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Abstract

Twenty diclofenac sodium buccoadhesive discs containing Cp974p, polycarbophil, PEO, SCMC-medium viscosity (SCMC-
MV), SCMC-ultrahigh viscosity (SCMC-UHV) or their combinations were prepared. These buccoadhesive discs were evaluated
for release pattern, swelling capacity, surface pH, mucoadhesion performance, and in vitro permeation of diclofenac sodium
through buccal membranes. In vivo testing of mucoadhesion time, strength of adhesion, irritation, bitterness due to drug swal-
lowing and disc disintegration in the buccal cavity were also performed. Drug bioavailability of a selected diclofenac sodium
buccoadhesive product was then compared with that of Voftat®0 SR tablet. The percentage relative bioavailability of
diclofenac sodium from the selected buccoadhesive disc 50 mg was found to be 141.31%.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction oral mucosa is relatively permeable with a rich blood
supply. Furthermore, oral transmucosal drug delivery
Amongst the various routes of drug delivery, oral avoids first pass effect and provides facile removal of
route is perhaps the most preferred to the patient. How- dosage form in case of need. Within the oral mucosal
ever, peroral administration of drugs has disadvantagescavity, delivery of drugs is classified into three cate-
such as hepatic first pass metabolism and enzymaticgories: (1) sublingual delivery, which is systemic de-
degradation within the Gl tract, that prohibit oral ad- livery of drugs through the mucosal membranes lining
ministration of certain classes of drugs especially pep- the floor of the mouth; (2) buccal delivery, which is
tides and proteins. Drug buccal administration, on the drug administration through mucosal membranes lin-
other hand, is highly acceptable by patients and the ing the cheeks (Buccal mucosa); and (3) local delivery,
which is drug delivery into the oral cavity.
* Corresponding author. Tel.: +20 106 079123/202 3800680. Two of the major limitations associated with buccal
E-mail addresssamaligy@hotmail.com (M.S. El-Samaligy). route of administration are the lack of dosage form

0378-5173/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2004.07.033



28

retention at the site of absorption and the low flux,
which results in low drug bioavailability. Consequently,
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lulose sodium salt, ultra high viscosity (SCMC-UHV)
(Fluka Chemie GmbH CH-9471 Buchs). Sodium tau-

bioadhesive polymers have extensively been employedrocholate (STC) 67% (Difco lab, Detroit, Ml, USA).
in buccal drug delivery systems in the form of adhe- Sodium deoxycholate (SDC), sodium taurodeoxy-

sive patchesl( et al., 199§, adhesive filmskKhoda
etal., 1997, adhesive tabletdNozaki et al., 199¥and
buccal gels $hin et al., 200D For those drugs that

cholate (STDC),.-menthol, methanol, HPLC grade
(Romil Chemicals, England), ketoprofen (kindly sup-
plied by Minapharm Company, Egypt), acetonitrile,

penetrate the oral mucosal membranes slowly or in- HPLC grade (Sigma Chemical Company, USA) and

completely, one strategy can be used, that is the coad-glacial acetic acid (analytical grade).

ministration with a penetration enhancéufgst and

Rogers, 198p 2.2. Preparation of diclofenac sodium
Buccoadhesives have long been employed to im- buccoadhesive discs

prove the bioavailability of drugs undergoing signif-

icant hepatic first-pass metabolisf@Hoi and Kim, Formulae of buccoadhesive discs containing di-

2000; Choi et al., 200@&nd control the release of drugs  clofenac sodium are listed ifables 1 and 2The buc-

from hydrophilic matrices§ingh and Ahuja, 2002 coadhesive discs formulations are classified as follows:
Diclofenac sodium is an example of drugs, which

are subject to first pass metabolism, since only 50-60%

of the drug reaches the systemic circulation in the un-

changed form $weetman, 2002 Moreover, peroral

administration of diclofenac sodium results in gastroin-

testinal disturbances ranging from abdominal discom-  Discs were prepared by directly compressing the

fort, nausea, vomiting to serious gastrointestinal bleed- polymer powder or polymer powder mixture with

ing or peptic ulcers§weetman, 2002 50 mg diclofenac sodium after thorough mixing at a
The main objective in this work is to formulate di- pressure of 49,000 N for 15s using a hydraulic press.

clofenac sodium buccoadhesive discs that could be ap-All the discs have a diameter of 13 mm.

plied to the buccal mucosa giving systemic effects to

decrease gastricirritation and avoid the first pass effect. 2.3. Release of diclofenac sodium from different

The products prepared were evaluated through in vitro buccoadhesive discs

release and in vivo testing of their adhesive properties.

