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ABSTRACT

Being an effective prokinetic drug, poor bioavailability of Domperidone because of poor aqueous
solubility limits its therapeutic and other uses. Currently, several products of this drug substance are
available in the market. Solid dispersions of domperidone were prepared using polyethylene
glycol (PEG) 4000 as carrier. They were evaluated for solubility study, drug content, intactness
of the drug in the formulation and dissolution. FTIR spectral, XRD and DSC studies were used to
characterize the solid dispersion and to study the possibility of drug interaction with carrier. The
dissolution of domperidone from the solid dispersions exhibited higher rates of dissolution and
dissolution efficiency values over that of pure drug. The study indicates the solubility
enhancement property of PEG without significant interaction with test drug, domperidone.

INTRODUCTION

The poor aqueous solubility may be one possiblsaredor low bioavailability of domperidone
(DOM). Among all newly discovered chemical entitedsout 40% drugs are lipophillic and fail
to reach market due to their poor agueous solybilihe solubility behaviour of drugs remains
one of the most challenging aspects in formulatiemelopment. The therapeutic efficacy of a
drug product intended to be administered by thé rotgte mainly depends on its absorption by
the gastrointestinal tract. However, for a drug stabce to be absorbed, it needs to be
solubilised. Numerous works have been carried morder to modify the dissolution kinetics of
poorly soluble drugs to improve their bioavailatyiliAmong them solid dispersion technology is
most widely used and have tremendous potentiahfproving drug solubility [1,2]. Number of
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insoluble drugs has shown to improve their dissotutcharacter when converted to solid
dispersion [3].Solid dispersion technology is a IwWehown process used to increase the
dissolution kinetics and oral absorption of poosigter soluble drugs using water soluble inert
carriers [4]. The use of hydrophilic polymers asrieas for the dissolution enhancement of
poorly water-soluble drug is increasing [5]. Vasolydrophilic carriers such as polyethylene
glycol [6], polyvinylpyrrolidone [7] and sugars [8lave been investigated for improvement of
dissolution characteristics and bioavailabilitypoforly agueous soluble drugs.

Domperidone (5- chloro- 1- [1- [3-(2- oxo- 2, 3-hgdro- 1H-benzimidazol- 1- yl) propyl]-
piperidin- 4- yl]- 1, 3- dihydro- 2Hbenzimidazol- »ne) is a B receptor antagonist and
increases gastrointestinal peristalsis and motiligt prevent reflux esophagitis. It is used as a
prokinetic and antiemetic agent for the treatmengastroparesis, nausea, and vomiting [9].
Domperidone is a weak base with good solubilitaéidic pH but in alkaline pH, its solubility is
significantly reduced [10]. The oral bioavailahilibf domperidone has been reported at the
range of 13-17% [11] and it has poor aqueous dalui0.986mg/L) too [12]. Polyetheylene
glycol (PEG) has been used for the preparationotitl dispersion as component of binary
system for various drugs. The present investigatons to evaluate the potential of solid
dispersion (SD) technique for domperidone usinggtblylene glycol as hydrophilic carrier.

EXPERIMENTAL SECTION

Materials

Domperidone was received as gift from Arion healhe Baddi (Himachal Pradesh, India). PEG
4000 was purchased from Sigma Aldrich, Germany.dbedistilled water was used throughout
the study and all the other chemicals used weemalytical grade.

Solid Dispersions of Domperidone

Solid dispersions of domperidone at four mass sgtlol, 1:3, 1:5 and 1:7) were prepared by the
fusion method. PEG 4000 was placed in a porcelain dnd allowed to melt by heating up to
70°C. To the molten mass, an appropriate amountloshperidone was added and stirred
constantly until homogenous dispersion was obtaifdte mixture was cooled rapidly by
placing the porcelain dish in an ice bath for 5 n@nsolidify with continuously stirring, then
powdered in a mortar, sieved through a 100-mesfenciand stored in a screw-cap vial at room
temperature for further use.

