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ABSTRACT 

Objective: The purpose of this research is to find the best way for designing carvedilol pulsatile drug delivery system capsules.  

Methods: The research paves the way to improve the method of preparing carvedilol pulsatile drug delivery by adjusting critical material attributes 
(CMA) such as coating polymer concentration, critical process parameters (CPP) such as inlet temperature and atomizing air pressure, and their 
impact on critical quality attributes (CQA) like particle size (PS in nm), entrapment efficiency in percentage (% EE) and amount of drug delivered in 
percent (%ADR) at 12 h in the carvedilol pulsatile pellets filled capsules by applying the BOX-BEHNKEN design. By varying the polymer 
concentration and process parameters, nearly 15 formulations were created.  

Results: Based on the influence of CMA, CPP on CQA, the formulation CP13 was determined to be the most optimized formulation among the 15 
formulations. The optimized levels of CMA were found to be-1 level of coating polymer concentration and CPP was found to be-1 level of inlet 
temperature, 0 level of atomizing air pressure and it optimized CQA like PS was found to be 1017.5±8.4 nm, % EE was found to be 96.8±2.8 %, % 
ADR at 12 h was found to be 88.4±3.4 %. Carvedilol Pulsatile drug delivery system was designed by using optimized fluidized bed coater in order to 
decrease the usage of attributes, decrease the productivity cost and enhance the usage of specific attributes at fixed concentration for further 
manufacturing scale.  

Conclusion: By the current results it was concluded that the optimized CMA and CPP that shown in the results are the suitable attributes for the 
best formulation of carvedilol pulsatile drug delivery system capsules. 
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INTRODUCTION 

The circadian behavior of the disease helps to release the drug in a 
pulsatile form, which may release the drug at a particular time. 
Pulsatile forms of drug delivery systems are achieving a lot of 
attention as they deliver the required concentration of drug at a 
particular time interval, which will enhance the therapeutic effect at 
particular time. A pulsatile drug delivery system is defined as the 
delayed or fastens the release of drug in pulsatile form, which 
releases a certain amount of active pharmaceutical ingredients 
molecule at a pre-determined release period. Thus, these systems 
are designed based on the body circadian cycle [1].  

To understand the circadian rhythm of the disease, first we need to 
understand chrono-pharmacotherapy or chronotherapeutics. This 
term ‘chrono’ refers to the observation that each and every anabolic 
and catabolic action goes through the rhythmic alteration in time. 
Many hormonal, metabolic and other functions of the body’s vary 
considerably in a day. These variations in body system reason 
alteration in diseased state and in the concentration of drug plasma. 
Blood pressure and heart rate of the body are elevated between 6.00 
am to 12.00 noon due to circadian rhythm of hormone release. Many 
diseases follow circadian rhythm for example, hypertension, 
arthritis, peptic ulcer, asthma, neurological disorder, cancer, 
diabetes, hypercholesterolemia etc. Some of the above diseases are 
worse during the day for example, osteoarthritis, while some of 
them are worse in the evening and nights during sleep, for example, 
cough [2].  

Physical, chemical and biological properties must be given due 
consideration in the selection of components and processing steps 
for the dosage form. The final product must be one that meets not 
only the requirements placed on it from a bioavailability standpoint, 
but also the practical mass production criteria of process and 
product reproducibility. While undergoing formulation, it should be 

understood the theoretical formulation and target processing 
parameters, as well as the ranges for each excipients and processing 
parameter. The optimization technique provides both the depth of 
understanding and an ability to explore and defend ranges for the 
formulation and processing factors. With the rational approaches to 
the selection of the several excipients and manufacturing steps for a 
given product, one qualitatively selects a formulation. Optimization 
was a useful tool for quantifying a formulation that could be 
qualitatively determined. The word optimize is defined as follows 
i.e., to make as perfect, effective and functional as possible [3]. 

In developing a dosage form, one must undergone logical steps, 
carefully controlling the variables, and changing one at a time until a 
satisfactory system is produced. No matter how the dosage form is 
designed, but the trial and error method will improve the quality of 
the dosage form [4]. 

