Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Xavier University on 01/30/12

For personal use only.

Drug Development and Industrial Pharmacy, 23(1), 27-37 (1997)

RESEARCH PAPER

Inclusion of Methoxybutropate in B-
and Hydroxypropyl B-Cyclodextrins:
Comparison of Preparation Methods

Giovanni Filippo Palmieri,’ Depalmo Galli-Angeli,?
Gaetana Giovannucci,' and Sante Martelli

‘Dipartimento di Scienze Chimiche, Universita di Camerino, via

S. Agostino n°1, 62032 Camerino, Italy

2Aziende Chimiche Riunite Angelini Francesco (ACRAF spa), S.S. 16

Adriatica, Km. 303, 60131 Ancona, ltaly

ABSTRACT

Interactions between methoxybutropate and B-cyclodextrin or hydroxypropyl B-
cyclodextrin and the possibility of obtaining inclusion complexes have been evalu-
ated by phase solubility diagram, HPLC, DSC, and x-ray diffractometry. Solid
inclusion complexes were prepared by spray drying, kneading, and solid disper-
sion. The dissolution profiles of the obtained powders were studied in order to
define the most appropriate cyclodextrin preparation method and molar ratio to
use in the production of methoxybutropate inclusion complexes.

INTRODUCTION

Methoxybutropate is an analgesic, nonsteroidal, anti-
inflammatory drug derived from the esterification reac-
tion between ibuprofen and guaiacol. This molecule
presents a very good stability, being insensible to oxy-
gen and UV radiations; it undergoes hydrolysis only at
very low or very high pH values and it is also thermally
stable. Unfortunately, the drug must be administered in
a relatively high dosage (600 mg); it possesses a low
melting point (35.5°~-36.5°C) and a very unpleasant
bitter taste, and what is more, its water solubility is less
than 10® M. The inclusion complexation of the drug
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with cyclodextrins should surely be taken into account
in efforts to overcome these drawbacks.

Actually, besides natural cyclodextrins (a, §, y),
there are a great many derivatives such as acylated,
nitrogen-containing, halogenated, carboxylic group con-
taining, glucosyl-cyclodextrins, expanded ring (crown-
ether-like), or the well-known alkylated derivatives (1).
Most of them are not considered for industrial purposes
because of their toxicity or their cost.

For this reason the authors chose B-cyclodextrin (2—-
12) and hydroxypropyl B-cyclodextrin (13-23) to study
the possibility of including methoxybutropate in a host
molecule. The first one (the least expensive cyclodex-
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trin) is indicated in the realization of an oral dosage
form because of its acute nephrotoxicity if administered
parenterally. The second one possesses a much higher
water solubility, which allows parenteral administration
without toxicity problems, and for this reason is more
often used in parenteral formulations.

So, solid dispersion, kneading, and spray-drying pro-
cesses were used to obtain an inclusion complex be-
tween methoxybutropate and -cyclodextrin or hydroxy-
propyl B-cyclodextrin. The powders of the complexes
were successively evaluated by dissolution studies.

MATERIALS AND METHODS
Solubility Studies

Phase solubility diagrams of the systems drug-
cyclodextrin were carried out according to the method
of Higuchi-Connors (24). Excess amounts of methoxy-
butropate (ACRAF, Ancona, Italy) were added to aque-
ous solutions containing different concentrations of f3-
cyclodextrin or of hydroxypropyl B-cyclodextrin
(Aldrich) and stirred for 5 days. Then, the filtered so-
lutions were analyzed spectrophotometrically to define
the solubility characteristics.

Physical Mixture Preparation

Fine powdered physical mixtures of methoxy-
butropate and - or hydroxypropyl B-cyclodextrin with
host-guest molar ratios of 1:1, 2:1, and 4:1 were pre-
pared by blending in a mortar for 5 min. These mixtures
were next compared with the corresponding solid com-
plex powders.

Palmieri et al.

