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ABSTRACT

Flutamide is an orally active ardndrogenic agent of nesteroidal origin which is approved fareatment of
prostatic carcinoma. It has low and variable oral bioavailability. This is mainly attributed to its poor diss
behavior. Cecrystallization of drugs with inert elmrmer is an emerging technique for enhancing dissolution
Accordingy, the objective of this work was to investigate the efficacy of sucralose as a potertigbted co
former for enhancing the dissolution rate of flutamide-oBatal formation involved acetone assisteeycioding
after mixing flutamide with increasg molar ratios of sucralose (1:1, 1:2 and 1:3). The prepared formulations
subjected to physical characterization in addition to monitoring the dissolution behavior. The characte
employed Fourier transform infrared spectroscopy, differentedrsing calorimetry and powderrdy diffraction.
These investigations provided evidence forcogstal formation between the drug and sucralosecrgstals were
formed with 1:2 drug to sucralose (molar ratio) being optimum fecrgstallization processThe dissolution
studies revealed faster dissolution rate of the drug freerysials compared to the pure unprocessed drug or
which was subjected to wet grinding in absence of sucralose. The study also revealed dimorphic conv
flutamide afte precipitation from acetone. The study introduced sucralose-asystal ceformer for enhanced
dissolution of flutamide.

KEYWORDS: Flutamide; cecrystallization; sucralose; dissolution rate.

INTRODUCTION Inclusion  complexation  with hydroxypropytp-
Flutamide is an oractive antiandrogenic agent of nen  cyclodextrin was also employed with the formulation
steroidal origin. It is widely used in the treatment of being developed by freeze drying of aqueous sollitfdn
prostaticcarcinomalt exerts its function via competit Co-spray drying with lactose in presence of hydrophilic
inhibition of the action oftestosteroneand di-hydro  excipients was also tested for dissolution enhanceftent
testosteronen the prostate gland.his can subsequently The studies we even extended to utilizdiquisolid
inhibit the growth of cancer céli The use oflfitamide  system in whicHflutamidewas solubilized in minimum
can be extended to the managemédnhisutismwhich amount of liquid before loading on solid surf&te
results from elevated androgenic levels in women
suffering from plycysticovariansyndrome®“ The drug  Co-crystallization has gained interest recently for
undergoes rapid absorption after oral administration withenhancing the dissolution rate of poorly water soluble
subsequentapid metabolism into the active metabolite. drugs. This strategy involves awystallization of the
Unfortunately, futamide has low and variable oral target drug with inert carrier (eormer). The dissolution
bioavailability which is mainly attributed to its poor rate of the resulting crystalline product depends on the
dissolution and prsystemic dispositioff! nature of ceformer with hydrophilic ceformers being
Accordingly, enhancing the dissolution rate of flutamideable to develop corystals with enhanced dissolution
is expected to eliminate the problems of variable and lowate of the given drug. The simplicity of the technique
bioaailability after oral administratialf and the use of common pharmaceutical excipients-as co
formers strengthened the use of this strategy a
Authors employed different strategies to enhance theromising line for dissolution enhanceméfit?
dissolutionrate of flutamide. These included formulation
of simple solid dispersion in hydrophilic polymers such Sucralose isa sucrge substituteand is widely used as
aspolyethylene glycol 6000 arblyvinyl pyrrdidone!” artificial sweetener This sugar contains numerous
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oxygen atoms making it an excellent candidate forThe scanningvas establisheih the range of &#0° at
hydrogen bond formation with nitrogenous compoundsstep sizeof 0.03.

such as flutamid&” Accordingly, the objective of this
study wasto investigate sucralose am-crystal ce
former forimproving the dissolution ratef flutamide.

