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Abstract

The effect of grinding with gelatin on the dissolution behavior and gastrointestinal absorption of a poorly water-soluble drug was evaluated using
the antiasthmatic agent, pranlukast, as a model poorly water-soluble drug. A ground pranlukast—gelatin mixture was prepared by grinding equal
quantities of pranlukast and gelatin. In the dissolution testing, the dissolution rate of pranlukast in the suspension of the ground pranlukast—gelatin
mixture under conditions of pH 3.0, 5.0 and 7.0 was markedly faster than that in the suspension of pranlukast. According to powder X-ray
diffractometry (PXRD) and differential scanning calorimetry (DSC) analysis, the enhanced dissolution rate of pranlukast produced by grinding
with gelatin was caused by changing the crystalline state of pranlukast into an amorphous state. In an animal experiment, the bioavailability of
pranlukast following oral administration of the ground pranlukast—gelatin mixture to rats was threefold greater than that following administration
of pranlukast. In the in vitro permeation experiment, the amount of permeated pranlukast through Caco-2 cell monolayers after application of
the ground pranlukast—gelatin mixture was greater than that after application of pranlukast. These results suggest that the enhancement of the
gastrointestinal absorption of pranlukast by grinding with gelatin is due to enhancement of the dissolution rate. Grinding a poorly water-soluble

drug with gelatin is a useful method of enhancing its gastrointestinal absorption.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Many drugs synthesized by procedure such as combinato-
rial chemistry have poor water solubility and unsatisfactory
dissolution properties and this can give rise to low and erratic
bioavailability and poor dose proportionality (Daumesnil, 2005;
Lipinski, 2003). An improvement in the dissolution rate of
poorly water-soluble drugs would be useful for enhancement
of their gastrointestinal absorption following oral administra-
tion when the dissolution process is a rate-determining step in
their gastrointestinal absorption (Horter and Dressman, 2001).
Consequently, improvement in the dissolution rate of poorly
water-soluble drugs is required for the development of oral
formulations. Grinding with polymers is known to be one
pharmaceutical approach to improve the dissolution rate of
drugs (Yamada et al., 1999; Mura et al., 2001; Saito et al.,
2002; Vippagunta et al., 2002) and may be useful for enhance-
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ment of the gastrointestinal absorption of poorly water-soluble
drugs.

Gelatin, a water-soluble and biodegradable protein derived
from collagen, has many applications in the food and
pharmaceutical industries. In addition to conventional drug for-
mulations, recently gelatin and gelatin derivatives have been
investigated as novel systems designed for the controlled release
of drugs (Cortesi et al., 1999; Fukunaka et al., 2002; Kantaria et
al., 1999; Morimoto et al., 2000, 2001, 2005) and as a mucosal
absorption enhancer of peptide and protein drugs (Seki et al.,
2005, 2006; Wang et al., 2002). Gelatin improves the dissolution
characteristics and gastrointestinal absorption of drugs (Imai
et al., 1989, 1990; Kallinteri and Antimisiaris, 2001; Kimura
et al., 1990). Thus, gelatin could be used as a pharmaceuti-
cal additive to improve the gastrointestinal absorption of drugs.
Kallinteri and Antimisiaris (2001) have shown that the solu-
bility of drugs in buffer containing gelatin is higher than that
in buffer without gelatin. However, improvement of solubility
in a solution system is not practical in the case of pharma-
ceutical preparations. Imai et al. (1989, 1990) and Kimura et
al. (1990) have shown that the dissolution rate and gastroin-
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testinal absorption of poorly water-soluble drugs, acidic, basic
and neutral drugs are enhanced in solid formulations contain-
ing gelatin, such as splay-dried powder, granules and tablets.
Unfortunately, the preparations of these formulations are not
easy to prepare while, in contrast, the grinding method is both
simple and fast. Improvement of the dissolution rate of drugs is
possible by reducing their crystallinity (Rasenack et al., 2003;
Surana et al., 2004). Grinding of drugs with polymers is used as
a simple method of reducing crystallinity (Yamada et al., 1999;
Mura et al., 2002; Oguchi et al., 2003; Wongmekiat et al., 2003).
Grinding with gelatin offers a useful pharmaceutical approach
to improve the dissolution rate and gastrointestinal absorption
of poorly water-soluble drugs, particularly in view of its rapid-
ity and the well-known safety of gelatin as a pharmaceutical
additive.

