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ABSTRACT

This study presents the development of extended release formulations of glipizide based on
osmotic technology. In this study two-layer push pull osmotic tablet system was developed using
Carbopol, Sodium chloride, microcrystalline cellulose. The push-pull osmotic tablets consist of
two layers, one containing drug along with osmogen and other an osmotic agent and swellable
polymer. A semi permeable membrane that regulates water influx in to both layers surrounds the
system. After coating, orifice was simply drilled in drug side surface.

This study was intended to study the influence of tablet core variable, including, amount of
sodium chloride in drug layer, carbopol 934P amount in push layer and drug layer. Effect of pH,
orifice size, agitation intensity, and weight gain by coating on in vitro release was studied.

Keywords: glipizide, carbopol 934P, Sodium chloride, micrataline cellulose.

INTRODUCTION

Osmotic devices are most promising strategy bagstérs for controlled drug delivery. They are

among the most reliable controlled drug delivergtesn and could be employed as oral drug
delivery systems or implantable device. Osmosiansaristocratic biophenomenon, which is
exploited for development of delivery systems weéliery desirable property of an ideal

controlled drug delivery system. Osmotic systentizas the principles of osmotic pressure for
delivery of drug. [1]

Osmotically controlled oral drug delivery systen®CODDS) utilize osmotic pressure as the
energy source for the controlled delivery of dru@ug release from these systems is
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independent of pH and hydrodynamic conditions @f gastro-intestinal tract (GIT) to a large
extent, and release characteristics can be eadjisstad by optimizing the parameters of the
delivery system. [2]

Glipizide, an oral hypoglycemic agent, is one of thost commonly prescribed drugs for the
treatment of patients with type Il diabetes medlitit is practically water-insoluble, but the
absolute bioavailability is close to one. Thus,bdlongs to class 2 of Biopharmaceutical
Classification System (BCS). Glipizide has a rekly short elimination half-life (2—-4 hrs),
thereby requiring two to three times daily dosindarge number of patients, which often leads
to non-compliance. [3, 4]

Thus, there is a strong clinical need and markéerg@l for a dosage form that will deliver
glipizide in a controlled manner to a patient negdihis therapy, thereby resulting in a better
patient compliance.

MATERIALSAnd METHOD

1. Preparation of standard curves of glipizide:
Standard curve of glipizide was prepared in phosgpbaffer pH 6.8, pH 7.4 and acidic buffer
pH 1.2

Procedure:
Stock-1: accurately weighed (10mg) of Glipizide wigssolved in 20 ml of given buffer taken in
100ml calibrated volumetric flask and volume wasimap to the mark using given buffer.

From stock-1 0.5 ml solution was withdrawn and t@itbup to 10 ml in volumetric flask this
gives 5u/ml. Similarly 10, 15, 20, 25,30,35,40ml were prepared by withdrawing 1, 1.5, 2, 2.5,
3, 3.5, and 4, respectively. Absorption of eaditsmn was measured at 276 nm using shimadzu
UV-1700 UV/Vis spectrophotometer.

Note: Here given buffer means phosphate buffer pH 6.87 ghbr acidic buffer pH 1.2

Table 1: Composition of glipizide push pull osmotically controlled releasetablets

Ingredients Cl Cc2 C3 C4 C5
Drug layer:

Glipizide 10 10 10 10 10
Carbopol 934P 25 50 75 100 125
NaCl 25 25 25 25 25
MCC 45 45 45 45 45
Mg. stearate Trace Trace Trace Trace Trace
Push Layer:

Carbopol 100 100 100 100 100
MCC 80 80 80 80 80
NacCl 10 10 10 10 10
Mg. stearate Trace Trace Trace Trace Trace
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2. Preparation of glipizide push-pull osmotic tablets:

Bilayer osmotic tablets were prepared accordinfptmulation given in Table 1. The drug layer
was comprised of Glipizide, Carbopol 934 P, NaCIC®) and magnesium stearate. All the
ingredients weighed accurately and shifted thro6@th then mixed properly. The osmotic layer
comprise of Carbopol, MCC, NaCl, Magnesium stearaliethe ingredients weighed accurately
and shifted through 60# then mixed properly. Bitaggandaed convex tablets havibh@ mm
diameter and 6-7 kg/chhardness were prepared. Prepared tablets wereaga@léor various
parameters.

