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INTRODUCTION solubilized only under extremely acidic conditions’””
Accordingly, it is less absorbed in patients with
There hos been increasing interest in optimizing the .:c?xl:‘:h)d_r;:
¢Wicacy of drug activity through the use of rationalh
designed drug carmer materials ('_')cbdcxmm(c_\l)a‘) The aim of the present study is to compare e
are considered novel candidates for such purpose ' inclusion behaviour of a chemically modified B-

(vDs are cyclic ohigosaccharides consisting of 6-8

cyclodextrin (dimethyl-B-CyD) with patura and v
glucopyrunose units. The a -1, 4- glycosidic linkage of CyD in solution and sclid state with Ketoconazole. The
me glucose units results in the formation of torus-like dissolution characteristics of the resulting inclusion
molecules with a polar cuter surface and a non polar complexes were also investigated.
mterior cavity ' As a consequence of this non polar
cavity, the C)Ds are able to form incIL:t‘s'i.(n comp‘;ex‘es MATERIALS AND METHODS
with @ vaniety of  guest molecules™ . CyDs offer
severai advantages in drug delivery including improved
drug soiubility and protection against physico-chemical Materials:
and enzymatic degradaticn, as well as the potential for Ketoconazole (Janssen, Germany), 3-, v- and 2,6-
ennanced  absorption afforded by direct interaction of dimethyl-B-
te CyvDs  with membrane component such as cyclodextrin (Nihon Shokuhin Kako Co. Ltd, Tokyo,
cholesterol, which might induce changes in fluidity Japan), were used as received and their particle size
and permeability * was [50-180 um. All other materials and solvents were

of analytical grade., and deionized double distilled
© Recently, many kinds of CyD derivatives have water was used throughout the study.
zen prepared to extend the physicochemical and
nclusion  properties  of host  molecules™ . For Solubility studies:
example, more water soluble derivatives of CyDs such Phase-solubility studies were performed according
& glucosyl CyD, di-o-methy!B-CyD, trimethy!3-CyD, to the method reported by Higuchi&Connors™"’. Excess
FydroxyethylB-CyD and hydroxypropylf-CyD were amounts of .Ketoconazoie-were weighed into 20 ml
fecently  prepared  and investigated"'"'’. Different vials, to \'.hzch- .10 ml of deionized double distilled
metiods for the preperation of solid inclusion water  containing  various  concentrations  of
tomplexes including crystallization, co-precipitation, cyclodextrins were added. With B-cyclodextrin, the
tvaporation under vacuum, freeze drying, kneading, study was carried out up to its maximum solubility
2rinding  and spray drving were applied in the (1.8"A_> W/V), meanwhile with other CyDs it was carried

. Precceding literature. out in the concentrations of (0.0-10% W/V). The
£ Ketocomazole (cis-1- acetyl-4-| 4-[[2- (2.4-dichloro- securely capped vials were placed in a water bath and
Phenyly 22 (1H- imidazole = }ylmethyl)-1,3-dioxolan- shaken continuously at a constant temperature (25 =0.5
‘ f"):llphcnyl}pipcmzine, is one of the antmycotic °C) until equilibrium was reached (2pprox.7 days).
. '™dazole derivatives suitable for the treatment of Each sample was centrifuged at 3000 rpm. for 10
.cgmdidiasis and other systemic fungal infections: minutes. Aliquots were withdrawn and filtered through
Jowever, this drug is a weak base with pKa values of a 0.2 um membrane filter (SM-66, Sartorius, Gottingen,
=M and 651, with very low aqueous solubility .. Germany}. ' The filtered solutions were analyzed fo; the
_¥aUse of its hydrophobic structure and it can be total amount of ketoconazole dissclved.
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Preparation ef volid complexes:

. : L fon ol th
Three methods were used for the preparatic

: aporation
gohd vomplexes. They were co-grinding, evaporatt

under vactuann and kneading.

Co-grinding:

Mivtires of Koteconazele and Cy
raios were pround for 40 minutes using an 3
: : which was made 0

% in equimolar
automatic

vitwatory  ball mll

tungsten carbide

Coprecipitation with Evaporation:

The clear filtered solutions of equimolar mINUres
of Ketvconazole with CvDs in water weie csapmalcd
under vacuum to dryness at 50 "C using a rotary
eveporstor  (Buchi Rotavapor,  Switzerland). The
product was died under vacoum over phosphorous-
peatoxide (P; Oq).

Kneading:

The drug was keanded with CyDs in cquimolar
ratios with a small amount of water for | hour. The
pasie thus obtained was dried under vacuum at room
wemperature for 4 days

IR spectroscopy:

IR spectra were obtained using a Unicam SP 1000
(Pye Unicam, GB-Cambrige} with potassium bromide
pellets. All determinations were performed with freshly
piepared complexes directly after drying.

