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ABSTRACT

The objective of the present study was to imprbeedissolution rateof Modafinil by solid
dispersion (SD) systems in PVP-K 30. Drug contergie determined by UV Spectrophotometry
at Amax Of 259.5 nm. The phase solubility behavior of Mwmilain presence of various
concentrations of carriers in distiled water wabtained at 37#XC. The dissolution of
Modafinil increased with increasing amount of cars. Gibbs free energylG ) values were
all negative, indicating the spontaneous natur&lofiafinil solubilization. The SDs of Modafinil
with the carrier was prepared at 1:1, 1:3 and 1@ddafinil: carrier) ratio by lyophilization
method. The FTIR spectroscopic studies and DiffeeBcanning Calorimetry (DSC) showed
the stability of Modafinil and absence of well-defi drug polymer interaction. The dissolution
rate increases with increasing the ratio of PVPX 3
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INTRODUCTION

It is one of the major challenges to synthesize @&y molecule, which is pharmacologically
active for the researchers and pharmaceutical compalt not only takes a long time but also
consumes a lot of money. Out of this research atel@® of lipophilic drug candidates fail to
reach market although exhibit potential pharmacadyic activitieq1].

The sparingly water-soluble drugs often show aatierrdissolution profile in gastrointestinal
fluids, which consequently results in variable domlavailability[2]. From an economical point
of view low oral bioavailability results in wasting a large portion of an oral dose and adds to
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the cost of drug therapy especially when the deugn expensive one [3]. As solubility is an
important determinant in drug liberation hencelatyp a key role in its bioavailability. Any drug
to be absorbed must be present in the form of ar@gs solution at the site of absorption [4].

The pharmaceutical factors effecting absorptiodrafys are solubility, pka, particle size, surface
area, shape, plasma protein binding, polymorphissat,pass effect etc. Solubility is the amount
of drug that must be available at the site of ghtsmn as aqueous solution which is important for
drug absorption. Two main proposed approaches taree the solubility of solute are by
chemical modification or solid state manipulatiordamodification in the formulation process.
Modification in formulation process involves Co-gahcy, Solubilisation, conversion to its salt
form, Solid dispersion, Complexation, Inclusion fffer, Solid solutions and Lyophilization

[5].

The dissolution characteristics of the formulateme to be evaluated over the physiologic pH
range of 1.2 to 7.5. The Drugs that are practidakpluble in aqueous mediumQ.01%) are of
increasing therapeutic interest, particularly duwe the problems association with their
bioavailability when administered orally. [6]

The Biopharmaceutical Classification System (BC®ugs poorly soluble compounds as Class
Il and IV drugs, compounds which feature poor sikyband high permeability, and poor
solubility and poor permeability, respectively. Brgsubstances are considered highly soluble
when the largest dose of a compound is solubl&s0mL water over a range of pH from1.0 to
7.5; highly permeable compounds are classifiechaset compounds that demonstrate >90 per
cent absorption of the administered dose. In ceftraompounds with solubility below
0.1mg/mL face significant solubilisation obstaclasd often even compounds with solubilities
below 10mg/mL present difficulties related to salishtion during formulation. [7]

Modafinil [2-[di (phenyl) methyl sulfinyl] acetame] provigil] is used for the treatment of day
time sleepiness in narcolepsy and the other slespdirs (Fig 1). It is only slightly soluble in
water i.e. 0.622 mg/mL at 20 °C.

@ I
CH—S§— CH,— C— NH,

Fig 1. Modafinil

According to McBain, solubilization has been defings the spontaneous passage of poorly
water soluble solute molecule into an aqueous isolubf soap or a detergent in which a
thermodynamically stable solution is formed [8].

The enhancement of oral bioavailability of such nhowvater-soluble drugs remains one of the
most challenging aspects of drug development. Téxeldpment of solid dispersions as a
practically viable method to enhance bioavailapitift poorly water-soluble drugs overcame the
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limitations of previous approaches such as saln#&bion, solubilization by cosolvents, and
particle size reduction [9].

