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Gastroretentive dosage forms might be used as a controlled-release drug delivery 

system. Gastroretentive floating medicines extend the duration for a drug's presence in 

the stomach & allow for controlled dispensing of a range of drugs as their size is less 

than that in stomach juices. The aim of this study is to develop and evaluate floating 

microspheres that improve the patient's experience using nateglinide as a model drug 

for type-2 diabetes mellitus.  

Material & Method:  

By using ethyl cellulose and Eudragit S-100 as release-delaying polymers, float spheres 

were created by a solvent extraction method in saturated oil. The floating microspheres 

were evaluated for drug content, drug retention effectiveness, yield percentage (%), 

particle size, in vitro floating ability, and in vitro drug release studies. The surface 

structure of the created microspheres was evaluated using scanning electron 

microscopy. It was found that the microspheres were spherical in shape and permeable. 

Compatibility studies were done using the Fourier transform for infrared (FTIR) 

method. For a full day or more, the prepared microspheres either floated or kept 

releasing the medication. In-vitro releasing kinetics was studied using a variety of 

release kinetics models, such as these: zero order, first order, Higuchi, & Korsmeyer 

Peppas models. The Higuchi plot was found as the most suitable model, had a release 

factor n that is under 0.89. Based on the results, nateglinide floating microspheres 

provide a practical and suitable way to release a medication over an extended period of 

time, increasing oral bioavailability, efficacy, and patient adherence. 

Result: -  

The formulation exhibited desirable physicochemical properties, including a desirable 

small particle size, best percentage yield, better drug entrapment efficiency, and showed  
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a good buoyancy percentage and excellent micromeritics 

properties. In vitro drug release studies exhibit a good release 

of NAT from the microspheres formulation over a 12 h 

period, indicating a controlled release of drug for prolonged 

period of time and moreover the release kinetics of drug 

release followed kosermeyer peppas model with the value of 

slope (n) was calculated and found to be (0.2194) which is 

less than 0.45 (n < 0.45) which indicates anomalous fickian 

diffusion. 

INTRODUCTION 

Because of the oral route's simplicity of 

management, compliance by patients, and 

formulation flexibility, it is often regarded as a 

highly acceptable method for drug delivery.(1) 

The drug's ability to be better absorbed from the 

GI tract is crucial to the efficacy of the orally 

administration method. However, the primary 

issue with traditional delivery is to keep the 

medication concentration within the range of 

therapeutic effective concentration, which can 

only be reached by taking many times daily.(2)  

Even though attempts have been made to create 

controlled release delivery methods for the oral 

route, many of issues such as divergent drug 

absorption or unregulated gastrointestinal delay 

have highlighted the need for more advanced 

delivery methods(3) for drugs that can improve the 

drug's transit time or offer efficient local 

concentration. When it comes to enhancing the 

oral sustained administration of medications with 

an absorption window in a specific GI tract region, 

the gastro retentive drug delivery system may help 

keep the medication in the stomach.(4) The gastric 

residence time (GRT) can be extended using a 

variety of techniques, such as floating drug dosage 

systems (FDDS), mucoadhesive systems, 

swellable or expanding systems, and high-density 

systems.(5) These systems offer the benefit of 

increasing the solubility of medications that are 

less soluble in high pH environments, decreasing 

drug waste, and increasing the bioavailability of 

medications with a limited absorption window.(6) 

It can also be used to administer medications 

locally to the stomach and the first few inches of 

the small intestine.(7) Using a non-effervescent 

method, floating microspheres are a 

gastroretentive medication delivery device. They 

are empty, spherical particles devoid of a center. 

These microspheres are made of synthetic 

polymers and proteins have a diameter ranging 

from 1 μm to 1000 μm. They are characterized by 

their free flow. Low density hydrodynamically 

controlled drug delivery systems,(8) also known as 

floating drug delivery systems, have enough 

buoyancy to float above the contents of the GI tract 

& keep high for a longer duration of time without 

decreasing the rate at which the stomach 

empties.(9) Drugs are better retained in the 

stomach and there are less variations in the 

concentration of drugs in the blood if they 

discharge regularly via floating systems(10). A 

variety of polymers, such as polycarbonate, 

HPMC, cellulose acetate, calcium alginate, 

Eudragit S, chitosan, etc. are frequently employed 

to create floating microspheres. Floating 

microspheres are therefore seen to be among the 

most promising buoyant systems(11). Benefits of 

having several unit systems as well as improved 

floating characteristics. Emulsion solvent 

evaporation and emulsion solvent diffusion are 

common procedures used in their production (12). 

The kind of polymer, plasticizer, and solvent used 

in the preparation all have a major impact on the 

drug release and improved floating qualities.(13) 

The medication has a brief half-life of 1.5 hours. 

