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Summary

Phase-solubility studies of the complexation of glibernuride (GE) with a-, B and y-cycladextrin (CyD} showed that the most stable
complax is formed with -CyD). The effecls of B-CyD on chemical shift values in H-NMR spectia of GB in aqueous medium suggost
that it is the bornyt part of the drug which is bound inside the CyD cavity. Solid inclusion complaxes were oblained by coprocipilation
and treeze-drying methods, and characterized by X-ray diffractometry and diflerential scanning calorimetry. Drug solulility was imnyroy-

ad by inclusion in solid complexes oblained by either method.

1 Introduction

Cycladextrins {CyDs) are cyclic oligosaccharides formed
from six or more units of D-glucose linked by a-(1-4) glucosidic
bonds. The most commonly used CyDs contain 6, 7 or 8 glucose
units {u-, - and y-cyciodextrin, respectively). CyDs are doughnul
shaped with a central cavity that can accommodate one or
several molecules, which are held by non-covalent interactions
(1--3). Inclusion of drug molecules in the CyD cavity has received
considerable altention as a means of improving the solubility,
chemical stability and bicavailabifity of the included drugs (4-8).

the structure of inclusion complexes of suiphonylureas with
B-CyD has been investigated by techniques including circular
dichroism, Raman, 'M- and “C-NMR spectroscopy (9-13).
These inclusion complexes with -CyD have been shown to in-
crease the bioavailability of the drug {13-18).

Glibornuride {GB) (endo, endo-1-(2-hydroxy-3-hormyl)-3-(p-
toiylsulphonyly urea) (Fig. 1) is a sulphonylurea with very low
nydrosolubility (<12 pgmi™y its inclusion in B-CyD increases
bioavailability following oral administration to rabbits (15), The
phenylic part of the drug is bound within the -CyD cavity by a
hydrophiobie interaction (10, 11). However, borneol has also been
shown 1o form inclusion complexes wilh $-Cy(3, and this im-

Fig. T Chomical structure of glibornuride
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proves its slabifity (16). One possibility is thal GIB is simullancous-
ly included in the cavities of two 3-CyDD molecules, leading 1o a
1:2 (GB:-CyD) stoicheiomelry,

In this study we used phase-soluiility technigues to analyse
the complexation of the three natural CyDs (o, i and v-Cyl)) with
GB. Coprecipitalion and freeze-drying melhods were erployed
to obtain solid complexes of GB with B-CyD (which showed the
highest capacily for complexation). TH-NMR, dissolulion sludies,
Xeray diffractometry and differential scanning calorimetry (DSC)
were then used 10 investigate the interaction belween G and p-
CyD in agueous solulion and in the solid state,

2 Materials and Methods

2.1 Materials

Glibornuride was kindly sapplicd by Roche 8.A., (£-Barcelo-
nay and a-, i and y-cyclodexlring were purchased from Chinoin
(H-Budapest). Al olher reagonts ware of analylical grack,

2.2 Phase solubility studies

The method described by Higuchi and Connors (18) wis us
ed. Dlerent concentrations of a. b, and v Oyl I Simd of
simulated gastic fluid withoul pepsin (SGEY (pH 1.2 4 01y (173
were added 1o an excess of GIB (15 mg) in 5 ml ampoules, The
bials were caried oulin an acid medium 1o ensare thal the drug
- wihieh is weakly acidic in solution (I, = 53) - - was nol ioniz.
od, and o promote complex fermation (20), Thrae replicate tials
were caried out for each concentration. The ampoules were
nechanically shaked in a water bally a0 25 4 0520 for 481 o
reach equilibrium. The solutions were filtered (045 ) and the
concentralion of GE was determined by UV, spectiascopy using
a Shimadzu UM-240-Graphicord spectraphotomeler (Shimazu
Corp., JKioloy al 228 mm (o« 13604),

The stability constant, K, was calculated from the stope of
the initial lincar soction of the solubility diagram (16 as:

K, = slopel{S,(1-slopa))
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Glibornuride {M-10'2)

Cyclodextin (M+10°2)

Fig. 2 Phase solubility diagrams of glibornuride and one of the three
natural cyclodextrins
* -CyDd; A B-CyD; B y-CyD

where 8, is the solubiiily of the pure drug and assuming 1:1
stoicheiometry.

