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Abstract

Inclusion complexes of tolbutamide with f-cyclodextrin and hydroxypropyl-5-cyclodextrin were prepared using
different methods: kneading, coprecipitation and freeze-drying. Inclusion complexation in aqueous solution and in
solid phase state was studied by the solubility method, X-ray diffractometry, thermal analysis and Raman
spectroscopy. The solubility of tolbutamide increased as a function of cyclodextrin concentration, showing Bg and A
type diagrams for f-cyclodextrin and hydroxypropyl-f-cyclodextrin, respectively. The dissolution rate of tolbu-
tamide/cyclodextrin complexes were investigated and compared with those of the physical mixtures and pure drug.
The dissolution rate of tolbutamide from the inclusion complexes was much more rapid than tolbutamide alone.

Keywords: Tolbutamide; Cyclodextrin; Kneading; Freeze-drying; Coprecipitation; Dissolution rate

increase in the TBM dissolution rate when it
forms solid dispersions with water-soluble carriers
such as urea, PEG, dextrose and mannitol (Mi-

1. Introduction

Tolbutamide (1-butyl-3-(p-tolysulfonyl) urea

(TBM), is used as an oral hypoglycemic agent.
The drug is practically insoluble in water and its
dissolution is supposed to be the rate-limiting step
for its absorption from the gastrointestinal tract
(Miralles et al., 1982).

Several reports in the literature have shown an
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ralles et al., 1982; McGinity et al., 1984).
Natural cyclodextrins are cyclic oligosaccha-
rides, containing six («-cyclodextrin), seven (f-cy-
clodextrin) or eight (y-cyclodextrin) «-1,4-linked
glucopyranose units, with hydrophilic outer sur-
faces and a hydrophobic cavity (Saenger, 1980;
Szejtli, 1988). Cyclodextrins are able to form in-
clusion complexes with several poorly water-solu-
ble compounds. These inclusion complexes have
been shown to improve stability (Andersen and
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Bundgaard, 1984; Loftsson et al., 1989), solubil-
ity, dissolution rate (Pitha et al., 1986; Blanco et
al., 1991) and bioavailability (Chow and Karara,
1986; Vila-Jato et al., 1988). They also can reduce
side effects associated with some drugs (Otero-Es-
pinar et al., 1991; Lin et al., 1994).

As an inclusion complexant agent, f-cyclodex-
trin (f-CD) improves the solubility and dissolu-
tion rate of TBM (Gandhi and Karara, 1988;
Vila-Jato et al., 1988; Kedzierewicz et al., 1990).
However, the low aqueous solubility of f-CD
(about 1.8% w/v, at 25°C) suggested the use of
more water soluble complexant agents such as
hydroxypropyl-g-cyclodextrin (HP-£-CD), whose
solubility in water is 50% (w/v) at 25°C. The use
of this cyclodextrin derivative is well known for
parenteral administration and it is used also for
oral applications, because it is very well tolerated
(Brewster and Bodor, 1990; Brewster et al., 1990,
Coussement et al., 1990; Mesens et al., 1991).

The aim of this study was to improve the
solubility and dissolution rate of TBM in aqueous
solution (pH 2) and thereby improve its
bioavailability. This was attained through the for-
mation of inclusion complexes with f-CD and
HP-£-CD. TBM:f-CD and TBM:HP-5-CD
complexes were prepared by coprecipitation,
kneading and freeze-drying methods and the
effects of the f-CD and HP-£-CD concentration
on the solubility of TBM in different media (dis-
tilled water, pH 2 and 7 buffers) were determined.
X-ray diffraction, DSC and Raman spectroscopy
were used to characterize the complexes in the
solid state.

2. Materials and methods
2.1. Materials

Tolbutamide (Sigma, St. Louis, USA), f-cy-
clodextrin (Roquette Fréres, Lestrem, France)
and 2-hydroxypropyl-f-cyclodextrin  (Janssen,
Beerse, Belgium), with a molar substitution of
0.39 were used as received. All other reagents and
solvents were of analytical grade and double dis-
tilled water was used throughout the study.

