
Arun Kumar Dubey et al. 

Pak. J. Pharm. Sci., 2006, Vol.19(3), 244-251 251

 REFERENCES 
 

Allan EL and Barker KN (1990). Fundamentals of medica-
tion error research. Am. J. Hosp. Pharm., 47: 555-571.      

Barker KN, Kimbrough WW and Heller WM (1966). A 
study of medication errors in a hospital. Fayetville: 
University of Arkansas.     

Bates DW, Boyle DL, Vander Vliet MB, Schneida J and 
leape L (1995). Relationship between medication errors 
and adverse drug events.  J. Gen. Intern. Med., 10: 199-
205. 

Beso A, Franklin BD,Barber N. (2005). The Frequency and 
Potential Causes of Dispensing Errors in a hospital 
pharmacy. Pharm. World Sci., 27: 182-190.    

Crowley E, Williams R and Cousins D (2001). Medication 
errors in children: a descriptive summary of medication 
error reports submitted to the United States 
Pharmacopeia. Curr. Ther. Res., 26: 627-640.  

Hartwig SC, Dener SD and Schneider PJ (1991). Severity-
indexed, incident report-based medication error-reporting 
program. Am. J. Hosp. Pharm., 48: 2611-2616.      

Institute of Medicine, committee on quality healthcare in 
America (2000). To err is human: building a safer health 
system. Report of the institute of medicine. Kohn LT, 
Corrigan JM, Donaldson MS, eds. Washington DC: 
National academy press.    

Jackson MA and Reines WG (2003). A systematic approach 
to preventing medication errors. US Pharm., 28(6): 69-76.               

Leape LL, Bates DW, Cullen DJ, Cooper J, Demonaco HJ, 
Gallivan T, Hallisey R, Ives J, Laird N, Laffel G et al. 
(1995). System analysis of adverse drug events. JAMA., 
274: 35-43.  

Lesar TS, Lomaestro BM, Pohl H.  Medication-prescribing 
errors in a teaching hospital. A 9-year experience. Arch 

Intern Med., 157: 1569-1576. 
Lustig A (2000). Medication error prevention by phar-

macists- an Israeli solution. Pharm World Sci.,22(1):21-5.   
Marino BL, Reinhardt K, Eichelberger WJ and Steingard R 

(2000). Prevalence of errors in a pediatric hospital 
medication system: implications for error proofing. 
Outcomes Manag Nurs Pract., 4(3):129-135.   

National coordinating council for medication error reporting 
and prevention. Medication Error Index. Available at 
http//www.nccmerp.org.      

Omnibus Budget Reconciliation (1990). Act of 1990, Pub. 
L. no. 101-508, and 4401, 104 stat 1388.   

Raschke RA, Gollihare B and Wunderlich TA (1998). A 
computer alert system to prevent injury from adverse drug 
events: developments and evaluation in a community 
teaching hospital. JAMA., 280: 1317-1320.  

Reason J (1990). Human Error. Cambridge, Mass: 
Cambridge University Press; 1990 

Ross LM, Wallace J, Paton JY (2000). Medication errors in 
a paediatric teaching hospital in the UK: five years 
operational experience. Arch. Dis. Child., 83: 492-497.  

Sangtawesin V, Kanjanapattanakul W, Srisan P, Nawasiri 
W, Ingchareonsunthorn P. Medication errors at Queen 
Sirikit National Institute of Child Health.  J. Med. Assoc. 
Thai., 86(Suppl 3): S570-5.  

Schumock GT (2000). Methods to assess the economic 
outcomes of clinical pharmacy services. Pharmaco-
therapy, 20(10 Pt 2): 243S-252S    

Wong IC, Ghaleb MA, Franklin BD, Barber N. Incidence 
and nature of dosing errors in paediatric medications: a 
systematic review. Drug Saf., 27(9): 661-670.  

 
Received: 24-11-2005 – Accepted 10-08-2006 

 
 

REPORT 
 

NAPROXEN RELEASE FROM SUSTAINED RELEASE MATRIX SYSTEM  
AND EFFECT OF CELLULOSE DERIVATIVES 

 

MUHAMMAD KHAN SARFRAZ, NISAR-UR-REHMAN* AND SABEEH MOHSIN  
Department of Pharmacy, Islamia University Bahawalpur, Pakistan 

 

ABSTRACT  
The present study was conducted to investigate the low viscosity grades of hydroxypropylmethyl cellulose (HPMC) 
and ethyl cellulose (EC) in sustaining the release of water insoluble drug, naproxen from the matrix tablets. Both 
HPMC and EC were incorporated in the matrix system separately or in combinations by wet granulation technique. 
In vitro dissolution studies indicated that EC significantly reduced the rate of drug release compared to HPMC in 12 
hour testing time. But, no significant difference was observed in the release profiles of matrix tablets made by higher 
percentages  of  EC.  The tablets prepared with various combinations of HPMC and EC also failed to produce 
produce the desired release profiles. However, comparatively linear and desirable sustained release was obtained 
from EC-based matrix tablets prepared by slightly modifying the granulation method. Moreover, two different 
compression forces used in tableting had no remarkable effect on the release profile of naproxen.  
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INTRODUCTION 
 
