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ABSTRACT

Aimed to formulate, optimize (using CCD design) ehdracterize PLGA-CS-Tween 80 nanopatrticles, efdiug

Rivastigmine Tartrate (RT), for the treatment afhimer’s disease (AD). The pharmacodynamics padoce of
the nanoparticles (NPs) were evaluated for braimgéting and memory improvement in Aluminium chleficcated
model using Morris water maze test and AchE agtiaitalysis. PLGA-CS-Tween 80 nanoparticles prepavita

emulsification-solvent evaporation method. Effeftimportant factors on the particle size, polydisity,

entrapment efficiency and in vitro drug release wgasdied using CCD design. Prepared nanoparticleswsed
particle size 143.0nm, polydispersity 0.164, entmapt efficiency 79.649% and in vitro drug relea8e36+0.262%
(60h). FTIR studies showed there was no interadietween drug and polymers. DSC studies indicdiat RT
was evenly dispersed as amorphous form into NPgl Skdies indicated that the NPs were sphericalhiape and
rough at surface. The stability study for six mentlemonstrated that the formulations were stableefiigerator

(3-5°C) condition is most suitable for storage ahoparticles. In vivo behavioral study and AchEhatt analysis
demonstrated that, the rats treated with NPs shomwedkedly better memory retention compare to putggd
treatment. The study demonstrated that successfgéting of RT, to the brain by chitosan (CS) anded&n 80
coated NPs, have significant therapeutic potertbatreat AD and potential carrier for providing damed brain

delivery of RT.

Key words: PLGA-CS-Tween 80 nanopatrticles, Alzheimer’s dise8sain targeting, Rivastigmine Tartrate, Morris
water maze test

INTRODUCTION

Alzheimer’s disease (AD) is one of the most frequmauses of dementia, representing 50 to 60% afetientia
cases and affecting 10 to 20% of people older #®&nyears[1]. This progressive neurodegenerativeadss,
characterized by a global cognitive decline, betv@liand functional changes has a great impacherability of
individuals to perform basic activities of dailwilig[2, 3]. Although many intellectual functionseamimpaired
(attention, orientation, language, judgmental) tinest prominent symptom of AD is represented by @ymassive
memory loss[4]. AD is 1.5 times more common thamoks& or epilepsy and is as common as congestivet hea
failure[5]. It affects 15 million people worldwideMoreover, Alzheimer's disease has a tremendoustiveg
economic impact amounting to over $ 100 billiorean6].

Rivastigmine Tartrate (RT) was approved by the W8d-and Drug Administration for the treatment of Agut its
current therapy has many disadvantages, becadteyfdrophilicity it could not enter into braing secessitating
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frequent dosing and cholinergic side effects. ThHBBBrepresents an effective obstacle for the dejivef
neuroactive agents to the central nervous systeMSj@nd it makes the treatment of many CNS disediffsult
to achieve[7].

RT is a reversible cholinesterase inhibitor usadte treatment of AD. RT has been shown to impmmvemaintain
patient’s performance in three major domains: dbgnifunction, global function and behavior. Howegve
limitations with its oral therapy include restridtentry into brain due to its hydrophilicity, nesiating frequent
dosing and cholinergic side effects like sever ftaddia, nausea, dyspepsia, vomiting and anorgdxia[8

Targeting of drugs to the brain is one of the mdsallenging issues for pharmaceutical researchmasy
hydrophilic drugs and neuropeptides are unabledsscthe blood brain barrier (BBB)[9]. Many straesghave been
developed to overcome this problem which includesndcal delivery systems, magnetic drug targetinglrog
carrier system such as antibodies, liposomes arpaaticles[10].

Among these, polymeric nanoparticles have recetthacted great attention as potential drug defiggstems. Due
to their small size, NPs penetrate into even soagllllaries and are taken up within cells, allowargefficient drug
accumulation at the targeted site over a periodagé or even weeks after injection[11]. BiodegraeldtPs can be
successfully used for transferring the drug relgaséile by controlling the polymer degradation.lytactide—co-
glycolide (PLGA) is one of the well known biodegadde carrier[12]. PLGA microparticles and nanopdes have
been extensively studied as drug carriers based thgo properties of degradability and biocompatigil 3, 14].

Moreover, PLGA matrix can be successfully encapedldoth hydrophilic and lipophilic drugs[15]. PLG#as

been used for oral[16, 17] and parenteral[18, Hivdry of drugs. However, the lack of functionabgps on the
surface of PLGA NPs for covalent modification hasef limited the potential for surface tetheringagiive

molecules including DNA , ligands[20] or vaccinek].2

Thus, various attempts for physical surface modiftn of PLGA NPs have been made by coating PLG# wi
surfactants or polymers. As such cationic surfagalifitation based upon the electrostatic interarctigth the
negatively charged surface of PLGA has been sugdest a potential method to modify the surface ldB&R
NPs[22]. Since the cell membrane is negatively ghdy cationic particles can easily interact witle ttell
membrane and promote subsequent bioactivity[23].

