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ABSTRACT 

 

 Nateglinide is a novel, highly physiologic, glucose regulator 

recently approved for the treatment of type-2 diabetes mellitus. 

Nateglinide has a rapid onset and short duration of insulinotropic action 

that results in reduction of  glucose level. The purpose of this study to 

develop a floating tablet of Nateglinide to enhance its bioavailability and 

sustained action. In the present study a 3² full factorial design was 

employed in which 2 factors were evaluated at 3 levels, experimental 

trials were performed at all possible 9 combinations. The independent 

variables selected for this study were concentration of Ethyl cellulose (X1) 

and sodium bicarbonate (X2).  % drug release for 30min,1h, 2h,4h,6h, 

8h,12h, 16h,24h and floating lag time (FLT) were as dependent variables. 

The results of factorial design showed that factor X1 and X2 significantly 

affect the studied dependent variables. The floating tablet formulations 

were evaluated for Bulk density (gm/cm3), Tapped density(gm/cm3), 

Hausner ratio(HR), Carr index, Angle of repose, flow property, assay, in-

vitro drug release, hardness, friability,weight variation. The results of in 

vitro release studies showed that the optimized formulation (F8) could 

sustain drug release (98.33%) for 24h. Stability of tablets at 

400C/75%RH, of optimized formulation was carried for one month and no 

significant change was observed. 

 

 

INTRODUCTION 

 

 Oral delivery of drugs is most preferred, versatile and convenient route of drug administration because of 

ease to use, economical and safe. Drug bioavailability of Oral controlled drug delivery is influenced by various 

factors [1] Gastrointestinal(GI) physiology [2] Physiochemical properties of drug [3]. Dosage form charectristics [4]. 

Patients related factors gastric residence time [5]. Gastroretentive drug delivery has received significant interest in 

the past few decades as most conventional oral delivery system. The development of a long term oral controlled- 

release dosage forms has been difficult mainly because of the transit of the dosage forms through the 

gastrointestinal tract. The gastroretentive dosage forms have potential for use as controlled- release drug delivery 

systems and can overcome these problems by prolonging the retention time (Drugs remain in the gastric region for 

several hours) of a dosage form in the GI tract, thereby improving the oral bioavailability, reducing drug waste and 

improving solubility for drugs that are less soluble in a high pH environment. Diabetes Mellitus (DM) is a metabolic 

disorder characterized by hyperglycaemia, glycosuria, hyperlipemia, negative nitrogen balance, all these results into 

a wide spread pathological changes such as thickening of capillary basement membrane, increase in vessel wall 

matrix,and cellular proliferation resulting in vascular complication like lumen narrowing, atherosclerosis, sclerosis 

of glomerular capillaries, retinopathy,neuropathy and peripheral vascular insufficiency hence diabetes is one of the 

major causes  of death and disability in the world. 

 

 Insulin is the most important regulatory hormone in the control of glucose homeostasis, consisting of 51 

amino acids shared between two intramolecular chains (alpha and beta chain) secreted from beta cells of 

pancreatic islets. DM is of two type:  

 

Type-I: Insulin dependent diabetes mellitus (IDDM) 

 

DM occurs due to reduced or no secretion of insulin from beta cells of pancreatic islets which may be due to 

destruction of beta cells by autoimmune disease (type-IA/antibodies) or by some idiopathic disorder (type-IB/no 
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antibodies) or drugs/chemicals/pathogens. Circulating insulin level are low or very low and patients are prone to 

Ketosis. 

 

Type-II: Non insulin dependent diabetes mellitus (NIDDM)  

 

There is no loss or moderate reduction in beta cells, insulin level is normal or high or low, the causes of DM may be 

 

 Reduction in number of insulin-receptors (down regulation),reduced the sensitivity of peripheral tissues. 

 Abnormally increased secretion of insulin and obesity 

 

Nateglinide [N-(trans-4-isopropylcyclohexylcarbonyl)-D-phenylalanine] is a novel, highly physiologic, glucose 

regulator recently approved for the treatment of type-2 diabetes mellitus. Nateglinide has a rapid onset and short 

duration of insulinotropic action that results in reduction of  glucose level. Nateglinide block the K-ion channels in 

pancreatic beta-cells, facilitating insulin secretion. 

