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Abstract 

The present research work was conducted in two phases. The research work in first phase was 

carried out in Drug Delivery Research Laboratories of Faculty of Pharmacy, Gomal 

University D.I.Khan Pakistan and the second phase was carried out in the Laboratories of 

Centre of Pharmaceutical Engineering Science, School of Life Sciences, University of 

Bradford UK. The objective of the research work in first phase was to develop controlled 

release matrix tablets of analgesic drugs like Nimesulide and Tramadol HCl. Cellulose 

acetate ether derivatives were used as rate controlling agents and their effect on the drug 

release kinetics and mechanism was evaluated in comparison to various polymers. In this 

connection first preformulation studies were carried out for identification and solubility of the 

selected drugs and determination of any incompatibility between drugs and polymers. FTIR 

and DSC studies proved that there was no incompatibility between the drugs and polymer. A 

set of formulations were developed using Ethocel® polymer of various grades [Ethocel® 

Standard 7 Premium (P), Standard 7 Fine Particle (FP) Premium, Standard 10P, Standard 

10FP Premium, Standard 100P and Standard 100FP Premium], Carbopols [Cabopol 974P and 

934P] and Eudragit [Eudragit RS-100] in various drug to polymer ratios. Some formulations 

of the drugs were prepared by partial replacement of the filler (lactose) with co.excipients 

like CMC, Starch and HPMC KM-100 to evaluate the effect of these co.excipients on the 

release of drugs from the matrix tablets.  The micromeritic studies of the pure drugs and 

physical mixtures of the formulations were carried out following official procedures which 

suggested that pure drugs had a poor flow properties but when different ingredients of 

formulations were mixed together (physical mixtures), the flow properties were enhanced 

which was considered to be important in tablet preparation. Matrix tablets were prepared 

from all formulations by following direct compression method for Nimesulide tablets and dry 

granulation method for Tramadol HCl. Physicochemical characterization of prepared matrix 

tablets was carried out by performing hardness, weight variation, dimensional, friability and 

content uniformity tests according to the established procedures. All these physical and 

quality control parameters were well within the acceptable ranges. Matrix tablets that were 

prepared with the fine particle (FP) premium grades of Ethocel® were harder and thinner as 

compared to those with conventional granular grades. The matrix tablets were then evaluated 

for in vitro drug release by performing in vitro dissolution tests. Dissolution tests were 

performed by USP method I (rotating basket method) using Monobasic potassium phosphate 

buffer (pH 7.4) as dissolution medium. Tablets that contain Ethocel® 7FP premium grades 
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extended the release of the drug more efficiently than other grades of Ethocel® polymer. 

Viscosity grades, particle size and drug to polymer ratio were the main factors that affect the 

drug release rates and kinetics from matrix tablets of Ethocel® polymers. Carbopol 974P and 

934P both proved to be effective in controlling the release of Nimesulide upto 24 hours 

depending upon the quantity of polymer used, however in case of the water soluble drug 

(Tramadol HCl), these two polymers fails to extend the release upto 24 hours. An extended 

release of drugs was demonstrated from matrices prepared with Eudragit RS 100. 

Co.excipients like starch, CMC and HPMC enhanced the release of the selected drugs from 

matrix tablets and the all of the drug was released in just 3-5 hours from these matrix tablets. 

Different Kinetic models were applied on the release data of the matrix tablets. Coefficient of 

determination (R2) values in the kinetic models showed a linear relation with drug release 

from matrix tablets containing Ethocel® and Carbopols without co.excipients. The diffusional 

exponent (n) in the Korsmeyer Peppas Kinetics showed that the release from matrix tablets 

without co.excipients followed anomalous non fickain release mechanism. The dissolution 

profiles of matrix tablets and conventional immediate release formulations were compared by 

determination of similarity factor (f1) and difference factor (f2). The results of in vitro 

dissolution studies and data from the kinetic models concluded in selection of an optimised 

test formulation for both the drugs. Nimesulide matrix tablets that contain Ethocel® 7FP 

premium in drug to polymer ratio of 10:2 and in case of Tramadol HCl matrix tablets of 

Ethocel® 7FP premium in a drug to polymer ratio of 10:4 were considered as the optimised 

test formulation for both of the drugs. A batch of each optimised test formulations was 

prepared with wet granulation method to determine the effect of method of preparation of 

matrix tablets. In case of matrix tablets of Nimesulide, Wet granulation method proved to be 

more effective in retarding the release rate of drug when compared with the direct 

compression method but while considering the release of Tramadol HCl matrix tablets, there 

was no significant difference in the release of drug from matrix tablets prepared by dry 

granulation or wet granulation. The optimised test tablets were evaluated for stability testing 

in short term accelerated conditions. Both the optimised formulations demonstrated good 

stability in accelerated conditions of temperature and humidity. Microcapsules of both the 

selected drugs were developed using Ethocel® 7FP as carrier in different drug to polymer 

ratios, with the objective of explaining the effect of change in dosage form on the release of 

the drugs. All batches of microcapsules demonstrated good physicochemical characteristics. 

The release of the drugs from microcapsules was on the basis of non fickian anomalous 

mechanism and was affected by quantity of the polymer. In vivo studies were carried out on 
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the optimised test formulations by comparing the effect of the optimised test formulation and 

conventional IR formulations on the in vivo absorption and pharmacokinetic parameters of 

the drugs in animals (rabbits). In vivo pharmacokinetic parameters of test formulations 

showed more extended release rates as compared to reference IR formulations of Nimesulide 

and Tramadol HCl. Moreover, the test formulations showed good linear relationship between 

In vitro drug release and In vivo drug absorption, and prolonged MRT0-t and t1/2 values as 

compared to reference formulations.  

In second phase, solid dispersions of a water insoluble model drug (Ibuprofen) and a carrier 

polymer hydroxypropylmethyl cellulose acetate succinate (HPMC-AS) was prepared using 

spray drying technique in order to enhance the solubility and ultimately the bioavailability of 

the drug. In this connection different batches of Ibuprofen solid dispersions were prepared by 

following a 32 factorial design of experiments. Effects of variables like drug to polymer ratio 

and inlet temperature on the percent yield and in vitro dissolution profile was studied. The 

physicochemical characterisation of the batches was carried out using SEM, TGA, DSC, 

PXRD, FTIR and RAMAN spectroscopic analysis. The results of the characterization 

analysis, in vitro dissolution studies and statistical application of ANOVA and response 

surface methodology concluded that drug to polymer ratio was the main factor responsible 

for the increased solubility of the model drug (Ibuprofen). 
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BACKGROUND 

The oral route has been the most convenient and commonly used drug delivery route since 

hundreds of years. A simple tablet or capsule of many drugs that contain excipients show 

adequate absorption from GI tract and demonstrate a blood profile that has a desired drug 

concentration over time. However, there are many cases where implementation of special 

technologies is thought to be important for the achievement of a desired end. For example to 

provide greater patient compliance and their convenience, a once a day administration is 

generally preferred over multiple daily dosing. A drug having a rapid elimination profile (i.e 

< 6 hours) will usually require development of a controlled release formulation of this drug 

(Ranade and Cannon, 2011). 

The real pharmaceutical’s controlled release dates back over a 1000 years was through coated 

pills. In the late 1800’s there was a great advancement in the coating technology because of 

the discovery of sugar and gelatin coatings. The concept of coating beads that contain drugs 

with combination of waxes and fats is thought to be an important progress in the coating-

technology. Since mid-1900’s, nearly 1000 patents and hundreds of publications have 

reported different oral drug delivery tactics that encompasses prolonged, delayed, sustained 

and controlled release of the API (Banker, 1984).  

In the mid to late 1960’s the terminology of “Controlled Release Drug Delivery” was used, 

and hence explained new concepts about dosage form design that mainly involved the 

controlling of drug dissolution along with some additional objectives. The main objective of 

these dosage forms was to extend the duration of action and enhance the patient’s safety from 

side effects of the drug. These days the controlled release systems are developed with the 

additional objectives of producing more reliable absorption, improvement in bioavailability, 

and efficacy of the system (Ranade and Cannon, 2011). 

Drugs having very short (Less than 1 hour) or very long (More than 12 Hours) half-lives, 

poorly absorbable through GIT, having significant first pass metabolism and drug’s 

concentration not related to pharmacologic or therapeutic effect are not suitable candidates 

for controlled release formulations. 

Due to the introduction of controlled release systems into the market, oral drug delivery got a 

high commercial success. The most potential candidates for controlled release delivery 
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systems can be the drugs used on chronic or long term basis like analgesics, arthritic, 

respiratory and cardiovascular products (Ranade and Cannon, 2011).  

Analgesic drugs like Nimesulide and Tramadol HCl are widely used in this part of the world 

both for chronic and acute pain relief. Due to their short biological half-lives, frequent dosing 

schedule and high risks of side effects due to their multiple dosing, it was desired to develop 

the controlled release formulation of these drugs. Many scientists have worked on these drugs 

to develop their controlled release formulations, detail of which is given in the forthcoming 

chapters. Ethocel® is a frequently used hydrophobic polymer due to its safety and efficacy in 

retarding the rate of release of water soluble and water insoluble drugs, so various grades of 

Ethocel® based on its viscosity and particle size were selected to be used in the present study. 

The effect of Ethocel® (hydrophobic polymer) on the release behaviour of the model drugs 

was compared with hydrophilic polymers like Carbopol and Eudragit. 

Enhancement in the solubility of a poor water soluble drug in the gastric fluid has a critical 

role in controlling the release. Hence novel method of improvement of solubility i.e. 

preparation and evaluation of solid dispersion through spray drying was also studied. In this 

case a model drug Ibuprofen was selected and various batches of Ibuprofen solid dispersions 

were prepared using a novel polymer i.e. Hydroxypropyl Methyl Cellulose Acetate Succinate 

(HPMC-AS) as carrier.   

The main part of this research work was carried out in the Drug Delivery Research 

Laboratory of this Faculty. Extensive work in the field of drug delivery has been carried out 

and is still on the move here. A part of this research work was also carried out in Centre of 

Pharmaceutical Engineering Science University of Bradford UK under the IRSIP 

(International Research Support Initiative Program) of Higher Education Commission 

Pakistan. 
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Aims and Objectives 

Aims		
To develop Controlled release matrix tablets of model drugs (Nimesulide and Tramadol HCl) 

and studying the effect of cellulose acetate ether derivatives as rate controlling agents on the 

release profile of model drugs from the matrix tablets both in vitro and in vivo. The aim of 

selecting a water insoluble drug (Nimesulide) and a water soluble drug (Tramadol HCl) was 

to study the effect of solubility of the drugs on the release behaviour. Further the 

improvement in solubility of poor water soluble drug (Ibuprofen) was also desired through 

solid dispersion preparation. 

Objectives	
The development objectives of the present thesis are two folds. 

1. Preparation and Evaluation of Controlled release matrix tablets of Nimesulide and 

Tramadol HCl and 

i. To study the effect of the following variables on the release rate and release 

mechanism 

a. Types of polymers (Hydrophobic and Hydrophilic) 

b. Different drug to polymer ratios 

c. Particle size of the polymer 

d. Addition of Co.excipients to the formulation 

e. Effect of solubility of drug 

f. Method of tablet Preparation  

g. Dosage form (matrix tablets, microcapsules) 

ii. To study the release profile and release kinetics of all prepared matrix tablets 

batches. 

iii. To study the dissolution equivalency of all prepared matrix tablet batches with that 

of the commercially available conventional formulations of the model drugs.  

iv. To study the stability of the optimised controlled release tablets of the model drugs.  

v. To study the effect of microencapsulation on the release behaviour of the model 

drugs. 

vi. To study and analyse the in vivo behaviour of the selected optimised controlled 

release matrix tablets. 

vii. To establish an in vitro in vivo correlation from the results of in vitro dissolution 

studies and in vivo absorption studies of the selected formulations.   
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2. To study the effect of Drug to polymer ratio and inlet temperature on the behaviour of a 

poor water soluble model drug (Ibuprofen) incorporated into the solid dispersion through 

spray drying. 

Thesis	Outline	
Each chapter in this dissertation is divided into two parts viz “Part A” and “Part B”. Part A 

mainly concerns the research work about the controlled release formulations (matrix tablets 

and microcapsules) of the model drugs which was carried out at the Faculty of Pharmacy, 

Gomal University D.I.Khan KPK Pakistan whereas “Part B” of each chapter represents 

research work on solid dispersions of Ibuprofen prepared through spray drying technology 

which was performed at the Laboratories of Centre of Pharmaceutical Engineering Science, 

School of Life Sciences University of Bradford UK. It encompasses the effort to enhance the 

solubility of a water insoluble model drug (Ibuprofen) through spray drying 

In Chapter 1, Part A explains the concept of Controlled Release Drug Delivery Systems and a 

brief introduction to the process and materials used in the development of controlled release 

matrix tablets of the model drugs (Nimesulide and Tramadol HCl). Part B provides an 

introduction to the solid dispersion technology and the spray drying technology which was 

used in the present work. 

Chapter 2:   Part A has a brief review of the recent literature regarding the modified release 

technologies with special emphasis on controlled release technology. Part B gives an eagle’s 

eye review of the recent literature about the solid dispersion and spray drying technology.  

In Chapter 3, Part A explains design, fabrication, preparation, and evaluation of controlled 

release matrix tablets and microencapsulation of model drugs (Nimesulide and Tramadol 

HCl). Part B gives a brief account on experimental design and methodology adopted for 

preparation and evaluation of solid dispersion of Ibuprofen through spray drying. 

Part A of Chapter 4 explains and discusses in detail the results of the preformulation and 

formulation studies performed. It gives the detailed effects of various process and 

formulation variables on the release of drugs from prepared matrix tablets and microcapsules. 

It explains the different results in comparison to the previously reported data by other 

scientists and discusses the outcomes of the research work performed in the controlled 

releases matrix tablets of Nimesulide and Tramadol HCl. This chapter concludes in the 

development of an optimised formulation for each drug (Nimesulide and Tramadol HCl). Part 
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B of this Chapter deals with the physicochemical characterization and in vitro evaluation of 

solid dispersion batches of Ibuprofen through spray drying process. This part of the chapter 

explains the effect of drug to polymer ratio and inlet temperature on the solid dispersions of 

Ibuprofen batches prepared on the basis of factorial design of experiments. 
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1. INTRODUCTION 
 

PART A 

1.1. DRUG DELIVERY SYSTEMS 

The procedure of delivering an API (active pharmaceutical ingredient) to humans or animals 

in order to attain any pharmacological or therapeutic effect is called drug delivery (Drug 

Delivery, 2010; Ravi, 2008). The drug delivery aims to deliver the API at the accurate place, 

in the accurate amount and for accurate time period. For the purpose of attaining an effective 

and safe drug concentration, various drug delivery systems are developed. The delivery of 

accurate API concentration to the site of action in order to achieve appropriate therapeutic 

effect or response in the body is the key objective of the drug delivery systems (Shargel, 

2005; Aulton, 2002).  These days there are two types of delivery systems which are generally 

used.  

Conventional drug delivery systems or the immediate release drug delivery systems are the 

systems which are categorized by the quick and unhindered drug release rate and release 

kinetics, where frequent increase in tissue drug concentration trailed by a parallel decrease 

occurs and where a fall below therapeutic level or treacherous increase towards toxic 

threshold level might be caused (Grassi and Grassi, 2005).  

Modified release drug delivery system is the other type. In order to achieve definite 

therapeutic responses, there is alteration in the rate, site and kinetic performance of the API 

released inside the body in these types of drug delivery systems (Khan, 2007). These include. 

i. Targeted drug delivery systems 

ii. Delay or repeated drug delivery systems 

iii. Prolonged or extended drug delivery systems (Controlled release, Sustained release 

and long acting dosage forms). 

In this research work, I selected controlled release drug delivery system, hence only this topic 
will be discussed in detail. 
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1.2. CONTROLLED RELEASE DRUG DELIVERY SYSTEMS 

In drug release kinetics the word ‘’controlled release’’ indicates reproducibility and 

predictability which implies that from the delivery systems the drug release proceeds at such 

a rate profile that is kinetically predictable as well as reproducible from unit to unit (Tripathi, 

2003; Chien 1992). 

The two significant aspects of the controlled release drug delivery systems contain spatial 

placement and temporal drug delivery. The directing of a drug to specific tissue or organ is 

called spatial placement whereas control of the drug rate to the targeted tissue is known as 

temporal delivery.  

Thus the controlled release drug delivery systems are the systems which encompass the 

achievement of slow drug release over a prolonged time period. Conditionally the system can 

offer spatial or temporal natured control by definition. The drug action is prolonged at a 

predetermined rate in these types of delivery systems by keeping effective and constant drug 

levels in the body comparatively and by minimizing the associated unwanted side or adverse 

effects with a top and valley kinetic profile and the use of certain carriers and chemicals for 

drug targeting (Lee and Robinson, 1987). 

The change in the pharmacokinetics and pharmacodynamics of the active pharmaceutical 

ingredients by alteration in its molecular structure or the use of novel drug delivery systems 

are the fundamental rationale for controlled release drug delivery systems. 

1.2.1. Oral	Controlled	Release	Drug	Delivery		

For the drug administration, the oral route is most commonly and regularly used. Mainly 

tablet dosage forms are used oral drug delivery (Van, 1997). The ease of their preparation on 

industrial scale and the patient compliance are the important reasons for their popularity. 

Mostly the immediate or conventional release dosage forms are used in these tablets. The IR 

administered dosage forms of drugs often show drug plasma concentration fluctuations, gets 

peak concentration and then drops because of the multiple dosing of the drug. For the 

achievement of optimum therapeutic aids, the immediate release multiple dosing needs a 

stern monitor of dosing regimen by the patient; conversely it may lead to noncompliance and 

missing of timed doses which may affect the therapeutic and desired outcomes of the regimen 

(Ansel et al., 2005, Aulton, 2002). Infrequent dosing may lead to sub therapeutic level of 
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drug in blood. These limitations of IR formulations lead to development of oral controlled 

release formulations. 

For the patients who are using chronic medication regimen, a short dosing frequency and 

subsequently less side effects of the controlled release drug delivery systems show more ease, 

enhanced patient compliance and additional consistent tablet consumption thus having a 

distinct significance (Richter, 2004). 

Controlled release drug delivery systems have certain advantages over conventional or 

immediate release dosage forms that include; 

a. The safety margin of the highly potent drug increases because of the improved plasma 

levels. 

b. The patient compliance and suitability increase due to low dosing frequency. 

c. Less fluctuation in the steady state enhances potential disease condition control and 

low systemic side effects intensity. 

d. A determined amount of drug is consumed because of the decrease in total amount of 

drug administered (Brahmankar and Sunil, 2001). 

e. As self-administration is relatively easy so controlled release dosage forms may result 

in reduced hospitalization. Keeping in mind cost of drug, hospitalization and 

laboratory tests for side effects, the controlled release systems are more economical 

than IR systems. 

The most popular systems amongst the controlled release technologies are the matrix systems 

due to ease of manufacturing, simplicity and low costs, reproducibility, stability and easy 

scale up and validation processes. 

1.2.2. Classification	of	Controlled	Release	Formulations	

Controlled Release formulations can be classified in the following manner (Ansel, 2005; 

Shagel, 2005; Aulton, 2002; Salsa et al., 1997; Chiao et al., 1995). 

i. Reservoir System or Membrane Controlled Systems 

ii. Osmotic Systems 

iii. Ion Exchange Resins 

iv. Matrix Tablet System 

Here the first three will be briefly described and the matrix tablets system will be explained 

generally as my work is concerned with the controlled release matrix formulations. 
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1.2.2.1. Reservoir	system	or	membrane	controlled	systems	

These systems consists microcapsules, coated granules, capsules and enteric coated tablets. In 

such type of systems, the drug reservoir is encapsulated by an external rate controlling 

membrane usually a semipermeable membrane. The API is present inside the membrane 

either as dispersed solid particles or as a solution. The reservoir systems are a bit different 

from matrix systems in that the outer membrane does not swell or erode on hydration as the 

time passes which is not in the case of matrix systems. The drugs interfacial partitioning from 

reservoir into membrane or matrix controlled process controls the drug release rate from such 

systems (Aulton 2002; Imandis et al., 1998; Katz et al., 1995; Chien, 1985). The polymeric 

membrane that encapsulates the reservoir having the drug allows the drug to be released 

through it. 

 
Figure 1.1: Schematic Diagram of Reservoir Drug Delivery System  

1.2.2.2. Osmotic	pump	systems	

As an alternative mechanism to the reservoir or membrane controlled systems, osmotic 

pumps are used these days. In these systems, an energy source is required that can help in 

pushing the drug or active ingredient out of the system (Thombre et al., 2004; Aulton, 2002). 

The drug or the API is incorporated into water soluble tablet core in these systems and is then 

coated with a semipermeable membrane. The semipermeable membrane allows only water to 

penetrate through it and thus dissolve the drug or API or the energy producing source. Thus it 

creates an osmotic pressure inside the system. In these devices when the water defuses it 

immediately causes the drug to come out from the system on the basis of osmotic potential 

differences between the interior device and exterior device. One can observe a constant drug 

release until the energy producing source falls below the saturation levels (Thombre et al., 

2004; Alton, 2002; Katz et al., 1995). 
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Figure 1.2: Schematic Diagram of osmotic System  

1.2.2.3. Ion	exchange	resin	systems	
The drug or the active pharmaceutical ingredient is bound to an ion-exchange resin which 

results in the formation of drug-resin complex in this type of delivery systems. 

These resins are cross linked water insoluble polymers that contain salt forming functional 

groups of cationic and anionic nature which are repeated across the polymeric chain. The ion 

exchange in the GI tract and drug resin complex causes the release of the drug molecules 

from these systems. (Aulton, 2002; Anand et al., 2001; Sriwongjanya and Bodmeir, 1998).  

1.2.2.4. Matrix	tablet	systems	
The term matrix indicates a three dimensional network, which is usually polymeric and is 

composed of drug and other excipients (Rumiana and Assen, 2006). Because of their low 

production cost and ease of preparation, these are the most variedly used controlled release 

drug delivery systems (Controlled release, 2010; Nandita and Sudip, 2003). 

A simple direct compression method is usually used to manufacture the matrix systems. 

These systems simply include a homogeneous mixture of drug particles present within the 

matrix of polymer. Polymeric matrix systems are the most widely used systems because of 

their ease of use, low cost, stability of raw materials, easy to scale up and validation of 

process (Takka et al., 2001; Vendelli et al., 1998). Matrices are usually hydrophilic or 

hydrophobic in which the active drug is embedded for their release in a controlled manner 

(Kydonieus, 1992; Wise, 2000). Matrix tablets systems have the following different types. 

i. Inert Monolithic Matrix Tablets System: 

In this system the drug ingredients are incorporated into a matrix system and are designed for 

an oral administration as controlled release dosage form. It is inert system which has no 

interaction with the biological fluids of the body. Their application dates back to the mid 

1950s. After the introduction of plastic matrix as controlled release drug delivery system, 

these dosage form systems have gained considerable use (Wahab, 2012). 
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When these controlled release type of matrices passes through the gastro intestinal tract of 

human body, they do not disintegrate. Insoluble inert polymers and lipophilic materials are 

mostly used in the preparation of these matrices. Semisynthetic polymers like polyethylene, 

polyvinyl acetate, polyvinylchloride and polymethyl methacrylate cellulose acetate and ethyl 

cellulose are reported to be the first polymers used for the preparation of matrix tablets. Also 

some fatty acids containing compounds like carnauba wax and hydrogenated castor oil can be 

used for this purpose (Caramella, 1995). Natural biopolymers are now a days under 

investigations such as starch and cellulose derivatives, some of these can be considered as 

inert (Ethyl cellulose).  

ii. Solvent Activated Matrix Tablets: 

In this type of controlled release systems, the interaction between polymer being used and 

water are mainly responsible for controlled release delivery. These interactions may include 

plasticization, erosion, swelling and the degradation of the polymer. These types of delivery 

systems are used to achieve a zero order release which was suggested by Hopfenberg for the 

first time (Hopfenberg and Hsu, 1996).  

This matrix system can be divided into two types depending upon the retarding or polymeric 

materials in the matrices (Reservior, 2010, Rumiana and Assen, 2006).  

Gel forming hydrophilic matrix tablets Erodible hydrophobic matrix tablets 
In such tablets APIs are dispersed in swellable 
hydrophilic polymers and is gel forming 
hydrophilic or swellable heterogamous or 
homogenous systems 
When these systems are in contact with a 
liquid, they form a layer of gel which actually 
controls the release of active ingredient or drug 
If taken orally, these types of tablets are 
plasticized by gastric fluids and they are 
increased in size 
The drug present inside diffuses from the 
inside to the outside through the process of 
diffusion and also shows a burst effect and 
before the formation of gel layer, leaching of 
the drug molecules from the surface also 
occurs 

In this type of drug delivery systems the 
active drug ingredient is dispersed in 
erodible materials 
The main mechanism of the drug release 
from these delivery systems is erosion 
which takes place when in contact to gastric 
fluids 
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1.2.3. Matrix	Tablet	Preparation	

Tablets are believed to be the versatile drug delivery systems, with the benefits of ease in its 

manufacturing and convenience in its use. When compared to other dosage forms (solutions 

and suspensions etc.) the relative stability of tablets is rather good (Jivraj et al., 2000; Ansel 

et al., 2005). The preparation of tablets is usually carried out by three methods; 

i. Wet Granulation Method 

In preparation of tablets by this method, agglomerate is formed by mixing APIs with 

excipients and appropriate binding solution. This agglomerate is then used to form slightly 

larger multiparticulate entities, known as granules. The granulation step is thought to be an 

important one, because the granules formation may prevent or minimize the chances of 

components to segregate. The additional advantage of these granules is that the powder blend 

gets better flow properties. Compared to powders, the granules exhibit better compressibility 

and flow properties (Faure et al., 2001; Iveson et al., 2001). There are three main categories 

in the preparation of granules, i.e., (i) wetting or nucleation (ii) consolidation and growth 

followed by (iii) attrition and breakage. The stage of wetting or nucleation starts when a 

nuclei is formed by the contact of binding solution or agent with the material of powder 

which is to be granulated. The stage of granules consolidation or growth starts after the 

collision that occurs between granules. Attrition of granules is the final stage, which results 

from fracturing or crumbling of wet or dried granular material. Fracturing or crumbling 

happens due to the effect of wear or compaction as well as powder handling through the 

course of manufacturing process (Lister et al., 2001; Iveson et al., 2001). 

ii. Dry Granulation Method 

The method of dry granulation is also known as roll compaction or slugging method. In this 

method, large and poorly formed tablet compacts are formed from compaction of powders at 

high pressure. Subsequently, formation of granules of desired particle size is achieved by 

milling and screening of these larger compacts. One of the advantages of this process is the 

extrudation of powders between hydraulically operated rollers, which produces dry 

granulation. The extrudation of powders by this way results in thin cakes, which by milling or 

screening produce granules of desired particle size (Niazi, 2004). Improved flow properties 

and enhanced compressibility are the main advantages of wet and dry granulation method.  

iii. Direct Compression Method 

In this process of tablet manufacturing, tablets are compressed directly from powder blends 

of the drug and excipients without further manipulation (Ansel et al., 2005; Aulton, 2002). As 
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compared to the wet granulation method, this method is easier as fewer unit operations are 

used. However for avoiding the formulation failure of this method due to its simplicity, some 

critical aspects are seriously considered like compressibility and flowability of the materials 

(Niazi, 2004). 

Large number of excipients are available that allow to produce tablets quickly without the 

involvement of the granulation steps. Special physical forms of lactose, dextrose, sucrose and 

cellulose have the desired properties of fluidity and compressibility and are the special 

products that can be used as directly compressible excipients. Microcrystalline cellulose, 

anhydrous lactose, spray dried lactose, compressible sucrose as well as some forms of 

starches that are modified are included in the most commonly used direct compression fillers 

(Niazi, 2004). 

Most of the problems associated with the wet and dry granulations can be prevented by direct 

compression. 

1.2.4. Drug	 Dissolution	 and	 Drug’s	 Release	 Mechanism	 from	 Matrix	
Systems	

In order to develop tablet and assess its quality, in vitro drug dissolution is a vital component 

(Sood and Panchgula, 1999; Adams et al., 2001). From solid dosage forms, the release and 

dissolution of drug are believed to be the rate limiting steps in the absorption of drug. An 

important role is played by the drug dissolution, to check if the tablet production is batch to 

batch consistent. Selection of excipients, optimization of manufacturing process and 

formulation of test product with the desired characteristics of dissolution, can be achieved by 

the help of dissolution study and drug release modeling (US FDA, 1997). In the process of 

manufacturing, to find out the prolonged stability of a dosage form and to determine the 

impact of post-approval alterations give great concern to dissolution. This process may also 

find its use in some cases, bioequivalence is tested.  

The release mechanism of drug is one of the important parts in the development of the drug. 

Different matrix systems usually have different mechanisms for release of drugs. Swelling, 

diffusion, dissolution, erosion as well as dissolution and erosion in combination are the 

mechanisms of great concern (Polymer for oral, 2010).  

i. Swelling: 

In this type of mechanism, relaxation of chain and expansion of volume in the polymer 

occurs during the release. This type of release occurs when water soluble drugs are dispersed 

in glassy polymers like HPMC and Carbopol (Narasimhan, 2000). 
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The swelling of the polymer takes place when the matrix system comes in contact with water 

or liquid and the polymer forms a gel layer by changing to a rubbery state from a glassy state. 

Such type of process is called glassy to rubbery state transition of polymer (Ju et al., 1995). 

At this stage, the tablet core is still dried. After the formation of the gel layer, the polymer 

chain mobility is increased to help out transport of the drug. In the cases of highly soluble 

drugs and drugs of large dose, a burst release occurs, as the surface of the matrix tablet may 

contain the drug. 

ii. Diffusion 

Leaching or diffusion is the mechanism by which drug release takes place from porous 

monolithic matrix system. In hydrophobic matrix, the dispersed drug particles get dissolved, 

and subsequently by diffusion, through the pores network that is already existing and those 

being formed as a result of drug particles dissolution; these particles are released from the 

matrix (Qiu and Zhang, 2000; Crowley et al., 2004; Pohja et al., 2004). 

iii. Erosion 

The release mechanism of this type takes place if drug dispersion occurs in certain cases of 

hydrophilic matrix system. Once the matrix is swollen, then on contact with water or GI 

fluids, the drug and the polymer get dissolved. Furthermore, in comparison to diffusion of the 

drug in gel layer, the gel erosion and polymer dissolution rate are quiet faster (Ford et al., 

1987). 

When erodible hydrophilic matrix contains drugs that are poorly water soluble then either 

erosion or diffusion controls the release rate through the gel layer, and if the drugs are water 

soluble, the erosion of the gel is the only factor to control the release rate (Ford et al., 1985a; 

Lee, 1985).  

The drug release is also affected by the strength of the gel layer. In matrix systems containing 

polymers of low viscosity grade are found to exhibit erosion release mechanism with zero 

order kinetics (Zulegar and Lippold, 2001), whereas, the matrix systems containing polymers 

of high viscosity grade or polymers in high ratio exhibit rather better stability. In the latter 

case there is negligible polymer dissolution and the drug release is found to take place 

through Fickian diffusion following square root of time kinetics (Zulegar and Lippold, 2001; 

Katzhendler et al., 1997). For insoluble drugs, the predominant release mechanism is 

believed to be erosion (Rajabi-Siahboomi and Jordan, 2000; Li et al., 2005). 

The drug release mechanisms from a variety of drug delivery systems are reported by 

Lawrence and Mark (1997), as shown in Figure 1.3. 

 



Chapter 1: Introduction 

15 
 

 
Figure 1.3. : Drug release mechanisms from polymer delivery systems. Non degradable polymers release drugs 
by diffusion or swelling: a). in diffusion controlled systems, a drug core is surrounded by a polymer coating. b). 
In diffusion matrix controlled systems, drug particles are dispersed in polymer matrix. e). biodegradable 
polymers can release drugs by diffusion, erosion path. C). if the erosion front moves into the polymer relatively 
slowly, then the drug release may be controlled by surface erosion. D). in most polymers, however, erosion 
occurs throughout the entire material (a process called bulk erosion) so both diffusion and erosion contribute to 
the observed pattern of release (Lawrence and Mark, 1997). 
 

Tomokazu et al., (2010) investigated the release mechanism regarding Acetaminophen in the 

form of polyethylene oxide matrix tablets and the nature of drug release was found to be 

through erosion and diffusion (Figure 1.4).  

 
Figure 1.4: Schematic illustration of drug release mechanism in PEO hydrogel matrix tablets a). Erosion 
behaviour. b). Diffusion behaviour.   
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1.2.5. Factors	Effecting	Drug	Release	from	Matrix	Formulations	
Number of factors that can affect the drug release profile should be considered when a 

scientist or a researcher is going to develop matrix tablets (Hardy et al., 2006, Levina and 

Rajabi, 2004). Some of these factors are given as under. 

i. Drug to Polymer Ratio: 

The Drug and polymer ratio has a tremendous effect on the release profile of a drug from 

matrix tablets. Many scientists have reported in this regard. Velasco et al., in 1999 reported 

that when polymer and drug ratio was increased, there was a reduction in the release rate of 

diclofenac from HPMC based tablets (Velasco et al., 1999). Similarly Rekhi and his Co-

authors reported that when the concentration of HPMC was increased, the release rate of 

metoprolol was decreased (Rekhi et al., 1999). Similar results were concluded by Wahab and 

his colleagues while studying the effect of Ethocel® on the release profile of ibuprofen 

(Wahab et al., 2011). 

ii. Drug Particle Size: 

The effect of drug particle size is important and it greatly influences the release mechanism 

of drugs from matrix system. In a study the particle size of drug (Diclofenac) showed 

different effects on the release rate from matrix tablets (Velasco et al., 1999). The smallest 

sized particles dissolved easily and diffuse abruptly through the matrix as compared with the 

larger particles which are dissolved slowly and are more prone to erosion at the matrix 

surface, depending on the dissolution medium penetration through the matrix tablets. In case 

of less soluble drugs (Indomethacin) same results were observed (Ford et al., 1985b). 

iii. Polymer  Properties: 

Different polymers are used as rate controlling agents in matrix systems. Like ethyl cellulose, 

HPMC, Eudragit, Carbopol etc. Their properties like grades, viscosity of the polymers and 

particle size of the polymers greatly influence the release rate of the drug. 

Most polymer is available in different viscosity grades e.g. Ethocel® is available as Ethocel® 

7P, 10 P 100P etc.  The viscosity of different grades has an influence on the diffusion and 

mechanical properties of the matrix tablets. A more resistant barrier is shown by the high 

viscosity gel layers to diffusion that results in low release rate of the drug (Nellore et al., 

1998). The high viscosity grades of ethyl cellulose are less compressible than the low 

viscosity grades (Katikaneni et al., 1995, Shlieout and Zessin, 1996). 

Different hydrating grades of polymers show different release behaviour. E.g. when the 

amount of hydrophilic hydroxyprpyl group is increased then faster hydration will take place 

as Methocel K> Methocel E > Methocel F. For highly soluble drugs more hydrating grade of 



Chapter 1: Introduction 

17 
 

HPMC i.e. Methocel K is preferred, because in case of highly water soluble drug rapid 

hydration is necessary (Dow Pharmaceutical, 1996).  

The particle size of the polymers also has effect on the release behaviour of the drugs from 

matrix systems. In a study when the particle size of the polymer HPMC was decreased the 

release rated then increased (Velasco et al., 1999). Similar was the case with ethyl cellulose 

(Katikaneni et al., 1995). 

The release rate of drug from the matrix systems are also affected by the nature of the fillers 

to be used, addition of ion exchange resins (Sriwonjanya and Bodmeier, 1998) or by using 

surfactants in the formulations (Feely and Davis, 1988). 

Different process variables are also involved in effecting the release behaviour. They are 

enlisted here. 

iv. Compression Force/ Tablets Hardness: 

The compression force has a very low effect on the release profile of the drug from the matrix 

tablets. Rather it has effect on the hardness of the tablet. This less effect may be due to the 

reason that the porosity of the hydrated tablet does not depend on the initial porosity (Velasco 

et al., 1999; Rekhi et al., 1999). 

v. Tablet Size and Shape: 

The tablet size and shape has a remarkable influence on the release rate of drug from matrix 

formulations. 

In a study carried out on small sized tablets, the release rate is shown to be much faster; 

furthermore, small sized tablets have enhanced release rate because they possess higher 

surface area and smaller diffusion pathways (Siepman et al., 1999). It has also been shown in 

a study that matrix tablets having near to spherical shape show lowest possible release (Rekhi 

et al., 1999). Additionally, it has also been found out that in the same volume, the flat shape 

tablets exhibit faster release rate due to larger surface area as compared to regular shaped 

cylinders (Siepman et al., 1999). 

1.3. POLYMERS 
It is the combination of two Greek words “poly” which means many and “meros” that means 

units/parts. Thus when large number of simple small molecules or units (monomers) combine 

together, they results into formation of polymers (Polymer, 2010). The chemistry and the 

arrangement of the monomers affect the chemical reactivity and polymer properties (Jain, 

2006).  
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For the development and preparation of new dosage forms polymer science plays a leading 

role since many years. Because of the advancement in polymer sciences the use of polymers 

extended from a coating agent, adjuvant, emulsifying and suspending agent and adhesive to   

encapsulating agent, drug carrier, thickness and viscosity enhancers, stabilizers, disintegrates, 

bio-adhesives etc. (Udeala and Aly, 1998; Guo et al., 1998; Wahab, 2012). Polymeric 

systems are mainly used for the intention of achieving spatial and temporal control of drug 

delivery (Jain, 2006). Different polymers used in the formulation of matrix tablets are 

cellulose derivatives, PVP, Carbomers, Eudragits etc (Caramella, 1995; Ford, 1985a; 

Korsmeyer and Peppas, 1981; Venkatraman, 2000). 

In this research work, polymers used were Ethylcellulose derivatives (Ethocel®), Carbopol, 

and Eudragit. So these polymers will be discussed here in detail. 