The medication has a 73% absolute 

bioavailability. 60–120 mg three times a day is the 

standard dose schedule. The therapeutic impact 

must be maintained with regular dosage. 

Consequently, it would be advantageous to create 

a medication delivery system that stays in the 

gastrointestinal tract for a longer amount of 

time.(14) Anti-diabetic medication-encapsulated 

microspheres improve the drug's efficacy and 

controlled release from polymer membrane, 
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preserving its concentration for an extended period 

of time. Nateglinide short half-life, rapid 

clearance, enzymatic stability, and absorption 

throughout the gastrointestinal tract make it a good 

candidate for a floating dosage form. The study's 

objectives were to make the medication more 

bioavailable and less likely to cause adverse 

effects.(15) The controlled distribution of the drug 

from the polymer matrix was achieved by using a 

range of polymers, including ethyl cellulose and 

soluble acrylic polymers like Eudragit S-100.(16) 

The oil in water emulsified solvent evaporation 

approach was used for application. Examined were 

the effects of several parameters, including % 

yield, particle size, drug entrapment effectiveness, 

floating qualities, and in-vitro release of the 

resultant microspheres.(17) 

METHODS & MATERIAL: 

Material: 

Preformulation studies: 

Drug Identification (NAT) 

Drug sample was obtained from Cayman 

Chemicals Pvt Ltd. 

Physical Appearance 

Physical Appearance of drug like colour, odour 

was analysed by visual observation. 

Melting Point 

A capillary melting point apparatus was used to 

determine melting point of the drug. A small 

amount of drug was filled in the previously one-

sided sealed capillary and melting point analysed 

in melting point apparatus to observe melting point 

range. Also, melting point was analysed by 

melting point apparatus at a heating from(18) 

FTIR spectroscopy 

IR study was performed by identification and 

structural analysis of the procured NAT using 

Fourier transformed infrared spectroscopy. The 

KBr disc technique was employed using 1 mg of 

NAT powder in 100 mg of spectroscopic grade 

dried KBr. Mixture was ground into a fine powder 

using an agate mortar/pestle and compressed into 

KBr disc under a hydraulic press at 10,000 psi. 

Each KBr disc was scanned 32 times at 4mm at a 

resolution of 2 cm over a wave number region of 

4000-400 cm and characteristic bands were 

recorded. The characteristic Infrared spectrum and 

Peaks were observed and were compared with the 

spectrum and peaks of the reference spectrum of 

the drug.(19) 

Absorption maximal 

To obtain structural information regarding the 

chromophoric part of NAT, UV visible 

spectrophotometric method was used. Stock 

solution of 0.1 mg/mL of NAT was freshly 

prepared in methanol and it was further diluted to 

obtain concentration of 10 ug/ ml. Zero order 

spectra were recorded in the range of 200-400mm 

to determine absorption maxima of NAT.(20) 

Standard curve of NAT in Methanol 

Stock solution of 0.1 mg/mL of NAT was freshly 

prepared by dissolving 5 mg of pure drug in 

50 mL methanol. Prepared solution was further 

diluted with methanol to obtain concentration of 

100 ug/mL primary stock; 2mL, 6ml, 8mL, 10mL, 

12mL was pipetted into a 10 mL volumetric flask 

and the volume was made up to the mark with 

methanol. Absorbance of these solutions was 

measured at 204 nm against blank using UV-

visible spectrophotometer.(21) 

Preformulation studies (Formulation and 

Development) 

Solubility Studies 

The solubilization range of NAT and different 

Polymers like Ethyl cellulose, HPMC, Eudragit S-

100, Eudragit RSPO in different solvents like 

Chloroform, DMSO, Dichloromethane, 

Acetonitrile, Ethyl acetate was evaluated by 

dissolving each polymer and drug with the 

abovementioned solvents and the interference was 

selected on the basis of solubility(22) 

Selection of Excipients useful for microspheres 

formulation 
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Screening of the excipients for the formulation of 

microspheres was done on the basis of hit and trial 

method. Ethyl cellulose, HPMC, Eudragit $100, 

Eudragit RSPO was screened on the basis of 

solubility in particular solvent as mentioned 

above. Moreover, these polymers were prepared 

for trial batches to get smooth surface particles. On 

the basis of solubility and trial formulation batches 

the optimized polymer was employed to develop 

final formulation batches for optimized 

microspheres of NAT. (23) 

Drug Excipient Interactions 

To access the interactions between the drug and 

excipients, FTIR spectroscopy technique was 

employed. For this purpose, FTIR spectra of ethyl 

cellulose, and ethyl cellulose mixture with drug 

were recorded on an FTIR spectrophotometer 

(Cary d630 FTIR, Agilent Technologies, US) 

equipped with attenuated total reflectance (ATR) 

accessory, in the frequency range of 4000-400 cm'. 

