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bstract

Bioadhesive tablet formulations of ketoconazole for vaginal delivery were studied. Carbomer (Carbopol 974P, Carbopol 934P), hydroxypropy-
methyl cellulose (HPMC) and hydroxypropyl cellulose (HPC) were used as candidate bioadhesive polymers. Effervescent was incorporated into
he formulations as a disintegration agent. The swelling behavior and bioadhesive strength of the drug-free tablets were investigated. Carbopol
34P was selected as biopolymer in combination with HPMC or HPC at different ratios to develop five drug-loaded formulations. The swellings,
ackiness and in vitro release were studied on the tablets. A good sustained effect and a moderate bioadhesion were obtained with the tablets. The
ormulation containing 100 mg of effervescent, with the Carbopol 934P:HPC ratio of 1:9, seemed to be the optimum one for the tablet. In vivo drug

esidence tests were carried out by administering the preferred formulation to female rats. The results showed that the drug remaining followed a
ne-order model. Even after 24 h of administration in vagina of rats, 17% of the original employed drug was retained on the vaginal tissue. Our
tudy may provide a potential vaginal tablet formulation of ketoconazole against Candida albicans.

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

In recent years vaginal bioadhesive preparations have been
eveloped as a new type of controlled-release form for the treat-
ent of both topical and systemic diseases. For drugs which

re susceptible to gut or hepatic metabolism or which cause
I side effects, vaginal bioadhesive delivery may offer a num-
er of advantages over the other routes of administration. The
reatest advantage of such dosage forms is the possibility of
aintaining them in the vagina for extended periods of time

ncluding daytime and nighttime, thereby enabling lower dos-
ng frequencies (Ahuja et al., 1997). Among various possible
ioadhesive polymers, carbopol, hydroxypropylmethyl cellu-
ose (HPMC) and hydroxypropyl cellulose (HPC) are frequently
sed candidates for bioadhesive preparations due to their charac-

eristics of nontoxic, nonirritant, high bioadhesive strength and
asy incorporation with the drugs.

∗ Corresponding author. Tel.: +86 24 2398 6343; fax: +86 24 2391 1736.
E-mail address: tangpharm@sina.com (X. Tang).
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Vaginal candidiasis is a common condition and up to 75%
f all women have at least one episode of this infection during
heir lifetime. About 40–50% of them will suffer a second one,
nd a small percentage will show a chronic course (Ferrer, 2000;
anchares and Hernandez, 2000). Candida albicans is the most

mportant cause of vaginal candidiasis, accounting for over 80%
f the infection. Most patients with Candida vaginitis respond
o topical treatment with nystatin or imidazoles. Ketoconazole
KTZ) is an imdazole derivative antifungal agent developed for
he treatment of human mycotic infections and plays an essential
ole in the antifungal chemotherapy (Karasulu et al., 2004). It is
weak base with limited water solubility (Esclusa-Dı́az et al.,
996). In the literature, some additives, such as sodium bicarbon-
te and citric acid, were added into formulations to improve the
isintegration and the dissolution of bioadhesive vaginal tablets
ecause there is rather low moisture content in vagina under
ormal physiological conditions (Karasulu et al., 2002).

The aim of this study was to prepare a new bioadhesive effer-

escent vaginal tablet formulation of ketoconazole against C.
lbicans. Effervescent added into the formulations as disinte-
ration agent would be expected to increase the dissolution
f KTZ. During the in vitro study, Carbopol 934P, Carbopol

mailto:tangpharm@sina.com
dx.doi.org/10.1016/j.ijpharm.2007.08.042
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Table 1
Compositions of the drug-free tablet formulations (mg)

