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Abstract 

Purpose of the study  

The objective of current research work was to develop and evaluate microspheres for controlled 

drug delivery. These pH dependent polymeric microspheres were designed to deliver drug in a 

controlled release fashion, to minimize dosing frequency, to increase bioavailability and 

minimize drug toxicity. 

Methodologies  

 In this study various polymeric microsphere formulations were prepared using methacrylate 

derivatives and ethyl cellulose (EC) by oil-in-oil (O/O) solvent evaporation method. Span 80 

was used as an emulsifier. Ivabradine HCl (IBH), anti-anginal was used as a model drug. IBH 

was encapsulated into microspheres by in-situ method in all formulations. A series of 

formulations with three different polymeric combinations i.e., eudragit L100-55-EC 

(Formulation code FA1-FA7), eudragit FS30D-EC (formulation codes FB1-FB7) and 

Kollicoat MAE 100P-EC (formulations codes FC1-FC7) were developed. Prepared 

microspheres of all formulations were characterized by recovery of microspheres, percentage 

yield, percentage drug loading, encapsulation efficiency and swelling studies. Optical and 

scanning electron microscopy (SEM) was used to examine the morphology and size of 

microspheres. Particle size distribution analysis was performed by Zetasizer. Rheological 

properties were conducted to measure the flow properties of resultant microspheres. Chemical 

stability of IBH loaded microspheres was confirmed by fourier transform infrared spectroscopy 

(FTIR), x-ray diffractometry (X-RD), differential scanning calorimetery (DSC) and thermal 

gravimetric analysis (TGA). In-vitro drug release studies were performed in phosphate buffer 

solution of pH 1.2, 5.5, 6.0 and 7.4. On the basis of results of in-vitro dissolution studies 

optimized formulations (FA7, FB7 and FC7) were selected for in-vivo studies on rabbits. 

Results and Discussion  

All formulations were synthesized and characterized successfully. Rheological studies showed 

that the formed microspheres were free flowing in nature. SEM images confirmed that resultant 

microspheres were spherical and smooth surfaces. SEM images showed that microspheres were 

in the size range of 20-80 µm with spherical shape. Zeta size analysis showed all formulation 

were in micromeritic range with narrow size distribution. FTIR spectra confirmed the presence 

of drug in pure form and reflected no interaction between drug and polymers. DSC and X-RD 
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determined that the nature of drug in drug-loaded microspheres was in amorphous form. X-RD 

clearly indicated that drug particles were uniformly distributed in the polymeric matrix. TGA 

indicated that prepared microspheres showed much better thermal stability than pure drug. The 

microspheres executed pH dependent swelling behavior. The Maximum percentage entrapment 

efficiency of IBH was found upto 81 ± 2.15, 45.1% and 82 ± 2.11 for developed microspheres 

of eudragit L100-55-EC, eudragit FS30D-EC and Kollicoat MAE100P-EC respectively. 

Maximum percentage yield of eudragit L100-55-EC, eudragit FS30D-EC and Kollicoat 

MAE100P-EC microspheres was found 88± 2.65, 71.66 ± 2.12 % and 89 ± 3.31 respectively. 

In-vitro studies revealed that all formulations (FA1-FA7, FB1-FB7 and FCI-FC7) showed pH 

responsive drug release. All polymeric carrier presented negligible cumulative drug release in 

buffer solution of pH 1.2. The Maximum drug release 94.5%, 95.9% and 90% of optimised 

formulation (FA7, FB7 and FC7) was observed at pH 7.4 which demonstrated that all 

formulations had a pH-dependent drug release. Maximum controlled release effect was 

observed in formulations (FA7, FB7 and FC7) containing 50:50 of eudragit and EC due to 

reduction in swelling of microspheres. Results showed that high concentration of EC results in 

a longer diffusional path length, so drug release is extended and drug release mechanism 

gradually transfer from diffusion to erosion. Cumulative drug release data of all formulations 

were analyzed by using different kinetic models. The result showed that first order was best fit 

to the data and followed by drug release. By applying Korsmeyer-peppas model the value of 

(n) for release of drug was calculated. The value of (n) was found between 0.435- 0.830 which 

indicates that diffusion mechanism was non-fickian.   

High-performance liquid chromatographic (HPLC) method was developed and validated for 

analysis of IBH in mobile phase and rabbit plasma as per ICH-guidelines. The separation was 

performed on HSC18 (25 cm x 4.6 mm, 5µm) column with Acetonitrile: Buffer pH 6.0), 40:60 

v/v) as mobile phase and a flow rate of 1.0 ml/min in the isocratic mode. A well-defined 

chromatographic peak of IBH was exhibited with a retention time of 4.062 minutes and tailing 

factor of 1.658.The linear regression analysis data for calibration plots showed good linear 

relationship with R=0.9998 in the concentration range of 1.56-100 µg/ml both in mobile phase 

and in plasma. The method was validated for precision, recovery and robustness. Intra and 

inter-day precision were less than 2%. The method showed the mean recovery of 96% to 102% 

and relative standard deviation (RSD) < 1% in Mobile phase and rabbit plasma. HPLC method 

was found to be highly precise, sensitive and accurate for determination of IBH in 
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pharmaceutical dosage form successfully applied to the commercial tablets without any 

interference of excipients.    

Optimized polymeric formulations were selected on the basis of in-vitro results and further 

studied for biological evaluation in rabbits in order to validate their effectiveness up to a 

considerable extent. After administration of single oral dose of drug solution and selected 

microspheres were subjected to in-vivo studies to calculate pharmacokinetics parameters. 

Pharmacokinetic parameters (pk) were calculated by Phoenix WinNonLin® Version 6.3 

software the linear trapezoidal method was used to calculate AUC from time versus plasma 

concentration. All the polymeric microspheres (FA7, FB7 and F7C) had significantly 

prolonged Tmax, mean residence time (MRT), lower maximum plasma drug concentration 

(Cmax)  had higher area under curve (AUC) in comparison to oral drug solution.  Statistical 

analysis was performed by using one-way analysis of variance (ANOVA) in order to determine 

statistical significant and non-significant interpretation. The P value was < 0.05 which indicates 

a significant difference in results.    

Conclusion  

In short, pH dependent polymeric carriers; eudragit L100-55-EC, eudragit FS30D-EC and 

Kollicoat MAE100P-EC microspheres having potential to release drug in a controlled fashion, 

have been developed successfully. The results of in-vitro and in-vivo studies confirmed that 

microspheres entrapped IBH and prolonged its pharmacological effects due to increase of 

biological half-life. Collectively, these in-vivo results manifested that pH-dependent 

microspheres had a reasonable controlled release. This polymeric microspheres system can be 

further explored for the drug targeted delivery with maximum therapeutic efficacy and minimum 

adverse effects. 
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1. INTRODUCTION 

The major objectives of controlled drug delivery are: firstly, prolong therapeutic effect can be 

achieved; secondly, drug release kinetics predictability can be implied; thirdly, rate of drug 

delivery can be predetermined systematically; fourthly, bioavailability of drug can be enhanced 

for therapeutic effects. It is believed drugs can be safely made available for systemic effects 

that minimize drug toxicity and increase patient compliance. 

There are many strategies used for the controlled drug delivery among them, pH dependent 

approach is the most important. In this case pH sensitive and biodegradable polymers are used. 

For this purpose, microencapsulation technique is used for oral drug delivery. Various 

biodegradable polymers with different combinations are  used for site specific delivery in 

gastrointestinal tract [1]. A large number of microencapsulation procedures are available for the 

formation of sustained and controlled release drug delivery systems [2-4]. Controlled release 

polymeric based system has become the most popular topics in pharmaceutical science and 

technology, especially from the last three decades [5, 6] . It is used to control drug release at 

predictable rate in surrounding medium due to coating of polymeric material [7]. In recent years 

polymeric materials have received increasing responsiveness because of their capability to 

provide controlled release of pharmaceuticals materials over a wide  range of periods [8, 9]. 

One of such approach various pH sensitive and time dependent have been used for obtaining 

desired effects either in the form of coating or microspheres.      

In fact, the controlled drug delivery can be achieved by the use of pH-dependent microspheres. 

Drug release rates can be modified by adjusting physical properties of microspheres like 

molecular weight of polymers, polymeric or monomers composition and size of microspheres. 

Microspheres are used for colon targeting for those drugs which are degraded by various 

digestive enzymes or exposure to acid [10-13]. We are interesting in synthesizing new pH-

sensitive microspheres formulations consisting of ethyl cellulose (EC) and methacrylate 

derivative in the presence of span 80 as an emulsifier. Ivabradine-HCl (IBH) was used as model 

drug in all formulations. IBH is an anti-anginal drug having half-life of 2 hours. It is used for 

the treatment of chronic heart failure by inhibiting the If current in the sinoatrial node [14, 15]. 

It is a novel drug that reduce the heart rate without affecting myocardial contractility [16, 17]. 

Current research study is aimed for developing various controlled release formulations of IBH 

were synthesized using biocompatible polymers. Firstly   microspheres of IBH developed with 
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eudragit L100-55 with EC.  Secondly pH-sensitive microspheres consisting of eudragit FS30D 

and EC was prepared. Thirdly, microspheres were also prepared with pH sensitive copolymer 

Kollicoat MAE100P and EC. The formulations were characterized by % drug loading, 

rheological properties, production yield, encapsulation efficiency, morphology and in-vitro 

drug release. The morphology and particle size of resultant microspheres were determined by 

SEM. FTIR was conducted to determine the interaction between various polymers to drug. The 

Nature of drug was determined in drug-loaded microspheres by using DSC, TGA and XRD. 

In-vitro drug release dissolution studies were performed in simulated gastric fluid (pH 1.2), 

and simulated intestinal fluid (pH 5.5 and 7.4) at 37◦C to determine the pH-dependent behavior. 

Moreover, it was aimed to determine swelling of microspheres at different pH. Microspheres 

synthesized with pH-sensitive copolymers show little or no swelling at lower pH but a 

maximum swelling at higher pH values. A big difference in swelling should minimize the drug 

release in stomach and maximize this in small intestine and colon. Different drug release from 

microspheres were obtained by changing polymers composition. Various kinetics models 

including zero order, first order, higuchi and Korsmeyer-peppas were used to analyze drug 

release behavior.  

Moreover, high-performance liquid chromatography (HPLC) method was developed for the 

validation of IBH. It is a recognized chromatographic method responsible for determination 

and validation of drug in pharmaceutical dosage form. HPLC method was developed in mobile 

phase and rabbit plasma for the determination and validation of IBH. This method describes a 

very simple, selective, rapid and highly sensitive method for determination of drug. 

Formulations carefully chosen on the basis of results of in-vitro drug release and have been 

further studied for in-vivo studies in rabbits in order to confirm their efficacy up to a significant 

range. In-vivo presentation of nominated model drug loaded microspheres was performed on 

the basis of results of HPLC. The capability of drug-loaded microspheres to modify release 

behavior of drug was well recognized. Microspheres have extended remarkable compact of 

responsiveness due to their control release behavior. These were very appropriate to gain 

successive delivery of anti-anginal drugs with minimum adverse effects and increasing 

bioavailability. Among developed microspheres three optimized formulations one from 

eudragit FS30D-EC, second from eudragit L100-55-EC and third from Kollicoat MAE 100P-

EC were selected on the basis of results of in-vitro studies for further evaluation in rabbits. Oral 

drug solution was used as a control. Their pharmacokinetic and bioavailability studies were 

performed in rabbits. 
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2. LITERATURE REVIEW 

2.1. Microencapsulation drug delivery system  

It is a well-recognized method for the delivery of drugs that can minimize problems associated 

with conventional dosage form. It is used for entrapping of liquids, gases and solids. This 

technique involves the  polymeric coating and converting them into free flowing powder [18]. 

Product obtained through  this method are named as microspheres, microparticles and 

microcapsules [19]. Microencapsulation carrier systems made from biodegradable polymers 

have fascinated considerable attention for many years in controlled drug delivery system 

(CDDS). It provides a familiar method that is used to adapt and controlled release of drug from 

pharmaceutical dosage forms. It is a recognized method that is used to change and delay drug 

release  and used to deliver drug in a controlled and sustained release pattern [2]. CDDS offer 

numerous advantages over conventional dosage form due to reduced toxicity and increased 

patient compliance. Controlled release formulations are in great development in many sectors. 

This drug delivery system must allow the release of the active agent (pharmaceuticals) at the 

desired rate and site. Several techniques  were used to obtain this goal [20]. Encapsulation of 

drugs within colloidal-sized polymer particles can provide sustained release, reduce the side 

effect of the drugs, and increase their bioavailability [21]. Microparticles drug delivery having 

such a promising characteristic provide a unique position in drug delivery. Microparticles are 

usually referred as microspheres and microbeads. Microspheres are characteristically free 

flowing powders consisting of natural or synthetic polymers which are biodegradable in nature 

and ideally having particle size less than 200µm as shown in Figure 2.1 [22, 23]. This  

polymeric system is used to develop controlled release formulations to deliver the drug in 

optimal amount to the target site with minimum toxicity [24].   

 

                                      Figure 2.1 Images of microspheres 
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2.2. Aims of microencapsulation 

Numerous reason for coating of polymeric microparticles have been reported but basic 

objective are following [25-27]. 

●  This mechanism is used quite successfully to increase stability of drug due to 

conversion of liquids into free flowing powders. 

●   Site targeted and controlled delivery of drug. 

●   To protect core of microparticles from moisture, light oxygen and other environmental                          

             that can be prevented by microencapsulation process.  

●   Drugs that cause gastric mucosal irritation can also be encapsulated thereby decreasing  

             toxicity.                

●  Microencapsulation provides constant and controlled drug release. 

●  Drugs with bitter taste and odor can be coated with polymers by microencapsulation 

in order to increase patient compliance. 

●  Conventional drug delivery system required frequent dosing, may lead to non-

compliance to patients as compared to CDDS with low dosing. 

2.3. Advantages of controlled drug delivery system 

CDDS has numerous advantages over conventional drug delivery; most important advantages 

are enlisted here [28, 29]. 

●  Delivery of drugs to target site safely 

●  Minimize drug toxicity and dose dumping 

●  Constant and homogenous concentration of drug available at the target site. 

●  Increase patient compliance 

●  Low dose of drug is required and variation between peak and trough concentration is 

decreased. 
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●  Mucosal irritation in GIT can be avoided because microparticles are distributed 

homogenously.  

2.4. Classification of microparticles  

Microparticles are classified on the basis of morphology and application. On the basis of 

morphology microparticles are classified into two types i.e. microcapsule and microspheres.   

2.4.1. Microcapsules   

Microcapsules consisting of encapsulated core particles in which drug is completely 

surrounded by distinct capsule wall. The drug may be liquid, solid or gas covered by using 

porous shell of polymers. Microcapsules are further classified into three sub classis including, 

mononuclear, polynuclear and matrix type as displayed in Figure 2.2. 

  

Figure 2.2 Types of microcapsules 

2.4.2. Microspheres 

Microspheres are normally free flowing powders comprising of natural and synthetic 

biodegradable polymers. In microspheres drug is uniformly dispersed in polymeric matrix and 

there is no difference between wall and core material as shown in Figure 2.1. 

Dang et al. [30], prepared matrix type microspheres by using cellulose acetate  

phthalate (CAP), eudragit L100-55 and EC via solvent evaporation method for colon targeted 
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drug delivery. Microspheres were evaluated for physical properties like drug content, particle 

size, bulk density and angle of repose. 

2.5. Classification on the basis of applications 

On the basis of application microparticles are further classified into following types:  

2.5.1. Floating microspheres  

Floating microspheres are also termed as microballoons or hollow sphere. These can float in 

stomach for a longer period of time due to lower bulk density as compared to gastric contents. 

From where drug is slowly released at predetermined rate that reduced the dose fluctuation and 

subsequently empty carrier system evacuated from GIT. 

Zhang et al. [31],   developed  floating  microspheres of carvedilol by using ethyl cellulose 

(EC)  and hydroxypropyl methyl cellulose (HPMC) to overcome the problems  of poor 

bioavailability and  frequency of doses. The developed floating microspheres were 

characterized for numerous physicochemical properties like in-vitro release and in-vivo 

antihypertensive effect in patients. The formulation containing EC 1.0% and HPMC 0.5% was 

highly effective in dropping the systolic blood pressure as compared to that of conventional 

tablet in hypertensive patients. It was determined that the gastro-retentive floating 

microspheres of carvedilol may serve as effective drug delivery systems for the therapeutic 

uses.   

Kutmalge et al. [32], prepared lornoxicam floating microspheres using EC, HPMCK15M and 

HPMCK4M by Non-aqueous emulsion  diffusion technique. Formulation of lornoxicam loaded 

floating microspheres characterized with respect to drug release, various polymers 

concentration and optimization of stirring speed. Drug encapsulation efficiency, SEM images, 

percentage of buoyancy and release studies were performed. The result indicated that 

developed floating microspheres of lornoxicam may be used for prolonged drug release in 

stomach for at least 12 hours due to improve bioavailability and patient compliance.        

2.5.2. High density microparticles  

 High density microparticles retained for a longer period of time due to high   density ranging 

from 2.4 to 2.8gm/cm 3. These types of microparticles retained at bottom of stomach due to 
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high density as compared non target material. Their density can be increased due to addition of 

zinc oxide, barium sulphate. 

Alyea et al. [33], developed high density microparticles for depletion of CD8+ T cells by 

gravity of sedimentation. This technique of novel microparticles containing monoclonal 

antibody with high density is helpful for the elimination of pathogens in leukemia.     

2.5.3. Bio-adhesive microparticles  

This type of drug delivery system was developed by different polymers including hydroxy 

methyl cellulose, polyvinyl pyrrolidone, carbopol, pectin and sodium alginate. This type of 

drug delivery system provides extended retention time due to adhesion at site of absorption 

[34]. Shear stress detachment method was used to measure the adhesion strength. 

Situ et al. [35], developed a bioadhesive microparticles of polypeptide for colon targeting 

capable of controlling drug release. Ii is a promising approach for treatment of hyperglycemia.  

2.5.4. Magnetic microspheres  

Magnetic microparticles are used target diseased area, isolation of cells, DNA analysis and 

protein purification. They are targeted to site of interest by applying magnetic field.  These 

types of microspheres usually have smaller size as compared to others. Magnetic microparticles 

are further classified into two types therapeutic and diagnostic microparticles. Therapeutic 

magnetic microspheres are used for provision of chemotherapeutic agents [36]. 

Kakar and Singh [37] prepared mesalamine  magnetic microspheres by phase separation 

emulsion polymerization technique. Eudragit S100, EC and chitosan loaded magnetic 

microspheres were formulated. Mesalamine was used to site specific colon delivery.   

2.5.5. Polymeric microparticles   

Polymeric microparticles are most commonly used in controlled and sustained drug delivery 

systems. These can be further categories into sub types including biodegradable and non-

biodegradable polymeric microparticles [38-40]. Drug release from polymeric microspheres 

either by leaching or  degradation of polymeric matrix [41]. Biodegradable polymeric carrier 

has gained extensive application due to their compatibility. Among them microspheres gained 
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a great attention towards controlled drug delivery. This polymeric system gained advantage 

over the conventional dosage form. 

Diaf et al. [42],  prepared  microspheres and tablets of piroxicam  was evaluated for drug release 

to compare both dosage form. EC and eudragit were used for the synthesis of tablets and then 

analyzed. The results indicated that the release pattern of drug could be changed by modifying 

dosage form for enhancing patient compliance. 

Microspheres can be prepared from synthetic and natural polymers. Natural polymers includes  

ethyl cellulose (EC),  starch, alginate, acacia [43], gelatin [44], chitosan [45], polycaprolactone 

(PCL) [46] and  pectin [47] were most commonly used polymers for the development of 

microspheres. While synthetic polymers used for preparation of microspheres  are eudragit 

(S100, L100, RS100, RL100  E100) [48-50],  polyvinyl alcohol (PVA) [51] and  polyvinyl 

pyrrolidone (PVP) [52]. 

2.6. Techniques for preparation of microparticles  

Numerous techniques has been reported for preparation of microsphere including emulsion 

solvent diffusion [53], solvent evaporation [54], coacervation [55],  ionic gelation method and  

spray drying [56, 57]. Among these methods solvent evaporation techniques is best applied 

method for its high reproducibility, less practical skills and time consumption. 

 Different methods were used to get the desired size, porosity, drug loading and 

pharmacological/biopharmaceutical properties in the final micro-preparations. The techniques 

used for the formulation of microspheres commonly classified into following: 

1. Chemical methods 

2. Physiochemical methods 

3. Physico-mechanical methods  

4. Controlled coating Methods  

2.6.1. Chemical methods  

In chemical method of microparticles preparation involves chemical reaction. Polymerization 

is example of chemical method. This technique is commonly used for the encapsulation of 

hydrophilic and hydrophobic core material, liquids and gases. Polymerization is carried out by 
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various procedures including emulsion polymerization, suspension polymerization, 

precipitation polymerization, matrix and in-situ polymerization.   

2.6.1.1. Emulsion polymerization  

Emulsion polymerization is commonly used in formation of microparticulate drug delivery 

system. In this process lipophilic monomers, surfactant and initiator are added in aqueous phase 

(continuous phase). Firstly, low molecular weight polymer generates that progressively grow 

to entrap core material. 

Pollert  et al. [58], prepared  poly-glycidyl-methyacrylate magnetic microparticles  by emulsion 

polymerization.   

2.6.1.2. Suspension polymerization 

In this techniques monomers are dispersed in aqueous continuous phase containing core and 

other monomer with forceful turbulence. Major difference from emulsion polymerization is the 

absence of initiator. The size of microparticles prepared from this method is usually large (200-

600µm).  

Lee et al. [59], prepared magnetic polymer microspheres composed of magnetic, styrene and 

divinylbenzene by suspension polymerization to produce magnetic ion-exchange resins. The 

shape and magnetic properties of magnetic microspheres were examined with SEM and 

vibrating- sample magnetometry. The average size of prepared magnetic microspheres was 

about 219µm. 

2.6.1.3. Precipitation polymerization   

In this method of polymerization insoluble polymer is precipitated around nuclei in external 

phase having monomers. The size range of resulting microparticles is upto 5µm. It is also 

known as dispersion polymerization. Shape and size of developed microspheres depends upon 

initiator and cross-linker, stabilizer and solvent used.  

2.6.1.4. In-situ polymerization      

In this method of direct polymerization occurs in continuous phase instead of nuclei surface. It 

is similar to interfacial polymerization due to monomers addition in encapsulation reactor. A 
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pre-polymer of low molecular weight early in-situ polymerization, which becomes large and it 

deposits on core creating capsule shell.  

Tang et al. [60], prepared novel nano-ZnO/PMMA poly (methyl methacrylate) composite latex 

microspheres by in-situ polymerization. The interfacial compatibility between nano-ZnO 

particles and PMMA were improved by treating the surface particles hydrophobically using 

methacryloxypropyl trimethoxysilane (MPTMS). FTIR confirmed that MPTMS reacted with 

nano-ZnO particles copolymerized with PMMA. SEM images confirmed that nanoparticles 

uniformly dispersed in polymeric matrix.    

2.6.1.5. Matrix polymerization  

In this process of polymerization association of polymer matrix takes by polymer change in 

which nuclei are captured. Enzymes and  proteins of various nature containing microparticles 

are prepared by this method [61]. 

2.6.2. Physiochemical methods 

Microparticles are formed by physical or chemical process in this procedure. Commonly 

physiochemical procedures are given as: 

i. Solvent evaporation      

ii. Coacervation/phase separation   

2.6.2.1. Solvent evaporation 

Most commonly employed technology at laboratory level is solvent evaporation [62]. Polymers 

dispersion is emulsified in continuous phase (aqueous) to form fine droplets. The volatile 

organic solvent evaporates at water/air interface, harder and free flowing microparticles are 

attained after appropriate filtration [63]. Solvent selection according to the solubility of the 

polymers i.e. polyvinyl alcohol in water and poly lactide-co-glycolic acid in ethyl acetate, poly 

lactic acid in acetone and poly-caprolactone and poly anhydrides in methyl chloride. Polyvinyl 

alcohol can also be used as emulsifying agent due to its amphiphilic property [64]. Sonication 

or homogenization and amount of emulgent affect the size of microspheres. Once emulsion 

subjected to drying, there is no control on size [64]. Drying achieved via stirring evaporation 

i.e. aqueous phase remained in the beaker with particles suspended in it. Another approach was 

via freeze drying in which freezing before drying can affect the size or even can destroy the 
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particles but it can be addressed by using cryoprotectant like dextrose or sucrose [65]. In this 

case both water and oil phase were removed leaving behind the particles. The droplets become 

enrich with ingredients and polymer at the surface. It solidified afterwards and become dried 

particles. Briefly it was found that increase in the dispersing agent concentration can decrease 

the particle size like in case of hydroxypropyl methylcellulose, the concentration was increased 

from 0.4 to 2.4 % and particle size was reduced from 5.8 μm to 3.2 μm. This method was used 

for water soluble/ insoluble, proteins and vaccine delivery [66].        

The disadvantage of this method is that uniform size of particles is not achieved and also not 

reproducible. It is economical only at lab scale but not at industrial or commercial level. 

However, a method was proposed to generate the uniform sized microspheres. It utilizes 

sophisticated nozzle jet which combine the drug and polymer solution into a particle with 

polymer at the outer layer and drug inside, at uniform rate and then spray it in a uniform droplet 

form. 

Generally, microparticles were prepared by different solvent evaporation techniques including 

oil-in-water (O/W), water-in-oil-in-water (W/O/W), water-in-oil-in-oil (W/O/O) and oil-in-oil 

(O/O) [67]. From above methods O/O solvent evaporation method was found best method for 

the development of microspheres because this method gives higher yield and encapsulation 

efficiency of microspheres as compared to other solvent evaporation methods [68]. O/O solvent 

evaporation method is widely used for the preparation of sustained and controlled  released 

formulations of various drug-loaded polymeric microspheres [67].The most commonly used 

methods as a emulsion solvent evaporation or extraction are discussed below. 

2.6.2.1.1. Single emulsion method  

This technique has been mostly applied to capture drugs that are hydrophobic by O/W (oil -

in-water) emulsification method. The polymeric material is dissolved in an organic solvent 

such as DCM. Drug was added into polymeric solution (internal solution). The resultant 

drug and polymer mixture is emulsified in water (continuous phase ) in the presence of an 

emulsifier [69, 70]. Organic solvent is removed by either evaporation or by increasing 

temperature. After evaporation condensed microspheres were obtained as shown in Figure 

2.3. 
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Figure 2.3 schematic representation of O/W solvent evaporation method 

Bandana et al. [71],  prepared floating microspheres of famotidine by solvent evaporation 

(O/W) emulsion method by using rate controlling polymers includes  EC and HPMC. The aim 

of this research was to develop Floating drug delivery system (FDDS).  

For encapsulation of hydrophilic drugs an O/O emulsion solvent evaporation method was 

established significantly attention [72]. In O/O technique, polymers and drug are dissolved 

in organic solvents while hydrophobic oil (liquid paraffin) used as a continuous phase of the 

emulsion as shown in Figure 2.4. Solvents are removed by evaporation process and 

microspheres obtained [73].  

 

Figure 2.4 Schematic representation of O/O solvent evaporation method  

2.6.2.1.2. Double emulsion method       

 Double emulsion technique (W/O/W) have been used to entrap water soluble drugs. Firstly, 

single emulsion is developed by dissolving drug in water and polymers in organic solvent. 

This process is carried out by sonicators and homogenizers for emulsification process 

(primary emulsion). This emulsion transported into excess amount of water comprising an 
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emulsifier under vigorous stirring resulting a w/o/w emulsion. Solvent is removed by 

evaporation  process as shown below in Figure 2.5 [74].  

 

Figure 2.5 Schematic presentation of double emulsion solvent evaporation  

Hales et al. [75],  prepared oral Enoxaparin  microparticles by W/O/W double solvent 

evaporation technique for the management of inflammatory bowel disease. The objective of 

this study was to develop colonic drug release and to study the effect of various formulation 

factors and their properties. Microparticles were prepared with various concentration of 

alginate in internal aqueous phase and ratio of polymers eudragit FS30D and RSPO 

concentration in the external phase. Drug loaded microparticles were characterized with 

reference to morphology, entrapment efficiency, size and drug release. The results indicated 

that percentage entrapment efficiency was reduced and percentage drug release was increased 

by increasing sodium alginate concentration. Regarding the effect of two polymers, decreasing 

polymers concentration resulted decrease in particle size, decreased drug release and lower 

entrapment efficiency. Result showed microparticles prepared with eudragit FS30D led to 

colonic release for oral drug delivery and presented the objective of delayed release 

formulation. No or inadequate drug released was observed in simulated gastric fluid.    