In the present study, an antiasthmatic agent, pranlukast, was
chosen as a model poorly water-soluble drug, and a ground
pranlukast—gelatin mixture was prepared by grinding equiv-
alent amounts of pranlukast and gelatin, and then effects of
grinding with gelatin on the dissolution behavior and gas-
trointestinal absorption following oral administration to rats
were examined to examine whether grinding with gelatin could
improve the gastrointestinal absorption of poorly water-soluble
drugs. In addition, the solid physical properties of the ground
pranlukast—gelatin mixture and the permeability of pranlukast
through a Caco-2 cell monolayer were examined to study the
improved mechanisms of solubility and gastrointestinal absorp-
tion.

2. Materials and methods
2.1. Materials

Gelatin (isoelectric point 5.0, Mw 10kDa) was purchased
from Nitta Gelatin Co. Ltd. (Osaka, Japan). Pranlukast, shown in
Fig. 1, was supplied from Ono Pharmaceutical Co. Ltd. (Osaka,
Japan). All other regents were commercially available and of
analytical grade.

2.2. Preparation of the ground pranlukast—gelatin mixture

The ground pranlukast—gelatin mixture was prepared as fol-
lows. Pranlukast (5.0g) and gelatin (5.0g) were mixed and
ground at 18,000 rpm for 30 min using an electric grinding mixer
(Nihonseiki Kaisha Ltd., Tokyo, Japan). Ground pranlukast was
prepared by grinding pranlukast without additives by the same
method.

Fig. 1. The chemical structure of pranlukast.

Pranlukast in the ground mixture was extracted with
CH3CN/DMSO (3/1, v/v), and then centrifuged (8000 x g for
Smin) to determine the content of pranlukast in the ground
mixture. The concentration of pranlukast in the centrifuged
supernatant was determined by HPLC analysis (Ishido et
al., 1993). The content of pranlukast in pranlukast—gelatin
ground mixture was expressed as the content of pran-
lukast per gram mixture. The HPLC system (Shimadzu Co.,
Kyoto, Japan) consisted of a pump (LC-10AD), detector
(SPD-10A), and integrator (CR-6A). An analytical column
(LiChrosorb RP-18, 7 wm, 4.0 mm x 250 mm, Kanto Chem-
ical Co. Inc., Tokyo, Japan) and mobile phase (20mM
KH,PO4/CH3CN/CH3OH =5/5/1, v/v/v) were used for the sep-
aration. The flow rate was 1.0mL/min and the detector was
operated at 260 nm.

The appearance of powders was visually monitored. The
repose angle was obtained as follows (Parrott, 1981). The pile at
a height of 2 cm was carefully built up by dropping the powders
through a funnel until the tip of the funnel was reached and the
radius at the bottom was then measured. The repose angle was
calculated by the following equation:

ik

6 =tan" — (H
r

where 0, h and r are the repose angle, height (2 cm) and radius,

respectively.

2.3. Invitro dissolution testing

Pranlukast (4mg), ground pranlukast (4mg) or ground
pranlukast—gelatin mixture (4 mg as pranlukast) was dispersed
in 25 mM phosphate buffer (8§ mL; pH 3.0, 5.0 or 7.0) and then
the suspension was incubated at 37 °C. At the indicated time-
points after incubation, a 0.5 mL aliquot of suspension was
collected and immediately centrifuged (8000 x g for 5 min). The
concentration of pranlukast in the centrifuged supernatant was
determined by HPLC analysis as described above.

2.4. Powder X-ray diffractometry (PXRD) and differential
scanning calorimetry (DSC)

Powder X-ray diffraction patterns were recorded using a
powder diffractometer (MO3XHEF, Bruker AXS K.K., Tsukuba,
Japan) with Cu Ka radiation, operated at a voltage of 40kV
and a current of 20 mA. The scanning speed was 2°/min with a
scanning step 0.02° of 26. The scanning range was from 5° to
40° of 26. Calorimetric analysis was performed using a differ-
ential scanning calorimeter (DSC-50, Shimadzu, Kyoto, Japan).
Samples were heated from 50 to 250 °C at a heating rate of
5 °C/min. A pranlukast—gelatin physical mixture, used as a com-
parison, was prepared by mixing equal amounts of pranlukast
and gelatin using a soft spatula.

