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ABSTRACT 
In this study ethylcellulose was evaluated as a 

carrier for the preparation of prolonged release solid 

dispersions of relatively water soluble drugs, 

acetaminophen and theophylline. The solid dispersions 

containing various concentrations (7.5, 15.0 and 30.0 % 

by weight of drug) of ethylcellulose of different 

viscosity grades (21, 9 5 ,  209 and 350 cps) were 

prepared by the solvent method. The concentration of 

polymer in the formulation was the determining factor 

in controlling release rate of the drug, as the results 

indicate prolongation in release of the drug with 

increase in amount of ethylcellulose. The higher the 
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1346 SHAIKH, ABIDI, AND BLOCK 

viscosity grade of ethylcellulose, slower the release 

of drug from the solid dispersions. The release of drug 

from the tablets was more prolonged compared to the 

granular solid dispersions. -In vitro release of 

acetaminophen and theophylline was more or less similar 

in both dissolution media. The viscosity grade of 

ethylcellulose showed slight influence on the release 

rate of drug from the tablet formulations, while it was 

quite noticeable in granular solid dispersions. 

l" 
In recent years, considerable attention has been 

focused on the development of the formulations that 

will release drug at a controlled and/or predictable 

rate over a prolonged period of time. The technique of 

solid dispersion in which a drug is incorporated in an 

inert carrier or matrix has been extensively used to 

enhance the dissolution of poorly soluble drugs (1 -5 ) .  

However, the potential of solid dispersions as 

prolonged release formulations has not yet been fully 

explored. Depending on the nature of the carrier, 

whether hydrophilic or hydrophobic, drug release can 

either be accelerated or  retarded, respectively ( 6 ) .  

Thus incorporation of a drug in an inert, hydrophobic 

carrier such a8 ethylcellulose can possibly provide 

prolonged or sustained release due to association of 

drug particles with the carrier. 
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ETHYLCELLULOSE AS A MATRIX FOR PROLONGED RELEASE FORMULATIONS 1347 

The maln purpose of the present study was to 

evaluate the posslble appllcation of the Inert, pH- 

Insensltlve, ethylcellulose polymer as a potential 

carrier for the preparation of prolonged release 

formulatlons of water soluble drugs, acetamlnophen and 

theophylllne, uslng the solid disperslon technique. 

EXPERIMENTAL 

bterials: Acetamlnophen (Ruger Chemlcal Co., 

Irvlngton, NJ), anhydrous theophylline (Slma Chemical 

Co., St. Louis, MO), Ethylcellulose N-22, 

Ethylcellulose N-100, Ethylcellulose N-200, 

Ethylcellulose N-300 (Ethylcellulosea of different 

vlscoslty grades were klndly provided by Hercules, 

Inc., Wllmlngton, DE), ethanol 

(Fisher Sclentlflc, Plttsburgh, PA), magnesium stearate 

(Flsher Sclentlflc, Fair Lawn, NJ), 0.1 N HCI and 

Sorenson's buffer pH 7.4. 

P r e D w o n  gf &lid D i m  Solld dispersions of 

various ethylcellulose and drug ratlos were prepared by 

the solvent method. A colloidal dispersion waa prepared 

by dispersing the requlslte amount of ethylcellulose In 

ethanol wlth constant stlrrlng. Drug warn disaolved In 

minimum amount of ethanol and the solutlon was added to 

the colloidal dispersion. Solvent was allowed to 

evaporate and the thlckened mass was then transferred 
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1348 SHAIKH, ABIDI, AND BLOCK 

to Petri dlehes and drled. The residue was cunnninuted 

and the resultant granules then passed through US 

standard sieves (40-100 mesh). The final product was 

transferred to tlght containers. 

S Tablets containing 300 mg of 
different solid dlsperslon formulations C40/100 mesh) 

were directly Compre8Sed wlth 0.5% w/w of magnesium 

etearate incorporated as a lubrlcant prior to 

compression. The tablets were prepared manually on a 

Carver press. Standard concave 7/16" diameter punches 

were used. The compreseion pressure was maintained for 

2 - 5 seconds and then qulckly released. Tablet 
hardness was kept constant within the range of 7 - 8 Kg 
on a Stokes hardness tester. 

of Drua Content: Solid dispersions were 

accurately welghed (200 mg) and placed In 600 ml 

volumetric flask containing 400 ml Sorenson's buffer 

solution CpH 7.4). The mlxture was stlrred for 24 hours 

at room temperature. Then the solution was dlluted to 

500 ml wlth buffer solution. Subsequently, a 5 ml 

aliquot of the solution was filtered through a 0.22 um 

membrane fllter and then analyzed 

spectrophotometrically for total drug content. In case 

of tablets, the only dlfference was that Instead of 

granules three tablets were crushed and placed In 500 

ml volumetrlc flask containlng buffer. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ETHYLCELLULOSE AS A MATRIX FOR PROLONGED RELEASE FORMULATIONS 1349 

