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Introduction
The solubility of low water‑soluble 
drugs has always been a challenge to the 
discovery and design of new drugs.[1] More 
than 40% of the recent developed drugs are 
practically insoluble in water, and their poor 
solubility in water (<0.1 mg/ml) results 
in their slow and incomplete absorption, 
low and variable bioavailability, as well as 
gastrointestinal toxicity.[2‑4] In addition, to 
achieve an effective dose and appropriate 
treatment response, these drugs should 
be used at a dose above the usual dose 
of other drugs.[4] The solubility of a drug 
depends on several factors including the 
composition of the dissolution medium, 
the physical form of the solid as well 
as the temperature and pressure of the 
environment, particle size, molecular size, 
polarity, and polymorphism.[3] Solubility 
enhancement techniques are divided into 
physical and chemical modification and 
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Abstract
Background: Domperidone (DOM), a dopamine receptor antagonist, is used as antiemetic for the 
treatment of gastroparesis, vomiting, and nausea. The low water solubility of DOM leads to a low 
dissolution rate and variable bioavailability. The aim of this study was to enhance the solubility of 
DOM by the preparation of micron‑sized particles. Materials and Methods: The in situ micronization 
process was carried out using solvent change method in the presence of Soluplus® or PEG6000 as 
stabilizing agents. DOM was dissolved in appropriate solvent (acetone and methanol 1:1 v/v), and 
the stabilizing agent was dissolved in water (as nonsolvent). The nonsolvent was poured rapidly into 
the drug solution under stirring by a homogenizer, and the resultant was freeze dried. The crystalline 
shape and particle size of DOM and interaction of DOM with stabilizers were investigated by 
scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), X‑ray 
diffraction (XRD), and differential scanning calorimetry (DSC), and then, dissolution test was 
carried out. Results: Optimum formulation was composed of DOM (0.5%) and PEG6000 (0.1%) with 
the lowest particle size (3 µm) and the highest DE60% (95.95%) as compared to pure DOM (particle 
size of 13.4 µm and DE60% 52.18%). Conclusion: SEM micrographs showed uniform and spherical 
shape of microcrystals. FTIR, XRD, and DSC studies indicated the micron size of the microcrystals 
and no interference between the drug and the stabilizer.
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other methods. Physical methods include 
particle size reduction (micronization and 
nanosuspension), changing in the crystal 
habit, solid solutions, solid dispersions, and 
cryogenic methods. Chemical modifications 
consist of pH adjustment, complexation, 
use of buffer, derivatization, and salt 
formation.[4] Choosing the appropriate 
method depends on the characteristics 
of the drug, excipients, and the desired 
pharmaceutical formulation.[3] A common 
method to reduce the size of large particles 
is comminution using milling techniques 
such as ball mill, colloid mill, jet mill, 
or high pressure homogenizer. However, 
these techniques are inefficient and have 
disadvantages including the creation 
of electrostatic effects and unstable 
thermodynamic surfaces as well as large 
particle size distribution. Furthermore, in 
some cases, the newly created surfaces by 
this method have weak wetting properties 
and particles become agglomerated.[5] New 
in situ micronization methods have been 
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developed to reduce the physical and chemical instabilities 
in milling techniques. In this process the particle size 
falls below 10 µ. As the micron size particles are 
formed directly during the process without any reduction 
in size, this method is named in situ micronization 
technique.[6] Compared to the milling technique, the 
particles have a uniform size and the powder is less 
cohesive. The molecularly dissolved drug is converted into 
the desired particle size by solvent change or pH change 
method, and a stabilizer is used to stabilize and cover the 
particles. Stabilizer is a lyophilic molecule or a polymer 
which has a strong tendency to be adsorbed on the newly 
created hydrophobic surfaces of particles and prevent 
the growth of micron‑sized crystals by steric hindrance, 
in addition to increase their water solubility.[7] In situ 
micronization technique is used to increase the solubility 
of some poorly water‑soluble drugs including piroxicam,[8] 
rifabutin,[9] azithromycin,[10] disodium cromoglycate,[11] and 
zaltoprofen.[12]