CS has the ability to adsorb on PLGA nanopartickes;ause of its cationic nature, high surface gnamgd
microporous non-uniform surface of PLGA nanopagsf24]. It has been established that CS is capdlbpening
the tight junctions of epithelial cells and it camprove the uptake of hydrophilic peptide[25]. Mover, Tween 80
coating of CS nanoparticles was demonstrated tamize the translocation of these nanosystems frtoodoto
brain[26].

Therefore, we aimed to prepare PLGA NPs with dogbkgting with CS and Tween 80, to investigate tbiimtial

of RT loaded PLGA-CS-Tween 80 nanoparticles to omere the BBB and deliver RT to the brain. We
hypothesized; indeed that the positive surfacegadwapf these PLGA-CS-Tween 80 NPs would be faverédn
their transport across the BBB by adsorptive-medidatanscytosis (AMT). AMT is a vesicular transpartite of
cationic substances through the BBB and, unlikeptar-mediated transcytosis (RMT), it does not iegsipecific
binding sites on cell surfaces but involves elestatic interactions between polycationic substaaog negative
charges on the endothelial surfaces[27]. Hencepthgent investigation was aimed at formulatingopanticulate
systems of RT that can improve brain targetingyvig® sustained release, reduce dosing frequencyranidnize
side effects.

MATERIALS AND METHODS

Materials

Rivastigmine Tartrate (RT) was received as a gfingle from Sparc (Vadodara, India). Poly (D,L-Ldetco
Glycolide) (PLGA) (50:50) was purchased from Dur@mrporation (Birmingham AL, USA) and was used with
further purification. Polyvinyl alcohol (PVA), Twee80, and chitosan (CS) were purchased from S & Fin
Chemicals (Mumbai, India). All other chemicals ardgents used in this study were of analytical @t used as
received.
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Methodology

Drug polymer compatibility study

Compatibility studies were carried out to know thessible interactions between RT and polymers lisetie
formulation. Physical mixtures of drug and polymevere prepared to study the compatibility. Drugypuér
compatibility studies were carried out using FTHe&troscopy (ATR technique). IR spectra of drug alothg with
polymers were seen in between 600-4000 .cm

PLGA-CS-Tween 80 NPs preparation method

PLGA-CS-Tween 80 NPs have been prepared by naripgetion method, which was an emulsification -v&oit
evaporation method. The polymer PLGA (85mg) haslzelgled to 3ml of acetone and was dissolved wittnigc
stirrer (By Remi Equipment Pvt Ltd, Bangalore, diln above organic solution, RT (4.3mg) was added
allowed to dissolve. This solution has been addithl 28G needle to an aqueous phase of PVA (1% t@/prm
O/W emulsion. Once all the drug/polymer mixture baen added to PVA solution, the contents werevaitbto
mix for 5 mins with homogenizer (T25 digital Ulttarax by IKA, Germany) at 18000 RPM. The resulting
suspension was sonicated for 10 mins at 45% ardplitwith a ultrasonic probe (By Dakshin, Bombay),
immediately after sonication the emulsion was pdunto excess of aqueous phase of PVA (1%), CS(@2/v)
and Tween 80 (0.5 %v/v) for solvent evaporationarn@pid stirring and coating of chitosan on PLG&-Tween
80 NPs with a magnetic stirrer for 24h. Then theamearticles were collected by centrifugation andlhveal 3 times
with distilled water. Finally, they were resuspetideto 2 ml of cryoprotectant solution (Sucrose (2%), dried
with lyophilizer (Eqgsquire Biotech, Germany) andred at 4°C[28].

Experimental design for optimization of formulation

Preliminary experiments indicated that variableshsas an amount of polymer PLGA, CS concentratiod a
volume of acetone were the main factors that adféthe particle size, polydispersity, and percemtdug release
and encapsulation efficiency of the PLGA-CS-Tweér\N®s. A CCD model has been used to statisticaitinoze
the formulation parameters and evaluate the méactsf interaction effects and quadratic effectthefformulation
factors on the particle size ()Y polydispersity (¥), encapsulation efficiency gy and percentage drug releasa)(Y
of NPs. Details of the design are listed in Tahl€&dr each factor, the experimental range has beletted on the
basis of the results of preliminary experiments thefeasibility of preparing the PLGA-CS-Tween[8Ps at the
extreme values. The value range of the variables amount of PLGA (X1): 50-120 mg, CS concentra(§8):
0.2-0.3%, and volume of acetone (X3): 2.0-5.0 rhk @esign consists of 15 runs (8 factorial poiétstar points
and 1 center point) and 5 replicated runs (centértg) yielding 20 experiments in total (Table 2he purpose of
replication was to estimate experimental error imcdease the precision. Each experimental run bas bepeated
thrice. The star points represent extreme valwes #nd high) for each factor in the design andvalfior estimation
of second-order effects. The star points are atesdistance, alpha, from the center based on thgepies desired
for the design and the number of factors in thdghesAlpha in coded units is the axial distancexfrthe center
points and makes the design rotatable. A rotatdééign provides equally good predictions at podoggally distant
from the center, a very desirable property for Rese Surface Methodology[29].

