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Inclusion Complex of Analgesic and antiinflammatory Agents with
Cyclodextrins (II) : Effect of 2-Hydroxypropyl-B-cyclodextrin on
the Release of Ibuprofen Suppository

Injoon Oh', Mi-Young Lee, Yong-Bok Lee and Sang-Chul Shin

College of Pharmacy, Chonnam National University, Kwangju, 500-757
(Received May 30, 1997)

Ibuprofen, a nonstercidal antiinflammatory, ' analgesic and antipyretic drug, has several
limitations in clinical application because of low solubility in water and gastrointestinal
irritation. Effect of ibuprofen/2-hydroxypropyl-B-cyclodextrin (HPPCD) inclusion compound on
release of suppository was investigated. Complex formation was confirmed by 'H- and “C-NMR
spectroscopy. The release of ibuprofen from suppository base in vitro was significantly increased
by the complexation with HPBCD. The release of ibuprofen from hydrophilic base was faster
than that from hydrophobic base. In vivo studies, the release rate of ibuprofen from suppository
was accelerated after rectal administration in complex form. This results suggested that
ibuprofen/HPBCD complex can be practically used for suppository to have faster effect of

ibuprofen with reduced side effect.

Keywords—Ibuprofen, Hydroxypropyl-B-cyclodextrin, Inclusion compound, Complexation, Sup-

pository, Rectal absorption

Ibuprofen, (%)-2-(p-isobutylphenyl) propionic
acid, is an efficient nonsteroidal antiinflammatory,
analgesic and antipyretic agent. It is widely used
for the treatment of rheumatoid arthritis, os-
teoarthritis and acute pain in musculoskeletal di-
sorders. It is very important for antiinflammatory
agents to elicit rapid therapeutic effect and to
maintain effective serum concentration. Tbuprofen
is very slightly soluble and poorly wettable in wat-
er. Generally, it also causes vomiting, nausea,
gastric irritation, epigastric pain, heartburn, ab-
dominal discornfort, rare dermathemia and hémo-
phthalmia after oral administration.” For this'rea-

' To whom correspondence should be addressed.
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son, it has been studied the other formulations to
enhance solubility, dissolution rate and bicavai-
lability and to reduce the side effect due to over-
dose.

After it is revealed that cyclodextrin has an in-
clusion capability of hydrophobic molecules,
there were a number of researches about the
2-5) Cy-
a homologue of cyclic oli-

new formulation wusing cyclodextrin.
clodextrin is
gosaccharide derivatives, which are also known
as Schardinger dextrin or as cycloamylose. The
interior of the cavity is hydrophobic whereas
the exterior is rather hydrophilic. By this par-
ticular conformation various kinds of guest

molecules occupy the hydrophobic cavity in the
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cyclodextrin. These inclusion compounds have
new pharmaceutical properties resulting in the
improvement, of solubility, stability and bioavai-
lability.*® Although cyclodextrin complex is
water-soluble, B-cyclodextrin is sparingly solu-
ble in water. The low solubility of B-cyclodextrin
can be improved by chemical modification in-
cluding alkylation and hydroxylation of B-cy-
clodextrin. These modification may disrupt the
hydrogen bonding network and modify the cry-
stalline P-cyclodextrin into amorphous mixture
of isomers leading to increased solubility of such
derivatives. In recent yéars hydroxypropyl-B- cy-
clodextrin (HPBCD) has been extensively ap-
plied in pharmaceutical formulation.*® In a pre-
vious study'’, we also used HPBCD to improve
dissolution rate and bioavailability of ibuprofen.

Although ibuprofen complex can reduce the
side effect somewhat in oral administration, it
cannot get rid of all adverse effect such as gas-
tric irritation, nausea, and vomiting completely.
Rectal administration is an example of other
routes. " Suppository is a solid dosage form
used for rectal or vaginal administration of
therapeutic agents. The active ingredient is disp—
ersed in an inert matrix generally composed of
a rigid or semirigid base. As suppositories do off-
er a number of advantages such as to reduce
hepatic first-pass elimination and to enhance
drug bioavailability, they are recently becoming
an important formulation for systemic delivery.
A number of antiinflammatory agents as anal-
gesics, antipyretics, sedatives and hypnotics are
now being sold in suppository form.