3. Coating of tablets:

A 6% wl/v solution of cellulose acetate in acetongswised as a semi permeable membrane
provider. Caster oil was used as a plasticizer. fHidets were warmed to 40 2°C before
applying coating solution. (Table 2 contains caatomposition).

Coating was done in coating machine. Tablets watdrpcoating pan and rotate pan. Coating
solution was sprayed by spray gun. Hot air suppdied dried the tablets. After coating dry
tablets were weighed for percentage weigh gairou?t% by following equation.

% weigh gain = (Wt-Wo/ Wo) x100

Where, Wt = weight of tablet after coating Wo = gldiof tablet before coating

Table 2: Coating composition

Ingredients Quantity

Cellulose Acetate 1.50gm

Castor ail 0.40gm
Acetone 25 ml

4. Evaluation parameters[5]:

4.1 Tablet dosage for ms assay:

The Glipizide tablets were tested for their drugiteat. Five tablets were finely powdered,;
guantities of the powder equivalent to 10 mg ofp@&ide were accurately weighed and
transferred to a 100-ml of volumetric flask contagn20ml of Phosphate buffer pH 7.4 mixed
thoroughly then volume made up to 100ml with saraffeb. And filter. Dilute 10 ml of the
resulting solution to 200 ml with Phosphate bufbét 7.4 and measure the absorbance of the
resulting solution at the maximum at 276 nm usihgradzu-1700 UV/Vis spectrophotometer.
The linearity equation obtained from calibrationnai as described previously was use for
estimation of glipizide in the tablet formulations.

4.2 Weight variation test:
To study weight variation 20 tablets of each foratioh were weighed using a Sartorious
electronic balance and the test was performed doapto the official method.

4.3 Hardness:

For each formulation, the hardness and friabilit$ tablets were determined using the validated
Ablet hardness tester and the Roche friabilatorm(&Gaell Electronics, Mumbai, India),
respectively.
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4.4 In-vitrodrug release studies:

In vitro study of Glipizide was carried out usingSB-2 paddle apparatus. The test conditions
were as follows: Tablets which contain about 10 ohglipizide were placed in 900 ml of pH
7.4 phosphate buffer medium and temperature maedaat 37 + 0.5C, the rotation rate of
paddle was adjusted to 50 rpm/min. At differenemaéls, 10 ml of samples were withdrawn and
replaced with the same dissolution medium. Filber withdrawn samples through the whatman
filter paper. Measure the absorbance of the regulSolution (dilute if necessary) at the
maximum at 276 nm using Shimadzu-1700 UV/Vis spgttotometer.

4.5 Study on effect of different formulation variables of tablets:

4.5.1 Calculation of theoretical dissolution profile:

The pharmacokinetic parameters of Glipizide weilezatl for the calculation of theoretical drug
release profile for 12 hours dosage form. The imatedrelease part for sustained release
Glipizide was calculated using equation (4.1) ard ¥ound to be 3.5 mg.

Immediaterelease part = (Cssx Vd) / F ------------- (4.1)

Where, Gsis steady state plasma concentration, Vd is volofmgistribution and F is fraction
bioavailable.

Dose = Immediaterelease part[1+ (0.693* t/ty,)]----------- (4.2
Where, t is time up to which sustain release isiireq and 1, is half life of drug.

Dose = 3.5[1+(0.693* 12/3.8)]
=11.1mg (= 10mg)

Here, the formulation should release 3.5 mg (3®#4lrug in 1 hour like conventional tablet and
0.59 mg (5.9 %) per hour up to 12 h thereafter.

