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ABSTRACT

The objective of the study was to formulate sulpiride-loaded nanoparticles (NPs) that can improve bior-
etention and achieve dose reduction by passively targeting the drug near the site of action. Methoxy PEG-
PLA and maleimide PEG-PLA were synthesized via ring opening polymerization of 1-lactide and used to
prepare pegylated nanoparticles (NPs) loaded with sulpiride by emulsification and solvent evaporation
method. Thiolated cationized bovine serum albumin (CBSA) was conjugated through the maleimide func-
tion to the NPs. Rhodamine B and Alexa Fluor® 488 were used as fluorescent markers for nanoparticle
uptake studies. The nanoparticles were characterized for particle size, zeta potential and drug loading.
Sprague Dawley rats were administered with each of CBSA-NPs, BSA-NPs and uncoated NPs (10 mg/kg)
via tail vein; plasma and urine concentrations were measured and tissue sections were observed under
fluorescence microscope. Characterized particles (mean particle size 329 + 44 nm) indicated the conjuga-
tion of cationic albumin to NPs (zeta potential shift from —39 mV to —19 mV). Fluorescence showed a
high accumulation of CBSA-NPs in brain compared to that of BSA-NPs and uncoated NPs supported by
plasma and urine profile. The significant results proved that CBSA-NPs could be a promising brain drug

Nanoparticles
Sulpiride
Surface charge

delivery for sulpiride.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Colloidal carriers present a useful strategy to circumvent barri-
ers against the entrance of drug into the central nervous system
(CNS). Penetration is enhanced when such carriers are embellished
with ligands, antibodies and proteins as a targeting moiety [1]. The
accepted view posits a blood-brain barrier (BBB) of endothelial
cells with tight junctions supported by astrocyte foot processes
through which small molecules or lipophilic moieties pass easily
relative to the hydrophilic moieties [1]. It is logical to expect that
passive diffusion of xenobiotic into the CNS ought to be enhanced
if NPs were retained longer adjacent to brain capillary walls be-
cause the higher concentration presents a diffusion gradient, there-
by elevating transport rates across the endothelial cell layer.
Others have posited a “membrane fluidization” effect across the
endothelial cell membrane because of surfactant effect of NPs coat-
ings [2]. Such methods modify the diffusional resistance and suffer
from the ever present liability that removing the barrier to one
xenobiotic does so for others. A more selective scheme capitalizes
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on physical size, as it is now apparent NPs permeate through the
BBB by the opening of the tight junctions between the endothelial
cells once a certain size threshold has been crossed [1], in which
case the drug bound inside the particle is leached over a period
of time, creating a controlled, sustained release rate [3,4]. A review
of the literature shows that constraining production methods to
excipients generally regarded as safe, and conditions that do not
challenge stability profiles of most drugs leaves most particle
diameters lamentably higher than this target. The above mecha-
nisms could work in single or concert to affect the brain uptake
of NPs but a truly interesting question might be: “Is it desirable
to create conditions that nullify the role of the BBB to the extent
that NPs are transcytosed into the brain parenchyma?” There are
real advantages to a negative response to this such as less stringent
demand to produce smaller less stable particles. Perhaps a safe,
efficient alternative is a surface embellishment of cationized pro-
teins attached to NPs to promote attachment to the negative-
charged luminal side of the endothelial cells [5]. Biodegradable
poly-(lactide-co-glycolide) (PLGA) and poly-(lactide) (PLA) poly-
mers enjoy FDA acceptance and are biocompatible. “Pegylation”
(i.e., addition of PEG chains) to these biodegradable polymer in-
creases the persistence of NP’s in the plasma, presumably due to
decreased uptake and elimination by the reticuloendothelial cells.
CBSA-NPs labeled with dyes such as 6-coumarin shows positive re-
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sults for a better CNS delivery system [5]. In vitro toxicity studies
showed that CBSA-NPs are better than the uncoated NPs because
of the targeting moiety [6]. Sulpiride (e.g. Dogmatil Forte®
200 mg oral tablets) [7] being practically insoluble in water results
in low oral absorption with 30% bioavailability. Additionally, as de-
scribed by Wiesel et al. [8], 70-90% of dose is excreted unchanged
in urine with the half-life of 6-8 h making it an ideal candidate for
our study. Considering the above given information, we chose to
investigate cationized sulpiride-loaded nanoparticles when com-
pared to the uncationized delivery system as a targeted delivery
form in Sprague Dawley rats.