2.5. Invivo animal experiments

The animal experimental plan used was approved by the
Committee of the Laboratory Animal Center, and conforms to
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the Guiding Principles for the Care and Use of Experimental
Animals in Hokkaido Pharmaceutical University. Male SD rats
(250 g body weight, Japan SLC, Shizuoka, Japan) were fasted
for 18-20h prior to the experiment. Pranlukast or the ground
pranlukast—gelatin mixture was used to fill capsules (PCcaps™,
Capsugel Japan Inc., Sagamihara, Japan) for oral administra-
tion to rats. Capsules were orally administered to rats using
a specialized delivery device (PCcaps™-kit, Capsugel Japan
Inc.) at a dose of 40 mg pranlukast/kg. At the indicated time-
points after administration, blood (0.5 mL) was collected from
the jugular vein under pentobarbital anesthesia. The plasma sam-
ples (200 L) and ethanol (2 mL) were mixed, and centrifuged
(2000 x g for 5Smin). The centrifuged supernatant was evapo-
rated and then the residue was dissolved in the mobile phase
described above. The concentration of pranlukast in plasma was
determined by HPLC analysis as described above. The area
under the pranlukast plasma concentration—time curve from 0
to 8h (AUC) was calculated by the trapezoidal rule and the
bioavailability was calculated using the AUC following the intra-
venous administration of pranlukast.

2.6. In vitro permeation experiments

Caco-2 cells, used as model gastrointestinal epithelial cells,
were obtained from the Riken Gene Bank (Tsukuba, Japan). The
cells were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% heat-inactivated fetal bovine serum,
40 pg/mL gentamicin and 1% non-essential amino acids, in a
humidified atmosphere of 95% air and 5% CO, at 37 °C. Cells
from passage number 55-62 were seeded (4.5 x 10° cell/cm?)
on polycarbonate filter inserts (pore size 0.4 pm, area 1.00 cm?,
Trans well, Coning, NY, USA) and cultivated in the medium
for 23-28 days before starting the permeation experiments. The
quality of the monolayers grown on the permeable membrane
was assessed by measuring the transepithelial electrical resis-
tances (TEER) using Millicell-ERS (Millipore, MA, USA). The
TEER values were higher than 450  cm?.

Pranlukast (10mg) or ground pranlukast—gelatin mixture
(10mg as pranlukast) was dispersed in 1 mL PBS containing
0.5% CMC-Na (pH 7.4) and the suspension (300 L) was imme-
diately applied to the apical side of Caco-2 cell monolayers.
Hanks balanced salt solution (HBSS, pH 7.4, 600 L) was used
as the basolateral side solution. The HBSS was changed every
30min for 2h. The TEER was measured as described above
before and after the permeation experiments. The concentration
of pranlukast in the basolateral side solution was determined by
HPLC analysis as described above. The data were expressed as
the permeated amount of pranlukast. The apparent permeation

Table 1
Characteristics of pranlukast and ground pranlukast—gelatin mixture

clearance was calculated with dividing the permeation rate by
saturated solubility in applied suspension to Caco-2 cell mono-
layers. The permeation rate was obtained from Fig. 6. The in vitro
dissolution testing was preliminarily performed as described
above and the concentration of pranlukast at 24 h was used as
saturated solubility in applied suspension.

2.7. Storage stability testing

Ground pranlukast—gelatin mixture was stored at room tem-
perature without protection from light and 20% relative humidity
for 6 months. At indicated time points after starting storage,
the content of pranlukast, its appearance and repose angle were
recorded as described above. Powder X-ray diffraction patterns
and DSC curves were also obtained as described above.

2.8. Statistics

Statistical analysis was performed by the Student’s #-test and
the Mann—Whitney U-test using Stat View software (Abacus
Concepts Inc., Berkeley, CA, USA).

