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Abstract

Drugs with poor water solubility were co-ground with cyclodextrins (CDs) to create nanoparticles with im-
proved solubility characteristics. Indomethacin (IDM), furosemide (FRM) and naproxen (NAP) were co-
ground with b-CD at the molar ratio of 2:1 (CD:drug). Co-grinding of a drug with CD resulted in not only the
formation of drug nanoparticles but also the solubilization of the drug by inclusion complex formation with
CD in aqueous media. The nanoparticle fraction of IDM, and FRM from ground mixtures prepared with b-
CD was as high as 60–70% while the solubilization fraction was less than 10%. In contrast, b-CD–NAP
ground mixture showed a large fraction, 48%, for drug solubilization and only 4% for nanoparticle formation.
Furosemide ground mixtures prepared with a-CD, b-CD and c-CD showed comparatively high nanoparticle
fraction while the solubilization fraction was around 10%. Both the nanoparticle fraction and the solubilization
fraction were greater in the IDM–b-CD system than those in c-CD and a-CD systems. The nanoparticle
formation of NAP depended on the types of CD used as a co-grinding additive. Naproxen nanoparticles could
be prepared by co-grinding NAP and a-CD, while the solubilization of NAP tended to improve when b-CD or
c-CD was used.

Introduction

Oral administration of drugs with low aqueous solu-
bility usually results in poor absorption and bio-
availability. One of the techniques that has been
widely applied for drug bioavailability enhancement is
the size reduction method [1, 2]. Micron-sized particles
can be obtained by grinding method, however, parti-
cles at nanometer level are difficult to produce by dry
milling. Recently, co-grinding of drug with some
additives, e.g., cyclodextrin (CDs) [3–5], D-mannitol [6]
or some water-soluble polymers [7], was found to be a
simple and effective method to prepare drug nano-
particles. Previously, we reported the formation of
crystalline nanoparticles by co-grinding with various
kinds of CDs [3]. We also found that moisture content
in the co-grinding process was a significant factor and
a suitable moisture condition was indispensable for
nanoparticle formation [4]. Pranlukast hemihydrate
and ONO-8713 nanoparticles, having mean particle
size around 192 and 120 nm, were successfully pre-
pared with high nanoparticle yields by using this

method [5]. The nanoparticles also exhibited good
physicochemical stability.

In this study, we apply the method of co-grinding
with CDs to other poorly water-soluble drugs. Drug
nanoparticle formation was investigated using indo-
methacin (IDM), furosemide (FRM), and naproxen
(NAP).

Experimental

Materials

Indomethacin, FRM and NAP were purchased from
Wako Pure Chemical Industries, Ltd., Japan and were
used without further purification. a-Cyclodextrin and
b-cyclodextrin were kindly supplied from Nihon
Shokuhin Kako Co. Ltd., Japan. c-Cyclodextrin was
purchased from Junsei Chemical Co. Ltd., Japan. Water
contents of intact a-CD, b-CD and c-CD were deter-
mined by the Karl–Fischer method and were estimated
to be 10.0, 14.0 and 9.5%, respectively. Anhydrous
forms of the CDs were obtained by drying CDs in
vacuum at 110 �C for 3 h and the water content of each* Author for Correspondence. E-mail: oat@p.chiba-u.ac.jp
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CD was limited to less than 1%. All other chemicals
used were of reagent grade.

Preparation of ground mixtures

Cyclodextrin and the drug were physically mixed at
molar ratio of 1:1, 1.5:1, and 2:1 in a glass vial by using a
vortex mixer (physical mixtures). To control the mois-
ture during the co-grinding process, the required
amount of distilled water was added and mixed homo-
geneously with the physical mixture. The ground mix-
ture was obtained by grinding the physical mixture in a
vibrational rod mill (CMT TI-200, Japan) for 30 min.

Determination of drug recovered in the filtrate

Fifty mg of the ground mixture was suspended in 10 ml
of distilled water and the suspension was sonicated for
3 min. The suspension was filtered through an 11 lm
pre-filter followed by a 0.8 lm membrane filter. Three
milliliter of ethanol was added to 3 ml of the filtrate and
then the mixture was adequately diluted. The amount of
drug was determined spectrophotometrically using Shi-
madzu UV-160 spectrophotometer. The amount of drug
in the filtrate relative to the total amount of drug in the
suspension was calculated and expressed as percentage
recovery. After 1 ml of the filtrate was centrifuged at
15,000·g for 10 min, the amount of drug in the super-
natant was determined spectrophotometrically and ex-
pressed as percentage solubilization. The percentage of
nanoparticle formation was calculated from the differ-
ence of recovery and solubilization.