1.3.1. Ethocel®		

Ethocel, an ether derivative of ethylcellulose is an inert polymer. It is available commercially 

and extensively applied to prepare matrix tablets involving water soluble as well as poorly 

water soluble drugs (Ethocel, 2005; Shaikh, 1987b; Rekhi and Jambhekar, 1995). In tablets 

technology, Ethocel finds its use as a binder, whereas, tablets and granules use Ethocel as a 

hydrophobic coating agent (Desai, 2001; Chowhan, 1980; Sadeghi et al., 2001). It is used to 

prepare microcapsules and microspheres both (Desai, 2001) and in the modified release 

matrix formulation (Khan and Mediam, 2007; Pollock and Sheskey, 1996). Being colorless, 

odorless, tasteless and noncaloric are the major advantages of ethylcellulose derivatives 

including Ethocel polymer. Ethocel is soluble in variety of organic solvents including 

ethanol, isopropanol, methylene chloride and acetone etc., whereas it is insoluble in water. 

Chemical formula: C12H23O6 (C12H22O5) n C12H23O5 

 

    Figure 1.5: Structure of ethylcellulose (Ethocel, 2005) 
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Ethocel® polymers are produced in two ethoxyl types i.e. standard and medium. Standard 

polymer has an ethoxyl content of 48-49.5 % and that in Medium polymer the ethoxyl 

content is 45-47 %. The standard and medium ethoxyl types are available in premium and 

industrial grades. Premium grades usually meet the requirements of pharmaceutical 

applications (Ethocel, 2005). Ethocel® Fine particle (FP) premium are the newly finely milled 

form of Ethocel®. In the present study we have focused on Ethocel standard premium and 

Ethocel standard FP premium, as both of these are ethylcellulose derivatives. These two 

derivatives, as used in the preparation of controlled release formulations, have difference in 

their viscosity grades. 

Table 2.1: Various types of Ethocel® used in the present study 

Product Viscosity Designation Viscosity Range (mPa.s) Ethocel® 

7 6-8 Ethocel® Standard 7a, b 

10 9-11 Ethocel®  Standard 10 a, b 

100 90-110 Ethocel®  Standard 100 a, b 

a. Premium Grade 
b. Fine particle Premium Grade 
Note: Viscosities are for 5% solution measured at 25oC. Solvent used is 80% toluene and 20% ethanol (Ethocel, 

2005).  

1.3.2. Carbomer	(Carbopol):	
Carbomers are ‘Fluffy’, Powder having white colour and a characteristic odour. They are 

hygroscopic powder and dissolve in water after neutralization with Glycerine and Ethanol 

(95%). They swell to a remarkable extent due to the presence of three dimentional cross-

linked microgels, though they are called ‘soluble; carbomers. Carbomers are commercially 

available in a variety of grades, depending upon their cross-linking degree, molecular weight, 

structure and residual components. All such differences determine their specific rheological 

properties, uses and methods of handling for each of the different grades. Poly (acrylic acid), 

Polycarbophil cross linked with divinyl glycol is a bioadhesive and is available for medical 

purposes. Carbomers like Carbomer 971P, which are nominated with letter “P” are the only 

Pharmaceutical grade Polymer acceptable to be used for mucosal and oral contact. These 

resins are predominantly valuable in the making of lucid gels (Raymond et al., 2003). 

The main use of carbomer is as viscosity increasing or suspending agent in the semisolid or 

liquid pharmaceutical formulations. Such formulations include gels, creams, and ointments 
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intended for rectal (Dal et al., 1991), ophthalmic (Amin et al., 1996) and topical preparations 

(Ferrari et al., 1994). Carbomers are utilized as a rate controlling excipient and as wet or dry 

binders in tablet formulations. Investigations have also been carried out upon carbomers for 

to be used in the sustained release matrix beads. As emulsifying agent, they are used in oil-in-

water emulsions intended for external use only. For this, carbomers are partly neutralized 

with long chain amines like stearylamine and partly with sodium hydroxide (Meshali et al., 

1996). 

a. Physicochemical characterization of Carbopol: 

Carbomers are high molecular weight synthetic polymers of acrylic acid cross-linked with 

either allyl ethers or allyl sucrose of pentathiol. 

  H H 
 
  C C 

 
  H C == O 
 
   OH     n 
Figure 1.6. Structural Formula (n=Acrylic acid monomer unit in carbomer resins.) 

Carbomer grades, e.g. 934P, even having a small content of residual benzene, have been 

excluded from the PhEur 2002.   However, carbomers having little residuals of solvents other 

than the ICH-defined ‘Class I OVI solvents’ can be utilized in Europe. Carbomers, which 

have a low residual of the ethyl acetate only, e.g. Carbomer 971P or 974P, are useful in oral 

preparations, tablets, sustained release tablets or suspension formulations (Huang and 

Schwartz, 1995; Taylor & Francis, 1995). 

b. Mechanism of Drug Release from Carbopol - Based System: 

By measuring the kinetics of drug release, the influence of the carbomer level, drug type and 

the pH of dissolution media were investigated. Generally, the discharge of a relatively neutral 

molecule like theophylline in the phosphate buffer pH 7.2 shows to have almost zero order 

kinetics through a diffusion-controlled system for all the studied levels of polymer (10-85%). 

The following general expression (Equation 1.1) can describe the drug release process based 

on diffusion. 

Mt=k1t1/2+ k2t, __________________ (1.1) 
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Mt here is the quantity of the released drug at time t and k1, k2
 belongs to kinetic constants 

properties of the delivery systems of the drug. The incorporation of an ionic species like 

sodium salicylate into tablet matrix modifies the kinetics of release (Huang and Schwartz, 

1995). 

1.3.3. Eudragit®	RS	100	
Eudragit® RS 100 is a copolymer of ethyl acrylate and methyl acrylate and a low content of 

methyl acrylic acid ester with quaternary ammonium groups. The ammonium groups are 

responsible for making the polymer permeable due to their presence in salt form.  

 

Figure 1.7: Chemical Structure of Eudragit RS-100. 

These are colourless, clear to cloudy granules with faint amine-like odour. It is water 

insoluble, has a low permeability and is among the pH independent polymer of Eudragit 

family. It swells upon contact with the water which enables the incorporated drugs to be 

released from the formulation by means of diffusion through the swollen matrix. It is 

specially used in controlled release drug delivery systems because of its release retarding 

property (Wadher et al., 2011; Bruce et al., 2005; Kidokoro et al., 2001). It is used both in 

matrix tablets (Joshi et al., 2011) and microencapsulation (Patel et al., 2012).  

1.4. EXCIPIENTS USED IN THE MATRIX TABLETS FORMULATION 

The international Pharmaceutical Excipients Council Defines Excipients as “any substance 

other than the active pharmaceutical ingredient or prodrug that is incorporated in the 

manufacturing process or is contained in a finished pharmaceutical dosage form (Excipients). 

Generally they have main two types of uses for which they are used in tablet formulations i.e. 

excipients are used as fillers to make up the volume and another use is that they can fulfil the 

specialized functions to improve the drug delivery of different dosage forms (Carien, 2009; 

Wahab, 2012). The USP Pharmacopoeia explains them to be used as binders, diluents, 

lubricants, disintegrants, emulsifying agents, glidents sweeting agents, coating agents and etc. 
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An important aspect for the excipient to be used in the formulation is that it should be inert 

and non reactive with the drug and other ingredients and also chemical stable.  

Here is a brief introduction to the excipients used in this research work. 

1.4.1. Magnesium	Stearate	

Magnesium stearate is used as lubricant in the tablets and capsules in concentration of 0.25% 

to 5.0% w/w. it is a fine white powder that has a metallic test and stearic acid give it a faint 

odour.  It is a non toxic compound when used in the said range but when taken in a large 

quantity it has a laxative effect because it causes irritation of mucosal layer.  It is stable 

compatible and nonreactive when used with either strong acids, alkalies or iron salts, but 

cannot be used with aspirin and alkaloidal salts (Rowe, 2003). 

1.4.2. Lactose	

Fabricci Bartoletti discovered lactose in milk in 1619 and Carl Wilhelm (1980) identified it as 

a sugar (Linko, 1982). Lactose is used as filler and is the most commonly used excipient. The 

two latin words ‘lac’ means milk and ‘ose’ means sugar, combine to form the name. it is also 

known as milk sugar because of this reason. Glucose and galactose combine to form this 

natural disaccharide and it occurs in milk. The chemical formula of lactose is C12H22O11 and 

its chemical name is 4-O-β-D-galactopyranosyl-D-glucose. The melting point of lactose is 

222.8 C0 (Lactose, 2010). Alpha and Beta are its two isomeric forms, either amorphous or 

then crystalline form (Tablets ingredients, 2010). 

1.4.3. Starch	

Starch is a white stable powder with a slight solubility in water. Its melting point is 250oC but 

before its melting point can be achieved it is decomposed. Its chemical formula is (C6H10O5)n. 

it is not compatible with  strong oxidizing agents (Starch, 2010). It is used as binder, 

disintegrant and filler in tablets. 

1.4.4. Methocel®	(Hydroxypropyl	Methyl	Cellulose	or	HPMC)	

 It is the methylcellulose derivative also known as hypromellose. Methocel® is its propriety 

name. It is a white or quasi white fibrous or granular powder and is tasteless and odourless. It 

is a semi synthetic product of cellulose. It is mixed alkyl hydroxyalkyl cellulose wither 

containing methoxy or hydro group. Hydroxypropyl content is responsible for its hydration 

rate. pH has no effect on its solubility and is stable within a wide pH range (Deepa, 2008). It 

is resistant to enzymatic degradation (Hardy et al., 2006). Due to its availability in different 

molecular weights, it has a wide acceptance as a pharmaceutical excipient (Alderman, 1984). 
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In manufacturing of tablets and capsules it is mainly used as binder, coating agent and also as 

rate controlling agent depending on its concentration (Saha et al., 2001). There exists its 

different viscosity grades but the grades of higher viscosity are useful as retardant of the drug 

release from the dosage form. The viscosity of the polymer depends upon the length of the 

cellulose chain and the number of constituents on the polymeric backbone. In the preparation 

of extended release matrix, three viscosity grades of HPMC (Methocel®K100M, K4M and 

K15M) are used (Ford, 1999). It produces a gel layer upon contact with the water of GI 

fluids. This gel layer causes a barrier, especially to high hydrophilic drugs. Fickian diffusion, 

erosion and matrix relaxation cause the release of drug out of these systems (Saha et al., 

2001). 

1.4.5. CMC	(Carboxymethyl	Cellulose)	

CMC is a white to off white powder, stable and water soluble. Its melting point is 274 oC. 

Other name for CMC is carboxymethyl ether. It has a rod like structure when in low 

concentration but at higher ones, it changes into thermo-reversible gel like structure. The 

reason reported for this is the overlapping and coiling up of its molecules.  Its solubility is 

enhanced in cold water and is used mainly as thickener, emulsion stabilizer and as 

suspending agent (Carboxyl methyl cellulose, 2011). 

1.5. MODEL DRUGS 

1.5.1. Nimesulide	
In 1985, one of the most potent NSAIDS, Nimesulide was introduced which is advocated for 

its use against different conditions of inflammation. In British Pharmacopoeia, it is official 

(BP, 2001). Nimesulide is a non-steroidal anti inflammatory drug, and is different from many 

other similar compounds because of the reason that it is acidic in nature due to a sulfonanilide 

rather than a carboxyl group (Jain et al., 2009). Potentially, its structure has the capability to 

access the COX-2 side pocket, when the two COX isoforms became organized (Bianchi and 

Broggini, 2003; Chandranet al., 2000).  

1.5.1.1. Physicochemical	properties	of	Nimesulide	
A yellowish colour crystalline solid, Nimesulide is freely soluble in acetone, insoluble in 

water and slightly soluble in ethanol. About 149C0 is its melting point and it can show 

polymorphism (EUROPEAN PHARMACOPOEIA, 2009). Chemically it is [4-nitro-2-

(phenoxy) methane sulphoanilide] with the molecular formula C13H12N2O5S.  
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Figure 1.8: Structural Formula of Nimesulide 

The intrinsic favourable hydrolipophilic balance and low molecular weight of Nimesulide is 

the basis for its good permeability to intestine (Bugatti and Livi, 2000). The modest solubility 

of Nimesulide in water is dependent upon the pH and temperature of the environment 

(Bugatti and Livi, 2000). Its solubility in acidic media is slightly low compare to that in basic 

or neutral media due to its pKa=6.4. Its solubility becomes double if temperature is increased 

from 25 Co to 37C0. Solubility of Nimesulide is 82.87 mg/L at 37C0 and pH 7.4 (Bernareggi 

and Rainsford, 2005).  

In the biopharmaceutical classification system (BCS) (Löbenberg and Amidon, 2000), 

Nimesulide may be placed in Class 2, which have high permeability and low solubility. 

Its dose is 100mg bid and suppositories 200mg bid. It is also administered topically and in 
suspension form. 

1.5.1.2. Pharmacokinetics	
The favourable physicochemical properties of Nimesulide presented earlier may explain the 

good oral bioavailability of this drug, evaluated in several studies in healthy individuals 

Lücker, 1991; Scheen, 1997; Bernareggi and Rainsford, 2005). Nimesulide is rapidly 

absorbed from the gastrointestinal tract and the rate and the extent of Nimesulide absorption 

are similar whether the drug is administered in tablet, suspension or granular form. After oral 

administration of a 100 mg dose to healthy fasting subjects, a mean Cmax of 2.86–6.50 mg/L 

was achieved within 1.22–2.75 h (Scheen, 1997; Bernasconi, 1989; Gandini et al., 1991). 

Nimesulide concentrations of approximately 25–80% of the Cmax appeared at the first 

sampling time, 30 min after administration. The presence of food has a limited influence on 

the rate and extent of Nimesulide absorption. 

In humans 99% of Nimesulide is bound to proteins (Bernareggi and Rainsford, 2005), which 

may retain the compound in the plasma compartment thus limiting Nimesulide diffusion from 

plasma to the tissue interstitial space and cells. 
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Nimesulide is extensively metabolised. A total of 16 metabolites of Nimesulide were 

identified and the biotransformation of Nimesulide in man was shown to proceed by three 

principle routes, cleavage of the molecule at the ether linkage, reduction of the NO2 group to 

NH2 and phenoxy ring hydroxylation (Macpherson et al., 2004; Carini et al., 1998). 

The only important metabolite that can be followed in plasma is the 4￠-hydroxy- derivative, 

M1. Studies indicated that the isozyme of the cytochrome P450 family CYP1A2, CYP2C9 and 

CYP2C19, may be responsible for the hydroxylation of Nimesulide to M1 (Ogaki, 1999; 

Rainsford, 2004). 

Nimesulide kinetics appears to be linear up to 100 mg, whereas indications of nonlinearity 

seem to emerge after administration of doses as high as 200 mg (Bernareggi and Rainsford, 

2005). 

Elimination or Excretion of Nimesulide is mainly via renal route, and partially via Hepatic 

route and in faeces.  

The pharmacokinetic profiles of Nimesulide and M1 are affected by severe hepatic 

insufficiency, marginally by age and moderate renal impairment, not by gender 

1.5.1.3. Mode	of	action	
Nimesulide is an inhibitor of cyclo-oxygenase 2 (COX-2), hence inhibits the synthesis of 

destructive (proinflammatory) prostaglandins and spares cytoprotective prostaglandins such 

as prostacyclin. Other than Prostaglandins inhibition it also inhibits the platelets aggregation 

(Khan et al., 2011; Raguia et al., 2009). 

1.5.1.4. Pharmacological	uses	
Nimesulide is mainly used as Antipyretic, anti-inflammatory and analgesic agent in a wide 

range of conditions (Khan et al., 2011). It has been suggested (Rainsford, 1999) that one of 

the chemical features of Nimesulide which accounts for its low gastrointestinal ulcerogenic 

activity is its high pKa (6.5). This contrasts with the lower pKa of other NSAIDs (e.g., 

carboxylates) which are more ulcerogenic than Nimesulide. During the transit through the 

mucosal cells, carboxylates may dissociate intracellularly and release H+ ions (McCormack 

and Brune, 1987) which cause local acidification and cell necrosis. The high pKa of 

Nimesulide may prevent a significant intracellular acidic dissociation and minimise the 

ulcerogenic potential. Reduced gastrointestinal side effects of Nimesulide are also related to 

its mechanism of action.  
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1.5.1.5. Adverse	effects	
Headache, irritability, Rashes, urticaria, hepatic and renal side effects have been reported 

with Nimesulide use. 

1.5.1.6. Need	for	administration	in	controlled	release	

The drug is currently administered twice daily as fast release formulations (tablets, granules, 

suspension). In chronic treatment of inflammation and pain it is often preferable to administer 

NSAIDs as modified release preparations which minimise peak and trough concentration 

fluctuations in plasma, provide relatively steady plasma concentrations over the time interval 

between successive doses and improve patient compliance. 

1.5.2. Tramadol	HCl	

Tramadol HCl, belonging to aminocyclohexanol group and having opiod-like effects is a 

synthetic analgesic that acts centrally and is useful in the treatment of moderate to severe 

pain. It is not related, chemically, to opiates nor is it extracted from natural sources. Tramadol 

has an agonist action on the μ-opioid receptor  and is thus sometimes classified as an opiate, 

mistakenly. However, it is not related to opiates, chemically (Tramadol, 2011).  

Tramadol have an agonistic effect at the μ-opioid receptor and causes reuptake at 

serotonergic and noradrenergic systems (Dayer et al., 1997; Lewis and Han, 1997). Tramadol 

is a compound, having µ-agonist action. It is the synthetic analogue of codeine and, as such, 

an opioid. Tramadol and its metabolites have almost complete opioid agonistic activity and 

exclusively affect the µ-receptors, though here it shows predominance of its opioid agonistic 

effects (Andre et al., 2007). 

The analgesic effectiveness of tramadol is comparable to that of strong opioids such as 

morphine. However, at therapeutic doses it lacks the typical opioid adverse effects, producing 

only mild respiratory depression (Houmes et al., 1992) no clinically relevant effects on the 

cardiovascular system (Chrubasik et al., 1992; Scott and Perry, 2000) and minor effects on 

bowel function and colonic transit time (Wilder and Bettiga, 1997; Wilder et al., 2001). 

Therefore, tramadol may be a valuable candidate for the treatment of chronic noncancer pain. 
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1.5.2.1. Physicochemical	properties	
Tramadol HCl is a white crystalline powder having melting point of 178 - 184 oC. It is freely 

soluble in water and also freely soluble in methanol or ethanol and slightly soluble in 

acetone). It is stable under ordinary conditions. 

Its chemical formula is C16H25NO2 HCl. The Systematic (IUPAC) name of Tramadol is 

(1R,2R)-rel-2-[(dimethylamino)methyl]- 1-(3-methoxyphenyl)cyclohexanol.  

  

Figure 1.9: Structural Formula of Tramadol HCl 

Structurally, tramadol closely resembles a stripped down version of codeine. Both codeine 

and tramadol share the 3-methyl ether group, and both compounds are metabolised along the 

same hepatic pathway and mechanism to the stronger opioid, phenol agonist analogs. For 

codeine, this is morphine, and for tramadol, it is the M1 metabolite, O-desmethyltramadol. 

The closest chemical relative of tramadol in clinical use is Venlafaxine. 

1.5.2.2. Pharmacokinetics	
Tramadol is usually marketed as the hydrochloride salt (tramadol hydrochloride); and is 

available in both injectable (intravenous and/or intramuscular) and oral preparations. It is also 

available in conjunction with acetaminophen. Tramadol is available as capsules, tablets, 

extended-release tablets, low-residue and/or uncoated tablets that can be taken by the 

sublingual and buccal routes, suppositories, sterile solution for SC, IM, and IV injection, 

injection by the various spinal routes (epidural, intrathecal, caudal). Tramadol has been 

experimentally used in the form of an ingredient in multi-agent topical gels, creams, and 

solutions for nerve pain, rectal foam, concentrated retention enaema, and a skin plaster 

(transdermal patch) quite similar to those used with lidocaine. It is well absorbed via oral 

route. The maximum dosage for tramadol in any form is 400 mg/day (Threlkeld et al., 2006). 

The Bioavailability of Tramadol is 68–72% and increases with repeated dosing. Its Protein 

binding is 20%. In humans, after oral immediate-release dosing (100mg/dose), Tramadol is 
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characterized by a T1/2 of 5-7 hours, volume of distribution (Vd) of 2.7 l/kg, Cmax of 308 

ng/ml, Tmax of 1.6 hours, and an F% of 68% (KuKanich and Papich, 2004).  

Tramadol undergoes hepatic metabolism via the cytochrome P450 isozyme CYP2D6, being O- 

and N-demethylated to five different metabolites. Of these, M1 (O-Desmethyltramadol) is the 

most significant since it has 200 times the μ-affinity of (+)-tramadol, and furthermore has an 

elimination half-life of nine hours, compared with 4-6 hours for tramadol itself. In the 6% of 

the population that have slow CYP2D6 activity, there is therefore a slightly reduced analgesic 

effect.  

Phase II hepatic metabolism renders the metabolites water-soluble, which are excreted by the 

kidneys. Thus, reduced doses may be used in renal and hepatic impairment. 

1.5.2.3. Mechanism	of	action	
Although pre-clinical testing has not completely explained the mode of action, at least two 

complementary mechanisms appear applicable: binding to µ-opioid receptors and inhibition 

of re-uptake of noradrenaline and serotonin. The opioid-like activity of tramadol derives from 

low affinity binding of the parent compound to µ-opioid receptors and higher affinity binding 

of the principal active metabolite, O-desmethyltramadol, denoted M1, to µ-opioid receptors. 

In animal models, M1 is up to 6 times more potent than tramadol in producing analgesia and 

200 times more potent in µ-opioid binding. The contribution to human analgesia of tramadol 

relative to M1 is unknown. In addition, tramadol has been shown to inhibit re-uptake of 

noradrenaline and serotonin in vitro, as have some other opioid analgesics. These latter 

mechanisms may contribute independently to the overall analgesic profile of Tramadol 

(Tramadol, 2011). 

1.5.2.4. Pharmacological	uses	
Tramadol has been evaluated for the treatment of chronic pain, including low back pain 

(Schnitzer et al., 2000), cancer pain (Wilder et al., 1994; Grond et al., 1999), painful diabetic 

neuropathy (Harati et al., 2000) polyneuropathy (Sindrup et al., 1999) and fibromyalgia, 

trigeminal neuralgia . Tramadol has also been effective in the treatment of osteoarthritis pain 

(Dalgin, 1997; Pavelka, 2000) and the American Pain Society recommends tramadol for this 

indication when NSAIDs do not provide adequate relief (American Pain Society, 2002). It 

has been suggested that Tramadol could be effective for alleviating symptoms of depression, 

anxiety, and phobias (Rojas et al., 2004) because of its action on the noradrenergic and 

serotonergic systems (Mico et al., 2006). However, health professionals have not yet fully 
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endorsed its use on a large scale for these disorders, although it may be used when other 

treatments have failed (under the supervision of a psychiatrist) (Hopwood et al., 2001). Other 

less commonly uses are diabetic neuropathy (Harati et al., 2000), postherpetic neuralgia 

(Boureau et al., 2003), fibromyalgia Bennett et al., (2003), restless legs syndrome, 

opiate withdrawal management Threlkeld et al., 2006),  migraine headache and obsessive-

compulsive disorder (Engindeniz et  al.,  2005). 

1.5.2.5. Adverse	effects	
The most commonly reported adverse drug reactions are nausea, vomiting, sweating and 

constipation. Drowsiness is reported, although it is less of an issue than for 

opioids. Respiratory depression, a common side-effect of most opioids, is not clinically 

significant in normal doses. By itself, it can decrease the seizure threshold. Furthermore, 

there are suggestions that chronic opioid administration may induce a state of immune 

tolerance, although Tramadol, in contrast to typical opioids may enhance immune 

function. Some have also stressed the negative effects of opioids on cognitive functioning and 

personality (Bryant et al., 1988).  

Tramadol is associated with the development of a physical dependence and a 

severe withdrawal syndrome (Barsotti et al., 2003).  Symptoms may 

include anxiety, depression, anguish, severe mood swings, brain "zapps", electric-shock 

sensations throughout body, pins and needles, sweating, palpitations, restless legs syndrome, 

sneezing, insomnia, tremors, among others.  It may also have large effect on sleeping 

patterns. High doses may prevent sleeping Vorsanger et al., 2008).  

1.5.2.6. Need	for	a	controlled	release	drug	delivery	
Reports show that the recommended doses of tramadol cause seizures in patients who take it. 

The spontaneous post marketing reports have also suggested that the risk of seizures 

increases with doses higher than the recommended doses. Similarly, the simultaneous use of 

other drugs including monoamine oxidase (MAO) inhibitors, neuroleptics, selective serotonin 

reuptake inhibitors, tricyclic antidepressants (TCAs) and other tricyclic compounds or other 

opioids, which can reduce the threshold of seizures, may further increase the risk of seizures 

(Zyrtem, 2006). The immediate release (IR) and once-daily dosage forms of tramadol were 

compared against osteoarthritis in two recent studies (Bodalia et al., 2003). The revelations of 

both the studies recommend that the once-daily form was as well tolerated and effective as 

the immediate release was in similar doses given for to treat the pain of osteoarthritis. The 

therapy with analgesic in chronic conditions has an important goal of achieving suppression 
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of pain continuously.   It has been reported by the clinical trials for chronic cancer and 

noncancer pain that breakthrough pain, pain intensity and pain related disability is decreased 

significantly by the scheduled administration of CR opioids as compared to the unlimited 

PRN administration of IR analgesics (Dhaliwal et al., 1995). Dosing every 4 to 6 hours is 

required due to the short half-life of the IR Tramadol, for maintaining adequate analgesic 

effect, thus the once daily CR tramadol tablets have been formulated by the sponsor. These 

CR formulations give a more constant plasma concentration, a decreased frequency of 

dosing, an extended duration of action and potentially enhance the compliance and thus 

therapeutic outcomes. 

1.6. MICROENCAPSULATION 

Microencapsulation can be defined as the process of enclosing an individual particle of solid 

or droplet of liquid (core) surrounded or coated with a film of polymeric material (shell) to 

produce a capsule having a micrometre of millimetre size.  

The requirements for the coating material include. 

 Stability of core martial 

 Inert towards APIs. 

 Under some specific conditions can be used for controlled release. 

 Tasteless, stable, pliable, and film forming 

 Economical, no high viscosity and non hygroscopic. 

The coating materials generally used is gums, carbohydrates, lipids, proteins and most 

importantly cellulose.  

The main benefits of microencapsulation are 

 It is used for microorganism and enzyme immobilization. 

 It gives protection against oxidation, UV, heat acids and bases e.g.  Vitamins can be 

delivered in microcapsules which could be harmed by the afore mentioned threats. 

 It prevents degradation reaction, hence improve the shelf life. 

 Can be used for masking of taste and odours. 

 It gives the benefits of handling liquids as solids.  

 It can be used for controlled and targeted release of APIs.  

Various technologies are used for microencapsulation. These are mentioned in Figure 1.10. 
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Figure 1.10: Microencapsulation technologies 

In the present work Coacervation method was used of preparation of microcapsules, hence 

only an introduction to the coacervation method is given 

Coacervation Method 

It is among the physicochemical processes for the preparation of microcapsules. Mainly two 

methods are used i.e. simple coacervation and complex coacervation. 

Simple coacervation involves the addition of desolvation agent for the phase separation 

whereas, complex coacervation deals with the complexation between two oppositely charged 

polymers. Firstly, the core material is dispersed into a polymer solution (usually cationic 

aqueous polymer, gelatin) then the 2nd polymer solution (usually anionic water soluble, gum) 

is then added to the dispersion. When a complex is formed between the two polymers, then 

the deposition of the shell material occurs on the core particles. This process can be triggered 

by addition of salt, change in temperature or pH.  Finally by desolvation or thermal treatment, 

the microcapsules are stabilised. 
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Part B 

1.7. SOLID DISPERSIONS 

A range of pharmaceutical formulations prepared by solvent, melting or by melting-solvent 

methods, containing a single or more of active ingredients, dispersed homogenously in a 

matrix in a solid state or in an inert carrier (Chiou et al., 1971). 

Solid dispersions are highly important to develop a poor water soluble agent in dosage forms 

intended for oral use with increased dissolution rates and enhanced oral bioavailability (Huda 

et al., 2010; Uddin et al., 2010). 

To achieve the desired blood level after oral administration, a drug needs to be absorbable 

through GIT so as to reach the systemic circulation. Thus it is necessary for a drug to dissolve 

in GIT for absorption. The dissolution rate and solubility of a drug determine its oral 

bioavailability. The dissolution rate becomes the rate controlling/determining step for the 

onset of therapeutic action, if the drug is poorly soluble. This is the reason that drugs which 

are poorly soluble in water usually have a low bioavailability because of the less absorption, 

which may cause a therapeutic failure. These days, the poor solubility is, therefore, a major 

concern in the development of drugs because almost 40% of the newly furnished drugs show 

a poor or zero bioavailability (Naseem et al., 2004). A lot of research has been carried out for 

overcoming this problem. Various methods have been adopted for improving the drug 

dissolution and absorption of the hydrophobic drugs. These methods include inclusion 

complexes with cyclo-dextrins (Cavallari et al., 2002), micronization (Gupta et al., 2003), 

preparing solid dispersion by utilizing various hydrophilic carriers (Das et al., 2011; Paradkar 

et al., 2004) and preparing amorphous drugs (Vasconcelos et al., 2007; Kinoshita et al., 2002; 

Corrigan, 1995). Due to the efficiency, simplicity, economic and advantageous technique, 

solid dispersion has attracted the interests of scientists for the improvement in dissolution, 

absorption and ultimately bioavailability of poorly water soluble drugs (Vasconcelos et al., 

2007; Dhirendra et al., 2009). Increased wettability and dispersion of the drug, presence of 

drug in amorphous form, and absence of aggregation of the drug particles are the main 

reasons for the fast drug dissolution from solid dispersion (Mehta et al., 2009; Tashtoush et 

al., 2004; Van, 2006). The dissolution rate of the solid dispersion can be improved by one or 

a combination of these mechanisms: increasing surface area, forming monotectic and 

eutectic, decrease in crystallinity and forming true solid solution (Craig, 2002; Sethia and 
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Squillante, 2003; Vasconcelos et al., 2007). The type of the formed solid dispersion is 

dependent upon the preparation method as well as upon the drug-carrier combination (Craig, 

2002). 

Preparation of Solid dispersions:  

To prepare the solid dispersion, two methods are utilized; the solvent evaporation and the 

melt (fusion) methods. Melt (fusion) methods consist of the conventional hot melting, melt 

extrusion, direct capsule filling, compression moulding and hot spin melting (Leuner and 

Dressman, 2001). The solvent method consists of conventional freeze-drying or spray drying, 

supercritical fluid technology, co-precipitation and spin-coating. 

 

Figure 1.11: Various methods for preparation of solid dispersion (Tiwari et al., 2009). 

Spray drying technique was used for the preparation of solid dispersion as explained in this 
dissertation.  

1.8. SPRAY DRYING AND SPRAY DRYING TECHNOLOGY 

Spray drying is a process of getting a dry powder from a liquid or slurry by quickly drying 

with a hot gas. It is a widely used method for drying of many thermally sensitive materials 

like foods and pharmaceuticals. The reason for spray drying of some products is the 



Chapter 1: Introduction 

34 
 

consistent particle size. Generally air is used as the heated drying media but in case of 

flammable solvents like ethanol or if it is oxygen sensitive then nitrogen is used as the drying 

media (Mujumdar, 2007). 

Over a period of decades the spray drying equipment and techniques have evolved specially 

from 1870s to early 1900s. In the World War II, when there was a higher need to reduce the 

weight of foods and other materials for transport, the need of spray drying was at cost (Patel 

et al., 2009). 

It is a continuous particle processing drying operation. The feed may be a suspension, 

dispersion, emulsion or solution. The dried product may be in the form of powders, granules 

or agglomerates that depends upon the physical and chemical properties of feed, the design of 

the dryer and the desired final powder properties (Michael, 1993). 

1.8.1. Steps	of	Spray	Drying	

Mainly five steps are involved in spray drying (Patel et al., 2009). 

i. Concentration: generally before the introduction of feed into spray dryer, it is 

concentrated. 

ii. Atomization: An optimum condition for evaporation is created in the atomization 

stage to get the desired characteristics of the dried products.   

iii. Droplet-air Contact: the atomized liquid is brought into contact with the hot gas in 

the chamber that causes 95%+ of the water of the droplet to evaporate in few seconds. 

iv. Droplet Drying: the evaporation of the moisture occurs in two stages. i). firstly there 

is a moisture in the drop sufficient to replace the evaporated liquid at the surface and 

the evaporation takes place at a constant rate (Keey and Pham, 1976) and ii). In the 

second stage, moisture is no longer enough there to maintain the saturated conditions 

at the surface of the droplet, thus cause a dried shell to be formed at the surface. 

Evaporation thus then depends on the moisture diffusion through the shell, whose 

thickness is increasing.  

v. Separation: for the final stage of separation, cyclones, beg filters and electrostatic 

precipitators may be used. For the purification and cooling of the air, wet scrubbers 

are often used so that it can be released into the atmosphere. 

The spray drying process can be design to any capacity required. Feed rates may range from 

few grams per hour to many tons per hour. The operation can be adapted to full automatic 
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control (Gharsallaoui et al., 2007). Both for heat resistant and heat sensitive products, this 

process can be used. Nearly spherical particles can also be generated. 

1.8.2. Design	and	Important	Elements	of	Spray	Drying	

i. Atomizers 

The atomizer is the heart of any spray dryer, although it is small in size but very 

important. Installation of the right atomizers is very essential for a successful spray 

drying. The important functions that should be fulfilled by an atomizer are as (Patel et al., 

2009). 

a) For the full distribution of the feed material in the dryer and thoroughly mixing it with 

the hot gas, it should disperse the feed in to small droplets. 

b) The droplets produced should neither be that much large that they are dried 

incompletely and nor should be so small that there is difficulty in the recovery of the 

product. Small particles can also get overheated and may become scorched. 

c) Another important aspect of the atomizer is that it must be acting like a metering 

device that control the rate at which the material is fed in to the dryer. 

ii. Air Flow 

It may be 

a. Co-current flow: in this type of dryer, the spray and hot air/gas enter in the same 

direction into the chamber. 

b. Counter-current Flow: in this type of dryer the spray and the hot air/gas enter the 

drying chamber in the opposite direction, such that the atomizer is at the top and 

air/gas enters form the bottom of the chamber. 

c. Mix Flow: in this case both concurrent and counter current flow occurs. 

iii. Spray Drying Chamber 

Within the chamber, the air maintains a flow pattern thus prevent the deposition of the 

partially dried product on the wall or atomizer (Ronald, 1997).  

Movement of the air and inlet air temperature influence the type of the final product. 
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1.8.3. Critical	Parameters	of	Spray	Drying	

i. Inlet Temperature of Air: higher is the inlet air temperature, faster will be evaporation 

of moisture but in such case the powder may subjected to high temperature that may 

disturb the physical/ chemical properties of heat sensitive products (Michael, 1993). 

ii.  Outlet Temperature of air: It affects the size of the recovery powder. Higher is the 

outlet air temperature, larger will be the size of the recovery powder (Maury et al., 

2005). It also controls the final moisture content of the powder. 

iii. Viscosity: if the viscosity is lower, then there will be less energy or pressure required 

for the formation of a particular spray pattern. Correct formation of the drop is 

hindered by high viscosity. 

iv.  Solid Content: for loadings of high solid (above 30%), care must be taken for the 

maintenance of proper atomization and to ensure correct formation of droplet. 

v. Surface Tension: when a small amount of surfactant is added, it lowers the surface 

tension significantly. This can result in a wider spray pattern, smaller size of the 

droplet, and higher drop velocity. 

vi. Temperature of the Feed: the increase in the temperature of a solution to be sprayed 

may cause a more easy drying as this bring more energy to the system . 

vii. Solvent Volatility: in a drying process, a high solvent volatility is desired.  

viii. Nozzle material: stainless steel is used in most pharmaceutical application. Besides 

Steel, tungsten carbide nozzles are also available and these have excellent resistance 

to abrasion and have good resistance to corrosion.  
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Figure 1.12: Spray Drying Process (Patel et al., 2009) 

1.9. SOLID DISPERSION AND CONTROLLED RELEASE DRUG 
DELIVERY SYSTEMS 

A controlled release product may be formulated/ prepared to contain an immediately 

available dose to provide immediate action. It is then followed by a more gradual and 

continuous release of subsequent doses to maintain the plasma concentration of the drug over 

an extended period of time. A combination of solid dispersion and controlled release 

techniques is getting attention of the scientists as by applying a solid dispersion technique, 

super saturation of the drug can take place in GIT. One approach is the use of hydrophobic 

polymer as carrier in the solid dispersion and another approach is the use membrane 

controlled sustained release tablets containing solid dispersion. In a study Iqbal et al., (2002), 

the authors compared the effect of method of preparation of controlled release tablets. They 

concluded that the tablets prepared from granules obtained by solid dispersion technique were 

more efficient in controlling the release of drug than those prepared by wet granulation 

technique. 
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2. LITERATURE REVIEW 

Literature review refers to extensive exhaustive and systemic examination of publications 

relevant to the stated research. It acknowledges the strengths and weaknesses of the articles. 

Accordingly, reference books, related research papers/manuscripts of international repute, 

articles, short communications and thesis from international repository, libraries and internet 

were studied. The background and search strategies behind selecting the related literature was 

that what previous authors and scientists have done in the fields of controlled release 

formulations and solid dispersions. In this chapter an over view of literature references is 

mentioned in an order that the latest references are mentioned before the earlier ones.  