Inclusion Complex Preparation by Solid
Dispersion

B-Cyclodextrin

Methoxybutropate and an equimolar or double mo-
lar or 4 times molar quantity of B-cyclodextrin were
dissolved at 40°C in the lowest volume of 59% ethanol
necessary to obtain a solution, and maintained under
stirring for 30 min. Then, the solutions were evaporated
under vacuum at 40°C with a rotary evaporator. The
collected powders were stored under vacuum in a des-
sicator 3 days and then analyzed.

Hydroxypropyl B-Cyclodextrin

Methoxybutropate and an equimolar or double mo-
lar or 4 times molar quantity of P-cyclodextrin were
dissolved at 20°C in the lowest volume of 80% ethanol
necessary to obtain a solution, and maintained under
stirring for 30 min. Then, the solutions were evaporated
under vacuum at 40°C with a rotary evaporator. The
collected powders were stored under vacuum in a des-
siccator 3 days before analysis.

Inclusion Complex Preparation by Kneading

Methoxybutropate and an equimolar or double mo-
lar or 4 times molar quantity of B-cyclodextrin or
hydroxypropyl B-cyclodextrin were wetted in a mortar
with 50% ethanol until a paste was obtained and mixed
for 30 min. Then, these pastes were left to air dry for
one night and finally mildly ground and stored under
vacuum in a dessiccator 3 days before analysis.

Inclusion Complex Preparation by Spray Drying
3-Cyclodextrin

Methoxybutropate and an equimolar or double mo-
lar or 4 times molar quantity of B-cyclodextrin were
dissolved at 40°C in the lowest volume of 59% ethanol
necessary to obtain a solution, and maintained under
stirring for 30 min. After that, the solutions were spray
dried (Biichi Mini Spray Dryer B-191, Switzeriand)
under the following conditions: feed rate 10 ml/min,
inlet temperature 95°C, outlet temperature 65°C, pres-
sure 5 bar, and throughput of drying air 35 m3/hr. The
collected powders were stored under vacuum in a des-
siccator 3 days and then analyzed.
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Hydroxypropyl B-Cyclodextrin

Methoxybutropate and an equimolar or double mo-
lar or 4 times molar quantity of hydroxypropyl B-cyclo-
dextrin were dissolved at 20°C in the lowest volume of
59% ethanol necessary to obtain a solution, and main-
tained under stirring for 30 min. After that, the solutions
were spray dried (Biichi Mini Spray Dryer B-191, Swit-
zerland) under nitrogen at the following conditions: feed
rate 10 ml/min, inlet temperature 95°C, outlet tempera-
ture 65°C, pressure 5 bar, and throughput of drying air
35 m?/hr. The collected powders were stored under
vacuum in a dessiccator 3 days before analysis.

Inclusion Complex Investigation
UV Measurements

After 3 days of storage, all the powders obtained
were assayed spectrophotometrically (Cary 1E UV-Vis
spectrophotometer, Varian) at 271 nm in ethanol-di-
methylsulfoxide 85:15 (analytical grade, Carlo Erba,
Milan, Italy) to be sure that no loss or decomposition
of drug occurred during their preparation.

High-Pressure Liquid Chromatography

HPLC analyses of the powders were performed with
a Hewlett-Packard 1090/1I set at 20 pl injection volume
and 1 ml/min flow rate using a Micro Porasil 0.39 X
30 cm (Waters) column. The UV detector was set at
271 nm and the mobile phase used was n-
hexane:chloroform:ethyl acetate 55:30:15. A weighted
amount of each powder was put in a flask with 25 ml
of chloroform and stirred for 1 hr; the suspension was
filtered with 0.45 pm membrane filters and the result-
ing solution diluted with chloroform in order to obtain
theoretical methoxybutropate concentrations of 30 mg/
liter. This final solution was injected and the results
compared with those of a solution containing the same
methoxybutropate concentration without cyclodextrins.

Differential Scanning Calorimetry

The DSC patterns were determined by a Perkin-
Elmer DSC-2C differential scanning calorimeter (Per-
kin~Elmer Corporation, Norwalk, USA) connected to a
data station. Each sample (10 mg of powder in alumi-
num pans) was heated at a heating rate of 5°C/min from
22° 10 102°C (295° and 375°K).
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X-ray Diffractometry

X-ray diffractograms of the prepared powders and of
pure drug and cyclodextrins were carried out with a
Philips PW 1730 x-ray generator using CuK,, radiation,
at a scanning speed of 1 degree/min between 2 and 40
theta.

