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Summary

Phase solubility studies revealed a 12-fold increase in the solubility of ibuprofen and the formation of an insoluble microcrystalline
complex in the presence of high concentration of S-cyclodextrin ( 8-CD). The complex system formed had a stoichiometric ratio of
2: 3 (ibuprofen: 8-CD) which reflected contributions from several complexes precipitating in the system. More evidence of complex
formation was obtained from the analysis of UV, IR, DSC and X-ray diffraction studies. The dissolution rate of the ibuprofen was
significantly enhanced by complexation. After 20 min the % of drug released was 5 and 95 for the drug powder and the complex,
respectively. Increased solubility, decreased crystallinity and improved wettability probably accounted for the observed enhancement
in the dissolution rate. Bioavailability studies in rats showed the extent of absorption to be the same for the free and complexed
ibuprofen. However, the time to reach peak plasma concentration for the complexed ibuprofen was 2.5-fold faster than the drug alone.
Results of this report indicate that B-cyclodextrin could be a useful additive to solid ibuprofen formulations as it may result in a more

rapid and uniform release of the drug.

Introduction

Ibuprofen, (& )-2-( p-isobutylphenyl)propionic
acid, belongs to the group of non-steroidal antiin-
flammatory agents (NSAIDs) and is widely indi-
cated for the symptomatic relief in cases of arthri-
tis. The drug is very slightly soluble in water and
has poor wettability properties. However, ibupro-
fen is completely bioavailable and is relatively
rapidly absorbed after oral administration with
peak plasma or serum levels achieved within 2 h
(Albert and Gernaat, 1984). Several reports in the
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literature have shown a variation in the absorption
rate among ibuprofen solid oral dosage forms.
Gillespie et al. (1982) conducted a bioavailability
study in 18 normal volunteers and found marked
variation in the absorption rate of five commer-
cially available ibuprofen products. Stead et al.
(1983) also found potential bioinequivalence prob-
lems associated with ibuprofen solid dosage forms.
The pharmacokinetics of ibuprofen in man has
been extensively studied by Lockwood et al.
(1983a), Albert et al. (1984), Lockwood et al.
(1983b) and Wagner et al. (1984). In a cross-over
study design in 15 normal male subjects, absorp-
tion of ibuprofen from tablets was shown not to
be simple first order as from a solution form
(Wagner et al., 1984). B-Cyclodextrins and their
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derivatives have been used in pharmaceutical for-
mulations to enhance solubility, dissolution rate,
stability and bioavailability. Several studies have
reported interactions of B-CD with NSAIDs
(Hamada et al., 1975; Kurozumi et al., 1975;
Ikeda et al., 1975). Nambu et al. (1978) adminis-
tered the freeze-dried product of several NSAIDs
including ibuprofen to rabbits and reported higher
blood levels compared with the freeze-dried drug
alone. The primary objective of the present study
was to investigate the possibility of improving the
release properties of ibuprofen via complexation
with B-cyclodextrin. The physicochemical proper-
ties and bioavailability in rats of ibuprofen—pg-
cyclodextrin system are reported.

Materials and Methods

Materials

Ibuprofen was obtained courtesy of the Upjohn
Co. B-CD was purchased from Sigma Co. and was
recrystallized from water and stored in a desicca-
tor. All other chemicals used were of analytical
grade and double distilled water was used in all
studies.

Analysis of ibuprofen

An HPLC method was used to analyze for
ibuprofen in the in vitro and in vivo studies. The
conditions for the analysis were as follows: col-
umn, MicroPak MCH-10; flow rate, 1 ml/min;
wavelength 264 nm; sensitivity, 0.2 a.u.fs.; and
mobile phase (methanol:4% glacial acetic acid
85:15). The conditions for in vivo analysis were
the same as the in vitro analysis except samples
were monitored at a wavelength of 220 nm and
mobile phase used was methanol:0.4% glacial
acetic acid 75:25. Thirty microliter samples were
injected into a Varian 5000 LC equipped with a
Varian UV 50 variable wavelength detector.

