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In-vitro bioadhesion of carbopol hydrogels
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Abstract

The main goal of this work was to study the adhesive capacity of hydrogels obtained from carbopol, this was
achieved using a tensile tester in which adhesion work was the main parameter. The intended use of these hydrogels
was the buccal administration of propanolol HCl. The adhesion assays were carried out under two hydration
conditions, in order to evaluate the influence of water on adhesion. Results showed that adhesion capacity was
considerably increased when water was limited in the system. The influence exerted on adhesion work by the polymer
molecular weight and the crosslinking percentage were also studied and results showed that an increase in either of
the mentioned parameters gave rise to a decrease in adhesion.

Finally, propranolol HCI was included into the hydrogels. It was observed that when water was limited in the
system there was an increase in adhesion due to the increase in elasticity caused by the formation of a complex
between the polymer and the drug. However, when there was no water limitation there was a slight decrease in
adhesion caused by the precipitation of the complex carbopol-propranoclol HCI.

Keywords: Carbopol-propranolol complex; System elasticity; Molecular weight; Crosslinking; Adhesion work; Hydra-
tion volume

1. Introduction

During the past few years there has been an
increasing interest in the development of pharma-
ceutical forms which can control-release a drug
through mucoses by using bioadhesive polymers.

* Corresponding author.

The main reason for this interest is that it offers
the prospect of prolonging the residence time of
controlled release formulations at the site of drug
absorption and a close contact on the absorption
surface (Duchéne et al., 1988; Gu et al., 1988;
Gandhi and Robinson, 1994; Kopeckova et al.,
1994).

The term bioadhesion is used to describe a
phenomenon that is related with the capacity
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presented by some synthetic, biological or hy-
drocolloidal macromolecules to adhere to bio-
logical tissues, this process only takes place in
the presence of water (Longer and Robinson,
1986; Boddé and Leiden, 1990).

There are numerous articles in the literature
describing the characteristics a compound needs
in order to have appropriate adhesive capacity:
functional groups able to form hydrogen
bridges (-OH, COOH), anionic charges, suffi-
cient elasticity for the polymeric chains to inter-
penetrate the mucus layer and finally a high
molecular weight (M,) (Gurny et al, 1984;
Smart et al., 1984; Park, 1986; Leung and
Robinson, 1988; Lejoyeux et al., 1989; Duchéne
and Ponchel, 1989).

Prior to selecting a bioadhesive compound to
prepare a controlled release pharmaceutical for-
mulation, it is necessary to determine its adhe-
sive capacity, thus adhesion assays need to be
carried out. Preliminary studies for in vitro
screening are needed which in turn limit the
amount of formulations and/or polymers that
are going to be tested later in vivo, thus spar-
ing an unnecessary high number of animal
lives.

The tensile tester is one which is used widely
to evaluate the adhesive capacity of different
polymers and formulations and is well docu-
mented (Robert et al, 1985; Ponchel et al.,
1987., Thermes et al., 1992; Jiménez-Castellanos
et al., 1993; Ferrari et al., 1994; Mortazavi and
Smart, 1995). This method determines the maxi-
mum work or force needed in order to separate
two materials that exist in intimate contact.

In the present work the adhesive capacity of
hydrogels—obtained from carbopol (CP) which
were designed for the buccal administration of
propranolol HCl—was evaluated using the ten-
sile tester. The variables, such as polymer M,
and cross-linking, which influence adhesion val-
ues were studied. The assays were conducted in
different hydration environments in order to
evaluate their effect on adhesion. Further, an
important factor which needs to be taken into
account is that drug loading can modify all the
adhesive characteristics of a formulation (Anlar
et al., 1994).

2. Materials and methods
2.1. Materials

CP 941, CP 934 and CP 940 of nominal M,
1250000, 3000000 and 4000000, respectively
{Goodrich) were obtained from J. Escuder; propra-
nolol chlorohydrate was supplied by Roig Farma
(Spain).

Tanned leather was used as the adhesive substrate
due to the good correlation obtained between the
tanned leather and bovine sublingual mucose in a
previous study (Otero-Espinar et al., 1994a).

2.2. Methods

2.2.1. Hydrogel preparation

Hydrogels were obtained by compressing at
high pressure the polymer or the polymer and
drug in a hydraulic press applying a force of
7500 kg for 2 min. The diameter used was 13
mm. Cross-linking was achieved by applying
heat using the following temperatures: 90, 110
and 130°C for 4 h (Blanco-Fuente et al., 1996).

Adhesion studies were carried out on hy-
drogels obtained from non cross-linked CP 941,
CP 934 and CP 940 and the same hydrogels
subjected to cross-linking temperatures of 90,
110 and 130°C. Assays were performed on for-
mulations obtained from 200 mg of polymer and
afterwards on formulations containing propra-
nolol hydrochloride (keeping the polymer
amount constant and adding 50 mg of the
drug).

