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Abstract In the present investigation an attempt was made to develop solid oral formulations of Telmisartan which 

can be prepared using less complicated and expensive processes and fulfill all prerequisites for pharmaceutical use, 

i.e. long-lasting stability of the formulation under different climatic conditions and sufficient solubility of the active 

substance for sufficient gastrointestinal absorption in the slightly acidic and neutral pH region. Preferably, the 

formulations should have immediate release characteristics and a dissolution showing no essential pH dependency 

within the physiological relevant pH interval of the gastrointestinal tract. Tablets were evaluated for various 

parameters like, weight variation, content uniformity, in-vitro dissolution studies were performed using United 

States Pharmacopeia (USP) apparatus type II. The effects of concentration of meglumine, povidone and different 

alkalizers on the release rate of Telmisartan were studied. Telmisartan has poor and pH dependent water solubility in 

order to enhance its dissolution different alkalizers were used. Thus significantly increased the drug dissolution rate 

in intestinal stimulated fluid (pH 7.5), slightly acidic (pH 1.2) and water. 

 

Keywords Telmisartan, wet granulation, in vitro dissolution 

Introduction 

Tablets are solid preparations each containing a single dose of one or more active substances and usually obtained 

by compressing uniform volumes of particles. Tablets are intended for oral administration. Some are swallowed 

whole, some after being chewed, some are dissolved or dispersed in water before being administered and some are 

retained in the mouth where the active substance is liberated. 

 

Introduction to Immediate Release Dosage Form [11,12] 

These are designed for immediate release of drug for rapid absorption. Disintegrating agents are substances 

routinely included in tablet formulations and in some hard-shell capsule formulations to promote moisture 

penetration and dispersion of the matrix of the dosage form in dissolution fluids. Super disintegrants improve 

disintegrant efficiency resulting in decreased use levels when compared to traditional disintegrants. 

 

Mechanism of Disintegrants:  

High swellability 

Capillary action and high swellability 

Chemical reaction 
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When introduced to an aqueous environment of use, the tablet rapidly takes up water, leading to swelling of the 

disintegrant and rapid disintegration of the tablet before the dispersion polymer can form a hydrogel. The 

disintegrant should be chosen such that it 

1. swells rapidly when introduced into the use environment and  

2. has a low tendency to form or promote formation of a hydrogel.  

The rate of swelling of the disintegrant is directly correlated to tablet disintegration times. Tablets containing 

disintegrants cause more rapid swelling have faster disintegration times at comparable disintegrant levels. 

 

Composition of Immediate Release Dosage Form [12] 

The immediate release dosage form comprises the dispersion, a porosigen, and a disintegrant. The dosage form is in 

the form of a compressed tablet or other solid dosage form. Other conventional formulation excipients may be 

employed in the dosage forms including surfactants, pH modifiers, fillers, matrix materials, complexing agents, 

solubilizers, pigments, lubricants, glidants, flavorants, may be used for customary purposes and in typical amounts 

without adversely affecting the properties of the compositions. 

 

Solid Dispersion 

The dosage forms contain a high loading of the solid amorphous dispersion. High loadings of dispersion in the 

dosage form minimize the size of the dosage form, making it easier for the patient to swallow it and improving 

patient compliance. Depending on the drug dose, the immediate release dosage form comprises at least 30-50 wt % 

of the dispersion. 

 

Concentration-Enhancing Polymers 

Concentration-enhancing polymers suitable for use in the solid drug dispersions in the sense that they do not 

chemically react with the drug in an adverse manner. The polymer can be neutral or ionizable, and should have an 

aqueous solubility of at least 0.1 mg/mL over at least a portion of the pH range of 1-8. 

 

Preparation of Dispersions 

Different methods are also been used for preparation of solid dispersions such as Melting method, Solvent method, 

melting solvent method (melt evaporation), Melt extrusion method, Lyophilisation Technique, Melt Agglomeration 

Process, The Use of Surfactant, Electrospinning and Super Critical Fluid Technology. 

 

Disintegrants 

As disintegrants sodium starch glycolate, sodium carboxymethyl cellulose, calcium carboxymethyl cellulose, 

croscarmellose sodium, crospovidone, polyvinyl polypyrrolidone, methyl cellulose, microcrystalline cellulose, 

powdered cellulose, lower alkyl-substituted hydroxypropyl cellulose, polacrilin potassium, starch, pregelatinized 

starch, sodium alginate, and mixtures thereof. The amount of disintegrant included in the dosage form will depend 

on several factors. 

 

Porosigen 

The dosage form also includes a porosigen. A "porosigen" is a material that, when present in the formulation 

containing the solid amorphous dispersion, leads to a high porosity and high strength following compression of the 

blend into a tablet. In addition, preferred porosigens are soluble in an acidic environment with aqueous solubilities 

typically greater than 1 mg/mL at a pH less than about 5. 

 

Surfactants 

One very useful class of excipients is surfactants, preferably present from 0 to 10 wt %. Suitable surfactants include 

fatty acid and alkyl sulfonates; commercial surfactants such as benzalkonium chloride, dioctyl sodium 
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sulfosuccinate, polyoxyethylene sorbitan fatty acid esters, natural surfactants such as sodium taurocholic acid, 

lecithin, and other phospholipids and mono- and diglycerides; and mixtures thereof. 

 

pH Modifiers 

Inclusion of pH modifiers such as acids, bases, or buffers may also be beneficial in an amount of from 0 to 10 wt %. 

Acidic pH modifiers (e.g., acids such as citric acid or succinic acid) retard the dissolution of the pharmaceutical 

composition when the dispersion polymer is anionic. Alternatively, basic pH modifiers (e.g., sodium acetate or 

amines) enhance the rate of dissolution of the same types of pharmaceutical composition. 

 

Diluents 

Examples of other matrix materials, fillers, or diluents include lactose, mannitol, xylitol, dextrose, sucrose, sorbitol, 

compressible sugar, microcrystalline cellulose, powdered cellulose, starch, pregelatinized starch, dextrates, dextran, 

dextrin, dextrose, maltodextrin, calcium carbonate, dibasic calcium phosphate, tribasic calcium phosphate, calcium 

sulfate, magnesium carbonate, magnesium oxide, poloxamers, polyethylene oxide, hydroxypropyl methyl cellulose 

and mixtures thereof. 

 

Surface Active Agents 

Sodium lauryl sulfate and polysorbate 80. 

Drug-complexing agents or solubilizers include the polyethylene glycols, caffeine, xanthene, gentisic acid and 

cylodextrins. 

