Fournal of Pharma Research

Available online through
www.jprinfo.com

JPR INFO

Research Article
ISSN: 2319-5622

FORMULATION AND EVALUATION PARAMETERS OF EXTENDED-RELEASE TABLETS OF ILAPRAZOLE BY USING NATURAL
AND SYNTHETIC POLYMERS

B. Divya 1.3*,]. Sreekanth 2, D. Satyavati 3

*1 Research Scholar, Faculty of Pharmaceutical Sciences, INTU Hyderabad, Telangana, INDIA.
2General Manager, Progenerics Pharma Pvt. Ltd, Hyderabad, Telangana, INDIA.
3 Principal, Brilliant Group of Institutions (Integrated Campus), Abdullapurmet, Hayathnagar, R.R Dist, Telangana, INDIA.

Received on: 18-11-2016; Revised and Accepted on: 31-12-2016

ABSTRACT

Ilaprazole is a Proton Pump Inhibitor (PPI), an anti-acidic drugused in the treatment of dyspepsia, peptic and duodenal ulcer
disease, gastroesophageal reflux disease (GERD).llaprazole at oral doses of 10 mg has shown higher suppression of gastric acid
secretion and more prolonged plasma half-life, and similar safety compared to 20 mg omeprazole. Elimination half-life for Ilaprazole
ranged from 4.7 to 5.3 h, Administration of Ilaprazole in an extended-release dosage form would be more desirable by maintaining the
plasma drug concentrations at a prolonged period of time. It will be more beneficial in maintaining nocturnal gastric pH<4. The main
objective to formulate and evaluate extended-release matrix tablets of Ilaprazole by wet granulation technique by using natural
polymers and synthetic polymers. The granules were evaluated by angle of repose, Bulk and Tapped density, Hausner’s ratio, Carr’s
index. The tablets were subjected to Thickness, Weight variation, Drug content, Hardness, Friability and In-vitro drug release studies.
The Physicochemical properties of tablets were found within the limits. In-vitro dissolution study was carried out for first 2 hrs in 0.1N
Hcl and remaining 10 hrs in 6.8 PH Phosphate buffer as a dissolution medium. Based on the results F-21 (Drug: Eudragit RSPO ratio
1:2) formulation was chosen as a best among all the formulations in the point of drug release and mechanism. The release mech anisms
were explored and explained with Zero order, First order, Higuchi, Peppas.
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INTRODUCTION

Extended-release dosage forms are designed to
achieve a prolonged therapeutic effect by continuously releasing
medication over an extended period of time after administration
of a single dose. The objective in formulating an extended-
release dosage form is to be able to provide a similar blood level
pattern for up to 12 hours after oral administration of the drug.
The basic goal of therapy is to achieve a steady-state blood or
tissue level that is therapeutically effective and nontoxic. The
design of proper dosage regimens is an important element in
accomplishing this goal. This is usually accomplished by
maximizing drug availability, i.e, by attempting to attain a
maximum rate and extent of drug absorption; however, control
of drug action through formulation also implies controlling
bioavailability to reduce drug absorption rates [11.
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Ilaprazole is a substituted benzimidazole prodrug with
selective and irreversible proton pump inhibitor activity. A
weak base, Ilaprazole accumulates in the acidic environment of
the secretory canaliculus of the gastric parietal cell where it is
converted to an active sulfenamide form that binds to cysteine
sulfhydryl groups on the luminal aspect of the proton pump
(H+/K+ATPase), thereby inhibiting the pump's activity and the
parietal cell secretion of H+ ions into the gastric lumen, the final
step in gastric acid production. Illaprazole used in the treatment
of dyspepsia, peptic ulcer disease (PUD), gastro esophageal
reflux disease (GORD/GERD) and duodenal ulcer. It is available
in strengths of 5, 10, and 20 mg.

MATERIALS AND METHODS

Ilaprazole was received as a gift sample from Lupin
Pharmaceutical Limited, Hyderabad. HPMC Polymers and
Carbopol derivatives were purchased from Yarrow Chem
products, Mumbai, Eudragit polymers and gums were
purchased from S.D Fine Chemicals Ltd, Mumbai.

Methodology:

Preformulation Studies:

Construction of Calibration curve of Ilaprazole:
Standardization ofIlaprazole by UV-Visible Spectrophotometry:
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a) In 0.1 N Hcl Solution:

i) Preparation of stock solution: Stock solution 100pg/ml of
Ilaprazole was prepared in 0.1N Hcl solution. This solution was
approximately diluted with 0.1N Hcl to obtain a concentration of
10pg/ml. The resultant solution was scanned in range of 200-
400nm using UV double beam spectrophotometer (Lab India UV-
3000+).

ii) Standard calibration of Ilaprazole in 0.1N Hcl: 100mg of
Ilaprazole was accurately weighed and dissolved in 100ml of
0.1IN Hcl to obtain a concentration of 1000pg/ml. From the
above, 10ml was withdrawn and diluted to 100ml to obtain a
concentration of 100pug/ml. From this stock solution aliquots of
1ml, 2ml, 3ml, 4ml and 5ml were diluted in 10ml volumetric
flask with phosphate buffer to give concentrations in range of
10-50pg/ml respectively, absorbance was measured at 230nm
(Table 4; Fig 1).

