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ABSTRACT11

AIMS: To formulate fast dissolving tablets of amlodipine besylate and to evaluate the properties12

of fast dissolving tablets.13

Study Design: Formulation, evaluation of fast dissolving tablets of amlodipine besylate .14

Place and Duration of Study: Department of Quality Assurance   S. N. D. College of Pharmacy15

Babhulgaon Yeola Dist Nashik 423401, between July 2012 to February 2013.16

Methodology: In the present study, novel co-processed superdisintegrants were developed by17

solvent evaporation method using crospovidone and sodium starch glycolate in different ratios18

(1:1, 1:2 1:3 2:1, 3:1) in the fast dissolving tablet formulations. The developed excipients were19

evaluated for angle of repose, Carr’s index and Hausner’s ratio in comparison with physical20

mixture of superdisintegrants. Fast dissolving tablets of Amlodipine Besylate were prepared21

using co-processed superdisintegrants and evaluated for pre-compression and post-compression22

parameters. Effect of co-processed superdisintegrants (crospovidone and sodium starch23

glycolate) on wetting time, disintegrating time, drug content, in-vitro release, and stability24

parameters have been studied.25

Results: The angle of repose of the developed excipients was found to be < 300 Compressibility26

(%) index in the range of 13.14 to 14.63 % and Hausner’s ratio in the range of 1.15-1.19. The27

prepared tablets were characterized by FTIR Studies. Based on in vitro dispersion time28

(approximately 40 sec), promising formulation CP5 was tested for in-vitro drug release pattern in29

phosphate buffer pH 6.5.30

Conclusion Among the designed formulations, the formulation (CP5) containing co-processed31

superdisintegrant (3:1 mixture of crospovidone and sodium starch glycolate) emerged as the32
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overall best formulation based on drug release characteristics in phosphate buffer pH 6.5. From33

this study, it can be concluded that dissolution rate of amlodipine besylate could be enhanced by34

tablets containing co-processed superdisintegrant.35

Key Words: co-processed superdisintegrants, amlodipin besylate, fast dissolving tablets, sodium36

starch glycolate, and crospovidone.37

38

1. INTRODUCTION39

Amlodipine is a dihydropyridine calcium antagonist (calcium ion-channel blocker) that40

inhibits the transmembrane influx of calcium ions into vascular smooth muscle and cardiac41

muscle. Amlodipine binds to both dihydropyridine and non dihydropyridine binding sites. The42

contractile processes of cardiac muscle and vascular smooth muscle are dependent upon the43

movement of extra cellular calcium ions into these cells through specific ion channels.44

Amlodipine inhibits calcium ion influx across cell membranes selectively, with a greater effect45

on vascular smooth muscle cells than on cardiac muscle cells. (Bhardwaj V.et al. 2010)46

Many patients have difficulty to swallow tablets and hard gelatin capsules and thus do not47

comply with prescription. This results in high incidence of noncompliance and ineffective48

therapy. The proper choice of superdisintegrant and its consistency of performance are of critical49

importance to the formulation development of fast dispersible tablets (Sharma S. et al. 2008)50

The tablet is the most widely used dosage form because of its convenience in terms of51

self- administration, compactness, and ease in manufacturing. For the past one decade, there has52

been an enhanced demand for more patient friendly and compliant dosage forms. As a result, the53

demand for developing new technologies has been increasing annually. Since the development54

cost of a new drug molecule is very high, efforts are now being made by pharmaceutical55

companies to focus on the development of new drug dosage forms for existing drugs with56

improved safety and efficacy together with reduced dosing frequency, and the production of57

more cost- effective dosage forms (Patil B S. et al. 2011).58

Major challenge for tablets and capsule manufacturing comes from the flow properties of59

the materials to be compressed. Most of the formulations (> 70%) contain excipients at higher60

concentration than active drug (York P et al 1992). In recent years drug formulation scientists61

have recognized that single-component excipients do not always provide the requisite62

performance to allow certain active pharmaceutical ingredients to be formulated or manufactured63
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adequately. Hence, there is a need to have excipients with multiple characteristics built into them64

