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Despite the pharmacological properties of thymoquinone (TQ), its administration in vivo remains problematic partly due to its poor
water solubility, leading to low absorptivity and bioavailability. Hence, the objective of this study is to prepare, characterize, and
evaluate the stability of TQ nanoemulsion (TQNE). Conventional emulsion from TQ (TQCE) and empty nano- and conventional
emulsions fromTriolein (TRNE andTRCE) are also produced for comparison purposes.The oil-in-water nanoemulsions of TQ and
Triolein were produced by high-pressure homogenization. Emulsions were characterized physically by droplet size, polydispersity
index, zeta potential, and refractive index.The changes of these parameters in TQNE samples stored for 6months at 4 and 25∘Cwere
not statistically significant (𝑃 < 0.05). In addition, the initial particle sizes of TQNE and TRNEwere 119.6 and 119.5 nm, respectively.
Stability studies were also performed for the period of 6 months. At the end of the experiment, the percent of remaining TQ in
TQNE at 4, 25, and 40∘C was 90.6, 89.1, and 87.4 % respectively. Slower degradation of TQ indicated the chemical stability of TQ
in TQNE samples. These results indicated that TQNE is stable over a period of 6 months.

1. Introduction

Excessive production of free radical species through oxidative
processes can lead to alteration of cellular functions respon-
sible for cardiovascular diseases, neurodegenerative diseases,
diabetes, cancer, joint diseases, and aging [1]. The damaging
effects of free radicals are typically balanced by antioxidants
acting as free radical suppressors or scavengers such as
antioxidant enzymes, tocopherols, flavonoids, polyphenols,
and quinones [1, 2]. Hence, there is a great demand for natural
bioactives for the maintenance of health and reducing the
risk of disease [3]. Thymoquinone (Figure 1) is a liposoluble
benzoquinone-based phytochemical that has been shown
to have remarkable antioxidant and anticancer activities
[1]. Although thymoquinone is a powerful antioxidant, its
administration in vivo remains problematic partly due to its

poorwater solubility, leading to low absorptivity and bioavail-
ability [4]. The design and development of new drug delivery
systemswith a view to enhance the efficacy of existing drugs is
an ongoing process in pharmaceutical research [5].Therefore,
producing suitable formulations is very important to improve
the solubility and bioavailability of such drugs. The lipid
based formulation approach has attracted wide attention in
order to enhance drug solubilization in the gastrointestinal
tract [5–7].

Studies suggest that there is an inverse relationship
between the absorption of poorly water-soluble bioactive
components and their particle sizes [8]. Nanoemulsions
mainly covering a size range of 20–200 nm are characterized
by their great stability in suspension due to their very small
particle size [9]. Because nanoemulsions have a remarkable
small oil droplets size, it scattrer light weakly, and appear
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Figure 1: Chemical structure of thymoquinone.

transparent which can be incorporated into optically trans-
parent products without adversely affecting their clarity [10].
Furthermore, nanoemulsions are attractive candidates for
improving drug solubility, reduce side effects of various
potent drugs, and prolong the pharmacological effects in
comparison to conventional formulations such as conven-
tional emulsions [11]. Hence, the objective of this investiga-
tion is to prepare, characterize and evaluate the stability of
nanoemulsion from thymoquinone (TQNE). Conventional
emulsion from TQ (TQCE) and empty emulsions from
Triolein (TR) are also produced for comparison purposes.

2. Materials and Methods

2.1.Materials. Methanol and 2-propanol (HPLC, grade) were
purchased from Fisher Scientific Co., Ltd. (Ottawa, Ontario,
Canada). The TQ standard, Triolein (TR), and polysorbate
80 (Tween 80) were purchased from Sigma (Sigma-Aldrich
Co., St. Louis, Missouri, USA). Bidistilled water was used for
emulsions preparation.

