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/ ABSTRACT \

The aim of the present study was to formulate amaracterize polysorbate-80 coated PLGA nanopastite
target brain upon oral administration. Rivastigmiadrate (RT) loaded PLGA nanoparticles were pregady
adopting modified nanoprecipitation method and water coated with polysorbate 80 (PS80) and chearaed
for particle size, morphology physical state, dregtrapment andin vitro release. Furtherin vivo
pharmacokinetics studies conducted in rat exhikitedAUG .24 of RT in rivastigmine nanoparticle (R-NP) was
(4825.9ng/ml) which was higher when compared whith AUG.40f rivastigmine solution R-sol (224.483ng/hr).
Tissue distribution studies of RT in brain aftealoadministration of polysorbate 80 coated nanagast (RNP-
PS-80) was found to be 60.99ng/ g tissue and 9R/)Srsgue as compared with the uncoated R-NP 3(@Qrsgue
and 41.33 ng/g tissue at and 4" hour respectively. Histopathology of the braintisets treated with R-sol, RNP
and RNP-PS-80 indicated no morphological changestaxicity. The brain to blood ratio of RNP-PS-8@awv
indicates a greater ability of RNP-PS-80 to red@hlirain and can be a promising approach for tedgeelivery
of RT to brain through oral route for the treatmehflzheimer’s disease.
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Email: drvijayaragha@gmail.col Targeting of drugs to the brain is not only a

challenging issue, but an equally important issare f

Available online: www.uptodateresearchpublicatiomc November — December 536



Chellan Vijaya Raghavan. et al. / International Journal of Research in Pharmaceutical and Nano Sciences. 3(6), 2014, 536- 551.

pharmaceutical research, as many hydrophilic drugschallenge, as the drug should not leak out from its
and neuropeptides fail to cross the blood-brain agueous phase during the preparation of
barrier (BBBY. It is estimated that more than 98% of nanoparticle¥.

the small new molecules do not cross the BBB, and Hence, the present study was aimed to formulate RT
hence fail to achieve the therapeutic concentration loaded PLGA nanoparticles, coated with polysorbate
within the brain parenchyma célls 80 and to study the influence of pH on aqueous
Many approaches have been developed to phase during the preparation of nanoparticles dhes
circumvent this problem using liposorfi@sagnetic nanoparticles  were  characterized for its
nanoparticles solid lipid nanoparticlés and physiochemical properties and finallyn vivo
polymeric nanoparticles. Among these, polymeric pharmacokinetic studies and tissue distribution
nanoparticles are advantageous when compared withstudies were conducted in rats to check for the
the aforementioned drug delivery systems in terms efficiency of these nanoparticles to reach brain
of obtaining a sustained release and better dtabili through oral administration.

during storagé Drug delivery to the brain using

polymeric nanoparticles opens a new pathway to MATERIALS AND METHODS

treat neurodegenerative diseases like Alzheimer’'s, PLGA resomer 502 H were purchased from Sigma-
Parkinson’s, and multiple sclerosis. Polymeric Aldrich, rivastigmine tartrate was received as fa gi
nanoparticles using a biodegradable carrier are onesample from alembic pharmaceutical (Vododra
of the best known carriers for controlled and Gujarat), Potassium dihydrogen phosphate, tetra
sustained release and one among them is polybutyl methyl ether, ortho phosphoric acid Pluronic
lactide-co-glycolide (PLGA) Further, coating the  F-127, acetone, sodium hydroxide, D-mannitol,
nanoparticles using a surfactant has also attractedacetonitrile were analytical Grade.

attention as a potential means to enhance the drugPreparation of nanoparticles by modified
uptake to the brain. It has been reported that nanoprecipitation method