(24) 

Experimental Design 

Design of Experiments  

Optimized formulation was prepared by the use of 

Design Expert 13, software a 32 factorial design 

was used in the current study to build the optimised 

formulation, incorporating interactive and 

polynomial terms to evaluate the response. 

Various variables were selected as follows: 

Independent variables: (a) Polymer Concentration 

(X1) (b) Stabilizer Concentration (X2) (c) Stirring 

Speed (X3) Dependent variables: Particle Size 

(Y1) (b) Percentage yield (Y2) 

(c) Entrapment Efficiency (Y3). (25) 

Method of Preparation of NAT loaded Floating 

Microspheres 

Dissolving or dispersing the drug and polymer 

mixture in chloroform (10 mL). Add the resulting 

emulsion dropwise to a larger volume of a 

continuous phase (usually an aqueous phase) 

containing a stabilizer hot Poly vinyl alcohol 

(PVA). The mixture was stirred in a mechanical 

stirrer at 1200 rpm for 2 hrs until the solvent 

evaporates completely. The resulting formed 

floating microspheres were filtered and washed 

with distilled water then dried at hot air oven in a 

room temperature (26). 

Characterization of NAT Loaded Floating 

Microspheres 

Particle Size (Y1) 

To analyse the shape and size of the floating 

microspheres under an optical microscope, 

random scans of the microspheres were performed 

under an optical microscope and their size is 

measured by comparing them to a calibrated scale 

(27). 

Micromeritic Properties 

The prepared microspheres were characterized by 

their micrometric properties, i.e angle of repose, 

Bulk density, Tapped density. 

A) Angle of repose 

The maximum angle formed between the surface 

of a pile of powder and horizontal surface is called 

the angle of repose. 

Tan θ = h/r 

Where  

T =angle of repose 

h = height of the circle formed by the pile of 

powder 

r = radius of pile 

Bulk density and Tapped density 

Bulk and tapped densities were measured by using 

a graduated cylinder. Weighed amount of of 

powder were passed through a glass funnel. The 

powder poured in cylinder was tapped 100 times 

for calculating bulk volume (Vb) and tapped 

volume (Vt) respectively. Then tapped volume 

was noted down and bulk density and tapped 

density were calculated and was expressed in 

g/cm3 Mass of microsphere. 
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Bulk 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
Mass of 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒

Volume of microsphere after 𝑡𝑎𝑝𝑝𝑖𝑛𝑔

 

Tapped 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
Mass of 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒

Volume of microsphere after 𝑡𝑎𝑝𝑝𝑖𝑛𝑔

Entrapment Efficiency (Y2) 

In 10 mL of Methanol 10 mg of floating 

microspheres was dissolved and then it was 

centrifuged for 30 mins and then 1 mL of 

supernatant fluid was taken after centrifugation 

and volume was made up to 10 mL using Methanol 

and then the absorbance of the solution was 

measured in UV spectrophotometric at 204 nm. 

% 𝐸𝐸 =
Amount of drug 𝑎𝑐𝑡𝑢𝑎𝑙𝑙𝑦 𝑝𝑟𝑒𝑠𝑒𝑛𝑡

Theoretical drug load 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
𝑋 100 

Percentage yield (Y3) 

The percentage % yield of floating microspheres, 

which was obtained by dividing the product's 

actual weight by the sum of drug and polymer used 

in the formulation of floating microspheres 

 It is represented by the formula. (28) 

% 𝑦𝑖𝑒𝑙𝑑 =
Actual 𝑦𝑖𝑒𝑙𝑑

Theortical 𝑦𝑖𝑒𝑙𝑑
𝑋 100 

Buoyancy Percentage 

Weighed floating microspheres will be placed in a 

250 mL beaker containing simulated gastric fluid. 

The mixture was stirred at 100 rpm/min in a 

mechanical stirrer. The layer of buoyant 

microparticles will be pipetted and separated by 

filtration after 1 hour, 2 hours, 4 hours, and 6 

hours. Filtration separated the particles in the 

sinking particulate layer. Then particles of both 

types were dried in a desiccator until they dry. The 

weight ratio of floating particles to the sum of 

floating and sinking particles was used to calculate 

buoyancy microsphere particles.(12) 

Optimization by Derringer Desirability 

Approach 

The Derringer Desirability Approach, also known 

as the Derringer-Suich desirability function or 

simply desirability function, is a method used in 

multi-objective optimization to determine an 

overall desirability value for a set of response 

variables. It combines multiple response variables 

into a single value, allowing for the comparison 

and selection of optimal solutions. The basic idea 

behind the Derringer Desirability Approach is to 

transform individual response variables into 

desirability functions, which map the range of each 

variable onto a scale from 0 to 1. The desirability 

function represents the preference or desirability 

of a particular value within the variable 39; range. 