2.3 Preparation of solid complexes (1:1)

Coprecipitation method. GB (881 x 107*M) was added
to 50ml of SGF. 8-Cyl) was then added and the mixlure was
mechanically shaked for 7 d 1o reach equilibium. The solution
was filtered and the filtrale dried under vacuum at 50 °C for 24 h.
The sloicheiometry of the compound obtained was determineci
spectrophotometrically.

Freeze-drying method. GB (881 x 10"3M) and B-CvD in
a 1:1 molar ratio were dissolved in 0.14% agueocus ammonium
hydroxidde. The sciution was filtered (0.45 pm) and frozen by im-
mersion in liquid nitrogen. Frecze-drying was completed in 24 1y
in a Lyph-lock 6 apparatus {Labconco, USA-Kansas, MO). No
frace of ammonium ions was detected in the compound obtained
(nesslerization method).

2.4 'H-NMR studies

Nuclear magnetic resonance specira were oblained with a
Bruker WN 250 spectromeler {Bruker Anal. Messtechnik GmbH,
D-Rheinstetten) al 25 °C. Samples were dissolved in 0.2 N
deuterated sodium hydroxide. The internal reference was the
peak due to smalh amounts of DHO and HL,O present as im-
purilies, assigned a value of & = 48 ppm.

2.5 Characterization of the inclusion complex
_in the solid state

Thermal analysis. DSC was performad wilh a D8C-4 ap-
pavatus (Perkin Elmern USA-Norwadk, CO) al a scanmng rate of
10°C - min~

X-ray diffraction patterns. Xiay powder dilfraction pal
terng were oblained usikg a Siemens ¢-500 dilfractomele
(Giemens, D-Karlsiuhe) with Cu-K, radiation monochromatized
with 2 nickel filler

2.6 Dissolution study

The dissolulion rates of GIB, of a 101 physical mixture of GB
andd 3-CylD and of Ihe GR/B-CyD complexes obiained as descrily-
od above were delermmed as per Nogami el al (19). A
powdaered sample containing 10 mg of drug (pure, physical mix-
ture or its complexed form) was placed in 50 mt of SGF in a cell
at 37 °C with ghaking at 350rpm. AU predelermined times
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Fig. 3 Varintion of ‘H chemical shifts of {-Cy[} in solutions varying in
glibornurido concentration

samples were taken, fllered and diluted, and the concentiation
of GB delermined spectrophotometrically. The axperiments were
carried oul in niplicato,

Dissolulion curves were charactanizod by dissolusion ellicien
cy (20), and resulls wore evaluated by analysis of vartance
(ANOVA), and the least signilicant dilerenca (L50) tesl,

3 Results and Discussion

Solubility study. Figr. 2 shows thoe solubildy phase diagrams
for GIR with Ihe three CyDas, For o Cy D, solubnlty increasos stowly
and lineady with cyclodexttin concentiation, dod the curve may
be classed as lype A (181 The curve for y-OyvD Is qualilativaly
similar, though the magnitude of the solubilly incleass is grealer.
The curve lor Oy was of type B3, the descending portion e
ing accompanied Dy precipitation of the mucrocystalline cony
palex,

K, valies were 2987 M or e CyD, 173724 M or rCy0D
and PEE30M 7 o y-OylL The complex belwaeen GB and -
CylD had the highes! stability and was thus salocted for use in all
subsequenl experimaents.
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Fig. 4 'H-NMR spectra of the aliphatic part of glibornuride in the
presence of different concentrations of f-CyD
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Fig. 5 Chuomical shilts of protons of gHbornuride in solutions varying
in -CyD concontration

Fig. 6 Structure for the glibornuride-i-CyD* inclusion coamplox in
aguoeous solution concluded from 'H-NMR studios

* The geomely of the diug was optimized though @ sl mimi siton B
codure (MM-2 caloulations)