nanoparticles coated with polysorbate 80 enhanceRT loaded poly lactide-co-glycolide (PLGA) NPs
brain targeting by acting as an anchor for were prepared by modified nanoprecipitation
apolipoproteins and facilitating uptake by the brai method using phosphate buffer (pH 6.0 to 9.0) as an
endothelial cells via receptor mediated endocylosis aqueous phas&é RT and PLGA in the ratio of
Rivastigmine tartrate (RT) is a reversible 1:1,1:2,1:3 and 1:4 were dissolved in acetone and
cholinesterase inhibitor used in the treatment of acetonitrile. This organic phase was added slowly t
Alzheimer's diseas€ Which does not cross the 10 ml of phosphate buffer containing 1% pluronic
blood brain barrier (BBB) owing to its hydrophilic F127 and the organic solvent was then allowed to
nature. Further, a particle size below 200nm is a evaporate for 4 hours with continuous stirring (50
very important prerequisite for crossing BBB. rpm) on magnetic stirrer (Remi). The NP suspension
Several methods have been developed to preparevas then centrifuged at 13,000 rpm for 1hr at 4° C
polymeric nanoparticles of hydrophilic drugs like using high speed centrifuge (Eppendrof) and the
nanoprecipitation and emulsion solvent evaporation. sediment comprising NPs was freeze dried for 24
In spite of its low entrapment efficiency values fo hours using freeze drier (Lyodel, India) using 2% D
hydrophilic drugs nanoprecipitation offers an easy mannitol as a cryoprotectant.

and reproducible technique with narrow unimodel Coating of RT nanoparticles with Polysorbate 80
particle size distribution (100-300nm) and is widel The coating of nanoparticles was performed
used by several research groups to prepareaccording to the procedure described by Kreeter
polymeric nanoparticlés Owing to the ability of  al.'®. The freeze dried product was resuspended in
RT to be soluble in both water and organic solvents phosphate buffered saline(PBS) pH 7.4 at a
its incorporation into NP makes it an interesting concentration of 20 mg/ml under constant stirrihg o
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50 rpm (Remi magnetic stirrer). Polysorbate 80 at In vitro drug release studies

concentrations of 1% and 2% (w/v) was then added In vitro release studies were performed using
to the solution containing nanoparticles and thalfi  dialysis sac methdfl The freeze dried nanoparticles
mixture was incubated for 30 minutes .The freeze (2mg) were suspended in phosphate buffer pH 7.4
dried nanoparticles were subjected to drug and then placed in a dialysis membrane (molecular
entrapment anah vitro release studies. weight cut off 10,000-12,000Da) with its ends
Physiochemical characterization of nanopatrticles closed using membrane clips. The dialysis
Particle size distribution, zeta potential and membrane was then placed in a beaker containing
polydispersity index (PDI) of the formulated 50ml of 0.1 M phosphate buffer (pH 7.4), and
nanoparticles were determined by dynamic light maintained at 37 °C with continuous magnetic
scattering (DLS) analysis using the Zetasizer Nano stirring. At specified time intervals of 1, 2, 418,
ZS90 (Malvern Instruments Ltd, UK), the samples and 24 hours 2ml of aliquots were withdrawn from
were placed in disposable cuvettes for particle siz the medium and replaced with the equal volume of
measurements. Each experiment was conducted inphosphate buffer. The concentration of RT was
triplicate*®. assayed spectrophotometrically at 220 nm.
Morphological studies Stability of drug in stimulated gastric fluid

The surface morphology of the prepared NPs was The stability of RT was evaluated in SGF, prepared
determined by using high resolution transmission according to British Pharmacopoeia (BP). Briefly;
electron microscopy (HRTEM) and atomic force SGF was prepared by dissolving 2 g of NaCl and 3.2
microscopy (AFM). A drop of nanosuspension was g of pepsin in 80 ml of 1M HCI and finally made up
placed on a carbon film coated copper grid for TEM. to 1000 ml with adjustment of final pH to 1.2. 5@ m
And the studies were performed at 80kv using JOEL of each formulation was suspended in 15 ml of SGF
JEM 2100, Japan equipped with a selected areaand placed in screw capped tubes. Te tubes were
electron diffraction pattern (SAEE) AFM images kept in the water shaker bath maintained at 373C. A
were captured using (Multimode Scanning probe specific time interval of incubation in SGF for
microscope (NTMDT, NTEGRA prima, Russia) 3hours, suspensions were centrifuged at 13000rpm
Drug entrapment for 40min and the supernatants were discarded. The
Freeze-dried nanoparticles 50mg were dissolved in sediment was dispersed in the solvent and the drug
acetonitrile and the drug concentration was contentis determined in UV.

