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ABSTRACT

The present study was to formulate nanoparticleBsNcontaining simvastatin (SV) prepared with Py L

Lactide-co- Glycolide) by nano-precipitation-solvedisplacement method to achieve a better releasdilg

suitable for per oral administration with enhancefficacy. The formulations were fabricated accogdia a 32 full

factorial design, allowing the simultaneous evaioat of two formulation independent variables anckith
interaction. The dependent variables that werecsetk for study were particle size and % drug entnapt. The

influence of various formulation factors (drug: poier ratio and concentration of surfactants) ontimde size, size
distribution, zeta potential, drug loading and epsalation efficiency were investigated. Encapsatatfficiency
and drug loading capacity were found to be increlaas drug concentration increases with respect dtymper.

Addition of surfactants showed a promising resnldecreasing particle size of NPs. Dissolution gtuelvealed
increased release of SV from NPs. Transmissiorrelfemicroscopy (TEM) study revealed spherical nhotpgy of
the developed NPs. Differential scanning calorimg®@SC) studies confirmed phase transition behawioNPs.

They also showed very significant change in satomagolubility in comparison with pure drug. Thevitro release
data follows matrix and first order release kinstimechanism, good correlation coefficient$ $/.9915) could be
obtained.

Keywords: antilipidemic activity, nanopatrticles, PLGA, sei displacement, simvastatin

INTRODUCTION

Recent days have seen tremendous strides in thkilgglenhancement of poorly soluble drugs [1]Iukdlity is an
important criterion for drug efficacy, independaftroute of administration. It also posses a majuallenge for
pharmaceutical industries, which are developing p&armaceutical products, since 40% of the actilestances
being identified are either insoluble or poorlywae in aqueous media. A limiting factor fiorvivo performance of
poorly water soluble drugs, following oral admingdion, is their resistance to being wetted anddpéissolved into
the fluid in the gastrointestinal tract. Increasthg dissolution rate of poorly water soluble drisgthus important
for optimizing bioavailability. The role of soluily enhancement is an attempt to shift the classifon of a drug (Il
— 1) in order to eliminate the problems associatéith wissolution-limited compounds [2-4]. Poor sdlity is in
most cases associated with poor bioavailability Thlere are two basic approaches to overcome thedilahility
problems of these drugs, increase of saturationbgi and dissolution velocity. However, many tife new
compounds, show such a low solubility that micraticm does not lead to a sufficient increase irabadability
after oral administration. Therefore the next s&q@n was nanonisation [6,7].

Over the last 10 years, nanoparticle (NP) enginggrrocesses have been developed and reportedHfaneement
of solubility of poorly aqueous soluble drugs. histapproach, poorly water soluble compounds amadtated as
nanometer sized drug particles. According to MuldPs are solid colloidal particles ranging in sizam 1 to 1000
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nm [8,9]. They have the advantage of having an eyerater surface area, and being characterizedeunl
micronized drugs, by an increase in saturationtslity[10,11].

Simvastatin (SV), which is a potent and effectiigdl lowering agent from the family of statins with good
tolerability profile, has systemic bioavailabilignly 5% [12,13]. SV is used to control hyperchaeskemia
(elevated cholesterol levels) and to prevent caedioular disease. SV is a powerful lipid lowerirggdthat can
decrease low density lipoprotein (LDL) levels by top50%. From recent research it has become apptraEnSV
inhibit the progression of atherosclerosis beydairteffects on LDL.

Exhaustive research has been carried out on irngedissolution and bioavailability of SV such ag&ronization
molecular dispersion, incorporation of surfactamslusion complexation with cyclodextrigrystal modification,
glass formation and co-precipitatiothese studies was explored earlidanoparticles have drawn greater attention
because of their solubilisation and transport prioge[14-16].

In the present study, attempt has been made tstigage the utility of a 3factorial design and optimization process
to develop and improve formulation of PLGA nanojgdes containing SV using nano-precipitation-solven
displacement method to achieve a better releadepsaitable forper oral administration with enhanced efficacy
than previous SV delivery [17,18].