(a) Discs containing Cp974p and/or polycarbophil as
the bioadhesive polymer3gble J).

(b) Discs containing PEO and/or SCMC as the bioad-
hesive polymersTable 2.

The release of diclofenac sodium from the prepared
bioadhesive discs in simulated salivary fluid (phosphate
buffer pH 6.8) at 3% 0.5°C was monitored through
a 24-h period. A specially modified Levy method was
adapted I(evy, 1963. Each bioadhesive disc was ad-
hered to the side wall of a covered vessel (600 ml
beaker). Adequate sink conditions were provided by
placing 500 ml of phosphate buffer pH 6.8 in each
covered vessel. Each covered vessel was fitted with
a magnetic stirrer rotating at a rate of 150 rpm. Af-
ter each of the time intervals of 0.5, 1, 2, 4, 6, 8,
10, 12, 18 and 24 h, 3ml sample was withdrawn, fil-

2. Materials and methods
2.1. Materials

Hydroxypropylmethyl cellulose (HPMC, Metho-
cel K4M, Tama, Tokyo, Japan), carbopol 974p
(Cp974p, BF.Goodrich, USA), hydroxypropyl cellu-
lose (HPC, molecular wt. 300,000, Aldrich chem-
ical Co., USA), polyethylene oxide (PEO, molec-
ular wt. 7,000,000), polycarbophil (Noveon AA-A,
Goodrich Chemicals, England), carboxymethyl cel- tered through a Millipore filter of 0.4bm pore size
lulose sodium salt, medium viscosity (SCMC-MV), and assayed spectrophotometrically after suitable di-
diclofenac sodium, potassium dihydrogen phosphate lution at 276 nm. Immediately after each sample with-
and disodium hydrogen phosphate (ElI Nasr chemi- drawal, a similar volume of phosphate buffer pH 6.8
cal company, Egypt), ethyl cellulose (ethoxy content was added to the release medium to maintain the vol-
49%), polyvinyl pyrrolidone k90, carboxymethyl cel- ume in the vessel constant. The absorbance of the
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Table 1
Buccoadhesive discs containing Cp974p and polycarbophil as bioadhesive polymers
Formulae Diclofenac sodium (mg) Polymer composition (mg)

Cp974p Polycarbophil HPMC HPC PVP Total
1 50 90 - 10 - - 150
2 50 667 - 333 - - 150
3 50 10 - 40 - - 100
4 50 667 - - 333 - 150
5 50 50 - - - 50 150
6 50 - 50 - - 50 150
7 50 - 167 333 - - 100
8 50 333 333 333 - - 150
9 50 50 333 167 - - 150

polymeric additives was proved to be negligible and did 2.5. In vivo testing of the buccoadhesive discs
not interfere with the drug absorbance. The percentage
release was computed through a standard calibration The buccoadhesive discs were tested inthree healthy
curve of diclofenac sodium. volunteers aged (25-50 years). After wipping off the

The release data were kinetically analyzed using excessive saliva, each disc was applied to the gingival
different kinetic models (zero-order, first-order and mucosa above the canine tooth by pressing for 30 s onto
Higuchi diffusion models) to determine the mechanism mucosa $ave et al., 1994and left for a period of 16 h.
of diclofenac sodium release from the different bioad- The volunteers were asked to record:
hesive systems.