Carvedilol acts as a beta-adrenoceptor blocker which, on blocking 
the receptors, it reduces the heart rate and force of contraction. 
Carvedilol also blocks adrenergic receptors in the arteries and 
causes the arteries to relax and the blood pressure to fall. The 
bioavailability of carvedilol was found to be 25–35% and its protein 
binding was found to be 98%. The carvedilol will be metabolized in 
the liver (CYP2D6, CYP2C9) with the elimination half-life of 7–10 h 
and nearly 16% of the drug was excreted in the urine. 60 % of the 
drug was excreted in feces, shows that the only concentration of 
carvedilol was available to systemic circulation to give a therapeutic 
effect. Morning hypertension has recently attracted more attention 
because of the close relationship between blood pressure levels in 
the early morning and cardiovascular risk. Cases of morning 
hypertension, i.e., higher blood pressure in the early morning than in 
the evening, are classified into two types: the ‘Morning surge’. Cases 
of morning hypertension, i.e., higher blood pressure in the early 
morning than in the evening, are classified into two types: the 
“morning-surge” type, characterized by a marked increase in blood 
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pressure in the early morning, and the “nocturnal-hypertension” 
type, characterized by high blood pressure that persists from 
nighttime until early morning. Although these two types are caused 
by different pathologic mechanisms, both result in hypertensive 
organ damage and an increase in cardiovascular risk. Control of 
morning hypertension can be regarded as the gateway of strict 24 h 
blood pressure control. Standard antihypertensive treatment, in 
accord with current guidelines, when combined with chronobiologic 
antihypertensive treatment focused on morning hypertension and 
guided by home blood pressure monitoring, seems to provide more 
effective prevention of cardiovascular events [5-9]. 

The main objective of this research covers the development of oral 
pulsatile drug-delivery systems loaded with carvedilol drug an 
emphasis on time-controlled drug-release systems. And also to 
determine the Critical Material Attributed (CMA) and Critical 
Process Parameter (CPP) and their effect of Critical Quality attribute 
for the formulation of the pulsatile drug delivery system.  

MATERIALS AND METHODS  

Carvedilol obtain as a gift sample from Aurobindo Pvt ltd., 
Hyderabad, India. Polyvinyl pyrolidone, Aerosil, HPMC K4M, 
Ethylcellulose, Kollicoat, Eudragit L 100 was received from Himedia 
Pvt. Ltd. Mumbai. All the other solvents used in this project belong to 
analytical grade.  

Formulation of carvedilol pulsatile drug delivery system  

The composition of carvedilol pulsatile drug delivery system 
capsules as shown in table 1. The core layer consists of a sugar bead 
in the size range of 59.5 to 80.5 µm. Over the core layer, properly 
prepared drug solution with water-soluble release controlling and 
wetting polymer (polyvinyl pyrolidone-PVP K-30) was coated with 
the help of fluidized bed coater (Umang coater, Wurster insert, 
Umang Ltd, Mumbai, India) with the following parameters like 1.0 
mm nozzle needle, 50 °C drying temperature, 2-5 psi atomizer 
pressure, 1 ml/min atomizer flow rate. After drying of a drug layer 
over the sugar bead, HPMC K4M seal coat solution was sprayed and 
dried. Further, different type of control release coating polymer was 
coated with various concentrations [10-15].  

Preparation of drug-containing pellets 

Carvedilol-loaded pellets were prepared by layering a drug-binder 
solution (10 % w/w) on to sugar beads using a fluidized bed coater 
(Umang coater, Wurster insert; Umang Ltd, Mumbai, India). 
Dispersion of Carvedilol and polyvinyl pyrollidone (PVP K-30) was 
sprayed using the bottom spray mode. Layered beads were dried at 
40 °C for 5-10 min. The detailed composition of drug layering and 
polymer coating is given in table 1 and the process parameter of the 
drug layering processes and coating are given in table 1,2 [16-19]. 