Differential Scanning Calorimetry:

A Perkin Blmer DSC-7  Differential Scanning
Calorimeter was used [t was equipped with a Perkin
Elmer 7700 professional computer, TAC 7 Instrument
Controller; Perkin Elmer mulitasking software and a
Hewlett-Packard x-y plotter.

703

60

indium was uscd as the standard and thermogy, ey - '

obtained by heating at a constant rate of 19 scyp .
pitrogen  Was used as the purging ga for -,‘;‘
determinations. Samplcs (5-8 mg) were el

directly nto an aluminum sample pans. Ap "'Uminuh .
cover  was placed on the sample  and the””cﬁcal}
The individual substances and the o v

sealed. Prepares
svstems were heated over a temperature range of Wy,
230 °C.

X-ray powder tli/frﬂcﬂwt a{tulys is: i
X-ray powder diffraction patterns were recordeq
by Stoe Powder Diﬂ"racto.m_cter, over26 angle from )
1o 45 degrees.. The conditions were; Ni-filtereg ¢,
radiation, voltage 42 kv, current 220 mA, Scanming
speed 2 degrees/minute. 8

Dissolution studies:

A USP (XXII) paddle apparatus was used at (y,
rpm. Dissolution medium was 500 ml of distijleg
water at 37 + 0.5 °C. 100 mg of KET or an equivalen;
amount (containing 100 mg of KET) of the mixture ¢
the complex under investigation were introduced into
cach of the dissolution flasks. Samples, 2 mi, were
withdrawn at appropriate time intervals. Samples were
suitably diluted and assayed spectrophotometrically for
their contents of KET at 225 nm. Each experiment was
performed at least three times and the mean was
calculated in each case.

RESULTS AND DISCUSSION

Phase solubility studies:
The phase solubility diagrams of KET with CyDs
obtained at 25 °C in water are shown in Fig. 1.

40

(4)ketoconazole-P cyclodextrin sysem.
(O) ketoconazole-y cyclodextrin sysem.
(0) kctoconazole-DM-chclodcxtrin system.

Kelocenazole Dissolved x 10-5id

oy
(2]

Fig (1): Phase solubility diagra
y qyclodextrin system.

ms - of ketoconazofe.

1021712 oo i 18 2

. Cyciodemn,'xw-ZM

cv' ‘ v SR g l‘ ] y
)c?odgxym systems in water at 25 °C. Keloconazoie-f"
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bility of KET was increased with increasing
e solv sans of B-CvD and DM 3-CyD showing the
_\-ﬂi"’"‘“m'f\ an AL type  solubility diagram, with no
,L.;z:art‘f\.:’ ;:f limiting solubility of the complex;
D adaliet iye to the limited solubility of $.CyD in
h.-n:\f‘:'\‘ ‘| at 25 7C) concentrations beyond 1.8 %
“::"";“:t g,e ;mdicd. However, the solubility curve in the
. ;.‘...ne oi-CyD, was a Bs type with the precipitation of
‘“ i,g;‘-rpcrl\sz;xllixxe KET-CD u_‘omp‘lex at high y-CD
;_';:;-cn['rgllion-‘- This  precipitation started at a
i\.:;caztrafion of approximately 1.5 % y-CyD. The
&.::src.'“ 1:1 stability constants (K ., ) for KET with p-,
"' nd DM-B-CyD were calculated ‘as 439, 158 and
117 st . respectively. This solubility enhancement is
ecidered to be mainly due to the formation of
\wusm complexes' ™.
" The solubility and stability constant obtained with
pM-B-CyD  were much greater than those obtained
with the parent B-CyD and y-CyD. This may be
arributed to the different physicochemical properties of
the derivative DM-B-CyD, such as its highest aqueous
solubility and adequate cavity size as compared with
nawral CyDs"". The formation of 1:1 complex was
assumed to take place and the mixtures of KET with
CyDs were prepared hereafter according to their
equimolar ratio.

Complexation in the solid state:

To examine the interaction of KET with
cyclodextrins in the solid state, IR spectroscopy, X-ray
diffractometry and DSC were employed to compare the
corresponding physical mixtures in a 1:1 molar ratio.
Teble I shows the characteristic IR speciroscopic
ebsorption bands of physical mixtures of KET and
CyDs in their equimolar ratio as well as those of solid
complexes prepared by different methods. The band
comespording to the carbonyl group appeared at 1660
' (C=0 stretching of ketone) was shifted to lower
value 1380 em™' in case of solid complex prepared by
coprecipitation under vacuum and kneading. This could

be attributed to the hydrogen bonding between KET
and CyDs,
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Fig. (2): Powder. X-ray

diffraction  patterns  of
Ketoconazole-CD  physical mixtures  an  dinclusion
complexes. a: KET: b: BCD; ¢

: KET-BCD physical
mixture; d: kneaded KET-BCD complex; e: evaporated
KET-BCD com,plex; f DM-BCD; g: KET-DM-iCD
physical mixture; h: kn

caded KET-DM-BCD complex- I
evaporated KET-DM-BCD complex. mplex; I

aracteristic bands of Ketoconazole-CDs physical mixtures and

Table 1:  The IR absorption (nm) of the ch
solid inclusion complexes.
KET-p KET-DM
CD . B-CD CD
PM PM GM
C=0
Ketone 1660 1650 1650

KET-8  KET-p KET-y KETwy KET.-DM

EVAP PM GM

KETy |
CD
EVAP  Eyap

CDh CD CD

1650 1650 580

- PM: Physical Mixture .

