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Summary: Bioadhesive tablet formulations were prepared from polyacrylic
acid (PAA) and /or carboxymethyl cellulose (CMC) or tragacanth and were tested for
their bicadhesiveness to bovine nasal, buccal and vaginal mucous membranes and
to sodium alginate gel. Of the different mocous membranes the buccal membrane
showed the maximum detachment force which occured for the F-PA and F-CA tab-
lets. The detachment force varied almost linearly with the bioadhesive material con-
tent. However tablets containing tragacanth did not show a significant bivadhesion
difference between the mucous membranes tested and their bioadhesiveness was less
than PAA and CMC containing tablets. The tablets showed a weak bioadhesion to
the sodium alginate gel (I) compared to other mucous membranes.

When bicadhesive tablets were prepared by blending 50 % drug (zinc sulphate)
with PAA or CMC and tested for their bioadhesiveness to sodium alginate gels (pre-
pared from two different viscosity grades), it was found that blending with 50 %
drug weakened the bioadhesiveness of both PAA and CMC. Furthermore, ihe adhe-

sive capacity of the sodium alginate did not change with its viscosity.

BIYOADHESIF TABLETLERIN BIYOADHESIF GUCU

Ozet: Poliakrilik asit(PPA) ve/veya karboksimetil selifloz (CMC) veya kitre
zamki igeren tablet formiilasyonlart hazirlanarak bunlarin 6kiiz burun, yanak ve
vajinal mukus membranlarina ve sodyum aljinat jeline yapisma giicii arastrildi.
Defisik mukus membranlar iginde bukal membran maksimum kopma giiciinii F-
PA ve F-CA tabletlerine karg1 gisterdi. Kopma giiciiniin degisimi biyoadhesif
madde miktan ile oldukga paralel bulundu. Ancak kitre iceren tabletier mukus
membranlar aras1 biyoadheziyon farki gostermedi ve biyoadhesiflikleri PAA ve
CMC igeren tabletlerden daha az bulundu. Tabletler difer mukus membranlara
gore sodyum aljinat jeline (I) daba zayif bir biyoadheziyon gosterdiler.

% 50 etken madde (ginko siilfat) ve PAA veya CMC karigimi (abletler
hazirlanip sodyum aljinat jeline (iki farkli viskozite cinsi ile hazirlanmig) karst
biyoadhesif giigleri incelendifinde % 50 oramnda ilagla kangtrmann hem PAA
hem de CMC igin hiyoadhesif giicii azalttifi saptandi, Ayrica, sodyum aljinatin
yapigma kapasitesi viskoziteye bagli defiisim gostermedi.
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INTRODUCTION

Biodhesive polymers have been found
useful in extending the duration of contact
of drugs with absorbing membranes. The
majority of the papers, which have dealt
with the different adhesive capacities of
varipus polymers have reported the im-
portance of polymer composition, their
glass transition temperature, the type of
tissue, the mucus quality and guantity, and
the testing conditions on bioadhesion (1-
7). The relative adhestveness of polymers
has been estimated using mucous mernb-
ranes or artificial hydrogels such as gelatin

and 1 % alginic acid (8). Generally poly- |

mers with a high molecular weight and
containing ionizable groups have been
noted as the most adhesive. Specifically
anionic polyelectrolytes particularly cel-
lulosic and acrylic polymers have been
found to be promising bioadhesive subs-
tances (4.9). Also tragacanth has been re-
ported as an excellent adhesive (8).

In the present work Avicel PH 102 as a
tablet diluent, tablets were prepared from
different polymers each of which were
added in two different ratios. Their bioad-
hesiveness to aasal, buccal and vaginal
mucous membranes and o sodium algina-
te gel were investigated. Tablets prepared
using ethylcellulose as a nonbioadhesive
reference polymer were also investigated.
Furthermore, the changes that might
occur in tablet bioadhesiveness to sodium
alginate gels after the incorporation of a
50 % drug to the bicadhesive tablet formu-
lations were investigated. Zinc sulphate
was used as a model drug.