This transformation allows for the combination of 

multiple response variables into a single 

desirability value. After the formulation of 

polymeric micelles with the predicted values 

(given by the software after optimizating by 

Derringer Desirability Approach) of independent 

variables, the observed value of response variables 

was noted and thus % bias was calculated (29). 

Surface morphology (SEM) 

The surface morphology of floating microspheres 

was measured by using a scanning electron 

microscope (SEM). SEM was performed to 

investigate the morphological feature of optimize 

NAT loaded floating microspheres (OP-NAT-

MPs). Sample of SEM were produced by 

scattering nanoparticle powder over a double 

adhesive tape which was adhered onto an 

aluminium stub. The samples were allowed to be 

vacuum coated with a gold sputter for 15 minutes. 

The samples were then placed in micrographic 

camera and images were taken at 10X 

magnifications (30). 

DSC (Differential Scanning Calorimetry) 

DSC (DSC-6000, PerkinElmer, USA) is a thermal 

analysis device that measures how the physical 

properties of a sample change with temperature 
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over a period of time. Samples (Pure NAT and OP-

NAT-MS) was placed in flat-bottomed aluminium 

pan and heated at a constant rate of 10°C/min, in 

an atmosphere of nitrogen in a temperature range 

of 20-400 °C (31). 

FTIR analysis (Chemical Compatibility 

Analysis) 

FTIR spectrographs of pure NAT and OP- NAT-

MS were observed whether any chemical 

interactions were taking place or not. 

X-Ray Diffraction (XRD) 

X-Ray Diffraction was used to analyze the 

physical topology of the prepare formulation 

against the pure drug. The powder crystallinity and 

amorphization of NAT and OP-NAT-MPs was 

determined by x-ray diffractometer. The angle of 

diffraction was used to determine the difference 

between atomic planes using Bragg's law., sin θ=n 

λ/2 d where lambda (λ) is the wavelength added, 

theta (θ) is the angle of diffraction, and d is the 

distance between atomic planes. The samples was 

scanned at a scanning rate of 0-80 degree with a 

threshold rate of 4 

degree/min (32). 

In-vitro drug release study 

The In-vitro drug release studies of formulations 

was carried out in PBS (pH 1.2) for 12 h. The drug 

release rate from floating microspheres was 

determined using paddle-type eight-station 

dissolution test apparatus. A weighed amount of 

floating microspheres equivalent to 100 mg of the 

drug was kept in PBS (pH 1.2) maintained at 37 

0.5 °C at a rotation speed of 50 rpm/min. Sink 

conditions was maintained during the study. 5 mL 

sample was withdrawn at 15, 30, 45, 60, 120, 240, 

480, 720 min time interval, the initial volume of 

the dissolution fluid was maintained by adding 5 

mL of fresh dissolution fluid after each 

withdrawal, passed through a 5um membrane 

filter, and analyzed spectrophotometrically at 204 

nm. (33) 

Release Kinetics study 

The drug release kinetics studied by various 

kinetic models such as Higuchi plot, first order 

plot and zero order, Kosermeyer peppas model 

plot. To study the release kinetics, data was 

obtained from In-vitro drug release studies were 

plotted in the above-mentioned kinetic models. 

First order as log cumulative percentage of drug 

remaining Vs time, zero order as cumulative 

amount of drug released Vs time, and Higuchi's 

model as cumulative percentage of drug released 

Vs square root of time.(34) The best fit model was 

confirmed by the value of correlation coefficient 

(R?) near to the data was presented for the most 

appropriate model. If n ≤ 0.45 or less, the release 

mechanism follows "Fickian diffusion" and if n ≤ 

0.45 ≤ 0.89 follow a non-fickian model 

(anomalous transport). The drug release follows 

Kosermeyer peppas model of drug release and 

fickian diffusion as the n value was 0.213.(35) 

RESULT: 

Pre-formulation Studies 

Preformulation is a developmental stage that 

involves characterizing the physiochemical 

features of the medicinal ingredient. Finding the 

physiochemical characteristics of the active 

ingredient in pre-formulation research helps to 

produce a dosage form that is safe, effective, and 

stable. 

Physical Appearance 

NAT was visually observed to be white in colour 

and crystalline in nature. 

Melting Point 

Melting point is an important parameter used for 

drug identification. The observed melting points of 

NAT were found 128° C-130° C to be in the good 

agreement with the reported value i.e 129° C-130° 

C 

Absorption maxima (Amax) 

The absorption maxima of NAT was found to be 

204 m and the reported value was given 207 m 

depicted in Figure 5.1 
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Standard curve of NAT in Methanol at λ max 

204 mm 

Estimation of NAT was done using UV 

spectrophotometric method and linearity was 

obtained at lambda max 204 nm with correlation 

coefficient r? =0.9937, represent linearity range 

and standard curve of NAT in Methanol 

respectively. 