Phase-solubility studies

Phase-solubility studies were performed accord-
ing to the method reported by Higuchi and Con-
nors (1965). Exactly 40 mg of ibuprofen were
weighed into each of 25 ml Erlenmeyer flasks, to
which were added 20 ml of water containing vari-

ous concentrations of 8-CD (0.001-0.016 M). The
sealed flasks were shaken for one day at a con-
trolled temperature of 30+ 0.5°C. After equi-
librium for 2 days, an aliquot was filtered with a
0.45 pm HA-type millipore filter. The ibuprofen
concentration in the filtrate was determined by
HPLC.

Preparation of the solid complex

The solid ibuprofen—B-CD complex was pre-
pared by choosing the mole ratio of the compo-
nents where there was no more undissolved drug
and B-CD was still within its solubility limit (that
point is indicated by an arrow in Fig. 1). The
precipitated complex was filtered, washed and
dried in a 40°C oven overnight. Chemical analysis
was performed to confirm stoichiometry of the
complex system.

Ultraviolet and infrared speciroscopy

UV-spectra of 0.003 M ibuprofen in pH 7.0
phosphate buffer (1/15 M) with increasing con-
centrations of B-CD were recorded on an Aminco
DW-2 UV-VIS spectrophotometer. The prepared
solutions were shaken at 30°C and equilibrated for
one day. IR-spectra were obtained using a Perkin-
Elmer IR-spectrophotometer Model 257. Nujol
mull technique was used since compression in
potassium bromide pellets resulted in complex for-
mation in the physical mixture samples. The
amount used in samples was equivalent to 5 mg of
ibuprofen.

Differential scanning calorimetry (DSC)

DSC scans were recorded on a Perkin-Elmer
Model 1B apparatus equipped with a low tempera-
ture cell and nitrogen as the purging gas. The
sample size was equivalent to 5 mg of ibuprofen
and the scanning speed was 16° /min.

X-Ray diffraction spectroscopy

X-Ray diffractometry was carried out using a
Norelco X-Ray diffractometer with a Norelco’s Ni
filter CuK(a) radiation detector. The scanning
speed used was 1°-28/min. Additionally, the
complex sample was also run at a higher sensitiv-

1ty.



Dissolution rate

Dissolution studies were performed using U.S.P.
dissolution apparatus (paddle method) in one liter
of 0.027 N hydrochloric acid solution as the dis-
solution medium. The stirring rate was 100 rpm
and temperature was maintained at 37°C. Dissolu-
tion samples (passed through 30 and retained on
80 mesh USP standard) contained the equivalent
of 50 mg ibuprofen.

Bioavailability in rats

Bioavailability of the prepared complex and the
drug was tested by administering the preparation
orally to Sprague—Dawley rats. Six rats were fasted
overnight and dosed in the morning with 60 mg
ibuprofen equivalent /kg in 0.1% CMC solution (5
ml /kg). Blood samples were withdrawn from the
tail vein at designated time intervals by the proce-
dure described by Nerenberg and Zedler (1975).
Plasma samples were frozen until analyzed. The
HPLC method of Lockwood and Wagner (1982)
was utilized with slight modification to analyze for
unchanged ibuprofen. Probenecid was used as the
internal standard. The samples were acidified with
0.1 N hydrochloric acid and methylene chloride
was added for extraction. The samples were shaken
for 10 min. The organic layer was then transferred
to a dry culture tube and evaporated to dryness
under a stream of nitrogen at 40°C. The residue
was reconstituted in the mobile phase which was
then injected into the HPLC. This method was
used previously to analyze for ibuprofen in serum
samples (Karara et al., 1984). The area under the
plasma concentration—time curves (AUC) was
calculated using the trapezoidal rule. The elimina-
tion half-life was estimated graphically from the
terminal linear phase of the plasma concentra-
tion—time curve.

