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ABSTRACT

In present study, we formulated RT loaded PLGA-Segithin-Tween 80 NPs, for the treatment of Alxtezis
disease (AD). After formulation we optimized foratioh by Response Surface Methodology (RSM) using 3
factorial design. PLGA-Soya lecithin-Tween 80 nartiples were synthesized by modified nanopredipita
technique combined with self assembly. Influentémportant factors on the particle size, polydisiy,
entrapment efficiency and in vitro drug release evstudied. FTIR and DSC studies demonstrated tigae twas no
interaction between drug, polymers and lipid andythvere compatible with each other. Prepared nanpe of
optimized formulation (D10) showed particle sizd . ¥4 nm, polydispersity 0.154, entrapment effioje8.171 %
and in vitro drug release 67.336 £0.254% (60h)tazBotential and stability study for six months destrated that
the formulations were stable at refrigerator (3-3°€ndition is most suitable for storage of nandjmdes. SEM
studies results indicated that the NPs were spheiit shape and smooth at surface. In vivo behavistudies,
AchE activity analysis and histological study gbgocampus demonstrated that, the rats treated MR showed
markedly better memory retention and better braindition compare to pure drug treated. The studynaolestrated
the successful attempt to target brain with RT &mhdPLGA-Soya lecithin-Tween 80 NPs, with considerab
therapeutic prospective to treat AD and potentelrier for providing sustained brain delivery of RT

Key words: PLGA-Soya lecithin-Tween 80 nanoparticles, Alzheimedisease, Brain targeting, Rivastigmine
Tartrate, Morris water maze

INTRODUCTION

Alzheimer’s disease (AD) is a fast growing diseasi¢h a population of about 18 million people otkee world is
suffering from Alzheimer’s disease. This numbepisjected to add up to 34 million by 2025 and expedo
comprise majority of the aging population. Devetapcountries are the unfortunate abode of 50% efaffected
population, and estimated to reach 70% by 2029{Idreover, Alzheimer’'s disease has a tremendoustivega
economic impact amounting to over $ 100 billioneang2].

This progressive neurodegenerative disease, chaimet by a global cognitive decline, behaviorad &mnctional
changes has a great impact on the ability of iddials to perform basic activities of daily living[8]. Although
many intellectual functions are impaired (attentiorientation, language, judgmental) the most premi symptom
of AD is represented by a progressive memory 1¢ss[5

The recent therapeutic mechanisms for AD are basedncreasing the Acetylcholine (Ach) concentration
increasing the antioxidant activity in the brain[@y inhibiting cholinesterase activity, we can @Bt Ach
breakdown and increasing Ach concentration regultm memory and behavioramprovements. Rivastigmine
Tartrate (RT) is a reversible cholinesterase inbihised for the treatment of AD. RT has been shimamprove or
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maintain patient’s performance in three major davsiacognitive function, global function and behavidowever,
limitations with its oral therapy include restridtentry into brain due to its hydrophilicity, nesiating frequent
dosing and cholinergic side effects like sever pcaddia, nausea, dyspepsia, vomiting and anordxi&¥ was
approved by the US Food and Drug AdministrationkD8) for the treatment of AD.

The BBB represents an effective obstacle for thievely of neuro-active agents to the central nes/eystem
(CNS) and it makes the treatment of many CNS desedsfficult to achieve[8]. Targeting of drugs twetbrain is
one of the most challenging issues for pharmacalutesearch, as many hydrophilic drugs and neutafepare
unable to cross the blood brain barrier (BBB)[9Iyineric nanoparticles have recently attracted tgaiantion as
potential drug delivery systems. Due to their srsae, NPs penetrate into even small capillariesane taken up
within cells, allowing an efficient drug accumutati at the targeted site over a period of days eneveeks after
injection[10]. The use of biodegradable polymeriesNfor drug delivery has been gaining momentum sdrmvn

significant therapeutic potential[11, 12]. Biodedphle polymer such as poly(D,L-lactic-co-glycoliga)d their co
polymers diblocked or multiblocked with PEG haveetbecommonly used for form core-shell structure Né&s
encapsulate a variety of therapeutic compoundg[4B,These NPs have a number of appealing featthres:core

is capable of carrying hydrophilic or lipophilicudy with high loading capacity, while coating witlw&en 80 will

provides hydrophilic shell which provides steriofgction and high NPs location near to blood bterrier. Drug

release can be manipulated by choosing biodegragadlymers with different surface or bulk erosiates, and
external conditions such as pH and temperature geghanay function as a switch to trigger drug relfEse

Polymeric NPs have shown moderate circulation Inads compared to their liposomal counterparts pidesalso

being coated with inert and biocompatible polym&s$]

Based on the literature, we tried to develop tHeassemble NPs that combine the properties ofstymees and
polymeric NPs. The NPs are formed from three biemals: (i) PLGA was selected for core due to its
biodegradable nature and ability to encapsulate Aigount of hydrophilic and hydrophobic drug (i9ya lecithin
was chosen for a monolayer around the core (iiigd@m80 was selected to locate more amount of N&sto&BB.