MATERIALS AND METHODS
Materials

Differential scanning calorimetry (DSC)

Thermal analysistudies utilizeda differential scanning
calorimeter(DSC 6Q ShimadzuKyoto, Japan). Known
weight (about 3mg)of the sampleflutamide, sucralose
or the potential cecrysta) was loaded in aluminum pan

Flutamidewas obtained from Sigma for Pharmaceutical The pan was crimped and was loaddd the equipment.
Industries, Qwesna, Egypt. Sucralose was obtained froEmpty pan was similarly crimped and was used as

Egyptian Interntonal Pharmaceuticals
Company(EIPICO), 1¢' of RamadarCity, El Sharkeya,
Egypt. Acetone and hydrochloric aci(HCI) were
purchased from EI

Industries reference Themal analysis was conducted while heating

the sample at constant rate {@0minute) to cover the
temperature range of30 to 400C. Heating was

Nasr Pharmaceutical Chemicals conducted under steady flow of nitrogen gas. The

Company, Cairo, Egypt. Sodium lauryl sulphate (SLS)thermal events were monitored asntalyzedwith the aid

was procured from Rearch Lab Fine Chemical
Industries, Mumbai, India.

Preparation of flutamide-sucralose co-crystals
Co-crystalization was achieved usinghe previously
published methaft* *! Briefly, flutamide and sucralose
were dry mixed according to themolar ratiospresented
in Table 1. Acetone wagraduallyaddedwith mixing to

of thermal analysis software (FA0WS).

Dissolution studies

Flutamide dissolution was conducted according to the
USP experimental conditio®§! This employed 1000ml|
of 0.1 N HCI (pH 12) containing 2% w/v SLS as
dissolution medium. This was equilibrated and
maintained at 37 + 0°C and the paddle speed was

just solubilize the mixtureAcetone was evaporated by adjusted to 75 rpnPowderedsamples equivalent to 250
continuous mixing at ambient conditions. This liberatedmg of flutamide vere added to thdissolution vesssl
crystalline material which was subjected to wet grindingSamples (10ml) were withdrawn atppropriate time

until drying to develodlowable solid which was stored
in an air-tight container. The pure drug and pweyar

were similarly treated to produce the positive controls forvolume.

the drug and sugar, respectively.

Table 1: The compositions of the tested formulations
presented as molar and weight ratios.

Formulation Flutamide | Sucralose
Wet ground drug 1 0

FS1:1 1(1) 1(1.439)

FS 1:2 1(1) 2 (2.878)

FS 1:3 1(1) 3 (4.317)

Values between brackets represent the weight ratios.

Fourier transform infrared spectroscopy (FTIR)

intervals (5, 10, 1530, 45 and 60 mirgnd replaced with

10 ml of fresh dissolution fluid to maintain a constant
The dissolution samples were filtered
immediately usinga 0.45 um Millipore filter The drug
content in each sample wadetermined by UV
spectrophotometryat 306 nmafter suitable dilution
Dissolution studies were conducted titiplicates. The
cumulative amounbf drug dissolved wasxpressed as
percentage of the initial amount added and mlaked as

a function of timeo produce the dissolution profil€his
profile was used to compute the dissolution parameters
which included the percentage of drug dissolved in the
first 5 minuteg(Q5) and the dissolution efficiency (DE).
DE was calculated according to Khan (19/5jisingthe
area under the dissolution profile at timegXpressed as

The FTIR spectra of processed and unprocessed’ercentage of the area under the dissolution profile

flutamide and sucralose as well as the developed c@SSuming

crystals were recorded using a FTdBectrophotometer
made by Bruker Tensor 2(Ettlingen, Germany)The
powdered sample was mixed witfotassium bromide
This was cmpressed int¢hin diskswhich were loaded
into the sample holder before scanniram 4000 to 400
cm®. This equipment employs DLaTGS detector arid
supported by Opus IR, FR softwarewhich was utilized
in spectral data analysis

Powder X-ray diffraction (PXRD)

The X-ray diffraction patterns of th@mrget samples were
monitored using a GNR APD 2000 p&-ray
di ffractometer wi t h CAP
(Agrate Conturbia, ltaly). Téa diffraction pattern was
detected witha position sensitive detor (VA° NTEG
1). The diffraction pattern was collected ambient
conditionswith a 2jaxis with continuous scan mode.
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immediate  (100%) dissolutionThese
parameters were used for statistical comparison between
different formulations. Furthestatistical manipulation
was acomplished usinghie similarityfactor test which
compares the overall dissolution profiles. F2 was
computed using the following equation which utilizes the
number of sample¢n), the percent of drug dissolved
from the testformulation (R;) and from the reference
formulation () at the corresponding time points

n

-0.5
F2 =50 X iog{[l +§Z[Rr—l}}1” X 100.