 
Figure 1 λ max of NAT using UV Spectrophotometry 

Preparation of calibration curve by using UV spectroscopy

Concentration (µg/ml) Absorbance 

0 0 

2 0.121 

4 0.312 

6 0.462 

8 0.654 

10 0.826 

12 0.911 

 

 
Figure 2 Standard Curve of NAT in methanol 
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FITR Analysis: 

Fourier transform infrared spectrum (FTIR) was 

used for drug identification and excipient 

compatibility studies. The following locations of 

nateglinide characteristic bonds were noted in 

figure 3: 1662.60 cm-1 (-C=O), 1720.89 cm-1 (-

COOH), 2971.35 cm-1 (-CH2-cycloalkane), 

1282.35 cm-1 (C-O), and 3495.66 cm-1 (-NH). 

Nateglinide FTIR demonstrates accurate 

identification because the data match the reference 

values. Nateglinide FTIR spectrum, however, 

when compared to ethyl cellulose (fig. 4) revealed 

the characteristic bonds of the compound at 1647 

cm-1 (-C=O), 1717 cm-1 (-COOH), 2858-3072 

cm-1 (-CH2-cycloalkane), and 3304 cm-1 (-NH). 

The outcomes demonstrated that nateglinide and 

ethyl cellulose did not interact chemically. 

Analogously, the FTIR spectra if nateglinide 

together of OP-NAT-MS (fig. 5) revealed the 

typical peaks of nateglinide at 1645, 1715, 2860, 

3063, and 3308 cm-1, hence demonstrating the 

absence of any interaction between nateglinide and 

OP-NAT-MS . 

Table no 2. Observed peak of functional group

Functional Group 
Reference 

(cm-1) 

Observed 

Wave no. 

(cm-1) 

C=O (carbonyl) 

Stretching 
1680-1647 1662.60 

C=O (COOH) 

Stretching 
1725-1700 1720.89 

C-O 

Stretching 
1320-1210 1282.35 

CH2 Stretching 2859-3064 2971.35 

-NH 3296-3500 3495.66 

 
Figure 3 FTIR graph of NAT 
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Figure 4 FTIR graph of ethyl cellulose 

 

 
Figure 5 FTIR graph of OP-NAT-MS 

Characterization of microspheres: 

Size of particle 

For F1, F2, F3, F4, FS, F6, F7, and F8, the particle 

size range was 3.55 um, 2.45 um, 2.96 um, 2.65 

um, 3.45 pm, 3.78 um, 4.96 pm, and 3.96 um, in 

that order. Table 3 presented the results. Particle 

size rises with increasing concentrations of 

polymers and stabilizer. This is result of the fact 

that when the concentration of polymers expands, 

friction increases, stir efficacy decreases, so the 

polymers solution's volatility increases as well, 

increasing the number of particles. 

Percentage Yield and Entrapment Efficiency 

The floated spheres' percentage yields were 

discovered to be between 61.31% and 387.71%. It 

was shown that product yield rose when the 

concentration of polymers of the mix raised (i.e., 

the medication to polymer ratios fell). The drug 

entrapment efficiencies of different formulations 

were in range of 73.6% - 76.1% w/w The drug 

entrapment efficiency was somehow decreasing as 

in microspheres the ethylcellulose content was 

raised. This resulted from the permeability 

properties of that during the manufacture of NAT 

microspheres could percentage yield and 

Entrapment efficiency is given in Table no 3. 
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Table 3: Particle size, Percentage yield & Entrapment Efficiency 

Formulation 

Batches 

Particle 

size (m) 

Percentage 

yield (%) 

Entrapment 

Efficiency 

(%) 

F1 3.55 61.9 73.6 

F2 2.45 46.15 48.6 

F3 2.96 42.85 63.6 

F4 2.65 71.42 64.9 

F5 3.45 42.3 36.2 

F6 3.78 52.38 34.9 

F7 4.96 53.84 52.4 

F8 3.96 38.71 76.1 

Micromeritic  

The micromeritic characteristics were displayed in 

a table. For every formulation in Table 4, the 

tapping density values were determined to range in 

0.116-0.168 gm/cm' & the values for bulk density 

were shown to be between 0.106-0.154 gm/cm. 

The produced formulations exhibited satisfactory 

flow properties at a degree of repose ranging from 

25 to 30. 