MATERIALS AND METHODS

Materials

Rivastigmine Tartrate (RT) was received as a gifihgle from Sparc (Vadodara, India). Poly (D,L-Ldetico
Glycolide) (PLGA) (50:50) was purchased from Dur@rporation (Birmingham AL, USA) and was used with
further purification. The Polyvinyl alcohol (PVAJween 80, Soya lecithin (S D Fine Chemicals, Muinlralia);
Aluminium chloride (AICE), sodium chloride (NaCl) (Karnataka Fine Chemic@angalore, India) and all other
chemicals, solvents and reagents used were oftar@igrade and used as received.

Methodology

Drug-polymer compatibility study

Compatibility studies were carried out to know hessible interactions between RT and polymers usettie
formulation. The application of infrared spectrgsgdies more in the qualitative identification aftstances either
in pure form or in the mixtures and as a tool itabshment of the structure. IR is related to dentabonds, the
spectra can provide detailed information aboutstingcture of molecular compound. In order to eshlthis point,
FT-IR spectroscopy was carried out to confirm thentity of the drug and to detect the compatibitigtween drug,
polymer (PLGA) and lipid (Soya lecithin). The FTHRectra of drug with polymers were compared witmdard
FTIR spectrum of the drug. IR spectra of drug aodgwith polymers were seen in between 600-4000.cm

PLGA-Soya lecithin-Tween 80 NPs preparation method

PLGA-Soya lecithin-Tween 80 nanoparticles were lsgsized by modified nanoprecipitation technique loioved
with self assembly. The polymer PLGA (85 mg) wiast fdissolved with magnetic stirrer (By Remi Equignt Pvt
Ltd, Bangalore, India) in 3 ml of organic solvemtcétonitrile) to form a primary emulsion. In abowgganic
solution, RT (4.3 mg) was added and allowed toal®sand combined solution was heated up to 65Tt&
PLGA-RT solution was then added into the prehedéifed aqueous (Soya lecithin, Tween 80 and PVA)pdwise
under stirring followed by vortexing for 3 mins.h& contents were allowed to mix for 20 mins withmogenizer
(T25 digital Ultra turax by IKA, Germany) at 1808BPM. The resulting suspension was sonicated fomit3 at
45% amplitude with an ultra sonic probe (By DakslBombay). The nanoparticles were allowed to sedeanble
for 2 h with continuous stirring while above sotutiwas allowed to stir over night to evaporate pigaolvent.
Then, the nanoparticles were collected by centaifiogn and washed 3 times with distilled water. Fynahey were
resuspended into 2 ml of cryoprotectant solutionc(8se (2% wi/w), dried on lyophilizer (Eqsquire &ich,
Germany) and stored at 4°C[17].
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Experimental design for optimization of formulation

Preliminary experiments indicated that variableshsas Soya-lecithin and Tween 80 concentrationg Wex main
factors that influence the particle size, polydrsjig, and percentage drug release and encapsulatiiciency of
the PLGA-Soya lecithin-Tween 80 NP<. factorial design has been used to optimized theadtation parameters
and examine the main effects statistically, oniglartsize (Y;), polydispersity (%), encapsulation efficiency gY
and percentage drug release)(¥f NPs. Details of the design are listed in Tahl&or each factor, the experimental
range has been selected on the basis of the redgytteliminary experiments and the feasibilitypy&paring the
PLGA-Soya lecithin-Tween 80 NPs at the extreme emlt’he value range of the variables was: Condéoriraf
Soya lecithin (X1): 10—-20% (W/V), Tween 80 concatitin (X2): 0.5-1.5%

Table 1: Experimental design table for 3factorial design (PLGA-Soya lecithin-Tween 80 NPs)

Formulation  Polymer (PLGA) Soya lecithin conc. Tween 80 PVA conc. Organic solvent

No. conc. (%WIV) conc. (%WIV) conc.
(mg) (%VIV) (mi)
D1 85 10 0.5 1 3
D2 85 10 1.0 1 3
D3 85 10 15 1 3
D4 85 15 0.5 1 3
D5 85 15 1.0 1 3
D6 85 15 15 1 3
D7 85 20 0.5 1 3
D8 85 20 1.0 1 3
D9 85 20 15 1 3

Determination of encapsulation efficiency

The entrapment efficiency (EE) of RT was assayedlWyVisible spectrophotometer. The amount of 10ahRT
loaded PLGA-Soya lecithin-Tween 80 NPs suspensi@s warefully transferred to centrifugation tube.eTh
nanoparticles in the form of sediment were sepdrftam the solution by ultracentrifugation at 15)0@m at 4°C
for 40 mins. The supernatant was carefully decaatetlanalyzed by UV spectrophotometer for RT &ti2®. The
% entrapment efficiency was calculated using equads given below[18]:

Total drug—Free dru
= £ £ %100 (1)

Entrapment efficiency (%) Total drug

Particle size analysis and polydispersity

Particle size analysis and polydispersity of namiiglas were determined by particle size analy&no¢khaven
Instrument Corporation, NY). Lyophilized nanopadei were dispersed in double distilled water analyened in
three readings per nanoparticles sample. The Egedsity was calculated based on the volumetrigiligion of
particles[19].