A controlled release dosage form may be formulated to 
provide drug for an immediate release as well as gradual 
and continuous release of remaining doses for an extended 
period of time (Bogner, 1997; Madan, 1985). One of the 
most important commonly used method for controlling drug 
release is to form a matrix system with hydrophilic or 
hydrophobic polymers. Hydrophilic polymers are widely 
used in oral sustained release matrix system (Lee and 
Robinson, 2000). These formulations are relatively flexible, 
well designed and gives reproducible release profiles. 
Among the various swellable hydrophilic polymers used to 
prolong the drug release, hydroxypropylmethyl cellulose 
(HPMC) has been widely used due to its rapid hydration 
(Huang et al., 2003), good compression and gelling 
characteristics along with its ease of use (Grassi et al., 2004; 
Gustafsson et al., 1999), availability and very low toxicity 
(Ebube and Jones, 2004; Fu et al., 2004). A hydrated 
viscous layer or gel layer is usually formed at the tablet 
periphery, which controls the drug release from the 
hydrophilic matrix tablets (Khanvilar et al., 2002; Kavanagh 
and Corrigan, 2004; Katzhendler et al., 2000). Similarly, 
hydrophobic polymers also provide several advantages 
ranging from good stability at varying pH values and 
moisture levels to well establish safe applications. Ethyl 
cellulose (EC) is a common example that has been 
extensively used in a number of dosage forms as a coating 
material for tablets and granules (Pearnchob et al., 2003; 
Biju et al., 2004), a tablet binder in preparing microcapsules 
(Sajeev et al., 2004) and also as film and matrix forming 
material for sustained release dosage forms (Iqbal et al., 
2002; Pruthvipathy et al., 1995). There are few reported 
studies of sustained release wet-granulated matrix tablets 
that employ EC as rate controlling polymer. Commercial 
product of controlled release naproxen sodium is available 
but naproxen has been used rarely in controlled release 
dosage form. Naproxen is practically insoluble at low pH 
but freely soluble at high pH. It has been proved to be 
effective in rheumatoid arthritis, osteoarthritis, juvenile 
arthritis, and acute gout without any serious cardiovascular 
or respiratory side effects (Todd and Clissold, 1990). In the 
present study, low viscosity grades of HPMC, EC and their 
combinations were used separately to develop sustained 
release matrix system for naproxen by wet granulation. In 
addition, it was desired to study the effect of polymer 

concentration and the effect of compression force on the 
dissolution of naproxen from EC-based formulations. 
 
MATERIALS AND METHODS 
 
Materials 
Naproxen (Shazoo laboratories, Lahore, Pakistan), 
hydroxypropylmethyl cellulose 300cps and ethyl cellulose 
45cps (Highnoon laboratories, Lahore, Pakistan), lactose 
(BDH, Poole, UK), magnesium stearate (Fluka, Buchs, 
Switzerland), potassium dihydrogen phosphate (E-merk, 
Darmstadt, Germany) and disodium hydrogen phosphate 
(Sigma Aldrich, St. Louis, Mo, USA) were used as received.  
 
Matrix tablets 
For preparing hydrophilic and hydrophobic matrix tablets, 
naproxen (33.33% w/w), and various concentrations of 
HPMC/EC along with lactose (table 1) were first sieved and 
blended in a Kenwood mixer (Kenwood, Geesthacht, 
Germany) for 5 minute. The powder blend was granulated 
with small amount of alcohol (25ml/100g) and the wet mass 
was sieved through mesh No. 6 and dried at 60°C for 1 hour 
in an oven (Memmert, Schwabach, Germany). The dried 
granules were passed through sieve No.10 and the fractions 
of the granules retained on the sieve were discarded. Finally, 
magnesium stearate in 1.67% w/w was mixed for lubrication 
of granules which were then compressed with single punch 
tablet machine (Emmy, Lahore, Pakistan) using 12 mm 
punches and dies at fixed compression force of 1500 lb. The 
weight of tablet was adjusted to 600 mg containing 200mg 
naproxen.  
 
Test matrix tablets  
Test matrix tablets were prepared with EC (F5, table 1) by 
slightly modifying the standard wet granulation method as 
described above. The granules were processed with 16.7% 
w/w naproxen, 5% EC and 60% lactose. The remaining 
amount of drug (16.63% w/w) was mixed for 10 minutes 
with the dried granules. Magnesium stearate (1.67% w/w) 
was then thoroughly mixed with the granules that were 
compressed at a fixed (1500 lb) and higher compression 
force (3000 lb). 
 