3. Results
3.1. Characteristics of ground pranlukast—gelatin mixture

The characteristics of the ground pranlukast—gelatin mixture
are summarized in Table 1. The content of pranlukast did not
decrease during the preparation process. Pranlukast and gelatin
were quantitatively ground, and the content of pranlukast in
the ground mixture was 0.495 g/g mixture. No decrease in the
molecular weight of gelatin was produced by grinding according
to electrophoresis (data not shown). No changes in appearance
and repose angle by grinding were observed because the appear-
ance and repose angle of the ground mixture were similar to
those of pranlukast.

3.2. Dissolution characteristics of pranlukast

The effect of pH on the dissolution behavior of pranlukast
in the suspension of pranlukast is shown in Fig. 2. The dissolu-
tion rate and saturated solubility of pranlukast in the suspension
of pranlukast increased with an increase in pH. A comparison
of the dissolution behavior of pranlukast in the suspension of
pranlukast, ground pranlukast and the ground pranlukast—gelatin
mixture is shown in Fig. 3. Ateach pH, the initial dissolution rate
of pranlukast in the suspension of the ground pranlukast—gelatin
mixture was markedly faster than that in the suspension of

Content of pranlukast (g/g mixture)

Pranlukast ground -
Ground pranlukast -
Ground pranlukast—gelatin mixture 0.495 £ 0.001

Appearance Repose angle (°)
Pale yellow powder 38.2 £ 0.7
Pale yellow powder 342+ 0.8
Pale yellow powder 39.0 £ 0.6

Each value represents the mean + S.E. (n=4).
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Fig. 2. The dissolution profiles of pranlukast in the suspension of pranlukast.
Pranlukast was dispersed in phosphate buffer ((O) pH 3.0; (A) pH 5.0; (O) pH
7.0) and then the suspension was incubated at 37 °C. At the indicated time-points
after incubation, the concentration of pranlukast in suspension was determined.
Each value represents the mean + S.E. (n=3-5).

pranlukast. However, the concentrations of pranlukast in the
suspension of ground pranlukast—gelatin mixture fell with an
increase in the incubation time. The initial dissolution rate of
pranlukast in the suspension of ground pranlukast tended to be
slightly faster than that in the suspension of pranlukast.

3.3. PXRD and DSC analysis

The PXRD patterns are shown in Fig. 4A. The X-ray spectrum
of pranlukast exhibited numerous sharp reflections indicative of
its high degree of crystallinity. The X-ray spectrum of ground
pranlukast was the same as that of pranlukast. The inten-
sities of the PXRD peaks of the ground pranlukast—gelatin
mixture were lower than those of pranlukast although there
was no fall in those of the pranlukast—gelatin physical mix-
ture. The DSC curves are shown in Fig. 4B. An endothermic
peak due to melting point appeared at about 233 °C in the
DSC curve of pranlukast. The DSC curve of ground pranlukast
was same as that of pranlukast. The endothermic peak of the
ground pranlukast—gelatin mixture at about 233 °C disappeared
although that of the pranlukast—gelatin physical mixture did not.
PXRD and DSC analysis indicate that grinding with gelatin
caused a change in the crystalline state of pranlukast to an
amorphous one.

3.4. Gastrointestinal absorption of pranlukast in rats

The time-courses of the concentrations of pranlukast in
plasma after oral administration of pranlukast and pranlukast—
gelatin mixture in rats are shown in Fig. 5. The initial absorp-
tion rate of pranlukast after administration of pranlukast—gelatin
mixture was faster than that after administration of pranlukast.
The concentration of pranlukast in plasma after administra-
tion of pranlukast—gelatin mixture was higher than that after
administration of pranlukast at each time point. The pharma-
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Fig. 3. The dissolution profiles of pranlukast in the suspension of pranlukast,
ground pranlukast, ground pranlukast—gelatin mixture. Each powder sample
was dispersed in phosphate buffer ((A) pH 3.0; (B) pH 5.0; (C) pH 7.0) and
then the suspension was incubated at 37 °C. At the indicated time-points after
incubation, the concentration of pranlukast in suspension was determined. (@)
Pranlukast; (A) ground pranlukast; (ll) ground pranlukast—gelatin mixture. Each
value represents the mean + S.E. (n=3-5).
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Fig. 4. The PXRD patterns (A) and DSC curves (B). (a) Pranlukast; (b) ground
pranlukast; (c) ground pranlukast—gelatin mixture; (d) pranlukast—gelatin phys-
ical mixture; (e) gelatin.
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Fig. 5. The time-courses of concentrations of pranlukast in plasma after oral
administration of pranlukast and ground pranlukast—gelatin mixture in rats. Cap-
sules containing pranlukast or ground pranlukast—gelatin mixture were orally
administered to rat using a delivery device. At the indicated time-points after
administration, plasma was collected and the concentration of pranlukast in
plasma was determined. (@) Pranlukast; (M) ground pranlukast-gelatin mixture.
Each value represents the mean = S.E. (n=4).

