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ABSTRACT 

The objective of the work was to enhance the saturation solubility and in vitro dissolution of poorly soluble (BCS Class II) 

drug, Carvedilol by high pressure homogenization technique. Carvedilol nanoparticles were prepared by emulsion-

diffusion followed by high pressure homogenization (HPH) technique with stabilizers. The prepared nanoparticle evaluated 

for its physicochemical properties, morphology, saturation solubility and in vitro dissolution study. The Carvedilol 

nanoparticles were prepared in a spherical shape and the size range of 120 nm to 300 nm. Carvedilol nanoparticles observed 

maximum saturation solubility of 410.75±3.58 µg / ml (82.15 %) in acetate buffer (pH 4.6) and its in vitro dissolution 

release was 94.5 % in phosphate buffer (pH 6.8) after one hour. Prepared Carvedilol nanoparticles has three folder enhanced 

saturation solubility and in vitro dissolution rate than the pure drug, irrespective of medium. The obtained results suggested 

that HPH might be an efficacious technique for converting poorly soluble drug into nanoparticles and ultimately the effect 

of particle size reduction may enhancing the solubility and in vitro dissolution rate. 
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INTRODUCTION 

New drug discovery, the number of insoluble drugs 

candidates has increased in recent years, with almost 70% 

of new drug candidates showing poor water solubility1. For 

these drug candidates, poor aqueous solubility and 

dissolution in the gastro intestinal fluids is a limiting factor 

to the in vivo bioavailability after oral administration. 

Therefore, in vitro dissolution has been recognized as an 

important element in the development and thus increasing 

the dissolution rate of poorly soluble drugs and enhancing 

their bioavailability2,3. There are numerous approaches 

reported in literature to reach this goal i.e. salt formation, 

solubilization, particle-size reduction, and solid 

dispersion4,5.  Carvedilol, chosen in the current study, is a 

nonselective βblocker / α-1 blocker for the treatment of 

high blood pressure and mild to severe congestive heart 

failure. Carvedilol is a poorly water soluble drug a BCS 

class-II compound, attaining sufficient bioavailability of 

the drug is rate limited solely to dissolution and peak blood 

plasma level reaches 1.5 to 2 H after oral administration6. 

But due to their high permeability researches focus on 

solubility enhancement for BCS class-II compounds. 

Therapeutic efficacy of a drug depends upon the 

bioavailability and ultimately upon the solubility of drug 

molecules. Solid dispersion with porous silica and 

inclusion complexes with cyclodextrins were described 

technique for enhanced Carvedilol dissolution7-9. It is well 

known that a poorly water-soluble drug requires more time 

to dissolve in the gastrointestinal fluid than it takes to be 

absorbed10. Limited solubility or dissolution in the 

gastrointestinal tract results in insufficient and variable 

absorption11. The solubility of drug is often intrinsically 

related to drug particle size; as a particle become smaller, 

surface area to volume ratio increases. The large surface 

area allows greater interaction with solvent, which causes 

an increase in solubility. Drug particle size reduction leads 

to an increase in the surface area and consequently the rate 

of dissolution as described by the Noyes-Whitney 

equation12. Low aqueous solubility has been a challenge 

for both formulation development of new chemical entities 

and generic development. Although some approaches are 

available for enhancing the dissolution of poorly soluble 

drug but has certain draw backs. Conventional methods of 

particle size reduction, such as comminution and spray 

drying, rely upon mechanical stress to disaggregate the 

active compound. Micronization is another conventional 

technique for the particle size reduction, which increase 

the surface area but does not increase equilibrium 

solubility. The dissolution velocity of micronized drug 

powders is enhanced by their enlarge surface area. The 

same effect, but more pronounced, is valid for nanonised 

drugs powder. Particle size reduction by homogenization 
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is thus permitting an efficient, reproducible and economic 

means of solubility and dissolution velocity 

enhancement13. However, nanonisation is a new solution 

to poor water soluble and poorly bioavailable drugs. 

