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A B S T R A C T   

Purpose: The present work aims to develop and characterize domperidone resinate complex to be loaded into a 
gastroretentive delivery system. The formed resinate complex will be used to control the drug release in the 
stomach from inside the gastroretentive delivery system. 
Methods: Resinate complexes were formulated by a simple aqueous binding method. Screening of different types 
of resins was carried out. Domperidone binding study was tested at various drug and resin concentrations. 
Physicochemical characterizations were carried out to evaluate the prepared resinate complex. These studies 
included flow properties, in vitro drug release in simulated gastric fluid (SGF), Differential scanning calorimetry 
(DSC), Mass spectroscopy and XPRD evaluations. Also, the stability study of the selected resinate complex was 
conducted at 25 �C and 40 �C for up to one month. 
Results: Domperidone and Dowex 50WX2 in a ratio of 1:3 have formed a resinate complex that has shown 
acceptable flow properties, thermal properties and short-term chemical stability at 25 �C and 40 �C. Domper-
idone release profile from resinate in SGF has shown slow controlled release characteristics. 
Conclusion: The domperidone stable complex with Dowex ion exchange resin has the potential for further 
development as gastroretentive drug delivery system as a mean of controlling the drug release.   

1. Introduction 

Ion exchange resins (IER) are insoluble synthetic polymers that are 
cross-linked together and carry fixed charges (positive or negative) in 
the form of ionizable function groups. They are weakly attached to ions 
of opposite charges which can be exchanged easily with ionized drug 
molecules forming resinate complex. 

IERs are classified into anionic or cationic exchangers. Furthermore, 
each class can be classified as strong or weak exchanger according to the 
ease of binding and releasing the counter ions [1]. 

IERs are considered promising carriers for many drugs and offer 
solutions for many of the drug delivery problems during the pharma-
ceutical formulations. This is due to the lack of any local or systemic side 
effects, along with the great physical and chemical stability. They can be 
also formulated into various dosage forms such as liquid suspension [2, 
3], beads [4] and tablets [5]. 

IERs have wide applications in the pharmaceutical formulation and 
can be used to solve different problems during the development of new 

formulations. They can be used to mask the bitterness and undesirable 
taste of many drugs making the oral formulation more palatable for 
patients specially the pediatrics [6–10]. IERs can improve the disinte-
gration of solid dosage forms due to its ability to uptake water [11].IERs 
are also used to improve the dissolution of drugs with poor solubility 
[12]. They can be used to enhance the stability of sensitive drugs 
[13–15], develop controlled release formulations [16,17] and the for-
mation of gastroretentive dosage forms [18,19]. 

In comparison with microencapsulation, IER complexation has 
several advantages of being more cost-effective, easy to prepare and 
more stable. The bound drug molecule in the resinate complex will not 
be released until it reaches an ion rich environment where the exchange 
process can take place between the bound drug molecules and the sur-
rounding ions in the medium such as (Kþ, Hþ or Naþ) [16]. 

This mechanism of drug binding and release has many advantages 
that encourage the use of IER in many pharmaceutical applications. 
Firstly, it helps prevent any premature drug release during the storage or 
even during swallowing in the mouth where ion concentration is very 
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low [3]. Also, it prevents the incidence of dose dumping problem which 
is a major concern in sustained-release formulations. Besides, the release 
pattern of the bound drug molecules is more uniform as it depends 
mainly on a chemical process of ion exchange, while the release from 
most other formulations relies on the physical characteristics of the 
formulation matrix mainly. 

For further development of the prepared resinate complex, physical 
and chemical characterization should be carried out during the early 
stages. Flow behavior of resinate powder is very important to determine 
the ease of processing during the manufacturing stages. XRPD is also 
essential to confirm and understand the binding process, and to differ-
entiate between the amorphous and crystalline forms of the drug. The 
release studies of the drug in simulated gastric fluid (SGF) is very crucial 
to determine the behavior of the resinate complex in the gastrointestinal 
tract and to get an idea of the role of complexation in controlling the 
release of the drug molecules. 

Domperidone is a dopamine D2 receptor antagonist [20]. It is used as 
an antiemetic and a prokinetic drug for upper GIT motility problems 
[21]. It is usually used orally in tablets in the form of maleate salt. 12.73 
mg of domperidone maleate salt is equivalent to 10 mg domperidone. It 
belongs to the biopharmaceutical classification system (BCS) class II 
with poor aqueous solubility (0.986 mg/L) and high permeability [22, 
23]. 

It has a low oral bioavailability of about (13–17%) because of the low 
water solubility [24]. It also has a short biological half-life of 7 h. The 
short half-life favors the idea of developing a sustained release dosage 
form. On the other hand, domperidone is a weakly basic drug that may 
encounter release challenges from the conventional sustained release 
formulation when exposed to increasing pH of the intestinal fluid [25]. It 
is worth mentioning that the drug has better solubility in the acidic pH of 
the gastric fluid [26]. Hence, the formulation of domperidone in a gas-
troretentive drug delivery system could be a potential solution to 
overcome the problems of low oral bioavailability, short biological 
half-life and poor solubility in high pH [27]. The gastroretentive tech-
nique depends mainly on two approaches, to allow the formulation to 
remain in the stomach for a prolonged time at the low pH, and to allow 
the slow release of the drug from the formulation. 

In the present work, the main objective is to develop and charac-
terize domperidone resinate complex as a mean of controlling the drug 
release when embedded into from gastroretentive delivery system. 

