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ABSTRACT 

In the present work, microspheres of Irbesartan using sodium alginate as a retarding 

polymer were formulated to deliver Irbesartan via oral route. The results of this investigation 

indicate that solvent evaporation method can be successfully employed to fabricate Irbesartan 

microspheres. The technique provides characteristic advantages over conventional microsphere 

method, which involves an “all-aqueous” system avoids residual solvents in microspheres. Other 

methods utilize larger volume of organic solvents, which are costly and hazardous because of the 

possible explosion, air pollution, and toxicity and difficult to remove traces of organic solvents 

completely. FT-IR spectra of the physical mixture revealed that the drug is compatible with the 

polymer used.  Micromeritic studies revealed that the mean particle size of prepared microspheres 

was within the size range and are suitable for microspheres for oral administration. Increase in the 

polymer concentration leads to increase in percentage yield, swelling property and in-vitro drug 

release studies. The in–vitro drug release study demonstrated that microspheres of Irbesartan using 

sodium alginate as a retarding polymer. The in-vitro drug release increased with increase in the 

polymer concentration. Analysis of drug release mechanism showed that the drug release from the 

formulations followed Non-Fickian diffusion and the best fit model was found to be Korsmeyer 

peppas. Based on the results of evaluation tests formulation coded F4 was concluded as best 

formulation.     
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1. INTRODUCTION 

Microspheres can be defined as solid, 

approximately spherical particles ranging in size from 1 

to 1000 µm. They are made of polymeric, waxy, or other 

protective materials, that is, biodegradable synthetic 

polymers and modified natural products such as 

starches, gums, proteins, fats, and waxes. The natural 

polymers include albumin and gelatin the synthetic 

polymers include polylactic acid and polyglycolic acid. 

Figure 1 shows two types of microspheres: 

Microcapsules, where the entrapped substance is 

completely surrounded by a distinct capsule wall, and 

micromatrices, where the entrapped substance is 

dispersed throughout the microsphere matrix.  

Microspheres are small and have large surface 

to volume ratios. At the lower end of their size range 

they have colloidal properties. The interfacial properties 

of microspheres are extremely important, often 

dictating their activity. 

 
Figure1: Schematic Diagram Illustrating Microspheres 

A. Microcapsule consisting of an encapsulated core particle and 

B. Micromatrix consisting of homogeneous dispersion of active ingredient in particle 

Applications of Mucoadhesive Microspheres: 

Microsphere carrier systems made from the naturally 

occurring biodegradable polymers have attracted 

considerable attention for several years in sustained 

drug delivery. Recently, dosage forms that can precisely 

control the release rates and target drugs to a specific 

body site have made an enormous impact in the 

formulation and development of novel drug delivery 
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systems. Microspheres form an important part of such 

novel drug delivery systems. Microspheres have varied 

applications and are prepared using assorted polymers. 

However; the success of these microspheres is limited 

owing to their short residence time at the site of 

absorption. So, various attempt have been made to 

increase the bioavailability as well as prolong the 

gastric residence time of dosage form in the stomach 

resulted in development of bio adhesive drug delivery 

system which will provide an intimate contact of the 

drug delivery system with the absorbing membranes. 

This can be achieved by coupling mucoadhesion 

characteristics to microspheres and developing 

mucoadhesive microspheres. Mucoadhesive 

microspheres have advantages such as efficient 

absorption and enhanced bioavailability of drugs owing 

to a high surface-to-volume ratio, a much more intimate 

contact with the mucus layer, and specific targeting of 

drugs to the absorption site. Gastric mucoadhesive drug 

delivery offers a number of applications for drugs 

having poor bioavailability because of narrow 

absorption window in the upper part of gastrointestinal 

tract. It retains the dosage form at the site of absorption 

and thus enhances the bioavailability. 

Vaccine delivery for treatment of diseases like hepatitis, 

influenza, pertusis, ricin toxoid, diphtheria, birth 

control.Microsphere in vaccine delivery have a specific 

advantage like improved antigenicity by adjuvant 

action, modulation of antigen release, stabilization of 

antigen.  

Passive targeting of leaky tumour vessels, 

active targeting of tumour cells, antigens, by intra-

arterial/ intravenous application. The concept of 

targeting i.e. site specific drug delivery is well 

established because placement of the micro particles in 

discrete anatomical compartment leads to their retention 

either because of physical properties of the environment 

or biophysical interaction of the particles with the 

cellular content of the target tissue. 