Gopi  et al. [76], developed nateglinide nanoparticles consisting of EC. It was used as a 

retardant material. Nanoparticles were prepared by solvent evaporation method. The result 

showed the optimized nanoparticles formulation may be a favorable delivery system for 

nateglinide. 

Pandav and Naik  [77] prepared sustained release microparticles by using EC and  RS-100 and 

RL-100. Antihypertensive drug (Propranolol) was incorporated as a model drug for the 
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treatment of cardiovascular diseases like hypertension. It can be concluded from this study that 

propranolol microparticles showed promising approach to controlled drug delivery.  

Cai  et al. [78], prepared porous microspheres of TiO2 consisting of  EC by oil-in-water  (O/W) 

emulsion. It was observed that TiO2 homogeneously distributed in microspheres, but it 

decreases mass of internal inter-connected pores and volume. Result indicated that propranolol 

microparticles prepared by solvent evaporation method consisting of EC and eudragit grades 

is a useful method for hydrophilic drug for treatment of hypertension.  

Bansode et al. [79], prepared telmisartan-loaded microspheres by emulsion solvent evaporation 

method consisting of different ratios of drug and EC. The resultant microspheres were assessed 

for drug entrapment efficiency, floating behavior, micromeritic properties and in- vitro drug 

release. These microspheres decrease the dosing frequency and gastrointestinal toxic effects 

and thereby improve the patient compliance.   

2.6.2.2. Coacervation/phase separation   

Coacervation is derived from Latin word means assemble or cluster together. The word 

coacervation is first suggested in 1932 by a Dutch-scientist Bunge burg De-Jong throughout 

studying coacervate structure. In this method polymer and drug solution was made in the 

organic solvent to make organic phase. Another solution of polymer was made in the water. 

Phase separation was carried out by the adding aqueous phase into the organic medium drop 

wise at high speed. The particles were coacerved upon dripping and separated via 

centrifugation, air dried and characterized. Enteric release microparticles were prepared by this 

method. HPMC and poloxamer were dissolved in aqueous layer with pH 7.4 buffer while 

eudragit and drug were dissolved in organic phase i.e. acetone / ethanol (1:1) [80]. The 

schematic illustration of coacervation process shown below in Figure 2.6. 

  

                    Figure 2.6 Schematic arrangement of coacervation method  
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Naeem, et al.  [81], prepared microparticles of two drugs acetaminophen and tramadol-HCl 

with EC by coacervation method. Encapsulation method was used for development of 

microparticles for extended drug release. EC used was medium viscosity grade. Bilayer tablets 

of tramadol and acetaminophen were prepared from compressed microparticles. 

Physiochemical compatibility and stability studies of tablets were measured by using different 

parameters including FTIR, X-RD, thermogravimetric analysis and scanning electron 

microscopy. Drug release pattern and mechanism were determined by using various release 

kinetic models. Stability studies of bilayer tablets were performed after 3 months. FTIR, DSC, 

X-RD and TGA data for all formulations presented good stability and compatibility. 

Accelerated stability studies confirmed formulation stability. Controlled release of drug from 

tablets and microparticles was measured for 12 hours and 8 hours respectively. Higuchi model 

was fitted to drug release profile with R2 of 0.996 and 0.96 for acetaminophen and tramadol-

HCl respectively. Microparticles encapsulated with acetaminophen and tramadol was suitable 

for bilayer tablets and was stable for releasing drug up to 12 hours.   

Jelvehgari et al. [82],  prepared enteric nanoparticles of Insulin by using eudragit L100-55 and 

chitosan for oral delivery by coacervation method. Different molecular weights of both 

polymers were used. Insulin loaded nanoparticles were characterized by various parameters 

including, drug loading, SEM, Zeta potential, Circular Dichrosim (CD) spectroscopy and 

particle size determination. SEM results presented non spherical nanoparticles. Zeta potential 

results showed that with the increase of molecular weight of chitosan zeta potential was 

increased. CD-spectroscopy results showed that the internal structure of insulin was not disrupt 

significantly during Nano-encapsulation process. Insulin release was pH-dependent. Results 

suggested that chitosan and eudragit L100-55 polymers will provide a suitable method for the 

encapsulation of hydrophilic polypeptide by using complex coacervation technique.    

2.6.3. Physico-mechanical methods  

In this method there is no involvement of any chemical reaction between components for the 

development of microparticles. Examples of physico-mechanical method includes, fluidized 

bed dryer, spray-drying, spray congealing and pan coating.     

2.6.3.1. Spray drying  

Spray drying is a common technique to produce powders or granules from mixture of drug and 

polymer solution or suspension. This scheme based on drying of droplets (atomized) in stream 
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of warm air. For this purpose, a polymer was dissolved in acetic acid solution (aqueous); and 

drug was dispersed into it. A cross-linker was added into this solution laterally. The dispersion 

was atomized in a stream of warm air leading to the formation of small droplets. Free flowing 

microspheres were formed after solvent evaporation [83]. Spray drying method is the most 

commonly used procedure in industry for encapsulation of sensitive products like proteins as 

shown below in Figure 2.7.  

 

                          Figure 2.7   Stepwise representation of spray drying techniques    

He et al. [84],  prepared both uncross linked and cross linked microparticles by spray drying 

method.   

Esquisabel et al. [85], prepared microparticles of inactivated Vibrio cholera consisting of  

methacrylate derivative Eudragit FS30D and L30D-55 by using spray drying. Morphology of 

prepared microparticles was observed. The size was measured about to 3.0 μm of prepared 

microparticles. Morphology and mutagenicity were affected by temperature used for the 

preparation of microparticles without affecting V. cholera contents. In-vitro release studies 

exhibited that in acidic environment only 5% of bacteria was released, and at pH 7.0 Eudragit 

L30D-55 microparticles released 86% after 24 hrs. whereas eudragit-FS30D released almost 

30%. Rats inoculated with microparticles exhibited vibriocidal antibody titers. Microparticles 



 

17 
 

of inactivated V. cholera could be suggested as a process to gain an oral-vaccine which delivers 

controlled release bacterial formulation by spray drying.   

2.6.3.2. Spray congealing  

In spray congealing there is no solvent in the shell in the form of melted material like as in 

spray drying.  The core material to be encapsulated is dispersed in already melted shell 

homogenously. This material is atomized in the stream of cool air that will lead to development 

of polymeric shell around the active agent. 

Passeini et al. [86], prepared microparticles of waxes for controlled release of verapamil-HCl 

by spray congealing method. Soya lecithin was used as surfactant in this formulation. The result 

indicated after characterization that waxy microparticles prepared by spray congealing method 

shown good encapsulation efficiency with spherical shape. These particles presented a zero-

order drug release for almost 8 h, without adjusting solid state parameters of the drug. 

Therefore, this technique may be a promising for controlling the release of verapamil HCl.   

2.6.4. Emulsion cross linking method   

In this method, the cross linking of polymers was controlled via reaction conditions. In this 

techniques drug is dissolved in solution of gelatin which was formerly heated at 40C◦.  Then 

this solution was added into liquid paraffin with the help of stirring. The rest of method was 

almost same as that of solvent evaporation. Starch based microspheres were prepared via this 

method [87]. Trisodiumtrimetaphosphate was used as cross linker. Starch and cross linker were 

dissolved in water phase which were emulsified with drug solution in organic solvent. 

Emulsifier of both hydrophilic (tween 20) and of hydrophobic nature (Span 20) were used to 

prepare W/O and O/W emulsions respectively. The cross linker was activated via basic 

condition i.e. pH 12-13 with NaOH solution. Reaction was stopped by neutralizing the 

condition with HCl and microspheres were centrifuged and washed to separate them from oil 

phase. Disadvantage of this method was that the particles obtained at the end were not well 

defined in shape and cross linking was done even across the particles, so different aggregates 

were obtained.   
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2.6.5. Ion gelation method    

The preparation of microspheres by the complexation of oppositely charged macromolecules 

has got considerable attention due to simple phenomenon [88].   Lee et al. [89], developed the 

microparticles by using internal gelation method, in which calcium carbonate was used as a 

source of calcium ions. Aqueous solution of various amounts of calcium carbonate was made 

and added into the sodium alginate solution. Then this mixture was further added to the organic 

solvent containing span 85 and stirred for 10 minutes by using mechanical stirrer. Galacial 

acetic acid was then added to release calcium ions from calcium carbonate, so that calcium ions 

react with alginate to produce microspheres  [90]. These particles are utilized for their 

application in tissue regeneration and as support in tissue engineering.  

2.6.6. Fluidized bed coating  

In this method solid core materials are dispersed in a supporting air stream. Then coating 

material is spayed on air suspended particles. Particles are suspended on an upward moving air 

stream.  Coating material is usually in the form of polymer solution. Design of chamber and its 

operating parameters effect the flow of particles. 

Gupta et al. [91], prepared pellets of 5-Amino Salicylic Acid (5-ASA) for potential colonic 

delivery using statistical procedure. Inner layered of pellets were coated with eudragit RL and 

RS and outer layer coated with eudragit FS30D using fluidized bed dryer.  Central composite 

design was applied to study the influence of three independent variables. An optimized 

preparation was developed and assessed for specific responses. The experimental results of the 

response variables highly settled with the predicted values. The results confirmed the 

uniformity of the 5ASA in the preparation of coated pellets having expectable release for 

colonic delivery. 

2.7. Controlled coating Methods  

These methods mainly comprised of super critical fluid precipitation. The substance that have 

high pressure and temperature concomitantly above crucial point is known as super critical 

fluid. While, the point at which two phases i.e. liquid and vapors of substance co-exists is 

referred as crucial point. Super critical fluids are mainly compressed gases and are insoluble in 

many solutes. These are most commonly used for various industrial purposes. Widely 

employed super critical fluid includes SCCO2, SCNO2 [92].  
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In rapid extension of supercritical techniques polymer and supercritical fluid kept at elevated 

pressure that causes precipitation of polymer. A rapid depressurization of supercritical fluid 

results in free of solvent solid product. In gas anti-solvent technique supercritical fluid is mixed 

with polymer solution having core material at high pressure. It causes expansion of solution 

that will lead to super saturation following by precipitation [93].  

2.8. Pharmaceutical application of microspheres  

All these polymeric fabrication and optimization of microspheres are directed toward safe and 

effective drug delivery. Different application of polymers in pharmaceutical includes, used as 

film coating for taste masking, used to modify drug release. These are also practically as a 

tablets binder, flow adjusting agent in liquid dosage form like suspension and emulsion.  

2.8.1. Biodegradability of microspheres  

Microspheres are prepared by using biodegradable ingredients. Polymer is major ingredient of 

this formulation beside drug, so it should be biocompatible and biodegradable. Polylactic acid, 

polyglycolic acid, co polymers of these two, polyvinyl alcohol are examples of biodegradable 

polymers. These are even used as building blocks to prepare further functional polymers. 

Different ratios blend of these polymers are injected in experimental animals and observed for 

any sign of discomfort, inflammation and wound healing process. Degradation and indirect 

toxic species are also monitored in blood along with other blood biochemical parameters. Even 

polymers obtained from natural origin like glycosidic polymers or those obtained from Aloe 

species are also good candidates as biodegradable polymers.  

Micro particles fabricated via these polymers are easy to stay silent in biological systems. 

Surface of these particles are further modified to be bio-silent by using polyethylene glycol 

systems which are silent for immune systems.  

2.8.2. Proteins and vaccines delivery  

Proteins and vaccines are bio-sensitive molecules which cannot be given orally. They are 

sensitive to acidic environment of gut. To protect and deliver them intact, they are encapsulated 

inside various polymer fabricated micro systems. Examples include interleukins, thyrotropin, 

insulin and even hormones releasing in controlled manner from these particles.  
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2.8.3. Controlled release  

Control of drug release from the microspheres mostly depends upon the cross linked polymer 

or pores formed by them on the surface of particles. Single dose hepatitis B vaccine was 

developed by entrapping them inside Poly-lactide and glycolide polymers. They were not 

immune disturbing and characterized to be completely biocompatible [94]. It provided single 

dose plasma levels for one year which were equal to those provided by three injections of 

standard conventional formulation of same vaccine. Similarly same polymers in blend with 

polyethylene glycol were used to encapsulate and control release of hypoglycemic drugs for 

optimum control over blood glucose levels with single oral dose [95]. Short half-life drugs like 

lornoxicam and artemether are also getting benefits from control release profile of polymer 

micro particles. 

Rasool et al. [96],  prepared metoprolol microparticles consisting of eudragit FS 30D by solvent 

evaporation method. These microparticles compressed into tablets in order to formulate 

modified released dosage form. Dissolution release studies was performed at gastrointestinal 

pH. The drug release behavior was pH sensitive. Dissolution rate was affected by varying 

polymers concentration and pH of dissolution medium. Stability study was conducted for all 

tableted microparticles. XRD, DSC and FTIR were used to determine the stability of drug in 

microparticles. In-Vitro release data were applied to various kinetic models. It was observed 

that zero-order model was the best fitted, which presented controlled release formulation and 

Korsmeyer-peppas model presented case-II mechanism. Result indicated that eudragit FS30D 

is most suitable for pH dependent and controlled formulation of metoprolol by solvent 

evaporation method.  

Rai et al. [97], developed 5-Fluorouracil enteric coated  microspheres comprising  of 

epichlorohydrin cross-linked with dextran for colon targeted delivery. Method was used 

emulsification crosslinking. Different formulation variable including volume of crosslinking, 

weight of dextran, stirring speed, time and temperature. Release studies was performed both 

for un-coated and coated dextran microspheres. 90 % drug was released from un-coated 

microspheres within 8 hours suggested rapid release. It was noted drug from uncoated 

microparticles released before they reached colon. Dextran polymeric microspheres coated 

using eudragit-L100 and S-100 was prepared by O/O solvent evaporation method. Release 

studies was performed in simulated gastric fluid pH 1.2. No drug release was observed in 

simulated gastric fluid while a controlled drug release was observed from microspheres at 



 

21 
 

higher pH   6.8 and 7.4. Pharmacokinetic study was performed in albino rats was accomplished 

to found the targeting potential of optimized formulation in colon. 

Joshi et al. [98],  prepared a novel formulation of buspirone-HCl (BHU) by using Eudragit 

L100-55 and montmorillonite (MMT). The objective of this research work was to develop a 

controlled delivery. MMT and BUH intercalation was observed by using different conditions 

including temperature, time, pH and BUH initial concentration. Langmuir equation was used 

for the adsorption of BUH on montmorillonite. FITR, XRD and TGA analysis was conducted 

to confirm the BUH stability. Results showed that BUH was stabilized in montmorillonite 

interlayers galleries. Prepared BUH composite with montmorillonite was compounded further 

with eudragit L100-55. Drug release studies of BUH - MMT and BUH-Eudragit L100-55- 

MMT was conducted using phosphate buffer of pH 6.8. Dissolution studies displayed 

controlled drug release of BUH-composite. By adding eudragit L100-55 the rate and 

concentration of BUH was decreased.  The release rate form BUH-MMT and BUH-MMT-

Eudragit L100-55 Was observed 54 % and 29% respectively, after 12 hours.  

2.9. Biodegradable polymers  

These polymers have been extensively applied for controlled drug delivery for drugs which 

have low molecular weight. From the last few decades these biomaterials got great attention. 

Biodegradable polymers are intended as drug delivery devices and for temporary aids like 

suture etc. These polymers maintain their properties for a littler period of time and 

progressively destroy into soluble molecules that can be evacuated from body. Bio-degradation 

is a natural process by which organic compound are converted into simpler one in environment 

through elemental cycles. A limited numbers of biodegradable polymers are preferred for 

controlled drug delivery due to their biocompatibility. Most benefit of biodegradable 

polymers that these are fragmented down into biologically acceptable products that are 

eliminated from body through normal biological process. 

Most  important properties of a biodegradable polymers are summarized as follows [99]. 

● Upon implantation polymers should not induce toxic or an inflammatory reaction 

●  Material should have satisfactory shelf-life. 

● Degradation time of polymers should equal to healing process. 
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● Polymers should possess appropriate mechanical properties for specified application  

●  Degradation products should be non-toxic, and able to get metabolized and cleared     

            from body.           

Factors affecting biodegradation of polymers includes, 

● Structure, 

● Site of implantation, 

● Molecular weight, 

●  Process conditions, 

● Sterilization process and storage 

● Physiochemical factors 

● Mechanism of hydrolysis 

● Molecular distribution 

● Physical factors 

● Thermodynamic compatibility of polymer and drug 

● Nature of device 

● Presence of ionic groups 

2.10. Natural polymers   

Biodegradable polymers are generally hydrophilic and have low swelling in acidic 

environment. Natural polymers are widely used natural polymers for colonic drug delivery. 

These polymers are inexpensive and are available in a variety of structures. They remain intact 

in gastrointestinal tract but the colon bacteria degrade them and thus make them useful for 

colon targeted delivery.   
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2.10.1. Pectin  

Pectin is linear polysaccharides present in the walls that surround growing and dividing plant 

cells. It is soluble in water, insoluble in ethanol (95%) and other organic solvents. Pectin 

polysaccharides are predominantly linear polymers of primarily α-(1,4)-linked D-galacturonic 

acid residues interrupted by 1,2-linked D-rhamnose residues having an average molecular 

weight of about 50,000 to about 180,000 as shown in Figure 2.8. The main sources of 

commercial pectin are citrus peel like lemon, lime and grapefruit, apple pomace and sugar beet 

pulps. It is mostly used in colonic drug delivery due to degradation by bacterial enzymes 

present in colon. Pectin is widely used by researchers for the development of controlled drug 

delivery. It is used for nasal, vaginal and oral drug delivery. Pectin has gained great attention 

for targeted drug delivery of various proteins, drugs and peptides. Hydrogels, microspheres and 

nanoparticles for targeted and controlled pectin based formulation have been used [100-102].   

        

                                           Figure 2.8 Structure of pectin 

Paharia et al. [103], prepared 5-fluorouracil (FU) microspheres consisting of pectin and coated 

with eudragit L100-55. Major objective was the preparation of colorectal targeted drug delivery 

and their characterization. Emulsion dehydration method was used for the synthesis of 

microparticles. FU and pectin ratio was used 1:3 to 1:6 and concentration of emulsifier 0.75 to 

1.5 % was added. Stirring speed 500 to 2000 rpm was used for the development of 

microspheres. Pectin based microspheres showed high yield and encapsulation efficiencies. 

Optimized formulation was selected when FU: pectin ratio was 1:4 by using 1.25% of 

emulsifier at 1000 rpm stirring speed. O/O solvent evaporation method was used for eudragit 

coating of formulated pectin based microspheres which demonstrated controlled and pH 

dependent release of FU.     

Sriamornsak et al. [104], prepared calcium pectinate beads by dispersing indomethacin in a 

solution of pectin and then dropping the dispersion into calcium chloride solution. The droplets 
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instantaneously formed gelled spheres by ionotropic gelation. Calcium pectinate gel could be 

a useful carrier for controlled release drug delivery of poorly soluble drugs.  

2.10.2. Guar gum  

Guar-gum is attained from the plant (seed) Cyamopsis tetragonoloba. Chemically, this gum is 

a polysaccharide consists of mannose and galactose as shown in figure 2.9. Guar gum stable 

over a wide range of acidic pH (5-7) and temperature. Strong acids of pH 3 or less and 

temperature more than 50◦ C cause hydrolysis and loss of viscosity of guar gum. 

 

Figure 2.9 Structure of guar gum 

Sourabh et al. [105], fabricated furosemide tablets for the purpose of  sustained release using 

pectin, and natural gums including and xanthan guar gum.  

Soppimath et al. [106], prepared poly (vinyl alcohol)-guar gum interpenetrating network 

Nifedipine microspheres by cross-linking with glutaraldehyde. Nifedipine was loaded into 

these matrices before and after cross-linking to study its release patterns which depends on 

method of drug loading and extent of crosslinking. Amit et al. [107],  formulated zidovudine 

matrix tablets by using guar gum for extended and controlled fashion of release.     

2.10.3. Karaya gum 

A dried gummy exudate material gained from Sterculiaurens roxb. Other names include 

Karaya, Indian tragacanth or bassora tragacanth gum are also used. The granular grades are 

used as a bulk laxative. Powdered gum is used in lozenges, pastes and dental fixative powders 

and it has proved particularly useful as an adhesive for stoma appliances. The cross linked 

Tragacanth (Epichlorhydrin) exhibits superior wicking and swelling action and hence can be 

used as a potential disintegrant [108]. 
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Raizaday et al. [109], prepared pH dependent  microspheres  successfully using Karaya Gum 

and Kollicoat30DP using spray drying method.  

Raghavendra et al. [110], developed a tramadol tablet of using polymers includes HPMC and 

Karaya gum and carrageenan for sustained effect.  

2.10.4. Gelatin 

 Gelatin is derived from Latin word, gelatus   meaning stiff or frozen. It is colorless, translucent 

flavorless solid substance, obtained by partial hydrolysis of collagen derived from skin, white 

connective tissue and bones of various animals such as domesticated cattle, chicken, pigs, and 

fish. It is used in preparation of pastilles, suppositories, pastes, microencapsulation of drugs   

coating of tablets and formation of hard and soft capsule shells. 

Ofokansi et al. [111], developed a gelatin-based systems that have the ability to control release 

of bioactive agents such as growth factors, drugs and   protein. It has been described that it is 

possible to incorporate liposome-loaded bioactive compounds into polyethylene glycol-gelatin 

gel provides controlled   release of   over extended periods of time.  

2.10.5. Alginates 

 Alginates are naturally derived polysaccharide block copolymers composed of regions of 

sequential β-D-mannuronic acid monomers and α-L-guluronic acid. Alginate is a water soluble 

linear polysaccharide extracted from brown seaweed and is composed of alternating blocks of 

1-4 linked α–l-guluronic and α-D-mannuronic acid residues as shown in Figure 2.10.  

 

Figure 2.10 Structure of Sodium alginate  

 Commercial alginates are extracted from brown algae in which alginate comprises up to 40% 

of the dry weight. Biomolecules release from alginate-based materials in low pH solutions is 

significantly reduced which could be advantageous in the development of a delivery system. 
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These biomolecules can be incorporated into matrices by gelation method. Alginates gained 

great attention towards researchers due to biocompatibility, biodegradability, low toxicity and 

non- immunogenicity [112-115]. 

Mennini et al. [116], established a novel multiparticulate colonic drug delivery of celecoxib 

for both systemically and local treatment by developing chitosan-Ca-alginate microspheres 

carrier.  

2.10.6. Chitosan   

Chitosan is a polycationic derivatives of Poly-N-Acetyl-D-glucosamine as shown in Figure 

2.11. It is found in the exoskeletons of crustaceans such as crabs and shrimps. It can also 

obtained from fungal and bacterial cell wall [117, 118]. Chitosan is biodegradable, 

biocompatible, non-immunogenic and non-toxic. Naturally occurring   polycationic polymer 

chitosan and its derivatives have received a great deal of attention from pharmaceutical 

industries [119]. Chitosan has been used for delivery of protein, DNA due to bioditribution and 

biodegradation, hydrogel for localized and controlled drug delivery. Chitosan has gained great 

attention towards targeted drug delivery and ocular therapy [120-122].  

 

Figure 2.11 Structure of Chitosan  

Ferrari et al. [123], prepared and characterized coated pellets of Metronidazole (MT) for 

sustained release. The main theme of this research work was to check the effect of chitosan in 

pellets assessed by in vitro release, swelling and intestinal permeation test. Kollicoat MAE were 

used for coating of pellets by fluid bed dryer. Kollicoat was used as enteric polymer and the 

coating formulations were made by using factorial design. Dissolution studies were performed 

on coated and uncoated pellets. Intestinal permeation calculated by everted intestinal sac model 

in rats. It was used for the absorption of MT from chitosan containing coated-pellets but not 

applied for intestinal tissue. It was noted that coated film avoided drug release in gastric fluid. 
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Results indicated that chitosan containing pellets show a novel approach for controlled drug 

release. 

Severino et al. [124], prepared coated pellets consisting of chitosan didadosine microspheres. 

The purpose of this research was to develop an innovative research for oral administration and 

decreasing dosing frequency and enhancing bioavailability. Microspheres consisting of 

chitosan prepared by fluid bed dryer followed by extrusion and spheronization to attain pellets. 

Diameter of pellets was measured about one millimeter. Then coating of pellets was done with 

Kollicoat MAE100P and Kollidone VA 64 in water dispersion to represents a sustained pattern. 

Dissolution testing were performed on conventional hard-gelatin capsules and pellets 

containing didadosine. Dissolution release studies confirmed that pellets provide appropriate 

sustained release up to 2hours for didanosine.  

Li Liu et al. [125], prepared hollow microcapsules by using EC via microfluidic double 

emulsification and  solvent diffusion method. Monodisperse EC was used. Ethyl acetate a non-

toxic solvent was used to dissolve EC. Smaller microparticles was obtained by using chitosan. 

To increase the viscosity of outer fluid. By introducing chitosan into outer fluid osmotic 

pressure created among inner and outer fluids that causes collapse of microcapsules. To get rid 

from collapse process NaCl (iso-osmotic) into inner aqueous fluid because Na and Cl ions 

penetrated EC-matrix during the process of solidification. When chitosan was introduced into 

both fluids it penetrates EC- matrix and iso-osmotic condition was maintained due to chitosan 

large size. Microcapsules showed spherical shape and non-collapsible due to their preparation 

under iso-osmotic state. This research work showed this versatile and novel technique could 

be used for preparation of biocompatible and monodisperse microcapsules using water 

insoluble polymers.  

2.10.7. Cyclodextrin  

Cyclodextrins (CD) are cyclic oligomers of R-1, 4-D glucose linked together through 

glucosidic linkage shown in Figure 2.12. The ability of CD and their derivatives to generate 

inclusion complexes with organic material. CD remains intact in stomach and small intestine. 

It is metabolized in colon because colonic bacteria convert CD into saccharides which are 

absorbed from colon.  Cyclodextrin can used to increase solubility of hydrophobic drugs. CD 

are used to improve stability, bioavailability and solubility. CD gained great attention in 



 

28 
 

pharmacy due to solubility enhancer as well as cross linker to form polymers used for drug 

delivery [126, 127]. 

 

 

Figure 2.12 Structure of β-Cyclodextrin 

Mathapa et al. [128], fabricated nanoporous polyallylamine hydrochloride (PAH)–

cyclodextrin co-polymeric microspheres. The epichlorohydrin was used as a cross-linking 

agent. Optical and electron microscopy were used to determine morphology of the 

microspheres and FT-IR spectrometry was used to confirm the presence of cyclodextrin in 

the co-polymer. The CD-copolymer microspheres showed significant capacity for 
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encapsulation of molecules of different hydrophobic drugs which makes them attractive for 

applications of drug delivery.  

Udo et al. [129], prepared 5-Fluorouracil-1-acetic acid (5-FUA) prepared and conjugated to β-

cyclodextrin through ester or amide linkage. The drug release behavior of the conjugates in 

enzymatic solutions and rat cecal contents were investigated. The result indicated this drug 

delivery system is suitable for colonic drug delivery.  

2.10.8. Amylose  

It is a polysaccharide which is obtained from extract of plants. It is a constituent of starch. It is 

linear polymers of glucopyranose units α-1, 4- D glucose linked via α-D-(1-4) linkages as 

shown in Figure 2.13. Amylose is degraded by bacteroides and it is resistant to pancreatic 

amylases [130].  

 

 

Figure 2.13 Structure of Amylose  

Mundargi et al. [131], prepared starch-built tableted microspheres that are crosslinked with 

epichlorohydrin. W/O emulsification method was used for the preparation of microspheres. 

Ampicillin (AMP) used as a model drug and encapsulated into the microspheres. The 

microspheres were evaluated by FTIR to confirm the crosslinking reaction and chemical 

stability of AMP.  Results of this study indicated. The result of in-vitro study indicated that 

controlled drug release of AMP for 24 hours. 

 Lenaerts et al. [132], prepared amylose cross-linked by epichlorohydrin treatment is 

introduced as a matrix for controlled release of drugs. Theophylline was used as model drug 

for controlled drug release.   
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2.10.9. Chondroitin sulphate  

Chondroitin sulphate (ChS) naturally occurring mucopolysacchairides consisting of repeating 

disaccharide units of b-1, 4-linked D-glucuronic acid and b-1, 3-linked N-acetyl glactosamine 

Figure 2.14.  ChS sulphate obtained from the matrix of cartilage.     