Particle size analysis

The ground mixture was dispersed in distilled water and
sonicated for 3 min. The volumetric particle size distri-
bution of each suspension was determined by dynamic
light scattering method using Microtrac UPA� (Nikkiso,
Japan; Measurement range, 0.003–6 lm). Due to the
measurement limitation of Microtrac UPA� of 6 lm, the
suspension was passed through a 5 lm membrane filter
before measurement.

Results and discussion

In the previous study, we reported pranlukast nano or-
der particle formation in the aqueous suspension of the
ground mixture of pranlukast and b-CD. As pranlukast
and pranlukast–b-CD complex have very low aqueous
solubility, the solubilization was almost negligible.
Hydrophobic organic compounds with functional
groups suitable for inclusion complex formation are
solubilized in b-CD aqueous solution as a result of
inclusion compound formation. We proposed that a
solubilization of a drug might occur simultaneously with
the nanoparticle formation after dispersion of the
ground mixture into aqueous media. To evaluate the

mechanism of nanoparticle formation, the percentage
recovery was determined from the sum of the percentage
of nanoparticle formation and the percentage of solu-
bilization. b-Cyclodextrin hydrate (b-CDÆ10H2O) was
used to co-grind with IDM, FRM and NAP at the
molar ratio 2:1 (b-CD:Drug) for 30 min. The nanopar-
ticle fraction and solubilization fraction of each drug are
shown in Figure 1. The results from quantitative deter-
mination indicated that co-grinding of these drugs and
b-CD resulted in not only the formation of drug nano-
particles but also the solubilization of the drug by
inclusion complex formation with CD. The nanoparticle
formation of FRM and IDM was as high as 70 and
62%, respectively, while the solubilized drug amounts
were less than 10%. In contrast, NAP showed 48% drug
solubilization and only 4.0% nanoparticle formation.
The difference would depend on the ability (solubility of
the complex and stability constant) of drug to form
inclusion complex with CDs.

Indomethacin, FRM and NAP were further investi-
gated by using a-CD and c-CD as co-grinding additives.
Figure 2 shows the percentage nanoparticle formation
and the percentage solubilization of IDM from the
ground mixtures prepared with a-CD, b-CD and c-CD
at 1:1, 1.5:1 and 2:1 molar ratios. In the b-CD system,
the nanoparticle fraction reached 60% for all molar
ratios but it was lower when a-CD and c-CD were used.
Both the nanoparticle fraction and the solubilization
fraction were found to be greater with b-CD than with c-
CD or a-CD. In addition, the nanoparticle formation of
IDM tended to increase with increasing CD amount.
The influence of moisture content on IDM nanoparticle
formation was investigated for a-CD, b-CD and c-CD
systems and the results are shown in Figure 3. The
formation of drug nanoparticles clearly depends on the
moisture condition. The nanoparticle fraction is less
than 5% for ground mixtures of a-CD or b-CD
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prepared at 0–7.5% and 0–5% moisture levels, respec-
tively. In c-CD, the ground mixtures prepared at 10%
water content exhibited only 4.0% nanoparticle forma-
tion. Nevertheless, the maximum percentage of nano-
particle fraction (around 60%) was obtained for ground
mixtures prepared with a-CD, b-CD and c-CD at 10, 15
and 12–15% water content, respectively. The observed
changes in percent of nanoparticles as a function of
moisture content is similar to that of pranlukast re-
ported previously, although the patterns of change vary
according to the kind of drug and the types of CDs.
These results confirm the necessity of suitable water
content in co-grinding for nanoparticle formation. In
the cases of ground mixtures prepared with intact a-CD
and b-CD (molar ratio CD:drug=2:1), the moisture
content before co-grinding was 8.4 and 12.1%. The
nanoparticle fractions of the ground mixture (Figure 1)
agree with the results in Figure 3. It should be noted
that the nanoparticle fraction of the ground mixture
prepared with intact c-CD was much higher than those
prepared at 10% moisture. Even the moisture content in
the mixture of IDM and intact c-CD before co-grinding
was only 8.3%. c-CD contains 17 molecules of crystal
water at a relative humidity (RH) of 93.6%. When the
RH is between 30 and 50%, the intact c-CD is known to
be in an intermediate form, containing seven water
molecules, between the anhydrate form and the 17H2O
form [8]. The water in the intact c-CD might take part in
the co-grinding as crystal water, while the water added
to anhydrous c-CD before co-grinding could be involved
as adsorbed water. These results imply that the position
of water molecules in c-CD might be important for
nanoparticle formation, although this subject remains to
be investigated further.