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). Amberlite IRP69, Amberlite IRP69F, Amberlite IRP88, 
Amberlite IRP64 and Dowex 50WX2 were donated by Dow Chemical 
Company (Midland, MI). HPLC grade acetonitrile solvent was purchased 
from Fisher Chemicals (Pittsburg, PA). Sodium hydroxide, nitric acid, 
sodium chloride, potassium chloride, sodium bicarbonate, monop-
otassium phosphate, hydrochloric acid and sodium phosphate dibasic 
dodecahydrate were obtained from Sigma Aldrich (St. Louis, MO). 
Motilium® tablet (10 mg) (Minapharm Egypt under license of Janssen 
Pharmaceutica Belgium). 

2.2. Preparation of domperidone resinates (initial resins screening study) 

Domperidone-resin complexes (Resinates) were formulated using a 
single batch process. Several types of resins were selected for the binding 
study with domperidone, namely Amberlite IRP69, Amberlite IRP69F, 
Amberlite IRP88, Amberlite IRP64, and Dowex 50WX2. 

An amount of 30 mg of each resin was weighed and put into a 

scintillation vial containing 12.73 mg of domperidone maleate in 20 mL 
of DI water. The content of each vial was mixed and placed in a shaker 
with 300 rpm at 25 �C for 24 h. Then, the content of the vials was filtered 
on Millipore filters (0.22 μm). Thereafter, the separated resinate com-
plexes on the filters were washed with DI water three times and then 
kept under vacuum in a desiccator until becoming dry completely 
(reaching a constant weight). The dry resinate powders were stored in 
well-closed glass vials. 

2.3. pH measurement 

The pH of the binding medium affects the degree of ionization of 
both domperidone and different resins. It also affects the solubility of 
domperidone molecules as it is a weakly basic drug with low solubility at 
alkaline pH. So, the pH of the medium was determined at the end of each 
binding process using pH meter (Orion 520A, Thermo Fisher Scientific 
Inc, Pittsburgh, PA, USA). 

2.4. Determination of the optimum time to reach binding equilibrium 

To determine the optimum time to reach equilibrium, several sam-
ples of 100 μL were withdrawn during the process of the resinate for-
mation, at predetermined time intervals (1, 5, 10, 15, 30 and 60 min) 
and were filtered using 0.22 μm filters. The filtrates were then assayed 
using HPLC to determine the amounts of free domperidone. Then bound 
domperidone amount was calculated by subtracting free domperidone 
from the total amount added. 

2.5. Effect of resin: drug ratio on binding efficiency 

Different amounts of Dowex 50WX2 (6, 10, 12, 20, 30 and 40 mg) 
were placed in different glass vials and 12.73 mg domperidone maleate 
was added to each vial. Deionized water was added to make a volume of 
20 mL. The vials were shaken for 1 h according to the same binding 
procedures. Then the binding efficiencies were calculated for each vial. 

2.6. Determination of the maximum binding efficiency of Dowex 50WX2 

The maximum binding efficiency of domperidone maleate to Dowex 
50WX2 was estimated by keeping the resin amount constant at 30 mg 
while varying the amounts of domperidone maleate. The equivalent 
amounts of domperidone were 7.5, 10, 15, 25, 30 and 50 mg respec-
tively. The same binding procedures were followed. 

2.7. Effect of the volume of the binding medium on the rate and extent of 
the binding process 

Different binding processes between 30 mg of Dowex and 12.73 mg 
domperidone maleate equivalent to 10 mg domperidone were carried 
out for 24 h using different volumes of DI water (the binding medium). 
The volumes used were 10, 20 and 100 mL. Samples were taken at 
predetermined time intervals at 5, 15, 30, 45, 60, 120, 180, 240, 300 and 
1440 min and were analyzed for the free domperidone content using 
HPLC. 

2.8. Effect of shaking on the binding process 

Two binding processes between 12.73 mg domperidone maleate and 
30 mg Dowex in 20 mL of DI water were carried out at 25 �C for 24 h. 
One of the processes was carried under a shaking condition of 300 rpm 
while the other one without shaking. Samples were withdrawn after the 
24 h and were analyzed for the free domperidone and maleate using 
HPLC. 
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2.9. Determination of binding efficiency 

The content of each vial was filtered at the end of the binding pro-
cess, and the filtrate was assayed for free (unbound) domperidone by 
HPLC. The amount of domperidone bound was calculated by subtracting 
the amount of domperidone measured in the medium from the total 
domperidone added. 

To determine the percent binding efficiency of domperidone to 
different resins, the following equation is used:   

2.10. Studying of the ionic equilibria during the binding study 

2.10.1. Conversion of Dowex from Hþ form to Naþ form 
One gram of Dowex was added to 100 mL of 1 M NaCl in a small glass 

bottle and was shaken at 300 rpm for 1 h. Then, the bottle was put aside 
until the settling of the suspended resin particles. Then the supernatant 
was decanted and fresh 100 mL of 1 M NaCl was added to the residue 
and shaken again for another hour. The pH of the NaCl solution was 
recorded before addition to the Dowex and just before the decantation 
every time. The process was repeated until no significant change of the 
pH of the NaCl solution was observed before and after the addition to 
Dowex, indicating the complete depletion of protons from Dowex and 
the complete replacement of all protons with Naþ ions. 

2.10.2. Binding study using the Naþ form of Dowex 
The Na salt of Dowex was used to prepare a domperidone resinate 

using the same procedures of the binding process mentioned before. 
During the binding process, samples were withdrawn at predetermined 
time intervals (1, 5, 10, 15, 30 and 60) minutes. These samples were 
filtered through Millipore filter (0.22 μm) and the filtrate was analyzed 
for the amounts of unbound domperidone and maleate moieties and the 
released Na ions during the binding process using ion chromatography. 