MATERIALS AND METHODS

Simvastatin (SV) was a obtained from gift samptarfrAurobindo Pharmaceuticals Ltd., Hyderabad; KbBlyL
Lactide-co- Glycolide) (PLGA 50:50) was obtainedgés samples from Purac biochem Ltd. Netherlandyéhic F
68 was purchased from sigma chemicals, Mumbaiysimlbag (cellophane membrane, molecular weightotfut
10000-12000 Da, purchased from Hi-Media, Mumbadlidn All other reagents and chemicals used in shisly
were of analytical Grade.

Compatibility Studies

Compatibility of the simvastatin (SV) with PLGA ubst formulate nanoparticles (NPs) was establishad FTIR
spectrum and>SC thermogram analysis. FTIR & DSC spectral anglgé SV and combination of SV and PLGA
was carried out to investigate the changes in ct&ntomposition of the drug after combining it withe
excipients. Compatibility study was carried outBRIR (Jasco V-530) and DSC (TA-60, Instruments SI¥60,
USA).

Experimental Design

The formulations were fabricated according to &iB%actorial design, allowing the simultaneousakiation of two
formulation independent variables and their intéoac The experimental designs with correspondimgniilations

is shown in (Table 1& 2). The dependent variableg tvere selected for study were particle sizg énd % drug
entrapment (¥). The effect of the previously mentioned variableseniavestigated on the responses of the particle
size and the encapsulation efficiency [19].

Table 1. Experimental design and Parameters for 32ull Factorial design batches

Batch Variables level in coded Form

code X1 Xz
PS1 -1 -1
PS2 -1 0

PS3 -1 +1
PS4 0 -1
PS5 0 0

PS6 0 +1
PS7 +1 -1
PS8 +1 0

PS9 +1 +1

Table 2. Translation of coded levels to actual qudities

Coded Levels +1 0 -1
Drug: Polymer ratios . . .
1:3(150) 1:2 (100) 1:1 (50
(X2) (mg) (150)1:2 (100) - 1:1 (50)
PluronicF68 (%) % 0.4 0.3 0.2
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Preparation of PLGA Nanoparticles

PLGA nanoparticles were prepared by the nanoptatipn-solvent displacement method [20]. Accurately
measured simvastatin (SV) was dissolved in sufiiciguantity of acetone. Hydrophilic stabilizer maic F-68
(0.2%, 0.3% and 0.4 %) dissolved in distilled watekGA was solubilized in acetone at various cotrations
(2:1, 1:2 and 1:3. i.e 50mg, 100mg and 150mg). driganic phase was poured into the aqueous soldtmmwise,

at 1ml/min flow with syringe positioned with theeudte directly into stabilizer containing water, wtiwas stirred

at 5000 rpm for 2h, thus forming a milky colloidalspension. The organic solvent was evaporatedibg @& Rota
evaporator. All experiments were performed in tcgles. Nanoparticles (NP’s) were collected by GRmgation at
15,000 rpm for a period of 1h and supernants weeadded. The resultant dispersion was dried uaiffiggeze-
drying [21].

Characterization of Nanoparticles

Determination of particle size

The particle size and size distribution of the sigtatin (SV) loaded PLGA (50:50) nanoparticles elzaracterized
by photon correlation spectroscopy using a Zetag®80 Malvern Instruments, UK. Nanosuspension dinged
with filtered (0.22um) ultra pure water and analysed using Zeta sRelydispersity index is the ratio of weight of
average molecular mass to the number of averagecmal mass. Polydispersity was determined usatg df
particle size [22].