The principal objective of the study was to assess the efficacy of
positively charged particles to achieve selective accumulation of
sulpiride near the site of action by improved bioretention and
hence dose reduction.

2. Materials and methods
2.1. Materials

(3S)-Cis-3, 6-Dimethyl-1, 4-dioxane-2, 5-dione (L-lactide), 98%,
was purchased from Aldrich chemical company, Inc., USA. Polyeth-
ylene glycol 2000 monomethyl ether (MEPEG-PLA), O-(2-Maleim-
idoethyl)-O’-methyl-polyethylene glycol 5000 (maleimide PEG),
ethyl acetate 99.5% ACS reagent, stannous octoate, sulpiride, rho-
damine, citric acid, sodium cholate, bovine serum albumin (frac-
tion V) (BSA), ethylene diamine, Snakeskin™ dialysis membrane
(MWCO 10,000), SEPHADEX PD 10 column, Traut’s reagent (2-Imi-
nothiolane), 5’-dithio-bis (2-nitrobenzoic acid) (DTNB reagent), tri-
chloroacetic acid (TCA), Alexa Fluor® 488 dye, EDAC (N-(3-
Dimethylaminopropyl)-N-ethyl carbodimidehydrochloride), and
sodium bicarbonate were purchased from Sigma-Aldrich, USA.
Methanol, dichloromethane, ether 98%, toluene 99.8% HPLC grade
were purchased from ].T. BAKER, USA. Precast Novex® pH 3-10
IEF gel 1.0 mm, 10-well was purchased from Invitrogen, USA. All
the organic solvents used were of analytical grade and were used
as received.

2.2. Methods

2.2.1. Polymer synthesis

A ring opening polymerization was employed to synthesize the
copolymer of methoxy PEG-PLA (MePEG-PLA) and maleimide
PEG-PLA. Briefly, 1-lactide 98% was purified twice by recrystalliza-
tion with dry ethyl acetate. In a schlenk type flask, 2.9225 g 1-lac-
tide and 0.229 g maleimide PEG or 0.208 g methoxy PEG were
placed. Stannous octoate (20 mg) was added to both polymeric
solutions in dried toluene. After 10 vacuum argon cycles, the flask
was kept under reduced pressure at 70 °C for 45 min followed by
2 h reaction under argon flow at 110 °C for 2 h. The cooled product
was dissolved in dichloromethane (20 mL) and recovered by pre-
cipitation in ethyl ether (100 mL). This step was performed twice
to ensure the purity of the formulated copolymers [9].

2.2.2. Nanoparticle synthesis

Pegylated NPs were prepared using double emulsion/solvent
evaporation method. In a beaker, 0.5 mL of rhodamine (0.2 mg/
mL) and 0.5 mL of 1% Na cholate were taken to which organic mix-
ture containing 1.5 mL of sulpiride (2 mg/mL) in dichloromethane
and 4-mL mixture of methoxy PEG-PLA (16.66 mg/mL) and malei-
mide PEG-PLA (8.4 mg/mL) in dichloromethane were added. The
solution was homogenized at 38,000 g for 30 s, 10 mL of 1% Na
cholate was added and solution was homogenized, diluted further
with 0.5% Na cholate. The organic solvent was evaporated using
Buchi® rotavaporator for 45 min and centrifuged at 650,000 g

using Beckman centrifuge for 45 min and thereafter freeze dried
[6,10].