MATERIALS AND METHODS
Tablet formulations were prepared
using poly (acrylic acid) (PAA) (Carbo-
L polR 934, B. F. Goodrich Co., Breckswil-

le, Ohio, USA). Sodium carboxymethyl
cellulose (NaCMC, Hercules, Wilming-
ton, De, USA, with viscosity of 430 cps
at 259, ethylcelluiose (EC) (EC-N-10,
Hercules Wilmington, De, USA), traga-
canth (Sigma Chemicals Co. St. Louis,
MO, USA), microcrystalline cellulose
{Avicel PH 102, E.M.C. Corp. Marcus
Philadelphia, Pa, USA) as a diluent, So-
dium alginate (I} (Protonal Sf-120 A.5
Proton-Drammen, Norwegen, with visco-
sity of 1 % solution at 20° is 120 cps}, so-
dium alginate (1T} (Kelgin HV, Kelco
Comp. Clark N.J. Calif. USA with visco-
sity of 1% solution at 20° is 700 cps), zinc
sulphate {(ZnSQ, 7H:0, Merck, Darm-

stadt, FRG). Alt other chemicals either
reagent or analytical grade were used as re-
ceived.

For tablet preparation, the materials
were sieved and mixed according to the
mixtures in Table 1 and Table 3 and comp-
ressed directly using a single punch tablet
machine (Korsch E.K.O West Berlin) fit-
ted with flat-faced punches.

The force required to separate a bivad-
hesive tablet from the mucous membrane
specimen or sodium alginate gel was mea-
sured using a tensile-tester apparatas
(Tensilon, UTM II, Toyo Measuring Ins-
truments Co. Ltd. Tokyo, Japan). To
adapt the apparatus for the bioadhesive
tablet test, two clamps made of stainless
steel were constructed, one to hold the tab-
let and the other, the mucosa. Freshly
slaughtered bovine nasal, buccal and va-
ginal paits were removed and stored at
- 30°C. For the experiment a section of
mucosa (2 mm thicks) from the above
mentioned organs was cut and placed on
the lower clamps of the apparatus.
Membranes were nsed without removing
the mucus. A tablet was attached {o the J




GURSOQY et al

35

upper clamp. Both were glued to the
clamps using a liquid cyanoacrylate ad-
hesive. A sample of 10 ul of water was
placed on the tablet surface using a Ha-
milton syringe and the two surfaces
were brought into contact. After 10 mi-
nutes of contact time under an initial
pressure of 4.41 kPa the clamps were pla-
ced in the apparatus and the tablet surface
was brought into contact with mucous
membrane. In order to compare the adhesi-

ve capacity of the sodium alginate gel

with the mucous membranes, a 1% w/fv
sodium alginate gel was prepared and
used in place of the mucous membrane.
For these latter tests the initial applica-
tion of pressure was omitted. The tension
at which the tablet separated from the
membrane or sodium alginate gel was
taken as the final value which was used
to estimate the detachment force of the
pelymers as calcalated in our previous
wark (6).

RESULTS AND DISCUSSION

The tablet formulations prepared from
polymers, fragacanth and Avicel FH 102
are given in Table 1. Two different ratios
of each were used.

As is shown in Table 2, when these
tablets were investigated for their adhesi-
veness to nasal, buccal, vaginal mucous
membranes and sodium alginate gel (1),
except for F-1EA and F-2EA tablets, all of
them showed a detachment force which va-
ried with each type of bioadhesive mate-
rial, The detachment force varied propor-
tionally to the bioadhesive material
content. Only in the F-1EA and F-2EA
tablets did the polymer content not effect
the detachment force and for the sodium al-
ginate gel the force was nil. Since the ma-
terials only become adhesive on hydration
and since EC is not a polymer which hyd-
rates in contact with water it therefore sho-
wed poor adhesiveness.

However tablets contairing tragacanth
did not show a significant difference in
bicadhesion with different mucous

Table 1. Bioadhesive tablet formulations

Tablet Code Ho. PAA (MC tC Trogaconth | Avicel PH102
{wt %) {wt %) {wt %) {wt %) {wi %)
F-1PA 15 _ — _ 8
F-2PA 45 —_ — —_ 55
F-1CA — 15 — - 5]
F-2(A — 45 — — 55
F-17A — — — 5 85
F-2TA e — — _ 45 55
F-1EA — — 15 — 85
_F-26A — — 5 — 5
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and sodium alginate gel (D) (mean of 5 £ SD)