Polymers Polymer
weight

Effervescent MCC MgSt Silica gel

CP934P

150 0 577.5 7.5 15
200 0 527.5 7.5 15
150 50 527.5 7.5 15
150 100 477.5 7.5 15

CP974P

150 0 577.5 7.5 15
200 0 527.5 7.5 15
150 50 527.5 7.5 15
150 100 477.5 7.5 15

HPMC

150 0 577.5 7.5 15
200 0 527.5 7.5 15
150 50 527.5 7.5 15
150 100 477.5 7.5 15

HPC

150 0 577.5 7.5 15
200 0 527.5 7.5 15
150 50 527.5 7.5 15
150 100 477.5 7.5 15

CP934P: Carbopol 934P; CP974P: Carbopol 974P; HPMC: hydroxypropy-
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minimum detachment force was calculated accordingly. The
study was approved by the Laboratory Animal Ethics Commit-
tee of Shenyang Pharmaceutical University, and the approval
document No. was 05-P-144.
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74P, HPMC and HPC were chosen as bioadhesive poly-
ers. The performances of these bioadhesive polymers were

valuated by two parameters, the swelling behavior and the
ioadhesive strength. For the various drug-free formulations,
he effect of effervescent on polymers’ bioadhesive character-
stics was investigated. On the basis of these data, suitable
olymers were selected to prepare the bioadhesive efferves-
ent vaginal tablets of KTZ. Swellings, bioadhesive properties
nd drug release of the tablets with different proportions of
ioadhesive polymer and effervescent in formulations were
onducted. One ideal formulation was selected for the subse-
uent in vivo studies and the residence state of the tablet was
valuated.

. Materials and methods

.1. Materials

Carbopol 934P, Carbopol 974P (CP 934P, CP 974P, BF
oodrich, USA), hydroxypropylmethyl cellulose (HPMC)

Methocel K4M, Colorcon, Shanghai, China), hydroxypropyl
ellulose (HPC) (Klucel HXF, Hercules, USA), ketoconazole
Bai Jingyu, Nanjing, China) were used as received. All other
hemicals were of analytical reagent grade.

.2. Preparation of drug-free tablets

The drug-free tablets were prepared using the mixture of a
olymer and microcrystalline cellulose (MCC) with or without
ffervescent. In the case of tablets loaded with effervescent, the
ffervescent agent consisted of sodium bicarbonate and citric
cid at a mole ratio of 3:1. One percentage magnesium stearate
MgSt) and 2% silica gel were used as the lubricant and the
lidant, respectively. The tablets were compressed on a single
unch tablet machine (Fareast, Shanghai, China) with a pres-
ure of 14.3 kN. The tablet mould was especially designed using
tainless steel and the tablets formulated had an average weight
f 750.7 ± 2.4 mg, 17.2 ± 0.2 mm height, 10.4 ± 0.2 mm width
nd 3.4 ± 0.3 mm thickness. The compositions of the formula-
ions are shown in Table 1.

.3. Swelling study

The swelling behavior of tablet described as the water absorb-
ng capacity was determined by gravimetric methods (Kast et
l., 2002; Karasulu et al., 2004). In this study, each sample was
ut into a stainless steel basket with 200 mesh of aperture and
eighed. The basket was then placed in 100 ml distilled water,

llowing the tablet to swell at 25 ◦C. The basket was periodically
eighed after removing the excess water on the surface with a
lter paper: [ ]

welling (%) = Wt − W0

W0
× 100

here Wt is the weight of the basket at time t and W0 is the
nitial weight of the basket. The swelling was calculated and
methyl cellulose; HPC: hydroxypropyl cellulose; effervescent: consisted of
odium bicarbonate and citric acid at a molar ratio of 3:1; MCC: microcrystalline
ellulose; MgSt: magnesium stearate.

hen plotted as a function of time. The slope of the linear plots
as taken as the swelling rate.