b) In pH 6.8 Buffer:

i) Preparation of stock solution: Stock solution 100pg/ml of
Ilaprazole was prepared in phosphate buffer of pH 6.8. This
solution was approximately diluted with phosphate buffer of pH
6.8 to obtain a concentration of 10pg/ml. The resultant solution
was scanned in range of 200- 400nm using UV double beam
spectrophotometer (Lab India UV-3000+).

ii) Standard calibration of Ilaprazole in phosphate buffer of
pH 6.8: 100mg of Ilaprazole was accurately weighed and
dissolved in100ml of pH 6.8 phosphate buffer to obtain a
concentration of 1000pug/ml. From the above 10ml was
withdrawn and diluted to 100ml to obtain a concentration of
100pg/ml. From this stock solution aliquots of 1ml, 2ml, 4ml,
6ml and 8ml were diluted in 10ml volumetric flask with
phosphate buffer to give concentrations in range of 10-80pg/ml
respectively, absorbance was measured at 232nm (Table 5; Fig
2).

Evaluation of Granules: [2-11]
Pre-compression Parameters: Flow properties:
Angle of Repose: It is performed to determine the flow rate of
powder done by the funnel method. The powder was poured
into a funnel which is fixed from height of 2cm of the plane
surface. Circumference was drawn with a pencil on the graph
paper and the radius of base of a pile was measured at 5 different
points and average was taken for calculating Angle of repose
using following formula:

6= tan1 H/R

O=angle of repose; H=height of powder cone; R=radius of
powder cone

Angle of Repose less than 300shows the free-flowing property
of the material.

Bulk Density: Apparent bulk density was determined by
pouring pre-sieved drug excipients blend into a graduated
cylinder and measuring the volume and weight “as it is”. It is
expressed in g/mL and is given by,

Db=M/ Vo

Where, M is the mass of powder and Vo is the Bulk volume of the
powder.
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Tapped density: 1t was determined by placing a graduated
cylinder, containing a known mass of drug- excipients blend, on
mechanical tapping apparatus. The tapped volume was
measured by tapping the powder to constant volume. It is
expressed in g/ml

Dr=M/Vr

Where, M is the mass of powder and Vr is the tapped volume of
the powder.

Carr’s index: It measures the % Compressibility, higher the
compressibility, greater the interparticle interaction, poorer the
flowablity of the powder. Percentage Compressibility index was
calculated by the formula given below.

1=D¢- Dy /Dcx 100

Where, I is the Compressibility index, D¢ is the tapped density of
the powder and Dy is the bulk density of the powder.

Hausner’s ratio: The Hausner ratio is a number that is
correlated to the flowability of a powder or granular material.
The Hausner ratio is calculated by the formula

H=D¢, Dp

Where, Dtis the tapped density of the powder, Dy is the bulk
density ofthe powder.

Hausner ratio greater than 1.25 is considered to be an indication
of poor flowability.

Pre-compression parameters of all Ilaprazole
formulations were done and results were tabulated in Table 6 &
7.

Formulation Studies:

Formulation Design and Development of Ilaprazole ER
Tablets: [12-27]

Preparation of granules for Ilaprazole: The granules were
prepared for Ilaprazoleby wet granulation method. This method
involved use of appropriately selected tablet additives which would
act as binders for the mixtures of drug and other tablet excipients.

Procedure for the preparation of llaprazole tablets by wet
granulation method: Ilaprazole, Avicel pH 102, Sodium
bicarbonate and extended-release polymer were accurately
weighed and sifted through # 40 mesh and were blended in a poly
bag for 5 minutes. Then granulated with binder solution (Required
quantity of PVP K-30 was added slowly to Isopropyl Alcohol under
continuous stirring and stirred well till to get a clear solution) in
Rapid Mixer Granulator (RMG) with Impeller at 150 rpm and
chopper at 1000 rpm for 5 minutes. Wet mass was passed through
#10 mesh and dried at 60°C until LOD is 1-2% w/w. Dried granules
were passed through #20 mesh. Talc, Magnesium stearate was
accurately weighed and sifted through #40 mesh and added to
sifted dried granules. Then blended together in a poly bag for 2 min
and compressed into tablets using Tablet Compression machine
with 7 mm Round shaped standard concave punches. In all
Formulations, the amount of Ilaprazole is equivalent to 10mg (Table
1-3).

https://jprinfo.com/




B.Divya. etal. ] Pharm Res, 2016; 5(12): 256-267

Table No. 1: Compositions of Ilaprazole ER Tablets (F1-F10)