 

Table 1: Composition of drug loading and polymer coating 

Ingredients (mg) P1 P2 P3 P4 P5 P6 P7 P8 P9 
Sugar bead (25-30mesh size)  70.5  64.5 59.5 70.5  64.5 69.5 80.5  74.5 69.5 
Drug layering 
Carvedilol 10 10 10 10 10 10 10 10 10 
Poly vinyl pyrrolidone 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Aerosil 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Seal Coating (Hardening layer)  
HPMC K4M 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 
Polymer Coating (Control release membrane) 
Ethyl cellulose EC7 CPS  5 10 15 - - - - - - 
Kollicoat SR 30 D - - - 5 10 15 - - - 
Eudragit L 100 - - - - - - 5 10 15 
Di-octyl-phthalate(DOP) % 10 10 10 10 10 10 10 10 10 
Isopropyl alcohol QS QS QS QS QS QS QS QS QS 
Total weight of beads filled in hard 
gelatin capsule  

100  100 100 100 100 100 100 100 100 

Process parameter Drug layering  Polymer coating 
Inlet temperature 45 °C 45 °C 
Product temperature 35 °C 38 °C 
Exhaust temperature 35 °C 35 °C 
Atomizing air pressure 1 Kg/cm2 1 Kg/cm2 
Spray rate  2-10 ml/min 2-10 ml/min 
Blower RPM 2000  2000 

 

Table 2: Optimization design for preparation of carvedilol pulsatile drug delivery tablet 

Run Critical product and process parameter (level/conc. or range) 
Pattern Conc. of EC (mg) Inlet temperature ( °C) Atomizing air pressure (kg/cm2) 

CP1 0−+ 0/5 -1/40 1/1.5 
CP2 ++0 1/7.5 1/45 0/1 
CP3 0++ 0/5 1/45 1/1.5 
CP 4 0+− 0/5 1/45 -1/0.5 
CP 5 +−0 1/7.5 -1/40 0/1 
CP 6 +0+ 1/7.5 0/43 1/1.5 
CP 7 000 0/5 0/43 0/1 
CP 8 000 0/5 0/43 0/1 
CP 9 −0+ -1/2.5 0/43 1/1.5 
CP 10 0−− 0/5 -1/40 -1/0.5 
CP 11 −+0 -1/2.5 1/45 0/1 
CP 12 +0− 1/7.5 0/43 -1/0.5 
CP 13 −−0 -1/2.5 -1/40 0/1 
CP 14 −0− -1/2.5 0/43 -1/0.5 
CP 15 000 0/5 0/43 0/1 
Critical Quality Attribute Particle size (nm) (Y1) Entrapment Efficiency % Y2) % amt. of drug release at 12 h (Y3) 
Constraints  Minimize Maximize Maximize 
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Coating of the drug layered pellets 

The drug layered pellets were coated in a fluidized bed coater using 
the bottom spray mode (Umang coater, Wurster insert, Umang Ltd, 
Mumbai, India) with a plasticized non-aqueous solution of polymer 
(ethylcellulose EC 7 CPS, Kollicoat SR 30D, Eudragit L 100)) at 
different coating levels each respectively. The polymer solution was 
plasticized with DOP (10 %w/v, based on the mass of the polymer). 
The non-aqueous solvents Isopropyl alcohol (IPA) was used as 
dissolving polymers. The polymer content of the plasticized dispersion 
was then adjusted to 25 %. The final coating solution was sprayed 
onto drug-loaded sugar beads to achieve a weight gain of 10%. The 
process parameters for the coating step are given in table 1 [20-22]. 

Optimization of attributes by box-behnken design 

The selected pre-optimized attributes were fixed in Box Behnken 
Optimization Design (BBD) as shown in table 2, was designed with the 
help of JMP QbD software. 15 formulation runs were generated. BBD 
of Response Surface Methodology with 15 formulation runs was used 
to determine the effects of changes in the Critical Quality Attribute 
(CQA) like Particle size (nm), % Entrapment Efficiency, % amount of 
drug release at 12 h corresponding to the Critical product and process 
parameter like Concentration of EC (Thickness of the coat), Inlet 
temperature, Atomizing air Pressure. In this optimization QbD design, 
the implementation of a first-order response surface model and 
elucidation of the effect outcome was based on a box-behnken design. 
Selected CMA and CPP from pre-optimization parameters are given as 
X1 for Concentration of EC; X2 for Inlet temperature in degree celcius; 
X3 for atomizing air pressure (kg/cm2) at 3-different levels code as 
low (-1), medium (0) and high (+1). By using the above attributes, the 
Pulsatile pellets was formulated and determined the effect on CQA like 
Y1-Particle size in mm, Y2-% Entrapment efficiency and Y3-% amount 
of drug release [23, 24]. 

