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ABSTRACT

Solid dispersions of Modafinil were prepared using polyethyleneglycols, in various proportions by melting, solvent
evaporation and simple mixing methods. Based on the solubility and melting point study, PEG 8000 was selected and
solid dispersion batch containing drug: PEG 8000 in the ratio of 1:4 was prepared by melting method and then
formulated as tablet followed by evaluation of dissolution and six month stability studies. When the results of selected
tablet batch were compared with that of tablet containing physical mixture of drug: PEG 8000 in the ratio of 1:4 and
conventional tablet containing plain Modafinil, it has shown significant improvement of dissolution profile of
Modafinil Present study conclusively demonstrated that PEG 8000 enhanced water solubility of Modafinil by
amorphization, which was confirmed by XRPD, FTIR, SEM and DSC. The melting method was found better than
solvent evaporation method for enhancement of dissolution profile.

K eywor ds. Modafinil, solubility enhancement solid dispersipolyethyleneglycols.

INTRODUCTION

Many potential drug candidates are characterized @ylow oral bioavailability. Often, poor drug
dissolution/solubility rather than limited permeatithrough the epithelia of the gastrointestinattiare responsible
for low oral bioavailability. The relationship beten dissolution rate and absorption is particuldistinct when
considering drugs of low solubility. Consequentiyimerous attempts have been made to modify theldigm
characteristics of certain drugs in an effort ttaiat more rapid and more complete absorption. Amtrg
techniques to increase aqueous solubility/dissmiutate, solid dispersion is one of the most paptdahniques
(Chiou, 1971; Teofilo, 2007), although few markepedducts rely on this concept. The interest in igphous drug—
polymer solid dispersions has grown due to themi@teof improving bioavailability, particularly fopoorly water-
soluble drugs (Leuner, 2000; Craig, 2002; Hanca®Q2; Ahuja, 2007; Vippagunta, 2007). For drugs seho
bioavailability is limited due to poor aqueous dlitly (as in BSC class Il drugs), the improvemansolubility and
hence increase in dissolution rate may lead to resdth bioavailability (Ambike, 2005; Khawam, 2006aldac,
2006a; Marsac, 2006b). One of the underlying pplesi of enhanced water solubility of solid dispensis
achievement of the amorphous state which is coreside® be more soluble than the crystalline stateeay less
energy is required to break the crystal lattice ¢kdo, 1998; Habib, 2000; Law, 2000). The other fa¢hat particle
size is reduced to its absolute minimum duringagnrent of drug which causes increased surfacesakaffective
dissolution rate (Pignatello, 2001; Babu, 2002; ¢taxk, 1997). The properties, performance, and joalct
applications of solid dispersions depend on factmuch as the method of preparation, compositidecsen of a
suitable carrier and physicochemical propertieshef drug (Chiou, 1971; Karanth, 2006). Various rodthlike
fusion method, solvent evaporation method, Sprasndrmethod have been extensively used for prejosratf
solid dispersion (Vyas, 2011; Sinha, 2010; lee,9129, 2008). Polyethylene glycols present themsglas one of
the most extensively used hydrophilic carriersgi@paring solid dispersions by different methods,
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Modafinil is approved by the USFDA for the treatrhef narcolepsy, hypersomnia, shift work sleep diso and
excessive daytime sleepiness associated with albsteusleep apnoea and in adult it is used in @tterdeficient
/hyperactivity disorder (ADHD) (Minzenberg, 2007}.is rapidly absorbed after oral administrationthwpeak
plasma concentrations occurring after 2-4 hoursvéier the oral bioavailability of the drug is patue to water
insolubility (Minzenberg, 2007). Modafinil is BCSass Il drug; hence improvement of dissolution vélhd to
enhancement of bioavailability.

In the present study, to improve water solubilitye prepared solid dispersions of Modafinil usingltophilic
carriers (polyethyleneglycols) by two different imedls i. e. melting method and solvent evaporatiethod. For
purposes of comparison, physical mixtures were gnepby simple mixing and homogenization after priation
of drug and carriers.

MATERIALSAND METHODS

Modafinil was obtained as a gift sample from AlemBharmaceuticals Ltd. (Baroda, India), PEG 40@&X% B000,
PEG 8000, cross povidone, polyvinylpyrrolidone (B\KBO, starch, microcrystalline cellulose (MCC),gnasium
(Mg.) stearate, acetone and chloroform were pusthdsom S.D. Fine Chemicals Ltd. (Mumbai,India),dan
hydrochloric acid was purchased from Loba Chem (Maipndia). All other chemicals and reagents usedevof
AR grade and used without further purifications.