2.11. Chromatographic conditions for determination of domperidone and 
maleate content 

HPLC method was used to determine domperidone and maleate 
content. 100 μL of sample solution was diluted with DI water and was 
injected into Shimadzu HPLC. The system consists of an LC-20AD pump, 
CTO-20A column oven, SIL-20AC HT Autosampler, CBM-20A system 
controller and UV detector. Domperidone separates on Shimadzu C18, 3 
μm, 50 � 4.6 mm analytical column (Shimadzu, Japan). The mobile 
phase consisted of 76% phosphate buffer, 24% acetonitrile and the pH 
was adjusted to 2.8 using 6 N HCl. A 20 μL sample was injected at a flow 
rate of 1 mL/min and domperidone moiety was measured at wavelength 
284 nm [22] and the maleate moiety was detected at 254 nm [28]. This 
method was validated for linearity, accuracy, precision, and selectivity. 

2.12. Chromatographic conditions for determination of Naþ ions 

Naþ ion was measured using High-pressure Ion chromatography 
recommended by Shodex (Shimadzu, Japan). Briefly, 100 μL sample was 
diluted with DI water and then was injected into Shimadzu HPLC and 
ion chromatography. The system consists of an LC-20AD pump, CTO- 
20A column oven, SIL-20AC HT Autosampler, CBM-20A system 
controller and CDD-10A VP conductivity detector for Na. Na ion 

separation was performed on Shodex ic y 521 column on Dionex IonPac 
AG16/AS16 guard/separation columns (Thermo Scientific, MA, USA). 
The mobile phase consisted of 4 mM aqueous Nitric acid. 20 μL of the 
sample was injected with a flow rate of 1 mL/min. The mobile phase was 
prepared using Millipore ultrapure water and was filtered through 0.45 
μm cellulose membrane (Millipore, MA, USA) and then degassed under 
vacuum. This method was validated for linearity, accuracy, precision, 
and selectivity. 

2.13. Physicochemical characterization 

2.13.1. Flow properties 
The flow properties of domperidone powder and resinate complex 

powder were determined using the angle of repose method (fixed height 
cone method) [29], Carr’s compressibility index [30] and Hausner ratio 
[31]. All experiments were performed in triplicates and the means were 
calculated. 

2.13.2. X-ray powder diffraction (XRPD) 
X-ray spectrum for each of (domperidone maleate, Dowex, physical 

mixture 1:3 (drug: resin) and resinate complex) was collected on a 
Bruker D8 Advance using Cu-Kα radiation at 40 kV and 40 mA power. 
The diffraction spectra were acquired in the 2θ scan range of 10-500 with 
a step size of 0.05� and at the rate of 0.2 s per step. 

2.13.3. Differential scanning calorimetry (DSC) 
DSC analysis was done for each of (domperidone maleate, Dowex 

and resinate complex) using a PerkinElmer Differential Scanning 
Colorimeter Model DSC-4 (New York, USA). The DSC was calibrated 
using indium (99.99% purity, melting point 156.6 �C). A sample of 2–3 
mg was placed in an aluminum pan and heated from 50 to 300 �C at a 
rate of 10 �C/min. An empty pan sealed in the same way was used as a 
reference. 

2.14. Melting capillary and mass spectroscopy analysis 

To confirm the data acquired from DSC analysis for domperidone 
maleate, samples of domperidone maleate were heated to different 
temperatures (235, 250 and 350 �C) using Optimelt automated melting 
point capillary system (Stanford research system). A small sample of 
domperidone maleate was put inside the glass capillary. Then capillaries 
(three per run) were heated at a rate of 10 �C/min in a temperature 
range from 50 to 350 �C then each capillary was removed at the pre-
determined temperature for mass spectroscopy analysis. 

2.14.1. Mass spectroscopy analysis 
Following the melting capillary experiment, the isolated compounds 

at each temperature were analyzed by mass spectroscopy using Bruker 
ESQUIRE-LC ion trap mass spectrometer (Bruker Daltonics, Billerica, 
MA). The system used has an atmospheric pressure interface (API)- 
electrospray ionization source with a positive ionization mode. Before 
analysis, each sample was dissolved in methanol then loaded to the mass 
spectrometer through direct infusion by a syringe pump. 

2.14.2. In-vitro release study 
The in-vitro release studies for 24 h were carried out in SGF (pH 1.2) 

using USP dissolution apparatus II, paddle (Distek, North Brunswick, 
NJ) at 37 � 0.2 �C at 50 rpm. The composition of SGF is 0.2% (w/v) 

% Binding efficiency ¼
ðAmount of domperidone added � Amount of free domperidone Þx 100

Amount of domperidone added   
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sodium chloride in 0.7% (v/v) hydrochloric acid. The dissolution vol-
ume was set to 900 mL. The concentration of domperidone released was 
monitored using an in-line ultraviolet detector connected with six fiber 
optic cables at 284 nm (pION, MA, USA). Resinate complexes were 
accurately weighed to have drug content of 10 mg of domperidone and 
were placed into each dissolution flasks. 

Three resinate complexes (Dowex, IRP 69 and IRP 64) were selected 
for release study. Release study of domperidone maleate powder (12.73 
mg) and Motilium® tablet (10 mg) were performed as a control. 

In the case of Dowex resinate release, an extra amount of NaCl was 
added during the release study after reaching the maximum percent 
released (18 h). This was done in a trial to get complete drug release and 
confirm the drug loading in the resinate complex. 

