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ABSTRACT

The aim of present work is to deliver the prednisolone at colon for longer periods as 
possible. The objective of this study is to develop a colon targeted mucoadhesive bi layer 
controlled release tablet for prednisolone and to reduce the side effects of anti inflammatory 
drugs in CTDDS by developing tablets of prednisolone by wet granulation technique and the 
prepared prednisolone based tablets were coated with Eudragit solution. The coated tablets of 
prednisolone were subjected to an in vitro drug release study in the presence of simulated colonic 
fluid of pH 6.8 as the dissolution medium and prepared tablets were characterized for their 
physic-chemical characteristics pH resistant, mucoadhesive strength. The results showed that the 
degradation was very efficient to other processes. CTDDS is advantageous in the treatment of 
colonic disease, where oral deliveries of drugs are unstable or susceptible to enzymatic 
degradation in CTDDS. In this study, coated tablets which were resistant to gastric and small 
intestinal pH conditions but dissolving in colonic pH conditions were fabricated. The results also 
demonstrated that Eudragit can be successfully used to coat tablets for colon targeted Drug 
delivery system. Among all (F1 to F8) Formulations F8 found as best Formulation, as it passes 
all the evaluation tests and various physiochemical parameters, Formulation F8 was stable and 
non-significant from P value obtained by one way ANOVA.
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INTRODUCTION: 
In recent years, colon targeted 

delivery systems have been the focus point 
of formulation laboratories because colon is 
considered as a suitable site for delivery of 

both conventional and labile molecules and 
it is also a site for some specific diseases, 
such as, ulcerative colitis, Crohn's disease, 
bowel cancer, infections and constipation, 
which requires local delivery of the drug(s). 
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Various approaches have been used for oral 
delivery of drug(s) to the colon which 
includes time-dependent delivery, pH-
dependent systems and bacteria-dependent 
delivery. Attempts have also been made to 
develop delivery systems that utilizes 
multiple principles such as pH-dependent 
system and enzymes produced by bacteria 
residing at the colon. But so far, the pH-
dependent systems have found practical 
application. 

Oral ingestion has been the most 
convenient and commonly employed route 
of drug delivery. Indeed, for sustained-
release systems, the oral route of 
administration has received the most 
attention with respect to research on 
physiological and drug constraints as well as 
design and testing of products. This is 
because there is more flexibility in dosage 
form design for the oral route than that is for 
the parenteral route. 

An oral enteric coated dosage form is 
a one in which a tablet is coated with a 
material to prevent or minimize dissolution 
in the stomach but allow dissolution in the 
small intestine. This type of formulation 
either protects the stomach from a 
potentially irritating drug (e.g., aspirin) or 
protects the drug (e.g., erythromycin) from 
partial degradation in the acidic environment 
of the stomach. In the various formulations, 
lactose was used as an excipient and was 
coated with enteric coating polymer pectin 
and ethyl cellulose and the formulation 
remains undissolved in stomach, small 
intestine but dissolves in colon. 
Prednisolone is an anti-inflammatory drug, 
for oral administration in the treatment of 
diseases of colon like ulcerative colitis, 
Crohn’s disease, Bowel cancer, infections 
and constipation, whereby high local 
concentration can be achieved while 
minimizing side effects that occur because 
of the release of drugs in the colon. The 

absolute oral bioavailability is 75-98%. It 
has a half life of 2-4 hrs. 

In present investigation, the enteric 
coated tablets were evaluated as carrier for 
colon targeted drug delivery system. In vitro 
drug release studies were carried out using 
simulated colonic fluid and prepared tablets 
were characterized for their physic-chemical 
characteristics pH resistant, mucoadhesive 
strength. Among all (F1 to F8) Formulations 
F8 found as best Formulation, as it passes all 
the evaluation tests and various 
physiochemical parameters, Formulation F8 
was stable and non-significant from P value 
obtained by one way ANOVA.

MATERIALS: Prednisolone I.P was Drugs 
India HYD. Pectin and PVP, Corbopol was 
procured from Drugs India HYD., methanol, 
Starch and talk powder was procured from 
S. D. Fine Chemicals Ltd., Mumbai, India. 
Isopropyl alcohol was purchased 
commercially from Qualigens Fine 
chemicals, Mumbai, India. Magnesium 
stearate was procured from S. S. Chemicals, 
Chennai, India. All other chemicals used 
were of analytical reagent grade.

