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Abstract

A method using a texture analyzer equipment and chicken pouch as the biological tissue was investigated for
measuring the bioadhesive properties of polymers under simulated buccal conditions. The method was evaluated
using two polymers, namely Carbopol 974P and Methocel K4M while the instrument variables studied included the
contact force, contact time and speed of withdrawal of the probe from the tissue. The parameters measured were the
work of adhesion and peak detachment force. Longer contact time and faster probe speed not only gave better
reproducibility of results, but also better sensitivities for both parameters measured. On the other hand, a certain level
of contact force was found essential for achieving good bioadhesion, above which there was no further contribution
to the bioadhesion process. When the method was applied to determine the bioadhesiveness of several polymers, the
values obtained for the work of adhesion and peak detachment force were quite consistent in the ranking of the
polymers. The Carbopols were found to have the highest values, followed by gelatin, sodium carboxymethyl celluloses
and hydroxypropylmethyl celluloses. On the other hand, Alginic acid, Eudragit RLPO and RSPO, and Chitosan
appeared to have low bioadhesive values. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Satisfactory bioadhesion is essential for the suc-
cessful application of a buccal bioadhesive drug
delivery system. It implied the strength of attach-
ment of the dosage form to the biological tissue.

Several techniques for in-vitro determination of
bioadhesion have been reported, which included
tensile testing (Park and Robinson, 1987), shear
stress testing (Smart et al., 1984), adhesion weight
method (Smart and Kellaway, 1982), fluorescent
probe method (Park and Robinson, 1984), flow
channel techniques (Mikos and Peppas, 1986),
and colloidal gold staining method (Park, 1989).
Presently, there is still no universal test method
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for bioadhesion measurement and some results of
bioadhesion reported in the literature appeared to
be contradictory. For instance, Lehr et al. (1992)
reported that hydroxypropyl cellulose and car-
boxymethylcellulose showed almost no mucoad-
hesion, whereas other workers (Smart and
Kellaway, 1982; Nagai and Machida, 1985; Rao
and Buri, 1989; Sam et al., 1992) demonstrated
good mucoadhesion with these two polymers.

Although reproducible adhesion measurements
with small variability could be obtained with the
Wilhelmy plates method (Sam et al., 1992), no
biological tissue was employed and thus could not
simulate the actual condition in the buccal cavity.
More recently, Tobyn et al. (1995) reported the
use of a texture analyzer equipment for mucoad-
hesive studies using porcine stomach tissue under
simulated gastric conditions.

Here, a method to evaluate the adhesive prop-
erties of polymers using a TA.XT2 texture ana-
lyzer equipment with chicken pouch as the model
tissue under simulated buccal conditions is re-
ported. The instrumental variables such as contact
force, contact time and the speed of withdrawal of
probe from the tissue, which can affect the bioad-
hesion were studied using two polymers, namely,
Carbopol 974P, which has well characterized
bioadhesive properties (Park and Robinson, 1984)
and Methocel K4M, a weaker bioadhesive poly-
mer. This method was then applied to evaluate
the bioadhesive properties of some polymers.

2. Materials and methods

2.1. Materials

Hydroxypropylmethyl cellulose (Methocel
K4M, K15M and K100M) were gifts from Color-
con, Kent, UK. Carbopol (CP 934P, 971P, 974P)
and Polycarbophil were gifts from BF Goodrich,
Cleveland, USA. Sodium carboxymethyl cellulose,
SCMC 400 was obtained from Euro Chemo
Pharma, Penang, Malaysia whereas Cekol 700
and Cekol 10000 were purchased from Metsa-
Serla, Sweden. Xanthan gum was purchased from
Rhone-Poulenc Chimie, Paris, France;
polyvinylpyrolidone K-30, PVP K-30 from BASF,

Parsippany, USA; alginic acid from BDH Chemi-
cal, Poole, England and Eudragit RSPO and
RLPO from Rohm Gmbh, Darmstadt, Germany.
Gelatin and Chitosan were purchased from
Sigma, St. Louis, MO. All other chemicals and
reagents used were AR grade, purchased from
BDH Chemical, Poole, UK. All the materials
were used as received.

