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The main objective of this research task was to accomplish successfully development of 

the controlled release matrices of Flurbiprofen and ibuprofen. These both are typical members 

of NSAID’s and offer considerable therapeutic effects to relieve the symptoms and subsequent 

management of chronic inflammatory disorders such as osteoarthritis, Rheumatoid arthritis, 

ankylosing spondylitis and dysmenorrhea. Eudragit polymers were employed as rate 

controlling agents and consequently, their obvious impact on kinetic, mechanism and pattern of 

drug release was investigated. This highly skillful task did require primarily, initial pre-

formulation studies to rule out drug identification, as well as solubility profiles.  The drug and 

polymer as well as drug, polymer and co excipients compatibilities were also seriously 

addressed. 

Different codes were used to produce a set of formulations involving Eudragit L 100, L 

55 and S 100 respectively by employing different drug to polymer ratios for both Flurbiprofen 

as well as Ibuprofen without any further addition of co-excipients. Moreover, same 

formulations were also developed in which primary filler (lactose) was partially replaced with 

co–excipients such as starch, CMC, HPMC, Gum Acacia and Gum tragacanth respectively. 

Ultimately the impact of these co–excipients upon drug release from fabricated matrices was 

also noted. Official procedures were employed to describe the Micromeritics studies of pure 

drugs a s well as respective physical mixtures of the formulation. The results provided 

puzzling statements about the flow of the pure drugs describing poor flow behavior. This 

problem was rectified by developing physical mixtures of different ingredients including 

magnesium stearate as a result, an enhanced and improved flow properties were exhibited. This 

was indispensable and prominent step in tablet preparation. Direct compression method was 

adopted as preferred procedure to get matrix tablets. Matrix tablets formed under such a tidy 

situation under go physico-chemical assessment according to official procedures. These test 

protocols included dimensional, friability, hardness, weight variation and content uniformity 

tests. All these searching checks were within official limits. In–vitro dissolution tests were 

performed for matrix tablets by selecting rotating basket method (USP method 1) with 



 
ix 

phosphate buffer of PH 7.4 as recommended dissolution medium. Matrices having Eudragit L-

100 enhanced the drug release more efficiently as compared to other grades.  

The leading factors affecting rates and kinetics of drug release from matrices included 

particle size, drug to polymer ratio and viscosity grades. 

Various co–excipients incorporated due to progressive replacement of lactose (Primary 

filler) such as CMC, HPMC, Starch, Gum Acacia and Gum Tragacanth caused enhanced drug 

release i.e within 3-5 hours. Different kinetic models were fitted to the data of drug release 

from the matrices. Korseymerpeppas equation best fitted the release profile from matrices by 

giving “n” value that described anomalous non fickian release mechanism for formulations 

without co-excipients. The similarity factor (f2) was also determined by comparing dissolution 

profile of both matrices and conventional dosage forms. The optimized formulations of both 

drugs were selected by keeping in view description of kinetic models as well as in-vitro 

dissolution profiles. The optimized formulations were subjected to stability testing in 

accelerated condition for short term exposure and they offered good stability profiles in 

accelerated conditions. The optimized tablets were also selected for in-vivo studies to 

determine in-vivo bioavailability and pharmacokinetic parameters in rabbits. The result 

deduced, showed test formulation to display extended drug release as compared to reference 

formulations. Also the test formulations portrayed good linear relationship between in-vitro 

drug release and in-vivo drug absorption. 
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Chapter # 1 

1. INTRODUCTION 

The health professional today is often confronted with a bewildering array of 

medications for a single indication. Different classes of agents are available to treat a 

single condition, and within each class many different agent may be available that 

exhibit, more or less, the same beneficial and adverse effects. For a single agent, 

different salt forms may be available. Finally, a specific drug salt may prepare as a 

capsule or tablet, each with different exception, coatings, and coloring agents, which 

may affect the release rate of the drug from the formulation. The bulk of prescription 

drug products fall into this final category; of the approximately 10,000 prescription 

drugs available in 1990, over 80% are available from more than one source (Babiker, 

2008). 

 

1.1 The Concept of Drug Delivery 

“It is the process or method of administering active pharmaceutical ingredients 

(AIPs) to achieve a therapeutic or pharmacological effect in humans or animals”. 

Drug delivery now a day is at foremost age of pharmaceutical product development. 

In the past, the field of drug delivery demanding on creating and introducing novel 

forms of previously recognized drugs. Currently, drug delivery represents itself as a 

process of execution, life cycle of product and to extend the shelf life of product in 

market by providing superior versions of drugs as patents are about to expire. The 

technologies of Drug delivery are patent sheltered formulation which is used for the 

alteration of pattern of drug release and its pharmacokinetics. Patient compliance, 

product efficacy and safety are augmented owing to such technological modifications. 

Drug delivery encompasses to allow the delivery of right concentration of the drug 

product to reach the right place at right time via right route. Drug delivery systems are 

protean, in order to keep an effective and safe concentration of the drug product into 

the body tissues. 
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1.2 Drug Delivery Systems 

“System for the delivery of drug to target the site of pharmacological action” 

Such system are inert pharmaceutically but vulnerable to maintain and expedite the 

effectiveness and safety profile of active ingredients that are present as an entity to 

yield pharmacological effects so the ultimate focus of such system is to produce 

optimum therapeutic effects by allocating at the target site, the requisite amount of 

active ingredient. 

 

1.2.1 Conventional Release Drug Delivery Systems 

The synonyms are immediate release or traditional delivery systems. 

Such system is characterized by Fast and unobstructed drug release kinetics. This 

leads to hasty boost of drug level in body compartments. There is a parallel decline 

that tends to cause a hazard outcome up to the toxic verge of collapse down below 

therapeutic level. 

 

1.2.2 Modified Release Drug Delivery System  

Such systems Portray alteration of the kinetics, site or rate of release of active 

therapeutic entity used to accomplish particular pharmacological objectives. 

Conventional dosage forms are unable to produce such release pattern. 

There system embrace a wide variety of system such as delayed release target 

release, extended or prolonged release and repeat action products. 

 

1.3 Controlled Release Drug Delivery Systems 

Numerous dosage forms such as tablets, syrups, capsules, suppositories and 

injectable etc. have been employed for the effective management of both acute as well 

as chronic manifestations since last few decades. Such dosage forms have to take or 

administer many time a day to furnish their associated therapeutic goals by keeping 

the serum drug concentration with in target range. But this multiple dosing ultimately 

elevate blood serum level leading to little effectiveness and unwanted toxicity. The 
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poor efficacy is primarily due to fluctuations in the absorption. All these factors laid 

down the foundation of controlled drug delivery system. Such rigorous factors like 

erratic absorption direct to the improvement of controlled delivery systems. 

Up till now multi factorial advancements have been made so to control the rate of 

drug delivery, prolong the duration of activity and to provide a gate-way for the drug 

to enter the compatible tissues. Different terminologies are implied in order to 

illustrate the scope of such system e.g. time release, sustained release, prolonged 

action or controlled release. The term CR (controlled release) refers to the 

predictability and reproducibility in drug release kinetics. This suggests that drug 

release occurs at kinetically predictable as well as reconciliation of unit to unit 

reproducibility (Sastry et al., 2000).Two important parameters that cover the scope of 

controlled delivery systems include spatial placement and temporal delivery of a drug. 

Spatial placement describes drug targeting to a particular tissue. On the other hand 

temporal delivery controls overall drug kinetics to the tissues that are actually 

targeted. 

Controlled drug delivery system is one that “achieves slow release of a drug over 

extended period of time”. The system can provide the control that may be spatial or 

temporal in nature. Generally controlled release delivery tends to attempt: 

i. Provision of local action due to spatial placement either in the diseased tissue 

or very near to diseased organ. 

ii. Chemicals or carriers employed for drug targeting (Lee et al., 1999). 

iii. By maintaining effective and constant body drug levels to get an extended 

drug action at predefined rate. However this is done along with the 

establishment of simultaneous minimization of unwanted side effects due to 

peak kinetic profile. 

The fundamental characteristic of the controlled release dosage forms is to modify 

both pharmacodynamics as well as pharmacokinetic properties of the drug product 

this could be done by changing the molecular structure or by adopting recently 

advanced delivery systems. 

Controlled release dosage forms are categorized as below. (Hanna et al., 1987, 

Harikrishna et al., 2010, Eldridge et al., 1990, Joseph et al., 2002). 

Membrane controlled or Reservoir systems such as: 
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 Coated granules, 

 Enteric coated tablets, 

 Microcapsules. 

 Capsules,  

 Ion-exchange resins. 

 Osmotic systems. 

 Matrix systems. 

Matrix system further subdivided as: 

i. Inert monolithic system. 

ii. Solvent activated system. 

Following two types emerge from the solvent system. 

 Hydrophilic matrices forming gel. 

 Hydrophobic matrices causing erosion. 

   

1.3.1 Oral Controlled Release Drug Delivery System 

By virtue of easy to administer and suitability, oral drug delivery is most 

widely adopted and accepted route of administration that is safe too. 

Pharmaceutical industry is bestowed by current advanced technological system to 

present well developed dosage forms possessing peculiar characteristics. These 

portray themselves as tools used to attain optimum results with little demerits. NDDS 

offers its significance owing to low level of toxicity, enhanced stability profile and 

therapeutic efficacy. 

Oral drug delivery system can broadly be categorized into: 

i. Controlled release preparations. 

ii. Targeted release preparations. 

iii. Immediate release preparations. 

The immediate release preparations are usually preferred to achieve rapid onset of 

action for certain drugs including vasodilators, antipyretics and analgesics. Controlled 

release (CR) drug delivery system gained intensive importance in field of medical 

sciences due to involvement of various scientific disciplines in developing improved 
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dosage forms with greater patient compliance. CR drug delivery system has following 

significant merits over conventional solid oral dosage forms. 

i. Plasma levels are maintained in therapeutic range for prolonged period of 

time. 

ii. Rate of drug release can be predicted and controlled for defined time interval. 

iii. The activity of short half-life drugs can be increased. 

iv. Frequency of drug administration can be minimized, thus maximizing the 

effect, with little drug tends to improve patient compliance and product 

reliability with little drug wastage.  

Targeted release targeted release drug delivery system has been designed so far to 

deliver the contents to desired site of action. For achieving such objectives different 

mechanistic approaches can be used including coating of the conventional tablets 

using pH sensitive system and active targeting by site specific binding legends. 

Spatial placement of active drug substances to their active site of action is gaining 

more importance day by day (Banker and Rhodes 2002). For these types of dosage 

forms oral route is not used widely because the drug is to be delivered to desired site 

of action without eliciting major effects. Cancer chemotherapy and genetic disease are 

the major focusing areas concerned with active drug targeting, mechanism based 

agents and system along with the related technologies are usually directed to 

molecular pathways to treat the underlying disease cause. Liposomes, nanoparticles, 

released erythrocytes and pro-drugs are the usually used for fulfilling these stated 

objectives. 

 

1.4 Types of Oral Controlled Release Drug Delivery Systems 

1.4.1 classification Based on Mechanism of Drug Release 

 On the basis of mechanism of drug release, usually the oral controlled release 

products are classified into following types. 

i. Dissolution controlled systems. 

ii. Diffusion controlled systems. 

iii. Reservoir devices. 

iv. Matrix devices. 

v. Bio-erodible and combination of diffusion and dissolution controlled systems. 
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vi. Osmotic ally controlled systems. 

vii. Ion-exchanges system. 

 

1.5 Diffusion Controlled System  

When the release rate of the drug is dependent on its diffusion through an inert 

membrane then such systems are termed as diffusion controlled systems, in such 

systems the drug release is usually controlled by a barrier which is insoluble polymer. 

In a broader sense these system can be further divided into two subclasses i.e. 

Reservoir devices and matrix devices. 

 

1.5.1 Reservoir Devices 

In reservoir devices a core of drug is surrounded by a polymeric membrane 

and this membrane is responsible for the controlling the release of the drug from 

device. Reservoir diffusional systems are characterized by some of the following 

points. Order release is possible to be obtained by using reservoir type devices and 

drug release kinetics can be controlled by changing membrane nature. These systems 

have some disadvantages including.  

i. Physical removal or expulsion of an implanted systems. 

ii. High molecular weight substances are not allowed to incorporate since pore 

size of the developed membrane offers resistance to the drug substance. 

iii. Risk of unhampered toxicity if system accounts failure. 

iv. Expensive enough, since production costs are much higher. 

The Fick put forward a wide variety of equation to throw light on whole diffusional 

process. The drug passing through a unit area is directly linked with concentration 

difference across that plane as given in equation. 

J = -D
  

  
  (1.1) 

Where  

J = flux of drug Units = concentration/area-time. 

D = diffusion coefficient of membrane, units = area/time. 
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dC/dX = change in concentration C relative to distance X in the membrane. 

Equation 1.1dictates molecules ability to diffuse via solvent and this is influenced by 

size of molecule and its electrostatic nature. The diffusion coefficient is based on 

concentration, that’s why it is called as coefficient instead of constant. The drug 

concentration remains in equilibrium on either side of the membrane with respect to 

the membrane surface. Concentration adjacent to or into the membrane (
c
m) can be 

exhibited by following relation. 

  
      

    
at x = 0  (1.2) 

  
      

    
at x = d  (1.3) 

Where 

K = partition coefficient.  It represents drug concentration inside as well as ambient 

environment of membrane at equilibrium. 

      = concentration of the outside surface of membrane. 

D = thickness of the diffusional path way. 

As a general principle the hydrophilic molecule will favorably reside in the medium 

and lipophilic moiety will stay inside the polymeric membrane. 

If it’s assumed that D and K are constant then the equation 1.1 can be rearranged as. 

   
     

 
  (1.4) 

Where 

 C= concentration difference across the membrane. 

Release rate of the drug will be dependent on the geometry of the system i.e. surface 

area. 

   

  
 = 

       

 
   (1.5) 

Here Mt is the mass of the drug released in time t, and dMt/dt is steady state release 

rate at time t and A is the surface area of the device. This equation describes the drug 

release from slab type devices where release is from only single side (banker and 

Rhodes 2002). 
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Diffusional systems exhibit constant release at steady state; however initially such 

system portray dramatic pattern of release i.e. dependent on the type of device the 

release could be increased or decreased. It might occur due to following justified 

logic. If the system is used up as soon as it is formulated then slow release behavior is 

demonstrated due to long lag time required by the drug to reach at and then diffuse 

into the membrane that has rate controlling nature on the other hand long term storage 

of the system may provide opportunity to the drug to equilibrate the membrane thus 

producing quick burst release.  

 

1.5.2 Matrix Devices 

In matrix system drug is dispersed uniformly throughout the polymer matrix as 

demonstrated in fig: 1.7 in such system the drug in outer diffused out of the matrix. 

For these system to be diffusion controlled the rate of dissolution of drug particles 

within the matrix must be faster than diffusion rate of the drug molecules moving out 

of matrix.  

Mathematical model discussing these system have following main assumptions. 

i. During release profile maintained steady state is pseudo in nature. 

ii. When diffusion of the drug through matrix occurs then its average distance is 

larger than the diameter of the particulate dosage from. 

iii. Nearly complete sink condition is provided by compartment bearing receptor 

solution. 

iv. Matrix system portrays a constant diffusion co-efficient and integrity and 

functions of polymer induced membrane shows no variation 

(Abdebany&Tadoos, 2000). 
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Drug Polymer                      Drug Dispersed in Polymer 

Dispersion 

 

Remaining Polymer “Ghost” 

Time = 0     Time = t 

Figure 1.1: Matrix diffusional system before (Time = 0) and after partial drug release (Time = 0) 

 

Higuchi have presented the mathematical equation showing release of drug from 

matrix types devices as given in equation 1.6. 

  

  
 =       - 

  

 
  (1.6) 

Here, dM is the change in drug concentration released per unit area, and dh is change 

in thickness of zone that is exhausted of the drug, C0 is total drug present in single 

dosage unit, Cs saturated concentration of drug in matrix. 

dM = 
     

 
 dt   (1.7) 

Where, Dm is diffusion coefficient in matrix, integrating and solving above two 

equations for h gives. 

M = [             ]
    (1.8) 

When C0>> Cs (When drug is in excess of its saturation concentration. 

M =            
     (1.9) 

This equation indicates the drug amount release is the function of square root of time. 

This equation can be reduced to following equation 1.10. 

M =        (1.10) 

Where k is a constant so that plot of amount of drug release against square root of 

time will be linear, if release of drug from matrix is diffusion controlled. If such 

condition is achievable then release of the drug form matrix can be controlled by 

changing following parameters: 
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i. Membrane pore size. 

ii. Matrix bearing initial concentration. 

iii. Varying combination of polymer yielding the matrix. 

iv. Drug solubility profile. 

Matrices are easy to formulate and best suitable for high Molecular weight substances 

to cause their delivery at the requisite site. 

Rapid flush release of the drug does not happen owing to the homogenous disposal of 

the drug in the systems. The draw backs counted as major include.  

i. Polymeric removal from the body after exhaustion. 

ii. Since drug release is variant when square root time function is incorporated 

so, drug release not show compliance with Zero order. 

 

1.6 Preparation of Matrix Tablets  

A tablet is regarded as strongly adhered aggregate of small particles. Due to the 

availability of expanded range of active pharmaceutical ingredients, the tablet forming 

instruments (machines) tend to exhibit tablet manufacturing as science and as a result 

tablets got the status of favorite dosage forms. Tablet manufacturing is easy and 

convenient owing to its unique drug delivery systems. The tablets are stable enough in 

respect to solutions and suspensions. (Abdelkabder et al., 2007, Cao et al., 2005). 

Tablet manufacturing cycle involves following three different methods. 

i. Dry granulation. 

ii. Wet granulation. 

iii. Direct compression. 

Formulation mix if shows adequate balance and equalities b/w plastic behavior and 

brittle fracture. Then tablets manufacturing assumes to be successful these one mainly 

dependent upon joint blending of APIs and excipients. Compression properties to 

offer an acceptable as well as particular uniform dosage form. 
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1.6.1 Direct Compression Method 

This method involves compaction or compression of drug and excipients 

blends directly and there is no further manipulations in this manufacturing process 

(McCormick, 2005). In wet granulation method, compression precedes granulation, 

and in DC, granulation is not required rather, is simpler as compared to wet 

granulation owing to limited unit operation. However the aspects that is critical and 

crucial such as flow and compressibility need through consideration since the method 

is simple enough and risks of preparation failure always exist.  

 

1.6.2 Wet Granulation Method  

This method of tablet manufacturing requires adequate mixing of APIs with 

excipients with aided binding solution to yield agglomerate which then produce 

granules that are multi-particulate, larger entities. Granulation is pre-requisite step 

during wet granulation technique as granules avoid the risk of components 

segregation and also play tremendous role in enhancing flow properties. Granules 

tend to exhibit improved flow and compression properties as compared to constituents 

of blend when they are considered as separate entity or an individual capacity. 

Formulation of granules requires three logical segments 

(1) Wetting (2) Nucleation (3) Consolidation, growth and substantial 

breakage& attrition. 

A nuclei is generated upon contact with binding solution and powder 

materials. This occurs at nucleation stage or wetting during granules 

manipulation (Kiortsis et al., 2005, Median and Khan, 2007). 

 

1.7 Mechanism of Drug Release form Matrix System 

Different system exhibit different release mechanisms thus the knowledge 

regarding drug release behavior is crucial enough in developmental stage of the drug 

b/c a variety of factors are ready to affect this property and might produce puzzling 

variations if not addressed seriously. 

 

Drug release occurs via following well documented mechanisms. 
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i. Diffusion. 

ii. Swelling followed by dissolution. 

iii. Erosion. 

iv. Erosion-dissolution combination(khan and zhu,1998,skoug et al;1993) 

 

1.7.1 Diffusion 

Diffusion or leaching mechanism is one of the best and popular mechanisms 

of drug release involving monolithic matrix system that is porous in nature. The drug 

existing in hydrophobic polymer as dispersed particles tends to dissolve in GIT fluids 

followed by diffusion based drug release through porous network formed by the drug 

particles that undergo dissolution. A loading of the drug up to 10-15% Provides 

percolating drug network having all particles connected to each other producing 

continuous structure (Chidambaram1998). An incomplete drug release occur if 

loading concentration of the drug is lower by a fraction known as trapped fraction 

(Colombo et al., 1995). 

An effective release mechanism model was generated from ointment base that was in 

homogenous consistency by Higuchi and his colleagues. An alteration in this model 

might be useful in predicting drug release from matrices that are porous in nature and 

having connected capillaries (Higuchi, 1963). 

M = [            
 

 

               ]
   

  (1.11) 

Where 

M : released portion of drug per unit surface area. 

  : Matrix porosity. 

t : tortuosity. 

Ca : drug Solubility in specified medium. 

C0 : drug magnitude in matrix unit volume. 

Ds : Diffusion co-efficient in release medium. 

The porosity factor (p) employed to rectify any correction in volume of water filled 

matrix. The tortuosity factor (t) employed to yield enhanced pathway of diffusion in 

the porous structure to affect necessary correction. (Khan and Median, 2007). 
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Likewise, for pseudo-steady state        ,   denotes drug saturated concentration 

within the matrix. 

M = [                    
 

 
  ]

   

  (1.12) 

Channels or pores predispose themselves as porosity matrix fraction and thus allow 

surrounding liquid penetration. 

For data manipulation above equation (1.1) can be reduced to: 

M =          (1.13) 

Where k = diffusion controlled release constant and will give linear line when drug 

release quantity is plotted against square root of time. 

A wide range of study protocols have been designed for release mechanism analysis 

of Higuchi model. (Higuchi, 1963,  Akbug, 1991, Singh et al., 1967). 

The Higuchi model favored planar diffusion but Korsmeyer and peppas participated 

later on and established an exponential equation which is simple enough and covers 

cylinders, spheres and slabs like geometrics for release mechanism description. 

Q = 
  

  
 -      (1.14) 

Where Q           = fractional release, k=constant “n”=diffusional exponent. “n” 

value play significant role in order to characterize various release mechanisms 

(Nagarwal et al., 2010). 

For Fickian diffusion “n” value is 0.45 .A value in the range of 0.45 to 0.89 describes 

anomalous or non-Fickian transport (first order release). A value of 0.89 represents 

zero order kinetics and regarded as case-II transport. 

Water soluble drugs are released mainly by diffusion with a partial input from erosion 

while the anomalous diffusion results from the relaxation of the macromolecular 

polymer chains (During and Fassihi, 2002; Escudero et al., 2008). 
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1.7.2 Swelling  

Mega changes such as volume expansion and chain relaxation may occur 

during release from the polymer thus justifying the fact that swelling is not an easy 

process but a bit complicated mechanism for drug release, therefore, water soluble 

drugs formulated as matrices in polymers that show glassy appearance such as 

HPMC, present the swelling as major drug release mechanism (Anna et al; 2009; 

Colombo et al; 1996). 

The polymer swelling occurs when matrices come in contact with water thus 

undergoing transition known as glassy to rubbery state transition. The tablets are 

preferentially dry at this level followed by gel formation leading to the transport of 

dissolved drug owing to enhanced mobility of the polymeric chains. Rapid and fast 

drug release occurs in case of highly soluble and increased dose drug due to 

accumulation of drug on the surface of tablets. The gel layer act as a barrier b/w water 

penetration and tablets disintegration drug release kinetics is altered due to gel layer 

thickens and rate of its formation. Furthermore if gel is formed due to an excessive 

quantity of polymer then diffusion of the drug reduces while erosion of the tablets is 

extended. Different factors such as water penetration, swelling, dissolution followed 

by drug diffusion and erosion are at leading edge to control gel layer formation and 

subsequent drug dissolution. Also rate of gel layer formation as well as its thickness 

can have an obvious effect on release kinetics (Faith et al., 2010; Nunthanida et al., 

2009). 

 

1.7.3 Erosion 

If drug particles are allowed to disperse in hydrophobic carrier then erosion 

becomes the main release mechanism of the system. Swelling occurs upon contact 

with water or GIT contents in the following order matrices, polymer drug dissolution. 

Moreover, gel erosion or dissolution rate of drug as compared to drug diffusion 

becomes much faster. Poorly soluble drugs embedded into an erodible hydrophilic 

matrix present either diffusion or erosion as release rate. However in case of water 

soluble drugs erosion is mainly the release rate controlling mechanism. 

Drug release is influenced by the strength of the gel so formed. Erosion release 

mechanism and zero-order kinetic is exhibited if low viscosity grade polymers are 



15 
 

used. On the other hand matrices composed of high amount of polymer or high 

viscosity grades polymer are stable enough and Fickian's diffusion is mainly the 

mechanism of drug release instead of dissolution that is negligible. The square root 

time is best fitted in this case, anyhow anomalous transport also occurs when a 

combination of diffusion and erosion constitutes the drug release (Mahta et al., 2001). 

Insoluble drugs; besides their dose, follow erosion as mechanism of drug release. 

Surface as well as bulk matrix erosion mechanisms (Rothstein et al., 2005) 

The polymers possessing functional groups that are highly reactive such as poly 

anhydrides display surface erosion because they have faster tendency to degrade as 

compared to water influx in the matrix. On the other hand, polymers such as PLGA, 

containing less reactive functional groups favor bulk erosion. 

