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ABSTRACT

The aim of the present study was to synthesize and characterize the Thymoquinone (TQ) encapsulated PLGA (poly (dl-lactide-co-
glycolide) nanoparticles, and further evaluate for its antioxidant and anti-bacterial activities. TQ is a potential active ingredient of
Nigella sativa seed and possess a spectrum of therapeutic properties. Nanoparticles were prepared according to solid-in-oil-in-water
(s/o/w) solvent evaporation method. Dynamic laser light scattering (DLS) and SEM studies indicated a mean particle size of < 200
nm. The success of encapsulation was confirmed by FTIR technique, and the encapsulation efficiency (EE) of TQ was determined to
be 62%. In vitro drug release study showed a maximum release of TQ at 75% and 54 % respectively for artificial intestinal and gastric
juices over the period of 7 days. DPPH radical scavenging activity of the nanoparticles was found to be 71% at 1 mg/ml concentra-
tion. It also exhibited antibacterial property against E. coli, Staphylococcus aureus and Salmonella typhi strains, tested using well
diffusion method. In conclusion, our study shows that PLGA encapsulated TQ nanoparticle with sustained release property has
preserved antioxidant as well as anti-microbial activity, and therefore suggesting its therapeutic applications in various food

samples.
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INTRODUCTION

Thymoquinone (TQ) is a major active constituent of
Nigella sativa (black seeds). The seeds have been used in
traditional medicines to treat a variety of ailments and
most of its biological effects are mainly attributed to TQ.
The content of TQ in seed is 2200 mg/kg on fresh weight
basis. The therapeutic properties of TQ indude anti-
oxidant (Mansoor et al., 2002), anti-inflammatory (Umar et
al., 2012), anti-diabetic (Pari and Sankaranarayanan, 2009)
and hepato-protective (Abdel-Wahab, 2013), neuroprotec-
tive (Al-Majed et al, 2006; Alhebshi et al., 2013), anti-
cancerous (Gali-Muhtasib et al., 2006; Woo et al., 2012)
anti-ulcerative (Arslan ef al., 2005; Magdy et al., 2012), ant-
microbial (Harzallah ef al., 2011), immunomodulatory (EIl-
Mahmoudy et al., 2002) properties etc.

There is a growing interest in use of phytochemical
as nutraceutical agents in pharmaceutical and food
formulations in the past few decades. Although, TQ has
tremendous potential as a therapeutic compound but its
effectiveness and oral bioavailability is limited by poor
solubility and poor formulation characteristics of high
lipophilicity. In the recent past, research works are being
focused on improving poor bioavailable drugs and
phytocompounds by nanoencapsulation technique. The
nature of carrier material (chitosan, cyclodextrins, PLGA
etc.) has significant effects on pharmacokinetics and
pharmacodynamics of bioactive compounds. Poly (lactic-
co-glycolic acid) is a biocompatiable and biodegradable
copolymer has been employed to increase oral bioavaila-
bility of several bioactives (Derakhshandeh et al., 2011; Ma
et al.,, 2012; Srivastava et al., 2013). In body, it is degraded
into nontoxic lactic acid and glycolic acid. Studies report
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that PLGA is a non-toxic polymer based on cell culture
and animal experiments (Semete et al., 2010).

In the present study, TQ loaded PLGA nanoparticle
was prepared using PVA as a stabilising agent. The
particles were characterised for partide size, morphology,
encapsulation efficiency, in vitro release, antioxidant and
anti-microbial activity.

MATERIALS AND METHODS

Polylactic acid/polyglycolic acid PLGA (50:50, MW: 5000—
15,000), Poly (vinyl alcohol) (PVA, MW: 9000-10,000),
sucrose, monosodium phosphate (NaH2POs), thymoqui-
none were purchased from sigma. All organic solvents
were of HPLC grade, and other chemicals were of
analytical grade. Milli-Q grade water was used for the
preparation of solution and mobile phase.

Preparation of PLGA-TQ nanoparticles

Nanoparticles were prepared with poly (dl-lactide-co-
glycolide) using S/O/W, an emulsification-solvent
evaporation/diffusion method with slight modifications
(Xie et al., 2011). Briefly, 45 mg of PLGA was dissolved in
2 ml of dicholoromethane (HPLC-grade) as an oil phase
for 12 hr in at room temperature to obtain uniform
solution. 5 mg of bioactive liphophillic compound-TQ was
added to the above solution. Then the suspension was
sonicated for 2 minutes to generate S/O primary emulsion.
This mixture was emulsified with an aqueous phase of 20
ml of PVA (1% w/v) to form 5-O/W emulsion by rotating
in Magnetic stirrer (REMI, India) at 400 rpm. Once all the
compound/polymer mixture was added the contents were
vortexed for 10 sec at a high setting. The resulting
suspension was sonicated (Ultra Sonicator bath- INKARP)
for 3min to generate the final S/O/W emulsion. Then
organic solvent present in suspension was evaporated by
rotary vacuum evaporation using Rotary evaporator
(Heidolph) at 50°C. The nanoparticles were then collected
by centrifugation at 10000g for 20 min at 4°C. Finally, they
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were resuspended in 2 ml of cryoprotectent solution (2%
sucrose), dried on a Lyophilizer (Lyophilisation Systems
India Ltd) and stored at 4°C.

