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The effect of b-cyclodextrin complexation
on the bioavailability and hepatotoxicity of clotrimazole
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Clotrimazole, a poorly water-soluble antimycotic agent, is a promising therapeutic agent for various
diseases including cancer and sickle cell anemia. The oral bioavailability and hepatic toxicity of clotri-
mazole were compared with its b-cyclodextrin inclusion form which was prepared by the spray-drying
method. The inclusion complex gave significantly higher initial plasma concentrations, Cmax and AUC
than did clotrimazole alone, indicating that the drug from the inclusion compound could be more easily
absorbed in rats. Furthermore, mice treated with the inclusion compound showed significantly higher
GOT/GPT values compared to clotrimazole alone. The inclusion compound also induced hypertrophy
of hepatic cells by fat accumulation and disappearance of hepatic sinusoids, indications of pathologi-
cal changes of liver, suggesting that the inclusion compound could induce more severe tissue damage
in the liver than clotrimazole alone. Thus, hepatotoxicity of clotrimazole seems to be correlated with
the enhanced oral bioavailability by inclusion complexation. Our results suggest that, in the develop-
ment of a novel oral product, appearance or enhancement of hepatic toxicity must be considered
along with oral bioavailability.

1. Introduction

Clotrimazole [bis-phenyl-2-(chloro-phenyl)-1-imidazolyl-
methane], a lipophilic imidazole derivative, is an antimycotic
agent with a broad spectrum (Pedersen et al. 1998). Further-
more, it is a promising agent for various diseases including
cancer and sickle cell anemia, and rheumatoid arthritis
(Wojtulewski et al. 1980) and show an anti-inflammatory ef-
fect (Ning et al. 2005). However, clotrimazole when admi-
nistered orally, exhibits large differences in bioavailability
due to its low aqueous solubility (solubility ¼ 0.49 mg/L)
(Pedersen et al. 1998, 1993) and slow dissolution in water
(Pedersen 1993). Furthermore, oral delivery of clotrimazole
induces severe hepatic toxicity (Coe et al. 2006; Miranda
et al. 1998; Stuchal et al. 2006).
Recently, to provide better bioavailability of clotrimazole,
a rectal formulation has been developed in a form of sup-
pository with P 188 and propylene glycol as delivery vehi-
cles (Yong et al. 2006). Moreover, this rectal delivery has
shown to alleviate the hepatic toxicity of clotrimazole. To
provide better bioavailability of clotrimazole via another
oral product, we have also attempted a new oral formula-
tion of clotrimazole by the inclusion with b-cyclodextrin.
In the development of a novel oral product containing clo-
trimazole, any effect of the formulation on the clotrima-
zole-induced liver toxicity must be considered.
Thus, in this study, the inclusion compound of clotrima-
zole with b-cyclodextrin prepared by the spray-drying

method was compared with clotrimazole alone in the as-
pects of the hepatic toxicity of clotrimazole in relation to
the pharmacokinetics after oral administration. The GOT/
GPT (glutamic oxaloacetic transaminase/glutamic pyruvic
transaminase) levels and liver histology were evaluated for
signs of toxicity.
Cyclodextrin complexation has been extensively applied to
enhance the solubility, dissolution rate and bioavailability
of slightly water-soluble drugs (Bekers et al. 1991; Jarvinen
et al. 1995; Nakai, et al. 1984). To prepare the inclusion
complexes, spray drying has been extensively applied
since it has many advantages of a good yield in a short
operating time and is suitable for extension to manufactur-
ing scale (Nakai et al. 1984; Pedersen 1997).

