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                                                  Summary 

 

In this study combination of Starch-Carbopol 934 and Starch-polycarbophil 
were employed as carriers to develop the hydrophilic controlled buccoadhesive 
formulations. Tablets containing fixed amount of carvedilol were prepared by 
direct compression method using Starch: Carbopol 934 (F1 to F6) and Starch: 
Polycarbophil (E1 to E6) in various ratios 85:15, 75:25, 60:40, 50:50, 40:60, 
25:75 and evaluated for thickness, hardness, assay, mucoadhesive strength, drug 
release and In vivo study. All the physicochemical characteristics are acceptable 
and found within the limit. 
  
The mucoadhesive strength of all the ratio was seen with Starch: Carbopol 934 
and Starch: Polycarbophil which were in the range of 10.3±0.29g/cm2 to 
32.5±0.83g/cm2 and 5.31±0.40g/cm2 to 23.75± 0.06 g/cm2. The maximum rate 
of release was observed in tablets of Starch: Carbopol 934 as comparision to 
tablets of Starch: Polycarbophil. The Cmax, Tmax and AUC values observed 
higher for the formulated tablets of F4 (50:50) and E6 (25:75) than the oral 
conventional tablets, which was in the order of F4>E6>oral conventional tablets. 
It concluded that formulated tablets of Starch: Carbopol 934 showed better 
matrix structure and suitable release kinetic as compared to tablets of Starch: 
Polycarbophil. 
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                                         Introduction 
 
 

Bioadhesive delivery systems have received considerable attention 
as absorption promoters due to their ability to adhere to the 
mucin/epithelial cell surface and thereby anchor a dosage form at the 
site for optimum drug absorption and lead to an overall increase in 
bioavailability. Mucoadhesion utilizes the property of bioadhesion 
of certain water soluble or swellable polymers which become 
adhesive on hydration and hence can be used for targeting a drug to 
particular regions of the body where mucus or receptive epithelial 
cells are present e.g. nasal, buccal, GIT, cervical and vaginal. 
Bioadhesion appears to be especially attractive for the development 
of controlled drug delivery systems to improve intraoral 
administration of drugs systemically or locally. The adhesive 
mucosal dosage forms which have been suggested for oral delivery 
include adhesive tablets and adhesive patches, the strong adhesive 
contact to the mucosa generally being achieved by the use of 
mucoadhesive polymers.1, 2 
 
Out of developed mucoadhesive buccal delivery systems such as 
ointments, creams, solutions, microparticles, tablets and patches, 
tablets appear to be the most preferred formulation. The 
disadvantage of most of these mentioned delivery systems is that 
they get easily washed away by the continuous salivary secretion. 
Mucoadhesive tablets appear attractive because they can readily 
adhere to buccal cavity, are retained for longer period of time and 
can be removed at any time. An ideal buccal dosage form should be 
able to (1) remain at the adhesive site for specified period, (2) 
provide unidirectional release of drug (3) exhibit sustained release 
profile when needed.3  
 
In these study combinations of Starch: Carbopol 934 and Starch: 
Polycarbophil were employed as carriers to develop the hydrophilic 
controlled release formulations. Carvedilol was used as model drug. 
Carvedilol is a nonselective β-adrenergic blocking agent with α1-
blocking activity and it also has vasodilating properties. Carvedilol 
is used in the treatment of mild to moderate hypertension, angina 
pectoris.  
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On oral administration, carvedilol is rapidly and extensively 
absorbed but has absolute bioavailability of 25% due to a significant 
degree of hepatic first-pass metabolism. Carvedilol is a weak base 
and its pKa value is approximately 7.8, which satisfies the criterion 
for the selection of the drug. The log PC (partition coefficient) value 
for carvedilol is about 3.967. It indicates that carvedilol has 
sufficient lipophilicity to pass through the buccal membranes. The 
tmax of carvedilol is 1.2 h by peroral route, which is long and 
variable.4 
 
Tablets containing fixed amount of carvedilol were prepared by 
direct compression method using pregelatinized Starch:Carbopol 
934(F1 to F6) and Starch:Polycarbophil (E1 to E6) in various ratios 
85:15, 75:25, 60:40, 50:50, 40:60, 25:75 and evaluated for thickness, 
hardness, assay,  mucoadhesive strength, drug release and In vivo 
study. 

