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ABSTRACT 

Objective: Development and optimization of chrono-modulated pulsatile drug delivery systems (CPDDS) loaded with Rabeprazole for treating 
nocturnal acid breakthrough in ulcer patients was set as the major objective of this work.  

Methods: CPDDS were developed to provide drug release as two pulses with predetermined gap. Separate microparticles for delayed instant 
release (DIR) and delayed extended-release (DER) were formulated. Through the optimization of several formulation and process parameters, ER 
microparticles were created as matrix microspheres. Central composite design was used to understand how the factors affected the responses. The 
optimized ER microspheres and plain drug were separately subjected to enteric coating to obtain DER and DIR portion microparticles, respectively.  

Results: With the exception of stirring speed's impact on drug release, every other factor was found to have a significant influence (p<0.05) on 
every response. The mechanism underlying the Rabeprazole's delayed prolonged release was explained by the SEM images. The microspheres made 
with Eudragit RSPO at 0.72 g and polyethylene oxide at 0.5 g for 1 g of Rabeprazole at 400 rpm were shown to be the optimal formulation based on 
the graphical optimization results. After being coated with a terminal enteric coating, this formulation showed delayed release for a duration of 6 h.  

Conclusion: After oral administration of equal doses of DIR microcapsules along with the optimized DER microspheres could release Rabeprazole 
effectively as two different pulses at the desired time intervals. 
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INTRODUCTION 

Proton pump inhibitors (PPIs) like Rabeprazole (RBP) are the first-
choice agents used to treat duodenal and stomach ulcers [1].  
Delayed-release tablets and capsules of these PPIs are frequently 
seen on the market [2, 3]. However, the basic enteric coating simply 
controls the release of the drug until the tablet reaches the small 
intestine, which is about one to two hours after delivery. Usually, 
these formulations are taken twice a day. One typical characteristic 
sign of Helicobacter pylori-negative ulcers that affects about 70% of 
patients is nocturnal acid breakthrough (NAB) [4-6]. The NAB 
causes the stomach pH to drop to less than 4 for at least an hour 
straight throughout the late night and early morning. The patients 
experience extreme agony as a result while they sleep. Because of 
this, we need special ways to deliver drugs that can keep therapeutic 
plasma concentrations high during possible NAB times [7, 8]. 

Pulsatile drug delivery systems (PDDS) release the medicine in a 
pulse, with a set amount of time between doses [9, 10]. This is done 
to match the body's natural circadian rhythm with the person's 
illness. Many physiological disorders, such as NAB, have a 
chronological course, and managing them effectively necessitates 
adjusting drug plasma levels to coincide with the symptoms. A 
significant body of research supports the use of PDDS to achieve 
chronomodulated drug delivery. Compression-coated aceclofenac 
tablets were developed for chronomodulated drug delivery to treat 
arthritis; according to Rashid R et al. [11], using the combined 
matrix of Eudragit and HPMC, a predetermined lag time of five to six 
hours was attained. Additionally, Mahalakshmi P et al. [12] created 
coated tablets by compressing Eudragit RSPO into the tablet to 
achieve the necessary delay before pantoprazole releases. The 
combination of HPMC, EC, and xanthum gum matrix, according to 
Garg AK et al. [13] and Kharwade R et al. [14], provided the required 
lag-time and prompt release of the included medicines from the 
tablets formed by compression coating. According to this literature, 
a combination matrix of water-swellable and water-insoluble 
polymers can be used to successfully produce the appropriate lag-

time before the drug release. However, the disadvantage of single-
unit dosage forms is the potential for coating rupture, which could 
lead to dosage form failure [15]. Hence, multi-particulate methods 
successfully provide the required chronomodulated delivery while 
avoiding this possible disadvantage. Tekade AR et al. [16] used a 
new swellable polymer to make microspheres that release 
theophylline in pulses in the colon to treat asthma. 

Even after a careful study of the existing research, there is still a lot 
to learn about how to make pulsatile microparticulate systems that 
could allow time-controlled delivery [17] of drugs like PPIs. The 
proton pump inhibitor (PPI) formulations that are currently 
available for immediate release or delayed release, when taken twice 
daily, cannot sufficiently control gastric acid secretion overnight. 
Therefore, the PPI used in this investigation was Rabeprazole, and 
the development of a PDDS was the goal. Two PPI doses, one for 
delayed immediate release (DIR) and the other for delayed extended 
release (DER), are included in the proposed PDDS. The hypothesis to 
achieve the desired drug release and, thus, the plasma drug 
concentrations is as follows: The initial dose of this PDDS capsule 
must be released from the DIR portion after the capsule's contents 
have been emptied into the small intestine, which should be taken 
right before dinner, at approximately 8 or 9 p. m. The second dose of 
the drug must then be released from the DER portion at around 3 or 
4 a. m. The outer enteric coating of the DER microparticles prevents 
drug release in the stomach. Later, the polymer matrix should 
prevent the drug release for a period of around 4 h in the intestine, 
which sums up to a total lag of around 6 h, which is when the 
nocturnal acid breakthrough usually happens [4–6]. 