Nanosuspension is commercially possible approach to 

solve the poorly solubility as well as poor bioavailability 

problem of drugs. Nanotechnology in pharmaceutics is a 

technique to modify physicochemical, micrometrics and 

biopharmaceutical properties of the poorly soluble drugs, 

thereby improving their solubility14,15. In vitro dissolution 

rate and bioavailability of poorly soluble drugs such as 

spironolactum16, budesonide17, omeperazole18 and 

meloxicam19 have been improved by reducing their 

particles by high pressure homogenization. This study set 

out to enhance the saturation solubility and in vitro 

dissolution for Carvedilol by reducing their particle size 

using emulsion-diffusion followed by HPH, without 

influence of carriers.  

 

MATERIALS AND METHODS 

Materials 

Carvedilol was obtained as a gift sample from Dr Reddy’s 

Laboratories, Hyderabad, India. Polyvinylpyrrolidone K-

30 (PVP K-30) and Sodium Dodecyl Sulfate (SDS) were 

purchased from Loba chemicals, Mumbai, India. 

Concentrated Hydrochloric acid, sodium acetate, 

potassium dihydrogen phosphate and other ingredients 

used were of analytical or Pharmaceutical grade. 

Methodology 

Preparation of Carvedilol nanoparticles 

The drug was completely dissolved in suitable solvent. The 

obtained drug solution was injected into the water 

containing stabilizers under sonication by ultrasonic 

cleaner for 15 min. The nanoparticle dispersion is formed 

in the aqueous medium containing stabilizers. The 

disperolution was kept in a homogenization (Biologics, 20 

KHZ-3000, USA) at 80 % pulser for 15 Min. Then the 

dispersion was stirred under mechanical stirrer for 30 Min 

to evaporate solvent by diffusion. The prepared 

nanosuspension was oven-dried at 60oC for 12 H20,21. 

Scanning electron microscopy (SEM) 

Scanning electron microscopy was conducted to 

characterize the morphology of particles. The samples 

were mounted on aluminium stubs using double adhesive 

tape, coated with gold in HUS-5GB vacuum evaporator. 

The Carvedilol nanoparticle particles morphology were 

observed using scanning electron microscope (Hitachi 

3000, Japan) at acceleration voltage of 10 kV at required 

magnification22. 

Physicochemical properties  

The prepared Carvedilol nanoparticles were characterized 

for physicochemical properties such as appearance, color, 

odor, melting point, pH, loss on drying and partition-

coefficient.  Appearance, color and odor of Carvedilol 

nanoparticles were observed and recorded, as it is 

important to establish a test panel early in the stability 

program. Melting point is the physical property often used 

to identify or check the purity of compound, the 

temperature at which a solid melts and becomes a liquid is 

the melting point. The melting point of Carvedilol 

nanoparticles can be determined by using mel-temp 

apparatus (Campbell electronic, Mumbai, India) and 

introducing a tiny amount into a small capillary tube by, 

attaching this to the stem of a thermometer in a heating 

bath, heating the bath slowly, and observing the 

temperatures at which melting begins and is complete. 

Pure samples usually have sharp melting points, for 

example 149.5 - 150 oC or 189 - 190 °C; impure samples 

of the same compounds melt at lower temperatures and 

over a wider range, for example 145 - 148 °C or 186 - 189 

°C23. 

The pH value of 10% aqueous solution of Carvedilol 

nanoparticles were determine by using digital pH meter 

(Systronic, Delhi, India) as per USP 32 <791>. Loss on 

drying (LOD) Carvedilol nanoparticle were performed as 

per monograph in USP 32 <731> (Dry a sample at 105 °C 

for 3 H: it loses not more than 0.5 % of its weight)24. The 

partition-coefficient (log P) value of Carvedilol 

nanoparticles were performed with n-octanol-phosphate 

buffer pH 6.8 mixture. The two phases were mixed in equal 

quantities and presaturated with each other for at least 24 

H before the experiment. An accurately weighed quantity 

of Carvedilol nanoparticle was dissolved in 10 MI 

saturated phases and shaken for 24 H in a sealed container 

at 37 °C. The two phases were separated by centrifugation 

at 1000 rpm for 5 Min to achieve complete partitioning and 

analyzed for drug contents in the two phases. The partition-

coefficient was expressed as the concentration of drug in 

the n-octanol phase (% w/v) divided by the concentration 

in the aqueous phase25. 

