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Abstract: The main objective of the present study was to formulate and evaluate a glipizide 

nanosuspension using different polymers in order to enhance the solubility and bioavailability of the 

drug. Glipizide nanosuspension was prepared using the nanoprecipitation technique with various 

polymers and surfactants. The prepared nanosuspensions appeared clear and showed no sedimentation 

upon shaking. Among the formulations, the nanosuspension containing HPMC exhibited maximum 

solubility. Pre-formulation studies including solubility analysis, drug identification by UV spectroscopy, 

and FTIR characterization were carried out. The viscosity of the dispersion medium for formulation F6 

was found to be 0.89 mPa·s. All prepared nanosuspensions were subjected to in-vitro dissolution studies, 

and formulation F6 demonstrated the highest percentage of drug release. The optimized formulation (F6) 

was compared with the marketed product and exhibited a similar drug release pattern. Drug release 

kinetic analysis indicated that the optimized formulation followed zero-order kinetics. The results suggest 

that this modified liquid dosage form may improve patient compliance and could be useful for dose 

titration therapy in the treatment of diabetes.. 
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I. INTRODUCTION 

Diabetes mellitus is a chronic metabolic disorder for which several therapeutic agents with different mechanisms of 

action are available. Among these, sulfonylureas play an important role in glycemic control. Glipizide is an antidiabetic 

drug belonging to the second-generation sulfonylurea class and is commonly used along with dietary management to 

reduce blood glucose levels in patients with type II diabetes mellitus. The primary mechanism of action of glipizide 

involves binding to ATP-sensitive potassium channel receptors in pancreatic β-cells, which decreases potassium 

conductance and causes membrane depolarization. This process increases intracellular calcium concentration and 

stimulates insulin secretion. 

The major aim of this study is to improve the aqueous solubility of poorly water-soluble drugs using the 

nanosuspension approach. Nanosuspension technology has emerged as a promising strategy to enhance the dissolution 

behavior of drugs with poor water solubility. Due to the reduction in particle size, nanosuspensions can increase the 

surface area of drug particles, leading to improved dissolution rate and enhanced bioavailability. For poorly water-

soluble drugs, conversion into nanosuspension using suitable polymers, solvents, surfactants, and stabilizers can 

significantly improve solubility and dissolution characteristics. Glipizide nanosuspension may also provide advantages 

such as dose titration capability, improved patient compliance, and convenient administration for diabetic therapy. 

 

Materials and Methods 

Materials 

Glipizide was obtained as a gift sample from JB Chemicals, Thane. All other chemicals and polymers were procured 

from Loba Chemie Research Laboratory Pvt. Ltd., Mumbai. All reagents used in the study were of analytical grade. 
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Method 

Preliminary studies were conducted on the pure drug to determine its organoleptic properties such as color, odor, and 

general physical characteristics. 

pH Determination 

The pH of the drug solution was determined using a digital pH meter. A 0.1% solution of the drug was prepared in 

distilled water using a minimum amount of methanol. 

Solubility Studies 

The solubility of the drug was evaluated in different solvents. Approximately 10 mg of the drug was suspended in 10 

mL of various solvents in separate test tubes. The mixtures were shaken vigorously and observed for solubility. 

Solubility was determined in water, phosphate buffer (pH 7.4), and organic solvents such as acetone, ethanol, 

chloroform, and dichloromethane. 

Determination of Absorption Maxima (λmax) of Glipizide 

Drug identification was carried out using UV spectrophotometry with a Shimadzu UV-1800 spectrophotometer 

(Shimadzu Corp., Japan). Ten milligrams of glipizide was dissolved in phosphate buffer (pH 7.4) and the volume was 

adjusted to 100 mL with the same buffer. One milliliter of this solution was further diluted to 10 mL and scanned in the 

wavelength range of 200–400 nm. The wavelength showing maximum absorbance was considered as the λmax of the 

drug. 

Preparation of Calibration Curve 

A stock solution was prepared by dissolving 100 mg of glipizide in 100 mL of phosphate buffer (pH 7.4). From this 

solution, 10 mL was withdrawn and diluted to 100 mL with the same buffer. Further dilutions were prepared to obtain 

concentrations ranging from 0–10 µg/mL. The absorbance of each solution was measured spectrophotometrically at 232 

nm, and a standard calibration curve was constructed. 

Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR spectra of the pure drug, physical mixture of drug and excipients, and optimized formulation were recorded using 

a Jasco FTIR-410 spectrophotometer. Samples were prepared using the KBr pellet method and scanned in the range of 

4000–400 cm⁻¹ to identify characteristic functional group peaks. 

Formulation of Nanosuspension 

Nanosuspensions were prepared by the nanoprecipitation method. In this technique, 30 mg of glipizide was dissolved in 

a required quantity of ethanol and stirred using a magnetic stirrer. The drug solution was then rapidly added to an 

antisolvent system containing polymers such as HPMC, PVP, or PEG-600 along with suitable surfactants. Rapid 

mixing of the drug solution with the antisolvent resulted in sudden supersaturation and precipitation of fine drug 

particles, leading to the formation of nanosuspension. 

