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The main aim of the study was to develop once-daily controlled release matrix tablet of the selected 
propionic acid derivative flubiprofen (100 mg) using ethyl cellulose ether derivative release controlling 
polymer. Preformulation factors, including solubility, powder flowability and compressibility, and loss 
on drying were studied. Hausner’s factor and angle of repose ranged from 1.10 to 1.25 and 25 to 29° 
respectively, indicating the best flowability and compressibility of the powder. Drug-polymer interaction 
was analyzed by particle size analysis, SEM and FTIR spectroscopy. Matrices were prepared by direct 
compression, with and without polymer. Effect of co-excipients like HPMC, starch and CMC, was 
studied on release behavior of the drug. The tablets were subjected to different physicochemical tests 
including hardness, friability, weight variation, % drug content, thickness and diameter with limits 
ranging from 6.4 ± 0.24 to 6.9 ± 0.44 kg/cm2, 0.22 ± 0.06 to 0.77 ± 0.03 w/w, 200 ± 1.3 to 203 ± 1.0 g, 98.30 
± 0.16 to 99.70 ± 0.64%, 2.1 ± 0.032 to 2.3 ± 0.020 mm and 4.2 ± 0.001 to 4.4 ± 0.001 mm respectively. In-
vitro drug release study was conducted in phosphate buffer (pH 7.4) and different kinetic parameters 
were applied. Ethocel FP polymer alone showed the best anomalous release with exponent =n  0.793 

with the linearity =2r  0.992, whereas the market brand released 90% of the drug after four hours with 
release exponent =n  0.210. 
 
Key words: Drug delivery, flurbiprofen, ethyl cellulose ether derivative polymers, physicochemical, release 
kinetics. 

 
 
INTRODUCTION 
 
Controlled release drug delivery systems have attracted 
considerable attention from the pharmaceutical techno-
logies in the last three decades and have made quantum 
advances in various dosage forms using existing and 
new drug molecules (Gunawan and Xu, 2008). Controlled 
release pharmaceutical dosage form offers more 
advantages over a conventional dosage form of the same 
drug like sustained blood levels and better patients 
compliance, smaller  dosage  unit  or  higher  dosage  per 
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unit, easier to administer and economical to manufacture 
(Hanna et al., 1987). The drug can now be delivered and 
made bioavailable in a sustained and well-controlled 
manner up to a desired period of time (Skelly, 1987). 
Propionic acid derivatives, like flurbiprofen (FLB), are 
considered to be the first line drugs in the symptomatic 
treatment of rheumatoid arthritis, osteoarthritis, and 
ankylosing spondylitis. They are safe and effective 
analgesic and by inhibiting the prostaglandin synthesis 
they can interrupt the normal paracrine signaling 
necessary for the elaboration of inflammatory response 
(Brooks and Day, 1991; Qiu and Bae, 2006) having dose 
response trend in both sexes (Jackson and Hawkey, 
1999). Flurbiprofen has been found to be one of the most 



 
 
 
 
potent members of a series of phenylalkanoic acids in 
various animal species in anti-inflammatory, analgesic 
and antipyretic tests (van Miert and van Duin, 1977).  It is 
highly effective in the treatment of rheumatoid arthritis in 
man (O’Dell et al., 2001). Flurbiprofen also causes a 
dose dependent inhibition of collagen induced platelet 
aggregation in platelet rich plasma from human, rats and 
rabbits in-vitro (Nishizawa et al., 1973). Flurbiprofen is at 
least 99% bound to human serum albumin at therapeutic 
concentration. It may bind to red blood cells. Area under 
the plasma drug concentration versus time curve 
increases with increasing dose administration (Kaiser et 
al., 1986). Upon oral administration, the most frequently 
reported side effects of flurbiprofen are abdominal 
discomfort along with other gastrointestinal effects. It has 
short elimination half-life of 3.9 h and requires frequent 
dosing (Charoo et al., 2005). Hence, formulating FLB in 
controlled release solid dosage form could reduce the 
aforementioned side effects. 

