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ABSTRACT

Mucoadhesive polymer owing to its binding capaeiith gastric mucin prolongs the gastricresidenamdiand
thereby increases bioavailability. In the preseesearch work an attempt was made to formulate eraduate
mucoadhesive matrix tablets of carvedilol. Mat@blets were prepared by direct compression techgyolasing
different types and levels of polymers viz. HPMOMMPMC E5, etc alone and in combinations. Compdss
tablets were evaluated for thickness, friabilitgrdiness, uniformity of weight, and in vitro dissa@uo studies. These
studies indicates that the drug release can be hatell by varying the concentrations of polymersvds observed
that combination of both the polymers in equal @niations exhibits the best release profile anteab sustain
the drug release for 10hrs. Formulataion F11 shdhe optimum mucoadhesive strength with drug releegsen
compared to all other formulations in the test.ltty studies revealed that all the formulationasvfound to be
stable under accelerated stability studies.

Keywords: carvedilol mucoadhesive matrix tablets, HPMC E5MAPK100M, gastric residence time.

INTRODUCTION

Oral route of drug administration is the ideal, wemient and preferred route[1l]. Conventional oraligd
administration does not generally offer target #jm#y or rate-controlled release. In controlledlgase drug
delivery systems (CRDDSSs), an active therapeutiodsrporated in the network structure of the padyrim such a
way that the drug is released in a predefined obatt manner. Prolonging gastric residence timeT iR the most
important objective of CRDDSs as short GRT is th@am hindrance in the development of CRDDSs [2]e Th
prolonged residence time of the drug in the bodyétieved to prolong its duration of action.Mucoesitre
controlled drug delivery systems offer several atlages over other CR systems since they provident&ratled
drug release over time and target and localizeltisage form to a specific site. Mucoadhesive deliyery devices
can be applied to any mucosal tissue in the bowjuding the gastrointestinal, ocular, respiratdiyccal, nasal,
rectal, urethral and vaginal path [3].Carvedilolasnonselective beta blocker/alpha-1 blocker inditan the
treatment of mild to severe congestive heart failf@HF) and high blood pressure. Carvedilol wasalisred by
Fritz Wiedemann at Boehringer Ingelheffit has had a significant role in the treatmentafigestive heart failure.
Carvedilol (Carvil) is available at the followingses 3.125 mg (smallest), followed by 6.25 mg,h2g5 and 25 mg
white tablets.
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MATERIALS AND METHODS

Materials:

Carvedilol (MSN Laboratories,India), HydroxypropWethylcellulose E5 (Colorcon Asia, Goa), Hydroxypyb
Methylcellulose K100M (Colorcon Asia, Goa), Hydygmxopyl Methylcellulose K100M (FMC Bio polymer, Ira)i,
Polyvinylpyrrolidone K- 30 (FMC Bio polymer,Indiaodium starch glycolate (Ameshi drugs, India),ebily
compressible lactose DCL-22 (FMC Bio polymer, Indiagnesium stearate (NitikaPharma, India), Hytloxdc
acid (Rankem, India), Sodium hydroxide (Rankerdjdh Potassium dihydrogen phosphate (Rankema)ndi

Compatibility Studies

The drug-excipient compatibility studies were cadriout using Fourier Transform Infrared Spectropheter
(FTIR).Infrared spectra of pure drug and mixturelnfg and mixture of drug and excipients were réedr A base
line correction was made using dried potassium benand then the spectra of the dried mixture afgdr
formulation mixture and potassium bromide were réded on FTIR.The FTIR spectra of carvedilol aloma a
carvedilol with different excipients were measurasing ATR FTIR spectrophotometer (8400S, Shimadzu,
Japan).ATR spectra were recorded over the wave eumamge of 4000-500 cm-1 at a resolution 1.0 criifie
powder is simply placed onto the ATR crystal anelshmple spectrum is collected.