Determination of entrapment efficiency

The encapsulation efficiency of nanoparticles weteidnined by first separating the nanoparticlemémt from the
agueous medium by centrifugation at 15000 rpm for The amount of free SV in the supernaas measured by
UV spectrophotometery at 238 nm (Shimadzu UV-17@@pr suitable dilution. The SV entrapped in the
nanoparticles was calculated using formula (2).[23]

% Entrapment Efficiency- @ x100 )
p

Where, Tp is the total SV used to prepare the namicfes and Tf is the free SV in the supernant.

Determination of zeta potential
The zeta potential of the SV loaded PLGA nanogplartivas measured on a zetasizer (Malvern Instrusright).
All the samples were measured in water at 25°@plidate [24,25].

Percent process yield
Percent process yield was calculated as the weidhie lyophilized nanoparticle (NPs) from eachchahn relation
to the sum of starting material multiplied by huedir

Percent drug content

The lyophilized nanoparticle (NP’s) powder (10mggsadissolved in 1 ml methanol and volume was mad&au
mark in 10ml volumetric flask with phosphate bufféd 6.8. 0.1ml of above solution was further dituite 10 ml
and analyzed by spectrophotometrically at 238nne. 34 contents in nanoparticles (% w/w) were caleda

In vitro drug release study

In-vitro drug release studies were performed in USP TygksHolution apparatus at rotation speed of 50 rfime.

SV-loaded PLGA nanoparticles, after separation bmgtrifugation, were re-dispersed in 5mL phosphaiéeb

solution pH 6.8, and immersed in 900ml of phosplhaiféer solution in a vessel, and temperature wamtained at
37+0.20°C. The sample weight of formulations eqlgmaito 10mg of SV was used for dissolution studgquired
qguantity 5ml of the medium was withdrawn at spediine periods (5, 10, 20, 30, 60 min.) and theesaolume of
dissolution medium was replaced in the flask tontan a constant volume. The withdrawn samples \itezed

through a filter paper (0.2@gm, Whatman Inc., USA) and 5 ml filtrate was madetopsolume with 100ml of
Phosphate buffer pH 6.8. The samples were analgmeattug release by measuring the absorbance ah2B8sing
UV-visible spectrophotometer and calculated percentulative release of simvastatin (SV) [26].

Response Surface Analysis
The results from factorial design were evaluateidgu®CP Disso 2000 V3 software. Step wise backviaehr
regression analysis was used to develop polynosgjahtions for dependent variables particle siz¢ &vd % drug
entrapment (¥) equation (1).

Y= Bo + BrX1 + B2Xo+ BraXa® + BaoXo' + BroXoXo+ & Eq.. (1)
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Where, Y is the estimated response of dependemdblayf, arithmetic mean response of nine batches, fand
estimated coefficient for factor;XThe main effects (Xand %) represent average result of changing one fattar a
time from its low to high value. The interactiomrte(X;X,) shows how the response changes, when two faaters
simultaneously changed. The polynomial termg @ad %°) are included to investigate non-linearity. Thene is
the random error.

Fourier Transform Infrared Spectroscopy analysis

Fourier Transform Infrared Spectroscopy analysi$IR} infrared spectrum of simvastatin (SV), nanoichr
formulation was determined by using Fourier Transfénfrared Spectrophotometer (FTIR-4100, Shimad®ming
KBr dispersion method. To evaluate the moleculatest of nanoparticles and also for the drug intenastudy.

Differential scanning calorimetry analysis

Differential scanning calorimetry analysis (DSC)asarements were carried out on a modulated DS@umstt:
SDT Q600 V20.9 Build 20 equipped with a thermallgsia data system (TA instrument). Thermal datdymes of
the DSC thermograms were conducted using STARw&ardt(version 5.21). [27].

X-ray Diffraction Study

X-ray diffraction analysis (PXRD) was employed tetetct the crystallinity of the pure drug and thesNP
formulation, which was performed usingPhilips PW 3710 x-ray diffractometer (XRD) with appertarget and
nickel filter (Philips Electronic Inst, Holland).RD diffraction pattern oSV, Physical mixture and PS6 batch was
obtained and peak intensity was calculated usifigg&lue by spekwin software 32 v 1.71.6.

