Effect of Terpene on Physicochemical Properties and

Skin Permeability of Capsaicin Loaded Solid Lipid Nanoparticles

Sureewan Duangjit"®, Chanida Pucharean?, Pajeemon Yoddee?, Kulda Kanlayawuttipong?, Tanasait Ngawhirunpat>*’

Abstract

Introduction: Capsaicin (CAP) is the major active compound of chili piper. Previous study has been
reported that CAP was used orally or topically for pain relief by rheumatism, neuralgia, lumbago or sciatica.
However, the significant first pass metabolism, the short half-life and the poor water solubility of CAP lead to its
limitation in the development of CAP formulations as novel pharmaceutical products. The objective of this study
was to investigate the effect of terpene on physicochemical properties and skin permeability of CAP loaded
solid lipid nanoparticles (SLN). Method: The SLN containing a constant amount of 0.15% CAP, cetyl palmitate,
transcutol P, Tween 20, Tween 80, deionized water and various percentage of terpene as a potential
penetration enhancer from 0 to 15% were prepared. SLN formulations were evaluated for physicochemical
properties (e.g. size, size distribution, zeta potential and entrapment efficiency), and skin permeability. The
terpene used in SLN formulations was defined as formulation factors (X,), while the physicochemical properties
and skin permeability were defined as response variables (Y,). Results: The results indicated that the
percentage of terpene significantly affected the entrapment efficiency and skin permeability of SLN formulation.
The skin permeability of all SLNs was significantly higher than commercial product. The 10% terpene
incorporated in SLN showed the maximum entrapment efficiency and skin permeability. Conclusion: The
incorporation of terpene into the formulation was beneficial for the development of SLNs for enhanced
transdermal delivery of CAP. The optimal percentage of terpene used in SLN was up to 10%. We are success
in showing the effect of terpene on physicochemical properties and skin permeability of capsaicin loaded SLN.

Further study is required to confirm the influence of terpene on the stability of SLN.
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Introduction

Capsaicin (CAP) is the major active
compound derived from hot chili pepper (Figure 1).
CAP not only admix hot and spicy taste to food but
also own potential usefulness in medication. CAP
was used orally or topically for pain relief by
rheumatism, neuralgia, lumbago or sciatica
(Fraenkel, 2004; Huang, 2008). CAP is a main
pungent ingredient that has been widely studied in
both medical and pharmaceutical applications
(Baranidharan, 2013; Luo, 2011). Recently, the
new product of high-concentration CAP 8% patch,
also known as NGX-4010, which provides rapid,
long-lasting pain relief with a single application,
was introduced. However, the strong pungency of
high concentration of CAP, the significant first pass
metabolism, the short half-life and the poor water
solubility of CAP lead to its limitation in the
development of CAP formulations as novel
pharmaceutical products.

In the development of novel drug delivery
carriers for topical and transdermal drug delivery
systems, the effectiveness of drug delivery systems
depend on the capability of model drug penetrate
the skin barrier in proper amounts to reach
therapeutic levels (Pathan and CM, 2009).
Nowadays, several novel drug delivery carriers

have been introduced including solid lipid
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nanoparticles (SLNs). SLNs are the first generation
of lipid nanoparticles. Generally, SLNs composed
of solid lipids that have a solid state at room and
body temperature. SLNs have been reported that
can significantly increase safety, provide an
enhanced efficiency and improve degradation of
drugs (Muller, 2002). The degradation of drug
loaded in SLN was lower than that of
nanoemulsions or other lipid carriers
(Charoenputtakun, 2014a). Moreover, SLNs can
reduce the immunogenic responses or irritant
effects and particularly intrinsic instability of vitamin
A derivative (Muller, 2002). Therefore, SLNs are
attractive as novel colloidal drug carriers for the
topical and transdermal application. However, the
limitation of SLNs have trended to slow down the
drug release for several days to weeks, which
inconvenience for acute condition of diseases
(Bhushan, 2013). Therefore, the development of
SLNs for overcoming this limitation was still
required. The combination of several penetration
enhancers, like Transcutol P, Tween 20, Tween 80
and other excipients may have an enhancement of
the efficacy for target drug delivery (Martins, 2013).
Thus, the addition of limonene as terpene
penetration enhancer (Figure 1) in SLNs may
improve their permeation efficacy and drug release

across the skin membrane.