DIR microcapsules were planned to be developed by the emulsion 
solvent evaporation technique from the plain drug. Whereas, the 
formulation of the matrix microspheres for the DER component is 
essential to fulfilling the current research’s goal. Therefore, to develop 
DER portion microparticles, the quality by design (QbD) approach [18, 
19] was put into practice utilizing Stat-Ease Design Expert software. 
Particle size and drug released at different times were considered the 
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dependent variables (responses); the independent variables (factors) 
were the type of swellable polymer, amount of swellable polymer, 
amount of insoluble polymer, and stirring speed. The experimental 
design used to examine how the factors affected the responses was a 
central composite design (CCD). Following that, graphical optimization 
found the design space and the optimized formulation of the DER 
microparticles. Finally, one dose-equivalent DIR microcapsules and 
one dose-equivalent DER microspheres were filled into a capsule and 
subjected to drug release studies to inspect whether the desired lag 
was achieved or not. 

MATERIALS AND METHODS 

Materials 

Rabeprazole 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 

Using the Quality by Design (QbD) approach, the matrix 
microspheres for the development of DER-part microspheres of RBP 
were planned. The desired drug release profile from this DER was a 
lag of 4 h in the small intestine, followed by the completion of 
release in one to two hours. Following an extensive review of the 
literature and testing in experiments, the following formulation and 
process parameters were taken as the factors: A: the amount of 
Eudragit RSPO (0.33–0.67g), B: the amount of hydrophilic polymer 
(0.33–0.67g), C: stirring speed (400–550 rpm), and D: hydrophilic 
polymer type (PEO N60K/HPC MF). Particle size and percent drug 
release at 4, 5, and 6 h under intestinal circumstances as D4%, D5%, 
and D6%, respectively, were taken as the responses. The most 
appropriate CCD was chosen based on the number and types of the 
chosen factors. Table 1 displays the combination of the factors and 
their levels in accordance with the chosen design. 

 

Table 1: Compositions of various formulations of the matrix microspheres as per the CCD 

Formulation code Factor A Factor B Factor C Factor D 
MSF1 0.6 0.6 348.87 PEO N60K 
MSF2 0.4 0.4 400.00 PEO N60K 
MSF3 0.8 0.4 400.00 PEO N60K 
MSF4 0.4 0.8 400.00 PEO N60K 
MSF5 0.8 0.8 400.00 PEO N60K 
MSF6 0.6 0.26 475.00 PEO N60K 
MSF7 0.26 0.6 475.00 PEO N60K 
MSF8 0.6 0.6 475.00 PEO N60K 
MSF9 0.94 0.6 475.00 PEO N60K 
MSF10 0.6 0.94 475.00 PEO N60K 
MSF11 0.4 0.4 550.00 PEO N60K 
MSF12 0.8 0.4 550.00 PEO N60K 
MSF13 0.4 0.8 550.00 PEO N60K 
MSF14 0.8 0.8 550.00 PEO N60K 
MSF15 0.6 0.6 601.13 PEO N60K 
MSF16 0.6 0.6 348.87 HPC MF 
MSF17 0.4 0.4 400.00 HPC MF 
MSF18 0.8 0.4 400.00 HPC MF 
MSF19 0.4 0.8 400.00 HPC MF 
MSF20 0.8 0.8 400.00 HPC MF 
MSF21 0.6 0.26 475.00 HPC MF 
MSF22 0.26 0.6 475.00 HPC MF 
MSF23 0.6 0.6 475.00 HPC MF 
MSF24 0.94 0.6 475.00 HPC MF 
MSF25 0.6 0.94 475.00 HPC MF 
MSF26 0.4 0.4 550.00 HPC MF 
MSF27 0.8 0.4 550.00 HPC MF 
MSF28 0.4 0.8 550.00 HPC MF 
MSF29 0.8 0.8 550.00 HPC MF 
MSF30 0.6 0.6 601.13 HPC MF 

 

Preparation of ER matrix microspheres 

The process of emulsion solvent evaporation was used to form the 
microspheres [20]. Specified quantities of the hydrophilic and 
hydrophobic polymers listed in table 1 were dissolved in 15 ml of a 
solvent mixture comprising a 1:1 combination of dichloromethane 
and methanol. Using a cylcomixer (Remi CM 101), 1 g of RBP was 
dissolved in the aforementioned polymer solution. A 250-mL beaker 
containing 80 ml of liquid paraffin was placed separately on a hot 
plate (Metalab) that had been preheated to 45 °C. A paddle-style 
mechanical stirrer blade (Remi RQ-5 Plus) was dipped into this 
beaker. The stirrer was set to a speed specific to each formulation, as 
mentioned in table 1. Next, while continuously stirring, the drug-
polymer dispersion was gradually added to the liquid paraffin in the 
form of drops. This resulted in tiny drops of volatile solvent that 
contained an emulsion of drug-polymer monolith in liquid paraffin. 
The stirring was maintained until the volatile solvent had totally 
evaporated and the produced droplets had solidified into matrix 
microspheres, which took four to five hours. After that, the 

dispersion was filtered to separate the microspheres, and any 
attached paraffin was removed by washing them with petroleum 
ether. The microspheres were then promptly dried after being 
cleaned with distilled water. The free-flowing, dry ER matrix 
microspheres were collected and suitably preserved for further use. 

