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Abstract— The objective of the study was to evaluate the properties of curcumin formulated in Virgin Coconut Oil (VCO)
microemulsion system developed using food-acceptable grade surfactants of Tween 80, Span 80 and Span 40. Cytotoxicity analysis
was carried out toward VCO microemulsion using normal L6 cells in vitro. The microemulsion was formulated using VCO as the oil
phase with non-ionic surfactants mixture consist of Tween 80, Span 80 and Span 40. Curcumin was incorporated into VCO
microemulsion as a cold mixture under mild agitation to form curcumin microemulsion. The physical stability of curcumin
microemulsion was investigated and its characterisations were further studied according to its appearance (visual), morphology,
turbidity, pH, droplet size, viscosity, conductivity, and polydispersity index. Based on the results of optimisation studies, the final 0.1
% (w/w) of curcumin concentration was successfully loaded into VCO microemulsion system. This formulation had clear transparent
yellow curcumin colour without phase separation. The results indicated that the curcumin microemulsion had an average particle size
about 43.15 nm and good stability with zeta potential -0.24 mV. The curcumin micoemulsion morphology had spherical in shape when
observed under transmission electron microscopy (TEM), the curcumin microemulsion was slightly acidic with pH value 5.28, the
conductivity was 241.2 uS/cm and the viscosity was 8.5 cP.
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I. INTRODUCTION high permeability [1]. Therefore, in order to improve its
solubility and bioavailability, curcumin should be

Curcumin is a natural compound of tumeric and extensive It ) . .
formulated to facilitate its delivery when applied to the

research has shown it contains remarkable anti-inflammatory

activity. Curcumin is highly tolerated in term of safety and targeted area. Incorporatiqn of curc_umin_into the_ appropriate
extremely safe for human consumption, even at high doses delivery system using microemulsion aims to improve the
up to 8 g per day. These make curcumin compound a highly absorption and raised its bioavailability due to high drug

solubilisation capacity, which leads to high concentration
gradients that allows drug diffusion ease, consequently
enhanced the curcumin efficacy [2].

Since the discovery of microemulsion, numerous
applications have been explored in various fields of studies
and its potential as a carrier has attracted many researchers
to utilize it as a tool for compound delivery [3].

potential candidate to be developed as a therapeutic agent for
many diseases. However, the use of curcumin is limited by
its poor solubility and low bioavailability. Increase the
dissolution rate and solubility of curcumin were among
challenges to be overcome. Curcumin is a hydrophobic
polyphenol compound and has very low solubility in water.
It comes under class Il drugs, which have low solubility and
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Microemulsion drug delivery system is a novel and
versatile approach for overcoming the formulation
difficulties of drugs with poor aqueous solubility. A right
combination between surfactant, oil and water spontaneously
cause microemulsion formation which appears as single
optically isotropic liquid with a particle size within the range
of 10-100 nm [4]. It has high thermodynamic and Kinetic
stability, low viscosity and optical transparency that suitable
for solubility, dissolution and absorption enhancement of
liphophilic compound [5]. Due to its great stability,
microemulsion offers a better system as solution for
compounds delivery in the body [6].

In this study, a preferred microemulsion system using
Virgin Coconut OQil (VCO) as oil phase was used to
formulate curcumin microemulsion. A VCO microemulsion
system based on [7] was selected to load with curcumin to
obtain curcumin microemulsion. No such study and
publication being reported so far on curcumin formulation
using this microemulsion system. The optimum and stable
curcumin microemulsion obtained will be characterised and
evaluated for its safety and suitability to use as curcumin

carrier.

Il. THE MATERIAL AND METHOD

A. Chemicals

Curcumin powder of 95.18% purity was purchased from
MERCK (Billerica, MA USA). Tween 80 was purchased
from Amresco, whereas Span 80 and Span 40 were
purchased from Nacalai tesque (Kyoto, Japan). Trypsin and
fetal bovine serum (FBS) were purchased from Gibco,
whereas MTT (3-(4-,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, dimethyl sulfoxide (DMSO) and
isopropyl myristate (IPM) were purchased from Sigma-
Aldrich Chemical. Virgin coconut oil was obtained from

local stores.