Domperidone (DOM) (5‑chloro‑1‑[1‑[3‑(2, 3‑dihydro‑2‑
oxo‑1H‑enzimidazole‑1‑yl)propyl]–4–piperidinyl]‑1,3–
dihydro‑2H‑benzimidazole‑2‑one) is a benzimidazole 
derivative with a molar mass of 426, a weak base with 
poor water solubility and high permeability and is 
classified as Class II of biopharmaceutical classification 
system. It is an antagonist for dopamine (D2) receptors 
in the brain and the gastrointestinal system. It has an 
antinausea effect and is a prokinetic agent. Its plasma 
protein binding and bioavailability are 91%–93% and 
13%–17%, respectively. Its low water solubility is the 
reason of the low bioavailability.[13,14] To increase the 
dissolution rate of this drug, some techniques have been 
used such as melt granulation technique,[15] orodispersible 
tablet,[16] solid lipid nanoparticles,[17] self‑microemulsifying 
systems,[18] inclusion complex with cyclodextrins,[19] and 
solid dispersion[14] technique.

The aim of this study is to enhance the water solubility 
and dissolution rate of DOM by in situ micronization. 
Micron‑sized DOM was prepared by a solvent change 
process that precipitates and stabilizes the drug in a small 
particle size by the use of Soluplus® and polyethylene 
glycol 6000 (PEG6000) as stabilizers.

Materials and Methods
DOM maleate was provided as a gift sample by 
Farabi Company (Iran). Polyethylene glycol–polyvinyl 
caprolactam–polyvinyl acetate‑grafted copolymer 
(Soluplus®, MW = ∼118,000 Da) was bought from BASF 
(Germany). PEG6000, acetone, methanol, HCl (37.5%), 
Tween 20, and distillated water were purchased from 
Merck Chemical Company.

In situ micronization technique (solvent change method)

In the first step, the appropriate amount of DOM was 
dissolved in 30 ml of solvent (acetone and methanol 

(1:1 v/v)); then, a proper amount of stabilizer was dissolved 
in 100 ml of water (as antisalvation). Nonsolvent was 
rapidly poured into the drug solution under homogenizer 
in the ice bath (4°C). The mixture was homogenized for 
15 min, and then, the organic solvent was evaporated using 
a vacuum oven under stirring, the remaining suspension 
was frozen and then freeze dried. The lyophilized 
powder was used for future studies. By changing the three 
variables, each at two levels, eight different formulations 
were prepared with full factorial design [Table 1].

The physical mixture of the drug and each of the 
polymers (PEG6000 and Soluplus®) was provided by the 
simple mixing as negative control in the same ratio as 
listed in Table 2.

Determination of the particle size for each of the formulations 
and its physical mixture as well as the pure powder of DOM 
was done by dynamic light scattering method (Malvern‑2101 
Shimadzu, Japan). For this purpose, an appropriate amount 
of each formulation powder was dispersed in carbon 
tetrachloride, and its particle size was analyzed.

DOM was determined by spectrophotometric method. 
A standard calibration curve of the drug solution in 
HCl (0.1 N, pH 1.2) in the range of 2–40 µg/ml was 
plotted using ultraviolet (UV)‑visible spectrophotometer 
(Shimadzu, Japan) at 283.5 nm as λmax of DOM. In this 
wavelength, the stabilizers do not have any absorbance and 
interfere with the drug.

Saturated solubility of DOM was determined by taking 
an excess amount of drug in water. Each solution was 
sonicated for 10 min, then shaken mechanically for 

Table 1: Different variables and their levels studied in 
full factorial design

Different variables Level
І Π

DOM concentration 0.5% 1%
Type of stabilizer PEG6000 Soluplus®

Stabilizer concentration 0.05% 0.1%
DOM: Domperidone

Table 2: Different formulations studied for the 
production of microcrystals of domperidone

Formulations Drug 
concentration (%)

Type of 
stabilizer

Percentage 
of stabilizer

D1P0.1 1 PEG6000 0.1
D1P0.05 1 PEG6000 0.05
D1S0.1 1 Soluplus® 0.1
D1S0.05 1 Soluplus® 0.05
D0.5P0.1 0.5 PEG6000 0.1
D0.5P0.05 0.5 PEG6000 0.05
D0.5S0.1 0.5 Soluplus® 0.1
D0.5S0.05 0.5 Soluplus® 0.05
D: Domperidone, P: PEG6000, S: Soluplus
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24 h at room temperature and centrifuged for 10 min at 
2000 rpm. The supernatant of each sample was filtered and 
an appropriate amount of each filtrate was diluted suitably 
with distilled water and analyzed spectrophotometrically at 
283.5 nm.

