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Abstract

Roselle Hibiscus is a medicinal plant used in folk medicine. The parts of the flower, calyx, and bracts, are
regularly used but the seed of roselle has not been used and studied for antioxidant activities. The
objective of the present work was to determine the antioxidant activity of roselle seed oil extract
extracted using dichloromethane maceration. The extraction then was formulated as nanoemulsions and
evaluated for its physicochemical properties and stability. The oil obtained from Roselle Hibiscus seed
demonstrated good antioxidant activity, according to the DPPH assays. Roselle seed oil extract
nanoemulsions were developed using non-ionic surfactants and water by ultrasonic emulsification
method and evaluated to achieve optimum stability. Nanoemulsions formulated using Tween 60 and
Tween 80 had a relatively small droplet size ranging from 20-30 nm. After a seven-day stability test at
the room temperature and a 6-cycle heating-cooling study, phase separation or creaming did not occur to
the nanoemulsions formulated by Tween 60 and Tween 80. The ratio of roselle seed oil extract and
Tween 60 that yielded the best physical properties for the nanoemulsions was 1% and 5%, respectively.
The results indicated that nanoemulsions had nanoscale droplet size and were stable under the normal
and stress storage condition.
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Introduction

The skin barrier has both hydrophilic and
lipophilic regions. Hydrophilic substances
have difficulty passing through lipid-rich
regions, while lipophilic substances have a
low probability of crossing the aqueous
regions. Several studies have been reported
nanoemulsions could improve the
transdermal permeation of many drugs when
compared to conventional topical
formulations.

Nanoemulsion, an 1isotropic, transparent
(translucent) system consisting of oil, water,
and surfactant, has a droplet diameter
generally in a range of 10 to 100 nm [1].
Nanoemulsion can improve the solubility of
drugs, 1is relatively uncomplicated to
fabricate, and has longer stability than the
conventional topical formulations, e.g.
emulsions and ointments. In addition,
nanoemulsion requires a lower quantity of
surfactant, in general, 5-20% w/w lower than
microemulsions. Hence, they could reduce the
opportunity of skin irritation and production
costs [2, 3].
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These characteristics make it an interesting
technology for the pharmaceutical and
cosmetic industries. Hibiscus sabdariffa L., a
member of family Malvaceae, is known as
roselle and is one of the most famous
medicinal plants in several countries. The
useful parts of the plant are the flower, calyx,
and bracts. Those parts are used to make
beverages in Egypt. The tender stem, leaves,
and chalice are used as vegetables in Africa.

Fermented roselle seeds are used as a spice
in northern Nigeria. The seed oil is richer in
gamma-tocopherol [4], which i1s an
antioxidant used widely in food and cosmetic
industries [5], than the sepals, leaves, and
stems extracts [4]. Topical antioxidants from
natural sources are one of the approaches
used to reverse signs of skin aging. The
nanoemulsions containing roselle seed oil
extract might enhance its skin penetration
and have significant implications in skincare.
Therefore, the purpose of this study was to
measure the antioxidant capacity of roselle
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seed oil extract; to fabricate nanoemulsions
containing roselle seed oil extract, and; to
determine the effects of type and quantity of
surfactants on the physicochemical
properties of nanoemulsions.

Materials and Methods
Materials

Roselle seed oil was extracted and provided
by the second author. The following reagents
were obtained from P.C. Drug Center Co.,
Ltd., (Bangkok, Thailand): polyethoxylated
sorbitan esters (Tween) 20, Tween 60, Tween
80 and polyethoxylated glycerides
(Cremophor) RH 40. Sorbitan esters (Span)
80 was obtained from CT chemical (Bangkok,
Thailand). Polyethoxylated fatty acid ester
(Myrj) 52 and ascorbic acid were supplied by
Sigma-Aldrich (Saint-Louis, MO, USA). 6 —
hydroxy - 2, 5,7,8-tetramethylchroman — 2 -
carboxylic acid (Trolox) and Hydroxyl (OH)
and 2-2'-diphenyl-1-picrylhydrazyl (DPPH)
were purchased from Fluka (Switzerland). All
other chemicals and reagents were of
analytical or chromatographic grade.