Scanning electron microscopy study

The morphology of nanoparticles was examined bygusicanning electron microscopy (SEM, JSM-6360LV
scanning microscope Tokyo, Japan). SEM has beeahtasgetermine particle size distribution, surfémgography,
texture and examine the morphology of fracturedemtioned surface.

Transmission electron microscopy study
The morphology of nanoparticles was observed bydmrassion electron microscopy instrument (TEM, TetkZ,
20 U- Twin, FEI, Netherland).

RESULTS AND DISCUSSION

Compatibility Studies

FTIR studies that the fundamental peaks of SVratained. Comply with peak of PLGA and SV, indic#tat
SVcompatible with the PLGA and pluronic F68. DSC@weuof simvastatin (SV) /PLGA physical mixture srexva
glass transition peak at 33.83°C correspondingad™GA, followed by the endothermal melting peak38.98°C
indicating its crystalline nature (the endothermalue was 25.73 j/g). Results from FTIR and DS@cspms
indicate that there was no chemical interactiowben simvastatin (SV) and excipients used in thenfibation
hence, can be used in the formulation of nanopesti¢NPs). The solubility of SV was 16.82+0uganl.
Simvastatin-loaded nanoparticles resulted in marinsupersaturated concentrations from nanopartitiesce
increase in solubility after 48h (81.58 +1,@8Mml) in comparison with simvastatin pure drug, inerease in
solubility approximately 5 fold.

Particle size and Polydispersity index

The results of mean particle size and Polydispemsitex (Pl) of prepared nanoparticles batcheshosvn in (Table
3). Analysis of results indicates that particleesrange was 100- 300 nm. As the concentrationL@Awas
increased, particle size also increased but Plaéé8 surfactant concentration played importarg nelmaintaining
particle size in submicron range, which is evideoin particle size of batch PS6, which was 1222k with 0.4
% surfactant concentration and 100 mg of PLGA w(ith2) proportion of SV and PLGA. Particle size of
nanoparticles was not only dependent on the PLGAuatnused in formulation but also dependent orPtlueonic
F68 surfactant concentration (i.e increase conatalr of surfactant, decease particle size of narimbes, which
when optimum, submicron particle size was achievl low particle size distribution. Particle siné optimized
batch of PS6 shown in Fig.1. Polydispersity indeX (©f prepared nanoparticles batches were fourttierrange
0.4508 to 0.9669, which was near to 1 for all namtgles batches.
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Fig.1: Particle size of nanoparticles of PS6 batch

Percentage entrapment efficiency (EE)
The percentage entrapment efficiency of batchegimyestigation was in the range of 70.0- 85.48%ich PS6
showed entrapment efficiency 85.43 + 0.49% show(ilable 3). The entrapment efficiency not only degseon

the PLGA concentration but also depends on theadrettion of surfactant useBrepared nanoparticles batches,

PS6 batch zeta potential was

(-23.32 = Q.8Bans near to range, which indicates good physiahility of
nanoparticles, shown in (Table 3) and figure 2. ¥h@rocess yield of all nanoparticles batches vieusad to be
from 81.56 + 0.59% to 89.62+ 0.93%. The result edvehat % loss of all batches is very negligibleing
processing of freeze-drying, shown in (Table 3).

Mobility Distribution
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Table 3: Average particle size, % drug EntrapmentpPl, Zeta potential, % Process yield and % Drug cotent of nanoparticles