Polymer science has become the backbone for the 
development of new formulation for the past few years 
and its advances have led to the development of 
numerous applications in pharmaceutical sciences, as 
coating agent, emulsifying agent, suspending agent, 
adhesive and adjuvant (Qiu and Bae, 2006). Polymers 
have achieved greater importance in the pharmaceutical 
industry as drug encapsulates and vehicles of drug 
carriage and protecting drug during its passage through 
the body. Polymeric delivery systems or devices are used 
to ensure either a temporal or spatial control of drug 
delivery (Jain, 2006). Bio-functional polymers have got 
pharmaceutical interest in recent years and are widely 
used for formulation of extended or prolonged- release 
dosage forms (Meidan and Khan, 2007). For few 
decades ethyl cellulose has been used as controlled-
release excipients. In most uses, ethyl cellulose has been 
solubilized in organic solvents and used as a film coating 
for tablets beads and particles to impart a controlled 
release or taste masking effect (Katikaneni et al., 1995). 
Flurbiprofen SR exhibits erosion controlled mechanism 
coupled with diffusion (Skoug et al., 1993). FLB market 
brand released 97.77% of FLB between 4 to 8 h, while 
ethocel FP release retarding material offered empirical 
approach in developing controlled release system. The 
present study aims to develop flurbiprofen controlled 
release matrix tablets using ethocel in order to reduce 
dosing frequency, to lesser the side effects and to 
improve patient compliance. The study is unique in the 
sense that deriving insight from the exciting research 
findings and advancements in the field has been made to 
enhance its utility and impact.  
 
 
MATERIALS AND METHODS 
 
Flurbiprofen was received as a gift from Abbot Labs, Pakistan, 
monobasic potassium phosphate, CMC, Starch, NaOH (Merck, 
Germany) were received as gift from Wilshire Pharmaceutical, 
Lahore. Lactose,  magnesium  stearate  (BDH  Chemical  Ltd,  Pool  
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England), were purchased from (Sohail chemical, Rawalpindi, 
Pakistan). Ethocel (ethyl cellulose ether derivative) Standard 7 
Premium, Ethocel 7 FP Premium and HPMC (Dow Chemical Co., 
Midland USA). All the chemicals used and received were of 
analytical grades. 
 
 
Preformulation study 
 
Solubility 
 
The solubility study of flurbiprofen was performed by following the 
equilibrium solubility method in six different solvents at 37°C in a 
shaking water bath for 24 h. Excess amounts of drug were added to 
100 ml conical flasks. After two days aliquots were withdrawn, 
filtered (0.22 �m) and diluted with their respective solvents. The 
samples were analyzed spectrophotometrically on 247 nm using 
concerned solvents as blank (Uekama et al., 1985). 
 
 
Bulk density 
 
Bulk density was determined by the following formula (Abdelkader 
et al., 2008): 
 
Bulk density =Ws / Vs 
 

Where Ws is sample weight and Vs is the sample volume.  
 
 
Tape density 
 
Tape density is the indirect measurement of flow, mixing and 
tableting properties of powder. It was calculated by using 10 ml 
measuring cylinder with 100 tapping which are sufficient to bring 
plateau condition (Abdelkader et al., 2008). Tapped density was 
calculated by the following formula: 
 
Tapped density = Weight of mixture/volume of mixture after 100 
tapings 
 
 
Hausner’s ratio 
 
It is called as index of flowability and is calculated by the formula 
(Abdelkader et al., 2008): 
 
Hausner’s ratio = V1 / V2 
 
Where V1 is the volume before taping and V2 is the volume after 
taping. 
 
 
Loss on drying 
 
A porcelain dish was heated in an oven at 60°C for half an hour. It 
was then cooled in a desiccator. 1 g of flurbiprofen was accurately 
weighed and heated in oven at 60°C for 3 h, at a pressure not more 
than 7 kPa. After a specified period of time FLB was reweighed and 
limit of detection (LOD) was calculated as mass percentage 
(Abdelkader et al., 2008). 
 
 
Angle of repose 
 
Angle of repose was determined by Funnel and Cone method. A 
Petri dish was taken and its diameter was determined. A funnel was  



864         Afr. J. Pharm. Pharmacol. 
 
 
 

Table 1. Experimental conditions for particle size analysis. 
 