Chemoembolisation is an endovascular 

therapy, which involves the selective arterial 

embolisation of a tumour together with simultaneous or 

subsequent local delivery the chemotherapeutic agent. 

The theoretical advantage is that such embolisations 

will not only provide vascular occlusion but will bring 

about sustained therapeutic levels of chemotherapeutics 

in the areas of the tumour. Chemoembolisation is an 

extension of traditional percutaneous embolisation 

techniques  

Imaging: The microspheres have been extensively 

studied and used for the targeting purposes. Various 

cells, cell lines, tissues and organs can be imaged using 

radio labeled microspheres. The particle size range of 

microspheres is an important factor in determining the 

imaging of particular sites. The particles injected 

intravenously apart from the portal vein will become 

entrapped in the capillary bed of the lungs. This 

phenomenon is exploited for the scintiographic imaging 

of the tumor masses in lungs using labeled human serum 

albumin microspheres.1.Release of proteins, hormones 

and peptides over extended period of time.2.Gene 

therapy with DNA plasmids and also delivery of insulin.  

Topical porous microspheres: Microsponges are 

porous microspheres having myriad of interconnected 

voids of particle size range 5-300μm. These 

microsponges having capacity to entrap wide range of 

active ingredients such as emollients, fragrances, 

essential oils etc., are used as the topical carries system  

Surface modified microspheres:Different approaches 

have been utilized to change the surface properties of 

carriers to protect them against phagocytic clearance 

and to alter their body distribution patterns. The most 

studied surface modifiers are; Antibodies and their 

fragments, Proteins, Mono-oligo- and polysaccharide, 

Chelating compounds (EDTA, DTPA or 

desferroxamine), synthetic soluble polymers. Such 

modifications are provided surface of microspheres in 

order to achieve the targeting to the discrete organs and 

to avoid rapid clearance from the body.   

2. MATERIALS AND METHODS 

Materials: Irbesartan API gift sample from SDFCL, 

Sodium Alginate, Calcium Chloride, Petroleum Ether 

from SDFCL (SD Fine Chem. Limited). 

Formulation of Irbesartan microspheres:  

Solvent Evaporation Method: Microspheres were 

prepared by solvent evaporation method, which 

involved reaction between sodium alginate and 

polycationic ions like calcium to produce a hydrogel 

network of calcium alginate. Sodium alginate and the 

mucoadhesive polymer were dispersed in purified water 

(10 ml) to form a homogeneous polymer mixture. The 

API, Irbesartan (150 mg) were added to the polymer 

premix and mixed thoroughly with a stirrer to form a 

viscous dispersion. The resulting dispersion was then 

added through a 22G needle into calcium chloride 

solution. The addition was done with continuous 

stirring at 200rpm. The added droplets were retained in 

the calcium chloride solution for 30 minutes to 

complete the curing reaction and to produce rigid 

spherical microspheres. The microspheres were 

collected by decantation, and the product thus separated 

was washed repeatedly with purified water to remove 

excess calcium impurity deposited on the surface of 

microspheres and then air-dried.  
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     Figure.2.Photograph of Prepared Microspheres 

 

Table.1.Formulation Design of Irbesartan Microspheres 

Name of the ingredients Formulation code 

F1 F2 F3 F4 F5 F6 

Sodium alginate (g) 0.5 0.8 1.0 1.5 2.0 2.5 

Irbesartan (g) 0.15 0.15 0.15 0.15 0.15 0.15 

Calcium chloride (g) 2.0 2.0 2.0 2.0 2.0 2.0 

Petroleum ether (ml) 5.0 5.0 5.0 5.0 5.0 5.0 

Distilled water q.s. q.s. q.s. q.s. q.s. q.s. 

 

Preformulation studies: 

 

Figure.3.FTIR of Pure Drug of Irbesartan and FTIR Of Optimised Formulation F(4) 

 

Table.2.Micromeretic Properties of Formulated Microspheres 

Formulation code Bulk density 

g/cm 

Tapped 

density 

Hausner’s 

ratio 

Carr’s 

index 

Angle of 

repose 

F1 0.45 0.81 0.5505 1.2 24.44 

F2 0.492 0.802 0.0427 1.56 18.85 

F3 0.502 0.84 0.0418 1.5 24.23 

F4 0.562 0.857 0.0458 1.46 20.12 

F5 0.42 0.79 0.5316 1.37 25.83 

F6 0.411 0.75 0.0217 1.38 20.2 

3. RESULTS AND DISCUSSION 

Evaluations and characterization of microspheres:  

Percentage yield: It was observed that as the polymer 

ratio in the formulation increases, the product yield also 

increases. The low percentage yield in some 

formulations may be due to blocking of needle and 

wastage of the drug- polymer solution, adhesion of 

polymer solution to the magnetic bead and 

microspheres loss during the washing process. The 

percentage yield was found to be in the range 62.22-88 

with sodium alginate as copolymer. The percentage 

yield of the prepared microspheres is recorded 

in table 3. 