 

Figure 2.14 Structure of Chondroitin sulphate 

ChS is degraded by intestinal bio-flora so used on colon targeting. However, water soluble ChS 

is not suitable for sustained drug delivery. It is also used to crosslink with other polymers to 

reduce hydrophilicity and improved drug control in small intestine [133, 134]. In medical 

application ChS is used for providing anti-inflammatory activity and treatment of osteoarthritis. 

Chitosan has been reported in many biomedical application due to complex formation with 

ChS [135, 136]. Amrutkar JR and Gattani SG [137] developed matrix tablets of indomethacin 

using crosslinked chitosan and ChS. In-vitro evaluation demonstrated colon targeted delivery 

formulation. Yeh et al. [138] , prepared nanoparticles (NPs) for delivery of proteins by using 

chondroitin sulfate (ChS) – chitosan (CS).   

Ganza-Gonzalez et al. [139],  developed ChS–CS microspheres for oral administration of 

controlled-release metoclopramide using a spray drying method.    

 2.11. Synthetic polymers  

There are numerous synthetic polymers used for targeted and controlled delivery of drugs. 

These polymers also known as pH-sensitive polymers that should able to withstand with 

gastrointestinal pH. These polymers are synthesized for the delivery of proteins, drug and 

various enzymes.  Synthetic polymers are biodegradable and non-biodegradable. Synthetic 

polymers gained great attention in pharmacy due to their use in tablets, hydrogels, capsules and 

microparticles for controlled drug release [140-142]. 
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2.11.1. Poly-vinyl alcohol (PVA)  

PVA is a synthetic water soluble copolymer of vinyl alcohol and vinyl acetate produced by 

hydrolyzing polyvinyl acetate as shown in Figure 2.15.  It is used as surface stabilizer in 

formulation containing microspheres, contact lenses, bioadhesive hydrogels and drug delivery. 

It is also applied for tendon repair and ophthalmic biomaterial [143, 144].   

 

Figure 2.15 Chemical structure of PVA          

Yassin et al. [145], developed fluorouracil solid-lipid nanoparticles (SLN) for colonic cancer 

locally. SLN were prepared consisting of PVP and triglycerides ester by W/O/W solvent 

evaporation technique. In-vitro release study was conducted in intestinal fluid (simulated). 

Result indicated that burst release was observed in initially hours and then controlled release 

was observed upto 48 hours. 

Basak and Adhikari [146] prepared pH dependent hydrogels of PVA cross linked with maleic 

acid. Salicylic acid and vitamin B12 were used as model drugs. Drug loaded hydrogels were 

characterized by FT-IR, DSC, SEM, TEM, porosimetry and biocompatible studies. The results 

indicated that PVA based hydrogels can be used in colon targeted drug delivery. Kim et al. 

[147], prepared hydrogels composed of poly (vinyl alcohol) (PVA) and chitosan by UV 

radiation. The swelling ratio of PVA/chitosan hydrogels depended on pH and temperature 

2.11.2. Polyester-based polymers 

These are one of the most widely studied for drug delivery. Poly (lactic acid) (PLA) poly 

(glycolic acid) (PGA) and their copolymers poly (lactic acid-co-glycolic acid) (PLGA) are 

some of the distinct biodegradable for drug delivery applications. 

 Prabha et al. [148], developed nanoparticles (NPs) encapsulating plasmid DNA using PLA 

and PLGA polymers of various composition. Polyvinyl alcohol (PVA) was used as an 
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emulsifier. NPs were prepared by multiple solvent evaporation techniques. NPs consisting of 

PLGA polymer confirmed greater gene transfection than those formulated using PLA polymer. 

2.11.3. Polymethacrylates 

These are synthetic polymers of dimethyl aminoethyl methacrylates, meth-acrylic acid and 

meth-acrylic acid esters with different fractions as shown in Figure 2.16. Methacrylate 

derivatives are anionic and cationic in nature. Commercially available methacrylate derivatives 

are eudragit E, eudragit S, eudragit L, eudragit RL and RS 100 and eudragit FS which are used 

for controlled and sustained drug delivery.  

         

Figure 2.16   Structure of Eudragit 

Bazan et al. [149],  prepared celecoxib microparticles with various pH sensitive eudragit 

polymers using solvent evaporation method. Celecoxib a COX-2 inhibitor, which is used for 

the prevention of treatment of colitis a colon cancer for target drug delivery. Hao et al. [150],  

prepared omeprazole nanoparticles using EL100-55 (EL100-55) via novel ultrasonic 

dispersion-diffusion solidification technique. Nanoparticles were smooth and spherical in 

shape and also presented negative zeta potential. FTIR spectra presented no interaction between 

polymers and drug. Drug release from nanoparticles showed pH-dependent release. 

Marais et al. [151],  fabricated  insulin-loaded polymeric microspheres consisting of eudragit- 

L100. Matrix microspheres were prepared to enhance permeability of intestinal insulin. This 

method showed effectiveness of peptide drug in pharmaceutical research. Solvent evaporation 

method (W/O/O) was used for the synthesis of microspheres. Factorial design was used for the 

formulation of insulin microspheres. Different formulation factors were used for investigation 

of drug release, particle size and drug transport in the rat intestine. Two formulations were 

selected on the basis of morphology and internal phase for further analysis.  First eight 

formulations showed drug loading 27.9 to 52.4 %. Average particle size of two formulation of 
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microspheres were found 157.3 and 135 µm respectively. The mean release time of insulin 

after dissolution was 43.47 and 42.63 minutes respectively. Two selected formulation insulin-

loaded microspheres were found 10.67 and 9.68 fold as compared to control. Result indicated 

that insulin loaded microspheres consisting of EL100-55 is the best candidate for oral drug 

delivery due to successful transport across intestinal tissues.   

2.11.4. Eudragit L100-55    

Eudragit L100-55 is pH sensitive an anionic copolymer based on methacrylic acid and ethyl 

acrylate as shown in Figure 2.17. It is used to encapsulate drug for oral administration that allow 

drug release at specific pH in gastrointestinal tract. It is a white and a free flowing powder. 

These polymers used in intestinal targeted drug delivery due to swelling in simulated intestinal 

fluid. EL100-55 is very helpful for the entrapment of hydrophilic pharmaceutical products 

without effecting their conformation. It provides a protective coating to microspheres which 

release drug at specific colonic pH.     

 

Figure 2.17 Structure of Eudragit L100-55 

Saravanan and  Anupama [152] prepared  Ranitidine-HCl loaded floating microspheres 

consisting of EC, PEG blend. Method was used a novel solvent-evaporation matrix erosion 

method. PEG was used to induce floating behavior of microspheres and as pore forming agent. 

Different physical and chemical properties of formulated microspheres were evaluated. Drug 

loading was found to be 23 to 32 and encapsulation efficiency was 75 to 86% w/w. Particle 

size were measured within range of 45-106 µm. Particle size was reduced as the concentration 

(%) of PEG was increased. Floating behavior of microspheres was observed when 

microspheres prepared with EC addition with PEG. Pore on surface of floating microspheres 

was observed by SEM due to erosion mechanism. FTIR, XRD, DSC revealed no interaction 

between polymers and drug entrapped. Drug release sustained for 6 hours and floating was 

observed for almost 10 hours.  



 

34 
 

Shen et al. [153],  prepared diclofenac sodium loaded nanofibers consisting of  Eudragit L 100-

55 using electrospinning method. Nanofibers were characterized by pharmacodynamics and 

structural properties. The effects of drug matters and solvent on nanofibers formation were 

evaluated. Quality of nanofibers also investigated by different parameters.  A successful fiber 

formation occurred by using mixture of solvent in the ratio of 1:5 v/v DMAc: Ethanol. DSC 

and X-RD revealed that diclofenac sodium uniformly distributed in nanofibers and in 

amorphous state. The result revealed that at pH 6.8; sustained release effects was perceived in 

drug loaded nanofibers which showed a potential application for colon targeting system.   

Behera et al. [154],  prepared glipizide microspheres consisting of eudragit RS100 and eudragit 

RL 100. Method used for the development of microspheres was emulsion solvent evaporation. 

The resultant microspheres were characterized for drug loading, FTIR, SEM and their 

micromeritics properties. In-vitro release studies showed sustained release behavior which 

depends upon nature of polymer and dispersant used. Various kinetic models were applied and 

drug release from resultant microspheres found non Fickian. Results showed that by using poly 

methacrylate derivative and by applying solvent evaporation technique a good sustained effect 

achieved especially to manage compliance in diabetic patients.     

Dong et al. [155],  prepared carbamazepine loaded microparticles by coacervation method. 

Enteric microparticles were prepared by using EL100-55. Aqueous polymer solution used as 

stabilizer. This solution was added to organic phase containing drug and EL100-55. This 

aqueous solution used for phase separation that led to the formation of coacervate droplets. 

Further addition of aqueous phase was led to hardening   of droplets into microparticles. 

Microparticles were characterized with reference to particle size distribution, morphology, % 

yield, encapsulating efficiency, physiochemical properties of drug, wettability and in-vitro and 

in-vivo studies. SEM images presented smooth and dense surface structure. Encapsulating 

efficiency was found to be more than 85% and % yield was more than 90%. Stability studies 

was conducted and it was measured that drug remain stable after 5 months in non-crystalline 

state. Drug release data was stable after 5 months under sink condition.  

Moustafine et al.  [156], prepared interpolyelectrolyte complexes (IPEC) between eudragit 

L100-55 and eudragit EPO using turbidimetry, elementary analysis, apparent viscosity 

measurement and MT-DSC. FTIR was used to investigate structure of prepared IPEC. Binding 

ratio of both Eudragit EPO and L100-55 was 1:1. FTIR results showed that the results of 

elementary analysis in solid complexes was very near to values measured by appear viscosity 
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measurements. Ibuprofen was used as model drug which significantly delayed from tablets 

made up of the IPEC as compared to eudragit copolymers alone.  

Dai et al. [157],  prepared pH sensitive Cyclosporine A  (CYA) nanoparticles by using Eudragit 

L100-55 to improve bioavailability. CYA nanoparticles were characterized with reference to 

dispersion state inside and at surface of polymer matrices. Ultra-centrifuge method was used 

for the conduction of In-vitro release studies.  The In-vivo bioavailability of CYA nanoparticles 

and Neo-oral micro-emulsion was assessed in Sprague Dawley rats at the rate of 15mg/kg. 

Mean particle size measured to be within range of 37.4-106.7nm. Entrapment efficiency was 

found to be 90.9-99.9%. Drug was uniformly dispersed with in nanoparticles. In- vitro results 

revealed that nanoparticles presented pH-dependent release  

Haznedar and Dortunc  [158]  prepared acetazolamide microspheres  consisting of eudragit RS 

and RL by using solvent evaporation method. O/O emulsion was prepared using acetone as 

internal phase and liquid paraffin as continuous phase. Numerous formulation factors were 

considered like, drug: polymer ratio, stirring speed, ratio of polymers used and nature and type 

of polymers. Resultant acetazolamide microparticles were analysed by particle size, 

encapsulation efficiency and in-vitro dissolution studies. Result showed that it provides a 

promising approach for oral administration when drug in appropriate amount is required.   

2.11.5. Eudragit FS30D  

Eudragit FS30D is a copolymer of methylacrlic acid, methyl methacrylate and methyl acrylate 

(7:3:1). It is a potential pH-dependent carrier drug delivery, which avoids release of drug in 

stomach and small intestine. Eudragit is derivative of methacrylate-based copolymers. It is 

comprehensively used for enteric coating due to their solubility at higher pH. Eudragit is used 

for controlled release formulation due to porosity and shell thickness [159]. This  copolymer is  

water soluble at high pH  due to presence of carboxylic acid [160].    

Varshosaz et al. [161], prepared Silybin nanoparticles using solvent evaporation method for 

the treatment of ulcerative. Eudragit RLPO was used for the preparation of Silybin 

nanoparticles. The resultant nanoparticles were coated with eudragit FS30D. Then these coated 

nanoparticles studied in various physiological environments for drug release. Colitis was 

induced in rates by giving 4% of acetic acid. Silybin freeze dried-nanoparticles 75mg/kg/day 

along with un-loaded nanoparticles, dexamethasone and normal saline were given orally for 

five days. Histopathological studies, macroscopic and biochemical analysis containing TNF-α, 
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level of Interleukin-6 (IL-6) in colon and myeloperoxidase activity were determined using 

ELISA method. Histopathological and macroscopic examination revealed that nanoparticles 

presented more improvement. Particle size of optimized nanoparticles was measured 109±6nm, 

drug loading 98.3% zeta potential of 15.4±1 mV and drug release of=41% for 24 h. Drug-

loaded nanoparticles significantly reduced TNF-α, MPO activity and IL-6 when compared to 

control group p < 0.05.     

Gupta et al. [162], prepared novel colonic drug delivery system using Polymethacrylates  

including eudragit RL and eudragit FS30D. The objective of this research study was to evaluate 

interaction between cationic and anionic polymers. DSC, FTIR and NMR were used to analyze 

potential ionic interaction. Glass temperature of eudragit FS30D and RL were measured 22°C 

and 60°C, respectively.  

Rudolph et al. [163], prepared 5-aminosalicylic acid (5-ASA) pellets coated with novel  pH-

sensitive poly(meth)acrylate derivative (EC). Eudragit FS 30D by using spheronization and 

granulation for the management of ulcerative colitis (UC). The main objective of this study 

was to develop multiple unit dosage consisting of 5-ASA. Dissolution studies were performed 

by using paddle dissolution apparatus in simulating condition of the gastrointestinal tract. Drug 

released from pellets rapidly at pH >7.5. And 6.8 - 7.2 drug release was found to be zero order, 

while no drug release was found at pH 6.5 and below.  Compared to pellets coated with the 

eudragit S and to currently marketed product for the treatment of UC, the multi-unit dosage 

form coated with the novel eudragit FS30D showed an in- vitro dissolution profile more 

suitable to the pH profile of the colon observed in UC patients.   

2.11.6. Kollicoat MAE 100P   

Kollicoat MAE100P is co-polymer of methacrylic acid ethyl acrylate in ratio of 1:1 as shown 

below in figure 2.18. It is a white dispersible powder with faint characteristic odor. It is used 

for controlled release formulations using multi- particulate systems including pellets and 

presenting various benefits over single dosage forms. It is also used as enteric polymer for the 

preparation of coated microparticles. Films prepared from this copolymer dissolves above pH 

5.5, forming salts, thus affording coatings that are insoluble in gastric media but soluble in the 

small intestine. This polymer is also pH dependent used in colon site specific drug delivery  
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Figure 2.18 Structure of Kollicoat MAE100P     

Ibrahim et al. [164],  prepared  particles of albendazole (ABZ) to enhance dissolution by using  

a combination of polyvinyl pyrrolidone and Kollicoat by  spray drying techniques. Various 

polymer to drug ratios were used to prepare ABZ microparticles. Spray dried particles were 

evaluated using various parameters including SEM, DSC, FTIR and dissolution study.  

Kranz and Gutsche [165] presented a new concept of adding of Kollicoat MAE100PP to EC 

film coatings in mixture with an organic coating process is able to achieve broad ranges of drug 

release patterns and to overcome storage instability. Major objective of this research was to 

develop a well-organized method to adjust drug release pattern from gastrointestinal insoluble 

polymer ethyl cellulose coated pellets. This work was also used to study extended term stability 

of coated pellets. Drug release studies was assessed at different ambient and stress condition 

for up to 24 months. Vatalanib succinate, demonstrated poor water solubility and pH-sensitive 

solubility. Drug release pattern was achieved from pure EC and by addition of enteric polymers 

Kollicoat MAE100P and Kollicoat MAE 30DP to EC. Result indicated that drug release 

kinetics during stability conditions remained unchanged due to addition of enteric polymers. 

Dashevsky et al. [166],  prepared pH-independent pellets containing drug with pH-sensitive 

solubility. Verapamil-HCl was used as model drug. The purpose of this work was to 

accomplish pH-independent drug release from developed pellets.  

2.11.7. Ethyl cellulose  

Ethyl cellulose (EC) is hydrophobic, odorless, non-toxic, colorless and pH-independent 

polymer. EC is physiologically inactive polymer has been widely used in preparing 

microparticles for sustained release formulation. It is considered as an ideal polymer for 

microspheres and it has been proved that EC can be used successfully for emulsion solvent 

evaporation method [167]. EC is  used as  effective carrier for multiparticulate controlled drug 

delivery [168]. Due to insolubility, non-swellable and porosity properties of EC play a 
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significant role in  drug release [169]. It maintains stability of therapeutic representatives 

against oxidation, hydrolysis and chemical interface and reports sustained effects. EC is 

derivative of cellulose in which a small number of -OH on  glucose units (anhydrous) are 

altered into - C2H5 groups, known  as non-ionic ethyl-ether of cellulose as shown below in 

Figure 2.19 [170]. This polymer is constantly remain stable against oxygen, light, heat, 

chemicals and humidity.  It possesses capability to impart flow properties to drug particles due 

to plastic nature. It has the capability to prevent fracturing of coating during compression.  

                                                           

Where R = H    

Figure 2.19     Structure of Ethyl Cellulose 

Tsunashima et al. [171],  prepared  tacrolimus extended release granules with lactose, EC and 

HPMC by using solvent evaporation technique to improve solubility of tacrolimus. In-vitro 

drug release had an extended release data and release behavior was controlled by quantities of 

EC, lactose and HPMC in formulation. HPMC containing extended release granules (ERG) 

enhanced successfully even after 24 hrs. in release study. In-vivo absorption was likened 

between extended and immediate release (IR) formulations. Sustained effect of drug was 

observed for extended release formulation. Result suggested the oral tacrolimus formulation 

containing EC and HPMC presented sustained absorption without decreasing bioavailability 

compared with IR formulation.     

Patil et al.  [172], developed solvent evaporation technique to prepare microcapsules of clove 

oil in EC shell crosslinked by epichlorohydrin. Microcapsules with smooth and spherical 

surface were produced. Stability of microcapsules was studied by using various concentration 

of oil loading. It was demonstrated by loss on drying and SEM images. Stability of clove oil 

loaded formulation was confirmed by SEM and percentage release. Three formulations with 

different loading of clove oil containing 1.5ml, 3ml, and 4.5ml were prepared. Studies revealed 

that formulation containing 3ml of core material loading for one gram of EC was appropriate 
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for controlled release microcapsules. This stable formulation was evaluated with variation of 

crosslinking agent epichlorohydrin (ECH). Drug release and kinetic studies of stable 

formulation was appropriate. Release studies of developed microcapsules was achieved by 

absorption spectra of UV and Loss on drying (LOD) method.   

Urban-Morlan et al. [173],  prepared nanoparticles (NPs) consisting of  EC  using solvent 

displacement method. Ethanol was used as solvent for the development of nanoparticles. 

Variable of formulation included stabilizer type and stirring speed was noted. Nanoparticles 

obtained with entrapment efficiency of 95% and size in range of 142.1-226.5µm and. Particles 

were found s stable at room temperature. Concentrated NPs dispersion obtained by using 

recirculation device. In this method hydrophilic anti-viral drug glycyrrhizinic acid was used as 

a model drug.  Results showed low entrapment efficiencies of developed NPs. Results indicated 

that NPs were formulated using simple and economical process that offers possibility to 

transport different pharmaceutical products and provide applications in food-processing and 

cosmetics production. 

Tyagi et al. [174],  prepared lornoxicam sustained release microspheres consisting of EC 

through solvent evaporation process. 

Venkatesan et al.  [175], established loxoprofen  microspheres of biocompatible polymer EC 

by s evaporation method and characterized with respect to size, drug loading and dissolution 

studies. Microspheres were free flowing with spherical shape and white in color. The 

entrapment efficiency was found 71.2%. The sustained effect of loxoprofen was observed in 

for a period of 8 hrs. 

Guard and Guard  [176] developed  metformin microspheres consisting of EC, HPMC, 

carbopol and chitosan (Ch.) for extended drug release. The resultant microspheres were 

characterized by numerous process variable. The results revealed; drug release was increased 

by increasing stirring speed. Result indicated among all established formulations, Ch. 

containing microspheres showed maximum extended release at GIT- pH for 15 hours that 

increases bioavailability and compliance.  

Chella et al. [177],  prepared  diclofenac sodium controlled  drug release formulation by water-

in-oil-oil (W/O/O) solvent evaporation technique by using span 80 as surfactant.  

Biocompatible and hydrophobic polymer EC was applied for encapsulation of drug. Solvents 

used were ethanol and dichloromethane (DCM). The formed microspheres were washed with 
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N-hexane for oil removal. Various formulation factors were applied such as drug to polymer 

ratio to increase entrapment efficiency and drug loading. Developed microspheres were free 

flowing and white in appearance. In-vitro release profile was performed in simulated intestinal 

fluid of pH 7.4. Drug release data of diclofenac sodium were analyzed by applying various 

kinetic models. Result indicated that drug release pattern followed higuchi model. 

 Wu et al.  [178],  developed sustained release microspheres of potassium-chloride by using 

water insoluble and time dependent polymer EC by drying in liquid process. In-vitro studies 

were done to evaluate the sustained effect of formulated microspheres. Drug release was 

compared with Slow-k, a commercial product. Result indicated that EC based microspheres 

showed satisfactory release and easily prepared. Formulated microspheres presented 

considerable size distribution and surface morphology due to incorporation of aluminum 

stearate. However, EC: potassium developed microspheres showed sustained effect similar to 

Slow-k.  

2.12. Antianginal drugs    

Angina occurs due to inadequate coronary perfusion that will lead to myocardial ischemia. 

Cardinal features of stable angina include complete reversibility of the symptoms and 

repetitiveness of the anginal attacks over time, typically months or year. The pathophysiology 

of unstable angina shown in Figure 2.20. Chest pain across the sternum for less than 30 minutes 

is typical symptoms of unstable angina. Chest pain usually occurs at night or during rest in 

patients with chronic stable angina. This is more common in females as compared to males 

[179-181]. Drugs which are used for the management of angina includes nitrates, β- blockers 

and calcium channel blockers. Nitrates includes isosorbide dinitrate, isosorbide mononitrate 

and nitroglycerine used as short acting and sustained release formulation. β- Blockers includes 

propranolol, metoprolol and atenolol. Calcium channel blockers includes nifedipine, 

verapamil, amlodipine and diltiazem. All these formulations available as short acting and 

sustained release dosage forms. 

2.13. Ivabradine-HCl (IBH) 

IBH is a new drug that used to decrease the heart-rate by  inhibition of If-channels at  sinoatrial 

node [182].  Chemically IBH is 3-[3-[[(7S)-3, 4-dimethoxy-7-bicyclo [4.2.0] octa-1, 3, 5-

trienyl] methyl-methylamino] propyl-7, 8-dimethoxy-2, 5-dihydro-1H-3-benzazepin-4-

onehydrochloride. It is used for treatment for stable angina patients in adults who are unable to 
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take β-blockers or given in concomitantly when β-blockers are ineffectually controlled with an 

optimal β-blockers dose and whose heart rate is more than 60 beats per minutes for treatment 

of congestive heart failure. IBH recommended by FDA for heart failure patients in order to 

prevent risk of hospitalization.  It is selective inhibitor of If at SA node that caused reduction 

in heart rate [183-187].    

 

Figure 2.20 Pathophysiology of Angina   

2.14.   Physical and chemical properties 

●Ivabradine is white to off-white crystalline powder 

● Very soluble in water and methanol, slightly soluble in ethanol, and in 0.1M HCL. 

Solution. Ivabradine solubility is not effected by changing pH. It was found to be soluble 

in phosphate buffer of pH 1.2, 6.0 and 7.4.  

●Its melting point is 190-193˚C  
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●Its pKa value is 8.6 

●Its Molecular formulae is C27H36N2O5.HCl 

●Its atomic weight is 468.594 g/mol 

●IBH belongs to BCS class I (Biopharmaceutical classification system)  

● Its solubility is 10mg/ml  

●Its half-life is 2hr.  

●IUPAC name of Ivabradine HCl is 3-[3-[[(7S)-3, 4-dimethoxy-7-bicyclo [4.2.0] octa-1, 3, 

5-trienyl] methyl-methylamino] propyl]-7, 8-dimethoxy-2, 5-dihydro-1H-3-benzazepin-4- 

‘one; hydrochloride.   

2.15.   Chemical structure of IBH  

 

Figure 2.21 structure of Ivabradine  

2.16.   Mode of action  

IBH selectively inhibit the If channels ("funny channels") to slow the rate of heart without 

effecting other ionic channels including calcium or potassium because these are responsible for 

spontaneous depolarization of sinoatrial node (SA). IBH binds by entering and assigning site 

on the channel pore from the intracellular side and interrupts If ion current flow. Ultimately 

prolongs diastolic depolarization, resulting slow heart rate [188]. Pacemaker’ current if is also 

present in other forms of cell where its ability to produce and modulate a depolarizing process. 

IBH decreases firing rate of pacemaker, subsequently dropping heart rate and decreasing 

myocardial oxygen demand. This permits for an enhanced oxygen supply and therefore 

alleviation of ischemia, allowing for a greater exercise capability and drop in angina incidents.  
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IBH was exposed to reduce resting heart rate without modifying any major electrophysiological 

parameters not related to heart rate. In patients with left ventricular dysfunction, IBH decreased 

heart rate without altering myocardial contractility. Thus, pure heart rate lowering can be 

achieved as a result of specific and selective If current inhibition [189]. Patient with angina 

(Stable), IBH have shown efficacy and safety comparable to other anti-anginal drugs like 

amlodipine [190].  IBH is a drug of choice in patents having diabetes with stable angina [191].   

2.17. Pharmacokinetic properties 

2.17.1. Absorption  

Complete absorption after oral administration and oral bioavailability is about 40% because of 

first pass metabolism. Peak plasma concentration achieved within I hour [192] . Administration 

with food decreases absorption but systemic absorption increases upto 30%. Plasma protein 

binding of Ivabradine is 70% and volume of distribution is about 100 liters [193].  

2.17.2. Metabolism   

IBH quickly bio-transformed into active metabolite by CYP3A4 in liver and gut wall within 2 

hours. IBH is converted into active metabolite N-desmethyl ivabradine. This major active 

metabolite again converted into parent compound (40%) by CYP3A4 [194].  

2.17.3. Excretion 

Renal clearance of IBH is about 70 ml/min. Execration of active metabolites occurs via feces 

and urine. Almost 4% of orally administered drug is excreted in un-changed form in the urine 

[195].        

2.17.4. Adverse reaction  

Ivabradine common adverse effects includes eyes related problems like blurred vision and 

sudden changes in brightness and light intensity. Others includes headache, palpitation, 

constipation, changes in heart rhythm, severe allergic reaction, chest pain or pressure and 

infectious episodes like bronchitis and influenza [196].       
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2.17.5. Contraindications   

IBH should be contraindicated to patient with blood pressure greater than 90/50 mmHg, acute 

heart failure, sick sinus syndrome, third-degree AV block sinoatrial block. It should be 

contraindicated to severe hepatic impaired patients. Ivabradine should not be used concurrently 

with drug that are potent inhibitors of CYP3A4 enzyme system because Ivabradine 

metabolized by this enzyme [197].  

2.17.6. Cautions  

Ivabradine causes increases the risk of atrial fibrillation so cardiac rhythm should be regulatory 

monitored and discontinue drug if atrial fibrillation develops. It may cause fetal intoxication 

when given to gestational mothers; it should be informed to woman who are childbearing to 

use effective contraceptive [198].  

2.18. Drug-Drug interactions 

IBH should be not given with following drugs due to interaction. Amiodarone, beta-blockers, 

digoxin and calcium-channels blockers including verapamil diltiazem because they increase 

the risk of slow or irregular heartbeat. Antifungal (Azole), Macrolides (Clarithromycin), 

nafazodone, and protease inhibitors (nelfinavir) because these drugs increases the risk factors 

of Ivabradine unwanted effects. Barbiturates (phenobarbital), rifampin and phenytoin, because 

these drugs decrease ivabradine effectiveness [199, 200]. Pharmacokinetic interaction of IBH 

with phenytoin was reported in healthy volunteers due to reduction in IBH bioavailability upto 

80%. Proton pump inhibitor have no significant interaction with single dose of IBH due to 

inhibition of CYP3A4 inhibition. 

2.19. Posology and method of administration 

Dose of Ivabradine should be given according to needs of patients. It should be given by oral 

route with meals. Usual dose of Ivabradine is 5mg and 7.5mg. Initial 5mg dose given orally 

two times a day with meals. After two weeks monitor patient status and adjust dose on the basis 

of resting heart rate. Dose should not exceed 7.5mg BID. Dose adjustment is given as: if heart 

rate is greater than 60 beats/minutes dose should be increased by 2.5 mg (given BID) up to 7.5 

mg BID. If heart rate is 50-60 beats/minutes, then give maintenance dose. If  heart-rate is less 

than 50 beats/minutes or signs and symptoms of bradycardia appear then  reduce the  dose by 
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2.5 mg (given BID) and if current dose is 2.5 mg twice a day then discontinue ivabradine [201, 

202].    