Characterization studies on the ER matrix microspheres 

Percentage yield 

The microspheres were carefully weighed. Using the following 
formula, the yield (%) was calculated 

Yiled (%) =
Weight of the obtained microspheres

Total weight of the drug and the polymers taken
x100 

Entrapment efficiency (EE) 

The microspheres weighing 100 mg of RBP equivalent weight were 
collected, ground, and mixed with water using a rotary shaker. 
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Samples were taken out and subjected to spectrophotometric analysis 
(using Thermo Scientific Evolution One) for absorbance at regular 
intervals until a consistent absorbance was achieved. The amount of 
RBP contained in the microspheres was estimated using the final 
absorbance. Then, the EE was calculated using the formula below. 

EE (%) =
Amount of RBP present in the microspheres

Theoretical amount of RBP taken
x100 

Particle size 

The microspheres' size was determined using the microscopy 
technique [21, 22]. On a glass slide, a small number of microspheres 
were dispersed and focused under an optical microscope. Feret's 
diameter was calculated for 200 particles using an eyepiece 
micrometer that had been previously calibrated. The acquired data 
was used to compute the arithmetic mean diameter.  

Studies on drug release 

These were carried out using Lab India Disso 8000, a USP type II 
equipment running at 100 rpm. The medium was 1000 ml of 0.6M 
Tris buffer, pH 8.0 [23]. The test was started after 20 mg of RBP 
equivalent microspheres were put into the vessel. At regular 
intervals, we took out 5 ml samples and placed them into test tubes 
with stoppers that contained 1 ml of 0.5N NaOH solution. The 
samples were then stored in a dark area until further examination. 
At its maximum wavelength of 285 nm, spectrophotometric analysis 
was carried out to quantify RBP. 

Design validation and optimization 

Design Expert software was used to analyze the design of 
experiments (DoE) [24]. To develop the regression model for each 
response with the factors, the sequential model sum of squares 
analysis was run for each response. An ANOVA was then performed 

to determine the suitability of the accepted design and model for 
optimization, as well as the significance of the model and its 
parameters. Through the use of desirability functions, graphic 
optimization was carried out. The objective of optimization was to 
get the required drug release profile, meaning that the drug release 
should be at least minimal for the first four hours and maximal for 
the last two hours. 

Scanning electron microscopy (SEM) 

Using a SEM (ZEOL JSM–5610), the morphological characterization 
of microspheres was investigated in accordance with the 
methodology described by Srikar G et al. [18]. The SEM studies were 
also carried out to the ER microspheres remained after drug release 
studies. The images obtained before and after the drug release 
studies were compared to find out any potential mechanism of drug 
release. 

Enteric coating and characterisation of the optimized ER matrix 
microspheres 

The optimized ER matrix microspheres were transformed into DER-
part microspheres in this stage. The optimized ER microspheres 
underwent enteric coating to prevent RBP release in the stomach 
area. Eudragit S 100 was the enteric film-forming substance utilized 
in this stage. For the optimum outcome, three distinct extended 
enteric coating solution formulations (EECF), as indicated in table 2, 
were designed and validated. Each comprising varying amounts of 
the film former and viscosities. 100 g of the optimized microspheres 
were put into the coating pan, which had a 50 rpm rotation. Drying 
hot air was introduced into the coating pan at a temperature of 40 
°C. At a predetermined, optimal rate of 5 ml/min, the coating 
solution was sprayed onto the microspheres. The coated 
microspheres were removed and visually inspected for any adhering 
after they had dried. 

 

Table 2: Composition of extended enteric coating solution formulations 

S. 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. 50 ml 50 ml 40 ml 

 

The resulting enteric-coated matrix microspheres (DER 
microspheres) were evaluated using the previously described 
techniques for yield, drug content, and particle size. Drug release 
studies were carried out in acid stage and buffer stage. For the acid 
stage, the paddle apparatus revolved at 100 rpm; 700 ml of 0.1N HCl 
was taken as the medium and the test was carried out for 2 h. Later, 
the buffer stage was carried out using the conditions described for 
the ER matrix microspheres. 