 

1.8 Factors Affecting Release of Drug from Matrix Tablets or Systems 

Such factors are subdivided into two logical divisions. 

i. Formulation parameters. 

ii. Process parameters. 

 

1.8.1 Formulation Variables 

Before processing to prepare matrix systems it is vulnerable to address 

physicochemical characteristics of drug such as solubility as this parameter can 

adversely affect the drug absorption .Table shows few recommendations. Other 

properties besides this parameter like particle size, surface area, drug stability both 

within the system as well as at absorption site and pH dependent solubility also affect 

matrix systems. (Furlanetto et al., 2006). 

 

 

1.8.1.1 Particle Size of Drug 

The impact of particle size of moderately soluble substances on the release 

mechanism from the matrices are imperative as particle size significantly affects the 

drug release from matrix systems. Particle size of Diclofenac sodium showed great 
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influence on mechanism and rate of release from HPMC tablets (Dabbagh et 

al.,1996). Smallest size particles undergo dissolution and diffusion rapidly through 

the tablet due to dissolution medium penetration through matrices while slow 

dissolution occurs in case of larger particles making them more susceptible to erosion 

that occurs at surface. Indomethacin a less soluble drug provided similar observations 

(Andrysek.2001) 

 

1.8.1.2 Effect of Drug-Polymer Ratio 

The impact of Drug –polymer ratio is much significant because delay in the 

release rate of the drug is directly proportional to the increase in concentration of 

polymer. HPMC based Diclofenac sodium system produced delayed release upon 

increase polymeric concentration. This retarding affect is also attributed to viscous gel 

layer that also presented longer pathways of diffusion. Same results were observed 

upon metoprolol, treatment with HPMC which is a water soluble drug. (Median and 

Khan, 2007). 

 

1.8.1.3 Type of Polymer 

Type of polymer has an obvious effect on the drug release from the matrix 

system. A wide variety of polymers are available to be employed for extended release 

tablets. These include EUDRAGIT
®
, Ethociland HPMC. Also, polymers do have 

different grades e.g. HPMC; containing a various combination of methyl and 

hydroxyl propyl substitutions. As hydrophilic hydroxyl propylparts are increased then 

hydration takes place rapidly. This occurs in following order. 

Methocel K >Methocel E > Methocel F 

Methocel K is more suitable for extremely soluble drugs as fast hydration is 

compulsory are case of highly soluble drugs and less hydration of the polymer leads 

to dose dumping due to rapid gastric fluid penetration into the core of the tablets 

(DOW pharmaceutical, 1996). 

Mechanical and diffusional properties of matrices are affected by viscosity of various 

grades as highly viscous gels owe resistant and tortuous properties leading to slow 

drug release (Heng et al 2001). 
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1.8.2 Process Variables 

 These encompass compression force, table size and tablet shape. They do have 

obvious effects on drug release from matrices. 

 

1.8.2.1 Compression Force 

It has negligible impact on the release behavior but prominent effect on tablet 

hardness and very minute effect on drug release form HPMC based matrices. This 

modification owes due to porosity of the tablets. (Velasco et al., 1999). The 

compression force has little impact on release of drug from matrices. This is due to 

the fact that both initial porosity and hydrated matrix porosity are totally independent 

from each other. The similar surveillance was investigated by Rekhi et al. Who said 

that change in compression force or hardness have a minimal impacts on drug release 

from matrices of HPMC (Velasco et al., 1999; Rekhi et al., 1999). 

 

1.8.2.2  Tablets size 

The drug release is also affected adequately by Size of matrices as Siepman et 

al., showed that size of tablets has a potential effect on the rate of release from matrix 

tablets. After 24 hours from different sized matrices such as large, medium, small was 

50.9%, 83.1% and 99.8% respectively(Basak et al., 2006).Due to smaller diffusion 

pathways and large surface area small tablets showed maximum release. The small 

tablets exhibited smaller diffusion pathways with respect to larger tablets. 

 

 

 

1.8.2.3 Tablets Shape 

Release of drug is also affected by tablet shape. Rekhi and his coworker 

described the impact of tablet shape and size positively for those matrices that follow 

diffusion as well as erosion mechanism. They observed 20-30% increase in 

metoprolol tartarate tablets dissolution rate when formulated with Methocel K100 LV 
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upon changing from concave to caplet shape, they concluded from these findings that 

spherical shaped matrices provide lowest release. Siepman et al., observed higher 

release rates in case of flat shape than that of regular shape having same value. They 

said that difference in surface area of matrices is responsible for variation in the 

release. (Siepmann et al., 2006; Siepmann et al., 2008, Streubel et al., 2003). 

 

1.9 Polymers Used in the Formulation of Matrix Tablets 

1.9.1 Polymer 

Macromolecules obtained by the union of large number of monomer that are small 

simple molecules. Polymeric properties and reactivity are based on monomeric 

chemistry as well as monomeric assembly. Due to polymer science fabrication and 

development of novel dosage form have been emerged. 

Rather recent advancement display various application of polymer such as adhesive, 

emulsifying agent, coating agent, suspending agent, drug carrier, viscosity, improver, 

disintegrant, solubilizer, gelling agent and encapsulating agent. Our research work 

included EUDRAGIT 
® 

polymer. 

 

1.9.2 EUDRAGIT 
® 

Polymer 

A polymer either natural or synthetic is a material that is combined with a drug to 

release drug in an intended mode. The development of controlled drug delivery 

systems has been made promising by the various well-matched polymers to modify 

the release pattern of drug. Optimal selection of polymers constantly suffering from 

the problems of non-biocompatible, non-biodegradable and expensive and this 

problem can solve with a polymer of different properties. The basic objective of 

controlled drug release is to achieve more effective therapies by eradicating the 

potential for both under- and overdosing. 

Eudragit
®
 is the brand name for a various range of poly-methacrylate based co-

polymers. It comprises anionic, cationic and neutral co-polymers based on 

methacrylic acid and methacrylic/acrylic esters or their derivatives. Eudragits
®
 are 

amorphous polymers having glass transition temperatures between 9 to 150 
o
C. 

Eudragits
®
 are non-biodegradable, non-absorbable and nontoxic. Anionic Eudragit L 
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dissolves at pH > 6 and is used for enteric coating, while Eudragit S, soluble at pH > 7 

is used for colon targeted drugs (1). Eudragit
® 

has been introduced in USP-NF, BP, 

PhEur, Hand book of pharmaceutical excipients (Metha et al., 2001). 

Table 1.1: Year of introduction EUDRAGIT
®
Grade 

YEAR OF INTRODUCTION EUDRAGIT
®

GRADE 

1954 EUDRAGIT
®

L 12.5, EUDRAGIT
®
S 12.5 

1959 EUDRAGIT
®
E 12.5 

1961 EUDRAGIT
®
E 100 

1968 EUDRAGIT
®
RL 100, EUDRAGIT

®
RS 100 

1972 

EUDRAGIT
®
NE 30 D (Formerly EUDRAGIT

®
E 

30 D), EUDRAGIT
®

L 30 D - 55 (Formerly 

EUDRAGIT
®

L 30 D), EUDRAGIT
®
RS PO, 

EUDRAGIT
®
RL PO 

1977 EUDRAGIT
®

L 100 

1983 EUDRAGIT
®
NE 40 D 

1985 EUDRAGIT
®

L 100-55 

1986 EUDRAGIT
®
RL 30 D, EUDRAGIT

®
RS 30 D 

1999 EUDRAGIT
®
E PO, EUDRAGIT

®
FS 30 D 

 

1.9.2.1 Types of Eudragit 

There are two types of Eudragit  

1. pH dependent e.g. Eudragit L and S 

2. pH independent e.g. Eudragit RL and RS 
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Figure1.2: Chemical structures of various types of Eudragit
® 

 

1.9.2.2 ADVANTAGES OF EUDRAGIT POLYMERS 

Eudragit offers valuable advantages for enteric coatings 

 pH-dependent drug release 

 Protection of actives sensitive 

 to gastric fluid 

 Protection of gastric mucosa 

 from aggressive actives 

 Increase in drug effectiveness 

 Good storage stability 

 GI and colon targeting 

Advantage of protective Eudragit coatings 

 pH-dependent drug release 

 Protection of sensitive actives 

 Taste and odor masking 

 Moisture protection 

 Economical application 

 Improved passage of the dosage form 

 Smooth and glossy surfaces, good color coating 

Benefit from Eudragit coatings with sustained release 

 Time-controlled release of active ingredients 

 Therapeutically customized release profiles 

 Higher patient compliance due to reduced number of doses to be taken 
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 Cost-effective processing 

1.9.2.3 Uses of Eudragit polymers 

1.9.2.3.1 Ophthalmic Drug Delivery 

At target site to establish peak concentration is a major dilemma in ocular 

therapeutics. The leading cause is poor bioavailability due to various factors such as 

tear production, inadequate absorption, minimal retention time and corneal 

impermeability. Eudragit due to having positive charge and inert nature offer an 

excellent controlled release display that make them fit for ophthalmic use. (Pignatello 

R et al., 2002) 

 

1.9.2.3.2 Colon Drug Delivery 

A novel and rather  advance treatment protocol employed for the subsequent 

management of Crohn's disease, ulcerative colitis and irritable bowel syndrome is 

colonic drug delivery but this does require polymers that are either pH-sensitive or 

must have pH values above 7 . Eudragit L 100 and S100 mixture (1:1, 1:2, and 1:3) 

were incorporated to formulate Tegaserod maleate, a drug of choice for irritable 

bowel syndrome. (Degim IT et al., 2008) 

 

1.9.2.3.3 Transdermal Drug Delivery 

 Eudragit E-100 films were formulated with succinic acid or citric acid (acting as 

cohesion promoters) and triacetin being added as plasticizer. The produced films were 

subjected to check mechanical and organoleptic properties included transparency, 

elasticity, self-adhesion and yellowish in color. Eudragit E-100 yielded wrinkle free 

films with adequate skin adhesion and erosion was found to be the leading mechanism 

of drug release from transdermal system. Also within 20 minutes 100% release was 

observed (Malolepsza-jarmolowska K et al., 2003). 

 

1.9.2.3.4 Vaginal Drug Delivery 

Eudragit RS100 vaginal suppositories containing Sildenafil, and other excipients give 

adequate release. Intra-vaginal tablet were prepared with 1:1 ratio of lactic acid to 

Eudragit E-100, tablets disintegrating into a gel form at physiological range of 3.8-4.4 

pH. These gels possess an acid reserve that might be able to neutralize the excess of 

alkali present in severe vaginal infections (Basarkar A et al., 2009). 
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1.9.2.3.5 Buccal and Sublingual Drug Delivery 

Generally oral mucosae are somewhat leaky epithelia. It occupies an 

intermediate position between intestinal mucosa and epidermis. Buccal mucosa offers 

4-4000 times more permeability as compared to skin.(Harris et al., 1992). In general, 

the permeability of the oral mucosae decreases in the order of sublingual greater than 

buccal and greater than palatal (Ch’ng, et al., 1985). At physiological pH the mucus 

network caries a negative charge (due to the Salic acid and sulfate resident) which 

may play a role in mucoadhesion. At this pH mucus can form a strongly cohesive gel 

structure that will bind to the epithelial cell surface as a gelatinous layer (Ali et 

al.,1998), due to lack of retentive properties of dosage forms at absorption site buccal 

route display limitations as a result bio-adhesive polymers have gained extensive 

importance. Surgery and dentistry have been beautified with polymers having strong 

adherence to hard and soft tissues. Poly acrylic acid as well as methacrylate and 

cyanoacrylate after thorough investigation justified their muco-adhesive role (Kohda 

et al., 1983). The film must display ideal characteristics like softness, elasticity, 

flexibility, robustness and excellent muco-adhesive properties to stay in mouth for 

requisite time without causing discomfort. As a result diverse classes of muco-

adhesive devices have been emerged recently like patches, strips, films, ointments, 

disks and tablets.(Nair et al., 1996, Chen et al.,1992, Hangu et al., 1997). 

EUDRAGIT
® 

providing good drug release barrier with good adhesive strength. 

 

1.9.2.3.6 Gastrointestinal Drug Delivery 

Towards the development of such delivery system, the necessity for gastro retentive 

dosage forms has increased efforts in both industry and academia. As a result of these 

efforts, gastro retentive dosage form was designed based or following approaches. 

i. Dosage form having low density that causes buoyancy in gastric fluid. 

ii. Dosage form having high density that is retained in the bottom of the stomach. 

iii. Bio adhesion to mucosa of stomach. 

iv. By concomitant administration of drugs or pharmaceutical excipients slowed 

motility of gastro intestinal tract. 



23 
 

v. Expansion due to swelling or unfolding to a large size that limits emptying of 

the dosage form through pyloricsphincter.  

We can achieve all these techniques with different grades of 

EUDRAGIT
®
(Rahman et al.,2008). 

 

1.9.2.3.7 Intestinal Drug Delivery  

By coating of EUDRAGIT
® 

polymer, sustained intensive drug delivery was 

urbanized that could pass through the stomach and provide the drug into intestine for 

longer time period. Commercially available enteric acrylic resins are of two types. 

i. Eudriget L. 

ii. Eudriget S. 

Both of these produce films resistant to gastric fluid. EUDRAGIT
®

L and S get 

dissolved in intestinal fluid at pH 6 and 7 respectively. EUDRAGIT
®

L is in the form 

of organic solution (Isoproprarol) solid or aqueous dispersion. EUDRAGIT
®
S is in 

the form of only an organic solution (Isoproprarol) solid. By using fluidized bed 

processor, EUDRAGIT
®

 L 30 D-55 was used as coating material for para amino 

salicylate pellets against Gastric attack (Jain SK et al., 2005). 

 

1.9.2.3.8 Gene Delivery 

By gene delivery the path of hereditary disease could be limited. In addition 

by genetic therapy(Voltan et al., 2007), various acquired disease like multigenetic 

disorders as well as viral genes induced disease can be treated by blending PLGA 

with methacrylate polymer (EUDRAGIT
®
E 100). 

 

1.9.2.3.9 Vaccine Delivery 

By EUDRAGIT
® 

Nano L 100-55, microsphere and anionic surfactants free 

polymeric core-shell Nan spheres were prepared. By using different routes of 

administration vaccines were given including s/c, i/m or intranasal and the results 

were completed to immunization with tat delivered or Tat alone with the alum 

adjuvant. The data explains that the microsphere/Tat formulation/nano are secure and 

induce vigorous and extended cellular and humeral responses in mice. Also affect 
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systemic and / or mucosal immunization. It was also noted that weight ratio of 

EUDRAGIT
®
S-100 and noveon produced a marked impact on adhesion time of 

bilayers films. After being released from bilayer film (109± 6 micron thickness) port 

loaded plasmid DNA and Beta-gel remained stable having plasmid led to compliable 

antigen-specific IgGtitre to that of s/c protein injection. Immunization of all test 

animals (rabbits) via the buccal route by using plasmids avoiding s/c route explained 

splenocyte proliferative immune responses. 

 

1.9.2.4 EUDRAGIT® Polymers-Pharmaceutical Properties 

The basis of our offerings is our poly (meth) acrylates for pharmaceutical 

applications, which are known worldwide in the industry under trade name 

EUDRAGIT
®
. These polymers allow the active ingredient in solid dosage form to 

perform during the passage of the human body. The flexibility to combine the 

different polymers enables to achieve the desired drug release profile by releasing the 

drug at the right place and at the right time and, if necessary, over a desired period of 

time. Other important functions are protection from external influences (moisture) or 

taste/odor masking to increase patient compliance. The range of our product portfolio 

provides full flexibility for targeted drug release profiles by offering best performance 

for enteric, protective or sustained-release properties. EUDRAGIT
®
 polymers are 

copolymers derived from esters of acrylic and meth acrylic acid, whose 

physicochemical properties are determined by functional group. EDUDRAGIT
®

 

polymers are available in a wide range of different physical forms (Aqueous 

dispersion, organic solution granules and powders). A distinction is made between 1. 

Poly (meth) acrylates soluble in digestive fluids by salt formation EUDRAGIT
®

L, S, 

FS and E polymers with acidic or alkaline groups enable pH-dependent release of the 

active ingredient (Metha et al., 2001) 

 

1.10 Excipients 

Excipients may be defined by international pharmaceutical council (IPEC) as 

pro-drug or any substance incorporated in a finished pharmaceutical dosage form or 

involved in manufacturing process other than active pharmaceutical ingredient. Their 

inclusion is traditionally based upon two important reasons. 
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i. They aid manufacturing process. 

ii. They make up the volume. 

Their incorporation in different dosage forms is primarily liable to throw light on their 

capability to fulfill specialized functions, thus drug delivery is improved. 

Furthermore; excipient must be inert, stable enough and compatible with wide range 

of drugs as well as excipient in the formulations (Carien et al., 2009) 

 

1.10.1 Lactose 

Lactose is mainly used as a tablet filler or diluent. Glucose and Galactose form 

Lactose. It is naturally present in the milk hence also termed as milk sugar. In 1619, it 

was discovered in milk by Fabric Bartoletti and titled as sugar in 1980 by Carl 

Wilhelm Scheele. 

It has two isomers; alpha and beta, having 222.8C
0
 melting point and 342.30 molecule 

weights. It exists either in amorphous form or crystalline form (Tablets Ingredients, 

2010) 

 

1.10.2 Magnesium Stearate 

It is whitish impalpable powder fine in texture/nature and exhibits peculiar 

taste of met which resembles in odor with stearic acid. Depending upon the 

concentration that may vary from 0.25%, 0.5%-, best acted as lubricant in solid oral 

unit dosage forms such as capsules and tablets manufacturing, though it is regarded as 

inert compound, yet might produce mucosal irritation leading to produce laxative 

effect but this phenomenon is exhibited on large quantity. It is not welcomed to 

manipulate formulations containing aspirin and salts of alkaloids, while on the other 

hand, handsomely produce elegant formulations of alkali, acids and iron salts owning 

to its stability, inertness and compatibility (Tablets, Ingredients, 2010) 

 

1.10.3 Methocel
®

 

It is trade name used chiefly for HPMC or hypromellose, HPMC stands for 

hydroxyl propyl methyl cellulose. It is known to compose of methoxy and hydroxyl 
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group containing alky (hydroxyalkyl) cellulose. Hydroxyl propyl groups are the major 

determinant of rate of hydration and show direct proportionate relationship. Since it 

shows compatibility within wide range of pH values then is indicative that HPMC 

solubility does not depend upon the pH (Deppa et al, 2008). It takes mess in the 

enzymatic degradation (Hardy et al, 2006). It produce good viscosity control also 

available is various molecular weight; there factors have strengthened its acceptance 

as pharmaceutical excipients. The powder may be granular or fibrous without any 

taste and odor but it is not colorless. It may be white or creamy whit in nature. 

Though it is inert and produces no irritation or toxicity yet results in laxative action 

once ingested in large quantity. It is extensively employed as binder coating agent and 

to extend or modify the release of drug in capsules and tablets formulation. High 

viscosity grade are incorporated to extend or retard the drug release from capsules or 

tablets. The viscosity of the polymer is based on the number of attached groups as 

well as length of cellulose chain or polymeric backbone. 

 

1.10.4 Starch 

It is sparingly water soluble white powder. It is stable in nature portraying 

250
0
C melting point but might decompose before the arrival of its melting point. (C6 

H10 O5)n depicts its chemical formula and it is known with different common names 

like tapioca starch, soluble starch, amylopectin, corn starch amylodoxtrin, arrowroot 

starch and amylum etc. with strong oxidizing agents its compatibility is questionable. 

It tends to exhibit disintegrant filler and binder characteristic via two different types. 

i. Partially pre-gelatinized starch. 

ii. Fully pre-gelatinized starch. 

The 1
st
 type dictates disintegrant and binder properties while 2

nd
 type is lacking 

disintegrating properties and showing only binder nature (Starch, 2010) 

 

1.10.5 CarboxymethylCellulose (CMC) 

It is water soluble whitish or off whitish powder exhibiting free flow and 

stability if stored under normal conditions. It is also termed as carboxymethyl ether 

possessing 274
o
C melting point. It presents entirely dramatic portfolioat low as well 
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as at high concentration. In former case it exists as long filamentous rod like structure 

while in latter case it extends to develop gel that is thermoreversible. The gel 

formation occurs due to cooling up and over lapping of molecules(CMC, 2010) 

1.11 Flurbiprofen 

It is propionic acid derivatives belonging to the category of NSAIDs. 

 

 

 

 

 

  Figure1.2: Molecular Structure of Flurbiprofen 

 

1.11.1 Indications 

It is drug of choice to treat following clinical situations. 

i. Sprains and strains. 

ii. Postoperative pain. 

iii. Osteoarthritis. 

iv. Rheumatoid arthritis. 

v. Ankylosing spondylitis. 

vi. Dysmenorrhea. 

The above conditions may vary from mild to moderate in nature (Brooks and Day, 

1991; Qiu and Bae,2006) 

 

1.11.2 Posology 

It is given in divided doses usually 150 to 200 mg daily, may increase up 

to300mg in acute conditions. To combat pain associated with dysmenorrheal, 100mg 

is the first recommended dose and 50-100mg 6 hourly is preferred as maintenance 

dose 
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1.11.3 Pharmacokinetics 

1.11.3.1 Absorption 

It is absorbed immediately from GIT and after peak concentration within the plasma 

in 1 to 2hrs. 

1.11.3.2 Distribution 

It is 99% protein bound exhibit very short half-life of 3.3 to 3.4hrs. Its pKa value is 

4.2. 

1.11.3.3 Metabolism 

Liver is active site of biotransformation where hydroxylation and conjugation occur. 

1.11.3.4 Excretion 

It is extensively eliminated in urine with very little quantity to be excreted in breast 

milk. 

1.11.4 Side effects 

Nausea, tinnitis, kidney failure, gastric ulceration, abdominal cramps, liver 

impairment, black tarry stool, weakness & dizziness 

1.11.5 Dose 

 In acute conditions an oral dose of 150-200 mg is permissible in divided 

manner and may be increase up to 300 mg daily. In case of dysmenorrhea the first 

dose is 100mg, strengthen with maintenance dose of 50-100 mg after every 6 hours. 

Maximum recommended daily dose is 300 mg.   

1.12Ibuprofen 

It is employed as analgesic, antipyretic and a member of propionic acid 

NSAIDs. (Herzfeldt and Kummel, 1983, Baum. 1985;) 

 

 

 

 

 

                                     Figure 1.3:Molecular Structure of Ibuprofen 
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1.12.1 Chemical Structure 

On the basis of chemical structure different names are given to describe 

Ibuprofen, such as, α- Methyl-4(2-methylpropyl) benzenacetic acid [(±)-2-(4-

isobulphenyl) propionic acid] ( Laura and Evangelos, 2007), (2-(4-isolbulphenyl) 

propionic acid) (Philip . 1999), (iso-butyl-propionic)-phenolic acid) (A thesis, 2000), 

(2RS)-1[ 4-(2- methyl propyl) phenyl] propionic acid (Rabia and Nousheen, 2010). 

 

1.12.2    Properties 

It is white crystalline powder with 74 to 77 0C melting point, freely soluble in 

non-aqueous solvents such as acetone, benzene, ethanol but slightly soluble in water. 

(Ibuprofen, 2010).Its half-life is 1.8-2 hrs and 5.3 is pKa value.(Herzfeldt and 

Kummel, 1983, Gennar, 1990). Its half-life is 1.8-2 hrs and 5.3 is pKa value. It 

possess two enantiomers R(-) and S(+). R(-) ibuprofen is 160 times less active than 

S(+). 

(Adams, 1976). Basically, almost all of the pharmacological activity of 

ibuprofen comes from S (-) Ibuprofen (Neupert, 1997). The R(-) Ibuprofen is 

converted invented or inverted to S(+) – ibuprofen in vivo to the extent of 57-69% 

(Hutt and Caldwell, 1983: Cheng. 1994; Lee 1985). 

 

1.12.3 Mechanism of Action 

Ibuprofen is active enough to block the synthesis of cyclo oxygenase enzymes. 

The figure shows the catalytic role of COX 1 & COX 2 enzymes to produce thrombo 

axanes and prostaglandins. Prostaglandin is potent inflammatory mediators produce 

fever, inflammation and pain due to pain receptor sensitization.(Vane and Botting, 

1996; Neupert. 1997; Oleson, 2009; Neupert, 1997, Wahabi, 2005) and the continued 

prostaglandin production as well as suppression, inhibition by ibuprofen is 

responsible for its indirect analgesic and antipyretic effect. Ibuprofen is known to 

affect lipooxygenase enzyme, cell signaling molecules inhibition (Kappa B) and 

receptors showing affinity toward peroxisomes (Kukar and Golde, 2008).  
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Figure 1.4: Prostaglandin synthesis via cyclo-oxiginase (COXs) catalysis NSADs 

group of drugs such as Ibuprofen are able to suppress the enzymatic activity of 

COXs 

 

1.12.4 Uses 

1. To relieve headache and migraine 

2. Dysmenorrhea 

3. Management of spondylitis, rheumatoid arthritis, soft tissue disorder and osteo 

arthritis (Pottas. 2005). 

