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ABSTRACT

Carbamazepine is used in the treatment of epilepsyjt is having limitations such as low solulilieading to

lower oral bioavailability. Carbamazepine convemii formulation despite having good anti epilefittivity, its

therapeutic activity was limited due to its slonwddimited release in gastrointestinal tract. So thejor objective
was to formulate polymeric nanopatrticles, which d¢aorease solubility and drug release along wittstained

release property of the drug. In the present studwas proposed to develop nanotechnology-basstesys, for
selected poorly water-soluble drug carbamazepinagu®LGA as polymer (with different drug: polymetios)

selected randomly by factorial method designing arad expected to improve dissolution properties thay

increase its bioavailability. The polymeric nanofieles were subjected to particle size evaluat®BEM study, drug
content, entrapment efficiency and in vitro relesgalies. Nanoparticles with drug: polymer ratiolof has shown
a particle size, drug loading and entrapment eéficy of 130+2.1nm, 61.28% and 18.15 % respecti@btimized

batch in drug: polymer ratio of 1:1 has shown a tgde size, drug loading and entrapment efficierafy
126.840.19m, 34.8140.01% and 64.2840.09% respettiv€ontour plots and 3D-scatter plots were dravam f
statistical supportive evaluation in optimizatiosing Minitab 17. In vitro drug release studies cdoled that

carbamazepine nanopatrticles released drug in bighpattern by initial burst release of 5040.12% kit 4 hours,

which was followed by sustained release of 89.92H% till 24 hours concluding its solubility enhanoent.
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INTRODUCTION

Epilepsy is a disease characterized by recurrdatires, which are nothing but episodes of paroxysnearal
discharge$1]. Twice or thrice the mortality was observedpeople facing epilepsy when compared to regular
population[2]. Most of the newly developed molecules for tre@nt of epilepsy are suffering from variability in
absorption that limits their therapeutic efficaayhich can be attributed to their change in phydieoaical
properties. Most of the drug delivery to brain bagn limited mainly due to the lower solubility.opharmaceutical
Classification system (BCS class) Il indicates lssubility and high permeability for the drug malées. As the
drug is having low solubility, it dissolute very iy so it delays the absorption that indicatesrtte of dissolution

is the controlling step for absorption [3-4].

This gives us an indication to follow another agmio to enhance its solubility and also sustaintsgrelease.
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Nanopatrticulate approach has been successfullypncated to some extent and also been filed famathich are
waiting for successful release into the markeipftbww.google.co.in/patents/W02004078162A1?cl=8g.more
research was needed in order to prepare effeciweparticulate formulations, which can deliver thag in the
intended therapeutic dose and also sustainingliégsige. Topiramate is the drug, which has beed fide patent for
use for epilepsy that was formulated in nano fadanoparticulate approach also offers site spetifmiving to its
sub micron sizgs].

Also the nano scale has shown their ability to peakate both hydrophilic and hydrophobic drugs. Mafsthe
drugs in nanoparticulate systems shows better GiXgeted drug therapy because of improved penatratidhe
active pharmaceutical ingredient (API) leading ¢duced risk when compared with the conventionahtdation
[6]. Nanoparticles also can achieve reduced toxtaitperipheral organs.

The idea behind selecting carbamazepine as adtigenaceutical ingredient is that it is an effectargi-epileptic
drug, which is characterized by irregular and ofiezw absorption into the systemic circulatjgh Despite having
good anti epileptic activity, it belongs to BCSsddl which indicates low solubility and high perahédity leading
to oral bioavailability owing to its slow and limaitl release in gastro intestinal tf@t Significant decrease in the
elimination half-life was observed when carbamazepis administered repeatedly which is attributedatito
induction. It shows an elimination half-life of durs when given as single dose and it was loweréeks than 12
hours on chronic dosing [9-10].

Polymeric nanoparticles has gained attraction fagdielivery systems in the last few decades owaritpeir ability
to deliver the drug in a controlled manner at tite af actior{11]. Biodegradable nanoparticles were lot mordulse
for developing controlled/sustained release andblmompliant to patiefit2] Also biodegradable nanoparticles
can provide constant rate of degradation, whichlmeneficial in term of sustained release appr¢a8]. Poly
(lactide-co-glycolide) (PLGA) can be chosen aspgblmer because it is selected widely in prepaviaigous drugs
and protein§l4-16] and also used for the marketed products tikkcroparticles, which conforms to its applicaili
[17-18]. These biodegradable nanoparticles usinGAlthat can deliver controlled drug delivery cauluee the
serious systemic side effects caused by the dragnéstration [19-20]. Particle size, surface mongolyy, size
distribution, drug content have a major effect lo& ¢ontrolled drug release from the hydrophobig {2].

