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Abstract

Diltiazem HCI (DTZ) is a calcium channel blockeredsn the treatment of hypertension and
angina (variant & classical angina). Diltiazem H®&s selected as a model drug for
investigation because of its suitable propertige half-life of 4.5 hrs, optimum partition
coefficient (158) and molecular weight (450.98) swarmulated onto buccoadhesive tablets
to overcome the limitations in the currently aviaiéadosage and routes of administration
which in sequence will increase patient's complean®ducoadhesive buccal tablets of
Diltiazem hydrochloride were prepared using carh®34d, Sodium carboxy methyl
cellulose (SCMC), Hydroxy propyl methyl celluloseélRMC) and sodium alginate as
mucoadhesive polymers. Ten formulations were d@eelowith varying concentrations of
polymers. Each formulated batch was subjected toows evaluation parameters. The
physical appearance of buccal patch was examineschgning electron microscopy. The
release behavior was non-Fickian controlled by anlmoation of diffusion and chain
relaxation mechanisms and best fitted zero-ordeetlds. All tablets were acceptable with
regard to thickness, weight variation, hardnesd,dimng content. The maximum bioadhesive
strength was observed in tablets formulated wite&MC followed by CP and CP-NaCMC.
Formulation F10 showed maximum release of 79% iou8h Formulation F8 showed
maximum swelling index of 3.7 after 8hours. Fornmiola F10 follows zero order drug
release. FTIR studies show no evidence on interadbetween drug and polymers. The
results indicate that suitable mucoadhesive butataets with desired properties could be
prepared.

Key Words: Mucoadhesive, Buccal patch, Diltiazem hydrochlariseechanical properties,
invitro studies, exivo studies.
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I ntroduction

Conventional routes of drug administration sucloras, intramuscular and intravenous have,
in many cases, been supplanted by the advent of newel drug delivery systems. The
systemic delivery of drugs through novel methodsadministration is one area in which
significant changes and improvements have been .madesequently, precise control of
drug input into the body by a variety of routesnmwv possible. Controlled and sustained
release formulations have been developed and areéngain popularity and medical
acceptance[l1]. Oral mucosal drug delivery is aera#itive method of systemic drug delivery
that offers several advantages over both injectadhel enterable methods[2]. Not all drugs,
however, can be administered through the oral naubegsause of the characteristics of the
oral mucosa and the physicochemical propertiesetitug.

Buccal delivery of drugs provides an attractiveemative to the oral route of drug
administration, particularly in overcoming deficté®s associated with the latter mode of
administration problems such as high first passabwism, drug degradation in harsh gastro
intestinal environment can be circumvented by adstenng a drug via buccal route[3-5].
More over buccal drug absorption can be terminptechptly in case of toxicity by removing
the dosage form from the buccal cavity. It is gi@ssible to administer the drug to patients
who cannot be dosed orally to prevent accidentallswing. Therefore mucoadhesive
dosage forms were suggested for oral drug delivérich includes adhesive tablets[6-8],
adhesive gels[9-10] and adhesive patches[11-12].

Diltiazem HCI (DTZ) is a calcium channel blocker{1d] used in the treatment of
hypertension and angina (variant & classical angldd. Diltiazem was selected as a model
drug for investigation because of its suitable prtps like half-life of 4.5 hrs, optimum
partition coefficient (158) and molecular weighb6(498) make it suitable for administration
by buccal route[16]. A suitable buccal drug deljwsystem should posse’s good bioadhesive
properties. So, that it can retain in oral cavily flesired duration and localize the dosage
form in a specific region and control the release of drug[17].

In present study, the mucoadhesive tablets wereloleed using hydrophilic polymers
(carbopol-934, HPMC, SCMC and Sodium alginate) ¢b gpntrolled and zero order drug
release.

The aim of this study was, design, development elmaracterization of a buccoadhesive
controlled-release tablet of DTZ using some selecpolymers like carbomer 934P (CP),
hydroxypropylmethyl cellulose K4M (HPMC), sodiungadate and sodium carboxymethyl
cellulose (NaCMC). Also the interaction betweenypmtrs and drug-polymers, bioadhesion
andin vitro release characteristics of DTZ from different medhesive matrix tablets was
evaluated to assess the suitability of such fortraria.