Determination of Domperidone Solubility

Solubility determinations were performed in triplie according to the method of Higuchi and
Connors [13]. In brief, an excess amount of donguere was taken into a screw-capped glass
vial to which 20 mL of aqueous solution containirgious concentrations (0-0.3 %w/v) of PEG
4000 was added. The samples were shaken at 25:G+fb 72 h in a water bath (Rolex,
Ambala, India) and filtered through a OB membrane filter. The filtrate was suitably dillite
with distilled water and analyzed spectrophotoroatly at the wavelength of 284 nm using a
UV-VIS spectrophotometer (Shimadzu UV-1700 Pharrealp
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Drug Content Estimation

The drug contents in solid dispersion were deteethiby the UV-spectroscopic method. An
accurately weighed quantity of solid dispersion iegjent to 10 mg of domperidone was
transferred to a 100 ml volumetric flask contain2@ ml of Dimethylformamide (DMF) and
dissolved. The solution was filtered through 0.45prambrane filter paper. One ml of this
solution was diluted 100 times with same solvenn&hylformamide (DMF): distilled water
(20:80) and the absorbance was measured at 284 nm.

Dissolution studies

Dissolution studies on domperidone powder as welha SDs were performed using the U.S.
Pharmacopoeia (USP) tablet dissolution test appmrat(6+2 station) Lab India, Mumbai with
the paddle rotating at 50 rpm in 900 ml 0.1N HCRB##0.5C. SDs equivalent to 10 mg of
domperidone were used as samples for the dissoltggt. At 10 min intervals, 5 ml samples
were withdrawn, filtered through a 0% membrane filter and assayed for domperidone
content by measuring the absorbance at 284 nm Wliyisible spectrophotometer (Shimadzu
UV-1700). Fresh medium (5 ml), prewarmed at 37%D,5vas added to the dissolution medium
after each sampling to maintain a constant volumeuighout the test. Dissolution studies were
performed in triplicate (n=3).

Fourier-transform infrared (FTIR) spectroscopy

Fourier-transform infraredFT-IR) spectra were recorded using an FT-IR sppbwtometer
(Shimadzu). The samples (domperidone, PEG 4000itardDs) were previously ground and
mixed thoroughly with potassium bromide, an infthteansparent matrix, at 1:5 (Sample: KBr)
ratio, respectively. The KBr discs were prepareccbympressing the powders at a pressure of 5
tons for 5 min in a hydraulic press. Forty scansenabtained at a resolution of 4 ¢nfrom
4000 to 400 cm.

Differential scanning calorimetry

DSC measurements were performed on a DSC-6100dSegtruments, Japan) differential
scanning calorimeter with a thermal analyzer. Sasgabout 1.675 mg of domperidone SDs
containing an equivalent amount of the drug) wdaeqd in sealed aluminium pans and heated
under nitrogen flow (20 ml/min) at a scanning ratel0'C min-1 from 25 to 25WC. An empty
aluminium pan was used as a reference.

X-ray diffraction

The crystalline state of different samples was watald with X-ray powder diffraction.
Diffraction patterns were obtained IIC, IIT Roorkesing an XPERT-PRO diffractometer
(PAnalytical) with a radius of 240 mm. The Cu Kalimion (Ka 1.54060A) was Ni filtered.
Diffractograms specification are Step: 0.808tep time — 2 Th/Th locked — Start: 5.0@hnd:
119.998 — 19.25 — Tem & — Time started 13s -2- Theta 5000 Theta: 2.500—Chi 0.00
operation smooth 0.150/ Y scale Mul (°.75

RESULTS AND DISCUSSION

Drug Content
Results depicted in Table 1 show that the drug eoination in solid dispersions ranged between
98.2 and 99.8 %.
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Table: 1 Percent drug content in solid dispersionfoPEG 4000 in mass ratio of 1:1, 1:3, 1:5, 1:7 resptively

Solid dispersion Formulation code Solid dispersion| Drug content
(drug to PEG mass ratio) (drug to PEG mass ratio) (%)

PEG 4000 (1:1) SD D4 99.16 + 1.65

PEG 4000 (1:3) SD D4 98.8 3£ 2.23

PEG 4000 (1:5) SD D4 99.85+ 1.86

PEG 4000 (1:7) SD D4 98.22 +1.58

Solubility and dissolution data analysis

Solubility studies

The phase solubility for the complex formation betw domperidone and PEG-4000 was
performed by the Higuchi and Connors method. Theeags solubility of domperidone is
increased linearly as a function of carrier condin. The phase solubility diagram showed A
type, due to the straight line had a slope less tmity; indicates the formation of complex. The
apparent stability constant, K was calculated ftomlinear plot of the phase solubility diagram
according to the equation (1).