measured by ultraviolet spectroscopy at 228nm Bio analytical Method
Drug entrapment efficiency was estimated using the The concentration of RT in samples were
following equation determined by HPLC (Waters 2475) equipped with a
Mass of drug in nanoparticles x 100  fluorescence detector and a reversed phase column
Drug entrapment (%) = (Gemini C18, 5u, 50x30mm, Phenomenox). A
_ _ ~ Mass of drugdsn formulation mixture of phosphate buffer (20mm) and acetonitrile
Differential Scanning Calorimetry (80:20) adjusted to pH 3.1 using orthophosphoric

The physical state of entrapped RT was analysedacig was used as mobile phase. The flow rate was
using Differential Scanning Calorimetry (DSC, maintained at 0.3 mli/min and the column
Universal V4.7A TA Instruments). The sample temperature was set to 36°C. RT was analysed by
(5mg) was placed on a standard crimped aluminium fjyorimetric detector with an excitation and emissi
pan and heated at a rate of 10°C/min from 4 1o \ayelengths of 220 and 293nm respectively.
450°C with continuous purging of nitrogen gas Extraction of RT from the plasma and tissue samples
(20ml/min). An empty aluminium pan was used as a was carried out using a modified liquid-liquid
reference. extraction method 2. Rat plasma or tissue
homogenate (100ul) was mixed with 20ul of 1M
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sodium hydroxide solution and vortexed for non target tissues of interest, lungs, liver ardh&y
60seconds. To this mixture, 0.7 ml of tetra butyl were removed and homogenised using tissue
methyl ether was added and centrifuged at 10000 homogenizer (Remi) with ice cold PBS .4The
rom for 5 min followed by separation and drug content in the organs was analyzed using
evaporation of organic layer in a turbo vap LV HPLC waters 2475 coupled with FLD.

(Biotage USA) at 4%C under a nitrogen gas stream. Histopathological analysis

Finally, the dried residue was reconstituted with Histopathological analysis was carried out in male
100ul of mobile phase and 20ul of the reconstituted Wister rats weighing 200-250g. The animals were
mobile phase was subjected for HPLC analysis. divided in to three groups, group -1 received R-sol
In vivo pharmacokinetic studies group-2 received R-NP and group-3 received RNP-
In vivo pharmacokinetic studies were carried out in PS-80 nanoparticles via oral administration.
male wistar rats weighing about 200-250g. The Animals were sacrificed after 24 hours and brains
protocol for the animal experiments was reviewed were removed. Brain tissue was fixed in 10%
and approved by PSG Institutional Animal Ethics formaldehyde solution and embedded in paraffin.
Committee  (Proposal No: 197/2013/IAEC), Paraffin sections of thickness 7um were prepared fo
Coimbatore. The animal house was well ventilated microscopy study. Finally the tissues were dipped i
and the animals were provided with food and water water and are stained with haematoxylin and eosin
ad libitum and maintained on a standard diurnal for 10 min at 60 °C. The stained sections were
cycle in a cage with sterile paddy husk. The ansmal washed in running water to remove the excess stain
were allowed to fast overnight before the study was and then upgraded for dehydration through different
performed. The animals were divided in to 3 groups grades of alcohol. Finally the slixdes were then
and each group contains 6 animals. A dose cleared with xylene and mounted with DPX to make
equivalent to 1mg/kg was administered orally to the them permanent. The sections were observed for the
animals using a gastric lavage needle. Group 1presence of vacuolisation/spongiosis, lipifuscin
received RT solution suspended in PBS 7.4, (R-sol) deposits and neuronal degeneration

Group 2 received uncoated RT nanoparticle(R-NP) Stability studies

and Group 3 received polysorbate-80 coated R- Stability studies were carried out as per ICH
NP(RT-PS-80). The blood samples (500uL) were guidelines to assess the stability of RT loaded RLG
collected in to micro centrifuge tubes containing nanoparticle(R-NP) and polysorbate 80 coated
sodium citrate by retro-orbital venous plexus nanoparticles (RNP-PS-80). The formulations were
puncture using heparinised capillary tubes at 60, stored in a glass vial at refrigerated conditid®i®¥(
120, 240, 480, 720 and 1440 min post dosing. The = 3°C) and room temperature (30°C + 2°C and 65%
blood samples were centrifuged at 4000rpm for 10 RH + 5% RH) over a period of 6 months. At definite
min and the plasma was separated and stored attime intervals (0, 1, 2, 4 and 6 months), the saspl
20°C until analysf&. were evaluated for physical appearance, partieke si
Tissue distribution study and drug entrapmefit