METHOD:
Preparation of the Granules

The granules were prepared by wet 
granulation technique. Drug and all the 
excipients PVP, pectin, lactose were mixed 
carefully in geometrical ration by using 
mortor & pestle. A known weight of starch 
mucilage (5% starch solution) was taken on 
a butter paper. Small quantities of this 
mucilage were added to the above powder to 
get a cohesive mass. The remaining quantity 
of starch mucilage weighed back to calculate 
the amount of mucilage added to the 
formulation. The obtained mass was passed 
through sieve no. 20 and dried in hot air 
oven to reduce the moisture content to 2%. 
The granules were passed again through 
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sieve no. 20 to get uniform sized granules. 
Various formulations having different ratios 
of PVP, pectin were prepared as showed in 
the following formulation table.

Preparation of Mucoadhesive Bilayer 
Tablets

Accurately weighed 250mg dried 
granules were compressed using an 8 mm 
diameter die in a 9 station rotary punching 
machine (Chamunda Pharma, Ahmadabad, 
India). The upper punch was raised and 
exactly weighed 50mg of carbapol was 
placed and spreaded evenly above the
compressed tablet. The carbopol is used as a 
mucoadhesive layer. Compression machine 
was rotated again to make a bilayer tablet. 
Total weight of each tablet is 300 mg which 
includes Prednisolone layer and 
mucoadhesive layer.

Coating of Tablets
The prepared bilayer tablet which 

gave longer release of Prednisolone is 
coated with Eudragit polymer. This coating 
was used to avoid the release of drug in the 
stomach. Five ml of Eudragit L-100 polymer 
was dissolved in 50 ml of Ethanol. This 
Eudragit solution was used to coat the 
bilayer tablet. Coating was performed by dip 
coating method. Each tablet was dipped in 
Eudragit polymer solution carefully with the 
help of forcipes. The tablet was removed 
from beaker and it was dried by using hair 
dryer. This process was repeated twice to 
ensure the proper uniformity of coated layer. 
The tablet weight was taken before and after 
the coating. 
Evaluation of Coated Tablets
pH resistant: The coated tablet was kept for 
a dissolution study at the pH 1.2. No drug 
should be released at this pH. Release of 0% 
of drug at this pH indicates the proper 
coating of the polymer and thus the drug 
will not be released in the stomach.  In the 

same passion, the dissolution was performed 
at the pH 6.8, to check the release of drug in 
the small intestine. Release of 0% of drug 
ensures the proper coating of polymer.

              
Photograph of Uncoated Tablets                                 
Photograph of Coated Tablets

In-vitro drug release study: The 
dissolution test was performed for all the 
prepared formulations. The slightly 
modified USP type II rotating paddle 
method was used to study the drug release 
from the bilayer tablet. The dissolution 
medium consisted of 900 ml of phosphate 
buffer having pH 7.4.  The release study was 
performed at 37 ± 0.5° C, with a rotation 
speed of 50 rpm. Then samples were 
collected at regular intervals of time and 
absorbance was measured at 250 nm.

The backing layer of the muco 
adhesive Tablet was attached to the glass 
slide with cyanoacrylate adhesive. The disk 
was placed at the bottom of the dissolution 
vessel. Aliquots (5ml each) were withdrawn 
at regular time intervals and replaced with 
fresh medium to maintain sink conditions. 
The samples were diluted with phosphate 
buffer pH 7.4 and were analyzed 
spectrophotometrically at 250 nm. The 
release rates of Prednisolone from all the 
prepared formulations were calculated.
Ex vivo muco adhesive strength: 
             A modified physical balance 
method66, 67 was used for determining the ex 
vivo mucoadhesive strength. Fresh sheep 
colon mucosa was obtained from a local 
slaughterhouse and used within 2 h of 
slaughter.The mucosal membrane was 
separated by removing underlying fat and 
loose tissues. The membrane was washed 
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with distilled water and then with phosphate 
buffer. The two sides of the balance were 
made equal before the study, by keeping a 

buffer solution at 37
o
C. The Sheep colon 

mucosa was cut into pieces and washed w
phosphate buffer. A piece of colon mucosa 
was tied to the glass vial, which was filled 
with phosphate buffer.

The glass vial was tightly fitted into 
a glass beaker so that it just touched the 
mucosal surface. The muco adhesive Tablet 
was stuck to the lower side of a rubber 
stopper with cyanocarylate adhesive and 
adds weight on the right-hand pan. A weight 
of 5 g was removed from the right hand pan. 
This lowered the pan along with the tablet 
over the mucosa. The balance was kept in 
this position for 5 minutes contact time. The 
water (equivalent to weight) was added 
slowly with an infusion set (100 drops/min). 

