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Abstract

Mucosa-adhesive gds can be used as a useful mean of ddivering drugs to or via mucosd
membranes, and in paticular buccd mucosa Carbomers are among the best mucosa-adhesive
materids known. The am of this study was to compare the results obtained from the mucosa
adhesive strength of aqueous gd's containing Carbomers, ether done or in combination, to the
data obtaned from assessing the duraion of mucosaadhesion of these gds. Based on initid
studies, atad Carbomer concentration of 2.0%w/v forms the most desirable gd. Furthermore, it
was found that gds contaning a combination of Cabomers 934P (C934), 971P (C971) and
974P (C974) form dear and transparent ges with good spreedability. Next, using these
Cabomers, gds containing ether one two or dl three Cabomers with a tota polymer
concentration of 2.0%w/v were prepared and tested for their mucosa-adhesive strength to ra
smdl intestine (as modd mucosa) in pH6.8 isotonic phosphate buffer at 37 °C. It wes found that
the presence of more than 0.4%w/v C97L1.in gds containing dl three Carbomers, greetly reduce
the mucosa-adhesive strength of the gd..Furthermore, it was found that a combination of C934
and C974 a atotd concentration of 1.6-1.8%w/v, dong with 0.2-0.4%w/v C971 form gd's with
good darity and spreadability as well as strong mucosa-adhesive strengths. Gds showing the
grestest mucosa-adhesive' strength.and good generd gppearance and spreadability were then
assessed in terms of ther duraion of mucosaadhesion to rat intestine in pH6.8 isotonic
phosphate buffer a 37.°C.and under a constant gpplied force of 15.0g. The results obtaned
showed that a gd tha has high mucosaadhesive strength will not necessarily have a grea
duration of mucosa-adhesion. Hence, it is suggested that thisimportant paraneter should dso be
considered besides the test for assessing the mucosaadhesive strength in the sdection of an
effid ent transbucca mucosa-adhesive drug deivery system.

Keywords: Transbuccd drug deivery; Mucosaadhesive gd; Carcbomers; Duration of
mucosa-adhesion; Mucosa-adhesive strength.

Introdudion attachmet  of  syntheic  or

natural

The use of bioadhesve polymers and
copolymers as means of  delivering
thergpeutically adive drugs, including proteins
and peptides, to or via mucous membranes has
been the focus of atention in recent years (1-4).
The term “bioadheson” is defined as the
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macromolecules to a biological tissue (5).
When aplied to a mucosa epithelium,
bioadhesve interations occur primarily with
the mucus layer, and this phenomenon is
referredto as  “mucosa-adheson” (1).
Mucosal-adhesve maeias have been
invedigated and identified in previous work
(e.g., 6-9). Thee maeriads ae generadly
hydrophilic macomolecules tha contain
numerous hydrogen bonds forming groups, and
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will hydrate and swell when placed in contadt
with an agueous solution. These materials need
to hydrade to become adhesve but over-
hydraion usually results in the formaion of a
dippery mucilage and a loss of the adhesve
properties.

Among the various routes of deliveing
mucosa-adhesve dosage forms, the buccal
route appear to offer a series of advantages,
including good accessihility, robust epithelium,
quick and easy removal of the dosage form in
case of need, good drug absorption, avoidance
of firg pass hepaic meabolisn to a grea
extent, and satisfectory paient acceptance and
compliance (3, 10, 11). Bioadhesve gels may
be used localy for drug delivery within the
buccal cavity, with the aim of prolonging the
resdence time of drugs (4, 10). One of the
origina  buccal mucosaadhesive delivery
sysemsis "Orabase®™, which consists of finely
ground  pedin, gelain ad  sodium
carboxymehyl celluose digpersed in a
polyaghylene and a mineral oil gel base (4).
This sydem has been used for the local
applicaion of seroids for the trexment of
mucosal ulceration, and can remain at its Site of
applicaion for 15-150min.

In a gudy by lshida and co-worke's (12) a
high-visoosty gel ointment containing 12.5%
Carbomer 934 within glycerinor polyethylene
glycol was prepaed. Sodium sdicylate was
then added to this formulaion and its invivo
absorption in hamster chesk pouch was
invedigated. T he results obtained showed tha
the formulation could provide sustained drug
absorption for 5h. They also’ found tha the
consigency of the gel ointment afeasthe rae
of drug release;-and should be taken into
consideraion.