 

 
Empirical Formula:   C19H27NO3 

Molecular Weight- 317.42 

 

 In the present investigation formulation and evaluation of nateglinide floating tablets, the basic idea 

behind the development of such a system is to maintain a constant level of drug in blood plasma. The tablet 

containing nateglinide drug float in the gastric fluid and slowly dissolves at a predetermined rate to release the drug 

and maintain the constant drug level in plasma 

 

MATERIALS AND METHODS 

 

 

 Nateglinide was received as a gift sample from Ind-Swift Laboratories Limited, Punjab (India). Ethyl 

cellulose (EC), polyvinyl pyrrolidone K-90 (PVP K90) were purchased from Himedia, Carbopol-934P,  sodium 

bicarbonate, citric acid,magnesium stearate and talc were purchased from S.D Fine-chem ltd Ahmedabad, all other 

ingredients and solvents of analytical grade were purchase from local sources. 

 

Experimental Design (3²) 

 

 Factorial design is an experimental design technique, from which the factor involved and its relative 

concentration can be assessed. In the present study a 3² full factorial design was employed in which 2 factors were 

evaluated at 3 levels, experimental trials were performed at all possible 9 combinations. The independent variables 

selected for this study were concentration of ethyl cellulose (X1) and sodium bicarbonate (X2).  % drug release for 

30min,1h, 2h,4h,6h, 8h,12h, 16h,24h and floating lag time (FLT) were as dependent variables. Tablet weight was 

not constant for all batches because that does not require diluents which may causes variation in drug release 

profile. 

 

Table 1: A 3² full factorial design and level of independent variables 

 

Trial No. Coded value(X1) Coded value(X2) 

F1 -1 -1 

F2 0 -1 

F3 +1 -1 

F4 -1 0 

F5 0 0 

F6 +1 0 

F7 -1 +1 

F8 0 +1 

F9 +1 +1 

 

 

Table 2: Independent variables 
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Coded value X1 X2 

-1 90 45 

0 120 60 

+1 150 75 

X1 is amount of Ethyl cellulose (EC) in mg,  X2 is amount of sodium bicarbonate in mg 

 

Preparation of Nateglinide floating tablets 

 

 The formulation were fabricated using wet granulation method, the composition of different formulation of 

nateglinide floating tablet is shown in table 3. Ethyl cellulose (EC), Carbopol-934P, sod.bicarbonate and citric acid 

passed through sieve no.44 separately. All the ingredients (except mag.stearate and talc) were weighed accurately 

and mixed thoroughly for 20 minute using glass mortar and pestle.  Granulation was done with sufficient isopropyl 

alcohol  by passing wet coherent through a BSS # 18 sieve . The granules were dried in conventional hot air oven at 

400C for 15 minute, dried granules were sieved through BSS # 22/44 mesh. then lubricated with mag stearate and 

purified talc and then compressed on a 11±0.1mm flat face single punch tablet machine. 

 

Table 3: Composition of All the Formulation (Batch F1 to F9) 

 

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 

Nateglinide 120 120 120 120 120 120 120 120 120 

Ethyl cellulose 90 120 150 90 120 150 90 120 150 

Carbopol-934P 20 20 20 20 20 20 20 20 20 

Sod.bi carb 45 45 45 60 60 60 75 75 75 

Citric acid 30 30 30 30 30 30 30 30 30 

PVP K-90 20 20 20 20 20 20 20 20 20 

Mag Stearate 7 7 7 7 7 7 7 7 7 

Talc 3 3 3 3 3 3 3 3 3 

TOTAL 335 365 395 350 380 410 365 395 425 

 

 

Pre Compression Studies [5,6,7] 

 

Bulk density (dB) 

 

 Density is determined by dividing weight of powder by volume of powder in g/cm3. Bulk denity is 

determined by weight of dry powder and the bulk volume in a graduated cylinder. 