In this study, we observed an effect of
HPBCD on release of ibuprofen from sup-
pository as a vehicle to overcome the poor aque-
ous solubility of drug. Complex formation was
confirmed using nuclear magnetic resonance
spectrometer. We examined the dependence of
release on the base used and investigated the ef-
fect of complex on rectal absorption of ibuprofen
in rat. '

J. Kor. Pharm. Sci., Vol. 27, No. 3(1997)

Experimental

Materials

Tbuprofen (Dong-A Pharm. Ind. Co., Korea),
flurbiprofen (Whan-In Pharm. Ind. Co., Korea),
heparin (Korea Green Cross Co., Korea) and
witepsol H-15 (Han-Dok Pharm. Ind. Co., Korea)
were used: HPBCD was purchased from Sigma
Chemical Co. (U.S.A). Polyethylene glycol (PEG)
1500 and 4000 were from Osaka Chemical Co.

(Japan). All other chemicals were analytical

reagent grade or HPLC grade.

Measurement of NMR Spectra

Ibuprofen was dissolved in pD 11 DO adjusted
with NaOD and mixed with HPBCD solution. 'H-
NMR and “C-NMR spectra were determined at
room temperature with a high-field NMR spec-
trometers (Varian unity 300). All chemical shifts
were assigned relative to tetramethylsilane which
was used as an external reference.

Preparation of Suppository

The inclusion complex was prepared at the 1:
1 molar ratio of drug to HPBCD. Practically, 206.
28mg (1mM) of ibuprofen and 1500 mg (1 mM)
of HPBCD were dissolved in 5ml] of 5% am-
monia water at room temperature. The solution
was evaporated with rotary evaporator under
reduced pressure at 40°C for 2 hr. The product
was washed out with ethylether to remove the
residual ibuprofen which did not participate in
complexation. Physical mixture was prepared
by simply blending ibuprofen and HPBCD in a
mortar then transferring to a vacuum desiccator
until ready for use. Suppositories were prepared
by the fusion method. Witepsol H-15 and mix-
ture of polyethylene glycol 1500 and 4000 were
used as an example of hydrophobic and hy-
drophilic bases, respectively. Intact ibuprofen (30
mg/g base) or corresponding complex (248.1 mg/
g base) was added to the oleaginous base melt
at 50°C and water-soluble base melt at 60°C,
respectively, and then thoroughly mixed. Each
mixture was cooled to 30-35°C, dispersed and
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promptly poured into aluminium suppository
molds. After aging for at least 12 hours at 5°C,
the moldings obtained were used in this study.

Measurement of the Apparent Partition Coefficient

The apparent partition coefficient of ibuprofen
between aqueous phase and suppository base
was determined. After shaking 5ml of saline
containing 5 mg ibuprofen or corresponding com—
plex, the solution mixed with 5 mi of molten
witepsol H-15 was stored in shaking incubator
at 37°C for 20 minutes. The remaining amount
of ibuprofen in the aqueous phase was analyzed
by high performance liquid chromatography
(HPLC). The partition coefficient was defined
as the ratio of the equilibrium concentration of
ibuprofen in the organic phase (C,) to that in
the aqueous phase (C,,).

Partition Coefficient = S = —(QT—C—Q
Cw Cw

where C, is the initial concentration of ibuprofen
in aqueous phase.

in vitro Release of Ibuprofen from Suppository

The release of ibuprofen from suppositories
containing ibuprofen alone and its complex,
respectively, were measured using a sup-
pository release apparatus (Toyama Sangyo Co.,
Osaka, Japan) according to the method of Mu-
ranishi et al.® Each suppository was placed in
the cylindrical chamber, which was lined on the
inside with a Milipore membrane filter (3.0 pm)
as a barrier for diffusion of the suppository base.
The chamber was placed into a flask containing
300 m! of normal saline. The stirring rate of the
release phase was set at 100rpm and tem-
perature was maintained at 37°C. The rotation
rate of the steel rod in the suppository chamber
was 25rpm. At an appropriate time interval, 3
m! of sample were withdrawn from the receiver
and assayed for ibuprofen by HPLC. The
volume in the vessel was refilled with the equal
volumes of saline solution after each sampling.