An additional release study was carried out for Dowex in 0.1 N HCl to 
be compared with the release in SGF to study the effect of Na ions and 
total ionic strength on the release profile. 

A separate calibration curve for each probe of the six optic fiber 
cables was done. And to validate the results obtained using the fiber 
optics, random samples of the dissolution medium were withdrawn and 
filtered and the amount of domperidone released was determined by 
HPLC and compared with those of fiber optic. 

2.15. Resinate stability study 

The dry resinate complex powder was subjected to short term sta-
bility study. Samples were put in well-closed small glass vials and stored 
for one month 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). After one month, the release studies for all samples were 
carried out in SGF and the results were compared with freshly prepared 
resinate powder. 

2.16. Statistical analysis 

Experiments in this work were repeated three times. Statistical 
analysis was performed using Microsoft® Excel for Office 365 MSO. 
Statistical significance was considered at P value < 0.05. 

3. Results and discussion 

3.1. Initial resins screening study 

Many ion exchange resins are being used in different pharmaceutical 
applications. They are classified according to their structure and func-
tional moieties. In this study, several cation exchange resins have been 
selected to study their binding efficiency with domperidone. As dom-
peridone is a weakly basic drug having an amine group, it can bind to the 
negative moiety of the resin. 

As an initial screening of different types of resins, binding efficiency 
between domperidone and different resins were carried out. Binding 
efficiency is affected by many factors related to the properties of the 
resin itself such as particle size, degree of crosslinking and whether the 
resin is strong or weak acid and pH required for ionization of the resin 
during the binding process. Also, binding efficiency is affected by the 
properties of the drug. For instance, the lipophilicity of the drug and the 
pKa of the drug which will affect the degree of ionization at the binding 
pH. 

IRP 69, IRP 69F and Dowex 50WX2 are strong acidic ion exchange 
resins in which the degree of their ionizations is independent on the pH 
of the binding medium and are almost completely ionized at any pH. On 
the contrary, IRP 88 and IRP 64 are weak acidic exchange resins that 
require a pH of 6 or higher to be able to exchange their ions. This may 
justify the low binding efficiency of the IRP88 and IRP 64 in comparison 
with the other three resins (Fig. 1). From (Table 1) the pH 3.42 at the end 
of the binding process with IRP 64, will not allow the resin to be ionized 
and exchange its ions as it is less than 6 as mentioned. In the case of IRP 
88, the pH 7.91 allows the ionization of the resin, but unexpectedly the 
binding efficiency was negligible. This may be explained by two reasons: 
the first reason is the significant decrease in the drug solubility at 
alkaline pH which was confirmed by visual observation of large white 
precipitation during the binding process. Secondly, the different cation 
types to be exchanged, as IRP 88 is a protonated form while IRP 64 is 
Potassium salt. Hence protons have a higher affinity to resin than Kþ

ions, it would be more difficult to be exchanged. In addition, it is worth 
mentioning the fact that both the resin and the drug should be ionized 
during the binding process. In the case of IRP 88 the pH is high enough to 
allow ionization of the resin while not allowing complete ionization of 
the dissolved fraction drug molecules. Only about half of the drug 
molecules are ionized as the medium pH is almost equal to the pKa of the 
drug which is 7.89. From above, we can conclude that the effect of pH of 
the binding medium and its impact on the degree of ionization and drug 
solubility is more significant than the ion exchange capacity of the resin 
as both IRP 64 and IRP 88 have higher exchange capacity (10 meq/g) 
than IRP 69 (5 meq/g) and Dowex (0.6 meq/ml ~ 0.74 meq/g). 

The lower domperidone binding in IRP 69F in comparison with IRP 
69 could be due to the larger particle size (0.3–1.2 mm) in case of IRP 
69F as compared to IRP69 which is a milled form of IRP 69F with 
average size less than 0.1 mm. These results conform with previous 
studies reporting the effect of particle size on drug binding, generally the 
larger the resin particle size, the lower drug binding [32]. This could be 
due to the decrease in the surface area. In addition, larger particles in-
crease the difficulty of diffusion and hence decreasing the mass transfer 
leading to a lack of accessibility of most of the internal surfaces of resin 
beads. 

Fig. 1. The percentage of domperidone bound to different ion exchange resins 
in 20 mL of DI water. 

Table 1 
pH of the binding medium at the end of binding process with each resin.  

Type of resin pH of the binding medium at the end of the binding process 

Dowex 50WX2 2.91 � 0.07 
IRP 69 5.38 � 0.06 
IRP 64 3.42 � 0.06 
IRP 69F 5.11 � 0.07 
IRP 88 7.91 � 0.05  
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Despite the low ion exchange capacity of Dowex 50WX2 (0.6 meq/ 
ml ~ 0.74 meq/g) in comparison with IRP69 (5 meq/g), Dowex 50WX2 
showed higher binding efficiency with almost complete binding of all 
the amount of drug added. The reason for this may be due to the dif-
ference in crosslinking between the two resins. Dowex has 2% cross-
linking while IRP69 has 8% crosslinking [33]. It is worth mentioning 
that previous studies reported that crosslinking has a more significant 
role in determining drug binding than ion exchange capacity. A previous 
study on erythromycin showed greater binding to Dowex 50WX2 (2% 
crosslinking) than to Dowex 50W X8 (8% crosslinking) despite having 
ion-exchange capacities of 0.6 and 1.7 meq/ml, respectively. Also, 
Dowex is a protonated form of resin while IRP 69 and IRP 69F are so-
dium salt which has a higher affinity to the resin than the proton and 
hence more difficult to be exchanged when compared with protons. 