Fig. 2: Zeta potential of nanoparticles of PS6 batc

Particle Polydis % drug Zeta
%%tgg size persity Entrap potential %yl?é?diess 2/852?1%
(nm) * Index (PI) ment* (Mv) *
PS1 212+351 0.9669 80.23+0.31 -13.93+0.02 81.56 £0.59 91.27 +0.56
PS2 189 +2.08 0.9259 77.25+0.76 -17.65+0.02 84.23+0.45 89.70+0.33
PS3 175+1.01 04860 70.59+0.62 -19.56+0.03 86.65+0.60 86.07 +0.93
PS4 209+152 0.8133 79.40+0.90 -14.26+0.02 85.69+£0.49 96.08 +0.37
PS5 140 +2.08 0.7928 76.57 £0.92 -21.53+0.02 87.95+0.75 95.26 £0.77
PS6 122+152 04508 85.43+0.49 -23.32+0.01 89.62+0.93 98.48 +0.44
PS7 293+2.64 0.9522 84.18+0.22 -15.95+0.01 88.25+0.43 93.96 +0.42
PS8 272 +3.05 0.9264 81.25+0.27 -16.58 +0.01 87.67 £0.66 92.85+0.27
PS9 205+251 0.8146 79.03+0.94 -12.04+0.02 85.54 +0.87 90.68 +0.35

* Indicates average +S[h=3)
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Drug content determination

The drug content of the freeze dried nanopartiokshes were determined by UV-visible spectroscopthod at
238 nm. Drug content of optimized PS6 batch wasdowo be 94.48 + 0.44 % respectively, shown in ([@&).
Low loss of drug content of optimized PS6 batchriyfreeze drying resulted in good recovery of naarticles.

Invitro drug release study

In vitro drug release studies were carried out using USF Tlygissolution apparatus, at rotation speed of{B0.
The cumulative percentage drug release of SV irsptate buffer pH 6.8 medium of PS1-PS9 batches sferen

in fig. 2. The release rate of nanoparticles bfudibn and biodegradation procekss generally anticipated from a
bulk eroding polymer such as 50:50 PLGA to giveradtial burst releasewhich may be probably due to the drug
that was close to the surface of the nanoparti€esnulative drug release for all formulations bathS1-PS9
were found to be 77.24+ 0.317% to 96.53 = 0.5018peetively, after 60min. Cumulative drug releaseH86 was
found to be 96.53 £ 0.501% respectively, after 60rRinally, it can be concluded that smaller theipl@ size of
nanoparticle their surface area will be more arddiug release is fastérhe in vitro release data of the optimized
formulation was compared with different kinetic netsl to select the best fitting model. Good coriefat
coefficients (R > 0.9915) could be obtained. The drug release fallomatrix and first order release kinetics
mechanism.

100 A

90 41

% 80 A
v 97 ——Ps1
2 60 - —= PS2
5 —a—PsS3

S 50 A
> PS4
% 40 - —%—PS5
=] 30 A —e— PS6
§ ——PS7
20 4 — PS8
10 - ——PS9

0 L] L] L] L] ) 1
0 5 10 20 30 60
TIME (Min)

Fig. 3: In vitro drug release of PS1-PS9 batch

Development of Polynomial Equations

The experimental design and Parameters in (Tab& 2) for factorial formulations PS1 to PS9, polyniain
equations for two dependent variables, particle siad % drug entrapment have been derived using Bi€3¥®
2000 V.3 software.

The equation derived for particle size is:

Y1 =157.15 + 33.6125 X1 — 35.333 X2 + 68.6125 X0.2250 X3 — 7.6750 X1 X2 Eq. (2)
The equation derived for % drug entrapment is:

Y2 = 79.2367+ 2.5358X1 — 1.460X2 — 1.9075°%11.8450 X2+ 1.1750X1X2 Eq) (

In equation no. (2) negative sign for coefficiefitX® indicates that the particle size of nanopéeticincreases,
when concentration of stabilizer Pluronic F68 isrdased and positive sign for coefficient of X1ligade positive
effect of concentration PLGA on patrticle size. tjuation no. (3), positive sign for coefficient ofl Xndicates that
the % drug entrapment increases, when concentrafié®?. GA increases and negative sign for coefficiehX2
indicates that % drug entrapment of nanoparticleseases, when concentration of stabilizer Plurdni€é8
decreasesThe closeness of predicted and observed valugsafticle size and % drug entrapment indicates irglid
of derived equations for dependent variables. Tat alearly indicates that the particle size anttapment
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efficiency are strongly dependent on the seleatdépendent variables i.e PLGA and pluronic F 68eatration.
The values of the correlation coefficient indicgted fit.

