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ABSTRACT

The purpose of the present study was to formulalgethylene oxide and polyvinyl alcohol nanopairtte system
of Rivastigmine for drug delivery to brain. Nanofiees were prepared with poly ethylene oxide (PB@)olvent
displacement technique stabilized by polyvinyl a#qPVA). The Prepared nanoparticles were charapgel for

pH, particle size, surface morphology, entrapmdfitiency,In vitro release, zeta potential. Compditly studies
indicated replication of spectral peaks in the stundicated drug and excipients were compatibldneiach other.
The patrticle size was determined by Malvern zetersiThe average particle size was 100.7 nm withdispersity

index of 0.232.The zeta potential of the optimipechulation D1 was determined and found to be 34\8 Surface
properties of the nanoparticles were studied bynraission electron microscopy (TEM) and nanopasidbund
to have smooth surface. The Drug entrapment efigievas found to be in between 67.5 to 86.53% atelicfairly

good drug loading in the formulations indicatedrie&sed bioavailability of the drug. Percentage dretpase data
of optimized formulation D1 fitted in Higuchi’'s plandicating diffusion and erosion mechanism ofglnelease
from the developed formulations.

Key words: Rivastigmine, Nanoparticles, Solvent displacenteohnique, Release kinetics.

INTRODUCTION

Among several causes of dementia, Alzheimer’s Bises the most common. It involves progressive deggion
of neurons that are responsible for learning anchamg processes. According to WHO it is estimateat there are
currently about 18 million people worldwide suffegi from Alzheimer's Disease. Symptoms include gehdu
development of forgetfulness, progressing to distoces in language, disability to calculate, difig to judge
location of objects in space and problem in moving.

Neuropathologically, the disease is characterized progressive loss of neurons and synapses hdtpresence of
largenumbers of extracellular amyloid plaques amdacellular neurofibrillary tangles. The earligsithological
event that occurs in the process of Alzheimer'sake is the deposition of the amyl@igreptide in insoluble forms
within the brain. Other pathological features imtduextracellular senile plagues (mainly composedroyloid-b
peptide), intracellular neurofibrillary tanglesnsytic loss, and brain atrophy.

Two classes of drugs are approved for the treatweAizheimer’sdisease (AD). The first were the lihesterase
inhibitors (ChEIl). The first drug of this class wéeecrine in 1994, followed by donepezil, rivastigmj and
galantamine. All these cholinesterase inhibitoesagproved for the treatment of mild to moderate ABcrine has
shown severe hepatic side effects. Donepezil hasgahalf-life and is effective as a once dailygladministration
with very less side effects. It is therefore a pcamdidate for sustained drug delivery dosage f@alantamine also
exhibits very long half-life of 7 hours. Rivastigme has demonstrated favorable efficacy and safigpaiients with
dementia of the Alzheimer type and is widely appi¥or the treatment of mild to moderate AD. ltcaishibits
Butyrylcholinestrase. In patients with dementiatedl to Alzheimer's disease, rivastigmine has spmpgtic effects
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that enable patients to do their work individualydministered orally, it has short half-life of 1H®urs due to
hepatic first pass metaboliqi].

Rivastigmine tartrate was approved by the US Foatirug Administration for the treatment of AD, bigt current
therapy has many drawbacks that include restrietgdy into brain due to its hydrophilicity, neceasng frequent
dosing and cholinergic side effects. Targeting ofgd to the brain is one of the most challengirspés for
pharmaceutical research, as many hydrophilic damgsneuropeptides are unable to cross the bload baarier[2]

Drug delivery to the brain requires advances irhlibtug delivery technologies and drug discoveryud3rthat are
effective against diseases in the CNS and reaclbtthi@ via the blood compartment must pass the BB
management of brain-related diseases with presentljlable therapeutic system is very difficult, iasufficient
amount of drug reaches the brain, due to highlgdiplic nature of the BBB. Many strategies haverbdeveloped
to overcome this problem which includes chemicdivdey systems, magnetic drug targeting or drugriear
systems such as antibodies, liposomes or nandpafte6]

