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Abstract

Background: Piperine is an alkaloid that has a stimulatory effect on the proliferation and
dentricity of melanocytes. Therefore, it is a potential drug for vitiligo. Objectives: To
formulate an Emulgel containing piperine-loaded Ultra-Small Unilamellar Carrier (USUC)
with virgin coconut oil, soy lecithin and tween 80, and to evaluate the physicochemical
properties. Method: Piperine-loaded USUC was formulated using a spontaneous water
phase titration method at a stirring speed of 1500 rpm for 15 minutes with a base
composition of 2.3% oil phase, 1% surfactant and 2.3% co-surfactant. Emulgel
preparations were made by mixing USUC piperine into a 5% carbopol base.  Result:
Piperine-loaded USUC was obtained in the form of spherical globules with a Z-average
size of 15.0 nm, a zeta potential of -39.5 mV and a polydispersion index of 0.312. The
emulgel preparation has a pH of (6.5 + 0.1), and a viscosity (of 44.800 + 0.367) cP and is
physically stable. Permeation of piperine from USUC emulgel follows zero-order kinetics
(y = 0.130x-2.027; R2 = 0.9998) with a flux value of (3.408 + 1.110) pg/cm2/hour, which
is significantly different from permeation of non-USUC piperine gel (0.000 + 0)
pg/cm2/hour)(p <0.05).  Conclusion: Piperine-loaded USUC in emulgel formulation
produced nanosized spherical globules, indicating a significantly different amount of
permeated piperine compared to conventional piperine gel.

Introduction

Piperine or  (E,E)1-[5-(1,3-benzodioxol-5-yl)-1-oxo
2,4pentadienyl] is the main alkaloid found in black
pepper (Piper nigrum L.; Piperaceae) (Parmar et al.,
1997). This compound has low solubility but shows
good permeability and is classified as class Il according
to the Biopharmaceutics Classification System (BCS)
(Wdowiak et al., 2023).

Previous studies show that piperine stimulates
melanocyte replication and induces the formation of
melanocytic dendrites in vitro (Lin et al., 1999;
Venkatasamy et al., 2004) so that it has the potential to
treat vitiligo or hypopigmentation.

Vitiligo is an acquired skin pigmentation disorder
characterised by the presence of well-defined milky
white hypopigmented macules (Lotti & D’Erme, 2014).
Even though the prevalence of this disease in the world
is low (0.5 - 1%) it can affect the patient's quality of life
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and self-confidence (Feily, 2014). This is because the
spread of white spots can occur on the face, hands,
feet, and other parts such as the genitals, mucous
membranes, or extensor areas. In addition,
depigmentation of the face or hands causes vitiligo
patients to feel embarrassed, plus a psychological
burden due to negative stigma from some people (Choi
etal., 2014).

As a potential drug for vitiligo, it is necessary to design
a transdermal delivery system so that piperine can
penetrate the skin barrier and reach the stratum basalis
layer, where skin pigment is formed. Various
techniques have been developed to enhance topical
piperine delivery, including nanoemulsions (Ozkan et
al., 2022) and self-emulsifying drug delivery systems
(Shao et al., 2015; Zafar et al., 2021). The nanocarriers
improved topical effectiveness by increasing the
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stability and delivery to specific skin layers (Chin et al,,
2016; Lucida et al., 2023).

Ultra-small Unilamellar Carrier (USUC) matrix is
currently being developed as a nanocarrier system in

the cosmetic field known as nanotope™. This system is
characterised by having a much smaller droplet size (<
40nm) in comparison to other unilamellar or
multilamellar liposomes (100-300) nm (Baschong et al.,
2005). In the USUC, a dispersed phase is surrounded by
a single phosphatidylcholine (surfactant) layer,
stabilised by a co-surfactant in the dispersing medium.
The smaller droplet size is beneficial in allowing the
permeation of active ingredients through the skin to
reach the lowest skin layer (stratum basalis), providing
a better effect on the skin (Barel et al., 2018).

The USUC is a promising nanocarrier system for
piperine because of much smaller globules with further
improvement in permeability and efficacy. Formula
optimisation of USUC by using a 2° factorial design has
been developed (Chairunisa, 2022). The present study
aims to formulate an emulgel containing Piperine-
Loaded USUC (PLU) and to evaluate the
physicochemical properties.

Methods
Materials

Piperine (Boc Sciences, USA), soya lecithin (food grade,
Shankar Soya Products, Indonesia), Virgin Coconut Qil
(VCO, Wahana, Indonesia), Tween 80 (Bratachem,
Indonesia) were used. All other chemicals were of pro-
analysis grade.

Design

Seven formulations of PLU were made using the USUC
base from the authors’ previous study with droplet size
< 40 nm (Chairunnisa, 2022). PLU containing 1%
piperine was prepared using spontaneous water phase
titration method at a stirring speed, duration and USUC
composition as described in the previous study.
Emulgel preparations were made by mixing 1% PLU into
a 5% carbopol base. Evaluation of emulgel preparations
included pH, viscosity, percentage recovery, and
permeation tests with Franz diffusion cells.