The tissue distribution experiments were conducted

on male Wister rats weighing 200-250 g after oral RESULTS AND DISCUSSION

administration. The rats were divided in to three Preparation of RT nanoparticles

groups with 6 each group. Group 1 received pure RT- loaded PLGA nanoparticles were prepared by
RT, Group 2 received uncoated R-NP and Group 3 modified nanoprecipitation method by varying the
received polysorbate-80 coated R-NP at the dose ofpH of the agqueous phase and the organic solvent to
1mg/kg. After 1 hour and "4 hour post obtain better particle size and drug entrapmene Du
administration, 3 animals from each group were to the high solubility of RT in the aqueous phase,
scarified and the target tissue of interest, bexd partitions into the external aqueous phase duteg t
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preparation here by decreasing the amount of drugentrapment of 79.1% was observed. This increased
entrapped in the polymer. Initially organic solv&nt drug entrapment was related to the ionic stateof R
like acetonitrile and acetone were selected for the in the agueous phases which lead to a decreake in t
preparation of nanoparticles because of its water solubility of drug in aqueous phase and an increase

miscibility nature. Table No.1 shows the particle
size of formulations with various solvents. The
formation of nanoparticle can be is mainly duehi® t
marangoni effect, solvent flow, diffusion and seda

tensions of the organic solvent. When acetone wasPhysiochemical

used in the preparation of nanoparticles, it déflis
out quickly from the droplets which lead to the
formation smaller particle size of less than 200nm.

in the drugs affinity toward the organic phase.
Hence, the substitution of the aqueous phase with
pH 9 probably decreased the leakage of the drug and
improved drug entrapment.
characterization of  the
nanoparticles

Table No.2 shows the composition of the

formulations particle size, polydispersity indexdan

But in case of acetonitrile it diffuses slowly dtee
the lower surface tension of the solvent which ¢ead
to the formation of larger droplets in size rande o concentration increases the viscosity of the smhti
400nm. A particle size below 200nm is a very resisting the breakdown of the particles. Thus the
important prerequisite to cross the BBB, hence for particle size tends to increase with an increaghen
the preparation of nanoparticles acetone was amount of polymer. When the amount of polymer
selected as the organic phase As RT is a hydraphili was same, an increase in the amount of drug added
drug poor entrapment efficiencies are observed. Sofrom 6 to 12 mg in the formulation did not show any
in order to achieve better entrapment efficienay th difference in particle size. For the formulation
effect aqueous phase pH from 6to9 was studied. containing drug to polymer ratio 1:3 a mean pagticl
Since RT is strong base, studies were performed atsize of 115 + 5nm was observed (Figure No.2A) and
the pH level greater than 6 so that it can be dlesbr a zeta potential of -31.9 + 4.2mV as shown Figure
faster in that basic pH of the intestine. As theqdH  No0.2B before coating. Coating of nanoparticles with
the medium increased from 6 to 9 the amount of RT surfactant polysorbate 80 slightly enhanced the
that partitioned into the organic phase also particle size and reduced the zeta potential (Table
increased. At pH 9, RT showed a high affinity No.3). An increase in the concentration of
towards the organic phase. Further the NP is coatedpolysorbate 80 from 1 to 2% leads to an increase in
with polysorbate 80 will enhance drug uptake by the the particle size above 200nm because the high
brain microvessel endothelial cells. viscosity of polysorbate 80 has lead to adsorpbbn
Influence of aqueous phase excess amount polysorbate 80 by masking the
preparation of nanoparticles surface charge of nanopartidesg’.

