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ABSTRACT : Febuxostata BCS class Il antigoudrugwas complexed ith -cyclodextrin ( & '), hydroxypropyt -
cyclodextrin (+ 3 &) and/ or methyt -cyclodextrin(0 &'), to improve its physicochemical properti&arlier

phase solubility and thermodynaniivestigationsn acetate buffer (pH 4.5)ustrated A (linear)type of solubility
curveand enthalpy driven complexation process, respectively. The association constant and complégatiamy ef

of modified cyclodextrins CDg were significantly higher than that of pareryclodextrin CD). The micre
complexegrepare by spray drying procesgere examined fotheir spectral, diffractometric, thermal, particle size,
saturation solubility, Lod® and dissolution properties. The physicochemical properties of pure drug were improved
upon complexatiowith CDs However, moified CDs produced amorphous miecomplexes contributing for their
better performance as compared to parent CD.
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INTRODUCTION

Cyclodextrins(CDs) are cyclic oligosaccharides s D U Heyadextrin &' have constrained the
containing internal hydrophobic central cavity andselubility and the complexation with the hydrophobic
external hydrophilic surface produced rfrostarch  active moieties. Further, modification in the parent
ZKLFK FRQWID§)Bexeh [-CDs),eight (E CDs have widen the scope and use of modified CDs
&'V JO\FRS\UDQRVH 2@ pMeasidzL Qdwhtés Eitproving the properties of active
bonds 7 K Hform is widely accessible anhostly  pharmacatical ingredients (APIs) due to thdr
preferred cyclodextrin with - A internal cavity advantges such ashigh eficiencies amorphous
size:* The inclusion phenomena of driguest) into  naturd, low cost andow toxicity.?

the cyclodextrin(host) is the most extensively used Febuxostat (FBX) (Figure 1) is a thiazole
and industrially applicable technique exploitetb

enhance the physicochemical properties tbe
guest®* CDs havebeenpromisingly established to be
the modifiable and flexible carriers in eh
pharmaceutical researdn the contrarythe natural

derivative,non-purineselective inhibitor of xanthine
oxidase (XO) enzyme that convemxypurines like
hypoxanthine and xanthine, into uric a&id s orally
used in treatment of gout. The essential structural
aspect of FBX isthe presence of lipophilic
Correspondence to Yogesh V. Pore functionality that promotes its absorption upon oral
Tel: +91:02352221201 administration. Nonethlessly, BB exists in
Email: dryogeshpore@rediffmail.com crystalline state and has poor water solubility and
dissolution in gastrointestinal tractherefore, these
Dhaka Univ. J. Pharm. Sdi7(1): 51-63, 2018 (June) properties of FBX are bound to limit its use resulting
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in poor therapeutic windowdence FBX was selected method described by Higuchi and Connors, which
for cyclodextrin complexatiori/ery few experiments examines the effect of a solubilizer (CD or ligand) on
have been performed on FBX cyclodextrin the drug being solubilized (sstbate)'® For phase
complexation for its solubility and dissolution solubility studies,an excess amount of FBX was
improvemenf® However, complexation with added to 10 mL of acetate buffgsH 4.5 containing
methyl -cyclodextrin 0 &'has not been reported O-5mM of E&'" RU +3 &' RU 0 &' YRIOXWLRQV
yet. transferred to 25nL of screw cap glass tubebhe
suspensions were sealed and equilibratedsimaéing
0 incubator at 150 rpm for 48 h at 283,310+ 2 K
\)\ temperatures. After equilibrium was achieved
4 aliquots of 2 ml were withdrawn and filtered
| / immediately using 0.45um membrane filter. The
filtered samples were diluted suitablyth distilled
\\\N waterandassayed for FBX by measuring absorbance
at 313.5 nm against blank by UWisible
Figure 1. Chemical srtructure of febuxostat (FBX). ~ Spectrophotometer (Shimadzu 1800, Japahhe
stability constant Ks) was calculated from phase
solubility diagramsaassuminghe 1: 1 stoichiometry,

The objectives of the present work were to ) ) ?
r'accordlngo following equatior?

investigate the efficiencies and physicochemica
properties of FBX with parent and modified Ks = Slopé & (1-Slope) (1)
cyclodextrins. Firstly, the stiochiometry of S isthesduhility of FBX in absenceof CDs.
complexation along with thermodynamic parametersComplexation effi ciency

for the complexation phenomena was assessed QyE)= g K., = Slope (1-Slope) (2)

phase solubility studiesThe spray dried complexes
were characterized by thermal, diffractoneet
particle size analysis, fourier transform infrared

