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Abstract

The purpose of this study was to investigate the effect of moisture condition during cogrinding process on fine drug particle
formation. Cogrinding of cyclodextrins (CDs) and pranlukast (PRK) hemihydrate was performed in various moisture conditions
at a mixing molar ratio of 2:1 (CDs:PRK) and the formation of PRK submicron particle was investigated. The moisture content
in the cogrinding process significantly affected the fine particle formation. More than 90% of pranlukast loaded transformed to
submicron particles when coground with�-CD, �-CD or �-CD containing the specific amount of water for each CD system.
Fine particle formation of PRK was considered as a particular phenomenon to cyclodextrins, since the submicron particles could
not be formed whend-mannitol, lactose or microcrystalline cellulose (MCC) was used as a cogrinding additive. Moreover, the
appearance and disappearance of fine particle formation was found to be reversible depending on the existence of water during
the grinding process.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The enhancement of aqueous solubility of poorly
water-soluble drugs is one of the most essential topics
in the pharmaceutical area. Several techniques have
been applied in attempt to improve drug solubility. Mi-
croemulsion technique (Itoh et al., 2002), solid disper-
sion (Verheyen et al., 2002), and complexation (Dollo
et al., 1999; Trapani et al., 2000) have been widely
used for the solubility enhancement. Size reduction
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method has also been employed extensively (Buckton
and Beezer, 1992; Martini et al., 1991) and the im-
portant advantage of this method is the increase in the
surface area which may enhance dissolution rate and
consequently bioavailability of pharmaceutical mate-
rials. Size reduction of pharmaceutical materials is of-
ten performed by means of dry milling process, but the
limitation of size reduction by dry milling is known
to be around 3�m due to the aggregation between
particles. Recently, the researches focusing on parti-
cle size reduction to submicron region by cogrinding
with some additives have been attempted (Kubo et al.,
1997; Liversidge and Cundy, 1995; Sugimoto et al.,
1998; Yamada et al., 1999). The method of size re-
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duction is promising but still has some difficulties in
application.

Pranlukast (PRK) hemihydrate (4-oxo-8-[4-(4-
phenylbutoxy)benzoylamino]-2-(tetrazol-5-yl)-4H-1-
benzopyran·1/2H2O) is a cysteinyl leukotriene re-
ceptor antagonist which is used as an anti-asthmatic
agent. PRK exhibits extremely low aqueous solubility
(1.2�g/ml H2O at 25◦C) resulting in poor absorp-
tion when administered orally and low bioavaila-
bility.

In the previous paper, we reported a formation of
PRK fine particle by cogrinding with�-CD·10.5H2O
(Wongmekiat et al., 2002), where 96% of loaded PRK
transformed to fine particles in submicron level (mean
particle size: 192 nm) when the�-CD·10.5H2O/PRK
ground mixture (GM) was dispersed in water. On the
other hand, PRK fine particles could not be produced
when�-CD anhydrate was used as a cogrinding addi-
tive. These results suggested that the moisture during
the cogrinding process affected the formation of fine
particles.

In the present study, the amount of water during
the cogrinding process was systematically controlled
and the effect of moisture on the formation of fine
particles was evaluated in detail. The investigation
was also performed in�-CD and�-CD systems. To
investigate the mechanism of fine particle formation,
d-mannitol, lactose and microcrystalline cellulose
were used as cogrinding additives as well. Moreover,
further grinding in a different moisture condition
was performed to�-CD anhydrate/PRK GM and
�-CD·10.5H2O/PRK GM.

2. Materials and methods

2.1. Materials

Pranlukast hemihydrate was received as a gift from
Ono Pharmaceutical Co. Ltd., Japan.�-Cyclodextrin
(�-CD) was supplied by Nihon Shokuhin Kako Co.
Ltd., Japan.�-CD and �-CD were purchased from
Mercian Corporation, Japan. The anhydrous form of
CDs was obtained by drying CDs in vacuum at 110◦C
for 3 h and the water content of each CD was limited to
be less than 1%.d-Mannitol and lactose were obtained
from Nacalai Tesque, Inc., Japan. Microcrystalline cel-
lulose (MCC) was supplied from Asahi Chemical In-

dustry Co. Ltd., Japan. All other chemicals used were
of reagent grade.