.4. In vitro bioadhesion study

Several types of mucosa, including rat intestine, pig oral,
ovine sublingual, cow vaginal mucosa (Gurny et al., 1984;
ürsoy et al., 1989), have been used as model biological tissues

or the evaluation of bioadhesion, which. In this study, mouse
eritoneum membrane was preferred. A simple apparatus was
evised to measure the minimum detachment force (Fig. 1).

piece of mouse peritoneum membrane (2.0 cm × 1.5 cm)
emoved from newly sacrificed mouse was adhered to a piece
f glass, which was fixed on a plank and the plank was assem-
led with a little crown block. After hydrating the peritoneum
ith 20 �l of distilled water, the tablet was brought into contact
ith the peritoneum by applying 200 g for 2 min. After the ini-

ial contact, the tablet was encircled by a firm plastic ring which
astened a light plastic beaker through the crown block. Next,
ater was dropped into the beaker at a speed of 1.5 ml·min−1

ntil the tablet and peritoneum were pulled apart by the grav-
ty of water. The beaker containing water was weighed and the
Fig. 1. The scheme of the device used in the bioadhesion studies.
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Table 2
Compositions of the KBET formulations (mg)

Formulation codes Polymer Polymer weight fraction Effervescent MCC MgSt silica gel

F1 150 CP934P:HPMC = 1:6 100 77.5 7.5 15
F2 150 CP934P:HPMC = 1:9 100 77.5 7.5 15
F
F
F

2
(

d
o
w
c
m
i
t
7
T

2

a
a
b
w
3
m
f
s

2

9
5
2
o
w
4
i

2

s
m
e
v
o
a
w

p
o

w
c
T
l
p
t
w
a

2

v
t
P

w
k
c
t
t
i
t
b
t

2

f
s
a

3

3

3 150 CP934P:HPC = 1:9
4 150 CP934P:HPC = 1:9
5 150 CP934P:HPC = 1:6

.5. Formulations of KTZ bioadhesive effervescent tablets
KBETs)

Based on swelling behavior and bioadhesive strength of the
rug-free tablets, CP934P was selected to mix with HPMC
r HPC at different ratios as bioadhesive polymers. KBETs
ere prepared by direct mixing the polymers, KTZ, efferves-

ent (consisting of sodium bicarbonate and citric acid at the
ole ratio of 3:1), MCC, 1% magnesium stearate and 2% sil-

ca gel and finally the mixture was compressed to tablets. Each
ablet contains 400 mg KTZ and has an approximate weight of
50 mg. The constituents of all formulations are presented in
able 2.

.6. In vitro KTZ release study

Release studies were carried out using the USP 29 dissolution
pparatus II, in 1000 ml phosphate buffer solution (PBS, pH 3.0)
s the dissolution medium. The tablet was placed in a settling
asket to prevent the tablet from floating. The rate of stirring
as 30 rpm. And the medium temperature was maintained at
7 ± 0.5 ◦C. At each sampling interval, 3 ml of the dissolution
edium was withdrawn and replaced by an equal volume of

resh PBS. KTZ was determined at 222 nm by using a U-2800
pectrophotometer (Hitachi, Japan).

.7. Effect of KBETs on pH value of medium

It was reported that the formulations containing Carbopol
34P caused the lowering of pH values in lactate buffer (pH
), distilled water and phosphate buffer (pH 7) (Baloğlu et al.,
003). In this study, the effects of various KBET formulations
n pH values of distilled water and phosphate buffer (pH 4.0)
ere investigated. The tablet was placed in a 50 ml beaker with
0 ml of medium, and the pH values of medium were measured
n 1-h intervals and recorded.

.8. In vivo residence study

In this study, 21 mature female rats were randomized into
even groups, three in each. Each rat was applied with the for-
ulation coded F4 in its vagina. To make the administration

asier, the weight of the tablet was lowered to 25% of the pre-

ious design (containing KTZ 100 mg). After the application
f the tablet, one group of rats was sacrificed at 2-h intervals
nd the vagina tissues of rat were dissected. The residual tablet
as displaced into a volumetric flask, into which methanol was

a
f
w
s

50 127.5 7.5 15
100 77.5 7.5 15

50 127.5 7.5 15

oured up to scale. After that, the flask was placed in a sonic
scillating water bath till the residual tablet dispersed.