4. To relieve postoperative toothache 

5. Patent duct arteriosus management (Kravs and Pharm, 2005). 

 

1.12.5  Side Effects 

1. Gastric ulceration and GIT bleeding(Sweetman, 2002) 

2. Damage renal impairment, epistaxis and apoptosis (Wolfe. 1990) 

3. Confusion, hyperkalemia, heart failure (Oerman, 1999) 

4. Bronchospasm (Gambero, 2005) 

5. Rare adverse effects include rashes, thrombocytopenia, blurred vision, edema, 

toxic amblyopia and nephritic syndrome  (Fulcher, 2003) 



31 
 

Chapter # 2 

LITERATUREREVIEW 

2.1 Polymer based modified release formulations 

Haiqin et al.,studied the compression coating that represents some benefits like short 

non-solvent and residue over liquid coating and manufacturing process for the oral 

administration systems. This study aimed to design a zero-order release of 

compression-coated matrices using HPC (hydroxyproylcelluolose) as the coating 

laver and Glipizide that was solubilized by manufacturing the inclusion complex of β-

cyclodextrin as a model drug. The effects of the viscosity of HPC of drug and weight 

ratio on the release profile were probed by “f2” factor with Glucotrol XL. In order to 

justify the drug release mechanism, the uptake and erosion study, the exponent (n) 

and correlation coefficient were used as indicators. In contract with Glucose XL, the 

compression coated matrices were administered to rabbits to determine the 

bioavailability in-vivo 

Haiqin et al., 2013). 

Shah et al., Formulated CR tablet of Ofloxacin by using various grades of Ethocel
® 

polymer 

(Shah et al., 2011). 

It has been analyzed that prolonged therapeutic effect could be achieved by novel 

polymeric CR formulation. It was also investigated that matrix rate of hydration as 

well as erosion used to rely on polymeric ratios this had an obvious effect on drug 

release owing to its mechanism  and rate of respective release from the formulations. 

Moreover, drug release rates could be dependent on the alteration in tablet’s micro 

structure. 

(Kazunori et al., 2010) 

Evaluated the CR formulation of organo gel administrated orally. Ibuprofen was taken 

as a model drug. This study demonstrated that the action was prolonged as absorption 

of drug was decreased. 
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(Yassin and Mona et al., 2010) 

Studied the preparation of compression-coated tablet (CCTs) Lornoxicam’s the 

research study provided an opportunity to prolong lornoxicam release to meet the 

requirements of currently available control the release matrix tablets of Lornoxicam 

the market and to prolong action drug. 

(Hindustan et al., 2010) 

Fabricated Diclofenac sodium matrices by using mucilage of Hibiscus rosa sinensis 

leaves, which were then subjected to variety of physicochemical tests for evaluation. 

The results of respective physicochemical tests show compliance with the established 

standard values. The ability of hibiscus leaves to extend the release rate effectively 

was proved by in-vitro dissolution studies  

(Syed et al., 2009) 

Studied to formulate Flurbiprofen oral sustained release matrices by using matrix 

polymers the response surface methodology was used to evaluate the characteristics 

of drug release from matrices. The Zero order kinetics was shown by the test tablets. 

(Ekarate et al., 2009) 

Used in-vitro bio-relevant dissolution tests to predict the in-vivo performance of a 

modified release formulation. 

This research study showed good in-vivo correlations and in-vitro drug release 

between absorption of the drug, using the current bio-relevant methods of dissolution, 

in both pre and post prandial states. 

(Grzegorz et al., 2009) 

Used two dissolution apparatus to examine the in-vitro dissolution behavior of 

diclofenac sodium from the prolonged release matrix tablets. 

(Shah et al., 2009) 

Demonstrated released profile of metoprolol matrices using developed prediction 

model. He used wet formulation and direct compression procedures to produce 

matrices and subjected the formulation tablets towards various physicochemical 

analyses. 

 



33 
 

(Lin et al.,2007) 

Designed aspirin containing sustained release formulation via direct compression 

method. Polymethylmethacrylate-silica composite were employed as matrix former. 

When physico-chemical investigations were done then diffusion model was found to 

favor dissolution profile. 

(Marcos et al.,2007) 

Designed cellulosic pellets that were involved poly (N.150 propyl-acrylamide) to 

produce sustained release. The analysis showed sustained release as coatings of the 

pallets were not found to affect physicochemical properties; though decreased the 

porosity. 

(Adnan et al.,2006) 

Formulated SR matrices of trielennamine by appropriate and suitable matrix former. 

Physical searching checks were regarded as constants. To determine the ever possible 

potential interaction between polymer and drug, various protocols were implicated. In 

vitro dissolution profile depicted convincing release controlling behavior lasting Upto 

10 hrs when povidone is corporate as additive owing to its role as channeling agent. 

(Alan and Patrick 2006) 

Fabricated via HPMC-acetate-succinate CR matrices of Amoxicillin-tri-hydrate. The 

formulation of uniform tablets requires all the variables to be kept constant. Finally 

with the help of ethanoic technique final tablets were made. It showed as excellent 

sustained release effect when HPMC was incorporated as co-excipient. 

(Cherng, 2005) 

Designed Labetalol triple layer matrices consisting of cellulose derivative like 

Methylcellulose& HPMC, constituted core of the tablets while top and bottom layers 

were having hydrophobic cellulose polymer. Zero-order kinetics was found to be the 

release mechanism. 

(Philip and Pathak et al., 2006) 

Formulated asymmetric membrane containing dissolution profiles showed Fickian's 

diffusion as release mechanism. In-vitro drug release as well as drug absorption 

showed poor correlation i.e. quite unpredictable. 
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(Kiortsis et al., 2009) 

Designed SR tablets of Naproxen, Diclofenac sodium, Indomethacin and Ibuprofen 

using HPMC polymer. For the powder material pre-formulation studies were done. 

Equilibrium solubility method was employed to investigate the solubility. Tablets 

were made by wet granulation method which could produce an effective controlled 

release rate. 

(Kashappa and Pramod, 2004) 

Fabricated buccal adhesion system of Propranolol. Before dissolution preliminary test 

was conducted. HPMC was incorporated as hydrophilic polymer which produced 

non-Fickian's release mechanism and also favored1
st
 order kinetics. 

(Sanju et al., 2004) 

Studied the interaction of chitosan containing microspheres with mucine and found 

that the interaction primarily depends upon the concentration as well as process 

variables.   Microspheres have established zeta potential which is responsible for drug 

and mucine binding. 

(Crowley et al., 2004) 

Investigated the impact of Ethocel derivatives polymers on the release behavior of 

guaifenesin. He utilized hot melt extrusion and direct compression as a technique to 

develop respective matrix tablets. It is dramatic combination of water soluble drug 

and hydrophobic polymer also found that different viscosity grades of Ethocel 

actively participate in release controlling mechanism. 

(Fukui et al., 2004) 

Observed the release behavior Phenypropanolamine (PPA) granules made by hot melt 

extrusion method. 

Simulation curve best fit the released curve, thus confirmed the treatment validity. 

Initially, in the matrix granule PPA released from swollen EC and in the next step 

PPA present below the gel show dissolution after being released.. The impact of 

binder solution was also noted on the release from EC granules. Binder solution was 

made from various EC and ethanol concentration. As the alcohol concentration 

decreased the media also changed towards solvent nature. 
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(Tiwari et al., 2003a) 

Produced via wet granulation and hot melt extrusion method SR tablets of Tramadol. 

The polymers employed were the combination of hydrophilic hydrophobic polymers. 

Dissolution profile more than 20hrs showed that controlled release rate so maintained 

might be due to hydrophobic nature of cellulose polymers. Zero-order kinetics was 

found to be the release mechanism. 

(Selim et al., 2003) 

Subjected three drugs to determine the effects of HPMC, Carnobaand Kollidonas 

release controlling polymers. The release profiles were compared with each other. It 

was noted that HPMC has controlled the release rate up to 12hrs when come in 

contact water by forming gelatin layer. This occurred during sink condition of drug. 

(Carla et al., 2002) 

Produced direct compressed monolithic system by incorporating Di-danosine for 

treatment of AIDS-USP basket apparatus was used to characterize in-vitro drug 

release. Physico chemical tests were also performed. The impact of different drug to 

polymer ratio and EUDRAGIT
®

Ethocil ratio was also noted. The results revealed that 

EUDRAGIT
®
Ethocil combination allowed appropriate modulation of the Di-

danosinerelease. Due to EUDRAGIT
®
moderate swelling properties and Ethocilplastic 

properties. 

(Angets et al., 2002) 

Used direct compression technique to fabricate matrix tablets of salbutamol and 

Ketoprofen and by incorporating HPMC polymer as rate controlling agent. Chiral 

interaction was found by diffusion test to be present between polymer and drug. 

(Amaral et al., 2001) 

Evaluated 160mg Napxoxen matrices and observed 2 fold increase in the tablets 

weight when release profiles were compared. The drug interaction with HPMC 

polymer, were noted via different confirmatory studies. The dissolution induced 

release data showed similar release profiles. Dissolution was performed from perfect 

sink conditions. 
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(Sajeev and Shah et al., 2001) 

Designed controlled release tablets with the help of ethyl cellulose ether derivatives 

by using matrix embedded technique. All the test tablets showed compliance with 

official limits. Zero-order kinetic based extended release in-vitro profile was 

observed. The investigation also revealed that drug release is controlled more 

effectively by reducing the embedded granule size. Stability data also confirmed 

reproducibility. 

(Perumal, 2001) 

Designed Ibuprofen based modified release microspheres and determined the 

influence of different types of polymers on the release profile. All the preliminary 

tests matched with the official limits. 

 

2.2 Hydrophilic Matrix Systems 

(Siepmann et al., 2013) 

Studied theophylline oriented matrices composed of different concentration; of 

HPMC and lactose. To quantity drug release 3 different mathematical models were 

used. 

i. Numerical model depicting reduced solubility and drug diffusion in radial and 

axial directions. 

ii. Analytical confirmation of Fick’s 2
nd

 law of diffusion showing axial and radial 

mass transport and neglecting reduced solubility. 

iii. Using analytical solution with radial mass transport and neglecting both 

reduced solubility as well as axial diffusion. 

Phosphate buffer pH 7.4 and 0.IM HCL were used to determine drug release kinetics. 

Practically simple equation can be used to optimize product and to set the formulation 

parameters to be used to note drug release. 

(Wenchang et al., 2009) 

Used hydrophilic polymer for the delivery of water soluble drugs to note the impact of 

hydrophilic matrix. These hydrophilic matrices were produced by wet granulation 
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method and alkaloids of Sephora alopecuroides were employed as water soluble 

drugs.   

(Farhad et al.,2009) 

Subjected modified release tablets to NMR micro imaging technique and investigated 

the influence of numerous additives by in-vitro method during experiment dissolution 

profiles of matrices and erosion fronts were evaluated. The gel layer so obtained 

during dissolution was used to note the solubility as well as mass transfer. 

(Liitfi and Esmaeil, 2008) 

Preferred direct compression technique to produce ketorolac tromethamine CR 

tablets. The polymers incorporated were HPMC, HEC and CMC respectively. The 

investigation revealed an inverse relationship b/w polymer concentration and release 

rate. 

(Royce et al.,2004) 

Developed and investigated in vitro release pattern of CR, 6-N cyclohexyl-o-

methyladenos in matrices. The current study included various formulation 

parameters.(Schernthaner et al.,2003) 

Put forward that Gliclazide represented itself as prominent candidate to establish 

control release system. Fick’s law described its release profile and it presumed to 

offer relatively longer bioavailability. 

(Giunchedi et al., 2000) 

Formulated Ketoprofen hydrophilic matrices. He used direct compression method to 

accomplish matrix formulation with various matrix formers such as sodium alginate, 

HPMC and Ca-Gluconate. The conducing results showed HPMC depended drug 

release from the matrix system. 

 

2.3 Matrix Forming Agents 

(Ershad et al., 2013) 

The interest in the formulation and application of polymeric mix is growing since they 

can exhibit properties of great industrial interest. The current study focuses on the 

preparation of polymeric blends of varying compositions of EUDRAGIT
® 

and 
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chitosan and their miscibility studies. The preparation was carried out by using 

ethanol and 01% acetic acid in water. FT-IR spectra reveal the possibilities of 

chemical interactions between EUDRAGIT
®
/Chitosan. The miscibility of polymeric 

blend at different composition has been investigated by viscosity, ultrasonic velocity, 

density, refractive index and adiabatic compressibility values measured at two 

different temperatures 30 
0
C interaction parameters  B,   and a, were determined 

from viscosity data. From the values observed, it is found that the blend is miscible in 

all compositions at 30 
0
C, it seems to be immiscible in certain compositions. It is 

found that the blend is miscible, when the chitosan concentration is more than 70% 

(v/v) at both the temperatures and also observed that variation of temperature has no 

effect on the miscibility of EUDRAGIT
®
/Chitosan blend. 

(Farhan et al., 2010) 

Considered 12 selected amino acid as matrix former and investigated various 

parameters such as disintegration, mechanical properties, dissolution and suitability 

for freez drying. 

(Tiwari and Rajabi et al., 2008) 

Produced monolithic hydrophilic matrices and investigated different parameters to 

note the drug release of the randomly selected tablets. It was investigated that release 

rate could be satisfactory if process parameters were effectively controlled. 

(Projcic et al., 2004) 

Incorporated Xanthan, Galactomananand Exo-polysaccharide as matrix form to 

formulate 50 and 10mg Diclofenac matrices with the help of direct compression. 

Dissolution data showed zero-order drug release via erosion mechanism. 

(Hasan et al., 2003) 

Used chitosan and Na-alginate to fabricate metoclopramide HCL tablets. Dissolution 

data favoured1
st
 order mechanism with best fit to Higuchiimodel. 

(Miyazaki et al.,2004) 

Used direct compression method to produce theophylline matrices with the help of 

mixture of carboxy methyl dextran and 5.deithyl-aminoethyl dextran, calboxy dextran 

and a mixture of dextran and ethyl dextran sulphate. Physicochemical tests were 
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performed and dissolution data suggested that erosion and swelling were the main 

mechanism to affect controlled drug release. 

 

(Qui et al.,2003) 

Reported that the simple most concepts among modified release dosage forms is the 

introduction of matrix tablets such systems offer release profile by diffusion as well as 

erosion once a handsome portion is initially liberated from the surface. This effect is 

totally independent of solubility parameter of active ingredient due to inclusion of 

auxiliary swelling polymers. 

(Grazia et al.,2002) 

Employed PVA hydrogel to develop dexamethasone matrices. He use lyophilization 

technique to do so and concluded that as the concentration of hydrogels is increased 

there is proportionate decrease in magnitude of drug release. 

 

2.4 Modified Release Formulation  

(Liang et al., 2013) 

The objective of this research was to gain good understanding of the underlined drug 

release properties from chitosan alginate properties containing various types of drugs 

such as Paracetamol, Theophylline, Metformine, Trimetazdine. They showed different 

solubility in the water at 37 
0
C. The advanced concept for drug release was based on 

film controlled release systems. The DSC characterization confirmed the film 

formation in GIT environment on the surface of tablets. Chitosan alginate 

polyelectrolyte complex favored film production. The film 50% produced decreased 

polymer swelling and matrices erosion. Drug release occurred via diffusion in the 

hydrated matrix and polymer relaxation and did not depend on solubility. Different 

factors were used to influence the drug release such as change of pH, polymer level, 

initial drug loading, whereas the effect of ionic strength was negligible. 
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(Harikrishna et al.,2010) 

Produced direct compression oriented buccal tablets of Theophylline by using micro-

adhesive polymers. Various parameters were investigated such as tensile strength, 

water uptake, in-vitro and ex-vivo studies respectively. 

(Anna et al.,2009b) 

Investigated the effectiveness of HPMC to fabricate extensive release hydrophilic 

matrices. A sustained release pattern was obtained by substituting HPMC with the 

drug. An excellent correlation was observed b/w drug release and substituent pattern. 

 

 

(Gohel et al.,2008) 

Employed K100M & K4M grades of HPMC to modify the drug release in order to 

fabricate press coated venlafaxine tablets. Various physicochemical tests were 

performed. An anomalous release mechanism was revealed by the kinetic 

study.(Ribiro et al.,2005) 

Designed tablets composed of Vinpocetin-cyclodextrin. Various searching checks 

were made which revealed that polymer concentration portrayed a prominent role in 

controlling the drug release rate up to 12 hours. 

(Carshosaz et al.,2006) 

Used natural gums and direct compression method to produce 100mg Tramadol 

tablets. Various ratios of natural gums were used in the formulation. Dissolution data 

indicated concentration. Based release pattern anomalous release. 

(Crowley et al.,2004) 

Employed hot melt extrusion method to investigate release behavior of matrices 

formed by direct compression method with the help of ether derivative polymer. 

Different protocol tests were performed to conduct release study. 

 

2.5 Polymer type 

(Jong et al., 2013) 
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Although the test-masking of bitter drug using ion exchange resin has been 

recognized, in vitro testing using an electronic tongue (e-Tongue and in-vivo 

bitterness test by human panel test was not fully understood. In case of orally 

disintegrating tablet (ODT) containing bitter medicine, in-vitro and in-vivo 

disintegration is also importance for dosage performance. Donepezil hydrochloride 

was chosen as a model drug due to its bitterness and required rapid disintegration for 

the preparation of ODT. In this study, ion exchange resin drug complex (IRDC) at 

three different ratios ( 1:2, 1:1, 2:1) was prepared using a spray-drying method and 

then IRDC-loaded ODT containing super disintegrants (Crospovidone, 

Croscarmellose sodium, and sodium glycolate) were prepared by the direct 

compression method. The physical properties and morphologies were then 

characterized by scanning electron microscopy (SEM). X-ray power diffraction 

(PXRD) and electrophoretic laser scattering (ELS), respectively. Then in-vitro taste-

masking efficiency was evaluated by human volunteers and then we defined new 

term, “bitterness index (BI)” to link in- vitro e-Tongue. There was a good correlation 

of IRDC between in vitro e-Tongue valued and in-vivo BI. Furthermore, IRDC-loaded 

ODT showed good. Correlation in the disintegration time. The optimal IRDC-loaded 

ODTs displayed similar drug release profiles to the reference tablets (Aricept ODT in 

release media of pH 1.2, pH 4.0, pH 6.8 and distilled water but had significantly better 

palatability in vivo taste-masking evaluation. The current IRDC-loaded ODT 

according to the in vitro and in vivo correlation of disintegration and bitter taste 

masking could provide platform in ODT dosage formulations of donepezil 

hydrochloride for improved compliances. 

(Ioannis et al.,2012) 

Produced Ibuprofen micro-adhesive tablets with the help of chitosan and its half 

acetylated tablets. Initially co-spray drying and physical co-grinding was used to 

make the formulation. IR-spectroscopy and DSC were employed to check the drug 

polymer interaction and level of drug crystanality. Matrices were made and subjected 

to media of different pH for swelling and dissolution. Mucoadhesive properties of 

Ibuprofen loaded and free tablets were investigated by their capability to detach from 

pig gastric mucosa at different pH values. The results depicted the potential sustained 

release benefits of chitosan and its half-acetylated derivative as muco-adhesive tablets 

excipient. 
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(Chambin et al.,2004) 

Determined the impact of HPMC, MCC and EC on drug release mechanism. The 

matrices were subjected to in-vitro tests which gave different release pattern of these 

tablets. For MCC immediate release, for HPMC steady release and for EC sustained 

release. 

(Vueba et al.,2004) 

Produced ketoprofen tablets using HMPC, methyl cellulose and HPMC, HPMC was 

found to be the suitable candidate by offering zero-order kinetics in order to control 

the drug release. 

(Emami et al.,2004) 

Used direct compression as well as wet granulation method to develop lithium 

carbonate 50mg SR tablets with Carbopol polymers. In-vitro studies present best 

correlation. 

(Reddy et al.,2003) 

Developed nicrondilmatrices by using PVP, ethylcellulose and EUDRAGIT
®
100-SR. 

starting material was subjected to physical evaluation and sink condition described 

dissolution profile by offering zero order release to portray diffusional mechanism of 

drug release. 

(Reza et al.,2003) 

Produced Diltiazim, Theophyllin and Diclofenac tablets by using high concentration 

(75%) of the polymers, rate of drug release was decreased this might occur due to 

decreased porosity and increased tortuosity. At low polymer concentration (25%) an 

increased drug release was noted. Physico-chemical nature of drug particles also 

affect the release rate. 

As compared to Diclofenac sodium, Theophylinand Diltiazimoffered faster release. 

Biexponential equation was used to evaluate release mechanisms HMPC matrices 

followed zero-order kinetic whereas Kollidion SR matrices followed Fickian's 

transport mechanism. 
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2.6 Polymer Ratio 

(Basak et al.,2006) 

Employed direct compression technique to fabricate SR monolithic matrices of 

Ambroxol (75mg) with the help of HPMC. Various QC tests were performed and 

dissolution profile exhibited diffusion based released. Some preparations presented 

anomalous release mechanism. 

(Savaser et al.,2005) 

Used both direct compression as well as wet granulation techniques to produce 

Diclofenac matrices. Drug release mechanisms were investigated, comparison was 

also made with market brand. Market brand showed sustained release while test 

formulation offered controlled release behavior. 

 

2.7 Polymer Concentration 

(Nerurkar et al.,2005) 

Employed a mixture of cellulose ethers or carrageenan’s to develop Ibuprofen CR 

matrix tablet. He selected direct compression technique Polymer particle size and 

concentrations were found to be the principal release determining factor. Test 

formulation showed zero order release with linearity ranging from 0.960 to 0.990. 

(Koester et al.,2003) 

Fabricated and investigated   Cyclodextrin and Carbamazepine matrices using 15-

30% hydrophilic cellulose derivative HPMC polymer. Gelling and matrix formation 

was hindered in formulation containing 15% hydroxypropylmethcellulose. 

(Juarzez et al.,2001) 

Designed the matrix tablets of 4-aminopuridien. Hydrophilic polymers such as HPMC 

and CMC were used in different proportions it has been evaluated that decreasing 

release constant values showed a logarithmic relationship while increasing values of 

the exponent indicated zero-order release. 

  



44 
 

2.8 Polymer Grades 

A wide variety of previously established study protocols proved HPMC based inverse 

relationship between increasing viscosity grade and rate of drug release. 

(Rao et al.,2009) 

Formulated Salbutamol effervescent tablets he used wet granulation method and 

employed HPMC K 100M and HPMC K4M, as viscosity grades, polymers. 

Formulation was optimized by the addition of talc, dicalcium phosphate, PVP, stearic 

acid and magnesium stearate. Drug release was found to be anomalous with decreased 

released rate as the concentration and viscosity grade of the polymer is increased. 

(Chandria et al.,2009) 

Used HPMC 400cps and HPMC 100cps i.e. two viscosity grades as retardants to 

formulate a combined tablet consisting of Atorvastatin and Glyclazide. The tablets 

were made by wet granulation method. Granules as well as tablets were subjected to 

various tests. Dissolution profile was carried out up to 8hrs. 

(Zema et al.,2007) 

Designed a pulsatile-delivery system he employed three HMPC grades. HPMC 

constitute a diffusion layer in close proximity with dissolution medium. The drug 

release controlling factors include water uptake, swelling and diffusion also noted in 

this study that higher the HPMC viscosity grade, lower would be the rate of drug 

release. 

(Khan and Meidan et al.,2007) 

Fabricated ibuprofen CR matrices and also noted the impact of different viscosity 

grades of Ethocel polymer HPMC was incorporated as co-excipient and its impact on 

drug release mechanism was determined. The final conclusion was a triplicate affects 

i.e major factors responsible for release control includes polymeric viscosity 

concentration and particle size. 

(Siepmann et al.,2002) 

Incorporated HPMC to design Propranolol, Theophylline, Chlorpheniramine and 

Diclofenac tablets. Sequential layer model was used to assess physico-chemical 
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properties, swelling matrix induced drug release. Finally in-vitro release was 

evaluated. 

(William et al., 2001)  

Studied HPMC induced recovery of Alprazolam, a lipophilic drug by designing a 

reverse phase HPLC method. This validated procedure showed results that were not 

affected by different viscosity grade of HPMC. 

 

2.9 Drug Release Mechanism 

(John et al.,2012) 

Presentedanalysis of investigational work and sensible application of Higuchi 

equation. The capable make up of this modeling assignment involved a through 

deliberation of elemental transport equations to allow simple procedure of controlled 

release matrix devices. 

 

(Escudero et al.,2008) 

Put forward that main release mechanism included porosity, water uptake and 

swelling from inert matrices. He employed as rate controlling agents, a combination 

of hydroxyl propyl cellulose methyl-methacrylate . 

(Jeong et al.,2007) 

Established numerous kinetic equations to depict SR delivery for coated tablets or 

ion-exchange resin complexes. 

(Fu et al., 2004) 

Fabricated matrices, employing HPMC concentration ranging from 16 to 5% and 

offered a running equation to display an obvious drug release. 