Zeta Potential determination

Zeta Potential was measured by using zeta sizgzmaBrookhaven instrument Corporation, NY). Ab&ui ml of
the sample was placed in the cuvette and electwadeinserted carefully and click “track” button atiee Zeta
PALS meter instantly calculates and displays tHbical's Zeta potential (or electrophoretic motyi){20].

Invitro drug release

Thein vitro drug release profile of PLGA-Soya lecithin-TwedhNPs formulation has been studied using a dialysis
bag. Approximately 1 ml of nanoparticle suspengiGorresponding 6 mg of RT) were taken into a dialymg
(molecular weight cut-off, 12 KDa, Himedia, Indiahd placed in a beaker containing 150 ml of phasphaffer
saline (PBS) (pH 7.4). Then the beaker was placed @ magnetic stirrer and the temperature of fisermbly was
maintained at 37+1°C throughout the study. Sam{i@led) were withdrawn at definite time intervals 2,3, 4, 6, 8,

10, 12, 24, 36, 48 and 60h) and replaced with egomadunts of fresh buffer. The samples were analyaedrug
concentration by UV-Visible spectrophotometer a4 26n[21].

Stability studies

A stability study was carried out to assess thbilitaof PLGA-Soya lecithin-Tween 80 NPs. The sdespwere
stored in room temperature (15-20°C), refrigeré&8e5°C) and 37°C (RH=75%) over a period of 6 monSmsmples
were periodically withdrawn at monthly intervals f&ix months and examined for their drug releaseelbas any
changes in physical appearance[22].
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Scanning electron microscopy (SEM) study:

The surface morphology of PLGA-Soya lecithin-Tweh NPs was measured by scanning electron microscopy
(SEM) (EM-LEO 435VP, Carl Zeiss SMT Inc., NY) eqpgd with 15 kv, SE detector with a collector bi&s800

V. The lyophilized sample was carefully mountedamaluminum stub using a double stick carbon t&aenple

was then introduced into an automated sputter doatel coated with a very thin film of gold befoeasning the
sample under SEM[19].

Differential Scanning calorimeter (DSC) study:

The physical state of RT entrapped in the PLGA-Skeyéthin-Tween 80 NPs was characterized by Diffitisg
Scanning Calorimetry (DSC - 60, Shimadzu, JapaathEsample was sealed in standard aluminium pathslids
and purged with air at a flow rate of 40 ml/mintemperature ramp speed was set at 20 °C/min, anbetat flow
was recorded in the range 30-300°C under inerbgdtn atmosphere. Thermograms were taken for RTPa@h-
Soya lecithin-Tween 80 NPs[23].

Experimental animals

The subjects used in this research work were 4@ raatl/or female adult Wistar rats. Wister rats,-200 g,
procured from, Bioneeds, Bangalore, were used rigedtigation. The Institutional Animal Ethical Coritiee
approved the protocol. They were kept in the anineaise of Department of Pharmacology, Acharya & Rétidy
college of pharmacy (Bangalore, India) for severekge (normal) standard environmental condition {reta
humidity of 60%, 12h-12h light-dark cycle) with §afent food, water and under a good ventilatioroider for the
animals (Wistar rats) to acclimatized. (Registmatimumber for Institutional Animal Ethics Committ¢AEC)-
997/c/06/CPCSEA)

Experimental design for animal study

Drug and treatment schedule

Aluminium chloride solution and the optimized foration (PLGA-Soya lecithin-Tween 80 Nps) were fiigsh
prepared at the beginning of each experiment. Eoopal (p.0) administration, Aluminium chloride svdissolved
in distilled water and for intraperitoneal (IP) adistration, prepared nanoparticles were dispeisetbrmal saline
solution (0.9 %w/v). Dose calculated equivalentltd mg/kg of RT for standard as well as for nantigass
formulations. Animals were divided into four groups

Group 1: Normal control

Group 2: Positive control (Aluminum chloride 10@#kg/day p.o.)

Group 3: Standard (RT 1.5 mg/kg IP in saline +miloum chloride 100 mg/kg/day p.o.)

Group 4: PLGA-Soya lecithin-Tween 80 NPs treateB{NP in saline + Aluminum chloride 100 mg/kg/dag.p

Spatial navigation task (Morris water maze)

The acquisition and retention of a spatial navigatiask was evaluated using Morris water maze[Z3ts were
trained to swim to a visible platform in a circulaater pool (100cm in diameter and 45cm deep) &mta test
room. A hidden circular platform (20cm height, 12ondiameter and 2cm below the water surface, fixesition).
The pool was conceptually divided into four equahdrants. The rats received a training sessionideniisg of two
trials per day at 1 min interval for 5 days priordtarting dose regimen. In the first test, ratsewglaced on the
platform for 20s, then the rats were placed inwla¢er facing the pool wall at one of the 4 quadsaita different
place every day, and allowed to swim for a maxinafr@0s to find the hidden platform were it was aial to stay
for 10s. If rat did not find the platform in 90swas placed on the platform by hand and remaihecktfor 10s. The
time to reach the platform (escape latency) wassored with a stopwatch. The escape latency watsestwon the
day 0, 7, 14, 21, 28, 35 and"§25].

