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Abstract: Problem statement: Seeds of Nigella sativa L., commonly known as black seed, have been
used in traditional medicine by many Asian, Middle Eastern and Far Eastern Countries to treat
headache, coughs, abdominal pain, diarrhea, asthma, rheumatism and other diseases. The seeds of this
plant are the most extensively studied, both phytochemically and pharmacologically. The aqueous and
oil extracts of the seeds have been shown to possess especially nowadays in pharmaceutical
antioxidant, anti-inflammatory, anticancer, analgesic, antimicrobial activities and medicinal and
cosmetic applications, sanitary, cosmetic, agricultural and food industries. Approach: The aim of this
study was to formulate a new delivery system for dermal and cosmetic application by the incorporation
of Nigella sativa essential oil into solid lipid nanoparticles SLN. SLN formulations were prepared
following the high-pressure homogenization after starring and ultra-trax homognization techniques
using hydrogenated palm oil Softisan 154 and N. sativa essential oil as lipid matrix, sorbitol and water
as surfactants. The SLN formulation particle size was determined using Photon Correlation System
(PCS). Results: The change of particle charge was studied by Zeta Potential (ZP) measurements, while
the melting and re-crystallization behavior was studied using Differential Scanning Calorimetry
(DSC). Data showed a high physical stability for both formulations at various storage
temperatures during 3 months of storage. In particular, average diameter of N. sativa essential oilloaded SLN did not vary during storage and increased slightly after freeze-drying the SLN
dispersions. Conclusion: Therefore, obtained results showed that the studied SLN formulations are
suitable carriers in pharmaceutical and cosmetic fields.
Key words: Solid lipid nanoparticles, Nigella sativa, palm oil, high pressure homogenization,
supercritical fluid extraction
SLNs in epidermal targeting, follicular delivery,
controlled drug delivery, increased skin hydration due
to greater occlusivity and photostability improvement
of active pharmaceutical ingredients has been very well
established (Shah et al., 2007; Muller et al., 2000;
Mehnert and Mader, 2001). Solid lipid nanoparticles
are colloidal carrier systems composed of a high
melting point lipid/s as a solid core coated by
surfactants. The term lipid in a broader sense includes
triglycerides, partial glycerides, fatty acids, hard fats
and waxes. A clear advantage of SLNs is the fact that

INTRODUCTION
Recent advances in nanoparticulate systems for
improved drug delivery display a great potential for the
administration of exigent active molecules. Solid Lipid
Nanoparticles (SLNs) have emerged as an alternative to
other novel delivery approaches due to various
advantages such as feasibility of incorporation of
lipophilic and hydrophilic drugs, improved physical
stability, low cost compared to liposomes and ease of
scale-up and manufacturing. Moreover, the potential of
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the lipid matrix is made from physiological lipids which
decreases the danger of acute and chronic toxicity.
Highly purified natural solid lipids such as stearine
fractions of fruit kernel are low cost alternative to the
commercial lipids used for SLN production. This
specialty material is derived from indigenous source,
available in abundance and supplemented with essential
bio-actives. They are completely biodegradable. High
saturated fatty acid-oleic acid-saturated fatty acid (SOS)
content and exceptional high oxidation resistance of
these fractions (Gunstone, 2004) would be beneficial
for drug encapsulation efficiency and the drug stability
upon the encapsulation, respectively. The main aim of
this investigation was to develop SLNs from indigenous
solid lipids by using a simple method such as microemulsion technique. Furthermore, the aim was to
characterize these SLNs and evaluate its potential in the
topical delivery system using a lipophilic drug model.
Nigella sativa is an annual herb of the Ranunculaceae
family, which grows in countries bordering the
Mediterranean Sea, Pakistan and India. This widely
distributed plant is native to Arab countries and other
parts of the Mediterranean region. For thousands of
years, this plant has been used in many Asian, Middle
Eastern and Far Eastern Countries as a spice and food
preservative as well as a protective and health remedy
in traditional folk medicine for the treatment of
numerous disorders. The seed of this plant is commonly
known as black seed and is referred to by the prophet
Mohammed as having healing powers. The seeds are
commonly eaten alone or in combination with honey
and in many food preparations. The oil prepared by
compressing the seeds of N. sativa is used for cooking.
Black seed is also identified as the curative black cumin
in the Holy Bible and is described as the Melanthion of
Hippocrates and Discroides and as the Gith of Pliny.
N. sativa plant is one of the most extensively studied,
both phytochemically and pharmacologically. The
extracts of N. sativa seeds have been used by patients to
suppress coughs disintegrate renal calculi, retard the
carcinogenic process (Worthen et al., 1998;
Hosseinzadeh et al., 2007) treat abdominal pain,
diarrhea, flatulence and polio (Enomoto et al., 2001),
exert choleretic and uricosuric activities, antiinflammatory (Chakravarty, 1993; Houghton et al.,
1995) and antioxidant effects (Mansour et al., 2002;
Mansour, 2000). Besides, the essential oil was shown to
have antihelminthic (Agarwal et al., 1979),
antinematodal
(Akhtar
and
Riffat,
1991),
antischistosomal (Mahmoud et al., 2002), antimicrobial
(Aboul-Ela et al., 1996; Hanafy and Hatem, 1991;
Aboul-Ela, 2002) and antiviral (Salem and Hossain,
2000) effects. The pharmacological properties appear to

