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ABSTRACT  Metronidazole was formulated in mucoad-
hesive vaginal tablets by directly compressing the natu-
ral cationic polymer chitosan, loosely cross-linked with
glutaraldehyde, together with sodium alginate with or 
without microcrystalline cellulose (MCC). Sodium car-
boxymethylcellulose (CMC) was added to some of the
formulations. The drug content in tablets was 20%. Drug
dissolution rate studies from tablets were carried out in 
buffer pH 4.8 and distilled water. Swelling indices and
adhesion forces were also measured for all formulations.
The formula (FIII) containing 6% chitosan, 24% sodium
alginate, 30% sodium CMC, and 20% MCC showed
adequate release properties in both media and gave
lower values of swelling index compared with the other
examined formulations. FIII also proved to have good 
adhesion properties with minimum applied weights.
Moreover, its release properties (% dissolution effi-
ciency, DE) in buffer pH 4.8, as well as release mecha-
nism (n values), were negligibly affected by aging. Thus,
this formula may be considered a good candidate for 
vaginal mucoadhesive dosage forms.
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INTRODUCTION

The use of natural polymers is valuable based on proven
biocompatability and safety. In this respect, the polysac-
charides chitosan and sodium alginate, a cationic and an
anionic agent, respectively, have received particular at-
tention.

1

Chitosan possesses favorable properties and hence has
applications in the pharmaceutical and biomedical
fields.

2
 It is a promising bioadhesive material at physio-

logical pHs. This polymer possesses OH and NH2

groups that can give rise to hydrogen bonding. Its linear
molecules express sufficient chain flexibility, and their
conformation is highly dependent on ionic strength.
These properties are considered essential for mucoad-
hesion.

3,4
 Moreover, chitosan is suited for repeated ad-

hesion, since it did not become inactivated after the first

contact and no drop in mucoadhesion resulted.
5
 A gen-

eral observation is that chitosan achieves a sustained
release behavior at a concentration  50% of tablet 
weight.

6,7

Formation of interpolymer complexes of chitosan with
alginate

1
and sodium carboxymethylcellulose (CMC) 

was investigated.
8,9

 It has been reported that drug re-
lease from in situ polyion complexes affords more sus-
tained effect than the preformed complexes.

10
 Polymer 

blends can combine attributes of different polymers to 
give a superior quality for the dosage form.

11
 Moreover, 

polyionic interaction of chitosan with anionic polymers
will permit a considerable reduction of chitosan concen-
tration in tablet.

11

Although chitosan has been used in tablets intended for 
oral sustained-release preparations, its administration
into the vagina has not been reported. This study ac-
counts for the possible use of chitosan in mixture of dif-
ferent ratios with anionic polymers for the preparation of
mucoadhesive tablets to be used as a vaginal delivery
system for metronidazole.

MATERIALS AND METHODS

Chemicals
Metronidazole powder came from Sigma Chemical Co
(St. Louis, MO). Avicel PH 102 (microcrystalline cellu-
lose [MCC]) was courtesy of Pharco Pharmaceuticals
(Alexandria, Egypt). Chitosan (CS) of low-viscosity grade
(molecular weight = 625 000) came from Protan Labora-
tories (Redmond, WA). Sodium alginate (Sod alg.) with
glucoronic acid content of 69% with a medium polymeri-
zation degree of 400 to 600 came from Coloplast (Cam-
bridge, UK). Sodium carboxymethylcellulose (Sod CMC) 
came from BDH Chemicals Ltd (Poole, England; degree
of substitution not less than 0.4). A 1% w/v solution in 
water has a viscosity at 20°C of 8 cP. All other chemicals
were of analytical grade.

Preparation of metronidazole vaginal tablets 

Chitosan (0.4 g) was soaked in 5.5 mL of 10% acetic 
acid for 48 hours; the lumps were homogenized using a
spatula and left for 1 hour at room temperature. The
mass was then taken by a plastic syringe and extruded
onto a teflon plate, left for 1 hour at room temperature, 
then dried in an oven at 50°C for 8 hours.

12
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Table 1. Composition of Metronidazole Tablet Formulations*

Rods obtained were cut into small pieces and soaked in 
5% glutaraldehyde for 1 minute (  1.5 mL/0.4 g chito-
san). They were then filtered, left to dry in a desiccator
overnight, and powdered in a mortar. Under the condi-
tions of the time of cross-linking and the amount of glu-
taraldehyde used, a loose cross-linking is achieved.

13

Tablets containing 20% metronidazole and weighing 200
or 500 mg were prepared by direct compression of drug
powder mixture using flat face, 9- or 12-mm punch
(Table 1). A particle size of less than 160 μm for all
components was selected to avoid any fraction segrega-
tion.

