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The aim of this work was to improve the solubility and dissolution rate of poorly-soluble, weakly-basic, anti-

emetic drug; domperidone (DMP) using solid dispersion technique. Solubility studies of DMP with various 

hydrophilic carriers including sorbitol, mannitol, PEG 4000, PEG 6000, pluronic F-68 and pluronic F-127 were 

performed. Pluronic F-68 and pluronic F-127 showed the highest solubilizing effect on DMP and therefore; they 

were selected for the preparation of solid dispersions in different weight ratios by the fusion method. The solid 

dispersions were characterized using Fourier-transform infrared spectroscopy (FT-IR), Differential Scanning 

Calorimetry (DSC), Powder X-ray Diffractometry (P-XRD), solubility determination and in-vitro dissolution 

rate studies. FT-IR and DSC studies confirmed the absence of incompatibilities between DMP and the used 

carriers. DSC and P-XRD studies proved the transformation of drug from crystalline to amorphous state in the 

prepared solid dispersions. The results showed marked improvement of DMP solubility and dissolution rate 

from the solid dispersions compared with the pure drug and indicated the superiority of solid dispersions 

prepared with pluronic F-68 over those prepared with pluronic F-127. It can be concluded that solid dispersion 

technique was an effective tool in the enhancement of DMP dissolution.  
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INTRODUCTION 

 
Solubility is a significant physico-chemical parameter 

affecting the absorption and therapeutic efficacy of any drug. The 

low aqueous solubility and dissolution rate of drug substances 

frequently lead to inadequate absorption and low bioavailability. 

So, improvement of the solubility and dissolution rate of 

hydrophobic drugs has a critical importance in the formulation 

development process (Dalvi et al., 2015). Several approaches 

have been developed to solve this problem. Solid dispersion 

technique has become one of the most promising attitudes in the 

drug solubilization process. A solid dispersion can be defined as 

a "dispersion of drug within inert hydrophilic carrier in the solid 

state". Formulation of solid dispersion leads to improvement of 

the wettability and surface area of drug with consequent 

enhancement   of    solubility,   dissolution rate,   absorption   and 
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bioavailability (Dhirendra et al., 2009; Singh et al., 2011; Huang 

and Dai, 2014). Domperidone (DMP) is 5-chloro-1-[1-[3-(2, 3-

dihydro-2-oxo-1H-benzimidazol-1-yl)-propyl] 4-piperidinyl]-1, 3-

dihydro-2H-benzimidazol-2-one. It is a dopamine (D2) receptor 

antagonist. DMP is used for the treatment and prevention of acute 

nausea and vomiting of any cause; especially cytotoxic therapy and 

radiotherapy (Reddymasu et al., 2007). According to 

Biopharmaceutical Classification System (BCS), DMP is 

categorized under class II drugs which are poorly water-soluble 

and highly permeable (Swami et al., 2010; Zhang et al., 2011). It is 

practically insoluble in water (1 part in 50,000 part of water) 

(Council of Europe, 2014) and has a pka value of 7.9 so, it is a 

weakly-basic drug with a very poor dissolution rate at relatively-

high pH values. This makes the absorption of drug dissolution rate-

limited and lowers its bioavailability to 13-17% after oral 

administration (Swami et al., 2010; Zhang et al., 2011). Moreover, 

the poor solubility and dissolution rate of DMP at elevated pH 

values limit the ability for its delivery via rectal or buccal routes 

and necessitate the use of powerful solubilization techniques 

(Ibrahim et al., 2012; Patel et al., 2012).  

http://creativecommons.org/licenses/by-nc-sa/3.0/
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In the present work, DMP was solubilized using solid 

dispersion technique to enhance its dissolution rate and 

consequently, the bioavailability. The authors selected to focus 

solubility and dissolution studies at pH 6.8 to facilitate further 

incorporation of the optimized formulae into buccal or sublingual 

dosage forms in the future work which would be promising in 

overcoming the first-pass metabolism associated with oral 

administration of DMP (Bardal et al., 2011).  

