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A B S T R A C T   

This work aims to develop and evaluate buoyant beads embedded with domperidone/Dowex 50WX2 resinate 
complex as novel multiple-unit type oral gastro-retentive drug delivery system. Domperidone (BCS II) has been 
chosen for gastric retention as it has a poor oral bioavailability (around 15%), a short biological half-life, and pH- 
dependent solubility with poor solubility at a high pH and good solubility at low pH. Two different techniques 
were used to induce beads buoyancy; first, formulation of effervescent beads by incorporation of NaHCO3 in the 
beads, which will release carbon dioxide gas upon reaction with the acidic gastric fluid causing the beads to float. 
Second, is the formation of low-density emulgel beads by the incorporation of light mineral oil in the beads. 
Resinate complex is used to control the drug release from the prepared formulations. Beads were evaluated for 
percent drug entrapment efficiency, floating behavior (float lag time and duration), mean particle diameter, in 
vitro drug release, and release kinetics in SGF. The effect of different concentrations of both NaHCO3 (1%, 2%, 
and 10%) and light mineral oil (2%, 5%, and 10%) on the floating behavior and physical appearance was studied. 
The optimized formula (F10) was subjected to a four-week stability study at both 25 �C and 40 �C. Results 
revealed that gastro-retentive beads possessed a floating duration of up to 24 h and no floating lag time was 
developed. The novel resinate loaded beads succeeded to sustain the release of domperidone in SGF. The opti-
mized formula was stable at both temperatures of 25 �C and 40 �C for four weeks. Hence, the developed opti-
mized formulation (F10) is considered as a potential to increase the domperidone bioavailability, decrease 
dosage frequency, and increase patient compliance.   

1. Introduction 

Gastro-retentive drug delivery systems (GRDDS) have been widely 
used to overcome the limitations of conventional sustained release 
dosage forms. The gastro-retention has a potential significance for drugs 
having low oral bioavailability due to narrow absorption window in the 
upper part of the GIT, possessing pH-dependent solubility or absorption 
by localized transporter mechanism, and for drugs showing short bio-
logical half-life [1–7], Local drug delivery to the stomach and proximal 
small intestine can also be attained by gastro-retention technique. 

In the present work, multiple unit alginate-based beads were chosen 
as a carrier of ion exchange resinate complex with domperidone. Mul-
tiple unit GRDDS have advantages over single unit dosage forms as it 
avoids “all or nothing” gastric emptying, has more expectable drug 
release patterns, avoids local mucosal irritation, and can be loaded with 

different drugs having incompatibilities [8]. 
Alginate beads are mainly composed of the ionic complexation of Na 

alginate with calcium ions forming the insoluble polymer of calcium 
alginate [9]. Na alginate is a natural hydrophilic polymer (derived from 
brown marine algae), biocompatible, and nonimmunogenic. The prep-
aration of the alginate beads is very simple, having a low cost, and just 
needs mild environment-friendly conditions since it does not require the 
use of any organic solvents. Furthermore, the gelation of calcium algi-
nate is almost instantaneous and irreversible. However, the main 
drawback of alginate beads is the large gel porosity of the beads, which 
may lead to poor entrapment efficiency of some drugs, rapid leakage, 
and release of drugs [10]. The usage of resinate complex will help in 
enhancing drug loading and retarding the drug release from the beads. 

Ion exchange resins (IERs) offer solutions for many drug delivery 
problems. This is due to the lack of any local or systemic side effects, 
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along with the great physical and chemical stability. They can be also 
formulated into a variety of dosage forms; for instance, liquid suspension 
[11,12], beads [13], and tablets [14]. IERs can be employed to mask the 
unfavorable taste of many drugs [15–19]. They can improve the disin-
tegration of solid dosage forms. Moreover, they are used to enhance the 
dissolution of drugs. They can be utilized to enhance the stability of 
sensitive drugs [20–22], control drug release from different formula-
tions [23,24], and the formation of gastro-retentive dosage forms [25, 
26]. 

Domperidone was selected as a model drug for gastro-retention. 
Domperidone is a D2-antagonist [27] used as an antiemetic [28] and 
prokinetic drug. It belongs to BCS class II. It has pH-dependent solubility 
with poor solubility at high pH and good solubility at low pH [29,30] 
leading to poor oral bioavailability of about (13–17%) [31]. Further-
more, it has a short biological half-life [32], leading to the need for 
frequent dosing and poor patient compliance. All of these factors suggest 
that domperidone is a good candidate for GRDDS to enhance its oral 
bioavailability, control the plasma drug level, decrease the dosing fre-
quency, and improve patient compliance. 

2. Materials and methods 

2.1. Materials 

Millipore deionized water (DI) was obtained from Millipore device 
and was filtered through 0.45 μm cellulose membrane (Millipore, MA, 
USA) and was then degassed under vacuum. Domperidone maleate (Sri 
Krishna Pharmaceuticals Ltd., India). Cellulose membrane (Millipore, 
MA, USA). Dowex 50WX2 was donated by Dow Chemical Company 
(Midland, MI). HPLC grade acetonitrile solvent was purchased from 
Fisher Chemicals (Pittsburg, PA). Sodium chloride, sodium bicarbonate, 
monopotassium phosphate, hydrochloric acid, sodium phosphate 
dibasic dodecahydrate, sodium alginate, light mineral oil, calcium 
chloride, and tween 20 were obtained from Sigma Aldrich (St. Louis, 
MO). 

2.2. Preparation of resinate complex [15] 

Domperidone resinate complex was prepared by a single batch pro-
cess. According to previous preliminary studies comparing different 
types of resins (data not shown), Dowex 50WX2 was selected for binding 
domperidone. 

An amount of 30 mg of Dowex was weighed and placed into a glass 
vial with 12.73 mg of domperidone maleate (equivalent to 10 mg 
domperidone) and 20 ml DI water. The vial was put in a shaker for 10 
min at 25 �C at 300 rpm. After that, the dispersion was filtered on 0.22 
μm Millipore filters. The separated resinate complex was washed with DI 
water three times and kept under vacuum in a desiccator until complete 
dryness. Following that, the dry resinate powder was kept in well-sealed 
glass vials till further usage. 

2.3. Preparation of gastro-floatable beads 

Two different techniques have been used to enhance the buoyancy of 
beads; first is the incorporation of NaHCO3 in the beads, which will 
release carbon dioxide gas upon reaction with the acidic gastric fluid 
causing the beads to float. Second, is the addition of low-density oil to 
form emulgel beads. 

2.3.1. Preparation of gastro-floatable alginate beads using NaHCO3 [33] 
Two solutions; Calcium chloride solution 10% (w/v) (crosslinking 

medium) and 2% (w/v) solution of Na alginate were prepared by dis-
solving the suitable amounts of each in DI water. Accurate amounts of 
NaHCO3, domperidone, or resinate complex powders were added to the 
Na alginate solution and stirred on a magnetic stirrer. The cal-
cium–alginate beads were formed via ionic gelation by dropwise 

addition of Na alginate through a 21-gauge stainless steel needle solu-
tion to a gently stirred solution of calcium chloride from 5 cm. The beads 
were left in the crosslinking medium for 30 min to ensure internal 
gelation, after which they were separated by filtration, washed three 
times with 50 mL DI water, and dried under vacuum in a desiccator. All 
procedures were carried out at room temperature [34]. The effect of 
different concentrations of NaHCO3 (1%, 2%, and 10%) on floating 
duration and floating lag time was studied. 

