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Abstract: B-Carotene has been established as a known free radical scavenger with chain-
breaking antioxidant properties. It has been documented for the treatment of epileptic convul-
sions at a 200 mg/kg body weight dose. The reported pathogenesis for epileptic convulsions is
oxidative stress. Hence, experimental epileptic convulsions via oxidative stress was induced
in albino mice epileptic models (maximal electroshock seizure and pentylenetetrazole [PTZ]).
A dose concentration equivalent to 2 mg/kg was efficaciously administered in the form of
brain-targeted polysorbate-80-coated poly(d,l-lactide-co-glycolide) nanoparticles. The nano-
particles were prepared by solvent evaporation technique and further characterized for their
physical parameters, in-vitro release kinetics, and in-vivo brain release via various standard
methods. Normal B-carotene nanoparticles (BCNP) and polysorbate-80-coated B-carotene
nanoparticles (P-80-BCNP) of 169.8 + 4.8 nm and 176.3 £ 3.2 nm in size, respectively, were
formulated and characterized. Their zeta potential and polydispersity index were subsequently
evaluated after 5 months of storage to confirm stability. In vivo activity results showed
that a 2 mg unformulated B-carotene dose was ineffective as an anticonvulsant. However,
salutary response was reported from BCNP at the same dose, as the hind limb duration
decreased significantly in maximal electroshock seizure to 9.30 & 0.86 seconds, which further
decreased with polysorbate-80 coating to 2.10 £ 1.16 seconds as compared to normal control
(15.8 £ 1.49 seconds) and placebo control (16.50 = 1.43 seconds). In the PTZ model, the
duration of general tonic—clonic seizures reduced significantly to 2.90 £ 0.98 seconds by the
use of BCNP and was further reduced on P-80-BCNP to 1.20 £ 0.20 seconds as compared to
PTZ control and PTZ-placebo control (8.09 + 0.26 seconds). General tonic—clonic seizures
latency was increased significantly to 191.0 £ 9.80 seconds in BCNP and was further increased
in P-80-BCNP to 231.0 £ 16.30 seconds, as compared to PTZ (120.10 £ 4.50 seconds) and
placebo control (120.30 + 7.4 seconds). The results of this study demonstrate a plausible novel
anticonvulsant activity of B-carotene at a low dose of 2 mg/kg, with brain-targeted nanodelivery,
thus increasing its bioavailability and stability.

Keywords: anticonvulsant, blood—brain barrier (BBB), targeted brain delivery, polysorbate-
80-coated P-carotene nanoparticles (P-80-BCNP), maximal electroshock seizure (MES),
pentylenetetrazole (PTZ)

Introduction

Epilepsy debilitates more than 50 million people worldwide.! The majority of the
affected population suffers from generalized tonic—clonic seizures, while others are
affected with multiple forms of the disorder. One of the main pathogenesis of epilepsy
is oxidative stress wherein the brain utilizes high amounts of oxygen as compared
to other body organs. This consequently results in cellular disruptions, damage, and
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eventual cell death.” The consequences of oxidative stress
are due to the oxidation of functional biomolecules such as
proteins, lipids, and nucleotides in various cells.? Protein
oxidation leads to the deactivation of several enzyme sys-
tems and their associated functional changes, while lipid
peroxidation causes membrane structure alterations resulting
in changes in membrane fluidity, permeation, and biological
functionality.*>

An increased calcium ion concentration in neuronal tissue
leads to a cascade of biochemical responses which trigger
neuronal cell death after status epilepticus.® High levels of
intracellular calcium ions induce reactive oxygen species
(ROS) in a biosystem mainly through xanthine oxidase
and nicotinamide adenine dinucleotide phosphate oxidase
mediated biochemical reactions.”” The increased level of
superoxide radicals result in an equally elevated hydrogen
peroxide level via a superoxide dismutase mediated reaction.
Highly reactive hydroxyl (OH) free radicals generated by
the reaction of peroxynitrite with superoxide radicals,'* or
through Fenton reactions,!! readily oxidize the structural
proteins of the cell membrane resulting in the disruption of
cellular membrane fluidity, permeation, and overall biologi-
cal functionality including that of the neuronal cells, DNA,
and lipids.*!? Physiological levels of ROS are maintained
by means of scavenging through enzymatic (eg, superoxide
dismutase, catalase, glutathione peroxidase, glutathione
reductase, and peroxiredoxins) and nonenzymatic reactions
of antioxidants.*!* ¢