2.2. Phase solubility studies

Solubility studies were performed as described
by Higuchi and Connors (1965). An excess of
TBM was added to 50-ml volumetric brown glass
flasks. Cyclodextrins solutions of different concen-
trations (0.001-0.028 and 0.005-0.1 M for f-CD
and HP-§-CD, respectively) were prepared at pH
2, pH 7 and in distilled water. A constant volume
(20 ml) of various cyclodextrin solutions was
added to each flask. The flasks were sealed and
brought to solubility equilibrium at room temper-
ature after shaking over a period of 2 weeks.

After equilibrium had been reached, the content
of each flask was filtered through a Millipore
membrane (HA 0.45 um). The filtered solutions
were appropriately diluted and the amount of
dissolved TBM was determined spectrophotomet-
rically at 229 nm (Shimadzu UV-160 spectropho-
tometer). The studies were carried out in
triplicate.

2.3. Preparation of the physical mixture

Physical mixtures, TBM:f-CD (1:2) and
TBM:HP-4-CD (1:1), were prepared by simple
blending in a glass mortar.

2.4. Preparation of solid inclusion complexes

2.4.1. Kneading

Stoichiometric quantities of TBM and cy-
clodextrins were triturated with a small amount of
a ethanol:water mixture (1:3). The slurry was
kneaded for 60 min and then dried under vacuum
at 40°C.

2.4.2. Freeze-drying

Stoichiometric quantities of TBM and cy-
clodextrins were dissolved in distilled water with a
small amount of ammonia (25%) to aid dissolu-
tion of TBM. The solution was frozen by immer-
sion in shell freezer and freeze-dried over 24 h in
a Lyph-lock 6 apparatus (Labconco). No trace of
ammonium was detected in the resulting mixture
with Nessler reagent.
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2.4.3. Coprecipitation

The solid complex was obtained by mixing
appropriate amounts of TBM and f-CD in dis-
tilled water. The quantities were calculated from
the descending curvature of the phase solubility
diagram at the point (indicated by an arrow in
Fig. 1), where no solid drug existed and the
solubility of #-CD was not exceeded. The mixture
was shaken at room temperature for 2 weeks. The
complex, precipitated as a white powder, was
filtered, washed with a small amount of distilled
water and then dried under vacuum at 40°C for
24 h,

This method was not applicable to the
TBM:HP-£-CD system (A type phase solubility
diagram), because of the formation of a soluble
inclusion complex.

2.5. Characterization of the physical mixture and
inclusion complexes

2.5.1. X-Ray diffraction

X-Ray diffraction patterns were collected on an
Enraf-Norius powder diffractometer equipped
with a horizontal mounted INEL CPS120 curved
position-sensitive detector. Cu-Ka, radiation was
selected by a bent quartz-crystal monochromator
and each pattern was collected during about 24 h.

2.5.2. Differential scanning calorimetry (DSC)
The measurements (Shimadzu, model 50) were
obtained using aluminum sample pans at a scan-

Tolbutamide concentration x 1[]4 M

8-CD concentration x 103 M

Fig. 1. Phase solubility diagram of TBM:B-CD system at room
temperature. Each point: mean + S.D.
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Fig. 2. Phase solubility diagram of TBM:B-CD system in pH 7
buffer at room temperature. Each point: mean + S.D.

ning speed of 10°C/min under a nitrogen stream
from 25 to 250°C.

2.5.3. Raman spectroscopy

The Raman spectra were recorded on a Spex
1403 double spectrometer. The 514.5-nm line of
an argon ion laser (Spectra Physics, model 2020-
03) was used as Raman excitation.