Table 1: Relationship between factors and responsesed for PLGA-CS-Tween 80 formulation

Factors Levels of variable: Responses (Dependent Variable
(Independent Variables) - -1 0 1 +a Y= Particle Size (nm)
X1= Amount of PLGA (mg) 26.14 50 85 120 143.86 ¥ Polydispersity
X,=Amount of coating agent (%ow/v) 0.17 02 025 0.3 0.33  s¥Encapsulation Efficiency (%)
X3= Acetone (ml) 0.98 2 35 50 6.02 ¥ Drug release (%)

Determination of encapsulation efficiency and drudoading

The amount of 10 ml of RT loaded PLGA-CS-Tween 88slsuspension was carefully transferred to cegatfan
tube. The nanoparticles in the form of sedimentewssaparated from the solution by ultracentrifugatd 15,000
rpm at 4°C for 40 mins. The supernatant was cdyefidcanted and analyzed by UV spectrophotometeRTo
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Table 2: Composition of various PLGA-CS-Tween 80 neoparticle formulations prepared as per the experirental design

Formulation Coating agent Polymer Volume of internal phase
Batch concentration (% w/v)  concentration (Organic phase) (ml)
(mg)

1 0.2 50 2

2 0.2 120 2
3 0.3 50 2

4 0.2 12C 2

5 0.2 50 5

6 0.2 120 5

7 0.2 5C 5

8 0.3 120 5
9 0.25 26.14 35
1C 0.2t 143.8¢ 3.t
11 0.17 85 35
12 0.33 85 35
13 0.25 85 0.98
14 0.25 85 6.02
15 0.25 85 35
16 0.25 85 35
17 0.25 85 35
18 0.25 85 35
19 0.25 85 35
20 0.25 85 35

The % entrapment efficiency and % drug loading veadeulated using equation as given below[30]:

Entrapment efficiency (%) g%ﬁ:m *100 (1)

. Total drug—Free d
Drug loading —-ota drug—rree drug 2)

Nanoparticles weight

Particle size analysis and polydispersity

Particle size analysis and polydispersity nanogagi were determined by particle size analyzer ¢Bnaven
Instrument Corporation, NY). Lyophilized nanopdei were dispersed in double distilled water analyaed in
three readings per nanoparticles sample. The Epgdsity was also calculated based on the voluendistribution
of particles[29].

Zeta Potential determination

Zeta Potential was measured by using zeta sizgzmgBrookhaven instrument Corporation, NY). Ab&u ml of
the sample was placed in the cuvette and electnaeinserted carefully and click “track” button athee Zeta
PALS meter instantly calculates and displays thHidal's Zeta potential (or electrophoretic moty){31].

Invitro drug release

The in vitro drug release profile of PLGA-CS-Tween 80 NPs fdation has been studied using a dialysis bag.
Approximately 1 ml of nanoparticle suspension (Esponding 6 mg of RT) were taken into a dialysig ba
(molecular weight cut-off, 12 KDa, Himedia, Indiahd placed in a beaker containing 150 ml of phaspbaffer
saline (PBS) (pH 7.4). Then the beaker was placed @ magnetic stirrer and the temperature of sserably was
maintained at 37+1°C throughout the study. Sam{ilies) were withdrawn at definite time intervals ¢.,3, 4, 6, 8,
10, 12, 24, 36, 48 and 60h) and replaced with eqoedunts of fresh buffer. The samples were analjzedrug
concentration by UV-VIS spectrophotometer at 26432h

Stability studies

A study was carried out to assess the stabilityldBA-CS-Tween 80 nanoparticles of drug RT. The@amwere
stored in room temperature (15-20°C), refrigeréss°C) and 37°C (RH=75%) over a period of 6 mon8amples
were periodically withdrawn at monthly intervals fix months and examined for their drug releaseelsas any
changes in physical appearance[33].
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Scanning electron microscopy (SEM)

The surface morphology of the formulated nanopladievas measured by scanning electron microscopM)S
(EM-LEO 435VP, Carl Zeiss SMT Inc., NY) equippedhwil5 kv, SE detector with a collector bias of 300The

lyophilized samples were carefully mounted on amahum stub using a double stick carbon tape. Sesnpkre
then introduced into an automated sputter coatddcaated with a very thin film of gold before scamnthe sample
under SEM[29].

Differential Scanning calorimeter (DSC) study:

The physical state of RT entrapped in the NPs wasacterized by Differential Scanning CalorimetDSC - 60,
Shimadzu, Japan). Each sample was sealed in sthalieminium pans with lids and purged with air dtoav rate
of 40 ml/min. A temperature ramp speed was setDat@min, and the heat flow was recorded in thegeaB0-
300°C under inert nitrogen atmosphere. Thermognaere taken for RT and PLGA-CS-Tween 80 NPs[34].

