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ABSTRACT
Background: The current research work was aimed to optimize and develop Pulsatile Drug 
Delivery Systems (PDDS) of esomeprazole so as to control the nocturnal acid breakthrough 
in ulcer patients. Materials and Methods: Microparticles separately for Delayed Immediate 
Release (DIR) and Delayed Extended Release (DER) were developed. DER microparticles were 
developed as matrix microspheres by optimizing different formulation and process parameters 
followed by enteric coating of the optimized formulation. Stirring speed, amount of Eudragit 
RSPO, type and amount of hydrophilic polymer were taken as the independent factors. Particles 
size and drug release at various characteristic time points were taken as the response variables. 
Central composite design was employed to elucidate the effect of the factors on the responses 
followed by optimization. Results: Except stirring speed on the drug release, all the other factors 
were observed to have significant effect (p<0.05) on all the responses. The SEM images described 
the mechanism responsible for delayed extended release of the esomeprazole. The results of 
graphical optimization indicated that the microspheres prepared with Eudragit RSPO at 0.67 g 
and polyethylene oxide at 0.33 g for 1 g of esomeprazole at 550 rpm as the optimized formulation. 
This formulation upon terminal enteric coating exhibited delayed release for an extended 
period of 6 hr, later the drug was released within 2 hr. Conclusion: Equal doses of simple enteric 
coated drug particles as DIR microcapsules along with the optimized DER microspheres could 
release esomeprazole effectively as two different pulses at the desired time intervals upon oral 
administration.

Keywords: Pulsatile drug delivery systems, Esomeprazole, Nocturnal acid breakthrough, Central 
composite design, Optimization.

INTRODUCTION

Proton Pump Inhibitors (PPIs) are the first-line drugs for 
the treatment of gastric and duodenal ulcers.1 These drugs 
are commonly available in the market as delayed release 
formulations.2 Because of their instability in the gastric acidic 
fluids, these drugs are made into delayed release products by 
enteric coating over core tablets or capsules containing the PPIs.3 
But, the simple enteric coated products delay the drug release 
until the tablet reaches the small intestine only i.e. up to around 
1-2 hr after administration. These formulations are generally 
administered twice daily. Nocturnal Acid Breakthrough (NAB) 
is a common characteristic symptom that occurs in around 
70% of the patients suffered from Helicobacter pylori-negative 
ulcers.4-6 The NAB results in gastric pH<4 for minimum of 1 hr 

continuously during post-midnight and early hours of morning. 
This causes severe discomfort to the patients during the sleep 
time. This chronophysiology necessitates the need of special 
drug delivery systems which can maintain effective plasma drug 
concentrations during the period of possible NAB.7,8

Pulsatile drug delivery systems are the formulations which release 
each dose of the contained drug as a pulse with a predetermined 
gap between the doses to match the circadian rhythm of the 
particular disease condition.9,10 Many physiological conditions 
like NAB are chronological and their effective management 
requires effective plasma levels of drugs in synchronization 
with the symptoms. The applicability of PDDS for obtaining 
chronomodulated drug delivery is well supported by considerable 
extent of research. Rashid R et al.11 reported compression-coated 
aceclofenac tablets were developed for chronomodulated drug 
delivery for the treatment of arthritis condition. Predetermined 
lag time of 5-6 hr was achieved using the combined matrix of 
Eudragit and HPMC. Mahalakshmi P et al.12 also developed 
coated tablets by compression coating with Eudragit RSPO for 
achieving desired lag time before the release of patoprazole. Garg 
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AK et al.13 and Kharwade R et al.14 reported combined HPMC, 
EC and xanthum gum matrix provided desired lag-time and 
timely release of the contained drugs from the tablets made 
by compression coating. This literature suggests that desired 
lag-time before the drug release can be effectively achieved using a 
combined matrix of water swellable and water insoluble polymer. 
But, single unit dosage forms have a drawback of possible failure 
of the dosage form due to rupture of the coating.15 On the other 
hand; multi-particulate systems avoid this potential drawback 
and provide desired chronomodulated delivery effectively. 
Tekade AR et al.16 developed microspheres using a novel swellable 
polymer for the pulsatile release of theophylline in the colon for 
the treatment of asthma. Dhurke R and Hua S3 describe possible 
applications of microparticles for pulsatile drug delivery.

Considering the extensive literature survey, there is still a large 
scope to explore possible technologies for the development of 
pulsatile microparticulate systems to achieve chronomodulated 
delivery17 for the suitable drugs like PPIs. Currently available 
Proton Pump Inhibitor (PPI) formulations (both Immediate 
release and Delayed release) given twice daily cannot control 
secretion of gastric acids adequately overnight. Hence, in this 
work esomeprazole was taken as the PPI and for this PDDS was 
aimed to be developed. The planned PDDS contain two doses 
of the PPI which were made into Delayed Immediate Release 
(DIR) portion and Delayed Extended Release (DER) portion. 
The planned hypothesis is that when this PDDS capsule is 
administered just before the night meal at around 8-9 PM, first 
dose has to be released after emptying of the capsule contents into 
small intestine from the DIR portion. Then after a lag of total 6 hr, 
second dose of the drug has to be released from the DER portion 
at around 3-4 am when the nocturnal acid breakthrough generally 
occurs.4-6 One dose equivalent drug powder was prepared directly 
as enteric coated microcapsules (DIR portion) by emulsion 
solvent evaporation technique. These microcapsules were 
assumed to release the drug immediately once they were emptied 
from the stomach after administration. Another dose of the drug 
was first made into matrix microspheres using a combination of 
a water insoluble polymer and a water swellable/soluble polymer. 
These microspheres were finally subjected to enteric coating 
(DER portion). These microspheres were assumed to prevent the 
drug release for a predetermined extended period of time after 
they were emptied into small intestine. After a predetermined lag 
time (the time for sufficient dissolution of the matrix to allow the 
drug release), these microspheres were aimed to release the drug 
within a span of 2 hr. Both these portions of the drug were filled 
into a hard gelatin capsule such that the capsule produces two 
pulses of drug release.