 
Materials and Methods 

 
 

Materials 
 

Carvedilol was kindly supplied by Microlab Ltd, Houser, India. 
Carbopol 934P, (Noveon, USP) and Polycarbophil (Noveon, USP) 
were obtained from McW Pharmaceuticals, Indore as gift samples. 
Pregelatinized starch was supplied by National starch, Mumbai. 
Propranolol gifted by Alpa Laboratories Indore. Other chemicals 
used were of analytical grade. 

 

Methods 

Formulation of buccal tablets 
Carvedilol was mixed manually in a glass mortar with different 
compositions (Table1) of Starch: Carbopol 934 and Starch: 
Polycarbophil. The blend was lubricated with magnesium stearate 
for 3-5 min and then compressed into tablets by direct compression 
method using 8-mm flat-faced punches. The tablets were 
compressed using a rotary tablet machine (Karnavati, India).5 
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Table 1. Composition of formula  
 
                        Combination of Starch: Carbopol 934 
Formulations 
 

    F1 F2 F3 F4   F5   F6 

  Ratio 
 

85:15 75:25 60:40   50:50 40:60 25:75 

Formulation (F1 to F6) contains: Starch: Carbopol 934 = 112.55mg 
Drug: 6.25 mg, Magnesium stearate:1.2 mg  
Total weight of tablet: 120mg.                      
                        Combination of Starch: Polycarbophil 
Formulations 
 

    E1 E2 E3 E4   E5   E6 

  Ratio 
 

85:15 75:25 60:40   50:50 40:60 25:75 

Formulation (E1 to E6) contains: Starch: Polycarbophil = 112.55mg 
Drug: 6.25 mg, Magnesium stearate:1.2 mg  
Total weight of tablet: 120mg.                   
 
                                      

 

                                  Evaluation of  tablets 

 

Technological parameters 

The diameter and thickness of the formulated tablets were measured 
using Vernier Caliper.  
 
                                                                                                                                      
                                            Assay 
 
 
The formulated single layered tablet was dissolved in 100ml isotonic 
phosphate buffer (pH 6.8± 0.2): methanol (9:1). The solution was 
filtered through 0.45µ filter to remove any undissolved components. 
The resulted solution was analyzed spectrophometrically at 242 nm 
by UV spectrophotometer.4 
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Bioadhesion Study 

 

Fresh sheep buccal mucosa was obtained from a local 
slaughterhouse (Andheri west) and used within 2 h of slaughter. The 
mucosal membrane was separated by removing the underlying fat 
and loose tissues. The membrane was washed with distilled water 
and then with isotonic phosphate buffer pH 6.8 at 370C. Bioadhesive 
strength of the tablet was measured (n = 3) on a modified physical 
balance.. A piece of buccal mucosa was tied on the upper side of the 
teflon block in the glass container, filled completely with isotonic 
phosphate buffer (pH 6.8, 37±10C). The tablet was stuck on the 
bottom side of another teflon which is hanging by ring. The mass, in 
grams, required to detach the tablet from the mucosal surface gave 
the measure of mucoadhesive strength.5, 6, 7 
 

In vitro dissolution study 

The USP XXIV rotating paddle method was used to study the drug 
release from buccal patches. The dissolution medium consisted of 
200 ml of isotonic phosphate buffer pH 6.8 containing 2% sodium 
lauryl sulphate. The release was performed at 37 ± 0.5 0C, at a 
rotation speed of 50 rpm. One side of the buccal tablet was attached 
to a cover slip with instant adhesive (cyanoacrylate). The cover slip 
was put in the bottom of the dissolution vessel so that the tablet 
remained on the upper side of the slip. 2ml of samples were 
withdrawn at pre-determined time intervals (0.5, 1, 2, 3 upto 24h) 
and replaced with fresh medium. The samples were filtered through 
0.45 mm Whatman filter paper with appropriate dilutions with 
phosphate buffer pH 6.8 and were assayed spectrophotometrically at 
242 nm.8, 9 
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In vivo study 

