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Abstract  The goal of the research was to formulate 

floating microsponges of Olmesartan medoxomil by 32 

factorial design to enhance bioavailability in the gastric 

region. The quasi-emulsion solvent diffusion method was 

used to prepare gastroretentive floating microsponges. In 

this study, the concentration of Eudragit L-100 (X1) and the 

concentration of polyvinyl alcohol (PVA) (X2) were 

chosen as independent factors at three distinct levels using 

Design-Expert® software (trial version 13.1.0, Stat-Ease). 

The dependent variables chosen were the % Buoyancy (Y1) 

and % cumulative drug release (Y2). The percent yield, 

particle size, bulk density, % buoyancy, % entrapment 

efficiency, in vitro drug release, the kinetics of drug release, 

variation of the model, Fourier Transform Infrared 

Spectroscopy (FTIR) studies, and stability studies for the 

optimized formulation were conducted. From the design 

expert, the optimized formula was found to be 

OLM-MSG7. The magnitude of the coefficient of both X1 

and X2 showed a positive effect on the buoyancy of the 

floating microsponges. As the concentration of eudragit 

L-100, the buoyancy of the microsponges increased. The 

reason for the buoyancy due to the high concentration of 

eudragit L-100 may be attributed to the low density of the 

polymer. However, an antagonistic linear effect of PVA 

was observed. X1 and X2 i.e., polymer concentration and 

PVA had a positive effect on % CDR of microsponges 

which indicates that the higher amount of eudragit L-100 

contributes to an increase in % CDR. FTIR studies show 

there is no chemical interaction between the drug and the 

polymer in the formulation. 

Keywords  Floating Microsponges, 32 Factorial 

Design, Gastroretention, Bioavailability, FTIR, Design 

Expert, Eudragit L-100 

1. Introduction

In addition to extending the period of drug delivery, as is 

the case with sustained and prolonged release objectives, 

the term "controlled release drug administration" also 

suggests the predictability and reproducibility of drug 

release kinetics. An oral controlled release drug delivery 

device offers continuous oral medication distribution for a 

predetermined amount of time during gastrointestinal (GI) 

transit with predictable and repeatable kinetics. 

Gastroretentive dosage forms are those that can stay in the 

gastric region for a long time, extending the time that 

medications have in the stomach before they start to take 

effect [1]. Such a dosage form is kept in the stomach after 

oral delivery and distributed the medication there in a 

steady, controlled way, allowing for continued drug supply 

to the upper GIT. This protracted stomach retention 

increases bioavailability, lowers drug wastage, and 

increases the solubility of medications that are low soluble 
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in high pH environments. The rate at which dose forms are 

emptied from the stomach is a highly variable process, 

making the ability to extend and regulate the emptying time 

a significant advantage for dosage forms that stay in the 

stomach longer than standard dosage forms [2]. Designing 

controlled release systems for greater absorption and 

increased bioavailability is challenging for several reasons. 

The difficulty to limit the dose form in the desired region of 

the gastrointestinal tract is one of these challenges. 

Controlling the gastric retention time allows the gastric 

emptying process to be extended from a few minutes to 12 

hours using gastro retentive dosage forms providing a new 

and better option for medication therapy. This is one of the 

most practical methods for achieving a predictable drug 

delivery profile in the GIT. During absorption from the 

gastrointestinal system, olmesartan medoxomil, a prodrug, 

is hydrolysed to Olmesartan [3]. 

Olmesartan is an effective angiotensin II receptor 

inhibitor of the Angiotensin II receptor type 1 (AT1) 

subtype. Angiotensin-converting enzyme catalyzes the 

conversion of angiotensin I into angiotensin II (ACE, 

kininase II). The primary pressor of the renin-angiotensin 

system, angiotensin II h asseveral physiological actions, 

includes vasoconstriction, stimulation of aldosterone 

production and release, cardiac stimulation, and salt 

reabsorption through the kidneys. Olmesartan 

preferentially prevents angiotensin II from binding to the 

AT1 receptor in vascular smooth muscle, hence inhibiting 

angiotensin II's vasoconstrictor effects [4]. Therefore, it 

has no effect on the pathways that produce angiotensin II. 