Evaluation of the prepared tablet formulations 

Average drug content 

Tablets of each formulation were ground in a mortar to a 
powder form. An accurately weighed amount of the
powder, equivalent to 100 mg of metronidazole, was
transferred to a 100-mL volumetric flask. The powder
was dissolved in 10% acetic acid using a magnetic stir-
rer overnight. After filtration, the solution was assayed
spectrophotometrically (Ultrospec III, Pharmacia LKB
Biochrom, Cambridge, England) for metronidazole at 
286 nm against 10% acetic acid as blank. The content
was calculated using a preconstructed calibration curve
for the drug (1-2.5 mg%) in 10% acetic acid. No interfer-
ence from any of the tablet components was observed
under the conditions of the assay procedure.

Dissolution rate study

The drug release rate was determined using USP disso-
lution apparatus II. A tablet (500 mg) was glued in the 
center of a 9-cm-diameter glass disc. Dissolution media
were 650 mL of either distilled water pH 5.5 or citrate
buffer pH 4.8 maintained at 37°C ± 0.1°C and stirred at 
25 rpm. Two different media were used to examine the 
difference between the release of drug in water and in
buffer. Samples (5 mL) withdrawn at suitable time inter-
vals were compensated with fresh dissolution medium
and assayed spectrophotometrically at 319 nm. No inter-

ference occurred due to tablet excipients or to -
cyanoacrylate glue at this wavelength. Samples were
assayed in triplicate.

Swelling study 

The weight of medicated tablets was determined (W1).
Each tablet was placed separately in a 25-mL beaker
containing 5 mL citrate buffer pH 4.8. The beakers were
stored at 25°C and 37°C ± 0.1°C. Tablets were removed
at different time intervals (0.25, 0.5, 1, 2, and 4 hours),
wiped with filter paper, and reweighed (W2). The swelling
index was calculated as follows

14
:

Swelling index = (W2–W1)/ W1

Swelling index of FI could not be measured because the
tablets completely disintegrated as soon as 5 mL of 
buffer pH 4.8 was added, at both temperatures. Each
experiment was performed in triplicate using 500-mg
tablets.

Determination of bioadhesive properties 

A modified balance method
14

 was adopted to measure
bioadhesion properties. A rabbit intestine was dissected
and placed in normal saline after being washed of all 
food debris. The intestine, cut into 5-cm lengths, was
adhered to a moving platform with -cyanoacrylate glue.
Tablets (200 mg) were glued to different weights (1, 2, 5, 
and 10 g) with -cyanoacrylate glue. This was followed 
by taring the balance. A volume (0.1 mL) of buffer pH 4.8
was slowly added using a plastic syringe over the muco-
sal sample. The platform was slowly raised until the tab-
let touched the mucosa. The tablet and mucosa were left 
in contact for 15 minutes, after which the balance was
retared, and corresponding weights were added to the
pan. The addition was stopped upon detachment of the 
tablet from the mucosa. The equivalent adhesion force

15

was then calculated in g/cm
2
. Each adhesion experiment

was repeated 6 times. 

2
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Effect of aging on the selected formulation 

Figure 1. Metronidazole release profile from different tablet
formulations in (a) distilled water and (b) buffer pH 4.8 (burst
effect is clear during the first hour in FI). Error bars represent
SD (n = 3). 

Tablets of (500 mg) FIII were stored in closed glass con-
tainers in a desiccator protected from light. The effect of 
aging on the dissolution rate of the selected formulation
was determined after 18 months of storage.

RESULTS AND DISCUSSION

Average drug content was 101.02 % ± 2.1, and the re-
sults of the content uniformity test proved that there was
homogenous drug distribution.

Dissolution rate study 

The release of metronidazole in either distilled water or 
buffer pH 4.8 from different matrix formulations is shown
in Figures 1a and 1b, respectively. No lag time was ob-
served in any of the formulations studied in both dissolu-
tion media. Table 2 shows values of dissolution effi-
ciency (DE) calculated at 8 hours for the different formu-
lations in both media. DE is a parameter that represents
the percentage between the area under the curve at time
t and the area of the rectangle defined by 100% dissolu-
tion at the same time t.

16

In the case of FI, in buffer pH 4.8, there is an initial burst
effect seen visually in the early stage of the dissolution
run. This phase may be due to the disintegrative effect of 
MCC (50%), which takes water rapidly by capillarity
through available pores in the matrix.

17
 After this initial

phase, hydration and gel formation of chitosan (pka = 
6.5) in acid buffer medium (pH 4.8) causes clogging of 
pores, thus hindering the entrance of water, which then
occurs by slow diffusion through the gel layer.

18

In water, the initial burst effect almost disappeared. This
effect may be due to easy hydration and gelation of so-
dium alginate, leading to early clogging of available
pores in the matrix and, therefore, to much slower tablet
disintegration and drug dissolution. Although the number
of available positive chitosan molecules decreases in
water, there is an increase in available negative alginate
molecules. This may change the packing arrangement of 
the tablet components.