'H-NMR studies: structare of the GB/}-CyD inclusion
complex in solulion. The insertion of a guest maolecaie inlo e
Gyl cavity is clearly refllected in changos in "HAINMIR Ghemient
shitt valies (10, 11). The elfects of GB at difleront concentations
on the "H-NMR spectrum of 3Oyl are shown in Fig. 3. The M,
signal, although partially abscured by [, and M sigraa, ap-
peared o shift upfield willy increasing GBS concentration. M a1 1
GB: B-CyD molar ratio a well-defined doublet, assigned 1o I, i
apparent. Considering the difference in relative magnitucie of AS
belween Hy and Hy, 1l can be asstmed that the association bo-
tween GB and B-CyD involves an inreduction of the diug
molecule from the secondary hydroxyl side of the B-CyD; (his is
not the case wilh lolbulamide and clorpropamidep-Cy D com:
plexes (10) and barbiturate/B-CybD (113,

The My, My and especially H, signats shilted downliald wilh
increasing GB concentration (Figz. 3). This indicatos that the drugg
inleracts with the more external part of the SyR) cavily, particularly
when it is present in oxcess (22).

The elfects of B-CyD at different concentrations on the Y-
NMR spectrum of GB were more diflicult 10 inlerprel since some
signals {especially those of protons in the aliphatic part of the
molecuie) could nol be assigned. The region & » 1.7-06 ppm
shows marked changes as the concentration ol Gyt is increased
(Fig. 4). All signals shifted downfiekd wilth increasing -Gyl con-
centration (Fig. 5), Simitar patlerns have been repontad for olhel
drug-CyD systems (10, 11, 22). The changes undergone by (ho
protons of the aliphatic methyls (C, - Ci,, C, ~CH,; C, =Gy
and by e C-H proton are apparently greater than hosa cor-
responding to the pHoly! group, which sugaests hat iU is tha bor
ayl part of GB thal interacts most stongly with, and anea:
sulated by lhe Cylr molecule. The changes in chomical stift kol
these protons (Fig. &) are in keeping with a 11 malar ratio in the
GE/B-Cyl complex (23),

A possibile model of the GRA-Cyl inclusion corex at il
12 s shown in Fig. 6.

Complexation in the solid state. speckophotomely in
dicated that the GRIBCyD camplex oblained by coprecipilalion
had 101 slocheiomelry, which is in keeping with the NMI
resulls. A GBLB-CyD molar satio of 101 was thus used when
preparing the complex by the feese-drying imethod,

Stgnificantly different X-ray difraction pallerns are 1o be ox
pected i an inclusion complex is formed, since crystal structure
will change (21, 24), Xoray diflraclogranms conesponding to the
101 GBB-CyD complexes and to a simple 1 1 Physical misone
aie shown in Fig. 7.

Freeze-drying of the pure drug did not allord a0 completaly
amorphous product, whereas he inclusion complexes obitained
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Fig. 7 X-Roy diffractogram corresponding to: a} GB, b} Frooze-dried
GH, ¢} j-CyD, d) Physical mixture GB/-CyD (1:1), e) GB--CyD complex
coprecipitated, f} GB-}-CyD complex froaze-dried

Tabla 1 Values of dissolution efficiency at 0 - 120 min obtained for the
formukations studied

G glibornuride. GB;p: freeze-dried glibornurido. PM: Physical mixture
GB/)-CyD> {1:1), Cepp: GB-B-CyD complex [1:1) obtained by coprecipi-
tation. Cpyt GB-(-CyD complex {1:1) ebtained by freezo-drying

GG, P SRS I O
197 1.74 510 497
1480 202 1480 as7 Y

1.86 1833 LHG A0

X 1.79 1.04 1.83 482 170

0.74 034

S0 009 0.09 (306

Fig. 8 Thermogram corresponding to: o) GB, b) Freoze-dried GB, ¢) §-
CyD, d) Physical mixture GB/3-CyD (1:1), e) GB-B-CyD complox
copracipitated, f) GB-}-CyD complox frocze-driod

by both methods show peaks with very fow intensily. This i
dicales that bolly inclusion complexes are markedly lass
cryslatiing than either the physical mixture or the individual com-
ponents. The findings for the complex ot:lainedg by freere-drying
are in keeping with those of Cguchi et &, (25) for drug-additive
binary systems oblained by a similar method. We have praviously
reported some crystallinity of a GBIB-CyD complex obtainad by
coprecipitation (8); however in that study waler, rather than an
acid buffer, was used as the coprecipilation medium.