For the treatment ranging from mild essential hypertension, 

olmesartan medoxomil is recommended. The percentage of 

olmesartan's absolute bioavailability is about 26%. 

Olmesartan's maximal plasma concentration (Cmax) is 

attained 1 to 2 hours after oral dosing. Olmesartan is not 

affected by food when it comes to bioavailability. At doses 

ranging from 2.5 to 40 mg, olmesartan medoxomil 

decreases the pressor impact of an angiotensin II injection 

in a dose-dependent manner. At doses of olmesartan 

medoxomil >40 mg 24 hours after the dose, the inhibition 

was 90% [5]. 

The objective of the present investigation was the 

formulation and evaluation of olmesartan Medoxomil 

microsponges by the application of 32 factorial design. 

2. Materials & Methods 

Olmesartan medoxomil drug was obtained from 

pharmatrain, Hyderabad. The excipients Eudragit L-100 

and polyvinyl alcohol (PVA) were procured from SD fine 

chemicals. Triethyl citrate, Dichloro methane, and Ethanol 

were analytical grade. 

2.1. Formulation of Floating Microsponges of 

Olmesartan Medoxomil 

Gastroretentive floating Microsponges were prepared by 

quasi-emulsion solvent diffusion method using an external 

phase containing distilled water and polyvinyl alcohol 

(PVA). The internal phase was prepared by adding eudragit 

L-100 in the organic solvent system consisting of ethanol 

as a good solvent and Dichloromethane (DCM) as a 

bridging liquid. To this organic phase, OLM was added 

and dissolved completely. At last, triethyl citrate (TEC) 

was added in organic phase to facilitate plasticity. Then, 

the inner phase was poured into the outer phase with 

stirring. After emulsification, the mixture was 

continuously stirred on a mechanical stirrer, for a specified 

time and at a specific temperature. Once the process was 

finished, the product was immediately filtered to separate 

the microsponges. The product was washed and dried at 

room temperature for 24 hours [6]. The formulation of 

OLM floating microsponges was done using two factors, 

three levels (32) factorial design using Design-Expert® 

software (trial version 13.1.0, Stat-Ease). According to 

Table 1, the concentration of eudragit L-100 and the 

concentration of PVA were considered as independent 

variables, while the percent buoyancy and the cumulative 

drug release were taken as dependent variables. Nine runs 

were formulated using 32 factorial design as given in Table 

2. Coded and actual values of batches of gastroretentive 

floating microsponges of OLM, prepared by applying 32 

factorial design are given in Table 1. The actual 

composition of the prepared batches is given in Table 2 and 

Table 3 [7]. 

Table 1.  Independent, dependent variables and their selected levels for OLM-MSG by 32 factorial design 

Independent Variable Levels 

 Low level Medium level High level 

X1: Concentration of Eudragit L-100 (%w/v) -1 0 +1 

X2: Concentration of PVA (%) -1 0 +1 

Dependent Variable 

Y1: % Buoyancy 

Y2: % cumulative drug release 
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Table 2.  Coded and actual values of independent variables as per 32 factorial design 

Formulation Code 
Coded Values Actual Values 

X1 X2 X1 X2 

OLM-MSG1 -1 -1 1 0.5 

OLM-MSG2 -1 0 1 1 

OLM-MSG3 -1 1 1 1.5 

OLM-MSG4 0 -1 1.5 0.5 

OLM-MSG5 0 0 1.5 1 

OLM-MSG6 0 1 1.5 1.5 

OLM-MSG7 +1 -1 2 0.5 

OLM-MSG8 +1 0 2 1 

OLM-MSG9 +1 1 2 1.5 

Table 3.  Composition of preliminary batches for determination of the effect of drug-polymer ratio on floating microsponges of OLM 

INGREDIENTS OLM1 OLM2 OLM3 OLM4 OLM5 

OLM: Eudragit L-100 1:1 1:2 1:3 1:4 1:5 

PVA (%) 2 2 2 2 2 

TEC (%) 25 25 25 25 25 

Ethanol (ml) 25 25 25 25 25 

DCM (ml) 10 10 10 10 10 

Distilled water (ml) 250 250 250 250 250 

Stirring Speed (rpm) 800 800 800 800 800 

Temperature (oC) 37 37 37 37 37 

Stirring time (hrs) 5 5 5 5 5 

 

2.2. Evaluation of Olmesartan Medoxomil 

Microsponges 

2.2.1. Microscopic Study and Particle Size 

Optical microscopy was utilized to ascertain the 

morphology of microsponges as well as the particle size. 

