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ABSTRACT 
The objective was to prepare an Enalapril Maleate (EnM)-loaded floating microsphere with minimum particle size, 
maximum drug loading, and drug entrapment efficiency. Formulations were prepared by varying drug-to-polymer 
ratio (A), solvent ratio (B), and stirring time (C). The solvent evaporation method was used to prepare the microsphere. 
“Box–Behnken’s design” (3 factors × 3 levels) was utilized for optimization. The independent variables were polymer-
to-drug ratio (A), solvent ratio (B), and stirring time (C), while particle size (R1), drug loading (R2), and entrapment 
efficiency (R3) were considered as dependent variables. EnM-loaded alcohol microsphere (Formulation-A) was 
prepared and optimized. Both Formulation-A and EnM-loaded acetonitrile microspheres (Formulation-B) were 
subjected to morphological, micrometric, characterization, and in vitro release studies. The particle size, drug loading, 
and entrapment efficiency of Formulation-A and Formulation-B were 143 ± 27.75 µm, 37.31% ± 5.73%, and 76.89% 
± 4.97%, and 158.13 ± 25.1 µm, 40.13% ± 6.12%, and 99.19% ± 1.14%, respectively. The cumulative drug releases 
of Formulation-A and Formulation-B were 90.52% ± 4.11% and 86.23% ± 3.81%, respectively. Both formulations 
followed the Higuchi model of drug release. EnM-floating microsphere was effectively prepared and both formulations 
showed excellent continuous release properties for more than 12 hours.

INTRODUCTION 
Because of its high frequency and concomitant hazards 

of cardiovascular and kidney diseases, hypertension (HTN) is 
a major public health challenge globally. It was recognized as 
the leading mortality risk factor (Campbell et al., 2012). The 
incidence of HTN has been commonly recorded in different 
areas of the globe and the issues connected with HTN are rising 
more quickly in developing countries, such as Nepal. The study 
revealed that the prevalence of HTN in Nepal’s rural society and 
the urban area has increased threefold (Vaidya et al., 2012). The 
oral route is extensively utilized to deliver the therapeutic agents 
for the management of HTN due to the low treatment price and 
ease of administration, resulting in elevated patient compliance 
rates. Over 50% of the market’s drug delivery systems are oral 

drug delivery systems (Asija et al., 2015). The conventional drug 
delivery system achieves and holds the drug concentration within 
the optimum therapeutic range necessary for therapy, only if 
administered multiple times a day (Wen et al., 2015). This results 
in significant fluctuation in drug levels. Hence, to overcome these 
issues, several technical advancements have been made, such 
as novel drug delivery systems (NDDS) that can significantly 
improve the medication method and deliver several therapeutic 
advantages (Gao and Jiang, 2017). Despite the benefits of NDDS in 
terms of therapeutic considerations, there are several technical and 
biological challenges. For instance, modifying the GI transit time 
is a promising challenge for the formulation of an oral controlled 
drug delivery system (Ammar et al., 2016). Conventional drug 
delivery systems like tablets and capsules offer a particular 
concentration of drugs in the systemic circulation, lacking control 
over the rate of drug delivery, as well as triggering significant 
changes in the concentrations of plasma drugs. Moreover, there is 
a considerable fluctuation in the gastric emptying rate. Less time 
spent in the gut may result in inadequate drug absorption. Besides, 
the magnitude of absorption in the stomach or upper intestine is 
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higher (Zhang et al., 2016). Hence, to figure the limitation of the 
single oral dosage form, the concept of a floating controlled drug 
delivery system was taken into account. Several types of control 
drug delivery systems have been discovered, out of which the 
concept of floating microencapsulation dosage form was found 
to be convincing in terms of its financial and technical prospects. 
Moreover, it was found to be more effective in addressing the 
several issues of conventional dosage form, especially concerning 
their therapeutic and safety issues (Bhardwaj et al., 2014; Farooq 
et al., 2017).