To enhance the drug entrapment into the beads, the pH of the CaCl2 
solution was raised from 6.35 to 10.5 in some batches using a few drops 
of 5% Na3PO3 to decrease the leakage of the drug from the formed beads 
into the CaCl2 solution. 

The concentration of 2% W/V of the alginate solution was chosen 
according to preliminary studies. Table (1) and Fig. 1 show the 
composition of different formulations of prepared alginate beads. 

2.3.2. Preparation of gastro-floatable alginate-based emulgel beads 
The alginate-based emulgel beads were prepared by the emulsion 

gelation technique [35,36]. Accurate amounts of domperidone or 
resinate complex were levigated with light mineral oil and tween 20 (2% 
w/v) as a surfactant. Then the formed dispersion was transferred into Na 
alginate solution and was stirred on a magnetic stirrer for 1 h at 500 rpm 
forming O/W emulsion. The formed emulsion was extruded into a 10% 
calcium chloride solution and maintained under gentle stirring through 
a 21-gauge stainless steel needle from 5 cm. The formed beads were kept 
for 30 min in the crosslinking solution then separated by filtration, 
washed three times with 50 ml DI water, and allowed to dry under 
vacuum in a desiccator. The effect of different concentrations of oil (2%, 
5%, and 10%) on floating duration, floating lag time, and beads ho-
mogeneity and integrity was studied. Table (1) and Fig. 1 show the 
composition of different formulations of prepared emulgel beads. 

2.4. Chromatographic conditions 

Domperidone content was assessed by the HPLC method. The mobile 
phase consists of 24% acetonitrile, 76% phosphate buffer, and the pH 
was adjusted to 2.8 using 6 N HCl. The system is composed of an 
autosampler (SIL-20AC HT), an LC-20AD pump, a column oven (CTO- 
20A), a system controller (CBM-20A), and a UV detector. Domperidone 
is separated on C18, 3 μm, 50 � 4.6 mm analytical column (Shimadzu, 
Japan). The flow rate of the injected 20 μL sample was adjusted at 1 mL/ 
min. Domperidone was determined by a UV detector at wavelength 284 
nm [37]. The method was validated for accuracy, precision, linearity, 
and selectivity. 

2.5. Light microscope examination of resinate complex 

The morphology of the prepared domperidone resinate complex 
prepared in this study was examined under EVOS light microscope (Life 
Technologies, Grand Island, NY). The dry resinate complex was put on a 
glass slide with a cover above. Images were taken using a 40X lens. 

2.6. Visual examination of gastro-floatable beads 

The shape of the beads was examined visually for uniformity and 
homogeneity. In case of emulgel beads, these were examined for the 
presence of any oil droplets on the surface or between the beads as a sign 
of any oil leakage. 

2.7. Particle size measurements 

The mean beads diameter was assessed by measuring 20 beads [35, 
38] using a micrometer (Mitutoyo Co., Japan). The result is expressed as 
the mean diameter (mm) � standard deviation. 
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2.8. Floating behavior [5]: [6,39,40] 

The floating capabilities of the formulated beads were assessed in 
900 ml of SGF using USP dissolution apparatus II. Buoyancy lag time was 
determined by observing the time interval between putting the beads 
into the medium and its buoyancy to the top of the medium. The 
duration of buoyancy, which is the time for which all the beads 
constantly float on the surface of the dissolution medium, was also 
recorded. The beads are considered floating only when all beads floated 
on the medium surface. 

2.9. Beads entrapment efficiency 

Samples were withdrawn from the crosslinking medium at the end of 
each preparation process and the amount of unentrapped domperidone 
in the beads was determined using HPLC. The domperidone entrapment 
efficiency was then calculated according to the following equation: 

Entrapment efficiency ð%Þ¼
Dt � Du

Dt
� 100  

where Dt is the total amount of drug added to the alginate solution, and 
Du is the measured unentrapped amount of domperidone in the cross-
linking media at the end of preparation. 

In the case of resinate loaded beads, samples were withdrawn from 
both the alginate solution and the crosslinking solution. 

2.10. In vitro release study 

The dissolution profiles of different prepared alginate beads were 
determined in 900 ml SGF (pH 1.2) using USP dissolution apparatus II 
paddle (Distek, North Brunswick, NJ) at 37.0 � 0.2 �C at 50 rpm [ [34, 
41]. Accurately weighed amounts of each formula having drug content 
of 10 mg of domperidone were put into the dissolution flasks. The 
concentrations of domperidone released were monitored using an in-line 
ultraviolet detector connected with six fiber optic cables at 284 nm 
(pION, MA, USA). The composition of SGF is 0.2% (w/v) sodium chlo-
ride in 0.7% (v/v) Hydrochloric Acid. 

Table 1 
The composition of different prepared gastro-floatable alginate-based beads (effervescent beads and emulgel beads).   

Formula 
code 

Drug or resinate 
complex (mg) 

Na Alginate concentration 
%W/V) 

CaCl2 concentration (% 
W/V) 

NaHCO3 (% 
W/V) 

light mineral oil 
(%V/V) 

Tween 20 (% 
W/V) 

Effervescent alginate 
beads 

F1 0 2 10 – – – 
F2 0 2 10 1 – – 
F3 0 2 10 2 – – 
F4 0 2 10 10 – – 
F5 40.0a 2 10 10 – – 
F6 12.7b 2 10 10 – – 

Emulgel beads F7  2 10 – 2 2 
F8  2 10 – 5 2 
F9  2 10 – 10 2 
F10 40.0a 2 10 – 10 2 
F11 12.7b 2 10 – 10 2  

a 40.0 mg resinate complex contains 10 mg domperidone. 
b 12.7 mg domperidone maleate is equivalent to 10 mg domperidone. 

Fig. 1. A diagram illustrating the composition of different prepared gastro-floatable alginate-based beads (effervescent beads and emulgel beads) loaded with either 
free domperidone or domperidone/Dowex 50WX2 resinate complex. 
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2.11. Kinetic analysis of release data 

The in vitro release data were analyzed using different release kinetic 
models (zero-order, first-order, Higuchi, and Korsmeyer–Peppas) to 
reveal the drug release mechanism. The release data of resinate loaded 
gastro-floatable beads (F5 and F10) were subjected to model fitting by 
the goodness of fit test. Two different criteria were employed to evaluate 
the goodness of fit of data to each model; Coefficient of Determination 
(R2) [42] and Model Selection Criterion (MSC) [43]. The most appro-
priate model should be the one with the highest R2 and highest MSC. A 
value of MSC above three usually indicates a good fit [43]. 