B. Cell Culture

The L6 cells were purchased from the cancer cell lines,
obtained from the American Type Culture Collection
(Rockville, MD, USA). The culture medium for L6 cells
were purchased from Millipore and Gibco, respectively. The
L6 cells were cultured in DMEM supplemented with 5%
heat-inactivated fetal bovine serum (FBS) and a 1%
antibiotic solution (100 U/ml penicillin G and 0.1 mg/ml
streptomycin). The cell was maintained at 37 °C in a
humidified incubator containing 5% CO,.

C. Microemulsions Preparation

Two microemulsion systems were prepared based on
different oil phase which were VCO microemulsion and
Isopropyl Myristate (IPM) microemulsion. The VCO
microemulsion was prepared by titration method using non-
ionic surfactants combination of Tween 80:Span 80:Span 40
(Smix) with the ratio of 90:3.33:6.67 and the proportion
between VCO, Smix and water was 4:20:76. The mixture
was mildly heated and stirred until a transparent and
isotropic microemulsion was obtained. The preparation of
IPM microemulsion was achieved using Tween 80 and PEG-
400 formulated at 6% isopropyl myristate (IPM), 30%
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Tween 80 and 10% PEG-400 and 54% water respectively as
described in [8].

D. MTT (Cytotoxicity) Assay for L6 Treated with
Microemulsions.

The L6 cells were used for cytotoxicity tests of the
microemulsions. The confluent cell culture was trypsinised
and the cell count was adjusted to 1.0 x 10° cells/ml using
DMEM containing 10% FBS. The cells were plated on 96-
well flat bottomed plates, with each well at a density of
1x10%cells, and incubated for 24 hours at 37 °C in the CO,
incubator. To each well of the 96-well microtitre plate, about
100 pl of the diluted cell suspension (approximately 10,000
cells) was added. After 24 hours, the media of the confluent
attached cell was flicked off and replace with new media
containing test microemulsions at different concentration.
The plates were then incubated at 37 °C for 72 hours in 5%
CO; atmosphere. The cytotoxicity effect was evaluated by
the MTT assay. The absorbance was measured using a
microplate reader at a wavelength of 570 nm. The
absorbance values obtained were then converted to
percentage of cell viability [9] and determined by the
following equation:

Cell viability (%) = T/Cx100 (1)

Where T/C is the test treatment over control (T/C) values
[10]-[11]. The experiments were repeated at least three times
for all microemulsion samples tested.

E. Preparation of Curcumin Microemulsion

A cold preparation was used to formulate curcumin
microemulsion by incorporating curcumin into VCO
microemulsion. An appropriate amount of curcumin was
slowly added into VCO microemulsion followed by
sonication and gentle shaking for the mixture complete
mixing and homogeneous solubilization. The mixture was
then left to reach equilibrium and then a clear isotropic
microemulsion containing curcumin was obtained. A desired
maximum concentration of curcumin was obtained by
dissolving the curcumin to a final 0.1% (w/w) concentration
or 1 mg/g. No phase separation was observed after the
addition of the curcumin. The curcumin microemulsion was
then kept at 25 °C for further use.

F. Thermodynamic Stability of Curcumin Microemulsion

The curcumin microemulsion was examined for
thermodynamic stability through several tests including
centrifugation, heating-cooling cycle and freeze-thaw cycle
based in [12]. Centrifugation test was carried out at 3500
rom for 30 minutes. Then heating-cooling cycle was
performed between the refrigerator temperature of 4 °C and
45 °C for 24 hours. Finally, the curcumin microemulsion
sample was taken for freeze-thaw cycle test at temperature
between —21 and +25 °C. Those curcumin microemulsion
formulations that did not show any phase separations,
creaming or cracking was thermodynamically stable and

selected for further studies.
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G. UHPLC-DAD Analysis of Curcumin

All samples were analysed by Agilent UHPLC System
using a reverse-phase C-18 Kinetex column (100 mm length,
4.6 mm diameter) for estimation of curcumin content. The
UHPLC conditions used were as follows, mobile phase 60
(0.1% formic acid): 40 (acetonitrile) and a gradient elution
programme was performed as shown in Table 1 with a flow
rate adjusted to 0.3 ml per minute. Meanwhile the detector
was set at 426 nm and 2 pl of the sample was injected for
every run. The curcumin concentration in microemulsion
was determined and quantified by comparing the integrated
peak areas with that of an internal standard. Each experiment
was replicated three times.