cokinetic parameters of pranlukast following oral administration
of pranlukast and ground pranlukast—gelatin mixture in rats are
summarized in Table 2. The bioavailability of pranlukast follow-
ing administration of pranlukast—gelatin mixture was threefold
greater than that following administration of pranlukast.

3.5. Permeation of pranlukast through Caco-2 cell
monolayers

The permeated amounts of pranlukast through Caco-2
cell monolayers after application of pranlukast and ground
pranlukast—gelatin mixture are shown in Fig. 6. The per-
meated amount of pranlukast after application of ground
pranlukast—gelatin mixture was greater than that after appli-
cation of pranlukast at each time point. The apparent
permeation clearance (4.1 wL/h) following application of
ground pranlukast—gelatin mixture was similar to that (4.6 wL/h)

Table 2
Pharmacokinetic parameters of pranlukast following oral administration of pranlukast and ground pranlukast—gelatin mixture in rats

Crmax (g/mL)? Tmax (h)° AUC (g h/mL)° BA (%)
Pranlukast 0.052 £ 0.003 2 0.299 £ 0.021 43
Ground pranlukast—gelatin mixture 0.150 #+ 0.012" 1 0.891 + 0.055" 12.9

Each pharmacokinetic parameters were obtained from data shown in Fig. 3. Each value represents the mean + S.E. (n=4).

2 The maximum concentration of pranlukast in plasma.
b The time to reach Cpay after administration.
¢ AUC from time 0-8 h.

4 The bioavailability calculated using AUC following intravenous administration.

* p<0.01, significantly different from pranlukast in the Student’s r-test.
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Fig. 6. The permeated amount of pranlukast through Caco-2 cell monolayers
after application of pranlukast or ground pranlukast—gelatin mixture. A sus-
pension of pranlukast or ground pranlukast—gelatin mixture was immediately
applied to the apical side of Caco-2 cell monolayers and then incubated at 37 °C.
At the indicated time-points after incubation, the concentration of pranlukast
in the basolateral side solution was determined. (@) Pranlukast; (l) ground
pranlukast—gelatin mixture. Each value represents the mean + S.E. (n=4-5). A
significant difference was shown by the Mann—Whitney U-test (p <0.05) for
each time point.

following application of pranlukast. The TEER values of Caco-
2 cell monolayers before and after permeation experiments are
summarized in Table 3. The reduction of TEER following appli-
cation of ground pranlukast—gelatin mixture was similar to that
following application of pranlukast.

3.6. Storage stability of pranlukast—gelatin mixture

The storage stability of ground pranlukast—gelatin mixture at
room temperature without protection from light and 20% relative
humidity is shown in Fig. 7. Ground pranlukast—gelatin mixture
was stable over a 6-month period. No changes were seen in the
content of pranlukast in ground mixture and its repose angle.
Also, the appearance of the ground pranlukast—gelatin mixture
did not change from a pale yellow powder. The PXRD pattern
and DSC curve of ground pranlukast—gelatin mixture at 180
days after preparation were the same as those immediately after
preparation as shown in Fig. 4 (data not shown).