The suspension was filtered and the analysis was performed
ith a Hitachi HPLC system. A reversed-phase ODS-C18 HPLC

olumn 250 mm × 4.6 mm was utilized at room temperature.
he mobile phase was acetonitrile (60%, v/v) and 0.5% triethy-

amine in water (40%, v/v), with the pH of solution adjusted to
H 7.0 using phosphoric acid. The flow rate was 1 ml/min and
he detection was performed at 244 nm. Quantitative analysis
as achieved by measuring the peak areas of KTZ and the peak

rea response was linear in the range of 10.6–84.8 �g/ml.

.9. Curve fitting

Curve fitting was performed using Microsoft Excel 2003
ersion. The dissolution data were fitted to the following equa-
ion (Eq. (1)) (Kormeyer et al., 1983; Peppas, 1985; Ritger and
eppas, 1987a,b):

Mt

M∞
= ktn (1)

here Mt/M∞ is the fraction of drug released at time t, k is the
inetic constant of the system, and n is the release exponent indi-
ating the type of drug release mechanism. The release exponent
akes various values depending upon different geometries. For
he drug release from a cylindrical or a flat swellable polymer,
f n approaches to 0.89, the release mechanism could be Case-II
ransport and if n is close to 0.45, the release mechanism can
e Fickian. On the other hand if 0.45 < n < 0.89, non-Fickian
ransport could be obtained (Ritger and Peppas, 1987b).

.10. Statistical analysis

Tests for significant differences between means were per-
ormed by Student’s t-test or one-way ANOVA by using the
oftware SPSS 12.11. Differences were considered significant
t P < 0.05 level.

. Results and discussion

.1. Swelling study

Swelling is important for the assessment of adhesion. Shortly

fter swelling, adhesion does occur, but with a weak bond
ormed. To develop maximum adhesion strength, an optimum
ater concentration was needed for polymer particles. Fig. 2

hows the swelling behavior of the drug-free tablets and the
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ig. 2. Swellings of drug-free tablets and KBETs in distilled water (n = 4). (A) D
C) drug-free tablets with 150 mg polymers and 50 mg effervescent; (D) drug-fr

BETs. It was observed that the order of swelling rate was
P974P > CP934P > HPC = HPMC in drug-free formulations.
fter increasing the amount of polymers from 150 mg to 200 mg,
rug-free tablets provided higher swelling rates except for
ne employing CP934P. According to the comparison of the
orresponding swelling profiles of formulations with/without
ffervescent, it could be seen that the effervescent resulted in
marked increase in swelling rate. Furthermore, most tablets
ith 100 mg effervescent showed a higher swelling capacity

han tablets with 50 mg. However, this trend could not be seen in
he formulation using HPMC as biopolymer. The phenomenon
f swelling increasing could be explained by the good disinte-
ration effect of effervescent, which made tablets increase in
olume and construct porous channels on surface and inside
f tablets. The porous channels increased the contacting area
etween polymer particles and water so that the polymers could
e hydrated more easily. Since KTZ is poorly water soluble, the
orous channels may contribute to the drug release. Besides,
arbopol performed better swelling property than HPC and
PMC, thus it is considerable to incorporate Carbopol either
ith HPC or HPMC to achieve suitable bioadhesion and drug

elease.
As for KBETs, the order of swelling rates for five formula-
ions is F1 = F2 > F3 = F4 = F5. Comparing with drug-free tablets
mploying the same amount of polymer and effervescent, all
BETs showed lower swelling rates, which is related with the
oor solubility of KTZ.

o
T
r
t

ree tablets with 150 mg polymers; (B) drug-free tablets with 200 mg polymers;
lets with 150 mg polymers and 100 mg effervescent; (E) KBETs.