For the assessment of thermodynamic parameters
from phase solubility curvesnaintegrated form of
the Van't Hoff equation(as shown beloy was
spectroscopyFTIR), scanning electron microscopy npsoR\HG IRU WKH EFDOEXODWLR QV RI
(SEM), saturation solubility, partition coefficient DQG RI HQW WReSponding to e changes

determination (logP) and drug content uniformity. opceryeq in stability constants with temperatures
The dissolution profileof pure drugand complegs nK = 0+ 57 06 (B

were further assessed in phosphate buffer pH 7.4 R R
0+ DQG 046 DUH WKH HQWKDOS\ DQG t
complex respectively, R is the gas constant, and T is

MATERIAL AND METHODS temperature in Kelvin.

Materials. FBX was provided byINDOCO

An indication of pocess of transfer of FBX from
Remedies Ltd.,Waluj, India as a gift sampl&D

_ pure water to buffer solution ofE&' +3 &'
and hydroxypropyt -cyclodextrin (+3 &) were 0 & ZDV REWDLQHG IURP WKH YDOXHV

supplied by Gangwal Chemical$fumbai, India. HQHUJ\ RI W{)m@i\tiwas calzvlated using
0 &' ZDpdrchasedrom TCI Chemicals, Mumbai the following equation:

India. The rgagents used were.all of pharmaceutical 0+ W=2.303RTlog &/S)  (4)
and analytical gradeAll materids were used as ] ] )
Where, /S, is theratio of molar solubity of

receivedwithout further purification. i ) ) 7
FBX in buffer solutionto that in buffer solution in

Phase solubility studes and thermodynamic absence ofDs

investigations. The most widely used approach to
study inclusion complexation is the phase solubility
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Preparation of solid g/stems by spray drying Scanning electron microscopy (SEM) All
For the preparation of binary system, equimolarsamples were directly mounted on aluminium stub
guantities of BX and CDs were transferred into and coated with a thin goldn layer by sputter
conical flaskcontaining 200 of methandt acetate coated unit. The surface morphology was examined
buffer (pH 4.5 and sonicated for 10 min. The with a scanning electron microscog$EM-JEOL
mixture was stirred for 96 at a room temperature Instruments, JSM360, Japan.)operated at an
(25 = 2@) on 150 rpm by using a magnetic stirrer. acceleration voltage of 20kV and obtained
The solution wadiltered immediately using 0.45m micrographs wer examined at x500¢1,000, x2,000
membrane filter to separate uncomplexed diitge magnificatons.
resultant solutiorwas spray dried usingab spray Percentage drug content studyDrug content
dryer (SPDD-lll Techno Search Instruments, was examined by disso|ving prepared dny]
Thane, Indiaunder following sebf conditions: Inlet complexesequivalent to Smg drug inmethanol. The
temp, 630& RXWOHW WHPS U& \BifROwa¥ Hiitsted with&distiled water. The
aspirator speed 40 mbr, feed ratemB/min. The  solution was filtered through Whatnmafilter paper
sprgy dried powder wasstored in desiccators, t0 no. 41, suitaly diluted and absorbance was measured

prevent it from moisture absorption. at 3145 nm using a UV spectrophotometer
Particle size and zeta potential malysis The  (Shimadzu 1800, Japan).
micro-complexe were characterized f@article size Saturation solubility studies The saturation

usinga Horibananoparticle size analyzHORIBA  solubility studes were carried out in triplicate
S7-100, Japan)The particle size distribution is given manner, by addingnaexcess amount ofBX and /
by d (0.9), d (0.5) and d (0.1) which is the particleor complexeso 10ml of distilled water in solubility
size diameters determined Htet9(ti", 50h, and the tubes and shaken on rotary shaker at room
10" percentile of particle undersized, respedive temperature(25 + 2 @) on 150 rpmfor 24 h. After
X-ray powder diffractometry (XRPD). The reaching equilibrium, aliquots of the solution
XRPD patterns of FBX,E&' +3CD, 0-CD and withdrawn and filtered withWwhatmanfilter paper
all complexes were recorded by using -y no. 41, suitably diluted and absorbance was
diffractometer (BRUKERD2 PHA-SER, Germany) measured at 314.5%m by UV-spectrophotometer
with tube anode Cu over the interval-80°/2. The (Shimadzu 1800, Japanand the resultswere
operationaldata were as follows: Generator tensionstatistically analyzed using appropriate method.
(voltage) 40kV, Generator current 30 mA, dan In vitro drug release The dissolution studies of
scanning speed@min. FBX aloneand binary systems were carried out in
Differential scanning calorimetry (DSC).  triplicate manner in dissolution apparatus
Thermal analysis o&éll sampleswere performebn  (ELECTROLAB-TST-06L/LX, New  Mumbai,
DSC analyzer (TA InstrumentSDT Q60QUSA). A India), using the paddl method, according tdSP
sample (5mg) was sealed in an aluminium pan antype Il. Samples were added dissolutionvessel
heated under a nitrogen atmosphere atadifiggrate  containing 900 rh of phosphate buffe(pH 7.4),
of 10°C/min over the temperature range of380°C.  maintainedpreviouslyat 37 + 0.5U0& DW USP