2. Investigations, results and discussion

The pharmacokinetic parameters of clotrimazole were de-
termined after oral administration of clotrimazole powder
and inclusion compound. The clotrimazole-b-cyclodextrin
(1 : 2) inclusion complex was prepared by spray-drying
0.2 g clotrimazole and 1.6 g b-cyclodextrin. Fig. 1 shows
the change of mean plasma concentration of clotrimazole
after oral administration of the preparations in rats. The
total plasma concentrations of clotrimazole obtained from
the inclusion compound were higher than those from clo-
trimazole alone. In particular, the initial plasma concentra-

ORIGINAL ARTICLES

756 Pharmazie 62 (2007) 10



tions of clotrimazole from inclusion compound, until 2 h,
were significantly higher than those of clotrimazole pow-
der (P < 0.05). Our results suggest that the higher initial
plasma concentrations of clotrimazole after administration
as inclusion compound in rats were due to the increased
dissolution rate of the drug (Kimura et al. 1997; Stella and
Rajewski 1997).
The pharmacokinetic parameters are shown in the Table.
The inclusion compound gave significantly shorter Tmax,
higher AUC, and Cmax of clotrimazole than did clotrima-
zole alone (P < 0.05). In particular, the AUC of clotrima-
zole from the inclusion compound was about 3-fold higher
than that from clotrimazole alone, indicating that the
enhanced oral bioavailability of clotrimazole in the inclu-
sion compound resulted from the marked increase in the
absorption rate of clotrimazole due to the increased disso-
lution rate of clotrimazole from the inclusion compound

in rats (Becket et al. 1999; Gandhi and Karara 1988;
Wong et al. 2001). However, the Kel and t1/2 values of
clotrimazole from the inclusion compound were not signif-
icantly different from those of clotrimazole alone. Our re-
sults suggested that the inclusion compound would be use-
ful to deliver clotrimazole in a pattern that allows fast
absorption in the initial phase. Thus, the oral bioavailabil-
ity of clotrimazole could be improved markedly by inclu-
sion complexation.
Hepatotoxicity of clotrimazole, b-cyclodextrin and the in-
clusion compound was evaluated after oral administration
in mice. The hepatotoxicity was assessed as the activity of
glutamate oxaloacetate transaminase (GOT) and glutamate
pyruvic transaminase (GPT). The mice treated with clo-
trimazole hardly gave higher GOT and GPT compared to
control and b-cyclodextrin. However, the mice treated
with inclusion compound showed significantly higher
GOT/GPT values than those treated with clotrimazole
alone (Fig. 2).
In the histological examinations as shown in Fig. 3, there
were no remarkable changes associated with tissue damage
in the liver tissues treated with clotrimazole or b-cyclo-
dextrin for 24 h compared to normal liver tissue (A, B).
In the cytoplasm of liver tissues from the clotrimazole-
treated group (C, D), an initial stage of fat accumulation
(arrows) was observed. The similar changes were shown
in the b-cyclodextrin-treated group (E, F). However, in the
inclusion compound-treated group (G, H), there was a
severe change of normal hepatic structures. The nucleus
has been condensed, which is an evidence of cell necrosis,
and the number of Kupffer’s cells was markedly de-
creased. Moreover, the hepatic cells showed hypertrophy
by fat accumulation and hepatic sinusoids have been nar-
rowed (arrows). These results suggest that the inclusion
compound could induce more severe tissue damage in the
liver than clotrimazole (Coe et al. 2006; Miranda et al.
1998; Stuchal et al. 2006).
In conclusion, the inclusion compound gave significantly
higher initial plasma concentrations, Cmax and AUC of
clotrimazole than did clotrimazole alone, indicating that
the drug could be more easily absorbed from the inclusion
compound. However, the inclusion compound induced sig-
nificantly more severe tissue damage in the liver.
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Fig. 1: Plasma concentration-time profiles of clotrimazole. After oral ad-
ministration of clotrimazole alone (closed circle) and inclusion
compound (open circle) to rats, 0.25 ml of blood was collected
from the right femoral artery at predetermined time, and plasma
was used for HPLC analysis. Each value represents the mean �
S.D. (n ¼ 6). *P < 0.05 compared with clotrimazole powder
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Fig. 2: The effects of clotrimazole in powder itself and inclusion com-
pound on the serum levels of GOT and GPT in mice. The glutamic
pyruvic transaminase (GPT) and glutamic oxaloacetic transaminase
(GOT) activities were measured in the serum by using Serum
Transaminase assay kit (Asan Pharm, Seoul, Korea). Blood was
collected from drug treated mice by cardiac drainage, and serum
was obtained by centrifugation at 3000�g for 20 min