Part A 

The parameters that were taken into account for the review of literature were controlled 

release formulations, modified release formulations of the model drugs, various polymers 

used in controlled release formulations, matrix tablets and capsules, effect of polymer ratios, 

effect of method of preparations of matrix tablets and in vitro and in vivo correlations. 

Khan et al., (2013) studied the drug release kinetics of Flurbiprofen from matrix tablets and 

concluded that Ethocel polymer caused the change in kinetics of the drugs. 

Badshah et al., (2012) developed Controlled release (CR) matrix tablet of Prochlorperazine 

maleate for the improvement of patient compliance using Methocel® K100 LV-CR Premium 

and Ethocel® Standard 7FP Premium and checked both the in vitro and in vivo release profile 

and concluded that the developed tablets may be adopted by pharmaceutical industry to 

improve patient compliance of the Prochlorperazine maleate. 

Shah et al., (2012) developed controlled release matrix tablet of diclofenac sodium by wet 

granulation method and reported that the use of Co.excipients like HPMC and starch can 

enhance the release rate of matrix tablets. 

Shah et al., (2011) formulated and evaluated controlled release matrix tablets of ofloxacin, 

using different grades of Ethocel® polymer. 
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Akhlaq et al., (2011) studied the physicochemical characterization of flurbiprofen matrix 

tablets and concluded that Ethocel® polymer can be used as rate controlling agent and also 

the particle size of the polymer affects the release profile. 

Akhlaq et al., (2011) prepared and evaluated matrix tablets of diclofenac sodium and 

concluded that release from ethyl cellulose polymer is mainly due to diffusion and erosion. 

Satheesh and Shivani (2011) worked to isolate bio-polymer from fresh rhizomes of Zingiber 

officinale & to evaluate its retardibility by formulating microdwarfs containing Nimesulide as 

a model drug and concluded that bio-material can serve as a potential bio-retardant 

Cristina et al., (2011) in their article reported that water-soluble drugs release is based on 

diffusion mechanism through the gel layer, while water-insoluble drugs do so primarily by a 

mechanism of erosion, being water-insoluble drugs which show slower release rates. Thus, 

the solubility of the drug can influence the type and viscosity of polymer used as retarding the 

release rate. 

Viriden et al., (2011) studied the effect of chemical composition of HPMC on the release 

from matrix tablets and concluded that there may be variation in drug release that depends on 

the liphophilic properties of the drug and heterogeneity of the HPMC. 

Chabiya et al., (2010) formulated and prepared salbutamol sulphate matrix tablets using 

HPMC and showed that the rate of hydration and erosion was dependent on the polymer 

combination used. 

Caraballo et al., (2010) studied the effect of the particle size of the polymer on drug release 

and concluded that the particle size of the polymer is not as decisive as expected, owing to 

the formation of the gel layer. The closer the particles are to one another, the faster the 

appearance of the gel layer; that is, the smaller the particle size, the faster the formation of the 

gel and the slower the release rate. 

Ghimire et al., (2010) evaluated and compared the in vitro and in vivo erosion profiles of 

matrix tablets and concluded that matrix tablets having low concentration of HPMC and high 

concentration of lactose perform poorly in in vivo conditions   

Viriden et al., (2010) studied the effect of substitution pattern of HPMC on the release from 

matrix tablets and reported that the concentration of polymer at the limit between the gel zone 

and the medium is called the critical concentration, Ccrit; this is the minimum concentration 
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at which the polymer chains are able to overcome the forces surrounding it in order for the 

polymer not to dissolve. 

Rakesh et al., (2010) reported that cyclodextrin can be used to enhance the bioavailability of 

modified release formulations 

Chansanroj and Betz (2010) formulated and prepared matrix tablets by direct compaction 

using sucrose esters as rate controlling agents and showed interesting results that sucrose 

esters are able to improve the tableting properties and also it sustains the release of drug.  

Santos et al., (2010) show that matrices formulated with different viscosity grades of HPMC 

and different types of polymers derived from methacrylic acid, compression forces higher 

than 100 MPa are not needed to achieve profiles close to Higuchi kinetics during a 12 h 

period. 

Rafiq et al., (2010) developed sustained release tablets of Diltiazim using HPMC and 

evaluated them both in vitro and in vivo. 

Akhlaq et al., (2010) formulated and evaluated controlled release matrix tablets of 

Flurbiprofen using hydrophilic and hydrophobic polymers.  

Colombo et al., (2010) have developed a new technology called “release modules 

assemblage”, registered as Dome Matrix™, which allows the manufacture of individual 

modules that can be coupled with one another. 

Barba et al., (2009) prepared and evaluated the controlled release drug matrices of 

theophylline using HPMC. 

Setti and Ratna (2009) prepared and evaluated controlled release tablets of Carvedilol and 

suggested that Hydrophillic β-Cyclodextrin can show a higher dissolution rate and gave a 

dissolution profile that was comparable to the theoretical sustained release needed for once-a-

day administration of carvedilol. 

Quinten et al., (2009) produced matrix tablets by using ethyl cellulose and HPMC with the 

help of injection moulding.  

Viriden et al., (2009) characterised different batches of HPMC tablets and observed that 

despite the polymers having similar molecular weights the differences in the release rate were 

considerable. 
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Caraballo (2009) reported that percentage of polymer below the threshold leads to systems 

where the gel formation is not homogeneous, and therefore are affected more by the particle 

size of the polymer. 

Missaghi et al., (2009) evaluated resistance dose-dumping of different viscosity grades of 

HPMC in the presence of ethanol. This study pointed out that as concentration of ethanol is 

greater than 40%, the rheological properties of hydrated HPMC. 

Gohel and Nagori (2009) conducted in vitro dissolution study of ethyl cellulose coated 

capsules containing Ibuprofen which were then enclosed in other capsules coated with 

Eudragit S 100, thus these authors prepared a novel colonic drug delivery system of 

Ibuprofen. 

Chandira et al., (2009) formulated matrix tablets by using HPMC 100cps and HPMC 

4000cps as retardant polymers in which, combination of Gliclazide and Atorvastatin had been 

used. For tablet preparation, he employed the method of wet granulation. 

Mesnukul et al., (2009) developed matrix tablets of the polyethylene glycol and 

Indomethacin using hydroxypropylmethylcellulose (HPMC) polymer by mold technique. 

Brabander et al., (2008) investigated the bioavailability of matrix mini-tablets of Ibuprofen 

containing derivatives of starch and micro-crystalline wax. In healthy human volunteers, the 

In vivo studies were carried out. 

Conti et al., (2008) formulated sustained release swellable matrices of Diltiazem HCl with 

mixture of NaCMC and HPMC. Those tablets, which contained a 1:1 mixture of HPMC and 

NaCMC were having a considerably slower release rate of drug as compared to that of any 

polymer alone. 

Abbaspour et al., (2008) engineered and manufactured sustained-release Ibuprofen tablets, 

which rapidly disintegrated after ingestion into sustained release pellets and the integrity of 

the core and coat of the pellets was preserved. 

Golam and Reza (2008) prepared characterized pellets of Ketoprofen by utilizing the 

ammonio methacrylate copolymer type B (Eudragit® RS 30 D) and the ammonio 

methacrylate copolymer type A (Eudragit®RL 30 D) as controlling agents. The 

spheronization technique of extrusion was followed for the preparation of the pellets. They 
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reported that proper selection of polymeric materials based on their physicochemical 

properties was important in developing sustained release pellets dosage form. 

Chandran et al., (2008) designed and formulated controlled release matrix tablets of 

Ibuprofen, using ethyl cellulose and cellulose acetate phthalate as the rate controlling agents. 

The Ibuprofen release was extended for 14-16 hours. 

Gohel et al., (2008) prepared and evaluated vanlafaxin hydrochloride modified release tablets 

with HPMC K4M and HPMC K100M polymers as release modifier in core and coat, 

respectively. 

Tamizharasi et al., (2008) concluded that cephalaxine microspheres loaded with Eudragit 

showed sustained release over a period of 12 hours. 

Shivkumar et al., (2008) developed controlled release solid dispersion of diclofenac sodium 

by using polymers like Eudragit SR and RL as rate retarding agents. 

Sankalia et al., (2008) developed glipizide sustained release matrices by direct compression 

and established in vitro in vivo correlation.  

Nokhodchi et al., (2008) formulated and prepared controlled release captopril matrices and 

studied the effect of surfactants and their concentration on the release. 

Escudero et al., (2008) studied the effect of different viscosity grades of HPMC, compaction 

properties and front movements studies in matrix tablets and concluded that the use of high 

viscosity differences is required to sustain the drug release in case of mixture of different 

viscosity grades of HPMC.  

Ravi et al., (2008a) design and evaluated in vitro zidovudine controlled release tablets by 

using HPMC and reported that swelling and erosion depends on the viscosity of the 

polymers.  

Ferrero et al., (2008) conducted NMR studies and concluded that the percentage and type of 

substituents forming the polymer determines its behaviour after the entry of water into the 

matrix  

Corti et al., (2008) formulated and prepared sustained release metformin hydrochloride 

matrix tablets and concluded that Zero-order release kinetic obtained from metformin 
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triacetyl-b-cyclodextrin complex thus improved bioavailability & therapeutic efficacy of the 

drug and better patient compliance compared to immediate release formulations. 

Hiremath and Saha (2008) prepared oral controlled release formulations of Rifampicin and 

studied the effect of drug particle sizes on the release  

Ravi et al., (2008b) formulated and prepared controlled release matrix tablets of zidovidine 

and studied its in vitro drug release kinetics 

Akkaramongkolporn et al., (2008) have reported that when ion exchange resins are 

included in matrix systems, then different effects on drug release are produced that depends 

on whether the polymer employed as the release retardant is soluble in water or not.  

Mayo-Pedrosa et al., (2007) used poly (N-isopropyl acrylamide) for preparation of sustained 

release matrix pellets.  

Lin et al., (2007) prepared and evaluated sustained release tablets of aspirin by using 

polymethylmethacrylate. The drug release followed Fickian diffusion model. 

Ribeiro et al., (2007) prepared HPMC matrix tablets with Vinpocetine–cyclodextrin-tartaric 

acid multicomponent complexes. The drug release was sustained upto 12 hours. 

Bhise et al., (2007) studied the drug release mechanism from chitosan matrices and the effect 

of polymers and dissolution medium. 

Diez-Sales et al., (2007) by using Chitosan as rate controlling developed and formulated the 

matrix system of acyclovir. 

Jeong et al., (2007) studied the release kinetics of polymer-coated ion-exchange resin 

complexes for sustained drug delivery. 

Yun-Tyng et al., (2007) formulated and evaluated sustained-release tablets by direct 

compression method. 

Hardy et al., (2007) studied the drug release kinetics from HPMC by using polyvinyl 

pyrrolidone and suggested that release mechanism of drug release and kinetics of hydrophilic 

matrices depends upon the solubility of drug. 

Suresh et al., (2007) used amberlite IR 120 for the development of ion-exchange resonates of 

propranolol HCl coated with polymer ethyl cellulose by solvent evaporation method. 
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Pandit et al., (2006) concluded in their article that CR formulations have an edge over 

conventional dosage formulations considering their use in neurology practice. 

Rudolf et al., (2006) reported that tramadol immediate release and tramadol Sustained 

release were both generally well tolerated and effective in the treatment of moderate to severe 

pain in any of the 3 age groups in these patients.  

Tatavarti et al., (2006) developed a matrix system that consists of trimethoprim, HPMC and 

polymeric and nonopolymeric modulator. 

Sarfraz et al., (2006) formulated and prepared controlled release tablets of naproxen and 

reported that ethyl cellulose has a linear effect on the release profile and that the compression 

force has no effect on the release behaviour. 

Varshosaz et al., (2006) prepared and evaluate matrix sustained-release tablets of tramadol 

HCl by direct compression method, using natural gums (xanthan and guar gums).  

Kim et al., (2005) prepared and evaluated in vitro a swelling-controlled release delivery 

system of Ibuprofen, using monoacrylate-poly (ethylene glycol)-grafted poly (3-

hydroxyoctanoate) (PEGMA-gPHO) copolymers. 

Ceballos et al., (2005) developed the extended release theophylline matrix tablets, using 

different pH-dependent (Eudragit L100, S100 and L100-55) and pH-independent (Eudragit 

RLPO and RSPO) polymers combination. They used direct compression method. 

Dashevsky et al., (2005) formulated, prepared and evaluated extended release pellets coated 

with Kollicoat SR 30 D, novel aqueous polyvinyl acetate dispersion for extended release. 

Wu et al., (2005) developed mathematical models to describe the transport mechanism of 

water soluble drug from highly swellable and dissoluble polyethylene oxide cylindrical 

tablets. 

Vendruscolo et al., (2005) formulated extended release matrix tablets of theophylline, using 

commercial xanthan (Keltrol®) and highly hydrophilic glatomannan from the seeds of 

Mimosa scarbella. 

Richardson et al., (2005) carried their studies on NMR for the characterization of drug 

release for matrix tablets and give a mechanism of the hydration, swelling and release of drug 

from the matrix system. 
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Savaşer et al., (2005) formulated diclofenac sodium tablets by wet granulation and direct 

compression methods, using different ratio of HPMC and Chitosan as the rate controlling 

agents. 

Fu et al., (2004) derived an equation for the calculation of drug release from matrices 

containing HPMC. 

Huang et al., (2004) prepared and evaluated propranolol extended release formulations 

containing HPMC, CMC and lactose. 

Michael et al., (2004) studied the effect of particle size of ethyl cellulose on the release of 

guaifenesin matrices prepared by direct compression method and reported that the 

guaifenesin release rate was dependent upon the particle size of ethyl cellulose and the 

processing conditions employed to prepare the tablets.  

Crowley et al., (2004) developed and evaluated matrix tablets of guaifenesin by either direct 

compression or hot melt extrusion using ethylcellulose polymer. Drug dissolution and release 

kinetic were investigated. 

Emami et al., (2004) developed sustained release matrix tablets of lithium carbonate, using 

different types of polymer, including Carbopol, NaCMC and HPMC . 

Koester et al., (2004) used different mathematical models for the investigation of release 

kinetics of carbamazepine from HPMC matrix tablets. 

Parojcic et al., (2004) developed hydrophilic matrix tablets, using Carbopol 971P and 71G. 

The influence of polymer on release kinetics of drug was studied. 

Talan et al., (2004) formulated and prepared a once-daily extended release formulation of 

ciprofloxacin 

Ebube and Jones (2004) developed sustained release acetaminophen using heterogeneous 

mixture of two hydrophilic non-ionic cellulose ether polymer. 

Pose-Vilarnovo et al., (2004) formulated matrix tablets of diclofenac sodium and 

sulphamethizole using HPMC K4M as the retarding agent. 

Qui et al., (2003) developed controlled release matrix system of divalproex sodium, using 

different rate controlling hydrophilic polymers. 
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Reddy et al., (2003) formulated once-daily sustained release matrix tablets of nicorandil, 

using wet granulation method. HPMC, NaCMC and sodium alginate were used as rate 

controlling agents, while ethanolic solutions of ethyl cellulose, Eudragit RL-100, Eudragit 

RS-100 and polyvinylpyrrolidone were incorporated as granulating agents. 

Hosseinali et al., (2003) prepared sustained release tablets of aspirin with Ethocel® and 

Eudragit and concluded that Ethocel® with an amount as little as 10 percent in formulation 

could make sustained-release aspirin tablets. 

Ferrero et al., (2003) investigated drug release kinetics of matrix tablets of methacrylate 

copolymer. Higuchi, Korsmeyer and Peppas models were used to analyse the data.  

Hasan et al., (2003) developed controlled release hydrophilic matrix formulation of 

metoclopramide HCl, using chitosan and sodium alginate as matrix materials. 

Miyazaki et al., (2003) formulated and prepared various kinds of controlled release 

theophylline tablets by using carboxymethyldextran, a mixture of carboxymethyldextrane and 

[2-(diethyl amino) ethyl] dextran (EA) and mixture of dextran sulfate and EA. 

Samani et al., (2003) prepared and evaluated controlled release matrix tablets of diclofenac 

sodium, using various ratios of HPMC, Carbopol 940 and lactose. 

Vostalova et al., (2003) formulated HPMC based hydrophilic matrix tablets of well soluble 

diltiazem HCl and sparingly soluble Ibuprofen and studied the effect of HPMC on the release 

of these both drugs from the matrices. 

Carla et al., (2002) developed sustained release matrix tablets of didanosine using 

methacrylic and ethylcellulose polymers. The results showed the suitability of Eudragit– 

Ethocel® mixtures as matrix-forming material for didanosine sustained release formulations. 

They also worked on the combination of Ethocel® and Eudragit polymers and reported 

suitable modulation of didanosine release. 

Siepmann et al., (2002) developed tablets of chlorpheniramine maleate, propranolol HCl, 

acetaminophen, and theophylline and diclofenac sodium by direct compression method, using 

different grades of HPMC as matrix forming agent. 

Bettini et al., (2001) studied the release mechanisms like Diffusion, erosion and swelling of 

different soluble drugs matrix tablets contusing HPMPC.  
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Siepmann and Peppas, (2001) investigated different kinetic models to describe drug release 

from pharmaceutical devices containing HPMC. 

Paolo et al., (2000) concluded that Swellable matrices represent a delivery system in which 

various mechanisms can be adapted. The choice of the hydrophilic polymer in the matrix 

formulation can provide an appropriate combination of swelling, dissolution or erosion 

mechanisms to determine in vitro release kinetics that are easily correlated with the in vivo 

delivery of the drug. 

Espinoza et al. (2000) formulated and prepared a prolonged release formulation of 

Pelanserin and used HPMC and citric acid as the rate retarding agents. 

Khan and Zhu, (1999) developed controlled-release matrix tablets of Ibuprofen with the 

help of Carbopol 934 P and blended mixture of Carbopol 934P and 971P. They studied the 

effect of different drug to polymer ratio and several co.excipients such as lactose, 

microcrystalline cellulose and starch on the release mechanism was investigated. 

Abrhamsson et al., (1998) investigated release mechanism from two different compositions 

of hydrophilic matrix tablets containing HPMC. 

Khan and Zhu, (1998a) prepared and evaluate Ibuprofen release from controlled-release 

tablets containing Carbopol 974P polymer and concluded that this polymer can be used to 

enhance the controlled release properties of slightly soluble drugs. 

Eddington et al., (1998) formulated, prepared and evaluated hydrophilic matrix tablets of 

metoprolol. 

Khan and Zhu, (1998b) developed Ibuprofen tablets, using surelease as granulating agent. 

The influence levels of granulating agent, pH of dissolution media and agitation speed on the 

release mechanism and release profile was investigated. 
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Part B 

The parameters under observation for the literature review of this part were the solid 

dispersions, novel methods of preparation of solid dispersions of ibuprofen, spray drying 

techniques and effect of polymers on solid dispersions. 

Almeida et al., (2012) developed Solid dispersions of ibuprofen with stearic acid and 

hydrogenated castor oil and studied the influence of the prepared systems on the release 

profiles of ibuprofen. Prolonged-release of ibuprofen was achieved with the solid dispersions 

prepared with the different types of excipients. 

Moritz et al., (2012) prepared a novel spray dried polymeric particles and concluded that 

nanospray-drying is a convenient method to prepare submicron, controlled release drug 

delivery vehicles useful for pulmonary application. 

Park et al., (2012) suggested that spray dried matrix type controlled-release (MTCR) 

microparticles can be used as potential oral dosage forms to control the release and to 

improve the bioavailability of tamsulosin hydrochloride. 

Huanbutta et al., (2011) worked on spray dried Chitosan and their release kinetics. 

Amal et al., (2010) prepared micro particles containing ibuprofen by spray drying and spray 

chilling technology in the absence/presence of a hydrophilic surfactant (Poloxamer 127) and 

concluded that spray drying of ibuprofen is a useful tool to improve wettability, solubility and 

hence the dissolution behaviour of poorly water soluble drugs, in contrast to spray chilling 

technique. 

Hong (2009) studied the formation of solid molecular dispersions of Itraconazole (ITZ) in a 

number of glassy polymers including PVP, crospovidone, PVP-EC, HPMCAS and 

HPMCAS-PEO to enhance its dissolution and achieve release control. 

Yu et al., (2009) used electrospinning to form nanosolid dispersions of ibuprofen with PVP 

K30 to achieve fast-dissolving drug delivery. 

Karavas et al., (2007) investigated the release mechanism of the sparingly water-soluble 

drug felodipine from particulate solid dispersions in PVP or PEG. They observed that the 

large initial particles of PVP and PEG solid dispersions with low drug content (10–20 wt%) 

are very rapidly decreased to smaller particles (including nanoparticles) during dissolution, 
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leading to the observed impressive enhancement of Felodipine release rate from these 

dispersions. 

Dabbagh and Taghipour et al., (2007) prepared ibuprofen solid dispersions by the solvent 

and fusion-solvent methods using polyethylene glycol (PEG), PVP, eudragit RS PO, eudragit 

RL PO and HPMC as carriers to improve physicochemical characteristics of ibuprofen. Solid 

dispersion containing PEG gave faster dissolution rates than the physical mixtures which 

showed excellent physicochemical characteristics and was found to be described by the zero 

order kinetic. 

Konno and Taylor (2006) prepared solid dispersions of felodipine and reported that 

hydrogen bonding interactions existed in felodipine solid dispersions with 

polyvinylpyrrolidone (PVP), hydroxypropyl methylcellulose acetate succinate (HPMCAS), 

and hydroxypropyl methylcellulose (HPMC) where all polymers were able to maintain the 

amorphous state of the drug even at low excipient concentrations. 

Karanth et al., (2006) published a technical report on the alternative approaches in the 

manufacture of solid dispersions which include spray coating on sugar beads with a fluidized 

bed coating system, electrospinning, and supercritical fluid technology. 

Shah et al., (2006) fabricate and prepared dry powder precursors using spray dried Glyceryl 

monooleate, which upon hydration in situ formed cubic phase. In addition to this, dry powder 

precursor was evaluated for drug loading, in vitro release behaviour and in vivo performance 

of model drug diclofenac sodium (DiNa). 

Kimura et al., (2006) formulated and prepared sustained release and disintegration 

controlled matrix tablets with solid dispersion granules of Nilvadipine.  

Chauhan et al., (2005) prepared and evaluate solid dispersions of glibenclamide studied the 

effect of spray drying technique for obtaining stable free flowing Solid dispersions of poorly 

water-soluble drug (Glibenclamide) using polyglycolized glycerides carriers with the aid of 

silicon dioxide as an adsorbent. 

Paradkar et al., (2004) developed and characterized curcumin-PVP solid dispersion through 

spray drying and concluded that solid dispersions showed fast dissolution as compared to the 

drug alone. This may aid in improving bioavailability and dose reduction of the drug. 
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Iqbal et al., (2002) prepared controlled-release tablet dosage form of naproxen using 

Ethocel® (ethyl cellulose) as the rate-controlling polymer by employing the conventional wet-

granulation method and the solid-dispersion method, and reported that solid dispersion 

method was better than the wet granulation method. 

Fu et al., (2002) concluded from their work on microparticles that the lactide/glycolide ratio 

of the polymer is an important parameter for controlling the release profile of the entrapped 

anticancer drug. Their results also indicated that the mixture solvent using the spray drying 

method was more efficient than emulsification solvent diffusion 

Verheyen et al., (2002) prepared and evaluate solid dispersions of diazepam and temazepam 

using PEG 600 as carrier and suggested that the mechanism of improved solubility and 

dissolution rate of diazepam and temazepam in PEG 6000 matrix involved enhanced 

wettability of the drug in solid dispersions. 

Mooter et al., (2001) discussed the stabilizing effect of polymeric carriers in solid 

dispersions. They reported that by increasing the content of PVP, the Tgs of the solid 

dispersions of ketoconazole and indomethacin also increased. 
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3. MATERIALS AND METHODS 

PART A 

DESIGN, FABRICATION, PREPARATION AND EVALUATION OF 
CONTROLLED RELEASE MATRIX TABLETS & 
MICROENCAPSULATION OF MODEL DRUGS 

3.1. MATERIALS 
Polymers, drugs, chemicals, reagents, Instruments and Equipment used in the pre formulation 

and formulation of controlled release matrix tablets & microencapsulation are given as under: 

Polymers and Tablet Excipients: Different grades of Ethocel® i.e. Ethocel® 7, 10 and 100 

Premium and Ethocel® 7, 10 and 100 Fine Particle Premium, Hydroxypropyl methyl 

cellulose (HPMC K100M) (Dow Chemical Co., Midland, USA), Carbopol 974 P NF and 

Carbopol 934 (Lubrizol, Wickliffe, OH, USA), Eudragit RS 100 granules (Rohm GMBH, 

Germany), Carboxymethyl cellulose (CMC) and starch (Merck, Germany), Lactose and 

Magnesium stearate (BDH Chemical Limited, Pool England). 

Drugs: Nimesulide and Tramadol HCl (Gifted by Global Pharmaceuticals, Islamabad, 

Pakistan). 

Chemicals and Reagents: Monobasic Potassium Phosphate (KH2PO4), Sodium Hydroxide 

(NaOH), Methanol HPLC grade, Orthophosphoric acid HPLC grade, Cyclohexane and N-

Hexane (Merck, Germany),  HPLC grade water,  Acetonitrile HPLC grade, Tri ethylamine 

(Fisher, UK), Diethyl ether (Norway), (Merck, Germany), Double distilled water. 

Instruments and Equipment: Dissolution apparatus (Pharma Test, PTWS-11/P, Hunburg, 

Germany), HPLC (Perkin Elmer, 200 series, USA; Millipore water, France), UV/Visible 

Spectrophotometer (Shimadzu 1601, Japan), Particle scanning distribution size analyzer 

(Horiba, LA-300, Japan), DSC instrument (Mettler Toledo DSC 822e, Greifensee, 

Switzerland), FT-IR Spectrum-One spectrophotometer (Perkin Elmer, UK), Shaking water 

bath (Shel Lab, 1217-2E, USA), Single punch tablets compression machine (Erweka, AR 

400, Germany), Fraibilator (Roche, Germany), Hardness tester (Erweka, Germany), Stability 

Chamber (Ti-Sc-THH-07-0400, Faisalabad, Pakistan), Refrigerator (Shel Lab, Sheldon 

Manufacturing, Inc, USA), pH meter (Inolab, Germany; Denver, USA), Analytical balance 

(Shimadzu, AX 200, Japan), Oven (Mammert, Germany), Water distillation apparatus 

(IRMECO GmbH, IM-100, Germany), Vortex mixer (Gyromixer, Pakland scientific, 
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Pakistan), Centrifuge machine (Helttich, Germany; Kubota, Japan), Sonicator (Elma D78224, 

Germany), Verniar caliper (Germany), Magnetic stirrer (VelpScientica, Germany), Whatman 

filter paper (Whatman, Germany), Membrane filter paper (Sartorius AG, Germany), 

Disposable Syringes and Cannula (BD, Pakistan), Micropipette Glass vials, Glass pipettes, 

Beaker, test tubes, flasks (Pyrex, Japan; Fisherbrand, UK). 

Animals: Local Breed of Rabbits, Purchased from local market.  

3.2. PREFORMULATION STUDIES 

3.2.1. Identification	of	Drugs	

The confirmation and identification of drugs (Nimesulide and Tramadol HCl) was carried out 

through the prescribed method in British Pharmacopeia (Nimesulide, 2009; Tramadol HCl, 

2009). Accordingly, the melting point of the drug was determined using digital melting point 

apparatus. The result was compared with the standard given in the British Pharmacopeia 

(Nimesulide, 2009; Tramadol HCl, 2009). Moreover the DSC and FTIR studies in the 

forthcoming sections were also used as a proof of the identification of the drugs. 

3.2.2. Determination	of	percentage	purity		

Samples of Model drugs (Nimesulide and Tramadol HCl) were evaluated for purity prior to 

incorporation into matrix tablets. The samples were compared with the reference standard 

supplied by Novartis Pharma (Karachi, Pakistan) for Nimesulide and for Tramadol HCl the 

reference was supplied by Searle Pharma (Pakistan). A 50mg sample of the drug was 

dissolved in suitable amount of phosphate buffer (pH 7.4) and the final volume was made 

100ml using the same buffer. A Sample (1ml) of this solution was filtered through a 7 µm 

filter and diluted to 10ml. Absorbance was determined using UV visible spectrophotometer 

(UVIDEC-1601 Shimadzu Japan) at λmax of 393 nm for Nimesulide and 270 nm for Tramadol 

HCl. The same procedure was carried out for Nimesulide (standard) and Tramadol HCl 

(Standard). 

Percentage purity (%) was then determined by using Equation 3.1. 

-----------(3.1) 

A = Absorbance 

W= Weight   
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3.2.3. Particle	Size	Analysis	and	Particle	Size	Distribution	

Method used for the particle size analysis and particle size distribution analysis of the model 

drugs was carried out through sieve analysis method and analysing the samples of the drugs 

on novel Particle Scanning Distribution Size Analyzer (Horiba, LA-300, Japan) respectively. 

In sieve analysis method first a stack of different size sieves (Sieve No. 40, 60, 80, 100 and 

120) were placed tightly one over the other (Figure 3.1) in such a manner that each lower 

sieve has a small aperture size than that of the sieve above it. Below the lowest sieve was 

placed a collecting tray. This assembly was placed on mechanical shaker. Sample of 50gm of 

the drug was placed in the upper most sieve and the top was then closed with a lid. Then the 

shaker was operated for 5 minutes. In this way the powders with different particle sizes were 

collected on each sieve and stored separately.  

 

Figure 3.1: Mechanical shaker 

For particle size distribution analysis Particle Scanning Distribution Size Analyzer (Horiba, 

LA-300, Japan) was used. Distilled water was used as solvent in the particle size analyzer. 

Circulation speed was kept at 2 min, the ultrasonic time was fixed at 5 minutes and T% at 

75%-85%, form of distribution was set at standard and the Relative Refractive Index (R.R. 

Index) was 1.15-0.001. Small amount of the drug was placed in the loading chamber and 

mean particle size and particle size distribution was analysed. 

The results of the particle size analysis and distribution were used to select a sample of 

particular particle size in case of each model drug in the further studies.  
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3.2.4. Standard	Calibration	Curves	of	Model	Drugs	

For the construction of standard curves of the model drugs (Nimesulide and Tramadol HCl) 

the following procedure was adopted.  

Phosphate buffer with a pH of 7.4 was prepared by adding 0.2 M Sodium hydroxide (NaOH) 

and 0.2 M Monobasic potassium Phosphate (KH2PO4) according to the USP method for 

Phosphate buffer preparation (USP, 2007). Then 20 mg of the drug was taken and placed in a 

volumetric flask (100 ml). Final volume of 100 ml was made by adding Phosphate buffer (pH 

7.4). In case of Tramadol HCl a clear solution was observed after a few shakes to the flask. In 

case of Nimesulide ultrasonicator was used for preparation of the stock solution. In both 

cases the stock solutions have strength of 0.2 mg/ml (w/v). Dilutions with phosphate buffer 

(pH 7.4) were prepared from the stock solutions. 50ml of the stock solution was taken in a 

volumetric flask and 50 ml of the phosphate buffer was added. Thus the concentration of this 

dilution was 0.1mg/ml (w/v). Then 50 ml from the first dilution was taken and 50ml of 

Phosphate buffer was added resuting in 2nd dilution with a concentration of 0.05 mg/ml (w/v). 

Further dilutions of 0.025 mg/ml and 0.0125 mg/ml (w/v) were prepared in the same manner. 

Absorbance values of the respective dilutions were recorded with UV-Visible 

spectrophotometer at specific λmax of the drugs (λmax for Tramadol HCl was 270 nm and that 

for Nimesulide was 393 nm).  The standard curves were constructed by plotting absorbance 

values of the dilutions against their respective concentrations. Microsoft Excel program gives 

the values of regression equation (Equation 3.2). 

Y= AX + B-----------------------------------(3.2) 

Where 

Y is the absorbance at λmax. 
A is the slope of standard curve 
X is the concentration of the solution 
B is the Intercept of the Standard Curve. 

From the regression equation obtained from the standard curve the unknown concentration of 

the drugs were determined as described in the coming sections. 

3.2.5. Drug	and	Polymer	Compatibility	Study	

To investigate incompatibility or interaction between the tablet contents various methods 

were used. For this purpose physical mixtures of the drugs and polymers were prepared by 

taking equal quantities of them and thoroughly mixing them in polythene begs with care full 

shaking. These physical mixtures were then studied through DSC and FTIR to determine any 
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incompatibility or interaction between drugs and the polymer by comparing their results with 

that of the pure drugs.  

Differential	Scanning	Calorimetery	(DSC):	

DSC instrument (Mettler Toledo DSC 822e, Greifensee, Switzerland) was used to perform 

differential scanning calorimeteric (DSC) studies. This instrument has a Star computer 

program. Samples of 2-4mg (Physical Mixtures and pure drugs) were taken and reweighed in 

an aluminium pan and then sealed with punched lid. The temperature range was 20-300 oC 

with rate of heating 10 oC/ minute under nitrogen gas flow.  

Fourier	Transform	Infrared	(FT‐IR)	Studies	

FT-IR Spectrum-One spectrophotometer (Perkin Elimer, UK) was used to investigate any 

interaction or incompatibilities between drugs (Nimesulide and Tramadol HCl) and the 

polymers by comparing the spectra of the pure drugs with that of the physical mixtures of 

drugs and polymer in range of 650 to 4000 cm-1. The samples were placed on the stage of the 

machine and the handle of the machine was pressed against the sample to generate enough 

pressure. Sharp peaks were obtained. The resolution was 1 cm-1 and 4 scans for each 

spectrum were performed. 

3.2.6. Solubility	Studies	

Solubility studies were conducted on both the model drugs. The method adopted for the 

solubility studies was the one reported by Higuchi and Connors (Higuchi and Connors, 

1965). The solubility of the model drugs was determined in six different solvents i.e. distilled 

water, 0.1N HCl, 0.1N NaOH and Mono basic potassium phosphate buffers of varying pH 

(pH 6.8, 7.2, 7.4) at different temperatures (25, 37 and 45 oC). An excess of drug samples 

were taken in six volumetric flasks (100 ml). The 6 solvents were added to the six different 

volumetric flasks to make up the volume and then these were placed in a thermostatically 

controlled shaking water bath (Shel Lab, 1217-2E, USA) for 24 hours at room temperature 

(25oC). The flasks were closed with aluminium foil to avoid any solvent loss. The oscillation 

speed was maintained at 100rpm. After 24 hours the flasks were removed and placed on a 

smooth surface for one day. Then the supernatant of nearly 30 ml from each flask was 

collected with pipettes, which was then filtered through filter paper (Pore size of 0.45 µm). 

From each filtrate various dilutions were prepared with respective solvents. Absorbance 

values of these dilutions were then determined by UV-Visible spectrophotometer. The 

concentrations of the drugs in the dilutions were then determined by the regression equation 



Chapter 3: Materials and Methods  

56 
 

derived from the standard curves of the drugs. The same procedure was followed at 37 oC and 

45 oC. All observations were taken in triplicate.         

 

3.3. FORMULATION OF MATRIX TABLETS 

The formulations of matrix tablets of Nimesulide and Tramadol HCl are shown in table 3.1. 

Polymers used were Ethocel® Standard 7 Premium (7P), 10P, 100P and Ethocel® Standard 7 

Fine Particle Premium (7FP), 10FP & 100FP. Moreover Carbopol 974P, Carbopol 934P and 

Eudragit RS 100 were also used as polymers. The drug to polymer ratios for the matrix 

tablets were 10:1, 10:2, 10:3 and 10:4. Lactose was used as filler and magnesium stearate was 

used as lubricant in all formulations. HPMC K100M, CMC and Starch were used as 

co.excipients in some selected formulation. These co.excipients were added by replacing 30% 

of the filler (Lactose). According to formulation table (3.1) total weight of each tablet was 

200 mg. 

Table 3.1: Formulation composition of 200mg Matrix Tablets of Nimesulide and Tramadol HCl  

D:P Ratio Drug* Polymer** Filler (Lactose) Co-Excipient Lubricant Mag. 
Stearate (0.5%) 

10:1 100 mg 10 mg 89 mg ------ 1 mg 

10:2 100 mg 20 mg 79 mg ------ --do-- 

10:3 100 mg 30 mg 69 mg ------ --do-- 

10:4 100 mg 40 mg 59 mg ------ --do-- 

10:2 100 mg 20 mg 55.3 mg 23.7 mg (CMC) --do-- 

10:2 100 mg 20 mg 55.3 mg 23.7 mg (Starch) --do-- 

10:2 100 mg 20 mg 55.3 mg 23.7 mg (HPMC) --do-- 
Drug*= Nimesulide, Tramadol HCl  
Polymer**= Ethocel® 7P, 7FP, 10P, 10FP, 100P, 100FP, Carbopol 974 P, 934, Eudragit 

3.4. FLOW PROPERTIES OF PHYSICAL MIXTURES OF THE 
FORMULATIONS 

In case of tablets, before they are compressed, two important process parameters must be 

checked. These are the flowability and compactability of the powders to be compressed into 

tablets.  

Various methods were adopted for the assessment of the flow properties of pure drugs and 

the formulations of both drugs. These include Angle of Repose, Hausner ratio and 
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Compressibility index. These methods were selected on the bases of importance and accuracy 

as mentioned in the literature (Akhlaq, 2011; USP, 2005).  

3.4.1. Angle	of	Repose	

Angle of repose is an important parameter to measure the powder flow properties (Wong, 

2002; Akhlaq, 2011). Angle of repose (α) was determined by fixed funnel and cone method. 

The powders were taken in a funnel. The funnel was fixed on a stand and a petri dish was 

placed below the funnel on the table in such a manner that the tip of the funnel was right at 

the middle of the dish and the funnel was kept in a distance at which the heap of the powder 

was not disturbed. Then the powder was allowed to fall freely into the petri dish. A heap of 

powder was formed. The diameter of the cone formed was the same as that of the petri dish. 

The height of the heap was also determined with a clean and narrow ruler. The angle of 

repose was thus determined by putting the values of radius and height of the cone in equation 

3.3 (Lee and Herman, 1993). 