2.2. Preparation of bioadhesi6e tablets

CP 974P and Methocel K4M tablets of 13 mm
diameter were prepared by compressing 250 mg of
the polymeric materials using IR hydraulic Press
(Model P16, Beckman, UK) at a pressure of 4
tonnes for 30 s. In the bioadhesive evaluation of
the other polymers, namely Methocel K15M and
K100M, CP 934P, 971P and Polycarbophil,
SCMC 400, Cekol 700, Cekol 10000, Xanthan
gum, PVP K-30, Alginic acid, Eudragit RSPO
and RLPO, Gelatin and Chitosan, tablets of each
polymer were similarly prepared.

2.3. Influence of contact force, contact time and
speed of probe withdrawal on the bioadhesion
measurements

A TA.XT2 texture analyzer (Stable Micro Sys-
tems, Haslemere, Surrey, UK), equipped with a 5
kg load cell was employed to determine the bioad-
hesion using inverted surface of chicken pouch
(removed of its contents and surface fats) as the
model tissue. The chicken pouch was stored
frozen in a simulated saliva solution (2.38 g
Na2HPO4, 0.19 g KH2PO4 and 8.00 g NaCl in
1000 ml of distilled water at pH 6.75) and thawed
to room temperature before used. The chicken
pouch was mounted onto a cylindrical perspex
support of 2 cm diameter and 4 cm length and
secured with a string. A foam tape was placed
underneath the chicken pouch on the perspex
support at the cross-sectional end to provide cush-
ioning effect. The chicken pouch was further se-
cured by placing an aluminium cap over this
perspex support. A circular hole of 17 mm diame-
ter was made on the top of the cap to expose the
chicken pouch for contact with the tablet during
measurements. The whole perspex support was
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Fig. 1. Bioadhesive testing system utilizing the texture analyzer equipment.

then positioned at the bottom of the measuring
system and held in place by a clamp. Tablet was
affixed to another perspex support of similar di-
mension using a double sided tape and the sup-
port was then screwed onto the upper probe of
the instrument. These two perspex supports were
aligned to ensure that the tablet would come
into direct contact with the exposed surface of
the chicken pouch when the upper tablet sup-
port was lowered. The whole assembly is as

shown in Fig. 1. All measurements were con-
ducted at a room temperature of 21°C and rela-
tive humidity of 50–60%.

During measurement, 200 ml of simulated
saliva solution was evenly spread on the surface
of the tissues. The upper perspex support was
lowered at a speed of 0.5 mm/s until contact
was made with the tissue at a predetermined
force for a certain duration of contact time. At
the end of the contact time, it was then with-
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drawn at a speed of 0.5 mm/s to a distance of 20
mm. Four contact forces were chosen to investi-
gate the work of adhesion and peak detachment
force at this speed of withdrawal using CP 974P
and Methocel K4M tablets. For the former tablets,
contact forces used were 0.05, 0.1, 0.5 and 1.0 N,
whereas for the latter, the contact forces employed
were 0.1, 0.5, 1.0 and 2.0 N. In the study using CP
974P tablets, four contact times, namely 10, 30, 60,
and 180 s were used for each contact force em-
ployed. As for the Methocel K4M tablets, six
contact times of 10, 30, 60, 180, 300, and 600 s
were used at each contact force. The effect of the
speed of withdrawal of the probe was further
studied using a contact force of 0.5 N and a
contact time of 180 s. These values were chosen
based on the results obtained from the earlier
experiments. The probe speeds studied were 0.1,
0.3, 0.5 and 1.0 mm/s. An acquisition rate of 25
points/s was chosen for all the measurements.
Also, all the above studies were conducted in ten
replicates.

