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Abstract: The goal of this work was to create Oseltamivir (Osm) 

microspheres through the combination of various polymers, 

including xanthan gum (XG), sodium alginate (SA), and karaya gum 

(KG). The ionotropic gelation process was used for producing the 

Osm microspheres. Oseltamivir acts as sialidase inhibitor with 

antiviral qualities . Osv prevents the virus's surface-resident 

enzyme, viral neuraminidase, from executing its task. Thirteen 

formulations of Oseltamivir microspheres were prepared. OS11 was 

found to be a target formulation among them. Pre-formulation tests 

and evaluation characteristics like yield (%), drug content (%), 

particle size, buoyancy, entrapment (%) efficiency, surface 

morphology, and dissolution studies were assessed for each 

formulation. Kinetic models were fitted with the results. FM11 

microspheres were spherical in form and stiff. Osv was properly 

dispersed throughout the microspheres. After taking into account all 

the factors, such as the particle size (439.92±0.47µm to 

636.8±0.91µm), yield (%) (73.24±0.81 to 89.27±2.18%), buoyancy 

(%) (81.09±0.46 to 97.89±0.08 %), entrapment (%) efficiency 

(93.28±0.27 to 98.69±0.38%), and other factors, FM11 was 

identified as the target formulation. This formulation was developed 

by SA:KG:XG in a ratio of 1:1.5:1.5, and the release showed zero- 

order with an anomalous transport behavior. 

 
Keywords–microspheres, Oseltamivir, sodium alginate, ionotropic 

gelation, karaya gum, microspheres xanthan gum, controlled release. 
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I. INTRODUCTION 

Oral administration is the most popular method to provide medication. It's important since it 

makes patient administration possible without the aid of qualified staff. Recently, the 

pharmaceutical industry has demonstrated an increasing interest in controlled-release drug 

delivery in an effort to improve therapeutic benefits such as patient compliance, convenience of 

dose administration and formulation flexibility.[1] 

Compared to immediate-release dosage forms, time-controlled oral drug delivery systems have a 

number of benefits like reduction in drug concentration fluctuations in plasma and at the site of 

action over time, which improves therapeutic efficacy and minimises side effects; a reduction in 

the total dose administered; and an increase in patient compliance due to 

frequentadministration.[2] The two guiding concepts of GRDS are polymer adherence to the 

intended local site and floating, which depends on the density of the polymer material utilised. 

GRDDS significantly extends the gastric retention time (GRT) of medications at the site of 

absorption and has a prolonged half-life in the stomach (3). 

The creation of novel delivery strategies to avoid residence duration in physiological systems is 

the consequence of cutting edge scientific and technological research. Numerous scientific 

methods, such as pro adhesive systems, swelling systems, floating systems, and gastro-retentive 

dose forms, are used to improve and lengthen the gastric residence period. Gastro-retentive drug 

administration is an approach to increase gastric residence duration and target site-specific 

medicine release in the upper gastrointestinal tract (GIT) for both local and systemic effects. 

Gastro-retentive dosage forms have the ability to remain in the gastrointestinal tract for 

prolonged periods of time, significantly extending the gastric retention times (GRT) of drugs. 

Adhesion (4), flotation (5), sedimentation [6], expansion [7], altered shape systems, or 

concurrent administration of pharmacological drugs [8] that prolong stomach emptying are some 

methods used for developing gastro-retentive dosage forms. Over the past few decades, a number 

of gastro-retentive drug delivery techniques have been developed. These include unfoldable, 

extendible, or swellable systems that limit the amount of dosage forms that can be emptied 

through the pyloric sphincter, low density (floating) systems that cause buoyancy in gastric fluid, 

and high-density (sinking) systems that are retained in the stomach's bottom[9]. 
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II. MATERIALS AND METHODS 

Materials:Osv was received as a gift sample from Granules india Pvt Ltd. Karaya gum and 

sodium alginate from S D Fine Chemicals Ltd. in Mumbai. xanthan gum was procured from 

Mumbai-based Loba Chemie Pvt Ltd. 

FTIR and DSC compatibility studies: These techniques were used to ascertain the drug's 

compatibility with the different polymers that were used. 