Assessments
Physicochemical properties

The pH of PLU was measured by using a pH meter
(Voltcraft, Germany) which was previously calibrated.
The measurement was done once a week during an
eight-week storage at room temperature. The
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transmittance was measured by using a
Spectrophotometer UV-Visible (SHIMADZU UV-1601,
Japan) at a wavelength of 650 nm. A transmittance of
close to 100% indicates the transparency of the liquid.

The physical stability of PLU was evaluated using a
freeze-and-thaw cycling test. The USUCs were kept on
storage at a temperature of -5 °C for 24 hours and then
at 25 °C for another 24 hours. The test was repeated for
three cycles.

The viscosity of PLU was measured by using a cup and
bob viscometer (Brookfield DV2T, USA) using spindle
number 3 at a speed of 100 rpm in triplicates, whereas
the specific gravity was determined using a pycnometer
at 25 °C.

Vesicular size analysis

Particle size and particle size distribution,
polydispersity index (PDI), and zeta potential were
measured by a particle size analyser (Horiba SZ 100).
Samples were diluted using distilled water and placed
in an electrophoretic cell.

Vesicle morphology

The morphology of PLU in emulgel was analysed by
Transmission Electron Microscopy (TEM, JEOL 1010).
The sample was placed on a TEM copper grid coated
with a carbon film.

In-vitro permeation study by Franz diffusion apparatus

Validation of analytical method: The calibration curve
was made by measuring the absorbances of piperine
solution (concentrations 2, 3, 4, 5, and 6 upg/ml,
respectively) at 342 nm using a UV-visible
Spectrophotometer (Shimadzu UV-1601, Japan). A
linear correlation was obtained (y = 0.1277x + 0.0179;
R2 = 0.9991), with a Limit of Detection (LOD) of 0.1609
pg/mL and a Limit of Quantitation (LOQ) of 0.5364
pg/mL.

Permeation study: The emulgel permeation test was
carried out using Whatman paper no.1 as a membrane.
One gram of emulgel was weighed and smeared on a
diffusion cell plate and then covered with the
membrane. Fifteen mL of phosphate buffer solution pH
7.4 was put into the receptor compartment, placed in a
water bath at 37 + 2 °C, and stirred at 40 rpm. Five mL
of samples were taken at 30, 60 and 120 minutes,
respectively. A fresh buffer solution was added to the
receptor solution after sampling. The cumulative
amount of piperine phosphate permeated per diffusion
area was calculated using the equation as follows
(Thakker & Chern, 2003):
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C x Vinedium for F5, F6 and the optimum formula, which remained
_ Vsample stable (Figure 1B). The physicochemical properties of
Q -
A these formulations (Table I) show that the pH values of
The flux was calculated using the equation as follows: weak acidic solution (6.4-6.8) which is tolerable to the
Q skin. The viscosity is in the range of 15.00-217.6 cP,
] == which correlates with the concentration of tween 80.
t The specific gravity is in the range of 1.026-1.071 g/mL.
Where: Q is the cumulative amount permeated per The transmittance varied in the order of
diffusion area (pug/cmz2), Cis concentration, V is volume, F3<F2<F4<F1<F6<F5<F-opt.

and A is membrane surface area. J is flux (ug
/cm2/hour); t is time (hour).

Statistical analysis

Data are shown as mean * standard deviation, and
analysed by t-test statistical analysis to establish the
significant differences between treatments.

Results

Seven formulations of PLU (F1-F6, and the optimum
formula) with droplet size < 40 nm were prepared and =
evaluated. There were no changes in color, smell, or Figure 1: Piperine-loaded USUC (F1-F6 and F-opt)

homogeneity after the freeze and thaw test for 3 cycles after 3 cycles of freeze and thaw test (A), and 8-week
(Figure 1A). However, there were changes after the 8- storage at room temperature (B)

week storage at room temperature for F1-F4, except

Table I: The physicochemical properties of piperine-loaded USUC

Formula pH Viscosity (cP) Specific gravity (g/mL) Transmittant (%) Physical stability

1 6.540.1 17.3+0.5 1.031 87.47 £ 0.40 Not stable
2 6.8+0.1 15.0+£1.0 1.032 61.50+ 0.45 Not stable
3 6.710.1 17.3£0.5 1.026 35.48 + 0.39 Not stable
4 6.8+0.1 16.0£ 0.0 1.032 73.50 + 0.45 Not stable
5 6.5+0.1 154.6+1.1 1.047 89.89+0.75 Stable
6 6.5+0.1 217.6+0.5 1.071 88.80+0.76 Stable

Opt 6.4+0.0 38.0+0.0 1.055 90.54 + 0.41 Stable

The stability characteristic of the optimum PLU was
confirmed by the determination of zeta potential,
polydispersity index values, and particle size
distribution.  Results showed  homogeneously
distributed vesicles (PDI = 0.312) with a Z-average size
of 15.0 nm and zeta potential value of -39.5 mV. The
addition of 1% PLU (F-opt) into the gel base resulted in
a slightly opaque semi-solid dosage form with pH value
(6.5 + 0.1), viscosity (44.800 + 0.367 cP), and recovery
(100.91 + 1.07)%. Morphological examination of PLU
emulgel showed ultra-small unilamellar vesicles
characterised by the formation of spherical globules
dispersed in the gel base (Figure 2).
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Figure 2: TEM image of piperin-loaded USUC emulgel
(scale bar = 100.0 nm)