(Bashar and Bassam et al.,2003) 

Produced diclofenac sodium tablets comprising of HPMC and 

EUDRAGIT
®
polymers. He employed buffer solutions of pH 5.9 and pH 7.4 and 

noted dissolution display. A convincing result found was direct proportionate relation 

between pH and swelling of the matrices. 
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(Ferrero et al., 2003) 

Observed that Higuchi, Korsmeyer and Peppas equations best explain methacrylate 

copolymer based matrices be to provide unsurprising release kinetics. 

(Khan and Zhu et al.,1998) 

Employed five kinetic models to illustrate Ibuprofen - Ethocel CR tablets. 

(Abrhamsson et al.,1998) 

Described swelling as major mechanism of release from HPMC oriented matrices 

owing to hydrophilic nature. 
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Chapter # 3 

MATERIALS AND METHODS 

3.1 MATERIALS 

3.1.1 Chemical and Reagent 

The controlled release matrix tablets do require following requisite reagent 

and chemicals during pre-formulation studies. 

Candidate drugs Flurbiprofen (Abbott Laboratory, Pakistan) and Ibuprofen 

(Gratis sample by drug testing laboratory, Peshawar, Pakistan), Ibuprofen Taiji SR
®
 

Ibuprofen 0.3g (300mg) by China Pharmaceutical Company, Chongqing (Mainland), 

China (Purchased from local market). Froben SR
® 

200 mg capsules by Abbott 

Laboratory, Pakistan, Magnesium Stearate ( Karachi, Pakistan),  Sodium Hydroxide  

(Merck, Germany), Orthophosphoric acid HPLC grade (Merck, Germany), Lactose 

(BDH Chemical Ltd, UK)Monobasic Potassium Phosphate (KH2PO4) (Merck, 

Germany),HPMC K100M and Various grades of Eudrgit
®
 (Dow Chemical Co., 

Midland, USA), Starch and Corboxy methyl cellulose (CMC) (Merck, Germany), 

Acetonitrile grade HPLC  (Fisher, UK),Diethyl ether (Norway),Ethanol (Fisher, 

UK),water grade HPLC (Fisher, UK), HPLC Methanol grade (Merck, Germany), 

Double distilled water. 

 

3.1.2 Instruments and Equipment’s 

Following instruments and equipment were used in this research work. 

Magnetic stirrer (VelpScientica, Germany), HPLC (Perkin Elmer, 200 series, USA; 

Millipore water, France), UV/Visible Spectrophotometer (Shimadzu 1601, Japan), pH 

meter (Inolab, Germany; Denver, USA), Single punch compression machine (Erweka, 

AR 400, Germany), Dissolution apparatus (Pharma Test, Hunburg, Germany), Oven 

(Mammert, Germany),Analytical balance (Shimadzu, AX 200, Japan), Fraibilator 

(Roche, Germany), Flasks, beaker, test tubes, (Pyrex, Japan; Fisherbrand, UK), 

Hardness tester (Erweka, Germany), Whatman filter paper (Whatman, Germany), 

Vortex mixer (Gyromixer, Pakland scientific, Pakistan),Water distillation apparatus 

(IRMECO GmbH, IM-100Germany),Vacuum filter assembly (Sartorius, Goettingen, 

Germany), Verniar caliper (Germany), Vacuum pump (ILMVAC, 
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Germany),Centrifuge machine (Helttich, Germany; Kubota, Janpan), Disposable 

Syringes (BD, Pakistan), React vials (Greiner lavortechnik, Germany), Particle 

scanning distribution size analyzer (Horiba, LA-300, Japan) Sonicator (Elma D78224, 

Germany),Stability Chamber (Ti-Sc-THH-07-0400, Faisalabad, Pakistan), Shaking 

water bath (Shel Lab, 1217-2E, USA), DSC instrument (Mettler Toledo DSC 822e, 

Greifensee, Switzerland), Micropipette (20 µl - 1000 µl) (TreffLab, France; Gilson, 

France),FT-IR Spectrum One spectrophotmer (Perkin Elmer, UK),, Membrane filter 

paper (Sartorius AG, Germany), Cannula (BD, Pakistan),Glass vials and Glass 

pipettes (Fisherbrand, UK),Water bath (Grant, OLS 200, UK), Pipette tips (Gilson, 

France), Microcentrifuge (Hettich, Micro 120, Germany). 

 

3.1.3 Animals 

For in-vivo studies, test animals were employed. Mainly rabbits are preferred 

they were randomly selected from the available numbers. Primarily they must belong 

to local breed and male rabbits were used for my research work, animals were brought 

from, Lahore, Pakistan. 

 

3.2 METHODS 

3.2.1 Pre-Formulation Studies 

Flurbiprofen and ibuprofen were subjected to pre-formulation studies Prior to 

their fabrication into matrices. 

 

3.2.1.1 Drugs Identity Conformation 

Identity of the drugs was confirmed by BP. Using optical relation, melting 

point digital as well as FT.IR machine, the optical rotation, malting point and IR 

spectra of drug were determined respectively. The results were finally matched with 

the standard according to BP (1998). 
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3.2.1.2 Percentage Purity Determination Drugs:  

The samples of Ibuprofen and Flurbiprofen were examined for their 

percentage purity before formulation of matrices. The samples were matched with 

standard Ibuprofen and Flurbiprofen granted by Sanofi Aventis pharmaceutical 

company, Isb, Pak and Abbot Pharmaceuticals company Pakistan. 50 mg of drug was 

get dissolute in sufficient quantity of Phosphate buffer solution (pH 7.4) and volume 

was made with some solution. 1ml was taken from this solution and diluted up to 10 

ml. using UV visible spectrophotometer, the absorbance of drugs was observed at 220 

nm and Flurbiprofen at 247 ml. 

%age Purity = 
)()(

)()(

SampleWstdAbsorbance

stdWSampleAbsorbance




× 100 

Where: Std = Standard, W = Weight. 

 

3.2.1.3 Particles Size Analysis 

Horiba, LA-300, Japan ; version of particle size analysis was employed by 

placing small fraction of the respective drug into the loading chamber and distilled 

water (D/W) utilized as solvent to be circulated after the settlement of various 

parameters (ultrasonic time ; 5min, form of distribution; Standard, circulation speed; 

2min, R : R index; (10-0-001) and finally we determined means particle size. 

 

3.2.1.4 Wavelength selection of candidate drugs 

In volumetric flask fifty (50) mg of respective powdered drugs was added in 

appropriate quantity of pH 7.4 phosphate buffer solution and 100 ml was made as 

final volume. Using UV visible double beam spectrophotometer, drug solution was 

scanned in the range of 190 nm-500 nm and λ max was observed every time. 

 

3.2.1.5 Powder’s Flow Properties 

Before the preparation of tablets, the decisive process variables i.e. The Flow 

ability and the compatibility of a powder must be determined and investigated. 

Mechanical physicochemical properties of powder mainly affect the powder’s flow 

properties, In addition to this there are attractive forces b/w the components of 

powder. These forces are called inter-particulate attractive forces that may also affect 
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powder’s flow properties. However, in order to improve and enhance the chances of 

success in development of formulation appropriate assessment and investigation of 

powder’s flow characteristic is important. 

These are numerous methods used for assessment and investigation such as angle of 

Repose, Hausner ratio and compressibility index. 

 

3.2.1.6 Angle of Repose 

Measurement of characterization of flow properties of powder is angle of 

repose. To determine angle of repose, funnel method was used. Powders are added in 

funnel, the funnel was attached with stand and petri dish was placed just below the 

funnel in such a way that the funnel tip was exactly at Centre, and above the powder’s 

heap. Powders were added in the funnel and fall freely on petri dish. Measure height 

of heap and powder’s cone diameter. 

Tan ( ) = 
base

heapofHeignt

5.0
 

 

3.2.1.6.1 Hausner Ratio &Compressibility Index 

Determination of compressibility index and Hausner ratio was done by 

measuring the taped and bulk powder volume. The measure of powders property to be 

compressed is the hausner value. Determination is done by using bulk and lapped 

powder’s bulk densities. In this actually, graduated cylinder of 250 ml was taken and 

powders were added to 100 ml volume. This was bulk or apparent volume (V0) then 

on the flat surface cylinder was tapped until no changes were observed in powders 

volume. This was tapped or final volume (Vf). 

Hausner Ratio = 
Vf

V 
 

Compressibility Index = 100× 




V

VfV 
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3.2.1.6.2 Differential Scanning Calorimetry(DSC) Studies: 

In order to determine the compatibility of drugs with excipient and polymers 

Differential scanning calorimetry (DSC) studies was conducted using DSC 

instrument. Weigh 50 mg of sample in aluminum pan and then scaled with punched 

lid, under nitrogen gas flow, range of temp is b/w 20-300
0
 C and heating rate is of 

10C/min.  

3.2.1.6.3 Fourier Transform Infrared (FT-IR) Studies: 

Using FT-IR spectrum the FT-IR spectra of pure ibuprofen and Flurbiprofen 

and their relevant mixtures with different excipients and polymers were observed the 

excipient and drug polymer interaction. 650 to 4000 cm
-1

 is the range of one 

spectrophotometer (Perkin Elmer, UK). Upon the machine stage several milligrams of 

sample was taken and then for generation of sufficient pressure handle of machine 

was placed on sample. Sharp peaks with even handed intensities were observed. The 

spectra of 4 scans produced the outcome at 1 cm
-1

 resolution. 

 

3.2.1.6.4 Solubility Study 

According to Higuchi and Cannors (1965), published method at different 

temperatures (Room temp (25
0 

C), 37
0
 C and 40

0
 C), in special solvents (Phosphate 

buffer of pH7.4, 7.2, 6.8, D/W and 0.1N HCL) solubility studies were performed of 

Ibuprofen and Flurbiprofen. In 100 ml volumetric flasks sufficient amount (1000 mg) 

of Ibuprofen and Flurbiprofen was taken and volume prepared up to 100 ml with 

suitable solvent. Flasks sealing were achieved by Aluminum foils involving rubber 

bands. By using thermostatically controlled shaking water bath (Shel lab, 1217-2E, 

USA) these flasks were shaken for 24 hrs at room temperature (25
0
 C). 100 oscillation 

/min was the optimum speed. After specific time period i.e. 24 hrs these flasks were 

placed on flat surface undisturbed for 3hrs from each flask some volume of 

supernatant was taken from each flask and by using membrane fitter (0.45cm) filtered. 

To achieve suitable dilutions one ml from each deposit was taken and diluted with 

identical solvent up to 25 ml. via UV/visible spectrophotometer (Shimadz, 1601 

Japan) at λ max 220 nm and 247 nm respectively, determination of concentration of 

Ibuprofen and Flubiprofen was done by analyzing the diluted samples. For the 

determination of quantity of soluble drug per ml, the calibration curves were used. For 
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other temp such as 37
0
 C and 40

0
 C, the solubility measurements were performed in 

triplicate. 

 

3.3  Preparation of Stock Solutions 

Model drugs solutions (Ibuprofena and Flurbiprofen) were made in7.4 pH 

phosphate buffer solution of containing net quantity of 0.2 mg/ml and then various 

dilutions were made from the stock solution of respective drug by plotting absorbance 

value the standard curves were constructed of the dilutions. 

 

3.3.1 Preparation of Phosphate Buffer Solutions (pH 7.4) 

To prepare phosphate buffer solution (pH 7.4) first of all 0.2 M each of 

(NaoH) sodium hydroxide solution and Monobasic potassium phosphate solution 

were made by allowing to dissolve 8 gm of NaoH in one litre of double DW, 0.2 

MNaoH solution was prepared and by dissolving 27218 g of monobasic potassium 

phosphate in 1000 ml  double distilled  water, 0.2 M Monobasic KH2PO4 solution was 

prepared. This process was followed by mixing the required volume of 0.2M sodium 

hydroxide and 0.2 M monobasic potassium with respect to the USP, 2007. 

 

3.3.2 Construction of Standard Curves 

For this purpose stock at their respective concentrations. 

 

3.3.3 Calculation of Concentration of Furbiprofen and Ibuprofen 

Regression equations obtained from the standard curve of Flurbiprofen and Ibuprofen 

were used for the calculation of concentration of Flurbiprofen and Ibuprofen. 

Y= MC+B 

After rearranging the equation: 

C= (Y-B)/M 

Where, Y = Absorbance of solution containing Flurbiprofen and Ibuprofen at λ max 

247 nm and λ max 220 nm, respectively. 

M = Slope of Flurbiprofen and Ibuprofen of identified concentrations 

C = Concentration to be determined. 

B = Curve Intercept. 
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3.4 Preparation of Physical Mixtures 

Drugs and respective excipients are made triturated to get physical mixtures. 

This is done in porcelain mortar. After this polyethylene bags were used to 

accomplish adequate blending. The mixtures so obtained were subjected to sieving 

followed by desiccator storage prior to their future evaluation.  
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Table 3.1: Composition of FLB 100 mg tablets without polymer 

Batch D:P Drug EUDRAGIT
®

 Lactose 
Co-

excipient 
Mg. St. 

FLB -0 10:3 100 --- --- 99 --- 1 

 

 

 

Table 3.2: Matrices of FLB 100mg with Eudragit L100, L55 and S55 polymers 

Batch **D:P Drug Eudragit
®
Polymer Lactose *Mg.St. 

Co-

excipients 

EUDRAGIT
®
 L 55 

FLB -1 10:1 100 10 89 1 --- 

FLB -2 10:2 100 20 79 1 --- 

FLB -3 10:3 100 30 69 1 --- 

EUDRAGIT
®
L 100 

FLB -4 10:1 100 10 89 1 --- 

FLB -5 10:2 100 20 79 1 --- 

FLB -6 10:3 100 30 69 1 --- 

EUDRAGIT
®
S 100 

FLB -7 10:1 100 10 89 1 --- 

FLB -8 10:2 100 20 79 1 --- 

FLB -9 10:3 100 30 69 1 --- 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.3: Matrices of FLB 100mg with Eudragit L100, L55 and S55 polymers 

along with 10-30 % HPMC 

Batch **D:P Drug Eudragit 
®
L 100 Lactose 

Co-excipients 

(HPMC) 
*Mg.St. 

EUDRAGIT
®
L 100 

FLB -10 10:1 100 10 71.2 17.8 1 

FLB -11 10:2 100 20 63.2 15.8 1 

FLB -12 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
L 55 

FLB -13 10:1 100 10 71.2 17.8 1 

FLB -14 10:2 100 20 63.2 15.8 1 

FLB -15 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
S 100 

FLB -16 10:1 100 10 71.2 17.8 1 

FLB -17 10:2 100 20 63.2 15.8 1 

FLB -18 10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.4: Matrices of FLB 100mg with Eudragit L100, L55 and S55 

polymers along with 10-30 % CMC 

Batch **D:P Drug EUDRAGIT
®
 Lactose 

Co-

excipient 

CMC 

*Mg. St. 

EUDRAGIT
® 

 L 100 

FLB -19 10:1 100 10 71.2 17.8 1 

FLB -20 10:2 100 20 63.2 15.8 1 

FLB -21 10:3 100 30 55.2 13.8 1 

EUDRAGIT
® 

L 55 

FLB -22 10:1 100 10 71.2 17.8 1 

FLB -23 10:2 100 20 63.2 15.8 1 

FLB -24 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
S 100 

FLB -25 10:1 100 10 71.2 17.8 1 

FLB -26 10:2 100 20 63.2 15.8 1 

FLB -27 10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.5: Matrices of FLB 100mg with Eudragit L100, L55 and S55 

polymers along with 10-30 % Starch 

Batch **D:P Drug EUDRAGIT
®
 Lactose 

Co-excipient 

Starch 
*Mg. St. 

EUDRAGIT
®
 L 100 

FLB -28 10:1 100 10 71.2 17.8 1 

FLB -29 10:2 100 20 63.2 15.8 1 

FLB -30 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 L 55 

FLB -31 10:1 100 10 71.2 17.8 1 

FLB -32 10:2 100 20 63.2 15.8 1 

FLB -33 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 S 100 

FLB -34 10:1 100 10 71.2 17.8 1 

FLB -35 10:2 100 20 63.2 15.8 1 

FLB -36 10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.6: Matrices of FLB 100mg with Eudragit L100, L55 and S55 

polymers along with 10-30 % Xanthane Gum 

Batch **D:P Drug EUDRAGIT
®
 Lactose 

Co-excipient 

Xanthane Gum 
*Mg. St. 

EUDRAGIT
®
 L 100 

FLB -37 10:1 100 10 71.2 17.8 1 

FLB -38 10:2 100 20 63.2 15.8 1 

FLB -39 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 L 55 

FLB -40 10:1 100 10 71.2 17.8 1 

FLB -41 10:2 100 20 63.2 15.8 1 

FLB -42 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 S 100 

FLB -43 10:1 100 10 71.2 17.8 1 

FLB -44 10:2 100 20 63.2 15.8 1 

FLB -45 10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.7: Matrices of FLB 100mg with Eudragit L100, L55 and S55 

polymers along with 10-30 % Gum Acacia 

Batch **D:P Drug EUDRAGIT
®
 Lactose 

Co-excipient 

Gum acacia 
*Mg. St. 

EUDRAGIT
®
 L 100 

FLB -

46 
10:1 100 10 71.2 17.8 1 

FLB -

47 
10:2 100 20 63.2 15.8 1 

FLB -

48 
10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 L 55 

FLB -

49 
10:1 100 10 71.2 17.8 1 

FLB -

50 
10:2 100 20 63.2 15.8 1 

FLB -

51 
10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 S 100 

FLB -

52 
10:1 100 10 71.2 17.8 1 

FLB -

53 
10:2 100 20 63.2 15.8 1 

FLB -

54 
10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.8: Composition of IBU 100 mg tablets without polymer 

Batch D:P Drug EUDRAGIT
®

 Lactose 

Co-

excipient 

 

Mg. St. 

IBU -0 10:3 100 --- --- 99 --- 1 

 

 

Table 3.9: Matrices of IBU 100mg with Eudragit L100, L55 and S55 

polymers 

Batch **D:P Drug 
EUDRAGIT

®
 

Polymers 
Lactose *Mg.St 

. Co-

excpients 

EUDRAGIT
®
 L 55 

IBU -1 10:1 100 10 89 1 --- 

IBU -2 10:2 100 20 79 1 --- 

IBU -3 10:3 100 
30 

 
69 1 --- 

EUDRAGIT
®
L 100 

IBU -4 10:1 100 10 89 1 --- 

IBU -5 10:2 100 20 79 1 --- 

IBU -6 10:3 100 30 69 1 --- 

EUDRAGIT
®
S 100 

IBU -7 10:1 100 10 89 1 --- 

IBU -8 10:2 100 20 79 1 --- 

IBU -9 10:3 100 
30 

 
69 1 --- 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.10: Matrices of IBU 100mg with Eudragit L100, L55 and S55 

polymers along with 10-30 % HPMC 

 

Batch **D:P Drug EUDRAGIT
®
 Lactose 

Co-excipient 

HPMC 
*Mg. St. 

EUDRAGIT
®
L 100 

IBU -10 10:1 100 10 71.2 17.8 1 

IBU -11 10:2 100 20 63.2 15.8 1 

IBU -12 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
L 55 

IBU -13 10:1 100 10 71.2 17.8 1 

IBU -14 10:2 100 20 63.2 15.8 1 

IBU -15 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
S 100 

IBU -16 10:1 100 10 71.2 17.8 1 

IBU -17 10:2 100 20 63.2 15.8 1 

IBU -18 10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.11: Matrices of IBU 100mg with Eudragit L100, L55 and S55 

polymers along with 10-30 % CMC 

Batch **D:P Drug EUDRAGIT
®

 Lactose 

Co-

excipient 

CMC 

*Mg. St. 

EUDRAGIT
® 

 L 100 

IBU -19 10:1 100 10 71.2 17.8 1 

IBU -20 10:2 100 20 63.2 15.8 1 

IBU -21 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
L 55 

IBU -22 10:1 100 10 71.2 17.8 1 

IBU -23 10:2 100 20 63.2 15.8 1 

IBU -24 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
S 100 

IBU -25 10:1 100 10 71.2 17.8 1 

IBU -26 10:2 100 20 63.2 15.8 1 

IBU -27 10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.12: Matrices of IBU 100mg with Eudragit L100, L55 and S55 polymers 

along with 10-30 % Starch 

Batch **D:P Drug EUDRAGIT
®

 Lactose 

Co-

excipient 

Starch 

*Mg. St. 

EUDRAGIT
®
 L 100 

IBU -

28 
10:1 100 10 71.2 17.8 1 

IBU -

29 
10:2 100 20 63.2 15.8 1 

IBU -

30 
10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 L 55 

IBU -

31 
10:1 100 10 71.2 17.8 1 

IBU -

32 
10:2 100 20 63.2 15.8 1 

IBU -

33 
10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 S 100 

IBU -

34 
10:1 100 10 71.2 17.8 1 

IBU -

35 
10:2 100 20 63.2 15.8 1 

IBU -

36 
10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.13: Matrices of IBU 100mg with Eudragit L100, L55 and S55 

polymers along with 10-30 % Xanthane Gum 

Batch **D:P Drug EUDRAGIT
®

 Lactose 

Co-

excipient 

Xanthane 

Gum 

*Mg. St. 

EUDRAGIT
®
 L 100 

IBU -37 10:1 100 10 71.2 17.8 1 

IBU -38 10:2 100 20 63.2 15.8 1 

IBU -39 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 L 55 

IBU -40 10:1 100 10 71.2 17.8 1 

IBU -41 10:2 100 20 63.2 15.8 1 

IBU -42 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 S 100 

IBU -43 10:1 100 10 71.2 17.8 1 

IBU -44 10:2 100 20 63.2 15.8 1 

IBU -45 10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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Table 3.14: Matrices of IBU 100mg with Eudragit L100, L55 and S55 

polymers along with 10-30 % Gum Acacia 

Batch **D:P Drug EUDRAGIT
®

 Lactose 

Co-

excipient 

Gum acacia 

*Mg. St. 

EUDRAGIT
®
 L 100 

IBU -46 10:1 100 10 71.2 17.8 1 

IBU -47 10:2 100 20 63.2 15.8 1 

IBU -48 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 L 55 

IBU -49 10:1 100 10 71.2 17.8 1 

IBU -50 10:2 100 20 63.2 15.8 1 

IBU -51 10:3 100 30 55.2 13.8 1 

EUDRAGIT
®
 S 100 

IBU -52 10:1 100 10 71.2 17.8 1 

IBU -53 10:2 100 20 63.2 15.8 1 

IBU -54 10:3 100 30 55.2 13.8 1 

* Magnesium Stearate 

** Drug-polymer Ratio 
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3.4.1 Physical evaluation of matrix tablets 

Following dimensional and physical tests are performed in order to assess the tablet’s 

desired specifications. The tests are. 

i. Crusting strength/hardness. 

ii. Weight variation test. 

iii. Friability test 

iv. Content uniformity assay. 

v. Thickness and diameter. 

 

3.4.1.1 Crushing Strength/Hardness 

 Resistance of solid dosage form to withstand attrition or fracturing is hardness 

or crushing strength of a tablet. In this test from every batch, 10 tablets were taken, 

and by the use of hardness tester (Erweka Germany) their strengths were determined. 

We calculated and noted mean and standard deviation. 

 

3.4.1.2 Weight Variation Test 

 From every batch, 20 tablets are taken randomly. Take weight of every tablet. 

For weighing of tablets analytical balance was used. Using excel Program in 

computer, we calculated the mean and standard deviation and recorded results. 

 

3.4.1.3 Friability Test 

 This test is done under specific conditions. It is used to find out that whether in 

any case tablet is suffering from any damage in such a way that surface of tablets is 

damaged or lamination occurs or when the dosage form is subjected to mechanical 

shock, tablet failure takes place (USP; 2005, BP; 2002). USP and BP give various 

official guidelines. In this test take 20 tablets. Weigh them. This is w1. Friability test 

was performed in Roche friabilator (Erweka, Germany). 

It was operated at speed of 25 rpm for 4 minutes after W1 20 tablets were placed in 

friabilator for 4 minutes. After that tablets were deducted and weight those 20 tablets 

again. This is W2. Friability was determined by using formula. 
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 ×100   (3.7) 

Where, W1= original weight of tablets; W2= ending weight of tablets 

 

3.4.1.4 Content Uniformity Assay 

 From every batch, 10 tablets were taken and pulverized into powder, by use of 

pestle and mortar. In a volumetric flask of 100 ml, 20 mg of equivalent powder of 

drug was added which was followed by adding together of small quantity of 

phosphate buffer (µ 7.4) for hydration of samples. Ultimate volume was made up to 

mark the samples were subjected to slight shaking so that drugs are completely 

dissolved. After that pass through membrane filters paper (0.45 µm). Using double 

beam spectrophotometer, standard absorbance value of Ibuprofen and Flurbiprofen 

were determined at λ max of 220 nm and 247 nm respectively. Mean and standard 

deviations were calculated. 

 

3.4.1.5 Thickness and Diameter 

 With the help of veined caliper, thickness and diameter of 20 tablets were 

determined. Finally attempts were made to note average mean as well as standard 

deviation. 