DIR portion microcapsules preparation and characterization 

When the microcapsules reach the small intestine, this part of the 
microcapsules must release the drug right away, avoiding it in the gastric 
area. The enteric polymer Eudragit S100 was employed to coat the plain 
RBP via the emulsion solvent evaporation process, with the core 
material being disseminated in the polymer solution [25]. Three distinct 
immediate enteric-coated microspheres formulations (IECF) containing 
Eudragit S100 (as indicated in table 3) were dissolved in the ethanol, 
followed by dispersing the RBP in them. In a beaker, liquid paraffin 
containing 0.2% v/v of Span 20 was added. The beaker was then stirred 
at 550 rpm (Remi RQ-5 Plus) and kept at 45 °C. Under these 
circumstances, the dispersion of RBP in the polymer solution was 
poured drop-wise into this beaker. Stirring was continued until the 
solvent evaporated, which took around 3.5 h. Filtration separated the 
resulting microcapsules from the liquid paraffin, followed by washing 
away any attached paraffin with petroleum ether. Ultimately, the 
microcapsules underwent two rounds of water washing before being 
placed in a hot air oven to dry. The RBP enteric-coated microcapsules 
(DIR microcapsules) were dried and kept for later research.  

Using the same methods as described for the matrix 
microspheres, these DIR microcapsules were also examined for 
yield, EE, and particle size. Similar to enteric-coated DER portion 
microspheres, drug release studies were conducted in the acid 
and buffer stages.  

RESULTS 

Matrix microspheres 

Yield and EE 

As seen in table 4, every microsphere formulation produced a 
significantly high yield, ranging from 87.3 to 94.2%. Table 4 also 
displays the EE of all of the microsphere formulations, which ranged 
between 67.4 and 89.3%. 

DoE analysis of the response–particle size 

The particle size analysis results are presented in table 4. Using the 
Design Expert software, sequential sum of squares analysis was used 
to evaluate the regression model type to demonstrate the factors’ 
effect on this response. It was discovered that the parameters had a 
quadratic on the particle size, and fig. 1 illustrates this effect. ANOVA 
revealed that all four factors' influences were significant at p<0.05. 

Design validation and optimization 

The sequential sum of squares analysis revealed that the factors had a 
linear impact on the response particle size, D4% and D5%, whereas the 
quadratic effect of D6%. These appropriate models were used to examine 
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each response. Fig. 3 shows the predicted vs. actual plots for each of the 
responses. To match the desired drug release profile, graphical 
optimization was carried out by imposing limitations or desirability criteria 
on the responses. Therefore, D4 was set to be a minimum of below 10%; 
D5 was set to be between 45 and 55%; and D6 was set to be between 90 
and 99%. The particle size was set to a minimum of below 250 µm. The 

graphical optimization was carried out within these restrictions, and fig. 4 
displays the overlay plot that was produced. Table 5 displays one of the 
software's most optimal combinations, together with the predicted values 
of the responses. ER matrix microspheres were made using the 
recommended optimum combination, and their response values were 
assessed, which are presented in table 5. 

 

Table 3: Formulation composition of immediate enteric coating microcapsules of rabeprazole 

S. No. Formulation Quantities 
RBP Poloxamer 188 Eudragit S100 Ethanol 

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

 

 

Fig. 1: Illustration of the effects of the factors on the 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 

 

Table 4: Results of various characterization studies, including the responses 

Formulation code Yield (%) EE (%) Particle size (µm) (R1) D4 (%) (R2) D5 (%) (R3) D6 (%) (R4) 