The permeation test results (Figure 3) showed an
increase in the cumulative amount of piperine in the
receptor medium released from the PLU gel, compared
to that from a conventional gel containing microsized
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piperine in 5% carbopol. Permeation of piperine from
USUC emulgel follows zero order kinetics (y = 0.13x-
2.027; R2 = 0.9998) with the flux of 2.217; 3.591; and
4.415 pg/cm?/hour at 30, 60, and 120 minutes
respectively. The average flux value was (3.408 + 1.110)
pug/cm?/hour which is significantly different from
permeation of non-USUC piperine gel (0.000 = 0)
ug/cm?/hour)(p <0.05).

—&— Microsized Piperine Gel

60

80 100 120 140

Time (minutes)

—&— Piperine-loaded USUC Gel

Figure 3: Concentration of piperine released from the USUC gel compared with microsized gel

Discussion

The authors’ previous study demonstrates that the
proportion of the oily phase: the aqueous phase : the
stabilisers (soya lecithin-tween 80) and the
manufacturing conditions (the stirring time and speed)
greatly influenced the formation of nanosized vesicle
as USUC base. The optimised conditions obtained from
the study were 28.2% tween 80, 1% soya lecithin, 2.3%
VCO at stirring speed 1500 RPM for 15 minutes
(Chairunnisa, 2022). These conditions provide USUC
base with a predicted vesicle size of 34.04 nm.

A single layer lipid core of USUC is composed of a
phospolipid (soy lecithin) and a co-surfactant (tween
80) at a fixed ratio. The co-surfactant (tween 80)
intercalates between the soy lecithin molecules, which
is stabilised by van der Waals hydrophobic interaction
forces (Ghanbarzadeh et al., 2016).

The incorporation of piperine into the USUC base
produces a transparent vyellow solution. All
formulations were stable after the freeze and thaw
tests, but F1-F4 were unstable when stored for 8 weeks
at room temperature. These results indicate that
extreme temperature changes in the freeze and thaw
test do not affect the stability of piperine in nanometer-
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sized vesicles of the USUC system, but longer storage
time at room temperature affects the stability of 4
formulas. Further study is needed to evaluate the
stability of PLU in long-term storage at room
temperature.

The transmittance of the USUC base was varied: high
transmittance values indicate the clarity of the solution
and correlate with smaller droplet sizes. Nanosized
particles scatter incoming light which is demonstrated
by opalescence appearance (Kallay & Zalac, 2002).
Surfactants may intercalate into the phospholipid
bilayer and induce vesicle disruption to obtain a clearer
solution, even though a stable vesicle should maintain
a light-scattering nature (Baschong et al., 2005). The
optimum formula of PLU had a transmittance of (90.54
+ 0.41)%, which showed a transparent solution and
remained stable after storage.

The droplet size of PLU (15.0 nm) was much smaller
than the optimum USUC base (34.04 nm) with
moderate stability against agglomeration as indicated
by zeta potential of -39.5 mV and homogeneously
distributed (0.2 < PDI < 0.5) (Dordevi¢ et al., 2017). The
photomicrograph of PLU emulgel showed spherical
globules surrounded by a thin layer membrane.
Unilamellar appearance is usually indicated by a
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transparent layer surrounding the globules, which are
not clearly visible in Figure 2. This distinguishes
nanotopes, which are ultra-small unilamellar vesicles,
from large multilamellar liposomes whose vesicles are
surrounded by thick transparent layers (Baschong et
al., 2005).

Kinetic analysis of the concentration of piperine
permeating per unit of time followed zero-order
kinetics. The kinetic profile indicates that the transport
of piperine into the medium is most likely through
membrane pores due to its very small size (15 nm),
which fits the zero-order kinetics. This also explains
why the microsized piperine in the conventional gel can
not transport through the membrane. Zafar et al.
(2021) reported a 9.32-fold increase in piperine
permeation from the self-nanoemulsifying drug
delivery system (SNEDDS) compared to pure piperine
dispersion. The higher permeation was due to the
higher solubilisation of piperine in the SNEDDS. The
release profile of piperine from the SNEDDS has also
fitted the zero-order kinetics and found to obey the
Fickian diffusion mechanism (n=0.2096) (Zafar et al.,
2021).

Conclusion

PLU with a composition of 1% piperine, 2.3% VCO, 1%
lecithin and 28.3% tween 80 produced spherical
vesicles that were homogeneously distributed
(PDI=0.312) with the Z-average size of 15.0 nm and a
zeta potential of -39.5 mV. Emulgels containing 1% PLU
showed a significant increase in the amount of piperine
permeated compared to microsized piperine gels (p
<0.05).
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