be involved in the beneficial effects of N. sativa oil on
headache, flatulence, blood homeostasis abnormalities,
rheumatism and related inflammatory diseases (Boulos,
1983). Moreover, the seeds are believed to have
carminative, stimulatory and diaphoretic properties and
are used in the treatment of bronchial asthma and
eczema (Boulos, 1983). In view of this, exploring the
potential of SLNs in improving the topical delivery of
N. sativa oil seems worthwhile wherein; indigenous
natural solid lipids were explored to offer their inherent
merits to improve treatment efficacy and patient
compliance. An alternative, lab-scale technique of
micro-emulsion template was utilized for production of
SLNs in the preparation of topical dosage form.
MATERIALS AND METHODS
Nigella sativa seeds: The seeds were purchased from a
local herbal shop in Yemen. Seeds were stored in dark
at 4°C for 20 days. Immediately prior to the extraction
process, the seeds were ground in a blender to produce
a powder with an approximate size of 150 g.
Supercritical Fluid Extraction (SFE): A SFE system
mode (Thar, Germany) at the Food Science and
Biotechnology Laboratory UPM was used for the
extraction. In this study, extraction was performed by
filling extraction vessel with 150.0 g of the completely
crashed seeds. The plant was then extracted with SFE
under 400 atm pressure and 40°C temperature for
15 min static followed by 20 min dynamic. A duraflow
manual variable restrictor (Suprex) was used in the SFE
system to collect the extracted analytes as shown in the
(Fig. 1 and 2).The SFE flow rate through the duraflow
restrictor was approximately 25 g min−1 (compressed).
The extracted analyses were collected in a volumetric
flask. The final volume of the extract was adjusted to
35 mL at the end of the extraction. In order to have
better collection efficiency, the 35 mL volumetric flask
was placed in an ice bath during the dynamic extraction
stage.

Fig. 1: Schematic diagram of one stage SFE apparatus
(SFE 1)
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were diluted with demineralized water to PIDS obscurity
of not less than 40%. Size distribution by volume was
calculated by applying an optical module created by the
instrument software. Measurements were performed in
triplicate. Particle size measurements were done 24 h,
1 week, 1 and 3 months after SLN preparation.
Zeta potential measurement: Zeta potential of a
colloidal sample determines whether the particles
within a liquid will tend to flocculate (stick together) or
not. It is the potential within the hydrodynamic shear or
slipping plane of the electric double layer of a charged
particle. The zeta potentials of the formulated SLN
were determined after 3 months of preparation in a
Zetasizer 4 (Malvern Instruments, Malvern, UK). Each
sample was diluted with bidistilled water (pH 7.0) and
the electrophoretic mobility determined at 25°C and
dispersant dielectric constant of 78.5. The obtained
electrophoretic mobility values were used to calculate
the zeta potentials using the software DTS Version 5.0
(Malvern, UK).