TABLE |
GRADIENT ELUTION METHOD

Minutes H,0/0.1%CHOOH (%) CH:CN (%)
0.00 60.00 40.00
6.00 5.00 95.00
9.00 5.00 95.00
10.00 60.00 40.00

H. Physical Characterisation of Curcumin Microemulsion

Curcumin was loaded into VCO microemulsion as in [13].
Various amounts of curcumin in increasing concentration
(ranging from 0.05% - 0.20%) were loaded into VCO
microemulsion in order to investigate solubilizing capacity
and encapsulation efficacy on curcumin in VCO
microemulsion. The mixture was sonicated and gently
shaken to complete solubilisation. After a while, the
undissolved curcumin was removed by centrifugation at
11832 rpm for 10 minutes and their Encapsulation
Efficiency (EE%) were quantified by Agilent UHPLC-DAD
with C-18 Kinetex column (100 mm length, 4.6 mm
diameter) at 426 nm after appropriate dilution with ethanol.
The standard curve of curcumin in ethanol at concentrations
between 20 pg/ml and 100 pg/ml was used for calculation.
The analysis was performed in triplicate and the
Encapsulation Efficiency (EE%) was calculated as follows:

Encapsulation Efficiency (EE %) = (Wt/Wi) x100 %

Where Wt is the total amount of curcumin in the
microemulsion suspension and Wi is the total quantity of
curcumin added initially during preparation.

1) Visual Appearance: Appearance of the curcumin
microemulsion was observed visually whether the system is
turbid or translucent or transparent.

2) Measurement of pH: The pH of curcumin
microemulsion formulations was determined by using a
digital pH meter. The measurement of pH of each
formulation was done in triplicate and average values were
calculated.

3) Turbidity: Turbidity analysis of the formulated
microemulsion was carried out by measuring the
transmittance of undiluted samples at 600 nm (Amax) using a
PowerWave HTMicroplate (Biotek) UV-visible
spectrophotometer. The reading was taken in triplicate.
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4) Conductivity Measurement: The conductivity of
microemulsion formulations in the absence or loaded with
curcumin  was determined at 25+2 °C wusing an
electrochemical analyser (CONSORT model C933)
connected with conductivity electrode. Each microemulsion
formulation of 10 ml was placed in a test tube and the
electrode was totally immersed in equilibrium curcumin
microemulsion until a stable measurement was achieved.
The experiments were carried out in triplicate for each
sample.

5) Viscosity:  The  viscosity of  microemulsion
formulations in the absence or loaded with curcumin was
examined as such without dilution using Anton Paar
rheometer (model Physica MCR 301) equipped with
measuring cone spindle CP 25-2 at 25 °C. All analysis
parameters were controlled using Rheoplus Software. The
determination of viscosity was carried out in triplicate.

6) Droplet Size and Polydispersity Index (PDI):
Measurement of droplet size and polydispersity index (PDI)
of formulated microemulsion was determined by dynamic
light scattering (DLS) method using Melvern Particle Size
Analyzer (model Nano ZS). Light scattering was monitored
at 25 °C under measurement angle 173° backscatter and
photo diode with standard 633 nm laser. The dispersed
microemulsion formulations were measured without any
dilution. About 1.5 ml of microemulsion formulations were
pipeted into a cuvette for determination of microemulsion
globule size and its PDI. The measurements were carried out
in triplicates.