CH;

H, H, Limonene

Figure 1 The chemical structure of capsaicin and limoene (as terpene penetration enhancer)
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The objective of this study was to

investigate  the  effect of terpene on
physicochemical properties and skin permeability of
CAP loaded solid lipid nanoparticles (SLN). The
SLN containing a constant amount of 0.15% CAP,
cetyl palmitate, transcutol P, Tween 20, Tween 80,
deionized water and various percentage of terpene
as a potential penetration enhancer from 0 to 15%
were prepared. SLN formulations were evaluated
for physicochemical size, size

properties (e.g.

distribution, zeta potential and entrapment

efficiency), and skin permeability. The terpene
used in SLN formulations was set as formulation
factors (X ), while the physicochemical properties

n

and skin permeability were set as response
variables (Y,). Moreover, the possibility mechanism
for enhancing transdermal delivery was
investigated by fourier transform infrared (FT-IR)

spectroscopy.

Materials and methods

Materials

Synthetic chili pepper extract (98%
capsaicin) (CAP) was purchased from Hunan
Huacheng Biotech, Inc. (Changsha, China).

Terpene was purchased from Sigma-Aldrich (St.

Louis, MO, USA). Cetyl (CP)

from SABO SpA

palmitate was

purchased (Levate, ltaly).

127

WNRVUBDY L'ﬂﬂﬁj%ﬂ' aﬂ'mi‘;‘ﬂ BN NI N BNIWLALANUFINT

lunsfurinuiniiiaas LLﬂﬂvL‘]ﬁ‘]:I%ﬁQﬂﬂvﬂ Lﬁul%a%ﬂ’]ﬂ‘l‘ﬂ AnuaIuds

TuglasEg J1RSyWAIT uazame

Diethylene glycol monoethyl ether (transcutol P)
was purchased from Ajax Finechem, (Auckland,
New Zealand). Polysorbate-20 (Tween® 20, T20)
(Tween® 80, T80)
(Osaka,

and poltsorbate-80 was
purchased from the NOF Corporation
Japan). All other chemicals were commercially
available and of analytical and high-performance

liquid chromatography (HPLC) grade.

Preparation of solid lipid nanoparticle (SLN)

The model SLN were prepared according
to the SLN obtained from our previous study
(Charoenputtakhun,  2014a;  Charoenputtakun,
2014b). The SLN containing a constant amount of
0.15% CAP, cetyl palmitate, transcutol P, Tween
20, Tween 80, deionized water and various
percentage of terpene as a potential penetration
enhancer from 0 to 15% were prepared. SLN
formulations were evaluated for physicochemical
properties (e.g. size, size distribution, zeta potential
and entrapment efficiency), and skin permeability.
The terpene used in SLN formulations was defined
(X,), the
physicochemical properties and skin permeability

CAP-

as formulation  factors while

were defined as response variables (Y,).

n

loaded SLN were prepared by the sonication

method, as shown in Table 1.
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Table 1 The composition of different SLN formulations
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Oil phase (% w/w)

Water phase (% w/w)

SN CAP CP Trans P Terpene T20:T80 DI water
1 0.15 30 1.2 10 to 100
2 0.15 30 1.2 10 to 100
3 0.15 30 1.2 10 to 100
4 0.15 30 1.2 10 to 100
5 0.15 30 1.2 10 to 100
6 0.15 30 1.2 10 to 100

Evaluation of size, size distribution, zeta
potential

The vesicle size, size distribution and zeta
potential of SLN were measured by photon
correlation spectroscopy (Zetasizer Nano series,
Malvern Instrument, UK). Ten ul of the SLN
formulations were diluted with the appropriate
amount of deionized water. All SLN samples were
performed. At least three independent samples
were taken, and the vesicle size, size distribution
and zeta potential were measured at least three

times, at room temperature (25 °C).

Determination of CP in the formulation

The concentration of CP in the formulation
was determined by HPLC analysis after disruption
of the SLN with methanol at a 1:1 v/v ratio and
appropriate dilution with phosphate buffer pH 7.4.
The SLN/methanol mixture was centrifuged at
15,000 rpm at 25 °C for 15 min. The supernatant
was filtered with a 0.45 {Um nylon syringe filter and

then analyze using HPLC.

In vitro skin permeation study
The shed snake skin from the Siamese
cobra (Naja kaouthia) was used as a model

membrane in our skin permeation study because
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the similarity of shed snake skin to human skin in
lipid content and permeability (Duangjit, 2010). A
Franz diffusion cell with an available diffusion area
of 2.01 cm? was employed. The receiving chamber
was filled with 6.5 ml of phosphate buffer solution
(pH 7.4, 3211 °C) and the donor chamber was
filled with 1.5 ml CP-loaded SLN and commercial
product (ethanolic solution). At the time intervals,
0.5 ml of the receiver medium was withdrawn and
the same volume of fresh phosphate buffer solution
was replaced. The concentration CP in the aliquot

was analyzed using a HPLC.