Many biological experiments conducted by use of
kainic acid, iron-salt, and electroshock induced seizures,
as well as the kindling model by pentylenetetrazole (PTZ)
have confirmed the relation of ROS and other species with
convulsions.!”2! PTZ, an epilepsy inducing agent, is a selec-
tive blocker of GABA,, receptor-chloride ionophore complex,
which induces convulsions by triggering the glutamatergic
transmitter system. This activation is due to an increased
intracellular calcium ion influx, which results in an increased
production of superoxide radicals (O, ) (Figure 1).?>** The
well-standardized and validated PTZ-induced model was
selected for the present study.*

B-Carotene, a known source of vitamin A, has excep-
tional antioxidant and free radical scavenging potential 2
Its antiepileptogenic activity has been established in PTZ-
induced epilepsy models.?” Earlier work provided evidence
that B-carotene-enriched feeding of adult rats for a 1-week
trial delayed the onset of induced seizures.”® B-Carotene
is converted into retinol in the biosystem, and due to its
antioxidant activity, it plays an important role in preventing
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Figure | Mechanism of free radical generation.

Notes: (I) Pentylenetetrazole kindling activates the glutamatergic transmitter
system which increases the intracellular calcium ion concentration and induces
the formation of O,". (2) Xanthine oxidase and nicotinamide adenine dinucleotide
phosphate oxidase generates the superoxide radical, O, and has been widely
applied as a O, generating system. (3) Increased hydrogen peroxide production
through the catalyzed dismutation of O,~ by superoxide dismutase. (4) Production
of ONOO- from NO and superoxide radical, which further produces OH™ free
radical. (5) Production of OH ™~ free radical through Fenton reaction, readily oxidizes
structural proteins of the Neuronal cells thus disrupting their fluidity, permeation
and biological functioning (a) DNA (b) and lipids (c). (6) The enzyme glutathione
peroxidase utilizes reduced glutathione to eliminate hydrogen peroxide as H,O. (7)
Hydrogen peroxide is broken down into water and oxygen by the enzyme catalase.

Abbreviations: NADPH, nicotinamide adenine dinucleotide phosphate; O{‘,

superoxide radical; ONOO", peroxynitrite; NO, nitric oxide; OH™, highly reactive
hydroxyl; DNA, Deoxyribonucleic acid.

neurodegenerative disorders.?” The high hydrophobicity of
-carotene makes it insoluble in an aqueous medium and
thus restricts its absorption through the diet. Previous studies
have focused on improving the dispersibility of carotenoids in
water so as to increase its bioavailability.’* Some researchers
have developed water-dispersible formulations as carriers
to entrap carotenoids and direct them to in vitro and in vivo
systems.>'3* The polymer-based delivery system consisting
of nanoscale carriers provides an alternative mode of caro-
tenoid delivery. These formulations have shown increased
physiochemical stability of the encapsulated B-carotene.**3¢
The polyester poly(d,l-lactide-co-glycolide) (PLGA)
nanoparticles were selected due to their biocompatibility,
biodegradation properties, US Food and Drug Administra-
tion approval for biological use, successful central nervous
system delivery, and its facile biodecomposition without
being immunogenic or prone to producing inflammation at

the site of action.’”*®
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Our objective was to focus on reducing the central ner-
vous system’s oxidative stress with the use of known and
natural antioxidants like B-carotene. The antioxidants were
delivered to specific sites of disorder across the blood—brain
barrier in neuronal tissues, which were then believed to con-
trol epilepsy through a free radical scavenging mechanism.
However, drug targeting to neuronal regions require its
delivery to be strictly localized, including its pharmacological
active manifestation to the particular brain site. Polysorbate-
80-coated B-carotene nanoparticles (P-80-BCNP) appeared
to follow a similar required course of delivery in mimicking
the adsorption of low-density lipoprotein, apolipoprotein-E,
and apolipoprotein-A1 after their injection into the systemic
blood circulation followed by receptor-mediated endocy-
tosis of the nanoparticles by the brain barrier’s capillary
endothelial cells.***° This hypothesis by Kreuter and Kim
was supported by the fact that covalent coupling of apolipo-
protein-E and apolipoprotein-Al to human serum albumin
nanoparticles lead to similar endocytosis.*'* In the present
study, polysorbate-80 was used as the coating surfactant
for intended P-carotene-loaded nanoparticles for its brain-
specific delivery. Hence, P-80-BCNP were prepared and
anticonvulsant activity was evaluated with the intent to:
(1) improve bioavailability at the site of action; (2) increase
the stability of B-carotene in nanoparticle formulations; and
(3) target required quantities of B-carotene to the brain site
in reduced doses. To date, there has been no known docu-
mentation on the nanomodulated delivery of B-carotene to
the brain with anticonvulsant activity.