The dissolution rate of DOM crystals was determined in a 
USP no. 2 dissolution test apparatus at 37°C and 100 rpm. 
The dissolution medium was 900 ml of HCl (0.1 N, pH 1.2) 
with 0.1% Tween 20. Triplicate samples (5 ml) were 
withdrawn from the dissolution vessels at selected time 
intervals and analyzed for DOM by UV spectrophotometer 
at 283.5 nm. Each sample was replaced with fresh 
dissolution medium, and dissolution efficiency up to 
60 min (DE60%) was calculated according to equation:

0

100
100

t
ydt

y t
∫ ×

Crystal’s morphology was studied by a scanning electron 
microscope (LEO 440i, UK). Before the specimens were 
observed, they were placed on a metal stub and coated with 
gold under vacuum in an argon atmosphere.

X‑ray diffraction (XRD) analysis is a special technique for 
determining the crystallinity of a substance. XRD patterns 
of DOM formulations were obtained using the X‑ray 
diffractometer (Seimens, ModelD5000, and Germany).

Crystals were analyzed by Fourier transform infrared 
spectroscopy (FTIR) spectrophotometer (Bomem, Canada, 
at 4 cm−1 resolution for scan, at 4000–400 cm−1). For these 
tests, appropriate amount of freeze‑dried sample was mixed 
with dry KBr and turned to a compressed disc by the 
hydraulic press at a pressure of 10 tons force for 30 s.

Differential scanning calorimetry (DSC) is a thermal 
analysis technique used to investigate the response of 
polymers to heating. The amount of energy absorbed or 
distributed during warming and cooling is measured and 
shown as an endothermic or exothermic peak. The machine 
(Shimadzu, DSC‑60, Japan) consists of two aluminum 
pans, one contains 3–6 mg test sample and the other is an 
empty pan as a reference; these were heated at a rate of 
10°C/min over temperature range of 30°C–250°C under 
nitrogen atmosphere.

All data were expressed as the average ± standard 
deviations of three determinations, and one‑way analysis of 
variance was used for statistical analysis of the results.

Results
Particle size of microcrystals

The particle size of the pure untreated powder of DOM 
and the microcrystal formulations are shown in Table 3. 
Furthermore, the size of the physical mixture (M) of the 
drug with each polymer in each specific ratio is also shown 
in Table 4. As shown in Table 3, the pure powder of DOM 

has the largest mean particle size of 13.4 ± 1.02 μm and 
the smallest particle size related to D0.5P0.1 formulation 
with the size of 3 ± 0.81 μm.

Drug content and saturated solubility tests

The drug content and saturated solubility of the pure 
untreated powder of DOM and the microcrystal 
formulations are shown in Table 3. The drug content 
was high and uniform in all microcrystal formulations 
and was in the range of 94.1 ± 0.52%–99.3 ± 0.97%. In 
all formulations, the drug content was increased with 
increasing the polymer percent (P < 0.05). Saturation 
solubility test was carried out in distilled water. 

Dissolution test

Release profile of DOM and microcrystalline powder 
formulations in the HCl 0.1 N medium are shown in 
Figure 1. Based on Figure 1, the drug dissolution rate 
from the microcrystalline samples was much higher 
than the untreated drug and the physical mixture of the 
drug [Figure 2] and the stabilizer. In most formulations, 
80%–100% of the drug was released within the first 
5–10 min, while the drug was dissolved slowly from the 
untreated DOM and in 60 min. The DE60% for different 
microcrystalline formulations and physical mixture of DOM 
and stabilizers compared to the intact powder of DOM are 
shown in Tables 3 and 4, respectively; the drug dissolution 
rate from microcrystals was 1.84 times higher than the 
untreated drug. The lack of crystallinity, reduction of drug 
particle size, and increased wettability were considered 
to be predominant factors in increasing the dissolution 
rate of DOM from the microcrystals.[20] The D0.5P0.1 
formulation had the smallest particle size with the value 
of 3 ± 0.81 μm and the highest DE60% (95.95 ± 3.6%). 
The lowest DE60% was related to the pure untreated DOM 
with the largest particle size of 13.4 ± 1.02 μm.