2.6. Dissolution studies

Dissolution studies were performed according
to the USP XXII method with the apparatus 2, in
1000 ml of pH 2 buffer (Eu. Ph.) at 37 + 5°C and
at a rotational speed of 75 rev/min. Powdered
samples (sieve fraction 90—-160 xm) containing 25
mg of TBM (corresponding to about 20% of
saturated concentration), or its equivalent in com-
plex or physical mixture were added to the
medium. The dissolution rates of TBM were mea-
sured in an apparatus (Hanson Research) con-
nected to the spectrophotometer by a peristaltic
pump, so that the absorbance was monitored
automatically at 229 nm. All samples were ana-
lyzed at least six times.

3. Results and discussion

The phase solubility diagrams for the complex
formation between TBM and cyclodextrins in
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Tolbutemide concentrationx 10° M

2
HP-B8-CD concentration x 10 M

Fig. 3. Phase solubility diagram of TBM:HP-B-CD system at
room temperature. Each point: mean + S.D.

different media (Figs. 1 and 2, Fig. 3 and Fig. 4),
are By and A, type diagrams for f-CD and
HP-5-CD, respectively, following the Higuchi and
Connors (1965) classification.

In the case of f-CD (Figs. 1 and 2), the solubil-
ity diagrams in various media show a typical
curve, whose initial rising portion is followed by a
plateau region and, finally, the concentration of
TBM decreases as the solid microcrystalline com-
plexes precipitate. The stoichiometry of the com-
plexes in solid phase was analysed on the basis of
data in the plateau region of solubility diagrams
and was estimated to be 1:2 (TBM:f#-CD). Chem-
ical assay of precipitates confirmed the observed

Tolbutamide ¢ onc entration x 10 M

6 — ..%,l.:...E..lg...{.

° 2 4 6 8 ) 10 12
HP-8-CD concentration x 10 M

Fig. 4. Phase solubility diagram of TBM:HP-B-CD system
in pH 7 buffer at room temperature. Each point: mean +
S.D.

stoichiometry. Similar results were obtained by
Chow and Karara (1986) and Kedzierewicz et al.
(1990). For distilled water and pH 2 buffer solu-
tion, the solubility curves show similar patterns
and are almost coincident. For the pH 7 buffer
solution, the slope of the initial straight line por-
tion and the S, value (the solubility of TBM in
absence of f-CD) are larger than the correspond-
ing values for the other media.

Concerning the HP-£-CD, the plots (Figs. 3
and 4) show that the aqueous solubility of the
drug increases linearly as a function of the cy-
clodextrin concentration. For the distilled water
and the pH 2 buffer solution, the straight lines
display similar slopes and are almost coincident.
For the pH 7 buffer solution, both the slope and
the S, values are larger than the corresponding
values for the other media.

Table 1 summarizes the apparent stability con-
stants of the complexes for each medium. The
apparent stability constants (K,) were calculated
according to Higuchi and Connors (1965) from
the initial straight line portion of the solubility
diagrams, assuming that a 1:1 complex is initially
formed (the slope is smaller than 1 for both
cyclodextrins). Calculation of K| was carried out
according to Eq. 1 where S, = intercept.

K, = slope/S,(1 — slope) (1)

The influence of pH on apparent stability con-
stants and on the efficacy of the solubility-enhanc-
ing effect is reported in Table 1. The increase in
pH values leads to a decrease in apparent stability
constants, indicating that apparent stability con-
stants of TBM inclusion complexes are larger in
the less ionized form (pK, = 5.4), whereas the
number of TBM per cyclodextrin (mol/mol) is
greater at pH 7. This study shows that both the
unionized and the ionized forms of TBM interact
with f-CD and HP-#-CD. However, the interac-
tion of the ionized form is weaker than for un-
ionized species. Similar results were observed for
the complexation of flufenamic acid (Otagiri et
al., 1984), phenytoin (Menard et al.,, 1988) and
indomethacin (Backensfeld et al., 1991) with f-
CD or HP-4-CD.
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Table 1
Summary of findings from the phase solubility studies

Cyclodextrin Medium KM S, (M~ Molar ratio r (n)

B-Cyclodextrin Water 195.7 417 x 104 0.0754 0.999 (3)
pH 2 buffer 2121 3.53 x 10—* 0.696 0.999 (3)
pH 7 buffer 50.2 737 x 104 0.270 0.995 (3)