Table 3

TEER values of Caco-2 cell monolayers before and after permeation experiments
Before experiment ~ After experiment ~ Reduction
(Qem?) (Qcm?) (%)

Pranlukast 524 £+ 34 419 £ 10 19+£5

Ground pranlukast— 549 + 53 393 £+ 18 26 +£9

gelatin mixture

Each value represents the mean + S.E. (n=4-5).
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Fig. 7. The storage stability of ground pranlukast—gelatin mixture. Ground
pranlukast—gelatin mixture was stored at room temperature without protection
from light and a relative humidity of 20%. At the indicated time-points after
starting storage, the content of pranlukast and the repose angle were determined.
(A) The changes in the content of pranlukast in the ground pranlukast—gelatin
mixture. (B) The changes in the repose angle of the ground pranlukast—gelatin
mixture. Each value represents the mean + S.E. (n=4).

4. Discussion

Many drugs developed in recent years exhibit poor water
solubility. Improvement of the dissolution rate of poorly water-
soluble drugs is a useful approach for enhancement of their
gastrointestinal absorption following oral administration. In the
present study, a ground mixture of pranlukast, as a model
poorly water-soluble drug, and gelatin was prepared and effect
of grinding with gelatin on the dissolution behavior and gas-
trointestinal absorption of pranlukast was evaluated to provide
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information to help with the development of novel oral formula-
tions.

The in vitro dissolution behavior of pranlukast in phosphate
buffer at each pH was examined. The dissolution rate and sat-
urated solubility of pranlukast in the suspension of pranlukast
increased with an increase in pH (Fig. 2). These findings sug-
gest that pranlukast is an acidic drug and solubility of the ionic
form increases with the release of H* from the tetrazole hete-
rocycle on increasing the pH. According to a previous report
about the release of H* from tetrazole heterocycles (Welz and
Muller, 2002), the acid dissociation constant (pKa) of pranlukast
is estimated to be approximately 5. The initial dissolution rate of
pranlukast in the suspension of ground pranlukast—gelatin mix-
ture was markedly faster than that in the suspension of pranlukast
(Fig. 3). Because pranlukast exhibits nonlinearity, its absorption
ratio decreases at high doses and its absorption ratio after a
meal is higher than when fasting, it would appear that the site of
absorption is in the upper part of the gastrointestinal tract (Ishido
et al., 1993). Thus, the improvement in the initial dissolution
rate at a low pH, such as pH 3.0 and 5.0, in the present study
is especially significant for improvement of the gastrointesti-
nal absorption of pranlukast. The concentration of pranlukast
in the suspension of ground pranlukast—gelatin mixture was
decreased with an increase in the incubation time (Fig. 3).
After the in vitro dissolution testing for 24 h finished, a solid
pranlukast—gelatin mixture dispersed in buffer was collected
and analyzed to confirm that pranlukast crystallizes in buffer.
The DSC curve of this solid corresponded to that of pranlukast
shown in Fig. 4B (data not shown). This finding indicates that
pranlukast changes into a crystalline form from an amorphous
substance in buffer. Thus, a pharmaceutical technique to pre-
vent the amorphous substance turning into the crystalline form
in water will be required for the future design of pharmaceuti-
cal preparations. The PXRD patterns of the pranlukast—gelatin
physical mixture were similar to those of pranlukast (Fig. 4A).
This finding indicates that grinding of the drug with gelatin
is important as well as the presence of gelatin to reduce the
crystallinity of the drug. Gelatin shows a dissolution-supporting
effect for several drugs in solution (Kallinteri and Antimisiaris,
2001), however, the solubility of pranlukast in buffer containing
gelatin at 37°C (31.8 ng/mL at pH 3.0; 3.3 wg/mL at pH7.0)
was not higher than that in buffer without gelatin (32.3 ng/mL
at pH 3.0; 3.5 pg/mL at pH7.0) in our preliminary experiments.
A dissolution-supporting effect of gelatin for pranlukast may be
poor although it is influenced by experimental conditions. To
improve the dissolution rate of pranlukast by gelatin, grinding
will play an important role. On the other hand, the initial disso-
lution rate of pranlukast in the suspension of ground pranlukast
tended to be slightly faster than that in the suspension of pran-
lukast (Fig. 3). The temporary increase in the initial dissolution
rate of pranlukast in the suspension of ground pranlukast may
be due to alteration of surface structure by grinding. PXRD and
DSC analysis were performed to check the crystallization sta-
tus of pranlukast (Fig. 4). Although amorphous formation was
not caused in grinding pranlukast alone, this indicates that the
amount of pranlukast forming an amorphous substance increases
in the presence of gelatin. The pranlukast-forming amorphous