2.2. Preparation of ground mixtures

CDs and PRK were physically mixed at 2:1 molar
ratio (CD:PRK) in a glass vial by using a vortex mixer
(physical mixtures, PMs).

To control the moisture during the cogrinding pro-
cess, a desirable amount of distilled water was added
and mixed homogeneously to the PM of anhydrous
CD and PRK. GM was obtained by grinding the mix-
ture in a vibration mill (CMT TI-200) for 10 min.

The GMs with other additives, i.e.d-mannitol, lac-
tose, and MCC, were performed at 5:1 weight ratio
(additive:PRK).

2.3. Powder X-ray diffraction (PXRD) measurement

Powder X-ray diffraction was carried out on a
Rigaku Miniflex diffractometer (Tokyo, Japan). Mea-
surements were performed at 30 kV voltage, 15 mA
current, a scanning speed of 4◦/min with a Cu K�
radiation source.

2.4. Determination of PRK recovered as fine particles

One hundred milligram of GM was suspended in
10 ml distilled water and the suspension was soni-
cated for 2 min. The suspensions of GM were filtered
through 0.8�m membrane filter (Millipore, Bedford,
MA, USA). The filtrates containing fine particles
smaller than 0.8�m were dissolved with ethanol. The
amounts of PRK were spectrophotometrically deter-
mined at a wavelength of 255 nm using Shimadzu
UV-160 spectrophotometer. The recovery value, the
total yield of smaller particles than 0.8�m, was cal-
culated according to theEq. (1):

Recovery(%)

= Amount of PRK fine particles(< 0.8�m)

Total amount of PRK in the suspension
× 100

(1)

2.5. Particle size analysis

The GM was dispersed in water and sonicated for
2 min and the suspension was passed through 0.8�m
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membrane filter (Millipore) before the measurement.
Particle size was determined by the dynamic light scat-
tering method using Microtrac UPA® (Nikkiso, Japan;
measurement range, 0.003–6�m).

2.6. Humidification

Humidification of GMs was performed by storage of
samples in a desiccator containing saturated aqueous
solution of KCl for 82% relative humidity (RH) at
40◦C for 5 months. The water content of the GMs
after humidification was determined to be 11.5% by
Karl Fischer method.

2.7. Further grinding ofβ-CD/PRK GMs at the
different moisture conditions

The �-CD·10.5H2O/PRK GM was dried at 110◦C
for 3 h, and then the dried sample was further ground
in a vibration mill for 10 min. On the other hand, dis-
tilled water was added to the dried sample of�-CD
anhydrate/PRK GM to obtain the sample of 13% wa-
ter amount and the further grinding was performed.

3. Results and discussions

3.1. Influence of the moisture condition during
cogrinding process

The moisture content during the cogrinding pro-
cess was systematically controlled to clarify the effect
of water amount on ultrafine particle formation. The
amount of water was adjusted by adding a desirable
amount of water to the mixture of�-CD anhydrate
and PRK before cogrinding. Then, PRK fine particle
formation from the GMs was evaluated. The amount
of PRK found in the filtrate which passed through
0.8�m membrane filter was quantitatively deter-
mined. The amount of PRK particles in the filtrate to
the total PRK amount in the suspension was expressed
as the recovery value.Fig. 1 shows the relationship
between recovery value and water amount in the mix-
tures in�-CD system (molar ratio�-CD:PRK= 2:1),
where water amount during cogrinding process was
controlled from 0.75% (�-CD anhydrate GM) to 20%.
The results showed an immediate sharp increase of
the recovery value when the water amount was in the
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Fig. 1. Fine particle fraction in the suspensions of�-CD/PRK
GMs as a function of water amount in GMs (molar ratio;�-CD:
PRK = 2:1, ground for 10 min).

range of 4–10%. Almost all of PRK transformed to
fine particles when the water amount was 13%, while
the amount of fine particles decreased rapidly when
the moisture exceeded 13%. At 20% moisture, the
recovery was found to be as low as 18%.