Experimental animals

The subjects used in this research work were 4@ avadl female adult Wistar rats. Wister rats, 200-@2procured
from, Bioneeds, Bangalore, were used for invedtigatThe Institutional Animal Ethical Committee apped the
protocol. They were kept in the animal house of &apent of Pharmacology, Acharya & B M Reddy codlexf
pharmacy (Bangalore, India) for seven weeks (norstahdard environmental condition (relative humyidif 60%,
12h-12h light-dark cycle) with sufficient food, veatand under a good ventilation in order for thirefs (Wistar
rats) to acclimatized. (Registration number fotitnional Animal Ethics Committee (IAEC)-997/c/@PCSEA)

Experimental design for animal study

Drug and treatment schedule

Aluminium chloride solution and the optimized foriation (PLGA-CS-Tween 80 Nps) were freshly prepaatthe
beginning of each experiment. For oral adminisbrgtiAluminium chloride was dissolved in distillecater and for
intraperitoneal administration, prepared nanopagiavere dispersed in normal saline solution (0% Dose
calculated equivalent to 1.5 mg/kg of RT for staddas well as for nanoparticles formulations. Arsnaere
divided into four groups:

Group 1: Normal control

Group 2: Positive control (Aluminum chloride 100 fkgfday p.o)

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

Group 4: PLGA-CS-Tween 80 NPs treated (NPs IP linesa Aluminum chloride 100 mg/kg/day p.0)

Spatial navigation task

The acquisition and retention of a spatial navayatiask was evaluated using Morris water rffdlze Rats were
trained to swim to a visible platform in a circulaater pool (100cm in diameter and 45cm deep) éatat test
room. A hidden circular platform (20cm height, 12endiameter and 2cm below the water surface, fipesition).

The pool was conceptually divided into four equaddrants. The rats received a training sessionaenisg of two

trials per day at 1 min interval for 5 days priordtarting dose regimen. In the first test, ratsengdaced on the
platform for 20s, then the rats were placed invtager facing the pool wall at one of the 4 quadsatta different
place every day, and allowed to swim for a maximafr@0s to find the hidden platform were it was aiéml to stay
for 10s. If rat did not find the platform in 90swas placed on the platform by hand and remainhecktfor 10s. The
time to reach the platform (escape latency) wassored with a stopwatch. The escape latency walestwon the
day 0, 7, 14, 21, 28, 35 and"§25].

Activity of AchE

After the last Morris water maze test, rats weliedtiby decapitation, the frontal cortex and hipgpopus were
removed and homogenized in 5% of sodium phosphétert(75 mM, pH 7.4, 4°C), respectively. For tlesay of
AchE activity, a 4ml reaction mixture that containacetylthiocholine iodide (0.3 mM), sodium phoggehluffer
(0.1 mM Ph 7.4) 1 ml and homogenate 0.1-0.2ml washated at 37°C for 8 min. The reaction was teateith by
adding 1 ml of 3% sodium lauryl sulfate, then 1 @hl0.2% 5, 5'-dithiobis (2-nitrobenzoic acid) toogluce the
yellow anion of 5-thio-2 nitrobenzoic acid. The @ointensity was measured spectrophotometricald4étnm. All

samples were assayed in duplicate. AchE activitg walculated as optical density (OD) value/mg pnofer

AchE[35]. Protein concentrations were determinethwhe Coomassie blue protein-binding method usiogne

serum albumin as standard[36].
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RESULTS AND DISCUSSION

Drug polymer compatibility study
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Fig. 1: FTIR spectra of a) Rivastigmine Tartrate ard b) PLGA-CS-Tween 80 NPs

The Fourier Transform Infrared (FTIR) spectra & RT and PLGA-CS-Tween 80 NPs are shown in Fig.ahd)
1b), respectively. Fig. 1ahows C-H (str) at 2934 ¢t C-N (str) at 2876 cih C=0 (str) at 1654 cthand C=C
(str) at 3045 ci. The Fig. 1b) shows the FTIR spectra of PLGA-CSe&w 80 NPs and it shows all the
characteristic peaks C-H (str) at 2945%gnC-N (str) at 2880 cih C=0 (str) at 1653 cihand C=C (str) at 3049 ¢m
! which indicates there was no interaction betwareiy and polymers and they are compatible with egicér.

Table 3: Results of particle size, polydispersity% entrapment efficiency andin vitro drug release of PLGA-CS-Tween 80 NPs
formulations prepared as per the experimental desig

Formulation Entrapment Drug Particle  Polydispersity  Drug release
efficiency (%) Loading (mg) Size (nm) (%)