Material Circulation  speed Ultrasonic Laser T (%)  Form of distribution RR index 
Ethocel 7 FP Premium 5 02:00 86.6 Standard 1.50-0.41 
Ethocel 7 Premium 5 02:00 86.7 Standard 1.50-041 
Flurbiprofen 5 02:00 86.6 Standard 1.50-0.40 

 
 
 

Table 2. Weight compositions (mg) of flurbiprofen formulations. 
�

Formulation Flurbiprofen Ethocel7 FP Ethocel 7 simple Lactose Mg stearate HPMC Starch CMC 
F-1 100 30  69 1 -- -- -- 
F-2 100 -- 30 69 1 -- -- -- 
F-3 100 30 -- 48.3 1 20.7 -- -- 
F-4 100 -- 30 48.3 1 20.7 -- -- 
F-5 100 30 -- 48.3 1 -- 20.7 -- 
F-6 100 -- 30 48.3 1 -- 20.7 -- 
F-7 100 30 -- 48.3 1 -- -- 20.7 
F-8 100 -- 30 48.3 1 -- -- 20.7 
F-9 100 -- -- 99 1 -- -- -- 

 
 
 
fixed above the Petri dish and accurately weighed amount of 
flurbiprofen (4 g) was poured from funnel with its tip at 2 cm height, 
H, until the apex of the heap formed reached the lower end of the 
funnel. The mean diameter, 2R, of the base for the powder cone 
was measured and the angle of repose was calculated by the 
following equation (Lee and Herman, 1993). 
 

R
h

Tan =θ                   (1) 

 

Where “ h ” is the height of the cone and “ R ” is the radius of the 
cone base. 
 
 
Compressibility index 
 
Compressibility index of FLB powder was determined by Carr’s 
compressibility percentage given as (Lachman, 1987): 
 

100% ×�
�

�
�
�

� •−=
Df

DDf
ilityCompressib               (2) 

 
Where “ Df ” is the tape bulk density “ •D ” is the fluff bulk 
density.  
 
 
Infra-red absorption spectroscopy 
 
A computerized FTIR (iS10, Thermo Fischer Scientific, USA) was 
used to study the possible drug-polymer interaction.  Sample of 
approximately 10 mg was placed at the plate and enough pressure 
was applied to obtain the sharp peaks at suitable intensity. 
Spectroscopy of FLB, Polymer and  FLB-Polymer  physical  mixture  

was carried out in the range of 500 to 4000 cm-1 to detect the 
possible interaction of drug and polymer (Ranjha et al., 2009). 
 
 
Scanning electron microscopy 
 
SEM images of FLB and FLB-EC physical mixture were taken to 
analyze the surface morphology of drug and its physical mixture at 
two different magnifications.  
 
 
Particle size analysis 
 
Particle size (Horiba Particle size analyzer, LA 300, Japan), of FLB 
and ethocel polymer was analyzed, using distilled water as 
circulation medium at refractive index of 1.50 to 0.41 in order to 
study the effect of particle size on the compaction of tablets and 
release behavior of flurbiprofen thereafter. The experimental 
conditions are given in Table 1(Andrýsek, 2001). 
 
 
Preparation of matrix tablets 
 
FLB 100 mg tablets, with polymer and without polymer, were 
prepared by direct compression method, using Single Punch 
Machine Model No. AR 400 (Erweka GMBH, Germany), applying 
450 kg force for about 2 s. The tablets compositions are given in 
Table 2. 
 
 
Physical characteristics of matrix tablets 
 
Thickness and diameter 
 
The thickness and diameter of the tablets were determined by using 
Vernier caliper (123M-150), presented in millimeters with their mean 
and standard deviation.  



 
 
 
 
Hardness 
 
The hardness of the tablets was determined by using Hardness 
tester (Erweka, Germany) and was reported in kg. 
 
 
Weight variation 
 
10 tablets were used to study the weight variation of FLB tablets 
using Electronic Balance Model No, AX-200 (Shimadzu, Japan) and 
the values were given in milligrams with their mean and standard 
deviation. 
 
 
Friability test 
 
For each formulation 10 tabs were weighed, placed in Friabilator 
(Erweka, Germany) and were subjected to 100 rotations in 4 min. 
The tablets were reweighed and friability was calculated along with 
mean and the standard deviation.  
 