 
In this study a group of 6 healthy rabbits weighing 1.0-1.5 kg were 
used for the study for selected ratio of formulations. Protocol was 
approved by animal ethical committee (Protocol number: 
CPCSEA/SPTM/P-49/2008).Rabbits were anaethesized by 
diazepam (5mg/kg; i.m). The single layered tablet was applied 
directly to the buccal pouch of the rabbits after 10min post 
anaesthesia. Conventional marketed tablets (6.25mg) were 
administered orally to one group to compare the pharmacokinetic 
parameter after oral and buccal administration. A group of 6 rabbits 
were used as a control for the experiment. At a interval of 0, 4, 8, 
12, 16, and 24h, 0.5-1.0ml of blood was withdrawn via marginal ear 
vein using 26 gauge needle. The blood was centrifuged at 8000 rpm, 
10 min and plasma was collected. Protein separation from the 
plasma was done by adding equivalent amount of methanol and 
centrifuged at 10,000 rpm then protein free plasma was collected 
and analyzed by High Performance Liquid Chromatography (HPLC) 
using C18 column.10, 11 
 

Analysis of blood sample 

 

The above protein-free plasma was mixed with 50µl propranolol 
acting as internal standard and 20µl was injected through syringe 
filter into an isocratic HPLC with UV detector. The column 
employed was C18 (4.6 x 100mm, 3.5 µm). The mobile phase 
consisted of methanol: KH2PO4, (50:50, v/v) pH 2.5 and flow rate 
was adjusted to 1.0 ml/min. Area under curve (AUC) of the plasma 
drug concentration vs. time was determined with trapezoidal rule 
method, Cmax and tmax were calculated by using software (PK 
Solution 2.0). The pharmacokinetic data was compared with that 
obtained from conventional oral tablets.12, 13 
 

Results and Discussion 

 

   Diameter of formulated tablets of Starch: Carbopol 934 were in the 
range of 7.7±0.1mm (F1) to 8.0 ±0.1 mm (F6). Thickness was found 
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in the range of 1.7 ±0.01mm to 2.0±0.05 mm. Hardness were found 
in the range of 3.3±0.15 kg/cm2 to 4.8±0.1 kg/cm2. Assay values are 
ranged from 89±0.18 % (F1) to 93 ± 0.16% (F6). Diameter of 
formulated tablets of Starch: Polycarbophil were in the range of 
7.9±0.05mm (E1) to 8.1±0.1mm (E6). Thickness was found in the 
range of 1.7±0.1mm to 2.0±0.057mm. Hardness were found in the 
range of 2.5±0.11 kg/cm2 to 4.7±0.05 kg/cm2. Assay values are 
ranged from 90±0.12 % (E1) to 93 ± 0.16% (E6).   

 
 

 
Table 2 Characterization of tablets  
Formulation 
 

Starch 
: C 
934 

Hardness 
  kg/cm2) 

Thickness
 (mm) 
 

Diameter 
 (mm) 
 

