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Abstract

Purpose: The objective of this study was to evaluate the ability of nano-droplets of Self Nano Emulsifying Drug
Delivery System to diffuse into the brain tissue.

Methods: The preconcentrate was prepared by dissolving oils, surfactants and cosolvents in 1:1 mixture of
methanol and chloroform and flash evaporated at 50°C and was stored at room temperature until their use in
subsequent studies. CSEDD with surfactant polysorbate-80 were radiolabelled with radioactive C18 triglyceride. The
nanodroplets formed by CSEDD in 5% dextrose were subjected to evaluation in blood and brain.

Results: The intravenous pharmacokinetics of carbamazepine in rats of CSEDD formulation generated high
initial serum levels (5.25 mcg/ml) at 0.25 h when compared to C-Sol (3.91 mcg/ml) at 0.5 h. It was found that oil to
surfactant ratio had an impact on the physical characteristics of the nano-emulsion formed. The brain levels of CBZ
from optimized CSEDD were significantly high at all-time points when compared to plain solution. The initial levels of
CBZ from CSEDD was 8.023 mcg/ml thereafter the levels were consistently high till 8 h and the initial levels of CBZ
from plain solution was 3.62 mcg/ml followed by a gradual decline till 4 h evidently showing that the clearance of
CBZ from CSEDD was reduced. The brain targeting index of CSEDD and solution were 3 and 2 respectively. The
brain enhancement factor value was found to be 22.29 at 15 min revealing a very rapid penetration of CBZ into
brain.

Conclusions: This study proposes intravenous CSEDD as a new brain delivery system and highlights two
requirements to design adequate delivery systems for long circulating properties of the carrier and appropriate
surface characteristics to allow interactions with BBB endothelial cells.
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Introduction
The blood brain barrier (BBB), which acts as a natural guard to

protect the brain from harmful substances in the blood stream while
supplying the brain with the necessary nutrients for proper function, is
the key challenge for delivering drugs to brain [1]. The BBB is a
specialized system of capillary endothelial cells which are partially
covered by pericytes and basement membrane is almost fully
surrounded by the end feet of astrocytes preventing approximately 98%
of the small molecules and nearly 100% of large molecules from being
transported into the brain [2,3]. The BBB strictly limits drug transport
into the brain by serving as a physical, metabolic and immunological
barrier. To tackle this challenge, many kinds of active targeting
strategies are adopted for developing effective drug delivery systems to
the brain. The active targeting systems used are absorptive mediated
transcytosis, transporter mediated transcytosis and receptor mediated
endocytosis [4]. Generally, receptor mediated transcytosis is
considered one of the most mature strategies for brain targeted drug
delivery with the characteristics of high specificity, selectivity and
affinity. Since many kinds of receptors are expressed on the capillary
endothelium of the brain such as transferring receptor, the low density
lipoprotein receptor, the insulin receptor and nicotinic acetylcholine
receptors, targeting ligands including endogenous ligands have been