(a) The adhesiontime;time of detachment of disc from

2.4. Determination of disc hydration the buccal mucus membrane.
(b) The strength of adhesion (very adhesive, adhesive,
The dimensional changes occurring during hydra- slightly adhesive, unadhesive or slippery).

tion of the discs containing hydrophilic polymer was (c) Any local signs of irritation (severe, moderate,

performed by placing discs of formulae 20 in excess slight or non-irritant).

distilled water in petri dishes. Dynamics of gel layer (d) Bitterness due to swallowing of diclofenac sodium

thickness/movements were analyzed by photography  (very, moderate, slight or non).

of the fronts during swelling with QX3 Computer Mi-  (e) The disintegration of the buccoadhesive disc in the

croscope. buccal cavity (high, moderate, slight or non).
Table 2
Buccoadhesive discs containing SCMC and PEO as bioadhesive polymers
Formulae Diclofenac sodium (mg) Polymer composition (mg)

PEO SCMC-MV SCMC-UHV HPMC Total
10 50 100 - - - 150
11 50 667 - - 333 150
12 50 - 100 - - 150
13 50 50 50 - - 150
14 50 167 333 - 50 150
15 50 333 333 - 333 150
16 50 - 50 - 50 150
17 50 - 33 - 667 150
18 50 - 667 - 333 150
19 50 - - 100 - 150

20 50 - - 333 667 150
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2.6. Determination of the swelling index and the ferred to the donor chamber. The tube was suspended so
surface pH of the buccoadhesive discs in distilled that the membrane was just below the surface of 500 ml
water phosphate buffer pH 6.8 contained in 600ml cov-

ered beaker and magnetically stirred at approximately
The discs were coated on the lower side with ethyl 150 rpm in water bath maintained at #0.5°C. The

cellulose (to avoid sticking to the dish) then weighed diffusional surface areawas 1.33&r8amples, each of
(Wy) and placed separately in Petri dishes containing 3 ml were withdrawn from the beaker at 0.5, 1, 2, 4, 6,
20 ml of distilled water. The dishes were stored atroom 8, 10 and 12 h time intervals and replaced by equal vol-
temperature. After 30, 60 and 120 min, the discs were umes of fresh buffer. The concentration of diclofenac
removed and the excess water on their surface was caresodium in the samples was measured spectrophotomet-
fully removed using filter paper. The swollen discswere rically atAmax276 nm after appropriate dilutions on the
reweighed \\») and the index of swelling was calcu- basis of standard curve previously constructed.

lated by the following formula: The permeability of diclofenac sodium was also
Wo — Wy evaluated after inclusion of the permeation enhancers;
Swelling index= W sodium taurocholate (2%), sodium deoxycholate (2%)
1

and sodium taurodeoxycholate (2%) and menthol (5%)

The discs used for determination of swelling index in the disc.
were used for determination of their surface pH using  The cumulative amount of permeated drugicn®)
universal pH paperAmin, 2000. was plotted versus time (h) and the flgpg(cm2h—1.)

was calculated from the slope of the lirgl¢an et al.,
2.7. Determination of mucoadhesion performance 1997). The straight line was extrapolated to obtain the
of the buccoadhesive discs lag time (h). The permeability coefficient®)(were
calculated as followsHird et al., 200].

The mucoadhesive performances of the medicated do/d) J
bioadhesive discs were evaluated by assessing the timep = = —
forthese discs to detach from chicken pouch membrane AL ¢
in a well-stirred beakeH{an et al., 1999 The chicken ~ where @/dt is the permeation rate, the steady state
pouch membranes were fixed on the side of the beakerslope of the cumulative flux curv& is drug concen-
with cyanoacrylate glue. The discs were attached to the tration in the donor chambe# is the surface area of
membrane by applying light force with finger tip for  diffusion (1.33 cnd); (dQ/dt)/A=J=flux.
30s. The beaker was then filled with 500 ml phosphate ~ The efficacy of the different enhancers was deter-
buffer pH 6.8 at 37C. A stirring rate of approximately ~ mined by comparing specific permeation parameters
150 rpm were used to simulate buccal and saliva move- of diclofenac sodium in the presence or absence of

ment. enhancer. This ratio was defined as the enhancement

factor (EF), which was calculated using one of the fol-
2.8. Permeation of diclofenac sodium through lowing equations genel et al., 1998; Shojaei et al.,
chicken pouch membrane 1998; Shin and kim, 2090

diclofenac permeation rate at steady

Only the buccoadhesive disc(s), which gave the best .
state in the presence of enhancer

results in the in vivo testing were subjected to per- gp— _ : ()
meation studies. The permeation of diclofenac sodium diclofenac permeation rate at steady
through chicken buccal membrane was carried out us- state in the absence of enhancer

ing glass tubes (1.3cm diameter) opened from both

ends. Each disc was pressed on the mucosa of chicken P(enhanced)