Particle size and Zeta potential

Particle size and size distribution were measured by
dynamic laser scattering technique using Malvern
Zetasizer (Model no: nano-ZS90, Malvern Instruments,
UK). Nanoparticles, 10 mg/ml were suspended in distilled
water, then vortexed and sonicated for a few minutes.
Each sample was measured in triplicate. The particle size
distribution of the nanoparticles is reported as a polydis-
persity index (PDI), a measure of the distribution
broadness of the particdle size. 2 ml of sample was taken in
cuvette and analyzed at 25°C with an angle of 90°.

Scanning Electron Microscopy (SEM)

The morphology of the nanoparticle was determined by
scanning electron microscope (S3700N, Hitachi) at an
accelerating voltage of 15.0 Kv. One drop of nanopartices
was placed on a graphite surface and after the sample had
dried it was coated with gold using ion sputter.

FT-IR spectroscopic study

FTIR spectroscopy measurements were carried out to
recognize the bio-groups that bound distinctively.
During FTIR analvsis, a spot on the specimen is subjected
to a modulated IR beam. The specimen's transmittance
and reflectance of the infrared rays at different frequen-
cies is translated into an IR absorption plot consisting of
reverse peaks. TQ, PLGA, PVA, TQ nanoparticles were
mixed with the KBr to result in pellet and then examined
for FTIR spectra with the set range of 400 to 4000 cm!
(Frontier Optica, PERKIN ELMER).

Encapsulation efficiency

Nanoparticle solution was centrifuged at 30,000g for
15min. After centrifugation, the supernatant was removed
and 1ml of methanol was added to the pellets and then
treated with sonication for 5 min to release TQ from the
particles. The amount of TQ was measured by HPLC
method. The isocratic mobile phase consisted of water:
methanol: 2-propanol (50: 45: 5) and run at the flow rate of
0.8 ml/min. UV detection of TQ was carried out at the
wave length of 254 nm (Ghosheh et al., 1999).

weight of CGA in nanoparticle

Encapsulation ef ficiency (%) = weight of total CGA x 100

In-vitro release kinetics

100 mg of nanoparticles separated by centrifugation at
30,000 g and the pellet was dissolved in 2 ml of phosphate
buffer saline (PBS pH 7.4) and 0.1 M HCl and transferred
to a dialysis membrane with amolecular cut off range of 7
KDa (Cat no: 68700, Pierce Make). The bag was suspended
in 100 ml of phosphate buffer under magnetic stirring
condition for 7 days (Tsai et al., 2011). 1 ml of the released
sample was removed at regular interval of time, and the
amount of TQ in the release medium was evaluated by
HPLC method.

Effect of temperature on nanoparticles

3 ml of TQ-PLGA nanopartidles solution was taken in
tubes and heated for 5, 10 and 15 minutes at 60°C, 80°C
and 100°C respectively. The change in the physicochemi-
cal properties of the nanoparticles after heat treatment

was measured in terms of particle size and zeta potential
(Jang and Lee, 2008).

In-vitro Antioxidant capacity of encapsulated TQ

DPPH radical scavenging activity of nanoparticle was
determined according to the method of Blois (Braca et al.,
2001). Briefly, 0.1 mL of different concentration of
nanoparticles (0.1-lmg/ml) was added to 3mL of DPPH (1,
1-diphenyl-2-picrylhydrazyl) (0.004%DPPH) solution (0.2
mM in methanol) as the free radical source. The mixture
was shaken and kept for 45 minutes at room temperature.
The decrease of solution absorbance due to proton
donating activity of components of each nanoparticle was
determined at 517 nm. Lower absorbance of the reaction
mixture indicated higher free radical scavenging activity.
Vitamin C (L-ascorbic acid) was used as the positive
control. The DPPH radical scavenging activity was
calculated using the following formula:

DPPH radical scavenging activity (%) =

A° — A1
0 x 100

Where, A’ is the absorbance of the control, and Al is the
absorbance of extract or standard sample.