7) Determination of Zeta Potential: The instrument of
Melvern Particle Size Analyzer (model Nano ZS) also was
used for zeta potential determination. The zeta potential of
microemulsion droplet was measured at 25 °C. The
electrophoretic mobility (mm/s) of the particles was
converted to the zeta potential by in-built software based on
Helmholtz-Smoluchowski equation. Measurements were
performed using small volume disposable folded capillary
cells. About 1 ml of microemulsion formulations were
pipeted into disposable folded capillary cells for turbid or
translucent or transparent.

8) Transmission  Electron  Micrographys (TEM):
Visualization of morphology and microstructure of curcumin
microemulsions was characterized by TEM. To perform
TEM observations, a dilution of curcumin microemulsions
were prepared and sonicated for a minute before the
examination. Then a drop of the diluted solution was placed
on copper grid and was allowed to dry to remove excess
water. After air drying, the morphology of curcumin
microemulsion droplet was observed by CM12 Philips
transmission electron microscope.

9) Statistical Analysis: All measurements were performed
at least three replication of samples and the data obtained for
different formulations were analysed by one way analysis of
variance (ANOVA).
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1. RESULTS AND DISCUSSION

A. Formation of VCO and IPM Microemulsion

VCO and IPM microemulsions were successfully
prepared as described in the methods. All microemulsions
were allowed to place at ambient temperature overnight.
Visual observation made on both VCO and IPM
microemulsion showed as a clear transparent and isotropic
solution. However, the IPM microemulsion was more
viscous as compared to VCO microemulsion. This was due
to different water content and effect of components in VCO
and IPM microemulsion. Microemulsion formulation
characteristic should have lower viscosity for less resistance
to flow, easy handling and hassle-free administration [14]-
[15].

B. Cytotoxicity Effect of VCO and IPM Microemulsion on
L6 Cell

The cytotoxicity results of VCO and IPM microemulsions
are shown in Fig. 1 and expressed as % cell viability after
incubated at maximum 48 hours. The effect of VCO
microemulsion and IPM microemulsion on normal L6 cells
line has been determined by MTT assay.
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Fig. 1 Cytotoxicity of VCO and IPM Microemulsion on Normal L6 Cells
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Results from analysis demonstrated adverse inhibition
effect on L6 cells was shown in IPM microemulsion.
Whereas VCO microemulsion display minimal inhibition on
L6 cells. When VCO microemulsion at concentration
0.15625% were applied to the cell culture medium the % cell
viability of L6 cell was about 95.15%. In other hand IPM
microemulsion exhibited lower % cell viability about
65.80% when similar concentration of IPM microemulsion
(0.15625%) was applied. The inhibition effect of IPM
microemulsion was more pronounced where the % cell
viability was reduced to 13.13% only when the
concentration was increased to 0.3125%. The greater
inhibition rate was observed with increasing of
microemulsion concentration. At high concentration above
0.625%, the inhibition rate of both VCO and IPM
microemulsion were almost similar. These findings suggest
that VCO microemulsion is more suitable for use as a carrier
to load with curcumin.

C. Curcumin Loading Capacity into VCO Microemulsion

Further characterization of curcumin microemulsions by
DLS regards to their droplet size, PDI and zeta potential are
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The curcumin was added into VCO microemulsion in
increasing manner starting with the lowest concentration at
0.05% (w/w). The results found that as the amount of
curcumin added increased, the curcumin concentration in
VCO microemulsion was also increased in a dose-dependent
manner. The maximum capacity of curcumin loading in
VCO microemulsion was 0.1% (w/w) and the encapsulation
efficiency was 99.96%. Any additional amount of curcumin
above 0.1% (w/w) will cause the encapsulation efficiency of
curcumin loading reduced. An addition of curcumin at 0.2%
(w/w) in VCO microemulsion caused phase separation in
curcumin microemulsion and the remaining curcumin will
settle down at the bottom layer as shown in Fig. 2.

i
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Fig. 2 Curcumin microemulsion at different concentration of curcumin