Materials and methods

Procurement of raw materials

B-Carotene, PLA M 31,000-50,000, PLGA M_ 4,000
15,000, and hydrophobic polytetrafluoroethylene filters
(pore diameter 0.5 mm) were purchased from Sigma-Aldrich
(Milwaukee, WI). High-pressure liquid chromatography
(HPLC)-grade acetone and Tween-80 (polysorbate-80) were
purchased from SD Fine Chemicals (Mumbai, India). All
materials were used as obtained.

Preparation of nanoparticles

Polymeric nanoparticles containing B-carotene at variable
concentrations of polymers were prepared using a solvent
displacement technique at room temperature (25°C).
Briefly, in a typical preparation procedure providing the
greatest entrapment of the drug, 10.0 mg of B-carotene was
dissolved in 30.0 mL of acetone, followed by dissolution
of 2.00 mg of a-tocopherol (as stabilizer), and 100.0 mg

PLGA with 45.0 mg of PVA. The resulting solution was
then gradually, in a drop-by-drop manner, added to a
30.0 mL aqueous phase containing 1% Tween-80 (as a
dispersing agent) with continuous stirring at 10,000 rpm for
20 minutes. Following the addition, 70.0 mL of water was
then added, and the organic solvent was allowed to diffuse
into the aqueous phase. Acetone was eliminated by using
a rotary vacuum evaporator under controlled temperature
(<40°C) and vacuum. The resultant volume was further
concentrated to one fifth of the original volume under the
same conditions to give approximately 30.0 mL of final
volume, which was subsequently freeze-dried and stored
in a sealed dark amber vial at —4.0°C £ 2.0°C to produce
BCNP. The lyophilized nanoparticles (BCNP) were recon-
stituted in double distilled water and were further coated
by stirring in 1% polysorbate-80 (Tween-80) for 1 hour to
produce P-80-BCNP.

Entrapment efficiency

[-carotene was extracted from nanoparticles by dissolving
it in 2.0 mL ethanol and 3.0 mL n-hexane. The mixture
was shaken, and the hexane phase was then recovered. The
extraction was repeated twice and the recovered hexane phase
was then further diluted with the same to 25 mL quantity
sufficient. Absorbance was measured at a 450 nm wave-
length using a Shimadzu UV-spectrophotometer (UV 1601;
Shimadzu, Tokyo, Japan)* by means of a standard curve
ranging from 1-10 pg/mL (r*> = 0.99). The percent entrap-
ment efficiency was represented as follows:

[W(initial) — W(free drug)]
W (initial)

%EE = x 100

Wo(initial) represents the drug taken in nanoparticle form
for assay, and W(free drug) represents the free drug present
in the supernatant.

Distribution and nanoparticle size

Particle size, zeta potential, and polydispersity index
was determined by Zetasizer (Malvern Instruments,
Worcestershire, UK). For long-term stability testing, particle
size measurements were conducted over a 5S-month storage
period and frozen at —4°C £ 2°C.

Transmission electron microscopy (TEM)

Morphology of nanoparticles was analyzed using TEM
(Morgagni 268D; SEI, Collegeville, PA). Briefly, a drop
of sample was placed onto a 300-mesh copper grid and
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rested for 1 minute, followed by the addition of a drop
of phosphotungstic acid and left again for 10 seconds.
Residual phosphotungstic acid was removed by absorp-
tion, and the sample was analyzed at 60-80 KV at
1550x magnification.

X-ray diffractometer studies

An X-ray diffractometer (PW 1830; Phillips, Bangalore,
Karnataka, India) was used. Samples were exposed to
monochromatic Cu K- radiation (0.45 kV X 20 mA,
A=1.5406 A) obtained by Ni filtration, and a system of D/R/S
slides of 1°, 0.2 mm, and 1°, respectively. The diffraction
pattern was determined in the area 10° < 20 < 60°, using a
stepwise method (0.2°/s).