 

3.5 In –Vitro Dissolution Studies 

 Using dissolution apparatus pharma test (PTWS-11/P,Humburg, 

Germany).These studies were done by USP Paddle method (method II), 100rpm is the 

rotation speed of paddles in this case. 900ml of distilled water is added in each flask 

of dissolution apparatus. This DW is used as dissolution medium. The optimal 

temperature for the process is 37
0
C ± 0.5

0
C. The samples of 5 ml were withdrawn 

after a specified interval of time i.e. ranging from 5 to 120 minutes equally spaced and 

presented in parenthesis as prescribed (5, 10, 15, 20, 25, 30 40, 50, 60, 70, 80, 90, 

100, 110, 120 min) with the aid of 0.45nm filter syringes. Equal volume of fresh 

dissolution medium was added after each sampling to maintain the volume and temp 

of dissolution medium. Using double beam spectrophotometer, samples were 
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analyzed for Ibuprofen and Flurbiprofen and λ max of 220 nm and 247 nm 

respectively. By using calibrated standard curves of respective drugs percent drug 

dissolution of Ibuprofen and Flurbiprofen was calculated. The study was conducted in 

triplicate. 

 

3.6 Drug Release Kinetics 

 In order to determine the drug release kinetics, on the basis of data gained 

from in-vitro dissolution studies of various matrices the following different kinetic 

models were applied. 

i. Zero-order Kinetics. 

ii. First-order Kinetics 

iii. Higuchi, Square of Time Equation (Diffusion Model). 

iv. Hixon Crowell’s Equation (Erosion model). 

v. Korsmeyer-Peppas equation or Power law equation for drug release. 

 

3.6.1  Zero Order Kinetics 

 This model is used for representation of API from a dosage form that don’t de-

aggregates or disintegrate. Zero order kinetic characterizes constant rate of drug 

release. When zero order kinetic models were followed by drugs or dosage form, it 

leads to release the API in constant amount per unit time. This model is an ideal 

kinetic model in order to achieve prolongs pharmaceutical action. Mathematical 

representation is: 

W = k1t 

 

3.6.2 First Order Kinetic Equation 

 In 1964 Wagner Nelson proposed this model. The use of this model was the 

characterization and demonstration of release and absorption or from biological 

system elimination or removal of various drugs. Application of this model is in 

dissolution situation where sink conditions exist. Mathematical representation is: 

In (100-W) = In100-k2t 
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3.6.3 Higuchi’s Square of Time Equation (Diffusion model) 

 Diffusion or Higuchi model demonstrates the drug dissolution from ointment 

base and in suspension of non-eroding matrices. This equation is also functional for 

dissolution rates demonstration of all dosage forms excluding ointments. Also used 

for manifestation of release mechanism and dissolution process of modified DDS 

(Higuchi 1963). Simplest form of Higuchi model is W = k4t
1/2 

 

3.6.4 Hixon Crowell’s Equation (Erosions Model) 

 Hixon and Crowell in 1931 developed this model. It is prearranged in 

subsequent equation.    

(100-W)
1/3

 =100
1/3

 – k3t 

 

3.6.5 Korsmeyer-Peppas equation or Power law equation for drug release. 

 This is a simple model also called semi-empirical model. It creates a 

relationship b/w elapsed time with an exponential function and drug release. 

Mathematical representation is: 

Mt / M∞ = k5t
 n
 

Where, 

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 

This model has been used for different systems in which the value for n is used to 

describe different release mechanisms. 

1. If n = 0.45, it shows drug release mechanism is Fickian Diffusion. 

2. If n> 0.45 and n< 0.98, it shows non-Fickian or anomalous diffusion. 

3. If n = 0.89 it shows case II transport or typical zero order release. 

4. If n> 0.89 it shows super case II transport. 

 



70 
 

3.7 Testing Dissolution Equivalency  

The simple approach is model independent method in which by using similarity factor 

F2 and difference factor F1 we compare the dissolution profiles. Their common name 

is F1 and F2 fit factors. The calculation of percent difference is done b/w two 

dissolution profiles in such a way that, F1(Difference Factor) is used between two 

curves of comparative error at each time spot. Calculation of F1was done by 

following formula: 

ƒ1 = 
∑            

 

∑  
      

Where “n” represents numeral of pull points, Rt= dissolution sketch of the reference 

tablets at time t, Tt= dissolution sketch of the test tablets at the same time “t”. 

The similarity factor ƒ2 is an extent of similarity in the percent dissolution. Similarity 

factor F2 is the sum of squared error between the logarithmic reciprocal curves of √  

transformation. Computation ofF2 was achieved by following formula. 

ƒ2 = 50 log {[  
 

 
∑         ] 

 

   

    
    } 

 

3.8 Accelerated Stability and Reproducibility Studies 

 The preferred randomly selected lot of matrix tablets of both drugs was 

predisposed to stability chamber storage (Ti-Sc-THH-07-0400, Pakistan) at room 

temperature, as well as accelerated temperature exposure. (ICH)International 

Commission for Harmonization guidelines directed us to study Short term stability 

study to be carried out at exaggerated storage conditions. ( at Relative humidity (HR) 

75 ±5 % and 40±2
o
C (ICH, 1996). The matrices were analyzed for weight variation, 

hardness, friability, dissolution profile ,content uniformity and their physical 

appearance at programmed intervals of 0, 1, 2, 3, 6, 9, and 12 months. 

 

 

 

 



71 
 

3.9 In-vivo evaluation 

1. Study protocol and design.  

2. Blood samples withdrawal or collection from rabbits. 

3. Tablets administered to rabbits. 

4. Food, animal housing and maintenance for rabbits. 

5. Animals used for in-vivo studies. 

6. Extraction of drugs from plasma.  

 

3.9.1 Study Protocol & Design  

 Research and ethical committee approved the study protocol. The procedure 

that was used was followed by the animal scientific procedure act, 1986. There is 

compassion of two groups of animals. Each group is consisting of 12 rabbits. Parallel 

study design was adopted. In this comparison the pharmacokinetic parameters of 

optimized controlled release test tablets and reference sustained release tablets were 

studied using suitable formulations. The in-vivo and in-vitro correlation was taken 

out.  

 

3.9.2 Blood Samples Withdrawal or Collection from Rabbits 

 In centrifuged tubes 1ml of blood samples were taken and collected at 0 

(before dosing) and 0.5, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 18, 24, 36, 42, 48 hours after 

dosing. This is done in rabbit’s marginal ear vein through an indwelling cannula for 

test and reference formulation of Flurbiprofen and Ibuprofen. The collected blood 

samples were centrifuged at 3500 rpm for 15 min. the plasma was then shifted to new 

glass tubes and till analysis remained frozen at -20
0
C up to analysis. Before reference 

and test tablets administration the rabbits were kept for 24 hours on fasting. Same 

condition was maintained after administration of reference and test tablet. Water was 

allowed ad libitum in this period. 

 

3.9.3 Tablets Administration to Rabbits 

 For rabbits tablet administration 3ml of syringe was used. Syringes having 

barreled that were cutes very smoothly at the end of needle. This was done to prevent 

oral mucosal damage of rabbits. The rabbits were on fasting for 24 hours before tablet 
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administration. Then the rabbits were moved to wooden holder and with the aid of 

syringe the tablets were administered orally. When it is confirmed that tablets were 

swallowed by rabbits then the rabbits was given tap water with the help of 10 ml 

syringe. 

3.9.4 Food, Animal, Housing and Maintenance for Rabbits 

 Before administration of formulation the rabbits were given standard food for 

three days. Preparation of standard food was according to a published recipe 

comprising of: 

i. 20% grass meal. 

ii. 10 % white fish meat. 

iii. 40 % Bran. 

iv. 18 % middling.     (Kelley et al.,1992) 

 

3.9.5 Animals Used for in-vivo Studies 

 Rabbits with requisite specifications (local breed, either sex and weighing 

about 3 ± 0.5 kg) were employed for in-vivo studies 

Two groups of rabbits are made. Each group is consisting of 12 rabbits for analyzing 

pharmacokinetic parameters of test and reference formulations. 

Before reference and test tablets administration the rabbits were kept for 24 hours on 

fasting. Same condition was maintained after administration of reference and test 

tablet. Water was allowed ad libitum in this period. 

 

3.9.6 Extraction of Drugs from Plasma  

3.9.6.1 Extraction Procedure for Flurbiprofen and Ibuprofen  from Plasma 

 From plasma, drugs were extracted by simple 1 step liquid extraction 

procedure. Flurbiprofen extraction was done by the method by (Geisslinger et al., 

1992) with slight modifications. Shortly, 500µl of Flurbiprofen containing plasma 

was takes with Teflon lined screw cap in glass tube. Extracting solvent used was 4ml 

Hexane/ether mixture (4:1, v/v).  
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 Ibuprofen extraction was reported by method Sattar white et al,. (Sattar whilte 

and Boudinot, 1992). This method of extraction was also used with slight 

modification. In this 500µl of Ibuprofen containing plasma was taken. Extracting 

solvent used was 4ml diethyl ether. With the help of vortex mixer, for 1-5 minutes the 

prepared samples were vortexed. After this samples were centrifuged for 15min at 

3500 rpm by centrifuge. (Kobota, Japan). Nowin react vial, the supernatant layer was 

shifted. The extraction solvents under nitrogen gas was evaporated at 40
0
 C. The 100 

µl of particular mobile phases were used for reconstitution of residues formed in react 

vial for Ibuprofen and Flurbiprofen. 

 

3.10 HPLC Analysis of Drugs in Rabbit Plasma 

 The already published method was used for analysis and determination of 

ibuprofen and Flurbiprofen concentrations in plasma but slight modification were 

done. 

 

3.10.1 Analysis of Plasma Flurbiprofen Concentration 

 According to the method reported by (Geisslinger et al., 1992) having some 

modification, analysis of plasma samples containing flurbiprofen was done using a 

reversed-phase high performance liquid chromatographic technique. Shortly HPLC 

system composed of: 

i. Variable wavelength (UV-visible) detector (Perkin Elmer Series 200, USA). 

ii. Integrator NCl 900. 

iii. HPLC with binary pump solvent delivery system. 

iv. TCN av software. 

v. Degasser. 

50 µl syringe was used to inject 20 µl samples into 20 µl sample 100P in 

Rheodyne injection port By UV detector at λ max of 247 nm, detection of eluted 

chromatographics peaks was done, using a reverse phase c-18 (4.6 × 2500 nm, 5 nm 

ODS hypersil) analytical column of stainless steel (Thermo Electron corporation, 

UK) refillable guard column was fitted with this. Degassed solvents were used. 

Before operation of HPLC de gassation process was done with the help of sonicator. 
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By pH meter, the mobile phase pH was adjusted (Inolab series, Germany). That 

mobile is used that is comprising acetonitrile Phosphate buffer (60:40 v/v) having 

PH 3.0±0.2.  

 Ortho phosphoric acid was used to adjust the mobile phase pH. After that with 

the help of 0.45µm membrane filter, the prepared mobile phase was filtered. The 

analysis was performed after degassing by ultra-sonication. The quantification was 

determined by regression linear equation. This equation is derived from standard 

curve and flow of mobile phase is maintained1.0 ml/min aseptically. 

 

3.10.2 Analysis of Plasma Ibuprofen Concentration 

 According to the method reported by (Paul 1998) having some modification, 

analysis of plasma samples containing Ibuprofen was done using a reversed phase 

high performance liquid chromatographic technique. Shortly the HPLC system is 

composed of an HPLC, detector of variable wave length, Degasser (Perkin Elmer 

series 200, USA) TCN av software and integrator NCl 900.By using 50 µl syringe the 

20 µl samples were introduced into a Rheodyne injection port in sample loop. At λ 

max 220 nm UV detector (Perkin Elmer series 200, USA) detected chromatographic 

peaks by elution phenomenon. This required participation of stainless steelreverse 

phase C-18 (ODS Hypersil, 4.6×250 mm, 5 µ), analytical column (Thermo Electron 

Corporation, UK, strengthened with guard column of refillable nature. Prior to HPLC 

initiation, sonication helped to degass the solvents and also pH of the mobile phase 

was adjusted accordingly by using pH meter (Inolab Series, Germany) .The mobile 

phase composition was a combination of acetonitrile and  (60:40 v/v) phosphate 

buffer maintained at pH 3.0 ± 0.2 . Orthophosphoric acid employed to adjust pH of 

the mobile phase which was then subjected to filtration through membrane filter. 

(Sartorius, Germany) .Finally ultra-sonication, was done for degassing. Isocratic 

analysis was suggested with1.0 ml/min flow rate of mobile phase followed by 

quantification. Ultra sonication based degassing was performed. Using mobile phase 

isocratic analysis was accomplished. 

3.10.3 Pharmacokinetic Analysis 
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 Twelve rabbits were taken. Their most common pharmacokinetic parameter 

was evaluated from the plasma level time curve of both test and reference 

formulation. The most common pharmacokinetic parameters are: 

i. Time to reach max plasma concentration (Tmax). 

ii. Area under curve (AUC0-∞). 

iii. Peak plasma concentration (Cmax). 

 From every plasma concentration, data, Cmax and Tmax were calculated. 

Analysis of plasma concentration time data was done by well-known computer 

software Win –Nolin
@

Ver 5.2.10 the data collected was for both drugs Ibuprofen and 

Flurbiprofen AUC was determined by adding the area from time zero to last sampling 

time AUC0-tand area from test sampling point to infinity (AUCt-∞). 

 Trapezoidal method was used for calculation of AUC0-∞ and area under first 

moment plasma level time curves (AUMC).mean residence time (MRT) was 

calculated by using the ratio of (AUCt-∞) and (AUMC). 

 Following formulas are used to calculate the other parameters. 

Parameters      Formula 

i. Clearance (Clt).     Cltotal = dose/(AUC0-∞) 

ii. Volume of distribution (Vd).   Vd = cltotal/Lz. 

iii. Hay-life (t1/2).     t1/2 = ln
2
/Lz 

Where  

LZ can be calculated from formula given below.  

i. t1/2 = ln
2
/Lz 

 

1.10.4 In-vitro and In-vivo correlation 

 To determine IVIVC percent drug absorbed (Fa) was plotted next to percent 

drug released (Fr). Data of in-vitro release depicted values of percent drug released 

while Wagner and Nelson presented an equation to yield percent drug absorbed 

(Wagner and Nelson, 1964). 

Fa 
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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 

 

3.11 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 that is ANOVA. At a level of significance of P<0.05 
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Chapter # 4 

RESULTS AND DISCUSSION 

Ibuprofen and Flurbiprofen are NSAIDs that are recommended for 

osteoarthritis, ankylosing spondylitis, dysmenorrheal, rheumatoid arthritis, and acute 

musculoskeletal injury. Because of their dosage frequency, patient non-compliance, 

short half-life as well as side effects like peptic ulceration, GIT bleeding and 

disturbance they are recognized to be prominent candidates for controlled release 

formulations. A wide variety of drug delivery systems were designed such as CR 

Matrix tablets to combat the above problems. 

 

4.1 Drugs Identity Conformation Studies 

Using BP, 2007 as reference standard, during the pre-formulation studies, both 

drugs were examined physically for their identify conformation. The optical rotation 

and the melting point for Ibuprofen are 0.03 and 76.1 
0
C correspondingly, and the 

determined melting point for Flurbiprofen is 75 
0
C, there are compatible with BP 

limits. FT-IR spectra for further conformation for Ibuprofen and Flurbiprofen were 

matched with standard spectra given in BP, 2007. 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: FT-IR spectra of Pure Flurbiprofen sample 
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Figure 4.2: FT-IR spectra of Pure Ibuprofen sample 

 

Figures 4.1 & 4.2 represent that FT-IR Spectra of samples of Flurbiprofen and 

Ibuprofen were identical to the reference spectra of their drugs mentioned in the 

British Pharmacopoeia (BP), 2007, which indicates the purity and identity 

confirmation of the drug samples, the %age purity of the samples of these drugs lies 

within the British Pharmacopoeia (BP) limits. 

 

4.2 Particle Size Analysis 

Size distribution as well as particle size of any drug plays a considerable role 

in the release pattern as well as the release model from CR formulations (Velasco et 

al., 1999). Thus, particle size analysis was performed after determining the %age 

purity of the drugs.  

Figures 4.3 & 4.4 represent that the mean particle size distribution for Ibuprofen was 

30.04 µm. So, it was proved that both drugs were suitable candidates for CR 

formulation. 
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Figure 4.3: Particle size distribution of Flurbiprofen 

 

 

 

 

 

Figure 4.4: Ibuprofen size distribution histogram 
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4.3 Wavelength selection of candidate drugs 

Figures 4.5 & 4.6 show the Ultra violet (UV) Spectra of Ibuprofen and Flurbiprofen in 

pH 7.4 phosphate buffer solution. 

 

Figure 4.5: A Spectra of Flurbiprofen in pH 7.4 phosphate buffer solution with 

various wave lengths involving UV Spectroscopy.  

 

Figure 4.6: A Spectra of Ibubiprofen in pH 7.4 phosphate buffer solution with 

various wave lengths involving UV Spectroscopy. 

The spectra demonstrate maximum at 265 nm and 247 nm for Ibuprofen and 

Flurbiprofen, respectively. 
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4.4 Construction of standard curves 

The standard curves were prepared for Ibuprofen and Flurbuprofen to analyze and 

determine the solubility of these drugs in different solvents. Tablets 4.5-4.6 show the 

absorbance values (average) of sample solutions in phosphate buffer (pH 7.4) with 

different concentrations. The standard curves are shown in figures, (4.7 and 4.8 

respectively) 

Fig

ure 
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nd
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Cu
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profen in phosphate buffer 7.4 

 

 

 

 

 

 

 

 

 

Figure 4.8 Standard Curve for Ibuprofen in pH 7.4 phosphate buffer. 
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Micrometrics 

Prior to matrices formulation, pure Ibuprofen and Flurbiprofen were investigated for 

Hausner ratio, compressibility index, and angle of repose. This skill full task was 

accomplished in order to yield accurate flow of powder material into the dies from 

hoppers or bulk reservoir which in turn responsible for manipulation of matrix tablets 

that show ultimate content uniformity and reproducibility. The failure of this act 

might result not only in die filling problems but also presents varying strength, drug 

content and weight oriented matrices ; an optimum flow of powder blends is 

necessary to guarantee uniform supply from container into dies for obtaining 

reproducible matrices with up to standard weight variation, content uniformity and 

physical consistency(Alderborn, 2002). 

Table 4.2 shows that angle of repose, hausner ratio and compressibility index for pure 

Ibuprofen are 49.7 ± 0.02, 1.45 ± 0.01 and 31 ± 0.01% respectively indicating poor 

flow properties and  for pure Flurbiprofen 48.5 ± 0.03, 1.39 ± 0.02 and 28 ± 0.03 %, 

conforming poor flow properties. For all formulations, during mixing of the 

formulation ingredients, 0.5 % magnesium stearate as lubricating agent was added to 

improve the flow properties, which showed improvement. According to BP and USP, 

this is the remedy to tackle such problems.  

This improvement in the flow properties of Ibuprofen and Flurbiprofen formulations 

has been shown in table 4.2 and 4.1. the angle of repose, Hausner ratio and 

compressibility index of Flurbiprofen were changed from 32.1 ± 0.03 to 34.9 ± 0.04, 

1.112 ± 0.02 to 1.17 ± 0.02 and 12.3 ± 0.03 % to 14.8 ± 0.01 % respectively and the 

angle of repose, Hausner ratio and compressibility index of Ibuprofen were improved 

from 32.2 ± 0.02 to 35 ± 0.01, 1.121 ± 0.03 to 1.18 ± 0.02 and 12.4 ± 0.04 % to 15 ± 

0.02% correspondingly. It can clearly be observed that the addition of magnesium 

stearate caused improvement inflow properties of the powder samples (Cao et al., 

2005). 
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Table 4.1: Various parameters of Pure and FLB Eudragit
®
 based 

Flurbiprofen formulation (L 100, L55, S100) 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

FB-1 1.09±0.01 22.14±0.04 17.18±0.01 0.309±0.03 0.321±0.001 

FB -2 1.13±0.08 28.21±0.02 19.28±0.02 0.333±0.09 0.319±0.09 

FB -3 1.18±0.01 23.17±0.00 15.41±0.07 0.303±0.02 0.355±0.02 

FB -4 1.11±0.05 19.81±0.09 21.09±0.01 0.319±0.05 0.311±0.03 

FB -5 1.08±0.04 16.91±0.01 23.87±0.01 0.322±0.06 0.344±0.05 

FB -6 1.19±0.06 21.19±0.03 16.31±0.03 0.301±0.08 0.356±0.01 

FB -7 1.24±0.01 23.21±0.01 17.81±0.01 0.362±0.02 0.378±0.02 

FB -8 1.32±0.08 16.87±0.05 11.98±0.06 0.322±0.00 0.320±0.06 

FB -9 1.16±0.01 17.76±0.09 16.01±0.06 0.341±0.02 0.340±0.01 
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Table 4.2: Various parameters of pure and FLB Eudragit
®
 based 

Flurbiprofen formulation (L 100, L55, S100) With HPMC as co-

excipient 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

FB -10 1.14±0.05 17.87±0.08 17.01±0.05 0.333±0.05 0.371±0.09 

FB -11 1.24±0.01 17.17±0.01 14.76±0.01 0.351±0.01 0.361±0.06 

FB -12 1.37±0.09 13.32±0.02 13.98±0.03 0.365±0.07 0.328±0.03 

FB -13 1.41±0.02 18.76±0.03 15.16±0.09 0.321±0.03 0.354±0.04 

FB-14 1.09±0.01 22.14±0.04 17.18±0.01 0.309±0.03 0.321±0.001 

FB-15 1.13±0.08 28.21±0.02 19.28±0.02 0.333±0.09 0.319±0.09 

FB-16 1.18±0.01 23.17±0.00 15.41±0.07 0.303±0.02 0.355±0.02 

FB-17 1.11±0.05 19.81±0.09 21.09±0.01 0.319±0.05 0.311±0.03 

FB-18 1.08±0.04 16.91±0.01 23.87±0.01 0.322±0.06 0.344±0.05 
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Table 4.3: Various Parameters of pure FLB and EUDRAGIT
®
 based 

 Flurbiprofen formulation (L 100, L55, S100) and CMC as co 

 excipient 

Formulation 

Code 

Hausner’ Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

FB -19 1.38±0.08 19.47±0.01 16.31±0.05 0.333±0.01 0.341±0.03 

FB -20 1.21±0.01 14.77±0.09 22.46±0.08 0.342±0.04 0.381±0.02 

FB -21 1.36±0.06 19.92±0.05 16.18±0.04 0.359±0.01 0.348±0.07 

FB -22 1.40±0.03 20.56±0.08 13.16±0.02 0.348±0.00 0.371±0.04 

FB-23 1.27±0.06 19.14±0.04 21.08±0.04 0.325±0.01 0.339±0.01 

FB-24 1.21±0.02 26.29±0.01 17.88±0.02 0.330±0.01 0.329±0.02 

FB-25 1.10±0.03 29.19±0.09 19.49±0.07 0.313±0.04 0.351±0.08 

FB-26 1.18±0.01 17.45±0.05 22.29±0.01 0.339±0.06 0.341±0.03 

FB-27 1.23±0.09 14.31±0.03 20.47±0.01 0.328±0.01 0.323±0.08 
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Table 4.4: Various parameters of pure and FLB Eudragit
®
 based 

Flurbiprofen formulation (L 100, L55, 5100) starch as co-excipient 

Formulation 

Code 

Hausner’ Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

FB -28 1.24±0.05 16.27±0.08 15.11±0.01 0.336±0.02 0.359±0.04 

FB -29 1.14±0.01 15.37±0.01 19.46±0.03 0.357±0.06 0.369±0.02 

FB -30 1.31±0.09 17.12±0.02 11.28±0.05 0.366±0.03 0.333±0.07 

FB -31 1.25±0.01 15.26±0.03 17.46±0.05 0.301±0.06 0.359±0.01 

FB-32 1.29±0.04 20.24±0.04 14.68±0.07 0.329±0.06 0.345±0.01 

FB-33 1.33±0.01 25.51±0.02 15.38±0.02 0.325±0.01 0.356±0.07 

FB-34 1.12±0.07 22.37±0.00 18.44±0.04 0.323±0.02 0.366±0.01 

FB-35 1.11±0.04 29.41±0.09 20.29±0.09 0.311±0.07 0.319±0.06 

FB-36 1.18±0.01 26.01±0.01 19.81±0.03 0.328±0.01 0.334±0.02 
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Table 4.5: Various parameters of pure and FLB Eudragit
®
 based Flurbiprofen

 formulation (L 100, L55, 5100) Xanthane Gum as co-excipient 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