Microencapsulation is defined as “… a method by which 
solid, fluid, or gaseous active ingredients are packaged in a second 
product to protect the active ingredient from the surroundings.” 
(Hu et al., 2017) Microencapsulation is primarily known to 
convert the liquids into solids, by altering the surface and colloidal 
properties, offering a barrier for environmental protection and 
regulating the rate of release or availability features of coated 
materials. Macropackaging techniques can achieve several of 
these properties; however, the uniqueness of microencapsulation 
is the size and successive uses of the covered particles (Chatterjee 
et al., 2014). The study is based on the management of HTN with 
Enalapril Maleate (angiotensin-converting enzyme inhibitor) 
as a drug of choice that is 60% absorbed and undergoes de-
esterification converting into an active metabolite enalaprilat, 
a potential angiotensin-converting enzyme inhibitor (Thabet et 
al., 2018). It is efficient against essential and reno-vascular HTN 
and cardiac congestion (Ipate et al., 2018; Swamy et al., 2013). 
Enalapril Maleate (EnM) microsphere increases bioavailability 
and compliance by decreasing the frequency of administration 
and helps maintain the consistency of plasma drug concentration 
during drug therapy (Ammar et al., 2016; Nila et al., 2014).

MATERIALS AND METHODS
EnM (an active pharmaceutical ingredient) was kindly 

gifted by Lomus Pharmaceutical, Nepal. Hydroxyl propyl 
methylcellulose (HPMC) was purchased from Kemphasol. 
Calcium chloride was purchased from Quligen Fine Chemicals. 
Dichloromethane (DCM) was purchased from Avantor 
Performance Ltd. Ethylcellulose (EC) and sodium alginate (Na-
Alg) polymer, Tween 80, and other solvents such as ethyl alcohol 
and acetonitrile (ACN) were purchased from S.D. Fine Limited. 
All of the materials and solvents were of analytical grade. 

Formulation of floating microsphere
The formulation of the EnM-loaded alcohol microsphere 

(Formulation-A) was carried out by a solvent evaporation method 
(Prajapati et al., 2012). Weighed quantity of EnM (5 mg) and 
a suitable amount of polymers (EC and HPMC) of varying 
proportions were dissolved in a mixture of varying proportions 
of DCM and ethanol. The resulting solution was dropwise 
introduced into the distilled water containing 0.6% Tween 80 as 
a surfactant. The entire solution was stirred at the agitation speed 
of 1,200 rpm for 45 minutes. After the complete evaporation of 
the volatile solvent, the emulsion was filtered and washed with 
distilled water (2–3 washes). The collected microspheres were 
air-dried and stored in desiccators. Similarly, another EnM-loaded 
ACN microsphere (Formulation-B) was formulated by using 

varying proportions of DCM and ACN as a solvent medium. The 
solubility of EnM was higher in ethanol and sparingly soluble in 
DCM and ACN. On the higher temperature, HPMC was soluble 
in water, while insoluble in DCM and ACN. EC was insoluble in 
water, sparingly soluble in DCM and ACN, but freely soluble in 
ethanol. The selection of the solvent medium was based on the 
earlier studies that confirm the use of solvents like DCM and ACN 
in various food and pharmaceutical industries (Amid et al., 2015). 
A comparison of Formulation-B was made with Formulation-A.

Optimization of formulation
The optimization of the EnM-loaded microsphere was 

carried out by using design expert 10 (State-Ease Inc., Minneapolis, 
MN). Three independent variables, that is, polymer-to-EnM ratio 
(A), alcohol-to-DCM ratio (B), and stirring time (C), were taken 
into account, and the effect of these independent variables was 
studied on the observed responses, that is, particle size, drug 
loading, and entrapment efficiency. The polymer-to-drug ratio 
used was in the ranges of 50:1, 100:1, and 150:1; similarly, the 
solvent ratio (DCM: ethanol) was in the ranges of 1:1, 2:1, and 
3:1, and stirring time ranged between 20, 40, and 60 minutes. 
The optimization design is depicted in Table 1. With the 3 factors 
× 3 levels, 17 different runs were carried out and the response 
was observed for each run. The best optimized formulation was 
considered for further study.