buccal membrane for 30s and the loaded membraneEF = W (b)

was stretched over an open end of the glass tube and
made water tight by rubber band forming donor cham- where P(enhanced) is permeability coefficient ob-
ber. Four milliliters phosphate buffer pH 6.8 was trans- tained for tablets containing enhanc@(control) is
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permeability coefficient obtained for tablets without 2.9.2. Assay of diclofenac sodium in plasma
enhancer. A modified HPLC method oEl-Sayed et al., 1988
for the determination of diclofenac sodium in plasma
was used. The method involved the addition of aliquots
of the internal standard (ketoprofen) to 1 ml plasma
whereQenhanceds cumulative permeated amount of di-  samples. after vortexing for 1 min, precipitation of
clofenac in presence of enhancer at end of permeationpjasma protein was accomplished by addition of 1 ml
period,Qcontrol IS cumulative permeated amount of di-  acetonitrile. After vortexing for 30 s and centrifugation
clofenac in absence of enhancer at end of permeationfgr 10 min at 3000 rpm, the upper layer was transferred

EF — Qenhanced (C)
Ocontrol

period. to another tube, filtered through 0.48 Millipore fil-

ter. Twenty microliters were injected into the HPLC
2.9. Bioavailability assessment of diclofenac column for ana|ysis using mobile phase Composed of
sodium from selected buccoadhesive disc acetonitrile:water (50:50%, v/v) adjusted to pH 3.3

with glacial acetic acid. The mobile phase flow rate was

The bioavailability of diclofenac sodium was de- 1 mI/min and the detection wavelength was 275 nm.
termined from the selected disc prepared according to

formulation 20 in comparison to that of the commer- 2.9.3. Pharmacokinetic analysis

cially available Voltariff 100 SR tablet (Novartis). Peak plasma concentrationSCn{ax) and the
The selected formulation was flavored to be as fol- corresponding times at which these are reached
lows: (Tmax) Were obtained by inspection of the plasma

concentration—time profile of each volunteer. The area

Diclofenac sodium (mg) 50 . .
under the plasma concentration—time curve was calcu-
SCMC-UHV (mg) 34 lated by trapezoidal rule.
HPMC (mg) 66
Saccharin (mg) 10 3. Result and di )
Menthol (mg) 10 . Result and discussion
Strawberry flavor (mg) 5 Through initial trials on bioadhesive polymers,

eight polymers namely, Cp974p, sodium alginate,
SCMC, PEO, xanthan gum, polycarbophil, HPMC,
2.9.1. Dosing and plasma sampling HPC were investigated for the choice of the bioad-
Four healthy male volunteers, aged between 20 hesive polymers having both optimum adhesion
and 30 years participated in this study. The selected properties and release pattern for diclofenac sodium.
buccoadhesive formulation of diclofenac sodium was The adhesion properties (detachment force and work
pressed to the gingival mucosa above the canine tOOthof adhesion) were measured using an apparatus
of two healthy human volunteers for 30 s and VOlt@rin previousiy designed and reported in our |aboratory
100 SR tablet was administered perorally with 200ml (E|-Samaligy et al., 2001 It was found that the
water to the two other healthy human volunteers. bioadhesive polymers differ in their adhesion prop-
After 1 week of washout period, the volunteers were erties and can be arranged in descending order as
cross-overed to receive the other formulation. The follows: polycarbophil ~ Cp974p>PEG- Xanthan
volunteers were fasted overnight and continued fasting gum > SCMC >Na  alginate HPMC~HPC. The
for 3h after drug administration. Blood samples were hjgh bioadhesive strength of polycarbophil and
collected at time intervals of 0.5, 1, 1.5, 2, 4, 6, 8, 10, Cp974p may be due to formation of Secondary
12 and 16 h after drug administration into heparinized pioadhesion bonds with mucin due to their rapid
tubes. The blood samples were centrifuged at 3000 rpm swelling and interpenetration of the polymer chains in
for 10min and the plasma of each was collected in the interfacial region while the other polymers only
labeled tubes. The plasma Samples were frozen atundergo Superfaciai bioadhesiomdir and Chien,
—20°C until analyzed. 1996. The diclofenac sodium release rates from
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the different bioadhesive systems can be arrangedlation 3) did not affect the release rate of diclofenac

in descending order as follows: Cp974BCMC >
Na alginate > polycarbophil > PEQHPMC > xanthan
gum~ HPC. Thus, Cp974p, polycarbophil, PEO and

sodium remarkably. Replacement of HPMC (formula-
tion 2) with HPC (formulation 4) or PVP (formulation
5) showed faster drug release rates. It is obvious that