Formulation of Osv floating microspheres: Osv hollow microspheres for controlled drug 

delivery were prepared using the ionotropic gelation process. The polymers employed were 

sodium alginate, Xanthan gum, and Karaya gum, with calcium chloride functioning as the cross- 

linking agent. To produce a homogenous polymeric mixture, sodium alginate, sodium 

bicarbonate, and water that had been purified were combined. After adding Osv to create a 

homogenous dispersion, the mixture was quickly agitated. The gelation media was prepared by 

dissolving calcium chloride in distilled water. A homogenous alginate solution was extruded into 

the medium using a needle syringe (gauge 21). The microspheres were stirred in the solution for 

30 minutes at room temperature in order to increase their mechanical strength. After that, the 

microspheres were collected, washed twice with waterand allowed to dry for one day at room 

temperature. 

 
Table 1: Formulation of microspheres 

 

 

 
Ingredients 

 
(mg) 

OST 1 OST 2 OST 3 OST 4 OST 5 OST 6 OST 7 OST 8 OST 9 OST 10 OST 11 OST 12 OST 13 

Oseltamivir 500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 500.0 

Sodium Alginate 500.0 500 500.0 500.0 500.0 500 500 500 500 500 500 500 500 

Xanthan gum 500 750 1000 1250 - - - - 250 500 750 750 750 

Karaya gum - - - - 500 750 1000 1250 250 500 750 750 750 

Drug: polymer 1:1 1:1.5 1:2 1:2.5 1:1 1:1.5 1:2 1:2.5 1:0.5:0.5 1:1:1 1:1.5:1.5 1:1.5:1.5 1:1.5:1.5 
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NaHCO3(mg) 50 50 50 50 50 50 50 50 50 50 50 50 50 

Calcium chloride 

(%) 

1 1 1 1 1 1 1 1 1 1 1 2 3 

 

 

 

 

Characterization of microspheres: 

Determination of particle size: An optical microscope was used to ascertain thaverage particle 

size. After the microspheres were equally spaced out on the slide, the particle size was 

determined by closely examining them under a calibrated optical microscope. For every 

formulation, the diameter of 100 microspheres was measured, and the outcomes were noted. 

[10]. 

 

Percentage Yield (%) = 𝐏𝐫𝐚𝐜𝐭𝐢𝐜𝐚𝐥 𝐲𝐢𝐞𝐥𝐝 
𝐓𝐡𝐞𝐨𝐫𝐞𝐭𝐢𝐜𝐚𝐥 𝐲𝐢𝐞𝐥𝐝 

x 100 

Yield (%): The total weight of Osv, SA, KG, and XG utilised in each formulation was divided 

by the dried microspheres weight recovered from each formulation [11]. 

Yield (%)= (Practical yield) / (Theoretical yield) x 100 

Drug Content: To determine the Osv content of hollow microspheres, 75 mg (equivalent) of the 

microsphere formulation were dispersed into 50 mL of HCl (0.1N), and the polymers were 

dissolved over a duration of twelve hours with a stirrer[12]. After filtration, absorbance at 221.4 

nm was used to determine the percentage of Osv concentration. 

% Drug content = 
Calculated amount of drug 

Total amount of floating microspheres 
x 100 

 

 

Entrapment efficiency (EE): Precisely weighed and ground 75 mg (equivalent) Osv hollow 

microspheres were placed in 50 mL of HCl (0.1 N) for a duration of 12 hours[13]. The solution 

was filtered using a Millipore filterand 1 mL of the filtrate was pipetted out and suitably diluted 

using a fresh solvent. After that, samples that were previously prepared were examined using a 

spectrophotometer, and the Osv content was calculated and estimated using the following 

formula: 

EE(%) = 
Calculated   drug content 

Theoretical   drug content 
x 100 
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In vitro buoyancy studies: A dissolution apparatus (Type II–USP) was used to assess the 

buoyant ability of microspheres. A 75 mg (equivalent) Osv hollow microsphere was 

incorporated to 900 mL of 0.1 N HCl. After that, the solution was agitated at 50 rpm while 

maintained at 37 ± 5 °C [14]. Floating time is defined as the amount of time needed for the 

batch to float to the top (also known as the floating lag time). The amount of time that takes 

between introducing microspheres to the dissolving medium and observing them rise towards 

the top of the HCl (0.1N)-filled jar. After 12 hours, the layer of hollow microspheres and the 

settled microspheres were collected, dried separately, and the percentage of hollow 

microspheres floating was calculated using equation: 

