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Buccal delivery of drug provides an attractive
alternative to the oral route of drug administration.
Buccal drug delivery offers a safer method of drug
delivery, since drug action can be promptly termi-
nated in case of toxicity by removing the dosage
from the buccal cavity. It is also possible to admin-
ister drugs to patients who cannot be given drugs
orally for one reason or other. 

The term bioadhesion is typically used to
describe the adhesion between polymer either syn-
thetic or natural to soft tissue. In instances when
bond is formed between mucus membrane and poly-
mer, the term ìmucoadhesionî (1) is used. Mucus
membrane is one, in which the goblet cells are pres-
ent for the secretion of mucus, which is composed of
glycoprotein mucin (2).

Buccal mucosa present a relatively smooth and
immobile surface for the placement of mucoadhe-
sive dosage form. The amount of drug that can be
incorporated is limited by the size limitation of the
buccal dosage form. In general, a drug with a daily
requirement of 25 mg or less is suitable for buccal
delivery .Drug with short half-life, requiring sus-
tained or controlled release showing poor aqueous
solubility and which is sensitive to enzymatic degra-
dation, may be successfully delivered across the
buccal mucosa. Buccal patches are of two types (a)

matrix type and (b) reservoir type. In matrix type
system (3), the drug is homogeneously dispersed in
hydrophilic or lipophilic polymer matrix and the
medicated polymer is then molded into medicated
disc with a defined surface area. In this system, the
adhesive polymer is spread along the circumference
to form a strip of adhesive rim around the medicat-
ed disc. In reservoir type systems, the drug core is
encapsulated by rate controlling polymeric mem-
brane. 

Enhancing a drugís bioavailability (4) has
become a vital necessity in todayís pharmaceutical
industry. As drug discovery moved in the direction
of designing molecules to target receptors, water
solubility of these molecules often decreased to lev-
els insufficiently addressed by conventional formu-
lation methods. As a matter of fact, more than 40%
of new chemical entities are insufficiently soluble to
allow for acceptable formulations. In the last
decade, competition in the pharmaceutical arena has
revolved around improving physicochemical prop-
erties of drugs and improving formulations to give
the patient a better product. 

Cyclodextrins (4, 5) provide a drug delivery
system capable of improving the solubility of poor-
ly soluble drugs by their solubilization power.
Cyclodextrins (CDs) have been known for about one
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hundred years. In the year 1953, the first patent on
CDs and their complexes was registered, but until
the 1970s, not much work could be done because
they could not be manufactured in large amounts
and in pure states. At present, a monograph for BCD
(β-cyclodextrin) is available in both the US
Pharmacopoeia/National Formulary and in many
compendia. Thus, more than a century after their
discovery, CDs are now recognized as important
pharmaceutical excipients.

Cyclodextrins are cyclic oligosaccharides (4,
5) composed of α-D-glucopyranose units that have a
relatively hydrophobic (water hating) central cavity
and hydrophilic (water loving) outer surface. β-
Cyclodextrin is the most common among the CDs
and consists of 7-glucopyranose units. Although
represented on 2-dimensional paper as rings, BCD
has an overall shape reminiscent of a hollow trun-
cated cone. On account of its relatively hydrophobic
interiors (mainly because it is lined with hydrogen
bonds), BCD has the ability to form inclusion com-
plexes with lipophilic ëguest moleculesí (replace-
ment by lipophilic ëguest moleculesí or the
lipophilic ends of such molecules). Each ring of
BCD accepts one ëguest moleculeí.

For putative selection of a drug candidate for
buccal drug delivery, there are some basic prerequi-
sites pertaining to the physicochemical and pharma-
cokinetic properties of the drug molecule like it
should have low molecular weight, balanced oil-
water partition coefficient, relatively short biologi-
cal half like, low melting point, high first pass
metabolism etc. 

Flurbiprofen was selected as a candidate for
buccal drug delivery because it has a low molecular
weight i.e., 244.26, low melting point i.e., 114 to
117OC, it has an elimination half life between 3 and
4 h and plasma half life is 3.5 h. It causes unwanted
problems such as systemic side effects, gastroin-
testinal irritation and undergoes extensive first pass
metabolism. It has high log P (lipophilic character)
of 4.16. It is practically insoluble in water.
Flurbiprofen exhibits pH dependent solubility. Its
maximum solubility is around pH 7. 