MSF1 90.2±2.5 85.7±3.6 271.4±12.6 16.8±2.5 52.6±3.2 98.1±1.7 
MSF2 93.8±1.9 76.3±4.1 192.3±10.8 22.1±0.9 63.4±3.4 100±3.7 
MSF3 89.4±3.2 78.1±3.2 215.7±15.3 7.5±2.4 46.7±1.6 97.4±2.2 
MSF4 88.1±4.6 87.4±2.5 253.8±17.2 18.6±1.7 56.9±2.7 99.6±1.8 
MSF5 85.6±2.8 89.8±1.8 302.6±24.7 4.7±1.2 40.2±2.4 85.3±2.4 
MSF6 92.7±3.7 71.3±5.2 185.4±16.9 20.4±2.6 61.5±1.9 100±1.9 
MSF7 93.1±1.4 72.6±3.9 216.1±13.4 25.5±3.4 70.3±3.1 100±3.4 
MSF8 89.6±3.5 75.4±2.2 199.5±18.7 19.3±1.2 53.8±3.7 100±2.8 
MSF9 85.2±2.6 76.1±5.7 235.2±20.5 8.1±1.3 40.1±1.9 68.5±1.5 
MSF10 86.4±2.7 80.5±3.4 274.9±23.6 11.7±0.8 46.3±2.6 70.2±1.9 
MSF11 93.4±2.1 71.8±6.3 179.2±16.2 26.2±3.1 72.4±4.2 100±3.3 
MSF12 90.5±3.6 74.7±2.9 198.4±17.1 9.1±2.2 49.6±1.8 98.4±2.7 
MSF13 88.9±4.2 75.9±3.7 236.7±20.5 20.6±1.5 60.7±2.9 100±2.6 
MSF14 86.3±1.9 81.2±4.1 269.5±24.3 8.4±0.9 42.8±3.1 91.3±1.3 
MSF15 91.1±2.7 72.3±5.8 211.8±15.7 22.9±1.1 59.5±2.4 100±3.1 
MSF16 88.5±3.1 89.2±1.3 313.5±27.8 12.6±1.7 46.1±1.5 94.1±2.6 
MSF17 91.8±2.2 80.4±4.6 247.9±21.4 17.4±2.3 60.9±4.5 96.2±4.2 
MSF18 89.1±4.3 83.7±2.8 271.4±24.9 5.2±0.6 45.2±2.8 93.7±2.8 
MSF19 90.4±1.5 84.9±3.3 290.3±16.2 9.4±1.1 52.4±1.6 95.5±3.6 
MSF20 84.7±5.4 91.3±1.4 339.1±30.1 3.9±0.4 41.7±3.3 66.4±5.7 
MSF21 92.3±1.9 73.8±4.9 254.3±18.4 21.9±2.7 54.8±1.6 99.2±1.3 
MSF22 91.6±2.9 76.7±1.5 241.6±22.7 22.7±1.4 69.5±4.2 100±2.5 
MSF23 90.8±2.3 82.5±3.4 252.9±14.6 16.5±1.3 49.3±2.9 92.3±3.9 
MSF24 85.9±4.6 84.1±2.6 287.4±25.2 6.3±0.8 42.1±2.1 72.5±1.7 
MSF25 84.4±3.8 86.3±2.3 309.1±27.8 9.2±2.1 47.6±2.4 76.1±2.2 
MSF26 92.5±2.4 75.8±4.7 237.6±17.5 23.1±1.9 68.5±3.8 100±2.6 
MSF27 90.3±3.1 78.2±3.9 255.8±23.4 9.2±0.6 47.4±2.2 92.4±3.4 
MSF28 88.7±4.5 81.4±1.8 260.4±24.9 15.4±1.5 53.2±1.7 97.4±4.5 
MSF29 85.2±2.7 86.3±2.6 301.5±27.3 6.3±0.6 38.7±2.5 62.5±3.1 
MSF30 89.6±3.2 80.6±3.4 243.2±21.2 18.2±2.4 54.6±4.3 95.2±2.9 

The results are expressed as mean±SD, deviation for n = 3 
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Fig. 2: Illustration of the effects of the factors on the Responses (a) Contour plot of effects of the factors A and B on D4%; (b)  Interaction 
plot of the effects of the factors C and D on D4%; (c) Contour plot of the effects of the factors A and B on D5%; (d) Interaction plot of the 

effects of the factors C and D on D5%; (e) Contour plot of the effects of the factors A and B on D6%; (f) Interaction plot of the effects of the 
factors C and D on D6% 

 

 

Fig. 3: Predicted vs actual plots for the responses (a) R1–Particles size; (b) R2–D4%; (c) R3–D5%; and (d) R4–D6% 
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Fig. 4: Overlay plot illustrating the design space in yellow colour region 

 

Table 5: Comparison of the predicted and observed values of the responses for the optimized ER microspheres formulation of RBP 

Factors combination Responses Predicted values 95% CI low 95% CI high Observed values 
A: Eudragit RSPO–0.72g R1: Particle size (µm) 277.5 266.2 288.7 273.8 
B: Hydrophilic Polymer–0.5g R2: D4 (%) 9.1 7.1 11.2 8.6 
C: Stirring speed–400 R3: D5 (%) 46.3 44.4 48.2 47.5 
D: Type of Hydrophilic polymer–HPC MF R4: D6 (%) 92.0 84.8 99.2 94.3 

 

SEM examination 

Before, during, and after the drug release investigation, the matrix 
microspheres' surface shape was examined; the results are shown in fig. 
5. Fig. 5(a) depicts the surface of the microspheres prior to their 

exposure to drug release. Fig. 5(b) illustrates the microspheres' surface 
four hours into the drug release investigation. Once more, at the 
conclusion of the 6 h drug release research, fig. 5(c) displays the obtained 
SEM picture. 

