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ABSTRACT

Carvedilol, an antihypertensive drug is a non-cardioselective beta blocker which is used for the treatment of
symptomatic heart failure. Spherical Carvedilol-PLGA nanoparticles with controlled size were designed.
Carvedilol, a hydrophilic molecule was entrapped into the nanoparticles with theoretical loading varying from 15-
38 %(w/w).This study investigates the impact of some process variables on the mean diameter and size distribution
of nanoparticles prepared by emulsion solvent- evaporation technique. The results shows that sonication time,
PLGA content, Surfactant concentration, Aqueous and organic phase ratio and overall the method of solvent
evaporation have significant influence on size distribution of the nanoparticles.
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INTRODUCTION

Hypertension is the most common cardiovascularadise Elevated arterial pressure causes pathdlai@ages in
the vasculature and hypertrophy of the left veldriés a consequence, hypertension is the princiglse of stroke,
leads to disease of the coronary arteries with rybal infarction and sudden cardiac death and imagor
contributor to cardiac failure, renal insufficienend dissecting aneurysm of the aorta?|1,

Carvedilol (Table 1) is a nonselectijeadrenergic receptor antagonist with«an- adrenergic receptor antagonist
activity that has been approved for the treatmérgssential hypertension and for the treatmentyofigomatic
heart failure [3, 4, 5]. The ratio ob,. to B- adrenergic receptor antagonist potency for Caldeds 1:10
[6].Carvedilol has bioavailability of about 25 t®% because of extensive first-pass metabolism .Za8Yedilol
undergoes oxidative metabolism and glucuronidaitiothe liver; the oxidative metabolism occurs vidochrome
CYP2D6 [9, 10].Interestingly Carvedilol also has amtioxidant activity [11].Carvedilol has a bioawadility of
about 25% to 35% because of extensive first —patabolism. Carvedilol is eliminated by hepatic rhetssm and
has a terminal half-life of 7 to 10 hours [12, 14,1

For nearly three decade, polymeric nanoparticle® leeen extensively studied because their unigdevaluable
physicochemical and biological properties. Indeadaparticles can protect the drug from degradagohance its
transport and prolong its release; therefore thay improve the plasma —half life of the drug [16].1

Although a number of different polymer have beerestigated for formulating biodegradable nanopksicPoly-
DL-lactic —co- glycolic acid (PLGA), a synthetic mdoxic biodegradable copolymer have been extehsiveed for
controlled drug delivery system [17,18].The lactidgcolide polymer chains are cleaved by hydrolysts natural
metabolites (lactic and glycolic acids) which alenmated from the body by citric acid cycle. PLGokovides a
wide range of degradation rates from months to sye@depending on its composition and molecular wejg8,
20,21].
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Thus the goal of our study was to design a nanigpdate drug delivery system with a drug controlidaivery,
based on the biodegradable polymer (PLGA). Thevacubstance used was Carvedilol, a lipophilic mdé and
ideal model drug for incorporation in systems byu&sion-solvent evaporation technique.

Tablel

(II-H
O-CH~CH-CHy-NH-CH,~CH,0
L]

CH;0

Figurel.Carvedilol (Chemical Abstracts Service No- 72956-09-3)

Molecular Weight: 406.5Da
Melting Point  : 114-17€ (at least two polymorphic forms)

pKa 1 7.8
log p (octanol/water) at initial Carvedilol conceatton of 6x10 M and room temperature
pH 9.0 :3.10
pH 7.0 1274
pH 5.0 :1.93

pH of an aqueous 10% (w/v) suspension at room teatyre 7.6-7.7.
Solubility in pure water at 28 (mg/ml)

Free base : 0.01
Hydrochloride : 1
Adipate ;03
Tartrate . 07

Methanesulfonate: 10

Reference: European Pharmacopoeia 5.06, pp.1193-1194 and (23, 29 -32)

MATERIALSAND METHODS

Material

Carvedilol was a kind qift of Zydas Cadila Limitddhmedabad, Gujrat, India). Poly (DL-lactide/glyicid
copolymer) (PLGA,50:50 with average molecular weig000 and inherent viscosity 0.37 dL/g) was pred
from Boehringer Ingelheim Co,(Ingelheim, Germang)yRinyl alcohol (PVA,Mv 30-70KDa,88% alcoholysig)as
obtained from sigma chemicals (Mumbai, India).Alhet other reagent/chemicals were of the highest
analytical/available grade.