Development of the matrix microspheres for the DER portion 
is the critical aspect in achieving the objective of the present 
research work. Hence, Quality by Design (QbD) approach18,19 was 
implemented using Stat Ease Design Expert software to optimize 

DER portion microparticles. Type of swellable polymer, amount 
of swellable polymer, amount of insoluble polymer and stirring 
speed were taken as the independent variables (factors); particle 
size and drug released at various time intervals were taken as 
dependent variables (responses). Central Composite Design 
(CCD) was employed as the experimental design to investigate 
the effects of the factors on the responses. Later, numerical 
optimization was performed to identify the design space and 
optimized formulation of the DER microparticles.

MATERIALS AND METHODS

Materials

Esomeprazole was acquired from Mylan Laboratories Ltd., 
Hyderabad; Eudragit RSPO, Polyethylene Oxide (PEO N60K) 
and Hydroxypropyl Cellulose (HPC MF) were purchased from 
Sigma Aldrich Mumbai; dichloromethane, methanol and all 
other chemicals are of analytical grade and were acquired from 
SD Fine Chemicals, Mumbai.

Development of DER portion microspheres
QbD aspects

The matrix microspheres for developing DER portion 
microspheres of esomeprazole were planned to develop using 
Quality by Design (QbD) approach.

Quality Target Product Profile (QTPP)

To delay the drug release by 4 hr in the intestinal conditions and 
then to complete the drug release in 1-2 hr.

Critical Quality Attributes (CQAs)

Particle size; and percent drug release at 4, 5 and 6 hr in the 
intestinal conditions as D4%, D5%, and D6% respectively.

Critical Process/Formulation Parameters (CPPs)

Upon thorough literature study and experimental trials, the 
following factors were selected as critical formulation factors, 
Factor A: Amount of Eudragit RSPO (0.33-0.67 g); Factor B: 
Amount of Hydrophilic polymer (0.33-0.67 g); Factor C: Stirring 
speed (400-550); and Factor D: Type of hydrophilic polymer 
(PEO N60K/HPC MF).

Based on the nature and levels of factors, the best suitable CCD 
was selected. The combination of the factors and their levels 
according to the selected design are shown in Table 1.

Preparation of matrix microspheres

Emulsion solvent evaporation method was adopted for the 
development of the microspheres.20 Desired amounts of the 
hydrophilic and hydrophobic polymers as specified in the 
Table 1 were dissolved in 15 mL of 1:1 mixture of methanol 
and dichloromethane. After obtaining clear solution, 1 g of 
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esomeprazole was dissolved in the above polymer solution using 
cylcomixer (Remi CM 101). Separately 80 mL of liquid paraffin was 
taken in a 250 mL beaker which was kept on a hot plate (Metalab) 
with set temperature of 45ºC. Into this beaker, paddle type 
mechanical stirrer blade (Remi RQ-5 Plus) was dipped. The stirrer 
was set at a speed of 550 rpm. Then the drug-polymer dispersion 
was added slowly as drops into the liquid paraffin under constant 
stirring. This produced fine droplets of volatile solvent containing 
drug-polymers monolith in the liquid paraffin as an emulsion. 
The stirring was continued for 4-5 hr until the volatile solvent was 
completely evaporated and the formed droplets were rigidized 
as matrix microspheres. Then the dispersion was subjected to 

filtration to separate microspheres followed by washing them 
with petroleum ether to eliminate any adhered paraffin. Finally, 
the microspheres were washed with distilled water and subjected 
to drying immediately. The dried free-flowing microspheres were 
collected and stored appropriately for further use.

Characterization studies on the matrix microspheres

Percentage yield

The microspheres after drying were weighed precisely. Then the 
yield was computed as the ratio of the weight of the obtained 
microspheres to the combined weight of the drug and the polymer 
taken multiplied by 100.

Formulation 
code

Std. order Run order Factor A Factor B Factor C Factor D

MSF1 13 26 0.50 0.50 348.87 PEO N60K
MSF2 1 29 0.33 0.33 400.00 PEO N60K
MSF3 2 2 0.67 0.33 400.00 PEO N60K
MSF4 3 19 0.33 0.67 400.00 PEO N60K
MSF5 4 12 0.67 0.67 400.00 PEO N60K
MSF6 11 11 0.50 0.21 475.00 PEO N60K
MSF7 9 5 0.21 0.50 475.00 PEO N60K
MSF8 15 17 0.50 0.50 475.00 PEO N60K
MSF9 10 25 0.79 0.50 475.00 PEO N60K
MSF10 12 23 0.50 0.79 475.00 PEO N60K
MSF11 5 7 0.33 0.33 550.00 PEO N60K
MSF12 6 27 0.67 0.33 550.00 PEO N60K
MSF13 7 21 0.33 0.67 550.00 PEO N60K
MSF14 8 16 0.67 0.67 550.00 PEO N60K
MSF15 14 6 0.50 0.50 601.13 PEO N60K
MSF16 28 14 0.50 0.50 348.87 HPC MF
MSF17 16 15 0.33 0.33 400.00 HPC MF
MSF18 17 24 0.67 0.33 400.00 HPC MF
MSF19 18 3 0.33 0.67 400.00 HPC MF
MSF20 19 8 0.67 0.67 400.00 HPC MF
MSF21 26 4 0.50 0.21 475.00 HPC MF
MSF22 24 18 0.21 0.50 475.00 HPC MF
MSF23 30 28 0.50 0.50 475.00 HPC MF
MSF24 25 1 0.79 0.50 475.00 HPC MF
MSF25 27 30 0.50 0.79 475.00 HPC MF
MSF26 20 10 0.33 0.33 550.00 HPC MF
MSF27 21 20 0.67 0.33 550.00 HPC MF
MSF28 22 22 0.33 0.67 550.00 HPC MF
MSF29 23 9 0.67 0.67 550.00 HPC MF
MSF30 29 13 0.50 0.50 601.13 HPC MF

Table 1:  Combinations of the selected factors with the levels according to the CCD.
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Entrapment Efficiency (EE)
100 mg drug equivalent weight of the microspheres were taken, 
grinded and added to water and then subjected to stirring on 
a rotary shaker. At regular intervals samples were withdrawn 
and analyzed for absorbance spectrophotometrically (Thermo 
Scientific Evolution One) until constant absorbance was obtained. 
The final absorbance was used to estimate the amount of drug 
present in the taken microspheres. Then the below formula was 
used to get the EE.