GM: Ground Mixture , EVAP: Evaporated under

1580
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N with Oyl
pydicate that the
and Oy

O the other hand, corgrinding ©
shivewd] seey Linde shifl which may
efeet ot hvdrogen banding between the dig \ '

arion of i rermoleculi

was (ompensated 'l"\ the disv : v alo
' Thas 1y

bomdy berween KET moleculen” .
wdwate Mat the wclesion of KLT m Cyls wasne
complete in case of co-grinding o U“""‘"'N_‘ “fc
piavaacat munnres  showgd no JP'Q"H'&L‘{“'" ‘Ik\ll“!
chusge all cases o
Fig 2 shows the powder Neray diffiaction
patterns of KET-CyDDs complexes comparisen with
the carresponding ‘{“,1.\-1\ sl minures ot the same nul\lal
(e The diltracometry  patterns of the l“‘}”“'
antures are the superposition of the pattemns ol f"“h
component whereas, the smorphous character of the
complexes were obvious and  mdicated the fonmation
of & mew solid phase. The complexes prepared b_)
different methods exhibited hollow patterns in which it
was ne longer possible to distinguish the charactenstic
peaks of KET suggesting the formation of inclusion
complenes' .
The thermal  behavior of CyDs  inclusion
complexes  was studied using DSC 1o confim the
formation of the sohd copplexes The thermograms of
the physical mintores of the KET and f-CyDs as well
as those of the sohd dinary complexes prepared by
differemt  methods  are shown i Fizl The
thermograms show two endothermic peaks at 100°C
(corresponding to the ‘oss of the water content of -
CyDs) and 149°C (due to mehing of the drug) and for
the  phycical mixtures and the hneaded systems this
peak shows a shight change. The fact that the peak of
these systems  changed re ative to that of the pure drug
showed that there was a weak interaction™”, Besides,
the KET fusion appeatred to be more definite in the case
of the physical mixture than for the kneaded complex.
These two peaks disappeared in case of complex
prepared by evaporation under vacuum which indicates
the formation of an amorphous complex between B-
CyDs and KET. These results indicate that the
compliexes obtained by the kneading method did not
“seem 1o be a true inclusion. However tite encapsulation
of the drug within the B-CyDs can be achieved by
evaporation under vacuum.

Dissolution studies:

Figures {4-6) show the dissolution profiles of KET,
KET-CyDs physical  mixtures, ground mixtures and
RET-CyDs solid complexes. The dissolution results
obtained in water show that the presence of CyDs leads
to an improvement in the solubility of KET. A very

rapid dissolution of KET-CyDs complexes occurred,

- For the KET-DM-B-CvD systems, a1 20
than 74 % of the drug is dissolvad from the complex
~prepared by evaporation under vaceum compared with
: 4‘ o from the kneaded compounds or 30 % from the

ground mixture. Fer the KET-B-CD sv'stems, 64.6 % of
KET is solubifized from the e ed comples

. the kneaded system 31 % and from the ground mixtyre

mintites, more

vaporated complex, from .
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Fig. (3): DSC thermograms of Ketoconazole - CD) physical
mixtures and inclusion complexes. a: KET: b: pCD; ¢
KET=BCD physical mixture; d: kneaded KET-BCD
complex; e: evaporated KET-BCD comple; : DM-ACD: g:
KET - DM-BCD physical mixture;h: kneaded KET -DM-
BCD complex; I: evaporated KET-DM-BCD complex.

29 % at the same time. For the KET-y CD systems,
only 37 % of KET is dissoluted from the evaporated -
complex, and from the kneaded system 27% and -
ground mixtures 32 % This enhanced dissolution could '
be atributed to the reduction in particle size ofthe :
drug, the amorphous state, the increased wettability and
the inclusion complexation®, 1t is important to
mention that simple size reduction of drugs leads to 2
limited improvement in- the dissolution characteristics
and  sometimes it leads fo impaired dissolution
characteristics due to the induced aggregation tendency
(55, 55). On the other hand, physical mixtures gave fis
to somewhat better dissolution profiles than in case of

Simple KET. This is due to the better dissociation and
2 lgss aggregation in that case,
9. . ERE
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Fig. (4): Dissolution profiles of KET and its inclusion complexes with B-cyclodextrin

(M) KET (%) Physical mixture.
(A) ground mixture. (7)) kneaded complex.
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: Fig, (3): Dissolution profiles of KET and its inclusion complexes with DM-B-cyclodextrin
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Fig. (6): Dissolution profiles of KET and its inclusion complexes with v-cyclodextrin
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