Preparation of nanoparticles

Nanoparticles are prepared by using the method sfication by sonication-evaporation. The methosolme

preparation of an organic phase consisting of pely(PLGA) and drug (Carvedilol) dissolved in orgasblvent
(Dichloromethane).The organic phase is added tacareous phase containing surfactant (Polyvinyl tad§oto

form an emulsion. This emulsion is broken down in&modroplets by applying external energy and tldesplets
form nanoparticles upon solvent evaporation and is@lated by centrifugation at 10,000xg 8C4or 45 minutes
washed with water and dried under vacuum. The retiofes were recovered by centrifugation at 10x@0&t 4C

for 45 minutes. The amount of non- entrapped Caloldd the supernatant was determined by HPLC oe@tThe
nanoparticles were washed (3x) time with waterrisheo to remove the adsorbed Carvedilol. The washaigtion
was eliminated by further centrifugation as desatiabove. The purified nanoparticles were freezeedd

Nanoparticles characterization

Particle size distribution was analysed by MasieeiS2000 (Model: APA 2000, Malvern Instruments nighted
Kingdom) equipped with a software (Version 1201)t&prevent clumping the dried powdered sample wéuted
with duct free water to give the recommended sgatie@ntensity as per Mie theory. Analysis was matrout at
least for three times for each batch of sampleraedn value were reported.

Deter mination of Carvedilol entrapment
The non-entrapped Carvedilol was determined by HBL @V detection at 240 nm.The mobile phase coedisf
Phosphate buffer pH 3.0: acetonitrile: water (75:820 v/v/v) and the flow rate was set at 1 ml/mésu Separation
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was achieved using a Phenomenex Luna 5gic@umn (150x4.6mm, 250A, SPD-W-20A, Shimadju, Japehe
free Carvedilol was separated from solid nanogesiby ultracentrifugation as stated in sectionTh2 amount of
Carvedilol entrapped in the nanoparticles was datexd after their dissolution.(direct method).

In-vitro release profile

In-vitro release study of Carvedilol was determined by p@di0 mg nanospheres in 25 ml of release mediuns (PB
buffer,pH6.8).The sample was kept in a orbital sna{SGM-300,Gallenkamp,Sanyo) maintained atC375
°C,stirring at 50 rpm.The study was carried outZdrh with continuous stirring. At specified timaervals,1 ml
aliquot of the release medium was removed and inatedg replace with the identical volume of freskedium.
The aliquots were filtered and concentration ofv@dilol in the release medium was assessed by Hkthod.
The chromatographic condition were: mobile phasmprised of Phosphate buffer pH 3.0: acetonitrileiter
(75:625:300 v/v/v) and the flow rate was set atlimimutes, UV-vis detector set at 240 nm.The mezment were
performed thrice for each batch.

RESUL TS AND DISCUSSION

Impact of preparation variables on formulation characteristics.

The variables like time of sonication, PLGA contenirfactant content, evaporation rate, aqueowosganic phase
ratio and drug content were assessed in ordertirobptimal formulation. For every series of expmnt only one
parameter was changed.

Sonication time

In order to obtain emulsified system, the incorpioraof energy is a basic step. To see the imphtiis factor on
nanoparticles shape and size distribution, somindtme was varied from land 15 minutes. The resark depicted
in Table 2.

Table 2 Impact of sonication time on nanoparticles mean diameters, Span value and granulometric size distribution.

Sonication Time Mean Diameter Span Value Size distribution
(nm) (nm)
77% (242-355)
1 370+ 22 0.22 33%(920-1212)
25% (95-210)
5 321+ 14 0.16 75% (470-560)
15%(160-215)
10 292+ 24 0.22 85% (510-630)
15 257+ 11 0.21 100% (246-254)

From the results it can be revelled that the irsda the sonication time leads to decrease imien diameter and
narrower granulometric distribution of nanoparticl&@he nanoparticles prepared with 15 minutes nication time
showed a monomodal distribution where as partipiepared with 1, 5 and 10 minutes showed two ramdes
particles with different sizes. With 15 minutes isation time, a high energy released in the protessds to a rapid
dispersion of polymeric internal organic phase asd result no droplets of small size and monomdid&iibution
was observed. Emulsification is one of the keydextn the process to prepare nanoparticles be@usesufficient
dispersion of phases results in large particleb wide size distribution. The final particles sizef nanoparticles
depends on the globule size in entire emulsificegimcess.

d(0.1):  0.066 um d(0.5):  0.132 um d(0.9): 0.257 um
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Figure 2. Nanoparticles particle size with 15 minutes sonication time.
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PLGA content

PLGA content was varied from 25 mg and 50 mg, &edeffects of weight of polymer on the particlesrphmlogy
and size distribution were studied. The resultsda@cted in the Table 3. The nanoparticles prepasith 25 mg of
PLGA were shown spherical shape and absence obmgghtion where as prepared with 50 mg of PLGA was
shown non- spherical shape and presence of aggitiorerWhen the amount of polymer was increase f26nmg

to 37.5 mg, the nanoparticles diameter size inect&®m 256 to 267nm. The particles with 37.5 myper were
shown monomodal distribution profile. The size @naparticles increased as polymer concentration alss
increased. This was caused by the increasing vigcot dispersed phase (polymer solution) resultingoorer
dispersability of the polymer solution into the erxtal aqueous phase .Coarse emulsion were obtainkigher
polymer concentrations, which lead to the buildigiger particles during the diffusion process.