 

Lubricants 

Examples of lubricants include calcium stearate, glyceryl monostearate, glyceryl palmitostearate, hydrogenated 

vegetable oil, light mineral oil, magnesium stearate, mineral oil, polyethylene glycol, sodium benzoate, sodium 

lauryl sulfate, sodium stearyl fumarate, stearic acid, talc and zinc stearate. 

 

Glidants 

Examples of glidants include silicon dioxide, talc and cornstarch. 

 

Introduction to Drug[17] 

Table 1: Drug Profile 

Sr. 

No. 

Parameter Description 

 

 

 

1 

 

 

 

Chemical structure 

 
 

2 

 

Chemical Name 

4'-[(1,4'-dimethyl-2'-propyl [2,6'-bi-1H- 

benzimidazol]-1'- yl)methyl]-[1,1'-biphenyl]-2- 

carboxylic acid 

3 Appearance White to slightly yellowish solid 

4 Molecular formula C33H30N4O2 

5 Molecular weight 514.63g/mol 

 

6 

 

Category 

It is a nonpeptide angiotensin II receptor (type AT1) 

antagonist (Angiotensin Receptor Blocker- ARB) used in 

http://en.wikipedia.org/wiki/Angiotensin_II_receptor_antagonist
http://en.wikipedia.org/wiki/Angiotensin_II_receptor_antagonist
http://en.wikipedia.org/wiki/Angiotensin_II_receptor_antagonist
http://en.wikipedia.org/wiki/Angiotensin_Receptor_Blocker
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the management of hypertension 

7 BCS class Class II 

 

8 

 

Solubility 

It is practically insoluble in water and in the pH range of 3 

to 9, sparingly soluble in strong acid (except insoluble in 

hydrochloric acid), and soluble in strong base. 

9 Melting Point 261-263oC 

10 Daily Dose 40-80 mg 

Hypertension, commonly referred to as “high blood pressure”, is a medical condition where the pressure is 

chronically elevated is one of the commonly found diseases, affecting most of the populations in the world. For 

treating hypertension, commonly used drugs include ACE inhibitors, Alpha Blockers, Beta Blockers, Angiotensin 

receptor Blockers, Calcium Channel Blocker, Diuretics and combination of any of these categories. 

 

Material & Method  

Materials used in the Present Investigation 

Table 2: Materials Used in the Present Investigation 

Sr. 

No. 

Materials Description 

1. Telmisartan Alembic research centre, Baroda 

2. Sorbitol FMC Biopolymer, Shanghai, China 

3. Povidone (PVP K 25) Xine medicine Health Product Company, 

China 

4. Sodium Hydroxide Dow Chemicals, India 

5. Meglumine Green Fine Chemical Co., Ltd. Shangai, 

China 

6. Sodium Starch Glycolate FMC Biopolymer, Shanghai, China 

7. Magnesium Stearate Mallinckrodt Chemicals 

 

Equipments Used in the Present Investigation 

Table 3: Equipments/Machines Used in the Present Investigation 

Sr. No. Instruments Make Model 

1 Stirrer Remi Motors Ltd. RQ-124A 

2 Rapid Mixer and Wet 

Granulator 

Saral Engineering 

Company 

RMG 25.7.5.0 

3 Fluid bed Dryer Global 

Engineering 

TG-400 

4 Sieves Atlanto enterprise ** 

5 Multimill Shakti Engineering Mini Multi Mill 

6 Conta Blender Gansons GMP 

7 Tap Density Tester (USP) Electrolab ETD-1020 

8. Halogen Moisture Analyser Mettler-Toledo HR73 

9 Rotary Tablet Machine Rimek 12 station 

10 Electronic Vernier Calipers ** ** 

11 Tablet Hardness Tester Pharmatron Dr.Schleuniger 8M 

12 Friabilator (USP) Electrolab EF-1W 

13 Disintegration Tester (USP) Electrolab ED-2L 

14 Tablet Dissolution Tester (USP 

Type II) 

Electrolab TDT-06P 

http://en.wikipedia.org/wiki/Hypertension
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15 UV-Visible 

Spectrophotometer 

Shimadzu Pharmaspec UV- 

1700 

 

Preformulation Study [94] 

The objective of preformulation studies are to develop a portfolio of information about the drug substance, so that 

this information useful to develop formulation. Preformulation can be defined as investigation of physical and 

chemical properties of drug substance alone and when combined with excipients. 

 

Organoleptic Characteristics 

Table 4: Organoleptic Characteristics of API 

Properties Results 

Description Powder 

Taste Highly bitter 

Odor Odorless 

Color White 

 

Solubility of Drug [95] 

The solubility of Telmisartan was determined in simulated gastric fluid (pH 1.2) prepared by dissolving NaCl in 

deionized water and adjusted by 7.4% HCl solution, simulated intestinal fluid (pH 7.5) prepared by dissolving 

KH2PO4 in deionized water and adjusted by NaOH 1 N solution, distilled water and in a 1% w/v solution of the pH 

modifiers like NaOH by adding an excess amount of Telmisartan to snap-cap Eppendorf tube containing 1 mL of 

media. 10 mg of Telmisartan was added except for NaOH solution about 130 mg of Telmisartan was added 

gradually due to significantly high solubility in alkalizers' solution. The resulting mixture was thoroughly vortexed 

and then placed in a 37 °C incubator for two days. Aliquots were centrifuged at 1000 rpm for 10 min. The 

supernatant layer was carefully removed and then diluted with a solution. The concentration of Telmisartan was 

then measured using HPLC by comparison with a standard calibration curve. 

Table 5: Solubility of Telmisartan at 37 °C in Different Media 

Sr No. Media Solubility (μg/mL) 

1 Distilled water 0.094 

2 Gastric fluid (pH 1.2) 510.55±6.77 

3 Intestinal fluid (pH 7.5) 0.26±0.04 

4 NaOH 1.28×105±3.47 

 

Determination of Bulk Density 

The ratio of mass to volume is known as density. 

Apparent Bulk Density 

Weigh accurately 25 g of drug (M), which was previously passed through 20# sieve and transferred in 100 ml 

graduated cylinder. Carefully level the powder without compacting, and read the unsettled apparent volume (V0). 

Calculate the apparent bulk density in gm/ml by the following formula: 

Bulk density = Weight of powder / Bulk volume 

Tapped Density 

Weigh accurately 25 g of drug, which was previously passed through 20# sieve and transfer in 100 ml graduated 

cylinder. Then mechanically tap the cylinder containing the sample by raising the cylinder and allowing it to drop 

under its own weight using mechanical tapped density tester that provides a fixed drop of 14 ± 2 mm at a nominal 

rate of 300 drops per minute. Tap the cylinder for 500 times initially and measure the tapped volume (V1) to the 

nearest graduated units, repeat the tapping an additional 750 times and measure the tapped volume (V2) to the 
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nearest graduated units. If the difference between the two volume is less than 2 % then final the volume (V2). 