Fitting the release data to the following linear plots was performed to 
ascertain the drug release mechanism [44]: 

Zero-order (% domperidone released vs. time) 
First-order (Log of % domperidone released vs. time) 
Higuchi’s model (Log % domperidone released vs. square root of 
time) 
Korsmeyer–Peppas model (Log of % domperidone released vs. log 
time) 
All release data analyses were performed using DDsolver add-in for 
Microsoft Excel [43]. 

2.12. Stability studies 

The selected optimized formula (F10) was subjected to storage for 
four weeks in well-closed glass vials away from light at (25 �C/25 � 1% 
RH) in Excella E24 incubator (New Brunswick Scientific, Enfield, CT) 
and at (40 �C/12 � 1% RH) in NAPCO 5400 incubator (Thermo Fisher 
Scientific, West Palm Beach, FL) [12,15]. The stored formulations were 
examined for any change in physical appearance, floating duration, or 
floating lag time [45]. In vitro release profiles of stored and fresh for-
mulations were compared by calculating the similarity factor (f2) [46]. 
Moreover, different dissolution parameters were compared to help the 
comparison of the obtained release profiles of the tested formulation 
before and after storage. These parameters were the mean dissolution 
time (MDT), percent drug released after 12 h (PR12 h), and dissolution 
efficiency (DE12 h) [45]. 

2.13. Statistical analysis 

Experiments in this work were repeated three times. Statistical sig-
nificance was determined by one-way analysis of variance (ANOVA) 
followed by Bonferroni’s multiple comparison. Differences were 
considered significant for P < 0.05. 

3. Results and discussion 

A literature survey revealed that domperidone has been previously 
formulated in different GRDDS. Several studies formulated domper-
idone as single unit gastro-retentive floating tablet [32,47–52]. The 
main drawback of this approach in gastric retention is the “all or 
nothing” drug release, probability of dose dumping, and gastric irrita-
tion. Other studies avoided the single unit GRDDS drawbacks by 
developing domperidone in multiple unit GRRDS. For instance, in one 
study domperidone was embedded in floating pectin beads [53] with 
buoyancy percentage between 71 and 87% only and with maximum 
drug entrapment efficiency of 64.48% only. In another study, domper-
idone was loaded in gastro-retentive micro-balloons [54] which showed 
maximum buoyancy percentage of 76.2% only for 12 h. Another 
research developed emulsion gel buoyant beads [35], but it could sus-
tain the release of domperidone for 3 h only. The novelty of the current 
work is to combine the advantages of multiple unit GRDDS with the 
advantages of IERs to avoid the drawbacks of previously developed 
tablets and to achieve better buoyancy behavior, higher entrapment 
efficiency, and prolonged-release patterns than previously developed 

micro-balloons or beads. 
IERs have significance to the pharmaceutical industry due to the 

easy, simple, scalable, and rapid preparation procedures. IERs are clas-
sified into anion or cation exchange resins. 

According to our earlier binding experiments comparing several 
types of cation exchange resins, namely Amberlite IRP 69, IRP 64, IRP 
88, and IRP 69F, and Dowex 50WX2. Dowex 50WX2 was selected for 
this study to bind domperidone as it has shown the highest binding ef-
ficiency (almost complete) among all the mentioned resins. Dowex 
50WX2 is a strong acid as it has a sulfonic acid functional group. The 
negatively charged ionic moiety in the resin binds to the amine group of 
domperidone. Domperidone/Dowex 50WX2 resinate complex in a ratio 
of 1:3 succeeded to show acceptable flow properties, thermal properties, 
and chemical and physical stability at different temperatures. Domper-
idone release profile from resinate in SGF has shown slow controlled 
release characteristics. Accordingly, the domperidone/Dowex 50WX2 
resinate complex has been chosen for further incorporation into gastro- 
floatable beads as a means of controlling the drug release in the current 
work. 

3.1. Microscopic examination of domperidone/Dowex resinate complex 

The prepared domperidone/Dowex 50WX2 complex showed regular 
spherical shape and mean particle diameter ranging from 50 to 210 μm 
(Fig. 2). 

3.2. Visual examination of beads 

3.2.1. Beads shape 
The preparation conditions such as stirring rate, rate of falling of 

drops, and the distance between the syringe and crosslinking medium 
must be kept consistent to avoid nonuniformity of bead size and shape. 

Beads are usually expected to have three possible shapes (either 
spherical, oval, or raindrop). Most commonly, the oval and raindrop 
shapes are obtained when the dropped solution is of high viscosity. 
Table 2 shows that most of the visually examined batches of prepared 
beads showed a spherical shape indicating a suitable viscosity of the 
dropped solution, except for drug or resinate loaded beads, which 
showed slightly oval shape (Fig. 3) due to the increased viscosity of the 
dropping solution after the addition of drug or resinate. 

3.2.2. Oil leakage 
All emulgel beads were visually examined for any oil droplets at the 

surface or between the beads as a sign of oil leakage. All the prepared 

Fig. 2. Optical microscope images (40X) of prepared domperidone/Dowex 
50WX2 resinate complex showing a regular spherical shape of resinate beads. 
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emulgel beads showed no evidence of any oil leakage (Table 2). This 
indicates that the oil is well-emulsified and stabilized by the effect of 
both 2% tween 20 and Na alginate, which both help reduce the inter-
facial tension between aqueous and oily phases. Besides, Na alginate, 
which is known to be used as a thickening and gelling agent enhances 
the stability of the formed emulsion by increasing the medium viscosity. 

3.2.3. Particle size 
As seen in Table (2), the mean particle diameter of alginate beads 

ranges from 1.16 � 0.13 mm to 2.08 � 0.13 mm. 
Results indicate that the particle size of the beads increases by 

increasing the amount of oil in the emulgel beads formulations. This 
could be attributed to the high viscosity of the mineral oil (approxi-
mately 30 cps at 25 �C) rendering the drop size of the dropping solution 
to be larger resulting in bigger beads. 

It is also noticed that both drug and resinate loaded beads are larger 
than the plain beads. This may be explained by the increased viscosity of 
the dropping solution after the addition of drug or resinate, which causes 
the drop size to be larger during the addition to the crosslinking solution. 
In addition to that, the presence of oil, drug, or resinate particles in the 
dropping solution causes a decrease in the proportion of Na alginate in 
each drop, which leads to a decreased number of free binding sites to be 
crosslinked with calcium ions resulting in larger beads. 

It is noticed that loading beads with resinate complex (F5, F10) 

instead of free domperidone (F6, F11) causes the particle diameter to be 
larger. This is due to the larger particle size of the resinate complex 
particles (50–210 μm) in comparison with fine particles of free 
domperidone. 

3.2.4. Floating behavior 
Two methods were used to enhance the buoyancy of beads. The first 

method is the incorporation of NaHCO3 in the beads. This method de-
pends on the evolution of CO2 gas from the reaction of HCl and NaHCO3 
upon the contact of beads with the SGF. The CO2 gas, which was 
entrapped in the gel network decreases the overall density of the beads 
leading to floatation. Results show that formulations having 10% 
NaHCO3 (F4, F5, and F6) succeeded to float with a very short lag time 
(<0.5 min) for more than 24 h; these results match with Aggarwal et al. 
[1]. Meanwhile, formulations (F1, F2, and F3) containing lower con-
centrations of NaHCO3 (0%, 1%, and 2% respectively) could not show 
any floatation abilities. 