Table 3: Particle size, saturated solubility, and DE60% 
of pure untreated domperidone and its different 

formulations prepared by solvent change method after 
60 min of dissolution test

Formulations Particle 
size (µm)

Drug 
content 

(%)

Saturated 
solubility 
(µg/ml)

DE60 (%)

Pure untreated 
DOM

13.4±1.02 ‑ 894±11.01 52.18±6.7

D1P0.1 5.4±0.83 95.2±0.31 1181.9±7.11 85.38±2.2
D1P0.05 6.4±0.41 94.1±0.52 1113.02±5.02 72.1±7.4
D1S0.1 6.9±0.52 98.4±0.25 1344.7±11.01 65.14±6.4
D1S0.05 5.8±0.64 96.2±1.2 1329±12.00 78.6±0.9
D0.5P0.1 3±0.81 97.1±0.59 1133.65±10.21 95.95±3.6
D0.5P0.05 4.1±0.36 96.6±0.48 1161.3±6.10 93.06±2.1
D0.5S0.1 5.7±0.95 99.3±0.97 1619.7±15.01 78.74±3.9
D0.5S0.05 6.3±0.62 98.4±0.26 1494.6±13.00 75.45±0.5
*D: Domperidone, P: PEG6000, S: Soluplus, DOM: Domperidone
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Scanning electron microscopy

The morphology of the microcrystals was studied by 
scanning electron microscopy (SEM). Figure 3a and b show 
the pure DOM and microcrystals of D0.5P0.1 formulation, 
respectively. The micrographs show that the particles of 
the pure DOM are cubic with the size of about 13 µ, but 
the microcrystalline particles are spherical with the size of 
about 3 µ.

X-ray powder diffraction

XRD spectrum of DOM powder, PEG6000, physical 
mixture, and D0.5P0.1 formulation are shown in Figure 
4. In the XRD pattern of DOM, there are several sharp 
and distinct peaks at 2θ-scattered angles at 9.28°, 13.94°, 
15.58°, 19.8°, and 24.8° that indicate the crystalline nature 
of the drug.[17,21] PEG showed the major XRD peaks at 
2θ =19.3° and 23.3°.[22] The XRD pattern of the physical 
mixture was very similar to the pure drug and the carrier; 
most of the peaks of DOM and PEG are visible in the 
XRD diffractogram of physical mixture [Figure 4]. Major 
DOM and PEG peaks are also present in the optimum 
microcrystalline formulation pattern, with the exception 
that the peak intensity is decreased.

Fourier transform infrared spectroscopy

The FTIR spectra are shown in Figure 5. There are four 
main peaks in the spectra of DOM in the regions of 
3026, 1701, 1624, and 1487 cm−1 that are related to the 
C‑H, anhydride CO, C‑C, and aromatic ring C‑C groups, 
respectively [Figure 5a]. Furthermore, there are two peaks 
in the FTIR spectra of PEG6000 at 2891 and 1109 cm−1 
that are attributed to C‑H and etheric CO. The major 
peaks of DOM and PEG6000 are also seen in the physical 
mixture and optimum formulation spectra (D0.5P0.1) 
[Figure 5b and c, respectively] although were slightly 
shifted.

Differential scanning calorimetry test

Figure 6 shows the DSC thermograms of DOM, 
PEG6000, physical mixture, and microcrystalline D0.5P0.1 
formulation. There is a characteristic sharp endothermic 
transition Tm of DOM at 233.8°C. PEG with Mn=6000 
showed one transition (Tm) in 70.4°C when crystallized 
at above 55°C, corresponding to the melting point of the 
folded chain crystals.[20] The physical mixture of DOM 
and PEG6000 and optimum microcrystal formulation 
thermogram exhibited the same two endothermic transitions 
of DOM and PEG6000, with a slight decrease or a low 
shift.

Discussion
Two water‑miscible solvents such as acetone and methanol 
(1:1 v/v) were selected as DOM solvents for solvent change 
method. The microcrystal production process creates new 
surfaces and increases the energy of the system; stabilizers 
are used to stabilize these systems. These materials are 
adsorbed on the hydrophobic surfaces of the micronized 
drug and prevent the growth of drug crystals. Therefore, 
the more hydrophobic the stabilizer, the higher its surface 
adsorption and the drug stability. This is due to the greater 
similarity and interaction between the surfaces of the 
hydrophilic stabilizer and the drug particles.[23] In this study, 
we selected PEG6000 and Soluplus® as stabilizer. Soluplus® 
is an amphiphilic polymer which is used as a stabilizer. Its 
molecular weight is in the range of 90000–140000 g/mol, 
and also, it has the ability to dissolve poorly water‑soluble 
drugs in water.[24,25]

Table 4: Particle size, saturated solubility, and 
dissolution efficiency (DE60%) of untreated domperidone 
and its physical mixture with stabilizers after 60 min of 

dissolution test
Physical 
mixture

Particle 
size (µm)