Skin Characterization study

Following the skin permeation study, the
shed snake skin was cleaned with distilled water,
blotted dry and kept in desiccators. The spectrum
of the skin sample was recorded in the range of
500-4000 cm™ using a FT-IR spectrophotometer
(Nicolet 4700, Thermo Scientific, USA). The FT-IR
spectra of the skin that treated with the commercial
product of CAP was recorded and used as a

control.

HPLC analysis
The concentration of CAP was analyzed

using a HPLC (Agilent Technology, U.S.A.). A C18
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reversed-phase column (Symmetry®, VertiSep™,
Vertical, Thailand) with dimensions of 5 pm,
4.6x150 mm was used. The mobile phase was a
mixture of acetonitrile and 0.01% phosphoric acid
(50:50). A UV detector was set at 227 nm for
capsaicin detection. The injection volume was 20
puL and the flow rate was 1.0 ml/min at ambient
temperature. The calibration curve for CAP was in

the range of 1-100 pg/mi
coefficient of 0.999.

with a correlation

Data analysis

The data were reported as mean * S.E.
(n=3) and statistical analysis of the data was
carried out using student’s unpaired t-test. A p-
value of less than 0.05 was considered to be

significant.

Results and discussion
Physicochemical properties of SLNS

The physical appearance and the

physicochemical properties i.e., vesicle size, size
distribution, zeta potential and entrapment
efficiency of CAP loaded SLNs are shown in Table

2. The physical appearance of CAP loaded SLNs
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was white liquid emulsions as same as milky
solution. The presence of terpene (limonene)
resulted in significant difference in vesicle size,
size distribution, entrapment efficiency and skin
permeability compared to the SLN formulation
without terpene. The increasing of terpene from 1-
15% resulted in no significant difference in the
physical appearance, size distribution and zeta
potential of SLN formulations.

The vesicle size of SLNs with terpene
varies from 190-230 nm depending on the
percentage of terpene. The vesicle size of SLNs
tend to decrease, when the percentage of terpene
increase. However, the method of preparation and
application of technique like sonication may affect
the vesicle size of nanocarriers (Chourasia, 2011).
The effect of percentage of terpene on the vesicle
size of SLN was not yet fully understood. However,
the difference in terpene concentration of SLN
formulations may affect the energy barriers
required  for  stabile

(Charoenputtakun, 2014b). All SLN formulation in

dispersion systems

this study was within nanosize (190-230 nm) under

sonication method.

Table 2 The physical appearance and physicochemical properties of different SLN formulations

SLN 1 2 3 4 5 6

Physical

appearance

Size (nm) 227.2146.92 228.42+3.95 211.17+1.04 194.33+1.07 195.83+0.75 192.37%2.11

PDI 0.25+0.02 0.18+0.02 0.12+0.00 0.12+0.01 0.10+0.01 0.10+0.01

Charge (-mV) 29.62+0.47  34.49+0.62 33.20+1.54  28.7241.27 29.33+1.05 31.89+1.79

EE (%) 41.88+£8.29  69.09+16.24 72.45+£12.83 79.34+9.14 99.47+7.03 98.23+4.08
20.49+4.73  21.96+1.76 23.36+3.47  33.25%10.10 38.77+8.85 31.44+9.96

Flux (Llg/cm3/h)

Polydispersity index (PDI)
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The size distribution of SLN formulations
was between 0.10-0.25. The lowering value in size
distribution of SLN formulation represented the
narrow size distribution. The presence of terpene
showed the smaller size distribution than SLN
without terpene. However, the size distribution of
nanocarriers can also be affected by the method of
preparation (Yordanov, 2010).

The zeta potential of SLN formulations
was comparable to each other. The SLN
formulations had a negative zeta potential which
was directly affect by the total net charge of all
formulation component, i.e. cetyl palmitate or other
anionic compounds. The result indicated that
formulation component of SLNs may contribute to
the negative charge of the formulations. Several
penetration enhancers used in this formulation (i.e.,
Transcutol P, Tween 20, and Tween 80) were
nonionic compounds. Thus the negative exhibited
may be the effect of the total net charge of CAP,
CP and terpene concentration. However, the
nanocarriers with neutral or slight negative surface
charge have been reported that increased ability
for drug delivery to brain when compared to the
positive charged nanocarriers (Gao and Jiang,
2006; Martins, 2013). Moreover, the advantage of
using SLN formulation with negative surface
charge was less toxic and have high stability than
SLN formulation with positive surface charge
(Kedmi, 2010). Therefore, the negative surface
charge of SLN formulation in this study was an
appropriate characteristic as optimal carriers for
drug delivery systems.