F1 54.675 2.35 127.4 0.162 43.856+0.391
F2 47.159 2.03 43.07 0.199 36.889+0.386
F3 56.749 2.44 109.43 0.155 44.322+0.262
F4 48.648 2.09 146.8 0.175 37.05+0.825
F5 62.235 2.68 89.03 0.138 53.169+0.533
F6 63.147 2.72 136.7 0.149 53.819+0.533
F7 62.895 2.70 101.79 0.144 53.339+0.384
F8 61.483 2.64 14151 0.163 52.967+0.397
F9 46.988 2.02 1354 0.169 36.55+0.241
F10 45.716 1.97 200.88 0.26 34.133+0.152
F11 69.748 2.99 160.8 0.242 56.186+0.254
F12 67.423 2.89 151.9 0.229 55.844+0.650
F13 44.856 1.93 178.9 0.127 33.614+0.521
F14 49.58¢ 2.1: 89.0: 0.12¢ 36.5150.25¢
F15 64.019 2.75 114.2 0.166 54.292+0.152
F16 71.640 3.08 1234 0.189 57.906+0.385
F17 75.42¢ 3.2¢ 122.1 0.16¢ 60.14+0.26:
F18 77.815 3.34 120.7 0.186 62.117+0.390
F19 70.183 3.02 1314 0.161 57.719+0.296
F20 65.83¢ 2.8¢ 121.2 0.25i 55.536:0.40¢

Invitro drug release

Thein vitro drug release studies were carried out for 60hgDelease studies of drug loaded NPs showed biphasi
release profile. The initial fast release rate rbaydue to smaller particle size of NPs, which isoamted with
smaller diffusion path, so drug accessible to tbkdA&lissolution medium inter phase can diffuseilga® the
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surface. Thereafter the release rate decreasecdhwhilects the release of drug entrapped in tHgnper. The
release rate in the second phase is assumed tont®led by diffusion rate of drug across the poty matrix.
PLGA-CS-Tween 80 NPs release rate is dependent tqgomolecular weight and lactide content of thiymer.
The release rate reduces as the molecular rat¢handctide content of the polymer increases. Amdase in the
concentration of CS (0.2-0.3% w/v) initially showed effect on the drug release. After optimal conicgion, drug
release started decreasing. A trend of decreadeum release is due to the coating of polymer endtrface of
nanoparticles. When the data obtained from drugassl have been studied with zero order, first pidyuchi
model and Korsmeyer Peppas model, they were foaruktfollowing Higuchi model. Korsmeyer Peppas node
showedn (diffusion exponent) < 0.5, which suggests thatrilease pattern of drug is following first ordféckian
diffusion kinetics/anomalous transport for PLGA-T®een 80 NPs.

Exploration of key factors effects using responsaugface methodology (RSM)
In all, nine coefficientsf,-fs) were calculated, witfi,representing the intercept, apgps representing coefficient
of various quadratic and interaction terms:

Y= Bo+BX1:4B2X 2+ BsX 3+BaX 1 X o+BsX 1 X g+ BeX o X g+ BrX 1 *+BeX o™+ BoX 3™ (3

Influence of variables on particle size

Design-Expert® Software
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Fig. 2: Response surface plot showing the influenaé amount of PLGA (X1), amount of coating agent (X) and acetone concentration
(X3) on particle size of nanoparticles Y (nm)

Y1= +123.55 +11.02 X+6.47%-7.97 X +14.22 % X, +16.79% X3 -8.52% X3+7.24 X2 +3.07 X?-4. 84X? (4)

A positive value in regression equation for a resgorepresent an effect that favors the optimimatgynergistic
effect), while a negative value indicates an ingerslationship (antagonist effect) between the ofactand

responses.

Particle size is a critical factor for nanopartcleased drug delivery system. It is the one offéwtors, which

controls the kinetics of drug release. The partsite values for 20 batches show a wide variatioregsponse i.e.,
the response range from a minimum 43.07 to a maxirB00.88nm (Values are given into Table 3). The Rig
shows the response surface plot obtained for tieesiction between the PLGA concentration and amofiobating

agent at constant acetone value. The positive faigithe coefficient of PLGA concentration and cogtiagent

concentration showed that particle size increaséis wcrease in the concentration of PLGA and caathgent

concentration. The negative sign of coefficienaoétone amount showed that particles size decredgiethcrease
in concentration of amount of acetone. An incredfsmean particle size has been observed, whenaser@ PLGA

concentration with 1% amount of PVA. The particdieesdoes not change much initially with increasesafvent

volume, but started decreasing with further inoeeiasvolume of acetone. An increase in the parstte has been
observed with increase in the coating agent conaton.
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Influence of variables on polydispersity
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Fig. 3: Response surface plot showing the influenaé amount of PLGA (X;), amount of coating agent (X) and acetone concentration
(X3) on polydispersity of nanopatrticles ¥

Y,=+0.32+1.14%+1.39%-8.32X,+6.428% X —6.42% X 5-0.085%X 5-1.54%+2.21%°+4.61%°  (5)

After nanoparticle formation, the size populatidmanoparticle frequently follows a multimodal disttion. The
poly dispersity index is very important parametejch is used to describe variation in particleesiz a sample of
particle. When polydispersity index is close tothie size range becomes wide. A desire optimal vale
polydispersity index is closer to zero. The polpdisity values for 20 batches show a wide variatioresponse
i.e., the response range from a minimum 0.124 toagimum 0.260 (Values are given into Table 3). Hg 3
shows the response surface plot obtained from rteraction between the PLGA concentration and atotin
coating agent at constant acetone value. The pesiign for the coefficient of PLGA concentrationdacoating
agent concentration showed that polydispersityeases with increase in the concentration of PLGé @rating
agent concentration. The negative sign of coefiicaf acetone amount showed that polydispersityessed with
increase in concentration of amount of acetonba$t been observed that the polydispersity indese&ses with
increase in the amount of polymer increases andedse with the amount of organic solvent acetorfee T
polydispersity did not increase much initially withcrease in coating agent but it started increpsiith further
increase in the concentration of coating agent.