Ks = Slope
Intercept (1 - Slope) ... (1)

Gibbs free energy of transfer of domperidone framepwvater to the aqueous solutions of carrier
was calculated as in Eqn2:

A Gy °=- 2.303RT log So/ Ss .(2)

Where, So/Ss is the ratio of molar solubility ohtjmeridone in agqueous solution of PEG 4000 to
that of the same medium without PEG 4000. In sdigpersion of Domperidone with 0.3 w/v
PEG 4000 increase in solubility was found to b&l9d)d as shown in Table 2.

The stability constant, K of domperidone and PEG&A@omplex was found to be 39.41
ml™ mg, which indicates the formation of stable comgfaxA | type solid complexes prepared
by fusion methodA G,° values were all negative for PEG -4000 at variooscentrations
indicating the spontaneous nature of the drug diidabon. The values decreased by increasing
PEG-4000 concentration, demonstrating that thetimadecome more favourable as the
concentration of PEG-4000 increased.

Table: 2 Thermodynamic parameters of solubility praess of domperidone in agueous solution of PEG 408025c

Concentration 0
PEG 4000 (%w/v)| Domperidone (* 1d mg/ml) at 25°C A Gy (J/Mol)
0 9.86%0.52 0
0.05 20.23+0.60 -1780
0.1 33.72+0.45 -3046
0.15 45.6+0.70 -3794
0.2 57.86%1.20 -4386
0.25 76.74+0.50 -5084
0.3 89.22+0.85 -5487
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Dissolution studies

Q10, Q30 and Q60 values (percent drug dissolvellinvB0 min) are reported in Table 3. From
Table 3, it is evident that the onset of dissolutxd pure domperidone was very slow (62.70% of
drug was dissolved within 60 min in pH 1.2 whilepH 6.8 it was 12.42 %). The dissolution rate
of domperidone SDs was considerably enhanced by #ID8 within 60 min compared to pure
domperidone. Dissolution was enhanced with SD$@soncentration of PEG increased in pH
1.2 from 44.21 to 78.58 % in ratio 1:1, 45.81 to 82.90 %sdtio 1:3, 48.92 to 90.13% in ratio
1:5 and 47.87 to 89.06% in ratio 1:7. In pH 6.8&s enhanced from7.23 to 43.80 % in ratio
1:1, 20.12 to 53.92 % in ratio 1:3, 23.96 to 80.28%atio 1:5 and 23.48 to 79.60% in ratio 1:7.
Increase in dissolution of domperidone was appratahy similar in the ratio 1:5 and 1:7.

Table: 3 In vitro dissolution of DOM and solid dispersions of DOM in PEG 4000

(@)

Formulation Dissolution Parameters (n=3)
0.1 N HCI pH 1.2. Phosphate buffer pH 6.8
QlC QSC QGC QlO Q30 QGO
Drug 42.35| 56.31| 62.70 3.52 8.25 1242
SD D4, 44.21| 74.12| 78.58 17.23 3245 43.80
SD D43 45.81| 79.30| 82.90 20.12| 39.6 53.92
SD D45 48.92| 85.62| 90.13 23.96| 50.12 80.20
SD D4, 47.87| 84.52| 89.060 23.48| 51.26 79.60
‘00 ——Pure 100 ——Fure
. 80 +gl%J 1 ? 20 +§Bl =
°g o.ﬁO ——5D13 ;3 80 —=—5D 13
ki %40 SD 1:5 :z_’ﬁ*m 8D LS
E 20 ——5D 17 3520 DI
0 T T T T T T 1 § 0 T T T T T 1
D10 20 P 60 70 0 10 20 T3||E|]1e{4nQim50 60 70

(b)

Fig: 1 Percent drug released in (a) 0.1 N HCI (pH.2) (b) pH 6.8 from solid dispersion of
Domperidone with PEG 4000, vertical bars indicatethe standard deviation .

The in-vitro drug release data were applied tooterikinetics models i.e., first order kinetic plot,
Korsmeyer Peppas plot and Hixson Crowell plot tedpt the drug release mechanism and
kinetics (Fig 2).