2.2.3. Preparation of cationized bovine serum albumin (CBSA) and
BSA-conjugated NPs

BSA (150 mg) was dissolved in 5 mL of 1 M ethylene diamine
with deionized distilled water. The pH of amine solution was ad-
justed to 5 with 1 N hydrochloric acid before dissolving the pro-
tein. The reaction was initiated by the addition of 100 mg of
EDAC to solution by constant stirring at room temperature. After
5 h, an additional 150 mg of EDAC was added and stirred continu-
ously for another 12 h. The reaction was terminated using 1.3 mL
of 4 M acetate buffer, pH 4.75. The solution was then dialyzed
overnight using a dialysis membrane (MWCO 10,000) against
deionized distilled water with water replacement at least 2-3
times. The solution in the bag was then passed through SEPHA-
DEX® PD 10 column, and purified solution was centrifuged at
1500 g and lyophilized to get ethylene diamine-modified BSA
[11]. Cationized and uncationized BSA was dissolved in a non-
amine phosphate buffer saline (PBS) pH 8.0, using a 40-fold molar
excess of Traut’s Reagent. Traut’s reagent was dissolved in buffer at
a concentration of 2 mg/mL which resulted in a 14 mM stock solu-
tion from which 46 pL of solution was pipetted into protein solu-
tions. The solutions were incubated for 1 h at room temperature,
and the thiolated protein was separated from excess of Traut’s re-
agent using SEPHADEX® PD 10 column that had been equilibrated
with buffer containing 2 mM EDTA [12].

Labeling of protein was performed according to the procedure
provided in the fluorescence labeling kit. Solution of sodium bicar-
bonate (1 M), pH ~ 9.0 was prepared, and 50 pL of the solution was
added to 0.5 mL of the 2 mg/mL protein solutions. The protein
solutions were transferred to the vial of Alexa Fluor® 488 dye.
The reaction mixture was stirred for 1h at room temperature.
The protein solution was passed through a SEPHADEX PD 10 col-
umn and thus separated from unconjugated dye [13]. The thiolated
CBSA or BSA was mixed with NPs at a thiolated CBSA/BSA: malei-
mide ratio of 1:1. The volume of mixture was 1 mL, and the conju-
gation of the CBSA (or BSA) to the NPs loaded with sulpiride was
performed overnight on a rotating petri dish at a low speed. The
reaction mixture was then applied to SEPHADEX® PD 10 column
and was eluted with 0.01 M PBS buffer (pH 7.4). The fluoresced
CBSA-NPs fractions or BSA-NPs fractions were identified under
UV lamp, collected and freeze dried [14].

As shown in (Fig. 1), the formulation of CBSA-NPs involved sev-
eral steps including copolymer synthesis to conjugation of fluo-
resced CBSA protein to the nanoparticles.

2.2.4. Sulpiride assay method development

The stock solution of sulpiride was prepared in methanol, and
various dilutions were spiked with fixed amount of rhodamine into
plasma. The plasma samples were treated with 30 pL (1 mcg/mL)
of tiapiride (internal standard) and 0.1 mL of 1 N NaOH solution.
After vortex mixing for 5 s, the mixture was extracted with 6 mL
of ethyl acetate: dichloromethane mixture (5:1 v/v), vortexed and
centrifuged (168 g) for another 10 min [15]. The supernatant (or-
ganic phase) was transferred to another glass tube and evaporated
under a stream of nitrogen gas at 40 °C until completely dried fol-
lowed by the addition of 0.2 mL of the mobile phase to dissolve the
residue, and 0.1 mL was automatically injected into the HPLC sys-
tem for analysis. After plasma extraction, samples were assayed
using Nucleodur® column (4.5 mm x 25 cm, 5.0 um), using a flow
rate of 1.2 mL/min with methanol: citrate-phosphate buffer
(15:85, pH 3.8) as the mobile phase detected using a fluorescence
detector (300 nm excitation, 365 nm emission) and integrated
with WATERS EMPOWER®2 software [15]. The results were plotted
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Fig. 1. Schematic of formation of cationized bovine serum albumin-conjugated pegylated nanoparticles. (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.)

as ratio of sulpiride response to tiapiride response v/s standard
concentration of sulpiride injected.