Fig. 2shows the XRD patterns of PRK,�-CD, PM
and GMs. PRK crystals exhibited sharp XRD peaks at
2θ = 3.3, 9.9, 14.4, 16.6 and 19.9◦. The GM coground
with �-CD anhydrate, the GMs containing 4.0, 6.5
and 8.0% moisture showed the halo XRD patterns
(Fig. 2d–g), suggesting the amorphization of PRK and
�-CD. However, the XRD peak of PRK at 2θ = 3.3◦
and small peaks due to�-CD crystals were observed
in the patterns of the GMs containing in 13 and 15%
moisture (Fig. 2i and j). When the water amount in
the mixture was increased to 20%, the XRD peaks of
�-CD hydrate crystals were observed (Fig. 2k), show-
ing the recrystallization of�-CD by grinding in high
moisture condition.

�-CD and�-CD were also used as cogrinding ad-
ditives (molar ratio CD:PRK= 2:1). The relationship
between the recovery values and water amounts in the
mixtures are shown inFig. 3. The results of�-CD and
�-CD system showed the similar manner to that of
�-CD, i.e. the sharp increase of the recovery value fol-
lowed by rapid decrease of the recovery value, whereas
the maximum recovery values were obtained at 8.0
and 20 moisture in�-CD and�-CD system, respec-
tively. The XRD peak of PRK at 2θ = 3.3◦ and small
peaks of CDs were observed in the XRD patterns of
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Fig. 2. PXRD patterns of�-CD/PRK GMs (a) intact PRK, (b)�-CD·10.5H2O, (c) physical mixture, (d) GM with 0.75% water amount
(�-CD anhydrate GM), (e) GM with 4.0% water amount, (f) GM with 6.5% water amount, (g) GM with 8.0% water amount, (h) GM
with 10% water amount, (i) GM with 13% water amount, (j) GM with 15% water amount, (k) GM with 20% water amount (molar ratio;
�-CD:PRK= 2:1, ground for 10 min).

the GMs which exhibited the highest recovery values.
Grinding GM in a higher moisture condition promoted
the recrystallization of�-CD hydrate and the appear-
ance of�-CD hydrate crystals resulted in low recovery
value. The required water amount to obtain maximum
recovery values which were different in each system
indicated that there was an optimum range of moisture
for fine particle formation, and that moisture played
an important role for fine particle formation.

From the above results, we speculated that water
molecules not only acted as a lubricant at the molec-
ular level during the cogrinding process, but also as a
binder for drug and CD molecules and that CD and

PRK caused a partial inclusion at the surface. The par-
tial inclusion phenomenon between the CD hydrate
and PRK might lead to the formation of submicron
particles. Then, CD molecules and the suitable amount
of water would help stabilize the submicron particles
possibly by forming CD network covering PRK par-
ticle to prevent an aggregation between particles.

In higher moisture condition, the affinities between
CD molecules increased during the grinding process,
resulting in recrystallization of CDs, lower affini-
ties between�-CD and PRK molecules, decreased
cogrinding efficiency and consequently no fine parti-
cle formation.
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Fig. 3. Fine particle fraction in the suspensions of CD/PRK GMs as
a function of water amount in GMs (molar ratio; CD:PRK= 2:1,
ground for 10 min) (�) �-CD, (�) �-CD, (�) �-CD.

It has been reported that�-CD, �-CD and �-CD
had maximum hydrate forms of 6H2O, 12H2O and
17H2O, respectively, and it should be noted that a
great amount of fine particles could be obtained when
the amount of water in the mixture was almost equal
to the water amount in each hydrate form. This result
suggested that the hydrate forms of CDs might play
an important role in the fine particle formation.

We assumed that the CD hydrate form had much
superior affinity to PRK molecules than the anhydrate
form. This reflected in the difference of the degree of
drug particle formation.

3.2. Cogrinding with other additives

To investigate the mechanism of PRK fine particle
formation,d-mannitol, lactose and MCC were used as
cogrinding additives. The cogrinding was performed
at 5:1 weight ratio (additive:PRK) for 10 min. After
cogrinding, the GM with MCC was amorphous, how-
ever, the GMs withd-mannitol and lactose were not
amorphous. The XRD peaks of the additives were
clearly still observed after grinding. The three GMs
exhibited very low recovery below 4%, demonstrating
no fine particle formation whend-mannitol, lactose or
MCC were used.