The sample was then placed on the mechanical stage after 

it had been mounted on a slide. The forms of the 

microsponges were examined visually, and their sizes were 

measured and displayed on a computer that was connected 

to a trinocular microscope (Primostar, Carl Zeiss). The 

average particle size was determined by measuring more 

than one hundred of the microsponges' constituent particles 

[8]. 

2.2.2. Product Yield and Measurement of Bulk Density 

When calculating the product yield of microsponges, the 

weight of the microsponges was divided by the total 

amount of drugs and excipients that were used in the 

manufacturing of the microsponges. To calculate the bulk 

density of the prepared microsponges, each batch of 

microsponges was placed in a graduated measuring 

cylinder [9]. The following formula was used: 

Bulk density = weight of microsponges/Initial volume 

2.2.3. Entrapment Efficiency 

Weighing, crushing, and extracting OLM-loaded 

microsponges with 10 milliliters (ml) of methanol yielded 

the same amount of OLM as 10 milligrams (mg) of OLM. 

After being centrifuged at 2000 rpm for ten minutes, the 

sample was filtered, and then, after the necessary dilution, 

it was analysed spectrophotometrically at 255 nm. The 

ratio of the amount of drug that was practically entrapped 

to the total amount of drug was used to calculate the 

entrapment effectiveness of the system [10]. 

2.2.4. In vitro Buoyancy 

The in vitro buoyancy of microsponges was determined 

by dispersing 100 mg of microsponges across the top of 

200 ml of 0.1 N hydrochloric acid. The medium was 

magnetically agitated for 12 hours at a temperature of 

37±0oC with a speed of 100 revolutions per minute. After a 

period of 12 hours, the microsponges that floated and those 

that didn't were filtered and dried in separate batches. Both 

parts of the dried microsponges were given their own 

individual weights [11]. The ratio of the number of 

microsponges that were floating to the total number of 

microsponges was used to compute the percent buoyancy 

(floating and sinking). 
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Buoyancy (%) = (Wf/ Wf+Wnf) *100 

Where Wf is floating microsponges and Wnf is non 

floating microsponges. All the determinations were made 

in triplicates. 

2.2.5. In vitro Drug Release 

We were able to estimate the amount of OLM that was 

released from the microsponges by first placing a weight 

equivalent to 10 mg of microsponges inside of an empty 

capsule shell and then dissolving the contents of the 

capsule using USP dissolution equipment II. The 

dissolution medium that was employed was 500 cc of 0.1N 

HCl, and it was kept at 37±0oC and 75 revolutions per 

minute. At each hour until 12 hours had passed, aliquot 

samples of 5 milliliters were taken. To keep the volume of 

the sink at a consistent level and to ensure that it was in 

pristine condition, the removed samples were replaced 

with an equal volume of fresh medium [12]. The materials 

were analysed using UV Spectroscopy after being passed 

through a membrane filter with a pore size of 0.45 microns. 

2.2.6. Drug Release Kinetics 

There are several distinct types of kinetic models, each 

of which can be used for the task of analysing the pattern of 

drug release emanating from the finished formulations. 

The in vitro drug release data were graphed for discovery 

release mechanisms by zero-order, first-order, Higuchi, 

and Korsmeyer–Peppas kinetic models. This was done for 

all the floating microsponges of OLM formulations, which 

were created by applying 32 full factorial design. It was 

determined that the model with the highest correlation 

coefficient was the one that provided the most accurate 

representation of the data [13]. 