radiation 540598

RESULTS AND DISCUSSION

FTIR spectroscopy

Co-crystalization is supposed to emplopon-covalent
bonds between the drug and the-fmymerwith hydrogen

(1.
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bonding beng shown to have a major rol&ccordingly, )
the FTIRspectroscopyasused to monitor the potential WWW

cocrystallization Fig. 1 shows the recorded FTIR spectra (wo)
of pure and wet grounélutamide sucraloseand their MW

wet ceground productsThe assignment of ¢hrecorded WA\, W
spectral ptternof the unprocessed drug and sucralose is - I (ws)
summarized in Table ZT'he recorded absorption bands ; .y

of pure unprocessed flutamidesflected its chemical NS M
structure(Table 2) v vy

(PS)

(FS1:2)

(FS1:3)

This spectrumis similar to the published spectrufar
thesame compound®** Wet grinding of flutamide after
recrystallizationfrom its solution in acetone did not alter o 250 3000 250 2000 10 000 seo o
the spectral pattern of the drug with the recorded Wave number (cm -4

spectrum being similar to that of unprocessed dFig. ( Fig. 1: FTIR spectra of pure unprocessed drug (PD),
1). Thisindicated that the wetrpcessing has no effect wet ground drug (WD), pure unprocessed sucralose
on the chemical structure of flutamide and that any(PS), wet ground sucralose (WS) and different co-
spectral alteration after wet -gminding with sucralose crystal formulations. Formulation details are in Table
can be taken as evidence for drug sugar interaction. 1.

Table 2: The characteristic absorption bands of FTIR spectra of the pure drug and sucralose.

. Position of the peak (cm™)
Absorption band Flutamide Sucralose
NH-stretching 3360
CH-stretching 3132, 3056 3030
CH,-stretching 2987, 2942 2964, 2929
C=0 stretching 1715
C=C stretching 1607
NO, asymmetric stretching 1545
NH-bending 1516
CF; stretching 1349
NO, symmetric stretching 1320
CN amide stretching 1243
CN amide torsion 902
CN nitro 754
Free and bonded OH stretchi 3461, 3322
C-O stretching 1301, 1139, 1097, 1039, 1007, 8
C-Cl stretching 774,667, 621

The FTIR spectrum afinprocesseducralosecorrelated NO, symmetric stretching and CN torsion shifting to
to its chemical structure with the principle absorptionlower wave number as well.h€ change was clearer at
band being evidenfFig. 1, Table 2) This spectrum is higher concentrations of sucralosélong with these
similar to that recorded in other studi®€” Wet changes, the spectral pattern of sucralose showed
grinding of the sugar after precipitation from its solution broadeningof the absorption bands corresponding to the
in acetonalid not affect the spectral pattern of sucralosehydroxyl group and CO bondhese changeare major
(Fig. 1). signs for hydrogendnding. Similar changes have been
considered as indication for hydrogen bondinghwi
Wet cogrinding of flutamide and sucralose after-co authors went further totentatively diagnoseco
precipitation from their solution in acetone provided amorphizatioR” or cocrystallization proces$™ This
solid products witH-TIR speata which were not exactly supposition requiregonfirmation by DSC and Xray
the sum of the spectral patterfi oth flutamide and  diffraction.
sucralose. The spectral changepended otherelative
proportions of flutamide and sucralogEig. 1). The  Differential scanning calorimetry (DSC)
changes in flutamide are evident in the peaks DSC was employed to monitor thieermal behavior of
corresponding to the Nistretching and bending flutamide after processing in absence and presence of
vibrations those resulting fromNO, symmetric and  sucralose. Fj. 2 showsrepresetative thermograms of
asymmetric stretching vibration as well as the peak flutamide andsucralose before and after processing or
corresponding to @ torsion These changes were co-processing. These thermograms were used to compute
manifested as broadening of the peaks with those of ththe thermodynamic parameters which debulatedin
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Table 3.Pure unprocessefiutamide was shown to be C