Elevated plus maze paradigm study

The elevated plus maze considered of two oppokiteklmpen arms (50cm x 10cm), crossed with twoedosalls

of the same dimensions with 40cm high walls[26]q#isition of memory by the rats was tested on e @ 7, 14,

21, 28, 35 and 42 Time taken by the rat to move from the open arrthe closed arm was recorded as Retention
Transfer Latency (RTL). Rats were allowed to expltre maze for 20s after recording the readingveere made

to return to the home cages. If the rat did noeetite enclosed arm within 90s, it was pushed loackone of the
enclosed arm and the reading was recorded as B@mgthe rat in an open arm assessed its retenfionemory.
The RTL was noted on day 0, 7, 14, 21, 28, 35 &f{p4].

Experimental procedure for histopathology
After oral administration of Aluminium chloride t®ach group with different formulations except nore@ntrol
group (1); the animals were sacrificed after thth4lay morris water maze and elevated plus mazkestuwith the
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use of chloroform in a closed tight box. Sectiontled brain was dissected and then fixed in Bousghition
immediately in order to prevent enzymatic and otbestmortem changes that could degrade tissue landt@
harden the brain so that it can be sectioned (ot thin sliced) without tearing. The tissue wasgassed and
stained with Haematoxylin and eosin (H&E). The rstdi sections of the hippocampus were examined uheer

light microscope[27].

Activity of AchE
After the last morris water maze and elevated phaze studies, rats were sacrificed by decapitatioa frontal

cortex and hippocampus were removed and homogeirizZeth of sodium phosphate buffer (75 mM, pH 742
respectively. For the assay of AchE activity, a 4adction mixture that contained acetylthiocholiodide (0.3
mM), sodium phosphate buffer (0.1 mM Ph 7.4) 1 nd Aomogenate 0.1-0.2 ml was incubated at 37°® foin.
The reaction was terminated by adding 1 ml of 3%iwn lauryl sulfate, then 1 ml of 0.2% 5, 5'-dithis (2-
nitrobenzoic acid) to produce the yellow anion eth®-2 nitrobenzoic acid. The color intensity waeasured
spectrophotometrically at 440 nm. All samples wassayed in duplicate. AchE activity was calculesdoptical
density (OD) value/mg protein for AchE[28]. Proteioncentrations were determined with the Coomalskie
protein-binding method using bovine serum albunsistandard[29].

RESULTS AND DISCUSSION

Drug polymer compatibility studies

N \,_J_f_ﬂwf-f""'“““\/,/\% \/W

/

% (B) PLGA-Sova lecithin-Tween 80 NPs
£
Y T
(A) Rivastigmine Tartrate
L NI AR
3500 3000 2500 2000 1500 1000
Wavenesher om-1

Fig. 1: FTIR spectra of A) Rivastigmine Tartrate ard B) PLGA-Soya lecithin-Tween 80 NPs

The FTIR (Fourier Transform Infrared) spectra ¢f RT and PLGA-Soya lecithin-Tween 80 NPs are givelig.
1A) and B), respectively. Fig 1A) shows C-N (str2a88 crit, CH; (str) at 2876 ci, = C-H (str) at 3045 cif) -
C=C- (str) at 1500 cth -C=0 (str) at 1693 cthand -C-O (str) at 1231 ¢mThe Fig. 1B) shows the FTIR spectra
of PLGA-Soya lecithin-Tween 80 NPs and it showstfadl characteristic peaks C-N (str) at 2855'c@H; (str) at
2924 cn', = C-H (str) at 3009 cth -C=C- (str) at 1447 cth -C=0 (str) at 1728 cthand -C-O (str) at 1232 ¢i
which signified that there was no interaction beterug and polymers and they are compatible veitih ether.
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Table 2: Results of % entrapment efficiency, partite size, polydispersity, zeta potential anth vitro drug release of PLGA-Soya lecithin-
Tween 80 NPs formulations prepared as per the expienental design

) - Particle ) . Zeta potential  Drug release
Formulation  Entrapment efficiency(%) Size(nm) Polydispersity (mv) (%)
D1 63.655 119.86 0.124 -25.02 69.647+0.254
D2 63.774 105.98 0.11 -26.87 70.447+0.679
D3 61.963 98.79 0.099 -27.58 72.439+0.384
D4 66.43 169.58 0.178 -29.3 65.283+0.246
D5 66.511 145.07 0.162 -31.69 66.658+0.137
D6 65.621 132,51 0.146 -32.43 67.947+0.383
D7 67.732 205.34 0.22 -36.58 60.269+0.588
D8 67.851 198.49 0.202 -38.71 62.269+0.142
D9 66.324 187.17 0.191 -39.23 64.164+0.149

Examination of key factors effects using responseigace methodology (RSM)
Y = Bo+ i X+ BaXo+ ro Xo Xo + Pra Xi* + oo X5

Where,f, is the intercept representing the arithmetic ayeseof all the quantitative outcomes of 9 ryfs$,, f12
f11 andp,, are the coefficients computed from the observazksdmental values of Y; andXand X stand for the
main effects. The terms;X,and X (i = 1 and 2) represent the interaction and quadtatms, respectively used to
simulate the curve of the designed sample space.