R

H
Tan 

 
 ---------------------------- (3.3) 

Where “ H ” is the height of the cone and “ R ” is the radius of the cone base. 

3.4.2. Hausner	Ratio	

The Hausner value is the measurement of Propensity of the powder and is called as index of 

flowability. It is the indirect measurement of inter-particle friction. Bulk and tapped bulk 

volumes of the powder is used for its determination. First samples from the pure drug and 

physical mixture of the formulations were poured into graduated cylinder (250 ml) upto 

100ml, this was the bulk volume (Bv). After this the cylinder was tapped on flat surface for a 

while until no further change could be observed in the volume. This was the tapped volume 

(Tv). 

Then Hausner ratio was calculated by the following Equation (3.4). 

sHausner'
Bv

TvRatio   ----------------- (3.4) 

Hausner ratio less than 1.2 is preferable for free flow of powder material, while its value 

when close to 1 indicates good flow properties (USP, 2005; Shariff et al., 2007).  
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3.4.3. Compressibility	Index:		

Compressibility index of the drug powder was also calculated by the bulk and tap volume 

(USP, 2005) using the following equation (3.5).  

Compressibility Index =  
Bv

TvBv 
   X 100 ------ (3.5) 

3.5. PREPARATION OF TABLETS 
 

3.5.1. Matrix	Tablets	of	Nimesulide	

Nimesulide matrix tablets were prepared by direct compression method with ingredients 

prescribed in formulation table (Table 3.1). Ingredients to prepare a batch of 200 tablets were 

accurately weighed on an electronic balance and were added into polybags (except Mg. 

Stearate) not in any particular order and mixed according to the dilution principles of 

powders for 15 minutes. The resultant mixture was then passed through a 30 mesh screen. 

Magnesium Stearate (0.5%) was then added and mixed well for 10 minutes. The resultant 

mixture was again passed on two further occasions through the same screen. After mixing 

was complete, the powders were then compressed into tablets, using single punch machine 

(Erweka, Germany) with 8 mm toolings having concave shape under an average force of 7N. 

Tablets were kept in amber glass bottles. 

3.5.2. Matrix	Tablets	of	Tramadol	HCl	

Results of the micromeritics of Tramadol HCl depicted that it has very poor flow and 

compactability properties, so direct compression method for matrix tablet of Tramadol HCl 

was not desired. To overcome this problem dry granulation method was followed for the 

preparation of Tramadol HCl matrix tablets. In this case the ingredients (except Magnesium 

Stearate) of a formulation from table 3.1 were mixed by geometric dilution method in a 

polythene bag. After passing this mixture through No 30 sieve was compressed to slugs (500-

600 mg) by single punch machine (Erweka, Germany) using 17 mm flat faced tooling. Then 

these slugs were crushed in pestle with mortar. Magnesium stearate was then added and the 

mixture was passed through sieve No 12 that resulted in proper granules. Then these granules 

were analysed for the flow properties which was found to be satisfactory. After the 

preparation of the dry granules, they were compressed into tablets using the single punch 

machine having 8 mm tooling and concave shape under an average force of 7N. Finally 200 
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tablets from each formulation (table 3.1) were prepared by the same dry granulation method 

mentioned above. 

3.6. PHYSICOCHEMICAL CHARACTERIZATION OF TABLETS 

A range of dimensional and quality control tests were undertaken on the tablets of each batch 

to assess the quality. All of these tests were performed according to the established 

procedures given in official pharmacopeia (USP, 2007). All the physicochemical tests were 

carried out in triplicate with standard deviation and mean calculated using Microsoft Excel.  

i. Breaking Force (Hardness Test): The resistance of the tablets to chip, 

abrasion or break under conditions of storage, transportation and handling before usage 

depends on hardness (breaking force) (Rudnic and Schwartz, 1995). This test was performed 

by using Hardness tester (Erweka, Germany). Ten (10) tablets were taken from each batch 

and their hardness was measured by the hardness tester. The mean and standard deviation 

was determined accordingly. 

ii. Weight Variation Test: According to USP (USP, 2005) the maximum 

percentage difference allowed in weight variation of controlled release tablets weighing 

between 150 mg- 324 mg is 7.5%. Twenty (20) tablets from each batch were selected 

randomly and the weight of individual tablet was determined by analytical balance (AX-200, 

Shimadzu, Japan). Microsoft Excel program was used for the mean and standard deviation. 

iii. Dimensional Tests: The diameter and thickness of 20 tablets were determined 

individually from each batch with help of varnier caliper (Varnier caliper, Germany). Then 

the mean and standard deviation was determined. 

iv. Friability Test: It is used to determine whether any damage might have taken 

place at surface of tablets when they are subjected to a mechanical shock (USP, 2007). 

Twenty tablets from each formulation were weighed (W1) and dedusted. Then these were 

placed in Roche Friabilator (Erweka, Germany) at a speed of 25 r.p.m for 4 minutes. After 4 

minutes tablets were cleaned and dedusted again. Then these tablets were reweighed (W2). 

Then by using the Equation (3.6) for friability the percent loss in weight was determined. 

1

21
%

W

WW
F


 ×100 -------------------------------- (3.6) 

F= Friability 
W1= Initial weight of 20 tablets W2= Final Weight of 20 tablets 
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v. Content Uniformity Test:  For the content uniformity, 10 tablets from each 

formulation were taken randomly and were pulverized into powder using a mortar and pestle. 

Powder samples equivalent to 25 mg of the drug were dispensed into a volumetric flask (100 

ml) and dissolved in phosphate buffer (pH 7.4) to final volume of 100 ml. The solution was 

then shacked for few minutes for the drug to be completely dissolved. Then it was filtered 

through membrane filter paper (0.45 µm) to remove un-dissolved excipients such as Mg 

stearate. Similarly 25 mg of pure drug dissolved in phosphate buffer (pH 7.4) in a 100 ml 

volumetric flask and the final volume was made with the same buffer. The absorbance values 

of the sample and the standard (pure drug) were recorded using UV visible 

spectrophotometer at λmax of 393 nm for Nimesulide and at 270 nm for Tramadol HCl. 

3.7. IN VITRO EVALUATION (DISSOLUTION STUDIES) 

The in vitro dissolution studies were carried out with the eight station Pharma Test 

Dissolution Apparatus (D-6312, Hainburg) using USP method I (Rotating Basket) (USP, 

2007). The rotational speed was fixed at 100 rpm, with temperature at 37 oC ±0.5 oC. Each 

dissolution vessel was filled with 900 ml of 0.2 M mono basic potassium phosphate buffer 

solution (pH 7.4). The solubility studies revealed that Tramadol HCl was more soluble in 

water then Phosphate buffer, but the reason behind selecting phosphate buffer as dissolution 

media for both the model drugs was to simulate intestinal conditions. Six tablets from each 

batch were placed in separate flasks in the baskets. Samples (5 ml) from each flask were 

withdrawn at predetermined time points i.e. 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 

12.0, 18.0 and 24.0 hours. Equal volumes of fresh dissolution medium were added to the 

flasks at each sampling point in order to keep the volume constant. The samples were then 

filtered through a 0.45 µm filter paper prior to analysis by UV visible spectrophotometer 

(UVIDEC-1601 Shimadzu Japan). Absorbance data was recorded at     393 nm for 

Nimesulide and at 270 nm for Tramadol HCl. After calculating the mean of six readings, the 

percent drug release was calculated using the standard calibration curve for Nimesulide and 

Tramadol HCl accordingly for each batch. 

3.8. DETERMINATION OF DRUG RELEASE KINETICS 

(MECHANISM) 

For the determination of release kinetics from the prepared tablets, the in vitro dissolution 

data at 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 18.0 and 24.0 hours of the tablets 
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was fitted in to the following Kinetic Models. The value of K (release constant) was 

calculated from the slop of the dissolution profiles.  

 

 Table 3.2: Kinetic Models used for drug release analysis 

Kinetic Models Equations 

Zero Order Kinetics 

(Xu and Sunada, 1995) 

W = k1t--------------------------------3.7 

First-order kinetics equation  

(Avachat and Kotwal, 2007) 

In (100-W) = In100-k2t-------------3.8 

Hixon Crowel’s Equation(Erosion model)  

(Costa et al., 2003; Hixon and Crowell, 1931):  

(100-W)1/3 =1001/3 – k3t-------------3.9 

Higuchi’s Squre of Time Equation (Diffusion model) 

(Higuchi, 1963; Korsmeyer et al., 1983):  

W = k4t1/2 -----------------------------3.10 

Power law equation or Korsmeyer- Peppas equation for 

mechanism of drug release  

(Korsmeyer et al., 1983; Rigter and Peppas, 1987):  

Mt / M∞ = k5t n -----------------------3.11 

Where, 
W = the amount of drug release at time = t 
k1 = the zero-order release rate constant 
t = time 
k2= the first order release rate constant 
k3= a constant incorporating the surface volume relationship;  
k4= Higuchi dissolution rate constant 
Mt / M∞= the fraction of drug release at time = t 
k5= kinetic constant compromising the structural and geometric characteristics of the device; n= the diffusion 
exponent for drug release 

The criteria of selecting the most appropriate model was chosen on the basis of “n” value and 

goodness of fit test (i.e. coefficient of determination r2  value falling near to 1, which shows 

linearity of regression line) where necessary. 

The n value depicts the release mechanism. For cylindrical matrix tablet the release 

mechanism is Fickian diffusion if the n value is equal to or less than 0.45. If the value of n is 

greater than 0.45 and less than 0.89, then it shows non Fickian or anomalous diffusion and if 

n value is 0.89 then it shows a case II transport or typical zero order release (Siepmann and 

Peppas, 2001). If n value is greater than 0.89 then it shows super case II release mechanism 

(Vueba, 2004). 

3.9. DETERMINATION OF DISSOLUTION EQUIVALENCY 

Model independent method is used for testing the dissolution equivalency. This method was 

originally reported by Moore and Flanner (1996). It has been recommended by FDA for 

comparing the dissolution profiles of various formulations (CDER, 1997). It has also been 
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tested by several other scientists who came with useful results in this connection (Khan and 

Median, 2007; Fassahi and Pillay, 1998). Model independent method is a simple approach for 

the comparison of dissolution profiles using difference factor f1 and similarity factor f2.  

Difference factor f1 is used for the calculation of percent difference between the two 

dissolution profile at each time point and relative error between the two curves. 

The similarity factor f2 is a logarithmic reciprocal square root transformation of the sum of 

squared error and is measurement of the similarity in the percent dissolution between the 

curves (CDER, 1997). Difference factor f1 and similarity factor f2 are determined using 

equations 3.12 and 3.13 respectively. 

f1 = 
∑ 	

∑
	 100------------------------------------------ (3.12) 

f2= 50 log 1 	
.

100 ------------ (3.13) 

Where n= Number of pull points 
Rt= Percent Drug Released from the reference tablets at time t  
Tt= Percent Drug Released from the test tablets at the same time “t”. 

For the dissolution profiles to be similar the value of difference factor should be close to zero 

and that of similarity factor close to 100. Usually the f1 values of 0-15 and f2 values 50-100 

highlights an equivalence between the test and reference dissolution profile (Gohel and 

Panchal, 2002, CDER, 1997). 

3.10. REPRODUCIBILITY AND ACCELERATED STABILITY STUDY 
Based on results from the in vitro studies conducted, tablet formulation with optimum 

properties were selected and subjected to stability testing and also for further in vivo studies. 

This selection was based on the results of in vitro dissolution data and release kinetic data.  

For reproducibility of the manufacturing process three repeated batches of the optimised 

formulations were prepared on three different occasions and were evaluated for different 

physicochemical characteristics.  

The stability studies of the said formulations were carried out in a stability chamber (Ti-Sc-

THH-07-0400, Pakistan) for a period of six months. Stability studies at short term accelerated 

conditions were carried out at 40 ±2oC and RH 75 ±5 % (ICH, 2003). Later on the tablets 

were evaluated for their physical appearance, weight variation, hardness, friability, content 

uniformity and dissolution profiles after 0, 1, 3, and 6 months. For dissolution equivalency of 

the tablets tested for stability, f1 and f2 values were also calculated according to the method as 

described above (section 3.9). 
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3.11. EFFECT OF METHOD OF PREPARATION OF TABLETS 

To study the effect of tablet preparation method, the selected optimised formulations 

containing either of the two model drugs were prepared separately using wet granulation 

method. In this connection all of the ingredients of the formulations were mixed 

geometrically by utilizing the mortar and pestle, except the lubricant magnesium stearate, and 

were wetted with PVP 10% solution. The wetted damp mass was then granulated by passing 

across the screens of mesh No.8. For drying, these granules were taken in trays and were kept 

in oven. To prevent lump formation or agglomeration, these granules, after drying, were 

further passed through screens of No.12 screen. Then magnesium stearate was also mixed 

with the formulation after drying and in the end, a single punch machine was used to 

compress the formulation into tablets (Erweka AR 400, Germany). The previously mentioned 

procedure (section 3.6 and 3.7) was followed for the physiochemical evaluation of the tablets, 

prepared through wet granulation method. The in vitro release profile of the tablets prepared 

by using wet granulation method were compared with the corresponding in vitro profiles of 

the Nimesulide and Tramadol HCl optimized tablet formulations prepared by direct 

compression and dry granulation methods respectively. The release kinetics and dissolution 

equivalency of the matrix tablets prepared by wet granulation method were also determined. 

3.12. MICROENCAPSULATION 
In order to evaluate the effect of Ethocel® polymer on the release profile of Nimesulide and 

Tramadol HCl using another dosage form, microcapsules of the model drugs were prepared 

using Ethocel® 7FP Premium polymer as the release rate controlling agent. 

3.12.1. Preparation	of	Microcapsules	

Microcapsules were prepared by simple physical method of preparation i.e. coaservation 

thermal change (Khan et al., 2010). Two batches of both Nimesulide and Tramadol HCl 

microcapsules were prepared using Ethocel® 7FP polymer with different drug to polymer 

ratios (1:1 and 1:2). The formulation of the batches is given in table 3.3. 

Table 3.3: Formulation composition of Microcapsules of Nimesulide and Tramadol HCl  

Formulations F1 F2 F3 F4 

Drug Nimesulide  Nimesulide Tramadol HCl Tramadol HCl 

Polymer Ethocel® 7FP 

premium  

Ethocel® 7FP 
premium  

Ethocel® 7FP 
premium  

Ethocel® 7FP 
premium  

D:P 1gram:1gram 1gram:2gram 1gram:1gram 1gram:2gram 
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Cyclohexane (20 ml) was taken in a beaker and the polymer was added to it with constant 

stirring and heating at 80 oC. After dissolution of the polymer, the pre weighed drug was 

poured and dispersed with constant stirring. Then the beaker was placed on ice bath for phase 

separation. The resultant mass was then washed with 100 ml of n-hexane twice at room 

temperature. After drying from n-hexane, the product was passed through No. 20 sieve mesh 

and microcapsules were collected. Empty capsule shells were filled with the microcapsules 

equivalent to 100 mg of the drug and were placed in air tight plastic bags with a sachet of 

desiccant (Silica gel) in the plastic beg to avoid moisture.  

3.12.2. Characterization	of	Microcapsules	

3.12.2.1. Drug	yield,	drug	loading	and	drug	entrapment	efficacy:	

Percent Drug Yield of each batch was calculated by using equation 3.14: 

% Yield = M /(Wd + Wp) x 100-------------------------------- (3.14) 

Where M is the weight of microcapsules, Wd is the weight of the drug and Wp is weight of the polymer used in 
the respective batch.  

Each determination was carried in triplicate.  

For drug content or drug loading, microcapsules equivalent to 100 mg of the drug were taken 

and added to 100 ml methanol and stirred continuously for 20 minutes. The solution was 

filtered through 0.45 µm membrane filter and absorbance was determined at 393 nm for 

Nimesulide batches and 270 nm for Tramadol HCl batches spectrophotometrically. Drug 

content was thus determined using the standard regression equations of the respective drugs. 

Drug entrapment efficacy was determined using the equation 3.15. 

Entrapment Efficacy (%) = A/T x 100------------------------ (3.15) 

Where “A” is the actual drug content and “T” is the theoretical drug content. 

3.12.2.2. Determination	of	microcapsule	solvation	

Equation 3.16 was used to determine the microcapsule solvation for each batch. Pervious 

authors also suggested this technique at the end of each microencapsulation process (Murtaza 

et al., 2009; Sah, 1997).  

Microcapsule Solvation (%) = (W1/W2) × 100-------------- (3.16) 

Where W1 = weight of microcapsules before drying and W2 = weight of Microcapsule after drying. 
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3.12.2.3. Flow	properties:		

The flow properties of the batches were determined by checking the angle of repose, 

compressibility index and Hausner’s ratio according to the procedure given in section 3.4. 

3.12.2.4. Scanning	electron	microscopy	

Samples from each batch was mounted on the sample stub and coated with gold film. Images 

were taken using Scanning Electron Microscope (SEM; Joel JSM-5910, Japan) for surface 

characteristics. 

3.12.3. In	Vitro	Drug	Release	Studies	of	Prepared	Microcapsules	

USP rotating paddle method II was used for in vitro drug dissolution studies of all the batches 

of microcapsules. Pharmatest dissolution apparatus ((D-63512, Hainburg, Germany) was 

used for the in vitro studies. Dissolution medium was 900 ml monobasic potassium phosphate 

buffer (pH 7.4). Temperature of the sink was maintained at 37 oC, the rotation speed of the 

paddles were 100 rpm.  Samples (5 ml) were withdrawn at different time intervals i.e. 0.1, 

0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0 and 12 hours. The collected samples were 

filtered through 0.45 µm membrane filter and absorbance values were determined at 393 nm 

for Nimesulide batches and 270 nm for Tramadol HCl batches spectrophotometrically. 

Percentage drug release was then calculated for different sampling time intervals. 

3.12.4. Drug	Release	Kinetics	of	Prepared	Microcapsules	

Drug release kinetics was studied by applying the various kinetic models like zero order, first 

order, Higuchi square root, Hixson-Crowell and Korsmeyer-Peppas (equations 3.7-3.11) on 

the data obtained from in vitro dissolution studies of microcapsules batches. 

3.13. IN VIVO EVALUATION OF OPTIMISED TEST TABLETS 

In Vivo studies were performed on the selected optimised test tablets of both the drugs 

(Nimesulide and Tramadol HCl). The study protocol was approved by the Research and 

Ethical committee of Gomal University (D.I. Khan KPK Pakistan) and the animal scientific 

procedure act 1986 was followed. The pharmacokinetic parameters of the reference 

conventional immediate release (IR) formulations (purchased from local market) and 

optimized test tablets were studied in two groups of rabbits for comparison. The in vitro in 

vivo correlation was established by using suitable formulae. 
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3.13.1. Animals	Selection	for	In	Vivo	Studies	

In vivo studies were performed on local breeds of rabbits. Ten (10) healthy rabbits of either 

sex weighing 2.5 ± 0.5kg were selected for the in vivo studies as were described by Badshah 

et al., (2010) and Jing et al., (2006).  Rabbits used in this study were served with standard 

food according to a published recipe by Kelley et al., (1992) for at least three days before 

administration of the formulations. The recipe included 40% bran, 20% grass meal, 10% 

white fish meat and 18% middlings. 

The subjects were divided in to two equal groups. The reference IR formulations and 

optimised test tablets were administered to the two groups in a parallel study design.  

3.13.2. Study	Design	

As shown in the table 3.4, during the first week, one tablet of the optimised test formulation 

having Nimesulide was administered to each of the rabbits in group I and one tablet of the 

reference formulation with Nimesulide (Conventional IR tablets, Purchased from local 

market) was administered to each of the rabbits in group II. In the 2nd week i.e. after the 

washout period, group I received a dose of one tablet of the optimised test tablet of Tramadol 

HCl and group II received the reference formulation of Tramadol HCl (Conventional IR 

Capsules, Purchased from local market) in a dose of one tablet. 

Table 3.4: Dosing schedule for In vivo studies 

 Group Tablets administered Dose 

Weak 1 Group I (n=5) Optimised test tablets of Nimesulide 1 Tablet 

Group II (n=5) Reference IR tablets of Nimesulide 1 Tablet 

Weak 2 Group I (n=5) Optimised test tablets of Tramadol 

HCl 

1 Tablet 

Group II (n=5) Reference IR Capsules Tramadol HCl 1 Tablet 

 

3.13.3. Administration	of	Dosage	Forms:	

Before the administration of the tablets to the rabbits, all of them were kept at fasting for 24 

hours, and the similar fasting was maintained for 24 hours post dosing. However, free access 

to water was allowed during this period. The tablets/ capsules were administered to the 

rabbits via oral route with the help of syringe with its barrel smoothly cut at its needle end 

and then water was administered via 10 ml syringe into the mouth of the rabbits to mimic 

human dosing. 
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3.13.4. Collection	of	Blood	Samples:	

One (1)ml of the blood from the marginal ear vein of the rabbits was collected at different 

predetermined time intervals like at 0 hour i.e. before dosing and 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 

10, 12, 18, 24 and 36 hours.  Blood samples were then placed in centrifuge tubes (containing 

sodium heparin). The blood samples collected were centrifuged for 15 minutes at 3500 rpm 

and then the separated plasma was transferred to new glass tubes and was kept at -20oC in 

refrigerator (Shel Lab, Sheldon Manufacturing, Inc, USA) until further analysis. 

3.13.5. Extraction	Procedure	of	the	Drugs	from	Plasma	

One step liquid extraction was used for the extraction of Nimesulide and Tramadol HCl from 

the plasma. The method used by Ptacek et al., (2001) was adopted with slight modification 

for Nimesulide. Accordingly, 500 µl of the plasma of rabbits that received Nimesulide tablet 

was placed in a glass tube and 4 ml methanol was added as an extraction solvent. The 

samples were then mixed in vortex mixer for 1 minute. Samples were then centrifuged at 

3500 rpm for 15 minutes. Then the upper layer was transferred to new vials and the 

extraction solvents were allowed to evaporate under nitrogen atmosphere at 37oC. The 

residual remained in the vials were reconstituted with the mobile phase to be used for further 

analysis. The same procedure was followed for extraction of Tramadol HCl from the plasma 

samples of rabbits that received Tramadol HCl formulations as was reported by Aamir et al., 

(2011).  

3.13.6. HPLC	Analysis	

The analysis of Nimesulide and Tramadol HCl was carried out by the methods reported by 

Ptacek et al., (2001) and Aamir et al., (2011) respectively, with slight modification. Same 

method was used for both the drugs with exception of the constituents of mobile phase. 

HPLC (Perkin Elmer Series 200, USA) equipped with TCNav software for the operation was 

used. It consists of a binary pump solvent delivery system, an integrator NCI900 and a UV-

visible detector. The chromatographic separation was carried out on partition (5 µm pore 

size), 4.0 mm x 250 mm ODS Hypersil C18 stainless steel analytical column fitted with a 

refillable guard column. The detector was operated at 393 nm for Nimesulide and at 270 nm 

for Tramadol HCl. The mobile phase of HPLC consisted of acetonitrile-methanol-15mM 

potassium dihydrogen phosphate buffer for Nimesulide and in case of Tramadol HCl, the 

mobile phase consisted of acetonitrile-methanol-50mM potassium dihydrogen phosphate 

buffer and 0.1 % triethylamine. The pH of the buffer was adjusted to 7.4 with 
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orthophosphoric acid. The mobile phases were first filtered through cellulose acetate filters 

(0.45µm). The analysis was done at a flow rate of 1ml/min and the time constant was set to 1 

second. And then by linear regression equation, derived from standard curve, the 

quantification was done.  

3.13.7.	Analysis	of	Pharmacokinetic	Parameters	
The drug concentration profile in the plasma of individual rabbit was taken for the 

determination of the (Cmax) - peak plasma concentration - and the (Tmax) - time to reach this 

concentration (Weiner, 1981). The renowned computer software of pharmacokinetic 

WinNolin®Ver 5.2.1 (Pharsight Corporation, CA, USA) was used for the analysis of plasma 

concentration-time data in each rabbit for both the drugs (Tramadol HCl and Nimesulide). 

The trapezoidal method was utilized to calculate the (AUC0-t) - area under the concentration-

time curve, where t represents the last sampling time. Following the logarithmic conversion 

of the values of plasma concentration and applying the linear regression, the elimination rate 

constant Kel was determined by using the terminal slope of time curve versus individual 

plasma concentration (Gibaldi and Perrier, 1982). By using the following formulas, all the 

other parameters like clearance (Clt), half-life (t1/2) and volume of distribution (Vd) were 

calculated:  

t1/2= In2/Kel 

Cltotal= Dose/(AUC0-t) 

Vd= Cltotal/Kel  

For the determination of absorption profile equation (3.17) was used. 

%absorbed at time t= Ct+KeAUC0-t/KeAUC0- -  ------------------------ (3.17) 

Where Ct=plasma concentration at time t, AUC0-t = the area under the curve from time zero to time t and 
AUC0- - = total area under the plasma concentration verses time curve. 

 

3.13.8. In	Vitro	In	Vivo	Correlation	(IVIVC)	

The in vitro in vivo correlation was performed by plotting the percent drug absorbed against 

percent drug released. The value of percent drug released was obtained from the in vitro data 

and the percent drug absorbed was determined by Wagner Nelson equation (Wagner and 

Nelson, 1964). 
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Fa 
	

100 ----------------------------(3.18) 

Where,  
Fa= fraction of drug absorbed;  
Ct= plasma drug concentration at time = t 
Kel= the total elimination rate constant;  
AUC0-t= area under the curve between time zero and time t;  
AUC0-∞= area under the curve between tie zero and infinity 
 

3.13.9. Statistical	Analysis:	

The parameters obtained were further processed for individual rabbit statistically for getting 

mean and standard deviation and level of significance, using computer based programs like 

ANOVA at a level of significance of P < 0.05. 

 

PART B 

3.14. EXPERIMENTAL DESIGN AND METHODOLOGY FOR 
PREPARATION AND EVALUATION OF SOLID DISPERSION OF 
MODEL DRUG THROUGH SPRAY DRYING 

Solid dispersions are mainly used to increase the bioavailability of poorly water soluble 

drugs. The objective of the research work presented in the present chapter is the preparation 

of solid dispersions of a model drug Ibuprofen using Hydroxypropyl methyl cellulose acetate 

succinate (HPMC-AS) as a carrier. Ibuprofen is water insoluble drug and is used as analgesic, 

anti-inflammatory and antipyretic agent. HPMC-AS (Trade name Shin-Etsu Aqoat AS LG) is 

an enteric coating polymer and is used for targeted intestinal release delivery of drugs (Hong, 

2009). HPMC-AS has not yet been studied as a drug carrier in Ibuprofen Solid dispersions. 

Different batches of Ibuprofen solid dispersion were prepared by selecting 32 factorial design 

of experiments through spray drying. Effect of two variables i.e. drug to polymer ratio and 

inlet temperature in spray drying were selected at three different levels. Effect of the 

variables was determined by their effect on the percent yield and in vitro dissolution profile. 

Physicochemical characterization of all batches was also studied. 
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3.14.1. Materials	and	Instruments:		

Ibuprofen (Alfa Aesar, USA), Hydroxypropyl methyl cellulose HPMCAS-LG:  (Shin-Etsu, 

Japan), Sodium Hydroxide (NaOH) (Sigma, UK), Potassium Mono Basic Phosphate (Sigma, 

UK), Acetone (Fisher Chemicals, UK), Deionised water. Spray Dryer ( Labultima LU 228, 

Advanced, India), FEI Quanta 400 Scanning Electron Microscope (Cambridge, U.K.), Cary 

50 Varian probe UV-visible spectrophotometer (Australia), Bruker D8 Diffractometer 

(Germany), TA Instruments Q2000 differential scanning calorimeter (Crawley, UK), TA 

Instruments Q 5000 Thermo Gravimetric Analyser (Crawley, UK), Renishaw Raman 

microscope analyser (UK), Digilab FTS 2000 spectrometer (Randolph, USA), PharmaTest 

Dissolution apparatus. 

3.14.2. Methodology	

3.14.2.1. Standard	calibration	curve	
To obtain a standard calibration curve of the model drug Ibuprofen, first of all 10 mg of 

Ibuprofen was taken and dissolved in 10ml acetone in volumetric flask on an ultrasonic bath. 

Then 1ml from the prepared solution was taken and diluted upto 10ml with monobasic 

potassium phosphate buffer (pH 7.4). The concentration of this dilution was 0.1 mg/ml (w/v). 

Then again 1ml was taken from the first dilution and diluted with 10ml of phosphate buffer of 

the same pH to get a dilution with a concentration of 0.01 mg/ml. In this way more dilutions 

(0.001 mg/ml and 0.0001 mg/ml) were prepared. Then the absorbance values of these 

dilutions were determined using UV visible spectrophotometer (Cary 50 Varian probe, 

Australia) at a λmax 226 nm. The same procedure was repeated thrice to get a mean value of 

absorbance for each dilution. The mean absorbance values were plotted against the 

concentration of the respective dilution on Microsoft excel sheet. A straight linear calibration 

curve was obtained with Coefficient of regression (R2) value of 0.9991 (Figure 3.2). 
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Figure 3.2: Standard Curve for Ibuprofen 

3.14.2.2. Experimental	design	
For the preparation of batches of solid dispersion 32 factorial design was selected to conduct 

the experiments. The two variables (Factors) selected were the drug to polymer ratio (D:P) 

and the Inlet temperature. Both these independent variables (factors) were studied at three 

different levels i.e. inlet temperature was 40 oC, 50 oC and 60 oC and D:P was 1:1, 1:2 and 

1:3. The response was measured as the % yield and Dissolution rate. Table 3.5 shows the 

formulations of various batches.  

Table 3.5: Formulations of nine batches of Ibuprofen Solid dispersions 

 Batches 

Factors B1 B2 B3 B4 B5 B6 B7 B8 B9 

D:P Ratio 1:1 1:1 1:1 1:2 1:2 1:2 1:3 1:3 1:3 

Inlet 
Temperature 

40
 o

C 50
 o

C 60
 o

C 40
 o

C 50
 o

C 60
 o

C 40
 o

C 50
 o

C 60
 O

C 

Ibuprofen 5 g 5 g 5 g 5 g 5 g 5 g 5 g 5 g 5 g 

HPMC (AS) 5 g 5 g 5 g 10 g 10 g 10 g 15 g 15 g 15g 

3.14.2.3. Preparation	of	batches:	

Factorial design experiments were performed in random order. The required amount of the 

Ibuprofen and HPMC-AS for each batch (Table 3.5) was accurately weighed on electronic 

balance. First the HPMC-AS was dissolved in sufficient amount of acetone in a beaker on a 

hot plate magnetic stirrer with constant stirring. Then after the dissolution of HPMC-AS, 
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Ibuprofen was poured into the beaker which was still placed on the hot plate magnetic stirrer 

until all the ibuprofen was also dissolved and the solution (feed) became clear. Total solid 

content of dispersion for all batches was 5 % w/v.  This solution (feed) was loaded to the 

Spray Dryer (Labultima-228, India) feed pump. The inlet temperature for each batch was 

according to the table 3.5. The out let temperature was 35, 45 and 50 oC for batches having 

inlet temperature of 40, 50 and 60 oC, respectively. Other operating parameters were 

maintained constant for all batches like Atomization nitrogen pressure was maintained at 55-

58kg/cm2, feed rate was 2ml/minute, aspirator rate flow was 60mmWC. After the operation 

of spray dryer, solid dispersions were collected from the main chamber, collecting vessels 

and cyclones and stored in air tight amber glass bottles for further analysis. 

3.14.2.4. Characterisation	of	solid	dispersions	

i. Percent Yield 

The percent yield for each batch of solid dispersions of Ibuprofen was calculated by the 

equation 3.19  

Percent Yield= Oy/Ty -----------------3.19 

Where Oy is the observed yield which is the weight of the collected solid dispersions for each 

batch and Ty is the theoretical yield which is the weight of the batch according to the 

formulation table (table 3.5). 

ii. Drug Content 

Samples from the batches of solid dispersion equivalent to 50mg of Ibuprofen was taken from 

each batch and dissolved in suitable quantity of acetone. This solution was then filtered 

through 0.45µm filter and absorbance was determined at 226nm using UV visible 

spectrophotometer after appropriate dilutions. The content of Ibuprofen for each batch was 

calculated using absorbance values obtained by repeating the same procedure for 50mg of 

pure Ibuprofen. 

iii. Scanning Electron Microscopy (SEM) 

SEM images were taken to determine the morphological characteristics of the solid 

dispersion batches. Sample preparation involved fixing of small amount of Ibuprofen HPMC-

AS, or solid dispersions to Aluminium pin stubs (Agar Scientific, Stansted, U.K.) with the aid 

of double sided adhesive tape (agar Scientific) and then sputtered with thin gold layer with 

sputter coater. Scanning electron microscopy (SEM) was then carried out using a Quanta 400 

SEM (FEI Company, Cambridge, UK) to produce photomicrographs of samples at different 
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magnifications in high vacuum operated at an acceleration voltage of 20 kV. For imaging, 

XTM Microscope control software version 2.3 was used. 

iv. Powder X-ray Diffractomtery (PXRD) 

To analyse the crystalline or amorphous nature of the solid dispersions, PXRD data were 

obtained using a Bruker D-8 powder diffractometer (Bruker Kahlsruhl, Germany), at room 

temperature for raw material (pure Ibuprofen and Pure HPMC-AS) and each batch. Sample 

preparation involved first filling a plastic sample holder with the sample and smoothing the 

surface with a glass slide. Samples were scanned over range 5-40° 2θ at a rate of 0.2º 2θ/4 

seconds using a copper Kα radiation source with a wavelength of 1.54056Å and 1mm slits.  

v. Thermo-gravimetric Analysis (TGA) 

Samples were analysed by TGA to determine the onset of degradation. TGA analysis was 

performed on the TGA module of TA instruments Q5000 series Thermal Analysis System 

(TA instruments, West Sussex, UK) equipped with a RSC90 cooling unit. A 1-3mg of sample 

was placed in an open aluminium pan attached to a microbalance .The samples were heated at 

20 oC/min from 25-500 oC under dry nitrogen with flow rate of 50 ml/min for the 

maintenance of inert environment.  

vi. Differential Scanning Calorimetry (DSC) 

DSC analysis was carried out using the DSC module of the TA instruments Q2000 Series 

Thermal Analysis system (TA Instrument West (UK). Standard Indium was used to calibrate 

the temperature and enthalpy change and was confirmed using a zinc standard. Samples of 1-

3mg were precisely weighed and hermetically sealed into an aluminium pan with a central 

pierced hole. The samples were then scanned from 25 – 280 °C using heating rate 10 °C /min. 

inert atmosphere was maintained by purging nitrogen gas with 50ml/min flow rate. 

vii. Fourier Transform Infrared (FTIR) Spectroscopy  

FTIR spectra of raw materials (pure Ibuprofen and HPMC-AS) and batches of solid 

dispersions were obtained after appropriate background subtraction using Digilab FTS 2000 

spectrometer (Randolph, USA) equipped with Deuterated Triglycine Sulphate (DTGS) 

detector. About 2-3 mg of sample was mixed with potassium bromide and pressed under 

15kg/cm2 to get a KBr disc of sample. Transmittance spectra of the discs were scanned at 

room temperature between 4000-600 cm-1 at a resolution rate of 4cm-1.   
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viii. Raman Spectroscopy 

Renishaw (UK) Raman microscope analyser equipped with a diode laser that emits light of 

wavelength 785nm was used for Raman spectra of raw materials (pure Ibuprofen and HPMC-

AS) and batches of solid dispersions. A charged coupled device detector was used to collect 

data. The diode laser has a maximum output of 50mV at source point and was nearly 20mV 

at sample. A light beam of diameter 52µ was emitted by a 50X objective. Nine scans were 

collected at wave number range of 100-3500 cm-1 at 4 cm-1 spectral resolution.  

3.14.2.5. Drug	release	studies	

Drug release studies for pure Ibuprofen and batches of solid dispersions were carried out in 

USP type II dissolution apparatus. Dissolution tests were performed in triplicates. Samples of 

200mg from each batch and pure ibuprofen were placed in 900 ml dissolution media 

(phosphate buffer of pH 7.4) at 37±0.5 oC. The speed of the paddles was maintained at 

50rpm. Aliquots (5ml) were withdrawn from each vessel of the apparatus periodically and 

replaced with fresh dissolution medium. After filtering through 0.50µm syringe filter and 

proper diluting, the collected samples were analysed spectrophotometrically at 226nm. The 

data was analysed by dissolution software (PCP-Disso software v3, India).  

3.14.2.6. Statistical	analysis:	

ANOVA technique was used as statistical tool on the percent yield and Dissolution data using 

SPSS-14 software. At last response surface curve was studied. 
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4. RESULTS AND DISCUSSION  

Part A 

PREFORMULATION STUDIES AND EVALUATION OF CONTROLLED 
RELEASE MATRIX TABLETS & MICROCAPSULES OF MODEL DRUGS 

4.1. PREFORMULATION STUDIES 

4.1.1. Identification	

Nimesulide: The melting point of Nimesulide was determined by digital melting point 

apparatus for the identification of Nimesulide as given in BP (Nimesulide, 2009) and was 

found to be 153.5oC ± 0.5, which is in accordance to the value mentioned in British 

Pharmacopeia. The result was a mean of three experiments. 

Tramadol HCl: The same procedure of melting point detection was followed for the 

identification of Tramadol HCl. The melting point of Tramadol HCl was 185.5oC ± 0.2 which 

is in the acceptable BP melting point range for Tramadol HCl (Tramadol HCl, 2009). 

Furthermore the compatibility studies in the forthcoming sections are also a confirmation for 

the identification of Nimesulide and Tramadol HCl. 

4.1.2. Percentage	Purity	

Nimesulide: Percentage purity of Nimesulide sample was determined in comparison with a 

standard in triplicate as given in BP (Nimesulide, 2009). According to BP the acceptable 

percentage purity is 99.0 -101.5 %. The results of the experiments for percentage purity of 

Nimesulide showed that the percentage purity was 99.5% ± 0.5% which is within the 

acceptable BP range. 