 

Tapped density (dT) 

 

 Tapped volume is measured by tapping of cylinder filled with bulk powder from a constant hight on flat 

horizontal surface for 100 times. This tapped volume gives tapped density by dividing weight of dry powder by 

tapped volume. 

 

Hausner ratio 

 

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

calculated by the formula HR= dT/dB . A Hausner ratio greater than 1.25 is considered to be an indication of poor 

flowability. 

 

Carr index 

 

 It is also known as compressibility index. Carr index gives the important properties of powder or granules 

and is calculated by following equation 

 

CI = dT- dB    x100 

dT 

 

Angle of repose (Ө)  

 

 It is calculated by fixed funnel method. The values obtained for angle of repose of all formulations were 

tabulated in table no.4. The values were found to be in the range from 48˚.58ʹ to 58˚.01ʹ this indicate poor flow 

properties of powder. The angle of repose is determined by using following equation 

 
Ө =tanˉ1 2H/d 

http://en.wikipedia.org/w/index.php?title=Flowability&action=edit&redlink=1
http://en.wikipedia.org/wiki/Powder
http://en.wikipedia.org/wiki/Granular_material
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Where H is height of funnel point , d is diameter of powder.  

  

Table 4: Pre Compression Studies 

 

Code Bulk density 

(gm/cm3) 

Tapped density 

(gm/cm3) 

Hausner ratio 

(HR) 

Carr index 

(%) 

Angle of 

repose 

F1 3.225 5.000 1.550 35.50 53˚.50ʹ 

F2 2.941 4.545 1.545 35.29 57˚.65ʹ 

F3 2.777 4.545 1.636 38.89 56˚.35ʹ 
F4 2.857 5.000 1.750 42.86 58˚.01ʹ 

F5 2.777 4.347 1.565 36.27 48˚.58ʹ 

F6 2.857 4.761 1.666 39.99 54˚.23ʹ 

F7 3.030 5.263 1.736 42.42 52˚.07ʹ 

F8 2.857 4.347 1.521 34.27 52˚.64ʹ 

F9 2.702 4.166 1.541 35.14 52˚.13ʹ 

 

Post Compression Studies [5,6,7] 

 

Weight variation test 

 

 Randomly selected 20 tablets were weighed individually and together in a single pan balance. The average 

weight was noted and standard deviation was calculated. Every individual tablet in a batch should be in uniform 

weight and weight variation in within permissible limits.  

 

Shape of the tablet 

 

Microscopic examination of tablets showed circular shape, flat face with no cracks. 

 

Diameter & Thickness 

 

 Control of physical dimensions of tablets such as thickness and diameter is essential for consumer 

acceptance and tablet uniformity. The thickness and diameter of tablets were measured in mm using Vernier 

Calipers. Randomly selected 5 tablets were subjected for test and average thickness and diameter was calculated. 

 

Hardness test 

 

 Hardness of tablets was determined by diametric compression by using Monsanto type hardness tester. 

Randomly selected 5 tablets were subjected for hardness test and average hardness was calculated. 

 

Friability test 

 

 The friability of tablets was measured in a Roche friabilator (Camp-bell electronics, mumbai), randomly 

selected 20 tablets were taken, initial weight (Wo) of 20 tablets was noted then allowed for 100 revolutions in 

friabilator again taken the final weight (W) of 20 tablets. The percentage weight loss was calculated by 

 

F =Wo-W  x1oo 

Wo 

 

Table 5: Post Compression Studies 

 

Code Weight variation 

(mg) 

Diameter 

(mm) 

Thickness 

(mm) 

Hardness 

(Kg/cm2) 

Friability 

(%) 

F1 337.40±0.264 11 5.2±0.273 5.4±0.418 0.43 

F2 363.70±0.325 11 5.6±0.223 4.7±0.273 0.49 

F3 396.45±0.187 11 5.7±0.332 5.7±0.346 0.33 

F4 351.25±0.252 11 5.3±0.178 5.2±0.188 0.55 

F5 380.85±0.178 11 5.5±0.476 5.4±0.394 0.54 

F6 411.25±0.374 11 5.6±0.354 5.8±0.263 0.47 

F7 367.76±0.354 11 5.5±0.145 5.3±0.329 0.65 

F8 396.20±0.272 11 5.7±0.287 5.6±0.152 0.32 

F9 423.75±0.177 11 5.9±0.244 5.6±0.245 0.44 
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In-Vitro Buoyancy Study 