Assay 

F1 
 

85:15 3.3±0.15 1.8±0.05 7.9±0.15 96±0.03 

F2 
 

75:25 3.6±0.05 1.7±0.05 8±0.1 89±0.18 

F3 
 

60:40 3.7±0.1 1.7±0.1 7.9±0.057 92±0.19 

F4 
 

50:50 4.5±0.25 1.7±0.05 7.7±0.1 91±0.29 

F5 
 

40:60 4.7±0.20 1.8±0.05 7.8±0.1 92±0.30 

F6 
 

25:75 4.8±0.1 2.0±0.05 7.9±0.15 91±0.04 

E1 
 

85:15 2.5±0.11 1.8±0.05 7.9±0.05 90±0.12 

E2 
 

75:25 3.1±0.28 1.8±0.06 7.9±0.06 92±0.14 

E3 
 

60:40 4.2±0.62 1.9±0.05 8±0.1 82±0.08 

E4 
 

50:50 4.2±0.25 2.0±0.057 8.1±0.1 89±0.19 

E5 
 

40:60 4.3±0.15 1.8±0.05 7.7±0.1 92±0.06 

E6 
 

25:75 4.7±0.05 1.7±0.1 8±0.5 90±0.14 
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All the physicochemical parameters of the tablets were acceptable 
within the limit. 
The test was performed for the formulated tablets of Starch: Carbopol 
934 (F1 to F6) by using modified balance for determining the 
bioadhesive strength on the above mentioned ratios. Fig 1 and Table 4 
showed the mucoadhesive strength of all the ratio was found in the 
range of 10.3±0.29 g/cm2 to 32.5±0.83 g/cm2. The maximum 
mucoadhesive strength was observed in the ratio F6.  
 

Bioadhesive strength 
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 Fig 1. Bioadhesive strength of Starch: Carbopol 934 (F1 to F6) 
 
 
Bioadhesive study was also performed for the tablets containing 
Starch: Polycarbophil (E1 to E6) shown in Fig 2 and Table 4. The 
bioadhesive strength was studied in all ratios and was found to be in 
the range of 5.31±0.40 g/cm2 to 23.75±0.64 g/cm2. 
 
 
 
 



Pharmacologyonline 3: 283-297 (2009)                        Jain et al. 

 291

Bioadhesive strength

0

5

10

15

20

25

30

E1 E2 E3 E4 E5 E6

Formulations

Bi
oa

dh
es

iv
e 

st
re

ng
th

 (g
)

Series1

 
    Fig 2. Bioadhesive strength of Starch: Polycarbophil (E1 to E6) 
 
 
 
 
         

Table 4 Bioadhesive strength 

 
It was concluded that as the concentration of Carbopol 934 increases 
bioadhesive strength also increases. This may be attributed to the 
polymer and mucus interact with hydrogen bonds. Work of adhesion 
is suggested to be dependent on the interpenetration of the Carbopol 
chains into the mucus, while the adhesion force is considered to be 

Code 
 

Bioadhesive   
strength  (g )          

n=3 (±SD) 

Code Bioadhesive   
strength  (g )          

n=3 (±SD) 
F1 

 
10.3±0.29 E1 5.31±0.40 

 
F2 

 
12.3±0.23 E2 

 
9.98±0.09 

F3 
 

14.3±0.28 E3 
 

17.01±0.11 

F4 
 

20.5±0.50 E4 
 

15.77±0.57 

F5 
 

28.4±0.51 E5 
 

14.17±0.19 

F6 32.5±0.83 
 

E6 
 

23.75± 0.06 
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dependent on the formation of hydrogen bonds between the 
functional groups of the bioadhesive agents and the mucus. 
Increasing the Carbopol concentration functional groups also 
increased which leads to better bioadhesive property. As compared 
with polycarbophil it shows more adhesion which may be due to its 
molecular weight. Structural changes may occur, as Carbopol is 
polyacrylic acid crosslinked with allyl sucrose while polycarbophil 
is cross linked with divinyl glycol.14 
 
The controlled release tablets were fabricated with Starch: Carbopol 
934 in the ratio of 85:15, 75:25, 60:40, 50:50, 40:60 and 25:75. 
Release profile of single layered tablets was shown in the Fig 3. The 
maximum controlled releases were observed in F3 and F4. By using 
50% of Carbopol 934 it released 79.09±1.67% and 76.33 ± 1.98% 
respectively. This showed that as the concentration of Carbopol 934 
increases upto 50% the release rate of formulation also increases but 
beyond that it did not show proper controlled release. 
Controlled release buccoadhesive tablets were prepared with 
physical mixture of starch and polycarbophil (E1 to E6) in the ratio 
85:15, 75:25, 60:40, 50:50, 40:60 and 25:75. In vitro release of 
Carvedilol from the formulation was studied. The drug release data 
are shown in Figure 4. The maximum releases of drug were 
observed in formulations E1 and E6. It released 76.95±0.45% and 
78.35±0.41upto 24h. 
  