Table 3 Impact of PLGA content on nanopar ticles means diameter s, Span value and granulometric size distribution.

PLGA content| Mean Diameter| Span Value Size distribution
(mg) (nm) (nm)
10% (180-210)
25 253+ 20 0.22 90%(240-275)
37.5 266+ 12 0.16 100% (267-276)
80% (260-365)
50 340+ 21 0.21 20% (840-1120)
d(0.1): 0.066 um d(0.5): 0.130 um d(0.9): 0.253
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Figure 3. Nanoparticles particle size with 25 mg PL GA content.

Surfactant content

In order to study the impact of surfactant conmmtnanoparticles mean diameters, Span value amdilgraetric
size distribution, few batches were prepared bygisin external aqueous phase consisting of PVAifireht
concentration (0.25, 0.50 and 0.75).The resultshosvn in Table 4.We observed from the results tihatre was a
decrease in particles size (325 -260 nm) when théacant concentration in the external aqueouss@hsas
increased from 0.25 to 0.75 % w/v ).The granuloioalistribution became narrower as the amount ocARYAs
increased. This was probably caused by an insefficamount of emulsifier would fail in stabilizingll the
nanoparticles and thus some of them would tendytpemate. As a result nanoparticles with largee sipuld be
produced and nanoparticles with low surfactant eatration showed non-spherical shape and presehce o
agglomerates.

Table4 Impact of Surfactant content on nanoparticles means diameter s, Span value and granulometric size distribution

Surfactant content Mean Diameter,| Span Value Size distribution
(% wiv) (nm) (nm)
0.25 320+ 20 0.089 100% (282-38b)
0.50 275+ 11 0.24 100% (258-281)
0.75 260+ 14 0.17 100% (252-278)

Aqueousto organic phase volumeratio

The ratio between external agueous Phase to imterganic phase is of great impact to its stabitityd influence
the size of dispersed globules. The Internal oigphase was varied from 1 to 5 mL, its impact omméiameter,
span value and nanoparticles size distribution eimerved. The results are presented in Tablecanlte observed
that an increase in the internal organic phasefext@queous phase ratio leads to a slight decieasnoparticles
mean diameter. This was probably caused by theescahce of droplets can be prevented by a largeistnod
organic solvent available for diffusion in the OAfhulsion.
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Figure 4. Nanoparticles particle size with 0.75(% w/v) Surfactant content

Table 5 Impact of Aqueous Phase to organic phase volumeratio on nanoparticles means diameter s, Span value and granulometric size

distribution
Internal phase volume (mL 1 25 5
Mean Diameter (nm) 420+ 15 277+ 18 242+ 21
Span Value 0.16 0.14 0.09

Size distribution (nm)

21% (175-240)
79% (520-630)

100% (261-271)

10% (110-125)

90% (235-284)
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Figure5. Nanoparticles particle size with internal phase volume 1 mL.

Table 6 Impact of solvent-evaporation rate on nanoparticles means diameter s, Span value and granulometric size distribution.

solvent-evaporation

Vacuum evaporato

Magnetic Stirring

(30 minutes) (5 hr)
Mean Diameter (nm) 310+22 440+24
Span Value 0.22 0.18

Size distribution (nm)

21%(160-210nm)
79 %(502-635 nm)

3506(270-320nm)

65%(310-740 nm)

Rate of solvent - evaporation

In the solvent- evaporation technique the impacbmfanic solvent evaporation rate on mean diameter size
distribution were assessed by using vacuum rotagaayorator and the other was magnetic stirringeumadrmal
pressure. The results are given in Table 6. It eleserved that nanoparticles showed smaller meanetiéas when
the vacuum evaporator method used in respect toetiagstirring method. The reason for the formatiérsmaller
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particles is that in rotative vacuum evaporator hodtthe rate of diffusion of the organic phase ighér as
compared to the magnetic stirring method.

d(0.1): 0.074 um d(0.5): 0.165 um d(0.9): 0.438 um

Particle Size Distribution
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Figure 6. Nanoparticles particle size with magnetic stirring..

Invitro drug release profiles

In vitro drug release of carvedilol was studiedadanction of time. Nanoparticles containing th8%d) (theoretical
loading) and maximum carvedilol loading (38) (thetaral loading) were studied. The results are shimwFigure.7.
It was observed that the nanoparticles containigber amount of drug leads to quick the releasd tha particle
with small drug amount exhibit a sustained manakyase.
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Figure7.In vitro drug release kinetics of carvedilol loaded nanoparticles.
CONCLUSION

The emulsification by sonication-evaporation methodwakld the preparation of spherical drug- loadedesystof
biodegradable PLGA carriers containing an antinigesive drug, carvedilol, incorporated in the podyrmatrix.
Preparative variables such as concentration oflig@band polymer, time of sonication, diffusioate of organic
solvent, and ratio between external and internalsph, showed to be important factor for the foromatif PLGA
nanoparticles. In release kinetics higher initialglloading resulting in faster drug release.
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