Solubility studies of DMP with several hydrophilic 

carriers including sorbitol, mannitol, PEG 4000, PEG 6000, 

pluronic F-68 and pluronic F-127 were performed to select the best 

carriers for the formulation of solid dispersions. Pluronic F-68 and 

pluronic F-127 showed the best results and were selected as 

carriers for drug in the solid dispersions. Solid dispersions were 

prepared by fusion method in different weight ratios and were 

characterized for their physico-chemical properties using Fourier-

transform infrared spectroscopy (FT-IR), Differential Scanning 

Calorimetry (DSC), Powder X-ray Diffractometry (P-XRD), 

solubility studies and in-vitro dissolution rate studies. 

 

MATERIALS AND METHODS 
 

Materials 

Domperidone was kindly supplied as a gift sample by 

Pharco, for pharmaceutical and chemical industry, Egypt. Sorbitol 

and mannitol were purchased from Cooperation Pharmaceutique 

Francaise, France. Polyethylene glycol 4000 (PEG 4000) and 

polyethylene glycol 6000 (PEG 6000) were purchased from 

Merck-Schuchardt, Germany. Pluronic F-68 and pluronic F-127 

were purchased from "Sigma Aldrich Co.", USA. 

 

Methods 

Solubility studies on DMP 

Determination of equilibrium aqueous solubility of DMP 

Equilibrium aqueous solubility of DMP was determined 

by placing an excess amount of DMP in stoppered glass flasks 

containing 10 ml of distilled water. The solutions were shaken at a 

rate of (40±2) stroke/minute in a thermostatically-controlled water 

bath (DAIHAN scientific company-model WSB-45, Korea) at 

37±0.5 °C for 24 hours. After suitable time intervals (1, 2, 3, 4, 5, 

6 and 24 hours), samples of 1 ml were withdrawn from each test 

solution, filtered immediately and assayed spectrophotometrically 

at λmax of 284 nm for the solubilized  DMP content. It was            

found that the equilibrium solubility of DMP was reached after 2 

hours. 

 

Determination of pH-solubility profile of DMP 

An excess amount of DMP was placed in stoppered glass 

flasks containing 10 ml of buffer solutions with pH 1.2, 5, 6.8 and 

7. The solutions were shaken at a rate of (40±2) stroke/minute in a 

thermostatically-controlled water bath at 37±0.5 °C for 2 hours. 

Samples of 1 ml were withdrawn from each test solution, filtered 

immediately and assayed spectrophotometrically at λmax of 284 nm 

for the solubilized DMP content. The solubility values were 

plotted versus the corresponding pH of the solutions to obtain the 

pH-solubility profile.  

 

Effect of different hydrophilic carriers on the solubility of DMP 

An excess amount of DMP was placed in stoppered glass 

flasks containing 10 ml of phosphate buffer solution (pH 6.8) and 

different concentrations (1, 5, 10, 15 and 20% w/v) of sorbitol, 

mannitol, PEG 4000, PEG 6000, pluronic F-68 and pluronic F-

127. The solutions were shaken at a rate of (40±2) stroke/minute in 

a thermostatically-controlled water bath at 37±0.5 °C for 2 hours. 

Samples of 1 ml were withdrawn from each test solution, filtered 

immediately and assayed spectrophotometrically at λmax of 284 nm 

for the solubilized DMP content. Experiments were carried out in 

triplicates and the average was considered. It was found that 

pluronic F-68 and pluronic F-127 exerted the highest solubilizing 

effect on DMP and thus; they were selected for the formulation of 

solid dispersions.  

 

Preparation of DMP solid dispersions 

Solid dispersions of DMP with pluronic F-68 and 

pluronic F-127 were prepared in weight ratios of 1:1, 1:3, 1:5 and 

1:7 w/w by fusion method. The calculated amount of carrier was 

placed in a porcelain dish and heated till melting over steam bath. 

The accurately weighed amount of DMP was dispersed into 

molten carrier gradually using a glass rod. After complete 

dispersion of drug within carrier, the dish was removed from 

steam bath and left aside to cool at room temperature till 

solidification of its contents. Then, the solid dispersion formed 

was pulverized, sieved to obtain a particle size range of 125-250 

µm and stored in a dessicator over calcium chloride till used. 