HP-B-Cyclodextrin Water 144.8 427 x 10—4 0.0582 0.999 (3)
pH 2 buffer 174.0 3.61 x 107¢ 0.0590 0.999 (3)
pH 7 buffer 21.0 727 x 1074 0.135 0.999 (3)

3.1. X-ray diffraction

Powder X-ray diffractometry is a useful method
for the detection of cyclodextrin complexation in
powder or microcrystalline states. The diffraction
pattern of the complex is supposed to be clearly
distinct from that of the superposition of each
component if a true complex exists.

Fig. 5 displays the powder X-ray diffraction
patterns of TBM, #-CD and HP-£-CD alone and
inclusion complexes prepared by different meth-
ods in comparison with that of a physical mixture

%
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Fig. 5. X-ray diffraction patterns of: (A) TBM; (B) 3-CD; (C)
physical mixture of TBM and B-CD; (D) TBM:B-CD inclusion
complex by kneading method; (E) TBM:B-CD inclusion com-
plex by freeze-drying; (F) TBM:B-CD inclusion complex by
coprecipitation method; (G) HP-B-CD; (H) physical mixture
of TBM and HP-8-CD; (I) TBM:HP-8-CD inclusion complex
by kneading method; (J) TBM:HP-8-CD inclusion complex by
freeze-drying.

at the same molar ratio. The diffraction patterns
of physical mixtures and of the TBM:HP-§-CD
kneaded mixture are simply superpositions of the
patterns of the components, while those of the
inclusion complexes show peaks different from
those of the physical mixture, indicating the for-
mation of new structure.

The X-ray diffractograms of TBM:£-CD com-
plexes have a crystalline structure when obtained
by kneading and coprecipitation, but present
fewer and less intense peaks than when obtained
by freeze-drying.

The diffraction pattern of TBM:HP-£-CD pre-
pared by freeze-drying is completely diffuse, simi-
lar to that of HP-f-CD. However, the peaks of
TBM present in the physical and kneaded mix-
tures, have disappeared indicating that TBM in-
teracts with HP-£-CD and is transformed in an
amorphous compound.

3.2. Differential scanning calorimetry (DSC)

The DSC thermograms of TBM show two en-
dothermal peaks, one at 39.6°C and the major
one at 129.2°C (Fig. 6). Due to a dehydration
process f-CD and HP-$-CD present broad en-
dothermic peaks around 80 and 60°C, respec-
tively. The physical mixtures of TBM:f-CD and
TBM:HP-5-CD, and the TBM:HP-£-CD
kneaded mixture all show an endothermic peak
near 129°C, due to fusion of the drug. In the
freeze-dried complexes, the results show the ab-
sence of the characteristic endothermic melting
peak at 129.2°C, as compared to the physical
mixtures in which this peak is clearly visible. The
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Fig. 6. Fig. 6. DSC Thermograms of: (A) TBM; (B) B-CD: (C)
physical mixture of TBM and B-CD; (D) TBM:B-CD inclusion
complex by kneading method; (E) TBM:B-CD inclusion com-
plex by freeze-drying; (F) TBM:B-CD inclusion complex by
coprecipitation method; (G) HP-B-CD; (H) physical mixture
of TBM and HP-B-CD; (I) TBM:HP-B-CD inclusion complex
by kneading method; (J) TBM:HP-B-CD inclusion complex by
freeze-drying.

disappearance of the endothermic peaks of TBM
is attributed to the amorphous state or inclusion
complexation or both (Kurozumi et al., 1975).

The thermograms of TBM:-CD complexes
prepared by coprecipitation and kneading display
a broad endothermal band between 50 and 100°C
due to the dehydration of the complexes. How-
ever, the endothermal peak near 126°C, for the
complexes obtained by coprecipitation and by
kneading, could still reflect the presence of a few
drug crystals in the preparation but the height of
this endotherm is reduced in comparison with
pure TBM. The endothermal peaks near 155°C
are due to the shift of melting point of TBM to a
higher temperature. These results can provide an
indication of the formation of inclusion com-
plexes between TBM and both cyclodextrins
(Uekama and Otagiri, 1987; Kedzierewicz et al.,
1994).