Many controlled studies have established the
clinical efficacy of flurbiprofen in rheumatoid
arthritis, osteoarthritis and ankylosing spondylitis.
The thermographic index of inflammed rheumatoid
joints and morning stiffness were significantly
improved by flurbiprofen. Flurbiprofen responds
favorably in post-operative gynecologic pain and
dysmenorrhoea.

Flurbiprofen is practically insoluble in water.
So its bioavailability, dissolution and extent of pen-

etration into buccal mucosa can be enhanced by
making drug-β-cyclodextrin complex system. This
system can enhance drug solubility and an effort
was made to prepare buccal drug delivery system of
different polymers by using drug-β-cyclodextrin
complex system.

Gastrointestinal irritation and ulcerogenic
effect along with the short half life (3ñ4 h) make this
drug a suitable candidate for sustained-release for-
mulation of flurbiprofen. 

EXPERIMENTAL

Materials 

Flurbiprofen was obtained as gift sample from
FDC Ltd., Mumbai. HPMC (hydroxypropyl methyl-
cellulose) was obtained as a gift sample from
Windlass Biotech Ltd., Dehradun. PVA (polyvinyl
alcohol), SCMC (sodium carboxymethyl cellulose),
glycerol, PEG-600 (polyethylene glycol 600), sodi-
um hydroxide pellets, potassium dihydrogen
orthophosphate, disodium hydrogen phosphate,
dichloromethane, diethyl ether and n-octanol were
of analytical grade and purchased from Central Drug
House (P) Ltd., Delhi (CDH). Chloroform was pur-
chased from Qualichem Laboratories.

Methods (6ñ8)
Patches were prepared by solvent casting tech-

nique. Patches composed of PVA were prepared by
dissolving requisite amount of polymer in hot water
70ñ80OC with stirring and then specific quantity of
plasticizer (glycerol) was added under stirring. Drug
(10% w/v) was incorporated in the polymer solution
under stirring. Teflon coated magnetic bead was
used for stirring. 

For the preparation of SCMC patches, the spe-
cific amount of polymer was dissolved in distilled
water with constant stirring. Then glycerol was
added as plasticizer. Drug (10% w/v) is incorporat-
ed into the polymeric solution with content stirring.
Patches composed of HPMC were prepared by tak-
ing weighed quantity of polymer and gradually
added it with constant stirring to 1/3 of the required
volume of distilled water (60OC) and the final vol-
ume is made up by adding cold water. PEG-600 was
added in the polymeric solution as a plasticizer.

The homogenously prepared gel was left
overnight at room temperature to obtain a bubble
free film. The gel was then poured into the plastic
rings which were stuck to the floor of Petri dish and
allowed to dry at 40OC in an oven. The dried film
was carefully removed from Petri dish and cut into
patches of 16 mm diameter. The patches were
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packed in alluminium foil and stored in a glass con-
tainer till use. The compositions of patches are
shown in Table 1.

Preparation of flurbiprofen ββ-cyclodextrin binary

system (9)

Preparation of physical mixture (PM) (9) was
accomplished by tumbling mixing equimolar
amounts of previously sieved drug and β-CD.

Preparation of inclusion complex using kneading
method (9ñ11)

A small volume of water-ethanol (50/50 v/v)
was added to a known amount of the physical mix-
ture consisting of drug and β-CD at the desired
molar ratio. The resultant mixture was kneaded thor-
oughly with a pestle to obtain homogeneous slurry
and continued until the solvent was completely
removed. The sample was kept in desiccators to
remove traces of solvents.

Preparation of mucoadhesive patches containing
drug β-cyclodextrin binary system (10, 12)

Patches of PVA, SCMC and HPMC, contain-
ing drug β-cyclodextrin binary system were pre-
pared by using PVA 10% w/v dissolved in hot water
(70ñ80OC) with continuous mixing and then glyc-
erol was added under stirring. SCMC gel was pre-
pared by adding requisite amount of SCMC in water
with continuous stirring. Then glycerol was added
as a plasticizer. HPMC gel was prepared by adding
requisite amount of polymer to 1/3 of the requisite
amount of distilled water (60OC) and the final vol-
ume was made up by adding cold water. PEG-600
was added as a plasticizer with constant stirring. In
each formulation, the drug β-cyclodextrin binary
system (which was obtained by kneading method)
was incorporated into the polymer solution of
HPMC, PVA and SCMC with continuous stirring.
The prepared gels were left overnight at room tem-
perature till clear, bubble-free gels were obtained.
The gels were cast into Petri dishes and allowed to
dry in an oven maintained at 40OC till a flexible film
was formed.

Characterization of buccal patches

The following physicochemical parameters
were evaluated during the study. 