So this motivates us to formulate carbamazepingnpalic nanoparticles by encapsulating this hydrayharug
inside PLGA. PLGA polymeric nanoparticles were preggl by solvent evaporation method using differatibs of
polymer, which gives best particle size, surfacephology, drug content etc. The prepared polymesicoparticles
has to improve the solubility and achieve sustairedeiase property of carbamazepine which may hedpdtug to
overcome its poor oral bioavailability that may bgnit therapeutic activity, which has been presly lowered
because of its poor pharmacokinetics.

EXPERIMENTAL SECTION

Materials

Carbamazepine, used as active pharmaceutical iegtedas obtained from Sigma Aldrich, Mumbai. PL@Ad
Acetonitrile were obtained from Sigma Aldrich, Muaibthat was used as polymer and solvent respegtivel
Polyvinyl alcohol was obtained from BDH LaboratarieAll other chemicals were of analytical grade.ubly
distilled water was used throughout the study.

Preparation of carbamazepine-PL GA nanoparticles

The method used for the preparation of PLGA nartapes containing carbamazepine is solvent emaksiidn
evaporation technique. Different ratios of druglypeer (1:1, 1:2, 1:3, 1:4, 1:5) was selected ineortth optimize the
best one and also to observe the effect of polynehe formulation. Acetonitrile was used as orgadlvent and
PVA as surfactant in a fixed concentration of 0.6%6. Drug was dissolved in ethanol with varying yuokr ratios
(1:1,12:2,1:3,1:4,1:5). Then it was followed by admh of aqueous surfactant polyvinyl alcohol usimgh-speed
emulsifier and was stirred continuously for 3 houreen the emulsion was subjected to centrifugat®IGMA,
Germany) for 30 minutes at 12000 rpm. Supernatast emoved and washed repeatedly three times éjetsed
to lyophilisation using 5% mannitol as cryoprotettéChrist Alpha 2-4 LD, Freeze Drying Solution)J

The selected ratios for the methodology were setebased on the factorial design using design pé/xentation
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(DOE) by Minitab 17 software. The effect of the iehles has been studied thoroughly and the methasl w
optimized properly. The effect of the lipid on thietrapment efficiency was screened using DOE.

Characterization of Nanoparticles

Differential scanning calorimetry (DSC) [22]

DSC analysis was performed using DSC Q200(TA imsémts, Mumbai, India). DSC analysis was performad f
PLGA, carbamazepine, physical dispersion of carlzapiae and PLGA, carbamazepine polymeric nanopestic
The samples were kept in aluminium pans and hexdtadate of 10C per/minin a 30 to 300 C temperature under
nitrogen flow of 40 mL/min.

X-ray diffraction studies (XRD) [23]

Molecular arrangements of drug carbamazepine imopaniculate formulations were performed on an ¥X-ra
diffractometer (PANalytical X'pert PRO; Lelyweg,klo, The Netherlands) using Culadiation. The data were
collected over an angular range from 3 degree$ tdegrees 2in continuous mode using a step size of 0.02 degre
26 and step time of 5 seconds. XRD analysis was padd for PLGA, Carbamazepine, physical dispersibn o
carbamazepine and PLGA, Carbamazepine polymericpzaticles.

Particle size and zeta potential [24]

The average particle size and zeta potential ot#tbamazepine-PLGA nanoparticles were determiryepikticle
Size Analyzer (Zetasizer Ver System;Malvern Insteats Ltd, Malvern, UK). Nano suspension was diluaed
filtered (0.22um) with ultra pure water to analyeticle size.