such as better flow, low/no moisture sensitivity, superior compressibility and rapid disintegration65

ability. (Avachat A, et al 2007)66

FDTs dissolve rapidly in the saliva without the need for water, faster the dissolution and provide67

quick onset of action. FDT also applicable when local action in mouth is desirable such as local68

anaesthetic for oral ulcers. In such cases, bioavailability of drug is significantly enhanced by avoiding69

first pass hepatic metabolism than those observed with conventional tablets. FDT are also called as orally70

disintegrating tablets, orodispersible tablets, quick disintegrating tablets, fast disintegrating tablets, fast71

dissolving tablets, rapid dissolving tablets, porous tablets, and rapimelts. (Bandari et al 2008)72

Excipients with improved functionality can be obtained by developing new chemical73

excipients, new grade of existing materials and new combination of existing materials. New74

combinations of existing excipients are an interesting option for improving excipient75

functionality because all formulations contain multiple excipients. One such approach for76

improving the functionality of excipients is co-processing of two or more excipients.77

(D.Nagendrakumar et al, 2009)78

Co-processing is based on the novel concept of two or more excipients interacting at the79

sub particle level, the objective of which is to provide a synergy of functionality improvement as80

well as masking the undesirable properties of individual Co-processing excipients lead to the81

formulation of excipient granules with superior properties, compared with physical mixtures of82

components or individual components, like improved flow properties, improved compressibility,83

better dilution potential, fill weight uniformity, and reduced lubricant sensitivity.(SK Nachaegari84

et al 2004).85

Several co-processed superdisintegrants are commercially available: Ludipress (lactose86

monohydrate, polyvinylpyrrolidone and crospovidone), Starlac (lactose and maize starch),87

Starcap 1500 (corn starch and pregelatinized starch), Ran Explo-C (microcrystalline cellulose,88

silica and crospovidone), Ran Explo-S (microcrystalline cellulose, silica and sodium starch89

glycolate), PanExcea MH300G (microcrystalline cellulose, hydroxy propyl methyl cellulose and90

crospovidone) (S.B.Shirsand et al., 2010)91

In the present investigation, the preparation and evaluation of FDT by using co processed92

superdisintegrants containing crospovidone and sodium starch glycolate was studied. The93

reasons for selection of crospovidone are high capillary activity, pronounced hydration capacity94

and little tendency to form gels. (Rowe RC et al 2003) Sodium starch glycolate has high95
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swelling capacity. (Miller R W 2003). The concept of formulating fast dissolving tablets (FDT)96

of amlodipin besylate (anti-hypertensive) using co-processed superdisintegrants helps to increase97

the water uptake with shortest wetting time and thereby decrease the disintegration time of the98

tablets by simple and cost effective direct compression technique.99

2. MATERIALS AND METHODS100

2.1 Materials101

Amlodipine besylate is procured by wockhardt Aurangabad crosspovidone and sodium102

starch glycolate are gifted by Sai Tech Lab. Sinner (Nasik), Microcrystalline Cellulose, Manitol103

Isopropyl alcohol procured by our college.104

2.2 Preparation of Co-processed Superdisintegrants (Gohel M.C et al.2007)105

The co-processed superdisintegrants were prepared by solvent evaporation method. A blend106

of crospovidone and sodium starch glycolate (in the ratio of 1:1, 1:2, 1:3, 2:1, 3:1) was added to 10107

ml of isopropyl alcohol. The contents of the beaker (250 ml capacity) were mixed thoroughly and108

stirring was continued till most of isopropyl alcohol evaporated. The wet coherent mass was109

granulated through # 44 mesh sieve. The wet granules were dried in a hot air oven at 60º C for 20110

minutes. The dried granules were sifted through # 44 mesh sieves and stored in airtight container till111

further use. (Table 1, Table 2)112

Table 1. Different Blend Formulations.113

Blend code PM1 PM2 PM3 PM4 PM5 CP1 CP2 CP3 CP4 CP5

Cp 1 1 1 2 3 1 1 1 2 3

SSG 1 2 3 1 1 1 2 3 1 1

114

PM - Physical Mixture CP - Co-processed Superdisintegrants of Cp and SSG in different ratios115