2.3. Characterization

2.3.1. In vitro studies

2.3.1.1. Copolymer characterization. Both copolymers (MePEG-PLA
and MAL PEG-PLA) were dissolved in deuteriochloroform (CDCI3)
in NMR analysis tubes. "H NMR spectra and '>C NMR spectra were
recorded at 300 K with a Bruker Avance 500 spectrometer operated
at 500 MHZ.

2.3.1.2. Characterization of NPs.

2.3.1.2.1. Surface charge and particle size analysis. The zeta potential
and particle size were measured using NICOMP™ 380 ZLS particle
size analyzer. NPs/BSA-NPs/CBSA-NPs were suspended in deion-
ized distilled water (1%w/v) in a cuvette, sonicated and measured
[14].

2.3.1.2.2. Morphology. Freeze-dried CBSA-NPs, uncoated NPs,
copolymers and uncoated drug samples were pre-coated with gold
for 120 s using Poloron Sputter coater E-1500 and were observed

with the help of Hitachi S-530 scanning electron microscope
(SEM) at 25 kV, 6000x [16].

2.3.1.2.3. Cationization of protein. Isoelectric gel electrophoresis
was performed using Emperor Penguin P8DS electrophoretic appa-
ratus. During isoelectric focusing (IEF), protein samples were ap-
plied to the gel and an electric field was applied, the proteins
migrated in the pH gradient and immobilized as they approached
their isoelectric point (PI). The Precast IEF gels were loaded with
loading sample buffer (10 pL) in one well and mixture of protein
standards (10 pL) in second well. The upper electrophoretic cham-
ber was loaded with cathode buffer (200 mL) and lower with anode
buffer (600 mL). An increasing order of electric voltage, 100 V (first
hour), 200 V (second hour) and finally 500 V (30 min), was applied.
High finishing voltage was applied to focus the protein in narrow
zones [17].

2.3.1.2.4. Extent of thiolation of protein. Ellman’s reagent was used
to determine thiol attached to the protein [18]. The dilution buffer
(30 mM Tris-HCl, 3 mM EDTA, pH 7.4) and 5,5’-dithio-bis (2-nitro-
benzoic acid) (DTNB) solutions were prepared by dissolving
29.7 mg of DTNB in 25 mL methanol. Samples and blank solution
(dilution buffer and DTNB reagent) were spined down at 3000 g
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for 5min at room temperature; extinction was measured at
412 nm for total and free thiol groups present. The difference rep-
resented the extent of thiolation. Protein was estimated for (i) total
sulfhydryl groups (attached to protein and in free form) and (ii)
protein precipitated samples using 20% trichloroacetic acid (TCA)
(free form) [19].

2.3.1.2.5. Drug load. NPs (10 mg) were dissolved in a mixture of
0.9 mL of dichloromethane and 0.1 mL of dimethylsulphoxide
(DMSO). The mixture was evaporated using a rotavaporator at
40 °C until completely dry. The dry samples were reconstituted
with the mobile phase, filtered and assayed to determine the drug
load by the following equation [1]:

Mass of drug in nanoparticles
Total mass of nanoparticles

% 100 (1)

2.3.2. In vivo studies

CBSA-NPs were explored as targeted drug delivery system to
the brain compared to the BSA-NPs and uncoated NPs. Male Spra-
gue Dawley (SD) rats were purchased from Harlan (Indianapolis,
IN). Animal study protocol was reviewed and approved by the
Saint Johns University Institutional Animal Care and Use Commit-
tee. SD rats were divided into three groups; five animals in each
group and were restrained using an AIMS restrainer and were
administered 10 mg/kg of unconjugated, BSA-conjugated or
CBSA-conjugated NPs via lateral tail vein using a 25 g needle and
an injection set.