% Buoyancy = 
𝑊𝑒𝑖𝑔 𝑕𝑡 𝑜𝑓 𝑓𝑙𝑜𝑎𝑡𝑖𝑛𝑔 𝑚𝑖𝑐𝑟𝑜𝑠𝑝 𝑕𝑒𝑟𝑒𝑠 𝑎𝑓𝑡𝑒𝑟 12 𝑕 

x 100
 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔 𝑕𝑡 𝑜𝑓 𝑓𝑙𝑜𝑎𝑡𝑖𝑛𝑔 𝑚𝑖𝑐𝑟𝑜𝑠𝑝 𝑕𝑒𝑟𝑒𝑠 

 

SEM:SEM is used for assessing surface topography, texture, and to determine whether a surface 

is sectioned or broken. The surface characterisation was conducted using the optimized 

formulation. SEM was used to visualise the microspheres (Zeiss, EVO-MA, Germany). The 

samples were placed on a brass stub in an electron microscope and covered in an ion sputter 

while under vacuum [15]. Surface features of floating microspheres were captured via 

photomicrographs and random stub scanning. 

 
Drug release (In-vitro study): The drug release was studied (in-vitro) using Type-II (USP) 

dissolving apparatus. The medium utilised was 900 mL of 0.1 N HCl at 50 rpm. The temperature 

was kept at 37±5℃. 75 mg (equivalent) of OSV microspheres were used. At various time 

intervals of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12, the sample solution (5 mL) was withdrawn. 

after replacing the medium with an identical volume for a maximum of twelve hours, the 

absorbances at 221.4 nm weremeasured.[16] 

Drug release kinetics: Various models of drug release from microsphere formulations were 

fitted. 
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III. RESULTS AND DISCUSSION 

 
DifferentialScanningCalorimetry 

 

Figure1: DSCofOsv Figure 2:DSC of OSV, Xanthan gum and karaya gum 

 

An exact value for the melting temperature is provided by DSC. Figures 1 and 2 depicted the 

DSC thermograms. There was no difference found in the DSC comparisons of the pure forms 

and the mixture containing the excipients. The Osv MP was represented by a peak in the DSC 

data of 190.9 °C. The typical peak was observed once more at 190.9 °C for a physical mixture 

(SA,   KG,   XG),   indicating   that   the   Osv   and    the    polymers    do    not    interact. 

Fourier Transform Infrared Spectroscopy: FTIR investigations were conducted using solid 

samples of the Osv and excipient. 

. 
 

Figure3. FT-IRof Osv 
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Figure 4. FT-IR of the Drug + Excipients. 

 
The Osv and excipients are compatible with one another, as shown by the infrared spectrum 

analysis, which also showed no noticeable distinction in Osv peak deviations between pure Osv 

and mixture form (figs 3 & 4). This suggests that there were no interactions between the 

excipients and Osv 

Development Of Osv Floating Microspheres: The ionotropic gelation technique was employed 

to efficiently produce Osv microspheres. 

Characterization of Osv floating microspheres: As indicated in table 2, the particle size of the 

prepared floating microspheres ranged from 439.9±0.47 µm to 636.8±0.91 µm. It was found that 

an increase in polymer concentration led to an improvement in the average particle microsphere 

size. A larger droplet of the microsphere is produced when the viscosity of the polymer solution 

increases and the blend flows out of the needle more slowly. The size of the microsphere will 

increase with a rise in the viscosity of the polymer, increasing the efficiency of drug entrapment. 

The formulated floating microspheres yielded ranging from 73.24±0.81 to 89.27±2.18%. 

Drug content is a crucial component of every pharmacological dosage form in order to reach the 

greatest plasma concentration of the drug. The formed floating microspheres had an Osv content 

ranging from 90.10±0.11 to 99.79±0.37%. The Osv formulation' entrapment (%) efficiency 

varied between 93.28±0.27 and 98.96±0.38%. Increases in polymer concentration resulted in 

more polymer being accessible to entrap the medication, which improved entrapment efficiency. 