Among these, polymeric nhanoparticles have recezithacted great attention as potential drug defiggstems. Due
to their small size, nanoparticles penetrate intenesmall capillaries and are taken up within ¢cellfowing an
efficient drug accumulation at the targeted siteshie body. The use of biodegradable materialshémoparticles
preparation allows sustained drug release at tigetted site over a period of days or even weelks affection[7]

Rivastigmine tartrate is a reversible cholinesterashibitor used for the treatment of Alzheimer'ssehse.
Rivastigmine has been shown to improve or maintatients’ performance in three major domains: cigmi
function, global function and behavior. Howevemitations with its oral therapy include restricteutry into brain
due to its hydrophilicity, necessitating frequensithg and cholinergic side effects like severe yitaddia, nausea,
dyspepsia, vomiting and anoref&.Hence, the present study was aimed at formulatangparticulate systems of
rivastigmine tartrate that can improve brain targgt provide sustained release, reduce dosing émcu and
minimize side effects.

EXPERIMENTAL SECTION

Rivastigmine tartrate was received as a gift sanfijgen Micro labs, Bangalore,Polyethylene oxide (PBEas
received as agift sample from Medreich pharma, Blmg, and Polyvinyl alcohol (PVA) was receivedaagift
sample from Medreich pharma, Bangalore.All the ottieemicals and reagents used in the study weamajtical
grade.

Preformulationstudies[9]

FTIR spectral studies lies more in the qualitatdentification of substances either in pure formirocombination
with polymers and excipients and acts as a to@stablishment of chemical interaction. Since FTidRelated to
covalent bonds, the spectra can provide detailedriration about the structure of molecular compaurd order to
establish this point, comparisons were made betweerpectrum of the substances and the pure cardpou

FTIR spectra were recorded with a Thermo Nicolepah In the range 450-4000 Crusing a resolution of 4 ¢t
and 16 scans. Samples were diluted with KBr mixdwgvder, and pressed to obtain self-supporting diskgiid
samples formulations were analyzed to form a tigimid film between two KBr disks

Formulation of Rivastigmine Nanoparticles[10]

Rivastigminepolymeric nanoparticles were preparath woly ethylene oxide (PEO) by solvent displacatne
technique. Briefly, different concentrations of PEDL, 0.2, 0.3, 0.4gm) and 10 mg Rivastigmine veiéssolved by
heating and sonication in specifiedvolume of acedml methanol. This organic phase was injected wisg in to
water (aqueous phase) containing 1% PVA as hydiioghirfactant, added under mechanical stirringnitdation
chart of Rivastigmine Nanoparticles was given i[€aNo:1

Optimization of formulation [11]

The amount of drug (ie, 10 mg) was kept constamd, the concentration of polyethylene oxide (PEO} waried
accordingly (ie, 100, 200, 300, 400 mg). The phad®s (organic: agueous)was also varied accordifgl the
formulations as 1:2, 1:3, and 1:4. Based upon tliempment values, the formulation with highest @mtnent was
selected to be the optimized formulation.Formuldii@d with drug: polymer ratio of 1:40 and organiguaous
phase ratio of 1 : 2 was found to be appropriath emcapsulation efficiency of 86.53%.
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Table 1: Formulation of Rivastigmine Nanoparticles

S.no | Formulation | Drug : polymer Organic : aqueous Drug PEO PVA Acetone Methanol Water
code ratio phase ratio (gm) (gm) (gm) (ml) (ml) (ml)
1. Al 1:10 1:2 0.01 0.1 0.4 15.0 5.0 40.0
2. A2 1:10 1:3 0.01 0.1 0.6 15.0 5.0 60.0
3. A3 1:10 1:4 0.01 0.1 0.8 15.0 5.0 80.0
4. Bl 1:20 1:2 0.01 0.2 0.4 15.0 5.0 40.0
5. B2 1:20 1:3 0.01 0.2 0.6 15.0 5.0 60.0
6. B3 1:20 1:4 0.01 0.2 0.8 15.0 5.0 80.0
7. C1 1:30 1:2 0.01 0.3 04 15.0 5.0 40.0
8. C2 1:30 1:3 0.01 0.3 0.6 15.0 5.0 60.0
9. C3 1:30 1:4 0.01 0.3 0.8 15.0 5.0 80.0
10. D1 1:40 1:2 0.01 0.4 0.4 15.0 5.0 40.0
11. D2 1:40 1:3 0.01 0.4 0.6 15.0 5.0 60.0
12. D3 1:40 1:4 0.01 0.4 0.8 15.0 5.0 80