In vitro Study
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 Fig 3.In vitro release profile of formulations (F1 to F6) 
 
. 
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 Fig 4. In vitro release profile of formulations (E1 to E6) 
 
The possible reason behind that there might be ionization of 
Carbopol 934 at experimental pH 6.8 at higher concentration and 
this ionization process will lead to development of negative charge 
at polymer surface and it changed into an extended structure 
allowing water molecule to penetrate into it which leads to higher 
swelling and other reason may be the mixing of starch and Carbopol 
934 within the particle resulting in a reduction of carboxylic groups 
available for hydration as a part of those acid groups situated in the 
inner core of the particle and as a part interacted with the hydroxyl 
groups of starch. This decreased the hydration of Carbopol 934 
forming weaker gel with low viscosity. Due to higher mobility of 
the hydrated polymer chain of the individual Carbopol 934 particles 
in the physical mixtures, a more extensively swollen network which 
leads to diffusion of drug in controlled manner. Release profile 
shows that as concentration of polycarbophil increases more 
controlled dissolution of drug was observed and formulations E6 
showed maximum controlled release of drug which is followed by 
zero order release (R2=9712) as kinetic model.15 
                                             
On the basis of above mentioned studies formulation F4 and F6 
were further selected for in vivo study. 
The plasma concentration profiles of formulated tablets of 
Starch:Carbopol 934 (F4) and oral conventional tablet were shown 
in Fig 3 and Table 4. Formulated tablets of Starch: C934 (F4) shows 
slow absorption initially after that started the controlled release of 
drug. The Cmax values observed higher (535.25± 12.75 ng/ml) for 
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Cavedilol buccal tablet (F4) than oral tablets (334.2±25.95 ng/ml) 
which is slightly higher than Cmax of oral conventional tablet. The 
AUC values after buccal administration of tablets (9204.217 ± 
200.44 ng/ml) were significantly higher than the oral administration 
of tablet.  

In vivo study 
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 Figure 5. Plasma concentration Vs Time profile for F4 and oral 

conventional    tablets. 
 
The plasma concentration profiles of formulated tablets of starch-
Polycarbophil (E6) and oral conventional tablet were shown in Fig 6 
and Table 5. The tmax was observed to be 20h for buccal tablets (E6) 
as compared to 4h for oral conventional tablet. The Cmax values 
observed higher (452.19± 69.31 ng/ml) for Cavedilol buccal tablet 
(E6) than oral tablets (334.2±25.95 ng/ml) which is slightly higher 
than Cmax of oral conventional tablet. The AUC values for buccal 
tablets (7881.483 ± 767.35 ng/ml) were significantly higher than the 
oral administration of tablet.           
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          Figure 6. Plasma concentration Vs Time profile for E6 and oral 

conventional tablets. 
 

            Table. 5 Plasma profile of Carvedilol (ng/ml) following   
administration of oral and buccal tablet 

 
 
It concluded that bioavailability of formulations were increased as 
compared to oral conventional tablets of Carvedilol available in 
market, However formulated tablets of Starch:Carbopol934 showed 
better bioavailability as compared to  formulated tablets of Starch: 
Polycarbophil. Bioavailability was found in the order of 
F4>E6>Oral conventional tablet.16, 17 

 
                                                        

 
 
 
 
 

   
Formulation 

AUC 
(ng/ml) 

Cmax 
(ng/ml) 

     tmax (h) 
 

 
Oral tablet 

 
4523.6 ± 202.60 

 
334.2±25.95 

 
4 

 
F4 

 
9204.21 ± 200.44 

 
535.25± 12.75 

 
20 

 
E6 

 
7881.483 ± 767.35 

 
452.19± 69.31 

 
20 
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