Differential scanning calorimetric (DSC)

studies

DSC experiments were carried out (TA Instruments,
Brussels, Belgium) to determine the possible interactions
between the drug and polymer. Briefly, between 5.0 to
10.0 mg of polyvinyl alcohol (PVA), PLGA, B-carotene,
and lyophilized nanosuspension samples were added into
aluminum pans, which were hermetically sealed. The
heating rate was kept constant at 5°C/min, while nitrogen
served as a purge gas to control the temperature of the
system.

Animals

Male albino mice (25.0-30.0 gm weight) were received
from Animal House after clearance from the institutional
ethics committee (173/Committee for the Purpose of
Control and Supervision on Experiments on Animals,
Tamil Nadu, India). The animals were housed in colony
cages under ambient temperature (25.0°C = 2.0°C)
with a 45%-55% relative humidity and under 10-hour
light/14-hour dark cycles. The animals were allowed food
and water ad libitum.

Dosing

Six groups of six animals each were taken for the maximal
electroshock seizure (MES) study. Group 1 received 5%
carboxymethylcellulose (CMC) as a normal control; Group
2 received B-carotene (200 mg/kg, 5% CMC); Group 3
received B-carotene (2 mg/kg, 5% CMC); Group 4 received
placebo nanoparticles in 5% CMC as a placebo control;
Group 5 received BCNP (2 mg/kg B-carotene, 5% CMC);
and Group 6 received P-80-BCNP in 2 mg/kg 3-carotene, 5%
CMC. An apparatus with ear electrodes was used to deliver

the stimuli.* The intensity of stimulus was 12 mA, 50 Hz
for 0.2 seconds, wherein hind limb muscle extensor was the
evaluation parameter.

In the PTZ kindling method, for the evaluation of gen-
eral tonic—clonic seizure duration and latency, two sets
of seven groups with six animals per group were taken.
Group 1 was given 5% CMC as normal control; Group 2
received PTZ (60 mg/kg) as PTZ-control; Group 3 received
PTZ (60 mg/kg) + B-carotene (2 mg/kg, 5% CMC); Group
4 received PTZ (60 mg/kg) + B-carotene (200 mg/kg, 5%
CMC); Group 5 received PTZ (60 mg/kg) + placebo nano-
particles in 5% CMC as a placebo control; Group 6 received
PTZ (60 mg/kg) + BCNP (2 mg/kg B-carotene, 5% CMC);
and Group 7 animals received PTZ (60 mg/kg) + P-80-BCNP
(2 mg/kg B-carotene, 5% CMC). All animals were observed
for a period of 30 minutes after PTZ administration, and the
duration and latency of general tonic—clonic seizure were
evaluated as parameters.* Dose response studies ranged
from a start of 200 mg/kg down to 2 mg/kg, and the dose
fraction study was performed separately for the various
antioxidants (Piperine, Capsaicin, Curcumin, B-carotene)
(data are not shown). All the doses were administered via
an intraperitoneal route.

In vitro B-carotene release

The release of B-carotene from nanoformulations were car-
ried out in phosphate buffer saline (PBS, 154 mM, pH 7.4)
containing 1% w/v Tween-80 at 37°C, 100 rpm in an
orbital shaker (Barnstead Lab-Line, USA). Two milligram
equivalent nanoparticle formulations were dispersed in
2.0 mL PBS and transferred into a dialysis bag (Sigma-
Aldrich, cut off size 10 kDa), which was immersed into a
50.0 mL falcon tube containing 5.0 mL of PBS and ethyl
alcohol (50.0% v/v). At predetermined intervals, all buffer
solutions in the falcon tube were removed and replaced
with a fresh solution. The B-carotene concentrations in
the released samples were determined using a UV/VIS
spectrophotometer using standard samples of B-carotene
(0—10 pg/mL).

Release of B-carotene in brain

HPLC (Shimadzu, Japan) coupled with a UV/VIS detec-
tor (200 IC, USA), C,; column (4.6 mm x 250 mm, 5 pm,
Theale Reading, Berks, UK), loaded with DataApex Clar-
ity Lite (DataApex Ltd, Prague, Czech Republic) software
was employed for all quantitative analyses. A mobile phase
consisting of 1:1 (v/w) of acetonitrile in 0.01 M KH, PO,
adjusted to a pH 4.5 using orthophosphoric acid was used
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at a flow rate of 1.00 mL/min with detections assessed at
450 nm. B-carotene standards were freshly-prepared by dilut-
ing a stock solution in the above mentioned mobile phase
to a concentration range of 2—-100 ng/mL. The standards
showed good linear correlation and accuracy with an average
percentage curve value of less than 15%.