Calculate the tapped bulk density in gm/ml by the following formula: 

Tapped density = Weight of powder / Tapped volume 

 

Compressibility Index[96]  

It is one of the most important parameter to characteristic the nature of powders and granules. The Compressibility 

Index of the powder blend was determined by Carr’s compressibility index. It is a simple test to evaluate the BD and 

TD of a powder and the rate at which it packed down. It can be calculated from the following formula: 

Carr’s Index (%) = [(TD – BD) X 100] / TD 

Hausner’s Ratio: 

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

Hausner’s Ratio = TD / BD 

Table 6: Effect of Carr’s Index and Hausner’s Ratio on Flow Property 

Compressibility Index (%) Flow Character Hausner Ratio 

< 10 Excellent 1.00–1.11 

11–15 Good 1.12–1.18 

16–20 Fair 1.19–1.25 

21–25 Passable 1.26–1.34 

26–31 Poor 1.35–1.45 

32–37 Very poor 1.46–1.59 

>38 Very very poor >1.60 

 

Angle of repose 

The angle of repose of API powder was determined by the funnel method. The accurately weight powder blend 

were taken in the funnel. The height of the funnel was adjusted in such a way the tip of the funnel just touched the 

apex of the powder blend. The powder blend was allowed to flow through the funnel freely on to the surface. The 

diameter of the powder cone was measured and angle of repose was calculated using the following equation. 

tan θ = h/r 

Where, h and r are the height and radius of the powder cone respectively. 

Table 7: Ingredients and Their Function 

Sr. No. Ingredients Function Normal Range (%) 

1. Telmisartan API 16-24 

2. Sorbitol Diluent 40-70 

3. Povidone Binder 6-8 

4. Meglumine Basic agent 10-12 

5. Sodium Hydroxide Basic agent 2 

6. Sodium Starch Glycolate Disintegrant 4-7 

7. Magnesium Stearate Lubricant 1-2 

 

Analytical Method Development [93] 

❖ Calibration Curve of Telmisartan 

Calibration curve of Telmisartan was taken in pH 7.5 phosphate buffer. 

❖ Preparation of Reagents 

(i) pH 7.5 phosphate buffer: 

Prepared by dissolving 13.61 gm of Potassium dihydrogen phosphate in about 800 ml of water, adjusting 

with 2 M Sodium hydroxide to a pH of 7.5, and diluting with water to 1000 ml. 
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(ii) Standard (Stock) solution: 

An accurately weighed 100 mg of Telmisartan (Drug) was dissolved and diluted to 1000 ml with pH 7.5 

Phosphate buffer to produce 100μg/ml. 

 

(iii) Sample solution: 

Different dilution of stock solution with pH 7.5 Phosphate buffer were made to obtain solution having 

concentration 50, 60, 70, 80, 90, 100, 110, 120, 130, 150 μg/ml. Absorbance of each solution was measured 

at 296 nm using Shimadzu UV/Visible double beam spectrophotometer by using pH 7.5 Phosphate buffer 

as a reference standard. The standard curve was generated for the entire range from 50 to 150 μg/ ml. 

Calibration curve of Telmisartan (drug) in pH 7.5 Phosphate buffer has been shown below. The 

concentration and absorbance data has been shown in table. From calibration curve of the drug it has been 

seen that the relation between concentration and absorbance was linear (R2=0.9993). 

Table 8: Absorbance at Different Concentration of Telmisartan 

Sr. 

No. 

Concentration 

(μg/ ml) 

Absorbance Avg. Absorbance 

Mean ± SD (n= 3) A1 A2 A3 

1 50 0.472 0.482 0.464 0.473±0.009 

2 60 0.59 0.596 0.584 0.590±0.006 

3 70 0.696 0.69 0.689 0.692±0.004 

4 80 0.804 0.798 0.794 0.799±0.005 

5 90 0.887 0.897 0.877 0.887±0.010 

6 100 0.999 0.989 0.984 0.991±0.008 

7 110 1.093 1.085 1.081 1.086±0.006 

8 120 1.189 1.175 1.174 1.179±0.008 

9 130 1.289 1.285 1.274 1.283±0.008 

10 150 1.492 1.501 1.485 1.493±0.008 

Equation y = 0.01x-0.015 

R-Square Value = 0.9993 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Calibration Curve of Telmisartan in pH 7.5 Phosphate Buffer at  296nm 

Physical Parameters and In-vitro Release Study of Innovator Product 

Dissolution Parameter: 
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Medium: pH 7.5 Phosphate buffer 

Volume: 900ml 

Apparatus: USP-II (Paddle) 

RPM: 75 rpm 

Time point: 10, 15, 20, 30, 45 & 60 (min) 

Temperature: 37 ± 0.5°C 

Formulation and Optimization 

Table 9: Formula of Trial Batches F1 to F4 

Trial 

Ingredients 

F1 F2 F3 F4 

Telmisartan 80 80 80 80 

Mannitol 164 163 174.5 162 

Povidone (PVP K 25) 24 24 24 24 

Sodium Carbonate 50 50 50 50 

Sodium Hydroxide - 1 2 2 

Sodium starch glycolate 25 25 12.5 25 

Magnesium Stearate 7 7 7 7 

Purified water q.s. q.s. q.s. q.s. 

Tablet Weight 350 mg 350 mg 350 mg 350 mg 

 

Table 10: Formula of Trial Batches F5 to F10 

Trial 

Ingredients 

F5 F6 F7 F8 F9 F10 

Telmisartan 80 80 80 80 80 80 

Sorbitol 219.78 207.28 184.78 179.78 174.78 167.28 

Povidone 

(PVP K 25) 

 

24 

 

24 

 

24 

 

24 

 

24 

 

24 

Sodium Carbonate - - - - - - 

Sodium Hydroxide 6.72 6.72 6.72 6.72 6.72 6.72 

Meglumine - - 35 40 45 40 

Sodium starch glycolate 12.5 25 12.5 12.5 12.5 25 

Magnesium Stearate 7 7 7 7 7 7 

Purified water q.s. q.s. q.s. q.s. q.s. q.s. 

Tablet Weight 350 mg 350mg 350mg 350mg 350mg 350 mg 

 

Method of Preparation of Telmisartan IR Tablet 

Granulation liquid or spray-solution: 

Measured quantity of purified water was taken into a suitable stainless-steel vessel at a temperature of between 20-

40°C. In sequence, measured quantity of Sodium carbonate, Sodium hydroxide was dissolved in the purified water 

and Telmisartan was dissolved in the above solution under intensive stirring until a virtually clear solution was 

obtained. 