CHARACTERIZATION

Particle size analysis
Optical microscopy was used for the determination of the 

particle size of the formulated microspheres. Optical microscope 
Olympus BX53 was used. Each batch containing more than 300 
floating microspheres was placed on a clean slide, and the diameter 
of the particles was measured randomly. The eyepiece micrometer 
was calibrated with the help of a stage micrometer. Edmondson’s 
equation was used for the determination of the average particle 
size (Abbas et al., 2014):

Dmean = Ʃnd/Ʃn

where n = number of microsphere checked and d = mean 
size range.

Percentage yield
The percentage yield was estimated as the amount 

of microspheres obtained from the total amount of drugs and 

Table 1. Optimization design including independent and dependent variables 
with their responses.

Independent variable Level

EnM polymer ratio −1 0 +1

Solvent ratio −1 0 +1

Stirring time −1 0 +1

Dependent variable Desired response

Particle size Minimum

EnM loading % Maximum

EnM entrapment efficiency % Maximum
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nonvolatile excipients deployed for the formulation of the 
microspheres (Gaur et al., 2014):

 % Yield = �(Actual weight of microsphere/Total weight 
of EnM and polymer) × 100%

Drug loading and encapsulation efficiency
Accurately weighed microspheres (100 mg) were kept 

overnight in 0.1 N HCl for the extraction of the drug. Filtrates were 
diluted suitably and EnM was quantified spectrophotometrically 
using UV–Vis spectrophotometer at 207 nm. The percentage of 
drug loading was calculated as:

L = (Qm/Wm) × 100%

where L is the percentage drug loading of microspheres, 
Qm and Wm represent the quantity of drug and microsphere in gram, 
respectively (Farooq et al., 2017). The percentage of encapsulation 
was estimated as: 

E = (Qp/Qt) × 100% 

where E is the percentage encapsulation of microspheres, 
Qp and Qt represent the quantity of the drug encapsulated in 
microspheres and the theoretical drug content in gram, respectively 
(Garg et al., 2010; Senthikumar et al., 2010; Sharma et al., 2015).

Micrometric studies of microsphere

Bulk density
To determine the bulk density, suitably weighed 

microspheres were introduced into the measuring cylinder (100 
ml) and the volume was observed, representing bulk quantity that 
involves real powder quantity and microspheres void space. Bulk 
density was estimated as the mass of microspheres divided by the 
volume of microspheres before tapping (Ramteke et al., 2015):

Bulk density = �(mass of microsphere) / (bulk volume of 
microsphere)

Tapped density
A suitable quantity of the microsphere was introduced 

into a measuring cylinder and was allowed to tap 100 times 
using the bulk density apparatus. The final tapped volume of the 
microsphere was recorded. The tapped density was estimated as 
the total mass of microspheres divided by the tapped volume of 
microsphere (Bhardwaj et al., 2014):

Tapped density = �(mass of microsphere) / (tapped 
volume of microsphere)

Carr’s (compressibility) index
Carr’s index value of microspheres was estimated as:

% Compressibility = �[(tapped density − bulk density) / 
tapped density] ×100%

For the powders with good flow characteristics, Carr’s 
index value usually lies below 15%, whereas Carr’s index above 
25% indicates the poor flowability (Farooq et al., 2017).

Hausner’s ratio
Hausner’s ratio of microspheres was determined as the 

ratio of tapped density to the bulk density using the following 
equation (Agrawal et al., 2017; Beringhs et al., 2018):

Hausner’s ratio = tapped density / bulk density 

Angle of repose
For the measurement of the resistance of the particle 

flow, the angle of repose (α) was estimated. The fixed funnel 
method was used for the determination of the angle of repose. The 
height of the funnel was adjusted accurately so that there was a 
narrow space between the tip of the funnel and the heap of the 
microsphere. Weighed microspheres were passed freely through 
the funnel on to the surface (Wang et al., 2010).