Table 3: Important pharmacokinetic parameters ipizijtie [3]
Immediate release part = (Css x Vd) / F --------- (4.1)

Table 3: Important pharmacokinetic parameters of glipizide [

Phar macokinetic parameters Value

Fraction of drug absorbed (f) 1

Elimination half-life (&) 3.8h

Terminal disposition rate Constanj k 0.21 ht

Apparent volume of distribution @Y 0.17 I’kg

Minimum effective concentration (Omin) 20 ng/ml

Maximum effective concentration {gnin) 300 ng/ml

Clearance (CL) 0.52 +0.18 ml mint* kg*

265
Scholar Research Library



Avinash Singh et al Der Pharmacia Lettre, 2011, 3(1): 262-275

Table 4: Theoretical dissolution profile of glipizide

Timein min Cumulative

percentage
release

0 0

60 35.0
120 40.9
180 46.8
240 52.7
300 58.6
360 64.5
420 70.4
480 76.3
540 82.2
600 88.1
660 94.0
720 99.9

4.5.2 Comparison of dissolution profiles by similarity factor f,: [6, 7]

The similarity factor () given by SUPAC guidelines for modified releassalge form was used
as a basis to compare dissolution profile. Theotlis®n profiles are considered to be similar
when $ value is 50 to 100.

The dissolution profiles of products were compausithg a similarity factor (. This similarity
factor is calculated by following formula,

n
f, =50 x log {[1+ (1/n)T | R—T; |*] ®°x 100}
J=1

When n is the number of dissolution time andaRd T are the reference and test dissolution
values at time t. Two dissolution profiles are e¢dased similar when the,Fvalue is 50 to 100.

4.5.3 Effect of sodium chloride:

To study the effect of sodium chloride and to assarreliable performance of developed
formulation, first drug release study of optimizerhulations were conducted. Then changes the
amount of sodium chloride in drug layer of optimipemulations and again drug release study
was carried out in pH 7.4 phosphate buffer.

4.5.4 Effect of carbopol 934P amount on push layer:

To study the effect of carbopol 934P amount on pagér and to assure a reliable performance
of developed formulation, drug released study dinoge formulation were conducted. Then
changing the carbopol 934P amount in push layesptinize formulations drug release study
was carried out in pH 7.4 phosphate buffer

4.5.5 Effect of pH:
To study the effect of pH release study of optinfa@nulations were conducted in different pH.
The release media was 0.1N HCL i.e. pH1.2, phospbaffer (pH 6.8), phosphate buffer (pH
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7.4). Digital pH meter Digium Electronics Hyderabads used to measure the pH of buffer
medium.

4.5.6 Effect of weight gain:

To study the effect of weight gain of the coating drug release, optimum batch of glipizide
were coated as a per procedure described in 4.258.5s to get tablets with different weight
gains (10, 12 and 14% w/w).

4.5.7 Effect of orifice size:

To study the effect of orifice size on drug releaggjroum batch of glipizide were mechanically

drilled so as to get tablets with different orifiseze. Orifice size was measured by traveling
microscope. Take a tablet fix it to a clamp in kontal position. Focus the traveling microscope
to the orifice of the tablet. When viewed through eye piece note the reading of vertical scale.

RESULTSAND DISCUSSION:

5.1: Standard curve of glipizide in phosphate buffer pH 7.4 at 276 nm:

Sr. No. Concentration
(mcg/ml) Absorbance
1 0 0
2 5 0.145
3 10 0.255
4 15 0.362
5 20 0.469
6 25 0.615
7 30 0.772
y=0.024x
R? = 0.995
1
0.8 /I E Series?
y = 0.0249x
06 R?=0.9951
04 # Seriesl
0.2 ' )
Linear
0 .}/ . . . . (Seriesl)
0 10 20 30 40

Figure 1: Calibration curve of Glipizidein Phosphate buffer pH 7.4
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5.2 Standard curve of glipizide in phosphate buffer pH 6.8 at 276 nm:

Sr. No. | Concentration
(mcg/ml) Absorbance
1 0 0
2 5 0.142
3 10 0.246
4 15 0.355
5 20 0.452
6 25 0.595
7 30 0.742
y=0.024x
R°=0.995
0.8 ! |
0.6 /./-/ y= o022y s
2
SR T serest
0.2
/./ —— Lirear

0.’ T T T 1
0 10 20 30 40

(Seriesl)

Figure 2: Calibration curve of Glipizide in Phosphate buffer pH 6.8

5.3 Standard curveof glipizidein 0.1 N HCI at 276 nm:

Sr. No. | Concentration
(mcg/ml) Absorbance

1 0 0
2 5 0.127
3 10 0.223
4 15 0.351
5 20 0.467
6 25 0.546
7 30 0.693
8 35 0.763

y=0.022x

R*=0.997
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0.8
0.7
0.6 /‘} y = M2 38xies2
0.5 /., RI=0.9971
0.4 .