Dissolution Studies

The dissolution studies were performed in triplicate
with an Erweka DT6 dissolution test, in distilled water
at 37°C using the paddle method at a rotation speed of
75 rpm (USP XXIII Apparatus 2). A certain amount of
each powder, containing 40 mg of methoxybutropate,
was put into a vessel with 1000 ml of water. After 2.5-
5-7.5-10-15-20-25 min and so on, 3 ml of water were
withdrawn, passed through a 0.45 um membrane filter
(Millipore), and assayed spectrophotometrically with a
Cary 1E UV-Vis spectrophotometer at 271 nm to mea-
sure the concentration of methoxybutropate present in
the solution. The initial volume of the vessel was main-
tained by adding 3 ml of distilled water after each sam-

pling.

RESULTS AND DISCUSSION

Inclusion Complex in Aqueous Solution

Figures 1 and 2 show the phase solubility diagrams
of the drug/B-cyclodextrin and drug/hydroxypropyl B-
cyclodextrin systems, respectively. In the first case (Fig.
1), the B.-type curve suggests a molar ratio for the solid
complex different from 1:1. In fact, the calculated
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Figure 1. Methoxybutropate-B-cyclodextrin phase solubility
diagram.
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Figure 2. Methoxybutropate-hydroxypropyl B-cyclodextrin

phase solubility diagram.

guest-host ratio from the data of the plateau region of
the curve is 1:2 and the theoretical stability constant,
calculated from the initial right portion of the curve, is
4.35 x 10* M1

In the second case (Fig. 2), an A, -type curve is ob-
tained; this means that there is a linear host-guest cor-
relation and a complex of constant composition is
formed until high hydroxypropyl p-cyclodextrin concen-
trations. The stability constant, calculated from all data
of the curve, is 2.37 x 10° M1,

Paimieri et al.

Solid Complex Characterization
UV and HPLC Analysis

The UV analyses performed on the prepared powders
show in all cases a 100% drug content according to the
theoretical composition.

The HPLC analysis shows only a partial chloroform
extraction of the methoxybutropate (Table 1), despite the
very high drug solubility in this solvent. The quantity
of methoxybutropate extracted—which is rather low
particularly in the case of B-cyclodextrin inclusion in
complexes—is more relevant for the powders with a
drug-cyclodextrin 1:1 molar ratio and gradually de-
creases going towards the 1:2 and 1:4 molar ratio. The
100% of drug is extracted only from the physical mix-
tures. This is a proof that inclusion complexes between
methoxybutropate and B-cyclodextrin or hydroxypropy!
B-cyclodextrin are formed, and that they possess a good
stability.

DSC Data

Figure 3 shows the DSC curves of powders prepared
with B-cyclodextrin compared with those of the pure
methoxybutropate, [-cyclodextrin, and their physical
mixtures. In agreement with data of phase solubility
diagrams (Fig. 1), the powders with drug-cyclodextrin
molar ratio 1:1 present a small melting peak located in

Table 1
HPLC Data

% Drug Extracted

B-Cyclodextrin

HP B-Cyclodextrin

Physical mixture
1:1
1:2
1:4
Solid dispersion
1:1
1:2
1:4
Kneading
1:1
i:2
1:4
Spray drying
I:1
1:2
1:4

100
100
100

41
28
10

32
21
7

34
18
8

100
100
100

92
85
55

90
86
61

86
74
58
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Figure 3. DSC curves of methoxybutropate-B-cyclodextrin
powders.

nearly the same position of pure methoxybutropate
melting peak. The presence of these peaks indicates a
partial complexation of drug. On the other hand, pow-
ders with drug-cyclodextrin molar ratio 1:2 and 1:4 do
not show melting peaks independently from the com-
plexation method used, and their thermograms are prac-
tically identical to that of cyclodextrin. This suggests a
total complexation of drug in these powders.