A positive value in regression equation for a resgorepresents an effect that favors the optinozasynergistic
effect), while a negative value indicates an cagtreelationship (antagonist effect) between thetdec and
responses. The coefficient with one factor reprsstre influence of that specific factor whereas thefficients
with more than one factor indicate the interactietween those factors and the quadratic natuteegbbhenomenon,
respectively.

Effect of variables on particle size
Particle size is a critical factor for nanopartickeased drug delivery system. It is one of theofa¢twhich controls
the kinetics of drug release.
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Fig. 2: Response surface plot showing the effect lgfid concentration (X,), tween 80 concentration () on particle size of nanoparticles
Y1 (nm)

107
Scholar Research Library



Kinjal C. Patel et al Der Pharmacia Lettre, 2016, 8 (1):102-120

Particle size (Y) = + 147.48 + 44.40 * lipid concentration {({}x12.72 * tween 80 concentration %+ 0.72 * lipid
concentration () * tween 80 concentration ¢X+ 3.55 * lipid concentration (¥° + 2.36 * tween 80 concentration

(X2

The particle size values for D1-D9 formulationswhd a wide variation in response with the respoasge from a
minimum 98.79 to a maximum 205.34 nm. The Fig. Bvsh that the response surface plot obtained for the
interaction between the lipid concentration andetw&0 concentrations at constant PLGA value onigharsize.
The positive sign for the coefficient of lipid camtdration shows that particle size increases witleiase in the
concentration of lipid. The negative sign for theefficient of tween 80 concentration shows thattipler size
decreases with increase in the concentration céitvgs.

By using lipid in different concentration with fideconcentration of polymer, it has been observat garticle size
increases with increase in concentration of lifitie increase in particle size of nanoparticles migh due to
multilayer depositions of lipid. The particle sigeidy also revealed another trend with tween 80wlith increase
in concentration of tween 80 with constant polym@ncentration, particle size decreases due taifacant effect.

Effect of variables on polydispersity

Design-Expert® Software

. . -
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Fig. 3: Response surface plot showing the effect ligfid concentration (X;), tween 80 concentration (%) on Polydispersity of
nanoparticles Y,

Polydispersity (¥) = + 0.16 + 0.047 * lipid concentration {)X- 0.014 * tween 80 concentration ) 1.00 * lipid
concentration () * tween 80 concentration ¢(X— 4.33 * lipid concentration (3¢ + 1.66 * tween 80 concentration

(X2

The polydispersity values for D1-D9 formulation sleal a wide variation in response with the rangenfra
minimum 0.099 to a maximum 0.220. The .F&yshows the response surface plot obtained fromritezaction
between lipid concentration and tween 80 conceontratat constant PLGA value on poly dispersity. Plositive
sign for the coefficient of lipid concentration st®that poly dispersity increases with increasthéconcentration
of lipid. The negative sign for the coefficient wfeen 80 concentration shows that polydispersityreieses with

increase in the concentration of tween 80.

Polydispersity results indicated that polydispersicreases due to multilayer deposition of lipidPLGA particles
and decreases due to surfactant like effect ofrivé€e

108
Scholar Research Library



Kinjal C. Patel et al Der Pharmacia Lettre, 2016, 8 (1):102-120

Effect of variables on % entrapment efficiency

To transport the drug to the specific site andease its resident time, there is a need of higtapmtent efficiency.
PLGA-soya lecithin molecules have ability to entkagth hydrophilic and lipophilic drug and targe¢mh to specific
targeted site.
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Fig. 4: Response surface plot showing the influena@é lipid concentration (X,), tween 80 concentration (%) on % entrapment efficiency
of nanoparticles Y; (%)

% Encapsulation efficiency gy = + 66.69 + 2.09 * lipid concentration {}- 0.65 * tween 80 concentration X+
0.071 * lipid concentration (¥ * tween 80 concentration gX— 0.97 * lipid concentration (}* — 0.076 * tween 80
concentration (%)

The % entrapment efficiency values for D1-D9 foratigin showed a wide variation in response withrémge from

a minimum to 61.963 % to a maximum 67.851 %. Thge Eishows the response surface plot obtained for the
interaction between the lipid concentration andemv80 concentrations at constant PLGA value on #@pment
efficiency. The positive sign for the coefficierttlipid concentration shows that % entrapment édfficy increases
with increase in the concentration of lipid. Thegatve sign for the coefficient of tween 80 concatibn shows
that % entrapment efficiency decreases with ineg@ashe concentration of tween 80.

The PLGA nanopatrticles coated with soya lecithitialy showed no significant change in the drugrapment
efficiency. Later on the entrapment efficiency sdrdecreasing with increase in the concentratf@soga lecithin.
Soya lecithin layer is acting as a molecular feand contributes to keep the drug molecules in pehencore,
which prevents diffusion of hydrophilic drug outtbe polymeric core during formulation preparation.