2.3.2.1. Plasma drug release and total urine concentration. Animals
were kept in a Beekeeper® cage to collect blood samples (0.5 mL)
at 0.5, 1, 2, 4, 8, 16 and 24 h using the tail tip method and analyzed
for plasma drug profile of the formulations. Total urine accumu-
lated in 24 h was also collected and analyzed for the presence of
sulpiride. After extraction, the samples were diluted with 10 mL
of distilled water and were analyzed using the given assay method.

2.3.2.2. Fluorescence microscopic studies. The animals were eutha-
nized using carbon dioxide chamber and organs including brain, li-
ver, spleen and kidney were fixed in 4% formalin solution for
3 days. Later 40-pum thick sections were taken using a microtome,
and the sections were directly mounted on slides, frozen and ob-
served under ZEISS® IM fluorescence microscope [20]. The fluores-
cence images were analyzed for the intensity of color present using
Adobe Photoshop software [21]. Briefly, a rectangular area of each
image was selected and observed for red or green color intensity as
per RGB color intensity model [22]. The average RGB value for each
formulation i.e. intensity of fluorescence present was plotted for all
formulations using bar plots for brain, kidney, spleen and liver.

2.3.2.3. Statistical analysis. ANOVA was performed to observe sta-
tistical differences of sulpiride concentrations for CBSA, BSA and
uncoated NPs formulation in terms of plasma profile and total ur-
ine excretion. Student t-test and ANOVA were performed to show
significant difference of fluorescence intensity in microscopic sec-
tions of brain for CBSA, BSA and uncoated NP’s formulations.

3. Results and discussion
3.1. Copolymer synthesis

The "H NMR data (Fig. 2) showed both polymers were present in
the final formulation [23]. The peaks at 1.65 ppm belonged to
methyl group (-CH3) and 5.20 ppm pertained to methine group
(-CH-) of PLA segment. The methene group (-CH2-) of PEG seg-
ment appeared at 3.65ppm. A low-signal peak integral at

6.65 ppm corresponding to the maleimide protons was detected
that proved the preservation of the maleimide function during
the synthesis of maleimide PEG-PLA [24], no other peaks were de-
tected, which indicated high purity of the copolymers. The '3C
NMR data (Fig. 2) shows a change in C=0 chemical shift from
168 ppm to 169 ppm attributed to the broken cyclic ring of 1-lac-
tide with nucleophilic substitution.

3.2. Change in isoelectric focal point (IEF)

IEF is an electrophoretic technique for the separation of proteins
based on their isoelectric point (pl), the pH at which a protein has
no net charge and does not migrate in an electric field. These are
used to determine minor changes in the nature of protein such
as cationization, phosphorylation and glycosylation. The pl of na-
tive albumin is relatively low i.e. 4 (acidic) due to the presence
of carboxyl group on surface of protein. Substitution of basic
groups in place of carboxyl groups can increase the pl of protein to-
wards more basic pl i.e. 8-11. Cationization of the BSA changed pl
from 4.2 to 8.3 (Fig. 3) which had an impact on overall formulation
as the surface charge distribution (zeta potential) of formulation
changed for CBSA-NPs with respect to BSA/uncoated NPs as highly
basic proteins (pl: 8-11) can adsorb to the endothelial cells of the
blood-brain barrier at higher rates than that for acidic and neutral
proteins [25].

3.3. Extent of thiolation

Ellman’s reagent undergoes the thiol-disulphide interchange
reaction in the presence of a free thiol. The resultant 2-Nitro-5-
Mercapto benzoic acid formed had an intense absorbance at
412 nm compared to reagents [26]. At high or low pH the disul-
phide splits and hence the reaction was performed at neutral pH
with an excess of DTNB to protein. The concentration was calcu-
lated using Eq. (2) (where, A=absorbance of solution, b = path
length in cm™!, and ¢ = molar absorptivity in Lcm™! mol~!). The
extent of thiolation was 86 + 10%.