Jn Vltro Drua Release Studlemr Ln vltrq release 
studies of both granular and compressed solld 

dlsperslons were performed In a rotating bottle system 

(Van-Kel Industries, Inc., Chatham, NJ 07928) at 50 rpm 

and the dlssolutlon medla were malntained at 37'C. The 

medla used were Sorenson's buffer solution (pH 7.4) and 

0.1N HCI (pH 2.2). At predetermined tlmes, the 

dlssolutlon medium was removed in totQ from the bott 

and replaced with fresh solutlon, thus malntalnlng s 

conditions. Aliquote were flltered and analyzed 

spectrophotometrically for acetamlnophen or 

theophylllne at 244 nm or 273 nm, respectively. 

es 

nk 

- 
In the case of acetamlnophen solid dlsperslons 

(40/60, 60/80 and 40/100 mesh), an Increase In the 

amount of ethylcellulose decreased the dissolution rate 

(gcO.OOl>; results are shown In Figure I. Increasing 

the viscosity grade of ethylcellulose further decreased 

the dlssolutlon rate (pCO.001) as shown In Flgure 2. 

The release profile of acetamlnophen was almoet slmllar 

In both medla (Sorenson's buffer and 0.1 N HCI). 

However, the release rate waa slightly faster In buffer 

canpared to 0.1 N HCI CpCO.001): rspresentatlve curves 

are shown In Flgure I. The dissolutlon plateau was 

reached within flrst four hours in all forrnulatlons 

except with higher viscosity grade (350 cps) and hl&er 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1350 SHAIKH, ABIDI, AND BLOCK 

90.0 

3 0 . 0  
Q 
Q) 
v) 

0 
rl 
0 
L* 

Y 

0 u 
h 
0 a 

E: 10.0 

5 . 0  

2 . 0  

A 
0 
0 

0 

0 
0 

A- 7.58 pH 7.4 
A- 7.58 pH 2 . 2  
0- 15.08 pH 7.4 
m- 15.08 pH 2.2 

0-  30.08 pH 7.4 

0- 30.08 pH 2.2 

~ ~~~~~~ 

0 0 . 2  0 . 5  1 . 0  3 . 0  10 .0  
Time (hrs.) 

FIGURE 1. Release Profile of Acetaminophen/Ethyl- 
cellulose (209 cps) Solid Dispersions (40/60):  
Influence of Amount ( 5 )  of Ethylcellulose and the 
pH of the Dissolution Medium. 

concentration (30 b) of ethylcellulose, lndlcatlng 

greater prolonged release. Control (acetamlnophen 

powder) was completely dissolved In less than flve 

ml nu tes. 

The release of theophylline from granular solid 

dlsperslons was much slower compared to the release of 

acetamlnophen from slmilar formulatlons In the same 

dlssolutlon medium. Thls could posalbly be explained on 
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ETHYLCELLULOSE AS A MATRIX FOR PROLONGED RELEASE FORMULATIONS 1351 
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FIGURE 2. Release Profile of Acetaminophen/Ethyl- 
cellulose ( 1 S S )  Solid Dispersions (40 /60)  : 

Influence of Ethylcellulose Viscosity Grade. 

the basis of thelr dlffering solublllties. The reported 

solublllty of acetaminophen la 14.3 mg/ml  In water 

whlle In the case of theophylllne It Is 8.3 mwml In 

water at 25OC ( 7 ) .  The release pattern of theophylllne 

from solid dlsperslons of dlfferent vlscoslty grade and 

concentrations of ethylce lulose was more or leas 

slmllar to that of acetam nophen. The release rate of 

theophylllne was sllghtly slower In buffer solutlon pH 
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FIGURE 3. Release Profile of Theophylline/Ethylcellulose 

(209 cps) Solid Dispersions (40/60)  : Influence 

of Amount (I) of Ethylcellulose and the pH of 

Dissolution Medium. 

7.4 compared to 0.1 N HCl <p<O.OOl), as shown in Figure 

3. Control (theophylline powder) was completely 

dissolved within the first five minutes of the 

d i sso 1 u t i on study . 
The results (Figure 4) indicate that dissolution 

rate was faster wlth 40/100 mesh size granules than 
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FIGURE 4 .  Effect of Particle Size on Drug Release 
from Solid Dispersions (209 cps ) .  

60/80 mesh size granules and was found to be the 

slowest in the case of 40/60 granules. This may be 

attrlbuted to the fact that smaller the particle slze, 

greater the surface area and faster the dissolution 

rate. 

The retardatlon of release wag examined in terms 

of the time required for 90% of the drug to be released 

from the drug - polymer rnatrlces. The data are llsted 
in Tables 1-4. 
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SHAIKH, ABIDI, AND BLOCK 

The viscosity grade of ethylcellulose did not show 

a marked effect on prolongation of release 

characteristics of acetaminophen from the tablets. On 

the other hand, concentration of ethylcellulose has a 

substantial effect on the release rate. A s  the amount 

of ethylcellulose increased, dissolution time decreased 

(p<O.OOl) and that was found to be true for all 

formulations. Furthermore, the data indicate that the 

release profile was similar in both medla, but again 

the release rate was slightly faster in Sotenson's 

buffer compared to 0.1 N HCl <p<O.OOl). The release of 

theophylline showed a aimllar trend, but again release 

rate of theophylline was much slower than the release 

rate of acetaminophen from the comparable formulations 

in the same dissolution medium. Thls could be accounted 

for by their differing solubilities. 