Effect of variables on % cumulative drug release

Thein vitro drug release study has been carried out for &0 fofmulations of PLGA-Soya lecithin-Tween 80 NPs.
From the drug release study; we observed that idilegise was biphasic. The initial drug release hwast release,
due to surface bound and poorly encapsulated dfugPs, which was associated with smaller diffusath.
Thereafter drug release was decreased, which tefiee drug release from the core of nanopartidies. release
rate in the second phase was assumed to be cedtill diffusion rate of drug across the polymerrivatn this
model the lipid layer is acting as molecular feaoel contributes to keep the drug molecules in the,as well as
keep water out of the core, which hydrolyzed th&RLpolymer and increase erosion and drug release.
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Fig. 5: Response surface plot showing the influen@é lipid concentration (X,), Tween 80 concentration () on % cumulative drug
release of nanoparticles Y (%)

% Cumulative drug release f)Y= + 66.29 — 3.97 * lipid concentration {)}+ 1.89 * tween 80 concentration X+
0.78 * lipid concentration (¥ * tween 80 concentration ¢X+ 0.24 * lipid concentration (¥ + 0.50 * tween 80
concentration (%?

The % cumulative drug release values for D1-D9 fdation showed a wide variation in response with thnge
from a minimum to 60.269 + 0.588 % to a maximurm4338.+ 0.384 %. The Fig shows the response surface plot
obtained for the interaction between the lipid @ncation and tween 80 concentrations at consta@Pvalue on

% cumulative drug release. The negative sign ferdbefficient of lipid concentration shows that Umulative
drug release decreases with increase in the comtientof lipid. The positive sign for the coefgeit of tween 80
concentration showed that % cumulative drug rel@ageases with increase in the concentration eBtwa0.

The lipid monolayer found to be a limited factordantrolled drug release. The drug release wasregéddo be
increasing with increase in concentration of Tw86nThis is because of the hydrophilicity propestid the tween
80, which hydrolyze the PLGA polymer and resulténicrease in erosion and drug release

Effect of variables on zeta potential

For any liquid dosage form, surface charge is ewsddor its stability. SLN were reported to haveegter stability
when compared to other colloidal dosage forms. Zdia potential of PLGA-Soya lecithin-Tween 80 Nesréases
from -25.02 mV to -39.23 mV. Zeta potential was @ted to be increasing with increase in Tween 80
concentration with constant lipid concentratione™ame trend was observed with constant tween @@eotration
and varied lipid concentration.

Optimization of formulation

Optimized formulation was selected based on folhmngriteria:

Particle size < 200, Polydispersity- minimum, %rapiment efficiency- maximum and vitro drug release-
maximum.Based on this research, the formulatiortainimg 85 mg of PLGA, 15.02% of Soya lecithin ah@5%
of Tween 80 concentrations were selected for og#chiformulation. The selection of the optimizedniafation
was based on minimization of particle size below) 20n to facilitate brain targeting[30], minimizatioof
polydispersity, maximization of entrapment effiadggnand maximization oin vitro drug release. The optimized
formulation exhibited results were given into bel@ble:

Table 3: Different evaluations and their results ofptimized formulation (D10)

No. Evaluation Results
1 Particle size 141.74 nm
2 Polydispersity 0.154
3 Zeta potential -35.79 mV
4 % Entrapment efficiency 66.171%
5 % Cumulative drug release  67.336 + 0.254%

Stability study
The optimized formulation (D10) PLGA-Soya lecithinveen 80 nanoparticles was kept for stability stadit room
temperature (15-20°C), refrigerator (3-5 °C) and@TRH = 75 %) over a period of 6 months. Samplesew
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evaluated at 0, 1, 2, 3, 4, 5 and 6 months for tiheig release as well as any changes in physpaarance. The
results of the stability studies for 0 to 6 monshswed that there was no significant change irdthg release study
and appearance of the optimized formulation D1dxest at refrigerator (3-5 °C). While at room tengiare (15-
20°C) and 37°C (RH = 75 %) showed that there wagoageration of particles present. Thus, it can tectuded
that refrigerator (3-5 °C) condition and ambientperature and humidity are the most suitable forasfe of
optimized PLGA-Soya lecithin-Tween 80 nanoparticles

Differential Scanning Calorimetry (DSC)

e Thermal Analysis Result

. (B)PLGA-Soya lecithin-Tween 80 NPs
Nl -_-_‘ﬁ_ﬂ_"_‘—-..__-'ﬁ'“\__f‘ T
127.19°¢ %

T [P
N M
o.of -
.r"'/
(A) Rivastigmine Tartrate fﬁ acl
5 o = =R ° ___"——-\M :
VIET-lﬁ G h/
50.0¢ T00.0¢ T50.0( 00K 250,00 300K
Teme [T

Fig. 6: DSC thermograms of (A) Rivastigmine Tartrae and (B) PLGA-Soya lecithin-Tween 80 NPs

Differential scanning calorimetry study gives infaation regarding the physical properties like alfste or
amorphous nature of the sample. The DSC thermogfaRT in Fig. 6(A) shows an exothermic peak at 187C
corresponding to its melting temperature. Howewer sharp endotherm was seen at 127.19°C in Fig. a{s
shows that crystallinity of the drug has been redusignificantly in nanoparticles. Hence, it coblconcluded that

the drug was present in the optimized formulatienamorphous phase and may have been homogeneously
dispersed in the PLGA matrix.