Preparation of solid dispersions and physical mixtures
Solid dispersions were prepared by two methodsredting method and solvent evaporation method.

Melting method - Solid dispersions containing different massosfil:1, 1:2, 1:4) of drug in PEG 4000, PEG 6000,
and PEG 8000 were prepared by melting the carep®rcelain dish (at around FC above the melting point of
carriers) on sand bath, dispersing the drug ordontblten carrier and cooling immediately on fregzmixture of
ice and sodium chloride. The solid dispersions vikem allowed to cool at an ambient temperaturestorkd in
desiccators for 24 hours. The dry mass was scrampaeshed and ground in a mortar and passed threiegk #40
(420 pm) The dried mass was stored in desiccator until &urttse.

Solvent evaporation method - Solid dispersions of same compositions as disdugseprevious method were
prepared by dissolving required amount of drug eaudliers in a solvent mixture of acetone and ctitora (1:1).
The solvent was evaporated at4Don a water bath with continuous stirring and rémgulting residues were dried
under vacuum for 3 hours and stored in desiccategsnight. The dry mass was ground in a mortarsgzhshrough
sieve #40 (420 um) and stored in desiccator wntihér use.

Physical mixtures were prepared by kneading desired amount of drug andecarfor 10 minutes and then
grounding in mortar with pestle. The co-grindingktares were then passed through sieve #40 (420amchktored
in desiccator until further use.

Characterisation of solid dispersions

Saturation solubility of Modafinil was determined in mg/ml using UV-viglspectrophotometer (Shimadzu, Japan)
measuring maximum absorptioAnfax) at 222 nm after filtration and necessary dihg. Melting point was
determined using precision melting point apparé®emi, India).Sability study of solid dispersions was conducted
in stability chamber (Remi, India) at 452+°C with 75_+5 % RH for 6 months and stability was evaluated an
compared by determining saturation solubility arelting point.

FTIR spectra of moisture free powdered samples whbtained using a FTIR spectrophotometer (Shimadkpan)
in potassium bromide. The scanning range was keptveen 400 and 4000 ¢mand the resolution was kept
constant at 1 cth

DSC scan of powdered samples were recorded using B32e Mettler Toledo (Japan). All the samplesewer
weighed (4-5 mg) and heated for total time of 4@ atia scanning rate of 5 °Crifinnder dry air (1) flow (50 mL
min™) at pressure of 25 Pa between 50 and 250 °C (artemperature). Aluminium pans and lids (A0capacity)
were used for the study.

X-ray powder diffraction (XRPD) patterns were reded on Phillip PW 1130/00 diffractometer (Philiptland),
employing Cuk; radiation source operating at 30 mA and 40 kV. §emwere scanned from 6 to 4008 at a
scanning rate of 0.029x™.
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The surface of powdered drug, carrier and theimfyirsystem, was examined by means of scanningrehect
microscope (JSM-6400 Jeol, Japan). The samplesprewiously fixed on a brass stub using doubleeiaghesive
tape and were then made electrically conductivedating with a thin layer of gold and palladiumogll(180-200
A) using a fine coat ion sputter (JFC-1100 Jegbadd The pictures were then taken at an excitatimtage of 20
kV with magnification in the range of 118 to 245X.

Preparation and evaluation of tablets containing M odafinil
Tablets containing solid dispersions, drug-canpieysical mixture or pure drug, equivalent to 100 ehd/odafinil,
were prepared by direct compression method afteingiwith required amount of different ingredients.

All the prepared tablets were subjected to conteiformity test and then evaluated forvitro dissolution and six
months stability.

In-vitro dissolution study of Modafinil was performed on 8 vessel USP XXVNpe Il dissolution test apparatus
(USP-XXVIII, 2005) in 0.1N hydrochloric acid withoastant temperature of 372+°C and paddle speed at 50 rpm.
Aliquots were withdrawn at predetermined time iméds, measured at 222 nm and cumulative perceméegse of
drug was recorded.

Sability study of tablets was conducted in stability chamber (Réndia) at 45 +2 °C with 75_+5 % RH for 6
months and stability was evaluated and compareddigrmining cumulative percentage release of dftey 4
hour.

RESULTSAND DISCUSSION
Solid dispersions and physical of Modafidhd PEGs were prepared successfully by melting andesblv
evaporation method and compared with physical megtwf drug and carriers. All the prepared formate were

evaluated for saturation solubility and meltingridiTable 1, Table 2 and Table 3).

