.3390/ma17215273
https://doi.org/ff10.1021/acs.langmuir.8b01376ff
https://doi.org/ff10.1021/acs.langmuir.8b01376ff

Formation and Characterization of Liquid Crystals... Zulkarnaini et. al.

[21]. Rajak P, Nath LK, Bhuyan B. Liquid crystals: An approach in drug [24]. Djalil AD, Setyawan H, Gumelar MI, Nurulita NA, Budiman A.
delivery. Indian J Pharm Sci. 2019;81(1):11-23. Antioxidant potentials of virgin olive oil and virgin coconut oil and its
[22]. Kumar P, Sharma DK, Ashawat MS. Topical creams of piperine cream formulation. J Phys Conf Ser. 2019;1402(5).
loaded lipid nanocarriers for management of atopic dermatitis: [25]. K.GurpreetandS.K.Singh. Review of Nanoemulsion Formulation and
development, characterization, and in vivo investigation using Characterization Techniques. Indian J Pharm Sci. 2018;80(5):781-9.

BALB/c mice model. J Liposome Res. 2022;32(1):62—73. https://doi.

0rg/10.1080/08982104.2021.1880436
[23]. LinH,XieQ,HuangX, BanJ, Wang B, Wei X, ChenY, LuZ. Increased skin

permeation efficiency of imperatorin via charged ultradeformable
lipid vesicles for transdermal delivery. Int J Nanomedicine.

2018;13:831-842. https://doi.org/10.2147/1JN.S150086

Copyright © 2025 The author(s). You are free to share (copy and redistribute the material in any medium or format) and adapt (remix, transform, and build upon the

@ @ material for any purpose, even commercially) under the following terms: Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use; ShareAlike — If you remix,

BY SA transform, or build upon the material, you must distribute your contributions under the same license as the original (https://creativecommons.org/licenses/by-sa/4.0/)

Jurnal Sains Farmasi & Klinis | Vol. 12 No. 01 | 2025 91


https://doi.org/10.1080/08982104.2021.1880436
https://doi.org/10.1080/08982104.2021.1880436
https://doi.org/10.2147/IJN.S150086

	ABSTRACT
	Introduction
	Methods
	Materials
	Methods
	Formation of Aceclofenac Liquid Crystal Cream
	Preparation of Aceclofenac Non-Liquid Crystalline Cream
	Mesophase Analysis with Polarized Light Microscopy (PLM) 
	Analysis with Fourier Transformed Infrared Spectrophotometry (FTIR) (Shimadzu IR-Tracer 100 AH, Japa
	Differential Scanning Calorimetry (DSC) Analysis 
	In vitro Release Test
	In vitro Permeation Test 
	Determination of Viscosity and Flow Properties 
	Determination of Zeta Potential 
	Stability Test 


	Conclusion
	Conflict of Interest
	Acknowledgement