 

Characterization of the prepared solid dispersions 

Drug content 

An accurately weighed amount of the prepared solid 

dispersions equivalent to 10 mg of the drug was added to 100 ml 

volumetric flask, dissolved in minimum amount of methanol and 

the volume was completed to 100 ml with phosphate buffer (pH 

6.8). After suitable dilution, DMP content was determined 

spectrophotometrically at 284 nm. Only those samples containing 

100± 5% of the claimed amount of DMP were considered for 

further studies. 

 

Fourier-transform infrared (FT-IR) studies 

A qualitative FT-IR analysis was performed for drug, 

carriers and the prepared solid dispersions. Samples of 1-2 mg 

were mixed with potassium bromide (IR grade) and compressed 

into discs in a compressor unit under vacuum and then scanned 

from 4000 to 400 cm
-1
 using  FT-IR spectrometer (Shimadzu IR-

470, Japan), with an empty pellet holder as a reference. 

 

Differential Scanning Calorimetry (DSC) studies  

DSC thermograms for drug, carriers and the prepared 

solid dispersions were obtained by using a shimadzu DSC-50 

(Japan) equipped with a software computer program. Samples of 
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about 5 mg were placed in an aluminum pan of 50 µl capacity and 

0.1 mm thickness, press-sealed with aluminum cover of 0.1 mm 

thickness. An empty pan sealed in the same way was used as a 

reference. Samples were heated from 30 °C to 300 °C at a rate of 

10 °C min
-1
 and nitrogen flow of 25 ml/min. Indium was used as a 

standard for calibrating temperature. Thermograms obtained were 

analyzed using TA-50 program to determine temperature and heat 

of fusion (ΔH) for each peak. 

 

Powder X-ray diffractometry (P-XRD) studies 

The X-ray diffractograms for drug, carriers and the 

prepared solid dispersions were obtained using Philips 1710 

diffractometer (Germany). The target was CuKα radiation 

operating at 40 KV and a current of 40 mA and a single crystal 

graphite monochromator was used. The diffraction patterns were 

achieved using continuous scan mode with 2θ ranging from 4° to 

60° at a rate of 0.6°/min. 

 

Solubility studies on the prepared solid dispersions 

Solubility of the prepared solid dispersions in           

phosphate buffer solution (pH 6.8) was determined by placing an 

excess amount of the investigated solid dispersions in stoppered 

glass flasks containing 10 ml of phosphate buffer                      

solution (pH 6.8). The solutions were shaken at a rate of (40±2) 

stroke/minute in a thermostatically-controlled water bath at 37±0.5 

°C for 2 hours. Samples of 1 ml were withdrawn from each test 

solution, filtered immediately and assayed spectrophotometrically 

at λmax of 284 nm for the solubilized DMP content.             

Experiments were carried out in triplicates and the average was 

considered.  

 

In-vitro dissolution rate studies 

USP dissolution apparatus II (paddle type) (Erweka DT-

D6, Heusenstamm, Germany) was used at a rotation speed of 50 

r.p.m. Powdered samples of each preparation equivalent to    10 

mg of domperidone were added to the dissolution medium (500 ml 

phosphate buffer solution with pH 6.8, kept at 37±0.5 °C). Pure 

drug was sieved to obtain a size range of 125-250 µm and treated 

similarly.  At time intervals of 5, 15, 30, 45, 60, 90 and 120 

minutes, samples (5 ml) of the solution were withdrawn with a 

volumetric pipette, using cotton plug as a filter and replaced with 

an equal volume of fresh dissolution medium equilibrated at 37 

°C. The samples were analyzed spectrophotometrically at λmax of 

284 nm. Each experiment was performed in triplicates, and the 

mean recordings were used for calculations. 

 

RESULTS AND DISCUSSION 
 

Solubility studies on DMP 

Determination of equilibrium aqueous solubility of DMP 

Equilibrium solubility of DMP in distilled water was 

achieved after 2 hours and was equal to 5.09±0.24 µg/ml (Fig.1). 

This low solubility confirmed that DMP was  practically-insoluble   

in water (Council of Europe, 2014).  

 
Fig. 1: Equilibrium aqueous solubility of DMP. 