The height and radius of the powder were estimated, and 
the angle of repose was calculated as (Subham et al., 2010):

α = tan-1 h/r

where α = angle of repose,
h = height, and
r = radius of a heap of microsphere

Test for buoyancy
The test for the buoyancy of the microspheres was 

studied in a USP type II dissolution test apparatus. A suitable 
amount of microspheres (100 mg) was dispersed in the 0.1 M 
HCl (300 ml) solution. Tween 80 (0.02%) as a surfactant was 
added to the solution. The medium was stirred with a paddle 
rotating at 100 rpm, and the temperature was adjusted at 37°C ± 
0.5°C. After 12 hours, both the floating and the settled fractions 
of microspheres were amassed separately by filtration and were 
dried at 45°C until a constant weight was obtained (Patela et 
al., 2011):

Buoyancy % = �[(dried mass of floating microsphere) / 
(total mass of the microsphere)] ×100% 

In vitro drug release study
In vitro drug release studies were conducted in a USP 

type II dissolution apparatus. Accurately weighed floating 
microspheres (equivalent to 5 mg EnM) were filled into a capsule 
and introduced in a 900 ml dissolution medium comprising 0.1 N 
HCL. Tween 80 (0.02%) was added as a surfactant, which helps 
the solubilization of drugs in the dissolution medium. The medium 
was stirred with a paddle rotating at the speed of 100 rpm. Samples 
of 5 ml were withdrawn at 30 minutes, 1, 2, 4, 6, and up to 12 
hours. The samples were analyzed by a UV spectrophotometer 
at 207 nm for the determination of the concentration of drugs 
present. 5 ml of fresh dissolution medium was introduced after 
each sampling to maintain the sink condition (Gupta et al., 2014; 
Tamizharasi et al., 2011). A similar dissolution study was carried 
out for the pure drug (5 mg) as well, which worked as a control. The 
comparative dissolution study was performed for Formulation-A 
and Formulation-B concerning control.
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RELEASE KINETICS
For the determination of the release kinetics, the 

data obtained from the  in vitro  drug release study was fitted 
with various kinetics models (zero-order, first-order, Higuchi, 
Korsmeyer–Peppas) to understand the general mechanism of drug 
release from the microsphere. The coefficient of correlation values 
(R2) was evaluated for each release kinetic model and comparisons 
were made in between.

STATISTICAL ANALYSIS
The results of all the experiments were expressed as 

mean ± SD and were run in triplicate. GraphPad Prism version 
7 software (Graph Pad Software Inc., La Jolla, CA) was used to 
carry out the statistical analysis. A two-way analysis of variance 
with Tukey’s post-hoc test was used to analyze the data. Statistical 
significance was predefined at p < 0.05.

RESULTS AND DISCUSSION

Statistical optimization by response surface methodology
For the optimization of the formulation, a “Box–Behnken 

experimental design” was considered using three independent 
variables at three different levels. The direct influence of the 
selected independent variables like drug-to-polymer ratio (A), 
solvent ratio (B), and stirring time (C) on dependent variables 
like particle size (R1), % drug loading (R2), and % entrapment 
efficiency (R3) were observed and the observed responses for 17 
generated runs are depicted in Table 2.

The best fit model that was chosen for all the three 
dependent variables, generated by the design expert software 10 
(State-Ease Inc., Minneapolis, MN), was the quadratic model 
with a coefficient of correlation (R2) close to 1. The summary 
of the model of regression analysis for responses R1, R2, and R3 
and regression equation for a fitted quadratic model is depicted 
in Table 3.

Response 1 (R1): effect of independent variables on particle 
size

The R2 of the particle size was 0.9952; the adjusted 
R2 was 0.9890, and the predicted R2 was 0.9677, representing a 
reasonable agreement; that is, the difference is less than 0.2. 