| & ¢ Seriesl
0.3
0.2 "
0.1 - —— Lirear

0 . . . . (Seriesl)
0 10 20 30 40

Figure 3: Calibration curve of Glipizidein 0.1 N HCI

5.4 Pre-compression parameters:

| Parameters |

Ctode | Angleof || Bulk || Tapped || Carrs || Hausner |
|C1 || 32.38+0.13 || 0.36:0.02 || 0.43:0.02 | 16.48+0.13 1200 |
|c2 || 27.52+0.28 || 0.35:0.02 || 0.40+0.04 || 16.08t0.04  1.18#0 |
| C3 || 26.39+0.19 || 0.39:0.00 || 0.49:+0.01 | 18.41+0.1]1 1230 |
|c4 | 27.67+0.16 || 0.34:0.01 || 0.41:0.01 || 15.43:0.15  1.220 |
| C5 || 28.62¢0.21 || 0.39:0.01 || 0.48:0.00 || 16.10:+0.08 11020 |

5.5 Post compression parameters:

Table 4.8: Characteristics of glipizide osmotic tablets containing carbopol 934P as expanding agent

Batch Hardness Weight variation (mg) Unifor mity of
code (kg/cm?) content (%)
C1 6.4 294.6 92.5
c2 6.2 320.5 98.6
C3 6.3 344.6 99.4
C4 6.2 369.8 96.4
C5 6.3 395.8 93.2

o o (&) O
AN < . (o} . [e0]
- N Tinf (min)Y

——THpr = C1——C2 * C3—*C4—*C§

Figure4: Dissolution profile of batchesC1to C5 & theoretical profile

Scholar Research Library

269



Avinash Singh et al Der Pharmacia Lettre, 2011, 3(1): 262-275

Figure 4. Clearly depicts the effect of carbopo#iB3n the in vitraelease profile of Glipizide.
It has revealed that the polymer concentration thassignificant effect on the drug release

profile.

5.6 In vitro drug release studies:
Table4.9: In vitro drug release study of glipizide preliminary batches.(cum % drug release)

Time in | Theoretical C1 2 C3 C4 C5
hr profile
0 0 o ¥ o o 0
1 35 41.29 32.95 27.87 13.35 236
2 40.9 4616 40,65 3472 1974 10,56
3 46.8 51.66 46,16 40,28 223 13.56
4 527 5643 51.66 44,32 3074 13.13
3 586 653,93 5826 47,99 3441 14.23
& &4 05 7124 6377 52.39 3551 13.87
7 J0.4 7731 7001 5643 3918 15.33
8 76,3 g81.01 7661 60.47 42.85 157
2 82.2 37.62 82.43 &4.5 4574 17.2
10 88.1 96,43 86.35 6854 50,93 18.64
11 24 2679 21.29 72,94 54,95 20,84
72 99 9 97.16 77.35 5937 21.94

5.7 Sdection of best batch:

The selection of the best batch depends on pegediaig release, and similarity factgvélue.
The £ value of batches C1, C2, C3, C4, and C5 were 6@8&80, 52.90, 33.41, and 22.22
respectively. In vitro release of batch C2 was rieahe theoretical release profile and/alue
was 88.80 that were more than other batches. 8datcth C2 is selected for further study.

5.8 Influence of tablets for mulation variableson glipizidereleaserate:
5.8.1 Influence of sodium chloride amount on drug releaserate:

To study the influence of NaCl amt on glipizideeaede rate, drug layer was incorporated with
different amount of Nacl. Figure 5 showed thatas&erate increased significantly as the increase
of NaCl amount from 10mg to 30mg. no significarifedtence is observed between 30 to 50.

100
80
60
40

20

CPR

(' T T T T T T T T T L] L] T 1

0 120 240 360 480 600 720
Time (min)

—+—NaCl 10 mg —8—NaCl 20 mg ——NaCl 30 mg —<—NaCl 40 mg‘
Figure5: Influence of sodium chloride amount on drug release rate
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5.8.2 Influence of carbopol amount on push layer:

To study the influence of carbopol 934P amount lgnzide release rate drug layer was studied
by incorporating different amount of carbopol 93&Ryure 6. Showed that release rate increased
significantly as the increase of carbopol 934P amh&wm 50mg to 100mg. When we increase
amount of carbopol more than 100 coating of talvket ruptured.