 

 

Fig. 5: SEM images of the optimized microspheres (a) before; (b) after 4 h; and (c) after 6 h of drug release study. The small encircled 
regions in the (b) show initiation of dissolution of the HPC from the matrix to allow the drug release and the (c) shows development into 

large pores at the end of the drug release 

 

Table 6: Characteristics of the DER microspheres of RBP 

S. No. Characteristic property Result/Observation 
EECF1 EECF2 EECF3 

1 Physical observation Free-flowing 
microspheres 

Free-flowing microspheres Moderate extent of 
sticking 

2 Weight (g) 106.7±2.4 109.8±1.1 108.3±1.7 
3 Particle size (µm) 289.4±12.9 295.2±10.6 312.5±18.2 
4 % Drug released in acid stage after 2 h (AD2%) 8.7±1.5 5.6±0.8 -- 
5 % Drug released in buffer stage after 4 h (D4%) 14.1±1.2 9.3±0.5 -- 
6 % Drug released in buffer stage after 5 h (D5%) 50.3±4.6 48.1±2.9 -- 
7 % Drug released in buffer stage after 6 h (D6%) 94.9±2.7 95.7±3.1 -- 

The results are expressed as mean±std. deviation for n = 3 
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Enteric-coated optimized ER microspheres: characterization 

The ER microspheres in the preceding section were tuned to 
produce a 4 h delay in the release of RBP in the intestinal media. The 
microspheres require an enteric coating to prevent drug release in 
the gastric environment because they need to initially come into 
contact with the stomach environment after administration. Three 
distinct coating solution formulations (EECF1–EECF3) based on 
Eudragit S 100 were examined to determine the ideal composition. 
Table 6 displays the characterization study results following the 
enteric coating of the optimized ER microspheres, which hence 
become DER microspheres and fig. 6(a) displays the drug release 
profiles. 

Studies on the DIR microcapsules 

Since RBP dissolves in ethanol very little, it simply dispersed in the 
Eudragit S100's ethanolic solution. As the polymer solution settled 
on the RBP particles during emulsification, the emulsion solvent 
evaporation process in this instance, created microcapsules. 

Rigidifying the Eudragit S100 over the RBP particles followed by 
allowing the remaining ethanol to evaporate produced the 
microcapsules. These were called delayed immediate release (DIR) 
microcapsules because Poloxamer 188 was used as a surfactant to 
improve drug dissolution once the enteric polymer was dissolved 
upon reaching the small intestine following oral administration [26]. 
Four distinct formulations of the DIR microcapsules (IECF1–IECF4) 
were prepared and studied for various characterization studies, with 
the results displayed in table 7. Fig. 6(b) displays the dissolution 
profiles of these DIR microcapsules. 

Drug release studies on the DER microspheres and the DIR 
microcapsules together 

To create the final pulsatile drug delivery system, one dose (20 mg of 
RBP) equivalent DIR microcapsules and another 20 mg equivalent 
DER microspheres were combined and put inside a hard gelatin 
capsule. Using the previously described protocols, this was subjected 
to drug release investigation in both acid and buffer stages. Fig. 6(c) 
displays the dug release profile that was achieved. 

 

Table 7: Characteristics of the DIR microcapsules of RBP 

S. 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 (%) 89.5±3.4 84.7±3.1 82.9±2.2 81.7±1.8 
3 EE (%) 81.3±2.5 87.2±1.7 86.6±3.4 89.1±2.3 
4 Particle size (µm) 109.3±10.2 117.6±8.3 125.2±13.1 136.8±11.7 
5 %Drug released in acid stage at 2 h (AD2%) 17.7±3.3 11.3±2.4 7.5±0.9 6.2±1.1 

The results are expressed as mean±std. deviation for n = 3 

 

 

Fig. 6: Overall drug release profiles of RBP from (a) DER portion microspheres; (b) DIR portion microcapsules; and (c) Pulsatile drug 
delivery capsule containing both DIR and DER portions. (Results are expressed as mean±SD for n = 3) 

 

DISCUSSION 

The high yield numbers indicate that the chosen processing 
parameters are appropriate for the microspheres’ composition. The 
high yield numbers indicate that the chosen processing parameters 
are appropriate for the microspheres’ composition, demonstrating 
that the chosen approach and factors promote microsphere formation. 

According to the results of the EE analysis, there was a positive 
correlation between the amounts of hydrophilic and hydrophobic 
polymers. This may be because the drug adheres to polymers more 

readily and entraps them. However, increasing the stirring speed 
resulted in a decrease in the EE. Before the microspheres hardened, 
high-speed mixing conditions might provide quick drug diffusion out 
of the polymer matrix. Therefore, the rigidized polymer matrix that 
formed the microspheres would contain less of the RBP after the 
volatile solvent was completely removed. The EE values obtained 
were in agreement with the findings published by Pavelkova 
MHJMKKVDSPM et al. [27]. The hydrophilic polymer type also had 
an impact on the EE. When compared to their similar formulations 
made with PEO N60K, the microspheres made with HPC MF showed 
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greater EE values. This could be because HPC MF has a higher 
viscosity (4000–65000 cps at 2% w/v in water) than PEO N60K 
(2000–4000 cps at 2% w/v in water). Increased viscosity of the 
polymer matrix prior to its stiffening would reduce the drug's 
diffusion out of the matrix, perhaps leading to a greater EE [18, 19]. 