One technique that can be applied to increase ifs®ldtion rate is the formation of the solid
dispersion (SD) with polymeric carriers, such adygihylene glycol (PEG) derivatives,
polyvinylpyrrolidone (PVP) and hydroxypropyl methgllulose [10].

MATERIALSAND METHODS

Materials

A gift sample of Modafinil and Poly vinyl pyrrolisgee (PVP-K 30) was received from Alembic
Ltd., (Baroda, Guijarat, India), PEG 4000 was reegifrom Clariant (Germany). All other
chemicals used were of analytical grade and usedds

M ethods

Phase solubility study

Solubility measurements were performed accordingh® method of Higuchi and Connors
(1965). In brief, various (0.25%, 0.5%, .75%, afd W/v) aqueous solutions of PVP-K 30 were
prepared, and 20 ml of these solutions were takienseparate glass vials. An excess amount of
drug was added to these vials. The vials contaidimg-hydrophilic polymer carrier mixtures
were shaken at 82+0.1°C for 48 h in a water bath shaker (Remi Pvt Ltd nMbai). After 48 hr,
samples were filtered through a 0.46 filter paper and analyzed spectrophotometrically
using UV spectrophotometer (Shimadzu 1601PC, Jajsuollbility studies were performed in
triplicate (n=3) [11].

The saturation solubility of drugs in pure waterthwout taking hydrophilic carrier was also
determined. An indication of the process of transfeModafinil from pure water to the aqueous
solutions of carrier was obtained from the value&ibbs free energy change. The Gibbs free
energy of transferAG,®) of Modafinil from pure water to the aqueous siolntof carrier was
calculated using following Eq.

AGy® = -2.303 RT log 8S;

Where So/Ss = the ratio of molar solubility of dingaqueous solutions of carriers to that of the
pure water [12-13].

Preparation of SDs

The SDs of Modafinil with PVP-K 30 (hydrophilic poher) containing three different weight
ratios of drug and polymer (1:1, 1:3 and 1:5) wanepared by lyophilization method.
Lyophilization Formulations with PVP-K 30 were pessed using Ultra-Rapid Freezing
technology. PVP-K 30 was dissolved in methanolthis Modafinil was added and dissolved.
The resulting organic solvent, hydrophilic carrgerd drug ternary system was freeze dried by
filling the solutions in glass vials and fitting the vials in position to the lyophilizer (Yorco,
New Delhi). During operation, freeze drier was ntaimed at -f& and at a compressional
pressure of 0.5 torr. After complete drying thelsaere taken out and the dried products were
scrapped out from the vials. The formulations weredered and packaged in glass vials [14].
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The physical mixtures (PMs) having the same weight as SDs were prepared by thoroughly
mixing the required amount of drug and carrier 1@ minutes in a mortar. The resulting

mixtures were sieved through a 60 mesh sieve. Tikeuras were stored in a screw-cap vial at
room temperature until further study [15].

I'n vitro dissolution studies

Dissolution studies of the Modafinil, in powder fior SDs, and PMs were performed by using
the U.S. Pharmacopoeia (USP) model digital takikgadution test apparatus type-2 (Lab India,
Mumbai) at the paddle rotation speed of 50 rpm@d@ &L 0.1N HCI as a dissolution medium at
37+0.5C. The SDs or PMs equivalent to 90 mg of the Mauhfivas weighed using a digital
balance (Sartorius, Japan) and added into theldisso medium. At the specified times (every
15 minutes for 1 hour), 10 mL samples were withdrdoy using syringe filter (0.4mm)
(Sepyrane, Mumbai) and then assayed for the Motlatontent by measuring the absorbance at
259.5 nm using the UV-Visible spectrophotometerirg@lizu UV-1700, Pharm Spec). Fresh
medium (10 mL), which was maintained at’G@7was added to the dissolution medium after
each sampling to maintain a constant volume througlthe test. Dissolution studies were
performed in triplicate (n=3), and calculated meaftues of cumulative drug release were used
while plotting the release curves [12].