 

 In-vitro buoyancy of each formulation was determined by floating lag time(FLT) and total floatation time 

(TFT). Tablet of each formulation were individually placed in a 200 ml beaker containing 0.1N HCl solution at 37± 

0.50C. Time required for the tablet to rise to surface and float was FLT and the total time taken to remained buoyant 

without disintegration was TFT [8,9].(Table 6) 

Table 6 

 

Code Drug content 

(%) 

Buoyancy Lag 

Time (sec.) 

Total Floating Time 

(hrs) 

F1 99.81 10 12 

F2 98.46 15 14 

F3 100.34 20 03 

F4 98.57 09 16 

F5 99.28 08 22 

F6 99.12 11 24 

F7 101.48 06 >24 

F8 100.98 07 >24 

F9 97.78 09 >24 

 

Drug Content Uniformity 

 

 The drug content in each formulation was determined by triturating 20 tablets and powder equivalent to 

average weight was added in 100 ml of pH 7.4 Phosphate buffer, followed by stirring 30 minutes. The solution was 

filtered through a 0.45μ membrane filter, diluted suitably and the absorbance of resultant solution was measured 

by spectrophotometer (UV-1700 pharmaspec, SHIMADZU). at 216 nm using pH 7.4 Phosphate buffer as blank 
[10,11]. (Table 7) 

Table 7: In vitro release profile of Nateglinide 

 

%Cumulative 

drug release at 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

30min 32.62 29.48 41.34 28.68 16.22 18.78 19.18 14.24 14.11 

1h 46.18 37.75 53.67 39.57 27.37 29.37 26.73 21.83 20.74 

2h 58.37 49.11 78.84 53.12 40.14 35.62 34.27 30.37 29.13 

4h 70.88 62.93 94.52 66.17 57.73 48.18 41.93 38.56 35.72 

6h 80.42 73.29 97.33 74.50 63.29 60.43 49.19 45.77 41.49 

8h 92.36 86.78  81.44 78.45 72.82 54.77 51.41 51.64 

12h 95.27 93.56  94.73 88.24 90.33 64.28 63.76 68.33 

16h  96.12  97.24 91.38 94.64 78.57 75.40 79.20 

20h     95.87 96.12 89.63 89.27 87.15 

24h      96.99 95.10 98.33 93.91 

 

In-Vitro Drug Release Studies 

 

 The release rate of nateglinide from the floating tablets formulation F1 to F9 were determined by using the 

USP type II dissolution test apparatus (paddle type). The dissolution test was performed using 900 ml of pH 7.4 

Phosphate buffer at 37± 0.50C and 75 rpm. Ten-milliliter aliquots were withdrawn at time interval of 30 min, 

1h,2h,4h,6h, 8h, 12h, 16h, 20h and 24h. The samples were replaced by their equivalent volume of pH 7.4 

Phosphate buffer to maintain sink condition. The samples were analyzed at 216 nm by UV spectrophotometer (UV-

1700 pharmaspec, SHIMADZU).  . The percentage drug release was plotted against time to determine the release 

profile. The plot of cumulative percentage drug release versus time (hr) was plotted and depicted as shown in figure 

1,2 and 3. 

 

Process Optimization 

 

 Formulation of optimized batch F8 has been taken for the study of process parameters, the result showed 

that all optimized parameter were precise and they showed good results cumulatively in comparison to other 

formulation (F1 to F7 and F9) [12,13,14].  