Method of preparation of mucoadhesive matrix tablés of carvedilol:

The granules were prepared by wet granulation nde#fsoper formula given in the Table (twenty tabfetseach
formulation). The drug carvedilol, hydrophilic pater (HPMC K100M, HPMC E5), and mucoadhesive polymer
sodium carboxy methyl cellulose were passed thraighe 40# separately and blended thoroughly. Agteper
mixing slowly add the binding solution containingf® K-30 in IPA (Iso propyl alcohol) till fine unifon granules
were obtained. The wet mass is now passed thrdagh $6# and dried at 50 °C for 30 minutes to betrhoisture
content less than one. Then lubricate the driedudes with magnesium sterate which were alreadgquhthrough
sieve 40#. Then lubricated granules were compresseddmach tablet punch machine for all formutetiavith 8
mm diameter. The formulations containing variouscpetages of polymers were shown in Table 1 and 2.

Table 1: Composition of mucoadhesive matrix tabletéall quantities in mg) (F1-F8)

Formulation code F1 F2 F3 F4 F5 F6 F7 F8
Carvedilol 125 125 125 125 125 125 125 125
HPMC E5 75 50 25 - 25 25
HPMC K100M - - 75 50 25 25 50
Carboxy methyl cellulose 30 30 30 30 30 30 30 30
PVP K30 20 20 20 250 20 20 20 20
Magnesium stearate 10 10 10 10 10 10 10 10
Lactose 525 775 1025 525 175 1025 775 525
Total weight 200 200 200 200 140 200 200 200

Table2: Composition of mucoadhesive matrix tabletgall quantities in mg) (F9-F16)

Formulation code F9 F10 F11 F12 F13 F14 F15 F16
Carvedilol 125 125 125 125 125 125 125 125
HPMC E5 50 50 25 25 25 25 50 50
HPMC K100M 25 50 25 25 25 50 25 50
Carboxy methyl cellulos  3C 30 40 45 6C 60 6C 60

PVP K30 20 20 20 20 20 20 20 20
Magnesium stearate 10 10 10 10 10 10 10 10
Lactose 525 275 675 625 475 225 225

Total weight 200 200 200 200 200 200 200 200

Evaluation of mucoadhesive matrix tablets of carveitbl :

The physical evaluation tests for the mucoadhesibiets of all the formulations were performed amehn values
were calculated. Weight variation analysis was doypaveighing 20 tablets individually, the averageigiht was
calculated and % variation of each tablet fromakerage weight of tablets was calculated. Hardaedsfriability

of the mucoadhesive tablet formulations were evatliaising Monsanto hardness tester and Roche l&iabi
respectively
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Drug content’:

a) Standard Stock solution:

Accurately weighed 100 mg of carvedilol it was dised in 100 ml of different buffers (1.2pH 0.1N HC
separately. The resultant solutions were havingeotation of 1000 pg/ml (1 mg/ml). 10 ml of thes#utions

were further diluted up to 100.0 ml with buffer atedgive a solution of Concentrations 100 pg/mlisTiesultant
solution is used as working stock solution for ffiert study. Further dilutions were prepared fromdeme solution.

b) Preparation of caliberation curve for carvedilol

Pipette out appropriate aliquots from the standdodk solution into a series of 10 ml volumetriasks. And the
volume was made up to the mark with the buffegéd a set of solutions having the concentratiorgeaaf

4,8,12,16,20,24,28,32 and36 pg/ml for carvedildsérbances of the above solutions were measur2¢ilam and
a calibration curve of absorbance against concémiravas plotted and the drug follows the Beemd Lambert’s
law in the concentration range of 2-10 pg/ml. Tégression equation and correlation coefficient determined.

For determining drug content, weigh and powderlieta, from this accurately a quantity of powdeuigglent to
100mg of carvedilol and transfer it in to 100ml woletric flask and dissolve it in 2700ml of metharidie resultant
solution was analyzed spectrophotometrically atn?4.1

In vitro mucoadhesive strength determination[4]:

Thein vitro mucoadhesive strength of tablet was measured wisth sftomach mucosa, using a modified physical
balance. On one side of the balance, a rubber rdosed with thread was attached and on other siupty
polythene bag was attached. Goat stomach mucosaoktased from a local slaughter house and stomed i
phosphate buffer pH 6.8 upon collection. The experits were performed within 3 h of collection odrsaich
mucosa which has been separated from sheep stomaelgoat stomach mucosa was fixed to the operfirigeo
glass vial with thread and then placed in a beakeli, packed. Phosphate buffer pH 6.8 was addexdthe beaker
up to the upper surface of the buccal mucosa tataiaied stomach mucosal viability during the experit. The
tablet was sticked to the rubber closure with cyangate glue, then the beaker was raised slowtif oantact
between goat stomach mucosa and tablet was ebdhlid preload of 5 gm was placed on the clampbfonin
(preload time) to establish adhesion bonding betvieblet and goat stomach mucosa. The preloadiere kept
constant for all the formulations. After completiohthe preload time, preload was removed fromdifaenp and
water was then added in the polythene bag by @ipettrop-wise manner, at a constant rate. Theweifywater
required to detach tablet from stomach mucosa wésdras in vitro mucoadhesive strength, and thegerinents
were repeated with fresh mucosa in an identicalmaanThe modified physical balance farvitro mucoadhesive
strength determination consisting of polythene t@y one side) and rubber closure for attachmeritbolet (on
other side).

The mucoadhesive force, expressed as the detaclsinesd in dyne/cm2 was determined using folloveqgation:
Detachment stress (dyne/cm?2) = mg/A

Where, m = Weight of water added to polythene begyams;
G = Acceleration due to gravity taken as 980 cnifsec
A = Area of the tissue exposed and is equatto

Dimensional stability[5]:

The dimensional stability of all formulations westidied by using USP dissolution Apparatus Il. Tissolution
medium was 0.1N HCL and the volume being 900ml,témeperature was maintained af@7The rotation speed
was 100rpm. The dimensional stability of mucoadresanatrix tablet was observed visually.

Drug release study:

Three tablets of each formulation were used in rélease experiment. The release rates of carveditok
determined using USP apparatus | (basket apparat&fC in 900ml of 0.1N HCL solution (pH, 1.2) with the
rotaion speed of 100 rpm. At appropriate time was 0.25, 0.5, 1, 2, 3, 4, 6, 8, 10, 12h, 5ml afple was
withdrawn and an equal volume of medium was addedeep the volume constant. Sample were analyzed
spectrophotometrically at 241nm.
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Accelerated stability study of optimized formulatians[6,7]:

Accelerated stability study was carried out forimzed formulations, to assess its stability as @ guidelines.
The optimized formulation were wrapped in the laaéd aluminium foils and was placed in the acctdera
stability chamber (6CHM-GMP, Remy ilnstrument Litumbai) at elevated temperature and humidity candibf
40°C/ 75%RH and a control sample was placed at aniamtdondition for a period of months. Sampling wase
at a predetermined time of initial 0, 1, 2 and 3nths interval respectively. At the end of studynptes were
analyzed for the drug content, in vitro drug retepsofile and other physicochemical parameters.

RESULTS AND DISCUSSION

Construction of Standard Graph:

Table 3: Carvedilol Standard graph in 0.1 N HCI

S.No Concentration (mcg/ml)  Absorbance(nm)

1 4 0.129
2 8 0.205
3 12 0.307
4 16 0.412
5 20 0.518
6 24 0.650
7 28 0.753
8 32 0.89¢

9 36 0.995

=
Lanl V)

0.8

v=0.027x-0.009
R2=0.007

Absorbance (nm)
o o
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Figure 1: The standard calibration curve of carvediol in 0.1 N HCI

Calibration curve of carvedilol was constructed taking 0.1HCL as medium.Graph is plotted by taking
concentration on x-axis and absorbance on y-axis.

Fig.4,5 shows the IR spectra of pure carvedilol eadvedilol excipient mixtures in 1:1M. The candetishowed IR
absorption bands at 3338 cm-1 for N-H stretchintge @bsorption band at 2920 cm-1 was denoted for (Geldls)
stretching.

The band at 1338 cm-1 was denoted for OH sharpcbing. The band at 1589 cm-1 was denoted for N-H
stretching in chain. Band at 1212 cm-1 was denfied-C stretching and the band at 1095 cm-1 wasCiN
stretching.