The pH of the aqueous phase influences the TEM images of RT loaded NPs were roughly
ionisation of the drug, there by its solubility. spherical and sub spherical in shape. The
Formulations were prepared with the pH of 6, 7, 8 morphology of nanoparticles for formulation F3 was
and 9, which showed an enhanced drug entrapmentnvestigated by TEM and AFM. TEM image in
in the polymer with an increase in the pH of the Figure No.2C revealed that the particle size is 50
aqueous phase, as shown in Figure No.1l. Thenm. This is more than the particle size obtained by
affinity of RT towards the organic phase increased photon correlation spectroscopy (P&S)TEM
when the pH of the aqueous phase was increasedjields a number average size while Zetasizer®
from pH 6 to 9 with strong augmentation at pH 9. measures the hydrodynamic diameter which reflects
The formulations with pH 6, 7 and 8 showed only on how a particle diffused within a fluid. The
30.2, 35.6 and 53.5% of drug entrapment hydrodynamic diameter depends not only on the size
respectively. At pH 9 a dramatic increase in drug of the particle core, but also on its surface $tne;

drug entrapment based on a drug to polymer ratio.
An increase in the amount of the polymer

pH on the
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concentration and type of ions in the medium. drug entrapment. Higher drug entrapment efficiency
Therefore, the size determined by a Zetasizer® is due to the change of pH of the aqueous phase and
could be larger than the size measured by TEM. Theincreased polymer concentration. Formulations F1,
topographic images were found out using AFM F2, F3, F5 and F6 with a particle size less thah 20
(Figures No.3A and 3B) which indicated a smooth nm and better drug entrapment efficiency were
surface, without any noticeable pinholes or cracks. evaluated for drug release.

All particles were spherical in shape and separatedIn vitro drug release

from each other, suggesting possible stabilization The rate of release of drug from PLGA NPs is
the NPs due to the presence of Pluronic F127. Thedependent upon the molecular weight and lactide
particle size observed by AFM correlated well with content of the polymer. The rate of release of drug
that observed by TEM. reduced with an increase in molecular weight and
DSC and SAED experiments were carried out for lactide content of the polyntér A low molecular
inspecting the crystalline properties and to soiné weight PLGA (7000-17000) with a lactide:
for any possible interactions between the drug and coglycolide ratio of 50:50 was used to obtain a
polymer in the nanoparticles. DSC is one of thetmos sustained release of the drug. The release prafile
general methods to find out the physicochemical the RT loaded formulations F1, F2, F3, F5 and F6
interaction between drug and polymer in a shown in Figure No.5. The initial burst release of
formulation. DSC thermograms of pure RT, PLGA, drug is associated with the drug adsorbed on to the
physical mixtures and RT nanoparticles are nanoparticles surface, which easily gets dispeirsed
demonstrated in Figure No.4A. The DSC the initial 60 minutes. The formulations (F1 to F6)
thermogram of the polymer showed an endothermic initially showed a rapid release in two hours
peak corresponding to the glass transition (Tg) at followed by sustained release over a period of
51.2°C. Melting point corresponding to the drug 24hours. After 24 hours, the percentage of RT
was not observed in the thermogram of formulation, release was 44.2 %, 454 % and 51.2 % for
indicating the presence of drug in amorphous state.formulations F1, F2 and F3, respectively and for
The DSC curves of the RT and PLGA physical formulation F5 and F6 it was 48.4 % and 49.8%.
mixture showed peaks resulting from the simple The coating of nanoparticles with polysorbate 80
superposition of the DSC curves of the individual slightly reduced the amount of RT released from the
components and the RT containing nanoparticles nanoparticles which can be attributed to the slow
showed the decreased melting point peak of RT diffusion of drug from the polymer coating and also
which indicates that the encapsulated drug is in anfrom the polysorbate 80 coating, which could lessen
amorphous form. This fact is further supported by the percentage of drug release. The effect of drug
Selected Area Electron Diffraction (SAED) pattern entrapment (when the amount of polymer is same)
in Figure No.4B which reveals that encapsulated RT on release pattern of RT was also studied. When the
is in an amorphous state or is molecularly disgkerse amount of drug concentration increased, the initial
in the polymer matrix. burst release of RT also increased because of the
The drug entrapment values increase with in higher amounts of free drug in the aqueous phase
polymer concentration. Drug entrapment for and increased amount of drug adsorbed on the
formulations (F1to F4) containing 6mg of RT with nanoparticle.

various drug: polymer ratios of 1:1 to 1:4 rangarir The stability of drug in stimulated gastric fluidass
68.1% to 80.5% and for formulations F4 to F8 also studied it was observed that the percentage of
containing 12 mg of the RT with various polymer drug remaining was ranged from 68+1.5 to 70.3+ 2.1
concentrations the entrapment values ranged from%. These results suggest that the drug was prdtecte
62.4 % to 85.9 %. An increase in the amount of RT from degradation from gastric enzymes up to 3lirs. |
in the formulation did not show much difference in may due to the long chains of polysorbate-80 which
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forms a protective brush which prevents from (RNP-PS-80) indicated a lower amount of RT in
degradation of the drug and surface density with blood when compared with the plasma concentration
long chains able to provide the protective effect o profile of R-NP indicating the presence of RT in
drug. brain.