Particle size
Microscopy technique21,22 was employed to measure the size of 
the microspheres. Small amount of microspheres was spread 
on a glass slide and focused under an optical microscope. 
Using a pre-calibrated eye piece micrometer, Feret’s diameter 
was measured for 200 particles. Arithmetic mean diameter was 
calculated using the obtained data.

Drug release studies
These were executed in USP type 2 apparatus (Lab India Disso 
8000) maintained at 100 rpm. 1000 mL of phosphate buffer pH 6.8 
was used as the medium.23,24 20 mg drug equivalent microspheres 
were added into the vessel and the test was initiated. At regular 
time intervals, samples of 5 mL were withdrawn and transferred 
into stoppered test tubes containing 1 mL of 0.25 M NaOH 
solution and were kept in a dark place until further analysis. 
The analysis for quantification of esomeprazole was done 
spectrophotometrically at its maximum wavelength of 302 nm.

Design validation and Optimization
Design of Experiments (DoE) analysis was performed using 
Design Expert software.25 Sequential model sum of squares was 
performed for every response to elucidate the regression model 
of influence of the factors on every response. Then ANOVA 
was done to identify whether the selected model and the model 
parameters were significant or not so that the whether the adopted 
design and the model were checked for its suitability to proceed 
for optimization. Graphical optimization was done by desirability 
functions approach. The goal of optimization was set to achieve 
the drug release in a desired period of time i.e. the drug release 
should be minimum for first 4 hr and then the release should be 
completed within the next 2 hr.

Scanning Electron Microscopy (SEM)
Morphological characterization of microspheres was studied 
using SEM (ZEOL JSM-5610) according to the procedure 
reported by Srikar G et al.18 The SEM images were also taken for 
the remaining microspheres after their drug release studies and 
compared with previous images so as to elucidate the possible 
mode of drug release.

Enteric coating of the optimized matrix 
microspheres and their characterization

This step was to convert the optimized matrix microspheres into 
DER portion microspheres. In order to avoid the drug release in 
the gastric region, the optimized microspheres were subjected 
to enteric coating. In this step, Eudragit S 100 was used as the 
enteric film forming material. Three different coating solution 
formulations as shown in Table 2 containing variable amounts 
of the film former and at variable viscosities were developed and 
verified for the best result. 100 g of the optimized microspheres 
were taken in the coating pan which was made to revolve at 50 
rpm. Drying hot air, adjusted at 40ºC temperature was allowed 
into the coating pan. The coating solution was sprayed onto the 
solid bed at a pre-optimized rate of 5 mL/min. After drying, the 
coated microspheres were taken and checked visually for any 
sticking.

The obtained enteric coated matrix microspheres (DER 
microspheres) were subjected to yield, drug content and particle 
size determination as per the above mentioned procedures. 
Dissolution studies were performed using paddle apparatus 
rotated at 100 rpm in acid and buffer stages.23,24 300 mL of 0.1 N 
HCl was taken as the medium for the acid stage (2 hr) and then, 
1000 mL of phosphate buffer pH 6.8 was taken as the medium for 
the buffer stage.

Preparation of DIR Portion Microcapsules and their 
Characterization

This portion of the microcapsules has to avoid the drug in 
the gastric region and allow its release immediately once the 
microcapsules reach small intestine. Emulsion solvent evaporation 
method with core material dispersed in the solution of polymer26 
was used to coat the plain esomeprazole by the enteric polymer 
Eudragit S100. Desired quantity of Eudragit S100 (as shown 
in the Table 3) was dissolved in ethanol in which the drug was 
dispersed. Liquid paraffin containing 0.2% v/v of span 20 was 
taken in a beaker and kept under stirring at 550 rpm (Remi RQ-5 
Plus) and maintained at a 45ºC temperature. Into this beaker 
under these conditions, the dispersion of Esomeprazole in the 
polymer solution was transferred drop-wise. Then stirring was 

Sl. No. Ingredients Quantity

EECF1 EECF2 EECF3
1 Eudragit S 

100
8g 10g 10g

2 PEG 400 1.2g 1.5g 1.5g
3 Talc 0.1g 0.1g 0.1g
4 Span 20 0.1g 0.1g 0.1g
5 Isopropyl 

alcohol q.s.
50mL 50mL 40mL

Table 2:  Composition of enteric coating solution formulations.
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continued until the solvent was evaporated (took approximately 
3.5 hr). The resulted microcapsules were collected from the liquid 
paraffin by filtration, followed by washing with petroleum ether 
to remove any adhered paraffin. Finally, the microcapsules were 
washed with water twice and kept in hot air oven for drying. The 
dried enteric coated microcapsules of esomeprazole were stored 
for further studies.

These microcapsules were also studied for their yield, EE and 
particle size using the same procedures as mentioned for the 
matrix microspheres. Dissolution studies were performed in 
the acid and buffer stages similar to enteric coated DER portion 
microspheres.

RESULTS

Matrix Microspheres
Yield and Entrapment efficiency

All the formulations of the microspheres were obtained with 
good yield ranging from 87.3-94.2% as shown in the Table 4. All 
the formulations of the microspheres exhibited the Entrapment 
Efficiency (EE) values in the range of 67.4-89.3% and are 
presented in the Table 4.