Figure 4 shows the DSC curves of powders prepared
with hydroxypropyl B-cyclodextrin compared with those
of the pure methoxybutropate, hydroxypropyl B-cyclo-
dextrin, and their physical mixtures. In this case there
is a difference between the three preparation methods.
All the powders prepared by kneading present the
methoxybutropate melting peak, even that with drug-
cyclodextrin molar ratio 1:4, and their thermograms are
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Figure 4. DSC curves of methoxybutropate-hydroxypropyl
B-cyclodextrin powders.

very similar to those of the physical mixtures. Hence,
kneading is not an appropriate preparation method to
obtain inclusion complexes between methoxybutropate
and hydroxypropyl B-cyclodextrin. On the contrary, the
powders obtained by the solid dispersion method do not
show any peaks, even with the drug-cyclodextrin mo-
lar ratio 1:1. This suggests a total complexation of drug
in these powders and a methoxybutropate~hydroxy-
propyl B-cyclodextrin complex molar ratio of 1:1, in
agreement with the phase solubility data (Fig. 2). Fi-
nally, thermograms of spray-dried powders show lack
of melting peaks only for 1:2 and 1:4 drug-cyclodextrin
molar ratio but not for the 1:1, and this is in contrast
with results obtained by the solid dispersion method.
Table 2 summarizes the values of the methoxybutropate
melting enthalpy/gram expressed in joules for the dif-
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Table 2
DSC Data

Palmieri et al.

$-Cyclodextrin

HP p-Cyclodextrin

Vg % Complex Jig % Complex

Methoxybutropate 95.4 0 95.4 0
Solid dispersion

1:1 7.53 63.5 0 100

1:2 0 100 0 100

1:4 0 100 0 100
Kneading

1:1 10.46 49 11.42 28.8

1:2 0 100 5.14 41.5

1:4 0 100 1.42 69.2
Spray drying

1:1 2.51 87.5 12.55 22

1:2 0 100 0 100

1:4 0 100 0 100

ferent powders prepared. From these values the theoreti-
cal complexation percentages have been calculated com-
paring the melting enthalpy of pure drug with peaks
enthalpies of processed powders (if a peak is present)
and, at the same time, taking into account the real quan-
tity of drug in the powder.

X-ray Diffractometry

Figure 5 shows the diffraction patterns of pure meth-
oxybutropate, B-cyclodextrin, and their physical mix-
tures. Diffractograms of solid complexes obtained by the
solid dispersion, kneading, and spray-drying methods,
with methoxybutropate-f§ cyclodextrin molar ratio 1:1,
1:2, and 1:4, are presented in Figs. 6, 7, and 8, respec-
tively. First of all, comparing diffractograms of solid
complex powders with those of pure drug, B-cyclo-
dextrin, and of their physical mixtures, a crystallinity
reduction in all processed powders can be observed, due
to the particular preparation method. The crystallinity
reduction is complete in the spray-dried powders, which
are completely amorphous. In agreement with all other
data suggesting a solid complex molar ratio of 1:2, solid
dispersed and kneaded powders with a 1:1 molar ratio
show a low complexation percentage because even if
their diffractograms show new peaks which are not pre-
sent in the physical mixtures, at the same time, they also

confirm the presence of all old peaks. This is due to the
insufficient amount of B-cyclodextrin in the composition
of these powders. In fact, with a double quantity of f3-
cyclodextrin (powders with a 1:2 molar ratio) the com-
plexation is practically total as deducible by the disap-
pearance of most of the methoxybutropate and
B-cyclodextrin peaks, and the appearance of new ones
confirming the existence of a crystalline inclusion com-
plex. The situation of the spray-dried powders is differ-
ent. As the spray-drying process makes the B-cyclo-
dextrin amorphous, the presence of drug peaks,
indicating only a partial complexation, is easier to see.
In fact, with 1:1 molar ratio a total complexation is not
obtained, while diffractograms of spray-dried powders
with 1:2 and 1:4 molar ratios show amorphous inclusion
complexes. Finally, diffractograms of powders, pre-
pared by solid dispersion and kneading with a 1:4 drug-
B-cyclodextrin molar ratio, show at the same time peaks
of the crystalline complex and of the B-cyclodextrin
excess.