Characterization of Polymeric Nanoparticles

Determination of Particle Size Analysis andzeta-potential analysis [10,11]

Nanoparticle size distribution and zeta potentigl Wweredetermined using photon correlation spectimgc
(Zetasizer,HAS 3000; Malvern Instruments, Malvet’K). The sizedistribution analysis was performedaat
scattering angle of 90° and at a temperature o€2%ing samples appropriatelydiluted with filtengdterwhereas
zeta potential was measuredusing a disposableazetde.

Particle morphology [10,11]

Morphologic evaluation of the nanoparticles wasgrened using transmission electron microscopy (TEMilips
CM-10, Eindhoven, The Netherlands). Samples ofrtheoparticle suspension (5 to 10 pL) were dropp&d o
Formvar-coated copper grid (Plano GmbH, Wetzlannt@ay). After complete drying, the samples werénsth
using 2% wi/v phospho-tungstic acid. Digital Micragh and Soft Imaging Viewer software (Olympus, Spge)
were used to perform the image capture and analysis

Entrapment Efficiency [10,11,12]

Entrapment efficiency of drug loaded PNPs was datexd by centrifugation of samples at 13,000 rpm2f@ min.
The amount of free drug was determined in the ctegrernatant by UV spectrophotometer at 263 nmgusin
supernatant of non loaded nanoparticles on basiect@mn.

The entrapment efficiency (EE %) could be achidwethe following equation.

EE (%) = Total amount of Rivastigmine— Free Riiggainex100

Total amount of B&figmine

In vitro release profile[9,10,12]

In vitro release studies were performed using modifiedZ#dé#ffusion cell. Dialysis membrane having poreesiz4

nm; molecular weight cut off 12,000-14,000, wasdu@dembrane was soaked in double-distilled waterl® hr

before mounting in a Franz diffusion cell). A volarequivalent to 6 mg of Rivastigmine (Practicalgfctilated)

loaded PNPs formulation was placed in the donorpartment and the receptor compartment was fillett &0 ml

of PBS. The content of the cell was stirred wita Help of magnetic stirrer at %7. Aliquots were withdrawn from
receiver compartment through side tube at every tioe interval up to 12 hours. Fresh medium of PB&s

replaced each time to maintain constant volume.fi@swere analyzed by UV visible spectroscopy &t 126.

Drug-release kinetics [9,10]

The drug release data was subjected various asalikeeZero-order, First-order, Higuchi, Hixson @l model
and Korsmeyer-Peppas.

RESULTS AND DISCUSSION

Preformulation Studies FTIR Spectroscopy

Compatibility study of drug with the excipients wastermined by FTIR spectroscopy. The spectraefitug and
other ingredients used in the formulation were careg with the spectra of binary mixture of drug axdipients

mixed in the ratio of 1:1.The standard FTIR speofrthe drug matches with the FTIR of the drug siengken for

the study confirms the authenticity of the drugefiéhwas no significant appearance of new peaksappearance
of characteristic peaks implies that there waswompatibility between drug and the excipients take the study.
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Fig 2: FTIR Graph of optimized formulation

Particle size and Particle size distribution

Size Distribution Report by Volume
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Fig 3: Particle size distribution of Optimized Fornulation