3.3. Raman spectroscopy

Since f-CD and HP-$-CD have no Raman
bands in the region of carbonyl stretching vibra-
tion (1650-1780 c¢cm '), the following discussion
will be focused on the region of TBM carbonyl
stretching bands near 1670 cm ~'.

Table 2 presents the carbonyl stretching Raman
frequencies for TBM, for physical mixtures
TBM:cyclodextrins and for the various
TBM:cyclodextrins compounds. The discussion of
the presented frequencies can be done in terms of
the following canonical structures (Fig. 7).

An increased contribution of structures (II)
leads to lengthening of the C=O bond and to a
reduction of the electronic density in this bond,
i.e., to a lower stretching frequency. Hence, the
spectral feature occurring at the highest frequen-
cies, i.e., at ca. 1734 cm !, should be ascribed to
the carbonyl group in a predominantly apolar
environment, whereas the features occurring at
lower frequencies, i.e., at ca. 1718 and 1670 cm ~ !,
should correspond to differently polarized car-
bonyl groups, the lowest frequency being ascribed
to a more strongly polarized C=O bond. This
reasoning, together with the assumption of a pre-
dominantly apolar environment for the included
guest molecules, leads to the following conclu-
sions of practical importance.

(1) The weak and broad Raman feature at ca.
1734 cm ~ ! should be considered as a spectro-
scopic ‘signature’ for the inclusion process,
whereas the bands at ca. 1674 and 1718 cm '
correspond to differently hydrogen bonded
carbonyl groups of TBM molecules.

(2) Complex formation with inclusion of TBM is
indicated by the presence of the 1734-cm ~!
Raman feature which occurs in all cases, ex-
cept for TBM:HP-£-CD obtained by knead-
ing. The assignment of the relatively weak and
broad 1734 ¢m ~! band is further supported
by the absence of this feature in the spectra of
TBM and of the physical mixtures.

(3) In the above mentioned cases of complex
formation the occurrence of carbonyl stretch-
ing Raman bands at frequencies other than
the highest at ca. 1734 cm ™' suggests the
existence of TBM molecules whose carbonyl
groups are differently polarized by hydrogen
bonding type of interactions.
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Table 2
Carbonyl stretching Raman frequencies

v C=0 (cm~")
TBM (solid) 1670 1712 (w)
Physical mixture of TBM and B-CD 1674 1712 (w)
Physical mixture of TBM and HP-3-CD 1674 1712 (w)
TBM:B-CD (kneading) 1673 (vw) 1718 1735
TBM:B-CD (freeze-drying) ~1712 1731
TBM:B-CD (coprecipitation) 1673 (vw) 1718 1734

TBM:HP-8-CD (kneading) 1670
TBM:HP-B-CD (freeze-drying)

1711

1706,1718 (vw) 1734 (vw)

(4) The 1712 cm ' Raman feature in the spectra
of TBM solid disappears when the sample is
prepared by the freeze-drying method. In this
method ammonium hydroxide was used, re-
sulting in the formation of an ammonium salt
with TBM and in the probable breaking of
hydrogen-bonding type interactions between
TBM molecules. Hence, the 1712 ¢cm —! fea-
ture is herein tentatively ascribed to carbonyl
groups of hydrogen-bonded TBM molecules
in the solid.

3.4. Dissolution studies

Fig. 8 shows the dissolution rate profiles of
TBM alone, from inclusion complexes and physi-
cal mixtures. It is evident that both the complexes
and physical mixtures exhibit a faster dissolution
rate than the free drug.

The amount of TBM dissolved after 20 min is
presented in Table 3. It can be seen that the
increase in dissolution rate of TBM is ca. 12-fold
greater when under the form of inclusion com-
plex, either obtained from F-CD by kneading,
coprecipitation and freeze-drying, or from HP-§-
CD by freeze-drying.