DoE analysis of the responses
Particle size

The results of particle size analysis are shown in the Table 4. 
The model type of the effect of the factors on this response was 
investigated by sequential sum of squares using the Design Expert 
software. The factors were found to influence the particle size 
linearly and the effect was shown in Figure 1. The model equation 
was obtained as

Particle Size=240.01+10.88*A+23.39*B-12.53*C+23.02*D

The influences of all the four factors were significant at p<0.05 by 
ANOVA (presented in the Table 5 and in Figure 1).

Drug release studies

The results of drug release in phosphate buffer pH 6.8 after 4, 5 
and 6 hr are given in the Table 4. The percent drug release after 4 

hr (D4%), after 5 hr (D5%) and after 6 hr (D6%) was considered 
as the other response so as to represent the QTPP. Effects of all the 
four factors on these three responses were analyzed by sequential 
sum of squares to understand the regression model between the 
factors and every response. The factors were found to have linear 
influence on the D4% and D5% whereas it was quadratic effect 
on the D6% as shown in Figure 2 (a)-(f). The model equations 
were obtained as

​D4=+10.08 − 2.70*A − 1.11*B − 0.084*C − 1.49*D​

​D5=+49.06 − 7.12*A − 4.20*B + 0.97*C − 3.66*D​

​D6=+91.91 − 9.66*A − 7.00*B + 0.98*C − 3.97*D − 3.50*A
B + 0.18*AC − 1.91*AD + 0.050*BC − 0.22*BD + 0.32*CD 

− 3.65*A2 − 3.34*B2 + 1.97*C2   ​

On all these three responses, the influences of the factors A, B and 
D only were significant at p<0.05 by ANOVA which are shown 
in Table 5 for D4% and D5%, and in Table 6 for D6%; and are 
further illustrated in Figure 2.

Design validation and Optimization

The sequential sum of squares analysis performed using Design 
Expert showed that the factors had linear effect on the First 
Three Responses (R1, R2 and R3) and, quadratic effect on the 
Fourth Response (R4). All the responses were analyzed with 
the respective models. The results of ANOVA test are shown 
in Tables 5 and 6. The normal plots of the residuals of all the 
responses are illustrated in Figure 3. Graphical optimization was 
performed by setting desirability criteria or constraints for the 
responses so as to achieve the defined QTPP. Hence, D4 was set 
to minimum with a maximum limit of 10%; D5 was set be in the 
range of 45-55%; and D6 was set to be in the range of 90-99%. 
Particle size was set to minimum with a maximum limit of 250 
µm. under these constraints, the graphical optimization was 
performed and the obtained overlay plot was shown in the Figure 
4. One best optimized combination suggested by the software and 
the predicted values of the responses by the software are given 
in Table 7. Matrix microspheres with the suggested optimized 
combination was prepared and evaluated for the response values. 
The obtained responses are shown in Table 7.

Sl.
No.

Formulation Quantities

Drug Poloxamer 
188

Eudragit 
S100

Ethanol

1 IECF1 0.5g 0.05g 0.125g 5mL
2 IECF2 0.5g 0.05g 0.25g 5mL
3 IECF3 0.5g 0.05g 0.375g 5mL
4 IECF4 0.5g 0.05g 0.5g 5mL

Table 3:  Formulation composition of enteric coating microcapsules of esomeprazole.
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SEM analysis

The matrix microspheres were studied for surface morphology 
before, during and after the drug release study and the images 
are presented in Figure 5. Before subjecting to the drug release, 
the microspheres surface is shown in the Figure 5(a). The 
microspheres surface after 4 hr of the drug release study is shown 
in the Figure 5(b). Again at the end of 6 hr of the drug release 
study, the obtained SEM image is shown in the Figure 5(c).

Characterization of the enteric coated optimized 
DER microspheres

Microspheres in the previous section were optimized so as 
to obtain a delay of 4 hr in the intestinal medium. As the 
microspheres should come across the gastric environment 
first upon administration, enteric coating is necessary to avoid 
release of the drug in the gastric conditions. Eudragit S 100 based 
three different coating solution formulations (EECF1-EECF3) 

Formulation 
code

Yield (%) EE (%) Particle size 
(µm) (R1)

D4 (%) (R2) D5 (%) (R3) D6 (%) (R4)