Saturated 
solubility (µg/ml)

DE60 (%)

Pure untreated 
DOM

13.4±1.02 894±11.01 52.18±6.7

MD1P0.1 10.5±0.21 924.1±0.00 67.92±5.1
MD1P0.05 11.5±1.35 953.1±0.00 70.62±0.6
MD1S0.1 9.4±1.62 941.0±0.05 61.07±9.9
MD1S0.05 10.4±0.95 960.0±0.04 64.8±5.1
MD0.5P0.1 9.9±0.52 932.7±0.00 79.8±2.7
MD0.5P0.05 12.4±0.61 925.4±0.01 75.39±2.9
MD0.5S0.1 13.8±0.48 970.6±0.01 65.06±1.3
MD0.5S0.05 9.2±1.02 980.8±0.06 61.98±3.7
M: Physical mixture, D: Domperidone, P: PEG6000, S: Soluplus, 
DOM: Domperidone

Figure 1: Release profile of pure drug and different formulations of 
microcrystalline drug in the HCl 0.1N medium (a) PEG6000 as stabilizer 
(b) Soluplus® as stabilizer

b

a
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The percentage of drug and also the concentration of the 
stabilizer affected the size of the microcrystals. The lower 
the percentage of the drug, the smaller the particle size, but 
conversely, the higher the concentration of the stabilizer, the 
lesser the particle size of the microcrystals. These results 
are consistent with the research of Varshosaz et al., where in 
situ micronization method and HPMC and Brij35 were used 
as stabilizer to increase the solubility of gliclazide.[7]

Microcrystals had higher solubility than untreated DOM, 
the solubility in formulations made with Soluplus® was 
higher than those prepared with PEG6000 possibly 
due to the branch and porous structure of Soluplus® 
as compared with the linear structure of the PEG6000, 
the amount of drug content, and on the other hand, the 
saturation solubility of the drug was higher with Soluplus® 
(P < 0.05).[25] Saturated solubility for all physical mixture 
formulations was higher than pure DOM (P < 0.05). 
The particle size directly affected the dissolution rate of 
the drug from microcrystal conversely. The smaller the 
particle size, the faster the drug release rate (P < 0.05). 
Because according to the Fick’s law, the distance that the 
dissolved drug must pass through the particle in smaller 
particles is less, so the dissolution rate is higher.[26] As 
shown in Table 3, increasing the concentration of the drug 
in the microcrystals led to a decrease in dissolution rate. 
Similar results were obtained with solid dispersions of 
temazepam‑PEG 6000 and PVP k30[20] and solid dispersion 
of dimenhydrinate‑PEG6000,[27] where a direct relationship 
was found between the polymer percent and the dissolution 
rate constant. As shown in Table 4, all physical mixture 
formulations had higher dissolution rate than untreated 

drug and lower dissolution rate than microcrystalline 
formulations. The presence of stabilizers because of their 
lyophilic nature led to a higher wettability, dispersibility, 
and in conclusion, higher solubility of drug in physical 
mixture formulations. In addition, during dissolution tests, 
the physical mixtures were immediately sunk to the bottom 
of the dissolution vessel as the microcrystals did, whereas 
the pure drug was floated for a long period on the surface 
of the dissolution medium.[20]

The optimum formulation between microcrystals 
prepared by PEG6000 and Soluplus® and by solvent 
change method with acetone and methanol solvents was 
D0.5P0.1 with particle size of 3 ± 0.81 μm, saturated 
solubility of 1133.65 ± 10.21 µg/ml, and DE60% of 
95.95 ± 3.6%. This formulation was used for the next 
solid state characterizations including morphology, X‑ray 
diffractometry, fingerprint FTIR, and thermal analysis.

XRD is a common technique for the study and 
characterization of crystalline materials. It is one 
of the most frequent spectroscopic methods for the 
physicochemical investigations with the view of detecting 
the possible interactions and compatibility between the 
excipients and the active drug substance.[28,29] Reducing the 
size of crystals and their micronization decreases the peak 
intensity, and also, reducing the crystallinity of the particles 
will make them more stable. Reduction of the particle size 
also increases the dissolution rate or bioavailability of 
microcrystals, and thus, the therapeutic action is obtained 
in shorter times.[30] The amorphous, semicrystalline, and 
semistable form, as compared to pure crystalline form, is 
dissolved faster because it has more internal energy and 
more molecular motion than crystalline state.[20]