2.3. Validation of Experimental Design 

An additional batch of floating gastroretentive 

microsponges made of OLM was manufactured with the 

highest desired value, as proposed by the Design Expert 

software, to validate the experimental design that was 

selected to be used. OLM-MSG 10 was the designation 

given to this batch. After the formulation had been 

produced, it underwent testing to determine the 

experimental values of all the dependent responses [14]. 
Using the following equation, we were able to determine 

the relative errors (in percent) that existed between the 

predicted values and the experimental values for each 

response: 

Relative error (%) =  

(Predictive error – Experimental Value/Predictive value) *100 

2.4. Fourier Transform Infrared Spectroscopy (FTIR) 

The pure drug, the polymer, the drug-polymer physical 

mixture, the placebo formulation, and the optimised 

floating microsponges of OLM were all subjected to 

Fourier transform infrared spectroscopic examination 

(FTIR). The FTIR analysis provides information regarding 

the interaction that takes place between the medicine and 

the polymer. In a glass pestle mortar, the samples and 

IR-grade potassium bromide were combined, and discs 

were made by pressing the powder at 20 psi for 10 minutes 

using a potassium bromide press. After the disc had been 

produced, it was inserted into the sample compartment, and 

a transmission mode scan was performed in the range of 

4000-400 cm-1. It is imperative that the peaks that 

correspond to the characteristic bands of the medicine are 

maintained in the spectra of the microsponges. This will 

guarantee that there were no chemical interactions or 

modifications that occurred throughout the process of 

preparing the formulations [15]. 

2.5. Statistical Analysis 

Employing design expert software ANOVA test was 

used to statistically analyze the response parameters at   

95% level of significance (p = 0.05). Individual parameters 

were investigated using the F test and the following 

quadratic models: 

Y = b0 + b1X1 + b2X2 + b12X1X2 + b11X1
2 + b22X2

2 

3. Results and Discussion 

3.1. Microscopic Study and Particle Size 

It was discovered that the particle size was somewhere in 

the range of 236.84 to 362.92 micrometres, which places it 

within the typical range (5-300 micrometres) of 

microsponges, as indicated in Table 4. Because the particle 

sizes of each formulation were practically identical to one 

another, it may be deduced that the selected independent 

variable did not have a major impact on the OLM-MSG 

that was created. 

3.2. Product Yield and Measurement of Bulk Density 

The findings are summarised in Table 4, which reveals 

that the percent yield for all the batches fell somewhere 

between the range of 67.8 percent to 88.2 percent. It was 

determined that the bulk density fell somewhere in the 

range of 0.089 and 0.296 g/cc. Because the bulk density 

fell as the particle size grew, this indicates that the density 

of microsponges reduced because of the rise in particle size. 

A rather direct relation was seen to exist between the bulk 

density and the particle size. 

3.3. Entrapment Efficiency 

The findings are presented in Table 4, which reveals that 

the entrapment efficiency for all batches fell somewhere in 

the range of 65.6% to 90.2%. 
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3.4. In vitro Buoyancy 

The findings are summarised in Table 4, which reveals 

that the in vitro buoyancy for all of the batches fell 

somewhere in the range of 80.4% to 90.6%. 

3.5. In vitro Drug Release 

The drug release data demonstrates the pattern of drug 

release for all the formulations that were created following 

the application of 32 complete factorial designs for the 

purpose of m the effectiveness of OLM floating 

gastroretentive microsponges. The results of the in vitro 

experiments are presented in Table 5, and a graphical 

illustration of the results may be seen in Figure 1. The 

released research was performed on all the batches, and it 

revealed that the pattern of drug release is highly variable 

[16]. This demonstrates that the outcomes of the selected 

independent factors had a significant impact along the path 

of drug release from the polymeric matrix. 

Table 4.  Result table of OLM-MSG prepared by applying 32 factorial design 

Formulation % Yield 
Particle 

size (μm) 
Bulk density (g/cc) % Buoyancy 

% Entrapment 

Efficiency 

OLM-MSG1 67.8 236.84 0.214 80.4 65.6 

OLM-MSG2 77.2 362.92 0.089 79.6 70.2 

OLM-MSG3 79.2 332.48 0.112 74.4 80.2 

OLM-MSG4 72.6 356.86 0.091 91.4 87.8 

OLM-MSG5 78.8 252.24 0.284 93.8 94.8 

OLM-MSG6 82.4 338.24 0.106 94.2 92.6 

OLM-MSG7 77.6 256.28 0.296 98.4 81.6 

OLM-MSG8 88.2 318.64 0.124 95.8 85.8 

OLM-MSG9 85.6 294.32 0.136 90.6 90.2 

Table 5.  In-vitro drug release of OLM-MSG prepared by applying 32 factorial design 

Time 

(hrs) 