The Model F-value of 160.96 indicates that the model is 
significant (p < 0.05). In this case, A, C, AC, and C² are significant 
model terms.

The 3D response surface plot unveiling the influence 
of the independent variables on the particle size is shown in 
Figure 1. This study unveils the fact that with the increase in the 
polymer-to-drug ratio (A), the particle size of the Formulation-A 
was increased. This may be due to a greater concentration of the 
polymer in the formulation solution which may require greater 
force to breakdown the polymer into finer particles (Jagtap et al., 
2012). On the contrary, the size of the microsphere was decreased 
with the increase in solvent ratio (B) (DCM: alcohol). When a 
good drug solubilizing solvent (alcohol) diffuses into the poor 
drug solubilizing solvent (DCM), it causes the precipitation of the 
EnM and the polymer; hence less DCM volume results in greater 
precipitation resulting in greater particle size (Savjani et al., 2012). 

Table 2. Box–Behnken experimental design of Formulation-A and evaluated response parameters (n = 3).

Exp. run Polymer-EnM ratio (A) Solvent ratio (B) Stirring time (C ) Particle size (µm) EnM loading % Entrapment efficiency %

1 50 2 20 260.2 ± 10.57 27 ± 4.24 77.22 ± 3.21

2 150 2 20 315.21 ± 13.43 42 ± 7.31 91.17 ± 3.17

3 50 3 40 131.61 ± 17.21 25.76 ± 5.67 74 ± 2.98

4 150 1 40 158 ± 25.71 38 ± 3.25 77.34 ± 4.16

5 50 1 40 142 ± 17.56 34.01 ± 4.10 72.11 ± 3.69

6 100 3 60 91.67 ± 11.21 36.57 ± 3.47 69.23 ± 2.73

7 50 2 60 84 ± 19.97 22.23 ± 4.17 61 ± 1.89

8 150 2 60 98.31 ± 16.75 35 ± 7.87 73.12 ± 5.21

9 100 2 40 143.11 ± 27.75 37.31 ± 5.73 76.89 ± 4.97

10 100 1 60 93.2 ± 9.35 35 ± 6.89 65.12 ± 3.91

11 100 2 40 153 ± 10.83 33 ± 4.57 79.43 ± 2.76

12 100 2 40 141 ± 23.56 36.63 ± 6.42 75 ± 4.31

13 150 3 40 168.43 ± 13.32 38.72 ± 4.51 72.27 ± 4.97

14 100 2 40 161.21 ± 18.21 33.43 ± 7.25 78.03 ± 3.54

15 100 3 20 271.34 ± 31.71 31.76 ± 8.10 83.56 ± 4.73

16 100 2 40 148.16 ± 24.43 35.88 ± 5.17 86.01 ± 3.71

17 100 1 20 298.71 ± 17.81 32.27 ± 7.43 81 ± 4.19

Table 3. Summary of the results of regression analysis for responses R1, R2, and 
R3 fitting the quadratic models.

Quadratic model R2 Adjusted R2 Predicted R2

Particle size (R1) 0.9952 0.9890 0.9677

EnM loading (R2) 0.7846 0.5076 −1.9034

Entrapment efficiency (R3) 0.8297 0.6108 −5.5631

Regression equation for the fitted quadratic model.
Particle size = +149.30+15.27×A-3.61×B-97.28×C+5.21×AB-10.17×AC+6.46×BC+0.707
0×A2+0.0070×B2+39.42×C2.
EnM loading = +35+5.59×A-0.8087×B-0.5288×C+2.24×AB-0.5575×AC+0.52×BC-
1.74×A2+0.6075×B2-1.96×C2.
Entrapment efficiency = +79.19+3.70×A+0.4363×B-8.06×C-1.74×AB-
0.4575×AC+0.3875×BC-2.18×A2-3.08×B2-1.38×C2.
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Furthermore, the particle size of the microsphere decreased as the 
stirring time increased. This might be because of the higher shear 
forces responsible for the breakdown of the particle size.