Saturation solubility studies 

Saturation solubility is a compound specific constant, only 

depending on the temperature and the properties of 

dissolution medium. However, below a size of 

approximately 1-2 µm, the saturation solubility is also a 

function of particle size. The quantitative estimation of the 

solubility was made by preparing saturated solution of pure 

drug and its nanoparticles in constant volume of distilled 

water, acidic buffer (pH 1.2), acetate buffer (pH 4.6) and 

phosphate buffers (pH 6.8 and 7.4). These mixtures were 

stirred in a mechanical shaker for 24 H in room 

temperature. Visual inspection was carefully made to 

ensure there were excess particles in the mixture, 

indicating saturation has been reached. Aliquots from each 

sample were filtered through 0.45 µm whatman filter paper 

(discarding approximately the one third of filtrate) and 

filtrate was diluted suitably to determine the saturation 

solubility of samples. Drug solubility was evaluated 

spectrophotometrically using UV visible spectrometer 

(UV 2310, Techcomp, Mumbai, India) at 242 nm using 

respective medium as a reference. Saturation solubility 

measurements were performed in triplicate. 

In vitro dissolution studies 

In vitro dissolution profile of pure drug and Carvedilol 

nanoparticles were investigated with USP type II (Paddle 

method) apparatus (Cambell electronic DR-6, Mumbai, 

India). The amount equivalents to 50 mg of samples were 

put into the vessel containing 900 ml of phosphate buffer 

(pH 6.8). The dissolution media were maintained at 37±0.5 

°C with paddle rotation speed at 50 rpm. An aliquot of 5 
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ml samples were withdrawn at 15, 30, 45 and 60 Min, 

replaced with an equal volume of fresh medium to 

maintain sink condition. Samples were filtered through a 

0.45 µm whatman filter paper and assayed for the drug 

content spectraphotomatically at 242 nm using the 

corresponding dissolution medium as reference. In vitro 

dissolution tests were performed in three vessels each 

(n=3) for pure drug and Carvedilol nanoparticles. 

 

RESULTS AND DISCUSSION 

Preparation of Carvedilol nanoparticles 

Carvedilol nanoparticles were prepared by emulsion-

diffusion followed by high pressure homogenization 

technique in the presence of stabilizers. In this study, 

acetone was selected as the solvent, it can solubilize the 

drug in large amount and improve the diffusion rate to the 

water. Water containing the combination of polyvinyl 

pyrrolidone (PVP) and sodium dodecyl sulphate (SDS) 

stabilizers needs to have the good affinity to the drug 

nanoparticle for better stability. This obtained dispersion 

was subjected to high pressure homogenization at room 

temperature. After homogenization, the drug 

nanosuspension was oven-dried to form the drug 

nanoparticles.  

Scanning electron microscopy 

Morphology of drug nanoparticles in the suspension 

followed by oven-drying is shown in Figure 1. The 

prepared Carvedilol nanoparticles by high pressure 

homogenization are spherical in shape and the particle size 

range of 120 to 300 nm. The particles are discrete and 

uniform in size and there is no sign of aggregation due to 

stirring has been observed, and the particle size does not 

depends on stirring time. 