OLM- 

MSG 1 

OLM- 

MSG2 

OLM- 

MSG3 

OLM- 

MSG4 

OLM- 

MSG5 

OLM- 

MSG6 

OLM- 

MSG7 

OLM- 

MSG8 

OLM- 

MSG9 

0 0 0 0 0 0 0 0 0 0 

1 16.52 25.36 38.86 22.24 12.33 23.65 28.84 35.24 21.16 

2 23.85 35.78 40.28 36.66 25.23 35.56 49.68 41.34 38.46 

4 38.86 52.62 52.64 55.28 36.52 48.91 55.68 54.82 42.68 

6 43.21 60.38 58.42 64.21 58.32 60.26 65.88 61.68 52.28 

8 63.13 73.34 64.24 73.88 84.24 72.65 70.24 71.42 66.32 

10 72.34 84.8 84.68 86.24 88.24 88.34 84.24 86.32 80.2 

12 97.8 98.4 99.6 98.8 99.2 99.7 97.8 98.8 99.8 
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Figure 1.  Percent drug release of all formulations by 32 factorial design 

 

3.6. Drug Release Kinetics 

Table 6 presents the findings that were obtained from an 

investigation into the model-dependent drug release 

kinetics during the in vitro release of OLM from floating 

microsponges. Approaches based on the model that was 

considered for analyzing the kinetics of drug release 

included zero order, first order, Higuchi, Hixson-Crowell, 

and Korsmeyer-Peppas. The Higuchi diffusion model was 

followed, and the drug release from the floating 

microsponges of OLM batches OLM-MSG1, OLM-MSG2, 

OLM-MSG4, OLM-MSG6, and OLM-MSG8 had an R2 

value that was close to 1. This model is suitable for 

modified dosage forms, particularly matrix drug delivery 

systems, and is derived by charting the cumulative 

percentage of drug release vs the square root of time. Other 

batches, including OLM-MSG3, OLM-MSG 7, and 

OLM-MSG 9, all followed the methodology developed by 

Korsmeyer and Peppas. These findings are derived from in 

vitro drug release investigations, and they are produced by 

plotting the log cumulative percentage of drug release 

versus the log time [17]. Zero-order drug release kinetics 

was only followed by a single batch of OLM-MSG. 

3.7. Statistical Analysis 

Table 7 contains the results of all the variables that 

depended on the independent variable. A description of the 

quadratic impact that the variables have on the replies may 

be found in the factorial analysis. In order to conduct the 

analysis of the replies, a statistical model that included both 

interactive and polynomial variables was applied [18]. The 

following is the polynomial equation that was developed 

by employing the design expert software for a 32 factorial 

design: 

Y = b0 + b1X1 + b2X2 + b12X1X2 + b11X1
2 + b22X2

2 

Where Y represents the dependent variable, b0 

represents the intercept, and the coefficients b1 through b22 

represent the regression. The master effects, X1 and X2, 

indicate the average outcome of gradually increasing the 

value of one element at a time until all the values have been 

increased. The symbols X1 & X2 denote the interaction 

terms, whereas the symbols X12 and X22 stand for the 

quadratic impact. 
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Table 6.  In vitro drug release model-dependent kinetics of OLM-MSG 

Formulation code Zero order (R0) First order (R1) 
Higuchi model 

(RH) 

Korsmeyer 

Peppas model 

(RP) 

Hixson Crowell 

model (RHC) 

OLM-MSG1 0.95 091 0.95 0.99 0.98 

OLM-MSG2 0.74 0.93 0.97 0.90 0.94 

OLM-MSG3 0.96 0.82 0.88 0.98 0.90 

OLM-MSG4 0.92 0.85 0.99 0.98 0.95 

OLM-MSG5 0.97 0.80 0.94 0.98 0.99 

OLM-MSG6 0.93 0.82 0.99 0.99 0.98 

OLM-MSG7 0.95 0.91 0.98 0.98 0.98 

OLM-MSG8 0.83 0.76 0.98 0.97 0.91 

OLM-MSG9 0.95 0.92 0.97 0.98 0.98 

Table 7.  Independent variables and their responses as per 32 factorial design 

Formulation Code 
Coded Values Actual Values 

% Buoyancy (Y1) 
% Cumulative drug release 

(Y2) X1 X2 X1 X2 

F1 -1 -1 1 0.5 80.4 97.8 

F2 -1 0 1 0.75 79.6 98.4 

F3 -1 1 1 1 74.4 99.6 

F4 0 -1 1.5 0.5 91.4 98.8 

F5 0 0 1.5 0.75 93.8 99.2 

F6 0 1 1.5 1 94.2 99.7 

F7 +1 -1 2 0.5 98.4 97.8 

F8 +1 0 2 0.75 95.8 98.8 

F9 +1 1 2 1 90.6 99.8 

 