Drug and excipients compatibility studies-differential scanning 
calorimetry (DSC) analysis 

DSC studies were used to determine the melting point of samples. It 
helps to report about the Purity of the drugs; Compatibility between 
drugs and Excipients. DSC studies were carried out for Carvedilol, 
PVP K30, HPMC K4M, Ethylcellulose EC7 CPS, Kollicoat SR 30 D, 
Eudragit L 100, Di-octyl phthalate (DOP) and drug-loaded pulsatile 
pellets in the DSC Schimadzu model instrument. Approximately the 
samples were weighed as 5 mg and heated in aluminum pans at a 
temperature of 20-200 °C at the rate of 20 °C/min using dry nitrogen 
as the effluent gas. Melting point readings were given in the form of 
exothermic or endothermic peak [22]. 

Particle size determination  

The average particle size of the lipid particulate dispersions was 
determined using a Nanopartica SZ 100 particle size analyzer 
(Horiba, Japan). The sample dispersion was diluted in 1:9 v/v with 
double-distilled water to ensure that the light scattering intensity 
was within the instrument’s sensitivity range. Double-distilled water 
was filtered through 0.45 μm membrane filters (Pall Life sciences, 
Mumbai, India) prior to particle size determination [25]. 

Surface morphology 

The surface morphology of the pulsatile pellets for the selected 
optimized formulation was observed by the Scanning Electron 
Microscope (Hitachi S-3000N). Pulsatile pellet samples were coated with 
platinum of 600 Å using a sputter coater and examined through SEM. 
Coated pellets were then mounted on a sample holder and scanned 
through an electron beam. The electron beam strikes the pellets and 
emits secondary electrons based on the nature of the surface, which 
gives the surface morphology image of the pellets [26, 27].  

Entrapment efficiency  

Encapsulation efficiency was determined by Centrifugation method. 
In this study, 1 ml of pellets dispersion was taken in dialysis bags 
(Himedia) with a molecular weight of 12,000–14,000 Daltons with 
2.4 nm pore size. The prepared dialysis membrane bag was taken 
into the centrifuge tube. This centrifuge tube was properly filled 
with 9 ml of pH 7.4 phosphate buffer and centrifuged at 15,000 rpm 
for 1 h in REMI centrifuge in order to extract the free drug from the 
pellets. After 1 h, 5 ml of sample was withdrawn from the phosphate 
buffer saline. The drug concentration of the withdrawn sample was 
determined by UV Spectrophotometer at 240 nm for Carvedilol 
against blank solution. The blank solution was prepared by using the 
same technique with the same ingredients but without the drug. The 
analysis was done in triplicate (n=3). Percentage entrapment 
efficiency was calculated by the following equation [28-30]. 

 

 

Where Xs-Total amount of drug used for formulation; Xt-Amount of 
the drug in 5 ml saline  

In vitro drug release  

In vitro drug release refers to the percentage amount of drug release 
from pellets dispersion which was carried out by the dialysis membrane 
method. One end of the dialysis membrane was closed or tied tightly, and 
then 1 ml of pellet dispersion was filled into the dialysis membrane with 
0.45 µm pore size. After filling the dialysis membrane, both their ends 
were tied tightly. Ensure that there is no leakage of pellet dispersion 
from the tied dialysis membrane. Filled dialysis membrane acts as a 
donor compartment. Then the filled dialysis membrane was immersed 
into a 100 ml pH 7.4 Phosphate Buffer Solution, which was kept in a 
magnetic stirrer at 100 rpm. The 5 ml of the sample was collected from 
the phosphate buffer solution phase at regular intervals of 0, 1, 2, 4, 6, 8, 
10, 12 h. Then the same 5 ml with fresh PBS solution in the receptor 
compartment was replaced to maintain a sinking condition. The released 
drug absorbance at each time interval was measured by using UV 
Spectrophotometer at 240 nm for Carvedilol. The experiment was 
carried out in triplicate (n=3) [31, 32]. 