- -0
to! |0|e g
_/C _ c Y c
I I | i | I
¢ (n

Fig. 7. Canonical structures of carbonyl group.

The significant enhancement in dissolution rate
of the complex obtained from SCD by kneading
and coprecipitation may be due to an increase in
solubility and marked reduction in crystallinity.
For freeze-drying complexes, the increase of dis-
solution rate can be attributed, besides an increase
in solubility, to the surfactant-like properties of
cyclodextrins, which can reduce the interfacial
tension between TBM and the dissolution
medium, leading to a higher dissolution rate. Fur-
thermore, it might be due to the high energetic
amorphous state of freeze-drying products (Erden
and Celebi, 1988).

The increase in the dissolution rate of TBM
when physically mixed with f-CD (ca. 4.5-fold

Percent Tolbutamide dissolved

0 10 20 30 40 50 60 70
Time (min.)

Fig. 8. Dissolution profiles of tolbutamide and its 8-CD and
HP-B3-CD systems in pH 2 buffer at 37°C. Each point: mean
+ S.D. ¥, TBM alone; O, physical mixture of TBM and
p-CD; e, physical mixture of TBM and HP-§-CD; <,
TBM:-CD complex (kneading method); ¢, TBM:HP-4-CD
complex (kneading method); M, TBM:f-CD complex (freeze-
drying method); [, TBM:HP-£-CD complex (freeze-drying
method); x , TBM:#-CD complex (coprecipitation method).
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Tabie 3
Mean percentages of TBM dissolved after 20 min in pH 2
buffer at 37°C

Method of preparation B-CD (%) HP-B-CD (%)

Pure TBM 8.5 8.5
Physical mixture 40.7 223
Kneading 95.8 90.1
Freeze-drying 100.0 100.0
Coprecipitation 97.2 -—

greater) and HP-§-CD (ca. 2.5-fold greater) is
possibly due to a local solubilization action oper-
ating in the micro-environment or the hydrody-
namic layer surrounding the drug particles in the
early stages of the dissolution process. Indeed,
this type of cyclodextrin dissolves in a short time
thus improving the wettability, and hence dissolu-
tion of the drug particles (Goldberg et al., 1966;
Ismail, 1991).

The TBM:HP-£-CD kneading process displays
a dissolution rate greater than the physical mix-
tures but smaller than other complexes. This be-
haviour suggests that the dissolution rate may be
due to reduction in crystallinity of the powder but
not due to any inclusion complexation process.

These results are in full accordance with physi-
cal characterizations of different formulations,
which indicate that inclusion complexes are ob-
tained for §-CD by kneading, coprecipitation and
freeze-drying and for HP-#-CD by freeze-drying.

4. Conclusion

In solution, the ability of f-CD and HP-£-CD
to form complexes with TBM is pH-dependent.
The increase in ionization of TBM (pK, = 5.4)
results in a decrease in its apparent stability con-
stants. Although the unionized and the ionized
forms of TBM interact with both cyclodextrins,
the ionized form interacts to a much lesser extent,
suggesting that some chemical parameters are in-
volved in the complexation.

The solid inclusion complexes of TBM with
f-CD were obtained by kneading, freeze-drying
and coprecipitation, while those with HP-£-CD
were obtained by freeze-drying. Kneading of

TBM with HP-f-CD was unable to produce an
inclusion complex, however, with this mixture the
observed dissolution rate of TBM was greater
than that of the physical mixture, probably due to
a reduction in crystallinity of the powder. The
extent of the dissolution rate-enhancing effect was
found to be dependent on the method used for the
preparation of the mixture (complex or not).

From the experimental results it is concluded
that TBM:cyclodextrin complexation results in an
increase of solubility and dissolution rate for the
drug, suggesting a possible enhancement of its
oral bioavailability.

The ‘in vivo’ availability of TBM:CD inclusion
complexes in rabbits from oral solid dosage forms
is under investigation.
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