exploited to facilitate receptor mediated BBB transport of drug delivery
systems. Another common receptor, the low-density lipoprotein
receptor related protein, has been reported to mediate transport of
various ligands conjugated to nanocarriers across the BBB. Aprotinin is
a LRP ligand and its BBB transport ability is evaluated using an in vitro
model of the BBB and in situ brain perfusion. Its transcytosis across
bovine brain capillary endothelial cell monolayers is found to be atleast
10 fold greater than that of holo transferrin [5]. Angiopep, derived
from aprotinin with the Kunitz domains of human proteins exhibits
even higher transcytosis capacity and parenchymal accumulation. It is
reported that reported angiopep 2 modified cationic liposomes for the
efficient co-delivery of a therapeutic gene with paclitaxel to the brain.
After treatment with liposomes, the median survival time of mice is
found to be significantly longer than that of other groups making it a
promising drug delivery strategy against glioma [6]. In convulsive
status epilepticus, intravenous administration of a benzodiazepine
(BZD) such as diazepam or lorazepam is the preferred drug treatment.
However, patients frequently have seizures refractory to this
medication and parenteral phenytoin (PHT) or barbiturate treatment
is required. However, this may depress respiration or induce cardiac
irregularities. Furthermore, apart from PHT, all drugs currently used
for control of status epilepticus depress cerebral function sufficiently to
induce and maintain clouding of consciousness. Therefore, there is a
need for a nonsedative antiepileptic drug for treatment of SE that fails
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to respond to bolus doses of a BZD. Carbamazepine (CBZ) is available
as tablets and suspension for acute treatment of seizures. However
certain formulations of CBZ, for intravenous administration, CBZ
dissolved in glycofurol [7] and CBZ solubilized with 2-hydroxypropyl-
b-cyclodextrin [8] are reported. Two lipid formulations of CBZ are
reported, one is a parenteral formulation of CBZ developed using
SolEmuls technology [9] in which the CBZ is solubilized in the
interfacial layer of a lipid emulsion (lipofundin) by high pressure
homogenization and the other is slow release lipospheres of CBZ
prepared by melt dispersion technique [10]. The development of
parenteral nanoemulsions through spontaneous emulsification and the
testing of different oils and emulsifiers comprise another strategy
which is currently the novel investigation [11]. Carbamazepine (CBZ)
is a highly lipophilic compound and is very effective in the treatment
of generalized tonic clonic and partial seizures. Since in seizure
disorder focal point of treatment is brain, many methods to directly/
indirectly deliver drugs to brain have been approached [12]. Instead of
direct delivery of anti-epileptic drugs (AEDs) to brain using some
invasive techniques, it would be better to explore the possibility of
AED targeting by non-invasive techniques. In such approaches,
colloidal drug carriers such as Self Nano Emulsifying Drug Delivery
System (SNEDDS) can be employed. The objective of the study was to
assess the intravenous pharmacokinetics of CSEDD in rats and also to
evaluate the brain targeting potential of such CBZ containing SEDD
upon its intravenous bolus administration [13] under the hypothesis to
make them mimic lipoprotein particles to enter BBB endothelium [14].

Materials and Methods

Preparation of preconcentrate
Preconcentrate was prepared by dissolving oleic acid, soya bean oil,

Ascorbyl Palmitate, (Sigma, St.Louis, MO, USA); TPGS (Eastman
chemicals UK); carbamazepine (Sun Pharmaceuticals); Ethanol,
polysorbate 80, span80, PEG-200, benzyl Alcohol (Merck Ltd);
Labrasol and MCT (Colorcon Laboratories, Goa) in 1:1 mixture of
methanol and chloroform and flash evaporated at 50°C.
Preconcentrate was stored at room temperature until their use in
subsequent studies. CSEDD with surfactant polysorbate 80 were
radiolabelled with radioactive C18 triglyceride. The nanodroplets
formed by CSEDD in 5% dextrose were subjected to evaluation in
blood and for the transport of in different parts of the brain by their
measurement of radioactivity.

Animal studies
This work was done in accordance with the Principles of

Institutional Animal Ethical Committee of UCPSC, Kakatiya
University. Mice (20-25 g) and rats (200-230 g) were obtained from
Mahaveer Enterprises, Hyderabad. Animals were housed in plastic
cages, were given food and water ad libitum and were maintained in
temperature and humidity controlled rooms. Test formulation and
control of CBZ were injected intravenously at a dose of 10 mg/kg in 8
groups of 3 rats (Intravenous Pharmacokinetics studies) and at a dose
of 10 mg/kg in 8 groups of 3 mice (Brain distribution studies) and
serum & brain concentrations were assessed at predetermined time
intervals in which after administration with one group of animals used
per time point. CBZ was determined by HPLC. Required volume of
formulation containing CBZ (10 mg/kg) was injected as IV bolus via
tail vein randomly into the rats and mice after 8 to 10 h of fasting. Rats
were sacrificed at intervals of 0, 0.5, 1, 2, 4, 8, 12 and 24 h. Blood

samples were also collected at above time points by direct heart
puncture. Serum was separated from the blood by centrifuging at 6000
g and stored under frozen conditions until analysis by HPLC. Mice
were sacrificed at intervals of 0, 0.25, 0.5, 1, 2, 4, 8 and 12 h. Brain
tissue was excised, washed with saline, soaked on filter paper and
stored at -40°C until analysis by HPLC. Blood samples were also
collected at above time points by direct heart puncture. Serum was
separated from the blood by centrifuging and stored under frozen
conditions until analysis by HPLC.