2.4. Bioadhesi6e e6aluation of some polymers

The evaluation of bioadhesion performance of
the various polymers was conducted using a con-
tact force of 0.5 N, contact time of 180 s and a
probe speed of 1 mm/s. These values were chosen
based on the results obtained from the above
studies. For each polymer, the measurements were
conducted in ten replicates.

2.5. Data analysis

Two parameters, namely the work of adhesion
and peak detachment force were used to study the
buccal adhesiveness of the polymers. The work of
adhesion was determined from the area under
force–distance curve while the peak detachment
force was the maximum force required to detach
the tablet from tissue. An analysis of variance
(ANOVA) procedure appropriate for a completely
randomized 2 factorial design (Kirk, 1968) was
used to analyze the results obtained from the effect
of contact force and contact time. On the other
hand, a one way ANOVA was performed to
evaluate the effect of probe speed as well as in the

evaluation of bioadhesive strength of the different
polymers. A statistically significant difference was
considered when pB0.05. Pair-wise posteriori
analysis was carried out using Tukey’s test (Kirk,
1968) when a statistically significant difference was
obtained.

3. Results and discussion

3.1. Selection of model mucosa

Several types of mucosa have been used as
model biological tissues for the evaluation of
bioadhesion which included mouse peritoneum
(Ishida et al., 1981), rat intestine (Smart, 1991),
rabbit stomach (Ch’ng et al., 1985), bovine sublin-
gual mucosa (Ponchel et al., 1987; Lejoyeux et al.,
1989), porcine buccal mucosa (Chen and Hwang,
1992), and porcine gastric mucosa (Tobyn et al.,
1995). However, it is rather difficult to obtain
mucosa with uniform surfaces and consistencies
that will yield for reproducible results. Smart
(1991) found a visibly non uniform surface with
pig oral mucosa. Moreover, Tobyn et al. (1995)
found that different parts of the pig stomach gave
different results. Although a relatively flat uniform
surface may be obtained with intestinal tissue,
different parts of the intestine may have different
surface characteristics. Although the rabbit or dog
buccal mucosa were reported to be rather similar
to human buccal mucosa (Harris and Robinson,
1992), their use may involve sacrificing a lot of
animals since in our study each mucosa can only
be used once for each measurement. In the present
study, chicken pouch was used as the model mu-
cosa. It is easily available and has uniform surface,
thus giving reproducible results with relatively
small coefficient of variation (CV) values.

3.2. Effect of contact time and contact force on
bioadhesion

Figs. 2 and 3 show the effect of contact time on
the work of adhesion and peak detachment force
respectively, under different contact forces for CP
974P tablets. It can be inferred from the two
figures that, at all four contact forces employed,
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Fig. 2. Influence of contact time on the work of adhesion of
Carbopol 974P tablets under different contact forces; error
bar=9S.D. (n=10).

percentage increase in the contact force from 0.05
to 0.5 N and greater, or from 0.1 to 0.5 N and
greater, but only when the respective contact
times used were 60 s or more and 180 s or more.
Almost similar observations were obtained when
the bioadhesion was quantified using the peak
detachment force. No statistically significant in-
crease in the peak detachment force was seen
when the contact force was increased from 0.05 to
0.1 N (except at a contact time of 60 s) and from
0.5 to 1.0 N (except at a contact time of 30 s).

The above findings indicated that the contact
time is more critical in affecting the bioadhesion
process than the contact force used. The contact
time may affect the degree of hydration and
swelling which in turn will influence the mucoad-
hesion as suggested by Ponchel et al. (1987). Our
results showed an almost linear relationship be-
tween the work of adhesion and contact time for
all the contact forces employed, as indicated by
the r2 values which ranged from 0.992 to 0.999.
This is consistent with those obtained by Tobyn et
al. (1995). Although Tobyn et al. (1995) reported
that increasing the applied force (apart from 0.05
to 0.1 N) would cause a significant increase in the
work of adhesion, they conducted the experiments
using only one contact time of 10 min. On the
other hand, when studying the effect of contact
time on the mucoadhesion, they used only one
contact force. However, in our present study, we
investigated the effects of different contact times
on the bioadhesion using different contact forces.
It was found that under different contact forces,
certain contact times were required to show sig-
nificant differences on the bioadhesiveness. In ad-
dition, the bioadhesiveness was evaluated using
two parameters, work of adhesion and peak de-
tachment force, whereas only the former was used
by Tobyn et al. (1995) for evaluation.