BSC thermograms are showin in Fig, 8 The oendolhennic
peak of pure GB al 197 °C is present in the: thermogram of the
physicad mixture but absenl from those of the complexas, o
viding further evidence (hat the solid complex has a stractie
which is clearly distinet from thal of the physical mixtare (21,

Dissolution behaviour of 1:1 GB/[}-Cy[} complexes. The
chissolution profiles of G, the 1: 1 physical mixture and the inclu-
sion complexes are show in Fig. 9. The dissolution ol the drug is
sotubility-limited alter 60 min in all the: formelations assayed. Bolh
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Fig. 9 Dissolution profilos of GB und its inclusion comploxes

¥ GB; A Frooze-dricd GB;  Physieal mixtura GIB-CyD (1:1);

* GRB-(-CyD complox {1:1 coprocipitate); # GB.Z-CyD complox (1:1
frecze-dried)
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complexes disscived maore rapidly than either GB itself or the

physical mixture. Dissolution efficiencies {0-120 min) are shown

in Table 1. One-way analysis of variance in dissolution efficiency

(0—120 min) revealed significant differences between the com-

plexed and noncomplexed formulations (Fi g = 4077, o < GO1).
The LSD test grouped the formulations as follows:

GB GB (freeze-dried) Physical mixture (1: 1)

Complex (coprecipitate) Complex (freeze-dried)

Thus no increase in the dissolution efficiency of GB was
found either after freeze-drying or after simpla mixing wilh )-CyD,
However, the formulation as an inclusion complex with 3-CyD
(whether by coprecipitation or freeze-drying) significantly in-
creased dissciution efficiency.

4 References

(1) Pitha, J., Szente, L., and Szejtl, J., Moleculnr encapsulstion of drugs by
cyclodextsins and congeners. in: 8.1 Bruck (Ed.), Controlied Drug Delivery.
Vol. 1. Basic Concepts. CRC Press Inc. Boca Raton, 1983, pp. 125148,
Jones, 8. R, Granl, 0. J. W, Hadgraft, J., and Par, G D, Cyelodexiiing m the
pharmaceutical sciences, Pat L Preparation, struclure and properties ol
cyctodentring and cyclodextrin inclusion compounds, Acta Phanm, Techingl.,
30 (1984) 213-223.

Szegtli, J., Cyclodextrin technology. Kiuwer Academic Publishers, Dordreght,

1988, pp. 79185

Loftsson, T. and Clafsddttin, B J., The effect of 2-hydroxypropyt cyclodestnin

on the simultaneocus dissolution and degradation of chloramboct it J

Pharm., 66 {1985) 289--292.

Suenaga, A., Balers, O, Beijnen, J. H., Underberg, W.J M., Tanimoto, T,

Keizumi, K. and Otagir, M., The eflect of heptakis(2,6-di-Q-methyl) y-cyolodex

triny on mitomycin C stabilily in aguesos solution. Int, J. Pharm. 59 (1990

121-130,

&) Puglisl, G., Santagali, N. A, Venlura, C. A, Pignatello, 1., Panico, A. M. and
Spampinalo, 5. J., Enhancement of 4-biphenyvacelic ack! bioavailabiily in rats
by its B-cyclodextrin complex after oral administration. J Pharm. #harmacol,
43 {1991) 430432,

() Loftsson, T, Bornsddtln, S, Palsdottiy, G and Bodor N, The offects of
2hydroxypropyl-f-cyclodextrin on the solubiity and stalidlity of chlorambuci
ancd metphalan in aqueous sclulion. inl. J. Phanmn. 57 {1989 G3-77.