HPLC Analysis
Carbamazepine was analyzed in serum and homogenized brain

samples using HPLC. A HPLC waters agilent system equipped with
LC-10 AT solvent delivery unit, SPD-10 AVP UV-Spectrophotometric
detector, empower-2 software and Injector (Rheodyne) fitted with 20
ml capacity loop was used for the analysis. An octadecylsilane (C-18)
reverse phase stainless steel analytical column (250 × 4.6 mm) with 5
µm particle size (Lichrospher 100) was employed for chromatographic
separation. Mobile phase consists of methanol and phosphate buffer in
the ratio of 8:2 with flow rate maintained at 1 ml/min. The drug
concentration in the serum of mice and rat were separated from blood
and used for preparing the standard graphs. To 0.2 ml of sample serum
(mice and rat), 0.1 ml of diclofenac sodium as internal standard was
added. To this 4 ml of dichloromethane is added and the mixture was
vortexed for 2 min on cyclomixer, then centrifuged for 15 min at 3000
g. The organic layer was separated and dried under vacuum. The final
residue was reconstituted with 200 µl of methanol, vortexed and 20 µl
sample was injected into HPLC for analysis. The peak height ratios
obtained at different concentrations of the drug were plotted against
the concentration of the drug. The slope of this plot determined by
least square regression analysis was used to calculate carbamazepine
concentration in the unknown serum samples. Similarly, brain tissues
were weighed and homogenized with 2 ml of saline using tissue
homogenizer (Remi Motors, India) at 6000 g. To this whole brain
homogenate, 0.1 ml of internal standard (diclofenac sodium), 0.1 ml
methanol, 0.1 ml of 1 N Hcl and 4 ml of dichloromethane were added
and mixed for 2 min on a cyclomixer. The mixture was centrifuged at
3000 g for 30 min. The organic layer was separated and dried under
vacuum. The resultant residue was extracted with 2 ml of ethyl acetate
and 1 ml of 0.1 N Hcl. The mixture was centrifuged at 2500 g for 15
min. The organic layer was separated and dried under vacuum. The
resultant residue was reconstituted in 100 µl of methanol and 20 µl was
injected on to the HPLC column.

Data analysis
Serum concentration vs time curves and brain concentration vs

time curves were evaluated using Winonlin 3.3 Pharsight, Mountain
View, CA, USA. Maximal serum and brain tissue concentrations
(Cmax) and time to Cmax (Tmax) were obtained directly from the raw
data. The terminal half-life t1/2 was calculated from the terminal slope.
The area under curve from time zero to the last quantifiable plasma
concentration (AUC) was calculated using the linear trapezoidal rule.
The data of two formulations was subjected one way analysis of
variance (ANOVA) to get the statistical significance. Significance of
difference between formulations was calculated by student-Newman-
Keuls with Instant Graph pad prism software. The difference was
considered to be statistically significant at p<0.05.
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Brain distribution studies
Brain targeting index and targeting enhancement factors: The brain

targeting potential of CSEDD is assessed based on brain/serum drug
concentration (B/S) ratio [15]. Brain to serum drug concentration ratio
(B/S) is commonly employed as an index of targeting. If this ratio is
more than one indicates drug targeting to that tissue. It is defined as
the ratio between the area under the concentration-time curve (AUC)
for the concentration of the drug itself at the targeted site and that at a
systemic site:

BTI CSEDD=AUC brain/AUC serum, BTI solution=AUC
brain/AUC serum

BTI gives an accurate measure on how effectively the active
therapeutic agent is actually delivered to its intended site of action.