From an interfacial point of view, certain con-
tact force is required to develop a satisfactory
intimate molecular contact between the bioadhe-
sive system and tissue, so that interaction could be
achieved to allow strong adhesion. In the present
study, it was interesting to observe that at a
contact force above 0.5 N, no significant increase
in the work of adhesion was seen, suggesting that
there was a ‘ceiling’ contact force for maximum

both the work of adhesion and peak detachment
force were correspondingly increased with an in-
crease in the contact time. Moreover, all the in-
creases were statistically significant except for the
work of adhesion when the contact time was
increased from 10 to 30 s. This is in good agree-
ment with the results obtained by Tobyn et al.
(1995). In comparison, the bioadhesion appeared
to be less influenced by the change in contact
force. Increasing the contact force from 0.05 to
0.1 N, or 0.5 to 1.0 N, did not cause any statisti-
cally significant increase in the work of adhesion
at all contact times studied. A statistically signifi-
cant increase was observed only with a larger

Fig. 3. Influence of contact time on the peak detachment force
of Carbopol 974P tablets under different contact forces; error
bar=9S.D. (n=10).
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Fig. 4. Influence of contact time on the work of adhesion of
Methocel K4M tablets under different contact forces; error
bar=9S.D. (n=10).

600 s of contact time when contact forces were
increased from 0.1 to 0.5 N and from 1.0 to 2.0
N. There was no statistically significant difference
in the peak detachment force between contact
forces of 0.5 and 2.0 N at all contact times
employed. Hence, the results obtained are in ac-
cord with those using CP 974P tablets, in which
the contact time was shown to be a critical factor
in affecting the bioadhesion.

3.3. Effect of speed of probe withdrawal

A contact force of 0.5 N and a contact time of
180 s were employed to study the effect of probe
speed on the work of adhesion and peak detach-
ment force. This setting was chosen since it was
found optimum for both CP 974P and Methocel
K4M tablets.

Figs. 6 and 7 show the influence of probe speed
on the work of adhesion and peak detachment
force for CP 974P tablets. At each increment in
the probe speed (except from 0.1 to 0.3 mm/s),
there was a statistically significant increase in the
work of adhesion. A statistically significant in-
crease in the peak detachment force was also seen
as the probe speed was increased (except from 0.1
to 0.3 mm/s, and from 0.5 to 1.0 mm/s). Thus, it
appeared that the probe speed can also influence
the values of work of adhesion and peak detach-
ment force.

intimate contact, above which there was no fur-
ther contribution to the adhesion process. Hence,
too high a contact force may not be advanta-
geous, and may damage the mucosa without
achieving better contact. On the other hand, con-
tact time is very critical in affecting the bioadhe-
sion results. The process of mucoadhesion has
been proposed to begin with the establishment of
an intimate contact between the polymer and the
mucosal surface followed by penetration of the
polymer into the mucosal surface to form sec-
ondary chemical bonds (Duchene et al., 1988). As
such, contact time is important to permit suffi-
cient hydration, swelling, interpenetration and
formation of non-covalent interactions for
bioadhesion.