S.no Ingredients (mg/tab) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
1 Ilaprazole 10 10 10 10 10 10 10 10 10 10
2 HPMC-K4M 5 10 20
3 HPMC-K15 M 5 10 20
4 HPMC-K100 M 5 10 20
5 Carbopol-934 5
6 Sodium bicarbonate 10 10 10 10 10 10 10 10 10 10
7 Avicel PH 102 156 151 141 156 151 141 156 151 141 156
8 PVP-K 30 (5%) 10 10 10 10 10 10 10 10 10 10
9 IPA QS QS QS QS QS QS QS QS QS QS
10 Talc 45 45 45 45 45 45 4.5 45 45 45
11 Mg.Stearate 4.5 4.5 4.5 4.5 4.5 4.5 45 4.5 4.5 4.5
Total Weight (mg) 200 200 200 200 200 200 200 200 200 200
Table No. 2: Compositions of llaprazole ER Tablets (F11-F20)
S.no Ingredients (mg/tab) F11 F12 F13 F14 F15 F16 F17 F18 F19 F20
1 Ilaprazole 10 10 10 10 10 10 10 10 10 10
2 Carbopol-934 10 20
3 Eudragit-S100 5 10 20
4 Eudragit-L100 5 10 20
5 Eudragit-RSPO 5 10
6 Sodium bicarbonate 10 10 10 10 10 10 10 10 10 10
7 Avicel PH102 151 141 156 151 141 156 151 141 156 151
8 PVP-K 30 (5%) 10 10 10 10 10 10 10 10 10 10
9 IsoPropyl Alcohol QS QS QS QS QS QS QS QS QS QS
10 Talc 45 45 4.5 45 45 45 4.5 45 45 45
11 Mg.Stearate 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Total Weight (mg) 200 200 200 200 200 200 200 200 200 200
Table No. 3: Compositions of llaprazole ER Tablets (F21-F30)
S.no Ingredients (mg/tab) F21 F22 F23 F24 F25 F26 F27 F28 F29 F30
1 Ilaprazole 10 10 10 10 10 10 10 10 10 10
2 Eudragit- RSPO 20 --- --- --- --- --- --- --- --- ---
3 Sodium CMC 5 10 20
4 Xanthan gum --- --- --- - 5 10 20 - --- ---
5 Guar gum 5 10 20
6 Sodium bicarbonate 10 10 10 10 10 10 10 10 10 10
7 Avicel PH 102 141 156 151 141 156 151 141 156 151 141
8 PVP-K 30 (5%) 10 10 10 10 10 10 10 10 10 10
9 Iso Propyl Alcohol QS QS QS QS QS QS QS QS QS QS
10 Talc 45 45 4.5 4.5 45 45 4.5 45 45 45
11 Mg.Stearate 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Total Weight (mg) 200 200 200 200 200 200 200 200 200 200
Evaluation of Extended-Release Matrix tablets: Physical appearance:
Post-Compression parameters:[28-50] The tablets were inspected for smoothness, absence of
The prepared tablets were evaluated Physical cracks, chips and other undesirable characteristics. If they are
appearance, thickness, hardness, weight variation, friability and colored, it includes examination for mottling and other evidence
uniformity of weight and the results were tabulated in Table 8 of non-uniform color distribution except where they are used
and 9. intentionally.
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Weight variation:

20 tablets were randomly selected from each
formulation and their average weight was calculated using
digital balance. Individual weight of each tablet was also
calculated using the same and compared with the average
weight.

Hardness:

Hardness or tablet crushing strength (fc), the force
required to break a tablet in a diametric compression was
measured using Monsanto tablet hardness tester. Itis expressed
in kg/cm2.

Dimension (Thickness and Diameter):
Three tablets were selected randomly from each batch and
thickness was measured by using Vernier Callipers in kg/cm2.

Friability test:

It is the phenomenon whereby tablet surfaces are
damaged and/or show evidence of lamination or breakage when
subjected to mechanical shock or attrition. The friability of
tablets was determined by using Roche friabilator (Lab India, FT
1020). It is expressed in percentage (%). Ten tablets were
initially weighed [W(initan] and transferred into friabilator. The
friabilator was operated at 25 rpm for 4 min or run up to 100
revolutions. The tablets were weighed again [W (finay]. The
percentage friability was then calculated by,

_ [W(initial) — W(final)]
k= W(initial) * 100

Drug content:

All the Extended-release matrix tablets prepared were
tested for assay. A precisely weighed amount of each
composition was dissolved in small volume of methanol and
moreover diluted with methanol. The content of Ilaprazole as
well as Tenatoprazole sodium was tested
spectrophotometrically at their A max with UV-visible
spectrophotometer.

Drug content % = M x 100
therotical yield

In-Vitro Dissolution studies of Ilaprazole ER tablets: [51-54]

The in-vitro dissolution was carried out using USP type
I dissolution apparatus was determined using USP Dissolution
testing apparatus type-I1 (Paddle method; Lab India DS 8000+),
Temperature is 37+0.52C and RPM is 50. Dissolution medium
was maintained at 0.1N Hydrochloric acid for first 2 hours and
then pH 6.8 phosphate buffer for next 10 hours.