Brain enhancement factor (BEF): To assess the effectiveness of
CSEDD compared with the drug itself, brain exposure enhancement
factor (BEF) measures the change of the AUC of the active drug in the
brain after administration of CSEDD, compared with administration of
the drug alone:

BEF = AUC CSEDD in brain/AUC solution in brain

Targeting enhancement factor (TEF): Targeting enhancement factor
(TEF) measures the relative improvement in the BTI produced by
administration of CSEDD, compared with administration of the drug
itself:

TEF = BTI CSEDD/BTI solution

TEF, as defined above, is the most rigorous measure that can be used
to quantify the improvement in targeting produced by CSEDD. It
compares not only concentrations, but also concentrations along a
time period and it compares actual, active drug concentrations, both at
target and systemic sites provided the targeting or delivery produces
no toxicity of its own, the therapeutic effect is linearly related to AUC
target and adverse effects are linearly related to AUC of blood.

Results

HPLC analysis
The retention times were 3.7 and 7.4 min for carbamazepine and

internal standard (diclofenac sodium) respectively as shown in Figures
1 & 2. Samples were detected using UV-Spectrophotometric detector at
276 nm and separation was at ambient temperature and the sensitivity
was set at 0.005 AUFS. The method was validated for carbamazepine
assay, according to ICH guidelines (ICH 2005) with respect to
specificity, linearity (R2>0.99), precision (intra-day R.S.D<0.44 and
inter-day R.S.D.<1.21%), and accuracy (recoveries between 99.4% and
102.1%).

Pharmacokinetic studies in rats
The intravenous pharmacokinetic studies were performed in rats.

CSol and CSEDD were administered to rats through tail vein. The
pharmacokinetic profiles of CSol and CSEDD were assessed based in
rat serum. The serum concentrations of CBZ versus time profiles
following intravenous bolus administration of CSol and CSEDD in rats
are shown in Figure 3. The CSEDD formulation generated high initial
serum levels (5.25 mcg/ml) at 0.25 h (P<0.01) when compared to C-Sol
(3.91 mcg/ml) at 0.5 h (P<0.05). A rapid fall initially up to 1 h and then
a gradual fall up to 8 h followed by fairly constant low levels from 8 h

to 24 h were seen with CSEDD formulation. The serum levels of C-Sol
showed an initial rapid fall at 1 h and then gradual fall up to 4 h and
thereafter the levels were not detected at 8 h, whereas the CBZ levels
from CSEDD formulation were detectable even at 24 h.

Figure 1: HPLC Chromatogram in methanol.

Figure 2: HPLC Chromatogram in serum.

Pharmacokinetic parameters were calculated from data obtained in
rat serum and their statistical significance was obtained using Anova.
From Table 1, it is evident that a significant increase in AUC of CSEDD
formulation (23.23 and 28.56 mcg.hr/ml) was observed when
compared to C-Sol (17.64 and 19.67 mcg.hr/ml).

Similarly, 2.5 times increase in T1/2 (P<0.05) with CSEDD
formulation was noticed than C-Sol and this is clearly reflected in
reduced clearance and elimination (P<0.001). Among the other
pharmacokinetic parameters a significant increase in Vd and MRT was
seen with CSEDD formulation. In conclusion, a statistically significant
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increase was observed in all the pharmacokinetic parameters with
CSEDD formulation.

Figure 3: Semilog plot of Log Serum CBZ concentration versus time
plots of CSol and CSEDD following IV bolus injection in rats at a
dose of 10 mg/kg (n=3).