 
Figure 1: SEM photograph of Carvedilol nanoparticles 

(X 50,000) 

Physicochemical properties  

Physicochemical properties such as appearance, color, 

odor, pH, melting point, LOD and partition-coefficient 

reports of Carvedilol nanoparticles are illustrated in Table 

1. The prepared Carvedilol nanoparticles was found to an 

odor less, white to half white crystalline powder and its pH 

was 7.7, which were complies with the certificate of 

analysis (COA) specification of Carvedilol Active 

Pharmaceutical Ingredient (API). The melting point of 

Carvedilol nanoparticle was found to be 114 °C, however 

complies the limit of 114-116 °C, it indicates that 

Carvedilol nanoparticle also have sharp melting point like 

pure drug. LOD value of Carvedilol nanoparticle was 

0.42% and this value meet the USP specification limit of  

Table 1: Physicochemical properties data for Carvedilol 

nanoparticles 

Parameters Results 

Appearance                                  

Color 

Odor 

Solid crystalline powder 

White to half white color 

Odor less 

pH 7.7 

Melting point 114 °C 

LOD 0.42 % 

Partition-coefficient (log P) 2.241 

  

  

Table 2: Saturation solubility data for pure drug and 

Carvedilol nanoparticle 

Solvents Pure  drug  

µg/ml (%) 

Carvedilol 

nanoparticles 

µg/ml (%) 

Distilled water 9.45 ± 0.52 

(1.87 %) 

22.30 ± 1.24 (4.46 

%) 

Acidic buffer  

(pH 1.2) 

7.99 ± 0.46 

(15.98 %) 

188.15 ± 2.45 

(37.63 %) 

Acetate buffer 

(pH 4.6) 

164.55 ± 2.64 

(32.91 %) 

410.75 ± 3.58 

(82.15 %) 

Phosphate 

buffer (pH 6.8) 

157.6 ± 2.76 

(31.52 %) 

401.20 ± 3.86 

(80.24 %) 

Phosphate 

buffer (pH 7.4) 

62.25 ± 1.32 

(12.45 %) 

152.65 ± 2.52 

(30.53 %) 

   

0.5%. The partition-coefficient logarithmic (log P) value 

of Carvedilol nanoparticle was found to be 2.241 (Standard  

[log P] of Carvedilol is 2.79). The obtained logarithmic 

value of Carvedilol nanoparticle was much closer to the 

standard value of Carvedilol, which indicates that the 

Carvedilol nanoparticles possess sufficient lipophilicity.  

Saturation solubility studies 

The saturation solubility study of pure drug and prepared 

nanoparticles in different physiological mediums were 

shown in Table 2. The results of solubility study indicated 

that Carvedilol nanoparticles possess a very high solubility 

in all physiological medium than pure drug. The saturation 

solubility of Carvedilol nanoparticles in distilled water, 

acidic buffer was found to be 22.30 ± 1.24 µg/ml (4.46%) 

and 188.15 ± 2.45 µg/ml (37.63%) respectively. Its 

saturation solubility increased on acetate buffer (pH 4.6) 

up to maximum of 410.75 ± 3.58 µg/ml (82.15%) and then 

decreased to 401.20 ± 3.86 µg/ml (80.24%) in phosphate 

buffer (pH 6.8). Pure drug solubility in distilled water, 

acidic acid (pH 1.2), acetate buffer (pH 4.6) and phosphate 

buffer (pH 6.8 and pH 7.2) was 1.87%, 15.98%, 32.91%, 

31.52% and 12.45% respectively. Therefore Carvedilol 

nanoparticle solubility is pH dependent, it showed higher 

solubility in acetate buffer (pH 4.6) and less solubility at 

higher physiological pH levels. It has also been reported 

that, Carvedilol is practically insoluble in water and 

exhibits pH-dependent solubility. Its solubility is below 1 

µg/ml at above pH 9.0, 23 µg/ml at pH 7, and about 100 

µg/ml at pH 5 in room temperature. The solubility of 

Carvedilol in aqueous solutions with pH ranging from 1 to 

4 is limited due to its protonation, resulting in “in situ” 

hydrochloride salt formation, which exhibits lower  
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solubility in media containing chlorine ions due to the 

common-ion effect26. 