The further investigation was carried out in the
d-mannitol system to evaluate the effect of moisture
condition on the fine particle formation, 5.0% of water
was added to the mixture and then the cogrinding was
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Fig. 4. Fine particle fraction in the suspensions of mannitol/PRK
GMs. Weight ratio of mannitol:PRK, H2O%, grinding time: (a)
5:1, 0.67%, 10 min; (b) 5:1, 5.0%, 10 min; (c) 5:1, 0.67%, 60 min;
(d) 9:1, 0.73%, 10 min.

carried out. The recovery value, however, was still be-
low 1.0%, indicating that the moisture during cogrind-
ing process had no influence on the PRK fine particle
formation ind-mannitol system (Fig. 4b). The effects
of grinding time andd-mannitol content on the fine
particle formation were investigated as well. When the
grinding time was extended to 60 min or the content of
d-mannitol was increased from 5:1 to 9:1 weight ratio
(d-mannitol:PRK), the recovery of these two GMs still
remained below 10%. Therefore, it can be concluded
that there were no significant formation of submi-
cron particles ind-mannitol system even though the
conditions during cogrinding process, i.e. moisture,
grinding time and content of additives were altered.

From the above results, fine drug particle forma-
tion can be considered as a particular phenomenon
to CDs, since the submicron particles could not be
formed whend-mannitol, lactose or MCC were used
as cogrinding additives.

3.3. Changes ofβ-CD/PRK GMs after humidification

By controlling water content after cogrinding pro-
cess by storing�-CD/PRK GMs at 40◦C and 82%
RH, the role of H2O molecules in fine particle forma-
tion was investigated. The recovery values of the GMs
before and after the humidification are shown inFig. 5.

For the GM prepared with�-CD anhydrate and the
GM coground with 4.0% moisture, the recovery val-
ues slightly increased after the humidification but still
remained below 10%. Even after the long-term stor-
age at conditions of high humidity (5 months), the
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Fig. 5. Comparison of recovery values for various�-CD/PRK 2:1
10 min GMs before and after humidification (storage at 40◦C, 82%
RH) (a) �-CD anhydrate GM, (b) GM with 4.0% water amount,
(c) GM with 13% water amount, (d) GM with 15% water amount.

Fig. 6. PXRD patterns of various�-CD/PRK 2:1 10 min GMs before and after humidification (storage at 40◦C, 82% RH) (a)�-CD
anhydrate GM, (b) GM with 4.0% water amount, (c) GM with 13% water amount, (d) GM with 15% water amount.

GMs with 13 and 15% water amount still showed high
recovery value more than 90%. The results indicated
that although the moisture during cogrinding process
significantly affect the formation of drug particle, the
moisture condition after cogrinding process had no
significant influence on drug particle formation.

Fig. 6 shows XRD patterns of the GMs before and
after the humidification. The XRD peaks of�-CD hy-
drate were observed after the humidification, indicat-
ing the recrystallization of�-CD. The XRD peak of
PRK at 3.3◦ could be observed in all GMs after the hu-
midification. For the GM coground with 13 and 15%
water amount, the PRK peak intensity after the humid-
ification was higher than that before humidification.

3.4. Further grinding ofβ-CD/PRK GMs at different
moisture conditions

The further grinding at different moisture conditions
was performed for the�-CD·10.5H2O/PRK GM and
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Table 1
Changes in PRK fine particle fraction (% recovery) after various treatment

�-CD anhydrate/PRK GM (%) �-CD·10.5H2O/PRK GM (%)