100
1

21 ×−=
W

WW
Friability               (3) 

 

Where “ 1W ” is the initial weight and 2"W ” is the final weight of the 
tablets. 
 
 
Content uniformity test 
 
30 tabs were selected randomly from each formulation, 10 tabs 
were assayed individually. All of the tested tablets contained more 
than 99% of active FLB. For determining the drug content 
collectively, three tablets of were crushed and powder, equivalent to 
100 mg of FLB, was dissolved in phosphate buffer pH 7.4, and was 
analyzed spectrophotometrically at 247 nm after sufficient dilutions 
with the respective solvent. 
 
 
In-vitro drug release study 
 
Drug release study was performed according to USP Apparatus 1, 
using 8-station dissolution apparatus Pharma Test Model # PTWS-
11/P, TPT (Hamburg, Germany). Each flask was filled up to 900 ml 
dissolution medium of 0.2 M phosphate buffer solution pH 7. 4 kept 
at 37 ± 0.1°C and stirred at 100 rpm (Perfect sink conditions). 
Tablets were placed in different baskets and at predetermined time 
intervals of 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 18 and 24 h, a 5 ml 
sample was taken with syringe using 0.45 �m filter and was 
replaced with the same fresh medium. Samples were analyzed at 
247 nm with the help of UV- Visible Spectrophotometer UV-1601 
(Shimadzu, Japan). The mean of three tablets was used to evaluate 
the drug release for each of the formulations.  
 
 
Drug release kinetics 
 
To study the release kinetics, data obtained from in-vitro drug 
release studies were plotted in various kinetics models:  
 
Zero-order: 
 

tkW 1=     (4) 
 

Where 1k  is the zero-order arte constant expressed in  the  units  of  
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concentration/time and t is the time on hours.  
 
First order: 
 

tkW 2100ln)100ln( −=−   
 

Where 2k  is the first order constant and ln100 is the initial 
concentration of drug.  

Hixson Crowell’s equation or Erosion model: 
 

 tkW 3
3/13/1 100)100( −=−   

 

Where 3k  is the rate constant for Hixson Crowell’s equation, 

3/1)100( W− is the initial concentration while 
3/1100 is the 

amount of drug released in time t.  
 
Higuchi’s model: 
 

2/1
4tkW =   

 
Where 4k  reflects the design variable of the system and is the 
constant. T is the time in hours.  

Korsmeyer-Peppas equation: 
 

 
nt tkM

M
5=

∞  

 

Where 
∞M

M t
 is the fractional solute release, 5k  is power law 

constant of drug-polymer system, whereas n is an exponent that 
indicates drug release mechanism from matrix.  
 
 
RESULTS AND DISCUSSION 
 
Preformulation studies 
 
Solubility studies 
 
Flurbiprofen is a monoprotic drug having pKa value 4.22 
± 0.03. Its solubility ranged from 1.474 to 6.961, which 
was maximum at a pH 10 (Anderson and Conradi, 1985). 
Solubility values at pH 1.2, 6.8, 7, 7.2, 7.4 and at pH 10 
were found to be 1.474, 4.308, 4.800, 5.868, 6.661 and 
6.961. Both the measured drug solubility and pKa are in 
good agreement. The drug solubility was increased at pH 
6.8 and above having maximum value at pH 10 because 
of drug ionization, while at pH 1.2 it was low due to un-
ionized form of FLB present in the solution as shown in 
Figure 1 (Li and Zhao, 2003).  

Table 3 shows poured density, tapped density, 
Hausner’s ratio, angle of repose, compressibility index 
and loss on drying. Poured density ranged from 0.228 to 
0.398 while tapped density ranged from  0.312  to  0.582,  
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Figure 1. Solubility of flurbiprofen at various pH values. 

 
 
 

Table 3. Results of evaluation tests performed on flurbiprofen powder and physical mixture. 
 