 

RESULTS AND DISCUSSION 

 

 The powder thoroughly mixed with all ingredients are subjected to pre compression studies that the 

Hausner ratio (HR) varied between1.521 and 1.750, Carr index varied between 34.27% and 42.86% and angle of 

repose is varied between 48˚.58ʹand 58˚.01ʹwhich shows the poor flow property of powder, therefore wet 
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granulation method was adopted for granulation. The assayed content of drug in various formulations varied 

between 97.78% and101.48% .Tablet buoyancy lag time varied between 06 sec and 20 sec, where as total 

floatation of each formulation is in between03h and 24h. The physical parameters hardness varied between 4.7 

Kg/cm2and 5.8 Kg/cm2 and friability varied between 0.32% and 0.65%.  The optimized formula F8 shows the 

constant release of drug for 24h and cumulative release of drug is 98.33%. 
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Figure 1: In vitro release profile of formulation (F1-F3) 
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Figure 2: In vitro release profile of formulation (F4-F6) 
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Figure 3: In vitro release profile of formulation (F7-F9) 
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SUMMARY AND CONCLUSION 

 

 Nateglinide is a potent drug for treatment of diabetes mellitus type II but it has has a rapid onset and short 

duration of insulinotropic action. Gastroretentive formulation improves bioavailability, prolonged duration of action, 

reduced drug waste and dosing frequency. 3² full factorial design was employed in which 2 factors were evaluated 

at 3 levels, experimental trials were performed at all possible 9 combinations. Formulation of optimized batch F8 

has been taken for the study of process parameters which shows the constant release of drug for 24h and 

cumulative release of drug is 98.33%. 

 

ACKNOWLEDGEMENT 

 

 The authors wish to thank Ind-Swift Laboratories Limited, Punjab (India), for providing gift sample of 

Nateglinide. 

 

REFERENCES 

 

1. Pare A, Yadav SK, Patil UK. Formulation and evaluation of effervescent floating tablet of amlodipine 

besylate. Research J Pharm Tech. 2008;1(4):526-530 

2. RO Grey, JK Beddow. On the Hausner Ratio and its relationship to some properties of metal powders. 

Powder Technol. 1969;2(6):323-326. 

3. Q Li. Interparticle van der Waals force in powder flowability and compactibility. Int J Pharm. 2004;.280(1-

2):77-93. 

4. C Conesa. Characterization of Flow Properties of Powder Coatings Used in the Automotive Industry. Kona. 

2004;.22:94-106. 

5. SL Rough, DI Wilson, DW York. Effect of solids formulation on the manufacture of high shear mixer 

agglomerates. Adv Powder Technol. 2005;16:145-169. 

6. B Prakash Rao, Neelima Ashok Kottan, Snehith VS, Ramesh C. Development of Gastro retentive drug 

delivery system of cephalexin by using factorial design. ARS Pharmaceutics. 2009;50:8-24 

7. RA Garcia, RA Flores, CE Mazenko. Factors contributing to the poor bulk behavior of meat and bone meal 

and methods for improving these behaviors. Bioresource. 2007. 

8. Punna R R Design and in vivo evaluation of Zidovudine oral controlled release tablets prepared using 

hydroxyl propylmethyl cellulose. Chem Pharm Bull. 2008;56(4);518-524 

9. Dalavi VV, Patil JS. Gastroretentive drug delivery system of an antiretroviral agent. Int J Pharm Tech Res. 

2009;1(4):1678-1684 

10. L Whitehead, J T Collett, HL Sharma, AM Smith. Floating dosage forms: an in vivo study demonstrating 

prolonged gsstric retention. J Control Rel. 1998;55:3-12. 

11. Shashikant D Barhate, Madhabhai M Patel, Amol B Patil. Formulation and optimization of controlled 

released floating tablets of clarithromycin. J Pharm Res. 2009;2:445-448 

12. Patel A, Ray S, Thakur RS. Invitro evaluation and optimization of controlled release floating drug delivery 

system of metformin HCl. DARU. 2006;14(2) :57-64. 

13. Sagar GV, Rao NVSG, Sastry BS. Visible spectrophotometric methods for the determination of nateglinide 

through Schiff,s base formation. Indian J Pharm Sci. 2004;66(3):356-358 

14. Rajasekaran A, Murugesan S. Spectrophotometric determination of nateglinide. Indian J Pharm Sci. 

2004;66(6):806-807. 

 

 