The tablets were placed in the dissolution medium and
the apparatus was run. At intervals of 1, 2, 3,4, 5, 6, 7, 8,9, 10,
11, 12 hours 5 ml aliquots were withdrawn and replacement
was done each time with equal amounts of fresh dissolution
medium maintained at same temperature. Each 5 ml aliquot was
filtered through Whatman filter paper (No.41). 5 ml of sample
was diluted to 10 ml 0.1N Hydrochloric acid for first 2 hours and
then with pH 6.8 phosphate buffer for next 10 hours and
absorbance of these solutions was measured by using a UV
spectrophotometer. Drug concentrations in the sample were
determined from standard calibration curve. The release data
were calculated. The results were shown in the Table 10-13 and
Fig: 3-8.
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Release Kinetics: [55,56]

To study the release kinetics of in-vitro drug release,
data was applied to kinetic models such as Zero order, First
order, Higuchi and Korsmeyer-Peppas and the results were
shown in Table 14 and Fig: 9-12.

Data Analysis (Curve Fitting Analysis):
To analyze the mechanism of the drug release rate
kinetics of the dosage form, the data obtained were graphed as:
+ Cumulative percentage drug dissolved Vs Time (Zero order
plots)
+ Log cumulative percentage drug remaining Vs Time (First
order plots)
+« Cumulative percentage drug dissolved Vs Square root of
time (Higuchi’s plots)
+» Log percentage drug released Vs Log time (Peppas plots)

Zero order:
C = Kot

Where; Kp-is the zero-order rate constant expressed in units of
concentration/time; t-is the time in hrs

First order:
LogC = LogCo - Kt / 2.303

Where; Co - is the initial concentration of drug, K - is the first

order constant, t- is the time in hrs.
Higuchi:
Qt = Kt1/2

Where; Q- is the amount of the release drug in time t, K- is the
kinetic constant and t- is time in hrs

Korsmeyer Peppas:
Mt/ Mo = Ktn

Where; M: - represents amount of the released drug at time t,
M- is the overall amount of the drug (whole dose) released
after 12 hrs, K- is the diffusional characteristic of drug/ polymer
system constant, n- is a diffusional exponent that characterizes
the mechanism of release of drug.

The value of n indicates the drug release mechanism
related to the geometrical shape of the delivery system, if the
exponent n = 0.5, then the drug release mechanism is Fickian
diffusion. If n < 0.5 the mechanism is quasi-Fickian diffusion,
and 0.5 < n < 1.0, then it is non-Fickian or anomalous diffusion
and when n = 1.0 mechanism is non Fickian case II diffusion, n>
1.0 mechanism is non Fickian super case II.

RESULTS AND DISCUSSION

Construction of calibration curve ofllaprazole:

In this study at 230nm and 232nm, simulated gastric
fluid (0.1N HCI) and phosphate buffer pH 6.8 respectively had
good reproducibility in the concentration between the range of
10-50pg/ml and 10-80ug/ml respectively. Correlation between
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concentration and absorbance was closer to 1 indicating that the
method obeyed Beer Lamberts law (Table 4 & 5; Fig. 1 & 2).

Pre-compression Parameters: Flow properties:

Bulk Density of the formulation blend plays an
important role in the compression of the powder. The bulk
density of the composition was commenced to be in the range of
0.38 + 0.64to 0.59 * 0.41 g/cm3. Tapped density also plays a
considerable role in knowing the compressibility of the
formulation blend. It was in the range of 0.47 + 0.63 to 0.64 *
0.16 g/cm3. It was noted that the Tapped density of all the
compositions were greater than their respective bulk density
thus indicating that all the powder formulation had a good
compressibility. The Hausner ratio for all the formulations were
ranged from 1.01 * 0.14 to 1.25 * 0.15. Hausner ratio greater
than 1.25 is considered to be an indication of poor flowability.
The Carr's index for all the formulations were ranged from 7.99
+0.89 to 14.38 + 0.14. It gives the % Compressibility, higher the
compressibility, greater the interaparticle interaction, poorer
the flowablity of the powder. But here with respect to Ilaprazole
formulations, the % Compressibility was found to be less, so
have a good flowability. 5-15 range of Carr’s index indicates
excellent flowability of powder blend. The flow properties of
granules were analyzed by determining the angle of repose.
They were ranged to be 25°.11 * 0.85 to 30°.73 £ 0.85. Angle of
Repose less than 300 shows the free-flowing property of the
material (Table 6 & 7).

Post-Compression parameters:

The tablets were observed visually and did not show
any imperfections such as capping, molting, chipping and
lamination. The physical characteristic of Ilaprazole ER tablets
(F-1 to F-30) such as thickness, diameter, hardness, friability,
weight variation and drug content were determined and values
of the formulations (F-1 to F-30) were found to be within the
official limits. Excessive variation in the tablet thickness and
diameter can result in problems with packaging. The sizes
(diameter) of the tablets of all formulations were embark on to
be 7.0 + 0.0 mm and thickness ranged between 3.19 * 0.18to
4.58 + 0.62. The Hardness or Tablet crushing strength (fc) of

tablets was in the range of 4.01 + 0.14 to 5.39 * 0.39 kg/cm?2.
This indicates good tablet strength. A tablet is formulated to
hold a concrete amount of drug. When the average mass of the
tablet is 200 mg the Pharmacopeial limit for percentage
deviation is * 7.5 %. The entitlement deviation from average
tablet weight for all the tablet was found to be within the
precise limits and therefore all formulations comply with the
test for weight variation according to the Pharmacopeial
specifications. They ranged from 198 * 0.22 to 200 * 0.85.
Percentage friability of all the formulations was found to be in
between 0.54 *+ 0.04 to 0.78 * 0.94 %. This indicated good
handling property of the prepared Extended-release tablet. The
content of active ingredient i.e, Drug in the formulation were
ranged between 98.28 + 0.98to 101.66 * 0.25w/w, which is
within the specified limit as per IP 2007 (i.e., 90-110 % w/w)
(Table 8 & 9).