Response Surface Plots

The response surface plots of particle size andui entrapment are shown in fig. 4 & 5 respectivélye response
surface plots illustrate that as concentration bGR increases, the value of dependent variabletigharsize
increases and as concentration of Pluronic F 6&ases the value of dependent variable, particke decreases.
Similarly the response surface plots for % drugagrhent shows positive effects of independent bbgjdPLGA
concentration and negative effect of other indepahdariable, concentration of Pluronic F68.

Response curve
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W200-250

0150-200

Particle Size(nm)

0100-150

@50-100

00-50

0
0.2 Pleuronic F-68
0.4
0.6
0.8

Figure 4. Response surface plot showing effect @fdtorial variables on particle size
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Figure 5. Response surface plot showing effect faictorial variables on % drug entrapment

Fourier Transform Infrared Spectroscopy study
The results of FTIR spectrum reveal few minor &hiftof peaks but no major changes as well as ne tds
functional peaks. This indicates absence of chdnmitaraction or any changes in chemical compasitid SV
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during freeze drying of nanoparticle dispersione Tompliance of FTIR spectrum of SV in freeze dfimnulation
with standard SV reveals the stability of SV. Tivertain spectra of pure drug simvastatin, PLGA, g8l mixture
and freeze dried optimized batch PS6 shown irgfig.
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—— AJS- PMS.sp
0.6 AJS- PLGAsp
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o
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T 04 -
* g
= —
m/\’ﬂ NJ
02 \ ‘ o
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Fig. 6: FTIR spectrum of SV, PLGA, Physical mixture and optimized nanoparticles

Differential Scanning Calorimetry study

The DSC curves of commercial SV shows a broad éedot ranging from 135 to 160°C indicating the lo$s
water and by a single, sharp melting endothermad ja¢ 139.53°C, which corresponded to its intrimsaiting point
indicating its crystalline nature (the endothermadue was 40.65 j/g). PLGA exhibited a glass ttémsipeak at
34.91°C and no melting endothermic peak was obdeherause PLGA appears less crystalline in naiime DSC
curve of SV /PLGA physical mixture showed a glasmsition peak at 33.83°C corresponding to the PLGA
followed by the endothermal melting peak at 138®@8fdicating its crystalline nature (the endotherwélue was
25.73 j/g). However, no sharp endotherm was sedi3@tl9°C for the simvastatin nanoparticles ancbtratmic
value was 3.12fg), suggesting that SV in nanoparticles was mdbaty dispersed as a less crystalline form. This
SV as amorphous after being precipitated as natiolesr its melting point was decreased indicatieduced
crystallinity.

235
—— PFPLGADM

— - AJIFIEC0

_—— AJT-28a 001
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Fig.7: DSC thermogram of SV, PLGA, Physical mixtue and optimized nanoparticles
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The degree of crystallinity of lyophilized nanopelds was calculated by comparing the enthalpyasfaparticles
with the enthalpy of SV pure drug. The crystallniff SV pure, physical mixture (1:1 SV & PLGA) ahaphilized

PS6 batch was 1009%3.29 %and 07.68 % respectively. The melting points of $kysical mixture (1:1) and
lyophilised PS6 batch was 139.53 °C, 138.98 °C @19 °C respectively, results are depicted irbi@a).
Overlain Differential Scanning Calorimetry thermangr is shown in fig. 7Hence it could be concluded that in both
the prepared PLGA nanoparticles loaded SV was ptese the less crystalline phase and may have been
homogeneously dispersed in the PLGA matrix.