Variables A and B both had a positive impact; increasing the levels of any 
polymer also increased the sizes. This might be the result of the polymer 
solution's higher viscosity, which might prevent the globules from 
breaking down during emulsification. The research findings published 
by Pavelkova MHJMKKVDSPM et al. [27] and Dashora K et al. [28] 
supported the hypothesis that this would lead to increased particle size 
upon solvent evaporation. It was found that factor C had a negative 
influence on the particle size, i.e., the size decreased upon increasing the 
stirring rate. During emulsification, the high-speed stirring generated 
more energy, leading to a size reduction of the dispersed phase globules. 
These globules eventually solidify into smaller microspheres when the 
solvent evaporates [28, 29]. Factor D increased the size when the 
polymer was changed from PEO to HPC, which could be attributed to the 
viscosities of both these polymers [30]. High-viscosity formulations 
incorporating HPC MF may prevent the globule size from breaking down 
at the same stirring speed, which could lead to larger particle sizes. 

Drug release at three-time points, viz. at 4, 5, and 6 h, were taken as 
the responses. At each of these time points, it was discovered that 
components A and B had a negative impact on the amount of drug 
release; that is, when the levels of any polymer increased, the drug 
release decreased. This could be due to the drug's strong binding to 
the polymer matrix at higher polymer amounts [31]. Moreover, 
higher concentrations of hydrophobic polymer may impede the 
hydrophilic polymer's dissolution and impede drug release [32]. 
Lastly, higher concentrations of hydrophilic polymer may take 
longer to swell and dissolve, which may further impede drug release. 
Furthermore, compared to formulations including HPC, those 
containing PEO showed faster drug release. This may be due to the 
HPC's increased viscosity and molecular complexity, which would 
require more time to swell and dissolve [33]. As a result, HPC MF 
delayed drug release more than PEO 60K. 

The ANOVA test results showed that each of the regression models 
of the four responses was significant. The predicted versus actual 
plots of all four responses indicated that the data points were 
uniformly distributed around the 45° line. This further confirmed 
that the models were significant and did not require any 
transformation. Therefore, these findings suggest that the chosen 
models may be further optimized since they were well-fit to depict 
the influences of the factors on the responses [19]. 

To attain the desired response values corresponding to the objective, 
graphical optimization was carried out by imposing limitations or 
desirability criteria on the responses. After a lag period of four hours 
after entering the small intestine, these ER matrix microspheres 
should release the contained dose. Additionally, the drug should start 
to release after four hours and then finish in two hours so that 
effective plasma concentrations can be sustained at the intended time. 
As a result, D4 was set to a minimum of 10% with an upper limit; D5 
was set to be between 45 and 55%; and D6 was set to be between 90 
and 99%. A minimum particle size of 250 µm was established as the 
upper limit. The graphical optimization was carried out within these 
restrictions, and fig. 4 displays the resultant overlay plot. A 
microsphere formulation with the intended response values would be 
produced by combining any point in the design space region (the 
region with the yellow color). Table 5 provides one such optimal 
combination along with the software's predicted response values. ER 
matrix microspheres were made using the recommended optimum 
combination, and their response values were assessed. Table 5 
displays the obtained responses, which were determined to fall within 
the 95% confidence interval of the predicted values. The EE of 87.4% 
and the necessary drug release properties were effectively obtained 
through tuning of the matrix microspheres, as evidenced by this. 
Hence, this formulation was considered as the optimized ER matrix 
microspheres, which was then subjected to further enteric coating to 
obtain DER microspheres. 

SEM examination was conducted on the surface and shape of the 
matrix microspheres before, during, and after the drug release 

investigation, with the results presented in fig. 5. As seen in fig. 5(a), 
the surface of the microspheres was continuous with the polymer 
matrix prior to being exposed to the drug release. After being 
removed from the dissolution vessel after 4 h of the drug release 
study and dried with filter paper to remove any remaining water, 
the microspheres were examined [34]. Fig. 5(b) shows that the 
microspheres at this point revealed a few tiny pores, suggesting the 
dissolution of the hydrophilic polymer. Once more, after the six 
hours of the drug release study, the obtained image, as seen in fig. 
5(c), showed wide pores, which might have resulted from the 
hydrophilic polymer's potential for total dissolution, thus permitting 
the drug to be released completely from the matrix. These SEM 
images amply demonstrate the role of the combined Eudragit RSPO 
and HPC in delivering the intended delay in the commencement of 
the drug release. The Eudragit RSPO polymer delayed drug release 
by preventing rapid dissolution of HPC. To postpone the drug 
release by four hours, the amount of Eudragit RSPO was optimized. 
These SEM pictures also showed that, four hours after the drug 
release test began, tiny pores on the matrix caused by the HPC’s 
breakdown were seen. Furthermore, the drug was released 
concurrently and completely in two hours after the optimal amount 
of HPC was dissolved. The optimum concentrations of Eudragit 
RSPO and HPC successfully produced the intended delay in the 
release of RBP from the matrix microspheres, according to the 
results of the drug release and SEM studies. 