Out of the 17 prepared formulations, Formulation 
7 exhibited the lowest particle size of 84 ± 19.97 µm, while 
formulation two exhibited the highest particle size of 315.21 ± 
13.43 µm.

Response 2 (R2): effect of the independent variable on drug 
loading

The R2 of drug loading was 0.7846, and the adjusted R2 
was 0.5076, representing a well fit.

The Model F-value of 2.83 indicates that the model is 
significant (p < 0.05). In this case, A is a significant model term. 

The 3D response surface plot revealing the influence of 
the independent variable on drug loading is shown in Figure 2. 
This study unfolds that, with the increase in the polymer-to-drug 
ratio, there was an increase in drug loading. However, the drug 
loading declined with the increment in the solvent ratio. With 
the increase in the solvent ratio, drug loading might have been 
decreased due to the alcohol-induced cosolvent effect (Qiao et al., 
2018). Drug loading also decreased with the increase in stirring 
time. However, the effect of solvent ratio and stirring time in drug 
loading was not significant.

From the 17 different formulations, the lowest drug 
loading was observed in Formulation 7 with 22.23% ± 4.17%, 
while Formulation 2 presented 42% ± 7.31%.

Response 3 (R3): effect of independent variables on 
entrapment efficiency

The R2 of drug entrapment efficiency was 0.8297, and 
the adjusted R2 was 0.6108, representing a well fit.

The  Model F-value  of 3.79 implies that the model is 
significant (p < 0.05). In this case, C is a significant model term. 

The 3D response surface plot unveiling the influence of 
an independent variable on drug entrapment efficiency is shown 
in Figure 3. This study suggests the increment in the drug-to-
polymer ratio results in an increment in entrapment efficiency. This 
observation might be due to the availability of a greater amount 
of polymers for the complete encapsulation of the EnM molecule 
(Thapa et al., 2018). Entrapment efficiency was increased with the 
increase in the solvent ratio, which might be because of a decline 
in the alcohol concentration in higher solvent ratio, resulting in a 
lower alcohol-induced cosolvent effect. However, the effect of the 
solvent ratio on entrapment efficiency was not significant. There 
was a significant decline in drug entrapment efficiency with the 
increase in stirring time, which may be due to prolonged exposure 
of the microspheres under a higher shear force that is sufficient 

Figure 1. 3D response surface plot unveiling the simultaneous influence of independent variables on particle size in Formulation-A.

Figure 2. 3D response surface plot unveiling simultaneous influence of independent variables on drug loading % in Formulation-A.
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to break the microspheres resulting in a decrease in entrapment 
efficiency.

From the 17 formulations, the maximum % drug 
entrapment efficiency was observed in Formulation 2 with 91.17% 
± 3.17%, and the minimum % EnM entrapment efficiency was 
observed in Formulation 7 with 61 ± 1.89.

Particle size, drug loading, entrapment efficiency, and % 
yield of the optimized formulation

EnM-loaded optimized ethanol microsphere 
(Formulation-A) was selected based on minimum particle size, 
maximum drug loading, and entrapment efficiency. The particle 
size of the optimized formulation was 143.11 ± 27.75 µm, the 
drug loading was 37.31% ± 5.73%, and the entrapment efficiency 
was 76.89% ± 4.97%. The morphological shape of Formulation-A 
was found to be spherical and is shown in Figure 4. Similarly, 
the particle size, drug loading, and entrapment efficiency of 
Formulation-B were 158.13 ± 25.11 µm, 40.13% ± 6.12%, and 
99.19% ± 1.24%, respectively. The drug encapsulation efficiency 
and drug loading in Formulation-A were comparatively lower than 
Formulation-B. It might be because of the presence of ethanol, 
which increases the aqueous solubility of the EnM, while in 
Formulation-B, drug loading and encapsulation efficiency are 
higher because of the absence of alcohol-induced cosolvent effect 
and lower solubility of EnM in acetonitrile as compared to alcohol 
(Qiao et al., 2018). The percentage yield of Formulation-A and 
Formulation-B was 34.19% and 29.314%, respectively.