19
The overall effect will result in a 

different pattern of dissolution compared with that in 
buffer.

that includes the pH of the buffer (pH 4.8). Moreover, in 
the latter medium, no disintegration of the tablets was
observed during the test period, a fact that may be due
to the persistent gel layer surrounding the tablets.

6

It was reported that upon hydration, a mixture of MCC
and sodium CMC as present in FIII generates a 
rheological system showing thixotropic properties over a
pH range of 3.5 to 11.0.

21
 This latter behavior results

from the formation of a three-dimensional gel structure
leading to immobilization of water molecules inside it and
slowing drug release in buffer.

22
 The network produced

would involve hydrogen bonding between the negative
oxygen of the carboxyl group of sodium CMC and hy-
drogen of the hydroxyl group of MCC. The increased

On the other hand, release in water in the case of FII,
FIII, and FIV showed an obvious increase compared with
release in buffer. This difference may be due to the
presence of sodium CMC (pka  4.17),

20
 which was re-

ported to interact with chitosan by ionic bond as the pri-
mary bonding force.

8
 It was suggested that the optimum

interaction pH is within the range of 2.5 to 5.0,
9
 a range
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Table 2. Dissolution Efficiency Values for Different Metronidazole Tablet Formulations in Buffer pH 4.8 
and Water

Table 3. Estimated Values of k and n by Regression of log Mt/ M  on log t* 

release in water compared with buffer is due to the fact 
that the combination of MCC and sodium CMC needs
little hydration time in such a medium.

21

Although the releases from FII and FIV were nearly simi-
lar in buffer, they exhibited an appreciable difference in
water. FII, which contains a higher proportion of sodium
CMC, showed a slower release. The excess free sodium
CMC content in FII may form a gel layer surrounding the 
tablet and hindering dissolution.

The mode of drug release from the prepared tablets was
evaluated using the equation Mt/M  = kt

n
,
23

 where Mt/M
is the fraction solute released into dissolution medium, k 
is a constant that relates to the properties of the polymer 
and drug, and n is the diffusional exponent. Table 3
summarizes the values of n for all the formulations
tested in both dissolution media. The values found for n
are between 0.667 and 0.827 in all cases, exhibiting a 
non-Fickian release behavior controlled by a combina-
tion of diffusion and chain relaxation mechanism.

Swelling study
Swelling is an important parameter to be studied before
considering mucoadhesion. While some reports showed
a direct relation between swelling and mucoadhesion,
others did not.

24,25
 The swelling results were expressed

in terms of swelling index at 25°C and 37°C. The rank
order for swelling index was FIV > FII > FIII at both tem-
peratures studied. FI was excluded, because it readily
disintegrated in contact with the medium. The results at 
37°C were higher than those at 25°C. This may be due
to the higher kinetic energy of water molecules moving
inside the polymer matrix.

Taking the results at 37°C as a representative example
for swelling index (Figure 2), the curves in general
showed an initial rapid rise in the first 15 minutes due to
the entry of water via metastable pores. This mechanism
is known as hysteresis of the swelling.

26

In the case of FIV, the curve gave a linear increase all
over the time of the experiment with no plateau forma-
tion, indicating a loosening of the matrix with the creation
of larger pores. In addition, the network structure formed
because of polyionic interaction is capable of absorbing
water yet still remaining insoluble.

27
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At acidic pH simulating that of the vagina (buffer pH 4.8), 
chitosan has been identified as a linear polycation that
readily adheres to negatively charged surfaces.

5
 In the

case of FI, after a slight increase in weight from 1 to 2 g, 
the values of adhesion force remained constant. Despite
the presence of a high content of positive charge in FI 
compared with the other formulations, FI exhibited a low
bioadhesive strength. The low adhesion force values of 
FI may be due to its high content of MCC causing a dis-
continuity in the gel structure.

31
 In the case of FII, the

adhesion force slightly increased with an increase in ap-
plied weight from 2 to 10 g. FII has the highest content of 
negative charge among all the formulations, which de-
creases the net positive charge of chitosan available for 
adhesion. The force required for detachment increased
slightly with the applied weight, probably due to better
contact with the mucus layer.

32
 The values of adhesion

force obtained with FIII were more or less constant,
showing a very slight decrease with the increase in ap-
plied weight. On the other hand, the values obtained with
FIV showed an appreciable increase from 1 to 2 g ap-
plied weight, followed by a decrease at higher applied
weights (5 to 10 g).

Figure 2. Swelling index profile of metronidazole tablet formu-
lations at 37ºC in buffer pH 4.8. Error bars represent SD (n =
3).