Table 1. Composition and evaluations of solid dispersions prepared by melting method

Batch Modafinil (mg) PEG4000(mg) PEG6000(mg) PEG8000(mg) SS(mg/ml) Mp(°C)
- - 1

F1 100 100 14 115
F2 100 200 - - 1.27 113
F3 100 400 - - 1.59 110
F4 100 - 100 - 1.53 119
F5 100 - 200 - 171 117
F6 100 - 400 - 212 114
F7 100 - - 100 1.87 124
F8 100 - - 200 2.06 122
F9 100 - 400 2.58 119

SS=saturation solubility, Values of saturation solubility and melting point (Mp) are average of three determinations

Table 2. Composition and evaluations of solid dispersions prepared by solvent evaporation method

Batch Modafinil (mg) PEG4000(mg) PEG6000(mg) PEG8000(mg) SS(mg/ml) Mp(°C)

F10 100 100 1.03 123
F11 100 200 - - 1.14 120
F12 100 400 - - 1.43 118
F13 100 - 100 - 1.37 132
F14 100 - 200 - 1.53 130
F15 100 - 400 - 191 127
F16 100 - - 100 1.67 138
F17 100 - - 200 1.86 136
F18 100 - - 400 2.32 132

SS=saturation solubility, Values of saturation solubility and melting point (Mp) are average of three determinations.

It was observed in the present study that the dijulof Modafinil was increased with increased pootion of
PEGs. This might be due to the improved wettingusface of drug particles by hydrophilic carrieeda which the
particle surface became hydrophilic. Higher soltgpiénhancement was observed with PEG 8000 than £EB
and PEG 6000 due to some unknown cause but mightubeto the similar melting behavior and crystallin
properties of PEG 8000 and Modafinil which led &fpct solution of drug into carrier.

Batch F9 in melting method and F18 in solvent evafion method has shown highest improvement intslity of

Modafinil. However batch F9 was selected for furtBeudy because the saturation solubility of Mowihfivas
greater in batch F9 (2.58 mg/ml) as compared to(21¥® mg/ml).
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Table 3. Composition and evaluations of physical mixtures

Batch M odafinil (mg) PEG 4000 (mg) PEG 6000 (mg) PEG 8000 (mg) Ss (mg/ml) Me (°C)
F19 100 100 - - 0.39 163
F20 100 200 - - 0.43 161
F21 100 400 - - 0.54 160
F22 100 - 100 - 0.41 165
F23 100 - 200 - 0.46 163
F24 100 - 400 - 0.57 161
F25 100 - - 100 0.44 165
F26 100 - - 200 0.50 164
F27 100 - 400 0.62 162

SS=saturation solubility, Values of saturation solubility and melting point (Mp) are average of three determinations.

Batch F9 was characterized by FTIR (Figure 1), D&@ure 2), XRPD (Figure 3) and SEM (Figure 4) to
understand possible mechanism of solubility enhaece. Physical mixture batch F27 was also charaegrand
compared with batch F9 to understand the mechaoisolubility enhancement of Modafinil.

4000.0 3000 20My 1500 1000 . 4000

Figure 1. FTIR spectra of a) Modafinil, b) PEG 8000, c) SD batch F9 and d) PM batch F27

FTIR spectra (Figurel) showing characteristic peaksVlodafinil at 3307 and 3167 chifor Aliphatic -NH
stretching hydrogen bond; 3069 and 3027'dor aromatic —CH stretching; 2976 and 2926dar aliphatic —CH
stretching; 1685 crhfor -C=0 of amide and 1080 ¢hfior -S=0O groups. PEG 8000 showed characteristic peaks a
3436 cnit for -OH stretching and at 2890 &nfior -CH stretching of Chlgroups. In spectra of batch F9, peaks at
3307 and 3167 cthare absent, or rather split into 3337 and 2888 due to breaking of hydrogen bond between -
NH and -CH stretching to form the bond between -@¢bup of Modafinil with -OH group of PEG 8000. Alslee
intensity of peak at 1686 ¢hwas decreased and a peak at 1080 ompure drug was shifted to 1060 ¢rim solid
dispersion indicating absence of free drug in sdigpersion.
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Figure2. . DSC thermogram of a) Modafinil, b) PEG 8000, ¢) SD batch F9 and d) PM batch F27

DSC thermogram (Figure 2) of pure drug has showrwy gbarp melting endotherm at 167 °C - 171 °C amd a
exotherm at 174 °C — 190 °C due to its decompasiti5C thermogram of PEG 8000 has given a sharptieadn

at 59 °C — 62 °C for melting. Solid dispersionschaF9 (drug:PEG 8000 1:4, melting method) has gesharp
endotherm at 59 °C — 63 °C that suggested thatingefteak of Modafinil was absent and melting pahtthe
formulation was near to that of PEG 8000. HencelXBE study also suggested alteration in the stakéoalafinil
which supported the amorphisation of drug thatiteshcrease in solubility.