According to the data in (Fig. 1), Dowex 50WX2 was selected as the 

optimum resin to form the resinate complex for further development and 
characterization. 

3.2. The optimum time to reach binding equilibrium 

After screening different resins for the highest binding efficiency, an 
additional binding study was required to determine the optimum time of 
the binding process using 30 mg of Dowex and 12.73 mg of domperidone 
maleate equivalent to 10 mg of domperidone base. During this study, 
different samples were taken at 0, 1, 5, 10, 15, 30 and 60 min then 
analyzed for free domperidone by HPLC. The maximum binding was 
reached after 5 min.This indicates that it takes about 5 min only to reach 
binding equilibrium. This fast binding process indicates a high affinity 
between the drug and Dowex suggesting considerable stability of the 
formed complex. Also, the short preparation time of the resinate com-
plex will get high interest from the industrial sector due to saving time 
and then cost. 

3.3. Effect of resin to drug ratio on the binding efficiency 

To select the optimum amount of resin that should be used to bind 
10 mg of domperidone, six binding studies were performed keeping the 
amount of domperidone constant (12.73 mg domperidone maleate 
equivalent to 10 mg domperidone base) and varying the amounts of 
Dowex. The ideal case is to have a minimum amount of resin that binds 
the maximum amount of the drug. Fig. (2) indicates that increasing the 
amount of resin, will increase the percent of domperidone bound to the 
resin. It was observed that by using 30 mg or more of Dowex, almost 
complete binding of the drug was achieved. Therefore, 30 mg of Dowex 
was selected for further investigations and characterizations as it is the 
least amount of resin which achieved the maximum binding of the drug 
(economical reason). This could be explained by the number of meq of 
30 mg Dowex (0.0244 meq) which is higher than the number of meq of 
10 mg of domperidone (0.0234 meq) allowing sufficient site to bind all 
the drug molecules. 

Fig. 2. The percentage of domperidone (10 mg) bound to different quantities 
of Dowex. 

Table 2 
The effect of increasing the amount of domperidone on the binding efficiency and amount of domperidone bound using a constant amount of Dowex (30 mg).  

mg of domperidone added meq of domperidone added meq of Dowex mg of bound domperidone meq of bound domperidone % domperidone bound 

7.5 0.018 0.024 7.5 0.0177 99.86 
10 0.023 10 0.0235 99.85 
15 0.035 13.26 0.031 88.39 
25 0.0587 14.32 0.034 57.30 
30 0.070 14.32 0.034 47.75 
50 0.117 14.32 0.034 28.65  

Fig. 3. The relation between the number of meq of domperidone bound to Dowex and the amount of domperidone (mg) used in the binding study, using the same 
number of meq of Dowex. 
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3.4. Determination of the maximum binding capacity of Dowex 50WX2 

Table 2 shows that by increasing the amount of domperidone in the 
binding medium while keeping the amount of resin fixed at 30 mg, the 
amount of domperidone bound increases till it reaches a plateau of 
maximum binding capacity around 14.3 mg domperidone per 30 mg 
Dowex, this was attained by using 25 mg domperidone in the binding 
study. Any further increment in domperidone amount used beyond 25 
mg would not result in any extra drug binding to Dowex. 

Table 2 shows that the binding efficiency was almost maximum 
(approximately 100%) in the case of addition 7.5 and 10 mg of dom-
peridone and then decreased upon using 15 mg or greater of domper-
idone. This is explained as the amounts of 7.5 and 10 mg didn’t exceed 
the maximum capacity of the resin which is around 14.3 mg so that the 
resin could bind all the amount added. On the other hand, the amounts 
exceeding the maximum capacity will not be completely bound and 
hence will result in a lower binding efficiency as in cases of 15 mg, 25 
mg, 30 mg and 50 mg. 

Accordingly, 10 mg of domperidone was selected as an optimum 
amount to be used in binding with 30 mg of Dowex as it results in the 
highest percent loaded on Dowex with no loss of any drug amount (most 
economic). 

For further understanding of the binding process and the ionic ex-
change, the amounts of Dowex used and domperidone bound were 
converted to meq (Table 2). The results revealed that 30 mg of Dowex is 
equivalent to 0.0244 meq which is greater than the number of meq of 
7.5 and 10 mg of domperidone which are 0.017 and 0.023 meq, 
respectively. This explains the complete binding of both amounts as the 
resin has enough binding sites for the drug ions. Unpredictably, the 
number of meq of domperidone bound at the maximum capacity 
(0.0336 meq ¼ 14.32 mg) is greater than that of Dowex (0.0244 meq) 
which may suggest the presence of non-ionic forces contributing to 
binding of some extent of the drug (Fig. 3). These results suggest that 
domperidone at high concentrations may be bound both ionically and 
non-ionically to Dowex. This non-ionic interactions may be due to 
adsorption or weak van der Waal forces [34]. To confirm the presence of 
the non-ionic interaction, further study of the ionic equilibrium was 
performed (see later). 

3.5. Effect of volume of binding medium 

3.5.1. Effect of volume of the binding medium on the extent of binding 
Fig. 4 shows the effect of binding medium volume on the extent of 

domperidone binding to Dowex. Data shows that the extent of drug 
binding was not affected by increasing the volume of the binding me-
dium. This indicates that drug molecules have such a great affinity to 

binding sites of Dowex that overcomes the dilution effect of increasing 
the medium volume. The high affinity was predicted from both the 
complete drug binding of domperidone to Dowex and the very short 
time to reach binding equilibrium. 