On the other hand, FII showed a decrease in swelling
index from about 30 minutes to 1 hour compared with
FIII and FIV. A protective gel layer caused by excess
sodium CMC content may be formed before water enters
the matrix and hydrates the inner layers.

28
 However, an 

obvious increase of swelling index occurred from 1 to 2
hours. As the sodium CMC becomes hydrated and forms
a swollen gel, dissolution and surface erosion of this wa-
ter-logged gel occur simultaneously.

29
 The plateau for-

mation afterward may be due to the solvent fronts on
each face of the matrix meeting in the center of the tab-
let and leaving no further unhydrated polymer to hydrate
and expand.

28

Figure 3. Adhesion force profile of metronidazole tablet formu-
lations. Error bars represent SD (n = 6). 

Regarding FIII, the values of swelling index were rather
low at all times following the first 15 minutes with attain-
ment of an equilibrium state. MCC is known to hydrate 
by capillary rise. The water intake by MCC was reported
to be almost equal to the void space.

17
 Moreover, in-

volvement of MCC in thixotropic formation with sodium
CMC upon hydration will decrease the rate and extent of
swelling.

22

Adhesion study 

The results of the bioadhesion study are shown in 
Figure 3. The rank order for the different formulations
was as follows: FIII > FIV > FII > FI. 

In these two formulations (FIII and FIV), no relationship 
could be found between swelling and bioadhesion,

25
 al-

though swelling ability of the bioadhesive formulation is 
said to be advantageous in obtaining a good polymer-
mucosa interaction.

3
 Adhesion occurs shortly after the

beginning of swelling, but the bond formed may not be
very strong. In the case of FIII, which was the least hy-

It was suggested by several workers that the initial inter-
action between the polymer and the biological surface is
through electrostatic interaction followed by mechanical
interlocking of the polymer chains.

30
 Therefore, the sur-

face charge density of polymers is important for electro-
static behavior during the adhesion process.

30

5
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drated, as shown from the results of swelling index 
(Figure 2), FIII would be pressed into the cell surface
instead of interacting with only the mucin layer; conse-
quently, this could result in a higher force required for its 
detachment.

30
 The formation of a rigid network due to

cross-linking between sodium CMC and MCC,
22

 associ-
ated with FIII's restricted hydration, may have enhanced 
mucoadhesion properties of FIII. Moreover, the involve-
ment of carboxylic groups of sodium CMC in such cross-
links would leave more free NH2 groups in chitosan for 
binding with mucin.

With FIV, an applied force of 2 g may provide enough
surface area of contact between the hydrated tablet and
the most upper layer of the mucus. However, the in-
crease in applied weight with such a highly hydrated ma-
trix may cause adhesive joint failure and therefore easy
detachment.

30

Dissolution rate after aging study 

FIII gave suitable sustained-release properties in both 
media. Moreover, it exhibited good adhesion properties
even at the lowest applied weight. The effect of aging on
its release properties was therefore studied.

For comparison reasons, DE (%) was calculated and
found to be (63.5, 27.6) before and (54.3, 30.9) after
aging in water and in phosphate buffer pH 4.8, respec-
tively. The release pattern showed a very slight increase
in buffer pH 4.8 (% DE change = 3.3%), while a slight
decrease in release was observed in water (% DE
change = 9.2%). Also, the release mechanism was neg-
ligibly affected by aging, as indicated by the calculated n
values before (0.827, 0.681) and after (0.812, 0.751)
aging in water and in phosphate buffer pH 4.8, respec-
tively. Statistical evaluation of the observed difference in
% DE showed a statistically significant difference (P
.05) between the release of metronidazole before and
after storage in water only.

During storage, some water from the environment is ad-
sorbed on the tablet surface, causing the start of ioniza-
tion of exposed carboxylate groups of sodium CMC and
some interaction with hydroxyl groups of MCC, and pro-
duction of a gel film around the matrix with subsequent
clogging of the surface pores. Consequently, the 
retardation of drug release in water could be due to
decrease of available pores for water penetration.

CONCLUSION

In conclusion, FIII containing 6% chitosan, 24% sodium 
alginate, 30% sodium CMC, and 20% MCC was found to 
be the best formulation regarding all the properties
evaluated in order to achieve the aim of this study. Its 

matrix released about 100% of metronidazole content
over a period of 8 hours in buffer pH 4.8. Moreover,
maximum adhesion was obtained with a minimum pres-
sure applied (1 g). This lack of pressure effect may be of 
value during insertion in the vagina, as it differentiates 
this formulation from other pressure-sensitive adhesive
formulations.

The persistent gel layer surrounding the tablet formula-
tions studied at acidic buffer pH 4.8, simulating that of 
the vagina, may prevent irritation to the vaginal mucosa.

Tablets were prepared by direct compression, which is 
an easy, rapid, and cheap method. No organic solvent
was used during the preparation of the formulations. All 
excipients used are safe and available. 
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