Tramadol HCl: The results of percentage purity of Tramadol HCl showed that it has a 

percentage purity of 100.02 ± 0.4% which is also in the acceptable BP range (99.0-101.0 %) 

(Tramadol HCl, 2009). 

4.1.3. Particle	Size	Analysis	and	Particle	Size	Distribution	

Particle size and size distribution of any drug play an important role in the release pattern as 

well as the release mechanism of a drug from controlled release formulations (Velasco et al.,. 

1999). It has been reported that the particle size of the drug and polymer affect the 
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compressibility and thus effecting diffusion and dissolution of drug in a controlled manner 

(Wahab et al., 2011). Particle size analysis and distribution was studied by using Sieve 

analysis method and Particle Size Analyser (Horiba LA-300).  

Nimesulide: Figure 4.1 shows percent of Nimesulide particles retained on the respective 

sieves. It is demonstrated in the Figure that nearly 77 % of the drug particles were retained on 

the mesh No 80, when different sizes meshes were placed one over the other in a decending 

order of mesh sizes, and mechanically shacked on a shaker (Figure 3.1). In Figure 4.2, it is 

represented that the particle size of most of the Nimesulide particles were in the range of 

26.51- 36.56 µm. The mean particle size of Nimesulide sample was 21.255 µm ± 0.34. 

Tramadol: Figure 4.3 show the results of sieving analysis of Tramadol HCl. Here main part 

of the sample passed through the Mesh No. 120. Figure 4.4 Shows particle size distribution 

for Tramadol HCl and explains that the particle size of Tramadol HCl was in the range of 

33.74- 52.02 µm. The mean particle size of Tramadol HCl sample was 26.381 µm ± 0.54. 

Results of the particle size analysis distribution of both the drugs showed that both are 

suitable candidates for controlled release formulations. Samples above mesh No. 120 were 

selected in case of both drugs for further analysis and experiments and stored in air tight 

containers.   

 

 
Figure 4.1: Graph showing the particle size analysis of pure Nimesulide sample through sieving method (n=3, 

Mean ±SD) 
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Figure 4.2: Graph showing the particle size distribution of pure Nimesulide sample (n=3, Mean ±SD) 

 

 

Figure 4.3: Graph showing the particle size analysis of pure Tramadol HCl sample through sieving method 

(n=3, Mean ±SD) 
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Figure 4.4: Graph showing the particle size distribution of pure Tramadol HCl sample (n=3, Mean ±SD) 

4.1.4. Standard	Calibration	Curves	

The standard calibration curves of both the drugs were obtained using the procedure 

discussed in the methodology section.  

Nimesulide: After plotting the absorbance values against the respective concentrations of 

different dilutions of Nimesulide, standard calibration curve was obtained in Microsoft Excel 

and is shown in Figure 4.5, along with the regression equation in the same figure. The 

coefficient of determination (R2) was 0.9998. 

Tramadol HCl: when the absorbance values obtained by spectrophotometric analysis of 

different dilutions of Tramadol HCl stock solution were plotted against their respective 

concentrations, standard calibration curve of Tramadol HCl was obtained (Figure 4.6). The 

R2 value for Tramadol HCl was 0.9999.  
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Figure 4.5: Standard Calibration curve of Nimesulide 

 

 

Figure 4.6: Standard Calibration curve of Tramadol HCl 
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4.1.5. Drug	Polymer	Compatibility	Studies	

To determine whether there is any incompatibility or interaction between the drugs and 

polymer, FTIR spectra and DSC thermograms of the drugs alone and the drug and polymer 

mixture blends were studied. 

FTIR Spectra and DSC Thermograms of Nimesulide 

The FTIR spectra of pure Nimesulide and its physical mixture with Ethocel® are shown in 

Figure 4.7. The FTIR spectra indicates the typical structure of Nimesulide with different 

bands such as C-H aromatic at 906-640 cm-1, S=O at 1078 cm-1
,  C-O-C at 1159 cm-1, N-H at 

3285 cm-1 and NO2 band at 1516. Other studies on the IR spectra of Nimesulide also showed 

nearly the same bands (Khan et al., 2011, Subrata Mallick, 2004). These bands are also 

shown in the spectra of the physical mixture of Nimesulide and Ethocel® indicating no 

interaction or incompatibility between Nimesulide and polymer.  

 
Figure 4.7: FTIR Spectrum of Nimesulide (NIM), Ethocel® (ETHO) and Physical Mixture of Nimesulide and 

Ethocel® (NIM+ETHO) 
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 The DSC thermograms for pure Nimesulide and the physical mixture of Nimesulide and 

Ethocel® are shown in Figure 4.8 and Figure 4.9 respectively. The thermogram of pure 

Nimesulide showed a sharp endothermic peak at 155 oC temperature corresponding to its 

melting point (BP, 2009; Raguia et al., 2009). Similarly the endothermic peak of Nimesulide 

in the physical mixture didn’t shown major change which is an indication that there was no 

interaction or incompatibility between Nimesulide and polymers.  

 
Figure 4.8: DSC Thermogram of Pure Nimesulide 

 
Figure 4.9: DSC Thermogram of Physical Mixture of Nimesulide and Ethocel® 
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FTIR Spectra and DSC Thermograms of Tramadol HCl 

Pure Tramadol HCl and its physical mixture with Ethocel® were evaluated for any 

incompatibility or interaction by FTIR and DSC. The FTIR spectra of pure Tramadol HCl 

and its physical mixture with Ethocel® are shown in Figure 4.10. The spectra show all the 

characteristics bands of Tramadol HCl like C-H stretching band at 2930, OH stretching at 

3302 and C-N at 1288. All these peaks are also indicated in the spectra of Tramadol HCl and 

physical mixture with the polymers (Figure 4.10). The finding of this study is in accordance 

with those of other scientists (Sarfaraz et al., 2012; Aamir et al., 2011), where the authors 

found nearly the same bands in the FTIR spectra of Tramadol HCl 

 

 

Figure 4.10: FTIR Spectra of Tramadol HCl (TH), Ethocel® (ETHO) and Physical Mixture of Tramadol HCl + 
Ethocel® (TH+ETHO) 
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The DSC thermogram of Tramadol HCl alone (Figure 4.11) showed a sharp endothermic 

peak at 188.3 oC (Aamir et al., 2011) which is also present in the thermogram of its physical 

mixture with the Ethocel® (Figure 4.12). Both the FTIR and DSC studies showed that there 

was no physical interaction or incompatibility between Tramadol HCl and Ethocel®. 

 

 

Figure 4.11: DSC Thermogram of Pure Tramadol HCl 

 

Figure 4.12: DSC Thermogram of Physical Mixture of Nimesulide and Ethocel® 
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4.1.6. Solubility	Studies	

The solubility studies were carried out in different solvents (distilled water, 0.1 N HCl 0.1 N 

NaOH and monobasic potassium phosphate buffers with pH of 6.8, 7.2 7.4) at various 

temperature (25, 37 and 45oC). Different conditions used to measure the solubility must be 

reported, as minor changes in pH and temperature can affect the solubility (Antonio et al., 

2007).  

Nimesulide: The results of solubility studies of Nimesulide are shown in table 4.1. 

Nimesulide has the highest solubility in 0.1 N NaOH and the least in 0.1 N HCl. The 

solubility of Nimesulide in case phosphate buffers was highest in pH 7.4. The reason for this 

is that Nimesulide is weekly acidic drug with pKa value 6.5. So the increase of solubility of 

Nimesulide with the increase in pH may be due to weekly acidic properties of Nimesulide, as 

the solubility of weak acidic or basic drugs is often pH dependent. As the pH of the solvent 

increases so will be the solubility of weak acidic drug (Loyd et al., 2005a). The solubility of 

Nimesulide in water was very low (Nimesulide, 2009).  

Tramadol HCl: The solubility of Tramadol HCl (table 4.2) was also high in 0.1 NaOH as 

compared to 0.1 HCl. The pKa value of Tramadol HCl is 9.41 which show that it is a basic 

drug that is why its solubility in basic solution like 0.1 NaOH was high. Similarly, the 

solubility of Tramadol HCl increased with the increase in pH of the phosphate buffer. 

Tramadol HCl was freely soluble in water (Tramadol HCl, 2009).  

While studying the effect of temperature on solubility of the two model drugs (Nimesulide 

and Tramadol HCl), an increase in solubility with the temperature was observed. This may be 

attributed to the phenomena of heat absorption, where solubility is increased with increase in 

temperature which may be a result of positive heat of solution because of absorption of heat 

by most chemicals (Loyd, 2005b).  

Solubility studies were used as a basis for the development of receptor medium for the drugs. 

The solubility studies revealed that Tramadol HCl was more soluble in water and Nimesulide 

in NaOH than Phosphate buffer, but the reason behind selecting phosphate buffer as 

dissolution media for both the model drugs was to simulate intestinal conditions. It was found 

that maximum solubility of both the drugs was obtained in phosphate buffer of pH 7.4. So it 

was selected as receptor media for in vitro dissolution studies of both the drugs to maintain 

the sink conditions as given in earlier reports (Shamsher et al., 2010; Aggarwal et al., 2011).  
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Table 4.1: Solubility of Nimesulide in different solvents at various temperatures (n=3, Mean ±SD) 

S/No Solvent Temperature 

25 °C 37 °C 40 °C 

1 Phosphate Buffer (6.8 pH) 2.34 mg/ml ± 0.13 2.75 mg/ml ± 0.05 1.98 mg/ml ± 0.04 

2 Phosphate Buffer (7.2 pH) 3.54 mg/ml ± 0.03 3.73 mg/ml ± 0.09 3.78 mg/ml ± 0.02 

3 Phosphate Buffer (7.4 pH) 6.89 mg/ml ± 0.04 7.04 mg/ml ± 0.07 7.25 mg/ml ± 0.08 

4 Distilled Water 1.72 mg/ml ± 0.02 1.94 mg/ml ± 0.00 1.93 mg/ml ± 0.04 

5 0.1 N NaOH Solution 8.89 mg/ml ± 0.15 9.34 mg/ml ± 0.21 9.78 mg/ml ± 0.09 

6 0.1 N HCl Solution 1.33 mg/ml ± 0.02 1.44 mg/ml ± 0.04 1.59 mg/ml ± 0.01 

 

Table 4.2: Solubility of Tramadol HCl in different solvents at various temperatures (n=3, Mean ±SD) 

S/No Solvent Temperature 

25 °C 37 °C 40 °C 

1 Phosphate Buffer (6.8 pH) 8.43 mg/ml ± 0.13 8.99 mg/ml ± 0.32 9.11 mg/ml ± 0.23 

2 Phosphate Buffer (7.2 pH) 8.74 mg/ml ± 0.02 9.66 mg/ml ± 0.14 9.88 mg/ml ± 0.02 

3 Phosphate Buffer (7.4 pH) 10.01 mg/ml ± 0.32 11.20 mg/ml ± 0.12 11.65 mg/ml ± 0.21 

4 Distilled Water 12.63 mg/ml ± 0.01 12.91 mg/ml ± 0.10 13.01 mg/ml ± 0.09 

5 0.1 N NaOH Solution 13.26 mg/ml ± 0.62 13.84 mg/ml ± 0.02 14.01 mg/ml ± 0.27 

6 0.1 N HCl Solution 2.53 mg/ml ± 0.13 2.74 mg/ml ± 0.67 3.09 mg/ml ± 0.37 

Formulation Studies 

The model drugs and selected polymers along with the excipients were physically mixed 

according to the table 3.1 shown in methodology section (3.3). Different studies were 

performed on these formulations before (Physical Mixtures) and after (Compressed Tablets) 

the preparation of matrix tablets, according to the recipes given in table 3.1. These 

formulation studies include.  

4.2. FLOW PROPERTIES OF MODEL DRUGS AND FORMULATIONS 

During formulation studies, first the flow properties of the drugs (Nimesulide and Tramadol 

HCl) and their physical mixtures for all the formulations were carried out. The study of flow 

properties is necessary to be evaluated because flow properties affect the flow of powder 

from storage containers or hoppers into dies and is important for achieving acceptable content 
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uniformity (Wahab, 2012). Angle of repose, Hausner Ratio and Compressibility index were 

calculated for the pure drugs and the physical mixtures of the formulations which are briefly 

described here. 

Flow Properties of Nimesulide: Angle of repose, Compressibility index and Hausner ratio of 

Nimesulide and its formulations are shown in tables 4.3, 4.4 and 4.5, respectively. Angle of 

repose was 47.2 ±0.21, the compressibility index was 31 ± 0.05 and the Hausner ratio was 

1.41 ± 0.02 in case of pure Nimesulide. These values indicate poor flow properties of 

Nimesulide (USP, 2007; Banker and Anderson, 1986).  To improve the flow properties of the 

formulations of Nimesulide, 0.5 % magnesium stearate was added that enhance the flow 

properties of formulations. The same remedy is prescribed in BP and USP.  

The angle of repose for Nimesulide formulations ranged between 25.23 ±0.04 and 33.29 

±0.01. The compressibility index for Nimesulide formulations was in the range of 10 ±1.0 % 

- 13 ± 0.5%. The Hausner ratio ranged between 1.03 ± 0.01 and 1.16 ±0.03.  The results for 

the angle of repose, compressibility index and Hausner ratio of Nimesulide formulations 

indicate good flow properties as all these parameters of Nimesulide formulations lies within 

the USP range of powders mix with excellent and/or good flow properties (USP, 2007; 

Banker and Anderson, 1986)).  

Table 4.3: Angle of Repose of Matrix tablets of Nimesulide (n=3, Mean ±SD) 

Polymer Nimesulide Matrix tablets without Co.excipients  
10:1 10:2 10:3 10:4 

ETH 7P 27.31 ± 0.03 31.33 ± 0.08 25.23 ± 0.04 33.02 ± 0.04 
ETH 7FP 28.54 ± 0.01 27.88 ± 0.03 30.19 ± 0.78 32.13 ± 0.06 
ETH 10 P 27.57 ± 0.01 32.89 ± 0.10 30.7 ± 0.03 29.89 ± 0.02 
ETH 10FP 29.09 ±  0.04 33.29 ±  0.02 31.04 ±  0.14 31.78 ±  0.7 
ETH 100P 27.07 ± 0.07 30.44 ± 0.09 28.38 ± 0.03 27.00 ± 0.00 
ETH 100FP 26.32 ± 0.09 27.78 ± 0.06 31.21 ± 0.19 26.00 ± 0.19 
CRB 974P 31.54 ± 0.08 32.90 ± 0.98 33.32 ± 0.02 27.73 ± 0.15 
CRB 934 31.89 ± 0.78 29.28 ± 0.73 33.02 ± 0.08 31.78 ± 0.67 
EDGT  29.89 ± 0.05  26.48 ± 0.03  33.12 ± 0.14  31.26 ±  0.37 

Polymer Nimesulide Matrix tablets with Co.excipients (D:P- 10:2) 
CMC Starch HPMC 

ETH 7P 31.28 ± 0.23 31.22 ± 0.08 31.02 ± 0.04 
ETH 7FP 31.49 ± 0.01 31.28 ± 0.75 32.13 ± 0.04 
ETH 10 P 31.09 ±  0.01  27.48 ± 0.03 31.60 ± 0.06 
ETH 10FP 28.10 ± 0.05 33.19 ±  0.02 31.76 ±  0.24 
ETH 100P 27.09 ± 0.04 30.34 ± 0.05 29.38 ± 0.03 
ETH 100FP 31.32 ± 0.09 29.78 ± 0.05 32.74 ±  0.04 
CRB 974P 32.06 ± 0.10 26.76 ± 0.06 28.78 ± 0.08 
CRB 934 28.67 ± 0.07 29.45 ± 0.75 33.89 ± 0.03 
EDGT 27.34 ± 0.06 30.54 ± 0.03 32.23 ± 0.08 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 
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Table 4.4: Compressibility Index of Matrix tablets of Nimesulide (n=3, Mean ±SD) 

Polymer Nimesulide Matrix tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 12.9 ± 0.02 12.20 ± 0.02 11.43 ± 0.01 12.52 ± 0.08 
ETH 7FP 11.23 ± 0.04 12.60 ± 0.02 10.76 ± 0.03 12.34 ± 0.09 
ETH 10 P 13.9 ± 0.05 11.81 ± 0.01 12.91 ± 0.06 10.37 ± 0.01 
ETH 10FP 10.83 ± 0.16 10.00 ± 0.20 11.34 ± 0.40 12.96 ± 0.06 
ETH 100P 12.73 ± 0.03 10.34 ± 0.09 10.53 ± 0.05 10.10 ± 0.02 
ETH 100FP 11.34 ± 0.34 13.18 ± 0.05 12.29 ± 0.03 12.80 ± 0.01 
CRB 974P 10.63 ± 0.02 12.12 ± 0.08 12.17 ± 0.33 10.02 ± 0.03 
CRB 934 10.23 ±  0.07 12.57 ± 0.1 10.64 ± 0.07 12.34 ± 0.19 
EDGT 10.0 ± 1.0 11.46 ± 0.04 11.11 ± 0.06 12.46 ± 0.03 
Polymer Nimesulide Matrix tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 10.34 ± 0.05 10.03 ± 0.02 11.30 ± 0.02 
ETH 7FP 11.23 ± 0.02 10.24 ± 0.09 12.53 ± 0.02 
ETH 10 P 12.03 ± 0.08 11.76 ± 0.02 11.92 ± 0.15 
ETH 10FP 10.10 ± 0.04 10.56 ± 0.15 11.16 ± 0.02 
ETH 100P 11.12 ± 0.08 12.36 ± 0.30 10.27 ± 0.01 
ETH 100FP 12.52 ± 0.1 10.12 ± 0.12 10.12 ± 0.14 
CRB 974P 11.70 ± 0.02 12.15 ± 0.13 11.84 ± 0.16 
CRB 934 11.85 ± 0.06 12.76 ± 0.76 12.37 ± 0.01 
EDGT 12.76 ± 0.03 13.00 ± 0.06 10.03 ± 0.05 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 

 

Table 4.5: Hausner Ratio of Matrix tablets of Nimesulide (n=3, Mean ±SD) 

Polymer Nimesulide Matrix tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 1.12 ± 0.02 1.11 ± 0.03 1.06 ± 0.02 1.09 ± 0.01 
ETH 7FP 1.04 ± 0.03 1.04 ± 0.01 1.11 ± 0.01 1.03 ± 0.03 
ETH 10 P 1.13 ± 0.02 1.07 ± 0.02 1.03 ± 0.01 1.05 ± 0.05 
ETH 10FP 1.16 ± 0.00 1.10 ± 0.03 1.09 ± 0.00 1.12 ± 0.06 
ETH 100P 1.10 ± 0.03 1.14 ± 0.04 1.04 ± 0.03 1.13 ± 0.02 
ETH 100FP 1.08 ± 0.02 1.08 ± 0.02 1.13 ± 0.04 1.15 ± 0.04 
CRB 974P 1.12 ± 0.04 1.13 ± 0.04 1.16 ±0.03 1.04 ± 0.02 
CRB 934 1.14 ± 0.03 1.04 ± 0.01 1.04 ± 0.03 1.09 ±  0.01 
EDGT 1.05 ± 0.03 1.06 ± 0.02 1.11 ± 0.02 1.10 ± 0.02 
Polymer Hausner Ratio of Matrix tablets of NIM with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 1.04 ± 0.02 1.13 ± 0.02 1.04 ± 0.01 
ETH 7FP 1.14 ± 0.03 1.13 ± 0.03 1.13 ± 0.03 
ETH 10 P 1.16 ± 0.01 1.03 ± 0.02 1.12 ± 0.02 
ETH 10FP 1.03 ± 0.02 1.10 ± 0.03 1.06 ± 0.03 
ETH 100P 1.06 ± 0.03 1.08 ± 0.01 1.07 ± 0.01 
ETH 100FP 1.12 ± 0.05 1.04 ± 0.03 1.10 ± 0.04 
CRB 974P 1.07 ± 0.05 1.05 ± 0.01 1.04 ± 0.03 
CRB 934 1.16 ± 0.00 1.15 ± 0.04 1.13 ± 0.05 
EDGT 1.05 ± 0.03 1.06 ± 0.01 1.07 ± 0.03 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 
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Flow Properties of Tramadol HCl: The angle of repose, compressibility index and Hausner 

ratio for Tramadol HCl alone was 51.56 ± 0.1, 35.45 ±0.93 and 1.39 ± 0.01 respectively. This 

indicates a poor flow of Tramadol HCl which could affect the quality of matrix tablets, so the 

same remedy of using 0.5 % magnesium stearate was followed in Tramadol HCl formulation 

as in case of Nimesulide formulations. Also the preparation granules of Tramadol HCl for 

tablet preparation by dry granulation method enhanced the flow properties.   

The values of angle of repose, compressibility index and Hausner ratio for Tramadol HCl 

formulations after the preparation of granules are given in tables 4.6, 4.7 and 4.8 respectively. 

The values of the above mentioned parameters were significantly improved showing good 

flow properties of all the formulations of Tramadol HCl. The angle of repose was 25.07 ± 

0.01 - 34.54 ± 0.06, compressibility index was 10.0 ±2.0 % - 14 ± 0.03% and Hausner ratio 

1.04 ± 0.02 - 1.15 ±0.01.  

 

Table 4.6: Angle of Repose of Matrix tablets of Tramadol HCl (n=3, Mean ±SD) 

Polymer Tramadol HCl Matrix tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 29.47 ± 0.07 31.04 ± 0.04 31.95 ± 0.75 31.04 ± 0.07 
ETH 7FP 28.45 ± 0.08 26.09 ± 0.03 31.44 ± 0.07 28.13 ± 0.02 
ETH 10 P 25.07 ± 0.01 33.59 ± 0.10 31.45 ± 0.05 27.19 ±  0.02 
ETH 10FP 25.56 ±  0.09 32.25 ±  0.05 29.45 ±  0.14 26.34 ± 0.05 
ETH 100P 31.87 ± 0.04 31.44 ± 0.04 28.45 ± 0.00 31.08 ± 0.04 
ETH 100FP 31.7 ± 0.06 28.72 ± 0.04 33.26 ± 0.15 29.00 ± 0.13 
CRB 974P 31.04 ±  0.23 32.36 ± 0.12 29.36 ± 0.05 25.73 ± 0.15 
CRB 934 28.38 ± 0.23 29.18 ± 0.74 31.59 ± 0.08 26.79 ± 0.05 
EDGT  31.87 ± 0.65  29.56 ± 0.07  29.17 ± 0.05  31.26 ±  0.06 
Polymer Tramadol HCl Matrix tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 26.35 ± 0.05 31.82 ± 0.08 31.72 ± 0.08 
ETH 7FP 31.87 ± 0.04 31.84 ± 0.04 31.13 ± 0.09 
ETH 10 P 31.45 ±  0.01 32.36 ± 0.12 34.54 ± 0.06 
ETH 10FP 29.13 ± 0.05 29.78 ± 0.74 30.78 ± 0.03 
ETH 100P 27.02 ± 0.04 34.34 ± 0.05 31.67 ± 0.08 
ETH 100FP 31.67 ±  0.14 31.78 ±  0.7 32.19 ±  0.02 
CRB 974P 33.56 ± 0.10 34.45 ± 0.05 25.67 ± 0.15 
CRB 934 32.85 ± 0.08 32.32 ± 0.02 27.34 ± 0.04 
EDGT 31.90 ± 0.08 28.79 ± 0.05 32.21 ± 0.08 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 
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Table 4.7: Compressibility Index of Matrix tablets of Tramadol HCl (n=3, Mean ±SD) 

Polymer Tramadol HCl Matrix tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 9.60 ± 0.05 13.25 ± 0.02 11.48 ± 0.01 10.52 ± 0.08 
ETH 7FP 11.65 ± 0.16 12.56 ± 0.02 10.75 ± 0.03 10.34 ± 0.09 
ETH 10 P 12.96 ± 0.04 11.49 ± 0.01 12.56 ± 0.06 10.89 ± 0.01 
ETH 10FP 10.45 ± 0.16 10.18 ± 0.12 10.34 ± 0.04 14 ± 0.03% 
ETH 100P 12.24 ± 0.03 12.93 ± 0.1 10.53 ± 0.12 12.10 ± 0.02 
ETH 100FP 11.87 ± 0.38 13.25 ± 0.05 12.78 ± 0.76 12.67 ± 0.01 
CRB 974P 10.63 ± 0.03 12.85 ± 0.08 12.67 ± 0.33 10.34 ± 0.03 
CRB 934 09.23 ±  0.02 9.56 ± 0.01 11.64 ± 0.07 12.93 ± 0.19 
EDGT 10.09 ± 1.6 11.78 ± 0.4 11.88 ± 0.06 12.85 ± 0.03 
Polymer Tramadol HCl Matrix tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 12.95 ± 0.06 10.45 ± 0.02 12.45 ± 0.33 
ETH 7FP 11.73 ± 0.40 10.73 ± 0.09 11.87 ± 0.07 
ETH 10 P 10.67 ± 0.05 9.05 ± 0.78 % 13.34 ± 0.06 
ETH 10FP 11.45 ± 0.02 10.46 ± 0.15 12.86 ± 0.06 
ETH 100P 10.90 ± 0.01 12.97 ± 0.30 11.34 ± 0.40 
ETH 100FP 13.81 ± 0.14 13.26 ± 0.06 10.89 ± 0.05 
CRB 974P 10.71 ± 0.07 10.18 ± 0.02 11.95 ± 0.02 
CRB 934 12.75 ± 0.01 13.09 ± 0.01 11.23 ± 0.06 
EDGT 10.45 ± 0.05 11.78 ± 0.01 12.98 ± 0.02 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 

 

Table 4.8: Hausner Ratio of Matrix tablets of Tramadol HCl (n=3, Mean ±SD) 

Polymer Tramadol HCl Matrix tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 1.02 ± 0.00 1.04 ± 0.01 1.05 ± 0.02 1.14 ± 0.04 
ETH 7FP 1.10 ± 0.01 1.08 ± 0.00 1.14 ± 0.04 1.04 ± 0.02 
ETH 10 P 1.04 ± 0.03 1.09 ± 0.04 1.11 ± 0.03 1.05 ± 0.03 
ETH 10FP 1.14 ± 0.05 1.07 ± 0.02 1.07 ± 0.02 1.11 ± 0.02 
ETH 100P 1.13 ± 0.05 1.15 ± 0.00 1.12 ± 0.01 1.13 ± 0.02 
ETH 100FP 1.12 ± 0.04 1.13 ± 0.04 1.15 ± 0.01 1.06 ± 0.03 
CRB 974P 1.13 ±0.03 1.08 ± 0.03 1.14 ± 0.06 1.12 ± 0.02 
CRB 934 1.02 ± 0.03 1.07 ± 0.02 1.11 ±  0.02 1.06 ± 0.02 
EDGT 1.10 ± 0.03 1.10 ± 0.02 1.07 ± 0.04 1.07 ± 0.03 
Polymer Tramadol HCl Matrix tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 1.05 ± 0.03 1.12 ± 0.01 1.13 ± 0.02 
ETH 7FP 1.13 ± 0.01 1.14 ± 0.00 1.12 ± 0.03 
ETH 10 P 1.10 ± 0.02 1.06 ± 0.03 1.10 ± 0.04 
ETH 10FP 1.13 ± 0.03 1.09 ± 0.04 1.09 ± 0.02 
ETH 100P 1.14 ± 0.04 1.11 ± 0.02 1.08 ± 0.00 
ETH 100FP 1.10 ± 0.00 1.14 ± 0.03 1.13 ± 0.01 
CRB 974P 1.09 ± 0.02 1.13 ± 0.02 1.14 ± 0.02 
CRB 934 1.07 ± 0.03 1.11 ± 0.03 1.12 ± 0.03 
EDGT 1.06 ± 0.02 1.05 ± 0.02 1.04 ± 0.02 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 



Chapter 4: Results and Discussion 

90 
 

4.3. PHYSICOCHEMICAL EVALUATION OF PREPARED MATRIX 

TABLETS 

Different batches of matrix tablets were prepared according to formulation guidelines in table 

3.1. The matrix tablets of Nimesulide were prepared by direct compression and that of 

Tramadol HCl were prepared by dry granulation method.  The reason for using dry 

granulation method instead of direct compression for Tramadol HCl matrix tablets was the 

poor flowability and compressibility of the powder mix. All the tablets had a smooth and 

elegant shape. The prepared matrix tablets were evaluated for their physical characterization 

by performing quality control tests as prescribed in USP. Different physicochemical tests like 

breaking force (hardness), friability, thickness, diameter and drug content uniformity tests 

were carried out on all the batches of Nimesulide and Tramadol HCl tablets according to the 

established procedures to verify the quality of prepared tablets. 

4.3.1. Breaking	Force	(Hardness)	
Tablet hardness test, a QC test, is mandatory to be conducted to evaluate the structural and 

mechanical integrity of tablets under the conditions encountered by in process tablet 

formulations or finished dosage form during storage, transportation/distribution and handling 

before usage. In this regard the tablet strength has very important role in the development of 

product. Breaking force (hardness test) was thus determined by Erweka hardness tester to 

verify the strength of tablets. 

Nimesulide: Table 4.9 shows the results of breaking force of Nimesulide formulations. It is 

shown that the breaking force ranged from 5.9 ± 0.056 to 8.3 ± 0.065 kg/cm2.  

Tramadol HCl: The breaking force required for tablets containing Tramadol HCl is given in 

table 4.10. Table shows that the breaking force for Tramadol HCl ranged between 6.14 ± 

0.06- 8.56 ± 0.09 kg/cm2.  

All formulations of both Nimesulide and Tramadol HCl were in acceptable USP range for 

uncoated tablets. Tables 4.9 and 4.10 also show that the breaking force required for breaking 

of matrix tablets that contains fine particle premium grade (7 FP, 10 FP, 100 FP) of Ethocel® 

is higher than that required to break matrix tablets of conventional premium grade (7P, 10P 

and 100P). The reason for this is that the FP premium grade of Ethocel® has small particle 

size as compared to conventional premium grade which results in more compressible tablets; 

hence more force will be required to break the tablets containing FP grades. This reason is 

also reported by Khan and Median (2007). The hardness of tablets containing Carbopol 974P, 

Carbopol 934 P and Eudragit RS 100 as rate controlling agents was also in the acceptable 

range. 
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The compression force can affect the hardness of the tablets but does not affect the release 

kinetics of drugs (Badshah et al., 2011, Ravi et al., 2008b, Velasco et al., 1999). Some 

authors also reported that it can alter the rate of release (Agarwal et al., 2000). So it can be 

concluded from the hardness test that the prepared tablets have the acceptable hardness range 

and can withhold the manufacturing, storing and distribution of these tablets.   

        

Table 4.9: Breaking force (Hardness) for matrix tablets of Nimesulide (n=10, Mean ±SD) 

Polymer Nimesulide Matrix tablets without Co.excipients  
10:1 10:2 10:3 10:4 

ETH 7P 6.3±0.034 7.2±0.036 6.9±0.058 6.5±0.084 
ETH 7FP 7.1±0.045 7.5±0.025 7.9±0.074 8.1±0.015 
ETH 10 P 5.9±0.056 6.8±0.041 6.9±0.058 6.7±0.045 
ETH 10FP 7.03±0.042 7.1±0.025 7.9±0.032 7.0±0.056 
ETH 100P 6.7±0.078 6.4±0.025 7.0±0.036 6.4±0.028 
ETH 100FP 7.9±0.049 8.1±0.018 8.3±0.065 7.9±0.015 
CRB 974P 6.8±0.046 7.6±0.048 6.9±0.049 8.0±0.036 
CRB 934 7.5±0.045 8.1±0.078 7.6±0.078 7.5±0.09 
EDGT 5.9±0.058 6.4±0.025 6.8±0.065 7.6±0.055 
Polymer Nimesulide Matrix tablets with Co. excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 6.5±0.045 6.7±0.026 7.4±0.045 
ETH 7FP 7.8±0.078 8.0±0.029 7.9±0.078 
ETH 10 P 6.0±0.087 6.8±0.051 6.6±0.066 
ETH 10FP 7.1±0.045 7.3±0.034 7.7±0.056 
ETH 100P 6.9±0.047 7.1±0.045 6.3±0.045 
ETH 100FP 7.1±0.024 7.9±0.064 7.3±0.035 
CRB 974P 6.6±0.078 6.7±0.061 6.4±0.36 
CRB 934 7.2±0.065 7.5±0.058 7.7±0.065 
EDGT 6.5±0.052 6.5±0.035 6.1±0.050 

ETH- Ethocel®, CRB- Carbopol, EDGT- Eudragit RS 100 
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Table 4.10: Breaking force (Hardness) for Matrix tablets of Tramadol HCl (n=10, Mean ±SD) 

Polymer Tramadol HCl Matrix tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 6.91±0.03 7.07±0.06 6.97±0.05 6.83±0.09 
ETH 7FP 7.80±0.07 7.89±0.02 8.01±0.07 8.17±0.01 
ETH 10 P 6.75±0.06 6.84±0.01 7.06±0.05 7.01±0.04 
ETH 10FP 7.79±0.04 8.19±0.02 7.94±0.03 7.86±0.05 
ETH 100P 6.77±0.09 6.40±0.06 6.89±0.09 7.15±0.07 
ETH 100FP 8.65±0.04 8.1±0.02 8.3±0.06 8.56±0.09 
CRB 974P 6.87±0.09 7.60±0.04 7.14±0.04 7.24±0.03 
CRB 934 7.37±0.08 7.18±0.07 7.58±0.07 7.50±0.09 
EDGT 6.50±0.08 6.44±0.05 6.34±0.065 6.89±0.05 
Polymer Tramadol HCl Matrix tablets with Co.excipients(D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 6.80±0.06 6.99±0.09 7.10±0.07 
ETH 7FP 8.17±0.02 8.38±0.06 8.06±0.09 
ETH 10 P 7.05±0.06 6.99±0.05 6.83±0.04 
ETH 10FP 7.88±0.07 7.95±0.02 8.11±0.07 
ETH 100P 6.99±0.03 7.04±0.06 6.92±0.05 
ETH 100FP 7.89±0.07 7.69±0.02 8.24±0.07 
CRB 974P 6.47±0.05 6.14±0.06 6.80±0.05 
CRB 934 7.64±0.04 7.04±0.09 7.74±0.03 
EDGT 7.30±0.08 7.18±0.03 7.48±0.07 

 ETH- Ethocel®, CRB- Carbopol, EDGT- Eudragit RS 100 

4.3.2. Weight	Variation	Tests	

Wight variation is an important test to determine the accuracy and precision in quantity of 

weighed excipients. A variation in the weight of tablets can result in tablets of low quality 

and its hardness and content uniformity can be disturbed.  The quantity of each formulation 

of Nimesulide and Tramadol HCl matrix tablet depicts a 200 mg tablet. So the theoretical 

weight for each tablet was 200 mg. Samples from each batch of the prepared matrix tablets 

were weighed individually and the average weight of a single tablet was noted.   

Nimesulide: The weight variation test was carried out on twenty tablets of each batch of 

Nimesulide formulations. Results of the average weight of a single tablet of each formulation 

are shown in table 4.11. This table describes that all tablets were within the acceptable USP 

range (percent error ±7.5 %). Nimesulide matrix tablets weighed in a range of 198.00 ± 0.97- 

202.09 ± 0.57, which is within the established specification. 

Tramadol HCl: Like Nimesulide, weight variation test was also carried out on Tramadol HCl 

matrix tablets. The weights of these formulations were also with in the acceptable range. As 

presented in table 4.12 average weight of one tablet in each formulation of Tramadol HCl 

matrix tablet was in the range of 198.05±1.44- 203.00±1.37. Similar study on the weight 

variation of tablets was conducted by many authors (Tiwari et al., 2003, Wahab et al., 2011). 
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Table 4.11: Weight variation for Matrix tablets of Nimesulide (n=20, Mean ±SD) 

Polymer Nimesulide Matrix tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 200.32± 1.32 200±1.6 199.87±1.6 200.01±1.85 
ETH 7FP 201.54±2.1 200.32±1.45 199.0±2.1 200.4±2.0 
ETH 10 P 200.65±0.99 198.32±2.47 200.15±2.01 199.32±0.98 
ETH 10FP 199.35±1.54 200.36±1.84 201.12±1.85 200±1.36 
ETH 100P 200.18±1.72 200±0.92 200.14±1.56 202.0±0.50 
ETH 100FP 199±2.01 200.54±1.02 200.0±1.5 200.36±1.54 
CRB 974P 200.65±1.75 200.0±1.48 199.32±1.65 200.0±1.24 
CRB 934 199.32±1.47 201.45±1.72 200.94±1.1 200.86±1.78 
EDGT 198.00±0.97 199.32±1.24 200.0±2.01 200.00±2.3 
Polymer Nimesulide Matrix tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 200.0±0.99 201.4±2.4 200.06±1.48 
ETH 7FP 200.04±1.42 198.32±0.90 200.40±2.7 
ETH 10 P 199.99±1.17 201.05±1.72 202.0±0.70 
ETH 10FP 200.45±1.72 200.74±1.14 200.25±0.99 
ETH 100P 199.05±1.44 200.39±1.84 200.59±1.00 
ETH 100FP 200.04±1.56 202.09±0.57 198.99±2.77 
CRB 974P 200.54±2.1 200.32±1.45 199.65±0.90 
CRB 934 200.66±1.84 201.12±1.80 200.0±1.47 
EDGT 200.68±1.05 200.04±1.78 199.35±1.53 

ETH- Ethocel®, CRB- Carbopol, EDGT- Eudragit RS 100 

Table 4.12: Weight variation for Matrix tablets of Tramadol HCl (n=20, Mean ±SD) 

Polymer Tramadol HCl Matrix tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 200.82± 1.12 200.14±1.64 199.47±1.67 199.01±1.55 
ETH 7FP 200.13±0.92 201.74±1.56 202.07±0.59 198.32±2.00 
ETH 10 P 201.65±0.79 199.32±1.47 201.15±2.11 199.72±0.96 
ETH 10FP 199.05±1.54 199.06±1.44 201.82±1.73 200.47±1.35 
ETH 100P 202.65±1.52 201.36±0.72 199.14±1.53 203.0±0.51 
ETH 100FP 199.014±2.46 201.54±1.72 200.08±1.54 198.36±1.44 
CRB 974P 200.05±1.76 200.07±1.40 199.62±1.60 200.07±1.14 
CRB 934 199.92±1.99 201.08±1.34 198.36±1.1 99.86±1.65 
EDGT 199.67±0.92 200.32±1.24 200.09±2.11 200.03±2.37 
Polymer Weight Variation of formulations with Co. excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 201.00±0.95 200.45±1.65 200.07±1.35 
ETH 7FP 200.14±1.42 198.32±0.94 200.46±2.7 
ETH 10 P 199.35±1.14 200.05±1.77 201.00±0.38 
ETH 10FP 200.15±1.71 200.79±1.17 200.23±0.49 
ETH 100P 198.05±1.44 201.39±1.83 201.59±1.09 
ETH 100FP 202.04±1.06 201.09±0.57 198.99±2.96 
CRB 974P 200.54±2.18 199.32±1.45 199.05±0.93 
CRB 934 200.06±1.98 201.73±1.86 203.00±1.37 
EDGT 200.64±1.00 201.04±1.08 199.05±1.39 

ETH- Ethocel®, CRB- Carbopol, EDGT- Eudragit RS 100 
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4.3.3. Dimensional	Tests	

These tests include the thickness and diameter of the tablets. Generally it is thought that the 

diameter of the tablet depends upon the diameter of the die of the tablet punching machine 

and the thickness depends upon the compression force applied to compress the powder or 

granules of the powder and quantity of the material for one tablet.  These tests were 

performed by using vernier calliper. The diameter of the die used in the tablet punching 

machine was 8mm. so the theoretical diameter of the tablet should be 8mm. 