Following coating, free-flowing microspheres were produced using 
the EECF1 and EECF2 formulations. The high viscosity of the coating 
solution may have contributed to the sticking of the EECF3-coated 
microspheres, which is why they were left out of the drug release 
investigation. Fig. 6(a) illustrates how the drug release in the acid 
stage was limited to less than 10% in both of the two formulations 
and how the buffer stage was delayed by an additional 4 h. The drug 
release from these DER microspheres was eventually completed in 
two hours, resulting in a six-hour overall delay. While the EECF1-
coated DER microspheres showed 8.7% of drug release in the acid 
stage, the EECF2-coated DER microspheres limited the drug release 
to only 5.6%. The higher enteric polymer content of EECF2 may offer 
stronger resistance to drug release [35]. As a result, the EECF2 
coated microspheres were chosen as the ideal DER-part 
microspheres. 

The yield, ranging from 81.7% to 89.5%, indicated that the process 
conditions were suitable for forming the microcapsules. It was 
discovered that the EE and particle size values (table 7) rose from 
IECF1 to IECF4, which may have been brought on by the added 
polymer. An increased polymer can encapsulate more amount of 
drug, increasing the effectiveness of entrapment. Additionally, larger 
polymer concentrations cause the dispersed phase's viscosity to rise, 
which prevents the globules' size from decreasing during 
emulsification under the same experimental conditions. As a result, 
the particle size rises at higher polymer concentrations [27, 28]. 

The findings of the dissolution testing from the acid stage which are 
displayed in table 7 and fig. 6(b), showed that IECF1 and IECF2 were 
unable to control the drug release below the 10% maximum limit. 
After two hours, all three of the remaining formulations were able to 
effectively limit the drug release to less than 10% in the acid stage. 
The drug dissolution in the buffer stage was seen to be nearly the 
same across all formulations, with the complete dosage dissolving in 
less than an hour. Despite the fact that IECF3 and IECF4 all met the 
delayed release formulations' dissolution requirements, IECF3 was 
selected as the optimal formulation because it offered a comparable 
level of effectiveness while carrying the least amount of enteric 
polymer, which might lower the formulation's final weight. 

Hard gelatin capsules of Size 4 were filled with 36.2 mg of DIR 
microcapsules (equivalent to 20 mg of the drug) and 50.3 mg of DER 
microspheres (equivalent to 20 mg of the drug), respectively, based 
on the EE results of the DIR and DER microspheres as well as the 
enteric coat weight of the DER microspheres. The drug release from 
these capsules was investigated. According to the drug release 
profile displayed in fig. 6(c), the obtained dug release during the first 
two hours of the acid stage was significantly less than 5.9% of the 
total dose. This suggested that the technologies under development 
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could successfully stop the release of RBP in the stomach. Drug 
release was discovered to be 49.6% after an hour in the buffer stage, 
which may have been caused by the DIR microcapsules. This 
suggests that one of the two doses was entirely released as a single 
pulse within an hour after entering the small intestine. Additionally, 
the release of the second dose from the DER microspheres was 
initiated as the second pulse and finished in two hours following a 
prearranged lag of almost four hours in the buffer stage. 
Consequently, the RBP pulsatile drug delivery system could 
efficiently create the drug release as two pulses, the first occurring 
immediately upon reaching the small intestine and the second 
occurring four hours later. 

CONCLUSION 

The PDDS of RBP was created as a capsule dosage type that would 
deliver the drug in two separate pulses. By using the solvent 
evaporation method to microencapsulate the RBP with Eudragit 
S100, one dosage of the medication was created as DIR 
microcapsules. Because of their enteric layer, these microcapsules 
stop the drug from releasing in the stomach and release it as soon as 
they enter the small intestine. Once the second dose as the DER 
microspheres entered the small intestine, it was designed to release 
as another pulse four hours later. The development of RBP as 
hydrophilic-hydrophobic matrix microspheres and enteric 
coating-known as DER microspheres were the steps used to 
accomplish this. The drug release in the gastric acidic medium was 
inhibited by the outer enteric coat, and the optimal amounts of 
Eudragit RSPO and HPC produced the anticipated 4 h lag prior to 
the onset of matrix disintegration and subsequent drug release. 
Therefore, the first dose of this PDDS capsule will be released once 
the capsule's contents have been emptied into the small intestine 
from the DIR section, which should happen shortly before the 
night meal at around 9 PM. The second dose of the medication will 
then be released from the DER section at around 3 or 4 am, which 
is when the nocturnal acid breakthrough usually occurs, following 
a 6 h lag. Therefore, by releasing the drug at the appropriate time, 
this pulsatile drug delivery capsule dosage form with 
chronomodulated drug release features, comprising one dose of 
DIR microcapsules and one dose of DER microcapsules, can 
successfully avoid the nocturnal acid breakthrough. As a result, the 
quality-by-design strategy was successfully applied to accomplish 
the goal of the current study project. 
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