The entrapment efficiency of SLNs with
terpene was significantly higher than that of SLN

without terpene. The entrapment efficiency was
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significantly increased in the order of 1-15% of
terpene. This result revealed that the incorporation
of terpene can increase the solubility of CAP in
lipid matrix of SLNs. Several studies demonstrated
that an increase in penetration enhancers resulted
in an increase in the entrapment efficiency
(Badran, 2012a; Badran, 2012b; Rangsimawong,
2014). The presence of terpene attributed to
increase in entrapment efficiency, which frequently
led to increase in lipophilicity of the vesicle, which
increased in the

consequently entrapment

efficiency.

In vitro skin permeation study

Figure 2 shows the graphic plot of the
cumulative skin permeation per unit area and the
steady-state flux of various CAP loaded SLN
formulations over an incubation period of 2-8
hours. The skin permeability (skin permeation
profile and skin permeation flux) of SLN formulation
and commercial product were significantly different.
The skin permeation profile of CAP loaded SLN
formulations with different concentration of terpene
(0, 1, 2, 5, 10 and 15%). The incorporation of
terpene (limonene) to SLN formulations increase
CAP skin permeation. The skin permeability of all
CAP loaded SLNs was significantly higher than
that of CAP loaded SLNs without terpene (0%
terpene). This result was in accordance with the
2014b; T.

Subongkot, 2012) the suggested that the skin

previous studies (Charoenputtakun,

permeation flux of sodium fluorescein was higher

than that of cineole when encapsulated in

liposomes containing limonene. The  skin

permeation enhancement by terpene may be due

to increased CAP solubility within the skin or due
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to increased drug partitioning into the stratum
corneum (SC). Moreover, terpene has been used
as permeation enhancer in the eutectic systems of
ibuprofen formed with terpenes for enhancement

transdermal drug delivery. Thus, the melting point
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(Stott, 1998). The melting point depression by
eutectic system may provide a method of
enhancing transdermal delivery in this study. This
phenomenon may be resulted from the intrinsic

properties of terpene that was a proper penetration

reduction by eutectic system was correlated with a enhancer for CAP loaded SLN formulations.
significant increase in transdermal permeation
500 4 _°
5] £ a0
% js‘ 30
— 400 4 Z=»
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- — 0
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g 2
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Figure 2 The skin permeation profile of different SLN formulations (<>; control solution, A; 0%, O; 1%, D;

2%, &: 5%, I 10%, and @; 15% terpene)

Skin Characterization study

The effect of CAP loaded SLNs on the SC
of the skin was evaluated by FT-IR. The FT-IR
spectra region between 2800-3000 cm™' represents
the CH, and CH; groups of lipids and the spectra
region between 1500-1700 cm™ represents the
amide | (C=0) and amide Il (N-H). The FT-IR
spectra at amide | and Il of the skins treated with
SLN and commercial product were split into
multiple peaks at 1650 cm™ and 1550 cm™,
respectively. The alteration of the FT-IR spectra at
amide | and Il was used as a marker for
investigating the organization of the hydrogen bond

in the SC as shown in Figure 3. The FT-IR spectra
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near 2820 and 2950 cm™ of the skin treated
with vesicle formulation was slightly difference from
the commercial product. The FT-IR spectra of the
skin treated with receiver medium and untreated
was also investigated in this study (data not
shown). The FT-IR spectra of the skin treated with
SLN was used to confirm the efficacy of novel drug
delivery carriers as its highest skin permeability.
This is also possible that terpene penetration

enhancers can increase drug permeability by

causing rearrangement of lipid domains or
conformations  (Willams and Barry, 2004).
Moreover, the skin treated with SLN and

commercial product should be demonstrated using
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differential scanning calorimetry (DSC) or X-ray

diffraction to confirm the disruption of the
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microstructure of the skin in further study.

1780 1mee 1650 1600 1550 1500
Wavenumver (om ")

Commercial

SLN

3500 3000 2500

1500 1000 500

Wavenumber (cm™)

Figure 3 FT-IR spectra of the shed snake skin after the skin permeation study

Conclusion

In the current study, the investigation the
effect of terpene on physicochemical properties
and skin permeability of SLNs was successfully
demonstrated as a transdermal delivery of CAP.
The physicochemical properties (i.e., vesicle size,
size distribution, entrapment efficiency) and skin
permeability of SLN formulations were depended
on terpene concentration. The incorporation of
terpene in the SLNs resulted in significantly
improved the skin permeability of CAP. Our study
suggests the feasibility of transdermal delivery
systems of SLNs composed of terpene at 10%
limonene as the optimal ratio of terpene

penetration enhancer.
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