 

Determination of pH-solubility profile of DMP 

Table (1) and Fig. (2) show the pH-solubility profile of 

DMP. It was obvious that DMP solubility was markedly decreased 

by increasing pH of the solution. This could be attributed to the 

weakly-basic nature of DMP (pka = 7.9) favoring low pH values 

for drug ionization and solubilization (Aboutaleb et al., 2016). 

 

Table 1: pH solubility profile of DMP. 

pH value DMP Solubility (µg/ml) 

1.2 578±15.5 

5 200±2.50 

6.8 21±1.15 

7 5.09±0.24 

 

 
Fig. 2: pH solubility profile of DMP. 

 

Effect of different hydrophilic carriers on the solubility of DMP 

Table (2) and Fig. (3) show the effect of different 

concentrations of hydrophilic carriers on the solubility of DMP in 

a phosphate buffer solution of pH 6.8. The results revealed that 

addition of hydrophilic carriers to the solution increased the 

solubility of DMP. This can be attributed to the hydrogen bonding 

interactions between drug and carrier leading to improved 

solubility (Rojas-Oviedo et al., 2012). Increasing the concentration 

of carrier in solution, the solubilizing effect on DMP increased. It 

was obvious that pluronic F-68 and pluronic F-127 exerted the 

highest solubilizing effect on DMP among all investigated carriers 

due to their higher aqueous solubilities and Hydrophilic Lipophilic 

Balance (HLB) values (Devi et al., 2013) and thus; they were 

selected for the formulation of solid dispersions. 
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Characterization of the prepared solid dispersions 

Drug content 

The results showed slight differences between theoretical 

and actual DMP contents in the prepared solid dispersions (98±2 

%) which might be due to loss of drug during pulverization and 

sieving processes. The results were acceptable and the samples 

were considered for further studies. 

 

Fourier-transform infrared (FT-IR) studies 

FT-IR spectra of DMP-pluronic F-68 systems are shown 

in Fig.(4). DMP (trace A) showed characteristic bands at 1697 cm
-

1
 (C=O stretching vibration), 3300-3500 cm

-1
 (N-H stretching 

vibration),   3000-3100 cm
-1  

 (aromatic =C-H stretching vibration), 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2850-3000 cm
-1
 (sp

3
 –C-H vibration) and several bands at 1400-

1600 cm
-1

(aromatic C=C stretching vibration). Pluronic F-68 (Fig. 

4, trace B) showed characteristic bands at 3200-3600 cm
-1 

(broad 

band for O-H stretching vibration) and 2850-3000 cm
-1
 (sp

3
 –C-H 

vibration). Solid dispersions (Fig. 4, traces C, D, E and F) showed 

the same characteristic bands of DMP and pluronic F-68 without 

significant changes confirming the absence of incompatibilities 

between them.  

Increasing the amount of pluronic F-68 in the solid 

dispersion, the absorption band of C=O group of DMP became 

more broad and decreased in intensity due to dilution effect 

(Aboutaleb et al., 2016). Similar results were obtained with DMP-

pluronic F-127 systems. 

Table 2: Effect of different concentrations of hydrophilic carriers on the solubility of DMP in a phosphate buffer solution of pH 6.8.  

Carrier conc. 

(% w/v) 

Concentration of DMP Solubilized (% w/v) 

PEG 4000 PEG 6000 Sorbitol Mannitol 
Pluronic  

F-127 

Pluronic  

F-68 

0 0.0021±0.0003 0.0021±0.0003 0.0021±0.0003 0.0021±0.0003 0.0021±0.0003 0.0021±0.0003 

1 0.0038±0.00021 0.0033±0.0004 0.0029±0.0017 0.0024±0.0009 0.0051±0.0002 0.0056±0.0005 

5 0.0091±0.0005 0.0076±0.0008 0.0062±0.0012 0.0046±0.0019 0.0111±0.0015 0.0131±0.0015 

10 0.0147±0.0004 0.0126±0.0010 0.0105±0.0022 0.0075±0.0013 0.0166±0.0014 0.0196±0.0018 

15 0.0213±0.0015 0.0183±0.0015 0.0148±0.0014 0.0105±0.0015 0.0233±0.0015 0.0263±0.0011 

20 0.0271±0.0022 0.0233±0.0040 0.0190±0.0023 0.0134±0.0025 0.0299±0.0042 0.0329±0.0013 

 

 
Fig. 3: Effect of different hydrophilic carriers on the solubility of DMP in phosphate buffer solution (pH 6.8). 