RESULTS AND DISCUSSION 

Drug and excipients compatibility studies 

The following melting points were observed as endothermic peak 
readings in DSC thermogram as shown in fig. 1; Carvedilol at 114.49 °C; 
Physical mixture(mixture of drug and excipients) thermogram 
shows reproducibility in thermogram peak at 116.40 °C (Drug peak). 
From the data, it was inferred that on performing the DSC studies for 
pulsatile formulation, which ensures that the drug was effectively 
miscible in physical mixture. This thermal behavior confirms that 
both drugs exist in an amorphous form or molecularly dispersed in 
nature and also the excipients used in the formulation like polyvinyl 
pyrrolidone, Aerosil, Ethylcellulose EC7 CPS, Kollicoat SR 30 D, 
Eudragit L 100, Di-octyl-phthalate (DOP) %, Isopropyl alcohol are 
highly compatible to the drug i.e., the drug property will not be 
affected by the excipients used in the pulsatile formulation [10-12]. 

Screening of CMA for optimization technique 

A trial formulation of pellets was shown in table 3. From the trial 
formulation data it shows that all the pellet sizes attained micron 
size range from 6818.1±46.8 nm to 1247.4±6.4 nm. Among nine 
formulations, P1 carvedilol pulsatile pellet shows better reduces the 
particle size of about 1247.4±6.4 nm. From the data it was 
concluded that Ethylcellulose EC7 CPS polymer was selected as a 
best and suitable polymer for the formulation of pulsatile pellets. So, 
Ethylcellulose EC7 CPS polymer was used to optimize the carvedilol 
pulsatile pellets [13, 14]. 

 

Table 3: Screening of CMA for optimization technique 

Parameter P1 P2 P3 P4 P5 P6 P7 P8 P9 
Particle Size (nm) 1247.4±6.4 1311.6 

±5.8 
1734.0 
±7.6 

1853.4±10.3 2264.2 
±16.8 

2725.1±19.2 2147.0±14.6 3051.5±28.6 6818.1±46.8 

All the values are shown in mean±SD: n=3 
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Fig. 1: DSC Thermogram; (A) Carvedilol; (B) Overlap thermogram of carvedilol and physical mixture 

 

Table 4: Optimization of carvedilol pulsatile drug delivery tablet by QbD 

Run Critical material attributes (CMA) and critical process parameter 
(CPP) (level/conc. or range) 

Critical quality attribute (CQA) 

Pattern Conc. of EC 
(mg) 

Inlet temperature 
( °C) 

Atomizing air 
pressure (kg/cm2) 

Particle size (nm) Entrapment 
efficiency % 

% amt. of drug 
release at 12h 

CP1 0−+ 0/5 -1/40 1/1.5 1619.1±12.4 75.6±2.4 72.4±2.6 
CP2 ++0 1/7.5 1/45 0/1 2814.9±22.6 43.2±2.2 38.4±2.8 
CP3 0++ 0/5 1/45 1/1.5 1925.2±20.6 60.4±3.4 65.4±2.6 
CP 4 0+− 0/5 1/45 -1/0.5 1258.4±10.4 98.5±2.8 78.5±2.8 
CP 5 +−0 1/7.5 -1/40 0/1 3378.4±24.2 36.4±4.6 35.6±2.4 
CP 6 +0+ 1/7.5 0/43 1/1.5 2535.5±20.4 62.6±3.4 60.4±2.8 
CP 7 000 0/5 0/43 0/1 1764.3±12.6 78.4±3.8 65.2±2.6 
CP 8 000 0/5 0/43 0/1 1765.1±16.4 79.8±3.2 66.8±2.6 
CP 9 −0+ -1/2.5 0/43 1/1.5 1136.8±10.6 82.4±2.6 79.4±2.8 
CP 10 0−− 0/5 -1/40 -1/0.5 1929.4±12.8 64.6±3.2 68.4±2.4 
CP 11 −+0 -1/2.5 1/45 0/1 1232.9±12.4 89.4±2.6 79.6±2.8 
CP 12 +0− 1/7.5 0/43 -1/0.5 2823.3±24.6 56.4±2.4 34.2±2.8 
CP 13 −−0 -1/2.5 -1/40 0/1 1017.5±10.2 96.8±2.2 88.4±2.8 
CP 14 −0− -1/2.5 0/43 -1/0.5 1128.5±14.8 93.4±2.6 80.6±2.6 
CP 15 000 0/5 0/43 0/1 1836.1±15.4 66.4±3.4 75.4±2.4 

 All the values are shown in mean±SD: n=3 

 