Fourier transform infrared spectroscopy (IR) ~ according to US FDA guidelines. 80 mg of pure drug
IR (Bruker, Germany) was used in attenuated totafr its equivalent amount of prepared binarglusion
reflectance (ATIR) model for collecting the IR complexes wereadded to 900 in of phosphate
spectra of the samples. The speafahe sample  buffer (opH 7.4. 5 mi of samplewas withdrawnat
were collected over the range of 46600 cm* in 24  time intervals of 510, 15, 30, 45, 60 and 90 min.
scans, with a resolution of 4 ¢hfor each sample by The volume of dissolution medium was adjusted to
using opus software 900 m by replacing each 5 imaliquot withdrawn
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with 5 ml of fresh phosphate buffdpH 7.4. The Partition coefficient (log P) = (logGetano/C
solution wasfiltered through 0.45um Whatman waten
filter paper4l, suitably diuted and concentratis of Where C is the concentration ahe drugin

FBX in the samplesvere determinedpectrophoto  octanol and/or water phase.
metrically at 314hm (Shimadzu 1800, Japan)

Determination of partition coefficient (log P). RESULTS AND DISCUSSION
For the determination partition coefficient, 100 m

each of octanol and water wemdded in glass tubes

and allowed to stand overnight for _2143 at room buffer CDs solutionsat 298,303, 310 +2 K are
temperature.The excess amour(equivalent to 25 o .

¢ q y : dded shown infigure 2. All phase solubility parameters
mg) of pure drug an or_ compiexes were adde tcanestigated are shown iable 1. The solubility of
the tubes and shaken on iagubatorshaker(REMI-

o FBX increased linearlyA_ —type) as a function of
CIS 24 plus Incubator shaker, Mumbhridia) for 24 o . .
) CDs concentrationillustrating formation of soluble
hrs at 2%C. The mixtures were transferred to

_ complexes in &lsystems™® The slopes of all phase
separating funnel and allowed to stand about 6 h for

librati A q i h solubility diagrams found to be less than wnit
equitibration. - Aqueous ~and —organic.  Phaseas g aing 1:1 stoichiometryin all cased? The Ks

separatequ concentration of drug in aqueogs phase(;jmd CE of D were sigificantly upgradedin case
was detremined spectrophotometrically (Shirdau

1800, J 3148m. Th " tici of +3 &' DQG 0 &' M>usiieleffeq bf
, Japan) at N € partition coeflicient modified CDs towards solubility enhancement of
was calculated by following formula,

FBX.

Phase  shubility and thermodynamic
investigations. The phase solubility curvef FBX in

Table 1. Phase solubility data of binary complexes of FBX witte&' +3 &' DQG 0 &'

Complex/ T (K) S Slope R? Ks (M%) C.E.

Parameter

FBX- &' 298 0.0000£41 0.10548 0.995 2867 0.11
303 0.00007631 0.09189 0.997 1446 0.10
310 0.0001607 0.11212 0.993 790 0.13

FBX-+3 &' 298 0.00004241 0.13998 0.998 3192 0.1
303 0.00007631 0.15707 0.995 2662 0.19
310 0.0001607 0.18705 0.996 1588 0.2%

FBX-0 &' 298 0.00004241 0.32997 0.999 11869 0.49
303 0.00007631 0.31245 0.997 988¢' 0.48
310 0.0001607 0.49267 0.998 5019 0.97

Binary complexes: FBX &' )%#3 &' )%0Q &' )%; )HEX[RWDWAFORGH[WULQ +3 &' +YGUR[\ SURS\O
F\FORGH[WU DG Wkd@lodextrin;S, VROXELOLW\ Rl )%; LQ DEVHQF A réytession cedffi@ent 6f phases

solubility plot; Ks (M?): association constant of complexes; CE: complexation efficiénsjgnificant difference compared to FBX& '

(p<0.001) i.e. significanf: significant difference compared to FBX& ' p < 0.001) i.e. significant.