Scanning electron microscopy (SEM)
Surface morphology of the specimens was deterntiyaasing SEM (EM-LEO 435VP, Carl Zeiss SMT Inc., NY
SEM photograph of optimized formulation were shoimnFig. 7.The optimized nanoparticles of PLGA-Soya

lecithin-Tween 80 have smooth surface and sphemoaphology.
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200 nm = ; _ &
EHT = 10.00 %/ Signal & = SE2 ZEIXS
f—A WD = 6.5 mm Mag= 3.55 KX
Fig. 7: Nanoparticle morphology of freeze dried PL@\-Soya lecithin-Tween 80 nanopatrticles as studiedylscanning electron microscopy
(SEM)

Spatial navigation task (Morris water maze)
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—-©—-Group 4

c

Escape late

Fig. 8: Comparison of escape latency in various gups of rats using spatial navigation task. (Morrisvater maze) The values are depicted
as mean = SDif = 6)

In spatial navigation task, the normal (group 1andard (group 3) and PLGA-Soya lecithin-Tween 88 Ngroup
4) treated groups rats quickly learned to swimdaliyeto the platform in the Morris water maze. Alumum chloride
treated rats (group 2) showed an initial increasescape latency, which declined during followingels of Morris
water maze test. The rats that received pure dargyavith aluminum chloride showed slight improverhan their
behavior. In contrast, the rats treat with drug fordhulation (D10) with aluminum chloride, showedrsficantly
decrease in time taken to reach platform as cordpaith aluminum chloride treated rats. Groups ragea
according to significance in time taken to readtfpkm: Group 1< Group 4< Group 3< Group 2
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Elevated plus maze paradigm study
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Fig. 9: Comparison of memory retention in various goups of rats using Elevated plus maze paradigm. Thvalues are depicted as mean *
SD (h=6)

In the Elevated plus maze task, we evaluated takert (Retention Transfer Latency - RTL) by ratseach from
open arm to close arm of maze. The rats from grau@sand 4 entered the closed arm quickly and ®Thd to be
decreased. In contrast, group 2 (Aluminium chloti@ated rats) carried out initially well followdsy poorly trough
out the experiments. It demonstrates that the éh@aministration of aluminum chloride induced nedkmemory
impairment. Regular administration of standard damgl PLGA-Soya lecithin-Tween 80 NPs with Aluminum
chloride decreases the RTL compared to positivearocbgroup. Groups arranged according to RTL: oupr 1<
Group 4< Group 3< Group 2

Histopathology study

The hippocampus is a major component of the bi@ifsimans and other mammals. It belongs to theitirmystem
and plays important roles in the consolidation rdbimation from short-term memory to long-term meynand
spatial navigation. There is now almost univerggieament that the hippocampus plays some sortdritant role
in memory; however, the precise nature of this refeains widely debated[31-33].

Manuelaet al., studied on the quantification of the neuronal d@gna the four specific areas of the hippocampus
(CA1-CA4) of AD brains, stated that in the Alzheirsedisease the decrease of hippocampal neuromsitgievas
more prominent especially at the CA1 and CA3 higpogal areas[5].

As mention in above reference, in AD most affedbeain regions are CA1 and CA3 of hippocampus, welist
only these regions of hippocampus for comparativdysbetween different groups.
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Group 1: Normal control

Fig. 12: The CA1 region shows intact pyramidal cedl (Arrow) along with intact neurophil fiber. (H&E; mag. x 400)
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Group 2: Positive control

(A) The CA3 region (H&E; mag. x 400) (B) The CALl region (H&E; mag. x400)
Fig. 14: The CA3 region (Fig. 14A, Arrow) and CA1 egion (Fig. 14B, Arrow) shows loss of both pyramidaells and neurophil fibers
along with neuritic plaques (Short arrow) and neurdibrillary tangles (Long arrow). Some of the pyramidal cells show degenerative
changes. (DC — Distorted cells)
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Group 3: Standard control

x50)

Fig. 16: The CA3 region shows intact pyramidal cedl in tight clusters (Arrow). The interconnected netophil fibers in CA3 region
appear intact. (H&E; mag. x 400)

116
Scholar Research Library



Kinjal C. Patel et al Der Pharmacia Lettre, 2016, 8 (1): 102-120

Fig. 17: The CALl region shows intact pyramidal cé (Long Arrow) along with few neuritic plaques (Stort Arrow). (H&E; mag. x 400)

Group 4: PLGA-Soya lecithin-Tween 80 NPs treated

Fig. 18: Section studied from the hippocampus showdensely packed pyramidal cells in both CA1 and CA8yers (Arrow). (H&E; mag.
x50)
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Fig. 19: The CAS3 region shows intact pyramidal cedl in tight clusters (Arrow). The interconnected netophil fibers in CA3 region
appear intact. (H&E; mag. x 400)

Fig. 20: The CA1 region shows intact pyramidal cedl (Long Arrow) along with focal loss of neurophil fbers (Short Arrow). (H&E; mag.
x 400)

Crapperet al, aluminium concentration was elevated in neuromstaining neurofibrillary tangles and perhaps
within senile plaques, however, aluminium mightwmoalate in neurons secondarily to intracellular eteggating
changes and the neuropathological and behavioasiges following the aluminium exposure were simitathose
observed in AD and the neurofibrillary changes obs# in AD were found mostly within the cortical can
hippocampal neurons.