Table: Pharmacokinetic parameters of clotrimazole after oral
administration of clotrimazole powder and inclusion
complex at a dose of 80 mg/kg to rats

Parameters Clotrimazole powder Inclusion compound

AUC (h � mg/ml) 18.90 � 6.24 56.15 � 35.70*
Tmax (h) 4.16 � 0.98 1.00 � 0.00*
Cmax (mg/ml) 1.93 � 0.46 6.29 � 3.39*
Kel (h�1) 0.19 � 0.10 0.20 � 0.08
T1/2 (h) 4.50 � 2.47 3.90 � 1.32

* P<0.05 compared with clotrimazole powder.
** Each value represents the mean � S.E. (n ¼ 6).



3. Experimental

3.1. Materials

Clotrimazole was provided by Boryung Pharmaceutical Co. (Anyang, Kor-
ea). b-cyclodextrin was purchased from Aldrich chemical Co. (Milwaukee,
WIS, USA). Semipermeable membrane tube (Spectra membrane tubing
No. 1) was purchased from Spectrum Medical Industries Inc. (Los An-
geles, California, USA). Ethanol was obtained from Duksan Pharmaceuti-
cal Co. (Seoul, Korea). All other chemicals were of reagent grade and
used without further purification.

3.2. Preparation of inclusion complex

A Büchi 190 nozzle type mini spray dryer (Flawil, Switzerland) was used
for preparation of the clotrimazole-b-cyclodextrin inclusion complex.
In brief, 0.2 g of clotrimazole and 1.6 g of b-cyclodextrin (molar ratio,
1 : 2) were dissolved in 100 ml ethanol and 100 ml water, respectively, and
then mixed. The resulting clear solution was delivered to the nozzle at a
flow rate of 5 ml/min using a peristaltic pump and thereafter spray-dried at
120 �C inlet temperatures with a flow rate of 10 ml/min. The residue, clo-
trimazole-b-cyclodextrin inclusion complex was collected (Choi et al.
2001; Lee et al. 1999).

3.3. Pharmacokinetic study

3.3.1. In vivo experiments

Male Sprague-Dawley rats weighing 250 � 20 g were fasted for 12 h prior
to the experiments but had free access to water. Tweleve rats were divided
into two groups. Each rat, anesthetized in an ether-saturated chamber, was
secured on a surgical board in the supine position with a thread. A poly-
ethylene tube was inserted into the right femoral artery of the rat, all of the
incision was covered with wet cotton and the cannula was flushed with
0.2 ml of heparinized normal saline (80 U/ml) to prevent blood clotting.
Both clotrimazole alone and inclusion compound (0.36 g/kg equivalent to
clotrimazole 80 mg/kg) were suspended in 1% povidone solution, and
orally administered to rats in each group, respectively. Then, 0.25 ml of
blood was collected from the right femoral artery at predetermined time
and centrifuged at 3000�g for 20 min using a centrifuge 5415C (Eppen-
dorf, USA) (Chang et al. 2002; Ficarra et al. 2000).