Granulation: 

Measured quantity of Mannitol and Povidone (PVP K 25) were shifted through 40# sieve and mixed in the RMG 

and sprayed with granulation liquid. Granules were placed into a fluid bed dryer for drying followed by screening 

step. 

Process data granulation: 

Inlet air temperature: 80-100°C 

Spraying rate: 500-900 ml/min 



Tripathi R et al                                                                              The Pharmaceutical and Chemical Journal, 2023, 10(4):72-87 

 

         The Pharmaceutical and Chemical Journal 

80 

 

 

Process data drying step: 

Inlet air temperature: 80 -100°C 

End of drying: Gut temperature more than 70°C 

Duration of drying: about 5 minutes 

Process data screening step: 

The granules were screened by using comil screen machine with a mesh size of 1.5 mm. 

 

Final mixture for preparation of tablet formulation: 

Measured quantity of Sodium starch glycolate and Magnesium stearate were shifted through 20# sieve and mixed 

with screened granules using a conta blender with a revolution of 10 rpm for about 15 min thus producing the final 

mixture. 

Tablet compression: 

Final blend was compressed using a suitable rotary tablet press and 16 station tablet compression machine. 

Process parameters for tabletting: 

Tablet punch size: 12/32 SC PL/PL 

Compression force: 7 (5-10) KN 

The tablet hardness can be adjusted by variation of the main compression force. 

 

Result & Discussion  

From the above DSC Study and physical observation it was concluded that there was no significant Drug-

Excipients interaction was observed as the DSC trace of API showed a sharp endothermic peak at 159°C. In 

the DSC trace of the mixture of API and excipients, the sharp endothermic peak observed neared to 159°C, in the 

majority of case. Melting endotherm of the drug was well preserved with a slight change in terms of broadening of 

peak or shifting towards the lower temperature. Thus these minor changes in the melting endotherm of drug could 

be due to the mixing of drug and excipients, which lowers the purity of each component in the mixture and may 

not necessarily indicating potential incompatibility. 

Above study states that there was not any type of color change or lumps were formed. 

Evaluation of Powder Blend 

The powder blends of trial batches were evaluated for angle of repose, LBD, TBD, compressibility index. 

Table 11: Result of Evaluation of Powder Blend of Trial Batches F1 to F4 

 

 

 

 

 

 

 

 

 

Table 12: Result of Evaluation of Powder Blend of Trial Batches F5 to F10 

Powder 

blend 

Angle of 

Repose 

(0) 

Loose Bulk 

Density (g/ml) 

Tapped Bulk 

Density (g/ml) 

Carr’s Index 

(%) 

Hausner’s 

Ratio 

F5 25.31 0.56 0.72 22.22 1.28 

F6 22.28 0.58 0.76 26.31 1.31 

F7 21.46 0.57 0.70 18.57 1.11 

F8 22.91 0.62 0.71 12.68 1.15 

Powder 

blend 

Angle of 

Repose 

Loose Bulk 

Density 

Tapped Bulk 

Density 

Carr’s 

Index 

Hausner’s 

Ratio 

F1 21.89 0.56 0.67 16.41 1.19 

F2 25.46 0.59 0.71 16.9 1.20 

F3 23.78 0.53 0.69 23.18 1.30 

F4 25.14 0.61 0.74 17.56 1.21 
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F9 24.39 0.63 0.72 12.50 1.14 

F10 23.21 0.61 0.73 16.44 1.19 

 

The results of angle of repose and compressibility index ranged from 21.89 to 26.16 and 16.41 to 23.18 respectively. 

The results of Hausner’s ratio ranged from1.19 to 1.30. The results of angle of repose (<30) indicate good flow 

properties of the powder based on table 6.1. This was further supported by lower compressibility index values. 

Generally, compressibility index values up to 25% results in Fair to passable flow properties. 

Evaluation of Tablets 

The formulations were evaluated for different parameters shown in the table below: 

Table 13: Result of Evaluation of Tablets of Trial Batches F1 to F4 

 

Parameters 

Trial batches 

F1 F2 F3 F4 

Hardness (kP) 6-8 6-8 7-8 6-8 

Thickness (mm) 2.84 2.81 2.89 2.85 

Friability (%) 0.21 0.17 0.29 0.14 

Avg. Wt. (mg) 353 357 349 352 

Disintegration 

time(min) 

12-

13 

11-12 12-13 10-11 

 

In-Vitro Dissolution study 

In-vitro dissolution study of trial batches F1 to F4 were carried out. Result of release study was shown in the table 

14 and comparative dissolution profile was shown in fig. 2. 

Table 14: Result of In-vitro Release of Trial Batches F1 to F4 

pH 7.5 Phosphate buffer, 900ml, USP - II (Paddle) Apparatus, 75 rpm 

Time 

(min) 

Trial batches 

F1 F2 F3 F4 

0 0 0 0 0 

10 21 17 18 22 

15 28 24 23 29 

20 34 32 29 33 

30 40 40 36 48 

45 45 48 51 60 

60 47 51 62 65 
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Figure 2: Comparative Dissolution Profile of Trials F1 to F4 and Innovator 

The results of in-vitro dissolution study of trial batches F1 to F4 were carried out. Results were shown that drug was 

not release properly in the specific time compared to the targeted drug release. 

In further formulation development process, trial batches F5 and F6 were develpoed by incorporation of Sodium 

hydroxide for dissolve the drug as it was soluble in basic media and Sodium hydroxide was strong base in compare 

to Sodium carbonate. Drug release profile of trails F5 and F6 were comparatively better than above batches but not 

achieve the desired targeted release. Sodium hydroxide was strong base and its maximum limit was upto 2% so we 

can not add more than that as it is toxic. So in the further trials Sodium hydroxide was used in combination with 

other basic agent to improve the dissolution profile. In the futher batches (F7 to F10) Meglumine was used in 

combination with Sodium hydroxide by changing the ratio of Meglumine and SSG. In these batches combition of 

Sodium hydroxide and Meglumine help to dissolve the drug and SSG also help to achieve the desired drug release 

profile. 

Result of powder blend and and all parameters of tablets are within the limit. The result with combination of 

Meglumine and Sodium hydroxide show better release compared to Sodium hydroxide alone and combination of 

Sodium carbonate and Sodium hydroxide. Batch F5 and F6 show more drug release compare to F1 to F4 but not 

desired. Where as in case of combition of Sodium hydroxide and Meglumine (F7 to F10) show desired release 

profile compared to above batches from that optimize batch was selected on the basis of Similarity Factor (f2). 

Result of f2 values shows that batch F8 shows higher similarity factor (f2 values) compared to other batches. F8 

shows an f2 value 88.53 which is greater than 50 as shown in table 5.21. Based on similarity factor and dissolution, 

F8 is considered as optimized formula. 