The research results imply that Osv is dispersed evenly throughout the microspheres. 
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2: 

 

Table Evaluation of microspheres 
 

 
 

S. No. Formulation 

’s 

Yield (%) 

AM±𝐒𝐃*, 

Drug content 

(%) 

Entrapment 

Efficiency(%) 

Avg size(µm) 

AM±SD*, n=3 

1 FM1 76.24±1.83 90.10±0.11 94.04±0.25 445.7±0.52 

2 FM2 78.42±2.79 92.62±0.23 95.02±0.16 472.3±0.63 

3 FM3 80.62±1.57 94.74±0.24 96.33±0.21 528.2±0.79 

4 FM4 82.06±1.44 94.96±0.18 98.12±0.30 627.3±0.70 

5 FM5 76.82±1.59 94.12±0.34 94.89±0.37 449.5±0.57 

6 FM6 73.24±0.81 95.81±0.18 96.22±0.43 483.6±0.74 

7 FM7 82.08±0.69 96.75±0.19 97.03±0.34 501.2±0.76 

8 FM8 75.25±0.87 97.16±0.21 98.88±0.46 636.8±0.91 

9 FM9 80.28±1.58 97.19±0.28 93.28±0.27 439.9±0.47 

10 FM10 78.02±0.66 98.54±0.43 94.41±0.09 546.9±0.86 

11 FM11 89.27±2.18 99.79±𝟎. 𝟑𝟕 98.96±0.38 623.3±0.87  
 

12 FM12 87.15±1.38 98.83±0.31 98.27±0.11 621.2±0.84 

13 FM13 86.89±1.26 96.95±0.10 97.96±0.52 619.4±0.62 

∗Average of 3 readings 

Buoyancy:%.the range of all formulations' percentage buoyancy was 81.09±0.46% to 

97.89±0.08%. As illustrated in Table 3, All formulation demonstrated desired floating lag time 

(27–98 sec) and floating duration (7–12 hours). In vitro, all of the prepared microspheres 

exhibited rapid floating behaviour that lasts less than two minutes, resulting in buoyant systems. 

The hgher polymer ratio led to a significant increase in buoyancy by increasing the volume of the 

cavity inside the microspheres. At 97.89±0.08%, Formulation FM11 displayed the greatest 

percentage buoyancy value. 

Table 3: % Buoyancy, Floating lag time of microspheres 

 
S.no Formulation’s 

Code 

Floating Lag Time 

(sec) 

Total Floating 

Duration (h) 

Percentage 

buoyancy (%) 

AM±𝑺𝑫*, (n=3) 

1 FM1 27.02±0.83 7.01±0.52 90.66±0.21 

2 FM2 31.67±0.34 9.12±1.01 91.29±0.11 

3 FM3 36.69±0.53 10.08±0.54 91.33±0.19 

DELL 
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plz remove hihlighted yellow colour 

DELL 
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DELL 
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-------------------------------------------- 

plz remove bold 
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4 FM4 43.66±0.82 11.22±1.14 97.41±0.04 

5 FM5 40.38±0.47 10.27±0.71 81.09±0.46 

6 FM6 64.02±1.11 12.67±0.46 94.70±0.16 

7 FM7 67.15±0.38 9.31±0.85 95.08±0.43 

8 FM8 68.12±0.61 10.48±1.32 97.47±0.07 

9 FM9 47.32±0.84 11.12±0.83 92.69±0.36 

10 FM10 98.32±1.34 12.85±1.63 95.31±0.14 

11 FM11 33.21 ±2.01 11.01±0.91 97.89±0.08 

12 FM12 97.47±1.29 10.18±0.57 96.67±0.34 

13 FM13 98.89±2.34 9.24±1.26 95.29±0.27 

 

 

SEM 

 
SEM was used to evaluate the surface morphology, and the photomicrographs of floating 

microspheres generated by SEM are displayed in (fig 5). The smooth surface, round shape, and 

stiff nature of the microspheres were identified by the SEM examination results. The absence of 

aggregation development in the SEM image suggests that the microspheres are physically stable. 