SCMC have shown optimum adhesion properties replacement of Cp974p (formulation 5) with polycar-
and diclofenac release patterns. So these polymers orbophil (formulation 6) showed an increase in release of

their combinations may be useful for formulation of
diclofenac buccoadhesive discs.
Tables 1 and 3how the formulations prepared as

buccoadhesive diclofenac sodium discs. They were

subjected to the following investigations:

3.1. Release of diclofenac sodium from different
buccoadhesive discs

Drug release from hydrophilic matrices is depen-
dent on factors like swelling and dissolution of the
polymers, giving rise to mass erosion of the system,
concomitantly with dissolution and diffusion of drug.

diclofenac sodium. Combination of polycarbophil and
Cp974p as bioadhesive polymers with HPMC (formu-
lations 8 and 9) showed sustained drug release.

Fig. 2shows the release profile of diclofenac sodium
from buccoadhesive discs containing PEO, SCMC-MV
and SCMC-UHYV as bioadhesive polymers. It can be
seen that addition of HPMC to PEO discs (formulation
11) decreased the release rate of diclofenac sodium.
Combination of SCMC-MV with PEO (formulations
13-15) slightly increased the release rate of diclofenac
sodium from these matrix discs. It is observed that ad-
dition of HPMC to SCMC discs decreased the release
rate of diclofenac sodium (formulations 16—20). This

Initially, the matrix thickness increases due to hydra- can be explained on the basis that the combination of
tion and swelling of polymer then the matrix thickness anionic SCMC with nonionic HPMC produced a syn-
decreases and finally disappear due to polymer disso-ergistic increase in viscosity. This was attributed to
lution as well as dissolution of the drug. This phe- the stronger hydrogen bonding between the carboxyl
nomenon has been referred to as “swellable soluble groups of SCMC and hydroxyl groups of HPMC lead-
matrix” (Chattaraj and Das, 1996 ing to stronger cross linking between the two gums
Fig. 1shows the release profile of diclofenac sodium (Madhusudan et al., 20pISCMC-UHYV discs (formu-
from buccoadhesive discs containing Cp974p and poly- lation 19) sustained the release of diclofenac sodium
carbophil. It can be seen that changing drug polymer releasing the drug in more than 18 h. However, those

ratio from 1:2 (formulations 1 and 2) to 1:1 (formu-

100 1
90
80
70
60

50 4

Percentage Released

containing SCMC-MV (formulation 12) released the

~—#— Formula 1
—&— Formula 2
—a&— Formula 3
—%— Formula 4
—%— Formula 5
—=&— Formula 6
===+ =Formula 7
—=— Formula §
=0 == Formula 9

0 5 10 15

Time (hr)

Fig. 1. Release profile of diclofenac sodium from buccoadhesive discs containing Cp974p and polycarbophil as bioadhesive polymers.
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Fig. 2. Release profile of diclofenac sodium from buccoadhesive discs containing SCMC and PEO as bioadhesive polymers.

drug in more than 6 h. Replacement of SCMC-MV (in sented inTable 3 The in vitro release data are in favor
formulation 17) with SCMC-UHYV (in formulation 20)  of zero-order release kinetic except in case of formu-
did not alter the release of diclofenac sodium remark- lations 4, 5, 13 and 16. For all the test formulations,
ably. the values ofn on fitting the simple power equation
Photographs of the buccoadhesive disc (formulation (Peppas, 1989M:/M, =Kt" were around one indicat-
20) after swelling for different time intervals are shown ing case Il transport where drug release involves poly-
in Fig. 3 It is clear that swelling and matrix hydra- mer relaxation and chain disentanglemeRegpas,
tion occurred gradually with time. The release mech- 1985. The last finding was verified by the smaller val-
anism and dynamics of the macroscopic and micro- ues ofky/ks through applying the following equation
scopic molecular changes associated with hydrophilic (Kim and Fassihi, 1997Mi/M, =K1t2+Kst. The
polymer matrix is complex. It was reporteDrrani time for 50% releasedspy) Was in range from 3.34 h
et al., 1994 that the drug release mechanism from hy- (formulation 12) to 15.9 h (formulation 8).
drophilic polymer matrix is swelling controlled system.
The swelling of drug/polymer disc is due to diffusion
of water into the polymer matrix, which results in the
lowering of the glass transition temperatuifg)(of the