Buoyancy
The buoyancy percentage of Formulation-A and 

Formulation-B after 12 hours was found to be 67% ± 3.82% and 
61% ± 2.71%, respectively. The floating ability of Formulation-A 
was higher, which might be due to the presence of large air-core 
resulting in a decrease in density of the microsphere compared to 
the gastric fluid (Bhardwaj et al., 2014).

Micrometric study
Both formulations were better in terms of flowability. 

The angle of repose value for Formulation-A and Formulation-B 
was found to be 18 ± 2.75º and 23.2 ± 2.12º, while the Hausner’s 
ratio value was found to be 1.19 ± 0.0002 and 1.19 ± 0.0002, 

respectively. Similarly, Carr’s index value of Formulation-A and 
Formulation-B was found to be 16.25 ± 0.91 and 18.47 ± 1.002, 
respectively, indicating their excellent compressibility. Both the 
formulations were better in terms of flow properties with a low 
angle of repose, Carr’s index, and low Hausner’s ratio. 

In vitro drug release study
It was observed that the in vitro drug release of 

Formulation-A was greater than Formulation-B in the simulated 
gastric fluid (acidic buffer, pH 1.2) as shown in Figure 5. The 
cumulative percentage drug release of Formulation-A and 

Figure 3. 3D response surface plot unveiling the simultaneous influence of independent variables on entrapment efficiency % in Formulation-A.

Figure 4. The morphological shape of floating microspheres observed through 
an Olympus BX53 research microscope (A). Formulation of EnM-loaded 
floating microspheres by solvent evaporation technique (B).

Figure 5. In vitro drug release profile of Formulation-A, Formulation-B, and 
control in the acidic buffer (pH 1.2).
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Formulation-B was 90.52% ± 4.11% and 86.23% ± 3.81%, 
respectively, as shown in Table 4. The greater cumulative drug 
release in Formulation-A was due to the use of the ethanol. As a 
solvent, ethanol might act as a cosolvent during the dissolution of 
the microsphere since the solubility of EnM is higher in alcohol 
compared to acetonitrile, consequently enhancing solubilization 
of EnM itself (Qiao et al., 2018). The in vitro drug release of 
Formulation-A was nonsignificantly higher than Formulation-B at 
1 and 8 hours (p > 0.05). Otherwise, the in vitro EnM release of 
Formulation-A and Formulation-B was significantly higher than 
the control (p < 0.05). The polymer HPMC was used as a swelling 
agent and ethyl cellulose was used to increase the buoyancy of the 
microspheres (Kausik et al., 2015).

The result of the drug release from the microsphere was 
fitted to the different release kinetics: “zero-order,” “first-order,” 
“Higuchi,” and “Korsmeyer–Peppas model”, which were taken 
into consideration. The in vitro drug release kinetics for both 
Formulation-A and Formulation-B in the acidic buffer (pH 1.2) 
is depicted in Tables 5 and 6, respectively. For Formulation-A, 
the maximum R2 value of (0.988) in the simulated gastric fluid 
(pH 1.2) was observed with the “Korsmeyer–Peppas model”, 
although the R2 value of 0.988 resembles the “Higuchi model” 
as well. The latter was not considered because of the less 
number of intersecting points compared to the Korsmeyer–
Peppas model. R2 values for the “first-order model” and “zero-
order model” were observed to be 0.986 and 0.932, respectively. 
The different release kinetics in the gastric fluid are shown in 
Figure 6. Similarly, for Formulation-B, the maximum R2 value 
of 0.985 in the simulated gastric fluid (pH 1.2) was observed 
with “Higuchi model”, followed by the “first-order model” (R2 
= 0.989), “Korsmeyer–Peppas model” (R2 = 0.985), and “zero-
order model” (R2 = 0s.956). It was observed that Formulation-B 
followed “Higuchi model kinetics”. The different release 
kinetics for Formulation-B in a gastric fluid are shown in 
Figure 7.