(1:1, 1:2, 1:3, 2:1,3:1), Cp – Crosspovidone, SSG – Sodium Starch Glycolate116

Table 2. Formulations of Amlodipin Besylate FDT Prepared by Direct Compression Method117

Ingredients Formulation code

CP0 PM

1

PM

2

PM

3

PM

4

PM

5

CP

1

CP

2

CP

3

CP

4

CP 5

Amlodipin Besylate 5 5 5 5 5 5 5 5 5 5 5

CP(Crospovidone + SSG) - 6 6 6 6 6 6 6 6 6 6
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Aspartame 3 3 3 3 3 3 3 3 3 3 3

Magnesium stearate 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Talc 3 3 3 3 3 3 3 3 3 3 3

Flavour 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Microcrystalline cellulose 30 30 30 30 30 30 30 30 30 30 30

Mannitol 106 100 100 100 100 100 100 100 100 100 100

Total weight (mg) 150 150 150 150 150 150 150 150 150 150 150

118

2.3 Preparation of Fast Dissolving Tablets (BS Kuchekar et al (2004),119

Fast dissolving tablets of amlodipine besylate were prepared by direct compression. All120

the ingredients (except granular directly compressible excipients) were passed through # 60 mesh121

separately. Then the ingredients were weighed and mixed in geometrical order and compressed122

into tablets of 150 mg using 8 mm round flat punches on 12 station rotary tablet machine.123

124

2.4 Evaluation of Amlodipin Besylate Fast Dissolving Tablets (Lachman L, et al125

1987)126

1) Weight Variation127

Twenty tablets were selected randomly from each formulation and weighed individually128

using a Shimadzu digital balance (BL-220H). The individual weights were compared with the129

average weight for the weight variation.130

2) Thickness variation131

Ten tablets from each formulation were taken randomly and their thickness was measured with a132

micrometer screw gauge.133

3) Hardness and Friability134

Hardness of the tablets was measured using the Monsanto Hardness Tester (Pharmalab,135

Ahmedabad, India). The friability of a sample of twenty tablets was measured using Roche136

friabilator (Pharma lab, Ahmedabad, India). Pre-weighed tablets were placed in the plastic137

chamber of friabilator attached to a motor revolving at a speed of 25 rpm for 4 min. The tablets138

were then dusted, reweighed and percentage weight loss (friability) was calculated.139

4) Drug Content Uniformity. (Indian Pharmacopoeia, 2007).140
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For the content uniformity test, ten tablets were weighed and pulverized to a fine powder,141

a quantity of powder equivalent to 10 mg of amlodipin besylate was extracted into distilled water142

and liquid was filtered (0.22 µm membrane filter disc. The amlodipin besylate content was143

determined by measuring the absorbance at 272.6 nm (using UV-vis spectrophotometer,144

Shimadzu 1700) after appropriate dilution with distilled water. The drug content was determined145

using standard calibration curve. The mean percent drug content was calculated as an average of146

three determinations.147

5) In Vitro Dispersion Time148

One tablet was placed in a beaker containing 10 ml of pH 6.8 phosphate buffers at149

37±0.5ºC and the time required for complete dispersion was determined.150

6) Wetting Time and Water Absorption Ratio (R)151

Twice folded tissue paper was placed in a Petri dish having an internal diameter of 5 cm152

containing 6 ml of water. A tablet was carefully placed on the surface of the tissue paper in the153

Petri dish. The time required for water to reach the upper surface of the tablet and to completely154

wet it was noted as the wetting time. Water absorption ratio (R) was then determined according155

to the following equation:156

R = 100 x (Wa – Wb)/ Wb157

Where;158

Wb and Wa were tablet weights before and after water absorption, respectively.159