polymer. The_ presence pf wate_r causes relaxat|on_of the Several trials were done to choose the best site for
polymer Ch"?“”s' which is manlf_ested macrc_)scoplcally application of buccoadhesive discs. The gingival mu-
as the swelling of polymer ma_tnx. The drugis released cosa below the canine tooth was first tried, but it was
from the swollen system, which gradually erodes and found that the presence of food affected greatly the

finally completely dissolves. adhesion of the disc in this place. Consequently, the
gingival mucosa above the canine tooth was chosen,
3.2. Kinetic analysis of diclofenac sodium in vitro as the effect of food was minimal in this place. Trials
release data to determine the effect of impermeable backing of the
disc on drug release were unsuccessful. The discs were
The kinetic analysis of the in vitro release data of coated on all sides exceptone with ethyl cellulose (10%
diclofenac sodium from buccoadhesive discs are pre- solution in ethanol) and left to dry. The uncoated side

3.3. Invivo testing of the buccoadhesive delivery
systems
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3 hrs.

5 hrs.

Fig. 3. Photographs of the buccoadhesive disc of formulation 20 a@ter swelling 15 min, 3, 5 and 15 h in distilled water.

was pressed onto the mucosa for 30 s. It was found thatness and disintegration of the buccoadhesive discs ap-
the release of drug from the bioadhesive matrix was plied in vivo to three healthy volunteers. Most of the
very low due to the lower amount of saliva available to products up to formulation 16 suffered from certain
hydrate the disc and dissolve the drug. Hence, it was problems including long adhesion time, irritation, bit-
preferred to press the bioadhesive disc to the gingival terness and disintegration. Product prepared accord-
mucosa above the canine tooth for 30 s then the othering to formulation 17 started to show the best pa-
side of the disc gradually adhered to the buccal mu- rameters (adhesive, no irritation, slight bitterness and
cosa due to the effect of saliva. This is in agreement no disintegration) but suffered only from short adhe-
with Yukimatsu et al. (1994)They developed a trans-  sion time (6 h). Replacement of SCMC-MV (in for-
mucosal controlled release device applied to the buccal mulation 17) with SCMC-UHRYV (in formulation 20) in-
and gingival mucosae for systemic delivery of isosor- creased the adhesiontime to 9 h so thatitis obvious that
bide dinitrate where the drug is gradually dissolved in formulation 20 is considered to be the best buccoad-
saliva and absorbed through the mucus membrane.  hesive disc regarding its in vivo adhesion properties,

Table 4shows the response answers of the adhe- zero-order release kinetic and optimum release rate
sion time, the strength of adhesion, irritation, bitter- (t500,=6.26 h).
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Table 3
Kinetic analysis of the release data of diclofenac sodium from buccoadhesive discs
Formulae R? Release K n R2 tsg% (h) Kj Ko K1/K>  Main
order transport
Zero-order First-order Diffusion mechanism
1 0.9945 09013 09639 Zero 00135 1530 Q9936 105 —0.009 Q0416 00224 Casell
2 0.9965 09382 09329 Zero 00157 1258 Q9877 156 —0.037 Q0294 08846 Casell
3 0.9909 09572 09757 Zero 0510 0884 Q9913 131 0.0314 00480 10680 Anomalous
4 0.9794 09881 09716 First 00182 1480 Q9949 93 0.0001 00292 Q0028 Casell
5 0.9548 09729 09828 Diffusion 00302 1293 Q9877 87 0.0657 01091 22507 Fickian
6 0.9809 08496 09078 Zero 00256 1378 09689 86 —0.119 Q0957 10970 Casell
7 0.9475 Q7573 08569 Zero 0455 1026 Q9672 103 —0.102 Q0476 10710 Casell
8 0.9808 09333 Q8977 Zero 00129 1320 Q9772 159 —0.054 Q0483 11407 Casell
9 0.9943 08914 09344 Zero 0144 1333 09772 141 —0.044 Q0308 09228 Casell
10 09936 Q9353 09822 Zero 0728 0830 Q9959 1016 00566 00300 183 Fickian
11 09912 09798 09738 Zero 00373 1009 09995 1309 00226 01885 Q73 Case Il
12 09993 Q09134 Q9748 Zero 00998 1333 09989 334 —0.078 Q0396 041 Case Il
13 09826 09848 09771 First 00649 Q909 Q9907 943 00406 00418 102 Anomalous
14 09915 08933 Q09544 Zero Q452 1002 Q9871 11 00156 Q0465 Q37 Case Il
15 09975 09432 09692 Zero 00483 1020 09991 994 00094 Q0413 020 Case Il
16 09798 Q9842 09808 First 00573 1004 Q9977 865 00420 00551 101 Case Il
17 09909 08950 09794 Zero 00927 08802 09988 676 00485 00891 0879 Casell
18 09998 09091 09689 Zero 01024 0908 Q9952 573 00053 00492 Q06 Case Il
19 09961 08894 09627 Zero 0500 1010 Q9965 977 00053 Q0438 010 Case ll
20 09968 09408 Q9759 Zero 00919 09226 09972 626 00225 00716 Q31 Case Il
Table 4