Fourier-transform infrared (FTIR) spectroscopy

FTIR spectroscopy was used to characterize thalpessteractions between drug and carrier in
the solid state. The IR spectra of SDs were contpaith the standard spectrum of domperidone
and PEG alone (Fig.3 a). NH group which is locaadB360 cm™ from the IR spectra of
domperidone shifted to 3427 &nin SDs (Table 4). The shift in the peaks assodiath the
domperidone indicates an increase in bond streipgi$sibly due to the stabilizing effect of the
hydrogen atoms of PEG. This led to the conclusioat the changes seen are a result of
intermolecular hydrogen bonding between domperidomePEG in the solid state.
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Fig: 2 First order kinetic plot of DOM and its SDswith PEG 4000 (a) pH 1.2 () pH 6.8,
Korsmeyer Peppas plot of DOM and itSDs with PEG 4000 (b pH 1.2 (k) pH 6.8 and
Hixson Crowell plot of DOM and its SDs with PEG4000 (g) pH 1.2 (¢) pH 6.8.

Differential Scanning Calorimetry

The DSC curve of pure domperidone exhibits a sieg#otherm corresponding to the melting of
the drug. The onset of melting was observed at15T whereas pure PEG 4000 shows a
melting endotherm at 60.2°C. Thermograms of SDg.(Bib) exhibited endothermic peak at
246.9°C.

Table: 4 Stretching vibrations of Domperidone and 8lid Dispersion (SDs) of Domperidone with PEG 4000

Stretching | Pure Domperidone| SDs with PEG 4000
N-H 3360 cmi* 3427 cmit
C=0 1716 cni' 1717 cmi*
C-H 2818 cmi* 2886 cmi’
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The phase transition profile of the domperidon¢hm solid dispersion exhibited broad and size
reduced peak with a concomitant shift to lower terafure, indicating that domperidone is
completely soluble in the liquid phase of the padynor that the crystalline nature of
domperidone is absent. The exothermic peak mayugetd crystallization above the glass
transition temperature gT

X-Ray Diffraction

The diffraction spectrum of pure domperidone shdvet the drug was of crystalline nature as
demonstrated by numerous peaks observedatf .39, 11.96, 14.08, 15.09, 15.74, 25.47,
26.23, 27.70, 28.24, 29.24 etc in finger print o&g(Fig.3c). Pure PEG 4000 shows two peaks
with the highest intensity aB2and d-spacings of 19.04 and 4.65 A; 23.18 and &.8&imilarly,
some changes in domperidone peak position werenagasén SDs. The prominent peaks from
pure domperidone were clearly seen at the samdigusiin the SDs, but with decreased
intensities. Relative reduction in diffraction inggty (Fig. 3c) of domperidone in PEG solid
dispersion at these angles suggests that the gizdeocrystals was more reduced to a
microcrystalline form. Results of this study implthat domperidone is present in
microcrystalline form in the SDs.
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Fig 3: (a) FTIR spectrograms of A — Domperidone, BREG 4000 C-Domperidone-PEG 4000 SD (b) DSC
Thermograms of A — Pure domperidone, B-PEG 4000, ©omperidone-PEG 4000 SD (c) X-ray
diffractograms of A-Pure domperidone, B- Pure PEG 800, C- SD D4, D- SD D43, E- SD D45 and SD D4,

DISCUSSION

Rapid dissolution rates that result in an incraasthe rate and extent of the absorption of the
drug, and a reduction in presystemic both can tedte need for lower doses of the drug. Other
advantages may include protection of certain ding$EGs (e.g., cardiac glycosides) against
decomposition by saliva to allow buccal absorptiorthe present study too, we have received
the enhanced solubility and improved dissolutide.ra

Solubility

Formation of soluble complexes between water selyalymeric carriers and poorly water
soluble drugs explains the phase solubility resaft®videnced in the present study. Formation
of water soluble complexes of domperidone with B&&G and A type graph as may be the
suitable explanation for enhanced solubility ofgrdrdrug in the present study. An indication of
the process of transfer of domperidone from purtem® the aqueous solution of PEG may be
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obtained from the values of Gibbs free energy changG,’ values were all negative and
decreases with increase in concentration of PE®,4@0icating the spontaneous nature of drug
solubilisation.