Inthisgudy attemptswere madeto compare
and contrag the results obtained from assessing
the drength of mucosa-adheson of vaious
Carbomers (either alone or in combination) in
the form of agqueous gels, with their duraion of
mucosa-adhesion, in order to see whether the
data obtained from these two important
paraneers follow the same trend and are
similar or not. This sudy will therefore claify
the need for conducting both these teds during
the formulation of an dfedive and durable
transbuccal mucosa-adhesive gel.

Experimental

Materials

Carbomer 934P, Carbomea 971P, Carbome
974P and Polycarbophil were all obtained as a
gift from No-avar-Arash Co. (B.F. Goodrich
saes agent), Tehran, Iran. Sodium chloride,
sodium dihydrogen phosphae, disodium
hydrogen phosphae and sodium hydroxide
were all purchased from Meck Chemical Co.,
Germany.

Methods
Preparati on of gels

Carbomer containing gels were prepared
using Carbomer 934P (C934), Carbomer 971P

(C971), «~Carbomer  974P  (C974) or
Polycarbophil= (PC) either aone or in
combingion. In the initia studies gels

containing ._05-3.0%w/v  Carbomer were
prepared usng distilled water and pH adjusted
to 7.0 usng 1N sodium hydroxide. Following
the initial studies, it was found tha gels
containing 2.0%w/v Carboma form the most
desrable gels. Hence, further gudies were
performed using this concentraion. For this
purpose gels containing differat amounts of
one, two or three Carbomer were prepared in
digilled water and in each case pH adjusted to
7.0. The gels prepared were then used for
expeimentation.

Preparation of the model mucosa (test
surface)

The model mucosal membrane used in this
study was ra integine. The preparaion method
used was similar to tha of previous studies (8,
9). The middle sections, discarding the first 40-
50mm & ethe end, of fresh intetine were
removed from male ra (goproximaely 220g
weight and 6-8 weeks old), killed by cevica
didocation. These were frozen & -20 °C until
required, to inhibit muscle contraction, hence
ensuring the flat and uniform surface essential
for thistype of adheson testing. Before use the
tissue was allowed to thaw & 4 °C and cut into
5cm lengh pieces, which were then opened
longitudinally to expose the inne mucosal
aurface. Each mucosal surface was washed
gently with pH 6.8 isotonic phosphae buffer to
remove any loose maerial, and then used for
expeimentation.



Mucosa-adhes ve sudies

The gels prepared underwent the following
teds

Assessment  of the

strength of gels
In order to evaluate the mucosa-adhesve

grength of the gels prepared (only those
containing 2.0%w/v Carbomer), the apparaus
shown in Figure 1 was used. This apparauswas
principally smilar to those described in
previous studies (8, 9, 13-15). The upper
gaionary plaform was linked to a balance,
measuring the force needed to bre&k contact
between the gel and mucosa. The test cell was
filled with pH6.8 isotonic phosphate buffer,
maintained & 37 °C, and sedions of ra
intestine placed and fixed in place over thetwo
cylindrical plaforms and alowed to equilibrate
in this solution for 2min. 05g of the gels
prepared were then individually sandwiched
between the two mucosa-covered plaforms.
Gels were kept in place for 5min and then a
condantly inaeasng force of 0.1 g/sec was
applied on the adhesive joint formed between
rat intesine and the ted gel, by gradually
lowering the lower plaform. This trend was
continued until the contact between thetest gel
and mucosa was broken and the smaximum
detachment force measured was recorded.

mu cosa-adhes ve

Assessment of the duration. of muoosa-
adhesion of gels

The apparaus used for this sudy was based
on those described in previous studies (16, 17).
Theted goparaus (Figure 2) was composed of

