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Abstract - Solid lipid nanoparticles are the most promising drug 
delivery system for enhancement of aqueous solubility of highly 
lipophilic drug. Carvedilol is a nonselective beta-adrenergic 
blocking agent with alpha1-blocking activity and is indicated for 
the treatment of hypertension and mild or moderate heart failure 
but has very less aqueous solubility. Carvedilol loaded SLN’s 
were prepared using Compritol 888 ATO as lipid, Chloroform as 
organic solvent and Span 60 as lipophilic surfactant  by using 
Solvent emulsification-evaporation method. These were 
characterized for Particle size determination, Percent entrapment 
efficiency, Drug content determination, X- ray diffraction, FTIR 
study. 

Keywords - Carvedilol, solid lipid nanoparticles, Compritol 888 
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I. INTRODUCTION 

Colloidal drug delivery system especially nanoparticles have 
gained much interest during last few years as they improve 
the drug distribution in body because of their enhanced 
efficiency against diseases and reduced toxicity. Submicron 
size of nanoparticles offers numerous advantages over 
microparticles. Solid lipid nanoparticles typically are 
spherical with average diameters between 50 to 500 
nanometres. Solid lipid nanoparticles possess a solid lipid 
core matrix that can solubilise the lipophilic molecules. 
Carvedilol has been recommended orally for the treatment of 
hypertension. It is a highly lipophilic, poorly soluble drug 
with oral bioavailability of around 25-35%. Long term oral 
administration of carvedilol produces patient 
noncompliance5. 

The objective of the present work was to develop a novel 
method to improve the aqueous solubility of carvedilol .The 
approach chosen was to formulate carvedilol into the carrier 
system such as solid lipid nanoparticles. Carvedilol is a 
nonselective beta-adrenergic blocking agent with alpha1-
blocking activity and is indicated for the treatment of 
hypertension and mild or moderate (NYHA class II or III) 
heart failure of ischemic or cardiomyopathic origin5. 
Carvedilol is rapidly and extensively absorbed following 
oral administration, with an absolute bioavailability of 
approximately 25% to 35% due to a significant degree of 

first-pass metabolism. The goal of the program was to 
prepare and evaluate carvedilol loaded solid lipid 
nanoparticles (CAR-SLN) by suitable method. 

II. MATERIALS AND METHODS 

Materials: 

Carvedilol supplied by Cipla Labs, Span 60, Chloroform, 
Ethanol, Carbopol 934, Disodium hydrogen phosphate, 
Potassium dihydrogen orthophosphate by Loba Chemicals, 
Mumbai; Glyceryl monostearate, Compritol 888 ATO, 
Emulcire 61 and Precirol ATO 5, Stearic acid, HPMC K4M 
by Colorcon Asia Ltd., Goa; Lactose by Merck Limited, 
Mumbai ;Aerosil by Aroma Chemical, Mumbai; Magnesium 
stearate by Signet chemical corporation; Toluene, Ethyl 
acetate, formic acid by Anand Agencies, Pune. 

Method: Carvedilol Solid Lipid Nanoparticles (SLN) was 
prepared by Solvent emulsification-evaporation method.2-4 

Stage 1:  Preparation of CAR-SLN dispersions6-7 

CAR-SLN was prepared by using solvent emulsification-
evaporation method. Here, lipid (Compritol 888 ATO 
100mg) and drug (carvedilol 10mg) was dissolved in water 
immiscible organic solvent (chloroform 10ml). To it added 
lipophilic surfactant (span 60 1%) and dissolved it. Then 
organic phase was emulsified in aqueous phase using 
mechanical stirrer.  Chloroform was removed under reduced 
pressure. Upon evaporation of solvent, nanoparticle 
dispersion was formed by precipitation of lipid in aqueous 
medium. 

Stage 2:Freeze drying of CAR-SLNs dispersion8 

CAR-SLNs dispersion was frozen at -72°C for 24 h in an 
ultra low temperature refrigerator by adding constant weight 
of lactose monohydrate (5% w/v) with respect to volume of 
formulation. The frozen sample was dried in freeze dryer 
(Labconco Corp., USA) for 24 hr and then SLN power was 
obtained. 
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Table 1: Composition of CAR-SLN dispersion. 

Ingredients Composition 
Carvedilol 10 mg 

Compritol 888 ATO 100 mg 
Span 60 1% 

Chloroform 10 ml 
Water qs to 100 ml 

 
III. EVALUATION OF CARVEDILOL SOLID 

LIQUID NANOPARTICLES 

Particle size determination: 

Particle size distribution of freshly prepared and 
reconstituted freeze dried SLNs dispersion in distilled water 
was measured by particle size analyzer ((Malvern Hydro 
2000 SM, Malvern Instruments, Worcestershire, UK). 