Antibacterial property by well diffusion method
Antibacterial property test were performed by a modified
agar-well diffusion method (Okeke et al., 2001). A 0.1 ml
volume of the standard suspension of each test bacterial
strain was spread evenly on Nutrient Agar using a sterile
glass rod spreader and the plates were allowed to dry at
room temperature. Subsequently, 6-mm diameter wells
were bored in the agar and a 250 ul volume of 0.25 mg/ml
of nanoparticle were transferred into the wells. After
holding the plates at room temperature for 2 h, they were
incubated at 37°C for 24 hr. Inhibition zone diameter
(IZD) was measured to the nearest millimeter (mm).

RESULTS AND DISCUSSION

Encapsulated bioactive compounds into nanometric
delivery systems are being increasingly tested in food
system with the intention to improve the bioavailability of
the hydrophobic phytocompounds. Selection of right kind
of polymer becomes essential to minimize the impact on
the quality attributes of the final product. At present,
PLGA is extensively used in drug delivery systems. There
are several reports published in the recent years on the
use of PLGA polymer as an ideal carrier system for the
encapsulation of substances like curcumin (Yallapu et al.,
2010), ferulic acid (Merlin ef al., 2012), quercitrin (Kumari
etal., 2011), vitamin E (Chaiyasat et al., 2013, saponin (Ven
et al., 2011), and plant extracts (Samadder et al., 2012; Das
et al., 2012) etc. PLGA has the property to cross the blood-
brain barrier and therefore it is a suitable polymer for
compounds used in treating neurological and psychologi-
cal disorders as well.

In the present study, Thymoquinone encapsulated
PLGA Nanoparticles were prepared by a standard
method of solvent evaporation technique using PVA as a
stabilizer. PLGA is one of the widely used delivery system
for the controlled release of hydrophobic substances.

Physiochemical properties of nanoparticles

Size and zeta potential

Physicochemical properties such as size, morphology,
charge, and physical state are the critical factors that
influence the functional performance of any nanoparticle
based delivery systems (Ahsan et al., 2002). We therefore
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Figure 4: FTIR spectra of PLGA, TQ and TQ-PLGA nanoparticles.

204



oo
o
=1
=3
|

~J
o
L
=
(=]
L

[=3]
o
L
[T -1}
(=T =}

u
[=]
L

% TQ release
FY
[=]
1
]

v
o
1

% Scavenging activity
[ =
(=] f=]
.

20 —— 0.1 M HCL 10 1
10 —=—0.1M PBS 0
0 0.2 0.4 0.6 08 1
0 T T T T . - . . '
0 24 48 72 96 120 144 168 (Concentration of TQ-PLGA nanoparticle (mg/ml)
Time (hours) Figure 6: DPPH radical scavenging activity of TQ loaded PLGA
. . L . nanoparticles.
Figure 5: In vitro release kinetics of TQ from nanoparticle for
the period of 7 days.
175 4
170
= 30
é 165 -
= =25
Y 160 - Ot I X
= =20 | + %
L] | =
= 155 —a—60°C 2 e
b= 3
& 150 A —=—30°C =] 10 4 —=—60°C
- o= >
145 - —=—100°C = ——380°C
NS
——100°C
140 - : : : 0! . :
0 5 10 15 o 5 10 15
Time (nun) Time (1min)
(@) (b)
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Figure 8: Anti-microbial properties of TQ loaded PLGA nanoparticles against E. coli, Staphylococcus aureus and Salmonella typhi.
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measured the particle size distribution pattem of TQ
nanopartide (figure 1). From the results, the calculated
average particle size of TQ nanoparticle was 148 nm with
the narrow distribution of polydispersity index (PDI) i.e.
0.2. The average zeta potential value was -24.8 mV (figure
2), suggesting higher stability of nanoparticles. In general,
zetapotential of more than +30mV or less than -30mV is
considered as a standard value in providing enough
repulsion forces to avoid particdle aggregation (Qi et al,
2004). These results agree with the published reports by
others.

Bhattacharyya et al. (2010) have reported recently that
PLGA encapsulated ethanolic extract of plant sample
(Gelsemium sempervirenst) was at 122 nm and zeta potential
was 14.8mV.

SEM study

The structure of the nanoparticles plays an important role
in determining their adhesion to and interaction and
absorption with the body cells.To determine the morpholo-
gy of the nanoparticles formed, SEM was carried out. The
particles appeared as spherical shape with smooth surface
and the size of the particles was found to be < 200 nm
(fiure 3). Recent studies have demonstrated that the
molecular weight of PLGA, organic phase and PVA
concentration attributes to the variation in the size of the
nanopartice prepared. Nanoparticles with smaller size can
lead to improvement in bioavailability because they would
have greater ease of entry and durability in the cells. Savic
et al. (2003) have reported that the large particles of less
than 5 mm would be taken up via the lymphatics whereas
smaller particles of less than 500 nm can cross the mem-
brane of epithelial cells through endocytosis.