Hence saturation solubility of Carvedilol nanoparticles 

was approximately three folders higher than its pure form 

in all pH range. Due to the reduction of the particle size 

from micron to nano scale may increase the surface area 

and also significantly increased the saturation solubility 

Carvedilol nanoparticles. An increased saturation 

solubility in the lumen of the gut increase the concentration 

gradient between lumen and blood, thus accelerating drug-

diffusion, promoting the absorption.  

In vitro dissolution studies 

The selection of dissolution medium may be based on the 

solubility data and dosage range of the drug product. In this 

study phosphate buffer (pH 6.8) was used for in vitro 

dissolution medium, due to its second maximum solubility 

for drug and mimics the physiological pH of intestine. 

Some researchers have also reported that gastric residence 

times of solid dosage forms such as pellets or hard gelatin 

capsules are variable and can be extremely short (i.e., 

under 3 Min or even only 15 S) when taken into an empty 

stomach, preventing the drug from dissolving in acidic 

media27. It is acceptable that the dissolution media are not 

completely representative of gastrointestinal conditions. 

Yet it’s produced in guidelines that a good method will be 

use a dissolution media, which is physiologically 

meaningful or closely mimics in vivo conditions10. 

Carvedilol nanoparticles were subjected to in vitro release 

studies in phosphate buffer (pH 6.8) and were compared 

with the release of pure drug are shown in Figure 2.  From 

the result of in vitro release study, it was observed that the 

Carvedilol nanoparticles and pure drug gave the release of 

46.03% and 13.94% respectively in 15 Min. Carvedilol 

nanoparticles displayed a dramatic increase in the rate and 

extent of in vitro dissolution release when compare to pure 

drug during the initial stage (first 15 Min). After 60 Min, 

the in vitro cumulative percent drug release was 94.50% 

and 36.50% for Carvedilol nanoparticles and pure drug 

respectively. The increase, in vitro release rate in the later 

stage can be attributed to the slight saturation of the drug 

in the dissolution medium. The initial fast release of 

Carvedilol nanoparticles can be due to less particle size, 

which lowers the surface tension around the nanoparticles. 

When the drug particles come in contact with medium, it 

lowers the surface tension and it results in to solvation of 

nanoparticles in the dissolution medium28. Here it was 

observed that the in vitro release of Carvedilol 

nanoparticles is three times higher than pure drug because 

of their particle size.   

 

According to the Noyes-Whiteney equation, the increase 

in saturation solubility and decrease in particle size leads 

to an increased dissolution rate. An increase in saturation 

solubility is postulated by the particle size reduction due to 

an increased dissolution pressure explained by the 

Ostwaid-Freundlich equation29. When the particle reduced 

to nanometric range, dissolution velocity and dissolution 

pressure will increase which leads to the solubility due to 

the changes in the surface tension30. In addition 

nanoparticles have general adhesiveness to the gut wall 

after oral administration, which further enhance the 

bioavailability13. The present work was satisfactory 

preliminary study to enhancing saturation solubility and in 

vitro dissolution of Carvedilol, a poor water soluble drug 

by high pressure homogenization. 

  

CONCLUSION 

The saturation solubility and in vitro dissolution of BCS 

class II drug, Carvedilol was enhanced by emulsion 

diffusion followed by HPH technique. Reduced particle 

size and increased surface area may enhance the solubility 

and in vitro dissolution of Carvedilol. The acceleration of 

saturation solubility and in vitro dissolution release of 

Carvedilol nanoparticles is approximately three times 

more than that of pure drug. The bioavailability of 

Carvedilol is truly dissolution rate limited, so particle size 

reduction can significantly improve the performance of the 

drug. Nano metric sized drug particle of poorly water 

soluble drug (Carvedilol) has a dramatic effect on 

solubility, in vitro dissolution and consequently 

 
Figure 2: In vitro dissolution profile of pure drug and Carvedilol nanoparticles 
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bioavailability due to its particle size reduction by high 

pressure homogenization. Further detailed investigations 

are required to establish efficacious dosage form. 
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