1. Appearance: Physical appearance and flexi-
bility were noted visually, results are shown in
Tables 1ñ3. 

2. Content uniformity (6, 13): Patches were
dissolved in phosphate buffer (pH 6.8) under stirring
for 24 h. The volumes were filtered, diluted suitably

and analyzed UV spectrophotometrically at 247 nm.
(Shimadzu 1700) (Table 2 and 3).

3. Mass uniformity (6, 10, 14): Mass uniformi-
ty was determined by using single pan balance. Ten
patches were weighed, mean of these patches were
calculated then patches were weighed individually
and the standard deviation (SD) was calculated
(Tables 1ñ3).

4. Thickness uniformity (14): The thicknesses
of 10 randomly selected patches were measured
using screw gauze. The mean and standard devia-
tions were calculated for each batch (Tables 1ñ3). 

5. Folding endurance (14, 15): The folding
endurance of the patches was determined by the
methods described by Khanna et al. (15). The patch-
es were taken and repeatedly folded, each patch at
the same place, till it broken or folded, up to 300
times, which was considered satisfactory to reveal
good patch property. The number of times the patch
could be folded at the same place without breaking
gave the value of folding endurance (Tables 1ñ3). 

6. Surface (pH 14): For the determination of
surface pH, the patches were allowed to swell in
agar plate for 5 h. Agar plate was prepared by dis-
solving 1.5% w/v agar in warm phosphate buffer pH
6.8 under stirring and then pouring the solution in
the Petri dish till gelling at room temperature. The
surface pH was measured by means of pH paper
(Tables 1ñ3). 

7. Radial swelling (14): Patch swelling was
evaluated by determining the percentage of hydra-
tion. Three patches were tested for each formulation.
Diameters of the patches were noted and allowed to
swell on the surface of an agar plate kept in an incu-
bator maintained at 37 ± 1OC. Measuring of the
diameter of the swollen patches was done at one
hour interval up to 5 h. 

Radial swelling was calculated using equation: 
SD (%) = [(Dt ñ D0)/D0] × 100

where SD (%) is the percent swelling obtained by
the diameter method, Dt is the diameter of the
swollen patch after time t, D0 is the original patch
diameter at time zero. 

8. In-vitro residence time (13): To determine
the residence time, the rat intestinal mucosa was
fixed on the internal side of a beaker, then the one
side of patch was moistened with some amount of
phosphate buffer (pH 6.8) and was pasted to the
mucosa by applying a light force with finger tip for
20 s. The beaker was filled with 50 mL of phosphate
buffer (pH 6.8) and was kept at 37OC. After 2 min, a
50 rpm stirring was applied to simulate the buccal
cavity environment and film adhesion was moni-
tored (Tables 1ñ3). 
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Table 1. Formulation and characterization of plain mucoadhesive patches (the mean ± SD, n = 3).

Composition/ characteristics 
Formulation code

P1 S1 H1

1 PVA % w/v 10 ñ ñ 

2 SCMC %w/v ñ 3 ñ 

3 HPMC % w/v ñ ñ 6

4 Glycerol %v/v 5 5 ñ

5 PEG-600 w/w ñ ñ 15

6 Appearance Translucent,  Translucent,  Translucent,  
sticky, flexible non-sticky, flexible sticky flexible

7 Patch mass (mg) 142.33 ± 5.2 26.56 ± 2.96 60.88± 5.5

8 Patch thickness (mm) 0.58 ± 0.047 0.098 ± 0.007 0.22 ± 0.013

9 Surface pH ≅7 ≅7 ≅7

10 Folding endurance > 300 > 300 > 300

11 In-vitro residence time (h) > 18 < 18 > 18

12 Radial swelling, 5 h (%) 17.94 ± 0.061 26.25 ± 1.02 11.875 ± 0.3

13 Bioadhesion force(kg/ms2) 209.28 ± 0.56 41.99 ± 2.4 187.80 ± 2.0

Table 2: Formulation and characterization of mucoadhesive patches containing flurbiprofen drug (the mean ± SD, n = 3).