Formulation 

Code Drug(mg) Polymer Surfactant(mg) Ethanol(ml) Water 

F1 30 10 10 50 100 

F2 30 20 10 40 100 

F3 30 30 10 30 100 

F4 30 10 10 50 100 

F5 30 20 10 40 100 

F6 30 30 10 30 100 

 

Characterization of Optimized Nanosuspension 

Total Drug Content 

The drug content of the prepared nanosuspension was determined using a UV–Visible spectrophotometer at 232 nm. 

Approximately 1 mL of the nanosuspension was withdrawn and appropriately diluted with phosphate buffer (pH 7.4). 

The absorbance of the diluted sample was measured and the drug content was calculated. 
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Redispersibility Study 

Redispersibility of the nanosuspension stored in vials was evaluated by manually tilting the vial up and down until the 

sediment was completely and uniformly dispersed in the aqueous medium. The number of tilting cycles required for 

complete redispersion was recorded. 

 

Viscosity Measurement 

The viscosity of the prepared formulations was measured using a Brookfield viscometer. Measurements were carried 

out at different temperatures to evaluate the rheological behavior of the formulations. 

 

Measurement of Particle Size and Size Distribution 

Particle size and polydispersity index (PDI) were determined using Photon Correlation Spectroscopy (PCS). These 

parameters influence saturated solubility, dissolution rate, and biological performance of the nanosuspension. About 

100 µL of the optimized nanosuspension was diluted with 5 mL of double distilled water, and the dispersion was 

analyzed using a Malvern Zetasizer to determine particle size and size distribution. 

 

Dissolution Velocity and Saturation Solubility 

An excess amount of the sample was added to 2 mL of distilled water and the mixture was shaken in screw-capped 

vials for 24 hours. After equilibration, the samples were centrifuged at 1000 rpm for 10 minutes and filtered. The 

filtrate was diluted with distilled water and the drug concentration was determined using UV spectrophotometry. 

 

Comparison of Selected Formulation with Marketed Product 

The optimized nanosuspension formulation (F6) was compared with the marketed formulation containing the same drug 

dose to evaluate similarities in the drug release profile. 

 

Stability Study 

Stability studies of the optimized glipizide nanosuspension were performed by storing the formulation in glass vials 

under different temperature conditions for three months, including room temperature (25°C) and refrigeration (4°C). 

After the storage period, samples were visually inspected and changes in particle size distribution were analyzed using a 

Zetasizer. 

 

Results 

Description 

Glipizide was observed as an off-white, crystalline, and odorless powder. 

pH Determination 

The pH of the drug solution was found to be 3.4, indicating that the drug exhibits weakly acidic characteristics. 

Determination of λmax 

The absorption spectrum of pure glipizide was scanned between 200 and 400 nm using phosphate buffer (pH 7.4). The 

maximum absorbance (λmax) was observed at the characteristic wavelength shown in the spectrum. 
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Preparation of Calibration Curve for Glipizide 

The calibration curve of glipizide was prepared using UV spectrophotometry at 232 nm. Standard solutions were 

prepared within the concentration range of 0–10 µg/mL using phosphate buffer (pH 7.4) as the solvent. The absorbance 

of each solution was measured at 232 nm and a calibration curve was constructed by plotting absorbance against 

concentration. The regression coefficient (R²) obtained was 0.9971, indicating excellent linearity of the calibration data. 

Sr. No Concentration (µg/ml) Absorbance 

1 0 0 

2 1 0.0170 

3 2 0.0372 

4 3 0.0780 

5 4 0.0780 

6 5 0.1026 

7 6 0.1392 

8 7 0.1891 

9 8 0.2209 

10 9 0.2681 

11 10 0.2971 

 
 

Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR analysis was performed to identify the characteristic functional groups present in the pure drug, physical 

mixtures, and optimized formulation of glipizide. The FTIR spectra confirmed the presence of characteristic functional 

groups such as aromatic C=C stretching, N–H stretching, S=O stretching, C=O stretching of the amide group, and C–N 

stretching vibrations. 

The FTIR spectrum of the optimized glipizide nanosuspension formulation showed that the characteristic peaks of the 

drug remained unchanged after formulation. No significant shift or disappearance of peaks was observed, indicating the 

absence of chemical interaction between the drug and the excipients used in the formulation. This confirms the 

compatibility of glipizide with the selected formulation components. 