Formulation Bulk density(g/cm³) Tapped density(g/cm³) Hausner Factor Angle of repose (�) Compressibility (%) Loss on drying (%) 
Pure drug 0.228 0.582 1.10 29.64 55.25 0.1 
F-1 0.334 0.312 1.11 27 15.29 0.2 
F-2 0.387 0.348 1.15 25 17.52 0.2 
F-3 0.367 0.320 1.21 24 16.44 0.1 
F-4 0.398 0.362 1.11 22 19.11 0.3 
F-5 0.376 0.335 1.17 27 18.23 0.2 
F-6 0.304 0.361 1.14 25 20.52 0.2 
F-7 0.295 0.354 1.22 25 18.19 0.2 
F-8 0.342 0.412 1.25 26 19.02 0.3 
F-9 0.311 0.391 1.18 26 19.73 0.3 
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Wavelength (cm-1)  
 
Figure 2. FTIR spectra of polymer (A), flurbiprofen (B) and FLB-polymer (C). 

 
 
 
indicating that there is no conclusive effect of physical 
mixing upon the particle size. HF values ranged from 
1.10 to 1.25 indicating good flow properties of powder. 
Angle of repose was found to be 29.64° for FLB powder. 
Angle of repose for physical mixtures ranged from 22 to 
27° indicating fair flow properties of the physical mixture. 
The frictional force in the loose powder was in acceptable 
range but the addition of polymer and excipients 
improved the powder flow and reduced the cohesive 
force among the particles up to negligible extent during 
compression (Sharma, 2008). Compressibility index 
developed by Carr, from the bulk densities of FLB 
indicating indirect measurement of flow property of 
powdered drug, its bulk density, size and shape, moisture 
content surface area, was calculated by Equation 2. 
Percentage compressibility of FLB powder was 55.25% 
which was in good agreement with angle repose, while 
that for the physical mixtures ranged from 15.29 to 
20.52% indicating the improved compressibility and 
flowability of physical mixtures (Lachman, 1987; 
Raghuram, 2003). LOD was found to be 0.10% for FLB 
powdered drug while that for physical mixtures was also 
found to be in accordance with USP standards ranging 
from 0.1 to 0.3% (Reddy et al., 2003), indicating that  FLB  

powder had moisture content up to acceptable limit which 
was good for compression to make uniform matrices.  
 
 
FTIR spectra analysis 
 
FTIR spectroscopy of polymer (a), drug (b) and physical 
mixture (c) was conducted to investigate possible drug-
polymer interaction. FLB spectra showed principal peaks 
at 1695 (C=O), 1220 (C−F), 707, 930, 773 and 960 cm-1 
due to asymmetric stretching of carbonyl, hydroxyl and 
single bonds (Shrivastava et al., 2009; Ranjha et al., 
2010). Spectra showed minor changes in the absorbance 
pattern especially in the region of 1000 to 1700 cm-1 and 
2500 to 3000 cm-1 This alteration could be due to 
variations in the resonance structure, stretching and 
bending, rotation of a part of molecule or certain bonds or 
minor distortion of bond angle (Shrivastava et al., 2009), 
as shown in the Figure 2. 
 
 
Scanning electron microscopy  
 
Figure 3 shows SEM  images  of  FLB  and  FLB-Polymer  
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Figure 3. Scanning Electron Microscope images of FLB AND FLB-Polymer mixture at two different magnifications, (A) FLB at 
×1000, (C) FLB at ×2500, (B) FLB-Polymer at ×1000 & (D) FLB-Polymer at ×2500. 

 
 
 
physical mixture at two different resolutions. FLB and 
polymer could be seen separated having no chemical 
interaction or permanent attachment in case of their 
physical mixture. It could also be observed that there is 
complete physical miscibility of FLB with ethyl cellulose 
polymer.  
 
 
Physical characteristics of tablets 
 
Physical characteristics of the tablets are given in the 
Table 4, including hardness, friability, weight variation, % 
drug content, thickness and diameter. Hardness of the 
tablets  ranged  from   6.4 ± 0.24   to   6.9 ± 0.44   kg/cm3,  

which was suitable to reduce the tendency to cap, as 
thickness affects the internal stress of the tablet. Polymer 
viscosity and concentration have increasing effect upon 
the size of tablet because the polymer may have low 
binding force (Abdelkader et al., 2007). Friability 
calculated was in the acceptable range of 0.22 ± 0.06 to 
0.77 ± 0.03 w/w, and it increased with the increase of 
polymer grade and concentration. Weight variation test 
showed that all of the tablet were in the acceptable range 
of 200 ± 1.3 to 203 ± 1.0 mg. Content uniformity test fell 
in the best suitable range of 98.70 ± 0.04 to 99.70 ± 
0.64% for 100 mg FLB tablets, whereas the drug content 
for FLB pure drug showed 99.0±0.42% of drug contents. 
Thickness and diameter ranged from  2.1 ± 0.032  mm  to  
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Table 4. Physical properties of standard tablets expressed as mean ± SD. 
 