Figure 9 shows the diffraction patterns of pure
methoxybutropate, hydroxypropyl B-cyclodextrin, and
their physical mixtures. Diffractograms of solid com-
plexes obtained by solid dispersion, kneading, and spray
drying, with methoxybutropate-hydroxypropyl pB-cyclo-
dextrin molar ratio 1:1, 1:2, and 1:4, are presented in
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Figure 8. X-ray diffractograms of methoxybutropate, B-
cyclodexirin, and their physical mixtures.

Figs. 10, 11, and 12, respectively. Because the hy-
droxypropyl B-cyclodextrin is amorphous in the solid
state, an eventual complexation is easily verified. In
fact, in agreement with DSC data, kneaded powders
present diffractograms similar to those of the corre-
sponding physical mixtures, giving proof of the useless-
ness of the kneading method in this case. On the con-
trary, diffractograms of solid dispersed powders show
no peak of drug and are practically identical to that of
the amorphous cyclodextrin. Thus, it can be deduced

33
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Figure 6. X-ray diffractograms of methoxybutropate-@-
cyclodextrin solid dispersed powders.

that an equimolar amount of hydroxypropyl B-cyclo-
dextrin is sufficient to complex all the drug using the
solid dispersion method. Unexpectedly the same results
are not obtained by spray drying. In this case, dif-
fractograms not only confirm the partial complexation
already pointed out by the DSC for 1:1 molar ratio
powders but, in disagreement with DSC data, they show
an incomplete complexation also for 1:2 drug-cyclo-
dextrin molar ratio. Only with 1:4 molar ratio there is
a total complexation.
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Figure 7. X-ray diffractograms of methoxybutropate-p-
cyclodextrin kneaded powders.

Dissolution Studies

The reported values are obtained by calculating the
arithmetical mean of three measurements, and standard
deviation bars are omitted to avoid overlapping.

Figure 13 shows the dissolution profiles of powders
prepared with methoxybutropate and B-cyclodextrin by
solid dispersion, kneading, and spray drying, of pure
drug and of the physical mixture 1:4. While the physi-
cal mixture is practically insoluble, like the pure drug,
all other processed powders improve drug solubility.
The extent of this improvement varies according to the

Palmieri et al.

Spray-dried B-cyclodextrin
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Figure 8. X-ray diffractograms of methoxybutropate—p-
cyclodextrin spray-dried powders.

applied complexation method and the host-guest molar
ratio, in perfect agreement with DSC and x-ray data.
The most effective complexation method is surely
spray drying. In fact, with the 1:2 and 1:4 drug-cyclo-
dextrin molar ratios, all methoxybutropate present in the
initial powder is dissolved, giving a concentration of
nearly 1.3 x 10 M. Spray-dried powder with 1:1
molar ratio gives a little lower drug concentration, and
this is probably due to the partial complexation which
has been found out in this powder. Anyway, all spray-
dried powders possess the capability to give a “plateau”
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Figure 9. X-ray diffractograms of methoxybutropate,
hydroxypropyl B-cyclodextrin, and their physical mixtures.

after having reached the maximum of solubility, while
powders differently processed are not able to conserve
this highest reached value. In fact, their dissolution
curves present a descending portion before forming a
common “plateau.”

Among these last mentioned powders, the solid dis-
persed ones give better results, particularly when the
drug-cyclodextrin molar ratio is 1:2 or 1:4. Finally, the
less efficient complexation method is the kneading one
because it gives an improvement of drug solubility lower
than the other two tested methods, especially for 1:1
molar ratio.
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Figure 10. X-ray diffractograms of methoxybutropate-
hydroxypropyl B-cyclodextrin solid dispersed powders.