The brain of each sacrificed mouse was surgically isolated
under anesthesia and homogenized with 0.2 mL of 1.15%
KCI. The homogenate was thoroughly mixed with 0.3 mL
of HPLC in the mobile phase, and was centrifuged at 10,000
rpm for 30 min (Spectrafuge, USA). The supernatant was
then separated, and HPLC analysis was performed. All the
data were obtained in triplicate (n = 3).

Statistical analysis

One-way analyses of variance (ANOVA) was performed
on the data as mean + SD to assess the size, polydispersity
index, zeta potential, and in vitro and in vivo release (where,
n=3), and P < 0.05 was considered significant. However,
the anticonvulsant data was expressed as mean = SEM, and
the significance of differences amongst the groups were
determined using Tukey’s post hoc test, using a one-way
ANOVA.

Results and discussion

All nanoparticle formulations were prepared by use of a
solvent diffusion method,*” which provided a high entrap-
ment efficiency at 83.0% + 3.8% for the drug. The placebo
nanoparticles were an average size of 159.3 + 6.1 nm;
-carotene-loaded nanoparticles were an average size of
169.8 £ 4.8 nm; while P-80-BCNP were an average size of
176.3 £ 3.2 nm. The nanoparticles were stored in reserve
at —4.0°C £ 2.0°C. The average size following 5 months of
storage was determined to be approximately 187.4 3.8 nm
for P-80-BCNP.

In general, particle aggregation is less likely to occur
for charged particles (high * zeta potential) due to electric
repulsion. Lower + zeta potential facilitates aggregation.
Zeta potential of placebo nanoparticles was —20 = 0.8 mV,
which decreased to —18 £ 0.4 mV for B-carotene-loaded
nanoparticles making nanoparticles denser (Figure 2B).
The zeta potential of P-80-BCNP was further decreased
to —16 £ 0.3 mV making it denser (Figure 2C and D). No
appreciable changes were observed in the zeta potential after
5 months of storage at —4.0°C £ 2.0°C. The polydispersity
index shows the distribution measure of nanoparticles.
A polydispersity index greater than 0.5 indicates aggregation

Figure 2 Transmission electron microscopic images. (A) Placebo nanoparticles; (B) Polymeric nanoparticles containing BCNP at a dose equivalent to 2 mg/kg body weight;
(C) P-80-BCNP dose equivalent to 2 mg/kg body weight; (D) P-80-BCNP nanoparticles after 5 months.
Abbreviations: BCNP, B-carotene nanoparticles; P-80-BCNP, polysorbate-80-coated B-carotene.
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of particles; however, as the polydispersity index increased, it
remained less than 0.5 after drug loading and polysorbate-80
coating, which confirms no appreciable aggregation. It
consistently remained constant after 5 months of storage.
As reported, P-80-BCNP crossed the blood—brain barrier
through endocytosis via adsorption of apolipoprotein E on
its surface. The nanoparticles mimic low-density lipopro-
tein particles, allowing for an interaction with low-density
lipoprotein receptors at the brain microvessel endothelial
cells for bypass.®

The TEM images of the placebo nanoparticles (Figure 2A),
[B-carotene-loaded nanoparticles (Figure 2B), P-80-BCNP
(Figure 2C), and over 5 months stored nanoformulations
(Figure 2D) confirmed the shape, size, and storage stabil-
ity of all the formulation versions used in this study. In
addition, the morphological observations confirmed their
spherical shape.

X-ray diffraction studies revealed the amorphous natures
of PVA and PLGA polymeric constituents, while B-carotene
was determined to be in a crystalline form (Figure 3). The
graphical comparison of nanoparticles with PVA and PLGA
illustrate the idea of B-carotene dispersion inside the nano-
particles. In nanoparticle diffraction studies, no crystalline
diffractions were observed, which led to the proposal of an
amorphous nature of [-carotene constituent of polymeric
nanoparticles. DSC is a thermal analytical technique that
reveals the physical (crystalline/amorphous) nature and
the possible interactions between different compounds of

D PVA
A B-carotene
1 1 1 1 1 1
10 20 30 40 50 60
20

Figure 3 X-ray diffraction pattern. (A) [-carotene; (B) Polyvinyl alcohol;
(C) poly(D,L-lactide-co-glycolide); (D) B-carotene nanoparticles.

a mixture. The DSC studies revealed that both PVA and
PLGA were amorphous at Tg 29°C (Figure 4A) and 44°C
(Figure 4B), respectively. Conversely. free -carotene was
crystalline in nature with an exothermic peak at Tg 181°C
(Figure. 4C). In the prepared formulation, very feeble and
short peaks of PVA and PLGA polymers were found at Tg
27°C and Tg 39°C, respectively, without demonstrating any
peak for -carotene, thus confirming its amorphous state in
prepared nanoparticles. The interaction of PVA and PLGA
polymers with B-carotene was found to be negligible as their
glass transition temperatures were found to be at 27°C and
39°C, respectively, indicating the level of the mentioned
interactions (Figure 4D).