Similar findings were reported in preparing the inclusion 
complex of DOM-hydroxypropyl-β-cyclodextrin[31] and 
DOM hydrogels.[21]

Due to the fact that all of the major drug and polymer 
peaks in the XRD pattern of microcrystals formulation are 
seen, moreover, no other peaks than those which could be 
assigned to pure DOM and PEG 6000 were detected in 
the microcrystals; it may be concluded that there was no 
chemical interaction between the drug and the stabilizer 
during the production of microcrystal. Similar results were 
obtained by Mandal et al.[32] and Van den Mooter et al.[20] 
in the preparation of calcium alginate beads containing 

Figure  2: Release  profile  of  pure  drug  and different  physical mixture 
of polymer and drug in the HCl 0.1N medium (a) PEG6000 as stabilizer 
(b) Soluplus® as stabilizer

a

b

Figure 3: Scanning electron microscopy structure of (a) pure domperidone 
(b) microcrystals of D0.5P0.1 formulation

ba
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diflunisal and solid dispersions of temazepam with 
polyethylene glycol 6000 and PVP K30, respectively.

FTIR is another spectrophotometric powerful tool for 
investigation of the chemical interactions between drug 
and polymer. It identifies different types of chemical bonds 
(functional groups) in a molecule by producing an infrared 
absorption spectrum and is like a molecular “fingerprint.”[27]

There is not any change in the functional peaks in none 
of the spectra, thus revealing that there is no significant 
chemical interaction and incompatibility between drug and 
stabilizer (PEG6000) at the molecular level.[7,8] In addition, 
no new bonds were observed in the drug/polymer mixture 
spectra; this proves that no new chemical bonds between 
drug and polymer has been formed. Similar findings were 
reported by Mohamed et al.[28] in preparing clindamycin‑
alginate film.

DSC is an appropriate method for studying the drug’s 
polymorphism, crystallinity, physical state changes, and the 
possible interactions between the drug and excipients.[28] 
Crystalline materials are characterized by sharp peaks, but 
amorphous materials have very wide peaks.[33]

The physical mixture of DOM and PEG6000 and optimum 
microcrystal formulation thermogram exhibited the same 
two endothermic transitions of DOM and PEG6000, with 
a slight decrease or a low shift. This indicates that the 
drug is physically surrounded by the PEG, and there is no 
interference between the drug and stabilizer. These finding 
confirm the FTIR and XRD results.

Similar result was obtained by Mohamed et al.[28] in 
preparing clindamycin-chitosan films. Reduction of the 
size of the crystals in optimum formulation compared to 
the physical mixture and pure drug is another reason in 
decreasing the peak intensity of the drug. Adsorption of 
PEG as a stabilizer on the surfaces of micronized particles 
of the drug reduces the free energy and stabilizes the 
system;[7] as a result, the system enthalpy comes down (for 
example: 315.3–215 µVs/mg for DOM peak) [Figure 6]. 
The enthalpy is area under the diagram of the DSC‑melting 
thermogram and an indicator for the crystallinity of 
system.[34]

Conclusion
The simple in situ micronization technique produces 
microcrystals with uniform size and dissolution rates 
higher than conventional drugs. This method requires 
a proper stabilizer. In the present work, Soluplus and 
PEG6000 were used as stabilizer. The size of the 
microcrystals obtained in this study was between 3 and 
6.9 µm compared to the initial size of pure DOM that was 
13.4 µm. Optimum formulation was chosen according to 
its smaller size and higher dissolution rate. Formulation of 
D0.5P0.1 composed of DOM (0.5%) and PEG6000 (0.1%) 
as stabilizer was chosen as optimum microcrystal. SEM 
morphological study showed the uniform and spherical 
form with average size of 3 micron for microcrystals. 
DE60% for the optimum formulation was 95.95%, which 
was 1.84 times higher than the DE60% of pure drug 
(52.18%). Saturation solubility was significantly increased 

Figure 4: X‑ray diffraction patterns of untreated domperidone, PEG6000, 
physical mixture  of  D0.5P0.1 formulation and microcrystals of D0.5P0.1 
formulation

Figure 5: Fourier transform infrared spectroscopy spectra of (a) PEG 
6000,  (b) pure domperidone,  (c) physical mixture of D0.5P0.1 formulation, 
(d) microcrystals of D0.5P0.1 formulation

d

c

b

a
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for optimum formulation than the initial drug (1133.65 
µg/ml compared to 894 µg/ml). FTIR, XRD, and DSC 
tests indicated that there was no chemical interaction 
between the drug and the stabilizer in the molecular level. 
The results of this study indicate that the solvent change 
method can be used to produce DOM microcrystals 
avoiding a lot of energy input in the system happened by 
the milling procedure.