Table 4: Micromeritic characteristics

Group of 

formulation 

Angle of 

repose 

Bulk 

Density 

g/ cm3 

Tap 

density 

g/cm3 

F1 25 0.106 0.116 

F2 24 0.108 0.117 

F3 26 0.118 0.121 

F4 22 0.154 0.129 

F5 23 0.127 0.168 

F6 25 0.132 0.143 

F7 28 0.106 0.153 

F8 30 0.107 0.121 

Buoyancy Percentage 

To replicate stomach fluid, NAT-loaded 

microspheres were distributed in 0.1 HCl. It was 

discovered that the floating abilities of various 

formulations varied depending on the 

ethylcellulose polymer. The formulations with F1–

F4 had the highest floating ability (51.20-39%) 

after six hours. Table 5 shows the formula F5-F8 

formulations was less float ability (37.30-27.60%). 

Due to the microspheres' hollow spheres, it 

exhibits exceptional buoyancy, allowing for 

retention in the upper GIT and an increase in GRT. 

Table 5: Buoyancy Percentage 

Formulation Batches 1 hr 2 hr 4 hr 6 hr 

F1 49% 44.90% 39.60% 51.20% 

F2 60% 40.80% 36.40% 31.60% 

F3 75% 63.40% 46.80% 25.60% 

F4 57.40% 52.60% 43.60% 39.00% 

F5 65.60% 48.40% 35% 27.60% 

F6 67.80% 55.80% 42.40% 37.40% 

F7 57.80% 64.40% 35% 32.60% 

F8 55.60% 43.60% 30.40% 27.60% 
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SEM (Scanning Electronic Microscopy) OF 

OP-NAT-MS 

Scanning electron microscopy was used to analyse 

the morphology of floating microspheres 

formulations. According to a SEM study, The OP-

NAT-MS particles were spherical in nature 

showed in (Figure 6). 

 

 

Figure 6 SEM images of A) NAT  B) OP-NAT-MS 

In vitro Drug Release of OP-NAT-MS 

OP-NAT-MS exhibited a controlled release 

behavior with a drug release of about 70% over 

720 minutes, determined via the USP type 2 

dissolve device. Nonetheless, NAT. showed a 76 

percent release rate over 240 minutes. Because the 

drug's release was considerably reduced as its 

concentration for polymers increased, this led to a 

rise in the amount of ethylcellulose. An extended 

diffusion route length was the outcome of the 

polymer's increased density at greater 

concentrations. This could lessen the total amount 

of drug released by a polymer matrix; it turned out 

as the velocity of drug release reduced as the 

concentration of polymers rose. PVA increases 

solubilization, which aids in the medication's 

release from microspheres. According to Figure 7, 

the curve was drawn between duration and the 

percent of medication release. 

 
Figure 7 In-vitro drug release of Pure NAT and OP-NAT-MS 
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Drug Release Kinetics Study of OP-NAT-MS 

A range of models, such as zero order, first order, 

higuchi plot, or Korsmeyer Peppas kinetic models, 

were applied to in-vitro releasing data (Table 

5.11). The largest loss is seen for the Kosermeyer 

Peppas model (0.9723). Using the Korsmeyer-

Peppas equation, the mechanism of drug release 

was explained. After computation, the mean of 

slope (n) was found as (0.2194), that is less than 

0.45 (n < 0.45) so denotes atypical fickian 

diffusion, or the medicine diffusing from a 

polymer matrix, that is thought to be the main 

process for medication release, as demonstrated in 

(Figure 8). 

 
(A) 

 
(B) 
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(C) 

 
(D) 

 
(E) 
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CONCLUSION 

In order to increase the therapeutic properties, 

NAT-loaded floating microspheres were 

developed and assessed in the current study. A 

factor design worked to efficiently create the 

chemical evaporating process for the formulation 

of microspheres. Independent variables Polymer 

(X1), Stabilizer (X2), and Stirring speed (X3) may 

all be optimized thanks to the factorial design. 

Response factors such as particle size (Y1), 

percentage yield (Y2), entrapment efficiency (Y3), 

& buoyancy % were employed together to achieve 

a preparation of microspheres of superior physical 

characteristics, Micromeritic Properties like angle 

of repose, bulk density, tapped density and 

dissolution for drug release and release kinetics 

were performed. After optimization of formulation 

by Derringer Desirability Approach, the optimized 

batch containing polymer (150 mg), stabilizer 

(1%), stirring speed (1000 rpm) was performed. 

The formulation exhibited desirable 

physicochemical properties, including a desirable 

small particle size, best percentage yield, better 

drug entrapment efficiency, and showed a good 

buoyancy percentage and excellent micromeritics 

properties. In vitro drug release studies exhibit a 

good release of NAT from the microspheres 

formulation over a 12 h period, indicating a 

controlled release of drug for prolonged period of 

time and moreover the release kinetics of drug 

release followed kosermeyer peppas model with 

the value of slope (n) was calculated and found to 

be (0.2194) which is less than 0.45 (n < 0.45) 

which indicates anomalous fickian diffusion. 