Formulation Hardness(kg/cm²) Friability(w/w) Weight variation (mg) % Drug content Thickness (mm) Diameter (mm) 
F-1 6.5 ± 0.37 0.77 ± 0.03 200 ± 1.3 99.10 ± 0.04 2.1 ± 0.041 4.2 ± 0.004 
F-2 6.8 ± 0.41 0.62 ± 0.02 201 ± 1.8 98.20 ± 0.49 2.2 ± 0.045 4.3 ± 0.001 
F-3 6.9 ± 0.44 0.53 ± 0.11 202 ± 1.1 99.70 ± 0.64 2.1 ± 0.040 4.2 ± 0.003 
F-4 6.5 ± 0.34 0.71 ± 0.05 200 ± 1.6 99.80 ± 0.10 2.3 ± 0.007 4.2 ± 0.001 
F-5 6.5 ± 0.45 0.22 ± 0.06 203 ± 0.3 99.30 ± 0.16 2.3 ± 0.020 4.2 ± 0.002 
F-6 6.4 ± 0.24 0.46 ± 0.10 203 ± 1.0 99.40 ± 0.25 2.2 ± 0.041 4.2 ± 0.002 
F-7 6.8 ± 0.32 0.73 ± 0.09 203 ± 0.4 98.30 ± 0.16 2.2 ± 0.002 4.3 ± 0.001 
F-8 6.6 ± 0.54 0.36 ± 0.08 202 ± 1.2 98.70 ± 0.04 2.1 ± 0.032 4.4 ± 0.001 
F-9 6.4 ± 0.26 0.73 ± 0.02 201 ± 2.1 99.50 ± 0.36 2.1 ± 0.040 4.2 ± 0.002 

 
 
 
2.3 ± 0.020 (Table 4). 
 
 
Dissolution studies  
 
Figures 5, 6 and 7 shows that F-1 containing only 
ethocel FP polymer-based matrices released 
95.25% of drug after 24 h, while those with 
ethocel simple coarser polymer released 98.12% 
after 8 h respectively, indicating that FP polymer 
released the drug in a well-controlled manner. 
Simple coarser ethocel polymer with same 
viscosity but higher particle size released 
maximum amount of the drug up to 8 h indicating 
that polymer particle size could be the main 
release determining factor, while polymer with fine 
particles might contribute to increased 
compressibility and produce more uniform 
matrices with uniform channels for water to diffuse 
and to dissolve the drug in a controlled manner. 
Particle sizes of flurbiprofen, ethocel FP and 
simple polymer were found to be 22.52, 5.26 and 
58.32 �m respectively indicating that fine particle 
might retard the drug release rate from matrices 
as shown in Figure 4 (Katikaneni et al., 1995). 
Decrease in particle  size  might  have  decreased  

the porosity and hence increased the tourtosity 
and diffusion path of the matrix tablets. While 
HPMC-based matrices released 97.79 and 
98.83% after 24 and 6 h for each formulated with 
ethocel FP and simple respectively. HPMC in 
combination with ethocel FP polymer released 
FLB in controlled manner. In small quantities 
HPMC can act as channeling agent, and can 
enhance the release rates (Maggi et al., 2000, 
Velasco et al., 1999). Starch-based tablets 
released 98.99 and 98.89% FLB after 2 h for each 
ethocel FP and simple polymer respectively. 
Because polyvalent cations of starch might swell 
in water by about 5 to 10% at 37°C and because 
of this characteristic it might break up the 
polymeric membrane, hence released maximum 
amount of the drug from matrices (Visavarungroj 
and Remon, 1990). CMC-based matrices 
released 99.81 and 99.90% after 2 h for each 
ethocel FP and simple polymers. CMC-based 
matrices markedly increased the release rate 
because the disintegration and swellability 
character of CMC might be contributed to this 
effect (Khan, 1975; Khan and Jiabi, 1998). Figure 
7 shows that matrices formulated without polymer 
burst and released 99.0% of the drug in 1 h,  while  

FLB 200 mg market brand released 97.77% of 
drug within 9 h. 
 