Table 2. Detachment force (IN) between bioadhesive tablet and mucous membrane

mucous membranes
Tablet . Tablet Na olginate
Code No.  diameter (mm) Hasal Buccol Yoginal gel {)
F-1PA 0393 £ 0.083 |0.806 0060 | 0.433£0030 | 0.271 +0.045
871002
F-2PA 0733 £ 0082 [ L2777 L0011 | 0.548 £ 0.060 | 1.680 £0.415
F1Ck 0.237 £ 0.045 |0.234 +0.068 | 0.271 + 0.046 0.123 £ 0017
876003
F-20A 0.375 £ 0059 10746 £0.133 | 0.362 £ 0.031 0.221 + 0.050
F1TA 0.144 0033 (01700019 | 0.152 10:031 0.057 + 0.812
§74+003 '
F-2TA 0.208 £ 0.035 {0.238 +0.045 | 0.220 £ 0.040 | 0.097 + 0.015
F-1EA 0139 + 0,027 [0.029+0.028 | 0151 +0.041 0.000
871+ 002
F-2EA 0.147 £ 0.023 | 0.006 £0.009 | 0125 +0.035 0.000

membranes. Also the tragacanth content
of tablets did not significantly effect the
bioadhesion force. The bicadhesion va-
lues of the tragacanth tablets were less
than that of the tablets which contained
PAA and CMC. Of different mucous
membranes the buccal membrane showed
the maximum detachment force and this
occurred with F-PA an F-CA tablets.
However these tablets showed little diffe-
rence in adhesiveness between the nasal
and vaginal membranes. The difference
between the bioadhesive values of these
membranes might have been due (o the
bicchemical and reological properties of
\_the mucus as much as to its quantity.

There was not a pH difference between the
mucous membranes, The pH's of nasal,
buccal and vaginal mucous membranes
and alginic acid gels were 7.2, 7.5, 7.5 and
6.5 respectively, Therefore differences in
pH of the different mucosa cannot be said
to be a factor influencing their bioadhesi-
veness. In the literature there is conflic-
ting results on the effect of pH, According
" to Lejoyeux et al., (10) pH did not signifi-
cantly modify the work of adhesion. Yet
Park et al., (11} reported that the adhesion
force was a function of pH.
The tablets showed a weak bioadhe-
sion to the sodinm alginate gel (I) compa-

red to adhesion to other mucous membra-
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nes. However bioadhesiveness to the algi-
nate gel (I) varied quite significantly with
changes in the bioadhesive material con-
tent of the tablets (Table 2).

Tablet formulations containing 50%
zinc sulphate (T'able 3) were also tested for
their adhesiveness to the sodium aiginate
gels (I, IT) which had been prepared from
two different viscosity grades of sodium
alginate (Table 4).

Although PAA and CMC are good
biodhesive materials, blending them
with the 30% zinc sulphate was found
to weaken their adhesion. Tablets pre-
pared by adding both PAA and CMC
(F-IPCZ and F-2PCZ) did not show an
obvious bioadhesive difference from the
tablets prepared from the individual po-
lymers. Also, the adhesive capacity of
the sodium alginate did not change with

its viscosity.

Table 3. Bioadhesive tablet formulations containing zinc sulphate

Tablet

{ode No. PAA (MC Avicel PH102 InS0, 7H,0
{wt %) (wt %) {wt %) (wt %)

F1P(2 15 35 —_— L]

F-2P(Z 40 10 — 50

FIPAZ 15 — ki 5

F-2PAZ 40 — 10 50

F-1CAL —_ 15 3 5

F-2(AZ — 40 10 50

Table 4. Detachment force (N) of zinc sulphate containing bioadhesive tablets
from sodium alginate gels (Mean of 5 + SDD)

Toblet
(ode No. Toblet diameter No clginate gel {I) Na clginate gel {11}
(mm}
E1PC 0.070:-0.008 0.050:0010
10.10+0.02
F-2PCZ 0.064::0.004 0.052+0.010
F1PAZ 0.038:+0.004 0.029--0.006
8.62+0.02
F-2PAZ .046+0.003 0.0441:0.005
F-1CAZ 0.084:+0.002 0.048::0.007
8.62+0.02
\F-2CAZ 0.0830.006 0.0680.020 y
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As a conclusion, tablets prepared from
PAA gave a better bioadhesion to nasal,
buceal, vaginal and also to the sodium al-
ginate gel (I) than CMC containing tab-
lets. Of the mucous membranes the buccal
membrane was found to be the most
bicadhesive. Under these test conditions
tragacanth was not found to be as good a
bioadhesive material as PAA and/or
CMC. Since it is not always easy and
practical to carry out the bioadhesion tests
with muocous membranes it has been
shown that sodium alginate gels can be
used in place of mucous membranes, par-
ticularly for the tablet formulations which
mainly contain a bioahesive polymer.
When (he drug content of the bioadhesive
tableis was 50% the sodium alginate gels
were no longer useful for comparing their
bioadhesiveness.
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