MSF1 91.5±2.3 83.3±1.9 246.2±12.7 13.2±1.4 55.4±3.3 96.5±2.1

MSF2 93.6±1.9 73.6±0.7 187.9±10.5 14.3±0.8 58.9±1.7 100±4.6

MSF3 89.7±3.2 75.1±3.1 218.5±17.3 8.7±1.1 45.1±2.2 95.6±3.4

MSF4 94.2±1.4 85.9±2.4 234.6±14.8 12.4±0.6 53.7±3.1 97.8±2.9

MSF5 88.7±2.7 87.6±1.5 270.5±21.4 5.9±0.9 38.6±2.6 80.2±4.3

MSF6 91.2±4.3 67.4±5.1 173.7±9.6 18.4±1.2 66.7±4.7 100±2.8

MSF7 90.8±5.7 70.3±3.4 211.4±20.5 15.1±0.4 68.3±5.6 100±1.9

MSF8 92.5±2.9 71.7±2.2 206.9±15.6 16.5±0.7 58.4±2.9 98.1±2.7

MSF9 88.3±6.7 73.9±1.5 224.8±18.9 4.6±0.9 34.8±1.5 61.3±4.2

MSF10 91.1±3.8 77.2±2.9 253.7±23.1 5.2±1.3 40.5±3.2 62.7±2.3

MSF11 94.6±2.5 70.5±4.2 166.3±12.4 15.1±0.8 60.2±5.1 100±1.4

MSF12 90.7±4.1 71.6±3.1 203.5±18.2 7.9±0.5 47.5±3.7 95.4±3.5

MSF13 87.4±3.6 76.2±2.7 219.1±23.5 13.7±1.2 58.1±4.8 98.6±2.1

MSF14 91.5±5.3 77.1±1.5 243.2±21.7 7.2±1.1 43.9±2.6 84.5±5.2

MSF15 90.4±4.4 72.9±0.9 194.6±16.4 15.4±0.6 60.7±5.4 98.9±2.4

MSF16 93.7±2.7 85.1±1.4 291.3±13.7 10.4±0.8 51.6±3.9 89.7±4.8

MSF17 91.9±1.8 76.9±2.6 226.5±18.2 12.1±1.3 53.7±2.5 93.4±1.7

MSF18 89.7±5.6 79.3±2.2 263.7±22.6 5.6±0.4 40.3±1.6 80.1±5.3

MSF19 94.2±1.5 84.3±1.8 272.9±26.3 12.3±2.1 45.9±3.2 92.8±1.6

MSF20 90.5±0.9 88.7±3.5 312.4±24.5 8.2±1.4 34.7±4.5 62.9±6.4

MSF21 91.8±3.1 74.5±2.9 238.6±8.8 9.5±0.5 51.6±2.4 95.5±2.9

MSF22 87.3±2.8 80.6±2.1 255.3±12.6 10.9±0.6 54.8±1.4 98.2±3.3

MSF23 89.4±1.4 81.4±1.7 261.7±28.3 8.3±1.4 49.1±3.6 87.6±4.5

MSF24 92.9±1.5 83.2±1.2 269.1±24.3 3.7±1.2 35.4±2.9 55.9±4.2

MSF25 90.8±2.6 89.3±2.3 320.8±16.9 6.1±0.5 33.5±4.8 60.7±5.8

MSF26 93.3±1.9 74.2±3.1 214.8±19.2 8.9±0.9 52.9±1.7 97.3±2.6

MSF27 92.7±4.1 72.5±0.9 247.5±20.6 7.2±1.6 41.3±2.6 83.8±1.9

MSF28 94.1±2.2 82.1±1.4 263.9±24.7 11.8±0.4 49.2±5.1 94.5±3.4

MSF29 92.6±1.3 83.9±2.5 278.1±19.3 5.9±1.2 35.6±4.3 64.3±5.5

MSF30 91.5±4.4 76.2±2.8 228.9±14.8 7.9±1.5 51.4±2.9 93.9±1.7

* Note: All the results were expressed as Average±Standard deviation for n=3.

Table 4:  Results* of various characterization studies including the responses of the matrix microspheres.
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were studied to find the best composition. The results of the 
characterization studies after enteric coating of the optimized 
DER microspheres were shown in Table 8 and the drug release 
profiles are shown in Figure 6(a).

Characterization of the DIR Microcapsules
Esomeprazole is sparingly soluble in ethanol and hence it just 
dispersed in the ethanolic solution of the Eudragit S100. The 
emulsion solvent evaporation method in this case produced 
microcapsules as the polymer solution deposited on the drug 
particles during emulsification. Further evaporation of ethanol 
and rigidization of the Eudragit S100 over the esomeprazole 
particles yielded microcapsules. Poloxamer 188 was used as 
surfactant that could enhance dissolution of the drug once the 

enteric polymer was dissolved upon reaching small intestine 
after their oral administration and hence these were termed as 
delayed Immediate Release (DIR) microcapsules.27 Four different 
formulations of the DIR microcapsules (IECF1-IECF4) were 
prepared and studied for various characterization studies and the 
results were shown in Table 9. The dissolution profiles of these 
DIR microcapsules are shown in Figure 6(b).

Drug release studies on the combined DIR 
microcapsules and DER microspheres
Finally, one dose (20 mg) equivalent DIR microcapsules and other 
20 mg equivalent DER microspheres were combinely filled into 
a hard gelatin capsule to make the final pulsatile drug delivery 
system. This was subjected to drug release study in both acid and 

Source SSa Dfb MSSc F value p-value Inferenced

R1: Particle size

Model 38359.94 4 9589.99 98.49 <0.0001 Significant

A- Amount of Eudragit RSPO 3232.63 1 3232.63 33.20 <0.0001 Significant

B- Amount of Hydrophilic 
Polymer

14939.33 1 14939.33 153.43 <0.0001 Significant

C-Stirring speed 4290.37 1 4290.37 44.06 <0.0001 Significant

D-Type of Hydrophilic polymer 15897.61 1 15897.61 163.27 <0.0001 Significant

Residual 2434.21 25 97.37

Cor Total 40794.15 29

R2: D4%

Model 299.98 4 74.99 12.52 <0.0001 Significant

A- Amount of Eudragit RSPO 199.23 1 199.23 33.26 <0.0001 Significant

B- Amount of Hydrophilic 
Polymer

33.65 1 33.65 5.62 0.0258 Significant

C-Stirring speed 0.19 1 0.19 0.032 0.8585 Insignificant

D-Type of Hydrophilic polymer 66.90 1 66.90 11.17 0.0026 Significant

Residual 149.77 25 5.99

Cor Total 449.75 29

R3: D5%

Model 2295.02 4 573.75 31.53 <0.0001 Significant

A- Amount of Eudragit RSPO 1385.98 1 1385.98 76.18 <0.0001 Significant

B- Amount of Hydrophilic 
Polymer

481.69 1 481.69 26.48 <0.0001 Significant

C-Stirring speed 25.47 1 25.47 1.40 0.2478 Insignificant

D-Type of Hydrophilic polymer 401.87 1 401.87 22.09 <0.0001 Significant

Residual 454.86 25 18.19

Cor Total 2749.87 29

Note: a-Sum of Squares; b-Degrees of Freedom; c-Mean Sum of Squares;d-p-value less than 0.05 indicates model terms are significant.

Table 5:  Results of ANOVA for response surface linear model for the responses R1, R2 and R3.
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buffer stages as per the previously mentioned procedures. The 
obtained dug release profile is shown in the Figure 6(c).

DISCUSSION

Matrix Microspheres
Yield and Entrapment efficiency

The high yield values designate the suitability of the selected 
processing conditions to the composition of the materials taken. 
Hence, the selected method and conditions were proved to be 
better suitable to the microspheres development.