160

7) In Vitro Drug Release Study (S.T Bhagwati, et al 2005)161

In vitro dissolution studies of the promising fast dissolving tablets of amlodipin besylate,162

all formulations were performed according to USP XXIII Type-II dissolution apparatus163

employing a paddle stirrer at 50 rpm using 900 ml of pH 6.8 phosphate buffer at 37±0.5ºC as164

dissolution medium. One tablet was used in each test. Aliquots of the dissolution medium (5 ml)165

were withdrawn at specific time intervals (1, 2, 3, 4, 5, 10, 15, 20, 25 & 30 min) and replaced166

immediately with equal volume of fresh medium. The samples were analyzed for drug content167

by measuring the absorbance at 237.5 nm. Drug concentration was calculated from the standard168

calibration curve and expressed as cumulative percent drug dissolved. The release studies were169

performed in replicates of three.170

3. RESULTS AND DISCUSSION171
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In the present study, Co-processed superdisintegrants were prepared by solvent172

evaporation using crospovidone and sodium starch glycolate in different ratios (1:1, 1:2. & 1:3).173

The co-processed superdisintegrants were evaluated for their flow and compression properties in174

comparison with physical mixture of superdisintegrants. The angle of repose of co processed175

superdisintegrants was found to be <250 which indicate excellent flow in comparison to physical176

mixture of superdisintegrants (<300) due to granule formation, Carr’s index in the range of 10-177

15% and Hausner’s ratio in the range of 1.14-1.18178

Table3.Pre-compression Parameters of Co-processed and Physical Mixture of179

Superdisintegrants180

Formulation

Code

Parameters

Bulk density

(g/cc)

Tapped

density(g/cc)

Angle of

repose

Carr’s index

(percent)

Hausner’s

Ratio

PM 1 0.35 0.41 29.14 14.63 1.171

PM 2 0.38 0.44 27.50 13.72 1.165

PM 3 0.40 0.46 25.10 13.14 1.160

PM 4 0.41 0.48 25.15 13.55 1.172

PM 5 0.44 0.51 25.00 13.77 1.176

CP 1 0.36 0.42 24.45 14.23 1.167

CP 2 0.38 0.44 23.40 13.75 1.159

CP 3 0.32 0.38 22.90 14.15 1.180

CP 4 0.35 0.42 22.82 14.31 1.175

CP 5 0.40 0.47 22.50 14.16 1.179

181

Total ten formulations and control formulation were designed. As the blends were free182

flowing (angle of repose <300 and Carr’s index <15% Table 4), tablets obtained were of uniform183

weight (due to uniform die fill), with acceptable variation as per IP specification i.e., below184

7.5%. Drug content was found to be in the range of 97 to 101%, which is within acceptable185

limits. Hardness of the tablets was found to be in the range of 3.1-3.40 kg/cm2. Friability below186
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1% was an indication of good mechanical resistance of the tablets. Water absorption ratio and187

wetting time, which are important criteria for understanding the capacity of disintegrants to swell188

in presence of little amount of water were found to be in the range of 53-78% and 30-85 sec189

respectively. Among all the designed formulations, formulation CP5 was found to be promising190

and displayed an in vitro dispersion time of 40 sec, which facilitates its faster dispersion in the191

mouth.192

Table 4. Pre-compression Parameters of Amlodipin Besylate FDT Formulations Prepared by193

Direct Compression Method194

Formulation

code

Parameter

Bulk density

(g/cc)

Tapped

density (g/cc)

Angle of

repose(degree)

Carr’s index

(percent)

Hauser’s

Ratio

CP 0 0.47±0.030 0.53±0.031 31.25±1.023 12.90±2.985 1.177±0.019

PM 1 0.45±0.031 0.53±0.025 29.14±1.025 14.81±1.56 1.172±0.021

PM 2 0.46±0.016 0.54±0.024 27.45±0.956 14.52±1.25 1.172±0.025

PM 3 0.47±0.021 0.55±0.031 25.15±0.911 12.96±1.364 1.169±0.027

PM 4 0.47±0.012 0.54±0.026 27.5±0.892 14.02±1.89 1.152±0.015

PM 5 0.46±0.016 0.54±0.020 26.7±1.012 12.96±1.715 1.165±0.013

CP 1 0.47±0.024 0.54±0.030 24.15±1.123 13.23±1.62 1.159±0.014

CP 2 0.465±0.020 0.53±0.024 23.30±1.002 14.51±1.31 1.142±0.019

CP 3 0.47±0.024 0.54±0.025 23.05±0.856 13.21±1.65 1.162±0.017

CP 4 0.46±0.021 0.52±0.022 22.8±0.752 13.22±1.82 1.152±0.019

CP 5 0.47±0.26 0.53±0.019 22.5±0.926 13.11±1.62 1.155±0.021

195

Overall, the formulation CP5 containing co-processed superdisintegrant (3:1 mixture of196