In-vitro dissolution studies of Ilaprazole:

The Ilaprazole tablets were evaluated for in-vitro
dissolution studies in acid buffer (pH-1.2) for 2 hours followed
by pH 6.8 buffer for 10 hours. The results of cumulative % drug
dissolved revealed that the Ilaprazole was released in an
extended manner from all the formulations, whereas
formulation F-21 showed maximum cumulative % drug
dissolved i.e. 99.73 + 0.19% at the end of 12t hour which was
the intention of the finalized formulation (to prolong the drug
dissolution up to 12 hrs) while others not being reached to the
time point of maximum release are still extending the release of
the drug Ilaprazole (Table 10 - 13; Fig. 3 - 8).

In-vitro dissolution kinetics of optimized formulation
of Ilaprazole Extended-release tablets was calculated. It was
examined that the drug dissolution kinetics from the
formulation followed zero order as the R2 value of zero order
was found to be 0.9928 and the mechanism of drug release was
found to be following non-Fickian super case-1I diffusion as the
n value of Korsmeyer-Peppas was found to be 1.443 (Table 14;
Fig. 9 - 12).

Table No. 4: Absorbances of Illaprazole in 0.1N HCI (230nm)

S.No Concentration (png/ml) Absorbance (nm)
1 0 0
2 10 0.058
3 20 0.122
4 30 0.181
5 40 0.239
6 50 0.306

Table No. 5: Absorbances of Ilaprazole in 6.8 pH Phosphate buffer (232nm)

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

1 0 0

2 10 0.071
3 20 0.129
4 40 0.261
5 60 0.385
6 80 0.499
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Standard Calibration Curve Standard Calibration Curve of
of Ilaprazole in 0.1N HCI1 Ilaprazole.in 6.8 pH Phosphate buffer
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Fig. 1 & 2: Standard Calibration curve of llaprazole in 0.1N HCl at 230nm and in 6.8 pH Phosphate buffer at 232 nm.

Table No. 6: Flow properties of powder blend for llaprazole (F1-F14)

Formulation Bulk density Tapped density Hausner Carr’s index Angle of repose
Code (gm/cm3)* (gm/cm3)* ratio (HR)* (IC)* 0)*
F1 0.49+0.63 0.59+0.83 1.08+0.05 10.05+0.41 27°.84+0.46
F2 0.41+0.35 0.58+0.54 1.01+0.14 8.36+x0.91 29°.36%0.86
F3 0.59+0.41 0.61+0.35 1.10£0.09 11.73+0.87 26°.29+0.74
F4 0.42+0.13 0.57+0.09 1.16+0.03 9.42+0.91 29°.18+0.71
F5 0.45%0.25 0.58+0.14 1.18+0.21 10.09+0.42 26°.36£0.09
F6 0.44+0.72 0.51+0.17 1.16+0.33 12.36+0.27 28°.04+0.05
F7 0.51+0.86 0.61+0.05 1.14+0.08 10.36+0.15 30°.07+0.03
F8 0.41+0.29 0.54+0.19 1.22+0.01 13.01+0.18 26°.75+0.36
F9 0.48+0.65 0.62+0.13 1.09+0.64 7.99+0.89 25°.1140.85
F10 0.46+0.11 0.59+0.73 1.01+0.86 12.71+0.65 27°.55+0.07
F11 0.47+0.35 0.55+0.83 1.25+0.15 10.37+0.28 29°.27+0.83
F12 0.49+0.27 0.54+0.37 1.11+0.27 8.98+0.79 28°.16+0.35
F13 0.54+0.84 0.59+0.44 1.17+0.16 14.24+0.29 27°.34+0.53
F14 0.49+0.29 0.54+0.75 1.12+0.09 11.12+0.15 29°.17+0.16

Table No. 7: Flow properties of powder blend for Ilaprazole (F15-F30)