The Entrapment Efficiency (EE) results specified that an increase 
in the amounts of either hydrophilic or hydrophobic polymers, 
the EE was found to be increased. This could be due to the 

increased adhesion/entrapment of the drug at higher polymer 
amounts.18,19 But, an increase in the stirring speed resulted in 
decreased entrapment efficiency. High speed mixing conditions 
could allow rapid drug diffusion out of the polymer matrix before 
rigidization of the microspheres. Hence, upon complete removal 
of the volatile solvent the rigidized polymer matrix thus forming 
microspheres would contain less amount of the drug. The 
obtained EE values were in correlation with those reported by 
Pavelkova MHJMKKVDSPM et al.28 Type of hydrophilic polymer 
also influenced the EE. The microspheres prepared with HPC MF 
exhibited high EE values than their corresponding formulations 
prepared with PEO N60K. This could be owing to the higher 
viscosity of HPC MF (4000-65000 cps at 2% w/v in water) than 
that of the PEO N60K (2000-4000 cps at 2% w/v in water). Higher 
viscosity of the polymer matrix before its rigidization would 

Source SSa Df
b MSSc F value p-Value Inferenced

Model 5370.78 13 413.14 10.03 < 0.0001 Significant
A- Amount of 
Eudragit RSPO

2548.31 1 2548.31 61.89 < 0.0001 Significant

B- Amount of 
Hydrophilic 
Polymer

1339.23 1 1339.23 32.53 < 0.0001 Significant

C-Stirring speed 26.10 1 26.10 0.63 0.4376
D-Type of 
Hydrophilic 
polymer

472.03 1 472.03 11.46 0.0038 Significant

AB 196.00 1 196.00 4.76 0.0444 Significant
AC 0.49 1 0.49 0.012 0.9145
AD 99.97 1 99.97 2.43 0.1387
BC 0.040 1 0.040 9.715E-004 0.9755
BD 1.32 1 1.32 0.032 0.8603
CD 2.85 1 2.85 0.069 0.7957
A2 161.33 1 161.33 3.92 0.0652
B2 135.14 1 135.14 3.28 0.0888
C2 47.03 1 47.03 1.14 0.3010
Residual 658.75 16 41.17
Cor Total 6029.53 29

Note: a-Sum of Squares; b-Degrees of Freedom; c-Mean Sum of Squares; d-p-value less than 0.05 indicates model terms are significant.

Table 6:  Results of ANOVA test for the response surface quadratic model for D6% (R4).

Factors combination Responses Predicted values 95% CI low 95% CI high Observed values
A: Eudragit RSPO-0.66 g R1: Particle Size (µm) 191.56 183.09 200.03 197.5

B: Hydrophilic Polymer-0.33 
g

R2: D4 (%) 9.99999 7.90 12.10 8.36

C: Stirring speed-550 R3: D5 (%) 51.0291 47.37 54.69 49.72
D: Type of Hydrophilic 
polymer-PEO N60K

R4: D6 (%) 94.5977 85.36 103.83 97.64

Table 7:  Comparison of the predicted and observed values of the responses for the optimized inclusion complex formulation.
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decrease the diffusion of the drug out of its matrix and hence the 
EE could be higher.18,19

DoE analysis of the responses

Particle size

Both the factors A and B were observed to have positive influence 
i.e. upon increase in amounts of any of the polymers, the size was 
also increased. This could be due to the increased viscosity of 
the polymer solution that could resist breakdown of the globules 
during emulsification. This would result in increased particle size 

upon solvent evaporation and this hypothesis was supported by 
the research results reported by Pavelkova MHJMKKVDSPM et 
al.28 and Dashora K et al.29 The factor C was observed to have 
negative influence on the particle size i.e. the size was decreased 
upon increasing the stirring rate. The high speed stirring 
produced more energy during emulsification which caused more 
size reduction of the dispersed phase globules which ultimately 
solidify into smaller microspheres upon solvent evaporation.29,30 
The factor D had positive effect i.e. the size was increased upon 
changing the polymer from PEO to HPC. This might be because 
of the viscosities of those polymers. The viscosities of the 2% 

Sl. No Characteristic property Result*/Observation

EECF1 EECF2 EECF3
1 Physical observation Free flowing microspheres Free flowing microspheres Moderate extent of sticking
2 Weight (g) 105.6 108.3 107.4

Drug content 97.1±2.5 96.4±1.7 95.6±2.1
3 Particle size (µm) 218.2±10.7 226.9±14.5 233.6±22.1
4 % Drug released in acid 

stage after 2 hr (AD2%).
7.3±1.2 4.2±0.7 --

5 % Drug released in buffer 
stage after 4 hr (D4%).

12.1±0.9 8.9±1.0 --

6 % Drug released in buffer 
stage after 5 hr (D5%).

52.3±2.1 51.1±3.1 --

7 % Drug released in buffer 
stage after 6 hr (D6%).

95.6±1.7 97.9±2.8 --

* Note: The results were expressed as the Average±Standard deviation for n=3.

Table 8:  Characteristics of the enteric coated optimized matrix DER microspheres of Esomeprazole.

Figure 1:  The effects of the factors on the Response 1, particle size (a) Contour plot showing the effect of the factors A and B; and (b) 
Interaction plot showing the effect of the factors C and D.
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w/v aqueous solutions of the PEO N60K and the HPC MF are 
2000-4000 cps and 4000-6500 cps respectively.31 High viscosity of 
the formulations containing HPC MF might resist breakdown of 
the globule size at same stirring speed and hence could result in 
bigger particle size.

Drug release studies
Both the factors A and B were found to have negative effect on the 
amount of drug release at all these time points i.e. upon increase 
in amounts of any of the polymers, the drug release got declined. 
This could be owing to the strong binding of the drug to the 

Figure 2:  The effects of the factors on the Responses (a) Contour plot showing the effect of the factors A and B on D4%; (b) Interaction plot showing the effect 
of the factors C and D on D4%; (c) Contour plot showing the effect of the factors A and B on D5%; (d) Interaction plot showing the effect of the factors C and D 

on D5%; (e) Contour plot showing the effect of the factors A and B on D6%; (f ) Interaction plot showing the effect of the factors C and D on D6%.
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polymer matrix at higher polymer amounts.32 Further, increased 
amounts of hydrophobic polymer could cause more resistance on 
dissolution of the hydrophilic polymer and so the drug release.33 

And the increased amount of hydrophilic polymer might require 
more time to swell and dissolve and hence could cause more 
delay in the drug release. Further, the drug release in case of 

Figure 3:  Normal plot of residuals for the responses (a) R1-Particles size; (b) R2-D4%; (c) R3-D5%; and (d) R4-D6%.