Material and Methods

Materials

The following materials were used:

Verapamil hydrochloride (Torrent Pharmaceuticalsd, LiIAhmedbad), Carbopol 934P
(S.D.Fine chemicals Ltd, Mumbai.), Methocel K4M fap Chemie Pvt. Ltd, Mumbai),
Sodium carboxymethyl cellulose (Loba Chemie Pvt, IMumbai), Sodium alginate (Loba
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Chemie Pvt. Ltd, Mumbai). All other chemicals, reaty and solvents were used are of A.R.
grade.

M ethods

Diltiazem hydrochloride calibration curve

Calibration curve of Diltiazem HCI was preparedngsbuffer pH 7.4 in the concentration
range of 1-1pg/ml. The drug was analyzed spectrophotometric@lly 1601 Shimadzu,
Japan) at 237 nm (regression coefficient r2 = 0498%uffer pH 6.8).

Drug-excipient interaction studies

Preformulation studies are very important for thecessful formulation of any dosage form.
Differential Scanning Calorimetry (DSC), Fourierafsform Infrared (FTIR) Spectroscopy
studies and HPTLC were used for the evaluation lofsigochemical compatibility and
interactions, which helps in the prediction of maigion of the drug with polymers, diluents
and lubricants used in case tablet formulationssitRe interactions sometimes have a
beneficial effect as far as desired release paemeire concerned. It is observed that 1:1
ratio of drug excipients maximizes the possibibfyinteraction and helps in easier detection
of incompatibilities[18]. Therefore, in the presetudy 1:1 ratio was used for preparation of
physical mixtures and analyzed for compatibilitydses.

Differential scanning Calorimetry (DSC)

Differential Scanning Calorimetry (DSC) studies wararried out using DSC 60, having
TA60 software, Shimadzu, Japan. The instrumentely wersatile as far interaction and
compatibility studies at pre-formulation stage veasmcerned and used to evaluate melting
point, enthalpy changes and glass transition teatpeys of drug with excipients and
polymers. Diltiazem Hydrochloride was mixed witretaxcipients and the DSC analysis of
each sample under the analogous conditions of tertyse range 40 —300° C, heating rate
10°C/min, nitrogen atmosphere (20ml/min) and alaras reference. Differential Scanning
Calorimetry (DSC) was performed on pure drug, eecis and composition of final
formulation. DSC measurements were done on a SkmB&C-60 and samples were heated
at the rate of 10°C min-1.The samples were heatad aluminum cup up to 300°C.

Fourier transform infrared (FTIR)

FTIR studies are very helpful in the evaluatiordnig—polymer interaction studies. If there is
any incompatibility between the drugs and excigethese can be predicted by changes in
the functional peaks (characteristic wave numbeBsjfuse reflectance technique was
used(400 to 4000 cm-1), drug and various polymesevthoroughly mixed with 300mg of
potassium bromide, compressed and the spectrunoltased by placing the thin pellet in
light path.

HPTL C technique[19]

TLC technique is a non thermal technique very helpf the evaluation of drug polymer
interaction studies. If there is any interactionws®en the drug and excipients, there can be
determined by change in the Rf value. High perforoeathin layer chromatography
(HPTLC) chromatogram data’s were taken on a CAMAGtrument to find out the
incompatibility of the drug with excipients usedtive formulation. HPTLC chromatogram of
the drug and composition of final formulation werstained by using the composition of
acetic acid: water: methylene chloride: ethanol3{110:12,v/v) as mobile phase on precoated
silica gel F254 plates used as stationary phase.

50
Scholar Research Library



Ravi kumar et al Der Pharmacia Lettre 2010: 2 (1) 48-60

Formulation of buccoadhesive tablets

Controlled-release buccoadhesive tablets were prdday direct compression method using
the formula shown in Table 1. Different ratios afleopol-934, HPMC, NaCMC and sodium

alginate fixed amount of DTZ and 1% magnesium steawere passed through a No. 85
sieve and mixed in mortar with a pestle to obtairiarm mixing. The blended powders were
compressed into tablets using 8mm flat faced pucfiRimek Minipress, Karunavati Eng.

Ltd, Ahmedabad). The mass of tablets were detexdnuseng Digital balance (Shimdazu,

Japan) and thickness of tablets with a digital 8d&auge (Mitatyo, Japan).