FB -37 1.24±0.00 13.37±0.00 19.51±0.05 0.313±0.04 0.381±0.02 

FB -38 1.14±0.05 14.47±0.07 16.36±0.01 0.321±0.08 0.389±0.04 

FB -39 1.27±0.01 19.92±0.05 18.28±0.03 0.331±0.04 0.368±0.01 

FB -40 1.31±0.07 16.86±0.08 14.46±0.04 0.346±0.01 0.365±0.09 

FB-41 1.19±0.08 20.34±0.01 16.78±0.08 0.322±0.08 0.355±0.06 

FB-42 1.23±0.05 24.51±0.07 13.08±0.04 0.351±0.03 0.365±0.03 

FB-43 1.38±0.04 20.67±0.04 19.31±0.00 0.330±0.09 0.369±0.06 

FB-44 1.21±0.01 17.61±0.03 23.89±0.06 0.341±0.04 0.343±0.02 

FB-45 1.18±0.03 13.11±0.01 20.07±0.01 0.338±0.01 0.338±0.03 
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Table 4.6: Various parameters of pure and FLB Eudragit
®
 based 

Flurbiprofen formulation (L 100, L55, 5100) Gum Acacia as co-excipient 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

FB -46 1.24±0.05 16.07±0.03 16.01±0.05 0.343±0.01 0.351±0.09 

FB -47 1.29±0.01 14.12±0.09 17.16±0.09 0.359±0.04 0.339±0.06 

FB -48 1.31±0.09 18.39±0.05 12.28±0.04 0.345±0.02 0.370±0.07 

FB -49 1.49±0.07 15.71±0.01 13.56±0.01 0.328±0.04 0.334±0.04 

FB-50 1.19±0.05 20.19±0.09 14.58±0.07 0.329±0.05 0.329±0.07 

FB-51 1.33±0.01 24.41±0.06 16.58±0.04 0.331±0.01 0.339±0.09 

FB-52 1.28±0.02 27.87±0.02 12.21±0.03 0.343±0.04 0.350±0.03 

FB-53 1.31±0.07 21.71±0.05 18.39±0.05 0.329±0.02 0.341±0.01 

FB-54 1.18±0.01 19.11±0.08 20.17±0.03 0.320±0.01 0.334±0.01 
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Table 4.7: Various parameters Pure and FLB Eudragit
®
 based Ibuprofen 

formulation (L 100, L55, 5100) 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

IB-1 1.13±0.02 25.04±0.01 16.48±0.07 0.311±0.01 0.291±0.01 

IB -2 1.07±0.01 24.29±0.04 17.08±0.04 0.313±0.04 0.311±0.02 

IB -3 1.16±0.07 21.07±0.02 18.11±0.02 0.321±0.03 0.325±0.06 

IB -4 1.01±0.06 19.21±0.07 20.19±0.05 0.321±0.02 0.301±0.01 

IB -5 1.17±0.09 18.91±0.01 23.87±0.01 0.309±0.01 0.321±0.03 

IB -6 1.19±0.01 20.34±0.05 17.51±0.07 0.317±0.02 0.311±0.08 

IB -7 1.04±0.04 26.28±0.08 18.01±0.01 0.332±0.05 0.328±0.09 

IB -8 1.22±0.02 19.17±0.01 15.38±0.03 0.342±0.01 0.329±0.03 

IB -9 1.06±0.01 21.76±0.03 18.01±0.03 0.331±0.07 0.333±0.05 
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Table 4.8: Various parameters of pure and FLB Eudragit
®
 based Ibuprofen

  formulation (L 100, L55, 5100) HPMC as co-excipient 

Formulation 

Code 

Hausner’ Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

IB -10 1.22±0.01 15.27±0.03 19.11±0.02 0.321±0.05 0.336±0.01 

IB -11 1.31±0.05 17.07±0.08 16.26±0.07 0.311±0.01 0.343±0.04 

IB -12 1.12±0.03 18.02±0.01 15.28±0.01 0.339±0.07 0.338±0.02 

IB -13 1.43±0.08 16.36±0.04 17.46±0.04 0.309±0.03 0.334±0.09 

IB-14 1.17±0.05 18.04±0.01 20.01±0.09 0.329±0.03 0.329±0.01 

IB-15 1.09±0.01 22.29±0.09 19.17±0.04 0.322±0.09 0.349±0.06 

IB-16 1.14±0.03 21.07±0.01 16.01±0.01 0.313±0.02 0.315±0.02 

IB-17 1.24±0.05 22.11±0.05 20.23±0.03 0.339±0.05 0.301±0.04 

IB-18 1.33±0.09 15.41±0.07 20.17±0.05 0.312±0.06 0.324±0.05 
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Table 4.9: Various parameters of pure and FLB Eudragit
®
 based Ibuprofen 

formulation (L 100, L55, 5100) CMC as co-excipient 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

IB -19 1.25±0.03 16.96±0.05 18.01±0.01 0.322±0.09 0.314±0.01 

IB -20 1.19±0.08 18.07±0.01 20.16±0.04 0.339±0.02 0.327±0.05 

IB -21 1.41±0.01 17.12±0.03 17.78±0.03 0.319±0.04 0.324±0.03 

IB -22 1.47±0.08 16.16±0.02 15.36±0.08 0.331±0.06 0.344±0.01 

IB-23 1.21±0.02 19.14±0.09 21.48±0.01 0.317±0.03 0.329±0.04 

IB-24 1.26±0.06 21.22±0.06 17.88±0.04 0.309±0.05 0.331±0.01 

IB-25 1.18±0.01 22.39±0.03 19.09±0.02 0.328±0.01 0.318±0.02 

IB-26 1.26±0.05 20.15±0.01 17.19±0.07 0.321±0.03 0.335±0.09 

IB-27 1.28±0.02 16.39±0.02 21.17±0.03 0.338±0.02 0.319±0.03 
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Table 4.10: Various parameters of pure and FLB Eudragit
®
 based Ibuprofen 

formulation (L 100, L55, 5100) Starch as co-excipient 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

IB -28 1.17±0.01 17.67±0.05 17.09±0.06 0.315±0.06 0.324±0.09 

IB -29 1.26±0.07 18.17±0.03 16.16±0.05 0.342±0.02 0.331±0.05 

IB -30 1.36±0.03 21.87±0.01 16.88±0.09 0.331±0.08 0.328±0.01 

IB -31 1.09±0.01 17.16±0.03 21.06±0.01 0.321±0.01 0.318±0.07 

IB-32 1.34±0.08 21.54±0.09 17.34±0.04 0.341±0.09 0.305±0.03 

IB-33 1.03±0.04 23.01±0.01 19.18±0.01 0.339±0.01 0.346±0.02 

IB-34 1.52±0.07 19.57±0.02 18.04±0.06 0.328±0.02 0.328±0.04 

IB-35 1.31±0.02 23.49±0.06 21.27±0.06 0.319±0.03 0.329±0.03 

IB-36 1.28±0.04 23.71±0.04 15.08±0.03 0.351±0.07 0.321±0.01 
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Table 4.11: Various parameters of pure and FLB Eudragit
®
 based Ibuprofen 

formulation (L 100, L55, 5100) Xanthan Gum as co-excipient 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

IB -37 1.16±0.01 16.42±0.03 19.82±0.01 0.343±0.09 0.345±0.09 

IB -38 1.22±0.08 18.07±0.01 23.67±0.03 0.326±0.04 0.319±0.03 

IB -39 1.36±0.02 17.52±0.01 17.58±0.06 0.311±0.01 0.311±0.07 

IB -40 1.18±0.01 15.16±0.07 15.46±0.02 0.333±0.09 0.305±0.01 

IB-41 1.14±0.08 19.34±0.03 18.38±0.06 0.345±0.02 0.344±0.09 

IB-42 1.09±0.07 20.41±0.05 16.18±0.09 0.322±0.01 0.338±0.05 

IB-43 1.43±0.03 19.67±0.01 20.47±0.01 0.339±0.05 0.352±0.01 

IB-44 1.17±0.01 15.61±0.08 22.19±0.07 0.314±0.01 0.321±0.07 

IB-45 1.39±0.03 18.09±0.01 18.28±0.02 0.317±0.06 0.309±0.04 
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Table 4.12: Various parameters of pure and FLB Eudragit
®
 based Ibuprofen 

formulation (L 100, L55, 5100) Gum Acacia as co-excipient 

Formulation 

Code 

Hausner’ 

Ratio 

±SD (Mean) 

Compressibility 

Index (%)±SD 

(Mean) 

Angle of 

Repose 

(θ) ±SD 

(Mean) 

Tapped 

Density 

(g/cm
2
) ±SD 

(Mean) 

Bulk Density 

(g/cm
2
) ±SD 

(Mean) 

IB -46 1.04±0.05 16.07±0.06 19.51±0.01 0.325±0.08 0.308±0.01 

IB -47 1.33±0.01 19.82±0.02 17.36±0.02 0.333±0.03 0.331±0.02 

IB -48 1.25±0.09 18.89±0.09 16.78±0.01 0.321±0.06 0.317±0.07 

IB -49 1.39±0.07 16.79±0.01 21.06±0.04 0.309±0.01 0.304±0.03 

IB-50 1.20±0.05 21.19±0.02 14.58±0.02 0.355±0.02 0.362±0.01 

IB-51 1.01±0.01 17.49±0.04 18.28±0.08 0.322±0.08 0.319±0.02 

IB-52 1.43±0.02 21.07±0.01 14.67±0.01 0.323±0.02 0.326±0.08 

IB-53 1.59±0.07 18.01±0.05 20.39±0.05 0.348±0.05 0.311±0.06 

IB-54 1.76±0.01 14.78±0.03 21.97±0.01 0.328±0.09 0.344±0.01 
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4.6  Differential Scanning Calorimeter (DSC) 

DSC studies were conducted to probe interactions between the drugs, different 

excipients and polymers. The sharp endothermic peaks at 114 were shown by the 

DSC analysis of FLB which is correspondent to its melting point (Jan-olav & Maria 

1999). 

Flurbiprofen based solid dispersion and physical mixtures display comparable and 

similar endothermic peaks with respect to pre specified peak of the drug. So, there 

was no observed convincing verification of Incompatibility between the drug 

excipients and polymer. 

DSC curves of pure Ibuprofen and pure Flurbiprofen and their physical mixtures with 

polymer Eudragit
®
 and various co-excipients. Eudragit base Ibu physical mixture 

along with co excipients portray spiky endothermic peak at 76.94 
0
C which is enclose 

proximity with melting point of pure Ibuprofen. With respect to pure drug polymer 

oriented physical mixtures of Ibuprofen containing various co excipients did not show 

foremost alteration, indicating no promising interaction 
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Figure 4.9: DSC thermo gram of (a) pure Flurbiprofen physical mixtures of 

Flurbiprofen with EUDRAGIT
®

Polymer, magnesium stearate, 

lactose, using co-excipients; HPMC (b); starch (c); CMC (d) 

Xanthene gum (e) Gum acacia (f) 
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Figure 4.10: DSC thermogram of pure (a)Ibuprofen physical mixtures of   

Ibuprofen with EUDRAGIT ® polymer, magnesium stearate,  

 lactose, using co-excipients; HPMC (b); starch (c) CMC (d) 

 Xanthene Gum (e) Gum Acacia (f) 
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4.7 Fourier Transform Infrared (FTIR) Studies 

Compatibility protocols were established for pure drugs as well as physical mixtures 

of respective drugs. One such protocol is FTIR spectra that is also describe in Fig 4.10 

which presents Eudragit® base physical mixture including a well-defined 

combination of excipient and co excipients such as lactose, Magnesium Strearate, 

Starch, HPMC and CMC respectively. The spectra clearly unfold the basics of FLB 

structures. Mega peaks corresponds carboxyl group at 1695 cm‾¹ while drug molecule 

also indicates benzene ring due to the presence of smaller peak at 1000-1700 cm‾¹ 

regions (Shrivastava et al., 2009, Ranjha et al., 2010). No convincing interaction was 

detected among drug, polymer as well as co excipients as characteristics peaks are 

transparent. 

Figure 4.10a-g.represents FTIR spectra of pure Ibuprofen along with its physical 

mixtures by incorporating polymer (EUDRAGIT
®
) and various excipients such as 

lactose, HPMC,CMC, magnesium Stearate .Xanthan gum and Gum acacia. Pure 

Ibuprofen produced spiky characteristic peaks at 1706 cm
-1

 analogous to carboxyl 

group located on Ibuprofen. Other minor peaks in 1200-1000 cm
-1 

region are the 

marker of benzene ring (Socrates, 1994).Physical mixtures of polymer and excipients 

also showed characteristic peaks like pure Ibuprofen, demonstrating no convincing 

interaction.  
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Figure 4.11: FT-IR spectra of (a) pure Ibuprofen physical mixtures of 

Flurbiprofen with polymer EUDRAGIT
®
 , magnesium stearate, 

lactose, using co-excipients; HPMC (b); starch (c); CMC (d) 

Xanthene gum (e) Gum acacia (f) 
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Figure 4.12 FT-IR spectra of (a)pure Ibuprofen  physical mixtures of  

  Ibuprofen with polymer EUDRAGIT
®
, magnesium stearate,  

  lactose, using co-excipients; HPMC (b); starch (c); CMC (d)  

  Xanthene gum (e) Gum acacia (f) 
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4.8 Solubility Studies 

Figures 4.12 and 4.13 displayed results of Ibuprofen and Flurbiprofen solubility 

studies respectively at various temperatures 25
o
C, 37

o
C, and 40

o
C by using numerous 

solvents like0.1 N HCL solutions, phosphate buffer solutions (pH 7.4, 7.2 and6.8) and 

distilled water. 

Phosphate buffer showed greater solubility of drugs with respect to other solvents. 

Since, Flurbiprofen and Ibuprofen, having pKa value 4.6 and 5.3 respectively are 

weakly acidic in nature, this higher value of solubility might be attributed to weak 

acidic nature of the drugs. As the solubility of weak acidic or basic drug is heavily 

dependent on pH, so this is also reflected that at high pH value, the solubility of 

respective drug is also high (Loyd, 2005a). Furthermore as temperature of the 

surroundings is increased, drug solubility is also proportionally increased. This might 

be due to heat absorption as mostly chemicals in dissolved form do possess positive 

heat of solution, leading to enhanced and improved solubility with rise in temperature 

(Loyd, 2005b). 

 

Figure 4.13: Ibuprofen Solubility profile in various solvents at different 

temperature. 
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Figure: 4.13  Flurbiprofen Solubility profile in various solvent at different 

temperature. 

 

4.9 Physicochemical Assessment of Matrix Tablets 

To meet the desired specifications numerous official quality control tests 

including both physicochemical as well as dimensional protocols such as thickness 

and diameter, friability test, hardness test, weight variation test and content uniformity 

are recommended for solid dosage form (Augsburger, 2002). The produced tablets are 

subjected to such stringent tests to evaluate their tolerance or strength towards 

pressure exerted during handling, packaging and shipping furthermore these tests are 

also in dispensable to guaranty that the tablets so produced are stable enough 

physiochemical and cause adequate release of requisite amount of drug after 

administration by the patient. Any modifications in these protocols pre dispose safety 

and efficacy of the drug towards serious threat.(Hwang, 2001).  

Table 4.13 and 4.24 shows optimized matrix tablets of ibuprofen and Flurbiprofen 

along with Eudragit polymer and excipients. The matrices were prepared at different 

ratio of drug to polymer i.e 10:1, 10:2, 10:3. After preparation the matrices were 

evaluated for appearance and physicochemical tests. All the specified searching 
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checks were performed in accordance with good laboratory practice (GLP). The 

matrices were elegant and smooth in appearance. All formulations were within 

acceptable weight variation test. Tiwari et al., (2003) conducted similar research on 

controlled release Tramadol HCl tablets containing HPMC K100M. 

All the tablets had shown weight variation within acceptable range. The average 

thickness, diameter, friability, hardness and content uniformity are 2.10 ± 0.09 to 2.41 

± 0.21, 4.04 ± 0.11 to 4.90 ± 0.21, 0.11 ±0.12 to 0.31 ± 0.11, 6.04 ± 0.17 to 7.77 ± 

0.51, 198 ± 0.13 to 203± 1.21 and 97.04 ± 0.27 to 99.98 ± 0.53 respectively. 

The official limit for all tests are 10 kg/cm2 (Hardness), 0.8% (friability), 90-110% 

(Drug contents) and 4-13 mm, 2-4 mm (diameter and thickness) respectively. 

Controlled release matrices of ibuprofen were also subjected to above mentioned 

physico-chemical tests. The tablets thus obtained were having smooth surfaces and 

elegant appearance. Tablets 4.19 to 4.24 describe the results of average friablility, 

weight variation, thickness and diameter. 

The average hardness, weight variation, friability, drug content and thickness and 

diameter are 2.00 ± 0.31 to 2.95 ± 0.35, 4.02 ± 0.71 to 4.93 ± 0.79, 0.13 ± 0.01 to 0.31 

± 0.11, 6.11 ± 0.87 to 7.85 ± 0.65, 196 ± 1.24 to 203 ± 1.31 and 96.18 ± 1.15 to 99.78 

± 0.63 respectively 

All formulations were showing compliance with B.P and U.S.P specifications and all 

the results were uniform showing no significant variations. 
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Table 4.13: Physico-Chemical characteristic of CR matric tablets of 

Flurbiprofin 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%).±SD 

(Mean) 

FB-1 0.18±0.11 200±0.09 7.01±0.9 2.2±0.01 4.2±0.09 99.18±0.21 

FB-2 0.22±0.09 199±0.19 6.11±0.87 2.1±0.09 4.4±0.11 98.28±0.43 

FB-3 0.11±0.12 198±0.33 6.34±0.11 2.4±0.1 4.9±0.21 99.63±0.65 

FB-4 0.18±0.71 199±0.43 6.71±0.34 2.4±0.2 4.1±0.12 98.75±0.67 

FB-5 0.21±0.11 201±0.56 7.12±0.45 2.1±0.11 4.3±0.03 99.55±1.11 

FB-6 0.31±0.11 202±0.98 7.45±0.31 2.2±0.21 4.7±0.22 99.93±0.45 

FB-7 0.21±0.31 201±1.01 7.77±0.51 2.2±0.22 4.8±0.03 99.54±0.87 

FB-8 0.18±0.33 203±1.09 6.98±0.42 2.1±0.21 4.3±0.11 98.51±0.91 

FB-9 0.13±0.09 201±0.9 6.90±0.33 2.4±0.11 4.4±0.21 97.12±0.83 
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Table 4.14: Physico-Chemical characteristicsCR matrices of Flurbiprofen 

containing HPMC as co-excipients 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

FB-10 0.17±0.21 201±0.04 6.81±0.11 2.22±0.21 4.12±0.19 99.28±0.11 

FB-11 0.20±0.19 198±0.13 6.31±0.17 2.21±0.19 4.24±0.01 98.48±0.73 

FB-12 0.21±0.32 199±0.30 6.04±0.19 2.14±0.11 4.04±0.11 99.83±0.25 

FB-13 0.14±0.11 199±0.13 6.31±0.24 2.17±0.21 4.13±0.22 98.35±0.37 

FB-14 0.18±0.21 198±0.26 7.02±0.35 2.11±0.41 4.03±0.13 99.45±1.41 

FB-15 0.24±0.31 200±0.18 7.15±0.35 2.21±0.31 4.07±0.02 98.23±0.15 

FB-16 0.29±0.11 201±1.11 7.17±0.58 2.12±0.12 4.19±0.13 97.94±0.57 

FB-17 0.14±0.31 199±1.19 6.28±0.49 2.15±0.01 4.11±0.21 99.41±0.21 

FB-18 0.18±0.01 202±0.21 6.40±0.13 2.41±0.21 4.14±0.11 98.32±0.33 
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Table 4.15: Physico-Chemical characteristics CR matrices of Flurbiprofen 

containing CMC as co-excipients 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

FB-19 0.19±0.21 198±0.19 7.11±0.29 2.32±0.03 4.23±0.03 98.08±0.11 

FB-20 0.21±0.04 198±0.29 6.21±0.47 2.31±0.19 4.40±0.14 99.98±0.53 

FB-21 0.21±0.11 199±0.03 6.24±0.31 2.38±0.11 4.29±0.29 97.63±0.15 

FB-22 0.28±0.31 199±0.13 6.51±0.24 2.34±0.12 4.31±0.19 99.35±0.97 

FB-23 0.23±0.21 202±0.26 7.32±0.15 2.31±0.21 4.31±0.43 98.15±1.01 

FB-24 0.21±0.19 199±0.18 7.15±0.21 2.33±0.11 4.37±0.32 97.33±0.15 

FB-25 0.18±0.11 202±1.21 7.17±0.33 2.32±0.32 4.28±0.83 99.24±0.47 

FB-26 0.17±0.23 198±1.39 6.88±0.22 2.13±0.28 4.35±0.61 99.11±0.31 

FB-27 0.14±0.19 200±0.81 6.89±0.31 2.38±0.21 4.39±0.41 98.32±0.13 
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Table 4.16: Physico-Chemical characteristics CR matrices of Flurbiprofen 

containing Starch as co-excipients 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

FB-28 0.16±0.01 201±0.99 7.11±0.19 2.22±0.41 4.22±0.19 98.88±0.29 

FB-29 0.20±0.06 198±0.29 6.31±0.07 2.19±0.29 4.24±0.61 99.08±0.41 

FB-30 0.17±0.02 199±0.03 6.04±0.17 2.24±0.31 4.21±0.11 98.23±0.61 

FB-31 0.14±0.07 198±0.13 6.21±0.04 2.21±0.12 4.27±0.32 99.05±0.64 

FB-32 0.23±0.08 202±0.36 7.32±0.41 2.21±0.21 4.21±0.63 98.35±1.31 

FB-33 0.23±0.01 200±0.18 7.15±0.91 2.22±0.51 4.22±0.82 98.13±0.25 

FB-34 0.25±0.03 203±1.21 7.17±0.21 2.22±0.12 4.31±0.09 99.04±0.27 

FB-35 0.15±0.03 201±1.39 6.78±0.32 2.21±0.31 4.20±0.18 97.59±0.31 

FB-36 0.19±0.09 200±0.19 6.96±0.13 2.24±0.51 4.21±0.28 99.42±0.43 
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Table 4.17: Physico-chemical characteristics CR matrices of Flurbiprofen 

containing Xanthane Gum as co-excipients 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

FB-37 0.21±0.21 199±0.59 6.71±0.91 2.25±0.09 4.29±0.09 98.28±0.25 

FB-38 0.18±0.29 198±0.19 6.51±0.17 2.19±0.29 4.24±0.19 99.38±0.41 

FB-39 0.18±0.19 199±0.33 6.64±0.19 2.24±0.21 4.22±0.29 98.13±0.25 

FB-40 0.21±0.21 200±0.13 6.73±0.34 2.21±0.32 4.27±0.32 99.85±0.17 

FB-41 0.23±0.19 202±0.16 7.52±0.48 2.18±0.81 4.23±0.33 98.25±1.31 

FB-42 0.21±0.31 201±0.28 6.45±0.39 2.17±0.11 4.27±0.02 99.33±0.25 

FB-43 0.23±0.11 199±1.11 6.77±0.33 2.22±0.02 4.25±0.13 98.04±0.17 

FB-44 0.15±0.43 198±1.29 6.58±0.12 2.18±0.09 4.23±0.19 99.21±0.31 

FB-45 0.23±0.06 200±0.12 6.72±0.03 2.24±0.08 4.21±0.21 98.32±0.23 
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Table 4.18: Physico-chemical characteristics CR matrices of Flurbiprofen 

containing Gum Acacia as co-excipients 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

FB-46 0.23±0.13 201±0.29 6.81±0.9 2.12±0.11 4.19±0.06 97.08±0.29 

FB-47 0.21±0.19 198±0.09 6.41±0.87 2.15±0.19 4.14±0.12 99.78±0.23 

FB-48 0.17±0.22 199±0.03 7.04±0.11 2.24±0.13 4.18±0.01 98.23±0.15 

FB-49 0.12±0.11 200±0.13 6.77±0.34 2.14±0.24 4.21±0.11 99.15±0.69 

FB-50 0.11±0.14 199±0.16 7.02±0.45 2.11±0.21 4.30±0.07 99.25±1.16 

FB-51 0.21±0.31 200±0.28 6.95±0.31 2.02±0.27 4.17±0.02 99.13±0.65 

FB-52 0.24±0.21 198±1.11 6.82±0.51 2.22±0.12 4.18±0.13 97.04±0.27 

FB-53 0.28±0.33 201±1.39 6.91±0.42 2.17±0.26 4.13±0.12 99.31±0.31 

FB-54 0.23±0.02 199±0.11 6.70±0.33 2.18±0.51 4.24±0.29 98.72±0.13 
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Table 4.19:  Physico-chemical characteristics and CR matrices of Ibuprofen. 