The phase solubility data accomplished attemperatures(1/T). The values of enthalpy 0 +
different temperaturesage subsidiary particulars like comprehendingo all the systems were found to be
thermodynamic  specifications associated withnegative, evealingthe complexation process to be
formation of inclusion complexes as iable 2. The enthalpy driven exothermic proces3.he more
Van't Hoffs plot Figure 3) exemplified the linear negative values of the entropyi 6 L Q Gthé g H
function betweenKs and the inverse of absolute orderness of complexes in case of all the systems.
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The complexation process being exothermalcd lower temperature.An indication of process of
decreaseén the entopy of the system demonstrating transfer of FBX from buffer solution to aqueous
the spontawrity of complex formationtowards the buffer solution of CDs was procured from the values
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Figure 2. Phase soluB LW\ GLDJUDP RI )%; &' )%; +3 &' )%; 0 & LQFOXVLRQ FRPSOMI[HY DW
S+ )%: JHEX[RVWIFWRGH[WULQ +3 &' +RCACRRGBURISLQ O0-cgclodexii K\ O
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Table 2. Thermodynamic specificatias involved in inclusion phenomena of FBX with cyclodextrins

Complex /Thermodynamic Parameter 0+ N- PRO 06 - PRO . 0d* N- PRO
FBX- &' -81.60 -208.01 -19.62
FBX-+3 &' -45.39 -84.81 -20.11
FBX-0 &' -57.13 -113.06 -23.42

Binary complexes: FBX &' FBX-+3 &' )%Q &' )%; )HEX[R&WDWMAFORGH[WULQ +3 &' +\GUR[\ SURS\O
F\FORGH[WULQ O-cgclodexttM/KAOHQWKDOS\ "6 HQWURS\ “* *LEETV IUHH HQHUJ\

Table 3.Particle size, zeta potential and polydispersity index of microcompkes of FBX with cyclodextrins.

Complex/ Parameter 3DUWLFOH VL]H Z#&ta potential (+ mV) Polydispersity index (PI)
FBX 2.7333 -41.3 3.424
FBX- &' 1.0889 -25.6 0.449
FBX-+3 &' 0.1901 -41.7 2.716
FBX-0 &' 0.8227 -28.8 0.528

Binary complexes: FBX &, FBX-+3 ' )%0 &' )%; )HEX[RVW-BWORGH[WULQ +3 &' +y8ddéf{rin;SURS\O
0 &' O0HW KyQodextrin

of gibbs free energy change. For the concentration aénhancement of dissolutioof FBX particles™ The
&' +3 &' 0 &' uniformity of theparticle size can be examined by the
0 WKH YDOtRHR/mRBI) irt buffer determination of the polydispersity indé€RI) which
VROXWLRQ RI &' ZI0UXB4|-B65.Q1G Wdd fBudd to be less thal in case of+3 &' DQG
-441.27, -476.45,- +3 &' ZHUH IRXQRG sWtBnsZ K H U HD %ysteéin showed the Pl
be;340.77;440.51;494.69;554.7;597.59 and in approachinghe value 1 as shown table 3. All the
FDVH RI1 -86XK65;582.47,661.28;721.97;  systems were subjected to zeta potential anadysis
7 K H °0vaMel were all egative for CDs  values were found to be as showntable 3 The
at various concentration, giving idea about theYDOXHV RI |JHWD SRWHQWstEN® IRU &' DC
spontaneous nature of FBX solubilisation, and itwere foundto be approaching towards the stability
decreased with an increase in its concentrationYDOXHV ZKHUHDV WKH +3 &' V\VWHP V|
indicating that the reaction became more favourabléncrease in the stability than that of the FBX.
as the concentration of CDs increase@ihese values X-ray powder diffractometry (XRPD). The