The solubilization and nanoparticle formation of
NAP were investigated using a-CD, b-CD and c-CD

(Figure 4). Among three ground mixtures (molar ratio
of CD:NAP=2:1), the one with b-CD exhibited the
highest solubilization fraction of 48% and a very low
nanoparticle fraction of only 4.0%. When a-CD was
used, the solubilization fraction decreased to around
10% whereas the nanoparticle fraction increased to
37%. On the other hand, the ground mixture with c-CD
exhibited only the solubilization of drug, indicating no
nanoparticle formation. The results of the ground mix-
tures at molar ratio of 1:1 and 1.5:1 show a similar

14

65 63 62

18
26

43

0

20

40

60

1:1 1.5:1 2:1 1:1 1.5:1 2:1

6.0 7.4 7.5 3.92.92.23.42.6
2.5

80

100

. 1 2:1 1:1 1.5:1 2:1 1:1 1.5:1 2:1

α-CD γ -CDβ-CD 

%
 D

ru
g 

R
ec

ov
er

ed
 in

 th
e 

Fi
ltr

at
e 

Molar Ratio of CD:Indomethacin

Nanoparticles (<0.8 µm)
Solubilized Drug

Figure 2. Percentage of solubilized amount and nanoparticles in

aqueous suspensions of CD:IDM ground mixtures at various molar

ratios.

58 58

43
26

6.5 6.35.9 2.83.05.5

4.03.1

0

20

40

60

80

7.4 7.0

45
51

63

28

3.75.05.64.

4.04.6

0

20

40

60

80

100

9.05.0 4.72.9 3.9
3.04.90.8 19

65

0

20

40

60

80

100

%
 D

ru
g 

R
ec

ov
er

ed
 in

 th
e 

Fi
ltr

at
e 

%
 D

ru
g 

R
ec

ov
er

ed
 in

 th
e 

Fi
ltr

at
e 

%
 D

ru
g 

R
ec

ov
er

ed
 in

 th
e 

Fi
ltr

at
e 

10% 15%5%

(A)

% Moisture in the Co-grinding Process 
(% Dry Base of Physical Mixture) 

0% 20%

(C)

(B)

0% 10% 15%5%

7.5%

58 58

43
26

6.5 2.83.05.5

4.03.1

100

7.4 7.0

45
51

63

28

4.8

9.0
19

65

0%

12% 25%10% 15%

20%12%

Nanoparticles (<0.8 µm)
Solubilized Drug

Figure 3. Influence of moisture content in the co-grinding on IDM

nanoparticle formation in (A) a-CD, (B) b-CD and (C) c-CD systems

(molar ratio CD:IDM=2:1).

31



feature to those of the 2:1 ground mixtures. Naproxen
nanoparticles were prepared with comparatively high
yield by the co-grinding of NAP and a-CD, while the
solubilization of NAP tended to improve when either
b-CD or c-CD was used. In the case of NAP,
co-grinding with a large cavity CD resulted in inclu-
sion complex formation, and hence less nanoparticle
formation. As in the c-CD–NAP system, NAP can
easily form an inclusion complex with c-CD and
therefore the formation of nanoparticles was not ob-
served. According to Faucci et al. [9], the stability
constants of NAP–CD complexes at molar ratio of 1:1
in water at 25 �C were found to be 40, 1700 and
146 M)1 for a-CD, b-CD and c-CD, respectively.
Based on NMR and computer molecular graphic
studies, Bettinetti et al. reported that NAP fits well
into the cavity of b-CD and therefore the inclusion
complex had better stability than those with a-CD or
c-CD [10]. This could explain why the solubilization

of b-CD–NAP ground mixture was higher than that
of c-CD.

Conclusions

Co-grinding of some poorly water-soluble drugs with
CDs results in the formation of nanoparticles together
with the solubilization of the drug. The types and cavity
sizes of the CD, the moisture content in the co-grinding
system, as well as the ability of drug to form inclusion
complex with CD, significantly affects the formation of
nanoparticles and the solubilization of the drug.
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