Table 1: Formulation of buccoadhesive Diltiazem hydrochloride tablets

I ngredients F1 F2 F3 F4 F5 F6 F7 F8 F9 | F10
(mg)

Diltiazem HCI 30 30 30 30 30 30 3( 30 30 30
CpP* 100 -- -- -- 80 50 -- 80 -1 30
Na CMC* 100 -- -- 20 80 -- 50| 40
HPMC* -- -- 100 -- 50 -- -- 50| 30
Sodium alginate - - -- 100 - -- 20 20 - -
Mannitol 18 18 18 18 18 18 18 18 18 18
Magnesium stearate 2 2 2 2 2 2 2 2 2 2

*HPMC:hydroxypropylmethyl cellulose; CP:carb®d984P; NaCMC:sodium carboxymethyl cellulose

Evaluation of physical properties of mucoadhesive tablets

Assay of Diltiazem Hydrochloride

Twenty tablets were taken and powdered; powdervatgnt to one tablet was taken and

allowed to dissolve in 100ml of water on a rotahalser overnight. The suspension was

centrifuged and supernatant liquid was collecteditae absorbance was measured using (UV
1601 Shimadzu, Japan) at 237 nm.

General Appearance

Five tablets from different batches were randoneliested and organoleptic properties such
as color, odor, taste, shape, were evaluated. Appea was judged visually.

Very good (+++), good (++), fair (+) poor (-), veppor (- -).

Thickness and diameter
Thickness and diameter of tablets were determirsgaguVernier caliper. Five tablets from
each batch were used, and an average value wasatett

Hardness
For each formulation, the hardness of five tablets determined using the Monsanto
hardness tester (Cadmach).
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Swelling studies[20]

The tablets of each formulation were weighed irdirnally (W1) and placed separately in
Petri-dishes containing 2% Agar gel. At regulaemagls (1, 2, 3, 4, 5, 6, 7 and 8 hours) the
tablets were removed from Petri dishes and excassrwemoved carefully using filter paper.
The swollen tablets were re-weighed (W2); the anglindex of each formulation calculated
by using this formula.

Swelling Index (S.1.) =W1-W2/ W1

In-Vitro Release Studies [21]

The drug release rate from buccal tablets was edudsing the USP (ll) dissolution test
apparatus (Lab India dissolution test apparatusdi000). The assembly is kept in a
jacketed vessel of water maintained at 37+10C. Bluablet was made to stick on bottom of
the flask (so as to allow one sided release fraaradblet). The beaker is filled with 250ml of
mixed phosphate buffer pH 6.8. The vessel maintkatesOrpm under stirring conditions by
means of paddle fabricated for purpose in dissmudipparatus. At various intervals of time,
samples were withdrawn and filtered through whaiméler paper no.42. It is replaced

immediately with equal amount of fresh buffer. Thamples are then analyzed U.V.
spectrophotometrically at 237 nm up to 8hours.

Bioadhesion experiments

M odified two-ar m balance method[22]

Two-arm balance method reported by Parodi with mimodifications was also used to
check and to validate the results of the aforereeti modified tensiometry method and the
correlation between the results obtained from thegsetechniques was established. Briefly,
buccal mucosa section (2-mm thick, 2x2 cm) wasdfie@ the bottom of smaller beaker
attached to the bigger beaker. Krebs solution wldea@ to the beaker up to the upper surface
of the buccal mucosa. A tablet was attached taigpeer clamp and the platform was slowly
raised until the tablet surface came in contadh witicosa. After a preload time of 5 minutes,
water was added to the polypropylene botitteil the tablet was detached from the buccal
mucosa. The water collected in the bottle was nredsand expressed as weigh (g) required
for the detachment[23-24]. The schematic arrangéwofethe apparatus shown in figure 1.

Figure 1: Modified apparatusfor in vitro bioadhesion test
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Drug release kinetic study

To describe the kinetics of the drug release frobenrhatrix base buccal patch of optimized
batch F10, mathematical models such as zero-ofidstr,order, Higuchi, Hixson-Crowell,
Korsmeyer-Peppas models are were use. The critéoioselecting the most appropriate
model was chosen on the basis of the goodnesstiesfi

Scanning electron micr oscopy

Optimized Tablet formulation (F10) morphology wasakacterized by scanning electron
microscopy. Samples were mounted on round brass filPmm diameter) using double-
backed adhesive tape and then sputter coated fimn&t 1.1 LV under argon atmosphere
with gold palladium before examination under thansgng electron microscope (JEOL JSM-
6100 Scanning Electron Microscope, Japan). The emagere captured on an liford PANF
50 black and white 35mm film.