Figure 4:  Overlay plot as a result of graphical optimization indicating the design space (Yellow color 
region).
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PEO containing formulations was rapid than the corresponding 
HPC containing polymers. This could be because of the higher 
viscosity and molecular complexity of the HPC that would take 
more time for their swelling and dissolution.34 And hence, HPC 
MF caused more delay in drug release than PEO 60K.

Design validation and optimization

The results of ANOVA test indicated that all the models of 
the four responses were significant. The normal plots of the 
residuals of all the responses demonstrated that the residual 
values formed almost straight line without any sigmoidal shape 
for every response. Besides, the adjusted and predicted R2 values 
were found to be 0.9308 and 0.9136 respectively for the response 

R1; 0.6137 and 0.5305 for the response R2; 0.8081 and 0.7639 
for the response R3; 0.8020 and 0.6278 for the response R4. As 
the difference between these R2 values was below 0.2 for every 
response, it could be inferred that the selected models were 
significant. Hence, these results indicated that the selected models 
were suitably fitted in drawing the influences of the factors on the 
responses and can further be preceded for optimization.19

Graphical optimization was performed by setting desirability 
criteria or constraints for the responses so as to achieve the defined 
QTPP. This portion of the matrix microspheres should release the 
contained dose after a lag time of 4 hr after reaching the small 
intestine. And after 4 hr, the drug should release immediately and 

Figure 5:  SEM images of the optimized microspheres (a) before; (b) after 4 hr; and (c) after 6 hr of drug 
release study. The small encircled regions in the (b) show initiation of dissolution of the PEO from the 

matrix to allow the drug release and in the (c) shows development into large pores at the end of the drug 
release.

Figure 6:  Overall drug release profiles of (a) DER portion microspheres; (b) DIR portion microcapsules; and (c) 
Pulsatile drug delivery capsule containing both DIR and DER portions.
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complete within 2 hr such that effective plasma concentrations 
can be maintained in the desired point of time. Hence, D4 was 
set to minimum with an upper limit of 10%; D5 was set be in the 
range of 45-55%; and D6 was set to be in the range of 90-99%. 
Particle size was set to minimum with an upper limit of 250 
µm. Under these constraints, the graphical optimization was 
performed and the obtained overlay plot is shown in the Figure 
4. Any point of combination of all the factors within the design 
space region (yellow color region) would yield a microsphere 
formulation with desired response values. One such best 
optimized combination and the predicted values of the responses 
by the software are given in Table 7. Matrix microspheres with the 
suggested optimized combination was prepared and evaluated for 
the response values. The obtained responses are shown in Table 
7 and were found to be within the 95% confidence interval of 
the predicted values. This demonstrated that optimization of the 
matrix microspheres was successfully achieved with the desired 
drug release characteristics and a significantly high entrapment 
efficiency of 87.4%.

SEM analysis

The matrix microspheres were studied for surface morphology 
before, during and after the drug release study and the images are 
presented in Figure 5. Before subjecting to the drug release, the 
microspheres surface was continuous with the polymer matrix as 
shown in the Figure 5(a). The microspheres were taken out of the 
dissolution vessel, dried with filter paper to eliminate the water 
and then subjected to SEM studies.35 The SEM images of the 
microspheres at this stage as shown in the Figure 5(b) exposed 
some small pores here and there which indicated the initiation 
of dissolution of the hydrophilic polymer. Again at the end of 6 
hr of the drug release study, the obtained SEM images shown in 
the Figure 5(c) exhibited large pores which might be because of 
the possible complete dissolution of the hydrophilic polymer that 
allowed complete release of the drug from the matrix. These SEM 
images clearly exhibited the role of combined Eudragit RSPO 
and PEO in providing desired delay in the initiation of the drug 
release. Eudragit RSPO polymer prevented the early dissolution 
of the PEO and hence provided the delay in drug release. The 

amount of Eudragit RSPO was optimized to delay the drug 
release for 4 hr. These SEM images also exhibited that small pores 
on the matrix due to the dissolution of the PEO were observed 
after 4 hr of the initiation of drug release test. This confirmed that 
the optimized amount of the Eudragit RSPO could sufficiently 
delay the dissolution of PEO and the drug release. Further, 
the optimized amount of PEO dissolved and allowed the drug 
release simultaneously and completed in 2 hr. Results of the drug 
release studies along with these SEM images designated that the 
optimized amounts of the Eudragit RSPO and PEO successfully 
provided the desired delay in the release of Esomeprazole from 
the matrix microspheres.

Characterization of the enteric coated optimized 
DER microspheres

The EECF1 and EECF2 formulations yielded free flowing 
microspheres after coating. The EECF3 coated microspheres 
exhibited sticking which might be because of the high viscosity 
of the coating solution.27 These microspheres were omitted 
from drug release study. Both the remaining two formulations 
restricted the drug release in acid stage to less than 10% and 
further exhibited a delay of 4 more hours in the buffer stage 
(shown in Figure 6 (a)). Later, the drug release was completed 
within 2 hr and hence a total delay of 6 hr was obtained from 
these DER microspheres. The EECF2 coated DER microspheres 
restricted the drug release to only 4.2% whereas the EECF1 
coated DER microspheres exhibited 7.3% of drug release in the 
acid stage. This could be because of the greater amount of the 
enteric polymer in the ECEF2 that could provide more resistance 
to drug release.36 Hence, the EECF2 coated microspheres were 
taken as the optimized DER portion microspheres.