In the MES model, the duration of tonic hind limb exten-
sion (THLE duration) was used for biological study. In com-
parison to the normal control (15.8 + 1.49 seconds), THLE
duration of BC (200 mg/kg) at 8.60 + 1.33 sec (P < 0.01);
BCNP (BC, 2 mg/kg) at 9.30 £ 0.86 sec (P < 0.05); and P-80-
BCNP (BC, 2 mg/kg) at 2.10 £ 1.16 sec (P < 0.001) were
found to be significant. In comparison to the placebo control
group, THLE duration of BCNP (BC, 2 mg/kg, P < 0.01)
and P-80-BCNP (BC, 2 mg/kg, P < 0.001) were also deter-
mined to be significant. The THLE duration of BC (2 mg/kg)
at 15.36 £ 1.26 seconds and placebo at 16.50 £ 1.43 seconds
were found to be nonsignificant as there was no appreciable
change. THLE duration of BCNP (BC, 2 mg/kg, P < 0.05) and
P-80-BCNP (BC, 2.0 mg/kg, P < 0.001) was determined to
be very significant as compared to BC (2.0 mg/kg). According
to these findings, nonnanoformulated -carotene at a dose
level of 200 mg/kg was effective in reducing THLE duration,
whereas the results of 2.0 mg/kg of the same group showed
effects similar to normal control. This is indicative of the fact
that 2.0 mg/kg is an ineffective dose. In the nanoformulated
form, a dose level of 2.0 mg/kg showed an effective decrease
in THLE duration, and the effect was further potentiated via
polysorbate-80 coating, which established the successful tar-
geting of 2.0 mg/kg nanoformulated B-carotene to the brain.

In the PTZ study, the GTCS duration in PTZ control
(8.20+0.80 seconds) was found to be significant (P < 0.001)
in comparison to the normal control (0.0 + 0.0 seconds). In
comparison to the PTZ control, GTCS duration of PTZ +BC
(200 mg/kg) at 5.28 £0.35 seconds (P < 0.01); PTZ+ BCNP
(BC, 2.0 mg/kg) at 2.90 + 0.98 seconds (P < 0.001); and
PTZ + P-80-BCNP (BC, 2.0 mg/kg) at 1.20 £ 0.20 seconds
(P < 0.001) were found to be significant. In comparison to
the PTZ-control group, GTCS duration of PTZ + BCNP (BC,
2.0 mg/kg) and PTZ + P-80-BCNP (BC 2.0 mg/kg) were also
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Figure 4 Differential scanning calorimetry studies. (A) Polyvinyl alcohol; (B) poly(D,L-lactide-co-glycolide); (C) B-carotene; (D) B-carotene nanoparticles.

found to be significant (P < 0.001). The GTCS duration of
PTZ + BC (2.0 mg/kg) at 8.12 £ 0.32 seconds and PTZ +
placebo at 8.09 £ 0.26 seconds were found to be nonsignifi-
cant as there was no appreciable change. GTCS duration of
PTZ + BCNP (BC, 2.0 mg/kg) and PTZ + P-80-BCNP (BC,
2.0 mg/kg) was found to be very significant (P < 0.001) as
compared to PTZ + BC (2.0 mg/kg).