Antioxidant Activities of Roselle Seed
0Oil

The strength of the antioxidants is quantified
in vitro by measuring its efficacy in

quenching a known concentration of typically
DPPH. Antioxidant activities of the extract

and standard solutions were determined
based on their radical-scavenging ability in

reacting with a stable DPPH free radical

Ascorbic acid and Trolox were used as a
reference standard. A 100 pl sample of the

roselle seed o1l extract at the concentrations
of 125 to 200 pugml or the standard was

mixed with 100 ml of DPPH in absolute
ethanol solution (0.1 mM). After the incubation

at 37°C for 30 min, the absorbance of each
solution was determined at 520 nm using a
spectrophotometer Hitachi®, Japan;

corresponding blank readings were also
taken, and % inhibition was then calculated.

The scavenging activity percentage (AAx) was
determined according to Habu et al [6].

AA%=(

The antioxidant activity of the extract was
expressed as IC50, defined as the
concentration of the extract required to
inhibit DPPH radicals by 50%, using an
exponential curve. A solution of DPPH in
ethanol was used as a control solution,
whereas ethanol was used as a blank. The
experiment was performed in triplicate.

Preparation of Roselle Seed Oil

Nanoemulsions

Nanoemulsions of roselle seed oil extract
were prepared by the ultrasonication method.
Tween 20, Tween 60, Tween 80, Cremophor
RH 40, Span 80 and Myrj 52 were used as
surfactants. The o1l concentration to
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surfactant concentration ratios were 1:1, 1:5
and 1:10. Briefly, roselle seed oil extract, the
surfactant, and water were mixed in a beaker
under continuous stirring for 30 minutes
(Table 1). The mixture solution was sonicated
using an ultrasonic probe sonicator (Vibra
Cell VCX 750, Sonics Materials Inc., USA) for
five minutes at a 40% amplitude resulting in
the formation of nanoemulsions.

The prepared formulations with the
appearance as cloudy or milky white solution
were excluded from this study, whereas the
nanoemulsion formulations which were
transparent and clear were selected for
further evaluation.

Table 1: Composition of roselle seed o0il extract nanoemulsions formulation (100 mg)

Formulation code 0il (mg) Surfactant (mg) Water (mg)

F1 98

F2 Tween 20 5 95

F3 10 90

F4 99

F5 1 Tween 60 5 95

Fe6 10 90

F7 99

F8 Tween 80 5 95

F9 10 90
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F10 99
F11 Cremophor RH 40 5 95
F12 10 90
F13 99
F14 Span 80 5 95
F15 10 90
Fi16 99
F17 Myrj 52 5 95
F18 10 90

Determination of pH value

The pH of the nanoemulsions formulations
was measured by a pH meter (Mettler Toledo
MP 220, Greifensee, Switzerland) in
triplicate at 25 °C [7].

Evaluation of Droplet Size and Zeta
Potential

Twenty microliters of each nanoemulsion
formulations were then diluted with distilled
water to 2000 pl in a microtube (Eppendorf,
NY, USA). Droplet size, polydispersity index
(PDI), and zeta potential of the prepared
samples were measured by dynamic light
scattering using a Zetasizer Nano ZS
(Malvern Instrument Ltd., Worcestershire,
UK). The measurements were conducted at
25°C at a 90° angle and each measurement
was performed with three readings per
sample [7].

Stability Study of Nanoemulsion

Each formulation was stored in a glass bottle,
tightly sealed with a cap and then stored at
25°C for seven days. A heating-cooling cycle
was also performed to evaluate the stability
of formulated nanoemulsions at the extreme
temperature changes. This test consisted of
storing the samples at 40°C in a hot air oven
(Memmert® CTC256, Buchenbach, Germany)
for 48 hours and then at 4°C in a refrigerator
(Panasonic® NR-BU303 SSTH, Osaka, Japan)
for another period of 48 hours. The cycle was
repeated  six  times. Physicochemical
characteristics including droplet size, PDI,
stratification, and pH were evaluated before
and after the heating-cooling cycle (n = 3).

The nanoemulsions were observed visually
for any turbidity or phase separation.
Furthermore, the nanoemulsions were
evaluated for physical stability characterized
by the percentage of creaming and cracking.
Cracking of nanoemulsion refers to the
separation of the dispersion phase that dose
not re-disperse by gentle shaking. The
creaming index (%CI) was calculated as the
following: %CI = (CC/CT) x 100; where CC is

the total height of the cream layer and CT is
the total height of the emulsion layer [4, 8].

Statistical Analysis

Data were expressed as the mean =+ standard
deviation (SD) and analyzed by one-way
ANOVA. Differences between formulations
were set to be significant at p < 0.05.