Concentration =

@)

b ¢

3.4. Surface charge changes and average particle size

The zeta potential ({ value) represents the difference in the elec-
trical charge between the dense layers of ions that surrounds the
particle and the charge of the bulk of the suspended fluid sur-
rounding the particles. The { value of CBSA-NPs could be attributed
to two factors, first the PEG surface shielding effect on offsetting
the negative charge of the PLA segments in the NPs core and sec-
ond, the CBSA cationization degree i.e. pl value. The { values mea-
sured for uncoated NPs and CBSA-NPs were around —39 mV and
—19 mV, respectively. The potential difference in { values repre-
sents successful attachment of CBSA to NPs and change in surface
charge property of the particle. Although { value for the obtained
particle was towards negative side, it supported our hypothesis;
because at the local microenvironment surrounding each CBSA
milieu on the NPs surface, the net electrical charge would be posi-
tive. Hence, facilitating CBSA at periphery of the NPs to electrostat-
ically bind the negatively charged residues on the endothelial cells
of BBB. Therefore it could be assumed that due to relatively less
negative surface charge of the particle, it gets attracted and ad-
sorbed to the BBB endothelial cells and thus enhances the avail-
ability. The average particle size of plain NPs was 218 + 10 nm,
BSA-NPs was 308 + 24 nm and CBSA-NPs was 329 + 44 nm. Once
sufficiently reduced, the particle gets internalized to reach to the
site of action. Thus, the drug could reach the site of action in free
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Fig. 2. 'H NMR Data: (A) methoxy PEG-PLA and (B) maleimide PEG-PLA. Peaks: PLA segment (a) 1.65 ppm-methyl group (-CH3) and (b) 5.20 ppm-methine group (-CH); PEG
segment (a) 3.65 ppm-methene group. '>C NMR Data: (C) methoxy PEG-PLA and (D) maleimide PEG-PLA C=0 chemical shift at 169 ppm due to breakage of cyclic lactide
ring.
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Fig. 3. Isoelectric focusing: right band indicates different pH range in the gel. CBSA protein pl: 8.3 (third well and sixth well from right side). BSA protein pl: 4.2. Comparative
standard band (second from right side) shows separation of different proteins based on pl. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)

form and in NPs bound form. This approach had two advantages,
improved drug loading due to larger size of NPs when compared
to others for brain delivery as well as target delivery of the drug
at the site of action [27].

3.5. Morphological observations

The scanning electron microscopy showed that copolymers
were rough, irregular and hollow structures. The final formulation
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Fig. 4. Scanning electron microscopy. (1) Maleimide PEG-PLA copolymer. (2)
Methoxy PEG-\PLA copolymer. (3) Cationized bovine serum albumin-conjugated
nanoparticles. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

on the other end was spherical in shape (Fig. 4) because of the sur-
face tension on emulsion droplets causing the copolymers to form
spherical shape and entrapping the drug in its matrix during sol-
vent evaporation.

3.6. Standard curve and drug loading efficiency (DLE)

To extract sulpiride from plasma, a mixture of ethyl acetate and
dichloromethane was used. Dichloromethane (BP 39 °C) and ethyl
acetate (BP 77 °C) gave an effective separation when used in com-
bination rather than separate as sulpiride was more soluble in
ethyl acetate while dichloromethane with low boiling point was
easy to evaporate [28]. The extent of sulpiride extraction from
plasma was 62.25 £ 4.03%. A Sigma plot for ratio of sulpiride to
tiapiride response was plotted with respect to standard sulpiride
concentrations. The assay was validated with respect to linearity
(R?=0.9933), limit of detection (0.05 pg/ml) and limit of quantita-
tion (0.1 pg/ml). The drug loading (DLE) of NPs was 4.34 + 0.88%,
n=3.