In vivo bioadhesion properties of diclofenac sodium buccoadhesive delivery systems

Formulae Adhesion Adhesion strength Irritation Bitterness Disintegration
time (h)
1 >16 Very Severe Non Moderate
2 >16 Very Severe Non Moderate
3 4 Slightly Non Non Moderate
4 >16 Very Moderate Non High
5 7 Adhesive Non Slight Moderate
6 9 Adhesive Non Slight Slight
7 >16 Adhesive Non Non High
8 >16 Very Severe Non High
9 >16 Very Moderate Non High
10 10 Adhesive and slippery Moderate Non Non
11 12 Adhesive and slippery Severe Non Non
12 3 Slightly Non Very Moderate
13 5 Adhesive and slippery Non Slight Non
14 8 Adhesive and slippery Non Slight Non
15 6 Adhesive and slippery Non Slight Non
16 6 Adhesive Non Moderate Non
17 6 Adhesive Non Slight Non
18 5 Adhesive Non High Non
19 4 Slightly Non Very Moderate
20 9 Adhesive Non Slight Non
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Fig. 4. Swelling index vs. time profiles of bioadhesive discs containing Cp974p and polycarbophil as bioadhesive polymers in distilled water.

3.4. Swelling capacity and surface pH of
diclofenac sodium buccoadhesive discs in distilled
water

formulations containing Cp974p and polycarbophil
and this may explain the shorter adhesion time and
the lower adhesion strength observed for these for-
mulations. Formulation 19 containing SCMC-UHV

The degree of swelling of bioadhesive polymers is gave higher swelling capacity compared to formula-

an important factor affecting adhesion. Adhesion oc- tion 12 containing SCMC-MV. Formulation 20 con-
curs shortly after the beginning of swelling but the taining SCMC-UHV and HPMC in the ratio 1:2 gave
bond formed is not very strong€h and Wong, 1999 better swelling capacity for adhesion to occur. These
Uptake of water results in relaxation of the originally findings could be confirmed by the swelling rate val-
stretched entangled or twisted polymer chains, result- ues shown infable 5 These values illustrated the in-
ing in exposure of all polymer bioadhesive sites for crease in disc weightin mg/min calculated as absorbed
bonding to occur. The faster the swelling of the poly- water.

mer, the faster the initiation of diffusion and formation

of adhesive bonds resulting in faster initiation of bioad-

hesion Anlar et al., 1993
Fig. 4 shows the swelling indices of diclofenac

The surface pH values of all discs containing
Cp974p and polycarbopil as bioadhesive polymers
were in the range 4-5 which may cause slight irrita-
tion to the mucus membrane on which it is applied.