In vitro release kinetics data were computed using Tissue distribution

DD solver, which is an excel plug-in modtleand At 1%t and 4" hour after oral admistration, the target
the resultant data were fitted to the Korsmeyer- tissue of interest, brain and non target tissues li
Peppas exponential equation to establish theliver, lungs and kidney were collected to determine
mechanism of drug release. The ‘n’ values were in the drug concentration by HPLC. Figure No.7 shows
range of (0.232 to 0.293) witAvalues of 0.9917 to  the concentration of RT (ng/g) achieved in différen
0.9983 which suggest that drug release follows organs such as brain, liver, lungs and kidney at
fickian diffusion controlled mechanism. different time points. A slight higher drug
In vivo pharmacokinetic studies concentration was observed for R-NP in liver and
In vivo pharmacokinetic and tissue distribution lungs in comparison with drug solution & dnd 4
studies were performed in male Wister rats and thehr probably due to the combined activity of
plasma and tissue concentration of RT at different circulating blood passing through the organs and
time points following oral administration of R-sol, uptake of cells of the endothelial system. The
R-NP and RNP-PS-80 were determined. The concentration of RT in liver and lungs &t Hr when
pharmacokinetic parameters were calculated usingadministered as R-Sol and R-NP was found to be
non compartmental analysis using WinNonlin 129.80, 123.50ng and129.8, 180.07ng respectively.
(version 5.1) and pharmacokinetic parameters like The drug accumulation in liver, lungs and kidney
Cmax, hax, AUCo. 24, t12 and MRT (hr) were  was reduced for RNP-PS-80 and can be attributed to
summarized in Table No.4. The concentrations vs. polysorbate 80 coating which prevented RES
time profile of different formulations in plasma rge uptake, which was also supported by the earlier
plotted in Figure No.6. The concentration of RT in findings’’2indicating the role of surface properties
plasma was higher in rats which were administered in biodistribution of nanoparticles. An increase in
with R-NP than those administered with free RT. the amount of RT was observed in brain for RNP-
The Ghax of RT after administration with R-NP was PS-80 when compared to drug solution and uncoated
significantly higher than the fax obtained after = nanoparticles. Apart from the size of nanoparticles
administration of R-Sol (P < 0.05) and a 5.2 fold the surface properties and hydrophobicity also
increase was observed. An increase inxGafter influence the amount of opsonization and
administration through nanoparticles indicated an biodistribution pattern of nanoparticles. Opsonin
increase in the amount of nanoparticles absorbedproteins are present in blood stream and bind with
and a delayed sfaxdemonstrates a sustained release conventional non stealth nanoparticles allowing
pattern of RT. This showed that R-NP facilitates macrophages of the reticuloendothelial system to
better absorption by reducing the first pass easily recognise and remove the drug before the
metabolism leading to improved bioavailability. therapeutic concentration is achieved. To prevent
Plasma area under curve (AUC) of RT sol and R-NP opsonization hydrophilic coating is used as it lepe
was found to be 224.48 and 4826.00 ng.hr/ml the adsorption of opsonin protein via steric rejoms
respectively. A higher amount of RT was observed force there by promoting longer circulation. Since
in plasma when administered as nanopatrticles at 24polysorbate-80 is a hydrophilic surfactant, it lnts