Drug entrapment efficiency: Percentage drug 

entrapment efficiency of Irbesrtan ranged from 55-

88.66 for microspheres containing sodium alginate as 

copolymer. The drug entrapment efficiency of the 

prepared microspheres increased progressively with an 

increase in proportion of the respective polymer 

concentrations. Increase in the polymer concentration 

increases the viscosity of the dispersed phase. 

The particle size increases 

exponentially with viscosity. The higher 

viscosity of the polymer solution 

at the  highest  polymer  concentration would be 

expected to decrease the diffusion of 
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the  drug  into  the  external  phase  which would result 

in higher entrapment efficiency. 

The % drug entrapment efficiency of the prepared 

microspheres is displayed in table 3. 

Table.3.Percentage yield and percentage drug 

entrapment efficiency of the prepared microspheres 

Formulation 

code 

%  yield % Drug entrapment 

efficiency 

F1 80 82.66 

F2 83.33 84.4 

F3 85 84.66 

F4 88 88.66 

F5 62.22 53.2 

F6 80 55 

Particle size analysis: The mean size increased with 

increasing polymer concentration which is due to a 

significant increase in the viscosity, thus leading to an 

increased droplet size and finally yields a higher 

microspheres size.  Microspheres containing sodium 

alginate as copolymer had a size range of 517µm to 617 

µm, 642 µm to 512 µm, 711 µm to 826 µm. The particle 

size data is presented in Table 4. The particle size as 

well as % drug entrapment efficiency of the 

microspheres increased with increase in the polymer 

concentration. 

Swelling Index: Swellability is an important 

characteristic as it affects mucoadhesion as well as drug 

release profiles of polymeric drug delivery systems. 

Swellability is an indicative parameter for rapid 

availability of drug solution for diffusion with greater 

flux. Swellability data revealed that amount of polymer 

plays an important role in solvent transfer. It can be 

concluded from the data shown in Table 5 that with an 

increase in polymer concentration, the percentage of 

swelling also increases. Thus we can say that amount of 

polymer directly affects the swelling ratio. As the 

polymer to drug ratio increased, the percentage of 

swelling increased from 28 to 85% for microspheres 

containing sodium alginate as copolymer. 

In-vitro drug release studies: Dissolution studies of all 

the formulations were carried out by using dissolution 

apparatus USP paddle type I. The dissolution studies 

were conducted by using dissolution media, pH of 6.4 

buffer solution. The results of the in-vitro dissolution 

studies of formulations are shown in Table 6.This shows 

that more sustained release was observed with the 

increase in percentage of polymers. As  the  polymer  to  

drug  ratio  was  increased  the  extent  of drug release 

decreased. A significant decrease in the rate and extent 

of drug release is attributed to the increase in density of 

polymer matrix that results in increased diffusion path 

length in which the drug molecules have to transverse. 

The release of the drug has been controlled by swelling 

control release mechanism.  Additionally, the larger 

particle size at higher polymer concentration also 

restricted the total surface area resulting in slower 

release. 

Stability studies: A study of stability of pharmaceutical 

product is essential for three main reasons; safety of 

patients, legal requirements concerned with the identity, 

strength, purity and quality of the drug and to prevent 

the economic percussions of marketing an unsuitable 

product. The purpose of the stability testing is to 

provide evidence on how the quality of the drug 

substance or drug products varies with time under the 

influence of a variety of environmental factors such as 

temperature, humidity and light and to establish a shelf-

life for the drug product and recommended storage 

conditions (ICH guidelines 2003). Selected 

formulations like f3 microspheres formulation were 

subjected to exhaustive stability testing at 40 C  2 C/ 

75% RH + 5% RH for using Stability. Samples are 

withdrawn at one week and one and two month’s period 

according to ICH guidelines. Various in-vitro 

parameters like drug release studies were evaluated. 