 
Figure 2: Glipizide FTIR spectra 
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Figure 3: Physical mixture FTIR spectra 

Total Drug Content 

The total drug content of all the formulation ranges from 83% to 97%, the optimized formulation F6 showed 99% and 

the results are shown in Table  

Sr.No. Composition Drug Content 

1 F1 68.45 

2 F2 88.87 

3 F3 90.06 

4 F4 91.34 

5 F5 98.04 

6 F6 99.21 

 

Redispersibility 

Redispersibility of different formulation 

Formulation code Redispersibility 

F1 Fast 

F2 Fast 

F3 Medium 

F4 Fast 

F5 Fast 

F6 Very fast 

 

Viscosity measurement 

Viscosity measurement of different formulation 

Formulation code viscosity 

F1 0.848mPa- 

F2 0.853mPa 

F3 0.873mPa 

F4 0.863mPa 

F5 0.851mPa 

F6 0.878mPa 

Particle size 

Particle size measurement of Glipizide nanosuspension particle size and an increase in surface area. This showed that 

this increase in saturation solubility may improve bioavailability 

Formulation code Particle sizenm 

F1 0.420 

F2 0.448 

F3 0.490 

F4 0.425 
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F5 0.398 

F6 0.320 

 

Particle size 

Particle size measurement of Glipizide nanosuspension particle size and an increase in surface area. This showed that 

this increase in saturation solubility may improve bioavailability 

Formulation code Saturation solubility (mg/ml) 

F1 0.431 

F2 0.451 

F3 0.532 

F4 0.556 

F5 0.773 

F6 0.917 

 

In-vitro Drug Release of Glipizide 

Nanosuspension: 

The % Cumulative Drug Release of F1 to F6 34.87%, 50.60%, 71.57 %, 81.90%, 82.73%, and 93.30 % respectively, 

All formulation was developed with various concentration of polymers, from this, the optimal concentration of polymer 

in F6 showed maximum drug release and the results are shown in table.  

 

Time (min) 

Batchcode* 

F1 F2 F3 F4 F5 F6 

0 0 0 0 0 0 0 

5 03.73 13.17 15.67 16.93 17.07 18.09 

10 04.51 19.18 31.19 36.37 36.90 37.80 

15 08.12 35.67 38.35 40.07 41.17 45.00 

30 17.98 43.90 55.07 67.81 69.70 68.90 

45 20.83 47.93 60.61 73.39 79.21 81.66 

60 30.91 48.68 63.09 76.07 81.43 85.78 

120 34.87 50.60 71.57 81.90 82.73 93.30 

 

Stability study: 

There was no change in the physical appearance of the F6up to 3months(at 4ºCandtemperature). A thin layer of 

sediment was observed and it is disappeared with slight handshaking. The average particle size diameters were 0.202nm 

and 0.360 when stored at room temperature and refrigerator (4ºC) respectively. Before performing the stability 

studyforF6wasobservedas0.201nm,fromthisit cleared that the prepared nanosuspension was stable during the stability 

study 
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RESULT AND DISCUSSION 

The FTIR concentrate on affirmed that there is no substance connection among drug and excipients. Glipizide is an 

ineffectively water-solvent medication, the nanoprecipitation technique was utilized to deliver stable nanosuspension 

and which can build the dissolvability and disintegration rate. In this technique molecule size of Glipizide can be 

acquired in the nano ranges,by changing the surfactants polymer focus and fomentation at (6000 rpm) and the time was 

12 hours was steady. The ideal grouping of polymer and surfactant showed an impact on molecule size decrease. The 

medication content was expanded for F5 because of the ideal convergence of the polymer and furthermore builds the 

fast disintegration.Foreveryoneofthedefinitions,the Molecule size, Polydispersibility list, and Zeta potential were 

finished. This F6 showed the qualities were attractive and it demonstrates that the created F5 is steady. The surface 

morphology was seen by checking electron Magnifying instrument photography, which showed that the arranged 

nanoparticles were circular with asmooth surface. All the Figured out nanosuspensions were exposed to disintegration 

reads up for drug discharge. Among every one of the plans F5 was chosen which showed the most elevated % of 

medication discharge (Greatest 99.46% at 24 hours) than different groups. The aggregate Rate arrival of 

nanosuspension essentially expanded with increment ideal convergenceofthepolymer.Theinvitro discharge investigation 

of the enhanced plan (F6) were contrasted with advertised SR Glipizide tablets. The showcased detailing had 

acomparative portion and delivery design with that of the upgraded plan. The reassuring outcomes uncovered that the 

upgraded details discharge design coordinates with the showcased plan. The delivery energy affirmed that the enhanced 

detailing followed zero-request energy. The security study was directed according to the ICH rules and showed that the 

pre-arranged nanosuspension is steady during the solidness concentrate on period 

 

CONCLUSION 

It was observed that Glipizide nanosuspensioncan be formulatedwith different polymers and surfactants and the 

outcomes uncovered that theF6 showed the controlled medication discharge principally because of the development of 

nanosized particles, accordingly targets of the manufactured nanosuspension Glipizide by nanoprecipitation strategy 

has been made with progress. The proposed altered discharge fluid measurement structure conforms to the patient 

prerequisiteanditissubstantiallymorereasonable for the portion titration treatment in diabetes treatment. Later on, an 

attention to be created researcher to convey an enemy of diabetic medication long term traditional measurements 

structure and stretch out something similar to modern application. 
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