crystalline as indicated from the sharp endotherpeiak
which was seen atl10.55C reflecting its melting —~—

transition.Flutamide decomposition was reflected as two mo

endotherms which we noticed at 256.96 and 282°C2

Thethermal behavior is similar to that published by other
investigators for flutamide®*! Wet grinding of
flutamide after recrystaftation from acetone produced ws

crystalline material witha melting transition at aJof
111.14C. This endothermic peak was broader than that FSL:2
recorded with the unprocessed flutamide as indicated
from the values of theonset and endsebf the
endothermic pak The change in the main endotherm Temperature £C)
was associated with change of the relative enthalpies of
the degradation peaks which westgifted to 258.49 and p
290.37C (Fig. 2 and Table 3)These changes in the
thermal behavior after recrystallization frontetone
with wet grinding can beattributed to possible
dimorphism a phenomenon which is documented for

flutamide®¥

A

30 80 130 180 230 280 330 380
Temperature ¢C)

WD

30 80 130 180 230 280 330 380
Temperature (C)

30 80 130 180 230 280 330 380

WD

WS

FS1:3

30 80 130 180 230 280 330 380

Temperature {C)

Fig. 2: DSC thermogram of pure unprocessed drug
(PD), wet ground drug (WD), pure unprocessed
sucralose (PS), wet ground sucralose (WS) and
different co-crystal formulations. Formulation details
arein Table 1.

The themal behavior of unprocessed sucralose reflected
its crystalline nature as indicated from the melting
endotherm which was seeat 123.8C (Fig. 2). This
correldes with the published data on the sugE
Recrystallization of sucralose from acetone followed by
wet grinding produced crystalline powder with similar
melting point but the melting traiien had lower
enthalpy (Fig2 and Table 3)

Table 3: The thermodynamic parameters of the pure drug, sucralose and the co-crystal formulations.

Onset (°C) | Endset (°C) | Tn(°C) | Enthalpy J/g
Pure flutamide 101.81 117.98 110.55 82.74
Wet ground flutamidg  100.97 119.22 111.14 106.93
Sucralose 109.9 130.98 123.8 41.67
Wet ground sucralos¢ 120.08 130.37 123.82 25.53
. 97.91 116.1 109.8 36.87
FS (1:1) 126.15 | 140.42 | 13155  51.06
. 98.27 116.22 109.15 22.94
FS (1:2) 128.86 144.8 135.74 77.82
. 98.82 114.78 109.33 12.88
FS (1:3) 126.31 142.11 132 61.53
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Wet cogrinding of flutamide with sucralose after studies® % Recrystallization of flutamide from

recrystallization from their solution in acetone producedacetone with wet grinding developdtug crystalsvhich
crystalline product with compromised thermal patternexhibited an Xray diffraction patterrdifferentfrom the
compared with the thermal behavior of the individual unprocessed flutamide. The difference waswshas
components. The thermal pattern of the product df wechange in the shape andj\Zlues of the diffraction
co-grinding depended on the relative proportions ofpeaks to reveal new diffraction peakshe new peaks
flutamide to sucralose. For formulation containing were recorded at g values of11.09, 17.87°, 18.14,
equimolar ratio of flutamide with sucralose, the 20.48, 21.14, 25.64, 2597°, 30.0%, 35.2%, 40.22 and
developed product had a thermal behavior showing twai2.&. Examples of those peaks that exhibited change in
endothermic peaks dt09.8 and 131.58. The reléive  the shape include those recorded atvalues of11.%,
enthalpy of those endothermic peaks was 0.72 (firsig4.7% 21.02, 21.98, 22.76, 24.74, 25.88, 28.05,
peakisecond peak). Those endothermic peaks do noig.03, 29.96 and 40.07 (Fig. 3 aml Table 4) These
correlate with the melting transition of eithpirocessed findings support the recorded Change in the thermal
flutamide or sucraloseThis may imply the development pehavior of flutamide after processing and reflect the

of new crystalline products in whicllimorphs of  existence of a mixture of crystalline species due to
flutamide interact separately with sucraldsedevelop  dimorphism.