Parameters (Units) C-Sol (mcg/ml) Mean ±
SD

C-SEDD (mcg/ml) Mean ±
SD

Cmax 3.91 ± 0.31 4.45 ± 0.35

Tmax 0.5 ± 0.06a 0.25 ± 0.02c

AUC(0-12) 7.628 ± 0.16 15.442 ± 0.05

AUC(0-t) 17.64 ± 2.81a 23.23 ± 3.83

AUC(0-∞) 19.67 ± 4.27 28.56 ± 6.93d

Vd 4.76 ± 1.03a 7.95 ± 1.74

CL 0.51 ± 0.07 0.35 ± 0.02

Vss 9.34 ± 1.21 8.06 ± 2.15

MRT 18.37 ± 6.18 23.05 ± 1.92d

Ke 0.107 ± 0.001d 0.047 ± 0.001d

T1/2 6.491 ± 0.18a 15.982 ± 2.17c

Each point represents mean ± SD a,c,d represent p<0.05, 0.01, 0.001, Cmax in
µg/ml; Tmax in h; Cls in L/hr.kg; AUC0-24h in µg.h/ml; MRT in h; Ka in /hr; K
in /h; Vd in lits/kg; t1/2 in h

Table 1: Mean pharmacokinetic parameters of CBZ following
intravenous bolus administration of C-Sol and C-SEDD in rats at a
dose of 10 mg/kg (n=3).

Brain targeting potential studies in mice
The brain targeting potential of CBZ solution and CSEDD was

assessed from brain distribution studies in mice. The brain levels of
CBZ due to CSEDD administration were significantly high at all-time
points when compared to C-Sol (Figure 4). A slow decline of CBZ
levels with time was observed for both the formulations. The initial
levels of CBZ due to C-SEDD were 8.023 mcg/ml thereafter the levels
were consistently high till 8 h and later to this time point levels were
undetectable. The initial levels of CBZ due to C-Sol were 3.62 mcg/ml
followed by a gradual decline till 4 h and thereafter the levels were
undetectable.

Figure 4: Semilog plot of Log Brain CBZ concentration versus time
plots of CSol and CSEDD following IV bolus injection at a dose of
10 mg/kg in mice (n=3).

The pharmacokinetic parameters for CBZ were calculated from
brain distribution data obtained in mice and their statistical
significance was obtained using Anova. The peak levels of CBZ
(Cmax=9.15 mcg/ml) in brain were attained much rapidly (Tmax = 1.0
h) due to treatment with Test than control. This shows rapid and
higher uptake of CBZ into brain. Further the levels of CBZ due to
CSEDD retained in brain for a longer time because of slow elimination
(T1/2=2.56 h, Ke=0.294/h) and clearance (CL=0.25L/h) from this
tissue. As a result of this the brain availability of CBZ AUC(0-t) and
AUC(0-∞)=3.66 and 40.6 mcg.hr/ml respectively) improved
significantly over the C-Sol (Table 2).

Parameters (Units) C-Sol (mcg/ml) Mean ±
SD

C-SEDDS (mcg/ml) Mean ±
SD

Tmax 2.5 ± 0.24 1.083 ± 0.01c

AUC(0-4) 2.196 ± 0.21 10.825 ± 0.06

AUC(0-t) 15.16 ± 3.17a 36.61 ± 2.9d

AUC(0-∞) 15.81 ± 5.23d 40.593 ± 8.92

Vd 0.79 ± 0.001d 0.92 ± 0.08c

CL 0.733 ± 0.13 0.251 ± 0.01

Vss 1.47 ± 0.93 1.06 ± 0.001

MRT 2.343 ± 3.91 4.238 ± 2.77a

Ke 0.911 ± 1.34 0.294 ± 0.01c

T1/2 0.869 ± 0.03 2.565 ± 0.05a

Each point represents mean ± SD a,c,d represent p<0.05, 0.01, 0.001Cmax in
µg/ml; Tmax in h; Cls in L/h; AUC0-8h in µg.h/ml; MRT in h; Ka in /h; K in /h; Vd
in lits/kg; t1/2 in h

Table 2: Mean pharmacokinetic parameters of CBZ obtained from
brain data due to CSol and SEDD administration at a dose of 10 mg/kg
in mice (n=3).