Results and Discussion

Antioxidant Activities of Roselle Seed
0Oil

The antioxidant potential of roselle seed oil
(Hibiscus sabdariffa 1.) extract was
determined by measuring the DPPH radical
scavenging activity of the extract. The IC50
value was calculated to determine the
concentration of the extract required to
scavenge 50% of the DPPH free radicals
under the employed investigational
conditions. The smaller the IC50 value, the
higher the antioxidant activity [9]. The
calculated IC50 values of the roselle seed oil
extract, ascorbic acid, and Trolox were 247.08
+ 14.73 pg/ml, 4.10 = 2.94 pg/ml and 5.61 +
0.41 pg/ml, respectively. These results
showed that roselle seed oil extract had
antioxidant capacity lower than the standard
controls (ascorbic acid and Trolox).

Table 2: Physical characteristics of freshly prepared roselle seed oil extract nanoemulsions

Formulation code Physical property pH Size (nm) Zeta potential (mV)
F1 turbid
F2 turbid
F3 turbid
F4 turbid
F5 transparent 3.60+0.03 33.71+£3.41 -22.48+13.10
F6 transparent 3.48+0.02 22.82+1.79 -10.71+4.73
F7 turbid
©2009-2020, JGPT. All Rights Reserved 569
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F8 turbid

F9 transparent 6.74+0.22 19.12+3.30 -11.37+£3.95
F10 turbid
F11 turbid
F12 turbid
F13 turbid
F14 turbid
F15 turbid
F16 turbid
F17 turbid
F18 turbid

ES F6 =S

Fig. 1: The physical appearance of the roselle seed oil nanoemulsions (F5, F6, and F9)

Physicochemical Properties and

Characterization

Roselle seed oil extract was used as an oil
phase and Myrj, Tweens, Spans, and
Cremophors were used as nonionic
surfactants in this study. The oil/surfactant
ratios were 1:1, 1:5 and 1:10. The ratio of oil
to the surfactant that vresulted in
nanoemulsions were 1:5 (Tween 60 and
Tween 80) and 1:10 (Tween 80) (Table 2). The
selected formulations as shown in fig. 1 (F5,
F6, and F9) were transparent and clear in
solutions and they were selected for
characterization in further studies.

Roselle seed oil extract could effectively form
nanoemulsions with Tween 60 and Tween 80
while Tween 20, Cremophor RH 40, Span 80
and Myrj 52 were not effective surfactants for
roselle seed oil nanoemulsions. The reason of
these phenomenons might be from the
structure of these surfactants which be
unsuitable to form nanoemulsion containing
roselle seed oil extract.

The structure of surfactants may have
affected the nanoemulsion forming potential
of the surfactants. The various polysorbate
surfactant contain the fatty acid portion of
the molecule including oleic acid (Tween 80),
lauric acid (Tween 20), and stearic acid
(Tween 60). Stearic acid and oleic acid are
long-chain fatty acid with an 18-carbon atom.

©2009-2020, JGPT. All Rights Reserved

Stearic acid is a saturated fatty acid whereas
oleic acid is a monounsaturated fatty acid.
Lauric acid is a saturated fatty acid with a
12-carbon atom chain. For these reasons, at
5% of surfactant formulation, only Tween 60
(F5) could be used to successfully fabricated
the nanoemulsions while Tween 20 and
Tween 80 could not. The nanoemulsions with
Tween 80 could be prepared at the highest
amount of surfactant (10%; F9).

This might be a monounsaturated fatty acid
of Tween 80. Type of nanoemulsions could
define by the hydrophilic-lipophilic balance
(HLB), whose scale ranges from 0 to 20, of
surfactant. Lower HLB surfactants (<10) are
lipophilic and form a water-in-oil emulsion
while higher HLB surfactants (>10) are
hydrophilic and form an oil-in-water
emulsion. Since the formulations consisted of
hydrophilic surfactants (Tweens 60) with the
HLB of 14.9, nanoemulsions in this study
were oil-in-water nanoemulsions in which oil
was dispersed in the continuous aqueous
phase.

The pH measurement is an important
experiment to monitor the stability of the
nanoemulsions. Changing pH  values
indicates the happening of chemical reactions
that may decrease the quality of the final
product. The apparent pH of all formulations
was measured by pH meter in triplicate at 25
+ 1 °C and found to be in between 3.48-6.74.
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The pH of the nanoemulsions can be adjusted
to close to pH range of 5 to 6 which is
optimum for transdermal formulation
without the effect on particle size and zeta
potential [10]. The mean droplet size of the
prepared nanoemulsions with 10% of Tween
60 (F6) and Tween 80 (F9) was
approximately 20 nm. These close
approximation in the size of nanoemulsions
F6 and F8 might be due to the close HLB
value of Tween 60 and Tween 80.