RESULTS 

Drug –Polymer Compatibility Studies b

FTIR spectra of Prednisolone                                                  
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with distilled water and then with phosphate 
The two sides of the balance were 

made equal before the study, by keeping a 

C. The Sheep colon 
mucosa was cut into pieces and washed with 
phosphate buffer. A piece of colon mucosa 
was tied to the glass vial, which was filled 

The glass vial was tightly fitted into 
a glass beaker so that it just touched the 
mucosal surface. The muco adhesive Tablet 

lower side of a rubber 
stopper with cyanocarylate adhesive and 

hand pan. A weight 
of 5 g was removed from the right hand pan. 
This lowered the pan along with the tablet 
over the mucosa. The balance was kept in 

inutes contact time. The 
water (equivalent to weight) was added 
slowly with an infusion set (100 drops/min). 

To the right-hand pan until the Tablet 
detached from the mucosal surface. This 
detachment force gave the mucoadhesive 
strength of then Mucoadhesive
grams. 

Force of adhesion (N) = 
(Mucoadhesive strength (g) ×9.8)/1000

    Bond strength (N m
of adhesion / surface area.
Stability Studies:

The stability studies 
F8 were carried out as per ICH guidelines, 
accelerated conditions of 40±2 
RH conditions for 90 days and 
checked for physical appearance, 
mucoadhesive strength and 
release. Results were analyzed by One
ANOVA followed by Tukey’s test
Following results indicates
formulation was stable and the P value was 
non-significant.

Polymer Compatibility Studies by FTIR

e                                                  
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hand pan until the Tablet 
detached from the mucosal surface. This 
detachment force gave the mucoadhesive 
strength of then Mucoadhesive Tablet in 

Force of adhesion (N) = 
(Mucoadhesive strength (g) ×9.8)/1000

Bond strength (N m–2) = Force 
of adhesion / surface area.

he stability studies for formulation 
as per ICH guidelines, at 

of 40±2 0C, 75±5 % 
RH conditions for 90 days and periodically 
checked for physical appearance, 

coadhesive strength and in-vitro drug 
analyzed by One-way 

ANOVA followed by Tukey’s test. 
that the prepared 

formulation was stable and the P value was 
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FTIR spectra of Eudragit

                  

FTIR spectra of Pectin

                       
Evaluation of Granules:

Formulation 
Code

Derived properties

Bulk 
density

F1 0.437±0.01

F2 0.447±0.01
F3 0.493±0.01
F4 0.476±0.01
F5 0.433±0.02
F6 0.42±0.01
F7 0.453±0.02
F8 0.45±0.01

et al/JGTPS/Volume 3, Issue3, July-September 2012

Derived properties
(mean±SD)

Flow properties
(mean±SD)

Bulk 
density

Tapped 
density

Angle of 
repose

Carr’s 
index

0.437±0.01 0.493±0.015 26.45±0.30 11.44±1.9

0.447±0.01 0.503±0.02 27.21±0.39 11.22±1.9
0.493±0.01 0.562±0.01 24.97±0.68 11.86±3.9
0.476±0.01 0.526±0.015 23.21±0.96 9.48±1.81
0.433±0.02 0.496±0.03 25.94±0.73 12.65±2.2
0.42±0.012 0.463±0.006 24.25±0.36 9.32±3.16
0.453±0.02 0.536±0.025 28.21±0.29 15.54±1.1
0.45±0.01 0.51±0.017 23.87±0.40 11.69±3.6
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Flow properties
(mean±SD)

Carr’s Hausner’s 
ratio

11.44±1.9 1.129±0.02

11.22±1.9 1.126±0.03
11.86±3.9 1.135±0.05
9.48±1.81 1.105±0.02
12.65±2.2 1.145±0.03
9.32±3.16 1.103±0.04
15.54±1.1 1.184±0.02
11.69±3.6 1.126±0.05
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Ex vivo muco adhesive strength:
Measurement of Mucoadhesive strength of bi layer tablets of prednisolone:

Formulation code Mucoadhesive Strength in gm
F1 32.4
F2 26.6
F3 21.5
F4 19.4
F5 16.6
F6 15.2
F7 18.5
F8 34.6

Mucoadhesive strength of Formulations F1-F8:

                          

Evaluation of Tablets:

Physicochemical evaluation of bi layer Mucoadhesive Tablets of Prednisolone:
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Formulation code

Formulation
Code

Thickness 
(mm) 

Weight 
variation (mg) 

Hardness
(Kg/cm2)

Friability
(%)

Drug content 
(mg)

F1 3.12 ±0.03 299±1.55 4.2±0.15 0.43±0.025 29.57±0.41

F2 3.19±0.02 297±0.94 4.1±0.25 0.54±0.03 29.85±0.19

F3 3.11±0.03 300±0.81 4.3±0.31 0.60±0.042 29.32±0.48

F4 3.15±0.05 298±0.72 3.9±0.21 0.48±0.036 29.26±0.41

F5 3.18±0.03 300±0.19 4.3±0.2 0.48±0.01 29.45±0.15

F6 3.19±0.04 297±0.84 4.2±0.26 0.51±0.02 30.19±0.01

F7 3.13±0.07 299±0.38 4.2±0.31 0.61±0.038 29.21±0.03

F8 3.16±0.02 298±0.52 4.5±0.25 0.54±0.025 29.15±0.65
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In-vitro Drug Release Study From Tablets:

Dissolution 
Medium

Time 
(h)

Formulation Code (%CDR)
F1 F2 F3 F4 F5 F6 F7 F8

Gastric pH 1-2 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00
Intestinal Ph 3-6 00.00 00.00 00.00 00.00 00.00 00.00 00.00 00.00
Colon pH 6.5 09.00 10.00 14.00 16.00 22.00 26.00 18.00 08.00

7.0 17.00 19.00 26.00 30.00 41.00 50.00 33.00 15.00
7.5 26.00 28.00 37.00 44.00 60.00 74.00 47.00 22.00
8.0 34.00 36.00 49.00 57.00 78.00 90.20 60.00 28.00
8.5 43.00 43.00 61.00 70.00 89.00 99.10 73.00 35.00
9.0 50.10 50.70 73.00 82.00 98.00 99.10 85.00 42.00
9.5 56.00 58.00 83.00 90.00 98.00 99.10 92.00 47.00
10.0 64.00 65.00 90.00 96.00 98.00 99.10 98.60 56.00
10.5 72.00 74.00 95.00 99.00 98.00 99.10 98.60 63.00
11.0 79.00 82.00 99.00 99.00 98.00 99.10 98.60 70.00
11.5 85.00 89.00 99.00 99.00 98.00 99.10 98.60 77.00
12.0 92.00 96.80 99.00 99.00 98.00 99.10 98.60 84.00
12.5 97.00 99.00 99.00 99.00 98.00 99.10 98.60 89.00
13.0 98.60 99.00 99.00 99.00 98.00 99.10 98.60 93.00
13.5 98.60 99.00 99.00 99.00 98.00 99.10 98.60 96.00
14.0 98.60 99.00 99.00 99.00 98.00 99.10 98.60 99.00

In-vitro drug release data for all the formulation F1 – F8:
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Higuchi percentage of drug release deta for F1 – F8:

                  

Peppa’s percentage of drug release deta for F1 – F8:

                  

Stability Studies:
Results of Stability Studies of Best Formulation (F8):

Parameters 1st month 2nd month 3rd month p value

Physical appearance No Change No Change No Change -

mucoadhesive strength 34.88±1.09ns 35.3±1.09ns 36±0.34ns 0.1539

In-vitro drug release 98.06±0.55ns 98.13±0.32ns 98.26±0.5ns 0.8709

All values are expressed as Mean±SD

ns = non significant
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CONCLUSION

The aim of present work is to deliver 
the Prednisolon at colon for longer periods 
as possible. The objective of this study is to 
develop a colon targeted mucoadhesive bi 
layer controlled release tablet for 
Prednisolon. The various Prednisolone 
sustained release bilayer tablets 
(Forrmulation F1 to F8) were prepared by 
wet granulation method using different rate 
controlling polymers such as Pectin, PVP 
and Carbopol as a mucoadhesive layer.

Drug-polymer compatibility studies by FTIR 
indicates there is no possible interactions
between the drug and polymer and prepared 
tablets were characterized for their physico-
chemical characteristics pH resistant,
mucoadhesive strength, in-vitro drug release
shows reproducible results. Among all, 
formulations F8 found as best formulation, 
as it passes all the evaluation tests (weight 
variation, hardness, thickness, friability) and
various physiochemical parameters. 
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