Release kinetics  
 
FLB release data was evaluated by zero-order, 
first-order and Higuchi models. As the dissolution 
of controlled release matrices followed the 
anomalous (combination of diffusion and erosion)  
release of drug so the Higuchi model failed to 
explain the release behavior, therefore Korsmeyer 
equation was applied to the dissolution of drug 
from the matrices, Which is always used to 
describe anomalous the release behavior from the 
matrices (Abdelkader et al., 2007). Korsmeyer 
model describes the release of the drug from 
matrices while n is the release exponent that 
actually characterizes the release mechanism of 
the drug. If n = 0.45, then the release is Fickian 
and if 0.45 � n � 0.89 then it is non-Fickian. 
While0.98 value of n exponent indicates typical 
zero-order release (Merchant, 2006). The release 
data was fitted to Equation 7 as shown in the 
Table 5. Exponent n for F-1 0.793 followed by the 
best linearity r² = 0.992 indicated anomalous 
release coupled by  diffusion  and  erosion.  While  
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Figure 4. Particle size distribution of ethocel FP (A), ethocel simple (B) and FLB (C). 

 
 
 
that for F-2 formulated with ethocel simple polymer gave 
n exponent 0.731 indicating anomalous release as well. It 
could be observed that matrices with FP polymer 
remained intact during the dissolution and gave the 
highest release exponent value 0.793 whereas the tablet 
formulations F-4, 6 and 8 with ethocel simple coarser 
polymer disintegrated slowly as shown in the figure 
(Dabbagh et al., 1996). The release data of HPMC-based 
matrices, F-3 and F-4 gave the release exponent n = 
0.673 for each FP and simple granular forms indicating 
anomalous release behavior. Drug release data of starch-
based formulations F-7 and F-8 was fitted to Equation 8 
and it gave the release exponent n values 0.053 and 
0.037, indicating maximum release with first hour. Starch 
is water swellable in nature and is not suitable for 
controlled release formulations (Khan and Jiabi, 1998). 
Figures 5 and 6 show that 70% drug was released within 
1 h indicating that the combination of starch with ethocel 
FP polymer markedly increased the drug release from 
matrices.  

CMC-based  matrices  released  80%  drug  within  first  

hour showing release exponent n for F-7 and F-8, 0.22 
and 0.016 respectively. It was could be observed that the 
rapid disintegration of CMC (Khan, 1975) released 99% 
drug within 2 h as shown in the Figures  5 and 6. Low 
swellabilty of CMC might be contributed to the marked 
increase in the drug release rate (Abdelkader et al., 
2007). Release exponent for F-9 was too small to show 
the controlled release, that is, 0.0032 behavior of FLB. 
FLB market brand gave n value 0.210 with =2r 0.902 
indicating that the drug release did not follow the zero-
order kinetics and released maximum amount with 9 h. 
 
 
Conclusions  
 
It has been observed that ethyl cellulose ether derivative 
polymer of viscosity Grade 7 can be used in directly 
compressed controlled release matrices tablets of slightly 
soluble non-steroidal anti-inflammatory drugs such as 
flurbiprofen. Inherently cross-linked structure of ethyl 
cellulose  polymer  could  form  uniform  channels  in   the 
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Time (h)  
 
Figure 5. FLB release profile from matrices containing ethocel FP polymer with different exciepents. 

 
 
 

Time (h) 
 

 
Figure 6. FLB release profile from matrices containing Ethocel simple coarser polymer with different excipients. 

 
 
 
matrix system to release the drug in a well-controlled 
manner. Polymer particle size and concentration are the 
main drug release determining factors from the matrices. 
Coexcipients like  CMC  and  Starch  markedly  increased  

the release rate. FLB-market brand released maximum 
amount of drug within 9 h. Drug release mechanism from 
matrices could be changed by changing the polymer 
particle size and its concentration in various modes. 
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Time (h)  
 
Figure 7. FLB release profile from matrices containing Ethocel FP polymer, without polymer and from market brand. 
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