Influence of variables on % Entrapment Efficiency

To transport the drug to the specific site andéase its resident time, there is a need of higtapmtent efficiency.
PLGA molecules have ability to entrap both hydrdipkand lipophilic drug and target them to spectficgeted site.
The % Entrapment efficiency values for 20 batchesisa wide variation in response i.e., the respoasge from a
minimum 44.856 to a maximum 77.815 % (Values avemiinto Table 3). The Fig. 4 shows the responsiace

plot obtained from the interaction between the PL&aficentration and amount of coating agent at eobstcetone
value. The positive sign for the coefficient of PA@oncentration and coating agent concentratiorwsklothat %
entrapment efficiency increases with increase endbncentration of PLGA and coating agent concgatraThe

positive sign of coefficient of acetone amount shdwhat % entrapment efficiency increased with eéase in
concentration of amount of acetone. As per thelteshowed in Table 3, drug loading increases withease in the
concentration of PLGA and decreases after optimatynper concentration for maximum loading.
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Fig. 4: Response surface plot showing the influenaé amount of PLGA (X;), amount of coating agent (X) and acetone concentration
(X3) on % entrapment efficiency of nanoparticles ¥ (%)

Y3 = +70.69 +1.35X+0.11% +3.71% +0.39%X, +1.91%X5 +0.55%X 3 +7.79%2 +0.068%> +7.49%2 (6)

Influence of variables onin vitro drug release
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Fig. 5: Response surface plot showing the influenaé amount of PLGA (X;), amount of coating agent (X) and acetone concentration
(X3) on % in vitro drug release of nanopatrticles ¥ (%)

Y, = +57.77 +1.32X-0.046% +4.10% -0.17%X, +1.81%X5 -0.16X%X5 +6.78%> +0.53%2 +6.88%2 (7)

The in vitro drug release values for 20 batches show a widati@r in response i.e., the response range from a
minimum 33.614 to a maximum 62.117 % (Values avemiinto Table 3). The Fig. 5 shows the responsiace
plot obtained for the interaction between the PL&hAcentration and amount of coating agent at cohsigetone
value. The positive sign for the coefficient of PAGoncentration and acetone concentration showat %h
cumulative drug release increases with increasthénconcentration of PLGA and acetone concentrafidre
negative of coefficient of coating agent amountved that % cumulative drug release decreased witease in

concentration of coating agent amount.
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Optimized formulation was selected based on folhgugriteria:

Particle size < 200, Polydispersity- minimum, %raeptent efficiency- maximum  arid vitro drug release-
maximum

Based on this research, the formulation contai@higng of PLGA, 0.25% of CS and 3 ml of acetone selected

as optimized formulation. The selection of the wjitied formulation was based on minimization of jsetsize

below 200 nm to facilitate brain targeting[37], mniization of polydispersity, maximization of entrapnt

efficiency and maximization af vitro drug release. The optimized formulation exhibipedfticle size 145.07nm,
polydispersity 0.164, entrapment efficiency 79.84@ndin vitro drug release 69.302+0.262 % (60h).

Stability study

The optimized formulations was kept for stabilitudies at room temperature (15-20°C), refrigerg®5°C) and
37°C (RH=75%) over a period of 6 months. Sample lteeen evaluated at 0 to 6 each month for thay delease
as well as any changes in physical appearanceteBés of the stability study showed that thers wa significant
change in the drug release study and appearartbe optimized formulation, stored at refrigerat8+5C). While
room temperature (15-20°C) and 37°C (RH=75%) shothedl there was agglomeration of particles preseiat
drug release decreased significantly. Thus, it lsanconcluded that refrigerator (3-5°C) conditiontli® most
suitable for storage of optimized PLGA-CS-TweeerN$G.

Scanning electron microscopy (SEM)

T EHT = 10 0 kKW Sgpnal A = InLans FEIXX
WD = S8 e Pl = 30RO R 3E B

Fig. 6: Nanoparticle morphology of freeze dried PL&-CS-Tween 80 NPs as studied by SEM

Surface morphology of the specimens has been dietedny using the SEM (EM-LEO 435VP, Carl Zeiss SMT
Inc., NY). The SEM photograph of optimized formidat has been shown in Fig. B has been observed that the
optimized PLGA-CS-Tween 80 NPs have rough surfackspherical shape.