Dissolution

The aqueous solubility lesser thanu@/ml will definitely creating a bioavailability pbdem

affecting the efficacy of a drug. Up to 40 percehtnew chemical entities discovered by the
pharmaceutical industry today are poorly solubldimwphilic compounds [14]. To tackle the
solubility challenges of poorly soluble drugs, saes such as micronization, cosolubilisation,
preparation of inclusion complexes, use of nanop&osions, micellar solubilisation by
surfactants, drug dispersion in carriers and lipded formulations are employed[15].

Reduction of crystal size, absence of aggregatiodrag crystals and conversion of the drug
from crystalline to amorphous/microcrystalline stld to increase in the dissolution kinetics of
domperidone from PEG-4000 soluble dispersion. Iwmgmeent in the wettability of the
domperidone might have resulted from the formatba film of polyethylene glycol around it,
thus reducing the hydrophobicity of their surfac@is explains the improvement in the
dissolution of solid dispersions. Drug release depeupon concentration as per first order
kinetic plot A graph plotted between log time taken on x axid &y cumulative % drug
released on y axis gives the straight lihe®.9 and n= 0.207-0.361 in pH 1.2. The release
exponent obtained is beyond the limits of Korsmeyerdel so called power law values of
exponent n indicate a diffusion controlled drugesle mechanism [16] In pH 63-0.9 and n=
0.5-0.69which showed 0.45<n<0.89 indicates anomalous ddfu®r non-fickian diffusion
Dissolution data was also plotted with referencélicson Crowell cube root law. Applicability
of data indicates a change in surface area andetiarof tablets with progressive dissolution as
a function of time.

FTIR spectroscopy

The shift of the peaks of domperidone in SDs wasa assult of physical interaction between
domperidone and PEG 4000.However, the minor shiittd peak of domperidone in SDs could
be due to hydrogen bonding between the hydrogem atahe NH group of domperidone and
one of the ion pairs of oxygen atom in the PEG.

X-ray diffraction

Diffraction intensity of domperidone was relativelgduced in SDs preparations at these angles
suggests that the size of the crystals was rediactdtht of microcrystals. The positions of PEG
4000 peak patterns in the SDs was the same andirappsgable, which again rules out the
possibility of well defined chemical interactiondanew compound formation between these two
components. The results of this study imply thahderidone is present in partially crystalline or
microcrystalline form in the SDs, characterizedabfusion method and concluded that the drug
was in microcrystalline form and that no chemicaligil-defined interaction took place between
domperidone and PEG 4000 either in solution ohedolid state.

Differential scanning calorimetry

The absence of a domperidone melting peak in PEIB 40d the presence of one exothermic
peak in 4000 SDs suggest that domperidone was ebahplsoluble in the liquid phase of the
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polymer or the absence of a crystalline form of gendone. The exothermic peak might be due
to crystallisation above Tg (glass transition terapge). The molecular motion of amorphous
solids depends on temperature. The kinetic engrgyorphous solids increases significantly as
the temperature gets close to Tg. Due to the théymamic instability of amorphous solids,
compared to the crystalline state, spontaneoudatiigation is always possible as soon as
molecular mobility is above the threshold of nutilma However, the melting peak of PEG 4000
in SDs was observed at the same temperature (60a&&°@he pure PEG 4000. It is speculated
that domperidone dissolved in molten PEG 4000 dutire DSC measurement, and that only
one endothermic peak at 60.2°C, corresponding tongef PEG 4000 was observed.

CONCLUSION

Technological advancements have revolutionizedctireent scenario of drug formulation and
drug kinetics. The newer techniques have helpedséweral poor soluble drugs to reach the
market and augmented their clinical applicationsmiperidone, although insoluble in agueous
media yet, it has quite satisfactory solubilitygastric pH but unfortunately, it exhibits poor
solubility in alkaline and neutral media. Among tlarious approaches to improve the
dissolution of poorly soluble drugs, the prepamatod solid dispersions has often proven to be
very successful. On the same line, in the presenk vinydrophilic carrier (PEG, 4000) was used
in the preparation of solid dispersions and evaldidor their efficiency in increasing the
dissolution rate of domperidone. The study shoves tihe dissolution rate of domperidone may
be enhanced to a great extent by the present tpehaind it can also be helpful in enhancement
of solubility of domperidone at various organ anddma where the pH fluctuates beyond the
favourable limits for domperidone solubilisation.
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