Particle size 

The particle size of pulsatile pellets was in the range of 1017.5±10.2 
nm to 2823.3±24.6 nm. All the formulation was within the range of 1 
to 3 mm base on the concentration of polymer and effect of process 
parameter. The concentration of polymer and process parameter 
was shows the significant change in particle size. On decreasing in 
EC polymer concentration, controlled inlet temperature and 
controlled atomizing air pressure plays a vital role in decrease in 
particle size. The thickness of EC coat was maximum controlled by 
inlet temperature and atomizing air pressure. The polymer coat was 
not uniform throughout the particle on increasing the inlet 
temperature and atomizing air pressure; this may be due to 
accumulation of polymers to particular group of pellets. This effect 
resulting in agglomeration of particles, leads to missing of 
uniformity in coating of polymers. So the Inlet temperature and 
atomizing air pressure should be controlled and optimized manner 
[16-19].  

Entrapment efficiency 

The % EE of the pulsatile pellets was found to be in the range of 
43.2±2.2 to 98.5±2.8%. The entrapment efficiency of the pellets is 
based on the concentration of polymer and thickness of the polymer 
coat. The thickness of the polymer coat was controlled by process 
parameters like during inlet temperature and the atomization air 
pressure. Even though the concentration of polymer is reduced; the 
coating will be done perfectly by controlling the process like inlet 
temperature and atomizing air pressure [20-24]. 

Amount of drug release 

The % amount of drug release was found to be in the range of 
34.2±2.8 to 88.4±2.8% at 12h. The variation in drug release between 
the formulations was purely based on the concentration of EC 
polymer and thickness of the polymer coat. The uniformity of 
cumulative amount of drug release will be significantly based on the 
uniformity of drug coating [25, 26].  

Optimization of carvedilol pulsatile drug delivery system by 
box–behnken design 

The box-behnken optimization design and its data was shown in 
table 4-7 and fig. 2-4, which reveals the effect of CMA, CPP on CQA 
during the preparation of carvedilol pulsatile pellets. From the data 
obtained, it was concluded that there was a strong correlation 
between the CQA-like particle size, entrapment efficiency, % drug 
release with CMA and CPP-like polymer concentration, inlet 
temperature and atomization pressure. It was observed that there 
was a strong correlation that was established between polymer 
concentration vs. particle size of pellets (r2= 0.98) as shown in the 
prediction plot. It shows that there was an increase in pellet particle 
size by increasing the EC polymer concentration from-1 to 0 levels, 
i.e., from 1017.5±10.2 nm to 1929.4±12.8 nm,at the same time from 
0 to+1 levels, there was an increase in particle size i.e., from 
1258.4±10.4 nm to 3378.4±24.2 nm. The change in inlet 
temperature and atomization pressure from 0 to-1 level there was a 
decrease in particle size, increase in entrapment efficiency from 
36.4±4.6% to 93.4±2.6% and % amount of drug release from 
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35.6±2.4% to 88.4±2.8%. From 0 to+1 level of CMA and CPP, it 
shows there was an increase in particle size from 1258.4±10.4 nm to 
3378.4±24.2 nm; decrease in entrapment efficiency and % amount 
of drug release. This may be due to the optimum reduction of 
polymer concentration. Further increasing in 0 to+1 level, there was 
an increase in particle size. This effect may be due to more loading of 
polymer-coated over the drug coat and extreme drying of polymer 
coat by inlet temperature. Fig. 2 shows the prediction plot, it shows 
there was significant changes on CQA based on CMA and CPP i.e., 
RSq value of the effect of attribute vs. particle size shows 0.98; the 
RSq value of attribute vs. entrapment efficiency shows 0.89; the RSq 
value of attributes vs. % drug release shows 0.93, which mean that 
there was a significant changes in CQA on changes in CMA and CPP. 
On executing the polymer concentration vs. PS in ANOVA, the ‘P’ 
value was found to be<0.05, which confirmed that there was a 
significant difference in PS by increasing the concentration of 
polymer and also when P<0.05, the effect of inlet coating 
temperature and atomization pressure on PS, showed a significant 
difference in PS. Among all formulations (CP1-CP15), the CP13 
formulation showed a required particle size of about 1017.5±10.2 
nm, good entrapment efficiency of about 96.8±2.2% and 88.4±2.8% 
amount of drug release at 12 h at the low-1 level of EC coating 
polymer concentration. Increased inlet coating temperature from-1 
to 0 levels, it was found to decrease in particle size and increase in 
entrapment efficiency. Further increasing inlet temperature and 
atomizing pressure after 0 level, there was an increase in particle 
size (r2 =-0.843 negative linear regression) and decrease in 
entrapment efficiency, % amount of drug release. It may be due to 
the effect of increasing polymer concentration through more 
atomizing pressure, which will lead to loads of more polymer 
solution through atomization pressure. By establishing itself in 
ANOVA, when P value was found to be 0.0245, it showed a 
significant change in PS, EE and % ADR by decreasing the polymer 