Characterization of nanoparticles

FTIR

FTIR measurement was carried out to to detect the
functional groups of compounds. Itis based on the fact
that bonds and groups of bonds vibrate at characteristic
frequencies. A molecule that is exposed to infrared rays
absorbs infrared energy at frequencies which are charac-
teristic to that molecule. The infrared spectra of PLGA,
PVA TQ are shown in figure 4. FTIR spectra were
recorded in the transmittance mode with 4cm™ resolution.
The characteristic spectra of the PLGA polymer showed
the —-CH, -CH2, -CH3 stretching at 2850-3000 cm*, C-O
stretching at 1050-1250 cm™, carbonyl —-C=0 stretching at
1700-1800 cm™. In the encapsulated nanoparticles, some
peaks were slightly moved to a lower wavelength and
some peaks were not observed that are present in
individual components.

Encapsulation efficiency

The encapsulation and efficiency of the particle was around
62% and indicating that some portion of TQ was portioned
out of PLGA during the emulsification process. In earlier
reports, 63% entrapment efficiency was reported for TQ-
chitosan nanoparticles and 90% for TQ-liposome nanopar-
tices (Alam et al., 2012; Odeh et al., 2012). 97.5% efficiency
was reported in PLGA in combination with polyethylene
glycol (PEG)-5000 as a using stabilizer (Ravindiral et al.,
2010). The lower encapsulation efficiency of TQ in the
present study may be due to the PVA stabiliser used. PVA
is one of the widely used stabilising agent and therefore
preferably used in the present study over other agents like
didodecyl dimethyl ammonium bromide (DMAB), and
Sodium dodecyl sulphate (Mora-Huertas et al., 2010).

In-vitro release kinetics

The release of thymoquinone was studied as a function of
pH over the period of 100 hours. 0.1 M HCI and 0.1 M PBS
was used as simulating the condition of gastric juice and
intestinal juice conditions, respectively. It was observed
(figure 5) that there was a burst release of TQ in initial 10
hours period with 25% release of TQ from nanoparticles
and this may be due to rapid dispersion of TQ present in
the surface of the PLGA. Thereafter, a sustained release of
TQ was observed up to 75% for intestinal condition and
54% for the gastric at the end of the 7 days. The study
indicate that the release rate was higher in acidic pH that
the neutral pH. This kind of biphasic release is in consistent
with other previous studies (Zolnik et al., 2006; Tsai et al,
2011).

In vitro anti-oxidant activity

TQ has antioxidant activity and therefore the effect of
PLGA on the TQ nanoparticle was studied in DPPH radical
scavenging assay. DPPH assay is a stable free radical
method and it is an easy, rapid and sensitive way to survey
the antioxidant activity of specific compounds. The
principle of DPPH method is based on the reduction of
DPPH in the presence of a hydrogen donating antioxidant
due to the formation of diphenyl picryl hydrozine. Sample
com pounds reduce the colour of DPPH due to the power of
hydrogen donating ability. DPPH radical scavenging
power of TQ nanoparticles were at 71.23% (figure 6) of
inhibition at 1000 pg/ml concentration and for BHA (84.14%
of inhibition). Discolouration of violet DPPH to yellow
clearly demonstrated the effect of NPs as an antioxidant. In
a previous study by Mathew et al,, (2012), reported that the
PLGA coated curcumin nanoparticles had conserved anti-
oxidant property.

Effect of temperature on nanoparticles

Figure 7 shows the effect of heat treatment at 60°, 80° and
100°C on size and zeta potential of TQ-PLGA Nanoparticle.
It was observed that the size was rapidly reduced in the
first 5 min at all the temperatures and consequently there
was a slight change on the zeta potential. Heat treatment
therefore affected the surface of the particles could have
resulted in lowering of zeta potential. Overall, the results
showed that PLGA nanoparticles were maintained within a
regular size over the period of 15 min at various tempera-
tures indicating physical properties of the nanoparticles
were slightly affected by heat treatments.

Antibacterial property by well diffusion method

Thymoquinone possesses antimicrobial activity against
many pathogens (Kouidhi et al., 2011). We tested this
property in a PLGA coated TQ by agar diffusion method
(figure 8). Results obtained from study shows that TQ
nanoparticles possess antibacterial property against E. coli,
Staphylococcus aureus and Salmonella typhi with inhibition
zone diameter (IZD) of 6, 7 and 7 mm, respectively.

CONCLUSION

In the present study, TQ loaded PLGA nanoparticles were
synthesised with a relative homogeneity in size distribution
of particles with less than < 200 nm size. Encapsulation of
TQ did not result in destruction of its antioxidant and
antibacterial activity. TQ- PLGA nanoparticles with
sustained and controlled release properties can therefore be
one of the promising methods of delivery system. As a
therapeutic agent, the encapsulated TQ can be used in
fortifying various food matrixes.
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