Results and Discussion

Bioadhesive delivery systems have received coradierattention to provide an attractive
alternate to the oral route of drug administratiparticularly in overcoming deficiencies

associated with the oral administration. It haseigat accessibility, an expanse of smooth
muscle and relatively immobile mucosa, hence sl@tidy administration of retentive dosage
forms. The direct entry of the drug into the systeairculation avoids the first-pass hepatic
metabolism leading to increase in bioavailability.

Drug excipient Compatibility study
Drug excipient compatibility studies were carriedt @ check whether any compatibility
related problems are associated between drug ampients used in the formulations.

Differential Scanning Calorimetry (DSC)

DSC results revealed that the physical mixtureDitiazem with excipients showed
superimposition of the thermograms. There is nosiciamable change observed in melting
endotherm. DSC study reveals that there was neaictien took place between the drug and
the polymer. The DSC thermograms are shown in Eigur

Figure2: DSC Thermogram
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A. DSC thermogram of Pure DTZ; DSC thermogram of DTZarbopol (1:1); DSC thermogram of DTZ:
Methocel (1:1)
B. DSC thermogram of DTZ: sodium alginate (1:1); D&€rimogram of DTZ: sodium CMC (1:1)
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Fourier transform infrared (FTIR) study

Diltiazem Hydrochloride contains two carbonyl grsughows the values around 1679 and
1745 cm-1. Infrared studies reveal that both clhiarestic bands around 1679 and 1745 cm-1
were present in all spectra. While no new bandshdt in characteristic peaks appeared. IR
spectra are shown in Figure 3.

Figure 3: FTIR spectra of drug and physical mixtures of drug and excipients
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HPTLC study

HPTLC technique, Rf value for the drug was aro0rkb. HPTLC studies revealed that the
Rf values obtained for the drug and excipient nrxtuwere around 0.75. HPTLC
chromatograms are shown in Figure 4 and 5.

Figure4: HPTLC chromatogram of Diltiazem hydrochloride
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Figure5: HPTL C chromatogram of DTZ and physical mixtures of drug and excipients

i
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From the DSC, FTIR and HPTLC results revealed thate is no interaction between the
drug and the excipients used in the formulation.

Physical characteristics of buccoadhesive tablets of DTZ

Bioadhesive polymers such as CP, HPMC, sodium allgiand NaCMC are suitable for use

in buccoadhesive preparations because by uptakeatet, can stick to the oral mucosa, and
control the drug release while they resist salorgttongue movement and swallowing for a

significant period of time. The results of physicalracteristics of prepared buccoadhesive
tablets of DTZ are shown in Table2. All the tabletspared were of good in appearance.

The buccoadhesive tablets showed uniform thicktiessighout, in the range of 2.10-2.16
mm. No significant difference in the weight and ot of individual formulations from the

average value was observed and variations werenwtitle limits. The drug contents in the
buccoadhesive tablets were also within the lim@&i{78 -101.54%.

Table 2: Physical characteristics of buccoadhesive tabletsof DTZ

Formulation | Thickness | Hardness | Content Weight % Appearance
Code (mm) uniformity | uniformity | drug
(mg) ( mg) content
(%)
F1 2.11+0.08| 6.5+0.15 31.2+0.5 151.1+10.899.23 +++
F2 2.10+0.11| 4.0+0.13| 30.1+0.75 149.2+11.300.12 ++
F3 2.13+0.15| 4.5£0.20| 29.5+0.62 154.2+12.401.54 +
F4 2.15+013 | 4.3+0.15| 28.3+x0.85 152.1+17.598.78 +++
F5 2.10+0.15| 5.8+0.16| 29.5+0.81 149.3+16.299.65 +
F6 2.12+0.14| 5.4+0.21| 30.3+0.45 151.6+14.699.87 ++
F7 2.10+0.16| 4.5+0.15| 29.1+0.32 150.3+12.001.23 ++
F8 2.13+0.11| 5.8+0.14| 30.1+0.85 154.3+14.200.12 +++
F9 2.14+0.12| 5.9+0.21| 31.2+0.74 153.5%£16.801.21 +
F10 2.16+0.13| 6.1+0.18| 30.5+0.69 149.3+17.599.45 +++
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Hardness of buccoadhesive tablets varied with uariatios and type of polymers and was
less for formulations containing NaCMC alone. NaCMCa hygroscopic material which
under high humidity conditions can absorb a largangty (>50%) of water. In tablets, this
phenomenon is associated with a decrease in fadldhess and an increase in disintegration
time (47). The hardness of tablets containing ddGCMC was lower and increased by
increase in the amount of CP or HPMC in the forrioha Tablets containing CP exhibited
greater hardness which decreased by increase amtbant of HPMC. The differences in the
tablet hardness did not affect the release of tug drom hydrophilic matrices which is
released by diffusion through the gel layer anddoosion of this layer and is therefore
independent of the dry state of the tablet [25].