Differential scanning calorimetry

Differential scanning calorimetry study gives infation regarding the physical properties like alfste or
amorphous nature of the sample. The DSC thermogfaRiT (Fig. 7a) shows an exothermic peak at 12T16°
corresponding to its melting temperature. Howemersharp endotherm was seen at 127.16°C (Fig.Qjijrfized
formulation). This shows that crystallinity of tlilgug has been reduced significantly in nanopadictéence it
could be concluded that the drug was present imghienized formulation, as amorphous phase and Imasg been
homogeneously dispersed in the PLGA matrix.
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e Thermal Analysis Result
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Fig.7: DSC thermogram of a) Rivastigmine Tartrate ad b) PLGA-CS-Tween 80 NPs
Spatial navigation task (Morris water maze)
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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, standard foxmulations treated groups of rat quickly leatrte swim
directly to the platform in the Morris water mazduminum chloride treated rats showed an initiatrgase in
escape latency, which declined during following keeef Morris water maze test. The rats that reckjvere drug
along with aluminum chloride showed slight improwarh in their behavior. In contrast, the rats treath
formulations with Aluminum chloride, showed signdintly decrease in time taken to reach platfornccaspared
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with aluminum chloride treated rats. Groups aremhgccording to significance in time taken to repttform:
Group 1< Group 4< Group 3< Group 2

Activity of AchE

1.2

@ Normal control

o
(o)

M positive control

Activity of AchE
o o
> (o)}

M Standard (Rivastigmine
tartrate)

M PLGA-CS-Tween 80
nanoparticles

Groups

Fig. 9: Activity of AchE in brain region. Data represent means + SEM (n = 6 animals each group) expsesl as OD values/mg protein for
activity of AchE

Currently, the cholinergic deficiency is considetecdbe one of the main reasons of dementia anditbegyaeficits
in AD. Based on this hypothesis, many attempts Hmen made to reverse cognitive deficits by inéngabrain
cholinergic activity through the cholinomimetic usieAchE inhibitors, Ach precursors and cholinergitagonists.
In the present work, after Morris water maze tasimals sacrificed and their brains removed, araduated for
AchE activity was expressed as OD value/mg protAfter comparison with normal, standard and forrtiates
treated groups, AchE activity in the positive cohgroup was more, which indicates that an animadlehwas built
successfully. When compared with standard group R0S-Tween 80 treated group demonstrated less AchE
activity. It has been reported that the concemtnatbf Ach rose with reduction of AchE activity umdeormal
conditions, but both Ach and AchE concentratiorucel under AD condition. The results showed thanmare to
free RT, formulation treated group, inhibits Achffeetively, and the reduction of AchE concentrati@sults in
slower degradation of Ach. Therefore, the conceioimaof Ach rose in rat's brain, and cholinergicseam could
reach a new equilibrium between Ach and AchE, wirighroved memory and cognitive deficits of rats endD.

CONCLUSION

RT loaded PLGA-CS-Tween 80 NPs were prepared wsimgjsification - solvent evaporation method, witrnow
size distribution (<200 nm), higher entrapmentoidficy and percentage drug release. The FTIR ar@ 2&dy
demonstrated there was no interaction between andgpolymers and are compatible with each otheis Study
using CCD design, showed response of independetar§éaon dependent factors, with the help of respaurface
plots and polynomial equations. Using CCD designcangld achieve higher entrapment efficiency andydelease
with smaller particle size and polydispersity, wittss number of experiments and could predict thees for
particle size, polydispersity, entrapment efficigramdin vitro drug releaseln vitro dug release found to follow
biphasic drug release with Higuchi model. The SEig showed that particles were spherical in sheaifte rough
surface. The stability study for six months demmated that the formulations were stable at refetmr (3-5°C)
condition is the most suitable for storage of opted PLGA-CS-Tweeen 80 nanoparticles. Administratad
PLGA-CS-Tween 80 optimized formulation in Aluminiurohloride treated animals results in noticeable
improvement in learning and memory capacity anaritagonized the toxic effect of Aluminium chloridg
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reduction in escape latency, compared to Standexd dolution treated animals. These results itdicahat
PLGA-CS-Tween 80 nanoparticles resulted in improsetof memory and learning efficiency into Alumimiu
chloride treated model of Alzheimer’s disease. fidrults of AchE activity study showed that, comparéee RT,
formulation treated group, inhibits AchE effectiyebnd the reduction of AchE concentration resuitslower
degradation of Ach. Therefore, the concentratiocl rose in rat's brain, and cholinergic systernldaeach a
new equilibrium between Ach and AchE, which imprdvaemory and cognitive deficits of rats under Aey
could be effective in brain targeting and sustaineléase of RT for prolong period and could be gnificant
improvement for treating Alzheimer’s disease.

Acknowledgement
Authors are wishing to acknowledge SPARC (Vadodimgia), for providing Rivastigmine tartrate astgimple.
Authors also thank to 1ISC, Bangalore for providifegilities for particle size, zeta potential an&8Nb study.
Authors also thank to Acharya & B M Reddy CollegePtvarmacy, Bangalore for providing excellent fiagito
carry out this work.