2.2. Production of Emulsions. Oil-in-water nanoemulsion
from thymoquinone (TQNE) was prepared by homogenizing
5% of Triolein (containing 4.45% TQ) with 95% aqueous
phase (2% Tween-80 and 93% double distilled-water) using
two sequential homogenization methods. The first method
involved homogenizing the solutions in an Ultra-Turrax
T25 (IKA, Staufen, Germany) for 3min at 13000 rpm to
produce TQ conventional emulsion (TQCE). The second
method involved subjecting the previously prepared emul-
sion to a high-pressure homogenization process using a
bench top high-pressure homogenizer (Stansted Fluid Power,
Ltd., Essex, UK) at a pressure of 800 bar for 5 cycles to
produce the TQNE. To avoid degradation of bioactives, the
nanoemulsion was cooled to less than 25∘C using an ice
bath after each homogenization cycle. The empty emulsions
from Triolein (without TQ) were also developed as described
before for comparison purpose.

2.3. Characterization of Emulsions. The changes in particle
size, polydispersity index (PDI), and zeta potential of dif-
ferent emulsion samples were investigated over a period of
6 months at three different storage temperatures (4 ± 2∘C,
25 ± 2

∘C, and 40 ± 2∘C, resp.) and different time intervals (0,
15, 30, 45, 90, and 180 days). Refractive indices of emulsion

samples were also evaluated at 0, 45, 90, and 180 days with
the same storage temperatures mentioned before.

2.3.1. Droplet Size and Polydispersity Index Measurements.
The mean particle size and polydispersity index were mea-
sured at 25∘C by dynamic light scattering (DLS) using a
Malvern Zetasizer Nano ZS (Malvern Instruments, Malvern,
UK). The size of the particles was measured using dispos-
able capillary cuvette (DTS1060) equipped with electrodes.
To avoid multiple scattering effects in the measurements,
samples were diluted 100-fold with double-distilled water
immediately before measurement [8]. The droplet size and
PDI of the investigated samples were obtained (in triplicate)
by calculating the average of 13 measurements at an angle of
173∘ [12, 13].

2.3.2. Particle Surface Charge (Zeta Potential) Measurements.
The zeta potential was measured by the measurement of the
electrophoretic mobility using a Malvern Zetasizer Nano ZS
(Malvern Instruments, Malvern, UK). Directly after measur-
ing the particle size, 𝜁-potential wasmeasured using the same
capillary cuvette. The refractive index was kept at 1.33 and
the viscosity was kept at 0.89 cp to mimic the values for pure
water. Each sample was measured three times, and mean
value and standard deviation are presented [14, 15].

2.3.3. Refractive Index. Refractive index of samples was
determined using an Abbes type refractometer (Bellinghan
and Stanley Ltd., Tunbridge Wells, UK). Each sample was
measured three times, and mean value and standard devia-
tion (SD) are presented [16].

2.3.4. Chemical Stability Studies. The loss of TQ in nano-
and conventional emulsion samples (TQNE and TQCE) was
investigated over a period of 6 months at 3 different storage
temperatures (4, 25, and 40∘C). Therefore, quantification
of TQ was performed using HPLC method according to
Al-Naqeeb and Ismail [17]. An Agilent HPLC (1200 series,
Germany) with C-18 reversed-phase column (Zorbax SB-
C18: Agilent, Muskegon, MI., USA) was used in the TQ
quantifications. For sample preparation, both TQ standard
and the emulsion samples were diluted and dissolved in
absolute methanol to 100 and 1000 ppm, respectively, and
filtered through a 0.22𝜇m Millipore filters. Diluted samples
were sonicated in an ultrasonic bath at 30∘C for 10min
to ensure dissolving. The mobile phase consisting of water,
methanol, and isopropanol [50 : 45 : 5 (v/v/v)] with a flow
rate of 1.0mL/min at 254 nm was used in the study. The
TQ standard solution (3.125, 6.25, 12.5, 25, 50, and 100 𝜇g
TQ/mL methanol) was used to prepare the standard curve.
Afterwards, 20𝜇L of the diluted emulsions and the TQ
standard solutions were injected into the HPLC column.The
area of the TQ peak was reported to a calibration curve to
determine the concentration of TQ. Samples were analyzed
in duplicate; mean and standard deviation were calculated.
TheTQcontent thatwas analyzed immediately after emulsion
preparation was used as controls (100% TQ). The amount
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of remaining TQ (undecomposed) at each time interval was
calculated.