Percent entrapment efficiency9 

For determination of drug entrapment in SLNs, the drug 
loaded lipid nanoparticles were separated from free drug by 
Ultra-centrifugation (Beckmann Instruments) at about 
10,000 rpm for 60 minutes, in which lipid nanoparticles 
settled at base while free drug remained in supernatant 
liquid. The settled lipid nanoparticles were dissolved in 
chloroform and evaporated to its dryness and sonicated it 
with methanol for 15 minutes which caused dissolving of 
carvedilol. The solution was filtered and diluted with 
methanol. Entrapped carvedilol was analyzed 
spectrophotometrically at 242 nm.  

 % EE was calculated according to the following equation: 

% Entrapment efficiency

=
amount of drug entrapped in SLN  
Total amount of drug added in SLN

 X 100 … … … . (1) 

Solid state study: 

a) Drug content determination10 

Freeze dried SLN (25 mg) were dissolved in 10 ml of 
chloroform and evaporated to dryness.  5 ml of methanol 
was added and ultrasonicated for 10 minutes and analyzed 
spectrophotometrically at 242 nm. 

b) FTIR study 

Infra red spectrum of samples CAR, Compritol and CAR-
SLN was carried out on Jasco FTIR- 401, Japan at 

transmittance mode over wave number range of 4000 to 
400cm-1.  

c) DSC study 

Differential Scanning Calorimetry (DSC) measurements 
were carried out on pure Compritol, CAR and CAR-SLN on 
Mettler-Toledo DSC 821e (Columbus, OH) instrument. DSC 
scans were recorded at heating rate of 10°C/min in 
temperature range 30°-250°C.An empty standard aluminium 
pan was used as reference. 

d) Scanning Electron Microscopy (SEM) 

SEM photomicrographs were taken by analytical scanning 
electron microscope (JSM-6360) for studying surface 
morphology. Each sample was mounted onto stubs using 
double-sided adhesive tape and then coated with platinum 
using JEOL/EO fine coat sputter. 

e) Stability Studies of CAR-SLNs dispersion 

The chemical and physical stabilities of CAR-SLNs 
dispersion were evaluated at 2–8°C for 1 month via clarity, 
particle size, and drug content. 

f) X- ray diffraction 

X-ray scattering measurements were carried out with a 
Philips PAN analytical expert PRO X-ray diffractometer 
1780. A Cu Ka radiation source was used, and the scanning 
rate (2h/min) was 5°C/min. X-ray diffraction measurements 
were carried out on carvedilol and CAR-SLN. 

IV. RESULT AND DISCUSSION 

The objective of the present work was to develop a novel 
method to improve the aqueous solubility of poorly water 
soluble drug carvedilol. The approach chosen was to 
formulate carvedilol into the carrier system such as solid 
lipid nanoparticles.  

UV Spectrophotometric analysis of CAR:   

Preparation of calibration curve of Carvedilol  

Calibration curve was prepared in methanol and λmax 242 nm  
where carvedilol shows the maximum absorbance. The 
calibration curve was established in concentration range of 
2-12 µg/ml for methanol. The calibration curve in methanol 
showed the regression coefficient (R2) of 0.999 and 
regression equation was y = 0.085x + 0.085 (Fig. 1) 

Preparation of carvedilol loaded solid lipid nanoparticles: 

www.ijspr.com                                                                                                                                                                                    IJSPR | 75 



INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH  (IJSPR)                                              ISSN: 2349-4689 
Volume-13, Number - 02, 2015   
 
Selection of lipid 

Selection of lipid was done on the basis of maximum 
solubility of CAR in different lipids and also on melting 
point of lipid as the type of drug-lipid matrix and drug 
release pattern will depend on it. Out of different lipids used, 
CAR showed maximum solubility in Compritol ATO 888 
(Fig. 2) 

Preparation of CAR-SLN dispersion: 

CAR-SLN dispersion was prepared by using solvent 
emulsification-evaporation method.  