The release of drug from the directly compressed 

solid dispersions was found to be much slower than for 

tire granular solid dispersions (Figure 2) .  The 

difference in the release rate is attributed to the 

compact nature of the tabletted solid dispersions 

resulting In a greatly reduced surface area available 

for drug release. It was also observed In all cases 

that the tablets made from different solid dlsperslons 

by direct compreesion method remained intact throughout 

the dlssolutlon study. 
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lzatlon of Dlabolutlon - T b  P1ot-L Preliminary 

evaluations of data for both the granular and 

compressed solid disperslons Indicated that the 

percentage of drug released as a functlon of time 

obeyed a log-log relatlonship (power function). 

Accordingly, the data were subjected to least squares 

analysis in accordance wlth the followlng relatlonshlpt 

In Y = In A + BCln X >  

where Y is the percentage of drug released, X is time, 

A is the intercept (at 1 hr.) and B is the slope. 

The calculated intercepts varied substantially, 

while calculated slopes did not vary markedly. These 

intercepts presumably reflected the amount of drug 

available for dissolution at the outset of the study. 

The intercept values at 0.25 hr. were subsequently 

calculated to provide a more reasonable estimate of the 

initial extent of the retardation of dissolution and 

are presented in Tables 5 and 6, along with the slopes 

of the log-log plots. The similarities in the slopes 

were indicative of comparable release mechanisms while 

similar intercepts were indicative of comparable drug 

availability, at the soliMliquid interface, fo r  

dissolution. 

A number of publications (8-11) have dealt with 

the mechanism by which a drug would be released from 
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1362 SHAIKH, ABIDI, AND BLOCK 

granular or tabletted dosage forms. The data obtained 

for granular solid dispersions of acetaminophen and 

theophylline were evaluated in accordance with 

Higuchi's equation for drug release from spherical 

matrices: 

where F = Fraction of drug remaining 

D = Diffusivity of drug in permeating fluid 

K = Specific volume 

Cs = Saturation solubility of the drug 

t = Time 

T =  Tortuosity of the matrix 

a = Radius of the granule 

In this equation, the term ( 6DKCs/ ? a 2  1 is a constant 

I1 K I1 . I f  "1+2<F)-3(F)2'3 'I is plotted as a function of 

time, we should get a straight llne passing through the 

origin with a slope of I I K " .  A s  shown in Figure 5, data 

for the granular solid dispersions do not follow 

Higuchi's relationship which suggests that drug release 

from granular solid dispersions does not follow a 

diffusion-controlled matrix model. Nonetheless, a plot 

of percent released as a function of time does yield a 

straight line (r = 0.998)  as shown in Figure 6, which 

is indicative of zero-order release kinetics. 
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0 . 2  

A A- Acetaminophen 
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0 8 . 0  I I I I 
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0 

0 0 . 5  1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  

Time ( h r s . )  

FIGURE 5. Higuchi Plot for Granular (40/100) Solid Dispersions. 

Percent released from compressed solid dispersions 

as a function of square root of time (Figure 7); showed 

reasonable linearity (r = 0.997) which means that drug 

release from compressed solid dispersions follows a 

diffusion-controlled matrlx model(ll,l2>. The slopes of 

these plots are indicative of rate of release while 

negative intercepts show a lag time. Slopes, intercepts 

and correlation coefficients are summarized in Tables 7 

and 8. 
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FIGURE 6. Percent of Drug Released from Granular (40/lOO) Solid 
Dispersions as a Function of Time. 

The results lndlcate that ethylcellulose can be 

used as a retardent of drug release In prolonged 

release formulatlons of relatively water-soluble drugs. 

Furthermore, I t  has been shown that there are number of 

factors which Influence drug release from drug-polymer 

matrlces, such as pH of dissolution medium, partlcle 

slze and dlffuslon of the drug through the matrix. 
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FIGURE 7. Higuchi Plot for Compressed (40/100) S o l i d  Dispersions. 

CONCLUSIONS 
The release of the drug from granular solid 

dispersions follows zero-order kinetics while release 

from the compressed solid dispersions follows Higuchi’s 

model for drug release from planar surfaces. 

From the data presented, it can be concluded that 

a water-insoluble matrix, such as that provided by 

ethylcellulose, is an effective vehicle for prolonged- 
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release drug delivery systems of water-soluble drugs. 

The concentratlon of polymer is the determining factor 

in controlling the release of drug from both granular 

and compressed solid dispersions. Viscosity grade of 

ethylcellulose showed a marked effect in the granular 

solid dispersions in contrast to the minlmal effect 

demonstrated in the compressed solid dispersions. The 

J n  vitrQ release profile of acetaminophen was similar 

in both dissolution media although release at pH 7.4 

was somewhat more rapid than at pH 2.2 (p<O.OOl>. For 

theophylline, release at pH 2.2 was found to be more 

rapid than at pH 7.4 (p<O.OOl). 
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