Nimesulide: The diameter of all tablets of Nimesulide was on the average 8.0±0.01 mm. 

Table 4.13 shows the average thickness of twenty tablets from each batch of Nimesulide 

matrix tablets. The thickness of the prepared Nimesulide matrix tablets were in range of 

2.90±0.04- 3.08±0.03 mm, which is within the specifications. It can be observed from the 

table 5.13 that the tablets containing the FP premium grade of Ethocel® polymer (7FP, 10FP, 

and 100FP) have less thickness as compared to those that contain the conventional Premium 

grade (7P, 10P and 100FP). The reason may be that fine powders of fine particle size are 

more compressible than the conventional premium grade (Khan Median, 2007). So the tablets 

that contained FP premium grade of Ethocel® are less thick and harder than the tablets that 

contain the conventional premium grade of Ethocel®. No effect of the type, grade, particle 

size or viscosity of the polymers was observed on the diameter (Ghorab et al., 2004). 

Tramadol HCl: The Average diameter of all tablets of Tramadol HCl was on the average 

8.0±0.00 mm. The results of thickness tests of Tramadol HCl matrix tablets are shown in 

table 4.14. Tramadol HCl tablets have a thickness in the range of 2.25±0.22 - 3.38±0.01. Like 

Nimesulide, in case of Tramadol HCl tablets the thickness of the tablets containing FP 

premium grades of Ethocel® was less as compared to the tablets containing conventional 

premium grades of Ethocel®.       

 

 

 

 

 

        



Chapter 4: Results and Discussion 

95 
 

Table 4.13: Thickness of Matrix tablets of Nimesulide (n=20, Mean ±SD) 

Polymer Thickness of Nimesulide Matrix Tablets without Co. excipients  

10:1 10:2 10:3 10:4 
ETH 7P 3.03±0.12 3.02±0.14 3.0±0.02 3.01±0.05 
ETH 7FP 2.90±0.09 2.91±0.025 2.90±0.04 2.94±0.10 
ETH 10 P 3.04±0.014 3.02±0.08 3.0±0.04 3.03±0.03 
ETH 10FP 2.95±0.06 2.95±0.03 2.94±0.12 2.93±0.07 
ETH 100P 3.0±0.05 3.0±0.08 3.02±0.05 3.01±0.10 
ETH 100FP 2.91±0.06 2.93±0.03 2.92±0.06 2.93±0.03 
CRB 974P 3.02±0.05 3.04±0.02 2.99±0.14 2.95±0.14 
CRB 934 2.97±0.09 3.0±0.04 3.08±0.03 3.07±0.10 
EDGT 3.0±0.03 2.96±0.03 3.0±0.058 3.04±0.03 

Polymer Thickness of Nimesulide Matrix Tablets with Co. excipients(D:P- 10:2) 
CMC Starch HPMC 

ETH 7P 3.0±0.07 3.01±0.03 3.0±0.11 
ETH 7FP 2.95±0.06 2.93±0.12 2.91±0.07 
ETH 10 P 3.0±0.11 3.0±0.03 3.02±0.00 
ETH 10FP 2.92±0.015 2.93±0.04 2.94±0.10 
ETH 100P 3.01±0.09 3.0±0.08 3.0±0.05 
ETH 100FP 2.94±0.06 2.91±0.03 2.92±0.12 
CRB 974P 2.93±0.03 3.01±0.058 3.03±0.03 
CRB 934 3.00±0.03 2.93±0.03 3.04±0.058 
EDGT 3.06±0.10 2.99±0.14 2.98±0.14 
ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 

Table 4.14: Thickness Matrix tablets of Tramadol HCl (n=20, Mean ±SD) 

Polymer Thickness of Tramadol HCl Matrix Tablets without Co. excipients 
10:1 10:2 10:3 10:4 

ETH 7P 3.32±0.09 3.32±0.03 3.34±0.04 3.31±0.02 
ETH 7FP 3.13±0.01 3.15±0.03 3.11±0.03 3.12±0.01 
ETH 10 P 3.34±0.02 3.31±0.06 3.33±0.02 3.33±0.01 
ETH 10FP 3.11±0.05 3.15±0.01 3.17±0.04 3.15±0.07 
ETH 100P 3.30±0.02 3.38±0.01 3.36±0.04 3.34±0.10 
ETH 100FP 3.12±0.06 3.13±0.02 3.10±0.10 3.13±0.06 
CRB 974P 3.25±0.05 3.25±0.07 2.26±0.24 3.19±0.14 
CRB 934 3.30±0.03 3.28±0.02 3.21±0.05 3.26±0.11 
EDGT 3.20±0.03 3.10±0.1 3.24±0.02 3.25±0.03 
Polymer Thickness of Tramadol HCl Matrix Tablets with Co. excipients (D:P- 

10:2) 
CMC Starch HPMC 

ETH 7P 3.36±0.03 3.33±0.04 3.32±0.02 
ETH 7FP 3.13±0.03 3.15±0.03 3.16±0.09 
ETH 10 P 3.37±0.06 3.33±0.07 3.37±0.01 
ETH 10FP 3.15±0.08 3.13±0.04 3.15±0.05 
ETH 100P 3.34±0.06 3.35±0.04 3.33±0.10 
ETH 100FP 3.16±0.02 3.14±0.12 3.15±0.06 
CRB 974P 3.23±0.07 2.25±0.22 3.14±0.12 
CRB 934 3.25±0.02 3.24±0.05 3.26±0.10 
EDGT 3.25±0.1 3.23±0.02 3.23±0.03 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 
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4.3.4. Friability	Tests	

Like hardness (breaking Force), friability is also an important aspect of the quality 

assessment of tablets. Tablets during manufacturing and storage are exposed to mechanical 

shocks. Friability test was thus carried out on twenty tablets of all formulations to determine 

whether any mechanical shock can damage the surface or lamination of the tablets below the 

acceptable level. 

Nimesulide: The results of the friability tests of each formulation of Nimesulide are shown in 

table 4.15. The average difference in the weight of sample of tablets from each formulation of 

Nimesulide before and after the friability testing procedure was 0.10% ± 0.00 to 0.41% ± 

0.05 which is well within the acceptable USP range (USP, 2007). 

Tramadol HCl: Table 4.16 shows the friability test results, which was performed on the 

matrix tablets of Tramadol HCl. The table shows that the average difference in the weight of 

sample of tablets from each formulation of Tramadol HCl before and after the friability 

testing procedure ranged from 0.10% ± 0.01 to 0.44% ± 0.03 which is well within the 

acceptable USP range (USP, 2007). 

Table 4.15: Friability Tests on Matrix tablets of Nimesulide (n=20, Mean ±SD) 

Polymer Nimesulide Matrix Tablets without Co.excipients  
10:1 10:2 10:3 10:4 

ETH 7P 0.28% ± 0.01 0.31% ± 0.03 0.36% ± 0.02 0.21% ± 0.02 
ETH 7FP 0.25% ± 0.04 0.38% ± 0.04 0.21% ± 0.05 0.32% ± 0.01 
ETH 10 P 0.30% ± 0.00 0.21% ± 0.01 0.17% ± 0.01 0.19% ± 0.03 
ETH 10FP 0.31% ± 0.03 0.18% ± 0.01 0.38% ± 0.02 0.28% ± 0.01 
ETH 100P 0.19% ± 0.02 0.25% ± 0.02 0.34% ± 0.00 0.12% ± 0.04 
ETH 100FP 0.24% ± 0.05 0.35% ± 0.03 0.39% ± 0.04 0.40% ± 0.05 
CRB 974P 0.30% ± 0.02 0.18% ± 0.01 0.28% ± 0.01 0.31% ± 0.01 
CRB 934 0.33% ± 0.03 0.10% ± 0.00 0.27% ± 0.02 0.34% ± 0.03 
EDGT 0.20% ± 0.01 0.28% ± 0.01 0.32% ± 0.04 0.31% ± 0.01 
Polymer Nimesulide Matrix Tablets with Co.excipients (D:P-10:2) 

CMC Starch HPMC 
ETH 7P 0.35% ± 0.01 0.29% ± 0.04 0.41% ± 0.05 
ETH 7FP 0.10% ± 0.02 0.17% ± 0.02 0.34% ± 0.01 
ETH 10 P 0.20% ± 0.0 0.24% ± 0.02 0.24% ± 0.03 
ETH 10FP 0.27% ± 0.01 0.33% ± 0.03 0.31% ± 0.01 
ETH 100P 0.37% ± 0.03 0.11% ± 0.01 0.34% ± 0.01 
ETH 100FP 0.21% ± 0.03 0.20% ± 0.01 0.32% ± 0.02 
CRB 974P 0.12% ± 0.01 0.36% ± 0.04 0.38% ± 0.01 
CRB 934 0.29% ± 0.01 0.35% ± 0.01 0.23% ± 0.01 
EDGT 0.25% ± 0.01 0.34% ± 0.02 0.12% ± 0.06 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 

 

 



Chapter 4: Results and Discussion 

97 
 

Table 4.16: Friability Tests on Matrix tablets of Tramadol HCl (n=20, Mean ±SD) 

Polymer Tramadol HCl Matrix Tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 0.18% ± 0.03 0.34% ± 0.02 0.35% ± 0.04 0.32% ± 0.01 
ETH 7FP 0.15% ± 0.03 0.28% ± 0.03 0.22% ± 0.04 0.22% ± 0.04 
ETH 10 P 0.24% ± 0.03 0.26% ± 0.05 0.13% ± 0.03 0.15% ± 0.03 
ETH 10FP 0.36% ± 0.02 0.28% ± 0.02 0.28% ± 0.03 0.18% ± 0.02 
ETH 100P 0.29% ± 0.01 0.15% ± 0.04 0.24% ± 0.00 0.32% ± 0.02 
ETH 100FP 0.14% ± 0.04 0.25% ± 0.03 0.32% ± 0.04 0.30% ± 0.02 
CRB 974P 0.10% ± 0.01 0.14% ± 0.01 0.28% ± 0.01 0.36% ± 0.01 
CRB 934 0.33% ± 0.06 0.30% ± 0.05 0.17% ± 0.01 0.44% ± 0.03 
EDGT 0.25% ± 0.02 0.58% ± 0.04 0.22% ± 0.04 0.32% ± 0.01 
Polymer Tramadol HCl Matrix Tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 0.25% ± 0.02 0.39% ± 0.01 0.21% ± 0.04 
ETH 7FP 0.24% ± 0.05 0.27% ± 0.02 0.54% ± 0.04 
ETH 10 P 0.29% ± 0.00 0.28% ± 0.02 0.34% ± 0.03 
ETH 10FP 0.22% ± 0.02 0.38% ± 0.03 0.38% ± 0.01 
ETH 100P 0.35% ± 0.02 0.21% ± 0.01 0.14% ± 0.01 
ETH 100FP 0.51% ± 0.03 0.24% ± 0.05 0.12% ± 0.02 
CRB 974P 0.32% ± 0.02 0.26% ± 0.02 0.18% ± 0.02 
CRB 934 0.19% ± 0.01 0.35% ± 0.01 0.33% ± 0.01 
EDGT 0.14% ± 0.02 0.24% ± 0.02 0.32% ± 0.02 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 

   

4.3.5. Content	Uniformity	Tests	

Content uniformity is an official test for tablets. It depicts the drug content in each tablet, so it 

is an important test for establishing the quality of tablet. The drug content can affect the 

pharmacokinetic and pharmacodynamics properties of the API. Ten (10) tablets were selected 

at random from each batch to perform content uniformity. 

Nimesulide: Table 4.17 show the average percent drug content in each prepared formulation 

of Nimesulide matrix tablets. The table show the drug content in Nimesulide matrix tablets 

ranged from 98.05% ± 1.45 to 102.14% ± 1.75 which is within the acceptable USP range for 

drug content (USP, 2007). 

Tramadol HCl: The drug content in Tramadol HCl matrix tablets was 98.62% ± 2.64 to 

102.75% ± 1.75 as shown in table 4.18. The drug content in case Tramadol HCl matrix 

tablets were also in the USP range (USP, 2007).      
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Table 4.17: Content Uniformity test on Matrix tablets of Nimesulide (n=10, Mean ±SD) 

Polymer Nimesulide Matrix tablets without Co.excipients  
10:1 10:2 10:3 10:4 

ETH 7P 100.04% ± 1.23 99.10% ± 1.13 101.23% ± 1.07 100.58% ± 1.54 
ETH 7FP 98.32% ± 2.04 99.50% ± 0.98 100.45% ± 2.87 101.9% ± 1.75 
ETH 10 P 99.56% ± 1.47 99.54% ± 2.12 99.45% ± 0.75 99.76% ± 1.95 
ETH 10FP 100.02% ± 1.65 99.45% ± 1.45 99.42% ± 1.76 99.46% ± 1.75 
ETH 100P 99.32% ± 1.45 102.14% ± 1.75 98.46% ± 1.30 100.01% ± 2.46 
ETH 100FP 100.75% ± 1.35 99.23% ± 1.81 100.56% ± 2.56 101.45% ± 1.95 
CRB 974P 99.52% ± 1.48 99.56% ± 0.38 100.94% ± 1.18 99.35% ± 2.65 
CRB 934 100.36% ± 2.65 98.75% ± 0.90 99.23% ± 1.27 100.64% ± 1.94 
EDGT 99.35% ± 0.75 100.65% ± 1.45 99.36% ± 1.19 98.32% ± 1.73 
Polymer Nimesulide Matrix tablets with Co.excipients (D:P-10:2) 

CMC Starch HPMC 
ETH 7P 99.13% ± 1.81 100.56% ± 1.56 101.40% ± 1.95 
ETH 7FP 98.75% ± 0.99 99.13% ± 1.27 100.14% ± 1.94 
ETH 10 P 99.54% ± 1.12 99.35% ± 0.75 99.96% ± 1.05 
ETH 10FP 98.39% ± 1.04 99.57% ± 0.98 100.45% ± 2.07 
ETH 100P 99.65% ± 0.75 100.65% ± 1.40 99.06% ± 1.19 
ETH 100FP 99.52% ± 1.49 99.06% ± 0.38 100.99% ± 1.18 
CRB 974P 100.04% ± 1.63 99.19% ± 1.13 100.23% ± 1.07 
CRB 934 99.70% ± 0.98 100.43% ± 1.87 101.9% ± 1.05 
EDGT 98.05% ± 1.45 99.02% ± 1.76 99.46% ± 1.65 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 

 

Table 4.18: Content Uniformity test on Matrix tablets of Tramadol HCl (n=10, Mean ±SD) 

Polymer Tramadol HCl Matrix tablets without Co.excipients 
10:2 10:3 10:4 10:5 

ETH 7P 101.04% ± 1.29 100.10% ± 1.24 99.42% ± 1.01 100.53% ± 1.24 
ETH 7FP 98.62% ± 2.64 99.52% ± 0.97 101.45% ± 1.37 101.9% ± 1.72 
ETH 10 P 100.26% ± 1.27 99.14% ± 1.15 99.95% ± 0.75 99.06% ± 1.91 
ETH 10FP 100.03% ± 1.35 99.55% ± 1.55 99.12% ± 1.72 99.43% ± 1.74 
ETH 100P 99.52% ± 1.55 100.14% ± 1.21 99.46% ± 1.14 100.11% ± 1.46 
ETH 100FP 102.75% ± 1.75 99.23% ± 1.21 99.56% ± 2.51 101.65% ± 2.55 
CRB 974P 99.02% ± 1.42 99.66% ± 0.28 100.04% ± 1.28 98.24% ± 1.65 
CRB 934 100.39% ± 1.80 100.46% ± 0.93 99.73% ± 1.25 100.75% ± 1.45 
EDGT 99.99% ± 0.15 100.23% ± 1.15 99.26% ± 1.15 98.75% ± 1.32 
Polymer Tramadol HCl Matrix tablets with Co.excipients (D:P-10:2) 

CMC Starch HPMC 
ETH 7P 100.13% ± 0.0 99.23% ± 1.31 100.10% ± 1.53 
ETH 7FP 100.24% ± 0.59 99.12% ± 1.65 99.14% ± 1.64 
ETH 10 P 99.24% ± 1.24 99.65% ± 1.00 99.93% ± 1.23 
ETH 10FP 100.23% ± 1.84 99.02% ± 0.09 100.46% ± 1.64 
ETH 100P 99.53% ± 1.75 100.35% ± 1.46 99.16% ± 1.52 
ETH 100FP 99.74% ± 1.46 99.06% ± 0.24 100.99% ± 1.64 
CRB 974P 102.04% ± 0.34 99.23% ± 1.20 99.39% ± 1.91 
CRB 934 99.40% ± 0.38 101.63% ± 1.82 101.94% ± 1.07 
EDGT 99.25% ± 1.42 99.32% ± 1.75 99.76% ± 1.35 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 
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The physicochemical characterization of the matrix tablets of both Nimesulide and Tramadol 

HCl showed a satisfactory quality of all the tablets.  

4.4. IN VITRO DISSOLUTION STUDIES ON THE PREPARED MATRIX 
TABLETS 

After getting satisfactory results from the physicochemical characterization of all the matrix 

tablets of different formulations of both drugs, each formulation (batch) was subjected to the 

in vitro dissolution studies. The dissolution studies were carried out using USP method I 

(rotating basket method) according to the procedure described in section 3.7. For upholding 

the effective plasma concentration of drug, it is necessary for an ideal extended release tablet 

to release the required amount of drug with a predetermined kinetics. For achievement of a 

predetermined release profile, modifications are required in different formulation factors like 

concentration of polymer, polymer type and grade and excipients (Saravanan, 2002). Impact 

of polymers like various viscosity grades of Ethocel®, Carbopol 974P and Carbopol 934P and 

Eudragit RS 100 on the release profile was studied. Effect of particle size of the polymer, 

percentage of polymer in the formulation and addition of different co.excipients like starch, 

CMC and HPMC was also studied. At last comparison between the release profile of 

hydrophobic polymers (Ethocel®) and hydrophilic polymers (Carbopol) were investigated.  

4.4.1. Effect	of	Ethocel®	on	the	Release	Profile	of	Model	Drugs	

Ethocel® is an ethyl cellulose acetate ether derivative and is used as a rate controlling agent. 

Its effect on the release profile of matrix tablets of Nimesulide and Tramadol HCl was 

studied. In this regard various viscosity grades of Ethocel® were selected (7, 10, 100). 

Meanwhile the effect of the particle size of the Ethocel® was also studied. In association to 

the particle size of Ethocel®, Ethocel® Fine particle Premium (FP) and Ethocel® conventional 

Premium (P) grades were selected of each viscosity grade. Thus the effect of 7P & 7FP, 10P 

&10FP and 100P & 100FP in different drug to polymer ratio of 10:1, 10:2, 10:3 and 10:4 was 

studied.  

4.4.1.1. Effect	of	concentration	of	Ethocel®	(drug	to	polymer	ratio)	on	the	
release	profile		

The Ethocel® polymers were added to the formulations in different drug to polymer ratios to 

investigate the effect of polymer concentration on the release profile of Nimesulide and 

Tramadol HCl. Figures 4.13, 4.14 and 4.15 shows the release profile of Nimesulide from 

matrix tablets of Ethocel® 7 & 7FP, 10 & 10FP and 100 and 100FP grades respectively. 
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These Figures clearly indicate that as the ratio of polymer in the matrix tablets was increased, 

the release of the drug from the matrix tablets was more retarded/ extended. Looking at 

Figure 4.13, 100 % of the drug was released from Nimesulide matrix tablets of Ethocel® 7P 

in a drug to polymer ratio of 10:1 in just 18 hours, and when the D:P was increased (10:4), 

then release was extended and 95 % even after 24 hours.  In other words the lower the 

polymer ratio the faster will be release rate. 

Similarly the effect of drug to polymer ratio (D:P) was also studied in Tramadol HCl 

formulations with Ethocel® (Figures 4.16, 4.17 and 4.18). Here also with the increase in the 

ratio of the polymer Ethocel®, the drug release was extended. Like in case of Ethocel® 7 

Premium (Figure 4.16), when the D:P was 10:1, it took 18 hours to release 100 % of the drug, 

but in case of Ethocel® 7P in a D:P of 10:4, the release of Tramadol HCl was extended to 24 

hours. Similar results were obtained in case of other tablets with different grades of Ethocel® 

(Figures 4.17 and 4.18). 

This impact of the drug to polymer ratio (D:P) of Ethocel® is contributed to the excess of the 

polymer in the tablets with high ratio of the polymer. Due to this high concentration of 

Ethocel® the strength of the matrix might have increased, that provide a more resistance to 

the drug release from the matrix tablets. The matrix tablets with higher amount of Ethocel® 

would allow less water or solvent penetration through the micropores and drug diffusion and 

that will result in a slower release rate. Our findings are in conformation with those of 

Hiremath and Saha (2008) and Shefaat et al., (2011). Khan and Maiden (2007) reported that a 

matrix with higher polymer ratios would cause decrease in size and an increase in the 

diffusional path length. Some figures in the present thesis are without error bars. The reason 

is the clarity of graphs. 
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Figure 4.13: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 7P and 7 FP; 
Effect of D:P Ratio(n=3, Mean ±SD) 

 

 

Figure 4.14: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 10P and 10 FP; 
Effect of D:P Ratio(n=3, Mean ±SD) 
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Figure 4.15: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 100P and 100 
FP; Effect of D:P Ratio(n=3, Mean ±SD) 

 

 

Figure 4.16: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 7P and 7 
FP; Effect of D:P Ratio(n=3, Mean ±SD) 
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Figure 4.17: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 10P and 10 
FP; Effect of D:P Ratio(n=3, Mean ±SD) 

 

 

Figure 4.18: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 100P and 
100 FP; Effect of D:P Ratio(n=3, Mean ±SD) 
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4.4.1.2. Effect	of	Ethocel®	and	its	viscosity	grade	on	the	dissolution	profiles	

To study the effect of Ethocel® and its viscosity grades on the dissolution profile, a drug to 

polymer ratio of 10:2 was selected with the objective that this ratio gave better and clear 

results. Figure 4.19 shows the release profile of Nimesulide from conventional dosage form 

and different viscosity grades of Ethocel®. The drug release data of Nimesulide matrix tablets 

containing 7P, 10P and 100P at a D:P of 10:2 was plotted along with the drug release data of 

Nimesulide conventional tablets against time. The Figure shows that in less than 4 hours, the 

entire drug was released from conventional tablets of Nimesulide, while release from the 

matrix tablets containing 7P, 10P and 100P was extended to 24, 18 and 12, hours 

respectively. Similarly, the release profile of Tramadol HCl conventional dosage form and 

Tramadol HCl matrix tablets containing Ethocel® 7P, 10P and 100P in a D:P ratio of 10:2 is 

shown in Figure 4.20. A 100% release of Tramadol HCl from the conventional formulation 

was observed in less than 2 hours. The release from the matrix tablets of Tramadol HCl was 

extended to 20, 17, and 11 hours when Ethocel® 7P, 10P and 100P, respectively, were used as 

rate controlling agents.  

Ethocel® is hydrophobic polymer and can be successfully used as release rate retarding agent. 

It was observed that the release of drug from matrix tablets with high viscosity grade of 

Ethocel® was faster as compared to that with low viscosity grade. The reason may be 

attributed to the fact that as the viscosity increases, the granular particle size increases and 

thus may not produce a matrix with pores or openings small enough to trap the drug and 

retard its release rate (Wahab et al., 2011; Shliout and Zessin, 1996; Nystrem and Alderborn, 

1993). Thus it can be prescribed that low molecular weight (low viscosity) grades of Ethocel® 

are more effective than those of high molecular weight.  
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Figure 4.19: Release Profile of Nimesulide from Reference Tablets and Controlled Release Matrix Tablets with 

D:P of 10:2; Effect of Viscosity Grades of Ethocel®(n=3, Mean ±SD) 
 

 
Figure 4.20: Release Profile of Tramadol HCl from Reference Capsules and Controlled Release Matrix Tablets 

with D:P of 10:2; Effect of Viscosity Grades of Ethocel®(n=3, Mean ±SD) 
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4.4.1.3. Effect	of	particle	size	of	Ethocel®	on	the	release	profile	of	matrix	tablets	

To determine the impact of particle size of Ethocel® on the release of model drugs from the 

matrix tablets, two types of Ethocel® polymer was used i.e. Conventional Ethocel® Standard 

Premium and the novel Ethocel® Fine particle Standard premium in case of each viscosity 

grades of Ethocel® (7P & 7FP, 10P & 10FP and 100P & 100FP). 

The effect of the particle size of the polymer on the release of Nimesulide from selected 

matrix tablets (D:P 10:2) is shown in Figure 4.21. Here it is obvious that the release from the 

matrix tablets of the Fine particle (FP) premium grade show a slower release rate as 

compared to that of conventional premium grade. Tablets with Ethocel® 7FP, 10FP and 

100FP premium showed a release of nearly 81%, 85% and 90 % even after 24 hours and 

those of Ethocel® 7P, 10P and 100P premium showed a 100 % release in 24, 18 and 12 hours 

respectively. Similar types of results were observed with Tramadol HCl matrix tablets 

(Figure 4.22). Here the Tramadol HCl matrix tablets that contain Ethocel® 7P, 10P and 100P 

premium showed a complete release of Tramadol HCl in 20, 16 and 10 hours respectively 

and Tramadol HCl matrix tablets with Ethocel® 7FP, 10FP and 100FP premium 85%, 90% 

and 95% respectively even after 24 hours.  

These results depicts that the Ethocel® FP polymers extended/controlled the release rates of 

the model drugs more effectively than the conventional granular forms (Ethocel® Standard 

Premium).  This effect may be attributed to the smaller particle size of the Ethocel® FP 

premium which decreased the porosity and hence more entrapment of the drug in the matrix 

(Akhlaq et al., 2011; Shah et al., 2011; Katikaneni et al. (1995). Smaller particle size of 

Ethocel® FP standard Premium also causes harder and thinner tablets then the tablets that 

contain the Ethocel® Standard Premium as observed during the physical characterization 

section (Khan and Zhu, 2001). It can thus be concluded that the ability to retard the drug 

release is inversely proportional to particle size of the rate modifying polymer (Carla et al., 

2002; Pollock and Sheskey, 1996).   
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Figure 4.21: Release Profile of Nimesulide from Controlled Release Matrix Tablets with D:P of 10:2; Effect of 
Particle size of Ethocel®(n=3, Mean ±SD) 

 

 

Figure 4.22: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets with D:P of 10:2; Effect 
of Particle size of Ethocel®(n=3, Mean ±SD) 
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4.4.1.4. Effect	of	Co.	excipients	on	the	release	profile	of	model	drugs	

Different types of co.excipients are added to tablets for improving the size and properties and 

when modification in the release rate is intended. Hence the influence of different 

co.excipients was studied on the release profile of Nimesulide and Tramadol HCl matrix 

tablets of Ethocel® 7P, 10P & 100P and 7, 10 and 100 FP standard premium. Starch, 

carboxymethyl cellulose (CMC) and hydroxypropylmethyl cellulose (HPMC K100M) were 

used as co.excipients by the partial replacement (30%) of filler (Lactose). The drug to 

polymer ratio (D:P) in these cases was 10:2 for Nimesulide matrix tablets and Tramadol HCl 

matrix tablets. This selection was made on the satisfactory release profile of the respective 

matrix tablets without co.excipients. The release profile of the tablets with co.excipients was 

studied after the physicochemical characterization of them as shown previously in this 

chapter. 

Figures 4.23- 4.28 show the release profiles of Nimesulide matrix tablets prepared with 

polymers Ethocel® 7P, 7FP, 10P, 10FP, 100P and 100FP with and without the addition of 

co.excipients like starch, HPMC K100M and CMC. The figures show that the release rate of 

Nimesulide from matrix tablets was enhanced on the addition of the co.excipients. Like the 

percent drug release from Nimesulide tablets of 7P was 100% after 18 hours. Upon addition 

of Starch, CMC and HPMC the release of NIM was almost 100% in just 8, 6 and 5 hours, 

respectively. These figures (Figures 4.23-4.28) reveal an increase in the release rate from all 

the tablets after the addition of co.excipients. 

Somewhat similar results were obtained from the release profile of Tramadol HCl tablets 

with co.excipients Starch, CMC and HPMC. Figures 4.29-4.34 show the release profile of 

Tramadol HCl from matrix tablets of polymers 7P, 10P, 100P and 7FP, 10FP and 100FP with 

and without the co.excipients (starch, CMC and HPMC). It is obvious from these figures that 

release of Tramadol HCl from the matrix tablets was much faster in the tablets containing the 

co.excipients as compared to tablets without co.excipients. 

Starch used as co-excipient, tremendously enhanced the drug release rate of both Nimesulide 

and Tramadol HCl from the matrix tablets. It may be attributed to the fact that starch is 

insoluble in water and is also water swellable. Because of this insoluble nature of starch, it 

may lead to disturbance in the uniformity of the polymeric materials around the drug which 

in terms causes an imperfection in the membranes that eventually release the drug faster from 

tablets.  The same results were found by Khan and Zhu. (1998b) who reported that the water-
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swellable property of the starch contained in the formulation is a reason for the increase of 

drug from the formulation. Many other researchers also quoted the same reason (Shefaat et 

al., 2011, Akhlaq et al., 2011). 

CMC was also used as co-excipient. Like starch, CMC have also a high impact on the release 

of drug from the tablets. There are number of mechanisms which can be the attributed to a 

faster drug release rate. This may be because of the CMC’s disintegrating property (Khan and 

Rhodes, 1975; Shah and Jarwoski, 1981). The relatively lower viscosity of CMC may be 

another reason which causes low swellability, rapid dilution and erosion of the diffusion gel 

layer (Alderman, 1984; Hamdy et al., 2007). The water solubility of CMC was also reported 

by some authors as the reason for such faster release because the water soluble co.excipients 

can break the polymeric membrane around the contents of the drug because it creates osmotic 

forces within matrices, leading to faster drug release (Bajbai and Mishra, 2005; Khan and 

Zhu 1998b). 

In case of both Tramadol HCl and Nimesulide as tablets also the drug release rate is also 

enhanced by co.excipients HPMC when compared with formulations having no co.excipients. 

The enhanced release rates out of the tablets contained HPMC in comparison to the 

formulations having  Ethocel® FP premium and Ethocel® standard premium having no 

co.excipients can be because of developing of the osmotic pressure as HPMC produces 

osmotic forces following the entrance of water within matrices. These findings conforms with 

the findings of Ford et al., (1987), Khan and Zhu (1998a and 1998b), Gohar et al.,(2003) and 

Wahab et al., (2012) who says that smaller quantities of HPMC can act as a channelling agent 

and may improve the rate of drug release. Comparing to the CMC and starch the drug release 

from tablets containing HPMC was extended longer. This property can be attributed to the 

low hydration capacity of HPMC (Luana et al., 2004); Wahab et al., (2011). 
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Figure 4.23: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 7P with and 
without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

 

 

Figure 4.24: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 7FP Premium 
with and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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Figure 4.25: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 10P with and 
without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

 

Figure 4.26: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 10FP Premium 
with and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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Figure 4.27: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 100P with and 
without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

     

Figure 4.28: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 100FP 
Premium with and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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Figure 4.29: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 7P with and 
without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

 

Figure 4.30: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 7FP 
Premium with and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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Figure 4.31: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 10P with 
and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

 

Figure 4.32: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 10FP 
Premium with and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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Figure 4.33: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 100P with 
and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

 

 

Figure 4.34: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 100FP 
Premium with and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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4.4.2. Effect	of	Carbopol	on	the	release	Profile	of	Model	Drugs	from	Matrix	
Tablets	

Carbopols or carbomers (hydrophilic polymer) compress very well and have strong binding 

characteristics which make them ideal for direct compression process. They show 

compatibility with various active ingredients and other excipients (Goskonda et al., 1998; 

Khan and Zhu, 1998a). Carbopol 974P and Carbopol 934P are oral pharmaceutical grades of 

carbomers. Their hydrophilic nature and highly cross-linked structure make them suitable 

candidates for CR formulations (Jivraj et al., 2000). In this study controlled release matrix 

systems of Nimesulide and Tramadol HCl were designed using Carbopol 974P and Carbopol 

934P as polymers in different drug to polymer ratios. The effect of different co-excipient like 

starch, CMC and HPMC were also studied on the release pattern of the drug from the matrix 

reservoir. 

4.4.2.1. Effect	of	Carbopol	974P	and	Carbopol	934P	on	the	release	profiles	

 Carbopol 974P and Carbopol 934P were added as the rate controlling agents in the selected 

formulations of Nimesulide tablets with different drug to polymer ratios (10:1, 10:2, 10:3 and 

10:4). The drug release profile from these matrix tablets is shown here in Figures 4.35 and 

4.36. The Figure 4.35 shows that 100% of Nimesulide was released from the matrix tablets 

with D:P ratio of 10:1 after 24 hours. As the ratio of the polymer (Carbopol 974P) was 

increased the release was continuously retarded and at a D:P of 10:4 only 88% of the drug 

was released. Figure 4.36 shows the percent drug release of Nimesulide matrix tablets 

prepared with Carbopol 934P. The effect of Carbopol 934 P was a little more retardant than 

974 P but not significant (p<0.05). Nearly all of the drug was released from the Carbopol 934 

P matrix tablets prepared with a drug to polymer ratio of 10:1 in 24 hours but only 81 % drug 

release was observed after 24 hours from the matrix tablets with a D:P of 10:4. This clearly 

indicates that as the proportion of these polymers was increased, the rate of drug release was 

more controlled/ retarded. 

Figures 4.37 and 4.38 show the drug release profile of Tramadol HCl matrix tablets that has 

Carbopol 974P and Carbopol 934P, respectively as the release modifying agents (polymers) 

in D:P of 101, 10:2, 10:3 and 10:4. The results of these figures are different than those 

observed in Nimesulide matrix tablets prepared with same polymers. In case of tablets with 

Carbopol 974P, 100 % release was shown in just 11, 12, 16 and 18 hours from matrix tablets 

with D:P of 10:1, 10:2, 10:3 and 10:4 respectively. Similarly in case of Carbopol 934P, none 

of the matrix tablets retained the drug for more than 18 hours. But it is obvious from these 
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graphs that the Carbopol (974P and 934P) can act as a rate controlling agent and that when 

the concentration of the polymer (Carb.974P and 934P) was increased then the rate of the 

release was slowed down.  

When the pH of the environment exceeds the pKa (6 ± 0.5) of Carbopol then it swells up. A 

gel layer is thus formed. This gel layer may be due to the ionization of carboxylate group 

which causes the repulsion between the negative particles and thus swelling occurs (Goodrich 

bulletin, 2003; Thapa et al., 2005). Because of controlling the release of drug may be this 

swelling. With an increase in the drug polymer concentration polymer retains the drug due to 

which a linear curve is achieved that modifies the mechanism of the release to assume or 

nearly zero order. This may be due to swelling of matrix polymer caused by hydration 

causing the closing of the micropores of the swollen tablets and thus resulting in a slow 

release of the drug from the tablet (Khan and Zhu, 1998a; Khan and Zhu, 1999). Apart from 

this reduction of the rate of drug release and linearization of the curve of drug release may 

also be because of increased quantity of carbomers, resulting in a shift towards a swelling 

controlled mechanism. This can be because of the closer of micropores and reduction in the 

regions of low microviscosity in the swollen tablet. The hydration of polymer cause swelling 

of the tablet which rapidly decreases it glass transition temperature (Tg) to the temperature of 

the dissolution medium. Microscopically, the presence of the dissolution medium introduces 

stresses which cause relaxation of the chains of polymer resulting in an increase in the end-

to-end distances of the polymer chains and in the radius of gyration (Ravi et al., 2008a; Khan 

and Zhu, 1998a; Ranga and Devi, 1988). In the molecular volume of the hydrated polymer 

there is a visible increase that decreases the free volume because of the presence of 

micropores. This effect may show itself as a shift in the mechanism of the drug release. This 

conforms to the results found by Durrani et al., (1992) and many other researchers who had 

investigated the effect of concentration on the kinetics of dissolution (Ravi, 2008b; Thapa et 

al., 2005). 