substance may be stabilized by contact with the gelatin surface.
Although the crystallinity of pranlukast also decreased during
grinding with hydroxypropylcellulose in our preliminary exper-
iments, the degree of improvement in the dissolution rate was
lower than that in the case of grinding with gelatin. These find-
ings suggest that the some factors (e.g., dissolution property of
polymer oneself) as well as the decrease of crystallinity of pran-
lukast may also involve in the dissolution behavior of pranlukast.
Gelatin may have a greater ability to improve the solubility
of pranlukast than hydroxypropylcellulose. However, interac-
tion between pranlukast and gelatin is not clarified. Therefore,
detailed investigation is required in the future.

According to the in vitro dissolution testing, because pran-
lukast returns to a crystalline form from an amorphous one
in suspension and the concentration of dissolved pranlukast
decreases during storage, a solid formulation not a suspen-
sion needs to be administered if efficacy as a pharmaceutical
preparation is to be achieved. The gastrointestinal absorption
of pranlukast following oral administration of capsules con-
taining a pranlukast—gelatin mixture to rats was examined.
The initial absorption rate of pranlukast after administration
of pranlukast—gelatin mixture was faster than that after admin-
istration of pranlukast (Fig. 5). This result suggests that the
improvement in the initial absorption of pranlukast by grinding
with gelatin is due to an improvement in the initial dissolution
rate in the gastrointestinal tract.

Gelatin and gelatin derivatives enhance mucosal absorption
of peptide and protein drugs (Seki et al., 2005, 2006; Wang
et al., 2002). To confirm that the improvement in the initial
absorption of pranlukast following administration of ground
pranlukast—gelatin mixture to rats is based on an improvement in
the initial dissolution rate in the gastrointestinal tract and not to
the enhancing effect of mucosal absorption, the permeability of
pranlukast through Caco-2 cell monolayers following applica-
tion of ground pranlukast—gelatin mixture was examined (Fig. 6
and Table 3). The apparent permeation clearance (4.1 pL/h) fol-
lowing application of ground pranlukast—gelatin mixture was not
greater than that (4.6 wL/h) following application of pranlukast
and the reduction in TEER following application of ground
pranlukast—gelatin mixture was similar to that following applica-
tion of pranlukast. These results suggest that the improvement in
the gastrointestinal absorption of pranlukast following admin-
istration of ground pranlukast—gelatin mixture is based on an
improvement in the initial dissolution rate in the gastrointestinal
tract, not the enhancement of mucosal absorption depending on
an alteration in the cell membrane and opening of intercellular
spaces. The use of mucosal absorption enhancers is effective
for improving the absorption of drugs, but this can frequently
produce irritation and toxic effects on mucosal cells. On the
other hand, the use of the ground mixture is effective and safe
method for improvement of gastrointestinal absorption of drugs
because its absorption-enhancing mechanism is improvement in
solubility, not effects for mucosal cells.

It is desirable that pharmaceutical preparations remain sta-
ble during storage. The storage stability of ground pranlukast—
gelatin mixture at room temperature when not protected from
light and a relative humidity at 20% was examined (Fig. 7).
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The results showed that ground pranlukast—gelatin mixture was
stable for at least 6 months according to the measurement
of the pranlukast content and the repose angle, observation
of its appearance and analysis of its solid physical proper-
ties by PXRD and DSC. The present study indicates that
ground pranlukast—gelatin mixture is an excellent pharmaceuti-
cal preparation having high storage stability and improving the
gastrointestinal absorption of pranlukast.

5. Conclusion

In conclusion, the present study evaluated the effect of
grinding with gelatin on the dissolution behavior and gastroin-
testinal absorption of pranlukast as a model poorly water-soluble
drug. We have shown that grinding of pranlukast with gelatin
improves its solubility and gastrointestinal absorption follow-
ing oral administration. These findings suggest that grinding
with gelatin is a useful pharmaceutical technique for improving
the gastrointestinal absorption of poorly water-soluble drugs.
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