indicated that the system was releasing the energyhysical state of pure drug and all binary systems can
upon complexation forming a ordered complexespe detemined by evaluatinghe XRPD patterns as
respectively, implying highly stable physical state ofshown in the figure 4. The diffractogram of FBX
all the complexes. (Figure 4A) H[KLEL Wah@s at11.30 (1020),
Particle size and zeta potentialanalysis The  15.48 (522), 17.04(466), 24.60 (819), 25.33(839)
particle size analysi©findout ofall complexes to be indicative of its crystalline naturén case of+3 &'
in micron rangeThe particle size of pure FBX was DQG 0 &igure 4B, 4F respectively a typical
IRXQG WR EHThe partick size of the binary halopattern unveiling its amorphous character
systems was1.0889 P P 0.8227 P of appearedZKHUHD YFig&e4D) VKRZHG WKH
CD, +3 &'and 0 &' complexesrespectively. values at 10.67 (1750), 12.39 (1554), 15.38
Using spray drying technologthe size of pure drug (734),18.71 (1027) 22.65 (1051) indicating its
was significantly reduceih formulations' This has  crystalline natureThe intensgeaks in the diffraction
increased the specific surface area thereopatternof FBX and CDs(Figure 4C, 4E, 4G)were
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completely diffused in the binary complexesthe crystallinity contributing to its solubility and
providing the information of significant reduction in dissoluton enhancemerif
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Figure 3. Van't Hoff plots (IK vs 1T IRU )% &' )%; +3 &' )% 0 & LQFOXVLRQ FRPSOH[HV GHWHUPLQHG
H[SHULPHQWYV )%; )HEXFROREGBMWULQ +3 &' +RCAORRGBVRIBLQ Oolodekit.K\ O

Differential scanning calorimetry (DSC). DSC  (Figure5C, 5E, 5G) showed the disappearance of the
technigue has been widely used to stuthe broad endotherms of pure FBX confirminigs
interaction between host and guest molecildisen  entrapmentin CD cavities rplacing the water
the drug is complexed in CD cavityts melting  molecules. These results theorize the presence of
points usually shift to difieent temperatures or physical interaction between the FBX and CDs
disappear$®*® forming stable inclusion complex.

DSC pattern oFBX and all systems are shown Fourier transformation infrared spectroscopy
in Figure5. DSC thermogram of FBX showed sharp (FTIR). The various possible interact®rbetween
melting point endotherm at 195.36°CFigure 5A), the drug andthe CDs wre studied by ATRIR
ZKLOH WKHUPRJUM@MEP ndR exHildt &ny spectroscopyThe IR spectras of lalhe systems are
melting endotherm (Figure 5B) indicating its shownin Figure6.

amorphous natureThe broad endothermic peaks The principle absorption peaks of FEKigure
shown by CD at 96.41°qFiguresD), indicatdthe  6A) were observed @227cm' (CA1 VW L2964 F K
crystalline phase that was diffused in its binarycm?* (C-H stretch,aliphatid asymmetric)2876.91cmh
complex. 0 &" exhbited the endothermic peak at * (C-H stretch, aliphatic symmetric),1424.72 crit
73.67 °C(Figure5F), indicative of waterloss due to  (C=N), 1513.45 cm™® (C=C stretch, aromatic)

dehydraibn process®”® The binary complexes 725 12cn# (CH,-stretch) 1288.46 crit (C-N stretch)
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2943.88cm* (C-H aliphatic) In case of all the binary

DEVRUSWLRQ EDQGV RI #30& DaystemgFigurdee, 6E, 6Gxhe prominent peaks of

stretch),1022.17 crit (C-O-C stretch),1655.32 crit
(H-OH bending) Figure
at 3405.10 cm (O-H stretch),2945.01 crit (C-H
stretch, symmetric), 1645.63 crit (H-OH bending),
1030.45 crit (C-O-C stretch). In the spectra of
0 &' (Figure 6F), absorption peaksapperedat
3362.4tm* (O-H stretch), 1010.32 cm™* (C-O-C),
2943.88cm* (C-H stretch),1637.28cm* (H-O-H),

morphological

Scanning electron microscopy (SEM) SEM
was used to investigatbe microscopic surface and
characteristics of pure drug and

FBX and the CDs were modifiedrequencyshift /

' GLVSOD\V VSH FdtehDatigd br&adening The peaks observed in the
formulation were found to be smooth and showed no
appearance ofng new peaksuggesting existence of
only physical interaction between host and géfest

&'
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complexes as shown in figure 7. FBX was morphology as spherical pieces of amorphous
characterized by the presence of uneven andggregates and the original morphologies of pure
elongated particles. The microphotographs of spray¥BX diminished. These microphotographs suggested
dried inclusion complexes showed the chamastic
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T T T T T T
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Figure 6. IR spectrd %; $ +3 &' % +3 & FRPSOH[ & &' ' &' FRPSOHJmplex (6).&BX:) 0 &'