In-vitro drug release study show that after 1, 2 and 3 month f2 value obtained was 84.29, 

79.27 and 86.79 respectively. This shows that drug release profile obtained was match with drug release profile of 

marketed reference product. Assay results were within the acceptance criteria. The related substance results showed 

that individual maximum impurity below 0.1% and total maximum impurity below 1.0%. 

Stability result shows that there was no change in the formulation after 3 month accelerated stability study. It 

indicates that prepared formulation of Telmisartan was stable. 

 

Summary & Conclusion  

Formulation development work has been preceded with preformulation studies including analytical investigations, 

choice of the analytical methods, standardization and validation of the procedure and preliminary formulation trials. 

There is a need for selection of suitable excipients, which are compatible with drugs and among themselves and also 

physiologically safe and biocompatible. Preliminary idea about the behavior of the dosage form formulated, using 

the selected ingredients and their singular and collective effect and physicochemical and pharmaceutical properties 

of the dosage form also needs to be studied during this phase. In the present work efforts have been made to develop 

immediate release tablet of Telmisartan using excipients which shows dissolution profiles as per USP monograph. 

In present work various preformulation parameters such as organolaptic properties, flow properties and particle size 

distribution of API have been studied from such results it was found that API has fair flow properties. The Drug-

Excipients compatibility study was carried out by Differential Scanning Calorimetry at 40°C/ 75% RH condition for 

1 month. From the above DSC Study and physical observation it was concluded that there was no significant Drug-

Excipients interaction was observed as the DSC trace of API showed a sharp endothermic peak at 159°C. In the 

DSC trace of the mixture of API and excipients, the sharp endothermic peak observed neared to 159°C, in the 

majority of case. Thus these minor changes in the melting endotherm of drug could be due to the mixing of drug and 

excipients, which lowers the purity of each component in the mixture and may not necessarily indicating potential 

incompatibility. 

In this case drug has poor water solubility and dissolves in strong base. So in batch F1 sodium carbonate was used to 

dissolve drug and SSG was used as disintegrant but desired release profile was not achieved. So in the further 

batches F2 to F4 mixture of sodium carbonate and sodium hydroxide used to properly dissolve the drug by changing 

the amount of SSG. But still the desired release profile was not achieved. Here basic agent was used in the 
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maximum limit so we cannot add more than the limit so we have to try with other basic agent or combination of 

thereof. In the batches F5 and F6 Sodium hydroxide alone used as basic agent which shows the better result compare 

to the above batches but not desired. So in batches F7 to F10 combination of sodium hydroxide and meglumine was 

used along with SSG, which shows desired release profile from that optimize batch was selected on the basis of 

Similarity Factor (f2). 

 

References 

[1]. Aulton ME. “Pharmaceutics” The Science of dosage form design; 2nd Ed. Churchill livingstone. 2002: 

398, 365-374, 414-418. 

[2]. Lachman L, Lieberman HA, Kanig JL. The Theory and Practice of Industrial Pharmacy. Tablets; 3rd Ed. 

Varghese publishing house, Bombay. 1987:294, 336, 413. 

[3]. Lieberman HA, Lachman L, Schwartz JB. Pharmaceutical Dosage Forms: Tablets, Marcel Dekker Inc, 

New York. Vol 1,2nd Ed:195-229. 

[4]. Basic consideration of tablets. Available from: http://en.wikipedia.org/wiki/Tablet [cited on 2010 Mar 17]. 

[5]. Melkebeke BV, Vervaet C, Remon JP. Validation of a continuous granulation process using a twin-screw 

extruder. International Journal of Pharmaceutics 2008;356:224-230. 

[6]. Swarbrick J. Encyclopedia of Pharmaceutical Technology. Informa Healthcare USA, Inc., New York. 3rd 

Ed:3641, 3657-59, 3612-13, 3928. 

[7]. Granulation Techniques, Drying process in tablet manufacturing. Available from: 

http://www.pharmapedia.com [cited on 2010 Mar 22]. 

[8]. Allen LV, Popovich NG, Ansel HC. Ansel’s Pharmaceutical Dosage Forms and Drug Delivery Systems. 

Lippincott Williams and Wilkins, Baltimore USA. 8th Ed. 2006:239-244. 

[9]. Jorgensen AC. Increasing process understanding of wet granulation by spectroscopic methods and 

dimension reduction tools. Faculty of Pharmacy of the University of Helsinki. Oct 2004. 

[10]. Parikh DM. Theory of Granulation, Handbook of Pharmaceutical Granulation Technology. 2nd Ed. 

2005:7-33. 

[11]. Chien YW. Novel drug delivery systems. New York: Marcel Dekker Inc. 2nd Ed. 1992:139-40. 

[12]. Leah E, Appel DT, Friesen JE, Byers MD, Crew BC, Hancock SJ, Schadtle. Immediate release dosage 

forms containing solid drug disbursion. United States Patent No. 424465;2002. 

[13]. Chemical Structure, chemical name, molecular formula, molecular weight, solubility of drug. Available 

from: http://en.wikipedia.org/wiki/Telmisartan [cited on 2010 Feb12]. 

[14]. Benson SC. Identification of telmisartan as a unique angiotensin II receptor antagonist with selective 

PPARgamma-modulating activity. Hypertension; 2004;43(5):993-1002. 

[15]. Mechanism of action of Telmisartan. Available from: 

http://en.wikipedia.org/wiki/Angiotensin_Receptor_Blocker [cited on 2010 Feb12]. 

[16]. Pharmacokinetics, Indications and Usage, Warnings, Precautions, Adverse effects, Storage of Telmisartan. 

Available from: http://www.rxlist.com/micardis-drug.htm [cited on 2010 Feb 15]. 

[17]. Medications and Dosage of Telmisartan. Available from: 

http://www.medicinenet.com/telmisartanoral/article.htm [cited on 2010 Jan 28]. 

[18]. Fikentscher H, Herrle K. Polyvinylpyrrolidone. Modern Plastics 1945;23(3):157- 161, 212, 214, 216, 218. 

[19]. Becker D, Rigassi T, Bauer-Brandl A. Effectiveness of binders in wet granulation: comparison using 

model formulations of different tabletability. Drug Development and Industrial Pharmacy 1997;23(8):791-

808. 

[20]. Stubberud L, Arwidsson HG, Hjortsberg V, Graffner C. Water–solid interactions. Part Effect of glass 

transition temperature, Tg and processing on tensile strength of compacts of lactose and lactose/polyvinyl 

pyrrolidone. Pharmaceutical Devlopment and Technology 1996;1(2):195-204. 

[21]. Iwata M, Ueda H. Dissolution properties of glibenclamide in combinations with polyvinylpyrrolidone. 