Figs. 4 and 5 show the influence of increasing
contact time at different contact forces on the
work of adhesion and peak detachment force for
Methocel K4M tablets. A statistically significant
increase in the work of adhesion as well as the
peak detachment force was observed as the con-
tact time was increased (except from 10 to 30 s
and from 30 to 60 s) for all the contact forces
employed. On the other hand, the effect of con-
tact force on the work of adhesion and peak
detachment force was not that apparent, as no
statistically significant difference was observed
when the contact time employed was below 180 s.
A statistically significant increase in the work of
adhesion was seen only after being subjected to

Fig. 5. Influence of contact time on the peak detachment force
of Methocel K4M tablets under different contact forces; error
bar=9S.D. (n=10).
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Fig. 6. Influence of probe withdrawal speed on the work of
adhesion of Carbopol 974P tablets; error bar=9S.D. (n=
10).

Fig. 8. Influence of probe withdrawal speed on the work of
adhesion of Methocel K4M tablets; error bar=9S.D. (n=
10).

give rise to large variations in the measure-
ments, this was not observed in our study. In-
stead, it was observed in our study that low
probe speeds such as 0.1 and 0.3 mm/s pro-
duced larger CVs as compared to higher probe
speeds such as 0.5 and 1.0 mm/s. Furthermore,
higher probe speeds were shown to produce
larger values for both the work of adhesion and
peak detachment force, thus giving higher sensi-
tivities in measuring the bioadhesion. As such, a
high probe speed of 1.0 mm/s was employed for
the subsequent bioadhesion studies of some
polymers.

Figs. 8 and 9 show the effect of probe speed
on the work of adhesion and peak detachment
force measured using Methocel K4M tablets.
Again, increasing the probe speed was found to
cause a statistically significant increase in both
parameters measured, except for the increment
from 0.3 to 0.5 mm/s in both cases.

A log-linear relationship between the work of
adhesion and crosshead speed was observed by
Tobyn et al. (1995) but not in our study. This
may be due to the different experimental condi-
tions employed. Although Tobyn et al. (1995)
have reported that high probe speeds tend to

Fig. 7. Influence of probe withdrawal speed on the peak
detachment force of Carbopol 974P tablets; error bar=9
S.D. (n=10).

Fig. 9. Influence of probe withdrawal speed on the peak
detachment force of Methocel K4M tablets; error bar=9
S.D. (n=10).
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Fig. 10. Evaluation of work of adhesion of various polymers; error bar=9S.D. (n=10).

3.4. E6aluation of bioadhesion of some polymers

A contact force of 0.5 N, contact time of 180 s
and probe speed of 1.0 mm/s was used in this part
of the study. The results obtained from the mea-
surements of the various polymers are shown in
Figs. 10 and 11. It can be inferred from the two
figures that the polymers varied considerably
when measured using both the work of adhesion
and peak detachment force. Some consistencies
can also be observed between the two sets of
values in terms of the ranking of the polymers.
The poly(acrylic acid) (Carbopol 934P, 971P,
974P, and Polycarbophil) were found to have the
highest values, followed by gelatin, PVP K-30,
Xanthan gum, sodium carboxymethyl cellulose
(SCMC 400, Cekol 700, and Cekol 10000) and
hydroxypropylmethyl cellulose (Methocel K4M,
K15M, and K100M). Tobyn et al. (1996) reported
that the molecular weight of a polyacrylic acid
can crucially influenced the observed work of

detachment between the polymer and pig gastric
tissue. However, they found no significant differ-
ences in the mucoadhesion for Carbopol 934P,
974P and Polycarbophil, which correlated well
with our results. The rank order of mucoadhesion
using the test system employed by Tobyn et al.
(1996) indicated that the low, medium and high
viscosity grades of SCMC were slightly more mu-
coadhesive than Xanthan gum, followed by the
Carbopols. However, the differences in the mu-
coadhesion values for these polymers were not
significant. This is in contrast with our results
which showed that Carbopols are broadly more
bioadhesive compared to Xanthan gum and
SCMC. Carbopols contain large numbers of car-
boxylic acid groups which provide the ability to
form hydrogen bonds. Moreover, they swelled
readily in water thus providing a large adhesive
surface for maximum contact (Pharmaceutical
Bulletin BF Goodrich, 1995). The SCMCs were
slightly more bioadhesive compared to HPMCs,