(a) GM after cogrinding for 10 min 1.4 96
(b) After drying at 110◦C for 3 h of samples (a) 4.0 95
After further grinding in high moisture

condition (13%) of sample (b)
84 –

After further grinding of sample (b) for 10 min – 7.0

the�-CD anhydrate/PRK GM. At first, the effect of the
removal of water from GMs was examined by drying
GMs at 110◦C for 3 h. As shown inTable 1, no change
in the fine particle formation was observed after drying
at 110◦C for 3 h. Next, the appearance and disappear-
ance of fine particles by cogrinding were investigated
by regrinding of GMs after the drastic change of the
water amount. When the dried sample of�-CD anhy-
drate/PRK GM which showed no fine particle forma-
tion was further ground with 13% distilled water, the
drastic increase of the recovery was observed. On the
other hand, significant fine particle formation was not
observed when the�-CD·10.5H2O/PRK GM was fur-
ther ground in dry condition. It can be concluded that
the presence and absence of drug particle formation
were reversible depending on the existence of water
during the grinding process. To produce fine particles,
water was necessary only during the cogrinding pro-

GM Prepared in Suitable Moisture Condition GM Prepared in Dry Condition 

Amorphous  b-CD 

GM Powder GM Powder

After Dispersion in Water

 b-CD Layer 

Covering Particle 

Surface

Incomplete 

Adsorption of  b-CD

Drug Aggregates

After Dispersion in Water

Amorphous

Fig. 7. The illustration of possible mechanism for fine particle formation.

cess. Once the fine particles were formed, water had
no significant influence as the drying or humidifica-
tion had no effect on the recovery of drug particles.

3.5. The speculation for fine particle formation
mechanism

During the grinding process, particle size reduc-
tion occurred continuously along with the aggregation
of particles, nevertheless the particle size could not
be reduced to submicron level in the final point. In
this study, fine drug particles could be produced by
cogrinding the drug with CDs in a suitable moisture
condition. The possible mechanism of fine particle for-
mation is illustrated inFig. 7.

When drug was coground with CDs in a suitable
moisture condition, the water molecules would act as a
lubricant at the molecular level and therefore improve
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grinding efficiency. When PRK was ground until the
particle size reaching nanometer region, CD molecules
would be bound to PRK particles causing interac-
tion at the particle surface. The CD molecules formed
a network structure with neighboring CD molecules
covering the particle surface together with a solid
surface interaction between PRK and CD molecules.
When the GM powder which was consisted of PRK
crystallites in an amorphous matrix of CD was dis-
persed into the water, the CD matrix dissolved and
then fine PRK crystallites would be released and sus-
pended stably in the water without aggregation. The
suitable amount of water seemed to be necessary for
the establishment of surface interaction processes and
CD network formation. The suitable amount of water
was able to keep CD molecules in the hydrate form,
which had superior affinity to PRK particle surface
than the anhydrate form. To produce PRK fine par-
ticles, it was found that water is necessary only dur-
ing the cogrinding process. Once the interaction be-
tween CD and PRK occurred and the fine particles
were stabilized in CD matrix, water molecules had
no longer significant role. However, this stable struc-
ture could be destroyed if GM was further ground in
dry condition. The CD network and the interaction
between CD and PRK were destroyed by mechan-
ical strength from grinding and the stable structure
could not be formed again if there is no suitable water
amount during the grinding. The fine particles with-
out CD layer would begin to aggregate to be large
particles.

On the other hand, when PRK was coground with
CD in the dry condition, it seemed likely that the net-
work structure and molecular interactions did not take
place even particle size of PRK slightly decreased. CD
existed in the anhydrate form which might have low
affinity to PRK. Without suitable amount of water, CD
could not be bound to and interact with the PRK par-
ticle surface, resulting in an incomplete adsorption of
CD and consequently an aggregation of drug particles
both in GM powder and in water.

4. Conclusion

PRK particles in submicron level could be easily
produced by means of cogrinding with CDs. We found
that the moisture condition during the cogrinding pro-

cess significantly affected drug fine particle formation.
The strong relationship between the amount of water
and the amount of PRK fine particle was observed.
The fine particle formation was a reversible procedure
depending on the presence of water molecules during
the grinding process.

Fine drug particle formation was considered as a
particular phenomenon to CDs. The partial inclusion
phenomenon between the CD hydrate and PRK might
lead to the fine particle formation. The suitable water
amount and CD molecules would help stabilize the
submicron particles possibly by forming CD network
covering PRK particle to prevent an aggregation be-
tween particles. When dispersing the GM in water,
CD matrix would dissolve in water and then submi-
cron size of PRK particles would be released and sus-
pended stably in the medium.
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