Figure 14 shows the dissolution profiles of powders
prepared with methoxybutropate and hydroxypropyl B-
cyclodextrin by solid dispersion, kneading, and spray
drying, of pure drug and of the physical mixture 1:4.
In this case, the most effective technique is solid disper-
sion rather than spray drying. As expected, solid dis-
persed powder with drug-cyclodextrin molar ratio 1:4
gives the highest drug solubility improvement, while
powder with 1:1 molar ratio shows a lower, but always
remarkable, capability to increase this solubility. Pow-
der with 1:2 molar ratio is in an intermediate position.
Anyway, dissolution curves of all the three preparations
present a descending portion before becoming stable.
This is the same phenomenon observed for B-cyclo-
dextrin solid dispersed powders and is probably due to
a partial dissociation of the complex with formation of
an equilibrium in water solution.
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Figure 11, X-ray diffractograms of methoxybutropate-
hydroxypropyl p-cyclodextrin kneaded powders.

Among spray-dried powders, the only one which
considerably improves drug solubility is that with 1:4
drug-cyclodextrin molar ratio, in agreement with x-ray
diffractometry data. The dissolution profile of this pow-
der is practically identical to that of 1:1 solid dispersion.
The other two spray-dried powders, containing a certain
amount of uncomplexed methoxybutropate, show lower
dissolution curves.

Finally, also in this case, the less effective complex-
ation method is kneading.

CONCLUSION

Both cyclodextrins tested can be used to prepare
methoxybutropate inclusion complexes even if differ-

Palmieri et al.
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Figure 12. X-ray diffractograms of methoxybutropate-
hydroxypropyl f-cyclodextrin spray-dried powders.

140 e

[+ Methoxybut?@—aﬁt; ]
-+ Solid Dispersion 1:1
= Solid Dispersion 1.2
+ Salid Dispersion 1:4
- Kneading 1:1
*Kneading 1:2
+Kneading 1:4

- Spray-Drying 1:1
~+Spray-Drying 1:2

-+ Spray-Drying 1:4

+ Physical Mixture 1:4

120

100

80

60

40

Methox. Conc. M x 10 exp 6

0w S
0 10 20 30 40

MINUTES

Figure 13. Dissolution profiles of methoxybutropate-f-
cyclodextrin powders.

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Xavier University on 01/30/12

For personal use only.

Methoxybutropate Inclusion Complexes

100 [
TMethoxybargbété
“& 80 +— Physical Mixture 1:4
= = Solid Disper sion 1:1
P i )
2 o \’\'\’\.__, -+ Solid Dispersion 1:2
= + Solid Dispersion 1:4
3 - Kneading 1:1
8 40 *Kneading1:2
5‘ © Kneading 1:4
% 20 -+ Spray-Drying 1:1
= —~+—s—x—+| + Spray-Drying 1.2
|+ Spray-Drying 1:4
0 v o

0 10 20 30 40 50 60
MINUTES

Figure 14. Dissolution profiles of methoxybutropate-f3-
cyclodextrin powders.

ences in the complexation effectiveness and in increas-
ing water drug solubility are remarkable, depending on
the drug-cyclodextrin molar ratio in the processed pow-
der, on the applied complexation method, and the type
of cyclodextrin used. In fact, with increased quantity of
cyclodextrin in the powder, an increase in the percent-
age of complexation and in water drug solubility is
obtained. Generally, B-cyclodextrin gives better results
than hydroxypropyl B-cyclodextrin in the complexation
of this specific drug. Spray drying is by far the best
method, particularly if combined with the use of pB-
cyclodextrin. On the other hand, solid dispersion is
more indicated for the preparation of methoxybutropate-
hydroxypropyl B-cyclodextrin complexes.

On the basis of these results and considering the
dosage needed to obtain the required pharmacological
response, the preparation of this inclusion complex on
an industrial scale should be carried out by spray dry-
ing a solution of drug and B-cyclodextrin with 1:2 molar
ratio. In fact with this method an excess of P-cyclo-
dextrin does not give any improvement to the already
effective formulation.

In any case, production of tablets as a final pharma-
ceutical dosage form cannot be taken into account be-
cause of the high mass of powder necessary for a single
dose. More realistic is an approach to the realization of
a powder single-unit dosage from such as strip packag-
ing.
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