2.2.2. Adhesion studies

The adhesion capacity was determined by ap-
plying the tensile-tester (Lloyd, Instruments LR
5K). The hydrogel was adhered to the upper
support and the substrate to the lower support
using a cyanoacrylate adhesive. Upon contact of
hydrogel and substrate a defined force was ap-
plied during certain time. This was followed by an
extension phase at a defined rate until total sepa-
ration of the components was achieved. Adhesion
studies were conducted as detailed in Otero-Es-
pinar et al. (1994b). Previous results from this
laboratory have demonstrated that in order to
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obtain adequate adhesion work values using this
type of polymers, the optimum conditions are: an
applied force of 0.5 N and a contact time of 20
min. Furthermore, two hydration environments
were tested as it has been described that this
factor considerably influences adhesion:

(1) Assays where water was limited: studies
were carried out using dry tanned leather as sub-
strate. Water (25 wul) were homogeneously ex-
tended on the hydrogel situated on the upper
support of the tension apparatus.

(2) Assays where there was no water limitation:
this method was derived from the previous one. In
these experiments the same assays and conditions
as before were used, but the substrate and hy-
drogel were previously introduced into 25 ml of
water at 37°C.

Six replicates were obtained from each formula-
tion.

3. Results and discussion

Fig. 1 shows the adhesion results expressed per
surface unit as a function of the polymer M, in
both environments. An increase in the polymer
M, gave rise to a decrease in adhesion in every
formulation tested. This decrease was more no-
ticeable when we changed from an almost linear
polymer such as CP 941, to a branched polymer
such as CP 934; as from this M, value (3 000 000)
adhesion remains practically constant. Similar re-
sults were obtained elsewhere (Saettone et al.,
1989; Lejoyeux, 1991; Anlar et al., 1993). Accord-
ing to these authors, the optimum adhesion of
carbopol is approximately 10° Da, where a com-
promise is reached between diffusion capacity of
the polymeric chains which favours adhesion and
a satisfactory cohesivity for the formation of a
bond that possesses sufficient mechanical resis-
tance. An increase in M, gives rise to a decrease in
chain diffusion. This is due to the polymer
branched structure where the process is ham-
pered, less coupling points created and the adhe-
sion work decreased.

In experiments carried out without water, limi-
tation adhesion values were lower, albeit main-
taining the same pattern. Carbopol gets highly

hydrated in the presence of water which causes a
loss in mechanical resistance, and in the adhesive
interface causes a decrease in density of the adhe-
sion work promoter groups (Gurny et al., 1984).

On the other hand, an increase in cross-linking
gave rise to a decrease in adhesion work (Fig. 2),
this is due to the profound changes in density and
mobility of the chains that occur when a polymer
is subjected to cross-linking. Non cross-linked
hydrogels display appropriate flexibility and elas-
ticity properties, thus once in contact with the
substrate the chains would rapidly diffuse, creat-
ing a strong bond, consequently their separation
would require a higher force thus separation work
considerably increases. Chain flexibility gave rise
to a deeper penetration of the substrate thereby
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Fig. 1. Influence of carbopol molecular weight on adhesion
work.
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Fig. 2. Influence of cross-linking on adhesion work.

creating a stronger adhesion union. As the cross-
linking percentage was increased, the chain elas-
ticity and flexibility was decreased and
consequently adhesion decreased. Therefore, the
adhesive force is higher when the lower cross-
linking percentage is used. Further, in crosslinked
hydrogels there is a decrease of acid groups
(which are responsible for the adhesive couplings)
due to cross-linking taking place via the reaction
between two acid groups to form the anhydride
(Blanco-Fuente et al., 1996).

Although there exist many reports in the litera-
ture where no important modification in adhesion
capacity has occurred upon inclusion of a drug in
a formulation, there have been cases where the
inclusion of certain drugs can alter the adhesive
properties of a polymer (Aniar et al., 1994).

In this study different results were obtained

depending on whether water was limited or not
(Fig. 3). In assays where water was limited, there
was an increase in adhesion. In order to explain
this increase, the variations produced in the elas-
ticity of the system when a drug is included
should be taken into account. In Fig. 4, the
modules of Young, of the systems comprising the
substrate and the adhesive formulation in both
environments studied, which were calculated from
the initial rate of force-elongation graphs are
plotted (Ponchel et al., 1987). From this graph,
it can be observed that the inclusion of propra-
nolol HCI gave rise to a decrease of the elasticity
modules, thus an increase in the elasticity of
the system was observed. Previous studies
described the existence of a poorly soluble ionic
complex between carbopol and propranolol
(Pérez-Marcos et al.,, 1994) which under a
low hydration environment improves the elastic-
ity of the system thereby improving the adhesive
characteristics.
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Fig. 3. Influence of propranolol HCI addition on adhesion.
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Fig. 4. Elasticity modules of hydrogels obtained from Carbo-
pol (NC = no cross-linked).

The increase in elasticity is clearly obvious in
the force-elongation curves obtained from hy-
drogels with and without the included drug (Fig.
5): the presence of propranolol increases the elon-
gation of the system, which causes the increase in

0 -
25
20 |
— b ~
Z sy / \(/V/ e
3 /
E / / 0°C without drug LT:U"(‘ with drug
e
[/ \ L
sl 1/ \
- / / \: \
0 L E N 1 s I
° 2 4 6 8 10

clongation (mm)

Fig. 5. Carbopol hydrogels force-elongation curves, obtained
from adhesion studies.

the adhesion work because in the majority of
cases the maximum obtained force remains invari-
able. However, in the case of assays where there
did not exist any aqueous limitation, propranolol
addition caused a slight decrease in adhesion. This
was probably due to the precipitation of the com-
plex formed between the carbopol and propra-
nolol, decreasing the mechanical resistance of the
formulation and the concentration of CP respon-
sible for adhesion.
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