in vivo Absorption of Ibuprofen

Male SpragueDawley rats weighing 130-150 g
were obtained from Taehan Laboratory animal
research center. Water and food (Jeil Co., Korea)
were freely supplied for more than two weeks
under a temperature—controlled environment (20~
25°C). Rats weighing 230-280 g were fasted with
free access to water for 48 hours prior to the ex-
periment. Under light ether anesthesia, the
femoral vein and artery were cannulated with
polyethylene tubing (PEG 50, Clay Adams, N.J.,
U.S.A) for drug administration and blood sam-
pling, respectively. After animal awoke in about
20-30 minutes, suppositories containing ibupro-
fen or its complex were administrated at dose 4
mg/gk of rat body weight to each rat. After ad-
ministration of suppository, the anus was closed
with a glue to avoid the leak of melted sup-
pository. During the experiment, the tem-
perature of rats were maintained constantly.
Blood samples were collected through the po-
lyethylene tubing from the femoral artery at ap-
propriate intervals and centrifuged immediately
for 4 minutes at 12000 rpm. Plasma samples
were frozen below -20°C until analyzed. The as-
say was performed within 3 days.

Analytical Procedure of Ibuprofen in Plasma

The extraction procedure of Albert et al'® for
the determination of ibuprofen was used with
minor modification. To 200 pl of plasma, 0.1 m]
of 2.5ug/ml flurbiprofen (internal standard)
and 0.1ml of IM HCI solution were added. The
solution was vortex-mixed for 1 minute and ex-
tracted with 2m! of a mixture of isooctane and
isopropyl alcohol (85:15v/v%) by shaking vi-
gorously for 10 minutes on a rotary shaker. Af-
ter centrifugation at 2000 rpm for 10 min, or-
ganic layer was transferred into another tube,
then evaporated to dryness under reduced pres-
sure at 50°C. The samples were reconstituted
using 500 ul of mobile phase. Aliquots of 10 ul
were injected into the HPLC system. The linear-
ity of concentration by HPLC was established
from 0.5 to 20 pg/ml (r0.995). We used mo-
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168 Injoon Oh, Mi-Young Lee. Yong-Bok Lee and Sang-Chul Shin

ment analysis method for determination of phar-
macokinetic parameters.- For statistical evalu-
ation, Cpux, tmex and AUC were used. Statistical
differences were assumed to be significant when
p<0.05 (Student's t-test).

Results and Discussion

NMR Spectra of Inclusion Compound

In previous paper® we observed the charac—
teristics of ibuprofen/HPBCD complex by ther-
mal analysis, infrared spectroscopy and x-ray
diffraction. In this study NMR spectroscopy was
used to resolve the exact structure and geome-
try of inclusion compound. Figure 1 shows the
'H NMR spectra of ibuprofen dissolved in DO
in the absence and presence of HPBCD. In the
presence of HPBCD, the signals of the aromatic
protons (8:7.2-75) are shifted upfield, in-

fasannnt} ! 1 p 7 T T T

Figure 1—"H-NMR spectra of ibuprofen in the ab-
sence of HPBCD (upper) and in the presence of
HPBCD (down).

a_l IL.__

180 160 140 120 100 60 40 20 Ppm

Figure 2—“C-NMR spectra of ibuprofen in the ab-
sence of HPBCD (upper) and in the presence -of
HPBCD (down).
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dicating greater shielding of the aromatic proton
of ibuprofen when the aromatic ring is included
inside the cyclodextrin ring.”” The “C NMR
spectra of ibuprofen and its complex were
shown in Figure 2. In this figure aromatic car-
bon of ibuprofen (8:126-140) was shielded be-
cause of influence of cyclodextrin on the ring
current of ibuprofen and aliphatic carbon (8:20,

- 43, 47) experienced the downfield shift due to di-

minished rotational freedom of movement.”

From these results, we could suggest that the
aromatic portion of ibuprofen occupied the cavi-
ty of HPBCD."