two new crystalline species probably ofaystal type

(to be confirmed by Xray studies, see below)his
supposition is confirmed from thdevelopment otwo
degradation endotherms 210.95 and 354.34C after
wet cogrinding (Fig. 2 and Table 3) These
decomposition endotherms wemrdifferent from that
recorded with flutamide even after wet grinding in
absence of sucraloséDoubling the molar ratio of
sucralosgFS 1:2) produced crydtene product showing
two melting endotherms at 109.15 and 13%47The
relative enthalpy of those transitions was 0.29 reflecting
the dominance of the second peak over the first
endotherm.This was associated with weakening of the
decomposition endothesn which were seen in
formulation containing equimolar ratio of the drug with
sucraloseFurther increase in the molar ratiosafcralose
(FS 1:3) produced crystalline product showing two
melting transitions at 109.33 and 282with relative
enthalpy of 0.2The decomposition endotherms were too
weak to be identified in this case. Overall, the DSC data
suggest the formation of a mixture of-ceystalline
products. Modulation in the thermal behavior after wet
co-grinding has been taken as possible diagnasisd
crystallizationf'* %728l

Powder X-ray diffraction (PXRD)

X-ray diffraction was used to investigate the effect of
processing and eprocessing on the crystalline structure
of flutamide.Fig. 3 shows representative diffractograms
for flutamide andsucralose before and after processing
and ceprocessing. fie recorded diffraction peaks are
presented in Table 4 The diffractogram f the
unprocessed flutamide showed the characteristic
diffraction pattern of flutamide crystals with strong
diffraction pe&s being noticed (Fig3 and Table 4). This
pattern is similar to that recorded for flutamide in other
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Fig. 3: X-ray diffraction pattern of pure unprocessed drug (PD), wet ground drug (WD), pure unprocessed
sucralose (PS), wet ground sucralose (WS) and different co-crystal formulations. Formulation details are in
Table 1.

Table 4: The characteristic diffraction peaks of pure drug, sucralose and the co-crystal formulations.

2 Theta (degrees)
Pure 8.48, 11.18, 11.3, 11.48, 75, 15.41, 17.15, 18.2, 18.68, 19.52, 19.67, 20.78, 21.02, 21.98, 22.7
. 23.18, 23.54, 24.74, 25.85, 26.24, 27.95, 29.06, 29.87, 29.96, 31.31, 31.55, 34.76, 35.33, 36.2
flutamide 4391 441
Wet ground 8.51, 11.09, 11.18, 11.3, 14.75, 15.41, %717.87, 18.14, 18.2, 18.68, 19.50, 19.67, 20.78, 21.02
flutamide 21.14,21.98, 22.76, 23.21, 23.57, 24.74, 25.64, 25.85, 25.97, 26.24, 29.03, 29.96, 30.05, 31.3
34.79, 35.21, 35.33, 36.2, 40.07, 40.22, 42.8, 43.91, 44.1
7.76, 8.69, 9.65, 12.174.6, 15.42, 16.28, 17.24, 19.4, 19.61, 20.3, 20.75, 22.79, 22.9, 24.17, 2
Sucralose 25.82, 26.51, 27.05, 27.29, 28.34, 28.37, 28.58, 29.51, 30.1, 31.1, 31.25, 32.06, 32.12, 33.32,
35.3, 38.63, 39.11, 39.6, 40.13, 42.32, 43.2, 49.52
Wet ground 8.69, 9.65, 12.08, 14.57, 14.91, 15.42, 16.28, 18.89, 19.4, 19.61, 20.3, 20.69, 20.75, 21.32, 22
sucralse 24.08, 24.41, 25.19, 25.82, 26.51, 27.05, 27.29, 28.37, 29.54, 30.02, 31.1, 32.06, 32.12, 32.36
34.76, 35.27, 38.63, 39.11, 39.6, 43.2, 44.15
FS(1:1) 8.54, 14.75, 15.44, 17.18, 18.71, 19.46, 19.67, 19.73, 20.36, 23.24, 23.3, 23.57, 25.22, 25.79,
27.35, 29.03, 30.08, 31.25, 32.42, 34.76, 35.3, 36.26, 38.72, 39.68, 40.1, 40.22, 42.62, 43.19,
8.48, 8.66, 14.03, 14.78, 15.3%.28, 17.12, 18.68, 18.86, 19.4, 19.58, 20.69, 22.88, 23.21, 24.0
FS (1:2) 24.41, 25.16, 25.71, 27.26, 28.31, 30.05, 31.25, 32.06, 32.33, 34.67, 35.21, 35.33, 36.2, 38.75
42.14, 43.25, 44.06
8.45, 8.63, 14.03, 14.81, 15.41, 16.25, 17.14, 14.886, 19.46, 19.61, 20.66, 22.91, 23.21, 24.11
FS (1:3) 25.16, 25.71, 25.79, 26.45, 27.26, 28.31, 30.05, 31.16, 31.22, 32.06, 32.36, 34.67, 35.21, 35.2
38.75, 39.56, 39.68, 43.28, 44.15