Financial support and sponsorship

The authors appreciate financial support of Isfahan 
University of Medical Sciences.

Conflicts of interest

There are no conflicts of interest.

References
1. Bittner B, Mountfield RJ. Intravenous administration of poorly 

soluble new drug entities in early drug discovery: The potential 
impact of formulation on pharmacokinetic parameters. Curr Opin 
Drug Discov Devel 2002;5:59‑71.

2. Rinaki E, Valsami G, Macheras P. Quantitative biopharmaceutics 
classification system: The central role of dose/solubility ratio. 
Pharm Res 2003;20:1917‑25.

3. Chaudhary A, Nagaich U, Gulati N, Sharma VK, Khosa RL, 
Partapur MU. Enhancement of solubilization and bioavailability 
of poorly soluble drugs by physical and chemical modifications: 
A recent review. J Adv Pharm Educ Res. 2012;2(1):32‑67.

4. Elouzi AA, El‑Buzidi NO. A review On Solubility Enhancement 
Techniques of Poor Water‑Soluble Drugs for Oral Pharmaceutical 
Formulation. Annals of advanced sciences. 2017;9;1(3).

5. Rasenack N, Müller BW. Dissolution rate enhancement by 

in situ micronization of poorly water‑soluble drugs. Pharm Res 
2002;19:1894‑900.

6. Vandana KR, Prasanna Raju Y, Harini Chowdary V, Sushma M, 
Vijay Kumar N. An overview on in situ micronization 
technique – An emerging novel concept in advanced drug 
delivery. Saudi Pharm J 2014;22:283‑9.

7. Varshosaz J, Talari R, Mostafavi S, Nokhodchi A. Dissolution 
enhancement of gliclazide using in situ micronization by solvent 
change method. Powder Technol. 2008;187(3):222‑30.

8. Varshosaz J, Khajavinia A, Ghasemlu M, Ataei E, Golshiri K, 
Khayam I. Enhancement in dissolution rate of piroxicam by two 
micronization techniques. Dissolut Technol. 2013;20(3):15‑23.

9. Nighute A, Bhise S. Enhancement of dissolution rate of rifabutin 
by preparation of microcrystals using solvent change method. 
Drugs 2009;2:3.

10. Pouretedal HR. Preparation and characterization of azithromycin 
nanodrug using solvent/antisolvent method. Int Nano Lett 
2014;4:103.

11. Steckel H, Rasenack N, Müller BW. In situ micronization of 
disodium cromoglycate for pulmonary delivery. Eur J Pharm 
Biopharm 2003;55:173‑80.

12. Papdiwal A, Pande V, Sagar K. Design and characterization of 
zaltoprofen nanosuspension by precipitation method. Pharm 
Chem 2014;6:s161.

13. Reddymasu SC, Soykan I, McCallum RW. Domperidone: Review 
of pharmacology and clinical applications in gastroenterology. 
Am J Gastroenterol 2007;102:2036‑45.

14. Tyagi R, Dhillon V. Enhancement of solubility and dissoultion 
rate of domperidone using cogrinding and kneading technique. 
J Drug Deliv Ther 2012;2:4.

15. Patel K, Prasad K, Bajpai M. Enhancement of dissolution rate 
of domperidone using melt granulation technique. Pharm Lett 
2011;3:25‑33.

16. Islam A, Haider SS, Reza MS. Formulation and evaluation of 
orodispersible tablet of domperidone. Dhaka Univers J Pharm 
Sci. 2012;10(2):117‑22.

17. Kotikalapudi LS, Adepu L, VijayaRatna J, Diwan PV. Formulation 
and in vitro characterization of domperidone loaded solid lipid 
nanoparticles. Int J Pharm Biomed Res 2012;3:22‑9.

18. Sharma S, Suresh PK. Formulation, in vitro characterization and 
stability studies of self microemulsifying drug delivery systems 
of domperidone. Int J Innov Pharm Res 2010;1:66‑73.

19. Ghodke DS, Nakhat PD, Yeole PG, Naikwade NS, Magdum CS, 
Shah RR. Preparationa and Characterization of domperidone 
Inclusion complexes with cyclodextrin: Influence of preparation 
method. Iran J Pharm Res. 2010:145‑51.