REFERENCES 

1. Viswanathan P, Muralidaran Y, Ragavan G. 

Challenges in oral drug delivery: a nano-based 

strategy to overcome. In: Nanostructures for 

oral medicine. Elsevier; 2017. p. 173–201.  

2. Lou J, Duan H, Qin Q, Teng Z, Gan F, Zhou 

X, et al. Advances in oral drug delivery 

systems: Challenges and opportunities. 

Pharmaceutics. 2023;15(2):484.  

3. Stillhart C, Vučićević K, Augustijns P, Basit 

AW, Batchelor H, Flanagan TR, et al. Impact 

of gastrointestinal physiology on drug 

absorption in special populations––An 

UNGAP review. Eur J Pharm Sci. 

2020;147:105280.  

4. Saxena A, Tiwari G, Bhatt V. A Review on 

Novel Approach of Gastro-Retentive Oral 

Drug Delivery System. 2023;  

5. Dhiman S, Philip N, Gurjeet Singh T, Babbar 

R, Garg N, Diwan V, et al. An insight on novel 

approaches & perspectives for gastro-

retentive drug delivery systems. Curr Drug 

Deliv. 2023;20(6):708–29.  

6. Abdullah Ali H, Kamal Omer H. Solubility 

Enhancement of a Poorly Water-Soluble Drug 

Using Hydrotropy and Mixed Hydrotropy-

Based Solid Dispersion Techniques. Adv 

Pharmacol Pharm Sci. 2022;2022.  

7. Kim J, De Jesus O. Medication routes of 

administration. 2021;  

8. Kumar S, Nagpal K, Singh SK, Mishra DN. 

Improved bioavailability through floating 

microspheres of lovastatin. Daru J Fac 

Pharmacy, Tehran Univ Med Sci. 

2011;19(1):57.  

9. Satishbabu BK, Sandeep VR, Ravi RB, 

Shrutinag R. Formulation and evaluation of 

floating drug delivery system of famotidine. 

Indian J Pharm Sci. 2010;72(6):738.  

10. Hua S. Advances in oral drug delivery for 

regional targeting in the gastrointestinal tract-

influence of physiological, 

pathophysiological and pharmaceutical 

factors. Front Pharmacol. 2020;11:496058.  

11. Blynskaya E V, Tishkov S V, Vinogradov VP, 

Alekseev K V, Marakhova AI, Vetcher AA. 

Polymeric excipients in the technology of 

floating drug delivery systems. 

Pharmaceutics. 2022;14(12):2779.  



Preety kumari , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 639-654 |Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               653 | P a g e  

12. Vinchurkar K, Sainy J, Khan MA, Sheetal M, 

Mishra DK, Dixit P. Features and facts of a 

gastroretentive drug delivery system-a 

review. Turkish J Pharm Sci. 2022;19(4):476.  

13. Crowley MM, Zhang F, Repka MA, Thumma 

S, Upadhye SB, Kumar Battu S, et al. 

Pharmaceutical applications of hot-melt 

extrusion: part I. Drug Dev Ind Pharm. 

2007;33(9):909–26.  

14. Nichols DJ, Muirhead GJ, Harness JA. 

Pharmacokinetics of sildenafil after single 

oral doses in healthy male subjects: absolute 

bioavailability, food effects and dose 

proportionality. Br J Clin Pharmacol. 

2002;53:5S-12S.  

15. Zhao R, Lu Z, Yang J, Zhang L, Li Y, Zhang 

X. Drug delivery system in the treatment of 

diabetes mellitus. Front Bioeng Biotechnol. 

2020;8:880.  

16. Gowda D V, Gowrav MP, Gangadharappa H 

V, Khan MS. Preparation and evaluation of 

mixture of eudragit and ethylcellulose 

microparticles loaded with ranolazine for 

controlled release. J Young Pharm. 

2011;3(3):189–96.  

17. Jabar A, Madni A, Bashir S, Tahir N, Usman 

F, Rahim MA, et al. Statistically optimized 

pentazocine loaded microsphere for the 

sustained delivery application: Formulation 

and characterization. PLoS One. 

2021;16(4):e0250876.  

18. Young JC. True melting point determination. 

Chem Educ. 2013;18:203–8.  

19. Meyer JD, Manning MC, Carpenter JF. 

Effects of potassium bromide disk formation 

on the infrared spectra of dried model 

proteins. J Pharm Sci. 2004;93(2):496–506.  

20. Patel J, Kevin G, Patel A, Raval M, Sheth N. 

Development of the UV spectrophotometric 

method of Olmesartan medoxomil in bulk 

drug and pharmaceutical formulation and 

stress degradation studies. Pharm Methods. 

2011;2(1):36–41.  