concentration and increases in the inlet coating temperature and 
atomizing pressure from 0 to-1level. It also confirmed that, there 
was a significant change in PP by increasing the atomization 
pressure with P value<0.05. Decrease atomization pressure at 0 
levels during the preparation of pellets shows a simultaneous 
desired decrease in PS, increase in % EE and increase in % ADR. 
Among all Carvedilol pulsatile pellet formulations (CP1-CP15), CP13 
formulation shows an expected %EE of about 96.8±2.2% of the low-
1 level (40 °C of inlet temperature) and moderate 0 levels (1 
kg/cm2) of Atomizing air Pressure. Among all Carvedilol CP13 
formulations showed more % ADR of about 88.4±2.8% at moderate 
0 levels (1 kg/cm2of Atomizing air pressure). Prediction plot (fig. 2 
A) shows that there is a significant enhancement of particle size of 
pellets with an increase in the concentration of critical material 
attributes like EC levels. So that it shows a good regression value of 
0.98. The CMA, CPP effect on entrapment efficiency (fig. 2B) also 
shows a good linear regression values of about 0.89; % amount of 
drug release of about 0.93. From the prediction plot it was 
confirmed that on change in CMA (EC concentration) and CPP (Inlet 
temperature, Atomizing air Pressure) there will be a significant 
change in CQA like Particle size (µm), Entrapment efficiency (%), % 
amount of drug release (ADR) [23,24]. From the optimization data, it 
was concluded that CP13 was the optimized formulation. The 
polynomial equations were derived from the coefficient table 5-7 is 
as follows, which shows which CMA and CPP was significant 
parameter towards CQA [22-27]. 

PS = 1788.5+892.888 X1 …… Equation (1) 

%EE= 81.533-17.925 X1-9.775 X2X3 …… Equation (2) 

%ADR= 69.13-19.65 X1 …… Equation (3) 

Where, X1=Polymer Concentration; X2= Inlet temperature; X3= 
Atomizing air pressure 

 

 

Fig. 2: Prediction plot shows Rsq based on the response of CMA, CPP on CQA like (A) Particle size (µm); (B) Entrapment efficiency (%); (C) 
% amount of drug release (ADR) 

 

 

Fig. 3: Response surface profiler graph showing the relation between CMA, CPP Vs. CQA; (a) CMA, CPP Vs. Particle size; (b) CMA, CPP Vs. % 
Entrapment efficiency; (c) CMA, CPP Vs. % Amount of drug release effect summary 
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Fig. 4: Contour profiler graph showing the relation between CMA, CPP Vs. CQA 

 

Table 5: Coefficient table shows parameters estimates of CMA, CPP on particle size 

Term Estimate Std error t Ratio Prob>|t| 
Intercept 1788.5 108.5261 16.48 <.0001* 
Conc. of EC Polymer 892.8875 81.3946 10.97 0.0004* 
Inlet temperature -89.125 66.45841 -1.34 0.2510 
Atomizing air pressure -3.7125 81.3946 -0.05 0.9658 
Conc. of EC Polymer*Inlet temperature -194.725 93.98639 -2.07 0.1070 
Conc. of EC Polymer*Atomizing air pressure -47.35 132.9168 -0.36 0.7397 
Inlet temperature*Atomizing air pressure 244.275 93.98639 2.60 0.0601 
Conc. of EC Polymer*Conc. of EC Polymer 259.375 108.5261 2.39 0.0752 
Inlet temperature*Inlet temperature 63.05 108.5261 0.58 0.5924 
Atomizing air pressure*Atomizing air pressure -168.525 108.5261 -1.55 0.1954 

 

Table 6: Coefficient table shows parameters estimates of CMA, CPP on % entrapment efficiency 