 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%).±SD 

(Mean) 

IB-1 0.17±0.11 200±0.16 7.01±0.9 2.2±0.21 4.1±0.19 99.34±0.11 

IB-2 0.24±0.01 201±0.38 6.11±0.87 2.5±0.19 4.7±0.31 98.08±0.13 

IB-3 0.28±0.21 203±1.31 6.34±0.11 2.1±0.15 4.2±0.26 98.93±0.61 

IB-4 0.16±0.13 199±1.29 6.71±0.34 2.1±0.29 4.4±0.52 96.79±0.17 

IB-5 0.15±0.09 197±1.9 7.12±0.45 2.7±0.33 4.1±0.73 98.15±1.21 

IB-6 0.31±0.11 200±0.48 7.45±0.31 2.1±0.27 4.3±0.12 99.13±0.25 

IB-7 0.21±0.01 202±1.01 7.77±0.51 2.5±0.12 4.2±0.33 99.04±0.91 

IB-8 0.18±0.03 203±1.11 6.98±0.42 2.2±0.28 4.6±0.32 98.87±0.61 

IB-9 0.13±0.01 201±0.9 6.90±0.33 2.0±0.31 4.2±0.09 97.09±0.82 



111 
 

Table 4.20: Physico-Chemical characteristics CR matrices of Ibuprofen 

containing HPMC as co-excipients 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

IB-10 0.21±0.21 198±0.66 7.31±0.31 2.01±0.45 4.93±0.79 99.05±1.49 

IB-11 0.20±0.31 201±0.88 7.11±0.95 2.29±0.36 4.61±0.62 98.77±0.65 

IB-12 0.23±0.11 202±1.65 7.07±0.51 2.17±0.52 4.39±0.83 97.38±0.59 

IB-13 0.17±0.31 200±1.32 6.78±0.39 2.14±0.21 4.33±0.47 98.77±0.28 

IB-14 0.19±0.01 201±0.49 6.49±0.45 2.48±0.01 4.24±0.19 99.78±0.63 

IB-15 0.23±0.31 199±0.87 7.55±0.76 2.31±0.21 4.16±0.72 98.62±0.75 

IB-16 0.22±0.11 198±1.64 7.24±0.83 2.82±0.22 4.22±0.63 98.04±0.27 

IB-17 0.18±0.31 197±1.59 6.88±0.41 2.95±0.35 4.42±0.54 97.49±0.26 

IB-18 0.17±0.01 201±1.28 6.81±0.87 2.51±0.25 4.54±0.61 99.12±0.31 
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Table 4.21: Physico-Chemical characteristics CR matrices of Ibuprofen 

containing CMC as co-excipients 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

IB-19 0.19±0.08 201±0.32 7.01±0.56 2.29±0.23 4.09±0.13 99.68±0.91 

IB-20 0.28±0.04 199±0.22 6.88±0.37 2.34±0.49 4.43±0.11 97.18±0.59 

IB-21 0.24±0.01 200±0.93 6.64±0.39 2.38±0.51 4.34±0.21 99.11±0.49 

IB-22 0.20±0.08 198±0.43 6.59±0.74 2.51±0.42 4.39±0.16 99.39±0.65 

IB-23 0.28±0.01 201±0.76 7.12±0.25 2.66±0.51 4.44±0.33 99.65±1.29 

IB-24 0.18±0.09 198±0.88 7.05±0.28 2.26±0.62 4.27±0.31 98.83±0.55 

IB-25 0.22±0.11 201±1.29 7.27±0.43 2.19±0.12 4.21±0.56 97.74±0.87 

IB-26 0.17±0.03 199±1.79 6.71±0.21 2.22±0.68 4.31±0.69 98.59±0.39 

IB-27 0.18±0.05 201±0.11 6.99±0.39 2.18±0.41 4.19±0.81 96.47±0.83 
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Table 4.22: Physico-Chemical characteristics CR matrices of Ibuprofen 

containing Starch as co-excipients 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

IB-28 0.21±0.06 200±1.66 7.82±0.49 2.34±0.11 4.44±0.26 99.23±0.27 

IB-29 0.19±0.07 201±2.38 7.39±0.99 2.45±0.32 4.02±0.71 98.08±0.49 

IB-30 0.22±0.02 199±1.27 7.07±0.58 2.42±0.22 4.38±0.39 99.13±1.67 

IB-31 0.17±0.08 199±1.09 6.15±0.92 2.14±0.41 4.27±0.68 97.45±2.61 

IB-32 0.18±0.04 201±1.19 6.47±0.28 2.34±0.51 4.38±0.21 97.65±2.39 

IB-33 0.20±0.04 202±2.18 7.85±0.65 2.41±0.11 4.65±0.81 99.73±1.25 

IB-34 0.21±0.01 197±1.28 7.08±0.37 2.28±0.32 4.87±0.65 98.44±2.17 

IB-35 0.18±0.02 196±1.24 6.61±0.77 2.33±0.27 4.11±0.48 99.29±2.31 

IB-36 0.23±0.02 201±3.19 6.46±0.54 2.19±0.41 4.54±0.37 98.49±2.47 

 



114 
 

Table 4.23: Physico-Chemical characteristics of CR matrices of Ibuprofen 

containing Xanthane Gum as co-excipients  

 

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

IB-37 0.18±0.09 201±0.79 6.77±0.92 2.21±0.09 4.09±0.09 96.18±1.15 

IB-38 0.19±0.19 198±1.09 6.59±0.27 2.29±0.21 4.14±0.19 98.32±2.11 

IB-39 0.22±0.11 197±1.43 7.64±0.39 2.14±0.23 4.26±0.29 99.43±1.65 

IB-40 0.23±0.14 201±0.43 6.53±0.44 2.31±0.22 4.11±0.32 98.35±0.67 

IB-41 0.20±0.10 200±0.66 7.32±0.38 2.28±0.41 4.29±0.33 99.55±1.01 

IB-42 0.17±0.21 202±0.18 6.85±0.19 2.07±0.55 4.17±0.02 99.63±2.35 

IB-43 0.16±0.15 196±2.41 6.57±0.63 2.12±0.22 4.21±0.13 97.24±1.47 

IB-44 0.21±0.13 199±1.09 6.98±0.32 2.28±0.19 4.24±0.19 99.26±1.71 

IB-45 0.22±0.09 203±0.32 7.22±0.13 2.14±0.17 4.21±0.21 99.34±0.83 
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Table 4.24: Physico-chemical characteristics of CR matrices of Ibuprofen 

containing Gum Acacia as co-excipients  

Formulation 

Code 

Friability 

(%)±SD 

(Mean) 

Weight 

Variation 

(mg) ±SD 

(Mean) 

Hardness 

(kg) ±SD 

(Mean) 

Thickness 

(mm) ±SD 

(Mean) 

Diameter 

(mm) ±SD 

(Mean) 

Content 

Uniformity 

(%)±SD 

(Mean) 

IB-46 0.21±0.08 200±1.69 7.01±0.96 2.22±0.31 4.22±0.09 99.07±1.21 

IB-47 0.19±0.09 199±0.39 7.22±0.27 2.35±0.09 4.34±0.22 98.18±1.13 

IB-48 0.16±0.12 202±0.23 6.34±0.31 2.29±0.23 4.28±0.09 97.33±1.05 

IB-49 0.22±0.17 201±0.83 7.67±0.31 2.33±0.21 4.33±0.19 99.25±0.19 

IB-50 0.21±0.19 198±1.46 6.42±0.35 2.41±0.25 4.38±0.17 99.15±0.36 

IB-51 0.15±0.21 197±1.88 6.55±0.36 2.22±0.07 4.33±0.22 96.33±2.61 

IB-52 0.20±0.11 201±0.41 7.32±0.21 2.12±0.32 4.48±0.23 97.14±1.21 

IB-53 0.21±0.13 202±1.09 6.41±0.22 2.27±0.21 4.53±0.11 98.21±1.22 

IB-54 0.22±0.22 197±1.31 7.35±0.53 2.08±0.31 4.04±0.09 99.32±0.63 
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4.10  Drug Release Studies 

The comparison method was adopted to determine % drug release with respect 

to time from all formulations. This was done by considering absorbance of standard 

solution and comparing it with the absorbance of samples collected at preselected 

time intervals using double beam UV Spectrophotometer. The procedure was carried 

out both for Flurbirprofen and Ibuprofen at 254 nm and 247 nm respectively. 

 

4.10.1 EUDRAGIT
® 

Matrix Tablets of Flurbirprofen 

Fig 4.15describes drug release %age of 9 formulated matrices by 

incorporating EUDRAGIT
®
 alone as release controlling polymer. EUDRAGIT

®
 L100 

was labeled as potential pharmaceutical grade at drug to polymer ratio of 10:3 and 

control the release of drug from matrix formulations. 60% drug release was exhibited 

whereas rest of the matrices showed 70-90% drug release within 24 hours. 

 

Figure 4.15: Flurbiprofen Release pattern of EUDRAGIT
® 

polymer based 

matrices with various D:P ratios. 
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4.10.2 EUDRAGIT
®- 

HPMC Based Matrix Tablets of Flurbirprofen 

Fig 4.16 describes drug release %age of 9 formulated matrices by using 

EUDRAGIT
®
-HPMC as release controlling polymers. The overall drug release 

ranged from 60 to 85% from the matrix tablets within 24 hours. HPMC concentration 

was varied from 10 to 30% by replacing lactose. HPMC seems to have no sufficient 

control over release depicted because the total amount of HPMC is less than that 

required for retarding the release of drug. In the literature HPMC is shown to have its 

release retarding efficiency at about 10-80% of total tablet weight. But here the 

amount is less as compared to the reported (Luaha et al., 2004) 
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4.10.3 EUDRAGIT
®-

CMC-Based Matrix Tablets of Flurbiprofen 

 Fig 4.17describes drug release %age of 9 formulated matrices by using 

EUDRAGIT
®
-CMC  as release controlling polymers. The overall drug release ranged 

from 70 to 90% from the matrix tablets within 24 hours. CMC concentration was 

varied from 10 to 30% by replacing lactose. CMC also does not have sufficient 

control over release of Flurbiprofen and Ibuprofen when used in combination with 

EUDRAGIT
®

 

 

 

Figure 4.17: Release profiles of Flurbiprofen from EUDRAGIT
®
-CMC based 

matrices with different D: P ratios. 
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4.10.4 EUDRAGIT
®-

Starch Based Matrix Tablets of Flurbiprofen 

 Fig 4.18describes drug release %age of 9 formulated matrices by using 

EUDRAGIT ® -Starch.  as release controlling polymers. The overall drug release 

from the Flurbiprofen and Ibuprofen matrix tablets ranged from 68 to 84% within 24 

hours. Starch concentration was varied from 10 to 30% by replacing lactose. Starch is 

water insoluble and may cause polymeric membrane non-uniformity, leading to burst 

drug release owing to membranous imperfections around the drug. Starch causes 

polymer rupturing due to water swell able nature and ultimately results in higher 

release rates of drugs. 

 

Figure 4.18: Release profiles of Flurbiprofen from EUDRAGIT
®
-Starch based 

matrices with different D: P ratios. 
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4.10.5 EUDRAGIT
®

Gum Acacia Based Matrix Tablets of Flurbiprofen 

 Figure 4.19 describes release %age of 9 fabricated matrices by using 

EUDRAGIT
®
-Gum Acacia as polymer to control drug release. The overall drug 

release from the Flurbiprofen and Ibuprofen matrix tablets ranged from 68 to 80% 

within 24 hours. Gum Acacia concentration was varied from 10 to 30% by replacing 

lactose. Gum Acacia is also insoluble in water but may produce a solid mass when 

comes in contact with water thereby causing the rapid release of the drug content from 

the matrix tablets. 

 

 

 

Figure 4.19: Flurbiprofen Release pattern of EUDRAGIT
® 

polymer plus Gum 

Acacia based matrices with various D: P ratios. 
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4.10.6 EUDRAGIT
® 

Xanthane Gum Based matrix tablets of Flurbiprofen 

 As in Fig 4.20 it could be seen that EUDRAGIT
®  

is playing major role in 

controlling the release of the drug form compressed tablets and with the increasing 

concentration. Xanthane gum being hydrophilic in nature might interact with the outer 

solvent thereby releasing the drug faster.  

 

 

 

 

Figure 4.20: Flurbiprofen Release pattern of EUDRAGIT
®
 polymer plus 

Xanthane gum based matrices with various D: P ratios. 
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EUDRAGIT
® 

matrix tablets of Ibuprofen 

Figure 4.21describes drug release %age of 9 formulated matrices by incorporating 

EUDRAGIT
®
 alone as release controlling polymer. EUDRAGIT

®
 L100 was labeled 

as potential pharmaceutical grade at drug to polymer ratio of 10:3 and control the 

release of drug from matrix formulations.60% drug release was exhibited whereas rest 

of the matrices showed 70-90% drug release within 24 hours. 

 

 

 

 

 

 

 

 

 

 

Figure 4.21: Release profiles of Ibuprofen from EUDRAGIT
® 

based matrices 

with different D: P ratios. 
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4.10.7 EUDRAGIT
®-

HPMC Based matrix tablets of Ibuprofen   

 Figure 4.22 describes release %age of 9 fabricated matrices by using 

EUDRAGIT
®
-HPMC as polymers to control drug release. The overall drug release 

ranged from 60 to 86% from the matrix tablets within 24 hours. HPMC concentration 

was varied from 10 to 30% by replacing lactose. HPMC seems to have no sufficient 

control over release depicted because the total amount of HPMC is less then that 

required for retarding the release of drug. In the literature HPMC is shown to have its 

release retarding efficiency at about 10-80% of total tablet weight. But here the 

amount is less as compared to the reported. The result seems to be similar with that of 

 

Figure 4.22: Release profiles of Ibuprofen from EUDRAGIT
®
-HPMC based 

matrices with different D: P ratios. 
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4.10.8 EUDRAGIT
®-

CMC Based matrix tablets of Ibuprofen 

Figure 4.23 describes drug release %age of 9 formulated matrices by using 

EUDRAGIT
®
-CMC as release controlling polymers. The overall drug release ranged 

from 70 to 90% from the matrix tablets within 24 hours. CMC concentration was 

varied from 10 to 30% by replacing lactose. CMC also does not have sufficient 

control over release of Flurbiprofen and Ibuprofen when used in combination with 

EUDRAGIT
®

 

 

 

Figure 4.23: Release profiles of Ibuprofen from EUDRAGIT
®
-CMC based 

matrices with different D: P ratios. 
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4.10.9 EUDRAGIT
® 

Starch Based matrix tablets of Ibuprofen 

 Figure 4.24describes drug release %age of 9 formulated matrices by using 

EUDRAGIT
®
-Starch as release controlling polymers. The overall drug release from 

the Flurbiprofen and Ibuprofen matrix tablets ranged from 68 to 85% within 24 hours. 

Starch concentration was varied from 10 to 30% by replacing lactose. Starch is water 

insoluble and may cause polymeric membrane non-uniformity, leading to burst drug 

release owing to membranous imperfections around the drug. Starch causes polymer 

rupturing due to water swell able nature and ultimately results in higher release rates 

of drugs. 

 

 

Figure 4.24: Release profiles of Ibuprofen from EUDRAGIT
®
-Starch based 

matrices with different D: P ratios. 

 

 

 

 

 

0

10

20

30

40

50

60

70

80

90

0 5 10 15 20 25 30

P28

P29

P30

P31

P32

P33

P34

P35

P36

Eudragit + Starch 

C
o

n
c 

(m
g/

m
l)

 

Time (hrs) 



126 
 

 

4.10.10 EUDRAGIT
® 

Gum Acacia Based matrix tablets of Ibuprofen 

Figure 4.25 describes drug release %age of 9 formulated matrices by using 

EUDRAGIT
®
-Gum Acacia as release controlling polymer. The overall drug release 

from the Flurbiprofen and Ibuprofen matrix tablets ranged from 68 to 80% within 24 

hours. Gum Acacia concentration was varied from 10 to 30% by replacing lactose. 

Gum Acacia is also insoluble in water but may produce a solid mass when comes in 

contact with water thereby causing the rapid release of the drug content from the 

matrix tablets.  

 

Figure 4.25   Release profiles of Ibuprofen from EUDRAGIT
®
-Gum Acacia  

Based matrices with different D: P ratios. 
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4.10.11 EUDRAGIT
®
Xanthane Gum Based matrix tablets of Ibuprofen 

Figure 4.26 It could be seen that EUDRAGIT
®
is playing major role in controlling the 

release of the drug form compressed tablets and with the increasing concentration. 

Xanthane gum being hydrophilic in nature might interact with the outer solvent 

thereby releasing the drug faster. All of the 9 formulations released 69 to 87% 

Ibuprofen from the matrix tablets.  

 

 

Figure 4.26   Ibuprofen Release pattern of EUDRAGIT
®
 polymer plus Xanthane 

gum based matrices with various D: P ratios. 
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4.11 Drug release kinetics 

To explore the profiles of dissolution model dependent protocols for their 

description were prepared for drug release from matrices. The dissolution data was 

exposed to various model equations such as first order, zero order korsmeyer-Peppas 

equation, Higuchi models, and Hixon crowell’s model. Data generation was achieved 

at different time intervals to get at least 80% drug release or dissolution profile 

reaches. The model dependent approaches described dissolution profiles by excluding 

zero and consisting of 4 or more dissolution profiles. 

The release kinetics of controlled and sustained release matrices involves numerous 

parameters and for their representation a wide variety of mathematical models plays 

their significant role. The release data of Both Flurbiprofen and Ibuprofen was 

evaluated by Higuchi, 1
st
 order and zero order models. An anomalous release pattern 

exhibited by dissolution profile of CR matrices dictates Higuchi model failure, so 

knowledge equation was fitted to describe and interpret drug dissolution because the 

beauty of this equation is that it can best fit and interpret anomalous pattern of drug 

release (Abdelkader et al., 2007). While using Korsmeyer equation the release 

exponent (n) actually throws light on mechanism of drug release. This miracle is 

unfolded by its value. The release is said to be Fickian diffusion when the value of 

“n” is 0.45. Non Fickian diffusion is indicated by the value as shown in the 

parenthesis 0.45≤n>0.89. if n=0.89 this is case of typical zero order kinetic (Hamid A. 

Merchant, 2006).Tables 4.25 to 4.36 describe parameteric representation of various 

kinetic models for CR matrices of FLB & IBU showing their respective release at 

various D:P ratios. Data of Eudragit based matrices of different viscosity grades when 

fitted to equation 12, produce maximum “r” values resulting into linear relation that is 

best in nature. Moreover at lower level of eudragit polymer better linear relation is 

achieved. However equation 8 also provide logically linear relation. There is 

convincing evidense that HPMC based Eudragit containing matrices show best 

linearity upon fitting into equation 11 and 12 on the other hand formulations 

containing Starch, CMC,Gum Acacia and xanthane gum show release within first 24 

hours; hense is not feasible. The formulations containing high concentration of 

Eudragit polymer also provided data showing linearity when fitted to equation 9-12, 

while zero-order equation could be nearly satisfied with the release data from the 

formulations containing higher levels of EUDRAGIT
®
. 
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Table 4.25: Data of Eudragit based FLB controlled release matrices, fitted into 

various kinetic models (mean ± SD). 

F. Code 

Zero-Order 

Kinetics 

First-order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100 

FB-1 0.969 0.779 0.779 0.947 0.893 0.540 Anomalous 

FB -2 0.983 0.876 0.869 0.878 0.799 0.613 Anomalous 

FB -3 0.978 0.781 0.929 0.902 0.878 0.609 Anomalous 

EUDRAGIT
®
L 55 

FB-4 0.969 0.858 0.949 0.941 0.915 0.603 Anomalous 

FB -5 0.979 0.899 0.919 0.939 0.948 0.648 Anomalous 

FB -6 0.979 0.925 0.911 0.915 0.959 0.606 Anomalous 

EUDRAGIT
®
S100 

FB-7 0.969 0.959 0.877 0.984 0.978 0.613 Anomalous 

FB -8 0.979 0.998 0.889 0.990 0.991 0.547 Anomalous 

FB -9 0.964 0.978 0.879 0.981 0.989 0.569 Anomalous 
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Table 4.26: Data of Eudragit based FLB controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with HPMC. 

F. 

Code 

Zero-

Order 

Kinetics 

First-

order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

FB-10 0.973 0.898 0.766 0.988 0.991 0.581 Anomalous 

FB -11 0.988 0.966 0.823 0.998 0.992 0.675 Anomalous 

FB -12 0.936 0.971 0.911 0.996 0.990 0.659 Anomalous 

EUDRAGIT
®
L 55   

FB-13 0.974 0.781 0.892 0.987 0.988 0.564 Anomalous 

FB -14 0.933 0.881 0.943 0.993 0.998 0.683 Anomalous 

FB -15 0.967 0.679 0.933 0.996 0.996 0.666 Anomalous 

EUDRAGIT
®
S100   

FB-16 0.974 0.977 0.976 0.987 0.989 0.569 Anomalous 

FB -17 0.933 0.981 0.877 0.988 0.991 0.601 Anomalous 

FB -18 0.967 0.988 0.921 0.992 0.992 0.644 Anomalous 
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Table 4.27: Data of Eudragit based FLB controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with CMC. 

F. Code 

Zero-

Order 

Kinetics 

First-order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

FB-19 0.976 0.898 0.799 0.987 0.971 0.587 Anomalous 

FB -20 0.988 0.883 0.787 0.991 0.974 0.674 Anomalous 

FB -21 0.987 0.876 0.941 0.978 0.991 0.651 Anomalous 

EUDRAGIT
®
L 55   

FB-22 0.961 0.931 0.795 0.972 0.963 0.681 Anomalous 

FB -23 0.967 0.939 0.869 0.962 0.976 0.653 Anomalous 

FB -24 0.983 0.867 0.801 0.981 0.947 0.619 Anomalous 

EUDRAGIT
®
S100   

FB-25 0.975 0.866 0.766 0.966 0.987 0.741 Anomalous 

FB -26 0.977 0.789 0.779 0.958 0.991 0.614 Anomalous 

FB -27 0.991 0.778 0.917 0.966 0.992 0.639 Anomalous 
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Table 4.28: Data of Eudragit based FLB controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with Starch. 

F. Code 

Zero-

Order 

Kinetics 

First-order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

FB-28 0.966 0.977 0.797 0.989 0.978 0.653 Anomalous 

FB -29 0.947 0.939 0.858 0.987 0.984 0.623 Anomalous 

FB -30 0.975 0.883 0.886 0.989 0.967 0.674 Anomalous 

EUDRAGIT
®
L 55   

FB-31 0.974 0.965 0.853 0.955 0.987 0.633 Anomalous 

FB -32 0.983 0.872 0.864 0.977 0.989 0.592 Anomalous 

FB -33 0.987 0.877 0.775 0.967 0.998 0.673 Anomalous 

EUDRAGIT
®
S100   

FB-34 0.966 0.893 0.866 0.976 0.967 0.675 Anomalous 

FB -35 0.993 0.854 0.842 0.996 0.977 0.707 Anomalous 

FB -36 0.956 0.879 0.865 0.987 0.994 0.568 Anomalous 
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Table 4.29: Data of Eudragit based FLB controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with Gum Acacia. 

F. 

Code 

Zero-Order 

Kinetics 

First-order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

FB-37 0.973 0.898 0.766 0.988 0.991 0.581 Anomalous 

FB -38 0.988 0.966 0.823 0.998 0.992 0.675 Anomalous 

FB -39 0.936 0.971 0.911 0.996 0.990 0.659 Anomalous 

EUDRAGIT
®
L 55   

FB-40 0.974 0.781 0.892 0.987 0.988 0.564 Anomalous 

FB -41 0.933 0.881 0.943 0.993 0.998 0.683 Anomalous 

FB -42 0.967 0.679 0.933 0.996 0.996 0.666 Anomalous 

EUDRAGIT
®
S100   

FB-43 0.974 0.977 0.976 0.987 0.989 0.569 Anomalous 

FB -44 0.933 0.981 0.877 0.988 0.991 0.601 Anomalous 

FB -45 0.967 0.988 0.921 0.992 0.992 0.644 Anomalous 
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Table 4.30: Data of Eudragit based FLB controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with Xanthane Gum. 

 

F. Code 

Zero-

Order 

Kinetics 

First-order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

FB-46 0.966 0.977 0.797 0.989 0.978 0.653 Anomalous 

FB -47 0.947 0.939 0.858 0.987 0.984 0.623 Anomalous 

FB -48 0.975 0.883 0.886 0.989 0.967 0.674 Anomalous 

EUDRAGIT
®
L 55   

FB-49 0.974 0.965 0.853 0.955 0.987 0.633 Anomalous 

FB -50 0.983 0.872 0.864 0.977 0.989 0.592 Anomalous 

FB -51 0.987 0.877 0.775 0.967 0.998 0.673 Anomalous 

EUDRAGIT
®
S100   

FB-52 0.966 0.893 0.866 0.976 0.967 0.675 Anomalous 

FB -53 0.993 0.854 0.842 0.996 0.977 0.707 Anomalous 

FB -54 0.956 0.879 0.865 0.987 0.994 0.568 Anomalous 
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Table 4.31: Data of Eudragit based IBU controlled release matrices, fitted into 

various kinetic models (mean ± SD).  

