Anal., 2001, 26, 617.

13. Abdel-Hamid, M.E., J. Lig. Chromatogr. Relat. Technol., 2000,
23, 3095.

14. Werner, U., Werner, D., Mundkowski, R., Gillich, M. and Brune,
K., J. Chromatogr. B Biomed. Sci. Appl., 2001, 760, 83.

15. Werner, U., Werner, D., Pahl, A., Mundkowski, R., Gillich, M.
and Brune, K., Biomed. Chromatogr., 2002, 16, 56.

16. Vallano, P, Mazenko, R., Woolf, E. and Matuszewski, B., J.
Chromatogr. B Analyt. Technol. Biomed. Life. Sci., 2002, 779,
249. ’

17. Mao, B., Abrahim, A,, Ge, Z., Ellison, D.K., Hartman, R., Prabhu,
S.V., Reamer, R.A. and Wyvratt, J., J. Pharm. Biomed. Anal.,
2002, 28, 1101.

18. Rawat, S.and Jain, S. K., Indian J. Pharm. Sci., 2002, 64, 500.

19. Reddy, M.N., Murthy, T.K. and Kumar, S.M., Indian Drugs, 2002,
39, 39.

20. Indian Pharmacopoeia, 4th Edn., Vol. 1, Controller of Publica-
tion, New Delhi, 1996, A-178.

21. Indian Pharmacopoeia, 4th Edn., Vol. 1, Controller of Publica-
tion, New Delhi, 1996, A-192.

Design and Evaluation of Mucoadhesive Buccal Patches of Diclofenac Sodium

J. S. PATIL* AND K. P. RAO!
B.V.V. 8’s H. S. K. College of Pharmacy, Bagalkot-587 101.
'H. K. E’'s College of Pharmacy, Gulbarga-585 105.

Accepted 25 March 2003
Revised 6 February 2003
Received 4 December 2001

The goal of the present investigation was to design and evaluate mucoadhesive buccal patches
of diclofenac sodium, which is used as analgesic and antiinflammatory agent. Patches were fab-
ricated by casting technique with different polymer combinations and were evaluated for in vitro
release, bio-adhesion strength, duration of bioadhesion, folding endurance, surface pH and per-
centage of elongation. The release profile and test for adhesion were found to be the function of
the type ot polymer used.The formulation containing hydroxy propyl cellulose and carbapol 934 P

was found to give the better results.

The usage of most of the NSAIDS by oral route associ-
ated with potential disadvantages such as peptic ulceration
and gastric bleeding’. Diclofenac sodium is a new genera-
tion NSAID, which is widely used in the long-term treatment
of rheumatoid arthritis. Short biological half-life of 1-2 h ne-
cessitates multiple dosing for maintaining therapeutic etfect
throughout the day. Diclofenac sodium suffers from several
drawbacks like irritation, peptic ulceration and gastric bleed-
ing, this may eventually cause wall perforation. Such effects
usually are associated with chronic high dose treatment23,
There is also a substantial first pass effect, only about 50 %
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of drug is available systemically®. These severe drawbacks
create a potential need for development of mucoadhesive
patches, which are capable of avoiding the first pass effect
and gastrointestinal side effects with delayed release sys-
tem. The development of technology for release of drug at a
controlled rate in to systemic circulation using buccal cavity
as port of entry has become popular. In the present study
an attempt was made to design the mucoadhesive buccal
patches of diclofenac sodium with various polymers. The
patches were characterized by keeping uniformity, flexibil-
ity, clarity and homogenecity as the tools.

Diclofenac sodium IP and polymers such as carbapol-
934P, hydroxypropylmethyl cellulose (6 cps), hydroxypropyl
cellulose (HPC), sodium carboxymethy! cellulose and ethyl
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cellulose were obtained as gift sample from Zydus Cadila
Health Care Ltd, Ahmedabad.

Method of casting on the PVC and aluminum foil sur-
face was adopted for the preparation of patches. The patches
were prepared using various polymers in different composi-
tion (Table 1). Carbapol 934 P and diclofenac sodium were
dispersed in 30 ml of dichloromethane by continuous stir-
ring for 2 h. The other polymers were separately dispersed
in 15 m! of isopropyl alcohol and then two polymeric solu-
tions were mixed by stirring for about 2 h. Propylene glycol
(1 ml) was mixed with polymeric solution as a plasticizer
and was stirred for 4 h. The above mixture was taken into a
pipette and poured into plastic rings placed on two different
substrates namely a thin PVC sheet and aluminum foil and
it was allowed to dry at room temperature for 24 h, the dried
patches were removed slowly from the substrate surfaces.
The patches of 15 mm diameter were punched out so that
each patch contains 75 mg of diclofenac sodiums.