3.5.2. Effect of volume of the binding medium on the rate of binding 
While the extent of binding was not affected by increasing the me-

dium volume, the rate of domperidone binding was affected. Figure (4) 
shows the decrease in the rate of binding by increasing the volume of the 
medium. This could be noticed by comparing the time to reach the 
maximum binding. The binding equilibrium was reached within the first 
minute in case of using 10 mL of the binding medium, 5 min in case of 
20 mL and 240 min in case of 100 mL. At first glance, this could be 
justified by the decrease of the ion strength and hence the concentration 
gradient of domperidone between outside and inside the resin beads 
upon increasing the binding volume (dilution effect). Therefore, the rate 
of mass transfer of the drug molecules to get access to the binding site is 
decreased. 

3.6. Effect of agitation on binding efficiency 

Complexation between the drug and resin is essentially a process of 
diffusion of ions between surrounding drug solution and the resin. It is 
known that agitation is a major factor that affects any mass transfer 
process. Hence agitation facilitates the diffusion of the material through 
the boundary layer. This is achieved by reducing the thickness of the 
boundary layer (stagnant layer) surrounding Dowex beads in our case 
[35]. In addition, agitation enhances the eddy diffusion of domperidone 
molecules in the bulk of the medium. These two effects of agitation 
supposed to enhance and facilitate the binding process. Data confirms 
the need for agitation during the binding process to reach a maximum 
loading of drug molecules. In this study, the binding process for 24 h was 
performed twice in the presence and absence of agitation keeping all 
other factors the same. At the end of the process the binding efficiencies 
were calculated and found to be 99.05% and 90.98% in cases of presence 
and absence of agitation, respectively, showing a significant difference 
(P < 0.05). 

3.7. Study of binding ionic equilibria 

The main aim of this experiment is to illustrate the ion exchange 
process that happens between domperidone and Dowex and to deter-
mine the presence or absence of non-ionic interaction between the drug 
and Dowex. 

Dowex was converted completely from protonated form to Na salt 
form as Na ions displaced by drug molecules can be more easily and 
accurately measured than protons using ion chromatography. 

The complete conversion of the Dowex to Na salt form was confirmed 

Fig. 4. The effect of different binding medium volumes (10, 20 and 100 mL) on 
the rate and extent of domperidone binding to Dowex. 

Fig. 5. The relation between the number of meq of domperidone bound to 
Dowex and the number of meq of Na released from Na salt of Dowex and the 
number of meq of maleate in the binding medium during the binding process. 
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by the total number of meq of Na ions released (0.024 meq) which was 
approximately equal to the number of meq of Dowex used (0.0244 meq). 
Also, this was confirmed during the conversion process by measuring the 
pH of NaCl solution before and after addition to Dowex. After complete 
conversion, Dowex will lack protons and hence no change of pH is 

expected. 
At each time interval, both the number of meq of domperidone 

bound to resin and meq of Na ions released from resin were calculated. 
In addition, meq of maleate moiety in the binding medium was deter-
mined (Fig. 5). 

Fig. 6. (A) Optical microscope images (10X and 40X) of Dowex, IRP 64, IRP 69, IRP 88 and IRP 69F. (B) Optical microscope images (20X and 40X) of Dowex and 
Dowex resinate complex. 

Fig. 7. SEM images (500X) of Dowex and domperidone resinate complex.  
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Data showed that the number of meq of domperidone bound to 
Dowex is equivalent to the number of meq of Na ions released during the 
binding process. this indicated the absence of any non-ionic interaction 
at these binding conditions. Interestingly, the total number of meq 
domperidone bound and meq of Na ions released are approximately 
equal to the number of meq of Dowex used. It is worth mentioning that 
the maximum number of meq of domperidone bound to Dowex (0.024 
meq) at these conditions is approximately equal to the total number of 
meq of Dowex (0.0244 meq). This indicated the availability of all the 
binding sites of Dowex for ion exchange and the ease of accessibility of 
all these sites by domperidone molecules. 

Also, these results along with the previous study of the maximum 
capacity of Dowex suggest that the non–ionic interaction is weaker than 
the ionic interaction and the drug will preferentially be allocated to the 
ionic sites firstly till all site are occupied, then at higher concentrations 
of the drug, it may be forced to non-ionic sites. 

3.8. Physicochemical characterization 

3.8.1. Light microscope 
Fig. 6A shows the results of the light microscope examination of 

different resins. Dowex 50 W � 2 has a regular spherical shape and has a 
particle size from 50 to 210 μm. Both IRP 64 and IRP 88 have irregular 
shape particles with size ranging from 50 to 150 μm and 75–150 μm, 
respectively. IRP 69F has large regular spherical shape particles with 
size ranging from 300 to 1180 μm. IRP 69 which is a milled form of IRP 
69F has irregular shape particles with particle size 75–150 μm. 
Comparing the images of both Dowex and domperidone Dowex resinate 
(Fig. 6B), both have the same shape and size approximately with no 
observed morphological changes. 

3.8.2. Scanning electron microscopy 
To confirm the results obtained from light microscope examination, 

SEM examination of both Dowex resin and resinate complex was carried 
out at 500X magnification power (Fig. 7). The SEM images also didn’t 
show any significant morphological change in either shape of the surface 
of the resin particles upon binding with domperidone. 