No. 
Composition / Formulation code
Characteristics P2 S2 H2

1  PVA % w/v 10 ñ  ñ 

2  SCMC %w/v  ñ  3  ñ 

3  HPMC % w/v  ñ  ñ  6 

4  Glycerol %v/v  5  5  ñ 

5  PEG-600 w/w  ñ  ñ  15

6  Drug % w/v  10  10  10

7 Appearance Opaque, non-sticky Opaque, non-sticky, Opaque, non-sticky
flexible flexible flexible

8  Patch mass (mg)  184.74 ± 5.33  103.47 ± 3.80  101.54 ±3.53

9  Patch thickness (mm)  0.91 ± 0.070  0.71 ± 0.018  0.38 ± 0.014

10  Surface pH  ≅7  ≅7  ≅7

11  Folding endurance  >300  <300 >300 

12  In-vitro residence time (h) >18 <18  >18

13  Radial swelling, 5 h (%)  10.625 ± 0.04  13.75 ± 0.02  15 ± 0.02

14  Bioadhesion force (kg/ms2)  467.72 ± 3.2  606.78 ± 2.1  655.49 ± 4.4

15  Drug content (mg)  102.0 ± 1.5  86.33 ± 1.69  88.0 ±3.29

16 Release kinetics
(n) 0.4871 0.4604 0.4000
(k) 5.2445 4.9031 7.0847
(r) 0.9975 0.9908 0.9889
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9. Bioadhesive force: Apparatus for bioadhe-
sion measurement is a two arm balance. The two
pans of a physical balance were removed. The left
side of the pan was replaced with lighter base, and
on the right side a glass container was hanged.
Patches wetted with phosphate buffer (pH 6.8) on
one side were glued with the cyanoacrylate adhesive
to the base of glass container. Below the glass con-
tainer a glass slab was placed in a beaker which was
filled with phosphate buffer. Intestinal mucosa part
of a sheep was tied to the glass slab. The patch in
contact with intestinal mucosa was pressed with fin-
gertip for 1 min. A preload of 20 g was placed on the
glass container for a fixed time interval. On the left
side of the pan a small beaker was placed. After
completion of the preload time, preload was
removed from the glass container and the water was
then added in small beaker with the help of a
syringe. The addition of water was stopped when
patch was detached from mucosa. The weight of

water was noted and bioadhesive force can be cal-
culated from the formula: 

F = Ww ◊ g / A
where, F = bioadhesion force (kg/ms2), Ww = mass
applied (g), g = acceleration due to gravity (cm/s2),
A = surface area of patch (cm2)

10. In vitro permeation study: To evaluate
active ingredient permeability a Franz diffusion cell
was chosen. The diffusion cell was consisting of two
parts: the upper part i.e., donor compartment con-
tains the active ingredient and the adhesive patch,
the bottom part contains the receptor solution in
which the drug was reached after penetration
through dialysis membrane (6, 15). The receptor
compartment was covered with an outer jacked in
which water was circulated to control the tempera-
ture of the receptor compartment. The receptor solu-
tion compartment has a mean receptor solution vol-
ume of 60 ± 0.5 mL. The dialysis membrane was
mounted on the diffusion cell facing towards the

Table 3. Formulation and characterization of mucoadhesive patches containing flurbiprofen ñ β-cyclodextrin binary system (average val-
ues ± SD, n = 3). 

No. 
Composition / Formulation code
Characteristics P3 S3 H3

1  PVA % w/v  10  ñ  ñ

2  SCMC %w/v  ñ  3  ñ

3  HPMC % w/v  ñ  ñ  6

4 Glycerol %v/v  5  5  ñ

5  PEG-600 w/w  ñ ñ  15

Drug-β-CD binary 
6 system (equivalent to % 10  10  10

w/v of drug)

7  Appearance  Opaque, non-sticky Opaque, non-sticky, Opaque, non-sticky
flexible   flexible   flexible

8  Patch mass (mg)  204.6 ±7.0  147.16 ± 2.78  156.15 ±4.2

9  Patch thickness (mm)  0.62 ± 0.083  0.54 ± 0.057  1.04 ± 0.15

10  Surface pH  ≅7  ≅7  ≅7

11  Folding endurance  >300  <300  >300

12  In-vitro residence time (h)  >18  <18  >18

13  Radial swelling, 5 h (%)  10.875 ± 0.624  13.56 ± 0.92  12.5 ± 0.37

14  Bioadhesion force 
(kg/ ms2)  

465.73 ± 1.44  388.06 ± 1.28  472.48 ± 2.97

15  Drug content (mg)  93.0 ± 2.16  92.0 ± 3.1 93.0 ± 2.97  

16  Release kinetics 
(n) 0.3470 0.4414 0.6183
(k) 8.9889 9.6182 8.4077 
(r)  0.9929 0.9856 0.9981
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receptor compartment and on that the patch was
placed. In the receptor compartment, the receptor
solution i.e., buffer (pH 6.8) was filled. The mem-
brane along with patch was covered with the allu-
minium foil (9, 10) to prevent the effect of environ-
ment. In the receptor compartment, Teflon coated
magnetic bead was placed (to ensure consistent mix-
ing of the receptor solution) and the compartment
was maintained at 37 ± 1OC. The samples of 1 mL
were withdrawn from the receiver compartment at
different time interval (0.5, 1, 2, 4, 6, 8Ö.n) up to 12
h and fresh receptor fluid (phosphate buffer) was
added to maintained a constant volume. The sam-
ples were assayed for flurbiprofen according to the
formulation by UV/VIS analysis at 247 nm (Table 2
and 3).