The GTCS latency of PTZ control was found to be
highly significant (P < 0.001) at 120.10 + 4.5 seconds
compared to normal control. In comparison to the PTZ
control, GTCS latency of PTZ + BC (200 mg/kg) at
167.00 =+ 5.2 seconds (P < 0.01); PTZ + BCNP (BC,
2.0 mg/kg) at 191.00 + 9.80 seconds (P < 0.001); and
PTZ +P-80-BCNP (BC, 2.0 mg/kg) at 231.00 £ 16.3 seconds
(P < 0.01) were all found to be significant. In comparison to
the PTZ control group, GTCS latency of PTZ + BCNP (BC,
2.0mg/kg, P <0.001)and PTZ + P-80-BCNP (BC 2.0 mg/kg,

P < 0.001) were also found to be significant. The GTCS
latency of PTZ 4+ BC (2.0 mg/kg) at 118.0 £ 6.5 seconds and
PTZ + placebo control at 120.30 + 7.4 seconds were found to
be nonsignificant compared to PTZ-control, which exhibited
no appreciable change in GTCS latency. The GTCS latency
of PTZ + BCNP (BC, 2.0 mg/kg) and PTZ + P-80-BCNP
(BC, 2 mg/kg) were found to be very significant (P < 0.001)
as compared to PTZ + BC (2.0 mg/kg).

As the decrease in GTCS duration and increase in GTCS
latency were observed in comparison to both PTZ normal
and placebo control, it was concluded that normal nonnano-
formulated effective dose of B-carotene was 200 mg/kg.
A dose of 2.0 mg/kg is effective only in a nanoformulation
dosage form. A decrease in GTCS duration and an increase in
GTCS latency of both BCNP and P-80-BCNP demonstrates
an effectiveness of B-carotene at a 2.0 mg/kg concentration
in nanoparticle form (Figure 5).
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Figure 5 Anticonvulsant activity. (A) Maximal electroshock seizure test; duration of hind limb muscle extension in normal control, placebo control, B-carotene 2 mg/kg,
B-carotene 200 mg/kg, BCNP (2.0 mg/kg -carotene), and P-80-BCNP (2.0 mg/kg B-carotene) are shown in the graph. Response of dosage forms were compared to placebo
control. (B) General tonic—clonic seizure latency test. Latency duration was compared in normal control, PTZ Control, PTZ + BC (2.0 mg/kg), PTZ + BC (200 mg/kg), PTZ +
placebo control, PTZ + BCNP (BC, 2.0 mg/kg), and PTZ + P-80-BCNP BC (2.0 mg/kg) are shown in the graph. (C) General tonic—clonic seizure duration in normal control,
PTZ control, PTZ + BC (2.0 mg/kg), PTZ + BC (200 mg/kg), PTZ + placebo control, PTZ + BCNP (BC, 2.0 mg/kg), PTZ + P-80-BCNP, (BC, 2.0 mg/kg). The study was done
on albino mice model of six animals in each group (n = 6). Comparisons among the groups are shown by arrows as indicated in the graph.

Notes: Results are expressed as mean + SEM. Statistical analysis was performed using one-way ANOVAs with Tukey’s post hoc test. Significance compared with epileptic
mice are *P < 0.05, **P < 0.001, **P < 0.001.

Abbreviations: BCNP, -carotene nanoparticles; PTZ, pentylenetetrazole; BC, B-carotene; P-80-BCNP, polysorbate-80-nanoparticles; ANOVA, analysis of variance; ns,
nonsignificant.

In vitro release kinetics bioavailability.*®* Hence, knowing the quantity of residu-

The release kinetics of B-carotene-loaded PLGA nanopar-
ticles showed an initial burst release followed by a sustained
release, which continued for seven days (Figure 6). In vitro
release studies are required to predict the release pattern of
a drug from the encapsulating material as it affects a drug’s

ally encapsulated drug in in vitro release is crucial for drug
delivery regime maintenance. The in vitro release profiles
of B-carotene from PLGA nanoparticles are presented in
Figure 6, which shows a typical biphasic pattern. Initially,
a burst release occurred during the first 12 hours with
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Figure 6 In vitro release study of BCNP for one week.
Note: Determinations were done as mean £ SD from three samples (n = 3).

56.0% * 6.2% of B-carotene release from PLGA nanopar-
ticles. Following this, a sustained drug release from BCNP
was observed from 58.0% % 7.7% to 88.6% £ 1.3% after
6 days. The sustained release profile of B-carotene from
nanoparticles was consistent with the Higuchi diffusion
equation (1> = 0.95), which is defined as follows: #

0 =2C,(Difx)”

where Q is the cumulative amount of drug released per unit of
surface area, C, is the initial drug loading, D is the diffusion
coefficient, ¢ is the time after commencement of diffusion,
and x is the constant of the equation.