C.F. Wong et al. / International Journal of Pharmaceutics 180 (1999) 47–57 55

Fig. 11. Evaluation of peak detachment force of various polymers; error bar=9S.D. (n=10).

in accord with the findings of other workers
(Smart et al., 1984; Ch’ng et al., 1985; Rao and
Buri, 1989; Sam et al., 1992). On the other hand,
Alginic acid, Eudragit RLPO and RSPO, and
Chitosan appeared to have low bioadhesive val-
ues. The less mucoadhesive properties of Eudragit
and Chitosan may be explained by the poor wet-
ting properties of the polymers. In general, the
results obtained were in good agreement of those
reported by other workers (Ch’ng et al., 1985;
Rao and Buri, 1989).

3.5. Reproducibility

The CV values obtained from the measure-
ments of the peak detachment force and the work
of adhesion are shown in Tables 1–3. In general,
the CV values were relatively small. For most
measurements, the values were less than 25%.
Higher CV values were observed when the contact
time employed was less than 30 s. Thus, a longer

contact time appeared to be more suitable for
conducting the measurements. Another consider-
ation is the speed of probe withdrawal. Low

Table 1
The CV values (%) for the work of adhesion and peak
detachment force of CP 974P tablets under different contact
forces and contact times at a probe withdrawal speed of 0.5
mm/s (n=10)

Contact force (N) Contact time (s)

30 1806010

Work of adhesion
14.82 17.800.05 19.64 20.93

26.30 19.030.1 22.46 29.51
17.3023.0718.4722.300.5

18.56 22.621.0 17.71 26.02

Peak detachment force
15.01 19.25 12.0224.090.05

20.7918.020.1 32.27 32.03
23.64 9.660.5 40.07 27.65

12.29 19.471.0 8.3623.86
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Table 2
The CV values (%) for the work of adhesion and peak detachment force of Methocel K4M tablets under different contact forces
and contact times at a probe withdrawal speed of 0.5 mm/s (n=10)

Contact force (N) Contact time (s)

60030010 30 60 180

Work of adhesion
18.37 14.2011.680.1 19.1720.75 23.53

24.33 13.66 16.81 19.510.5 26.23 20.98
16.8914.7412.031.0 19.0013.58 19.46
12.5216.722.0 20.69 20.56 20.13 20.04

Peak detachment force
18.56 23.01 9.070.1 32.54 8.9023.89

12.02 10.6020.340.5 24.2828.57 23.76
11.8810.341.0 25.04 23.70 21.77 12.94

32.91 22.932.0 12.7835.50 9.6426.06

Table 3
The CV values (%) for the work of adhesion and peak detachment force of CP 974P and Methocel K4M tablets under different
probe speeds using a contact force of 0.5 N and a contact time of 180 s (n=10)

Probe speed (mm/s)PRIVATE Carbopol 974P Methocel K4M

Peak detachment forcePeak detachment force Work of adhesionWork of adhe-
sion

26.250.1 10.60 12.29 9.11
12.4518.6312.0826.340.3

17.30 9.660.5 13.66 20.33
1.0 20.02 4.4811.81 6.69

probe speeds tended to produce bigger variations
in the measurements.

4. Conclusion

The bioadhesive measurements of polymers
could be influenced by instrumental variables such
as contact force, contact time and speed of probe
removal from the tissue. Therefore, a test system
should be adequately assessed to optimize the
conditions for conducting the measurements. In the
present study, it was found that longer contact time
and higher probe speed, not only gave better
reproducibility of results, but also produced higher
measurement values, thus giving better sensitivity.

On the other hand, a certain level of contact force
was also required for affecting the bioadhesion, but
beyond which did not contribute further to the
process. Also, both the work of adhesion and peak
detachment force appeared suitable for evaluating
the bioadhesiveness of the polymers.
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