DISCUSSION AND CONCLUSION

The different physicochemical parameters
were evaluated for patches containing both drug and
complex products. Drug contents in different formu-
lations were varied from 86.33 to 102 mg. Drug con-
tents were found to be in the range of 93 to 102 mg
in PVA patches, from 86 to 92 mg in SCMC patch-
es, from 88 to 93.0 mg in HPMC patches. In case of
appearance, the PVA patches were translucent, non-
sticky and flexible, HPMC patches were also
translucent and flexible but sticky. The SCMC
patches were opaque, non-sticky and less flexible.
The patch mass of PVA patches varied from 184.74
to 204.6 mg, for SCMC patches from 103.47 to
147.16 mg and for HPMC patches from 101.54 to
156.15 mg. This indicated that the drug-β-CD bina-
ry system increased the weight of the formulation.
Thickness was found to be 0.62 to 0.91 mm for PVA
patches, from 0.71 to 0.54 mm for SCMC patches,
0.38 to 1.04 mm for HPMC patches. Surface pH in
all cases was found to be nearly neutral (≈7).

Folding endurance in all cases was found to be more
than 300 except SCMC patches which was less than
300. In vitro residence times in all cases were found
to be more than 18 h but in case of SCMC patches,
it was less than 18 h. The development and design of
the BDDS involved a number of considerations that
includes selection of proper polymers for prepara-
tion of patches so that the drug is delivered at the
desired rate to the mucus membrane. After develop-
ment of proper rate of delivery, the drug should also
permeate through the mucosa to reach blood circu-
lation. Drug was characterized for their purity. The
authentication was done by various physicochemi-
cal properties of the pure drug sample. These
include solubility, melting point, partition coeffi-
cient, UV and FTIR analysis. The results, as shown
earlier for flurbiprofen, complied with the standards
mentioned and thus ensuring the purity of the sam-
ple. After ensuring the purity of standard, curve of
pure drug in phosphate buffer (pH 6.8) was prepared
using suitable dilution of the drug. The graph of
absorbance versus concentration was plotted and
regression coefficient was calculated. High value of
regression coefficient (r), always greater than 0.99,
indicates that the linear correlation and regression
equation could be used to calculate the unknown
concentration of the drug during in vitro permeation
studies.

A common method was adopted for formulat-
ing various formulations. PVA, HPMC and SCMC
were used as a polymer and patches were fabricated
by solvent casting method. Patches were evaluated
for physicochemical properties. Drug content was
determined and varied from 86.33 to 102 mg.
Weight variation was calculated and it was found in
the range of 101.54 to 204.6 mg. Thickness of patch-
es (mm) was measured by screw gauze and was
found between 0.38 to 1.04 mm. Folding endurance
of most of the patches was found to be more than

Table 4. Release kinetics of all formulations.

No. Batch  Zero order  1st order  Matrix  Peppas  Hix. Crow

R k R k R k R k R k

1 P2 0.8676 1.7540 0.8919 ñ0.0191 0.9975 5.2445 0.9960 5.3996 0.8842 ñ0.0062

2 S2 0.9159 1.6594 0.9342 ñ0.0180 0.9908 4.9031 0.9824 5.1824 0.9285 ñ0.0058

3 H2 0.8605 1.9862 0.8932 ñ0.0219 0.9889 5.9264 0.9846 7.0847 0.8830 ñ0.0071

4 P3 0.7183 2.2019 0.7791 ñ0.0245 0.9727 6.6819 0.9929 8.9889 0.7602 ñ0.0079

5 S3 0.9043 2.9608 0.9398 ñ0.0346 0.9398 ñ0.0346 0.9837 9.6182 0.9296 ñ0.0109

6 H3 0.9675 3.7024 0.9873 ñ0.0454 0.9861 10.7912 0.9981 8.4077 0.9820 ñ0.0141 
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300, which showed a good elastic property of the
patches. The pH values of the patches were approx-
imately neutral (≈7) and showed that no irritation
could occur on the mucus membrane. The residence
times of the patches on the mucus membrane in
most of the cases were more than 18 h. The bioad-
hesion forces of the patches were varied according
to the polymer used, and ranges from 42 to 655.50
kg m-1 s-2. Percentage radial swelling of the patches
was depends on nature of polymers used and varied
from 10.625 to 15.0%. In vitro permeation data
showed that patches containing drug β-cyclodextrin
binary system enhanced the permeation profile of
patches in comparison to patch containing drug