Figurel. Schematic drawing of the apparatusused for
assess ng themucosa-adhes ve srength of test gels.
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Figure 2. Schanaicdrawing of one compartment of the
apparaus used for assessing the durgion of muosa
adhesion of te gels

six uppe and six lower cylindrical plaforms
within aclear jacketed perspex cell, filled with
pH6.8.isotonic phogpha e buffer. Sections of ra
intestine _were mounted securely in place,
mucosal Sde upwards, on each of the plaforms
and allowed to equilibrate for 2min. The test
gels were then sandwiched between the two
plaforms and alowed to gand for 5min. Next,
through two pulley sygam a 15.0g weight was
applied on each upper plaform. This weight
was chosen (through initial gudies), snce it is
not expeded tha buccal-adhesve gels
encounte very high dresses in the mouth. As
soon as the contad between the gel and the
mucosal surface broke, a small flap dropped
onto a photocell detector, gopping the timer
device (recording the elapsed time to 0.1min)
and measuring the duration of mucosa-adhesion
of the gel.

Results and Discusson

As mentioned earlier, buccal cavity provides
a very useful route for local and systemic
delivery of drugs. Because of the raher limited
sudies performed on transbuccal mucosa-
adhesive gels, inthis sudy atemptswere made
to invegtigae the efficacy of Carbomer
containing gels as a base for transhuccal drug
delivery, and to compare and contrag the
results obtained from the mucosa-adhesve
grengths of these gels with their duration of
mucosa-adhesion, in order to find out whether
they follow a smilar trend or not.

carbomers, which are long chain polymers
made of aaylic acid units, have been
recognized as srong mucosa-adhesives (1, 4, 6,
9, 15, 18). In this gudy aqueous gels at pH7.0
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(this pH was chosen in order to makethe pH of
the gel closetothat of the buccal cavity, hence
preventing discomfort in the mouth during use)
were prepaed and assessed.

In the initial dudies gels were prepared
using four Carbomer, which were C934, C971,
C974 and PC. Gels were prepared using each
Carbomer alone at a polymer concentreation of
0.5-3.0%w/v. Resllts showed that except for
PC containing gels, with the other Carbomers
invedigated a polymer concentraion of
2.0%w/v produced the mog suitable gel. PC
containing gels formed hazy and non-uniform
gels with poor <spreadability a al the
concettraions studied and felt rough when
spread on the buccal mucosa. Hence, this
polymer was left out of further qudies As
mentioned above, with the other Carbomers
sudied, gels containing 2.0%w/v polymer
formed the best gels. Among these gels, gels
containing C971 formed the mos clear and
trangpaent gels and had the least gpaent
viscosity and would easily spread on the buccal
mucosa. C934 containing gels were found to be
the lead clear of al gels dudied and were
dightly hazy and had the greated gopaent
viscodity and the worg readability on the
buccal mucosa. C974 also formed dightly hazy
gels, which were found to be in between C934
and C971 oontaining gels in<tems of their
visual charaderigics and spreadability. Gels
containing less than or greater than 2.0%w/v
Carbomer were found to have wunsuitable
appaent visoosity and spreadahility and hence
left ou of further gudies.

Based on the results obtained, it was decided

to add C971 to gels containing C934 or C974
alone or their combination, in order to produce
desirable gels, which are not only clear and
transparent, but alo have an adequate gopaent
viscodgty and spreadability on the buccal
mucosa, which is a aitical fadtor in improving
paient acceptance.

The results oltained from assessing the
mucosa-adhesive strengh of gels prepared are
shown in Table 1. As can be seen, among gels
containing only one Carbomer, the C934
containing gel resulted in the greates mucosa-
adhesive grength, followed by C974 and C971.
In fact the mucosaradhesive strengh of C971
containing gels‘was greatly less than tha of
C934 and C974 containing gels. In a previous
sudy (19),,C971 has also been found to have
weaker mucosa-adhesve grength than C934.
Furthermore, it- was found tha the addition of
C971 to-gels containing either C934 or C974
resulted in a reduction in the mucosa-adhesve
strength of gel. This reduction was foundto be
greater with increasng the amount of C971 in
gel.. On the other hand, since gels containing
C974 adone showed good mucosa-adhesive
srength, its addition to C934 containing gels
resuited in a small reduction in the mucosa-
adhesive grength of gel. However, it should be
noted tha even though gels containing both
C934 and C974 were less hazy and had better
spreadahility than gels containing C934 alone,
but «ill were not complaely clear and
trangparent, and this could affed their patient
acceptance during use. Hence, it was decided to
prepare gels containing all three Carbomersin
order to form gels, which not only have good

Table 1. Mumsaalhesive srength of various Carbomer contaning aqueous gels to rat small integine in
pH=6.8 i sotoni ¢ phosphate buffer at 37  (n=3, mea +standard deviation).