REFERENCES

[1] L. Talmelli, A. Gratdo, L. Kusumota, R. RodrigudRev. Esc. Enferm. USP01Q 44, 933-939.

[2] K. Inouye, E. Pedrazzani, S. PavariRev. Esc. Enferm. USP01Q 44, 1093-1099.

[3] A. Ciobica, R. Popescu, I. Haulica, W. Bild.Med. Biochen012 31, 83-87.

[4] M. Padurariu, A. Ciobica, I. Mavroudis, D. Fortidsl, BaloyannisPsychiatria. Danubing2012, 24(2), 152-158.
[5] K. Lanctoat, N. Herrmann, K. Yau, L. Khan, B. LM, Loulou.Can. Med. Assoc, 2003,169, 557-564.

[6] P. Autuono, J. Beyef.heor. Med. Bioethic4993 20, 3-13.

[7]1A. Trapani, E. Giglio, D. Cafagna, N. Denora, G.ridg, T. Cassanet al Int. J. Pharmaceyt2011, 419, 296-
307.

[8] F. Eskander, N. Nagykery, E. Leung, B. KhelghatiG@ulaBrain. Res2005 1060, 144-152.

[9]1. Tamai, A. Tsuji.Adv. Drug. Deliv. Rev1996,19, 401-424.

[10]J. Kreuter. Alv. Drug. Deliv. ReM2001; 47, 65-81.

[11]S. Vinogradov, T. Bronich, A. Kabana#&dv. Drug. Deliv. Re\2002 54, 135-147.

[12]J. Panyam, M. Dhali, S. Sahoo, W. Ma, S. Chakraya&. Amidon.J. Control. Rel2003 92, 173-187.

[13]l. Bala, S. Hariharan, M. Kuma€rit. Rev. Ther. Drug. Carrier. Sys2004,21(5), 387-422.

[14]H. Okada, H. Toguch(Crit. Rev. Ther. Drug. Carrier. Syst995 12(1), 1-99.

[15]J. Barichello, M. Morishita, K. Takayama, T. Nadaiug. Develop. Ind. Pharni999 25(4): 471-476.

[16]Y. Jiao, N. Ubrich, M. Marchand-Arvier, C. Vignerad. Hoffman, T. LecompteCirculation, 2002,105, 230-
235.

[17]K. AvgoustakisCurr. Drug. Del 2004,1, 321-333.

[18]Z. Panagi, A. Beletsi, G. Evangelatos, E. LivaniDu]thakissios, K. Avgoustakisnt. J. Pharm 2001,221(1—
2), 143-152.

[19]C. Fonseca, S. Simdes, R. Gaspgatontrol. Rel2002 83(2), 273-286.

[20]M. Keegan, J. Whittum-Hudson, W. SaltzmBiomaterials 2003,24(24), 4435-4443.

[21]M. Keegan, J. Falcone, T. Leung, W. Saltznidacromolecules2004 37(24), 9779-9784.

[22] M. Singh, J. Kazzaz, M. Ugozzoli, J. Cheskapert. Opin. Biol. TherR004 4(4), 483-491.

[23]Z. Cui, R. MumperPharm. Res2002,19(7), 939-946.

[24]C. Guo, R. GemeinhaiEur. J. Pharm. Biopharg2008,70, 597-604.

[25]S. Mao, W. Sun, T. KisseAdv. Drug. Del. Rex2010,62, 12-27.

[26]S. Sheetal, A. Babbar, R. Sharma, B. Tanima, M. rath.Am. J. Drug. Degl2005,3, 205-212.

[27]F. Herve, N. Ghinea, J. ScherrmaAiPS. J2008 10, 455-472.

[28]S. Dhawan, R. Kapil, B. Singhl. Pharm. PharmacpP011,63, 342-351.

[29]A. Ranjan, A. Mukerjee, L. Helson, J. VishwanathaNanobiotech2012,10, 1-18.

[30]J. Ali, R. Khan, G. Mustafa, K. Chuttani, S. Bakmal. Saharet al. Eur. J. Pharma. S¢cR013 48, 393-405.
[31]H. Soheyla, Z. Foruhdropical. J. Pharm. Re2013 12(2), 255-64.

[32]G. Sanap, G. Mahanta. Appl. Pharm. ScR013,3(1), 46-54.

[33]B. Wilson, M. Samanta, K. Shanthi, K. Kum&ur. J. Pharm. Biopharp2008 70, 75-84.

[34]S. Joshi, S. Chavhan, K. Sawdatir. J. Pharma. Biopharn2010,76, 189-199.

[35]P. Zhang, L. Chen, W. Gu, Z. Xu, Y. Gao, Y. Biomaterials 2007,28, 1882-1888.

[36]A. Gormall, C. Bardawill, M. Davidl. Bio. Chem1949177, 751-766.

319
Scholar Research Library



Kinjal C. Patel and Divakar Goli Der Pharmacia Lettre, 2015, 7 (7):307-320

[37]I. Kaur.J. Control. Rel2008 127, 97-109.

320
Scholar Research Library