The brain to serum ratios (Figure 5) due to treatment with C-Sol
were either below or around 1 whereas brain to serum ratios for
CSEDD treatment were higher than one at all-time points, excepting at
8th h. This clearly indicates that CSEDD has the potential for brain
targeting of CBZ. The B/S ratios with CSEDD formulation were higher
than one. The brain targeting index (Figure 6) of CSEDD formulation
was above 3 at 30 min and gradually declined from 1 to 8 h. These
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values were very high compared to brain targeting index values of CSol
which were below 2 at all-time points.

Figure 5: Brain to serum CBZ concentration ratios data.

Figure 6: Brain Targeting Indices data.

Figure 7: Brain enhancement factor data.

Figure 8: Targeting enhancement factor data.

The brain enhancement factor (Figure 7) of CSEDD to C-Sol was
evaluated according to the previously mentioned equation. The BEF
value was found to be 22.29 at 15 min revealing a very rapid
penetration of CBZ into brain and thereafter a decrease followed by a
sudden increase which maintained for 4 h.

Based on the data it is evident that, very high TEF (Figure 8) values
were obtained at 15 min only. It was observed that the targeting

enhancement factor at 0.25 h is significantly high followed by a rapid
fall at 0.5 h and again a sudden increase at 2 h till 4 h.

Brain distribution studies
The brain concentrations of carbamazepine achieved with CSol and

CSEDD were calculated as brain parenchyma concentrations and
expressed as percentage of the injected dose/gram of tissue. The values
of regional blood volumes used to correct brain radio activities were in
accordance with those published previously [16,17]. Mice brains were
divided into three regions, the two hemispheres and the cerebellum. In
Figure 6 the concentrations of CBZ from CSEDD in mice brain after 1
h were observed to be the most effective carrier to improve CBZ brain
concentrations. A three-fold increase of radioactivity was obtained in
mice with CSEDD in comparison to CSol. The radioactivity
measurement of CSEDD ranged between from 3.2 ± 0.1 to 3.7 ± 0.2%
and 0.4 ± 0.2% to 1.2 ± 0.2% for plain solution in right hemisphere, left
hemisphere and cerebellum respectively (Figure 9).

Figure 9: Concentration of radioactivity (% dose/g tissue) in brain
tissues, after intravenous administration of 10 mg/kg of CSEDD
and CSol after 1 h post injection.

Discussion
The serum availability of CBZ due to intravenous administration of

aqueous dispersion of SEDDS formulation in rats improved
significantly compared to CBZ solution. The high mean residence time,
less clearance and increased half-life clearly reveals that PEG 200 coat
provides the required hydrophilicity to the globules thus reducing the
opsonization process. The steady state volume of distribution was
observed to be low. The high Cmax is a clear indication that both the
size and hydrophilicity are preventing the opsonisation process which
ultimately maintains increased serum levels of CBZ. The brain
availability of CBZ due to intravenous administration of aqueous
dispersion of SEDDS formulation in mice was significantly high
compared to C-Sol. The brain transport in mice was enormously
increased. The possible mechanisms that could be attributed are, the
nanoglobules which were coated with polysorbate-80 might have been
preferentially taken up by brain via BBB brain directed plasma proteins
adsorption on such globules. This theory is supported by a study which
reports that the coating of nanoparticles with polysorbate-80 leads to a
specific alteration of the surface properties of the nanparticles. They
further adsorb certain substances from the blood that, induce
endocytic uptake from the blood stream by the endothelial cells of BBB
[18]. The concentration of polysorbate-80 which we have used was 1%
and this concentration was found to be a contributing factor for
transport to brain. Our study is also supported by a report that states
the translocation of chitosan nanoparticles across the BBB due to
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coating of such particles by polysorbate-80. Translocation of
nanoparticles across the BBB was greatest with 1% w/w polysorbate-80
coating on chitosan nanoparticles. Interestingly, at a higher
concentration of polysorbate-80, such as 2% w/w, the percent
accumulation of radioactivity in the brain at 5 min was reduced [19].
The other possible mechanism for the higher brain levels of CBZ
indicate that the CBZ containing oil droplets might have interacted
with capillary endothelial cell surfaces in tissues via adhesion bonding
probably involving ascorbyl palmitate moiety present on the surface of
oil droplets. From such droplets ASP might desorb, enter the cell wall
and consequently permeate cell walls. Similar mechanism was shown
to be responsible for enhanced permeation of cancerostatic agents via
BBB when these drugs were co-administered with 1-O-alkyl glycerols
[20].