3.7. In vivo plasma and urine study

The blood samples were extracted and detected using HPLC
fluorescence assay method. The in vitro release of plain NPs (30%
release in 10 h) [29] and the fact that NPs were incubated with
albumin solution for 10 h to conjugate with NPs suggested the
necessity to normalize the results obtained due to reduced sulpir-
ide and rhodamine B load of CBSA-NPs/BSA-NPs when compared to
plain NPs. Thus, the final plot was obtained after this normalization
of data. Sulpiride concentration detected was plotted as log plasma
concentration of sulpiride (pg/ml) vs. time (h) (Fig. 5) with large
amount of drug released in first 5 h after which low concentration
of drug was detected for CBSA-NPs when compared to other two
formulations. (Fig. 5) The decrease in the release of sulpiride in
plasma for CBSA-NPs could be possible if the formulation was
behaving differently, suggesting that either it was cleared out fas-
ter through urine or it was biodistributed at a faster rate. The
cumulative average percentage of urinary excretion for albumin-
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Fig. 5. Sulpiride plasma concentrations (mcg/ml) of Sprague Dawley rats (n = 5) for
(1) plain nanoparticles (—#—), (2) BSA nanoparticles (——), and (3) CBSA
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release profile for CBSA nanoparticle (60.42 + 8.57%) obtained when compared to
BSA nanoparticles (86.23 £ 18.32%) and uncoated nanoparticles (82.35 + 12.25%).
(For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

conjugated and unconjugated NPs was 19.26 + 0.66% after 24 h,
very low when compared to 70-90% of sulpiride excretion as men-
tioned in literature [7,8]. Thus, NPs had tremendously reduced the
excretion of sulpiride in urine. Statistically, there was no signifi-
cant variation in percentage of drug urine excretion from animals
with different formulations (p < 0.0773), which excludes the possi-
bility of higher urinary excretion of CBSA-NPs when compared to
BSA/uncoated NPs and strengthens the possibility of particles sus-
tained and biodistributed in the body.

3.8. Fluorescence microscopy studies

A qualitative distribution of CBSA-NPs compared to BSA/un-
coated NPs was observed via fluorescence distribution in micro-
scopic sections helped to pre-screen the formulations (Fig. 6).
However, quantification of these images viz. a procedure answer-
ing; degree of variance of fluorescence in different organs for dif-
ferent formulations could provide a better tool for comparison.
For this, spectroscopic methods have been used extensively for
quantitation but in our case the amount of rhodamine B [30] and
Alexa Fluor® 488 [13] used in NPs was very low which increases

the error in measurement at such low concentrations. Once the
variability of repeated measurements within and between samples
was acceptable, we selected the Adobe Photoshop® software tool
to calculate the intensity of the color present in the images because
a single color (green or red) was present in each image (depending
upon the filters used while taking images) (Fig. 6). The images var-
ied upon intensity of the fluorescence (the amount of rhodamine B
or Alexa Fluor 488) and hence upon the amount of distribution of
particles in that organ. Thus, it proved to be a time efficient, easier
and cheaper tool to pre-screen the target efficiency of the formula-
tion and to understand the distribution of the particles in major or-
gans depending upon the formulation administered.