Bioadhesion properties

Figure6: In vitro bioadhesion study of prepared buccoadhesive tablets, using M odified
balance method
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Figure 6 shows the adhesion force of CP-HPMC, CEMIE@ and NaCMC-HPMC tablets to
the bovine mucosa at various mixing ratios of tbymers. The bioadhesion characteristics
were affected by the type and ratio of the bioamieepolymers. The highest detachment
force was observed with the formulation F2 followleg F1, F5 and F10 .However, the
bioadhesion differences between F5 and F10 did reath a significant level . The
detachment forces of CP-NaCMC were greater thasetbd CP-HPMC and NaCMC-HPMC,
CP-sodium alginate and NaCMC-Sodium alginate atlairmixing ratios. Decreases in the
amount of CP in tablets containing CP-HPMC or NaChit@i in systems containing CP-
NaCMC or NaCMC-HPMC resulted in decrease in theaclehent forces[26-27]The
adhesion force in the formulation F6 at a weightioreof 1:1 of CP-HPMC was
improportionally less than those with other mixingtios in this group. This could be
attributed to a possible interpolymer complex fatiora between CP and HPMC which in
turn inhibited, at least in part, the adhesion éoof the tablet. This type of interaction results
from hydrogen binding between the OH groups of HPMT the carbonyl groups of CP in
the acidic medium. The detachment forces of talét€P-NaCMC and Na CMC-HPMC
decreased by decrease in the amount of NaCMC.
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In-Vitro Swelling Studies

The swelling behavior of a buccal adhesive systamiimportant property for uniform and
prolonged release of drug and bioadhesiveness.aghe plate model used in this study
simulates the secreting fluid around the buccal asacwhich is required for adhesion,
swelling and release of the drug from tablets. Jelling index of mucoadhesive tablets for
a period of 8hours was studied. The values obtaaseshown in the figure 7. It is evident that
an increase in the amount of carbopol-934 causesease in swelling index, in case of
SCMC and sodium alginate. Among all the formulatidR8 showed highest value of 3.7 and
F10 with lowest value of 2.2 swelling index at enfl 8hours.The polymers showed
significant differences in their swelling indices ithe order of NaCMC > CP >

HPMC>sodium alginate.

Figure7: Swelling index of buccoadhesive tablets containing different ratios of polymers
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In-Vitro Drug Release Studies

The Release of DTZ from buccal tablets varied atiogrto type and ratio of matrix forming
polymers. The drug release was governed by amdumiatix forming polymers. The most
important factor affecting the rate of release frlomecal tablets is the drug and polymer ratio.
As increase in the polymer concentration incredkesviscosity of the gel as well as the
formation of gel layer with longer diffusional patfihis could cause a decrease in the
effective diffusion co-efficient of drug and thewed reduction in drug release rate. CP is
more hydrophilic than HPMC and if it is added ighiratios causes high release rates. The
swelling values and the release rate of DTZ, agated by greater mean dissolution time
(MDT), from the matrices with CP-NaCMC or NaCMC-HRMincreased by an increase in
NaCMC content. Swelling and eroding of NaCMC expdaihe relatively high release rates
of DTZ from formulations containing this compoundithough matrices containing CP-
NaCMC exhibited maximum swelling values, they shd@wver release rates which could
be attributed to higher hydrophilicity and watertake of CP and NaCMC compared to
HPMC, which produces a water-swollen gel-like stdtat may substantially reduce the
penetration of dissolution medium into the tabletsl as a result the drug release rate.
Among the ten formulations, F10 (SCMC, HPMC as @ordary polymer) showed highest
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drug release (79% at the end of 8 hrs) and it9e hlghest among ten formulations. This is
probably due to high gelling property of HPMC an&.Clablets from F5 (SCMC, as a
secondary polymer), F8 (sodium alginate as a seggnplolymer) and F9 (HPMC, as a
secondary polymer) and showed a maximum releagb,of6 & 73 % respectively in 8hours.
The results are shown in figure 8.