All these characteristic peaks of carvedilol welsearved in IR spectra of drug-excipient mixturesoalThese
characteristic IR absorption bands of carvedilotenal retained in the presence of the selectetbexts indicates
that there is no in situ interaction between thwedilol and excipients.
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Figure 3: IR Spectra of Carvedilol with polymeric mixture

Table 4: Evaluation of Carvedilol Mucoadhesive Matix tablet

Formulation ~ Weight Variation (mg) n=20 Thickness (mm) n=10 Hardness (N) n=10 Friability (%)

F1 201.10+1.24 3.20+0.1 80 N + 10N 0.21
F2 202.15+1.11 3.20+0.1 80N *+ 12N 0.11
F3 201.24+1.27 3.20+0.1 8ON+9 N 0.25
Fa 200.24+1.1 3.20+0.: 80 N £ 11p 0.1t

F5 201.10+1.24 3.21+0.2 80 N + 10N 0.21
F6 202.15+1.11 3.2040.3 80N = 12N 0.11
F7 201.24+1.27 3.22#0.5 8ON+9N 0.25
F8 203.24+1.19 3.20+0.4 80N =+11IN 0.15
F9 202.10+1.24 3.22+0.5 80 N + 10N 0.26
F10 202.15+1.11 3.21+0.2 80N + 11N 0.24
F11 201.24+1.27 3.20+0.4 8ON+9 N 0.11
F12 210.24+1.19 3.21+0.5 80 N £ 12N 0.28
F13 200.10+1.24 3.20+0.4 80 N + 10N 0.24
F14 202.20+1.11 3.20+0.1 80N + 10N 0.13
F15 201.24+1.53 3.20+0.1 8ON+9 N 0.24
F16 203.24+1.21 3.21+0.2 80 N + 8N 0.18

X=mean; £+SD; n=3

The thickness of the tablets range from 4.46-5.6% nespectively, The diameter of the tablet is ia thnge 12.98-
13.03mm. There is no variation in tablet thicknasd diameter between the formulations. Resultgiaen in table
3. Hardness of tablet was within the range andmyti for controlled release, and ranges from 7.8kg/2nf for
all F1-F16 formulations. The friability of all foratation ranges from 0.089-0.198%w/w and passesasPplimit
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should not be more when 10%w/w. All formulation weomplying with the official test the values wegigen in
table 3.

Table 5: Evaluation parameters for Carvedilol mucoahesive matrix tablet

Formulation  Detachment force (Dyne/Cm2) Adhesion retention period (Hr)  Drug Content (%) Dimensional stability

F1 1398.29 10 99.63+0.06 Excellent
F2 1255.7¢ 9.t 99.7910.0: Excellen

F3 1131.01 9 99.44+0.05 Very good
F4 1480.52 105 99.37+0.10 Excellent
F5 1420.6¢ 10 99.19+0.1 Excellen

F6 1377.25 10 99.63+0.13 Excellent
F7 1325.78 10.5 99.47+0.09 Very good
F8 1443.58 11 99.34+0.10 Excellent
F9 1368.96 11.25 99.52+0.09 Excellent
F10 1584.99 11.5 99.29+0.06 Excellent
F11 1510.85 >12 99.46+0.13 Excellent
F12 1625.4 >12 99.39+0.09 Excellent
F13 1831.47 >12 99.28+0.06 Excellent
F14 1613.48 >12 99.45+0.16 Excellent
F15 1583.73 >12 99.67+0.15 Excellent
F16 1673.49 >12 99.49+0.11 Excellent

X=mean; £+SD; n=3

The assays of all formulations from F1-F16 weremMeein 99.19-99.79%. the result shows that all foathhs
contains drug within the limit of 99-101%. The riésuvere given in table 4.

In vitro mucoadhesive strength determination:

From the results it was found that as the conctotraof sodium carboxy methyl cellulose increashs t
mucoadhesive strength increases and decreasesriferelease. But formulation F11 shows the optimum
mucoadhesive strength with good drug release wherpared to all other formulations subjected in tei&. Hence
the mucoadhesive property of the formulation Fldl¢@ssist the tablet to stay in the upper pagastro intestinal
tract and enhance the gastro retention. The vahees mentioned in Table 5.