 Freeze drying of CAR-SLNs dispersion: 

The particle size of the formulation after re-dispersion was 
284.4 nm which does not shown significant difference (24.4 
nm) in it than before freeze drying (where particle size was 
260.2 nm). The cryoprotectant effect of these sugars (e.g. 
Lactose), observed here, may arise from the formation of a 
protective capping layer around the SLNs, sustained by 
hydrogen bonds between the polar function of the drug 
molecules, exposed at the surface of the SLNs, and the 
hydroxyl functions of the sugar. The formation of a 
hydrosoluble matrix, where the particles are embedded in, 
may facilitate the reconstitution of the dispersions. This 
solved the issue of instability of SLNs dispersion. 

Evaluation of CAR-SLN dispersion 

Particle size determination 

The particle size analysis of the nanoparticulate dispersion 
by laser diffraction using Malvern Mastersizer showed 
particle size 260.20 nm and the polydispersity index PI was 
0.652. Particle size distribution curve of CAR-SLN 
dispersion is shown below (Fig.3).   

 Percent entrapment efficiency 

%EE of the nanoparticulate dispersion was found 84.38%. 

Drug content determination 

% drug content of CAR-SLNs was found to be 96.16%. 

FTIR study 

From FTIR study, the characteristic peak of drug such as O-
H and N-H stretching vibration at (3305 cm-1), aromatic and 

aliphatic C-H stretching vibrationsat (2832 cm
-1

 and 2956 

cm
-1

), N-H bending vibration at 2832 cm
-1

 and 2956 cm
-1

, C-

O stretching vibrations at 1100 cm
-1

. For CAR-SLN 
dispersion peak of O-H and N-H stretching vibration at 
(3305 cm-1) disappeared and were replaced by the peak of 
Compritol 888 ATO  as shown in (Fig. 4) This established 
drug entrapment in lipid matrix. 

Differential Scanning Calorimetry study 

The DSC curves of Compritol ATO 888, CAR-SLN and 
CAR are shown in Fig.5. The thermal curves of Compritol 
ATO 888 lipid showed endothermic peaks at 740C. The 
thermograms of freeze dried CAR-SLN showed endothermic 
peak at 680C. Characteristic peak of CAR (near its M.P.114-
1150C) was not observed in CAR-SLN, indicating that CAR 
was totally entrapped in the lipid as shown in (Fig. 20). The 
melting endothermic peak of CAR loaded SLN was slightly 
lower and broader compared to corresponding bulk lipid. 
The melting point depression might be due to the increased 
lattice defects resulting from drug incorporation, small 
particle size (nanometres range), their high specific surface 
area and presence of surfactant. 

Morphological study of particles by scanning electron 
microscopy (SEM) 

SEM image of freeze dried CAR-SLN is shown in Fig. (6). 
It is evident that the particles investigated revealed spherical 
shape, with smooth even and non porous surface. 

X-ray diffraction 

X-ray investigations have been most valuable in the 
elucidation of the manner of arrangement of lipid molecules, 
their multiple-melting phenomena, phase behaviour and the 
characterization and identification of the structure of lipid 
and drug molecules.  

 

Fig. 1: Calibration curve of CAR in methanol. 

In XPRD study (Fig.7), it was confirmed that CAR existed 
in amorphous state in the CAR-SLN because of the 
disappearance of sharp peak of CAR in the diffraction 
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R² = 0.999
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pattern. It was clear that from CAR-SLN, the less ordered 
crystals were majority and the amorphous state would 
contribute to the higher drug loading capacity as seen 
previously. 

 

Fig.2: Solubility of CAR in different lipids. 

 

Fig.3: Particle size distribution curve of Sample 

 

Fig. 4: FTIR spectra of carvedilol (A); Compritol ATO 888 
bulk (B); CAR-SLN(C). 

 

Fig. 5: DSC  thermograms of bulk compritol ATO 888 (a); 
pure Carvedilol (b); CAR-SLN (c) 

 

Fig.6: SEM of carvedilol loaded solid lipid nanoparticles 

 

Fig.7: X-ray diffractograms of (A) CAR, (B) CAR-SLN. 

V. CONCLUSION 

In the present study, carvedilol solid lipid nanoparticles were 
investigated as a new carrier for the improvement of its 
dissolution. 

The CAR-SLN was prepared by solvent emulsification 
evaporation method and freeze dried to improve the 
handling processing and stability. Solid state studies such as 
Infra Red Spectroscopy and Differential Scanning 
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Calorimetry and XRD indicated absence of any chemical 
interaction between carvedilol and the lipids. Scanning 
Electron Microscopy of SLN formulations showed spherical 
shape with smooth and non porous surface.  

VI. FUTURE SCOPE 

Carvedilol solid lipid nanoparticles may  be used as a new 
carrier for the improvement of its transmucosal permeation. 
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