Weight variation and hardness test 
In order to determine the uniformity of tablet weight, twenty 
tablets of each formulation were taken and weighed using 

 

Table 1: Formulations of Naproxen matrix tablets. Each formulation contains naproxen 33.33% and magnesium stearate 
1.67%   
 

Ingredients (%) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 
HPMC 20 35 50 65 0 0 0 0 1 1.5 2 3 
EC 0 0 0 0 5 10 15 20 5 5 5 5 
Lactose 45 30 15 0 60 55 50 45 59 58.5 58 57 

 

HPMC, hydroxypropylmethyl cellulose and EC, ethyl cellulose. 
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class A weight balance (Precisa, Dietikon, Swizerland) and 
their percentage variation were determined. The weight 
variations of all the compressed tablets were well within the 
acceptable limits of BP, which confirmed that the filling of 
the granules in the die of compression machine is uniform. 
Hardness of twenty tablets of all the formulations was 
recorded using automatic hardness tester (Curio, Lahore, 
Pakistan) and averaged.  
 
In vitro release studies  
The dissolution studies were performed using USP 
apparatus type II (Pharma Test, Hainburg, Germany). The 
dissolution medium consisted of 900 ml of phosphate buffer 
solution pH (7.4) maintained at 37 ± 0.5° and stirred at 50 
rpm. Samples (5ml) were withdrawn at predetermined time 
intervals (0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10,12) hours with 
automatic sampling unit (Watson Marlo, Stockholm, 
Sweden). Samples were filtered through 10µm Sinter filter 
(Pharma Test, Hainburg, Germany) to remove suspended 
and insoluble tablet components and analyzed by UV 
spectrophotometer (Shimadzu, Kyoto, Japan) at 332nm. A 
directly compressed naproxen tablet was used as reference 
in determining the percentage dissolution. In the data 
analysis of each formulation, cumulative percentage of drug 
release was calculated using mean of six samples readings.  
 
RESULTS AND DISCUSSION 
 
The objectives of sustained release delivery systems is to 
provide desirable in vitro release profiles so that predictable 
plasma drug levels can be achieved. Formulation factors and 
the manufacturing difficulties are important considerations 
when designing a new formulation. Some aspects of a new 
sustained release matrix tablets for insoluble drug, naproxen 
are presented. All dissolution studies were performed in 
phosphate buffer solutions (pH 7.4) due to greater solubility 
of naproxen in this medium.  
 
Influence of low viscosity grade of HPMC on drug release 
Usually, high viscosity grades of HPMC forms a strong 
viscous gel when comes in contact with aqueous media, and 
very useful in drug delivery of highly water-soluble drugs. 
During dissolution study, such HPMC-based matrix tablets 
does not disintegrate and remains intact in the media. In the 
present study, low viscosity HPMC-based tablets were 
prepared to sustain the release of naproxen. Figure 1 shows 
the dissolution profiles of naproxen from hydrophilic matrix 
tablets containing 20-65% HPMC (F1-4). The release rate of 
naproxen is appreciably influenced by increasing amounts 
of HPMC in the matrix tablets. As evident in fig. 1, 
increasing the contents of HPMC decreased naproxen 
release. All the four formulations released almost 100% of 
the drug in about 4 hours and the rate of drug release could 
not be sustained for more than 4 hours even by 
incorporating 65% of HPMC in the formulation. This was 
due to similar swelling and disintegration characteristics of 
the matrix tablets. Tablets were disintegrated just after one 

sampling intervals during dissolution as no gel layer was 
formed around the tablets. The drug release process 
therefore, seemed to be mainly erosion controlled from the 
matrix tablets. Hence, low viscosity grades of HPMC are 
inappropriate for sustaining the release profiles of naproxen. 
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Fig. 1: Effect of various percentages of HPMC on in vitro 
release from naproxen tablets. 
 