3.7.1. Effect of Independent Variables on Buoyancy 

The buoyancy percentage was measured to fall 

somewhere in the range of 74.4 to 98.4 percent. The value 

of R2 was determined to be 0.9882. The fact that the model 

has an F-value of 10.70 indicates that it is noteworthy. It 

was discovered that the difference between the "Pred 

R-Squared" value and the "Adj R Squared" value is less 

than 0.2, which is an excellent result. The signal-to-noise 

ratio is measured by the "Adeq Precision" tool. It is 

preferable to have a ratio that is bigger than 4. In this case, 

the ratio of 7.788 indicates that the signal is sufficient. 

Using this paradigm, one may move more easily through 

the design space [19]. The rest of the information that was 

gathered from the ANOVA table concerned the factors that 

were shown in Table 8. It was discovered that the P value 

for both X1 and X2 was 0.0040, which indicates that both 

factors are significant in the model. The P value for X3 was 

determined to be 0.3619. 

The fitted final equation can be used to make predictions 

about the response for given levels of each factor. The 

equation for the response percentage buoyancy was as 

follow: 

% Buoyancy = + 88.73 + 8.40A1 -1.83X2 

According to the equation, the magnitude of the 

coefficient for X1 has a positive effect on the buoyancy of 

the floating microsponges, whereas the size of the 

coefficient for X2 has a negative effect. The microsponges' 

ability to float rose in proportion to the amount of eudragit 

L-100 present in the solution. It's possible that the low 

density of the polymer is to blame for the increased 

buoyancy caused by the high concentration of eudragit 

L-100 [20]. On the other hand, an antidote linear effect of 

PVA was found to be present. Figures 2 and 3 present 

additional visualizations of these effects in the form of 

contour and surface response plots respectively. 
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Table 8.  ANOVA table of response 1 

Source Sum of squares Df Mean square F-value p-value  

Model 443.53 2 221.76 10.70 0.0105 Significant 

A – Conc.of Eudragit L-100 423.36 1 10.70 20.43 0.0040  

B- PVA 20.17 1 20.43 0.9733 0.3619  

Residual 124.31 6 0.9733    

Cor total 567.84 8     

 

Figure 2.  Contour plot of Y1 showing effects of X1 and X2 on % buoyancy 
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Figure 3.  3D plot of Y1 showing effects of X1 and X2 on % buoyancy 

 

3.7.2. Cumulative Drug Release at 12hrs 

It was discovered that the percent CDR12 fell 

somewhere in the range of 64.28 to 94.62 percent, and the 

value of R2 was discovered to be equal to 0.8420. The fact 

that the model has an F-value of 10.87 indicates that it is 

noteworthy. It was discovered that the difference between 

the "Pred R-Squared" value and the "Adj R Squared" value 

is less than 0.2, which is an excellent result. The 

signal-to-noise ratio is measured by the "Adeq Precision" 

tool. It is preferable to have a ratio that is bigger than 4. In 

this case, the ratio of 8.010 indicates that the signal is 

sufficient. Using this paradigm, one may move more easily 

through the design space. The rest of the information that 

was gathered from the ANOVA table concerned the factors 

that were shown in Table 9. It was determined that the P 

value for component X1 was 0.0271, which indicates that it 

plays a major role in the model. On the other hand, the P 

value for factor X2 was discovered to be 0.1813, which 

indicates that it does not play a significant role. It was 

discovered that the interaction effect and the quadratic 

effect of X1 and X2 were significant at the levels of 0.1800, 

0.0108, and 0.7410 respectively. 