sodium buccoadhesive discs containing Cp974p and The surface pH values of all discs containing SCMC
polycarbophil as bioadhesive polymers. The study of and PEO as bioadhesive polymers were found to be
swelling capacity of buccoadhesive discs confirmed the around the neutral pH and hence these discs did not
results obtained in the in vivo testing, where the discs cause any irritation to the mucus membrane when
with high swelling index were those showed long adhe- applied.
sion time and good adhesion strength e.g. formulations  Studies of the mucoadhesion performance of the
1,2 and 4. buccoadhesive discs showed that all discs attached well
Fig. 5 shows the swelling indices of diclofenac tothe chicken pouch membrane until complete dissolu-
sodium buccoadhesive discs containing SCMC and tion of the buccoadhesive discs demonstrating that all
PEO as bioadhesive polymers. The swelling capac- these bioadhesive polymers have good mucoadhesion
ity of these formulations was less than that of the performance.
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Fig. 5. Swelling index vs. time profiles of bioadhesive discs containing SCMC and PEO as bioadhesive polymers in distilled water.

3.5. Permeation of diclofenac sodium through
chicken buccal membrane

Formulation 20 gave optimum adhesion time and
adhesion strength with minimum irritation to volun-

Table 5
Swelling rates of buccoadhesive discs in distilled water
Formulae Swelling rate (mg/min)
1 7.72
2 7.98
3 359
4 6.19
5 6.49
6 872
7 5.36
8 6.12
9 712
10 387
11 343
12 403
13 394
14 336
15 378
16 345
17 343
18 351
19 717
20 465

teers. It showed zero-order release kinetic with opti-
mumtsgo, So that formulation 20 was used for further
permeation and bioavailability studies.

Because there is little information available on oral
mucosal absorption enhancement, an attemptwas made
to demonstrate the degree of permeation of diclofenac
sodium from its buccoadhesive product (formulation
20). The permeation enhancers, 2% sodium deoxy-
cholate (SDC), 2% sodium taurocholate (STC), 2%
sodium taurodeoxycholate (STDC) and 5% menthol
have been incorporated separately in the selected for-
mulation. A major benefit of using menthol as perme-
ation enhancer is its safety profile. Furthermore, be-
cause of the pleasant taste associated with menthol
and its ability to decrease the bitterness of diclofenac
sodium, its use in a buccal delivery may increase patient
acceptability Robert and Gerard, 1997

Table 6presents the permeation parameters and en-
hancement factor of the penetration enhancers on the
permeability of diclofenac sodium through chicken
buccal membrane. The results indicated that diclofenac
sodium can permeate easily the chicken buccal mem-
brane with a steady state flux equal to 0.849 m@/m
and a short lag time equal to 4.22 miassidy et al.
(1993)have demonstrated that diclofenac sodium from
ahydrogel device was readily transported across the hu-
man buccal mucosa with a steady state flux calculated
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Fig. 6. Mean plasma concentration-time curve following the application of diclofenac sodium buccoadhesive disc an® Yolie®iR to four
volunteers.

to be 2.14 0.6 mg/cnt h and the large flux of this ion-  stated buccoadhesive disc (50 mg) and Volf3ti®0

ized drug indicated that the traditional lipoidal model SR tablet to four volunteers are shownHig. 6. The

of buccal permeation based on partition coefficient is mean peak plasma concentrations were calculated to be

inadequate. 552.54 and 902.33 ng/ml attained after 6.5 and 1.25h
The results indicted that the incorporation of any of for buccoadhesive disc 50 mg and Volt&in00 SR

the enhancers in the buccoadhesive formulation 20 hadtablet respectively. The mean area under the plasma

no remarkable effect on the flux of the drug but slightly concentration—time curve was found to be 4159.92 and

decreased the lag time. 5887.67 ng h/ml, respectively. The percentage relative

bioavailability of diclofenac sodium from the selected

buccoadhesive disc 50 mg compared to that of the com-

mercially available Voltarifi 100 SR tablet was found

to be 141.31%.

The mean plasma concentration-time curves of As a conclusion, the buccoadhesive discs of di-
diclofenac sodium following the application of the Clofénac sodium can be a good way to bypass the ex-
tensive hepatic first pass metabolism and is expected

to be less irritant to gastric mucosa.

3.6. Bioavailability of diclofenac sodium from the
selected buccoadhesive formulation

Table 6
The permeation parameters of diclofenac sodium from discs of for-
mula 20 with and without penetration enhancers through chicken

pouch membrane References

J(pgem2hrl) Lt (min) E.F. (%)
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