3. Statistical Analysis

All experiments were conducted in triplicate or duplicate.
The data were recorded as mean ± standard deviation and
analyzed by SPSS (version 19, SPSS Inc, Chicago, IL). Data
were analyzed using one-way ANOVA, followed by least
significant difference (LSD). A value of 𝑃 < 0.05 was deemed
to be statistically significant.

4. Results and Discussion

4.1. Droplet Size Measurements. The information on droplet
size and polydispersity index is particularly important for
understanding the behavior of emulsions. In addition, par-
ticle size and composition of the emulsions greatly influence
the bioacceptability of the delivery systems [18]. Table 1 shows
the particle size of different emulsion samples during the 6-
month stability study period and at different temperatures (4,
25, and 40∘C). The results did not show any phase separation
or any sign of instability of all nanoemulsion samples. The
initial particle sizes of TQNE (Figure 2(a)) and TRNE were
119.6 and 119.5 nm, respectively. In addition, TQNE and
TRNE showed particle size ranges of 116.7–122.7 and 117.2–
120.8 nm, respectively. Moreover, their mean particle sizes
were not significantly different during the study period at
all the storage temperatures. On the other hand TQCE and
TRCE showed particle size ranges of 489.2–680.2 and 458.3–
629.0 nm, respectively. After 6 months of storage at different
temperatures (4, 25, and 40∘C), the changes in particle size of
TQCE samples were not significant in samples stored at 4 and
40∘C, while at 25∘C the psarticle size significantly increased
compares to day 0. However, changes in particle size of TRCE
were not significant at 4∘C,while it was significantly increased
in samples stored at 25 and 40∘C if compared to day 0.

A very small particle size (200–400 nm) even smaller
than the size of the smallest blood capillaries allows the
nanoemulsions to be injected intravenously with minimal
chances of capillary blockage during transport of the droplets.
This provides 100% bioavailability and simultaneously avoids
the use of toxic surfactants or cosolvents to dissolve the drug
[19]. In addition, nanoemulsions are usually highly stable to
gravitational separation because the relatively small droplet
size means that Brownian motion effects dominate the
gravitational forces. Therefore, nanoemulsions tend to have
better stability against droplet aggregation than conventional
emulsions [20]. However, emulsions may become unstable
through a number of different instability mechanisms (e.g.,
flocculation, coalescence, Ostwald ripening, and gravita-
tional separation), which depend on storage conditions such
as pH, ionic strength, and temperature [21].

4.2. Polydispersity Index Measurements. Table 2 shows the
PDI of different emulsion samples during the 6-month sta-
bility study period at different temperatures (4, 25, and 40∘C)
and different time intervals (0, 15, 30, 45, 90, and 180 days).
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Figure 2: Particle size distribution (a) and zeta potential (b) of
TQNE at day 0.

TQNE and TRNE showed PDI range of 0.175–0.207 and
0.158–0.211 respectively. In addition, PDI of TQCE and TRCE
was in the range of 0.488–0.677 and 0.423–0.616, respectively.
The PDI reflects the uniformity of particle diameter and can
be used to depict the size distribution of emulsion particles
[22]. At the end of the study, the PDI of TQNE and TRNE
samples had a value less than 0.2, this indecates a very narrow
size distributions of the system, which may reflect the overall
stability of these samples. Polydispersity values near 1.0 are
indicative of a polydisperse system [23].

4.3. Particle Surface Charge of Emulsions. Emulsifiers not
only act as a mechanical barrier but also act through for-
mation of surface charges zeta potential, which can produce
repulsive electrical forces among approaching oil droplets
and this hinders coalescence [24]. Zeta potential is a tech-
nique used to measure the particle surface charge properties
and predict the physical stability of many drug delivery
systems [25]. High absolute zeta potential values (above
30mV) should preferably be achieved inmost nanoemulsions
prepared in order to ensure the creation of a high-energy
barrier against coalescence of the dispersed droplets [22]. Fig-
ure 3 shows the zeta potential of loaded and empty emulsions
during the 6-month stability study period and at different
temperatures (4, 25, and 40∘C). The initial zeta potential of
TQNE (Figure 2(b)) and TRNE was −30.5 ± 0.85 and −28.8 ±
0.88, respectively. After a six-month storage of TQNE, the
changes in zeta potential were not significant for samples
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Table 1: Particle size (nm) of different emulsion samples during storage for 6 months at different temperatures.