Formulation Bulk density Tapped density Hausner Carr’s index Angle of repose
Code (gm/cm3)* (gm/cm3)* ratio (HR)* (I0)* (0)*
F15 0.46+0.09 0.57+0.35 1.16+0.35 10.26+0.97 29°.05+0.08
F16 0.52+0.83 0.61+0.83 1.18+0.13 8.87+0.95 30°.73+0.85
F17 0.49+0.27 0.54+0.53 1.14+0.19 11.13+0.17 28°.16+0.01
F18 0.46+0.15 0.58+0.35 1.18+0.44 12.36+0.03 29°.36+0.37
F19 0.45+0.44 0.52+0.62 1.09+0.05 14.38+0.14 26°.28+0.29
F20 0.39+0.65 0.48+0.09 1.16+0.09 9.98+0.27 30°.26%0.47
F21 0.48+0.36 0.58+0.03 1.03+£0.08 10.07+£0.73 27°.2840.15
F22 0.52+0.94 0.59+0.79 1.15+0.01 9.71+0.19 28°.56+0.29
F23 0.43+0.52 0.54+0.18 1.04+0.04 8.27+0.36 25°.15+0.32
F24 0.46+0.09 0.55+0.05 1.03+0.21 9.46+0.36 29°.74+0.14
F25 0.57+0.01 0.64+0.16 1.16+0.42 12.34+0.02 27°.46%0.98
F26 0.44+0.63 0.53+0.35 1.18+0.05 10.35+0.36 29°.32+0.64
F27 0.49+0.72 0.57+0.71 1.17+0.41 11.36+0.73 30°.36+0.24
F28 0.38+0.64 0.47+0.63 1.04+0.03 8.71+0.45 27°.14+0.75
F29 0.49+0.42 0.56+0.37 1.11£0.07 9.27+0.72 25°.56+0.24
F30 0.54+0.83 0.61+0.76 1.09+0.09 10.46+0.23 28°.72+0.29

All the values are expressed as meant SE, n=3
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Table No. 8: Post Compression characteristicsof llaprazole ER Tablets (F1-F14)

Formulation Thickness Hardness Weight variation Friability Drug content
Code (mm)* (Kg/cm2) * test (%) (%) * (%) *
F1 3.19+0.18 4.47+0.28 200+0.36 0.59+0.71 99.26+0.36
F2 3.47+0.53 4.08+0.36 199+0.47 0.67+0.63 99.71+0.98
F3 3.68+0.69 4.47+0.59 200£0.35 0.63+0.26 101.66+0.25
F4 3.52+0.37 4.28+0.48 198+1.26 0.59+0.16 100.35+0.83
F5 3.98+0.29 4.46%0.18 200+0.37 0.62+0.73 99.78+0.38
Fé6 4.57+0.36 4.49+0.47 199+0.29 0.78+0.94 98.36+0.98
F7 3.99+0.48 5.01+0.03 200+0.73 0.54+0.04 99.14+0.62
F8 3.47+0.59 4.28+0.17 199+0.24 0.55+0.13 101.35+0.56
F9 3.78+0.37 5.39+0.39 200£0.15 0.69+0.91 99.37+0.35
F10 4.02+0.49 4.13+£0.21 199+0.28 0.63+0.94 98.98+0.78
F11 3.96x0.14 4.28+0.48 198+0.37 0.57+0.65 99.34+0.06
F12 3.98+0.18 4.01+0.14 200+0.18 0.59+0.14 99.28+0.47
F13 3.77+0.97 4.55+0.37 198+0.35 0.55+0.35 100.54+0.29
F14 3.79+0.74 4.83+0.16 200x0.28 0.64+0.47 98.37+0.74

All the values are expressed as meant SE, n=3

Table No. 9: Post Compression characteristics of Ilaprazole ER Tablets (F15-F30)

Formulation Thickness Hardness Weight variation Friability Drug content
Code (mm)* (kg/cm?2)* test (%) (%)* (%)*
F15 3.68+0.27 4.38+0.28 200+0.85 0.64+0.42 99.68+0.35
F16 4.01+£0.36 4.32+0.49 198+1.49 0.55+0.53 98.59+0.73
F17 3.68+0.19 4.86+0.26 199+0.87 0.73+0.64 100.42+0.24
F18 3.89+0.27 4.38+0.13 197+1.75 0.56x0.31 99.34+0.76
F19 3.77+0.14 4.37+0.58 200+0.73 0.61+0.26 98.28+0.98
F20 3.86+0.46 4.05+0.97 198+0.22 0.72+0.67 100.04+0.48
F21 4.07+0.47 4.85+0.29 200%0.15 0.61£0.28 99.96+0.64
F22 3.79+0.59 4.46+0.14 199+0.89 0.59+0.32 101.37£0.47
F23 3.59+0.03 4.19+0.22 200%0.75 0.64%0.18 99.85+0.57
F24 4.09+0.02 4.38+0.47 198+0.36 0.57+0.24 100.47+0.59
F25 3.99+0.55 5.09+0.01 200+0.82 0.63+£0.31 98.98+0.71
F26 4.08+0.31 4.85+0.08 199+0.27 0.69+0.42 100.05+0.36
F27 3.38+0.37 4.48+0.36 200+0.18 0.72+0.29 99.87+0.69
F28 4.58+0.62 4.14+0.49 199+0.75 0.66+0.35 99.85+0.57
F29 3.49+0.44 5.02%0.08 200%0.57 0.54+0.19 100.47+0.59
F30 3.43+0.52 4.78+0.39 199+0.37 0.67+0.25 98.98+0.71

All the values are expressed as mean* SE, n=3

Table No. 10: In-Vitro dissolution studies of llaprazole ER Tablets (F1-F7)