Cabomer compaosition M ucosa-adhesve

Cabomer composition M ucosa-adhedve

within the gd (Yow/Vv) strength (mN) within thegd (Yow/Vv) strength (mN)
C934 C974 C971 C934 C974 C971
20 - - 878 +16 12 04 04 596 +21
- 20 -- 783+24 1.0 0.8 0.2 668 +17
- - 20 256+ 5 1.0 05 05 532+15
15 - 05 503 +12 10 0.2 0.8 445111
1.0 10 366+13 08 10 02 711+28
05 - 15 287 +18 08 08 04 621+22
- 05 15 310+12 0.8 0.2 10 412422
- 1.0 1.0 539+18 0.6 1.2 0.2 715+25
- 15 05 683+ 9 04 14 0.2 723125
05 15 - 810422 04 12 04 680 £22
1.0 1.0 - 839+18 04 0.2 14 333+15
15 05 - 855+15 0.2 16 0.2 732126
16 0.2 0.2 696 +17 0.2 14 04 695 +32
1.2 0.6 0.2 676+22 0.2 0.9 0.9 531+10
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Table 2. A comparison between the mumsa-adhesive srength and duraion of mucosa-adhes on of sdected
Cabomer wntaining gds to ra gmal intetine in pH6.8 isotonic phosphate buffer at 37 <C

(n=3, mea + standard deviaion).

Cabomer compaosition

Fomulation code within thegd (ow/v)

M ucosa-adhesve Duraion of mucosa-adhes on

Cox4 c974  Cco7l strength (MN) (min)
F1 02 16 0.2 732426 1211+ 47
F2 0.4 1.4 0.2 723425 1452+ 98
F3 06 12 0.2 715425 1625+ 68
F4 08 1.0 0.2 711428 1933 +124
F5 16 0.2 0.2 696 +17 1514+ 97
F6 0.2 14 0.4 695 +32 836+ 31
F7 0.4 12 0.4 680 +22 954+ 55
F8 12 06 0.2 676 +22 1309+ 33
F9 1.0 08 0.2 668 +17 1124+ 45

mucosa-adhesve srenghs, but also are clear
and have desrable visual charaderigics and
spreadability. For this purpose, using an overall
polymer concentraion of 2.0%w/v, gels
containing all three Carbomers selected (C934,
C971 and C974) were prepared and assessed in
terms of their mucosa-adhesive drength. It was
found tha increasing the amount of C971 in
gels containing C934 and C974 improves the
clarity and ease of greading of the gel, but
greatly reduces the mucosa-adhesve srengh.
In fact, it was found tha the presance of more
than 0.4%w/v C971 in these formulations, in
spite of improving gels clarity, grealy reduces
the mucosa-adhesve dgrength of ‘the g,
compared with gels containing C934, C974 or
their combinaion. With gels“containing 0.2-
0.4%w/v C971, it was foundtha the presence
of a grege amount of C934 in gel than C974,
as expeded dightly <increases the mucosa-
adhesve srengh of the gel, because of the
greater mucosa-adhesive naure of C934 than
C974. Overdl, it ocould be said that gels
containing 0:2%w/v C971 and 1.8%w/v C934
and C974 nat only have good mucosa-adhesive
srength, but also ae clea, and have good
spreadability. "Hence, the presence of small
amounts of C971 in these gel formulaions
appea to be critical.