(@

(3

(4

——
o
i

(8) Nambu, N, Shimada, M, Talahashi, Y., Ueda, 1. and Nagas, 1, Boavaitability
of powdered inclusion compaounads of nonsteroida antinflamatory drogs with
R-eyelodexinn o orabbis and dons. Chem, Phann, Boll 26 {1978) D057 20506,

@) Ueda, I and Nagai, T, Solid-slate nuclear magnolic 1esenance s poaclroscopny

and Raman spectroscopy of inclusion compound of tolbutarmide with 3

cyclodoxtring Chorn, Phar, Bull, 29 (18810 27102714,

Ueda, H. and Nagai, T, Nuclear magnetic resonance (NMR) spe ctioscopy of

inclusion compounds of olbatamide and chiorpropamide with - oycladestin

in agueeus soltion. Chom. Pham. Bull, 28 (1580} 11151421,

(1) Takkar AL, ang Demarco, PV, Cycloheplaamylose Inchision conplns of
barbilurates: correlation Belween proton magnoelic resonance and sobubylity
stucdies. J. Pharm. Sei 60 (1971 6526563,

{123 Uekama, I, Himyama, 1, Matsuo, B and Boinona, B Structuiad ofocdiation
of the inclusion complexes of Wobutamnede with o and foyeladasdims m
aqueous soktion. Chem, Lot (1978) 7003 - 706

(13} Uekama, K., Matoo, N, Heayama, B Yomasgoohn L Snaest, Y el
tehitygase, He, holusion cormgdex af acaiobounide vath foyeioadestosn and
U5 hypoglycemic ackity v mabbits Chony Phae, Bt 27 (000 08 002

(10

(14} Vila-Jato, J 1, Blanco, Jand Tores, 0L Biopharovicentcal gyt of the
tofbniamide-Breyalodestrin inclasion componnd, B Parmnao ool por 403 {1958)
37 ah

(H5) Vil dato, J L, Blanco, Jand Tonen, JJL Biophanmaacationl dspects of tho
glibornunide-powcodeding inckesen compound, 30 Phanma 3 0980
2832,

(1G] Lindne, Ko, Saonte Land Sqoth, J Fod flavouning sedh froyclosdatan com

plexed Havour subistances Acta Alirentana 1 (I8} 175186

{17) US Pharmacopea XK Ed., 1990, po 1788

(18) Higuchi, T, and Connors, KA, Phase-sotubility techniguos. Acdv. Anat. Cham,
Instreim, 4 {1965) 117212,

{19) MNogami, [, NMaga Tand Yolsuyanagi, T, Dissolution phenomena of o
medicingls involving senullaneous phase changos. Cher, Phasm, Boll 17
(19G4) 199509,

(20) Khan, K. A, The cancepl of dissolution oficiency. J. Phavm, Pharmacal. 27
(1975) 48 - 48,

(21 Szejth, J., Cyclodextun and thett ichision complaxes. Akaddmiar add,

Budapesl, 1982, pp 495140,

Uekama, K., Fujinaga, 1, Hiayama, 1) Oagin, M. and Yamasaka, M incly

sion complexalion of sterids horonas with eyclodasting in waket and m

solicd phasa ol ) Pharm, 10 (1982 515

(23) Djedaini, 1, Lin, 52, Poily, B and Wounasidiowe, £, Highficld nuchon
magnetic resonance lachnigues for tha vestigation of o (-oyctodedin. i
dometacin inclusion complex. & Phamm, Bei T {19600 G403 - G406,

{24y Green, AL, Miller, €5 and Guilory, J I Physical gropetios of Yo cone
plexes formad Detween hogtakis(2 G-di G-metbyl)-(cyelododun, ) oyclodinee
lrin, and chlorambucit, J. Phoas, Sci 80 0900 186180

25y Oguehl, T, Torada, 1K, Yamamolo, K and Nalai, Y., Freose-deying of dosgac-
chlive binary systoms 1 Effocts of freezing conditions on ihe crystaliinity,
Chem. Pharm, Bull, 57 (1009 18011885

(22

254