The particle size and particle size distributiontlué best formulation[D1] was determined by Malvesta sizer.
The results confirmed that the average particle sias 100.7 nm and polydispersity index of 0.232 Particle
size distribution is found to be normal and uniform
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Zeta Potential ():
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Fig 4: Zeta Potential of Optimized Formulation

The zeta potential of the best formulation[D1] wetermined and found to be 34.8 mV. Zeta poternsiadn
important physic-chemical parameter that influerstability of the nanosuspension. Extremely positiv negative
zeta potential values cause larger repulsive fongbsreas repulsion between particles with singélactric charge
prevents aggregation of the particles and thusreaseasydispersion. Incase of a combined electimstiad steric
stabilization, a minimum zeta potential of + 20 ris\esirable.

Particle Morphology:
The morphology of the Rivastigmine loaded nanopisi produced with polyethylene oxide (PEO) wassssd by
Transmission electron microscopy (TEM) shown inur@gNo: 5 confirming the spherical shaped particles

—_——
333nm

Fig 5: Transmission Electron Microscopy of Rivastignine loaded Nanoparticles

Table 2: % Entrapment efficiency of different formulations

S.No | Formulationcode %Ent_ra_lpment
Efficiency
1 Al 75.69
2 A2 71.49
3 A3 67.5
4 B1 78.69
5 B2 73.32
6 B3 69.75
7 C1 82.21
8 Cc2 77.24
9 C3 73.35
10 D1 86.53
11 D2 81.52
12 D3 76.00

Drug Entrapment Efficiency:
The Drug entrapment efficiency of the Rivastigmipelymeric nanoparticles was determined by using
centrifugation method. The %Entrapment of drug tedmilated in the Table No:7. The % Entrapment iefficy
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varied from 67.5% to 86.53% for the formulationsegared. The entrapment efficiency was affected by
drug:polymer ratio. The entrapment efficiency waarmged when drug and polymer ratio has been chaiigleals
been showed that increase in polymer concentrati@rganic phase increases drug entrapment dugctedse in
organic phase viscosity, which increases the doha resistance to drug molecules from organicspta aqueous
phase, there by entrapping more drugs in the palymeoparticles. Percentage entrapment dependsgamio
phase and aqueous phase volume ratio. It sugdestslhange in phase volume ratio changed the enéaip

efficiency. This may be considered due to solvenydnteraction.

Fig 6: Percentage Drug Entrapment of Various NanopdicleFormulations
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In vitro release profile:

The In vitro release profiles of 12 formulations are shownhia tigureNo:7. The formulations shows a release to
maintain sustained and controlled release of thg.dhe apparatus Franz diffusion cell with constaniperature

bath used for the study of diffusion studies

Table No:3 Cumulative % Drug Release for Rivastignme Nanoparticle formulations

Time Cumulative % Drug Release
(hrs) Formulation Code
Al A2 A3 B1 B2 B3 C1 Cc2 C3 D1 D2 D3
05 | 18.77| 20.27| 20.08 2448 20.81 18.18 2213 19.02 851F.18.77| 16.69 13.6
1 22.47| 26.14| 2371 2794 2530 24.81 25|89 22.89 312[1.22.47| 19.08 19.7]
2 25.33| 31.06] 27.62 33.788 2843 29.46 2940 26.69.722p 25.33| 23.50 23.2
3 29.28 | 35.06] 32.99 3894 3241 3344 37|46 30.39 712p.29.28| 27.75 27.4%
4 33.69| 40.28] 38.20 4473 3754 3758 42|31 33.96 6533.33.69| 31.14] 31.6%
5 37.23| 45.76] 40.71 46.80 4042 42.16 45|53 39.42 7637.37.23| 35.04 35.2
6 41.28 | 48.35| 45.29 4955 45.06 45.30 49|09 43.73 364R.41.28| 38.75 38.02
7 4430 | 51.83] 4857 52.09 50.19 48.975 52|31 48.21.1844 44.30| 42.10 40.9
8 54.93| 66.58] 61.32 64.76 63.34 59.64 64|55 60.59 9055.54.93| 52.77] 51.64
9 59.88 | 72.45| 66.68 70.24 69.15 64.93 69|64 65.14 246p.59.88| 57.86 56.74
10 | 64.57| 7795 7476 7588 75747 70.15 74|78 70.21 6764.64.57| 63.22 61.8]
11 | 70.44| 84.09| 82.69 80.80 8142 76.50 79|34 74.67 187p.70.44| 70.00 66.34
12 | 76.73| 92.18| 88.27 88.27 87.09 82.65 83|74 78.99 887).76.73| 76.02 71.64
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Fig 7: In Vitro Drug Release Profile of different Nanoparticle Fomulations