The second method depends on the incorporation of low-density oil 
(light mineral oil with a density of 0.838 g/mL) in the beads forming 
emulgel beads. Results show that by increasing the oil % the floatation 
duration increases and the lag time decreases. Beads having 10% of 
mineral oil have better floating properties than others with lower % of 
oil. Beads with 10% oil (F9, F10, and F11) show no lag time and floating 
duration for more than 24 h (Fig. 4). 

Fig. 3. Representative digital photographs used for morphological examination of prepared gastro-floatable effervescent beads (F5) and emulgel beads (F10) 
showing spherical to slightly oval shape. 

Table 2 
Characterization of different prepared gastro-floatable alginate-based beads (effervescent beads and emulgel beads).   

Formula 
code 

Floating 
ability 

Floating lag time 
(minutes) 

Floating duration 
(hours) 

Entrapment 
efficiency % 

Mean particle 
diameter (mm) 

Shape Oil 
leakage 

Effervescent 
alginate beads 

F1 No NA NA NA 1.21 � 0.16 spherical NA 
F2 No NA NA NA 1.22 � 0.21 Spherical NA 
F3 No NA NA NA 1.16 � 0.13 Spherical NA 
F4 Float <0.5 >24 NA 1.37 � 0.24 Spherical NA 
F5 Float <0.5 >24 40.02 � 3.48 1.87 � 0.13 Spherical to 

Slightly oval 
NA 

F6 Float <0.5 >24 10.35 � 2.61 1.62 � 0.11 Spherical to 
slightly oval 

NA 

Emulgel beads F7 No NA NA NA 1.31 � 0.21 Spherical Not seen 
F8 No 2.5 18 NA 1.44 � 0.14 Spherical Not seen 
F9 Float Immediate >24 NA 1.52 � 0.25 Spherical Not seen 
F10 Float <0.5 >24 85.88 � 2.49 2.08 � 0.13 Spherical to 

slightly oval 
Not seen 

F11 Float Immediate >24 49.51 � 3.48 1.87 � 0.11 Spherical to 
slightly oval 

Not seen  
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It is worth mentioning that in both methods the floating behavior 
was not affected by the addition of drug or resinate to the beads. Both 
floating lag time and floating duration were observed and recorded in 
Table 2. 

3.3. Entrapment efficiency 

One of the main disadvantages of alginate polymer beads is the large 
gel porosity of the formed beads, which usually leads to low drug 
entrapment. This is confirmed in our study by the low entrapment ef-
ficiency of domperidone (10.35%) in F6. Keeping in mind that this result 
was attained after rendering the crosslinking solution alkaline during 
the formation of the beads in a trial to enhance drug entrapment by 
decreasing its aqueous solubility in the alkaline medium. 

On the contrary, using domperidone resinate complex in (F5) instead 
of free domperidone in (F6) succeeded to accomplish drug loading ef-
ficiency up to (40.02%). This is due to the ionic binding of drug mole-
cules to large resin polymeric particles which helps decrease its leakage 
through the wide gel pores during beads formation. 

Emulgel beads (F10 and F11) have greater drug loading efficiency of 
(85.87% and 49.52% respectively) in comparison to effervescent algi-
nate beads (F5 and F6). Since during initial preparation steps, specif-
ically during the levigation step of domperidone or resinate powder with 
light mineral oil, an oily layer is formed around the drug or resinate 
particles, which acts as an additional barrier hindering the drug mole-
cules leakage in the surrounding aqueous medium. 

In the case of F10, the formed oily layer surrounding the resinate 
complex serves as a good barrier for the ions in the surrounding medium 
hindering their interaction with resinate particles and decreasing the 
release of the drug molecules from the resinate particles leading to a 
high drug loading. On the contrary, in case of F5, Na ions from Na 

alginate and NaHCO3 and Ca ions from CaCl2 can easily interact with the 
resinate particles and displacing domperidone molecules during the 
preparation steps, releasing it to the surrounding aqueous medium 
leading to a low entrapment efficiency of 40.02% in F5 in comparison 
with 85.87% in case of resinate loaded emulgel beads in F10. 

3.3.1. Release study 
Release studies of domperidone from different beads were performed 

in SGF to predict the in vivo performance of the beads in the stomach. 
The release profiles of domperidone from tested formulations are shown 
in Fig. 5. 

Beads loaded with free domperidone molecules show a burst release 
with more than 70% released after 10 min in (F6) and around 50% after 
10 min in (F11). The burst release of the drug molecules may be 
explained by both good solubility of the basic drug at acidic pH, and the 
wide pores of the alginate beads, which is known to be one of the main 
drawbacks of the alginate beads as mentioned before. The decreased 
burst effect in the emulgel beads (F11) in comparison with the alginate 
beads (F6) may be due to the presence of viscous oil surrounding the 
drug particles and hence hindering the diffusion of both the drug mol-
ecules out of the beads and the dissolution medium into the beads. 
Additionally, the larger bead size of emulgel beads (F11) increases the 
distance to be traveled by the innermost molecules to reach the surface 
of the beads. Furthermore, the larger particle size decreased the exposed 
surface area of beads to the dissolution medium. 

On the other hand, resinate loaded beads (F5 and F10) show slow- 
release patterns of the drug molecules with no burst release. As the 
release from resinate-loaded beads includes several steps starting with 
swelling of the beads, then the influx of dissolution media inside the 
beads, followed by an ionic exchange between cations of the dissolution 
medium (Hþ and Naþ ions) and drug molecules, and finally the efflux of 
the drug from the beads. The release from resinate-loaded emulgel beads 
(F10) is slower than the resinate loaded alginate beads (F5). Formula F5 
showed more than 68% drug release after 12 h and about 71% drug 
release at the end of the release study, while emulgel beads (F10) 
showed only around 55% drug release after 12 h with maximum per-
centage released of around 66% at the end of the release study. This 
difference in the release rate may also be attributed to the presence of an 
oily layer surrounding the resinate beads in the case of the emulgel 
beads (F10) hindering the interaction with ions of the dissolution me-
dium, and decreasing the diffusion of the drug molecules out of the 
beads. Moreover, the larger size of the emulgel beads (F10) may 
contribute to this difference by increasing the distance traveled by the 
innermost molecules to the surface of the beads. These results indicate 
the success of resinate complex in controlling the release from the pre-
pared alginate-based beads, hence overcoming its main drawback, 
which is due to the high gel porosity. 

Accordingly, formula F10 was chosen as an optimum formula due to 
having the highest drug entrapment efficiency (85.88%) accompanied 
by sustained release profile in SGF. 

3.4. Kinetic analysis of in vitro release data 

Kinetic analyses of release data of prepared resinate-loaded gastro- 
floatable alginate-based beads (F5 and F10) are shown in Table 3 which 
indicates the goodness of fit criteria including Coefficient of Determi-
nation (R2), Model Selection Criterion (MSC) [43], and diffusional 
exponent (n) for the drug release mathematical models. 