A simple apparatus was used for in vitro release study.
A 250 ml glass beaker was filled with isotonic phosphate
buffer, (IPB, pH 6.6) simulating the salivary pH. A strip of
mucosal membrane was washed with buffer solution and was
stabilized to wash out soluble components. After stabiliza-
tion the patch was fixed on the mucosal membrane and it
was tied with a thread to simple funnel in an inverted posi-
tion. The patch attached to the membrane was dipped into
the buffer solution into a flask in a position just below the
dissolution fluid. The flask was kept on magnetic stirrer, the
whole assembly was maintained at 37°. Samples were co!-
lected at fixed time intervals by replacing same volume of
dissolution fluid, samples with suitable dilutions were ana-
lyzed by using UV-spectrophotometer (Systronics-108) at
450 nm®. Samples collected from placebo patches were used

as blank.

The duration of bioadhesion was studied by measuring
the time required for the formulation to erode completely or
the time for which the formulation was maintained at its po-
sition without dislodging so bioadhesive strength is an in-
dex of adhesive strength of a film to the buccal mucosa till
the complete drug releases. Bioadhesive strength of the
patch was measured using a modified double beam balance
described by Gupta et al. Percentage elongation at break
was determined using universal testing machine as de-
scribed by Khanna et aP. The parameters fongitudinal strain
(LS, increase in length/initial length) and percentage elon-
gation at break (LSx100) were calculated. A small strip of
patch was cut evenly and repeatedly folded at the same place
till it broke. The number of times the film could be folded at
the same place without breaking gives the values of folding
endurance. The surface pH was measured by the method
similar to that used by Bottenberg et aP. A combined glass
electrode was used. The patches were kept in contact with
0.5 m! of distilled water for 1 h. pH was noted by bringing the
electrode near the surface of the patch and allowing it to
equilibrate for 1 min.

All the polymers used for the fabrication of patches gave
good quality films. Method of casting on the aluminum foil
was found to be satisfactory. Buccal films with different poly-
mers were transparent, smooth and flexible. Initially dummy
films were prepared in order to determine the best combi-
nation of polymers, plasticizers and solvents required to get
good formulations. Then, the formulations, which showed
complete homogenous, smooth, flexible and non-sticky were
selected for further studies and evaluated for in vitro drug
release, bioadhesion strength, surface pH, percentage elon-
gation and folding endurance. The results revealed that the

TABLE 1: COMPOSITION OF DIFFERENT MUCOADHESIVE FORMULATIONS.

Ingredients F

. F, F, F,
Diclofenac sodium 2250 mg 2250 mg 2250 mg : 2250 mg
Carbapol 934 P 200 mg 200 mg 200 mg 200 mg
Hydroxypropylmethylcellulose 150 mg — — —
Hydroxypropylcellulose | — _ — 150 mg
Ethyl cellulose — —_ 150 mg v —_
Sodium carboxymethylcellulose — 150 mg . — —
Propylene glycol ' 1 ml 1ml 1ml 1 ml
Isopropyl alcohol;dicloromethane (1: 2) 30 ml 30ml 30 ml 30 mi
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TABLE 2: DATA OBTAINED FROM EVALUATION OF MUCOADHESIVE FORMULATIONS.

Formulation Adhesion Bioadhesive Surface Folding Percent Tensile
Code Time (min)* Strength pH** Endurance** Elongation* Strength
(9)* (kg)*
F1 360 (0.26) 26.1 (0.05) 6.12 180 37.2 (0.21) 19.1 (0.35)
F2 321 (0.18) 20.2 (0.08) 6.20 168 40.0 (0.24) 19.0 (0.23)
F3 293 (0.11) 15.3 (0.15) 6.72 172 27.1 (0.16) 18.9 (0.55)
F4 308 (0.21) 11.1 (0.11) 6.42 163 36.4 (0.41) 18.5 (0.16)

Table 2 depicts the data obtained from evaluation of Mucoadhesive films. *Indicates the values are average of three observa-
tions, **Indicates the values are average of five observations, the numbers in parenthesis are standard deviation values.
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Fig 1: In vitro release profiles from different
mucoadhesive films.

In vitrorelease of diclofenac sodium from different poly-
meric mucoadhesive formulations, formulation F, (-a-),
formulation F,(-e-), formulation F, (-O-) and formulation
F,(-A-).

release of drug is depended on the polymer type as well as
on their concentration. Films containing HPC and carbapo!
934 P (Code-F)) released the drug in a sustained manner.
The rank order of the drug release from different formula-
tions is F,>F,>F >F_. Formulation F, showed 81% drug re-
lease at the end of 12 h, followed by F, (77.2%), F, (72.7%)
and F, {69.8%), respectively. The values of amount of drug
released at 12 h, with standard deviation are F, 77.2 % (0.27),
F,81.0(0.42), F, 69.8 (0.35) and F, 72.7 (0.38).