The results of in vitro release of matrix tablets shows that Carbopol which is a hydrophilic 

polymer cannot retard the release of the water soluble drug like Tramadol HCl upto 24 hours 

in the studied ratios. The reason for it may be the rapid diffusion of the dissolved drug 

through the hydrophilic gel network. The same reason is cited by Tiwari et al., 2003, who 

claimed that use of hydrophilic polymers are restricted in preparation of controlled release 

drug delivery systems for highly water soluble drugs. the results of the present study suggests 

that Carbopol 974 P and 934P can be used as rate controlling agents for both soluble and 
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slightly soluble drugs but the release of the drug will be faster in case of highly water soluble 

drugs. 

 

Figure 4.35: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Carbopol 974P at 
Various D:P Ratio(n=3, Mean ±SD) 

 

 

Figure 4.36: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Carbopol 934P at 
Various D:P Ratio(n=3, Mean ±SD) 
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Figure 4.37: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Carbopol 974P at 
Various D:P Ratio(n=3, Mean ±SD) 

 

 

Figure 4.38: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Carbopol 934P at 
Various D:P Ratio(n=3, Mean ±SD) 
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4.4.2.2. 	Effect	of	Co.	Excipients	on	the	release	Profile	of	model	drugs	from	
Carbopol	matrix	tablets	

The effect of co.excipients on the release profile of Nimesulide and Tramadol HCl from the 

matrix tablets containing Carbopol 974P and 934P as rate controlling agents were studied in 

the same manner as was studied in the case of Ethocel® polymers. Here also 30% of the filler 

(lactose) was replaced with the co.excipients like Starch, CMC and HPMC.   

Figures 4.39 and 4.40 show the effect of Starch, CMC and HPMC on the release profile 

Nimesulide tablets of Carbopol 974P (polymer) at D:P of 10:2. Like in case of Ethocel® 

polymers here also the effect of starch CMC and HPMC is that of the enhancement of drug 

release rate. Due to the addition of the selected co.excipients, the release of Nimesulide got 

more faster.  

The drug release profile of Tramadol HCl from tablets with polymers (Carb974P and 934P) 

at a D:P of 10:2) and co.excipients (starch, CMC and HPMC) is shown in Figure 4.41 and 

4.42. The drug release rate from these tablets was much enhanced and 100% of the drug was 

released in 1-3 hours.  

Starch a polysaccharide is being insoluble and swellable in water. Solids which are insoluble 

being responsible to create a polymeric membrane having non uniformity around the drug, 

leading to imperfection in membranes, due to which drug release from the tablet is fast (Khan 

& Zhu, 1998b; Shefaat et al., 2012). CMC which is water soluble in nature, is added as a co-

excipient in sustained release tablet dosage forms, it results in quick release of drug from 

tablet, as CMC causes the lysis of membranous barrier which results in a higher release rate 

of water soluble excipients due to increased osmotic forces (Akhlaq et al., 2011; Shefaat et 

al., 2012). A water miscible co-excipient is HPMC. When it is added as co-excipient in the 

sustained release formulations, it absorbs water from the surrounding thus produces an 

osmotic pressure leading to the breakage of tablet quickly irrespective of the polymers and 

thus enhances the drug release rate (Khan Median, 2007). 
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Figure 4.39: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Carbopol 974P with and 
without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

 

 

Figure 4.40: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Carbopol 934P with and 
without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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Figure 4.41: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Carbopol 974P with 
and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

 

 

Figure 4.42: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Carbopol 934P with 
and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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4.4.3. Effect	of	Eudragit	RS	100	on	the	Release	Profile	of	Nimesulide	and	
Tramadol	HCl	

Both Nimesulide and Tramadol HCl matrix tablets were prepared using Eudragit RS 100 as a 

rate controlling agent. In this case 4 different drug to polymer ratios were selected i.e 10:1, 

10:2, 10:3 and 10:4 in both the cases.  

The in vitro dissolution data (Figure 4.43) shows a release profile of Nimesulide matrix 

tablets. Eudragit RS 100 has a release retarding effect on Nimesulide from the tablets. It can 

be observed that as the ratio of Eudragit RS 100 is increased, the rate of release of 

Nimesulide is decreased. It means that rate of drug release is inversely proportional to the 

concentration of this polymer.  

Similarly, Figure 4.44 shows the release of Tramadol HCl from matrix tablets containing 

Eudragit RS 100 as the rate controlling agent. Here it is also observed that as the 

concentration of the polymer is increased, the release rate of Tramadol HCl is decreased.    

Eudragit RS 100 is a copolymer that is synthesised from acrylic acid methacrylic acid esters 

and due to the incorporation of esterified ammonium functional groups, it exhibits both good 

swelling capacity and permeability in water. Thus due to these properties of Eudragit the 

release rate is decreased. These results are in confirmation to the results reported by Wadher 

et al., (2011), Carla et al., (2002), Hosseinali et al., (2003).     

 

Figure 4.43: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Eudragit RS 100 at 
Various D:P Ratio(n=3, Mean ±SD) 
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Figure 4.44: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Eudragit RS 100 at 
Various D:P Ratio(n=3, Mean ±SD) 

 

Effect of Co.Excipients: 

Like in the cases of Ethocel® and Carbopol polymers, the co.excipients like HPMC, starch 

and CMC enhanced the dissolution rate when these were added to some formulations of 

matrix tablets of Nimesulide and Tramadol HCl that contains Eudragit RS 100. All the 

co.excipients decreased the time required to release 100 % of the drug as shown in Figure 

4.45 and Figure 4.46. 

Figure 4.45 shows the effect of co.excipients like CMC, Starch and HPMC KM100 on the 

release of Nimesulide from the matrix tablets of Eudragit RS 100. Upon addition of the above 

mentioned polymers, 100 % release of Nimesulide occurred in just a couple or three hours as 

compared to the sustaining effect of the polymer when co.excipients were not added. In case 

of matrix tablets of Tramadol HCl when prepared by using Eudragit RS 100 in a D:P ratio of 

10:2, the release of Tramadol HCl was sustained upto 12 hours (Figure 4.46). But upon 

partial replacement of the filler with either of the co.excipients the release rate was enhanced 

like in case of other polymers discussed previously. 
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Figure 4.45: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Eudragit RS 100 with 
and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 

 

 

Figure 4.46: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Eudragit RS 100 with 
and without Co.excipients at D:P of 10:2; Effect of Co.excipients (n=3, Mean ±SD) 
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4.4.4. Comparison	of	the	Selected	Polymers	

To compare the effect of various selected polymers on the release profile of the model drugs, 

the release data from matrix tablets containing Ethocel® 7FP, Carbopol 934P and Eudragit 

RS 100 at a D:P of 10:2 were plotted in a single graph (Figure 4.47- Nimesulide and Figure 

4.48- Tramadol HCl). These figures demonstrate that Ethocel® 7FP has the highest retarding 

effect on the release of Nimesulide and Tramadol HCl from matrix tablets as compared to 

Carbopol and Eudragits. It can be attributed to the hydrophobic nature of the polymer and 

particle size of the FP grade which was the most suitable among other grades of Ethocel® 

studied.  

 

Figure 4.47: Release Profile of Nimesulide from Controlled Release Matrix Tablets at D:P of 10:2; Effect of 
Different Polymer (n=3, Mean ±SD) 

 

Figure 4.48: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets at D:P of 10:2; Effect of 
Different Polymer (n=3, Mean ±SD) 
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4.5. STUDY OF THE RELEASE KINETICS OF THE MODEL DRUGS 
FROM MATRIX TABLETS 

The release mechanisms of the model drugs (Nimesulide and Tramadol HCl) were studied by 

applying different mathematical kinetic models on the in vitro dissolution data of the tested 

matrix tablets. In this connection, the percent drug released at each time was plotted in the 

kinetic models viz. Zero-order, First-order, Hixon Crowel’s Cube-root equation, Higuchi’s 

Square Root of Time equation and Power Law equation (Equations 3.7- 3.11). The r values of 

each formulation obtained from these models are given in tables 4.19- 4.26.  

The results of the kinetic models for Nimesulide and Tramadol HCl tablets consisting of 

various grades of Ethocel® polymer at different D:P ratios and in combination with Co-

excipients (Starch, CMC, HPMC) is given in tables 4.19- 4.22. Tables 4.23 and 4.24 show the 

release kinetics of the Nimesulide and Tramadol HCl tablets consisting of Carbopol 974P and 

934P polymer at different D:P with and without co.excipients. Tables 4.25 and 4.26 show the 

release kinetics of Nimesulide and Tramadol HCl from tablets containing Eudragit RS 100 

with and without addition of co.excipients.   

On the basis of kinetic models, formulations that possess conventional Ethocel® Standard 

Premium polymers, at different D:P ratios, a linear relation was observed. Among them, the 

Ethocel® Standard 10 and 100 Premium polymers shows maximum r values, at D:P ratios of 

10:2 for Nimesulide and 10:4 for Tramadol HCl, when the data of drug release was put in to 

Eq. 3.11 but the best linear relation as well as maximum r values were observed for Ethocel® 

Standard 7 Premium, as compared to Ethocel® Standard 10 and 100 Premium, when the 

percentage release data for both drugs (Nimesulide and Tramadol HCl) was fitted to the same 

equation 3.11 (Power Law equation). Various scientists got somewhat similar results about 

the best linear relations with maximum r values from Ethocel® Standard 7 Premium (Wahab 

et al., 2011; Shefaat et al., 2012). 

In tablets that contain Ethocel® Standard FP Premium at different D:P ratios, a good linear 

relation was present in all the cases when the data was put into any one of the above 

equations (Eqs 3.7 to 3.11) and the best linear relation with maximum r values was observed 

for Ethocel® Standard 7 FP Premium, at D: P ratio of 10:2 for Nimesulide and 10:4 for 

Tramadol HCl. Maximum linearity was present for all formulations when the data was fitted 

to Eq. 3.11. Equation 3.11 or power Law equation best explains the results from matrix 

tablets prepared with Ethocel® polymer (Khan and Median, 2007). 
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While considering the release kinetics of tablets of Nimesulide and Tramadol HCl that has 

Carbopol 974P and Carbopol 934P as rate controlling agents (tables 4.23 and 4.24), here a 

linear relation was found with a maximum r value in case of Carbopol 934P with a D:P of 

10:2 for Nimesulide and 10:4 for Tramadol HCl. And in case of tablets that has Eudragit RS 

100 as polymer (table 4.25-4.26) r values were less as compared to those obtained from 

Ethocel® and Carbopol Polymers. 

In case of formulations containing co.excipients, a linear relation was found in formulations 

containing co-excipient HPMC K100M along with Ethocel® Standard FP 7 Premium, 

Carbopol 974P and Carbopol 934P at D: P ratio 10:2 for both Nimesulide and Tramadol HCl 

when the data was fitted into Eq. 3.7-3.11. However, variations were present in the release 

process of drugs formulations having other co.excipients, such as CMC and Starch when the 

data was fitted to the said equations (Eqs. 3.7-3.11) and non-linear relation was found with 

minimum r values. The results of this study are in accordance with the findings of several 

other authors (Shah et al., 2012, Khan and Median, 2007).   

Most of the formulations of Nimesulide and Tramadol HCl have diffusional exponent value 

“n” in between 0.460 and 0.899 that reveals that these formulations follow non-fickian 

anomalous release mechanism (n value between 0.45 and 0.89). This indicates that the release 

of drug is in pure diffusion controlled mechanism coupled with swelling and erosion 

mechanisms; while the rest of formulations showed ‘‘n’’ value less than 0.45. This less value 

may be due to partial diffusion of drug through swollen matrix and water filled pores in the 

formulation (Roshan et al., 2008). The formulations having Ethocel® standard FP 7 Premium 

indicates the highest value of n and thus has the best release kinetics as compared to other 

formulations containing different grade of Ethocel® polymer, Carbopol 974P, Carbopol 934P 

and Eudragit RS 100 and formulations containing co.excipients. 
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Table 4.19: Kinetic models applied to determine the release profile of Nimesulide from controlled release 
matrix tablets consisting of various viscosity grades of Ethocel Premium and FP Premium. 

D:P Ratio 
Zero order First order Higuchi 

Hixon 
Crowell 

Korsmeyer 
Release 
Mechanism 

R1 R2 R3 R4 R5 n 
Controlled release tablets of Nimesulide-Ethocel 7P

10:1 0.975 0.961 0.925 0.954 0.994 0.663 Anomalous 

10:2 0.978 0.987 0.976 0.989 0.994 0.684 Anomalous 

10:3 0.980 0.943 0.866 0.843 0.989 0.642 Anomalous 

10:4 0.889 0.875 0.957 0.835 0.967 0.670 Anomalous 

Controlled release tablets of Nimesulide-Ethocel 7FP

10:1 0.987 0.993 0.995 0.986 0.994 0.74 Anomalous 

10:2 0.992 0.995 0.989 0.994 0.999 0.905 Zero Order 

10:3 0.983 0.992 0.985 0.932 0.997 0.89 Zero Order 

10:4 0.982 0.998 0.9765 0.974 0.984 0.802 Anomalous 

Controlled release tablets of Nimesulide-Ethocel 10P

10:1 0.9839 0.9738 0.9724 0.9442 0.9837 0.638 Anomalous 

10:2 0.9732 0.9719 0.9829 0.9728 0.9867 0.628 Anomalous 

10:3 0.9930 0.9837 0.9367 0.937 0.9939 0.683 Anomalous 

10:4 0.9274 0.9682 0.9732 0.9748 0.9921 0.627 Anomalous 

Controlled release tablets of Nimesulide-Ethocel 10FP 

10:1 0.9390 0.8923 0.9832 0.9849 0.9989 0.725 Anomalous 

10:2 0.9939 0.9643 0.9862 0.9738 0.9917 0.716 Anomalous 

10:3 0.8922 0.9894 0.9928 0.9874 0.9959 0.682 Anomalous 

10:4 0.9830 0.9849 0.9873 0.9984 0.9894 0.672 Anomalous 

Controlled release tablets of Nimesulide-Ethocel 100P

10:1 0.8283 0.9382 0.9754 0.9829 0.9892 0.637 Anomalous 

10:2 0.7389 0.9982 0.9922 0.9892 0.9973 0.652 Anomalous 

10:3 0.8272 0.7928 0.9565 0.8768 0.9945 0.525 Anomalous 

10:4 0.8463 0.8272 0.9567 0.9686 0.9932 0.538 Anomalous 

Controlled release tablets of Nimesulide-Ethocel 100FP

10:1 0.9622 0.9893 0.989 0.9927 0.9892 0.621 Anomalous 

10:2 0.9272 0.9984 0.9720 0.9828 0.9738 0.637 Anomalous 

10:3 0.892 0.993 0.8298 0.9892 0.9882 0.584 Anomalous 

10:4 0.8472 0.9927 0.91837 0.9928 0.99989 0.565 Anomalous 
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Table 4.20: Kinetic models applied to determine the release profile of Nimesulide from controlled release 
matrix tablets consisting of various viscosity grades of Ethocel Premium and FP Premium with 
Co.excipients (D:P 10:2). 

Co.excipients Zero 
order 

First 
order 

Higuchi 
Hixon 

Crowell 
Korsmeyer 

Release 
Mechanism 

R1 R2 R3 R4 R5 n 
Controlled release tablets of Nimesulide-Ethocel 7P (D:P= 10:2) 

HPMC 0.9647 0.9736 0.838 0.8732 0.826 0.534 Anomalous 

Starch 0.6378 0.5367 0.6352 0.6472 0.4542 0.327 Fickian 

CMC 0.6724 0.6274 0.6372 0.6373 0.5362 0.373 Fickian 

Controlled release tablets of Nimesulide-Ethocel 7FP (D:P= 10:2) 
HPMC 0.8373 0.7282 0.7817 0.7282 0.8921 0.547 Anomalous 

Starch 0.6532 0.4562 0.5279 0.34922 0.2823 0.352 Fickian 

CMC 0.5265 0.5426 0.4892 0.5267 0.4536 0.348 Fickian 

Controlled release tablets of Nimesulide-Ethocel 10P (D:P= 10:2) 
 HPMC 0.7638 0.8279 0.8273 0.782 0.8972 0.453 Anomalous 

Starch 0.3672 0.2252 0.3920 0.2674 0.362 0.234 Fickian 

CMC 0.5263 0.3425 0.2839 0.2781 0.526 0.242 Fickian 

Controlled release tablets of Nimesulide-Ethocel 10FP (D:P= 10:2) 
HPMC 0.8738 0.7282 0.8373 0.7925 0.8736 0.536 Anomalous 

Starch 0.4263 0.3473 0.4562 0.5062 0.4928 0.321 Fickian 

CMC 0.4389 0.3982 0.3728 0.3548 0.4825 0.371 Fickian 

Controlled release tablets of Nimesulide-Ethocel 100P (D:P= 10:2) 
HPMC 0.6783 0.6728 0.7292 0.8094 0.7282 0.453 Anomalous 

Starch 0.2718 0.3281 0.2738 0.997 0.2865 0.214 Fickian 

CMC 0.2918 0.1733 0.2373 0.3627 0.3499 0.234 Fickian 

Controlled release tablets of Nimesulide-Ethocel 100FP (D:P= 10:2) 
HPMC 0.6383 0.8293 0.7282 0.7262 0.882 0.493 Anomalous 

Starch 0.3014 0.3928 0.7383 0.237 0.2634 0.288 Fickian 

CMC 0.3290 0.5278 0.2729 0.2786 0.943 0.283 Fickian 
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Table 4.21: Kinetic models applied to determine the release profile of Tramadol HCl from controlled 
release matrix tablets consisting of various viscosity grades of Ethocel Premium and FP Premium. 

D:P Ratio 
Zero order First order Higuchi 

Hixon 
Crowell 

Korsmeyer 
Release 
Mechanism 

R1 R2 R3 R4 R5 n 
Controlled release tablets of Tramadol -Ethocel 7P

10:1 0.9951 0.9915 0.985 0.9827 0.9954 0.792 Anomalous

10:2 0.982 0.994 0.974 0.982 0.9918 0.804 Anomalous

10:3 0.986 0.9933 0.9394 0.9924 0.9993 0.793 Anomalous

10:4 0.8937 0.9623 0.9454 0.97064 0.9896 0.762 Anomalous

Controlled release tablets of Tramadol -Ethocel 7FP

10:1 0.9932 0.9896 0.9919 0.9932 0.9914 0.793 Anomalous

10:2 0.9893 0.9918 0.9984 0.9946 0.9892 0.878 Anomalous

10:3 0.9829 0.9948 0.9784 0.9897 0.9788 0.853 Anomalous 

10:4 0.9905 0.9993 0.9983 0.9973 0.9999 0.900 Zero order 

Controlled release tablets of Tramadol -Ethocel 10P

10:1 0.9875 0.9327 0.9540 0.9964 0.9974 0.684 Anomalous 

10:2 0.9867 0.9549 0.9942 0.9895 0.9989 0.673 Anomalous

10:3 0.9901 0.9830 0.9854 0.9824 0.9964 0.755 Anomalous

10:4 0.9667 0.9821 0.9936 0.9913 0.9787 0.691 Anomalous

Controlled release tablets of Tramadol -Ethocel 10FP 

10:1 0.9945 0.9810 0.9985 0.9897 0.9944 0.734 Anomalous

10:2 0.9794 0.9935 0.9874 0.975 0.9915 0.692 Anomalous

10:3 0.9940 0.9877 0.9918 0.9800 0.9927 0.754 Anomalous

10:4 0.9927 0.9858 0.9945 0.9995 0.9858 0.703 Anomalous

Controlled release tablets of Tramadol -Ethocel 100P

10:1 0.8875 0.8926 0.9890 0.9940 0.9893 0.522 Anomalous

10:2 0.9894 0.9874 0.9963 0.9977 0.9886 0.514 Anomalous

10:3 0.87563 0.9893 0.9850 0.9456 0.8993 0.538 Anomalous

10:4 0.8775 0.9893 0.9945 0.9843 0.8991 0.501 Anomalous

Controlled release tablets of Tramadol -Ethocel 100FP

10:1 0.8923 0.9786 0.9757 0.9891 0.9894 0.631 Anomalous

10:2 0.91293 0.9982 0.9784 0.9935 0.9675 0.601 Anomalous

10:3 0.9639 0.9653 0.9812 0.9783 0.9958 0.532 Anomalous

10:4 0.9658 0.9923 0.9182 0.9893 0.9896 0.511 Anomalous
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Table 4.22: Kinetic models applied to determine the release profile of Tramadol HCl from controlled 
release matrix tablets consisting of various viscosity grades of Ethocel Premium and FP Premium with 
Co.excipients (D:P 10:2). 

Co.excipients 
Zero order First order Higuchi 

Hixon 
Crowell 

Korsmeyer 
Release 
Mechanism 

R1 R2 R3 R4 R5 N 
Controlled release tablets of Tramadol -Ethocel 7P (D:P= 10:2) 

HPMC 0.7892 0.8393 0.8373 0.8399 0.9839 0.493 Anomalous 

Starch 0.2930 0.6992 0.5302 0.4829 0.6489 0.394 Fickian 

CMC 0.4939 0.7953 0.6821 0.3892 0.6910 0.398 Fickian 

Controlled release tablets of Tramadol -Ethocel 7FP (D:P= 10:2) 
HPMC 0.7845 0.8373 0.7383 0.8281 0.9827 0.492 Anomalous 

Starch 0.4380 0.7363 0.6383 0.4782 0.6372 0.346 Fickian

CMC 0.4675 0.4682 0.5029 0.4634 0.5632 0.413 Fickian

Controlled release tablets of Tramadol -Ethocel 10P (D:P= 10:2) 
HPMC 0.7824 0.7282 0.7283 0.7739 0.8020 0.4728 Anomalous 

Starch 0.3420 0.3638 0.6738 0.5023 0.5643 0.265 Fickian

CMC 0.3829 0.4953 0.5394 0.3182 0.6283 0.248 Fickian

Controlled release tablets of Tramadol -Ethocel 10FP (D:P= 10:2) 
HPMC 0.6740 0.8738 0.7347 0.6274 0.8391 0.510 Anomalous 

Starch 0.3843 0.4829 0.4902 0.3823 0.6373 0.349 Fickian

CMC 0.4014 0.5924 0.3920 0.4823 0.5382 0.365 Fickian

Controlled release tablets of Tramadol -Ethocel 100P (D:P= 10:2) 
HPMC 0.7643 0.6738 0.8339 0.7628 0.8374 0.463 Anomalous 

Starch 0.1584 0.3829 0.4720 0.3529 0.4922 0.138 Fickian

CMC 0.1394 0.1748 0.3028 0.5627 0.5022 0.193 Fickian

Controlled release tablets of Tramadol -Ethocel 100FP (D:P= 10:2) 
HPMC 0.7672 0.7328 0.8384 0.9738 0.9473 0.472 Anomalous 

Starch 0.4145 0.352 0.3442 0.4933 0.6542 0.231 Fickian

CMC 0.2432 0.252 0.2481 0.534 0.7932 0.254 Fickian
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Table 4.23: Kinetic models applied to determine the release profile of Nimesulide from controlled release 
matrix tablets consisting of Carbopol 974P and 934P with and without Co.excipients. 

 
Zero order First order Higuchi 

Hixon 
Crowell 

Korsmeyer 
Release 
Mechanism 

R1 R2 R3 R4 R5 N 
D:P ratio Controlled release tablets of Nimesulide–Carbopol 974P 

10:1 0.9837 0.9974 0.9893 0.9839 0.9973 0.683 Anomalous 

10:2 0.9839 0.9837 0.8393 0.9862 0.9928 0.729 Anomalous 

10:3 0.9932 0.9839 0.8992 0.9911 0.9971 0.728 Anomalous 

10:4 0.938 0.9738 0.9829 0.98292 0.9967 0.628 Anomalous 

Controlled release tablets of Nimesulide- Carbopol 934P

10:1 0.9837 0.9728 0.9983 0.9973 0.9983 0.648 Anomalous

10:2 0.9932 0.9892 0.9893 0.9839 0.9973 0.758 Anomalous

10:3 0.9738 0.98755 0.9983 0.9237 0.9963 0.721 Anomalous

10:4 0.9892 0.9875 0.9912 0.9892 0.9812 0.639 Anomalous

Co.excipients Controlled release tablets of Nimesulide- Carbopol 974P (D:P= 10:2) 
HPMC 0.8283 0.9820 0.9728 0.9637 0.97832 0.543 Anomalous 

Starch 0.1713 0.1193 0.3134 0.3421 0.2323 0.133 Fickian 

CMC 0.129 0.1274 0.431 0.4141 0.241 0.235 Fickian 

Controlled release tablets of Nimesulide- Carbopol 934P (D:P= 10:2) 
HPMC 0.7342 0.8237 0.9823 0.9798 0.9893 0.572 Anomalous 

Starch 0.3623 0.993 0.6239 0.3814 0.3728 0.291 Fickian 

CMC 0.274 0.3239 0.6738 0.3921 0.3748 0.289 Fickian 
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Table 4.24: Kinetic models applied to determine the release profile of Tramadol HCl from controlled 
release matrix tablets consisting of Carbopol 974P and 934P with and without Co.excipients. 

 
Zero order First order Higuchi 

Hixon 
Crowell 

Korsmeyer 
Release 
Mechanism 

R1 R2 R3 R4 R5 N 
D:P Ratio Controlled release tablets of Tramadol –Carbopol 974P 

10:1 0.9903 0.9893 0.9573 0.9573 0.9978 0.538 Anomalous 

10:2 0.9922 0.9983 0.934 0.9848 0.9991 0.682 Anomalous 

10:3 0.9970 0.9978 0.9895 0.9973 0.9992 0.684 Anomalous 

10:4 0.9939 0.9983 0.9748 0.9874 0.9989 0.659 Anomalous 

Controlled release tablets of Tramadol - Carbopol 934P

10:1 0.998 0.9945 0.9893 0.9873 0.9967 0.573 Anomalous 

10:2 0.9923 0.9942 0.9784 0.9983 0.9987 0.534 Anomalous 

10:3 0.9948 0.9948 0.9783 0.9942 0.9993 0.559 Anomalous

10:4 0.9957 0.9947 0.9729 0.9921 0.9980 0.592 Anomalous

Co.excipients Controlled release tablets of Tramadol - Carbopol 974P (D:P -10:2) 
HPMC 0.7389 0.9738 0.8734 0.8792 0.9784 0.400 Fickian

Starch 0.2333 0.2374 0.5634 0.5368 0.7648 0.344 Fickian

CMC 0.2094 0.4373 0.5282 0.4634 0.6730 0.234 Fickian

Controlled release tablets of Tramadol - Carbopol 934P(D:P -10:2) 
HPMC 0.6738 0.7384 0.6472 0.7628 0.9673 0.432 Fickian

Starch 0.2394 0.2645 0.3745 0.3829 0.76334 0.274 Fickian

CMC 0.1983 0.3264 0.4392 0.3854 0.6738 0.265 Fickian
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Table 4.25: Kinetic models applied to determine the release profile of Nimesulide from controlled release 
matrix tablets consisting of Eudragit RS 100 with and without Co.excipients. 

 
Zero order First order Higuchi 

Hixon 
Crowell 

Korsmeyer 
Release 
Mechanism 

R1 R2 R3 R4 R5 N 
D:P Ratio Controlled release tablets of Nimesulide–Eudragit RS 100 

10:1 0.9748 0.8938 0.9917 0.9835 0.9912 0.542 Anomalous

10:2 0.9892 0.9947 0.9183 0.9373 0.993 0.528 Anomalous

10:3 0.8935 0.9973 0.9738 0.934 0.8432 0.482 Anomalous 

10:4 0.8759 0.9699 0.9892 0.7384 0.7383 0.462 Anomalous 

Co.excipients Controlled release tablets of Nimesulide– Eudragit RS 100 (D:P= 10:2) 
HPMC 0.6738 0.7238 0.7284 0.1474 0.784 0.3637 Fiakian 

Starch 0.3273 0.1823 0.2019 0.1383 0.2124 0.15 Fickian 

CMC 0.3474 0.1935 0.2934 0.1194 0.284 0.09 Fickian 

 

Table 4.26: Kinetic models applied to determine the release profile of Tramadol HCl from controlled 
release matrix tablets consisting of Eudragit RS 100 with and without Co.excipients. 

 Zero 
order 

First order Higuchi 
Hixon 

Crowell 
Korsmeyer 

Release 
Mechanism 

R1 R2 R3 R4 R5 N 
D:P Ratio Controlled release tablets of Tramadol –Eudragit RS 100 

10:1 0.8739 0.9738 0.9738 0.9783 0.8738 0.474 Anomalous

10:2 0.8243 0.9673 0.9937 0.9782 0.9736 0.502 Anomalous

10:3 0.8734 0.9738 0.9928 0.9738 0.9563 0.512 Anomalous

10:4 0.7999 0.9793 0.9374 0.8923 0.8622 0.473 Anomalous

Co.excipients Controlled release tablets of Tramadol – Eudragit RS 100 (D:P= 10:4) 
HPMC 0.4634 0.4562 0.52673 0.4728 0.4924 0.439 Fiakian

Starch 0.1239 0.3627 0.5294 0.4923 0.4283 0.120 Fiakian

CMC 0.1406 0.2364 0.5627 0.4219 0.3672 0.083 Fiakian
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4.6. DISSOLUTION EQUIVALENCY 
Dissolution equivalency of all formulations was determined by model independent method. 

Dissimilarity factor (f1) and Similarity factor (f2) were determined by using equation 3.12 (f1) 

and equation 3.13 (f2). The data of dissolution profiles of all the formulations were plotted in 

these two equations individually with the dissolution profile of reference formulations. 

Usually the f1 values of 0-15 and f2 values 50-100 highlights an equivalence between the test 

and reference dissolution profile (Gohel and Panchal, 2002, CDER, 1997). 

Table 4.27 and table 4.28 gives the f1 and f2 values of different Nimesulide formulations 

when their dissolution profiles were compared with the dissolution profile of conventional 

Nimesulide tablets (purchased from market). Table 4.27 present the f1 value for Nimesulide 

tablets without co.excipients ranged 60.89 – 90.40.  Nimesulide tablets with starch and CMC 

as co.excipients have an f1 value of 20.11- 40.28. The f2 values for different tablets of 

Nimesulide without co.excipients are 3.96 – 17.96. The tablets of Nimesulide with 

co.excipients like CMC and starch shows a higher f2 values. 

f1 and f2 values for Tramadol HCl formulation are shown in table 4.29 and table 4.30 

respectively obtained from the dissolution profile of prepared matrix tablets of Tramadol HCl 

with reference conventional formulation of Tramadol HCl (purchased from local market). 

The f1 and f2 values were 62.19- 95.34 and 4.10 – 20.81, respectively for Tramadol HCl 

formulations without co.excipients. The f1 and f2 values of formulations with co.excipients 

were 24.56 - 42.73 and 18.29 – 39.29. 

The results of the dissolution equivalency studies confirmed that there was no similarity 

between the conventional formulations and prepared test formulations of both Nimesulide 

and Tramadol HCl. The lower f1 values and higher f2 values in the formulations with 

co.excipients (starch and CMC) are probably because of the higher dissolution rate of these 

formulations.             
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Table 4.27: Dissimilarity factor (f1) values of Controlled Release Matrix Tablets of Nimesulide  
Polymer Nimesulide Matrix Tablets without Co.excipients  

10:1 10:2 10:3 10:4 
ETH 7P 81.89 86.67 66.56 67.35 
ETH 7FP 90.40 88.98 80.87 78.67 
ETH 10 P 78.76 70.67 75.78 63.12 
ETH 10FP 80.89 75.78 80.57 78.87 
ETH 100P 74.87 69.67 63.78 69.45 
ETH 100FP 79.37 63.39 70.47 73.76 
CRB 974P 80.23 75.86 76.45 75.78 
CRB 934 82.84 74.24 75.09 72.34 
EDGT 60.89 74.89 67.89 66.45 
Polymer Nimesulide Matrix Tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 39.73 37.82 56.23 
ETH 7FP 37.71 40.28 54.38 
ETH 10 P 33.23 32.87 52.83 
ETH 10FP 37.29 29.28 53.38 
ETH 100P 24.84 25.64 50.83 
ETH 100FP 25.82 28.47 53.38 
CRB 974P 34.14 35.28 52.32 
CRB 934 36.56 37.20 53.28 
EDGT 22.38 20.11 50.92 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 

Table 4.28: Similarity factor (f2) values of Controlled Release Matrix Tablets of Nimesulide  

Polymer Nimesulide Matrix Tablets without Co.excipients 
10:1 10:2 10:3 10:4 

ETH 7P 13.04 7.37 14.9 7.97 
ETH 7FP 4.31 3.96 6.79 4.64 
ETH 10 P 10.12 9.41 13.71 10.03 
ETH 10FP 7.56 5.31 10.96 7.87 
ETH 100P 12.13 10.62 16.57 14.99 
ETH 100FP 13.55 9.75 13.6 14.65 
CRB 974P 6.2 5.3 5.7 5.88 
CRB 934 5.73 6.32 7.89 8.05 
EDGT 17.04 14.26 17.96 14.88 
Polymer Nimesulide Matrix Tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 35.38 33.11 7.28 
ETH 7FP 24.56 26.20 6.24 
ETH 10 P 37.14 34.28 13.90 
ETH 10FP 38.82 31.47 12.93 
ETH 100P 37.84 38.64 11.60 
ETH 100FP 40.29 42.28 14.89 
CRB 974P 36.23 35.87 12.67 
CRB 934 30.71 33.28 11.55 
EDGT 42.73 40.82 17.02 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 
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Table 4.29: Dissimilarity factor (f1) values of Controlled Release Matrix Tablets of Tramadol HCl  
Polymer Tramadol HCl Matrix Tablets without Co.excipients 

10:1 10:2 10:3 10:4 
ETH 7P 85.37 84.28 81.92 83.18 
ETH 7FP 93.92 94.28 95.34 90.28 
ETH 10 P 16.37 71.29 70.54 74.32 
ETH 10FP 80.28 83.29 79.92 77.28 
ETH 100P 67.38 67.29 65.21 64.22 
ETH 100FP 70.38 70.27 73.91 72.91 
CRB 974P 84.29 85.82 81.92 80.10 
CRB 934 85.34 79.99 82.01 84.19 
EDGT 66.38 62.19 64.29 66.92 
Polymer Tramadol HCl Matrix Tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 32.29 30.92 50.29 
ETH 7FP 38.27 37.28 54.89 
ETH 10 P 32.18 29.28 51.29 
ETH 10FP 29.29 30.27 53.29 
ETH 100P 19.37 24.28 48.19 
ETH 100FP 25.82 31.75 49.53 
CRB 974P 37.29 35.28 50.28 
CRB 934 35.28 39.29 51.74 
EDGT 18.29 23.92 48.29 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 

Table 4.30: Similarity factor (f2) values of Controlled Release Matrix Tablets of Tramadol HCl 
Polymer Tramadol HCl Matrix Tablets without Co.excipients 

10:1 10:2 10:3 10:4 
ETH 7P 7.82 10.91 11.26 7.26 
ETH 7FP 6.29 7.92 5.28 4.10 
ETH 10 P 5.29 9.43 6.27 5.162 
ETH 10FP 8.92 10.26 13.93 13.20 
ETH 100P 12.28 13.54 18.02 15.67 
ETH 100FP 14.91 16.28 13.27 15.52 
CRB 974P 7.23 8.26 11.09 15.26 
CRB 934 6.99 9.13 9.77 14.37 
EDGT 14.99 13.09 20.81 19.22 
Polymer Tramadol HCl Matrix Tablets with Co.excipients (D:P- 10:2) 

CMC Starch HPMC 
ETH 7P 33.89 31.92 16.28 
ETH 7FP 23.82 27.09 13.98 
ETH 10 P 24.91 28.76 19.27 
ETH 10FP 35.29 37.17 22.09 
ETH 100P 45.24 43.00 24.98 
ETH 100FP 38.09 36.76 23.09 
CRB 974P 28.02 32.91 13.00 
CRB 934 32.05 35.00 12.64 
EDGT 44.01 43.44 27.09 

ETH-Ethocel®; CRB-Carbopol; EDGT-Eudragit RS 100 
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4.7. OPTIMISED TEST TABLETS 
Nimesulide matrix tablets containing Ethocel® FP 7 Premium with drug to polymer ratio of 

10:2 were selected as optimised test tablet from Nimesulide matrix tablets formulations and 

in case of Tramadol HCl the matrix tablets containing the same polymer i.e. Ethocel® FP 7 

Premium with a drug to polymer ratio of 10:4 was selected as optimised test tablets 

formulation from the prepared matrix tablets of Tramadol HCl. This selection was based on 

the release profile and kinetic models data. These optimised test tablets followed a release 

mechanism near to zero order and had a prolong release as compared to other formulations. 

4.8. STABILITY AND REPRODUCIBILITY STUDIES 
To conduct reproducibility studies, three more batches of the optimised test tablets 

formulations were prepared. Among the three batches of Nimesulide, there was no significant 

difference (p<0.05) in the hardness (7.34 ± 0.029, 7.12 ± 0.016 and 7.22 ± 0.023), drug 

content (100.36 ± 1.2, 101.82 ± 1.01 and 99.99 ± 0.50) and friability (0.16 ± 0.01, 0.20 ± 0.01 

and 0.04 ± 0.02). There was also no significant difference (p<0.05) in hardness (8.18 ± 0.027, 

0.02 ± 0.0261 and 8.05 ± 0.023), drug content (101.43 ± 1.0, 100.71 ± 1.0 and 101.01 ± 1.3) 

and friability (0.24 ± 0.03, 0.32 ± 0.02 and 0.01 ± 0.04) between the three batches of the 

optimised test formulation of tramadol HCl. This proves that the optimised test tablets of 

Nimesulide and Tramadol HCl are reproducible. 

The optimised test tablets of both Nimesulide and Tramadol HCl were stored in stability 

chamber for short term accelerated stability testing (40oC and RH 75%) (ICH, 2003). 