Domperidone release from F5 showed best fit to Korsemeyer– Peppas 
model, as both the used criteria for evaluation of the goodness of fit (R2 

and MSC) were higher than other models (R2 ¼ 0.9578, MSC ¼ 3.5002 
> 3). The diffusional exponent (n) was 0.4075 which suggests a Fickian 
diffusion release mechanism as it is less than 0.43 for spherical samples. 
The optimized formula (F10) also showed best fitting to Korsemeyer– 
Peppas model with R2 ¼ 0.9895 and MSC ¼ 3.3581 which were higher 
than that of other models. The diffusional exponent (n) was 0.551 

Fig. 4. Representative digital photograph illustrating the floating behavior of 
the optimized formula (F10) in SGF after 24 h. 
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suggesting anolomous non-Fickian mechanism as the n value was >0.43 
and < 0.85 [55]. 

3.4.1. Stability studies 
Stability data of optimized formula are indicated in Table 4. The 

stored beads of selected optimized formula (F10) did not show any 
apparent changes in physical appearance, floating duration, or floating 
lag time when compared to freshly prepared formula. The similarity 
factors (f2) between the release profiles of freshly prepared formulation 
and that after four weeks of storage at 25 �C and 40 �C were found to be 
82.77 and 71.31, respectively. Hence f2 values were greater than 50 
(50–100), the release profiles were considered similar (Fig. 6). More-
over, the release parameters such as MDT, DE12 h and PR12% did not 
show apparent change indicating good stability of both resinate complex 
[56] and alginate beads at both temperatures for four weeks. 

4. Conclusion 

Gastric retention of domperidone was accomplished by the formu-
lation of gastro-floatable beads embedded with domperidone/Dowex 
50WX2 resinate complex. Developed effervescent alginate beads con-
taining 10% NaHCO3 and emulgel beads containing 10% light mineral 
oil showed excellent buoyancy behavior with floating duration up to 24 
h and no float lag time. 

Embedding the formulated beads with resinate complex allowed the 
optimized developed formula to have high entrapment efficiency 
(85.88%) along with excellent buoyancy (100% for > 24 h), being more 
advantageous to previously developed micro-balloons and beads, in 
addition to the avoidance of drawbacks of previously developed gastro- 
retentive tablets. The use of resinate complex appears to be more 
beneficial in achieving sustained drug release with no burst. These 

Fig. 5. Cumulative percentage of domperidone released from different prepared floating effervescent and emulgel beads in SGF (pH 1.2) at 37.0 � 0.2 �C at 50 rpm. 
Mean � SD, n ¼ 3. 

Table 3 
Coefficient of Determination (R2), Model Selection Criterion (MSC), and diffusional exponent (n) of release data for the drug release mathematical models for selected 
formulations (F5 and F10).  

Formula Zero order First order Higuchi’s model Korsemeyer– Peppas 

R2 MSC R2 MSC R2 MSC R2 MSC n 

F5 0.7896 � 0.2078 0.8772 0.3655 0.9385 1.4226 0.9578 3.5002 0.4075 
F10 0.8857 0.4133 0.9405 1.2429 0.9712 3.0497 0.9895 3.3581 0.5510  

Table 4 
Stability study of resinate loaded emulgel beads (F10), showing characterization of freshly prepared formula and stored formulae at 25 �C and 40 �C for 4 weeks.  

Formula state Floating behavior Shape In vitro release analysis data 

Floating lag time Floating duration (hours) MDT (hours) DE12 h (%) PR12 h (%) f2 

Freshly prepared Immediate >24 Spherical 4.7 42.6 56.3 � 4.1 – 
After storage at 25 �C Immediate >24 Spherical 5.3 43.8 58.9 � 3.9 82.8 
After storage at 40 �C Immediate >24 Spherical 5.4 45.2 61.4 � 2.1 71.3  
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results suggest that developed gastro-floatable beads can improve the 
bioavailability of domperidone, reduce its dosing frequency, and 
enhance patient compliance. Furthermore, in vivo evaluation of the 
developed optimized resinate-loaded alginate-based beads is currently 
being performed. 

Author contribution 

Baher A. Daihom: Conceptualization, methodology, investigation 
and writing-original draft preparation. 

Ehab R. Bendas: Reviewing and editing and supervision. 
Magdy I. Mohamed : Reviewing and editing. 
Alia A. Badawi : Resources, reviewing and editing and supervision. 

Declaration of competing interest 

The authors report no declarations of interest. 

Acknowledgments 

The authors are grateful to Prof. Hassan Almoazen (College of 
Pharmacy, University of Tennessee Health Science Center) for his help 
and for providing the required facilities to perform all this work in his 
laboratory. Gratitude is also expressed to Dr. Alaadin Alayoubi (FDA) for 
his guidance and support. Also, I would like to express my gratitude to 
the College of Pharmacy, University of Tennessee Health Science Center 
for allowing me to use their research labs to achieve these results. 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

References 

[1] N. Gupta Shishu, N. Aggarwal, Stomach-specific drug delivery of 5-fluorouracil 
using floating alginate beads, AAPS PharmSciTech 8 (2007) E143–E149, https:// 
doi.org/10.1208/pt0802048. 

[2] I.S. Ahmed, J.W. Ayres, Bioavailability of riboflavin from a gastric retention 
formulation, Int. J. Pharm. 330 (2007) 146–154, https://doi.org/10.1016/j. 
ijpharm.2006.09.021. 

[3] N. Kabbur, A. Rajendra, B.K. Sridhar, Design and evaluation of intragastric floating 
drug delivery system for ofloxacin, Int. J. Pharm. Pharmaceut. Sci. 3 (2011) 93–98. 

[4] S. Betala, M. Mohan Varma, K. Abbulu, Formulation and evaluation of polymeric 
nanoparticles of an antihypertensive drug for gastroretention, J. Drug Deliv. 
Therapeut. 8 (2018) 82–86, https://doi.org/10.22270/jddt.v8i6.2018. 

[5] G.K. Rao, P.K. Mandapalli, R. Manthri, V.P. Reddy, Development and in vivo 
evaluation of gastroretentive delivery systems for cefuroxime axetil, Saudi 
Pharmaceut. J. 21 (2013) 53–59, https://doi.org/10.1016/j.jsps.2012.01.003. 

[6] M.I. Tadros, Controlled-release effervescent floating matrix tablets of ciprofloxacin 
hydrochloride: development, optimization, and in vitro–in vivo evaluation in 
healthy human volunteers, Eur. J. Pharm. Biopharm. 74 (2010) 332–339, https:// 
doi.org/10.1016/j.ejpb.2009.11.010. 

[7] I. El-Gibaly, Development and in vitro evaluation of novel floating chitosan 
microcapsules for oral use: comparison with non-floating chitosan microspheres, 
Int. J. Pharm. 249 (2002) 7–21, https://doi.org/10.1016/S0378-5173(02)00396-4. 