Drug Development and Industrial Pharmacy 1996;22:1161- 1165. 

http://www.faqs.org/patents/inv/7350
http://www.faqs.org/patents/inv/7351
http://www.faqs.org/patents/inv/239726
http://www.faqs.org/patents/inv/239727
http://www.faqs.org/patents/inv/239728
http://www.faqs.org/patents/inv/239729
http://www.faqs.org/patents/agn/1234
http://en.wikipedia.org/wiki/Telmisartan
http://en.wikipedia.org/wiki/Angiotensin_Receptor_Blocker
http://www.rxlist.com/micardis-drug.htm
http://www.medicinenet.com/telmisartanoral/article.htm
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245


Tripathi R et al                                                                              The Pharmaceutical and Chemical Journal, 2023, 10(4):72-87 

 

         The Pharmaceutical and Chemical Journal 

84 

 

[22]. Lu WG, Zhang Y, Xiong QM. Development of nifedipine (NE) pellets with a high bioavailability. Chin 

Pharm J Zhongguo Yaoxue Zazhi 1995;30:24-26. 

[23]. Chowdary KP, Ramesh KV. Microencapsulation of solid dispersions of nifedipine- novel approach for 

controlling drug release. Indian Drugs 1995;32:477-483. 

[24]. Wessel W, Schoog M, Winkler E. Polyvinylpyrrolidone (PVP), its diagnostic, therapeutic and technical 

application and consequences thereof. Arzneimittelforschung 1971;21:1468-1482. 

[25]. Hizawa K, Otsuka H, Inaba H. Subcutaneous pseudosarcomatous polyvinylpyrrolidone granuloma. Am J 

Surg Pathol 1984;8:393-398. 

[26]. Christensen M, Johansen P, Hau C. Storage of polyvinylpyrrolidone (PVP) in tissues following long-term 

treatment with a PVP containing vasopressin preparation. Acta Med Scand 1978;204:295-298. 

[27]. FAO/WHO. Evaluation of certain food additives and contaminants. Twenty- seventh report of the joint 

FAO/WHO expert committee on food additives. World Health Organ Tech Rep Ser 1983;No. 696. 

[28]. Verma RK, Garg S. Selection of excipients for extended release formulations of glipizide through drug-

excipient compatibility testing. Journal of Pharmaceutical and Biomedical Analysis 2005;38:633-644. 

[29]. Zhan X, Yin G, Ma B. Improved stability of 25% vitamin C parenteral formulation. International Journal of 

Pharmacetics 1998;173:43-49. 

[30]. Newton JM, Razzo FN. The interaction of formulation factors and dissolution fluid and the in vitro release 

of drug from hard gelatin capsules. Journal of pharmacy and Pharmacology 1975;27:78. 

[31]. Stewart AG, Grant DJW, Newton JM. The release of a model low-dose drug (riboflavine) from hard 

gelatin capsule formulations. Journal of pharmacy and Pharmacology 1979;31:16. 

[32]. Chowhan ZT, Chi LH. Drug–excipient interactions resulting from powder mixing III: solid state 

properties and their effect on drug dissolution. Journal of Pharmaceutical Science 1986;75:534-541. 

[33]. Botzolakis JE, Augsburger LL. Disintegrating agents in hard gelatin capsules part 1: mechanism of action. 

Drug Development and Industrial Pharmacy 1988;14(1):29-41. 

[34]. Hannula AM, Marvola M, Jons M. Release of ibuprofen from hard gelatin capsule formulations: effect of 

modern disintegrants. Acta Pharm Fenn 1989;98:189-196. 

[35]. Marvola M, Hannula A-M, Ojantakanen S, et al. Effect of sodium bicarbonate and sodium starch glycolate 

on the in vivo disintegration of hard gelatin capsules-a radiological study in the dog. Acta Pharm Nord 

1989;1:355-362. 

[36]. Khan KA, Rooke DJ. Effect of disintegrant type upon the relationship between compressional pressure 

and dissolution efficiency. Journal of pharmacy and Pharmacology 1976;28:633-636. 

[37]. Rubinstein MH, Price EJ. In vivo evaluation of the effect of five disintegrants on the bioavailability of 

frusemide from 40 mg tablets. Journal of pharmacy and Pharmacology 1977;29:5. 

[38]. Caramella C, Colombo P, Coute U, La Manna A. The influence of disintegrants on the characteristics of 

coated acetylsalicylic acid tablets. Farmaco (Prat) 1978;33:498-507. 

[39]. Gebre Mariam T, Winnemoller M, Schmidt PC. Evaluation of the disintegration efficiency of a sodium 

starch glycolate prepared from enset starch in compressed tablets. European Journal of Pharmacetics and 

Biopharmaceutics 1996;42(2):124- 132. 

[40]. Cid E, Jaminet F. Influence of adjuvants on the dissolution rate and stability of acetylsalicylic acid in 

compressed tablets. J Pharm Belg 1971;26:38-48. 

[41]. Gordon MS, Chowhan ZT. Effect of tablet solubility and hygroscopicity on disintegrant efficiency in 

direct compression tablets in terms of dissolution. Journal of Pharmaceutical Science 1987;76:907-909. 

[42]. Kaiho F, Luessen HL, Lehr CM, et al. Disintegration and gel formingbehavior of carbomer and its sodium 

salt used as excipients for direct compression. STP Pharma Sciences 1996;6(6):385-389. 

[43]. Sekulovic D, Tufegdž N, Birmanc M. The investigation of the influence of Explotab on the disintegration 

of tablets. Pharmazie 1986;41:153-154. 

[44]. Bolhius GK, Zuurman K, Te-Wierik GH. Improvement of dissolution of poorly soluble drugs by solid 

deposition on a super disintegrant. Part 2. Choice of super disintegrants and effect of granulation. 

http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245


Tripathi R et al                                                                              The Pharmaceutical and Chemical Journal, 2023, 10(4):72-87 

 

          The Pharmaceutical and Chemical Journal 

85 

 

European Journal of Pharmaceutical Sciences 1997;5(2):63-69. 

[45]. Joachim J, Kalantzis G, Joachim G. Pregelatinized starches in wet granulation: experimental design and 

data analysis. Part 2. Case of tablets. STP Pharma Sciences 1994;4(6):482-486. 

[46]. Khan KA, Rhodes CT. Disintegration properties of calcium phosphate dibasic dihydrate tablets. Journal 

of Pharmaceutical Sciences 1975;64:166-168. 

[47]. Khan KA, Rhodes CT. Water-sorption properties of tablet disintegrants. Journal of Pharmaceutical 

Sciences 1975;64:447-451. 