2.20. Thesis objectives 

Objective of thesis are as follows: 

1. To develop various types of controlled drug delivery carriers for model drug. 

2. To optimize formulations using various characterization techniques. 

3. To develop HPLC method for drug determination in plasma. 

4. To investigate drug release from polymeric microparticles using animal models. 

This thesis consists of eight chapters to describe above mentioned objectives. Chapter 3 present 

development of evaluation of microspheres prepared with EC and EL100-55. Chapter 4 

presents Ivabradine polymeric microspheres consisting of EC and eudragit FS30D. Chapter 5 

illustrate the formulation consisting of EC and Kollicoat MAE100P. Chapter 6 explained 

HPLC method validation for detection of drug. Chapter 7 presents in-vivo evaluation of 

optimized polymeric formulation to determine the various pharmacokinetics parameters in 

comparison with standard drug solution. Chapter 8 summarizes major findings of this research 

work and further recommendations for future prospective. 
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3. Development and evaluation of microspheres prepared with eudragit L100-55 

(methacrylic acid-ethyl acrylate copolymer) and ethyl cellulose for controlled drug 

release  

3.1. SUMMARY 

The objective of this study was the production and evaluation of Ivabradine HCl- loaded (IBH) 

microspheres consisting of eudragit L100-55 and EC prepared by Oil-in-oil (O/O) solvent 

evaporation method.  IBH was encapsulated into microspheres by in-situ method. Seven 

formulation (FA1 to FA7) were developed by this technique. The resultant microspheres were 

characterized by drug loading, zeta sizer, flow properties, FT-IR, SEM, XRD and release 

behavior. FTIR spectra reflected no interaction between drug-excipients. TGA showed that 

resultant microspheres present better thermal stability as compared to IBH. Results of SEM 

presented that formulation of microspheres were in spherical shape. The Maximum percentage 

entrapment efficiency and percentage yield were found 81 ± 2.15 and 88 ± 2.65 respectively.  

Maximum in-vitro drug release was 94.5% for the pH 7.4 demonstrated that all drug-loaded 

formulations had a pH-dependent drug release. Various Kinetic models were applied to analyze 

drug release profile. All formulations followed first order release.  Korsmeyer-peppas equation 

was used to determine value of n which follows non-Fickian diffusion. 

3.2. INTRODUCTION  

 Microencapsulation is a process for coating of smaller particles using polymers to produce 

microspheres is a rapidly developing technology for achieving controlled drug release. 

Microencapsulation technique, a well-known method used for designing pharmaceutical 

preparation for the purpose of delaying release of drug. Numerous techniques for 

microencapsulation used for controlled delivery have been reported from resent years [2]. 

Controlled release polymeric system has become most popular topic in pharmaceutics [5]. It is 

employed  to control release of drug in surrounding medium with  predictable rate owing to 

coating with polymeric material [7]. From most years polymeric system  have got a great 

attention due to  their ability to deliver  controlled release of drugs over an extended periods 

[8, 9]. Different biodegradable polymers have been investigated for the development of 

microspheres among which ethyl cellulose (EC) is hydrophobic, biocompatible and non-toxic 

polymer used for the sustained release preparation of pharmaceutical  products [167]. It was 

used active carrier for multiparticulate controlled delivery of various pharmaceutical products 
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[168]. Eudragit L100-55 (EL100-55) is pH sensitive an anionic copolymer based on methacrylic 

acid and ethyl acrylate. EL 100-55 was used for encapsulation of many drugs for oral 

administration at specific pH in GIT that allow drug release. The most frequently used pH 

dependent polymers are derivative of acrylic acid and cellulose. This polymers used in colonic 

specific delivery of drugs because of their insolubility at lower pH and high solubility at higher 

pH [30]. IBH is a novel agent that causes reduction in heart rate by decreasing pacemaker 

activity [203]. The therapeutic effect of drug is deceased due to shorter biological half -life (2h). 

For longer duration it has to be administered with high frequency leading to non-compliance 

and less therapeutic outcomes.  To get full benefit of IBH in angina pectoris along with the 

reduction of dose frequency, the current research study microencapsulation based formulation 

was developed with polymers EC and EL100-55 [157] as pH sensitive polymeric  based 

microspheres [204]. The aim of current research study was to develop and evaluate controlled 

release formulation of copolymer EL100-55 and EC microspheres to improve patient’s 

compliance. The microspheres were prepared with different composition of EL100-55 and EC 

loaded with IBH as model drug by using O/O solvent evaporation [67]. This O/O emulsion 

method also known as non-aqueous emulsion method.  The resultant microspheres were 

characterized using different techniques involving FTIR, SEM, X-RD, DSC, TGA and in-vitro 

drug release.  

3.3. MATERIALS AND METHOD  

3.3.1. Materials   

IBH was received as a gift sample from CCL Pharmaceuticals, Lahore. The percentage purity 

of IBH was 99.97%. Ethyl cellulose (viscosity 300cP, 5% in toluene/ethanol 80:20, 48% 

ethoxyl), Span 80, EL100-55, light liquid paraffin, n-hexane were purchased from Sigma 

Aldrich (Evonik Krefeld, Germany). Ethanol, dichloromethane and acetone were purchased 

from BDH, Pakistan. Sodium hydroxide (NaOH), Potassium dihydrogen phosphate (KH2PO4) 

were sourced from Merck, Darmstadt, Germany.  Hydrochloric acid was purchased from BDH, 

Pakistan. Potassium bromide (KBr) of FTIR grade (Fischer Scientific, Leicestershire, UK). All 

chemicals and solvents used were of analytical grades. 

3.3.2. Preparation of Ivabradine-HCl loaded microspheres 

IBH loaded EL100-55 and EC microspheres were developed by O/O solvent evaporation 

method. EL100-55 and EC separately dissolved in ethanol and dichloromethane (DCM) with 
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various ratio to get final concentration of polymers (5%) simultaneously at 300 rpm with a 

magnetic stirrer. Stirring was kept continuously till clear solution was gained. Then both 

solutions of polymers were mixed to get homogeneous solution. Drug(100mg) was dissolved 

in ethanol separately at 300 rpm at 25°C. When clear solution of drug was achieved, it was 

added dropwise into polymeric solution while stirring was kept at 300 rpm. Then drug and 

polymer solution was stirred to obtain a homogenous solution. External phase was prepared by 

dissolving 1% span 80 in liquid paraffin at a stirring speed of 500 rpm. Homogenous solution 

of drug and polymers was added drop-wise by using syringe into liquid paraffin comprising 

1% span 80 at 40°, whereas stirring was continued at 800 rpm. 

The mixture was stirred for 3 hours till organic solvents were fully evaporated. When organic 

solvents like ethanol and DCM were evaporated microspheres were collected on a whatman 

filter paper. Then developed microparticles were washed 3 times using n-hexane in order to 

remove excess of solvents adhering to the surface of microspheres. The washed microspheres 

were dried in oven at 45°C for 24 hrs. The formulation plan of microspheres is shown in Table 

3.1.     

Table 3.1 Formulations prepared by varying the ratios of Eudragit L100-55 and EC 

Formulation 
Polymer 

EC:EL100-55   

E L100-

55 (mg) 
EC (mg) 

Drug 

(mg) 

Span 80 

% 

DCM:Ethanol 

Ratio 

FA1 

FA2 

FA3 

FA4 

FA5 

FA6 

FA7 

00:100 

10:90 

20:80 

25:75 

30:70 

40:60 

50:50 

    500 

450 

400 

375 

350 

300 

250 

00 

50 

100 

125 

150 

200 

250 

100 

100 

100 

100 

100 

100 

100 

1 

1 

1 

1 

1 

1 

1 

1:1 

1:1 

1:1 

1:1 

1:1 

1:1 

1:1 
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3.4. CHARACTERIZATION OF MICROSPHERES   

3.4.1. Determination of percentage yield    

Percentage yield was measured after drying of microspheres  by using formula  [205]: 

  𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑(%) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 (𝑚𝑔) 

𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑎𝑛𝑑 𝑝𝑜𝑙𝑦𝑚𝑒𝑟(𝑚𝑔)
× 100           (1)                               

3.4.2. Drug loading and entrapment efficiency  

Drug loading was determined by dissolving 50mg of microspheres in 100 ml of phosphate 

buffer pH 7.4 for 12hours at 37°C. After filtration using 0.45µm syringe filter and analysis of 

solution was carried out at 302 nm using UV-VIS spectrophotometer (PerkinElmer NY, USA). 

Following formula was used to determine drug loading  [49]: 

Drug loading (%) =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑚𝑖𝑐𝑟𝑜𝑠𝑝𝑒ℎ𝑒𝑟𝑒𝑠

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 
× 100                           (2)                                                                                                   

Entrapment efficiency was measured by following equation 

% 𝐸𝑛𝑡𝑟𝑎𝑝𝑚𝑒𝑛𝑡 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠  𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑡𝑜 100𝑚𝑔 𝐼𝐵𝐻

𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 100𝑚𝑔 𝐼𝐵𝐻
× 100     (3)     

3.4.3. Optical microscopy 

Prepared microspheres were examined via optical microscope for appearance and size. For this 

purpose, microspheres suspension was synthesized by adding small amount of polymeric 

microspheres in distilled water. A slide of microspheres suspension was developed by putting 

few drops and observed on optical microscope.  

3.4.4. Micromeritics properties of microspheres   

The flow properties of prepared microspheres were measured by using various factors like 

angle of repose, bulk density, tapped density, compressibility index and Hausner’s, ratio. These 

were measured by using following equations [95]. 

3.4.4.1. Angle of repose  

It was determined  via passing microspheres through  funnel by measuring height of heap and 

radius of base [206]. Weighed microparticles were passed through a funnel on a plane 
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horizontal surface, it formed heap on the surface. Angle of repose was calculated by following 

equation: 

                                         𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑝𝑜𝑠𝑒   𝑡𝑎𝑛𝜃 = 2ℎ/𝐷                                                 (4)                                                                                           

3.4.4.2. Bulk density   

Bulk density expressed as ratio weight per volume of powder material. Bulk density was 

measured taking weighed amount of powder. Volume of powder was observed in measuring 

cylinder after passing through sieve N.20. Bulk density was determined by using following   

formula:                                                                                      

                                   𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠
                                             (5)                                                                       

3.4.4.3. Tapped density  

It was determined by using conventional tapping method. A 10 ml measuring cylinder was 

used for tapping.  weighed microspheres was laced in measuring cylinder and tapped it 

mechanically for about 100 times. Volume obtained after tapping was measured. Tapped 

density (g/ml) was  determined by  [207]: 

                             𝑇𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠

𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 𝑎𝑓𝑡𝑒𝑟 100 𝑡𝑎𝑝𝑝𝑖𝑛𝑔𝑠
                    (6)                                

3.4.4.4. Compressibility index (Carr, s index)   

 Compressibility index (Ci) is a measure of density (bulk), the surface area, size and 

cohesiveness of microparticles. Ci was calculated as 100 times the difference between tapped 

density and bulk density divided by initial volume. Ci is expressed in %and determined using 

following equation:     

                                       𝐶𝑖 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒−𝐹𝑖𝑛𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
× 100                                               (7)                                             

Value of Ci <15% describes good flow properties while values of Ci >25% illustrates poor 

flow.    
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3.4.4.5. Hausner’s ratio   

It is tool used to determined flowability of microspheres. Hausner’s ratio was measured by 

following equation:  

                                                  𝐻𝑎𝑢𝑠𝑛𝑒𝑟′𝑠 𝑟𝑎𝑡𝑖𝑜 =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑎𝑝𝑝𝑖𝑛𝑔

𝑉𝑜𝑙𝑢𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 𝑡𝑎𝑝𝑝𝑖𝑛𝑔
                          (8)                                                                      

A value of 1.2 represents free flow properties while a ratio near to 1 indicate good flow 

properties relatively.     

3.4.5. Particle size and morphology of microspheres   

The mean particle size of microspheres was measured by optical microscope (Nikon, eclipse 

E200) using pre-calibrated ocular micrometer and stage micrometer. About 100 particles of 

each formulation were observed [49]. The suspension of microspheres was spread on a glass 

slide and observed visually. SEM images were studied by scanning electron microscopy (model 

SEM-JEOLJSM6360A, Japan) was selected to determine the surface and morphology of 

loaded and un-loaded microspheres at different magnifications. Microspheres were fixed on 

support with carbon-glue. The SPI-Module line of modular sputter coaters and carbon coaters 

were used for gold coating for SEM applications. Internal morphology of microspheres was 

studied by inserting microspheres in acrylate adhesive. Slabs were cut after drying with the 

help of blade and fragments obtained were put on SEM tubes.   

3.4.6. Fourier transform infrared spectroscopy (FTIR) 

FTIR spectra were taken to investigate any possible interaction between drug and polymers. 

IBH, EC, eudragit L100-55, unloaded and loaded microspheres were subjected to FTIR studies 

using Shimadzu FTIR spectrophotometer. Samples were prepared by using potassium bromide 

(KBr) disks and  were scanned at wavelength 4000 and 500 Cm-1 [208]. KBr disks were 

prepared by small amount of powder mixed with 100 times its weight with KBr using ball mill. 

This grounded mixture was then pressed by minipress to form pellet or pressed in evacuable 

die using very high pressure 25000 pound per square inch. This pellet is transparent for FTIR 

determination.   
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3.4.7. Thermal analysis  

The nature of drug present in formulations was assessed by performing differential DSC and 

TGA of experimental drug, EC, EL100-55, un-loaded and IBH- loaded microspheres. Thermal 

analysis was performed simultaneously with STD Q600 DSC/TGA Analyzer, USA. A sample 

of crushed microspheres (4-5 mg) was employed in aluminum pans. It was sealed before 

performing test.  Each samples were analyzed under stream of nitrogen gas of 100 ml/min and 

heated from 40 to 350°C at the rate of 10°C/min [209]. Indium was used for the calibration of 

equipment.    

3.4.8. X-ray diffractometry (X-RD) 

Crystallinity of IBH, unloaded and loaded microspheres was evaluated by using X-ray 

diffractometer (D/max-2500pc, Rigaku Co, Japan) using Ni-filtered (CuK alpha) radiation 

source. Tube voltage was set at  40kv, tube current of 35 mA and scanning rate 5◦ min-1, over 

a range of 8◦-80◦ of diffraction angle range [98].   

3.4.9. Particle size analyzer  

Particle sizes and distribution of all developed formulation of microspheres were analyzed 

using Malvern, Zetasizer Nano-series.    

3.4.10. Swelling studies    

 Un-loaded microspheres prepared O/O solvent evaporation method was immersed in a buffer 

solution to perform swelling studies. Microspheres were allowed to swell for 24 hours at 37oC 

in different phosphate buffer (PB) solution with different pH 1.2, 5.5 and 7.4. Equilibrium 

water uptake study was performed in triplicates. Blotting filter paper was used to remove extra 

solvents form surface of microspheres. Swelled microspheres were weighed. The swelling ratio 

was calculated at specified time by using following equation: 

                                                 𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 =
𝑊𝑠−𝑊𝑑

𝑊𝑑
                                                     (9) 

Where Ws is mass of swollen microspheres 

Wd is weight dry microspheres   
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3.4.11. In-vitro drug release of microspheres   

The in-vitro release of drug was performed using paddle apparatus at speed of 100rpm at 37 ± 

0.5°C. Precisely weighed microspheres (50 mg) were taken in cellulose dialysis membrane and 

tied it to paddles. PB solution of pH 1.2, 6.0 and 7.5 were used for IBH release. Samples were 

collected at fixed intervals i.e. 0.5, 1, 2, 3, 4, 6, 7, 8, 10 and 12 hours from dissolution medium. 

5 ml samples were collected for analysis for measuring the absorption of IBH at 287 nm using 

UV-VIS spectrophotometer. Sink condition was retained by adding equal volume of fresh PB. 

Measurement of each samples was carried out triplicate (n=3) [210]. Drug concentrations were 

measured by standard calibration curve.      

3.4.12 Drug release kinetics models    

The in-vitro drug release data obtained is evaluated by different kinetics models. Application 

of these models was to determine the mechanism and pattern of drug release.   

Zero order kinetics                                        Ft = Kot                                                           (10)             

Where, Ft is drug release fraction in time t, Ko is rate constant zero order release. For zero order 

in-vitro drug release was plotted as cumulative amount of IBH released versus time.   

First order Kinetics                                        In (1-F) = -K1t                                                (11)        

Where F is fraction of drug release in time t and K1 is rate constant for first order. In first order 

kinetics log cumulative percentage of IBH was plotted versus time. 

Higuchi Model                                               F = K2t
1/2)                                                                                    (12) 

Where, K2 is Higuchi’s constant and F is fraction of drug release at time t. Here, graph was 

plotted between cumulative (%) of IBH released against square root of time. 

Korsmeyer- Peppas model                           Mt/M =K3t
n                                                      (13)    

Where K3 is Peppas constant, Mt is quantity of drug released in time t, M indicates amount of 

drug release at time infinity, n is diffusion constant. To evaluate the mechanism of IBH release 

from microspheres graph was drawn between log cumulative (%) of IBH released versus log 

time.  In microspheres, if values of n  < 0.43 it shows Fickian and if n values lies between 0.43 

- 0.85 it presents non-Fickian release mechanism [211].   
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3.4.13. Preparation of standard curve  

IBH (100 mg) was dissolved in 100 ml PB of pH 7.4. 5 milliliters of this prepared solution was 

transferred to volumetric flask and made up the volume upto 100 ml. This solution was marked 

as stock solution having concentration 50 µg/ml.  This solution was further diluted to make 

serial dilutions of concentration 25µg/ml, 12.5 µg/ml, 6.2µg/ml, 3.12µg/ml and 1.56µg/ml. The 

absorption of each dilution was taken at 287nm that was predetermined by UV-VIS 

spectrophotometer (Perkin Elmer). Standard curve in phosphate buffer of pH 7.4 was obtained 

when absorbance verses concentration was drawn as shown in Figure 3.1.  

                                         

Figure 3.1 Standard curve of IBH at pH 7.4     

For standard curve preparation at pH 5.5, 10 mg IBH was dissolved completely in 100 ml of 

phosphate buffer. The solution obtained has concentration of 100µg/ml. 50 ml of this stock 

solution was taken in volumetric flask and made up the volume upto 100 ml. This solution 

marked as stock solution with concentration of 50µg/ml. Further dilution preparation and 

procedure mentioned above. Standard curve obtained shown in Figure 3.2  
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Figure 3.2 Standard curve of IBH at pH 5.5 

For the preparation of standard curve at pH 1.2, 100 ml of phosphate buffer of pH1.2 was taken. 

Stock solution and dilutions were made as mentioned above. Standard curve obtained is given 

below in figure 4.3 at pH 1.2.   

                                         

Figure 3.3 Standard curve of IBH at pH 1.2        

3.5. RESULTS AND DISCUSSION 

In the present study, IBH-loaded microspheres were prepared by using O/O solvent evaporation 

technique.  This procedure was selected due to solubility of both drug and polymers in organic 

solvents like DCM and ethanol. EC was dissolved in DCM and EL100-55 and IBH were 

dissolved in ethanol. Both solutions were mixed to make homogenous solution and then added 

into the 1% Span80 solution (external phase). Stirring was kept 800 rpm for 3 hrs. at 40oC. 

Microspheres were collected as solvents completely evaporated. Microspheres were washed 
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three times with n-hexane to remove oil. After washing microspheres were kept overnight at 

room temperature in oven for drying [22].    

 3.5.1.   Recovery of microspheres   

Recovery of the microspheres decreased with increasing concentration of EC as a result of 

viscous formation of emulsion. This led to the formation of aggregates of microspheres. 

Maximum percentage yield was calculated upto 88 ± 2.65. With decline of stirring speed 

microspheres obtained was larger in size and became aggregated due to higher viscosity. 

Percentage yield for different formulations with various composition of polymers are shown in 

Table 3.2.   

3.5.2.   % Drug loading and encapsulation efficiency  

The percentage drug loading and encapsulation efficiency was explored from all formulations 

with various concentration of EL100-55/ EC ratio. With increase in concentration of EC 

viscosity of emulsion was increased which suggested possible mechanism of decreasing 

encapsulation efficiency. The maximum entrapment efficiency of optimized formulation was 

75 ± 2.15 and yield was 82 ± 2.65 shown in Table 3.2. Results revealed that with increase in 

polymer (EC) concentration entrapment efficiency and drug loading were decreased. The high 

concentration increases viscosity of the solution and delays the drug diffusion within the 

polymer droplets [64] .    

Table 3.2    % yield, entrapment efficiency and drug loading of microspheres    

Formulation % Entrapment 

Efficiency 

Percentage 

yield      (%) 

Drug loading 

(%) 

Average particle 

size (µm) 

FA1 63 ± 1.32 67 ± 2.23 14 ± 1.11 10.32 ± 1.499  

FA2 69 ± 1.55 69 ± 1.15 17 ± 1.32 20.32 ± 1.225 

FA3 71 ± 2.54 71 ± 2.11 16 ± 2.32 34.21 ± 1.012 

FA4 73 ± 2.11 70 ± 1.33 15 ± 1.52 28.67 ± 1.021 

FA5 72 ± 1.71 75 ± 2.56 13 ± 1.62 31.23 ± 1.112 

FA6 70 ± 1.83 72 ± 3.18 16 ± 1.37 26.23 ± 1.025 

FA7 75 ± 2.15 82 ± 2.65 12 ± 1.24 31.01± 2.006 
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3.5.3. Particle size and morphology of microspheres    

Images of resultant microspheres of all formulations was observed by optical microscopy.  It 

was cleared from results that all the images for microsphere preparations were in spherical with 

better size distribution. Optical images further determined that by increasing concentration of 

EC morphology and size of microspheres were distorted. Irregular and aggregated 

microspheres were obtained with high concentration of EC. The mean particles size was 

increase due to increase in concentration of   EC.  With increase in Viscosity of primary 

emulsion large emulsion droplets were formed and it was difficult to break and  hence , they 

precipitated  larger particle size [212].       

 

Figure 3.4 Optical microscopy images of (A) FA1 EL100-55/EC (100/00), (B) FA7 EL100-

55/EC (250/250)  

SEM images of un-loaded and loaded microparticles were spherical in shape with even surface 

as shown in Figure 3.5. Microspheres prepared with EL 100-55 were spherical with smooth 

surfaces while in combination with high concentration of   EC irregular with smooth surface 

confirmed by SEM. Stirring speed has marked effect on morphology of microspheres. 

Microspheres synthesized at stirring speed of 600 and 900 rpm are presented in the Figure 3.5 

A. Microspheres with spherical and smooth outer surfaces with large size were obtained when 

the stirring speed was kept below 700 rpm. While at stirring speed 900 rpm irregular with 

uneven surfaces microspheres were obtained. Therefore, 800 rpm speed was selected for the 

development of microspheres. 

The mean particle sizes of various formulations presented in Table 3.2. Particle size of 

microspheres increases gradually as the concentration of EC increased and coating layer around 

IBH became more and more thick.  
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Figure 3.5 SEM images illustrating effect of stirring speed (A) 900 rpm) B) 700rpm C) IBH-

loaded microspheres D) Broken microspheres      

The effect of increase in concentration of polymer (EC), showed increase in average particle 

size. Stirring speed was kept constant so it has no effect on particle size distribution. Particles 

size analysis shown in Figure 3.6.     

 

Figure 3.6 Particle size analysis of FA7 Eudragit L100-55-EC (50:50) IBH-microspheres of 

optimized formulation     
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Motlekar et al. [213], reported that formed microspheres shown increase in size of 

microparticles  due to increase in concentration of polymers. The objective was to prepare oral 

delivery of heparin (low molecular weight) by using eudragit polymers. The technique used 

was spray drying. Results indicated that increase polymer concentration influence interaction 

between internal and external phase that effect the size distribution.  The internal morphology 

confirmed presence of cavity in in blank microspheres of eudragit L100-55/ EC and entrapment 

of IBH in drug loaded microcapsules in these cavity as shown in Figure 3.5D.  

Mo et al. [214], reported   that developed microspheres by solvent evaporation method revealed 

presence of cavity and particle size distribution by using SEM and optical microscopy. Qiu et 

al.  [215], reported presence of cavity in which drug molecules were entrapped. Microcapsules 

were prepared by solvent emulsion cross-linking method consisting of chitosan-carboxymethyl 

cellulose.   

3.5.4. Micromeritics properties of microspheres  

Micromeritics included angle of repose, bulk density, tapped density, Carr’s index (Ci), and 

Hausner’s ratio (Hr) of all 7 formulations were calculated as shown in Table 3.3. Values of 

angle of repose equal to or less than 25 generally indicates free flowing material [216]. Tapped 

and bulk density from all formulations were calculated for the determination of Ci and Hr.  The 

Ci values lies within range of 11-21 presented an excellent flow properties of microspheres. Hr 

values was lower than 1.25 demonstrating good flow of developed formulations. Angle of 

repose values of all formulations was less 300 also representing good flow properties. These 

properties showed that IBH-loaded microspheres are important for dose uniformity. Jain et al. 

[217], developed  that microspheres consisting of eudragit S by using solvent evaporation 

method  presented excellent flow properties in terms of angle of repose, bulk density and Ci.  
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Table 3.3 Rheological properties of microspheres  

Formulation       

codes 

Angle of 

repose 

Hausner’s 

ratio 

Compressibility 

index  

Tapped 

density  

Bulk density  

FA1 18.35 ± 1.35 1.11 ± 0.09 7 ± 1.32 0.41 ± 0.01 0.26 ± 0.01 

FA2 20.42 ± 1.82 1.15 ± 0.21 10 ± 2.11 0.42 ± 2.01 0.25 ± 0.01 

FA3 23.70 ± 3.25 1.17 ± 0.04 11 ± 1.52 0.45 ± 0.01 0.29 ± 0.02 

FA4 24.55 ± 2.45 1.19 ± 0.49 12 ± 2.32 0.47 ± 0.11 0.32 ± 0.01 

FA5 26.27 ± 1.33 1.20 ± 0.18 14 ± 8.28 0.49 ± 0.02 0.41 ± 0.01 

FA6 27.66 ± 4.21 1.24 ± 0.40 16 ± 4.62 0.53 ± 0.01 0.47 ± 0.02 

FA7 28.27 ± 1.33 1.21 ± 0.03 21 ± 1.42 0.57 ± 0.01 0.51 ± 0.01    

  

3.5.5. FTIR 

Figure 3.7 depicts the FTIR spectra of IBH, EC, EL100-55, un-loaded and IBH-loaded 

microspheres. IR spectra of IBH presented characteristics peaks such as C=C stretching bands 

at 1103 cm-1, C-C stretching bands at 1456 cm-1 and aliphatic C-N present stretching bands at 

2451 cm-1 [218]. EC showed peaks at 2833 cm-1  due to stretching vibration of – OH group at 

carbon numbers 2, 3 and 6 [81]. The spectra of EL100-55 displayed several characteristic bands 

at 1701 cm−1 (CO carboxylic acid groups vibrations), 1736 cm−1 (esterified carboxyl groups 

vibrations), 1157 cm-1, 1184 cm-1  and 1261 cm-1  (ester  vibrations), 1387 cm-1, 1479 cm-1  and 

2979 cm-1  (CHX vibrations) and 3234 cm-1 (OH groups vibrations) [150]. The FTIR spectra 

of IBH-loaded microspheres indicated compatibility between IBH-EC-EL100-55. Therefore, 

the drug was chemically steady in microspheres.    
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Figure 3.7   FTIR spectra of (A) IBH (B) EC (C) Eudragit L100-55 (D) Un-loaded 

microspheres (E) Loaded microspheres  

3.5.6. DSC     

DSC was conducted to explore the melting characteristics of drug and polymers. DSC showed 

endothermic peak near 193◦C which is the indication of melting point of IBH while drug loaded 

microspheres showed no such peaks. Similarly, endothermic peaks of EC were detected at 

132◦C and L100-55 showed peaks at 97◦C of glass transition temperature. Results revealed that 

in polymeric matrix drug particles were uniformly distributes as shown in Figure 3.8.     
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3.5.7. Thermal gravimetric analysis  

TGA was conducted to supply additional characterization to thermal data. The measurements 

were employed to determine thermal stabilities of IBH and microparticles. Thermal and 

physiochemical characteristics of drug and polymeric microspheres were investigated by TGA. 