hrs than that of RT sol. which indicates a susiin the P-glycoprotein efflux pump and further, it
release pattern of PLGA nanoparticles. The plasmaenhances  uptake by brain endothelial cells by
drug concentration profile obtained after covalently coupling with apolipoprotin E, A-1.
administering polysorbate -80 coated nanoparticles Thus, in the present study after oral administratio
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of RN-PS-80, a higher drug concentration in brain cerebral region. The results indicate absence of
was observed when compared to the uncoated R-NPabnormalities after 24 hrs. Figure No.9 C shows tha
and R-sol. the nanoparticles did not produce any toxicityha t
Figure No.8 represent the brain to plasma ratio of brain. Sections of brain (Figure No0.9D) after
RT when administered with R-sol, R-NP, and RNP- administering RNP-PS80 did not show any
T80. It is clear that the brain to plasma ratidrdfP- morphological changes like vacuolisation /
PS-80 was higher than that of the drug in solution spongiosis and neuronal degeneration. Hence, it can
and uncoated nanoparticles after oral administiatio be concluded that the polymeric nanoparticles are
which clearly indicates the accumulation of safe to the brain.

accumulation of RT in brain tissue. A possible Stability studies

mechanism of transport of nanoparticles across BBB Stability studies of RNP-PS-80 were carried our as
and increased retention of nanoparticles in thenbra per ICH guidelines. The formulations were
is the creation of higher concentration by the tloo evaluated for any changes in physical state, partic

capillaries which would enhance the transport acros
endothelial cells. Secondly the surfactant can
solubilise the endothelial cell membrane lipids
leading to membrane fluidisation. Thirdly the
nanoparticle could promote opening of tight

size and drug entrapment Table No.5 shows the
stability studies data of PLGA nanoparticles. The
formulation had good physical appearance over the
period of time. The particle size was analyzedhat t

time interval of 0, 1, 2, 4, 6 months of storage at

junctions between the endothelial cells. Finallg th refrigerator (3-8C) and room temperature ®7
polysorbate-80 coated nanoparticles possibly adsorb(RH=75%). Indicated an increase in particle size at
apolipoprotein B or E which interacts with brain different time intervals. The initial particle siz
capillary endothelial cells via receptor- mediated day O was 125+5 nm and the size after 6 months was
endocytosis and help in permeation across the blood165+£10nm. The slight increase in particle size may
brain barrier. The therapeutic availability of RT be due to the weak vander waals force that holels th
from RNP-PS-80 was 3.76 and 2.03 folds higher particles together which leads to the formatiornt sof
than that of R-sol and R-NP at'1lhr. The agglomerates. The drug content after 6 months
availability of RT at & hr was found to be 6.50 and storage at different conditions was similar which
2.26 folds higher than that of drug in solution and indicates that there was no drug leakage during
uncoated nanoparticles. These data collectively storage. These results demonstrate that the
supports the delivery of polysorbate-80 coated developed PLGA nanoparticles are stable and retain
nanoparticles to brain through oral route and this its physical appearance at various storage congitio
enhanced concentration of RT in brain will be with slight increase in particle size over a perdd
beneficial in treating Alzheimer’s disease. months.

Histopathological analysis Statistical analysis

Photomicrographs of rat brain sections of control The results were expressed as mean + standard
showed normal nerve cells (Figure No. 9A). and deviation (SD). Statistical analysis was carried ou
drug in solution. (Figure No0.9B). Brain sections of by two way analysis of variance and subsequent
uncoated R-NP were evaluated for any bonferroni post test. P values less than 0.05 were
morphological changes, including inflammation of considered significant.

neurons after oral administration of nanopartigtes

Table No.1: Effect of the solvent on nanoparticleize (hn=3£SD)

S.No Solvent Particle size(nm) Zeta potential(mV)
1 Acetonitrile 400£15 -31+ 2.4
2 Acetone 120+10 -32+4.2
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Table No.2: Compositions, size and drug loading &®T loaded PLGA nanopatrticles