The bioadhesive strength of the formulations was found
to be dependent on the type of polymers used. Results show
that, the formulation F, (Carbopol934P and hydroxypropyl
cellulose) exhibited maximum bioadhesion strength. The
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order of bioadhesion strength for all formulations is
F >F,>F,>F,. The adhesion time for all the formulations was
in the range of 293 to 360 min, minimum adhesion time was
observed for the formulation F,. All the formulations showed
that the folding endurance is in the range of 163 to 180.The
surface pH was determined in order to investigate the pos-
sibility of any side effects, in the oral cavity. As acidic or
alkaline pH is bound to cause irritation to the buccal mu-
cosa. Attempt was made to keep the surface pH close to the
neutral pH. The surface pH of all formulations was found to
be within 1.5 units of neutral pH. The surface pH of all for-
mulations is very close to the neutral pH, hence it is as-
sumed that, these formulations cause no irritation in the oral
cavity. Flexibility of the film affects muco-adhesion'. Films
with good percentage elongation and tensile strength are
essential. Formulation F, showed maximum percentage elon-
gation and formulation F, showed minimum percentage elon-
gation. The rank order of the percentage ot elongation is
F,>F >F >F,. The results obtained in the present investiga-
tion indicate that the film containing Carbopo!l-934 and
hydroxypropyl cellulose could perhaps be considered as the
best among all other films prepared.
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A series of synthesized 4-N-substituted thiosemicarbazides and thiosemicarbazones were
screened for antibacterial activity. The compounds le and lla were most active compounds of the
series against Staphylococcus aureus and Escherichia coli.

Some new 1H indolo [3,2-clisoquinolin-5-
ylthiosemicarbazide and its derivatives were found to show
antibacterial, anthe!mintic, antiinflammatory and analgesic
activity'. Copper and zinc chelates of 4-(4n) substituted
thiosemicarbazones of 6-methyl-5-nitropyridine-2-
carboxaldehyde showed good activity against both gram
positive and gram negative bacteria?. Schiff and Mannich
bases derived from isatin derivatives and N-[4-(4'-
chlorophenyljthiol-2-yl thiosemicarbazides were investigated
for antimicrobial activity. Among the compound tested 1-{V,N-
dimethylaminomethyl}-5-bromoisatin-3-{1'-4’’-p-
‘chlorophenyl)thiaxol-2”-y1} thiosemicarbazone showed sig-
nificant antimicrobial activity®. New 4-acetyl-antipyrine-4-
alkyl/aryl-3-thiosemicarbazones were tested for invitro anti-
microbial activity*. A series of 3-benzylthiazolidine-2,4-dione-
4-thiosemicarbazones was synthesized as potential antimi-
crobial agentsS. In the view of these above compounds pos-
sessing antibacterial properties, a series of
thiosemicarbazides (la-e) and thiosemicarbazones (lla-e)
were synthesized by using different isothiocyanates and
screened for their antibacterial activity.

Equimolar quantity (0.1 mol) of cyclohexylisothiocya-

*For correspondence
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nate and hydrazine hydrate (2) was refluxed in ethanol for 1
h. The mixture was cooled, washed with pet. ether, dried
and crystalized from ethanol to yield 4-N-
cyclohexylthiosemicarbazide Ib. Equimolar quantity (0.05
mol) of 2-hydroxy acetophenone (1) and hydrazine hydrate
(2) was stirred for 5-10 min. The yellow solid obtained as 2-
hydroxyacetophenone hydrazone (3) was dissolved in 25 ml
of ethanol and refluxed with cyclohexyl isothiocyanate in
equimolar quantities (0.01 mol). The solid obtained was
washed with pet. ether and recrystalized from a mixture of
ethanol and acetone to give 2-[hydroxy] acetophenone-4-
N-(cyclohexy!) thiosemicarbazone llb (Scheme 1).

Two test strains of bacteria, S. aureus (NCTC 10418)
and E. coli (NCTC 6571) were used. The standard drug used
for comparison of test compounds were a disc of vancomy-
cin (for S. aureus) and ofloxacin (for E. col). A series of 4-N
substituted thiosemicarbazides (la-e) and
thiosemicarbazones (lla-e) were synthesized and charac-
terized by their melting point, TLC and IR data (Table 1). All
the compounds were screened for their antibacterial activ-
ity against S. aureus and E. coli by filter paper disc tech-
nique®. The results are presented as in Table 2. The antibac-
terial activity of 4-N- substituted thiosemicarbazides and
thiosemicarbazones was tested against S. aureus and E.
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