Drug-release kinetics:
The release constant was calculated from the sibplee appropriate plots, and the regression agefft () was
determined. Percentage drug release data of brestition D1 fitted in Higuchi’s plot which was iiwétive of an
diffusion and/or erosion mechanisms followed byozerder

Table 4:Drug-release kinetics data of optimized fanulation [D1]

. Higuchi’'s Korsmeyer-Peppas model
Zero order First order model
Formulation code Regression Regression Regression Regression Slope Best fit model
G§) (R?) ®) (R) Q)
D 1 (Optimized 0.9841 0.9813 0.9819 0.9609 0.41 Zero order and Higuchi's
formulation) ) ) ) ) ) model
Higuchi model
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Fig 8 : Higuchi model Drug-release kinetics profi of optimized formulation
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Fig 10:First order model Drug-release kinetics profile of optimizedformulatior
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Fig 11:Korsmeyer-peppas Drugrelease kinetics profiles of optimized formulatiol

CONCLUSION

The present work is intendedfermulate and evaluate the nanoparticles of Rigastie, in view of increasing drt
bioavailability, timed release of drug moleculeg tustained effect of rivastigmine was obtainednftbe preser
nanoparticles formulations which enables precisinr targeting to the brain. In the current study, tb&eptial of
Polyethylene oxidéPEO) for the specific delivery of competitive ibior of AchE’s drug was investigatt

The polymeric nanoparticles of Rivastigmine weredemaip of drug an(polyethyleneoxide. Polyvinyl alcohol
(PVA) is used as stabilizer and surfactant. Théouarformulations wee designed by changing the dripolymer
and organic : aqueous phasatio. The prepared polymeric nanoparticles so formed werduated for %
Entrapment efficiency, and in vitro release prat

The % Entrapment efficiency of the forlation was affected by the drugolymer ratio in the formulatio It has
been showed that in@se in polymer concentration in organic phase asae drug entrapment due to increas
organic phase viscosity, which increases the didha resistance to drug molecules from organicspita aqueou
phase, there by entrapg more drugs in the pcmer nanoparticke Percentage entrapment depends on or
phase and aqueous phase volume ratio. It sugdestchange in phase volume ratio changed the enénaq
efficiency. This may be considered due to sol-drug interaction.

The in vitro drug release studies were performed vFranz diffusion cell.The formulation D1 having dr:
polymer ratio 1 :40 and organic : aqueous phase a2 showed a drug release of 76.73% for 12 himdigates the
increased bioavailability of the dn

Theformulation [D1] was selected as best formulatiasdd on % Entrapment efficiency and drug releadenas
subjected to determination of particle size andh zmitential, particle morphology, di-release kinetics, in-vitro
release studies.

The formulaion [D1] had particle size of 100.7nm and poly e@isity index of 0.232. The zeta potentigl i€ 34.8
mV. A particle size below 250 nm with a polydispsrindex near 0.25 was considered optimum. Theigeu
morphology of Rivastigmine loaded NPs wionfirmed by Transmission electron microgra,

Percentage drug release data of best formulatidh fiRed in Higuchi’s plot which was indicative afn diffusion
and/or erosion mechanisms.so present work was fulfilled by formulating Rivastigra polymeric nanoparticle
for passive targeting of brain controlled drug dety systemthere by increasing timed release of drug
bioavailability of the drug. Furthexgdies are needed toinvestigate these formulatamits performande vivo.
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