Figure8: In vitro cumulativerelease profiles of DTZ from sustained r elease buccal
adhesive tablets containing different ratios of polymers
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Selection of optimized formulation

Based orin vitro release and Bioadhesion study studies formulatidhwas selected as the

best formulation. Formulation F10 showed maximunngdelease (79% at the end of 8 hrs).
Formulations F10 were showed the least detachmertte fduring bioadhesion study,

therefore formulation F1Owas selected as best flaton and subjected for further

investigation.

Release kinetic analysis of optimized for mulation (F10)

The release exponent (Table 3) in optimized fortmma(F10) is significantly greater than
0.5, which indicates anomalous (non-Fickian) dregase. When liquid diffusion rate and
polymer relaxation rate are of the same order ofjmtade, anomalous or non-Fickian
diffusion is considered (46). Value of n was gre#tan 1 for tablets containing CP-NaCMC-
HPMC (F10) than the other group of polymers. THisayvation could be attributed to the
high swelling nature of these polymers which isagcordance with the higher swelling
indices observed for these formulations. To study telease kinetics of DTZ from the
tablets, different kinetic equations were appliedterpret the release rate from the matrices.
In the present study, the linear nature of the esirebtained for zero-order, first order,
Higuchi model and Hixon-Crowel model as demonsttdige very close and higher r squared
values. When the higher correlation coefficientueal are considered, the release data seem
to fit better with the zero order kinetics. Therefothe release rate is independent of its
concentration or amount of drug incorporated in fhenulation. There is almost a good
coincidence with the results obtained from the @qnaof Korsmeyer-Peppas in which n
value is nearly 1 and the best fitted equation fafDrelease, according to the zero-order
and/or first-order release kinetics. According tagwthi model, the drug release from
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insoluble matrix is directly proportional to squam@ot of time and is based on Fickian
diffusion. Smaller correlation coefficient observéat Hixon-Crowell cube roots model
indicates that the possibility of a change in stefarea or the diameter of the tablets with
time are less likely in the release mechanism.rékalts are shown in table 3.

Table 3: Results of the release kinetics of optimized buccoadhesive tablets of DTZ

Tablets
Formulation | n r? MDT | KO r2 r2 r2 r2
(hr) (mg/h) | Zero- | First- | Higuchi | Hixon-
order | order Crowsd
F10 1.15 | 0.9968 11.4 3.20 | 0.9956 0.9948 0.9569 | 0.9943

Scanning Electron Microscopy of optimized batch (F10)

The Scanning Electron Microscopy (SEM) study ofimpted batch was found at different
set. The SEM photograph of optimized batch F10 wsrewn in figure 9. The SEM
photograph (figure 9 a) indicates the uniform disme of polymeric solution with drug
molecule and the SCMC, CP and HPMC based tabtetrsiporous surface, which may be
suitable for the matrix system (figure 9b) .

Fig. 9: Scanning Electron Microscopy of optimized DTZ buccoadhesive tablet (F10)

(A) SEM shows uniform dispersion of drug with polymers.
(B) SEM shows porous surface on tablets

Conclusion

A new buccoadhesive system for the controlled selez DTZ was developed by using CP,
NaCMC and HPMC in appropriate ratios. The releas® of DTZ from tablets was
significantly affected by the type and changeshia polymer mixing ratios. F2 containing
sodium CMC shows satisfactory mucoadhesive praggertrormulation F8 containing CP:
sodium alginate showed significant swelling projestt Formulation F10 containing CP:
HPMC: NaCMC showed optimum release profile and doble useful for buccal
administration of DTZ. Based an vitro release and Bioadhesion study studies formulation
F10 was selected as the best formulation. Furthank vis recommended to support its
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efficacy claims by long term Pharmacokinetic andarffacodynamic studies in human
beings.
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