100
30
60
40
20

0

CPR

0 120 240 360 480 600 720

Time (min)
| —— Carbopol 50 mg —#— Carbopol 100|
Figure 6: Influence of carbopol amount on push layer

5.8.3 Effect of pH:

To study the effect of pH and assure a reliablefoperance of developed formulation
independent of pH, release study of optimize foatioh were conducted according to pH
change method. The release media was 0.1N HCL pphtes buffer (pH 6.8), phosphate buffer
(pH 7.4). There is no significant difference obsehin glipizide release rate in different pH
medium. (Figure 7)

0 120 240 360 480 600 720

Time (min)
—+—(0.INHCL

—a— phosphate buffer (pH 6.8)
Figure 7: Effect of pH

5.8.4 Effect of weight gain:

To study the effect of weight gain of the coatingdrug release, core tablets of glipizide were
coated so as to get tablets with different weighing10, 12, 14% w/w). Release profile of
glipizide from these formulations is shown in figlBclearly shows that drug release decrease
with an increase in weight gain of membrane. Nosting of tablet was observed during the
dissolution in any formulation.
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100

& 50

0 120 240 360 480 600
Time (min)
| ——10% -—=12% |

Figure 8: Effect of weight gain by coating

5.8.5 Effect of orifice sizeon drug release:

To study the effect of orifice size on drug releapéimize tablets were mechanically drilled in
different orifice size (0.2mm, 0.3mm, 0.5mm). Reke@rofiles of this formulation are shown in
Figure 9. It shows that drug release increasesinittease in orifice size.

100 -

S0 o —

60 o
=4
B

U40 4

20 o

O L] L L] L] L] L] L] L L] L] L] 1

0 120 240 360 480 600 720
Time (min)

—+—0.2mm —=—0.3mm ——0.5mm
Figure9: Effect of Orificesize on drug release:

Figure 10:View of initial tablet
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Figure 11: View of tablet after 12 hr

6. Stability study of glipizde osmotic push pull tablets:

The stability of Glipizde osmotic push pull tabletsre observed after 3 months at room
temperature and normal humidity conditions. Inigiagnd after 3 months post-formulation

parameters and dissolution rate was measured. édudts of stability study are given in Table
6.1, 6.2 and Figure 12.

6.1 Characterization of tablets:
Table6.1: Characteristic of glipizide osmotic push pull tablets

I nitial 3 month

Hardness Weight Uniformity of | Hardness Weight Uniformity of

(Kg/lem?) variation content (%) (Kglem?) variation content (%)
(mg) (mg)

6.2 349.1 98.6 6.2 349 98.4

Table 6.2: Stability study of glipizde osmotic push pull tablets

T ime (min) CPR
Initial 3 month
o o B
&0 32,95 3331
120 4065 41.02
180 4616 4653
240 5166 52.03
300 5826 57.90
360 6377 &l 14
420 F001 659, 6
420 Tl 7625
540 2248 21.75
00 26.35 29.09
GE0 9129 90,93
T20 2716 26,43
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100 1
80 -
x 60 -
g 40 -
20 -
0 120 240 360 480 600 720
Time (min)
——initial —=—3 monthsg

Figure 12; Stability study
CONCLUSION

Extended release formulations of glipizide were dallewped based on push-pull osmotic
technology. The release rate increased signifigaaglthe increase of sodium chloride amount
from 10mg to 30mg, no significant difference coblkl observed between 30 to 50. The release
rate increased significantly as the increase oba@ol 934P amount from 50mg to 100mg in
push layer. When we increase amount of carbopoP98&re than 100 coating of tablet was
ruptured. Drug release was inversely proportior@l the coating thickness, but directly
proportional to the orifice size. When we incretfse coating thickness from 10 to 12 and then
14% w/w it was decrease in drug release rate. €hease from developed formulations was
independent of pH and agitation intensity of reéeasedia, assuring the release to be fairly
independent of pH and hydrodynamic condition of yoo@he manufacturing procedure was
standardized and found to be reproducible. Develdpenulations were found to be stable after
3 month of storage.
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