There were no detectible endothermic peaks of drug observed in drug loaded microspheres.  

The TGA curves showed degradation temperature within 40-350◦C for IBH-loaded 

microparticles. 40% weight loss was observed around 350◦C which indicated better thermal 

stability as compared to pure drug as shown in Figure 3.9.  

3.5.8. X-RD  

X-RD analysis was used to investigate drug crystallinity in formulated polymeric 

microspheres. IBH presented intense characteristics peaks at 2θ of 11◦, 15◦, 22◦ and 26◦. These 

intense peaks were due to crystal nature of IBH but these peeks were absent in un-loaded and 

loaded microspheres. X-RD patterns of pure drug (A) IBH (B) EC (C) EL 100-55 (D) un-

loaded microspheres (E) IBH-loaded microspheres are shown in Figure 3.10 that clearly 

designates that drug particles are distributed in the polymeric matrix [219].        
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Figure 3.8 DSC thermogram of (A) IBH (B) EC (C) Eudragit L100-55 (D) Un-loaded 

microspheres (E) Loaded microspheres     
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Figure 3.9 TGA of (A) IBH (B) EC (C) Eudragit L100-55 (D) Un-loaded microspheres   (E) 

Loaded microspheres   
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Figure 3.10 X-ray diffraction patterns of (A) IBH (B) EC (C) Eudragit L100-55 (D) Un-

loaded microspheres (E) Loaded microspheres     
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3.5.9. Equilibrium swelling studies of microspheres   

Swelling studies of microspheres against external stimuli like pH is a measure of their 

usefulness as biomaterials. The effects the diffusion of drug from the polymeric matrix [220].  

Swelling studies of a series of samples 100:00, 90:10, 80:20, 75:25, 70:30, 60:40 and 50:50 of 

EL 100-55 and EC were measured at 37◦C in different pH 7.4, 5.5, 1.2. In current study, 

swelling studies of un-loaded microspheres were performed to swell in pH 1.2. After attainting 

complete equilibrium polymeric samples were shifted to PB solution of pH 5.5 and 7.4. EL 

100-55 have greater water uptake ability due its solubility at pH above 5.5 while the EC is a 

powerfully hydrophobic polymer. All formulations were analyzed it was exposed that water 

uptake of microspheres was decreased when amount of EC was increased. Results of swelling 

studies of all formulation was shown in Table 3.4 indicating the maximum swelling was 

accomplished at pH 7.4. 

Table 3.4 Swelling studies of microspheres at different pH  

Formulation pH 1.2 pH 5.5 pH 7.4 

FA1 0.42 ± 0.001 2.54 ± 0.01 3.99 ± 0.0001 

FA2 0.44 ± 0.001 2.78 ± 0.01 4.06 ± 0.0001 

FA3 0.50 ± 0.001 2.83 ± 0.01 4.16 ± 0.0004 

FA4 0.53 ± 0.001 2.87 ± 0.01 4.28 ± 0.0001 

FA5 0.56 ± 0.001 2.90 ± 0.01 4.56 ± 0.0006 

FA6 0.55 ± 0.01 2.91 ± 0.01 4.78 ± 0.0001 

FA7 0.58 ± 0.01 2.94 ± 0.01 4.91 ± 0.0001 

  

3.5.10. In-vitro release study 

The in-vitro release was carried out in different buffer solution of pH 1.2, 5.5 and 7.4.  

Dissolution studies of resultant microparticles depends upon polymeric nature, chemical 

structure and release pattern. % Cumulative release of drug from all formulations (100:00, 
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90:10, 80:20, 70:30, 70:25, 60:40, 50:50) at different pH 1.2 shown in figure 3.11, at pH 5.5 in 

figure 3.12 and pH 7.4 is shown in Fig 3.13 respectively. Figure 3.13 revealed that the % 

cumulative release in pH 7.4 was higher than other pH 5.5 and 1.2. The in vitro drug release 

study indicated that the combination of polymers and their changed ratio changed the release 

rate of drug from microspheres. Drug release of formulation FA1 containing EL100-55 were 

very slow at pH 1.2 because EL100-55 is insoluble in an acid environment, it should prevent 

dissolution of IBH. At pH 5.5 FIA showed sustained release rate because EL 100-55 is soluble 

at pH 5.5 and dissolution process takes relatively longer because it involves the process of 

absorption, swelling and disentanglement before drug release. FAI showed fastest release at 

pH 7.4 due to EL100-55 solubility at pH greater than 5.5 [221]. Formulation FA7 showed 

maximum sustained release at pH 7.4 containing equal amount of EL100-55 and EC. 

At high concentration of EC, the microspheres become less or impermeable to water and 

provide a slow release   as observed in FA7 formulation at pH 7.4. FA1 formulation comprising 

highest amount of EL100-55 release almost 80.1 % of IBH within 6 hours.  A rapid release of 

drug was observed from formulation containing higher concentration of EL100-55. The 

proposed mechanism was its high solubility at pH 7.4. The other six formulations FA2- FA7 

released drug in a sustained release pattern up to 12 hours and cumulative release % of IBH 

was 90.1%, 91.1%, 91.5%, 92.34%, 93.5% and 94.5% respectively. Increase in polymer 

solution viscosity has produced microspheres with decreased porosity due to thickening of 

polymer wall. It is clearly known that higher concentration of EC results in a longer diffusional 

path length, so drug release was extended. The thick polymeric barrier slowed the entry of 

surrounding dissolution medium in to the microspheres and hence less quantity of drug release 

out from the polymer matrices of the microspheres exhibiting sustained release [177, 222]. As 

the concentration of EC increased, the drug release rate decreased [223, 224].  It indicates that 

drug release mechanism gradually transfer from diffusion to erosion at dissolution medium of 

pH 7.4. At pH 1.2 cumulative release % of formulation FA1 was 22.3% while samples FA2, 

FA3, FA4, FA5, FA6 and FA7 23.1%, 24.8%, 25.1%, 25.7%, 26.2 and 26.7% released drug 

respectively. Figure 3.12 showed cumulative release % at pH 5.5 of all formulation, FA1, FA2, 

FA3, FA4, FA5, FA6 and FA7 were, 75.2%, 74.1 %,72.1%, 71.1%, 72.1%, 73.1 and 76.1% 

respectively. Results of drug release showed maximum drug release at pH 7.4 as compared to 

pH 1.2 and 5.5. IBH was found to be soluble in pH 1.2, 5.5 and 7.4 phosphate buffer, no 

significant effect of pH on solubility was observed [225]. Dissolution studies was repeated 

three times (n=3).   
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Patel et al. [226], developed microspheres of metformin-HCl for controlled drug release to 

increase bioavailability and patient compliance. These floating microspheres were prepared 

consisting of EC by emulsification solvent evaporation method. 

Ichikawa and Fukumori [227]  prepared  novel heat sensitive controlled-release microspheres 

with membrane of Nano-sized poly(N-isopropyl acrylamide) gel dispersed in EC matrix.  

3.5.11. Drug release kinetics   

Numerous kinetic models were used to analyze in-vitro release of drug as shown in Table 3.5. 

Applying zero order model value of R2 was found to be 0.7381-0.9693, and for first order 

model R2 was 0.9238-0.9963 and for Higuchi model the value of R2 was 0.9200-0.9983. The 

values of R2 indicated that drug release follow first order kinetic model. The result proposed 

that formulation followed first order release. By applying Korsmeyer model the value of (n) 

for release of drug was calculated. The value of (n) was found to be between 0.408- 0.585 

which indicates that diffusion mechanism was non-fickian [83, 222, 228]. Drug release from 

above formulation was likely controlled by a combination of diffusion and erosion mechanisms 

[229].   

3.6. CONCLUSION  

In this study, IBH-loaded microspheres were synthesized successfully by using EL 100-55 and 

EC by O/O solvent evaporation method. Release data showed that IBH was much higher at pH 

7.4 when compared to lower pH. Result indicated that microspheres released drug up to 12th 

hrs. in phosphate buffer solution (pH 7.4)   and almost above 90 % drug was released from all 

formulations. Formulation FA7 which had the EL 100-55/EC (50:50) was found to be best 

sustained release behavior at pH 7.4 due to increase concentration of EC. So, we concluded 

that developed pH sensitive IBH loaded-microspheres have an appropriate application for 

controlled drug delivery systems may be given to improve patient compliance by reducing 

dosing frequencies.    
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Table 3.5      Release kinetic of all formulations at pH 7.4, 5.5 and 1.2      

Formulation 

Code 

pH Zero Order First Order Higuchi Model 

       FA1 R2 K0 K1 R2 KH R2 

1.2 0.9076 2.411 0.028 0.9238 7.168 0.9648 

5.5 0.7896 7.469 0.132 0.9753 21.614 0.9959 

7.4 0.9339 9.969 0.264 0.9974 29.414 0.9819 

FA2 1.2 0.9018 2.568 0.030 0.9200 7.670 0.9610 

5.5 0.7381 7.480 0.134 0.9894 21.744 0.9953 

7.4 0.9126 9.820 0.273 0.9983 29.244 0.9701 

 

FA3 

 

1.2 0.9375 2.708 0.030 0.9368 8.046 0.9825 

5.5 0.9606 7.335 0.130 0.9829 21.395 0.9941 

7.4 0.9350 9.881 0.279 0.9983 29.395 0.9828 

 

FA4 

1.2 0.9306 2.699 0.032 0.9465 8.045 0.9770 

5.5 0.9559 7.322 0.136 0.9825 21.417 0.9939 

7.4 0.9190 9.769 0.287 0.9976 29.244 0.9741 

 

FA5 

1.2 0.9324 2.743 0.032 0.9478 8.170 0.9768 

5.5 0.9606 7.480 0.127 0.9830 21.926 0.9919 

7.4 0.9173 10.071 0.287 0.9976 29.963 0.9727 

 

       FA6 

1.2 0.9472 2.747 0.033 0.9394 8.150 0.986 

5.5 0.9632 7.498 0.137 0.9840 29.969 0.9947 

7.4 0.9446 10.077 0.283 0.9968 29.969 0.9870 

 

       FA7 

1.2 0.9170 2.879 0.035 0.9354 8.584 0.9718 

5.5 0.9693 7.700 0.137 0.9819 22.551 0.9943 

7.4 0.9472 10.439 0.332 0.9968 30.039 0.9875 
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Table 3.6    Release kinetic and mechanism of drug release of all formulations at pH 7.4, 5.5 

and 1.2  

Formulation 

Code 
pH 

Korsmeyer-peppas model 
Order of 

release 
Release rate (n) R 

 

FA1 

1.2 8.078 0.438 Non-fickian 

5.5 18.305 0.585 Non-fickian 

7.4 31.469 0.466 Non-fickian 

FA2 1.2 9.284 0.412 Non-fickian 

5.5 19.528 0.555 Non-fickian 

7.4 33.680 0.427 Non-fickian 

 

FA3 

 

1.2 9.242 0.412 Non-fickian 

5.5 20.759 0.516 Non-fickian 

7.4 34.082 0.423 Non-fickian 

 

FA4 

1.2 8.492 0.443 Non-fickian 

5.5 21.625 0.475 Non-fickian 

7.4 35.719 0.408 Non-fickian 

 

FA5 

1.2 9.526 0.412 Non-fickian 

5.5 21.699 0.505 Non-fickian 

7.4 35.940 0.429 Non-fickian 

 

FA6 

1.2 9.294 0.445 Non-fickian 

5.5 22.097 0.497 Non-fickian 

7.4 34.934 0.429 Non-fickian 

 

FA7 

1.2 10.073 0.445 Non-fickian 

5.5 22.397 0.504 Non-fickian 

7.4 34.363 0.442 Non-fickian 
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                   Figure 3.11 % cumulative drug release of all formulation at pH 1.2  

T im e  (H o u rs )

%
 D

ru
g

 R
e

le
a

s
e

d

0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

1 0 0

F A 1

F A 2

F A 3

F A 4

F A 5

F A 6

F A 7

 

                        Figure 3.12 % cumulative drug release of all formulation at pH 5.5   
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Figure 3.13 % cumulative drug release of all formulation at pH 7.4  
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4. Ivabradine HCl-loaded polymeric microspheres consisting of Eudragit FS30D and 

Ethyl Cellulose for controlled drug release 

4.1. SUMMARY   

In this study microspheres of eudragit FS30D and ethyl cellulose (EC) were prepared by oil-

in-oil (O/O) solvent evaporation method with the addition of 1% span 80 as emulsifier. 

Ivabradine HCl (IBH) was encapsulated into microspheres by in-situ method. The formed 

microspheres were characterized by percentage recovery, scanning electron microscopy 

(SEM), fourier transform infrared spectroscopy (FT-IR), x-ray diffraction (XRD), differential 

scanning and dissolution studies. IBH stability in developed microspheres was confirmed by 

DSC, FTIR and XRD analysis. SEM images presented spherical shape microspheres of 

optimized formulation. Entrapment efficiency (maximum) of IBH was determined 45.1% and 

% yield was 71.66 %. Results of in-vitro drug release revealed maximum release upto 95.9% 

at pH 7.5 presented pH sensitivity. Various kinetic models were applied for analyzing drug 

release profile. Value of n determined from Korsmeyer-peppas model showed non-Fickian 

diffusion mechanism. 

4.2. INTRODUCTION   

Microencapsulation drug carrier systems have got a favorable attention for providing controlled 

delivery of drugs from many years. Both natural as well as synthetic polymers have involved 

for microencapsulation process. It is familiar technique that provide controlled release of many  

pharmaceutical products [22]. One such approach is using microsphere as a carrier for drug 

delivery ideally having particle size less than 200µm [22, 23]. These polymeric formulations  

has fascinated to develop controlled release that are used to deliver drug to target site with 

minimum toxic effects [24]. In most resent years medicated polymeric materials have been 

used to develop  controlled release formulations such as nanofibers by using EC as the filament-

forming matrix [8]. A novel medicated Janus fibers is successfully fabricated by using 

polyvinylpyrrolidine and EC loaded with ketoprofen provide biphasic drug release pattern 

[230]. In recent year a modified tri-axial electrospinning was prepared to create a novel type 

core-shell pH dependent polymer or lipid nanocomposites to provide a colon targeted sustained 

release formulation [231]. IBH is an anti-anginal drug with a biological half-life of about 2 hr. 

and repetitive daily administration is needed to sustain effective plasma level. Formulation of 

IBH microsphere is an attempt to avoid the frequent administration and release of drug in more 
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meticulous fashion, thereby, to increase the bioavailability, less local impatience and 

minimization of dose dumping [232]. Eudragit FS30D methylacrlic acid, methyl methacrylate 

and methyl acrylate. Eudragit FS30D used a  potential pH-dependent carrier for  drug delivery 

[96, 233]. Eudragit FS30D was employed to encapsulate IBH in combination with EC. EC is 

physiologically inactive odorless, colorless and hydrophobic polymer. It has been extensively 

used for the synthesis of microparticles for sustained and controlled release delivery. EC 

considered as best polymer for the development of microparticles successfully using solvent 

evaporation [167]. 

The objective of current study is to develop IBH (model drug) loaded microsphere by using 

different concentration of EC and eudragit FS30D by solvent evaporation method. Generally 

microspheres were prepared by various emulsion methods like oil-in-water (O/W), water-in-

oil-in-water emulsion (W/O/W), water-in-oil (W/O) and oil-in-oil (O/O)  emulsion evaporation 

methods [67].  O/O solvent emulsion  evaporation method was found best  technique for 

synthesis of microspheres because it provides high percentage yield and  percentage 

encapsulation efficiency when compared with other solvent evaporation techniques  [68]. A 

large number of preparation were synthesized by O/O solvent evaporation. It was used  for 

making sustained release formulation of isoniazid and lamivudine co-loaded polymeric 

microspheres [67]. The fabricated microspheres were evaluated by FTIR, SEM, X-RD, DSC 

and in-vitro drug release. In-vitro dissolution was performed in different medium of pH i.e.: 

1.2, 5.5 and 7.5 at 370C. 

4.3. MATERIALS AND METHODS 

IBH was received as a gift sample from CCL Pharmaceuticals, Lahore. EC (viscosity 300cP, 

5% in toluene/ethanol 80:20, 48% ethoxyl), Eudragit FS 30D, span 80, light liquid paraffin, n-

hexane were purchased from Sigma Aldrich (Evonik Germany). Ethanol, dichloromethane and 

acetone were purchased from BDH, sodium hydroxide and potassium bromide (FTIR grade). 

Potassium dihydrogen phosphate (KH2PO4) (Merck, Germany) and HCl (RDH). All chemicals 

and solvents used were of analytical grades and were used as provided. 

4.4. Preparation of IBH-loaded microspheres 

IBH loaded Eudragit FS30D and EC microparticles were developed by O/O solvent 

evaporation method. Eudragit FS30D is lipophilic polymer was separately dissolved in ethanol. 

EC is also hydrophobic have nature was dissolved in dichloromethane (DCM) at 25°C while 



 

74 
 

stirring was kept 300 rpm. Stirring was continued until a homogenous clear solution was 

obtained. Drug was dissolved separately in ethanol using magnetic stirrer with stirring speed 

of 300 rpm. When clear solution of drug was attained it was then added with the help of syringe 

drop wise into polymeric solution using magnetic stirrer to get a homogenous solution. External 

phase was synthesized using 1% span 80 which was previously dissolved in paraffin oil at a 

stirring speed of 500 rpm. Homogenous solution of drug and polymers was added drop -wise 

by using syringe into liquid paraffin comprising 1% span 80 at 40◦C   while stirring was kept at 

800 rpm. The mixture was stirred for 3 hours till DCM and ethanol were fully evaporated. After 

complete solvents evaporation microspheres were filtered using whatman filter paper and then 

collected. Then washing was done three times with n-hexane in order to remove excess of 

solvents adhering to the surface of microspheres. The washed microspheres were dried in oven 

at 45°C for twenty-four hours. The formulation strategy for the development of microspheres 

is shown in Table 4.1. 

Table 4.1 Formulations prepared by varying the ratios of eudragit FS30D and EC 

Formulation 

Code 

EC/Eudragit 

FS30D ratio 

EC(mg) Eudragit 

FS30D (mg) 

Drug/Polymer 

ratio 

SPAN 80 

(1%) 

FB1 00:100 00 500 1:5 1 

FB2 10:90 42.5 457.5 1:5 1 

FB3 20:80 87.5 412.5 1:5 1 

FB4 25:75 124.5 374.5 1:5 1 

FB5 30:70 150 350 1:5 1 

FB6 40:60 187.5 312.5 1:5 1 

FB7 50:50 250 250 1:5 1 
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4.5. CHARACTERIZATION OF MICROSPHERES 

4.5.1. Determination of percentage yield 

Percentage yield is defined expressed as the ratio of weight of microspheres recovered to total 

weight of all material taken at start of reaction. Dried microspheres were weighed to measure 

% yield [205]. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑(%) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 (𝑚𝑔) 

𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑎𝑛𝑑 𝑝𝑜𝑙𝑦𝑚𝑒𝑟(𝑚𝑔)
× 100                                    (1)    

4.5.2. Drug loading and entrapment efficiency 

Drug loading was determined by dissolving 50 mg of microspheres in 100 ml of phosphate 

buffer pH 7.4 for 12hours at 37°C. After filtration using 0.45µm syringe filter and analysis of 

solution was carried out at 302 nm. Drug loading was determined using following  equation 

[234]. 

% 𝐷𝑟𝑢𝑔 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑚𝑖𝑐𝑟𝑜𝑠𝑝𝑒ℎ𝑒𝑟𝑒𝑠

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 
× 100                                                         (2) 

Encapsulation efficiency was determined by 

 Encapsulation efficiency =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑜𝑓 𝐼𝐵𝐻

𝑇ℎ𝑒𝑜𝑟𝑎𝑡𝑖𝑐𝑎𝑙 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑜𝑓 𝐼𝐵𝐻
× 100                                                              (3) 

4.5.3. Particle size analysis  

Prepared microspheres were examined for appearance and size using optical microscope. The 

mean particle size of microspheres was measured by optical microscope using pre-calibrated 

ocular micrometer and stage micrometer. About 100 particles of each formulation were 

observed.  Zetasizer Nano-series (ZEN3600, Malvern) used for the determination of particle 

size of the developed microspheres at ambient temperature was.  

4.5.4. Micromeritics properties of microspheres  

The micrometrics properties such as bulk density, angle of repose, tapped density, 

compressibility index and Hausner’s ratio were determined for all formulations. These were 

measured by using following equations [235]. 

𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑝𝑜𝑠𝑒   𝑡𝑎𝑛𝜃 = 2ℎ/𝐷                                                                                            (4) 
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Bulk density of prepared formulation was measured by using following formula. 

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠
                                                                                     (5) 

Tapped density was determined by the following formula 

𝑇𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠

𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 𝑎𝑓𝑡𝑒𝑟 100 𝑡𝑎𝑝𝑝𝑖𝑛𝑔𝑠
                                                   (6) 

Compressibility index (Ci) was calculated by this equation 

𝐶𝑖 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒−𝐹𝑖𝑛𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
× 100                                                                                              (7) 

Value of compressibility index <15% designates good flow properties while values of Ci >25% 

characterizes poor flow. 

Hausner’s ratio (hr) was measured by  

𝐻𝑟 =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑎𝑝𝑝𝑖𝑛𝑔

𝑉𝑜𝑙𝑢𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 𝑡𝑎𝑝𝑝𝑖𝑛𝑔
                                                                                                      (8) 

Values of Hr 1.2 represents free flow and a ratio near to 1 show good flow [49].  

 4.5.5. Morphology of microspheres    

The surface morphology of loaded and un-loaded microspheres was investigated by scanning 

electron microscopy model SEM-JEOLJSM6360A, Japan. The surface and morphology of 

microspheres were determined at different magnifications.  

4.5.6. Fourier transform infrared spectroscopy (FTIR) 

The pure drug, polymers, unloaded and loaded microspheres were subjected to FTIR studies 

using Shimadzu FTIR spectrophotometer at wavelength of 400-4000 cm-1. 2-4 mg samples 

were taken for analysis and spectrum showed there is no significant interaction between drug 

and polymers [236].    

4.5.7. Thermal analysis 

The nature of drug present in formulations was assessed by performing differential scanning 

calorimetery and thermogravimetric analysis of pure drug, EC, Eudragit FS30D, un-loaded and 
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IBH- loaded microspheres. DSC patterns of the samples were obtained by using a differential 

scanning calorimeter (DSC-60 Shimadzu, Germany). An amount of 4-5 mg of crushed 

microspheres were placed in aluminum pans and sealed before to carry out test.  Each samples 

were analyzed under stream of nitrogen gas of 100ml/min and heated from 50 to 350° 

Calorimeter [209].     

4.5.8. X-ray diffractometry (X-RD)  

X-RD pattern of drug, un-loaded and  IBH-loaded microspheres was determined by using 

XRD-diffractometer (D/max-2500 pc, Rigaku Co, Japan) [237]. The tube voltage 40kv, tube 

current 35 mA and scanning rate 5◦, over a range of 8◦-80◦ diffraction angle [238].    

4.5.9. Swelling studies 

Un-loaded microspheres were immersed in a buffer solution to perform swelling studies. Blank 

microspheres were immersed in buffer solution for 24 hrs. at 37oC in order to measure swelling 

studies. Phosphate buffer solution of various pH (1.2, 5.5 and 7.4) were used to measure degree 

of swelling by adjusting pH with 0.2 molar HCl and NaOH. Equilibrium water uptake study 

was performed in triplicates (n=3). Swelled microspheres were weighed .The swelling ratio 

was calculated at specified time by using following formula [239], 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 =
𝑊𝑠−𝑊𝑑

𝑊𝑑
                                                                                                        (9) 

Where Ws is mass of swollen microspheres 

Wd is weight dry microparticles 

4.5.10. Drug release studies 

The in-vitro release of drug was performed using paddle apparatus at speed of 100rpm at 37 ± 

0.5°C. Precisely weighed microspheres (50 mg) were taken in cellulose dialysis membrane and 

tied it to paddles. PB solution of pH 1.2, 5.5 and 7.4 were used for IBH release. Samples 

collected after fixed intervals of 0.5, 1, 2, 3, 4, 6, 7, 8, 10 and 12 hrs. from dissolution medium. 

5 ml samples were collected for analysis for measuring the absorption of IBH at 287 nm using 

UV-VIS spectrophotometer. Sink condition was retained by adding equal volume of fresh PB. 

Measurement of each samples was carried out triplicate (n=3) [210]. Drug concentrations were 

measured by standard calibration curve.  
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4.5.11. Drug release kinetics 

The in-vitro release data was evaluated using various kinetics models including zero order, 

first, higuchi and Korsmeyer Peppas. 

First order release                     (Ft = Kot)                                                                        (10) 

Where, Ft = fraction drug release in time t and Ko is rate constant.  

First order                               (In (1-F) = -K1t                                                                  (11) 

Where  F is drug release fraction  in time t and  K1 is release constant [207]. 

 Higuchi model                    (F = K2t
1/2))                                                                          (12) 

Where  K2 is Higuchi’s constant and F is release fraction of drug in time t [240],                                                           

Korsmeyer- Peppas model [241],                (Mt/M =K3t
n)                                                (13)     

Where K3 =Peppas constant, Mt = quantity of released drug in time t, M = infinity amount of 

released drug at time infinity, n= diffusion constant.  If  values of n  < 0.43 it shows Fickian 

and if n values lies between 0.43 - 0.85 it presents non-Fickian release mechanism [211, 242].    

4.6. RESULTS AND DISCUSSION   

In current study, microspheres were prepared and loaded with IBH. Method used was O/O 

solvent evaporation. Span80 (1%) solution was used as emulsifying agent. DCM was used to 

dissolve EC while eudragit FS30D and IBH were dissolved in ethanol. Polymeric solution was 

added into external phase the 1% (Span80). It was kept on stirring for 3 hrs. at 800 rpm. 

Temperature was adjusted at 40oC. After complete evaporation of organic solvents 

microparticles were collected. The collected microspheres were washed with n-hexane 3 times 

in order to remove solvents. After washing microspheres were placed in oven an oven overnight 

at room temperature for drying.  

4.6.1.   Recovery and percentage drug loading 

Results of optimized formulation showed maximum entrapment efficiency of 45.18 ± 0.01% 

and yield (%) was 71.66 ± 3. When Eudragit FS30D was used alone for preparation of 

microspheres, percentage yield (%) was decreased. The reason was that formulated 
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microspheres were aggregated due to less solvents removal. When combination with EC were 

used percentage yield (%) was increased. Proposed mechanism was that chances of aggregation 

decreased when amount EC was increased ultimately resulted in greater yield. The increase in 

particle size of microspheres due to an increase in viscosity with increasing polymer 

concentration which resulted in larger emulsion droplets leads to greater yield microspheres. 

Results of particle size, % yield and entrapment efficiency of various formulation presented in 

Table 4.2.       

Table 4.2 Entrapment efficiency, % yield and size of particle (mean) 

Formulation 

code 

Mean input 

(mg) 

Mean 

output (mg) 

% Recovery of  

microspheres 

%Entrapment              

efficiency 

Mean particle 

size (µm)   

FB1 600 413 68.33 ± 2.113 28.37 ± 0.005 20 ± 1.001 

FB2 600 415 69.16 ± 3.254 30.59 ± 0.001 20 ± 2.212 

FB3 600 412 68.66 ± 1.545 35.85± 0.01 30 ± 2.012 

FB4 600 409 68.16 ± 1.565 27.11 ± 0.01 30 ± 1.176 

FB5 600 418 69.66 ± 2.002 30.32 ± 0.001 30 ± 1.665 

FB6 600 430 71.66 ± 3.113 45.18 ± 0.01 30 ± 1.334 

FB7 600 425 70.88 ± 4.456 44.06 ± 0.01 30 ± 1.661 

 

4.6.2. Particle size and morphology    

Optical microscopy was used to see images of developed microspheres.  It was cleared from 

all the images synthesized microspheres were spherical in shape with good size distribution as 

shown in Figure 4.1.  
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Figure 4.1 Optical microscopy images of (A) FB1 Eudragit FS30D/EC (100/00), (B) FB7 

Eudragit FS30D/EC (250/250)     

SEM analysis was performed to study the morphological characteristics of resultant 

microspheres. SEM images of unloaded and loaded microspheres were presented in Figure 4.2. 