 

 
Fig. 4:  FT-IR spectra of DMP-Pluronic F-68 solid dispersions. DMP (A), pluronic F-68 (B), 1:1 (w/w) solid dispersion (C), 1:3 (w/w) solid dispersion (D), 1:5 

(w/w) solid dispersion (E) and 1:7 (w/w) solid dispersion (F). 
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Differential Scanning Calorimetry (DSC) studies 

DSC thermograms of DMP-pluronic F-68 systems are 

shown in Fig.(5). DMP (Fig. 5, trace A) showed a sharp 

endothermic peak at 252.49 °C
  
corresponding to its melting point 

(Council of Europe, 2014) with a fusion enthalpy (∆H) of (-94.37) 

J/g. Pluronic F-68 (Fig. 5, trace B) showed a sharp endothermic 

peak at 53.68 °C corresponding to its melting point (Rowe et al., 

2009) with a fusion enthalpy of (-84.33) J/g. The characteristic 

endothermic peak of DMP was completely disappeared in the solid 

dispersions (Fig. 5, traces C, D, E and  F) suggesting that drug 

might be transformed from crystalline state to amorphous state 

(Garg et al., 2013) which was confirmed by powder X-ray 

diffractometry studies (P-XRD) as indicated below. Similar results 

were obtained with DMP-pluronic F-127 systems. 

 

 
Fig. 5:   DSC thermograms of DMP-Pluronic F-68 solid dispersions. DMP (A), 

pluronic F-68 (B), 1:1 (w/w) solid dispersion (C), 1:3 (w/w) solid dispersion 

(D), 1:5 (w/w) solid dispersion (E) and 1:7 (w/w) solid dispersion (F). 

 

Powder X-ray diffractometry (P-XRD) studies 

Figure (6) shows powder X-ray diffractograms of DMP-

pluronic F-68 systems. Pure drug (Fig.6, trace A) and pluronic F-

68 (Fig.6, trace B) showed strong peaks of crystallinity indicating 

the presence of both pure drug and carrier in the crystalline state. 

In solid dispersions (Fig.6, traces C, D, E and F), carrier peaks 

were decreased in intensity due to reduction of crystallinity while 

the drug peaks were completely disappeared  confirming the 

transformation of DMP from the crystalline state to the amorphous 

state (El-Badry et al., 2013) in these  systems   as  suggested   from  

 

 

 

 

 

 

 

 

 

 

 

 

DSC results mentioned before. Similar results were obtained with 

DMP-pluronic F-127 systems. 

 

 

 

 

 

 

 
Fig. 6:  Powder X-ray diffractograms of DMP-pluronic F-68 solid 

dispersions. DMP (A), pluronic F-68 (B), 1:1 (w/w) solid dispersion (C),  1:3 

(w/w) solid dispersion (D), 1:5 (w/w) solid dispersion (E) and 1:7 (w/w) solid 

dispersion (F). 

 

Solubility studies for the prepared solid dispersions 

Table (3) and Fig. (7) show the effect of different solid 

dispersions prepared with pluronic F-68 on the solubility of DMP 

at pH 6.8. It was obvious that the solid dispersions resulted in 

marked enhancement of DMP solubility. This can be explained as 

when solid dispersions are exposed to aqueous media, the carrier 

dissolves, and the drug is released as very fine colloidal particles. 

This greatly reduces particle size and increases surface area, which 

results in improved solubility (Kalyanwat and Patel, 2010). 

Increasing the amount of carrier in the solid dispersion resulted in 

further improvement of the drug solubility. Solid dispersions 

prepared with pluronic F-68 showed higher solubilization of DMP 

than those prepared with pluronic F-127 (Table 4 and Fig. 8). This 

can be attributed to the higher aqueous solubility and HLB value 

of pluronic F-68 than pluronic F-127 (HLB values are 29 and 22 

for pluronic F-68 and pluronic F-127, respectively) leading to 

enhanced wettability of drug (Türk et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Effect of different solid dispersions prepared with pluronic F-68 on the solubility of DMP at pH 6.8. 