Fourier-Transform Infrared Spectroscopy

The FTIR spectra were obtained by using an FTIRctspmeter-430 (Shimazdu, Japan). The
samples (Modafinil or SDs) were previously grountd anixed thoroughly with potassium
bromide, an infrared transparent matrix, at 1:188ngple: KBr) ratio, respectively. The KBr
discs were prepared by compressing the powderpsaure of 5 tons for 5 min in a hydraulic
press. Scans were obtained at a resolution of 2 fiom 4000 to 400 crh

Differential Scanning Calorimetry

The DSC measurements were performed on a DSC- @HiKo Instruments, Japan) differential
scanning calorimeter with a thermal analyzer. Altwately weighed samples (about 1 mg of
Modafinil or its equivalent) were placed in seagddminum pans, before heating under nitrogen
flow (20 mL/min) at a scanning rate of @@min* from 50 to 308C. An empty aluminum pan
was used as reference.

RESULTSAND DISCUSSION

Phase-solubility diagram (Fig 2) showed a linearease of drug solubility with an increase of
the concentration of each examined carrier. Analeg@sults have been found for these same
carriers and several other kinds of drugs and heen attributed to the probable formation of
weak soluble complexes. On the other hand, the reemaent of the drug solubility in the
aqueous carrier solution could be equally well axp@d by the cosolvent effect of the carrier. It
has been found that hydrophilic carriers mainleiliatt with drug molecules by electrostatic
bonds (ion-to-ion, ion-to-dipole, and dipole-to-dig bonds), even though other types of forces,
such as Van der Waals forces and hydrogen bonddyeguently play a role in the drug-carrier
interaction [16]. The drug solubility increaseddarly with increasing polymer concentration
indicative of the A type of solubility phase diagram [17]. TA&,° values were all negative for
carrier at various concentrations indicating thersgneous nature of the drug solubilization
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(Table 1). The values decreased by increasing etaooncentration, demonstrates that the
reaction became more favorable as concentratiaamwfer increased [12]. No attempt has been

made to calculate the stability constant sinceettaet stoichiometric ratio of drug-polymer is not
known.

The phase solubility diagram for Modafinil with PAKP30 (0.25-1.0 % w/v) showed that, there
was four fold increase in solubility at 1% w/v @alrder.

Table 1: Thermodynamic parameters of the solubility process of Modafinil in PVP-30-water solutionsat

37°C
% (w/v) of Gibb’s Free EnergyAG,’ (J/mol)
carrier
in water PVP-K 30
0.25 -3322
0.5 -3419
0.75 -3436
1.0 -3519
Phase solubility plot of Modafinil with PVP
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Fig 2: Phase solubility plot of M odafinil with PVP-K 30

I'n vitro dissolution studies of M odafinil

In vitro Dissolution studies for Modafinil SDs and PMs weegried out by the same procedure
as described above by using 0.1N HCI as dissolutiedium for 1 hr. Individual tests were
conducted in triplicate (n= 3) and the averageltegas reported. Q 10 min, Q 30 min, and Q
45 min values (percent drug dissolved within 45utes) are reported in table 2. The dissolution
study for Modafinil showed 21.43 % dissolution oagueriod of 60 min.
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Table 2: Percent drug dissolved within 45 minutes of M odafinil- PVP-K 30 binary systems.