3.8.3. Flow properties 
It is important to study the flow properties of the formed resinate 

complex since this will affect the ease of handling and processing during 
different manufacturing stages. For ease of manufacture, any powder 
should have good flow properties to be able to flow easily and 
completely from containers to machines and vice versa. Data showed 
that the formed resinate powder is more flowable than domperidone 
maleate powder. Results indicate that domperidone maleate powder has 
poor flowability with an average angle of repose of 47�, Hausner ratio of 
1.43 and Carr’s index of 28. 

On the contrary, domperidone–Dowex complex showed improved 
flowability with an average angle of repose of 27�, Hausner ratio of 1.09 
and Carr’s index of 12 which are lower than that of domperidone ma-
leate powder. These improvements in the flow properties can be 
attributed to the difference in particle size and shape. Both light mi-
croscope and SEM images showed that Dowex particles are regular 
spherical in shape and larger than domperidone maleate powder. So, 
flow properties are enhanced by larger particle size and more spherical 
shape of the resinate complex. These results match with the previous 
studies [36,37] reporting the effect of both particle size and shape on the 
flow properties. 

Fig. 8. XRPD of domperidone maleate, Dowex, resinate complex and physical 
mixture 1:3 (domperidone: Dowex). 

Fig. 9. DSC thermograms of Dowex, domperidone maleate, and resinate complex.  
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3.8.4. X-ray powder diffraction (XRPD) 
XRPD of domperidone maleate, Dowex, resinate complex and phys-

ical mixture of the selected optimized ratio by weight (drug: resin 1:3) 
were represented in Fig. (8). The graphs show that Dowex has a diffused 
broad peak with the absence of any characteristic sharp peaks con-
firming an amorphous nature of the resin [12]. On the other hand, 
domperidone maleate powder showed intense sharp peaks at 10.2, 12.3, 
15.6, 16.3, 19.1, 23.4, 24.0, 26.5 and 27.6 (2Ө), which indicate crys-
tallinity in nature. The physical mixture was a sum of the diffused peaks 
of Dowex and sharp domperidone maleate peaks. However, the reduc-
tion of sharp peaks intensity of domperidone in the physical mixture is 
due to the dilution effect. The resinate complex showed complete 
disappearance of the characteristic peaks of domperidone maleate. This 
indicates the absence of any crystalline structure within the resinate 
beads. This confirms that the drug molecules are monomolecularly 
bound to resin binding sites [12,34]. 

3.8.5. Differential scanning calorimetry (DSC) 
The thermogram of Dowex resin shows a broad endothermic peak at 

100� which is due to loss of moisture content as Dowex is known to have 
a high moisture-holding capacity of 74–82% [3,38]. The thermogram of 
domperidone maleate shows two endothermic peaks at 235 �C and 275 
�C. The first endothermic peak at 235 �C is due to the melting of the drug 
confirming its crystallinity. The second endothermic peak at 275 �C may 

be due to rearrangement process which may show a thermal effect or 
due to recrystallization of the drug molecules. In the case of resinate 
complex the melting endotherm of domperidone disappeared indicating 
the conversion of the drug into the amorphous form [39]. The resinate 
thermogram showed an endothermic peak at 206 �C which may be due 
to complex dissociation and another small endothermic peak at 132 �C 
which may be due to loss of residual bound moisture from the resinate 
beads (Fig. 9). 

3.8.6. Mass spectroscopy 
In this experiment, mass spectroscopy was utilized to confirm data 

obtained from the DSC thermogram of domperidone maleate powder 
and to investigate the thermal stability of domperidone maleate. Mass 
spectroscopy analysis was carried out after heating samples of dom-
peridone maleate powder in capillary melting tubes up to three different 
temperatures (235, 250 and 350 �C). The results of three samples were 
compared with domperidone maleate at 25 �C (Fig. 10). A peak of 
domperidone maleate at 426.3 m/z was noticed at room temperature 
and after heating to 235 �C. This result confirms that the endothermic 
peak noticed in the DSC spectrum was due to melting and not degra-
dation of the drug molecule. It is also interesting to mention that the 
melting of the drug was visually observed at 235 �C. Interestingly, the 
peak corresponding to intact drug molecule at 426.3 m/z was present 
even after heating up to 350 �C with no significant reduction in intensity 

Fig. 10. Mass spectrometer analysis of domperidone maleate: 
A) At room temperature, B) After heating to 235 �C. 
A) After heating to 250 �C, D) After heating to 350 �C. 

B.A. Daihom et al.                                                                                                                                                                                                                              



Journal of Drug Delivery Science and Technology 58 (2020) 101868

10

and without any appearance of any other major degradation peaks, this 
suggests that most of the molecules remain intact without noticeable 
thermal degradation. The peak appearing at 176.9 m/z in the four mass 
spectroscopy spectra may be corresponding to 1-propyl 1,3-dihydro-2H- 
benzimidazol- 2-one. This fragment might come from parent degrada-
tion during the mass spectrometer processing or may be present as an 
impurity with the parent molecule. 

3.8.7. In-vitro release studies 
It is known that the gastroretentive drug delivery system should have 

two important properties to achieve its goal. First, be able to be retained 
in the stomach for a prolonged time. Second, slowly release the drug 
molecules in a sustained manner. 