Adobe Photoshop® software provided an average numerical va-
lue (RGB value) for the intensity of color present in an image as per
RGB model; by comparing the values obtained in all formulations
following results were inferred. As observed in (Fig. 7), the fluores-
cence intensity of CBSA-NPs sections in brain was very high when
compared to the BSA-NPs and uncoated NPs (p = 0.000874) which
could be a result of higher adsorption of CBSA-NPs to the brain
endothelial cells when compared to other two formulations. A high
level of fluorescence intensity was observed in the liver and spleen
sections (Fig. 7) in all the formulations suggesting that NPs gener-
ally had a high distribution in these organs. In liver, the major rea-
son for distribution could be the filtration barrier formed by
splenic and hepatic cord and in spleen due to the phagocytes pres-
ent in the Kupffer cells in spleen which engulfs and remove the
nanoparticles from systemic circulation. In case of kidney (Fig. 7)
CBSA-NPs had least distribution compared to uncoated/BSA-NPs
again supporting our hypothesis as cationization minimizes renal
clearance. A student t-test was performed to analyze the variance
between the RGB values in brain of BSA-NPs and CBSA-NPs
(p<0.01530) proved that they were significantly different; and
thus the high uptake in brain was not due to the presence of albu-
min protein but due to the positive charge on the protein. Litera-
ture shows that a majority of endothelial cells of the blood-brain
barrier are negatively charged due to sialic acid residues of acidic
glycoprotein mainly concentrated in the cells of central nervous
system; [31,32].The positive charge of the CBSA-NPs compared to
plasma proteins facilitated an attractive force and increased con-
tact to such regions. Once adsorbed, NPs started degrading and
smaller size NPs formed were taken up via BBB possibly by adsorp-
tive-mediated transcytosis [31].

In summary, the accumulation of rhodamine B was non-specific
to brain tissue, proved from liver and spleen color intensity

Rhodamine B - Red color fluorescence

Alexa Fluor 488 - Green color fluorescence

Brain fluorescence intensity of CBSA nanoparticles

Brain fluorescence intensity of BSA nanoparticles

Brain fluroscence intensity of uncoated nanoparticles

Fig. 6. Brain fluorescence microscopy sections (from top to bottom). (1) CBSA nanoparticles, (2) BSA nanoparticles, and (3) uncoated nanoparticles. Order of fluorescence
emitted was highest for CBSA-NPs sections followed by BSA-NPs and least in uncoated NPs sections (red - rhodamine B fluorescence, green - Alexa Fluor 488 fluorescence).
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 7. Comparison of color intensity measured by Adobe Photoshop software (from top-left to bottom-right) (1) CBSA-NPs, (2) BSA-NPs, and (3) uncoated NPs in brain, liver,
spleen and kidney sections for fluorescence emitted by rhodamine B and Alexa Fluor 488 dye. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)

measurements. A high distribution of CBSA-NPs was observed in li-
ver and spleen sections but it was in accordance with that of un-
coated and BSA-NPs, indicating that the positive charge was not
a major factor for accumulation in these organs. On the other
end, variance observed in brain sections established that the sur-
face charge of NPs was the driving factor for delivery to brain
and provided us with a novel method to pre-screen formulations.
These results are significant as they logically proceed to a promise
afforded by the reduction in the dose of marketed oral formula-
tions (e.g., Dogmatil Forte®) alluded in the Introduction section.
In the form of CBSA-NPs we formulated a considerable delivery
system that could provide a single solution to the problems associ-
ated with delivery of sulpiride, reduced excretion in urine hence
improved bioretention, targeting the drug to site, and thus reduc-
tion in dose of the drug.

4. Conclusion

Polymeric NPs conjugated with CBSA or BSA were successfully
formulated. All the results and statistical evaluation can be com-
bined to conclude that CBSA-NPs has faster clearance from the
plasma relative to either BSA-NPs or uncoated NPs and that this
clearance was not so much elimination but rather a targeted distri-
bution by preferential uptake into the brain. Urinary observations
and fluorescent images showed that CBSA-NPs had high biodistri-
bution in several organs, most notably the brain, compared to BSA-
NPs and uncoated NPs. This localization in the target tissue by fluo-
rescent imaging was an efficient analytical pre-screening tool for
accelerating the dosage form development process of NPs that
incorporate sulpiride. These results confirm our hypothesis that a
PEG-PLA copolymer-based nanoparticulate system when conju-
gated with CBSA can provide a targeted drug delivery of sulpiride.
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