Formulation 

Code 

Zero-

Order 

Kinetics 

First-

order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

IB-1 0.971 0.781 0.781 0.921 0.879 0.561 Anomalous 

IB -2 0.965 0.881 0.881 0.877 0.787 0.611 Anomalous 

IB -3 0.961 0.679 0.911 0.923 0.877 0.655 Anomalous 

EUDRAGIT
®
L 55 

IB-4 0.981 0.893 0.943 0.974 0.977 0.621 Anomalous 

IB -5 0.977 0.912 0.912 0.933 0.987 0.712 Anomalous 

IB -6 0.981 0.933 0.934 0.967 0.991 0.677 Anomalous 

EUDRAGIT
®
S100 

IB-7 0.988 0.971 0.883 0.989 0.987 0.623 Anomalous 

IB -8 0.995 0.991 0.893 0.993 0.991 0.567 Anomalous 

IB -9 0.987 0.988 0.888 0.992 0.996 0.578 Anomalous 
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Table 4.32: Data of Eudragit based IBU controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with HPMC. 

Formulation 

Code 

Zero-

Order 

Kinetics 

First-

order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

IB-10 0.973 0.898 0.766 0.988 0.991 0.581 Anomalous 

IB -11 0.988 0.966 0.823 0.998 0.992 0.675 Anomalous 

IB -12 0.936 0.971 0.911 0.996 0.990 0.659 Anomalous 

EUDRAGIT
®
L 55   

IB-13 0.974 0.781 0.892 0.987 0.988 0.564 Anomalous 

IB -14 0.933 0.881 0.943 0.993 0.998 0.683 Anomalous 

IB -15 0.967 0.679 0.933 0.996 0.996 0.666 Anomalous 

EUDRAGIT
®
S100   

IB-16 0.974 0.977 0.976 0.987 0.989 0.569 Anomalous 

IB -17 0.933 0.981 0.877 0.988 0.991 0.601 Anomalous 

IB -18 0.967 0.988 0.921 0.992 0.992 0.644 Anomalous 
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Table 4.33: Data of Eudragit based IBU controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with CMC. 

Formulation 

Code 

Zero-

Order 

Kinetics 

First-

order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

IB-19 0.983 0.878 0.769 0.992 0.978 0.677 Anomalous 

IB -20 0.991 0.889 0.773 0.998 0.992 0.634 Anomalous 

IB -21 0.986 0.782 0.919 0.995 0.999 0.611 Anomalous 

EUDRAGIT
®
L 55   

IB-22 0.983 0.911 0.786 0.989 0.977 0.783 Anomalous 

IB -23 0.987 0.901 0.829 0.998 0.993 0.643 Anomalous 

IB -24 0.996 0.877 0.871 0.993 0.991 0.610 Anomalous 

EUDRAGIT
®
S100   

IB-25 0.991 0.871 0.773 0.991 0.999 0.811 Anomalous 

IB -26 0.989 0.782 0.799 0.989 0.993 0.644 Anomalous 

IB -27 0.986 0.788 0.911 0.996 0.998 0.619 Anomalous 
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Table 4.34: Data of Eudragit based IBU controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with Starch. 

Formulation 

Code 

Zero-

Order 

Kinetics 

First-

order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

IB-28 0.988 0.981 0.766 0.991 0.979 0.741 Anomalous 

IB -29 0.984 0.918 0.819 0.989 0.991 0.604 Anomalous 

IB -30 0.987 0.888 0.855 0.993 0.994 0.722 Anomalous 

EUDRAGIT
®
L 55   

IB-31 0.981 0.981 0.782 0.986 0.988 0.666 Anomalous 

IB -32 0.996 0.877 0.877 0.993 0.987 0.576 Anomalous 

IB -33 0.982 0.895 0.766 0.992 0.999 0.678 Anomalous 

EUDRAGIT
®
S100   

IB-34 0.983 0.898 0.855 0.998 0.989 0.571 Anomalous 

IB -35 0.981 0.854 0.847 0.994 0.997 0.876 Anomalous 

IB -36 0.921 0.876 0.823 0.991 0.993 0.587 Anomalous 
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Table 4.35: Data of Eudragit based IBU controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with Gum Acacia. 

Formulation 

Code 

Zero-

Order 

Kinetics 

First-

order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

IB-37 0.989 0.898 0.722 0.998 0.993 0.509 Anomalous 

IB -38 0.988 0.854 0.765 0.992 0.991 0.623 Anomalous 

IB -39 0.921 0.876 0.655 0.991 0.996 0.688 Anomalous 

EUDRAGIT
®
L 55   

IB-40 0.991 0.778 0.798 0.997 0.989 0.876 Anomalous 

IB -41 0.983 0.869 0.888 0.999 0.993 0.655 Anomalous 

IB -42 0.987 0.882 0.845 0.990 0.987 0.622 Anomalous 

EUDRAGIT
®
S100   

IB-43 0.991 0.919 0.708 0.989 0.986 0.577 Anomalous 

IB -44 0.987 0.962 0.843 0.994 0.995 0.681 Anomalous 

IB -45 0.989 0.833 0.832 0.992 0.993 0.872 Anomalous 
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Table 4.36: Data of Eudragit based IBU controlled release matrices, fitted into 

various kinetic models (mean ± SD) along with Xanthane Gum. 

Formulation 

Code 

Zero-

Order 

Kinetics 

First-order 

Kinetics 

Hixon 

Crowell’s 
Higuchi’s 

Korsmeyer-

Peppas 

Release 

Mechanism 

r1 r2 r3 r4 r5 n  

EUDRAGIT
®
L100   

IB-46 0.989 0.931 0.711 0.997 0.995 0.563 Anomalous 

IB -47 0.995 0.971 0.732 0.996 0.991 0.623 Anomalous 

IB -48 0.993 0.807 0.845 0.991 0.996 0.709 Anomalous 

EUDRAGIT
®
L 55   

IB-49 0.986 0.928 0.734 0.992 0.993 0.872 Anomalous 

IB -50 0.997 0.945 0.766 0.989 0.999 0.644 Anomalous 

IB -51 0.988 0.872 0.853 0.998 0.989 0.711 Anomalous 

EUDRAGIT
®
S100   

IB-52 0.993 0.933 0.761 0.999 0.986 0.787 Anomalous 

IB -53 0.995 0.957 0.703 0.996 0.991 0.688 Anomalous 

IB -54 0.983 0.828 0.839 0.991 0.999 0.765 Anomalous 
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4.12 Accelerated Stability Study 

The optimized selected matrices of both ibuprofen and Flurbiprofen were 

exposed to storage to study stability profile of the prepared tablets. This involves 

storage at ambient condition as well as accelerated condition with requisite 

specifications. (RH=65% and temperature=25 
0
C) (RH=75% and Temperature 40 

0
C) 

0.1, 2, 3, 6, 9, and 12 months were preselected time intervals to evaluate 

various physico chemical parameters of the tablets like friability, hardness, drug 

content, weight variation, dissolution profile and appearance. 

At room temperature or ambient condition Flurbiprofen showed no obvious 

variation in % drug content as compared to market brands. The drug contents ranged 

from 99 ± 0.3 to 102 ± 0.2 the weight variation found to be 199.09 ± 0.034 to 200.05 

± 0.22 in both accelerated as well as ambient storage conditions. 

Hardness as well as friability of the selected matrices was evaluated at 0, 1, 2, 

3, 6, 9 and 9 months interval and found to be 7.03 ± 0.087 to 7.34 ± 0.087 and 0.22 ± 

0.02 to 0.34 ± 0.6 respectively. 

The % drug release noted in both ambient and accelerated condition were in 

the range of 60.11 ± 0.04 to 87.01 ± 0.11 showing close compliance and agreement 

with the previous studies. 

Same above cited procedure was followed. Matrices of ibuprofen and selected 

matrices were analyzed for dissolution, drug content, weight variation, hardness, 

friability and physical appearance at different time intervals i.e 0, 1, 2, 3, 6, 9, 12 

months. The % drug contents were 98 ± 0.12 to 103 ± 0.02 in both ambient as well as 

accelerated storage condition showing no significant variations from their market 

brands. 

The weight variation was noted to be in the range of 199.12 ± 0.2 to 201.5 ± 

0.03. The hardness and friability for selected optimized matrices were in the range of 

8.04 ± 0.08 to 7.07 ± 0.02 and 0.65 ± 0.02 to 0.43 ± 0.03 respectively. They were 

evaluated also at time 0 and then after 1, 2, 3, 6, 9 and 12 months. 

Drug release in the range of 76.11 ± 0.02 to 88.01 ± 0.03 was found in both 

ambient and accelerated storage condition at time 0 and after 1, 2, 3, 6, 9 and 12 

months. 
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Table 4.37: The appearance and stability profile of Eudragit based FLB 

matrices after 24 hrs at 25
o
C and RH=65% (Ambient Conditions) 

Reading 

takens for 

determination 

of stability 

Friability 

test (%) 

n=3 

(Mean±SD) 

Weight 

variation test 

(mg) 

n=20 

(Mean±SD) 

Hardness 

test 

(kg/cm
2
) 

n=10 

(Mean±SD) 

Drug 

content (%) 

n=3 

(Mean±SD) 

% Release 

after 24h 

n=3 

(Mean±SD) 

Appearance 

(colour) 

At 0 time 

(pre storage) 
0.20±0.02 200.05±0.22 7.03±0.087 99±0.3 80.8±0.12 Whitish 

After 1 

month 
0.21±0.01 200±1 7.14±0.045 99.01±2 82.6±0.22 Whitish 

After 2 

month 
0.30±0.03 199±0.141 7.19±0.066 100.01±1 84.5±0.19 Whitish 

After 3 

month 
0.34±0.6 199.09±0.034 7.34±0.087 102±0.2 87.01±0.11 Whitish 

After 6 

month 
0.21±0.07 200.05±0.24 7.16±0.011 99.51±2 70.1±0.11 Whitish 

After 9 

month 
0.20±0.03 198.99±0.111 7.21±0.031 99.55±1 68±0.33 Whitish 

After 12 

month 
0.28±0.02 199±0.76 7.18±0.71 99.99 ±1 67.8±0.142 Whitish 

 

 

 



143 
 

Table 4.38: The appearance and stability profile of Eudragit based FLB 

matrices after 24 hrs at 40
o
C and RH=75% (Accelerated 

Conditions) 

Reading 

taken for 

determination 

of stability 

Friability 

test (%) 

n=3 

(Mean±SD) 

Weight 

variation 

test (mg) 

n=20 

(Mean±SD) 

Hardness 

test 

(kg/cm
2
) 

n=10 

(Mean±SD) 

Drug 

content 

(%) 

n=3 

(Mean±SD) 

% Release 

after 24h 

n=3 

(Mean±SD) 

Appearance 

(colour) 

At 0 time (pre 

storage) 
0.14±0.02 200.1±0.3 7.13±0.091 100.93±1 80.8±0.12 Whitish 

After 1 month 0.65±0.02 201.5±0.03 8.04±0.08 103±0.02 85.1±0.28 Whitish 

After 2 month 0.5±0.01 199.12±0.2 7.14±0.036 100.09±1 76.11±0.02 Whitish 

After 3 month 0.43±0.05 200±0.109 7.06±0.02 99.89±1 84.8±0.15 Whitish 

After 6 month 0.16±0.02 200±0.14 7.16±0.017 99.81±2 88.01±0.03 Whitish 

After 9 month 0.16±0.04 200.4±0.19 7.07±0.023 98±0.12 81.1±0.31 Whitish 

After 12 

month 
0.14±0.01 200.5±0.71 7.71±0.34 99.11±2 78.9±0.16 Whitish 
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Table 4.39: The appearance and stability profile of Eudragit based IBU 

matrices after 24 hrs at 25
o
C and RH=65% (Ambient Conditions) 

Reading 

taken for 

determination 

of stability 

Friability 

test (%) 

n=3 

(Mean±SD) 

Weight 

variation test 

(mg) 

n=20 

(Mean±SD) 

Hardness 

test 

(kg/cm
2
) 

n=10 

(Mean±SD) 

Drug 

content (%) 

n=3 

(Mean±SD) 

% Release 

after 24h 

n=3 

(Mean±SD) 

Appearance 

(colour) 

At 0 time 

(pre storage) 
0.25±0.12 199.05±0.32 7.13±0.086 98.9±0.21 81.3±0.02 Whitish 

After 1 

month 
0.23±0.11 200.01±1.3 7.04±0.065 98.4±1 86.3±0.12 Whitish 

After 2 

month 
0.29±0.02 198.2±0.121 7.09±0.066 99.01±1.3 82.5±0.16 Whitish 

After 3 

month 
0.33±0.61 199.19±0.034 7.14±0.083 100±0.22 87.05±0.31 Whitish 

After 6 

month 
0.24±0.17 198.05±0.23 7.30±0.021 99.21±1.9 75.1±0.121 Whitish 

After 9 

month 
0.21±0.04 198.89±0.121 7.11±0.024 97.55±1.25 68.99±0.23 Whitish 

After 12 

month 
0.26±0.32 199.3±0.76 7.10±0.74 101.01 ±1 67.86±0.14 Whitish 
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Table 4.40: The appearance and stability profile of Eudragit based IBU  

matrices after 24 hrs at 40
o
C and RH=75% (Accelerated  

Conditions) 

Reading 

taken for 

determination 

of stability 

Friability 

test (%) 

n=3 

(Mean±SD) 

Weight 

variation 

test (mg) 

n=20 

(Mean±SD) 

Hardness 

test 

(kg/cm
2
) 

n=10 

(Mean±SD) 

Drug 

content 

(%) 

n=3 

(Mean±SD) 

% Release 

after 24h 

n=3 

(Mean±SD) 

Appearance 

(colour) 

At 0 time (pre 

storage) 
0.19±0.12 199.99±0.1 7.94±0.09 100.73±1.01 83.8±0.52 Whitish 

After 1 month 0.55±0.03 201.2±0.04 8.01±0.18 102.99±0.02 84.1±0.25 Whitish 

After 2 month 0.52±0.02 199.72±0.2 7.19±0.031 101.09±1.32 73.1±0.32 Whitish 

After 3 month 0.43±0.15 200.01±0.10 7.36±0.82 99.79±1.01 80.8±0.17 Whitish 

After 6 month 0.18±0.22 201.01±0.24 7.66±0.17 99.80±1.5 86.01±0.13 Whitish 

After 9 month 0.36±0.14 200.01±0.12 7.04±0.02 98.73±0.22 81.3±0.21 Whitish 

After 12 

month 
0.18±0.02 198.5±0.91 7.79±0.34 99.13±1.03 76.9±0.18 Whitish 
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4.14 In-Vivo Bioavailability Studies 

4.14.1 Plasma concentration verses Time profile 

Figure 4.27 represents the mean plasma concentration vs time profile for 

conventional release Flurbiprofen control tablets and the test matrix tablets of 

Flurbiprofen-EUDRAGIT
®
. As it is clear from the figure 4.27 Flurbiprofen matrices 

show an extended and slow release rate of drug absorption. It is evident that the test 

tablets, formulated have maintained a constant blood plasma level for relatively long 

period of time as compared to conventional reference tablets. The conventional 

release tablets attain a peak concentration rapidly followed by quick elimination. 

An 18 hours blood circulation appears for the reference product where as an apparent 

increase in half-life appears for matrix tablets owing to both prolonged circulation and 

extended release. 

Same obvious effects were noted in case of ibuprofen-EUDRAGIT
® 

matrices as 

shown in the figure 4.28. 

Our results show compliance with the investigation of many other authors (Badshah et 

al., 2012, Shah et al., 2012). Badshah et al., 2012 analyzed the serum of rabbit to 

determine olanzapine levels by administering an immediate release formulation and a 

test controlled release formulation. 

 

4.14.2  Pharmacokinetic Investigations 

Tables 4.39 and 4.40 represents statistical analysis of pharmacokinetic 

parameters obtained for CR Flurbiprofen-EUDRAGIT
® 

matrix tablets and its 

corresponding references tablets as well as CR ibuprofen-EUDRAGIT
® 

matrices and 

its corresponding reference tablets respectively. SPSS 12.0 software was used by 

applying the two tailed t-test to determine the therapeutic effect. I.e. reference tablets 

vs test tablets 

As depicted in the tables 4.39 & 4.40 the average elimination rate constant (kel) of 

conventional release reference Flurbiprofen tablets and test matrix tablets were 0.131 

± 0.021 h-1 and 0.0854 ± 0.049 h-1 respectively by providing  (P<0.05) significant 

difference in kel standards of the two formulations for ibuprofen reference as well as 

matrix formulations. The elimination rate constant (kel) were 0.11 ± 0.003 h-1 and 
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0.24 ± 0.0357 h-1 respectively by providing (P<0.001) significance difference in kel 

values of the two formulations. 

For Flurbiprofen immediate release reference tablets as well as matrix tablets, the 

mean half-life noted were 2.69 hrs ± 0.96 hrs and 11.5 hrs ± 1.22 hrs showing 

(P<0.001) significant difference. The mean T-max values were 1.99 ± 0.02 hrs and 

7.5 hrs ± 0.33 hours and C-max were 79 ± 1.32 ng/mL and 55 ± 0.71 ng/mL 

respectively (P<0.005) significant difference was shown by statistical analysis 

between T-max and C-max values. AUC 0-t  values for both standard and test tablets 

were 1429 ± 6.5 ng.hr/mL and 2579 ± 8.99 ng.hr/mL respectively with (P<0.001) 

statistical significant difference. 

The calculated values of mean resident time (MRT0-t) for both reference as well as 

test tablets were 2.334 ± 0.22 hrs and 12.046 ± 0.39 hrs, respectively with statistical 

significant difference of (P<0.0001) similarly mean volume of distribution (Vd) and 

mean total clearance values noted for both references as well as test tablets were 

0.123 ± 0.001 Litters and 0.501 ± 0.002 Litters, showing (P<0.005) statistical 

significant difference and 0.078 ± 0.001 µg*hr/(µg/mL) a higher value of clearance 

for reference tablets as compared to 0.0399 ± 0.0002 µg*hr/(µg/mL) for test tablets, 

showing (P<0.05) significant difference. 

Similarly for ibuprofen reference as well as test formulations the values of various 

pharmacokinetic parameters such as half-life (t1/2), T-max, C-max, AUC0-t , MRT0-t, 

Vd and Cl are displayed as follows with their respective statistical significant 

difference. 

i. Half-life t1/2 for reference and test formulations of ibuprofen noted were 4.589 

± 1.00 hours and 8.994 ± 0.93 hours, with (P<0.001) significant difference in 

half-life of two types of formulations. 

ii. C-max , maximum plasma concentration of reference formulation was 

sufficiently higher as compared to the test formulation i.e. 87.22 ± 1.14 ng/mL 

and 60.98 ± 1.23 ng/mL a significant difference of (P<0.005) was depicted. 

iii. T-max for reference tablets was 1.39 ± 0.001 hours and for test formulation 

was 6.98 ± 0.001 hours with statistical significant difference of (P<0.001) 

iv. An observed AUC0-t for both reference as well as test tablets was 1320 ± 

23.21 ng*hr/mL and 2387 ± 0.55 ng*hr/mL with P<0.001. 
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v. The calculated MRT0-t for reference and test tablets was 6.10 ± 0.32 hours 

and 10.548 ± 0.57 hours respectively with P<0.0001 as an observed statistical 

significant difference. 

vi. The mean vd values noted for both reference and test formulations and total 

clearance values observed for both reference and test tablets were 0.209 ± 

0.005 Litters and 0.734 ± 0.001 Litters with P<0.001 and 0.091 ± 0.003 

µg*hr/(µg/mL) and 0.05 ± 0.002 µg*hr/(µg/mL) with P<0.05 as significant 

difference. Different other authors have also performed in-vivo studies on 

Flurbiprofen and ibuprofen based matrix formulations but our results are 

somewhat different from them with respect to pharmacokinetic parameters due 

to various factors such as formulation difference, Subject difference and 

number of subjects etc. 

Akhlaq et al.,(2011) and wahab et al.,(2012) studies Flurbiprofen and Ibuprofen 

quantification in plasma 
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Table4.41:  Two groups each of test and reference FLB matrices indicating 

pharmacokinetic parameters after oral administration (n=5,Mean 

± SD) 

Parameters 

Flurbiprofen-

EUDRAGIT
®

L 100 

10:3 

Conventional reference 

Flurbiprofen 
Statistical test(P) 

Kel 0.0854 ± 0.049 h-1 0.131 ± 0.021 h-1 <0.05 

Tmax 4.17 ± 0.20 hrs 2.86 ± 0.02 hrs <0.005 

Half-life (t1/2) 10.54 ± 0.12 hrs 2.99 ± 0.06 hrs <0.001 

AUC0-t 
39889.2 ± 

2.48ng*hr/mL 

6884.32 ± 

1.06ng*hr/mL 
<0.001 

MRT 14.33 ± 1.03hrs 4.62 ± 0.25 hrs <0.0001 

Vd 0.501 ± 0.002 L 0.123 ± 0.001 L <0.05 

Total Clearance 
0.12 ± 

0.13μg*hr/(μg/mL) 

0.38 ± 

0.67μg*hr/(μg/mL) 
<0.05 
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Table 4.42: Two groups each of test and reference IBU matrices indicating 

pharmacokinetic parameters after oral administration (n=5,Mean ± SD) 

 

Parameters 

Ibuprofen-

EUDRAGIT
®

L 100 

10:3 

Conventional 

reference Ibuprofen 

Statistical 

test(P) 

Kel 0.074 ± 0.004 h-1 0.271 ± 0.299 h-1 <0.001 

Tmax 3.98 ± 0.001hrs 2.99 ± 0.003hrs <0.001 

Half-life (t1/2) 9.901 ± 1.029 hrs 4.799 ± 2.310 hrs <0.001 

AUC0-t 
6589 ± 

46.73ng*hr/mL 

3394 ± 

69.70ng*hr/mL 
<0.001 

MRT 13.041 ± 0.399 hrs 3.704 ± 0.73 hrs <0.0001 

Vd 0.609 ± 0.001 L 0.610 ± 0.001 L <0.001 

Total 

Clearance 

0.048 ± 

0.0001μg*hr/(μg/mL) 

0.086 ± 

0.0031μg*hr/(μg/mL) 
<0.05 
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4.14.3 In-vitro in-vivo correlation (IVIVC) 

A point to point relationship is represented by a level (A) according to FDA 

IVIVCs guidelines between in-vitro in-vivo absorption rates (FDA, 1997). The 

amount of drug absorbed can be compared with the amount of drug released by 

establishing a level (A) correlation. This does requires the data obtained from the 

same formulation collected at each same point. 

When percent drug absorbed (Fa) is plotted against percent drug release (Fr), the 

outcome is IVIVC. In-vitro data shows drug release values in percent while Wagner 

and nelson put forward their equation to determine percent drug absorbed. Same 

method was also used to establish an in-vitro in-vivo correlation by shah et al., 2012, 

Badshah et al., 2011 the figures 4.7 And 4.9 depicted an optimum level of an in-vitro 

in-vivo correlation, for the Ibuprofen and Flurbiprofen test formulations. The 

respective co-efficient of determination (r2) was 0.9389 and 0.9499. This reflects that 

the quantity of the drug absorbed can be illustrated by the quantity of the drug 

dissolved during standard dissolution test. 

Anyhow due to use and nature of less number of laboratory animals and design 

protocol of study, the results can only be considered initial and subsequent large scale 

experimental work would be carried out before recommending the optimized test 

formulations of the ibuprofen and Flurbiprofen for in-vivo studies in human 

volunteers.  
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Figure 4.27:In-Vitro In-Vivo Correlation for Controlled release Flurbiprofen test 

Tablets 

 

 

 

Figure 4.28 In-Vitro In-Vivo Correlation for Controlled release Flurbiprofen 

market Tablets 
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Figure 4.29: In-Vitro In-Vivo Correlation for Controlled release Ibuprofen test 

Tablets 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.30: In-Vitro In-Vivo Correlation for Controlled release Ibuprofen 

market Tablets 
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CONCLUSION 

From the results of our study, we concluded that:  

The pre-formulation studies confirmed that no convincing interaction was 

initiated between the drugs (Flurbiprofen & Ibuprofen) and different polymers 

and excipients. 

 Eudragit polymers can cause victorious development of controlled-release 

matrices of Flurbiprofen & Ibuprofen by direct compression method.   

 The release of Flurbiprofen & Ibuprofen from the matrices depends upon 

polymer concentration as well as Particle size. 

 Eudragit L 100 polymer is more efficient than Eudragit L 55 & S 100 

polymers in controlling and enhancement of drug release rates. Eudragit 

revealed more convincing and effective role to control the release of   

Flurbiprofen & Ibuprofen from the matrices. 

 The amount and particle size of the polymer can control the release 

mechanisms of Flurbiprofen & Ibuprofen from the tablets. 

 Substitution of portions of lactose by HPMC K100M, CMC, Starch, Xanthane 

Gum & Gum Acacia introduced as co-excipients within the tablet formulation 

augment the release rates of Flurbiprofen & Ibuprofen. 

 Matrix tablets composed of Eudragit L 100 provide suitable environment for 

stability of Flurbiprofen & Ibuprofen and selected lots of formulations 

signifying superior stability of the Flurbiprofen & Ibuprofen. 

 In-vivo pharmacokinetic parameters of reference tablets display less prolonged 

release rates as compared to test tablets of Flurbiprofen & Ibuprofen.  
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