The images exposed resultant microspheres were spherical in shape and uniformly dispersed 

and with slightly rough texture. Due to presence of this rough structure fluid penetrate into 

polymeric network. The average particle size of microspheres was found within range of 20µm 

to 30µm shown in table 4.2. Particle size of microspheres increases as the concentration of EC 

increases and with decline of stirring speed up to 600 rpm. Figure 4.2 (A-C) present images of 

un-loaded and loaded microspheres respectively. In Figure 4.2 (D) represents one of broken 

microspheres for the visualizing internal morphology of microspheres. The Eudragit 

FS30D/EC polymeric microspheres exhibited matrix network which provide controlled drug 

release. Particle size analysis was observed in Zetasizer shown in Figure 4.3.  
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Figure 4.2 SEM images of (A) Un-loaded microspheres B) IBH-loaded microspheres (F1B) 

C) IBH-loaded microspheres (F7B) D) Broken microsphere 

 

Figure 4.3 Particle size analysis of Eudragit FS30D-EC IBH-loaded microspheres of 

optimized formulation (F7B)   
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4.6.3. Rheological properties of microspheres   

Rheological studies included bulk density, tapped density, angle of repose, Ci and Hr of all 

formulations were studied as shown in Table 4.3. Ci values lies between 11 and 18 which 

indicated an excellent flow. Hr values were lower than 1.25 for all formulation demonstrating 

good flow properties. Values of angle of repose were below 300 also representing free flow 

characteristics of microspheres.  

Table 4.3 Rheological properties of Microspheres              

4.6.4. FTIR 

FTIR spectra of IBH, EC and Eudragit FS30D was obtained using scanning range 400- 

4000cm-1 shown in Figure 4.4. FTIR spectra of IBH presented characteristics peaks such as 

C=C stretching bands at 1103 cm-1, C-C stretching bands at 1456 cm-1 and aliphatic C-N present 

stretching bands at 2451cm-1 [218]. EC showed peaks at 2833cm- due to stretching vibration 

of – OH group at carbon numbers 2, 3 and 6 [81]. Eudragit FS30D showed band at 1732cm-1 

and 1603cm-1 due to the MAA carboxylic acids C=O vibration [243]. The FTIR spectra of drug 

loaded and un-loaded microspheres present no significance difference in the characteristics 

peaks suggesting drug stability during drug loading process.   

Formulation Bulk density Tapped density 
Compressibility 

index 

Hausner’s 

ratio 

Angle of 

repose 

FB1 0.18 ± 0.01 0.20 ± 0.1 13.6 3± 1.112 1.15 ± 1.01 12.04 ± 1.32 

FB2 0.16 ± 0.001 0.19 ± 0.01 16 ± 1.545 1.15 ± 1.00 11.58 ± 1.29 

FB3 0.22 ± 0.01 0.29 ± 0.01 13.33 ± 161 1.15 ± 1.51 12.46 ± 1.33 

FB4 0.21 ± 0.01 0.26 ± 0.11 17.54 ± 2.002 1.21 ± 1.57 11.23 ± 1.37 

FB5 0.21 ± 0.01 0.27 ± 0.01 11.76 ± 1.116 1.13 ± 1.24 15.6 ± 1.53 

FB6 0.27 ± 0.01 0.31 ± 0.01 12.5 ± 2.32 1.14 ± 1.31 11.91 ± 1.43 

FB7 0.20 ± 0.001 0.25 ± 0.01 17.94 ± 3.101 1.21 ± 1.01 12.33 ± 1.01 
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4.6.5. DSC  

DSC was used to explore melting characteristics of polymeric material and IBH. DSC 

presented endothermic peak nearly about 193◦C which is the initiation of melting point of IBH 

while drug loaded microspheres showed no peaks. DSC curves of (A) IBH, (B) blank and (C) 

IBH-loaded polymeric microspheres presented in Figure 4.5. DSC results indicated that IBH 

particles were uniformly distributed in polymeric network.  

 

Figure 4.4 FTIR spectra of (A) Ivabradine-HCl, (B) EC, (C) Eudragit FS30D, (D) Un-loaded 

microspheres and (E) Loaded microspheres 
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Figure 4.5 DSC thermogram (A) IBH (B) Un-loaded and (C) IBH-loaded microspheres   

4.6.6. X-RD 

X-RD analysis was used to investigate drug crystallinity in formulated polymeric 

microspheres. Ivabradine presented intense characteristics peaks at 2θ of 11◦, 15◦, 22◦ and 26◦. 

These intense peaks were due to crystal nature of IBH but these peeks were absent in un-loaded 

and loaded microspheres. X-RD pattern of (A) IBH, (B) un-loaded and (C) IBH-loaded 

microspheres presented in Figure 4.6 showed distribution of  molecular level in polymers    

[219].    
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Figure 4.6  X-RD of (A) IBH (B) Un-loaded and (C) IBH-loaded microspheres   

4.6.7. Swelling studies    

Swelling studies of a series of samples 100:00, 90:10, 80:20, 75:25, 70:30, 60:40, 50:50 of 

Eudragit FS30D and EC using 1% span80 as emulsifying agent were measured at 37◦C ii PB 

of pH 7.5, 5.5 and 1.2.  In the present work, swelling studies of un-loaded microspheres were 

performed to swell in pH 1.2. After attainting complete equilibrium polymeric samples were 

shifted to PB solution of pH 5.5 and 7.4. Eudragit FS30D is soluble at pH above 7.0.  It has 

greater water uptake ability at pH 7.4 while EC is a strongly hydrophobic polymer.  Due to 

lipophilic nature EC does not absorb too much water. When all seven formulations were 

analyzed it was exposed that the increase the amount of EC decreases water uptake by 

microspheres. Results of swelling studies of all formulation are shown in Table 4.4 indicating 

the maximum swelling was accomplished at pH 7.4. 
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   Table 4.4 Swelling studies of microspheres at different pH 

 

4.6.8. In-vitro release study 

The in-vitro release of drug was performed in different buffer solution of pH (1.2, 5.5 and 7.4). 

Dissolution studies of resultant microparticles depends upon polymeric nature, chemical 

structure and release pattern. % Cumulative drug release from all formulations (100:00, 90:10, 

80:20, 70:30, 70:25, 60:40, 50:50) at different pH 1.2, 5.5 and 7.4 was shown in Figure 4.7-

4.9. Figure 4.9 showed the % cumulative release in pH 7.4 presented that drug release was 

maximum than other pH. Figure 4.9 showed that at pH 7.5,100:00 released 82.22% of IBH 

while sample 90:10, 80:20, 70:30, 75:25, 60:40 and 50:50 ratios released 88.5%, 89.9%, 91.6%, 

92.3%, 93.5 and 94.9% drug respectively. FB1 formulation comprising highest amount of 

eudragit FS30D release 80 % of drug within 6 hrs. Another reason for rapid release of drug 

from formulations containing higher amount of eudragit FS30D was its solubility at pH 7.4 

[114, 244]. The other six formulations released drug in a sustained release pattern up to 12 

hours. FB7 presented greater sustained effect on cumulative release. Increase the ratio of EC 

may reduce the penetration of water into polymers, thus reducing the extent of swelling of 

microspheres, resulting in slow release of IBH [245]. At high ratio of EC, the microparticles 

becomes impermeable to water and give very slow release of drug as observed in formulation 

Formulations pH 1.2 pH 5.5 pH 7.4 

FB1 0.36 ± 0.001 2.78 ± 0.04 5.18 ± 0.04   

FB2 0 .320 ± 0.01 2.68 ± 0.05 5.08 ± 0.05 

FB3 0.28± 0.01 2.51 ± 0.01 5.01 ± 0.01 

FB4 0.27 ± 0.01 2.44 ± 0.03 4.98 ± 0.03 

FB5 0.23 ± 0.01 2.34 ± 0.11 4.94 ± 0.11 

FB6 0.21 ± 0.01 2.21 ± 0.01 4.81 ± 0.01   

FB7 0.20 ± 001 2.18 ± 0.02 4.78 ± 0.02 
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FB7 at pH 7.4. Increase in polymer solution viscosity has produced microspheres with 

decreased porosity due to thickening of polymer wall. It is clearly known that higher 

concentration of EC results in a longer diffusional path length, so drug release is extended 

[246]. The thick polymeric barrier slows the entry of surrounding dissolution medium in to the 

microspheres and hence less quantity of drug release out from the polymer matrices of the 

microspheres exhibiting sustained release [177, 247]. It indicates that drug release mechanism 

gradually transfer from diffusion mechanism to erosion at dissolution medium of pH 7.4. At 

pH 5.5 sample 100/00 released 63.11% of IBH, while sample 90:10 ,80:20, 75:25, 60:40 and 

50:50 ratios released 63.99%, 64.1%, 64.3%, 64.99% ,65.2% and 65.44 drug respectively. At 

pH 1.2 sample 100/00 released 17.5% of IBH, while sample 90:10 ,80:20, 75:25 60:40 and 

50:50 ratios released 18.5%, 19.11%, 19.99%, 22.2% ,23.5% and 25.12% drug respectively 

showed a rapid increase of drug release. 

Eudragit FS30D was pH sensitive copolymers that started to be dissolved at higher pH. At pH 

7.4 phosphate buffer, eudragit FS 30D was dissolved and channels were produced quickly thus 

allowing   maximum drug release due to coating of polymers in membrane.  IBH was found to 

be soluble in pH 1.2, 5.5 and 7.4 phosphate buffer, no significant effect of pH on solubility was 

observed [225]. Dissolution studies was repeated three times (n=3). 

4.6.9. Drug release kinetics 

Various kinetic models includes zero order, first order, Higuchi and Korsmeyer-peppas were 

used to analyze in-vitro drug release [248], as shown in Table 4.5. Applying zero order model 

value of R2 was found to be 0.8853-0.9544, and for first order model R2 was 0.9238-0.9963 

and for higuchi model the value of R2 was 0.9018-0.9740. The values of R2 indicated that drug 

release follow first order model. The result proposed that drug release followed first order.  

Korsmeyer-peppas equation was used to calculate (n) values for release pattern. The value of 

(n) was found to be between 0.435- 0.830 which indicates that diffusion mechanism was non-

fickian [228].   
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4.7 CONCLUSION    

In this study, microspheres were synthesized successfully by using Eudragit FS30D and EC 

via 0/0 solvent evaporation method. IBH is novel anti anginal drug was loaded successfully by 

in-situ method into microspheres. The shape of resultant microspheres was found spherical. 

Rheological properties indicate that prepared microspheres were free flowing. Release data 

showed that amount of IBH release was much higher at pH 7.5 as compared to pH1.2 and 6.0.  

Dissolution studies revealed that microspheres were able to release the drug up to 12th hours in 

buffer solution of pH 7.5 and almost above 80 % drug was released. Formulation FB7 which 

had the Eudragit FS30D/EC (50:50) was found to be best sustained release preparation due to 

increase concentration of EC. FTIR, DSC and XRD confirmed the compatibility of polymers 

and IBH.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

89 
 

Table 4.5 Release kinetic of all formulations at pH 1.2, 5.5 and 7.4  

Formulation 

Code 

pH Zero Order First Order Higuchi Model 

FB1 R2 K0 K1 R2 KH R2 

1.2 0.9016 2.411 0.028 0.9238 7.168 0.9268 

5.5 0.9214 6.901 0.120 0.9753 20.275 0.9423 

7.4 0.8852 9.286 0.245 0.9876 27.771 0.8960 

FB2 1.2 0.9218 2.495 0.029 0.9373 7.392 0.9463 

5.5 0.9544 6.736 0.112 0.9894 19.664 0.9740 

7.4 0.9058 9.730 0.272 0.9963 29.055 0.9197 

 

FB3 

 

1.2 0.9211 2.515 0.029 0.9368 7.465 0.9432 

5.5 0.9362 6.911 0.120 0.9829 20.315 0.9620 

7.4 0.9157 9.895 0.277 0.9596 29.499 0.9306 

 

FB4 

1.2 0.9157 2.563 0.030 0.9325 7.608 0.9470 

5.5 0.9326 7.001 0.124 0.9825 20.650 0.9615 

7.4 0.9218 10.024 0.290 0.9571 29.920 0.9288 

 

FB5 

1.2 0.9333 2.627 0.031 0.9483 7.688 0.9592 

5.5 0.9316 7.083 0.127 0.9830 20.927 0.9628 

7.4 0.9154 10.175 0.311 0.9544 30.482 0.9103 

 

FB6 

1.2 0.9230 2.627 0.031 0.9394 7.790 0.9457 

5.5 0.9322 7.138 0.129 0.9840 21.152 0.9655 

7.4 0.9198 10.296 0.319 0.9335 30.842 0.9018 

 

FB7 

1.2 0.9232 2.64 0.031 0.9396 7.53 0.9471 

5.5 0.9272 7.185 0.133 0.9819 21.30 0.9643 

7.4 0.9213 10.439 0.332 0.9469 31.281 0.9059 
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Table 4.6     Release kinetic and release mechanism at pH 1.2, 5.5 and 7.4 

Formulation pH 

Korsmeyer-peppas model 
Release 

mechanism 
Release rate (n) R 

 

FB1 

1.2 8.078 0.438 Non-fickian 

5.5 19.895 0.510 Non-fickian 

7.4 32.905 0.412 Non-fickian 

FB2 1.2 8.095 0.453 Non-fickian 

5.5 18.514 0.531 Non-fickian 

7.4 34.338 0.413 Non-fickian 

 

FB3 

 

1.2 8.354 0.442 Non-fickian 

5.5 20.493 0.496 Non-fickian 

7.4 34.651 0.416 Non-fickian 

 

FB4 

1.2 8.492 0.443 Non-fickian 

5.5 21.625 0.475 Non-fickian 

7.4 35.719 0.408 Non-fickian 

 

FB5 

1.2 8.446 0.445 Non-fickian 

5.5 22.332 0.466 Non-fickian 

7.4 37.660 0.830 Non-fickian 

 

FB6 

1.2 8.656 0.445 Non-fickian 

5.5 23.398 0.448 Non-fickian 

7.4 38.437 0.435 Non-fickian 

 

FB7 

1.2 8.731 0.445 Non-fickian 

5.5 24.718 0.425 Non-fickian 

7.4 39.059 0.384 Non-fickian 
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Figure 4.7 % cumulative drug release of all formulation at pH 1.2 

 

Figure 4.8 %cumulative drug release of all formulation at pH 5.5 

 

Figure 4.9 %cumulative drug release of all formulation at pH  7.4 
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5. Development and evaluation of Ivabradine HCl-loaded polymeric microspheres 

prepared with Kollicoat MAE100P and EC for controlled drug release 

5.1. SUMMARY 

The main purpose of this research work was the development and characterization of controlled 

release Ivabradine-loaded microspheres consisting of Kollicoat MAE100P and ethyl cellulose 

by solvent emulsion evaporation method (O/O). Drug was encapsulated into microspheres by 

in-situ method by varying polymer contents. Resultant microspheres were characterized with 

respect to drug loading, flow properties, SEM, FT-IR, thermal analysis, X-RD and in-vitro 

dissolution studies. Chemical stability of loaded microspheres was established by FTIR, 

thermal analysis and XRD. SEM images showed resultant microspheres were in spherical 

shape with smooth surfaces. FTIR spectra presented that drug and polymers have no 

interaction. XRD and DSC were conducted to determine the nature of drug in drug loaded 

microspheres, and results revealed that drug was presented in amorphous from. The Maximum 

% entrapment efficiency was found 82 ± 2.11 and percentage yield was 89 ± 3.31. Maximum 

in-vitro drug release was more than 90% for the pH 7.4 demonstrated that drug-loaded 

formulations had a pH-dependent drug release. Various kinetic equations were applied for the 

analysis of in-vitro profile. From values of n obtained from Korsmeyer- Peppas model 

presented non-Fickian release pattern.     

5.2. INTRODUCTION 

Microencapsulation a well-recognized  method  used to delay and to modify drug release from 

dosage forms [2]. Numerous microencapsulation techniques available for development  of 

sustained and  controlled drug delivery systems [2, 212]. One of the most popular technique 

for encapsulating drugs within hydrophobic polymers is solvent evaporation. From the most 

resent years polymeric microspheres have got greater attention due to  provision of  controlled 

release dosage  [9]. Different biodegradable polymers have been investigated for the 

development of microspheres among which most of the cellulose derivatives are organic 

polymer, safe and non-toxic compounds. They are biodegradable and biocompatible with 

application in industry and pharmacy [249]. Cellulose is a promising biopolymer for the 

formation of many advanced materials for various applications due to the structural uniformity 

[249-251]. Our study focus on the use of  EC is one most suitable  polymers in the development 

of microspheres for controlled drug delivery due to its biocompatibility, versatility and non-
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toxicity [167]. The most frequently used pH dependent polymers are derivative of acrylic acid 

and cellulose.  

Recently interest focused on for developing controlled release formulations to increase 

bioavailability and determinations comprising rate of gastric emptying (GRT) in orally 

administration of formulation. Main physiological phenomenon involved are GRT, gastric 

emptying time (GET) and first-pass effects. These factors reduces the bioavailability of orally 

administered drugs [252]. It is therefore, provide an extended controlled release profile that 

provide an extended GIT residential time.  Kollicoat MAE100P is the methacrylic acid ethyl 

acrylate copolymer with 1:1 ratio. This copolymer is white dispersible with faint characteristic 

odor. It was used for making pellets for providing controlled release drug delivery which 

presented a great advantages over single conventional dosage form [124]. These polymers 

which are suitable carrier for colon targeted delivery are  insoluble at lower pH  becomes 

increasingly soluble as pH increases [30]. Delivery of drugs variate according to GIT pH.  

Colonal pH values variate from 6- 7.3 higher than stomach (1.5) that revealed that pH of upper 

parts of GIT significantly decreased than lower parts. Oral administration of this drug delivery 

system releases drug rapidly in colon but slow drug release in upper part in order to extend 

transit time [232].  

IBH is the model drug which is used to decrease pacemaker activity in sinoatrial node by 

reducing heart rate. It is novel drug which is a selective inhibitor of If. IBH involved in 

spontaneous diastolic depolarization in pacemaker that results in lowering rate of heart due to 

reduction in action potential [203]. The therapeutic effect of drug is decreased due to shorter 

biological half -life (2h). For longer duration it has to be administered with high frequency 

leading to non-compliance. Hence, there is a need to develop an oral drug delivery system that 

is convenient for patients. The major aim of the present work was to develop a controlled 

release formulation of IBH. To get full benefit of IBH in angina pectoris along with the 

reduction of dose frequency, the current research study microencapsulation based formulation 

was developed with polymers EC and Kollicoat MAE100 P by using oil-in-oil (O/O) solvent 

evaporation method [157]. The literature survey showed no microspheres drug delivery system 

involving Kollicoat MAE100P synthesized, therefore, present study may stimulate new 

research in this field employing this new grade of eudragit in combination with EC. Based on 

these considerations, this study was designed to develop IBH loaded polymeric microspheres 

for sustained release pH-dependent formulations. Major aim of research project was to develop 
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and characterize new pH dependent copolymer Kollicoat MAE100P and EC microspheres. The 

microspheres were prepared with different composition of Kollicoat MAE100P and EC by using 

O/O solvent evaporation method. This is the most widely employed method for the development 

of sustained release formulation of polymeric microspheres [67]. The resultant microspheres 

were characterized using different techniques involving FTIR, SEM, X-RD, thermal analysis 

and in-vitro studies. In-vitro dissolution studies were conducted in various pH medium (1.2, 

5.5 and 7.4) for observing drug release.  

5.3. MATERIALS AND METHOD 

5.3.1. Materials  

IBH was received as a gift sample from CCL Pharmaceuticals, Lahore, Pakistan. Ethyl 

cellulose (viscosity 300cP, 5% in toluene/ethanol 80:20, 48% ethoxyl), Span 80, Kollicoat 

MAE100P, light liquid paraffin, n-hexane were purchased from Sigma Aldrich (Evonik 

Krefeld, Germany). Ethanol, dichloromethane (DCM) and acetone were purchased from BDH, 

Pakistan. Sodium hydroxide (NaOH) and potassium dihydrogen phosphate (KH2PO4) were 

purchased from Merck, Darmstadt, Germany. Hydrochloric acid obtained from BDH, Pakistan. 

Potassium bromide (KBr) of FTIR grade (Fischer Scientific, Leicestershire, UK). All 

chemicals and solvents used were of analytical grade, available commercially and used as such 

without further processing.   

5.3.2. Synthesis of IBH microspheres  

IBH-loaded Kollicoat MAE 100P and EC microspheres were developed by O/O solvent 

evaporation method. Kollicoat MAE 100P and EC separately dissolved in ethanol and 

dichloromethane (DCM) respectively at 25°C with the help of magnet stirrer at 300 rpm. 

Homogenous clear solution of polymer and drug was obtained after continuous stirring. IBH 

was dissolved in ethanol separately at 300 rpm. When a clear solution of drug was achieved, it 

was added drop- wise in the polymer solution keeping stirring speed of 300 rpm. Then polymer 

and drug solution stirred to obtain a homogenous solution. The dispersion solution of drug and 

polymers was added drop-wise by using syringe into liquid paraffin comprising 1% span 80 

(external phase) at 40°C. Resultant emulsion was stirred at 800 rpm using hot plate magnetic 

stirrer for 3hour till organic solvents fully evaporated. Microspheres were filtered and collected 

on whatman filter paper when DCM and ethanol were completely evaporated. The formed 

microspheres were washed 3 times with n-hexane and placed in an oven at 40°C for 24hours. 
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The formulation plan of microspheres with different composition of polymers shown in Table 

5.1.   

Table 5.1 Formulations prepared by varying the ratios of Kollicoat MAE100P and EC  

Formulation 

code 

Polymer  EC: 

Kollicoat 

MAE100P 

Kollicoat 

MAE 100P 

(mg) 

EC (mg) 
Drug 

(mg) 

Span 80 

% 

DCM: Ethanol 

Ratio 

FC1 

FC2 

FC3 

FC4 

FC5 

FC6 

FC7 

00:100 

10:90 

20:80 

25:75 

30:70 

40:60 

50:50 

    500 

450 

400 

375 

350 

300 

250 

00 

50 

100 

125 

150 

200 

250 

100 

100 

100 

100 

100 

100 

100 

1 

1 

1 

1 

1 

1 

1 

1:1 

1:1 

1:1 

1:1 

1:1 

1:1 

1:1 

 

5.4. CHARACTERIZATION OF MICROSPHERES  

5.4.1. Determination of percentage yield    

Microspheres (dried) were weighed accurately and 5 % yield was determined  by following 

formula as shown in Equation  [205].  

  𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑(%) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 (𝑚𝑔) 

𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑎𝑛𝑑 𝑝𝑜𝑙𝑦𝑚𝑒𝑟(𝑚𝑔)
× 100                                              (1)                         

5.4.2. Drug loading and entrapment efficiency  

Drug loading was determined by dissolving 50mg of microspheres in 100 milliliter of buffer 

solution of pH 7.4 for 12hours. After filtration using 0.45µm syringe filter and analysis of 

solution was carried out using UV-VIS spectrophotometer (PerkinElmer New York, USA). 

Percent drug loading was measured by using following formula [49]: 
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Drug loading (%) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑚𝑖𝑐𝑟𝑜𝑠𝑝𝑒ℎ𝑒𝑟𝑒𝑠

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 
× 100                                                     (2) 

Encapsulation efficiency was estimated using following formula  

% 𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐴𝑐𝑡𝑢𝑎𝑙 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑜𝑓 𝐼𝐵𝐻

𝑇ℎ𝑒𝑜𝑟𝑎𝑡𝑖𝑐𝑎𝑙 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑜𝑓 𝐼𝐵𝐻
× 100                                       (3) 

5.4.3. Micromeritics properties  

 Micromeritic properties such as angle of repose, tapped density, compressibility index bulk 

density and Hausner’s ratio were used for the characterization of microspheres. These were 

measured by using following equations [95]. 

𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑝𝑜𝑠𝑒   𝑡𝑎𝑛𝜃 = 2ℎ/𝐷                                                                                  (4) 

Bulk density of prepared formulation was measured by using following equation.  

𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠
                                                              (5) 

Following formula was used to determine tapped density 

𝑇𝑎𝑝𝑝𝑒𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠

𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 𝑎𝑓𝑡𝑒𝑟 100 𝑡𝑎𝑝𝑝𝑖𝑛𝑔𝑠
                                                  (6) 

Compressibility index (Ci) also called car index and was measured by formula given below 

𝐶𝑖 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒−𝐹𝑖𝑛𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
× 100                                                                                    (7) 

Value of Ci <15% designates good flow properties while values of Ci >25% characterizes poor 

flow.   

Hausner’s ratio was measured using following equation: 

𝐻𝑎𝑢𝑠𝑛𝑒𝑟′𝑠 𝑟𝑎𝑡𝑖𝑜 =
𝑉𝑜𝑙𝑢𝑚𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑎𝑝𝑝𝑖𝑛𝑔

𝑉𝑜𝑙𝑢𝑚𝑒 𝑎𝑓𝑡𝑒𝑟 100 𝑡𝑎𝑝𝑝𝑖𝑛𝑔
                                                                        (8) 

A value near to 1 presents good flow relatively while 1.2 values 1.2 indicate free flow 

properties.  
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5.4.4. Particle size and morphology of microspheres 

Optical microscope was used for the determination of mean particle size using pre-calibrated 

ocular micrometer and stage micrometer. About 100 particles of each formulation were 

observed [49]. SEM images were studied by scanning electron microscopy model (SEM, S-

3400N, Hitachi; Japan) to determine the surface morphology of loaded and un-loaded 

microspheres at different magnifications.     

5.4.5. Fourier transform infrared spectroscopy (FTIR) 

FTIR spectra were taken to investigate any possible interaction between drug and polymers. 

The pure drug, polymers, unloaded and loaded microspheres were subjected to FTIR, 

PerkinElmer, USA studies using and sample were scanned at wavelength 4000 and 500 cm-1.    

5.4.6. Thermal analysis  

The nature of drug present in formulations was assessed by performing differential scanning 

calorimetery and thermogravimetric analysis of pure drug, EC, Kollicoat MAE100P, un-loaded 

and IBH-loaded microspheres. DSC patterns of the samples were obtained by using a 

differential scanning calorimeter. An amount of 4-5mg of crushed microspheres was placed in 

aluminum pans and sealed before to carry out test.  Each samples were analyzed under stream 

of nitrogen gas of 100ml/min and heated from 40 to 350°C at the increase rate of 10°C per 

minutes.    

5.4.7. X-ray diffractometry (X-RD) 

Crystallinity of IBH, EC, Kollicoat MAE100P, unloaded and loaded microspheres was 

assessed using X-ray diffractometer. The conditions of X-RD were tube voltage 40kv, tube 

current 35mA and scanning rate 5◦, over a range of 8◦-80◦ diffraction angle. 

5.4.8. Swelling studies 

Microspheres (unloaded) was immersed in a buffer solution to perform swelling studies. 

Microspheres were allowed to swell for complete swelling study for 24 hrs. at 37oC. Procedure 

for swelling studies was explained in previous chapters. Equilibrium water uptake study was 

performed in triplicates. Blotting paper was used to remove extra solvents which was adhered 

on surface of microspheres. Swelled microspheres were weighed.  
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The swelling ratio was calculated at specified time by using following formula: 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 =
𝑊𝑠−𝑊𝑑

𝑊𝑑
                                                                                                   (9) 

Where Ws is the weight of swollen microspheres   

Wd is weight of dry microspheres 

5.4.9. In-vitro release   

The in-vitro studies of polymeric IBH microspheres were performed using dissolution paddle 

apparatus. (pharma test, Germany) at 100 rpm at 37 ± 0.5° C. Accurately weighed microspheres 

(50 mg) were taken in cellulose dialysis membrane and tied it to paddles. Dissolution medium 

of various pH were used for in-vitro drug release. 5ml samples were collected after fixed 

intervals of time i.e. 0.5, 1, 2, 3, 4, 6, 8, 10 and 12 hours from dissolution medium. Samples 

(5ml) were analyzed via measuring the absorption of IBH at 302 nm. Sink condition was 

maintained with fresh phosphate buffer solution. Measurement of each samples was carried out 

triplicate (n=3) [210]. Drug concentrations were measured by standard calibration curve. The 

in-vitro cumulative drug release study was conducted in triplicate. Statistical analysis was 

performed by mean and standard deviation (SD). Analysis of variance (ANOVA) which was 

used for the comparison of drug release rates from different formulations by considering p < 

0.05 as significant value.  

5.4.10. Release kinetics Models  

The in-vitro release data obtained is evaluated by different kinetics models including first order, 

zero order, Higuchi, Korsmeyer- Peppas that are bet fitted for kinetic study. Zero order kinetic 

release is stated as:   

Ft = Kot                                                                                                                                             (10) 

Where, Ft is drug release fraction in time t and Ko is zero order rate constant.  