 

 
 

 
Figure 5. SEMof microspheres. 
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FM3and FM4 

 

 
 

 
 

 

7: Release (In-vitro) studies of FM5, FM6, FM7and FM8 

 
Using the ionotropic gelation technique, the aforementioned (in-vitro) dissolving profile was 

noted for (FM1, FM2, FM3, and FM4) containing SA and XG in the ratios of 1:1, 1:1.5, 1:2, and 

1:2.5. Using the ionotropic gelation technique, the FM1 formulation among these four indicated 

a release of 93.25%±0.86% in 8 hours (fig. 6). The other formulations (FM5, FM6, FM7, and 

FM8) contained SA and KG in the ratios of 1:1, 1:1.5, 1:2, and 1:2.5. Out of all four 

formulations, the FM7 formulation had a 9-hour release of 93.02±0.44%. Figure 7 showed the 

outcomes of the formulations FM5–FM8. 

Figure 6. Release (In-vitro) studies of FM1, FM2, 

Fig: 
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Fig: 8: Release (In-vitro) studies of formulation’s FM9, FM10, FM11, FM12 and FM13 

 
The above dissolution profile was noted for (FM9, FM10, FM11, FM12, and FM13) 

formulations with SA, XG, and KG in ratios of 1:0.5:0.5, 1:1:1, 1:1.5:1.5, 1:1.5:1.5, and 

1:1.5:1.5. Out of the four formulations, FM11 exhibited a release rate of 98.89±0.49% after a 12-

hour duration. The formulations FM9–FM13's results were displayed in (fig -8).Osv hollow 

microspheres' (in vitro) behaviour demonstrated controlled and prolonged release. The target 

formulation was determined to be FM11, which was made using SA, KG, and XG (1:1.5:1.5) 

respectively, with a concentration of 1% calcium chloride. 

 

were observed. The target formulation of Osv floating microspheres, prepared in a 1:1.5:1.5 ratio 

with SA, KG, and XG, has been chosen for the investigation. FM11's regression coefficient 

value was determined. Since the value of regression for the FM11 formulation was found to be 

highest, 0.993, the optimal fit model is hence (zero-order). The Korsemeyer-Peppas plot further 

supports the Osv release mechanism. FM11's (n) value is 0.672, which denotes release by 

Anomalous behaviour. 

 

 
Fig- 9: Release (In- vitro) of Osv in HCl (0.1 N) – Zero ordermodel 
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. 

 
Fig- 10 Release (In- vitro) of Osv in HCl (0.1 N) Korsemeyer peppas model 

 

 

IV. CONCLUSION 

By releasing the medication gradually over time, the concept of making hollow microspheres 

containing Osv provides a good, practical way to provide a prolonged therapeutic effect. The 

current study effectively used a range of polymers, such as sodium alginate (SA), xanthan gum 

(XG), and karaya gum (KG), along with ionotropic gelation to produce hollow Osv 

microspheres. The FT-IR spectra showed no interaction between oseltamivir and polymers. 

SEM verified the smooth surface of the floating microspheres, or oseltamivir. FM1-13 particles 

ranged in size from 439.9±0.47µm to 636.8±0.91 µm. 

As the polymer ratio increases, Osv microspheres' mean size increases. This is because a 

thickening of the dispersion was produced as the amount of the polymer increased, leading to 

the formation of huge droplets and large microspheres. The yield (%) of oseltamivir hollow 

microspheres ranged from 73.24±0.81 to 89.27±2.18%. The reported Oseltamivir content 

ranged from 90.10±0.11 to 99.79±0.37%. The range of oseltamivir%EE was 93.28±.27 to 

98.96±.37%. An increase in polymer conc indicated an improvement in entrapment efficiency 

since the higher conc meant that there was more polymer available to entrap the medication. 

The outcomes imply that oseltamivir is appropriately distributed and that they were within the 

accepted bounds. After a 12-hour period, the buoyancy (%) of all formulations ranged from 

81.09±0.46% to 97.89±0.08%. 

 
The outcomes also showed that when the polymer concentration rises, the amount of medication 

released decreases. In vitro studies revealed that OSV hollow microspheres had a controlled and 
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prolonged release profile. FM11's in-vitro dissolution data was fitted using kinetics. Regression 

value (0.993) was given by target formulation FM11. It has been confirmed as a release with 

zero orders. The drug release mechanism is further supported by the Korsemeyer-Peppas plan. 

FM11's (n-value) of 0.672 indicates that it was released due to abnormal conduct. Based on the 

examination of Osv hollow microspheres, it was determined that SA, KG, and XG were used in 

the target formulation at a ratio of 1:1.5:1.5 for regulated drug delivery. 
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