Sample Drug: Polymer Modafinil Dissolved (%)

ratio Q 10 mir Q 30 mir Q45 mir
Pure Modafinil - 6.76 16.43 19.76
Modafinil: PVP-K 1:1 25.25 61.08 63.5
30 SDs 1:3 36.08 69.41 85.11
15 63.58 93.76 94.06
Modafinil: PVP-K 1:1 12.18 31.08 34.41
30 PMs 1:3 22.08 36.08 39.41
1:5 23.58 37.75 40.25

Note: PEG indicates Polyethylene glycol; Mean +SD iseiawith n = 3

The dissolution rate of SDs and PMs showed enharesdts compared to that of pure drug
alone. The solid dispersions showed up to a folar iftcrease in dissolution rate where as only
up to two fold increase in dissolution was obserf@d physical mixtures in comparison to
Modafinil alone. The SDs prepared with PVP-K 30ngsiyophilization technique showed
dissolution of 92 % at 1: 5 ratio within 20min (RBY

Comparative Dissolution Profile of Modafinil SDs and PMs

120
100 A —e—Pure Drug
—=—S8D 1:1
S 80 1 ——SD 13
2 60 —%—SD 15
o —=—PM 1:1
= 40+ ——PM1:3
20 - —=—PM15

0 20 40 60 80

Time (min)

Fig 3: Comparative dissolution profile of M odafinil SDsand PMs

Possible mechanism of increased dissolution rét&bgs have been proposed by Ford [18] and
include: reduction of crystallite size, a solulaliobn effect of the carrier, absence of aggregation
of drug crystallites, improved wettability, dispdaiity of a drug from the dispersion, dissolution
of the drug in the hydrophilic carrier, conversiohdrug to amorphous state, and finally, the
combination of the above-mentioned methods. Theeased dissolution rate observed in
physical mixtures can be attributed to severaloi@such as a solubilization effect of carriers,
improved wettability of the drug and inhibition pérticle aggregation.

Fourier Transform Infrared Spectroscopy
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Modafinil is having a characteristic peak at 168&”cfor carbonyl (CH-C=0O-NH,) and
stretching of amide functional group (Fig 4). Amidmctional group is confirmed by presence
of doublet at 3309 cthfor -NH, (As, S). Peaks at 2984 ¢nindicates presence of C-H bond.
Peaks at 1402 chindicate presence of carbonyl group. Peaks inréinge of 900-600 crh
indicate presence of aromatic rings.
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Fig4: FTIR spectrum of M odafinil
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Fig5: FTIR spectrum of Modafinil SD with PVP (1:5w/w)
The IR spectrum for the SDs of drug with PVP shawsroad peak in the range of 3734-3300
cm® indicating O-H bond stretching which overlaps ttmeiblet of -NH group peak in the pure
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drug (Fig 5). The peaks in the range of 900-600" ame due to the aromatic rings present in the

drug. There is no significant shift in the charaste peaks for the drug and carrier indicating
less significant interaction.

Differential Scanning Calorimetry

The DSC thermogram of Modafinil is shown in (Fig Bhe presence of a sharp endothermic

peak at 174.5%€ indicates the MP of the drug. The onset of meltiras observed at 171%%
A broad endothermic peak ranging from’G6to 107C was observed for SD with PVP, which

may be due to the presence of water. No charaictgrsk was observed for the drug in the
thermogram indicating that the drug was distributedhogeneously in amorphous state with in

the SD formulation (Fig 7).
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Fig 7: DSC thermogram of M odafinil SD with PVP-K 30 (1:5w/w)
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CONCLUSIONS

An attempt was made in the current research wornteance the solubility of poorly soluble
drug Modafinil. Solid dispersions were prepared using hydrophgigiers such as PEG 4000
and PVP-K 30. It was found that both the examinadiers were effective in improving the
solubility of Modafinil but to different degreesydaphilized formulations of Modafinil with PVP
showed higher rate of dissolution than PEG 400D &tratio. From FTIR spectroscopy and DSC
studies, it was concluded that there were no wedlhéd chemical interactions between the drugs
and the carriers studied. Thus, the polymers dre rhethods described above can be
successfully employed for enhancement of solubidftiiodafinil.
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