The crystalline nature of sucralose was evident from itsfrom its solution in acetone resulted in noticeable
charactastic diffraction pattern(Fig. 3 and Table 4). changes in the Xay diffraction pattern othe sugar.
These results are similar to the published data on th&his was shown as a change in the shape and location of
sugar®™ Wet grinding of sucralose after precipitation the diffraction peaks compared tdet unprocessed
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sucralose (Fig3 and Table 4)Similar changes have productswere evaluatedh reference to the unprocessed
been recorded in other studies after recrystallization fron{negative control) or recrystallized drug (positive
acetone and wertaken asan indication for crystalline control) The obtaineddissoluton profiles are shown in
structure modification based on the solvent ofFig.4. These profiles were useddxtract the dissolution
crystallization™ Taking the changes in flutamide and parameters that were presented as the amount of drug
sucralose after separate processing into consideration, tliéssohed in the first 5 min (Q5) and thpercentage
recrystallized materials will be adopted as positivedissolution efficiency %DE). These are presented in
controlin assessing the diffractograms of the products ofTable 5.

wet caegrinding.

Coprocessing of flutamide with sucralose after 100

= PD e \WD FS 1:1 ==¢=FS 1:2 FS 1:3

simultaneous recrystallization from thegolution in 90 1 =

acetone developed solid product which had compromise | % 8o -
X-ray diffraction pattern comped with that of each of
the positive controls. The change depended on th
relative proportions of flutamide to sucralose in the
mixtures(Fig. 3 andTable 4. These changes were seen
in the shape of the diffraction peaks with the
developmenbf new peaks

70 4

60 -|
50 | |
40 1 |

30 - |

Cumulative amount dissolved (%)

20 4

10 4

For example in formulation containinl molar ratio
new peaks were recorded af\&lues 0f19.73, 20.36, ©o 10 2 3 4 50 6 70
23.3, 25.22 and 27.35. This was associated with a time (min)

change in the shape of thegkswhich were noticed at  Fig. 4: The dissolution profiles of pure unprocessed
18.7%, 23.24, 27.35, 29.03 and 32.42 With respect to  drug (PD), wet ground drug (WD) and different co-
1:2 molar ratio new peaks were recorded at 14.03 crystal formulations. Formulation details are in Table
28.3F, 3125, 3206’ and 42.14. Those undergoing 1.