Drug

Drug: Polymer

Particle

Drug Entrapment

S.No Formulation code (mg) Ratio size (nm) PDI (%)
1 F1 6 1:1 110+12 0.090+0.04 68.1+2.2
2 F2 6 1:2 112+7 0.120+0.08 77.8+1.8
3 F3 6 1:3 125+5 0.151+0.034 79.1+0.8
4 F4 6 1:4 221+10| 0.201+0.004 80.5+1.5
5 F5 12 11 12346 0.148+0.065 62.4+1.5
6 F6 12 1:2 165+9 0.189+0.045 74.2+0.7
7 F7 12 1:3 21448 0.204+0.023 82.5+2.4
8 F8 12 1:4 2405 0.225+0.054 85.9+1.8
(n=3xSD)
Table No.3: Physicochemical parameters of surfactartoated PLGA nanopatrticles
S No | Eormulation code Size 'after coating Zeta Potential(mV)
' with PS-80 Before coating with PS-80 After coating with PS-80
1 F1 120+10 -21.2+3.2 -18.6+2.4
2 F2 125+12 -25.5+5 -20.2+3.2
3 F3 135+8 -40.5+2.4 -31.944.2
4 F4 2608 -22.616.4 -18.614.2
5 F5 145+6 -26.4+4.6 -22.4+2.2
6 F6 190+9 -27.8+3.4 -21.246.2
7 F7 235+12 -26.1+4.2 -24.614.2
8 F8 27510 -18.4+4.6 -10.4+5.4
(n=3xSD)

Table No.4: Pharmacokinetic parameters of R-sol, NP and RNP-PS-80 after oral administration of
rivastigmine a4 1mg/kg in rats

. Cmax tmax t12 AUCo- 24 AUC 0-Inf
S-No|  Formulation code (ngm) |0 | (n (ng/hr/ml) (ng/hr/ml)
1 R- Sol 53.53 £13.0 1 2.31+0.3 224.48+42.5 2342273
2 R-NP 278.85+17.6 4 15.37+2/6  4826.00+325%.7  87HK:0390.3
3 RNP-PS-80 157.57+10.6 4 17.49+2.8 2737.87+113.6 142292+803.3
Table No.5: Stability studies of PLGA nanoparticlesof the Rivastigmine
S No | Temperature Evaluation Observation(month)
' b parameter 0 1 2 4 6
Physical Pale white ‘
1 30°C appearance powder No change, Nochange No changBo change
(RH=65%) | Particle size(nm) 135+4 145+5 158+4 160+9 178+6
Drug loading (%) | 79.1+0.8  79.0+0.6 79.240.2 79.18+0 79.4+0.5
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Figure No.1: Influence of aqueous phase pH on drugntrapment efficiency

Results
Size (d.nmm): e Intensity Width (d.nm):
Z-Average (d.nm): 125.4 Peak 1: 186.7 o8.3 167.7
Pdi: 0.265 Peak 2: 4403 1.7 924.3
Intercept: 0.745 Peak 3: 0.000 0.0 0.000

Result quality : Good
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Figure No.2 (a and b): DLS measurement to determinparticle size for RT loaded
Nanoparticle (A) and Zeta Potential analysis of RToaded nanoparticles
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@

Figure No.3: TEM images of RT loaded nanoparticle$A) AFM image of Rivastigmine loaded PLGA
nanoparticle (B) Three-dimensional image showing nitiple particles (C)
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Figure No.4: DSC Thermograms of RT, PLGA, PhysicaMixture RT/PLGA and R-NP (A)
Selected area electron diffraction pattern of RT anoparticle (B)
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Figure No.5:1n vitro release profile of rivastigmine nanopatrticles withvarious
drug-to-polymer ratios (DP)
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Figure No.6: Plasma concentrations vs. time profilef R-Sol, RNP-PS-80 and
R-NP after oral administration at different time intervals
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Figure No.7: Rivastigmine concentration (ng/g) in dferent organs brain, kidney, liver and lungs atsthr
(A) rivastigmine concentration (ng/g) in differentorgans brain, kidney, liver and lungs at # hr after oral
administration of R-sol, RNP and RNP-PS-80(B)
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Figure No.8: Brain to plasma ratio of R-sol, RNP ad RNP-PS-80 formulations at different
time intervals after oral administration

Figure No0.9: Microscopic images of cerebral sectianof rat brain (10x) Histological sections of brain
were stained with haematoxylin & eosin A) control at brain (B) rat exposed to rivastigmine drug
solution(1mg/kg) (C) uncoated rivastigmine nanopaitles (D) polysorbate-80 coated rivastigmine
nanoparticles

CONCLUSION administration. It could be effective for brain
Polysorbate 80 coated RT-loaded PLGA targeting to treat Alzheimer’s disease.
nanoparticles were prepared by adopting modified
nanoprecipitation method. The optimized ACKNOWLEDGEMENT
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