Different parameters like organoleptic properties, breaking force (hardness), friability, weight 

variation, drug content and percentage release for 24 hours were recorded at 0 (pre Storage), 

1, 3 and 6 months times. The results of the stability testing are presented in table 4.31 for 

Nimesulide and table 4.32 for Tramadol HCl. The tables depicts that there was no significant 

effect of the accelerated conditions on the appearance hardness, friability, weight variation, 

drug content and percentage release of the tablets stored for 6 months accelerated studies 

(p<0.05). 

For dissolution equivalency of the optimised test tablets in stability studies, the difference 

factor f1 and similarity factor f2 was calculated for the optimised test formulations during 

stability studies at each retest period (1, 3 and 6 months) by comparing the dissolution profile  

with the dissolution profile of the same formulations at zero time (Pre storage). Table 4.33 

show the f1 and f2 values for the optimised test tablets of Nimesulide and Tramadol HCl 
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stored for the 6 months stability testing. The table shows a good level of equivalence of 

dissolution profiles determined at 0 time (pre-storage) and after storage at 1, 3 and 6 months. 

Generally, f1 up to 15 and f2 > 50 indicates similar dissolution profile (Shah et al., 1998; US 

FDA, 1997).  

   

Table 4.31: Stability indicating parameters (appearance, hardness, friability, weight variation, drug 
content, % release after 24 hours and) for Nimesulide optimised Test tablets in accelerated conditions 
(40oC and RH 75%) (n=3, Mean ±SD) 

Test  
period 

Appearance Hardness 
(kg/cm2) 

Friability 
(%) 

Weight % Drug 
Content 

% drug 
release at 24 
hours 

0 month Yellowish 7.33 ± 0.025 0.18% ± 0.03 200.26 ± 0.25 100.50 ± 1.2 75.32% ± 0.52 

1 month Yellowish 7.32 ± 0.07 0.17% ± 0.01 200.28 ± 0.15 100.51 ± 1.3 74.3% ± 0.52 

3 months Yellowish 7.33 ± 0.020 0.19% ± 0.02 200.25 ± 0.32 100.45 ± 1.6 76.72% ± 0.31 

6 months Yellowish 7.34 ± 0.015 0.18% ± 0.03 200.43 ± 0.16 100.44 ± 1.4 75.59% ± 0.14 

 

Table 4.32: Stability indicating parameters (appearance, hardness, friability, weight variation, drug 
content, % release after 24 hours and) for Tramadol HCl optimised Test tablets in accelerated conditions 
(40oC and RH 75%) (n=3, Mean ±SD) 

Test  
period 

Appearance Hardness 
(kg/cm2) 

Friability 
(%) 

Weight  % Drug 
Content 

% drug 
release at 24 
hours 

0 month Whitish 8.03 ± 0.03 0.21% ± 0.03 201.07 ± 0.44 101.15 ± 1.7 78.37% ± 0.21 

1 month Whitish 8.07 ± 0.05 0.19% ± 0.01 201.03 ± 0.29 101.10 ± 1.3 78.01% ± 0.11 

3 months Whitish 8.04 ± 0.01 0.23% ± 0.01 201.12 ± 0.32 100.99  ± 1.6 79.47 % ± 0.12 

6 months Whitish 8.03 ± 0.02 0.23% ± 0.04 201.15 ± 0.10 100.90 ± 1.7 78.99 % ± 0.72 

 

Table 4.33: Difference factor (f1) and Similarity factor (f1) of Nimesulide and Tramadol HCl optimised 
test tablets at different retest period  

Retest 

period 

f1 f2 

Nimesulide Tramadol HCl Nimesulide Tramadol HCl 

1 month 1.24 2.81 98.78 99.63 

3 month 1.38 1.66 96.55 95.28 

6 month 1.37 2.76 97.29 98.22 
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4.9. EFFECT OF TABLET PREPARATION METHOD 
The selected optimised formulation of Nimesulide and Tramadol HCl that has D:P of 10:2 

and 10:4, respectively with Ethocel® 7FP polymer were compressed into tablets using wet 

granulation method to study the effect of tablet preparation method on the release profile of 

the model drug from the matrix tablets. The Nimesulide tablets prepared by wet granulation 

method were evaluated for hardness, weight variation, thickness, diameter, friability and 

content uniformity tests which were 8.4±0.035 kg/cm2, 200.36±1.24 mg, 2.41±0.015 mm, 

8.0±0.00 mm, 0.28% ± 0.01, 99.84% ± 1.82 respectively. Hardness, weight variation, 

thickness, diameter, friability and content uniformity tests for Tramadol HCl matrix tablets 

prepared by wet granulation method were 8.02±0.05 kg/cm2, 201.06±1.22 mg, 2.99±0.04 

mm, 8.0±0.01 mm, 0.18% ± 0.03, 100.03% ± 1.44 respectively. The physicochemical 

evaluation results of the matrix tablets prepared by wet granulation method suggests that 

these matrix tablets were more compressible and harder when prepared by wet granulation 

method as compared to direct compression and dry granulation method. These results 

conforms the findings of Khan and Median (2007).  

Figure 4.49 and 4.50 show the release profiles of Nimesulide and Tramadol HCl matrix 

Tablets, prepared by wet granulation method in comparison to the release profile of the same 

formulations prepared by direct compression (Nimesulide) or dry granulation (Tramadol 

HCl) method. The matrix tablets prepared by wet granulation method of Nimesulide 

demonstrated a drastically slower release rate (p<0.05) as compared to the directly 

compressed tablets of Nimesulide. This effect is attributed to the high compressibility of the 

granules which results in harder and less porous matrices. Khan and Median (2007) explained 

the reason for this effect as the increase in hardness and decrease in porosity leads to increase 

in interparticulate cohesion, that decrease the water penetration through the micropores, thus 

causing a slower drug release. Interestingly, the change in process of tablet preparation of 

matrix tablets of Tramadol HCl didn’t have a significant effect on the release of Tramadol 

HCl from the matrices (p>0.05). There was no difference in the release of Tramadol HCl 

from matrices prepared by dry granulation and wet granulation method. 

Due to the solvent system and expensive nature (costly and complicated procedures), wet 

granulation is not proposed for tablet preparation of Nimesulide and Tramadol HCl in the 

present study as the simpler and more economic method viz. the direct compression and dry 

granulation have given satisfactory results. 
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Figure 4.49: Release Profile of Nimesulide from Controlled Release Matrix Tablets of Ethocel® 7FP at D:P of 
10:2 Prepared by Direct Compression and Wet Granulation Method (n=6, Mean ±SD) 

 

Figure 4.50: Release Profile of Tramadol HCl from Controlled Release Matrix Tablets of Ethocel® 7FP at D:P 
of 10:4 Prepared by Dry Granulation and Wet Granulation Method (n=6, Mean ±SD) 
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4.10. MICROENCAPSULATED BATCHES 

4.10.1. Physicochemical	Characterization	of	Microcapsules	

Physicochemical characteristics of all the four batches of microcapsules were carried out and 

the results are presented in table 4.34. The percentage yields of the batches were between 

93.95 ± 0.89 %- 97.34± 1.23 %. The drug entrapment efficacy was in the range of 95.65% to 

98.45 %. These results of the drug yield and drug entrapment efficacy are similar to the 

findings of other authors also (Khan et al., 2011). It can be seen that as the ratio of the 

polymer increased in the batches so was the percentage yield and drug entrapment efficacy. 

This may be attributed to the increased aggregation of the particles of the polymer (Khan et 

al., 2010; Michael et al., 2002; Youan et al., 2001).  The flow properties results are also 

shown in table 4.34. The angle of repose for the 4 batches of Nimesulide and Tramadol HCl 

microcapsules ranged between 23.67o± 0.12- 27.35o ± 0.38. The compressibility index or 

Carr’s ratio was 12.54 ± 0.33 % -15.64 ± 0.11% and the Hausner ratio for the four batches 

was 1.21 ± 0.05 to 1.34 ± 0.03. These results of the micromeritics of the batches show good 

flow properties of the batches (USP, 2007; Banker and Anderson, 1986). The flow properties 

are very important with respect to the process of manufacturing. If the products have poor 

flow properties then variations may occur in the percentage yield, drug content uniformity 

and dissolution profiles, ultimately the efficacy and potency of the dosage form may vary. 

Table 4.34: Physicochemical parameters of Microcapsules (n=3, Mean ±SD) 

Formulations F1 F2 F3 F4 

% Yield 93.95± 0.89 97.34± 1.23  95.94± 1.08 97.01 ± 1.20 

Drug Entrapment Efficacy (%) 95.65%  97.92 % 96.34 % 98.45 % 

Angle of Repose 25.44 o ± 0.12 27.35o ± 0.38 23.67o± 0.12 24.76± 0.12 

Compressibility Index 12.54 ±0.33 % 15.64 ± 0.11% 14.04 ± 0.42% 114.93± 0.18% 

Hausner Ratio 1.21 ± 0.05 1.24 ± 0.01 1.26 ± 0.02 1.31 ± 0.04 

4.10.2. Surface	Morphology	of	Microcapsules	

The surface morphology is described in SEM images of the batches (Figure 4.51a-d). The 

SEM images show that the products in the four batches have irregular shape, which may be 

attributed to the formation of matrix where drug is embedded. One reason could be the 

presence of moisture in the final product hence aggregation of microcapsules may have 

occurred. The results of SEM in the present study are contrary to the results of Bharath, 2005. 

A reason for this difference may be the use of polymer, as Chitoson was used in the later 

study.   
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Figure 4.51a: SEM Image of Batch1 of 
Microcapsules 

 
Figure 4.51b: SEM Image of Batch2 of 
Microcapsules 

 
Figure 4.51c: SEM Image of Batch3 of 
Microcapsules 

 
Figure 4.51d: SEM Image of Batch4 of 
Microcapsules

 

 

4.10.3. In	vitro	Dissolution	Studies	of	Microcapsules	

The four batches of microcapsules of Ethocel® 7FP premium carrying Nimesulide and 

Tramadol HCl were evaluated for the in vitro release of the drugs by conducting dissolution 

studies. Figure 4.52 and 4.53 shows the release profile of Nimesulide and Tramadol HCl 

from the microcapsules respectively along with the release from conventional dosage forms. 

The cumulative percent drug release from Batch 1 and 2 that carries Nimesulide was found to 

be 98.35 % ±1.12 and 87.23 % ±1.75, respectively, after 12 hours, while the batches 3 and 4 

that carries Tramadol HCl showed a cumulative percent drug release of Tramadol HCl to be 

100.00 % ± 1.43 and 90.63 % ±1.54, respectively, after 12 hours. Both the conventional 

dosage forms of Nimesulide and Tramadol HCl showed 100 % release in just 4 hours and 2.5 

hours, respectively. It is obvious from the graphs that Ethocel® 7FP premium has retarded the 
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release of the drugs from the microcapsules. It is attributed to the hydrophobic nature of the 

polymer and the hydration and relaxation of the polymer matrix (Shah et al., 2012; Khan and 

Zhu, 1998b). The release profile also depicts that as the concentration of the polymer 

increases, the release of the drug is more retarded. It is because as the concentration of the 

polymer is increased. Similar results were reported by Khan et al., 2011 and Cheu et al., 

2001. In these studies the authors prepared microparticles with various polymers and reported 

that as the concentration of the polymer increases, the release is more sustained. 

 

Figure 4.52: Release Profile of Nimesulide from Microcapsules containing Ethocel® 7FP at two D:P Ratios) 
(n=6, Mean ±SD) 

 

Figure 4.53: Release Profile of Tramadol HCl from Microcapsules containing Ethocel® 7FP at two D:P Ratios) 
(n=6, Mean ±SD) 
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4.10.4. Drug	Release	Kinetics	

The release data of the batches were analysed for the release kinetics by using different 

models as mentioned in the methodology chapter. The criterion of selecting the most 

appropriate model was based on best goodness of fit. Table 4.35 present the correlation 

coefficient (R2) and release exponent (n) calculated for the different kinetic models. It was 

found that the drug release from microcapsules was best explained by Korsmeyer-Peppas 

kinetics as R2 values were highest in this case. The n values in Korsmeyer-Peppas equation 

ranged between 0.534-0.592 showed that the release mechanism of the drug from the 

microcapsules was non fickian anomalous which is characterised by the fact that mainly the 

drug is released with diffusion mechanism coupled with swelling and erosion (Korsmyer et 

al., 1983, Khan and Median, 2007). Similar release mechanism from micro particles was 

reported by Khan et al., 2011, Freitas and Marchetti, 2005. 

 

 

Table 4.35: Kinetic models applied to determine the release profile of Model Drugs from microcapsules 
consisting of Ethocel® 7FP. 

Formulations  
Zero order First order Higuchi 

Hixon 
Crowell 

Korsmeyer 
Release 
Mechanism 

R1 R2 R3 R4 R5 N 
Nimesulide-Ethocel 7FP

F1 0.859 0.438 0.943 0.953 0.987 0.543 Anomalous 

F2 0.836 0.537 0.935 0.931 0.978 0.592 Anomalous 

Tramadol HCl-Ethocel 7FP

F3 0.920 0.527 0.943 0.925 0.983 0.534 Anomalous 

F4 0.899 0.429 0.933 0.932 0.992 0.567 Anomalous 

 

 

 

 

 

 

 



Chapter 4: Results and Discussion 
  

147 
 

4.11. IN VIVO BIOAVAILABILITY STUDIES 

4.11.1. Plasma	Concentration	Verses	Time	Profile:	

Figure 4.54 shows the mean plasma concentration verses time profiles for Immediate Release 

Nimesulide reference tablets and the test matrix tablets of Nimesulide-Ethocel® 7FP.  As 

shown in the figure, the matrix test tablets of Nimesulide is a reflective of a slow and 

extended release rate of drug absorption. It can be observed that the developed test tablets of 

Nimesulide maintain a constant blood plasma level for a long period than the immediate 

release reference tablets which achieve a peak concentration quickly followed by rapid 

elimination. For the reference product, the drug remains in the systemic circulation for nearly 

18 hours whilst prolonged circulation is achieved for the matrix tablets owing to prolong 

release of drug concentration plasma levels and increased apparent half-life.  

The mean plasma concentration versus time profiles of reference formulation and test tablets 

of Tramadol HCl is shown in Figure 4.55. As shown, the in-vivo plasma concentration for the 

test formulations of Tramadol HCl is reflective of a slow and extended release rate of drug 

absorption. The reference formulation of Tramadol HCl being administered, shows a higher 

plasma level of Tramadol HCl. Whereas more extended release rate was observed in case of 

test formulations compared to the reference formulation of Tramadol HCl, as for test 

formulations the active moieties remained in the body for longer period. 

Similar results were reported by Badshah et al., (2010) who investigated Olanzapine levels in 

rabbit serum after administering a test CR formulation and a conventional formulation. Our 

results are also in conformation with the investigations of many other authors (Shah et al., 

2012; Badshah et al., 2012). 
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Figure 4.54: Comparative Plasma concentrations verses time profiles for Nimesulide Test tablets verses 
Reference product (n=5, Mean ±SEM) 

 

Figure 4.55: Comparative Plasma concentrations verses time profiles for Tramadol HCl Test tablets verses 
Reference product (n=5, Mean ±SEM) 
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4.11.2. Pharmacokinetic	Investigations	

Nimesulide: Pharmacokinetic parameters with statistical analysis obtained for both controlled 

release Nimesulide-Ethocel® 7FP matrix test tablets and the reference tablet of Nimesulide 

are presented in Table 4.36. The two tailed t-test was applied on results using SPSS 12.0 

software to test for the treatment effect i.e. Test tablets vs reference tablets. As shown in 

table, the mean elimination rate constants (Kel) of reference immediate release Nimesulide 

tablets and test matrix tablets were 0.134±0.023 h-1 and 0.0845±0.005 h-1, respectively, and 

significant difference (P<0.05) in Kel values of the two formulations was found. The mean 

half-life (t1/2) of Nimesulide reference and test tablets were 2.76hrs ±0.98 hrs and 12hrs ±1.3 

hrs, respectively, and significant difference was observed (P<0.001). The mean Tmax values 

for reference and test tablets of Nimesulide were 2±0.02 hours and 8±0.34 hours and Cmax 

were 81±1.34 ng/ml and 54±0.73 ng/ml respectively. Statistical analysis showed the 

significant difference between Tmax and Cmax values of the reference and test tablets (P<0.05).  

In this study the values of AUC0-t for reference and test tablets were noted 1435 ±6.7ng.hr/ml 

and 2583±9.03 ng.hr/ml, respectively, and statistically significant difference was noted 

between the reference and test formulations (P<0.001). The mean resident time (MRT0-t) 

values, calculated for reference and test tablet of Nimesulide were 2.345±0.23 hours and 

12.063±0.43 hours, respectively, and significant difference was observed (P<0.0001). 

Similarly, the mean volume of distribution (Vd) values for reference and test formulations 

were 0.125±0.002 Litters and 0.512±0.001 Litters, respectively, with significant difference 

(P<0.005). The mean of total clearance, calculated for reference tablets was higher 

0.079±0.002 µg×hr/(µg/mL) than that of test tablets 0.04±0.0002 µg×hr/(µg/mL) with 

significant difference (P<0.05). In vivo studies have been performed on Nimesulide by other 

authors, however, our results show some variations from their results which might be due to 

the subject difference, number of subjects or formulation difference (Raugia et al., 2009; 

Ptacek et al., 2001). Ptacek et al., (2001) studied quantitation of Nimesulide in human plasma 

and Raugia et al., (2009) studied orally disintegrating tablets of Nimesulide. 

It has been revealed that the half-life is extended for matrix tablets. Similarly the time to 

reach the maximum concentration (tmax) is also increased, which is attributed to the slow 

release rate. So it can be concluded that these Nimesulide matrix tablets can be used once 

daily unlike the conventional Nimesulide tablets which are administered twice daily.  
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Table 4.36: Pharmacokinetic parameters for Nimesulide, following oral administration of Reference and 
Test tablets of Nimesulide to two separate groups of rabbits (n=5, Mean±SD).  
 
Parameter Nimesulide-Ethocel® 7FP 10:2 Conventional reference 

Nimesulide 
Statistical 
Test (P) 

Kel 0.0845±0.005 h-1 0.134±0.023 h-1 <0.05 
Tmax 8±0.34 hours  2±0.02 hours  <0.001 
Half Life (t1/2) 12hrs ±1.3hrs 2.76hrs ±0.98 hrs <0.05 
Cmax 54±0.73 ng/ml 81±1.34 ng/ml  <0.05 
AUC0-t 2583±9.03ng.hr/ml 1435 ±6.7ng.hr/ml <0.0001 
MRT 12.063±0.43 hours 2.345±0.23 hours  <0.0001 
Vd 0.512±0.001 Litters 0.125±0.002 Litters  <0.05 
total clearance 0.04±0.0002 µg×hr/(µg/ml) 0.079±0.002 µg×hr/(µg/ml) <0.05 

 

Tramadol HCl: Table 4.37 gives a brief description of the pharmacokinetic parameters 

obtained after oral administration of reference IR and test tablets of Tramadol HCl in the two 

groups of rabbits (n=5).  The elimination rate constant (Kel) of the test formulation was 

significantly lower 0.10±0.003 h-1 than the corresponding value of reference formulation 

0.23±0.036 h-1, it shows a significant difference in the Kel of the two formulations (P<0.001). 

A significant difference (P<0.001) in half-life (t1/2), for reference and Test Tablets was noted. 

Half-life (t1/2) for reference was 4.617±1.00 hours, while that for test formulation it was 

9.043±0.93 hours. Maximum plasma concentration (Cmax) of reference formulation was 

89.23±1.23 ng/mL, while that for test formulation it was 61.77±1.321 ng/mL which predicts a 

significant difference (P<0.05). As shown in Figure 4.55, the maximum plasma peak 

reference was significantly higher than that of test formulation, but reach in short time as 

compared to test formulation. As Tmax for reference was noted 1.4±0.002 hours, while that for 

test 7±0.001 hours. Statistically, there is significant difference between Tmax of reference and 

test formulations (P<0.001). In this study the values of AUC0-t for reference and test 

formulations were observed 1326.04±24.21 ng.hr/mL and 2378.33±12.23 ng.hr/mL 

(P<0.001). The mean resident time (MRT0-t) values, calculated for reference and formulations 

of Tramadol HCl were 6.13±0.38 hours and 10.469 ±0.57 hours, respectively with an 

observed significant difference (P<0.0001). Similarly, the mean volume of distribution (Vd) 

values for reference and test formulations and the mean of total clearance calculated for both 

reference and test tablets are given in table 4.37. In vivo studies on Tramadol HCl 

formulations have been performed by different authors but the in vivo data results given in 

this dissertation is somewhat different from them with respect to pharmacokinetic parameters 

(Aamir et al., 2011; Bodalia et al., 2003; Sojeong et al., 2011). This might be due to subject 

difference and formulation difference. Aamir et al., (2011) developed microparticles and 
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studies these in human plasma, Sojeong et al., (2011) and Bodalia et al., (2003) also used 

human volunteers to compare the already developed extended release Tramadol HCl tablets 

with immediate release capsules.  

Table 4.37: Pharmacokinetic parameters for Tramadol HCl, following oral administration of Reference 
and Test tablets of Tramadol HCl to two separate groups of rabbits (n=5, Mean±SD).  

Parameter Tramadol HCl-Ethocel® 7FP 10:2 Conventional reference Tramadol 
HCl 

Statistical 
Test (P) 

Kel 0.10±0.003 h-1 0.23±0.036 h-1 <0.001 
Tmax 7±0.001 hours 1.4±0.002 hours <0.001 
Half Life (t1/2) 9.043 ±0.93 hours 4.617±1.00 <0.05 
Cmax 61.77±1.321 ng/ml 89.23±1.23 ng/ml <0.05 
AUC0-t 2378.33±12.23 ng.hr/ml 1326.04±24.21ng.hr/ml <0.0001 
MRT 12.063±0.43 hours 2.345±0.23 hours  <0.0001 
Vd 0.743±0.002 Litters 0.217±0.005 Litters  <0.001 
total clearance 0.05±0.001 µg×hr/(µg/ml) 0.094±0.004 µg×hr/(µg/ml) <0.05 

 

4.11.3. In	Vitro	In	Vivo	Correlation	(IVIVC)	

According to FDA guidelines for IVIVCs, A level (A) represents a point to point relationship 

between in vitro dissolution rate and in vivo absorption rate (FDA, 1997).  A level (A) 

correlation can be established by comparing the amount of drug absorbed with the amount of 

drug released from the same formulation at each time points. 

To check whether there is any correlation between the in vitro and in vivo data of the 

optimised test tablets of both Nimesulide and Tramadol HCl, fraction of percent drug 

absorbed was plotted against fraction of percent drug released (from in vitro dissolution 

studies). The percent drug absorbed was calculated by using the well-known Wagner and 

Nelson equation (Wagner and Nelson, 1964). Badshah et al., (2011) and Shah et al., (2012) 

used the same method to establish an in vitro in vivo correlation. As shown in the Figure 4.56 

and Figure 4.57, a good in vitro and in vivo correlation of level A was achieved for the test 

formulations of Nimesulide and Tramadol HCl test formulations with coefficient of 

determination (R2) 0.9418 and 0.9599, respectively. This suggests that the amount of the drug 

absorbed can be predicted by the amount of the drug dissolved during the standard 

dissolution test.  

However, because of the study design, nature and use of limited number of laboratory 

animals in the experiment, the results can only be considered preliminary and further studies 
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with large number of subjects should be carried out before recommending the optimised test 

formulations of the model drugs for in vivo studies in human volunteers.  

 

Figure 4.56: In Vitro In Vivo Correlation for Controlled Release Nimesulide Test Tablets 

 

Figure 4.57: In Vitro In Vivo Correlation for Controlled Release Tramadol HCl Test Tablets 
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PART B 

4.12. EVALUATION OF SOLID DISPERSION BATCHES PREPARED 

THROUGH SPRAY DRYING 

4.12.1. Percent	Yield	and	Drug	Content	

The results of Percent yield (w/w) and drug content (w/w) for each batch is presented in table 

4.38. It was observed that as the percentage of the polymer increases in the batches the 

percent yield increases (p<0.05). It is due to the fact that the batches with low concentration 

of HPMC (B1-B3) showed sticking on the side wall of the drying chamber due to which there 

was lost in the powder content of these batches. This low percent yield of the batches was 

attributed to the less amount of the polymer to enclose the drug contents. Generally the 

percent yield of all batches was less than 90%. This was due to the fact that the very small 

particles that passed into the scrubber from cyclones were not collected for analysis. 

The drug content in was in the range of 85-95%. Batches like B1-B3 showed less drug 

content due to the sticking of the product with the side wall of the chamber. 

The factor inlet temperature has no effect on the percent yield and drug Content (p<0.001). 

Table 4.38: Results of Percent Yield and Drug Content for Ibuprofen Solid Dispersion Batches 

 Batches 

 B1 B2 B3 B4 B5 B6 B7 B8 B9 
Percent 
yield* % 

60.34 
±1.23 

62.72 
±1.82 

61.27 
±0.26 

70.72 
±1.92 

72.37 
±1.01 

70.29 
±1.28 

84.72 
±1.26 

85.12 
±1.88 

85.12 
±2.44 

Drug 
Content* % 

86.36 
±2.11 

85.27 
±1.72 

85.43 
±1.92 

89.22 
±0.88 

92.23 
±1.23 

92.89 
±0.23 

95.92 
±1.62 

94.28 
±1.34 

94.23 
±1.77 

* Results reported as Mean ± SD (n=3) 

4.12.2. Image	Analysis	

SEM images were taken with the objective to gather information about the surface and shape 

of the solid dispersions. The SEM images of pure Ibuprofen, HPMC, and samples from all 

batches of solid dispersions are shown in Figure 4.58 a-h. Pure ibuprofen showed mixture of 

small and large crystals which might have been generated due to micronisation or any other 

size reduction process at the time of manufacturing. The figures of batches 1, 2, 3 showed a 

cluster like structure of the products of these batches. It was due to the sticky nature of these 

batches and less amount of the HPMC. The batches 4, 5, and 6 showed some crystalline 
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particles which may be attributed to the pure ibuprofen crystals present in the end product 

(solid dispersions). The batches 7, 8 and 9 showed characteristics smooth shapes with 

concaved depressions of solid dispersions in which crystalline powder traces of Ibuprofen 

cannot be identified. The SEM image analysis showed that the batches with higher ratios of 

polymer (HPMC-AS) have characteristic shape and structure of the solid dispersions. 

 
Figure 4.58a.: SEM image of pure Ibuprofen (at a 
resolution -2K) 

 
Figure 4.58c: SEM image of Batch 1 (at a 
resolution -2K) 

 
Figure 4.58b: SEM image of pureHPMC-AS (at a 
resolution -2K) 

 
Figure 4.58d: SEM image of Batch 2 (at a 
resolution -2K) 



Chapter 4: Results and Discussion 
  

155 
 

 
Figure 4.58e: SEM image of Batch 3 (at a 
resolution -2K) 

 
Figure 4.58f: SEM image of Batch 4 (at a 
resolution -2K) 

 
Figure 4.58g. SEM image of Batch 5 (at a 
resolution -2K) 

 
Figure 4.58 h; SEM image of Batch 6 (at a 
resolution -2K) 

 
Figure 4.58i: SEM image of Batch 7 (at a 
resolution -2K) 

 
Figure 4.58j: SEM image of Batch 8 (at a 
resolution -2K) 
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Figure 4.58h: SEM image of Batch 9 (at a resolution -2K) 

4.12.3. Crystalline	or	Amorphous	Nature	of	the	Solid	Dispersions	

PXRD analysis was carried out to determine the crystalline or amorphous nature of all the 

batches. Figure 4.59 shows the PXRD of pure Ibuprofen, HPMC-AS and all batches (B1-B9). 

The PXRD of pure ibuprofen showed sharp diffraction peaks specially between 15-23o 2θ, 

which are attributed to the crystalline nature of Ibuprofen. These characteristic peaks were 

observed in batches B1-B6 but with the decrease in the elevation of diffractogram. It can be 

concluded from the PXRD of the batches B1-B6 that ibuprofen crystals were present to some 

extent in these batches. The PXRD of batches B7-B9 showed broad amorphous halos with no 

characteristic peaks of ibuprofen, thus in these batches the product was in amorphous form 

and the polymer (HPMC-AS) has completely enclosed the drug. Similar results were 

observed by various authors while preparing solid dispersions through spray drying (Paradkar 

et al., 2004; Chauhan et al., 2005).  
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Figure 4.59: PXRD patterns of Pure Ibuprofen and Various batches of Ibuprofen Solid Dispersions 

4.12.4. TGA	and	DSC	Analysis	

The TGA of pure ibuprofen and HPMC-AS is shown in Figure 4.60. The TGA of pure 

ibuprofen depicts that at temperature nearly 300oC ibuprofen showed a complete weight loss 

and the HPMC-AS showed a complete weight loss above 350oC. TGA was used to select a 

range of temperature for the DSC analysis in which the drug or polymer remains intact and 

no weight loss occur. So the range of temperature selected for DSC analysis was 25-280 oC.  
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Figure 4.60: TGA Thermogram of Pure Ibuprofen and HPMC-AS 

The DSC thermograms of pure ibuprofen showed a sharp endothermic peak at 77.36 oC, 

which attributed to the melting point of Ibuprofen (Figure 4.61). The endothermic peaks were 

broadened and shifted to lower temperature in batches B1-B6. This might be due to the 

presence of some crystalline ibuprofen. In general this partial loss in crystalinity may be 

observed due to presence of amorphous excipients (Foster et al., 2001). In thermograms of 

batches B7-B9, no endothermic peak was observed indicating amorphous nature.  
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Figure 4.61: DSC Detection in analysis of Melting Points of Pure, Ibuprofen, HPMC-AS and Batches of 

Ibuprofen Solid Dispersions 

The data from PXRD and DSC showed that in batches B7-B9 no crystalline particles were 

present and that the polymer has completely entrapped the drug and the existence of 

amorphous form of ibuprofen (Chauhan et al., 2005) 

4.12.5. FTIR	and	RAMAN	Analysis	

To study the possibility of interaction between Ibuprofen and HPMC-AS, the FTIR spectra of 

all batches were studied. Figure 4.62 shows the FTIR spetra of pure Ibuprofen, HPMC-AS 

and all batches of solid dispersions. The infra-red spectra of pure Ibuprofen showed 

characteristic stretching bands of Carbonyl bond (C=O) at 1740 cm-1, OH band at 2990 cm-1, 

and CH bands at 1000-1200 cm-1. The batches like B7-B9 which were reported to have 
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amorphous nature from DSC and PXRD studies showed broadening of these peaks. It may be 

attributed to the intermolecular hydrogen bonding. 

 

Figure 4.62: FTIR Spectra of Pure Ibuprofen, HPMC-AS and Batches of Solid Dispersion of Ibuprofen 

Figure 4.63 show the RAMAN spectras of pure Ibuprofen, HPMC-AS and all batches. The 

RAMAN spectra of B7-B9 showed complete loss of all characteristics peaks due to the 

presence of intermolecular hydrogen bonding. The FTIR and RAMAN studies showed that 

there was an interaction between drug and polymer in case of batches 7-9 which are known to 

be important to the stability of amorphous solid dispersions (Hong, 2009).    

 
Figure 4.63: RAMAN Spectra of Pure Ibuprofen, HPMC-AS and Batches of Solid Dispersion of Ibuprofen 
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4.12.6. In	Vitro	Dissolution	Studies	

The in vitro release profile of pure ibuprofen is shown in Figure 4.64. The figure shows that 

the poor water soluble drug (pure ibuprofen) showed a release of 100% after 120 minutes. 

While the batches B1-B6 showed a faster release and 100% of ibuprofen was released from 

these batches in 60 -90 minutes. In case of batches B7-B9, a burst release of ibuprofen was 

observed. 100% of ibuprofen released from B7-B9 in nearly 30 minutes. This drastic increase 

in the dissolution rate can be owing to the change in solid state of these batches. This might 

be attributed to the reduced particle size, improved wettability and amorphous nature of these 

batches (Broman et al., 2001). Other scientists also concluded from their research work on 

solid dispersion that after the preparation of solid dispersions, the dissolution rates can be 

enhanced (Chauhan et al., 2005; Tashtouch et al., 2004; Passerini et al., 2002).  

 

Figure 4.64: In vitro Dissolution Profile of pure Ibuprofen and Solid Dispersion batches of Ibuprofen (n=3, 
Mean ±SD) 

4.12.7. Statistical	Analysis	

ANOVA was applied on the drug dissolution data. x1 and x2 are the two factors i.e. D:P ratio 

and inlet temperature respectively studied at three different levels (-1, 0 and 1). Three 

different levels of D:P were 1:1, 1:2 and 1:3, and that for inlet temperature were 40oC, 50oC 

and 60oC. The results of table 4.39 showed that the D:P ratio has an effect on the release 

profile (p<0.05).  
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Table 4.39: Statistical Analysis 

Regression Statistics 

Multiple R 0.980644 

R Square 0.961663 
Adjusted R 
Square 0.938661 

Standard Error 1.509327 

Observations 9 

ANOVA 

  df SS MS F Significance F 

Regression 3 285.7223 95.24076 41.80772 0.000578143

Residual 5 11.39033 2.278067

Total 8 297.1126       

  Coefficients 
Standard 

Error t Stat P-value Lower 95% 
Upper 
95% 

Lower 
95.0% 

Intercept 99.01333 0.87141 113.6243 1E-09 96.77330237 101.2534 96.7733
x1 -5.63333 0.61618 -9.14235 0.000262 -7.21727441 -4.04939 -7.21727

x11 -6.53667 1.067255 -6.12475 0.001683 -9.28013310 -3.7932 -9.28013

x12 -1.57 0.754663 -2.0804 0.092015 -3.50992372 0.369924 -3.50992

 Three dimensional response surface plot is shown in Figure 4.65 for the drug dissolution 

data. It showed a well-defined response surface curve. The plot clearly show that the D:P 

ratio has a significant effect on the percent drug release with a little effect of the inlet 

temperature.  

 
Figure 4.65: Response Surface Methodology showing the Effect of Polymer Ratio and inlet temperature on the 

release profile of ibuprofen from solid dispersions
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Concluding Remarks 

The overall conclusions of the present dissertation are presented here.   

i. There is no interaction and incompatibility between the drugs (Nimesulide and 

Tramadol HCl) and polymer used. 

ii. Ethocel®, Carbopols and Eudragit RS 100 polymers can be used for successful 

development of controlled-release matrix tablets of sparingly soluble drug (Nimesulide) and 

highly soluble drug (Tramadol HCl).  

iii. Ethocel® polymers with lower viscosity grades can extend the release rate of the drug 

more effectively than their counterparts with higher viscosity grades.  

iv. Particle size and concentration of the polymer are the determining factors in 

controlling the release of Nimesulide and Tramadol HCl from the matrix tablets. 

v. Ethocel® standard FP premium polymers are more efficient than conventional 

Ethocel® Standard premium polymers in extending and controlling the release rates of the 

drugs. Results revealed that Ethocel® standard 7 FP premium showed more effective role in 

controlling the release of Nimesulide and Tramadol HCl from matrix tablets.  

vi. The release mechanisms of Nimesulide and Tramadol HCl from the tablets are 

changeable, depending mainly on the particle size and amount of the polymer used in the 

formulations. Most of the tablets showed anomalous non fickian mechanism.  

vii. Replacement of portions of filler within the tablet formulation by the co.excipients 

such as HPMC K100M, CMC and starch enhance the release rates of Nimesulide and 

Tramadol HCl. 

viii. Carbopols can effectively extend the release of a slightly soluble drug like Nimesulide 

but are not ideal candidates for water soluble drugs Tramadol HCl.   

ix. Among the three different groups of polymers (Ethocel®, Carbopols and Eudragits), 

Ethocel® is the most effective rate controlling agent. 

x. Matrices composed of Ethocel® standard 7 FP premium provide suitable environment 

for stability of Nimesulide and Tramadol HCl like drugs and optimized formulations 

demonstrating good stability of the Nimesulide and Tramadol HCl in Ethocel® matrix tablets.  
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xi. Wet granulation method of tablet preparation have a more retarding effect as 

compared to the direct compression method but have less difference in controlling the release 

of drug from the matrix tablets with dry granulation method. 

xii. The microcapsules of Nimesulide and Tramadol HCl can be produced by 

coacervation thermal method with Ethocel® 7FP premium polymer with release rate 

controlling properties. 

xiii. In-vivo pharmacokinetic parameters of test formulations showed more extended 

release rates as compared to reference IR formulations of Nimesulide and Tramadol HCl. 

Moreover, the test formulations showed good linear relationship between In-vitro drug 

release and In-vivo drug absorption, and prolonged MRT0-t and t1/2 values as compared to 

reference formulations.  

xiv. Solid dispersions of a water insoluble drug (Ibuprofen) can be produced by spray 

drying technique to enhance its solubility and ultimately bioavailability. 

xv. Among the different variables studied in the preparation and evaluation of the solid 

dispersions of Ibuprofen, the drug to polymer ratio was proved to be the main factor in 

development of solid dispersions 

xvi. HPMC-AS can be successfully used as carrier in preparation of solid dispersion of 

Ibuprofen. The reason for the enhanced solubility of Ibuprofen after its development into 

solid dispersion was conversion of crystalline form into amorphous form. 

Future Perspective: 

Based on the importance of controlled release and solid dispersion technology, it is 

recommended for future work to: 

1. Carry out in vivo studies on the developed matrix tablets of Nimesulide and Tramadol 

HCl in other animal models like dogs, monkeys. 

2. Conduct studies in human beings for properly finding out the pharmacokinetics of the 

developed dosage forms in clinical settings. 

3. Study the effect of other parameters in preparation of solid dispersion of Ibuprofen 

like outlet temperature, viscosity & temperature of the feed and surface tension. In 

vivo studies of solid dispersions would be interesting after proper in vitro 

investigation. 
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