Measurements of the apparent partition coefficient

The apparent partition coefficient. of ibuprofen
between the witepsol H-15 and saline was 4.5
and the corresponding value of complex was 2.0.
The decreased partition coefficient of complex in-
dicates the hydrophilicity of HPBCD comparing
to ibuprofen alone. Dollo et al.® observed the
transfer rate of drug between aqueous and or-
ganic phases. They found that a decrease in
transfer rates to organic phase in the case of
complex was observed showing that cy-
clodextrins were able to retain drug in the aque-
ous phase. We can also infer that the release
rate of complex from witepsol suppository is fast—
er than that of ibuprofen alone and complex can
be transferred easily into rectal fluid because of
its hydrophilic property.

in vitro Release

The release profiles of ibuprofen alone, in-
clusion complexes and physical mixture from
the witepsol H-15 base suppositories were
shown in Figure 3. It is evident that the release
of ibuprofen from suppository was remarkably
enhanced by the complexation with HPBCD.
The enhanced release rate is probably due to in—
creased solubility, decreased crystallinity and
improved wettability of inclusion compound in

5.10)

suppositories.” The release of drug from sup-
pository is known to be influenced by various

factors: drug-vehicle interaction, vehicle com-
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Figure 3—Release profiles of ibuprofen from witep-
sol H-15 base suppository. Key: ®: ibuprofen, O:
physical mixture, V. p-cyclodextrin complex, ¥. 2~
hydroxypropyl-B-cyclodextrin complex

position, solubility, partition coefficient and par-
ticle size of drug in vehicle."*"™ Among these fac-
tors, the formation of inclusion compound con-
tributes to increase the solubility. Suppository
prepared with physical mixture of ibuprofen
and HPBCD was shown faster release than
ibuprofen alone, and this increase was the
cause of ease wettability of HPBCD. While B-cy-
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Figure 4—Release profiles of ibuprofen from poly-
ethylene glycol base suppository. Key: ®: ibuprofen,
O; physical mixture. V: B-cyclodextrin complex. ¥: 2-
hydroxypropyl-B-cyclodextrin complex

clodextrin was slightly soluble, the inclusion
compound of PB-cyclodextrin showd enhanced
release of ibuprofen from suppository. Figure 4
shows the release profile of ibuprofen from PEG
base suppository. Because of high hydrophilicity
of PEG the release of ibuprofen was fast in case
of complex and physical mixture of ibuprofen
and HPBCD. Ibuprofen suppository without cy-
clodextrin shows slow release profile. The
release from PEG base was faster and larger
than that from the witepsol H-15 base. The
small release of ibuprofen from witepsol H-15
base suppository may be due to its highly hy-
drophobic property which limits the contact
with water on the contrary to PEG.

in vivo Absorption

Figure 5 shows the blood concentration after
rectal administration of ibuprofen alone and its
complex. According to the concentration-time
curves, we obtained the pharmacokinetic
parameters using moment program analysis
method. Some pharmacokinetic parameters are
shown in Table I. The areas under the plasma
concentration-time curves and the peak plasma
concentration following the administration of

in plasma (ug/ml)

up
o

of i

-

0 50 100 150 200 250 300 3s0

Time (min)

Figure 5—Mean plasma concentration of ibuprofen af-
ter rectal administration of ibuprofen or complex. Key:
@ ibuprofen, ¥; 2-hydroxypropyl-B-cyclodextrin com-
plex
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Table 1— Pharmacokinetic Parameters Obtained from
Plasma Concentration Curves of Ibuprofen Sup-
positories

AUCY  Crax(ug/mD®  tmax(min)
Tbuprofen 15954140  11.2+0.5 60
Complex  1563+267  12.4+1.3 30

YAUC means the area under curve obtained by
administration of suppository containing
ibuprofen or complex.

Non-significantly different between two values (p»
0.05).

Data are expressed as mean+S.E. (n=3).

Cmax means the maximum plasma concentration
obtained by administration of suppository
containing ibuprofen or complex.

Nornrsignificantly different between two values (p)
0.05).

“tmax means the time to reach Cmax obtained by
administration of suppository containing
ibuprofen or complex.

ibuprofen and the complex form was not sig-
nificantly different. Comparing the ibuprofen
alone and complex suppositories, time to reach
maximum concentration t.. in complex sup-
pository was shorter than that of ibuprofen
alone. This means that ibuprofen suppository
prepared with complex was faster absorbed
than that of ibuprofen alone probably due to the
fast dissolution rate of the complex. From these
results, it can be stated that HPBCD can be
used as a drug carrier because it provides a
high release rate of suppository.
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