Time (hr) 

Concentration of DMP Solubilized (µg/ml) 

DMP alone 
DMP-pluronic F-68 solid dispersions 

1:1 1:3 1:5 1:7 

0.25 6.99±0.71 23.31±1.45 54.39±2.24 104.89±3.30 143.74±2.40 

0.50 8.55±0.53 27.19±2.15 66.04±2.06 116.55±1.75 155.40±3.44 

1 13.60±1.40 34.96±2.65 93.24±1.95 143.74±3.10 182.59±2.71 

2 21±1.15 48.56±1.55 112.66±2.10 174.82±2.80 221.44±4.45 

 
Table 4:  Effect of different grades of pluronic on the solubility of DMP-pluronic 1:7 (w/w) solid dispersions in a buffer solution of pH 6.8 in comparison with the 

pure drug. 

Time (hr) 

Concentration of DMP Solubilized (µg/ml) 

DMP alone 
DMP-pluronic 1:7 (w/w) solid dispersions 

Pluronic F-127 Pluronic F-68 

0.25 6.99±0.71 124.32±1.52 143.74±2.40 

0.5 8.55±0.53 135.97±2.55 155.40±3.44 

1 13.60±1.40 163.17±1.81 182.59±2.71 

2 21±1.15 202.02±3.38 221.44±4.45 
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Fig. 7:   Effect of different solid dispersions prepared with pluronic F-68 on the 

solubility of DMP in a phosphate buffer solution of pH 6.8 in comparison with 

the pure drug. 

 

 
Fig.  8:  Effect of different grades of pluronic on the solubility of DMP-

pluronic 1:7 (w/w) solid dispersions in a buffer solution of pH 6.8 in 

comparison with the pure drug. 

 

 
Fig.  9: Release profiles of DMP from its different solid dispersions prepared 

with pluronic F-68 in a phosphate buffer solution of pH 6.8 in comparison with 

the pure drug. 

 

In-vitro dissolution rate studies 

Figure (9) show the release profiles of DMP from the 

different solid dispersions prepared with pluronic F-68 in 

comparison with the pure drug. It was obvious that all solid 

dispersions showed higher dissolution rate than the pure drug. This 

can be attributed to many reasons including: the enhancement of 

drug solubility, increased surface area of drug as well as the 

transformation of drug from the crystalline state to the amorphous 

state which has higher solubility and dissolution rate (Kalyanwat 

and Patel, 2010; Khadka et al., 2014). Increasing the amount of 

carrier in the solid dispersion increased the dissolution rate. Solid 

dispersions prepared with pluronic F-68 showed higher dissolution 

rate than those prepared with pluronic F-127    (Fig. 10) due to the 

higher aqueous solubility and HLB value of pluronic F-68 than 

pluronic F-127 with consequent enhancement of drug wettability 

(Türk et al., 2009). 

 

 
Fig.  10: Effect of different grades of pluronic on the release profiles of DMP 

from its 1:7 (w/w) solid dispersions in a phosphate buffer solution of pH 6.8 in 

comparison with the pure drug. 

 

CONCLUSION 
 

DMP solubility was pH-dependent and more favored at 

low pH values. The use of hydrophilic carriers resulted in 

enhancement of DMP solubility and this enhancement was 

dependent on the type and concentration of carrier. Pluronic F-127 

and pluronic F-68 exerted the highest solubilizing effect on DMP 

and they were selected for the formulation of solid dispersions. 

FT-IR studies confirmed the absence of incompatibilities between 

DMP and pluronics. DSC and P-XRD studies confirmed the 

transformation of DMP from the crystalline state to the amorphous 

state in the prepared solid dispersions which lead to enhancement 

of drug solubility and dissolution rate. Formulation of solid 

dispersions resulted in marked improvement of the solubility and 

dissolution rate of DMP. Increasing the amount of carrier in the 

system resulted in further enhancement of solubility and 

dissolution rate. Solid dispersions prepared with pluronic F-68 

showed higher solubility and dissolution rate than those prepared 

with pluronic F-127. The previous results revealed that solid 

dispersion technology was an effective tool in the solubilization of 

DMP and the prepared solid dispersions could be promising for 

further incorporation into many dosage forms including those 

intended for buccal or sublingual administration. 
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