3.3.2. Blood sample analysis

Plasma (100 ml) was mixed with 10 ml of ethanol solution containing
clotrimazole/ibuprofen (100 mg/ml), as internal standard, 50 ml of 85%
phosphoric acid, and extracted with 500 ml of dichloromethane. After vor-
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Fig. 3:
Histopathological changes of liver treated with
clotrimazole (CLT), b-cyclodextrin (b-CD),
and inclusion compound with b-cyclodextrin
(CLT/b-CD). The pictures of the right column
were high powered copies of rectangles in the
pictures of the left column. The pictures (A,
B) in the upper panel were from control
group. In the groups treated with clotrimazole
(C, D) and b-cyclodextrin (E, F), there were
no pathological changes as compared to con-
trol group. In the mice treated with clotrima-
zole-b-cyclodextrin (I, H), the hepatic cells
were shown hypertrophy by fat accumulation
(arrow) and hepatic sinusoids have been nar-
rowed (arrowhead). BD: bile duct, CV: central
vein, HA: hepatic arteriole, KC: Kupffer’s cell,
SN: sinusoid. Bar ¼ 40 mm



texing vigorously for 1 min, it was then centrifuged at 3000�g for 2 min
to separate the organic phase. After evaporation of the organic phase in a
centrifugal vacuum concentrator, the residue was reconstituted with 50 ml
of the mobile phase. Then, a 20 ml aliquot was analyzed by HPLC (Jasco
UV-975, Japan) equipped with an Inertsil ODS-2 C18 column (GL science,
0.5 mm, 15 cm� 0.46 cm i.d.) and UV detector (Model L-7450). The
mobile phase consisted of a mixture of methanol and 25 mM dibasic potas-
sium phosphate buffer pH (6.3) (70 : 30, v/v) adjusted pH to 4.8 with 1M
phosphoric acid. The mobile phase was filtered through a 0.45-mm filter
(Millipore, Bedford, MA) and ultrasonically de-aerated prior to use. The
eluent was monitored at 230 nm with a flow rate of 1.2 ml/min (Beckers
et al. 1991).

3.3.3. Pharmacokinetic data analysis

The non-compartmental pharmacokinetic parameters including area under
the drug concentration-time curve (AUC) were calculated using the
RSTRIP II program (Salt Lake City, UT, USA). The maximal plasma con-
centration of drug (Cmax) and time to reach maximum plasma concentra-
tion (Tmax) were also obtained from plasma data. The data from different
formulations were compared for statistical significance by the Student t-test.
All results were expressed as mean � standard deviation (S.D.).

3.4. Hepatotoxicity study

3.4.1. In vivo experiments

Male ICR mice weighing 20–22 g were used for each group in the experi-
ment. Mice were divided into two groups (n ¼ 6), fasted for 24 h prior to
the experiments but had free access to water. Clotrimazole powder and
inclusion compound (0.36 g/kg equivalent to clotrimazole 80 mg/kg) were
suspended in 1% povidone solution, and orally administered to mice in
each group. 24 h after drug administration, GOT/GPT (glutamic oxaloace-
tic transaminase/glutamic pyruvic transaminase) levels were determined by
the Reitman-Frankel method (1957). The mouse serum (50 ml) was added
to a 250 ml of mixture containing l-aspartic acid and a-ketoglutaric acid
for GOT determination or to a 250 ml of mixture containing dl-alanine and
a-ketogltaric acid for GPT determination. After the mixture was incubated
at 37 �C for 1 h, 250 ml of 2,4-dinitrophenylhydrazine was added. After
the mixture was incubated at 25 �C for 20 min, 2.5 ml of 0.4 N NaOH was
added. After 10 min, the change of absorbance was measured at 505 nm
with an UV-VIS spectrophotometer (Shimadzu, UV-1601, Japan).

3.4.2. Histologic analysis

The liver was isolated, fixed in 4% paraformaldehyde in phosphate-buf-
fered saline (PBS), embedded in paraffin using an embedding center and
cut into slices. The paraffin-embedded tissue sections (4 mm) were stained
with hematoxylin-eosin (Miyazaki et al. 1998) and observed under a light
microscope (Leitz; Laborlux 12 Pols, Germany).

3.4.3. Statistical analysis

Data were expressed as mean � standard error of the mean (SEM) and A
two-tailed Student’s t-test was used to examine the significance of the data.
The data is presented as a mean � SEM. A P value < 0.05 was consid-
ered significant.
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