without enhancer. The data showed continuous
release of the drug for more than 12 h. Good per-
centage of release up to 12 h was seen for patch (H3)
containing HPMC polymer and drug-β-CD binary
system. FTIR study of drug and polymers showed
that there was no interaction between polymers and
drug. The FTIR spectra of drug-β-cyclodextrin
physical mixture did not differ from that of the drug
alone in the areas of the main drug absorption bands
and particularly the characteristic carbonyl stretch-
ing vibrational band of flurbiprofen (1700.8 cm-1)
was unchanged. A shift at higher frequencies of this
band (up to 1711.5 cm-1) was observed in kneaded
product and it was explained by the breakdown of

Figure 1. Percentage radial swelling of patches

Figure 2. Percentage drug permeation of all formulations
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the intermolecular hydrogen bonds between flur-
biprofen molecules. This may be indicative of the
drug monomeric dispersion as a consequence of the
interaction with β-cyclodextrin, which could result
in its inclusion into the hydrophobic cavity of the
carrier. Selected photographs of pure components
and some representative binary products are pre-
sented in Figure 4. There was no appreciable modi-
fication in powder appearance, in comparison with
the original physical mixture and in kneaded prod-
uct. FTIR spectroscopy of the individual polymers,
drug and their mixtures showed that there was no

remarkable change in the peaks of the sample (Fig.
3) .This showed that there was no interaction
between the drug and polymers. Characterization of
the drug showed that the purity of the drug was up
to the standard level. The UV spectroscopy showed
that the maximum absorption wavelength of the
drug ñ flurbiprofen was 247 nm. Standard curve of
the drug in phosphate buffer pH 6.8 showed a
straight line with high value of regression coeffi-
cient (0.9998). 

All the fabricated patches were evaluated for
their physicochemical properties and in vitro release.

Figure 3. FTIR spectra of: (A) flurbiprofen, (B) β-cyclodextrin (C) physical mixture of flurbiprofen and β-cyclodextrin, (D) kneaded prod-
uct of flurbiprofen and β-cyclodextrin
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In the appearance, all medicated patches were
opaque and non-sticky except HPMC patch contain-
ing binary system which is sticky in nature. All for-
mulations were flexible in nature. These properties
indicated that the nature of the polymer played an
important role in appearance. As the bulk amount in
formulation increased, their thickness and mass also
increased because all other parameters were con-
stant. The pH of all patches were nearer to neutral
i.e., 7, that indicated that no irritation on the mucous
membrane could occur because the pH of the saliva
fluid is also nearer to neutral i.e., 6.8. Folding
endurance property was determined for the elasticity
of the patches. It was assumed that if the folding
endurance was more than 300 then the formulation
was said to have good elastic property. In all PVA
and HPMC patches, folding endurance was more
than 300 and in all SCMC patches folding endurance
was less than 300. As the time increased, the erosion
of the patches from the mucous membrane increased,

which was helpful to determine the in vitro residence
time. In polyvinyl alcohol and HPMC patches, the
residence time was more than 18 h and in SCMC
patches the residence time was less than 18 h. It indi-
cated that the bioadhesion bond between the polymer
and mucous membrane was good i.e., bioadhesion
force in PVA and HPMC patches was high. 

It was found that formulation containing
HPMC with β-CD had better release profile than
that of other formulations .Higher value of R and
lowest value of RSS was seen in the Peppas model.
Hence the best fit model was that of Peppas.

HPMC, PEG-600 and the drug-β-CD binary
system containing patches have good flexibility,
convenient thickness, prolonged in vitro residence
time, good swelling properties and higher value of
percentage drug release for a prolonged period of
time. Hence, it was found to be an effective system
for enhancing bioavailability and avoid GIT side
effects and bypass liver enzymes.

Figure 4. Optical microscopy (100◊) of: (A) β-cyclodextrin, (B) flurbiprofen, (C) kneaded product, (D) physical mixture
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