Drug content and Entrapment efficiency [25]

Freeze dried nanoparticles were collected and etedufor drug content and entrapment efficiencyndyearticles
need to be added to the solvent for removal of dbat. Nanoparticles (20mg) suspension was subjettted
evaporation for further removal of the solvent prio filtration. Then the residue was washed anlditel
appropriately with phosphate buffer of pH 7.4 téedmine drug content and entrapment efficiency. @amwere
measured at an absorbance of 285 nm in Double hedhSpectrophotometer. The effect of the lipid gadticle
size on the entrapment efficiency was performedgu€)OE by Minitab 17 software. They were shown &8s 3
surface plots and contour plots in order to deteenthe best lipid and particle size range. Drugeatnoading and
entrapment efficiency of gliclazide in nanoparticigere determined by the following equations

Weight of drug in nanopatrticle
Drug loading content (% w/w) = x100
Weight of nanoparticle recovered

Weight of the drug in nanoparticle
Entrapment efficiency (%) = x 100
Weight of the drug fediely

Statistical analysis

Statistical analysis was performed for differenhialae by applying factorial design using DOE bynlab 17. The
effect of the lipid and particle size of differdotmulations on the entrapment efficiency was foontto optimize
the best formulation for further studies. 3D suefgbots and contour plots were drawn for supporthegselected
ratios and selected formulations.

Scanning electron microscopy (SEM) [26]

Scanning electron microscopy (SEM) was used tofwarniformity of particle shape and size. Freezedlr
nanoparticles were resuspended in distilled watérvaere later dropped onto a silicon grid and ddeder room
temperature. The nanoparticle suspension was vaooated with gold for 3min. The surface morpholadythe
samples was observed under a scanning electrowsoape (JEOL-JAPAN) operated at 15-keV pulse &traifit
resolutions.

Invitro drug release study [24]

In vitro release of carbamazepine from the polymeric natiofgs was evaluated by performiimg vitro studies
using USP type Il (TDT 08T, Electro-lab, Mumbai, Maashtra, India) dissolution test apparatus. Ditism test
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was conducted in phosphate buffét p.4, which was maintained at 37°6, and paddle rotation speed was
maintained at 100 rpm. The main rationale behindctieg phosphate buffer(PB) of' 7.4 as carbamazepine is a
hydrophobic drug it was found to be appreciably ensoluble (2-4 times) in phosphate buffer Bff4 as solvent.
Nanoparticles were suspended in 900 ml of PB wathtiouous stirring at 100 rpm. Samples were witlwdr from
the dissolution medium at particular time intervalsd replenished with fresh buffer after each sargplThe
sample solutions were filtered and diluted up tondl0and the absorbance was measured at 285 nm dsirge
Beam UV/VIS spectrophotometer. The study was dongiplicate, which suggest each data point initheitro
release graph represents an average of three messus. The drug release was followed till 24 howith
samples at 0.15,0.30, 1, 2, 4, 6,8,10,12 and 2#shinwrder to conclude its sustained release prppe

RESULTSAND DISCUSSION

Differential Scanning Calorimetry (DSC)

Thermogram of carbamazepine, PLGA, physical dispersf PLGA and carbamazepine, carbamazepine-PLGA
polymeric nanoparticles was illustrated figure number 1. The DSC curve of carbamazepine exhibited
corresponding peak at peak temperature of 286c®rresponding to its melting point. Polymer PL&&d shown
peak at a temperature of 62289 Carbamazepine PLGA polymeric nanoparticles tsgavn a minor peak at &2

and peak position of active pharmaceutical ingmdieas found to be vanished, which can be attribtiethe fact
that drug can be molecularly dispersed into thgrpet matrix. Physical dispersion has shown pealég2afC and
181.2C, which corresponds to the polymer and active phaeutical ingredient. This shows the distincticonf

the polymeric nanoparticles where the peak wasddarbe vanished indicating its chances of entrajpme

0 ' ' B

mYy

Temperature (C)

FigureNumber 1 Overlaid DSC Thermogram of (A) Carbamazepine (B) PLGA (C) physical mixtur e of carbamazepine and PLGA(D)
Carbamazepine polymeric nanoparticles
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Polymeric nanoparticles have exhibited reductiothim height and thickness of the peaks that caatthibuted to
the presence of the polymer as the drug aloneh@srspeak that was of more height and thicknesss@lstudies
further strengthen the evidence that there is ctibifity between the drug and the polymers and #itsochance of
entrapment of drug inside the polymer in the polsimeanoparticles. The DSC studies supports ouomate, as
stability is the primary concern, which can effda formulation in many ways. To achieve stabildgmpatibility
between the drug and the polymer must be ensurathwhn be confirmed by the DSC and further by X®dies.

XRD studies

An XRD peak mainly depends on the crystal sizehay indicate the crystalline nature at particulalue at 2
range. In this study, pure drug carbamazepine hadis a sharp single peak and the highest oné atjdals 16.%
that indicates its crystalline nature and also mipeaks were observed at’1Polymer PLGA diffractogram had
shown peaks at 22 4vhich can be seen in Figure number 2.