Results and Discussion

The phase solubility diagram shown in Fig. 1
can be classified as type Bs according to Higuchi
and Connors (1965). An insoluble microcrystalline
complex was formed in solution at high B8-CD
concentrations. Because the ascending linear por-
tion of the diagram had a slope less than 1, it was
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Fig. 1. Phase solubility diagram of ibuprofen—8-CD system in
water at 30°C. An arrow showing experimental condition for
the preparation of solid complex (see text).
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Fig. 2. Effect of B-CD on the absorption spectrum of 0.003 M
ibuprofen: (I) ibuprofen alone; (II) 0.001 M 8-CD; (II1) 0.002
M B-CD; and (IV) 0.003 M 5-CD.
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Fig. 3. Benesi-Hildebrand plot for the effect of B-cyclodextrin
on the absorbance of ibuprofen at 259 nm.

assumed that the increase in the solubility observed
(approximately 12-fold) was due to the formation
of a 1:1 complex. The apparent formation con-
stant calculated from the initial segment was ap-
proximately 1.0 X 10* M~ '. The stoichiometry of
the complexes precipitating from solution can be
calculated from the plateau segment of the di-
agram. It appeared that 5.8 Xx10™% mole of
ibuprofen reacted with 8.6 X 10~ mole of 8-CD,
indicating a 2: 3 (ibuprofen: 8-CD) stoichiometric
ratio. This stoichiometric ratio probably reflects
contributions from several complexes precipitating
in the descending portion of the solubility diagram
(Higuchi and Connors, 1965). Because of the com-
plexity of the system. the calculated apparent for-
mation constant K, ., had a large unrealistic value.
Chemical assay of precipitated complex confirmed
the observed stoichiometry. Anderson and
Bundgaard (1984) reported a similar stoichiometry
for the metronidazole-B-CD complex system.
UV-spectra of ibuprofen solutions in increasing
concentration of 8-CD are shown in Fig. 2. From
the spectra, it appears that both A _,, peaks of
ibuprofen, at 258.5 and 266 nm showed a
bathochromic shift as a result of complex forma-
tion. The intensity of the absorption maxima
slightly decreased with increasing (-CD con-
centration. The shift in UV absorption maxima
may be explained by a partial shielding of the
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Fig. 4. IR spectra of: (I) ibuprofen alone; (II) 8-CD alone:
(I1I) physical mixture of ibuprofen and B-CD (2:3 in mole
ratio); and (IV) complex system of ibuprofen with 8-CD.

excitable electrons in the cyclodextrin cavity (Szej-
tli, 1982). Similar shifts in UV maxima have been
observed with 8-CD complexes of mefenamic acid
(Ikeda et al., 1975) and salicyclic acid, vitamin K3
and vitamin D3 (Szejth, 1982). Because the molar
absorptivities of the complex and the drug differed
at the same wavelength it was possible to de-
termine the stability constant from the spectral
data (Connors and Mollica, 1966). The apparent
K, ., stability constant was determined from the
following equation (Benesi and Hildebrand, 1949):

1 1
K, xS xdaxL 'S xdAa

1
AA
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Fig. 5. Differential scanning calorimetry of: ibuprofen (I);
B-CD (II); the physical mixture of ibuprofen and B-CD (2:3)
(I11); and the complex system of ibuprofen with 8-CD (IV).

where AA is the difference in absorbance at 259
nm, Aa is the difference in the molar absorptivities
between free and complexed drug, S, is the total
ibuprofen concentration and L is the concentra-
tion of free B-CD. The stability constant obtained
from the intercept/slope ratio of Fig. 3 was
calculated to be 10,800 which is in good agreement
with the estimate from the solubility study. The IR
spectra shown in Fig. 4 show distinctive changes in
the region of the carbonyl absorption. The char-
acteristic carbonyl stretching band at 1709 cm ™!
appeared in both the drug and physical mixture
samples; conversely, the band was shifted to 1736
cm™! with a markedly decreased intensity in the
inclusion complex sample. One possible explana-
tion of the shift to higher wavenumber may be the
breakdown of the intermolecular hydrogen bond-
ing associated with the ibuprofen molecules and
the establishing of less weak forces in the complex
system (Bellamy, 1958). The observed decrease in
intensity of the carbonyl band may have resulted
from its restriction within the 8-cyclodextrin cav-
ity. The shift of the carbonyl stretching band was
also observed in the complex system of steroid
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Fig. 6. Powder X-ray diffraction patterns of: ibuprofen (I):
B-CD (II); the physical mixture of ibuprofen and 8-CD (2:3)
(I1IT); the complex of ibuprofen with 8-CD (IV) and the same
sample as IV with a 5-fold higher relative intensity (V).