change in theshapeinclude the peaks &.48, 17.12,

19.4, 38.78 and 39.62 These changes confirm the Unprocessedlutamide (negative controghowed aslow
development of new crystalline species which is of co dissolution with the liberation ofabout 43% of the
crystal type.For the product containing:3d molar atio loaded dose(250 mg)in the first 5 min.Poor drug
the X-ray diffraction pattern was a combination of that solubility was futher confirmed bythe dissolutionof
recorded in case of 1:2 molar ratio and that recorded witonly 67% of the dose withi the course of theelease
the processed sucralose. This was evidenced by ttexperiment(1 h). The calculatedissolution efficiency
appearance of the peaks corresponding to sucralose for the unprocessed drug wa%. Recrystallization of
this diffractogarm. Examples ofhese peaks include the drug from acetone in the absence sokralose
those at25.79, 32.16, 26.48 and 44.18 (Fig. 3 and  (positive control)releasedonly 36% of the drugafter 5
table 4) This finding reflects the existence of excessmin, with the total release of 62% at the end of the
sucralose in the system containing 1:3 molar raticdissolution time The calculated DE fdhe recrystallized
indicating that 1:2 molar ratio of flutamide to sucralosedrug was 5% (Fig. 4 and Table5). The reduction in
provides the ofimum stoichiometric ratio for eo  dissolutionparametersf the wet ground drug compared
crystallization. It is important to emphasizéat in all to unprocessedne indicates the formation of aew
cases the recordedffdaction peaks after eprocessing crystalline structure This result confirms the DSC
were of lower intensityndicating size reduction along findings that indicated formation of other polymorphic
with co-crystallization. Changes in the-pdy diffraction  form of flutamide with stronger crystalline nature, as
pattern after cgrocessing have been taken as indicatiorreflected by higher melting and decomposition

for co-crystallization 234 transitions

Dissolution studies
To elucidate the effect of exrystallization process, the
dissolution behavior of flutamide co-crystallized

Table 5: The dissolution efficiency and Q5 values of the pure unprocessed drug, wet ground drug and the
prepared co-crystal formulations.

Formulation Q5 (%) | Dissolution efficiency (%)
Pure unprocessed dry 43.4 (1.6) 57.8 (0.5)

Wet ground drug 36.5(0.8) 54.3 (0.6)

FS 11 60.7 (L.9) 73.9(0.8)
FS1:2 76.9 (1.3) 76.6 (0.4)

FS 13 75.5 (0.5) 75 (0.3)

Values between brackets are SD (n = 3).
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Preparation of cocrystals of drug with sucralose 2.
significantly enhanced the dissolution ratethe drug
relative to that otthe wnprocessa drug or the positive
control. The improvement of dissolution parameters 3.
largely depended on the molar ratibsucralose to drug

The recorded Q5 values weB8.m%, 76.9% and75.5%

for co-crystals containing the drug with sucralose at
mdar ratios of 1:11:2 and 1:3 respectively.The total
amounts of drug dissolved in 60 nvirere87%, 82% and
80%, respectivelySuch enhancement could be attributed4.
to the formed oc@rystals with possibly weaker
crystalline packing that favor rapid dissolutiomhis
assumption is evidenced by DSC datéParticle size
reduction can also be taken as another contributing.
factor, as suggested from theray results. The same
approach was previously shown to have high potential
for dissolution enhancement with noticeable sugces
being reported with a variety of drug&***® The
calculateddissolution efficiencywalues werer3%, 76% 6.
and 75% for co-crystals containing the drug with
sucralose at mar ratios of FSL:1, FS1:2 andFS1:3,
respectively (Fig4 and Table 5)It worth noting that
product FS1:3vith sweralose at its highest concentration 7.
did not show any enhancement in the dissolution
parameters over that of FS1This dissolution behavior
coincideswith the Xray characterization that revealed
that 1:2 molar ratio diutamide to sucralose provides the
optimum stoichiometric ratio for eorystallization. Ay 8.
further addition of scralose will have no effect on €o
crystal formation.

The similarity factor test wasmployed to compare
between the dissolian profiles ofthedrug from various 9.
formulaions. This comparison indicatedissimilarity
between the developed -coystals and the unprocessed
drug or the recrystallized drug. This patt was evident
irrespective tahe molar ratio of sucralose usediwthe
calculatel F parameterranging from 29-38%. This
indicated the superiority of carystals regarding
flutamide dissolution rate Regarding the effect of €o

former ratio, bhe similarity factortest reflected that the 11.

three cecrystals prepared from the drug with s@alose
at 1:1, 1:2 and.:3 molar ratios are considersiilar.

CONCLUSION

Wet grinding of flutamide after liberation from acetone 12.

solution resulted in dimorphisim with the resulting
product showing comparable dissolution pattern to that
of unprocessed dgu Wet cegrinding with sucralose

developed ca@rystalline product with faster dissolution 13.

rate compared to theure or wet ground flutamide. €o
crystallization can be taken as a tool for enhancing the
dissolution rate of flutamide.
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