crospovidone and sodium starch glycolate) was found to be promising and has shown an in vitro197

dispersion time of 40 sec, wetting time of 35 sec and water absorption ratio of 78% when198

compared to the formulation PM5 containing physical mixture of superdisintegrants (3:1 mixture199

of crospovidone and sodium starch glycolate) which shows 50 sec, 40 sec and 65% values200

respectively and control formulation (CP0) which shows 105 sec, 85 sec and 42% values201

respectively for the above parameters (Table 5).202
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Table 5. Evaluation of Amlodipin Besylate FDT Formulations203

Formulati

on code

Parameter

Hardne

ss

(kg/cm2

)

Friabili

ty

(%)

Thickn

ess

(mm)

In vitro

Dispersi

on time

(sec)

Wetting

time

(sec)

Water

absorptio

n

ratio (%)

Percen

t

drug

content

Weigh

t

Variat

ion

CP 0 3.15±0.1

52

0.72±0.

034

3.28±0.

0032

105± 5.5 85±2.3 42±1.5 97.68±

2.1

PM 1 3.16±0.1

43

0.65±0.

032

3.32±0.

036

60±2.5 51±3.1 55±2.1 98.58±

2.2

PM 2 3.22±0.1

24

0.61±0.

021

3.48±0.

016

70±5.8 59±4.5 58±2.5 97.27±

1.2

PM 3 3.12±0.1

25

0.65±0.

032

3.52±0.

020

65±2.4 55±2.5 60±2.6 98.15±

2.4

143-

PM 4 3.21±0.1

23

0.71±0.

021

3.26±0.

024

60±3.5 51±2.5 62±2.8 97.57±

2.62

157mg

PM 5 3.25±1.1

3

0.75±0.

034

3.36±0.

016

50±2.5 41±2.8 65±2.5 101.15

±2.5

±7.5

CP 1 3.32±1.0

2

0.63±0.

045

3.42±0.

042

55±5.2 49±1.8 52±1.9 97.58±

2.4

CP 2 3.24±1.1

45

0.61±0.

034

3.24±0.

030

62±2.5 52±3.5 55±2.53 97.33±

2.56

CP 3 3.35±1.1

43

0.55±0.

043

3.26±0.

020

57±2.54 45±4.2 65±2.15 97.58±

2.54

CP 4 3.19±1.1

32

0.51±0.

045

3.46±0.

016

50±2.8 41±3.5 73±2.5 98.2±2.

25

CP 5 3.25±1.2

34

0.50±0.

035

3.48±0.

030

40±2.5 30±4.2 78±3.5 99.85±

2.5

204

The percentage drug release by each tablet in the in vitro drug release studies were based205

on the mean content of the drug present in respective tablet. The result of in vitro disintegration206
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of all the tablets were found to be within prescribed limit and satisfy the criteria of FDT. Overall207

the FDT formulations of amlodipine besylate showed an average of 80.56 to 96.15% drug release208

range at the end of 15 min and it was also observed that formulations CP 5 took shortest time to209

release the maximum amount of drug whereas the other formulations took more than 15 min to210

release the drug.211

212

Fig. 1. In vitro cumulative release of Amlodipine besylate213
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Fig.2. IR Spectra of Pure Drug217
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4. CONCLUSION225

Co-processed superdisintegrants consisting of crospovidone and sodium starch glycolate226

exhibit good flow and compression characteristics. Amlodipin Besylate tablets containing co-227

processed superdisintegrants exhibit quick disintegration and improved drug dissolution. It can be228

concluded from the present work that co-processed superdisintegrants of crospovidone and sodium229

starch glycolate are superior to physical mixtures of crospovidone and sodium starch glycolate used230

in Amlodipin Besylate fast dissolving tablets.231
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