Fig. 2: Schematic diagram of SFE apparatus using high
pressure separator (SFE 2)
Lipid materials and afflation of study: Our study was
conducted in the University Putra Malaysia (UPM).
Hydrogenated palm oil Softisan 154, Sorbitol, (Caesar
and Loretz, Germany) and polysorbate 80 (tween 80)
(Sigma Aldrich, Germany) were used as procured from
their manufacturers without further purification.
Bidistilled water was used for nanoparticle preparation.
Formulation of the lipid matrix: The lipid matrix
used in SLN formulation corresponded to 30%w/w of
Hydrogenated palm oil Softisan 154 and N. sativa
essential oil as lipid matrix. The lipids were weighed
with an electronic balance (Sartorius, Germany), melted
together at 10°C higher than melting point on a hot
plate (RCT, IKA, Germany) and stirred to fully yellow
color.

Differential Scanning Calorimetry (DSC): The
degree of crystallinity of the lipid nanoparticles was
determined on a calorimeter (DSC 28°C) connected to a
disc station of a Mettler DSC 822e (Mettler Toledo,
Greifensee, Switzerland). Approximately 5 mg of SLN
was weighed into an aluminum pan and sealed
hermetically and the thermal behavior determined in the
range of 10-125°C at a heating rate of 5°C min−1.
Baselines were determined using an empty pan and all
the thermo grams were baseline-corrected. Transition
temperatures were determined from the endothermic
peak minima while transition enthalpies were obtained
by integration of the endothermic transitions using
linear baselines.

Formulation of Solid Lipid Nanoparticles (SLN):
SLN were formulated to contain 20% w/w of lipid
matrix (30% w/w of Softisan 154 and N. sativa
essential oil as lipid matrix), 1.0% w/w of polysorbate
80, 4.5% w/w of sorbitol and enough bidistilled water
to make 100% w/w. The hot homogenisation technique
was adopted. Lipid matrix was melted at 10°C higher
than the melting point and the water containing
polysorbate 80 and sorbitol at the same temperature was
added to the molten lipid matrix with gentle stirring
with a magnetic stirrer. The mixture was further
dispersed with a mixer (Ultra-Turrax, Ika Staufen,
Germany) at 13,000 rpm for 5 min to produce the hot
primary emulsion. The hot primary emulsion at 70°C
was immediately passed through a heated high pressure
homogeniser (EmulsiFlex-C5, Avestin, Canada) at a
pressure of 500 bars for 5 cycles to produce the
nanoparticles, which were collected in a hot container
and allowed to recrystallize at room temperature.

RESULTS
An adequate characterization of the solid lipid
particles is a necessity for the control of the quality of
the product. PCS is the most powerful techniques for
routine measurements of particle size. The zeta
potential distribution of SLN was showed in Table 1.
The mean zeta potential was -15.4 mV (n = 5).
Therefore, this method had gained a relative good
stability and dispersion quality. The zeta potential of
SLN (3) varied in dependence of the emulsifier
concentration from K14.8 mV, prior to any addition of
nonionic emulsifier, to about 0 mV at an emulsifier lipid
ratio of 1-2. Due to the decrease in particle size and zeta
potential with increasing surfactant concentration it is
supposed that the surfactant is present at least partly
close to the particle interface.

Particle size analysis: The mean hydrodynamic (peak)
and size distribution (width) of the SLN were assessed at
25°C by Photon Correlation System (PCS) with Zetasizer
4 (Malvern, UK). Prior to measurement, the samples
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Table 1: Particle size and zeta potential with
(PI) of SLN
SLN
Particle size (nm)
PI
SLN (1)
142.70
0.27
SLN (2)
107.30
0.21
SLN (3)
95.50
0.22
SLN (4)
66.27
0.18
SLN (5)
128.50
0.20