[8] S.A. El-Zahaby, A.A. Kassem, A.H. El-Kamel, Design and evaluation of 
gastroretentive levofloxacin floating mini-tablets-in-capsule system for eradication 
of Helicobacter pylori, Saudi Pharmaceut. J. 22 (2014) 570–579, https://doi.org/ 
10.1016/j.jsps.2014.02.009. 

[9] R. Garg, G. Gupta, Progress in controlled gastroretentive delivery systems, Trop. J. 
Pharmaceut. Res. 7 (2008) 1055–1066, https://doi.org/10.4314/tjpr.v7i3.14691. 

[10] S. Ray, S. Maiti, B. Sa, Preliminary investigation on the development of diltiazem 
resin complex loaded carboxymethyl xanthan beads, AAPS PharmSciTech 9 (2008) 
295–301, https://doi.org/10.1208/s12249-007-9012-x. 

[11] Y. Yamamoto, H. Kumagai, M. Haneda, M. Vertzoni, N. Ouwerkerk, D. Murayama, 
Y. Katakawa, K. Motonaga, C. Reppas, T. Tajiri, The mechanism of solifenacin 
release from a pH-responsive ion-complex oral suspension in the fasted upper 
gastrointestinal lumen, Eur. J. Pharmaceut. Sci. 142 (2020) 105107, https://doi. 
org/10.1016/j.ejps.2019.105107. 

[12] A. Alayoubi, B. Daihom, H. Adhikari, S. Mishra, R. Helms, H. Almoazen, 
Development of a taste-masked oral suspension of clindamycin HCl using ion 
exchange resin Amberlite IRP 69 for use in pediatrics, Drug Dev. Ind. Pharm. 42 
(2016) 1579–1589, https://doi.org/10.3109/03639045.2016.1160102. 

[13] R.M. A, R.B. M, R.P. R, S.P. N, C.U. D, Formulation and optimization of drug-resin 
complex loaded mucoadhesive chitosan beads of repaglinide using factorial design, 
Am. J. Med. Med. Sci. 2 (2012) 62–70, https://doi.org/10.5923/j. 
ajmms.20120204.01. 

[14] M. Sriwongjanya, R. Bodmeier, Effect of ion exchange resins on the drug release 
from matrix tablets, Eur. J. Pharm. Biopharm. 46 (1998) 321–327, https://doi.org/ 
10.1016/S0939-6411(98)00056-3. 

[15] B. Daihom, A. Alayoubi, D. Ma, L. Wang, S. Mishra, R. Helms, H. Almoazen, 
Development and physicochemical characterization of clindamycin resinate for 
taste masking in pediatrics, Drug Dev. Ind. Pharm. 42 (2016) 1600–1608, https:// 
doi.org/10.3109/03639045.2016.1160104. 

[16] K. Bhise, S. Shaikh, D. Bora, Taste Mask, Design and evaluation of an oral 
formulation using ion exchange resin as drug carrier, AAPS PharmSciTech 9 (2008) 
557–562, https://doi.org/10.1208/s12249-008-9056-6. 

[17] W. Samprasit, P. Akkaramongkolporn, T. Ngawhirunpat, T. Rojanarata, 
P. Opanasopit, Formulation and evaluation of meloxicam oral disintegrating tablet 
with dissolution enhanced by combination of cyclodextrin and ion exchange resins, 
Drug Dev. Ind. Pharm. 41 (2015) 1006–1016, https://doi.org/10.3109/ 
03639045.2014.922573. 

[18] A. Garg, M.M. Gupta, Taste masking and formulation development & evaluation of 
mouth dissolving tablets of levocetrizine dihydrochloride, J. Drug Deliv. 
Therapeut. 3 (2013) 123–130, https://doi.org/10.22270/jddt.v3i3.514. 

[19] V. Pathak, G. Bhatt, S. Malviya, A. Kharia, Formulation and evaluation of taste 
masked oral dispersible tablet of ciprofloxacin with ion exchange resin 
introduction, J. Drug Deliv. Therapeut. 7 (2017) 8–11. 

[20] D.P. Elder, Pharmaceutical applications of ion-exchange resins, J. Chem. Educ. 82 
(2005) 575, https://doi.org/10.1021/ed082p575. 

[21] L. Hughes, Ion exchange resins unique solutions to formulation problems, in: 
Pharm. Technology Excipients Solid Dos. Form, 2004, pp. 20–25. 

[22] Fazal-Ur-Rehman, S.N. Khan, Therapeutic applications of ion exchange resins, in: 
D. Inamuddin, M. Luqman (Eds.), Ion Exch. Technol. II, Springer Netherlands, 
Dordrecht, 2012, pp. 149–168, https://doi.org/10.1007/978-94-007-4026-6_7. 

Fig. 6. Cumulative percentage of domperidone released in SGF (pH 1.2) from freshly prepared optimized formula (F10) and after storage at 25 �C and 40 �C for four 
weeks. Mean � SD, n ¼ 3. 

B.A. Daihom et al.                                                                                                                                                                                                                              

https://doi.org/10.1208/pt0802048
https://doi.org/10.1208/pt0802048
https://doi.org/10.1016/j.ijpharm.2006.09.021
https://doi.org/10.1016/j.ijpharm.2006.09.021
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref3
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref3
https://doi.org/10.22270/jddt.v8i6.2018
https://doi.org/10.1016/j.jsps.2012.01.003
https://doi.org/10.1016/j.ejpb.2009.11.010
https://doi.org/10.1016/j.ejpb.2009.11.010
https://doi.org/10.1016/S0378-5173(02)00396-4
https://doi.org/10.1016/j.jsps.2014.02.009
https://doi.org/10.1016/j.jsps.2014.02.009
https://doi.org/10.4314/tjpr.v7i3.14691
https://doi.org/10.1208/s12249-007-9012-x
https://doi.org/10.1016/j.ejps.2019.105107
https://doi.org/10.1016/j.ejps.2019.105107
https://doi.org/10.3109/03639045.2016.1160102
https://doi.org/10.5923/j.ajmms.20120204.01
https://doi.org/10.5923/j.ajmms.20120204.01
https://doi.org/10.1016/S0939-6411(98)00056-3
https://doi.org/10.1016/S0939-6411(98)00056-3
https://doi.org/10.3109/03639045.2016.1160104
https://doi.org/10.3109/03639045.2016.1160104
https://doi.org/10.1208/s12249-008-9056-6
https://doi.org/10.3109/03639045.2014.922573
https://doi.org/10.3109/03639045.2014.922573
https://doi.org/10.22270/jddt.v3i3.514
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref19
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref19
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref19
https://doi.org/10.1021/ed082p575
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref21
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref21
https://doi.org/10.1007/978-94-007-4026-6_7


Journal of Drug Delivery Science and Technology 59 (2020) 101941

9

[23] E. Roblegg, P. Dittrich, K. Haltmeyer, A. Zimmer, Reformulation of a codeine 
phosphate liquid controlled-release product, Drug Dev. Ind. Pharm. 36 (2010) 
1454–1462, https://doi.org/10.3109/03639045.2010.487870. 