[48]. Wan LSC, Prasad KPP. Uptake of water by excipients in tablets. International Journal of Pharmaceutics 

1989;50:147-153. 

[49]. Thibert R, Hancock BC. Direct visualization of superdisintegrant hydration using environmental scanning 

electron microscopy. Journal of Pharmaceutical Sciences 1996;85:1255-1258. 

[50]. Farley CA, Lund W. Suspending agents for extemporaneous dispensing: evaluation of alternatives to 

tragacanth. Pharmaceutical Journals 1976;216:562-566. 

[51]. Smith G, McIntosh IEE. Suspending agents for extemporaneous dispensing. Pharmaceutical Journals 

1976;217:42. 

[52]. Horhota ST, Burgio J, Lonski L, Rhodes CT. Effect of storage at specified temperature and humidity on 

properties of three directly compressible tablet formulations. Journal of Pharmaceutical Sciences 

1976;65:1746-1749. 

[53]. Sheen PC, Kim SI. Comparative study of disintegrating agents in tiaramide hydrochloride tablets. Drug 

Development and Industrial Pharmacy 1989;15(3):401-414. 

[54]. Gordon MS, Chowhan ZT. The effect of aging on disintegrant efficiency in direct compression tablets 

with varied solubility and hygroscopicity, in terms of dissolution. Drug Development and Industrial 

Pharmacy1990;16(3):437-447. 

[55]. Botha SA, Lotter AP, Du Preez JL. DSC screening for drug-excipient and excipients-excipient 

interactions in polypharmaceuticals intended for the alleviation of the symptoms of colds and flu. Drug 

Development and Industrial Pharmacy 1987;13(7):1197-1215. 

[56]. Bolhuis GK, van Kamp HV, Lerk CF. On the similarity of sodium starch glycolate from different sources. 

Drug Development and Industrial Pharmacy 1986;12(4):621-630. 

[57]. Molokhia AM, Moustafa MA, Gouda MW. Effect of storage conditions on the hardness, disintegration 

and drug release from some tablet bases. Drug Development and Industrial Pharmacy 1982;8:283-292. 

[58]. Bolton S, Atluri R. Crystalline sorbitol tablets: effect of mixing time and lubricants on manufacturing. Drug 

Cosmet Ind 1984;135(5):44, 46-48, 50. 

[59]. DuRoss JW. Modification of the crystalline structure of sorbitol and its effects on tableting 

characteristics. Pharmaceutical Technology 1984;8(9):42-53. 

[60]. Basedow AM, Moschl GA. Sorbitol instant - an excipient with unique tableting properties. Drug 

Development and Industrial Pharmacy 1986;12:2061-2089. 

[61]. Schmidt PC, Vortisch W. Influence of manufacturing method of fillers and binders on their tableting 

properties: comparison of 8 commercially available sorbitols. Pharm Ind 1987;49:495-503. 

[62]. Krogars K, Heinaemaeki J, Karjalainen M, et al. Development and characterization of aqueous amylose-rich 

maize starch dispersion for film formation. European Journal of Pharmaceutics and Biopharmaceutics 

2003;56(2):215-221. 

[63]. Cervera MF, Heina_ma_ki J, Krogars K, et al. Solid state and mechanical properties of aqueous chitosan-

amylose starch films plasticized with polyols. AAPS Pharm Sci Tech 2004;5(1):15. 

[64]. Daoust RG, Lynch MJ. Sorbitol in pharmaceutical liquids. Drug Cosmet Ind 1962;90(6):689-691, 773, 

776, 777, 779, 781-785. 

[65]. Sabatini GR, Gulesich JJ. Formulation of a stable and palatable oral suspension of procaine penicillin G. J 

Am Pharm Assoc (Pract Pharm) 1956;17:806-808. 

[66]. Bandelin FJ, Tuschhoff JV. The stability of ascorbic acid in various liquid media. J Am Pharm Assoc 

http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245


Tripathi R et al                                                                              The Pharmaceutical and Chemical Journal, 2023, 10(4):72-87 

 

         The Pharmaceutical and Chemical Journal 

86 

 

(Sci) 1955;44:241-244. 

[67]. Parikh BD, Lofgren FV. A further stability study of an oral multivitamin liquid preparation. Drug 

Standards 1958;26:56-61. 

[68]. Valizdeh H, Nokhodchi A, Qarakhari N. Physicochemical characterization of solid dispersions of 

indometacin with PEG 6000, Myri 52, lactose, sorbitol, dextrin, and Eudragit (R) E100. Drug Development 

and Industrial Pharmacy 2004;30(3):303- 317. 

[69]. Lindvall S, Andersson NSE. Studies on a new intramuscular haematinic, iron- sorbitol. British Journal of 

Pharmacology 1961;17:358-371. 

[70]. Bundgaard H. Drug allergy: chemical and pharmaceutical aspects. In: Florence AT, Salole EG, eds. 

Formulation Factors in Adverse Reactions. London: Wright, 1990:23-55. 

[71]. Jain NK, Rosenberg DB, Ulahannan MJ. Sorbitol intolerance in adults. Am J Gastroenterol 

1985;80:678-681. 

[72]. Brown AM, Masson E. ‘Hidden’ sorbitol in proprietary medicines - a cause for concern? 

Pharmaceutical Journals 1990;245:211. 

[73]. Greaves RRSH, Brown RL, Farthing MJG. An air stewardess with puzzling diarrhoea. Lancet 

1996;348:1488. 

[74]. Ayers CS, Abrams RA. Noncariogenic sweeteners: sugar substitutes for caries control. Dental 

Hygiene 1987;61:162-167. 

[75]. Chowhan ZT. Harmonization of excipient standards. In: Weiner ML, Kotkoskie LA, eds. Excipient 

Toxicity and Safety. New York: Marcel Dekker 2000:321-354. 

[76]. Sondergaard D, Meyer O, Wurtzen G. Magnesium stearate given perorally to rats: a short term study. 

Toxicology 1980;17:51-55. 

[77]. Boyland E, Busby ER, Dukes CE. Further experiments on implantation of materials into the urinary bladder 

of mice; Br J Cancer 1964;18:575-581. 

[78]. Kibbe AH. Handbook of pharmaceutical excipients; American Pharmaceutical Association and 

Pharmaceutical Press, Washington London. 3rd Ed. 2000:102-106. 

[79]. Phuong HLT, Huyen TTT, Beom JL. Modulation of microenvironmental pH and crystallinity of ionizable 

telmisartan using alkalizers in solid dispersions for controlled release. Journal of Controlled Release 

2008;129:59-65. 

[80]. Ando K, Isshiki M, Takahashi K. Evaluation of depressor effect And Safety of combination therapy with 

Telmisartan and low-dose hydrochlorothiazide. Hypertension Research 2009;32:748-752. 