Polydispersity Index

aggregation is less likely to occur for charged particles
(high
zeta
potential) due to electric repulsion
(Enomoto et al., 2001). The DSC thermal behavior of
the untreated S154 was chosen as reference for the
examination of the crystallinity of colloidal SLN
matrices. Untreated S154 showed a single endothermic
peak upon heating with a minimum at 55.68°C. DSC
thermograms of SLN displayed one endothermic
minimum upon heating as well. The crystallinity of the
different lipid matrices was only determined by the
triglyceride content and lecithin was present in a noncrystalline state. In conclusion, analysis of the melting
enthalpy of SLN with regard to the triglyceride content
within the lipid matrices revealed no enthalpy decrease
in comparison to the untreated bulk. In contrast to the
untreated bulk, the melting points of colloidal systems
were distinctly decreased by about 3-8°C. According to
(Hou et al., 2003), the melting point decrease of
colloidal systems can be assigned to the colloidal
dimensions of the particles in particular to their large
surface to volume ratio and not to re-crystallization of
the lipid matrices in a metastable polymorph possessing
a lower melting point. Nevertheless, the melting point
reduction of the different formulations has no apparent
relation to the particle size. SLN cooling curve shows a
main peak at 55.68°C which can be attributed to the
beta modification. But if the SLN cooling curve of the
peak higher than 62°C suggested the presence of alpha
modifications (Zur Muhlen et al., 1998). Solid lipid
nanoparticles do not, as proposed, “combine the
advantages of other colloidal drug carriers and avoid
the disadvantages of them”. They cannot simply be
regarded as nanoemulsions with a solid core. Clear
advantages of SLN include the composition
(physiological compounds), the rapid and effective
production process including the possibility of large
scale production, the avoidance of organic solvents and
the possibility to produce high concentrated lipid
suspensions. Disadvantages include low drug-loading
capacities, the presence of alternative colloidal
structures (micelles, liposomes, mixed micelles, drug
nanocrystals), the complexity of the physical state of
the
lipid
(transformation
between
different
modifications, possibility of supercooled melts) which
cause stability problems during storage or
administration (gelation, particle size increase, drug
expulsion). Sample dilution or water removal might
significantly change the equilibria between the different
colloidal species and the physical state of the lipid. The
appropriate
characterization
of
the
complex
surfactant/lipid dispersions requires several analytical
methods in addition to the determination of the particle
size. The lipid matrix of solid lipid nanodispersions is

Zeta potential (mV)
-14.4
-18.7
-14.8
-16.9
-12.2

Fig. 3: Differential scanning calorimetry scans of SLN
The cooling curves obtained 1 day after production
showed that the formulation re-crystallized in different
polymorphic forms. SLN cooling curve shows a main
peak at 55.68°C which can be attributed to the beta
modification (Fig. 3).
DISCUSSION
Extraction of essential oil components using SuperCritical Fluids (SCF), has received much attention in
the past several years, especially in food,
pharmaceutical and cosmetic industries. The seeds, rich
in essential oil, are consumed widely as condiment. In
the indigenous system of medicines, seeds are regarded
as stimulants and carminatives and found to be useful in
diarrhoea and dyspepsia. The particle size distribution
expressed by the polydispersity colloidal triacylglycerol
emulsions for parenteral nutrition (Westesen and
Wehler, 1993). The particle size decrease with
increasing o/w surfactant concentration
was
accompanied by a decrease of the polydispersity
index from about 0.4 down to below 0.2. Different
emulsifier concentrations enabled not only a control of
the particle size and in consequence specific surface
area, but allowed the preparation of surface charge
modified particles in addition. The measurement of the
zeta potential allows predictions about the storage
stability of colloidal dispersion. In general, particle
55

Am. J. Pharm. & Toxicol., 5 (1): 52-57, 2010
more mobile compared to polylactide-co-glycolide
based nanoparticles and therefore, controlled release
due to restricted diffusion of the drug within the lipid
matrix is questionable because of the drug mobility and
the short way length. In natural product extraction and
isolation, Supercritical Fluid Extraction (SFE),
especially that employing SFE, has become the method
of choice. Sophisticated modern technologies allow
precise regulation of changes in temperature and
pressure and thus manipulation of solvating property of
the SCF, which helps the extraction of natural products
of a wide range of polarities. According to these
advantages of supercritical fluid extraction we
recommended to use as clean tool for essential oil
extraction.
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