100 . Cumulative % drug release of formulated mucoadhesive
matrix tablet
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Figure 4: Cumulative % drug release of formulated nucoadhesive matrix tablet
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Table 6: Cumulative % drug release of formulated meoadhesive matrix tablet

Time (hr) F1 F2 F3 F4 F5 F6 F7 F8

0.2¢ 3.01 3.84 511 391 4.3 6.7z 931 7.5i

0.5 5.18 10.74 8.52 5.24 773 1176 1482 12.14
1 11.62 13.76 1446 10.32 1243 164 19.93 17.52
2 17.3¢ 2221 22.0¢ 15.6%f 23.7¢ 29.60 21.< 19.4i
3 249 31.02 35.13 2153 3344 37.61 3218 25.62
4 3437 40.88 44.43 3435 40.79 48.38 44.82 36.67
6 48.02 506.0¢ 60.1: 44.6¢ 52.7: 58.7¢ 59.3¢ 53.8¢
8 57.63 64.08 65.62 6539 6129 67.19 7344 68.38
10 6432 64.76 7582 7298 70.73 74.06 80.86 83.31
12 80.36 83.82 85.71 81.63 83.31 8551 93.45 90.31

Table 7:Cumulative % drug release of formulated muoadhesive matrix tablet

Time (hr) F9 F10 F11 F12 F13 F14 F15 F16
0.25 6.24 2.98 5.31 4.83 5.62 4.16 3.43 2.93

5 9.1f 6.0z 867 9.4¢ 100 83z 7.1t 50z
1 1481 11.78 1456 13.78 14.63 19.92 1193 8.95
2 2123 1838 19.94 1643 20.75 2217 20.42 16.84
3 3142 26.32 28.18 23.1 29.53 30.21 29.47 25.53
4 38.71 31.63 39.36 3452 3568 344 3497 3101
6 50.92 43.78 54.61 5234 53.61 4736 52.88 43.83
8 63.47 5583 71.85 6896 6343 5743 64.63 57.87
10 79.64 7329 86.27 80.25 67.58 72.08 75.46 71.3
12 90.57 80.25 92.88 89.94 80.32 88.36 89.03 83.98

Cumulative % drug release of formulated mucoadleesiatrix tablet

80
60
40

20

% Cumulative drug released

4 6

F11 —e—F12/ Mg

8 10 12 14

——F9 —e—F10 F14 —e—F15 —e—F16

Figure 5: Cumulative % drug release of formulatedmucoadhesive matrix tablet

5:Cumulative % drug release of formulated mucoadhese matrix tablet

In the above studies we have shown the effect hyfnpers on invitro drug release of carvedilol. Fotation batch
F1-F6 releases drug up to 80-85% only. Formulattdil shows maximum drug release up to 92.88% with
controlled manner which also exhibits excellent oadhesive strength. Cumulative % drug release rofiditation
F1-F16 showed in Table 5 and 6.

Dimensional Stability

It is important to maintain physical integrity dfiet tablet up to 12 hrs in case of once daily foatiohs. So
increasing concentrations the dimensional integritiablet also increases. The dimensional integfiformulation
were represented with their code along with picte@resentation in table 4 and figure 7. The foatioh F1-F16
shows excellent dimensional stability, except foiatian F3 and F6 shows very good dimensional stgbil
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Excellent Very good

Good poor

Figure 7: Picture representation for dimensional sability

Accelerated stability study

Table 8: Results of accelerated stability studiesf @ptimized formulations

Optimized formulation (F11)
Drug content (%) % Drug release  Detachment foroméZxnd)

Initial 99.46 92.88 1510.85
One Month

Ambient 99.4¢t 92.7¢ 1504.4°
40°C/75% RH 99.36 92.28 1501.31
Two month

Ambieni 99.3¢ 92.47 1490.8¢
40°C/75% RH 99.32 91.98 1485.93
Three month

Ambieni 99.2¢ 92.3¢ 1488.6:
40°C/75% RH 99.27 91.82 1482.64

In carvedilol optimized formulation F11 was to bmlde during accelerated stability studies for dogmtent
99.46%, 99.36%, 99.32% and 99.27% at 0,1,2 andr@haat 48C/ 75% RH. Results obtained were shown in table
7. Finally it was observed that there was no changehysic chemical and properties as well as ugdrelease
profile even after storage at%5and 75% for 3 months.

CONCLUSION

The present study concludes that the mucoadhesatexmablet of Carvedilol could be successful optifor
Adjunctive treatment of moderate to severe stabterdc heart failure.
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