Hence, from this study, it is concluded that the EnM 
release from Formulation-A followed “Korsmeyer–Peppas” 
model kinetics. Similarly, the EnM release from Formulation-B 
followed the Higuchi model.

Table 4. Cumulative % of drug release of Formulation-A and Formulation-B 
with time (n = 3).

Time (hour)
Cumulative % of EnM release

Control
Formulation-A Formulation-B

0.5 22.56 ± 2.38 17.92 ± 1.21 36.17 ± 2.11

1 33.82 ± 2.64 29.77 ± 1.62 48.15 ± 2.98

2 48.38 ± 3.01 42.13 ± 2.01 76.36 ± 3.51

4 59.47 ± 3.22 53.01 ± 2.84 94.21 ± 3.88

6 67.81 ± 3.05 61.87 ± 3.05 97.64 ± 4.01

8 76.94 ± 3.46 73.14 ± 3.12 98.01 ± 4.22

10 83.99 ± 3.58 79.04 ± 3.47 99.48 ± 4.68

12 90.52 ± 4.11 86.23 ± 3.81 99.67 ± 4.77

Table 5. In vitro drug release kinetics of Formulation-A in the acidic buffer (pH 1.2).

Time (T) (minute) Sq. root of time LogT % CDR of Enalapril microspheres Fraction EnM release Log % CDR % EnM remaining Log % EnM remaining

30 5.47 1.477 22.56 0.2256 1.35 77.44 1.888

60 7.74 1.778 33.82 0.3382 1.52 66.18 1.820

120 10.95 2.079 48.38 0.4838 1.68 51.62 1.712

240 15.49 2.380 59.47 0.5947 1.77 40.53 1.607

360 18.97 2.556 67.81 0.6781 1.83 32.19 1.507

480 21.90 2.681 76.94 0.7694 1.88 23.06 1.362

600 24.49 2.778 83.99 0.8399 1.92 16.01 1.204

720 26.83 2.857 90.52 0.9051 1.95 9.49 0.977

Table 6. In vitro drug release kinetics of Formulation-B in the acidic buffer (pH 1.2).

Time (T) (minute) Sq. root of time Log T % CDR of Enalapril microspheres Fraction EnM release Log % CDR % EnM remaining Log % EnM remaining

30 5.47 1.477 17.92 0.1792 1.25 82.08 1.91

60 7.74 1.778 29.77 0.2977 1.47 70.23 1.84

120 10.95 2.079 42.13 0.4213 1.62 57.87 1.76

240 15.49 2.380 53.01 0.5301 1.72 46.99 1.67

360 18.97 2.556 61.87 0.6187 1.79 38.13 1.58

480 21.90 2.681 73.14 0.7314 1.86 26.86 1.42

600 24.49 2.778 79.04 0.7904 1.89 20.96 1.32

720 26.83 2.857 86.23 0.8623 1.93 13.71 1.13
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Figure 6. Release kinetics of Formulation-A in zero-order (A), first-order (B), Higuchi model (C), and Korsmeyer–Peppas model (D) in the acidic buffer (pH 0.1).

Figure 7. Release kinetics of Formulation-B in zero-order (A), first-order (B), Higuchi model (C), and Korsmeyer–Peppas model (D) in the acidic buffer (pH 0.1).
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CONCLUSION
EnM-loaded floating microspheres were successfully 

prepared by the solvent evaporation method and optimized by 
the response surface method. The optimized Formulation-A 
exhibited particle size of 143.11 ± 27.75 µm, drug loading of 
37.31% ± 5.73%, and entrapment efficiency of 76.89% ± 4.97%. 
The in vitro drug release of Formulation-A was higher than that of 
Formulation-B. Both the formulations have shown good buoyancy 
for more than 12 hours with a good sustained release property.
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