The fitted final equation can be used to make predictions 

about the response for given levels of each factor. The 

equation for the response % CDR 12 was as follows: 

% CDR12 (Y12) = 98.88 + 0.10A+0.7833B 

According to the equation, X1 and X2, which stand for 

the polymer concentration and the PVA, both had a 

positive effect on the percent CDR of the microsponges. 

This suggests that an increase in the amount of eudragit 

L-100 contributes to an increase in the percent CDR. These 

effects were depicted further in contour and surface 

response plots, which may be found in Figures 4 and 5. It 

was discovered that the contour plots are linear. 
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Table 9.  ANOVA table of response 2 

Source Sum of squares Df Mean square F-value p-value  

Model 3.74 2 1.87 11.53 0.0088 Significant 

A – Conc.of Eudragit L-100 0.0600 1 0.0600 0.3697 0.5655  

B- PVA 3.68 1 3.68 22.68 0.0031  

Residual 0.9739 6 0.1623    

Cor total 4.72 8     

 

Figure 4.  Contour plot of Y1 showing effects of X1 and X2 on % Cumulative drug 
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Figure 5.  3D plot of Y1 showing effects of X1 and X2 on cumulative drug release 

 

3.7.3. Validation of the Model 

A numerical optimization approach known as the 

desirability function and a graphical optimization 

technique known as the overlay plot were utilized to 

optimize all of the aforementioned responses in relation to 

their respective aims (Figures 6 and 7). We were able to 

acquire the optimal formulation by imposing limits on the 

responses of the dependent variable as well as the 

independent variables. All the constraints on the dependent 

variables were changed to maximize their potential value. 

The Design Expert software used the plots to determine the 

concentrations of the independent variables that have a 

maximum desirability close to 1.0. These concentrations 

were then used to generate the suggested levels of those 

variables. From the overlay plot, an optimal batch of OLM 

microsponges was obtained by using the design expert 

software. The levels of X1 and X2 were set at 0.1 percent 

and 0.5 percent, respectively (Formulation OLM-MSG7). 
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Figure 6.  Desirability plot by Numerical optimization 
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Figure 7.  Overlay plot by graphical optimization 

 

3.8. Fourier Transform Infrared Spectroscopy (FTIR) 

The fact that the peaks that correspond to the distinctive 

bands of the drug were found to be retained in the spectra 

of the microsponges is evidence that there was no chemical 

contact between the medication and the polymer while the 

formulations were being prepared. 
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Figure 8.  FTIR spectra of optimized formulation 

4. Conclusions 

The quasi-emulsion solvent diffusion method was used, 

and the results were successful in manufacturing 

gastroretentive floating microsponges of OLM. Based on 

the findings of the preliminary tests, it was hypothesized 

that the drug's solubility in the external phase ought to be 

decreased to improve its entrapment in the polymeric 

matrix. When the speed of the stirring was increased, the 

particle size of the microsponges was reduced; however, 

when the speed was increased above the optimal level, the 

polymer stuck to the walls of the beaker. The polymeric 

matrix quickly solidifies when the temperature is raised, 

but these results in an increase in the particle size. The 

preliminary screening helped determine the amount of 

triethyl citrate to be used as well as the volume of both the 

organic and aqueous phases. During the process of 

formulating microsponges, the optimal stirring speed of the 

stirrer and temperature of the aqueous phase were 

determined and then fixed for subsequent research. Based 

on the findings of the solubility test that was performed 

during the preliminary research, it seems that the 

concentration of eudragit L-100 and PVA effects are 

significant factors. In conclusion, it was determined that 

the levels of concentration of eudragit L-100 (X1) and PVA 

(X2) were the most significant elements that influenced the 

formulation of microsponges. As a result, the optimization 

of the dosage form was accomplished by treating these 

components as independent variables and making use of a 

32 factorial design. As dependent variables, we chose to 

look at both the percentage of buoyancy, denoted by Y1 and 

the percentage of cumulative medication release, denoted 

by Y2. The prepared formulations were studied for their 

drug release as well as their physical and micrometric 

properties. The level of X1 and X2 was set to 1 and 0.5 

correspondingly, and an optimum batch of OLM 

microsponges was created from the overlay plot by using 

design expert software. FTIR was the method that was used 

to do the characterization of the improved formulation. The 

FTIR investigation demonstrated that the medicine and the 

excipient are compatible with one another. 
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