First order release is expressed as:   

In (1-F) = -K1t                                                                                                                        (11) 

Where F is fraction of drug release in time t and K1 is release constant. 
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 Higuchi model is based on Fick’s law and expressed as:  

F = K2t
1/2)                                                                                                                                (12) 

Where, K2 is Higuchi’s constant and F is fraction of drug release at time t. 

Korsmeyer- Peppas model equation expressed as  

Mt/M =K3t
n                                                                                                             (13) 

 Where K3 is Peppas constant, Mt is quantity of released drug in time t and M is infinite amount 

of drug. If  values < 0.431 presents Fickian (Case-I) and if value lies among 0.43 - 0.851 shows  

non-Fickian  release [211].    

5.5. RESULTS AND DISCUSSION  

In the present study, IBH loaded microspheres was prepared by using oil-in-oil (O/O) solvent 

evaporation method. EC was dissolved in DCM and KollicoatMAE100P and IBH were 

dissolved in ethanol. Both solution was mixed to make homogenous and added drop-wise into 

liquid paraffin comprising of 1% span80 at 800 rpm for 3 hours at 40oC. The collected 

microspheres were washed three times with n-hexane to remove oil. After washing 

microspheres were left for drying in an oven overnight at 30◦ [22].     

5.5.1. Entrapment efficiency and percentage yield  

Maximum % yield was observed 86.22 ± 2.65 in optimized formulation and entrapment 

efficiency was determined upto 82 ± 2.11 as shown in Table 5.2.  
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Table 5.2    Size, % yield and entrapment efficiency of microspheres    

Formulation Size(um) % Entrapment Efficiency Percentage yield  (%) 

FC1 55.12 ± 1.2 57.12 ± 1.32 65.15 ± 2.23 

FC2 61.54 ± 2.3 63.23 ± 1.55 69.34 ± 1.15 

FC3 66.43 ± 3.2 74.21 ± 2.54 73.23 ± 2.11 

FC4 73.45 ± 1.7 73.22 ± 2.11 79.11 ± 1.33 

FC5 76.13 ± 5.4 81.31 ± 1.71 85.34 ± 2.56 

FC6 80.11 ± 3.7 84.12 ± 1.83 83.22 ± 3.18 

FC7 82.12 ± 4.3 87.22 ± 2.15 86.22 ± 2.65 

5.5.2. Particle size and morphology of microspheres  

SEM was used to determine surface morphology of developed microspheres. SEM images were 

spherical in shape with even surface. The images of un-loaded, loaded and broken microspheres 

shown in Figure 5.2 (A, B, C) respectively. Figure 5.2C presented internal morphology of 

broken microspheres. Microspheres prepared with Kollicoat MAE100P were spherical with 

smooth surfaces while in combination with EC irregular with smooth surface confirmed by 

SEM. Optical microscopy was used for particle size measurement as shown below in Figure 

5.1. The mean particle size of various formulations of microspheres was 60-80 µm as given in 

Table 5.2. Particle size of microspheres increases gradually as EC amount was increased. Due 

to this a thick coating layer was observed around IBH. It was perceived in most cases the 

smaller the mean particle size, the shorter the diffusion path for drug releases, and 

consequently, the faster the release rate and vice versa. So release profile of drug from 

microspheres are predictable as being dependent on particle size [253].     

The particle size analysis of optimized formulation containing Kollicoat MAE100P: EC 

(50:50) was measured by using a Nano-series Zetasizer presented in Figure 5.3.    
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Figure 5.1 Optical microscopy images of (A) FC1 KollicoatMAE100P/EC (100/00), (B) FC7 

KollicoatMAE100P/EC (250/250)  
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Figure 5.3 Particle size analysis of Kollicoat MAE100P-EC IBH-loaded microspheres of 

optimized formulation (FC7)  

5.5.3. Micromeritics properties microspheres 

Micromeritics included bulk density, tapped density, Ci, Hr and angle of repose of all 7 

formulations were studied as shown in Table 5.3. Result revealed excellent flow of microsphere   

[254]. Hr values (<1.25) demonstrated good flow properties of all developed formulation of 

microspheres. Angle of repose values were below 300 demonstrating free flow properties of 

microspheres.    
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Table 5.3 Micromeritics properties of microspheres   

Formulation 

code  

Angle of 

repose 

Hausner’s 

ratio 

Compressibility 

index  

Tapped 

density  

Bulk 

density  

FC1 17.35 ± 1.25 1.11 ± 0.09 10.17 ± 1.22 0.41 ± 0.01 0.23 ± 0.01 

FC2 21.42 ± 1.72 1.13 ± 0.21 11.13 ± 2.11 0.42 ± 2.01 0.22 ± 0.01 

FC3 22.70 ± 3.25 1.15 ± 0.04 13.36 ± 1.42 0.45 ± 0.01 0.28 ± 0.02 

FC4 24.55 ± 2.45 1.17 ± 0.49 15.12 ± 2.52 0.47 ± 0.11 0.31 ± 0.01 

FC5 26.27 ±1.33 1.21 ± 0.18 16.22 ± 8.58 0.49 ± 0.02 0.47 ± 0.01 

FC6 27.66 ± 4.21 1.22 ± 0.40 17.26 ± 4.62 0.53 ± 0.01 0.49 ± 0.02 

FC7 28.27 ± 1.33 1.23 ± 0.03 22.45 ± 1.42 0.57 ± 0.01 0.53 ± 0.01 

 

5.5.4 FTIR 

Figure 5.4 depicts the FTIR spectra of IBH, EC, and Kollicoat MAE100P, un-loaded and IBH-

loaded microspheres. IR spectra of IBH presented characteristics peaks such as C=C stretching 

bands at 1103 cm-1, C-C stretching bands at 1456 cm-1 and aliphatic C-N present stretching 

bands at 2451cm-1 [218]. EC showed peaks at 2833 cm-1 due to stretching vibration of – OH 

group at carbon numbers 2, 3 and 6 [81]. The FTIR spectrum of Kollicoat MAE100P showed 

a characteristic broad band at 3421 cm-1, which is assigned for OH stretching and a stretching 

vibration band of C=O at 1637 cm-1 as well as a C-H stretching vibration peak at 2915 cm-1 

[255]. The peaks at 1723 and 1698 cm-1 represented the carbonyl group in Kollicoat MAE100P 

[256]. Figure showed the FT-IR spectra obtained for the solid dispersion and physical mixtures 

where the wavenumber was from 3600 to 3200 cm-1. The peak at 2451cm-1 represented the 

aliphatic C-N stretching of IBH. It disappeared when prepared as solid dispersion. This might 
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be evidence indicating a breakdown in the crystalline structure of IBH leading to the formation 

of the amorphous state. Thus FTIR spectra of IBH-loaded microspheres indicated compatibility 

between polymers and drug that was chemically steady in microspheres.  

 

 

Figure 5.4 FTIR spectra of (A) Ivabradine-HCl (B) EC (C) KollicoatMAE100P (D) Un-loaded 

microspheres (E) IBH-Loaded microspheres 
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5.5.5. DSC      

DSC was conducted to determine melting characteristics of polymers and drug.  DSC presented 

endothermic peaks near 193◦C which is the sign of melting point of IBH while drug loaded 

microspheres showed no such peaks. Endothermic peaks of EC were detected at transition 

temperature 132◦C and Kollicoat MAE100P displays broad endothermic peaks at 213.140◦C 

with thaw point of 207.50◦C. It suggests that IBH particles were distributed in polymer matrix 

[257]. DSC curves of (A) IBH (b) EC (C) Kollicoat MAE100P (D) un-loaded microspheres 

(E) loaded microspheres are shown in Figure 5.5.  

5.5.6. TGA   

Thermal stability of microparticles and IBH was measured by employing TGA. The 

temperature condition was kept within range of 40-350◦C. Maximum percentage weight loss 

was observed upto 40 % near about 290◦C which was indicated by TGA curves of drug loaded 

microspheres. Result indicated IBH-loaded microparticles showed good thermal stability as 

compared to pure drug shown in Figure 5.6.  
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Figure 5.5 DSC thermogram of (A) IBH (B) EC (C) Kollicoat MAE100P (D) Un-loaded 

microspheres (E) Loaded microspheres   
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Figure 5.6 TGA of (A) IBH (B) EC (C) Kollicoat MAE 100P (D) Un-loaded microspheres (E) 

Loaded microspheres    
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5.5.7. X-RD 

X-RD analysis was used for the evaluation of crystallinity of IBH in resultant microspheres. 

IBH has revealed the characteristics peaks at 2θ of 12◦, 16◦, 20◦ and 25◦due to its crystalline 

nature. These characteristics intense peaks were absent in blank microspheres and IBH-loaded 

microspheres. X-RD study suggests that when pure IBH was incorporated in the Kollicoat 

MAE100P and EC: KollicoatMAE100P, the intensity of drug peaks was decreased due to 

decreasing crystallinity of the drug. X-RD patterns of pure drug (A) IBH (B) EC (C) Kollicoat 

MAE100P (D) un-loaded microspheres (E) IBH-loaded microspheres are shown in Figure 5.7 

that clearly designates that in  polymeric matrix IBH particles were uniformly distributed [219].   

 

Figure 5.7   X-ray diffraction patterns of (A) IBH (B) EC (C) Kollicoat MAE 100P (D) Un-

loaded microspheres (E) Loaded microspheres 
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5.5.8. Swelling studies   

Swelling studies of a series of samples 100:00, 90:10, 80:20, 75:25, 70:30, 60:40, 50:50 of 

Kollicoat MAE100P and EC using 1% span80 as emulsifying agent were measured at 37◦C in 

different dissolution medium (pH 1.2, 5.5 and 7.4). In current study, un-loaded microspheres 

were allowed in pH 1.2 firstly then shifted to buffer solution at pH 5.5 and 7.4 after complete 

equilibrium. Kollicoat MAE100P possess high water uptake ability in pH 7.4 due to solubility 

at higher pH while EC is a powerfully hydrophobic polymer does not absorb much amount of 

water. All formulations when analyzed it was exposed that due to increase in amount of EC 

decreases water uptake was observed. The rate of water uptake was much greater in pH 7.4 as 

compared to 0.1 M HCl (pH 1.2). Higher degree of swelling due to COO- groups electrostatic 

repulsion and dissolution of pH dependent polymers. High degree of release profile was 

observed due to permeability of coating material. Electrostatic repulsion and carboxylic acids 

ionization lead to expansion of  coiled molecules that will cause swelling of microspheres [258, 

259]. Results of swelling studies of all formulation was shown in Table 5.4 indicating the 

maximum swelling was accomplished at pH 7.4.  

Table 5.4 Swelling studies of microspheres at different pH  

Formulation code pH 1.2 pH 5.5 pH 7.4 

FC1 0.32 ± 0.001 2.44 ± 0.01 3.99 ± 0.0001 

FC2 0.34 ± 0.001 2.68 ± 0.01 4.06 ± 0.0001 

FC3 0.40 ± 0.001 2.83 ± 0.01 4.16 ± 0.0004 

FC4 0.53 ± 0.001 2.81 ± 0.01 4.38 ± 0.0001 

FC5 0.52 ± 0.001 2.87 ± 0.01 4.56 ± 0.0006 

FC6 0.55 ± 0.001 2.95 ± 0.01 4.88 ± 0.0001 

FC7 0.56 ± 0.001 3.11 ± 0.01 4.99 ± 0.0001 
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5.5.9 In-vitro drug release  

The in-vitro drug release of microspheres was performed in different dissolution medium. IBH 

was selected as model drug to evaluate the release behavior in formed microspheres with 

various polymer composition. The pH condition chosen was pH 1.2, pH 5.5 and pH 7.4. 

Percentage cumulative release of drug from all formulations at different pH i.e. 1.2, 5.5 and 7.4 

were given Figure 5.8, 5.9 and 5.10 respectively. Figure 5.10 showed the % cumulative release 

in pH 7.4 was much greater than other pH. The in-vitro drug release study indicated that the 

combination of polymers and their changed ratio altered the rate of drug release from polymeric 

microspheres. Drug release of formulation FC1 containing Kollicoat MAE100P were very slow 

at pH 1.2 because of its insolubility in an acid environment, it should prevent dissolution of 

IBH. At pH 5.5 FI showed sustained release rate because Kollicoat MAE100P is soluble at pH 

above 5.5 and dissolution process takes relatively longer because it involves the process of 

absorption, swelling and disentanglement, before drug release. FCI showed fastest release at 

pH 7.4. Formulation FC7 showed maximum sustained release at pH 7.4 containing equal 

amount of EC and Kollicoat MAE100P. At greater concentration of EC slow release of drug 

was observed from FC7 due to impermeability of water at pH 7.4. F1 formulation comprising 

highest amount of Kollicoat MAE100P released 80.1 % of drug within six hrs. The reason for 

rapid release of drug from formulations comprising of highest concentration of methacrylic 

acid/ethyl acrylate copolymer to EC enteric coating is able to achieve broad ranges of drug 

release patterns at  pH 7.4 [165]. The other six formulations released drug in a sustained release 

pattern up to 12 hours and cumulative release % of IBH was 90.1%, 91.1%, 91.5%, 92.34%, 

93.5% and 94.5% respectively. Increase in polymer solution viscosity has produced 

microspheres with decreased porosity due to thickening of polymer wall [50]. Literature survey 

indicated that higher concentration of EC results in a longer diffusional path length, so drug 

release is extended. The thick polymeric barrier slowed the entry of surrounding dissolution 

medium in to the microspheres and hence less quantity of drug release out from the polymer 

matrices of the microspheres exhibiting sustained release [177]. It indicates that drug release 

mechanism gradually transfer from diffusion mechanism to erosion at dissolution medium of 

pH 7.4. In this method of microencapsulation drug release prolongation was observed upto 12 

hrs. due to time dependent EC [260, 261]. % drug release was decreased as the concentration 

of EC was increased due to increased polymer solution viscosity. The proposed mechanism 

was that increased in polymer solution viscosity and polymer wall thinking reduced 

microspheres porosity. At pH 5.5 and pH 7.4 in-vitro release pattern were quite similar but % 
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drug release was low in pH 5.5 due to solubility of Kollicoat MAE100P. Results showed 

maximum drug release at pH 7.4 was observed as compared to lower pH. In-vitro dissolution 

studies indicate that F7 formulation considered as final product due to prolonged sustained 

release. The release data was analyzed by ANOVA suggested significant results (P < 0.05). 

5.5.10. Drug release kinetics   

In-vitro release mechanism was analyzed using various kinetic models including first order, 

zero order, Korsmeyer-peppas and Higuchi models as shown in Table 5.5. Regression 

coefficient was used for release data analysis. By applying zero order model value of R2 was 

found to be 0.7281-0.9732 and for first order model R2 was 0.9112-0.9986 and for Higuchi 

model the value of R2 was 0.9510-0.9987. The results indicated first order release from R2 

values. The result proposed that first order was best fitted to the data and followed by drug 

release. Applying Korsmeyer-Peppas model the value of (n) for release of drug was calculated. 

The value of (n) was found to be between 0.402-0.655 which indicates that diffusion 

mechanism was non-fickian as given below in Table 5.6 [228, 262, 263]. Drug release from   

above formulation was likely controlled by a combination of diffusion and erosion 

mechanisms.  

5.6. CONCLUSION   

In this study IBH-loaded microspheres were synthesized successfully by using EC and 

Kollicoat MAE100P by O/O solvent evaporation method. In-vitro dissolution studies revealed 

that all drug-loaded formulation had a pH-dependent drug release profile. In-vitro release 

exposed the polymeric microspheres released the drug up to 12th hrs. in pH of 7.4. Formulation 

F7C which had the EC-Kollicoat MAE100P (50:50) was found to be best sustained release 

behavior at pH 7.4 due to increase concentration of EC. In summary, a method is presented for 

microencapsulation O/O emulsion solvent evaporation method is well-defined technique and a 

rationale is given to microcapsule morphology as function of the compatibility of the materials. 

We believe that this research may lead to the development of rational design of un-loaded or 

filled microcapsules that are useful for encapsulating active ingredients and releasing them by 

a pH trigger. So, we concluded that the prepared novel pH-sensitive IBH loaded-microspheres 

are an appropriate application for controlled delivery.     
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Table 5.5      Release kinetic of all formulations at pH 7.4, 5.5 and 1.2  

Formulation 

Code 

pH Zero Order First Order Higuchi Model 

FC1 R2 K0 K1 R2 KH R2 

1.2 0.9076 2.412 0.027 0.9112 7.258 0.9748 

5.5 0.7796 7.468 0.133 0.9653 21.624 0.9969 

7.4 0.9239 9.967 0.266 0.9874 28.424 0.9829 

FC2 1.2 0.9117 2.566 0.039 0.9210 7.670 0.9510 

5.5 0.7281 7.481 0.136 0.9750 22.744 0.9943 

7.4 0.9206 9.823 0.275 0.9983 28.244 0.9630 

 

FC3 

 

1.2 0.9265 2.707 0.036 0.9368 8.036 0.9825 

5.5 0.9606 7.335 0.137 0.9827 21.495 0.9941 

7.4 0.9250 9.884 0.280 0.9963 29.385 0.9827 

 

FC4 

1.2 0.9106 2.610 0.033 0.9445 8.145 0.9771 

5.5 0.9549 7.321 0.137 0.9835 22.417 0.9929 

7.4 0.9180 9.760 0.288 0.9986 29.144 0.9731 

 

FC5 

1.2 0.9324 2.742 0.033 0.9458 8.160 0.9778 

5.5 0.9506 7.481 0.129 0.9840 21.926 0.9819 

7.4 0.9163 10.071 0.288 0.9966 29.963 0.9717 

 

FC6 

1.2 0.9472 2.746 0.036 0.9383 8.150 0.9871 

5.5 0.9732 7.496 0.139 0.9834 29.869 0.9987 

7.4 0.9446 10.067 0.286 0.9976 29.979 0.9871 

 

FC7 

1.2 0.9070 2.888 0.038 0.9378 8.484 0.9717 

5.5 0.9293 7.701 0.157 0.9769 22.451 0.9944 

7.4 0.9172 10.229 0.342 0.9978 30.129 0.9876 
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Table 5.6    Korsmeyer-peppas model mechanism of release at pH 7.4, 5.5 and 1.2  

Formulation 

Code  
pH 

Korsmeyer-peppas model 
Order of 

release 
Release rate (n) R 

 

FC1 

1.2 9.078 0.428 Non-fickian 

5.5 17.305 0.575 Non-fickian 

7.4 31.769 0.566 Non-fickian 

FC2 1.2 9.294 0.432 Non-fickian 

5.5 19.628 0.655 Non-fickian 

7.4 33.780 0.437 Non-fickian 

 

FC3 

 

1.2 9.252 0.512 Non-fickian 

5.5 20.859 0.616 Non-fickian 

7.4 34.182 0.523 Non-fickian 

 

FC4 

1.2 8.592 0.543 Non-fickian 

5.5 21.725 0.575 Non-fickian 

7.4 35.729 0.418 Non-fickian 

 

FC5 

1.2 9.537 0.402 Non-fickian 

5.5 20.698 0.515 Non-fickian 

7.4 35.940 0.629 Non-fickian 

 

FC6 

1.2 9.294 0.545 Non-fickian 

5.5 22.187 0.597 Non-fickian 

7.4 34.824 0.529 Non-fickian 

 

FC7 

1.2 10.163 0.645 Non-fickian 

5.5 21.396 0.614 Non-fickian 

7.4 33.362 0.532 Non-fickian 
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Figure 5.8 % Cumulative release of drug at pH 1.2   

 

Figure 5.9 % Cumulative release of drug at pH 5.5 

                         

                               Figure 5.10 % Cumulative release of drug from all formulation at pH 7.4.    
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6. Quantitative Determination and Validation of Ivabradine-HCl by High Performance 

Liquid Chromatography Method  

6.1. SUMMARY  

The major objective of this research study was the development of high performance 

chromatographic (HPLC) method for the determination and validation of ivabradine-HCl 

(IBH).  A rapid, precise, sensitive and simple HPLC method was developed and validated 

according to ICH-guidelines. Analysis of IBH was conducted both in mobile phase (MP) and 

in rabbit plasma. HPLC column (HSC18 (25 cm x 4.6 mm, 5µm), used for separation. MP 

(Acetonitrile: Buffer pH 6.0), 40:60 v/v) used for analysis of IBH. Flow rate was adjusted as 1 

ml/minute in the isocratic mode. UV-Detector wavelength was set at 287nm for analysis. 

A good linear relationship presented with calibration curve. The concentration was found 1.56-

100 µg/ml both in rabbit plasma and MP and plasma after regression analysis (R= 0.9998). 

Internal standard (IS) used was pantoprazole. The method was validated for precision, recovery 

and robustness. Intra and Inter-day precision (% relative standard deviation) were less than 2%.  

This method displayed the mean recovery of 96% -102% and RSD < 1% in MP and plasma. 

The developed HPLC method was highly sensitive, precise and accurate for validation of IBH.  

6.2. INTRODUCTION   

IBH is 3-[3-[[(7S)-3, 4-dimethoxy-7-bicyclo [4.2.0] octa-1, 3, 5-trienyl] methyl-methylamino]-

propyl-7, 8-dimethoxy-2, 5-dihydro-1H-3-benzazepin-4-onehydrochloride shown in Figure 

6.1. IBH is the first representative of a new class of heart rate reducing agent. It has been widely 

used as a bradycardic agent by selectively inhibiting the If current in the sinoatrial node [184]. 

The antianginal and anti-ischemic efficacy of IBH in a controlled clinically trial was 

successfully demonstrated in patients with angina pectoris [190]. It is a selectively sinus node 

If inhibitor in angina patients who are unable to take beta blockers [183, 184]. Numerous 

Reverse phase-HPLC methods are described for IBH determination in  plasma and urine [264] 

mass spectrophotometric detection [265], liquid chromatographic–electrospray ionization mass 

spectrometric (LC–ESI-MS) [266], LC-HR-MS/MS [267], UPLC [268]. A rapid novel 

UPLC/MS method was applied for manidipine validation. In this method human plasma was 

used for determination [269, 270]. High performance thin layer chromatographic method [271] 

and HPLC-UV detection [272, 273] and  LC-MS/MS method was reported for determination 

of IBH and its metabolites in urine in human blood [274, 275]. A new method HPLC–PDA 
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was developed  for the quantitative estimation and validation of Diphenyl Diselenide in 

Poly(lactide) Nanoparticles [276]. IBH is mainly metabolized by cytochrome P450 (CYP) 

isoenzyme 3A4 in human liver and half-life is 2hr. Isoenzyme (3A4) genetic variation has been 

surveyed in diverse population ethnically [277, 278].   

 

Figure 6.1 Structure of Ivabradine-HCl  

HPLC is a recognized chromatographic technique responsible for determination  and validation 

of drug in pharmaceutical dosage form [279]. This technique was used for generating 

meaningful data. The US Food and Drug Administration (FDA) and United States 

Pharmacopeia (USP) have recognized the significance of HPLC for development and increased 

validation requirements of drugs in recent years. A third source, the International Conference 

on Harmonization (ICH), has added requirements that, when combined with the previous two 

sources. Therefore, it provides a selective, specific, cheap and reliable system for validation of 

IBH. In this study a rapid, selective and highly sensitive validation method was implicated for 

IBH analysis. Literature survey showed others methods presented many drawbacks including 

use of maximum solvents and consumption of time. The existing method, in comparison 

required a shorter analysis time (10 min) with a small amount of solvent consumption with 

favorable results [280-282].The exact novelty of current research is development of mobile 

phase which was not previously reported.     

The planned research reliably provides optimum IBH determination with admirable separation 

in total run time of 10 minutes. The retention time (RT) was estimated to be 4.0 by using 

Acetonitrile: Phosphate buffer, 40: 60 MP. This MP is possibly valuable due to low cost. The 

developed method confirmed accurately by numerous parameters including accuracy, 

precision, linearity and quantification for analytical purpose.  

 

 



 

117 
 

6.3. MATERIAL AND METHOD 

6.3.1. Chemicals 

IBH a gift sample was received from CCL Pharmaceuticals laboratories, Lahore, Pakistan. 

Sodium hydroxide (NaOH) (Merck, Germany). Potassium dihydrogen phosphate (KH2PO4) 

(Merck, Germany) and Hydrochloric acid (BDH, Pakistan). Acetonitrile (HPLC grade), 

obtained from BDH (Chemicals, Ltd, UK).     

6.3.2. HPLC apparatus and chromatographic conditions  

High performance liquid chromatography (PerkinElmer, Newyark, USA) fitted out with 

column HSC-18 (25 centimeter x 4.6 millimeter, 5µm) Supelco, (Sigma-Aldrich). UV-detector 

was set at 287nm after scanning of IBH solution (100µg/100ml) between 200-400nm and 

maximum wavelength (287nm) was recorded. Chromera HPLC software was for data 

processing. Analytical balance (model CB 6698, Germany), Vortex- mixer (England), pH-

meter (370, Jenway, UK). Cellulose acetate membrane filter 0.45µm for filtration and cellulose 

nitrate 0.45µm (Sartorius Stedim, Germany). Membrane disc filters (Durapore 0.22 µm pore 

size Ireland). 0.45μm Nylon filter (Millipore, Bedford, MA, USA). The HPLC system was used 

in an air-conditioned laboratory atmosphere (25º C).  The chromatographic parameters are 

shown below: 

 Chromatographic parameters  

Column                                               HSC18 (25 Cm x 4.6 mm, 5µm) Supelco, Sigma-Aldrich)  

                                                            Octadecyl C-18-Silica (ODS) 

Detector                                                      287 nm 

Injection Volume                                        20 µL 

Flow Rate                                                   1.0 mL min-1 

Temperature                                               25º C 

Run Time                                                   10 minutes 

Mobile Phase                                              Acetonitrile: buffer pH 6.0), 40:60 V/V)  
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6.3.3. Preparation of mobile phase and stock solution  

 MP composition was adjusted to maintain separation condition using buffer of pH 6.0. Buffer 

solution was prepared by using 0.2M potassium dihydrogen phosphate. The pH of buffer 

solution was adjusted with freshly prepared 0.2M sodium hydroxide solution according to USP 

specification. Acetonitrile was used to reduce the run time. MP was finalized using ratio of 

buffer and acetonitrile (40:60 v/v). Separation was attained by using a MP (Acetonitrile: buffer 

(pH 6.0), 40:60 V/V), with a flow rate of one ml/minute at room temperature (22 + 20 C). MP 

was filtered by using 0.45µm. The column was equilibrated at least for thirty minutes before 

injecting sample of IBH solutions. The detection was set at wavelength of 287 nm. Stock 

standard solutions of IBH was prepared in MP. This standard solution was protected from heat 

and light. Working sample solution was freshly prepared by diluting standard solution with MP 

at the day of analysis. Calibration curves reporting peak area ratio of IBH to that of the IS 

versus drug concentrations were established. The Stock solution (100μg/ml) was prepared in 

the presence of pantoprazole (12.5µg/ml) as internal standard. Further dilution was made to 

obtain 50, 25, 12.5, 6.25, 3.12, 1.56 µg/ml concentrations respectively.    

6.3.4. Preparation of test solution for assay 

Tablet formulation was purchased from pharmacy shop, 10 tablets each containing 5 mg of 

IBH were weighed and crushed into powder. Powder equivalent to 10 mg of IBH was 

transferred to 10 ml volumetric flask and suitable quantity of IS was added followed by the 

addition 10 ml of mobile phase.  It was sonicated for 20 minutes, centrifuged at 4000 rpm and 

filtered through 0.2μm. Further dilutions were done with Acetonitrile: Buffer, 40:60 v/v) to get 

the final concentration. Then 20 µl of this solution was injected for HPLC analysis.   

6.3.5. Extraction of IBH from plasma 

Blood samples were collected from healthy rabbits in citrated tubes (Bolton Scientific Limited) 

and was centrifuged immediately 4000 rpm for 20 minutes. The supernatant layer was obtained 

and stored at -20°C. The study was directed with the approval of Ethical Committee for 

Utilization of Laboratory Animals, Bahauddin Zakariya University Multan Pakistan. Standard 

stock solution of IBH (100 μg/mL) was prepared in mobile phase and further diluted with 

mobile phase to working solutions. Drug free blank plasma (100 μl) was spiked with working 

drug solutions to attain the desired concentration range. 
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For plasma sample preparation 1mL of aliquot plasma sample was spiked ImL of stock solution 

containing IS working solution at 2 µg/ml. The plasma mixture was extracted with 4 mL of 

acetonitrile and mixed by vortex- mixer for 5 min, and then centrifuged at 4000 rpm for 20 

minutes. A thermostatically controlled waterbath was used for the removal and evaporation of 

organic layer. The temperature was maintained at 40◦C. After complete drying residue obtained 

was put in 200 µL of MP and vortex-mixed for 3min. After mixing it was centrifuged at 6000 

rpm for 20 minutes. 5 mL of the supernatant  layer was taken and then  20 µl of this supernatant 

was injected into HP-LC system for analysis [274] as shown in figure 6.2 which illustrate the 

representative  chromatograms A) IBH in Mobile phase  B) IBH in plasma C) IBH containing 

IS D) A placebo under optimized assay conditions.    