X-ray Diffraction Study

The nanoparticles prepared with PLGA of PS6 batels wharacterized by less intensity of the diffattpeak,
when compared to that of SV, which demonstratesttieachemical structure of the drug was not chdrgfore

and after the precipitation process. This clearglidates the significant reduction in the cryststha of the

precipitated SV nanoparticles and the less ordergdtals were in majority and the amorphous stateilev
contribute to the higher drug loading capacitywas confirmed that simvastatin existed in amorghstate in the
SV nanopatrticles because of the disappeared skafpgi SV in the diffraction pattern. The overlapectra of SV,
PLGA, physical mixture and PS6 batch were showfigirg.

PS6

Peak Intensity

1,
. PLGA

e Physical
mixture

Sinrastatin
U —

(L 10 20 30 40 50 (11
Angle 2 &

Fig. 8: PXRD peak of SV, PLGA, Physical mixture ad optimized nanoparticles

Scanning electron microscopy study

It can be revealed from the SEM of SV pure drug #tensisted of a mixture of needle-shaped largstaly,

indicating its crystalline nature. However, thegaed SV-loaded PLGA nanoparticles of batch PS6ahddastic
change in the morphology and shape of drug, neathgrical shape with a relatively uniform size bbat 122 nm
in diameter and no drug crystals were present moparticles. The SEM of SV pure drug (A), PS6 (B)dhes were
nearly spherical in shape shown in fig. 9.

Fig. 9: SEM of simvastatin nanoparticles
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Transmission electron microscopy study
The morphology of nanoparticles was observed byhdmassion electron microscopy (TEM)of optimized dhat
PS6, spherical shape and uniform size, shown irlfig

Fig. 10: TEM of simvastatin nanoparticles

Stability studies

Stability studies results indicate that after the 21 and 3 months accelerated stability studies alsveo
morphological changes but particle size increadrey content and % cumulative release decreasedrioparticles
dispersion,127+0.2, 95.22+0.2 and 95.48+ 0.2 raspdy. There was no morphological changes butigarsize
increased, drug content and % cumulative releaseedsed in freeze dried nanopatrticles, 143 + Z8530.6 and
95.54+ 0.1 respectively. After the 1, 2 and 3 merdhcelerated stability studies reveals that % tatiwe release
decreased in pure tablet, marketed tablet and drdeed nanoparticles tablets results shown inetdblThus we
may conclude that the drug does not undergo detjoadan storage ( Lourenco C et al. 1996).

Table 4: Changes in particle size, % drug contentrad % cumulative release of freeze dried optimizeddtch (PS6) during stability

Time of Freeze dried optimized batch (PS6)
sampling Particle size (nm * % drug content* % Cumulative release
(month) Zero timing After Zero After sampling Zero After sampling
sampling timing timing
1 135+3.2 139+4.5 9448 +0.4 94105 963+ 96.13+ 0.7
2 135+3.2 14120 94.48 £ 0.4 93.82+0.3 96.6% 95.78+ 0.1
3 135+3.2 143+25 94.48 £ 0.4 93.35+0.6 96.6% 95.54+ 0.1

* Indicates average +SI[h=3)
CONCLUSION

The present study was carried out to develop natioles of SV in order to enhance solubility, disgimn and
bioavailability by decreasing the particle sizelod drug. Successful incorporation of SV drug wasied out in to
nanoparticles by precipitation-solvent displacememéthod. DSC studies result reveals that the peepar
nanoparticles were present in the amorphous phagdenay have been homogeneously dispersed in thenpol
matrix. SEM and TEM studies prepared nanopartislese spherical in shape and no drug crystals wersept.
Cumulative drug release for all formulations batcR&1-PS9 were found to be 77.24+ 0.317% to 96 33@1%
respectively, after 60min. The in vitro releaseadattthe optimized formulation was compared witliedent kinetic
models to select the best fitting model. Good datien coefficients (R> 0.9915) could be obtained. The drug
release follows matrix and first order release #asemechanism.

Thus resulting in improved therapeutic outcome,reéhg minimizing the dose-dependent adverse effaois
maximizing the patients compliance.
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