21. Chitkara A, Mangla B, Kumar P, Javed S, 

Ahsan W, Popli H. Design-of-experiments 

(doe)-assisted fabrication of quercetin-loaded 

nanoemulgel and its evaluation against human 

skin cancer cell lines. Pharmaceutics. 

2022;14(11):2517.  

22. Mehta R, Chawla A, Sharma P, Pawar P. 

Formulation and in vitro evaluation of 

Eudragit S-100 coated naproxen matrix 

tablets for colon-targeted drug delivery 

system. J Adv Pharm Technol Res. 

2013;4(1):31–41.  

23. Kotagale NR, Parkhe AP, Jumde AB, 

Khandelwal HM, Umekar MJ. Ranitidine 

hydrochloride-loaded ethyl cellulose and 

eudragit Rs 100 buoyant microspheres: Effect 

of ph modifiers. Indian J Pharm Sci. 

2011;73(6):626.  

24. Patel DM, Jani RH, Patel CN. Design and 

evaluation of colon targeted modified 

pulsincap delivery of 5-fluorouracil according 

to circadian rhythm. Int J Pharm Investig. 

2011;1(3):172.  

25. Asif AH, Desu PK, Alavala RR, Rao GSNK, 

Sreeharsha N, Meravanige G. Development, 

statistical optimization and characterization of 

fluvastatin loaded solid lipid nanoparticles: a 

32 factorial design approach. Pharmaceutics. 

2022;14(3):584.  

26. Domínguez-Delgado CL, Akhtar Z, Awuah-

Mensah G, Wu B, Smyth HDC. Effects of 

process and formulation parameters on 

submicron polymeric particles produced by a 

rapid emulsion-diffusion method. 

Nanomaterials. 2022;12(2):229.  

27. Niewolik D, Bednarczyk-Cwynar B, 

Ruszkowski P, Sosnowski TR, Jaszcz K. 

Bioactive betulin and PEG based 

polyanhydrides for use in drug delivery 

systems. Int J Mol Sci. 2021;22(3):1090.  



Preety kumari , Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 639-654 |Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               654 | P a g e  

28. Kulkarni M, Mazare A, Gongadze E, 

Perutkova Š, Kralj-Iglič V, Milošev I, et al. 

Titanium nanostructures for biomedical 

applications. Nanotechnology. 

2015;26(6):62002.  

29. Nila M V, Sudhir MR, Cinu TA, Aleykutty 

NA, Jose S. Floating microspheres of 

carvedilol as gastro retentive drug delivery 

system: 32 full factorial design and in vitro 

evaluation. Drug Deliv. 2014;21(2):110–7.  

30. Arumugam M, Natarajan TS, Saelee T, 

Praserthdam S, Ashokkumar M, Praserthdam 

P. Recent developments on bismuth 

oxyhalides (BiOX; X= Cl, Br, I) based ternary 

nanocomposite photocatalysts for 

environmental applications. Chemosphere. 

2021;282:131054.  

31. Murhekar M V, Bhatnagar T, Thangaraj JWV, 

Saravanakumar V, Kumar MS, Selvaraju S, et 

al. SARS-CoV-2 seroprevalence among the 

general population and healthcare workers in 

India, December 2020–January 2021. Int J 

Infect Dis. 2021;108:145–55.  

32. Estrada AA, Liu X, Baker-Glenn C, Beresford 

A, Burdick DJ, Chambers M, et al. Discovery 

of highly potent, selective, and brain-

penetrable leucine-rich repeat kinase 2 

(LRRK2) small molecule inhibitors. J Med 

Chem. 2012;55(22):9416–33.  

33. Thanoo BC, Sunny MC, Jayakrishnan A. 

Controlled release of oral drugs from cross‐

linked polyvinyl alcohol microspheres. J 

Pharm Pharmacol. 1993;45(1):16–20.  

34. Heredia NS, Vizuete K, Flores-Calero M, 

Pazmiño V K, Pilaquinga F, Kumar B, et al. 

Comparative statistical analysis of the release 

kinetics models for nanoprecipitated drug 

delivery systems based on poly (lactic-co-

glycolic acid). PLoS One. 

2022;17(3):e0264825.  

35. Ghosal K, Chandra A, Rajabalaya R, 

Chakraborty S, Nanda A. Mathematical 

modeling of drug release profiles for modified 

hydrophobic HPMC based gels. Die Pharm 

Int J Pharm Sci. 2012;67(2):147–55. 

 

 

HOW TO CITE: Preety kumari , Arti kori , Shivanand 

Patil, Enhancing Biopharmaceutical Attributes Of 

Nateglinide Through Floating Microsphere Delivery: 

Development And Evaluation, Int. J. of Pharm. Sci., 

2024, Vol 2, Issue 7, 639-654. 

https://doi.org/10.5281/zenodo.1270269 

 

 

ssscsacccx 