Influence of ethyl cellulose on drug release 
A hydrophobic polymer ethyl cellulose (EC) having 
viscosity 45 cp was used to formulate the matrix system in 
this part of study. Fig. 2 shows the release of naproxen from 
hydrophobic matrix tablet containing 5-20% EC (F5-8). 
Incorporating EC in the matrix tablets considerably 
decreased the drug release profiles. The slow drug release 
rate from such tablets was due to formation of EC coating 
around the individual drug particles. However, increasing 
the percentage of EC had no significant effect on the release 
rates. This was due to the fact that during granulation the 
amount of ethanol used for higher percentages of EC was 
insufficient to wet the drug particles and in turn provided 
less uniform coating. About 50% of the drug was released in 
12 hours from EC-based matrix tablets while almost 100% 
dug was released from HPMC-based matrix tablets in 4 
hours. This clearly indicates that EC had pronounced effect 
in decreasing the drug release rate from hydrophobic matrix 
tablets compared to HPMC. The dissolution data of HPMC-
based formulations (F1-4) and EC-based formulations (F5-
8) was statistically analyzed using student t-test and 
significant difference was found in their release rates (p < 
0.05). However, the results of the present study were not in 
good agreement with the reported study (Iqbal et al., 2002) 
in which increasing percentages of micronized EC produced 
slower drug release rates. As in the reported study, 
micronized form of EC was used which could be more 
easily wetted by the granulating liquid and provided more 
uniform coating compared to the granular form of EC used 
in this study. 
 
Influence of HPMC-EC mixtures on drug release 
Mixed matrix formulations containing both HPMC and EC 
were also investigated due to undesirable release profiles 
obtained from HPMC and EC-based matrix tablets. To 
produce the mixed granules, increasing amounts of HPMC 
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(1%, 1.5%, 2%, 3%) were mixed separately into the fixed 
amount of EC (5%). Fig. 3 shows the release of naproxen 
from the mixed matrix tablets. The release rate of naproxen 
in eight hour was 38%, 86%, 98%, 100% from the 
formulations containing 1%, 1.5%, 2%, 3% HPMC 
respectively as compared to 29% drug release from 5% EC 
alone (fig. 2). By comparing figures 2 and 3, it is apparent 
that HPMC in the mixed matrix tablets had increased the 
drug release rate while EC acted as release retardant. A 
close examination of Fig. 3 indicated that incorporation of 
1% HPMC in the mixed matrix had little effect on the 
release rate whereas slightly higher percentages of HPMC 
had remarkable effect on the drug release rate due to 
formation of channels which facilitated the entry of 
dissolution medium at faster rate.  
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Fig. 2: Effect of various percentages of ethyl cellulose on in 
vitro drug release from naproxen tablets.   
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Fig. 3: Effect of HPMC (1-3%) on in vitro release from 
naproxen tablets containing 5% ethyl cellulose. 
 
Drug release from the test matrix tablet 
From the above results, hydrophilic, hydrophobic and mixed 
matrix formulations failed to show the linear and sustainable 
drug release profile during 12 hours. Finally, EC-based 
matrix tablets were prepared by modifying the granulation 

method using formulation F5 and the drug release profile 
obtained from this test matrix tablet is shown in fig. 4. The 
drug release pattern from the test matrix tablet appeared to 
be linear and the extent of drug release was also improved in 
comparison to standard granulation method used in various 
formulations. About 65% of drug was released in 8 hours 
from the test matrix tablets compared to only 29% of drug 
release from the same formulation. Moreover, about 22% of 
drug was released as burst release from the test matrix tablet 
and was probably attributed to the dissolution of drug from 
the surface of tablet. Further penetration of the dissolution 
medium was hindered due to hydrophobic nature of EC 
around drug particles leading to slow drug release for longer 
period of time. Fig. 5 shows the naproxen release profile of 
test matrix tablets, which were compressed, at a fixed 
compression force (1500 lb) and at higher compression 
force (3000 lb). The release rate of test matrix tablets was 
almost super-imposable (f2 =97.79) indicating that the drug 
release is not dependent on the compression force applied to 
the granules. Although at higher compression force, an 
average hardness of the tablets was almost doubled than the 
hardness of tablets using fixed compression force but the 
rate of flux of dissolution media through the inner core 
seemed to be similar. Moreover these findings were 
comparable with the reported study (Ebube and Jones, 
2004). 
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Fig. 4: Effect of granulation process on in vitro release from 
naproxen tablet containing 5% ethyl cellulose. 
 
CONCLUSION 
 
In hydrophilic matrix, increasing the amount of HPMC 
resulted in decreasing the release rate of drug while 
increasing the amount of EC in hydrophobic matrix did not 
affect the rate of drug release. Although the drug release rate 
in hydrophobic matrix tablet was significantly reduced in 
comparison to hydrophilic matrix tablet. A mixed matrix 
system containing both HPMC and EC showed that major 
part of the drug was released during 8 hours compared to 
hydrophilic matrix in which almost 100% drug was released 
within 4 hours. Therefore, in the mixed matrix system the 
rate of drug release could be manipulated by varying HPMC 



M. Khan Sarfraz et al. 

Pak. J. Pharm. Sci., 2006, Vol.19(3), 251-255 255

contents in the fixed amount of EC. However, the test 
matrix tablets prepared by modifying the wet granulation 
method were found to produce desirable release rate. 
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Fig. 5: Effect of compression force on in vitro naproxen 
release from test matrix tablets. 
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