[24] J. Vyas, K. Daxini, J. Patel, Formulation and characterization of moxifloxacin 
nanoparticles with ion exchange resin, J. Drug Deliv. Therapeut. 10 (2020) 51–61, 
https://doi.org/10.22270/jddt.v10i1-s.3853. 

[25] M. Kouchak, F. Atyabi, Ion-exchange, an approach to prepare an oral floating drug 
delivery system for diclofenac, Iran, J. Pharm. Res. IJPR 3 (2004) 93–97, https:// 
doi.org/10.22037/ijpr.2010.582. 

[26] R.B. Umamaheshwari, S. Jain, N.K. Jain, A new approach in gastroretentive drug 
delivery system using cholestyramine, Drug Deliv. 10 (2003) 151–160, https://doi. 
org/10.1080/10717540390215555. 

[27] K. Yamamoto, M. Hagino, H. Kotaki, T. Iga, Quantitative determination of 
domperidone in rat plasma by high-performance liquid chromatography with 
fluorescence detection, J. Chromatogr. B Biomed. Sci. Appl. 720 (1998) 251–255, 
https://doi.org/10.1016/S0378-4347(98)00339-9. 

[28] F. Marchetti, M. Bonati, A. Maestro, D. Zanon, F. Rovere, A. Arrighini, E. Barbi, 
P. Bertolani, P. Biban, L. Da Dalt, A. Guala, E. Mazzoni, A. Pazzaglia, P.F. Perri, 
A. Reale, S. Renna, A.F. Urbino, E. Valletta, A. Vitale, T. Zangardi, A. Clavenna, 
L. Ronfani, Oral ondansetron versus domperidone for acute gastroenteritis in 
pediatric emergency departments: multicenter Double Blind Randomized 
Controlled Trial, PloS One 11 (2016), e0165441, https://doi.org/10.1371/journal. 
pone.0165441. 

[29] R.A.M. Osmani, N.H. Aloorkar, B.U. Thaware, P.K. Kulkarni, A. Moin, U. Hani, 
A. Srivastava, R.R. Bhosale, Microsponge based drug delivery system for 
augmented gastroparesis therapy: formulation development and evaluation, Asian 
J. Pharm. Sci. 10 (2015) 442–451, https://doi.org/10.1016/j.ajps.2015.06.003. 

[30] D. Saritha, D. Sathish, Y. Madhusudan Rao, Formulation and evaluation of 
gastroretentive floating tablets of domperidone maleate, J. Appl. Pharmaceut. Sci. 
2 (2012) 68–73, https://doi.org/10.7324/JAPS.2012.2311. 

[31] G.A. Shazly, S. Alshehri, M.A. Ibrahim, H.M. Tawfeek, J.A. Razik, Y.A. Hassan, 
F. Shakeel, Development of domperidone solid lipid nanoparticles: in vitro and in 
vivo characterization, AAPS PharmSciTech 19 (2018) 1712–1719, https://doi.org/ 
10.1208/s12249-018-0987-2. 

[32] S.V. Reddy, A.V. Badarinath, K. Gnana Prakash, Formulation and evaluation of bi- 
layer domperidone floating tablets M, Asian J. Pharm. 12 (2018) 106–114. 

[33] G. Pasparakis, N. Bouropoulos, Swelling studies and in vitro release of verapamil 
from calcium alginate and calcium alginate–chitosan beads, Int. J. Pharm. 323 
(2006) 34–42, https://doi.org/10.1016/j.ijpharm.2006.05.054. 

[34] K. Ghosal, S.D. Ray, Alginate/hydrophobic HPMC (60M) particulate systems: new 
matrix for site-specific and controlled drug delivery, Braz. J. Pharm. Sci. 47 (2011) 
833–844, https://doi.org/10.1590/S1984-82502011000400021. 

[35] S. Inderbir, P. Kumar, H. Singh, M. Goyal, V. Rana, Formulation and evaluation of 
domperidone loaded mineral oil entrapped emulsion gel (MOEG) buoyant beads, 
Acta Pol. Pharm. - Drug Res. 68 (2011) 121–126. http://www.ptfarm.pl/pu 
b/File/acta_pol_2011/1.2011/121-126.pdf. (Accessed 26 August 2013). 

[36] S. Mishra, K. Pathak, Formulation and evaluation of oil entrapped gastroretentive 
floating gel beads of loratadine, Acta Pharm. 58 (2008) 187–197, https://doi.org/ 
10.2478/v10007-008-0001-8. 

[37] S.T. Ndlovu, N. Ullah, S. Khan, P. Ramharack, M. Soliman, M. de Matas, M. Shahid, 
M. Sohail, M. Imran, S.W.A. Shah, Z. Hussain, Domperidone nanocrystals with 
boosted oral bioavailability: fabrication, evaluation and molecular insight into the 
polymer-domperidone nanocrystal interaction, Drug Deliv. Transl. Res. 9 (2019) 
284–297, https://doi.org/10.1007/s13346-018-00596-w. 

[38] N. a Thombre, P.S. Gide, Floating-bioadhesive gastroretentive Caesalpinia 
pulcherrima- based beads of amoxicillin trihydrate for Helicobacter pylori 
eradication, Drug Deliv. 23 (2016) 405–419, https://doi.org/10.3109/ 
10717544.2014.916766. 

[39] M. Yasir, M. Asif, A. Bhattacharya, M. Bajpai, Development and evaluation of 
gastroretentive drug delivery system for theophylline using psyllium husk, Int. J. 
ChemTech Res. 2 (2010) 792–799. 

[40] M.-T. Sheu, Y.-C. Tseng, H.-O. Ho, C.-C. Chiu, Development and characterization of 
a gastroretentive dosage form composed of chitosan and hydroxyethyl cellulose for 
alendronate, Drug Des. Dev. Ther. 8 (2013) 67, https://doi.org/10.2147/DDDT. 
S52791. 

[41] H.-L. Lin, L.-C. Chen, W.-T. Cheng, W.-J. Cheng, H.-O. Ho, M.-T. Sheu, Preparation 
and characterization of a novel swellable and floating gastroretentive drug delivery 
system (sfGRDDS) for enhanced oral bioavailability of nilotinib, Pharmaceutics 12 
(2020) 137, https://doi.org/10.3390/pharmaceutics12020137. 

[42] S. Cheboyina, C.M. Wyandt, Wax-based sustained release matrix pellets prepared 
by a novel freeze pelletization technique, Int. J. Pharm. 359 (2008) 167–173, 
https://doi.org/10.1016/j.ijpharm.2008.04.001. 

[43] Y. Zhang, M. Huo, J. Zhou, A. Zou, W. Li, C. Yao, S. Xie, DDSolver: an add-in 
program for modeling and comparison of drug dissolution profiles, AAPS J. 12 
(2010) 263–271, https://doi.org/10.1208/s12248-010-9185-1. 