Time CUMULATIVE % DRUG RELEASE
(hrs) F1 F2 F3 F4 F5 F6 F7
0 0 0 0 0 0 0 0

1 3.47+0.28 4.28+0.91 6.46+0.76 2.98+0.27 3.63+0.82 4.13+0.73 3.26%0.15
2 7.39+0.16 6.46+0.56 7.37+0.19 6.14+0.39 5.19+0.37 6.19+0.92 5.28+0.37
3 14.28+0.49 13.56+0.29 16.45+0.35 11.37+0.73 12.47+0.41 12.42+0.31 12.44+0.18
4 21.47+0.73 25.75+0.48 19.79+0.72 23.21+0.15 21.38+0.29 18.21+0.74 20.37+0.83
5 32.21+0.35 36.38+0.19 24.47+0.11 31.63+0.74 33.82+0.82 27.36+0.27 32.63+0.46
6 43.57+0.19 47.14+0.53 29.82+0.32 42.72+0.43 42.18+0.75 35.44+0.14 45.38+0.13
7 54.25+0.37 55.31+0.74 37.26+0.92 51.41+0.82 53.39+0.54 44.53+0.53 53.41+0.29
8 58.98+0.71 64.53+0.22 46.74+0.67 61.77+0.28 61.37+0.36 57.64+0.75 62.39+0.17
9 66.63+0.13 71.34+0.73 58.36+0.53 70.22+0.39 74.16+0.93 63.13+0.53 71.28+0.19
10 74.31+0.39 79.42+0.14 72.72+0.16 78.38+0.72 78.83+0.61 75.87+0.31 79.38+0.37
11 81.76+0.97 84.26+0.31 84.28+0.37 85.99+0.45 85.76+0.92 83.24+0.89 82.19+0.49
12 89.62+0.39 91.49+0.87 93.17+0.46 88.43+0.14 90.27+0.54 92.15+0.64 86.43+0.36
Each value represents the mean # SD. (n =3)
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Table No. 11: In-Vitro dissolution studies of llaprazole ER Tablets (F8-F14)

Time CUMULATIVE % DRUG RELEASE
(hrs) F8 F9 F10 F11 F12 F13 F14
0 0 0 0 0 0 0 0

1 3.18+0.31 4.17+0.47 2.73+0.63 3.72+0.29 4.24+0.31 2.42+0.42 3.82+0.26
2 4.39+0.17 5.29+0.28 4.82+0.73 6.21+0.63 5.87+0.82 3.74+0.86 6.73+0.14
3 14.18+0.39 15.23+£0.17 10.27+0.57 10.13+0.18 21.92+0.47 9.86+0.35 14.65+0.75
4 22.29+0.53 21.73+£0.48 22.46+0.93 21.74+0.15 32.46+0.24 19.64+0.26 26.93+0.53
5 34.48+0.48 36.49+0.34 33.28+0.26 32.82+0.28 44.47+0.82 30.35+0.75 37.54+0.24
6 43.14+0.83 41.53+0.62 45.47+0.74 44.65+0.36 53.82+0.92 41.97+0.24 45.88+0.97
7 52.83+0.29 57.16+0.48 51.29+0.93 52.38+0.68 69.22+0.53 54.44+0.76 59.64+0.46
8 61.59+0.18 64.73+0.82 58.56+0.46 61.82+0.34 77.65+0.17 65.71+0.24 67.42+0.35

9 74.17+0.11 71.36+0.63 62.83+0.62 74.41+0.12 79.76+0.69 69.52+0.86 74.12+0.29
10 78.15+0.27 80.22+0.89 70.45+0.47 78.39+0.37 81.46+0.29 73.85+0.33 80.96+0.14
11 85.26+0.35 85.65+0.53 82.69+0.39 82.48+0.58 86.51+0.82 80.16+0.63 85.73+0.53
12 90.49+0.68 89.28+0.26 88.28+0.57 90.18+0.74 93.13+£0.54 86.28+0.72 93.82+0.92

Each value represents the mean * SD. (n = 3)

Table No. 12: In-Vitro dissolution studies of Ilaprazole ER Tablets (F15-F22)

Time CUMULATIVE % DRUG RELEASE
(hrs) F15 F16 F17 F18 F19 F20 F21 F22
0 0 0 0 0 0 0 0

0

1 4.14+0.14 2.92+0.46 3.14+0.53 5.25+0.63 3.65+0.82 4.14+0.64 4.24+0.62 2.18+0.53

2 5.74+0.93 5.46+0.87 4.53+0.14 7.37+0.77 5.87+0.76 5.25+0.86 6.65+0.16 3.52+0.14