.2. In vitro bioadhesion study

Fig. 3 shows the detachment forces of the drug-free for-
ulations. According to the results of statistical analysis, for

he tablets prepared without effervescent, the order of bioad-
esive strength is CP974P = CP934P > HPC = HPMC (Fig. 3A).
lthough increasing the amount of polymer from 150 mg to
00 mg, the bioadhesion of tablets could not reach a higher
evel (Fig. 3B). The addition of effervescent in formulations
ecreased the detachment forces of tablets (Fig. 3C). With
ablets containing HPC, the concentration of the efferves-
ent had no effect on bioadhesive properties whereas others
ere decreased significantly in bioadhesion with increasing

ffervescent concentration (Fig. 3C and D). The bioadhe-
ion of CP974P showed a more reduction of 13.5% than
P934P’s.

In general, the swelling state of polymer contributes to its
ioadhesive behavior (Bottenberg et al., 1991). However, they
re not quite correlated in this study. It was observed that the
welling rate was developed as effervescent applied to formula-
ion, increased with increasing amount of effervescent; however,
he effervescent led to a significant drop in adhesive strength.
he influences of effervescent on swelling and bioadhesion were

pposite, mainly due to the tiny bubbles created by effervescent.
hese tiny bubbles depressed the mucosa–polymer interaction,

esulting in a decrease in the bioadhesive strength. According
o the results obtained in the studies of swelling and bioadhe-
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ig. 3. Comparison of bioadhesive strength of drug-free tablets and KBETs (me
ith 200 mg polymers; (C) drug-free tablets with 150 mg polymers and 50 mg

E) KBETs.

ion, CP934P could serve with HPC or HPMC as biopolymer to
repare KBETs relative to CP974P.

The adhesion strength of formulations containing KTZ fol-
owed this order F2 < F1 = F3 = F4 < F5. The minimum adhesion
trength was observed in F2, which could be due to the lower
atio of CP934P/HPMC and the higher content of effervescent.
n the contrary, with an increase in CP934P/HPC ratio and a

eduction of effervescent, the maximum bioadhesive strength
F5) was obtained. The bioadhesion results of KBETs were cor-
elated to the results of the drug-free formulations. In addition,
ach formulation of KBETs had a lower bioadhesive strength
han its corresponding drug-free formulation. This result was
artially attributed to the poor solubility and the large amount
f KTZ.

.3. In vitro KTZ release study

The release rate of KTZ from KBETs was described as a
unction of time as shown in Fig. 4. In all formulations, the
urst release of KTZ was observed within the first 2 h, and then
radually increased up to 24 h. About 69%, 67%, 95%, 98%,
3% of the total KTZ loaded in tablets were released within
4 h from formulations coded F1–F5, respectively. The blend

f CP934P and HPMC as biopolymer provided a stronger sus-
ained release effect on the drug release (F1 and F2). For the
olymer mixture of CP934P and HPC, more drug release could
e seen as decreasing CP934P/HPC ratio (F3 > F5). On the other

Fig. 4. Release profiles of KTZ from five formulations of KBET (n = 6).

i
o
S
m

3

o

T
F
s

F

F
F
F
F
F

S.D., n = 4). (A) Drug-free tablets with 150 mg polymers; (B) drug-free tablets
escent; (D) drug-free tablets with 150 mg polymers and 100 mg effervescent;

and, F3 and F4 had the same polymer ratio; the different con-
entrations of effervescent caused no change in KTZ release. A
ational explanation about this phenomenon is that HPC, which
s stable at pH 6.0–8.0, might undergo acid hydrolysis at low pH
queous solutions (Rowe et al., 2003). The effect of sustained
elease of HPC could be depressed by the hydrolysis. Thus the
mounts of effervescent in the two formulations did not influ-
nce the in vitro drug release significantly. Nevertheless, among
hese five formulations, F4 was preferable for subsequent in vivo
tudies owing to its good drug release, moderate bioadhesion
nd a higher effervescent concentration, which was expected to
resent a better disintegration and drug release under normal
hysiological conditions.