20. Van den Mooter G, Augustijns P, Blaton N, Kinget R.
Physico‑chemical characterization of solid dispersions of 
temazepam with polyethylene glycol 6000 and PVP K30. Int J 
Pharm 1998;164:67‑80.

21. Zhang CH, Zhao BX, Huang Y, Wang Y, Ke XU, Zhao BJ, et al. 
A novel domperidone hydrogel: Preparation, characterization, 
pharmacokinetic, and pharmacodynamic properties. J Drug Deliv 
2011;2011 Article ID 841054,9.

22. Jayaramudu T, Raghavendra GM, Varaprasad K, 
Subba Reddy GV, Reddy AB, Sudhakar K, Sadiku ER.
Preparation and characterization of poly (ethylene glycol) 
stabilized nano silver particles by a mechanochemical assisted 
ball mill process. J Appl Polym Sci 2016;133:7. DOI: 10.1002/
APP.43027.

23. Rasenack N, Hartenhauer H, Müller BW. Microcrystals for 
dissolution rate enhancement of poorly water‑soluble drugs. Int J 
Pharm 2003;254:137‑45.

Figure 6: Differential scanning calorimetry thermogram of (a) pure 
domperidone,  (b) PEG6000,  (c)  physical mixture of D0.5P0.1 formulation, 
(d) microcrystals of D0.5P0.1 formulation

d

c

b

a

[Downloaded free from http://www.advbiores.net on Monday, February 6, 2023, IP: 37.98.114.121]



Enteshari and Varshosaz: Micronization of domperidone

8 Advanced Biomedical Research | 2018

24. Djuris J, Nikolakakis I, Ibric S, Djuric Z, Kachrimanis K. 
Preparation of carbamazepine–Soluplus® solid dispersions by 
hot‑melt extrusion, and prediction of drug–polymer miscibility 
by thermodynamic model fitting. Eur J Pharm Biopharm. 
2013;84(1):228‑37.

25. Paaver U, Tamm I, Laidmäe I, Lust A, Kirsimäe K, Veski P, 
et al. Soluplus graft copolymer: potential novel carrier polymer 
in electrospinning of nanofibrous drug delivery systems for 
wound therapy. BioMed Res Int. 2014;2014.

26. Siepmann J, Faisant N, Akiki J, Richard J, Benoit JP. Effect 
of the size of biodegradable microparticles on drug release: 
Experiment and theory. J Control Release 2004;96:123‑34.

27. Varshosaz J, Emami J, Hashemi S. Influence of different 
solid‑dispersion techniques upon the release of dimenhydrinate 
from chewing‑gum formulations. Sci Pharm 2002;70:391‑406.

28. Mohamed AI, Elsayed Abd‑Motagaly AM, Ahmed OA, 
Amin S, Mohamed Ali AI. Investigation of drug – Polymer 
compatibility using chemometric‑assisted UV‑spectrophotometry. 
Pharmaceutics 2017;9:7.

29. Dinte E, Bodoki E, Leucuta S, Adela Iuga C. Compatibility 
studies between drugs and excipients in the preformulation 

phase of buccal mucoadhesive systems. Farmacia 
2013;61:703‑12.

30. Yu H, Zhao X, Zu Y, Zhang X, Zu B, Zhang XPreparation and 
characterization of micronized artemisinin via a rapid expansion 
of supercritical solutions (RESS) method. Int J Mol Sci 
2012;13:5060‑73.

31. Ghodke D, Chaulang GM, Patil KS, Nakhat PD, Yeole PG, 
Naikwade NS, Magdum CS.Solid state characterization of 
domperidone: Hydroxypropyl‑β‑cyclodextrin inclusion complex. 
Indian J Pharm Sci 2010;72:245.

32. Mandal B, Alexander K, Riga A. Evaluation of the drug‑polymer 
interaction in calcium alginate beads containing diflunisal. 
Pharmazie 2010;65:106‑9.

33. Javadzadeh Y, Jafari‑Navimipour B, Nokhodchi A. Liquisolid 
technique for dissolution rate enhancement of a high 
dose water‑insoluble drug (carbamazepine). Int J Pharm 
2007;341:26‑34.

34. Kim S, Kwon JH, Lee JJ, Kim CW. Microcrystallization 
of indomethacin using a pH‑shift method. Int J Pharm 
2003;263:141.

[Downloaded free from http://www.advbiores.net on Monday, February 6, 2023, IP: 37.98.114.121]