An effedive mucosa-adhesive transbuccal
gel formuaion <hould besdes having a
desrable appearance and spreadability, must
adhere grongly to the mucosal surface for an
extended period of time. As sated before, in
mog cases only the mucosa-adhesive strengh
of anewly formulaed mucosa-adhesive sygem
is evaluated, despitethe fad tha it is possble
tha a mucosa-adhesive sygem oould initially
adhere strongly to the mucosal surface but in
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long term it could quickly overhydrate and get
displaced from the gte of adheson. Hence,
invegigating both these parametersis critical in
the development of an effective mucosa-
adhesive dosage form. In this gudy the data
obtained from the mucosa-adhesive strengh
studies carried out on Carbomer containing gels
were compared and contraged with the data on
their duraion of mucosa-adhesion, in order to
see whethe the patens of adhesion obtained
are smila in al case. For this purpose,
formulations resulting in greger mucosa-
adhesve dgrengths were seleded and their
duration of mucosa-adheson to rat small
intestine, under an applied force of 15.0g
assessed. The results obtained are shown in
Table 2. The greded durdion of mucosa
adheson was observed with formulaion F4,
which had the fourth highes mucosa-adhesve
srength among the selected gels invegigated.
Formulaions F6 and F7, both containing
0.4%w/v C971, in oontrast to the other
formulations oontaining 0.2%w/v = C971,
resuted in the lowest duraion of mucosa
adheson among the seleded gels dudied.
These findings clearly show tha the results
obtained from assesing the duration of
mucosa-adhesion of gels prepared do not follow
a dmilar trend to the data obtained from
assessing the mucosa-adhesve streng h of these
gels (Table 1). This finding is in agreement
with previouswork (17), andhence suggeststhe
importance of assessing the duration of mucosa-
adheson of a ted sydem as an important
paraneer in the selection of the utimae
formulation. In previous gudies (16, 20) the
rate of wate uptake by a polymer has been
conddered as an important paramee in its
mucosa-adhesve ability and duration of
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mucosa-adhesion. Therefore, it is speculaed
tha in the duration of mucosa-adheson ted,
C971 takes up waer a a faster rae from the
surrounding medium than C934 and C974,
resulting in aquicker dilution of the gel, which
can consequently reduce the gructural srengh
and resistance to disruption of the gel. The gel
will eventually break as a result of cohesve
failure within its structure. It should be noted
tha when assessng the mucosa-adhesve
srength of C971 containing gels, because the
length of time in which gel remains in contact
with the mucosa and surrounding medium is
relatively short, the difference in the rae of
water uptake will not have a grea influence on
the resultsobtained.

Finally, it appearstha the presence of 1.0-
1.2%w/iv C974 within the gel, aong with a
maximum of 0.2%w/v C971 and 0.6-0.8%w/v
C934 can form gels with dgrong mucosa-
adhesve drength as well as a reasonable
duration of mucosa-adhesion.

Overdl, formulaion F4 resulted in the
formaion of the mog suitable gel, with
desrable visual appearance clarity and
spreadability as well as siitable mucosa-
adhesion. Furthermore, it is speculated tha this
formulation could remain longer in contact with
the buccal mucosa invivo. In this study the gel
was fully immersed in an agueous environment
in order to prevent it from “dryness and
resemblesthe presence of saliva However, this
condition could result in a quicker hydration
and fader disruption of the gel, in contrag to
buccal cavity which contains less fluid. At the
end, it should be noted tha in both the
evaluation of mucosa-adhesve grength and
duration of mucosa-adhesion tests, separaion of
the gel from themucosal surface gopeared to be
a reault of a oohesve failure within the gel
grucdure. Thaefore, the mucosal surface was
foundto be coaed with araher thin layer of gel
at the end of each teg (i.e when gel-mucosa
separdion took place. This finding would
mean that invivo, athin layer of gel could still
remain in contad with the buccal mucosa, even
after the main bulk of the gel applied has been
washed away by sdiva, prolonging the
resdence time of the gel and allowing further
drug release fromit.

In conclusion, based on this study it could be
said tha the results oltained from the mere
assessment of the mucosa-adhesive drength of
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agel formulaion do nat provide an overview of
the lengh of timethis sydem remains on the
mucosal surface and ignoring this raher
important paranger oould result in the
formulation of a mucosaadhesve formulation
with a low duration of adheson. Hence, these
two teds should be used as complementay to
each othe in the formulation and selection of
an effedive and efficient transbuccal mucosa-
adhesive gel.
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