4∘C 25∘C 40∘C 4∘C 25∘C 40∘C
TQNE TRNE

D0 119.6 ± 0.88 119.6 ± 0.88 119.6 ± 0.88 119.5 ± 0.52 119.5 ± 0.52 119.5 ± 0.52

D15 120.3 ± 0.64 119.2 ± 0.70 121.3 ± 0.20 119.7 ± 0.15 119.3 ± 0.25 119.5 ± 0.45

D30 121.1 ± 0.40 119.0 ± 0.80 122.7 ± 3.0 119.7 ± 0.51 118.4 ± 0.50 120.8 ± 0.26

D45 118.0 ± 0.52 116.7 ± 0.72 117.7 ± 0.80 117.2 ± 0.50 117.2 ± 0.68 117.9 ± 0.41

D90 119.3 ± 0.70 118.3 ± 0.60 117.6 ± 0.70 117.2 ± 0.36 117.9 ± 0.70 119.6 ± 0.36

D180 118.9 ± 0.15 119.1 ± 0.40 119.4 ± 0.75 117.9 ± 0.72 118.1 ± 0.95 120.6 ± 1.1

TQCE TRCE
D0 571.8 ± 5.1 571.8 ± 5.1 571.8 ± 5.1 511.8 ± 2.5 511.8 ± 2.5 511.8 ± 2.5

D15 519.8 ± 12.6 494.7 ± 2.8
∗

536.1 ± 0.05 500.6 ± 26.0 548.8 ± 4.8 545.6 ± 5.0

D30 500.8 ± 10.2
∗

601.0 ± 10.2 680.2 ± 31.5
∗

544.2 ± 18.3
∗

550.8 ± 2.8 511.6 ± 1.2

D45 506.1 ± 3.03
∗

597.4 ± 10.9 538.3 ± 38.6 565.0 ± 2.0
∗

560.9 ± 17.4 518.2 ± 36.0

D90 513.7 ± 5.0
∗

489.2 ± 16.2
∗

522.3 ± 3.5 458.3 ± 13.9
∗

567.4 ± 9.6 545.8 ± 25.3

D180 522.6 ± 61.1 498.3 ± 43.8
∗

607.3 ± 45.1 486.4 ± 25.8 648.6 ± 109
∗

629.0 ± 25.8
∗

Values are means of three replicates. Means in the same column of each emulsion with asterisks (∗) denote significance compared to day 0 (𝑃 < 0.05). D: day.

Table 2: Polydispersity indices of different emulsion samples during storage for 6 months at different temperatures.