To predict the suitability of the formed resinate complex to be used in 
the further development of the gastroretentive drug delivery system, a 
release study in SGF was performed. IRP 88 was excluded from the study 
due to a lack of drug binding. Also, IRP 69F was excluded as it has the 
lowest binding efficiency among the strong acidic resins and its large 
particle size which may hinder further formulation development. 
Fig. (11) Shows the release profiles of Dowex, IRP 69 and IRP 64. IRP 64 
showed the fastest release with more than 82% within the 60 min and 
reaching a plateau at 94% drug release indicating almost complete drug 
release. Hence IRP64 is a weak acid resin, it was expected to have a low 
binding and faster release of drug molecules. These results are consistent 
with the low binding affinity between the IRP64 and domperidone. In 
the case of IRP69, the drug release was slower (62% within 60 min) and 
a plateau at 84% drug release. This indicates that the affinity is higher 
than in the case of IRP64 causing the resin to release the molecules more 
slowly and retain a larger fraction of drug unreleased. This result was 
emphasized by Dowex release profile since Dowex previously showed 

the highest binding efficiency to domperidone among all the three 
selected resins. Therefore, the drug molecules are harder to leave its 
binding site inside the resin resulting in a slow controlled release profile 
(24% during 60 min) and 57% after 8 h and a maximum % released of 
64% after 18 h. These results suggest that Dowex resinate complex could 
be used as a potential for controlled drug release system which could be 
chosen for further development into a gastroretentive system as a mean 
of controlling the drug release for prolonged time [40,41]. 

The incomplete release of the drug from the resins can be justified by 
the entrapment of some drug molecules in the deep pores of the resin 
which hinders their release in the surrounding medium. Similar 
behavior was reported in several previous studies [42]. 

It is interesting to mention that the amount unreleased in the case of 
Dowex resinate is compensated with the complete drug binding and 
higher drug loading. For instance, Dowex has binding efficiency of 
almost 100% and at the same time release only 64% of its drug content, 
so 64% of the used drug in the formulation of the resinate complex will 
be released. On the other hand, IRP 69 has 75% binding efficiency and 
releases about 84% of its drug content resulting in about 63% of the drug 
used in resinate preparation to be released. In other words, both IRP 69 
and Dowex will release approximately the same amount of drugs of 6.3 
and 6.4 mg, respectively. Meanwhile, Dowex releases the drug mole-
cules more slowly attaining a plateau almost after 10 h which makes it 
more suitable for further development of gastroretentive drug delivery 
system. Release profiles show that Motilium® tablet and domperidone 
maleate powder have fast immediate dissolution reaching more the 95% 
within 30 min demonstrating the role of resinate complex in controlling 
the release. 

During domperidone release from Dowex resinate complex, NaCl 
was added to the dissolution medium after reaching the plateau 
(maximum % released) in a try to force the residual amount of the drug 
out of the resinate complex to confirm the drug content in the resinate 
complex. As shown in (Fig. 11), the addition of NaCl succeeded in 
enhancing almost complete drug release from Dowex resinate confirm-
ing the total drug content. Also, this emphasizes the role of the total 
ionic strength in the dissolution medium in the drug release process [3]. 

Fig. (12 A) Shows the release profiles of Dowex resinate in SGF and 
0.1 N HCl. Results indicate that the release is highly affected by the 
presence of NaCl in case of SGF rendering the release to be faster (57% 
after 8 h) and a maximum release of 64% as compared to 0.1 N HCL 
(39% only after 8 h) and maximum release of 61%. The delay in reaching 
the plateau in the case of 0.1 N HCl could be attributed to two factors. 
The first factor may be linked to the difference of ion types in each 
medium, as SGF has both protons (originating from HCl) and Na ions 
(from NaCl) while 0.1 N HCl has protons only. It is worth mentioning 
that Na ions have a more binding affinity to strong acidic resins than 
protons. The other factor is the higher total ionic strength which will 
enhance more rapid ion exchange inside the resin. It was previously 

Fig. 11. The percentage released of domperidone from different resinate 
complexes, Motilium® tablet and domperidone maleate powder in SGF. 

Fig. 12. (A) Release profiles of domperidone from resinate complex in SGF and 0.1 N HCl. (B) Release profiles of domperidone in SGF from freshly prepared resinate 
complex and after 1-month storage at 25 �C and 40 �C. 
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reported that higher ion concentration results in a higher rate of ion 
exchange [2,32]. 

3.8.8. Stability study of resinate powder 
This study aims to evaluate the short-term stability of the resinate 

complex upon one-month storage at 25 �C and 40 �C. This was achieved 
by the comparison of the release profile in SGF of freshly prepared 
resinate complex against that after storage. The domperidone release 
profiles in SGF were presented in Fig. (12 B). 

Fig. (12 B) shows that the release behavior of domperidone from 
resinate complex stored for one month at both 25 and 40 �C didn’t 
significantly change from that of the freshly prepared resinate complex 
(P > 0.05). It was observed that the release profiles after storage su-
perimpose with the profiles of freshly prepared complexes. In addition, 
it was observed that the total amount of drug released at the end of the 
release studies was almost the same before and after storage (P > 0.05). 
This suggests the absence of any drug molecule degradation and con-
firms the compatibility with the resin polymer. It is also worth noting 
that HPLC chromatograms of domperidone released after storage didn’t 
show any significant changes in either the shape of the peak of the 
retention time which also confirmed the chemical stability of the drug. 

These data concluded that domperidone-Dowex complex is both 
chemically and physically stable over one month. This means that 
storage didn’t cause any complex dissociation or drug degradation at 
both temperatures 25 �C and 40 �C 

4. Conclusion 

Domperidone can form a physically and chemically stable resinate 
complex with Dowex which has the potential for further development in 
gastroretentive drug delivery systems as a mean of controlling the drug 
release with the advantages of rapid and ease of preparation and good 
flow properties. 
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