Figure 10: Structure of a model brain targeted nanodroplet [13].

The structure of a model brain targeted nanodroplet is shown in
Figure 10 which depict the mechanisms to enhance targeting to brain.
In order to be efficient and selective, the optimal nanodroplet is
expected to contain drug in the core whose surface has been decorated
with a BBB targeting and transport enhancing molecule and has
charges to enhance uptake and inhibitor for drug resistance
mechanisms at the BBB. Since the degree of protein binding might not
have been complete for CSEDD and the presence of PEG 200 could
have given sufficient hydrophilicity on the surface, this could have
contributed to variations in the brain uptake. The higher levels of CBZ
due to CSEDD might be due to a relatively rapid distribution followed
by slow clearance from the capillary bed of the brain. The droplets
might have interacted with capillary endothelial cell surfaces more due
to presence of the lipophilic moieties which could have helped in a
better permeation of the formulation into the brain. From the
therapeutic availability data it is clear that ASP allowed significant
accumulation of CBZ into brain (2 times). A B/S ratio of 3 within 0.25
h and 2 times higher brain availability of CBZ is an important finding
and it unveils the brain targeting potential of this system.
Nanoparticles have previously been shown to enable the transport of a
number of drugs across the blood-brain barrier that normally cannot
cross this barrier after IV injection [21]. This blood-brain barrier
transport is achieved by coating the particles with polysorbate-80 and
led to significant pharmacological and therapeutic effects in the brain
[22] and postulated that the polysorbate-80 coating led to the
adsorption of apolipoprotein E and possibly apolipoprotein B from the
blood after the IV injection. Thus, the SNEDDS could mimic
lipoprotein particles, which would then interact with the lipoprotein
receptors located on the brain capillary endothelial cells. A subsequent
endocytosis of the nanodroplets with drug would then occur.
Apolipoprotein E plays an important role in the transport of
lipoproteins to the brain [23]. Lipoproteins bind to and are internalized

by the low-density lipoprotein receptor (LDL-R) (Figure 11) and the
LDL-R-related protein [24]. The LDL-R is specifically up-regulated on
the surface of the endothelium that forms the blood-brain barrier [25].
Apolipoprotein E-containing particles have been detected in human
cerebrospinal fluid [26].

Figure 11: Possible Mechanism of Apo E-functionalized Nano-
droplets uptake in brain. [16]

The present studies possibly presume the assumption that
polysorbate-80 coated CSEDD could improve brain specific delivery
due to the high affinity to adsorb plasma apolipoproteins on the
surface, followed by low-density lipoprotein (LDL) receptor
recognition and uptake by endothelial cells lining brain capillaries [27].
Moreover, the employment of apolipoprotein fractions containing only
a binding sequence appears to be sufficient [28-31]. Due to the
understanding of the uptake and transport mechanism of CSEDD into
the brain a rational design of and the tailoring of very specific and
effective carriers seems to be feasible. Concerning brain delivery,
CSEDD were the most effective carrier to improve carbamazepine
brain concentration. The concentrations of CBZ in CSEDD were, in
most of the different brain structures like cerebellum, left & right
hemispheres were significantly higher than those of plain solution. In
fact, no toxic effect arising from the CSEDD has been noticed toward
the permeability of the BBB. The results clearly demonstrated that the
amount of CBZ found in brain was significantly higher with 1%
polysorbate-80. It seems, therefore, that polysorbate-80 had a dramatic
effect on BBB permeability.

Conclusion
It can be concluded that the serum levels of CSEDD in rat were high

and declined gradually. The brain levels of CSol were far less when
compared to CSEDD. A greater drug uptake in brain was seen with the
CSEDD and brain targeting could be achieved efficiently.
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