JHEX[RVWDW\FARGH[WULQ +3 &' +RCAORGBVRSLQ O-cgclodextV K\ O

the formation of complexes of FBX with hydrophilic properties of FBX. Furthespray drying technology
&' +3 &'and 0 &' LQ WKH VROLG hegd\cDntvitbited? X amorphous natured complexes

altered particle shape, amorphous aggtes and resulting improved drug release from the

close contact between hydrophilic CD in complexescomplexes™*

might be responsible for improved physicochemical
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Percentage drug content and saturation
solubility studies. The percentage dg content of
FBX- &' FBX-+3 &' and FBX-0 &'
microcomplexeswere found to be71.35 = 0.65
99.03+ 0.24 and 99.9% 1.01w/w respectively.

The saturationsolubility of pure FBX, FBX

&' FBX-+3 &' and FBX-0 &' complexes
observedto be 14.9 + J1P21.693
J 1P304.7+£ 0.04163 J IPand1200.3%

Aher and Pore

J | P respectively. The spray dried &'
+3 &' 0 &s$ystems showed 1.4520.424 and
80.449 fold increse in solubility as compared to pure
FBX alone.The enhancement in solubilityf FBX
from complexes was associated to amorphisation,
wetting property and hydrophilicity of GD
improved complexation efficiency and formation of
stable inclusion complexg$

JLIXUH  6(0 RI )%; $ +3 & FRPSOH]

& &' FR P S'TkK fnagnificdiok *2ixRriaghtfiddtion;500x

magnification.) % ; )HEX[RVWDRWFORGH[WULQ +3 &' +RCGAOR{GBRESLQ O-ciclodesiin K\ O
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Figure 8. The dissolution Profile of FBXBX- &' FBX-+3 &' )%Q &' FRPSOH[HV BONnphosphate buffer (pH 7.4).
)%; )JHEX[RVWIFWFORGH[WULQ +3 &' +RGRAORRGBURIBLQ O-ciclodexti K\ O

In vitro drug release The FBX release profile complexes in correlation to that of the FBXhe use
from respective complexes is presentedigure 8. of modified CDs and amorphisation by spray drying
The release rate profiles were given as the percentagesulted in more promising physiochemical properties
of drug dissolvedvs.) time. The values of % drug of FBX.
dissolved in 90 mins (DPyy) were statistically
evaluatedFromthe resultsbtainedan improvement  ~~NcLUSION
in dissolution profile was seen for the binary

complexes in comparison to the pure diigghin the microcomplexesvith parent and modified CDsere

Zomplextes; q :h3 f‘ h thQ G di OI fasy_stegg _successfully formulated using spray drying
emonstrated the highest drug dissolution in MmN chndo . . .
gy that aided in an improvement of

WKDQ WKD WwhicR Imigkt' be attributed to . . L .
pha/smochemlcal pr(I):\pertles in comparison to the drug

DPRUSKRXV QDWXWH RI +3 &' (gG &' YHéJ . e

aloné. e thermodynamic specifications

FUIVWDOOL QL Wowewed, nd"significant accomplished from solubility data at different

difference was observed between dissolution profile?em eratures was contributive in revealing complex

_RI WKH_ +_3 &_ DQG 0 & WRP o(r)m%{ioHanetween the CDs @nFBX which was
improvament in dissolution of the complexesvas

ibuted hvdrophlt ) enthalpy driven exothermic processdspontaneous
gttn ute dto g;ea:er y ropth y,dwettlngdpt:]opecrg/, q in nature. It could be concluded thahe use of
lncreasef con ag gmotuna Ie fug zn b'I'te monhs unenodified CDsover parentD has offeredemarkable
ouse _0 spr_ay rying tee _220 ©gy and ability advantage towardhigher complexation efficiencies
stable inclusion complexé§? . . . .
o N - as well as dissolutiomprofile due toformation of
Determination of partition coefficient (log P). amorptous of complexes The enhancement in

The logP values of FBXFBX- &' FBX-+3 &' goupjlity and dissolution profileof FBX was
and FBX-0 &' complexes were found to be 3.963  comprehensively  attributed ~ to  inclusion

0.056,2.03  0.020,1.533+ 0.025,1.666% 0.025  complexation amorphzation and reduction in

respectivelyat 25+ 2°C. The reduced lod values particle size attained using the spray drying
indicatel enhancement in hydrophilicity of binary technology.

The present stuels revealed that FBX
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