The mechanism of release was investigated using Eq. (1). The
alculated parameters from this equation are given in Table 3.
n all cases the exponent “n” was less than 0.45. It indicated
hat the drug release did not follow the Fickian diffusion. In
eneral, significant amounts of drug interfere with the macro-
olecular chain relaxation process, thus leading to a suppression

f the relaxational mechanism and observation of only a dif-
usional mechanism. Consequently, swelling-controlled release
ystems with large initial amounts of drug loading (usually more
han 30 wt%) gave Fickian diffusional release (Lee, 1983). The
esults presented here are not coincident with those available
n the literature. This might be due to the disintegration effect
f effervescent which destructed the intact matrix of the tablet.
o the diffusion path of drug was shortened and the dissolution
echanism was not observed as Fickian diffusion.
.4. Effect of KBETs on pH value of medium

It was showed that all formulations of KBETs had an effect
n the pH value of the medium (Fig. 5). In distilled water,

able 3
itted equations and correlation coefficients following linear regression of dis-
olution data of KBETs

ormulations Fitted equations, Mt/M∞ Correlation coefficients, r

1 25.33 t0.289 0.9862
2 24.68 t0.302 0.9939
3 44.19 t0.267 0.9906
4 45.82 t0.258 0.9943
5 24.88 t0.423 0.9976
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Fig. 5. Effect of KBETs on pH value of medium (n = 6). (A) Distilled water and (B) pH 4.0 PBS.
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BETs reduced the pH value first and then increased it slowly.
he decrease in pH can be explained by the anionic character
f CP934P which contains between 56% and 68% carboxylic
roups on the dry basis (Ìkinci et al., 2004). As KTZ is a weak
ase, with the increase of KTZ dissolution, there was an increase
n water pH value. In the phosphate buffer, KTZ had a higher
issolution rate and the drug caused a marked increase of pH.
he results obtained indicated that the degree of pH increasing
as in parallel to the KTZ dissolution.

.5. In vivo residence study

The mean residual KTZ contents obtained in the period fol-
owing the administration are shown in Fig. 6A. The data were
tted to various equations. It could be concluded from Table 4

hat both the exponent equation and the polynomial equation fit-

ed better than others. To simplify the fitted results, the exponent
quation was preferred. After recalculating the LN value of the
ercentages of the remaining drug, a straighter line was plot-
ed for a one-order model (Fig. 6B). The removal of the KBET

able 4
quations fitted by different functions

unctions Equations r2

inearity Y = −3.4278x + 92.858 0.9405
ogarithm Y = −31.479ln x + 123.12 0.9606
olynomial Y = 0.1237x2 − 6.732x + 107.41 0.9988
ower Y = 196.36x−0.6482 0.8301
xponent Y = 113.19e−0.0782x 0.9987

: percentage of remaining KTZ; x: time (h).
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S.D., n = 3); (B) a plot of the recalculated remaining KTZ against the one-order

rom vagina tissue was complicated, many factors, including
he development of rats, stages of estrus, infection, drug irrita-
ion and amount of the mucus in vagina, might affect the state
f tablets retaining. In this study, there were 17 percentages of
osage remained in vagina after 24 h, thus the bioadhesive tablet
ould maintain its effect for at least 24 h.

. Conclusion

The results of this study reveal that incorporation of effer-
escent into the bioadhesive tablets leads to the increase in the
wellings and the rate of drug release and conversely the tack-
ness could be decreased. It is shown that with the developed
ormulations, the KTZ release and bioadhesion properties of
ioadhesive tablets can be controlled by changing the polymer
ype, polymer concentration and effervescent content. The use
f KTZ against vaginal candidiasis allowed preparing the tablets
y a simple direct compression. The tablet with formulation F4
as selected for in vivo evaluation. The in vivo studies indicate

hat the profile of KTZ retained in vagina followed a one-order
attern. Bioadhesion of the developed formulations will provide
longer period of residence time, which could result in more

vailable therapy.
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release bioadhesive effervescent ketoconazole microcapsules tabletted for
vaginal delivery. J. Microencapsul. 19, 357–362.
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