It was observed in XRPD diffractogram (Figure 3atttModafinil is crystalline in nature showing at$ three
intense peaks along with several small to interatedpeaks in diffractogram and PEG 8000 is senstatyne
showing two intense peaks in diffractogram. Solgpdrsions showed no intense peaks but only fewwgpeflesser
intensity when compared to pure drug and carribrs $tudy confirmed that Modafinil was convertedamorphous
state in solid dispersion F9 which led to solupiinhancement. In diffractogram of physical mixt(ibatch F27),
reduction of number of peaks as well as intensftpeaks was observed confirming only partial cosiger of
crystalline to amorphous form.

Figure 4 shows SEM images of the pure componealis| dispersion and physical mixture. PEG 8000 (Fég4a)
existed in a crystalline mixture of smooth-surfagedticles (100-30Qum) with few smaller particles (20-4@m),
while Modafinil (Figure 4b) existed as small irréguparticles (10-2@m). On the contrary, physical mixture batch
F27 (Figure 4c) consisted of more spherical pasidf rather irregular surface. In the case oflsdipersion batch
F9 (Figure 4d), the particles had a surface mogahokimilar to that of pure PEG 8000 which dematss the
homogeneity of solid dispersion. The novel arrangets between particles of Modafinil and PEG 800ghinbe
responsible for the enhanced solubility of Modafimisolid dispersion.
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Figure 3. X-ray powder diffraction spectra of a) M odafinil, b) PEG 8000, c) SD batch F9 and d) PM batch F27

Batch F9 was formulated as tablet and extensivebluated forin-vitro dissolution and stability study. Tablet
containing batch F27 was prepared to understanaffeet of simple mixing and tablet containing pulreig was
prepared to understand magnitude of improvemedisisolution rate.

Table 4. Composition of tablet containing pure drug, solid dispersion and physical mixture

Tablet ingredients Batch TF9 Batch TF27 BatchCT
Modafinil + PEG (100 mg + 400 mg) 500 500 100
Cross povidone (mg) 32 32 32
PVP K30 (mg) 40 40 40
Starch (mg) 80 80 80
MCC (mg) 124 124 124
Mg. Stearate (mg) 24 24 24
Total (mg) 800 800 800
Content uniformity 98.55 99.61 97.95

Batch TF9, TF27 and CT are coded for tablet of batch F9, batch F27 and conventional tablet respectively.
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Figure 4. . Scanning electron microscopy images of a) PEG 8000, b) Modafinil, ¢) batch F27 and d) batch F9

All the three tablet batches were characterisedrfaitro drug dissolution and six months stability (Tab)e Bhe
solid dispersion F9 and physical mixture F27 wedse atudied for six months stability by taking nmadt point and
saturation solubility as evaluation parameters (@ &b.

Table5. Stability data for six months

Batches Melting point (°C) Saturation solubility (mg/ml) Cumulative per centage drug release after 1 hour
oOm 6m om 6m oOm 6m
FOITFG! 119 131 2.58 1.86 92.79 67.04
F27/TF27 162 164 0.62 0.60 57.93 51.24
b
drug/CT! 166 165 0.06 0.06 46.34 43.55

Values shown above are average of three determinations
®melting point and saturation solubility data is that of batch F9, F27 and pure drug;
PCumulative percentage drug release after 1 hour data is of batch TF9, TF27 and CT.

It was observed that, melting point of solid digpen (batch F9) was increased by 9.2 % as comparg® % and
0.6 % in physical mixture (batch F27) and convemdldablet (batch CT) respectively, suggested Etyalproblem

in solid dispersion. Saturation solubility was deged by 27.9 % in batch F9 as compared to 3.2dalamost nil

in batch F27 and batch CT respectively. Similadynclative percent drug release was decreased By21 batch
F9 as compared to 11.7 % and 6.0 % in batch F27batech CT respectively. This data strongly suggesieor

stability of solid dispersion or the amorphous fotiience stabilization of solid dispersion was neeemake this
formulation strategy successful.

CONCLUSION

Solid dispersions of Modafinil prepared with ditat polyethyleneglycols (PEG 4000, PEG 6000 and BE®)
by melting and solvent evaporation method resuhiedcreased saturation solubility of Modafinil. Asmonstrated
by characterization of solid dispersion by FTIR,@QXRPD and SEM study, a decreased crystallinitilotiafinil
as well as maodification in surface morphology of dafinil due to coating of hydrophilic carrier (PEGn explain
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the enhanced solubility and improved dissolutiote.rdhis study conclusively demonstrated that sdigbersion
can be utilized successfully to improve dissolutfpofile of poorly water soluble drug after statitig the solid
dispersions with suitable method.
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