The drug release from the PLGA polymer displayed
multiple release phases including initial burst release, lag
phase, and zero order release.” The initial burst release
is regulated by diffusion through the surface and pore-
associated release of the drug. The lag phase and zero order
releases are controlled by polymer erosion combined with
the diffusion quotient.’! The sustained release of the drug in
a delivery system is an important property closely related
with therapeutics-linked pharmacokinetics and contributes
to the efficacy of the drug.*

Brain release of 3-carotene

The mean concentrations of free drug and nanoformulations
in brain tissue homogenate after intraperitoneal administra-
tion are illustrated (Figure 7). The relevant pharmacokinetic
parameters including C__and T__ are listed in the graph
(Figure 7). The concentrations (ng/mL) of B-carotene in
brain tissue homogenate were plotted against time to generate

C,a = 40.7 = 11.40 ng/mL

'm:

Toox =40 = 9.1 mins

60+
C . = 39.40 = 10.46 ng/mL

T, ex = 40 = 10.3 mins

Cc 4~ P-80-BCNP

B A After 5 months

B-carotene content in brain
homgenate (ng/mL)

20
L=21241i34ngmL 7T~ I ~
. T 0= 11.3 mins 1A Normal B-carotene
— T T T 1
0 100 200 300 400

Time (mins)

Figure 7 Brain release of B-carotene. (A) In BCNP formulation; (B) In P-80-BCNP
formulation; (C) In P-80-BCNP formulation after 5 months storage.

Note: Data is shown in mean * SD from three samples (n = 3).

Abbreviations: BCNP, B-carotene nanoparticles; P-80-BCNP, polysorbate-80
f-carotene nanoparticles.

the in vivo release study of P-80-BCNP. From the graph
obtained by plotting concentration (ng/mL) against time,
it was observed that the coated nanoformulation showed
sustained release over a long period. Free drug -carotene
was noticed in very low brain concentration with a C__ of
21.2+11.80 ng/mL andaT__ of 80 £ 11.3 minutes, which
was followed by a rapid concentration decline in brain tissue
homogenate over time. A relatively slow increase and sus-
tained brain concentration of B-carotene was observed with
the nanoformulation having C_ 0f40.7 £ 11.40 ng/mL with
significantly delayed T __of'40 + 9.1 minutes. Brain release
pattern was not affected much by storing the nanoformulation
for 5 months, as it showed a C_of 39.40 £ 10.46 ng/mL
andaT__of40 £ 10.3 minutes.

Possible mechanism of B-carotene

anticonvulsant action

B-Carotene is a chain-breaking antioxidant, and a similar
structural mechanism has been reported earlier’** (ie, it
is able to impede oxidizing radicals directly, preventing
the chain propagation step during lipid auto-oxidation). It
reacts with alkoxy radicals, lipid peroxy radicals, and alkyl
radicals derived from polyunsaturated fatty acids oxidation
(Figure 8A).> The reaction between B-carotene and lipid
free radicals occurs at the membrane water interphase, where
[B-carotene is believed to donate a hydrogen ion to lipid radi-
cals with oxyl radical (BOH) generation.* In addition, it also
acts as a chemical scavenger for oxygen radicals, especially
for singlet oxygen (via irreversible oxidation), and acts as
a physical deactivator of singlet oxygen by charge transfer
mechanism (Figure 8§B).!5
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Figure 8 Mechanism of free radical formation of PUFA and possible mechanism of B-carotene bio-action. (A) Mechanism of free radical formation of PUFA. Free radicals are
formed via donation of hydrogen to alkoxy or hydroxy free radical. Free radical of PUFA further forms peroxides. Possible site of B-carotene action as free radical scavenger.

(B) Possible mechanism of 3-carotene bio-action.
Abbreviation: PUFA, polyunsaturated fatty acids.

Conclusion

B-Carotene containing polysorbate-80-coated polymeric
nanoparticles were prepared by a solvent diffusion method
and were well characterized for shape, average size, and zeta
potential. The coated nanoformulation was stable for a lon-
ger period without significant deformities in size and shape,
including their stable and unaltered zeta potential charge for
approximately 5 months. The nanoformulation was delivered
at a 2.0 mg/kg dose level through an intraperitoneal route, and
sustained release accomplished the desired bioavailability
demand which was confirmed as the slowdown dose require-
ment for induced convulsions in experimental animal models.
Thus, polysorbate-80-coated nanoparticles potentiated the
antioxidant biological action of -carotene which is otherwise
unfavored by conventional delivery systems. The dose, activ-
ity levels, and delivery mode of this formulation may herald a
novel therapeutic approach for epilepsy in the near future.
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