Discussion: In the present work, bioadhesive 

microspheres of Irbesartan using Sodium alginate as 

copolymer were formulated to deliver Irbesartan 

through oral route. From the study following 

conclusions could be drawn: The results of this 

investigation indicate that ionic cross linking technique 

solvent evaporation method can be successfully 

employed to fabricate Irbesartan microspheres. The 

technique provides characteristic advantage over 

conventional microsphere method, which involves an 

“all-aqueous” system, avoids residual solvents in 

microspheres. Other methods utilize larger volume of 

organic solvents, which are costly and hazardous 

because of the possible explosion, air pollution, and 

toxicity and difficult to remove traces of organic solvent 

completely. FT-IR spectra of the physical mixture 

revealed that the drug is compatible with the polymer 

used. Micromeritic studies revealed that the prepared 

formulations were found to be within the 

range .Increase in the polymer concentration lead to 

increase in % Yield, % Drug entrapment efficiency, 

Particle size, % swelling and % Mucoadhesion. The in-

vitro mucoadhesive study demonstrated that 

microspheres of Irbesartan using sodium alginate as 

retarding Copolymer adhered to the mucus to a greater 

extent. The in-vitro drug release decreased with 

increase in the polymer concentration. Analysis of drug 

release mechanism showed that the drug release from 

the formulations followed non-Fickian diffusion and the 

best fit model was found to be Korsmeyer-Peppas. 

Stability studies were found to be good upon storage for 

three months. Based on the results of evaluation tests 

formulation coded F4 was concluded as best 

formulation. 
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Table.4.Particle size data of formulations F1, F2, F3, F4, F5 and F6 
Particle 

Size 

Range  

(µm) 

 F1 F2 F3 F4 F5 F6 

Midpoint 

Size 

Range (D) 

Frequency 

(N) 

Average 

Particle 

Size (µm) 

Frequency 

(N) 

Average 

Particle 

Size µm) 

Frequency 

(N) 

Average 

Particle 

Size (µm) 

Frequency 

(N) 

Average 

Particle 

Size (µm) 

Frequency 

(N) 

Average 

Particle 

Size (µm) 

Frequency 

(N) 

Average 

Particle 

Size (µm) 

200-300 250 8 

517 

-- 

617 

-- 

642 

9 

512 

-- 

711 

-- 

826 

300-400 350 12 15 12 13 -- -- 

400-500 450 18 13 11 17 10 -- 

500-600 550 29 18 15 29 12 6 

600-700 650 33 12 14 32 18 12 

700-800 750 -- 28 31 -- 27 16 

800-900 850 -- 14 17 -- 33 32 

900-1000 950 -- -- -- -- -- 34 

∑n  100  100  100  100  100  100  

 

Table.5.Percentage swelling of the prepared microspheres 

Formulation Code Initial weight (gm) Final weight (gm) Percentage Swelling 

F1 10 12.8 28 

F2 10 14.2 42 

F3 10 16.2 62 

F4 10 18.5 85 

F5 10 12.4 24 

F6 10 13.9 39 
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Table.6.In-Vitro drug release data of Irbesartan microspheres containing sodium alginate as copolymer 

Time 

(hours) 

Cumulative percent of drug released 

F1 F2 F3 F4 F5 F6 

0 0 0 0 0 0 0 

1 14.99 15.00 18.66 15.88 14.33 13.53 

2 24.88 21.11 25.11 24.22 20.54 19.55 

3 31.55 31.55 35.44 32.66 27.77 22.44 

4 42.44 39.77 40.66 39.33 36.44 32.22 

5 53.55 47.77 52 47.55 43.77 40.88 

6 62.00 56.66 57.33 55.77 54.66 48.66 

7 74.66 62.44 65.45 68.98 60.99 57.55 

8 83.55 69.55 77.00 76.88 64.01 63.55 

9 85.50 75.33 80.89 80.90 75.77 69.99 

10 589.9 84.66 87.97 88.86 79.87 76.89 

12 92.60 93.66 95.78 99.66 86.70 84.53 

4. CONCLUSION 

It was concluded that F4 was selected as best 

formulation based on results of evaluation tests 

Irbesartan using sodium alginate as a retarding polymer 

was selected as an optimised formulation upon the 

observation of micromeretic properties which are 

within the range and increasing in polymer 

concentration leads to increasing of percentage yield, 

drug entrapment efficiency, muco adhesion and 

buoyancy. In-vitro drug release was found to be 99.66% 

compared with marketed formulations i.e. 79% upon 

observation for storage of one week, one month and two 

months they were found to be stable by exhibiting the 

same drug release.  
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