Noticeable change was found in the diffractografisuoe polymer and drug loaded polymeric nanoplagicThere
was change in intensity of the peak, which can bserved in the figure number 2 that can be atteidhub
dispersion of drug in molecular level leading tovéw level of detection. Moreover the slight disagmaece of the
carbamazepine peak indicates the entrapment ofidsige the polymer and also indicates the amorplstate of
the encapsulated drug.
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Figure Number 2 Overlaid XRD pattern of (A) Carbamazepine (B) PLGA (C) Physical mixture of PLGA and car bamazepine (D)
Carbamazepine polymeric nanoparticles

Particle size and zeta potential analysis

The mean patrticle size of carbamazepine nanopestighs found to be smaller than 130 nm. Partigke giays an
important role in the drug delivery to the brain reanoparticles with smaller size can easily crdes larrier
comparable to the particles with size more thanmn&@0Also decrease in the particle size leads toease in the
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surface area particularly effective surface ardachvleads to increase in solubility of the hydropit drug. So the
nanoparticles size range was found to be satisfaattd was according to the specifications. This parformed in
replicate of three times (n=3) in order to ens@roducibility to minimize the error. PDI valuesn@dound to be
lesser than 0.2, which indicates that the systesrahalatively narrow distribution. Zeta potentials found to be in
the limit and it further proves the stability ofetiprepared polymeric nanoparticles, which justiftes rationale of
preparing stable nanoparticles, as stable nanofggtcan be easily dispersed which enhances itbiitl. The

results evaluated were shown for different ratibdrag: polymer in Table number 1. The particleesiatensity for
drug: polymer ratio of 1:1 was 126.8+ 0.19nm, whietm be seen in Figure Number 3. This ratio wasdao be
satisfactory and can be optimized among the afidajuating the entrapment efficiency, which wasficored later.

Table Number 1 Particle Size, Entrapment efficiencies and Drug loading (%) of Carbamazepine polymeric nanoparticles

Drug: Polymer ratio  Particlesize(nm) Entrapment efficiency (%) Drug loading (%)

11 126.8+0.19 64.28+0.09 34.81+0.01
1:2 131.7+0.17 58.12+0.10 33.21+0.14
1:3 147.1+1.01 47.28+1.07 28.14+0.19
14 181.2+0.12 41.2840.05 22.81£0.23
15 242.2+0.09 31.1240.07 15.91+1.25
10
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Figure number 3 Aver age particle size of carbamazepine PL GA nanoparticles

Drug Loading and Entrapment efficiency studies

The reason behind selecting polymeric nanopartiol solid lipid nanoparticles is their ability get drug
incorporated and also exhibit more encapsulatidicieficy. Entrapment efficiency is considered asiraportant
parameter as improper entrapment leads to thealititirst release of the drug, which hinders itganed release
property. Also intended therapeutic dose has tavmlable for the formulation to achieve requirbgrapeutic

effect. Entrapment efficiency of all the polymempgarticles made of different polymer ratios wasvah in Table
Number 1.

Based on the evaluation parameters of entrapméioteety and drug content, 5-FU polymeric nanopéet of
ratio 1:1 (126.8+ 0.19nm) was optimized. The polsim@anoparticles of drug: polymer ratio of 1:1 ls®wn an
entrapment efficiency of 64.28+0.09%, which wasnfduto be good for hydrophobic drug. As the polymer
concentration increased, there was a noticeablegehin the entrapment efficiency as it keeps omedesing, which
may be due to the formation of more compact polyowat, which hinders the proper entrapment of tlwg.dThis
was observed as contrary to the some researchas teepolymeric concentration increases, it causectase in
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polymer ratio of 1:5 has shown eptnant

the entrapment efficiency. Carbamazepine nanopestiwith drug

efficiency of 31% which was very low consideringetfact that improper entrapment of intended druly lead to

the decreased therapeutic effect.

Contour Plot of EE vs Polymer, PS
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220
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Figure number 4 Contour plot of Entrapment efficiency versusLipid and Particlesize
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Figure number 5 3D-Scatter plot for Entrapment Efficiency
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The optimized ratio of 1:1 ratio of carbamazepia@aoparticles was given primary importance for fertktudies.
Also the particle size of the optimized ratios viasnd satisfactory which enables us to considéoritfurtherin
vitro release studies.