Characterization of the DIR Microcapsules

The yield was found to be good in the range of 78.7-87.3% thus 
indicating the process conditions were acceptable enough to 
prepare microcapsules. The entrapment efficiency and particle 
size values (shown in Table 9) were found to be increased from 
IECF1 to IECF 4 which might be due to the increased amount 
of the polymer. The greater amount of polymer can encapsulate 

Sl. No. Characteristic 
property

Result*/Observation

IECF1 IECF2 IECF3 IECF4
1 Physical observation Free flowing 

microspheres
Free flowing 
microspheres

Free flowing 
microspheres

Free flowing 
microspheres

2 Yield (%) 85.2±1.6 82.8±2.4 87.3±2.8 78.7±4.1
3 EE (%) 82.7±2.5 88.5±1.9 89.2±2.1 90.4±3.6
4 Particle size (µm) 126.6±8.4 129.4±11.5 131.3±10.7 142.5±16.9
5 % Drug released in acid 

stage after 2 hr (AD2%)
15.9±2.1 7.6±1.3 5.1±0.7 4.7±1.5

* Note: The results were expressed as the Average±Standard deviation for n=3.

Table 9:  Characteristics of the DIR microcapsules of esomeprazole.
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more amount of drug and hence can improve the entrapment 
efficiency. Besides, higher amount of polymer increases the 
viscosity of the dispersed phase which resists the size reduction 
of their globules during emulsification under same experimental 
conditions and hence the particle size is increased at higher 
amounts of the polymer.28,29

Dissolution study results (shown in Table 9 and Figure 6(b)) from 
the acid stage indicated that IECF1 failed to restrict the drug 
release below the maximum limit of 10%. All the remaining three 
formulations successfully restricted the drug release to below 10% 
in the acid stage after 2 hr. In the buffer stage, the drug dissolution 
was found to be almost similar in all the formulations the entire 
dose was dissolved within 1 hr. Though all the IECF2, IECF3 
and IECF4 passed the dissolution criteria of the delayed release 
formulations, IECF2 was chosen as the optimized formulation 
as it provided similar effectiveness with containing least amount 
of the enteric polymer which can reduce the final weight of the 
formulation.

Drug release studies on the combined DIR 
microcapsules and DER microspheres

Based on the entrapment efficiencies of the DIR and DER 
microspheres and also the enteric coat weight of the DER 
microspheres, 36.2 mg of the DIR microcapsules (equivalent 
to 20 mg of the drug) and 50.3 mg of the DER microspheres 
(equivalent to 20 mg of the drug) were together placed in hard 
gelatin capsules of Size 4. These capsules were studied for drug 
release. The obtained drug release profile shown in Figure 6(c) 
indicated that the drug release was well below 5.9% of the overall 
dose during the first 2 hr in the acid stage. This indicated that the 
developed systems could effectively prevent drug release in the 
stomach conditions. After one hour in the buffer stage, the drug 
release was found observed to be 51.4% which could be from the 
DIR microcapsules. This indicating one among the two doses was 
released completely as one pulse within one hour after reaching 
the small intestine. Further, after a predetermined lag of around 
4 hr in the buffer stage, release of the second dose from the DER 
microspheres was started as the second pulse and completed in 
2 hr. Therefore, the developed pulsatile drug delivery system of 
esomeprazole could effectively produce the drug release as two 
pulses that is one immediately after reaching small intestine and 
the other after a lag of 4 hr after reaching the small intestine.

CONCLUSION

PDDS for esomeprazole was developed as a capsule dosage form 
containing two doses of the drug to be released as two different 
pulses. One dose of the drug was developed as DIR microcapsules 
by microencapsulation of the esomeprazole with Eudragit S100 
by solvent evaporation method. These microcapsules prevent 
the drug release in the stomach owing to their enteric coat and 
release the drug immediately once they reach small intestine. 

The second dose was made to release as another pulse after 
4 hr after reaching the small intestine. This was achieved by 
developing esomeprazole as hydrophilic-hydrophobic matrix 
microspheres followed by enteric coating which were termed as 
DER microspheres. The outer enteric coat prevented drug release 
in the gastric acidic medium and the optimized quantities of 
the Eudragit RSPO and PEO provided desired lag of 4 hr before 
initiation of the matrix dissolution and hence the drug release. 
So, when this PDDS capsule is administered just before the 
night meal at around 8-9 PM, first dose will be released after 
emptying of the capsule contents into small intestine from the 
DIR portion. Then after a lag of total 6 hr, second dose of the 
drug will be released from the DER portion at around 3-4 am 
when the nocturnal acid breakthrough generally occurs. So, 
this pulsatile drug delivery capsule dosage form containing one 
dose of DIR microcapsules and one dose of DER microcapsules 
with chronomodulated drug release properties can effectively 
prevent the nocturnal acid breakthrough by releasing the drug 
at the desired time period. Therefore, the objective of the current 
research work was successfully achieved by employing quality by 
design approach.
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SUMMARY

The major objective of the current work was to provide patient 
convenience in the form of developing Pulsatile Drug Delivery 
Systems (PDDS) with chronomodulated drug release for 
Esomeprazole. Wherein, one dose should be released immediately 
upon reaching small intestine (after gastric transit), and another 
dose should release after a lag of 6 hr (including gastric transit). 
In order to achieve the target, one dose of drug was developed 
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in the form of enteric coated immediate release drug particles 
(DIR portion) and another dose was developed as enteric 
coated extended release polymeric microspheres (DER portion). 
Various formulation parameters were optimized particularly 
to optimize lag time and the release from the extended release 
portion of the formulation using by employing QbD approach. 
The experimental design and the optimization were successfully 
given a combination of the formulation variables to develop the 
PDDS of Esomeprazole with the set objective of desired lag time 
between two doses. Administration of this product after dinner 
and before bed-time, would thus provide chronomodulated 
delivery as one dose would be released immediately and the other 
dose in the early morning so that the nocturnal asthma can be 
controlled effectively.
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