[81]. Ken S, Nathan RQ, Ludmila K, Michal P, Toshio O, Theodore WK. Telmisartan But Not Valsartan 

Increases Caloric Expenditure and Protects Against Weight Gain and Hepatic Steatosis. Hypertension 

2006;47:1003. 

[82]. David HGS. Treatment of Hypertension with an Angiotensin II-ReceptorAntagonist Compared with an 

Angiotensin-Converting Enzyme Inhibitor: A Review of Clinical Studies of Telmisartan and Enalapril. 

Clinical Therapeutics 2002;24:10. 

[83]. Goyal S, Arora S, Mittal R, Joshi S, Nag TC, Ray R, Kumari S, Arya DS. Myocardial salvaging effect of 

telmisartan in experimental model of myocardial infarction. European Journal of Pharmacology 

2009;619:75-84. 

[84]. BasavarajS, Sihorkar V, ShanthaKumar TR, Sundaramurthi P, Srinivas NR, Venkatesh P, Mullangi R, 

Singh SK. Bioavailability Enhancement of Poorly Water Soluble and Weakly Acidic New Chemical 

Entity with 2-Hydroxy Propyl-β- Cyclodextrin: Selection of Meglumine, a Polyhydroxy Base, as a Novel 

Ternary Component. Pharmaceutical Development and Technology 2006;11(4):443-451. 

[85]. Grenman H, Salmi T, Murzin DY, Jonas AM. Dissolution of boehmite in sodium hydroxide at ambient 

pressure:Kinetics and modeling. 

[86]. Thao TDT, Phuong HLT, Beom JL. Dissolution-modulating mechanism of alkalizers and polymers in a 

nanoemulsifying solid dispersion containing ionizable and poorly water-soluble drug. European Journal 

http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://www.informaworld.com/smpp/title~db%3Dall~content%3Dt713597245
http://informahealthcare.com/loi/phd
http://www.sciencedirect.com/science/journal/09396411


Tripathi R et al                                                                              The Pharmaceutical and Chemical Journal, 2023, 10(4):72-87 

 

          The Pharmaceutical and Chemical Journal 

87 

 

of Pharmaceutics and Biopharmaceutics 2009;72(1):83-90. 

[87]. Garala KC, Ekshinge VB, Jarag RJ, Shinde AJ. Fast-disintegrating aceclofenac tablets: formulation 

development using simplex lattice design. Thai Journal of Pharmaceutical Sciences 2008;32:77-81. 

[88]. Rao NG, Patel T, Gandhi S. Development and evaluation of carbamazepine fast dissolving tablets 

prepared with a complex by direct compression technique. Asian journal of Pharmaceutics 2009;3(2):97-

103. 

[89]. Swamy PV, Areefulla SH, Shirsand SB, Gandra S, Prashanth B. Orodispersible tablets of meloxicam 

using disintegrant blends for improved efficacy. Indian journal of pharmaceutical sciences 

2007;69(6):836-840. 

[90]. Nagendrakumar D, Raju SA, Shirsand SB, Para MS, Rampure MV. Fast dissolving tablets of 

fexofenadine HCl by effervescent method. Indian journal of pharmaceutical sciences 2009;71(2):116-119. 

[91]. Setty CM, Prasad DVK, Gupta VRM, Sa B. Development of fast dispersible aceclofenac tablets: Effect of 

functionality of superdisintegrants. Indian journal of pharmaceutical sciences 2008;70(2):180-185. 

[92]. Shao ZJ, Farooqi MI, Diaz S, Krishna AK, Muhammad NA. Effects of Formulation Variables and Post-

compression Curing on Drug Release from a New Sustained- Release Matrix Material: Polyvinylacetate-

Povidone. Pharmaceutical Development and Technology 2001;6(2):247-254. 

[93]. Characterization of Telmisartan. Available in Pharmacopeial forum. 2009; 35(3):580-582. 

[94]. Lachman L, Lieberman HA, Kanig JL. The theory and practice of Industrial pharmacy, Varghese 

Publishing House Bombay; 1987:171-293. 

[95]. Aulton ME. The Science of dosage form design; Churchill living stone. 2nd Ed. 2002:414-418. 

[96]. Cooper J, Gun C. Powder Flow and Compaction. Inc Carter SJ, Eds. Tutorial Pharmacy. New 

Delhi, hidix CBS Publishers and Distributors; 1986:211-233. 

[97]. Martin A, Micromeretics, In: Martin A, ed. Physical Pharmacy. Baltimores, MD:Lippincott Williams 

and Wilkins; 2001:423-454. 

[98]. ICH topic 8 Pharmaceutical guidelines, Note for Guidence on Pharmaceutical Developments, 

(EMEA/CHMP167068/2004). 

[99]. Kibbe AH. Handbook of pharmaceutical excipients; American Pharmaceutical Association and 

Pharmaceutical Press, Washington London. 3rd Ed. 2000: 102-106. 

[100]. Baertschi. Pharmaceutical stress testing, predicting drug degradation, Taylor and Francis group; 

2005:344-350. 

[101]. Moore JW, Flanner HH. Mathematical comparison of curves with an emphasis on in-vitro dissolution 

profiles; Pharmaceutical Technology; 1996;20(6):64-74. 

[102]. Paulo C, Jose Manuel, Sousa L. Modeling and comparison of dissolution profiles; European Journal of 

Pharmaceutical Science; 2001;13:123-133. 

[103]. ICH Guidelines Q1A (R2), Guidance for industry, stability testing of new drug substance and products 

Available from: http://www.ich.org [cited on 2009 dec.14]. 

 

http://www.sciencedirect.com/science/journal/09396411
http://www.sciencedirect.com/science/journal/09396411
http://www.google.co.in/url?sa=t&source=web&ct=res&cd=1&ved=0CAcQFjAA&url=http%3A%2F%2Fwww.pharm.chula.ac.th%2Ftjps%2F&rct=j&q=Thai%2BJ.%2BPharm.%2BSci.&ei=HMyES5f-AtGyrAeX8YncAg&usg=AFQjCNEI__gh2qxdAFJMn3I7pOXIWx87qA
http://www.google.co.in/url?sa=t&source=web&ct=res&cd=1&ved=0CAcQFjAA&url=http%3A%2F%2Fwww.pharm.chula.ac.th%2Ftjps%2F&rct=j&q=Thai%2BJ.%2BPharm.%2BSci.&ei=HMyES5f-AtGyrAeX8YncAg&usg=AFQjCNEI__gh2qxdAFJMn3I7pOXIWx87qA
http://informahealthcare.com/loi/phd
http://informahealthcare.com/loi/phd
http://www.ich.org/