Term Estimate Std Error t Ratio Prob>|t| 
Intercept 81.533333 4.387362 18.58 <.0001* 
Conc. of EC Polymer -17.925 2.686699 -6.67 0.0011* 
Inlet temperature 1.0125 2.686699 0.38 0.7217 
Atomizing air pressure -5.2375 2.686699 -1.95 0.1088 
Conc. of EC Polymer*Inlet temperature 3.55 3.799567 0.93 0.3930 
Conc. of EC Polymer*Atomizing air pressure 4.3 3.799567 1.13 0.3091 
Inlet temperature*Atomizing air pressure -9.775 3.799567 -2.57 0.0499* 
Conc. of EC Polymer*Conc. of EC Polymer -6.829167 3.954715 -1.73 0.1448 
Inlet temperature*Inlet temperature -3.254167 3.954715 -0.82 0.4480 
Atomizing air pressure*Atomizing air pressure -1.004167 3.954715 -0.25 0.8097 

 

Table 7: Coefficient table shows parameters estimates of CMA, CPP on % amount of drug release 

Term Estimate Std error t Ratio Prob>|t| 
Intercept 69.133333 4.467058 15.48 <.0001* 
Conc. of EC Polymer -19.65 2.735503 -7.18 0.0008* 
Inlet temperature -0.1375 2.735503 -0.05 0.9619 
Atomizing air pressure 1.9875 2.735503 0.73 0.5001 
Conc. of EC Polymer*Inlet temperature 2.45 3.868586 0.63 0.5544 
Conc. of EC Polymer*Atomizing air pressure 6.85 3.868586 1.77 0.1368 
Inlet temperature*Atomizing air pressure -4.275 3.868586 -1.11 0.3195 
Conc. of EC Polymer*Conc. of EC Polymer -8.354167 4.026552 -2.07 0.0927 
Inlet temperature*Inlet temperature -0.829167 4.026552 -0.21 0.8450 
Atomizing air pressure*Atomizing air pressure 2.8708333 4.026552 0.71 0.5077 

 

Scanning electron microscopy 

Surface morphology and shape of optimized carvedilol pulsatile 
pellets were observed for SEM studies as shown in fig. 5. The 

study revealed that the carvedilol pulsatile pellets were mostly 
spherical in shape; the particle surface had a distinctive 
smoothness, and the particle size, as shown by SEM, was in the 
micrometric range. 
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Fig. 5: SEM images of optimized CP13 carvedilol pulsatile pellet 

 

 

Fig. 6: Comparative in vitro drug release study profile of carvedilol pulsatile pellets Vs. marketed coreg ER® (mean±SD: n=3) 

 

In vitro drug release  

The drug release profile for Carvedilol pulsatile pellets was 
investigated in phosphate buffer (pH 7.4) by packing in a gelatin 
capsule. It shows that particle size decreased, the surface area 
increased, allowing more dissolution of the drug from the pellets. 
The release of drugs from the pellets mainly depends on polymer 
concentration. When the concentration of polymer increased with 
the formulation resulted in smaller micron-sized particles were 
formed, this resulted in the enhancement of the dissolution profile of 
carvedilol. Thus, the carvedilol release from CP13 Pulsatile pellets 
was found to be higher (88.4±2.8%) at 12 h than other formulations 
and marketed Coreg-ER tablets as shown in fig. 6. With an increase 
in the polymer concentration in CP13, the release of the drug was 
controlled well leads to a cumulative increase in the percentage 
amount of drug release, and the successful distribution of the drug is 
partly due to the size of the microparticles and the viscosity of the 
polymers, which makes for a higher rate of drug release into the 
aqueous medium.  

CONCLUSION 

From the research data, it was concluded that Carvedilol Pulsatile 
drug delivery system was designed by using optimized fluidized bed 
coater in order to decrease the usage of attributes, decrease the 
productivity cost and enhance the usage of specific attributes at 
fixed concentration like-1 level or 2.5 mg of EC concentration; -1 
level or 40 °C of inlet temperature; 0 level or 1 kg/cm2of atomizing 
air pressure for further manufacturing scale. By the current results it 
was concluded that the optimized CMA and CPP that shown in the 

results are the suitable attributes for the best formulation of 
carvedilol pulsatile drug delivery system capsules.  
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