4∘C 25∘C 40∘C 4∘C 25∘C 40∘C
TQNE TRNE

D0 0.194 ± 0.011 0.194 ± 0.011 0.194 ± 0.011 0.191 ± 0.011 0.191 ± 0.011 0.191 ± 0.011

D15 0.194 ± 0.015 0.201 ± 0.007 0.207 ± 0.004 0.194 ± 0.008 0.201 ± 0.005 0.168 ± 0.011
∗

D30 0.184 ± 0.004 0.175 ± 0.002
∗

0.190 ± 0.010 0.198 ± 0.011 0.189 ± 0.009 0.211 ± 0.010

D45 0.182 ± 0.004 0.184 ± 0.011 0.184 ± 0.007 0.180 ± 0.001 0.181 ± 0.009 0.199 ± 0.005

D90 0.193 ± 0.017 0.189 ± 0.007 0.193 ± 0.004 0.186 ± 0.007 0.203 ± 0.008 0.160 ± 0.007
∗

D180 0.181 ± 0.015 0.192 ± 0.006 0.176 ± 0.003
∗

0.195 ± 0.006 0.189 ± 0.011 0.158 ± 0.012
∗

TQCE TRCE
D0 0.570 ± 0.001 0.570 ± 0.001 0.570 ± 0.001 0.542 ± 0.064 0.542 ± 0.064 0.542 ± 0.064

D15 0.548 ± 0.041 0.570 ± 0.065 0.527 ± 0.001 0.508 ± 0.023 0.555 ± 0.006 0.528 ± 0.030

D30 0.488 ± 0.027
∗

0.612 ± 0.088 0.677 ± 0.035
∗

0.568 ± 0.032 0.424 ± 0.032
∗

0.479 ± 0.048

D45 0.504 ± 0.007
∗

0.599 ± 0.026 0.545 ± 0.038 0.461 ± 0.019
∗

0.553 ± 0.026 0.526 ± 0.079

D90 0.515 ± 0.023
∗

0.520 ± 0.050 0.527 ± 0.014 0.462 ± 0.013
∗

0.443 ± 0.034
∗

0.423 ± 0.027
∗

D180 0.554 ± 0.006 0.527 ± 0.013 0.584 ± 0.043 0.490 ± 0.026 0.616 ± 0.050 0.606 ± 0.035

Values are means of three replicates. Means in the same column of each emulsion with asterisks (∗) denote significance compared to day 0 (𝑃 < 0.05). D: day.

stored at 4 and 25∘C, while it was significantly increased for
samples at 40∘C. However, TRNE stored at 25∘C showed a
significant increase (−32.3±0.436mV) compared to the initial
values (−28.8 ± 0.88). On the other hand, TRNE stored at
40∘C showed a significant decrease (−16.5 ± 0.37mV). After
keeping TQNE samples for 6 months at different storage
temperatures, they were within the recommended range
which was around −30mV.

4.4. Refractive Index. Refractive index (RI) being an optical
property is used to characterize the isotropic nature of the
emulsions [26]. Figures 4 and 5 show the RI of TQ and TR
emulsion samples, respectively, during the 6-month stability
study period at different temperatures (4, 25, and 40∘C) and
different time intervals (0, 45, 90, and 180 days). TQNE
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three replicates.
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replicate determinations. For each emulsion, therewas no significant
difference (𝑃 ≥ 0.05) compared to day 0. D = day.

and TRNE showed RI range of 1.342–1.344 and 1.341–1.344,
respectively. In addition, RI of TQCE and TRCE was in
the range of 1.339–1.343 and 1.339–1.342, respectively. No
significant difference (𝑃 > 0.05) was observed in the
refractive indices of all emulsion samples during the study
period. In all samples, the refractive index was closer to
1.342 ± 0.004. Similarity of the refractive index value is a
sign of the uniform nanoemulsion structure. This led to the
conclusion that our TQNE was not only thermodynamically
stable but also isotropic in nature. A conclusion can be made
that the TQNE samples were stable for up to 6 months
regardless of the storage temperature.

4.5. Chemical Stability Studies. Stability of drug product is
one of the problems associated with the development of
nanoemulsions [27]. Chemical stability studies at tempera-
tures 4, 25, and 40∘C at the time period of 3 and 6 months are
shown in Figure 6. The percent of remaining TQ in TQNE
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Figure 6: Stability profile of TQ emulsions during storage of 6
months at different temperatures. Values are means of two replicate
determinations.Means not sharing a common letter are significantly
different (𝑃 < 0.05) compared to production day (0M). M: month.

at 4, 25, and 40∘C was 90.64, 89.15, and 87.45%, respectively.
Regardless of the significant decrease (𝑃 < 0.05) in TQ
content in emulsion samples during the stability study period
and at all storage temperatures, a good chemical stability was
observed in TQNE samples stored at 4 and 25∘C; that is, the
percentage of remaining TQ was approximately 90%. Based
on these results, it could be concluded that the best storage
temperatures for the prepared emulsions were 4 and 25∘C.
This degradation could be due to microbial contamination,
oxidation, and photodegradation during analysis or storage
period. Therefore, precautions should be taken to avoid or
minimize the above reasons.

5. Conclusion

In conclusion, the droplet size, polydispersity index, zeta
potential, and RI of TQNE were not significantly changed
during 6 months of storage at 4 and 25∘C. Therefore, it was
concluded that the prepared TQNE was physically stable. In
addition, the degradation of TQ in TQNE after 6 months of
storage at 4 and 25∘C was lower compared to samples stored
at 40∘C which indicated the chemical stability of TQNE
samples. Hence, this nanoemulsion-based delivery system
can be efficiently used in the encapsulation of TQ bioactive
which is stable over a period of 6 months.
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