[44] D. Jain, S. Verma, S.B. Shukla, A.P. Jain, P. Jain, P. Yadav, Formulation and 
evaluation of gastroretentive tablets of furosemide (evaluation based on drug 
release kinetics and factorial designs), J. Chem. Pharmaceut. Res. 2 (2010) 
935–978. http://jocpr.com/vol2-iss4-2010/JCPR-2-4-935-978.pdf. 

[45] N.A.H. Abou Youssef, A.A. Kassem, M.A.E. El-Massik, N.A. Boraie, Development of 
gastroretentive metronidazole floating raft system for targeting Helicobacter 
pylori, Int. J. Pharm. 486 (2015) 297–305, https://doi.org/10.1016/j. 
ijpharm.2015.04.004. 

[46] J.W. Moore, H.H. Flanner, Mathematical comparison of dissolution profiles, 
Pharm. Tech. 20 (6) (1996) 64–74. 

[47] S. Prajapati, L. Patel, D. Patel, Studies on formulation and in vitro evaluation of 
floating matrix tablets of domperidone, Indian J. Pharmaceut. Sci. 71 (2009) 19, 
https://doi.org/10.4103/0250-474X.51944. 

[48] S. Sarangapani, S. Priyadarsini, Optimization of innovative floating gastro 
retentive dosage form and evaluation of their residence time, Am. J. PharmTech 
Res. 2 (2012). 

[49] I. Hasan, T. Saha, M.S. Reza, Preparation and in-vitro characterization of 
gastroretentive floating tablets of domperidone, Bangladesh Pharm. J. 22 (2019) 
170–175, https://doi.org/10.3329/bpj.v22i2.42300. 

[50] I. Singh, V. Saini, Formulation and optimization of floating matrix tablets of 
clarithromycin using simplex lattice design, Pak. J. Pharm. Sci. 29 (2016) 511–519. 

[51] T. Saha, Z.U. Masum, S. Ashrafi, Preparation and in-vitro evaluation of sodium 
alginate based gastroretentive floating tablet of domperidone, Galore Int. J. Health 
Sci. Res. 3 (2018) 1–4. 

[52] S. Shah, S. Pandya, M. Waghulade, Development and investigation of gastro 
retentive dosage form of weakly basic drug, Asian J. Pharm. 4 (2010) 11, https:// 
doi.org/10.4103/0973-8398.63976. 

[53] S.J.R.I. Value, S. Roy, P. Majumdar, Design and evaluation of stomach-specific 
drug delivery of domperidone using floating pectin beads, Int. J. Drug Dev. Res. 5 
(2013) 145–150. 

[54] K. Patela, P.K. Jainb, R. Baghelb, P. Tagdea, A. Patila, Preparation and in vitro 
evaluation of a microballoon delivery system for domperidone, Der Pharm. Lett. 3 
(2011) 131–141. 

[55] P.L. Ritger, N.A. Peppas, A simple equation for description of solute release II. 
Fickian and anomalous release from swellable devices, J. Contr. Release 5 (1987) 
37–42, https://doi.org/10.1016/0168-3659(87)90035-6. 

[56] B. Daihom, E. Bendas, M. Mohamed, A. Badawi, Domperidone resinate complex as 
new formulation for gastroretentive drug delivery, J. Drug Deliv. Sci. Technol. 58 
(2020) 101868, https://doi.org/10.1016/j.jddst.2020.101868. 

B.A. Daihom et al.                                                                                                                                                                                                                              

https://doi.org/10.3109/03639045.2010.487870
https://doi.org/10.22270/jddt.v10i1-s.3853
https://doi.org/10.22037/ijpr.2010.582
https://doi.org/10.22037/ijpr.2010.582
https://doi.org/10.1080/10717540390215555
https://doi.org/10.1080/10717540390215555
https://doi.org/10.1016/S0378-4347(98)00339-9
https://doi.org/10.1371/journal.pone.0165441
https://doi.org/10.1371/journal.pone.0165441
https://doi.org/10.1016/j.ajps.2015.06.003
https://doi.org/10.7324/JAPS.2012.2311
https://doi.org/10.1208/s12249-018-0987-2
https://doi.org/10.1208/s12249-018-0987-2
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref32
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref32
https://doi.org/10.1016/j.ijpharm.2006.05.054
https://doi.org/10.1590/S1984-82502011000400021
http://www.ptfarm.pl/pub/File/acta_pol_2011/1.2011/121-126.pdf
http://www.ptfarm.pl/pub/File/acta_pol_2011/1.2011/121-126.pdf
https://doi.org/10.2478/v10007-008-0001-8
https://doi.org/10.2478/v10007-008-0001-8
https://doi.org/10.1007/s13346-018-00596-w
https://doi.org/10.3109/10717544.2014.916766
https://doi.org/10.3109/10717544.2014.916766
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref39
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref39
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref39
https://doi.org/10.2147/DDDT.S52791
https://doi.org/10.2147/DDDT.S52791
https://doi.org/10.3390/pharmaceutics12020137
https://doi.org/10.1016/j.ijpharm.2008.04.001
https://doi.org/10.1208/s12248-010-9185-1
http://jocpr.com/vol2-iss4-2010/JCPR-2-4-935-978.pdf
https://doi.org/10.1016/j.ijpharm.2015.04.004
https://doi.org/10.1016/j.ijpharm.2015.04.004
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref46
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref46
https://doi.org/10.4103/0250-474X.51944
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref48
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref48
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref48
https://doi.org/10.3329/bpj.v22i2.42300
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref50
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref50
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref51
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref51
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref51
https://doi.org/10.4103/0973-8398.63976
https://doi.org/10.4103/0973-8398.63976
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref53
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref53
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref53
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref54
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref54
http://refhub.elsevier.com/S1773-2247(20)31230-2/sref54
https://doi.org/10.1016/0168-3659(87)90035-6
https://doi.org/10.1016/j.jddst.2020.101868

	Development and in vitro evaluation of domperidone/Dowex resinate embedded gastro-floatable emulgel and effervescent algina ...
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Preparation of resinate complex [15]
	2.3 Preparation of gastro-floatable beads
	2.3.1 Preparation of gastro-floatable alginate beads using NaHCO3 [33]
	2.3.2 Preparation of gastro-floatable alginate-based emulgel beads

	2.4 Chromatographic conditions
	2.5 Light microscope examination of resinate complex
	2.6 Visual examination of gastro-floatable beads
	2.7 Particle size measurements
	2.8 Floating behavior [5]: [6,39,40]
	2.9 Beads entrapment efficiency
	2.10 In vitro release study
	2.11 Kinetic analysis of release data
	2.12 Stability studies
	2.13 Statistical analysis

	3 Results and discussion
	3.1 Microscopic examination of domperidone/Dowex resinate complex
	3.2 Visual examination of beads
	3.2.1 Beads shape
	3.2.2 Oil leakage
	3.2.3 Particle size
	3.2.4 Floating behavior

	3.3 Entrapment efficiency
	3.3.1 Release study

	3.4 Kinetic analysis of in vitro release data
	3.4.1 Stability studies


	4 Conclusion
	Author contribution
	Declaration of competing interest
	Acknowledgments
	References