Further the effect of the particle size and PLGAswaoroughly proven by using full factorial desigontour plot
and 3D-scatter plots were generated using Minifgbahich was shown in Figure number 4 and 5 respadgt The
scatter plot has shown the influence of the difieratios of the polymer and particle size on timéragppment
efficiency. The best was selected based on thistgtat data supportive evaluation. In the graptait be seen that
the polymer ratio of 1 has correlated with the Bigthentrapment efficiency and also the lowest gartsize.
Contour plot further strengthens the evidence ithdicates the various colored regions with differentrapment
efficiency.

Scanning electron microscopy

Scanning electron microscopy was performed for pekyc nanoparticles with drug: polymer ratio of tolobtain
more information on the particle size and morphglothe photos of polymeric nanoparticles had shéveat the
formulated carbamazepine polymeric nanoparticleBLdBA polymer were of spherical shape with sizegeafrom
112 to 139 nm, which were shown in Figure Number 6.

The other major aspect where the polymeric nanigbest were considered advantageous was becaudeeiof t
smooth surface. The presence of smooth surfaceilwates to the drug release in sustained manndrargrto the
rough surface. So the nanoparticles sustained gyopan be evaluated in further studies as sudlaielease of the
drug have major benefits to the patient reducimgftequency of the administration.

Kag Sinm () % M I o
1000 ;12 pm

Figure number 6 SEM image of Car bamazepine PL GA nanoparticles (Drug:polymer ratio of 1:1)
Invitro drug release studies

The cumulative percentage drug release from carbepide polymeric nanoparticles with drug: polymatia of
1:1 was observed by using dissolution test appsratubuffer p' 7.4. This was shown in figure number 7.
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Carbamazepine nanoparticles released 50 perceotdge drug with in 4 hours, which correlates witle onset of
action. Later the nanoparticles has shown significustained release effect by prolonging the drlgase at
89.92+0.01% till 24 hours. The use of the polymeGR has a significant effect on the drug sustaireldase over
a prolonged time, but the initial drug release mtian 50+0.12% with in 4 hours can be attributedhi® part of
unencapsulated drug inside the polymer. This sug@esitro drug release exhibited biphasic pattern by inkiaist

release followed by sustained release. Pure drugjalsd used in order to the compare the effectasemdé the
carbamazepine polymeric nanoparticles. Pure drug ihidially shown an increased release of the dmigen

compared to the nanoparticles till one hour, thedter 90 minutes it has reached 49.21+ 0.02%. Tmeutative

drug release was observed constant for the purg, dvhich did not increase with increase in the timich

elevates the importance of sustained release pyopfethe polymeric nanoparticles

So the main rationale behind opting forvitro studies is to find the drug release at particinitarvals, which gives
us an indication about the solubility of the drircreased release of the drug correlates withrtbeeased solubility
which can be attributed to the fact that lower ipbatsize of the nanoparticles had caused an isergathe effective
surface area which in turn increases the solubilityis supports our rationale of increasing soltyhilwhich may
improve the drug oral bioavailability due to thelymoeric nanoparticles with sustained release ptgp&o this
formulation can be used as an alternative to tha epnventional formulation, which suffers poor lora
bioavailability to the low solubility of the drug.

—wanopartckes

e Drug

Cumulative drug release (%)

15 20 a5 o

Time (hrs)

Figure number 7 In vitro drug release profile of Carbamazepine nanoparticles
Results were presented as mean +SD, n=3

CONCLUSION

It can be concluded that carbamazepine, which isnally an poorly water soluble drug having poorlora
bioavailability can be improved by formulating i @olymeric nanoparticles. Carbamazepine nanofestivere
prepared using polymer PLGA in drug: polymer raifdl:1 using solvent emulsification evaporation noet The
optimized batch yielded better entrapment efficiertrug content and cumulative drug release whenpewed to
others. The optimized batch was selected usinptital software DOE and shown by contour plots abBasurface
plots.In vitro drug release studies concluded that carbamazepimeparticles released drug in biphasic pattern by
initial burst release, which was followed by sustal release. Formulated polymeric nanoparticle® fzhieved
sustained release over a prolonged period of 24shavhich can benefit the patient in decreasing dbeing
frequency. So we can conclude that nanoparticlepgred by this method using the same polymer with t
optimized ratio can represent as potential drugyeiet approach for treating epilepsy.
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Recommended Future Research
Furtherin vivo studies can be carried to estimate the pharmaeti&iparameters and the sustained release property
of the carbamazepine nanoparticles. Oral bioamititlhbnhancement can be observed clearlininivo studies.
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