hormones studied by Uekama et al. (1982). More
evidence of complex formation was obtained from
the differential scanning calorimetry (DSC) ther-
mograms (Fig. 5). The endothermic peak at 76°C
equivalent to ibuprofen almost disappeared in the
inclusion complex system.

The X-ray diffraction analysis of powder sam-
ples revealed less crystallinity in the complex sys-
tem as evidenced by fewer and broader peaks of
lower intensity. The diffraction patterns obtained
for the complex and physical mixture are shown in
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Fig. 7. Dissolution profiles of ibuprofen and its 8-CD complex
in 0.027 N hydrochloric acid solution at 37°C by U.S.P.
dissolution apparatus (paddle method).
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Fig. 6 and indicate the less crystalline nature of
the complex system. The latter pattern is con-
sistent with previously published patterns for 8-CD
inclusion compounds. From the freeze-dried prod-
ucts, Kurozumi et al. (1975) observed two broad
peaks in the diffraction patterns of inclusion com-
pounds at interplanar distances around 7.2-7.7 A
and 4.8-5.0 A. The corresponding values obtained
in the current work were 7.6 A and 5.0 A, are in
good agreement.

Fig. 7 shows the dissolution profiles of ibupro-
fen from B-CD complex and ibuprofen powders.
It is evident that the release of ibuprofen was
significantly enhanced by complexation. After 20
min, the percent of drug released was approxi-
mately 5% and 95% for the powdered drug and the
complex samples, respectively. Additionally, in this

TABLE 1

MEAN BIOAVAILABILITY PARAMETERS OBTAINED
AFTER SINGLE ORAL DOSES OF IBUPROFEN OR
IBUPROFEN-8-CD COMPLEX IN AQUEOUS SUSPEN-
SION IN RATS

Parameter Mean (S.E.)
Ibuprofen Ibuprofen-8-CD
complex

Peak plasma 120(10) 112(3)
concentration
(pg/ml)

Time to peak 0.92(0.05) 0.37(0.03) *
concentration (h)

AUC,_g, 311(45) 321(38)
(pg/ml-h)

Elimination 0.275(0.046) 0.254(0.036)

rate constant (h ')

* Significantly different from the drug alone, P < 0.05.
Each value is the mean + S.E. of 6 rats.

study, the improved wettability of ibuprofen in the
complex samples was obvious during the dissolu-
tion process. The enhanced dissolution rate is
probably due to increased solubility, decreased
crystallinity and improved wettability. Table 1
shows the results of the bioavailability experiment
in the rat. It is evident that the drug is completely
available in the complex form in spite of the
predicted large stability constant for the complex.
This finding is interesting since Tokumura et al.
(1985), recently attributed the lack in increase in
the bioavailability of cinnarizine from its 8-CD
complex to its large stability constant (6.2 x 10°
M™'). The areas under the plasma concentration
time curves (0-8 h) and the peak plasma con-
centration following the administration of ibupro-
fen and the complex form were not significantly
different (Table 1). However, the time to reach
plasma concentration for the complexed ibuprofen
was about 2.5-fold greater than that for the drug
alone. This enhancement in drug absorption is
probably due to the fast dissolution rate of the
complex. At all time intervals, the standard error
of the plasma concentration values for the com-
plex samples were found to be much smaller than
those for ibuprofen samples. The results of this
study indicate that ibuprofen is completely availa-



ble from its complex with 8-CD and that 8-CD
could be a useful additive to solid ibuprofen for-
mulations as it may result in a more rapid and
uniform release of the drug.
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