3 14.36x0.24  10.28+#0.59 11.76+0.65 17.45+x0.26 11.59+0.56 10.43+0.35 18.86+0.74 11.63+0.13
4 20.24+0.62 = 19.53x0.45 21.24+0.75  22.79+0.84 23.83+x0.97 @ 22.15+0.24 = 29.35%#0.37 @ 20.25%0.75
5 26.75+0.26 = 29.83x0.24 33.47+0.24 30.47+0.35 30.28+0.49 34.63+0.96 36.84+0.86 33.72+0.68
6 30.13+0.31 = 33.37£0.75 = 46.13#0.35 42.82+0.89 41.34+0.14 43.76+0.24  47.29+0.13 @ 47.63+0.53
7 41.224095 44.64+0.48 59.42+0.87 51.26+0.13 49.18+0.83 55.13#0.68 59.14+0.42  59.14+0.17
8 49.97+0.64  53.49+0.63 67.86x0.54 @ 60.74+0.24 55.76+0.45 66.64+0.87 68.97+0.64 61.53+0.34
9 60.14+0.86 61.82+0.37 74.42+0.29 73.36+0.53 67.41+0.28 70.35+0.43 77.25%#0.16  68.15+0.75
10 71.42+0.86 @ 70.74+0.82 @ 80.86+0.13 = 79.72+0.97 73.38+£0.76 = 81.24+0.26 @ 85.53%0.75 @ 79.73+0.41
11 84.16+0.41  78.12+0.58 86.25+0.64 86.28+0.54 80.16+0.35 89.61+0.84 91.14+0.36  82.85+0.67
12 94.1840.86 = 85.96+0.92 89.86+0.78 @ 92.17+0.13 = 87.35+0.76 = 92.15+#0.31 = 99.73+#0.19  85.31+0.14

Each value represents the mean # SD. (n = 3)

Table No. 13: In-Vitro dissolution studies of [laprazole ER Tablet (F23-F30)

Time CUMULATIVE % DRUG RELEASE

(hrs) F23 F24 F25 F26 F27 F28 F29 F30
0 0 0 0 0 0 0 0 0
1 4.31+0.61 5.15+0.35 3.53+0.23 2.13+0.85 2.14+0.65 1.35+0.14 2.35+0.13 4.14+0.17
2 6.53+0.14 7.64+0.73 4.74+0.46 4.45+0.42 4.53+0.14 3.73+0.86 7.12+0.35 8.53+0.14
3 10.15+0.85 17.35%0.74 13.13+0.75 12.74+0.14 14.85+0.85 10.21+0.35 17.64+0.85 18.67+0.85
4 22.74+0.22 = 24.14+0.12 19.85+0.24  21.21+0.53  21.64+0.33 = 22.57+0.63 = 26.25+0.29  27.35%0.22
5 34.17+0.74  33.34+0.63 30.36+0.97 32.74+0.64 36.21+0.18 34.75+0.82 38.86x0.21  35.13+0.64
6 45.85+0.97 48.12+0.34 44.74+0.25 43.13+x0.78 44.67+0.36 = 45.85+0.21 @ 47.25+0.35 @ 47.16+0.75
7 57.31+0.14 57.71x0.82 51.42+0.53 51.84+0.31 51.35+0.25 50.23+0.95 55.99+0.74 55.57+0.24
8 65.14+0.53 = 64.8620.34 59.86+0.24 64.52+0.45 57.95+0.96 @ 63.47+0.54 66.12+0.25  66.45+0.76
9 74.35+0.76 = 75.41+0.17 62.32+0.75 70.74£0.77 62.24+0.27 72.62+0.31 79.52+0.96 = 72.33%0.37
10 78.82+0.13 = 83.86%0.37 @ 75.97+0.14 76.13+0.34 70.41+0.74 79.88+0.85 @ 85.33+0.25  80.19+0.14
11 83.24+0.87 87.52+#0.64 80.53+0.46 85.74+0.13 85.62+0.22 84.39+0.36 90.64+0.21 85.71+0.66
12 88.51+0.42 = 91.13%x0.52 = 84.42+0.13  92.61+0.75 88.74+0.76 = 90.53+0.83 = 92.72+0.13 = 93.24+0.85

Each value represents the mean * SD. (n = 3)
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Table No. 14: Ilaprazole Release Kinetic Parameters for Optimized Formulation

R2 R2 R2 R2 n-value Non-Fickian super
F21 0.9928 0.6526 0.8915 Zero order 09771 1.443 case Il
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CONCLUSION

Ilaprazole Extended-release tablets were formulated
by wet granulation method by using different Polymers such as
HPMC K4M, K15M, K100M, Carbopol 934, Eudragit-S100,
Eudragit -L100, Eudragit-RSPO and Natural Polymers such as
Sodium CMC, Xanthan gum, Guar gum and Talc is used as a
glidant, magnesium stearate is lubricant, PVP-K30 as binder, IPA
as solvent, Sodium bicarbonate as acid neutralizing agent and
Avicel PH 102 was used as diluent. Ilaprazole formulated tablet
blend and tablets were subjected to their pre and post
formulation characteristics like flow properties and weight
variation, hardness, friability, drug content. Results of all these
parameters were within the pharmacopoeial limits. Prepared
formulations were subjected for in-vitro dissolution and release
kinetic studies. The results of cumulative % drug dissolved
revealed that the Ilaprazole was released in an extended
manner from all the formulations whereas formulation F-21
showed maximum cumulative % drug dissolved i.e., 99.73 *
0.19% at the end of 12t hour which was the intention of the
finalized formulation (to prolong the drug dissolution up to 12
hrs) while others not being reached to the time point of
maximum release are still extending the release of the drug
Ilaprazole.
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