Group 2 positive control (Figs. 13, 14(A), 14(Bpmndonstrated cell deformation with high level of eegration in
neuronal cells and loosely packed pyramidal célisteover, this group animal brain showed neuritagpes and
neurofibrillary tangles in CA1 and CA3 areas ofgopampus, which indicated the possible effect afteaoral
administration of Aluminium chloride on the braifitbe animal (Wistar rats). Based on hypothesisABemodel
was developed into group 2. Groups 3 (Figs. 151T%,and 4 (Figs. 18, 19, 20) also demonstrateditieplaques
and neurofibrillary tangles in CA1 and CA3 regiomd)ich support the possible effect of acute adrmai®n of
Aluminium chloride on the brain of animals.

While groups 3 and 4 have demonstrated signifigadeds amount of neuritic plaques and neurofilmlle@ngles,
which was due to standard drug RT and PLGA-SoyighieeTween 80 NPs in groups 3 and 4, relativeligsF16
and 19 of groups 3 and 4 showed the CA3 region iitaict pyramidal cells in tight clusters. Figs. ai@d 20
showed the interconnected neurophil fibers in CAGion appear intact. The CA1 region shows intycamidal
cells along with few neuritic plaques and few nédibrdlary tangles. Which indicated that standandigl RT and
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PLGA-Soya lecithin-Tween 80 NPs of RT showed amtfiiciergic activity of RT and suppress the progressif
AD into aluminium chloride treated animal model @fdir rats).

Activity of AchE
1 -
0.9 -
0.8 -
L 0.7 # Normal control
S 0.6 -
<7 u Positive control
© 0.5
2
% 0.4 - i Standard (Rivastigmine
< 0.3 - tartrate)
0.2 - M PLGA-Soya lecithin-
Tween 80 NPs
0.1 -
O .

Groups

Fig. 21: Activity of AchE in brain region. Data represent means + SEM (n = 6 animals each group) expg®ed as OD values/mg protein
for activity of AchE

Cholinergic loss is well characterized and majomponent of neuropathology of AD, which already héveen
rationalized by the therapeutic effect of cholieease inhibitors[34].

Physiologically relevant concentration of3Aelated peptides have acute, negative effects wltiphe aspects of
acetylcholine (Ach) synthesis and release[35]. Mewdulatory influence of the micromolarfAinduces the
toxicity of cholinergic neurons, possibly due tgpkyphosphorylation of tau protein[36]. Howeveradts been well
reported that the cholinergic therapy reduces amigloaccumulation and have shown positive effeats o
Alzheimer’s disease[37].

Based on this hypothesis, many attempts have beme o reverse cognitive deficits by increasingirbra
cholinergic activity through the cholinomimetic usieAchE inhibitors, Ach precursors and cholinergitagonists.
In this study, after Morris water maze test andvided plus maze test, animals sacrificed and tirains removed
and evaluated for AchE activity was expressed asv@llle/mg protein. After comparison with normabrstard and
PLGA-Soya lecithin-Tween 80 NPs treated groups,EAelativity in the positive control group was moveiich
indicates that an animal model was built succelgsfhen compared with group 3 (Standard drug é@atPLGA-
Soya lecithin-Tween 80 treated group demonstragssl AchE activity. It has been reported that thecentration of
Ach rose with reduction of AchE activity under nainconditions, but both Ach and AchE concentratieduced
under AD condition. The results showed that, compar free RT, PLGA-Soya lecithin-Tween 80 NPs &dat
group, inhibits AchE effectively, and the reductioh AchE concentration results in slower degradatd Ach.
Therefore, the concentration of Ach rose in rataimy and cholinergic system could reach a new libgiuim
between Ach and AchE, which improved memory anchitg deficits of rats under AD.

CONCLUSION

RT was successfully loaded into PLGA-Soya lecitiween 80 NPs, was prepared using modified
nanoprecipitation technique combined with self agslg. The formulations were prepared usifige&torial design,

to achieve with narrow size distribution (<200 nimgher entrapment efficiency and percentage delepse. The
FTIR and DSC study demonstrated there was no ittterabetween drug and polymers and are compatiiite
each other. Prepared nanoparticle of optimized ditaition (D10) showed particle size 171.74 nm, pisiydrsity
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0.154, entrapment efficiency 66.171 #,vitro drug release 67.336 *+ 0.254% (60h) and zeta pateB86.79 mV.
The SEM study showed that particles were spheritahape with smooth surface. The stability study gix
months demonstrated that the formulations werelestabrefrigerator (3-5°C) condition is the mosttaie for
storage of optimized PLGA-Soya lecithin-Tweeen 82sNAdministration of PLGA-Soya lecithin-Tween 8®HN
optimized formulation in Aluminium chloride treatezhimals results in enhancement in learning and ongm
capacity by reduction of AchE concentration andvihg down degradation of Ach. It antagonized thddeffect
of Aluminium chloride by reduction in escape latgncompared to standard drug solution treated dsirPAGA-
Soya lecithin—Tween 80 NPs could be effective mibtargeting and sustained release of RT for pigpjzeriod and
could be a significant improvement for treating dmmer’s disease.
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