6.4. Method validation  

ICH guidelines  are applied for the validation of method [283]. Numerous factors like linearity, 

accuracy precision, robustness, system suitability, limit of quantification (LOQ) and limit of 

detection (LOD) were detected for the proposed method.  As per ICH-guideline, LOD and 

LOQ of the developed method were calculated from the standard deviation of the y-intercept 

and slope of the calibration curve of IBH using the formula, 

Limit of Detection =   3.3 ∗ 𝜎
𝑆⁄  

Limit of Quantitation = 10* 𝜎 𝑆⁄  

Where, ‘‘S’’ is slope of calibration curve ‘‘𝜎’’ is standard deviation of response  [271].   

6.4.1 Calibration curve  

Different volumes of the standard solution were applied and linear relationship between peak 

area and concentration of the drugs was evaluated. Concentration of analyte and a detector 

response relationship  is described in  linearity curve [284].   

6.4.2. Accuracy and precision  

Precision characterizes repeatability how the measurements are close to frequent values of a 

single sample. Precision was evaluated by intra and inter-day  [285]. Intraday precision was 

conducted by repetitive injection (N=6) on same day like starting from beginning, middle and 
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end of day. The intraday precision and accuracy were estimated by analyzing the replicates. 

Inter-day precision was estimated by measuring each sample on different days.          

 

 

Figurer 6.2 Chromatograms corresponding to   A) IBH in Mobile phase) B) IBH in plasma 

C) IBH containing IS D) A placebo under optimized assay conditions. 
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6.4.3. Specificity  

Specificity of current method was validated by injecting samples of blank, placebo and IBH 

sample solution. The purpose was to check interference of placebo at the RT of test drug and 

co-elution of main peak [225].     

6.4.4. Stability  

 Plasma stability having IBH was assessed for 72.0 hrs. via freeze and thaw-cycles at 15-20 ◦C. 

Total samples were evaluated for IBH contents. A sample of IBH was synthesized and analyzed 

at various time breaks. All sample solutions were stored at -20 oC and thawed at room 

temperature. Degradation effect of samples were analyzed by freeze-thaw cycles (cycle 0, 1, 2 

and 3).   

6.4.5. Recovery  

Extraction efficiency of drug was assessed by spiking plasma and diluent with 25, 50 and 100 

µg/ml of IBH.  

6.4.6. Suitability test    

Suitability was measured with the initial MP composition by injecting ten injections of the 

similar standard. Various parameters include, peak area, tailing factor, theoretical plates and 

retention time were effectively confirmed.  

6.4.7. Robustness  

It is the degree of influence of deliberate modifications in the various factors. This was tested 

by changing the instrumental conditions like rate of flow and composition of MP. Assay of 

IBH was calculated under each condition. Mean, SD and % relative standard deviation (% 

RSD) were used for assessments of robustness [274].       

6.5. RESULTS AND DISCUSSION 

6.5.1. Linearity curve calibration 

Standard plot was fabricated and linearity was estimated by statistical analysis by linear 

regression analysis that was calculated by least-squares regression. Six different concentrations 

were used to prepare calibration curve in MP as well as in rabbit plasma. The curve (calibration) 
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was linear within the range of 1.56-200 µg/milliter both in MP and plasma respectively by 

applying regression-equation and correlation-coefficient (r)   

𝑌 = 14905𝑋 + 22475 

𝑌 = 30010𝑋 + 23489 

Where X is standard conc. of solution in µg/ml. The graph was plotted as shown in Figure 6.2 

between peak area and concentration injected. Features of proposed method from standard 

calibration curve are the correlation coefficient was found to be R2=0.9998, residual standard 

was 1991and slope of range was found to be 12213. Furthermore, linearity was also evaluated 

‘‘Lack of fit’’ where deviation of peak area in terms of F ratio was calculated. The calculated 

F value was less than tabulated value, 5.82 at 95% confidence interval.    

                                                                                          

 

Figure 6.3   Representative calibration graphs of A (in Mobile phase) and B (rabbit plasma) 
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6.5.2. Precision and accuracy   

Three different concentration 90, 120 and 150 µg/ml were used for intra and inter day precision 

of developed method. Relative stand deviation (% RSD) was determined > 2 for each conc. 

with the measured value of 0.28 % - 0.86%. Inter-day precision was calculated by injecting 

various concentration on consecutive three days. RSD was found to be 0.38% - 0.53% as given 

in Table no. 6.1. Accuracy of the technique was recognized up to 102% which is satisfactory 

through the conc. range.     

6.5.3. LOQ and LOD 

LOQ and LOD were determined by analyzing various samples (n=6) with minimum IBH 

concentration of 1.56 µg /mL. The values of limit of detection and quantification were found 

to be 0.06 µg /mL and 0.2 µg /mL respectively [276].  

6.5.4. Solution stability  

Standard and sample solutions were assessed using HPLC method at room temperature for 24 

hrs. The solutions were analyzed after 2, 4, 6, 12, 18 and 24 hrs.  The relative standard deviation 

was found to be below 2.0%. It proved the stability of standard and sample solutions at room 

temperature (temp). The results of solution stability of HP-LC method given in Table 6.2.     
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Table 6.1 Intra-day and inter-day accuracy and precision, mean ± SD (n=6) 

Intra-day variation (repeatedly )  in rabbit plasma 

Theoretical conc. 

µg/ml 

Conc. found 

µg/ml 

Accuracy % RSD % 

90 88.87 98.74 0.86 

120 118.96 99.14 0.28 

150 150.91 100.6 0.30 

Inter-day variation (intermediate precision) in rabbit plasma 

90 89.14 99.04 0.53 

120 119.24 99.36 0.41 

150 150.49 100.32 0.38 

  

Table 6.2.  Average Conc. and % recovery of IBH  

Temp. and Time  Conc.( µg/ml) Results  ± SD  Percentage 

Recovery 

Relative SD %   

Temp  (12 h) 50 50.62 ± 0.385 101.24 0.760 

20  -20°C       

(72 hours) 

 

50 

 

51.28 ± 0.279 

 

102.6 

 

0.544 
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6.5.5. Recovery (%)   

For the determination of accuracy and reliability recovery studies was performed in a 

triplicate fashion at 50%, 100% and 150% of defined target conc. [286]. Results of accuracy 

studies are within the range of 96%-102% and RSD less than 1%. Recovery results of HP-LC 

method are shown in Table 6.3.    

6.5.6. Robustness and freeze thaw stability studies 

The result of robustness based on % recovery and % of relative SD was estimated. The values 

obtained after changes in rate of flow and composition of MP. This indicated that content of 

the drug did not affect adversely after these changes. Maximum RSD obtained was 1.381% as 

shown in Table 6.4. The results of free thawed stability studies presented no significance 

degradation in freeze thaw cycles as given in table 6.5. 

6.5.7. System suitability  

System suitability was assessed by applying ten injection of similar standard based on 

numerous factors as shown in Table 6.6.    

Table 6.3 % recovered of IBH from plasma 

 

 

 

 

Spiked  Conc. of IBH 

in µg/ml 

Recovered con. of  

IBH in  µg/ml 

Percentage recovered Relative SD % 

20  19.22 ± 0.248 96.1 % 1.29 

40  41.11 ± 0.532 102.7% 1.294 

80  80.65 ± 0.562 100.8 % 0.696 
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Table 6.4 Robustness results for different flow rate and composition of mobile phase 

 

      

 

 

 

 

 

 

Change to 

original method 

Sample 1 

µg/ml 

Sample 2 

µg/ml 

Sample 3 

µg/ml 

Mean ± SD % RSD 

Flow-rate 

1ml/min 

81.27 82.95 80.96 81.72± 0.181 0.221% 

Flow-rate 

1.2ml/min. 

67.8 68.1 69.1 68.3 ± 0.173 0.253% 

Flow-rate 

0.8ml/min. 

103.3 102.3 103.7 103.1± 0.230 0.223% 

Mobile phase 

60:40 v/v 

80.94 81.46 80.89 81.09± 0.475 0.586% 

Mobile phase 

70:30 v/v 

101.10 102.63 103.93 102.5± 1.416 1.381% 

Mobile phase 

80:20 v/v 

63.17 64.55 63.99 63.90± 0.318 0.497% 
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Table 6.5 Freeze thawing stability studies 

Freeze-thawing 

cycle 

Spiked drug conc. IBH- conc. (µg/ml) 

Mean±SD 

RSD (%) 

Cycle 0 100 99.413 ± 1.022 1.028 

10 9.718 ± 0.102 1.04 

1.0 0.952 ± 0.012 1.26 

Cycle 1 100 98.110 ± 1.011 1.03 

10 9.345 ± 0.113 1.20 

1.0 0.931 ± 0.015 1.61 

Cycle 2 100 97.991 ±1.033 1.05 

10 9.211 ± 0.114 1.24 

1.0 0.910 ± 0.015 1.64 

Cycle 3 100 97.311 ± 1.134 1.16 

10 9.012 ± 0.115 1.27 

1.0 0.901 ± 0.011 1.22 
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Table 6.6   Suitability validation parameters for HPLC  

Parameters Values RSD % 

Retention time 4.064 ± 0.0117 0.291 

Area 690387.86 0.598 

Tailing factor 1.658 0.717 

Theoretical plate 3297.6 1.44 

   

6.6. CONCLUSION    

Current research study was validated successfully according to ICH guidelines.  The favorable 

results were obtained by using MP consisting of Acetonitrile: buffer pH 6.0, 40:60 V/V.  HPCL 

method was found to be highly precise, sensitive and accurate for determination of IBH in 

pharmaceutical dosage form. These methods are quite useful and reasonably satisfy all the 

standards. Therefore, these approaches can be used for routine analysis of IBH in 

pharmaceutical dosage form and in plasma.   
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7. In-vivo evaluation of microspheres for controlled drug release of IBH using animal 

model pharmacokinetic analysis    

7.1. SUMMARY  

In current study controlled release formulations of methacrylate derivatives and ethyl cellulose 

were synthesized and characterized successfully. On results of their in-vitro dissolution studies 

optimized formulations were selected for pharmacokinetics studies on animal’s models. The 

purpose was to establish controlled drug delivery of these polymeric formulations. FA7 

(Eudragit L100-55-EC), FB7 (Eudragit FS30D-EC) and FC7 (Kollicoat MAE 100P-EC) were 

selected due to their excellent   in-vitro dissolution profile for an extended period of time, small 

and uniform particle size and favorable drug loading. Pharmacokinetic parameters were 

calculated by Phoenix WinNonLin® Version 6.3 software.   

7.2. INTRODUCTION 

Among numerous routes of delivery of drugs, oral route is the most preferred route to the 

patient and the clinician alike. However, it presents some problems for a large number of drugs; 

the enzymes in the fluids of GIT; pH conditions of GIT and the enzymes linked to membranes 

of GIT are the main factors accountable for the bioavailability problems. The blood that drains 

the GIT transfers the drug directly to the liver leading to first-pass metabolism resulting in poor 

bioavailability [287-289]. These problems can be solved either by changing routes of 

administration or by modifying the formulation. Controlled drug delivery is an alternative 

method of drug administration orally in form of polymeric drug loaded microspheres. 

Heart rate reduction (HRR) is a significant target for management of patients with stable 

angina. The drugs available for the management of HRR includes calcium channels blockers 

(CCB) and beta blockers (BB) [189, 290, 291]. For the symptomatic management of stable 

angina pectoris; IBH a novel medication is used   [290, 292]. IBH has different mode of action 

from CCB and BB. It produced anti-anginal effects by lowering heart rate [293]. IBH is 

categorized as a cardiotonic representative. The plasma half-life of IBH is about 2 hrs. and with 

40% bioavailability [294]. In current work, polymeric microspheres have been made to develop 

oral dosage form for enhancing and improving the drug release in a controlled fashion. 

Optimized formulations were used by using different methacrylate derivatives and EC.   
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In this study pharmacokinetics of IBH in rabbits was investigated after oral administration of 

drug solution and microspheres formulations containing IBH. Determination of IBH in rabbit 

plasma by using HPLC method was performed.       

7.3. METHODS  

7.3.1. HPLC analysis  

HPLC method was developed and validated successfully described previously in chapter No. 

6 used to investigate in-vivo presentation of finally selected optimized formulations. 

7.3.2. Animal model and drug administration  

Albino rabbits of weight about 2.0-2.5 kilogram gained from animal house of Pharmacology 

Laboratory, Department of Pharmacy; Bahauddin Zakariya University Multan, Punjab 

(Pakistan). The research protocols were studied and approved by the departmental animal 

ethics committee for use of experimental laboratory animals. In house protocol was developed 

using single dose study design. All rabbits were housed in well maintained separate chamber 

with proper temperature conditions (25 ± 1◦C). These animals are supplied with free access to 

food and water as a standard diet. Over-night fasted rabbits were used for the experimental 

studies. Experimental animals were then divided into four groups (1, 2, 3 and 4) 12 rabbits in 

each group. Animals were fasted at least for 12 hours before starting the experiment. Before 

drug administration animals were allowed a free access to water. Rabbits were appropriately 

labelled and placed in wooden-cages during the process of sampling. At first stage, drug soln. 

(IBH, one mg per kg) was administered to Group-1 via feeding tube followed by 10-20 ml of 

water. This group was tagged as control group. In phase second; group-2 administered 

formulation FA7 (microspheres having IBH equivalent to 1 mg/kg), FB7 (microspheres having 

IBH comparable to one mg per kilogram) were given to group three and FC7 (microspheres 

having IBH same to one milligram per kg) to group 4. 0.5ml sample were obtained from each 

experimental animal from jugular vein. The sampling was done at fixed time interval of 0.5, 1, 

1.5, 2, 3, 4, 6, 8, 10, 12 and 24 hrs. after oral administration. Blood samples were collected in 

citrated tubes. These sampling tubes were centrifuged at 4000 revolutions per minutes (rpm) 

for ten minutes. After plasma isolation all samples are stored at -20◦C till further study. 
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7.3.3. Plasma concentration quantification and pharmacokinetic analysis   

Calibration curve was used for the determination of conc. of IBH from pure drug solution and 

optimized polymeric microspheres formulations in plasma. It is also used for the estimation of 

mean plasma drug concentration. Pharmacokinetic parameters (Pk) were calculated by Phoenix 

WinNonLin® Version 6.3 software the linear trapezoidal method was used to calculate AUC 

from time versus plasma conc. Clearance was calculated by dividing given dose by AUClast. 

Non-compartmental analysis (NCA) was used to determine each pharmacokinetic profile. Pk 

parameters such as time of maximum drug conc. in plasma (Tmax), maximum plasma drug conc. 

(Cmax), area under plasma conc. curve (AUC), half-life (t1/2), rate of elimination (Ke), area under 

first moment curve (AUMC), mean residence time (MRT), distribution volume (Vd) and 

clearance (CL) were determined by dividing given dose.  

7.3.4. Statistical analysis 

Statistical analysis was conducted using analysis of variance (ANOVA) for the purpose of 

calculating statistical significant as well as non-significant analysis at 95% confidence interval, 

with p value >0.05 was considered to be a significant difference in results. Significance level 

was fixed at 5%. For the value of P less than 0.05 was considered to be significant and P less 

than 0.001 was measured extremely significant.    

7.4. RESULTS AND DISCUSSION 

The pH dependent polymeric microspheres were successfully developed and characterized for 

the prevention of plasma drug fluctuation and to control the of drug release pattern. For this 

purpose, methacrylate derivatives and EC based IBH-loaded carries were synthesized. The 

major objective was to establish controlled release microsphere having ability to deliver drug 

at a predetermined rate for an extended period of time.   

Single pk. study was conducted in animals for in-vivo assessment. Mean ± standard deviation 

conc. of IBH determined in plasma of rabbits after oral administration of drug solution (Group-

1) shown in Table 7.1. The mean ± SD of controlled release IBH- loaded microspheres (Group-

2, 3 and 4) are given in Table 7.2. The mean ± SD of plasma conc. versus time profile of IBH 

in group-1, 2, 3 and 4 are illustrated in Figure 7.1 and 7.2 respectively. Drug was detected 

quickly in rabbit plasma after oral provision of IBH solution, while from controlled release 

polymeric microspheres formulations it acquired nearly two hours to detect measureable extent 
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of drug in rabbit plasma. Lag time of nearby two hrs. showed the extended release of 

experimental drug from microspheres. It revealed that drug might remained intact in stomach 

and most possibly released at higher intestinal pH. Various pk. parameters of group 1 and 

groups 2-4 were assessed and presented in Table 7.3 and 7.4 respectively. ANOVA test was 

applied for statistics evaluation of pk. parameters at 5% significance level as given in Table 

7.5.  Results indicated that all parameters showed P-values were <0.0001 representing 

significant difference among all assessed factors.   

The mean plasma conc. (Cmax) of IBH for all groups (1-4) predicted from pk. data were 880.38 

ng/ml, 718.43 ng/ml, 721.87 ng/ml and 805.11 ng/ml respectively, were achieved at Tmax of 

2.01, 4.01, 4.0, and 4.56 hours, respectively. As compared to other groups Cmax were 

significantly higher for group 1. While Tmax of group 2-4 were significantly higher than control 

group. This prolonged Tmax revealed controlled release microspheres formulations that 

representing slow release of drug that resulted controlled released in-vivo drug delivery. Our 

results showed good similarity to drug loaded hydrogels presented with prolonged Tmax and 

lower Cmax as compared to conventional dosage form [292], reported similar finding of pk. 

parameters after oral administration of IBH with co-administration of puerarin.  

AUC is very important tool for the assessment of bioavailability. In current research AUC0-t 

for oral IBH solution (Group-1); FA7 (Group-2); FB7 (Group-3) and FC7 microspheres 

(Group-4) were found to be 2483.71 ± 13.173 ng/ml.h, 5954.37 ± 12.110 ng/ml.h, 6400.82 ± 

19.13 ng/ml.h and 7427.4 ± 49.322 ng/ml.h respectively. AUC0-∞ for oral IBH solution (Group-

1); FA7 (Group-2); FB7 (Group-3) and FC7 microspheres (Group-4) were found to be 2558.95 

± 62.112 ng/ml.h, 6422.72 ± 253.06 ng/ml.h, 6680.98 ± 123.01 ng/ml.h and 8020.44 ± 134.12 

ng per ml.h respectively.    

Results indicated clearly that AUC o-t and AUC o-∞ for the microspheres were higher 

significantly than oral IBH soln. thus signifying enhanced bioavailability in rabbits. Increase 

AUC could be correlated to increase the bioavailability [295]. Similar results were reported for 

improving bioavailability of IBH solid lipid microparticles [296]. Lodhi et al. [297], developed 

controlled release  buccal film of ivabradine HCl. AUC of pH sensitive hydrogels formulations 

was greater comparable to conventional dosage form [298-301]. 

The controlled drug release features of polymeric microspheres also revealed in MRT values. 

The MRT values were significantly greater for the microspheres than for the IBH solution. 
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Furthermore, microspheres have meaningfully prolonged elimination t1/2. This specifies IBH 

containing microspheres have effectively controlled release.   

Table 7.1 Plasma conc. (ng/ml) (Mean ± SD) of IBH 1 mg/kg administered as oral solution  

Time (hr.)                                              Plasma Conc. (mean ± SD) 

00 00 

0.5 56.776 ± 20.865  

1 285.735 ± 46.257 

2 880.381 ± 131.229 

3 636.092 ± 74.388 

4 430.293 ± 97.478 

5 131.051 ± 22.884 

6 86.135 ± 12.884 

8 34.0 ± 10.864 
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7.2 Plasma conc. (ng/ml) (Mean ± SD) of IBH-Eudragit L100-55- EC, IBH-Eudragit FS30D-

EC and IBH-Kollicoat MAE 100P-EC loaded microspheres  

FA7 Microspheres FB7Microspheres FC7 Microspheres 

Time 

(hrs.) 

Plasma Conc.  

(mean ± SD) 

Time 

(hrs.) 

Plasma Conc. 

 (mean ± SD) 

Time 

(hrs.) 

Plasma Conc. 

 (mean ± SD)  

00 0 ± 00 0 0 ± 00 0 0 ± 00    

0.5 0 ± 00 0.5 0 ± 00 0.5 0 ± 00 

1 61.013 ±  16.243 1 57.341 ± 40.123 1 24.311 ±  23.112 

2 190.627 ± 51.617 2 167.953 ± 90.286 2 207.943 ± 70.276 

3 364.99 1 ± 72.170 3 403.235 ± 115.078 3 503.235 ± 105.078 

4 718.432 ± 71.289 4 721.866 ± 95.506 4 805.110 ± 117.011 

6 573.626 ± 88.719 6 608.478 ±102.371 6 711.457 ± 118.305 

8 412.979 ± 106.400 8 498.808 ± 92.463 8 518.691 ± 107.557 

10 313.733 ± 90.591 10 352.842 ± 87.083 10 457.533 ± 87.874 

12 189.240 ± 64.784 12 218.613 ± 48.385 12 238.613 ± 48.385 

24 58.331 ± 74.774 24 42.212 ± 64.784 24 74.112 ± 75.554 
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Figure 7.1 Plasma concentration vs. time (mean ± SD) curve of healthy rabbits of Group-1 
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           Figure 7.2 Plasma concentration vs. time (mean ± SD) curve of healthy rabbits of 

Group-2 
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    Figure 7.3 Plasma concentration vs. time (mean ± SD) curve of healthy rabbits of Group-3 
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Figure 7.4 Plasma concentration vs. time (mean ± SD) curve of healthy rabbits of Group-4 
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Figure 7.5   Comparative plasma concentration vs. time of drug solution, FA7, FB7 and FC7 
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7.3   Pharmacokinetic parameters (Mean ± SD) of IBH administered oral drug soln. to      

rabbits of Group-1. 

Sr. No. Pk. parameters Drug Solution (Mean ± SD)  

1 Cmax (ng/mL) 880.38 ± 11.03 

2 Tmax (hrs) 2.01 ± 0.001 

3 AUC o-t (ng/mL.h) 2483.71 ± 13.173 

4 AUC o-∞ (ng/mL.h) 2558.95 ± 62.112   

5 AUMC0-t (ng h2/mL) 7321.18 ± 23.121  

6 AUMC0-∞(ng h2/mL) 8089.59 ± 34.111  

7 t1/2  (hr) 1.53 ± 0.11  

8 Ke (hr-1) 0.45 ± 0.23 

9 MRTlast (hr) 2.95 ± 1.23 

10 MRT0-∞ (hr) 3.16 ± 0.338                             

11 CL (L/h/kg) 0.39 ± 0.251 

12 Vd  (L/kg) 0.86 ± 0.128  
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Table 7.4 Pharmacokinetic parameters (Mean ± SD) of   rabbits of Group-2, 3 and 4.  

Sr. 

No. 

Pharmacokinetic 

parameters 

 

Group-2 

FA 7   microspheres 

(Mean ± SD) 

Group-3 

FB7 microspheres 

(Mean ± SD) 

Group-4 

FC7 microspheres 

(Mean ± SD) 

1 Cmax (ng/mL) 718.43 ± 0.002 721.87 ± 0.001 805.11 ± 0.004 

2 Tmax (hr) 4.0 ± 0.001 4.1 ± 0.003  4.56 ± 0.002 

3 AUC 0-t 

(ng/mL.h) 

5954.37 ± 12.110 6400.82 ± 19.131 7427.4 ± 49.322 

4 AUC 0-∞ 

(ng/mL.h) 

6422.72 ± 253.06   6680.98 ± 123.01 8020.44 ± 134.12   

5 AUMC0-t (ng 

h2/mL) 

49894.11 ±   57.557  52701.34 ± 

146.561 

63477.3 ± 167.110      

6 AUMC0-∞(ng 

h2/mL) 

64894.72 ± 254.221 61284.59 ± 231.10 82455.77 ± 231.22 

7 t1/2  (hr) 5.57 ± 1.12 4.6 ± 1.34 5.55 ± 2.11 

8 Ke (hr-1) 0.12 ± 0.11 0.15 ± 0.21 0.12 ± 0.16 

9 MRTlast (hr) 8.38 ± 1.88 8.38 ± 2.34 8.55 ± 2.11 

10 MRT0-∞ (hr) 10.1 ± 0.331 9.17 ± 0.220 10.28  ± 0.123       

11 CL (L/h/kg) 0.16 ± 0.112 0.15 ± 0.341 0.12 ± 0.341 

12 Vd  (L/kg) 1.26 ± 1.112 0.99 ± 0.982 1.13 ± 0.212  
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7.5. CONCLUSION  

Collectively, these in-vivo results manifested that pH-dependent microspheres had a reasonable 

controlled release, with better drug delivery at higher pH environment. Results indicated that 

polymeric network protecting drug from acidic pH of stomach hence improved in-vivo 

retention and decreased plasma drug concentration variation.   

Table 7.5 Summary of ANOVA applied to various pk. parameters 

ANOVA 

Pk. 

parameter 

Df 
SS MS F P-value F-crit 

Statistical 

results 

Cmax 
11 

3.2804 3.107317 3.244797 0.0009151 2.2073082 
Highly 

significant 

Tmax 
11 

1.271607 0.11561 5.340234 0.00096 2.216409 
Highly 

significant 

AUC 0-t 
11 

740.8187 66.5279 0.000499 1 2.206309 
Highly 

insignificant 

t ½ 
11 

246.117 314.005 3.574782 0.0009 2.12 
Highly 

significant 

 

SS, Sum of square; Df, Degree of freedom; MS, Mean sum of square 

 

 

 

 

 



 

143 
 

8. Thesis Conclusion and Future Recommendations 

8.1. CONCLUSION 

In this present study different formulations of microspheres were prepared using EC and 

methacrylate derivatives for controlled drug release. These polymeric microspheres have 

demonstrated pH dependent drug release. These formulations were synthesized to improve 

bioavailability, protection of drug from stomach and to deliver the drug for prolonged systemic 

effect. Following conclusions are made on the basis of characterization and evaluation of 

microspheres:    

The designed polymeric carriers demonstrated pH dependent swelling and drug release. The 

microspheres were characterized with respect to drug loading, fourier transforms infrared 

spectroscopy (FTIR), scanning electron microscopy (SEM), X-ray diffractometry (XRD), and 

differential scanning calorimetery (DSC) and release behavior. Chemical stability of IBH 

encapsulated into prepared microspheres was confirmed by FTIR, DSC and XRD analysis. 

SEM images showed that formulation of microspheres in spherical shape.  TGA and DSC also 

supported the results of FTIR as microspheres with better thermal stability than their 

components were attained. X-RD confirmed that drug particles are distributed at molecular 

level in the polymer matrix. 

EudragitL100-55-EC, EudragitFS30D-EC and KollicoatMAE100P-EC had showed significant 

increase in drug release at and above pH 5. Maximum swelling was observed at pH 7.4. The 

drug release was greater with a high concentration of methacrylate derivatives were used. 

While slow drug release was observed with higher EC was used. Hence, microspheres with 

desired drug release features can be fabricated by controlling EC and eudragit concentrations. 

In-vitro studies revealed that all polymeric microspheres have minimum drug release at pH 1.2 

but maximum drug release at pH 7.4 were observed. Bioavailability studies were carried out in 

animals (albino rabbits) and plasma samples were analysed by HPLC method. In-vivo results 

confirmed that polymeric formulations successfully prolong bioavailability in all developed 

microspheres. FC7 presented valuable in-vivo results as compared to others formulations. 
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8.2. FUTURE RECOMMENDATIONS   

On the basis of results of research, further studies can be designed:    

●  Others derivatives of methacrylic acid and methylmethacrylic acid co-polymers can 

be used and evaluated.   

●  This polymeric microspheres system can be explored for the colon targeted delivery 

with maximum therapeutic efficacy and minimum adverse effects.   

●  This polymeric system can be used for loading and characterization of numerous 

therapeutic agents like protein, peptides, hormones etc.     

● This polymeric microsphere can be studied for others route of administrations like 

transdermal and intravenous. 

●  Nanoparticles for intracellular drug delivery can be synthesized.  

●  Further animal models like rats and dogs can be used for the purpose of establishing 

safety parameters so that it can be evaluated on humans. 
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