D. Curcumin Microemulsion Characteristics

The appearance of curcumin microemulsion formulations
(0.05%, 0.1% and 0.15%) were both uniform and transparent
with a clear orange yellow colour. Thermodynamic stability
studies demonstrated that all curcumin microemulsion
formulations were stable after gone through centrifugation,
heating-cooling cycle and freeze-thaw cycle test. No phase
separation, creaming or cracking were observed in all
curcumin  microemulsion  formulations. Therefore, all
curcumin formulations were then subjected for further
characterisation. The characteristics of blank and curcumin
microemulsion included the pH, % transmittance, viscosity
and conductivity are presented as in Table Il. The results
showed that the amount of curcumin loaded had an effect on
pH, turbidity viscosity and conductivity of the curcumin
microemulsion. Viscosity and conductivity were increased
while % transmittance and pH of curcumin microemulsion
decreased with the increase amount of curcumin. The pH of
curcumin microemulsions was around 5 which were
beneficial to the curcumin stability. Many studies reported
that curcumin degradation occurred in a pH-dependant
manner, with faster reactions at neutral to basic conditions
[16].

TABLE Il

CHARACTERISTICS OF CURCUMIN MICROEMULSION WITH
DIFFERENT CURCUMIN PERCENTAGE LOADED

Curcumin

Micro- pH Transmit- Viscosity Conductivity
emulsion value tance (%) (cps) (US/cm)

(%)

Unloaded 5.51a 95.07a 7.47a 172.00d

0.05 5.35b 94.91a 7.99a 223.00c

0.1 5.28b 94.84a 8.50a 240.97b

0.15 5.03c 89.95b 10.61a 255.37a
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presented as in Table Ill. Results of TEM confirmed the
morphology of curcumin microemulsion were appeared
spherical in shape and uniform without aggregation.

TABLE Il
PARTICLE SIZE, POLYDISPERSITY INDEX (PDI) AND ZETA
POTENTIAL OF CURCUMIN MICROEMULSION
FORMULATIONS

Cgrcumm . P_artlcle Polydispersity Zeta Potential
Microemulsion size Index (PDI) mv)

(%) (nm)

Unloaded 19.29¢ 0.19¢ -2.15b

0.05 40.95b 0.65a -0.61a

0.1 43.15b 0.70a -0.24a

0.15 224.87a 0.47b -0.88a

The incorporation of curcumin into VCO microemulsion
caused the droplet size increased as compared to curcumin-
free (VCO) microemulsion. However, the incorporation of
0.15% curcumin into VCO microemulsion had a greater
effect on droplet size which was 224.87 + 2.76 nm. The size
was bigger than normal range within 10-100 nm. Therefore,
the curcumin microemulsion at 0.15% was excluded and
taken out. Whereas curcumin microemulsion at 0.05% and
0.1% showed reasonably increase on droplet size ranged
within 10-100 nm. The droplet size of 0.05% and 0.1%
curcumin microemulsion were 40.95 = 0.26 nm and 43.15 +
1.22 nm, respectively. All curcumin microemulsion
formulations were stabled and showed negative zeta
potential. Increased in curcumin microemulsion droplet size
would cause by the tendency of curcumin to localize at
interface and may partially move the surfactants from the
interface, thereby increasing the size [13]. The TEM image
of curcumin microemulsion is shown in Fig. 3.

Fig. 3 Morphology of curcumin microemulsion observed using CM12
Philips transmission electron microscope.

IV.CONCLUSION

Curcumin microemulsion was successfully formulated by
incorporation of curcumin into VCO microemulsion
produced using combination of Tween 80, Span 80 and Span
40. The VCO microemulsion exhibited minimal cytotoxic on
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L6 cells Therefore, the use of VCO microemulsion was a
good candidate as a vehicle to formulate a safe curcumin
microemulsion. This study has successfully formulated
curcumin microemulsion with desirable characteristics. The
optimum of curcumin microemulsion was obtained at 0.1%
curcumin loading. Based on the results, it was found that
0.1% curcumin microemulsion showed a micro droplet sized
below 100 nm with reasonable PDI that could be used to
enhance the curcumin bioavailability and avoid curcumin
degradation.
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