The HLB of Tween 60 was 14.9 and Tween 80
was 15.0. We also found that the droplet size
decreased with surfactant concentration. At
5% and 10% concentration of the surfactant,
the droplet size was approximately 33nm to
22nm, respectively (Table 2). This was
supported by the fact that the increase in
surfactant concentration decreases the
interfacial tension of the oil phase and water
phase, so the droplet size of the
nanoemulsions  with  high  surfactant
concentrations is smaller [11, 12].

The decrease in the size of nanoemulsions
when the concentration of the surfactant is
increased can be explained by
thermodynamics. From the equation 0= Gs =
Hs - TSs, an increase in the concentration of
surfactant, the surface tension decreases and
leads to a decrease in Gibbs free energy (Gs).
then

The decrease in the size of nanoemulsion
when the concentration of the surfactant was
increase could also be explained by the
emulsification mechanism. The formation of
an emulsion is spontaneous if the Gibbs free
energy 1s less than zero. Then, when
increasing the concentration of surfactant,
the surface tension was decreased which can
be described by this equation (y= Gs = Hs -
TSs). Hence, the reduction of surface tension
results in a decrease in Gibbs free energy
[13].

In general, zeta potential values greater than
+30 mV or less than -30 mV are considered as
stable nanoemulsions. Table 2 shows the zeta
potential values of nanoemulsions. The result
illustrated that all the nanoemulsions were
negatively charged with the zeta-potential of
more than -30 mV. Since Tween 60 is a
nonionic surfactant that is not affecting the
zeta potential, the negative charge should
have come from the anions in the roselle seed
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extract. This explanation is plausible because
the extract contains carboxylic groups as in
the fatty acid.

Stability Study of Nanoemulsion

In this study, the stability of nanoemulsions
was used to determine whether the
formulation should be further pursued. The
most common results from emulsion
instability are sedimentation and creaming.
The wupward (creaming) or downward
(sedimentation) movement of the particles in
a colloidal dispersion is caused by the
gravitational acceleration force. In this study,
the selected formulations (F5, F6, and F9)
with the ultrasonication method were stored
at 25°C for seven days and were tested by the
six-cycle of heating-cooling cycles.

Phase separation or creaming did not occur
in all of the selected formulations. The
droplet aggregation such as flocculation or
coalescence of nanoemulsions by gravity force
sparsely occurred as a result of their
nanoscale droplet size. The driving force from
the Brownian motion movement which occurs
in nanoemulsions with a diameter lower than
70 nm prevents the creaming [14, 15].

The measurement of pH value, droplet size,
and zeta potential were analyzed after
storing the nanoemulsions under the storage
conditions. The pH values (Fig. 2) remained
relatively close to the values of the freshly
prepared counterparts (3.53-6.47). Therefore,
it could be speculated that chemical reactions
that decline the product quality did not occur.
The mean droplet size and zeta potential of
the samples after seven days and six cycles of
heating- cooling assessment did not
significantly different from the value of the
freshly prepared counterparts (Fig. 3).

All selected formulations demonstrated good
stability without phase separation. However,
the formulation F5 (1% of roselle seed oil
extract and 5% of Tween 60) was selected as
an optimized formulation because it had the
lowest amount of surfactant. For further
research, the nanoemulsions should be stored
under long-term storage conditions (25+2°C/
60+5%RH or 30+2°C/ 60+5%RH) for 12
months to determine the long-term stability.
Additionally, toxicity tests in cell culture or
animal model is an interesting experiment to
define how safe is it.
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Fig. 2: pH values of each formulation at day 0, 25°C for 7 days and 6 cycles of heating-cooling cycles
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Fig. 3: Nanoemulsions Droplet Size at Day 0, 25°C for 7 days and 6 cycles of Heating-Cooling Cycles

Conclusion

Roselle seed o1l extract showed good
antioxidant capacity and it could successfully
be fabricated to nanoemulsions by the
ultrasonication method using 1% of roselle
seed oil extract and 5% of tween 60.

The results suggested that nanoemulsions
containing roselle seed oil extract were stable
after being stored under the heating-cooling
cycle. This research studied on
physicochemical properties of roselle seed oil
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